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BENZOQUINONE ANSAMYCINS 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001]     This application claims priority to U.S. Provisional Application 

5        60/310,079, filed August 6, 2001, entitled "Geldanamycin Analogs," and to U.S. 

Provisional Applications 60/389,255, filed 14 June 2002; 60/393,929, filed July 3, 

2002 (Atty. Docket No. 30097.01); and 60/ , , filed July 12,2002 (Atty. 

Docket No. 30097.02); each entitled "Recombinant Geldanamycin Polyketide 

Synthase Genes." Each of the above documents is incorporated herein by reference 

10        in their entireties. 

STATEMENT OF GOVERNMENT INTEREST 

[0002]     The present invention was made in part under NIH Grant No. R43 

15 CA96262-01. The United States government may have certain rights in this 

invention. 

BACKGROUND 

20 [0003]     The clinical utility of many potential anti-cancer compounds is 

limited by undesired toxicity against non-target cells. Undesired toxicity in a drug is 

typically due to a lack of specificity, either in target tissue or in mechanism of 

action. If the drug target is present in normal as well as diseased tissues, then 

normal tissue as well as diseased tissue may be affected by the drug. The drug may 

25        also have multiple mechanisms of toxicity, one specific for diseased cells and the 

other non-specific. In either instance, there is often a dose-dependent difference in 

the actions of drugs against normal and diseased tissues, with the effects on diseased 

tissues being observed at lower concentrations than the effects on normal tissues. A 

major task of anti-cancer therapy is thus to determine the dosage at which the drug is 

30        therapeutically effective with minimal effects on normal tissues. 

[0004]     Phase I clinical trials are typically used to determine the maximum 

tolerated dose (MTD) of a potential anti-cancer compound, i.e., the maximum dose 
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that can be safely administered without incurring toxicity. The difference between 

the MTD and the therapeutically effective dose is known as the therapeutic window. 

For a large number of anti-cancer agents, the MTD is very close to the 

therapeutically effective dose, i.e:, the therapeutic window is very small The MTD 

may even be lower than the therapeutically effective dose, making the agent 

unusable in the clinic. 

[0005]     Clinical anti-cancer therapy often involves attempting to achieve a 

delicate balance between effectiveness and undesired toxicity. Agents which 

synergize the action of a drug against diseased tissues while not affecting the 

toxicity against normal tissues could allow the effective use of doses of drug well 

below the MTD, thus increasing the therapeutic window and enhancing the safety 

and effectiveness of the therapy. 

[0006]     Geldanamycin (Figure 1) is a benzoquinone ansamycin polyketide 

isolated from Streptomyces geldanus. Although originally discovered by screening 

microbial extracts for antibacterial and antiviral activity, geldanamycin was later 

found to be cytotoxic to certain tumor cells in vitro and to reverse the morphology of 

cells transformed by the Rous sarcoma virus to a normal state. 

[0007]     Geldanamycin's nanomolar potency and apparent specificity for 

aberrant protein kinase dependent tumor cells, as well as the discovery that its 

primary target in mammalian cells is the ubiquitous:Hsp90 protein chaperone, has 

stimulated interest in the development of this anti-cancer drug. However, the 

association of hepatotoxicity with the administration of geldanamycin led to its 

withdrawal from Phase I clinical trials. As with several other promising anticancer 

agents, geldanamycin also has poor water solubility that makes it difficult to deliver 

in therapeutically effective doses. 

[0008]     More recently, attention has focused on 17-amino derivatives of 

geldanamycin, in particular 17-(allylamino)-17-desmethoxygeldanamycin (17-AAG; 

Figure 1), that show reduced hepatotoxicity while maintaining Hsp90 binding. 

Certain 17-amino derivatives of geldanamycin, 11-oxogeldanamycin, and 5,6- 

dihydrogeldanamycin, are disclosed in U.S. patents 4,261,989; 5,387,584; and 

5,932,566, each of which is incorporated herein by reference. Like geldanamycin, 

17-AAG has limited aqueous solubility. This property requires the use of a 
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solubilizing carrier, most commonly Cremophore (BASF Aktiengesellschaft), a 

polyethoxylated castor oil which can result in serious side reactions in some patients. 

[0009J     Treatment of cancer cells with geldanamycin or 17-AAG causes a 

retinoblastoma protein-dependent Gl block, mediated by down-regulation of the 

5 induction pathways for cyclin D-cyclin dependent cdk4 and cdk6 protein kinase 

activity. Cell cycle arrest is followed by differentiation and apoptosis. Gl 

progression is unaffected by geldanamycin or 17-AAG in cells with mutated 

retinoblastoma protein; these cells undergo cell cycle arrest after mitosis, again 

followed by apoptosis. 

10 [00010]    The mechanism of action of benzoquirione ansamycins appears to 

be via binding to Hsp90 and subsequent degradation of Hsp90-associated client 

proteins. Among the most sensitive client protein targets of the benzoquinone 

ansamycins are the Her kinases (also known as ErbB), Raf, Met tyrosine kinase, and 

the steroid receptors. Hsp90 is also involved in the cellular response to stress, 

r>4 5:       including heat, radiation, and toxins. Certain benzoquinone ansamycins, such as 17- 

AAG, have thus been studied to determine their interaction with cytotoxins that do 

not target Hsp90 client proteins. 

[00011]    U.S. Patents 6,245,759; 6,306,874; and 6,313,138, each of which is 

incorporated herein by reference, disclose compositions comprising certain tyrosine 

20        kinase inhibitors together with 17-AAG and methods for treating cancer with such 

compositions. Munster et al.y "Modulation of Hsp90 function by ansamycins 

sensitizes breast cancer cells to chemotherapy-induced apoptosis in an RB- and 

schedule-dependent manner,*' Clinical Cancer Research (2001) 7: 2228-2236, 

discloses that 17-AAG sensitizes cells in culture to the cytotoxic effects of paclitaxel 

25 and doxorubicin. The Munster reference further discloses that the sensitization 

towards paclitaxel by 17-AAG is schedule-dependent in retinoblastoma protein- 

producing cells due to the action of these two drugs at different stages of the cell 

cycle: treatment of cells with a combination of paclitaxel and 17-AAG is reported to 

give synergistic apoptosis, while pretreatment of cells with 17-AAG followed by 

30 treatment with paclitaxel is reported to result in abrogation of apoptosis. Treatment 

of cells with paclitaxel followed by treatment with 17-AAG 4 hours later is reported 

to show a synergistic effect similar to coincident treatment. 

3 
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[00012]    Citri et al> "Drug-induced ubiquitylation and degradation of ErbB 

receptor tyrosine kinases: implications for cancer chemotherapy," EMBO Journal 

(2002) 21: 2407-2417, discloses an additive effect upon co-administration of 

geldanamycin and an irreversible protein kinase inhibitor, CI-1033, on growth of 

ErbB2-expressing cancer cells in vitro. In contrast, an antagonistic effect of CI- 

1033 and an anti-ErbB2 antibody, Herceptin, is disclosed. 

[00013]    Thus, while there has been a great deal of research interest in the 

benzoquinone ansamycins, particularly geldanamycin and 17-AAG, there remains a 

need for effective therapeutic regimens to treat cancer or other diseases or conditions 

characterized by undesired cellular hyperproliferation using such compounds, 

whether alone or in combination with other agents. If water-soluble benzoquinone 

ansamycins were available, such compounds might be more readily formulated and 

more effective in clinical treatment without dangerous hepatotoxicity. If effective 

therapeutic treatment regimens were available for administering the benzoquinone 

ansamycins with other proven anti-cancer compounds, there could be new and more 

effective means of treating cancer. If the potential of using a benzoquinone 

ansamycin to lower the effective dose of another anti-cancer agent could be realized, 

then not only could less expensive therapies be made available (since less drug 

would need to be administered) but also, and more importantly, one could use drugs 

that have previously not been useful in chemotherapy due to their narrow therapeutic 

window. Thus, there is an unmet need for synergists of anti-cancer compounds that 

allow for administration of doses significantly below the maximum tolerated dose 

while maintaining therapeutic effectiveness, along with appropriate dosing schedules 

for combination therapy. The present invention meets such needs in that it provides 

novel benzoquinone ansamycins and provides methods for using these novel 

compounds as well as known compounds in single-agent and combination therapies 

for the treatment of cancer and other diseases or conditions characterized by 

undesired cellular hyperproliferation. 

SUMMARY OF THE INVENTION 

[00014]    The present invention provides compounds, methods for their 

preparation and intermediates thereto, and methods for the use of these compounds 
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in the treatment of diseases or conditions characterized by undesired cellular 

proliferation or hyperproliferation. 

[00015]    In one aspect, the invention provides novel benzoquinone 

ansamycins related to geldanamycin. These analogs are prepared through chemical 

manipulation and/or genetic engineering. Compounds having improved solubility 

properties and compounds having conformations optimized to bind Hsp90 are also 

provided. 

[00016]    In a second aspect, the invention provides genetically engineered 

forms of the geldanamycin polyketide synthase biosynthetic gene cluster, vectors 

comprising said gene clusters, host cells comprising said vectors, and methods for 

the production of geldanamycin analogs using said host cells. 

[00017]    In a third aspect, the invention provides compositions comprising 

benzoquinone ansamycins for the treatment of diseases or conditions characterized 

by undesired cellular proliferation or hyperproliferation. In certain embodiments, 

the disease is cancer. 

[00018]    In a fourth aspect, the invention provides combination therapies 

comprising the use of a benzoquinone ansamycin and a second agent for use in the 

treatment of diseases or conditions characterized by undesired cellular 

hyperproliferation. In certain embodiments, the disease is cancer. In certain 

embodiments, the second agent is an inhibitor of an Hsp90 client protein. In certain 

embodiments, the second agent is a protein kinase inhibitor. In certain 

embodiments, the second agent is a microtubule stabilizing agent. In certain 

embodiments, the second agent is a cytotoxic drug. In one embodiment, the second 

agent has been approved by the Federal Drug Administration as a stand-alone agent 

for the treatment of cancer. In another embodiment, the second agent has not 

entered or has entered but not progressed through clinical trials in the United States 

due to overt toxicity or narrow therapeutic window. 

[00019]    In a fifth aspect, the invention provides methods for preventing 

undesired cell adhesion and growth on devices for in vivo use. These devices 

include stents, catheters, prostheses and the like. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[00020]    Figure 1 shows the structures of various naturally-occuiring 

benzoquinone ansamycins as well as 17-AAGanf 17-DMAG. 

[00021]   Figure 2 shows particular embodiments of the compounds having 

formula (I) having groups with solubilizing functionalities. 

[00022]    Figure 3 shows the results of treating SKBr3 cells with a 

benzoquinone ansamycin and the protein kinase inhibitor Iressa according to the 

methods of the present invention. Panel A shows results with 17-AAG. Panel B 

shows results with 17-DMAG. 

[00023]    Figure 4 shows the structures of representative protein kinase 

inhibitors. 

[00024]    Figure 5 shows the results of treating H358 cells with 17-AAG and 

the microtubule stabilizing agent paclitaxel according to the methods of the present 

invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[00025]    The present invention provides compounds, intermediates thereto, 

and methods for the use of these compounds in the treatment of diseases or 

conditions characterized by undesired cellular hyperproliferation. 

[00026]    Statements regarding the scope of the present invention and 

definitions of terms used herein are listed below. The definitions apply to the terms 

as they are used throughout this specification, unless otherwise limited in specific 

instances, either individually or as part of a larger group. 

[00027]   Where stereochemistry is not specifically indicated, all 

stereoisomers of the inventive compounds are included within the scope of the 

invention, as pure compounds as well as mixtures thereof. Unless otherwise 

indicated, individual enantiomers, diastereomers, geometrical isomers, and 

combinations and mixtures thereof are all encompassed by the present invention. 

Polymorphic crystalline forms and solvates are also encompassed within the scope 

of this invention. 
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[00028]   Protected forms of the inventive compounds are included within 

the scope of this invention. A variety of protecting groups are disclosed, for 

example, in T.H. Greene and P.G.M. Wuts, Protective Groups in Organic Synthesis, 

Third Edition, John Wiley & Sons, New York (1999). The present invention 

includes within its scope prodrugs of the active compounds of this invention. Such 

prodrugs are in general functional derivatives of the compounds that are readily 

convertible in vivo into the required compound. Thus, in the methods of treatment 

of the present invention, the term "administering" shall encompass the treatment of 

the various disorders described with the compound specifically disclosed or with a 

compound which may not be specifically disclosed, but which converts to the 

specified compound in vivo after administration to a subject in need thereof. 

Conventional procedures for the selection and preparation of suitable prodrug 

derivatives are described, for example, in "Design of Prodrugs," H. Bundgaard ed., 

Elsevier, 1985. 

[00029]        As used herein, the terms "benzoquinone ansamycin" refers to 

a compound comprising a benzoquinone nucleus connected at two non-adjacent 

positions by a macrocyclic lactam. Specific examples of naturally-occurring 

benzoquinone ansamycins include but are not limited to geldanamycin, herbimycin, 

macbecin, mycotrienes, and ansamitocin. The term "geldanamycin analog" refers to 

a type of benzoquinone ansamycin that can be derived from geldanamycin by 

chemical manipulation or by manipulation of the geldanamycin biosynthetic gene 

cluster, such as 17-allylamino-17-desmethoxygeldanamycin (17-AAG), 17-(2- 

dimethylaminoethyl)aminO"17-desmethoxygeldanamycin (17-DMAG), or a 

compound having a structure shown in formula (I). 

[00030]    As used herein, the term "aliphatic" refers to saturated and non- 

aromatic unsaturated straight chain, branched chain, cyclic, or polycyclic 

hydrocarbons. Illustrative examples of aliphatic groups include alkyl, alkenyl, 

alkynyl, cycloalkyl, cycloalkenyl, and cycloalkynyl groups. The term "alkyl" refers 

to a straight or branched chain saturated hydrocarbon substituent. "Alkenyl" refers 

to a straight or branched chain hydrocarbon substituent with at least one carbon- 

carbon double bond. "Alkynyl" refers to a straight or branched chain hydrocarbon 

substituent with at least one carbon-carbon triple bond. 
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[00031 ]   The teim "aryl" refers to monocyclic or polycyclic groups having 

at least one aromatic ring structure that include preferably one to fourteen carbon 

atoms. Illustrative examples of aryl groups include but are not limited to: naphthyl, 

phenyl, tetrahydronaphthyl, and the like. 

[00032]   The term "heteroaryl" refers to monocyclic or polycyclic groups 

having at least one aromatic ring structure and that include one or more heteroatoms 

and preferably one to fourteen carbon atoms. Illustrative examples of heteroaryl 

groups include but are not limited to: furanyl, imidazolyl, indanyl, indolyl, 

indazolyl, isoxazolyl, isoquinolyl, oxazolyl, oxadiazolyl, pyrazinyl, pyridyl, 

pyrimidinyl, pyrrolyl, pyrazolyl, quinolyl, quinoxalyl, tetrazolyl, thiazolyl, thienyl, 

and the like. 

[00033]    The aliphatic, aryl, and heteroaryl moieties may be substituted with 

one or more substituents, preferably from one to five substituents, more preferably 

from one to three substituents, and most preferably from one to two substituents, and 

as such are referred to as "substituted aliphatic," "substituted aryl," and "substituted 

heteroaryl." The definition of any substituent or variable at a particular location in a 

molecule is independent of its definitions elsewhere in that molecule. It is 

understood that substituents and substitution patterns on the compounds of this 

invention can be selected by one of ordinary skill in the art to provide compounds 

that are chemically stable and that can be readily synthesized by techniques known 

in the art as well as those methods set forth herein. Examples of suitable 

substituents include but are not limited to: aliphatic, haloaliphatic, halogen, aryl, 

heteroaryl, hydroxy, alkoxy, aryloxy, azido, thio, alkylthio, arylthio, amino, 

alkylamino, arylamino, acyl, carbamoyl, sulfonamido, nitro, cyano, carboxy, 

guanidine, and the like. 

[00034]    The term "haloaliphatic" refers to a substituted aliphatic group 

substituted by one or more halogens. 

[00035]    The terms "halo, "halogen," or "halide" refer to fluorine, chlorine, 

bromine, and iodine. 

[00036]    The term "acyl" refers to -C(0)R, where R is an aliphatic group. 

[00037]    The term "alkoxy" refers to -OR, where R is an aliphatic group. 

[00038]    The term "aryloxy" refers to -OR, where R is an aryl group. 

8 
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[00039]   The term "carbamoyl" refers to -0(C=0)NRR\ where R and R' 

are independently H, aliphatic, or aryl groups. 

[00040]    The term "alkylamino" refers to -NHR, where R is an alkyl group. 

The term "dialkylamino" refers to -NRR\ where both R and R' are alkyl groups. 

5 [00041]    The term "hydroxyalkyl" refers to -R-OH, where R is an aliphatic 

group. 

[00042]    The term "aminoalkyl" refers to -R-NH2> where R is an aliphatic 

group. The term "alkyl aminoalkyl" refers to -R-NH-R', where both R and R' are 

aliphatic groups. The term "dialkylaminoalkyl" refers to -R-N(R')-R", where R, R\ 

10        and R" are aliphatic groups. The term "arylaminoalkyl" refers to -R-NH-R', where 

R is an aliphatic and R' is an aryl group. 

[00043]    The term "oxo" refers to a carbonyl oxygen (=0). 

[00044]    The term "isolated" as used herein means that the isolated material 

is in a preparation in which said material forms a major component of the 

MS ^    preparation, such as constituting about 50%, about 60%, about 70%, about 80%, 

-V    about 90%, about 95%, about 99%, or more by weight of the components in the 

*~   . preparation. 

[00045]    The term "subject" as used herein, refers to an animal, typically a 

•-•     mammal or a human, that has been the object of treatment, observation, and/or 

20        experiment. When the term is used in conjunction with administration of a 

compound or drug, then the subject has been the object of treatment, observation, 

and/or administration of the compound or drug. 

[00046]    The term "therapeutically effective amount" as used herein, means 

that amount of active compound or pharmaceutical agent that elicits the biological or 

25        medicinal response in a cell culture, tissue system, animal, or human that is being 

sought by a researcher, veterinarian, clinician, or physician, which includes 

alleviation of the symptoms of the disease, condition, or disorder being treated. 

[00047]    The term "composition" is intended to encompass a product 

comprising the specified ingredients in the specified amounts, as well as any product 

30        that results, directly or indirectly, from combinations of the specified ingredients in 

the specified amounts. 

