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Description

Field of the Invention

[0001] The present invention relates to production of polyketides and other natural products and to libraries of com-
pounds and individual novel compounds. One important area is the isolation and potential use of novel FKBP-ligand
analogues and host cells that produce these compounds. The invention is particularly concerned with methods for the
efficient transformation of strains that produce FKBP analogues and recombinant cells in which cloned genes or gene
cassettes are expressed to generate novel compounds such as polyketide (especially rapamycin) FKBP-ligand ana-
logues, and to processes for their preparation, and to means employed therein (e.g. nucleic acids, vectors, gene cassettes
and genetically modified strains).

Background of the invention

[0002] Rapamycin (sirolimus) (Figure 1) is a lipophilic macrolide produced by Streptomyces hygroscopicus NRRL
5491 (Sehgal et al., 1975; Vézina et al., 1975; U.S. Patent No. 3,929,992; U.S. Patent No. 3,993,749) with a 1,2,3-
tricarbonyl moiety linked to a pipecolic acid lactone (Paiva et 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, et al., 1989, FK523 (Hatanaka, H., et al., 1988), antascomicins (Fehr, T., et al., 1996) and meridamycin
(Salituro et al., 1995). For the purpose of this invention rapamycin is described by the numbering convention of McAlpine
et al. (1991) in preference to the numbering conventions of Findlay et al. (1980) or Chemical Abstracts (11th. Cumulative
Index, 1982-1986 p60719CS).
[0003] The versatile mode of action of rapamycin demonstrates the pharmacological value of the compound and
emphasizes the necessity to isolate novel derivatives of the drug. Rapamycin shows moderate antifungal activity, mainly
against Candida species but also against filamentous fungi (Baker et al., 1978; Sehgal et al., 1975; Vézina et al., 1975;
U.S. Patent No. 3,929,992; U.S. Patent No. 3,993,749). Rapamycin inhibits cell proliferation by targeting signal trans-
duction pathways in a variety of cell types, e.g. by inhibiting signalling pathways that allow progression from the G1 to
the S-phase of the cell cycle (Kuo et al., 1992). In T cells rapamycin inhibits signalling from the IL-2 receptor and
subsequent autoproliferation of the T cells 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 et al., 1996). Rapamycin
is, therefore, a potent immunosuppressant with established or predicted therapeutic applications in the prevention of
organ allograft rejection and in the treatment of autoimmune diseases (Kahan et al., 1991). It appears to cause fewer
side effects than the standard anti-rejection treatments (Navia, 1996). 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., 1998; U.S. 5,665,772). The clinical efficacy of the drug is presently under investigation in Phase III
clinical trials (Kirchner et al., 2000). The rapamycin ester CCI-779 (Wyeth-Ayerst) inhibits cell growth in vitro and inhibits
tumour growth in vivo (Yu et al., 2001). The drug is currently in Phase III clinical trials. The value of rapamycin in the
treatment of chronic plaque psoriasis (Kirby and Griffiths, 2001), the potential use of effects such as the stimulation of
neurite outgrowth in PC12 cells (Lyons et al., 1994), the block of the proliferative responses to cytokines by vascular
and smooth muscle cells after mechanical injury (Gregory et al., 1993) and its role in prevention of allograft fibrosis
(Waller and Nicholson, 2001) are areas of intense research (Kahan and Camardo, 2001). Recent reports reveal that
rapamycin is associated with lower incidence of cancer in organ allograft patients on long-term immunosuppressive
therapy than those on other immunosuppressive regimes, and that this reduced cancer incidence is due to inhibition of
angiogenesis (Guba et al., 2002). It has been reported that the neurotrophic activities of immunophilin ligands are
independent of their immunosuppressive activity (Steiner et al., 1997) and that nerve growth stimulation is promoted by
disruption of the mature steroid receptor complex as outlined in the patent application WO01/03692. Side effects such
as hyperlipidemia and thrombocytopenia as well as potential teratogenic effects have been reported (Hentges et al.,
2001; Kahan and Camardo, 2001).
[0004] The polyketide backbone of rapamycin is synthesised by head-to-tail condensation of a total of seven propionate
and seven acetate units to a shikimate derived cyclohexane carboxylic acid starter unit (Paiva et al., 1991). The L-lysine
derived imino acid, pipecolic acid, is condensed via an amide linkage onto the last acetate of the polyketide backbone
(Paiva et 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 et al., 1995). Analysis of the open reading frames revealed
three large genes encoding the modular polyketide synthase (PKS) (Aparicio et al., 1996; Schwecke et al., 1995).
Embedded between the PKS genes lies the rapP gene encoding a protein with sequence similarity to activation domains
of nonribosomal peptide synthetases and it is thought to act analogously (König et al., 1997). The region encoding the
PKS genes is flanked on both sides by 24 additional open reading frames encoding enzymes believed to be required
for the biosynthesis of rapamycin (Molnár et al., 1996). These include the following post-polyketide modification enzymes:
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two cytochrome P-450 monooxygenases, designated as RapJ and RapN, an associated ferredoxin RapO, and three
potential SAM-dependent O-methyltransferases Rapl, RapM and RapQ. Other adjacent genes have putative roles in
the regulation and the export of rapamycin (Molnár et al., 1996). The cluster also contains the gene rapL whose product
RapL is proposed to catalyse the formation of the rapamycin precursor L-pipecolic acid through the cyclodeamination
of L-lysine (Khaw et al., 1998; Paiva et al., 1993). The introduction of a frameshift mutation into rapL gave rise to a
mutant unable to produce significant amounts of rapamycin and feeding of L-pipecolic acid to the growth medium restored
wild-type levels of rapamycin production (Khaw et al., 1998). The biosynthetic precursors to the cyclohexane ring of
rapamycin originate from the shikimic acid pathway (Lowden et al., 1996; Lowden et al., 2001). Other closely-related
macrolides such as FK506 (tacrolimus) (Schreiber and Crabtree, 1992), FK520 (ascomycin or immunomycin) (Wu et
al., 2000), antascomicin (Fehr, T., et al., 1996) and meridamycin (Salituro et al., 1995) share a common pharmacophore
that interacts with FK506-binding proteins (FKBPs) (Figure 2). Thus rapamycin and related compounds for example,
but without limitation, FK506, FK520, ’hyg’, FK523, meridamycin, antascomicin, FK525 and tsukubamycin can be con-
sidered "FKBP-ligands". The partial sequence of the FK506 gene cluster (Motamedi et al., 1996; Motamedi et al., 1997;
Motamedi and Shafiee, 1998), the ’hyg’ cluster (Ruan et al., 1997) and the complete sequence of the FK520 gene cluster
have been published (Wu et al., 2000; U.S. Patent No. 6,150,513). There is significant homology between genes within
these clusters and the rapamycin biosynthetic gene cluster and similarity in enzyme function (Motamedi et al., 1996).
[0005] The pharmacologic actions of rapamycin characterised to date are believed to be mediated by the interaction
with cytosolic receptors termed FKBPs or immunophilins. 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 (Rosen 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 intracellular rapamycin receptor in eukaryotic T-cells is FKBP12 (DiLella and Craig, 1991) and the resulting
complex interacts specifically with target proteins to inhibit the signal transduction cascade of the cell. FK506, an immu-
nosuppressive agent structurally related to rapamycin, also specifically binds to FKBP12 but it effects immunosuppression
through a different mechanism (Chang et al., 1991; Sigal and Dumont, 1992). Rapamycin and FK506 compete for the
same binding site, thus FK506 can have an antagonistic effect with rapamycin when the two drugs are used together
(Cao et al., 1995). Analysis of the crystal structure of the FKBP12-rapamycin complex has identified a rapamycin-binding
pharmacophore termed the ’binding domain’ (Van Duyne et al., 1993) (see Figure 1). The ’binding domain’ is required
for the interaction with the immunophilin and consists, for both FK506 and rapamycin, of the C-1 to C-14 region including
the ester linkage, the pipecolinyl ring, the dicarbonyl and the hemiketal ring (see Figure 2). The interaction is characterised
by many hydrophobic contacts and some hydrogen bonds including one to the hydroxyl group on the cyclohexane 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 carbonyl groups are involved
in hydrogen bonding and the C9 carbonyl group protrudes into a pocket formed by three completely conserved aromatic
amino acid residues (one tyrosine and two phenylalanine acid residues) in FKBP12. The domain of the immunophilin-
ligand complex interacting with the target protein projects away from FKBP.
[0006] The target of the rapamycin-FKBP12 complex has been identified in yeast as TOR (target of rapamycin) (Alarcon
et al., 1999) and the mammalian protein is known as FRAP (FKBP-rapamycin associated protein) or mTOR (mammalian
target of rapamycin) (Brown et 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 domain
(FRB) of mTOR abolishes mTOR kinase activity provides evidence for the involvement of FRB in the function of the
kinase domain (Vilella-Bach et al., 1999). The crystal structure of FKBP12-rapamycin with a truncated form of mTOR
containing the FRB domain (Chen et al., 1995) has been obtained thus defining the ’effector’ domain of rapamycin (Choi
et al., 1996; Liang et al., 1999). The analysis of the crystal structure revealed that protein-protein contacts are relatively
limited compared to the interaction between rapamycin and each protein. No hydrogen bonds between rapamycin and
FRB were identified. Interaction is concentrated in a series of hydrophobic contacts between the triene 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 2). The C23 to C34 region and the cyclohexyl ring of rapamycin make superficial hydrophobic
contacts with FRB. A small conformational change in rapamycin was evident between the binary and the ternary com-
plexes (Liang et al., 1999).
[0007] Divergences between the biological effects of C16 methoxy group rapamycin analogues 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-immunosup-
pressive 28-O-methyl rapamycin revealed a significant difference in the orientation of the cyclohexyl ring which may
result in disruption of mTOR binding (Kallen et al., 1996).
[0008] Rapamycin impacts signalling cascades within the cell through the inhibition of the p70S6k kinase, a serine/thre-
onine kinase in higher eukaryotes which phosphorylates the ribosomal protein S6 (Ferrari et al., 1993; Kuo et al., 1992).
The S6 protein is located in the ribosomal 40S subunit and it is believed to be an important functional site involved in
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tRNA and mRNA binding. A regulatory function for mRNA translation through S6 phosphorylation by p70S6k has been
