;e3eD)"#(6(TD)8* Title: A NOVEL HUVMAN HOMOLOGUE OF THE DBF4/ ASKI PROTEI N,
NUCLEI C ACI DS, AND METHODS RELATED TO THE SAME a 5 FIELD OF THE | NVENTI ON
The presewoowvssstti on is directed, in.-part, to nucleic aciBCcTaP@Eadises
encodi ng a novel human honol ogue of the] DBE4/ ASKI protein. This novel
protein has been named 10 DRF1 | ated Factor 1), and will be
referred to herein with this te \‘“\m nt invention is also directed
to novel polypeptides, and assays f Qf«ws®reeni ng conpounds which bind to
DRF1 and/or nodul ate the activity of DRF1l, and DRF1l associ ated conpl exes.
15 BACKGROUND OF THE | NVENTI ON DNA replication initiation and role of the

CDC7/ DBF4 . . i ' | ' d
duri ng coltalydy NOEE S OO R Ot oT i, TSI BRI

Sci ence 2RAJCLEBIO-AGDS, (AN M ETHODS RELATEDOTOPHES AMEONser ved in wi de
varieties of eukaryotes are known to play crucial roles in initiation and
rel ongati on stages of DNA replication. These include ORC (Origin Recognition

Conpl ex), MQ( e i nt enance), Cdc6, Cdc45, RPA

(Si ngl e-sFr an eqhmﬁgl I’lgl ng plrwgt ei ns), and DNA pol ynerises. Although
assenbly of a prereplicative conplex (preRC) at an origin, which involves
actions of ORC, Cdc6 and 25. MCM proteins, is prerequi.site for initiation of
DNA ropl | cat i ombe BFFseRovgrtion s digied. Phparsgg ypleic (@ auylecEs iangdl | o1,
717-720. (439 QlinanHéad 1SS S BBFUALIOL pRYeih ! BIEY hovdd pfdicinadt bEQ named
triggering DNA synthesis. Genetic evidence from buddi ng yeast

Saccl a&nobRedrane RRA4sR eleted Faciond).candedilt brateférrdd: todterean vath thigaerneplheat i on
requires actign.' of the serine/threonin 7- DBF4 ki nase. | ecul ar

Stud es nBREEoaSHheT ARBTG5t G TEREr B Rl RSO AT ST

rol e in DdmpeRidsC@hicRbifd it MRF1 rand®r thbidateVihe elrEeity of SORFR s RISl ow.

1) Tenperature sensitive cdc7 and dbf4 nmutant strains arrest with GL DNA
content assgciated comypdyxes.1/' | (~i ;7 2 PCT/EPI11/11C88(l after shift to
restrictive tenperature (Bousset, (1998), [published erratum appears in

Genes Dev 1998 Apr 1;12(7):1072]. Cenes 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, occurring
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 replication. These include ORC (Origin
Recognition Complex), MCM (Minichromosome Maintenance), Cdc6, Cdc45, 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

M ARARE R



2) CDG7 activity is required throughout S phase for origin firing; it is
therefore not just a nolecular switch between GL and S. i.e. it is required
for firingeabr/masly and 5 late origins (Bousset et al., supCcwERom&kglson et
al ., (1998), GCenes Dev 12, 491- y 501). 3) The DBF4 protein is recruited to
origin DNA sequences in vivo (Dowell etsal., (1994), [see coments],

Sci ence 2Gb, 1243-1246). 4) CDC7/ DBF4 ki nase preferentially phoshoryl ates
MCM pr ot ei ns, afteosiifine néstiddtivieaerpperatuep (Baastdty @ 908 hhisBedaratanaippedrs gi ns

(Sato et al., (1997), EMBQJ 16, 4340 4351: Lej e ., (1997), Genes Dev
| 3365- 3374, ) CopsRPS ARSI AP B Pensdrgy 13 A998 be ertan
since a very, m

CDC7/ DBF4 K| Hade riéﬁ?ﬂﬁt@%‘ﬁﬂﬁg?ﬁ’yﬁ% al” 1%%&9‘%#@?%1& Bng H @éﬁ%ﬁsém USA
94, 3151-3155) justa xﬂde@mﬂsgmtché)em@seﬁﬂcmdos ild. itas ecquong fextemgraleatipdnd o
buddi ng yeast c? Dbf4 has been denonstrated in oth kar yoti ¢ organi sms
i ncl ud?ng fissi ﬁ%&‘sgt S n&ﬁ’ﬁﬁ Rfa%lal(lg({g) ﬁlﬂ".ﬂ}es E%)‘{Pq

3094- 3104 (199%); ). Sato et al., E~1~B0 J. 1G 4340 4351 ( 1997), Ki m et aI Y

J Biol Chem 273, 23748-23257. (1998); Jiang et al., P~-oc. Natl. Acrd. Sci.
USA 94, 14328 Jl‘thZBBF(r 1)9(9‘.?1)1 is Hecsrsit@t teabrigin(DNASIequGmee iR vivp (DB3«ll4d;al20

| sumagai et al : (1999)). Role of human
CDC7/ DBF4 corrpl(%%gvsh[s F]c ?@’6‘??‘\/93 %??g@g%d usi ng anti body

i croi nj ect i N EREY/OBH. klEas%%efef&lﬁalw ph&hbi@stePMasHbking, 20bhpShdal of
antibody inhi'bits DNA synthesis in human tunor cells (Jiang et aI , ENMBO J.

18, 5703-57I 3. prropiy)tivesonmitxgs bowns 4t wrieperSatatet alnt(l OPRBFEMEA 7 6.1 9-

i nhi bi ted DNA t.ed man primary fibroblast KD
cell's (Kumagai E-HE rairé Lol 75 G DR 336%9932583 5095. (1999)}. The DNA
replication yyaa‘htse;sto@plﬁdywﬁemlstdwy ﬁlaélyg@lae\imgonmmimeheﬂrwﬁeblﬁanhmbﬁd:y

Taken toget her, mammal i an CDC7-rel ated ki nase caonmpl exes pl ay pivotal roI es

incell cycle ﬁ)‘l“ o MGMangengp¥ss fqupd|tp bypass H}?aQPCWiIPE%tkilwe regiggent

di scovered in 7 nes and proteins.
PCTI BPa) 1 111 soaREy St Al &@9% |ﬁ9(?§ié?ﬁ"‘*§%‘&?\s§??oéﬁﬁgﬁ%? CDC7 ki nase

honol ague was (Reoerﬁty iy firbseaee df Rﬁmsaeatmglemm&iaté@ toSatcalineg yedst Cllebibiokyo
Uni ver si t;{l f) El | TBQ J. 340-4351. ng)l 5@ Ji an t al. from
Sal ki st Bt PE dmonsiipied Reqer sykayotie arging idings SiviaRy 35T, eregys

Hess et ahndfnﬁé?ﬂhﬁQE{M%ﬁ'é% &, BpsOY; 1Kak@mzm (1958y; sad288a1, #agpe 211k, 133

| 40. The cDNA encoding the hlman DBF4 subunit was first publ’ished in f]uly

1999 1o b§13+1@r|4ﬁ§1h(19é>f7) dim ot al -V Biol et 27Bi23L48-282560BH850BIE ot 2B9BYoc. and
e TR R NS Tl a0 o R PR, Tk AR B
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.



catal ytic subunit CDC7 and a regul atory subunit DBF4, the latter also

call ed ASK1l (activator of S phase kinase) (Kumagai et al., Mdl. Cell. Biol.
19, 5083- 9aPHLI6EE999)). 15 Kinase activity i s dependent uppor/phyigicssl
interaction between the two subunits, the CDC7 protein al one does not show
ki nase activity (Kunmagai et al., Ml. 1. Biol. 19, 5083-5095. (1999);
Jiang et al., EMBO J. 18, 5703-5713. (1999)). Kinase activity fluctuates
during t heqemhh COCT/DBIE s @b prbeur| s are constant, this fluctuation

m ght reflect the avail able amount of activator protein (Kumagai et al., 20
Il ~lol. Cell. Bibglhungeg ﬁl@d@@h@@;\m en@gme fogiGIMg7 kinase homplogus mes gloned,
5703-5713. 99 mechani sns that could regulate the activity of
the enzyrrebyﬁaee%%geer% gﬁe&ved to date but canezot be excluded. CDC7 is a
574- am noaci mty@&ptﬁdiﬁ Tckl@b Isrhaélelsy,aalﬁhr BB, ag40- W51h(1$9agr evi si ae

CDC7 protein (Sato et al .16, 4340-4351. é 997) g et al
Proc. Ratl. ;&bdwngséal ﬁ@S)AS@h hl%qu@ﬁﬂfzsc Nath dg SCHéé%‘l %‘l lé 20- 1%3215998)
Gene 211, 133 J( DBF4 protein has a very |limted sequence honol ogy with

t he yeast cotui ter art. This honology is confined in two boxes called ASK
notive-N (N BerHdsnat 3l. nch PiSmaaini& Upjahel; Kalamanad,)USAhE 998), &ené 21 he$8- boxes
is not clear aItBough the notif Cis within the interaction domain with

CDC7 (Kumagai éfal ., Cell. Biol. 19, 5083-5095. 30 (1999)). At
present tine thﬁx%ecﬁN“R éﬁ%cﬁﬁ%@lﬁb"qﬁfna}l%@m %BHMtCWEs ﬁﬁ@?ﬂt‘ilfshé’& PRI 1664 at ed
proteins. Because of the | rtance of proteins In

repliceti dy umags st al.,\Ma. @]2119%1719459&3?5055 P1999D drﬂﬁﬁmnamtly byiJiapgret ant

to identif d i ith related function or structure and that
m ght reg agg&gf{' 15%%’%9%@7%%%% itself. The present invention

i nvol ves the sumger Cﬂmmﬁacmt@ge; We dyd1R@épeR@dnt PRIRRIeHE is fe@fr@bs&ddﬁﬁl gnat ed
DRF1, that exhibits a functional honology to human DBF4/ ASKI, and its

rol e as a JeEyticospons it DG oande & aglatory ﬁllbl@yupgfﬁn@hmf @lsmp@Becbe%SIﬂ ty.

DRFI i s, f o] t;ga and/ or
control DF@ ﬁ’at /sogrgJ% lﬁ?%ﬁi@ F%afl% al’ A?fées(gggn ol 1Ee$0%§%bed§?gigg¥))

i nventison Iallnesedasﬁ/ttyhedidpeﬂldmt uﬁMNM%ﬁYceﬂﬁnt’EHEubN\HébﬁFée@\th%ch'Bhﬁ:bpﬁm ahé¢
invention |s directed to, in part, isolated nucleic. acid nolecul es

conpri si nd“REOPIYERRIQne 6968&1% shghkinase pethdlr (Kuspgeheing. Molofelk Fiohdent
1D N0 1 or T B (D e T s ST s fo SEQ 1D NO: I or
SEQ | D NO: 2, orKlaas‘e| agivep tfluchatos aluying tlnmodlbquledeSm@qOBﬁIGelevdlaareemnstdms a
P! eot | ddtisciBiUEn g Blube by Fapl Bavarr oG air wREor!dds o
sequenge hrpP(CeHoR®I. 119, SEE3-5095NPL999); ATand ef RBREMBD L N8l £B-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 called 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



The present invention is also directed to reconbi nant expression vectors
conprising any of the nucleic acid nol ecul es descri bed above. The present

i nvent i onwiosi1akso directed to host cells transfornmed wi th BCT/ER@msssvant 20
expression vector conprising any of the nucleic acid nol ecul es descri bed
above. The present invention is also dijected to nethods of producing a
pol ypeptide conprising SEQ 1D NO: 3, or a hornolog or fragnent thereof, by

I nt roduci Ags ampEeATRb e R X8 35l Plotes tvikth EQfTBd ifisiction antraéutdgndihat ei ¢
aci d nol ecul es” descri bed above into a conpatible host cell, grow ng the
host cel | mighiseeudaip actvibief QICT kbpee #6H. 25 expressi on of the pol ypepti de,

and recovering y i de e P%sti h r I ion is
al so directed ?%Q?Be%%%tsﬁg ?I](i)t%og ‘Eg‘ﬂg‘% E{lgnsél anyn‘cip)ﬁ isk’ %VgI%ggﬁelfo?%gé?lgﬂ %/%{Hgtul es
descri bedhabiavizsianated DRICC ¢ipit allibitca furicdonal hothiolapgrtd huhag NBBEFABK 1] mavEnt i on
is also directed to isol ated pol ypepti des encoded by any of, the_nucleic

aci d ndl ebtrele ag éé‘@h’icﬁ&i’ol&ﬁﬁvg’? expIgeingicgelang pﬁl@kmeﬁ aciivily.s PRIy Bet ed
to conposjt.i I Sl p j . LC acid
ol coul oo e R ARe Sheh RrR HDERHIAR ORMGRTIndY ofinc) TRIELELF
(11/9l; ; 7CHAGIN AR (atdviGSBlesd hred phesaspects af/detinventios a@ldescritied deloed t 0

i sol ated anti bodi es which bind to an epitope on a pol ypepti de encoded by
any of the nucleic acid nol ecul es descri bed above. The present invention is

al so di r egHREVIARYIGE TSPRBAVENEIONT | bodi es which bind to a pol ypeptide
encoded by any of the nucleic acid nol ecul es descri bed above and a 5

negat ii%e control anilhbopigserthiaventioserst dimotedt foonini parsl swlated evckit tasid

net hods of | nducing an. i sponse.in a mal i ) ol.ypept | de
encoded byl iesoPRESne OB  NEER i i e TR, sR93DIN0A ofg HBRRN
admi ni st eflieR@ft HnhdleotiR TGy cofPlintentiy that RAbyP oot ©f BHQ DO b0

i nduce the i mune response. 1 o The present invention is also directed to

met hods oSEQAEhNOE3 avancdectidasennsacainaelogpusde SE BRNQ: 1o SES BD DIF2, or

1- cont ai nj . .act | I WAl I W th
X Compounh BB S0 r W ERBLRE LU R el R oA Al 678
DRF1- ¢ont B0 ngr eofapexnt fHeecafy 66 anhudlesiriat saence #las @ndddescd @dlypeptidd hods

of identifying a conpound,1l5 which binds a nucleic_acid nplecule enﬂgding
DRFI or DRIIDEIRS 87 ATHY cHhinesacs Ropgingars ioRfQ IRI¥YS; er afpgmers|therge

SRS, VL 2 SIS OB A" P ! I oSO x5t 1
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 acid molecules described above.
30 The present invention is also directed to compositions comprising a polypeptide
encoded by any of the nucleic acid molecules described above and an acceptable carrier

or diluent.



The present invention is also directed to nethods of identifying a conpound
whi ch nodul ates the activity of DRF 1 or of DRF 1-containing conplex by
contacti ng(@/eRF 1 or DRT 1-containing conplex with a conpOL/BB)1/aSRD
determ ni ng whether DRF 1 or DRFl -containing conplex activity is nodified.
The present invention is also directed to conpounds whi ch nodul ate DRF1 or
DRF 1-containing conplex activity identified by contacting DRF 1 or DRF

1- cont ai ni ng campl st invehtish GOAKRE Widctednd dslhed Anlibsdeyvaidiebind® an
conpound nodi fies activity of 25 DRF 1 or DRF 1-containing conpl ex, binds
to DRF 1 epitgpronia pyreptid¢ prEodedpy axy obihe prelgis ackl molseipedesciledpbeseecul e

encodi ng DRF 1 = Ii: NJ o -.and r - t he
.invention are g@é & %gg%tén?\%ﬁg?é%%lg(? dﬁgﬁ?}# ﬁ?(lf)lteﬁ (%)W. AE@EB%WW% OF
PREFERREDa BBl NENERcdted The apy esaht ruslednatidnmpleowlesl @sscribel eboat iand a

i solated and purified polynucl eotides that encode DRF1 or a portion
thereof, UeAYESORERN 2R 1Pﬁ"£;’g t hese pol ynucl eoti des, host cells transformed
with these vec es el i anUsdghet V1l O
01/ 905; 7 6 PCT E%Ba(s %itqﬁ%@g@ﬁgkéﬁéée&%o yn%ﬂé?degg({fih esm%naéHvect oerljé,ﬁ)olngeol at ed
and puri fired DRFmalaaghinyeahpagpaftids cereedédby caoryp ofititss nutlechadid dubletweDRF1

activity. Varjous definitions are nade throughout this docunent. st words
nave 't he ABHPRY b0t XAkl BoiEnG R MearaEel BT EROLS S HAORFPBNG ST ERR oq | n
the art. V¥mdaceornhsRefivht s&bbdkedef i ned either bel ow or el sewhere in this

docunent have the meaning provided in the context of the pr esent invention

as a Whol e andThs mesent yipicotidnl ys alsdedistctrddiobynettiods eof SRentifgahgi an compowrd . As
used herein, .the.term activity ' refers.to a variet f .me abl e, indi ci a
suggest i nd i PEGRE PRETr ke MERE Lontaiping soniSh b, hafer it RIS PREL a
response, chntai@ing8dhpex heitte al®agpouad) endlibeahinidy WRSBONER EmSAUE BiK@OSUr e
or stinmulus, including, for exanple, the affiiuty of a conpound for

directly DRt odBF bepyipiape cogwdsx- pol ynucl eoti de of the invention, or, for
exanpl e, neasu geﬁ;heﬂt nREREY s QIsPu£§écEe?iaf5' eth%ﬁsmzégﬁﬁmrg?% ?b{}xﬁgﬁﬁd ot her

simlar function er sone stinulus or even
abbr evs at idich bindewertucts acidhbdletiié ensoding DRIENE; DRBNAontaAngd somplaxlisy ei ¢

aci d sequence while the upper case veysi F1 refers to a prqtein

pol ypept i GentagEys 2 H‘é‘j}lelﬁlaF’&dB‘é'ﬁflﬁaé,nc n%wogﬁ?%ﬂ-ea&@mg complee gattiter e n,
the term 'éé’x‘i{gbn‘ﬂflﬂ%ﬁd H%ce%i?fﬁg Wil Ry cotngJo‘ﬁH&thﬁE fhe dulfeRCici@ ol es, and
Fab fragment§ and F(ab)~ fragments thereof. Conplete, Intact antli bodies

i ncl ude nonocl dibal praseni bocnesn $u@ksoadiravsadi tnemmﬂwdslaﬁﬁdtntiafnhﬁgbm«tbwpund
chimeric 2q.antihbodi es.and.humapi ant .hgdi.es. 'As. used herein, the term
bi ndi ng* NhdhnoRE- e PERBORT TG BBt PR i ne SamAlEh B fonpRis  ne
or COonPOUMKEF 1061 AR Pebthidthg Mo ENwitAla HRTHBAN) ASd AbteaRiNRIgwhdtRADRIELEO .
Bi nding 111Cl11deS 10111C, non-i onic, rogen bonds, Van der Waal s,

d
hydr _ophobmﬁln?%ﬁ%i@@igéﬁwieétaéﬁvmhéWgzdzal interaction, the binding, can
be either 25 d’ﬁh@%es%% WG s alwﬂirg&%t@%blgggﬁﬁaé%%& %odﬂ'fh‘? HRENG:
proteln or conpound. Direct bindingre

ef fects of another ndi ers to

i nt er act i MRF It-baitaiding oplak ectpfligcidettifisdupy conmtacting DRF1 her BREFeebntainia@not her

protein or coppound but instead gre w thout other substanti chem cal
aple dh d

i nt er ni edf thecampeyng, And fefermiape Whethis SifePmRpuaA S10qiesi agHKIY PT abl e
chem cal : e i i - | 4.t | : ecul e,
pept i gg gl})ﬁleigﬁ@l}ggh@wg% Irbgl(;r#)iqjé é?’l%dr% ttr?u]? e}cdrg%? cgﬁtgl sggchérg m%’ogfr:d can
be nahl r abingis ts g nutleiciacid 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



WO 11 1/915;7 7 PCT/EPIl 1 /1108811 As used herein, the tenn "conpl enentary”
refers to Wat son-Cri ck basepairing between nucl eotide units of a nucleic
aci d nol ewol|/e#s used herein, the terns "contacting" nmeanBCHEPINYIGERY
together, either directly or indirectly, a conpound into physical proximty
to a pol ypeptide or polynucleotide of the 5 invention. The pol ypeptide or
pol ynucl eoti de can be in any nunber of buffers, salts, solutions etc.

