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BACKGROUND
The entry of a protein into a mammalian cell is often dictated by a small
segment of the protein, which is commonly referred to as a “protein transduction
20  domain” or PTD. This segment can be used asa signal attached to a foreign
protein to facilitate transport of such a protein into a mammalian cell. For
example, amphipathic peptides are used to facilitate uptake of DNA-cleaving
metalloporphyrins as potential antitumor drugs in human fibroblasts HS68 or
murine lymphocytic leukemia 1.1210 cells (Chaloin, L. et al. Bioconjugate Chem.
25 12:691-700, (2001)). Peptides, called cell-penetrating peptides, such as penetratin,
transportan, Tat (amino acids 47-57 or 48-60) and the model amphipathic peptide
MAP, have been used as delivery vehicles for transporting pharmacologically

important substances, such as antisense oligonuclotides, proteins and peptides



Antennapedia, a Drosophila transcription factor, or the 21 residue peptide
carrier 5 Pep-1, are internalized by many types of cells in culture, such as
humanlIS68 or murine NTH-3T3 fibroblasts, at either 370C or 4 oC. The
lack of effect of the temperature shift suggests a penetration mechanism
different from that of classical endocytosis (Morris, M.C. et al. Nature
Bioteci{;@%é(gég&??,-llm (2001))_, which requires chiral re%;iz}%za)rs%t%rslg.
One of the most widely used peptides to 10 transport
pharmacologically-active compounds in mammalian cells is the eleven
amino acid arginine-rich protein transduction domain (PTD) of the human
immunodéfieiereks Vreshyeching-Higohystragia 4R M0 O Geih: Taderen, M.,
(Schwarze; &. Renty Blrbaieings. 2851562400652 (1999), Schwarze, S.R. et
al. Trends Cell ol 10:200:295. 2000\ Nansyigngabnigaton of the

120 kDa t1)4eta 15 actosidase/Tat fusjon protein results in the

transcellufar Ak sdﬁt?ioﬁo%’%ﬁ‘étr?ﬁss‘ff&?%’rg%‘?ﬁ friBevitrasiflye anrvide R
mice, inclBefirly A djsassenieonipeikiod chsdmebitms enct bt Pdotide
domain ofddie NIFRS TRERERAsSheMer T suedinte. aal lesnalizasian: of

large mol L i ing, | el RPage..
veriors, @?%éo%mes f;;j‘“taga*‘ﬁ%%%%?&’%%%? e R AP
a

peptides TS2HEL8Y S AN AT WIRaRG 8%t S5US ORI Rébigh
Tat or its THUsTipird eserptonpsefeietidPre ofthe most sitgelifisd typiiksdired at
40C (loiu, tngioglpReaiadvledcaByla3tHe-daddhouzid QOhaRmalMd cdlis @ 18d.cibvBiOl.
Chem. 27483 {aafdhtaRN 2 andLeARIGSINGIAFH SR LegePtors

such as the heparan sulfate chains of the cell membrane heparan sulfate
proteogly%@%@&% 8”?1‘8’3%%6‘8%%8“9@8%%&\7@é@%rﬁgd |
from viral %Rl SHsasn AT AFP J6TH €989 0 e SR Stot. PEDs Ueb Bidlbe :
desirable fazebhe Basign ofintaiotiseaxpesinestakIeouenses, and for

animaj and AR ASTARIGS.ANGh LLARRY RS G RIAGRINES. D ot the

alternative source of PTDs i lb cterial cells. Although bacterial proteins
such as c%f)lf’é&rgf SR t@ﬁ’r‘éﬂﬂﬁi\’/\% ISR rHRAR R s P lood-
(Sofer, A PeaitbrtieeriahshartHepiidplenaivd B P At 23 ieeh SR 1 IBEYY,
the cytotaxitiiyenbindhnproiginadesidybieaile, ust.abbasiesdal proteins, 2 -
e 2006&%@@@&%%@4%8%?&93&%%%95&@?&@@%&%& E'ih%fl‘?;m?r

transporting pharmaco]ogically important cargos in mammalian cells.
&) pe%e%atmg pept%esgcfiscus edrgl%ve, mtemaligation of cargo proteins by full

length Tat or its 11 amino acid transduction domain is significantly impaired at
40C (Liu, Y. et al. Nat. Med. 6:1380-1387 (2000), Suzuki, T. et al. J. Biol. Chem.
277:2437-2443 (2002)) and requires interactions with receptors such as the
heparan sulfate chains of the cell membrane heparan sulfate proteoglycans.

25 Most of the PTDs identified to date have been derived from viral and
mammalian sources. Other sources of PTDs would be desirable for the design of
various experimental sequences, and for animal and human therapies and
prophylactic procedures. One alternative source of PTDs is bacterial cells.
Although bacterial proteins such as cholera toxin are known to enter mammalian

30 cell cytosol (Sofer, A. and Futerman, A.H. J. Biol. Cher. 270:12117-12122
(1995)), the cytotoxicity of such proteins has limited the use of bacterial proteins,



SUMMARY OF THE INVENTION 5 One aspect of the present invention is
peptide that has at least about 90% amino acid sequence identity to less
than a full length wild-type cupredoxin or H.8 outer membrane protein,
and which facilitates the entry of an linked cargo molecule into a
mammalian cancer cell. In some embodiments, the peptide has at least
about 90% amino acid sequence identity to less than a full length azurin,
10 pAQBEYAHN® rusticyanin, pseudoazurin, auracyanin or BZHAHRE3S7S8
protein, orto SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 3, SEQ ID
NO:4, SEQ ID NO: 29, SEQ ID NO: 30, SEQ ID NO: 31, SEQ ID NO: 32,
SEQ ID NOPH3s e fiymiiem 3 S EQiiNOr36englo8E QuibrhiDiadds In
.some embafiments, thg.peptide is derived from Pseudomonas
aeruginosa, Phormidium laminosum, Thiobacillus 15 ferrooxidans,

Achromobacter cycloclastes, Pseudomonas syringa, Neisseria
meningitiﬁmﬁ)ﬁ @MW Bordetella bronehiseptica,

Bordetella perfinssispe€ hithoitesaisaentertiapersidnitlaNaiss éig about 90%
gogorrrtloaaaoigieﬁa@rerﬁm ﬂkmf@raﬁm?@a mn%imgﬁg_%hﬂr@?&%qm%
and no ues in.. .In some e iments, the
peptide gé)gnt%? ris%grg%g%%gl’n%e% v‘%}ﬁfgr? lgtsaégﬁ%m%?gs?g%ogﬂggﬁ amino
acid seqUENEA BRI &ES ji3erierlls Iy piadrngts Sreeeptines a7
SEQ ID Ne&¥t 8h8E0y Bl Orc R R SECE IBMNG 1385 B Hl MYt 38¢iBEQ ID
?f :Sgé)éw@&mmyﬁﬁ@s&w%@@g&@ﬂ&&é@%@ﬁ% NO:
, NP Q. ( wye .
embodim%%ﬁ%ﬁplé%%gm%ﬁﬁ%qgﬁ:%%éig%gc% é} éé’rﬁ?&% NG S de)
ID NO: 6°58 SHG | B/ NE P B2311BFQE YOSBSH RA33. SEQHIRO:
38, SEQ I FQIBNOSE @d SEN@ XO; BEQ $Bub@bddimSEQH pNDe 42,
iSDES |D4N@v&8ﬁ&a@emnﬁ4@s- AfhgB5R) m&gfuﬂﬁmm DM a4107 S%Q
L A4, enhedinen e fide comprises the.amino aci
sequgncg @ggﬁﬁxoxx%%?@ﬁégﬁgs er &%%&W ES, where D

1

is aspartiE3TENH Lo RRAE P IS REfsElikbrnshitprtictBoxdsisliany
amino adiertFiitafflomigun 0 2066/688568:@IE THSRES/03EHS some
embodimentsiithetp eptideitassignificaniciisiurliyhomalogxdaths
2077 anmiaa afhiRiaRahlae ylonages Asianges.azuin. Anorer
2Pt o e INEON5.3,RICE compriig 2 EHaT Compbotd
15, SEQ ID NO: 6,
SEQ ID NO: 7, SEQ ID NO: 9, SEQ ID NO: 37, SEQ ID NO: 38, SEQ ID NO:
39, SEQIDNO: 40, SEQ ID NO: 41, SEQ ID NO: 42, SEQ ID NO: 43,SEQID
NO: 44, SEQ ID NO: 46, SEQ ID NO: 47 or SEQ ID NO: 47. In other
embodiments, the peptide comprises or consists of SEQ ID NO: 5, SEQ ID NO: 6,
25 SEQID NO: 7, SEQID NO: 9, 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: 46, SEQ ID NO: 47 or SEQ ID NO: 47. In some
embodiments, the peptide comprises the amino acid sequence
DGXXXXXDXXYXKXXD and DGXXXXDXXYXKXXD, where D is aspartic

30 acid, G is glycine, Y is tyrosine, K is lysine and X is any amino acid. Finally, in



and an amino acid sequence, where the amino acid sequence has at least
about 5 90% sequence identity with a cupredoxin, or a fragment thereof,
the amino acid sequence, or fragment thereof, is linked to the cargo
compound, and the amino acid sequence facilitates entry of the cargo
compound into a mammalian cancer cell. In some embodiments, the
aminQaciflsegudence of this complex has at least about 90% arngl&l)g)logtp b
sequence identity to less than a full length wild-type 10’ cupreajoxm or
outer membrane proteln In other embodiments, the cargo compound is
protein, Ilpogroteln pol peptlde peptl olysaccharide, nucleic acid,

dye, mlcropartlgfg 4 Wbﬁ“ﬁ‘i‘-‘ﬁf&ﬁi@@ﬁdﬁgy to the 50-77
embodimémgo al%@f%@g@ﬁ@@z@mtmnamgmbyp@mﬁde which is linked-amino

acid sequence radpemsrdusion:paiRin :slﬁlc%h]ﬁéx%ﬁiﬁﬂ a‘?&l@&’gémem

the cargo campaun 2,more artlc seudomonas
aeruginos e&);xotoxw(ljIa é?d%&% gr‘éhr% |far'1%?1°t'§w a%eohﬁaé Igstabuble

substance, METE LSt I‘ff‘@ﬁé‘ﬂ’éﬂ‘é&‘l‘aﬁléa %@gﬁlﬂwﬁhﬁ@ﬂfyﬂnﬁmm@y,
X-ray CT SMRResy dlfreeswaibkréei &l linktkacitieeniio nojsoneNeampasses the

complex iia @@&ﬁmﬁﬁmﬂt@% yitab |@ax%§% %o&ﬂ%‘ﬂ% AsResho e,

present inygn feg 0 methog 0 deljvering a cargo
R e Fole RS s o et e

compound intq a cell. In one embo iment,

contacting 8 621 bIFEBN & rtyrE ey é%}‘ﬁf)réw il teesthevitbodiments,
the cHll oﬁw@mgﬁr&%@mma@ammtwffmuﬂ@ﬁm&&ﬁﬁ@rﬁ@egg@re ,
reintroducespstial thepatianbottNeRBRAdINRALS LiNE.CElladS .gancer

cell, morg.§ steosa a cell lung carcinoma cell, colon
carcinom CE%ZISE@%%fma cgﬁr{]lc%nlgemla c&lﬂxgs CR e m“@ell

breast carcinoma Eéjff’tﬁ‘f}éf PalspeRigFTERich s ifkricetinsatiomencst Hrm
prostate édreptontieelh dheothsicubmiptdithents 18 eRORUMEN S is a toxin,

administesed fadpationt madiesapsutical SUBCHVE JMQupt. In other

embodimgnisy g camRlex; tere intravenously, topically,
subcutaneo sl mtramugcu%aﬁd(or Mo S I PRI Srdicaly rmpeerithits,

the compiex 18 %@dﬁ‘ﬁ’ﬁ%ﬁ‘@% WL BridH eF eanwandrdnetinribe idviiion
2006/088598“%%@@2@@5@%15&%%@39%&%%&%ntion is a

method to diagnose: egaGerHoSBERRRNIMENR e Fempalsy with a

cue s AT FEE.0 e
compnses contacting a cell or cel with the above complex. In other
embodiments, the cell or cells originate from a patient suffering from cancer, and
are reintroduced into the patient. In other embodiments, the cells is a cancer cell,
more specifically an osteosarcoma cell, lung carcinoma cell, colon carcinoma cell,

25  lymphoma cell, leukemia cell, soft tissue sarcoma cell, breast carcinoma cell, liver

carcinoma cell, bladder carcinoma cell or prostate carcinoma cell. In other
embodiments, the complex is administered to a patient in a therapeutically
effective amount. In other embodiments, the complex is administered
intravenously, topically, subcutaneously, intramuscularly or into a tumor. In other

30 embodiments, the complex is co-administered with another cancer treatment.



particular embodiments, the cargo compound is an X-ray contrast agent
and is 5 detected by X-ray CT, the cargo compound is a magnetic
resonance imaging contrast agent and is detected by MRI, and the cargo
is an ultrasound contrast agent and is detectable by ultrasound. In other
embodiments, the a cell or cells are contacted with a complex with a

deteciablgyahsiance and the location of the cargo is detegted 10 . 1:<-ss
Another aspect of the invention is a kit that contains any of the above

complexes. In some embodiments, the kit further comprises a
pharmaceutica%ﬁacceptable adjuvant or excipient. In other embodiments,

the kit further cORIPITSEES fdPiAeriP i AMHaALcHRETOR e2Petig Brioms
BRIEF DESERIFHON SR FSEQLE NEE S GEQHD shiartds the amino
acid ﬁequmm@érwwwﬁaﬂtraﬂ? E&ﬁ@#mrﬁ&faﬁﬁgpﬁ%.@@gtg@ NO:
2 is the amyj [ astocyanin fro;m  Phormidium )
Iarninosu%ggg@g%ﬁ&gg%%%gcé)r%‘l}éluél%lgigls@éaa SREED eﬁléﬂ%%nin
from ThioBREITGLY PR 3R S ESEEeTROPRICH Aashsiic Ansmpiaca dregiegiuence
of pseudorztitthafieshndie dentrlbadtRl cydlibelagie & -5 HEIRIN Qnkais the

?mino aci%;@ﬁtﬁﬁ@&&&ﬁ&%ﬁ%é&ﬁ?ﬁ@%%?%b%ﬁifm ééﬁgéla%%ﬁ“
rom Pseygomongsaeruainosa . 6 is the amino aci

sequence, of the 36-8903%?%!%)6%123 Er%céa[rlﬁlg?l‘fb% W -%nflu%fﬂ?%tfﬁn ofthe cargo
PseudomBAZEEeruginosa. SEQ ID NO: 7 is the amino acid sequence of

the 38177 aminnetbitl adpeng afainet infenitoazur it fhanoRsekialgoBeshove
aeryginozx?ﬁx&EQ A&N@bmshf@, mgamg@&ag&mm@g%ﬁ% 6
amino ac o \()V K P{éﬂr See meona erugl eO%a 3
2006/08850 %gégﬁ&%%o% p%%?éslgg}% fg’ﬁt‘f‘ §*srs§}al8‘amm6 SRpgises
sequence SFR& BoAFrRie Rttt of wt-azurin from '

Pseudomonas aeruginosa. SEQ ID NO: 10 is the amino acid sequence of
the 503-6CBRMIFDITCRIPTION OF THE SEQUENCES
SEQ ID NO: 1 is the amino acid sequence of wt-azurin from Pseudomonas
aeruginosa. _
SEQ ID NO: 2 is the amino acid sequence of plastocyanin from
Phormidium laminosum.
.20 SEQ ID NO: 3 is the amino acid sequence of rusticyanin from Thiobacillus
ferrooxidans.
SEQ ID NO: 4 is the amino acid sequence of pseudoazurin from
Achromobacter cycloclastes.
SEQ ID NO: 5 is the amino acid sequence of the 36-128 amino acid
25~ fragment of wi-azurin from Pseudomonas aeruginosa.
SEQ ID NO: 6 is the amino acid sequence of the 36-89 amino acid
fragment of wt-azurin from Pseudomonas aeruginosa.
SEQ ID NO: 7 is the amino acid sequence of the 36-77 amino acid
fragment of wt-azurin from Pseudomonas aeruginosa.
30 SEQ ID NO: 8 is the amino acid sequence of the 36-50 amino acid

fragment of wt-azurin from Pseudomonas aeruginosa.



fragment of wt-azurin from Pseudomonas aeruginosa. 5 SEQ ID NO: 11 is
the amino acid sequence of the azu 67-77 amino acid fragment of
wt-azurin from Pseudomonas aeruginosa. SEQ ID NO: 12 is the amino
acid sequence of the forward primer for pGST-azu 36-128. SEQ ID NO:
13 is the amino acid sequence of the reverse primer for pGST- 10 azu
36-128. SEQ ID NO: 14 is the amino acid sequence of the forward Primer
for 6@§”Iﬂ-6§)z%50§6-50. . SEQ ID NO: 15 is the amino acid slé%ﬂ/%sr\zg%s R
reverse primer for pGST- azu 36-50. 15 SEQ ID NO: 16 is the amino acid
sequence of the forward primer for pGST-azu 36-77. SEQ ID NO: 17 is
the amino acidSE§@deviee oftthenraverssqurmeroftheB3Tamine 86-77. SEQ
ID NO: I&igthe: aminsacidseduenseot iadoosard primer for 20

pGST-azu 36- ID.NQ: 19.is the aming aci nce of.the
reverse primeré%%?)%%‘r?%lzs%(é b-¢ 3a§1%ES(Sqilf)ncNeé ﬁgétf%ménﬁ%ﬁo acid
sequencdTRE ForEREL BT foBesS 1aBiR%B-77. 25 SEQ ID NO: 21
is thesamino aSkRs&qveniddsaldhrifio asid seaprmear for apGE T amin®Fid 7.
SEQ ID NQ¥ndz: is thaaninerpichesssiencaughthe reverse primer for
pGST- azu 50+ GST-azu 67-77, SEOQ ID NO: 23 is, the amino acid
Cetuuence of toE Raeh (1 B a0 SRR il e
2006/088558 B2 $911282005/035758 SEQ ID NO: 24 is the amino acid
sequence of tHHEQSENSe Printieraoingp 8 Teqaaues0 HGeGEQpH Dl Or B S
the agningzaeidisgquence of the forward primer for the

SEQ ID NO: 14 is the amino acid sequence of the forward primer for
+ pGST-azu 36-50.
SEQ ID NO: 15 is the amino acid sequence of the reverse primer for pGST-
azu 36-50.
15 SEQ ID NO: 16 is the amino acid sequence of the forward primer for
pGST-azu 36-77.
SEQ ID NO: 17 is the amino acid sequence of the reverse primer for pGST-
azu 36-77.
SEQ ID NO: 18 is the amino acid sequence of the forward primer for
20 pGST-azu 36-89.
SEQ ID NO: 19 is the amino acid sequence of the reverse primer for pGST-
azu 36-89.
SEQ ID NO: 20 is the amino acid sequence of the forward primer for
pGST-azu 50-77.
25 SEQ ID NO: 21 is the amino acid sequence of the forward primer for
pGST-azu 67-77.
SEQ ID NO: 22 is the amino acid sequence of the reverse primer for pGST-
azu 50-77 and pGST-azu 67-77.
SEQ ID NO: 23 is the amino acid sequence of the forward primer for
30 pGST-azu 50-66.



green fluorescent protein gene. 5 SEQ ID NO: 26 is the amino acid
sequence of the reverse primer for green fluorescent protein gene. SEQ
ID NO: 27 is the amino acid sequence of the forward primer for gst-
gfp-azu 50-77. SEQ ID NO: 28 is the amino acid sequence of the reverse
primer for gst- 10 gfp-azu 50-77. SEQ ED NO: 29 is the amino acid

sequence of azurin from Pseudomonas syringae. SEQ ID NO: 30 is the
amind 8&Y°EEE e nce of azurin/H.8 outer membrane proteFCHEH05/035758

Neisseria meningitides. 15 SEQ ID NO: 31 is the amino acid sequence of
the azurin from Vibrio parahaemolyticus. SEQ ID NO: 32 is the amino
acid sequence SF&YR MPuAhisibmanBer dedektaudbronthisepticariBEQPAVD:
33 is the amis@ acid sequence of the auracyanin A from. 20 Chloroflexus
aurantiacus SEQ IANG: B4J5.05:A5100 Agidseg4e168, of the auracyanin
B from ChlornoHexus aurantisécus. SEQ ID ﬁld1 %%a%r%ﬁ?ﬁé}glfﬁr%ng

. een rlyorescent prot . : : .
acid sequ%rnce represeﬁf?neﬂlﬁ?ée conserved residues in the cupredoxin

entry domain wHEAIDR ¥sisdhiendrsideisiquaBegifibineyesdpriyrosinerckais
lysine andixiss@aypaming@cid. SEQ ID NO: 36 is the amino acid

sequence of thggNaisseyis;90n01N0eae; Laz protein. SEQ.ID. NO: 37 is
the amin%gc_:;guss%q]l,}ence of the 50-%7 arﬁlélﬁoe ggi?f- ?ria%%%rﬁr 1E)]%‘e\r/vff)-r Girin
from Psetdidomonas aeruginosa. 30 SEQ ID NO: 38 is the amino acid
sequence of theEAIBY Qi3 irdha efinfragdrenentfeatifiaoyemin Bt for gst-
Chlonoflex@saansastiacus. 7 WO 2006/088508 PCTIUS2005/035758 SEQ
IDNO: 39 is (hepiinRa 9 seIuaRs el IR0 17.AMING A6 flagment of

azurin from Bordetella pertussis.
“syringae,

SEQ ID NO: 30 is the amino acid sequence of azurin/H.§ outer membrane
protein from Neisseria meningitides.

15 SEQ ID NO: 31 is the amino acid sequence of the azurin from Vibrio
parahaernolyticus,

SEQID NO: 32 is the amino acid sequence of the azurin from Bordetella
bronchiseptica.

SEQ ID NO: 33 is the amino acid sequence of the auracyanin A from
20 Chloroflexus aurantiacus

SEQ ID NO: 34 is the amino acid sequence of the auracyanin B from
Chloroflexus aurantiacus,
SEQ ID NO: 35 is an artificial amino acid sequence representing the
conserved residues in the cupredoxin entry domain where D is aspartic acid, G is
25 glycine, Y is tyrosine, K is lysine and X is any amino acid.
SEQ ID NO: 36 is the amino acid seqhence of the Neisseria gonorthoeae
Laz protein.
SEQ ID NO: 37 is the amino acid sequence of the 50-67 amino acid -
fragment of wt-azurin from Pseudomonas aeruginosa.
30 SEQ ID NO: 38 is the amino acid sequence of the 57-89 amino acid

fragment of auracyanin B of Chloroflexus aurantiacus.



SEQ ID NO: 40 is the amino acid sequence of the 106-132 amino acid
fragment of the Laz protein from Neisseria meningitidis, 5 SEQ ID NO: 41
is the amino acid sequence of the 53-70 amino acid fragment of azurin
from P. aeruginosa. SEQ ID NO: 42 is the amino acid sequence of the
53-64 amino acid fragment of azurin from P. aeruginosa. SEQ ID NO: 43
is the_ amin id sequence of the azurin from Bordetella 10 pertussis.
SEQ ﬁ@og%(%s the amino acid sequence of the 51-77 arﬁ?r?(j)mézcof’dms“s
fragment from azurin from P. aeruginosa. SEQ ID NQO: 45 is the amino
acid sequence of the 51-77 amino acid fragment from azurin from
Pseudomonas SRHYAE: 15idieaninoNd! seepscthe hafihd’acitiseddience of
the is the fb2n/@tafindreiick Boagrabrjettanisazurin from Vibrio
parahaemolytiayis, S5(: D NE: Afids 406 eaine A 25018NES, 0% Ihe
51-77 amjno aC{d f[{lagmen% frotjr’n a&urm from Bordetella bronchiseptica.
SEQ ID NOPAE' IS &R SRrICIEr RS A <BH s representing the 20
consetved resitR PN ehé!dtibreaindrehiryuasaditaihéfebis amibartic
acid, G isfrgiwennef 2uith fisadnesugiissysine and X is any amino acid.
BRICF DESCRETIONOS THEFIGURES U 421 aad) Glepne
showing tttr1at %&tr}( of azurin correlates with 25 cytotoxicity. (a MTT
assays Wore berTorme 3P &t Rination of wt-azurin- induced
cytotoxicity agaffeiFPa4jtdenmine 2cidridafitnesiokibt salis i) Bordtdis of
cell ayclepprogiession in human normal fibroblast cells treated with
MAAKMBAE mugnbacerinFilahiaaela sl iaaiarduing,
(control), 0.5 o[t:rL.O arrz1‘%{nn:g_60flgnutan_t azurin for 24 hr. At the end of the
treatmenfc‘,r A conten T th& @M vas determined by flow cytometry.
8 WO 2006/08850® PO TR ishoasisss 58 Ehye n e () Ardify)add)
Schematiegepretentaiihntohrmedumdidnsaigdeazurin constructs and their
purifigation prafilgss Yerigss HegmENsLlaau.I6RE: WaISuseg.aL ey

3-end of e gatgene . fame, 9) GG L2z fuson proteins

SEQ ID NO: 47 is the amino acid sequence of the 51-77 amino acid
fragment from azurin from Bordetella bronchiseptica. Y
SEQ ID NO: 48 is an artificial amino acid sequence representing the
20 conserved residues in the cupredoxin entry domain where D is aspartic acid, G is

glycine, Y is tyrosine, K is lysine and X is any amino acid.