postulated (Kawasome et al., 1998). Rapamycin inhibits protein synthesis through its effect on other growth related
events, including the activity of cyclin-dependent kinases, phosphorylation of cAMP-responsive element modulator
(CREM) and phosphorylation of the elongation factor binding protein 4E-BP1 (PHAS1) (Hung et al., 1996). The drug
induces the accumulation of the dephosphorylated species of 4E-BP1 that binds to the translation initiation factor eIF-
4E, thus, suppressing translation initiation of cap-dependent mRNAs (Hara et al., 1997; Raught et al., 2001).
[0009] A link between mTOR signalling and localized protein synthesis in neurons; the effect on the phosphorylation
state of proteins involved in translational control; the abundance of components of the translation 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 et 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 proteins in yeast also revealed their roles in modulating nutrient-sensitive signalling
pathways (Hardwick et al., 1999). Similarly, mTOR has been identified as a direct target for the action of protein kinase
B and of having a key role in insulin signalling (Shepherd et al., 1998; Nave et al., 1999). Mammalian TOR has also
been implicated in the polarization of the actin cytoskeleton and the regulation of translational initiation (Alarcon et al.,
1999). Phophatidylinositol 3-kinases, such as mTOR, are functional in several aspects of the pathogenesis of tumours
such as cell-cycle progression, adhesion, cell survival and angiogenesis (Roymans and Slegers, 2001).
[0010] Most immunophilins do not appear to be directly involved in immunosuppressive activities and relatively little
is known concerning their natural ligands although candidates for natural ligands of the FKBPs termed FKBP-associated
proteins (FAP) such as FAP48 and FAP1 have been reported. The specific interaction of FAPs with FKBPs during the
formation of complexes was prevented by rapamycin in a dose-dependent manner (Chambraud et al., 1996; Kunz et
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 chan-
nels; cell-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. In addition to FKBP12
(U.S. 5,109,112) other immunophilins include FKBP12.6 (U.S. 5,457,182), FKBP13 (Hendrickson et al., 1993; U.S.
5,498,597), FKBP25 (Hung and Schreiber, 1992; Jin et al., 1992), FKBP14.6 (U.S. 5,354,845), FKBP52 (U.S. 5,763,590),
FKBP60 (Yem et al., 1992) and FKBP65 (Patterson et al., 2000).
[0011] The multitude of the FKBP’s which are present in different cell types also underline the utility of isolating novel
FKBP-ligand analogues with potentially changed binding and/or effector domains.
[0012] Pharmacokinetic studies of rapamycin and rapamycin analogues have demonstrated the need for the devel-
opment of novel rapamycin compounds that may be more stable in solution, more resistant to metabolic attack and have
improved bioavailability. Modification using chemically available positions on the molecule has been addressed, however,
this approach has limited utility as the sites available for chemical modification are limited and there is less ability to
selectively modify a particular position. Biological approaches to producing novel rapamycin analogues have been less
successful due to the difficulties encountered in working with the organism (Lomovskaya et al., 1997; Kieser et al., 2000)
despite the availability of the sequence of the biosynthetic gene cluster of rapamycin from S. hygroscopicus (Schwecke
et al., 1995).
[0013] 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 to 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
hydroxyl groups (e.g. U.S. 5,665,772; U.S. 5,362,718), C39 and C16 methoxy groups (e.g. WO96/41807; U.S. 5,728,710),
C32, C26 and C9 keto groups (e.g. U.S. 5,378,836; U.S. 5,138,051; U.S. 5,665,772). Hydrogenation at C17, C19 and/or
C21, targeting the triene, resulted in retention of antifungal activity but loss of immunosuppression (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 and/or
C28, U.S. 5,563,145, U.S. 5,446,048), resistance to metabolic attack (e.g. U.S. 5,912,253), bioavailability (e.g. U.S.
5,221,670; U.S. 5,955,457; WO98/04279) 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 quantities of rapamycin tem-
plate and, as a base and acid labile compound, it is difficult to work with. Where chemical derivatisation can be group
selective, it is often difficult to be site selective. Consequently, chemical modification invariably requires multiple protective
and deprotecive steps and produces mixed products in variable yields.
[0014] The isolation of rapamycin analogues using biological methods such as biotransformation and phage-based
genetic modification has also been described. Isolation of minor metabolites from both mutant strains and rapamycin
producing strains has provided small quantities of a number of rapamycin analogues. These strains are often low yielding
and produce mixtures of rapamycin analogues. The isolation of 27-O-desmethylrapamycin and 27-desmethoxyrapamycin
was reported from the culture supernatant of S. hygroscopicus NCIMB 40319 (Box et al., 1995). The antifungal activity
of 27-O-desmethylrapamycin was lower than that of rapamycin but the inhibition of FKBP12 PPlase activity seemed to
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be increased. The inhibition of ConA-stimulated proliferation of murine splenic T cells and the inhibition of LPS-stimulated
proliferation of murine splenic B cells was decreased when compared to rapamycin (Box et al., 1995). Similarly, antifungal
activities of the rapamycin derivatives prolylrapamycin, 27-O-desmethylrapamycin and 27-desmethoxyrapamycin were
lower than that of rapamycin (Wong et al., 1998). Rapamycin analogues (16-O-desmethylrapamycin, 27-O-desmethyl-
rapamycin, 39-O-desmethylrapamycin, 16,27-O-bisdesmethylrapamycin, prolylrapamycin, 26-O-desmethylprolylra-
pamycin, 9-deoxorapamycin, 27-desmethoxyrapamycin, 27-desmethoxy-39-O-desmethylrapamycin, 9-deoxo-27-des-
methoxyrapamycin, 28-dehydrorapamycin, 9-deoxo-27-desmethoxy-39-O-desmethylrapamycin) were also isolated
from Actinoplanes sp N902-109 after the addition of cytochrome P450 inhibitors and/or precursor feeding to the culture
or after biotransformation of isolated rapamycin (Nishida et al., 1995). The use of such inhibitors, however, only allows
the targeting of a particular enzyme function and is not site selective. 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 detected after the loss of the methyl group at C27 or/and C16. In addition, 9-deoxo-
rapamycin showed a more significant decrease in activity and the loss of the methoxy group at C27, the hydroxy group
at C28 and the substitution of a pipecolinyl group for a prolyl group resulted in a reduction in potency (Nishida et al.,
1995). Similarly, biotransformation of rapamycin and the isolation of 16,39-O-bisdesmethylrapamycin have been reported
(WO 94/09010). The retention of inhibitory activity in cell proliferation assays with compounds modified in the cyclohexyl
ring, e.g. 39-0-desmethylrapamycin and C40 modifications such as SDZ RAD, identify this region of the molecule as a
target for the generation of novel rapamycin, analogues. Novel rapamycin analogues were reported after feeding cy-
clohexanecarboxylic acid, cycloheptanecarboxylic acid, cyclohex-1-enecarboxylic acid, 3-methylcyclohexanecarboxylic
acid, cyclohex-3-enecarboxylic acid, 3-hydroxycyclohex-4-enecarboxylic acid and cyclohept-1-enecarboxylic acid to
cultures of S. hygroscopicus thus demonstrating the flexibility in the loading module of the rapamycin polyketide synthase
(P.A.S. Lowden, PhD dissertation, University of Cambridge, 1997). These novel rapamycin analogues were produced
in competition with the natural starter, 4, 5-dihydroxycyclohex-1-enecarboxylic acid, resulting in reduced yields and
mixed products.
[0015] The isolation of recombinant S. hygroscopicus strains producing various rapamycin analogues, using biological
methods mediated by phage technology (Lomovskaya et al., 1997), has been reported. In the presence of added proline
derivatives, a S. hygroscopicus rapL deletion mutant synthesized the novel rapamycin analogues prolylrapamycin, 4-
hydroxyprolylrapamycin and 4-hydroxyprolyl-26-desmethoxy-rapamycin (Khaw et al., 1998). Similarly, the novel rapamy-
cins 3-hydroxy-prolyl-rapamycin, 3-hydroxy-prolyl-26-desmethoxy-rapamycin, and trans-3-aza-bicyclo[3,1,0]hexane-2-
carboxylic acid rapamycin have been identified as described in WO98/54308. 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 rapamycin (Khaw et al., 1998). The deletion of five contiguous genes,
rapQONML (responsible for post-polyketide modifications at C16, C27 and production of L-pipecolic acid) and their
replacement with a neomycin resistance marker in S. hygroscopicus ATCC29253 using phage-based methology resulted
in the production of 16-O-desmethyl-27-desmethoxyrapamycin when fed with pipecolic acid (Chung et al., 2001). No
complementation of this deletion mutant has been demonstrated using this technology. Furthermore, the site-specific
functionality of rapM and rapQ remains unclear; therefore, rational design of rapamycin analogues requiring methylation
at C16-OH or C27-OH has not been enabled. The phage-based methodology suffers from a number of drawbacks as
described in more detail below. It offers a difficult and protracted process of obtaining engineered strains and has a
reduced versatility in comparison to the methodology disclosed within this current patent.
[0016] Conventional approaches to manipulate rapamycin modifying genes using biological 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 cassettes (WO01/79520, WO
03/048375). However, the isolation of novel rapamycin analogues using such biological methods has been limited due
to the difficulties in transforming the rapamycin-producing organism S. hygroscopicus. It has been reported that the
commonly used methods of transformation with plasmid DNA or conjugal transfer were unsuccessful with the rapamycin
producing strain (Lomovskya et al., 1997, Schweke et al., 1995, Kieser et al., 2000). The current state of the art uses
the methodology of Lomovskya et al. (1997), a work intensive phage based method that is severely limited by the size
of the cloned DNA fragments transferred into S. hygroscopicus (Kieser et al., 2000). This technology is limited to the
transfer of a maximum of 6.4 kb of cloned DNA. Thus, when complementing a deletion mutant using this technology the
artisan is limited to the inclusion of ~2 functional genes in addition to desired promoter, regions of homology and resistance
marker. The genetic information for the rapamycin biosynthetic gene cluster has been available since 1995 (Schwecke
et al., 1995), however, limited progress in this area has been made (Khaw et al., 1998; Chung et al., 2001; WO01/34816).
[0017] Wong et al. (1998) Journal of Antibiotics 51,487-491 report the antifungal activities of rapamycin and its deriv-
atives, prolylrapamycin, 32-desmethylrapamycin and 32-desmethoxyrapamycin.
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Summary of the Invention