Cont act i nghaveglolydesleofides and asgrbms, isplaagi ang puhidied ROy and hetimda obsatarng
mcrotiter plate, cell cultu | ask, or a mcroarray, such as a gene chip,
or the Ii‘qu’éPOWHﬁF l‘é’dﬁf"ﬁil% HHYIHEi ¢ acid nol ecul e, or pol ypeptide
encoding the DRflio@! qéfiRaoR et HEdLHroudtBul this! A8ELAGH &1 Nlost! W6rdR a9 Ghe
"honol ogous nucl eoti de sequence,” or "honol ogous am no acid sequence,” or
vari at i onmegheg ébit, woeldebs attribsted Uenthese wivadsaby emiesskalldsly ima theoats! offordat t he
nucl eotide |l evel o m,no_acid, | evel , of at .|l east ,about §0% re .

bt o er bl PesticLy STeBES ROTOREIHORE. SrSrisT dh v dFUEn JBgh B9 o

pr ef er abl yrogtadiems thaaResex99P0thé NHedtRE inRmabe A0k YwRile | £RIShs aROUYpidaAk t O
the entire SEQH7 NO1 or 15 SEQID NO:2, or to at least a portion of" SEQ
117 NO 1 wrdesgopd by teseskilédin theeddes a functional domain of the encoded

pol ypeptide, or, to 1D NO: 3. Honol ogous. nucl eoti.de sequences, i ngl ude
t hose sequenceésclbsggﬁgr?lg’r h%%sgepgr r’?’érggﬁﬁg °If %)r 8tvea’|nﬁ§’. 0@3‘&%5?%@1’30 ﬁlscmcan be
expr essedsigyestidef @r8vdalink HHidass, @fthéMBrez ASRINAI ERNAFMNIAS adedRas, §.eOhavikOr

exanpl e, alternative splicing of RNA. Alternatively, 1sofornms can be
encodd&tl by nmEesypble affeeitin gesherse IPGPBIE SEBURI hercItiapiy encdeding derexamids, dler

numans, | REF0 St SaftCERe BF Jikes ihihe f B Bheylle FEREHARINE, of B
sequencesingkstiod, oe,| forlexanijilé, measureotent ofarhehtd of upsatim-oaldoywnsiesnnpiotgns

allelic variations apd nutations of the nucl eotide sequences set forth

herein. AOHIRE BYY S ﬁtﬂ:‘f”é&ﬁf’él%onéeeﬁ% BROHBERL not | however, include the
nucl eotide 25 3eqNENR&eRNHRULBEVEEGR/IARMer HYBIPAGHS (81 J2Re, 3PNA SRRUENCES
i ncl ude those am no acid sequences whi ch encode conservatlive am no acid
subst it ut oomucierv $EQ sdqubiice3whds thel tippes qasd wesspen dERF hawfiersg tacCRCPrdieinase

activating activity. A hgonol ogous am.no aci d sequence does not, however,

i ncl ude tﬁﬁya?ﬁt‘ﬁ‘& [};eange, Og'ﬁﬁ@ﬂ’g@eocfr am‘B%ﬁﬁlfciﬁg‘He.ng‘?’_er cent honol ogy can be
det erm ned by, AkO#se@XAéRINg thé NBrmERNABOG AN dRahi S GORS I 18 SQAPIRRSankBAl YSi s
Package, Version 8 for Unix, Genetics Conputer G oup, University Research

Par k, Madishedigs) and iEbnfgagrmntaaidliab). Seagniantpsthesghf chomplste, iHect antipypdiay 9CSS7
8 PCT/ EPO; 8 it .S er v :

1081, 2, i’ﬁg‘ldisg%n%%ﬁ T i [)gé‘%lgt A e y Il Vol hGhde
entirat y) antdwdies add hemenited dditbotlzsm "i sol at ed" nucleic acid nol ecule refers
to a nucleic agid nplecule (DNA gor. RNA) that has been renoved fiomits
dative envir onhrtsed Beich| tBe tgmptbipdpearadnn by BRYSiGt 08 chemiselimgerastin ude,
but are npliylkm Lid ﬁﬁfeiﬁse%qmbﬂl?aﬁnﬂ%r, aﬁekﬁfeﬂ' gﬁot&‘ﬂé‘t 8t n&ﬂn;?d?m@s vgctor,
reconbi nant DNA nol ecul es maintalined in a heterol ogous host cell, partially
or subst aenmbinhtyonsetheicof.e dBimdaigeinclwales domol rentarss, Hydioggmbheds, cVadNAdeor RNA

nmol ecul es sed herein, the ter "mpdul at es” or "mmdif.ies" ans_an

i ncrease Wraé%Hﬁ@??l&oi’é%l’\t‘ﬁaﬁt’r?ém’aﬁ%Uﬁp‘? Hﬁ‘(fécla?f'ﬁ?mﬁt?onefl}%gbd?é%g’ C&“Eﬁ.‘ﬁ?’% ar
actividy @ireddrdt @iitectAmdieEdbéias ahibughhg &gy b 1R edeuK of epbihde préteiess to a
series of linked nucleotide residues which has a sufficient nunber of bases
to be usetpmprurdpdligast badingorbionta Bégeqtions {RCAY notirks piassthroyglygedeetd s
based on ﬁlgr?f?é%§|& nﬁl%t er YE tei’Jl ¢ "B pBuld b%%téa%q&%n&'ﬁh@ﬂdoﬂiér P\ﬁ)%ganhglt
amplify, confirm or revea the presence of an rdentical, simlar or tb5
conpl emenglenyiciiieoriedés.i n a particular cell or tissue. digonucleotides
conprise portiogns of a DNA sequence having at |east aboyt 10 nucl eotides
and as many asf8peef beeiudhe desfeonposndT apaps syyidengiighie shemieal et i des.
They g e gbfRRal; t i zadsanda pr.@ e rein,
the t o m FORKES P43 IEF RTLARCATRY ARt OB rER RIS a1

pr ef er abl yudbexttide cor rarcleiceasd, aal ewth dinpoudd asn bangtums oadywiitetig, 000

nucl eot i des,



dependi ng on use. They are used in the detection of identical, simlar, or
conpl enentary nucl ei c acid sequences. Longer |length probes are usually

obt ai ned WOoivs3Tat ural or reconbi nant source, are highly BEEEPFI/®88Nnd nuch
slower to hybridize than oligoners. They may be single- or doubl e-stranded
and carefully designed to have specifichty in 25 PCR, hybridization

menbr ane- based, or ELI SA-1i ke technol ogi es. As used herein, the phrase
"stringent hybrAdusdt heveing tredietn Slesinpbamensdry™ meferst toc Brathohi Ok’ baseparifig t 0
condi ti ong under i G prime ol i gonucl eotide will hybridize
to its targeyeed m@ﬂ%&“%@t"??é‘“ﬁ]@w& llnogf'élﬁlﬁences Stringent conditions are
sequence- depenqml andreth, ! the RemOtdhek Bard YRt o GhEC UHRLAD onger
.sequences ' 30 hybsrelgxlrzee speeC| 131| cca yﬁﬁ% [El%l er1 n%r%ﬁ)ﬁa%lures lGeIElég?%oky,
stri ngent lmhmsttly,l a)mlmtmdsaﬂoqﬂtyeldalt probmna.bmuat pAGhdpdide or pb@rmuclhmlddm”rthal

mel ti ng point I speC| egyence at_a defi strength
nd pr TRRSRP TnsaituiepBeS e ol i ERGER hedn RokmuntEr et dper

OLl/ 9CSi 7 YofiebhdBlc! 16@1{3&91gpﬁcmass Ne€ leRdiBpIBC pHcin RS Rbpshhd Mo aatbé’éfﬁélch 50%
of the probes conplenentary to the tar get sequence hybridize to the target
sequence anicejitériplase. agthculbimedask.ae a micyearrayesngbas egene ehlgemeuha likg, Vplmel$ ent

i n excess, [ of t obes are ., occupi ed il ally,
stri ngent °88¢%H15{T‘}h8n%“ “‘r |ac{55 ﬂ} iR Wmell?gﬁ%émg%c?l{]g 8%1%]% a?f |f6q’$¥‘ge“?s

| ess thantadgesgt 1.0 MSOdI umion, typically about O. 01 to 1.0 M sodiumion
(or other salts) at pH 7.0 to S.3 and the tenperature is at |east about 30C
for sHBrt prob uqfﬁlm@é% tbe rbrasgohauolagprwaycleatidg. sequence.”5u Hanlodaosles)
and at |eqg} S
Stringent AR ORELO" ok VRS BIERE HLCES ot AANRLREL 35

dest abi | i dionplegyerit she sudbotaxte fe&e]nnamm‘hm atid Iehe, afiiatdesciatloste6lENnpese ar e
presented in_ t anj no dir fro left 1o rig The am no
and caxbowefawgfypgtn% B¢ %5 asBR 8 ?rafleeaté%%fa Of}PremHLFcPr@fPﬁ“HE at
sequences 18ise aRfut ©B90 LRE nl¥t gfe@éljaﬁl trlé’zﬂfia%lﬂ%% b fh@%nﬁre SRQ %R fiIU?%I" on,
fromleft to right. Rucleotides and amno acids are represented 1 n the
mannerisr ec&ﬂQrﬁhMZbgr to Iaelehﬁhlip@ﬁidnlﬂf HQdEé?ﬁﬁ)dadr SEQED NALRuwkiclCamuidssa on,

or (for a ee 15 |etters code. spect. 0 e present

i nvention q@flgl gf’%lamt 8 R GBF%degcpﬁlyﬂﬂ?t’élguloé gﬁ@ f@ﬁ& $1 bg}m P2oti de
sequences RBkeAId deddides ihDIBdH WEdsE! sséqa&ices ABdifS Ube SsoPdrfsPé £ DRI bprstedist her
RNA or DNA, but may contain both RNA and DNA nonomers or peptide nucleic

aci d ronorBich ISOf‘Pi@lSrﬁa“@Itm ftxpaf@sfui wofidlerenetisfags petheisaaleorganignaed resulef,

doubl e st rf?pg}@ plg-hﬁte cﬂé @Rg? ﬁ%x&aﬁ\%lg 1%8% dﬁylc%ﬁ %a%cggf%do nked

via conven osp suc
exanplze, pliffapitorgehés. OHbﬂloﬂhgtbds ﬁllmiedthle sédeencdsn iiadddd imawleotile ssqgéces

noi eti es of (th] Fonomars may. é& m)diflgd by, for exanpl.e, .addition of 2
subst i t ut iYAIHR M%Fbpa%ﬁlfl SRefiPLRiBE (s hamante 1Ching Pt 8ot limisd pt ake.
?5 In a prghehied %%J&Qtn&feohﬁé de YL %o ﬁl@ﬁld@uﬁﬁte'afe a6f gnfiRbeRY! ©

conprises SEQ mNO I, which's ses In length onprises an open
readi ng f rramal{mﬁ)mmg fdb}hpomnmmrsl fyldm%tlmmmfetm nd«elsot(dersmuabw!set gash t i on

comperi combteifodt hoRticaRispir AR Rareg ke i b epRk e sessisoRes
di spl ayed saqusavereabédlﬁ?wwgsmmlmgﬂols&dsl A8ibi §ad *gndbe clvfe f}%s§%

Alternatively, the nucleic acid nolecul e conprises a fragnment of SE
NO 1. Pr efa@mmayld &eﬁ@errc@wm encefp coBwEsvAtive mipe @eid1ebsbtugipauin 35Q

nucl eosi dq@@ 3f LOWeH %"btolypepudes 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



WO fll/91~i~7 10 PCT/EPI11/11CrB$0 101 to about 200 nucl eoti des, from about
201 to about 300 nucl eotides, fiom about 301 to about 400 nucl eotides, from
about 401WMVIAdTt 500 nucl eoti des, from about 501 to abouPCHBEB01/06880

nucl eoti des, from about 60l to about 700 nucl eotides, from about 701 to
about 800 nucl eotides, from about 801 tg about 900 nucl eotides, from about
901 to about 1000 5 nucl eotides, from about 1001 to about 1100 nucl eoti des,
f r om aboutalgbiiflim taf Simithit add® OWaterncdre ¢ddhdedpplf MomhablA$l, 12048248 9abwhith 1800

nucl eoti des, from fbout 13Q1 to .about .14Q0 nucl eoti des, from about 1401 to
about 1508PGPERATEEE 1518 b referengednits eBE Yo about 1 GO0 nucl eoti des, from

about 1601 to ahqukd héth Qh@{eﬁﬁt'ﬁééﬂ’a?ted"fﬁ&![@l@%&tméllzaﬁe Eé}"el%qglétnu%mamd

nucl eoti des, from about 1801 to about 1900 nucl eotides, from about 1901 to
about ZOOGnctlcnuhmﬁII‘éAtm ARNA) fhab hashesotrerd00t] framatsoative Ieﬁﬂrmmn&rmoﬁmieplesf rom
about 2101 .t.o.,abou 200 .nucl eot.i des r about, 2201.to about. 230

ol bof 1 ae i ReHicBin oid Faeieny s, Fuinden Bb ARt BRTEL LS. RROBHIARONN 40
to about 2306.yMiCleRbing8Sin far QRLRPO Yecodithant ODRRO UhoREARSs nhh@.in%i’ﬁéddfiﬁ afrom
about 2601 to about 2700 nucl eotides, from about 2701 to about

nucl eot i délsterdlomatmmce%mmaldwy b cubstagedlyrpuifid: nadeic m@nfmdmdﬁs 2001 to
about 3000 ]1? / uﬁ#ﬁ‘emelggi 1 rp about 3001 to about 3006 ucl eoti des, and
any conbi Rt T ONns HHEY ~agrnent can be |ocated within any portion

of SEQ I D NO 1.A¢l Gsc@npédeni, thé etfalemsr eghodinang? ree Ntmedifit$1e nidaue i Dreatd@r
nucl ei ¢ acid nolecule conprises SEQ )D NO: 2, which is 1845 bases in length

and cdfpr idsesasere thy anpoynt, ipltyapb e%ega PRIGRUIEBTtVY 95 BERLCBosi t i on 1983
thin SEQ I D | d
Vrxlnl elcﬂl e (?orrpr :xgeés)é% 1%%#@%% %éggnfc% d@]&&?f&%&s'ﬂ%%gé b} ﬁ%@@é’%ﬁ@ﬁ%

conpr i ses régidues albhidlt had a@uﬂﬁbla’ﬁ@mmblaﬂﬁf asged dlcidedin 4 pollynmbasa tchdif) Tedctombout

200 nucl eotides, from about 201 to about 300 _nucl.eotides, fro about 301 to
about 400 (RGR)-ebhis ghert squpgngedp Bated 41 (0f desigmst {roBR @ SRACTEGPT TRRNA seduscahout

501 to abgyy 1%6@%8L£-ﬁ;%lifge%onﬁﬂm ogp aheut 1ROBrekhcRbOt tn IQQmmapleﬂnmd%g 0

fi-omabout 701 to a 25 nucl eoti des, " from about 801 tod about
nucl edti desmpldmentaraBXNA @G{Nﬁan&bpmlcql@ooelhqn:tl@um delsgonfurleptidds aomptiBO1 to

bout 1100 bout 1101 .t 200 | eotid
Sbout 120PoRtRaBEn P TR seieis B THkardest oisf RTBlIe iR PSR BN ggut 56
nucl eot i dmclesﬂlde@np@mw1¥ heOdk ﬁﬂoajmﬁucléb'ﬁa@s kel aed thkesically oyntialpyd add01 to

about 1600 nucl eot'i des rom about @01 to about 1700 nucl eotides, from
about 170maydeaisedies prebes. 30 nucl eot| des, from about 1801 to about 1845

e eot des. 208 % AR IR BRSNSy I Subl TR ReP B ORNETY,

anot hep prefeh, recfeaiio Setwroh afledshabounvenandons niahe awaﬁoet 6,000i hcreotidesy| e
conprises a nucleotide sequence corrpl rrent ar}(gfo at st a poriel on of SEQ
TL7 NO: 1 @FP%@Q)‘E’I@W X eP‘raéq‘ésteQBNhe RelgR e 8“%%: X GPRPEBPIT S es a

nucl eot i dgySRAURAE Qe GRBLE TRALE Yer hfh biBos il fiR1aR9WIRIAE RR bfhrinl SFO | D

NO:1 or SEQID NO:2. 5 Alternative the nucleic acid nolecule conprises a
nucl eot i deec@emmmteomocmaredeghlmsyemﬁc ang entchosiowér @Etg'brmhmﬂmumhgsang

NSCIZeE)it i dé[‘ls%d@ E‘ggﬂlt@ ’%crft‘ﬁ%’ﬁF (i %&13{1‘5 &%ﬁpytaafﬁggqs deg‘%%lﬁgtﬁsnl or

SEQ ) 33 N@CR, 'h[?Bl'ld{QﬁlonfrﬁémBPéﬂmBhM & EOSAUGkeREhER6 Mé"l ch hybridi ze under
stringent hybrl di zation conditions to at |east a portl on of SEQ 1D NO: 1 or

SEQ 1D 10 NO: 2 Asppssteherein, dhe qbwase| ‘sbinagat hybrigiration sendidenst’ ybhouingat
nucl eot | d%ﬁn&ﬁlﬁnsasre%%“{ %Bn&iﬁﬁ‘fs; ﬁgertﬂﬁggﬁm hx%g  pREEE, e&a&w élﬁ&%'ﬁdelgnﬁ 0 30

nucl eoti d are chem ca syn I se can

primers, apbridige antitsSRASE sRGBIICS,. bﬂilfb ﬁ@QﬂHi&?rsenﬁﬁfoes rsmngaﬁxochlmmls afre t he
i nvention, the nuclelc aC|d Hnle E e co ri.ses a nucl eoti de sequence
homol ogou§equsnes=dsozpsiqns apd gyi §|§c§ f@senﬁvrcgfﬂéﬂatsﬁliﬁs tlnegﬁu%ﬂqae%%e

sequenge hShAkizé §ReinANRP YL hléﬂe{"t&ﬂﬁalaﬁﬁ&@ sGen@Pdrll?, RfiAb&It 2BhitiBhs 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,



| east about 70% honol ogous, nore preferably at |east about 80% honol ogous,
nore preferably at |east about 90% honol ogous, and nost preferably at |east
about 95%wlban@ksrgous to the entire SEQ ID NO: 1 or SEQ m NOPCI/EP01/06880

Al teniatively, the nucleotide sequence is at |east about 60% honol ogous,
nore preferably at |east about 70% 20 h?rml ogous, nore preferably at |east
about 80% honol ogous, nore preferably at | east about 90% honvol ogous, and

nost pref gl n@leit @8t caReatRnoah QURIOIPH ot the ros tdoRip1RhenBR th hd\O: 1
or SEQ ID NO: 2 which encodes a functional domain of the pol ypeptide encoded
t her eby. Itargeldsiquemne, hebidizd dot the etargst) fefiemch ofot@ybrem.o SECe | the Nerget or

o SE0 25 TS B Loty hrigs BT sty & Aoy NEHGRL I R B R R wP o0

honol ogougqtiubtigat iT@Eicﬁﬁg,Uﬁﬂﬁ il 06isdifids, willp¥EMBse ini Witk @& dah@ofickmbiagéd de
sequence encodi ng DBF4/ ASK1. I'n another preferred enbodi nent of the

.i nvent Pons lepethanebeitcl .M godivmelon Bpicely eberd.Ql wutLddtsedwnsisgyenetder hat
q ! i FSES, o o |
oreter abi SRR EERR 7B SRR R Aot B el angu S65:07 45 i pREKS sTRIE L ©

codon subsik blipgdriverstidds @lz. n6ftb 0tmutketide) enestaleyst abot® gabLlongerGRdites, AS i S
well known in the art, because of the degeneracy of the genetic code, there

are nt unePSESTOHIAIZOPREICRIHIPS RNEIHESNERARIEIONE Mgy %bec%féeevgfé withi{he adgigion
pol ypepti %?d@s?aﬁil'f@ﬁ%%gee\l}g, 9&Jh9a]srf§§1¥%njdae.PCT/ EPIl | /0G880 encoded by SEQ ID
NO: 2.

The present | ntron, theretrore, contenplates these other DNA and
RNA mabecul es Vithe @minomacidxspqessenae peerenidd it liee poinppe phibdey afireGE@, HondNO: 3.

DNA and R nol ecul ot her than those specifically disclosed herei
ohar oot er NELaD Zighbl The g i gatony S aBRoAe fiof Peepaet 1 (b oo, The g,

are w thi nutiRei® £G88ROhrd ﬂ%s&lﬁﬁsﬁnéingl@\éﬁﬁh& SRy, A5 tHeS5 W8I 3 dirkSM) fio t he
art, because of the degeneracy of t'he genetic code, there are nunerous

ot her DNAlefhtp 10 Nuklsotidessaintzating agidcard eepiresentet én Shwrmeanpst yasemmicdéedilsy t hat

ded b i d fl . ~1he .pr. i i 0 h f ,
oncoted, Dl AE9URTRBEN AR S5t cTRRUBAGRER Rl s, B '

encodgst heetteds gy pepti de of SEQ JD NO 3. Having identified the amno acid
resi due sequence encoded by a drfl gene, aiid with know edge of all triplet
codons for eactisaprincetiiofr thenpigscrd cinyentiog gudirepted it pudsichpad tgolgedles i be

all such ki - d : r..t han
Those. spear TR R Poa da e e o DT A R Bl B e e e
codon for paefpablyi eitHearRINAI eroDANA, dhutangy whithinnbdtheRNAopel DNA midotfers or
invention. A table of am no acids_and their representatjve abbreviations,
synbol s afdP ¢ §‘°’2‘e’f‘°¥1‘b‘?l_?1ﬁ- @Wqﬁ%c £hé ‘PB{CF‘&WH@/ ‘?%Bv@ﬁtrand_ '
Ol/") 6857 gbdble &And&P! erne nf¥MbhRra6t P ndkReadY SholeBRe \MRAS bé Ginked dia
G utam c acid Phenyl al anine G ycine H stidine |Isoleucine Lysine Leucine
Met hi oni neopesptireali pbospbotliesisr Chandsr i neoArfigidni madsersiele Fhr éonicnemplsl i ne
Try Dt ophan, 508G AHRhEY anfifl S A9 Radish,RRE sTaf MbSaK! & MY SubBhet A1
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 (ORF)
of approximately 1845 nucleotides (from about position 139 to about position 1983
within SEQ ID NO:1) which encodes DRF1. A comparison between human dbfd/askl
cDNA and drfl ¢cDNA of SEQ ID NO:1 displayed an overall sequence homology
30  (identical residues) 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



Ser Thr Val Trp Tyr Synbol ACDEFGHI KLMNPQRSTV WY Codon(s)
PCT/EP(I11/11CBRO Cil; Al ;1;1il.; (i

l,iC UUGAWUGAAGAGJUCUUUGGAGGCGGG GGUCACCAUAUAAUCAWARERABLILIRBRIGCUA
CUCAU GAACAAUCCACCCCCG CCUGAACAGAGAAGGCGA CGCAGCAGULTCA UCCACAACCACG
ACUGUAGUCEUG GUUUGGUACUAU CUG CUU GGG G@U UCG UCU As is wel | known in the
art, codons constitute triplet sequences of nucleotides in nRNA nol ecul es

and, as syghto &t 2DEhAEIE@Ides BForA b0 &S Ebdit 300 hutleotides, PhraaBoaf30base
thym dine (T) (which is present in DNA nol ecules). A si rrpl e change in a

codon for 2boi amd@ﬁﬂw femdahout fQfute akiorhiq @wﬂmtgdﬁmfr%ﬂb% 504 fa abowt
change ”‘% %ﬂﬂg&}%soﬁo * ABdt WO 1 Ebéut@‘%oﬁ%‘ﬁg@S@dee% grégaeﬁ} h?‘?g}f'aeb[%tggggvg' y,

t he nuclel aci e conprises a nucle ence

fragment Qﬁclbétﬁle@oﬁ)bﬁﬁ@ﬁdtd%m neoghiong ISEQuLIBofils3 frobi @bartadillyto ddeat floegnent
conprises from about 5 to about 20 anino acids, from about 21 to about 40

ani no Aci @yclegtidss e abont 104 imhout 50amckretides diom ebeith148bir aent 180&bhout

