"W 2006/016167 PCT/GB2005/003158

Production of Polyketides and Other Natural Products

Field of the Invention
The present invention relates to production of polyketides and other

natural products and to libraries of compounds and individual novel compounds.
Thersfore in one aspect the present invention provides 17-desmethylrapamycin
and analogues thereof, methods for their production, including recombinant
strains, and isolation and uses of the compounds of the invention. in a further
aspect the present invention provides for the use of these novel rapamycin
analogues in the induction or maintenance of immunosuppression, the stimulation
of neuronal regeneration or the treatrﬁent of cancer, B-cell malignancies, fungal
infections, fransplantation rejection, graft vs. host disease, autoimmune disorders,
diseases of inflammation, vascular dissase and fibrotic dissases and in the
regulation of wound healing. Ina spéciﬁc embodiment the present invention
provides methods for the engineering of the bicsynthetic genas governing
production of rapamycin in order to generate engineered strains that produce 17-
desmethylrapamycin and analoguss thereof. The invention is also concemed
with methods to generate a library of 17-desmethylrapamycin analogues by
feeding non-natural starter acids to such a sirain, and the library.of compounds
thus produced and with the generation of derivative sirains in which cloned genes
or gene cassettes are expressed {o generate further analogues, and to processes
for their preparation, and to means employed therein (e.g. nucleic acids, vectors,

gene casseties and genetically medified strains).

Background of the invention
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Rapamyain (sirolimus) (Figure 1) is a lipophilic macrolide produced by Streptomyces
hygroscopicus NRRL 5491 (Sehgal ef al., 1975; Vézina et al., 1975; U.S. 3,828,882; U.S.
3,993,749) with a 1,2,3-tricarbonyl moiety linked to a pipecolic acid lactone (Paiva ef al., 1991).
Other related macrolides (Figure 2) include FK506 (tacrolimus) (Schreiber and Crabtree, 1992},
FK520 (ascomycin or immunomycin) (Wu et al, 2000), FK525 (Hatanaka H, ef al., 1989),
FK523 (Hatanaka, H., ef al., 1988), antascomicins (Fehr, T., et al., 1996) and meridamycin
(Sailituro ef al., 1995). For the purpose of this inventior rapamycin is described by the
numbering convention of McAlpine ef al. (1991) in preference to the numbering conventions of
Findtay ef al. (1980) or Chemical Abstracts (11™ Cumuiative Index, 1982-1986 p60719CS).

The polyketide backbone of rapamycin is synthesised by head-to-fail condensation of a
total of seven propionate and seven acetate units to a shikimate derived cyclohexanecarboxylic
acid starter unit (Paiva et al., 1891). The L-lysine derived amino acid, pipecoiic acid, is
condensed via an amide linkage onto the last acetate of the polyketide backbone (Paiva ef al.,
1993) and is followed by lactonisation to form the macrocycle. A 107 kb genomic region
containing the biosynthetic gene cluster has been sequenced (Schwecke ef al,, 1295). Analysis
of the open reading frames revealed three large genes encoding the modular polyketide
synthase (PKS) (Aparicio ef al., 1996; Schwecke ef al., 1995). Embedded between the PKS
genes lies the rapP gene encoding a protein with sequence similarity to activation domains of
nonribosomai pepiide synthetases and it is thought to act analogously (Kénig et al., 1997). The
region encoding the PKS genes is flanked on both sides by 24 additional open reading frames
encoding enzymes believed fo be required for the biosynthesis of rapamycin (Molnar et al.,
1996). These include the following post-polyketide modification enzymes: two cytochrome P-
450 monooxygenases, designated as RapJ and RapN, an associated fetredoxin RapO, and
three SAM-dependent O-methyltransferases Rapi, RapM and RapQ. Other adjacent genes
have putative roles in the regulation and the export of rapamyecin (Molnar ef al., 1996). The
cluster also contains the geﬁe rapl. whose product Rapl is proposed o catalyse the formation
of the rapamycin precursor L-pipecolic acid through the cyclodeamination of L-lysine (Khaw ef
al., 1998; Paiva af al., 1993). '

The polyketide core of rapamycin is assembled by the very large, multifunctional
proteins that comprise the Type I polyketide synthase (rap PKS). This polypeptide complex
comptises a loading module and fourteen extension modules, each module being responsibie
for both the addition of a specific acyl-CoA precursor fo the growing polyketide chain, and for
the degree of reduction of the B—keto carbonyt group. Each module performs sevaral
biochemical reactions which are carried out by specific domains of the polypeptids. All the
extenéion modules contain an acyl transferase (AT) domain which selects and then donates the
acyl group from a precursor to an acyt carrier proiein (ACP) domain, and a k—ketosynthase (KS)
domain that adds the pre-existing polyketide chain fo the new acyl-ACP by decarboxylative
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condensation. Additional domains are present in some extension modules: B—ketoreductase
(KR) domains which reduce B—keto groups to hydroxyls, dehydratase (DH) domains which act
on hydroxyls to Ieave double bonds, and enoyl reductase (ER) domains which reduce double
bonds to leave saturated carbons. In modules 3 and 6 the B-keto processing domains that are
present are predicted to be inactive, as the action of these domains is not reflected in the
uliimate structure. The final extension module (extension module 14) appears not to contain
any B-keto-processing domains. The initiation of rapamyein biosynthesis occurs via
incorporation of 4,5-dihydroxycyclohex-1-enecarboxylic acid that is derived from the shikimate
pathway (Lowden, P. A. 8., et al. 2001) and is common to other FKBP-binding molecules such
as FK506 and FK520 (Figure 2). Following biosynthesis of the polyketide, the NRPS module
encoded by rapP, incorporates pipecolic acid (L-lysine derived), which is condensed via an
amide linkage onto the last acetate of the polyketide backbone (Paiva ef al., 1993). This is
foliowed by lactonisation to form the macrocycle. '

The nucleotide sequences for each of the three rapamycin PKS genes, the NRPS-
encoding gene and the flanking late gene sequences and the corresponding polypeptides, are
identified in Aparicio et al., 1998, and Schwecke ef al., 1995 and are deposited with the NCBI
under accession number X86780, and corrections o this sequence have recently been
pubiished in WO 04/007708S.

" The first enzyme-free product of the rapamycin biosynthetic cluster has been designated
pre-rapamycin (WO 04/007709, Gregory et al., 2004). Production of the fully processed
rapamycin requires additional processing of the polyketide/NRPS core by the enzymes encoded
by the rapamycin late genes, RapJ, RapN, RapO, RapM, RapQ and Rapl.

Rapamycin has significant pharmacological value due to the wide spectrum of activities
exhibited by the compound; this emphasizes the necessity fo generate novel analogues of the
drug. Rapamycin shows moderate antifungal activity, mainly against Candida species but also
against filamentous fungi (Baker ef al.,. 1978, Sehgal ef al., 1975; Vézina ef al., 1975; U.S. '
3,020,092: U.S. 3,893,749). Rapamycin inhibits cell proliferation by targeting signal
transduction pathways in a variety of cell types, e.g. by inhibiting signalling pathways that aliow
progression from the G, to the S-phase of the cell cycle (Kuo et al, 1992). In T cells rapamycin
inhibits signaliing from the IL-2 receptor and subsequent autoproliferation of the T celis resulting
in immunosuppression. The inhibitory effects of rapamycin are not limited to T cells, since
rapamycin inhibits the proliferation of many mammalian cell types (Brunn ef al., 1996).
Rapamycin is, therefore, a potent immunosuppressant with established or predicted therapeutic
applications in the prevention of organ aliograft rejection and in the treatment of autoimmune
diseases (Kahan ef al., 1991). 40-O-(2-hydroxy)ethyl-rapamycin (SDZ RAD, Certican,
everolimus) is a semi-synthetic analogue of rapamycin that shows immunosuppressive
pharmacological effects (Sedrani, R. et al., 1888; Kirchner ef al., 2000; U.S. 5,665,772).
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Approval for this drug was obtained for Europe in 2003 and [t is expected to be launched in the
US shortly. The rapamycin ester CC-779 (Wyeth-Ayerst) inhibits cell growth in vitro and inhibits
tumour growth in vivo (Yu et al., 2001). CCI779 is currently in Phase Il clinical trials. The
value of rapamycin in the treatment of chronic plague psoriasis (Kirby anad Griffiths, 2001), the
potential use of effects such as the stimulation of neurite outgrowth in PC12 cells (Lyons ef al,
1994), the block of the proliferative responses to cytokines by vascular and smooth muscle cells
after mechanical injury (Gregory ef al., 1993} and its role in prevention of aliografi fibrosis
(Walier and Nicholson, 2001) are areas of intense research (Kahan and Camardo, 2001).
Recent reports reveal that rapamycin is associated with a lower incidence of cancer in organ
allograft patients on long-term immunDSUpprsssive therapy than those on other
immunosupprassive regimes, and that this reduced cancer incidence is due to inhibifion of
angiogenesis (Guba et al., 2002). 1t has been reported that the neurotrophic activities of
immunophilin ligands are independent of their immunoesuppressive activity (Steiner ef af., 1997)
and that nerve growth stimulation is promoted by disruption of the mature steroid receptor
complex as outlined in the patent application WO 01/03692. Side effects such as
hyperfipidemia and thrombocytopenia as well as potential teratogenic effects have been
reported (Hentges ef af., 2001; Kahan and Camardo, 2001).

Rapamysin impacts signalling cascades within the cell through the inhibition of the
p70%%* kinase, a serinefthreonine kinase in higher eukaryotes that phosphorylates the ribosomal
protein S6 (Ferrari ef al., 1993; Kuo et al., 1992). The 886 protein is located in the ribosomal
405 subunit and it is believed to be an important functional site involved in tRNA and mRNA
binding. A regulatory function for mRNA translation through S6 phosphorylation by p70%* has
been posiulated (Kawasome ef al., 1998). Rapamycin inhibits protein synthesis through its
effect on other growth related events, including the activity of cyclin-dependent kinases,
phosphorylation D'f_cAMP;responsive element modulator (CREM) and phosphorylation of the
elongation fécto_r binding protein 4E-BP1 (PHAS?) (Hung et al.,, 1996). The drug induces the
accumulation of the dephosphorylated species of 4E-BP1 that binds to the translation initiation
factor elF-4E, thus, suppressing translation initiation of cap-dependent mRNAs (Hara et al.,
1997; Raught et al., 2001}.

The pharmacologic actions- of rapamycin characterised io date are believed to be
mediated by the interaction with cytosolic receptors termed FKBPs or immunophiiins.
immunophilins (this term is used to denote immunosuppressant binding proteins) catalyse the
isomerisation of cis and trans peptidyl-proline bonds and belong to a highly conserved family of
enzymes found in a wide variety of organisms (Resen and Schreiber, 1992). Two large groups
of enzymes belonging to the family of immunophilins are represented by FKBPs and
cyclophilins (Schreiber and Crabtree, 1992). The major intraceliular rapamycin receptor in.
eukaryotic T-cells is FKBP12 (Dilelia and Craig, 1991} and the resulting complex interacts
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specifically with target proteins to inhibit the signal transduction cascade of the cell. Analysis of
the crystal structure of the FKBP12-rapamycin complex has identified a rapamycin-binding
pharmacophore termed the 'binding domain’ (Van Duyne ef al., 1993) (see Figure 1). The
‘binding domain’ is required for the interaction with the immunophilin and consists of the C-11to0 -+
C-14 region including the ester linkage, the pipecolic acid-derived ring, the dicarbonyl and the
h_emiketa! ring. The interaction is characterised by many hydrophobic contacts and some
hydrogen bonds including one to the hydroxyl group on the dyclohexane ring. The pipecolinyl
ring (C2 to N7) makes the deepest penetration into the protein where It is surrounded by highly
conserved aromatic amino acid residues lining the hydrophobic binding cavity. Both the C1 and
the C8 carbony! groups are involved in hydrogen bonding and the C9 carbonyl group protrudes
. into a pocket formed by three completely conserved aromatic amino acid residues (oné tyrosine
and two phenylalanine acid residues) in FKBP12. The domain of the immunophilin-ligand
compiex which interacts with the target proteins projects away from FKBP.

Most immunophilins do not appear to be directly involved in immunosuppressive
activities and relatively little is known concerning their natural ligands although candidaies for
natural ligands of the FKBPs termed FKBP-associated proteins (FAP) such as FAP48 and
FAP1 have been reported. The sﬁeciﬁc interaction of FAPs with FKBPs during the formation of
complexes was pfevenied by rapamycin in a dose-dependent manner (Chambraud ef al., 1996;
Kunz ef al., 2000). immunophilins appear to function in a wide range of cellular activities such
as protein folding; assembly and trafficking of proteins; co-regulation of molecular complexes
including heat shock proteins; steroid receptors; ion channels; celi-to-cell interactions and
transcription and translation of genes (Galat 2000; Hamilton and Steiner 1998). All
immunophilins possess the protein folding property of peptidyl-prolyl cis-trans isomerisation and
several immunophilins are found located in the endoplasmic reticulum, a principal site of protein
synthesis in the cell. Inaddition to FKBP12 (U.S. 5,109,112) other immunophilins include
FKBP12.6 (U.S. 5,457,182), FKBP13 (Hendrickson ef a/., 1893; U.S. 5,498,597), FKBP25
(Hung and Schreiber, 1992, Jin ef al., 1992), FKBP14.6 (U.S. 5,354,845), FKBP52 (U.S.
5,763,590), FKBPB0 (Yem ef al., 1992) and FKBP85 (Patterson et al., 2000).

The target of the rapamycin-FKBP12 complex has been identified in yeast as TOR
(target of rapamycin) (Alarcon ef al., 1999) and the mammalian protein is known as FRAP
(FKBP-rapamycin associated protein) or mTOR (mammalian target of rapamycin) (Brown ef al.,
1994). These proteins show significant similarity to the phosphotransferase domains of
phosphatidylinositol 3- kinases and the observation that a point mutation in the FKBP12-
rapamycin binding demain (FRB) of mTOR abolishes mTOR kinase activity provides evidence
for the invoi_verbent of ERRB in the function of the kinase domain (Vileila-Bach ef al., 1995). The
crystal structure of FKBP12-rapamycin with a fruncated form of mTOR containing the FRB
domain {Chen et al., 1995) has been obtained thus defining the ‘effector’ domain of rapamycin
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" (Choi et al., 1996; Liang ef al., 1999). The analysis of the crystal siructures revealed that protein-
protein contacts are relatively limited compared fo the interaction between rapamycin and each
protein. No hydrogen bonds between rapamycin and FRB were ideniified. Interaction is
concentrated in a series of hydrophobic contacts between the trisne region of rapamycin and
mainly aromatic residues of FRB (Liang et al., 1999). The most deeply buried atom of
rapamycin is the methyl attached to C23 (see Figure 1). The C2Z3 fo C34 region and the
cyclohexy! ring of rapamycin make hydrophobic contacts with FRB. A small conformational
change in rapamycin was evident between the binary and the ternary complexes (Liang ef al.,
1999). | |

Divergences between the biological effects of rapamycin analogues modified at the C16
methoxy group and their ability to bind FKBP12 were detected and the location of the C16
substituents at the interfacial space between FKBP12 and mTOR was postulated (Luengo et al.,
1995). The analysis of the crystal structure of FKBP12 with the non-immunosuppressive 28-0-
methyl rapamycin revealed a significant difference in the orientation of the cyclohexyi ring which
may result in disruption of mTOR binding (Kallen ef al., 1996). ' _

A fink between mTOR signaliing and localized protein synthesis in neurons; its effect on
the phosphorylation state of proteins involved in fransiational control; the abundance of
components of the transiaiion machinery at the transcriptional and translational levels; control of
amino acid permease activity and the coordination of the transcription of many enzymes
involved in metabolic pathways have been described (Raught ef al., 2001). Rapamycin
sensitive signalling pathways also appear to play an important role in embryonic brain
development, learning and memory formation (Tang et al., 2002). Research on TOR profeins in
yeast also reveaied their roles in modulating nutrient-sensitive signalling pathways (Hardwick ef
al., 1999). Simiiarly, mTOR has been identified as a direct target for the action of protein kinase
B (akt) and of having a key role in insulin signalling (Shepherd ef al., 1998; Navé et al., 1299).
Mammalian TOR has also been implicated in the polarization of the actin cytoskeleton and the
regulation of translational initiation (Alarcon ef al., 1899). Phaosphatidylinositol 3-kinases, such
as mTOR, are functional in several aspects of the pathogenesis of tumours such as celi-cycle
progression, adhesion, cell survival and angiogenesis (Roymans and Slegers, 2001).

The multitude of the FKBP's which are present in different celi types also underline the
uiility of isolating novel FKBP-ligand analogues with potentially changed binding and/or effector
domains.' For example, it is the inhibition of the rotamase enzyme FKBPS52, which forms part of
the sieroid receptor complex, which has been identified as the mechanism by which r-apamycin
analogues (and other FKBP12-binding con;tpounds) moderate neural regenaration and neurite
outgrowth (WQ 01/03692)

Pharmacokinetic studies of rapamycin and rapamycin analogues have demonstraied the
need for the development of novel rapamycin compounds that may be more stable in solution,
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mare resistant to metabolic attack and/or have improved bio-availability. Modification of
rapamycin using the chemically available positions has been extensively addressed (see
below). However this approach is restricied to the few sites availabie for chemical modification
and is further limited in its utility by difficulties in selective modification at a particular position in
the presence of other reactive sites on the molecule.

A range of synthesised rapamycin analogues using the chemically available sites of the
molecule has been reported. The description of the following compounds was adapted io the
numbering system of the rapamycin molecule described in Figure 1. ‘Chemically available sites
on the molecule for derivatisation or replacement include C40 and C28 hydroxy! groups (e.g.
U.8. 5,665,772, U.S. 5,362,718), C39 and C16 methoxy groups (e.g. WO 96/41807; U.S.
5,728,710), C32, C26 and C9 keto groups (e.g. U.S. §,378,836; U.S. 5,138,051; U.S.
5,685,772). Hydrogenation at C17, C19 and/or C21, targsting the triene, resulted in retention of
antifungal activity but relative loss of immunesuppression (e.g. U.S. 5,391,730; U.S. 5,023,262).
Significant improvements in the stability of the molecule (e.g. formation of oximes at C32, C40
andior C28, U.S. 5,563,145, U.S. 5,446,048), resistance to metabolic aftack (e.g. U.S.
5,912,253), bioavailability (e.g. U.S. 5,221,670; U.S. 5,955,457, WO 98/04279) and the
production of prodrugs (e.g. U.S. 6,015,815; U.S. 5,432,183) have been achieved through
derivatisation. However, chemical modification requires significant quanﬁﬁes of rapamycin
template and, as a base and acid labile compound, it is difficult to work with. Whiie chemical
derivatisation can be group selective, it can often be difficult to be site selective. Consequently,
chemical modification oftsn requires multiple protective and deprotective steps and can produce
mixed products in variable yields. '

Biological approaches to producing novel rapamycin analogues were initially slow io be
productive due to the difficulties encountered in working with the produciﬁg organism
(Lomovskaya ef al., 1997; Kieser of al.,, 2000) despiie the availability of the sequence of the
biosynthetic gene ciuster of rapamycin from S. hygroscopicus (Aparicio et al., 1996; Schwecke
et al., 1995). A recent patent application from the preéeht inventors describes a wider range of
rapamycin analogues than had been previously accessible via modification of the rapamycin
biosynthetic pathway by manipulation of the post PKS modifying genes (WO 04/007709).
Further analogues can also be accessed by feeding alternatives to the natural starter acid of the
rapamycin PKS which are incorporated into the rapamycin structures.(WO 04/007709). While
these methods provide access to significantly more of the chemical space around the
rapamycin molecule, this technology does not allow the modification of the core framework of
the rapamycin molecule that is encoded by the type I polykeiide synthase genes.

The isolation of rapamycin analogues using other biological methods such as
biotransformation and phage-based genetic modification has also been described. Isolation of
minor metabolites from both mutant strains and rapamyecin producing strains has provided small
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quantities of a number of rapamycin analogues. These sirains are often low yielding and
produce mixtures of rapamycin analogues. The isotation of 27-O-desmethylrapamycin and 27-
desmethoxyrapamycin was reported from the culture supernatant of S, hygroscopicus NCIMB
40319 (Box ef al., 1995). The antifungal activity of 27-O-desmethyirapamycin was lower than
that of rapamycin but the inhibition of FKBP12 PPlase activity seemed to be increased. The
inhibition of ConA-stimulated proiiferation of murine splenic T cells and the inhibition of LPS-
stimulated proliferation of murine splenic B cells was decreased when compared {o rapamycin
(Box et al., 1995). Similatly, antifungal activities of the rapamycin analogues prolyirapamycin,
27-O-desmethylrapamycin and 27-desmethoxyrapamycin (numbering system of the rapamycin
molecule as described in Figure 1) were lower than that of rapamycin (Wong et al., 1998).
Rapamycin anaiogues (16-O-desmethylrapamycin, 27-O-desmethylrapamycin, 38-0-
desmethylrapamycin, 18,27-O-bisdesmethylrapamycin, prolyirapamyein, 26-0O-
desmethyiprolylrapamycin, g-deoxorapamycin, 27-desmethoxyrapamycin, 27-desmethoxy-39-
O-desmethyirapamycin, 8-deoxo-27-desmethoxyrapamycin, 28-dehydrorapamycin, 8-deoxc-27-
desmethoxy-39-O-desmethylrapamycin) were aiso isolated from Actinoplanes sp N802-108
after the addifion of cyiochrome P450 inhibitors and/or precursor feeding to the culture or after
biotransformation of isolated rapamycin (Nishida ef al., 1995). The use of such inhibitors,
however, only allows the targeting of a particular enzyme function and is not site selective thus
often resulting in mixtures of products.- Rational production of a single selected analogue is not
possible via this method. The resulting production of mixtures of rapamycin analogues rather
than a single desired product also impacts yield. The mixed lymphocyte reaction (MLR}
inhibitory activity of the compounds was assessed and little effect on the activity was detecied
after the loss of the methyl group at C27 orfand C16. A more significant decrease in activity
was observed for 9-deoxorapamycin; additionally, the loss of the methoxy group at C27, the
hydroxy group at C28 and the substitution of a pipecoiic acid-derived group with a prolyl group
all resulted in a reduction in potency (Nishida ef al., 19985). Similarly, biotransformation of
rapamycin and the isolation of 16,39-O-bisdesmethylrapamycin have been reported (WO
94/09010). The retention of some inhibitory activity in cell proliferation assays with compounds
modified in the cyclohexyl ring, €.9. 39-O-desmethylrapamycin and-C4O modifications such as
8Dz RAP and CCI-779, identify this region of the molecule as a target for the generation of
novel rapamysin analogues both with immunosuppressive and anti-cancer properties.

Nove! rapamycin analogues have been reported after feeding cyclohexahecarboxy]ic
acid, cyclohepianecarboxyiic acid, cycichex-1-enecarboxylic acid, 3-
methylcyciohexanecarboxylic acid, cyclohex-3-enecarboxylic acid, 3-hydroxycyclohex-4-
enecarboxylic acid and cyclohept-1-enecarboxylic acid to cultures of rapamycin-producing wild
type S. hygroscopicus thus demonstrating the flexibility in the loading module of the rapamycin
polyketide synthase (P.A.S. Lowden, Ph.D dissertation, University of Cambridge, 1997; Lowden
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et al., 2004), These novel rapamycin analogues were produced in competition with the natural
starter, 4,5-dihydroxycyclohex-1-enecarboxylic acid, resulting in reduced yields and mixed
producis.

Two novel sulphur-containing rapamycin analogues of rapamycin have been isolaied by
feeding cultures of the rapamycin—producing S. hygroscopicus NRRL5491 with (£} nipecotic
acid, to inhibit L-pipecolic acid production, and co-feeding the sulphur-containing pipecolate
analogues {S)-1,4-thiazane-3 carboxylic acid or {5)-1,4-thiazane-4 carboxylic acid (Graziani ef
al., 2003).

The isolation of two recombinant S. hygroscopicus strains producing various rapamycin
analogues, using biological methods mediated by phage technology (Lomovskaya ef al., 1997),
has been reported. In the presence of added proline anaiogues, a S. hygroscopicus rapl.
deletion mutant synthesized the novel rapamycin analogues prolylrapamycin, 4-
hydroxyprolylrapamycin and 4-hydroxyprolyl-26-desmethoxy-rapamycin (Khaw ef al, 1998).
Similarly, the nove!l rapamycins 3-hydroxy-prolyl-rapamycin, 3-hydroxy-prolyi-26-desmethoxy-
rapamycin, and frans-3-aza-bicyclo[3,1,0lhexans-2-carboxylic acid rapamycin have been
identified from fed cultures of the same mutant strain as described in WO 98/54308. The
activity of prolylrapamycin and 4-hydroxyprolyl-26-desmethoxy-rapamycin was assessed in
proliferation assays and the inhibitory activity of the latter compound was significantly less than
that of rapamyein (Khaw ef al., 1998). The deletion of the five contiguous genes, rapQONML
(responsible for post-polyketide modifications at G186, C27 and production of L-pipecolic acid)
and their replacement with a neomyein resistance marker in S. hygroscopicus ATCC29253
using phage-based methodology resulted in the production of 16-O-desmethyl-27-
desmethoxyrapamyecin when fed with pipecolic acid (Chung ef al., 2001). No complementation
of this deletion mutant has been demonstrated. Furthermore, the siie-specificity of neither
RapM nor RapQ was identified in this work; therefore, rational design of rapamycin analogues
requiring methylation at C16-OH or C27-OH was not enabiled by Chung et al. (2001). The
phage-based methodology suffers from a number of drawbacks, as described in more detail
below, exemplified by the reported production of only three recombinant S. hygroscopicus
strains over a period of 8 years from the disclosure of the gene sedquence. i offers a difficult
and protracted process of obtaining engineered strains and is significantly more limited in utility
in comparison to the methodology disclosed within the eariier application by the present
inventors (WO 04/007709).