9 
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[00048]    The term "phannaceutically acceptable salt" refers to a salt of one 

or more compounds. Suitable phannaceutically acceptable salts of compounds 

include acid addition salts which may, for example, be formed by mixing a solution 

of the compound with a solution of a pharmaceutically acceptable acid such as 

hydrochloric acid, hydrobromic acid, sulfuric acid, fumaric acid, maleic acid, 

succinic acid, benzoic acid, acetic acid, citric acid, tartaric acid, phosphoric acid, 

carbonic acid, or the like. Where the compounds carry one or more acidic moieties, 

phannaceutically acceptable salts may be formed by treatment of a solution of the 

compound with a solution of a pharmaceutically acceptable base, such as lithium 

hydroxide, sodium hydroxide, potassium hydroxide, tetraalkylammonium 

hydroxide, lithium carbonate, sodium carbonate, potassium carbonate, ammonia, 

alkylamines, or the like. 

[000491    The term "pharmaceutically acceptable carrier" refers to a medium 

that is used to prepare a desired dosage form of a compound. A phannaceutically 

acceptable carrier can include one or more solvents, diluents, or other liquid 

vehicles; dispersion or suspension aids; surface active agents; isotonic agents; 

thickening or emulsifying agents; preservatives; solid binders; lubricants; and the 

like. Remington's Pharmaceutical Sciences, Fifteenth Edition, E.W. Martin (Mack 

Publishing Co., Easton, PA, 1975) and Handbook of Pharmaceutical Excipients, 

Third Edition, A.H. Kibbe ed. (American Pharmaceutical Assoc. 2000), disclose 

various carriers used in formulating pharmaceutical compositions and known 

techniques for the preparation thereof. 

[00050]    The term "pharmaceutically acceptable ester" refers to an ester that 

hydrolyzes under physiologically relevant conditions to produce a compound or a 

salt thereof. Illustrative examples of suitable ester groups include but are not limited 

to formates, acetates, propionates, butyrates, succinates, and ethylsuccinates. 

[00051 ]        The term "client protein" refers to a protein that interacts with a 

chaperone, for example Hsp90. In one aspect, this interaction with a chaperone is 

useful or required either for proper folding or for stabilization and maintenance. In 

another aspect, the chaperone forms the core of a functional receptor complex. In 

both of these aspects, the interaction with the chaperone may be direct or mediated 

through one or more other proteins. Table 1 below provides an illustrative list of the 

10 
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client proteins of Hsp90. The term "clientele" refers to the complete set of client 

proteins for a chaperone. 

Table 1. Illustrative list of Hsp90 client proteins 

Client protein 
Steroid Hormone Receptors 

Glucocorticoid receptor 
Estrogen receptor 
Androgen receptor 
Progesterone receptor 

Protein Kinases 
c-SRC, v-SRC 
LCK 
WEE1 
MYT1 
ErbB2 (Her-2) 
EGFR(ErbBl) 
FPS/FES 
c-RAF-l,v-RAF-l 
MEK 
Casein kinase 2 
CDK4 
AKT(PKB) 
Death domain kinase RIP 
Bcr-ABL 
PM-1 
MOK 
Polo-1 kinase (PLK) 
Focal adhesion kinase (FAK) 
c-MET 
eIF2 kinase 

Other Client Proteins 
Mutant p5 3 
Hepatitis B reverse transcriptase 
hTERT (telomerase subunit) 
py subunits of trimeric G proteins 
endothelial NOS 
calcineurin 
tubulin 
HIF-la 
Retinoblastoma protein 
Tumor necrosis factor receptor 1 
Cystic fibrosis transmembrane 

conductance regulator 
Immunoglobulin chains 

Function 

ligand-mediated gene transcription 
ligand-mediated gene transcription 
ligand-mediated gene transcription 
ligand-mediated gene transcription 

signal transduction 
T-cell development & function 
Cell cycle regulation (G2) 
Cell cycle regulation (G2) 
Signal transduction 
Signal transduction 
Cell proliferation 
MAPK signaling 
MAPK signaling 
pleiotropic kinase 
Cell cycle regulation (Gl) 
PI3 kinase signaling 
TNF-mediated necrosis 
myeloid leukemia pathogenesis 
cytokine-mediated proliferation 
MAPK signaling 
Cell cycle regulation (G2/M) 
actin-based cell motility 
HGF/SF-MET motility signaling 
transcriptional regulation 

cell cycle checkpoint protein mutant 
viral transcription 
cell mortality, senescence 
signal transduction 
NO synthesis 
Ca2+-dependent signaling 
microtubule formation 
hypoxia-induced angiogenesis 
cell cycle regulation (Gl/S) 
TNF-mediated apoptosis 

Ion channel/cystic fibrosis 
Immune response 

11 
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Fanconi anemia protein 
Apoprotein B 
Aryl hydrocarbon receptor 
SV40 T antigen 

gene transcription 
viral oncogene 

hematopoiesis 
atherosclerosis 

[00052] In one aspect of the invention, geldanamycin analogs having the 

formula (I) are provided: 

1M 

i 

NH2 

wherein R1 is MeO, (CH2)3N or R9-NH, wherein R9 is selected from the group 

consisting of H, substituted or unsubstituted C,-C6 alkyl, substituted or unsubstituted 

C|-C6 alkenyl, substituted or unsubstituted Ci-C6 alkynyl, substituted or unsubstituted 

C3-C6 cycloalkyl, piperidinyl, N-alkylpiperidinyl, hexahydropyranyl, furfuryl, 

tetrahydrofurfuryl, pymolidinyl, N-alkylpyrrolidinyl, piperazinylamino, N- 

alkylpiperazinyl, morpholinyl, N-alkylaziridinylmethyl, (l-azabicyclo[1.3.0]hex-l- 

yl)ethyl, 2-(N-methyl-pyrrohdin-2-yl)ethyl, 2-(4-imidazolyl)ethyl, 2-(l-methyl-4- 

imidazolyl)ethyl, 2-(l-methyl-5-imidazolyl)ethyl, 2-(4-pyridyl)ethyl, and 3-(4- 

morpholino)-l-propyl, or R6 is H and R1 and R5 taken together form a group of the 

formula NH-Z-O, wherein Z is a linker comprised of from 1 to 6 carbon atoms and 0 

to 2 nitrogen atoms and wherein the O is attached at the position of R5; R2 is. selected 

from the group consisting of H, halogen, OR10, NHR10, SR10, aryl, and heteroaryl, 

wherein R10 is selected from the group consisting of substituted or unsubstituted Ci- 

C6 alkyl, substituted or unsubstituted Ci-C6 alkenyl, substituted or unsubstituted Q-C6 

alkynyl, and substituted or unsubstituted C3-C6 cycloalkyl; R3 is H, OH, or OMe; R4 

is H or Me; R5 is OH or 0-C(=0)-CH2NH2 and R6 is H, or R5 and R6 taken together 
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form =0 or =N-OR'1, wherein RM is selected from the group consisting of H, 

substituted or unsubstituted C,-C6 alkyl, substituted or unsubstituted CrC6 alkenyl, 

substituted or unsubstituted Ci-C6 alkynyl, substituted or unsubstituted C3-C6 

cycloalkyl, aryl, or heteroaryl; R7 is H and R8 is H or OH, or R7 and R8 taken together 

form a bond; and X is O or a bond, with the provisos that when R3 is H, R4 is Me, and 

R7 is H and R8 is H or R7 and R8 taken together form a bond that either R6 is H and R1 

and R5 taken together form a group of the formula NH-Z-O, wherein Z is a linker 

comprised of from 1 to 6 carbon atoms and 0 to 2 nitrogen atoms and wherein the O is 

attached at the position of R5, or that R1 is (CH2)3N or R9-NH, wherein R9 is selected 

from the group consisting of piperidinyl, N-alkylpiperidinyl, hexahydropyranyl, 

furfuryl, tetrahydrofurfuryl, pyrrolidinyl, N-alkylpyrrolidinyl, piperazinylamino, N- 

alkylpiperazinyl, morpholinyl, N-alkylaziridinylmethyl, (l-azabicyclo[1.3.0]hex-l- 

yl)ethyl, 2-(N-methyl-pyrrolidin-2-yl)ethyl, 2-(4-imidazolyl)ethyl, 2-(l-methyl-4- 

imidazolyl)ethyl, 2-(l-methyl-5-imidazolyl)ethyl, 2-(4-pyridyl)ethyl, and 3-(4- 

morpholino)-l-propyl; and that when R3 is H and R4 is Me that R7 is H and R8 is OH. 

J00053]   In one embodiment, compounds having formula (I) are provided 

wherein R1 is (CH2)3N or R9-NH, wherein R9 is selected from the group consisting 

of piperidinyl, N-alkylpiperidinyl, hexahydropyranyl, furfuryl, tetrahydrofurfuryl, 

pyrrolidinyl, N-alkylpyrrolidinyl, piperazinylamino, N-alkylpiperazinyl, 

morpholinyl, N-alkylaziridinylmethyl, (l-azabicyclo[1.3.0]hex-l-yl)ethyl, 2-(N- 

methyl-pyrrolidin-2-yl)ethyl, 2-(4-imidazolyl)ethyl, 2-(l -methyl-4-imidazolyl)ethyl, 

2-(l-methyl-5-imidazolyl)ethyl, 2-(4-pyridyl)ethyl, and 3-(4-morpholino)-l-propyl; 

R2 is selected from the group consisting of H, halogen, OR10, NHR10, SR10, aryl, and 

heteroaryl, wherein R10 is selected from the group consisting of substituted or 

unsubstituted Ci-C6 alkyl, substituted or unsubstituted Ci-C6 alkenyl, substituted or 

unsubstituted Ci-C6 alkynyl, and substituted or unsubstituted C3-C6 cycloalkyl; R3 is 

H, OH, or OMe; R4 is H or Me; R5 is OH or 0-C(=0)-CH2NH2 and R6 is H, or Rs 

and R6 taken together form =0 or =N-ORu, wherein R11 is selected from the group 

consisting of H, substituted or unsubstituted Ct-C6 alkyl, substituted or unsubstituted 

Ci-C6 alkenyl, substituted or unsubstituted Ci-C6 alkynyl, substituted or 

unsubstituted C3-C6 cycloalkyl, aryl, or heteroaryl; R7 is H and R8 is H or OH, or R7 

and R8 taken together form a bond; and X is O or a bond. 
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I00054J   In one embodiment, compounds having formula (I). are provided 

wherein R1 is (CH2)3N or R9-NH, wherein R9 is selected from the group consisting 

of piperidinyl, N-alkylpiperidinyl, hexahydropyranyl, furfuryl, tetrahydrofurfuryl, 

pyrrolidinyl, N-alkylpyrrolidinyl, piperazinylamino, N-alkylpiperazinyl, 

moipholinyl, N-alkylaziridinylmethyl, (l-azabicyclo[1.3.0]hex-l-yl)ethyl, 2-(N- 

methyl-pyrrolidin-2-yl)ethyl, 2-(4-imidazolyl)ethyl, 2-(l -methyl-4-imidazolyl)ethyl, 

2-(l-methyl-5-imidazolyl)ethyl, 2-(4-pyridyl)ethyl, and 3-(4-morpholino)-l-propyl; 

R2 is H; R3 is H, OH, or OMe; R4 is H or Me; Rs is OH or 0-C(=0)-CH2NH2 and R6 

is H, or R5 and R6 taken together form =0 or =N-OR]', wherein R11 is selected from 

the group consisting of H, substituted or unsubstituted Ci-C6 alkyl, substituted or 

unsubstituted Ci-C6 alkenyl, substituted or unsubstituted Ci-C6 alkynyl, substituted 

or unsubstituted C3-C6 cycloalkyl, aryl, or heteroaryl; R7 is H and R8 is H or OH, or 

R andR taken together form a bond; and X is O or a bond. 

[00055]   In one embodiment, geldanamycin analogs having improved 

solubility are provided resulting from chemical manipulation of geldanamycin to 

provide compounds having formula (I) wherein: R1 is (CH2)3N or R9-NH, wherein 

R9 is selected from the group consisting of H,. substituted or unsubstituted C|-C6 

alkyl, substituted or unsubstituted Ci-C6 alkenyl, substituted or unsubstituted C,-C6 

alkynyl, substituted or unsubstituted C3-C6 cycloalkyl, piperidinyl, N- 

alkylpiperidinyl, hexahydropyranyl, furfuryl, tetrahydrofurfuryl, pyrrolidinyl, N- 

alkylpyrrolidinyl, piperazinylamino, N-alkylpiperazinyl, morpholinyl, N- 

alkylaziridinylmethyl, (1 -azabicyclo[ 1.3.0]hex-l-yl)ethyl, 2-(N-methyl-pyrrolidin-2- 

yl)ethyl, 2-(4-imidazolyl)ethyl, 2-(l-methyl-4-imidazolyl)ethyl, 2-(l-methyl-5- 

imidazolyl)ethyl, 2-(4-pyridyl)ethyl, and 3-(4-morpholino)-l-propyl; R2 is selected 

from the group consisting of H, halogen, OR10, NHR'°, SR10, aryl, and heteroaryl, 

wherein R10 is selected from the group consisting of substituted or unsubstituted Q- 

C6 alkyl, substituted or unsubstituted CrC6 alkenyl, substituted or unsubstituted Cr 

C6 alkynyl, and substituted or unsubstituted C3-C6 cycloalkyl; R3 is H; R4 is methyl; 

R5 is OH or 0-C(=0)-CH2NH2 and R6 is H, or R5 and R6 taken together form =0 or 

=N-OH; R7 and R8 are H, or R7 and R8 taken together form a bond; and X is O or a 

bond. 
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[00056]    In another embodiment of the invention, compounds having 

formula (I) are provided wherein: R1 is R9-NH, wherein R9 is selected from the 

group consisting of ethyl, 2-(dimethylamino)ethyl, 2-fluoroethyl, 2,2-difluoroethyl, 

2-(N-me%lpyrrolidin-2-yl)ethyl, 2-(4-imidazolyl)ethyl, 2-(l -methyl-4- 

imidazolyl)ethyl, 2-(l-methyl-5-imidazolyl)ethyl, 2-(4-pyridyl)ethyl, 3-(4- 

morpholino)-l-propyl, 3-(dimethylamino)-l-propyl, 3-(dimethylamino)-2-propyl, 2- 

(dimethylamino)-l-propyl, and cyclopropyl-methyl; R2 is H; R3 is H; R4 is methyl; 

R5 is OH or 0-C(=0)-CH2NH2 and R6 is H, or R5 and R6 taken together form =0 or 

=N-OH; R7 and R8 are H, or R7 and R8 taken together form a bond; and X is O or a 

bond. 

[00057]    In another embodiment of the invention, compounds having the 

structures: 

are provided. 

[00058]    In another embodiment, geldanamycin analogs having formula (I) 

are provided wherein R1 is OMe; R2 is H; R3 is H ,OH, or OMe; R4 is H or methyl; 

R5 is OH and R6 is H; R7 is H and R8 is H or OH, or R7 and R8 taken together form a 

bond; and X is a bond, with the proviso that geldanamycin and 4,5- 

dihydrogeldanamycin are not included. 

[00059] Other embodiments of the invention provide compounds having the 

formulas: 
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[00060]    In other embodiments of the invention, the geldanamycin analogs 

described above serve as starting materials for chemical addition of solubilizing 

groups. In one embodiment, 15-hydroxygeldanamycin is derivatized to provide 

compounds having formula (I) wherein: R1 is (eH2)3N or R9-NH, wherein R9 is 

selected from the group consisting of H, substituted or unsubstituted CrC6 alkyl, 

substituted or unsubstituted CrC6 alkenyl, substituted or unsubstituted CrC6 

alkynyl, substituted or unsubstituted C3-C6 cycloalkyl, piperidinyl, N- 

alkylpiperidinyl, hexahydropyranyl, furfuryl, tetrahydro-furfiiryl, pyrTolidinyl, N- 

alkylpyrrolidinyl, piperazinylamino, N-alkylpiperazinyl, morpholinyl, N- 

alkylaziridinylmethyl,(l-azabicyclo[13.0]hex-l-yl)ethyl, 2-(N-methyl-pyrrolidin-2- 

yl)ethyl, 2-(4-imidazolyl)ethyl, 2-(l-methyl-4-imidazolyl)ethyl, 2-(l-methyl-S- 

imidazolyl)ethyl, 2-(4-pyridyl)ethyl, and 3-(4-morpholino)-l-propyl; R3 is OH; R4 is 

methyl; R5 is OH or 0-C(=0)-CH2NH2 and R6 is H, or R5 and R6 taken together 

form =0 or =N-OH; and R7 and R8 taken together form a bond; and X is O or a 

bond. 

16 



WO 03/013430 PCTVUS02/24891 

[00061]    In another embodiment of the invention, 15-hydroxygeldanamycin 

is derivatized to provide compounds having formula (I) wherein: R1 is (CH2)3N or 

R9-NH, wherein R9 is selected from the group consisting of allyl, ethyl, 2- 

(dimethylamino)ethyl, 2-fluoroethyl, 2,2-difluoroethyl, 2-(N-methylpyrrolidin-2- 

yl)ethyl, 2-(4-imidazolyl)ethyl, 2-(l-methyl-4-imidazolyl)ethyl, 2-(l-methyl-5- 

imidazolyl)ethyl, 2-(4-pyridyl)ethyl, 3-(4-morpholino)-l-propyl, 3-(dimethylamino)- 

1-propyl, 3-(dimethylamino)-2-propyl, 2-(dimethylamino)-l-propyl, and 

cyclopropylmethyl; R2 is H; R3 is OH; R4 is methyl; R5 is OH or 0-C(=0)-CH2NH2 

and R6 is H, or R5 and R6 taken together form =0 or =N-OH; R7 and R8 taken 

together form a bond; and X is O or a bond. 

[00062]    In another embodiment, 15-hydroxygeldanamycin analogs having 

the formulas 

are provided. 

[00063]    In one embodiment, 28-desmethylgeldanamycin is derivatized to 

provide compounds having formula (I) wherein: R1 is (CH2)3N or R9-NH, wherein 

R9 is selected from the group consisting of H, substituted or unsubstituted C1-C6 

alkyl, substituted or unsubstituted C1-C6 alkenyl, substituted or unsubstituted C1-C6 

alkynyl, substituted or unsubstituted C3-C6 cycloalkyl, piperidinyl, N- 

alkylpiperidinyl, hexahydropyranyl, furfuryl, tetrahydro-furfiiryl, pyrrolidinyl, N- 

alkylpyrrolidinyl, piperazinylamino, N-alkylpiperazinyl, morpholinyl, N- 

alkylaziridinylmethyl, (l-azabicyclo[L3.0]hex-l-yl)ethyl, 2-(N-methylpyrrolidin-2- 

yl)ethyl, 2-(4-imidazolyl)ethyl, 2-(l-methyl-4-imidazolyl)ethyl, 2-(l-methyl-5- 

imidazolyl)ethyl, 2-(4-pyridyl)ethyl, and 3-(4-morpholino)-l-propyl; R2 is selected 

from the group consisting of H, halogen, OR10, NHR]0, SR10, aryl, and heteroaryl, 

wherein R10 is selected from the group consisting of substituted or unsubstituted Q- 
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C6 alkyl, substituted or unsubstituted Ci-C6 alkenyl, substituted or unsubstituted Cr 

C6 alkynyl, and substituted or unsubstituted C3-C6 cycloalkyl; R3 is H; R4 is H; R5 is 

OH or 0-C(=0)-CH2NH2 and R6 is H, or R5 and R6 taken together form =0 or =N- 

OH; and R7 and R8 taken together form a bond; and X is O or a bond. 

