
THROMBIN RECEPTOR ANTAGONISTS BACKGROUND OF THE
INVENTION The present invention relates to nor-seco
himbacine derivatives, which can be useful as thrombin
receptor antagonists in the treatment of diseases
associated with thrombosis, atherosclerosis,
restenosis, hypertension, angina pectoris, arrhythmia,
heart failure, cerebral ischemia, stroke,
neurodegenerative diseases and cancer. Thrombin
receptor antagonists are also known as protease
activated receptor-1 (PAR-1) antagonists. The
compounds of the invention also can be useful as
cannabinoid (CB2) receptor inhibitors for the
treatment of rheumatoid arthritis, systemic lupus
erythematosus, multiple sclerosis, diabetes,
osteoporosis, renal ischemia, cerebral stroke,
cerebral ischemia, nephritis, inflammatory disorders
of the lungs and gastrointestinal tract, and
respiratory tract disorders such as reversible airway
obstruction, chronic asthma and bronchitis. The
invention also relates to pharmaceutical compositions
comprising said compounds. Thrombin is known to have a
variety of activities in different cell types.
Thrombin receptors are known to be present in such
cell types as human platelets, vascular smooth muscle
cells, endothelial cells and fibroblasts. It is
therefore expected that thrombin receptor antagonists
will be useful in the treatment of thrombotic,
inflammatory, atherosclerotic and fibroproliferative
disorders, as well as other disorders in which
thrombin and its receptor play a pathological role.
Thrombin receptor antagonist peptides have been
identified based on structure-activity studies
involving substitutions of amino acids oh thrombin
receptors. In Bernatowicz et al., J. Med. Chem. , 39
(1996), p. 4879-4887, tetra- and pentapeptides are
disclosed as being potent thrombin receptor
antagonists, for example
N-trans-cinnamoyl-p-fluoroPhe-p-guanidinoPhe-Leu-Arg-N
h^ and N-transcinnamoyl-
p-fluoroPhe-p-guanidinoPhe-Leu-Arg-Arg-NH2. Peptide
thrombin receptor antagonists are also disclosed in WO
94/03479, published February 17, 1994. Cannabinoid
receptors belong to the superfamily of G-protein
coupled receptors. They are classified into the
predominantly neuronal CB1 receptors and the
predominantly peripheral CB2 receptors. These
receptors exert their biological actions by modulating
adenylate cyclase and Ca+2 and K+ currents. While the
effects of CB1 receptors are principally associated
with the central nervous system, CB2 receptors - are
believed to have peripheral effects related to
bronchial constriction,immunomodulation and
inflammation. As such, a selective CB2 receptor
binding agent is expected to have therapeutic utility
in the control of diseases associated with rheumatoid
arthritis, systemic lupus erythematosus, multiple
sclerosis, diabetes, osteoporosis, renal ischemia,
cerebral stroke, cerebral ischemia, nephritis,
inflammatory disorders of the lungs and
gastrointestinal tract, and respiratory tract
disorders such as reversible airway obstruction,
chronic asthma and bronchitis (R. G. Pertwee, Curr.
Med. Chem. 6(8), (1999), 635; M. Bensaid, Molecular
Pharmacology . 63 (4), (2003), 908.). Himbacine, a
piperidine alkaloid of the formula has been identified
as a muscarinic receptor antagonist. The total
synthesis of (+)- himbacine is disclosed in
Chackalamannil et al., J. Am. Chem. Soa 118 ( 1996),
p. 9812-9813. Substituted tricyclic thrombin receptor
antagonists are disclosed in US 6,063,847, US
6,326,380 and U.S. Serial Nos. 09/880222 (WO 01/96330)
and 10/271715. SUMMARY OF THE INVENTION The present
invention relates to compounds represented by the
formula I: formula I or a pharmaceutically acceptable
salt of said compound, whereinrepresents a double bond
or a single bond, as permitted by the valency
requirement; with the proviso that R3 is absent when
the carbon to which R3 would be attached is part of a
double bond; B is -(CH2)n3-, -(CH2)O-, -(CH2)S-,
-(CH2)-NR6- , -C(O)NRS-. -NR6C(O)-, 



w n q rein n 3 is 0 _5 n4 and ns are independently
0-2, and R12 and R12a are independently selected from
the group consisting of hydrogen, alkyl and halogen;
A, G, M and J are independently selected from the
group consisting of X is , -CH- or -N-, with the
proviso that selection of A, G, M and X do not result
in adjacent oxygen or sulfur atoms; each n is O, 1 or
2 with the proviso that all n variables cannot be O;
Het is a mono-, bi- or tricyclic heteroaromatic group
of 5 to 14 atoms comprised of 1 to 13 carbon atoms and
1 to 4 heteroatoms independently selected from the
group consisting of N, O and S, with the proviso that
there are no adjacent oxygen or sulfur atoms present
in the heteroaromatic group, wherein a ring nitrogen
can form an N-oxide or a quaternary group with an
alkyl group, wherein Het is attached to B by a carbon
atom ring member, and wherein the Het group is
substituted by 1 to 4 moieties, W, wherein each W is
independently selected from the group consisting of
hydrogen; alkyl; fluoroalkyl; difluoroalkyl;
trifluoroalkyl; cycloalkyl; heterocycloalkyl;
heterocycloalkyl substituted by alkyl or alkenyl;
alkenyl; R2 1-arylalkyl; R2 1-aryl-alkenyl;
heteroaryl; heteroarylalkyl; heteroarylalkenyl;
hydroxyalkyl; dihydroxyalkyl; aminoalkyl;
alkylaminoalkyl; di-(alkyl)-aminoalkyl; thioalkyl;
alkoxy; alkenyloxy; halogen; -NR4R5; -CN; -OH;
-C(O)ORi 7; -COR16 ; -OS(O2)CF3 ; -CH2OCH2CF3 ;
alkylthio; -C(O)NR4R5; - OCHR -phenyl; phenoxyalkyl;
-NHCOR 16; -NHSO2R16; biphenyl; -OC(R6)2COOR7
;-OC(R6)2C(O)NR4R5 ; alkoxy substituted by alkyl,
amino or -NHC(O)OR 17 ; aryl; aryl substituted by 1 to
3 substituents independently selected from the group
consisting of alkyl, halogen, alkoxy, methylenedioxy,
carboxylic acid, carboxamide, amine, urea, amide,
sulfonamide, -CN, -CF3, -OCF3, -OH, alkylamino-,
di-(alkyl)amino-, -NR25R26alkyl-, hydroxyalkyl-,
-C(O)ORi 7 , -COR17 , -NHCOR1 , -NHS(O)2R16,
-NHS(O)2CH2CF3, -C(O)NR25R26, -NR25-C(O)-NR 25R26,
-S(O)R 13 , -S(O)2R13 and -SR 13; or alkyl optionally
substituted with -NR1R2, -NR1COR2, -NR1CONR1R2,
-NR1C(O)OR2, -NR1S(O)2R2, -NR1S(O)2NR1R2, -C(O)OH,
-C(O)OR 1, -CONR1R2heteroaryl, hydroxyalkyl, alkyl or
-S(O)2-alkyl;-C(O)NR 4R or heteroaryl; wherein
adjacent carbons on the Het ring can optionally form a
ring with a methylenedioxy group; R1 and R2 are
independently selected from the group consisting of
hydrogen, alkyl, fluoroalkyl, difluoroalkyl,
trifluoroalkyl, cycloalkyl, alkenyl, alkoxy,
arylalkyl, arylalkenyl, heteroarylalkyl,
heteroarylalkenyl, hydroxy, hydroxyalkyl, alkoxyalkyl,
aminoalkyl, aryl and thioalkyl; or R1 and R2 when
attached to nitrogen, taken together, form a mono or
bicyclic heterocyclic ring of 4 to 10 atoms, with 1-3
heteroatoms selected from -O-, -N-, -S-, -S(O)-,
-S(O)2- and with the proviso that S and O ring atoms
are not adjacent to each other, where said
heterocyclic ring is unsubstituted or substituted with
one or more groups selected from alkyl, halogen,
hydroxy, alkoxy, aryloxy and arylalkoxy; R3 is
aralkoxy, aryloxy, heteroaryl, heteroaralkoxy, -CN,
-NO2, -O-aryl, -O-heteroaryl, N3, -C(O)NR 18R19 ,
-C(=NR1)NR1R2, -N(R1)C=(NR 1)NR1R2; -N=C(R1)NR1R2,
-NR18C(O)R19, -NR18C(O)NR18R19, -NR18C(O)OR 19,
-NR18S(O)2R19, -NR18S(O)2NR18R19 , -NHNR18R19,
-NR18NR18R19 or -alkyl-NR 18R19 ; R6 is hydrogen,
alkyl or phenyl; R7 is hydrogen or alkyl; each R13 is
independently selected from hydrogen, alkyl,
cycloalkyl, haloalkyl, halogen, -(CH 2)n6NHC(O)OR 16b,
-(CH 2)n6NHC(O)R16b, -(CH 2)n6NHC(O)NR4R5, -(CH
2)n6NHSO2R16, -(CH 2)n6NHSO2NR4R5, and -(CH2)
n6C(O)NR28R29, where n6 is 0- 4;each R14 is
independently selected from the group consisting of
hydrogen, alkyl, -OH, alkoxy, arylalkyl, heteroaryl,
heteroarylalkyl, heterocyclyl, heterocyclylalkyl,
halogen, haloalkyl, -(CH 2)n6NHC(O)OR16b, -(CH
2)n6NHC(O)R16b, -(CH 2) 6NHC(O)NR4R5, -(CH
2)n6NHSO2R1d, -(CH 2)n6NHSO2NR4R5, and
-(CH2)n6C(O)NR28R29 where n6 is 0-4; where R4 and R5
are independently selected 



from the group consisting of hydrogen, alkyl, phenyl,
benzyl and cycloalkyl, or R4 and R5 together can form
a ring with the nitrogen to which they are attached,
wherein said ring formed by R4 and R5 is optionally
substituted with =O, OH, OR1 or -C(O)OH; or R13 and
R14 taken together form a spirocyclic or a
heterospirocyclic ring of 3-6 ring atoms, wherein said
heterospirocyclic ring contains 2 to 5 carbon ring
atoms and 1 or 2 hetero ring atoms selected from the
group consisting of O, S and N; R16 is independently
selected from the group consisting of hydrogen, alkyl,
phenyl and benzyl; R16a is independently selected from
the group consisting of hydrogen, alkyl, phenyl and
benzyl; R16b is hydrogen, alkoxy, alkyl, alkoxyalkyl-,
R22-O-C(O)-alkyl-, cycloalkyl, R21- aryl, R2
1-arylalkyl, haloalkyl, alkenyl, halo substituted
alkenyl, alkynyl, halo substituted alkynyl,
R21-heteroaryl, (R2 1-heteroaryl)-alkyl-, (R21
-heterocycloalkyl)-alkyl-, R28R29N-alkyl-,
R28R29N-C(O)-alkyl-, R28R29N-C(O)O-alkyl-, R28OC(O)N(R
29)-alkyl-, R28S(O)2N(R29)-alkyl-, R28R29N-C(O)-N(R
29)-alkyl-, R28R29N-S(O)2N(R29)-alkyl-,
R28-C(O)N(R29)-alkyl-, R28R29N-S(O)2-alkyl-,
HOS(O)2-alkyl-, (OH)2P(O)2-alkyl-, R28-Salkyl-,
R28-S(O)2-alkyl- or hydroxyalkyl; R17 is independently
selected from the group consisting of hydrogen, alkyl,
phenyl and benzyl; R18 and R19 are hydrogen, alkyl,
aryl, R2 1-aryl, heteroaryl, cycloalkyl, heterocyclyl,
alkoxyalkyl, haloalkoxyalkyl, aryloxyalkyl,
arylalkoxyalkyl, heteroaryloxyalkyl,
heteroarylalkoxyalkyl, cycloalkyloxyalkyl,
(heterocyclyl)alkyloxyalkyl, alkoxyalkyloxyalkyl,
-S(O)2-alkyl, -C(NH)NR 1R2 or alkyl substituted with
one or two moieties selected from cycloalkyl, halogen,
hydroxy, -NR1R2, -NR1C(O)R2, -NR1C(O)NR 1R2,
-NR1C(O)OR2, -NR1S(O)2R2, -NR1S(O)2NR1R2, -C(O)OH,
-C(O)OR 1 and -C(O)NR1R2; or R18 and R19 together with
the nitrogen to which they are attached, form a mono
or bicyclic heterocyclic ring of 4 to 10 atoms, having
1-3 hetero ring atoms selectedfrom -O-, -N-, -S-,
-S(O)-, -S(O)2- and with the proviso that S and O
atoms are not adjacent to each other, the ring being
unsubstituted or substituted with one or more groups
selected from alkyl, halogen, hydroxy, alkoxy,
aryloxy, arylalkoxy, -NR1R2, -NR1COR2, -NR1C(O)NR1R2,
-NR1C(O)OR2, -NR1S(O)2R2, -NR1S(O2)NR1R2, -C(O)OR 1,
-CONR1R2 and alkyl substituted with -NR1R2, -NR1COR2,
-NR1CONR1R2, -NR1C(O)OR2, -NR1S(O)2R2 -NR1S(O)2NR1R2,
-C(O)OR1 Or -CONR 1R2; R2 1 is 1 to 3 moieties and
each R2 1 is independently selected from the group
consisting of hydrogen, -CN, -CF3, -OCF3, halogen,
-NO2, alkyl, -OH, alkoxy, alkylamino-,
di-(alkyl)amino-, -NR25R26alkyl-, hydroxyalkyl-,
-C(O)OR 17 , -COR17 , -NHCOR 16 , -NHS(O)2R16 ,
-C(NH)-NH 2, -NHS(O)2CH2CF3, -C(O)NR 25R26,
-NR25-C(O)-NR 25R26, -S(O)R13, -S(O)2R13 , -SR 13 ;
-SO2NR4R5 and -CONR4 R5; or two adjacent R2 1 moieties
can form a methylenedioxy group; R22 is hydrogen,
alkyl, phenyl, benzyl, -COR16 , -CONR 1 R19.-COR 23,
-S(O)R 3 1, -S(O)2R3 1, -S(O2)NR24R25 Or -C(O)OR 27;
are independently selected from the group consisting
of hydrogen, alkyl, and R37-substituted alkyl, wherein
R37 is selected from the group consisting of HO-, HS-,
CH2S-, -NH2, phenyl, p-hydroxyphenyl and indolyl; or
R23 is alkyl; haloalkyl; alkenyl; haloalkenyl;
alkynyl; cycloalkyl; cycloalkylalkyl; cycloalkyl
substituted by 1 to 3 substituents selected from the
group consisting of alkoxyalkyl, alkyl, halogen,
hydroxy, alkoxy, aryloxy, arylalkoxy, -NR1R2,
-NR1C(O)R2, -NR1C(O)NR1R2, -NR1C(O)OR2, -NR1S(O)2R2,
-NR1S(O)2NR1R2, -C(O)OH, -C(O)OR 1 and -CONR1R2; aryl;
aralkyl; heteroaryl; heterocycloalkyl; alkyl
substituted with -NR1R2, -NR1COR2, -NR1CONR1R2,
-NR1C(O)OR2, -NR1S(O2)R2, -NR1S(O2)NR1R2, -C(O)OH,
-C(O)OR 1, -CONR1R2 and -SO 3H; R24, R25 and R26 are
independently selected from the group consisting of
hydrogen, alkyl, haloalkyl, alkenyl, alkynyl, aryl,
aralkyl, cycloalkyl, halocycloalkyl, 



alkoxyalkyl, hydroxy and alkoxy; R27 is 1 to 3
moieties and each R27 is selected from the group
consisting of hydrogen, alkyl, and cycloalkyl, wherein
R27 is optionally substituted with -OH, -C(O)OH,
halogen and alkoxy;R2 8 and R 29 are independently
selected from the group consisting o f hydrogen,
alkyl, alkoxy, arylalkyl, heteroaryl, heteroarylalkyl,
hydroxyalkyl, alkoxyalkyl, heterocyclyl,
heterocyclylalkyl, and haloalkyl; o r R 28 and R 29
taken together form a spirocyclic o r a
heterospirocyclic ring having 3-6 ring atoms; R 32 and
R 33 are independently selected from the group
consisting o f hydrogen, R,34 - alkyl, F"T3 4'-a.
lkenyl, R,34 -alkynyl, R , 440 -heterocycloalkyl, R3 8
-aryl, R,38 -aralkyl, R,42 - cycloalkyl, -OH, -OC(O)R
4 3 , -C(O)OR ,43 , -C(O)R , 4 3, -C(O)NR ,443 O
Rr->4444 ,43_, 4 4 ,43/- ,44 ,43 44r->45 ,43 ,43r,44
37 -NR 4 R 4 4 , -NR 4 ^C(O)R 4 4 , -NR 4 ^C(O)NR 4 4
R 4 , -NHS(O) 2 R 4 , -OC(O)NR 4 R 4 4 , R / - alkoxy,
R,37 -alkenyloxy, R,37 -alkynyloxy, R,40
-heterocycloalkyloxy, R->42 -cycloalkyloxy, R,42
-cyclo-alkenyloxy, R,42 -cycloalkyl-NH-, -NHSO 2NHR 1'
60 o r R32 and R33 can b e combined t o form a ring
structure Q , below where R 9 is hydrogen, OH, alkoxy,
halogen o r haloalkyl; Q is fused R-substituted aryl,
R-substituted heteroaryl, R-substituted heterocyclic
ring o f 4-8 atoms containing 1-3 heteroatoms selected
from O , S , S(O), S(O) 2 and N R22 with the proviso
that S and O cannot b e adjacent t o one another; o r
Q is wherein R 1 0 and R 1 1 are independently
selected from the group consisting o f R 1 and -OR 1 ,
provided that when ring Q is aromatic and the carbon
atoms bearing R 10 and R 1 1 are connected b y a
double bond, R 1 0 and R 1 1 are absent;R is 1 to 5
moieties and each R is independently selected from the
group consisting of hydrogen, alkyl, halogen, hydroxy,
amino, alkylamino, dialkylamino, alkoxy, -COR1 ,
-C(O)ORi 7 , -C(O)NR4R5, -SOFf 6 , -S(O2)R 16 , -NFf
6COR1 a -NRiSC(O)OR 1 a -NR1 6CONR4R5,
-NR16S(O2)NR4R5, fluoroalkyl, difluoroalkyl,
trifluoroalkyl, cycloalkyl, alkenyl, arylalkyl,
arylalkenyl, heteroarylalkyl, heteroarylalkenyl,
hydroxyalkyl, aminoalkyl, aryl and thioalkyl; R34 is 1
to 3 moieties and each R34 is independently selected
from the group consisting of hydrogen, halogen, -OH,
alkoxy, R47-aryl, alkyl-C(O)-, alkenyl-C(O)-,
alkynyl-C(O)-, heterocycloalkyl, R39-cycIoalkyI,
R39-cycloalkenyl, -OC(O)R43, -C(O)OR43, -C(O)R43,
-C(O)NR43R44, -NR43R44, -NR43C(O)R44,
-NR43C(O)NR44R45, -NHSO2R43, -OC(O)NR43R44,
R34-alkenyloxy, R34-alkynyloxy,
R40-heterocycloalkyloxy, R42- cycloalkyloxy,
R42-cycloalkenyloxy, R42-cycloalkyl-NH-, -NHSO 2NHR16
and -CH(=NOR 17) ; R38 is 1 to 3 moieties and each R38
is independently selected from the group consisting of
hydrogen, heterocycloalkyl, halogen, -C(O)OR 48, -CN,
-C(O)NR49R50, -NR5 1C(O)R52, -OR48, cycloalkyl,
cycloalkylalkyl, alkylcycloalkylalkyl,
haloalkylcycloalkylalkyl, hydroxyalkyl, alkoxyalkyl,
and R52-heteroaryl; or two R38 groups on adjacent ring
carbons form a fused methylenedioxy group; R39 is 1 to
3 moieties and each R39 is independently selected from
the group consisting of hydrogen, halogen and alkoxy;
R40 is 1 to 3 moieties and each R40 is independently
selected from the group consisting of hydrogen, R4
1-alkyl, R4 1-alkenyl and R4 1-alkynyl; R4 1 is
hydrogen, -OH or alkoxy; R42 is 1 to 3 moieties and
each R42 is independently selected from the group
consisting of hydrogen, alkyl, -OH, alkoxy and
halogen; R43, R44 and R45 are independently selected
from the group consisting of hydrogen, alkyl,
alkoxyalkyl, R38-arylalkyl, R46-cycloalkyl, R53
cycloalkylalkyl, R38-aryl, 