Conventional approaches to manipulate rapamycin modifying genes using biclogical
methods comprise the mutation or deletion of individual genes in the chromosome of a host
strain or/and the insertion of individual genes as extra copies of homologous or heterologous
genes either individually or as gene casseties (WO 01/7952C, WO 03/048375).. However, the
isolation of novel rapamycin analogues using such biciogical metheds has been limited due io
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the difficuties in transforming the rapamycin-producing organism S. hygroscopicus. It has been
reported that the commonly used methods of fransformation with plasmid DNA or conjugai
transfer were unsuccessful with the rapamyein producing strain (Lomovskya et af., 1997,
Schwecke ef al., 1995, Kieser ef al., 2000). The state of the art priorto the disclosure of WO
04/007708 used the methodology of Lomovskya ef al. (1997), a work intensive phage based
method that is severely limited by the size of the cloned DNA fragments transferred info S.
hygroscopicus (Kieser ef al., 2000). This technology is limited fo the transfer of a maximum of
approximately 6.4 kbp of cloned DNA. Thus, when complementing a deletion mutant using this
technology the artisan is limited fo the inclusion of genetic material within this size limit, for
exarmple complementation is limited to two typical juctional genes (usually approximately 1 kbp
gach in size) in addition to a desired promoter, regions of homology (if required) and resistance
marker. WO 04/007709 disclosed the first description of recombinant technology methods for
the efficient fransformation of strain such as Sireptomycss hygroscopicus subsp. hygroscopicus
NRRL5491 that contains a rapamycin biosynthetic gene cluster. Prior {o this, atthough the
genetic information for the rapamycin biosynthetic gene cluster has been available since 1925
(Schwecke ef al., 1995), iimited brogress in this area had hitherto been made (Khaw ef al.,
1988; Chung ef al,, 2001; WO 01/34818). WO 04/007709 describes methods for manipulating
the rapamycin biosynthetic pathway and producing a number of rapamycin analogues by
complementation of a deletion mutant in which the amount of post-PKS processing is
specifically varied, and optionally feeding exogenous starter acids to strains in which at least
rapK has been deleted or inactivated. -

Previous work has demonstrated that polyketide synthase (PKS) genes can, in principle,
be manipulated with the objective of providing novel poiyketides. These altsrations include:

« Deletions: In-frame deletion of the DNA encoding part of the KR domain in
module 5 of the erythromycin-producing {(ery) PKS in Saccharopolyspora
erythraea has been shown o lead to the formation of erythromycin analogues,
namely 5 6-dideoxy-3-a-mycarosyl-5-oxoerythronolide B and 5,6-dideoxy-5-
oxoerythronolide B (Donadio ef al., 1991).

. Inéc‘civaﬁon of individual domains: alteration of active site residues in the ER
domain of module 4 of the ery PKS, by genetic engineering of the corresponding
PKS-encoding DNA and its intreduction into Saccharopolyspora erythraea, led to
the production of 8,7-anhydroerythromycin C (Donadio ef al., 1993).

« Loading module swaps: WO 98/01546 discloses replacement of the loading
module of the ery PKS with the loading module from the avermectin (ave) PKS,
to produce a hybrid Type | PKS gene that incorporaies different starter units to
make novel erythromycin analogues. A hybrid tylactone load/platenoclide

palyketide synthase was generaied (Kuhstoss ef al., 1986) which successiully
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transferred the specificity of the tylactone loading module for methylmalonyl-CoA
fo the platenclide molecuie. The elucidation of the function of KS® (Bisang ef af.,
1989) and manipulation of KSC-containing loading modules is disclosed in WO
00/00618. Loading moduie swaps in the spinosyn biosynthetic pathway have
aisc been described in WO 03/070908.

« AT swaps: Oliynyk ef al., {1986) and WO 98/01546 describe an AT domain swap
where the erythromycin module 1 AT was replaced by the AT domain of
rapamycin module 2 and the specificity of module 1 for the extender unit was
altered accordingly. Further AT domain swaps have been described, for
example in the erythromycin polyketide synthase (WO 98/01546, Ruan ef al.,
1997: Stassi et af., 1898) and in the spinosyn polyketide synthase (WO
03/070808).

* Reductive Loop Swaps: for example alterations in the amount of reductive

- processing of the B-keto group formed d:uring each condensation are described
in WO 98/01546, WO 00/01827 and Kao et al., (1997).

+ Combinations of the domain swap approaches are exemplified in McDanie] et ai.,.
(1999).

« Site-directed mutagenesis: WO 02/14482, Reeves ef al., (2001), Reid ef al.,
(2003) and Del Vecchio et al., (2003) demonstrate that it is possible to affect the
substrate specificity of AT domains by selecied mutation of specified residues.

+ Ring contraction: for example using an incomplete modular polyketide synthase
(Kao ef al. 1994) or moving the erythromycin chain terminating thioesterase
domain downstream of modules 1, 2, 3, 5 or 8 (Cortés ef al., 1885; Kao ef &/,
1995: Kao et al., 1996; Bohm et al., 1988) of the erythromycin PKS lead to the
production of the expected truncated erythromycin molecules.

» Ring expansion: inserlion of a rapamycin meduie into the first ORF of the
erythromycin PKS between erythromycin PKS modules 1 and 2 lead to
production of the ekpec’ted 16-membered macrolide (Rowe ef al., 2001).

Modifications of PKS clusters are not limited to those described above.

However, it has also been found that not all manipulations of PKS genes are capable of
producing the predicted new analogues. When Donadio ef al. (1993) inactivated an enoy!
reductase (ER) domain of the erythromycin PKS, the resulting anhydro-analogue was not
compietely processed because it was no longer a substrate for the mycarose-O-
methyltransferase. Similarly, changing the polyketide starter unit prevented complete

elongation and elaboration of a rifarnycin analogue in Amycolatopsis mediterranei (Hunziker ef

al., 1998).
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if rapamycin analogues could be made by engineering the polyketide synthase genes in
the biosynthetic cluster they would be highly desirabie because they are predicted {o have
interesting biclogical activity.

The sequence of the rapamycin biosynthetic cluster was first pubiished in 1985
{Schwecke ef al.; Aparicio ef af., 1996). Despite the wealth of prior art regarding the
manipulation of PKSs described above there have to date been no reports of successful
polyketide engineering of the core poiyketide synthase of the rapamycin cluster. S.
hygroscopicus, the rapamyein producer, is a difficuli organism to manipulate (Lomovskaya et
al., 1997).

A host cell which has been modified to produce 17-desmethylrapamycin is claimed in US
6,670,168, however this patent lacks any description or working example of how this compound
could be made, other than the hypothesis that such a strain could be constructed by the
substitution of the AT domain of module 10. The fact that a substitution at this position could
hypotheticaily lead fo 17-desmethyirapamycin was obvious to any person of skill in the art, but it
is not apparent how such a substitution could be mads in light of the difficulties highlighted
above, and no teaching to this effect was provided in US 8,670C,168. In light of the known
difficulties of working with S. hygroscopicus and in the absence of any detailed description of
- how such a recombinant host strain could be generated it is ciear that this is merely a
description of what these authors hoped to achieve rather than being an enabling disclosure of
such a strain. Additionally, US 6,670,168 doas not provide any teaching to a person of skill in
the art regarding how 17-desmethylrapamycin could be prepared or isolated. The staie of the
art regarding the biosynthesis of rapamycin analogues is limited to WO 04/007709 in which the
genes encoding post PKS modifying enzymes are manipulated and related applications which
describe the feeding of exogenous starter acids for incorporation into rapamycin. The general
lack of progress in engineering the PKS of rapamyecin is due to the technological dn‘f;cu!t:es in
transformation of the producing organism 5. hygroscopicus NRRL5491.

The present invention is concerned with the generation of 17-desmethyirapamycin and
analogues thereof. Accessing 17-desmethylrapamycin analogues requires the engineering of
the rapamycin PKS. It is not obvious within the current state of the art that it is possibie to
achieve the engineering required to produce such a strain. In the present invention the initial
target is the engineering of S. hygroscopicus MG2-10. S. hygroscopicus MG2-10 produces pre-
rapamycin when fed with the exogenous acid 3,4-dihydroxycyclohexanecarboxylic acid as
disclosed in WO 04/007708 and Gregory ef al., (2004). Engineering of this organism was
performed o generate an.engineered strain which produces 17-desmethylpre-rapamycin when
fed with the exogenous acid 3,4-dihydroxycyclohexanecarboxyiic acid, The current staie of the
art teaches how such a strain may be used in further experiments as a base strain for
- complementation by late gene cassettes (WO 04/007709) and/or as a base strain for feeding
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exogenous acids (WO 04/007702) and generating further rapamycin analogues, but does not
teach how such a strain may be generated in 8. hygroscopicus by PKS engineering. The

. present invention describes, surprisingly, the successiul application of PKS engineering
methodoiogies, similar to those described in Oliynyk et al., 1996, to the rapamycin PKS. This is
an unexpecied result as these recombinant DNA technologies have not previously been
successfully applied to S. hygroscopicus. The generation of a strain for production of 17-
desmethylpre-rapamycin analogues is a useful base strain for complementation by late gene
cassettes (WO 04/007709) and/or as a base strain for feeding exogenous acids (WO
04/007709). Each of these rapamycin analogues can then further be modified by semi-
synthesis. This is the first demonstration of a truly combinatorial method which may be used fo
generate a library of rapamycin analogues may be alterad at one or more of: the PKS
engineering level, the auxiliary gene level, starter acid incorporation, amino acid incorporation

and further at the accessibile chemicaf functionality on the molecule, which remains accessible

to semi-synthesis,

Sumtnary of the invention

in one aspect the present invention provides 17-desmethylrapamycin and analogues
thereof, in particular, the present invention provides 17-desmethylrapamycin ana}ogueé

according to the following formula:

Ry

-
-

wherein:
X represents a direct bond, -CHy-, -S-CHp-, ~“CHz-8- or -5(=0)-CHy-;

CH
H\C/_\ _H

or—-CHRQ—x-CHRv represenis / c\ :
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R4 represents =0 or (H,H});

R. represents OH or OlMe; '

Rs represents H, OH or OMe;

R4 represents a structural fragment selected from:groups A, B, C, D, E and F,

R, R,
RB R7 R&
Rg
A B C
CH3 RB
Rg Ra
CH,
D - E F

in which
-the wavy line indicates the position of attachment of the fragment,

Ry represents H, OH or OMe and .

Rs represents H, OH, OMe, halo, thiol or C., alkyl;

or R, aliernaiively represents a 5- to 7-membered heterocycle containing one or more
heteroatoms ssigcted from the group consisting of O, S and N, which heterocycle is optionally
substituted with one or more substituents sslected from Cy alkyl, OH, F and Cl; and '

R; and R; are sach independentiy H or OH,

or pharmaceutically acceptable derivatives thereof.

In a further aspect the presént invention provides libraries of 17-demethylrapamycin
analogues generated using the methods of the present inveniion.

The novel rapamycin analogues are useful directly, and as tempilates for further semi-
synthesis or bioconversion, to produce compounds useful as immunosuppressants, antifungal
agents, anticancer agents, anfi-inflammatory agents, neuroregenerative agents or agents for the
freatment of transplantation rejection, graft vs. host disease, autoimmune disorders, vascular
disease and fibrotic diseases or agents for use in the regulation of wound healing.

In a further aspect the present invention provides for the use of 17-desmethyirapamycin
or an analogue thereof in medicine. in a further aspect thé prasent invention provides for the
use of 17-desmethylrapamycin or an analogue thereof in the preparation of a medicament for
the induction or maintenance of immunosuppression, the stimulation of neuronal regeneration
or the treatment of cancer, B-cell malignancies, fungal infections, transplantation rejection, graft
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vs. host disease, autoimmune disorders, diseases of inflammation, vascular disease or {ibrotic
diseases, or in the regulation of wound healing..

in-one embodiment, 17-desmethylrapamycin or an analogue thereof, is used in
combination therapy for the induction or maintenance of immunosuppression, the stimulation of
neuronal regeneration or the treatment of cancer, B-cell malignancies, fungal infections,
transpiantation rejection, graft vs. host disease, autoimmune disorders, dissases of
inflammation, vascular disease or fibrotic diseases, or in the regulation of wound healing..

The present invention also provides a pharmaceutical composition comprising 17-
desmethyirapamycin or an analogue thereof, or a pharmaceutically accep’table salt togather

with a pharmaceutically acceptable carrier.

in a further aspect the present invention also provides a method for the production of 17-
desmethylrapamycin or an analogue thereof said method co’mprising'
(2) replacing the methylmalonyl-CoA specific AT domain of module 10 of the rapamycin
PKS with a malonyl-CoA-specific AT domain, ' ‘
(b) expressing the engineered rapamycin PKS in a suitable host cell
(c) cultuﬁng the host call under conditions such that 17-desmethyirapamycin or an
analogue thereof is produced including optionally supplying exogenous precursors

(d) optionally isolating the compound thus produced.

in a preferred embodiment the.mélonyI-CoA specific AT domain is selected from one of
the foliowing clusters: rapamycin, monensin, spinosyn, FK508, erythromycin, FK520,
amphotericin, angelamycin, tylosin, ‘hyg', FK523, meridamycin, antascomicin, FK525 and
tsukubamycin. !n a more preferred embodiment the malbnyi~CoA specific AT domain is
selected from one of the following clusters: rapamycin, monensin and FK506. In a more highly
preferred embodiment the AT domain is selected from the group consisting of rapamycin
module 2, monensin module 3, monensin module 6, monensin module 8, FK506 module 3 and
FK506 module 7. In the most highly preferred embodiment the malonyl-CoA specific AT
domain is from module 2 of rapamyecin.

One skilied in the art will appreciate that this fransformation couid be attempted with any
of a number of malony-CoA selective acy! transferase domains from any type | PKS or mixed
NRPS/PKS. One skilled in the art will also appreciate that incorporation of malonyl-CoA by the
module 10 AT could be effected by mutating the native rap AT10 to alter its specificity, for
example using the methods as described in WO 02/14482, or by replacing the entire of module
10 with a2 modufe thét contains an AT domain which is selective for malonyl-CoA, said modiile

includes a natural module and a combinatorial moduie,
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in an additional aspect, the present invention provides a method for generating a
recombinant strain that contains a biosynihetic cluster that encodes an engineered rapamycin
polyketide synthase where the methyimalonyl-CoA specific AT domain of module 10 has been
replaced with a malonyl-CoA specific AT domain. In a preferred embodiment the malonyl-CoA
specific AT domain is selected from one of the following PKS clusters: rapamycin, monensin,
FK506, erythromycin, FK520, amphoiericin, angolamycin, tylosin, ‘hyg’, FK523, meridamycin,
antascomicin, FK525 and tsukubamycin. In 2 more preferred embodiment the malonyi-CoA
specific AT domain is selected from one of the foliowing clusters: rapamycin, monensin, FK508.
In @ more highly preferred embodiment the AT domain is selecied from the group consisting of
rapamycin module 2, monensin module 3, monensin module 6, module 8, FK506 module 3 and -
FK506 module 7. in the most highly preferred embodiment the malonyi-CoA specific AT
domain is from module 2 of rapamyecin.

_Although engineering of the rapamycin polyketide synthase pathway has been
exemplified herein in S. hygroscopicus MG2-10 (the generation of which is disclosed in WO
04/007708 and Gregory ef al., (2004)) a person of skill in the art will appreciate that these
methods can equally be applied to wild-type S. hygroscopicus NRRL5491 and other related
strains. Preferably the engineered strain is selected from the group consisting of S.
hygroscopicus MG2-10 and S. hygroscopictis NRRL 5491,

An embodiment of the previous aspects of the invention providing a method for the
produciion of 17-desmethylrapamycin and analogues thereof and a method of generating a
recombinaht strain that contains a biosynthetic ciusier that encodes an engineered rapamyain
polyketide synthase, comprises the additional steps of:

(a) isolating the AT to be introduced as a single DNA fragment with suitable flanking

restriction sites, , |

(b} amplifying and isoiating the regions of DNA sequence homologous to the flanking

sequences of the target AT using appropriate restriction sites,

(c) ligating the three DNA fragménts as described in (a) and (b) together to give an

in-frame sequence of LHS horﬁoiogy followed by donor AT domain followad by RHS

homology, |

{d) introducing the complete sequence from (¢) into a vector for introduction into the

host strain to give the final plasmid, said plasmid comprising:

i) the oriT for conjugation,

ii) one or more resistance markers,

iif) a temperature sensitive origin of repiication such that integrants can be
selected by culturing at 37 °C, and

iv) an £. coli origin of replication
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(&) transforming the haost strain by conjugation using the final ptasmid as described
in (d) above,

() selecting the franformants by resistance to the relevant antibiotic,

{a) generating the primary integrants by culturing at 37 °C with antibiotic selection,
(h} screening the secondary recombinants by growth in the absence of antibiotic
selection, also at 37 °C, _

)] identifying the desired strain by its ability fo produce the target product and

{ optionally confirming the genetics of the strain by standard methods.

In another aspect the present invention provides a method for making a 17-
desmethylrapamycin analogue, said method comprising:

{a) geheraﬂng a recombinant strain in which the methylmaionyl-CoA specific AT

domain of module 10 of the rapamycin PKS has been repiaced with a malony-CoA

specific AT domain, and;

(b)  feeding non-natural starter acids to a culture of said recombinant strain under

conditions suitable for polyketide production, and

{c) optionally isolating the compound thus produced.

Therefore, the present invention provides a method for generating 17-
desmethylrapamycin analogues which have incorporated non-natural starter acids. ina
preferred embodiment the recombinant strain has had rapK deleted or inactivated. In a further
preferred embodiment, the recombinant strain has had rapK deleted or inactivated and the non-
natural starter acid fed to this strain is selected from the group consisting of
cyciohexanecarboxylic acid, 3-methylcyciohexanecarboxylic acid, cycioheptanecéi'boxylic acid,
3-fluoro-4-hydroxycyclohexanecarboxyiic acid, 4-fluoro-3-hydroxycyclohexanecarboxylic acid, 3-
chioro-4-hydroxycyclohexanecarboxylic acid and 4-chloro-3-hydroxycyclohexanecarboxylic

acid.
In one embodiment the strain is not a recombinant S. hygroscopicus host cell that

produces 17-desmethyirapamycin. in a further embodiment the strain is not a recombinani S.
hygroscopicus host cell that produces 17-desmethylrapamycin in the absence of the provision
of exogenous precursors. '

In a further aspedt, the presént invention provides a method for generating a 17-
desmethylrapamycin analogue, said method comprising:

(a) generating a recombinant strain in which the methylmalonyl-CoA specific AT

domain of module 10 of the rapamycin PKS has been replaced with a malonyl-CoA

specific AT domain (as described in more detail above),

(b) additionally deleting or inactivating one or more rapamycin auxiliary genes

selected from rapl, rapJ, rapK, rapL, rapM, rapN, rapO and rapQ,
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(c) culturing the strain thus obtained, optionally in the presence of an exogenous

precursor if required, to produce the 17-desmethylrapamycin analogue, and

(d) optionally isolating the compound thus produced.

In an alternative preferred embodiment the auxiliary genes that have been deleted are

rapl, rapJ and rapQ. In an alternative preférred embodiment the auxiliary genes that

have been deleted are rapJ, rapM and rapQ.

In a further aspect, the present invention provides a method for generating a 17-
desmethylrapamycin analogue, said method cdmprising:

(a) generating a recombinant strain in which the methylmalonyl-CoA specific AT

domain of module 10 of the rapamycin PKS has been replaced with a malonyl-CoA

specific AT domain (as described in more detail above), '
“{b) additionally deleting or inactivating one or more rapamycin auxiliary genes
selected from rapl, rapd, rapK, rapl, rap¥, rapN, rapO and rapQ,

(c) re-introducing all or 2 subset of auxiliary genes in-trans-to complement or

partially complement the deletion,

(d) culturing the strain thus obtained, optionally in the presence of an exogenous

precursor if required, to produce the 17-desmethylrapamycin analogue, and

(e) optionally isolating the compound thus produced.

In a preferred embodiment, in step (b) all the rapamycin auxiliary genes are delsted or
inactivated. Ina further preferred embodiment the recombinant sirain is genstically
complemented with one or mare auxiliary genes seiected from the group consisting of rap/,
rapd, rapK, rapL, rapM, rapN, rap0O and rapQ or homologues thereof. In a specific embodiment
_ the strain is complemented with all the ahxiliary genes. In a further preferred embodiment the
recombinant strain is genetically complemented with the auxiliary genes rapK, rapM, rapN, rapO
and rapL or homologues thereof In an altemative preferred embodiment the recombinant strain
is genetically complemented with the rapamycin auxiliary genes rapK, rap!, rapN, rapO and

rapl. or homologues thereof.

In a further aspect of the invention, the above modifications are combined, therefore the
present invention provides a method for making a 17-desmethylrapamycin analogue, said

method comprising:
(a) generating a recombinant strain in which the methyimalonyl-CoA specific AT
doméin of module 10 of the rapamycin PKS has been replaced with a malonyl-CoA
specific AT domain,
(k) additionally deleting or inactivating one or more rapamycin auxiliary genes

selected from rapl, rapd, rapk, rapL, rapM, rapN, rapQ© and rapQ,
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{c) optionally re-introducing ali or a subset of auxiliary genses in-frans o complement

or partially complement the deletion,

{d) feeding non-natural starter acids to said recombinant strain under suitable

conditions for the production of polyketids, and

{e) optionally isolating the compound thus produced.

in a preferred embodiment, the auxiliary gene(s) which have been deleted of inactivated
include rapk.

in a preferred embodiment, in step {b) all the rapamycin auxiliary genes are deleted or
inactivated. In a specific aspect the present invention provides an alternative method for
generating 17-desmethylirapamycin analogues with non-natural starter acids by genetically
complementing the recombinant strain in which all the rapamycin auxiliary genes have been
deleted or inactivated with the rapamycin auxiliary genes rapf, rapJ, rapl, rapM, rapN, rapQ and
rap(@ or their homblogues, this generates a sirain containing ali auxiliary genes except rapk,
and feedihg with exogenous starter acids. In a preferred embodiment the exogenous non-
natural starter acid is cyclohexanecarboxyiic acid. In an alternative preferred embodiment the
~ non-natural starter acid is 3~methy]¢yciohexanecarboxylic acid. In an alternative preferred
embodiment the non-natural starier acid is cycloheptanscarboxylic acid. In an alternative
preferred embodiment the non-natural starter acid is selected from the group consisting of 3-
fluoro-4-hydroxycyclohexanecarboxylic acid, 4-flucro-3-hydroxycyclohexanecarboxylic acid, 3-
chloro-4-hydroxycyclohexanecarboxylic acid and 4-chioro-3-hydroxycyclohexanecarboxylic
acid.

Ina further'embodirﬁant, the present invention provides a method for generating 17-
desmethyirapamycin analogues with combinations of auxiliary gene activities and non-natural
starter acids. In a preferred embodiment the auxiliary genes that have bsen deleted are rapK,
rapM and rapQ and the non-natural starter acid fed to this strain is cycichexanecarboxylic acid.
In an altemative preferrad embodiment the non-natural starter acid fed to this straih with deleted
rapK, rapM and rapQ is 3-methyl¢ycfohexanécarboxylic acid. In an altemative preferred
embodiment the non-naiural starter acid fed to this strain with deleted rapK, rapM and rapl is
cyclohepianscarboxylic acid. In a preferred embodiment the auxiiiary genes that have been
deleted are rapK, rapM and rapQ and the non-natural starter acid fed to this strain is selected
from the group consisting of S—ﬂuoro-4~hydroxycyclohexanecérboxylic acid, 4-fiuoro-3-
hydroxycyclohexanecarboxyiic acid, 3—chioro—4—hydroxycyclohexanecarboxylic gcid and 4-
chioro-3-hydroxycyclohexanecarboxylic acid.

In a further preferred embodiment the auxiliary genes that have been deleted are rapK,
rap! and rapQ and the non-natural starter acid fed to this strain is selected from the group
~ consisting of 3-methylcyclohexanecarboxylic acid, cyclohexanecarboxylic acid,

cycloheptanecarboxylic acid, 3-fluoro-4-hydroxycyclohexanecarboxylic acid, 4-fluoro-3-
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hydroxycyclohexanecarboxylic acid, 3-chloro-4-hydroxycyclohexanecarboxylic acid and 4-
chloro-3-hydroxycyclohexanecarboxylic acid. In 2 more highly preferred embodiment the
auxiliary genes that have been deleted are rapK, rap! and rapQ and the non-natural starter acid -
fed to this sirain is 3-msthylcyclohexanecarboxylic acid. in a more highly preferred embodiment
the auxiliary genes that have been deleted are rapK, rap!/ and rapQ and the non-natural starter
acid fed to this strain is cyclohexanecarboxylic acid.

in an aliemative preferred embodiment the auxiliary genes that have been deleted are
rapK and rapM and the non-natural starter acid fed to this strain is selected from the group
c:'onsisti‘ng of 3-methylcyclohexanecarboxylic acid, cyclohexanecarboxylic acid,
cycloheptanecarboxylic acid, 3-fluoro-4-hydroxycyclohexanecarboxylic acid, 4-fluoro-3-
hydroxyeyclohexanecarboxylic acid, 3-chloro-4-hydroxycyclohexanecarboxylic acid and 4-
chioro-3-hydroxycyclohexanecarboxylic acid.  In a more highly preferred embodiment the non-
natural starter acid fed is cyciohexanscarboxylic acid.

In a further altemative preferred embodiment, the auxiliary genes that have been deleted
are rapK, rapi and rapM and the non-natural starier acid fed to this sirain is selecied from the
group consisting of 3-methylcyclohexanecarboxylic acid, cyclohexanecarboxylic acid,
cycloheptanecarboxylic acid, 3-fluoro-4-hydroxycyclohexanecarboxylic acid, 4-fiuoro-3-
hydroxycyclichexanecarboxylic acid, 3-chloro-4-hydroxycycichexanecarboxylic acid and 4~
chloro-3-hydroxycyclohexanecarboxylic acid.  in a more highly preferred embodiment the non-
natural starter acid fed is cyciohexaneca-rboxyiic' acid.