80 am no r Ol to
Sbout 190 SiERides RERARIE 13 ol ot Fillo A AL TR afifur 1H0 RO 469 57 10
about 140 nactestaleacfros, abfouommbmmboﬂtmsmt&bamﬂes’tﬂfﬂ)mmbm 1801 ds abdut Qm)(about
161 to about. 180 am no_aci ds rn about 181 to about 200 am no aci

from aboutnu?le(ithe& %lﬁboﬂtzbﬁ(grﬁo ol { (49 nycfeotifes, fipm QQClUttlgOaHbEhouﬂéo%m no
aci ds, gﬁh@t?tﬂiég, ﬁérh atb% 2bait (028 @f@d@gb&‘féoﬁﬁes o?ﬁ’hﬁ&ﬂ‘ibo?@} Bt Qggé’lt 280

am no aci rom about 81t05aout 0 amnd a froma out
about 1820 nacteotalesciros, abonbRGboutbo8021 QOmmlﬁmtltle{sszbmabm 2401 dsabdin @ﬁt)(about

341 to about, 360 am no.acj m a 3 aC| from
Shout 361 BteSE Bapgta 220140 et o i midestiti S shaipaail IRt e
acids, froameheiss, fish dpubbait to%(auﬁmommwo@taes fFroRmaphiR w0 f ol atidtt 2Boait 460
amino acids, from about 461 to about 480 amino acids, from about 481 to to

about 500 nageetislesclreis, abprbAeHbleabosnA7 W0 ustretides Fmna abavs 2961 & about 389Gibout
521 to ab 4 fr t 1nQ aci from
Sbout “ses AbiectBe MHLACHAR! 8801 O ATLLAM b, 30 hodls DoBihof sfid

aci ds,isf r aoeladtiies, f0d doual3001 t65060@006 wWidatitles, amd @iyyconahinativat itidrsof.

t her eof . The fragrrent can be |l ocated within ar&gﬂgortl on of SEQ >D NO:3. 15
| n anot herThg fiagmeniceindiedaeatereyithigrany partiomad SEQH NGyd. nucl el c acid nol ecul e

conprises a nug %ﬁbth%? %ﬁgff‘é&‘%ﬁﬁoﬁ@&g%‘%ﬁg:@gnp%/ﬂ‘?ﬂhyﬁﬁé)kh@l icCRP ik

am no aci d sequence ous to tetnatively, € nuc e| c
aci d nol ecoprigsr§HEQ IBsN@:yuehielfts di&455‘!maench:ngthaancbcmmﬂms ahef ORFnEoin of

th | ypept i.d to S NO: 3.
Pr of br bl JEO WSRO 98 b AR EE S8 f  SECs LB oNGHg. oS8Ry Sact de.
from @boumt%ilnatloe@bqué Iﬁ{élaandam R5d1stule fcbﬁﬁshaétout fagmb® 8PQFHQ 6B NO

aci ds, from about 61 to about 80 am no aci d s, fromabout 81 to about 100
am no aci fssfepblynilebagmarg conypriggrofiem1abouta b foabkaiit d§0 nuelgaiiddsofromigbbut o

about 140 no. a about
161 to abégm"fg’t?“g%go?]%“é%?q egqfroﬁll) %Jféﬁft‘t %T%% (3)&(2&5%?0%%6%0# ?%0“538 . from
about 201 absut 250 abelebdti @20 fram dabaudd 1015, abbtﬁtOSOOQilmwotlaas'l, flotn s 50 Rélabait No
acids, fram about 241 to about 260 am no acids, from about 261 to about 280

ami no aci @90 npeleptidesofipmosbput G0k EhaRousde0 anelreridesi iem FoeBhY tbisLaborbdoq o
about ?’Zonﬁﬂb&fﬁ aChHsy aI;&R(r?qut?Uaboﬁg %0(5 ﬂuglg%l'&es?’ﬁ%nia%&lg c?'@(f'tgsabotlf PgdRbOUt
t out 3 a

341 to about am no acl rom about o ab m no acids, from
about 381nudeca;bkesttfr@$hﬁ(hbam hed 1atoi athsut TerOmuataotltles41ﬁ:‘ont obdut?.d)OhtmaliouMDO(hm no

acids, fi~om about.421.to ut 440 from ab 44 out
460 am no™¥ Fc&gles,fﬁr%%ag%hf%ﬁé@ aﬂ’B“ tnu&%'@ua‘?ﬁ’ ﬁf&naet’%%cf%lr ]hgybﬁ U81 to
about 500 nadLARIeACH S abt)ﬁpmmb[e%oétollsot)qm@tt@uaeé%%naatdt@ 1861 #Sabohf PgO@boOUL
521 to WO 111/ 9(>| ~7 15 PCT/ EPOL /11388

nucleotides, from about 1601 to about 1700 nucleotldes from about 1701 to about 1800
30 nucleotides, from about 1801 to about 1845 nucleotides, and any combinations thereof.

The fragment can be located within any portion of SEQ ID NO:2.



about 540 am no acids, fiom about 541 to about 5G0 am no acids, from about
561 to about 580 am no acids, fi-om about 581 to about 600 am no aci ds,
from aboutv@@®ilvesxr about 610 ami no acids, and any conbi natiprwEPhawssf . The
fragnent can be |l ocated within any portion of SEQ )17 NO:3. . 5 Wth the
know edge of the nucleotide sequence information disclosed in the present
invention, one skilled in the art can i c}enti fy and obtai n nucl eoti de
sequences Wwhi clin enetde prfleded re@iBodinicdne refnthe Si@ugtRg, the Qucleidi dci®meilécilld Ssues
or different qrganismnms) through a variety of neans wel| known to the
skilled acompHESANCEROHEE seaynes compemeantaryipat lashwppesrn of SEQ.ID Nkl ecul ar

Loni na: - s 4 Editi . |
ord Soy i BTSN R, the SRERN acintdi e bR I RBAERERBCTOSP
its entirebmplehtntagx aopihe, ediiNA sefiicate edgiteden BBBL IDEMObE op BEQ ridd N2,

screening of NMRNA, cDNA, or genom c, DNA wj th ol i gonucl eoti de probes
.gener afed AlicHAVRY, themuckaheld alpchlesompsEhanPdrotlessitr@ge RIPRCReNPFhbes

may be | ahelehrtibh brasBO! BF 1R Corl SEG! IR S UE EtnBlabHANPROGN oBTRUP, 2
radi oactive atomor a chem | um nescent gr oup I n accordance w th procedures
known t o tihgmekisldesdtibad tabeer). dudlensddseinerconvanpleoralarhiptat icstzapdrtion asays,

ompr ot no Lk P YO SRR L el xiieeles ol oo o husies

al ternati yghy é&%%ﬁ?%}’&kﬁ%i%ﬁ cHﬁﬁti@ﬁs_ tbhe 1&194 ¥ ﬁ@rﬁ%ﬁ%f@@@j D NeRt bt QEQ%@) (PCR)
h the PCR o

procedure, wt | i gonucl eotide prinmers produced fromthe

nucl edfi dNQ@dqleleasd phgmugtadtifies wmprissetlegstSibopat @nucleqiidos pgl s 1B8®Y 495 t o

Mullis et al. d 4,6 202 to llis.,dJhe PCR reaction..provid a net hod

For sor coapo 50 twgtelides etk Bolh st 1518 A BhERRles O et e e 07

sequence Q?’lﬁﬁesmﬂranﬂhaﬁbé@wd%@@oﬁ&ﬁ,%)ﬁmﬁﬁrs,%ﬂmsﬁﬁt@éhm@eﬁtspuri fied and is

present only in a single cop% in a particular sanple. The 25 nethod can be
F

used to anpl i f ynenohsf pspisgpe -cmbodigennb|of- the rianesionpr nueic cagich mradeqyfe t he
net hod i ny t . i tid A Hi Mer s
for the ookl SROWL SlBale IBAMELES LTSRQPIOPREE BRIy PN, O

nucl eiie a@referiblye el riclodtide gayuende iehyleadt abbitei0lahomelogbws) ntoge puatbrabigawvi tro

anplification th logies are ' well own to those skilled in the art.
Exanpl es dfast Abs {10 m?{zﬂi%&oua,r @Ofeca%erm,y F Ay e&taﬁ@?el}onﬁgw@% B .,
Gside to g?é}h%ll%z' @trDile%Ple&C% 9-6%‘& %h@'i’kfg%us,'vﬁ‘ﬁd"ﬂ%t RefERBY TR RAY dred: Asgdem ¢

Press, Zn Sal'e ego, CA (Berger),” which is incorporated herein by
r ef er ence homoiagoug by theesnyire SEQIHD O11 ¥ SEQSID NO:PCHlERakively) thegmoleThde

nucl ei ¢ acid nol ecul f the present .invention, apd.fragnents.desi

Cher ef romsediees, Al s aif T YGRS PP meBRTaely 28R ePEh R

pol ympphihsoldgiols) masesprefeadtdyl amdalt 00t 80% KirSSIbERIsS mod® p¥efdrhblgt kst

geneti c mappi n%.o/ Anti sense ol 1 gonucl eoti des, ' ments of SEQ >D NO 1
V70

oz' fra
or SEQ | DaRputH0% homologguse aae sosbprsfeceahbn alalegst hew %f’/ghom@luogwdomrmiMe
nucl eoti d 20t . | J i r : as
i agnost | ST B REE1 8 SEPPRORS Bhich PHERIJ A AAERI Bhuiot uliRivtREhe
exanpl e, tehssied thanbye Inradtiwidnj o naelbatide ddquen dedamuslbgaisitd SHY dba¥Ocanr yi ng

det ect abl hy .conventional autoradi ography techniques to in tigate
nat v exSELh B B0 atsin e Ridks § etk BorBE -EaTe sen I pEra(T SEC
theret®. APINGENSE SEY Pb! NORUGE ARt IABRs Wesrie 080! X I A6IRE dulleotide
regul atory regions of SEQ TD NO'1 or " SEQ |1~ NO:2 or nmRNA correspondi ng
t her et o, iseqlenct dqgs notithomesyer inglude thetroiclephide pejueneet dnondiog BHF4/ASK 1.
In another preferred embodiment of the invention, the nucleic acid molecule
comprises a 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 is well known in the art, because of the degeneracy of the genetic code, there are

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



TATA box, ei~l Zancer sequences, and the |like. Automated sequenci ng net hods
were used to obtain or verify the nucl eotide sequence of drfl. The drfl

nucl eot i dwGenwssices of the present invention were obtai nedCTEPHI6sHOt h DNA
strands, and are believed to be 100% accurate. However, as is lalown in the
art, nucl eotide sequence obtained by aufomated net hods may contain sone
errors. Nucl eotide sequences determ ned by automation are typically at

| east aboghc@RADLYNBES ][D/ﬂ)l@:al I’l;hequed;eea&tveaﬁmutthaﬁ%m ccoatentrdatsd thebovthe®9. 9%
identical to the actual nu e sequence o iven nuclejc i

mol ecul e Dt apd; BhiA h‘ﬁg g eﬂ‘B’feéSIB?’e%‘?CQQgQ GZBOHB?@P‘#‘H ‘?ﬁgE&smg
manual ACH NGN aﬂHdRNA""‘}h&Qcﬂése ol | thEh‘ObHBsé Wpbdificaly! distloséd Hefeih N
sequence ich results in an insertion or deletion of oné or nore

nucl eot i dehamatyns@smhmoly by a dhamgeeinshiddoni for armnisduddri apnine acid, ateawithinehe

predi cted anln acid sequence will differ fromthat which would be

pr edi cfed SFHHR tﬂPFePr&E‘? ifveﬂﬂ%r} eoti de sequence of the nucleic acid nol ecul e,
starting at thegQivi Plowif RULAL bQAuse?st the Aeb&lerR§REMe SdnctibCody, G5R81

invention is directed to vectors, or reconbi nant expression vectors,
conpri si ngremymebus bthen DN/ nd BNAImobicalss Itleeg caegedcv Bﬁedh@mwpolsmptldc @sare

DA whi ch W BtEB0= e e P BPRR O A < EPkc e Priste RnRoe PIoRBEG™r o

pl asm ds, c@ﬂegﬁia,tesc%% Afher EIN A GMERNKI ﬂhaieo@leg W HEEIE SonOéxpréssione Sncodd tthe
|ntegra|able fragnents 30 (i.e., fragnents integratable into the host

genoneOby PRbipeptitsoas SrF&dPoN%ti‘oH)lvmgrléﬁ@tﬁﬁ%h the pamopagie| iepidue isagyange, but
are not |i le&feﬂ CP}Pa cﬂﬁeg%’ gﬂnﬁ%ﬁ h Eﬁ_&%ﬂ%&gé 4P R tr f-‘é&%&é’ﬂsrf&? %ﬁch @%‘ékﬁlﬁes

adeno- associ a viruse orest virvises, vacc 91557
17 PCT/ EP@iin®hdS tbidliel 1t3€possiditto rdetdrtb\tlalltsaels endaﬂﬁfgdmechnemmssducmcasect ors

i ncl ude, but are not limted to, peDNA3 InV|tr? gen). and pSVL ( Pharpaci a
Bi ot ech) . Rfyetnd e&ﬁﬁegyleﬁlqﬁéﬁwﬁgm ARqsg peecifge! yaﬁeclﬁﬁﬁd hergin; dyracterispEpORT
vectors, ‘bgﬁé Q%%lg@ Rh %”&Q@Dx fonp'f QIGF taﬁ‘ﬁx?o 8did] are %ﬁ%h'ﬁ?%ﬁéascoﬁ/%f this
Bluescrlpt t T at agene), vectors (Q agen), pSE42

(I'n. vuﬁrogmnmnomnd pYESZ {I||V|trogen) and t he range of Gﬁtemay expression
pl asm ds (LifeTe ol pgies)...Pre ed expressi tors | i cable
BRA const | ct o FORHPRES BRAS BB ER CPrer B g BRER IS Spa bR TR a o
sui t abl e ¢O& Fath SQEWeRERSHAGRARITAbLRI1.ef fecting the expression of the DRF1
in a suitable host. DNA regions are operably |inked 1o when they are
fiinetionally related to each other. For exanple, a pronoter is operably

| inked to a coding sequence if it controls the transcription of the
sequence. Anplification vectors do not require expression control donains,
but rather need only the ability to replicate in a host, usually conferred
by an origin of replication, and a selection gene to facilitate recognition
of transformants. The need fox control sequences into the 15 expression
vector wll vary dependi ng upon the host selected and the transformation
nmet hod chosen. Generally, control sequences include a transcriptional
pronoter, an optional operator sequence to control transcription, a
sequence encodi ng suitable nRNA ri bosomal binding, and sequences which
control the termnation of transcription and translation. 20 Preferred
vectors preferably contain a pronoter which is recogni sed by the host
organi sm The pronoter sequences of the present invention nay be either
prokaryotic, eukaryotic or viral. Exanples of suitable prokaryotic
sequences include the PR and PL pronoters of bacteriophage | anbda (The
bact eri ophage Lanbda, Hershey, A D., Ed., Cold Spring Harbor Press, Cold
Spring Harbor, NY (1973), which is incorporated herein 25 by reference in
its entirety; Lanbda Il, Hendrix, R W, Ed., Cold Spring Harbor' Press,
Cold Spring Harbor, NY (1980) , which is incorporated herein by reference
inits entirety); the trp, recA heat shock, and |lacZ pronoters of E. col
and the SV40 early pronoter (Benoist, et al. Nature, 1981, 290, 304-310,
which is incorporated herein by ' reference in its entirety). Additional
pronoters include, but are not limted to, nouse 30 mammary tunor virus,

| ong term nal repeat of human i mmunodeficiency virus, nmal oney



Vi nes,
sarconm Vi rus,
nyosi n, hwoan/dassvogl obi n,
Addi ti onal

cytonegal ovirus i mredi ate early pronoter,
WD 111/9CSS7 18 PCTI
human muscl e creati ne,
regul atory sequences can also be included in preferred vectors.

Epstein Ban virus, rous
/(11881) human actin, human
and humanpaeERd 1ak800NEi N.

EPII |

Prefezred exanples of suitable regulatqhy sequences are represented by the
Shine 5 Dal garno of the replicase gene of the phage M5-2 and of the gene

cll
foll owed by the DNA e
mat ur e DRFl Ap¥i agich,

bderver , | Suinbalbl Eodsy

of bagiygld pphage | anbda. The Shi ne-Dal garno sequence nmay be directly
a&gding DRF1 and, result

in the expression of the
fessi on vectors can include an

appropri at T Rer—whirchy_atows
cells. Theeg\rﬁae{lﬁ%ef or mat ‘%ﬁﬁ of tHh
one of the gastbigs tecch&ziques
descri bed in Sanbrook et al., 9
.provi ded ei AgRartipgcidonsAspuct i on
origin or ey, be;PLeYi ad by th
mechani sm e vectpr is int
15 latter nBYergalanihéi Hhent. Al
contain viral origins pf replia
manmal i an cEYEGy the
mar ker and A exanpl g
reduct ase {DHFR) or thyznidine
Nucl eot i de kebtmmeinees efiodi ng L[
accordance w t.h conventional te
st agger ed- eh¥¥8€ t er mi njL¥or 1 d
provi de appfgrihate teqyni, fi
al kal i ne phosphat ase tfeat nent

wi t h appr opMeghieninggaspgdet Techn
by Sanbrook ,et al.. sufga and §
const ruct i ot B mal AR expr e
A ayama et BfolineAl ol . bl . Bi @
| nammaol ., 1986, 23, 9BS, CosnH
EP- A- 03675661utaménenp onGlngasy,

reference in.its . entir
directed togfélgﬁlseforne RHost cHq
any of the Bedheei c aci
nucl eoti de

@t hod dfC

eguence ocgyrs mheH
%b%@égfl i nf¥%Bduced |k

—the—s
é‘selec
ovell K
upr a.
Ibf t he
host
gr at ed
Fer nat i
ation,
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f a s
I nase
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giniiqL
i on,
kling i
to avoi

Mues f

éﬁ wel |
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t her
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8s desd
t he ex

An origin of

PCT/EPIl 1 i‘nt o ar
cells for expfigssi on ofyfihe polixpeptic
not limted to, prokarlotes, ygast, ar
expressi on Vaetephans epfypboyed, |Wien tH
prokaryoticycell capab of expkessi ng
prokaryoticTX%Frg i ncl , beltﬂgre ng

Escher-icl zi a,

1 LI | | ST UTTIEU 1T1TUS1
ted&tgﬁ% SFKRE Egﬁgied out using any
NAWR tiGthe expert in the art and
replication can al so be
GALt /Ao i ncl ude an exogenous
nosonal replication
%?%%OQ?% host cell chronosone, the
By, Udher than using vectors which
one skilled in the art can transform
ol HFGt a selectable
i {@bl rker is dihydrofolate
?gg%,(%% . Patent No. 4,399, 216).
AidAr eddCbAREH Wi th vector DNA in

ﬁég%igg{#ding bl unt - ended or

on enzyne digestion to

WA GARGSCYA COER: AT PPy at e,

d undesi derable joining, and |igation
&UGuch mani pul ation are 25 di scl osed

égggrgugﬂethe art. Methods for

di scl osed i n,
&CcAB, AR, cCzmaaet al .,
., Nature, 1984, 312, 768,

GaA cICAG i ncor por at ed herein by
AXPECAGE RS Pb%i?”ttd@"%bof‘ I'S
i Ng an expressi on vector conprising
AdGEed ABIOVECAEXDICES S IUQG ofUuCtie
pression vector is WO O1/ 9GSS7
Aéﬁ%réﬂﬁ?aﬁéxho§€méell. Sui t abl e

gﬁbeCRﬁ§ GixengEaR | ncl ude, but
eul caryotes. If a prokaryotic
&&ppropriate host cell would be

L}ﬂ? '1§q6d sequences. Suitable 5
YA i

to, bacteria of the genera

20

for exanpl e,
Mol .

19
host
are

any

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

10

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



Baci |l us, Sal nonell a, Pseudonpb~aas, Streptoayces, and Staphyl ococet~s. |
eul caryoti c expression vector is enployed, then the appropriate host cel
woul d be wayoi@gssar yoti c cell capabl e of expressing the cl oreDEB@guesice.
Preferably, eukaryotic cells are cells of higher ettkaryotes. Suitable
eukaryotic cells include, but are 10 noty limted to, non-human mammalian
tissue cultwe cells and human tissue culture cells. Prefei Ted host cells

include, bpt t@ERUNPA0 hinfiid &Glst Goml dRRET4L & dsout Hed améRl dckds, Boimnasrt henst er
ovary cells (CHO cells), Afxican green nonkey kidney cells (COS cells),

human 293tecdidus 1@ athinepside fETE abousrISd| tastbsut Hbpagatacels, §pmsihont 81 te i n
cell cultyre becone. a routi.ne. pr dyr .71 é%” tur dem c
Press, | ugtﬁosuettbgﬁc? nﬁg?tag}(%bﬁ? ml%boé%? .2?((:@9#):9& égﬁ"éﬂ@ galﬁficor poalrﬁg %%‘fﬁg"r ein
by ref er efigstidvoi dngine Meidsefiyin abont 26di tbi About a8Y aastho beids, Hzyi deuenPl ayed as
a host cell. Preferred yeast cells include, but are naot Ilimted to, the

: b )
gener a5 SadRAErORARiag, ackisc firk abovd 3R JeeAtoRT YR aming a¢ids.rigem Abaut 3?‘1]0515(? s are
S. cere>>Lishaeuangabo RRRL %hﬁaqdﬁ‘t %M%g%%o}{?é‘éé a}éﬁ&& Q{ias,cﬁ&n%%ﬁbé‘l
origin of replication sequence froma yeast plasm d, "an aut ononously 20
replicati apois S§0emgiao (a8idS) from gxomnBiBertorabguon)0 aetuendds fran about 401 to
pol yadenyl ati on, sequences for transcripti erm.nati gg,sf{and a sil ect abl e

on .
mar ker geﬁ@utﬁgt"tn!uéo\ﬁélﬂsof@mf &ou,t éﬁllit8£tqoﬁh4‘{l91 APty oy port 4¢hI? are
al so incl pyiad 4*?5@&{?1'11@0 @L&s?hlaﬁt hpel Me1! (BSHoht 860 hifRucilE HaRYbaRt IPFto
cells. Wa prefen-ed enbodi nent, the pol ypeptides of the invention are
expr e$s edabsit rifOaaniniac uicols] frus about $94 i toraboys 620maging sads, fiemlebones2hla

Bi ol Tecl a3aol ao=~, .1988,. 6,. 47,. B ovi ni s ression,Vectors:
Labor at or %b%ﬁ(r)?%gl dmigp ggeidsy oy éb&“?%%lgcfg. 5%,0“\/\% T Pﬁiﬂsaﬁ l(%’%@ﬁ?/l New
York, 199gh01a580Unsno RRIBNFroMOaboht 389, td Hbou 800 affindVidigd) frsmiabert HOT & ed

herein by reference in its entirety). In addition, the MA~-BACT~'' conplete
bacul ovi r alouw X Oeansingnacidss tadnany (qomtiingtioge ilereetn, Thefraguepian bedoeged f or
producti O{]vitih{]njmnseo?{ior?g%éﬁ Iﬁcﬁ not her aspect of the present invention is
directed {0 conﬁ' SItions, (Pncl udi"hg pharmaceutical conpositions, conprising
any ofisthe nucleiagothet Préforr@l dinBsdidient @FOHBIinEMtioaX HeehBdlaln acht hidlscule
descri bed above and an acceptable can-ier or diluent. MO 111/9(SS7 .20
PCT/ E PO $omprisesgonysieqtide ssayence Hiat caeodesra BRlypRntide sempEsingAnBwQtacid) | v
accept abl I iLer r arib e¥ Lk d of
Renai ngt o%’qg%(%etzggllr?g%:ogg{sl% itga@ cllﬁ)eﬁg(zs?’,' Agﬁ?%é(}f‘%eng dé{?:é]uggeﬁged?g glr%el%]dclg@t ext
in this ftehprisestu mivldotide seqprepar thiae dndodee h fragynentd £ihe pobypientida sorepisingt y.