BRIEF DESCRIPTION OF THE FIGURES
Figure 1(a) and (b). Graphs showing that entry of azurin correlates with

25 cytotoxicity. (a) MTT assays were performed for the determination of wt-azurin-
induced cytotoxicity against J774, UISOMel-2 and fibroblast cells. (b) Analysis
of cell cycle progression in human normal fibroblast cells treated with
MA44KM64E mutant azurin. Fibroblast cells were incubated with 0 (control), 0.5
or 1.0 mg/ml of mutant azurin for 24 hr. At the end of the freatment, DNA content

30  in the cells was determined by flow cytometry.



were purified after cellular growth and lysis, loaded on SDS-PAGE and
visualized 5 by Coomassie Blue staining. Figure 3 (a), (b) and (c). (a)
Diagram showing construction of a GST- GFP-azu 50-77 fusion protein.
The gfp gene was introduced at the 3'-end of the gat gene (for GST-GFP)
and. the azu 50-77 fragment was then ligated at the 3'-end of the gfp

geneyn frame g produce the GST-GFP-azu 50-77 fusion protein, GST 10
GFP-azu 50-77 was purified as a single fusion protein fror%%gl%g 035758

lysates. Purified proteins were run on SDS-PAGE and detected by
Coomassie Blue staining (9$b) and also by Western blotting using
anti-azurin antiBBEy (KN By (P aeartipssmarierrRICDE ristdrareiping a
kinetic st@giyifcerktacintedizizatidreifGoTe rdertd togesar bt Riqkain
(GFP) Zﬂde@ﬁ?eﬁﬁﬁe&%ﬂ%ﬂtﬁe%&ﬁé@ﬁb A GiRIBSHRERNAURIER GRIGR Was
assayed | ith,various concentrati f GST-GFP.
(1o o Co e n A R SR R sl idalens
were analseFBPHRIE S EH@Etry. (c) Time-dependence of internalization
of GST-GFP-dZguBC%7. (7and Gl Ringrinchibaterbwithu200 égaasT-

G?T-G f@faﬁ@mﬁ@nm@g@eqaﬂé@@%% [;?zgzgxﬂla@l;@cﬁ%b@@%habé IJPt\ft}é _
cytometr 3 ré C | la Ir“rps Oan eexc&oxm
A domair)1é jﬁ? ar%%?fc%)d%}%%ﬁ& gr:(l)s(??/vﬁe‘i agé Dart tgf&/&ﬁ?ﬁ‘fﬁﬁ@?&rﬁ‘?ﬂo
acids 382245457 #rEe B figme S pipdueerthe BT BFRweniay Seisermednicsifie
GSTIGFAMR8sA0- Theapuried Z fegnfentnwasthtndigatel keathe
carboxy! riieafpa s REDHK (3 STs BEBH kn@al50 11 e dsing BGR (b) The

fusion prgiei ifi A |rl%1t t '%n%SZS Sepharose 4B column gel
filtration %ﬁjﬂrﬁgy (@fﬁéﬁ%}?&%& an%%for%%-%@é%@%@@”' '

:
determination MY S PP G e ey s ks otHdz for 880-77
fusion prteitirpisOGaieCradiverceliParh GMmatiobiastfk B T)

cellsisas tietarningel bmRERIsmpRE i?&@&@&@ﬁﬁ%?ﬁ)ée%{s%{é%cﬁwm various
e e B e N5 S i the
cell viab #i’ry St Rl 2uh grabiaet toyy oxomety 2 (0 Bigedamadence of
PCTIUS 2608153538 GSIyGRE-62Dingalis howingetheulaedlizaimo gfthe
a-helix irGen-arpimn 86 Welk agitatheit-A264N.n0a4 A LRSI DS dustion
do mgin. Re pl@’ﬁg%m & 'Zg),%)t Qﬂg ?c). (a) Diagram showing the exotoxin A domain IiT
(amino acids 405-613), as well as part of domain Ib (amino acids 381-404), fused
to GST (GST-PEDIN) as earlier described for the GST-GFP fusion. The azu 50-
77 fragment was then ligated to the carboxyl end of GST-PEDIII (GST-PEDII-
azu 50-77), using PCR. (b) The fusion proteins were purified by glutathione
25  Sepharose 4B column gel filtration column chromatography and run on SDS-
PAGE for size determination. (c) Diagram showing action of GST-PEDII-azu
50-77 fusion protein in UISO-Mel-2 cancer cells and in normal fibroblast (FBT)
cells, as determined by PEDII[-mediated cytotoxicity. Various concentrations, as
indicated, of GST-PEDII and GST-PEDII-azu 50-77 were incubated with UISO-

30 Mel-2 and FBT cells for 24 h, after which the cell viability was determined by
MTT assay.




amino acids in the azurin 50-77 domain by proline residues is indicated.
Figure 7. Diagram PEDIII-mediated cytotoxicity of GST-PEDIII- 5
rusticyanin fusion protein against UISO-Mel-2 cancer cells and FBT cells.
Various concentrations, as indicated, of GST-PEDIII and GST-PEDIII-azu
50-77 were incubated with UISO-Mel-2 and FBT cells for 24 li, after which

th.e cell, ydgé%g%yvas Qetermined t_xy MTT assay. Figu_re 8_(6}1)Cang2&?5)/b3(567128
Diagram showing the structural alignment of 10 azurin with othar

cupredoxins, as computed by the VAST algorithm. The N- terminal
extended parts of auracyanin B and rusticyanin, being absent in azurin,
have been omitfE¥frPtHERGI Eovig Gedgesizrtianafdhae-tolkixra gimsrofas
azurin thatelanibésupenrpostgoriiesidues FReAC R HRIGHRA o Hhe.
blank spagas,cuaunanes w0l BsmER G, AR RIAIRI RARsAyction
domain (PTD),Fs}zuraig r ino I%Bﬁ}ds giot-e , Wwhere there Is no alignment
with rusticyanin is highligiied by verticar 4 SEREN e SePRMbers in
parenthe SEEIGHRER fHERAMEE apipe HEprdibiiveeareclthapFdieelidatabase
accessionvatmmberseifitidvytipleamineg asitrspIencesaligmment. b he
residues cRreRisiRAdheIRAIRORILIN SEMEKIQWRPaserAL:, %‘Jé .

Bacterial %%QH% vavgsddgtggnclinee argr?,gbreviated as follows: Psae,
Pseudomonas aeruginosa Eé’% afif@5244); Pssy, Pseudomonas syringae

(SEQ ID NO: FiridbineniEisésiiearmansheintshSEOMB NOMOY ipa,
Vibrido paraiaeriiobyticuspGEhiRsNOE) Baks vBemeielialranschiseptica
(SEQ ID Me:T)bhumbers hiRlSREN AT AGIISALG IR s,
parenthe%ﬂs‘; hee OCIBU I‘{%%g%ﬂ%/are (gliggin_s and Sharp, Gene
101:6427-6432 (1085)) was 25 Used BrHeheratsthieiteitnel setdite
alignmenf2ERgarRgnpsssren ortidistdiemacarhgrishbor (e blask ppotsimdrom
Neisseriaunaiignin gitidis. afte theiagidré paateissio mBRseedDNe@Samino
aeruginosaeTiemaiiamde 16 Iehabine NIRRT e Aas, oLie

protein. T(ES gg%rndgpgr ebn%%etfsle bars indicate the name of the region o
the protein |rectfy be}?ow inthe. B%\rfe'.ntf‘ﬁsgsﬁgeﬁmrﬁf@? RS R s are
indicate tf& BARGRb I RIFRSER sREheju MRl thairegidnesithe
protein. 10ia@nPOUB 088508 RG] 2000 35T BRokigusemckigure 10
depicts theusansirdeinoksavaiabaridtin MRl ted as follows: Psag,
20 Pseudomonas aeruginosa (SEQ ID NO:44); Pssy, Pseudomonas syringae (SEQ ID
NO: 45); Neme, Neisseria meningitidis (SEQ ID NO:40); Vipa, Vibrio
parahaemolyticus (SEQ ID NO:46); Bobr, Bordetella bronchiseptica (SEQ ID
NO:47). Numbers of intervening amino acids are given in parenthesis. The
CLUSTAL X software (Higgins and Sharp, Gene 101:6427-6432 (1988)) was
25  used to generate this multiple sequence alignment.

Figure 9. Figure 9 depicts a diagram of the Laz protein from Neisseria
meningitidis and the azurin protein from Pseudomonas aeruginosa. The wording
to the left of the bar indicates the name of the protein. The wording above the bars
indicate the name of the region of the protein directly below in the bar. The

30 numbers below the bar indicate the amino acid number of the junction of the

regions of the protein.
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proteins. The wording to left of the bar indicates the name of the construct,
with plasmid and protein product indicated. The wording above the bar
indicates the region of the protein depicted directly below in the bar.
"N.Sp" indicates the 5 Neisseria gonorrhoeae signal peptide; "H.8"
indicates the H.8 region of Neisseria gonorrhoeae; "N.Azu" indicates
Neiss‘g(r)i%%%ggsro%hoeae azurin; "P.Sp" indicates the Pseudomonas
aerugimosa signal peptide; and "PAzu'indicates the P. aerd§iHEE3SHRGF
peptide. 10 DETAILED DESCRIPTION OF THE EMBODIMENTS The
present invention relates to methods and materials for delivering a cargo
compound into Eayed|! D &l pveriOckiive dargmstoepdsaveraeeoitfagoto this
invention isassnmplisbaady tie.ree vk sauiabie HRSPEH RAYReRldde-

Inone e ' he invention, t argo,compo is Jinked to the
ransport 1 sunie b ARt e R e S i,
or a fragmBHT LT AP aNrdsRised divesthyiRow = thsresaoRirSErngicasmisan”.
The tefm NeigsredgrinrhoragsigholneindecTéps toliafentynieateia ofigsedeaxin
that inglu;ée_ﬁomeaémmlwm NEI@Jeiﬁa @gmgaé%m @;@@a ﬁalt;icatesd ]
cupredoxip | ammalian cancer cell. Cargo compaoun ivered by
the preselr{lﬁtei?}\_/(é)(l—:'l%%%lgorrlI inciu C 30%5%%5 ﬁp&dﬁmalltagg’ t’gz,uzbg cgfgtteés?nhg %
lipoproteitE BB HEBRYER B2 ptides, polysaccharides, nucleic acids,
including anti-sense nucleic acids, dyes, fluorescent and radioactive tags,

micropartisiesermapeserie oG EHeMABRRkEIanic molecules,

| . [ t rugs and toxin
Small m0|eCU|%%b {elzgelgrque% IOII} I%EEQSeTI(%e]EIn (()) émedrll]tlgf%ﬁgs or d%ﬁ ering a S
kill tumor cells. In bne embodiment of the invention, the cupredoxin Is an

azurin, sUEFEALORE- A f 53k Dl irsse oltBrimaasomertrl aeresdingve-Bisurin®
refers to Vinidetipnds acgniplifrahhyPheaseuginogsh] Simidputypdingebeinm In one
"Wi-azurinerismeasan fRiees, e fa apahRf iRz Mthahipgludes
the aiying, SEGUERCS AL SIBAU B daL g, AT AN AR IR 10,2 gel.
In other embodiments of the invention, the cupredoxin IS a plastoCyanin, a
rusticyanifPEF R B SR Bas ArTiPEATSHFn e aaly 3B e fsapitRupredoxin entry
embodimérrsinfirefay torirfrisfron R seprddxiotasiadriegihosaino sequence

P S(.E udo rf\l!ﬂﬁ&&e@ﬁéﬂ@)ﬁtﬁ@ﬁﬁ%&ﬁﬁ@&e@&ﬂ ) g%@ﬁ% efhoSYHiNg @a;rgo
Neisseriameningitdes.Ve/eriadenouhioeas, e parahasmalytous
or Bordetella bronchiseptica, among others.

20  proteins, lipoproteins, pofypeptldes, peptides, polysaccharides, nucleic acids,
including anti-sense nucleic acids, dyes, fluorescent and radioactive tags,
microparticles or nanoparticles, toxins, inorganic and organic molecules, small
molecules, and drugs. In some embodiments, the drugs and toxins kill tumor cells.

- In one embodiment of the invention, the cupredoxin is an azurin, such as

25  wt-azurin from Pseudomonas aeruginosa. “Wt-azurin” refers to wild-type azurin
from P. aeruginosa. Similarly, the term “wt-azurin entry domain” refers to a
fragment of wt-azurin that includes the amino sequence that is required for the
entry of wt-azurin into a cell. In other embodiments of the invention, the
cupredoxin is a plastocyanin, a rusticyanin, or a pseudoazurin, among others. In

30  specific embodiments, the azurin is from Pseudomonas aeruginosa, Pseudomonas
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In one embodiment, a cargo compound is delivered to kill or retard cell
cycle progression in a cell, such as a cancer cell. Such a cancer cell can
be, for 5 example, an osteosarcoma cell, lung carcinoma cell, colon
carcinoma cell, lymphoma cell, leukemia cell, soft tissue sarcoma cell or
breast, liver, bladder or prostate carcinoma cell, among others. For
example, the cargo compound can be a cell cycle control protein, such as
p53; 8);3?ﬁﬂqﬁéoﬁgendent kinase inhibitor, such as p16, p21°GFFP#* 3578
suicide protein such as thymidine kinase or nitroreductase; a 10 cytokine
or other immunomodulatory protein such as interleuldn 1, interleukin 2 or
granulocyterirrchophig eadigitiyestifeistaingfachoraGlib:6 Siihamal fooin,
such as RsedeRrIANASAREPEINQSARGXIN A, among others. In other

embodiments, 3, biglogieally acive iagment afone of e Aboxe clagses
of compounds is delivered. In another e odiment, the cargo compound

is delivered 5l BREErTsMB AFatharabe A IRTEiFelorIe 147ERST § b &
examgle, thergeget titssrecoanchs Bugendemandliheloacgdeomatund can
be one cgmﬂg@m @@f&ﬁgﬁ@@@f,@tﬁt ARiBNR0Em L HIGECHRNRY, Xal@dY: or
computed to ra ,.Magnetic Resonance Jmaging (MRI) an
ultrasound ?(i%gt?#easremggnn%fc% mel ﬁ%s?%ﬁré' cé)fﬁ _Salcng Mmipo! ucﬁ%?sgj % %ur% Ma gr‘:éf’ﬁl
or positrofe¥RHARITERIRRBIoPER & AT eriréusrispiddnssagivgoacnthast
20 agent, @i, X2ilay anirasicgentinondnuliyasduidneentrasbagentse; a
ﬁume@lor@ﬁk"mr&g?m KRGS %ﬂlg@f%&ﬁ%ﬁ ﬁ%ﬂﬁﬂiﬁﬁﬁgiﬂéﬁéﬁk‘f}ﬁ
aving electron transfer properties (10- t articipate in, for
eeample, B R R it
solely boAidBYme3F SEBIBIemafIRtoAindy SRRREN SRS AR At GFAPHmeRE 2
arrangemeintogictipoatiistifiigseand onetystdinaigastigalicdsnaoouiads the
copper gi\aeﬁvei?l t@x@fyep@m e%&gﬁtf@aga ijﬁpﬁﬂaa_ ' §aefi¢%@d meiak site
an inten colo umber of cupredaxins have been
crysta Iog?gxﬁ%%ca %(3: ggfag‘g%%%ea%%ur%é%ru%a?ﬁﬁigﬁ !:aé%egf‘lfﬁlgnc %‘?’ea
cupredoxifES0rIdHS GEEhEr BRI S2hPa SRS CHRAIPY Fordtie et an image
pseudoazigrifsction g yaninempdedtZnaiud) (BTN8808ic Resonance Imaging

PCTIUS200010:38 (R8scazurio-Hke pHBLAIRSA S SR REEBIntNEA S b,
--Cupredo>§ian" i%%lsli!tges th&pro in_form without the copper atorgnggsetsent,

or On emt radioisotope, a2 magnetic.resonanc agmg ¢
as well as the copper contglnlng pr&éln. RZuring Eing

20  agent, an X-ray contrast agent, or an ultrasound contrast agent.

Cupredoxins

“Cupredoxins” are small blue copper containing proteins having electron
transfer properties (10-20 kDa) that participate in, for example, bacterial redox

25  chains or photosynthesis. The copper'ion is solely bound by the protein matrix. A

special distorted trigonal planar arrangement to two histidine and one cysteinate
ligands around the copper gives rise to very peculiar electronic properties of the
metal site and an intense blue color. A number of cupredoxins have been
crystallographically characterized at medium to high resolution. The cupredoxins

30 include the azurins, plastocyanins, rusticyanins, pseudoazurins, auracyanins and
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The azurins are copper containing proteins of 128 amino acid residues 5
which belong to the family of cupredoxins involved in electron transfer in
plants and certain bacteria. The azurins include those from P. aeruginosa
(SEQ ID NO: 1)("Wt-azurin"), A. xylosoxidans, and A. deniinfrcans.
Murphy, L. M. et al., I. Mol. Biol. 315:859-71 (2002). Although the
seqtbeg%gyoggg&logy between the azurins varies between 16&%92535/5@558
structural homology between these molecules 10 is high. All azurins have
a characteristic a-sandwich with Greek key motif and the single copper
atom is always placed at the same region of the protein. In addition,
azurins JRESEEE LS ATART Aeti-rn Ero BB BA t’eﬁ‘%’ﬁﬁ%ﬁ’fﬂtﬁﬁ the
copper shen(Wibpphheatopier. Riastespaninel b5 e plastatyanrsoaie
cupredoxins thakasg found in eukaryotic plants and cyanobacteria They

contain one mplecile. of WAL ?ng'eC g ar t%nt%n%%c ihelr,

oxidized form. They occur | oro ast, where they fanction 5%

electrbn E’Qt‘f}ile?@@lf?ééetﬁ@‘t}’ét%%ﬁ*&ﬁt?ﬁ igfofed SRR R ants
plastocyandrecitaid B8rith  stegotusdnddd gmby Scerfe despinsg (SEQ ID NO:
Enterom@j@h&&tﬂ@ﬂ%ﬂﬂ@m} amtzgemmgrm@e@m « al I
plastocygping ??19%‘?& HGEE%BQ}J@% e'tE%{ bé’ﬁg?r}( 3 ”O%ra 2\ :
in 650 utlon

methods, and the poplar struct een

SEQ ID RIS GRS IHErAhING: dbsc Eistn Rem b deroespdhire frolerise
cyari@bauteigyn Piroriv diwe s kanines sinj-Redpit Witk Geduieneetif and the

divergengg:Rppg Riastoaanpmel ateﬁeaeedegénvmwet@rmﬁ&m

62% seqyenc the as an lar
proteins), the ‘Br%%é- megsﬁegs}%gr% s%rﬁﬁ éa are onsseurr\% d(g &Go%er

rats dev?ﬁtlgﬁufﬁ%"éff‘ alpha positions between the Chlamydomonas and
Poplar proteingstiphgtidral features include a distorted tetrahedral copper
binding site at_one end of an eight-stranded antiparallel beta-barrel, a

prondunced nEAREHEHER 2Rrumsel exina A e Spme e darTatenaeand
copper sienshaytini ibey fonits ete civdrulr ansigrefpacticqdanddhe slegative

and hyd mmese%mme%ems&%ﬁé{g@ﬁ%&%%
PCT/II82905/035758 énvoltgeg nreca %n of ? cal reacthn

partners. hemlcafmoén%atlon cross KRG and s 0|re}(’:]t“(?cy‘mr1
mutageﬁéé@%fﬁéﬁﬁﬁ%‘tﬁ@%b@@?ﬁm%ﬁ ffigeromorpha, Chlamydomonas) and

plant (French bean) plastocyanins has been determined either by crystallographic
or NMR methods, and the poplar structure has been refined to 1.33 A resolution.
SEQ ID NO: 2 shows the amino acid sequence of plastocyanin from the
cyanobacterivm Phormidium laminosum.
Despite the sequence divergence among plastocyanins of algae and
25  vascular plants (e.g., 62% sequence identity between the Chlamydomonas and
poplar proteins), the three-dimensional structures are conserved (e.g., 0.76 A rms
deviation in the C alpha positions between the Chlamydomonas and Poplar
proteins). Structural features include a distorted tetrahedral copper binding site at
one end of an eight-stranded antiparallel beta-barrel, a pronounced negative patch,
30  andaflat hydrot)hobic surface. The copper site is optimized for its electron
transfer function, and the negative and hydrophobic patches are proposed to be
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importance of the negative and hydrophobic patches in binding
interactions with cytochrome f, and validated the model of two
functionally significant electron 5 transfer paths in plastocyanin. One
putative electron transfer path is relatively short (approximately 4 A) and
involves the solvent-exposed copper ligand His-87 in the hydrophobic

patch, yhiletheother is more lengthy (approximately 12-1§ &)“S%I‘? 035758
involves the nearly conserved residue Tyr-83 in the negative patch.

Redinbo et al., J. Bioenerg. Biomembr. 26(1):49-66 (1994). 10
Rusticyanins Rusticyanins are blue-copper containing single-chain
polypeptideI¥ik B FrseEioR PEPiRiReishl reactiPRPRUpSY. CFyemira odiiveior
the oxidizedsfamkingf tivksitexdirerad hnstadnbeiaurdetiigtily Dxidizifigeapredoxin
dotermineg, e ne s o e e R
etermine multiwayelen nomaloys iffraction refined to
1,9A resoﬁ%tﬁgxrrl(.) Pe’, %{ngﬁ%ﬁ%ﬁ}@%@#&éﬂ o aa{ﬁycSl :%’e e Fdwich
fold cOmpPBEEkr 8ihs dnplaghey aise (umrirE IR ORIy - Givater prikés refetively
cupredoxiheit thmotippetyid i) scicordiratecdyen-elpsiat ebfeuliaanssyed

e ) I d@ppe “
residues (g BRiGYsH3EdHISHAB MRELABAIT %ﬁigg@?@%@fg&g% 15 &)

tetrahedrglgh , V\(/)%,I;gg{h R.L. eggl[s ol

., J. . .Bigl. X . ) .
Anracyanins 1hree sma _lglue 8%"5%%?1%%? |n%s§ LERIETRYP BiFAcHatithoa,
auracyanfh® & BisrreRieeiratm 26040051988k isolated from the
thermophilic grRestigylisimy photosynthetic bacterium Chlorofexus

aurantiacus. TRk /auBR0EYRRLIRSPSRICUBIORAIGRI0 RA50a
other, butare. stine J;goq}é 2 A form, ;E!&E Sgg%%@ 25, o ecyl
sulfate-polyacrylamide gél’e ec%?*’pﬁﬁore3|shgemons?’r“§fé% ﬁﬁﬁ‘aﬁféﬁ?
monomePHBRSBLIEPIHGa bishly exididng cuppdminyustiavn frgu frjobailithe
amino acfdrgedden S Qflaliaci)dnindntiashaen Hainminedaachshoned
Protoin Sonte SR Sn (1osoy b e )
rotein e 8:947- is58, Cys123, His and Me
wre space e 04 St SR e S B ey

conservedRETRTIRGER LM Rsertinainddy espser gt paserved
plastocyarsiduendima6ritys S chintitiiystiddiaengell W DI RO06 683G,

PCT/US200R{03%. /281 RreiCHay. @@gj@_@ip@%’;hat auracyanin has a

gene{&ll beta—bg&;giyg’glr}ljlgture similar

Three smaﬂ blue copper proteins designated auracyanin A, auracyanin B 1,
and auracyanin B-2 have been isolated from the thermophilic green gliding
photosynthetic bacterium Chloroflexus aurantiacus. The two B forms have almost
identical properties to each other, but are distinct from the A form. The sodium

25  dodecyl sulfate-polyacrylamide gel electrophoresis demonstrates apparent
monomer molecular masses as 14 (A), 18 (B-2), and 22 (B-1) kDa.

The amino acid sequence of auracyanin A has been determined and showed
auracyanin A to be a polypeptide of 139 residues. (Van Dreissche ef al, Protein
Science 8:947-957 (1999). His58, Cys123, His128, and Met132 are spaced in a

30 way to be expected if they are the evolutionary conserved metal ligands as in the

known small copper proteins plastocyanin and azurin. Secondary structure
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to that of azurin from Pseudomonas aeruginosa and plastocyanin from
poplar leaves. However, auracyanin appears to have sequence
characteristics of both small copper protein sequence classes. The
overall similarity with a consensus 5 sequence of azurin is roughly the
same as that with a consensus sequence of plastocyanin, namely 30.5%.

The NdspRinalgeduence region 1-18 of auracyanin is remarkably rich.in
glycine and hydroxy amino acids. Id. See exemplary amino acid

sequence SEQ ID NO: 33 for chain A of auracyanin from Chloroflexus
aurantracus (NCBI Protein Data Bank Accession No. AAM12874). 10 The
auracyanifi ¥ Bl EE0BIAEs e AN ATR b L BEKIA P DarRLsEryatg imilar
structure &f thairefeyeni i@ Pom@hivsoloxiosaard ntisioustiatdoeppistudied.
(Bond et Bhved. MileBiohndQithaipéalt?@0kyesWyilA @ LEERIQNOIAD
add'“?”a'sl}laﬂ%gwé?%%%{naéé e malecyie %e‘é%[}éi%@%ﬁa%%tha&n% the
bacterial oupredoxin, azurin. As in other cupre oxms,tgne of the €U

ligand? 1ie8BRE: A AR ST e bENs SRRsES (L Vih A OPEBTerse 9% along
a large loslestrsrarée nasteb 3 S 7. divd 1S teifimiGrysite: gadmety dfadisgasiaed
with refergneg-e-tie-amingyasicepaaiag, betwesssthe laterdimsigands.