In an alternative preferred embodiment, the auxiliary genes that have been deleted are
rapK, rapl, rapJ and rapQ and the non-natural starter acid fed to this strain is selected from the
group consisting of' 3-methylcyclohexanecarboxylic acid, cyclohexanecarboxylic acid,
cycloheptanecarboxylic acid, 3-fluoro-4-hydroxycyclohexanecarboxylic acid, 4-fluoro-3-
hydroxycyciohexanecarboxylic acid, 3-chioro-4-hydroxycyclohexanecarboxylic acid and 4-
chioro-3-hydroxycyclohexanecarboxylic acid. In a more highly preferred embodiment the non-
natural starter acid fed is cyclohexanecarboxylic acid. _

I an alternative preferred embodiment, the auxiliary genes that have been deleted are
rapK, rapJ, rapM and rapQ and the non-natural starter acid fed fo this strain is selected from the
group consisting of 3-methylcyciohexanecarboxylic acid, cyclohexanacarboxylic acid,
cycloheptanecarboxylic acid, 3~fluoro-4-hydroxycyciohaexanecarboxylic acid, 4-fluoro-3-
hydroxycyclohexanecarboxylic acid, 3-chloro-4-hydroxycyclohexanecarboxylic acid and 4-
chIoro-B—hydroxycyc]ohexanecarboxy}ic acid. In a more highly preferred embodiment the non-
natural starter acid fed is cyclohexanecarboxylic acid. |

In a further embodiment the present invention provides a method for generating 17-
desmethylrapamycin analogues by genetically complementing a recombinant strain in which all
of the rapamycin auxiliary genes have been deleted or inactivated with one or more auxiliary
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genes selected from rapl, rapJ, rapK, rapl, rapM, rapN, rapO and rapQ or their homologues in
combination with feeding natural or non-natural starter acids. In a preferred embodiment said
recombinant strain is genetically complemented with rap!, rapJ, rapN, rapO and rapL and fed
with a non-natural starter acid selected from the group censisting of cyciohexanecarboxylic acid,
3-methyleyclohexanecarboxylic acid, cycloheptanecarboxylic acid, 3-fluoro-4-
-hyc_{roxycyclohexanedarboxylic acid, 4-fluoro-3-hydroxycyclohexanecarboxylic acid, 3-chioro-4-
hydraxycyclohexanecarboxylic acid and 4—chIoro—B-hydfoxycyclohexanecarboxylic acid.. Ina
preferred embodiment said recombinant strain is genstically complemented with rapJ, raph,
rap0 and rapl and fed with a non-natural starter-acid selecied from the group consisting of
cyclohexanecarboxylic acid, 3-methylcyclohexanecarboxylic acid, cycloheptanecarboxylic acid,
3-fluoro-4-hydroxycyclohexanecarboxylic acfd, 4-fluoro-3-hydroxycyclohexanecarboxylic acid, 3-
, chIoro—d-hydroxycyclohexanecarboxytic acid and 4-chloro-3-hydroxycyciohexansecarboxylic
acid.. |

In an alternative preferred embodiment said recombinant strain is genetically
complemented with rap, rapM, rapN, rapO and rapl and fed a starter acid selected from the
group consisting of 3-methylcyclohexanecarboxylic acid, cyclohexanecarboxylic acid, |
cycloheptanecarboxylic acid, 3-fluoro-4-hydroxycyclohexanecarboxylic acid, 4-fluoro-3-
hydroxycyclohexanecarboxylic acid, 3achloro-4-hydroxycyclohé.xanecarbo’xiriié acid and 4-
| chloro—?:—hydfoxycyclohexanecarboxyiio acid. In a more highly preferred embodimerit the
starter acid fed iswith 3-methylcyclohexanecarboxylic acid. ‘

in an aliernafive preferred embodiment said recombinant strain is geneticaliy
complemented with rap/, rapJ, rapN, rapQ, rapQ and rapl and féd with a starter acid selected
from the group consisting of 3-methylcyclohexanecarboxylic acid, cyclohexanecarboxylic acid,
cycloheptanecarboxylic aci’d, S-ﬂuoro—4—hydroxycyclohexaneaérboxyﬁc acid, 4-fluoro-3-
hydroxycyclohexanecarboxylic acid, 3-chloro~4-hydroxycyclohexanecarboxylic acid and 4-
chloro-3-hydroxycyclohexanecarboxylic acid. . in a more highly preferred embodiment the
starter acid fed is cyciohexanecarboxylic acid. :

In an alternative preferred embodiment said recombinant strain is genetically
complemented with rapJ, rapN, rapO, rapQ and rapL and fed with a starier acid seiected from
the group consisting of 3-methylcyclchexanecarboxylic acid, cyclohexanecarboxylic acid,
eycloheptanecarboxylic acid, 3-fluoro-4-hydroxycyclohexanecarboxylic acid, 4-fiuoro-3-
hydroxycyclDhexahecarboxyjic acid,- 3-chloro4-hydroxycyciohexanecarboxylic acid and 4-
chloro-3-hydroxycyclohexanecarboxylic acid. In a more highly preferred embodiment the
starter acid fed is cyclohexanecarboxylic acid.

in an alternative preferred embodiment said recombinant sirain is genetically
complemented with rapM, rapN, rapQ and rapL and fed with a starter acid selected from the
group consisting of 3-methylcyclohexanecarboxylic acid, cyclohexanecarboxylic acid,
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" cyclohepianecarboxylic acid, 3-fluoro-4-hydroxycyciohexanacarboxylic acid, 4-fluoro-3-
hydroxycyclohexanecarboxylic acid, 3—chloro-4—hydroxycyclohexanecarboxyiic acid and 4-
chioro-3-hydroxycyclohexanecarboxylic acid. In a more highly preferred embodiment the

starter acid fed is cyclohexanecarboxyiic acid. ‘
" In an altemative preferred embodiment said recombinant strain is genetically

complemented with rap!, rapN, rapO and rapl. and fed with a starter acid selecied from the
group consisting of 3-methylcyclohexanecarboxyiic acid, cyclohexanecarboxylic acid,
cycloheptanscarboxylic acid, 3-flucro-4-hydroxycyclohexanecarboxylic acid, 4-fluore-3-
hydroxycyclohexanecarboxyiic acid, 3-chiore-4-hydroxycycichexanecarboxylic acid and 4-
chloro-3-hydroxycyclohexanecarboxylic acid.  In a more highly preferred embodiment the

starter acid fed is cyclohexanecarboxylic acid.

in a further aspect, the present invention provides a method for generating a library of
17-desmethylrapamycin anélogues, said method comprising:

(a) generating a recombinant strain in which the methylmalonyl-CoA specific AT
domain of modulé 10 of the rapamycin PKS has bsen replaced with a malonyl-CoA
specific AT domain,

(b) optionally deleting or inactivating one or more rapamycin auxiliary genes selected
from rapl, rapJ, rapK, rapL, rapM, rapN, rapC and rapQ,

(c) pptionally re-introducing all or a subset of the rapamyein auxiliary genes in-trans
to complement or partially complément the deletion,
(d) feeding an array of non-natural starter acids to a production culture of said
recombinant strain to generate a number of 17-desmethylrapamycin analogues,

(&) feeding natural or nove! amino acids to a production culture of said recombinant
strain undsr suitable conditions such that polyketides are produced,

(f) - optionally isolating the compound thus produced and

{g) optionally performing semi-synthesis on the rapamycin analogues isolated.

These and other embodiments of the invenfion are described in more detall in the

following description, the examples and claims set forth below.

Description of the Figures

® -

Figure 1 Structure of rapamycin: A is the ‘binding domain, and B is the ‘effector domain’.
Figure 2 Structures of rapamycin (A), FK508 (B), FK520 (C) and meridamycin (D).
Figure 3 Genetic engineering of MG2-10 to generate MG7-9.
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Figure 4 Fragmentation of 39-desmethoxy-17-desmethylpre-rapamycin by mass
spectromelry. '

Figure 5 L C-FT-ICR-MS analysis of 17-desmethyi-39-deshydroxypre-rapamycin.

Figure 6. LC-FT-ICR-MS" analysis of 17-desmethyl-39-deshydroxypre-rapamycin.

Figure 7. Significant NMR correlations for 17-desmethyl-38-deshydroxypre-rapamycin.

Figure 8 Diagram of ptasmid pLL150.

Definitions

The articles “a” and “an® are used herein to refer to one or to more than one (i.e. at least
one) of the grammatical objects of the article. By way of example “an analogue” means one

analogue or more than one analogue.

As used herein the ferm “analogue(s)” refers to chemical compounds that are
structurally similar fo another but which differ slightly in composition (as in the replacement of
one atom by another or in the presence or absence of a particular functional group)

As used herein the term “17-desmethylrapamycin and analogues thereof” Is intended

to include compounds within the scope of formula | below:

-
s
—

whereir:
x represents a direct bond, ~-CHg-, ~5-CHz-, ~CHz-S- or -S(=0)}-CHo-;

CH;
| VA
or =CHRsx-CHR¢~ represents / \ ;
Ry represents =0 or (H,H);
R, represents OH or OMe;
Rs represents H, OH or OMe;
R, represents a structural fragment selecied from groups A, B, C, D, Eand F,
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R? R?
Ra R7 Rs
Rs

A B C

CH, R,

Rs Ra

, CH3

D E E

in which
the wavy line indicates the position of aitachment of the fragment,
" Ry represents H, OH or OMe and

R; represents H, OH, Obe, halo, thiol or Ci4 alkyl;

or Ry altematively represents a 5- to 7-membered heterocycle contaihing one or more
hetercatoms selected from the group consisting of O, S and N, which heterocycle is optionally
substituted with one or more substituents selected from C,4 alkyl, OH, F and Ci; and

Rs and R; are each independently H or OH, '

or pharmaceutically acceptable derivatives thereof,

which compounds are hereinafter referred {o as “compounds of the invention”.

As used herein the term “pharmaceuticaily-acceptabie derivatives” includes
pharmaceutically-acceptable salts (e.g. acid addition salts). It also includes references to

solvates (2.g. hydrates).

As used herein the term “halo” includes fiuoro, chioro, bromeo and iodo.

As used herein the term "thiol” includes the group SH.

Uniess otherwise specified, C,.4 alkyl groups mentioned herein may be straight-chained
or, when a sufficiant number of C-atoms are present (i.e. a minimum of 3) be branched. Such
C1. alkyl groups may additionally be substituted by one or more halo (e.g. fluoro) atoms.

" Heterocyclic groups that Ry, may represent may be fully saturated, parily unsaturated,
wholly aromatic or partly aromatic in character. Such groups may aisc be monocyclic or, where
possibie, bicyclic. Values of heterocyclic R, groups that may be mentioned include dioxanyl,

dioxolyt, furanyl, hexahydropyrimidinyl, hydanteinyl, imidazolyl, isoxazolidinyl, isoxazolyi,
_24.
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maleimido, morpholinyt, oxadiazotyl, 1,2- or 1,3-oxazinanyl, oxazolyl, piperazinyl, piperidinyi,
pyranyl, pyrazinyl, pyrazolyl, pyridinyl, pyridony!, pyrimidiny!, pyrrolidinonyl, pyrrolidiny,
pyrrolinyl, pyrrolyl, sulfolanyl, 3-sulfolenyl, tetrahydrofuranyl, ietrahydropyranyl, 3,4,5,6-
tetrahydropyridinyl, 1,2,3,4-tetrahydropyrimidinyl, 3,4,5,6-tetrahydropyrimidinyl, tetrazolyl,
thiadiazolyl, thizzolidinyl, thiazolyl, thienyl, triazolyl and the like (2.g. saturated or partially
unsaturated, monocyclic groups such as dioxanyl, dioxolyl, hexahydropyrimidinyl, hydantoinyi,
isoxazolidinyl, malsimide, morpholinyl, piperazinyl, piperidinyt, pyrrolidinonyl, pyrroiidinyl,
pyrrolinyl, sulfolanyl, 3-sulfolenyl, tetrahydrofuranyl, tetrahydropyranyl, 3,4,5.6-
tetrahydropyridinyl, 1,2,3,4-tetrahydropyrimidinyl, 3,4,5,6-tetrahydropyrimidinyl, thiazolidinyl and
the like or, particularly, saturated, monocyclic groups containing one heteroatom selected from
N, S or, particularly, O, such as piperidinyl, pyrrolidinyl, ietrahydrofuranyl, tetrahydropyranyi,
and the like). However, in a paﬁicuiar embeodiment relating to the compounds of the invention,
R, represents a siructural fragment selected from groups A, B, C, D, E and F (i.e. it does not

represent a heterocyclic group).

As used herein the tarm “modifying gene(s)” includes the genes required for post-
polyketide synthase modifications of the polyketide, for example but without limitation,
cyiochrome P-450 monooxygenases, ferredoxins and SAM-dependent O-methyltransferases.

In the rapamycin system these modifying genes include raph, rapO, rapM, rapl, rapQ, and rapJ.
A person of skill in the art will appreciate that homologues of thess genes exist in related
biosyntheiic gene clusters and the use of these homologous genes in the methods ofthe
invention is also contemplated. |

As used herein the term “precursor supply gene(s})" includes the genes required for the
supply of the natural or non-naturai precursors, the genes required for the synthesis of any
naturally or non-naturally incorporated precursors and the genes required for the incorporation
of any naturally or non-naturally incorporated precursors. For example but without lfmitaﬁon in
the rapamycin system these genes include rapl, rapK, rapP and rapA. A person of skill in the
art will appreciate that homologues of these genes exist in related biosynthetic gene clusters

. and the use of these homologous genes in the methods of the invention is also contempléted.

As used hérein, the term “auxiliary gehe(s)“ includes references to modifying genes,
‘precursor supply genes or both modifying genes and precursor supply genes.

As used herain, the term “precursor’ includes the natural starter acid (i.e. 4,5-
dihydroxycyclohex-1-enecarboxylic acid), non-natural starter acids, naturally incorporated amino

acids (i.e. pipecolic acid, proline), non-naturally incorporated amino acids, malonyl-CoA and

methytmalonyl-CoA
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As used herein the term “non-natural starier acid” refers to any compound which can
be incorporated as a starter acid in polyketide synthesis that is not the starter acid usually

chosen by that PKS.
For the avoidance of doubt, the terms “precursor’ and “non-natural starter acid’

include N-acylcysteamine thioesters of oligoketides (2.g. diketides and triketides), and N-

acylcysteamine thioesters or esters of carboxylic acids which may be incorporated into the final

product.
As used herein the term "natural moduie” refers o a set of contiguous domains from a

KS fo an ACP domain, comprising KS-AT-ACP (in that order) and optionally additionally
containing one or more domains selected from: a R—ketoreductase (KR) domain, a KR domain
and a dehydratase (DH} domain, and a KR domain, a DH domain and a enoyl reductase (ER)
domain. - ' : o ‘ .
As used herein, the term "combinatorial module’ refers io a set of contiguous domains
which extends from one point in a natural module to a corresponding point in 2 subsequent
module, for example from the start of an AT domain in module A to the starter of the AT domain
in module B, or from the middle of the KS domain in module B fo the middle of the KS domain in
module C. These combinatorial modules may be “double” or larger, i.e. may contain the same
number of domains as two or more natural moduies.

As used herein the term “pre~rapamycin” refers io the first enzyme-fres product
produced by the activity of the rapamycin polyketide synthase (comprising rapA, rapB, and
rapC) and rapP before the action of any modifying genes, and in particular o a compound with

the structure shown below:
OH

HIDH
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As used herein, the term "autoimmune disorder(s)" includes, without limitation:
systemic lupus erythrematosis (SLE), rheumatoid arthritis, myasthenia gravis and muttiple

sclerosis.

. As used hersin, the term “diseases of inflammation” includes, without limitation:
psoriasis, dermatitis, eczema, seborrhoea, inﬂammato,ry bowel disease (including but not iimited
to ulcerative colitis and Crohn's disease), puimonary inflammation (including asthma, chronic
obstructive pulmonary disease, emphysema, acute respiratory distress syndrome and
bronchitis) and eye uveitis. _

As used herein, the term "cancer” refers to a2 malignant new growth that arises from
epitheiium, found in skin or, more commonly, the lining of body organs, for example, breast,
prostate, fung, kidney, pancreas, stomach or bowel. A cancer tends to infiltrate into adjacent
tissue and spread (metastasise) to distant organs, for example to bone, liver, lung or the brain.
As used herein the term cancer includes both metastatic tumour cell types, such as but not
limited to, melanoma, lymphoma, leukasmia, fibrosarcoma, rhabdomyosarcoma, and
mastocytoma and types of tissue carcinoma, such as but not limited to, colorecial cancer,
prostate cancer, small cell lung cancer and non-small cell lung cancer, breast cancer,
pancreatic cancer, bladder cancer, renal cancer, gastric cancer, gliobastoma, primary liver
cancer and ovarian cancer. _

As used herein the term “B-cell malignancies” includes a group of disorders that
include chronic lymphocytic leukaemia (CLL), multiple myeloma, and non-Hodgkin's lymphoma
{NHL). They are neoplastic diseases of the blood and blood forming organs. They cause bone
marrow and immune system dysfunction, which renders the host highly susceptible to infection
and bleeding.

As used herein, the term “vascular disease” includes, without [imitation:
hyperproliferative vascular disorders (e.g. restenosis and vascular occlusion), graft vascular
atherosclerosis, cardiovascular disease, cerebral vascular disease and peripheral vascular
disease (e.g. coronary arery disease, arteriosclerosis, atherosclerosis, nonatheromatous
arteriosclerosis or vascular wall damage). A

As used herein the terms “neuronal regeneration” refers to the stimulation of neuronal
cell growth and includes neurite outgrowth and functional recovery of neuronal cells, Diseases
and disorders where neuronal regeneration may be of significant therapeutic benefit include, but
are not limited io, Alzheimer's disease, Parkinson’s disease, Huntingdon's chorea, amyotrophic
lateral scleresis, frigeminal neuralgia, glossopharyngeal neuralgia, Bell's palsy, muscular
dystrophy, stroke, progressive muscular atrophy, progressive bulbar inherited muécuiar atrophy,

cetvical spondylesis, Gullain-Barre syndrome, dementia, peripheral neuropathies and peripheral
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nerve damage, whether caused by physical injury (e.g. spinal cord injury or frauma, sciatic or
facial nerve lesion or injury) or a disease state (e.g. diabstes).

As used herein the term “fibrotic diseases’ refers {0 diseases associated with the
excess production of the extraceliular matrix and includes (without limitation} sarcoidosis,
keloids, giomerulongphritis, end stage renal disease, liver fibrosis (including but not limited to
cirrhosis, aicohol liver disease and steato-heptatitis), chronic graft nephropathy, vascuiopathy,
cardiac fibrosis, pulmonary fibrosis (including but not limited fo idiopathic pulmonary fibrosis and
éryptogenic fibrosing aiveolitis), macular degeneration, retinal and vitreal retinopathy and
chemotherapy or radiation-induced fibrosis.

As used herein, the term "wound healing” refers to the process of repair that follows
injury to the skin and other soft tissues and includeé., without limitation, healing of post-surgical
wounds, treatment of bums or hypertrophic or keloid scars and the prevention of surgical

adhesions.

Description of the Invention ‘
In one aspect the present invention provides 17-desmethylrapamycin and analogues

thereof, in particular the present invention provides 17-desmethylrapamycin analogues

according to the following formula:

-
—

wherein:
x represents a direct bond, -CHz-, -S-CHy~, ~CHs~S- or -8(=0)-CH,-,

CH,

.H\'CZ—\C'/H

or —-CHRsx-CHRg- represents / \ :
R, represents =0 ar (M,H);
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R, represents OH or Olvig;
R represents H, OH or OMe;
R, reprasents a structural fragment selecied from groups A, B, C, D, E and F,

R? R?
RB R7 Rs ,
Rg
A B C
CH, Ry
Rs Rs
CH3
D E F

in which
the wavy line indicates the position of attachment of the fragment,
Ry represents H, OH or OMe and

Rs represents H, OH, OMe, halo, thiol or C alkyl;
or R, alternatively represents a 5- o 7-membered heterocycle containing one or more

hateroatoms selected from the group consisting of O, S and N, which heterocycle is optionally
substituied with one or more substituents selected from C,.4 alkyl, OH, F and Cl; and
Rs and Rg are each independently H or OH, '

or pharmaceutically acceptable derivatives thereof.

in one embodiment, R4 represents a structural fragment seiscted from the groups A, B,
C, E and F (e.g. a sfructural fragment selected from the groups A, C, E and F), as hereinbefors
defined, in which Ry and Rg are as hereinbefore defined (e.g. R; represents H, OH or OMe and
Rg represents H, OH, OMe, Cl or F (such as H, OH, OMe or )

In & further embodiment R, represents a structural fragment selected from the groups

All), C(I) E{f) and F(i}:

xi} x@ xQ o

C(i) E(i) F(i)
wherein R and Rs are as hereinbefore defined (e.g. Ry represents H or OH and Rs
represents H, OH or OMe).
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in a further preferred embodiment R, represents the structural fragment C{i), as defined
above, in which Rg is H and Ry is H, OMe or, particularly, OH.

in preferred embodiments when R represenis OH, Rs represents M and when Rg

represents OH, R; represents H; x represents a direct bond or, particularly, CH.,
In an aliernative embodiment R, represants OH.

In an alternative embodiment R, represents a 6-membered ring with an oxygen at the 4

position (i.e. tetrahydropyran-4-yl).

A preferred embodiment of the compounds of the invention is that in which:

R4 represents (H, H) or =0O;

R, represents OH or OMe;

Rs represents OH or Ole; _

R4 reprasents the structural fragment C(i), as dsfined above, in which R; represents OH
and Rg represents H, OH or OMe; and

¥ represents CH,.

In a more highly preferred embodiment:

R, represents (H, H};

R, represents OH;

R; represents H; .

R4 represents strucfural fragment C(i), as defined above, in which R; represents OH and
R represents H; and

x represents CH,,

In. a preferred embodiment:

R, represents (M, H);

R, represents OH;

Rs represenis H;

R4 represenis the structural fragment C(i), as defined above, in which Ry and Rg both
represent OH; and

X represenis CH,

in a more highly preferred embodiment:
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R, represents (H, H);

R, represents OH;

Rarepresents H;

Rq rebresents the structural fragment C(i), as defined above, in which R; represenis OH
and Rg represents F; and

¥ represents CH..

in a more highly preferrad embodiment:
R, represents =C;
R, represents OH or OMe;
Rs represenis H, OH or OMe;
R4 represents the structural fragment C(i), as defined above, in which R; represents OH
and R, represents F or Cl; and
X représents CHa..

in 2 more highiy preferred embodiment:

R, represents =0, '

Rs represents OH;

Rs represents OMe;

R. represents the structural fragment C(i), as defined above, in which R; represents OH
and Rz represents H; and

X represents CHa.

In a more highly preferred embodiment:

R+ represents =0,

R; represants OH;

Rs represents OH;

R, represents the structural fragment C(i), as defined abové, in which Ry represents OH
and Rs represents H; and

x represents CHa..

In a more highly preferred embodiment:
R4 represents =0;
Rs represents OH;

Rs represents OMe;
-31-



WO 2006/616167 PCT/GB2H05/003158

R4 represents the structural fragment C{i), as defined above, in which R; represents OH
and Ry represents OMe; and

X represents CHa.
In one embodiment the compound is not 17—d_esmethy]rapamycin.

In relation o all of the above-mentioned embodiments of the compounds of the inveniion
in which the group R, represents a substituted cycidhexane ring, further embodiments that may
be mentioned include those in which the relative stereochemistry of the subsiituents on the
cyclohexane ring is such that each of the substiituents {including the polykstide ring to which the
group R, is attached) can simultansously adopt an equatorial position when the cyclohexane
ring is in a chair conformation. Thus, for example compounds of the invention that may be
mentioned include those in which groups attached at the 2-, 4- and/or or 8- positions of the
cyclohexane rings of structural fragments C, D, F, C(i) and F(i) are frans- relative fo the
polyketide ring attached at the 1-position of the cyclohexane group. Further, other compounds
of the invention that may be mentioned include those in which groups attached at the 3- and/or
5- positions of the cyclohexane rings of structural fragments C, D, F, C(i) and F(i) are cis-
relative to the polyketide ring attached at the 1-position of the cyclohexane group. Thus, yet
further compounds of the invention that may be mentioned include those in which, when the
group R4 represents the structural fragment C(j), then, relative fo the polyketide ring attached at
pesition 1 of the cyclohexane ring, the group Ry (if present, and particularly if an OH or OMe
group) has frans- stereochemistry and the group R (if present, and particularly if an OH or OMe
group) has cis- stereochemistry. Similarly, when the group R, represents a cyclohex-3-ene ring
(i.e. the struciural fragment A or A(i)), then compounds of the invention that may be mentioned
include those in which, refative.to the polyketide ring attached at position 1 of the cyclohexene
ring, substitusnts at 2- and/or 6-positions have trans- stereochemistry and substituents at the 3-

-position have cis- stereochemisiry.

A person of skill in the art will appreciate that the methods described herein for the
generétion of 17-desmethyirapamycin and anaiogues thereof are applicable to the generation of
libraries of related analogues. Therefore, in a further aspect the present invention provides
libraries of 17-demethylrapamycin analogues generated using the methods of the present
invention. In particuiar, the present invention provides libraries of 17-desmethyirapamycin
analogues differing in one or more of: the starter acid incorporated, the amino acid incofporated,
the degree of post-PKS processing and semi-synthetic derivatisation.

The novel rapamycin analogues are useful directly, and as templaies for further semi-
synthesis or bioconversion, to produce compounds useful as immunosuppressants, antifungat-
agenis, anticancer agents, anti-inflammatory agents, neuroregenerative agen’zé or agents for the

-32-



WO 2006/016167 PCT/GB2005/003158

treatment of transplantation rejecticn, graft vs. host disease, auioimmune disorders, vascular
disease and fibrotic diseases or agents for use in the regulation of wound healing. Methods for
the semisynihetic derivatisation of rapamycin and analogues thereof are well known in the art
and include (but are not [imited to) those modifications described in e.g. U.S. 5,665,772; U.S.
5,362,718, WO 96/41807; U.S. 5,728,710, U.8. 5,378,836; U.S. 5,138,051; U.S. 5,665,772,
U.S. 5,391,730: U.S. 5,023,262, U.S. 5,563,145, U.S. 5,446,048, U.S. 5,912,253, U.S.
5,221,870; U.S. 5,955 457; WO 98/04279, U.S. 6,015,815 and U.S. 5,432,183)

In a further aspect, the present invention provides the use of 17-desmethyirapamycin or
analogues thereof in medicine. In a further aspect the present invention provides for the use of
17-desmethylrapamycin or an analogue thereof in the preparation of a medicament for the
induction or maintenance of immunoesuppression, the stimulation of neuronal regeneration or
the treatment of cancer, B-cell malignancies, fungal infections, transplantation rejection, graft
vs. host disease, autoimmune disorders, diseases of inflammation vascular disease and fibrotic
diseasés or agents for use in the regulation of wound healing.

Rapamycin analogues are aiso known to have ufility in the treatment of other conditions,
including, but not limited to lymphangioieiomyomatosis and tuberous sclerosis. The uses and
methods involving the compounds of the invention also extend to these ofher indications.

One skilled in the art would be able by routine experimentation to determine the ability of
these éompou'nds to inhibit fungal growth (e.g. Baker, H., et al, 1978, NCCLS Reference
method for broth diiution antifungal suscepihility testing for yeasts: Approved standard M27-A,
17(9).1997). Additionally, one skilled in the art would be able by routine experimentation to
determine the abilify of these compounds to inhibit tumour cell growth, (see Dudkin, L., ef al,
2001; Yu ef al. 2001). In a further aspect the compounds of this invention are useful for inducing
Immunosuppression, assays for determining a compound’s efficacy in these areas are well
known to those of skill in the art, for exampie but without limitation: Immunecsuppressant activity
- Warner, LM, et al, 1992, Kahan ef al. (1991) & Kahan & Camardo, 2001); Allografts -
Fishbein, T.M., ef al., 2002, Kirchner ef al. 2000; Autoimmune / Inflammatory / Asthma -
Carlson, R.P. et al,, 1993, Powell, N, ef al., 2001; Diabetes | - Rabinovitch, A. ef al,, 2002;
Psoriasis — Relfamo, S. ef af,, 2001; Rheumatoid arthrilis - Foey, A, ef al,, 2002; Fibrosis - Zhu,
Jd.ef al, 1999, Jain, 8., ef &f., 2001, Gregory ef a/, 1883,

The ability of the compounds of this invention o induce immunosuppression may be
demonstrated in standard tests used for this purpose. In a further aspect the compounds of this
invention are useful in relation to antifibrotic, neuroregenerative and anti-ang'iogenic
mechanisms, ohe skilied in the art would be abie by routine experimentation to determine the
ability of these compounds to prevent angiogenesis (e.g. Guba, M.,sf a/, 2002}, One of skill in
the art would be able by routine experimentation to determine the utility of these compounds to

o
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treat vascular hyperproliferative disease, for example in stents (e.g. Morice, M.C., ef al, 2002).
Additionally, one of skill in the art would be abie by routine experimentation to determine the
neuroregenerative ability of these compounds (e.g. Myckatyn, T.M., et al,, 2002, Steiner ef al.
1987).

- The present invention also provides a pharmaceutical compesition comprising 17-
desméthylrapamycin or an analogue thereof, or a pharmaceutically acceptable salt thereof,
together with a2 pharmaceutically accepiable carrier.