[00064]    In another embodiment of the invention, 28- 

desmethylgeldanamycin is derivatized to provide compounds having formula (I) 

wherein: R1 is (CH2)3N or R9-NH, wherein R9 is selected from the group consisting 

of allyl, ethyl, 2-(dimethylamino)ethyl, 2-fluoroethyl, 2,2-difluoroethyl, 2-(N- 

methylpyiTolidin-2-yl)ethyl, 2-(4-imidazolyl)ethyl, 2-(l -methyl-4-imidazolyl)ethyl, 

2-(l-methyl-5-imidazolyl)ethyl, 2-(4-pyridyl)ethyl, 3-(4-morpholino)-l-propyl, 3- 

(dimethylamino)-l-propyl, 3-(dimethylamino)-2-propyl, 2-(dimethylamino)-l- 

propyl, and cyclopropylmethyl; R2 is H; R3 is H; R4 is H; R5 is OH or 0-C(=0)- 

CH2NH2 and R6 is H, or R5 and R6 taken together form =0 or =N-OH; R7 and R8 

taken together form a bond; and X is 0 or a bond. 

100065]    In another embodiment, 28-desmethylgeldanamycin analogs 

having the formulas 

are provided. 

[00066]    In another embodiment, 4,5-dihydro-5-hydroxygeldanamycin is 

derivatized to provide compounds having formula (I) wherein: R1 is (CH2)3N or R9- 

NH, wherein R9 is selected from the group consisting of H, substituted or 

unsubstituted d-C6 alkyl, substituted or unsubstituted Ci-C6 alkenyl, substituted or 

unsubstituted CrC6 alkynyl, substituted or unsubstituted C3-C6 cycloalkyl, 

piperidinyl, N-alkylpiperidinyl, hexahydropyranyl, fiirfuryl, tetrahydro-furfuryl, 

pyrrolidinyl, N-alkylpyrrolidinyl, piperazinylamino, N-alkylpiperazinyl, 

morpholinyl, N-alkylaziridinylmethyl, (l-azabicyclo[L3.0]hex-l-yl)ethyl, 2-(N- 
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methylpyrrolidin-2-yl)ethyl, 2-(4-imidazolyl)ethyl, 2-(l -methyl-4-iraidazolyl)ethyl, 

2-(l-methyl-5-imidazolyl)ethyl, 2-(4-pyridyl)ethyl, and 3-(4-morphoIino)-l-propyl; 

R2 is selected from the group consisting of H, halogen, OR10, NHR10, SR10, aryl, and 

heteroaryl, wherein R!0 is selected from the group consisting of substituted or 

5        unsubstituted C1-C6 alkyl, substituted or unsubstituted Ci-C6 alkenyl, substituted or 

unsubstituted Ci-C6 alkynyl, and substituted or unsubstituted C3-C6 cycloalkyl; R3 is 

H; R4 is methyl; R5 is OH or 0-C(=0)-CH2NH2 and R6 is H, or R5 and R6 taken 

together form =0 or =N-OH; and R7 is H; R8 is OH; and X is O or a bond. 

[00067]    In another embodiment of the invention, 4,5-dihydro-5- 

10        hydroxygeldanamycin is derivatized to provide compounds having formula (I) 

wherein: R1 is (CH2)3N or R9-NH, wherein R9 is selected from the group consisting 

of allyl, ethyl, 2-(dimethylamino)ethyl, 2-fluoroethyl, 2,2-difluoroethyl, 2-(N- 

methylpyrrolidin-2-yl)ethyl, 2-(4-imidazolyl)ethyl, 2-(l -methyl-4-imidazolyl)ethyl, 

2-(l-methyl-5-imidazolyl)ethyl, 2-(4-pyridyl)ethyl, 3-(4-morpholino)-l-propyl, 3- 

15:        (dimethylamino)-l-propyl, 3-(dimethylamino)-2-propyl, 2-(dimethylamino)-l- 

propyl, and cyclopropylmethyl; R2 is H; R3 is H; R4 is methyl; R5 is OH or O- 

C(=0)-CH2NH2 and R6 is H, or R5 and R6 taken together form =0 or =N-OH; R7 is 

H; R8 is OH; and X is O or a bond. 

[00068]    In another embodiment, 4,5-dihydro-5-hydroxygeldanamycin 

20        analogs having the formulas 

are provided. 

[00069]    In another aspect of the invention, conformationally constrained 

geldanamycin analogs are provided. In one embodiment, compounds having the 

25        formula (I) are provided wherein R1 and R5 taken together form a group of the 

formula NH-Z-O, wherein Z is a linker comprised of from 1 to 6 carbon atoms and 0 
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to 2 nitrogen atoms and wherein the 0 is attached at the position of R5; R2 is selected 

from the group consisting of H, halogen, OR10, NHR10, SR10, aryl, and heteroaryl, 

wherein R10 is selected from the group consisting of substituted or unsubstituted Cr 

Q> alkyl, substituted or unsubstituted CpCe aikenyl, substituted or unsubstituted Cr 

C6 alkynyl, and substituted or unsubstituted C3-C6 cycloalkyl; R3 is H or OH; R4 is 

H or methyl; R7 is H and R* is H or OH, or R7 and R8 taken together form a bond; 

and X is O or a bond. 

[00070J   In one embodiment of the invention, compounds having formula (I) 

are provided wherein R1 and R5 taken together form a group of the formula NH- 

(CH2)4-0, NH-CH2CH=CHCH2-0, or NH-CH2CCCH2-0; R2 is H; R3 is H, OH, or 

OMe; R4 is H or methyl; R7 is H and R8 is H or OH, or R7 and R8 taken together 

form a bond; and X is O or a bond. 

[00071]   In another embodiment of the invention, compounds having 

formula (I) are provided wherein R1 and R5 taken together form a group of the 

formula NH-CH2CH=CHCH2-0; R2 is H; R3 is H, OH, or OMe; R4 is H or methyl; 

R7 is H and R8 is H or OH, or R7 and R8 taken together form a bond; and X is O or a 

bond. 

[00072]    In another embodiment of the invention, compounds having 

formula (I) are provided having the structures: 
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[00073]    In another embodiment, the water-soluble analogs described above 

are subjected to conformational constraint to provide geldanamycin analogs having 

both improved solubility and improved specificity for Hsp90. Poor water solubility 

is a major factor limiting the clinical usefulness of geldanamycin and 17-AAG. 

Improvements in water solubility of a compound can be achieved according to the 

methods of the present invention either by addition of groups containing solubilizing 

functionalities to the compound or by removal of hydrophobic groups from the 

compound, so as to decrease the lipophilicity of the compound. Typical groups 

containing solubilizing functionalities are shown in Figure 2 and include but are not 

limited to: 2-(dimethylaminoethyl)amino, piperidinyl, N-alkylpiperidinyl, 

hexahydropyranyl, furfiiryl, tetrahydrofurfuryl, pyrrolidinyl, N-alkylpyrrolidinyl, 

piperazinylamino, N-alkylpiperazinyl, morpholinyl, N-alkylaziridinylmethyl, (1- 

azabicyclo[13.0]hex-l-yl)ethyl, 2-(N-methylpyrrolidin-2-yl)ethyi, 2-(4- 

imidazolyl)ethyl, 2-(l-methyl-4-imidazolyl)ethyl, 2-(l-methyl-5-imidazolyl)ethyl, 

2-(4-pyridyl)ethyl, and 3-(4-morpholino)-l -propyl. 
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[00074]    Solubilizing groups are added to the geldanamycin analog by 

reaction of geldanamycin with amines, which results in the displacement of the 17- 

methoxy group by the amine as illustrated in Scheme 1 and exemplified in Example 

1 (Schnur etal. (1995) "Inhibition of the oncogene product plSS^'2 in Vitro and in 

Vivo by Geldanamycin and Dihydrogeldanamycin Derivatives,", J. Med. Chem. 38, 

3806-3812; Schnur et al. (1995) "erbB-2 Oncogene Inhibition by Geldanamycin 

Derivatives: Synthesis, mechanism of Action, and Structure-Activity relationships," 

J. Med. Chem. 38, 3813-3820; Schnur et al, "Ansamycin derivatives as 

antioncogene and anticancer agents," U.S. Patent 5,932,655; all of which are 

incorporated herein by reference). Typical amines containing solubilizing 

functionalities include 2-(dimethylamino)-ethylamine, 4-aminopiperidine, 4-amino- 

1-methylpiperidine, 4-aminohexahydropyran, furfurylamine, 

tetrahydrofurfurylamine, 3-(aminomemyl)-tetrahydrofuran, 2-(amino- 

methyl)pyrrolidine, 2-(aminomethyl).l-methylpyrrolidine, 1 -methylpiperazine, 

morpholine, 1 -methyl-2(aminomethyl)aziridine, 1 -(2-aminoethyl)-1 -azabicyclo- 

[1.3.0]hexane, l-(2-aminoethyl)piperazine, 4-(2-aminoethyl)morpholine, l-(2- 

amino-ethyl)pyrrolidine, 2-(2-aminoethyl)pyridine, 2-fluoroethylamine, 2,2- 

difluoroethylamine, and the like. 

[00075]   Similar solubilizing groups can be introduced by treatment of 19- 

bromo-geldanamycin or analogs with an amine containing a solubilizing substituent 

in accordance with the methods of the present invention, resulting in a 19-amino- 

substituted geldanamycin analog. The 19-bromo derivative is formed upon 

treatment of the geldanamycin analog with a suitable brominating reagent, such as 

pyridinium bromideperbromide (Schnuretal. 1995,7. Med. Chem. 38, 3806-3812; 

SCHEME 1 
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incorporated herein by reference). Reaction of 19-bromogeldanamycin with an 

arylboronic acid in the presence of a palladium catalyst according to the method of 

the present invention gives 19-aryl substituted geldanamycins as illustrated in 

Scheme 2. Boronic acids such as phenylboronic acid, (4-dimethyl-amino)phenyl- 

boronic acid, 4-pyridylboronic acid, 4-methoxyphenylboronic acid, 2-furylboronic 

acid, and 4-(dimethylaminomethyl)-phenyiboronic acid and the like can also be 

used. 

SCHEME 2 

[00076]    In another embodiment of the invention, the geldanamycin analogs 

are oxidized to produce the corresponding 11-oxogeldanamycin analogs as 

illustrated in Scheme 3. 

SCHEME 3 
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The 11-oxogeldanamycin analog resulting from oxidation of the 11-OH are converted 

into the 11-oximino analogs by reaction with hydroxylamine or an alkyoxylamine. 

[00077]    In another embodiment of the invention, the geldanamycin analog 

is treated with a peroxyacid, for example 3-chloroperoxybenzoic acid (mCPBA), to 

produce the 8,9-epoxide, as illustrated in Scheme 3. 

In another aspect, the invention provides genetically engineered forms of the 

geldanamycin polyketide synthase biosynthetic gene cluster, vectors comprising said 

gene clusters, host cells comprising said vectors, and methods for the production of 

geldanamycin analogs using said host cells. 

[00078]    In one embodiment of the invention, substitution of the 

acyltransferase domain in module 1 of the geldanamycin PKS gene with one specific 

for malonyl-CoA instead of 2-methylmalonyl-CoA results in formation of 28- 

desmethyl-geldanamycin. The domain swap is created by introducing a malonyl- 

CoA specific acyltransferase domain from a heterologous PKS gene, for example 

from the rapamycin, tylosin, or FK520 PKS genes or the like, into the geldanamycin 
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PKS locus by homologous recombination into a strain which produces 

geldanamycin, aided by a selectable antibiotic resistance gene, then isolating the 

recombinants resulting from double crossover events in which the wild-type 

acyltransferase domain is replaced with one specific for malonyl-CoA. Details of 

this are provided below in Example 5. 

[00079]    In another embodiment of the invention, the acyltransferase 

domain in module 1 of the geldanamycin PKS gene is mutagenized according to the 

methods described in Reeves et aL, "Alteration of the substrate specificity of a 

modular polyketide synthase acyltransferase domain through site-directed 

mutagenesis," Biochemistry 2001,40:15464-15470, and in U.S. patent application 

serial no. 60/310,730, entitled "Alteration of the substrate specificity of a modular 

PKS AT domain," which is incorporated herein by reference. Details of this are 

provided below in Example 6. 

[00080]    In another embodiment of the invention, the coding sequence for 

the reduction cassette of module 6, which has both DH and KR domains, is replaced 

with a coding sequence for a reduction cassette that has only a KR domain. Details 

of this are provided below in Example 7. 

[00081 ]    In another embodiment of the invention, inactivation of the 

dehydraase domain in module 6 of the geldanamycin PKS gene by site-specific 

mutation of the wild-type domain in accord with the methods of the present 

invention results in production of 4,5-dihydro-5-hydroxygeldanamycin. Details of 

this are provided below in Example 8. 

[00082]    In another embodiment of the invention, a substantial portion of the 

nucleotide sequence in module 6 between the end of the AT domain is deleted to 

provide 4,5-dihydro-5-hydroxy-geldanamycin. Details of this are provided below in 

Example 9. 

[00083]   In another embodiment of the invention, the dehydratase domain of 

module 1 is replaced or inactivated as described above for module 6 to provide 15- 

hydroxy-geldanamycin. Details of this are provided below in Example 10. 

[00084]    In another embodiment of the invention, inactivation of the 

dehydratase domain in module 1 of the geldanamycin PKS gene by site-specific 

mutation of the wild-type domain in accord with the methods of the present 
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invention results in production of 15-hydroxygeldanamycin. Details of this are 

provided below in Example 11. 

[00085]    It is also possible to express the geldanamycin gene cluster or 

mutated versions of the geldanamycin gene cluster prepared according to the 

methods of the invention in host cells other than the native geldanamycin producer. 

Methods for heterologous expression of PKS genes and host cells suitable for 

expression of these genes and production of polyketides are described, for example, 

in U.S. Patent Nos. 5,843,718 and 5,830,750; PCT publications WO 01/31035 and 

WO 01/27306; and U.S. patent application serial nos. 10/087,451; 60/ 

entitled "Process and Metabolic Strategies for Improved Production of E. coli 

derived 6-deoxyerythronolide B," by inventors Pfeifer and Khosla (atty docket no. 

30226.00); and 60/ , , entitled "Metabolic Pathways for Starter Units in 

Polyketide Biosynthesis in E. Colfby inventors Kealey, Dayem, and Santi (atty 

docket no. 30088.00); each of which is incorporated herein by reference. 

[00086J    Inactivation of dehydratase domains in accord with the methods of 

the present invention may also be obtained through random mutagenesis of the 

organism that normally produces geldanamycin. In this instance, spores of the 

producing organism can be either treated with a chemical mutagen, for example 1- 

methyl-3-nitro-l-nitrosoguanidine (MNNG), dimethylsulfate, or the like, or with 

mutagenic levels of radiation, for example ultraviolet radiation. The surviving 

spores are then allowed to grow on a suitable medium, and the resulting cultures are 

analyzed, for example by LC-mass spectrometry, for the presence of the desired new 

geldanamycin analog. Methods for the random mutagenesis of Streptomyces are 

described in Kieser et al9 "Practical Streptomyces Genetics," The John Innes 

Foundation, Norwich (2000), which is incorporated herein by reference. 

[00087]    In accordance with the methods of the present invention, 

replacement of other acyltransferase domains in the geldanamycin PKS can be used 

to generate the respective desmethyl or desmethoxy analogs, and replacement of 

other dehydratase domains with inactive versions can be used to generate the 

corresponding dihydro-hydroxy analogs. Such analogs are expected to be more 

water-soluble, as they have fewer lipophilic substituents (28- 
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desmethylgeldanamycin) or have additional hydrophilic substituents (4,5-dihydro-5- 

hydroxygeldanamycin or 15-hydroxygeldanamycin). 

|00088]    By using the geldanamycin analogs produced by genetic 

engineering of the geldanamycin PKS in accord with the methods of the present 

invention as described above, the afore-mentioned chemical transformations can be 

used to convert the analogs into more water-soluble, more potent, more specific 

inhibitors of Hsp90. Such compounds thus may overcome the necessity of using 

toxic vehicles such as Cremophore® in their administration, and show improved 

selectivity and reduced side-effects. In one embodiment of the invention, a 

geldanamycin analog prepared by genetic engineering is reacted with an amine as 

illustrated in Scheme 1 above. 

[00089]    Ring-forming olefin metathesis of 1 l-0-allyl-17-allylamino-17- 

desmethoxy-geldanamycin or similar analogs generates conformationally 

constrained benzoquinone ansamycins structure in accordance with the methods of 

the present invention. In one embodiment of the invention, treatment of 17-AAG 

with an allylating reagent, such as allyl terf-butyl carbonate and a palladium catalyst, 

generates 1 l-0-allyl-17-allylamino-17-desmethoxy-geldanamycin, as illustrated in 

Scheme 4 and exemplified in Example 2. 

SCHEME 4 

[00090]   Reaction of related geldanamycin analogs resulting from 

displacement of the 17-methoxy group with amines other than allylamine, e.g., but- 

3-en-l-ylamine and pent-4-en-l-ylamine, results in formation of the corresponding 

17-butenylamino-ll-O-allyl and 17-pentenylamino-ll-O-allyl analogs in 

accordance with the methods of the present invention. Treatment of these 11-O-allyl 

compounds with an olefin metathesis catalyst, such as benzylidene 
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bis(tricyclohexyIphosphine)ruthenium dichloride, as illustrated in Scheme 5, results 

in linkage of the 11- and 17-positions through a carbon chain and constraint of the 

geldanamycin conformation. This is exemplified below in Example 3. 

SCHEME 5 

[00091]    Alteration of the 1 l-O- and 17-N- groups in accord with the 

methods of the present invention allows for variation of the linker chain length. 

Thus, use of 1 l-0-allyl-17-allylamino-17-desmethoxygeldanamycin results in a 4- 

carbon linker, use of 11 -O-allyl-17-(but-3-en-1 -ylamino)-17- 

desmethoxygeldanamycin results in a 5-carbon linker, and use of 11-O-allyl-17- 

(pent-4-en-l-ylamino)-17-desmethoxygeldanamycin results in a 6-carbon linker. 

The carbon-carbon double bond of the linker can optionally be reduced by reduction, 

e.g. using diimide, to provide a saturated linker. 