The cryst ' cierized Cy- hinding domain, of ayracyanin B
is probab%k?e%?e%g%g%%ﬁegggfﬁfgrﬁ%& eokg(%]’mt?fé%%?/%g %?ﬁfo membrane
by an N-tYKAT NP R RE SRS A Hentiy with
knowif tethers ihsaverahivtheirainbrangaadsdciptethaidationbtransier
proteins. fhemeunmasitheaareneasRlithe: Biorms.akes Biesaned. %ﬁond
ry

McManus,gf; g -I\QQI.Eﬁ%'LQ&?JI‘%s? %ﬁ;?%@i@ (199 ﬁ)df%egdﬁ%ign’éi

amino acid sequence SE%QF@ N 4 for chain Ao auracyanin B from
Chlorofle X8 4t Qfn ke ISR roteimisdtdearibakcesal shpedoxn.
QHQA). 28uPgetitivatsrisurelprinpsae dite Oritigaadelasfamnsityndf of the
blue-poppeIypaitaingsingiedebain JRAYPRREASS tERRARINAACIS 3.

sequenceppf @@g&é%g% ' %&@@%@mf Achr r&obacter cycloclastes is
shown in SEQ ID NO: i‘!ﬂg ?le X-ray Structure - (g% aneawglllg acﬁ&[/)sggﬂ%goazurin

shows thaF ¥ AL & iredisgdn rdio e logmphically Hstghrrrdreds low
sequencehdnsolonginsé wraennin 8se pebibins iEwsbterizd neriBdftiOside of the
2006/0885081 it acsBiaoH) 3D Ko8rminal tail that exhibits significant sequence
20  identity with known tethers in several other membrane-associated electron-transfer
proteins. The amino acid sequences of the B forms are presented in McManus et
al. (J Biol Chem. 267:6531-6540 (1992).). See exempléry amino acid sequence
SEQ ID NO: 34 for chain A of auracyanin B from Chloroflexus aurantiacus
(NCBI Protein Data Bank Accession No. 1QHQA).
25
Pseudoazurins
The pseudoazurins are a family of blue-copper containing single-chain
polypepﬁdes. The amino acid sequence of pseudoazurin obtained from
Achromobacter cycloclastes is shown in SEQ ID NO: 4. The X-ray structure
30  analysis of pseudoazurin shows that it has a similar structure to the azurins

although there is low sequence homology between these proteins. Two main
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differences exist between the overall structure of the pseudoazurins and
azurins. There is a carboxy terminus extension in the pseudoazurins,
relative to the azurins, consisting of two alpha-helices. In the mid-peptide
region azurins contain an extended loop, shortened in the pseudoazurins,
which forms a flap containing a 5 short a-helix. The only major differences
at thesgopp@dsadam site are the conformation of the MET siglerglhaist s4ads
the Met-S copper bond length, which is significantly shorter in
pseudoazurin than in azurin. Cyootoxic Activity of Cupredoxins 10
Cupredoxips.have be tudied extensively for their electron transfer
(redox) prg1 grr%flézgst?ﬁtg u'{)I ﬁ%‘fefenc%éen%wr@\%ﬁrewr%f ﬁﬁéﬁﬁﬁlgmﬁa@ﬁtﬁﬁ%
effects. THEFHre 8EHPMY EHIBH I sREiaA fBeiPEs v Friatye Sutisrigimigs.
discovery tivaistmgpfesoxihs-adisve athd hidirestith agio) eantainingdedox
protein cyieehuemmesaRkeig M&QH@E&B@@I@&&%%JBDM%?%&M&L% a

progression in J774 mouse 15 .macrophage tumor cells and in human
cance?S cefgo. g}ée?rl}é'drg}gg 3%%\7?13 06%%6%658%%59 TBPRGY BRSO their
cytotoxic SHOTAtes PEkeMiTederprisgadihe Mrithewper bogersttorhisften
exhibit a rvighcheshpedon meidoiyuto mpareehia. those containing the
copper atom, but nevertheless demonstrate significant cytotoxic activity.
In compari tq their activity in canpcer cells, cupredoxins 20 induce only
a low Ieve‘;:,;(;t)f’qémgp Rt iﬁ}ﬁ%rfﬁ"rxl’é’ﬁnal tissues of tumor-bearing
cupredoxin-tre&tERIEAaiER. Mt espetdiat eatsnditshofor theattoximdrimsdescribed
in co-pendinigxyp®pepiatent wpplicatigrwae rad i oae k050 4o Jitadk.
January e2002: ﬁﬂ@xﬂ@xﬁ?pﬂ@&@ﬁé@gﬁx?‘m%tt@ﬂt ARRlSANAN RE At
number 1911/7%9 60353fv'\|,§933'\{8é’§91%%r 4, 25 2003, These prior
applications arg)_iﬁéreby IACODOTALBa By TaTaYaR S MR AP SR AR ifdrs
now show gt tieicunpianie ek efltapkotesimsenn Eddeemesells is
related tonthecaliliyuofocuiseddidnsrenenies tapseraelidokndixample 5, the
inventors spewHhatGePEREaKISIR G ddd GRS, 'FIP&&%I&Q,' S
forms of r@l%lr&garetlcul m c&l}l sarcoma with macrophage-Ilike properties.

In 30 Examples 18-and 19, the Tventore RaE SR ACHEY SATRESFik-like
protein, tiR93 S AtRY he&PRPFARE B P etielerdlenmssikiroignifrindz, can
specificaltyteiptérabtizity. 16 W2 0640BRS00 G MhS200 6/ 032ctoBins

20 induce only a low level of apoptosis i vivo in normal tissues of tumor-bearing

cupredoxin-treated mice.

The cytotoxic activity of cupredoxins is described in co-pending U.S.
patent application serial number 10/047,710, filed January 15, 2002, and in co-
pending U.S. patent application serial number 10/720,603, filed November 24,

25 2003. These prior applications are hereby incorporated by reference.

The present inventors now show that the selective effect of cupredoxins on
cancer cells is related to the ability of cupredoxins to enter these cells. In Example
5, the inventors show that cupredoxins enter J774 cells. These cells are ascites
forms of murine reticulum cell sarcoma with macrophage-like properties. In

30 Examples 18 and 19, the inventors have shown that an azurin-like protein, the H.8

outer membrane from Neisseria, also know as Laz, can specifically enter brain
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tumor cells. In comparison, cupredoxins show an extremely reduced rate
of entry into normal cells. In one embodiment, the present invention
relates to a "complex" containing a cupredoxin, or a fragment of a
cupredoxin, linked to a "cargo compound" that is 5 to be delivered into a
cell. The cargo compound may be linked either covalently or
non-%cvnvalg‘;r}(t’%_too form the complex. Methods of preparing such a complex
are well’known to those skilled in the art. For example, if tﬁgTé%Srzd)gS/MﬂSS
compound is a protein or polypeptide, the complex can be formed as a
fusion protein. Alternatively, the cargo compound may be covalently
linked to tAEeLASHEdBAGPIRSFITD: CusPeaidn phira amesknelthaudifegtyfontry
through aitinkermabdetule, via, for example a disulfide or ester linkage.
Cupredoxin E n?Wc&%@Meﬁ@tﬂé\éﬁe@&Q ﬂx%%%ﬁtfeg s ngrtn% B containin,

transductigpudrggnain thaéallows or the 15 transport of linked cargo mt_c%
mammalian Cancarca i B Rot SR IRER IS LR s caeh e that is
discoveret? Bsaeismbiatdrehrdhsiescesrmndsed apr btdinkedamitbetuordmtly
domain, thenotipsedeaxinteniny HomapexwhichoB cilisaiesihaanitnefidinked

cargo IntQ RammAlatbeARees £olls. AN some-alaegiments, he chire
cupredoxin 0[gr.oteln can be sed tcl) facilitate the fransp_oﬁ nnE’&j cargo
selectively N0 cancar Lefisfif o 61 ar RiBBatAHsioR BN of a
cupredoxitieEtBel s qarectramepotiidedordsnly itket riberugelexiin or
some&mbauktiogintsadinent kitie doxitly SRtRL MM Bik-Cansisls A areaianiof
a cupred@qgmagggg&éqmggte;he full length wild-type protein. In some
embodiments, the cupredoxin entry domain consists more than about 10
residues, about 15 residues or about 20 residues of a cupredoxin. In 25
some ‘embseipdersErtz Bompitoxin entry domain consists of not more

than about 50 TesiduesnghoitedDresickns:asakost B iRAUAHes o Br the

cupregdoxinnip.soMei e BRatimeNs e cURIgdoNR SR domain hagat
least abochnggé%amno agl%tsée%ugnge identity, at least about 95% amino
e

acid sequence Igentity or RNB I I SRR ALTatrbrpstiedon

; ity or a
identity td! e RSFERTPIORID WY isedimerhith, fobiditatartis epiohpp brtid eatgo
"peptide, rendaiproteintiate wiedn ioiey ehangaaliyte defekiprai e yrogmof

amino acigyesiduas fzi%iﬁﬁ@lwmg&; hrﬁtld%o%gggégg)a ggscancer cells. In
PCT/QLOJSZ 05/0%53.58 . .
other embodiments, a portion of a cupredoxin can be used to transport linked

cargo into cancer cells. In some embodiments, the cupredoxin entry domain
consists of a region of a cupredoxin that is less that the full length wild-type
protein. In some embodiments, the cupredoxin entry domain consists more than
about 10 residues, about 15 residues or about 20 residues of a cupredoxin. In

25  some embodiments, the cupredoxin entry domain consists of not more than about
50 residues, about 40 residues or about 30 residues of a cupredoxin. In some
embodiments, the cupredoxin entry domain has at least ablout 90% amino acid
sequence identity, at least about 95% amino acid sequence identity or at least
about 99% amino acid sequence identity to a cupredoxin.

30 As used herein, the terms "polypeptide," "peptide,” and "protein" are used

interchangeably to refer to a polymer of amino acid residues. A “polypeptide”,
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"peptide” or "protein” may be synthesized within a cell and isolated from
other proteins and cellular components. Alternatively, a "polypeptide”,
"peptide” or "protein” may be artificially synthesized according to methods
well known to those in the art, and thus also be free of other proteins. The
terms apply to amino 5 acid polymers in which one or more amino acid
re5|d% %%Sgr&flmal chemical analogue of a correspondlggm )&15758
occurring amino acid. The terms also apply to naturally occurring amino
acid polymers. The terms "polypeptide,” "peptide,” and "protein" are also
inclusive of modifications |nclud|ng, but not limited to, glycosylation, lipid
attachmeneeRififafb P - E‘éﬂﬂ%ﬁbﬁﬂéﬂo‘ﬁ%ﬁ@lﬁﬁ%hﬂfbmalﬁ@dl@%@mes
hydroxylaporiancddERitbasydation . Alwvilithelgpipesiteideh peptide” or
polypeptidgs @i a%t @%ﬁaagw@d%éi%%&%mmﬁ@dsQ&alya?o%ﬂss
may be b an(:het:g ag%gult of u % tlon zt;mdt g/t Ef circular
(with or wi hout rarfcﬁng > gséoneera y asa resuitof posfrfnaﬁ%qgt%ﬁmmo
events, m%dﬁﬂwéﬁw@@r%&ﬂﬁ@ apBardherddsatsrgdeat Aboigtiby
human mamipglatibncwhiphndiagatuidipeeuring tial vcidirtid arnbranches

and branghescligulasealRaRidse NS RIMESERARN, ot
non- transla(%lqn natural Jrocess an V’X %ntlrel hetlc metgglt dtas well.
The Exampled deschibe 3 mathod omi d’ﬁé/ SRS kgl pited o,
aerug|nos&"’\‘/\fﬂ’éﬁ‘ﬂhHHH&%P@%W&%%@%@%%@%F@%?&%WMM
Suchia methivek Ganr2Q1atsnadne AR AtGshentily: raor eptsohather

cupredoxi QQQJ@&%QQ LedifFiiRG e Go0nsiy ¢
glutathlorgz;ﬁép %r?]sfera e mnf%%on of th zur%%%r?é%%ead% Eat both

the N- an earfﬁslna S NS IS escrl%évfh B tion

of the fusR5H{NBE: iFFIsFLAS S rmkentipste-Trasheing atfatinshedifiz aaml of such
fusions inpdéFsdinedismtdiatts BoddihHewbpmutin waspiniesn alizedio WS T

remai@edo@gmta@ﬁ' rtenraﬁ&f U?&&EH%:@%\%@& &9&1@ 994&%93 b
36-128 (SE ‘775‘91 é% zu 36- % an%b wereelnter zed
as was azﬂn %ED runcé’tlo §h¥an H’C]:él%e
azu 50-7% Q ID NO: 9) is mternahzed, the internalization of azu 36 50
(SEQ ID NO: SitisErigipysitetiibienhefot bt diRtat s of o P 5 71530
(SEQ IDNQ:-Rid @kt 30:06 GEQ fDlN Glesd L ABAD Sdaf { iaf@ R NO:
11) %m%‘“sga%&’? Tafile internalizaton indicating ghat sfficien’s
internalization 1
describe the construction of a series of glutathione S-transferase (“GST”) fusions
of wt-azurin fruncated at both the N- and the C-terminal. These examples also
describe the purification of the fusion protein products.
Example 9 shows the internalization of such fusions in J774 cells at 370C.
25  While wt-azurin was internalized, GST remained at the periphery of the cells and
was not internalized. azu 36-128 (SEQID NO: 5) and azu 36-89 (SEQ ID NO: 6)
were internalized, as was azu 36-77 (SEQ ID NO: 7). Further truncations show
that, while azu 50-77 (SEQ ID NO: 9) is internalized, the internalization of azu
36-50 (SEQ ID NO: 8) is highly inefficient. Further truncations of azu 50-77
30 (SEQID NO: 9) to azu 50-66 (SEQ ID NO: 10) and azu 67-77 (SEQ ID NO: 11)

demonstrate very little internalization, indicating that efficient internalization
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WO 2006/088508 PCTIUS2005/035758 requires not interfering with the
sequence at or about positions 66-67. From a practical standpoint, the
data support the use of amino acids 50 to 77 for efficient transport. In
some embodiments, the cupredoxin entry domain is a wt-azurin entry 5
domain. In one embodiment of the present invention, a wt-azurin entry
domajp, goniains at least amino acids 50 to 77 of wt-azuri @ % @/0%%
9). In another embodiment of the invention, the wt-azurin entry domain
contains at least amino acids 36 to 77 of wt-azurin (SEQ ID NO: 7). In
another embodiment of the invention, the wt-azurin entry domain contains
at least ity arR S BEB B BihsIasein EROPISIHIND 6657 Fanother
embodimenic-tfathandpsaintinn=th enp-azisrie: enthneanain eormainsmaidgast

amino aci 40 128 of wt-azurin (SEQ ID NO: 5) In vet another
embodiment of th% mvegtl n, the wt-azu |r1 en main contains at least
amino acids 50 1687 BENE RS f§§ﬁ5’ zﬂ”i’ KfoYfgpin entry

emboélméiﬁ‘lﬂéiﬁt%%ﬁf@?ﬁﬂéﬁ%é@?ﬂ@éﬁﬁﬁ@ﬁﬁ%@é%ﬁ%@ﬁ%@%aﬂ
amino 15 aeidsshB8léatdtiad widazoty7{SEQ RN GELD Noye). anethes:

embodimentofifhe: drxe pliaRicI BV aZHIN SRR AAMAIRAONAING Al Jeast
amino acids 5? t%%o?f Wwt- az rln SE ID NO: 42). In_another

embodim&AFHTHe I akaaR: rEdoU Y &Wgﬁﬂgnﬁ?f%ehtry
domain fré}’f?fﬁl%ﬁﬁeéﬂcﬂ}ﬁ%fh@ Qh@ﬁmoet@mgm@ﬁaﬂa@eﬁﬁdm@m@remo

embodimentsy (BEQADMNOUE)XIh Wm@@i@%@@w&mn

~ plastocyagjg, Hﬂm@&ﬁx@gﬂ%%ﬁmﬁm T IEIAI5R R0 Sﬁ%
NO: 2), ruitlcfl)(an }§ em'l;oéobacnlus ferrogxidans (SEQ O: 3)

pseudoazufin Bt T T Mo T &E@“ﬁ)@%doﬁmﬁzurm ‘
from Pse i@t AdeLmingaeidt S0 §Dofryeon GEQHR Non N dissethsr
meningitidesd&EieR dDH O3y, azd wina 2 bifrany NeISEeiaL GO NI RHI0ARE
(SEQuID N&Y; 36 AzdA.fram Mivit ﬂ@ra qmglm% (REGRNP31).

azurin from B%rd eIIa bronchlsdptlca 0O: 32), azurin from

Bordetelld Derussis (5 3 oran ﬁ#ﬁ%@ﬁ‘ﬁfﬂ HoERIBHSfidkus
aurantiac&&{SESERD N@) 428 and 34). In another embodiment of the
invention, the dupietioxinbeditiyndamainatkicamiapradoensiBmirQiacids

57 to0 89 Qf A higk¥aBiB %@H&%&U@%Mf%ﬂgﬁbﬁ bR QHRNR:38)- In

another e iment of the jnvention, the cupredoxin entr
q% Bmp ents, the cupre oXin entry domz?mm y be a fragment of plastocyanin

from the cyanobacterium Phormidium laminosum (SEQ ID NO: 2), rusticyanin
from Thiobacillus ferrooxidans (SEQ ID NO: 3); pseudoazurin from
Achromobacter cycloclastes (SEQ ID NO: 4), azurin from Pseudomonas syringae
(SEQ ID NO: 29), azurin from Neisseria meningitidis (SEQ ID NO: 30), azurin
25  from Neisseria gonnorhoeae (SEQ ID NO: 36), azurin from Vibrio
parahaemolyticus (SEQ ID NO: 31), azurin from Bordetella bronchiseptica (SEQ
ID NO: 32), azurin from Bordetella pertussis (SEQ ID NO: 43) or an auracyanin
from Chloroflexus aurantiacus (SEQ ID NQO: 33 and 34).
In another embodiment of the invention, the cupredoxin entry domain
30  contains at least amino acids 57 to 89 of auracyanin B of Chloroflexus aurantiacus

(SEQ ID NO: 38). In another embodiment of the invention, the cupredoxin entry

19



19 WO 2006/088508 PCTIUS2005/035758 domain contains at least
amino acids 50 to 77 of Bordetella pertussis (SEQ ID NO: 39). In another
embodiment of the invention, the cupredoxin entry domain contains at
least amino acids 106 to 132 of N. meningitidis (SEQ ID NO: 40). In
another embodiment of the invention, the cupredoxin entry domain

contgiis,Akisast amino acids 51-77 of Pseudomonas syrm}?%gz%%g ss
( :

(SEQ ID NO: 45). In another embodiment of the invention, the cupredoxin
entry domain contains at least amino acids 89-115 ofNeisseria
meningitidis Laz (SEQ ID NO: 40). In another embodiment of the
invention ‘SR GPREHS RteshtRGHE FOde AlehBosetria sermminGRR BSNO:
52-78 of irib pautabraenndhyticius &z inen(SE Qel Bidixdtentnddanother
embodimmmemVMQ&i&bm@m%m%m%%@f@m%%
least aming geids, s of Bowdetals hronchiseptica asuri (SEQ 10,NO:
47). Modification ot am(e;upre oxin nfryeﬂopmaln N ARoteT LB ffent
of the reSahEmvR ity 1o tefdisadmanantrynganiainin (SERIBAMHSH
modified erogeneticalipaiteited itveptiotluice-uaeianis drat detaincthaiakility to
transport RaSakaRLAMPAMISY IFQREa nEALRATRISsEX AMRIC.A# shows
that Wt-azalrjmr)'ﬁ}epan\r/j')rgJ .lggl%lir}%resid%]g“s) ifgéroguged at positions 54, 61 and
70 retains  its ability to enter UISO-Mel-3 RIS T SAoHePan e ahEnt,
the cupreBBLXATERESHSME TCEkp Rasheemplyiom sene GERTANAGE. In
sequEhceDBX XOONHBIOCT MG ES R ER MR BOLRHE XkM K KX XD

(SEQID N&:movmsgg197'%@9@@@Uﬂa%¢$q¢;%%§mglmqs§ INBsIAg: K is
lysine and Xis any amino acid See Example 17. Variants of a cupredoxin
entry domain may be synthesized by standard techniques. Derivatives

are amindgtifcadneindewretenadnarPamie compounds 25 either
directly or by niodifibetimbeiinat atisestiittioentién alagsargnamii doasid
sequencescHalaRY A RIBHUS LRI e RitRbiderigal e e native
compoung byl Qfer torm L Iespegt (o cerlain components or side
chains. Analogs m_a)% e s _tf1esp|_ze or froma diffare {ee}%’fﬂ%llé?i}“ws
origin. véPf’éﬁ?%aﬁﬁ’e/ BTG ER T SestrEdsetheransiEpRsth. f Pl deriainive
or 30 andéfebiopmiains HIsGadHieddmino acid. Variants of a cupredoxin
entry domain ineHdehes iHodReROhl BlR.10n BIRICEIIRS GRMRIESING regions
that gge SUBIAMIAIN acid sequence DOXXXKDXXYXKXXD (SEQ ID NO: 35) or
DGXXXXDXXYXKXXD (SEQ ID NO: 48) where D is aspartic acid, G is
glycine, Y is tyrosine, K is lysine and X is any amino acid. See Example 17.
Variants of a cupredoxin entry domain may be synthesized by standard
techniques. Derivatives are amino acid sequences formed from native compounds
25 either directly or by modification or partial substitution. Analogs are amino acid
sequences that have a structure similar, but not identical, to the native compound
but differ from it in respect to certain components or side chains.” Analogs may be
synthesized or from a different evolutionary origin.
Variants may be full length or other than full length, if the derivative or
30  analog contains a modified amino acid. Variants of a cupredoxin entry domain

include, but are not limited to, molecules comprising regions that are substantially
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20 WO 2006/088508 PCT/US20051035758 homologous to the
cupredoxin entry domain by at least about 65%,70%,75%, 85%, 90%,
95%, 98%, or 99% identity over an amino acid sequence of identical size
or when compared to an aligned sequence in which the alignment is
performed by a homology algorithm. 5 The term "percent (%) amino acid

sequ%%ogﬁdggt?y" between a cupredoxin entry domain arg;ic%gﬁn allggggs

sequence is defined as the percentage of amino acid residues in a
cupredoxin entry domain that are identical with amino acid residues in a
candidate sequence when the two sequences are aligned. To determine

% aminoREEIIERHiRyhIHGAERE Y damih Brrhlser rhaeceSe s P are
introduce @3, 200 Ghlevé%he PaEitaihg SesaquEnceidleqtity-contandative

substitutiaps @r@r@%oﬁgﬁ&w@m%@&@%ﬁ@ﬁ REAHBRGEIARANLY. Amino
acid sequeng) d%nrq?ent }F %% es to determine percent |dent|ty are
e art.

well kno K " Often publicly available computer
software such 5&6@%%&3@%3% REUeBPANHSHEN] PR RIRS TR xin
software isnsdaintinatidn pefiticeapaue nokgsndbadhearantipooaitdno acid

sequencegskRsaHaRRH.dhe: %/ﬁt@mm&ﬂ% SRAHERGEwHERTIY oA ghven

amino acwl seac%gl%n‘ce A to, W tge mg}amst a |ven am%no acid sequence

B (which can alternat O%e Rrased SOSGRER AIRIRG deitFsERnttce A

a gen
that has d‘fm&%‘ﬁi‘l?é%“ﬁ’@é%ﬁ?ﬁe%réﬂlf%da@@%@qﬁéﬂ%@ﬁmwﬁwuwdhp or
against adiventemmnonacith segeen tidb)ycamdbe aptculatedias 20n%0

amino acidsRANERSRINR IR a AR, vmzsmeqagn %;sxegtf amino

acid reS|duesGIscorec(!1 §s identical at(:hes 33/ se uence a nment
10, de

program's or ﬁlgf;g)rlthm 'S aligr r?f%eé% ST R & 1905 phE i fhe art.

number of B RYBHSR; W?%Bﬁ%@%%sqﬁﬁ@ Félﬁg%hfﬂ#‘eﬁ?nﬁéﬁ&“’&& AddRihce
A is not egiddgmigh @OEAGTARN safivime iacd sedige pgaid sthedeamino acid

sequence Idenmé@mntoaﬁd\@eliu&%m@@m&i ¥ 3ming.acld Sgauence
identity of B A Chan%(ﬂas can, be intro uce to acg é)redoxm entry

den agiven d s
domain that ifcur 30 alterations i the amino aCuﬁ Shuéet Weam
cupre doﬁ?ﬂ%ﬁm GRfdEgafively be phrased as a given amino acid sequence A
that has or comprises a certain % amino acid sequence identity to, with, or against

a given amino acid sequence B) can be calculated as:
20 % amino acid sequence identity = X/Y . 100
where
X is the number of amino acid residues scored as identical matches by the
sequence alignment program’s or algorithm’s alignment of A and B
and
25 Y is the total number of amino acid residues in B.
If the length of amino acid sequence A is not equal to the length of amino
acid sequence B, the % amino acid sequence identity of A to B will not equal the
% amino acid sequence identity of B to A.
Changes can be introduced into a cupredoxin entry domain that incur
30  alterations in the amino acid sequences of the cupredoxin entry domain that do

nullify the ability of the cupredoxin entry domain to transport a cargo compound
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nullify the ability of the cupredoxin entry domain to transport a cargo
compound 21 Wt) 2006/088508 PCT1US2005/035758 into a cell. A
"non-essential" amino acid residue is a residue that can be altered from
the sequence of the cupredoxin entry domain without nullifying its ability to
transport a cargo compound into a cell, whereas an "essential" amino acid
resid%% Zig,% r%%%rsed f_or _such activity. 5 Amino acids for whi_gg US2005/035758
"conservative" substitutions can be made are well known in the art.
Useful conservative substitutions are shown in Table 1, "Preferred
substitutions.” Conservative substitutions whereby an amino acid of one
class is reftacstiwitnarstisatieh e eideidirdssaprieus| heschalbovitlsipdthe
scope of thenirtrentoncsofitaguasdhensubstitutitrvines notiimgity b6ty o
activity of 4o gegg@qsﬁgﬁﬁmﬁ%ggm%eémﬁ ¥ehanaeshaksessbdn
altered cupgedu%lc{'ufoentrﬁ;] omain activity are contemplated as part of the

invention sfoﬁ%ng as SUC aCtz‘a?’c‘:‘i%/\'/ity is appreciable. Table 1 Preferred

substifutions OrgHiarFssiGuBbickerapsieirptisehatistifns Pithe mads are well
substitutidmswA ia tharV/ dlsdiie agdteridal g stRibassuGhawAsnThys 1Asn (N)
G (5) A A G (b A A e ety R SRS

u S . Io, a . nis | SN, n, S, AIrg Arg lie
() Leu, Vgﬁe%% 17&%1%5% ev,ntgeaﬁo%é ASUG ﬁcég_L(% VNG AN 8%&%%@%%& ,
Met, Ala, fqePePhile Eygn(]@) RAGuEBrThorshsiitpgon does not nullify the activity of

10 the cupredoxin entry domain. Such exchanges that result in altered cupredoxin
entry domain activity are contemplated as part of the invention so long as such

activity is appreciable.

