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pharmaceuticals, and nmore pargicularly relates to
phar maceuticals for treat|n8 tunors in humans. Inits
nmost i nmedi ate sense, thBIBPRYShERBRSrel ates to

bi oactive nipoRuEheRseHH MANASES Dur @%ﬁcﬁﬁﬁﬁwﬁf

known to be active against certain
cells. For example, comonly-owned U. S. Patent No.

5,559, 212 di scl os S ng cl ai ranpirnase, an RNase
phar maceut i cal thgi—g%—%E%gegfLEQixiﬂﬁLﬂﬁiﬁﬁ
regi st @hed itrvagemrk @%E@%éﬂ?@cé@tﬁﬁ&eméﬁd more

t he subject of Phase IIl clinical trials
c BRFSAHP LS Loivied apdse rito Mamc@m@az@ Bir dised oses

f Qui RNage hR&QﬁEJnsiﬁgagﬁp it aG%%§§%bgﬂﬁgt

RNase A superfamly, posseSS|ng ac
t vioviemipaon caleitesna occdliloddties AlcRid 1@ I NOWNases™) .

bei ng |rec d t tar eting" 20 pharmaceuticals to
del i ve ﬁ%%faéeﬁaraﬁ SCUnR e & ey é‘é’&ﬁ{"@r fP¥inst certain

iﬁhﬁéﬁskumEEl &6l sacc ol issheghi1ky {%l§%ned

tar etln noi ety that is preferentlally a acted to
t Re G§§I%@d éeﬁﬁ9n@d@pﬁdﬁcé@@e§tB@@hmdgiﬁasImmplrnase, an

CaRbUBRL A S 1 LarSeL IR, T Syt i 25

rmaceuti c mronly-

Breg‘ista$eels trtabl%m@@ﬂtc emt:oahs@a&g@t Rg tt her rﬁﬁ;} Yhe
ve RNases by %ste|n|2|ng them In the case of

rﬁHbﬂ?ﬁEs@f Fﬁﬁ§ec§ﬁ 5d 18dEaApItrdRaE - by Poch] weattiong-y -
t Bentar 9gtnY NB'eb% 0,39 bhe Xshgg%ﬁos%%lqﬁﬁwaﬁqage

position 72. I'e this approach 15 promsing an
SPFPte@ﬁaethﬁhvbsﬂDggttonthsopencreatlc RNase A

superfamily, each possessing activity against two human
carcinoma cell lines.

Attention is now being directed to "targeting"
pharmaceuticals to deliver them to particular cell
receptors of interest. This is accomplished by selecting
a targeting moiety that is preferentially attracted to
the desired cell receptor and attaching (as by
conjugation or fusion) the targeting moiety to the
pharmaceutical.

Commonly-owned Patent No. US 6,175,003 Bl discusses
the concept of targeting therapeutically active RNases by
"cysteinizing” them. In the case of ranpirnase, this can
be accomplished by conjugating the targeting moiety to
the cysteine residue at position 72. While this approach
is promising and is still under investigation, some
people believe that it may be difficult to obtain
regulatory approval for a conjugate and that a fusion

protein would have an easier path to regulatory approval.
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approval . WO 2005/ 017100 PCT/ U$2004/ 014844 2 The

N-term nal residue of ranpirnase is pyroglutamc .
aci d. TS Ndicdakge ) e NGus mhatangienasmkes pyrogr;]lutamlc
i i bl ;t0 vafitagh o 141 aci-d residues to the

I é#lnﬁﬁigf tlﬁlelsl.il- ?Dtelr m nal . Eorﬁ%%l%eaals’onl,'?t W%Sk%tl%
pogwidsise tle droeatteaatf usiten pnotrel rad?]}d atd aicdih 4 ’@oAn%he
taraeti noi to.the N-termnal of ranpirnase. ,
V\ﬁﬁgfgc io{pitglepgqts_ée[ﬂmemtate} T erﬁﬂ??e_ttmé FRBR Ut akft ctacie:

r gsistue 1and d eralkiach FdaIgetd e mi ey atc].oca'fclf}?in% a
aspartic amno acid residue in the second position of

r AAFI9eESE, Mg StendPalthef Ntie myvimeg! wifamianm@icinthse.  And,
resisdque :el i;m t-he . biogactivity of ranpirnase.
I—Io%v\%ggr ,lect ﬁg] %%tggggl | &6 (stglé)vien ttl"%gee PR T et

PaesntiuNo andSt6, 2392257 aBl aatge viely elditBetid/&he aspartic
agai,nst certain human cancer cells, but also lack 1
" %‘f“&@l?ea‘“‘:lﬂ LECHINE &1 E&e RO eSSt ivac P ofrarmigmase,

Fhenesalovled the peeddhocimke. adiaf galad sl MR Nne
b attaching a targéting noiety to its termna
eéépaptti\m{tm/doﬁera@@amags@ous to provide nethods for

' ' . nbi tly. 20 It I d
ur t nor e Ra0 it AgRORS o SHFGUIE T BRodtis F@Trat o ns

further 'be a

t hatteceukbddbeatade wat. oukaryeey 257usilon R iRl %1y Metive
accordance with one aspect of the invention, nethods

aPE2pPEVi GEA PP PEBSRLICARRERY CRAASH abllr iBdgat Hacks
phﬁﬁgbﬁéddiﬁ9k8§ﬁgnEEsPat%BE @%iﬁuﬁﬁgs.%?’%gzhadfIﬂhﬁse
accordance w th another aspect © e irnvention,”” n
pRYtekmscanédpbeviided thamapessessaraettied ttysd@a fSlotein by
attaching a targeting moiety to its N-terminal end.

It would be advantageous to provide methods for
manufacturing such proteins recombinantly.

It would further be advantageous to provide
biocactive proteins that could be made into targeted
fusion proteins. ‘

In accordance with one aspect of the invention,
methods are provided for recombinantly manufacturing the
proteins disclosed in Patent No. US 6,239,257 B1.

In accordance with another aspect of the invention,
new proteins are provided that possess activity against
human carcinoma cells and that can also be manufactured
recombinantly. One of the proteins is "cysteinized" to
permit easier conjugation to a targeting moiety.

When recombinantly manufactured, one of the proteins
disclosed in Patent No. US 6,239,257 Bl retains its
activity against human carcinoma cells even when a number

of different leader sequences are attached to its N-
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targeting noiety. When reconbi gantly manuf act ured, one
of the proteins disclosed in Patent No. US 6,239, 257
BFS8tidis i tIe d@ddan \pemysintsts hiamn rarites nofretlcel vector

r fo.dif ent | eader,. sequences .are
e e B o B ARG 1 e s o
t émmendled . Th&id edddr h&aecgmc&selfda\r,mm&rﬁéfm 4 h€ompelling
tor in whjch t of the protein of interest
\r@% e rf %Vﬁsdeﬁlkceedflﬂ%%qqh be FRABMCehete Rt q when
cenpeldriaig tPadye of-tvrdence dhalnsush |eadale family of

sequences do not, when 5 attached to the N-term na
aﬁ%a@@e RFo e S shtidalosfed Rafatmrot dins Wh s&l 23%d25h B1,
Patent . \ , B af f ect, t.he bioactivity of
t%e prcécl\lg“lhr? rlagcf %'é@g’r (Bt S AHe o awi ngs  The

invention w | |Bbeebebdetruneiesstopdemet brdPingher ence
to the follow ng exenpl ar%and non-Timting draw ngs,

in whi die Rgertiod Fifilowes atttan lunsdanatong theh

PRAGRS A 1 REAIAN, i MRAAELUY I0f 81y
identified as 2325p4 in Patent “%gaq{ﬁfsr}%‘%ggo’g#%ﬁ“g
18lrewgno3,i snawihliglk:chart illustrating the process for
reconbinant L.y .manufacturing the praotein identified as
2325p6 Eiriﬁ'P&t ent am&ioﬂscé{ ,%%S%fatﬁi@. 319 PPFIHW tor
C ratomblinast1at imdghutrae tRIrA¢RS T He for JHREMI R #i ed as
manuf acturing the protein identified as 20 2728 in

PatenP NG BatenE3doa5PSBE, 25% 254 B sa fl ow chart
il ust i - I f .manyf.act.urin
:oEngb-%g?Zg%tl%ﬁﬁ;p fﬁ?’g’s%ﬁ a‘l%gc a u%v%rc Tartd %qeusﬁrroacie?snsg for

t recpmbdess tflgr manufacturing the protein identified as
2325p6 in Patent No. US 6,239,257 B1;

Fig. 3 is a flow chart illustrating the process for
recombinantly manufacturing the protein identified as
2728 in Patent No. US 6,239,257 B1;

Fig. 4 is a flow chart illustrating the process for
manufacturing pET22b-2325p4 DNA;

Fig. 5 is a flow chart illustrating the process for
recompbinantly manufacturing the protein identified as
2325p4a in Patent No. US 6,239,257 B1;

Fig. 6 is a flow chart illustrating the process for
recombinantly manufacturing 2325p4-Cys71 protein; and

Fig. 7 is a flow chart illustrating the process for
manufacturing hEGF-linker-2325p4-Cys71 fusion protein.