heterocycloalkyl, heteroaryl, heterocycloalkylalkyl
and heteroarylalkyl; R46 is hydrogen, alkyl,
hydroxyalkyl or alkoxy; R47 is 1 to 3 moieties and
each R47 is independently selected from the group
consisting of hydrogen, alkyl, -OH, halogen, -CN,
alkoxy, trihaloalkoxy, alkylamino, di(alkyl)amino,
-OCF3, hydroxyalkyl, -CHO, -C(O)alkylamino,
-C(O)di(alkyl)amino, -NH2, -NHC(O)alkyl and
-N(alkyl)C(O)alkyl; R48 is hydrogen, alkyl, haloalkyl,
dihaloalkyl or trifluoroalkyl;ana i- are inaepen
aently selected trom the group consisting of hydrogen,
alkyl, aralkyl, phenyl and cycloalkyl, or R49 and R50
together are -(CH 2)4- , -(CH2) - or -(CH
2)2-NR39-(CH2)2- and form a ring with the nitrogen to
which they are attached; R5 1 and R52 are
independently selected from the group consisting of
hydrogen, alkyl, aralkyl, phenyl and cycloalkyl, or R5
1 and R52 in the group -NR39C(O)R40, together with the
nitrogen atoms to which they are attached, form a
cyclic lactam having 5-8 ring members; R53 is
hydrogen, alkoxy, -SOR 1 , -SO2R17 , -C(O)OR 17 ,
-C(O)NR 18R19, alkyl, halogen, fluoroalkyl,
difluoroalkyl, trifluoroalkyl, cycloalkyl, alkenyl,
aralkyl, arylalkenyl, heteroarylalkyl,
heteroarylalkenyl, hydroxyalkyl, aminoalkyl, aryl,
thioalkyl, alkoxyalkyl or alkylaminoalkyl, and R54 is
selected from the group consisting of hydrogen; alkyl;
fluoroalkyl; difluoroalkyl; trifluoroalkyl;
cycloalkyl; cycloalkyl substituted by 1 to 3
substituents selected from the group consisting of
alkoxyalkyl, alkyl, halogen, hydroxy, alkoxy, aryloxy,
arylalkoxy, -NR1R2, -NR 1C(O)R2, -NR1C(O)NR 1R2, -NR
1C(O)OR 2, -NR1S(O) 2R2, -NR1S(O) 2NR1R2, -C(O)OH
1-C(O)OR 1 and -CONR 1R2; alkenyl; alkoxy; arylalkyl;
arylalkenyl; heteroarylalkyl; heteroarylalkenyl;
hydroxy; alkoxy; hydroxyalkyl; alkoxyalkyl;
aminoalkyl; aryl; heteroaryl; thioalkyl and alkyl
substituted by 1 to 3 subsituents selected from the
group consisting of urea, sulfonamide, carboxamide,
carboxylic acid, carboxylic ester and sulfonyl urea;
and pharmaceutically acceptable salts thereof.
Pharmaceutical compositions comprising at least one
compound of formula I and a pharmaceutically
acceptable carrier are also provided. The compounds of
the present invention can be useful as Thrombin
receptor antagonists or PAR-1 antagonists for the
treatment of a cardiovascular or circulatory disease
or condition, an inflammatory disease or condition, a
respiratory tract or disease or condition, cancer,
acute renal failure, astrogliosis, a fibrotic disorder
of the liver, kidney, lung or intestinal tract,
Alzheimer's disease, diabetes, diabetic neuropathy,
rheumatoid arthritis, neurodegenerative disease,
neurotoxic disease, systemic lupus erythematosus,
multiple sclerosis, osteoporosis, glaucoma, macular
degeneration, psoriasis, radiation fibrosis,
endothelial dysfunction, a wound or a spinal cord
injury, or a symptom or result thereof. Thrombin
receptor antagonist compounds of the present invention
can have anti-thrombotic, anti-platelet aggregation,
anti-atherosclerotic, anti-restenotic
and/oranti-coagulant activity. Thrombosis-related
diseases treated by the compounds of this invention
include thrombosis, atherosclerosis, restenosis,
hypertension, angina pectoris, arrhythmia, heart
failure, myocardial infarction, glomerulonephritis,
thrombotic and thromboembolytic stroke, peripheral
vascular diseases, other cardiovascular diseases,
cerebral ischemia, inflammatory disorders and cancer,
as well as other disorders in which thrombin and its
receptor play a pathological role. Certain embodiments
of this invention also relate to a method of using at
least one compound of Formula I in combination with
one or more additional cardiovascular agents. Such
combinations can be useful for the treatment of
thrombosis, atherosclerosis, restenosis, hypertension,
angina pectoris, angiogenesis related disorders,
arrhythmia, a cardiovascular or circulatory disease or
condition, heart failure, myocardial infarction,
glomerulonephritis, thrombotic stroke,
thromboembolytic stroke, peripheral vascular diseases,
cerebral ischemia, rheumatoid arthritis, rheumatism,
astrogliosis, a fibrotic disorder of the liver,
kidney, lung or intestinal tract, 



systemic lupus erythematosus, multiple sclerosis,
osteoporosis, glomerulonephritis, renal disease, acute
renal failure, chronic renal failure, renal vascular
homeostasis, renal ischemia, bladder inflammation,
diabetes, diabetic neuropathy, cerebral stroke,
cerebral ischemia, nephritis, cancer, melanoma, renal
cell carcinoma, neuropathy and/or malignant tumors,
neurodegenerative and/or neurotoxic diseases,
conditions, or injuries, inflammation, asthma,
glaucoma, macular degeneration, psoriasis, endothelial
dysfunction disorders of the liver, kidney or lung
inflammatory disorders of the lungs and
gastrointestinal tract, respiratory tract disease or
condition, radiation fibrosis, endothelial
dysfunction, periodontal diseases or wounds or a
spinal cord injury, or a symptom or result thereof. It
is contemplated that a combination of this invention
may be useful in treating more than one of the
diseases listed. Pharmaceutical compositions
comprising a therapeutically effective amount of a
combination of at least one compound of formula I and
at least one additional cardiovascular agent in a
pharmaceutically acceptable carrier are also provided.
An embodiment of the invention relate to the use of a
thrombin receptor antagonist disclosed in any of US
6,063,847, US 6,326,380, US 6,645,987, U.S. Serial No.
10/271715, all of which are incorporated herein by
reference, in combination with one or more additional
cardiovascular agents, for the treatment of
thrombosis, platelet aggregation, coagulation, cancer,
inflammatory diseases or respiratory diseases. In
particular, the present invention relates to a method
of using said combination in the treatment of
thrombosis, atherosclerosis, restenosis, hypertension,
angina pectoris, angiogenesis related disorders,
arrhythmia, acardiovascular or circulatory disease or
condition, heart failure, myocardial infarction,
glomerulonephritis, thrombotic stroke,
thromboembolytic stroke, peripheral vascular diseases,
cerebral ischemia, rheumatoid arthritis, rheumatism,
astrogliosis, a fibrotic disorder of the liver,
kidney, lung or intestinal tract, systemic lupus
erythematosus, multiple sclerosis, osteoporosis,
glomerulonephritis, renal disease, acute renal
failure, chronic renal failure, renal vascular
homeostasis, renal ischemia, bladder inflammation,
diabetes, diabetic neuropathy, cerebral stroke,
cerebral ischemia, nephritis, cancer, melanoma, renal
cell carcinoma, neuropathy and/or malignant tumors,
neurodegenerative and/or neurotoxic diseases,
conditions, or injuries, inflammation, asthma,
glaucoma, macular degeneration, psoriasis, endothelial
dysfunction disorders of the liver, kidney or lung
inflammatory disorders of the lungs and
gastrointestinal tract, respiratory tract disease or
condition, radiation fibrosis, endothelial
dysfunction, periodontal diseases or wounds or a
spinal cord injury, or a symptom or result thereof.
Pharmaceutical compositions comprising a thrombin
receptor antagonist disclosed in any of US 6,063,847,
US 6,326,380, US 6,645,987, U.S. Serial No. 10/271
715, and a cardiovascular agent with a
pharmaceutically acceptable carrier are provided. It
is further contemplated that the combination of the
invention can be provided as a kit comprising in a
single package at least one compound of formula I in a
pharmaceutical composition, and at least one separate
pharmaceutical composition comprising a cardiovascular
agent. DETAILED DESCRIPTION: In one embodiment, the
present invention provides compounds represented by
structural formula I, or pharmaceutically acceptable
salt thereof, wherein the various moieties are as
described as above. For compounds of Formula I ,
preferred embodiments of the compounds of formula I
are as follows: where X is -CH- or -N-.Additional
preferred embodiments of the compounds of formula I
are as follows: More preferred embodiments of formula
I are as follows:More preferred embodiments of formula
I are as follows: In one embodiment of a compound of
formula I, R3 is absent and a double bond is present
between X and the carbon where R3 is otherwise
attached. In an embodiment of a compound of formula I
, R32 and R33 are combined to 



form the ring Q. In another embodiment of a compound
of formula I, A is O. In another embodiment of a
compound of formula I, for An, n is 1. In another
embodiment of a compound of formula I, for Mn, n is 0.
1r>2 In another embodiment of a compound of formula I,
G is -CR R -In another embodiment of a compound of
formula I, wherein R1 is hydrogen and R2 is methyl. In
an embodiment of a compound of formula I, J is -CR1R2-
. In another embodiment of a compound of formula I ,
for Jn, n is 1. In another embodiment of a compound of
formula I, X is CH. In another embodiment of a
compound of formula I, B is where n4 and n5 are 0. In
another embodiment of a compound of formula I , R3 is
heteroaryl, -C(O)NR 18R19 -NR18C(O)R19 , -NR18C(O)OR
19 , -NR18S(O)2R19 or -NR18C(O)NR18R19 . In another
embodiment of a compound of formula I, R18 and R19 are
hydrogen, alkyl, heteroaryl, -C(NH)-NH2, aryl, R2
1-aryl, or alkyl substituted with one or two moieties
selected from cycloalkyl, halogen, hydroxy, -NR1R2,
-NR1C(O)R2, -NR1C(O)NR 1R2, -NR1C(O)OR2, -NR1S(O)2R2,
-NR1S(O)2NR1R2, -C(O)OH, -C(O)OR1 or -C(O)NR 1R2;
where R1 and R2 are hydrogen, alkyl or alkoxy; or R18
and R19 together with the nitrogen to which they are
attached, form a mono or bicyclic heterocyclic ring of
4 to 10 atoms, with 1-3 heteroatoms selected from O,
N, S, S(O), S(O)2 and C=O, with the proviso that the S
or O atom are not adjacent to each other,
unsubstituted or substituted with one or more groups
selected from alkyl, halogen, hydroxy, alkoxy,
aryloxy, arylalkoxy, -NR1R2, -NR1COR2, -NR1C(O)NR 1R2,
-NR1C(O)OR2, -NR1S(O)2R2, -NR1S(O2)NR1R2, -C(O)OH,
-C(O)OR1, -CONR1R2 and alkyl optionally substituted
with -NR1R2, -NR1COR2, -NR1CONR1R2, -NR1C(O)OR 2,
-NR1S(O)2R2, -NR1S(O)2NR1R2, -C(O)OH, -C(O)OR 1 Or
-CONR1R2. In another embodiment of a compound of
formula I, Het is heteroaryl. In another embodiment of
a compound of formula I , W is aryl, heteroaryl or
aryl substituted by halogen or -CN.In another
embodiment of a compound of formula I , R and R are
hydrogen or alkyl or R32 and R33 are combined to form
a ring structure Q, where Q is In an additional
embodiment of a compound of formula I, B is cis or
trans - (CH2)n4CR12=CR12a (CH2)n5-, where n4 and n5
are 0; An is O where n is 1; Gn is CH2, CH(alkyl) or
C(alkyl) 2; X is -CHJ n is CH2 where n is 1; R3 is
-C(O)NR 18R19; R10 and R11 are hydrogen; R18 and R19
are hydrogen, alkyl, heteroaryl, -C(NH)-NH 2, aryl, R2
1-aryl, or alkyl substituted with one or two moieties
selected from cycloalkyl, halogen, hydroxy, -NR1R2,
-NR1C(O)R2, -NR1C(O)NR 1R2, -NR1C(O)OR2, -NR1S(O) 2R2,
-NR1S(O)2NR1R2, -C(O)OH, -C(O)OR 1 or -C(O)NR 1R2;
where R1 and R2 are hydrogen, alkyl or alkoxy; or R18
and R19 together with the nitrogen to which they are
attached, form a mono or bicyclic heterocyclic ring of
4 to 10 atoms, with 1-3 heteroatoms selected from O,
N, S, S(O), S(O)2 and C=O, with the proviso that the S
or O atom are not adjacent to each other,
unsubstituted or substituted with one or more groups
selected from alkyl, halogen, hydroxy, alkoxy,
aryloxy, arylalkoxy, -NR1R2, -NR1COR2, -NR1C(O)NR 1R2,
-NR1C(O)OR 2, -NR1S(O)2R2, -NR1S(O2)NR 1R2, -C(O)OH,
-C(O)OR 1, -CONR 1R2 and alkyl optionally substituted
with -NR1R2, -NR 1COR2, -NR1CONR1R2, -NR1C(O)OR 2,
-NR1S(O)2R2, -NR 1S(O)2NR1R2, -C(O)OH, -C(O)OR 1 or
-CONR 1R2; Het is heteroaryl; W is aryl, heteroaryl or
aryl substituted by halogen or -CN; and 



R32 and R33 are hydrogen or alkyl or R32 and R33 are
optionally combined to form a ring structure Q, where
Q isIn an additional embodiment of a compound of
formula I, B is -CH=CH-; Het is heteroaryl substituted
with W; W is aryl substituted with halogen or CN; R32
and R33 are combined to form Q and Q is and R3 is
defined as follows: In an additional embodiment of a
compound of formula I, B is cis or trans
-(CH2)n4CR12=CR12a(CH2)n5, where n4 and n5 are 0; An
is O where n is 1; Gn is CH2, CH(alkyl) or C(alkyl)2;
X is -CH-; Jn is CH2 where n is 1; R3 is heteroaryl,
-NR18C(O)R19, -NR18C(O)OR19 or -NR18S(O)2R19; R10 and
R11 are hydrogen; R18 and R19 are hydrogen, alkyl,
heteroaryl, heterocyclyl, -C(NH)-NH2, aryl, R2 1-
aryl, or alkyl substituted with one or two moieties
selected from cycloalkyl, halogen, hydroxy, -NR1R2,
-NR1C(O)R2, -NR1C(O)NR1R2, -NR1C(O)OR2, -NR1S(O)2R2,
-NR1S(O)2NR1R2, -C(O)OH, -C(O)OR 1 or -C(O)NR1R2;
where R1 and R2 are hydrogen, alkyl or alkoxy; or R18
and R19 together with the nitrogen to which they are
attached, form a mono or bicyclic heterocyclic ring of
4 to 10 atoms, with 1-3 heteroatoms selected from O,N,
S, S(O), S(O)2 and C=O, with the proviso that the S or
O atom are not adjacent to each other, unsubstituted
or substituted with one or more groups selected from
alkyl, halogen, hydroxy, alkoxy, aryloxy, arylalkoxy,
-NR1R2, -NR1COR2, -NR1C(O)NR1R2, -NR1C(O)OR2,
-NR1S(O)2R2, -NR1S(O2)NR1R2, -C(O)OH, -C(O)OR 1,
-CONR1R2 and alkyl optionally substituted with -NR1R2,
-NR1COR2, -NR1CONR1R2, -NR1C(O)OR2, -NR1S(O)2R2,
-NR1S(O)2NR1R2, -C(O)OH, -C(O)OR 1 Or -CONR1R2; Het is
heteroaryl; W is aryl, heteroaryl or aryl substituted
by halogen or -CN; and R32 and R33 are hydrogen or
alkyl or R32 and R33 are optionally combined to form a
ring structure Q, where Q is In an additional
embodiment of a compound of formula I , B is -CH=CH-;
Het is heteroaryl substituted with W; W is aryl
substituted with halogen; R-,32 and R-.33 are combined
to form Q and Q and R3 is defined as follows: In an
additional embodiment of a compound of formula I, B is
cis or trans -(CH2)n4CR12=CR12a (CH2)n5, where n4 and
n5 are O; An is O where n is 1;Gn is CR1R2 where n is
1, where R1 and R are alky! or hydrogen; X is -CH-; Jn
is CR1R2 where n is 1, where R1 and R2 are hydrogen;
R3 is heteroaryl, heteroarylalkyl, -O-aryl, N3,
-NR18C(O)OR19 , -NR18COR19 -NHNR18R19, -NR18S(O)2R19 ,
-NR18C(O)NR18R19 or -NR18NR18R19 ; R9, R10 and R11 are
hydrogen; R18 is hydrogen; R19 is O-alkyl or NH2; Het
is a heteroaryl; W is aryl substituted by 1 to 3
substituents independently selected from the group
consisting of halogen, -CF3, CN, alkyl, alkoxy and
-C(O)OR 17 and R32 and R33 are alkyl or R32 and R33
and with the carbons to which they are attached, are
combined to form Q. In another embodiment of a
compound of formula I, Q is cycloalkyl, preferably Q
is cyclohexyl. 



In another embodiment of a compound of formula I, W is
phenyl substituted with halogen or CN. In another
embodiment of a compound of formula I, said halogen is
F. In another embodiment of a compound of formula I ,
R3 is -NHC(O)O-ethyl, N- -C(O)NHCH 2CH2OH1 -NHC(NH)-NH
2, N3, -O-phenyl or An inventive group of compounds is
selected from the group consisting of:In another
embodiment of a compound of formula I, a compound of
the following structure wherein R3, R32 and R33 are
herein defined. In another embodiment of a compound of
formula I , a compound of the following
structurewherein R is herein defined. In another
embodiment of a compound of formula I, B is cis or
trans where n4 and n5 are 0; An is O where n is 1; Gn
is CR1R2 where n is 1, where R1 and R2 are alkyl or
hydrogen; Jn is CR1R2 where n is 1, where R1 and R2
are hydrogen; R9, R10 and R11 are hydrogen; Het is a
heteroaryl; W is aryl substituted by 1 to 3
substituents independently selected from the group
consisting of halogen, -CF3, CN, alkyl, alkoxy and
-C(O)OR 17 and R32 and R33 are alkyl or R32 and R33
and with the carbons to which they are attached, are
combined to form Q. In another embodiment of a
compound of formula I, a compound of the following
structurewherein W In another embodiment of a compound
of formula I , a compound of the following structure
wherein W is As used above, and throughout this
disclosure, the following terms, unless otherwise
indicated, shall be understood to have the following
meanings: "Patient" includes both human and animals.
"Subject" includes both mammals and non-mammalian
animals. "Mammal" means humans and other mammalian
animals. The following definitions apply regardless of
whether a term is used by itself or in combination
with other terms, unless otherwise indicated.
Therefore, the definition of "alkyl" applies to
"alkyl" as well as the "alkyl" portions of
"hydroxyalkyl", "haloalkyl", "alkoxy", etc. "Alkyl"
means an aliphatic hydrocarbon group which may be
straight or branched and comprising about 1 to about
20 carbon atoms in the chain. Preferred alkyl groups
contain about 1 to about 12 carbon atoms in the chain.
More preferred alkyl groups contain about 1 to about 6
carbon atoms in the chain. Branched means that one or
more lower alkyl groups such as methyl, ethyl or
propyl, are attached to a linear alkyl chain. "Lower
alkyl" means a group having about 1 to about 6 carbon
atoms in the chain which may be straight or branched.
The term "substituted alkyl" means that the alkyl
group may be substituted by one or more substituents
which maybe the same or different, each substituent
being independently selected from the group consisting
of halo, alkyl, aryl, cycloalkyl, cyano, hydroxy,
alkoxy, alkylthio, amino, -NH(alkyl), -NH(cycloalkyl),
-N(alkyl)2, carboxy and -C(O)O-alkyl. Non-limiting
examples of suitable alkyl groups include methyl,
ethyl, n-propyl, isopropyl, n-butyl, tbutyl, n-pentyl,
heptyl, nonyl, decyl, fluoromethyl, trifluoromethyl
and cyclopropylmethyl. "Aralkyl" or "arylalkyl" means
an aryl-alkyl- group in which the aryl and alkyl are
as previously described. Preferred aralkyls comprise a
lower alkyl group. Non-limiting examples of suitable
aralkyl groups include benzyl, 2-phenethyl and
naphthalenylmethyl. The bond to the parent moiety is
through the alkyl. 



"Alkylaryl" means an alkyl-aryl- group in which the
alkyl and aryl are as previously described. Preferred
alkylaryls comprise a lower alkyl group. Non-limiting
example of a suitable alkylaryl group is tolyl. The
bond to the parent moiety is through the aryl.
"Alkenyl" means an aliphatic hydrocarbon group
(straight or branched carbon chain) comprising one or
more double bonds in the chain and which can be
conjugated or unconjugated. Useful alkenyl groups can
comprise 2 to about 15 carbon atoms in the chain,
preferably 2 to about 12 carbon atoms in the chain,
and more preferably 2 to about 6 carbon atoms in the
chain. The alkenyl group can be substituted by one or
more substituents independently selected from the
group consisting of halo, alkyl, aryl, cycloalkyl,
cyano and alkoxy. Non-limiting examples of suitable
alkenyl groups include ethenyl, propenyl, n-butenyl,
3-methylbut-enyl and npentenyl. Where an alkyl or
alkenyl chain joins two other variables and is
therefore bivalent, the terms alkylene and alkenylene,
respectively, are used. "Alkynyl" means an aliphatic
hydrocarbon group containing at least one
carbon-carbon triple bond and which may be straight or
branched and comprising about 2 to about 15 carbon
atoms in the chain. Preferred alkynyl groups have
about 2 to about 12 carbon atoms in the chain; and
more preferably about 2 to about 4 carbon atoms in the
chain. Branched means that one or more lower alkyl
groups such as methyl, ethyl or propyl, are attached
to a linear alkynyl chain. "Lower alkynyl" means about
2 to about 6 carbon atoms in the chain which may be
straight or branched. Non-limiting examples of
suitable alkynyl groups include ethynyl, propynyl,
2-butynyl, 3-methylbutynyl, n-pentynyl, and decynyl.
The term "substituted alkynyl" means that the alkynyl
group may be substituted by one or more substituents
which may be thesame or different, each substituent
being independently selected from the group consisting
of alkyl, aryl and cycloalkyl. "Aryl" means an
aromatic monocyclic or multicyclic ring system
comprising about 6 to about 14 carbon atoms,
preferably about 6 to about 10 carbon atoms. The aryl
group can be optionally substituted with one or more
"ring system substituents" which may be the same or
different, and are as defined herein. Non-limiting
examples of suitable aryl groups include phenyl,
naphthyl, indenyl, tetrahydronaphthyl and indanyl.
"Arylene" means a bivalent phenyl group, including
ortho, meta and parasubstitution. "Ring system
substituent" means a substituent attached to an
aromatic or nonaromatic ring system which, for
example, replaces an available hydrogen on the ring
system. Ring system substituents may be the same or
different, each being independently selected from the
group consisting of alkyl, alkenyl, alkynyl, aryl,
heteroaryl, aralkyl, alkylaryl, heteroaralkyl,
heteroarylalkenyl, heteroarylalkynyl, alkylheteroaryl,
hydroxy, hydroxyalkyl, alkoxy, aryloxy, aralkoxy,
acyl, aroyl, halo, nitro, cyano, carboxy,
alkoxycarbonyl, aryloxycarbonyl, aralkoxycarbonyl,
alkylsulfonyl, arylsulfonyl, heteroarylsulfonyl,
alkylthio, arylthio, heteroarylthio, aralkylthio,
heteroaralkylthio, cycloalkyl, heterocyclyl,
-C(=N-CN)-NH 2, -C(=NH)-NH 2, -C(=NH)- NH(alkyl),
Y1Y2N-, Y1Y2N-^yI-, Y1Y2NC(O)-, Y1Y2NSO2- and
-SO2NY1Y2, wherein Y1 and Y2 can be the same or
different and are independently selected from the
group consisting of hydrogen, alkyl, aryl, cycloalkyl,
and aralkyl. "Ring system substituent" may also mean a
single moiety which simultaneously replaces two
available hydrogens on two adjacent carbon atoms (one
H on each carbon) on a ring system. Examples of such
moiety are methylene dioxy, ethylenedioxy, -C(CH3)2-
and the like which form moieties such as, for example:
The term "Boc" refers to N-tert-butoxycarbonyl.
"Cycloalkyl" means a non-aromatic mono- or multicyclic
ring system comprising about 3 to about 10 carbon
atoms, preferably about 5 to about 10 carbon atoms.
Preferred cycloalkyl rings contain about 5 to about 7
ring atoms. The cycloalkyl can be optionally
substituted with one or more "ring system
substituents" which may be the same or different, and
are as defined above. Non-limiting examples of
suitable monocyclic cycloalkyls include cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl,cycloheptyl and
the like. Non-limiting examples of suitable
multicyclic cycloalkyls 