Table1 Preferred substitutions

. . . e Preferred
Original residue Exemplary substitutions substitutions
Ala (A) Val, Ley, Ile Val
Arg (R) Lys, Gin, Asn Lys
Asn (N) Gln, His, Lys, Arg Gln
Asp (D) Glu Ghu
Cys (O) Ser Ser
Gln (Q) Asn Asn
Glu (E) Asp Asp
Gly (G) Pro, Ala Ala
His (H) Asn, Gln, Lys, Arg Arg
Leu, Val, Met, Ala, Phe,

lle O Norleucine Leu
Leu (L) Norleucine, II;:ﬁ;’al, Met, Ala, Tle
Lys (K) Arg, Gln, Asn Arg
Met (M) Leu, Phe, [le Leu
Phe (F) Leu, Val, Ile, Ala, Tyr Leu
Pro () Ala Ala
Ser (S) Thr Thr
Thr (T) Ser Ser
Trp (W) Tyr, Phe Tyr
Tyr (Y) Trp, Phe, Thr, Ser Phe

Ile, Leu, Met, Phe, Ala,

Val (V) Norleucine Leu
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Met (M) Leu, Phe, He Len Phe (F) Len, Val, He, Ala, Tyr Leu Pro (P) Ala
Ala Ser (S) Tiff Thr Thr(T) Ser Set Trp (W) Tyr, Phe Tyr Tyr (Y) Trp,
Phe, Thr, Ser Phe Val (V) lle, Leu, Met, Phe, Ala, Lou Norleucine 22 WO
2006!088508 PCT/uS20051035758 "Non-conservative" substitutions that
affect (1) the structure of the polypeptide backbone, such as a R-sheet or
a-helj ation, (2) the charge, (3) hydrophobicity, h

of th(kak(; g?ﬁg@%%l{ﬁﬁ of the fa?get site can modify 5 the cupred%ﬁéﬁﬁ%ﬁpﬂ%
domain function. Residues are divided into groups based on common
side-chain properties as denoted in Table 2. Non-conservative
substitutions entail exchanging a member of one of these classes for
another class.“Noresaseretivestiulist thiiarmscy(nahe bywanr-astine acid of

one classdspsppiaseehniinaRatner amina.acideladifiersntsjassdall.
within thgﬁﬁo e.of the 10 |S\t/h%%ﬂ(noistgelgigg s the substitution does not

nullify the activi hoc.)fcf.‘ﬁéocr:lgﬁ redoxin’ entry ?ﬁ%{?&%ﬁtﬁgﬁg{}@&ﬁ(hm
resulfin REPEBCHBreabsHTeB Rerfpachwignears dbitehiaetabasdrof
the inventimmsositAgaiispeipehiacl vityois appige mhipn-cbakie2wAmino acid

classes Q&%@&mié_}{_@a@%&@%‘g@HQQ&E%N%'%&Q@@ML%&&'&%@{ clad
lle neutral hy%gfeplllc Cys, S%gﬁThr acidic Asp, Glu basic Asn, GlIn, His,

Lys, Arg disrupt cRaim Gy Bro T ESRFOYRTSTof amino acid of ons class is
replaced with another amino acid of a different class fall within the scope of the

10 invention so long as the substitution does not nullify the activity of the cupredoxin
entry domain. Such exchanges that result in altered cupredoxin domain activity

are contemplated as part of the invention so long as such activity is appreciable.

Table2 Amino acid classes
Class Amino acids
Norleucine, Met, Ala, Val, Leu,

hydrophobic
Ile
neutral hydrophilic Cys, Ser, Thr
acidic Asp, Glu
basic. Asn, Gln, His, Lys, Arg
disrupt chain
. Gly, Pro
conformation
aromatic ' Trp, Tyr, Phe
15 In another embodiment, the variants of a cupredoxin entry domain have a

significant structural similarity to P. aeruginosa azurin residues 50-77. Examples
of studies that determine significant structural homology between cupredoxins and
other proteins include Toth et al. (Developmental Cell 1:82-92 (2001)).
Specifically, significant structural homology between a variant of the cupredoxin
20 entry domain apd P. aeruginosa azurin residues 5077 is determined by using the

VAST algorithm (Gibrat et al., Curr Opin Struct Biol 6:377-385 (1996); Madej er
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aromatic Trp, Tyr, The 15 In another embodiment, the variants of a
cupredoxin entry domain have a significant structural similarity to P.
aeruginosa azurin residues 50-77. Examples of studies that determine
significant structural homology between cupredoxins and other proteins
include Toth et al. (Developmental Cell 1:82-92 (2001)). Specifically,
significanb@issosural homology between a variant of the cupreae s 2ss
entry domain and P. aeruginosa azurin residues 50-77 is determined by
using the VAST algorithm (Gibrat et al., Curr Opin Struct Biol 6:377-385
(1996); MadebelnA3 56 29Q6/08850 Jproteins
23:356-3590 (1995)) In s eglflﬁﬁmb%ig%%§fﬁ9§%£%% f@%ﬁ hom a
structural COMPANSON OF & VABNE of RS 2 sy EopasAre B R M P
aeruginoS& 87 raddeRdiIs G077 is lrssthaneho et 6tiic0thde soth £07,about
101, or |dss frantaidof. 10'uter etbedipmbpdiments ssigniioaoryctural

homajogyerhdapiwaen: 3R A gg@&&n@ REeARXineYy.domain and P.
aeruginoga (?.ZU;H‘I,]gESI uget % can e determined by usmagzutl% DALI

algorithm (HoIm & Bidine s A5 pleariigdHyim & Spdesfic
embodinfef, §ivk ?ﬁﬁcﬂ%%’éﬁﬁ?%r Iy spreifimisebstivents sieddmip arison fis at
least aboutBvbseatrlenst ahoptizod)isar Bisedsit abk 1D 800 Madifications
to the cupyeeoxin entry domain can be made using methods known in the
art sych as o otlde mediated (site-directed) mutagenesis, alanine
scanfréun dlg@gfﬁ GEKSHR 5%"5‘86&% CRB R SR s s ipe mpfpds

mutagenesr
Bioche “?3’7%" ?“(&%6‘) Olzg@nmleah#@ﬁmed\ﬂ@m@@s@hmymhms,

154:329 #0inEl087))s.cas PERnMI RGeS €SS eekIGH QR SRR .,
mutagems&m%ﬁetﬁ@@eﬁ&&%é&?mm dofg‘ﬂz'érk%""”

techniqu 65553 be Qerfgrmeecglson the cloned DNA uce a cupredoxin

ent domair Varant AR LaTg S IoR F8?1°nﬂﬁl%e8ﬁﬂ%@/§%‘66 fnGEhtry
omainsthifth? %%ﬁ?é?%‘?ﬂ%?ﬁ?}?y’%eﬂh@ﬂ@ﬁsm benprfentsdiondrtriogdmains
may be Sphitiesigddelnyumethxidsnthatoarenwathinowedacithe.antifsrther,

protein m&l@&uﬂ@gmg rewile \/ tey, 20
domalns % thrgsatg/cli &%%%;h ﬁ%ﬁ%ﬂ%ﬁﬁﬁ the art.
Ing

Nucleic Ac |ds e ?Ilwne ErisGiiaiara sel dempiax of
a Cupr nFEﬁ]FF&’ PoRmmRrkike o Gikyo-Qorapmunredoxin entry

20  domains may be synthesized by methods that are well known in the art.

Nucleic Acids Coding for a the Cupredoxin Entry Domain and Complex of a
Cupredoxin Entry Domain Linked to a Cargo Compound
In another aspect, the present invention provides a nucleic acid molecule

25 encoding a fusion protein comprising a cupredoxin entry domain linked to a cargo

compound, where the cargo compound is a protein or peptide. The nucleic acid

molecule according to the invention can be prepared by a combination of known

techniques in the art. For instance, nucleic acid sequences for the cupredoxin

entry domain and the cargo compound can individually be prepared by chemical
30 synthesis or cloning. The nucleic acid sequences are then ligated in order with a

ligase to give a nucleic acid molecule of interest.
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In another aspect, the present invention provides a nucleic acid molecule
25 encoding a fusion protein comprising a cupredoxin entry domain linked
to a cargo compound, where the cargo compound is a protein or peptide.
The nucleic acid molecule according to the invention can be prepared by
a combination of known techniques in the art. For instance, nucleic acid

sequeonaasdedsthe cupredoxin entry domain and the cargope@ragisRes&an
individually be prepared by chemical 30 synthesis or cloning. The nucleic
acid sequences are then ligated in order with a ligase to give a nucleic
acid molecule of interest. 24 WO 2006/088508 PCTIUS2005/035758

Methods of Dellverlnq a Cargo Compound using a Cupredoxin Entry
Domain (YO VARSI FEREASCHER Crupenred srasm GhnyedytiaBatoBranain

through mamni@ii$h cell "vemlrainies-dehghauias proteincargastearouNds
inside 5 sushicalsnInELsl Jem@xtaﬁés Qmﬁ!ﬁ}y Srbéfﬁ‘ cggo cgrﬁ&)%né?ngg 02).
For egar‘rggég,cggh%&ggfnlqeir}c& éhmln% carg é 5 }gs 47-57)

segment of HIV Tat protein allows transp ort rﬁ’§?ﬁt‘8ple 2
mammal %‘ﬁ%‘gﬁg"%&%&rf@% eeid gymdpo ﬁ%ﬁﬁ?@éﬂgﬂfﬂ of BEYIlpgEotein
(2000). SYhtrctivsentiyf dopeaiosith atsiengtiienche sdphazbhalicadepntent
and optimizaisitzipiee0ens-of amwiyingHesiduas, aveResn 1 9.shqwn to

have en tential a roteln ran sduction. domains, He et al.
Cancer %Z%g%%ﬁg i }2*’8%%‘% con ae??%%‘ﬁ ) AT by st

argitihe P@E?Eif?é’al’te@“{’ﬁ’éﬁ@f%nfi@I?éPé’éF%E?ﬁ@th@ﬁédﬂ@ﬁﬁ@nHerﬁhet al.
present ikyenatiBes; 04 (Aete dh emtpdsodjfferentiinery thatohthed at

protein. meawmmw@%a@m%mm%%hﬁfchsﬁe%é!é%ﬁv‘é%n‘?%%'”
fragmentg, Jr?dé@?reﬁ@? itay ? gﬁ?ﬁ%&t ff?hcef 90 compound into a cell.
e

Such fragments may be termln yan 44 that identifies those

fragments reqifed %Pté%Wﬂ’?tB‘%?m@éfFe?ﬁhéH? slibpspraprrdeia feagpratioxin
fragnfentis frskidctthoentade capbstanoedand actissparfapmek teay be

- determingteireitiesythe slpraUoXIfARGMERL SR ChlkSUCRIPEIQdS

may be Suita ég ;r nts of tf; upredoxins 20
dlscussédg:;%g%gg%%%%%ésgg %gl?nn Ae o th ?"S(regs,%ﬁﬂ?‘f{?gﬁﬂmnfﬁe

cargo cofpblHETEomed dndrraine shphetibx ﬁﬁlpéfiﬁe}‘fla%aaﬁerﬁ prieesmcpll.
aerugino3s SERJIDRIDe 1 otidentifyintaydsinoyaninmptacxins
cyanobadgitesisst f8hermidium laminosum (SEQ ID
In various embodiments of the present invention, the cargo compound is
attached to a cupredoxin, such as azurin from P, aeruginosa (SEQ ID NO:; 1)(*wt-
azurin”); plastocyanin from the cyanobacterium Phormidium laminosum (SEQID
NO: 2); rusticyanin from Thiobacillus feﬁooxz’dans (SEQIDNO: 3); or
25  pseudoazurin from Achromobacter cycloclastes (SEQ ID NO: 4), azurins from
Pseudomonas syringa (SEQ ID NO: 29), Neisseria meningitidis (SEQ ID NO: 30),
Vibrio parahaemolyticus (SEQ ID NO: 31), Bordetella bronchiseptica (SEQ ID
NO: 32), auracyanin A and B from Chloroflexus aurantiacus (SEQID NO. 33 and
34) or Neisseria gonorrhoeae (SEQ ID NO. 36), among other azurin and azurin-
30 like proteins. In other embodiments, the cargo is linked to a cupredoxin eniry

domain.
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NO: 2); rusticyanin from Thiobacillus ferrooxidans (SEQ ID NO: 3); or 25
pseudoazurin from Achromobacter cycloclastes (SEQ ID NO: 4), azurins
from Pseudomanas syringa (SEQ ID NO: 29), Neisseria meningitidiv

(SEQ ID NO: 30), Vibrio parahaemolyfcus (SEQ ID NO: 31), Bordetella
bronchiseptica (SEQ ID NO: 32), auracyanin A and B from Chloroflexus

auransiacos/(Sk® 1D NO.33 and 34) or Neisseria gonoirhogaguésdidss
NO. 36), among other azurin and azurin 30 like proteins. In other
embodiments, the cargo is linked to a cupredoxin entry domain. 25 WO

20061088508 P T1LS2005HA35T5F, 1 Yarioys embodments of the

present inventjon, a cupredoxin entry domam delivers aeargs ¢8fpound

into a cell VRS ERTAVETSH PRSP sl o dehiery inayobdor
achieved wfapitrs. Bgiieeicliney ke edhinpiéinofia buptdispxmmphiryrdemaidand a

cargo Comeppyahie tee -l WarsposHeh a3 m&m@ﬁlas 2 Alfsinatively,

delivegy may. he.aghigyed ex vivo by addin toa sample
removed from a a%]lent ample. blod aQJ“ %ﬁoe &, and

returning ﬁ%‘@%ﬁég?é’ﬁeggﬂﬁ‘b?é’%e’ﬁﬁ@ﬁﬁﬁé?ﬂe @@WW%&?W@GH@VM
by administiisribofrerted sampp extieipadty. tDdipatiant Ahamethoesyof the
presenth|@&eﬂﬁmlmaymmg;f&fe&@&3@§ml& mgggyg%ggl&tgéw%tlc or
researc 0 unds deliver the present
invention %rll(%:%iigg %ggf‘? %?Sg%rr%ot lg"fop r%‘?cﬁgfﬁ% li?%‘g o‘i@ﬁ%seamh

po|yp8pt.&gg’%épﬁaé%cwvglgééﬂaﬁﬁw ey ETRlgn Elchiagput are
anti-sens@iicitit ta oidisindyleoprtiirg palyieiesie) ppatapaiticlasaiaxns,
organic aactioiganiscmMmgeiesnsRAHARCURS, ﬁﬁgpg%% 015 In one

embodimgnt, 4 gg:ggg%e substar(}ce for.ex cplll
substance, such as green‘:’ﬂga’[onrceaé]centrﬁrofel%l{en ur’mnes’é‘é’r? Su So%’f‘gnce
an enzyméu ¥uch as P-galactosidase; or a radiolabelled or biotinylated

proteif is delivErewt tbedimbat, a dettadiriblidspinen atyyenipia colb:Siailarly,
mlcropi’irtiﬁlﬁﬁrﬁﬁ aan @p@é&@iﬁféd@&&'ﬁf&%@ ﬁzﬁﬁé&%ﬁ?ﬂ%&ﬁ&s%%‘i{xﬁgr
example, bstance vered. One exam
suitable nsgfwﬂog% rticl gtggll(s?a ltéoun llfg QB%:? rzﬂ %‘?Q@f Bt |s§d§?:feﬁ/lt§y 7,
2002, wheR5 HErEBY s P@?@E}?ﬁéﬁ%bcﬁl&ﬁ&&ﬁbyll?@t@mﬂ%@rmmbh
detectablb‘@@émmbld@nbmmm@mw kefluinetb@tatibstance, can be

20 delivered. One example of suitable nanoparticles is found in U.S. Pat. No.
6,383,500, issued May 7, 2002, which is hereby expressly incorporated by
reference. Many such detectable substances are known to those skilled in the art.

In some embodiments, the cargo compound is a detectable substance that is
suitable for X-ray computed tomography, magnetic resonance imaging, ultrasound

25  imaging or radionuclide scintigréphy. In these embodiments, the cargo compound
is administered to the patient for purposes of diagnosis. A contrast agent is
administered as a cargo compound to erthance the image obtained by X-ray CT,
MRI and ultrasound. The administration of a radionuclide cargo compound that is
targeted to tumor tissue via the cupredoxin entry domain can be used for

30 radionuclide scinitigraphy. In some embodiments, the cupredoxin entry domain

may contain the radionucleotide with or without a cargo compound. In other
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In some embodiments, the cargo compound is a detectable.substance
that is suitable for X-ray computed tomography, magnetic resonance
imaging, ultrasound 25 imaging or radionuclide scintigraphy. In these
embodiments, the cargo compound is administered to the patient for
purposes of diagnosis. A contrast agent is administered as a cargo

compyngdesgpance the image obtained by X-ray CT, MM-aideos/o3s7ss
ultrasound. The administration of a radionuclide cargo compound that is

targeted to tumor tissue via the cupredoxin entry domain can be used for
30 radionlégllti)gl‘? scinitigraphy. In some embodiments, the cupredoxin entry

domain may contain the Tadionuiciean a8 RitA8Y RRVERLCEA SR
compounPHABIPRSr 22BEMEY ZOSHIVESENS POTE 3820851083 P8rast
embodimegis, the clrgonabivgaasigdets.a gamma ray or positron emitting
radioisotope, aymageliGHRQIESIMAY RSCONEALH @&%&nﬁ?iﬁ&iﬂ?@( but

contrast agent,.ot.an ultrasound contrast agent. Ultrasound contras
agen?ss,S suﬁ%ﬁ?tel%lrt%é% %%ggrgé%%%OOrgap%%ﬁ%%%fﬁ% SR B fmited
to, a micrSBlEREEfasHieedinpatisrerysias anlititdad bnkiog rmeidvalsbefactant
microsphérepdgathendetinpnaing ait-cpiion atdinki behexQigkicin iRl vean

the targeting:aietRsand e RiceRuRAl.AnbIS s iesh . R puid
C

carrier means agqueaqus oléjtion,atn thei term surfactant means an
amphiphilic matenar wiich produtaed? satietis e radisifeh&ss in a
solutin. Anferstsidonniog ercfrnst rinestbrdoindimipsdrinBPamT225A2,
microsphéses ixglisgjosetpinakP O RE220A T he et R i exRRE §8bsphere

incorporatedfy £RIRERNEE eI M SHEaGARL Mic r?r?m%&n;!!l}gélfé%%sm

nanosph%reesl, QPQEST?S;, vesicles a dcthe like. The biocompatible gas can
be air, or a fliorcarbon, such as*a C3-as PeprabrBRIRERE PRrifeh e
provides tHEHRfRSrRogRIcEY: RyEYH thacentastini e wd imeaitdn Titmsound
imagifig. Thegksioibenedpstiatticapeenianad i hensitosphesaio
which is afiachedithepesRIEIeXItSRL Y- ApMAID.QRliana . via.8 lnking

group. Tngatg h\%ﬁc%agl?g cov%lent lonic or by van der Waais forces.

Specific examples Of Such contrast Recilis X amRieRl SRR 8t ted
perfluorofSpis HEihrrreps Htrbmseregarhors mih eabeaistafemeeeptor binding
peptides npokspeptidesgropbiptig Rimakomeptday: gepliastagents
suitajle for usg.ag 6HAS CRMPQLAAS dRlde. by @;spoqg%"&misﬁe i3 one

or more )2 AR0RING LAY 2Igme Sl RIgm'e Humber

ing or "heavy" atoms of atomic number
20 or greater, further comprising an optional linking moiety, L,, between the
cupredoxin entry domain and the X-ray absorbing atoms. The frequently used
heavy atom in X-ray contrast agents is iodine. Recently, X-ray contrast agenis

25  comprised of metal chelates (e.g.,U.S. Pat. No. 5,417,959) and polychelates
comprised of a plurality of metal ions (e.g., U.S. Pat. No. 5,679,810) have been
disclosed. More recently, multinuclear cluster complexes have been disclosed as
X-ray contrast agents (e.g., U.S. Pat. No. 5,804,161, PCT WO091/ 14460, and PCT
WO 92/17215).

30 MRI contrast agents suitable for use as cargo compounds include, but are

not limited to, one or more paramagnetic metal ions, further comprising an
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20 or greater, further comprising an optional linking moiety, L. between the
cupredoxin entry domain and the X-ray absorbing atoms. The frequently
used heavy atom in X-ray contrast agents is iodine. Recently, X-ray
contrast agents 25 comprised of metal chelates (e.g.,U.S. Pat. No.
5,417,959) and polychelates comprised of a plurality of metal ions (e.g.,
U.S. RatobiasifR 79,810) have been disclosed. More recentVyusa00s/0357ss
multinuclear cluster complexes have been disclosed as X-ray contrast
agents (e.g., U.S. Pat. No. 5,804,161, PCT W091/14460, and PCT WO
92/17215), 30 MRI contrast agents suitable for use as cargo compounds
include, bﬁ%gg?é\{l ﬁg Iﬁ?ée?i‘/%?’%ﬁt‘é’%? eocr‘é’rﬁ‘é%%ﬁéﬁ‘é‘a?‘ﬁé’t’é%ns,
further cofiFeRgame? inre TouBresssol PaTligs 2005/0857 B8 faptianal
linking mavets} chmplostwve exntihedide preidexinsntryt. desin 20 the
paramagnetio, MEtaliRns ol heiRakam ' | iops are present in the
form of %Lc%mglexes Ba?r%et% o%g?gj%i?%%%%sﬁf%%? rﬁ%ﬁ% Sz?r use in
5,412,148, and b 760 101, desaby axhipled SriadiatsrdTgt L. and US.
paramaghétit inetal iBHsdrsrriveaxpmpiamRickohtiadt sgtinfe: ddnBleRas e
5,801,22 &4 8e Pratmbdoctis, m6id) 4k Foranelid MBI ﬁﬁ&aﬂ%sﬁ@&.ﬂ:SY%’No.

describe gxainpleg.af- e A | far s(Ii >(<)i m%reet‘pan ne
paramagri})%g%net%g p{ﬁ{éﬁ?{%ﬁ%@hﬂ ?gc%r%%rag%%)egts.p%?g P& R

5,520,904, describes par??@ﬁfﬁ%@gﬁlg%positions comprised of paramagnetic
metal’ions for&Rodengmtrdimemiaseagtetspaiad is drivtinerekibodimdrilia
cargo comysbprgrssitelivered, ditsarcindareiceludyrienRogessindp a

cell, sucheampisancassatonhie], 1GANRESEILEAN RS, [9r;, example, an
osteosar cellbﬁu g%(carcm m%qell, colon carcinoma celﬁ, ﬁym homa
|

cell, leukémia cell, s’% SOUSSarEE IR ETomp FEL &t brivash lisracndes pr
prostate BEFENGHERR cPbriekarmmie, thowssgorumgouris earil bela cell
cycléil5 ewiiohproteinhss obs ascpid;dpeidin depenRem:KiRass Jnfipitor,
such as prbfr adiicRt BR% AR aieaUCy Adimdne Kngee o
pltroredq%%;s%ng cg&ol&m or other immunomodulatory prot€in uch as
interleukin 1, interleukin % FPETEREIRETRSESph RE e Ay stimulating
factor (GREESHT-Brg eheer, cslnsh smubtes femcAMLCSE Lginosa, exdtexin
A. In othéreasinodinrentsradiniogicallynetive20haementohooaPidhe
above classesmfreaaPangs i HelveF &Q‘Apounds is delivered.

In yet another embodiment, the cargo compound is a nucleic acid coding
for one of the above classes of compounds. In yet another embodiment, the cargo
compound is a drug used to treat cancer. Such drugs include, for example, 5-
fluorouracil; Interferon a Methotrexate; Tamoxifen; and Vincrinstine. The above

25 examples are provided for illustration only, many other such compounds are
known to those skilled in the art.