Detailed Description of Preferred Embodiments

A common procedure is used in the following Examples
1, 2, and 3, which relate to recombinant production of
proteins identified as 2325p4, 2325p6, and 2728 in Patent
No. US 6,239,257 Bl. This procedure will be described
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manuf acturing 2325p4- Cys7l progein; and Fig. 7 is a
flow chart illustrating the process for manufacturing
hEGESG e Wwelf Widbrthsotisl morsoideasl | ed

Dasieiichleral} Ofc JALTRIAAA SR RN A LOMDN

procedure is use ow ng anp1es 1, 2, and
3, whi &t @emmnenairﬁanﬁﬂmrﬁnuruyenhummgnhuﬁle¢ﬁiﬂéﬂrmbr

|den i fied 2325p4 2325 2728 in_Patent

L”z Sﬁvenrrﬁe§ &5@&&%%9 It TS o e v@d
2@@35/e@11_./flﬁo tﬁlerleeﬁwmm&%arﬂj fifeste adygenesdl. Tthe
| evel and then in nore detail. Thereafter each

ERdAPIE UFLSO HelaR vare et igerdnalddssveied fouritesn:
l n
S T e e

strand) vexn@ synvheshaed. aHhEheOBfgeﬂdCbEOEEdﬁSpﬂﬁke each
cautiouslg%ggs% ned so that: a) after annealing,

conpl-emen ?ﬁgﬁﬁ%l%%%?@eg OhihdoBHCE9RERERE APnEheand

S' endkgfe§@§hs@@hr@V@@ﬁQngngﬁ Qveibang bging ucleotlde
ol i gonucl eoti des | ong; and b) each such overhang

had at | gastmahelkees n‘wet]eothl@ieovmflsmgchésaw thftheing pair

over hang in air of oligonucleotides.
Seven par?é %? % mu%%%% eorT tes, representing both

strandseotnt he ifid |o-f| eagrgr@n@eneotweree Jobterimed aftRf both
15 anneal in The dupl ex ollgonucleotldes were |igated

| AtTERFSe Ot &BS 3 Hormrediy greéwgt wwoértqwdpracﬁt@m

?%nnleﬁtlgﬁ éTS%E'd%[ Tl%lé(lr é)ll(::’L %% S vge)l}eSl'ngeacct &f 11’1.

i hborposatpsa t)&bﬂornemlrleﬂre@@tm tDNRatoft heb'prenttbin of
interest. This full-length DNA was then subjected to
PCR. The PCR primers were chosen to:

a) incorporate a Xbal restriction site at the 5' end
of the gene and a BamHI restriction site at the 3!
end of the gene. These sites were selected so the
DNA could be cloned into a pET-11d plasmid vector
at these sites.

b) include a translation initiation codon immediately
before the first nucleotide of the gene.

c) incorporate a translation termination codon
immediately after the last nucleotide of the final
codon of the gene.

The purified gene thus produced was inserted into a

PET11d plasmid vector between Xbal and BamHI restriction
sites. The insert positive clones were identified and
used to express recombinant protein.

In each instance, the expressed protein had an

additional methionine residue at position -1. This was
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end of the gene. These sites were selected so the DNA
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these sites. b) include a tranglation initiation codon

I medi ately 25 before the first nucleotide of the
genea®d | e ofidarates B9 ARl ah aekerertbdeceodon vield

| W'c?éselryecf‘?:%té{l}ﬁ | ast nucl eotide of the final
ene

codon of the e purified gene thus produced was
i nsert é@mmtsp@cmqaﬂ]lm pl esdld ectaicdet veenebal

BanH restriction site The [nsert positive,
T T ke SRt e Bbredl pirified by
I X0y A E L I Il od 1k £aCHH d NSIBNC 8o d e SXPT e8Seds)
protein had an additi onal nethioni ne resi due at

pdAh éhhqpnumuemma%e WE 2 087 TR0l PR US200ds 094 8<dd

non an no tidase t
yiu‘s g@/t%%elf%e i re Dr ot onogel ﬁ{elro Sree%zhz%m? %%Cflﬁltslﬂe%%%hon
i ri:aﬁ:aﬁm fraur thean EmjlagﬂiltB:ﬂdi‘KEtbsj,eSIrV@.r e(sydheg) zed

el purifi ed CGenosys Bi ot echnol ogi es, Inc.
SRR TorH D TG0 GOt e e with

h@ﬁﬁﬁﬁffhﬂﬁ%%ﬁgrﬂtébf%tfﬂﬁj (FA AT & Rl Kﬁﬁﬂ'de

k| nase enzyne and its reacti on bufter from
Er?gqcél@@tarol abhe, antt . uriBeverdoratedhsyatthuset tisgumovde by

%%l ecxt racted with 10 Phenol : Chl or of orm
a“lon Eéasctlr‘?an otk Conmpany, Rochester, NY) and

unl ncom@ﬂﬁtﬁﬂ_dt&% WS dcﬁfl'pl\é@fférhﬁérﬁtﬂaﬁﬂinucleotldes (20
precipitation. Each solution of conplenentary

olFidg 5RGEY e FOTd és t(OZ@l BF ddcio)f orasa migtesd agfd 4prpled to
“@%r%?@%%f@%jdyl %é%l&géf(”ﬂﬂﬁgg%;aﬁnwas carried out

ol i gonucleoti des.” Anneal i ng was carrie
by placing a tube containing the complementary

oligonucleotides in a beaker containing boiling water and
then transferring the beaker to a cold room for
approximately 18 hours with gentle stirring.

The annealed duplex oligonucleotides were then
agarose gel purified using a Jetsorb DNA extraction kit
from Genomed Inc. (Research Triangle Park, North
Carolina). The duplex oligonucleotides (approximately 10
1g each) were mixed and ligated together in three
separate ligation steps at 16 °C for 18 hours using T4
DNA ligase enzyme from New England Biolabs, Inc.

(Beverly, Massachusetts). As above, the DNA in each
ligation reaction mixture was precipitated with ethanol
after extracting it with Phenol:Chloroform solution.
This produced full-length double stranded DNA of the
protein of interest.

This product, which was the desired gene, was
amplified using PCR and purified from agarose gel using a

Jetsorb DNA extraction kit. The purified gene was then
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approximately 18 hours with geptle stirring. 20 The
anneal ed dupl ex oligonucl eotides were then agarose
g gaFed e tis iy Ta aret Sl DG sxtircdcitdrored yme d rdol Lowed

I Resear.ch Tr | | e Park,. Nort
capoﬁﬁﬁbfgg§ﬂ%5§h§$§%)&iﬁﬁﬁ%}ﬁi&%ﬁ%ﬂ%§%%ﬁ§§Q£dFﬂﬁ%ﬁ%en)
1Ghajgihgdeadso Wereer rmiixedtand Witgateth eget hefnin
three 25 separate ligation steps at 16 C for 18 hours
usis r?ftlﬁmqq@%%r%@t&ﬁ% ErfglEHdL Bi ol abs,

| _G1ifoBevenly, MBssachusgt t8)ge AS RROVE, - vé[éF a

each ligation reaction mxture was precipitate
effdAdld velctter  exndactii Adpalt anid MaRtEnoles@®iartaf@r Mites,

sql_ut i hi_s produced full-1ength doubl e stranded

DR tgfrl%&hg%%g:égtr&dz B dceP&&e_.S THi*s p_%&ﬂkj‘é}e,r Wi Etpr, and
was hehe rdesiried igene,itaes mld feedisusi noyRER and

purified from agarose gel using a Jetsorb DNA

extr actr'jihﬁﬁlkf;th.e W’Igéfa&%q T%@P%?%W%W%?US;bdalto
: : [
2@3%9%%9%.%&9 2Q04/;0; é%ﬁ_Bflglel o@ggga%%g@ﬂeg DAl etent

and BanHl restriction enzynes

| cgatlison Thieo cdopEEl et el dsirind 1feetdo If oeNavr@ge)sedthalNa of
h%% ahso.be%n di gested wi_ith Xbal and B%ﬁHI , 5

r eStr FECT-6R%eRZYIE Ly o StFafagee d PR &mepaustions by

Cabisteipiabn ehtywel lanbe yander stoed Jehathdihe 456 19fs/@ g pna
pPpETI I d vector, and of Xbal and BanH restriction

si'eés thepsughpy agr eescrddeghbedow ﬁQCéSE@???ﬂfﬁndﬂhﬁr
r ricti siites, .cou e use
Pe2 g% ??thgggge%o %% re%é Hie FPORC REGFe was used

i ns n, the I'igatéd reacti o
to 10 ErandfoBDRE.(0EB) sbim@ereXktlcBlue (HorAlRGEN®)adison,

?ﬁg@?%S%hAu%ghlgé ;geeikgggzig%r%og%egggfkigng%%gggé with
the plasmid DNA. (Another expression host could have been
used instead.) The recombinant protein was expressed by
induction with IPTG. Most of the expressed protein was
found in the inclusion bodies and some was also present
in the soluble fraction.