The aforementioned compounds of the invention or a formulation thersof may be
administered by any conventional method for example but without limitation they may be
adminisiered parenterally, orally, topically (including buccal, sublingual or transdermal), via a
medical device (e.g. & stent), by inhalation or via injection (subcutaneous or intramuscular), The -
treaiment may consist of a single dose or a plurality of doses over a period of time.

Whilst it is possible for a compound of the invention to be administered aione, it is
preferable to present it as a pharmacautical formulation, together with one or more acceptable
carriers. The carrier(s} must be “acceptable” in the sense of being compatible with the compound
of the invention and not deleterious to the recipients thereof. Examples of suitable carriers are
described in more detail below. |

The compounds of the invention may be administered alone or in combination with other |
therapeutic agents, co-administration of two (or more) agents allows for significantly lower doses of
each to be used, thereby reducing the side effects seen.

In one embodiment, 17-desmethylrapamycin or an analogue thereof is co-administered
with another therapeutic agent for the induction or maintenance of immunosuppression, for the
treatment of transplantation rejection, graft vs. host disease, autoimmune disorders or diseases
of inflammation preferred agents inciude, but are not limited io, immunoregulatory agents e.g.
azathioptine, corlicosteroids, cyc!ophdsphamide, cyclosporin A, FK508, Mycophenolate Mofetil,
OKT-3 and ATG. 7

in é alternative embodiment, 17—desmethylrapamycih or an analogue thereof is co-
administered with ancther therapautic agent for the treatment of cancer or B-cell malignancies
preferred agents include, but are not limited to, methotrexate, leukovorin, adriamyecin,
prenisone, bieomycin, cyclophosphamide, 5-fluorouracil, paciitaxel, docetaxel, vincristine,
vinblastine, vinorelbine, doxorubicin, tamdxifen, toremifene, megestrol acetate, anastrozole,
goserelin, anti-HER2 monoclonal antibody (e.g. Herceptin™), capecitabine, raloxifene
hydrochloride, EGFR inhibitors (e.g. Iressa ®, Tarceva™, Erbitux™), VEGF inhibitors (e.g.
Avastin™), proteasome inhibitors (e.g. Velcade™), Glivec ® or hsp90 inhibitors (e.g. 17-AAG).
Additionally, 17-desmthyl rapamycin or an analogue thereof may be administered in
combination with other therapies including, but not limited to, radiotherapy or surgery.
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In one embodiment, 17-desmethylrapamycin or an anaiogue thereof is co-administered
with another therapeutiic agent for the freatment of vascular disease, preferred agents include, but
are noi limited to, ACE inhibifors, angiotensin Il receptor antagonists, fibric acid derivatives,
HMG-CoA reductase inhibitors, beta adrenergic biocking agents, calcium channel biockers,
anttoxidants, anticoaguianis and platelet inhibitors (e.g. Plavix™)

In one embodiment, 17-desmethyirapamycin or an analogue thereof is co-administered
with another therapeutic agent for the stimulation of neuronat regeneration, preferred agents
inciude, but are not limited to, neurotrophic faciors e.g. nerve growth factor, giial derived growth
factor, brain derived growth factor, ciliary neurotrophic factor and neurotrophin-3.

In one embodiment, 17-desmethyirapamycin or an analogue thereof is co-administered
with another therapeutic agent for the treatment of fungal infections; preferred agents include, but
are not limited to, amphotericin B, flucytosine, echinocandins (e.g. caspofungin, anidulafungin or
micafungin), griseofulvin, an imidazole or a triazole antifungal agent (e.g. clotrimazole,
miconazole, ketoconazole, econazole, butoconazole, oxiconazole, terconazole, itraconazole,
fluconazole or voriconazole). '

By co-administration is inciuded any means of deiivering two or more therapéutic agents fo
the patient as part of the same freatment regime, as will be apparent to the skilled person. Whilst
the two or more agents may be administerad simultaneousiy in a single formulation this is not
essential, The agents may be administered in different formulations and at different times.

The formulations may conveniently be presented in unit dosage form and may be prepared
by any of the methods well known in the art of pharmacy. Such methods include the step of
bringing info association the active ingredient (compound of the invention) with the carrier which
constitutes one or more accessory ingredients. in general the formulations are prepared by
uniformly and intimately bringing into association the active ingredient with liquid carriers or finely
divided solid cartiers or both, and then, if necessary, shaping the product.

The compounds of the invention will normally be administered orally or by any parenteral
route, in the form of a pharmaceutical formulation comprising the active ingredient, optionally in
the form of a non-toxic organic, or inorganic, acid, or base, addition salt, in a pharmaceutically
acceptabie dosage form. Depending upon the disorder and patient to be treated, as well as the
route of administration, the compositions may be administered at varying doses.

For example, the compouﬁds of the invention can be administered orally, buccally or
sublingually in the form of tablets, capsules, ovules, elixirs, solutions or suspensions, which may
contain flavouring or colouring agents, for immediate-, delayed- or controlied-release
applications. The compounds of invention may also be administered via infracavernosal
injection. ‘

Sojutions or suspensions of compounds of the invention suitable for oral administration
may also contain excipients e.g. N,N-dimethylacetamide, dispersants e.g. polysorbate 80,
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surfactants, and solubilisers, &.g. polyethylene glycol, Phosal 50 PG (which consists of
phosphatidyicholine, soya-fatty acids, ethanol, mono/diglycerides, propylene glycol and ascorbyl
palmitaie), .

Tablets may contain excipients such as microcrystalline cellulose, lactose (e.g. lactose
mondhydrate'_or lactose anyhydrous), sodium ci’frate,' calcium carbonate, dibasic calcium
phosphate and glycine, disintegrants such as starch (preferably corn, potato or {apioca starchj,
sodium starch glycollate, croscarmeliose sodium and certain complex silicates, and granulation
binders such as polyvinylpyrrolidone, hydroxypropyimethylceliulose (HPMC), hydroxy-
propyiceliuicse (HPC), macrogol 8000, sucrose, gelatin and acacia. Additionally, lubricating
agents such as magnesium stearate, stearic acid, glyceryl behenate and talc may be included.

Solid compositions of a simiiar type may aiso be employed as fillers in gelatin capsules.
Preferred excipients in this regard include lactose, starch, a cellulose, milk sugar or high
molecular weight polyethylene glycols. For agusous suspensions and/or elixirs, the compounds
of the invention may be combinad with various sweetening or flavouring agents, colouring
matter or dyes, with emulsifying and/or suspending agents and with diluents such as water,
sthanol, propylene glycol and glycerin, and combinations thereof.

A tablet may be made by compression or moulding, optionally with one or more accessory
ingredients. Compressed tablets may be prepared by compressing in a suitable machine the
active ingredient in a free-flowing form such as a powder or granules, optionally mixed with a
binder (e.g. povidone, gelatin, hydroxypropylmethy! cellulose), iubricant, inert diluent, preservative,
disintegrant (e.g. sodium starch glycolate, cross-linked povidone, cross-linked sodium
carboxymethyl celiulose), surface-active or dispersing agent. Mouided tablets may be made by
moulding in a suitable machine a mixture of the powdered compound moistened with an inert liquid
diluent. The tablets may optionaliy be coated or scored and may be formulated so as to provide
slow or controlled release of the active ingredient therein using, for exampile,
hydroxypropylmethyicellulose in varying proportions o provide desired release profile.

Formutations in accordance with the present invention suitable for oral administration may
be presented as discrete units such as capsules, cachets or tablets, each containing a
predetermined amount of the active ingredient; as a powder or granules; as a solution or a
suspension in an aqueous liquid or a nen-aqueous fiquid; or as an oil-in-water liquid emulsion or a
water-in-oil liquid emuision. The active ingredient may also be presented as a bolus, electuary or
paste.

Formulations suitable for topical administration in the mouth include iozenges comprising
the active ingredient in a flavoured basis, usually sucrose and acacia or tragacanth; pastilles
comprising the active ingredient in an inert basis such as gelatin and glycerin, or susrose and

acacia; and mouth-washes comprising the active ingredient in a suitable liquid carier.
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It should be understood that in addition to the ingredients particularly mentionad above the
formulations of this invention may inciude other agents conventional in the art having regard to the
type of formulation in question, for example these suitable for oral administration may include
flavouring agents.

Pharmaceutical compositions adapted for topical adminisiration may be formulated as
ointmenis, creams, suspensions, lotions, powders, solutions, pasies, gels, impregnated dressings,
sprays, aerosols or oils, transdermal devices, dusting powders, and the like. These compositions
may be prepared via conventional methods containing the active agent. Thus, they may also
comprise compatibie conventional carriers and addiiives, such as preservatives, solvents to assist
drug penetration, emollient in creams or ointments and ethanol or oleyl alcohol for lotions. Such
carrers may be preéent as from about 1% up to about 98% of the composition. More usually they
will form up to about 80% of the composition. As an iliustration only, a cream or ointment is
prepared by mixing sufficient quantities of hydrophilic material and water, containing from about 5-
10% by weight of the compound, in sufficient quantities to produce a cream or ointment having the
desired consistency.

Pharmaceutical compositions adapted for transdermal adminisiration may be presented as
discrete patches intended fc remain in intimate contact with the epidermis of the recipient fora
prolonged period of time. For exainple, the active agent may be delivered from the patch' by
jontophoresis.

For applications to external fissues, for example the mouth and skin, the compositions are
preferably applied as a topical ointrment or cream. When formulated in an ocintment, the active
agent may be employed with either a paraffinic or a water-miscible cintment base.

Alternatively, the active agent may be formulated in a cream with an oil-in-water cream
base or a water-in-oil base.

For parenteral administration, fluid unit dosage forms are prepared utilizing the active
ingredient and a sterile vehicle, for example but without limitation water, alcohols, polyols, glyc:erihe
and vegetable olls, water being preferred. The active ingredient, depending on the vehicle and
concentration used, can be either suspended or dissolved in the vehicie. In preparing soiutions the
active ingredient can be dissolved in water for injection and filter sterilised before filling into 2
suitable vial or ampoule and sealing.

Advantageously, agents such as focal anaesthetics, preservatives and buffering agents can
be dissolved in the vehicle. To enhance the stability, the composition can be frozen after filing into
the vial and the water removed under vacuum. The dry lyophilized powder is then saaled in the vial
and an accompanying vial of water for injection may be supplied to reconstitute the liquid 'prior to
use. _

Parenterai suspensions are prepared in substantially the same manner as solutions, except
that the active ingredient is suspended in the vehicle instead of being dissolved and sterilization
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cannot be accomplished by filtration. The active ingredient can be sterilised by exposuré to
sthylene oxide before suspending in the sterile vehicle. Advantageously, a surfactant or wetting
agent is included in the composition to facilitate uniform disiribution of the active ingredient.

The compounds of the invention may aiso be administered using medical devices known in
the art. For example, in one embodiment, a pharmaceutical composition of the invention can be
administered with a needieless hypodermic injection device, such as the devices disclosed in U.8.
5,399, 163; U.S. 5,383, 851; .S, 5,312, 335; U.8. 5,064, 413; U.S. 4,941, 880; U.8. 4,790, 824; or
U.S. 4,586, 556. Examples of well-known implants and modules useful in the present invention
include - US 4,487, 803, which discloses an implantable micro-infusion pump for dispensing
medication at a controlied rate; US 4,486, 194, which discioses a therapeutic device for
administering medicaments through the skin; US 4,447, 233, which discloses a medication infusion
pump for delivering medication at a precise infusion rate; US 4,447, 224, which discloses a variable
flow implantable infusion apparatus for continuous drug delivery, US 4,438, 196, which discloses
an osmotic drug delivery system having multi-chamber compartments; and US 4,475, 196, which
discioses an osmotic drug delivery system. In & spacific embodiment the compounds of the
invention may be administered using a drug-eluting stent, for example corresponding to these
described in WO 01/87263 and related publications or those described by Perin (Perin, EC, 2005).
Many other such implants, delivery systems, and modules are known to those skilled in the art.

In an alternative embodiment of the present aspect the compounds of the invention may
be presented to the patient in the form of “prodrugs”, this is particularly applicable in the case of
an anticancer agent but may also be used for other indications.

The tenm “prodrug” as used in this application refers to a precursor or derivative form of a
pharmacedLtically active substance that is less cytotoxic compared to the parent drug and is
capable of being enzymaﬁca!ly activated or converted into the more active parent form (see, for
example, Wilman D.E.V., 1988 and Stella V.J. ef al, 1 a85).

The dosage to be administered of 2 compound of the invention will vary according to the
particular compound, the disease involved, the subject, and the nature and severity of the disease
and the physical condition of the subject, and the selected route of administration. The appropriate
dosage can be readily determined by a person skilled in the art.

The compositions may contain from 0.1 % by weight, preferably from 10-80%, or more, by
weight, of a compound of invention, depending on the method of administration.

It wilt be recognized by one of skill in the art that the optimal quantity and spacing of
individual dosages of a compound of the invention will be determined by the nature and extent of
the condition being treated, the form, route and site of adminisiration, and the age and condition of
the particular subject being treated, and that a physician will ultimately determine appropriate
dosages 1o be used. This dosage may be repeated as often as appropriate. If side effects develop
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the amount and/or frequency of the dosage can be altered or reduced, in accordance with normal

clinical practice.

In an alternative aspect the present invention provides a method for the production of 17-
desmethylrapamycin or an analogue thereof said method comprising
{(a) replacing the methyimalonyi-CoA specific AT domain of moduie 10 of the rapamycin
PKS with a malonyl-CoA-specific AT domain,
(b) expressing the engineered rapamycin PKS in a suitable host cell
(c) culturing the host cell under conditions such that 17-desmethylrapamycin or an
analogue thereof is produced including optionally supplying exogencus precursors
{d) dptionally isolating the compound thus produced.

in a specific embodiment, the compound produced is not 17-desmethylrapamycin.

This replacement results in the incorporation of malonyi-CoA by rapamycin PKS module
10 and the absence of a methyl branch at C17 compared to rapamycin or pre-rapamycin. ina
preferred embodiment, the malonyl-CoA specific AT domain is selected from one of the
following polyketide synthase gene clusters: rapamycin, monensin, FK508, erythromyein,
FK520, amphotericin, angolamycin, tylosin, ‘hyg’, FK523, meridamycin, antascomicin, FK525
- and tsukubamycin. In a more preferred embodiment the malonyl-CoA specific AT domain is
selected from one of the foliowing clusters: rapamycin, monensin or FK508. In a more highly
preferred embodiment the maionyl-CoA specific AT domain is selected from the group
consisting of the AT domain from rapamycin module 2, the AT domain from monensin module
3, the AT domain from monensin module 8, the AT domain from monensin module 8, the AT
domain from FK506 module 3 and the AT domain from FK508 module 7. in the most highly
preferreél embodiment the malonyl-CoA specific AT domain is the AT domain from module 2 of
rapamycin.

It should be noted that 2 number of errors in the deposited sequence have been
identified such as those reported in WO 04/007709. The present authors predict that there may
be further errors in the deposited sequence some of which may be in the regions used in this
work to engineer the cluster. The sequences in the sequence listing represent seguences of
synthesised oligonucleotides which were designed on the basis of the published sequence and
DNA fragments ampilified by polynucieotide chain reaction (PCR) which have been sequenced.
They may therefore not be identical o the deposited sequence. One skilled it the art will
appreciate that cloned DNA fragments that have not been sequenced will have the biclogically
correct seguence to form functiona! proteins and errors in the deposited sequence have no
effect on this. Also identified (NCBI accession number X86780) are the predicted franslation
products of the PKS genes, and (Aparicio et a/., 1_996) the boundaries of the domains and
modules. One skilied in the art will appreciats thét there is an amount of fluidity in the definition
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of 2 domain and the boundaries as defined in Schwecke et al., (1985) should be considered to
be examples of where boundaries may be.

One skilled in the art will appreciate that there are many malonyl-CoA specific AT
domains in type | polyketide synthases (and mixed PKS-NRPS) that couid be used as donor AT
domains and that this transformation could be attempted with any of a number of malonyl-CoA
selective acyl transferase domains from any type [ PKS or mixed NRPS/PKS. One skilled in the
art will also appreciate that incorporation of malonyl-CoA by the module 10 AT could be effected
by mu{aﬁng the rapAT10 to.alter its specificity, for example using the methods as described in
WO 02/14482, or by replacing module 10 with a module that contains an AT domain which is
selective for malonyl-CoA, said module including a natural moduie or a cbmbinatorial module.

The introduction of the malonyl-CoA specific AT info module 10 of the rapamycin PKS is
achieved by the introduction of restriction sites flanking the donor domain and cloning this in-
frame and in the same pesition as the acyitransferase of rapamycin module 10. One skilled in
the art will appreciate that this can be achieved by use of a range of resfriction enzyme sites
and a range of junction positions. In a preferred embodiment the malonyl-CoA specific AT
domain of rapamycin AT2 is introduced on a DNA fragment flanked by the restriction enzyme
sites Mscl and Avrll. The Mscl site is introduced at the beginning of the AT domain overlapping
with the DNA sequence encoding the conserved amino acic sequence PGQ, see below. The
Avrll site is introduced at the end of the AT domain overlapping with the DNA sequence
encoding the conserved amino acid sequence VLG, ses below. One skilled in the art will
appreciate that within this cloning strategy the Mscl site is methylated and passaging through an
E. coli strain such as ET12567 to generate dem™ DNA is required prior to digestion with the
restriction enzyme Mscl. Alternative embodiments involve the use of different resiriction sites,
for exampie but without limitation Spel and' Avrll, Mscl and Bgfil, Spel and Bgfil. An alternative

preferred restriction site combination is Spel and Avrll.

Generation of an Mscl siie at the start of the AT domain:
Rap ATI1OQ F P G Q G (SEG ID NO: 1}
ttt ccc ggg cag gga (SEQ ID NO: 2)

Rap AT2 ¥F P G Q G (SEQ ID NO: 3)
tte ccg ggt cag ggg {S8EQ ID NO: 4)

MseI Jjunciion F P G Q G (SEQ ID NO: 5)
ttt cct gge cag ggg (SEQ ID NO: 6)

Generation of an AvAl site at the end of the AT domain
Rap AT10 A V L G D (3EQ ID NO: 7}
gcg gtg ctg ggt gat {SEQ ID NO: 8)

Rap ATZ A VvV 'L G D (SEQ ID NO: 9)
: T ‘ geg gtg ctg ggt gat (SEQ ID NO: 10}

ZAD -



WO 2006/016167 PCT/GB2005/003158

Avrll junction A ¥V L G b (S5EQ ID NO: 11)
geg gtec =ta ggt gat {S3EQ ID NO: 12}

In a preferred embodiment the rapamycin polyketide synthase of S. hygroscopicus MG2-
10 is engineered to have a malonyl-CoA specific AT in module 10. in a highly preferred
embodiment the malonyl-CoA AT is rapamycin AT2, as described in example 1 herein.

One skilled in the art will appreciate that there are a number of ways in which DNA may
be introduced into a cell in order to effect the engineering of a PKS gene duster. In example 1
we describé a conjugative method using a temperature sensitive origin plasmid. One skilled in
the art will appreciate that other methods may also be used, for example but without fimitation,
homologous recombination without using a seli-replicating vector, the methods as described in
WO 03/033699. Therefore the recombinant methods of generating an engineered rapamycin
PKS should not be limited to those described herein.

However, the methods described herein are the preferred methods for generating an
engineered PKS cluster. To date no success for the engineering of rapA, rapB or rapC has

been reported with-the aliernative mathods described above.

In a further aspect the present invention provides a method for generating a recombinant
strain that contains an engineered biosynthetic cluster that encodes a rapamycin polyketide
synthase where the methylmalonyl-CoA specific AT domain of module 10 has been replaced
with a malonyl-CoA specific AT domain, as described above. In a preferred embodiment, the
mailonyl-CoA specific AT domain is selecied from one of the following polyketide synthase gene
clusters: rapamycin, monensin, FK508, erythromycin, FK520, amphotericin, angolamycin,

- tylosin, ‘hyg’, FK523, meridamycin, antascomicin, FK525 and tsukubamycin. In a more
nreferred embodiment the malonyl-CoA specific AT domain is selected from one of the foliowing
clusters: rapamycin, monensin or FK508. 1n a more highly preferred embodiment the malonyl-
CoA spec:iﬁb AT domain is selected from the group consisting of rapamycin module 2, monensin
moduie 3, monensin module 6, monensin module 8, FK506 module 3 and _FKSOS module 7. In
the most highly preferred embodiment the malonyl-CoA specific AT domain is from moduie 2 of
rapamycin.

Although engineering of the rapamycin polyketide synthase pathway has been
exemplified herein in S hygroscopicus MG2-10 (the production of which is disclosed in WO
04/007709 and in Gregory ef al., (2004)) a2 person of skill In the art will appreciate that ‘éhese
methods can egqually be appiied o wild-type S. hygroscopicus NRRL5481 and other related
strains (see below). Preferably, the engineered strain is selected from the group consisting of
S. hygroscopicus MG2-10 and S. hygroscopicus NRRL5491.

In this context, strains related to S. hygroscopicus NRRL5481 include: Actinoplanes sp.
NS02-109 {e.g. FERM BP-3832}, Streptomyces sp. AAB554, Strepfomyces hygroscopicus var.
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ascomyceticus MA 8475 (e.g. ATCC 14891), Streptomyces hygroscopicus var. ascomyceticus
MA 8678 (e.g. ATCC 55087), Sireptomyces hygroscopics var. ascomyceticus MA 6674,
Streptomyces hygroscopicus var. ascomyceticus (e.g. ATCC 55276), Streptomyces
tsukubaensis No.9993 (e.g. FERM BP-827), Strepiomyces hygroscopicus subsp.
yakushimaensis, Streptomyces sp. (e.g. DSM 4137), Sirepfomyces sp. (e.g. DSM 7348),
Micromonospora n.sp. AB2-306401 (e.g. DSM 8429) and Streptomyces sp. MA 6858 (e.g.
ATCC 55088). in one embodiment the strain Is not a recombinant S. hygroscopicus host cell
that produces 17-desmethylrapamycin. In a further embodiment the strain is not a recombinant
S. hygroscopicus host cell that produces 17-desmethylrapamycin in the absence of the '
proﬁision of exogenous precursors, in a further embodiment the strain is not a recombinant S.
hygroscopicus host celf containing a deletion of the five contiguohs genes, rapQONML.

Optionally, this method can be combined with the methods disclosed in WO 04/007709
to allow the production of 17-desmethylirapamycin analogues which differ from the natural
rapamycin siructure in the degree of processing by the past-PKS enzymes or in the

incorporation of non-natural starter acids.

An embodiment of the previous aspects of the invention providing a msthod for the
production of 17-desmethylrapamycin and analogues thereof and a method of generating a
recombinant strain that contains a biosynthetic cluster that encodes an engineered rapamycin

polyketide synthase, comprises the additional steps of:

(a) isolating the AT to be infroduced as a single DNA fragment with suitable flanking
restriction sites, '

{s)] amplifying and isolating the regions of DNA sequence homologous {o the flanking
sequences of the target AT using the sameappropriate restriciion sites,

(t) fligating the three DNA fragmenis as described in-(a) and (b} together to give an
inframe sequence of LHS homoiogy followed by donor AT domain followed by RHS
homology,

(d) introducing the complete sequence from (c) info a vector for introduction into the

host sirain {o give the final plasmid, said plasmid comprising:

i) the oriT for conjugation,
iy phe oF more resistance markers,
i a temperature sensitive origin of replication such that integrants can be

selected by culturing at 37 °C, and
iv) an £. colf origin of replication
(e) transforming the host strain by conjugation using the final plasmid as described

in (d) above,
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(f) selecting the tranformants by resistance to the relevant antibiotic,

(9) generating the primary infegrants by culturing at 37 °C with antibiotic selection,

(h) screening the secondary recombinants by growth in the absence of antibiotic

selection, also at 37 °C,

(i identifying the desired strain by its ability fo produce the target product and

)] optionally confirming the genetics of the strain by standard methods.

One skilled in the are will appraciate that appropriate restriciion sites as referred o in
step (b) must be such that the three sequences are in-frame when ligated together - they are
not necessarily the same as the two sites used for the AT, specifically the resiriction siie on the
RHS of the lefi-hand region of homology must be the same as, or compatible with fo give an in-
frame sequence, the site on the LHS of the AT, the resiriction site on the LHS of the lefi-hand
region of homology can be any site appropriate o carry out the subsequent cloning steps.
Similarly, the site on the LHS of the right-hand region of homology must be the same as, or
compatible with fo give an in-frame sequence, the site on the RHS of the AT, the restriction site
on the RHS of the right-hand region of homology can be any site appropriate to carry out the
subseguent cloning steps.

In & further aspect the present invention provides a method for making a 17-
desmethylrapamycin analogue, said method comprising:

(a) generating a recombinant sirain in which the methylmalonyl-CoA specific AT

domain of module 10 of the rapamycin PKS has been replaced with a2 malonyl-CoA

specific AT domain,

{b) feeding non-natural starter acfds to a culture of said recombinant strain under

conditions suitable for polyketide production, and

(c) opfionally isolating the compound thus produced.

Thetefore, the present invention provides a method for generating 17-
desmethylrapamycin analogues which have incorporated non-natural starter acids. In particular
the present invention provides for the incorporation of cyclic and heterocyclic starter acids into
17-desmethylrapamycin analogues, said method comprising feeding said alternative starier
acids fo a strain which contains the engineered rapamycin biosynthetic gene cluster which is
responsible for the synthesis of the 17-desmethylpre-rapamycin core. In one embodiment the
recombinarnt strain has had a précur_sor supply gene deieted or inactivated. Ina breferred
embodiment the precursor supply gene which has been deleied or inactivated is rapK. In a
further preferred embodiment the recombinant strain has had rapK defeted or inactivated and
the non-naiural starter acid fad to this strain is selecied from the group consisting of
cyclohexanecarboxylic acid, 3-methylcchohexanecarboxylic acid, cycloheptanecarboxylic abid,
S-fluoro-4-hydroxycyclohexanecarboxylic acid, 4-fluoro-3-hydroxycyclohexanecarboxylic acid, 3-
chloro-4-hydroxycyciohexanecarboxylic acid and 4-chioro-3-hydroxycyclohexanecarboxylic
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acid.. in one embodiment the strain is not a recombinant S. hygroscopicus host cell that
produces 17-desmethylrapamycin. In a further embodiment, the strain is not a recombinant S.

hygroscopicus host cell that produces 17-desmethylrapamycin in the absence of the provision

of exogenous precursors,
This- aspect of the invention provides methods for the efficient production of a multiplicity

of basic products through the incorporation of non-natural precursors (e.g. cyclic or heterocyclic
starter acids). Methods may also embody further aspects as set out below.

Therefore in one aspect the present inveniion provides a method of generating 17-
desmethylrapamycin analogues which incorporate a cyclic or heterocyclic starter acid, said
method comprising:

(a) modifying said recombinant strain that contains the engineered rapamycin PKS

genes to addiﬁona!ly delete or inactivate at least ene precursor supply gene; and

(b) feeding a cyclic or heterocyclic non-natural starier acid to said recombinant strain

In a preferred embodiment the recombinant strain is generated using the methods
described in WO 04/0077089 and herein. In a preferred embodiment, one of the precursor
supply genes which has been deleted or inactivated is rapK. _

In one embodiment, the exogenous acids fed include (without limitation) cycloalkyl
carboxyiic acids, or simple esters thereof, with ring sizes varying from 5to 7 atoms. ina
preferred embodiment the carboxylic acids are those described in WO 04/007708.