include 1-decalinyl, norbomyl, adamantyl and the like,
as well as partially saturated species such as, for
example, indanyl, tetrahydronaphthyl and the like.
"Cycloalkenyl" means a non-aromatic mono or
multicyclic ring system comprising about 3 to about 10
carbon atoms, preferably about 5 to about 10 carbon
atoms which contains at least one carbon-carbon double
bond. Preferred cycloalkenyl rings contain about 5 to
about 7 ring atoms. The cycloalkenyl can be optionally
substituted with one or more "ring system
substituents" which may be the same or different, and
are as defined above. Non-limiting examples of
suitable monocyclic cycloalkenyls include
cyclopentenyl, cyclohexenyl, cycloheptenyl, and the
like. Nonlimiting example of a suitable multicyclic
cycloalkenyl is norbomylenyl. "Cycloalkylene" refers
to a corresponding bivalent ring, wherein the points
of attachment to other groups include all positional
isomers. "Dihydroxyalkyl" refers to an alkyl chain
substituted by two hydroxy groups on two different
carbon atoms. "Fluoroalkyl", "difluoroalkyl" and
"trifluoroalkyl" mean alkyl chains wherein the
terminal carbon is substituted by 1, 2 or 3
fluoroatoms, respectively, e.g., -CF3, -CH2CF3
-CH2CHF2 or -CH2CH2F. "Halo" refers to fluorine,
chlorine, bromine or iodine radicals. Preferred are
fluoro, chloro or bromo, and more preferred are fluoro
and chloro. "Halogen" means fluorine, chlorine,
bromine, or iodine. Preferred are fluorine, chlorine
and bromine. "Heteroaryl" means an aromatic monocyclic
or multicyclic ring system comprising about 5 to about
14 ring atoms, preferably about 5 to about 10 ring
atoms, in which one or more of the ring atoms is an
element other than carbon, for example nitrogen,
oxygen or sulfur, alone or in combination, provided
that the rings do not include adjacent oxygen and/or
sulfur atoms. N-oxides of the ring nitrogens are also
included, as well as compounds wherein a ring nitrogen
is substituted by an alkyl group to form a quaternary
amine. Preferred heteroaryls contain about 5 to about
6 ring atoms. The "heteroaryl" can be optionally
substituted by one or more "ring system substituents"
which may be the same or different, and are as defined
herein. The prefix aza, oxa or thia before the
heteroaryl root name means that at least a nitrogen,
oxygen or sulfur atom respectively, is present as a
ring atom. A nitrogen atom of a heteroaryl can be
optionally oxidized to the corresponding N-oxide.
Non-limiting examples of suitable heteroaryls include
pyridyl, pyrazinyl, furanyl, thienyl,
pyrimidinyl,pyridone (including N-substituted
pyridones), isoxazolyl, isothiazolyl, oxazolyl,
thiazolyl, pyrazolyl, oxadiazolyl, tetrazolyl,
pyrimidyl, furazanyl, pyrrolyl, pyrazolyl, triazolyl,
1,2,4-thiadiazolyl, pyrazinyl, pyridazinyl,
quinoxalinyl, phthalazinyl, oxindolyl, naphthyridyl
(e.g., 1, 5 or 1,7), pyrido[2,3]imidazolyl, imidazo[1
,2-a]pyridinyl, imidazo[2,1-b]thiazolyl, benzofuranyl,
benzofurazanyl, indolyl, azaindolyl, benzimidazolyl,
benzothienyl, quinolinyl, imidazolyl, thienopyridyl,
quinazolinyl, thienopyrimidyl, pyrrolopyridyl,
imidazopyridyl, isoquinolinyl, benzoazaindolyl, 1,2,4-
triazinyl, benzoxazolyl, benzothiazolyl,
pyridopyrimidinyl, 7-azaindolyl and the like. The term
"heteroaryl" also refers to partially saturated
heteroaryl moieties such as, for example,
tetrahydroisoquinolyl, tetrahydroquinolyl and the
like. All positional isomers are contemplated, e.g.,
2-pyridyl, 3-pyridyl and 4-pyridyl. The term "Het" is
exemplified by the single ring, bicyclic and
benzofused heteroaryl groups as defined immediately
above. Het groups are joined to group B by a carbon
ring member, e.g., Het is 2-pyridyl, 3-pyridyl or
2-quinolyl. The Het ring can be substituted on any
available ring carbon by a group W; 1 to 4 W
substituents can be present on a Het ring.
"Heterocyclyl" or "heterocycloalkyl" means a
non-aromatic saturated monocyclic or multicyclic ring
system comprising about 3 to about 10 ring atoms,
preferably about 5 to about 10 ring atoms, in which
one or more of the atoms in the ring system is an
element other than carbon, for example nitrogen,
oxygen or sulfur, alone or in combination. There are
no adjacent oxygen and/or sulfur atoms present in 



the ring system. Preferred heterocyclyls contain about
5 to about 6 ring atoms. The prefix aza, oxa or thia
before the heterocyclyl root name means that at least
a nitrogen, oxygen or sulfur atom respectively is
present as a ring atom. Any -NH in a heterocyclyl ring
may exist protected such as, for example, as an
-N(Boc), -N(CBz), -N(Tos) group and the like; such
protections are also considered part of this
invention. The heterocyclyl can be optionally
substituted by one or more "ring system substituents"
which may be the same or different, and are as defined
herein. The nitrogen or sulfur atom of the
heterocyclyl can be optionally oxidized to the
corresponding N-oxide, S-oxide or S,S-dioxide.
Non-limiting examples of suitable monocyclic
heterocyclyl rings include piperidyl, pyrrolidinyl,
piperazinyl, morpholinyl, thiomorpholinyl,
thiazolidinyl, 1,3-dioxanyl, 1,4-dioxanyl,
tetrahydrofuranyl, tetrahydrothiopyranyl,
tetrahydrothiophenyl, lactam, lactone, and the like.
It should be noted that in hetero-atom containing ring
systems of this invention, there are no hydroxyl
groups on carbon atoms adjacent to a N, O or S, as
well asthere are no N or S groups on carbon adjacent
to another heteroatom. Thus, for example, in the ring:
there is no -OH attached directly to carbons marked 2
and 5. It should also be noted that tautomeric forms
such as, for example, the moieties: are considered
equivalent in certain embodiments of this invention.
The term "heterospirocyclic" refers to a spirocyclic
structure containing 3 to 5 carbon atoms and 1 or 2
heteroatoms selected from the group consisting of N, S
and O, provided that the heteroatoms are not adjacent.
"Alkylamino" means an alkyl-amino group in which the
alkyl group is as previously described. The bond to
the parent moiety is through the amino.
"Alkylaminoalkyl" means an alkyl-amino-alkyl group in
which the alkyl groups are as previously described.
The bond to the parent moiety is through the alkyl.
"Alkylcycloalkylalkyl" means an alkyl-cycloalkyl-alkyl
group in which the alkyl and cycloalkyl groups are as
previously described. The bond to the parent moiety is
through the alkyl. "Alkylheteroaryl" means an
alkyl-heteroaryl group in which the alkyl and
heteroaryl groups are as previously described. The
bond to the parent moiety is through the heteroaryl.
"Alkylheterocycloalkyl" means an
alkyl-heterocycloalkyl group in which the alkyl and
heterocycloalkyl groups are as previously described.
The bond to the parent moiety is through the
heterocycloalkyl group. "Alkoxyalkyloxyalkyl" means an
alkoxy-alkyl-O-alkyl group in which the alkoxy and
alkyl groups are as previously described. The bond to
the parent moiety is through the alkyl group.
"Alkynylalkyl" means an alkynyl-alkyl- group in which
the alkynyl and alkyl are as previously described.
Preferred alkynylalkyls contain a lower alkynyl and a
lower alkyl group. The bond to the parent moiety is
through the alkyl. Non-limiting examples of suitable
alkynylalkyl groups include
propargylmethyl."Haloalkyl" means a halo-alkyl- group
in which the alkyl group is as previously described.
The bond to the parent moiety is through the alkyl.
Non-limiting examples of suitable haloalkyl groups
include fluoromethyl and difluoromethyl.
"Heteroaralkyl" or "heteroarylalkyl" means a
heteroaryl-alkyl- group in which the heteroaryl and
alkyl are as previously described. Preferred
heteroaralkyls contain a lower alkyl group.
Non-limiting examples of suitable aralkyl groups
include pyridylmethyl, and quinolin-3-ylmethyl. The
bond to the parent moiety is through the alkyl.
"Heteroarylalkenyl" means a heteroaryl-alkenyl group
in which the heteroaryl and alkenyl are as previously
described. Preferred heteroarylalkenyl contain a lower
alkenyl group. The bond to the parent moiety is
through the alkenyl group. "Heterocyclylalkyl" or
"heterocycloalkylalkyl" means a heterocyclyl-alkyl
group in which the heterocyclyl and alkyl groups are
as previously described. The bond to the 



parent moiety is through the alkyl group.
"Heterocycloalkyloxy" means a heterocycloalkyl-O-
group in which the heterocycloalkyl group is as
previously described. The bond to the parent moiety is
through the ether atom. "Heteroarylalkoxyalkyl" means
a heteroaryl-alkoxyalkyl group in which the heteroaryl
and alkoxyalkyl groups are as described above. The
bond to the parent moiety is through the alkyl group.
"Hydroxyalkyl" means a HO-alkyl- group in which alkyl
is as previously defined. Preferred hydroxyalkyls
contain lower alkyl. Non-limiting examples of suitable
hydroxyalkyl groups include hydroxymethyl and
2-hydroxyethyl. "Acyl" means an H-C(O)-, alkyl-C(O)-
or cycloalkyl-C(O)-, group in which the various groups
are as previously described. The bond to the parent
moiety is through the carbonyl. Preferred acyls
contain a lower alkyl. Non-limiting examples of
suitable acyl groups include formyl, acetyl and
propanoyl. "Aminoalkyl" means an amino-alkyl group in
which the alkyl group is as previously described. The
bond to the parent moiety is through the alkyl.
"Aroyl" means an aryl-C(O)- group in which the aryl
group is as previously described. The bond to the
parent moiety is through the carbonyl. Non-limiting
examples of suitable groups include benzoyl and 1-
naphthoyl. "Alkenyloxy" means an alkenyl-O- group in
which the alkenyl group is as previously described.
The bond to the parent moiety is through the ether
oxygen. "Alkynyloxy" means an alkynyl-O- group in
which the alkenyl group is as previously described.
The bond to the parent moiety is through the ether
oxygen."Alkoxy" means an alkyl-O- group in which the
alkyl group is as previously described. Non-limiting
examples of suitable alkoxy groups include methoxy,
ethoxy, n-propoxy, isopropoxy and n-butoxy. The bond
to the parent moiety is through the ether oxygen.
"Aralkoxy" or "arylalkoxy" means an aralkyl-O- group
in which the aralkyl group is as previously described.
The bond to the parent moiety is through the oxygen
atom. "Alkoxyalkyl" or "alkyloxyalkyl" means an
alkyl-O-alkyl group in which the alkyl and alkyl
groups are as previously described. Non-limiting
examples of suitable alkyloxyalkyl groups include
methoxymethyl and ethoxymethyl. The bond to the parent
moiety is through the alkyl group. "Aryloxy" means an
aryl-O- group in which the aryl group is as previously
described. Non-limiting examples of suitable aryloxy
groups include phenoxy and naphthoxy. The bond to the
parent moiety is through the ether oxygen.
"Aryloxyalkyl" means an aryl-O-alkyl group in which
the aryl and alkyl groups are as previously described.
Non-limiting examples of suitable aryloxyalkyl groups
include phenoxymethyl and naphthoxymethyl. The bond to
the parent moiety is through the alkyl group.
"Arylalkoxyalkyl" means an aryl-alkoxyalkyl group in
which the aryl and alkoxyalkyl groups are as
previously described. The bond to the parent moiety is
through the alkyl group. "Aralkyloxy" means an
aralkyl-O- group in which the aralkyl group is as
previously described. Non-limiting examples of
suitable aralkyloxy groups include benzyloxy and 1- or
2-naphthalenemethoxy. The bond to the parent moiety is
through the ether oxygen. "Arylalkenyl" means an
aryl-alkenyl- group in which the aryl and alkenyl
groups are as previously described. The bond to the
parent moiety is through the alkenyl. "Alkylthio"
means an alkyl-S- group in which the alkyl group is as
previously described. Non-limiting examples of
suitable alkylthio groups include methylthio and
ethylthio. The bond to the parent moiety is through
the sulfur. "Arylthio" means an aryl-S- group in which
the aryl group is as previously described.
Non-limiting examples of suitable arylthio groups
include phenylthio and 



naphthylthio. The bond to the parent moiety is through
the sulfur. "Aralkylthio" means an aralkyl-S- group in
which the aralkyl group is as previously described.
Non-limiting example of a suitable aralkylthio group
is benzylthio. The bond to the parent moiety is
through the sulfur."Alkoxycarbonyl" means an
alkyl-O-CO- group. Non-limiting examples of suitable
alkoxycarbonyl groups include methoxycarbonyl and
ethoxycarbonyl. The bond to the parent moiety is
through the carbonyl. "Aryloxycarbonyl" means an
aryl-O-C(O)- group. Non-limiting examples of suitable
aryloxycarbonyl groups include phenoxycarbonyl and
naphthoxycarbonyl. The bond to the parent moiety is
through the carbonyl. "Aralkoxycarbonyl" means an
aralkyl-O-C(O)- group. Non-limiting example of a
suitable aralkoxycarbonyl group is benzyloxycarbonyl.
The bond to the parent moiety is through the carbonyl.
"Alkylsulfonyl" means an alkyl-S(O2)- group. Preferred
groups are those in which the alkyl group is lower
alkyl. The bond to the parent moiety is through the
sulfonyl. "Arylsulfonyl" means an aryl-S(O2)- group.
The bond to the parent moiety is through the sulfonyl.
"Cycloalkenyloxy" means a cycloalkenyl-O- group in
which the cycloalkenyl group is as previously
described. The bond to the parent moiety is through
the ether atom. "Cycloalkylyalkyl" means a
cycloalkyl-alkyl group in which the cycloalkyl and
alkyl groups are as previously described. The bond to
the parent moiety is through the alkyl group.
"Cycloalkyloxy" or "cycloalkoxy" means a cycloalkyl-O-
group in which the cycloalkyl group is as previously
described. The bond to the parent moiety is through
the ether atom. "Cycloalkyloxyalkyl" means a
cycloalkyl-O-alkyl group in which the cycloalkyl and
alkyl groups are as previously described. The bond to
the parent moiety is through the alkyl group.
"Haloalkoxyalkyl" means a halo alkoxyalkyl group in
which the alkoxyalkyl group is as previously
described. The bond to the parent moiety is through
the alkyl group. "Heterocyclylalkoxyalkyl" means a
heterocyclyl-alkoxyalkyl group in which the
alkoxyalkyl group is as previously described. The bond
to the parent moiety is through the alkyl group. The
optional double bond represented by means that at
least a single bond must be present, but that a double
bond can be present; when the double bond is present,
R10 is absent.When R4 and R5 join to form a ring with
the nitrogen to which they are attached, the rings
formed are 1-pyrrolidinyl, 1-piperidinyl and
1-piperazinyl, wherein the piperazinyl ring may also
be substituted at the 4-position nitrogen by a group
R7 . The above statements, wherein, for example, R4
and R5 are said to be independently selected from a
group of substituents, means that R4 and R5 are
independently selected when attached to the same
nitrogen, but also that where an R4 or R5 variable
occurs more than once in a molecule, those occurrences
are independently selected. Similarly, each occurrence
of R13 or R14 is independent of any other R13 or R14
in the same Q ring. Those skilled in the art will
recognize that the size and nature of the
substituent(s) will affect the number of substituents
which can be present. The term "substituted" means
that one or more hydrogens on the designated atom is
replaced with a selection from the indicated group,
provided that the designated atom's normal valency
under the existing circumstances is not exceeded, and
that the substitution results in a stable compound.
Combinations of substituents and/or variables are
permissible only if such combinations result in stable
compounds. By "stable compound' or "stable structure"
is meant a compound that is sufficiently 



robust to survive isolation to a useful degree of
purity from a reaction mixture, and formulation into
an efficacious therapeutic agent. The term "optionally
substituted" means optional substitution with the
specified groups, radicals or moieties. The term
"isolated" or "in isolated form" for a compound refers
to the physical state of said compound after being
isolated from a synthetic process or natural source or
combination thereof. The term "purified" or "in
purified form" for a compound refers to the physical
state of said compound after being obtained from a
purification process or processes described herein or
well known to the skilled artisan, in sufficient
purity to be characterizable by standard analytical
techniques described herein or well known to the
skilled artisan. The structure in the compound of
formula I, represents an optional double bond, the
dotted line is a bond or no bond, resulting in a
double bond or a single bond, as permitted by the
valency requirement; with the proviso that R3 is
absent when the carbon to which R3 would be attached
is part of a double bond. It should also be noted that
any carbon as well as heteroatom with unsatisfied
valences in the text, schemes, examples and Tables
herein is assumed to have the sufficient number of
hydrogen atom(s) to satisfy the valences.When a
functional group in a compound is termed "protected",
this means that the group is in modified form to
preclude undesired side reactions at the protected
site when the compound is subjected to a reaction.
Suitable protecting groups will be recognized by those
with ordinary skill in the art as well as by reference
to standard textbooks such as, for example, T.W.
Greene et al, Protective Groups in organic Synthesis
(1991), Wiley, New York. When any variable (e.g.,
aryl, heterocycle, R2, etc.) occurs more than one time
in any constituent or in Formula I , its definition on
each occurrence islndependent of its definition at
every other occurrence. As used herein, the term
"composition" is intended to encompass a product
comprising the specified ingredients in the specified
amounts, as well as any product which results,
directly or indirectly, from combination of the
specified ingredients in the specified amounts.
Prodrugs, solvates and co-crystals of the compounds of
the invention are also contemplated herein. The term
"prodrug", as employed herein, denotes a compound that
is a drug precursor which, upon administration to a
subject, undergoes chemical conversion by metabolic or
chemical processes to yield a compound of Formula I or
a salt and/or solvate thereof. A discussion of
prodrugs is provided in T. Higuchi and V. Stella,
Pro-drugs as Novel Delivery Systems (1987) 14 of the
A.C.S. Symposium Series, and in Bioreversible Carriers
in Drug Design, (1987) Edward B. Roche, ed., American
Pharmaceutical Association and Pergamon Press, both of
which are incorporated herein by reference thereto.
"Solvate" means a physical association of a compound
of this invention with one or more solvent molecules.
This physical association involves varying degrees of
ionic and covalent bonding, including hydrogen
bonding. In certain instances the solvate will be
capable of isolation, for example when one or more
solvent molecules are incorporated in the crystal
lattice of the crystalline solid. "Solvate"
encompasses both solution-phase and isolatable
solvates. Non-limiting examples of suitable solvates
include ethanolates, methanolates, and the like.
"Hydrate" is a solvate wherein the solvent molecule is
H2O. A co-crystal is a crystalline superstructure
formed by combining an active pharmaceutical
intermediate with an inert molecule that produces
crystallinity to the combined form. Co-crystals are
often made between a dicarboxlyic acid such as fumaric
acid, succinic acid etc. and a basic amine such as the
one represented bycompound I of this invention in
different proportions depending on the nature of the
co-crystal. (Rmenar, J. F. et. al. J Am. Chem. Soc.
2003, 125, 8456). "Effective amount" or
"therapeutically effective amount" is meant to
describe an amount of compound or a composition of the
present invention effective as thrombin 



receptor antagonists and thus producing the desired
therapeutic, ameliorative, inhibitory or preventative
effect. The compounds of Formula I can form salts
which are also within the scope of this invention.
Reference to a compound of Formula I herein is
understood to include reference to salts thereof,
unless otherwise indicated. The term "salt(s)", as
employed herein, denotes acidic salts formed with
inorganic and/or organic acids, as well as basic salts
formed with inorganic and/or organic bases. In
addition, when a compound of Formula I contains both a
basic moiety, such as, but not limited to a pyridine
or imidazole, and an acidic moiety, such as, but not
limited to a carboxylic acid, zwitterions ("inner
salts") may be formed and are included within the term
"salt(s)" as used herein. Pharmaceutically acceptable
(i.e., non-toxic, physiologically acceptable) salts
are preferred, although other salts are also useful.
Salts of the compounds of the Formula I may be formed,
for example, by reacting a compound of Formula I with
an amount of acid or base, such as an equivalent
amount, in a medium such as one in which the salt
precipitates or in an aqueous medium followed by
lyophilization. Exemplary acid addition salts include
acetates, ascorbates, benzoates, benzenesulfonates,
bisulfates, borates, butyrates, citrates, camphorates,
camphorsulfonates, fumarates, hydrochlorides,
hydrobromides, hydroiodides, lactates, maleates,
methanesulfonates, naphthalenesulfonates, nitrates,
oxalates, phosphates, propionates, salicylates,
succinates, sulfates, tartarates, thiocyanates,
toluenesulfonates (also known as tosylates,) and the
like. Additionally, acids which are generally
considered suitable for the formation of
pharmaceutically useful salts from basic
pharmaceutical compounds are discussed, for example,
by P. Stahl et al, Camille G. (eds.) Handbook of
Pharmaceutical Salts. Properties, Selection and Use.
(2002) Zurich: Wiley-VCH; S. Berge et al, Journal of
Pharmaceutical Sciences ( 1977) 66(1) 1-19; P. Gould,
International J. of Pharmaceutics ( 1986) 33 201-217;
Anderson et al, The Practice of Medicinal Chemistry
(1996), Academic Press, New York; and in The Orange
Book (Food & Drug Administration, Washington, D.C. on
their website). These disclosures are incorporated
herein by reference thereto.Exemplary basic salts
include ammonium salts, alkali metal salts such as
sodium, lithium, and potassium salts, alkaline earth
metal salts such as calcium and magnesium salts, salts
with organic bases (for example, organic amines) such
as dicyclohexylamines, t-butyl amines, and salts with
amino acids such as arginine, lysine and the like.
Basic nitrogen-containing groups may be quartemized
with agents such as lower alkyl halides (e.g. methyl,
ethyl, and butyl chlorides, bromides and iodides),
dialkyl sulfates (e.g. dimethyl, diethyl, and dibutyl
sulfates), long chain halides (e.g. decyl, lauryl, and
stearyl chlorides, bromides and iodides), aralkyl
halides (e.g. benzyl and phenethyl bromides), and
others. All such acid salts and base salts are
intended to be pharmaceutically acceptable salts
within the scope of the invention and all acid and
base salts are considered equivalent to the free forms
of the corresponding compounds for purposes of the
invention. Compounds of Formula I, and salts,
solvates, co-crystals and prodrugs thereof, may exist
in their tautomeric form (for example, as an amide or
imino ether). All such tautomeric forms are
contemplated herein as part of the present invention.
All stereoisomers (for example, geometric isomers,
optical isomers and the like) of the present compounds
(including those of the salts, solvates, co-crystals
and prodrugs of the compounds as well as the salts and
solvates, co-crystals of the prodrugs), such as those
which may exist due to asymmetric carbons on various
substituents, including enantiomeric forms (which may
exist even in the absence of asymmetric carbons),
rotameric forms, atropisomers, and diastereomeric
forms, are contemplated within the scope of this
invention, as are positional isomers (such as, for
example, 4-pyridyl and 3-pyridyl). Individual
stereoisomers of the compounds of the invention may,
for example, be substantially free of other isomers,
or may be admixed, for example, as racemates or with
all other, or other selected, 