To purify the recombinant protein, the bacterial
pellet containing the inclusion bodies was resuspended,
sonicated and centrifuged using the procedure of Schultz
and Baldwin (Protein Science 1, 910-916, 1992), modified
as discussed below. The inclusion bodies were washed
with 50 mM Tris-HCl buffer, pH 8.5 containing 300 mM
sodium chloride and centrifuged. The proteins present in
the pellet were then denatured with 6 M guanidine-HCL in
100 mM Tricine buffer, pH 8.5. Thereafter, the proteins
were reduced and fully unfolded by adding 0.1 M reduced
glutathione followed by incubation at room temperature

under nitrogen for 3 h. Then, the proteins were refolded
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15 expression host to express the target gene. E. coli
BL21 DES) conpetent cell s (Novagen, Madison, W) were
u?é/d &rléé)éilc%l HESth Ay s Forirasd 99 Towedidoy

Qther- ave been
use |nst ead e5hreco m?ﬂ{ %}}el i) %isgeip?]e%%ee was

by hzm m@cﬁme@hb/_yl tdatIJJ%TGeMsingﬁ dhe ey Lss8ty on SP-
rotz}I n was uncé| in the inclusion bodies and sonme

6 I esg T AT 0 O H e 6. e}I‘bt%ﬁhrWJFTyh a

t he neecomynant Pprefaids gt) iRagt efd-a) . 3 RY gﬁ 0.15, M
contai ni ng the inclusion bodies was resuspended

sémdéﬂfe@%t@emurffﬁme@ﬂjsﬁ -y trFelrmldQedumae dfomogenelty

S | . te| SC| en

%gg t%én%g&fﬁqg qjo sgluss‘f{eél d}ﬁ)é/ ]1n T oS
b@d)ll@;stdn@flemmmh@dal \Mlteh:’tﬁQ)pﬁ\drBSJ_% HCJzumHJ@_:jfh "t & Ssteps
cont ai ni ng 300 sodi um chl oride and centrifuged.

THELFr Y& ﬁ§r§fﬂe§€neq0ﬁe@eq Féepatiiedid iy ehshedpsired
g%&%&%ﬁ%ﬂ W%%g &M guani-dinerHCL, id, EHg)fH$eHﬂf%ﬂ“%nd may

Thereafter, the proteins were reduced
ape fomlltyielqinfol ded by adding 0.1 M reduced
gl ut at foI l_owe y ubatl omte rature
under I%Jtnrogé’r‘i f&r ° %81% d‘l’ ﬁ)veth Qﬁ%? r% ionine
r ebelided WO 2063405A10Q R@E/Q@%%Q%kpﬁﬂﬁ%ﬁtf%kB&:ﬁeromonas

timgs dilution with nanopure water folTowed by

i REGBRPEEh 188 s8-5 Ehilsr PraKlucse ther clegdd ast dusite s
then purified by cation exchange chromat ography on SP-
Sephar ose. The SP-Sepharose colum was eluted with a 5

| Emeap lsodi:ugyalihesiice g:rla;mlﬂlel@t, @0 ExpMedgidh ¥ MET11d-

sadi,umacetate buffer, pH 5.0. Finally, the
hgggg@ﬁei%ﬁﬁsm g€ PN& purified proteins was checked by
10- 20% SDS-

Example 1 relates to a protein identified as 2325p4
in Patent No. US 6,239,257 Bl, which has the amino acid
sequence of SEQ ID NO:1 and the nucleotide sequence of
SEQ ID NO:2.

In an initial step, oligonucleotides SEQ ID NO:3,
SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:7, SEQ
ID NO:8, SEQ ID NO:9, SEQ ID NO:10, SEQ ID NO:11, SEQ ID
NO:12, SEQ ID NO:13, SEQ ID NO:14, SEQ ID NO:15, and SEQ
ID NO:16 were synthesized and purified as discussed
above.

In the next step (shown at the top of Fig. 1 and
described in detail above), pairs of oligonucleotides
were mixed and annealed to form duplex oligonucleotides
Al, A2, A3, A4, A5, A6, and A7.

These annealed oligonucleotides Al, A2, A3, A4, A5,

A6, and A7 were then agarose gel purified as discussed
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steps were preferred to increase the yield of the
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invention and may be omtted.gFinally, as stated
above, the initial nethionine residue at position -1
WEPMCeav ddts iGFE byr sk rofsidsd o ispeptliehisides were

Tqih%npmqéé%ﬁda&d‘%i%%?gf%ﬁe@h%w i ?C}%%B%F%e?p 821%32%%4

Synthesis, Coning ession o ( 25]
Plldsmitd oDNA terenplheowh rigl afres demtaprat iy j denis fngdthe

2325p4 20 i Pat No. US. 6, 239, 257 Bl, whi ch has
Theo e, IR RSB0 D IS oty el ~Lencen

nopwizeot i de sequence of SEQ ID NO 2. In an initia
step, oligonucleotides SEQID NO 3, SEQID NO 4, SEQ
| D NO 8, FSEQA BhRo 61l ISEENIBINGNA vWSEQ s125 dqraNDi18; PCR

S D S : CSEQ LD NQ 12
SERTDPRG'TES 589 115 RS s TERTh No 5, nd SREQ L4 B39
Nebbe ewe rtéres ytiesisz edcanidiep Wdaf1 ethdBirsC ussath-iction
abgve. In the next step (shown _ at the top of Fig. 1

arid “50 PEEIr Y TSl Seae b diFe)ingsaitied g a PET11d
okiegenrycl eoti des were nmi xed and annealed to form

dupl ex oligonucleotides A, A2, A3, A4, A5, A6, and

A7. Th@&%e gismealodd thlel goRdelde piricdes nAlwa sABgaAseAdiel

.AG, 7 re then agaro gel Jfi
AP SE1edes D SO EFI0g ECT USIPon FOTIEAR Y & Hodve,one
Thesanheal ed cared cpuiiifuhe kel gerudeotl desstwere: i dhethzyme
m xed and |ligated together in three separate |igation
sBefs ls}ﬁ@mqg A Nite ac ST o RSl vigsitey tafe discussed
precedure described above. This produced full-Iength

Then, as discussed above, the ligated reaction
mixture was used to transform E.coli XL1-Blue competent
cells, and the recombinant plasmid pET11d-2325p4 DNA was
then used to transform the expression host to express the
target gene as discussed above.

The expressed protein has the amino acid sequence shown
in SEQ ID NO:59, in which an additional N-terminal
methionine residue is followed by lysine, the first amino
acid of the 2325p4 protein. The N-terminal additional
methionine residue was cleaved as stated above to yield
2325p4 recombinant protein having the amino acid sequence
SEQ ID NO:1.

As stated in Patent No. US 6,239,257 Bl, 2325p4
protein inhibited growth of human submaxillary gland
carcinoma (A-253) cells and human bladder carcinoma (T-

24) cells.



5 DNA. 1 pg of the full-length DNA was subjected to
PCR with primers SEQ 1D NGO 3 and SEQ I D NO 16. As
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restriction sites permtting ghe gene to be inserted
in a pET11ld 10 vector. The gene of the 2325p4 protein
was agarcd®igel?: piftHhesd sas didtiisse b rapeion of

p E!'t[f]_il%{ig%éz‘:gpél . Wit hen di gested with Xbal and
BaLIHrrHI restri tloﬁrilea[egﬁnzlyne and ligated into a pETIId

pl asm d vector as discussed 15 above. Then, as

di scussed abov the ligated reaction , m xture S

Coed t EHHE & AT S P Bt st e TRs 232506
ang tehe gracombi nante Bl s wsh pET LWeri232504 DN Wasino acid

then used to transformthe expression host to express
t e REE gt Sg%eT%éqQﬂ@c@ggat%mlem@@@(m%@@@@ce of

K@?Silrb has. the am no acid sequence shown in SEQID

., 1n which an additional N-term nal nethionine
resi dudn sarf aldiowed tdpy,siaig,gdrhefdatstdegn RO BTIND: 19,

f _the 2325p4 tein. The N-termnal additional 25
SR o A Tl S lb G eved B 1 Al e oV 1B 10323,
yisglod 112324 ¢ egaibiman: 7, otRid 1RwWdWp 4 hes@gi ne NOU:827,

ot
acid sequence SEQ ID NO 1. '‘As stated in Patent No.
6,528 I NBL8 ,23FBH 4D pit?d n SEhilh (N 3 oWEBQ ofD NO: 31,

h idA |.and._3Q.car.ci npna (A-253). cells
a%ﬁﬁ@ﬁédgé{c%r% gs r?gCh(eISlZf o IR T as
2005/ EEH PCRdIS2004/ 014844 9 Exanpl e 2: Synthesis,

C oni ng, and Expression of pETII|d-2325p6 Pl asm d DNA
Exanpl 62 18 % (9P prs Bt atdddis fil o Bipsps and

described in detail above), pairs of oligonucleotides
were mixed and annealed to form duplex oligonucleotides
A8, A9, Al0, All, Al2, Al3, and Al4.