Preferred exanpl es.of such carriers or diluents |nclyd ut are. not

i ted t8Y SR Gie eliie. ORGSolos SER TN Chix Pistireds) o el o6
human )ger bEmpH R Hom abouktisRe 2BHRD02REInD AR URGH ab¥ &Nt ICbebosteNadmoldckd 0i | s
may al so be used. The fotn-~ulations are sterilized by comonly used

t echni que§ompplanhdl tasibent 6Grmineagidssisem abavledl itoabou &9 arampearidso figm

i sol ated pol i de od by, acnucl.ei i d g, . deser i e. In
preferr edg%oﬁ%%gﬁgﬁ% ?ustelc@ﬁ afrﬁleo %dsi’ r?&gh%?o&?} ,laf Oeabl%gllt)?’éqjlé'ﬁmg)o %’eﬁf? ?]d%%%
conpri ses12he asouh04@amthoSRaseNom stwfut 191 tdabont SERahBoNRidB, fibmcabopaléison

bet ween hunan DBF4/ ASK1 and DRF1 of SE? 17 NO:3 . )
to about 180 amino acids, from about 181 fo about 200 amino acids, from about 201 to

f a
I

25  aboul 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 481 to

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



di spl ayed an overall sequence honol ogy (identical residues) of 22.1 %
Alternatively, the polypeptide is a fragnent of the pol ypeptide encodi ng
SEQ | D NOw® o1Possf7er abl y, the fiagnent conprises from aboutp&r/Epoialaggst 20
am no acids, from 15 about 21 to about 40 am no acids, fxom about 41 to
about 60 am no acids, fxom about 61 to q@bout 80 ami no acids, from about 81
to about 100 am no acids, fiom about | to about 120 am no acids, from

about 121absutasa0Udmihé Geily] ROmAEhES . 541 r0rbaboss0 dfhind Bciad) ofdm 1HBuaFENeo
acids, fromabout 161 to about 180 amino acids, from about 181 to about 200

ani no aci éeoutf538ramaine rcidsofromp b K8 12tpoabart A0 awings acids, fsematbout 60t t o 20
about 240 1 i , . fro hout . 1.0 t 26 Ino acids, fro bout
261 to ab%u t;@ga%%%ﬁoacg{:sf g}sﬁ aﬁyocr% g%gélﬂonggﬁé{ %ga@8§$ a%aﬁngﬁlarhgealgf%]%(? from
about 301 withimousorB0oeSEQIDaEOBS, from about 321 to about 340 am no
acids, from about. 341 to about 360 am ng acids, from about 361 to about 380

.amino &cids, frof deodnosiedse ofdheutuckaotide eausnae igformation Hisglesed imahe t o

Sbout 441°rorpacitR obE IEMRAM e Sy L bpBPly S e R ok ™
aci ds, f_rmmdb@mbdeleRElcfrc&b«iuiﬂeraﬁcﬁoardem(i.ea,oqiﬁsnenf tissoesadnodiffetedd otganistgt 520
O e i P RE o P Robe ) B oS TRl St
any corbi na PSS B AE LS MR inG o LS| thalel, WP Bl 2nc
porti oh ofCoBERpmy Narbdr Prass,diadd Sering tiileny N @AY minkoht is dficarperated heretn on,

t he pol ypeptide conprises.an am no acid sequence honol ogous to SEQ m NO: 3
or a fi aﬁﬁé?@feflﬁ%we@fenﬁée%escri bed VW O 111 /91557 21 PCT/EPI)1/11tBRU
above. It is t@opexuigR! TBoQdwhizat eﬁd%ﬂe@mnhlagnhf@@bldﬂﬁbd BG| deekRfingr 6f ei ns
honol ogous to, and having essentially the sane biol ogical properties as,

t he pol yp8BHNde kN e BeRgmichbNAy gidoeligpaueleefiderreBesdganeratek fromethei ifl i . e. |
a vari ant I I Nt | | S\ .10 |.s.0f nd.. nat.ur al
21 el o VBTG RuEe Ridhfloh brbTBATHER RO RGT |30 DR TULAPER, |
may resul grduposuchf v a Earepdent gidupe arallio¥@iveptdiong eentiviiiaészaiti @bup in
expression in different tissue of the same _squrce organism, The vari ant
forms may2BROTEANSE At mracsduisy kuogn & dhpskilled nirdeang ang) yspd dit sasyerfjonal

del etions : iSHRS s & | ; t R ' ariant form having an
am no aci éygg(gag%?eﬁ%’cﬁ@(ﬁinbg?'BP”e%gt% xé; ogﬁblg/g(g%%u%nce honol ogy, at

| east about 80% swglseneeidhomidcntyy compefiag aflyy ofibthet drdD dustegptide ceeqhdhices

honol ogy, .nore preferably abaut. 95% sequence honp| o and nost .preferably
about _obhelEwahehalowRE WstratsclRs TeBPYEEGY Pet Bote dbIaTacE et BoRgon

i ncl uded (PCRF@rd@E&ﬁ@,nﬁvith ME PR BligdRIcfi8s HEfheROPRURGAUSoROIhY RRRIch A&
conprises at |east one conservative am no acid substitution conpared to SEQ
| D NO: 3. ApAusscesairgvidedh dereain.ohes' U.S.sBiganti Numbenss4,6&%,190& edulbast adr and
changes t hthi ! i d: 15 ence iL.arkon all. in a
parti cul arg"(%?”iz\rqgttgé\? 8 ﬁg'eﬁgegggq%cgloééa ré‘)%ggsr ip(r;rrel@emo-zlaértﬁ%%é%tg{ewhnéncfaf)lgggge

pr oduci ngcolenpapin cin sytiduiatnuchld yeidkedugncysicn Mtich cladt Isyquenke hgg rididesd | ons,
del etions, or ststl uti ops of nucl?otides in the drfl sequence using

r ecombi naRTEVENAL: BEigdytds s Icst A% AR 20¥nglR copy i (R-BIFIGUEE E4PPIEn g B no
acid sequ fis DY a0, g _

Fechn quen R R 0 Ry et L S ARDISRHAHIREDNY, e ¥hence of

pol ynucl eths detheddweilvey the pet pp epo iodigomiclqudides probey td seret p®psmoys for deedur es

) oo e TSP i G B BTG,
Bauer et al., GenRie vhB8H: ofdTternbBve Slodidg anBiin TEL UMSIHR St on HMDIYI0ERE Bre
pp.12-19, Smth et al., "Genetic Engineéring: Principles 25 and |Vl et hods,

"Pl enum Pr 88 knpomatp, thesedskilled inpheamt.  Ruarbeles ofi {185@ tgbaiqueri aw, fpamd itg for each
of which iLs_]j e er gi ference 4 n, i.ts eptl Preferably, a
L oET, bk BRSRREAL 80 BRLE AR TSRS RO RGP
bi ol ogi call52acAdadérhic Pfesq Inat Waal Diegoc Cur (B zRFhieh! iy depdrpo@tedByerciaxthy bi t
substantially the_bioLqﬁgcal activity of a naturally occurring DRF
pol ypept i &derenee indigantirgiys DRF1 30 variants within the scope of the
i nvention can conprise conservatively substituted



sequences, neaning that one or nore amno acid residues of a DRF 1

pol ypeptide are replaced by different residues that do not alter the
secondar ywanay/wsst ertiary structure of WO O1/ 9(>5S7 22 PCT/EPH/64880 |
/1118811 the DRF 1 pol ypeptide. Such substitutions nmay include the
replacenent of an amino acid by a residye having simlar physicochem cal
properties, such as substituting one aliphatic residue (lle, Val, Leu or
Al a) for anothdhe mrclewb&td tmdleamiesbef wee prdsasi mvessorduasl pgnand duryed

acidic resjdues du and am de resjidues_ A n a n, . hydr oxyl { dues
Ser and 5 theyefrorg, arg pefit foé SPI@gillaﬁé%f Tlﬁﬁfélca% ﬁﬁ*@rlentgﬁﬁlgﬁé‘PIW?fBﬁlﬁ%lt@%ﬁ
regarding, F%%ra@\pméerayrpaﬁaﬂd% 84 WeMhs A @ﬁ’etfé‘}h’rgp gghanges can be found in

Bowi e et a ence, 1990, 247, 1306- 13 I'S incorporated herein
by reference i mntismserdluoonmqleotﬁekrem feimienmtsaof SEQSIDNNQ:Ih om SEQ Da¥@iZg or

substantially the bi ical_activitie are,those where am no acid
SUibet 1 Fut CEAEnT RO SERE A Eion ABEuse (s BE e/ dc HaReRten o6 B ha t o

protein. ThenRoh m&%ﬂgeﬁm%%saﬁpaeafagﬁoéne (SHS froxhpl%ufgegérfe é’ﬁ?}’csﬁbﬁ q, be

fusion proteins whichinclude regions from heterol ogous prote
regi ons nayritaes tissodsuddur eampleptigsue.cgn bespeebeeit inowity Wiipobgeunlcdtotide Iprcrb;c$ or

encodi ng. SHTAREr BTG EERgAT BT RE VA 5RO REEH DARTIANCP it g Faugs

expr essi Oﬁaﬁf%;&}ﬁfréssmﬁ Msseﬁy&ec& Palilo] Geisd] @OALitIPEP st o heftet AnYisdmeader )
may be fused in-fxanme to the polynucl eoti de sequence so that the

pol ypépt i @ég@rstciqoad@a aie peplersbly digsiedrio prestaaryl resionsy ¢isTH(Y TPMO 4 icg $Q 1D
d |
oot es S BRIRRE St el BRAAARE bul Rod it P HEHISA o, o

sequence \mAerbebelnBamﬂsefqhemmtdiﬂtﬂ@lﬂyepept| de upon secretion of the
pol ypeptide fromthe 20 cell, Thus, preferred fusiaon protejins can, be
produced i n whidHorpaed Negesging Bledodprwere jused d%é-'&’t%‘B d ¥HY) Be Brlotide. 1n

one enbodig 5@% ce bGP0 g@ﬁ%'ﬁﬁleﬁﬂwgéﬁgﬁce@ offttﬁe' ?ri\%hﬂofi‘me?@oﬁt%la&'des a

het er ol ogo region used to facilitate purifi cat the pol ypeptid
Many af t Her oth DNk Iseapisptndlies bidieded trbs h@ﬂ%acéurmctﬂcmewlr,l ows edeotinve

bi ndi ng of the fu protein a bi ndi eferred blndlng
partner | i Hesiciindepestsnes pBid Bomamaln e hofe iy SoRlEh StaF FRtD, e
easily pumcle%qd& @ed%eﬁwedé%rwnéaybﬁmtbﬂraﬁan ﬁrer hw&ar&m Mbut DY, MREP! €,
| gG coupl ed Sepharose. Alternatively, marr ectors have the advant age of

carryi ng aymeallyt ghleast ahpait 9diorfe artelgasd@beutt Q%ddmtbrel éx phecsging muclaoh

it or st canene® FELB0ED o i BRIt RieRll sBaneb Bl SRR Rk

nucl eebi dderafinedasing mdalr@qaerrcﬁfgqgéthbds; whidht fe m-n laopmaheahd aﬁ | An@hAdYy e
such as enterokinase, factor X or, procoll agenase or thronbi ne may
i mredi at el Sprusaet W higheres Wi, ihan igsstioprer1 delefignephypire of eaqragrecw@%emms. on

protein th ltV\QaJ kJF{n%C‘a}‘"ﬁlf? iA %raf’%ﬂ &P den {h(afo%Bé%dﬁ%aérﬂm%h@m&n%&tﬁeﬁc%i

pr ot ein. ddi't1ona exanpl es of fusion partners include, but not
limted t«i;ffetrl"feomehatt which aeeudd bet;hedlhta:de{ydueethmbtaai nudleddier sequerse lofithsect

cells, 6-Hi ored , henmn tinin tag, GST tag, and A
sign:tl se&lﬂéﬁ %’tdalagfe ﬁ‘ngéﬁﬁﬁ&@%?g&%%é‘t&% gf skil | |gn t he aOrTF t he

bi ndi g part nemnehies hspRe WMNhé %?es%ﬂ@mh}bﬁ'tﬁﬁl rs0d15ecréaetdaeeétbf§e o OB IBRY
mol ecul e or conpound including nmetal ions (e.g., nmetal aff i nity colums),

ant i bodi esxpressidty argtrterst somipsisagf anyaed thaynustein erid orolgsafssi descuibrdc Rbdyiends
the pepti q/%bto?sugrg ufed hereem '%:Irtﬁ‘g% toaa%phfy 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 (i.e., fragments integratable into the host genome by homologous recombination).
Preferred viral particles include, but are not limited to, adenoviruses, parvoviruses,

herpesviruses, poxviruses, adeno-associated viruses, Semliki Forest viruses, vaccinia



The pol ypeptides of the invention can be used as antigens for raising

anti bodi es agai nst the sane and used to screen for conpounds that nodul ate
the acti vivowi1gssDRF 1. 10 DRF 1 can al so be used in conposp¢T/EPE/ 06880
Accordingly, the invention relates to DRF 1 ox an anti body according to the
invention for use as a nedicanent as wel4 as to the use of the nolecules in
the manufacture of a nedicanent directed towards di seases caused by

uncont r ol vixdsesehid eptwirnsess uBlefasdcampession vEbersnimicheiel bst areadbt dsnited to,

nmedi canent ccording to the _invention, nay be t ol ypepti des or
ant: bodi ¢§g]ag§§r¢[%‘léﬁg$%$ épﬁ p§|§/q\§lllﬁrlné?§13$£}/’tefg)- ngﬁ@le e§%‘§§§‘§;ﬂ&£‘?r§|§’r?_thiq@ ed in
a screeni %g@?hlg@%;ﬁ@@fbﬁ g@PéR"Ie\{]e%{oo?s, \Rjk}tEhl\@Q%tGﬁr(PM@g% pPRESEX BRI QL?!;I

_provi des peptides w't out assocl ated ‘native patt
gl ycosyl aBBetrsdaacVdy, i Biuessizl yketdisoiStraiagent)) e pQpostectorsan€)iagennnabE420

nmodi fications. 1 expr LN yeast, insect qr marmmalian expression
Systens( Sinestl B S A b SRR e S & GRITR RSN RIERRHE ¢ orm
a native PRrIre2Andi0kiépepti de in nol ecul ar weight and glycosylation patteni.
O course, expression 'of DRF1 in bacterial expression systens will provide
non- gl ycosyl at EteiDRE expuestitre veeisrseate wwhlicable PN egomsirmsie nn ivoich ¢ BNZect ed
to conpositions, _includi pharnl aceut i cal conpositions, conprisi any of
the pol ypaptiFtias obRauty BREIEHoREShY huked o SR sontol seahis rnabl ot

Pref er abl ¥ffedtii th@b£pr8dsidd ofthe DRI ih S sl EBELUDNA ¢ o ara 66813 PinRed
Conposi tions conprising a polypeptide, as described above, can be used to,

for ed@nmpMdenitheiiee fneiianedy Fistadatioi esh Hlepre Boy exhurmde.ah prameipreisrapspdlise f or
use in, f .V i . i S f ithe.resent
vent on K BTRRing QLR P SRR IrginshRRR BF 0BERGHcE AARRESE" o
1D NO: 3, etctarshdumabiogeqoire fexpaRsoit coesleddmaing hut rsthegndd only rihelubiling tany of
t he reconbi nant expression vectors described aboye into conpatj bl e host

cel I's, gr&RUsaetiRg hasbruseally conferard by g arigingpidepliationsandsa selprtion gepe to

pol ypepti ¢g,ii@Rd dcBERVBh 88 thgoRAbMDEPThEendctiom:t Rendast 3 yotic
systens are ;l)r ef (laicT 15|{lnce Vf~' Ool/9 ~5;17c 24 rPC?’? Eclgl Ielcﬁ?ll(l)éﬁggf?t% ey
provi dé aexpressitry vedtopmold esisy rigpendoiganpamthenwhost seleeted| andi the traonsfoemanml e,

gl yeosyl ati on,, car boxy-t er m nal j dation, oxjdation or, derivatization of
der o A ERteR s itaaly. conto) Haiens BEBE o FenHatem! fEprAttTiL

pol ypept i ol op&atdRs6RAEe t W0l BBnsRFiftioH, 8f RhEGcY REQMAEGdtablk ARNA
isolated 5 form are preferably substantially purified, and nost preferably
are puri f iribdsanel hindigenend pequdnses whichscaatrel hee feemaisitipn| gfsehsariplianhend

pol ypepti qr% él%.ornecover ed fromthe |ysate of the host cells. Alternatively,

t he pol ypepPl ®%s recovered by purifying the cell culture nediumfromthe
host cells, pr@tseatd yeabishoeferdbyss cargaihepoamter oghith isl o poikadoigpthedast can

be recovered and iJI’i fied fromreconbi nant cell cultures by well to known
met hods, ORI r@ 16 PRRIRPIETSedyeRess ©f dhe piepeit dRvesHaR i b Figher paekasyPtisy

cation exeﬂwg@&&r OGR! OBt ARNY; ophﬂéﬁﬂ%giﬁr'l%t?@Eeq%@ﬁ&é'!%&ﬁ&élgﬁih and Py

hydr ophobi ¢ 1 nteracti on chromat ography, nity chronmat ogra

hydr oxy| apaimnaeterscéfr oavttrophagehiandnd (Thetbacteriophage 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 herein 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,



chromato graphy. In addition to producing these proteins by reconbi nant

techni ques, automated 15 ami no acid synthesizers may al so be enpl oyed to

produce DRlopmbypepti des, or fragnments a honol ogous pr ot epPOT/EREr@ES0

Anot her aspect of the present invention is directed to an anti body or

anti bodi es which bind to an epitope on gny of the polypeptides described

herein. Preferably, the anti body binds to an epitope within SEQ | D NO: 3.