[00092]    An alkynyl linker can be prepared according to the methods of the 

invention by treating geldanamycin or a geldanamycin analog with a Afunctional 

alkyne comprising an amino function at one end of the linker and a displaceable 

function, for example a halogen or sulfonate ester, at the other end. Reaction of 

geldanamycin or an analog with this Afunctional linker results first in displacement 

of the 17-methoxy group by the amine. Subsequent base treatment results in 

alkylation of the 11-hydroxyl as illustrated in Scheme 6. 

SCHEME 6 
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[00093]    As described above, alteration of the linker lengths can be achieved 

through variation in the number of carbon atoms in the chain. 

[00094]        In another aspect of the invention, a composition comprising a 

benzoquinone ansamycin is used to treat a disease or condition characterized by 

undesired cellular proliferation or hyperproliferation. In one embodiment, the 

disease is cancer. In another embodiment, the disease is stenosis or restenosis. In 

another embodiment, the disease is psoriasis. In another embodiment, the disease is 

a neurodegenerative disease. In preferred embodiments, the benzoquinone 

ansamycin is a compound having formula (I), 17-AAG, or 17-DMAG. 

[00095]    In another aspect of the invention, a benzoquinone ansamycin is 

used in combination therapy with a second agent. In one embodiment, the second 

agent is an inhibitor of an Hsp90 client protein. Suitable Hsp90 client proteins 

include but are not limited to those listed in Table 1. 

(00096] In one embodiment of the invention, a benzoquinone ansamycin is 

used in combination therapy with a protein kinase inhibitor. Suitable protein kinase 

inhibitors include but are not limited to the compounds listed in Table 2. 

Table 2. Illustrative list of protein kinase inhibitors 
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Compound target most advanced indication 
Quinazolines and related heterocycles: 
Iressa (ZD 1839) EGFR non-small cell lung cancer 
Tarceva (OSI-774) EGFR ovarian cancer 
GW2016 EGFR cancer 
CI 1033 EGFR cancer 
AZD6474 VEGFR solid tumors 
Phenylamino-pyrimidines: 
Gleevec (STI-571) bcr-abl, others chronic myelogenous leukemia 
Pyrazolopyrimidines andpyrrolopyrimidines: 
BEX 1382 EGFR cancer 
PKI166 EGFR cancer 
Indoles and oxindoles: 
Semaxanib (SU5416) flk-l/KDR kinase advanced colorectal cancer 
SU5402 FGFR cancer 
Benzylidene malononitriles (tyrphostins): 
Tyrphostin 25 EGFR cancer 
SU101 PDGFR solid tumors 
Lefunamide (SU0020) PDGFR solid tumors 
Flavones: 
Flavopiridol cdk cancer 
B43-genistein LYN leukemia 
Staurosporines: 
CEP-701 flt-3 prostate, pancreatic cancers 
CEP-2563 trk prostate, other cancers 
UCN-01 (NSC638850) cancer 
LY-333531 PKCP diabetic complications 
Antibodies, ribozymes: 
Herceptin Her-2 breast cancer 
Avastin antibody VEGFR advanced solid tumors 
2c4 antibody Her-2 solid tumors 
IMC-1C11 VEGFR metastatic colorectal cancer 
Cetuximab (C255) EGFR head & neck squamous cell 
cancer 
ABX-EGF EGFR cancer 
TheraCIM (H-R3) EGFR metastatic squamous cell 
carcinoma 
SMART anti-VEGF VEGFR relapsed, refractory solid tumors 
Angiozyme VEGFR cancer 

[00097]       The protein kinase inhibitors listed in Table 2 may be classified 

according to their chemotypes, including: quinazolines, particularly 4- 

anilinoquinazolines such as Iressa (AstraZeneca; N-(3-chloro-4-fluorophenyl)-7- 

methoxy-6-[3-(4-morpholinyl)propoxy]-4-quinazolinanune) and Tarceva 

(Roche/Genentech; N-(3-ethynylphenyl)-6,7-bis(2-methoxyethoxy)- 4- 
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Quinazolinamine monohydrochloride); phenylamino-pyrimidines such as Gleevec 

(Novartis; 4-[(4-methyl-li>iperazinyl)methyl^ 

pyrimidinyl]amino]phenyl]benzamide); pyrrolo- and pyrazolopyrimidines such as 

BIBX 1382 (Boehringer Ingelheim; N8-(3-chloro-4-fluorophenyl)-N2-(l-rnethyl-4- 

piperidinyl)-pyrimido[5,4-d]pyrimidine-.2,8-diamine); indoles and oxindoles such as 

Semaxinib (Pharmacia; 3-[(3,5-dimethyl-lH-pyrrol-2-yl)methylene]-l,3-dihydro- 

2H-Indol-2-one); benzylidene malononitriles; flavones such as flavopiridol (Aventis; 

2<2-chlorophenyl)-5J-dihydroxy-8-[(3S,4R)-3-hydroxy-l-methyl-4-piperidinyl]- 

4H-l-benzopyran-4-one); staurosporines such as CEP-701 (Cephalon); antibodies 

such as Herceptin (Genentech); and ribozymes such as Angiozyme (Ribozyme 

Pharmaceuticals). Structures of representative protein kinase inhibitors are given in 

Figure 4. 

[00098]    In another embodiment of the invention, a benzoquinone 

ansamycin is used in combination therapy with a microtubule stabilizing agent, 

including paclitaxel, epothilone, discodermolide, and laulimalide. In preferred 

embodiments, the benzoquinone ansamycin is a compound having the formula (I), 

17-AAG, or 17-DMAG. 

[00099]    In another aspect, the present invention provides combination 

therapy methods for the treatment of diseases or conditions characterized by 

undesired cellular proliferation or hyperproliferation. Combination of two or more 

drugs in therapy may result in one of three outcomes: (1) additive, i.e., the effect of 

the combination is be equal to the sum of the effects of each drug when administered 

alone; (2) synergistic, i.e., the effect of the combination is greater than the sum of 

the effects of each drug when administered alone; or (3) antagonistic, i.e., the effect 

of the combination is less than the sum of the effects of each drug when 

administered alone. In one embodiment of the present invention, a subject is first 

treated with a substantially sub-toxic dose of a protein kinase inhibitor. After 

waiting for a period of time sufficient to allow development of a substantially 

efficacious response to the administration of the protein kinase inhibitor, a 

synergistic dose of a benzoquinone ansamycin is administered. Using this dosing 

schedule, a synergistic rather than additive effect of the two compounds is achieved. 

In one embodiment of the invention, the protein kinase inhibitor is a compound 
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listed in Table 2, and the benzoquinone ansamycin is a compound having formula 

(I), 17-AAG, or 17-DMAG. In another embodiment of the invention, the protein 

kinase inhibitor is a drug approved by the Federal Drug Administration as a stand- 

alone treatment for cancer, and the benzoquinone ansamycin is a compound having 

formula (I), 17-AAG, or 17-DMAG. In one preferred embodiment, the cytotoxic 

agent is Iressa and the benzoquinone ansamycin is 17-AAG or 17-DMAG. 

[000100]  In another embodiment of the invention, a subject is first treated 

with a first sub-toxic dose of a protein kinase inhibitor. After waiting for a period of 

time sufficient to allow development of a substantially efficacious response of the 

protein kinase inhibitor, a formulation comprising a synergistic dose of a 

benzoquinone ansamycin together with a second sub-toxic dose of the protein kinase 

inhibitor is administered. In general, the appropriate period of time sufficient to 

allow development of a substantially efficacious response to the protein kinase 

inhibitor will depend upon the pharmacokinetics of the protein kinase inhibitor, and 

will have been determined during clinical trials of therapy using the protein kinase 

inhibitor alone. In one embodiment of the invention, the period of time sufficient to 

allow development of a substantially efficacious response to the protein kinase 

inhibitor is between 1 hour and 96 hours. In another embodiment of the invention, 

the period of time sufficient to allow development of a substantially efficacious 

response to the protein kinase inhibitor is between 2 hours and 48 hours. In another 

embodiment of the invention, the period of time sufficient to allow development of a 

substantially efficacious response to the protein kinase inhibitor is between 4 hours 

and 24 hours. 

[000101] The protein kinase inhibitors are selected from but are not limited 

to those listed in Table 2. As demonstrated below in Example 4 and in Figure 3A, 

pretreatment of cultured SKBr3 cells with the EGFR inhibitor Iressa followed by 

treatment with 17-AAG results in synergistic enhancement of the effects of Iressa. 

In contrast, the reverse order of administration or simultaneous administration 

results in an additive. Similar results were obtained with Iressa and 17-DMAG, as 

shown in Figure 3B. Thus to obtain the optimal synergistic effect, it is necessary to 

provide the protein kinase inhibitor first, wait a period of time sufficient to allow 
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development of a substantially efficacious response to the protein kinase inhibitor, 

and then provide the benzoquinone ansamycin. 

[000102] In another embodiment, the subject is first treated with a sub-toxic 

dose of a benzoquinone ansamycin. After waiting for a period of time sufficient to 

allow development of a substantially efficacious response to the benzoquinone 

ansamycin, a synergistic dose of a microtubule stabilizing agent is administered. 

Using this dosing schedule, a synergistic rather than additive effect of the two 

compounds is achieved. Unexpectedly in light of Minister et al Modulation of 

Hsp90 function by ansamycins sensitizes breast cancer cells to chemotherapy- 

induced apoptosis in an RB- and schedule-dependent manner," Clinical Cancer 

Research (2001) 7: 2228-2236, pretreatment of cultured SKBr3 cells with the 

microtubule stabilizing agent paclitaxel followed by treatment with 17-AAG results 

in an additive effect, as demonstrated below in Example 4 and in Figure 5. In 

contrast, the reverse order of administration results in a synergistic effect. 

Illustrative examples of microtubule stabilizing agents include but are not limited to 

paclitaxel, docetaxel, epothilone, discodermolide, and laulimalide. The 

benzoquinone ansamycin maybe a compound having formula (I), 17-AAG, or 17- 

DMAG. In one embodiment of the invention, the microtubule stabilizing agent is 

paclitaxel an epothilone, discodermolide or an analog, or laulimalide or an analog. In 

a preferred embodiment of the invention, the microtubule stabilizing agent is 

epothilone D. 

[000103]  In another embodiment of the invention, the combination therapy 

the second agent is a drug approved by the Federal Drug Administration as a stand- 

alone treatement for cancer, and the benzoquinone ansamycin is a compound having 

formula (I) or is 17-AAG or 17-DMAG. Illustrative examples of suitable drugs 

include but are not limited to 5-fluorouracil, methotrexate, vinblastine, 

cyclophosphamide, mechlorethamine, chlorambucil, Melphalan, Ifosfamide, 

bleomycin, mitomycin and doxorubicin. 

[000104] In another embodiment, the combination therapy may include an 

agent or procedure to mitigate potential side effects from the combination therapy 

agents. Diarrhea may be treated with antidiarrheal agents such as opioids (e.g. 

codeine, diphenoxylate, difenoxin, and loeramide), bismuth subsalicylate, and 
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octreotide. Nausea and vomiting may be treated with antiemetic agents such as 

dexamethasone, metoclopramide, diphenhydramine, lorazepam, ondansetron, 

prochlorperazine, thiethylperazine, and dronabinol. For those compositions that 

includes polyethoxylated castor oil such as Cremophoi®, pretreatment with 

corticosteroids such as dexamethasone and methylprednisolone and/or Hi 

antagonists such as diphenylhydramine HC1 and/or H2 antagonists may be used to 

mitigate anaphylaxis. 

[000105] The dose of the second agent when used in combination therapy 

with a benzoquinone ansamycin is determined based on the maximum tolerated dose 

observed when the second agent is used as the sole therapeutic agent (the "MTD"). 

In one embodiment of the invention, the dose of the second agent when used in 

combination therapy with a benzoquinone ansamycin is the MTD. In another 

embodiment of the invention, the dose of the second agent when used in 

combination therapy with a benzoquinone ansamycin is between 1 % of the MTD 

and the MTD. In another embodiment of the invention, the dose of the second agent 

when used in combination therapy with a benzoquinone ansamycin is between 5% 

of the MTD and the MTD. In another embodiment of the invention, the dose of the 

second agent when used in combination therapy with a benzoquinone ansamycin is 

between 5% of the MTD and 75% of the MTD. In another embodiment of the 

invention, the dose of the second agent when used in combination therapy with a 

benzoquinone ansamycin is between 25% of the MTD and 75% of the MTD. 

[000106]  Use of the benzoquinone ansamycin allows for use of a lower 

therapeutic dose of the second agent, thus significantly widening the therapeutic 

window for treatment. In one embodiment, the therapeutic dose of the second agent 

is lowered by at least 10%. In another embodiment, the therapeutic dose of the 

second agent is lowered from 10 to 20%. In another embodiment, the therapeutic 

dose of the second agent is lowered from 20 to 50%. In another embodiment, the 

therapeutic dose of the second agent is lowered from 50 to 200%. In another 

embodiment, the therapeutic dose of the second agent is lowered from 100 to 

1000%. 

[000107] The MTD for a compound is determined using methods and 

materials known in the medical and pharmacological arts, for example through dose- 
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escalation experiments. One or more patients is first treated with a low dose of the 

compound, typically 10% of the dose anticipated to be therapeutic based on results 

of in vitro cell culture experiments. The patients are observed for a period of time to 

determine the occurrence of toxicity. Toxicity is typically evidenced as the 

observation of one or more of the following symptoms: vomiting, diarrhea, 

peripheral neuropathy, ataxia, neutropenia, or elevation of liver enzymes. If no 

toxicity is observed, the dose is increased 2-fold, and the patients are again observed 

for evidence of toxicity. This cycle is repeated until a dose producing evidence of 

toxicity is reached. The dose immediately preceding the onset of unacceptable 

toxicity is taken as the MTD. 

[000108]  The synergistic dose of the benzoquinone ansamycin used in 

combination therapy is determined based on the maximum tolerated dose observed 

when the benzoquinone ansamycin in used as the sole therapeutic agent. Clinical 

trials have determined an MTD for 17-AAG of 40 mg/m2. In one embodiment of the 

invention, the dose of the benzoquinone ansamycin when used in combination 

therapy is the MTD. In another embodiment of the invention, the dose of the 

benzoquinone ansamycin when used in combination therapy is between 1% of the 

MTD and the MTD. In another embodiment of the invention, the dose of the 

benzoquinone ansamycin when used in combination therapy is between 5% of the 

MTD and the MTD. In another embodiment of the invention, the dose of the 

benzoquinone ansamycin when used in combination therapy is between 5% of the 

MTD and 75% of the MTD. In another embodiment of the invention, the dose of the 

benzoquinone ansamycin when used in combination therapy is between 25% of the 

MTD and 75% of the MTD. 

[000109]  The dosages of the benzoquinone ansamycin and the Hsp90 client 

protein inhibitor when used in combination therapy may require further optimization 

depending upon the compounds being used, the disease or condition being treated, 

and the individual medical condition of the patient. Relevant factors include the 

activity of the specific compound employed; the age, body weight, general health, 

sex, and diet of the subject; the time and route of administration and the rate of 

excretion of the drug; and the severity of the condition being treated. 
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[000110] The present invention provides compositions of matter that are 

formulations of one or more active drugs and a pharmaceutically acceptable carrier. 

In one embodiment, the formulation comprises a novel benzoquinone ansamycin 

analog of the invention. In another embodiment, the formulation comprises a novel 

benzoquinone ansamycin analog of the invention as a mixture with an Hsp90 client 

protein inhibitor for use in combination therapy in accord with the methods of the 

present invention. In both of these embodiments, the active compounds may be in 

their free form or where appropriate as pharmaceutically acceptable derivatives such 

as prodrugs, esters, or salts. 

[000111] The composition may be in any suitable form such as solid, 

semisolid, or liquid form. See Pharmaceutical Dosage Forms and Drug Delivery 

Systems, 5,h edition, Lippicott Williams & Wilkins (1991), incorporated herein by 

reference. In general, the pharmaceutical preparation will contain one or more of the 

compounds of the invention as an active ingredient in admixture with an organic or 

inorganic carrier or excipient suitable for external, enteral, or parenteral application. 

The active ingredient may be compounded, for example, with the usual non-toxic, 

pharmaceutically acceptable carriers for tablets, pellets, capsules, suppositories, 

pessaries, solutions, emulsions, suspensions, and any other form suitable for use. 

The carriers that can be used include water, glucose, lactose, gum acacia, gelatin, 

mannitol, starch paste, magnesium trisilicate, talc, corn starch, keratin, colloidal 

silica, potato starch, urea, and other carriers suitable for use in manufacturing 

preparations, in solid, semi-solid, or liquified form. In addition, auxiliary 

stabilizing, thickening, and coloring agents and perfumes may be used. 

[000112] In one embodiment, the compositions containing a compound 

useful in the methods of the invention are Cremophore®-free. Cremophore® 

(BASF Aktiengesellschaft) is a polyethoxylated castor oil which is typically used as 

a surfactant in formulating low soluble drugs. However, because Cremophore® can 

case allergic reactions in a subject, compositions that minimize or eliminate 

Cremophore® are preferred. 

[000113] Where applicable, the compounds useful in the methods of the 

invention may be formulated as microcapsules and nanoparticles. General protocols 

are described for example, by Microcapsules and Nanoparticles in Medicine and 

36 



WO 03/013430 PCT/US02/24891 

Pharmacy by Max Donbrow, ed., CRC Press (1992) and by U.S. Patent Nos. 

5,510,118; 5,534,270; and 5,662,883 which are all incorporated herein by reference. 

By increasing the ratio of surface area to volume, these formulations allow for the 

oral delivery of compounds that would not otherwise be amenable to oral delivery. 

[000114] The compounds useful in the methods of the invention may also be 

formulated using other methods that have been previously used for low solubility 

drugs. For example, the compounds may form emulsions with vitamin E or a 

PEGylated derivative thereof as described by PCT publications WO 98/30205 and 

WO 00/71163, each of which is incorporated herein by reference. Typically, the 

compound useful in the methods of the invention is dissolved in an aqueous solution 

containing ethanol (preferably less than 1 % w/v). Vitamin E or a PEGylated- 

vitamin E is added. The ethanol is then removed to form a pre-emulsion that can be 

formulated for intravenous or oral routes of administration. Another method 

involves encapsulating the compounds useful in the methods of the invention in 

liposomes. Methods for foiming liposomes as drug delivery vehicles are well 

known in the art. Suitable protocols include those described by U.S. Patent Nos. 

5,683,715; 5,415,869, and 5,424,073 which are incorporated herein by reference 

relating to another relatively low solubility cancer drug paclitaxel and by PCT 

Publication WO 01/10412 which is incorporated herein by reference relating to 

epothilone B. Of the various lipids that may be used, particularly preferred lipids for 

making encapsulated liposomes include phosphatidylcholine and 

polyethyleneglycol-derivitized distearyl phosphatidyl-ethanolamine. 

[000115]  Yet another method involves formulating the compounds useful in 

the methods of the invention using polymers such as polymers such as biopolymers 

or biocompatible (synthetic or naturally occurring) polymers. Biocompatible 

polymers can be categorized as biodegradable and non-biodegradable. 