Cargo compounds suitable for treating cancer include, but not limited to,
alkylating agents such as nitrogen mustards, alkyl sulfonates, nitrosoureas,
ethylenimines, and triazenes; antimetabolites such as folate antagonists, purine

30  analogues, and pyrimidine analogues; antibiotics such as anthracyclines,

bleomycins, mitomycin, dactinomycin, and plicamyecin; enzymes such as L~
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In yet another embodiment, the cargo compound is a nucleic acid coding
for one of the above classes of compounds. In yet another embodiment,
the cargo compound is a drug used to treat cancer. Such drugs include,
for example, 5- fluorouracil; Interferon a; Methotrexate; Tamoxifen; and
Vincrinstine. The above 25 examples are provided for illustration only,
manygthedgesl compounds are known to those skilled inpdhe;abhsfoRrs0
compounds suitable for treating cancer include, but not limited to,
alkylating agents such as nitrogen mustards, alkyl sulfonates,
nltrosoureas etr;yl énml Sy2n r| zene batntl aﬁollt es such as folate
antagonists, purlne falogues: and seyrlmll fwé ARG UaLP S AR S
such as dﬁ?fh‘&lf%fl Helsta- H}%W%F?éd grEiRse e Akl agengs such
plicamyciss; gwryeriesidiicirasnt/ardi8s W £on2 080G BBEABandrogens, progestins,

PCT/CS2Q0 Mgﬂ@oméﬁmgﬁomiﬁ@@'Mé%%ﬁé%éé‘?e
|nh|b|t50rs redu tase nhlbﬂtor inhib to rs

0
17.beta. ﬁjf/dr(lt)ggl%'glr%? %féﬁenclﬁ’gucenagge Jpe r’%ﬁﬁﬁlﬁﬁjé‘ﬁ% such as
qucocorﬁ’EBY&E@s‘ﬁ’é@éﬁ%ﬁ%@ﬁW@@ﬁ&s %Eﬁ%l?é)@éﬁ@ﬁaf@e‘ arrrpgeonditaxel
progestlrﬁmﬁ@ldm@ﬁammwﬂ&amg@éﬂmmﬁmﬁg@ﬁuﬁﬁ
octreotidg,a&atale A Rl G isHRIRERY %%cﬁuﬁllhaeé QEE IR 010d NS

or thelranalogosglr}d derivatives; |crotubule |I|Z|n agents suc

taxanes, for exgr%p?e paciiaxel TaRo T %I féfel"fﬂ%‘t‘&?@‘rm) and
theirAnalBgEe B SrbRisatiErPars AatRI TS S ared. their
analogs; planbdéryetbpreducisctbianivensatatiabomdination complexes

epupodo@mﬂlmmtmmgﬂmdmmmgm@mmm@&gﬁ@y' protein

10 transfer O%énhl iscellaneous agents such as hydroxyurea,
procarbaZing. mito ane examéltchyfnﬁ%résrenﬂ?e ST RO S5 Ao ‘
complexé’gd‘é}ﬁ*é’ﬁS é%d&%ﬂﬁﬁ??‘aﬁﬁﬂb%%oplatm and other agents used as
anti-Bancer areroytottiviceagenisos tiek: anskioldgitiadareapansgdneidifiers,

growth fagé%%&mu@&n%%@lﬂl@é@[%%ﬁ%ﬁl@%@éﬂb@ﬁg'es 15
Represeptq(‘gl\ﬁ% eﬁamn}igleﬁl 021; nt1 e ﬁses &f %% ﬁagu ﬁl\#and cytotoxm
ih

agents include But are not limiea’to ore
cyclophd%%t@%r%%%@%&#%m@mwan
carmustthiodermios trrecagpotist) Miedsthpt @zaeinith i, dasasaazine,

methptrexsfourathicaiamng MesaaapUHRstgaaRIRe P BRIASIALIN.
cladribin uﬁggar ine

omy¢in C, actinomycin D, safracins, saframycins, quinocarcins,

discodermolides, vincristine, vinblastine, vinorelbine tartrate, etoposide, etoposide
phosphate, teniposide, paclitaxel, tamoxifen, estramustine, estramustine phosphate
sodium, flutamide, buserelin, leuprolide, pteridines, diyneses, levamisole, aflacon,
25 interferon, interleukins, aldesleukin, filgrastim, sargramostim, rituximab, BCG,
tretinoin, irinotecan hydrochloride, betamethosone, gemcitabine hydrochloride,
altretamine, and topoteca and any analogs or derivatives thereof,
Preferred members of these classes include, but are not limited to,
paclitaxel, cisplatin, carboplatin, doxorubicin, carminomycin, daunorubicin,
30  aminopterin, methotrexate, methopterin, mitomycin C, ecteinascidin 743, or

pofiromyein, 5-fluorouracil, 6-mercaptopurine, gemcitabine, cytosine arabinoside,
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20 fluorouracil, doxorubicin hydrochloride, daunorubicin, idarubicin,
bleomycin sulfate, mitomycin C, actinomycin D, safracins, saframycins,
quinocarcins, discodermolides, vincristine, vinblastine, vinorelbine
tartrate, etoposide, etoposide phosphate, teniposide, paclitaxel,
tamoxifen, estramustine, estramustine phosphate sodium, flutamide,
busevadimobaggaslide, pteridines, diyneses, levanrisole, aflagenu@mosnssiss
interferon, interleukins, aldesleulcin, filgrastim, sargramostim, rituximab,
BCG, tretinoin, irinotecan hydrochloride, betamethosone, gemcitabine

hydrochiagide.. Alelanine A apeieca And aly analogs or dervatives

thereof. Preferred mem ers of these classes Inc al’e ng? fifited
to, pacl|t8§‘ég11,’l8f§ﬁfé?fﬁ?°€§?b’8ﬂ@ﬁﬁ?’d’é%?ﬁﬁ?@ﬁ%ﬁﬁ‘*ﬁﬁ@ﬁ?§‘éﬁﬁ? vindesine

daunorubteinleugBizaninopterin, methotrexate, methopterin, mitomycin C,
ecteinascidin 7&&&@&9@5&1@%&3@5{&@@%@%,a@éﬁ}ﬁf&ﬁ@@@%@e

gemcitabi > @ b|o side ) o%)e 006
PCT/L%SZ%%%DW&Q&S&?%% P%Vﬂn 010 n&yéir/ o% fffé I%?Sxm 8er|va%a35 such

/035758
as etopodifE AL IILi4e- PIYS% H&%@gﬁ’rw&?ﬁ% Yrie A87ArRS; Virlblastine,
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- Pharmaceutical Compositions Containing a Cupredoxin Entry Domain
Pharmaceutical compositions containing a complex of a cupredoxin entry
domain linked to a cargo compound can be manufactured in any conventional
25  manner, e.g., by conventional mixing, dissolving, granulating, dragee-making,
emulsifying, encapsulating, entrapping, or lyophilizing processes. The complex
can be readily combined with a pharmaceutically acceptable carrier well-known in
the art. Such carriers enable the preparation to be formulated as a tablet, pill,
dréigee, capsule, liquid, gel, syrup, shurry, suspension, and the like. Suitable

30 excipients can also include, for example, fillers and cellulose preparations. Other
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amounts indicated in the Physicians' Desk Reference (PDR) or as
otherwise 20 determined by one of ordinary skill in the art. Pharmaceutical
Compositions Containing a Cupredoxin Entry Domain Pharmaceutical
compositions containing a complex of a cupredoxin entry domain linked
to a cargo compound can be manufactured in any conventional 25
mannes, 260gesddss conventional mixing, dissolving, granulatingr/vs200s/0357s8
dragee-making, emulsifying, encapsulating, entrapping, or Lyophilizing
processes. The complex can be readily combined with a pharmaceutically
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or treat a c%ggﬁ%!p\gl&el%t to rl?s%.ﬁ{a e to % death. As useq)1 n the
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life when heoepareidiavith a healthy cell of like kind as determined by a
reasonable, skilled 10 physician or clinician. Typically, the host organism
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composition is administered in a therapeutically effective amount. A

(D

“therapeutically effective amount” is an amount effective to prevent development
of, or to alleviate the existing symptoms of; the subject being treated.
Determination of a therapeutically effective amount is well within the capability of
25  those skilled in the art.
In various embediments, the composition includes carriers and excipients
(including but not limited to buffers, carbohydrates, mannitol, proteins,
polypeptides or amino acids such as glycine, antioxidants, bacteriostats, chelating
agents, suspending agents, thickening agents and/or preservatives), water, oils,
30  saline solutions, aqueous dextrose and glycerol solutions, other pharmaceutically

acceptable auxiliary substances as required to approximate physiological
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composition is administered in a therapeutically effective amount. A
"therapeutically effective amount" is an amount effective to prevent
development of, or to alleviate the existing symptoms of, the subject
being treated. Determination of a therapeutically effective amount is well
within the capability of 25 those skilled in the art. In various embodiments,
the composition includes carriers and excipients (including but not limited
to butlerseseashehydrates, mannitol, proteins, polypeptidesananinossdds
such as glycine, antioxidants, bacteriostats, chelating agents, suspending
agents, thickening agents and/or preservatives), water, oils, 30 saline
solutions, aqueous dextrose.and glycerol solutians, other ..
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terminal miotifidatioRes. 63(2):69-84 (2004)), and N- and C- terminal modifications

20 (Labrie et al., Clin. Invest. Med. 13(5):275-8, (1990)). Of particular interest are d-

isomerization (substitution) and modification of peptide stability via D~

substitution or L~ amino acid substitution.

The compositions of the invention may be sterilized by conventional, well-

known sterilization techniques, or may be sterile filtered. The resulting aqueous
25  solutions may be packaged for use as is, or lyophilized, the Iyophilized preparation
being combined with a sterile solution prior to administration.

The compositions of the invention may be administered in a variety of
ways, including by injection (e.g., intradermal, subcutaneous, intramuscular,
intraperitoneal and the like), by inhalation, by topical administration, by

30  suppository, by using a transdermal patch or by mouth.
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20 (Labrie at al., Clin. Invest. Med. 13(5):275-8, (1990)). Of particular
interest are d- isomerization (substitution) and modification of peptide
stability via D- substitution or L- amino acid substitution. The compositions
of the invention maybe sterilized by conventional, well- known sterilization
techniques, or may be sterile filtered. The resulting aqueous 25 solutions
may be packaged for use as is, or lyophilized, the lyophilized preparation
being&aizad with a sterile solution prior to administratie@/e®es/3s758
compositions of the invention may be administered in a variety of ways,
including by injection (e.g., intradermal, subcutaneous, intramuscular,
intraperitonealiand the like). b |ghalag|%n by top %%?1' ad glstra'g%n mby 30
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the art. In %qupe em %nts ad
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vaginal), "% H?E?H A ASBIBE GRS it epastomisssitrsiab s sraiaming

conventigmaosition may also be formulated in compositions containing conventional

20  suppository bases.

When administration is oral, the composition can be readily formulated in
combination with pharmaceutically acceptable carriers well known in the art. A
solid carrier, such as mannitol, lactose, magnesium stearate, and the like may be
employed; such carriers enable the chemotaxin to be formulated as tablets, pills,

25  dragees, capsules, liquids, gels, syrups, slurries, suspensions and the like, for oral
ingestion by a subject to be treated. For oral solid formulations such as, for
example, powders, capsules and tablets, suitable excipients include fillers such as
sugars, cellulose preparation, granulating agents, and binding agents.

Other convenient carriers, as well-known in the art, also include

30  multivalent carriers, such as bacterial capsular polysaccharide, a dextran or a

genetically engineered vector. In addition, sustained-release formulations that
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20 suppository bases. When administration is oral, the composition can be
readily formulated in combination with pharmaceutically acceptable
carriers well known in the art. A solid carrier, such as mannitol, lactose,
magnesium stearate, and the like may be employed; such carriers enable
the chemotaxin to be formulated as tablets, pills, 25 dragees, capsules,
liquids, gels, syrups, slurries, suspensions and the like, for oral ingestion
by a guhiRchisstae treated. For oral solid formulations such @s,§€50s/0357s8
example, powders, capsules and tablets, suitable excipients include fillers
such as sugars, cellulose preparation, granulating agents, and binding

agents. OferCARVEISILSAIIS! T35 WRlKoPMN b 8Bk, Alsginglude
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administratiish aenrdftdsagenisnta ennined: dpdhesattend)rg ghysician in
view of the,palienhs:anslitiae: R9s3aeamawat ?%%Q&SIN@ gz@q%ngﬁlected

adjusted individually 1o proyide plasma levels of the complex which are
st T e T e CRBTAR fBegghegpeceiiea
composit®tfi€cadministered in an admixture with a pharmaceutical carrier -
selected 10 witheegasphite: teegateilglertsasdeyal achnidiptipbomoadmple,
standard phamaeaHiaal REAN SR Aha- ARk ABHAE.AoRsge ill. g gourse,

vary dependin on, for ex le, the compound containing the
cupredox%o%en%qr? cl)l?lnété?ﬁogr@n’_ﬂpIo?é’ﬂ?’iﬁ?ﬁ%@%8%‘?&8‘%‘1‘8?%%1‘?*%%%%n
and tHe rfadiranassd JEvesHty Braseebndinseins beinghadsaksbe pSwont
diagnoseidvédompstsiingnesemhodithentohthe /8 el ads of thevpiasant

inventionysgtisfactons:irastment s Sulis 49 Apmansals.ndi to be
obtained af dailxc%gtsaa es, from about 0.001 tq abgg{%(%?%g%%g

kg of body
weight of The eonB G ReE Cs RS 19 e@%&ﬁ%ﬁ)&fﬁ%ﬁ?@}’%‘%’ﬁ?&h@ln one

embodi méﬁﬁafgﬁ daily dosage for treatment in humans may be in the range from about 0.7

20 mgto about 1400 mg of a compound containing the cupredoxin entry domain
conveniently administered, for example, in daily doses, weekly doses, monthly
doses, and/or continuous dosing. Daily doses can be in discrete dosages from 1 to
12 times per day. Alternatively, doses can be administered every other day, every
third day, every fourth day, every fifth day, every sixth day, every week, and

25 similarly in day increments up to 31 days. Dosing can be continuous, intermittent
or a single dose, using any applicable dosing form, including tablet, patches, i.v.
administration and the like. More specifically, the composition is administered in
a therapeutically effective amount. In specific embodiments, the therapeutically
effective amount is from about 0.01-20 mg/kg of body weight. In specific

30  embodiments, the dose level is about 10 mg/kg/day, about 15 mg/kg/day, about 20

34



indicated daily dosage for treatment in humans may be in the range from
about 0.7 20 mg to about 1400 mg of a compound containing the
cupredoxin entry domain conveniently administered, for example, in daily
doses, weekly doses, monthly doses, and/or continuous dosing. Daily
doses can be in discrete dosages from 1 to 12 times per day.
Alternatively, doses can be administered every other day, every third day,
everyVioenagosiass every fifth day, every sixth day, every we@kTan283s7s8
similarly in day increments up to 31 days. Dosing can be continuous,
intermittent or a single dose, using any applicable dosing form, including

tablet, p?@@déyvabaﬂtm'mat@tan;m w%gkgﬁdw%fegagﬁa}aé%}?&m
compositipr er erapeutica ctive amount. In
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5.alpha. ?%éﬁ%t%?é@ﬂ*ﬂtaﬁttat%eﬂs{ﬁfmﬁtfasgnéfaﬁﬂre%ﬂaﬁw@xmmfraesuns
dehydrogehhseniyipeh8rinoerdnsihabenisisaahzonists, octreotide acetate;

microtubule-disruptor agents, such as ecteinascidins or their analogs and
derivatives; microtubule-stabilizing agents such as taxanes, for example, paclitaxel
(Taxol™), docetaxel (Taxotere™), and their analogs, and epothilones, such as
epothilones A-F and their analogs; plant-derived products, such as vinca a]kaloidé,

25  epipodophyllotoxins, taxanes; and topiosomerase inhibitors; prenyl-protein
transferase inhibitors; and miscellaneous agents such as hydroxyurea,
procarbazine, mitotane, hexamethylmelamine, platinum coordination complexes
such as cisplatin and carboplatin; and other agents used as anti-cancer and
cytotoxic agents such as biological response modifiers, growth factors; immune

30 modulators and monoclonal antibodies. The compounds of the invention may also

be used in conjunction with radiation therapy and surgery.
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as glucocordcoids, estrogens/antiestrogens, androgens/antiandrogens,
progestins, 20 and luteinizing hormone-releasing hormone antagonists,
octreotide acetate; microtubule-disruptor agents, such as ecteinascidins
or their analogs and derivatives; microtubule-stabilizing agents such as
taxanes, for example, paclitaxel (TaxolTM), docetaxel (TaxotereTM), and
their analogs, and epothilones, such as epothilones A-F and their
analdy 2¢istderived products, such as vino alkaloids, 25PCT/US2005/035758
epipodophyllotoxins, taxanes; and topiosomerase inhibitors; prenyl-protein
transferase inhibitors; and miscellaneous agents such as hydroxyurea,
procarbazine, rRiptaneyihesameihylmelasios dplalinum.coordinatian
complexegysaetan 6sRIath ARfkeahApianANG. acKAgents used as

anti-canc%rc%ngoscxtotgxmbﬁgergs_ uch as biole())iglca response’ modifiers,
growth factor immune 30 Modt BB BT TS A4t SurRstiFne
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radiation thiegapinamet:Seygemns Suli@hR0Q6H08REARIREHEIUFRARI035758
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carmustirflistefFstides; serritirndntwmoduuithithioteps ctpcdtharipaide
methotrexateptbidiafustinecine apiopanerdudarsingRaNas AR,
cladrigin, &Mﬁﬂﬁ?@ﬁ%ld&%g%ﬁﬂﬁgu&%r&{Q{%&Q}’grogsgéo elg % isole, aflacon
daunorubicin, idarubi m,blecc)lm cin suffate, mitomycin’C, actinomycin D, -
safracins. Sanvamyons. quniocariis, Teasy strasRae iR 8co,
vinblastinE'9ie iEnsie artatblodteutitehetmpasidetabino splradiipride,
teniposidefrpaniitaxed thasroxHe une sHaBUGtREy AStanadstine phosphate
L0 sodium, flutagiide RuserelfeleVBIOI0 G RITHINGS, I HRSSPS
- levamisole, aflacon 1alltnterf%r?o ,.interleukins, -aldesleukin, |gras(_ﬁm,
sargramastim, riuximan, Bt treeHBHT i BTeEam R Suprerises
betametHEXMHREGSREREN e Hydroichbienyai Starrnecaid’i6poteca
and any anatogsiorsdbuwatissstheraglotnateradimembacsial Ha886side,

classes ipaduslguobtiate Rasinited:icadn RRgliiayel. dspla én carboplatin,

L. > { 1183
doxorublchrgg%g rgmgmg%g’éng%&n rubjcin, aminopterin, metﬁo’frexate,

TIpOS t}/éxmlafgf%e’, WcBgiﬁ% rﬁwﬁc}ine, vindesine

methopteprln,pm| omyci
5-f|u6?ou?’éfH?}"6’-sFH“ercaptopurine, gemcitabine, cytosine arabinoside,
Examples of anticancer and other cytotoxic agents useful to co-administer

with the compositions of the invention include the following: epothilone
derivatives as found in German Patent No. 4138042.8 ; WO 97/19086, WO
98/22461, WO 98/25929, WO 98/38192, WO 99/01124, WO 99/02224, WO

25 99/02514, WO 99/03848, WO 99/07692, WO 99/27890, WO 99/28324, WO
99/43653, WO 99/54330, WO 99/54318, WO 99/54319, WO 99/65913, WO
99/67252, WO 99/67253 and WO 00/00485; cyclin dependent kinase inhibitors as
found in WO 99/24416 (see also U.S. Pat. No. 6,040,321); and prenyl-protein
transferase inhibitors as found in WO 97/30992 and WO 98/54966; and agents

30 suchas those described generically and specifically in U.S. Pat. No. 6,011,029 (the
compounds of which U.S. patent can be employed together with any NHR
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podophyllotoxin or podophyllotoxin derivatives such as etoposide,
etoposide phosphate or teniposide, melphalan, vinblastine, vincristine,
leurosidine, vindesine 20 and leurosine. Examples of anticancer and
other cytotoxic agents useful to co-administer with the compositions of
the invention include the following: epothilone derivatives as found in
German Patent No. 4138042.8; WO 97/19086, WO 98/22461, WO
98/2502 %hoWME2:83/38192, WO 99/01124, WO 99/02224, Wer-2os9R35id,
WO 99/03848, WO 99/07692, WO 99/27890, WO 99/28324, WO
99/43653, WO 99/54330, WO 99/54318, WO 99/54319, WO 99/65913,
WO 99/67252, WO, 99/67253 and WQ 00/00485; cyclin dependent kinase
bitors KE g R At e A R B sy,
and prenyRporaT: Famefsise MfhbRE aetiitie h wiowgisbedpisse
WO 98/548p81alnth thy &risn80 sleirad those described generically and

patent.can ed together. with any NH /088,
DS S SR e NS 08 ot I SRS o
present inRFEFRIEHR) Setiier smaming eraiRisabredpRiliss e hat Sralitarinrpgeming
modulatorstigroartpestmgisaivieghmipie shivispe ciathyihthetisaatmpaboihe
cancer). RpapRace HicalicRrBRIINORS HSpHLIBACHRINAAGR With the
present mt\r/lgrgtl%%ﬁycan be formulated in a conventional manner using
one or more |3)ﬁ siologically acceptable carriers comprising excipients and
auxilifties that gﬁ?ﬂﬁf&i@ﬁ?@@@ééﬁﬁ@”&%@ﬁ?ﬁ%&mﬁﬁa@mfmg, for
inhibiting prosimerdtdting théitse enetidmaithel arppasiiomdeaabaihstise
thereof inteprepasationsduhich carpeused tharanaubically,<1,Nucleic
acid molegyles-encoding.a cupredaxin ealiy domain.ot o luslon, prolein
combining a erther entry domain and & cargo compount can Be THediid
into vecto aﬁﬂatﬁ]séasa\éaﬁémotﬁé‘?épﬁv%égéfbfé?@dﬁéytﬁé‘Fawieéﬁfe‘?Sncan
be d#livei@uret al sBriojddithycafbBdampid, MtpaBonbsB(IapEstiomelocal
administrgﬂgga&m 4 E;q;ag;ﬁoyoﬁ,, %QJP%%EQ‘N ,f,'é,_l A%%&gggﬁcgﬁg% or by
stereotactjc injection en et al., Proc Nail Ac ci USA, vol. 91, pp
S0ma oy (LB Freomit o e wales B e S vt B
vector & aHIﬁle aeﬁm@ﬁtﬁﬁﬁe the complete gene delivery vector can be

produced intact from recombinant cells, e.g., retroviral vectors, the pharmaceutical

20  preparation can include one or more cells that produce the gene delivery system.
In one aspect, the composition is delivered as DNA such that the complex

is-generated in situ. In one embodiment, the DNA is “naked,” as described, for
example, in Ulmer et al., Science 259:1745-49 (1993) and reviewed by Cohen,
Science 259 1691-92 (1993). The uptake of naked DNA may be increased by

25  coating the DNA onto a carrier, e.g. a biodegradable bead, which is efficiently
transported into the cells. In such methods, the DNA may be present within any of
a variety of delivery systems known to those of ordinary skill in the art, including
nucleic acid expression systems, bacterial and viral expression systems.
Techniques for incorporating DNA into such expression systems are well known

30 to those of ordinary skill in the art. See, e.g., W090/11092, W093/24640, WO
93/17706, and U.S. Pat. No. 5,736,524,
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diluent or can comprise a slow release matrix in which the gene delivery
vehicle is imbedded. Alternatively, where the complete gene delivery
vector can be produced intact from recombinant cells, e.g., retroviral
vectors, the pharmaceutical 20 preparation can include one or more cells
that produce the gene delivery system. In one aspect, the composition is
delivered as DNA such that the complex is generated in situ. In one
embaodineststhe DNA is "naked,” as described, for exampie;rioskdings st
al., Science 259:1745-49 (1993) and reviewed by Cohen, Science 259
1691-92 (1993). The uptake of naked DNA may be increased by 25
coating the DN ri b ble bead, which is
efficiently _tr; n%%d‘%ﬁ%ggtér\%ﬁégeﬁ%%f %%%g{n%e%%ggsam tsﬁng BRER r%%’f e
present Wﬁﬁ%@% BY° SRS o SIS ST ore AR TRl Bl eFTBId e ohage
ordinary skith iiseipies Bt axsclerdisrgntislifshapeopasiti exipressionpsystiwissll and
bacterial anehwial BxaseB5iAR:E s RG] 6hHgHasNALIRgapRREatAg DNA
into such ion I wn. 30 to those. of ordinary, skill
i the art e RS S G h LTS
Pat. No. ?9%%“&2%6%%%%@@@%& ipesed L ssdue dasiER eendisctors,
used to sHuttRalgeietheshralleritiishomootganismdadomdinsshechntbeign
divioLed inmmmggrsanabmasseﬁ:c&@mngﬂ/_q%?@eaﬁenre&mmﬂmw
or phage : : non-, ntial for propagatign in an
apprqgria?e@@géitg,%gpzr%g %?ftlé%vl\?klﬁ%%??o%%@sr? Bﬂ%grga%g\%l |nst§r%§ac§’;°?ﬁceen
foreign DNATETANSERIBHISA PN rOPA RIS ES Foetrerirmbompinent of
the vectofdeitisqrrassion hptomro] seottrascapilasmispyeastseridnioats.
virus genogep (giy;luﬁ@ii tadniaise %@ﬁ@jﬁ%ﬁeﬁ@%ﬁn&ﬂé@%%%%@aﬁ%t (r:1ell
or tissue r djrapslate the foreign . such, as the
DNA of t %I%Ln??? ﬁ%&?ﬁndgéﬁgssion 2%/ne tgorgl,mt%ceol ?sé“cji%nc%oéypﬁmif S

operably-TAR&HE o BIERREARL dircls Reushirrompttnaruiibastdtianost cell
10 tolfrarrsenipEveie rissriacnreAshSEnheapy orialiors, and woccidptichally
useful, sutteasrticitiqibiespsemeinis haleoniytgenetiaepripgon in
response ., SRERINIGIRCILS »RRARRIY kNG &8 RSSO are not

polynuqlee%gd%nto ani ducible promoter can control t e ex ression of the
wt-azurinBRES AETAN EoRP St oS ithe 8% RadprRonbet BoRstBles
of classicifeRseibiEprohestestsinktathe tlvstottratmieckbgeesplynsppéistd In
a-interfergaehbateslletkiehpRavycme i iFRs pRasSerRIdS SUiHAS ms of

expression vectors, such as viral vectors (e.g., replication defective retroviruses,

adenoviruses and adeno-associated viruses) are contemplated.