stereoisomers. The chiral centers of the present
invention can have the S or R configuration as defined
by the IUPAC1974 Recommendations. The use of the terms
"salt", "solvate" "prodrug" and the like, is intended
to equally apply to the salt, solvate and prodrug of
enantiomers, stereoisomers, rotamers, tautomers,
positional isomers, racemates or prodrugs of the
inventive compounds. Polymorphic forms of the
compounds of Formula I, and of the salts, solvates,
co-crystals and prodrugs of the compounds of Formula
I, are intended to be included in the present
invention.The compounds according to the invention
have pharmacological properties; in particular, the
compounds of Formula I can be nor-seco himbacine
derivatives useful as thrombin receptor antagonists.
Compounds of the invention have at least one
asymmetrical carbon atom and therefore all isomers,
including enantiomers, stereoisomers, rotamers,
tautomers and racemates of the compounds of Formula
(I) (where they exist) are contemplated as being part
of this invention. The invention includes d and I
isomers in both pure form and in admixture, including
racemic mixtures. Isomers can be prepared using
conventional techniques, either by reacting optically
pure or optically enriched starting materials or by
separating isomers of a compound of Formula I. Isomers
may also include geometric isomers, e.g., when a
double bond is present. Polymorphous forms of the
compounds of Formula (I), whether crystalline or
amorphous, also are contemplated as being part of this
invention. Those skilled in the art will appreciate
that for some of the compounds of Formula I, one
isomer will show greater pharmacological activity than
other isomers. Typical preferred compounds of the
present invention have the following stereochemistry:
with compounds having that absolute stereochemistry
being more preferred. Those skilled in the art will
appreciate that for some compounds of Formula I, one
isomer will show greater pharmacological activity than
other isomers. Compounds of the present invention in
which are generally prepared by processes in
accordance with the following. Some of the following
below compounds, intermediates and processes, can be
practiced by the methods as disclosed in any of US
6,063,847, US 6,326,380, US 6,645,987, U.S. Serial No.
10/271715, all of which are incorporated herein by
reference Following are examples of preparing starting
materials and compounds of formula I. In the
procedures, the following abbreviations are used: rt
room temperatureTHF tetrahydrofuran Et2O ethyl ether
Me methyl Et ethyl EtOAc ethyl acetate BnOCH2CI
benzylchloromethylether BuLi Butyl Lithium DBAD
Di-te/t-butyl azodicarboxylate DCE 1,2-dichloroethane
DCM Dichloromethane DMF N,L/-Dimethylformamide DMSO
Methyl sulfoxide HATU hexafluorophosphate HOBT or HOBt
Hydroxybezotriazole KHMDS Potassium
bis(trimethylsilyl)amide LiHMDS or LHMDS: Lithium
bis(trimethylsilyl)amide NaB(O2CCHs)3H Sodium
triacetoxyborohydride PhSeBr Phenyl selenium bromide
PS Polymer supported 



PS-EDC Polymer supported dimethyl aminopropyl
ethylcarbodiimide hydrochloride PS-NCO Polymer
supported isocyanate PS-Tris-NHs Polymer supported
trisamine TFA Trifluoroacetic acid THF Tetrahydrofuran
Ti(OiPr) 4 titanium isopropoxide; TLC thin layer
chromatography TMSI Trimethylsilyl iodide or
iodotrimethylsilane 7a-Carboxvlic Acid and / mides The
7a-carboxylic acids can be prepared by the following
representative procedure:BBr To a stirred solution of
2.5g of compound 1 (6.59mmol), in 50ml of dry THF at
O0C under argon, was added LHMDS (9.88mmol, 9.9 ml of
a 1.0M solution in THF) and the mixture allowed to
stir for 30 minutes. The temperature was lowered to
-780C and 785mL (9.88mmol) of methylcyanoformate was
added. After 2 hours, approximately 75ml_ of an
aqueous solution of ammonium iron(ll)sulfate
hexahydrate (10% w/v) was added and the mixture then
extracted with three portions of ethyl acetate. The
combined organic extracts were washed with brine,
dried with magnesium sulfate, filtered and evaporated
to dryness. Purification by flash chromatography using
15% ethyl acetate in hexanes yielded 2.47g of compound
2. MS (ESI) m/z 424 (MH+) To a stirred solution of
2.47g of compound 2 (5.65mmol) in 5OmL of dry THF at
O0C under N2, was added boron tribromide ( 1 1.3mmol)
and the mixture allowed to stir for approximately 30
min. The reaction mixture was diluted with about 5OmL
of dichloromethane and the pH adjusted, with aqueous
sodium bicarbonate, to approximately pH=4 and the
mixture extracted with three portions of
dichloromethane. The combined organic extracts were
washed with brine, dried with magnesium sulfate,
filtered and evaporated yielding 2.32g of compound 3.
MS (ESI) m/z 424. 1(MH+) 7a-CarboxamidesThis acid can
be converted to the amide 4 using standard coupling
procedures. Using either commercially available amines
or amines that can be prepared by synthesis, a wide
variety of amide analogs were prepared. The following
table summarizes some of these analogs.CUPREDOXIN
DERIVED TRANSPORT AGENTS AND METHODS OF USE THEREOF
RELATED APPLICATIONS This application claims priority
to U.S. Provisional Patent Application No. 60/616,782,
filed October 7, 2004, U.S. Provisional Patent
Application No. 60/680,500, filed May 13, 2005, and
U.S. Provisional Patent Application No. 60/700,297,
filed July 19, 2005. The entire content of those
applications are fully incorporated herein by
reference. STATEMENT OF GOVERNMENTAL INTEREST The
subject matter of this application has been supported
by a research grant from the National Institutes of
Health (NIH), Bethesda, Maryland, U.S.A., (Grant
Number ES 04050-18). The government may have certain
rights in this invention. 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 domain" or PTD.
This segment can be used as a 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 L1210 cells (Chaloin, L. et al. Bioconjugate
Chem. 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(Hallbrink, M.
et al. Biochim. Biophys. Acta 1515:101-109 (2001);
Lindgren, M., et al. Trends Pharmacol. Sci. 21:99-103
(2000)). Such peptides, particularly the DNA-binding
homeodomain of Antennapedia, a Drosophila
transcription factor, or the 2 1 residue peptide
carrier Pep-1, are internalized by many types of cells
in culture, such as human HS68 or murine NIH-3T3
fibroblasts, at either 37oC 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 Biotechnol. 19:1 173-1 176
(2001)), which requires chiral receptor proteins. One
of the most widely used peptides to transport
pharmacologically-active compounds in mammalian cells
is the eleven amino acid arginine-rich protein
transduction domain (PTD) of the human
immunodeficiency virus type 1 (HIV-I) transactivator
protein Tat (Schwarze, S.R. et al. Science
285:1569-1572 (1999), Schwarze, S.R. et al. Trends
Cell Biol. 10:290-295 (2000)). Intraperitoneal
injection of the 120 kDa betagalactosidase/ Tat fusion
protein results in the transcellular transduction of
the fusion protein into virtually all tissues in mice,
including the passage of the bloodbrain barrier. This
short peptide domain of HIV-I Tat has been shown to
mediate cell internalization of large molecules or
particles, including magnetic nanoparticles, phage
vectors, liposomes and plasmid DNA. Unlike the other
cellpenetrating peptides discussed above,
internalization of cargo proteins by full length Tat
or its 11 amino acid transduction domain is
significantly impaired at 4oC (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. 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 cell cytosol (Sofer, A. and Futerman, A.H.
J. Biol. Chem. 270: 121 17-12122 (1995)), the
cytotoxicity of such proteins has limited the use of
bacterial proteins,or PTDs derived from them, for
transporting pharmacologically important cargos in
mammalian cells. SUMMARY OF THE INVENTION 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, plastocyanin, rusticyanin, pseudoazurin,
auracyanin or azurin-like protein, or to 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. In some embodiments, the peptide is derived from
Pseudomonas aeruginosa, Phormidium laminosum,
Thiobacillus ferrooxidans, Achromobacter cycloclastes,
Pseudomonas syringa, Neisseria meningitidis, Vibrio
parahaemolyticus, Bordetella bronchiseptica,
Bordetella pertussis, Chloroflexus aurantiacus and
Neisseria gonorrhoeae. In other embodiments, the
peptide is at least 10 residues and not more than 50
residues in length. In some embodiments, the peptide
comprises a sequence which has at least about 90%
amino acid sequence identity to 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, 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, 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, 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 acid, G is
glycine, Y is tyrosine, K is lysine and X is any amino
acid. Finally, insome embodiments, the peptide has
significant structurally homology to the 50-77 amino
acid region of Pseudomonas aeruginosa azurin. Another
aspect of the invention is a complex comprising a
cargo compound and an amino acid sequence, where the
amino acid sequence has at least about 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 amino
acid sequence of this complex has at least about 90%
amino acid sequence identity to less than a full
length wild-type cupredoxin or H.8 outer membrane
protein. In other embodiments, the cargo compound is
protein, lipoprotein, polypeptide, peptide,
polysaccharide, nucleic acid, dye, microparticle,
nanoparticle, toxin and drug. In particular
embodiments, the cargo is a protein or polypeptide
which is linked amino acid sequence to form a fusion
protein. In other particular embodiments, the cargo
compound is a toxin, more particularly, the
Pseudomonas aeruginosa exotoxin A. In other
embodiments, the cargo is a detectable substance, more
specifically one detectable by fiuorimetry,
microscopy, X-ray CT, MRI or ultrasound. Finally, the
invention also encompasses the complex in a
pharmaceutically suitable carrier. Another aspect of
the present invention is directed to a method for
delivering a cargo compound into a cell. In one
embodiment, this method comprises contacting a cell or
cells 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, 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 embodiments,
the complex is co-administered with another cancer
treatment.Another aspect of the invention is a method
to diagnose cancer. In some embodiments, the complex
with a cargo that is a detectable substance is
administered to a patient with cancer and the location
of the cargo is detected. In particular embodiments,
the cargo compound is an X-ray contrast agent and is
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
detectable substance and the location of the cargo is
detected. Another aspect of the invention is a kit
that contains any of the above complexes. In some
embodiments, the kit further comprises a
pharmaceutically acceptable adjuvant or excipient. In
other embodiments, the kit further comprises a vehicle
for administration of the reagent. BRIEF DESCRIPTION
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. 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 fragment of wt-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. SEQ ID NO: 8 is the amino
acid sequence of the 36-50 amino acid fragment of
wt-azurin from Pseudomonas aeruginosa.SEQ ID NO: 9 is
the amino acid sequence of the 50-77 amino acid
fragment of wt-azurin from Pseudomonas aeruginosa. SEQ
ID NO: 10 is the amino acid sequence of the 50-66
amino acid fragment of wt-azurin from Pseudomonas
aeruginosa. 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 pGSTazu 36-128. 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 pGSTazu 36-50. 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 pGSTazu 36-77.
SEQ ID NO: 18 is the amino acid sequence of the
forward primer for pGST-azu 36-89. SEQ ID NO: 19 is
the amino acid sequence of the reverse primer for
pGSTazu 36-89. SEQ ID NO: 20 is the amino acid
sequence of the forward primer for pGST-azu 50-77. SEQ
ID NO: 2 1 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 pGSTazu 50-77
and pGST-azu 67-77. SEQ ID NO: 23 is the amino acid
sequence of the forward primer for pGST-azu 50-66.SEQ
ID NO: 24 is the amino acid sequence of the reverse
primer for pGSTazu 50-66. SEQ ID NO: 25 is the amino
acid sequence of the forward primer for the green
fluorescent protein gene. 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 gstgfp- azu
50-77. SEQ ID NO: 28 is the amino acid sequence of the
reverse primer for gstgfp- azu 50-77. SEQ ID NO: 29 is
the amino acid sequence of azurin from Pseudomonas
syringae. SEQ ID NO: 30 is the amino acid sequence of
azurin/H.8 outer membrane protein from Neisseria
meningitides. SEQ ID NO: 3 1 is the amino acid
sequence of the azurin from Vibrio 



parahaemolyticus. SEQ ID 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 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 glycine, Y is tyrosine,
K is lysine and X is any amino acid. SEQ ID NO: 36 is
the amino acid sequence of the Neisseria gonorrhoeae
Laz protein. SEQ ID NO: 37 is the amino acid sequence
of the 50-67 amino acid fragment of wt-azurin from
Pseudomonas aeruginosa. 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: 39
is the amino acid sequence of the 50-77 amino acid
fragment of azurin from Bordetella pertussis. SEQ ID
NO: 40 is the amino acid sequence of the 106-132 amino
acid fragment of the Laz protein from Neisseria
meningitidis. SEQ ID NO: 4 1 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 amino acid
sequence of the azurin from Bordetella pertussis. SEQ
ID NO: 44 is the amino acid sequence of the 51-77
amino acid fragment from azurin from P. aeruginosa.
SEQ ID NO: 45 is the amino acid sequence of the 51-77
amino acid fragment from azurin from Pseudomonas
syringae. SEQ ID NO: 46 is the amino acid sequence of
the is the 52-78 amino acid fragment from azurin from
Vibrio parahaemolyticus. SEQ ID NO: 47 is the amino
acid sequence of the 51-77 amino acid fragment from
azurin from Bordetella bronchiseptica. SEQ ID NO: 48
is an artificial amino acid sequence representing the
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 l(a) and (b). Graphs showing
that entry of azurin correlates with cytotoxicity, (a)
MTT assays were performed for the determination of
wt-azurininduced cytotoxicity against J774, UISOMel-2
and fibroblast cells (b) Analysis of cell cycle
progression in human normal fibroblast cells treated
with M44KM64E 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 treatment, DNA
content in the cells was determined by flow
cytometry.Figure 2 (a) and (b). (a) Schematic
representation of various truncated azurin constructs
and their purification profiles. Various fragments of
azu gene were fused at the 3'-end of the gst gene in
frame, (b) GST-azu fusion proteins . were purified
after cellular growth and lysis, loaded on SDS-PAGE
and visualized by Coomassie Blue staining. Figure 3
(a), (b) and (c). (a) Diagram showing construction of
a GSTGFP- azu 50-77 fusion protein. The gfp gene was
introduced at the 3 -end of the gst gene (for GST-GFP)
and the azu 50-77 fragment was then ligated at the
3'-end of the gfp gene in frame to produce the
GST-GFP-azu 50-77 fusion protein. GSTGFP- azu 50-77
was purified as a single fusion protein from the cell
lysates. Purified proteins were run on SDS-PAGE and
detected by Coomassie Blue 



staining (9(b)) and also by Western blotting using
anti-azurin antibody (9(c)). Figure 4 (a), (b) and
(c). Diagrams showing a kinetic study for the
internalization of GST-Green Fluorescent Protein (GFP)
and GST-GFP-azurin fusion proteins. Green fluorescence
was assayed in J774 cells treated with various
concentrations of GST-GFP (10(a)) or GST-GFP-azu 50-77
(10(b)) at 370C for 1 hr. Ten thousand cells were
analyzed by flow cytometry, (c) Time-dependence of
internalization of GST-GFP-azu 50-77. J774 cells were
incubated with 200 mg/ml GST-GFP-azu 50-77 for
indicated times at 37C and analyzed by flow cytometry.
Figure 5 (a), (b) and (c). (a) Diagram showing the
exotoxin A domain III (amino acids 405-613), as well
as part of domain Ib (amino acids 381-404), fused to
GST (GST-PEDIII) as earlier described for the GST-GFP
fusion. The azu 50- 77 fragment was then ligated to
the carboxyl end of GST-PEDIII (GST-PEDIIIazu 50-77),
using PCR. (b) The fusion proteins were purified by
glutathione Sepharose 4B column gel filtration column
chromatography and run on SDSPAGE for size
determination (c) Diagram showing action of
GST-PEDIII-azu 50-77 fusion protein in UISO-Mel-2
cancer cells and in normal fibroblast (FBT) cells, as
determined by PEDIII-mediated cytotoxicity. Various
concentrations, as indicated, of GST-PEDIII and
GST-PEDIII-azu 50-77 were incubated with UISOMel- 2
and FBT cells for 24 h, after which the cell viability
was determined by MTT assay.Figure 6. Diagram showing
the localization of the a-helix in wt-azurin as well
as in the wt-azurin 50-77 protein transduction domain.
Replacement of three amino acids in the azurin 50-77
domain by proline residues is indicated. Figure 7.
Diagram PEDIII-mediated cytotoxicity of
GST-PEDIIIrusticyanin 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 h, after which the cell viability
was determined by MTT assay. Figure 8 (a) and (b). (a)
Diagram showing the structural alignment of azurin
with other cupredoxins, as computed by the VAST
algorithm. The Nterminal extended parts of auracyanin
B and rusticyanin, being absent in azurin, have been
omitted in the figure. The gray bars indicate the
regions of azurin that can be superimposed on residues
from each neighbor. The blank spaces are unaligned
regions. The azurin protein transduction domain (PTD),
azurin amino acids 50-77, where there is no alignment
with rusticyanin is highlighted by vertical dashed
lines. The numbers in parentheses after the names of
the cupredoxins are the protein database accession
numbers (b). Multiple amino acid sequence alignment of
the residues comprising the middle part in some known
bacterial azurins. Bacterial genus and species are
abbreviated as follows: Psae, 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 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 numbers below
the bar indicate the amino acid number of the junction
of the regions of the protein.Figure 10. Figure 10
depicts the constructs of several azurin fusion
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 Neisseria gonorrhoeae
signal peptide; "H.8" indicates the H.8 region of
Neisseria 



gonorrhoeae; "N.Azu" indicates Neisseria gonorrhoeae
azurin; "P.Sp" indicates the Pseudomonas aeruginosa
signal peptide; and "P.Azu" indicates the P.
aeruginosa signal peptide. DETAILED DESCRIPTION OF THE
EMBODIMENTS The present invention relates to methods
and materials for delivering a cargo compound into a
cell. Delivery of the cargo compound according to this
invention is accomplished by the use of a suitable
transport polypeptide. In one embodiment of the
invention, the cargo compound is linked to the
transport polypeptide. Suitable transport peptides
include a cupredoxin, or a fragment of a cupredoxin
containing a "cupredoxin entry domain". The term
"cupredoxin entry domain" refers to a fragment of a
cupredoxin that includes the amino sequence that is
required for the entry of cupredoxin into a mammalian
cancer cell. Cargo compounds delivered by the present
invention include, but are not limited to, proteins,
lipoproteins, polypeptides, 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 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
specific embodiments, the azurin is from Pseudomonas
aeruginosa, Pseudomonassyringa, Neisseria
meningitides, Neisseria gonorrhoeae, Vibrio
parahaemolyticus or Bordetella bronchiseptica, among
others. 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 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; a cyclin-dependent
kinase inhibitor, such as p 16, p21 or p27; a suicide
protein such as thymidine kinase or nitroreductase; a
cytokine or other immunomodulatory protein such as
interleukin 1, interleukin 2 or granulocyte-macrophage
colony stimulating factor (GM-CSF); or a toxin, such
as Pseudomonas aeruginosa exotoxin A, among others. In
other embodiments, a biologically active fragment of
one of the above classes of compounds is delivered. In
another embodiment, the cargo compound is delivered in
order to generate an image of the target tissue. For
example, the target tissue can be a cancer and the
cargo compound can be one commonly used to generate an
image for detection by X-ray computed tomography (CT),
Magnetic Resonance Imaging (MRI) and ultrasound. In
these embodiments, the cargo compound is a gamma ray
or positron emitting radioisotope, a magnetic
resonance imaging contrast 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
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 include the
azurins, plastocyanins, rusticyanins, pseudoazurins,
auracyanins andazurin-like proteins. As used herein,
the term "cupredoxin" includes the protein form
without the copper atom present, as well as the copper
containing protein. Azurins 