Biodegradable polymers degrade in vivo as a function of chemical composition, 

method of manufacture, and implant structure. Illustrative examples of synthetic 

polymers include polyanhydrides, polyhydroxyacids such as polylactic acid, 

polyglycolic acids and copolymers thereof, polyesters polyamides polyorthoesters 

and some polyphosphazenes. Illustrative examples of naturally occurring polymers 
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include proteins and polysaccharides such as collagen, hyaluronic acid, albumin, and 

gelatin. 

[000116]  Another method involves conjugating the compounds useful in the 

methods of the invention to a polymer that enhances aqueous solubility. Examples 

of suitable polymers include polyethylene glycol, poly-(d-glutamic acid), poly-(l- 

glutamic acid), poly-(l-glutamic acid), poly-(d-aspartic acid), poly-(l-aspartic acid), 

poly-(l-aspartic acid) and copolymers thereof. Polyglutamic acids having molecular 

weights between about 5,000 to about 100,000 are preferred, with molecular weights 

between about 20,000 and 80,000 being more preferred and with molecular weights 

between about 30,000 and 60,000 being most preferred. The polymer is conjugated 

via an ester linkage to one or more hydroxyls of an inventive geldanamycin using a 

protocol as essentially described by U.S. Patent No. 5,977,163 which is incorporated 

herein by reference. 

[000117]  In another method, the compounds useful in the methods of the 

invention are conjugated to a monoclonal antibody. This method allows the 

targeting of the inventive compounds to specific targets. General protocols for the 

design and use of conjugated antibodies are described in Monoclonal Antibody- 

Based Therapy of Cancer by Michael L. Grossbard, ed. (1998), which is 

incorporated herein by reference. 

[000118]  The amount of active ingredient that may be combined with the 

carrier materials to produce a single dosage form will vary depending upon the 

subject treated and the particular mode of administration. For example, a 

formulation for intravenous use comprises an amount of the inventive compound 

ranging from about 1 mg/mL to about 25 mg/mL, preferably from about 5 mg/mL to 

15 mg/mL, and more preferably about 10 mg/mL. Intravenous formulations are 

typically diluted between about 2 fold and about 30 fold with normal saline or 5% 

dextrose solution prior to use. 

[000119] In one aspect of the present invention, the compounds useful in the 

methods of the invention are used to treat cancer. In one embodiment, the 

compounds of the present invention are used to treat cancers of the head and neck 

which include but are not limited to tumors of the nasal cavity, paranasal sinuses, 

nasopharynx, oral cavity, oropharynx, larynx, hypopharynx, salivary glands, and 
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paragangliomas. In another embodiment, the compounds of the present invention 

are used to treat cancers of the liver and biliary tree, particularly hepatocellular 

carcinoma. In another embodiment, the compounds of the present invention are 

used to treat intestinal cancers, particularly colorectal cancer. In another 

5        embodiment, the compounds of the present invention are used to treat ovarian 

cancer. In another embodiment, the compounds of the present invention are used to 

treat small cell and non-small cell lung cancer. In another embodiment, the 

compounds of the present invention are used to treat breast cancer. In another 

embodiment, the compounds of the present invention are used to treat sarcomas, 

10        including fibrosarcoma, malignant fibrous histiocytoma, embryonal 

rhabdomysocarcoma, leiomysosarcoma, neuro-fibrosarcoma, osteosarcoma, 

synovial sarcoma, liposarcoma, and alveolar soft part sarcoma. In another 

embodiment, the compounds of the present invention are used to treat neoplasms of 

the central nervous systems, particularly brain cancer. In another embodiment, the 

15   Tv?   compounds of the present invention are used to treat lymphomas which include 

~-   Hodgkin's lymphoma, lymphoplasmacytoid lymphoma, follicular lymphoma, 

*   mucosa-associated lymphoid tissue lymphoma, mantle cell lymphoma, B-lineage 

large cell lymphoma, Burkitt's lymphoma, and T-cell anaplastic large cell 

lymphoma. 

20 [000120]  In another embodiment, the compounds and compositions useful in 

the methods of the invention are used at sub-cytotoxic levels in combination with 

other agents in order to achieve highly selective activity in the treatment of non- 

cancerous diseases. In this embodiment, the compounds useful in the methods of the 

invention are used to reduce the cellular levels of Hsp90 client proteins, which are 

25        then effectively inhibited by the second agent. Binding of the client proteins to 

Hsp90 stabilizes the client proteins and maintains them in a soluble, inactive form 

ready to respond to activating stimuli. Binding of a benzoquinone ansamycin analog 

to Hsp90 results in targeting of the client protein to the proteasome, and subsequent 

degradation. For systems such as the steroid receptor, however, Hsp90 forms an 

30        integral part of the functional receptor complex along with several other proteins 

such as Hsp70, Hsp40, p23, hip, Hsp56, and immunophilins. Hsp90 appears to 

regulate the activity of the steroid receptor by maintaining the receptor in a high- 
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affinity hormone-binding conformation. Binding of geldanamycin to Hsp90 appears 

to result in dissociation of p23 from the complex and reduce the level of hormone 

binding to the receptor (Fliss etai (2000) "Control of estrogen receptor ligand 

binding by Hsp90/V. Steroid Biochem. Mol Biol 75: 223-30; Kimmins and 

MacRae (2000), t£Maturation of steroid receptors: an example of functional 

cooperation among molecular chaperones and their associated proteins," Cell Stress 

Chaperones 5: 76-86. 

[000121] Thus, Hsp90 inhibitors such as geldanamycin, geldanamycin 

analogs, radicicol, and the like can be used in accord with the methods of the present 

invention to alter the function of hormone receptors, making it easier to inhibit the 

associated signal pathways using low levels of a second drug which targets the 

proteins involved in those signaling pathways. Such a combination therapy can be 

useful to reduce non-specific toxicity associated with therapy by reducing the levels 

of the drugs required. 

[000122] In another embodiment, the compounds useful in the methods of 

the invention are used to treat noncancerous diseases or conditions characterized by 

undesired cellular hyperproliferation, including neurodegenerative diseases, 

psoriasis, stenosis, and restenosis. 

[000123] In another embodiment, the compounds useful in the methods of 

the invention are used in combination with other agents as described above to treat 

non-cancerous diseases or conditions characterized by undesired cellular 

hyperproliferation, including neuro-degenerative diseases, psoriasis, stenosis, and 

restenosis. Specific examples of non-cancerous diseases treatable by this 

combination therapy include neurodegenerative diseases, such as Alzheimer's, 

Parkinson's, Huntington's and the like. There is evidence that the immunophilin 

FKBP-52 is involved as a client protein for Hsp90 in the formation of various 

steroid receptor complexes and plays a role in the regeneration of damaged neurons 

(Gold et al.y "Immunophilin FK506-Binding Protein 52 (Not FK506-Binding 

Protein 12) Mediates the Neurotrophic Action of FK506," 1999, J. Pharmacology & 

Exp. Ther. 289: 1202-1210). The combination of geldanamycin, a geldanamycin 

analog, radicicol, or the like with a second agent which binds to and/or inhibits 
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FKBP-52 in accord with the methods of the present invention can thus be used to 

treat neurodegenerative diseases. 

[000124] Further examples of non-cancerous diseases treatable by the 

combination therapy of the present invention include non-cancerous diseases 

5        characterized by cellular hyperproliferation, such as psoriasis, stenosis, and 

restenosis. Cell proliferation is regulated by protein tyrosine kinases, many of which 

are known to be client proteins for Hsp90. Psoriasis is thought to involve the 

epidermal growth factor receptor (EGFR), a protein tyrosine kinase, and inhibitors 

of EGFR have been proposed as treatments for psoriasis (Ben-Bassat & Klein, 

10        "Inhibitors of Tyrosine Kinases in the Treatment of Psoriasis," (2000), Curr. Pharm. 

Des. 6: 933-942). Geldanamycin and herbimycin have been shown to block 

maturation of EGFR (Sakagami et al.9 "Benzoquinoid ansamycins (herbimycin A 

and geldanamycin) interfere with the maturation of growth factor receptor tyrosine 

kinases," (1999) Cell Stress Chaperones 4: 19-28). The combination of 

15        geldanamycin or a geldanamycin analog with an inhibitor of EGFR in accord with 

^   the methods of the present invention can thus be used to treat psoriasis. 

^ [000125]  The compounds useful in the methods of the invention may also be 

used to treat stenosis and restenosis, particularly associated with in vivo devices such 

33   as stents. In one embodiment, the compounds useful in the methods of the invention 

20        are used to coat stents and other surgically-implantable devices. In another 

embodiment, the compounds useful in the methods of the invention are used in 

combination with other agents as described above to co# stents, catherters, 

prostheses, and other in vivo devices. 

[000126] A detailed description of the invention having been provided 

25        above, the following examples are given for the purpose of illustrating the present 

invention and shall not be construed as being a limitation on the scope of the 

invention or claims. 

EXAMPLE 1 

30 Preparation of 17-alkvlamino-17-desmethoxvgeldanamveins 
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1000127] The general procedure for preparing 17-alkylamino-l 7- 

desmethoxygeldanamycins is as follows. The geldanamycin analog (25 nimof) is 

suspended in 350 mL of anhydrous CH2C12 under inert atmosphere. A solution of 

thealkylamine(50mmol) in 10 mL of CH2C12 is added dropwise. After 1 hourrthe 

mixture is evaporated to dryness and the residue is dissolved in 50 mL of chloroform 

and precipitated by addition of 600 mL of hexane. Filtration and vacuum drying 

yields the product. The products are characterized by NMR and LC/MS. 

Compounds prepared according to this method include: 

17-allylamino-l 7-desmethoxygeldanamycin; 

17-(2-(dimethylamino)ethyl)amino-17-desmethoxygeldanamycin; 

17-ethylamino-l 7-desmethoxygeldanamycin; 

17-propylamino-l 7-desmethoxygeldanamycin; 

17-butylamino-17-desmethoxygeldanamycin; 

17-(cyclopropyl)methylamino-l 7-desmethoxygeldanamycin; 

17-cyclobutylamino-l 7-desmethoxygeldanamycin; 

17-(2-phenylcyclopropyl)amino-l 7-desmethoxygeldanamycin; 

17-(2-fluoroethyl)amino-17-desmethoxygeldanamycin; 

17-(2,2-difluoroethyl)amino-l 7-desmethoxygeldanamycin; 

17-azetidinyl-17-desmethoxygeldanamycin; 

17-amino-l 7-desmethoxygeldanamycin; 

17-(3-(dimethylamino)propylamino-17-desmethoxygeldanamycin; 

17-(4-(dimethylamino)butylamino-l 7-desmethoxygeldanamycin; 

17-(3-dimethylamino)-2-propylamino-17-desmethoxygeldanamycin; 

17-(2-dimethylamino)-1 -propylamino-17-desmethoxygeldanamycin; 

17-(N-ethylpyrrolidin-2-yl)methylamino-l 7-desmethoxygeldanamycin; 

17-( 1 -pyrazinyl)ethylamino-l 7-desmethoxygeldanamycin; 

17-(2-bis(2-hydroxyethyl)amino)ethylamino-l 7-desmethoxygeldanamycin; 

17-(N-methylpyrrolidin-2-yl)ethylamino-l 7-desmethoxygeldanamycin; 

17-(3-(diethylamino)propylamino-l 7-desmethoxygeldanamycin; 

17-(3-(4-morpholino)propylamino-l 7-desmethoxygeldanamycin; 

17-(4-imidazolyl)ethylamino-17-desmethoxygeldanamycin; 

17-( 1 -methyl-4-imidazolyl)ethylamino-17-desmethoxygeldanamycin; 
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17-(l -methyl-5-imidazolyl)ethylamino-17-desmethoxygeldanamycin; 

17-(4-pyridyl)ethylamino-l 7-desmethoxygeldanamycin; 

17-(2-hydroxyethyl)amino-17-desmethoxygeldanamycin; 

17-( 1 -hydroxymethyl)propylamino-17-desmethoxygeldanamycin; 

17-(2-(hydroxymethyl)cyclohexyl)amino-l 7-desmethoxygeldanamycin; 

17-(2-dioxolan-l -yl)ethylamino-l 7-desmethoxygeldanamycin; 

17-(3,3-dimethoxypropyl)amino-17-desmethoxygeldanamycin; 

17-(2-te^butoxycarbonylamino)ethylamino-17-desmethoxygeldanamycin; and 

17-(N-methyl 2-rer/-butoxycarbonylamino)ethylamino-17-desmethoxygeldanamycin. 

EXAMPLE 2 

Preparation of 1 l-0-allvl-17-alkvlamino-17-desmethoxygeldanamvcins 

[000128J The general procedure for preparing 11 -O-allyl-17-alkylamino-17- 

desmethoxy-geldanamycins is as follows. The 17-alkylamino-17-desmethoxy- 

geldanamycin analog (10 mmol), allyl terf-butyl carbonate (14 mmol), palladium 

acetate (0.1 mmol), and triphenylphosphine (0.67 mmol) are dissolved in 60 mL of 

freshly distilled, air-free tetrahydrofiiran under inert atmosphere. The mixture is 

heated at reflux for 16 hours, and is monitored by thin-layer chromatography. Upon 

completion, the solvents are removed in vacuo and the product isolated by silica gel 

chromatography. 

EXAMPLE 3 

Preparation of 1 L17-linked-17-amino-17-desmethoxygeldanamveins 

[000129] The general procedure for preparing 11,17-linked-17-amino-l 7- 

desmethoxy-geldanamycins is as follows. The 1 l-O-allyl-17- 

alkylaminogeldanamycin analog (10 mmol), and benzylidene- 

bis(tricyclohexylphosphine)ruthenium dichloride (5 mmol) are dissolved in 250 mL 

of anhydrous CH2Ch under inert atmosphere, and the reaction is monitored by thin- 

layer chromatography. After 24 hours, the reaction is concentrated and the residue 

is purified by silica gel chromatography. 
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EXAMPLE 4 

Interaction of Geldanamvcin Analogs and Cytotoxic Agents in SKBr3 Cells 

[000130]  SKBr3 and H358 cell lines were obtained from American Type 

Culture Collection (Manassas, VA). Cells were maintained in McCoy'SA medium 

with 10% fetal bovine serum. 17-AAG and 17-DMAG were dissolved in DMSO at 

10 mM and stored at -20°C 

[000131]  Cells were seeded in duplicate in opaque-walled 96-well microtiter 

plates at 4000 cells per well and allowed to attach overnight. Serial dilutions of each 

drug were added, and the cells were incubated for 72 hours. The IC50 was 

determined using the CellTiter-Glo Luminescent Cell Viability Assay (Promega, 

Madison, WI), which correlates with the number of live cells. 

[000132] For the drug combination assay, cells were seeded in duplicate in 

96-well plates (4000 cells/well). After an overnight incubation, cells were treated 

with drug alone or in combination. Based on the IC50 values of each individual 

drug, combined drug treatment was designed at constant ratios of two drugs, i.e., 

equivalent to the ratio of their IC5o. Three different treatment schedules were used. 

The first treatment schedule used simultaneous exposure to both 17-AAG and the 

second cytotoxic agent for 72 hours. In the second schedule, the cells were exposed 

to 24 hours of 17-AAG or 17-DMAG. The second cytotoxic agent was then added 

to the cells and incubated for 48 hours. In the third treatment schedule, cells were 

exposed to the second cytotoxic agent alone for 24 hours followed by addition of 17- 

AAG or 17-DMAG for 48 hours. Cell viability was deteimined by luminescent 

assay (Promega). Combination analysis was performed using Calcusyn software 

(Biosoft, Cambridge, UK). The "combination index" (CI) refers to a measure of the 

additivity of the effects of two drugs administered in combination, and was 

calculated according to the formula: 

CI = [D]i/[DX], + [D]2/[DX]2 

wherein [D]i and [D]2 represent the concentrations of the first and second drug, 

respectively, that in combination provide a response of x% in the assay, and [DJi and 

[Dx]2 represent the concentrations of the first and second drug, respectively, that when 
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used alone provide a response of x% in the assay. According to this formula, a CI = 1 

indicates a simple additive effect of the two drugs in combination, whereas a CI< 1 

indicates synergism and a CI >1 indicates antagonism between the two drugs. 

[000133] Addition of 17-AAG or 17-DMAG to cells after exposure to Iressa 

synergistically increased the cytotoxicity of Iressa (Figure 3). An additive effect 

was detected when cells were exposed to 17-AAG or 17-DMAG before Iressa. 

Exposure of cells to 17-AAG or 17-DMAG and Iressa simultaneously also produced 

an additive effect. Thus the optimal synergistic effect is only observed when there is 

prior exposure of the cells to the protein kinase inhibitor, followed by exposure to 

the benzoquinone ansamycin after waiting for a period of time to allow development 

of efficacy of the protein kinase inhibitor. 

[000134]  In contrast, addition of 17-AAG or 17-DM AG to cells after 

exposure to paclitaxel additively increased the cytotoxicity of paclitaxel (Figure 5). 

A synergistic effect was observed when cells were exposed to paclitaxel first, and 

were later treated with 17-AAG or 17-DMAG. In this case, optimal synergism is 

only observed when the cells are first exposed to the benzoquinone ansamycin, 

followed by exposure to the microtubule stabilizing agent after waiting for a period 

of time to allow development of efficacy of the benzoquinone ansamycin. 

EXAMPLE 5 

Production of 28-desmethvlgeldanamvcin bv AT domain substitution 

[000135]  Substitution of the acyltransferase domain in module 1 of the 

geldanamycin PKS gene with an AT domain specific for malonyl-CoA instead of 2- 

methylmalonyl-CoA results in formation of 28-desmethyl-geldanamycin. The 

domain substitution is created by introducing a malonyl-CoA specific 

acyltransferase domain from a heterologous PKS gene, for example from the 

rapamycin, tylosin, or FK520 PKS genes or the like, into the geldanamycin PKS 

locus by homologous recombination into a geldanamycin producing strain, aided by 

a selectable antibiotic resistance gene, then isolating the recombinants resulting from 

double crossover events in which the wild-type acyltransferase domain is replaced 
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with one specific for malonyl-CoA. The AT domain of module 1 is encoded by 

nucleotides 1626 through 2670, approximately, of SEQ ID NO:l. This sequence 

information together with the methods described in U.S. patents 6,399,789; 

6,403,775; and 5,962,290 allows one skilled in the art to construct recombination 

vectors that result in replacement of the native AT domain of module 1 with an AT 

domain having a specificity for malonyl-CoA. Suitable examples of AT domains 

with specificity for malonyl-CoA may be found in the rapamycin PKS genes 

(modules 2, 5,8, 9,11,12, and 14), as described in U.S. patent 6,399,789, as well as 

the tylosin PKS genes (modules 3 and 7) as described in U.S. patent 5,876,991; the 

spiramycin genes (modules 1-3 and 7), as described in U.S. Patent 5,945,320; the 

FK520 genes (modules 3 and 10), as described in WO 00/20601; the pikromycin 

genes (module 2) as described in WO 99/61599; the narbomycin genes (module 2), 

as described in U.S. patent 6,303,767; the avermectin genes (module 2), and others. 