[0018] The present invention provides a compound of formula:

where:

x = bond or CH2, or -CHR6-x-CHRs- is

R15 =

R1 = OH. OCH3
R2 = H, OH, OCH3
R3 = F, Cl and R4 = H, OH, CH3, F, C; or
R4 = F, Cl and R3 = H, OH, CH3, F, Cl, OCH3;
R18 = OH, OCH3
R17 = Cl, F
R5 = H, ON
R6 = H. OH
R8 and R3 together are =O or H,H; and
y = bond, CH2.

[0019] In a preferred embodiment, the compound may be a compound wherein R15 is G and R3 is F, Cl and R4 is H,
OH, CH3, F, Cl; or R4 is F, CI and R3 is H, OH, CH3, F, Cl, OCH3.
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[0020] In a more preferred embodiment, the compound may be selected from the group consisting of

8-deoxo-16-O-desmethyl-27-desmethoxy-36-de(3-cis-methoxy-4-trans-hydroxycyclohexyl)-36-(3-fluoro-4-hydrox-
ycyclohexyl) rapamycin;
9-deoxo-16-O-desmethyl-27-desmethoxy-36-de(3-cis-methoxy-4-trans-hydroxycyclohexyl)-36-(3-hydroxy-4-fluor-
ocyclohexyl) rapamycin;
9-deoxo-16-O-desmethyl-27-desmethoxy-36-de(3-cis-methoxy-4-trans-hydroxycyclohexyl)-36-(3-chloro-4-hy-
droxycyclohexyl) rapamycin; and
9-deoxo-16-O-desmethyl-27-desmethoxy-36-de(3-cis-methoxy-4-trans-hydroxycyclohexyl)-36-(3-hydroxy-4-chlo-
rocyclohexyl) rapamycin.

[0021] The present invention further provides a compound having the formula

where:

x = bond or CHR11, or -CHR6-x-CHR5- is

y = bond or CHR12;
R1 = OH, OCH3;
R2 = H, OH, OCH3;
R3 = halo and R4 = H, OH, OCH3, alkyl, halo, amino, thiol; or
R4 = halo and R3 = H, OH, OCH3, alkyl, halo, amino, thiol;
R5, R6, R7, R10, R11, R12, R13 and R14 are each independently H, alkyl, halo, hydroxy; and
R8 and R9 together are =O or H,H.

[0022] The present invention further provides a compound having the formula
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where:

x = bond or CHR11, or -CHR6-x-CHR5- is

R1 = OH, OCH3;
R2 = H, OH, OCH3;
R5 = H, alkyl, halo, hydroxy;
R6 = H, alkyl, halo, hydroxy;
R7 = H, alkyl, halo, hydroxy;
R8, R9 = =O or H,H
R10 = H, alkyl, halo, hydroxy;
R11 = H, alkyl, halo, hydroxy;
R12 = H, alkyl, halo, hydroxy;
R13 = H, alkyl, halo, hydroxyl;
R14 = H, alkyl, halo, hydroxy;
R15 =

R18 = OH; and
R17 = halo.

[0023] In a further aspect, the present invention provides a method of generating a compound according to the present
invention comprising the steps of:

(a) generating a recombinant strain in which at least the rapK homologue has been deleted or inactivated; and
(b) feeding a non-natural starter unit to said strain.