The anti bodhRs RE60hGHMMY nfcxi)(zbshheluﬁfani Ineoplaban Eaharb eniRPlRoGtaR] afd human

pol ycl onal and include individual, allelic, strain or species variants, or

f r agnent s Hgdp@Emeibot h in their naturally occun-ing (full-1ength) fours

and reconbi nant L I | hadi re.ral

present prot of s oG EHslorl Bhuchee, 3 M I3 LERRNCH HriEhed Dbl

confi gur atPrefaged Artunpledi of ¥pitablantgiadiyeseg@ncal ae bprgened abedae I$hite- domas

whi ch produ%e antihodies that bind to the 25 g%%eptides of the .invention,
i

po
and thé afialgees ekthersplieass esne gf thephegeMI-4 andefithe igans e of hactstienireat i on
of the pol i ni._ it j L &S, b faChirahdhi:0r s of
DRFL act | VT nee gl TRAGre Rk i 8 el (BRI DA kb hBE S,
t he i nventDRIN amlrebhdt mstbe expression dfithe matupe DREI prétemin nat ur al sour ces usi ng
wel | known teckigi ues and. readily. avail abl e stg;d{?i ng materials. Such
anti bodi es can MPEeVEesHial ?’B’rﬁ%’rqnf‘ﬁﬁcf%%c?ﬂ BiS b 2RRBREHE A S WP s ent
when prodyghng iiderBMELD RY taRCRARLDARE BV TRE RAHGLARM onM e TBEORES Of
maki ng anti bodies are known to persons skilled 1n the art. For techniques
f or priepariosigs poried buteingartyi dredifdks vamas techniqBed welk snewn & theedper) in tBasi ¢
czc~ CVvO_OL/ %158%%5 SCT{)EPﬁ)ltllllc&S( 1 dirricezl InanaZrraol ogy (4'~'
ed), Lar g&NRdURSTIOR B PEUPTOSKS 4l 8¥7Rt t 0s, CA, which is i ncor porat ed
herein by ref enanegpihnfirgSicatibh tat Mso 88 grovadedr £MeLBy eohRhctibe bEINR. vector
Techni ques that involve selection of |ibraries of reconbinant antibodies in
phage or &9 rin¢lade 9B cP@LeNSOdBBCoL BBY b PraYidedeby dhe  hosticel cdromeemal 246,
1275- 1281 Leh i.S . p i : el ] . The
or oduct | ot LRt histAEBENETETecl5t B bt SROTRERER o BB b,
anti badi edattekahay beagffvis. aAtembmzly, fathagnieat Gsiagdetioes eh@incaddih ofiradf t he
geneti c sequenc at encode_such nol ecules are well | nown and are al so

s th )
descri bed OUgHE Ogmﬁf&n, PRe plsillp i) the art gam rens fpmm graproadin oafr Prths rpsshod,
Labor at or y,¢ Vg Ghimatfed! WittPR sbiB&abR M erlaﬂ@‘ﬁlﬂilobﬁf/}.%@xmgfer?ﬂa@ﬁﬁ . NY.
which is incorporated herein to by reference. Briefly, for exanple, a
pol ypept i derkdr is kBhydrofodate aaductase (DEBIRYdo thymiding ekindFhe(sep|1@8n Pafent he. nouse
i's rermvegf, ()gﬁégpl een cells are isolated and fused with inmortalized nouse
cells. The’3_r?y r'd cells, or hybridomas, are cultured and those cells which
secretg anti bodiREoale séQleAbsCehcoding PRI b@ﬁl B raebmbaital Wk deabf DNA id ound
to specifically bind to the pol ypeptide , the hybridorna which produces
them is capeoudange twith sconvertianel dedwituen uimakidingp plunt-endeth or bieggersd-ended
present i )t 1.5. al LI - kit s, includi har ni uti.cal Kits.
The kits ey Brdih, MioREhind Gefbdiog REHEHIZPRRE RART0NEE I oy
of the poly peldsivdasidd es capphpatiaah) alkalin® phésphiatasy irbathentty avoibdivndssidepable
pol ypeptide of the jnuvention as descrjbed aboye, as _well as a negative
control . IHBNEc ?"E“f preatien B ApBIapFRisUeases- é%?&ig{“iqk}?ﬁa forg Sﬁﬁoﬂ‘éﬂ‘ﬁ)glﬁg% A as,

for examliclos@f by usihmask & oAl ds, ﬁtpréﬁ&tare Ao &Rbwn gl ’eUhitf Ofethods for |
quantification, and the |ike. Another aspect of the present invention is

direct ed tonstmthwve mimnrdias ienpressiot vavtore arcakisndersd in,rfonexrmpie | Olayainast a

e patypébt Figk &l PRl dRBErs 2 ncmemare i {8 o O, 24, Comthin

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 when the expression vector is



25 amount will be dependent on the animal species, size of the animal, and
the like but can be determ ned by those slcilled in the art. The foll ow ng
enbodi nenwe® whHetdie i nvention relate to several other nethoaspfoiwsseof the
pol ypepti des and nucleic acids of the invention. In this connection, the
term"DRF1" nust be interpreted to refqg to either the DRF1 pol ypeptide (or
nucl eic acid 30 encoding it, where witten in | ower case) per se, or to
DRF1- cont mtmﬂn@dcmlﬁxeppmﬁeﬁteilms%l | Suipdbyes iheal kyllsagsoeipréseidn Woit khe

anot her nol ecul e 131/ pepti de ar nucleic aci dii produce a bi ol%gl cally
active coH‘dD’B@P“dPQ Of 4 %ul%mflen Heclids, dut tapm ot @1‘l§’F10‘100@FC8<éW0t35V\E)3 196, S7 26

PCT/ EP111 88( e gt of
.each conpélkl]eﬁ Ig; ﬁ%@:%ﬁﬁ%x% ﬁ‘fl ggﬂpljmlgée E tdh p eegggrb&)fng%ggsg scl osed
her ei n bekvmﬂdabee aﬂptpr@liafrpmtoedelbyaﬁeﬂbusof)emressﬁfgceheaaldnar eeq‘ueﬁ@ss Saudtable

ei t her al gne a DRF 1-contai ni.ng ¢ l ex. A typical,

.al t hou@h REYa1yPHe tqeﬁ@ ‘}’Ag}l‘é?’rg?% Bf n@&&‘ﬁ‘“f?&n‘& decteda ?l%eﬁ?F’é‘dEWe’E"FféaB
DRF1- CDC7 h on physi ol ogi cal
CDCT i e S ot O B Bt et

speci fication. IfT in@rukiutyoec axpressomrveatspes:tenmﬂoyeﬂe thmme thendapprropreatet host @linet hod

of identif conpou whi n ei t her nucl ei c aci.d

ol ecul esOHECR A6 BRRITSOLD R caple b ARET i MorAPeoReiesc | B torabiy
ompoUnd b e o B e i g
can béo den@trlnm@ijwb’yomhnman@md}e@ tighuectnliawecells| and hahanrissus quitaresdeils. ed
arti san, i Ilmt hift assay ern blots,

r adi ol abeF%gélcegirrg ctt%ﬁ%)ﬁpé;g%eayb,ut aélEe)pBase tékp 58%%?3‘6‘ ﬁ‘%ﬁicﬁg Chinese’ >

co-fract i anasteiosvaby cellyr (HO eglifpAfticat @rRnatonkiel Kidmy cells (GBS kel Highan
interacti on trap/iwo-hybrid anal ysis, 15 southwestern anal yS| s, ELISA, and

the |il ce293usPlih ademyene 3ilBefbiohlastsorPrapagabiva ofciich el upicsH sulitue has;
Mol ecul ar y, @o?& Oag}’outllng%%ce‘glmené élv’llé@'le {?’Acl\lzfenﬁéwﬁbrtgéﬁ ?uée%ﬁﬁ%%%&l nel ude

herein by refer ence irnits e e conpoun scr eene
(whi chs mayds. (119I7e)j®vmdmoum‘pomwmhreamymﬁ&‘pﬁccetmdtstentiMﬁd DRF 1, or a
nucleic acid | ecul.e encodi gthe are not _lim¢ted to,
extracel | ul arnﬁ1 ﬁfﬁ’a@m veast | O%.rs%é? EmBF’YQ ag Rehfst &7l o Frgferied yerst esdisy

pol ypepti denfie, BRY Xl@%tQ%ft&?toe TRé Q¥R ISAcSMEE ek eﬁkltﬂ?ﬁ&l@']@[h%yo;pﬁceg' ee

in solution, attached to a solid stpport, borné on cell "surface “or
| ocat ed i Rtafercsl V@ﬂsarhloyts @OneS. slerdlissar mnd thepaaior zscaﬁrefeﬁrmd psmhpbdorsneas ur e
t he fomat | on of co bei ng teste

Al'ter nat | SR 9 B iR ‘PfEeé’hf???“{nh%eqﬁ?‘%"eiféﬂne&gﬁm ys} RS “S‘B}% Pty %anorlilsg'orrpl ex

fornl abi orephieitivaerqiivck (ARS?]IdIﬁoﬁmm kpadie séqueieds e pdlyadenglationRedidchei ng
tested. Anot her aspect of e present |nvent| on is directed to nethods of

i dent i f y| ﬁg’ CEBFREPURE deTHN P nnaRsLA splestable marker pener ddwHleofectpecioeepbyatingt i vity

of DRF n conmpound, and det ernni ni ng
whet her t kpdg'g%d&g %ﬁﬁrgggg%&%}e@l&&%@mm The activity in the

presence of t hAltbamtlvdgnpmemdeilsnmpmrpase&tjast loost hells. 3in apreferiet emibodinimt,
absence of eg‘ﬁ ound. \Were the activi tg of the sanmpl e contai ning
he test _BrRBIREPRCFS OhRGHBF et HPREFIETHE ot e Gt ISP AR YT he
EﬁSt efrmg;é@dL?éHtaw gpapoyfwféwz ézo%a\d@ss nsr@@ssgc@&ammmes%om\b&%ry Awnnere
e activi 0 sanpl e

Laboratory Manual, O’ R1e11y et al. (Eds.), WH 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.



27 PCT/EPI'11/11fi8811 containing the test conpound is |ower than the
activity in the sanple | acking the test conpound, the conpound wll have

i nhi bi t edwaxd4iio6siy. The present invention is particul arly PE®ERI/G:830
screeni ng conmpounds by using DRF1 in any of a variety of dnig screening
techni ques. The conpounds to be screeneg) 5 i nclude (which may include
conpounds which are suspected to nodul ate DRF1 activity), but are not
limted t®refersbiyacied tatkiar or idﬂtlélﬂqe|plhurh1&?erc¢utliliadi|yogic€ptﬁ)lﬁleCfﬁmiabhl cabridrgiane The
DRF1 pol ypeptide, enpl oyed in such a test may Ige in any gcrm pr ef erabl y,
free in sB¢sGHPehIn e URAT aePeRboiapf @ergugwarst haseisal Scigteh, AUtk or
| ocated i I Y, i ure
the forma |o§&§fljeicr:é(lr)én% etf\{mﬁte}?%;geeln(ﬁ%ﬂkgh g{?‘éﬁ '%l%e 1 hgg%%o n%?%ken?cﬁgﬂfgited
Al t er nat i estirgty. oPrefeskad dxachples dffvaclacarriesnoredihrntsantlnde, diuriareutdt dimiked toONpl ex
formation between DRF1 and |ts substrate ausednay t he conpound leI Ny

test edS THEEhcspinG RigeersrEaluben.y fisiose o Yiloph nv@n AN SSHOb ARy i ned
by, for e a I FoiRF f er.at as ment
and DA 1 S oET o B, e o o e e e TSt
conpound. fd[hﬂﬁaalomamﬂtmimﬂ$yccammdn¢yuwﬂamhhquebe performed as descri bed
in: Jiang and Hun t cad. Sci. USA 997)., 94, 14320-.14325;
Hunter and Sef {81 }{emsm? < twﬁ/&?ﬁSﬁ?Wﬁ“&%ﬁ’z%ﬁFi‘ﬁ@“ %? ﬁﬁffola%dmlweaﬁi
Press, NYgnddaelh $9™ nvoleic AciPhholdMile\dékcrtbed 3meved h Praferrdd/ %bcﬂcﬁﬂbﬁt@ 0¥ Ithe

Met hods in Enzymol ogy (1997), 283, Academ c Press, NY; Pagano, [SEdltor]
Cel | 206 cywiestionvghersoddted p %ﬁh@@PH€@996Pm1$pﬂ@lﬂ@éﬁuevéﬁ |S@tgfortmn Eher

assays ca ed to exam ne tIC bg@n lymted
to, photoﬂ%?lﬁpégs g A YRR ¢ ’}, W%‘%ﬁgcé{w c}gﬁégﬁ Eg%o juch
are descr idi%PIiybdlan B%raﬂx@th@a hcﬁmugsa@de%aﬂmesmﬁes?bﬁm 1%al Approach, eds.

R Eisenthal and M J. Danson, 1992, Oxford University Press, which is

i ncor por at ed hérl@nwtwylys dreanadyneatideisia Gagment adtthe polgpeptide speqding 8HQ 1D
enbodi nmen f c i

nodul at e S 3. ﬁr@@l Vi 39%:5%%?‘16@2‘5(: n g%thloﬁlg t%g chgr?fggﬁtn%@w ?ﬁn%%wﬁ and
assayiing ﬁboutl’zheto;abmﬁecﬂbmmb aaidsoftqrh ekoltetlwoeaboth@) amaimpoaeitd, frow abBRt AL | n

such assa DRF1 is.t | abel d After _suit.abl e incubation, free
PRET |3 bR b fhiste Seidep grom, AERE A tor Aot a0 Aeing scid e el B 1 r e

or unconmphgxrddoaheinoe &id, %%?%&tqul% d0BRt 840 labdio aéids,NRoRabbhic W ko
conpound to bind to DRF1. In another enbodi ment of the invention, high

t hr oughpuabcsﬁrlé@nmmgmf@ndScémoabms llﬁévtpr@ogUilB(étamenq)namds,n@orafafopm 131 to DRFI

i s enpl oy g W h; 44285 PCTA EPI 811
of a1 1 or Gt e teRlsd BBt ARGl 20 Dol 220 i afi g8 I LT
subst nat e abdiie24pephindeacid®s frodd BRI A3 t8rDotPDE@GhREL w;ltm fibifr labamd26vashed.
Bound DRF1 i s then detected by net hods well known in the art. Purified

pol ypept i deautAS0: aainpragids; ifiom bt 284 goborb AR amine é%lfl%yfr‘?}}ita(‘io‘b‘l Mlebo f or

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 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
about 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



5 use in the aforenenti oned drug screening techniques. In addition,
non-neutralizing anti bodi es can be used to capture the protein and

i mobi | i agoiotl/vers7t he solid support. O her enbodi nments of tPlaa/EPov/esssé on
conprise using conpetitive screening assays in which neutrali zing

anti bodi es capabl e of binding a polypepiide of the invention specifically
conpete with a test conpound for binding to the polypeptide. In this
manner, tabovbeliastd bé)anStG@chthbeﬂlH&Rehehbmdatt&mtméllnéesmre&ﬁmdmmﬂomy t@ept i de
whi ch shares one or npre antigenic determnants with : el ed
conpet i t i %€ IKIVHE W@er&talm.t'é%saéa%eebla@wi BEperies Asihe IPPHT’%}?“‘E;I e“"%fﬂdl robi al
Agents a~aghhig rgr ﬁﬁén@&r a0 ribdd Areipt ﬁjva Ta,[ﬂls BHinithdi {5 g&@ﬁ’dedttlae

_di scl osure of I's 1 ncorporate hereln y feference in its entirety. 15
I1i ot herenenimpdssrrmfbanmmﬁ inguria haliehic ivariants lo€ theodi§i eptel dbsaribefl hetein.i fheset | on

are enployed as a resear h tool for ide tlflcatl , ¢ch cterjzation and
.puri fi%cat YWBE"WE@H@%‘} fhiom, %QGT‘%IPBIFy Eﬁ”&t’éﬁeﬁgf)mﬂ% %}%&F%{‘?‘éf PR ar e
i ncor por %ecﬁffkfehpu&s g oﬁ%é%ﬁﬁt dotlf® &Eaﬁlaﬁ THY eman@ Tordl HAY bOHRarARERQMS
known in the art e pol ypeptideS are used to captur€ interacting
nmol ecul esby,Ffmrexemﬁm Iaennqmlcémdzrasn(a) elelettlonbhme@bmmmom(h)e Indlve cehezfon,
pol ypepti de to renpved unbound pol ypept i pol ypepti de
Corl ek 1 & Ve PR G Y OEATE0 A Kottt HE s ah TeaaCihiouh 0Pt Regl 855y
pol ypept i gfigndlbgy,use thabtOakicth WObAts ﬁéﬁl:é'%rﬁc%g)l f}ﬂeﬂ&tﬁmerabo@f 60°R1 deyjuermsed
associ ati on of polypeptlde W th t protein conple Label ed pol ypepti des

are al%so h@mlegy,a:swfeenrg@wuy fab@uttwpseqmweé@pm gyfa%me&tuwré%r@%y WPeH whi ch
th | t el t t |
one. Brbodr i tarkdictfide) RESHE! NG, b BliehbMdcs beine NI B fre |1

coupl ed t e§en® hinesmicagr aAhpraf@thzrﬁedjgcﬁ;sap@iypdsmide oEnprigeest Rt one
extracte and various cellul ar subconponents are passed over the colunn
Mol ecul esc%isﬁﬂa*tﬂfﬁ tAHENG oAGigsuBstitytien Lr@mﬁar%é?rS%Qf iR NO:$o tHamo acid

pol ypept i q sert ”pOJ‘s)ﬁB?tth&l{’s”C&”ﬂie?éE oh®’ LRE ed b TR WG SOLNHED ad@

d|5500|ate the recovered nol ecu eis sg%ﬁ{cted to proteln sequencing.
This & nmaqaencx& se€hueneeaaiion tallewedsed at qpartttahﬂrl ﬁmlnohemdamqmem;b medyedel e or

to design de ene te oI| cl eot.i des or cloni cor andi n ene
fxom an afReopT ‘Feiraul?yaP’S?ducmg’l eéeﬁi(}) @@gl @1 EJEFF’ Ti‘f‘@f(‘%é‘g'

Al ternati Hlﬁkﬁﬁ% 1ﬁ§'ﬂ?&ﬁ” delefi®t, BE shisd@Ritioht @F nible6fidedxihi the Ui iyhede RisRgEr ti es
to DRF 1 of e invenfion, but which are smaller and exhibits a | onger hal f

time thanreDFiFibmanhDhTAht@nlanqlws ani mal body. Wen an organl c conmpound is
desi gned, a nol ac o the.invention,is u

compaund. The.agenyndS feralful oo e MR S bl s B SpebBfionse
conpoandsby én}aoﬂ\@hlhmkélfbﬂhla@ﬂ teehfiques) Fiexdapi, ﬁﬁllmﬁﬁls odn tpdmrrndmaunuoc al's
based on such "l ead" conpounds. M netic design, nt hesi s and testing are

gener al | ythgseelynuslepfide anP%EHEISJr"?’I polypsnbidhi q{goaénqu&m sty BrocadIreT yveds for
a target gﬁ&ﬂ? & %he %Eﬁk&gﬂg&he sucit 'éé‘%thuﬁgl cé&ﬁh@ dﬁx%&ﬂe?f 'rﬂﬁkaéé M RRi@ngl ysi s

of the deduced am no aci equences” enco the present
i nvent i ondescebablef Walda edes, @enel D985 2 dlmﬁaumfmls}ﬁ“eue f1985ah4 7Bh€raelt ore

ith a high h | . .Co t
o the or BueeRRaUEnTouak s, PRa o) SRt e Qikeelic Enginpodes PhRiie o
dat a pasegchRIRMSs 391%191‘? lefésg @msmm 00V, Mitdrit NubgbdBE4 5K aldt 1 g8 TUB3

motif and C-ternzinal notif. Accordingly, conmput er nodel T i ng can be used to
devel op acashiodpyhich ltsemqqnmryw@hmmi»r@ @énqetie itpeptizsths of the invention

based 15 on th e?vf%l ?g l[ﬁ(fll % & {h%rbrggenpfnggﬂtlo%zﬂ é%%lt Hi‘t}steaﬂﬂhlr@themt Hf

and C-tem nal
biological activity of a naturally 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



domai n proteins. Thus, novel enzyne inhibitors based on the predicted
structure of DRFI can be designed. In a particul ar enbodi nent, the novel
nol ecul eswiddemcs37 ed by t he screeni ng nmet hods accordi ng t oPCHEPIIMAESN | on
are | ow nol ecul ar wei ght organic nol ecules, in 20 which case a conposition
or pharnaceutical conposition can be progpared thereof for oral intake,
such as in tablets. The conpositions, or pharmaceutical conpositions,
conpri si nghd D&F1 ol wieptide | Shichahiestintems mecinolude thpakylephémd @f an amindadd es
and conpognds identified by the. screeni met.hods .descri bed herein, can be

prepar ed P¥rd 1&5gUe Batine smilgyphysicochemicghPropetfigtshg @ SWBPW PP i‘léﬁlaf“d
oral, intray&noyR, V%}“L%H%P%’t%) ﬁ#ﬁl%ﬁﬁngpﬂﬁbstl%ﬁoﬁﬁéﬁleen ibRLiE FE%E &H'L?F 4 end

|ntraper|toneal The’nat ur e cancer or other ingredients w
on the spéogf addic eesidneoGlnamd Aspstanadé maldaijbamdr A, hydxemabdmdwstSemfand he

[ t be admi t d h I t.hat
usef ul 51 n TR ST cURTERE LSy ey SHH | AV obHON nOLGTHg ofPER PR AR | cal
Sci ences, phéndtysidilly QRnt s8R0, acﬁl é)@ﬁﬁaﬂgesjegﬁge MﬁHdClB B&Nl'erb@ﬁl {)%zé)ic%dlm ein

by reference inits entirety. The dosage of these | ow nol ecul ar wei ght
conpounds 24} I3Qﬁeb?dr6)deimhtlhenmma’@é kerean by aeferanad iin rterrntltctbbe(lth@a@%ﬂl and

ot her clinical ct.ors such .as d co ditio ani nal
ond he 1 SafiEhs pAHRTRRR Tl RS RE SBEich! Slics BE DRI SRt
111791 5; 7 valrPbrhicRGidld DB lidn MevB et nmadé rfﬁéreas Ardive afhcapid oxdiomt &ff the 0. 5
ng/ |l cg of body weight to 500 ng/ kg of body wei ght of the conpound can be

adni nil8t eP&RfcTherapy i s typically administered at | ower dosages and is

cont | nued unt i Ik g SRBlERdICLARRU fy Qih A0S ARPEKYBY nudle pRuGREN

conmpounds and I'ncl uding nuclerc aci

ant i bodi esyhiclo ipdutedegiotie fionf ihettrdlggdusepsmime nSoch n@dsrmdm.aylebecmbludeﬂ her ei n,
have a variety of pharnmaceuti cal ab:‘i‘l i cat nd .be uysed, for exanple,
to treat GHOWr &LentecirHPRgimATPYRdetfalidly, pr PCIB Pt ﬂn the RebPeRIS  and

tunor growh exérﬁgl@ P& tubrfdél ocﬁﬂgﬁg'aﬁﬁ‘agnaﬂe @fgg(@zfelge?ﬁﬂé cﬁﬂ)ﬁ@ﬁkbbgﬁuﬁ&?nﬁ'@ed in

gene therapy. For a re I ew o py p res, see e Ander son
Sci endé, Eﬁﬁ@sm%@ectﬁﬁsAMA s&qucmlce ifer & &)gnarh peptpler(sacecliotydealen) hyy befiseénce

inits entirety. invention is furth IIutra d.b ft .

ol | owi o s oabe AP BRI s 5P Shae e PP S R Frtiltied bn s viea. o
exanpl es gr@ceﬁhocromwisergdﬁdmgﬂgrpeaﬁ@e t Reygitad aﬁldéczﬂz&tlg Bedtiond ih kiKY rntenﬁecn he
scope of the invention. It wll be cl ear tﬁat the invention may

pract i cedhestheelhipsanethn ﬁX'féi@eBalrﬂI isecreten i dbe dolyweptidrer dirpfer ?Nlbheth@ d%gﬂal
modi T cat | 9 fena’eswﬁgge Xrgédeﬁtﬂo% ﬁlgﬁolwﬁt@% ﬁéo%nstecreﬂyﬁ Bﬁfh(r%rf)toﬁsg)%g&&)esﬁ&pll tﬁ% he

view of tRelteac erein an are cope of

i nventzo on celEX s, q:&e&nad BustbrbprGtenisdean Hereedutcd dn beﬁ@Whadetaﬁﬁmal of VIDRF Bas
Exanples S, 9 and 10 are Prophetl c. Wthe Exanpl es bel ow, "DRF1l

(cont ai ni Fﬁgfusé At eigPPUdadi cates (a) conpl exes) of DRF1 with CDC7. 20 In

the acconpanyi ng ot %%B@r?nenF 'tﬂé‘ eﬁhﬁ%nﬁbn?»g 4 BRid pro®id Bt Bt 40

anal yse the expression o
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
proteolytic 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



in different tissues. See Exanple 3 for nore details. Figure 2 illustrates
a Westezn Bl ot anal ysis denonstrating that DRF1 interacts with CDC7. See
Exanpl e AvbHoimvemre details. 25 Figure 3 denonstrates that pORAEPII/A68EO vat es
CDC7 kinase in mammalian cells: in the presence of DRF1, CDG7 is able to
phosphoryl ate its physiol ogi cal substrgtes MCM2. See Exanple 5 for nore
details. Figure 4 shows the subcellular |ocalization of DRF1 in mamral i an

cell's, asow¥hdeNERrOPRATHUREL | AGdifsHa R&EmPles 0O fdYparersantlidd;But are
i mrunost ai ni ng; B, DAPI 30 staining; C, superinposing of A and B (nerge).
See Exanphd lignfegrtorfbe geasel-fictos, thehgugbesmetatigHeadst i €19 sweetyoeBmdtHisdag,

| ysi forn i | ' i 0Q - | ]
oyol o ol b R BEAIME dh BT o8 oA p Y RESRSEE sy MBS BBsco
Figure 6 wslepsiocey yaé 6f sifilldi e arfNRe BkidiQS paraitr Ayhid¥oretbigiiresBn@thinds st ands

for Thym di ne bl ock, N stands for Nocodazol e bl ock, whereas the digits
. above % hethe pepiide may bateay mpalequlger ¢ampayedriggludipg apetaldprs s ometehallifliyck. 5