Each of the above documents is incorporated herein by reference. Fermentation of a 

host cell comprising the resulting hybrid PKS together with the remaining 

geldanamycin biosynthetic genes under conditions wherein the native strain 

produces geldanamycin, followed by extraction of the broth and purification 

provides 28-desmethyl-geldanamycin. 

Production bf^desmethvlgeldanamvcin hv site-directed mutagenesis 

(000136) The acyltransferase domain in module 1 of the geldanamycin PKS 

gene is mutagenized according to the methods described in Reeves et al, "Alteration 

of the substrate specificity of a modular polyketide synthase acyltranserase domain 

through site-directed mutagenesis," Biochemistry 2001,40:15464-15470, and in 

U.S. patent application serial no. 60/310,730, entitled "Alteration of the substrate 

specificity of a modular PKS AT domain," which is incorporated herein by 

reference. The amino acid sequence Tyr-Ala-Ser-His (SEQ ID NO: 3), encoded by 

nucleotide sequence TAC-GCC-TCC-CAC (SEQ ID NO: 4) at positions 2194 to 

2205 in SEQ ID NO:l, is mutagenized using methods known to one skilled in the art 

to generate the mutant amino acid sequence His-Ala-Phe-His (SEQ ID NO: 5), for 

EXAMPLE 6 
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example by mutagensis of the nucleotide sequence to CAC-GCC-TTC-CAC (SEQ 

ID NO: 6) as described in the Reeves et al reference cited above. Fermentation of a 

host cell comprising the resulting mutagenized PKS together with the remaining 

geldanamycin biosynthetic genes under conditions wherein the native strain 

produces geldanamycin, followed by extraction of the broth and purification 

provides 28-desmethyl-geldanamycin. 

EXAMPLE 7 

Production of 4 J-dihvdro-5-hvdroxvgeIdanamvcin by reductive domain swap 

[000137] The coding sequence for the reduction cassette of module 6, which 

has both DH and KR domains, is replaced with a coding sequence for a reduction 

cassette that has only a KR domain. The reduction cassette is contained in the 

sequence between the end of the AT domain, at approximately nucleotide position 

2805 of SEQ ID NO:2, and the beginning of the ACP domain, at approximately 

nucleotide position 6028 of SEQ ID NO:2. This sequence information together with 

the methods described in U.S. patents 6,399,789; 6,403,775; and 5,962,290 allows 

one skilled in the art to construct recombination vectors that result in replacement of 

the native reduction cassette of module 6 with a cassette encoding only a KR 

domain. Suitable examples of cassettes encoding only a KR domain may be found 

in the erythromycin and rapamycin PKS genes, as described in U.S. patent 

6,399,789. Fermentation of a host cell comprising the resulting hybrid PKS together 

with the remaining geldanamycin biosynthetic genes under conditions wherein the 

native strain produces geldanamycin, followed by extraction of the broth and 

purification provides 4,5-dihydro-5-hydroxy-geldanamycin. 

EXAMPLE 8 

Production of 4.5-dihvdro-5-hvdroxvgeldanamvcin bv site-directed mutagenesis 

[000138] Inactivation of the dehydratase domain in module 6 of the 

geldanamycin PKS gene by site-specific mutation of the wild-type domain results in 
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production of 4,5-dihydro-5-hydroxygeldanamycin. The DH domain of module 6 is 

encoded by nucleotides 2805 to 4276, approximately, of SEQ ID NO:2. Two 

particular sequences may be targeted for mutational inactivation of the DH domain. 

In one embodiment, the DNA sequence encoding the DH peptide motif His-Val-Ile- - 

Ser-GIy-Ala-Val-Leu-Val-Pro (SEQ ID NO: 7), nucleotides 2956 through 2985 of 

SEQ ID NO:2, is mutated so as to produce a peptide having an amino acid other than 

histidine at the first position. The CAC codon encoding histidine is mutated, for 

example to CAA or CAG to encode a glutamine, as illustrated in SEQ ID NO: 8. 

Fermentation of a host cell comprising the resulting mutagenized PKS together with 

the remaining geldanamycin biosynthetic genes under conditions wherein the native 

strain produces geldanamycin, followed by extraction of the broth and purification 

provides 4,5-dihydro-5-hydroxy-geldanamycin. 

EXAMPLE 9 

Production of 4,5-dihvdro-5-hvdroxvge1danamvcin bv deletion 

[000139]  A portion of the nucleotide sequence in module 6 between the end 

of the AT domain (approximately nucleotide 2805 of SEQ ID NO:2) and the start of 

the KR domain (approximately nucleotide 5212 of SEQ ID NO:2) is deleted to 

provide a modified PKS for production of 4,5-dihydro-5-hydroxy-geldanamycin. 

The nucleotide sequence between 2805 and 3270, approximately, of SEQ ED NO:2 

is deleted so as to leave a linker region between the AT and KR domains of 

approximately 465 amino acids. Fermentation of a host cell comprising the resulting 

modified PKS together with the remaining geldanamycin biosynthetic genes under 

conditions wherein the native strain produces geldanamycin, followed by extraction 

of the broth and purification provides 4,5-dihydro-5-hydroxy-geldanamycin. 

EXAMPLE 10 

Production of 15-hvdroxvgeldanamvcin bv reductive domain swap 

[000140] The reduction cassette in module 1 is encoded by the sequence 

between the end of the AT domain, at approximately nucleotide position 2670 of 
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SEQ ID NO:l, and the beginning of the ACP domain, at approximately nucleotide 

position 5895 of SEQ ID NO: 1. This sequence information together with the 

methods described in U.S. patents 6,399,789; 6,403,775; and 5,962,290 allows one 

skilled in the art to construct recombination vectors that result in replacement of the 

5        native reduction cassette of module 1 with a cassette encoding only a KR domain. 

Suitable examples of cassettes encoding only a KR domain may be found in the 

erythromycin and rapamycin PKS genes, as described in U.S. patent 6,399,789. 

Fermentation of a host cell comprising the resulting hybrid PKS together with the 

remaining geldanamycin biosynthetic genes under conditions wherein the native 

10        strain produces geldanamycin, followed by extraction of the broth and purification 

provides 15-hydroxy-geldanamycin. 

15 

30 

EXAMPLE 11 

Production of 15-hvdroxygeldanamvcin by site-directed mutagenesis 

[000141]  Inactivation of the dehydratase domain in module 1 of the 

geldanamycin PKS gene by site-specific mutation of the wild-type domain results in 

production of 15-hydroxygeldanamycin. The DH domain of module 1 is encoded by 

**   nucleotides 2670 to 4140, approximately, of SEQ ID NO: 1. Two particular 

20        sequences may be targeted for mutational inactivation of the DH domain. In one 

embodiment, the DNA sequence encoding the DH peptide motif His-Ala-Val-Ser- 

Gly-Thr-Val-Leu-Leu-Pro (SEQ ID NO: 9), nucleotides 2821 through 2850 of SEQ 

ID NO:l, is mutated so as to produce a peptide having an amino acid other than 

histidine at the first position. The CAC codon encoding histidine is mutated, for 

25        example to CAA or CAG to encode a glutamine as illustrated in SEQ ID NO: 10. 

Fermentation of a host cell comprising the resulting mutagenized PKS together with 

the remaining geldanamycin biosynthetic genes under conditions wherein the native 

strain produces geldanamycin, followed by extraction of the broth and purification 

provides 15-hydroxy-geldanamycin. 

EXAMPLE 12 

8,9-epoxv-8,9-dihvdrogeldanamvcin 
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[000142] To a solution of geldanamycin (120 mg, 0.21 mmol) in 

dichloromethane (5 mL) was added 85% 3-chloroperoxybenzoic acid (93 mg, 0.42 

mmol). After the mixture was stirred at room temperature overnight, TLC showed - 

the reaction to be complete. The reaction mixture was diluted with ethyl acetate and 

washed subsequently with aqueous sodium sulfite, aqueous bicarbonate, and brine. 

The organic solution was dried over anhydrous sodium sulfate, filtered, and 

evaporated to dryness. The crude product was purified by flash chromatography on 

silica gel, giving 30 mg of 8,9-epoxy-8,9-dihydrogeldanamycin as a yellow solid. 

The compound was characterized by NMR and MS spectrometry. 

EXAMPLE 13 

8,9-epox v -17-[2-( dimethvlaminotethvlaminol-S^-dihydro-17- 
demethvoxygeldanamvcin 

[000143] To a solution of 8,9-epoxy-8,9-dihydrogeldanamycin (20 mg, 

0.035 mmol) in 1,2-dichloroethane (2 mL) was added A^A^dimethylethylenediamine 

(10 jaL, 0.09 mmol). The mixture was stirred at room temperature overnight. The 

reaction was worked up by diluting with ethyl acetate and washing sequentially with 

aqueous bicarbonate and brine. The organic solution was dried over anhydrous 

sodium sulfate, filtered, and evaporated to dryness. The crude product was purified 

by HPLC on a C-18 column, giving 10 mg of 8,9-epoxy -17-[2- 

(dimethylamino)ethylamino]-8,9-dihydro-17-demethyoxygeldanamycin as a purple 

solid.   ,ie compound was characterized by NMR and MS spectrometry. 

EXAMPLE 14 

17-r2-(dimethvlaminotethvlamino1-l 7-demethvoxvgeldanam vein 

[000144] To a solution of geldanamycin (60 mg, 0.1 mmol) in 1,2- 

dichloroethane (4 mL) was added A/;N-dimethylethylenediamine (22 JIL, 0.2 mmol). 

The mixture was stirred at room temperature overnight. The reaction was diluted 

with ethyl acetate and washed sequentially with aqueous bicarbonate and brine. The 

organic solution was dried over anhydrous sodium sulfate, filtered, and evaporated 
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to dryness. The crude product was purified by flash chromatography on silica gel, 

giving 59 mg of 17-[2-(dimethylamino)-ethylamino]-17-demethyoxygeldanamycin 

as a purple solid. The compound was characterized by NMR and MS spectrometry. 

EXAMPLE 15 

17-r2-(dimethvlamino)ethvlamino1-l l-oxo-17-demeth vox veeldanam vein 

[000145]  To a solution of 17-[2-(dimethylamino)ethylamino]«17- 

demethyoxygeldanamycin (50 mg, 0.08 mmol) in chloroform (5 ml) was added the 

Dess-Martin periodinane (208 mg, 0.49 mmol). The mixture was heated to reflux for 

one hour. The reaction mixture was diluted in ethyl acetate and washed subsequently 

with aqueous sodium thiosulfate, aqueous bicarbonate, and brine. The organic 

solution was dried over anhydrous sodium sulfate, filtered, and evaporated to 

dryness. The crude product was purified by HPLC on a C-18 column, giving 26 mg 

of i7-[2-(dimethylamino)ethylamino]-l l-oxo-17-demethyoxygeldanamycin as a 

purple solid. The compound was characterized by NMR and MS spectrometry. 

EXAMPLE 16 

17-r2^dimethvlamino)ethvlamino1-l 1 -oxo-17-demeth vox ygeldanam vein-11-oxime 

[000146]  To a solution of 17-[2-(dimethylamino)ethylamino]-l l-oxo-17- 

demethyoxy-geldanamycin (30 mg, 0.049 mmol) in ethanol (4 mL) was added 

triethylamine (60 |aL, 0.43 mmol) and hydroxylamine hydrochloride (30 mg, 0.4 

mmol). After the mixture was stirred at room temperature for 3 h, TLC showed 

reaction complete. After ethanol was evaporated, the residue was dissolved in 

chloroform and water. The organic layer was dried over anhydrous sodium sulfate, 

filtered, and evaporated to dryness. The crude product was purified by flash 

chromatography on silica gel, giving 10 mg of 17-[2-(dimethylamino)ethylamino]^ 

1 l-oxo-17-demethyoxygeldanamycin-l 1-oxime as a purple solid. The compound 

was characterized by NMR and MS spectrometry. 
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CLAIMS 

What is claimed is: 

1. A compound or pharmaceutical^ acceptable salt or prodrug thereof having the 

formula: 

uCl RvJ 

B^R6 MeQ 
MeO^ 

wherein R1 is MeO, (CH2)3N or R9-NH, wherein R9 is selected from the group 

consisting of H, substituted or unsubstituted Ci-C6 alkyl, substituted or unsubstituted 

Ci-C6 alkenyl, substituted or unsubstituted Ci-C6 alkynyl, substituted or unsubstituted 

C3-C6 cycloalkyl, piperidinyl, N-alkylpiperidinyl, hexahydropyranyl, fiirfuryl, 

tetrahydrofurfuryl, pyrrolidinyl, N-alkylpyrrolidinyl, piperazinylamino, N- 

alkylpiperazinyl, morpholinyl, N-alkylaziridinylmethyl, (l-azabicyclo[1.3.0]hex-l- 

yl)ethyl, 2-(N-methyl-pyrroUdin-2-yl)ethyl, 2-(4-imidazolyl)ethyl, 2-(l-methyl-4- 

imidazolyl)ethyl, 2-(l-methyl-5-imidazolyl)ethyl, 2-(4-pyridyl)ethyl, and 3-(4- 

morpholino)-l-propyl, or R6 is H and R1 and R5 taken together form a group of the 

formula NH-Z-O, wherein Z is a linker comprised of from 1 to 6 carbon atoms and 0 

to 2 nitrogen atoms and wherein the O is attached at the position of R5; 

R2 is selected from the group consisting of H, halogen, OR10, NHR10, SR10, 

aryl, and heteroaryl, wherein R10 is selected from the group consisting of substituted 

or unsubstituted Ci-C6 alkyl, substituted or unsubstituted Ci-C6 alkenyl, substituted or 

unsubstituted Ci-C6 alkynyl, and substituted or unsubstituted C3-C6 cycloalkyl; 

R3 isH,OH,orOMe; 
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R4 is H or Me; 

R5 is OH or 0-C(=0)-CH2NH2 and R6 is H, or R5 and R6 taken together form 

=0 or =N-ORn, wherein Rn is selected from the group consisting of H, substituted or 

unsubstituted CrC6 alkyl, substituted or unsubstituted CrC6 alkenyl, substituted or 

unsubstituted d-C6 alkynyl, substituted or unsubstituted C3-C6 cycloalkyl, aryl, or 

heteroaryl; 

R7 is H and R8 is H or OH, or R7 and R8 taken together form a bond; and 

X is O or a bond, with the provisos that when R3 is H, R4 is Me, and R7 is H and R8 is 

H or R7 and R8 taken together form a bond that either R6 is H and R1 and R5 taken 

together form a group of the formula NH-Z-O, wherein Z is a linker comprised of 

from 1 to 6 carbon atoms and 0 to 2 nitrogen atoms and wherein the 0 is attached at 

the position of R5, or that R1 is (CH2)3N or R9-NH, wherein R9 is selected from the 

group consisting of piperidinyl, N-alkylpiperidinyl, hexahydropyranyl, fiirfuryl, 

tetrahydrofurfuryl, pyrrolidinyl, N-alkylpyrrolidinyl, piperazinylamino, N- 

alkylpiperazinyl, morpholinyl, N-alkylaziridinylmethyl, (l-azabicyclo[1.3.0]hex-l- 

yl)ethyl, 2-(N-methyl-pyrrolidin-2-yl)ethyl, 2-(4-imidazolyl)ethyl, 2-(l-methyl-4- 

imidazolyl)ethyl, 2-(l-methyl-5-imidazolyl)ethyl, 2-(4-pyridyl)ethyl, and 3-(4- 

morpholino)-l-propyl; and that when R3 is H and R4 is Me that R7 is H and R8 is OH. 

2.      A compound of Claim 1 wherein R1 is (CH2)3N or R9-NH, wherein R9 is 

selected from the group consisting of piperidinyl, N-alkylpiperidinyl, 

hexahydropyranyl, furfuryl, tetrahydrofurfuryl, pyrrolidinyl, N-alkylpyrrolidinyl, 

piperazinylamino, N-alkylpiperazinyl, morpholinyl, N-alkylaziridinylmethyl, (1- 

azabicyclo[13.0]hex-l-yl)ethyl, 2-(N-methyl-pyrrolidin-2-yl)ethyl, 2-(4- 

imidazolyl)ethyl, 2-(l-methyl-4-imidazolyl)ethyl, 2-(l-methyl-5-imidazoIyl)ethyl, 2- 

(4-pyridyl)ethyl, and 3-(4-morpholino)-l-propyl; 

R2 is selected from the group consisting of H, halogen, OR!0, NHR10, SR10, 

aryl, and heteroaryl, wherein R10 is selected from the group consisting of substituted 

or unsubstituted Ci-C6 alkyl, substituted or unsubstituted Ci-C6 alkenyl, substituted or 

unsubstituted Ci-C6 alkynyl, and substituted or unsubstituted C3-C6 cycloalkyl; 

R3 is H,OH, or OMe; 

R4 is H or Me; 
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R5 is OH or O-C(=0)-CH2NH2 and R6 is H, or R5 and R6 taken together fonn 

=0 or =N-ORn, wherein R11 is selected from the group consisting of H, substituted or 

unsubstituted C,-C6 alkyl, substituted or unsubstituted CrC6 alkenyl, substituted or 

unsubstituted CrC6 alkynyl, substituted or unsubstituted C3-C6 cycloalkyl, aryl, or 

heteroaryl; 

R7 is H and R8 is H or OH, or R7 and R8 taken together form a bond; and 

X is 0 or a bond. 
• ■ i * 

3. A compound of Claim 1 wherein R3 is OH or OMe. *■ * . . 
"» 

4. A compound of Claim 1 wherein R4 is H. 

5. A compound of Claim 1 wherein R7 is H and R8 is OH. 

6. A compound of Claim 1 wherein R1 and R5 taken together form a group of the 

formula NH-Z-O, wherein Z is a linker comprised of from 1 to 6 carbon atoms and 0 

to 2 nitrogen atoms and wherein the O is attached at the position of R5; 

7. A pharmaceutical composition for use in the treatment of a disease or 

condition characterized by undesired cellular proliferation or hyperproliferation 

comprising a compound of Claim 1 and a pharmaceutically acceptable carrier. 

8. A method for treatment of a disease or condition characterized by undesired 

cellular proliferation or hyperproliferation in a subject suffering therefrom, 

comprising administering a therapeutically effective amount of a composition of 

Claim 7 to the subject. 