In another preferrad embodiment the non-natural starter acids are those described in
example 2 herein. In a more preferred embodiment hon-nhatural starter acids fed io this strain is
selected from the group consisting of cyclohexanecarboxylic acid, 3-
methylcyclohexanecarboxylic acid, cycloheptanecarboxylic acid, 3-fluoro-4-
hydroxycyclohexanscarboxylic acid, 4-fluoro-3-hydroxycyclohexanecarboxylic acid, 3-chioro-4-
hydroxycyclohexanecarboxylic acid and 4-chloro-3-hydroxycyclohexanecarboxylic acid.

In one embodiment, the heterocyciic starter acids that may be fed may include (without
limitation): heterocyclic carboxylic acids, or simple esters thereof, with ring sizes varying from 5
1o 7 atoms, said rings may contain one or more heteroafoms, where th'e ring contains more than
one hetercatom said heteroatoms may be the same or they may be differeni. The heteroaiom
may be selected from the group consisting of O, 8 and N. Where the ring contains an N it may
be as the free base (NH), as the acylated amine (N-acyl), as the alkylated amine (N-aikyl) or as
the alkylated N-oxide (N-alkyl, N-O). Where the ring contains an S it may be as a cyclic
thiosther, sulfoxide or suffone. In all of the above heterocyclic carboxylic acids the remainder of
the ring may be unsubstituted or optionally it may contain one or more substituents, including
but not limited to a Ci4 alkyl, OH, F and Cl. Preferably,-in one embodiment the heterocyclic
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carboxylic acid contains & 8 membered ring, with an oxygen atom in the 4 position. In a further

preferred embodiment, the heterocyclic carboxylic acid is tetrahydro-2H-pyran-4-carboxylic acid

In a further aspect, the present invention provides a method for generating a 17-
desmethylrapamycin analogue, said method comprising:

(a) generating a recombinant strain in which the methyimalonyi-CoA specific AT

domain of module 10 of the rapamycin PKS has been replaced with a malonyl-CoA

specific AT doméin {(as described in more detail above),

(b) additionally deleting or inactivating one or more rapamycin auxiliary genes

selected from rapi, rapdJ, rapK, rapl, rapM, rapN, rapO and rapQ,

(c) culturing the strain thus obtained, optionally in the presence of an exogenous

precursor if required, to produce the 17-desmethylrapamycin analogue, and

(d) optionally isolating the compound thus produced.

In a preferred embodiment the auxiliary genes which have been deleted or inactivated
are rapl, rapJ and rapQ. In an altemative preferred embodiment the auxiliary genes that have
been deleted are rapJ, rapM and rapQ.

In an alternative aspect of the present invention, the altered rapamycin PKS is
expressed in a host cell in which one or more of the rapamycin auxiliary genas has been
deleted or inaciivated. |n an alternative embodiment the altered rapamycin PKS is expraessead in
a host cell in which all of the auxiliary genes have been deleted or inacﬁvatg—zd for example, but
not limited to, the host strain S. hygroscopicus MG2-10 (WO 04/007709; Gregory ef al., 2004).
A person of skill in the art will appreciate, based on the disclosure present in WO 04/007708,
that if rapK has been deleted or inactivated, an exogenous acid will need to be supplied for the
production of 17-desmethylrapamycin or an analogue thereof.

In a further aspect, the presant invention provides a method for generating a 17-
desmethylrapamycin analogue, said method comprising: '

{a) generating a recombinant strain in which the methylmaionyi-CoA specific AT

domain of module 10 of the rapamycin PKS has been replaced with a malonyl-CoA

specific AT domain (as described in more detail above),

{(h) additionally deleting or inactivating one or more rapamycin auxiliary genes

selected from rapl, rapd, rapK, rapl, rapM, rapN, rapO and rapQ,

(c) re-introducing all or a subset of auxiliary genes in-frans to complement or

partially complement the deletion,

{(d) ¢ulturing the strain thus obtained, optionally in the presence of an exogenous

precursor if required, io produce the 17-desmethylrapamycin analogue, and

(e) optionally isolating the cbmpound thus produced.
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In a preferred embodiment, in step (b) all the rapamycin auxiliary genes are deleted or
inactivated. in a further preferred embodiment the recombinant strain is genetically
compiemented with one or more auxiliary genes selected from the group consisting of rap/,
rapJ, rapK, rapl, rapM, rapN, rapC and rapQ or homologues thereof. In a specific embodiment
the strain is com.p}emented with all the awdliary genas. In a further preferred embodiment the
recombinant strain is genetically complemented with the rapamycin auxiliary genes rapK, rapi,
rapN, rapQ and rapL. or homologues thereof. In an alternative preferred embodiment the

‘recombinant strain is genetically complemented with the rapamycin auxiliary genes rapK, rapl,
rapN, rapO and rapl or homologues therecf.

Therefore, in a specific aspect of the present invention the AT swap is carried out in S.
hygroscopicus MG2-10 (which is disclosed in WO 04/007708 and Gregory et al., (2004)) where
all of the auxiliary genes have been removed, to generate a strain which requires chemical
complementation with an exogenous acid to produce a rapamycin product. For example
feeding cyclohexanecarboxylic acid leads to the production of 17-desmethyl-39-deshydroxypre-
rapamycin and feeding the starter acid 3,4-dihydroxycyciohexanecarboxyiic acid teads to the
production of 17-desmethylpre-rapamycin. In a preferred embodiment the sirain generated by
carrying out an AT swap in S. hygroscopicus MG2-10 is S, hygroscopicus MG7-8 which is
generated, as described in example1, by introducing the acy! transferase of rapamycin moduie2
into moduie 10 to replace the native AT10.

One skilied in the art will appreciate that in S. hvgroscopicus MG7-9 there is hot a copy
of rapl. and that the chemical complementétion described does not refer to addition of pipecoiic
acid of an altemnative amino acid. If is the case that supplementing the domplex production
media with lysine serves to provide the strain with pipecolic acid (via a process not dstermined,
but estabiished by observation of the produced pre-rapamycin analogues). Culturing of this
strain (S. hvgroscopicus MG7-9) leads to co-production of 17-desmethylproiylrapamycin
analogues being observed at low levals and similar observations are made for other sirains that
are deficient in RaplL. Exogenous natural and novel amino acids can be incorporated into the
wild-type rapamycin molecuie by feeding into the production media in direci competition with
pipecolic acid. One skilled in the art will appreciate that similarly, natural or non-naturat amino
acids could be fed to rapl deieted strains such as, but not limited to, S. hygroscopicus MG7-5 in
order to provide further novel rapamycin analogues. ,

Optionally, one or more of the deleted auxiliary genes may be introduced into said host
cell under an appropriate promoter.' in a preferred embodiment one or more of the deleted
genes may be introduced into the chromosomal phage attachment site of the Sirepitomyces
phage phiBT1 (Gregory ef al., 2003). One skilled in the art will appreciate that complementation
in-trans is not fimited to thié phage attachment site, or indeed to the use of an attachment site.
Therefore, compiemehtaﬁon of deleted auxiliary genes can also be effected by, but not limited
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to, introduction of one or more auxiliary genes under an appropriate promoter into other phage
attachment sites such as the attachment site for Streptomyces phage phiC31 for example by
using a derivative of pSET152 (Bierman et al., 1992). Such integration may similarly be
performed using other available integration functions including but not fimited to: veciors based
on pSAM2 integrase (e.g. in pPM927 {Smovkina ef af., 1990)), R4 integrase {e.g. in pATY8
(Matsuura ef al., 1996)), VWB integrase (e.g. in pKT02 (Van Mellaert ef al., 1998)), and L5
integrase {e.g. Lee ef al, 1991). One skilled in the art will recognise that there are many
Actinomycete phages which may be expecied to contain integration functions that could be
transferred to a delivery vector along with a suitable promoter to generate further systems that
can be used to introduce genes into S. hygroscopicus. Indeed many further S. hygroscopicus
phages have been identified and integration functions could be obtained from those and utilised
in a similar way. As more phages are characterised one would expect there to be further
available integrases that could be ued similarly. In some cases this may need aleration of the
host strain by addition of the specific attB site for the integrase to enable high efficiancy
integration. Introduction of auxiliary genes under an appropriate promoter can also he effected
by, without fimitation, homologous recombination into a neuiral position in the chromosome,
homologous recombination into a non-neutral position in the chromosome {for example {o
disrupt a chosen gene). Self-replicating vectors can also be used for exampie, but not limited
to, vectors containing the Strepfomyces origin of replication from pSG5 (e.g. pKC1138 Bierman
et al., 1992), pld101 (e.g. plJ487, Kieser ef /., 2000) and SCP2* (e.g. plJ698, Kieser ef al.,
2000). More than one of the above systems may be employed in the engineering of a
recombinant strain to generate a 17-desmethyirapamycin analogus. One skilled in the art will
recognise that it is also possible to generate biosynthetic pathways that wili produce the same
products as deletion of all the auxiliary genes and complementation in frans, by inactivating or
deleting each auxiliary gene as appropriate. Expression of such genes within said host celi,
with the feeding of free acids where appropriate, leads to the production of 17-
desmethylrapamycin analogues which have incorporated natural or non-natural starter acids
and/or which have altered levels of post pdlyketide processing. In a further embodiment, the
altered rapamycin PKS can be expressed in a heterologous host cell which naturally lacks the
rapamycin auxiliary genes (or equivalents thereof) together with a selection of said auxiliary
genes. In a preferred embodiment, at least rapKis deletad or RapK is otherwise absent from
the host strain, and a variety of exogenbus carboxylic acids can be fed to said hest strain to
produce 17-desmethylrapamycin analogues which have incorporated non-natural starter acids.
In a further aspect of the invention, the above modifications are combined, therefore the
present invention provides a method for making a 17-desmethylrapamycin analogue, said

method comprising:
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(a) generating a recombinant strain in which the methylmalonyl-CoA specific AT
domain of module 10 of the rapamycin PKS has been replaced with a malonyl-CoA
specific AT domain,

{(b) additionally deleting or inactivating one or more rapamycin auxiliary genes

 selected from rapl, rapd, rapK, rapl, rapM, rapN, rapO and rapQ,

{c) optionally ré—introducing all or a subset of auxiliary genes in-trans to compiement

or partially complement the deletion,

(d) feeding non-natural starter acids to said recombinant strain under suitable

conditions for the production of polykstids, and

=) optionally isolating the compound thus produced.

In a preferred embodiment, the auxiliary gene(s) which have been deleted or inactivated
include rapK.

in a preferred embodiment, in step (b) al the rapamycin auxiliary genss are delsted or
inaciivated. In a specific aspect, the present invention provides an alfernative method for
generating 17-desmethylrapamycin analogues which have incorporated non-natural starter
acids by genetically complementing the recombinant strain in which alt of the rapamycin
auxiliary genes have been deleted or inactivated with the rapamycin auxiliary genes rap/, rapJ,
rapl, rapM, rapN, rapO and rapQ or their homologues, generating a sirain containing all the
éuxiiiary genes except rapK, and feeding with exogenous starter acids. In a preferred
embodiment the exogenous non-natural starter acid is cyclohexanecarboxylic acid. In an
alternative preferred embodiment the non-natural starter acid is 3-methylcyclohexanecarboxylic
acid. In ah alternative preferred embodiment the non-natural starier acid is '
cycloheptanecarboxylic acid. In an alternative preferred embodiment the non-natural starter acid
is selected from the group consisting of 3-fluoro-4-hydroxycyclohexanecarboxylic acid, 4-fiuoro-
3-hydroxycyclohexanecarboxylic acid, 3-chloro~4-hydroxycyciohexanecarboxylic acid and 4-
chioro-3-hydroxycyclohexanecarboxylic acid. '

In a further aspect the present invention provides a method for generating 17-
desmethyirapamycin analogues by fermentation of the recombinant strain with combinations of
auxiliary gene activities and non-natural starier acids. In a preferred embodiment the auxiliary
genes that have been deleted are rapK, rapM and rapQ and the non-natural starter acid fed to
this strain is cyclohexanecarboxylic acid. |n an alternafive preferi’ed- embodiment the non-
natural starter acid fed to this strain with deleted rapK, rapM and rapQ is 3-
methyicyclohexanecarboxylic acid. [n an aliernative preferred embodiment the non-natural
starter acid fed to this strain with deleted rapK, rapM and rap@ is cycloheptanecarboxyiic acid.
In a preferred embodiment the auxiliary genes that have been deleted are rapK, rapM and rapQ
and the non-natural starier acid fed to this strain is selected from the group consisting of 3-
fIuoro-4-hydroxycyciohexanecarbpxylic acid, 4-fluoro-3-hydroxycycichexanecarboxylic acid, 3-
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chioro-4-hydroxycyclohexanecarboxylic acid and 4-chloro-3-hydroxycyciohexanecarboxylic
acid.

In a further preferred embodiment the auxiliary genes that have been deieted are rapk,
rap/ and rapQ and the non-natural siarter acid fed to this strain is selected from the group
consisiing of 3-methylcyclohexanecarboxylic acid, cyciohexanecarboxy!ic acid,
cycloheptanecarboxylic acid, 3-fluoro-4-hydroxycyclohexanecarboxylic acid, 4-fluoro-3-
hydroxycyclohexanacarboxylic acid, 3-chloro-4-hydroxycyclohexanecarboxylic acid and 4-
chioro-3-hydroxycyclohexanecarboxylic acid. in a more highly preferred embodiment the
auxiliary genes that have been deleted are rapK, rap! and rapQ and the non-natural starter acid
fed to this strain is 3-methylcyciohexanecarboxylic acid. tn a more highly preferred embodiment
the auxiliary genes that have been deleted are repK, rap/ and rapQ and the non-natural starter
acid fed to this strain is cyclohexanecarboxylic acid.

In an alternative preferred embodiment the auxiliary genes that have been deleted are
rapK and rapM and the non-natural starter acid fed to this sfrain is selected from the group
consisting of 3-methylcyclohexanecarboxylic acid, cyclohexanecarboxylic acid,
cycioheptanecarboxylic acid, 3-fiuoro-4-hydroxycyclohexanecarboxylic acid, 4-fluoro-3-
hydroxycyclohexanecarboxylic acid, 3-chioro-4-hydroxycyclohexanecarboxylic acid and 4-
chloro-3-hydroxycyclohexanecarboxylic acid. In a more highly préferred embodiment the non-
natural starter acid fed is cyclohexanecarboxylic acid.

In a further alternative preferred embodiment, the auxiliary genes that have been deleted
are rapK, rapl and rapM and the non-natural starter acid fed to this strain is selected from the
group consisting of 3-methylcyclohexanscarboxylic acid, cyclohexanecarboxylic acid,
cycioheptanecarboxylic acid, 3-fluoro-4-hydroxycyclohexanecarboxylic acid, 4-fluoro-3-
hydroxycycichexanecarboxylic acid, 3-chloro-4-hydroxycyclohexanecarboxylic acid and 4-
chioro-3-hydroxycyclohexanecarboxylic acid. In a more highly preferred embodiment the non-
natural starier acid fed is cyclohexanecarboxylic acid.

In an alternative preferred embodiment, the auxiliary genes that have been deleted are
rapK, rapl, rapJ and rapQ and the non-natural starter ac]d fed to this strain is selected from the
group consisting of 3~me’chylcyciohexaneoarboxyiic'écid, cyclohexanecarbexylic acid,
cycloheptanecarboxylic acid, 3-fluoro-4-hydroxycyclohexanecarboxylic acid, 4-filuoro-3-
hydroxycyclohexanecarboxylic acid, 3-chlore-4-hydroxycycichexanecarboxylic acid and 4-
chloro-3-hydroxycyclohexanecarboxylic acid. In a more highly preferred embodiment the non-
natural starter acid fed is cyclohexanecarboxylic acid.

In an alternative preferred embodiment, the auxiliary genes that have been deleted are
rapK, rapJ, rapM and rapQ and the non-natural starter acid fed to this strain is selected from the
group consisiing of 3-methylcyciohexanecarboxylic acid, cyclohexanecarboxylic-acid,
cycloheptanecarboxylic acid, 3-fluero-4-hydroxycyclohexanecarboxylic acid, 4-fluoro-3-
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hydroxycyclochexanecarboxylic acid, 3—ch}oro—4—hyc§roxycyclohexanecarboxyiic acid and 4-
chioro-3-hydroxycycichexanecarboxylic acid. In a more highly preferred embodiment the non-

natural starter acid fed is cyciohexanecarboxylic acid.

in a further aspect the present invention provides a method for genarating 17-
desmethylrapamycin analogues by genetically complementing a recombinant strain in which all
of the rapamycin auxiliary genes have been deleted or inaclivaied with one or more auxiiiary
genes selected from rapl, rapJ, rapK, rapl, rapM, rapN, rapO and rapQ or their homologues in
combination with feeding natural or non-natural starter acids. In a preferred embodiment said
recombinant strain is genetically complemented with rap!, rapJ, rapN, rapO and rapL and fed
with a non-natural starter acid selected from the group consisting of cyclohexanecarboxyiic acid,
3—methyfcyclohexane_carboxyiic acid, cycloheptanecarboxylic acid, 3-fluoro-4-
hydroxycyclohexanecarboxylic acid, 4-fluoro-3-hydroxycyclohexanecarboxylic acid, 3-Ghioro-4-
hydroxycyclohexanecarboxylic acid and 4-chloro-3-hydroxycyclohexanecarboxylic acid. Ina
preferred embodiment said recombinant strain is genetically complemented with rapJ, rapi,
rapQ and rapL and fed with a non-natural starter acid selected from the group consisting of
cyclohexanecarboxylic acid, 3-methylcyciohexanecarboxyiic acid ,cycloheptanecarboxylic acid,
3-fiuoro-4-hydroxycyclohexanecarboxyiic acid, 4-fluoro-3-hydroxycyciohexanecarboxylic acid, 3-
chloro-4-hydroxycyclohexanecarboxylic acid and 4-chloro-3-hydroxycyclohaexanecarboxylic
acid.

In an alternative preferred embodiment said recombinant strain is genetically
complemented with rapJ, rapM, rapN, rapQ and rapl and fed with a starfer acid selected from
the group consisting of 3-methylcyclohexanecarboxylic acid, cyclohexanecarboxylic acid,
cycloheptanecarbbxy[ic acid, 3-fluoro-4-hydroxycyclohexanecarboxylic acid, 4-fluoro-3-
hydroxycyclohexanecarboxylic acid, 3—chioro~4—hydroxycycizohexanecarboxylic acid and 4-
chicro-3-hydroxycyciohexanecarboxylic acid. In a more highly preferred embodiment the
starter acid fed is 3-me§hylcyclohexaﬁecarboxylic acid.

in an alternative preferred embodiment said recombinant strain is geneticaliy
complemented with rap/, rapJ, rapN, rapO, rapQ and rapl and fed with a starter acid selected
from the group consisting of 3-methylcyclohexanecarboxylic acid, cyclohexanecarboxylic acid,
cycloheptanecarboxylic acid, 3-fluoro-4-hydroxycyclohexanecarboxylic acid, 4-fiuoro-3-
hydroxycyclohexanecarboxylic acid, 3-chloro-4-hydroxycyciohexanecarboxyiic acid and 4-
chioro-3-hydroxycyclohexanecarboxylic acid. In a more highly preferred embodiment the -
starter acid fed is cyclohexanecarboxylic acid.

In an alternative preferred embodiment said recombinant strain is genetically
compiementad with rapJ, rapN, rap0, rapQ and rapl and fed with a starter acid selected from
the group consisting of 3-methylcyclchexanecarboxylic acid, cyclchexanecarboxylic acid,
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cycloheptanecarboxylic acid, 3~ﬂuoro—4-hydroxycyclohexanecarbéxylic acid, 4-fluore-3-
hydroxycyciohexanecarboxylic acid, 3-chlor_o-4-hydz‘oxycyclohéxanecarboxy[i_c acid and 4-
chIor0-3~hydroxycyciohexanecérboxy!ic acid. Ina more highly preferred embodiment the
starter acid fed is cyclohexanecarboxylic acid. -

In an altermative preferred embodiment said recombinant strain is genetically
complemented with rapM, rapN, rapO and rapL and fed with a starter acid seiected from the
group consisting of 3-methylcyclohexanecarboxylic acid, cyclohexanecarboxylic acid,
cycloheptanecarboxylic acid, 3-fluoro-4-hydroxycyciohexanecarboxylic acid, 4-fiuoro-3-
hydroxycyclohexanecarboxylic acid, 3-chioro-4-hydroxycyclohexanecarboxylic acid and 4-
chloro—S-hydrox‘ycyclohexanecarboxylic acid. In a more highily preferred emboediment the
starter acid fed is cyclohexanecarboxylic acid. ' |

in an alternative preferred embodiment said recombinant strain is genetically
complemented with rap/, rapN, rapO and rapl and fed with a starter acid selected from the
group consisting of 3-methylcyclohexanecarboxylic acid, cyclohexanecarboxylic acid,
cycloheptanecarboxylic acid, 3-filuoro-4-hydroxycyclohexanecarboxylic acid, 4-flucro-3-
hydroxycyclohexanecarboxylic acid, 3-chloro-4-hydroxycyclohexanecarboxylic acid and 4-
chioro-3-hydroxycyciohexanecarboxylic acid. In a more highly preferred embodiment the

starter acid fed is cyclohexanecarboxylic acid.

In a further aspect, the present invention provides a method for generating a library of
17-desmethylrapamycin analogues, said method comprfsing:

() generating a recombinant strain in which the methyimaionyl-CoA specific AT

domain of module 10 of the rapamycin PKS has been replaced with & malony-CoA

specific AT domain,

{b) optionally deleting or inactivating one or more rapamycin auxiliary genes selected

from rapi, rapJ, rapK, rapl, rapM, rapN, rapO and rapQ, '

(c) optionally re-introducing all or a subset of the rapamycin auxiliary genes in-trans

to complement or partially complement the deletion, and,

(d) feeding an array of non-natural starter acids to said recombinant strain to

generate a number of 17-desmethylrapamycin anaiogues;

&) feeding natural or novel amino acids under suitable conditions for the production

of polyketides, '

) optionally isclating the compounds thus produced, and

(@) optionally performing semi-synthesis on the rapamycin analogues iéoiated.
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The present invention is further iflustrated by the following examples, which should in no

way be construed-as limiting the scope of the invention.

Examples

Materials
All molecular biology enzymes and reagents were obtained from commercial sources.

Bacterial sfrains and growth conditions

Escherichia colf DH10B (GibeoBRL) was grown in 2xTY medium as described by
Sambrook ef al. {1889) and E. cofi ET12567(pUZ8002) as described in Paget ef al. (1999) in
2xTY medium with kanamycin (25 mg/L). The vector pUC18 was obtained from New England
Biolabs. Vector pKC 1139 is described in Practical Streptomyees Genetics, Kieser ef al., {2000).
£. cofi transformants were selected for with 100 mg/L ampicillin or 50 mg/L apramycin.

- 8. hygroscopicus MG2-10 (WO 04/007709; Gregory et al., 2004) and its derivatives
were maintained on medium 1 agar plates (see below) at 28 °C, and cultivated in TSBGM
(Tryptic Soy Broth with 1.0 % glucose and 100 mM MES, bH 6.0} as described in (Khaw ef al,,
1888), supplemented with 50 mg/L apramycin when required. |

‘Liquid cultures were grown at 28 °C in Erenmeyer flasks or falcon tubes with shaking at

300 rpm.

Feeding methods: ,
Spore stocks of all strains were prepared after growth on medium 1, preserved in 20%

wiv glycerol:10% wiv lactose in distilled water and stored at —80 °C. Vegetative cultures were
prepared by inoculating 0.1 mL of frozen stock into 50 mL medium 2 (see below) in 250 mL

flask. The culture was incubated for 36 o 48 hours at 28 °C, 300 rpm.

Feeding procedure. Vegetative cultures were inoculated at 0.5 mL info 7 mL medium 3 in 50 mL
tubes. Cultivation was carried out for 7 days, 26 °C, 300 rom. The feeding/addition of the
selected carboxylic acids (“non-natural starters™ or *natural stariers”) were carried out at 24

hours aiter inoculation and wers fed at 1 mM unless staied otherwise.

Medium 1:

component Source Catalogue # Per L
Com steep powder  Sigma C-8160 2549
Yeast extract , Ditco 0127-17 3g
Calcium carbonate  Sigma  C5829 39
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fron sulphate 'Sigma F8633 ' 03¢
BACTO agar ‘ 20g
Wheat starch Sigma 82760 10g
Water to 1L

The media was then steriiised by autoclaving 121 °C, 20 min.

Medium 2: RapV7 Seed medium

Componenti Per L

Soy bean flour (Nutrisoy) " 5g
Avedex W80 dextrin (Deymer Ingredients Lid) 35g
Corn Steep Solids (Sigma) - 4y
Glucose iCg
{NH4}250, 2g
Lactic acid (80%) 1.6 mL
CaCO4(Sigma) 70

Adjust pH to 7.5 with 1 M NaOH.

The media was then sterilised by autoclaving 121 °C, 20 min.
After steriiisation 0.16 mi of 4 % glucose is added to each 7 mL of media.

Medium 3: MD8 medjum (Fermentation medium)

.Component PerL
Soy baan flour (Nutrisay) 304g
Corn starch (Sigma) 30¢g
Avedex W80 dextrin (Deymer Ingredients Lid) 19¢g
Yeast (Allinson) 3g
Com Sieep Solids (Sigma) 1g
KHPO; 259
KHPO, 259
(NH4)-S04 104
NaCl 5¢g
CaCO;{Caltec) 10g
MnCL, 4HO 10 mg
MgSO, 7H.0 2.5mg
FeS0, 7H0 120 mg
ZnS0, 7H,0 50 mg
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‘MES (2—morph6|inoethar_ze sulphuric acid monohydrate)

212g

pH is corrected to 8.0 with 1 M NaOH

Before sterilization 0.4 mL of Sigma o-amylase (BAN 250) was added to 1 L of medium.

Msdium was starilised for 20 min at 121 °C.

After sterilisation 0.35 mL of sterile 40 % fructose and 0.10 mL of L-lysine (140 mg/mL in water,

filter-sterilsed) was added to each 7 mL.

Medium 4: RapV7a Seed medium

Component Per i.
Soy bean fiour (Nutrisoy) 7 5g
Avedex W80 dextrin (Deymer !ngredients.i_td) 35¢g
Corn Steep Soiids (Sigma) 4g
{NH,}>S0, 2g
Laciic acid (80%) 1.6 mL
CaCO;(Sigma) 79

Adjust pH to 7.5 with 1 M NaOH. _

The media was then sterilised by autoclaving 121 °C, 20 min.