Vector choice is dictated by the organism or cells being used and the
desired fate of the vector. In general, vectors comprise signal sequences, origins
25 ofreplication, marker genes, enhancer elements, promoters, and transeription

termination sequences.

Kits Comprising a Cupredoxin Entry Domain-Cargo Compound Complex
In another aspect, the invention provides kits containing one or more of the
30  following in a package or container: (1) a reagent comprising a complex of a

cupredoxin entry domain linked to a cargo compound; (2) a reagent containing a
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glucocorticoids (Kaufman, Methods Enzymol. 185:487-511 (1990)) and
tetracycline. Other desirable inducible promoters include those that are
not endogenous to the cells in which the construct is being introduced,
but, however, are responsive in those cells when the induction agent is
exogenously supplied. In 20 general, useful expression vectors are often
plasmids. However, other forms of expression vectors, such as viral
Vectgks) Beslessgplication defective retroviruses, adenovirusesagdsossss
adeno-associated viruses) are contemplated. Vector choice is dictated by
the organism or cells being used and the desired fate of the vector. In
general, vectors comprise signal sequences, orj%gs %Eloffreplication,
marker g@REEReH e AR M B SR B Ay R h & Cription
terminaticdrsieiyusivoesciits Sorap (6 inyaations fetrainitytgn-
Domain-Gasgaitemipownch Gaunioe dncanpihersaspae) athfriny éntiosme

provid_es Iéit ag&@@érﬁg(gcgﬁ&%{gapre of the 30 following in a_package or
container: (1) a reagent comprising a complex of a cuﬁfredoxm "?-”tr}é
1 e

domaih linked (575t E BBRBh NG (274 TERgERt EoHES ARG e

alining a

2006/0885882RC i BLAOSISETSRd phmirebisunaiiatly kedes ptabREddjuvant

or excipiepxa3ing Mehiclenfohanministeation, stah lasasysoges (Mhout
instructioqossﬁlor edrcr;}igbjscgra i%@n SEmQ&)&inents in which two or more of
components - (4) are found in the same container are, also
contemplated. SPVFRERPIS TeRITEed b BA&H A & THRRPEA P SRS HHE D e
compusitisrintiaythedifpeiskadiferin coprensnts esrrainard adrapphidigbed or
immediatgftetgradistachnpaskaging el dhapemanaenis aqnrately
may per L ipnc e Sl iR Jaaing dhe e, comanoaRs

functions. The reéagents included in he kit can be sup "e%iin ontainers of
any sort 1A AT e eGP THE TR P B AT TEH s ‘ATR PYel8ived
and are netmsidsgrvedudblaetailbydhnes ghriteriaimioptaediiahfsr. For
example, sapladoglasscRpeles s arasanainlyophilized-polypeptideyor

polynucleglide, or DRI ALAANE RGED RAGKRARIHMIISL iRt ialiude

non-rgactlr)g as, such as nitrogen. Ampules may consist of a y su&table

material, §E‘tﬁ%§§fﬁqé@§f 87y B ROPSIORTETE SERiER %E“f%cf)soalsyaéna?é;hg?e,

polystyrerreyakipes, dastaraicormaiss|Toit-binyl itpraorsRich AnpiEyRvR g an alloy.
Other containers include test tubes, vials, flasks, bottles, syringes, or the like.

20  Containers may have a sterile access port, such as a bottle having a stopper that
can be pierced by a hypodermic injection needle. Other containers may have two
compartments that are separated by a readily removable membrane that upon
removal permits the components to be mixed. Removable membranes may be
glass, plastic, rubber, etc. l

25 Kits may also be supplied with instructional materials. Instructions may be
printed on paper or other substrate, and/or may be supplied as an electronic-
readable medium, such as a floppy disc, CD-ROM, DVD-ROM, Zip disc,
videotape, audiotape, flash memory device, etc. Detailed instructions may not be
physically associated with the kit; instead, a user may be directed to an internet

30 web site specified by the manufacturer or distributor of the kit, or supplied as

electronic mail.
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employed to hold similar reagents. Other examples of suitable containers
include simple bottles that may be fabricated from similar substances as
ampules, and envelopes, that may comprise foil-lined interiors, such as
aluminum or an alloy. Other containers include test tubes, vials, flasks,
bottles, syringes, or the like. 20 Containers may have a sterile access
port, such as a bottle having a stopper that can be pierced by a
hypodeemipdsgaction needle. Other containers may have twor/us2005/0357s8
compartments that are separated by a readily removable membrane that
upon removal permits the components to be mixed. Removable
membranes may be glass, plastic, rubber, etc. 25 Kits may also be
supplied with instructional materials. Instructions may be printed on paper
or other substrafB 8RB MR GErtipphEle RS RTHHER RRY Rs AHalR by
medium, sficiradodifdppyidispe D IR@MeD VB-REMIE fedisciibuideiotape,
aﬁdiqtaﬂ%rf;kaﬁas_ag%md e X ﬁhﬁiﬁg,agtﬁo&&&ﬁd&dd ' dm&fﬁﬁéi%&mﬂerﬁfkﬁlﬁn‘
physica ciated wi it: instead, a. user m irected to an
ronron S B o of the ki
or suppliEFEESHeE T AR o3P R et lo 8 boE PP Ry rpdEIB5 758
A more Commpiepboyriderstandirtemad deenpnesé it idverifitre sasebadobtdined
3y ref%reﬁ\ﬁsciﬁalsmfemdmm%@%afisnﬁmﬁl@%nl benkxa R lﬁga%re .
escribe or_nurpases of illustration a e not inte to limit
o scopi e RS, Gl U A S B e e
equithleMER e tberimel sehieiriesshontd hedprosyie sredrdisiefer
expedienty hithensgtedpelsifimtesns have been employed herein, such
terms are intended in a descriptive sense and not for purposes of
IimitationﬁXM%gE'ﬁgtions and variations of the invention as hereinbefore
set forth can be made without departing from the spirit and scope 10
thereof, axamiiicrePesmandynstiaititimitations should be imposed as are

indicated by theapReRded keI INEM S EXAMBLES JS¥ RIS I wi-
Plasmid construc |%1 ]ﬁ5 Plasmids expr ssmc%%{smn %Iutathlone .

13
azurin Tivailves were construc a erase ¢cnain reaction usin,
S-transferase “truncated Wt azurin(azuy dervatves were =8

construcREPEsPUns M erhasaraifigua 6 rye dishematic representation of
various truncated wt-azurin constructs. For pGST-azu 36-128, an amplified PCR

fragment was introduced into the BarmHl and EcoR1 sites of the commercial GST'
20 expression vector pGEXSX (Amersham Biosciences, Piscataway, NJ 08855). The
fragment was amplified with pUC19-azu as a template and primers, 5°-
CGGGATCC CCG GCA ACC TGC CGA AGA ACG TCA TGG GC-3’(SEQ ID
NO: 12) and 5’-CGGAATTC GCA TCA CTT CAG GGT CAG GG-3’ (SEQ ID
NO: 13), where the additionally introduced BamHI and EcoRI sites are underlined
25  respectively. Carboxyl-terminus truncation of azu gene was cumulatively
performed by introducing a stop codon using QuickChange site-direct mutagenesis
kit (Stratagene, La Jolla, CA 92037).
For pGST-azua 36-50, pGST-azu 36-77 and pGST-azu 36-89, stop codons
were infroduced into Ser51, Ser78, and Gly90, respectively. The plasmid carrying
30  pGST-azu 36-128 was used as template DNA. Three sets of oligonuclotides for
site-direct mutagenesis are shown as follows. For pGST-azu 36-50: 5°-GGC CAC
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proofreading DNA polymerase. Figure 6 shows a schematic
representation of various truncated wt-azurin constructs. For pGST-azu
36-128, an amplified PCR fragment was introduced into the BamH and
EcoRl sites of the commercial GST 20 expression vector pGEXSX
(Amersham Biosciences, Piscataway, NJ 08855). The fragment was
amplified with pUC19-azu as a template and primers, 5'- CGGGATCC
CCGCRBCHABDTGC CGA AGA ACG TCA TGG GC-3'(SEf1Ds®e3i 2}
and 5'-CGGAATTC GCA TCA CTT CAG GOT CAG GG-3' (SEQ ID NO:
13), where the additionally introduced BarnRI and EcoFJ sites are

underllin_edxzé T@?O@pnm-@wh@&dré@@&@%@@f@&%%ﬁ ;ﬁé‘q?ﬁ Chﬁk?o‘!"as
cumulativ C Y, coaon usin uic ange
site-direct'?‘rlny’uat%;?gecrzlgtjegsa?iaéSi ﬁ%tdg%%%géﬁ%@ﬁé%g 8%% »BOF GTG
pGST-az&%%i%g%%@ﬂ% RE PEHPBEET1aY (£96-8ALRSE E6d0PEA
were intrdelieeGHEOBeASICSe T8} and G1yBaQrEsFectiveld Fheclaamid
oo ot ot Lo es e T T Rk
igonu ite-gil u i .

G-z EEE el e S B A B, GAG AGAAGG AT
PCTIUS2088/H34 58" SRR BPAE: dfhand TS FBRAACEASTC GECTEAC
ATO CAGG: (SE@ID GlU: CAG)CaN¢6-CIR DALGTY. BERGAGEST

TCA CAGz: A/ Cdad pE8TT 3 §1577G6C stndba @y %N%igﬁzhfﬁ%%éﬁ‘%z“
36-77; 5-GGLGAASCC CGA CGA CTO ACG TGT CAT CGC CC
CAC C-3"(SEQ ID NO: 16) and 5-GGT GTG 5 GGC GAT GAC ACG TCA
GTC GTC GG Aisfiegrenis ey 16K @d 370 6THGr wEShtamd 8689

5'-CCA AGEaTERnHEHMGEAIOT TAGACAREBRAET LG FEAGC-3'
(SEQ 1D O3B0 16MbB3 05T SCASEEBREI&E GEE Fala JEAGGAGCC

GAT CAG G, 5 -19), The plasmids pGST- 77
and ;1)[56 S%%z#(??%?é vé\/{étﬁé9 ége%n(g@t}\e@@ P@geﬁtg%éd%@p@%ﬂ?%gﬁ as

10 a empAE SKE B P ivinag Remsra 2m0, P 1CHEAMITG 7-77,
were obt&ited CSIHE fdeaT siGars-5-CREBRIQS, e B i
CCG CCasACA TGC AGG G-3' (SEQ ID NO: 20) and 5'-CGGGATCC
CCGGCCT A.AGO ATT AC A AGC CCG-3 (SEQ ID NO:
21), where thi%ﬁ%%ﬁmﬁ'gﬁha@égﬁ f;é; e SRR 5y 5O-
underlinifi§ PR FESHIRE HiiPR&pden ie Glgs tusing oligonuclotides as follows: 57

20 GAC GGC ATG GCT TCC TGA CTG GAC AAG GAT TAC C -3’ (SEQ ID NO:

23), and 5’-GGT AAT CCT TGT CCA GTC AGG AAG CCA TGC CGTC- 3’
(SEQ ID NO: 24). The green fluorescent protein gene (gfp) encoding the green
fluorescent protein was also amplified by PCR. Forward and reverse primers used
were 5’-CGGGATCC CCA TGG TGA GCA AGGGCG-3° (SEQ ID NO: 25) and
25 5-CGGAATTC CTT GTA CAG CTC GTC CAT GCC G-3’ (SEQID NO: 26)
containing BamHl and EcoRI sites at the 5’ end of each oligonuclotides. The
resultant PCR fragment was ligated into the pGEXSX vector for creating pGST-
GFP. For the preparation of plasmid DNA carrying gst-gip-azu 50-77, the azu 50-
77 gene was amplified by PCR with pGST-azu 50-77 as a template and primers 5°
30 -CCGCTCGAG CCT GAG CAC CGC CGC CATGCA GGG-3’ (SEQ ID NO:
27) and 5’ -TTTTCCTTTTGCGGCCGC TCA GTC GTC GGG CTT CAG GTA
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GCA TCA CTT CAG GOT CAG GG-3' (SEQ ID NO: 22), was utilized in
both cases. The plasmid carrying gst-azu 50-77 was used for generating
pGST-azu 50- 66 by introduction of a stop codon in G1y67 using
oligonuclotides as follows: 5'- 20 GAC GGC ATG OCT TCC TGA CTG
GAC AAG GAT TAC C -3' (SEQ ID NO: 23), and 5-GGT AAT CCT TOT
CCA GTC AGG AAG CCATGC CGTC- 3' (SEQ ID NO: 24). The green
fluoreseemé/@sstein gene (gfp) encoding the green fluoresaamtyproigigswas
also amplified by PCR. Forward and reverse primers used were
5-CGGGATCC CCA TOG TGA GCA AGGGCG-3' (SEQ ID NO: 25) and

25 5-COGANLICEITGTACARCIS STRCAT.OGE (. (35Q ID NO:

26) containing BamH7 and ECORI sites at the 5" en

oligonucl AR FraPsRElita AR AT REmEY NgRierhtes! dhig PGST-
PGEXSX ¥t tdicho exbiem gnBS TR szpnttsgespreparation of plasmid
DNA carrying gst-gfp-azu 50-77, the azu 50- 77 gene was amplified by
PCR with pGST-azu 50-77 as a template and primers 5' 30
-CCGTTERRPYCCcHuiaimaPotnsCGC CATGCA GGG-3' (SEQ
IDNO: 27) and 5' - TWFaGE tdMGBRGGCOBE FGh felfdprepticd @G CTT

NO: 26), Hbra e e Ko ant Nt | e s (LTS 12
:28), W roduce o.la ot | sites are underline
respectivg?y%m§%2 %?-’?ﬁ?glbdlnl%%ﬁgs WSS ARBUICHEIS SFHHS BT oFP
atxho 1 #dNEPT Hviepnecre s tdtiohrerizspmeraspbbyshis wefpraos. Briefly, the
Purifioation-ofiRrgtedrvad Ahaifled hya TR MMdtih 6 femidiiaiatdas s were
prepared;ash AWHIROFRB FESCHBES DY, Y BDRA0d, 9&@%@;&%% L4

TG RO L
incorporated by frASREfetERte fmmment ot o dgeaodFibgEndliped Psi,
amplifiedvsy R@RdAtokdngdpdininpithothieserbed: g diuisipanioat at,
FEBS Lefladalacdddi 8712061290 RERWaS REHQIMSHsing genomic
DNA frorr;Zﬁ’A.aEru i %gv%trauisré{;@g)hl as %I;[ mgla}e DN .ﬂ;I;he ampllfle_d
DNA fragment of (gﬁab TGigestéd With TGV SRE e WS SHESEY into
the correSPORERMYIEREE 6rptrainrpsaiivaetie D7 medereonianing) ptaced
downstrearh-afsthiiac. PEMNPIEY, tadtelhrrcasn] esion PBsEghRdC. 19
azurin.
20 For preparation of the M44KM64E mutant azurin, site-directed
mutagenesis of the azurin gene was performed using a QuickChange site-directed
mutagenesis kit (Stratagene, La Jolla, CA). Mutations were confirmed by DNA
sequencing.
Plasmid DNA, pET9a carrying the rus gene encoding the cupredoxin
25 rusticyanin from Acidithiobadilus ferrooxidans, was obtained from Dr. Kazuhiko
Sasaki, Central Research Institute of Electric Power Industry, Chiba, Japan.
Rusticyanin was isolated from E. coli BL21 (DE3) harboring the rus gene
using the method of Sasaki, K., et al. Biosci. Biotechnol. Biochem., vol. 67, PP-
1039-47 (2003) with some modifications. Briefly, acetic acid buffer (pH 4.0) and
30  CM-Sepharose (Sigma Chemicals, St. Louis, MO 63178) were used instead of
beta-alanin buffer (pH 4.0) and TSK-gel CM-650 column (Tosoh Bioscience,
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azuA. E. cot JMI09 was used as a host strain for expression of the azurin
gene. The recombinant E. coil strain was cultivated in 2YT medium
containing 50 g .z ml ampicillin, 0.1 mM IPTG; and 0.5 mM CuSO4 for 16
hat 37C to produce azurin. 20 For preparation of the M44KM64E mutant
azurin, site-directed mutagenesis of the azurin gene was performed using
a QuickChange site-directed mutagenesis kit (Stratagene, La Jolla, CA).
Mutasion®swesmaconfirmed by DNA sequencing. Plasmid DAy k5o 7ss
carrying the rus gene encoding the cupredoxin 25 rusticyanin from
Acidithiobadilus ferrooxidans, was obtained from Dr. Kazuhiko Sasaki,

Central ReseaGJstinig.0b Elgsc m%%rut sl Ghibe, Japan.

Rusticyan nwas isolated from E. coli BL2 3 har%ponng e rus gene

using the’r %WSH%?%@QW%%@&I“@%% 2isliciatateb B‘i"béff@?f‘i"’b%ﬂ”
67, pp. 103%avrvnsyitsdomenBrdific&iSrsaBiadlyy, Abdticsicid buffer

(pH 4.0) andb3R< ik Sehaonsephig ManGhe Dicalsindd NowsIMG &3178)
were ysepy;;gs@@qegg gg,tg};alanin buffer (pH 4.0) and TSK-gel CM-650
column (Tosoh IOSCI%I‘ICE 42 WO 2006/088508 PCT/US2005/035758
LLC, MontgomenXiftBoER! F88-feomrdttlerikrs ystr st ey coli
plastocyé’ﬁ#]1 frilnvPsored didn Heshsirds uifeaindysteudivag d riMiBHG at

Achromohdgtes phyel oclasiasinese®tsinNReidFqbEHs %@Hﬂﬁf@d from cell
Schiarb- &gm,byﬁymg@wzfm@@mo%% %ﬁ OB a%h“ Qndef

Dennlsog %geﬁ% of Newcastle Upon 5 |ver All
recOmbinant G5 T RTSTON HER AR L hERS 66%@8%61?&%‘5 FiseefvEk 21
cells wertI 88t ad wiieH putteipsair aAvfie pin Giidtidmiwitre Qodothdvic iR EGxdts,
early loglgrgeval gmmhﬂndoh%lhmé&ﬁﬁm@mmoﬁ,@aﬁew@(@ﬂwﬁi&éﬂe

from cellyg Ing.Sahtathi r X gfe & S
chromatolgpageg %%%% g% g%f%% g%%g t?gg co u%nn%w¥fﬁ f@s

(Amersham BiosGiencas: 3"6‘8855) Purified proteins, wt

azurlh and GST-derivatives or other cupredoxms labeled with ALEXA
FLUOR ExiMvipleculasiPrahes, Inc., Eugene, OR 97402) were isolated

according to W%%@Iﬁeiﬁsgﬁwgﬁﬁblgg Lf‘rr]e oHeE eltlf:llc?e';' ecs:garr]éh and
Development Center, Frederick, Maryland U.S.A.) were cultured as described in
Yamada, T. et al. Infect. Immun. vol. 70, pp. 7054-62 (2002); Goto, M., et al.

20 Mol. Microbiol. vol. 47, pp. 549-59 (2003); and Yamada, T., et al. Proc. Natl.
Acad. Sci. USA vol. 99, pp. 14098-103 (2002), the contents of which are
incorporated by reference. Human normal fibroblast cells (stock culture collection
of the Department of Surgical Oncology, University of Illinois at Chicago (UIC),
Chicago) were cultured in MEM with Eagle’s salt containing 2 mM LQquta:nme

25 0.1 mM MEM essential amino acids and supplemented with 10% heat inactivated
fetal bovine serum, 100 Units/ml penicillin and 100 pg/ml streptomycin. MCF-7

and MOF-10F cells were cultured as described in Punj ef al. Oncogene 23:2367-
78 (2004).

2
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chemical was removed by gel-filtration column. 15 Example 3 - Cell
cultures J774 and UISO-Mel-2 cells (available from Frederick Cancer
Research and Development Center, Frederick, Maryland U.S.A.) were
cultured as described in Yamada, T. et at. Infect. Immun. vol. 70, pp.
7054-62 (2002); Goto, M., et at 20 Mel. Microbiol. vol.. 47, pp. 549-59
(2003); and Yamada, T., et al. Proc. Natl. Acad. Sci. USA vol. 99, pp.
140980108 (B802), the contents of which are incorporatedHroy/rsterseicess
Human normal fibroblast cells (stock culture collection of the Department
of Surgical Oncology, University of lllinois at Chicago (UIC), Chicago)

were cult I\}géed [ IglEM)_ re (e,a:g‘l%§ f‘fi‘chRP'iaz! tn]g{lﬁtﬁe ne, 25

0.1 mM MEM €ssential amino acids and supp femente 1SO%7 eat
inactivateHeHEASH BUCHPEBErum, 100 Units/ml penicillin and 100 pg/ml
streptomycin. NIZ&TISaRdeMOR fibpbisst scisore cuitmsibanindederibedrin

Punj et alsl@ﬁ@@%%&%ﬁ%ﬁ%aﬂﬁﬁmﬁs 43V RANBOBRE AR dia and all
PCTIIS205/03578, XAl d g ALl 2 LIROeL2 A
t

Fibroblas elsan oca MICrOSCO

P
f.brobiastf@&ii@%ﬁéﬁ@%mw%ﬁéﬁi&y heae}&rwgi?a&ewf&%%fﬂﬁ yher
incubatioi,5thet 8&8suwderé%e®Bhed with fresh media and all 5 three cell
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Example 5 — Entry of Cupredoxing into J774 Cells
Wt-azurin, its mutant variant M44KM64E, plastocyanin, pseudoazurin and
20  rusticyanin were incubated with J774 cells as in Example 4 and the cells examined
using confocal microscopy. In these experiments, the cupredoxins were
conjugated with ALEXA FLUOR® 568 to fluoresce red and incubated with the
774 cells for 1 hr at 37°C at a concentration of 200 pg/ml, and in a separate
experiment wild type azurin and rusticyanin were mcub'ated with J774 cells for 1
25 brat37°C af a concentration of about 6 to 7 uM. The nucleus was stained blue
with DAPI. A control without the proteins was maintained. In all cases, the
cupredoxins were seen to enter into the cytosol of 774 cells. In similar
experiments, auracyanin A and B enter preferentially to MCF7 cancer cells and
not non-cancerous control cells.
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were taken by a confocal microscope. Example 5 - Entry of Cupredoxins
into J774 Cells Wt-azurin, its mutant variant MA4KM64E, plastocyanin,
pseudoazurin and 20 rusticyanin were incubated with J774 cells as in
Example 4 and the cells examined using confocal microscopy. In these
experiments, the cupredoxins were conjugated with ALEXA FLUOR 568
to fluoresce red and incubated with the J774 cells for 1 hr at 37C at a

concerirasiasek 200 g/ml, and in a separate experiment WildiiypRoaaisria
and rusticyanin were incubated with J774 cells for 1 25 hr at 37'C at a
concentration of about 6 to 7 M. The nucleus was stained blue with DAPI.
A control without the proteins was maintained. In all cases, the

cupredoxitSTRFS sERTYS IS ML RYARapBrtr 2 Lene CFY TiRitar
experiments, alifiereyampibiidBuentertprafereiiE e RiEEr 08 selksras
cells and danrtasehvaaRGEMLES 0@l Ghee sl 304403 20060385081

PCT/tS2008K05m 8k EXA0RIE0 sV mMNERBHAR ARG RHSHE VA0
Various Cell ayg?tie\(,g/%-ﬁézjgrm exhibits a reduce C¥I0tOXIC ctivity towards
SC

MCP-10F"CETE 2 FRBFRT R AP REfE R Gh e L8P T ene
23:2367- By {@main ey Priversiyies Alinginth ching BaGEs) inhisteed Hsretitsatdn
breast cantesxbifiied dsand:arpranbdiatsaal epithalial MGEuiOledsdgstock
culture collggtign of the Department of Surgical Oncology, University of
Illinois at Chicago (UIC), Chicago) were_treated and_examined, as in
Example 5 and géf%‘éﬁ 85?8’??%?%5 IPVEASIR R B cells.
Wi-aZBrinFoaey et s livtenatizery vy dedf§ ciigtinig AsTionsalimeciophnges. of Gast
However, dil e in tdien aliz esutehvdwticien dyircpaiijanaalmag aphages

or mast el ueiAUeLE i neubation. el calls shrwsdianbyimited
entry. Slmllar% whijle r(\évt-azlgrm entered the breast cancer MCF-7 cells

efficiently T ERBWEH S "85 ety roa nsg rt st Mt il tHE Kormal
mammary MCRE fluselieoniested fesin esvpdgiicenty or A Eohsienod
efficiently MCE/Siabdelels andhol i MGErrCaneargalts Ui Nokin. tAenormal

mammangM@Eliiehkees: iRk GRPMGAGHIHRICYRRIN RN VEr,
not only eplg?—léeagdt%?y/tge?n%ercgeﬁl u(% also in the normal MCF 10A1 cells. Unlikein
the cancer cells where rusticyanin was evenly distributed in the cytosol, in
MCF10A1 cells, much of the rusticyanin was sequestered in the perinuclear space

20  swrrounding the nucleus.