9. The method of Claim 8 wherein the disease is cancer. 

10. A method for treatment of a disease or condition characterized by undesired 

cellular proliferation or hyperproliferation in a subject suffering therefrom, 

comprising the steps of: 
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(a) administering to said subject a substantially sub-toxic dose of an Hsp90 

client protein inhibitor; 

(b) waiting a period of time sufficient to allow development of a substantially 

efficacious response; and 

5 (c) administering to said subject a synergistic dose of a benzoquinone 

ansamycin. 

*.« :.. 

11. The method of Claim 10 wherein the Hsp90 client protein inhibitor is a protein 

kinase inhibitor. 

10 

12. The method of Claim 11 wherein the protein kinase inhibitor is selected from 

the group consisting of quinazoline, phenylamino-pyridine, pyrazolo-pyridine, 

pyrrolo-pyridine, indole, oxindole, benzylidene malononitrile, flavone, staurosporine, 

antibody, and ribozyme protein kinase inhibitors. 

15 1? 

-t, 13.     The method of Claim 11 wherein the protein kinase inhibitor is selected from 

the group consisting of N-(3-chloro-4-fluorophenyl)-7-methoxy-6-[3-(4- 

morpholinyl)propoxy]-4-quinazoHnamine,2-(2-chlorophenyl)-5,7-dihydroxy-8- ' 

~ [(3S,4R)-3-hycfroxy-l-methyl-4-piperidinylM 

20 piperazinyl)methyl]-N-[4-methyl-3-[[4-(3-pyridinyl)-2- 

pyrimidinyl]amino]phenyl]benzamide, N-(3-ethynylphenyl)-6,7-bis(2- 

methoxyethoxy)- 4-Quinazolinamine monohydrochloride, and 3-[(3,5-dimethyMH- 

pyrrol-2-yl)methylene]-l ,3-dihydro- 2H-Indol-2-one. 

25       14.     The method of Claim 10 wherein the benzoquinone ansamycin is selected 

from the group consisting of a compound of Claim 1,17-allylamino-17-desmethoxy- 

geldanamycin, and 17-(2-(dimethylamino)ethylamino-17-desmethoxygeldanamycin. 

15.     A method for treatment of a disease or condition characterized by undesired 

30      cellular proliferation or hyperproliferation in a subject suffering therefrom, 

comprising the steps of: 
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(a) administering to said subject a synergistic dose of a benzoquinone 

ansamycin; 

(b) waiting a period of time sufficient to allow development of a substantially 

efficacious response; and 

(c) administering to said subject a sub-toxic dose of an Hsp90 client protein 

inhibitor. 
..      .. ? ■ 

16. The method of Claim 15 wherein the Hsp90 client protein inhibitor is a 

microtubule stabilizing agent. 

17. The method of Claim 15 wherein the microtubule stabilizing agent is selected 

from the group consisting of paclitaxel, an epothilone, discodermolide, and 

laulimalide. 

18. The method of Claim 16 wherein the benzoquinone ansamycin is selected 

from the group consisting of a compound of Claim 1, 17-allylamino-17-desmethoxy- 

geldanamycin, and 17-(2-(dimethylamino)ethylamino-17-desmethoxygeldanamycin. 

19. A method for treatment of a disease or condition characterized by undesired 

cellular proliferation or hyperproliferation in a subject suffering therefrom, 

comprising administering to said subject a composition of Claim 7 in combination 

with a cytotoxic drug selected from the group consisting of 5-fluorouracil, 

methotrexate, vinblastine, cyclophosphamide, mechlorethamine, chlorambucil, 

Melphalan, Ifosfamide, bleomycin, mitomycin and doxorubicin. 

20. The method of Claim 10 or Claim 15 wherein the sub-toxic dose is between 

the maximum tolerated dose and one-twentieth of the maximum tolerated dose of the 

Hsp90 client protein inhibitor, and the synergistic dose is the maximum tolerated dose 

of the benzoquinone ansamycin. 
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Geldanamvcin PKS Module 1 DNA Sequence: SEP ID NO: 1 

0001 TCCGACGAGC CGGTGGCGAT CGTGGCGATG GGCTGCCACC TGCCGGGCGA 

GGTCGCGACG 

0061 CCCGAGGACC TGTGGCGGTT GGTGGCCGAC GGGCGGGACG CGATCGCCGG 

GTTCCCGGAG 

0121 GACCGGGGCT GGGACCTGGC CGGGCTCTTC GACTCCGACC CGGACGCCGT 

GGGCAAGTCC 

0181 TATGTGCGCG AGGGCGGTTT CCTCACCGAC GCGGGCGGAT TCGACGCCGC 

ATTCTTCGGC 

0241 ATCTCGCCCC GTGAGGCGCT GGCGATGGAC CCGCAGCAGC GGTTGCTGCT 

GGAGACCGCG 

0301 TGGGAGACCT TCGAGAATGC CGGAATCGAC CCGGGTTCGC TGCACGGCAC 

CGACGTCGGT 

03 61 GTGTTCAGCG GAGTGATGTA CCACGATTAC GGGGCCGACG CCGGGACGGC 

GGCGGAGGGC 

0421 CTGGAGGGGC ATCTCGGCGT GGGCAGCGCG GGGAGCGTCG TCTCCGGGCG 

GGTGGCCTAC 

04 81 GCGCTGGGCC TGACCGGGCC CGCGGTGACC GTGGACACCG CCTGCTCGTC 

CTCCCTGGTA 

0541 GCGCTGCACC TGGCGGTTCA GGCGGTGCGC ACGGGCGAAT GCTCGCTGGC 

GCTCGCCGGG 

0601 GGTGTCGCGG TGATGAGCAG GCCGACGTCG TTCATCGAGT TCTCCCGCCA 

GCGTGGCCTC 

0661 GCCCCCGACG GCCGCTGCAA GTCCTTCGCG GAGGGCGCCG ACGGCACCAA 

CTGGTCCGAG 

0721 GGTGTCGGGT TGGTGTTGCT GGAGCGGCTG TCCGATGCCC GCCGCAATGG 

GCATGAGGTG 

0781 CTCGCCGTCG TCCGTGGCAC CGCCGTGAAC CAGGACGGCG CCAGCAACGG 

CCTGACCGCG 

0841 CCCAACGGCC CGTCCCAGGA ACGGGTGATC CGGCAGGCGC TGGCGAACGC 

CGGGCTGACG 

0901 GTGGCCGATG TGGACGCGGT CGAGGCCCAC GGCACGGGCA CGAGTCTCGG 

CGACCCGATC 

0961 GAGGCCCAGG CACTCCTGGC CACCTACGGG CAGGAGCGGC CGGAGGATCA 

GCCGCTGTGG 

1021 CTGGGGTCGT TGAAGTCGAA CATCGGGCAT GCGCAGGCGG CGGCGGGCGC 

GGCCGGTGTC 

1081 ATCAAGATGG TCCAGGCCAT GCGGCACGGC GTACTGCCCA AAACCCTCCA 

CGCCGACGAG 
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1141 CCCACCAGCA AGGTCGACTG GACGTCAGGT GCGGTGTCGC TACTGTCCGA 

GGCCCGGCCC 

1201 TGGCCGGAGA CGGGACACCC CCGCCGCGCC GGAATCTCCT CCTTCGGCGT 

CAGCGGGACG 

1261 AACGCACACG TGGTCCTGGA ACAGGCACCC CTGGAAGCGG CTGCACCCGA 

AACACAGGCG 

1321 AGCGACGCGG GCGCTCCTGG GCTCGTGGCC ACGGGCGGCG TAGTGCCGTG 

GGTGCTGTCC 

1381 GCCAAGACTC CTGCGGCGCT GCGCGCTCAG GCAGAGCGTC TGGTCAGCCA 

TCTGGAGTCC 

1441 GGGAGCGACG CCAACCCGGT CGATGTGGGC TGGTCGCTGG CCACCACCCG 

GGCGGCGTTG 

1501 GAGCACCGCG CGGTCATCCT GGCGACGGAT GCCGAAGGAG GCATGGCGAC 

GGCGCGGGCT 

1561 CTGGCGGAGG GGCGGCCTGA CCCGCTCCTG GTCACCGGAC AGACCGGAAC 

AGACGGCAAA 

1621 ACCGTGTTCA TCTTCCCCGG CCAAGGCGCC CAATGGGTGG GCATGGGAGC 

CCAACTCCTC 

1681 AACACCTCAC CCGTCTTCGC CGCCCGCCTG CGTGAGTGCG CCGATGCTCT 

AGCGCCGTAT 

1741 ACCGACTGGT CGCTCATCGA CGTCATCACC GGCACGCCCG ACGCTCCCTC 

GCTTGAGCGT 

1801 GTCGACGTCG TACAGCCCGC CACCTTCGCC GTCGTCGTCT CCCTCGCCGC 

ACTCTGGCAA 

1861 TCCGTGGGCA TCCACCCCGA CGCCGTCATC GGCCACTCCC AAGGCGAAAT 

CGCCGCCGCC 

1921 TGCGTCGCCG GACACCTCAC CCTCACCAAC GCCGCCAAAA TCGTCACCCT 

CCGCAGCCAG 

1981 ACCATCGCCC ACCACCTCGC CGGACACGGC GGCATGATGT CCCTCGCCAC 

CCCCGCCGAC 

2041 ACCATCGACC TCACCAACTG GCACGGCAAA CTCTGGATCG CCGCACACAA 

CAGCCCCAAC 

2101 GCCACCGTCA TCGCAGGCGA CACCGACGCC CTGCACCAAC TCCACACCCA 

CTACACCGAC 

2161 CAGGGCACCA GAGCCCGCAT CATCCCCGTC GACTACGCCT CCCACACCGG 

ACACGTCGAC 

2221 ACCATCAAAA ACCAGCTACA AGACGTACTC GACGGCATCA CCCTCGAACC 

CGGCACCATC 

2281 CCCTGGCTCT CCACCGTCAC CGGACAGTGG ATCGAACCCA ACACCGTCGG 

CGACAGCTAC 
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2341 TGGTACCGCA ACCTCCGCCA AACCGTGCAA TTCGAGCACA CCATCCACAC 

CCTCGCCGAC 

24 01 CAGGGCTACC GCACCTACAT CGAAATCAGC CCCCACCCCG TCCTCACCAC 

CGCCATCCAA 

24 61 GAAACCCTCG AAGCCAACGA CACCCCCAAC ACCACCATCG TCACCGGCAC 

CCTCCGCCGC 

2521 GACGACGACA CCCCCACCCG CCTCCTCACC AACCTCGCCC ACCTCACCAC 

CAACGGAACA 

2581 CCAGTCAACT GGCCCACCCT CTTCACAGGC ACCCAACCCA CCCGCATCCC 

CCTCCCCACC 

2641 TACCCCTTCC AACACCACCA CTACTGGCTC CCCCGCAACA CCAGCGCAGG 

CGATGTGAGT 

2 701 GCCGTGGGCC TCCAGGGCAC GGGCCACCCG CTGGCCGGGG CCGTGGTGAG 

CGTGCCCGAC 

2761 ACCGGGGGTG TGCTGCTCAC CGGGCAGTTG TCGGTGGCCA CCCACCCGTG 

GCTGGCCGAC 

2821 CACGCCGTCT CCGGAACGGT GCTGCTGCCG GGCACCGCGA TGGCCGAACT 

CGCCATCCGC 

2881 GCCGGAGACG AGACCGACAC CCCCACCCTG GAAGAGCTGG TCATCGGCCA 

GCCGATGACA 

2941 CTGCCCGAAG ACGGTGCACT ACATGTCCAG GTACTGGTCG GCGGCGTGGA 

GGACGGGCGC 

3 001 CGAGGGGTGC GGATCTACTC TCGCCCCGAC GCGGCCCAGG AACAGGAATG 

GCTGGAGCAC 

3061 GCCTCGGGCA CACTCGCCAC GCAGCCGGAC GGTTCGGCCG AGGGCGGCAT 

GGAGAACGGC 

3121 ATGCCCGAGT GGCCGCCGCC CGGTGTCGAG CCGATCGCTC TGGATGACTT 

CTACGACGAC 

3181 CTCGCCCAGG CCGGGTATGA GTACGGGCCC GCCTTCCGCG GGCTGAAGGC 

GGTCTGGAAG 

3241 CGCGATGGCG AGGTGTTCGC GGAGGCCGCG CTGCCGGAGG AGCAGACGGA 

CGTCGCCGGC 

3301 CGGTTCGGTA TCCATCCGGC GCTGCTGGAC GCCGCGTTGC ACGCGAGCAA 

CTTCTGTGTG 

3361 CCCCCGGCCC CGGGCCAAAC GCTCCTCCCC TTCGTGTGGA ACGGCGTACG 

GCTGCTGGCG 

3421 GCGGGAGCCA CGGCCGTCCG TGTGCGCGCC CGCGCCACCG GCACGGACTC 

GTTCACGATC 

34 81 AGCCTGTTCG ACAGCACCGG CTCCCCCGTC GCCTCGGTGG ACTCCCTGGT 

GCTCCGGGCG 
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3541 ATCAGTCCCG AGCAGCTCGC 

TGATGCGCTG 

3601 TTCACGCTGG ACTGGACCGA 

CTGGGCCACC 

5      3661 CTCGGCGATG CCCACACCGA 

GGGAGAGGAC 

3721 CGGCCCGGGG CCGTGGTCGC 

CGGCCTGCCC 

37 81 GCGCGGGCCC GGGATCTGGC 

10 GGTCGGCCGA 

3841 CCCGAACTCG CCGACGTCCG 

CGTGCACGAC 

3901 ACCGCCGAGG TCACCGACCC 

CTCCGCCCAG 

15      3961 TCCGAACACC CGGGCCGGAT 

GGAGGCGCTG 

4021 CCCGAGGCGG TGGCGGCCGG 

GCTGTGGGTG 

4081 CCTCGTCTGG TGCGGTCGCC 

20 CTGGTACCTC 

4141 GACGTCTCGG AGAAGGGCAG 

GGAGGCCACC 

42 01 GCGCCGCTGG CCACCGGTCA 

GAACTTCCGG 

25      4261 GACGTACTCG TCGCGCTCGG 

CGAGGGTGCC 

4321 GGGGTGGTGA CCGAGGTCGG 

CCGGGTGATG 

4381 GGCCTGTTCC CGCGCTCGTT 

30 GGTCGCGCCG 

4441 ATCCCCGAGG GCTGGTCGTA 

TCTGACGGCA 

4501 CTGTACGGGC TGCGGGACCT 

GGTGCACGCC 

35      4561 GCCGCGGGCG GTGTGGGCAT 

CGCCACCGTG 

4621 TACGCCACCG CCCACCCGTC 

GCCGGAGGGG 

4681 CATCTGGCGT CCAGCCGCGA 

40 GGATGTGGTG 

TGCCGCCTCC GGCGGTGCCG GTCGGTCCGC 

GCACCCCACC GCCCTGGGGA CCGAGGTTTC 

CGTGGACGCC CACGTGGACG CGCTCATCGC 

CGACACCGCG GCCTGGGCCG CCGGGGACAC 

CGCCCGCGCG CTGGACCTGG TGCAGCGGTG 

GCTCGTGTTG CTCACTCGTG. GGGCGGTGTC 

GGCCGCCGCC GCGATCTGGG GCCTGGTCCG 

CGCCCTGGTG GACACCGACG ACGTGTCGCG 

CGAGCCGCAA GTGGCGCTGC GCCGTGGGCT 

GCAGGGTCTC GCCGTACCCG CGCACGAGCA 

CCTGGAGAAC CTGGTGCTGC GGCCGGATCC 

GGTCCGGATC GAGGTCCGCG CCGCCGGTCA 

CGGCGTGGCG GGTCAGGAGG GTCTGGGCGG 

GCCCGGGGTC GAGGGCCTGG CGGTGGGCGA 

CGGCCCGCTG GCCATCGCGG ACGCGCGCAC 

CGCCACGGCC GCCGGGGTGC CGGTGGCCTA 

GGGCACCGTA CAGCCGGGTG AGACGGTGCT 

GGCCGCCGTC CAGTTGGCGC GGCACTTCGG 

GAAGCACCAT GTGCTGACCG CGCTGGGGGT 

CCTCGGTTTC GCCTCGGCGT TTCCCGCGCT 

4/13 



WO 03/013430 PCT/US02/24891 

4 741 CTGAACTCCC TCACCGGCGA GTATGTGGAC GCCTCGCTGG GGCTGCTCGG 

CACGGGTGGC 

4 7 01 CGTTTCGTGG AGATGGGCAA GAACGACATC CGCGATCCCG CCTCGGTCGC 

CGCAGCACAT 

4 861 CCCGGTGTGG GCTATCAGGC GTTCGACCTG GGAGGTGACG CGGGCCCTGA 

CCGGATCCGG 

4 921 GAGCTGCTCG CGGAGCTGGT GGAACTGTTC GAGGCGGGCC GGATCGAGCC 

GCTTCCGATA 

4 981 CGGCACTGGG ACGTCACCCA GGCGCCGACG GCCTTCCGGT GGATGAGCCA 

GGGGCGGCAC: 

5041 ACCGGCAAGA TCGTGCTCAC CCTCCCCCGA GCCCTGGACC CGGACGGCAC 

CGTCCTGATC 

5101 ACCGGTGGCA CCGGAACCCT CGGCGCCACC ATCGCCCGCC ACGTCGTCAC 

CCACCACGGC. 