Medium 5: MD6/5-1 medium (Fermentation medium)

Component PerL
Soy bean fiour (Nutrisoy) 15g
Avedex WBO0 dexirin (Deymer Ingredients Lid) 50g
Yeast (Allinson) 3g
Corn Steep Solids (Sigma) 19
KHPO, 25g
KoHPO, 25¢g
{NH;)=804 10g
NaCl 139
CaCO, (Caltec) 109
MnCi, 4H,0 3.5mg
MgSQ, 7H,O 15 mg
FeS0, 7TH,O 150 my
Zns0, 7THO 80 mg
SAG 471 0.1 mi

Medium was sterilised for 30 min at 121 °C.
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Aﬁer-st‘ériii_sation_ 15g of Fructoss per L was added.

In vitro bioassay for anficancer activity

In vitro evaluation of compounds for anticancer activity in a panel of 12 human tumour cell
lines in 2 monolayer proliferation assay were carried outt at the Oncotest Testing Faaility,
Institute for Experimental Oncology, Oncotest GmbH, Freiburg. The characteristics of the 12

selected cell lines are summarised in Tabls 1.

Table 1: Test cell lines

# Cellline Characteristics

1 SF-268 CNS, NCI standard

2 GXF251L Gastric

3  NCi-H460 . Lung, NCI standard

4  MCEF-7 Breast, NCi standard

5 MEXF394NL  Melanoma

8 OVCAR-3 Ovarian - p85 mutated. AKT amplified.
7 DU145. Prostate - PTEN positive

8 LNCAP Prostate - PTEN negative

9 UXF1138L  Uterus

The Oncotest cell lines were established from human tumor xenogratts as described by
Roth ef al. 1998. The origin of the donor xenografts was described by Fiebig ef al. 1982. Other
cell lines were either obtained from the NCI (H460, SF-268, OVCAR-3, DU145, MDA-MB-231,
MDA—MB—468) or purchased from DSMZ, Braunschwelg, Germany (LNCAPY).

All cell fines, unless otherwise specified, are grown at 37°C in a humidified atmosphere
(95% air, 5% CO,) in a ready-mix’ medium containing RPMI 1640 medium, 10% fetal calf

serum, and 0.1 mg/mL gentamicin (PAA, Célbe, Germany).

Manolayer assay.!
A modified propidium iodide assay was used to assess the effects of the test

compound(s) on the growth of twelve human tumor cell lines (Dengler ef al, 1995).

Briefly, cells were harvested from exponential phase cultures by trypsinization, counted
and plated in 96 well flat-bottomed microtitre plates at a cell density dependent on the cell line
{5 - 10.000 viable cells/weli). After 24 h recovery fo allow the cells to resume exponential
growth, 0.01 mL of culture medium (6 control wells per plate} or culture medium containing 36-

desmethoxyrapamycin were added to the wells. Each concentration was plated in triplicate. 39-
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Desmethoxyrapamycin was applied in fwo concentrations (0.001 mM and 0.01 mM). Following
4 days of continuous incubation, cell cufturé medium with or without 38-desmethoxyrapamycin
was replaced by 0.2 mL of an agueous propidium iodide {Pl) soiution (7 mg/L}). To measure the
proportion of living cells, cells were permeabilized by freezing the plates. After thawing the
plates, fluorescence was measured using the Cytofluor 4000 microplate reader (excitation 530
nm, emission 620 nm), giving a direct relationship to the total number of viable celis. 7
Growth inhibition was expressed as treated/control x 100 {%T/C) and are provided for a
selection of cell lines. For active compounds, the average 1Cs & IC;o values across the entire

cell line panel examined were estimaied by plotting compound concentration versus cell viabiiity

and are also provided.

Exampie 1 lIsolation of the engineered strain S. hygroscopicus MG7-9

) Generation of plasmid pALKS83 ,

Primers MG308 5-GTCCTAGGTGATGTCCCGGCAACACG-3 (SEQ ID NO: 13) and MG308 5'-
CACCTGCAGGCCCAACTCGGCCAGCTCGCT-3' (SEQ ID NO: 14) were used to amplify a region
of homology upstream of the Rapamycin module 10 acyl transferase (rapAT10) (from nt11683 to
nt13289 in the rapamycin cluster as described in Schwecke ef al., 1895) using cosmid DNA
(cos28, see Schwecke el al., 1995) prepared from S. hygroscopicus NRRL5491 as a tempiate.
The 1598 bp PCR product (SEQ 1D NO: 15) was phosphorylated using T4 polynuciectide kinase
and ligated into Smal digested pUC18 which had been dephosphorylaied. Affer transformation
into £. coli DH10B, the plasmid pMG255-4 was isolated. The primers MG310 5'-
CCTGGCCAGGAAAGACGAACACGATCCT-3' (SEQ ID NO: 16) and MG311 5~
CGAAGCTTGAGCCGCTGGCGATCGTGGGA-3 (SEQ ID NO: 17) were used to amplify a region
of hdmoiogy downstream of the Rapamycin moduie 10 AT (from nt14181 o nt15742 in the
rapamycin cluster as described in Schwecke et al., 1995) using cosmid DNA (cos26, see
Schwecke ef al,, 1995) prepared from S. hygroscopicus NRRL5491 as a template. The 1551 bp
PCR product (SEQ ID NO: 18) was phosphoryiated using T4 polynuclectide kinase and ligated into
Smal digested pUC18 which had been dephosphorylated. After fransformation into £. colf DH10RB,
the plasmid pMG256-1 was isolated. The integrity of the insert of each plasmid was confirmed by
seguence analysis.

Plasmids pCJR26 (Rowe ef al., 1998) and pMG256-1 were each transformed into E. coff
ET12567 and unmethyiated (dan, dem, hsdn’) piasmid DNA isolated. The plasmid pMG255-4
was digested with Avrl/Hindlll and the approkfmately 4.3 kbp fragment was Isolated; demethylated
pCJR26 was digested with Mscl/Avril and the approximately 1 kbp fragment isolated and
demethylated pMG256-1 was digested with Hindlll, partially digested with Mscl and the
approximately 1.5 kbp fragment isolated. These three DNA fragments were ligated and used to
transform E. colfi DH10B. The resulting plasmid, pMG291-14 was isolated. This plasmid was
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digested with Hindlll/Xbal and the approximately 4 kbp fragment isolated and figated inte pKC1139
digested with HindlliXbal and the DNA was used to transform £. coff DH10B. The resuliing
plasmid, pALK83 contains the rapamycin acyl transferase domain of module 2 flanked with DNA
regions fo allow homologous recombination into module 10 to effect an AT swap by double

recombination.

i) Isolation of engineered strain S. hygroscopicus MG7-9

E. coli ET12567-harbouring the plasmid pUZB8002 was transformed with pALKS3 to gensrate
the E. colr-donor strain for conjugation. This was used fo transform S. hygroscopicus MG2-10
(WO 04/007709; Gregory ef al., 2004) by conjugation. An apramycin resistant colony was
isolated and patched te media 1 plus 50 mg/L apramycin and 25 mg/L nalidixic acid. This patch
was then used fo inoculate a flask containing TSBGM with 50 mg/L of apramycin. This culture
was incubated for two days at 28 "C followed by two days at 37 "C. This culture was sireaked
to plates of media 1 containing 50 mg/L apramycin and incubated for 7 days at 37 "C. Single
colonies were re-patched onto plates of media 1 with 50 mg/L apramycin and grown for a
further 7 days at 37 "C. These paiches were used 1o Ehoculate flasks of TSBGM wi’ch- no
antibiotic, which were grown for 3 days at 37 "C. This culture was streaked to plates of media 1
and singie colonies used to patch plates of media 1 with and without apramycin (50 mg/L) fo
lock for sensitivity, represenﬁng a second recombination event involving loss of the plasmid
backbone. Fourieen apramycin sensitive paiches were used to inoculate 14 x 7 mL of medium
2 (rapV7) and these seed cultures grown for 3 days at 28 "C. These were then used o
inoculate (0.5 mL into 7 mL) medium 3 (MDB) and cultured for 5 days at 26 "C with feeding of
cyclohexanecarboxylic acid tc a final concentraiion of 1 mM afier 24 hours. Exiracts of these
cultures were assessed for production of rapamycin analogues by LCMS. Nine separate
cultures were seen to produce a hovel compouhd with the appropriate molecular mass for 17-
desmethyI-SQ-deshydroxypre;rapamycin. One of these cultures was selected on the basis of
production level and robusiness, to be cultured on a larger scale for isolation of the new

compound; this strain was named S. hygroscopicus MG7-9. '

i) Analysis of novel rapamycin analogue from S. fiiygroscopicus MG7-8°

The observed novel rapamycin analogue was proposed o bs the desired 17-desmethyl-39-
deshydroxypre-rapamycin on the basis of the following analytical data. The novel rapamycin
analogue is more polar (retention time 5.8 — 6.2 min) than 3S-deshydroxypre-rapamycin
(retention time 6.35 — 6.95 min) as would be expeacted for the ioss of a methyl group.

LCMS and LCMS" analysis of MG7-9 exiracts showed that the m/z ratio for the novel rapamycin
analogue is 14 mass units lower than for 39-deshydroxypre-rapamycin, consistent with the
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absence of a methyl group. lons observed: [M-H] 810.8, [M+Na]" 834.8, [M+K]" 850.8.
Fragmentation of the sodium adduct gave the predicted ions for 17-desmethyl-39-
desmsthoxypre-rapamycin following a previously identified fragmentation pathway (Figure 4) (J.
A. Reather, Ph.D. Dissertation, University of Cambridge, 2000). This mass specirometry
fragmentation data narrows the region of the novel rapalogue where the loss of a methyl has
occurred in the fragmant C16-C27 which in native form contains 3 methyl groups. These
methyls are attached at C17 (triens), C23 {1 carbon removed from the triene} and C25 (3
carbons removed from the triene). The UV triene characteristic of rapamycin is observed but the -
UV maximurn of the central peak has shifted (A = 270 nm c.f. A = 278 nm for 38-deshydroxypre-
rapamycin). This strongly indicates that there has been a change to the functionality on the
triene, as such changes in wavelength are not observed for changes in functionality at C16
(OH/OCH,); the observed change is in keeping with that expected for the loss of a methy! group

at C17.

The accumulated product was also analysed by LC high resoiution-Fourier transform-ion
cyclotron resonance, mass spectrometry (LC-FT-ICR-MS). Accurate mass data was obtained
for the sodium adduct of the parent ion (found: 834.51342 (Figure 5, A), CurHzsNO¢Na
calculated: 834.51319, deviation 0.28 ppm) and key daughter jons as tabuiated below (see

attached Figure 4 for fragmentation pathway).

Fragment formula Found Caiculated Deviation
A Ca HEZOgNa 705.43403 705.43422 0.27 ppm
B CaoHegOsNa 661.44405 661.44439 0.84 ppm
c C23Hz:O0sNa 413.22953 413.23038 2.05 ppm

(see also Figure €)
This mass spectrometry fragmentation data is entirely consistent with 17-desmethyl-39-

deshydroxypre-rapamycin.

| iv) Fermentation of the novel rapamycin anatogue for isolation

Spore stocks of all strains were prepared after growth on medium 1, preserved in 20% wiv

" glycerol:10% wiv lactose in distilled water and stored at —80 °C. Primary vegetative culiures
were prepared by inoculating 0.1 mL of frozen stock into 50 mbL medium 4 in a 250 mL flask.
The culture was incubated for 48 hours at 28 °C with shaking at 250 rpm. The cuiture was then
subcuitured to 400 mL medium 4 in 2000 mL fiasks to g_ive the secondary vegetative culture.

The culture was incubated for 24hrs at 28°C, 250 rpm.
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Vegetative cultures were inocutated at 7.5% viv into 15'L of medium 5 (see above) in_ a20L
fermentor. Cultivation was carried out for 6 days at 26 °C, 0.5 vwm 2 30% dissolved oxygen

| mi'nimum tip speed of 1.18 ms™ maximum tip speed of 2.75 ms™. The feeding of
cyclohexanecarboxylic acid was carried cut at 24 and 48 hours after inoculation to give a final

concentration of 2 mM/L. 48 hours after inoculation 9.5 g of L-lysine was added in 200 mL of

water.

V) Extraction and Purification

The fermentation broth {12 L) was stirred with an egual volume of methanol for 2 hours and
then centrifuged to pellet the celis (10 min, 3500 rpm). The supematant was stirred with Diaion®
HP20 resin (43 g/L) for 1.5 hours and then filtered. The resin was washed baichwise with
acetone (total volume 7.5 L) fo strip off the rapalogue and the solvent removed in vacuo. The
resulting agueous concenirate (800 ml.) was then diluted to 1 L with water and extracted with
EtOAc (3 x 1 L). The solvent was removed Jin vacuo 1o give a sticky brown extract (10.9 g).

The extract was dissolved in acetone (ca 20 mL), coated onto silica, appiied to a siiica column
(3 x 8.5 cm diameter) and eiuted with a stepwise gradient of acetone/hexane (20% - 40%). The
rapalogue-containing fractions were pooled and the solvent removed in vacuo. The residue (840
mg) was further chromatographed over Sephadex LH20, eluting with 10:10:1
chloroform/heptane/ethanol. The semipurified rapalogue (151 mg) was dissoived in acetoniirile
(2.7 mL), centrifuged (10 min, 13200 rpm) and purified by reverse phase (C18) preparative
HPLC using a Gilson HPLC, eluting a2 Phenomenex 21.2 x 250 mm Luna 5 um C18 BDS
column with 21 mL/min of 0% acetonitriile/water. The most pure fractions (identified by
anaiytical HPLC) were combined and the solveni removed in vacuo o give 17-desmethyl-39-

deshydroxypre-rapamycin (10 mg).

vi) Characterisation
A range of NMR experiments were performed viz "H, B¢, APT, COSY, HMQC, HMBC, TOCSY.

A thorough and exhaustive review of these data enabled the assignment of the majority of the
protons and carbons of both rotomers of 17-desmethyi-38-deshydroxypre-rapamycin.

The absence of an olefinic methyl resonance was immediately apparent from the 'H NMR
spectrum. Correlations between H16 and an olefinic methine (not present in the spectrum of 39-
deshydroxypre-tapamycin) could be seen in the COSY specirum confirming the compound to
be tacking a methyl group at C-17. important NMR correlations are shown in Figure 7 for the
C17 confaining portion of each of the known rotamears of the compounds (variastion between the

two is at the amide portion of the structure which is not shown).

Table 2: 'H and *C NMR data for 17—desri1et'hv§~39-deshvdroxypre—rapamvcin
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Proton By muliiplicity coupling dc

1 ' 171.6 | 169.0
2 538 4.37 528 | 55.7
3a 1,731 1.50 262 | 267
3b 220 2.40 _

4a 1.28 20.8 | 206
4b 1.73] 1.69

S5a | 148 1.32 251 | 24.4
5b 172 1.63
' Ba 3261 2.21 44.5 | 39.0
gb | 382 450|br.d]|brd 12.8 10.0

8 172.4 | 171.8
9a 2.53| 2.47 404 | 39.0
- Bb 295| 267 d 13.7

10 98.7 | 98.4
11 153| 1.41 386 | 385
123 1.51 276 | 275
12b | 163| 1.68

13z | 1.33] 1.3C 31.9 | 321
13b | 1.51 1.55]

14 3.99 | 4.25 8.9 | 70.8
152 | 151 1.50 431 | 40.3
150 | 1.66] 1.74

16 424 | 444 70.3 | 71.3
17 560| 586 dd | m 15.1, 4.8 135.7 | 137.1
18 6.39| 6.13: ddd 15-1,:150.1,1. 129.2% | 127.8
19 6.07| 6.13 131.4" | 132.1°
20 6.11| 6.08 131.9° | 131.6°
21 598| 596| dd | dd 15.0,9.8 | 14.9,10. | 129.8 | 128.1°

0

22 528| 524| dd | dd 15.0,96 | 14.9,9.8 | 139.7 | 1406
23 | 216 2.10 | 38.0 | 39.8
24a | 131 1.35 400 | 406
24b | 1.75| 1.98 .
25 241 2.44 453 | 48.6
26 215.7 | 216.6
27a | 2.50| 2.39 46.7 | 482
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Proton By muliipiicity coupling 8¢

27b | 288 263

28 432 4.36| dd 8.5,2.2 715 | 719
29 139.1 | 139.4
30 534 | 550 123.7 | 125.0
31 3.30| 2337| dg | dg 9.7,6.7 10.0,6.7 | 464 | 459
32 208.8 | 209.1
33a | 262 265 411 | 395
33b | 262| 276 dd 18.1, 9.8

34 | 514 534 76.3 | 748
35 1.88 | 1.94 329 | 329
3Ba | 099 0.87 37.8 | 400
b | 1111 1.10

37 1.23 33.7 | 338
38a | 0.79| 0.88 30.2 | 30.8
38b | 1.72| 1.76 o

3%a | 1.17| 1.20° 352 | 353
396 | 1.94

40 | 353 3.53 71.0 | 71.0
41a | 1.28 1.26° 355 | 355
41b
423 32.5 31.9
42b

43 10095 094 | d d 6.4 6.7 16.7 | 16.9
44 102 | 1.00 | d d 6.4 6.7 24.7¢ | 21.6°
45 1.00| 103 | d d 6.7 7.0 171 | 19.3
46 161] 151 | d d 1.0 0.9 135 | 12.1
47 107 | 1.04 | d d 6.8 6.7 16.0 | 145
48 | 087|088 | d d 7.2 7.4 161 | 15.0

a, b, ¢, d, e these assignments may be interchanged
NMR data obtained in CDCls at 500 MHz for "H-NMR and 125 for **C-NMR.

Example 2 — Array feed of starter acids to S. hygroscopicus MG7-9

Table 3: Sources of acids for use in the array feeding experiment

Acid

Company | Stock

number

synthesis

cyclohexanecarboxylic acid

Aldrich 10,183-4

(1R*, 3R*, AR*)-3 4

in house by method
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ditiydroxycyciohexanecarboxylic acid A
1-cyclohexenecarboxylic acid Aldrich 32,836-7

3-cyclohexenecarboxylic acid Aldrich 45,375-7

cycloheptanecarboxylic acid Aldrich C9,850-0

ethyl (1R*, 5R*)-5~hydroxycyclohex-3- in house by method
enacarboxylate B

sthyl (1R*, 4R*)-3-fluoro-4- in house by method
hydroxycycliohexane carboxylate C

3-(cisfirans)- Aldrich 33,061-2
methylcyclohexanecarboxylic acid

Method A:'Synthesis of (1R*, 3R*, 4R*)-3,4-dihydroxycyclohexanecarboxylic acid

0 5 9) 0
o —MCPBA _KOH | Ho oH
EtaN THF/HL0
HO" HO™

{1R* 3R*, 4R*)-3,4-Dihydroxycycichexanecarboxylic acid was readily aftainable from
commercially available racemic 3-cyclohexene carboxyiic acid. This acid was epoxidised
through treatment with mefa-chloroperbenzoic acid and converted to the (1R*, 3R", 4R*)-4-
hydroxycyclohexane-1,3-carbolactone in siti by the addition of base (triethylamine), thus setting
up the relative stereochemistries. This lactone was then hydrolysed by the action of aqgueous
potassium hydroxide, and the final product purified over ion exchange resin {Corey, E.J. and

Huang, H. 1988).

Method 8: Synthesis of ethyl (1 R*,S'R*")S—hydroxycyclohex-s-ene carboxylate

&)

i 0 ot T
O/LOH I, Ki 6 DBU 6 KOH/EtOH Hoxdost
e

The title compound was prepared, in racemic form, by generating (1R*, 3R*, 4R*)-4-
iodocyciohexans-1,3-carbolactone from cyclohex-3-ene carboxylic acid, which was then freated
with the base DBU (1,8-diazabicyclo5.4.0jundec-7-ene) to eliminaie HI. The resultant (1R,
55%)-cyclohex-3-ene-1,5-carbolactone was then treated with potassium hydroxide dissolved in
ethanqi to yield the title compound (Marshali, J. A., and Shiping, X., 1985)

Method C: Synthesié of ethyl (1R*, 4R*}-3l-fluoro-4-hydroxycyclnhexané carboxylate
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O /'O O O
: o0t :
6 THP P~ KOHiEtOHmHO\O)\OEt
HO™ PPTS Qo“'u =0
O © PBSF
EtN,
EtN,. 3HF

¥
o)
Q F
F\O}LOE,[ Q OEt
B ——Gma \\‘
HO™ DOWEX H* 07 ©

(1R*, 3R*, 4R*}-4-Hydroxycyciohexane-1,3-carbolactone, prepared as in method A, was
protecied as (1R*, 3R*, 4R*)-4-(1-tetrahydropyranyl)oxycyclohexane-1,3-carbolactone, which
was treated with potassium hydroxide in ethanol to yield ethyt (1R, 3R*, 4R*)-3-hydroxy-4-(1-
tetrahydropyranyljoxycyclohexane carboxylate. Fluorine was introduced into the 3 position, via
an activation — substitution method (Yin ef af, 2004), and the 4-(1-tetrahydropyranyl} group
removed with acidic DOWEX resin.

i) Array feeding experiment

S. hygroscopicus MGT7-9 was grown on media 1 for 14 days at 28 °C until sporulation had
occurrad. A 0.5 cm diameter section of agar, mycelia and spores was taken from the plate and
transferred into 7 mL of media 2 (rapV7) in a 50 mL falcon tube with a foam bung and grown at
28 °C for 48 hours with shaking at 300 rpm. 0.5 ml. of this seed culture was then transferred to
7 mL of media 3 (MD8) in a 50 mL falcon tube with a foam bung and grown for 24 hours at 28
°C with shaking at 300 rpm. Each starter acid, dissolved in 0.05 mL of methanol, was fed to
appropriate cultures to a final concentration of 2 mM (see table 1 for list of starter acids). The
euliures were then grown for a further 4 days at 26 °C. 1 mL of culture was then removed from
each flask, and added to 1 mL of acetonitrile in a 2 mL eppendorf, agitated for 1 hour at room
temperature, and then centrifuged for 15 minutes in a microfuge at 13,000 rpm, 0.2 mL of the
top layer was removed into HPLC tubes and analysed by HPLC using UV and LCMS deiection.

Table 4; Analysis of extracts

Siarter acid feed Product Product Structure
molecular
mass

O/C"?“ . |811.52 Structure A as shown below
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Starter acid feed Product Product Structure
molecuiar
mass

”OUCOFH 827.52 Structure B as shown below
HO\\\“"‘

@/3"2” 811.52 Structure C as shown bejow

COH 809.51 Struciure G as shown below™,
827.52 unknown additional minor rapalogue

O‘ 825.54 Structure D as shown below™

coM
841.53 unknown additional minor rapalogue
HO, CoH 809.51 Structure H as shown below

U 825.50 unknown additional minor rapalogue

CO:H 829.51 Structure E as shown below*

e

HoW™ 845.51 unknown additional minor rapalogue

GOH 825.54 Structure F as shown below*

B41.63 unknown additional minor rapalogue

X

Me

* = the regiochemistry and / or siereochemistry of the hydroxyl or fiuorine group in the incorporated starter
acid has not been determined: this is reflectad in the structure diagram below. However, it should be
noted that this diagram is intended to reflect the single product obtained, a person of skill in the art will,

after following the example above, be able to isolate and characterise this product if desired.
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Example 3 - Construction of coniugative vector pLL150.

Plasmid pSGset1 (WO 04/007708) was digested using Spel and BstEll and the 2.481
kbp fragment was isolated and iigated with vector pRT801 (Gregory et al., 2003) simiiarly
digesied with Spel and BstEll. After transformation into E. coli DH10B, colonies were screened

by restriction enzyme digestion and the final plasmid pLL 150 was isolated.. See Figure 8.
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Example 4 - Isolation of 17-desmethvirapamycin by complementation of S.

hyaroscopicus MG7-9 with a cassette of guxiliary genes

i) Generation of complementation plasmid pLL158 containing the rapamycin auxiliary genes
rapK. rapl, rapJ, rapN, rapQ, rapM. rapQ and rapl. (rap KIJN/OMQL),

Plasmid pSGsetrapKIJN/OMQL (WO 04/007709) was digested using Spel and Hindill
and the 8.516 kbp fragment (containing rap KIJN/OMQL) was isolated and ligated with
conjugative vector pL.L150 similarly digested with Spel and Hindlll. Afier transiormation into E.
coli DH“lOB, the finai plasmid pLL158 was identified and confirmed by restriction enzyme

digestion.

i} Isolation of strain S. hygroscopicus MG7-8 (pLL158)

E. coli ET12567, harbouring the plasmid pUZ8002 was fransformed with pLL158 o
generate the E. coli donor strain for conjugation. This was used to transform 8. hygroscopicus
MG7-9 by conjugation. Apramycin resisiant colonies were isolated on media 1 (with 50 mg/L
apramycin and 25 mg/l. nalidixic acid) and patched to media 1 with 50 mg/L. apramycin and 25
mg/L nalidixic acid. These patches were grown at 28°C before secondary patching onto media
]SFfS plus 50 mg/L apramycin and grown for 14-21 days at 28°C. A plug frem each patch was
used fo inoculaie individual falcon tubes containing 7 mL media 2 (RapV7) plu:s 50 mg/L

apramycin. These seed cultures were incubated for 2 days at 28°C, 300 rpm. These were then
used to inoculate (0.5 mL into 7 mL) medium 3 (MD6) and cultured for 6 days at 26°C, 300 rpm.
Secondary metabolites were extracted from these cultures by the addition of an equal voiume of
acetonitrile. Cell debris was removed by cenfrifugation. Sampies were then assessed for

production of 17-desmethyl rapamycin by L.C-MS.

i) Analysis of 17-desmethyirapamycin

The observed novel rapalogue was proposed fo be 17-desmethylrapamycin on the basis
of LCMS data. These data showed that the novel rapalogue is 14 mass units smaller than
rapamycin, consistent with the absence of a methy! group. lons observed: [M-H] 898.7, [M+Na]*
822.7, [M+Ki" 938.6. Tha UV triene characteristic of rapamycinwas observed but the UV
maximum of the central peak has shifted (A= 270 nm c.f. 2= 278 nm for rapamycin).

iv) Fermentation of 17-desmethvirapamycin for isolation

Primary vegetative cultures were prepared by inocuiating 0.1 mL of frozen stock into 50

mL medium 4 irr a 250 mL flask. The culture was incubated for 48 hours at 28 °C with shaking
at 250 rpm. The culture was then subcultured to 400 mL medium 4 in 2000 mL flasks tc give

the secondary vegetative culture. The culiure was incubated for 24hrs at 28°C, 250 rpm.
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Vegetative cultures were inoculated at 7.5% v/v into 15 L of medium 5 (see above) in a
20 L fermenior. Cultivation was carried out for 8 days at 26 °C, 0.5 vwm = 30% dissolved
oxygen minimum tip speed of 1.18 ms™ maximum tip speed of 2.75 ms™. 48 hours after

inoculation 9.5 g of L-lysine was added in 200 mi of water.

v) Extraction and Purification
The fermentation broth (12 L) was stirred with an equal volume of methanol for 2 hours

and then centrifuged fo pellat the cells (10 min, 3500 rpm). The supernatant was stirred with
Diaion® HP20 resin (43 g/L) for 1.5 hours and then fiitered. The resin was washed batchwise
with acetone (total volume 7.5 L) to strip off the rapalogue and the solvent removed in vacuo.
The resulting agueous concentrate (~800 mL) was dilufed to 1 L with water and extracted with
EtOAc (3 x 1 L). The solvent was removed in vacuo to give a sticky brown extract.