The azurins are copper containing proteins of 128
amino acid residues 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: l)("wt-azurin"), A.
xylosoxidans, and A. denitrificans. Murphy, L.M. et
ah, J. MoI. Biol. 315:859-71 (2002). Although the
sequence homology between the azurins varies between
60-90%, the structural homology between these
molecules is high. All azurins have a characteristic
b-sandwich with Greek key motif and the single copper
atom is always placed at the same region of the
protein. In addition, azurins possess an essentially
neutral hydrophobic patch surrounding the copper site
(Murphy et al.). Plastocyanins The plastocyanins are
cupredoxins that are found in eukaryotic plants and
cyanobacteria. They contain one molecule of copper per
molecule and are blue in their oxidized form. They
occur in the chloroplast, where they function as
electron carriers. Since the determination of the
structure of poplar plastocyanin in 1978, the
structure of algal (Scenedesmus, Enteromorpha,
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 cyanobacterium
Phormidium laminosum. Despite the sequence divergence
among plastocyanins of algae and 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, and a flat hydrophobic surface. The
copper site is optimized for its electron transfer
function, and the negative and hydrophobic patches are
proposed to beinvolved in recognition of physiological
reaction partners. Chemical modification,
cross-linking, and site-directed mutagenesis
experiments have confirmed the importance of the
negative and hydrophobic patches in binding
interactions with cytochrome f , and validated the
model of two functionally significant electron
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, while the other is more
lengthy (approximately 12-15 A) and involves the
nearly conserved residue Tyr-83 in the negative patch.
Redinbo et al, J. Bioenerg. Biomembr. 26(l):49-66
(1994). Rusticyanins Rusticyanins are blue-copper
containing single-chain polypeptides obtained from a
thiobacillus. The X-ray crystal structure of the
oxidized form of the extremely stable and highly
oxidizing cupredoxin rusticyanin from Thiobacillus
ferrooxidans (SEQ ID NO: 3) has been determined by
multiwavelength anomalous diffraction and refined to
1.9A resolution. The rusticyanins are composed of a
core beta-sandwich fold composed of a six- and a
seven-stranded b-sheet. Like other cupredoxins, the
copper ion is coordinated by a cluster of four
conserved residues (His 85, Cysl38, Hisl43, Metl48)
arranged in a distorted tetrahedron. Walter, R.L. et
al, J. MoI. Biol. 263:730-51 (1996). Auracyanins Three
small 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 dodecyl
sulfate-polyacrylamide gel electrophoresis
demonstrates apparent monomer molecular masses as 14
(A), 18 (B-2), and 22 (B-I) kDa. The amino acid
sequence of auracyanin A has been determined and
showed 



auracyanin A to be a polypeptide of 139 residues. (Van
Dreissche et al, Protein Science 8:947-957 (1999).
His58, Cysl23, Hisl28, and Metl32 are spaced in a way
to be expected if they are the evolutionary conserved
metal ligands as in the known small copper proteins
plastocyanin and azurin. Secondary structureprediction
also indicates that auracyanin has a general
beta-barrel structure similar 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
sequence of azurin is roughly the same as that with a
consensus sequence of plastocyanin, namely 30.5%. The
N-terminal sequence 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
aurantiacus (NCBI Protein Data Bank Accession No.
AAM12874). The auracyanin B molecule has a standard
cupredoxin fold. The crystal structure of auracyanin B
from Chloroflexus aurantiacus has been studied. (Bond
et al, J. MoI. Biol. 306:47-67 (2001).) With the
exception of an additional Nterminal strand, the
molecule is very similar to that of the bacterial
cupredoxin, azurin. As in other cupredoxins, one of
the Cu ligands lies on strand 4 of the polypeptide,
and the other three lie along a large loop between
strands 7 and 8. The Cu site geometry is discussed
with reference to the amino acid spacing between the
latter three ligands. The crystallographically
characterized Cubinding domain of auracyanin B is
probably tethered to the periplasmic side of the
cytoplasmic membrane by an N-terminal tail that
exhibits significant sequence 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 exemplary amino acid
sequence SEQ ID NO: 34 for chain A of auracyanin B
from Chloroflexus aurantiacus (NCBI Protein Data Bank
Accession No. IQHQA). Fseudoazurins The pseudoazurins
are a family of blue-copper containing single-chain
polypeptides. The amino acid sequence of pseudoazurin
obtained from Achromobacter cycloclastes is shown in
SEQ ID NO: 4. The X-ray structure analysis of
pseudoazurin shows that it has a similar structure to
the azurins although there is low sequence homology
between these proteins. Two maindifferences 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 short
a-helix. The only major differences at the copper atom
site are the conformation of the MET side-chain and
the Met-S copper bond length, which is significantly
shorter in pseudoazurin than in azurin. Cytotoxic
Activity of Cupredoxins Cupredoxins have been studied
extensively for their electron transfer (redox)
properties but until recently were not known to
exhibit cytotoxic effects. The present invention is
predicated by the inventors' surprising discovery that
cupredoxins as well as the iron (haem) containing
redox protein cytochrome c551 induce either apoptosis
or inhibit cell cycle progression in J774 mouse
macrophage tumor cells and in human cancer cells. The
redox activity of cupredoxins is not critical for
their cytotoxic activity. For example, cupredoxins
without a copper atom often exhibit a much lower redox
activity compared to those containing the copper atom,
but nevertheless demonstrate significant cytotoxic
activity. In comparison to their activity in cancer
cells, cupredoxins induce only a low level of
apoptosis in 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 copending 



U.S. patent application serial number 10/720,603,
filed November 24, 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 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
braintumor 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 to be
delivered into a cell. The cargo compound may be
linked either covalently or non-covalently to form the
complex. Methods of preparing such a complex are well
known to those skilled in the art. For example, if the
cargo compound is a protein or polypeptide, the
complex can be formed as a fusion protein.
Alternatively, the cargo compound may be covalently
linked to the cupredoxin, or cupredoxin fragment,
either directly or through a linker molecule, via, for
example a disulfide or ester linkage. Cupredoxin Entry
Domain The invention provides for a protein
transduction domain that allows for the transport of
linked cargo into mammalian cancer cells but not
non-cancerous cells. It has been discovered that
cupredoxin proteins comprise a protein transduction
domain, the cupredoxin entry domain, which facilitates
the entry of linked cargo into mammalian cancer cells.
In some embodiments, the entire cupredoxin protein can
be used to facilitate the transport linked cargo
selectively into cancer cells. In 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 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
about 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. As used
herein, the terms "polypeptide," "peptide," and
"protein" are used interchangeably to refer to a
polymer of amino acid residues. A
"polypeptide","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 acid polymers
in which one or more amino acid residue is an
artificial chemical analogue of a corresponding
naturally occurring amino acid. The terms also apply
to naturally occurring amino acid polymers. The terms
"polypeptide," "peptide," and "protein" are also
inclusive of modifications including, but not limited
to, glycosylation, lipid attachment, sulfation,
gamma-carboxylation of glutamic acid residues,
hydroxylation and ADP-ribosylation. It will be
appreciated that polypeptides are not always entirely
linear. For instance, polypeptides may be branched as
a result of ubiquitination and they may be circular
(with or without branching), generally as a result of
post-translation events, including natural processing
event and events brought about by human manipulation
which do not occur naturally. Circular, branched and
branched circular polypeptides may be synthesized by
non-translation natural process and by entirely
synthetic methods as well. The Examples describe a
method of identifying fragments of P. aeruginosa 



wt-azurin that are suitable for use in the present
invention. Such a method can also be used to identify
fragments of other cupredoxins. Examples 1 and 2
describe the construction of a series of glutathione
S-transferase ("GST") fusions of wt-azurin truncated
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 37oC. While wt-azurin was
internalized, GST remained at the periphery of the
cells and was not internalized azu 36-128 (SEQ ID 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
(SEQ ID 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
internalizationrequires 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
domain. In one embodiment of the present invention, a
wt-azurin entry domain contains at least amino acids
50 to 77 of wt-azurin (SEQ ID NO: 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 amino acids 36 to 89 of wtazurin (SEQ ID NO: 6).
In another embodiment of the invention, the wt-azurin
entry domain contains at least amino acids 36 to 128
of wt-azurin (SEQ ID NO: 5). In yet another embodiment
of the invention, the wt-azurin entry domain contains
at least amino acids 50 to 67 of wt-azurin (SEQ ID NO:
37). In another embodiment of the invention, the
wt-azurin entry domain contains at least amino acids
53 to 70 of wt-azurin (SEQ ID NO: 41). In yet another
embodiment of the invention, the wt-azurin entry
domain contains at least amino acids 53 to 64 of
wtazurin (SEQ ID NO: 42). In another embodiment of the
invention, the cupredoxin entry domain is an entry
domain from a cupredoxin other than P. aeruginosa
azurin. In different embodiments, the cupredoxin entry
domain may 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 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
NO: 33 and 34). In another embodiment of the
invention, the cupredoxin entry domain 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
entrydomain 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 contains at
least amino acids 51-77 of Pseudomonas syringae azurin
(SEQ ID NO: 45). In another embodiment of the
invention, the cupredoxin entry domain contains at
least amino acids 89-1 15 of Neisseria meningitidis
Laz (SEQ ID NO: 40). In another embodiment of the
invention, the cupredoxin entry domain contains at
least amino acids 52-78 of Vibrio parahaemolyticus
azurin (SEQ ID NO: 46). In another embodiment of the
invention, the cupredoxin entry domain contains at
least amino acids 51-77 of Bordetella bronchiseptica
azurin (SEQ ID NO: 47). Modification of a Cupredoxin
Entry Domain 



In another embodiment of the present invention, a
cupredoxin entry domain is chemically modified or
genetically altered to produce variants that retain
the ability to transport a cargo compound into a cell.
For example, Example 14 shows that wt-azurin having
proline residues introduced at positions 54, 6 1 and
70 retains its ability to enter UISO-Mel-2 cells. In
another embodiment, the cupredoxin entry domain
comprises a conserved amino acid sequence
DGXXXXXDXXYXKXXD (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 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 analog contains a modified amino
acid. Variants of a cupredoxin entry domain include,
but are not limited to, molecules comprising regions
that are substantiallyhomologous 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. The term "percent (%) amino
acid sequence identity" between a cupredoxin entry
domain and a candidate 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 % amino acid
identity, sequences are aligned and if necessary, gaps
are introduced to achieve the maximum % sequence
identity; conservative substitutions are not
considered as part of the sequence identity. Amino
acid sequence alignment procedures to determine
percent identity are well known to those of skill in
the art. Often publicly available computer software
such as BLAST, BLAST2, ALIGN2 or Megalign (DNASTAR)
software is used to align peptide sequences. When
amino acid sequences are aligned, the % amino acid
sequence identity of a given amino acid sequence A to,
with, or against a given amino acid sequence B (which
can alternatively 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: % 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 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 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 compoundinto 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 residue is required for such
activity. Amino acids for which "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 replaced with another amino acid of the
same class fall within the scope of the invention so
long as the substitution does not nullify the activity
of 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. Table 1 Preferred
substitutions Preferred Original residue Exemplary
substitutions substitutions Ala (A) VaI, Leu, Ue VaI
Arg (R) Lys, GIn, Asn Lys Asn (N) GIn, His, Lys, Arg
GIn Asp (D) GIu GIu Cys (C) Ser Ser GIn (Q) Asn Asn
GIu (E) Asp Asp GIy (G) Pro, Ala Ala His (H) Asn, GIn,
Lys, Arg Arg Leu, VaI, Met, Ala, Phe, He (I) Leu
Norleucine Norleucine, lie, VaI, Met, Ala, Leu (L) He
Phe Lys (K) Arg, GIn, Asn Arg Met (M) Leu, Phe, He Leu
Phe (F) Leu, VaI, He, Ala, Tyr Leu Pro (P) Ala Ala Ser
(S) Thr Thr Thr (T) Ser Ser Trp (W) Tyr, Phe Tyr Tyr
(Y) Trp, Phe, Thr, Ser Phe He, Leu, Met, Phe, Ala, VaI
(V) Leu Norleucine"Non-conservative" substitutions
that affect (1) the structure of the polypeptide
backbone, such as a b-sheet or a-helical conformation,
(2) the charge, (3) hydrophobicity, or (4) the bulk of
the side chain of the target site can modify the
cupredoxin entiy 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. Non-conservative substitutions whereby
an amino acid of one class is replaced with another
amino acid of a different class fall within the scope
of the 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.
Table 2 Amino acid classes Class Amino acids
Norleucine, Met, Ala, VaI, Leu, hydrophobic He neutral
hydrophilic Cys, Ser, Thr acidic Asp, GIu basic Asn,
GIn, His, Lys, Arg disrupt chain 



GIy, Pro conformation aromatic Trp, Tyr, Phe 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 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); Madej etaL, Proteins 23:356-3690
(1995)). In specific embodiments, the VAST p value
from a structural comparison of a variant of the
cupredoxin entry domain and P. aeruginosa azurin
residues 50-77 is less than about 10 3, less than
about 10 5, or less than about 10 7. In other
embodiments, significant structural homology between a
variant of the cupredoxin entry domain and P.
aeruginosa azurin residues 50-77 can be determined by
using the DALI algorithm (Holm & Sander, J MoL Biol.
233:123-138 (1993)). In specific embodiments, the DALI
Z score for a pairwise structural comparison is at
least about 3.5, at least about 7.0, or at least about
10.0. Modifications to the cupredoxin entry domain can
be made using methods known in the art such as
oligonucleotide-mediated (site-directed) mutagenesis,
alanine scanning, and PCR mutagenesis. Site-directed
mutagenesis (Carter, Biochem J. 237:1-7 (1986); Zoller
and Smith, Methods Enzymol. 154:329-50 (1987)),
cassette mutagenesis, restriction selection
mutagenesis (Wells et aL, Gene 34:3 15-23 (1985)) or
other known techniques can be performed on the cloned
DNA to produce a cupredoxin entry domain variant
nucleic acid. In addition, nucleotides encoding entry
domains with structural similarity to that of the
cupredoxin entry domains may be synthesized by methods
that are well known in the art. Further, protein
molecules that are wild type or variant cupredoxin
entry 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 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 synthesis or
cloning. The nucleic acid sequences are then ligated
in order with a ligase to give a nucleic acid molecule
of interest.Methods of Delivering a Cargo Compound
using a Cupredoxin Entry Domain [0100] Many
arginine-rich peptides are known to translocate
through mammalian cell membranes and carry protein
cargo compounds inside such cells. Suzuki, T., et al
J. Biol. Chem. 277:2437-43 (2002). For example, a
short arginine-rich 11 amino acid (amino acids l -51)
segment of HIV Tat protein allows transport of cargo
proteins into mammalian cells. Schwarze, SR., et al.
Trends Cell Biol. 10:290-95 (2000). Synthetic entry
domains that strengthen the alpha-helical content and
optimize the placement of arginine residues have been
shown to have enhanced potential as protein
transduction domains. Ho, A., et al. Cancer Res. 6
1:474-77 (2001). In comparison, wt-azurin has a single
arginine residue. It is therefore believed, but not
relied upon for the present invention, that its mode
of entry is different from that of the Tat protein.
The present invention encompasses the use of those
cupredoxin fragments that facilitate the entry of a
cargo compound into a cell. Such fragments may be
determined by any method that identifies those
fragments required for entry into a cell. In one such
method, a cupredoxin fragment is linked to a marker
substance 



and a test performed to determine whether the
cupredoxin fragment enters a cell. Such methods may be
used to identify suitable fragments of the cupredoxins
discussed above. 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)("wtazurin"); plastocyanin from the
cyanobacterium Phormidium laminosum (SEQ ID NO: 2);
rusticyanin from Thiobacillusferrooxidans (SEQ ID NO:
3); or pseudoazurin from Achromobacter cycloclastes
(SEQ ID NO: 4), azurins from Pseudomonas syringa (SEQ
ID NO: 29), Neisseria meningitidis (SEQ ID NO: 30),
Vibrioparahaemolyticus (SEQ ID NO: 31), Bordetella
bronchiseptica (SEQ ID NO: 32), auracyanin A and B
from Chloroflexus aurantiacus (SEQ ID NO. 33 and 34)
or Neisseria gonorrhoeae (SEQ ID NO. 36), among other
azurin and azurinlike proteins. In other embodiments,
the cargo is linked to a cupredoxin entry domain.In
various embodiments of the present invention, a
cupredoxin entry domain delivers a cargo compound into
a cell in vitro, ex vivo or in vivo. For example,
delivery may be achieved in vitro by adding a complex
of a cupredoxin entry domain and a cargo compound to a
cell culture, such as a pap smear. Alternatively,
delivery may be achieved ex vivo by adding the complex
to a sample removed from a patient, for example,
blood, tissue, or bone marrow, and returning the
treated sample to the patient. Delivery may also be
achieved by administration of the complex directly to
a patient. The methods of the present invention may be
used for therapeutic, prophylactic, diagnostic or
research purposes. Cargo compounds delivered by the
present invention include, but are not limited to,
proteins, lipoproteins, polypeptides, peptides,
polysaccharides, nucleic acids, including anti-sense
nucleic acids, dyes, microparticles or nanoparticles,
toxins, organic and inorganic molecules, small
molecules, and drugs. In one embodiment, a detectable
substance, for example, a fluorescent substance, such
as green fluorescent protein; a luminescent substance;
an enzyme, such as b-galactosidase; or a radiolabeled
or biotinylated protein is delivered to confer a
detectable phenotype to a cell. Similarly,
microparticles or nanoparticles labeled with a
detectable substance, for example, a fluorescent
substance, can be 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
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 compound to enhance 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 radionuclide scinitigraphy. In
some embodiments, the cupredoxin entry domain may
contain the radionucleotide with or without a cargo
compound. In otherembodiments, the cargo compound is a
gamma ray or positron emitting radioisotope, a
magnetic resonance imaging contract agent, an X-ray
contrast agent, or an ultrasound contrast agent.
Ultrasound contrast agents suitable for use as cargo
compounds include, but are not limited to, a
microbubble of a biocompatible gas, a liquid carrier,
and a surfactant microsphere, further comprising an
optional linking moiety, Ln, between the targeting
moieties and the microbubble. In this context, the
term liquid carrier means aqueous solution and the
term surfactant means any amphiphilic material which
produces a reduction in interfacial tension in a
solution. A list of suitable surfactants for forming
surfactant microspheres is disclosed in EP0727225A2,
herein expressly incorporated by reference. The term
surfactant microsphere 



includes nanospheres, liposomes, vesicles and the
like. The biocompatible gas can be air, or a
fluorocarbon, such as a C3-C5 perfluoroalkane, which
provides the difference in echogenicity and thus the
contrast in ultrasound imaging. The gas is
encapsulated or contained in the microsphere to which
is attached the cupredoxin entry domain, optionally
via a linking group. The attachment can be covalent,
ionic or by van der Waals forces. Specific examples of
such contrast agents include lipid encapsulated
perfluorocarbons with a plurality of tumor
neovasculature receptor binding peptides, polypeptides
or peptidomimetics. X-ray contrast agents suitable for
use as cargo compounds include, but are not limited
to, one or more X-ray absorbing or "heavy" atoms of
atomic number 20 or greater, further comprising an
optional linking moiety, Ln, 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 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 WO91/14460, and PCT WO
92/17215). MRI contrast agents suitable for use as
cargo compounds include, but are not limited to, one
or more paramagnetic metal ions, further comprising
anoptional linking moiety, Ln, between the cupredoxin
entry domain and the paramagnetic metal ions. The
paramagnetic metal ions are present in the form of
metal complexes or metal oxide particles. U.S. Pat.
Nos. 5,412,148, and 5,760,191, describe examples of
chelators for paramagnetic metal ions for use in MRI
contrast agents. U.S. Pat. No. 5,801,228, U.S. Pat.
No. 5,567,41 1, and U.S. Pat. No. 5,281,704, describe
examples of polychelants useful for complexing more
than one paramagnetic metal ion for use in MRI
contrast agents. U.S. Pat. No. 5,520,904, describes
particulate compositions comprised of paramagnetic
metal ions for use as MRI contrast agents. In another
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 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. For example, the cargo
compound can be a cell cycle control protein, such as
p53; a cyclin-dependent kinase inhibitor, such as pi
6, p21 or p27; a suicide protein such as thymidine
kinase or nitroreductase; a cytokine or other
immunomodulatory protein such as interleukin 1,
interleukin 2 or granulocyte-macrophage colony
stimulating factor (GM-CSF); or a toxin, such as
Pseudomonas aeruginosa exotoxin A. In other
embodiments, a biologically active fragment of one of
the above classes of compounds 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 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 analogues, and pyrimidine
analogues; antibiotics such as anthracyclines,
bleomycins, mitomycin, dactinomycin, and plicamycin;
enzymes such as Lasparaginase; farnesyl-protein
transferase inhibitors; 5.alpha.-reductase inhibitors;
inhibitors of 17.beta.-hydroxysteroid dehydrogenase
type 3; hormonal agents such as glucocorticoids,
estrogens/antiestrogens, androgens/antiandrogens,
progestins, 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 (Taxol(tm)),
docetaxel (Taxotere(tm)), and their analogs, and
epothilones, such as epothilones A-F and their
analogs; plant-derived products, such as vinca
alkaloids, 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
modulators and monoclonal antibodies. Representative
examples of these classes of anti-cancer and cytotoxic
agents include but are not limited to mechlorethamine
hydrochloride, cyclophosphamide, chlorambucil,
melphalan, ifosfamide, busulfan, carmustin, lomustine,
semustine, streptozocin, thiotepa, dacarbazine,
methotrexate, thioguanine, mercaptopurine,
fludarabine, pentastatin, cladribin, cytarabine,
fiuorouracil, 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, buserelin, leuprolide,
pteridines, diyneses, levamisole, aflacon, 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, aminopterin,
methotrexate, methopterin, mitomycin C ecteinascidin
743, or pofiromycin, 5-fluorouracil, 6-mercaptopurine,
gemcitabine, cytosine arabinoside,podophyllotoxin or
podophyllotoxin derivatives such as etoposide,
etoposide phosphate or teniposide, melphalan,
vinblastine, vincristine, leurosidine, vindesine and
leurosine. Examples of anticancer and other cytotoxic
agents useful as cargo compounds 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
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 such as those
described generically and specifically in U.S. Pat.
No. 6,01 1,029 (the compounds of which U.S. patent can
be employed together with any NHR modulators
(including, but not limited to, those of present
invention) such as AR modulators, ER modulators, with
LHRH modulators, or with surgical castration,
especially in the treatment of cancer). The above
other therapeutic agents, when employed as cargo
compounds with the compounds of the present invention,
may be used, for example, in those amounts indicated
in the Physicians' Desk Reference (PDR) or as
otherwise 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 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, dragee, capsule, liquid,
gel, syrup, slurry, suspension, and the like. Suitable
excipients can also include, for example, fillers and
cellulose preparations. Otherexcipients can include,
for example, flavoring agents, coloring agents,
detackifiers, 