[0024] In an embodiment, the method may comprise one or more of the following additional steps selected from the
group consisting of deleting one or more further auxiliary genes; restoring by complementation one or more of the deleted
genes; and isolating and purifying the compounds generated.
[0025] In a preferred embodiment, said natural starter unit is selected from the group consisting of
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3-trans-hydroxy-4-cis-fluorocyclohexane carboxylic acid;
4-trans-hydroxy-3-cis-fluorocyclohexane carboxylic acid;
3-cis-hydroxy-4-trans-fluorocyclohexane carboxylic acid;

4-cis-hydroxy-trans-fluorocyclohexane carboxylic acid;
3-cis-hydroxy-4-trans-chlorocyclohexane carboxylic acid;
4-cis-hydroxy-3-trans-chlorocyclohexane carboxylic acid;
3-trans-hydroxy-4-cis-chlorocyclohexane carboxylic acid; and
4-trans-hydroxy-3-cis-chlorocyclohexane carboxylic acid,

or simple esters or salts thereof.
[0026] In a further aspect, the present invention refers to the use of a compound of the present invention in the
manufacture of a medicament for the treatment of cancer, the treatment of fungal infections, the treatment of autoimmune,
proliferative and/or hyperproliferative diseases, the maintenance of immunosuppression, the treatment of diabetes, acute
or chronic rejection of an organ or tissue transplant, asthma, tumours, psoriasis, eczema, rheumatoid arthritis, fibrosis,
allergies or for use in relation to antifibrotic, neuroregenerative and/or anti-angiogenic mechanisms.
[0027] In a further aspect, the present invention refers to the use of a compound of the present invention in the
manufacture of a stent.
[0028] In a further aspect, the present invention provides a stent comprising a compound according to the present
invention.
[0029] Further described herein are recombinant methods for the efficient transformation of strains that contain a
biosynthetic cluster encoding an FKBP ligand, for example but without limitation Streptomyces hygroscopicus subsp.
hygroscopicus NRRL 5491, Actinoplanes sp. N902-109 FERM BP-3832, Streptomyces sp. AA6554, Streptomyces
hygroscopicus var. ascomyceticus MA 6475 ATCC 14891, Streptomyces hygroscopicus var. ascomyceticus MA 6678
ATCC 55087, Streptomyces hygroscopicus var. ascomyceticus MA 6674, Streptomyces hygroscopicus var. ascomyc-
eticus ATCC 55276, Streptomyces tsukubaensis No.9993 FERM BP-927, Streptomyces hygroscopicus subsp. yakush-
imaensis, Streptomyces sp. DSM 4137, Streptomyces sp. DSM 7348, Micromonospora n.sp. A92-306401 DIM 8429,
Steptomyces sp. MA 6858 ATCC 55098, Steptomyces sp. MA 6848, said methods comprising:

(a) constructing a conjugate deletion plasmid in an E. coli strain that is dam-, dcm- or dam- and dcm-.
(b) generation of spores from said strain suitable for conjugation wherein said strain is grown at a humidity of between
10% and 40% and the spores are harvested at between 5 and 30 days;
(c) conjugating the E. coli strain of step (a) with the spores from step (b) on a medium that comprises per litre:

i) 0.5g to 5g corn steep powder,
ii) 0.1g to 5g Yeast extract,
iii) 0.1g to 10g calcium carbonate; and
iv) 0.01g to 0.5 g iron sulphate;

said media additionally containing BACTO-agar and starch and having been dried to result in 1-20% weight loss; and
(d) optionally culturing the strain under conditions suitable for polyketide production.

[0030] The methods according to the present invention and the methods described herein may be used for the trans-
formation of Streptomyces hygroscopicus subsp. hygroscopicus (e.g. NRRL 5491), Actinoplanes. sp. N902-109 (e.g.
FERM BP-3832), Streptomyces sp. AA6554, Streptomyces hygroscopicus var. ascomyceticus (e.g. MA 6475 ATCC
14891), Streptomyces hygroscopicus var. ascomyceticus (e.g. MA 6678 ATCC 55087), Streptomyces hygroscopicus
var. ascomyceticus (e.g.MA 6674), Streptomyces hygroscopicus var. ascomyceticus (e.g. ATCC 55276), Streptomyces
tsukubaensis No.9993 (e.g. FERM BP-927), Streptomyces hygroscopicus subsp. yakushimaensis, Streptomyces sp.
(e.g. DSM 4137), Streptomyces sp. (e.g. DSM 7348), Micromonospora. n.sp. A92-306401 (e.g. DSM 8429) or Strepto-
myces sp. (e.g. MA 6858 ATCC 55098). For example, the methods are used for the transformation of: S. hygroscopicus
subsp. hygroscopicus (e.g. NRRL 5491) or S. hygroscopicus var. ascomyceticus (e.g. ATCC 14891). Preferably the
methods are used for the transformation of the rapamycin producer S hygroscopicus subsp. hygroscopicus (e.g. NRRL
5491).
[0031] Therefore the present disclosure also describes a recombinant strain that contains biosynthetic clusters that
encode FKBP-ligands where one or more auxiliary genes have been deleted or inactivated using the methods as de-
scribed herein. Further described herein are recombinant methods and materials for expressing combinations of
polyketide modification enzymes so as to produce novel polyketide analogues. For example, the present disclosure
describes recombinant methods and materials for expressing the combinations of enzymes responsible for post-PKS
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modification and/or precursor supply from biosynthetic clusters that encode FKBP-ligands for example but without lim-
itation rapamycin, FK523, FK525, antascomicin, meridamycin, tsukubamycin and analogues therof and methods for the
production of analogues in recombinant host cells. Preferably the recombinant methods and materials are used for
expressing the combinations of enzymes responsible for post-PKS modfication and/or precursor supply in the biosyn-
thesis of rapamycin, FK520, FK506 and ’hyg’ and methods for the production of rapamycin, FK520, FK506 and ’hyg’
analogues in recombinant host cells. More preferably the recombinant methods and materials are used for expressing
the combinations of enzymes responsible for post-PKS modification and/or precursor supply in the biosynthesis of
rapamycin and methods for the production of rapamycin analogues in recombinant host cells.
[0032] Broadly, this disclosure is concerned with the alteration of a gene system which has a core portion responsible
for the production of a basic product, and a multiplicity of modifying genes responsible for effecting relatively small
modifications to the basic product - e.g. effecting glycosylation, oxidation, reduction, alkylation, dealkylation, acylation
or cyclisation of the basic product, and a multiplicity of precursor supply genes which are involved in the production of
particular precursor compounds (e.g. pipecolate; 4,5 dihydroxycyclohex-1-ene carboxylic acid). Thus the basic product
may be a modular polyketide and the modifying genes may be concerned with glycosylation and/or other modifications
of a polyketide chain, and the precursor supply genes may be involved in the production and/or incorporation of natural
or non-natural precursors (e.g. pipecolate and/or 4,5 dihydroxycyclohex-1-ene carboxylic acid in the rapamycin system).
[0033] The core portion may not function properly or even at all in the absence of a precursor supply gene (unless a
natural or unnatural precursor compound is supplied or is otherwise available).
[0034] In one aspect the disclosure describes methods for the alteration of a gene system with a core portion that
cannot function due to a deletion or inactivation of a precursor supply gene. Suitable gene systems include, but are not
limited to, the rapamycin, antascomicin, ’hyg’, FK523, meridamycin, FK525 and tsukubamycin biosynthetic clusters.
One example, the precursor supply gene lacking is preferably rapK or a homologue of rapK. The gene systems used in
the present invention is the rapamycin cluster. The precursor supply gene lacking is preferably rapK. This aspect of the
invention provides methods for the efficient production of a multiplicity of basic products through the incorporation of
natural or non-natural precursors (e.g. 4,5-dihydroxycyclohex-1-ene carboxylic acid).
[0035] Another type of system is a non-ribosomal peptide ("NRP") system where the basic product is a peptide and
the modifying genes are genes responsible for modifications to a peptide (glycosylation, reduction etc), and the precursor
supply genes are genes involved in the production of unusual amino acid residues to be incorporated in the peptide.
Systems can also be of mixed type, e.g. having a polyketide part and a part with a different biosynthetic origin, e.g. NRP.
Indeed, rapamycin can be regarded as an example of this since the pipecolate residue is an amino acid residue added
by an enzyme similar to ones found in NRP systems.
[0036] These modifying genes and precursor supply genes may be regarded as "auxiliary genes" for polyketide syn-
thesis and the term "auxiliary genes" as used herein may refer to modifying genes, precursor supply genes or both.
[0037] The alteration of the gene system involves the creation of a functioning altered system in which the set of
auxiliary genes has been altered. Thus one or more auxiliary genes (and preferably two or more, three or more, four or
more, five or more, six or more or seven or more) may have been deleted (or rendered non-functional) and/or replaced
by different genes.
[0038] This may involve a "deletion system" comprising nucleic acid encoding a gene system lacking a multiplicity of
functional auxiliary genes. This deletion system can then be complemented with one or more functional auxiliary genes
(which may be the same as or different from the genes they replace). This can be carried out combinatorially, a deletion
system being complemented by a multiplicity of different genes and sets of genes.
[0039] An altered system which differs from the natural system in lacking one or more modifying functions could be
produced (a) by producing a deletion system and restoring by complementation less than all of the deleted genes; or
(b) by selectively deleting or inactivating genes of an existing system. In an altered system produced according to (b)
genes may be inactivated by site-directed mutagenesis of an active site important in the protein function (active site
point mutation), by truncation of the gene through a frameshift mutation, by an in-frame deletion of a section of the gene
important to its function, such as an active site; partial deletion or inactivation by point mutation. These could all be
carried out by double recombination and selecting for the mutant genotype, or by single recombination. In a preferred
embodiment the altered system is produced by method (a). Such methods could also be used in producing a deletion
system. The "complementation" approach (a) is preferably homologous, in that the "restored" genes are from the same
gene cluster, however, heterologous complementation, wherein the "restored" genes are selected from a different bio-
synthetic cluster that encodes FKBP-ligands, is also contemplated by the present invention. In a preferred embodiment
the "restored" genes are essentially the same as the deleted genes, or are variants thereof, which perform similar
functions.
[0040] In a further aspect of the invention, an altered system with a deleted (or non-functional) precursor supply gene
can be fed with alternative precursors so that it produces variant products.
[0041] As applied to a polyketide synthase ("PKS") system, one preferred type of embodiment is a method for producing
polyketides comprising: (a) providing a strain of an organism which contains one or more PKS genes expressible to
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produce a functioning PKS which can generate a polyketide in the organism, for example PKS genes that encode a
FKBP-ligand, the organism lacking one or more (and preferably a plurality) of functional auxiliary genes naturally asso-
ciated with said PKS genes which encode gene products capable of effecting respective modifications of the polyketide;
and (b) effecting complementation by causing said organism to express one or more auxiliary genes, the expressed
modifying genes constituting an incomplete set of auxiliary genes naturally associated with said PKS genes and/or
comprising one or more variant auxiliary genes; and (c) culturing said strain and optionally isolating the polyketide
analogues produced.
[0042] The step of providing a strain of an organism containing one or more PKS genes may include a step of providing
nucleic add encoding a gene cluster comprising said one or more PKS genes and lacking said one or more auxiliary
genes; and introducing said nucleic acid into the organism.
[0043] The PKS genes are rapamycin genes. The auxiliary genes which are lacking are preferably one or more of
rapK, rapI, rapQ, rapM, the contiguous genes rapN and O (herein designated as rapN/O), rapL and rapJ. In specific
embodiments contemplated by the present invention:

i) one auxiliary gene is lacking, for example rapK; rapl; rapQ; rapM; rapL, rapN/O or rapJ is lacking; preferably where
one auxiliary gene is lacking it is selected from the group consisting of rapK; rapI; rapQ; rapM; rapN/O and rapJ;
ii) two auxiliary genes are lacking for example: rapKrapI; rapKrapQ; rapKrapM; rapKrapN/O; rapKrapL; rapKrapJ;
rapklrapQ; rapIrapM; rapIrapN/O; rapIrapL; rapIrapJ; rapQrapM; repQrapN/O; rapQrapL; rapQrapJ; rapMrapN/O;
rapMrapL; rapMrapJ; repN/OrapL; rapN/OrapJ or rapLrapJ are lacking;
iii) three auxiliary genes are lacking for example: rapKrapIrapQ; rapKrapIrapM; rapKrapIrapN/O; rapKrapIrapL;
rapKrapIrapJ; rapKrapQrapM; rapKrapQRapN/O; rapKrapQrapL; rapKrapQrapJ; rapKrapMrapN/O; rapKrapMrapL;
rapKrapMrapJ; rapKrapN/OrapL; rapKrapN/OrapJ; rapKrapLrapJ; rapIrapQrapM; rapIrapQrapN/O; rapIrapQrapL;
rapIrapQrapJ; rapIrapMrapN/O; rapIrapMrapL; rapI rapMrapJ; rapIrapN/OrapL; rapIrapN/OrapJ; rapIrapLrapJ;
rapQrapMrapN/O; rapQrapMrapL; rapQrapMrapJ; rapQrapN/OrapL; rapQrapN/OrapJ; rapQrapLrapJ; rapM-
rapN/OrapL; rapMrapN/OrapJ; rapMrapLrap or rapN/OrapLrapJ are lacking
iv) four auxiliary genes are lacking, for example: rapKrapIrapQrapM; rapKrapIrapQrapN/O; rapKrapIrapQrapL; rap-
KrapIrapQrapJ; rapKrapIrapMrapN/O, rapKrapIrapMrapL; rapKrapIrapMrapJ; rapKrapIrapN/OrapL; rapKra-
pIrapN/OrapJ; rapKrapIrapLrapJ; rapKrapQrapMrapN/O; rapKrapQrapMrapL; rapKrapQrapMrapJ; rap-
KrapQrapN/OrapL; rapK, rapQ, rapN/O, rapJ; rapKrapQrapLrapJ; rapKrapMrapN/OrapL; rapKrapMrapN/OrapJ;
rapKrapMrapLrapJ; rapKrapN/OrapLrapJ; rapIrapQrapMrapN/O; rapIrapQrapMrapL; rapI rapQrapMrapJ; ra-
pIrapQrapN/OrapL; rapIrapQrapNIOrapJ; rapIrapQrapLrapJ; rapIrapMrapN/OrapL; rapIrapMrapN/OrapJ; rapIrap-
MrapLrapJ; rapIrapN/OrapLrapJ; rapQrapMrapN/OrapL; rapQrapMrapN/OrapJ; rapQrapMrapLrapJ;
rapQrapN/OrapLrapJ or rapMrapN/OrapLrapJ are lacking;
v) five auxiliary genes are lacking; for example: rapKrapIrapQrapMrapN/O; rapKrapIrapQrapMrapL; rapKra-
pIrapQrapMrapJ; rapKrapIrapQrapN/OrapL; rapKrapIrapQrap N/OrapJ; rapKrapIrapQrapLrapJ; rapKrapIrapM-
rapN/OrapL; rapKrapIrapMrapN/OrapJ; rapKrapIrapMrapLrapJ; rapKrapirapN/OrapLrapJ; rapKrapQrapM-
rapN/OrapL; rapKrapQrapMrapN/OrapJ; rapKrapQrapMrapLrapJ; rapKrapQrapN/OrapLrapJ; rapKrapMrapN/Ora-
pLrapJ; rapIrapQrapMrapN/OrapL; rapIrapQrapMrapN/OrapJ; rapIrapQrapN/OrapLrapJ; rapIrapMrapN/OrapLrapJ;
rapQrapMrapN/OrapLrapJ or rapIrapQrapMrapLrapJ are lacking;
vi) six auxiliary genes are lacking for example: rapKrapIrapQrapMrapN/OrapL; rapKrapIrapQrapMrapN/OrapJ; rap-
KrapIrapQrapMrapLrapJ; rapKrapIrapQrapN/OrapLrapJ; rapKrapIrapMrapN/OrapLrapJ; rapKrapQrapMrapN/Ora-
pLrapJ or repitapQrapMrapN/OrapLrapJ are lacking; or
vii) seven auxiliary genes are lacking, e.g. rapKrapIrapQrapMrapN/OrapLrepJ are lacking.