These annealed oligonucleotides A8, A9, Al0, All,
Al2, Al3, and Al4 were agarose gel purified as discussed
above. The annealed oligonucleotides were mixed and
ligated together in three separate ligation steps shown
in the center of Fig. 2 using the procedure described
above. This produced full-length DNA.

1 pg of the full-length DNA was subjected to PCR
with primers SEQ ID NO:32 and SEQ ID NO:33. As discussed
above, the primers provide Xbal and BamHI restriction
sites permitting the gene to be inserted into a pET11d
plasmid wvector.

The double stranded full-length PCR product, namely
the gene of the 2325p6 protein, was purified from agarose
gel and ligated into a pET-11d plasmid vector at Xbal and
BamHI restriction site, all using the procedure discussed

above.



5 in Patent No. US 6,239, 257 BlI, which has the am no
acid sequence of SEQ ID NG 17 and'the nucl eoti de

waegaerme of SEQ ID NO 18. In an initial stepPCT/US2004/014844
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ol i gonucl eotides SEQ I D NO 19,19 SEQ I D NG 20, SEQ ID
NO 21, SEQ ID NO 22, SEQ I D NG 23 10 SEQ I D NO 24,
SEQ | D Nisips, USEY | BPNG e SRS BN, $9scSHopd prbove,,

NG 2&1 SEQ 1 BNR 2% n?%&r!@ NG 30, SEQ %Pdﬁ@f%medaggd the

SEQ 1 I\I032 were sy esi zed and purif
dlm@adlatiovgelad;mdneEmCﬁ &kizpéﬁs[menwm tibedt op of

5 described i deta above irs of
o S AT iR S 05 Mkt SndUritont o 2 b ThE i iy Competent
dttﬂélelxs oliganucteod ides +Ayeyerdd, Al, Al2, AlS,
and Al4. These anneal ed ol i gonucl eoti des AB AQ Al0,

AI I , Ml aaEsessrt Aot hamridse gelnpuatifedeagence

52]&% \ e a qﬁzﬁf [ des

vvere m xed an a}[og I\?({)e%I-(S]"t ogrpet ercerlgn% hergcg@ijg%&g%%tﬁ terminal
I |mhmms’ceepﬁnﬁtmvwbld nid hto Cesved 19 Pyglna ushegfirst

t he procedu escrlg?%5 above. This produced

f AR fRS the 157 4PRE RIHEG1R 1 - | Byt M BRAMvaa L
S%@loéf%qiép R Zon Wh & h- 8 4 ARL Swa%EQi@aM 32s ana‘ég@ above

33. As discussed above, the primers provid
thaﬂ wmﬂ@a?ﬁﬁSp@sx¢¢@nbmantsun@st@m navimng the gxeneo acid

to be |nser T11d plasnmd vector. The
doubt €'s %‘goi[?ul}??I gth PCR product, nanmely 30

t he gem&s CB‘tat’d‘@i 2325pSe proted n,uses, 39 Fsedei| 0nB25p6
agarose gel and ligated into a pET lid plasm d vector
atpml%ﬂdih%ﬁ-ﬁd reR et o wnae, swpnaysl hyryheland

pr -L§§§)d c@Pﬁé’%nm&%/k@ﬂg&&Qr carcinoma (T-

PCT/ U82004 O 4844 " 10 T usi ng the sane procedure
dexr idzeldl sabove,

Example 3: Synthesis, Cloning, and Expression of pET11d-
2728 Plasmid DNA

Example 3 relates to a protein identified as 2728 in

Patent No. US 6,239,257 Bl, which has the amino acid
- sequence of SEQ ID NO:34 and the nucleotide sequence of

SEQ ID NO:35.

In an initial step, oligonucleotides SEQ ID NO:36,
SEQ ID NO:37, SEQ ID NO:38, SEQ ID NO:39, SEQ ID NO:40,
SEQ ID NO:41, SEQ ID NO:42, SEQ ID NO:43, SEQ ID NO:44,
SEQ ID NO:45, SEQ ID NO:46, SEQ ID NO:47, SEQ ID NO:48,
and SEQ ID NO:49 were synthesized and purified as
discussed above.

In the next step (shown at the top of Fig. 3 and
described in detail above), pairs of oligonucleotides
were mixed and annealed to form duplex oligonucleotides

Al5, Al6, Al7, Al8, Al9, A20, and A21.



E.coli XL1-Blue conpetent cells were transfornmed and
the reconbinant plasm d pETI I d-2325p6 DNA was used to

wao e@nsianm t he expression host (E. coli BL21( DE3)T/US2004/014844
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conpetent 5 cells) to express {he target gene. The

expressed protein has the am no acid sequence shown
in SEQ T3 dneqtednrthoam etk tidnalANot ehhfnahl7, 218,

) Ond i id ] d ' the first
o s s o RPESS (e I AP B sy o°Shesed
addbaveonal Theeetdriross ad r@Jsi@bmw\Za@otci@@yadeﬁi Iﬁiﬁé@dﬁnd

) t i el d 2325p6,_.reconbi nant protein, having the
o e Rt SES 9D maﬁart.g/%l%%%%a Fheps shown
PatrerthdNze 46, 28% 257 ﬁ]usgr;}t‘%stﬁ% BF QL L& NREDLE 80 g
growt h of human subnmaxillary gland 15 carcinoma
(RPBF)- celhiss P dHiprt Bl hddesnazr Aoma (T- 24)

Ils. : esi s...d.qnin and Expressj on
el eI i A he g A0 Y% R 8 e
praittei rpriides f9Ry B3 MY2R iahd PEE@EnED N : B, 6, 2394 25Fussed

Bl ,, whi has th ' cid uence of SEQ I D NO 34
artp L1 11 G811 SR o= B G 55722554 o

i ol I . 6.
:\lglsﬂﬁ E(ﬁ%FL Ve 8, s%%%%%?r{s%éb%éhﬁ%g% %@81‘1

| PINGME VSRGAD NO 42, SEQ ID NO 43, SEQ ID NO.D44,

SEQ I D NQ 4 EQ 1.D NG 46, QJD NQ 47, SE

NG 48, Thd T NG e SATHEST 2R P RERE 4 el
a3 glirsc usSathaliones dabddign nexds shep Asdowr-gh ddherose
top of Fig., 3 and  described in detail above), pairs

0f9 0 iFGBhUICIE01I U t et 5 Wt TP Eirthesd @t 0 bk iwsing
g@%ﬁdm'&%ﬂ%d%v&l& Al7, Al8, Al9, A20,

Then, using the same procedure described above,
E.coli XL1-Blue competent cells were transformed and the
recombinant plasmid DNA pET11d-2728 was used to transform
the expression host cell (E.coli BL21 (DE3) competent
cells) to express the target gene.

The expressed protein has the amino acid sequence
shown in SEQ ID NO: 61, in which an additional N-terminal
methionine amino acid is followed by lysine, the first
amino acid of the 2728 protein. The N-terminal
additional methionine residue was cleaved as stated above
to yield 2728 recombinant protein having the amino acid
sequence SEQ ID NO: 34.