thickeners, and other acceptable additives, adjuvants,
or binders. Such compositions can be used in, for
example, the detection or imaging of a cell type or in
the treatment of a condition related to cell death or
in the prevention thereof. The compositions can be
administered in an amount sufficient to prevent or
treat a condition related to resistance to cell death.
As used herein, the term "a condition related to
resistance to cell death" refers to a disease, state,
or ailment characterized by at least a tendency for
prolonged cell life when compared with a healthy cell
of like kind as determined by a reasonable, skilled
physician or clinician. Typically, the host organism
is a mammal, such as a human or animal. Administration
of Compositions Containing a Cupredoxin Entry Domain
Compositions containing a cupredoxin entry domain can
be administered by any suitable route, for example, by
oral, buccal, inhalation, sublingual, rectal, vaginal,
transurethral, nasal, topical, percutaneous, i.e.,
transdermal or parenteral (including intravenous,
intramuscular, subcutaneous and intracoronary
administration). The compositions and pharmaceutical
formulations thereof can be administered in any amount
effective to achieve its intended purpose. When
administrated to treat a condition related to
resistance to cell death, the 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 those skilled in the
art. In various embodiments, 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, saline solutions, aqueous
dextrose and glycerol solutions, other
pharmaceutically acceptable auxiliary substances as
required to approximate physiologicalconditions, such
as buffering agents, tonicity adjusting agents,
wetting agents and the like. It will be recognized
that, while any suitable carrier known to those of
ordinary skill in the art may be employed to
administer the compositions of this invention, the
type of carrier will vary depending on the mode of
administration. Compounds may also be encapsulated
within liposomes using well-known technology.
Biodegradable microspheres may also be employed as
carriers for the compositions of this invention.
Suitable biodegradable microspheres are shown, for
example, in U.S. Patent Nos. 4,897,268, 5,075,109,
5,928,647, 5,811,128, 5,820,883, 5,853,763, 5,814,344
and 5,942,252. "Compounds" as used herein, include the
peptides, amino acid sequences, cargo compounds and
complexes of the present invention The half-life in
the bloodstream of the compositions of the invention
can be extended or optimized by several methods well
known to those in the art, including but not limited
to, circularized peptides (Monk et al, BioDrugs
19(4):261-78, (2005); DeFreest et al, J. Pept. Res.
63(5):409-19 (2004)), D,Lpeptides (diastereomer),
(Futaki et al, J. Biol. Chem. Feb 23;276(8):5836-40
(2001); Papo et al, Cancer Res. 64(16):5779-86 (2004);
Miller et al, Biochem. Pharmacol. 36(l):169-76,
(1987)); peptides containing unusual amino acids (Lee
et al, J. Pept. Res. 63(2):69-84 (2004)), and N- and
C- terminal modifications (Labrie et al, Clin. Invest.
Med. 13(5):275-8, (1990)). Of particular interest are
disomerization (substitution) and modification of
peptide stability via Dsubstitution or L- amino acid
substitution. The compositions of the invention may be
sterilized by conventional, wellknown sterilization
techniques, or may be sterile filtered. The resulting
aqueous solutions may be packaged for use as is, or
lyophilized, the lyophilized 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 suppository, by using a
transdermal patch or by mouth.When administration is
by injection, composition may be formulated in aqueous
solutions, preferably in physiologically compatible
buffers such as Hanks solution, Ringer's solution, or
physiological saline buffer. The solution may contain
formulatory agents such as suspending, stabilizing
and/or dispersing agents. Alternatively, the
composition may be in powder form for constitution
with a suitable vehicle, e.g., sterile pyrogen-free
water, before use. When administration is by
inhalation, the composition may be delivered in the
form of an aerosol spray from pressurized packs or a
nebulizer with the use of a suitable propellant, e.g.,
dichlorodifluoromethane, trichlorofluoromethane,
carbon dioxide or other suitable gas. In the case of a
pressurized aerosol, the dosage unit may be determined
by providing a valve to deliver a metered amount.
Capsules and cartridges of, e.g., gelatin for use in
an inhaler or insufflator may be formulated containing
a powder mix of the proteins and a suitable powder
base such as lactose or starch. When administration is
by topical administration, the composition may be
formulated as solutions, gels, ointments, creams,
suspensions, and the like, as are well known in the
art. In some embodiments, administration is by means
of a transdermal patch. When administration is by
suppository (e.g., rectal or vaginal), composition may
also be formulated in compositions containing
conventional 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, 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 multivalent carriers, such as bacterial
capsular polysaccharide, a dextran or a genetically
engineered vector, hi addition, sustained-release
formulations thatinclude the composition allow for the
release of the composition over extended periods of
time, such that without the sustained release
formulation, composition would be cleared from a
subject's system, and/or degraded by, for example,
proteases and simple hydrolysis before eliciting or
enhancing an therapeutic effect. The exact
formulation, route of administration, and dosage is
determined by the attending physician in view of the
patient's condition. Dosage amount and interval can be
adjusted individually to provide plasma levels of the
complex which are sufficient to maintain therapeutic
effect. Generally, the desired composition is
administered in an admixture with a pharmaceutical
carrier selected with regard to the intended route of
administration and standard pharmaceutical practice.
The appropriate dosage will, of course, vary depending
upon, for example, the compound containing the
cupredoxin entry domain employed, the host, the mode
of administration and the nature and severity of the
conditions being treated or diagnosed. However, in one
embodiment of the methods of the present invention,
satisfactory treatment results in humans are indicated
to be obtained at daily dosages from about 0.001 to
about 20 mg/kg of body weight of the compound
containing the cupredoxin entry domain. In one
embodiment, an indicated daily dosage for treatment in
humans may be in the range from about 0.7 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 1to 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 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 embodiments, the
dose level is about 10 mg/kg/day, about 15 mg/kg/day,
about 20mg/kg/day, about 25 mg/kg/day, about 30
mg/kg/day, about 35 mg/kg/day, about 40 mg/kg/day,
about 45 mg/kg/day or about 50 mg/kg/day. The method
of introducing compounds containing the cupredoxin
entry domain to patients is, in some embodiments,
co-administration with other drugs known to treat
cancer. Such methods are well-known in the art. In a
specific embodiment, the compounds containing the
cupredoxin entry domain are part of an cocktail or
co-dosing containing or with other drugs for treating
cancer. Such drugs include, for example, those listed
herein and specifically 5-fluorouracil; Interferon a;
Methotrexate; Tamoxifen; and Vincrinstine. The above
examples are provided for illustration only, many
other such compounds are known to those skilled in the
art. Other drugs 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 analogues, and pyrimidine
analogues; antibiotics such as anthracyclines,
bleomycins, mitomycin, dactinomycin, and plicamycin;
enzymes such as Lasparaginase; farnesyl-protein
transferase inhibitors; 5.alpha.-reductase inhibitors;
inhibitors of 17.beta.-hydroxysteroid dehydrogenase
type 3; hormonal agents such as glucocorticoids,
estrogens/antiestrogens, androgens/antiandrogens,
progestins, 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 (Taxol(tm)),
docetaxel (Taxotere(tm)), and their analogs, and
epothilones, such as epothilones A-F and their
analogs; plant-derived products, such as vinca
alkaloids, 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
modulators and monoclonal antibodies. The compounds of
the invention may also be used in conjunction with
radiation therapy and surgery.Representative examples
of these classes of anti-cancer and cytotoxic agents
include but are not limited to mechlorethamine
hydrochloride, cyclophosphamide, chlorambucil,
melphalan, ifosfamide, busulfan, carmustin, lomustine,
semustine, streptozocin, thiotepa, dacarbazine,
methotrexate, thioguanine, mercaptopurine,
fludarabine, pentastatin, cladribin, cytarabine,
fiuorouracil, doxorubicin hydrochloride, daunorubicin,
idarubicin, bleomycin sulfate, mitomycin C,
actiiiomycin 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, 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, aminopterin,
methotrexate, methopterin, mitomycin C, ecteinascidin
743, or 



pofiromycin, 5-fluorouracil, 6-mercaptopurine,
gemcitabine, cytosine arabinoside, podophyllotoxin or
podophyllotoxin derivatives such as etoposide,
etoposide phosphate or teniposide, melphalan,
vinblastine, vincristine, leurosidine, vindesine 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 98/25929, WO 98/38192, WO
99/01124, WO 99/02224, WO 99/025 14, 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 such as those described
generically and specifically in U.S. Pat. No. 6,01
1,029 (the compounds of which U.S. patent can be
employed together with any NHRmodulators (including,
but not limited to, those of present invention) such
as AR modulators, ER modulators, with LHRH modulators,
or with surgical techniques, especially in the
treatment of cancer). Pharmaceutical compositions used
in accordance with the present invention can be
formulated in a conventional manner using one or more
physiologically acceptable carriers comprising
excipients and auxiliaries that facilitate processing
of the composition, active agents, for inhibiting or
stimulating the secretion of the composition, or a
mixture thereof into preparations which can be used
therapeutically. Nucleic acid molecules encoding a
cupredoxin entry domain or a fusion protein combining
a either entry domain and a cargo compound can be
inserted into vectors and used as gene therapy
vectors. Gene therapy vectors can be delivered to a
subject by, for example, intravenous injection, local
administration (Nabel et al, U.S. Patent No. 5,328,470
1994. USA), or by stereotactic injection (Chen et al.,
Proc Natl Acad Sci USA5vol. 91, pp 3054-57 (1994)).
The pharmaceutical preparation of a gene therapy
vector can include an acceptable 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 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 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 to those of ordinary skill in
the art. See, e.g., WO90/1 1092, WO93/24640, WO
93/17706, and U.S. Pat. No. 5,736,524.Vectors, used to
shuttle genetic material from organism to organism,
can be divided into two general classes: Cloning
vectors are replicating plasmid or phage with regions
that are non-essential for propagation in an
appropriate host cell and into which foreign DNA can
be inserted; the foreign DNA is replicated and
propagated as if it were a component of the vector. An
expression vector (such as a plasmid, yeast, or animal
virus genome) is used to introduce foreign genetic
material into a host cell or tissue in order to
transcribe and translate the foreign DNA, such as the
DNA of the composition. In expression vectors, the
introduced DNA is operably-linked to elements such as
promoters that signal to the host cell to transcribe
the inserted DNA. Some promoters are exceptionally
useful, such as 



inducible promoters that control gene transcription in
response to specific factors. Operably-linking a
composition polynucleotide to an inducible promoter
can control the expression of the wt-azurin entry
domain composition polypeptide or fragments. Examples
of classic inducible promoters include those that are
responsive to a-interferon, heat shock, heavy metal
ions, and steroids such as 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 general, useful expression vectors are
often plasmids. However, other forms 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 of
replication, marker genes, enhancer elements,
promoters, and transcription termination sequences.
Kits Comprising a Cupredoxin Entry Domain-Cargo
Compound Complex In another aspect, the invention
provides kits containing one or more of the 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 apharmaceutically
acceptable adjuvant or excipient; (3) a vehicle for
administration, such as a syringe; (4) instructions
for administration. Embodiments in which two or more
of components (1) - (4) are found in the same
container are also contemplated. When a kit is
supplied, the different components of the composition
may be packaged in separate containers and admixed
immediately before use. Such packaging of the
components separately may permit long-term storage
without losing the active components' functions. The
reagents included in the kit can be supplied in
containers of any sort such that the life of the
different components are preserved and are not
adsorbed or altered by the materials of the container.
For example, sealed glass ampules may contain
lyophilized polypeptide or polynucleotide, or buffers
that have been packaged under a neutral, non-reacting
gas, such as nitrogen. Ampules may consist of any
suitable material, such as glass, organic polymers,
such as polycarbonate, polystyrene, etc., ceramic,
metal or any other material typically 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. 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. Kits may also be supplied
with instructional materials. Instructions may be
printed on paper or other substrate, and/or may be
supplied as an electronicreadable 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
web site specified by the manufacturer or distributor
of the kit, or supplied as electronic mail.A more
complete understanding of the present invention can be
obtained by reference to the following specific
Examples. The Examples are described solely for
purposes of illustration and are not intended to limit
the scope of the invention. Changes in form and
substitution of equivalents are contemplated as
circumstances may suggest or render expedient.
Although specific terms have 



been employed herein, such terms are intended in a
descriptive sense and not for purposes of limitations.
Modifications and variations of the invention as
hereinbefore set forth can be made without departing
from the spirit and scope thereof, and, therefore,
only such limitations should be imposed as are
indicated by the appended embodiments. EXAMPLES
Example 1 - Plasmid constructions Plasmids expressing
fusion glutathione S-transferase (GST)-truncated
wtazurin (azu) derivatives were constructed by a
polymerase chain reaction using 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 BamHl and EcoRl sites of the
commercial GST 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'-CG GAATTC GCA TCA CTT CAG
GGT CAG GG-3' (SEQ ID NO: 13), where the additionally
introduced BamHl and EcoRI sites are underlined
respectively. Carboxyl-terminus truncation of gene was
cumulatively performed by introducing a stop codon
using QuickChange site-direct mutagenesis kit
(Stratagene, La Jolla, CA 92037). For pGST-azu 36-50,
pGST-azu 36-77 and pGST-azu 36-89, stop codons were
introduced into Ser51, Ser78, and Gly90, respectively.
The plasmid carrying 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 CACAAC TGG GTA CTG TGA ACC GCC
GCC GAC ATG CAG-3' (SEQ ID NO: 14), and 5'-CTG CAT GTC
GGC GGC GGT TCA CAG TAC CCA GTT GTG GCC-3' (SEQ ID NO:
15). For pGST-azu 36-77: 5'-CCT GAA GCC CGA CGA CTG
ACG TGT CAT CGC CCA CAC C-3' (SEQ ID NO: 16) and
5'-GGT GTG GGC GAT GAC ACG TCA GTC GTC GGG CTT CAG
G-3' (SEQ ID NO: 17). For pGST-azu 36-89: 5'-CCA AGC
TGA TCG GCT CGT GAG AGAAGG ACT CGG TGA CC-3' (SEQ ID
NO: 18), and 5'-GGT CAC CGA GTC CTT CTC TCA CGA GCC
GAT CAG CTT GG-3 (SEQ ID NO: 19). The plasmids pGSTazu
50-77 and pGST-azu 67-77 were generated by PCR using
pGST-azu 36-77 as a template DNA. Amplified PCR
fragments, azu 50-77 and azu 67-77, were obtained
using forward primers 5'-CG GGATCC TGA GCA CCG CCG CCG
ACA TGC AGG G-3' (SEQ ID NO: 20) and 5'-CG GGATCC CCG
GCC TGG ACA AGG ATT ACC TGA AGC CCG-3 (SEQ ID NO: 21),
where the additionally introduced BamUl site is
indicated by underlining. The reverse primer,
5'-CGGAATTjC GCA TCA CTT CAG GGT 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 Gly67 using
oligonuclotides as follows: 5'- 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 5'-CGGAATTC CTT GTA CAG CTC GTC CAT GCC G-3'
(SEQ ID 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 pGSTGFP. For the preparation 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' -CCGCTCGAG CCT GAG CAC CGC CGC CATGCA
GGG-3' (SEQ ID NO: 27) and 5' -TTTTCCTTTTGCGGCCGC TCA
GTC GTC GGG CTT CAG GTAATC C-3' (SEQ ID NO: 28), where
the introduced Xho I and Not I sites are 



underlined respectively. Purified azu 50-77 fragment
was introduced into pGSTGFP at Xho 1and Not 1unique
restriction enzyme sites Example 2 - Purification of
Proteins Wt-azurin and M44KM64E mutant azurin were
prepared and purified as described by Yamada, T. et
al. Proc. Natl. Acad. Sci. USA, vol. 101, pp. 4770-75
(2004), and in copending U.S. patent application
serial number 10/720,603, the contents of which are
incorporated by this reference. Briefly, the wt-azurin
gene was amplified by PCR according to the method
described by Kukimoto et al , FEBS Lett, vol. 394, pp
87-90 (1996). PCR was performed using genomic DNA from
P. aeruginosa strain PAOl as a template DNA. The
amplified DNA fragment of 545 bp, digested with Hinlll
and PsU, was inserted into the corresponding sites of
pUC19 so that the azurin gene was placed downstream of
the lac promoter to yield an expression plasmid pUC
19- azuA. E. col JMl 09 was used as a host strain for
expression of the azurin gene. The recombinant E. coil
strain was cultivated in 2YT medium containing 50 mg
ml 1 ampicillin, 0.1 niM IPTG; and 0.5 mM CuSO4 for 16
h at 370C to produce azurin. 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 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 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,LLC, Montgomeryville,
PA 18936). Two other purified cupredoxins,
plastocyanin from Phormidium laminosum and
pseudoazurin from Achromobacter cycloclastes were
obtained from Dr. Beatrix G. Schlarb-Ridley,
University of Cambridge, UK and Dr. Christopher
Dennison, University of Newcastle Upon Tyne, UK,
respectively. AUrecombinant GST-fusion derivatives
were purified as follows: E. coli BL21 cells were used
as the host strain. After induction with 0.4 niM IPTG
at early log phase of growth in L broth, GST-fusion
proteins were purified from cell extracts by using
Glutathione Sepharose 4B affinity chromatography and
Sephadex 75 gel-filtration column with PBS (Amersham
Biosciences, Piscataway, NJ 08855). Purified proteins,
wt azurin and GST-derivatives or other cupredoxins,
labeled with ALEXA FLUOR(r) (Molecular Probes, Inc.,
Eugene, OR 97402) were isolated according to
manufacturer's instructions. Unbound free fluorescent
chemical was removed by gel-filtration column. 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 al Infect. Immun. vol. 70, pp.
7054-62 (2002); Goto, M., et al MoI. 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
L-glutamine, 0.1 mM MEM essential amino acids and
supplemented with 10% heat inactivated fetal bovine
serum, 100 Units/ml penicillin and 100 mg/ml
streptomycin. MCF-7 and MOF-IOF cells were cultured as
described in Punj et al. Oncogene 23:2367- 



78 (2004).Example 4 - Co-culture of J774, UISO-Mel-2
and Fibroblast Cells and Confocal microscopy J774,
UISO-Mel-2, and fibroblast cells were cultured on
individual cover slips. After overnight incubation,
the cells were washed with fresh media and all three
cell lines were placed on a culture dish containing
200 mg/ml of wt-azurin conjugated with ALEXA FLUOR(r)
568. The cells were then incubated for 0.5 or 3.5 h at
370C under 5% CO2. For preparation of microscope
samples, cells were cultured on cover-slips overnight
at 370C. Cultured cells were placed at 370C or 40C for
2 h before protein treatment. Pre-warmed 370C fresh
media or ice-cold 40C fresh media were mixed with
red-fluorescent (labeled with ALEXA FLUOR(r) 568)
cupredoxins or GSTfusion derivatives, and incubated
with the cells. The cells were washed with PBS, and
fixed with methanol at -2O0C for 5 min. After washing
with PBS twice and the addition of mounting media
containing 1.5 mg/ml 4',6-diamidino-2-phenylindole
(DAPI) for staining nuclei (VECTASHILD, Vector,
Burlingame, CA), images were taken by a confocal
microscope. Example 5 - Entry of Cupredoxins into J774
Cells Wt-azurin, its mutant variant M44KM64E,
plastocyanin, pseudoazurin and 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(r) 568 to fluoresce red and incubated with
the J774 cells for 1 hr at 370C at a concentration of
200 mg/ml, and in a separate experiment wild type
azurin and rusticyanin were incubated with J774 cells
for 1 hr at 37C at a concentration of about 6 to 7 mM.
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
J774 cells. In similar experiments, auracyanin A and B
enter preferentially to MCF7 cancer cells and not
non-cancerous control cells.Example 6 - Entry of
Wt-azurin and Rusticyanin into Various Cell Types
Wt-azurin exhibits a reduced cytotoxic activity
towards MCF-IOF cells as contrasted with the MCF-7
cells. Punj et at Oncogene 23:2367-2378 (2004). J774,
peritoneal macrophages, mast cells, human breast
cancer MCF-7 and human normal epithelial MCF-IOF cells
(stock culture collection of the Department of
Surgical Oncology, University of Illinois at Chicago
(UIC), Chicago) were treated and examined as in
Example 5 and tested to determine if wt-azurin could
enter such cells. Wt-azurin was internalized in J774
cells during 45 mm incubation. However, it was
internalized very inefficiently in peritoneal
macrophages or mast cells. Even after 6 hr incubation,
such cells showed only limited entry. Similarly, while
wt-azurin entered the breast cancer MCF-7 cells
efficiently, it showed an extremely reduced rate of
entry in the normal mammary MCF-IOF cells. Alexa
fluor(r)-cohjugated azurin entered efficiently in
UISOMel-2 and MCF-7 cancer cells but not in the normal
mammary MCF 10Al cells. Alexa fluor(r)-conjugated
rusticyanin, however, not only entered the cytosol of
UISO Mel-2 and MCF-7 cancer cells, but also in the
normal MCF 10Al cells. Unlike in the cancer cells
where rusticyanin was evenly distributed in the
cytosol, in MCFlOAl cells, much of the rusticyanin was
sequestered in the perinuclear space 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 Alexa fluor-conjugated
wt-azurin in J774, UISO-Mel-2 and normal fibroblast
cells during incubation at 370C for 30 min and 3.5 hr.
Wtazurin 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
wt-azurin were found in the fibroblasts. 