[0044] The expression "lacking one or more functional auxiliary genes" covers both the lack of a gene and the presence
of a gene but in a non-functioning state, e.g. because it has been specifically disabled.
[0045] In are aspect, the invention provides a novel and expeditious route to the efficient incorporation of natural or
non-natural precursors providing novel rapamycin analogues.
[0046] Therefore in one-aspect the present invention provides a method of generating analogues of FKBP-ligands
which incorporate a non-natural starter unit, said method comprising:

(a) generating a recombinant strain in which at least the rapK homologue has been deleted or inactivated; and
(b) feeding a non-natural starter unit to said strain

[0047] In a preferred embodiment the recombinant strain is generated using the methods described herein.
[0048] Further described herein are libraries of compounds and individual compounds available using such systems.
Thus a typical compound is a variant of a compound naturally produced by a gene system which has a core portion
responsible for the production of a basic product, and a multiplicity of auxiliary genes responsible for effecting relatively
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small modifications to the basic product, the variant being producible by a system altered so that one or more of the
auxiliary genes are absent, non-functional, or replaced by functional variants. A preferred class of compounds is ra-
pamycin analogues corresponding to products of a rapamycin system wherein one or more of the genes selected from
the group consisting of rapK, rapI, rapQ, rapM, rapN, rapQ, rapL and rapJ genes are absent, non-functional or variant.
[0049] In are aspect, the present invention provides novel novel rapamycin analogues. Such compounds may have
one or more useful properties, for example but without limitation, utility as immunosuppressants, antifungal agents,
anticancer agents, neuroregenerative agents, or agents for the treatment of psoriasis, rheumatoid arthritis, fibrosis and
other hyperproliferative diseases.

Definitions:

[0050] As used herein the term "modifying gene(s)" includes the genes required for post-polyketide synthase modifi-
cations of the polyketide, for example but without limitation cytochrome P-450 monooxygenases, ferredoxins and SAM-
dependent O-methyltransferases. In the rapamycin system these modifying genes include rapN/O, rapM, rapI, rapQ,
and rapJ but a person of skill in the art will appreciate that PKS systems related to rapamycin (for example but without
limitation: antascomicin, ’hyg’, FK523, meridamycin, FK525 and tsukubamycin) will have homologues of at least a subset
of these genes, some of which are discussed further below.
[0051] As used herein the term "precursor supply gene(s)" includes the genes required for the supply of the natural
or non-natural 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 limitation in the rapamycin system these genes include rapL, rapK and rapP but a person of skill in the art will
appreciate that PKS systems related to rapamycin (for example but without limitation: antascomicin, ’hyg’, FK523,
meridamycin, FK525 and tsukubamycin) will have homologues of these genes, some of which are discussed further below.
[0052] As used herein, the term "auxiliary gene(s)" includes references to modifying genes, precursor supply genes
or both modifying genes and precursor supply genes.
[0053] As used, herein, the term "precursor" includes the natural starter units (i.e. 4,5-dihydroxycyclohex-1-ene car-
boxylic acid), non-natural starter units, and naturally incorporated amino acids (i.e. pipecolic acid) and non-naturally
incorporated amino acids
[0054] As used herein the term "non-natural starter unit" refers to any compounds which can be incorporated as a
starter unit in polyketide synthesis that are not the starter unit usually chosen by that PKS.
[0055] As used herein, the term "FKBP-ligands" refers to compounds that bind to the immunophilin FKBP, such
compounds preferentially contains an a, β-diketo amide where the β-keto is masked as an hemi-acetal. Suck compounds
include, without limitation, rapamycin, antascomicin, hyg’, FK523, meridamycin, FK525 and tsukubamycin,
[0056] As used herein, the term "biosynthetic clusters that encode FKBP-ligands" includes but is not limited to the
gene clusters which direct the synthesis of rapamycin, ’hyg’, FK523, antascomicin, meridamycin,, FK525 and tsuku-
bamycin.
[0057] As used herein the term "strains that contain biosynthetic clusters that encode FKBP-ligands" includes but is
not limited to: Streptomyces hygroscopicus subsp. hygroscopicus (e.g. NRRL 5491), Actinoplanes sp. N902-109 (e.g.
FERM BP-3832), Streptomyces sp. AA6554, Streptomyces hygroscopicus var. ascomyceticus MA 6475 (e.g. ATCC
14891), Streptomyces hygroscopicus var. ascomyceticus MA 6678 (e.g. ATCC 55087), Streptomyces hygroscopicus
var. ascomyceticus MA 6674, Streptomyces hygroscopicus var. ascomyceticus (e.g. ATCC 55276), Streptomyces tsu-
kubaensis No.9993 (e.g. FERM BP-927), Streptomyces hygroscopicus subsp. yakushimaensis, Streptomyces sp. (e.g.
DSM 4137), Streptomyces sp. (e.g. DSM 7348). Micromonospora n.sp. A92-306401 (e.g. DSM 8429) or Streptomyces
sp. MA 6858 (e.g. ATCC 55098).
[0058] As used herein, the term "rapK homoloque" refers to homologues of the rapamycin gene rapK from other
biosynthetic clusters that encode FKBP-ligands, for example but without limitation the Orf5 in the ’hyg’ cluster. Such
rapK homologues perform the same function as rapK in the synthesis of these related FKBP-ligands, namely they are
essential for the supply of the natural starter unit. Preferably; such rapK homologues have at least 40% sequence identity,
preferably at least 60%, art least 70%, at least 80%, at least 90% or at least 95% sequence identity to the sequence of
rapK as shown in Figure 27 (SEQ ID NO: 13).

Detailed Description

[0059] Described herein is a novel and expeditious method for the transformation of S. hygroscopicus. The use of
phage technology for the isolation of genetically modified strains of S. hygroscopicus has previously been described
(Khaw et al., 1998; Lomovskaya et al., 1997). However, no method other than transfection has ever been reported for
the introduction of DNA into the rapamycin producing strain S. hygroscopicus. Indeed, it has been stated previously that
the commonly used methods of transformation with plasmid DNA or conjugal transfer were unsuccessful with the ra-
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pamycin-producing strain (Lomovskaya et al., 1997, Kieser et al., 2000; Schweke et al., 1995).
[0060] Surprisingly a conjugation protocol to successfully transform S. hygroscopicus was established as described
in Example 1. The methodology was exemplified by the isolation of the deletion mutant in S. hygroscopicus MG2-10
(Example 2) and by the expression of genes and gene combinations as described in Examples 3,5 and 15.
[0061] Therefore, the present disclosure describes a method for producing a recombinant strain that contains biosyn-
thetic clusters that encode FKBP-ligands where one or more .auxiliary genes have been deleted or Inactivated said
method comprising:

(a) construction of a conjugative plasmid in an E. coli strain that is dam- dcm- or dam- and dcm-;
(b) generation of spores from said strain suitable for conjugation wherein said strain is grown at a humidity of between
10% and 40% and the spores are harvested at between 5 and 30 days;
(c) conjugating the E. coli strain of step (a) with the spores from step (b) in a medium that comprises per litre:

i) 0.5g to 5g com steep powder,
ii) 0.1g to 5g Yeast extract,
iii) 0.1g to 10g calcium carbonate; and
iv) 0.01g to 0.5 g iron sulphate;

said media additionally containing BACTO-agar and starch and having been dried to result in 1-20% weight loss; and
(d) optionally culturing the strain under conditions suitable for polyketide production.