As stated in Patent No. US 6,239,257 Bl, 2728
protein inhibited growth of human submaxillary gland
carcinoma (A-253) cells and human bladder carcinoma (T-

24) cells.
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ol i gonucl eoti des Al5, Al16, Al7, Al18, Al19, A20, and
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anneal ed ol i gonucl eotides werg,m xed and [|igated

t%%Fther in three separate |igation steps shown 5 in

t R adBrtSer? oS YT e 53 sy Sinely Qe 97 ol BT 4fds o2 3 Mt DNA
above. This produced full-length DNA. 1 pg of the
full-length DNA was subjected to PCR with priners SEQ

| D NO 33 anrtch tSEQaD WG 4%e As alicssicusisieht iahione,ad E325p4 in

' i | BanH trict] 10 sit
AR Mo W s, . Bl dHd it sERd peguence of
plsaitd Wectioandlhecdonklie sitiianded fdide | Enaddh PR no: 2.

product, nanel the gene of the 2728 protein, was

p IS PE® FosemTagamedd noy SIE TRReb 14 3pdredd I 6= ipEMitidrated
pl,asm;d, vector, all using 15 the procedure described
above. “Then, using the same procedure described above,

E. col i TXlel eBlove-cempatierid ¢alTis dvr3e Sgansfamed e
t he reconbinant%glasnid DNA pETI | d-2728 was used to

t H&RSEdM YEh & TeXpresdi dithsdonsd 11 B i~ B NIE)r) was
corRet ant 220 LRhla%k 1 EXRASS IS IR 8L %rvﬂeﬂ% and

expressed protein has the amno acid sequence shown
i FeSE@SsEDDNG r@limeins vilmi ECRartcagdiaduo®al2 I¢Sper MNfalin a

t hi oni ' idis foll db ine, the, first
ERLOUNS BNNDRC Sl LU R Bidval 1 L el

adthict Mardl amel BagmiIned=esiidia omsidlegaved as stated
above to yield 2728 reconbi nant protein having the

am no acied LosEgden P& 18r0, | phNeh 34 cRfsdrard®d o have SEQ

I, ORI AT B A St LI Wt

( A1283ptcehles Sdn@nkuntdn thlcadder .camtiecnanererbe primer,
which is constructed to have SEQ ID NO:16, was designed
to have a stop codon flanked by a BamHI site at the 37
end of the gene. These primers were used in a single
step of PCR amplification. The amplified DNA was then
digested with MscI and BamHI restriction enzyme and
cloned into pET22b plasmid digested with MscI and BamHI

restriction enzymes. The newly constructed plasmid was

named pET22b-2325p4 DNA.

Example 5: Synthesis, Cloning, and Expression of pET11d-
2325p4a Plasmid DNA

PET11d-2325p4a DNA has been synthesized by replacing
the isoleucine residue at position 44 of pET11d-2325p4
DNA with valine using site-directed mutagenesis. 2325p4a
protein has the amino acid sequence of SEQ ID NO:51 and

the nucleotide sequence of SEQ ID NO:52.
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wa\00svatied above, the protein identified as 2306puUsiond/014844
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Patent No. US 6,239,257 Bl has{he am no acid sequence
of 5 SEQID NGO 1 and the nucl eoti de sequence of SEQ
| D NO 2.Prfee i gteesss dovigved o preresie 3 20 Drngments

| E‘ﬂﬁséfr%%%pf{ nlagis%{bf%ﬁg&(%%%?s‘fi ng 0%3%%45 DI\E\em'mus
clambcb )i re. & il - dochbn/e’ﬂtamﬁed/vas,y dl Barsel sista at*@n‘q:ih@t@'

r arrpllfl catjon usin rward and reverse
praHIE 4y PR 0 PO POSIRr D1 W R zed o

swﬂaahjee ’JHH i QR At A REETZ22b ) s s bed V\@@nvallne
the Mscl and BanH restriction sites. The forward

prﬂhﬁerfuwnl@nqtsh GATEt rafctZet It chavas SEQLe 150 | DN 5Eps of

ncor restr]
AT O Pie B s Fevera B | vy S
| SyeAnRst,r Lm:tped:etaz_:;d“raase 20 DN Wﬂ@em desi gned to
have a stop codon flanked by a BanH  sjite at the 3

end of Q%élﬁen@r%%ﬁaﬁw@ VL LSRR PR &F nyfRevn in
29:“1%t e% Of RER gl A fd oadd on.o dhe, amld £d e DN MBS using

then  di'gested with Mscl and BanH Trestriction enzyne
ardET 1Al dbristl Gt ONFEER B fleagniakali gebt ethavi £ e b cPCRNd

Ba%gﬁtd{??@g” Ctgl og Cpa%zyrres The new construct ed%lmers SEQ

Syﬂn hesiss LOBHY, 1mnND: @pra&ﬁﬁlﬁn e pﬁ@@d 23R5pdaction,
Pl asm d DNA pETI | d-2325p4a_ DNA has, been synt hesi zed b%/
r el igra BiPn s s el heotlesi ey R HHRTS | DFR MO 0fD: 16

%ﬂc{ %ﬁ&?ﬁ%zog.g;g 4gztmssvea'ﬂwbe BIsd NG SLt 85l rectedieq in

agenesi'’s.
two overlapping DNA fragments, both bearing the same

mutation in the overlapping region introduced via primer
mismatch.

In the second step of PCR amplification, the two
overlapping half-fragments were mixed together with
primers SEQ ID NO:33 and SEQ ID NO:16 to produce full-
length 2325p4a DNA containing the desired mutation.
Then, the amplified full-length 2325p4a DNA was gel
purified and digested with Xbal and BamHI restriction
enzymes and subsequently cloned into pET11d plasmid cut
with Xbal and BamHI restriction enzymes. The newly
constructed plasmid was named pET11d-2325p4a DNA.

Recombinant 2325p4a protein was expressed and
purified using E.coli BL21(DE3) competent cells in the
same way as described above in Examples 1, 2, and 3. The
protein as expressed has the amino acid seduence of SEQ
ID NO: 68, with an initial methionine residue that is

cleaved in vitro using Aeromonas aminopeptidase to yield



protein has the am no acid sequence of SEQ I D NO 51
and the nucl eotide sequence of SEQ ID NO 52. WO
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desi gned to generate DNA fraghgnts containing a) an
Xbal restriction site at the 5 termnus and b) a
stHp PEEGRIN RaNd@chyFhe BEAAP Sicid gedqueacs SEQ ID NO: S1.

Eﬁkﬁ‘s”ﬁ%at@% MssaLghed o Bfgl%%fts AeIs syntfesi zed to 5

nge -t he isoleucine resi"due at position 44 to
vallne The full-1ength gene of 2325p4a was nade in

DRASPRAPmAT SUparsr, PR P2aboNT € Shd BNA SOt %sogfﬂld-

|Q3@BE4LC&%U1$E@@.Of PCR anpllflcatlon as shomn in
Fi g. two separate PCR reactions were perforned

using PpETIId- 2325p4 DNA as a tenplate. In the first

PR SRR AR AL G s Lo 91 Sl 8 16 ccusses

seaendoBGBpmeaﬁtW@@steamnhuhgcamnmrapmmumnaﬂkyianﬁlve
using priners GWE ID:16 15 and SEQ I D NQ 53., These
t WIZPER - edt MONL S ESURCEATERICANS dvver |G ies  the

f@@@ﬁBQt§TOQ%E% beardingddhe rsame dﬂﬂ#§4ﬁ8¥éﬂbﬁégﬁ '257
overl apping region introduced via primer msnatch. in

t betsatond é@g@hﬂtawan@mquahmmﬂ(mf alﬁ§nq&tlmg)m01ety

overl appi ng aIf-fr ment n1xed et her_ wiit
PR BT K%Y AR Le0T B0 (o4 G hied By
I @@@maoa&%mm PINA el me@,gduiée adeggLd e ati cmLth

Then, the amplified full-length 2325p4a DNA was
p@ﬁfsmé@eawwmgg@t@d%wtﬁ&amwe%ﬁms rfé%tﬁvqré% |?o$i25p4—

2e2Nay TR rpithasuentiy elanedd i REL L dul) asimb .

and restriction enzynes.

newldy th@omntcrlw‘ceaﬂeplmuedmmsaﬁwaaf@ IPENG d- @63.25p4a

DNA. Re%or{tr)r{er}asmwezr?’ezs e81 nedt eclon gme’anserea e %Siﬁe fragments
containing a) an Xbal restriction site at the 5' terminus
and b) a stop codon flanked by a BamHI site at the 3°'
terminus, and mismatched primers were synthesized to
change the threonine residue at position 71 to cysteine.
The full-length gene of 2325p4-Cys71l was made in two
steps of PCR amplifications using a Perkin Elmer DNA
thermal cycler, PCR reagents and DNA polymerase.