Example 7 — Wt azurin-mediated Cytotoxicity and Growth Inhibition
To further assess the specificity of entry of wt-azurin in various cells, we
determined the entry of Alexa fluor-conjugated wt-azurin in J774, UISO-Mel-2
25  and normal fibroblast cells during incubation at 37°C for 30 min and 3.5 hr, Wt-
azurin was seen to enter rapidly in J774 and UISO-Mel-2 cells in 30 mm; very
little wt-azurin was seen in the cytosol of fibroblasts during this period. After 3.5
hr of incubation, only small amounts of wi-azurin were found in the fibroblasts,
A 3(4,5 dimethylthiazol-2-yl-2,5 tetrazolium bromide)( MTT) assay was
30  performed for the measurement of the cytotoxicity of wt-azurin as described by
Yamada, T., ez al. Infect. Immun. 70:7054-62 (2002), Goto, M., et al. Mol.
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Met-2 and MCP-7 cancer cells, but also in the normal MCF | OAL1 cells.
Unlike in the cancer cells where rusticyanin was evenly distributed in the .
cytosol, in MCF10AL1 cells, much of the rusticyanin was sequestered in
the perinuclear space 20 surrounding the nucleus. Example 7 - Wt
azurin-mediated Cytotoxicity and Growth Inhibition To further assess the
specificity of entry of wt-azurin in various cells, we determined the entry of
AlexamMiLrorsogrspagated wt-azurin in J774, UISO-Mel-2 25 grd/osn3abs7ss
fibroblast cells during incubation at 37C for 30 min and 3.5 hr. Wt azurin
was seen to enter rapidly in J774 and UISO-Mel-2 cells in 30 mm; very
little wt-azyyi | cytosol of fibrablasts during.this period.
fter 3.5 F B L AP Tt i
the fibrobPEteer AVSER.60% HethintrmisbRb AP Beeapieririmtistrtide)(
MTT) asségowarsted Oypeffonwe difuretHe) sheastire sippiitcaft thicaayintasdmib of

wt-azurin §eResEfiechbyr{@sagdain 7abat tinfectsin muten A 95462
(2002), Ggig, M, at al. Mol. 45 WO 2006/088508 PCTXS2005/035758

Microbtol 47:549-59 (2003), and in co-pendin U.S. patent application
serial number ‘BoBuERt P vRATER rerlittperepieNs dofrergscrity
which areinifi¢érolybied bngbibrencurafigsigifif)tistichis:dh aibsigstioast
VL\J/}-Saémhjlnwha” ﬁg@@ksiﬁ_ﬂ@ﬁzﬁf@j% w@ﬁfbéaﬁ\é?ﬁie%ﬁ M%LE&%Z%@?% by
-Mel 2. in r 5.incubation. mutant azurin
showed very I%Iznga%f?g%ﬁ%n%%? gcﬁl?fa%%ct)?iifr afl!h}}%?%eﬁ?gﬁcétvlg‘% g/nil
i

concéhtraffbn LifHfida R th b itaatan bt 958meclir.«lfer SogFéssion at
the Gi to §'bHESE S CEN0yblecpriogses sitivhwa snenpdyzetbyefflemwe. Figure
cytometry,@sdeseiibarkRind tibatiass YeRlRhe L4086 sORILACRD mafla HSA,
10 vol. 1045427,32, 200 a0, Yamaca, 2l Prae, et Acad <ot

of W

USA 101:47/70-75 (2004), the contents icharé iftorporaed by
reference’ %%ﬂ/é 1(a) shows that when the fibroblasts were treated with
500 dfml or 1 mg/ml of M44KM64E mutant azurin, the extent of inhibition

of cell cyde.pihosedaiannesinale Whibmin B pa SadWiecrRypctign of
Wt-azurin into ﬂ%%samnigm'wm%ﬁé& 91!(2) Egruglast and MCF-10F cells as using
the method described by Punj, V., ef al., Oncogene 23:2367-78 (2004). Cells
were examined for induction of apoptosis, leading to miclear DNA condensation
20 and fragmentation. Significant nuclear DNA (labeled blue with DAPI)
condensation and fragmentation were observed in microinjected single cells after 5

hr incubation with wt-azurin, but not during a 30 min. incubation with azurin.

Example 9 — Internalization of Wt-azurin Fusion Derivatives at 37°C
25 A series of GST fusions of wt-azurin truncated at both the N- and the C-

" terminal were prepared and purified as in Example 1 (Figure 2(a) and 2(b)). Using
ALEXA FLUOR® 568 conjugated wt-azurin, GST and GST-azu fusion
derivatives, internalization in J774 cells at 37°C during 1 hr incubation was
examined using the method described in Example 5. The nucleus was stained blue

30 with DAPL
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Wt-azurin was microinjected into fibroblast and MCF-10F cells as using
the method described by Punj, V., at al., Oncogene 23:2367-78 (2004).
Cells were examined for induction of apoptosis, leading to nuclear DNA
condensation 20 and fragmentation. Significant nuclear DNA (labeled blue
with DAPI) condensation and fragmentation were observed in
microinjected single cells after 5 hr incubation with wt-azurin, but not

duriggs 3,34k incubation with azurin. Example 9 - Interpetizatiosoadrss
Wt-azurin Fusion Derivatives at 37C 25 A series of GST fusions of
wt-azurin truncated at both the N- and the C- terminal were prepared and

purified as in Example 1 (Figure b)). Using ,ALEXA FLUOR"
568 conjugated WEHFAZE TR ’é‘%zfe gfu%zl%n é%t\lllg Xféry ohhe
internalizatio ey 7et @M@%Q?@Wi%ﬁﬁc@%ﬁ%ﬁ@ﬁﬁ%&amned
using themeetheeidesepst-iEsam e the Hhacninlehoveas dainstibiue

30 with QAARL, A6 WO, 2906/088508 LT (45 2005/038 38/ Rilicient

wt-azurin was internalized, GST r&a1 ained at the periphery of the cells and

was riot e PREITEHC e <lpps 4R and GST-azu 36-89 were

internalized, as was GST-azu 36-77. Further truncations, however,
demonstiaiadplal WitdenfigTioa s STy Rasnimainatizest 4AST-azu 36-50

was highly 'nem&u%mza%m@@mwm 1095 Smns aniihe suraee.
Example 10 - Internalization of Azurin Fugcon Dea&vatjves at 4C.

InternaliZSld AEPatRd a’i‘i‘;ﬁnw%e&afﬂ@e&ﬁ A5 fismalaton of whaziria eidy
cellslincubBtedlatuantds iosptimerss F@D’@@Y rreeaiFrali Saniie wTRRHIRERLIVM
inside 10,3k Zée£aiis duting: s inedlaHivnysassse VR elyrienpsitech Biftilar

impairmegiwas 5%'%” é%?%%‘s@ﬁl BLa06528 AR Entaagikd6-89. The
shorter GST-azu 36-77 T-azu 50-77, GST-azu 50-66 and GST-azu

67-77 demﬂgﬁ%‘fé’é‘gtgwuﬁﬁﬁalr%ﬁent of internalization at 4C. 15
Example 11 - Energy-Dependent Internalization of the GST-GFP-azu

5(1-7¢ FosigpPmteiDha§ipanciMeatanamatictSOudasT-CeltsaS¥-Was

fused wit Efr&%t%%%&ﬂnﬁl:ﬁ’oﬁﬂﬁﬁ@é‘%fﬂéiajiﬁaxs Additionally, azu
50-77 was fused to the GST-GEP (14 53 kg |n (,Flgure 3(a)):

The mobility ofthe FAFEHEEF 820750

Additionally, azu 50-77 was fused to the GST—GFP (Mr 53 kDa) fusion protein
- (Pigure 3(2)): The mobility of the purified GST, GST-GFP and GST-GFP-azu 50-

20 77 fusion derivatives was exammed on SDS-PAGE (Figure 3(b)). Detection was

by Coomassie Blue staining and Western blottmg using anti-azurin antibody

(Figure 3(c))

Flow cytometric determination of J774 cells treated with varying

concentrations of GST-GFP showed that this protein does bind to J774 cells. Flow
25  cytometric separation of J774 cells treated with increasing concentrations of GST-

GFP-azu 50-77 fusion protein demonstrated significantly reduced fluorescence

than GST-GFP alone (Figure 4). It is to be noted that internalization of GFP in

mammalian cells is known to lead to loss of fluorescence. This reduction of

fluorescence is also apparent when J774 cells are treated with 200 pg/ml of GST-
30 GFP-azu 50-77 fusion protein and incubated for increasing periods of time at

37°C.
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20 77 fusion derivatives was examined on SDS-PAGE (Figure 3(b)).
Detection was by Coomassie Blue staining and Western blotting using
anti-azurin antibody (Figure 3(c)) Flow cytometric determination of J774
cells treated with varying concentrations of GST-GFP showed that this
protein does bind to J774 cells. Flow 25 cytometric separation of 3774
cells treated with increasing concentrations of GST GFP-azu 50-77 fusion
proteiin deaessirated significantly reduced fluorescence thag zRds6355
alone (Figure 4). It is to be noted that internalization of GFP in
mammalian cells is known to lead to loss of fluorescence. This reduction
of fluorescen%F is also apparent when J774 cells are treated with 200
g/ml of GST 30 GEP-azu 5077 figion proteif B AR Baddergpiization
increasinbfFaTiRfdSSr R end CSE-Er 7 6770061088 5OEIISO-Mel-2 cells
PCT/US2¢85183b#&8vThasdeteFrmine diStherp-ieany difiereoeeiin the The

binding agpebiniasnalization m&f&%@é@&&%&?ﬁ&%&%ﬁé ﬁfé@%é%,i%‘ﬂ
both %77g;ﬁpﬁllsU|SOEM -2 cells were incubated with GST-GFP an

ST GRS L BB E R LI e Shriee e PR e e Jdm
localized®idifig BSPHBRE FRTCFIB Y Ot 1727 Dewd i, b SEHIGFERITERGbut
protein bourtk{6. thelBnciace- 2t B GRILTHE iz pdihe th sl fed 3R theat

4C. In coptasinéasd 38F B O Lnas: found intgrnaliz AL 37C,
but not %fﬁ II’n UI83 ?M%%%ogill,zgh\g{% T-GFégfﬁg%r%%?rgée?n%\%vgs

retained oh the on Pea BBHeet 9P mFgeliredet 37 COPPLSH £nilar to J774

cells!%GST-GFP-azu 50-77 fusion protein was seen to be internalized at
37C but Estrapld C +0MExaia Bty mW vaamniENOMIieNamRalizmeells
by a CellMRmRiANGRERSIAIAPMDEARENdocytic Mechanism If

wt-azurin entryfis sole.l}/ede gnﬂent on receptor-mediated endocytosis, it

could be blockegt'bé prof?)trr’f%pﬁoetlé YeRPRISHY PL{FeRReRL mediated endocytosis, it

m-chlorofSHihbe 9 Sharatonerbere mybenyhiwsaido muietidrapicadiniérahenergy
genéfatidPC o preiticdibaliahumditipleriahelgroagamsin cOthal-pERRKINS
that blockuthR1Ee6aRtoss othd: pRREH SR MG ﬁessﬁtwgr%m%gygiﬁs-with

the cupr e%ige at 10.fol s.concentration for 2 hr at 4C, the cells

ce
- lv);e{e mcuga?e)«i 1:Sn the crslpéedi(gwsz:}t am aold excess concentration

washed thoroug 0 remove the Cu
for 2 hr at 4°C, the cells washed thoroughly to remove the cupredoxins, and

incubated with ALEXA FLUOR® 568-conjugated azurin for 1 hr at 37°C. There

20 was as much internalized azurin as in cells not treated with the cupredoxins. The
effects of cytochalasin D (available from Sigma-Aldrich, St. Louis, Mo 63195), a
known inhibitor of receptor-mediated end‘ocytosis that disrupts the cellular
microfilament network, and Brefeldin A (available from Sigma-Aldrich, St. Louis,
Mo 63195), which is known to disrupt the Golgi apparatus and inhibit classical

25 vesicle-mediated secretion, were also tested. CCCP at 20 pM concentration
significantly reduced the uptake of azurin in UISO-Mel-2 cells as did 0.25 to 0.5
pM cytochalasin D. Brefeldin A, on the other hand, had no significant effect.
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incubated with ALEXA FLUORS' 568-conjugated azurin for 1 hr at 37C.
There 20 was as much internalized azurin as in cells not treated with the
cupredoxins. The effects of cytochalasin D (available from Sigma-Aldrich,
St. Louis, Mo 63195), a known inhibitor of receptor-mediated endocytosis
that disrupts the cellular microfilament network, and Brefeldin A (available
from Sigma-Aldrich, St. Louis, Mo 63195), which is known to disrupt the
Golgvapmasatessand inhibit classical 25 vesicle-mediated SeerRiieds WeER
also tested. CCCP at 20 pM concentration significantly reduced the
uptake of azurin in UISO-Mel-2 cells as did 0. 25 to 0.5 pM cytochalasin

D. Brefeldin t ant effect
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fusiol préABIFRS s rwesd tofee FE‘I’_@‘IPP-c & ¢8b é“;i’{ﬂ‘ﬁléd by
glutathioiesepl) dhesd B hikiom mrdahmﬂ%:ﬂ@fhﬂhgn&@ﬂzmwu lsDar)

proteins (g pRéRda- Wg&%@s& AR RAENBLIR ablastdkREy) £ehs.uee

then incyhated. for 7 rioys concentratio f these
protelnsqf%lal i% txhse nﬁ ﬁé’é?lt%‘{ ﬁn#%%r%‘“‘lg}rcteﬁ %ﬁﬁ@é §§as S
describedR Wmﬁﬁl"@r?‘* Ko Codir yor ﬁoa@ﬁﬁ@ﬁwafé%m%wand
cytotoxicity ctitrat S RED thbaawed 5OMTITarsignspkotdtadiaddamgie 7.

cytotoxicitﬁ be%ﬂ@@s@tﬁﬂ@ﬁdmm&tm &Agﬁgllw Mﬁ%&%ﬂ%ﬁ%ﬁfﬁ))- In
conret SRS RSB R,
in wt-Azd¥gt %ggﬁﬁl@{&g%t%lmntmst the fusmn protems demonstrated alow level
of cytotoxicity towards the fibroblast cells.
20
Example 14 - Destabilization of the a-helix in wt-Azurin has no Substantial
Effect on its Internalization in UISO-M;:I-Z Cells
To examine if the a-belix plays a role in azurin entry, three helix-
destabilizing proline residues were introduced in positions 54, 61 and 70 of wi-
25  azurin (Figure 6) and examined the entry of the full length AS4PT61PK70P
mutant azurin into UISO-Mel-2 cells. Single and double mutations in these
positions were also constructed and tested for entry. The AS4PT61PK70P mutant
azurin was prepared by site-directed mutagenesis of the azurin gene using the
QuickChange site-directed mutagenesis kit (Stratagene, La Jolla, CA).
30 The mutants were incubated at 200 pg/ml with UISO-Mel-2 cells for 1 hr at

37°C, after which the fluorescence was localized by confocal microscopy. In all
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Effect on its Internalization in UISO-Mel-2 Cells To examine if the a-helix
plays a role in azurin entry, three helix- destabilizing proline residues were
introduced in positions 54, 61 and 70 of wt- 25 azurin (Figure 6) and
examined the entry of the full length A54PT6IPK70P mutant azurin into
UISO-Mel-2 cells. Single and double mutations in these positions were
also constructed and tested for entry. The A5S4PT61PK70P mutant azurin

was piepasagkiy site-directed mutagenesis of the azurin ggpg ksing.tha,
QuickChange site-directed mutagenesis kit (Stratagene, La Jolla, CA). 30

The mutants were incubated at 200 ig/ml with UISO-Mel-2 cells for 1 hr at
37C, after which the fluorescence was localized by confocal mlcroscogy

In all 49%%& %Oéfd%%%b‘éoéc%@%%%%@%eﬂgfm
FLUOR (¢y56 8imdmlugeitertn GRIEERarnY S fosied m@@mm’em@ltgple

Similarly apdre; ey @ -6kt fiadh Onéid fusinRPIa @ity A wwellMa.-is triple
A54PT6%51*§Z‘QE@ﬁéﬁ%%@&%ﬁ&r@%b‘é\é‘?\f% examined for entry in

UISO-Mel-2 cells; no significant difference was observed. 5 Example 15
-Entrf/ of a GST-PE Dm-Rusticyanin Fusion Derivative into UISO-Mel-2
Cells A G&Tflsion BitBsdudeii AT Hdtuginesa Exgtoxierivadiyeiain |11
(PEDII) wapd-mes2aaynstructed as in Example 13. Using PCR as described

for the GST 1Q GERazY é%JJdo%'h' s%gnt‘ “A?& '%@Aﬁ‘iﬁ% fiony

introduced to the carboxyl end o usion protein.

fusion p%?ﬁ%&’?tﬁﬁﬁﬂéﬁ%ﬁx’@’@ %iﬁro“@%gﬁﬁéfﬁgﬁ%’fﬁ‘?ﬁ ST
chrofhat& ey OTSOHideirenticy EBTsweisewes intledrréd cutbatethdar 24
hat 37C wiitlf\my ics 1B rEmIaaniatinsef thedusionoerolalpamde extent of

cell deat%mmg@%&gxskw @aﬁmr@aa%g%lte ! %ﬁ@%@%é@ he

GST-PEDIII- rusticyanin fusion Proteln ex cytotoxicity against

U1SO-MES R iaciRitidrR 71 hat syl ‘ﬂﬁ@%%%‘ﬁ"ﬁ?&f’é‘ﬁf’a Hrated
only a loworeipabd theyrarohd il teaih reimaived BBV ER Hsa @0 sHEremihsibin 6 -
Competitigampk Azurin with GST-Azu 55-77 for Entry into J774 Cells.

The GST-PEDIII- rusticyanin fusion protein exhibited high cytotoxicity
against UISO-Mel-2 cells (Figure 7). In contrast, the fusion protein demonstrated
only a low level of cytotoxicity towards the FBT cells.

20  Example 16 — Competition of Azurin with GST-Azu 55-77 for Entry into J774
Cells.

A competition experiment was perférmed with unlabeled azurin at 37°C in
presence of 7 uM Alexa fluor® - conjugated GST-azu 50-77. J774 cells were
incubated without Alexa fluor®~conjugated azurin, with Alexa fluor®-conjugated

25 GS8T-azu 50-77 (7 uM) and with Alexa fluor-conjugated GST-azu 50-77 (7 uM) in
presence of 7, 14 and 56 pM of unlabeled azurin for 1 h at 37°C before
determining GS8T-azu 50-77 entry. The results clearly demonstrated that in
comparison to labeled 7 uM GST-azu 50-77 alone, the presence of increasing
amounts of unlabeled azurin (7, 14 and 56 pM) increasingly competed with the

30  entry of labeled 7 uM GST-azu 50-77. In contrast, when similar concentrations of
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A competition experiment was performed with unlabeled azurin at 37C in
presence of 7 M Alexa fluor - conjugated GST-azu 50-77. J774 cells were
incubated without Alexa fluor(r)-conjugated azurin, with Alexa
fluor-conjugated 25 GST-azu 50-77 (7 M) and with Alexa fluor-conjugated
GST-azu 50-77 (7 M) in presence of 7, 14 and 56 M of unlabeled azurin
for | hat 37C before determining GST-azu 50-77 entry. The results clearly
demomgtratedsthat in comparison to labeled 7 M GST-azu p&rifé2890L7ss
the presence of increasing amounts of unlabeled azurin (7, 14 and 56 Ivl)
increasingly competed with the 30 entry of labeled 7 M GST-azu 50-77. In

contrast, C ratlons of 50 W .2006/08
PCT/C5200 /6% Q/%%/D gu%ﬁel ‘H% un’ia ﬁeé%?geaogll%}vere used in
presenceBr4B& éﬁ@@*ﬁgﬂ} ?}th?‘?n%??(ﬁﬁeaéf@cf%ﬁafﬁee’éntry of

GST-azu 50-77 was seen. Example 17 - Sequence and Structural
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multiple amiB@iacithsaaHeRGEs ab’gm@@h@f)tmé%@hﬁ%(iﬂlm@d%zgmm

aeruginosa. RPTD resgl h kno o ot ter| | azurins
roteins who, % R %80 1?.5 Pro exn ata) e1e Was
from pathogens using t nmen rogram a(1-ng ihs and

Sharp, id"*PJE8: Wﬂ‘f@%ﬁ%ﬁ%ﬁﬂ)@%ﬁ&ﬂ%ﬁﬂ@%%ﬁﬁﬁ showed

high identity witkpultiple amino acid sequence alignment of the residues in the P.

20 aeruginosa PTD region with known sequences of other bacterial azurins from
pathogens using the CLUSTAL X alignment program (Higgins and Sharp, id.
1988). While the phytopathogenic P. .sgn*iﬁgae azurin showed high identity with
P. geruginosa azurin PTD region, an azurin-like protein from Neisseria
meningitidis (Gotschlich and Seiff, FEMS Microbiol. Lett. 43:253-255 (1987);

25 Kawula et al., Mol. Microbiol. 1:179-185 (1987); Cannon, Clin. Microbiol. Rev.
2:81-34 (1989)) also showed significant identity with the PTD domain of P.
aeruginosa azurin, as did azurins from Vibrio parahaemolyticus and Bordetella
bronchiseptica (Fig. 8(b)). A motif sequence D-G-X-X~-X-X-X-D-X-X-Y-X-K-X-
X-D (SEQ ID NO: 35) was found conserved in all these azurins.

30
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P. aeruginosa azurin PTD region, an azurin-like protein from Neisseria
meningitidis (Gotschlich and Seiff, FEMS'Microbiol. Lett. 43:253-255
(1987); 25 Kawula at at, MoL Microbial 1:179-185 (1987); Cannon, Clin.
Microbial. Rev. 2:51-54 (1989)) also showed significant identity with the
PTD domain of P. aeruginosa azurin, as did azurins from Vibrio
parahaemolyticus and Bordetella bronchiseptica(Fig.8(b)). A motif
sequecBbndzsos - X-X-X-X-D-X-X-Y-X-K-X- X-D (SEQ ID NeytaR)sass7ss
found conserved in all these azurins. 30 51 WO 2006/088508
rcT/US2005/035758 Example 18 -N meningitWis Laz (H8-azurin) induces
cel death in the brgin fumor el Ing LH2as Neisseria menigiidis ()
causes cerebrosplr?éi meningitis f)'y isse m%ztlng in the biood & rearﬁ,
crossing RrdusteeY BihlmeERE?, presumably by 5 a transceilular route
through brain &vishethactialiegiiés ) s repthepme magestisiye azurhn
from botl;RsensemanasasiuginasaAus: MesrranismeRiRg Hidishayey
Sim”%r Ste{%:a}xls'lr ulgrnrgutc]ei h %rﬁig}%naggo&g@?ee eanP mvg(lio théSO% cal
addition, the R menmgitidis Szurin 1 par of a ﬂf)ngenﬁL po epﬁ1 A
(SEQ 1D Terzains fﬁﬂmig‘ﬂbr{’affmorrﬁtgewgfmfﬁ s sgrinreeidddaalled
H.8, whichnisnptesentsimd Bigh enduitecidnequaranenaliddy (Ag0Migitidigition,
(Cannonyd 5 mb-HR:Mickabiol JRe¥r ¥Bhedr FH%Q&@&%&&%@)DN& 30),
surface-posed (1% A9enic cpilope sl aleg calrias & sgalioL
lipidation. The comp Ble N meningl idis B8 SUter hemidrane p‘?ofeln
remafns B tHer exidmas of Vs fheiGiemg tef-Codti: hrsoRialdkerizel 2,
gonorrhggasi 15a21psefeifhs weyesirpiaidthstheiddnit Bphopaingliitdisrleaz
protein. The.NoIRRRLHA0GaS IR BRNE WAS SRS IR, FretBln. pREFIEN

the laz gene.in the E. geols was hyper-expres ed ltlo produce the Laz
. Emamjs_ § %.qhex 211 S e*c% e n&ztlx_.;zs cells. .
protein ( 0. 5’ ne ability of the puritied P."aeruginosa azurin and the
purified N. goHSHisess gaorpisnsiharorraiginde e rtrlgtiritiete brain
tumos cehdmeitididR2PmeimEnsirechhyhtage MA JergseaylOarnada, cdl, et
al., Cell Gyolen@b 13: RRe 14824 167 waDn( B4 e VDI RaRE MO A0SR ein
azurin, when essed in k. coli.i present in the .perip asrlpﬁt{hd az
. ﬁ%ﬁg € ability o pcurdiie e nsaaﬁ\%mganét e purified N.
protein, n expressed In £.°coll, was rtound In the outer
gonorrhoeae Laz protein to induce cell death in the brain tumor cell line LH229 as
measured by the MTT assay (Yamada, T., et al., Cell Cycle vol. 3, pp. 1182-1187
20 (2004)).