E~" AMPLES, fxang| ) ent kfi ' : - : T

nucl eot i dé éegﬁéﬁ%%n oéikégtig# 5{}‘ gﬁsi%té ?&{%f( glg%gé)g%og&ﬁ[}ﬁl n@pt sl‘géf\%éﬁ%dsaﬂg
NVDO6716) pepide,tdneh asrihe@1aod thgsequence deduced fromit, was used as a query
sequence agai nst the LG enpl at esFEB2000 dat abgse I ncyte proprietary.,.

dat abase. to ThRSPalypeniiles of fisiBKentoR MR Wied A8 SnEpsPsifakFiTiRg apfibgdies

annot at ed C I i | VIR ped
BLAST, (Al PR R e JiPust® g%g?ldfsog ﬁg{sn(.f’,gh%g?%f nzlg{ﬂ%ﬂ%g%% ety o ?)sl%lp

i ncor por aDBH 1 enelsoe Ypyuseéfiecempesitionsi tAccontinglygs fhe.inBmiief kglates eDBEASH

algorith i.ch stands for, Basic.lLogal Alignment Search Tool i.s suitable
Fox_det or 1 HIHGAYGHHTHRE ST PRPISH PACES ah  Prhcogient o Wel g8 to e i off g
1990, 215the4fdidthlds iMieCiamFadtie VTROMBdISSmBEr Bicdted toWwalds aRERs kiusell Dy
entirety). Software for perform ng BLAST anal yses is publicly avail able

t hr ough t econioileshedl] mewtlo suslods @netre dhwanelgsiley vsed paniedivaments according

(http:// Lnchi . nl m nih v/) . Thi.g.al goriht Ynn 4. nvol Eir ydentifying
hi gh scor [ rgeaBtaERBatbape B RobeRlde ulRlog iR e BBl FRasth el Bt w
t he quer yneelueerct irhtiféd inerscridhilg ndthedlldssiivedlrginposi ti ve- val ued

threshold score T 20 when aligned with a word _of the sanme length in a
dat abase sequehlta@notirer aspegl dhe myenidom pravidesnBRER Rl yRsBHAHRO0 Vih Qr oahout

t i eshol do LAl ity bodin w1 SSERERY, ARG by DRI BOPEIRE Gy £

act as se or rnitfating to s contai ning the e word
hits are swtldivdéchs n IREh edpreesetli inn yeaat, omget awhmeieupedias ecxfposssias dyatenws t he

cumil oL e SLLNTEIL FEo op ot b L0t Saat B phakon ot R wopdghl 5
of f byy t hgolgpeidetid nfolecular 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 a 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



fromits maxi mum achi eved val ue; 2) the cunul ative score goes to zero or
bel ow, due to the accunul ati on of one or nore negative-scoring residue

al i gmment w0 @r968y7 t he end of either sequence is reached. TRETHBPABI683)

al gorithm parameters W T and X determ ne the sensitivity and speed of the
alignment. The Bl ast programuses as dejaults a word length 30 (W of 11,
t he BLOSUMB2 scoring matri x (see Heni koff et al., Proc. Natl. Acacl. Sci.
USA,  1992he89 prohidel ar MHX o6 beskinigl Aeoh4ainad echibier@bult iy, rfof esxampes,i n
its entirety) alignnents (B) of 50, expectation (E) of 10, M5, N=4, and a
conpar i soBlsPsHaia, serbgxpderninaj\agidation, gehiion »r dey#taion of ICERUN FHENBL AST
al goritlun_ .Karki . | . Sci. USA, 1993, 90,
5873_5787?01&/6?Aé#uei@S@oﬁlﬁ@%}ﬂ%ﬁ%@@%ﬁ%@%ﬁg% 3&? eference inits entirety) and
Gapped BLAST pdht@olp2ptadatdfshe padseaniakyglon 0¢ prdferablynproaided Vin hativeeted t wo
sequences. One neasure of simlarity provided by the BLAST algorithmis the
smal | et &emmbpetsoaeierably (spbygntially werdpdpesdi mest preleiblyc A oprrgfed: He

robabi | i Al ,C ' ] i ences
houl d_ oot BEkis ot {8k <R BRAERD 1V e Tl ST e oy o T
a drfl gemhesate ofcbBAosticeiliie Adtemlatiedly, shiemopypebaddd Isirbgoviereddpnpai fiysgnthetkell he
test nucleic acid,to dr f ucleic acid is |l ess than abput. 1, preferably

| ess ¢ han CHIBE mSSHM s t{aer g a8l ekl b 508 _dfi? hesh clbst The

pr ef er abl go%ééggti&egad}nalg’é)‘r@co&&e@-a%glpurkﬁh'ﬁohﬁﬁy rBAbEREE ckil dullfires by well-

L& enpl at es 000 database were perfornmed with the program BLAST version

2.0. 100 Theownapethedsaniyclidioy tentaiwhasidfateasr ethanad peekipititioyg, tien ASKCAIDBF4

I tid . | at W th.
oW Scor e TRET GBTRRRR SR A PR B P FRIEREIGErS: SRUPRRE difgraaice 16
(i denti fi @frosdiblerBpHID &fnikd @Rbhalogishyl 43ARSkylapatiRr Shréma®gidpht thrldy lebfig Yt €

as "lncyte unique", ‘neani ng no annotations were made. Incyte "tenpl ate"
i ndi cat es chrazestpgredy. assenbl ed sequence based upon overl appi ng

sequence-t ags, n 1 I o no iy exi p i
cl one. Despite I?h%gdl\}lgrg;rtg I I%\%’vg%%%ggl?esf rﬁarﬂ{s%ﬁ%teée’g?%cgrrpFga?&e%%ﬁ%gs’lméﬁ%gv\tg%, at
the pret eiamizd abrlveynthebiketdmely slksoi beakmipioyed dto3prodtce DRIe polypyptideshion t he

C term nal, domai n of human DBF4/ ASK1, This domain is very well conserved
anong allﬁiﬁmﬁ‘}%k{m’%ﬂl%"é‘?ﬁé"t@f‘ﬂéﬁr?‘?fer ent species, and has proved to be

responsi bl e fora fohe, Bk iﬂgtﬁepﬁ)l%?in\;%&lﬁ li@H-r%%dBE)zaﬁ BRIy ArfiiBHiRL ©:

150210. 1, showed sequence simflarity wmthin the [ ASK1 N'term na
portion. Asch bindgoramgepitope namyved] the polypeptided desdrihed henan.2 PrEBFbIRSKA

famly and j. o) s the, BRCT .domg] domains .are found.in th

b onst ondplifodsBnds & ghypitbhe s SoRy BERO Ry muhdied, S6B6uhl 6 et o ns
invol ved kfventisM<ah b hidRatlohA9sH BblyeRdnalDMN iEREdd indi@ERIPaNaNd, ragndr Cel |
cycle control. It has been proposed that CDC7-DBF4 mght utilize this

domai n t o SBgseRs; viayants sordsmentsdhercea byt is thabesgiimely pheinjeg (fulldepgltfoams n t he

BLAST 0 ... . ; i >
ot ar 11 g0 gyl Sorh AN bph RN L RIRY R SralaiS ke DIl SIS\
(52. 6% of eRthen ltlegitt tnative® 7conFigafatiofeot i iy hon-natiéO dohfigtirations.  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



33 PCT/EPIlI1/11(r88(1 Since the NNterm nal and C-tenniztal domains are

al ways found together in DBF4/ASKlI proteins, we hypothesized that they
coul d be warsiveis7t he same gene and that the new gene coul dpcopsELiotsshe a new
human DBF4/ ASKI honol ogue. A TBLASTN search agai nst a dat abase of genom c
sequences was performed in 5 order tovégrify that the tvvo identified
tenpl ates bel onged to the sane gene identified a public assenbl ed
genom ¢ ClOMngaf Fhahilop (B0tdd),t handeeRUREE Publldagiohs)OLdsNAYoE, CANMRIatiess bot h
map on chronosonme 17 clone 296K1. An exon-intron boundari es predl ction of
t he cl onelfgaEpopied berﬁr@dbmqfﬁgn@msmwur@wg;mlqf@f%ﬁ@ﬁgﬂ@d Hereinnkeshnigaes can
identify I I 0 t

orogram i gﬁmx@g@e 5&%% A hﬁga If;rlf(%éﬁar}%gfg%ﬁ%?&é%n@hpl% ot sl Syecthde

st nt ct ur ehraivpaibetiio Make pr Mp@’cieh@é 1989, ﬂm«gmmlzmmla}s@ ifdorpdrate@ herein
sequence honol ogy information (Burge, C. & Marlin, 1997, Prediction of
conpl et e §EAefcEnee &t iis €BtCH. hil @1@3&95% of pribodies’ %I the grefeln spBturGR0DHA) |

The predi gzrngpllegeé@rp;ctvaﬁ iflo gé%a@'fﬁ@lﬁxts%% }@(Q@ﬁr%' thofifl 456 a%@l\tlﬁ‘e ok g%ﬁf%f(&?oft hus

15 denons r egifons wer e
Exanpl e 2}he gonetipsaquensdes diaNéncude em:li msleculmyteazvdl h]mﬂﬁcod& al SERsdrdelD: 4)

and I ncyte cl one, 3051528 ( I . 5 i ~om e ESEQ

dat abase ?‘Fe%‘aﬁ’(? %l g?é@)w % S@dgg%ﬁéﬁ b@%éb@ﬁ@@% of :;Jr?éof%‘ﬁ@’i’%"”“l

' epr esent iSRS tabor I9BHAREE, IRk TIZEG: INY ewﬁicﬁt@ma; rited ABrefd_ Of
cl one 477042 ]gartl ally overlaps wth clone 3051 S28. O one 477042 contai ns

an opéh r budetepnte.abeefy, @bewamplepa @niymptab’l afshe Iumentlatiscmj@tedtiatoﬂmiqeg

met hi oni ne, codon. ne 3051528 cont unt ansl| at epce ATG
tart  and TLE APTot % 8 ERESY ZpruBRTRcadny APisel ela Pro 5 e e rised e
3051528 coninditazed rﬁmblcenm@né h@rid 861, blV\ﬁ’yB?idﬂ dpﬁefcﬂﬁﬁred%ﬁﬂ ke Icbigs ORF,
thus this clone does not contain a valid open readin frame. None of the

two cl onedvhidnsasraie enabediey ateesrigdteds DR sibedics arm@nalwdanlgd of fowl tawo

contain a a 30
conre. wer S EHHIS 08060, HEBE)RoAIL e HSARE st R o bligfllD 10,
(Per kith Epreiutdppoitetol appbtedansboliies.si on, PE/ ABD, Foster City, CA) and

the ABI PRI SM Ready Dye- Deoxy .Term nator k|t wi th Tag, FS pol ynerase. Each
ABl cycle WD Mrm@ lvvmwp@rplﬁw ireatedl EBBHS l%féeﬂ@&ehﬁalaﬁe%t&ﬁIlﬁﬁ cHMt ai ned

about 0. 5pgs cefanpécg%még H}I“Tf %I&'rﬁc?e‘?&‘é@xl'& e i @é%EﬁE’ﬁ’dmégox‘rbs'a%Qfgf:tlgéa' tial

denatu ration m nut e by 50 cyc
seconds, aniypeptideg descri®d Gbbge, 80 aspcotitiedy avhdche bingdsstb on palypeptide bHthed

m nut es eratu s and tinpes were contr | ci n- El mer
0600 & i haTRBEYL R raey oS ailF o RS ahons BRI Ereter o O REs gel
filtrapi onddifenaReMHotRAE kich 48 NGNS skt ions, @idtd%@f)éﬁuﬁeggenféﬁhlpfﬁmh

reacti on product was | oaded by pipette onto the colum, which was then
cent t - i f udediventiffcasignrgidibe Biket centrifiige (Sorval | rmdel RT 6000B tabl e

fop centrif nge)An% heI ?19 ec%( 09 tﬁe F)reé%ﬂp 19%&?1%1181% difg ttggig ?&%B?mdumtngsan[ o and

Cohumm- puri fi ed 'sanp d nder ‘vacuum m nu
t hen di ssahmmde rempé:‘nsplm afmemrﬁ)Whgbmada palysepiide iof the(iB83&iideibgridrasisteangtanm de,

50°C Tor D?@I@%%ﬂhm @Eo‘élﬁd’f m%%g Qlefﬁélzggtoslgg%e% Rarie r?%%n%‘%éﬁ%ﬂc?
ot £ ng e e e, e s b B g tar
Gener al | y pe detguaincd by dwds sloflebdthbyrtwer e obt ai ned.
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 DRF1-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



15 Potential sequencing eixors were mnimzed by obtaining sequence
information from both DNA strands and by re-sequencing difficult areas

usi ng priwee/assdi fferent | ocations until all sequenci ng BREBEGUI/ABES wer e
removed. The resulting sequence of the full-length cDNA is shown in SEQ
>D. NO 1. To construct full-length drflygeDNA, a PCR fragnent of the nost 5
sequences 20 including 138 nucl eotides of untranslated region, and a start
codon at poisvity oftht3®mples mayster diffirént thom tiay bé eatlo nempondd 2f thdcahplex

contains all of the drfl cDNA sequences except. for the nost §' sequences.
In detail }tséf;dhqwe%wfm@@ﬁ%rﬂﬂwgs&gﬁ%eﬁfhwnblgﬁl?\ﬁearsd}%tnaeffegkeé Dha
reaction Er C J . e r i,0 11X : SO
reRotl or, CECR P RAtL O RIENIlY REY e TR EPSSLODIT AL SO
| Expand lkkbuipleki delpicyl, Bohouphrmms &EniliReg; kearBplo ofi emsicadng) 1§y islcqngtitofed3R0E491

pl asm d, 5 | es .of forward priner .5 - AAAA GAGATTGAT -3
(SE0 D NBIGT-GRY Tet atir-ou st 1 colpul ithfipise Sctvity on Physiological CDCT -

5' CCCCACT al CbabSleAed 535HewTGn3he EoELD N or Of RBPafeRt shebificatidiman testis
tissue or HeLa cells cDNA library (Marathon PCR ready |ibraries, C ontech,

USA). 30 Ampl i fThewfirenitnes apeaspoestned then prasemipiniveriibrBiaompthodnsf Rkarifing
t hernocycl er, usjng,t fql]l own ram 95 C for .5 secand 5 for 30
seconds afgmPHM ngplcgzl?)mgeteo 1&69 ﬁggga?reau Bf %?ﬁ(i) Supeiles ?ﬂ?ﬁ%%@lng 634
by 1 ong awphiptitifg denfdies DRSI, oM@ dublbid 68 melecile Tdnbbdihg thé 1AR8( with a

separated by agarose gel el ectrophoresis, and dEurifi ed by Q aquiclc gel

ext r adfi ogomippuldy) aagdedgternpning sistbyr ithes spmperndnbindg DREL oor By nydrio. aoad
o ) . P ol o oy |
Coorons, | AMLICHTRY s b ReTl ok SRS ATRTLLRBE T QRN e,

i nsert wasvellutdoynsteghe sicididd aftishat ikclatihgols. noAlingiet fto,egbl ShiPCRsaysp Méestums cut
wWth restriction enz%ges EcoRl and Xhol, .and a band of 180 by correspondi ng
to the nodfots radiplapelsd fommeltion $ssayoPhnesdassr GaresiwctPrpaoFeSRslionsHon
purified W=TaI0) TR ; i ' -

77042 Y SR G ey 8 LS, SRS g, BRAICRA KIS AU,
The r asul sowbgwestemshelysanEEIS¥eranditbolilat, edhichr g deswmibeding fpt evsamipds Cuerapt
purified. Plasnds re tested b i gtion,1.0 analysis, by.EcoR and Kho
Nfor ¢ he PraGesly 1 AldlpguanBigiaps 195 obhMIBLE: ehs: ALY 1 GhiShdbarmoaerfd bot h
strands ( 866in bl reencd in itE%aREE Fhe MOMpHRIIR tBbetschBRdd Sictuddqnhitdr Map! Ot S

were perfornmed to exam ne the expression of drfl inRNA. 15 The sense

ori ent at i dtrlels ewnpiingstwiieh sire AngpeatedCoANBAGARTEATCETORAEE {SEMelecp: 6)

ith th ' - QLI ent-at,i ' | got ' . : TGCTC
15" (sto T W BhEE e 8 Aot BRRHE R2 esffeeb RIS SRR BT o
sequence cherbich) ¢ridik) IThe TIRF Bpplyptptiid dolgdlnueigords ethplogead Rosichi oRst thay 0 634

was used as, a probe, 20 Multiple human_tissue northern bhots from d ontech
(Human # Piber-be freq iansohution, attached fo a5oHd Supnort dpmeeen 2 cpll surfacerasipcated  \wer e

hybri di zeg, 'ckﬂmgpf PbHP?skilférdefrJ"'Yl%r bl Zal if&neﬁ?ﬁpl%?g{@gxrg%e%liﬁﬁi ber 30°

in ExpressHyb Hybri'dization solution (C ontech). probe was | abeled with
a- 3zP- dCTPofnplektéd batpree¢mBP RN/ aridathe IcbinpguiRbb &Sy teeted ( AktbarsdtovelPloac wkitled n

THEY rrva R L e T
Hybr i gk zach@Rd $ashad@nipuiB Beils t83&d. f or one hour. The filters were
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



washed several tines at roomtenperature in 2x SSC, 0.05% SDS fol | owed by
two 30 washes at 50C in 0.2x SSC, 0.1 % SDS. Filters were exposed to

Anmer sham wippapbsidzin MP with intensifying screens at -80 C. pCT/Ei@oklgh9GSS7
36 PCT/ E PIl | /11(>880 Anmong the tissues exam ned, drfl transcript of 3.1
kb was detected at high levels in testisg foll owed by ovary (see Figure 1).
In the skeletal nuscle two additional bands of 6 kb and 1.5 Ich, the first

one al so ps@siaits the tedtheimpouss Uesowsrethan desactiilciati@d.sampld 1a0iRMNA thes test
expressed at hi%h l evels in all the cancer cell lines examned (with the 5
except i oncempanulgthe segpeane wilb haye Bgyedectiviya role for this gene in

roliferation. : iy i I i I
,Eel | s For expr gg% ﬁ)g%eg% ﬁBISE@EI# rlfJ' H@&T@ﬁ%lgﬁl@%ﬁelr f"g%g %ééﬁ%‘?? &lgggg%%%@nce
( ?:uDl(illAl eot i HRF lliﬂ&élnyQgg:fciielQSBﬁﬂfg éB_E‘@]in@l téﬁ]ﬁliqlks.membmcgsﬁogpggcmﬁécbr
-HA 1 nodi Fzed fromthe origing nvi t rogen . I s vector
ﬂgar ri ed awq(iucfeéwmmn@mm Gpmpoa@%émlbﬁreéﬂswgedrt@g%}%i%ﬁmraetl\élr > Wi th

the anti - i Cola : | 4o i . I i ng
Fogi on 1+ OLERRRERYeq IR RIS, BBl HigBBP o nEigsPGriBl, The Do 1o
a S extepslypeptofe @nplogédat sadhsa test mmtyr edinc enst femBgiréferablyo fraeginsiotdioand 21
nucl eoti des 15.nat chi, the drfl codi seqguence w t hout, startjng codon
(nuch eot | dBashisd i el S Deperofis s bachfaSsvred WPy e aRuilss
provi ded by ylchgt £, ¢y é@ﬂ%l@tméa@ﬁfrel‘éh@fdﬂn@ﬁbn off BEnpRY &Y H@wBEd IRIF1 1284 the

5' - TGCAGATCTCTAACCTGAGTCTACAGCCAG - 3" (SEQ I D NO:9) which contains a 5'

ext engdon cofmpoumiisdieptasttds Alternativelyd ageskill@hin the pdstaniegamine the diminwfion

cloning and 21 nucl eotides carr ndj t he reverse .conpl enent, of 20
Che ar 71 desOBREY TpRPldE B BEH THR B s bR G S SR RO BRI el ¢ e
st op codongsteine anneal i ng tenperatlLZre used in the PCR reaction was 62C.

The PCR product was gel purified and cloned into the Bglll site of the

vector. Di gest (I&asacHivity ofppREpmoknsplides of thet nypntiany gare Be \detcamingd > fobr der

to verify right ori i i: i AL

constr uct “agr sk Ry ool Rafich, bR EER DNL RS |
bi nd tie Ch&iviky, hage presered ambbbsancece] thes testppécnipiAdr Thesp Inacsniurdments chd, i ford
usi ng Q agen maxj preps col ums, .was. transi ent transfected i 93 I'ls
(transfor FEHHERHPe 9%%%%; ey taines Proogleheteny S U8
PCdc7FLAG({ qgesh qQu3idieqdds? @ﬁﬁtéﬁ%ﬁ&ts'eﬁ&llz f[EﬁﬁEﬁ@j, Ntz ﬁ%@ﬁkﬁ%yﬁ?@ﬂ) or

control vectof pCW-Tag?2 (Stratagene).. or this purpose, hunman cdc7 cDNA
was 30 cl @fedAtatdenhePreasmial; AbeclesupriesSinum. Malvior., p@Wmhal?, WHat[Edootshi ns a

orot el n - MNEBp e EEIER: (G, Tt Nt MEREFE THL
| ci nase i ngetei MatetialsmmaMEReds, (1995), Wptifigeri VerR@siNYon 90 present in the

catal yti c donmai n was mnut ageni zed to arginine using a nutagenesis kit
(Aner shan) . Thé¥berasgaysfcan beaned (emxamperaymalc vty indlading ot aet limited pl us

ol Fot ed. depe e, Ao BRI R CRIELEARSRER Al (R Pelch FERCARIER =
P- 40, 50m¥briexaawld, Bykbnie dssd/SQtAractical 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 DRF1. 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 is employed. Briefly, large numbers



NaCl, 1nM DTT) containing a cocktail of protease inhibitors (Roche cat #
1836170) and phosphat ase inhibitors (NaF 50mM Na-ortovanadate 100p, M.