The extract was dissolved in acetone {ca 20 mL), coated onto silica, applied to a silica -
column (3 x 6.5 cm diameter) and eluted with a stepwise gradient of acetone/hexane (20% -
40%). The rapalogue-containing fractions were pooled and the solvent removed in vacuo. The
residue was further chromatographed over Sephadex LH20, eluting with 10:10:1
chioroform/heptane/ethanol. The semipurified rapalogue was dissolved in acetonitriie (2.7 mL),

- gentrifuged (10 min, 13200 rpm) and purified by reverse phase (C18) preparative HPLC using a
Gilson HPLC, eluting a Phenomenex 21.2 x 250 mm Luna 5 ym C18 BDS column with 21
mL/min of 60% acetonitrile/water. The most pure fraclions {identified by anaiytical HPLC) ware

combinad and the solvent removed in vacuo to give 17-desmethylrapamycin (133 mg).

vi) Characterisation
The isolated product was suibjected to LCMS" anaiysis and fragmentation of the sodium

adduct gave the predicted ions for 17-desmethylrapamycin based on the identified
fragmentation pathway (J. A. Reather, Ph.D. Dissertation, University of Cambridge, 2000). This
mass spéctrometry fragmentation data narrowed the region of the novel rapalogue where the
ioss of a methyl occurred to the fragment C16-C27. A range of NMR experiments were
performed viz 'H, °C, APT, COSY, HMQC, HMBC, TOCSY. A thorough and exhaustive review
of these data enabled the assighment of 17-desmethyirapamycin. The absence of an olefinic

methyl resonance was particularly informative and important correiations were observed and

described in Table 5 below.

Table 5: ' and **C NMR data for 17-desmethylrapamycin

Position "H-NMR TPC.NMR & | HMBC correlations
5 ppm | Multiplicity, Hz COSY ppm H to °C
7 N ! 168.3 -
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Position "H-NMR BCNMR S | HMBC correlations
5 ppm | Wultiplicity, Hz cosY ppm Hio ¥C
2 5.23 br.d, 5 H-3 51.5 C-1,0-3,C4,C8 & C-
B
3 2.35 | m, complex H-2, H-4 27.1 C-1,C-2,C4 & C-5
4 1.80 m, complex H-3, H-5 20.6 C-2,C-3,C-5, & C-8
1.46 m, complex
5 1.75 m, complex H-4, H-6 25.2 G-3,C-4, 4 C-6
1.45 m, compiex
6 2.67 ddd, 18, 10.5, 5 H-5 44.2 C-2,-4,C-5 &C-8
2.58 ddd, 18, 8.5, 6
7 - - N -
B - - 166.5 -
9 - - 193.2 -
10 - - 98.8 -
10-OH | 4.68 br. s - O C-10 & C-11
11 1.68 ddg, 11.5,4,6.5 H-11CHs, 33.2 C-9,C-10,C-12.C-13 &
H-12 11-CHs
11-CHs | 1.02 d, 6.5 H-11 16.2 C-10,C-11, & C-12
12 1.42 m, complex H-11, H- 26.9 C-10,C-11,C-13,C-14
13 & 11-CHa
13 2.01 m, complex H-12, H- 31.1 C-1,C-3,C-4,C-6 & C-
1.65 m, compiex 14 8 o
14 4.05 | m, complex H-13, H- B67.0 C-11,C-12,C-14 & C-
15 15
15 1.15 ddd, 16, 10.5, 11 H-14, H- 30.9 C-13,C-14,C-18, & C-
1.44 ddd, 16,5.5, 6 16 : 17
16 4.00 ddd, 8,5.5,5.5 H-15, H- 84.4 C-1,C6-3,G4,C-6 & C-
17 8
16-0CH; | 3.34 s : - 554 C-16, C-15 & C-17
17 5.50 dd, 10.5, H-16, H- 134.7 -
18
18 6.21 dd, 11, 10.5 H-17, H- 132.2 C-16,C-17,C-19,C-20
19 _ & 17-CHs _
19 6.25 dd, 14.5, 11 H-18, H- 133.2 C-17,C-18,C-20 & C-
. 20 21
20 6.18 dd, 14.5, 10.5 H-19, H- 126.5 C-18,C-19,C-21 & C-
21 22
21 6.08 dd, 15, 10.5 H-20, H- 128.8 C-19,6-20,C-22 & C-
22 23
22 5.45 dd, 15, 8 H-21, H- 140.5 C-20,C-21,C-23,C-24
23 & 23-CHa
23 2.30 m, complex H-22, 23- . 35.4 C-21,C-22,0-24,C-25
CHa, H-24 & 23-CH,
23-CHs | 0.96 d, 6.5 H-23 21.5 C-22,C-23 & C-24
24 1.45 m, complex H-23, H- 40.5 G-22,C-23,C-25,C-26,
1.15 m, complex 25 23-CHs & 25-CH;
25  |1.88 ddg, 10.5,6.5, 4 H-24, 25- 41.1 C-23,0-24,C-26,C-27
CHs & 25-CH;
25-CHs | 0.91 d, 6.5 H-25 13.7 C-24,C-25 & C-26
26 - - - 214.5 - '
27 3.77 d 4 H-28 84.9 C-25,C-26,C-28,C-28
& 27-0CH;,
27-0OCHs | 3.28 5 ~ 58.3 C-27
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Position "H-NNIR BC.NMR & | HMBC correlations
5 ppm | Multiplicity, Hz cosY ppm 'H to "*C
28 4.18 d 4 H-27 75.3 - | C-26,0-27.C-29,C-30
& 28-CHs
28-OH |3.54 br.s - 0 C-27,C-28 & C-29
29 - - - 135.8 -
29-CH, | 1.73 s - 13.2 C-28,C-29 & C-30
30 5.41 d, 11 H-31 129.3 C-28,6-29,C-31,C-32,
26-CH; & 31-CH,
31 3.25 da, 11, 8.5 H-30, 31- 46.4 C-29,C-30,C-32,C-33
CH, & 31-CH,
31-CH, |1.07 d, 6.5 H-31 15.8 C-30, C-31 & C-32
32 - - - 207.9 -
33 2.74 dd, 17.5,5.5 H-34 415 C-31,C-32,0-34 & C-
2.52 dd, 17.5,4 35
34 5.21 ddd, 7, 5.5, 4 H-33, H- 73.8 C-1, C-32,C-33,C-35,
35 C-36 & 35-CH;
35 1.60 m, compiex H-34, 35- 31.1 C-33,C-34,C-36,C-37
CH,, H-36 ' & 35-CHs
35-CH; | 0.89 d, 6.5 H-35 15.7 C-34,C-35 & C-36
36 1.60 m, complex H-35, H- 38.5 C-34,0-35,C-37,C-38,
37 C-42 & 35-CH,
37 1.67 m, compiex H-38, H- 34.0 C-35,C-36,C-38,C-29,
- 38, H-42 C-41 & C-42
38 2.11 ddd, 16.5, 5, 4 H-37, H- 34.2 C-38,C-37,C-39,C-40
1.08 ddd, 16.5, 10, 36 & C-42
13.5
39 2.94 ddd, 13.5, 12.5, 5 | H-38, H- 84.3 C-37,C-38,C40 & C-
40 41
35-OCH, | 3.20 5 - 55.2 C-39
40 3.30 ddd, 14.4, 12.5,6 | H-39, H- 73.9 €-38,C-39,C-41 & C-
41 42
40-OH | 3.57 br. s - O C-39, C-40 & C41
41 | 1.80 mm, complex H-40, H- 31.2 C-37,C-39,C-37,C40
42 &C42
42 1.78 m, compiex H-41, H- 31.5 C-36,C-37,C-38,C-40
1.58 m, complex 37 & C-41

» NMR data obtained in CDCl; at 500 Mz for "TH-NMR and 125 for “C-NMR

Example 5 - Isolation of 9-deoxo-17-desmethyi-27-O-desmethyl-38-0O-desmethyl

rapamycin by complementation of S. hvgroscopicus MG7-8 with a cassetie of auxiliary

dgenes

i) Generation of complementation plasmid pLL174 containing the rapamycin auxiiiary genes

rapK. rapN, rapQO. rapM and rapl (rap KN/OML)

P[asmid_ pSGsetrapKN/OML (WO 04/007708) was digested using Spel and Hindlll and
the 5.785 kbp fragment (containing rap KN/OML} was isolated and ligated with conjugative
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vector pLL150 similarly digested with Spel and Hindlll. After transformation into £. colf DH10B,

the final plasmid pLL174 was ideniified and confirmed by restriction enzyme digestion.

i) Isolation of strain S. hygroscopicus MG7-8 (pLL174)
E. coli ET12557, harbouring the piasmid plUZ8002 was transformed with pLL174 to
generate the £. coli donor strain for conjugation. This was used to transform S. hygroscopicus

MG7-9 by conjugation. Apramycin resistant colonies were isolated and patched to media 1 plus

50 mg/L apramycin and 25 mg/L nalidixic acid. These patches were grown at 28°C hefore
secondary patching onto media ISP3 pius 50 mg/L apramycin and grown for 14-21 days at
28°C. A plug from each patch was used to inoculate individual falcon tubes containing 7 mL
media 2 (RapV7) pius 50 mg/L apramycin. These seed cultures were incubated for 2 days at
28°C, 360 rpm. These were then used to inoculate (0.5 mL into 7 mL) medium 3 (MD6) and
cultured for 6 days af 26°C, 300 rpm.

Secondary metabolites were extracted from these cultures by the addition of an equal
volume of aceionitrile. Cell debris was removed by centrifugation. These cultures were

assessed for production of 9-deoxc-17-desmethyl-27-C-desmethyi-39-O-desmethyl rapamycin
by LCMS. '

iiiy Analvsis of 9-deoxo-17-desmethyl-27-O-desmethyl-39-O-desmethyl rapamyein
The observed novel rapalogue was proposed to be 9-deoxo-17-desmethyi-27-0-

desmethyl-39-O-desmethylrapamycin on the basis of LCMS data. These data showed that the
noveal rapalogue is 42 mass units smaller than 17-desmethylrapamycin, consistent with the
absence of 3 methyl groups. lons observed: [M-H] 856.8, [M+Na]" 880.7, [M+K]" 896.6.

Example 6 - Isolation of 9—deoxo—16-0—desmethvl-17~desmethvi—27—0~desmeth\}!

rapamycin by complementation of S. hygroscopicus MG7-9 with a cassetie of auxiliary

genes

iy Generation of complemeniation plasmid pLL173 containing the rapamycin auxiliary genes

rapK_rapl. rapN, rapQ and rapt {rap KIN/OL)

Plasmid pSGsétrapKlN/OL (WO 04/007709) was digested using Spel and Hirdlll and
the 5.624 kbp fragment {containing rap KIN/OL) was isolated and ligated with conjugative vector
pLL150 similarly digested with Spel and Hindlll. After fransformation into £. co/f DH10B, the

final plasmid pLL173 was identified and confirmed by restriction enzyme digestion.

ii) Isolation of strain S. hvaroscopicus MG7-8 (pLL173)
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E. coli ET12567, harbouring the plasmid pUZB8002 was transformed with pLL173 to
generate the E. coli donoy strain for conjugation. This was used to fransform S. hygroscopicus
MG7-9 by conjugation. Apramyacin resistant colonies were isolated and patched to media 1 pius
50 mg/L apramycin and 25 mg/L naiidixic acid. These patches were grown at 28°C before
secondary patching onfo media ISP3 plus 50 mg/L apramy.cin and grown for 14-21 days at
28°C. A plug from each patch was used to inoculate individuai falcon tubes containing 7 mL
madia 2 (RapV7) plus 50 mg/L apramycin. These seed cultures were incubated for 2 days at
28°C, 300 rpm. These were then used to inoculate (0.5 mL into 7 mL} medium 3 {(MD6) and
cultured for 6 days at 26°C, 300 mpm.

Secondary metabolites were extracted from these culiures by the addition of an equal
volume of acetonitrile. Cell debris was removed by cenirifugation. These cultures were

assessed for production of 9-deoxo-16-O-desmethyl-17-desmethyl-27-O-desmethyl rapamycin

by LCMS.

iii) Analvsis of 9-deoxo-16-O-desmethyl-17-desmethyl-27-O-desmethyl rapamycin
The observed novel rapalogue was propesed to be 9-deoxo-16-O-desmethyl-17-

desmethyl-27-O-desmethylrapamycin on the basis of LCMS data. These data showed that the
novel rapalogue Is 42 mass units smaller than 17-desmethyirapamycin, consistent with the
absence of 3 methyl groups. lons observed: [M-H] 856.8, [M+Nal" 880.7, [M+K]" 895.6.

Example 7 - Isolation of 17-desmethyi-39-desmethoxy rapamyzin by complementation

of S. hvaroscopicus MG7-8 with a cassette of auxiliary genes and suppiementing the

producfion media with starfer acid.

i} Genaration of complementation plasmid pLL178 containing the rapamycin auxiliary genes
rap!, rapJ. raph, rapQ. rapM. rap@Q and rapl (rap JIN/OMQL).

Plasmid pMG262 (WO 04/007709) (expressing genes rap/, rapJ, raph, rapQ, rapM,
rapQ and rapL.) was digested using Spel and Hindlll and the 7.259 kbp fragment (containing rap
JN/OMQL) was isolated and ligated with conjugative vector pLL150 similarly digested with Spel
and Hindll. After transformation into £. colf DH10B, the final plasmid pLL178 was identified and

confirmed by res’cﬁcﬁcn enzyme digestion.

ii) Isolation of strain S. hvaroscopicus MG7-8 (pLL178)
E. coli ET12567, harbouring the piasmid pUZBOD2 was transformed with pLL178 to

generaie the E£. colf donor strain for conjugation. This was used to transform S. hygroscopicus

MG7-9 by conjugation. Apramycin resistant colonies were isolated and patched to media 1 plus
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50 mg/L apramycin and 25 mg/L nalidixic acid. These patches were grown at 28°C before
secondary patching onto media ISP3 plus 50 mg/L apramycin anc grown for 14-21 days at
28°C. A plug from each paich was used to inoculate individual falcon tubes containing 7 mbL
media 2 (RapV7) plus 50 mg/L apramycin. These seed culiures were incubated for 2 days at
28°C, 300 rpm. These were then used fo inocuiate (0.5 mL into 7 mL) medium 3 (MDE) and
cultured for 6 days at 26°C, 300 rpm. After 24 hours of growth in medium 3, the cultures were
fad with cyclohexane carboxylic acid to a final concentration of 1 mh.

Secondary metabolites were extracted from these cultures by the addition of an equal
voiume of acetonitrile. Cell debris was removed by centrifugation. These cultures were

assessed for production of 17-desmethyl-39-desmeathoxy rapamycin by LCMS.

il) Analysis of 17-desmethyl-38-desmethoxyrapamycin

The observed novel rapalogue was proposed to be 17-desmethyl-39-
desmethoxyrapamysin on the basis of LCMS data. These data showed that the novel rapalogue
is 30 mass units smaller than 17-desmethylrapamycin, consistent with the absence of 1
methoxy group. lons observed: [M-H] 868.3, [M+Na]* 892.3, [M+K]" 808.3. The UV triene
characteristic of rapamycin was observed but the UV maximum of the central peak has shifted

(A= 270 nm c.f. A = 278 nm for rapamycin).

iv} Fermentation 17-desmethvl-38-desmethoxyrapamycin for isolation

Primary vegetative cultures were prepared by incculating 0.1 mL of frozen stock inio 50
mL medium 4 in a 250 mL fiask. The culture was incubated for 48 hours at 28 °C with shaking
at 250 rpm. The culture was then subcuiltured to 400 mL medium 4 in 2000 mL flasks to give

the secondary vegetative culture. The cutiure was incubated for 24hrs at 28°C, 250 rpm.
Vegetative cultures were inoculated at 7.5% v/v into 15 L of medium 5 (see above} in a

20 L fermentor. Cultivation was carried out for 8 days at 26 °C, 0.5 yvm 2 30% dissolved '

oxygen minimum tip speed of 1.18 ms™ maximum tip speed of 2.75 ms™. 48 hours after

inoculation 9.5 g of L-lysine was added in 200 mL of water.

V) Extraction and Purification
The fermentation broth (12 L) was stirred with an equal volume of methanol for 2 hours

and then centrifuged to pellet the cells {10 min, 3500 rpm). The supernatant was stirred with
Diaion® HP20 resin (43 g/L) for 1.5 hours and then filtered. The resin was washed batchwise
with acetone (total volume 7.5 L) to strip off the rapaiogue and the solvent removed in vacuo.

- The resulting agueous concentrate (~800 mL) was diluted to 1 L with water and extracted with

EtOAc (3 x 1 L). The solvent was removed in vacuo to give a sticky brown extract.
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The exiract was dissolved in acetone (ca 20 mL), coated onfo silica, applied {o = silica
column (3 x 6.5 cm diameter) and eluted with a stepwise gradient of acetone/hexane (20% -
40%). The rapalogue-containing fractions were pooled and the solvent removed in vacuo. The
residue was further chromatographed over Sephadex LH20, eluting with 10:10:1
chloroform/heptans/ethanol. The semipurified rapalogue was dissolved in acetonitrile (2.7 mL),
certrifuged (10 min, 13200 rpm) and purified by reverse phase {C18) preparative HPLC using a
Gilson HPLC, eluting & Phenomenex 21.2 x 250 mm Luna 5 pm C18 BDS column with 21
mL/min of 80% acetonitrile/water. The most pure fractions (identified by analytical HPLC) were

combined and the solvent removed in vacuo to give 17-desmethyl-39-desmethoxyrapamycin.

(30 mg).

vi) Characterisation
The isolated product was subjected to LCMS" analysis and fragmentation of the sodium

adduct gave the predicted ions for 17-desmethyl-39-desmethoxyrapamycin based on the
identified fragmentation pathway (J. A. Reather, Ph.D. Dissertation, University of Cambridge,
2000). This mass spectrometry fragmentation data narrowed the region of the novel rapalogue
where the loss of a msthyl occurred to the fragment C16-C27 and of a methoxy group to the
fragment C28-C44. A range of NMR experiments were performed viz 'H, C, APT, CCSY,
HMQC, HMBC, TOCSY. A thorough and exhaustive review of these data enabled the
assignment of 17-desmethyl-38-desmethoxyrapamycin. The absence of an olefinic methyl
resonance was particuiarly informative and the proton NMR assignmentis are described in Table

& below.

Table &: 114 NMR data for 17-desmethyi-39-desmethoxyrapamycin

1H NMR _
Position 8 ppm Multiplicity, Hz

1 - -

2 520 br.d, 5

3 2.35 . m, compiex

4 1.88 m, compiex
1.46 m, complex

5 1.70 m, complex
1.55 m, complex

8 -] 2.85 ddd, 16, 10.5,5
2.51 ddd, 16, 8.5, 6

7 - .

8 - _

g - R

10 - -

10-OH 470 br. s
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WO 2006/016167
45 NMR
Position 8 ppm Multiplicity, Hz
11 1.58 ddg, 11.5,4,8.5
11-CHg 1.02 d, 8.5
12 1.50 m, complex
13 1.97 m, complex
1.67 m, complex
14 4.15 m, compiex
15 1.48 ddd, 16, 10.5, 11
1.11 ddd, 16,5.5, 6
18 3.90 ddd, 8, 5.5, 6.5
16-OCH, 3.29 5
17 543 dd, 10.5, 8
18 6.15 dd, 11, 10.5
19 6.21 dd, 14.5, 11
20 6.09 dd, 14.5, 10.5
- 21 6.06 dd, 15, 10.5
22 5.33 dd, 15, 8
23 2.31 m, complex
23-CHs 0.94 d,6.5
24 1.45 m, complex
1.15 m, complex
25 1.98 dda, i0.5,6.5 4
25-CHs 0.90 d, 6.5
26 - -
27 3.85 d, 4
27-0CH5 3.18 s
28 4.13 d, 4
28-OH 4.52 br. s
29 - -
29-CHj 1.73 8
30 5.40 d, 11
31 2.74 dg, 11,85
31-CHs 1.12 d, 6.5
32 - - :
33 2.74 dd, 17.5, 5.5
2.52 ad, 17.5, 4
34 513 ddd, 7,55, 4
35 1.60 m, complex
35-CHa 0.84 d, 8.5
36 1.60 m, complex
37 1.67 m, complex
38 2.03-1.11 m, complex
39 2.03-1.11 m, complex
40 3.90 m, complex
40-0H 4.28 br. s
47 2.03-1.11 m, complex
42 2.03-1.11 m, complex

NMR data in CDCls at 400 MMz

-
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Exampie 8 - isolation of 16-O-desmethyl-17-desmethyi-39-desmethoxy rapamycin by

complementation of S. Aiygroscopicus MG7-9 with a cassette of auxiliary genes and

supplementing the production media with starter acid.

i) Generation of complementation plasmid pl.1L 184 containing the rapamycin auxiliary genes,
rapl. rapJ, rap N/O. rapQ@ and rapl (rap IJN!O@__}

Plasmid pMG280 (WO 04/007709) (expressing genes rapl, rapd, rapN, rapQ, rapQ and
rapl) was digested using Spel and Hindlll and the 6.3 kbp fragment (containing rap [JN/OQL)
was isolated and ligated with conjugative vector pt1.150 similarly digested with Spel and Hindlll.
After transformation into E. coli DH10B, the final plasmid pLL184 was identified and confirmed

by restriction enzyme digestion.

i} Isolation of strain S. hvgroscopicus MG7-9 { pLL184)
E. coli ET12567, harbouring the plasmid pUZ8002 was transformed with pll184 o

generate the £.-coli donor strain for conjugation. This was used to transform S. hygroscopicus
MG7-9 by conjugation. Apramycin resistant colonies were isolated and patched to media 1 plus
50 mg/L. apramycin and 25 mg/L nalidixic acid. These patches were grown at 28°C before
secondary patching onto media ISP3 plus 50 mg/L apramycin and grown for 14-21 days at
28°C. A plug from each patch was used to inoculate individual falcon tubes containing 7 mL
media 2 (RapV7) pius 50 mg/L apramycin. These seed cultures were incubated for 2 days at
28°C, 300 rpm. These were then used to inoculate (0.5 mL into 7 mL) medium 3 (MD8) and
cuitured for 6 days ai 26°C, 300 rpm. After 24 hours of growth in media 3, the cultures were fed
with cyciohexane carboxylic acid o a final concentration of 1 mhl.

Secondary metabolites were extracted from these cultures by the addition of an equal
volume of acetonitriie. Cell debris was removed by centrifugation. These cultures were
assessed for production of 18-O-desmethyi-1 7-desmethyl-38-desmethoxy rapamycin by LCMS.

i) Analysis of 16-O-desmethvi-17-desmethyl-3¢-desmethoxy rapamvcin

The observed novel rapalogue was proposed fo be 18-O-desmethyl-17-desmethyl-39-
desmethoxyrapamycin on the basis of LCMS data. These data showed that the nove! rapalogue
is 44 mass units smalier than 17-desmethylrapamycin, consistent with the absence of 1
methoxy group and 1 methyl group. jons observed: [M-H] 854.2, [M+Na]” 878.3, [M+K]™ 894.3,

Example g - Isolation of 16—-0—desmethvl—17—desmeth1§—39-desmethoxv rapamycin by

complementation of S. Avgroscopicus MG7-9 with a cassette of auxiliary genes and

supplementing the production media with starter acid.
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i} Generation of complemeniation plasmid plL 8S249 containing the rapamycin auxiliary genes
rapJ, rap N/O._ rapQ@ and rapl (rap JN/OQL)

Plasmid pSGseirapKIJN/OQL (WO 04/007709) was digested with £coRl and Boll and
the 3.774 kbp fragment was isolated (containing rap JN/OQL) and ligated with similarly digested
pSGsetrap.) (WO 04/007708). After transformation into £. coli DH10B, plasmid pLS5238 was
identified by restriction enzyme digestion. Plasmid pl.58238 was further digested with Spel and
Hindlll and the 7.311 kbp fragment isolated (containing rap JN/OQL) and ligated with
conjugative vector pLL150 that was similarly digested with Spel and Hindlll. After transformation
into £. coli DH10B, the finai plasmid pLSS249 was identified and confinmed by restriction

enzyme digestion.

i) isolation of strain S. hvgroscopicus MG7-9 (pl.55249)
E coli ET12567, harbouring the plasmid pUZ8002 was transformed with pLS5249 to

generate the E. coli donor strain for conjugation. This was used to fransform S. hygroscopicus
MG7-9 by conjugation. Apramycin resistant colonies were isolated and patched to media 1 plus
50 mg/L apramycin and 25 mg/L nalidixic acid. These patches were grown at 28°C before
secondary patching onto media ISP3 pius 50 mg/t apramycin and grown for 14-21 days at
28°C. A plug from each patch was used fo inoculate individual faicon tubes containing 7 mL
media 2 (RapV7) pius 50 mg/L apramycin. These seed cultures were incubated for 2 days at
28°C, 300 rpm. These were then used fo inoculate (0.5 mi into 7 mL) medium 3 (MDG6) and
cultured for 6 days at 26°C, 300 rpm. After 24 hours of growth in media 3, the cultures were fed
with cyclohexane carboxylic acid to a final concentration of 1 mi,

Secondary metabolites were extracted from these cultures by the addition of an equal
volume of acetonitrile. Cell debris was removed by centrifugation. These cultures were
assassed for production of 16-O-desmethyi-17-desmethyl-39-desmethoxy rapamycin by LCMS.

i) Analysis of 16-O~desmethvi 17-desmethyvl-39-desmathoxy rapamycin
LCMS of the novel rapalogue showed it had the same mass and retention ’ume as the

rapalogue described in Example 8.

Example 10 - Isolation of 9-dgoxo-17-desmethyl-27-O-desmethyl-39-desmethoxy-

rapamycin by complementation of S. hygroscopicus MG7-9 with a cassette of auxiliary

genes and supplementing the production media with starter acid.
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iy Generation of complementation ptasmid nl L 181 containing the rapamycin auxiliary genes
rapM. rap N rapQ and rapl (rap MN/OL)

Isolation of plasmid pMG237: Plasmid pSGsetrapKJMN/O is a pSET 152-derived plasmid
in which the genes rapk, rapJ,' rapM, rapN and rapO are placed under the actl promoter which
is itself controlied by actll-ORF4 which is also present on the plasmid. This is an analogous

situation to the other cassette-containing plasmids used in this work. Plasmid
pSGsetrapKJMN/O was digested using Bglll/Xba! and the isolated vector fragment was ligated
with the 1kb Xbal/Bglli fragment of pSGLitraplys. Plasmid pMG237 (expressing rapK, rapJ,
rapM, rapN, rapO, and rapl) was isolated.