A 3(4,5 dimethylthiazol-2-yl-2,5 tetrazolium bromide)(
MTT) assay was performed for the measurement of the
cytotoxicity of wt-azurin as described by Yamada, T.,
et al. Infect. Immun. 70:7054-62 (2002), Goto, M.,
etal. MoI.Microbiol 47:549-59 (2003), and in
co-pending U.S. patent application serial number
10/720,603, filed November 24, 2003, the contents of
which are incorporated by reference. Figure l(b) shows
that significant wt-azurin-mediated cytotoxicity was
observed only with J774 and UISO-Mel-2 cells during 24
hr incubation. M44KM64E mutant azurin showed very
little apoptosis -inducing activity in J774 cells but
at 1 mg/ml concentration significantly inhibited
(about 95%) cell cycle progression at the G1 to S
phase. Cell cycle progression was analyzed by flow
cytometry, as described by Hiraoka, Y. et al, Proc.
Natl. Acad. Sd. USA, vol. 101 :6427-32 (2004) and
Yamada, T. et al Proc. Natl. Acad. Sci. USA 101
:4770-75 (2004), the contents of which are
incorporated by reference. Figure l(a) shows that when
the fibroblasts were treated with 500 mg/ml or 1 mg/ml
of M44KM64E mutant azurin, the extent of inhibition of
cell cycle progression was about 20%. Example 8 -
Microinjection of Wt-azurin into Fibroblast and
MCF-IOF cells Wt-azurin was microinjected into
fibroblast and MCF-IOF cells as using the method
described by Punj, V., et al, Oncogene 23:2367-78
(2004). Cells were examined for induction of
apoptosis, leading to nuclear DNA condensation 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 370C A series of GST
fusions of wt-azurin truncated at both the N- and the
Cterminal were prepared and purified as in Example 1
(Figure 2(a) and 2(b)). Using ALEXA FLUOR(r) 568
conjugated wt-azurin, GST and GST-azu fusion
derivatives, internalization in J774 cells at 370C
during 1 hr incubation was examined using the method
described in Example 5. The nucleus was stained blue
with DAPI.While wt-azurin was internalized, GST
remained at the periphery of the cells and was not
internalized. GST-azu 36-128 and GST-azu 36-89 were
internalized, as was GST-azu 36-77. Further
truncations, however, demonstrated that while GST-azu
50-77 was internalized, GST-azu 36-50 was highly
inefficient and appeared to form clumps on the
surface. Example 10 - Internalization of Azurin Fusion
Derivatives at 40C Internalization of wt-azurin and
the GST-azu fusion derivatives in J774 cells incubated
at 40C was examined. At 40C, internalization of
wt-azurin inside J774 cells during 1 hr incubation was
severely impaired. Similar impairment was also seen
with GST-azu 36-128 and GST-azu 36-89. The shorter
GST-azu 36-77, GST-azu 50-77, GST-azu 50-66 and
GST-azu 67-77 demonstrated severe impairment of
internalization at 40C. Example 11 - Energy-Dependent
Internalization of the GST-GFP-azu 50-77 Fusion
Protein in J774 and Melanoma UISO-MeI-2 Cells GST was
fused with GFP to make a GST-GFP fusion derivative.
Additionally, azu 50-77 was fused to the GST-GFP (Mr
53 kDa) fusion protein (Figure 3(a)). The mobility of
the purified GST, GST-GFP and GST-GFP-azu 50- 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
cytometric separation of J774 cells treated with
increasing concentrations of GSTGFP- 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 mg/ml of
GSTGFP- azu 50-77 fusion protein and incubated for
increasing periods of time at 370C.To determine if
there is any difference in the binding and
internalization profile of GST-GFP and GST-GFP-azu
50-77, both J774 and UISO-Mel-2 cells were incubated
with GST-GFP and GST-GFP-azu 50-77 at 370C and at 40C.
The green fluorescence was localized using confocal
microscopy. In J774 cells, GSTGFP fusion protein bound
to the surface and was not internalized both at 370C
and at 40C. In contrast, GST-GFP-azu 50-77 was found
to be internalized at 370C, but not at 40C. In
UISO-Mel-2 cells, the GST-GFP fusion protein was
retained on the surface both at 370C and at 40C. In
contrast, similar to J774 cells, GST-GFP-azu 50-77
fusion protein was seen to be internalized at 370C but
not at 40C. Example 12 - Wt-azurin Entry into
Mammalian Cells by a Cell Membrane Penetration and an
Endocytic Mechanism If wt-azurin entry is solely
dependent on receptor-mediated endocytosis, it could
be blocked by protonophore carbonyl cyanide
m-chlorophrnylhydrazone (CCCP), a mitochondrial
uncoupler of energy generation, or preincubalion with
unlabeled azurin or other cupredoxins that block the
receptors. J774 and UISOMeI- 2 cells were incubated
with the cupredoxins at 10 fold excess concentration
for 2 hr at 40C, the cells washed thoroughly to remove
the cupredoxins, and incubated with ALEXA FLUOR(r)
568-conjugated azurin for 1hr at 370C. There 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 Golgi
apparatus and inhibit classical 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.Example 13 - Entry of a
GST-PEDIII-azu 50-77 Fusion Derivative into UISOMel- 2
Cells A GST-fusion of Pseudomonas aeruginosa exotoxin
A domain III (PEDIII) was constructed as described by
Hwang, J. et al, Cell 48:129-36 (1987); Reiter, Y. and
Pastan, L, Trends Biotechnol 16:513-20 (1998). This
GST-PEDIII fusion derivative contained amino acids
381-613 of the exotoxin A. PEDIII is known to harbor
ADP-ribosyl transferase activity and inhibits cellular
protein synthesis in eukaryotic cells by inhibiting
eukaryotic elongation factor 2. Using PCR as described
for the GST-GFP-azu 50-77, the azu 50-77 sequence was
introduced to the carboxyl end of the GST-PEDIII
fusion protein (Figure 5(a)). These two fusion
proteins (GSTPEDIII and GST-PEDIII-azu 50-77) were
purified by glutathione-sepharose 4B column
chromatography as 52 and 54 kDa proteins (Fig. 5(b)).
UISO-Mel-2 and normal fibroblast (FBT) cells were then
incubated for 24 h at 37C with various concentrations
of these proteins and the extent of cell death
measured by MTT assay as described in Example 7. While
GST-PEDIII demonstrated only low cytotoxicity, the
GST-PEDIIIazu 50-77 fusion protein had high
cytotoxicity because of efficient entry to UISOMel- 2
cells (Figure 5(c)). In contrast, the fusion proteins
demonstrated a low level of cytotoxicity towards the
fibroblast cells. Example 14 - Destabilization of the
a-helix in wt-Azurin has no Substantial Effect on its
Internalization in UISO-Mel-2 Cells To examine if the
a-helix plays a role in azurin entry, three
helixdestabilizing proline residues were introduced in
positions 54, 6 1 and 70 of wtazurin (Figure 6) and
examined the entry of the full length A54PT6 1PK70P
mutant azurin into UISO-Mel-2 cells. Single and double
mutations in these positions were also constructed and
tested for entry. The A54PT61PK70P mutant 



azurin was prepared by site-directed mutagenesis of
the azurin gene using the QuickChange site-directed
mutagenesis kit (Stratagene, La Jolla, CA). The
mutants were incubated at 200 mg/ml with UISO-Mel-2
cells for 1 hr at 37C, after which the fluorescence
was localized by confocal microscopy i allcases, the
ALEXA FLUOR(r) 568-conjugated mutant azurins entered
UISO-Mel-2 cells. Similarly, when the GST-GFP-azu
50-77 fusion protein, as well as its triple
A54PT61PK70P azu mutant variant, were examined for
entry in UISO-Mel-2 cells, no significant difference
was observed. Example 15 - Entry of a
GST-PEDIII-Rusticyanin Fusion Derivative into
UISO-Mel-2 Cells A GST-fusion of Pseudomonas
aeruginosa exotoxin A domain III (PEDIII) and was
constructed as in Example 13. Using PCR as described
for the GSTGFP- azu 50-77, full-length rusticyanin
sequence was introduced to the carboxyl end of the
GST-PEDIII fusion protein. The fusion protein was
purified by glutathione-sepharose 4B column
chromatography. UISO-Mel-2 and FBT cells were then
incubated for 24 h at 37C with various concentrations
of the fusion protein and the extent of cell death
measured by MTT assays as described in Example 7. 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. Example
16 - Competition of Azurin with GST-Azu 55-77 for
Entry into J774 Cells. A competition experiment was
performed with unlabeled azurin at 370C in presence of
7 mM Alexa fluor(r) - conjugated GST-azu 50-77. J774
cells were incubated without Alexa fluor(r)-conjugated
azurin, with Alexa fluor(r)-conjugated GST-azu 50-77
(7 mM) and with Alexa fluor-conjugated GST-azu 50-77
(7 mM) in presence of 7, 14 and 56 mM of unlabeled
azurin for 1h at 37C before determining GST-azu 50-77
entry. The results clearly demonstrated that in
comparison to labeled 7 mM GST-azu 50-77 alone, the
presence of increasing amounts of unlabeled azurin (7,
14 and 56 mM) increasingly competed with the entry of
labeled 7 mM GST-azu 50-77. In contrast, when similar
concentrations of(6, 12 and 48 mM) unlabeled
rusticyanin were used in presence of labeled GSTazu
50-77, very little effect on the entry of GST-azu
50-77 was seen. Example 17 - Sequence and Structural
Comparison of Azurin Protein Transduction Domain (PTD)
with other Cupredoxins The sequence identity between
azurin and rusticyanin in the azu 50-77 region is less
than 20%, as is true of several other cupredoxins (De
Rienzo et al, Protein Science 9:1439-1454, 2000;
Murphy et al, J. MoI. Biol. 315:859-871, 2002). A
structural analysis using VAST algorithm (Gibrat et
al, Curr. Opin. Struct. Biol. 6:377-385, 1996) between
azurin and several members of the cupredoxin family
demonstrated a significant identity between azu 50-77
region and that of the cupredoxin auracyanin B, a
cupredoxin from the green thermophilic photosynthetic
bacterium C. aurantiacus (Bond et al, J. MoI. Biol.
306:47-67, 2001). Other members of the cupredoxin
family, while demonstrating structural similarity with
other regions of azurin lacked significant identity
with the azurin PTD, amino acids 50-77 (Fig. 8(a)).
Indeed, when compared with other proteins whose
structures have been deposited in the protein
database, there was very little structural similarity
between the azu PTD and other proteins. A multiple
amino acid sequence alignment of the residues in the
P. 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. syringae azurin showed high
identity with P. aeruginosa azurin PTD region, an
azurin-like protein from Neisseria meningitidis
(Gotschlich and Seiff, FEMS Microbiol Lett. 43:253-255
(1987); Kawula et al, MoI. Microbiol. 1:179-185
(1987); Cannon, Clin. Microbiol. Rev. 



2-.S1-S4 (1989)) also showed significant identity with
the PTD domain of P. aeruginosa azurin, as did azurins
from Vibrioparahaemolyticus and Bordetella
bronchiseptica (Fig. 8(b)). A motif sequence
D-G-X-X-X-X-X-D-X-X-Y-X-K-XX- D (SEQ ID NO: 35) was
found conserved in all these azurins.Example 18 -JV.
meningitidis Laz (H8-azurin) induces cell death in the
brain tumor cell line LH229 Neisseria meningitidis
(Nm) causes cerebrospinal meningitis by disseminating
in the blood stream, crossing the blood brain barrier,
presumably by a transcellular route through brain
endothelial cells, and invading the meninges. The
azurins from both Pseudomonas aeruginosa and Neisseria
meningitidis have similar structures and high amino
acid sequence homology (>50%). hi addition, the N.
meningitidis azurin is part of a longer polypeptide,
Laz (SEQ ID NO: 30), which harbors in its N-terminal a
surface peptide called H.8, which is present in the
outer membrane of N. meningitidis (Cannon, J.G., Clin.
Microbiol. Rev. vol. 2, pp. 51-54 (1989)). The
surface-exposed H8 antigenic epitope at also carries a
signal for lipidation. The complete N. meningitidis H8
outer membrane protein remains on the external surface
of N. meningitidis cells. The Neisseria gonorrhoeae
Laz protein is very similar to the N. meningitidis Laz
protein. The N. gonorrhoeae laz gene was cloned into
E. coli, and then the laz gene in the E. coli was
hyper-expressed to produce the Laz protein (Fig. 13).
The ability of the purified P. aeruginosa azurin and
the purified N. 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. 1182-1 187 (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 E. coli.
Additionally, while azurin had very low cytotoxicity
towards the brain tumor cells within 24 hours, Laz
showed high cytotoxicity, 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 JV. gonorrhoeae H8-azurin (Laz, SEQ ID
NO: 36) will be useful to diagnose and/or treat brain
tumors in vitro and in vivo. 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 cargomolecules, including
fluorescent or radioactive tags or rumor-killing
drugs/toxins, into the brain, and into brain tumor
cells for diagnostic or therapeutic purposes. Table 3.
Cytotoxicity of P. aeruginosa azurin and JV.
gonorrhoeae Laz to Brain Cancer Cell Line LH229 After
24 Hours Incubation. Protein Cone. Cytotoxicity (%)
STDEV P. aeruginosa azurin 0 0.00 0.00 JV. gonorrhoeae
Laz 0 0.00 0.00 P. aeruginosa azurin 25 5.86 2.45 JV.
gonorrhoeae Laz 25 18.80 1.26 P. aeruginosa azurin 50
5.48 2.43 JV. gonorrhoeae Laz 50 23.59 1.57 P.
aeruginosa azurin 100 6.00 4.13 JV. gonorrhoeae z 100
4 1.02 1.49 P. aeruginosa azurin 200 8.27 4.79 JV.
gonorrhoeae Laz 200 78.99 2.06 P. aeruginosa azurin
400 7.25 3.69 JV. gonorrhoeae Laz 400 94.69 0.87 P.
aeruginosa azurin 800 13.22 7.67 JV. gonorrhoeae Laz
800 98.36 0.62 Table 4. Cytotoxicity of P. aeruginosa
azurin and JV. gonorrhoeae Laz to Brain Cancer Cell
Line LH229 After 48 Hours of Incubation. 



Protein Cone, (mg/ml) Cytotoxicity (%) STDEV P.
aeruginosa azurin 0 0.00 0.00 TV. gonorrhoeae Laz 0
0.00 0.00 P. aeruginosa azurin 25 11.65 1.07 JV.
gonorrhoeae Laz 25 20.04 4.25 P. aeruginosa azurin 50
8.55 2.51 JV. gonorrhoeae Laz 50 25.52 1.80 P.
aeruginosa azurin 100 16.19 2.60 JV. gonorrhoeae Laz
100 39.72 0.92 P. aeruginosa azurin 200 16.30 1.91 JV.
gonorrhoeae Laz 200 87.01 1.21 P. aeruginosa azurin
400 61.96 19.15 JV. gonorrhoeae Laz 400 98.75 0.96 P.
aeruginosa azurin 800 82.71 5.91 JV, gonorrhoeae Laz
800 99.93 0.12 Example 19 - Cytotoxicity of the JV.
gonorrhoeae Laz protein to Brain Tumor CellsSeveral
plasmids were constructed encoding protein constructs
including P. aeruginosa azurin, N. gonorrhoeae Laz
(SEQ ID NO:36), and fusion proteins, and the proteins
tested in the MTT assay with brain tumor cell lines.
The protein constructs tested include the TV!
gonorrhoeae Laz H.8 region alone, P. aeruginosa azurin
alone, N. gonorrhoeae azurin alone, and the constructs
depicted in Figure 10. The plasmids encoding the
protein constructs are transformed into E. coli or
another suitable expression system, and the protein
constructs expressed and the resulting proteins
purified. Brain tumor cell lines include NL229 and
CCFSTTGl. The results of this experiment indicate that
the H.8 region 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 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. Example 20 - TreatmentOf
Patients Suffering From Cancer A Phase I/II clinical
trial of a cupredoxin entry domain-exotoxin A domain
III 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 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 radiographic progression or
recurrence following adequate treatment by currently
available FDA-approved 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, allpatients demonstrate
increasing volume of measurable tumor after completion
of approved course of chemotherapy regimens. The
evidence of persistent metastatic deposits and/or
continued increase in size or volume must be
histologically established. This histological proof
can be obtained by a fine needle aspiration (FNA)
biopsy. The treatment program will be instituted after
obtaining informed consent from all patients in
accordance with the Institutional Review Board of the
University of Illinois, Chicago and the FDA. The
patients will have no intercurrent illness such as
other malignancy, history of previous malignancy,
blood dyscrasias, insulin dependent diabetes or other
serious cardiovascular diseases 



which might interfere in appropriate evaluation of the
effects of the proposed therapy. Baseline blood work
(Complete Blood Counts [CBC] and Serum Chemistry)
including liver function studies (LFT) will be
performed prior to initiation of therapy. All eligible
patients must not receive any cancer 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 starting with 10 mg/kg/day and
increasing by 5 mg/kg/day up to a 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 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. Total disappearance, and any reduction in size
of the target metastatic tumors will indicate that the
azurin treatment is effective for treating
cancer.Other indications that the azurin treatment is
effective are a decrease rate of in the appearance of
new metastatic tumors and a decrease in the
angiogenesis associated with tumors. Various
modifications and variations of the described examples
and 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 out
the invention which are obvious to those skilled in
related fields are intended to be within the scope of
the following claims.CLAIMS: 1. A peptide, consisting
of a sequence 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 a linked molecule into a
mammalian cancer cell. 2. The peptide of claim 1,
wherein the cupredoxin is selected from the group
consisting of azurin, plastocyanin, rusticyanin,
pseudoazurin, auracyanin and azurin-like protein. 3.
The peptide of claim 1, wherein the peptide is derived
from a organism selected from the group consisting of
P'seudomonas aeruginosa, Phormidium laminosum,
Thiobacillusferrooxidans, Achromobacter cyclocastes,
Pseitdomonas syringa, Neisseria meningitidis,
Vibriopar ahaemolyticus, Bordetella bronchiseptica,
Bordetella pertussis, Chloroflexus 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 ED NO: 5,
SEQ ID NO: 6, SEQ ID NO: 7, SEQ ID NO: 9, SEQID 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, and SEQ ID NO: 47. 7. The peptide of claim 6,
comprising 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, SEQ ID
NO: 47, and SEQ ID NO: 47. 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 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, and SEQ ID NO: 47. 9. The peptide of claim 1,
comprising an amino acid sequence selected from the
group consisting of DGXXXXXDXXYXKXXD and
DGXXXXDXXYXKXXD; wherein D is aspartic acid, G is
glycine, Y is tyrosine, K is lysine and X is any amino
acid. 10. A peptide which has significant structural
homology to the 50-77 amino acid region of
P'seudomonas aeruginosa azurin and which facilitates
the entry of a linked molecule into a mammalian cancer
cell.11. A complex comprising a cargo compound and a
peptide, wherein the peptide has at least about 90%
sequence identity with a cupredoxin, or a fragment
thereof, wherein the peptide, or fragment thereof, 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 group consisting of a protein,
lipoprotein, polypeptide, peptide, polysaccharide,
nucleic acid, dye, microparticle, nanoparticle, toxin
and drug. 14. The complex of claim 13, wherein the
cargo compound is selected from the group consisting
of a protein and a polypeptide and wherein the peptide
is linked to the cargo compound to form a fusion
protein. 15. The complex of claim 11, wherein the
cargo compound is a toxin. 16. The complex of claim
15, wherein the toxin is Pseudomonas aeruginosa
exotoxin A or a fragment thereof. 17. The complex of
claim 11, wherein the cargo compound is a detectable
substance. 18. The complex of claim 17, wherein the
detectable substance is detectable by a 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 complex of claim 11. 2 1. The method of claim 20,
wherein the cell or cells originate from a patient
suffering from cancer, and further comprising
reintroducing the cell or cells into the patient. 22.
The method of claim 20, wherein the cell is a cancer
cell. 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
method of treating a patient with cancer, wherein the
complex of claim 11 is administered to said patient in
a therapeutically effective amount. 25. The method of
claim 24, wherein the complex is administered in a
manner selected from the group consisting of
intravenously, topically, subcutaneously, 



intramuscularly, and into tumor. 26. The method of
claim 24, wherein the complex is co-administered with
another cancer treatment.27. A method for imaging
cancer in a patient, wherein the complex of claim 17
is administered to said patient, and the location of
the cargo compound is detected. 28. The method of
claim 27, wherein the cargo compound is an X-ray
contrast agent and the location of the cargo compound
is detected by X-ray CT. 29. The method of claim 27,
wherein the cargo compound is a magnetic resonance
imaging contrast agent and the location of the cargo
compound is detected by MRI. 30. The method of claim
27, wherein the cargo compound is an ultrasound
contrast agent and the location of the cargo compound
is detected by ultrasound imaging. 31. A method for
diagnosing cancer, wherein a cell is contacted with
the complex of claim 17 and the location of the cargo
molecule is detected. 32. A kit comprising a reagent
comprising the complex of claim 11. 33. The kit of
claim 32, further comprising a reagent comprising a
pharmaceutically-acceptable adjuvant or excipient. 34.
The kit of claim 32, further comprising a vehicle for
administration of the reagent. 35. 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.36. A nucleic acid
molecule, which encodes the peptide of claims 1 or 10,
or the complex of claim 14.SEQUENCE LISTING <110>
Chakrabarty, Ananda Das Gupta, Tapas Yamada, Tohru
Fialho, Arsenio <120> Cupredoxin Derived Transport
Agents and Methods of Use Thereof <130> 51282-00009
<140> Not assigned <141> 2005-10-06 <150> 60/616,782
<151> 2004-10-07 <150> 60/680,500 <151> 2005-05-13
<150> 60/700,297 <151> 2005-07-19 <160> 48 <170>
Patentln version 3.3 <210> 1 <211> 128 <212> PRT <213>
Pseudomonas aeruginosa <400> 1 Ala GIu Cys Ser VaI Asp
lie GIn GIy Asn Asp GIn Met Gin Phe Asn 1 5 10 15 Thr
Asn Ala lie Thr VaI Asp Lys Ser Cys Lys GIn Phe Thr
VaI Asn 20 25 30 Leu Ser His Pro GIy Asn Leu Pro Lys
Asn VaI Met GIy His Asn Trp 35 40 45 VaI Leu Ser Thr
Ala Ala Asp Met GIn GIy VaI VaI Thr Asp GIy Met 50 55
60 Ala Ser GIy Leu Asp Lys Asp Tyr Leu Lys Pro Asp Asp
Ser Arg VaI 65 70 75 80 lie Ala His Thr Lys Leu H e
GIy Ser GIy GIu Lys Asp Ser VaI Thr 



85 90 95Phe Asp VaI Ser Lys Leu Lys GIu GIy GIu GIn
Tyr Met Phe Phe Cys 100 105 110 Thr Phe Pro GIy His
Ser Ala Leu Met Lys GIy Thr Leu Thr Leu Lys 115 120
125 <210> 2 <211> 105 <212> PRT <213> Phormidium
laminosum <400> 2 GIu Thr Phe Thr VaI Lys Met GIy Ala
Asp Ser GIy Leu Leu GIn Phe 1 5 10 15 GIu Pro Ala Asn
VaI Thr VaI His Pro GIy Asp Thr VaI Lys Trp VaI 20 25
30 Asn Asn Lys Leu Pro Pro His Asn lie Leu Phe Asp Asp
Lys GIn VaI 35 40 45 Pro GIy Ala Ser Lys GIu Leu Ala
Asp Lys Leu Ser His Ser GIn Leu 50 55 60 Met Phe Ser
Pro GIy GIu Ser Tyr GIu lie Thr Phe Ser Ser Asp Phe 65
70 75 80 Pro Ala GIy Thr Tyr Thr Tyr Tyr Cys Ala Pro
His Arg GIy Ala GIy 85 90 95 Met VaI GIy Lys H e Thr
VaI GIu GIy 100 105 <210> 3 <211> 155 <212> PRT <213>
Thiobacillus ferrooxidans <400> 3 GIy Thr Leu Asp Thr
Thr Trp Lys GIu Ala Thr Leu Pro GIn VaI Lys 1 5 10 15
Ala Met Leu GIu Lys Asp Thr GIy Lys VaI Ser GIy Asp
Thr VaI Thr 20 25 30Tyr Ser GIy Lys Thr VaI His VaI
VaI Ala Ala Ala VaI Leu Pro GIy 35 40 45 Phe Pro Phe
Pro Ser Phe GIu VaI His Asp Lys Lys Asn Pro Thr Leu 50
55 60 GIu H e Pro Ala GIy Ala Thr VaI Asp VaI Thr Phe
H e Asn Thr Asn 65 70 75 80 Lys GIy Phe GIy His Ser
Phe Asp H e Thr Lys Lys GIy Pro Pro Tyr 85 90 95 Ala
VaI Met Pro VaI H e Asp Pro H e VaI Ala GIy Thr GIy
Phe Ser 100 105 H O Pro VaI Pro Lys Asp GIy Lys Phe
GIy Tyr Thr Asp Phe Thr Trp His 115 120 125 Pro Thr
Ala GIy Thr Tyr Tyr Tyr VaI Cys GIn H e Pro GIy His
Ala 130 135 140 Ala Thr GIy Met Phe GIy Lys H e VaI
VaI Lys 145 150 155 <210> 4 <211> 124 <212> PRT <213>
Achromabacter cycloclastes <400> 4 Ala Asp Phe GIu VaI
His Met Leu Asn Lys GIy Lys Asp GIy Ala Met 1 5 10 15 