In the first step of PCR amplification as shown in

Fig. 6, two separate PCR reactions were performed using
pPET11d-2325p4 DNA as a template. In the first PCR
reaction, amplification was carried out using primers SEQ
ID NO:33 and SEQ ID NO:58, and in the second PCR
reaction, amplification was carried out using primers SEQ
NO ID: 16 and SEQ ID NO:57. These two PCR reactions
resulted in two overlapping DNA fragments, both bearing
the same mutation in the overlapping region introduced

via primer mismatch.



purified using E.coli BL21(DE3) conpetent cells in the
30 sane way as descri bed above in Exanples 1, 2, and

W@200F0e71pr ot ei n as expressed has the anm no aci BICT/US2004/014844
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sequence of SEQ 1D NO 68, whth an initial nethionine
residue that is cleaved in vitro using Aerononas
am nopéﬁt Fﬂﬁlﬁséelc@nyii St 2 HE5Y @ ication, the two

e S ehiande Ao TDRATEY Ve AT R M
agau.mstrsASEQS I(De[NIOS 3 3BeanpSE06 I DSyiat:Nesite, Glaghiary,full-

SREATy Comied PaEam R 08t TH6o00S B Th ik quEation.

t ﬁ%egon%%@t a%l"l%%tqelmuzumshgtt%erz@@%lﬁzﬂ%q}éM aA s gel
RNases. It woul d be advant ageous to "cysteinize" the
10uz3Z4pd |§1|ﬂ@1t dilgeditss) osady iXpatthengb Baattle frerdnciedtion

' 257 t to.f
SPGBl SR AR SODOTLIr ale A LSO cuc
cystdl nibaed abyl Ha@’@llaoaem;xt:hﬁﬂohur eordyre o .esiThe radwly

position 71 with cysteine usin Slt%vv% cted
MICAFERESTES B LPTTR 3PS A3 Rfas¥hel DNA-

am no @@d%m%%%%%ﬁp@3@%§ﬂ3@§§3q$%rd%éldﬂwﬁ§rB%pressed and

nucl eoti de sequence of 56. Prinmers were
desirgriged @sg@mﬁat@l[il\mmla@féﬁt §orrmﬁemtmcngllae fan the

Xbal restriction si, t . .the & and, b)

stof” Sn o sest D A 0 A 0 e 3. e

Ex’ tRUS, 23N Presiceh et PraHee e iwey eacs:wtsr@;aiezrwbt@f SEQ
& the threonine residue at position 71 to _

cyt &iCrie 69, T hulan |igHgtin lgaird gfoiass grddw Weat 1s

er%ah)%gt m—‘%ﬁﬁﬁst erngecllacyc der%{sc%t([:%q{r%agenitr%%ldt%l&eld
pdtlhyerr@naﬁ@an?maNirtghe:ffé restirst eqeiat SR(CP&@TIFE iSE@ath ofO: 55.
DR hE g Y IR 2000 DA 50 4 BBt ate. 1
t he f'@ﬁﬁt@@%bviously, a targeting m01ety can be
conjugated to the cysteine residue at position 71 of the
2325p4-Cys71 protein to direct it to a particular cell -
receptor of interest. The selection of an appropriate

moiety is within the skill of a person skilled in the

art.

Example 7: Synthesis, Cloning, and Expression of pET22b-
hEGF-1linker—-2325p4-Cys71 Plasmid DNA

A fusion gene (hEGF-linker-2325p4-Cys71 DNA) cloned in
pET22 plasmid vector has been synthesized and expressed.
The recombinantly produced hEGF-linker-2325p4-Cys71
fusion protein has the amino acid sequence of SEQ ID
NO:70 and the nucleotide sequence of SEQ ID NO:71.
SEQ ID NO:70 is 176 residues long, and consists of:
a) the sequence of hEGF protein (residues 1 to 53);



reaction, anplification was carried out using priners
SEQ ID NGO 33 and SEQ ID NO 58, and in the second PCR

w@oseemve on, anplification was carried out usP@IUS2004/014844
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primers SEQ NO ID: 16 and SEQ_(% D NO 57. These two PCR
reactions resulted in two overlapping DNA fragments,
bot hPbedts ripaudncs ane g abioeet resiedover $4ppong2) ; and

et BRg00a, DLEAFe 1601 Bt nE A €L b o1 LRk Sedionee

anmpl i fi caddiohyed heS twe 1o&er | appi ng hal f-fragments

were m xed together with priners SEQ I D NGO 33 and SE

| D NO 16°% o prodhd i1 98¢ gt @3obhakeys7P2 pRA-Cys 71 was
CotAll NG e desided mitald om, S, Jhe. cihee aupLilige ecr
full-1ength 2325p4- Cys7] DNA was ge urifred an

di ayest el e it hprXbee v arel BantHl us B3g ra ckenhin ehzyaesDEA

subsequent | y_.cl.on into pET-11d id cut wth
saReEr Ll onsid o, BT L1 plaggl et WLL.
C BT I st G | BFN thdvase Tene@ < pEb 4 € LS2b BN LY sdte Ded as

10 Reconbi nant 2325p4-Cys71 protein was expressed and
pUrSTHR /s fRy g0t i BE2a¥PES) conpetent cells in the

sane way, as,descrdbed aboye das Examp] es.dy ; fle 3 id
The protelin as expressed 1ﬁas t he "am noc%%} ’sggu%n%leasml
of pFSEQb1HEMNO DNGO, wars tus e adid i admpied the ofid neamesi dileation

that. is 15 cl eav in. vitro usi erononas ,
e gt e (01 B d'0 e SOt T AG ¢ heTa RLrer
acdl smpuenNae SEQHLS NBie 35 te it $a Prt €1 dbot Sa@Ctbd¥€ence of
agai nst A-253 cells. Quite obviously, a targeting

B danl pwred diy v et ainede yar@iorce est duecat inker.
post) O, ST 2 200 CE N MOS0
selectl aNAOfwan wppl o i Atteenpikted yeds avhphl fi ¢deion using
Sk]_oillilmeorfs aSéJQerISDoq\TOS:klié la?r?diSnEcg hIeD 1\%}73. As stated above,

the primer of SEQ ID NO:16 was designed to generate a
stop ‘codon flanked by a BamlHI site at the 3' terminus.
The primer of SEQ ID NO:73 contains the nucleotide
sequence of the linker, followed by the N-terminal
nucleotide sequence of 2325p4-Cys71 DNA.

These two PCR reactions resulted in two overlapping
DNA fragments. In the third PCR step, these two
overlapping fragments were mixed together with primer SEQ
ID NO:72 and SEQ ID NO:16 to produce full-length hEGF-
linker-2325p4-Cys71 DNA. The amplified full-length hEGF-
linker-2325p4-Cys71 DNA was agarose gel purified as
above, digested with BamHI restriction enzyme, and
finally ligated into pET22b plasmid cut with MscI and
BamHI restriction enzymes.

The newly constructed plasmid was named pET22b-hEGF-
linker-2325p4-Cys71 DNA.
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pPET22b- hEGF-1i nker-2325p4- Cys7l Plasm d DNA A fusion

wW@enws/0{hEG-- | | nker - 2325p4- Cys71 DNA) cl oned i nPCPEIR4/014844
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plasm d vector has been synthgsized and expressed. 30
The reconbinant!ly produced hEG--1|i nker-2325p4- Cys7I
f usi on HprStlei Blitds( e SAMRE teditd addifear oftiISEG formed

NGYi £G) @aRe Gl §atide. Seglenc S NO

IDlKCIQ%‘le s 176 reg"l ues | ong, a(r:C c7olnggs4s§l$5ﬁ%)§§9 the
t re comipiered ofr HEGR preat exprasesidues] bt arbIH)szaDes 1,

2005/.017100.PCT/ US2004/ 014844 16 b) the sequence of |

Che Btk CPEg D s F T ) % miT e b T far 1m0

t e 128 22RArRY R/ lo DIPEITD seauence 1HiesiHuas 63 {9 active
176) The full - ;g%t h gene of hEG--1i nker-23251p4- Cys71

WAS 215 58y Ay Hes) l#s shown in Fig. 7, using three

steps of PCR anplification carried out using a Perkin

El mer DNA thermal cycler, PCR reagents, and DNA

pekpmplasd.: Expbr22e-ilnGo DA card iEE Hddhr 23280-Qysrp 4
were used as tenplates for anplification. 10 In
?g@afsﬂléit step of PCR anplification, the plasmd
pPET22b- hEGF DNA was used as a tenplate for
anplification wusing prinmers SEQ ID NO 72 and SEQ I D
NO. 74. ATlsenprilseng ¢lesSEQ lopdN@rA4l hdent HdheC-a3ranhagbrotein

nucl eati de sequence of . .h i owed by the

MRS EIE TER AN Sp wine i el MR iy £rom
s e 20f-2GR 5ipae pllaasiticd apE Hilstud3zbp4b ks Aln Bieveise 1.
used as a tenplate for amplification using priners
SEQUFDSRORTE ten$1SEQLIYENDIPE e 1AS steqice@xgi®ased t nd all