Plasmid pMG237 {expressing genes rapkK, rapd, rapM, rapN, rapO and rapl} was
digested using restriction enzymes Spet and Hindlll and the 6.841 kbp fragment isclated and
ligated with conjugative vector pLL150 similariy digested with Spel and Hindlll. After
transformation into £. cofi DH10B, plasmid pLL171 was identified by restriction enzyme
digestion. Plasmid pLL171 was Jdigested with AsiS] and Nhel and the 5.293 kbp {containing rap
MN/OL) was isolated and ligated with pSGsetraphM (WO 04/007709) similarly digested with
AsiS! and Nhel. After transformation into £. colf DH10B, plasmid pLL180 was identified by
restriction digesﬁon. Piasmid plL180 expresses genes rapM, rap N/O and rapl. These were
transferred into conjugative vector pLL150 by digestion with Spel and Hindlll. The 4.785 kbp
Spel/Hindilt fragment from pLL180 was isolated and ligated with simitarly digested pLL150.
After transformation into E. cofi DH10B, the final plasmid pLL191 was identified and confirmed

by restriction enzyme digestion.

ii) Isolation of strain 8. hvgroscopicus MG7-9 (pLL191)
E. coli ET12567, harbouring the piasmid pUZB8002 was transformed with pLL181 1o

generate the E. coli donor strain for conjugation. This was used io transform S. hygroscopicus
MG7-9 by conjugation. Apramycin resistant colonies were isolated and patched to media 1 plus
50 mg/L apramycin and-25 ma/L naiidiﬁdc acid. These patches were grown at 28°C before
secondary patching onto media ISP3 plus 50 mg/L apramycin and grown for 14-21 days at
28°C. A plug from each patch was used {o inoculate individual falcon tubes containing 7 mL
media 2"(RapV7) plus 50 mg/L apramycin. These seed cultures were incubated for 2 days at
28°C, 300 rpm. These were then used to inoculate (0.5 mL into 7 mL) medium 3 (MDB) and
cultured for 8 days at 26°C, 300 rpm. After 24 hours of growth in media 3 the cultures were fed
with cyclohexane carboxylic acid to a final sonceniration of 1 mM.

Secondary metabolites were extracted from these cultures by the addition of an equal
volume of acetonitrile. Cell debris was removed by centrifugation. These culiures were

assessed for production of 9-deoxo-17 -desmethyl-27-O-desmethyl-39-desmethoxy-rapamycin

by LGMS.
ST -
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i) Analysis of 9-deoxo-1 7-desmeathyl-27-C-desmethyl-38-desmethoxy-rapamycin

The observed novel rapatogue was proposed to be 9-deoxo-1 7-desmethyl-27-0-
desmethyl-39-desmethoxyrapamycin on the basis of LCMS data. These data showed that the
nove! rapalogue is 30 mass units larger than 17-desmethyl-38-deshydroxypre-rapamycin,
consistent with the addition of 1 methyl group and 1 hydroXy group. lons observed: [M-H] 840.6,
[M+Nal* 864.6, [M+K]" 880.6.

Example 11 - Isolation of 9-deoxo-1 8-O-desmethvi-17 -desmethyl-27-O-desmethyi-39-

desmethoxy rapamvyein by complementation of S. hvgroscopicus MG7-8 with a casselie

of auxiliary genes and supplementing the production media with starfer acid.

). Generation of compiementation plasmid pL | 190 containing the rapamycin auxiliary genes
rapl, rap N/O and rapl (rap IN/OL)

Plasmid pSGsetKIN/OL was digested with Bgfll and the 3.272 kbp fragment (containing
rap INJOL) was isolated and ligated with plasmid pSGsetrap! (WO 04/007708) digested with
Bgiil and freated with alkaline phosphatase. After transformation into E. cofif DH10B plasmid
pLL177 was identified by restriction enzyme digestion. Plasmid pLL177 was further digested
with using Spel and Hindlil and the 5.624 kbp fragment (containing rap INJOL) was isolated and
ligated with conjugative vector pLL150 similarly digested with Spel and Hindlll. After
transformation into £. coli DH10B, the final plasmid pl.L190 was ideniified and confirmed by

restriction enzyme digestion.

i) isolation of strain S. hvgroscopicus MG7-2 (pl.1.190)
E. coli ET12567, harbouring the plasmid pUZ8002 was transformed with pLL190 to

-geherate the E. coli donor strain for conjugation. This was used to transform S. hygroscopicus

MG7-© by conjugation. Apramycin resistant colonies were isolated and patched to media 1 plus
50 mg/l- apramycin and 25 mg/L nalidixic acid. These patches were grown at. 28°C before
secondary patching onto media ISP3 piué 50 mg/L apramycin and grown for 14-21 days at
28°C. A plug from each patch was used to inoculate individual falcon tubes containing 7 mL
media 2 (RapV7) plus 50 mg/L apramycin. These seed cultures were incubated for 2 days at
28°C, 300 rpm. These were then used to inoculate (0.5 mk into 7 mL) medium 3 (MDS)I and
cultured for 6 days at 26°C, 300 rpm. After 24 hours of growth in media 3, the cultures' were fed
with cyclohexane carboxylic acid to a final concentration of 1 mM.

Secondary metabolites were extracted from these cultures by the addition of an =qual

volume of acetonitrile. Cell debris was removed by centrifugation. These culiures were
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assessed for production of 8-deoxo-16-C-desmethyl-17-desmsthyi-27-O-desmethyl-39-
desmethoxy rapamycin LCMS.

il Analysis of 8-deoxo-18-O-desmethvyl-17-desmethyl-27-O-desmethyl-39-desmethoxy

rapamycin
The observed novel rapaiogue was proposed fo be 9-deoxo-16-O-desmethyl-17-

desmethyl-27-O-desmethyl-39-desmethoxyrapamycin-on the basis of LCMS data. These data
showed that the novel rapalogue is 16 mass units larger than 17-desmethyl-39-deshydroxypre-
rapamycih, consistent with the addition of 1 hydroxy group. lons observed: [M-H] 826.7,
[M+Na]" 850.6, [M+K] 866.6.

Example 12. In vitro bioassays for anticancer activity

In vitro evaluation of 17-desmethyl-39-desmethoxyrapamycin for anticancer aclivity in a panel of
12 human tumour cell lings in a monolayer proliferation assay was carried out as described
above using a modified propidium iodide assay.

The results are displayed in Table 7 below, each result represents the mean of duplicate
experiments. Table 8 shows the 1C5; and 1G4, for the test compound and rapamycin across the

cell lines tested.

Tabie 7
Test/Control (%) af drug concentration
Rapamycin 1 ?-desmethyl~39—desmethoxyrépamycin
Cellline 1 uM 10 uM 1 M 10 pM 100 uM
SF268 535 | 46 57 7 7
251L 755 40 85 89 16
H4860 67 66 82 76 3
MCF7 68.5 2685 59 52 8
394NL 45 44 66 61 4
OVCAR3 69 69.5 84 61 8
DU145 505 54 69 66 5
LNCAP | 1 34 59 43 15
1138L 42 215 59 46 5
Tabie 8 :
Rapamycin 17-desmethyl-39-
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WQ 2006/016167
desmethoxyrapamycin
Mean ICg, (microM) 3.5 13.3
9.1 38.2

Mean 1Cz (microM)
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CLAIMS:

1. ~ A.compound having the following formula:

-
-

wherein:

X represents a -CHs-,

R, represents =0 or (H,H);

R. represents OH or OMe;

R, represenis H, OH or OMe; _

R, represents a structural fragment selected from groups A, B, C, D, Eand F,

R, R,
: RS R7 Rg
Rg
A B C
CH3 R,
Rq - R
CH,
D E F

in which
the wavy line indicates the position of attachment of the fragment,
.R7 represents H or OH;
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Rg represents H, OH, halo, thiol or 14 alkyl;

or R, alternatively represents a 5- to 7-membered heterocycie containing one or more
heteroatoms selected from the group consisting of O, S and N, which heterocycle is optionally
substituted with one or more substituents selected from G alkyl, OH, F and CI; and

Rs and Rg are each independently H or OH,

or pharmaceutically acceptable derivatives thereof.

2. Acompound according to claim 1, wherein R, represents a structural fragment selected from
the groups A, B, C, E and F, as defined in Claim 1, in which R; represenis H or OH and Rg
represents H, OH, Clor F

3. A compound according to claim2, wherein R, represents a structural fragment selected from
the groups A(f), C(i}, E(i) and F(i):

_ R?
xO\ xoi Q > x& -
OH R, CH,
A(i) - (i) E(i) ' F(i)
wherein R; represents H or OH and Rj represents H, OH or halo.

4. A compound according to claim 1, wherein when R; represents OH, Rgrepresents H and
when R; represents OH Rs represents H.

5. A compound according to claim 1, wherein X represents a direct bond or CHs.

6. A compound according to claim 1, wherein x represents CH,.

7. A compound according to claim 1, wherein R, represents OH.

8. A compound according to claim 1 wherein R, represents (H, H), R, represents OH, R

represents H, R, represents the structural fragment C(i), as defined in claim 3, except that Ry
and R both represent OH, and x represents CH,.

9. A compound according to claim 1 wherein R{ represents (H, H), R, represents OH, Ry
represents H, R, represents the structural fragment C(i), as defined in claim 3, except that Ry
represents OH and R; represents H, and x represents CH,.
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14.

156.

16.

17.
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A compound according to claim 1 wherein R4 represents (H, H) or =0, R, represents OH or
OMe, R represents OH or OMe, R, represents the structural fragment C(i), as defined in
claim 3, except that R; represents OH and Ry represents H or OH, and x represents CH,.

A compound according to claim 1 wherein R, represents =0, R, represents OH or OMe, R;
represents H, CH or OMe, R, represents the structural fragment C(i), as defined in claim 3,
except that R; represents OH and R; represents F or Cl, and x represents CHs.

A compound according to claim 1 wherein Ry represents =0, R; represents OH, R,
represents OMe, R, represents the structural fragment C(i), as defined in claim 3, except that
Ry represents OH and Rg represents H, and x represents CH,

A compound according to claim 1 wherein R, represents =0, R, represents OH, R;
represents OH, R4 represents the structural fragment C(i), as defined in claim 3, except that
R; represents OH and Rg represents H, and x represents CH,.

A cbmpound éccording to claim 1 wherein R, represents =0, R, represents OH, Rs
represents OMe, R, represents the structural fragment C(i), as defined in claim 3, except that
R; represents OH and Rg represents OMe, and x represents CH,

The use of a compound according to any one of claims 1-14 in the preparation of a
medicarment for the induction or maintenance of immunosuppression, the stimulation of
neurenal regeneration or the freatment of cancer, B-cell malignancies, fungal infections,
transplantation rejection, graft vs host disease, autoimmune disorders, diseases of
inflammation and vascular disease.

A pharmaceutical composition for the induction or maintennance of immunosuppression, the
stimulation of neuronal regeneration or the freatment of cancer, B-cell malignancies, fungal
infections, transplantation rejeciion, graft vs host disease, autoimmune disorders, diseases of
inflammation and vascular disease comprising a compound according to any one of claims 1-
14 or a pharmaceutically acceptable salt thereof and a pharmaceutically acceptable carrier.

A method for the production of a compound or pharmaceutically acceptable salt thereof
according to claim 1 said method comprising
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(a) replacing the methylmalonyl-CoA specific AT domain of moduie 10 of the rapamycin PKS
with a malonyl-CoA-specific AT domain,

(b) expressing the engineered rapamycin PKS in a suitable host cel;

{c) culturing the host cell under condifions such that the compound or pharmaceutically
acceptable salt thereof is produced inciuding optionally supplying €X0genous precursors,

(d} opfionally isolating the compound thus produced.

The method according to claim 17, wherein the methylmalonyl-CoA specific AT domain of
module 10 is replaced with a malonyl-CoA specific AT domain from one of the foIIoMng
clusters; rapamycin, monensin, FK506, erythromycin, FK520, amphotericin, angolamycin,
tylosin, ‘hyg’, FK523, meridamycin, antascomicin, FK525 and tsukubamycin.

The method according to claim 18, wherein the malonyl-CoA specific AT domain is selected
from one of the following clusters; rapamycin, monensin and FK506.

"The method according to claim 19, wherein the AT domain is selected from the group
consisting of the AT domain from rapamycin module 2, the AT domain from monensin module
3, the AT domain from monensin module 6, the AT domain from monensin module 8, the AT

- domain from FK506 module 3 and the AT domain from FK506 moduie 7.

The method according to claim 20, wherein the malonyi-CoA specific AT domain is from
moduie 2 of rapamycin. '

-The method according to any one of claims 17 to 21, wherein the method comprises the

additionat steps of:
(a) isolating the AT to be introduced as a single DNA fragment with suitable flanking

restriction sites, 7
{b) amplifying and isolating the regions of DNA sequence homogenousto the flanking

sequénces of the target AT using appropriate restriction sites,
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27.

28.
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{c) ligating the three DNA fragments as described in (a) and (b) together to give an in-
frame sequence of LHS homology followed by donor AT domain followed by RHS homology,

(d} infroducing the complete seqguence from (¢} info a vector for intreduction into the host
strain fo ine the final plasmid, said plasmid comprising:

i) the oriT for conjugation,

i) one or more resistance markers,

iit) a temperature sensifive origin of replication such that integrants can be

selected by culturing at 37 °C, and

iv) an E coli origin of replication
(e) transforming the host strain by conjugation using the final plasmid as described in {d)
above,
{j] selecting the franformants by resistance to the reievant antibiotic,

(g} generating the primary integrants by culturing af 37 °C with antibiotic selection,
{h) screening the secondary recombinants by growth in the absence of antibictic
selection, also at 37 °C, , .

{i) identifying the desired strain by its ability fo produce the target product and

{ optionally confirming the genetics of the strain by standard methods.

" A method for generating a recombinant strain that contains a biosynthetic cluster that

encodes an engineered rapamycin polyketide synthase where the methylmalonyl-CoA
specific AT domain of module 10 is replaced with a malonyl-CoA specific AT domain.

The method according to claim 23, wherein the methylmalonyl-CoA specific AT domain of
module 10 is replaced with a maionyl-CoA specific AT domain from one of the foliowing
clusters: rapamycin, monensin, FK506, erythromycin, FK520, amphotericin, angolamycin,

- tylosin, ‘hyg’, FK523, meridamycin, antascomicin, FK525 and tsukubamyein.

The method according to claim 24, wherein the malonyl-CoA specific AT domain is selected
from one of the following clusters; rapamycin, monensin and FK5086.

The method according to claim 20, wherein the AT domain is selected from the group
consisting of the AT domain from rapamycin module 2, the AT domain from monensin module
3, the AT domain from monensin module 6, the AT domain from monensin module 8, the AT
domain from FK506 module 3 and the AT domain from FK506 module 7.

The method according to claim 25, wherein the malonyl-CoA specific AT domain is from
module 2 of rapamycin. | :

The method according to any one of claims 23 to 27, wherein the method comprises the
additional steps of:

(2) isolating the target AT to be infroduced as a single DNA fragment with suitable
flanking restriction sites,
{b) amplifying and isolating the regions of DNA sequence homologous to the flanking

sequences of the target AT using appropriate restriction sites,
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{c) ligating the three DNA fragments as described in (a) and (b) together to give an in-
frame sequénce of LHS homology followed by donor AT domain followed by RHS homology,
(d) introducing the complete sequence from (c) into a vector for introduction into the host
strain to give the final plasmid, said plasmid comprising:

{i) the oriT for conjugation,

(i) - oneor more resistance markers, _

(iii) a temperature sensitive origin of replication such that integrants can be

selected by culturing at 37°C, and

(iv} an E cofi origin of replication
(e) transforming the host strain by conjugation using the final plasmid as described in {d)
above, '

(f) selecting the transformants by resistance to the relevant antibioiic,

(g} generating the primafy infegrants by culturing at 37°C with antibiotic selection,

{h) screening‘the secondary recombinants by growth in the absence of antibiotic selection,
also at 37°C

(i} identifying the desired strain by its ability fo produce the target product and

(i} optionally confirming the genetics of the strain by standard methods

' A method for making a compound, said method comprising:

(a) generating a recombinant strain according fo claim 18, in which the methylmalonyl-

" CoA specific AT domain of module 10 of the rapamycin PKS has been replaced with a

malonyl-CoA _speciﬁc AT domain, and;
{b) feeding non-natural starter acids fo said recombinant strain under conditions suitable

for polyketide production.

A method for generating & compound, said method comprising:

(a) generating a recombinant strain according to claim 18, in which the methylmalonyl-
CoA specific AT domain of module 10 of the rapamycin PKS has been replaced with a
malonyl-CoA specific AT domain,

(b) additionally deleting or inactivating one or more rapamycin auxiliary genes selected
from rapl, rapd, rapK, rapL, rapM, rapN, rapO and rapQ, and
(c) culturing the strain thus obtained, optionally in the presence of an exogenous

precursor if required, to produce the compound.

A method for generating a compound, said method comprising:
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{(a) generating a recombinant strain, according to claim 18, in which the methylmalonyl-
CoA specific AT domain of module 10 of the rapamycin PKS has been replaced with a
malonyl-CoA specific AT domain, '

(&) additionally deleting or inactivating one or more rapamycin auxiliary genes selected

. from rapl, rapJ, rapK, rapL, rapM, rapN, rapQ and rap@,

{c) re-introducing all or a subset of the rapamycin auxiliary genes in-trans to complement
or partially complement the deletion, and,

{d) culturing the strain thus obtained, optionally in the presence of an exogenous
precursor if required, to produce the compound or pharmaceutically acceptable salt thereof.

A method for making a compound, said method comprising:
(a) generating a recombinant strain according fo claim 18, in which the methyimalonyl-

. CoA specific AT domain of module 10 of the rapamycin PKS has been replaced W|th a

malonyi-CoA specific AT domam

(b} ~ additionally deleting or inactivating cne or more rapamycin auxiliary genes selected
from rapl, rapJ, rapK, rapL, rapM, rapN, rapO and rapQ,
{c) optionally re-infroducing all or a subset of the rapamycin auxiliary genes in-trans fo

‘comiplement or partially complement the deletion, and,
{d) feeding non-natural starter acids fo said recombinant strain under conditions suitable

for polyketide preduction.
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5

PRT
Artificial

Artificially generated restriction site

Phe Pro Gly Gln Gly

1

<210>
' <211>
<212>
<213>

<220>
<223>

<400>

3
2
i5
D2
Artificial

Artificiaglly generated restriction site
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219

tttcceogggs aggge 15
<z10> 3
<211> 5
<212> PRT
<213> Artificial
<220>
<223>» Artificially generated restriction site
<400> 3
Phe Pro Gly Glan Gly
1 5
<210> 4
<211> 15
<212> DHA
<213> Artificial
<220>
<223> Artificislly generated restriction site
<400> 4

15

ttcecyggghbe agggy

<210> 5
'<211> 5
<212> PRT
<213> Artificial

<220>
<223> BArtificially generated restriction site

<400> &

" Phe Pro Gly Gln Gly
1 5
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3/9

<z1l0> 6
211> 15
<212>  DNA

<213> Artificial

220>
<223> Artificially generated restriction site

<400> 6
tttectggee agggg 15
<210> 7
<z1il> 5
<212> PRT
<213> Artificial
220>
<223> Artificially generated restrictiom site
<400> 7
Ala Val Leu Gly Asp
1 5
<210> 8
<211> 15
<212> DNA
<213> artificial
<220>
<223> RArtificially generated restriction site
<400> B
i5

gcggtgetyyg gtgat

<210> 9
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4/

<Z1i> 5

<212> PRT

<213> Artificial

<223> Artificially generated restriction site

<400> B

Ala Val Len Gly Asp

1 5
<210> 10

<211> 15

<212> DNA

<213> Artificial

<220>
<223> Artificially generzted restriction site

<400> 10
geggtgetygy gtgat

<210> 11
<211> 5
<212> PRT

<213> Artificial

<220>
<223> Artificially generated restriction site

<400> 11
“Ala Val Leu Gly Asp

1 5

<210> 12
<211> 15
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519
<212> DHA

<213> ARrtificial

<220>

<223> DArtificially generated restriction site

<400> 12
gocggtectag gtgat

£210> 13
<211> 26
<212> DHNA

<213> Artificial

<220>

<223> Primer

<400> 13

gtectaggtg atgtecegge aacacy

<210> 14
<211i> 30
<212> DHNA

<213> Artificial

<220>
<223> Primer

<400> 14

cacctgéagg cccaactegy ccagetcget

<210> 15
<211> 1556
<212> DNA

<213> ‘Artificial

<220
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34

<223> Left regiom of homology PCR product from AT10, amplified from S.
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<400> 15

cacctgcagyg
cagcaacagc
cagcacacooe
ctcaggetca
cegeageege
gtegtcactt
ccoccgacaca
gaaacgctce
agtctgtgee
cggeaceteg
gaccgggatc
ggctygceaco
agrgacecge
gecagtgaca
ggeatcgggt
ggcgaatcogt
gtcaccatca
cctggtcagc

cgcggtgagg

cccaacicgy
zgatgacgca
gaaccaccgy
gogacgeeoyg
ggctealcga
tccaccagga
geggetgegg
ccogecagoe
agcgggtcac
ccgtccgcga
tecegiccacy
ggacgggtes
acaccccage
tggacctoga
gtgticagga
écggcgtcct
cgecacgegy
tggtegtaga

tecgacygtig

ccagcreget

caccgegttc

tgatcagaac

tacgagtcag

goccgacggt

cgaaccggec

ccaaaccagt

acacctgcac

cgetgteggg

ggtcttcaaa

tcagggegaa

ccagecgagec

catccgagac

cgtggttcca

tceoeggegto

gggtectgete

cctgecaaacc

agecctgecac

gcacagtegt

649

gatcagcgec
ggccaccagg
cgbgecatec
tecgeggtgeo
ggcggocagt
cgggtgetce
fécggtccgc
cgocetgcaga
gag%gcggtg
cttgececeacc
cagatcatcg
gatggtggec
ccgtgteate
ggagaacggc
cagggceggea
ctcagccaga
ctggaaggca
gtccaccygygc

gtcggacacg

1 and =

-~

tegrecgggy
tQCCQQQng
ggatcccaga
tegtaccgge
t§g£ccgqgg
gactgagcecy
acaaccageg
accteagegg
aacacaacga
gtcacgoccga
acagcagaac
accggcogac
gcgaccogea
aaccgcacygg
tccaacaccy
gecaacctogyg
ggtcegtact
ttggecctgeg

ctgacggtgg

which contain
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additi

cgctgeggga
cgatccocgo
cgecttecagg
cgtcgatgac
tgagggtgte
gacgcatcaa
tactgtcagt
tcagccgécg
catcgggeat
cctgectggga
cgagegeate
cgatgteate
geghbggecga
tgtecgeggte
cagggtygygac
cgaagacggt
cghbaacccge
caggtgygcca

cggzaacytyg

onal

120

300

360

480

540

600

660

720

780

840

900

960

1020

1080

1140
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ccggacccad
ctecgtcggec
cggggcttCQ
aaccagctec
cagocacgceyg
catcgececage
atcggcégac
atccagcacc
16

2B
DNZ

<211>
<212>
<213>

<220>
<223>

<400> 16

gcatcggege

teocgeogacgg

acgatcagel

acaaacccgg

tgggtggeca

accgeaccca

cggoeeggect

cgtgttgeeg

Artificial

Primex

cgtccgeecg
atacggacag
cgtcaaggac
taccgggeag
gtgatacccg
gcaacggatg
cagcccaata

ggacatcace

cctggecagyg aaagacdaac acgatbeet

<210> 17

<211> 29

<212> DHA

<213> Artificial
<220>

<223> Primer
<400> 17

cgaagcttya geegotggeg atceghtggga

719
ggagaagace
ttgcacaceyg
étcgcagccc
caggacactg
cécggtcagc
gocoocuctgoa
cegetyggtge

taggac

grcacegoge
ccggtctgeg
acctcatcag
ceceggaceg
atcacaccat
tccagacecg

tggaacgcegt

PCT/GB2005/003158

ggrgteogga

cecgogoggac

cgtgatcagce

vcgaaccegy

cocccocgacac

acgtcggaag

1380
1440
1500
1560

15886

28

28
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18

1550
DRZ

Briificial

8/

Right region of homclogy PCR product

hygroscopicus using SEQ ID NOs 1 and

restriction sites.

<400> 18

cctgeragga
atctccaagy
cacagccegh
tteggtcagy
tacgggtgta
gtoggegtta
ctceggecac
cogegacgge
catcttéatg
cgatecccage
ctcgateggg
cggegecagy
cygogoggac
caatatctgg

gcectcagec

Aagacgaaca
agtacggcecgce
atatccactec
gegggetggg
gagccagcecyg
gtgccactga
ggctggttct
tcatccacat
acacocgaca
agecagegget
tcacecageg
ccggegtige
aggcegtteg
tgaccgttag

cacccegtge

cgatcectggg
ggtgctcgaa
cgggcgacgce
tottggeoega
tgtcgccca&
teoccgaacga
ccgococaccoadg
gcaacgtgeg
cacctgegyge
coceogeggee
tcgtaccegt
tgagagegge
acgeacegte
cctgagecatce

cgteecgegye

gtecggacace

caccgaccgt

cgccaggtag

tatcaccage

agactgrtgce

cgacacacct

ctcgaccgea

cggcaceatg

agcctgougta

ctggcegtaa

gcegtgegoce

ccggatcacc

ctggttecace

cgacaaacgc

gtcagcgaac

irom AT10,

PCT/GB2005/003158

amolified from S,

Z, which contain additicnal

geggtgoegg
gtecacegeca
gegoeggagec
ggcaccagtt
ggtgecactect
gceogacggg
ccogeecgaceo
ctgtgctgea
tggcegacgt
gtagegatca
togaccacat
cgctgetgeg
gccgagétac
tccaccaata

gcecttgeacce

tgacggtctc
écgtcgatgc
ggtcttegtg
cogaaaccag
caaggatgac
gtecggeeggt
agtccacatg
gggccatcac
tcgacttcag
ccgectggge
ccacctegty
aaggaccgth
ggaccacege
ggacgccgac

ggceategge

60
129
180
240
300
360
420
480
540
600
660
720
780
840

9500
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tgacaagecct

grogoegacco

cgccaccage

gaagtacgac

gaggteggea

gecgegtacg

catcaaccge

ggcgtegaaa

cgegtecggg

ggaaztcegeg

accgggtagy

cgelgoegeg
agggcceageg
gacgacgaac
acccggecey
ccgatgeegt
gaaccggygct
tgctgceggat
cecggecgegy
tocecggategt
tdcgtaccgg

cggcaggeca

agaacrcosc
aacactcacc
acgcegtgte
acaacacact
agccaccggg
cgateoecgge
ccatcgecas
catccaggaa
acaggttcte
actcgaccaa

titccroacgat

o/8

gaaagroige

ctytegoagy

cacogTgaac

cgccgcacoa

gtaagcacct

ccgotcgaac

cgectoacygc

gcogeectge

gacgtcccag

gcgocacaga

cgoocageggo

ggcgrggceca

gcatacceog

gcgggaccit

geagttgbce

atgaagacgce

gccteceaygg

ggactgatcec

acgctgtagg

ccgeggtogg

tcectecggeg

tcaagectteg

PCT/GB2605/003158

tcacggicac

cctgatgcaa

cgagaccgaa

cgaagoeged

cgygtgtceget

acacctcaag

cgaagaacga

acttccocggg

ttgggaagce

acgagactee

1140

12G0

1260

1320

1380

1440

1500

1550