VaI Phe GIu Pro Ala Ser Leu Lys VaI Ala Pro GIy Asp
Thr VaI Thr 20 25 30 Phe H e Pro Thr Asp Lys GIy His
Asn VaI GIu Thr H e Lys GIy Met 35 40 45 H e Pro Asp
GIy Ala GIu Ala Phe Lys Ser Lys H e Asn GIu Asn Tyr 50
55 60Lys VaI Thr Phe Thr Ala Pro GIy VaI Tyr GIy VaI
Lys Cys Thr Pro 65 70 75 80 His Tyr GIy Met GIy Met
VaI GIy VaI VaI GIn VaI GIy Asp Ala Pro 85 90 95 Ala
Asn Leu GIu Ala VaI Lys GIy Ala Lys Asn Pro Lys Lys
Ala GIn 100 105 110 GIu Arg Leu Asp Ala Ala Leu Ala
Ala Leu GIy Asn 115 120 <210> 5 <211> 93 <212> PRT
<213> Pseudomonas aeruginosa <400> 5 Pro GIy Asn Leu
Pro Lys Asn VaI Met GIy His Asn Trp VaI Leu Ser 1 ,5
10 15 Thr Ala Ala Asp Met GIn GIy VaI VaI Thr Asp GIy
Met Ala Ser GIy 20 25 30 Leu Asp Lys Asp Tyr Leu Lys
Pro Asp Asp Ser Arg VaI lie Ala His 35 40 45 Thr Lys
Leu lie GIy Ser GIy GIu Lys Asp Ser VaI Thr Phe Asp
VaI 50 55 60 Ser Lys Leu Lys GIu GIy GIu GIn Tyr Met
Phe Phe Cys Thr Phe Pro 65 70 75 80 GIy His Ser Ala
Leu Met Lys GIy Thr Leu Thr Leu Lys 85 90 <210> 6
<211> 54 <212> PRT <213> Pseudomonas aeruginosa <400>
6 Pro GIy Asn Leu Pro Lys Asn VaI Met GIy His Asn Trp
VaI Leu Ser 1 5 10 15Thr Ala Ala Asp Met GIn GIy VaI
VaI Thr Asp GIy Met Ala Ser GIy 20 25 30 Leu Asp Lys
Asp Tyr Leu Lys Pro Asp Asp Ser Arg VaI lie Ala His 35
40 45 Thr Lys Leu lie GIy Ser 50 <210> 7 <211> 42
<212> PRT <213> Pseudomonas aeruginosa <400> 7 Pro GIy
Asn Leu Pro Lys Asn VaI Met GIy His Asn Trp VaI Leu
Ser 1 5 10 15 Thr Ala Ala Asp Met GIn GIy VaI VaI Thr
Asp GIy Met Ala Ser GIy 20 25 30 Leu Asp Lys Asp Tyr
Leu Lys Pro Asp Asp 35 40 '<210> 8 



<211> 15 <212> PRT <213> Pseudomonas aeruginosa <400>
8 Pro GIy Asn Leu Pro Lys Asn VaI Met GIy His Asn Trp
VaI Leu 1 5 10 15 <210> 9 <211> 28 <212> PRT <213>
Pseudomonas aeruginosa <400> 9 Leu Ser Thr Ala Ala Asp
Met GIn GIy VaI VaI Thr Asp GIy Met Ala 1 5 10 15 Ser
GIy Leu Asp Lys Asp Tyr Leu Lys Pro Asp Asp 20 25<210>
10 <211> 17 <212> PRT <213> Pseudomonas aeruginosa
<400> 10 Leu Ser Thr Ala Ala Asp Met GIn GIy VaI VaI
Thr Asp GIy Met Ala 1 5 10 15 Ser <210> 11 <211> 11
<212> PRT <213> Pseudomonas aeruginosa <400> 11 GIy
Leu Asp Lys Asp Tyr Leu Lys Pro Asp Asp 1 5 10 <210>
12 <211> 37 <212> DNA <213> Artificial sequence <220>
<223> forward primer for pGST-azu 36-128 <400> 12
cgggatcccc ggcaacctgc cgaagaacgt catgggc 37 <210> 13
<211> 28 <212> DNA <213> Artificial sequence <220>
<223> reverse primer for pGST-azu 36-128 <400> 13
cggaattcgc atcacttcag ggtcaggg 28 <210> 14 <211> 39
<212> DNA <213> Artificial sequence <220><223> forward
oligonucleotide for pGST-azu 36-50 <400> 14 ggccacaact
gggtactgtg aaccgccgcc gacatgcag 39 <210> 15 <211> 39 



<212> DNA <213> Artificial sequence <220> <223>
reverse oligonucleotide for pGST-azu 36-50 <400> 15
ctgcatgtcg gcggcggttc acagtaccca gttgtggcc 39 <210> 16
<211> 37 <212> DNA <213> Artificial ssequence <220>
<223> forward oligonucleotide for pGST-azu 36-77 <400>
16 cctgaagccc gacgactgac gtgtcatcgc ccacacc 37 <210>
17 <211> 37 <212> DNA <213> Artificial sequence <220>
<223> reverse oligonucleotide for pGST-azu 36-77 <400>
17 ggtgtgggcg atgacacgtc agtcgtcggg cttcagg 37 <210>
18 <211> 38 <212> DNA <213> Artificial sequence <220>
<223> forward oligonucleotide for pGST-azu 36-89 <400>
18 ccaagctgat cggctcgtga gagaaggact cggtgacc 38 <210>
19 <211> 38 <212> DNA<213> Artificial sequence <220>
<223> reverse oligonucleotide for pGST-azu 36-89 <400>
19 ggtcaccgag tccttctctc acgagccgat cagcttgg 38 <210>
20 <211> 33 <212> DNA <213> Artificial sequence <220>
<223> forward primer for pGST-azu 50-77 <400> 20
cgggatcctg agcaccgccg ccgacatgca ggg 33 <210> 21 <211>
38 <212> DNA <213> Artificial sequence <220> <223>
forward primer for pGST-azu 67-77 <400> 21 cgggatcccc
ggcctggaca aggattacct gaagcccg 38 <210> 22 



<211> 28 <212> DNA <213> Artificial sequence <220>
<223> reverse primer for pGST-azu 50-77 and pGST-azu
67-77 <400> 22 cggaattcgc atcacttcag ggtcaggg 28 <210>
23 <211> 34 <212> DNA <213> Artificial sequence <220>
<223> forward oligonucleotide for pGST-azu 50-66 <400>
23 gacggcatgg cttcctgact ggacaaggat tacc 34<210> 24
<211> 34 <212> DNA <213> Artificial sequence <220>
<223> reverse oligonucleotide for pGST-azu 50-66 <400>
24 ggtaatcctt gtccagtcag gaagccatgc cgtc 34 <210> 25
<211> 26 <212> DNA <213> Artificial sequence <220>
<223> forward primer for green fluorescence protein
gene <400> 25 cgggatcccc atggtgagca agggcg 26 <210> 26
<211> 30 <212> DNA <213> Artificial sequence <220>
<223> reverse primer for green fluoresence protein
gene <400> 26 cggaattcct tgtacagctc gtccatgccg 30
<210> 27 <21  > 33 <212> DNA <213> Artificial sequence
<220> <223> forward primer for gst-gfp-azu 50-77 <400>
27 ccgctcgagc ctgagcaccg ccgccatgca ggg 33 <210> 28
<211> 43 <212> DNA <213> Artificial sequence <220>
<223> reverse primer for gst-gfp-azu 50-77 <400>
28ttttcctttt gcggccgctc agtcgtcggg cttcaggtaa tec 43
<210> 29 



<211> 136 <212> PRT <213> Pseudomonas syringae <400>
29 Met Ala Ser GIy GIn Leu Leu Ala Ala GIu Cys Ser Ala
Thr VaI Asp 1 5 10 15 Ser Thr Asp GIn Met Met Tyr Asp
Thr Lys Ala lie GIn lie Asp Lys 20 25 30 Ser Cys Lys
GIu Phe Thr Leu Asn Leu Thr His Ser GIy Ser Leu Pro 35
40 45 Lys Asn VaI Met GIy His Asn Trp VaI Leu Ser Lys
Lys Ala Asp Ala 50 55 60 Ser Ala lie Thr Thr Asp GIy
Met Ser VaI GIy lie Asp Lys Asp Tyr 65 70 75 80 VaI
Lys Pro Asp Asp Thr Arg VaI lie Ala His Thr Lys lie
lie GIy 85 90 95 Ala GIy GIu Asn Asp Ser VaI Thr Phe
Asp VaI Ser Lys Leu Asp Pro 100 105 110 Ala GIu Asp
Tyr GIn Phe Phe Cys Thr Phe Pro GIy His lie Ser Met
115 120 125 Met Lys GIy Ala VaI Thr Leu Lys 130 135
<210> 30 <211> 183 <212> PRT <213> Neisseria
meningitidis <400> 30 Met Lys Ala Tyr Leu Ala Leu lie
Ser Ala Ala VaI lie GIy Leu Ala 1 5 10 15Ala Cys Ser
GIn GIu Pro Ala Ala Pro Ala Ala GIu Ala Thr Pro Ala 20
25 30 Ala GIu Ala Pro Ala Ser GIu Ala Pro Ala Ala GIu
Ala Ala Pro Ala 35 40 45 Asp Ala Ala GIu Ala Pro Ala
Ala GIy Asn Cys Ala Ala Thr VaI GIu 50 55 60 Ser Asn
Asp Asn Met GIn Phe Asn Thr Lys Asp lie GIn VaI Ser
Lys 65 70 75 80 Ala Cys Lys GIu Phe Thr lie Thr Leu
Lys His Thr GIy Thr GIn Pro 85 90 95 Lys Thr Ser Met
GIy His Asn lie VaI lie GIy Lys Thr GIu Asp Met 100
105 110 Asp GIy lie Phe Lys Asp GIy VaI GIy Ala Ala
Asp Thr Asp Tyr VaI 115 120 125 Lys Pro Asp Asp Ala
Arg VaI VaI Ala His Thr Lys Leu lie GIy GIy 130 135
140 GIy GIu GIu Ser Ser Leu Thr Leu Asp Pro Ala Lys
Leu Ala Asp GIy 145 150 155 160 GIu Tyr Lys Phe Ala
Cys Thr Phe Pro GIy His GIy Ala Leu Met Asn 1 65 170 -
- . .. 175 GIy Lys VaI Thr Leu VaI Asp 180 <210> 31
<211> 150 <212> PRT 



<213> Vibrio parahaemolyticus <400> 31 Met Ser Leu Arg
lie Leu Ala Ala Thr Leu Ala Leu Ala GIy Leu Ser 1 5 10
15 Phe GIy Ala GIn Ala Ser Ala GIu Cys GIu VaI Ser H e
Asp Ala Asn 20 25 30Asp Met Met GIn Phe Ser Thr Lys
Thr Leu Ser VaI Pro Ala Thr Cys 35 40 45 Lys GIu VaI
Thr Leu Thr Leu Asn His Thr GIy Lys Met Pro Ala GIn 50
55 60 Ser Met GIy His Asn VaI VaI lie Ala Asp Thr Ala
Asn lie GIn Ala 65 70 75 80 VaI GIy Thr Asp GIy Met
Ser Ala GIy Ala Asp Asn Ser Tyr VaI Lys 85 90 95 Pro
Asp Asp GIu Arg VaI Tyr Ala His Thr Lys VaI VaI GIy
GIy GIy 100 105 110 GIu Ser Thr Ser lie Thr Phe Ser
Thr GIu Lys Met Thr Ala GIy GIy 115 120 125 Asp Tyr
Ser Phe Phe Cys Ser Phe Pro GIy His Trp Ala lie Met
GIn 130 135 140 GIy Lys Phe GIu Phe Lys 145 150 <210>
32 <211> 129 <212> PRT <213> Bordetella bronchiseptica
<400> 32 Ala GIu Cys Ser VaI Asp lie Ala GIy Thr Asp
GIn Met GIn Phe Asp 1 5 10 15 Lys Lys Ala lie GIu VaI
Ser Lys Ser Cys Lys GIn Phe Thr VaI Asn 20 25 30 Leu
Lys His Thr GIy Lys Leu Pro Arg Asn VaI Met GIy His
Asn Trp 35 40 45 VaI Leu Thr Lys Thr Ala Asp Met GIn
Ala VaI GIu Lys Asp GIy lie 50 55 60Ala Ala GIy Leu
Asp Asn GIn Tyr Leu Lys Ala GIy Asp Thr Arg VaI 65 70
. 75 80 Leu Ala His Thr Lys VaI Leu GIy GIy GIy GIu
Ser Asp Ser VaI Thr 85 90 95 Phe Asp VaI Ala Lys Leu
Ala Ala GIy Asp Asp Tyr Thr Phe Phe Cys 100 105 110
Ser Phe Pro GIy His GIy Ala Leu Met Lys GIy Thr Leu
Lys Leu VaI 115 120 125 Asp <210> 33 <211> 162 <212>
PRT <213> Chloroflexus aurantiacus <400> 33 Met Lys
lie Thr Leu Arg Met Met VaI Leu Ala VaI Leu Thr Ala
Met 1 5 10 15 Ala Met VaI Leu Ala Ala Cys GIy GIy GIy
GIy Ser Ser GIy GIy Ser 20 25 30 Thr GIy GIy GIy Ser
GIy Ser GIy Pro VaI Thr H e GIu H e GIy Ser 35 40 45
Lys GIy GIu GIu Leu Ala Phe. Asp Lys Thr GIu Leu Thr
VaI Ser Ala 



50 55 60 GIy GIn Thr VaI Thr H e Arg Phe Lys Asn Asn
Ser Ala VaI GIn GIn 65 70 75 80 His Asn Trp H e Leu
VaI Lys GIy GIy GIu Ala GIu Ala Ala Asn H e 85 90 95
Ala Asn Ala GIy Leu Ser Ala GIy Pro Ala Ala Asn Tyr
Leu Pro Ala 100 105 H O Asp Lys Ser Asn H e H e Ala
GIu Ser Pro Leu Ala Asn GIy Asn GIu 115 120 125 ,Thr
VaI GIu VaI Thr Phe Thr Ala Pro Ala Ala GIy Thr Tyr
Leu Tyr 130 135 140 lie Cys Thr VaI Pro GIy His Tyr
Pro Leu Met GIn GIy Lys Leu VaI 145 150 155 160 VaI
Asn <210> 34 <211> 140 <212> PRT <213> Chloroflexus
aurantiacus <400> 34 Ala Ala Asn Ala Pro GIy GIy Ser
Asn VaI VaI Asn GIu Thr Pro Ala 1 5 10 15 GIn Thr VaI
GIu VaI Arg Ala Ala Pro Asp Ala Leu Ala Phe Ala GIn 20
25 30 Thr Ser Leu Ser Leu Pro Ala Asn Thr VaI VaI Arg
Leu Asp Phe VaI 35 40 45 Asn GIn Asn Asn Leu GIy VaI
Gin His Asn Trp VaI Leu VaI Asn GIy 50 55 60 GIy Asp
Asp VaI Ala A a Ala VaI Asn Thr Ala Ala GIn Asn Asn
Ala 65 70 75 80 Asp Ala Leu Phe VaI Pro Pro Pro Asp
Thr Pro Asn Ala Leu Ala Trp 85 90 95 Thr Ala Met Leu
Asn Ala GIy GIu Ser GIy Ser VaI Thr Phe Arg Thr 100
105 110 Pro Ala Pro GIy Thr Tyr Leu Tyr lie Cys Thr
Phe Pro GIy His Tyr 115 120 125 Leu Ala GIy Met Lys
GIy Thr Leu Thr VaI Thr Pro 130 135 140<210> 35 <211>
16 <212> PRT <213> Artificial sequence <220> <223>
conserved sequence of cupredoxin entry domain <220>
<221> misc_feature <222> (3).. (7) <223> Xaa can be
any naturally occurring amino acid <220> <221>
misc__feature <222> (9).. (10) <223> Xaa can be any
naturally occurring amino acid <220> <221>
misc_feature <222> (12).. (12) <223> Xaa can be any
naturally occurring amino acid <220> 



<221> misc_feature <222> (14).. (15) <223> Xaa can be
any naturally occurring amino acid <400> 35 Asp GIy
Xaa Xaa Xaa Xaa Xaa Asp Xaa Xaa Tyr Xaa Lys Xaa Xaa
Asp 1 5 10 15 <210> 36 <211> 183 <212> PRT <213>
Neisseris gonorrhoeae <400> 36 Met Lys Ala Tyr Leu Ala
Leu H e Ser Ala Ala VaI lie GIy Leu Ala 1 5 10 15 Ala
Cys Ser GIn GIu Pro Ala Ala Pro Ala Ala GIu Ala Thr
Pro Ala 20 25 30 GIy GIu Ala Pro Ala Ser GIu Ala Pro
Ala Ala GIu Ala Ala Pro Ala 35 40 45 Asp Ala Ala GIu
Ala Pro Ala Ala GIy Asn Cys Ala Ala Thr VaI GIu 50 55
60Ser Asn Asp Asn Met GIn Phe Asn Thr Lys Asp H e GIn
VaI Ser Lys 65 70 75 80 Ala Cys Lys GIu Phe Thr H e
Thr Leu Lys His Thr GIy Thr GIn Pro 85 90 95 Lys Ala
Ser Met GIy His Asn Leu VaI H e Ala Lys Ala GIu Asp
Met 100 105 110 Asp GIy VaI Phe Lys Asp GIy VaI GIy
Ala Ala Asp Thr Asp Tyr VaI 115 120 125 Lys Pro Asp
Asp Ala Arg VaI VaI Ala His Thr Lys Leu H e GIy GIy
130 135 140 GIy GIu GIu Ser Ser Leu Thr Leu Asp Pro
Ala Lys Leu Ala Asp GIy 145 150 155 160 Asp Tyr Lys
Phe Ala Cys Thr Phe Pro GIy His GIy Ala Leu Met Asn
165 170 175 GIy Lys VaI Thr Leu VaI Asp 180 <210> 37
<211> 18 <212> PRT <213> Pseudomonas aeruginosa <400>
37 Leu Ser Thr Ala Ala Asp Met GIn GIy VaI VaI Thr Asp
GIy Met Ala 1 5 10 15 Ser GIy <210> 38 <211> 33 <212>
PRT <213> Chloroflexus aurantiacus <400> 38 His Asn
Trp VaI Leu VaI Asn GIy GIy Asp Asp VaI Ala Ala Ala
VaI 1 5 10 15Asn Thr Ala Ala GIn Asn Asn Ala Asp Ala
Leu Phe VaI Pro Pro Pro 20 25 30 Asp <210> 39 <211> 28
<212> PRT 



<213> Bordetella pertussis <400> 39 Leu Thr Lys Thr
Ala Asp Met Gin Ala VaI GIu Lys Asp GIy lie Ala 1 5 10
15 Ala GIy Leu Asp Asn GIn Tyr Leu Lys Ala GIy Asp 20
25 <210> 40 <211> 27 <212> PRT <213> Nesseria
meningtitidis <400> 40 lie GIy Lys Thr GIu Asp Met Asp
GIy lie Phe Lys Asp GIy VaI GIy 1 5 10 15 Ala Ala Asp
Thr Asp Tyr VaI Lys Pro Asp Asp 20 25 <210> 41 <211>
21 <212> PRT <213> Pseudomonas aeruginosa <400> 41 GIu
Ala Ala Asp Met GIn GIy VaI VaI Thr Asp GIy Met Ala
Ser GIy 1 5 10 15 Leu Asp Lys Asp Tyr 20 <210> 42
<211> 15<212> PRT <213> Pseudomonas aeruginosa <400>
42 GIu Ala Ala Asp Met GIn GIy VaI VaI Thr Asp GIy Met
Ala Ser 1 5 10 15 <210> 43 <211> 129 <212> PRT <213>
Bordetella pertussis <400> 43 Ala GIu Cys Ser VaI Asp
lie Ala GIy Thr Asp GIn Met GIn Phe Asp 1 5 10 15 Lys
Lys Ala lie GIu VaI Ser Lys Ser Cys Lys GIn Phe Thr
VaI Asn 20 25 30 Leu Lys His Thr GIy Lys Leu Pro Arg
Asn VaI Met GIy His Asn Trp 35 40 45 VaI Leu Thr Lys
Thr Ala Asp Met GIn Ala VaI GIu Lys Asp GIy lie 50 55
60 Ala Ala GIy Leu Asp Asn GIn Tyr Leu Lys Ala GIy Asp
Thr Arg VaI 65 70 75 80 Leu Ala His Thr Lys VaI Leu
GIy GIy GIy GIu Ser Asp Ser VaI Thr 85 90 95 Phe Asp
VaI Ala Lys Leu Ala Ala GIy Asp Asp Tyr Thr Phe Phe
Cys 100 105 110 Ser Phe Pro GIy His GIy Ala Leu Met
Lys GIy Thr Leu Lys Leu VaI 115 120 125 Asp <210> 44
<211> 27 



<212> PRT <213> Pseudomonas aeruginosa<400> 44 Ser Thr
Ala Ala Asp Met GIn GIy VaI VaI Thr Asp GIy Met Ala
Ser 1 5 10 15 GIy Leu Asp Lys Asp Tyr Leu Lys Pro Asp
Asp 20 25 <210> 45 <211> 27 <212> PRT <213>
Pseudomonas syringae <400> 45 Ser Lys Lys Ala Asp Ala
Ser Ala lie Thr Thr Asp GIy Met Ser VaI 1 5 10 15 GIy
lie Asp Lys Asp Tyr VaI Lys Pro Asp Asp 20 25 <210> 46
<211> 27 <212> PRT <213> Vibrio parahaemolyticus <400>
46 Ala Asp Thr Ala Asn lie GIn Ala VaI GIy Thr Asp GIy
Met Ser Ala 1 5 10 15 GIy Ala Asp Asn Ser Tyr VaI Lys
Pro Asp Asp 20 25 <210> 47 <211> 27 <212> PRT <213>
Bordetella bronchiseptica <400> 47 Thr Lys Thr Ala Asp
Met GIn Ala VaI GIu Lys Asp GIy lie Ala Ala 1 5 10 15
GIy Leu Asp Asn GIn Tyr Leu Lys Ala GIy Asp 20 25
<210> 48 <211> 15<212> PRT <213> Artificial sequence
<220> <223> conserved sequence of cupredoxin entry
domain <220> <221> misc_feature <222> (3). 7(6) <223>
Xaa can be any naturally occurring amino acid <220>
<221> misc_feature <222> (8).. (9) <223> Xaa can be
any naturally occurring amino acid <220> <221>
misc_feature <222> (11).. (11) <223> Xaa can be any
naturally occurring amino acid <220> <221>
misc_feature <222> (13) ..(14) <223> Xaa can be any
naturally occurring amino acid 



<400> 48 Asp GIy Xaa Xaa Xaa Xaa Asp Xaa Xaa Tyr Xaa
Lys Xaa Xaa Asp 1 5 10 15 