Cel |l |ysawnasovms®e cl eared by centrifugation, and protei n cPOTEROWEBBEIONS
were determ ned using the Bio-Rad protein assay kit (cat # 500-000G. 2 ng
of proteins comng fromdifferent set ofgtransfections lo were

i mmunopreci pitated with anti HA anti bodi es (Roche cat# 1 867 423) (lanes 1
to 4) or aftdifférbiGraall ipepdiesest SogpouraBtard synthe6S9d phaneslic stteird. | Whé m  of
NP40 |ysis buffer. The imrune conpl exes were washed three t S wWth lysis

buffer, | @setids et Wlﬂﬂslaﬁ‘@; C%‘%@b@ﬁb%&r dampghedgelPo Anist@F% ed on
nit rocel I L&_le gg%ma,(, the 44p€ Presence of DRFI-HA and CDC7 in the
|nnunopre0|p|tat S was tected by western 15 bl ot using respectively
anti - HA anti bo®usified Bohphbptidmtof the Bentidjancalscabe coBBCAirpulyyaitophles for

anti bodi es and VI sual i zed by eWanced cheni |l um nescen Aner sha As it is
shown Pn mBFgURdhe L%amenﬂﬂn%d%&%gn%rféclggwst dne @fﬁﬂ p@qna&en?rdﬁi&g

toget her ‘%% d@&:ﬁl%@%@&?% t@@ﬁw% Em%@rn%ﬁ%ﬁlz@% (k3B subpad. Whil e the
sanme anti body did not precip tate when DRFI was not expressed (laze
4). 20 Reci pr o@ihetr)embmmmeﬁhAGﬂwnnvémdneemeflfsa usisg compespeecicpiing newyORF1

| 6 d t DRF t t h..CDC7.
Borh Vi o T ARG Gt badiF S Cobis OF GTIRE 4t BoNPERIRRET 1B BHSAHEY| 2nes
1 and 2, apgifcaddorhbedd with hR&t @@ﬂgﬁmﬁffmoalﬁaiﬁg tSTHRWolehtidd. Thigs hdhasact i on

bet ween these two proteins is not affected by the nutation in the catalltyc
si te. 1Pur thedntibadicecar be pyedde deteciche piesefice i anCpanidsrvhaeltigyesions opB108OCT

but not of 90R d a e

hi s pr ot GPIETs ToEBroNS MAERSE ok RPBEE. GrunERvs vy atRe AC' o
DRFI i nduceseri6BCi WCH NBEEeraflt UnfimyrobidlUderst arid CRERdthérapa 9971 wlagl,ineat e
CDC7 kinase in manunalian cells, 3o inmunoprecipitated conpl exes produced
as descri B8dPpet /e s dhe discloguiesdt Whishris anearpergtedohesein Sph BRLPRACe DAl
reconbi nanf )iy )éPpr oduced fragnment of the human MCM2 protein. MCM2 am no acids
1-28S was expressed in bacteria as a GST-fission protein and purified WO
(11/9(15i 7 38 PEGT /ol erhbddima8Bts lofbthe ghutrdiph] theepalypémides @f che omentign apdy .
Upon purific n, the GST noie S..Lenoved. b roteolytic c age_.by
Uhe'sheci FIBIERSE SoTesrph JpRady (RHEFCHIRN HEARGETEE: Be AN iFRITOREd by
absor pt Oﬁ‘ntEI%cIQIg”r@équtQﬂﬂpﬂeﬁe%ﬁs AMa(eﬁ'a@@l@hre"ﬁ&o@ﬁﬁ?e%ﬂn&etﬁ@b@?péﬁud@@pear S
to be a physiol ogi cal 5 substrates of . After i nmunoprecipiftation, the
beads wer effhd nw&mor\/\b:s Wedousnmethpde knawn in Kienart end dic golypapoidns Feiusedto pH

Cont ai ni ngo0 BlegieshtyebtisSE e TR Gurlisatefiohafa3ps tadi

reactisgn waggaarde@ rRhgddad raféyddnbdimdbdliipepsided) Gnd the/\msypeptide Barhpldx by
addi ti on of of 2x_sanple buffer and by incubatjon at 95C fox S

ni nut es. meﬂxf@dr eBatq @htameédufel@s diférrentseqnerairasions RPN gra 0955Stss
I I I f
polyacry gmfdgz gk%ges @PE ‘?Salfﬁnft)ﬂ aﬁlg e%ggd\%%g%piifg,g%@%\é With $he, iBteid™

gl yci ne, sequently, in 10% aceti'c acid and
40% met harompledr i ed and exposed for autoradi ography The results are shown

in Fi 3. d t
phosphor y1 at | oRSBAICABRBREHI S8 85 $ 30 BUE A tEREIRGIPb P GRS §f PalsEilss

panel -B) vas Qﬁﬁﬁrtﬁéidh}be?%@ 11'1191%1'% Wﬁ&ﬁ@lﬁgpbﬁtah@cshﬂ%@'t@el‘ﬁhIMtBR aff badiA
anti body and anti-FL lane 2 and 7 resp ectivel éh Thi s ki nase
ed

activity iesbodinteal nody aftisity opmtxbe,cwwlmep@ém tse cabedI:nt upiyd to a
over expression, of the tant anes nd .6 i nduged. by
DRF1 sincé& ﬁre&gt/ogé?p g]g n%etl Géﬁ%g}leﬁ% |\9|9t Q Fegn%n yenous ceffitar

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 to design degenerate

oligonucleotides for cloning the corresponding gene from an appropriate cDNA library.



This result denpostrated that DRF1 is a regi>latory subunit of CDC7 able to
induce its lcinase activity in a way conparable to DBF4 (|l ane 5).

Furt her nowe,0106¥5, as DBF4, was detected as a phosphopr ot eigr/edencs3¥pr essed
with WIld type CDC7 but not with the kinase negative (Figure 3, panel A).
This result showed that DRF 1 is activagor 25 and substrate of CDC7.
Exanple 6: DRFlI is localized in the nucleus of mammalian cells. The

subcel | ul ar | ogBrhdtabdlPncafpdoRlisl miag beeideRt ficnwaizhl &hiias sigik QEartitsi 139
i ndi rect i munofl uorescence. HelLa cells were grown to nedi um densi tRi?éon

gl ass 30 RRYEeEthegavention; buhwhish eresmglien apEomlnbidy # lqugenbalfimethaeBRE or e.

24 hours .af ansft j he I I ith hre ies and
Fixod w il bavuphono piik Sbdyl® vhlh & WRGi LORBARY I bR a ool B, FO1
in TritorucBef@¥y tohthecmivbmionesaisedah adieadViddmigolind 9 GSS7dRLnPETEREcs/ th11H811

and incubated with anti-HA rat antibody (ROCHE) diluted 1:25 in PBS 1 %
. ser um?¥ orknpwigiharmagequgieally JeEivR semppundls pswelldmowsmpproachil Beidgrclormert for 1

hour w 't i ant k- S >0Nj t 1 ngen
it oo ReEAEEAROs a8 LA, Stk bahpJEHRD (AHCAOREHAR SHnCRIART NOeT)
i ncubat edestinghr®aiergdly nddo amvidirmalothlp sgrherniyg b iatg epmber cfimélacuiescioeia and
mount ed wi th. Mowi ol . 1 protein s, det ect.ed by i.mmunofl uor escence

m crosco gehprfog?grtﬁu(’lilgﬁheg iy ftg}‘ffuvr@d%ﬁt% dergy laﬁlf@%ll}he G sto%t{';ltﬁ? ?ﬁ@‘l"i‘fﬁ ina
subnucl eaf[miﬁ@%ﬁrsteaﬁéﬁcey‘@i%o%@f) EeHE';IﬁN%)réfoi? resRO VeI e ﬂaséfh?’dorlle'él%nv“ th

DAPI staining (nerge). 1o Exarrp}, - _ is cel If cycle regul ated In
or der 1&t o rexaiugs mére spesiBt and theRfire Wwidvaigheipharmoacolagiral petenest. | cycl e, Hel a

ol & cel | 5 ver COBPEARBAT e ekt Shareod i ST erphintenion Fullthe Ardupesesy o
hour s andyrbgnB3hValdyther @odinBRt dWat Pasdocddazal & ﬁ%ﬁ’fl@éﬂﬂ horh&logst 6wl - the
e

Syncroni zed 15 cultmes, obtained by releasing t cells fromthe block,

wer e anal YBEHASKhar-termual metif epd Coirpmnisanmeni Hycariinglys yompnist mpdeltingt u a
5A-C) an i Q0 e A Fi . f,l ow
cytonetr :jcg (lg%aﬁééé :tos chf:'\@meé B\[/l\gfizé %ﬂ%ég%{ S??‘%% c{ﬂl@h&%ﬁ{%ﬁ%&% ?%\%)du?{gélseg tai ned
W t h pr opérdihe v aitedl clin frAthinigh ok bthpt DBFERMEIC] N-feftingl tmibdif drelr C-3é@mimd] ndotifC.
Sanpl es re .than anal yzed to determ ne. the content in Gl, S, G/ M 20
phases o\éﬁaoanmqﬁafgﬂls( Bﬁ%tl&*f@bﬁwswﬁ)bﬂ% agefyeny Hie PisHicker FirushBe das
extract eObRFi'E?nBé‘&e : sy mni extt~action Icit from Q agen (cat. n.
74104). 30pg of tota were run on gel, transferred on nitrocellul ose
and bl ott ed wilnhagattifularc BiNBoginwbie the rmdesic nidbexldsefdontéfieddby | therRexeEhing
expression is.regulated during the cell cycle, being lowin 25 G /S,. after
iy di nMBIBt GoEestEe: HolE-Er Ao TR TP EoliEHIer e SeE TBRkFdeSpBoar 1o
have 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 alia, 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



a G DNA content. Hi gh levels of drfl were also observed when the cells
were bl ocked in G/ M by nocodazole treatnent. Exanple 8: Purification of
DRFI prot svono4ss37. Expression of DRF1 in COS cells V1' O PCT/E96t/@R8040

PCT/ EPI'l 1/ OG88(1 For expression of the DRF1 in COS7 cells, a polynucleotide
nol ecul e having the sequence given as | eotides 1 through 1986 of SEQ ID
NGO 1 is cloned into vector pCDNA3.1 (Invitrogen, USA) plasmd, bearing the
rel evant Bifnad drOfimiglsSBEWEAL BpprdXignadl RN ehorlenbhbody Weiphe@d is0esngd/kg Fough
1983 of SEQ ID NO:1, the VS 5 epitope for detection of the reconbinant

pr ot ei n wibpdy weighief the/enapeung sy be adwiniseief n diheroy yhiveically mémigstered at

Gene for SaVadobRrsRt PR B Ry AP BRI T, = O

anplification dfhet pirsefly fdonpDNAIsi $ihd5'methods, including nucleic acid molecules,
AAGAATTCAAAACGCCAAGAGATTGATGCTGTAGE- 3! g,SE& | D NO: 10) ,whi ch contains a 5'
ext ens? on PIYPEPtidss) @ptipefies, (qompapndsy ideatifigd Bt &g selceHng gneods descabad 20

nucl eotid at G hi t u QID
NG 1y, e e d i OF bl GERER IRl e R Gl B
NO: 11) whiteht sopeadm simeeghlateixdetinkir @rovath, 4@hrsclaaatricdl snd turmot grodtic eIraa Not |
restriction site for cloiung and 20 nucl eoti des. correspondi to the
reverse coApicE ﬁpﬂ’é‘ﬂlm% ¢ presetqneletics ?rSMSB‘ggbgeWég Y %g%%r‘?ﬁle‘ﬁﬁé | D
NO |. The [ €5ea8s 45 he.;aneabynao L@ 3U Bk PCR
product i §E Ié]%;t&gg‘?y. HI%&%%I%%’ ?:elléoeri%'dAigrcllt@%O%’hgc%?c%qul? ng’t Ijés?iﬁtwesrégféﬂgj ‘tﬂ?\lgﬂ-\r}gct or.
DRF1 erpr eswmepbrhted ieriiCoBrafakhcegulits gndretdan be purified by preparing total

cell lysates, d .purifyi.n he.protei.n b far. e l.e, chrqmat aphy.
puri 11 od DREL | e dueper ittt tvey oR IS KRBT Xt PRRBILRY ¢ e
W th a YMidiendeanreiied A theZvatiohe dhate exdfles ate nbrimedded,afor @fe B 1o ba
hzsect Cells For expression of DRF1 in a bacul ovirus system

a
pol ynuc| espngategpisclimitingihe senge o ches byeriinre Kiwilbeadean that dag jnyerfionsmay

t hrough 1 Im L fied. Ty I BRI iS:
5 AonT AT ER P By S Bt RS BTRE (2
of thiis prhdBanswastdftthé prederd inwntion atopossibile i aiddsoftthe tddahinks hérehi agl, site,
foll owed by 20 nucl eotides which correspond to nucl eotide residues 139

t hr ough 151ér%ﬂ°r?>ﬁée§’€b’ﬂi‘éh%§°°§?QQWGiHﬁVGBE@l-I D NO 1. The reverse primer is 5'
30 AAGGATCCCT ARG IAGTICT AGAE LA ?fesééggac’llavWé dchlal wHafeak IExiinpRs RUGLE@L | des
of this primer constitute a5 extension which introduces the BarmH cl oi ung
w0 O1/') Gio7rd prdpGeiic. Hn Bifd Exanii@SiBtlow; YIoRF1 ¢¢dntaieingbsontiex(es)’ enditatess(aphi ch
con~espond to,the rgis rse .ﬁOﬂBgzmsnt of nucl eotide residues 1966 t hrough
1986 of t HEMPIE(EHe gﬁﬁé’ﬂ} Q ID NO:1. The PCR product is gel purified,
di gestygd Wit h Bamxd Amoﬁgghﬁlllg)mdiﬂo@to the correspondi ng sites of vector
pVL1393 (Pharniingen, San D ego, 6A), whi ch have been 5 nodified by the

i nsertion of a Rigweflrshgwe asengsiod NogtherhBlogs to@palyad the cxprBmen ofsdrflem{@%A
insertion.of.dr [ redqi i;ng..a fusion GST-DRF1 protein.. The
pVvL1393 ei%pletg%%rlgr%ﬁ%/{%g{%re%gn %3%&?126;%1?;&8%9 pol yhedrin pronoter of the
Aut ognccpha calHifwer2 ilbairaes heWestpal BhedinaBisis ddntestr{tigMERYDRIA nahes n

ki nase site faor phgsphorylation and a.thronbin site for excision of the

r econbi nat’i‘fltbpﬁggé'r geepﬁxaéﬂgﬁé fereoridetal’si e cloning site is 1o al so present.

O coygse, min&Fi@lrQ & 4RGN TP DIGAL QiiTaled @E?I‘P RindSEH BmBlafi&e cBiis: in
PACHTL- A, such as pAc373, pVL941 and pAciM. O I

er suitable vectors for the
expr essi othapreRRie bf PRRIpEPC7desble éamphesphemythte 15 plyisthdagic¢dl aubsitates WCMEx

construct J nel ude ropriately located signals for transcription,

transl ati gﬁ?ﬁéﬁ‘a‘pferiﬁgi’%‘ﬁ? ﬂ%?l?ssuch as an infranme AUG and a signal peptide,
as required. Sughu¥eriRbws ML sdREMilaPestaliPatlonCEOWRAT kb nitinimalMin’ SR ¥s
170: 31- 39, anong others. The virus is grown and isol ated using standard

bacul ovi r §¥idergrdebys immumeflhaassencoumicrascophiode adesth iimavmpsiamingndd,sDAPI | .
(A Marzrra],. MNet ]l rods for i | & eGt.ar - Cel |
(0 M e S0l SOR AP 5 L5 5 e B8 586,

Figure 5A-C shows a flow cytometric analysis performed to examine the level of

DRF1 expression during the cell cycle. See Example 7 for more details.



Experimental Station Bulletin No. 1555 {1987)). 20 Wa preferred

enbodi nent, pVL1393-GST containing the drfl gene is introduced into

bacul ovi 'We 0086339 t he "Bacul oGold " transfection |cit (Pha0TWERyene88Gan

D ego, CA) using nethods established by the manufacturer. Viruses produced
are re infected twice for anplficationg; For expression of the GST-DRF1
pol ypeptide, Hi gh Five cells are 25 infected with viruses. Cells are

col | ect ed 48- 7Righeus & poatalysisf dadrflomRIéAdExpyesate by NopthepaBhd. Bystandnfarat i on

and cen tj-ifugation. T- DRE otein can be jsol ated, for exapple by
gl ut ahi orrBgF @193%Lﬁ$4n5§tf%bﬁf0°@<§420keo§@glﬁr% Lpasnthgrdigig-abaye fhedanes
functi onahaRafe!Relime ﬁoﬂﬁs)%fctgﬂli’@ie%secaqﬁe bidegh Five cells are co-.infected

Wi th viruses expressing thé DRF1 wth 30 viruses expressing, for
exanpl e, CDC7 as a H S-tagged fusion proteins. DRF1 containing conpl exes

can then i ed fromlysates by, for exanple, netal-affinity
- puri fi%atﬁgﬁ,ﬁghgtsveri fied in westeni blot with anti-GST anti bodi es. V1 O

(117 9G ; 7g dfmpreaMhiéntHicatioh Of Bonhdl0g of BRMANWDIIHASK1SY st em PCT/ EPU 1/ 11G880
In order to assay for other D1ZF 1-interacting proteins, the interaction

trap/ two-hybrid | i bFlg ynustgotidei seguapeechod daff/assl usPHA Tlaceesaivgayumdsrsf i r st

descri bed, | i el . ‘e, 1989 340, 245 .which |

noor por b EHER4D s ByofiiBhsr AR iR ad Kerupi teafess ST wiSusgig e

i N Curr enfuely éRAtSagdimst thd FoRhglaesFEBRI00! d@basel BR%te Iﬂ@Fﬁet&W @ftatfasSons,
e

NY and Ausubel, F. M et al. 1992, Slaort protocols 1n nolecular biology,
fourt ¥ edlhis odptabase eWdichn gonfping arpyiously cidentified pyd agmpiatedi sequeaenspayast ed

her ei n by L0 A K r i r , Palo
Ato, oA TRETER RAGbR M AR O obd pRoS Rl £ 4 BRI BED: e
sequencesl¥Tc 28l 33§9,attichis ipesrporatedDidkein dp defeleace/imdsstentiraty)scri pti on fact or
GALA DNA- bi ndi ng doygmai -BD). . is cgnstrjcted in _an_appropriate plasmd
(ie. pGBKT7) using gﬁs&a&&%ﬁ&?ﬂ 6’?5%‘8@%?!%‘1‘?#‘&&@9? fog ﬁpaﬁgrl.,cygl g?‘@(ﬁﬁmact ive
domai n ( ARarfi+8bARs SuibRY fr H&eﬁﬂﬁﬁ%’ dghae 'ani?arWE&lrt’s@hﬁf a3, 9. o8 BidB
pGADT7) fiom cDNA of potential DRFI-binding proterns (for protocols on

form g cIN, RV Hréddide, whwh iSamorrmukted hein byl gferendvinatuddetyy| Sofwag: a

| abor at l d editi | d i ng Har b . Col d_Spri
ar bor Nof Pegrntine RERRE Graien isPuhiel: AvalfbloaisizhdBe NRERE GRRPT 68 The
DNA- BDY DRBibtdctfiblopy Eeaahatiemt (h'ttﬁz/w\ivfnb@idﬂmﬁ.g@m NI Blgodthh iRBIRE Har

aut ononous reporter gene activation and cell 2o toxicity, both of which
woul d pr eidenfilymeshigl sepsing| sequasce pair (HSBRAWdpriiflyggshod wards of ingthaWein

¢ ) L L on. cod . . ] i N host
el 15 and b, Fipéle it @skc WiRdCB, ORR/ S04 b Rkt BBESEELRR: 10 O
(ca. %05 whanslignedavitisd wmgrddfthe wiuhb lagtinit haatbhdsd sapendd. bT ds yefémiai ©mas

pl asm ds accordjng to standard procedure (Ausubel, et al., 1997, Short
pr ot ocol e PR bk Lo awsgyt,hr?sgaﬁ HAitanoﬁ, g SUREand hese nitial

W I ey- i Nt £ SIHBRSR wdR hiteRECR sbis! BF MiRAIRLea QM8 IdIYSPELREBRRS theh.i TS
entirety). Tn vivo binding of DNA-BD/DRF1 wth AD/library proteins results

i n transctipwionph hitp aspesichdel neheth @irertinigl aloppmatie seqgyenes ¢4 as firagsziheH S3,
ADE2, LEWU2). .Yeast..cells are plated_on nytrient-defici.ent i.a to screen
For expr oaliWts @Rt oPOGRuEL Aoty BFEHGARIH) WAL iR h e
~3- gadact gisdctias Arakdliedi whent P theQiuelitiveralgamenOscBfedfillls 4L BY BicOqdnB) X
i ndol yl - (3-D-gal act osi de) suppl enented nmedia (filter assay for
- ( 3- gal actewiBbageximuy gqhigyed 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 BLOSUM62 scoring matrix (see Henikoff et al., Proc. Natl. Acad. Sci.
USA, 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.



is described in Breeder, et al., Cold Spring Harb. Syrup. Qunnt. Biol.,
1985, 50, 643, which is incorporated herein by reference inits entirety).
Positive WD didsszry pl asm ds WO Il | /9(~SS7 43 PCT/ EPI PCT®E4888) ar e
rescued fromtransformants and reintroduced into the original yeast strain
as well as other strains containing umsg ated DNA-BD fusion proteins to
confirmspecific DRF 1 /library protein interactions. Insert DNA is
sequenced to veri fy TheBIpkSE elpoeitioh (Karliapenl rBadi Mgl fAcadeSduEat 1963 G0, 4 AD

Acsay o 1AM EoRbis Rt HebonPareetimet Mt ) o] Gemdat K8hi no

pur pose, qaeiﬁfbﬂﬁ%?sta%méarﬁtafysiﬁgd/ifth@%ﬁﬂmrﬁy WEMRoen it 0 REQdnaYd, abRE nR¥ssigrg the

EZ-1ink biotin Kit (Pierce, ), as according to nmanufactures Instniction.