While P. aeruginosa azurin, when expressed in E. coli, is present in the
periplasm, the Laz protein, when expressed in E. coli, was found in the outer
membrane of £. coli. Additionally, while azurin had very low cytotoxicity
towards the brain tumor cells within 24 hours, Laz showed high cytotoxicity,

25  allowing the death of 90% of the brain tumor cells in 24 hours (Table 3). Azurin
did show increasing cytotoxicity over 48 hours (Table 4). This experiment
indicates that P. aeruginosa azurin and the N. gonorrhoeae H8-azurin (Laz, SEQ
ID NO: 36) will be useful to diagnose and/or treat brain tumors i vitro and in
yivo.

30 If Laz reduces brain tumor growth in vivo, all or part of the protein will be

used as the “cupredoxin entry domain™ of the invention to transport cargo
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membrane of E. coll. Additionally, while azurin had very low cytotoxicity
towards the brain tumor cells within 24 hours, Laz showed high
cytotoxicity, 25 allowing the death of 90% of the brain tumor cells in 24
hours (Table 3). Azurin did show increasing cytotoxicity over 48 hours
(Table 4). This experiment indicates that P. aeruginosa azurin and the N
gonorrhoeae I-18-azurin (Laz, SEQ ID NO: 36) will be useful to diagnose
and/erotsealok@in tumors in vitro and in vivo. 30 If Laz red%@%g&@%ﬁm
tumor growth in vivo, all or part of the protein will be used as the
"cupredoxin entry domain" of the invention to transport cargo 52 WO
2006/0885 8 CT/GéJ 005/035758  molecules, including fluorescent or
radioactive T AP RIS g LR YR e o e ki darey i
brain turffét Be it pnd gmascustontelia fe ditenosiipordbeakatideBposes.
Cytotoxicity of F. aeruginosa azurin and N. gonorrhoeae Laz 5 to Brain

Cancer Cell Lipg, 5l 2@&0@6@%&?% 'i‘%?ﬁé%}ip Qﬂgg aE({ %elnng:rgp 1oeue Laz

cytutoxicity M, STDEV eruginosa azurin 0 gonorrhoeae
Laz G D.B ‘Tgceéé?ﬂb]iﬂb? %&r‘rﬁ“’!@%‘%’érﬁ IL'PS“‘Ntb’Bnorrhoeae Laz
2518.80 1. 26 P. aeruginosa azurin 50 5.48 2.43 N. gonorrhoeae Laz 50
23.59 1.57 P. maginoSa azgbhs) 100 6, Hdigas N gon@rsgeae Laz 100
41,02 1./M=Rgmeragimosa azuein 200 8.2h.4079 Y. gonarshoeae Laz 200
78.99 2. C%fe%:égaz nosa aZL@n 400 7.29%.69 N. goncﬂ'?ﬁoeae Laz 400
94.69 0. Wg«ﬂma@fugmosa azugn 800 13. zﬁeg 67 M. gonggrhoeae Laz 800
98.36 0. B‘Za?aibi’emu'(:ytotoxmw of P. aerugmosa azurinzaad N.

gonorrhogd& 8% Brain Cafiper Cell Lift?LH229 After#8 Hours of

Incubation gororrioeae Laz 100 41,02 1 49
P. aeruginosa azurin 200 8.27 4.78
N. gonorrhoeae Laz 200 78.99 2.06
P. aeruginosa azurin , 400 7.25 3.69
N. gonorrhoeae Laz 400 94.69 0.87
P. aeruginosa azurin 800 13.22 7.67
N. gonorrhoeae Laz 800 98.36 0.62

Table 4. Cytotoxicity of P. aeruginosa azurin and N. gonorrhoeae Laz
to Brain Cancer Cell Line LH229 After 48 Hours of Incubation.

Protein Cong. (ug/mtl) Cytotoxicity (%) STDEV
P. aeruginosa azurin 0 0.00 0.00
N. gonorrhoeae Laz 0 0.00 0.00
P. aeruginosa azurin 25 11.65 1.07
N. gonorrhoeae Laz 25 20.04 425
P. geruginosa azurin 80 8.55 2.51
N. gonorrhoeae Laz 50 25,52 1.80
P. aeruginosa azurin 100 16,19 2.60
N. gonorrhoeae Laz 100 39.72 0.92
P. geruginosa azurin 200 16.20 1.81
N. gonorrhoeae Laz 200 87.01 1.21
P. aeruginosa azurin 400 61.96 19.15
N. gonorrhoeae Laz 400 98.75 0.96
P. aqeruginosa azurin 800 82,71 5.91
N. gonorrhoeae Laz 800 99.93 0.12

10

Example 19 - Cytotoxicity of the N. gonorrhoeae Laz protein to Brain
Tumor Cells
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Protein Conc. (Pg/mi) Cytotuxicity STDEV P. aeruginosa azurin 00.00
0.00 N. gonorrhoeae Laz 0 0.00 0.0D P. aeruginosa azurin 2511.65 1.07
N. gonorrhoeae Laz 25 20.04 425 P. aeruginosa azurin 50855251 Y.
gonorrhoeae Laz 60 25.52 1.80 P. aeruginosa azurin 100 16.19 2.60 N
gonorrhoeae Lea 100 39.72 0.92 P. aeruginosa azurin 20016.301.91 N
gonorrhoeae Ley 200 87.01 1.21 P. aeruginosa azurin 400 61.96 19.15

N. ganerbbnsanslaz 400 98.75 0.96 P. aeruginosa azurin 800 32ubhs3,%l
N. gonorrhoeae Loa 800 99.93 012 10 Example 19 - Cytotoxicity of the N.
gonorrhoeae Laz protein to Brain Tumor Celts 53 WO 2006/088508

PCT/US20051Q35758 Several plasmids were constructed encoding
protein co nstru%?gefﬁ?é?l i dxl’ﬁd\gé B SR sesotrmRIcly G?flﬁﬁ}‘iiﬁséﬁ‘é“é@i P,
(SEQ ID REYSErmtrindicarpronsid.aEQR Noicnsddsted Aot MHT
assay witthdrainitsieed telld Mes.hevapbein cansiutizdesipdinciide

R irelpedt ki el ol Sy o )
N. rthoeae azurin alone, and tf i 2 19.
Thg %EI];S rarﬁgéngq r?lé?jléi\ll'r%’ ifs 6%&%%“8&??&&&8?@3@%?&*@%&?%@ itdEETecols

or anoth&?-sthehtemidesreedingthepmisin ety iotei o StUELSol: or
expressethetiw ﬁﬁabmfﬂngmtemsnau&fﬁaeﬁ@mf hw%%ggg@ @ﬁistht e
include NeRRRARGkdinE il ] Bikid Dl S IPRUIS LI Sxperiment
indicate érlle H.8 r%g:uilgneand/or the azurin so%ﬁ%leeLaz gearrlle are requwed
to allow the protein construct to be cytotoxic to brain tumor cells. This
expefiment als®satuinniibis skrstiveanbindidats theil iR orgion and/or the azurin

of the Laz gene are required to allow the protein construct to be cytotoxic to brain
tumor cells. This experiment also determines if other azurins will be more
cytotoxic to brain tumor cells if fused to the H.8 region. The results of this
experiment indicate that the H.8 region can adapt a cupredoxin to be cytotoxic to
15 brain cancer cell by transporting the attached azurin into the brain cancer cells,.
Accordingly, H.8 can be used as a transport domain to transport a cargo
/ molecule(s) into brain cancer cells. Useful cargos include cancer treatments and

diagnostic agents as known in the art and set forth herein.

20 Example 20 - Treatment Of Patients Suffering From Cancer

A Phase /I clinical trial of a cupredoxin entry domain-exotoxin A domain
I fusion (Study Drug) will be performed in patients suffering from cancer.
Specifically, the cupredoxin entry domain is the 50-67 amino acid region from
Pseudomonas aeruginosa and the cargo is the exotoxin A domain III from

25  Pseudomonas aeruginosa, making the fusion protein “PEDIII-azu 50-67.” This
fusion protein will be constructed as illustrated in Example 13.

Forty-nine adult patients with histologically verified cancers of the breast,
colon and melanoma who demonstrate clinical and radio graphic progression or
recurrence following adequate treatment by currently available FDA-approved

30 chemotherapeutic drugs and regimen will be enrolled in an open-label prospective
study administering the Study Drug. To be eligible for enrollment in the study, all
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cytotoxic to brain tumor cells if fused to the H.8 region. The results of this
experiment indicate that the U.S region can adapt a cupredoxin to be
cytotoxic to 15 brain cancer cell by transporting the attached azurin into
the brain cancer cells,. Accordingly, U.S can be used as a transport
domain to transport a cargo molecule(s) into brain cancer cells. Useful
cargos include cancer treatments and diagnostic agents as known in the
art anehseisfafagdherein. 20 Example 20 - Treatment Of Patigﬁtﬁjéb{g%gq&
From Cancer A Phase IM clinical trial of a cupredoxin entry
domain-exotoxin A domain 1l fusion (Study Drug) will be performed in
patients suffering from cancer., Specifically, the cupredoxin entry domain
is the 50RSF BT IFBARTE T STEHRROr PS BURFSTHE RIS R R SEP K eritfe
cargo is Hperevedtowxise Afdomethvpfreghn2s. PReeddmondasiseginesatatic
making tagfusiaipretainuR B 206 folukbisuitsionprteinywill be

construct illustrated in Example 13. Forty-ni ult patients with
L€ %b?i%héd’l Slt sggtopalgxc ré%ePBan%)e og‘caﬁé HQ)? a ene%ﬁe ar%mrah }s)

histologlca’t\évenfle cancers of't reast, colon"and melanoma who
demohstFREERIRS and radiographic progression or recurrence following

adequate treatfhemtabyeatmegrly elldiaistiuked Afeptavied iBOrmed consent
ChemOthﬁBﬁDﬁL&%@i&Wﬁ%&%ﬁME&lWHLQ@dSMFﬁ@%WB%;&&Eﬁﬁ?@Hbe'
prospective_ st ministering the, S rug..Tq be eligible for
enrollme%n}vneﬁfﬁgxs%ﬁlﬁlgl %ﬁ%@h&wf}é@%gﬁ‘ﬁ%ﬁb@ﬁﬁ%ﬁ%‘ﬁ?
patients dBfTbISH &S HCRelstys St cbpindassmalimettriirditer
completidysatsiap prolie degendrstdobebematherappys egiinensildhisesddence
Colume st el B b
volume must be histologic : [ cal.proof can be
oo e TSRO NG .;ﬁgj@e@é}%&iﬁﬁ% ki,
program SFEEThRsHeRE Litefasionsiten it REE IR
patients inidatiooddroawitil teibhrgttisiomalsRevewiBeaydaofdhe
Universinhahdtiels. «hisagm anshihe- 5 Jscpatients will have no
intercurrent illnes h as other malignan istory of previou
malignancy, b%éﬁ%%ﬁé@?z@% all(ri\nsnlﬁsrtlel&fepgr? g@n’%ﬁ%‘%ﬁsﬁn 5 rc%)t ?afra

serious CLRIRATELIEHS AeheablaeRiation PhighE vt HEtln Bopssp de
evaluatiombifcthwib ffechseotdie propos diditthetagsityBdbetivéliioddoveork

(Completg &laasifzou soleBll@nchSRENing by 5 mg/kg/day up to
20  maximum dose of 50 mg/kg/day. The efficacy of each dose level will be recorded

in 7 patients with advanced measurable cancer (breast, colon, and melanoma).

The response will be estimated by measuring the measurable tumor in 2
dimensions (a and b). 1) Total disappearance of the target metastatic tumors will
be considered as complete response (CR); 2) A 75% reduction will be considered

25 excellent, partial response (PR); and 3) A good response (PR) will be post
treatment reduction in size by 50%. 4) Reduction of 25% in size will be
considered as stable disease (SD) and 5) < 25% will be considered as no response
(NR). Patients demonstrating a progression of disease will have their treatment
discontinued but will be followed for an additional 12 weeks.

30 Total disappearance, and any reduction in size of the target metastatic

tumors will indicate that the azurin treatment is effective for treating cancer.
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Chemistry) including liver function studies (LFT) will be performed prior to
initiation of therapy. All eligible patients must not receive any cancer 15
chemotherapy concurrently during the period of the trial. The study drug(s)
will be administered by daily intravenous injection of a pharmaceutically
acceptable preparation of the Study Drug for 12 weeks and the subjects
will be observed for any dose limiting toxicity. There will be 7 dose levels
startipg Mithssfdgma/kg/day and increasing by 5 mg/kg/day ppressh@Rss7ss
maximum dose of 50 mg/kg/day. The efficacy of each dose level will be
recorded in 7 patients with advanced measurable cancer (breast, colon,
and melanoma). The response will be estimated by measuring the
measurddhertipgiestinsshd he e tmaRd syeav ot éﬁ%’ﬁﬁﬁé"g‘?ﬁﬁ@é@f
the targebpaetastaficetunrtrsatiduiresconsiteradeds thomgtateesssponistd
(CR); 2) &l 2%eoreduction will be considered 25 excellent, partial
response (PR); and 3) A.good response (PR) will b st treatment
reduction in siz€ Dy 'g%fﬁ}?gﬂ séaélég 10N ﬁ@g}g idr%ssc@;&%l a%é?scaggsidered
as stablevsirBaahemyyricg vl Lesmos i o eotilebintess W85 ponse
(NR). Patipatmgitonohstrategdspro gfassiomntibdigetieesivibl nvwatithdirs
treatmen,disconinueshhitailhis allowes faramaddiionabd 2.uaeks. 30
Total disappearance, and any (eduetann. size pfihedargel mefestatic
tumors Wil INGICAE that the azutin Lreatment 19 elﬁec_lve or Preatlng_
cancer. BaPedimerisobsb e aTIiiotiorsyihs feaitedmadi Mo that
the azurisutssiiviernitisveife etivbvine @ decrddiel iateloédfidlde am ppedednce
of new meiasiatia SRR &gk B ARARSAREN the angiogenesis associated
with tumors. Various modifications and variations of the described
examples and 5 systems of the invention will be apparent to those skilled
in the art without departing from the scope and spirit of the invention.
Although the invention has been described in connection with specific
embodiments, it should be understood that the invention as claimed
should not be unduly limited to such specific embodiments. Indeed,
various modifications of the described modes for carrying 10 out the
invention which are obvious to those skilled in related fields are intended
to be within the scope of the following claims.
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56 MCSLLP CLAIMS: 1. An isolated peptide, consisting of a sequence

that is a truncation of a full-length wild-type cupredoxin or 11.8 outer

membrane protein, and which facilitates the entry of a linked molecule

into a mammalian cancer cell. 2. The peptide of claim 1, wherein the MCSLLP
cupredoxin is selected from the group consisting of azurin, plastocyanin,
rusticyanin, pseudoazurin, auracyanin and azurin-like protein. 3. The

peptidesef claim 1, wherein the full-length wild-type cupredoxin or 11.8

outer membrane protein is derived from a organism selected from the

group consisting of Pseudomonas aeruginosa, Phormidium laminosum,

Thiobagiflus-farcaésians cAshigpebadaneycloalasies theeudomamasill-length
syringa, Neisseria, meningitidis, Vibrio parahaemoiy icgﬁ, B rdletella h ¢
BSOS SRERI BAREENS PUFUBSRE P ERBRENE s KLPAN AL RS the entry o

Npigsariagenoerhneaandmihe peptideraftlaim 1, wherein the cupredoxin

is selected from the group consisting of SEQ ID NO: 1, SEQ ID NO: 2,

SEQ ID NO: 3, SFQ ID NO: 4, SEQ ID NO: 29, SEQ ID NO: 30, SEQ ID

NO: 31T1REQpHA NG cBamSE QHENOhS 3y SEdd:dih )i sNEd 3¢ S&QtH2 Noup

36 and SEQ ID NO: 43. 5. The [r:)eétj.tide of claim 1, which is at least about . .
TRPPLLIIE S Ll Aol S VAR BB SIS H Bt i azurin-like

peptige of claim 1, comprising a sequence which has at least about 90%
amino acid sequence identity to a sequence selected from the group
consisting of SEQ ID NO: 5, SEQ ID NO: 6, SEQ ID NO: 7, SEQ ID NO:

9. SEQIH2 pptidd oSEEND NDierdi, thEQ 1 Eeligh 39]dSfy 62 npddodl), or H.8
SEt ID NO: 41, SE%I.DA\IO: ézf SEQ ID NO: 4e3rl’ StE ID N : 44hSEQl i
NG A ARG SR NG A7 B MOHP ™ *TRE Pephitfe 8 eI8HR &, *'s1me
o6 Pyatigingoaseariente seléeied fibmithedroupc disidting lof FFEQ DN,

5, SEQ ID NO: 6, ID NO: 7, SEQ ID NO: 9, SEQ ID NO: 37, SEQ.1D

N ARG 5 E5 35 S YRG0y R S S S s B

B BHREYHD W@ A0 rSECYIID N e pBEL BDY MDY iy cand sSE QADr D x 47 .

aurantiacus and Neisseria gonorrhoeae.

4. The peptide of claim 1, wherein the cupredoxin is selected from the group
consisting of SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID
NO: 29, SEQ ID NO: 30, SEQ ID NO: 31, SEQ ID NO: 32, SEQ ID NO: 33, SEQ ID
NO: 34, SEQ ID NO: 36 and SEQ ID NO: 43.

5. The peptide of claim 1, which is at least about 10 residues and not more than

about 50 residues in length.

6. The peptide of claim 1, comprising a sequence which has at least about 90%
amino acid sequence identity to a sequence selected from the group consisting of SEQ
ID NO: 5, SEQ ID NO: 6, SEQ ID NO: 7, SEQ ID NO: 9, 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: 46, and SEQ ID NO: 47.
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8. The peptide of claim 6, consisting of a sequence selected from the

group consisting of SEQ ID NO: 5, SEQ ID NO: 6, SEQ ID NO: 7, SEQ ID

NO: 9, SEQ 11) 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, MCSLLP
SEQ ID NO: 46, and SEQ ID NO: 47. 9. The peptide of claim 1,

comprising an amino acid sequence selected from the group consisting of

SEQ IO NG 3R ek St 1) &\&%Ff‘@irfgoa %d@ﬁ&t%&%iﬁﬁﬁwm@%&ﬁ?
y of a

structural homology to SEQ ID Ol: 9 and which facilitates the entr
aRaidtng RCBIAA) N hamhalidn Bihcerdéll thtdligh’a SEp etk 2nthR 1D
demain e vatisntthereaprnaselsaid srustyraibomplogy) igdriined | SEQ ID

from a method selected from the group consistin ofgz calculatigrg a
VRS H2p YERADRORT 43sthileula NEhshrddr Betldettsantis5iaidd Pébitte
and SEQ ID NO: 9 wherein said VAST p value is selected from the group

consisting of less than about 103, less than about 103, and less than

8bout 10 &SALHS A5iraIMmE BAYHIge MR8 CORTsectedd 5o e aroup

RERLIdeRNG SEQIIDNG:Q srd abtrining sHIAID KiecaresselariedBramsEQ ID
the group consisting of about 3.5, about 7.0, and about 10.0. 11, A .
L R S IS i IDpkAd: She: RS 41, SEQ 1D

pEPIGE SONSBLN0f 3 SESRIONEENiALs 3 TONCANTN: aba.fldengtb NO: 47.
wild-type cupredoxin, wherein the peptide, is linked to the cargo
compound, and wherein the peptide facilitates entry of the cargo

oompoumnd jigiddndrmalianceaietinetn hhidbecorplened eaiticllfrom the
wherein the peptide is the peptide of claim 1. 13. The complex of claim 11,
\%Wé‘ﬁbﬁﬁ’?ﬁ@t&}%ﬁé’f %E%HBJ%%‘% %é‘ﬂéjc%é%@m e*88 MCSLLP group
consisting of a polymer of amino acid residues, lipoprotein,
palysaccharide, nucleic acid, dye, microparticle, nano arﬁ%g oxin and .
ity AR BB 25 SHHERET TS CADED Eom i o o) and which
paliimnesoferamne atidirgsidueddhat imtinkechionadlbtheneaige tahrpogng
to form a fusion grotein. 15. The complex of claim.11, wherein the cargo
CHRIUNB R Do T SR P S 1o T BRI defined
Pseudendrassakuglfosa @xeioxip Admiaifagientdoeradigld TAST p value
omplex of claim 11, wherejin the cargo.co undisad _ :
e B R SF S - (Bt BRIoS Dl NO:© whercn
SuliStanse is detedtadliedwydarom the group consisting of less than about 10°, less than
about 10°, and less than about 107 and (ii) using the DALI algorithm to compare said
isolated peptide and SEQ ID NO: 9 and obtaining a DALI Z score selected from the
group consisting of about 3.5, about 7.0, and about 10.0.

11, A complex comprising a cargo compound and a peptide, wherein the peptide
consists of a sequence that is a truncation of a full-length wild-type cupredoxin, wherein
the peptide, is linked to the cargo compound, and wherein the peptide facilitates entry of

the cargo compound into a mammalian cancer cell.
12. The complex of claim 11, wherein the peptide is the peptide of claim 1.

13.  The complex of claim 11, wherein the cargo compound is selected from the
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method selected from the group consisting of fluorimetry, microscopy,

X-ray CT, MRI and ultrasound. 19. A pharmaceutical composition

comprising the complex of claim 11 with a pharmaceutically suitable

carrier. 20. A method comprising contacting a cell or cells with the MCSLLP
complex of claim 11 wherein the cell or cells are isolated and wherein the

cargo compound is selected from the group consisting of a polymer of

%Fi@ci%%%ﬁL@'s{ﬁ@'%!e%spclies}l%%@%}ﬁn{b%mmaeﬁpdw&;{;@iﬁ,%ggagaf%%ide,

particles, nanoparticles, toxins, organic molecules, inorganic
misletuisid. shisd RS and @Ry 21 orke A 88 of claim 20,
wherein the cell or cells originate from a patient suffering from cancer,
and wherein the cell or cells are further for reintroduction into the patient.
32, Thél heetpo ek Gbmaiz | yherpitHBecearss suaprertiR Bhmeiapmino

23dThedneted RfGhRim 2nsheseinthe.salbsuacaneshcehspiagirddom

the group consisting of osteosareoma cell, lung carcinoma cell, colon
carcinoma cell, lymphoma cell, leukemia cell, soft tissue sarcoma cell,

hreast garcinapa el Jiver sarcinersa gl capladden sarsinrmacsal,

melanoma cell, brain tumor cell and prostate carcinoma cell. 24. A kit
comprising a reagent comprising the complex of claim 11. 25. The kit of

glgim 24, furthesi COMRISIAGI3 rRABRM QRMBHSINGB e udomonas aeruginosa
pharmaceutically-acceptable adjuvant or excipient. 26. The kit of claim 24,

farerechiirising® HRgERSr administration of the reagent. 27. The
peptide of claim 1, wherein the structure of the peptide is modified to
extend or optimize the half life of the peptide in the bloodstream. 28. A

AdcleiclBeitompletaeciitichlentisies the (GEptiderBr MRS i oFF6aBI¢mbstance.

complex of claim 14. 29. An isolated peptide, consisting of a sequence

lected from th consisting of SEQ ID NO: 5, SEQ ID.NO: 6,
ToNO: PS8 e HIND: e ke T R by

SEQID NUEY ORI NG 8By 16 MEdr2%tBE Qi NGy4R-REQT, MRI

ID NO: 41, SEQ ID NO: 42, SEQ ID NO: 44, SEQ ID NO: 45, SEQ
and ultrasound.

19. A pharmaceutical composition comprising the complex of claim 11 with a

pharmaceutically suitable carrier.

20. A method comprising contacting a cell or cells with the complex of claim 11
wherein the cell or cells are isolated and wherein the cargo compound is selected from
the group consisting of a polymer of amino acid residues, lipoproteins, polysaccharides,
nucleic acids, dyes, microparticles, nanoparticles, toxins, organic molecules, inorganic

molecules, small molecules and drugs.

21.  The method of claim 20, wherein the cell or cells originate from a patient
suffering from cancer, and wherein the cell or cells are further for reintroduction into

the patient.

22. The method of claim 20, wherein the cell is a cancer cell.
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23.  The method of claim 22, wherein the cell is a cancer cell selected from the group
consisting of osteosarcoma cell, lung carcinoma cell, colon carcinoma cell, lymphoma
cell, leukemia cell, soft tissue sarcoma cell, breast carcinoma cell, liver carcinoma cell,

bladder carcinoma cell, melanoma cell, brain tumor cell and prostate carcinoma cell.

24. A kit comprising a reagent comprising the complex of claim 11.

25.  The kit of claim 24, further comprising a reagent comprising a

pharmaceutically-acceptable adjuvant or excipient.

26.  The kit of claim 24, further comprising a vehicle for administration of the

reagent.

27.  The peptide of claim 1, wherein the structure of the peptide is modified to
extend or optimize the half life of the peptide in the bloodstream.

28. A nucleic acid molecule, which encodes the peptide of claims 1 or 10, or the

complex of claim 14.

29.  Anisolated peptide, consisting of a sequence selected from the group consisting
of SEQ ID NO: 5, SEQ ID NO: 6, SEQ ID NO: 7, SEQ ID NO: §, SEQ ID NO: 9, SEQ
ID NO: 10, SEQ ID NO: 11, 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: 44, SEQ ID NO: 45, SEQ
ID NO: 46, and SEQ ID NO: 47.
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