Poiemeh 0f obQ LRNG16 483 desigred 19 genergle @& .o+ of
stop' codon fl anke& by g BanH site at tlhe 3 erm nus.
20hTse prismeheof 386Q4 PO, comtiaihn hatsheshrucneiotd decid
S%%%%re]%%eﬁshto@v% Iiinnlé)%rQ, IfDolNlch\{){e.d by the N-term nal
The second protein was the 2325p4 protein preceded
by a two residue long leader sequence having the amino
acid sequence of SEQ ID NO:62 (the second protein
therefore has the amino acid sequence of SEQ ID NO:63).
The third protein was the 2325p4 protein preceded by a
seven residue long leader sequence having the amino acid
sequence of SEQ ID NO:64 (the third protein therefore has
the amino acid sequence of SEQ ID NO:65). The fourth
protein was the 2325p4 protein preceded by a twenty-two
residue long leader sequence having the amino acid
sequence of SEQ ID NO:66 (the fourth protein therefore
has the amino acid sequence of SEQ ID NO: 67). Each of
these leader sequences is derived from the pelB leader
sequence of the pET22b vector.
To a person skilled in the art, the fact that all

four of these proteins remained active is very strong

evidence that any protein made up of the 2325p4 protein



nucl eoti de sequence of 2325p4-Cys7l DNA. These two PCR
reactions resulted in two overlapping DNA fragnents.
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fragments were mxed together (wth priner SEQ ID
NO 72 and. SEQ I D NO 16 to produce full-1length hEGF-
| eGSR 5pa -3y st e eT R hirdpt it e F 1t [oF ey hresidues

h f
%@Ctbove @32&% thénég&"% 5 g tér‘?cé;eéfpé'i(b ilﬁdNo 64

geste ion enzynmne,
30.rf iaraldry wilglatled daitioreER22be Il asrimd cuthev $dmdbts true

an BanHl restrictjion enz S. n constructe
R A RS T S Db LG |3 et St gy oS8ed by
Di¥A: 1%@@9Qﬂéuﬂ@%€@d&8&%/&ﬂ% réglcﬁlé@lin the

BL21(DE3) conpetent cells were transformed with

pﬂ:mbtth@nmwﬂeiuezm Ieacer p?r%@trﬁrep@mfaﬁmtﬁé NO: 66
re_&";&]! t&ﬂﬁbﬁ?@?or%sor%sﬁ? a{}geafeécﬁ]d:.Ex ﬁr?ces of
and 3

ove he protein as expresse
arfEm D amwéswuemm afD SEQ 4D AN vk él'fnfsc@rbltel activity

is active _agajnst A-253 cells | e 8: Expressjon
ofPfpridtei R IPERD- z@éssppfr%ﬂ%é%%la@rwy skilled in

SWHY i=3ingydiesyl éxg%&ﬂ”tﬁ?& WHeN- L d1e 2 320P4 B 9T 8F Nthese

was expressed in E coli BL21(DE3) conpetent cells from
pammmrm@smwm di@usb@&mbm&tta@xm‘e ghe N-

FQur _separa i ns_Wwere res ed

% 5’fa:L t%em V\Jg?cgh ac%33 ep%gpal PN Zg%ég)cell'f% %OaCthlty
flcrjsttkm‘ 23dmse pestdie 2326pdeippdt ei n, which has the

am no acid_sequence shown in SEQ ID NO 1 The _second

pr ot ei i YRS HeO DB 54V S5t otk th %?%c%%l?e%lo @ ¢\ proteins
r%‘@%é&%éﬁ?@%g&%%—@%véw ’fh?ll a@éfps, a person

skilled in the art would conclude that adding all or any
similarly-shortened shortened part of the SEQ ID NO:64 or
the SEQ ID NO:66 leader sequences to the N-terminal end
of the 2325p4 protein, to the N-terminal end of the
2325p6 protein, or to the N-terminal end of the 2728
protein, would also produce a bioactive protein. This is
because these proteins are highly homologous and have
highly similar activities against the same cancer cells.
Although one or more preferred embodiments have been
described above, the invention is defined only by the

following claims:



20 acid sequence of SEQ ID NO 62 (the second protein

therefore has the am no acid sequence of SEQ ID
WONN068)7100 The third protein was the 2325p4 pr oREI/IS2004/014844

preceded by a seven residue heng | eader sequence

having the am no acid sequence of SEQ ID NO 64 (the
t Ri-rd Pr eSO IFSreRgre a5 R snasiecitd S equence

of SE_QRliBo'}ch@- oThe fouy thh pr.qtein was the 2325p4
protein prece edasby a twenty-two residue |ong | eader
sequence having the am no acid sequence of SEQ ID

. 66 he fourth ot.ei.n therefore s the am no
NCa s ahas el A B Ro et P s hgsas PETIL
| eader p3e@ugrces is derived fromthe pel B | eader

sequence of the pET22b vector. To a person skilled in
the art, the fact that all four of these proteins

r emai n acti S . .St ron i.de t Vs 5
pr3o't ei ﬁ%r?a éec\ljcgﬂofoﬁlﬁcrel gﬁﬂ%%%%%%n% 2%8%5%57’1%0‘)“ Zb
PCT/ US2Q@4q(111844 18 preceded by at | east one and at

nost all of the residues in the seven residue |ong
| eader sequence of SEQ ID NGO 64 in order will be

agtive pagdMeldr ANthathieFam® ihdd g cfepmnProtein
made up of the 2325p4 protein preceded by 5 at | east

one and®idorvssitessld f 98 MedNAUdes in the twenty two
resi due | ong | eader sequence of SEQID NO 66 in
order. In other words, since the |eader sequences of
SEQ | DaN@ 4 Nt SRQ M MNOBG dith theinaddeacttlide

activi g{v of the 2325rp4 rotein, any person ordinarily
ski | | eKientEiers ard vﬁh dRxYect? ¢ hat short ened
versions of these |eader sequences woul d, when

i kewi se attached at the NN terminal end of the 2325p4
préot ei iy vegshosr tdven i oaigtg VINA thoft tdrec@B25pzher ot ei n

unaf fect.ed. Furthernore,_ given that the 2325p6 and
2728 p&%%&%liefssear%g ﬁ%g IaDch/eag ai nst A-253 and
T-24 cells, a person

7. A vector containing DNA that encodes the

Ribonuclease of SEQ ID NO: 55.

8. A protein having the amino acid sequence of SEQ ID

NO:59 produced recombinantly.

9. A protein produced recombinantly and having the
amino acid sequence of SEQ ID NO:1 after its initial

methionine residue has been cleaved off.

10. A protein having the amino acid sequence of SEQ ID

NO: 60 produced recombinantly.

11. A protein produced recombinantly and having the
amino acid sequence of SEQ ID NO:17 after its

initial methionine residue has been cleaved off.



skilled in the art would conclude that adding all or

any simlarly-shortened shortened part of the SEQ ID
woosa1no the SEQ I D NO 66 | eader sequences tPRCT/082004/014844

N-term nal end of the 2325p4,protein, to the

N-term nal end of the 20 2325p6 protein, or to the

N-term nal end of the 2728 protein, would al so

pr,aduc [ ti Nols i.n. This i
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si m | aNGactli piriddescagaiatsimdimengdiye cancer cells.

Al t hough one or nore preferred enbodi nents have been

25 descri bed above, the invention is defined only by

thg, fal Wt@gnck%‘d@icew)r@%ﬂﬂ%ElQQy and having the

PCT/ US2004/ 01484 19 1. A vector containing DNA that

encodedife aRilsopedusase off SEQ 1D NG B4 AftRe its

vect or .of. . cl_ai 3 rein t veet ' T

pl asm &%lgga?hgae\]%&%ﬁno qfc sjalﬁﬁlwelﬁla%gr%rﬁ%t%%ee%t%ﬁf'

Is pET22b plasmd. 4. A vector containing DNA that

encodes the Ribonuclease of SEQID NO 17. 5. A vector

cafit-ai A BFOBRAT AR IEHE dds FHEC RPGh REBREE DoEFQ 1D

| D NO 3fh: s ANBELRI £OMAINiAg IONA that encodes the

Ri bonucl ease " of SEQ ID NO 51. 7. "A vector containing

DNA t hat encodes the Ribonuclease of SEQ ID NO 55.

8. prot ei n _havin he am no_aci d uence .of SEQ |

NGB B GRTEEd T CBI T TI O R ek G prbaced e

r ecombizpamd ywaard seiditd ey sy Mo aw & IS egftene ef of

SEQID NO 1 after its initial _nethionine residue has
been cligdiedloffethionine residue has been cleaved off.

16. A protein having the amino acid sequence of SEQ ID

NO:59.

17. A conservatively modified variant of the protein of

claim 16.

18. A gene that when expressed in a host encodes the

protein of claim 16.

19. A gene that when expressed in a host encodes the

protein of claim 17.

20. A protein having the amino acid sequence of SEQ ID

NO:60.

21. A conservatively modified variant of the protein of

claim 20.