[0062] Preferably the E coli strain of step (a) is dam- and dcm.
[0063] Preferably, in step (b) the spores are harvested at between 10 and 25 days or at between 14 and 21 days. In
another embodiment, in step (b) the strain is grown at a humidity of between 10 and 20%.
[0064] In a specific example the starch in the media in step (c) used is wheat starch.
[0065] In preferred examples the media used in step (c) comprises 1g to 4g corn steep powder, 1g to 4g Yeast extract,
1g to 5g calcium carbonate; and 0.2g to 0.4 g iron sulphate per litre. In more preferred examples embodiment the media
comprises per litre: 2.5g com steep powder, 3g Yeast extract, 3g calcium carbonate; and 0.3g iron sulphate;
[0066] The complementation strategy described herein provides an expeditious method to assess and identify the
function of each auxiliary gene i.e. rapK, rapQ, rapN/O, rapM, rapL, rapJ and/or rapI in rapamycin biosynthesis. The
gene product RapK has previously been identified as an interesting candidate for a pteridine-dependent dioxygenase
that could also catalyse an oxidative step in the biosynthesis of rapamycin (Molnar et al., 1996). The homologous gene
fkbO was identfied in the biosynthetic gene cluster of FK506 and due to the structural similarity of rapamycin and FK506
a role for rapK in the oxidation of the C9 OH group was postulated (Motamedi et al., 1996). The findings in Examples
3,4 and 6, describing the rapK-dependent production of pre-rapamycin by S. hygroscopicus MG2-10[pSGsetrapK] sug-
gests that RapK has at least an additional function in rapamycin biosynthesis.
[0067] Therefore, the methods described herein led to the elucidation of the function of RapK, namely that the expres-
sion of the rapK gene is essential for the accumulation of any cyclised macrolide product. In a further aspect, the present
disclosure describes the complementation of S. hygroscopicus MG2-10 with fkbO, the homologue of rapK from the
FK520 cluster, with the surprising observation of fkbO dependent production of pre-rapamycin by S. hygroscopicus
MG2-10[pMG169-1] (Example 11). It can be seen by one skilled in the art that fkbO fulfils a similar function in the
production of FK520 as rapK and fkbO in the production of pre-rapamycin. Further, one skilled in the art will appreciate
that other homologues of rapK, including but not limited to, fkbO in the FK506 cluster, fkbO in the FK520 cluster and
Orf5 in the ’hyg’ cluster also fulfil the same function. For example, homologues of rapK in biosynthetic clusters that
encode FKBP-ligands, including, but not limited to, FK506, FK520, FK525, antascomicin, FK523, tsukubamycin, and
’hyg’ can be deleted or inactivated, providing strains unable to make their respective known natural products. Similarly,
the complementation strategy outlined above provides an expeditious method to investigate the function, specificity and
order for the expressed products of auxiliary genes in the biosynthesis of other polyketides or non-ribosomal peptides.
[0068] Described herein is a method for the production of a recombinant host strain capable of producing rapamycin
analogues, further involving the construction of genomic deletions, including but not limited to rapQONMLKJI introduced
into S. hygroscopicus and complementation or partial complementation by expressing single genes or combinations of
genes, including but not limited to rapK, rapI, rapQ, rapM, the contiguous genes rapN and O (herein designated as
rapN/O), rapL and rapJ, in gene cassettes. Further, the disclosure describes a method of producing said rapamycin
analogues by culturing said recombinant host strain, and optionally isolating the rapamycin analogues produced. Thus,
the recombinant strain MG2-10[pSGsetrapK], produced by complementation of the genomic deletion strain S. hygro-
scopicus MG2-10, with rapK, was cultured to produce 9-deoxo-16-O-desmethyl-27-desmethoxy-39-O-desmethyl-ra-
pamycin (pre-rapamycin).
[0069] The strategy involves the integration of a vector comprising a sub-set of genes including, but not limited to,
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rapK, rapI, rapQ, rapM, rapN, rapO, rapL and rapJ into the S. hygroscopicus deletion mutant above. Such integration
may be performed using a variety of available integration functions including but not limited to: ΦC31-based vectors,
vectors based on pSAM2 integrase (e.g. in pPM927 (Smovkina et al., 1990)), R4 integrase (e.g. in pAT98 (Matsuura et
al., 1996)), ΦVVVB integrase (e.g. in pKT02 (Van Mellaert et al., 1998)), ΦBT1 integrase ((e.g. pRT801) Gregory et al.,
in press) and L5 integrase (e.g. Lee et al., 1991). In some cases this may need alteration of the host strain by addition
of the specific attB site for the integrase to enable high efficiency integration. Replicating vectors could also be used,
either as replacements to, or in addition to ΦC31-based vectors. These include, but are not limited to, vectors based on
pIJ101 (e.g. pIJ487, Kieser et al., 2000), pSG5 (e.g. pKC1139, Bierman et al., 1992) and SCP2* (e.g. pIJ698, Kieser et
al., 2000). This methodology has been exemplified herein by the use of the ΦBT1 and ΦC31 site-specfic integration
functions.
[0070] Although the introduction of gene cassettes into S. hygroscopicus has been exemplified using the ΦBT1 and
the ΦC31 site-specific integration functions, those skilled in the art will appreciate that there are a number of different
strategies described in the literature, including those mentioned above that could also be used to introduce such gene
cassettes into prokaryotic, or more preferably actinomycete, host strains. These Include the use of alternative site-
specific integration vectors as described above and in the following articles (Kieser et al., 2000; Van Mellaert et al., 1998;
Lee et al., 1991; Smovkina et al., 1990; Matsuura et al., 1996). Alternatively, plasmids containing the gene cassettes
may be integrated into a neutral site on the chromosome using homologous recombination sites. Further, for a number
of actinomycete host strains, including S. hygroscopicus, the gene cassettes may be introduced on self-replicating
plasmids (Kieser et al., 2000; WO98/01571).
[0071] Further described herein are gene cassettes for the complementation of the recombinant S. hygroscopicus
deletion strains. Methods of constructing gene cassettes and their heterologous use to produce hybrid glycosylated
macrolides have been previously described (Gaisser et al., 2002; WO01/79520, WO 03/048375). The cloning method
used to isolate the gene cassettes of the present invention differs significantly from the approach previously described
in that the gene cassette is assembled directly in an expression vector rather than pre-assembling the genes in pUC18/19-
plasmids, thus providing a more rapid cloning procedure. The approach is exemplified as described in Example 3, 4, 5,
9 and 15. As described herein, a suitable vector (for example but without limitation pSGLit1) can be constructed for use
in the construction of said gene cassettes, where a suitable restriction site (for example but without limitation XbaI),
sensitive to dam methylation is inserted 5’ to the gene(s) of interest and a second restriction site (for example XbaI) can
be inserted 3’ to the genes of interest. The skilled artisan will appreciate that other restriction sites may be used as an
alternative to XbaI and that the methylation sensitive site may be 5’ or 3’ of the gene(s) of interest.
[0072] The use of gene cassettes enables the rapid and parallel generation of multiple recombinant strains deleted
in any combination of modifying genes from a single S. hygroscopicus deletion strain. The cloning strategy facilitates
the assembly of a library of gene cassettes in either a directed or random manner, and is therefore a powerful tool for