5161 GCGCGCCAGT TGCTCCTCAT CAGCCGTCAG GGTCCCGACG CCCCCGGCGC 

CACCGATCTC 

5221 ACCACCGAAC TCACCGAACT CGGCGCCACC GTCCGCATCA CCGCCTGCGA 

CACCGCCGAC 

5281 CGCGACCAAC TCGCCGCGCT CCTCGCCGAC ATCCCCGCCG CCCACCCCCT 

CACCGCCGTC 

5341 ATCCACACCG CCGGCGCCCT GGACGACGGT GTCCTGACCG CGCTCACCCC 

GGACCGCCTC 

5401 GACACCGTCT TCCGCCCCAA GGTCGACGCC GTCACCCACC TCCACGACCT 

CACCCGCGAC 

54 61 CAGGACCTGG CCGCGTTCGT CATCTACTCG TCCGCCGCCG GAACGCTCGG 

CAACGCGGGG 

5521 CAGGCCAACT ACGCCGCCGC CAATGCCTTC CTCGACGCCT TCGCCCAGTG 

GCGGCACGCC 

5581 CGCCACCGGC CCGCCACTTC GCTGGCGTGG GGGCTGTGGA GCGACACCAG 

CACGCTCACC 

5641 TCGACGATGG ACGCCACCGA CGTACGCCGC ACACGGCGGG CGGGGGTGCT 

GGGCATGGAC 

5701 AACGCCGAGG CGCTGCGGGT GTTCGACACC GGGTTGCGGT CCGGGCGGCC 

CGCGCTGGTG 

5761 GCCGCGAAGA TCGACCTCAC CGCCCTGCGC GCGCCGGACG CCGAGTTGTC 

GCCGCTGCTG 

5821 CGCGGACTGG CCCGTCCGGC GCGCCGCACC GCGCGCACCG CGGCCCCGGC 

GGCCGGTGGT 

5881 CTGTCGGGGC AGCTGGCCGG GCTGTCCCCC GCCGGGCAGC GGGAGTTCCT 

GCTCAACCTG 
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5941 GTGCGGGCGG AGGCCGCGGT GGTCCTCGCC CACGCCGGTC CTGAGGCGAT 

CGAGCCGACC 

6001 GTGGCGTTCA AGGAGATGGG TTTCGACTCG CTGACGGCGG TCGAACTGCG 

CAACCGGCTG 

6061 AATGCGGCGA CCGGGCTGCG GCTCCCCGCC ACGTTGCTCT TCGACCACCC 

GACTCCGGCT 

6121 CTTCTCACCG AGCTGTTCCA TACCGAGTTG GGCGGCGGCC CGGCACCCGC 

CGCGGCGGCC 

6181 CCGGTGACCG TGCGTGCCGC CGCTGACGAG // 
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Geldanamvcin PKS Module 1 DNA Sequence: SEP ED NO: 2 

0001 ATGGCTGCGT CCCGGGAAGA CCTGGTCAAG GCGCTGCGTA CCTCGCTGAT 

GGACGCCGAG 

5      0061 CGGCTGAAGC GGGAGAACGA CCGGCTGATC GCCGAGTCCA CCGAACCGGT 

GGCGATCGTG 

0121 GCGATGGCGT GCCGGCTGCC GGGTGGGGTG ACCGACCCGG AGTCGCTGTG 

GGAGCTGGTG 

0181 GACGAGGGGC GGGACGCGAT CGGGCCGTTC CCCACGGATC GCGGCTGGGA 

10 CCTGGAGACC 

0241 CTGTTCGACT CCGATCCGGA CGCCGTGGGC AAGTCCTACG TACGCGAGGC 

GGGGTTCCTG 

0301 GAGGGGGCGG GCGGATTCGA CGCCGCCTTC TTCGGCATCT CGCCGCGCGA 

GGCCCTGTCG 

15      0361 CTGGACCCGC AGCAGCGGCT GCTGCTGGAG ACCGCGTGGG AGACCTTCGA 

GCGGGCGGGG 

0421 ATGGATCCGC GGTCGGTGGA GGGCCGGGAC ATCGCGGTGT TCGCCGGGGG 

CAGCGGCCAG 

04 81 GGGTACGGCG GCGGTCCGGG TGAGGCGCCC AAGGGCCTGG AGGGCTATCT 

20 GGGGGTCGGC 

0541 GCTTCCGGCA GTGTCATCTC CGGGCGCGTG TCGTACACGC TCGGGCTGAC 

CGGTCCCGCC 

0601 GTGACCGTGG ACACCGCCTG CTCGTCCTCG CTGGTGGCCG CCCATCTCGC 

CGTGCAGGCG 

25      0661 CTGCGGTCCG GCGAATGTTC CATGGCGCTG GCCGGTGGTG TCGCCGTGAT 

GGGCCAGCCC 

0721 ACCGCCTTCG TCGAGTTCTC CCGGCAGCGT GGCCTGGCGC CCGACGGGCG 

CTGCAAGTCC 

0781 TTCGGCGCGG GCGCCGACGG CACCACCTGG TCCGAAGGTG TCGGGCTCGT 

30 TCTGCTGGAG 

0841 CGGCTGTCGG ACGCCCGCCG CAACGGCCAC GAAGTGCTGG CCGTGATCCG 

GGGCACCGCG 

0901 GTCAACCAGG ACGGCGCCTC CAACGGACTC ACCGCGCCCA ACGGCCCCTC 

CCAGGAGCGG 

35      0961 GTGATCCGCC AGGCCCTGTC CAACGCCGGG CTGACGGTGG CCGACGTGGA 

CGCCGTCGAG 

1021 GCCCACGGCA CCGGCACCGC CCTCGGCGAC CCCATCGAAG CCCAGGCCGT 

TCTCGCCACC 

1081 TACGGCCAAA GCCGCCCGGA GGGCCGGCCG CTGTGGCTCG GCTCCCTCAA 

40 GTCCAACATC 
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1141 GGCCACGCGC AGGCCGCAGC GGGCATCGCC AGTGTCATCA AGACCGTCAT 

GGCCTTACGC 

1*201 CACGGCCGGT TGCCGAAGAC CCTCCACGCC GAACAGCCCA CCTCCCAGGT 

GAACTGGACG 

1261 TCGGGCGCGG TGTCCCTGCT CGCCGAGGCG CGGGCGTGGC CGGAGACCGG 

ACACGCCGGC 

1321 CGCGCCGGGA TCTCCTCCTT CGGCGTCAGC GGGACGAACG CACACGTCAT 

CCTGGAACAG 

1381 GCCCCTGAGG AAGCCGAGGC GACCGGGGAG AACACCGCCG ATCAGGAACC 

GCCCGTACGC 

1441 TCGGCGGAGT CCGCCGACCC CGGCCCGGTC GCCACCGGCC ACGTGGTGCC 

GTGGCTGCTC 

1501 TCGGGCCATA CGCAGGAGGC GCTGCGTGCC CAGGCCGCCC GGCTGCTGAC 

CCAGGTGCGC 

1561 GAGACGCCCT CCGACAGTCC GCGGGACGTG GGCTGGTCAC TGGCCACCAC 

CCGGACCCGG 

1621 CTGGACCACC GCGCGGTCGT ACTGTGCGCC GATGCCGAGC AGGCCGTCGC 

GGGGCTGGAG 

1681 GCGGTGGCCT CGGGCACGTC CGCCCGGTCG GCGGTCACCG GGTCCGTGGC 

CTCCGGAAAG 

1741 GTGGCGGTGC TGTTCACCGG GCAGGGCAGC CAGCGGGCCG GAATGGGCCG 

CGAACTGCAC 

1801 GGCGCCCACC CGGTGTTCGC GCGGGCCTTC GACGCCGTGT GCGCCCAGTT 

CGGCGACCTG 

1861 CGCGACGGGG ACGACAAGGT CTCGCTGGCC GAGGTGATCT TCGCCGAGGA 

GGGGTCGGCG 

1921 ACGGCAGCGC TGCTGGACCG GACCGAGTTC ACCCAGCCCG CGCTGTTCGC 

GCTGGAGGTG 

1981 GCGCTGTTCC GGCTCGTGGA GTCGTGGGGA GTGCGCCCCG CGTATGTGCT 

GGGCCACTCG 

2041 ATCGGCGAAG TGGCGGCGGC CCATGTGGCC GGGGTCCTGT CCCTGCCGGA 

CGCCTGCACA 

2101 TTGGTGCGGG CGCGCGGGCG GCTGATGCAG CAACTCACCG CGACCGGGGC 

GATGGTCGCG 

2161 GTGGAGGCGG CCGAGGACGA GGTGGCGCCG CTGCTCGCGG GGAAGGAGCA 

CAAGGTCTCC 

2221 ATCGCCGCGG TCAACGGCCC GGCCTCCGTG GTCGTCTCCG GTGACGAGGA 

CGTGGTCACG 

2281 GCGGTGGCGG AGACGCTGGC GCGGCAGGGC CGCAAGACCA AGCGGCTCGT 

GGTCTCGCAC 
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2341 GCCTTCCACT CCCCCCACAT GGACGGGATG CTGGACGCGT TCCGCGAGGT 

GGCGTCGCGG 

2401 CTGGCCTACG CGCCACCCCG GATACCCGTG GTGTCGAACC TCACCGGCGC 

GGTCGCCGAT 

2461 CCCGAGGAGC TGTGCTCCCC CGAGTACTGG GTACGGCATG CACGTGGCGC 

GGTGCGGTTC 

2521 CTCGACGGTG TCCGCACACT GGCCGACGAG GGCGTGCGCA CCCATCTGGA 

ACTCGGCCCG 

2581 GATGGGGTGC TGACCGCGAT GGGGCAGGAC TGTCTGCCCG AGGCGGACGC 

GGCGTTCGTG 

2641 CCGTCCCTGC GTCCGGGCGT CCAGGAGCCG CACGCGGTGC TGGCCGGGCT 

CGCCGGCCTG 

2701 TACGTACGGG GTGTGCGGGT GGACTGGGAC GCGATGTTCG CCGGGTCCGG 

CGCCCGGCCC 

2761 GTCGCCCTTC CCACGTACGC CTTCCAGCAC GAGCACTACT GGCTGGAGCG 

GGCCGCCGGC 

2821 TCCGGCGACG TGGGCGCGGT GGGGCTCGGC GAGGCGGGCC ATCCGCTGCT 

GGGCGCGGTG 

2881 GTGCAGCTCC CGGAGACGGG CGGGGTGCAG CTCAGCGGGC GGCTGTCGGT 

ACGGGCCCAG 

2 941 CCCTGGCTGG GCGAACACGT CATCTCCGGG GCGGTGCTGG TGCCCGGCAC 

CGCCATGGTG 

3001 GAACTGGCCG TCCGCGCCGG GGACGAGACC GGCACCCCGG TGCTGGAGGA 

GCTGGTGATC 

3061 GGGCAGCCGA TGGTGCTGCC CGGCGACACC GCCCTCAGTG TCCAGGTCGT 

CGTGGGCGCG 

3121 GACGAGGGCG GGCGGCGTAC GGTGCGGATC TACTCCCGTA CCGACGGGGG 

CACCGACTGG 

3181 ACCGAGCACG CCACCGGCAC GCTCGCGGCG CAGGGCCCGG CACCGCTGGA 

CGGGGCCGCG 

3241 GGCGGGGCCG CCGTCGAGTG GCCGCCCGCG GAAGCCGAGC CGATCCCCGT 

GGAGGACTTC 

3301 TACCGCTCGC TCGTCGACGC CGGATACGCG TACGGACCGG CGTTCCGCGG 

GCTCGTCGCC 

3361 GCGTGGCGCC GGGACGGTGA GATCTTCGGC GATGTGGCGC TGCCGGAGGC 

GTCCGTCGCG 

3421 GAGGCCGAGC GGTTCGGCAT CCACCCGGCG CTGCTGGACG CCGCACTGCA 

CGCGGGCAGC 

3481 TTCTGTCTGC CCTCCGACCC GGCGCGACAG GTGACCCTGC TGCCGTTCGC 

CTGGAACACC 
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3541 GTGCGTCTGC ACGCGGGCGG CGCGTCCGCG GTCCGGGTGC ATGTCCGCCC 

GGTCGGCGAC 

3601 GACGCCTTCT CGGTACGCCT GACCGACGGC TCGGGCCAGA CGGTGGCCTC 

GGTGGACTCG 

3661 CTCACCTTGC GGGCGGTGGA CCCGGCCCAG CTCAAGATCG GCACGGCCGA 

CGACGCGCTG 

3721 TGGACGGTCC GCTGGAGCGA GACCTCGCTG CCGGACGGCG CGGTCTCCTG 

GGCCCCGCTC 

3781 GGCGAGTCGG CCACCGGGGC AACCGGGGGC TACGGCGCCA CAGGGGACGG 

CGGAGGCCCA 

3841 GGGGGCGCGC TTCCCGACGT CCTCGTGGCC GATACGCGCG CCTGGGCCGA 

AGACCTCACC 

3901 GGACCGCCGA CCGCGCGGGC CCGGGAGCTC ACCGGCCGCC TGCTGGAGGA 

GATCCAGCGG 

3961 TGGGTCGCCG ACGACGCCAT GGCCGGGACG CGGCTCGCCG TGGTCACCCG 

CGGCGCGGTC 

4021 GCGGTCCACG ACGACACCGA GGTCACCGAC CCGGCCGCCA CCGCGCTCTG 

GGGCCTGGTC 

4081 CGCTCGGCCC AGGCCGAACA CCCGGGGCGG GTGGCCCTGG TGGATGCCGA 

CGGAGCGTGC 

4141 GAGGAACTGC CCGCCGGGGT GTGGTCCGGG GACGAGCCCC AACTGGCGGT 

GCGCGGTGGC 

4201 GCCGTGTGGG TGCCACGCCT CACCCGGGTC GAGCCCGGCC TGCGCGTGCC 

CGCGCAGGCG 

4261 TCGTGGCATC TGGACTCGGC CGAGTACGGC ACCCTGGACA ATCTGGCGCT 

GCTGCCCGAC 

4 321 GAGGCCGAGC CCGCACCGCC GGCGGCCGGT CAGGTGCGGA TCGAGGTCCG 

CGCCGCCGGG 

4381 CTCAACTTCC GGGATGTCCT GGTGGCTCTC GGCATGTATC CGGGCCGGTC 

GGTGATCGGC 

4441 ACGGAGGGCG CCGGTGTGGT GACCGAAGTC GGTCCGGGCG TCACGGGCCT 

GGCCGTGGGC 

4 501 GACCGGGTGA TGGGCCTGTT CTCCGGCTCG TTCGGACCGC TGGCCACCGC 

CGACGCGCGC 

4561 ACGGTGATCC GGATGCCGGA GGGCTGGTCG TTCGGCACGG CGGCCGGGGT 

GCCGGTGGCC 

4 621 TATCTGACGG CGCTGTACGC GTTGCAGGAC CTCGGGAGGG TCCAGCCGGG 

CGAGACGGTC 

4681 CTGGTGCACG CCGCCGCGGG CGGTGTGGGC ATGGCCGCCG TCCAGCTCGC 

ACAGCACTTC 
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4 741 GGCGCCACCG TCCTGGGCAC CGCCCACCCC TCCAAGCACC ACGCACTCCA 

CCGGCTGGGC 

4801 GTTCCCGCCG AACGGCTCGC CTCCAGCCGC GACCTCGCCT ACGCCGACAC 

CTTCCCCACC 

4861 GCCGACGTCG TCCTCAACTC CCTCACCGGC GAGCACATCG ACGCCTCCCT 

CGGACTTCTC 

4921 AACCCCGGCG GCCGGTTCCT GGAGATGGGG AAGACCGACC TGCGGGAGCC 

CGGGGAGGTC 

498i GGGGCGCGGC ATCCGGAGGT CACCTACCGG GCGTTCGATC TCGGTGGGGA 

GGCCCCCGCG 

5041 GAGCGGGTGC GGGAGTTGCT GCACCAGTTG GTGGAGCTGT TCGAGGCGGG 

CCGGATCGAG 

5.101 CCGCTGCCGG TACGGCAGTG GGACATCACC CGCGCCCCCG AGGCGTTCCG 

CTGGATGAGT 

5161 CAGGGGCGGC ATACCGGCAA GATCGTGCTC ACCCTGCCAC GCGCCCTGGA 

CCCGGACGGC 

5221 ACCGTCCTGG TCACCGGTGG CACGGGCACC CTCGGCGCCA CGATCGCCCG 

CCACCTTCTC 

52 81 ACCCAGCACG GCGCACGCCA TCTGCTGCTG GTCAGCCGCC GGGGACCGGA 

CGCACCTGGC 

5341 GCCACAGACC TGACCACCGA ACTCACCGAA CTCGGCGCCA CCGTCCGCAT 

CACCGCCTGC 

54 01 GACACCGCCG ACCGCGACCA ACTCGCCGCG CTCCTCGCCG ACATCCCCGC 

CGACCACCCC 

5461 CTCACCGCCG TGGTCCACAC GGCCGGGACC CTCGACGACG GTGTCCTGAC 

CGCGCTCACC 

5521 CCGGACCGCC TCGACACCGT CTTCCGCCCC AAGGTCGACG CCGTCACCCA 

TCTCCACGAC 

5581 CTCACCCGCG ACCACGACCT GGCGGCGTTC GTGGTGTACT CGTCCGCCGC 

CGGAGTCCTC 

5641 GGCGGGCCCG GCCAGGGCAA CTACTCCGCC GCCAACGCCT ATCTGGACGG 

ACTCGCACAG 

5701 TGGCGGCGTG CGCACGGGCT CCCCGCCACC TCGCTGGCGT GGGGCATGTG 

GGCGCAGACC 

5761 AGTGGCATGA CGGCCGGGCT CGGCTCCGGC GATCTGCACC GGGTGCGGCG 

TGGCGGCATC 

5821 GTCGGGCTGT CCACGGCGGA GGCCCTGGAC CTGTTCGACC GGTCGGTGGC 

GTCCGGGCTG 

5881 TCCCTGCTGG TGCCGTTGCG GTTGGACATC GCCGCCCTCG GTGCGGAGGC 

CGCGGAACCG 
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5 941 CCGCCGCTGC TGCGGGGTCT GGTCCGGCCG GCCCGGCGTA CGGCCCGGCC 

GGTGCCGAAG 

6001 GCCGGTGAGG GCGGCCTCGC CGAACGGCTG GCCGGGCTGT CGGCGGCCGA 

ACAGGAGCGT 

5      6061 CTGCTCATCG AGTTGATCCG CGAACAGGCC GCTTCGGTGC TCGGGTTCCC 

CACGGTCGAC 

6121 CCGATCGGGC CGGAGCAGGC GTTCCGCGAC ATGGGGTTCG ACTCGCTGAC 

CGCGGTGGAG 

6181 CTGCGCAACC GCCTCAACAC GGCCACCGGG CTACGGCTCC CCGCAACGCT 

10 GGTCTTCGAC 

6241 CACCCGAGCC CCTTGGCCAC CGCCGAGTTC CTGCGGGATC AACTGGGCGG 

GCGCGCGGTC 

6301 GAGGCGGCGC CCCGCCCGGC CCGGCGTGAC CGGTCGGCTC CGGACGGGGC 

CGAGGATCCG // 

20    Specificity Peptide Sequence of module 1 AT domain: SEQ ED NO: 3 

0001 TyrAlaSerHis// 

Specificity Nucleotide Sequence of module 1 AT domain: SEQ ID NO: 4 

25    0001 tac gcc tec cac // 

Specificity Peptide Sequence of mutated module 1 AT domain: SEQ ID NO: 5 

0001 His AlaPheHis// 

30    Specificity Nucleotide Sequence of module 1 AT domain: SEQ ID NO: 6 

0001 cac gcc ttc cac// 

Signature Peptide Sequence of module 6 DH domain: SEQ ID NO: 7 

35    0001 His Val He Ser Gly Ala Val Leu Val Pro // 
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Signature Nucleotide Sequence of module 6 DH domain: SEQ ID NO: 8 

0001 cac gtc ate tec ggg gcg gtg ctg gtg ccc // 

. Signature Peptide Sequence of module 6 DH domain: SEQ ID NO: 9 

5 

0001 His Ala Val Ser Gly Thr Val Leu Leu Pro // 

Signature Nucleotide Sequence of module 6 DH domain: SEQ ID NO: 10 

0001 cac gec gtc tec gga acg gtg ctg ctg ccg // 

10 
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