10. A protein having the am no acid sequence of SEQ ID
NGO 60 produced reconbi nantly. 11. A protein produced

WO ewsniltmant | y and having the am no acid sequeRC/ES2HD4/014844
SEQ ID NGO 17 after its initial; methionine residue has
been cl eaved of f. WD 2005/ 017100 PCT/ US2004/014844 20
122 A pf 19 HEA MY hee @i s ek i sequesic ecnto$Ee) Tie

NO 61 sl ed d’fccgﬂ’iiﬂ% ly. 13. A protein produced

reconbi'nantl’y and having the amino acid sequence of
SEQ ID NGO 34 after its initial nethionine residue has

been cleaved off. 14. A protein having the am no _acid
segqﬁ'en(% FseEddD ‘ﬁm %%%?Fc‘gdlr? ddF hartFydedsthe
A prot gimgeduced-1e6enbi hantly and having the amno
acid sequence of SEQ ID NGO 51 after its initial

nmet hi oni ne resi due has been cleaved off. 16. A protein

hayj ng 1.n0 ,aci equence. of SEQ. 1D NQ 59. 17
c%%‘er vé{b%/e ylrhno}ga}‘%&e% 1%/szler inaa{ﬁjtn%fa e protein” o?% se0' 10
claim M:dB. A gene that when expressed in a host
encodes the protein of claim16. 19. A gene that when

expressed in a host encodes the protein of claim17.

205 A\ R ISH L AU NGk T en ) ARG L SEGIEOEC QL SEQLLEL of
NO 60. 21. A conservatively nodified variant of the

protei rclgfim A4i m 20. WO 2005/ 017100 PCT/ US2004/ 014844

21 22. A gene that when expressed in a host encodes

t he

26. A gene that when expressed in a host encodes the

protein of claim 24.

27. A gene that when expressed in a host encodes the

protein of claim 25.

28. A protein having the amino acid sequence of SEQ ID

NO:63.

29. A protein having the amino acid sequence of SEQ ID

NO:65.

30. A protein having the amino acid sequence of SEQ ID

NO:67.

31. A protein having the amino acid sequence of SEQ ID
NO:1 preceded at its N-terminal end by a leader
sequence that has at least the first and at most all

of the residues of SEQ ID NO:64 in order.

32. A protein having the amino acid sequence of SEQ ID

NO:1 preceded at its N-terminal end by a leader



protein of claim20. 23. A gene that when expressed in

a host encodes the protein of claim?2l. 24. A protein
whawsngrivhe am no aci d sequence of SEQ I D NO BAT/UZHN4/#14844

conservatively nodified variant, of the protein of

claim24. 26. A gene that when expressed in a host

encodes$aENgsy &%@ﬁw hofs dtailpt e Axgphenhaat vhest all

expres ' S otein of claim25.

28. A gffgteé{én %ﬁ%\?ﬁoﬁuge%? ﬁogéj %%o%aé\fgd‘oésegqlune nce of * SEQ I D
NO 63. 29. A protein having the am no acid sequence of
SE ID_. NO 65., 30. A pro%ei n having the am no acid

s qQUencAe Pt BVING 672 MR GOt TEHRAGR TheSEQ 1D
am no agj-gsequence of SEQID NO 1 preceded at its
N-term nal end by a | eader sequence that has at | east
the first and at nost all of the residues of SEQ ID

64 i.n order. 32. r ot ei havi ng the ino acid .
sNgcfu'encAe D %ﬁdﬁ%veﬁginoﬁfle%eeégyaa]%a}r& ﬁnt g tein of
end by ddieads. WO 2005/ 017100 PCT/ US2004/ 014844 22

sequence that has at least the first and at nost all
of the residues of SEQID NO 66 in order. 33. A

prgf ei n E;%\Hé"'g:ﬂah:e vﬁ{gm%)ﬁﬁl& Liqpcaﬁ'kfgsiis%%t#c;?i%s the
NO 68. 34. A conservatively noditied variant of the
prot ei pmfteigl aifm@RinBB3.A gene that when expressed
in a host encodes the

36. A gene that when expressed in a host encodes the

protein of claim 34.

37. A protein having the amino acid sequence of SEQ ID

NO:69.

38. A conservatively modified variant of the protein of

claim 37.

39. A gene that when expressed in a host encodes the

protein of claim 37.

40. A gene that when expressed in a host encodes the

protein of claim 38.

41. A conjugate protein comprising the protein of claim
37 and a targeting moiety conjugated to the cysteine

residue at position 71.

42. A protein having the amino acid sequence of SEQ ID

NO:17 preceded at its N-terminal end by a leader



protein of claim33. 36. A gene that when expressed in
a host encodes the protein of claim34. 37. A protein

- wWhawsog/iohe ami no aci d sequence of SEQ I D NO BOI/USBN4/#14844
conservatively nodified variang of the protein of

claim37. 39. A gene_ that when expressed in a host
encodeSeENencer haitnhes @taileest. the fArgénenchat West all

expresged in a.host,cencedes f he \pr.glein of glai m 38.

41. A conjugate protein conprising the protein of
claim 37 and a targeting noiety conjugated to the

cysteine residue at position.71. 42. A protein havj

{ e -anfnB REFd s 6aUEAGe (HE SEOPCDANG: FFOSEEIST At 1D
its N feranal-cetdeby a2 Leader \Womd0R8/ QLALYR, a leader
PCT/ US2004/ 014844 23 sequence that has at |east the

first aedusnceoshail hasoftt ReasdsitigeS ioistSEOd pNa®eA all
in order. . r [ i A ' equence

of SEQD ROF LTS e did a5 R i halt 5Ad by a

| eader sequence that has at |east the first and at

nost all of the residues of SEQ ID NO 66 in order.

444 A Pr BFEERIRaPNG "EhéNEnPHg Pac ifF 1S RRENEER S FESHD 1P

NG 34 W%@d?‘}e@edietds N termnals end Y & d eafel 1eader
sequence that has at least the first and at rnost all

of t he seemicdges thi tSEQsl BtNOeB4t ther derrsmndaat most all
protein ing the anin i d.sequence .of SEQ ID
NO 34 ﬁfggé&e%egtl%iut% Iﬁ-%t %‘r%r% r% %é)ﬁ? oy a qre%g er

sequence that has at |least the first and at nost all
of the residues of SEQ ID NO 66 in order.
45. A protein having the amino acid sequence of SEQ ID
NO:34 preceded at its N-terminal end by a leader
sequence that has at least the first and at most all

of the residues of SEQ ID NO:66 in order.

46. A protein having the amino acid sequence of SEQ ID
NO:51 preceded at its N-terminal end by a leader
sequence that has at least the first and at most all

of the residues of SEQ ID NO:64 in order.

47. A protein having the amino acid sequence of SEQ ID
NO:51 preceded at its N-terminal end by a leader
sequence that has at least the first and at most all

of the residues of SEQ ID NO:66 in order.

48. A protein having the amino acid sequence of SEQ ID

NO:55.

49, A fusion protein having the amino acid sequence of

SEQ ID NO:70.



46. A protein having the am no acid sequence of SEQ ID

NO 51 preceded at its N-terminal end by a | eader
wG@e@smermeo t hat has at |least the first and at nMPST/USI004/014844

of the residues of SEQ ID NO 64, in order. 47. A

protein having the am no acid sequence of SEQ ID .

G1 gt eretrar @t N ird enet Byt oFf ellerprotein of
sequen hat,has at |least the first and at nost all
ORI CLorL SEQ ID NO. 66 in order. 48. A
protein having the am no acid sequence of SEQ ID

55. 49. A fuysion protein having the am no aci
sequende B0 é%(jq IS RIS SRH510 17 1S efS6des the
PCT/ USZO0 OkA84d 24 nPQio A conservatively nodified
variant of the protein of claim49. 51. A gene that
when expressed in a host encodes the protein of claim
49, 52. e t e .1 n ost_encodes
CRZ "ot oy b 0 T ESRT i Oy g BF e FECEE Sene
conpri gmgain tde qraireis0o of SEQ ID NO 1 or a
conservatively nodified variant thereof and b) a
targeting noiety. 54. The fusion protein of claimb53,
fuyg hera comidSigih e id iOk@sr seauence {hdkingdhe o smg 1D
protein and the targeting noiety. 55. A conjugated
f usi on st ot edth & orprisivaf@elthenddisiiornd protaih dfiereof
SEQ ID 70 or .a conservatively nodified variant
t her eofa%%dbqb)a atatrag}e&ejtr}%gm%"?ete{y conjugated to the
cysteine residue |located at position 71. 56. A vector
contai ning DNA of SEQ I D NO 71 encodi ng the o
Ri%nuﬂk@as@%lforsmq INOofig claim 53, further comprising a

linker sequence linking the protein and the

targeting moiety.

55. A conjugated fusion protein comprising a) the fusion
protein of SEQ ID NO:70 or a conservatively modified
variant thereof and b) a targeting moiety conjugated

to the cysteine residue located at position 71.

56. A vector containing DNA of SEQ ID NO:71 encoding the
Ribonuclease of SEQ ID NO:70.