10 Puri f i etnilardy qrbvidehtbyDRE' BLASH! algodithgy cothsl snaiest xpmepobebility (B(dR)Gt
cells (see exanple 5) are accessed for, .kinase .activity i.n a 80pl reaction
Cont i 5 maviapn Btce bn SldSeaBER OF Pierrabnity 18 iy p bagefa b yeigonte 1o
"M [ - gl ycgr QRiesRi® lfeﬁl;&nev)ohld Webil boRnbARI OtFoRYdxakBth, salhstiERt foid 48 PM

il
ATP and 0.5 pG ['y-32P]-ATP, in the presence or absence of inhibitory
conpound. cPheideredsinibinto g dpidrdeoe vedDAA HOIB: swallesgeumiprehiabdity TheomBarisenct i on

is stopped dditi.on of. excess EDTA (25mM.final concentration), SMpl of
t he react iogﬁﬁ? ges P%%%éa aimﬁi {%hae%ﬁélrf%ckd? g%lgsl rl%lstS ra}wﬁmdla O-uggatpé%grﬁﬁlgt lgss 8%1

(Fl ashpl atagoutNEN, hidre psterableless i@uUivue @.010 and Gn o6t rpféfeEabl Riléds Sheis gspient | y
washed three times in PBS. Activity is then determ ned by counting the
plate ¥on &Q0-counter (Hew ett Packard). Some of the preferred enbodin
tents of the inventi ' , i ' de,
but are not limted I—?Jén&? %}ggéfag‘ﬁ%(%\%? ﬁ’\géq“e(?tﬁﬁoaﬁ%ﬁ%ﬁjtagsgog&)%t oggwseﬁa{}%rgog&!# t he
art wi |l ap dei pdbgamBOhASTusrsibm2deR). e proglidtarydhnt yinslatabygscoeanmdeched t he
preferred epbodinents of tile i@ga/enti on without departing fi-omthe spirit

of the i nEHE BRHASKI/PEFH pobRapiida $panenge)as KT SHAUERI%0 AL o BPYE RS t he
scope of the, 'anofe?ptlb@rgco%hgg SRhie! Bwil SEAPIFFEwRle REABARIDINC Ald nMbieed
herein is hereby 1ncorporated by reference. WO 111/91aS7 44 PCI/" E PO 1
/11(i 8811 (iNeaffigswdhAlunieED1 $E21011 arh 14348t edern ndssificd deyi thopts! ascilheyte

conprising a nycl eot.i de sequence sel ected fi~om.the group. consisting of: a)
SEO T b N S R AP RUP B P e iy BB RHisAER Bfrhiiner
thereof; GhsemtiQr YeHeRce BARRH UMt 8VeflabPing! seq@Rb-tagsd ahll | ‘@mplhteSEded RoO |

or SEQ 117 NO: 2, d?ﬁlg seciue.nce honol ogglug teg SEQ ?gD NO 1 orQSEQ I D NO: 2, or
a fragnentheetssrdyexist® aphysicebe]orthice that encodes a pol ypeptide conpx~si ng
SEQ m NO: 3, or f nt reof.; C .

pol ypepti de corr]%}rsp {stig(rélﬂgze‘éerﬁyyr"ngr?g&aetfrggsg%é%é%%@ﬁggr%%%%gyvg&ﬁgﬁ#f\ﬁl 3, or
a fragoentletdiet0e89%.of Shnitarity aed 8838LEbE ideaii withiachd € tefmidhbdomdin whaumen sai d

nucl ei c acid nolecule is DNA
%)BF4/ASKI. This 3oma1n is very well conserved among all DBF4/ASKI1 proteins of

different species, and has proved to be responsible for the binding to CDC?7.
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 domain 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).



3. The nucleic acid nolecule of claim1l wherein said nucleic acid nol ecul e
is RNA. 20 4. The nucleic acid nolecule of claim2 wherein said nucl eotide
sequence wonpyisses SEQ )D NO: 2. 5. The nucleic acid nol eceCe&/ephi/edsst m 1
wherein said nolecule is an 25 anti sense ol i gonucleotide directed to SEQ )D
NO 1 or SEQ 1D NO:2. 6. The nucleic ackg nolecul e of claim5 wherein said
oligonucleotide is directed to a regulatory region of SEQ >D NOI or SEQ ID
NO: 2. 30 7. AnSigepnies N-emvwettad CoRphinsl dgmains Vgt ealwage ifBund t@etiee af
claim1l. VWO O1/ 91557 45 PCT/ EP(11/ 11é1 ~fi1811 8. An expression vect or of
claim?7, QBEW&SI%HP&PI%&‘{C&IY@OH’@FIGGM% g soeldsmasieaf thresume ggneandghatthe
vector of yclal, Befo W85 EORRAL S Hulan A RSRY Roflol g0 The vector of
.claim7 erel vec viral particle. : e vector of claim 10
wher ei n said vAC]tBLA$”SN$eh1ehtagain§tr@dhthﬂsuse@fcgammmrmqwicegmﬁ pademned inuses,

pax-~~ovi ruses, herpesyiruse oxvir uses, adeno-associated_ 10 V|ruses
. Sem i Ki Fydeste ‘i?F‘ﬁ(Jg‘é%the\Vé{ ‘? lﬁeqlt?“ﬂ&lé@s belamesdde s sampsgane. We 1denidiedect or

of cl ai m 7 BEs Cicllubg IGKE! CIAE Qm{mhﬁ%ut@t | BeORRIARLY ThakS0 ey @

pronoter selected from thhe group consisti siman virus 40, np
nmanmary tiemplated both, napngnt@romnsime elﬁeatonef29ﬁ1§rtanAn neromeidebn cbcmndmesi rus,

Vines.” r iedieliPE B bioar e Rt o AR ARy ds e Tt A dBtn
human WUS@An%&suﬁ%h@fete qfaﬁléwq@@mnﬁﬁl@ zgehéy S8btA- DA stﬁnﬁ@sfhe%b%ram is

transfornmed with” a vector of aim 7. 14. The transforned host cell of
cl ai mo13 bised enra prababibistid mpéelapﬂ@meestmemrqé@mosanal'rpmp@mlammd)rin@dnq'tost
cell of c

T st or uakiyEs ol B sRfufte Rh GRS in Gk el & Kkl s.1389%,

t ransf or np@dResh of ebmplte séri shutfur¥hr RinfarSgndnmi@€ BNAI R Mol. Q33d51~368 Sige. 18.
The transformed host cell of claim 13 wherein said cell is an insect cell.

SQ 19_. The®t ransformed host cell of claim 18 wherein said insect cell is S.
fi-ugiperdcz. Thél\ﬂe(ﬂcltédgg’&% W8e assembled by PCR analysis on ¢cDNA libraries, thus

15  demonstrating that the two regions were part of the same gene (see Example 2).

Two partial cDNA molecules, Incyte clone 477042 (SEQ ID NO:4) and Incyte
clone 3051528 (SEQ ID N:5) from the Incyte LIFESEQ GOLD database (Feb 00 release)
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 c¢DNAs 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



PCT/ EP(I | /008811 20. The transfornled host cell of claim 13 wherein said
cell is a mamualian cell. 5 21. The transforned host cell of claim20
wher ei n mamoneldessT cell is selected fromthe group consi sti ROTEPOCIESIESE
hanster ovary cells, HelLa cells, Afi-ican green nonkey kidney cells, hunman
293 cells, and marine 3T3 fibroblasts. 2. A nethod of producing a

pol ypeptide conprising SEQ )D NO:3, or a to honol og or fragnment thereof,
conpri si ngedtaciag apsctioh: catained rabduic D3ggaol plaemid MNA. Epiesguarningehsr of
claim7 into a conpatible host cell; b) grow ng said _host cel]l under

condi t i onPeHETMeShYSItEY] Wl%fdegailtﬁtlﬁalayé%p?ifaé,l mingtes Blowedyn by 8 d
pol ypept ' de o o %@%giéboa&g&%g at 5 ocTie J0RLGObn |RIMLBR B < Forsal d

host cell I's Tyse sal eptide is recovered fromthe lysate of
sai d host ngialfes. Z8mpdratufecyviishend oimed avene 22niwhHediby saifdrlpoBipeptdote i s

recovered by purifying the cu|ture nedi. fromsaj d hos el ] without

| ys1 ng> salBeHOSYCIrL FRnsigh pROdifIBaF PLOHOG BRBIFITHIs Eeh diF o (Adpgpoed
ol ecul e @en%ii@'l"%lﬂnoﬁ&qesa@o (.:,ﬁg_ﬁm%%b%r - D) SEacll redtidte PloduddwaSloaded by
conposi tion conprising a reconbi nant eXpression vector of claim7 and an
accept abl gimadterantr thor caliinnge mthiclp Was Aleni saitzifuged o lay preipgingebusheiocknttifoge a

nucl ei ¢ acj,d I i m 1. 30 .28. . Th I ' f clajm27
wherei n saberBlpmesor BoDBmiS s eperiBiseigt o0 Yo Han A rtuegy Bl Moo
PCT/ EPI | 1idhG38he. 28oluhliEphdtiscrantiisewele dhall iider viBRmeifsy Siufl40qhivaept i de
conposes an am no acid sequence ]S%_rrw?llc;gous to SE% I D NO:3. 5 30. The

pol ypdpt i ded dhencdiagokyeziginyh eyl @if i Hgeiobui Vodeigsized igrmnde, No3 3
. X e ) o . :
SE0 | b Nora BETARRT GRRR! KAl 15 BRE TR SRlHeCHBR! by EOBROLCR | ©

conpri ses t@reb tifiitag A loaddd DESKIB P s8mpld2velld foosgeusnde analyearpyr the i ABIZ A7
pol ypeptide of claim 27 and an acceptable carrier or diluent. 15 33. An
i soi at ed &RqUeBeRTy SPAUSACHRRAIYSIS 3Yag PepisrmeshBY dMPaItE {ilss ity thegPenaVerks 27,

o4 o, RO E MU I8 R ar S, sBSLRRS eSOy
acceptiabl @otemtinl sequarcirdj drroeniveréd@iniiided by obtaiting sergreace mfdrirtaday fnmi lxith bi nds
to a pol y%elgki sctlr%n sf at% %iynl]e-zszaql?erh%inag crlll?fg&ﬁti Xr%ascgsq}lé (%)lrin?e% ia?%g%erent locations
until all sequencing ambiguities were removed. The resulting sequence of the full-length
¢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 ul 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 ID NO:%) and 50 pmoles of  reverse  primer  5'-
CCCCACTGCCTCCTCCACTGATGCTC-3' (SEQ ID NO:7) and 5pl of a human testis
tissue or HeLla 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



25 37. The kit of claim3G further conprising an additional kit conponent.
38. The kit of claim 37 wherein said additional kit conmponent conprises

i nst nt ct MM81/9655IND OL1/ 9657 48 PCT/EPII 1/11C880 39. A net ked/EPh1/iesduci ng an
i mmune response in a mammal agai nst a pol ypeptide of claim 27 conprising
adm ni stering to said mamal an anount 39f said pol ypeptide sufficient to

i nduce said izntnune response. 5 40. A nethod for identifying a conpound
whi ch bi mﬂzpaxﬁl@ﬁ]b}oagao@RE&lcehabtadpﬁom;isc(ambI}mdf edripr (Baquiclkt pe ottepsomnkit a)

contactin ,DRF or DRF1-cont aini n conpl.e th npound; . and
det er mi ni Ltmswog%{wdne o’ﬂi‘FRJI bYSTHE BRE 31’(9 T%RP%“W&&HY@PE%S&%MI ex.
41. The negibrds foterq{a%mﬁ@nm%% tﬁké%f k\on, Chd %%@@We ﬂﬁE@b Jgfﬁr

. DRF1-containing conplex 1s determned by a pro e| n bi ndl assa
The met hodidifrei lcalums4 Thehplrenid iwsdértl was duldy memlenchdwgndo@ﬁaytramis SAl *eaxﬁ'ed from

compats ¢ ReR T maS o wite SeuiiniRn troea ok Amonsoh ik & DRt B0 i ng
compl ex | &rrepdadink P nftdi 5A PR befledRr wh@iwatt&dnb@gga aeamgﬂ&‘ém%ah

bi nds a nucl eic acid nol ecul e encoding DRFl or DRF1-contai ning conpl ex
conpri si nyrified st Qpsjuick: Thy mmﬁteadtandmgvasan@rhqdom@u Icptei domepd BddR ewbithodi ng

whet her s EB HEGHHE By e SRSt Pech CRATREPE e S llod HERTRRET o

cl ai m 44 wherisilitedi agioReh, iasd Pisalidd Weft fiifRdIPlasidsl Werd Qe ASBBY restivtionhe
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whi ch m)dééh?én%gd Rl ﬁ%&ﬂaﬂ&&% OFE@R% DRF1- cont ai ni ng conpl ex conprising

the steps confacti ng -containing conplex with a conpound;
5 and b) determ ning whether DRF1 or DRF1-containing conplex activity has
been m)dul at ed 48, The nethod of claim 47 wherein said activity is kinase
activity. Example 3: Northern Blot Analysis

Northern blots were performed to examine the expression of drfl mRNA.

15 The sense orientation oligonucleotide 5’-AAAACGCCAAGAGATTGATGCTGTAGC
(SEQ ID NO:6) with the antisense-orientation  oligonucleotide  5°-
CCCCACTGCCTCCTCCACTGATGCTC -3’ (SEQ ID NO:7) were used as primers to
amplify a 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 IT #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.



49. The nethod of claim47 wherein said activity is stop of cell
proliferation. 50. The nmethod of claim47 wherein said DRFl-containing
conpl ex | VORFIESHT7. 15 51. A conpound identified by the mRtdigPiaf6sshai m
40. 52. A conpound identified by the method of claim44. 20 53. A conpound
identified by the nethod of claimd47. 54¢ A conmpound identified by the

met hod of claim43. 55. A conpound identified by the nethod of claim46. 25
56. A compowi d i dentmoeﬂ thpytisshes axamind, élfﬂ teagompsof 3.1 kb was detected at high
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The presence of DRF1-HA and CDC7 in the immunoprecipitates was detected by western
15  blot using respectively anti-HA antibodies (Roche cat# 1 867 423) or anti-CDC7
polyclonal antibodies and visualized by enhanced chemiluminescence (Amersham).
As 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 CDC?7 or endogenous
25 CDC7 but not of K90R CDC7, DRF1 migrated as a smear of bands, suggesting that this
protein was phosphorylated by CDC7 (fig.6, lanes 2 and 3).

Example S: DRF1 induces CDC?7 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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for autoradiography.
The results are shown in Figure 3. In the presence of HA-DRF1 and wild-
15  type CDC7, efficient phosphorylation of MCM2 (1-285) (above the background shown in
lane 4, panel B) was observed in both immunoprecipitates obtained with anti-HA
antibody and anti-FLAG antibody (lane 2 and 7 respectively). This kinase activity is
certainly due to CDC7 because it can be abolished by overexpression of the mutant K90R
(lanes 1 and 6), and it was induced by DRF1 since CDC7 alone does not have any activity
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 DRF1 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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ethanol and than stained with propidium iodide (40ng/ml) 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). 30pg of total RNA were run 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  GI1/S, after thymidine block, and increasing with time till 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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having the sequence given as nucleotides 1 through 1986 of SEQ ID NO:1 is cloned into

vector pCDNA3.1 (Invitrogen, USA) plasmid, bearing the relevant DRF1 coding

sequence. The plasmid contains nucleotides 1 through 1983 of SEQ ID NO:1, the V5

5  epitope for detection of the recombinant protein with the anti-v5 antibody, a C-terminal

polyhistidine for purification with nickel chelate chromatography, and a Zeocin resistant

gene for selection of stable transfectants. The forward primer for amplification of this

drfl c¢cDNA is: 5- AAGAATTCAAAACGCCAAGAGATTGATGCTGTAGC-3' (SEQ

ID NO:10) which contains a 5' extension of 8 nucleotides to introduce the EcoR1 cloning

10  site and 20 nucleotides matching the drfl sequence (nucleotides 1 through 20 of SEQ ID

NO:1). The reverse primer is: 5'-AAGCGGCCGCTAACCTGAGTCTACAGCCAG-3'

(SEQ ID NO:11) which contains a 5' extension of 10 nucleotides to introduce a Notl

restriction site for cloning and 20 nucleotides corresponding to the reverse complement of

the drfl sequence from bases 1966 to 1986 of SEQ ID NO:1. The PCR conditions are 58

15  °C as the annealing temperature. The PCR product is gel purified and cloned into the
EcoR1-Notl sites of the vector.

DRF1 expressed from a COS cell culture can be purified by preparing total cell

lysates, and purifying the protein by, for example, chromatography. Purified DRF1 is

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

20  stored at -80 °C.

2. Expression of DRF1 in Insect Cells
For expression of DRF1 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:lL. The reverse primer is 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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site, followed by 20 nucleotides which correspond to the reverse complement of
nucleotide residues 1966 through 1986 of the sequence given in SEQ ID NO:1.
The PCR product is gel purified, digested with BamHI, and cloned into the
corresponding sites of vector pVL1393 (Pharmingen, San Diego, CA), which have been
5 modified by the insertion of a GST fragment which at the 3' contains a BamHI site for
insertion of drfl coding region, producing a fusion GST-DRF1 protein.. The pVL1393
expression vector contains the strong polyhedrin promoter of the Autographa californica
nuclear polyhedrosis virus (AcMNPV). A protein kinase site for phosphorylation and a
thrombin site for excision of the recombinant protein precede the multiple cloning site is
10 also present. Of course, many other baculovirus vectors could be used in place of
pAcHTL-A, such as pAc373, pVL941 and pAcIM1. Other suitable vectors for the
expression of DRF1 polypeptides can be used, provided that the vector construct includes
appropriately located signals for transcription, translation, and trafficking, such as an in-
frame AUG and a signal peptide, as required. Such vectors are described in Luckow et
15 al., Virology 170:31-39, among others.
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-
infected 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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Example 9: Interaction Trap/Two-Hybrid System

In order to assay for other DRFl-interacting proteins, the interaction
trap/two-hybrid library screening method can be used. This assay was first described in
Fields, et al., Nature, 1989, 340, 245, which is incorporated herein by reference in its
entirety. A protocol is published in Current Protocols in Molecular Biology 1999, John
Wiley & Sons, NY and Ausubel, F. M. et al. 1992, Short protocols in molecular biology,
fourth edition, Greene and Wiley-interscience, NY, which is incorporated herein by
reference in its entirety. Kits are available from Clontech, Palo Alto, CA (Matchmaker
Two-Hybrid System 3).

A fusion of the nucleotide sequences encoding all or partial DRF1 and the
yeast transcription factor GAL4 DNA-binding domain (DNA-BD) is constructed in an
appropriate plasmid (ie. pGBKT7) using standard subcloning techniques. Similarly, a
GAL4 active domain (AD) fusion library is constructed in a second plasmid (ie.
pGADT7) from cDNA of potential DRF1-binding proteins (for protocols on forming
cDNA libraries, see Sambrook et al. 1989, Molecular cloning: a laboratory manual,
second edition, Cold Spring Harbor Press, Cold Spring Harbor, NY), which is
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
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. 10° 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
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 f-galactosidase activity upon growth in Xgal (5-bromo-4-chloro-3-
indolyl-p—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
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are rescued from transformants and reintroduced into the original yeast strain as well as
other strains containing unrelated DNA-BD fusion proteins to confirm specific
DRF1/library protein interactions. Insert DNA is sequenced to verify the presence of an
open reading frame fused to GAL4 AD and to determine the identity of the DRF1-
5  binding protein.

Example 10: Assay to Identify Compounds that Modulate DRF1 Activity
For the screening purpose, a kinase substrate, for example MCM2, is biotinylated
by using the EZ-link biotin Kit (Pierce, USA), as according to manufactures instruction.
10  Purified, recombinant DRF1-containing complexes expressed in insect cells (see example
5) are accessed for kinase activity in a 80ul reaction containing kinase buffer (50mM
HEPES pH 7.5, 10 mM MgCl;, 1 mM DTT, 10 mM p-glycerophosphate (Sigma)), with
10uM biotinylated substrate, 25 uM ATP and 0.5 puCi [y-32P]-ATP, in the presence or
absence of inhibitory compound. The reaction is performed at 30°C for 30 minutes. The
15  reaction is stopped by addition of excess EDTA (25mM final concentration). 50ul of the
reaction is placed in the wells of a stratavidin-coated plate (Flashplate, NEN life science),
incubated for 30 minutes, and subsequently washed three times in PBS. Activity is then
determined by counting the plate in a B-counter (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.
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WHAT IS CLAIMED IS:
1. An isolated nucleic acid molecule comprising a nucleotide sequence
selected from the group consisting of:
a) SEQ ID NO:1, or a fragment thereof;
b) SEQ ID NO:2, or a fragment thereof;
c) a sequence complementary to at least a portion of SEQ ID NO:1 or
SEQ ID NO:2;
d) a sequence homologous to SEQ ID NO:1 or SEQ ID NO:2, or a
fragment thereof;
e) a sequence that encodes a polypeptide comprising SEQ ID NO:3,
or a fragment thereof; and
) a sequence that encodes a polypeptide comprising an amino acid

sequence homologous to SEQ ID NO:3, or a fragment thereof.

2. The nucleic acid molecule of claim 1 wherein said nucleic acid molecule is
DNA.

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

4. The nucleic acid molecule of claim 2 wherein said nucleotide sequence

comprises SEQ ID NO:2.

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

antisense oligonucleotide directed to SEQ ID NO:1 or SEQ ID NO:2.

6. The nucleic acid molecule of claim 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 molecule of claim 1.
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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.

frugiperda.
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20 24.  The method of claim 22 wherein said polypeptide is recovered by

purifying the culture medium 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.

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 comprises SEQ ID
NO:3.
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37.  Thekit of claim 36 further comprising an additional kit component.

38.  The kit of claim 37 wherein said additional kit component comprises
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49.  The method of claim 47 wherein said activity is stop of cell proliferation.
50.  The method of claim 47 wherein said DRF1-containing complex is DRF1-
CDC7.
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51. A compound identified by the method of claim 40.
52. A compound identified by the method of claim 44.
20 53. A compound identified by the method of claim 47.
54. A compound identified by the method of claim 43.
55. A compound identified by the method of claim 46.

25
56. A compound identified by the method of claim 50.