the combinatorial production of novel rapamycin analogues including but not exclusively limited to 9-deoxo-16-O-des-
methyl-27-desmethoxy-39-O-desmethyl-rapamycin (pre-rapamycin), 9-deoxo-16-O-desmethyl-27-O-desmethyl-39-
O-desmethyl-rapamycin, 16-O-desmethyl-27-desmethoxy-39-O-desmethyl-rapamycin, 9-deoxo-16-O-desmethyl-39-
O-desmethyl-rapamycin, 9-deoxo-16-O-desmethyl-27-desmethoxy-rapamycin, 16-Odesmethyl-27-O-desmethyl-39-O-
desmethyl-rapamycin, 9-deoxo-27-O-desmethyl-39-O-desmethyl-rapamycin, 9-deoxo-16-O-desmethyl-27-O-desme-
thyl-rapamycin 27-O-desmethyl-39-O-desmethyl-rapamycin, 9-deoxo-16-O-desmethyl-rapamycin, "eoxo-39-O-desme-
thyl-rapamycin, 8-deoxo-15-O-desmethyl-26-desmethoxy-38-O-desmethyl-prolylrapamycin (pre-prolylrapamycin), 8-
deoxo-15-O-desmethyl-26-O-desmethyl-38-O-desmethyl-prolylrapamycin, 15-O-desmethyl-26-desmethoxy-38-O-des-
methyl-prolylrapamycin, 8-deoxo-26-desmethoxy-38-O-desmethyl-prolylrapamycin, 8-deoxo-15-O-desmethyl-38-
O-desmethyl-prolylrapamycin , 8-deoxo-15-O-desmethyl-26-desmethoxy-prolylrapamycin , 15-O-desmethyl-26-O-des-
methyl-38-O-desmethyl-prolylrapamycin, 8-deoxo-26-O-desmethyl-38-O-desmethyl-prolylrapamycin, 8-deoxo-15-
O-desmethyl-26-O-desmethyl-prolylrapamycin, 15-O-desmethyl-38-O-desmethyl-prolylrapamycin , 15-O-desmethyl-
26-O-desmethyl-prolylrapamycin, 15-O-desmethyl-26-desmethoxy-prolylrapamycin , 26-desmethoxy-38-O-desmethyl-
protytrapamycin, 26-O-desmethyl-38-O-desmethyl-prolylrapamycin, 8-deoxo-15-O-desmethyl-prolylrapamycin , 8-de-
oxo-26-O-desmethyl-prolylrapamycin, 8-deoxo-38-O-desmethyl-prolylrapamycin , 15-O-desmethyl-prolylrapamycin ,
38-O-desmethyl-prolylrapamycin , 9-deoxo-16-O-desmethyl-27-desmethoxy-39-desmethoxy-rapamycin, 9-deoxo-16-
O-desmethyl-27-O-desmethyl-39-desmethoxy-rapamycin, 16-O-desmethyl-27-desmethoxy-39-desmethoxy-rapamy-
cin, 9-deoxo-27-desmethoxy-39-desmethoxy-rapamycin, 9-deoxo-16-O-desmethyl-39-desmethoxy-rapamycin , 16-
O-desmethyl-27-O-desmethyl-39-desmethoxy-rapamycin, 9-deoxo-27-O-desmethyl-39-desmethoxy-rapamycin, 16-
O-desmethyl-39-desmethoxy-rapamycin, 27-desmethoxy-39-desmethoxy-rapamycin, 27-O-desmethyl-39-desmeth-
oxy-rapamycin, 9-deoxo-39-desmethoxy-rapamycin, 8-deoxo-15-O-desmethyl-26-desmethoxy-38-desmethoxy-
prolylrapamycin , 8-deoxo-15-O-desmethyl-26-O-desmethyl-38-desmethoxy-prolylrapamycin, 15-O-desmethyl-26-des-
methoxy-38-desmethoxy-prolylrapamycin, 8-deoxo-26-desmethoxy-38-desmethoxy-prolylrapamycin , 8-deoxo-15-
O-desmethyl-38-desmethoxy-prolylrapamycin, 15-O-desmethyl-26-O-desmethyl-38-desmethoxy-prolylrapamycin, 8-
deoxo-26-O-desmethyl-38-desmethoxy-prolylrapamycin, 15-O-desmethyl-38-desmethoxy-prolylrapamycin, 26-des-
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methoxy-38-desmethoxy-prolylrapamycin, 26-O-desmethyl-38-desmethoxy-prolylrapamycin, 8-deoxo-38-desmethoxy-
prolylrapamycin, 38-desmethoxy-prolylrapamycin, 9-deoxo-16-O-desmethyl-27-desmethoxy-36-de(3-cis-methoxy-4-
trans-hydroxycyclohoxyl)-36-(hydroxycyclohexenyl) rapamycin, 9-deoxo-16-O-desmethyl-27-desmethoxy-36-de(3-cis-
methoxy-4-trans-hydroxycyclohexyl)-36-(dihydroxy cyclohexyl) rapamycin, 9-deoxo-16-O-desmethyl-27-desmethoxy-
36-de(3-cis-methoxy-4-trans-hydroxycyclohexyl)-36-(hydroxynorbornyl) rapamycin, 9-deoxo-16-O-desmethyl-27-des-
methoxy-36-de(3-cis-methoxy-4-trans-hydroxycyclohexyl)-36-(3-methyl-4-hydroxycyclohexyl) rapamycin, 9-deoxo-16-
O-desmethyl-27-desmethoxy-36-de(3-cis-methoxy-4-trans-hydroxycydohexyl)-36-(4-methyl hydroxycyclohexyl) ra-
pamycin, 9-deoxo-16-O-desmethyl-27-desmethoxy-36-de(3-cis-methoxy-4-trans-hydroxycyclohexyl)-36-(3-fluoro-4-
hydroxycyclohexyl) rapamycin, 9-deoxo-16-O-desmethyl-27-desmethoxy-36-de(3-cis-methoxy-4-trans-hydroxycy-
clohexyl)-36-(3-hydroxy-4-fluorocyclohexyl) rapamycin, 9-deoxo-16-O-desmethyl-27-desmethoxy-36-de(3-cis-meth-
oxy-4-trans-hydroxycyclohexyl)-36-(3-chloro-4-hydroxycyclohexyl) rapamycin, 9-deoxo-16-O-desmethyl-27-desmeth-
oxy-36-de(3-cis-methoxy-4-trans-hydroxycyclohexyl)-36-(3-hydroxy-4-chlorocyclohexyl) rapamycin, 9-deoxo-16-O-
desmethyl-27-desmethoxy-36-de(3-cis-methoxy4-trans-hydroxycyclohexyl)-36-(3-cis-4-cis-dihydroxycyclohexyl) ra-
pamycin, 9-deoxo-16-O-desmethyl-27-desmethoxy-36-de(3-cis-methoxy-4-transhydroxycyclohexyl)-36-(3-trans-4-
trans-dihydroxycyclohexyl) rapamycin, 9-deoxo-16-O-desmethyl-27-O-desmethyl-39-O-desmethyl rapamycin, 9-deoxo-
16-O-desmethyl-27O-desmethyl-36-de(3-cis-methoxy-4-trans-hydroxycyclohexyl)-36-(hydroxycyclohexenyl) rapamy-
cin, 9-deoxo-16-O-desmethyl-27-O-desmethyl-36-de(3-cis-methoxy-4-trans-hydroxycyclohexyl)-36-(hydroxynorbornyl)
rapamycin, 9-deoxo-16-O-desmethyl-27-O-desmethyl-36-de(3-cis-methoxy-4-trans-hydroxycyclohexyl)-36-(4-methyl
hydroxycyclohexyl) rapamycin.
[0073] Further described is a system for the combinatorial production of recombinant host strains capable of producing
- rapamycin analogues, involving construction of a genomic deletion rapQONMLKJI introduced into S. hygroscopicus
and its partial complementation by a combinatorial library of gene cassettes comprising one or a plurality of the deleted
auxiliary genes rapQ, rapN/O, rapM, rapL, rapK, rapJ, and rapI.
[0074] The approach outlined comprises as a part the cloning strategy to combine genes including but not exclusively
limited to rapK, rapI, rapQ, rapM, rapN/O, rapL and rapJ, and / or genes with similar gene functions, in any possible
gene combination and gene order.
[0075] The above allows the enhancement of gene expression by changing the order of genes in a gene cassette. As
applied to the preferred class, the genes may comprise one or more of rapK, rapI, rapQ, rapM, rapN/O, rapL and rapJ
and / or genes with similar functions, allowing the arrangement of the genes in a multitude of permutations as outlined
in Example 5.
[0076] The cloning strategy outlined in this invention also allows the introduction of a histidine tag in combination with
a terminator sequence 3’ of the gene cassette to enhance gene expression. Those skilled in the art will appreciate other
terminator sequences could be used.
[0077] Also described herein are the multiple uses of promotor sequences in the assembled gene cassette to optimise
gene expression.
[0078] It will now be obvious to one skilled in the art that S. hygroscopicus deletion strains, the deletion comprising,
but not limited to, a gene or a sub-set of the genes rapQ, rapN/O, rapM; repL, rapK, rapJ and rapI could be constructed.
In this case, gene cassettes for complementation or partial complementation would generally comprise single genes or
a plurality of genes selected from the sub-set of the genes deleted.
[0079] It is well known to those skilled in the art that there are homologues to several of the rapamycin modifying and
precursor supply genes in the gene clusters of closely related systems including FK506 (Motamedi et a/, 1996; Motamedi
et al., 1997; Motamedi & Shafiee, 1998) and FK520 (Wu et al, 2000). These include the following as described in Table
I below:

[0080] Although the gene clusters of other closely related systems, including but not limited to those for the biosynthesis
of FK523, meridamycin. FK525, antascomicin and tsukubamycin have not yet been sequenced, it can be anticipated
that these will be shown to bear a close resemblance to those whose sequences have been determined, and, in particular,

Table I

Rapamycin gene FK506 homologue FK520 homologue ’hyg’

rapI (Acc No CAA60470) fkbM (Acc No AAC44360) fkbM (Acc No AAF86398)

rapJ (Acc No CAA60469) fkbD (Acc No AAC44359) fkbD (Acc No AAF86397)

rapK (Ace No CAA60468) fkbO (Acc No AAC68817) fkbO (Acc No AAF86394) Orf5 (Acc No AAC38060)

rapL (Acc No CAA60467) fkbL (Motamedi & Shafiee, 
1998)

fkbL (Acc No AAF86391)
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that these gene clusters will contain close homologues of several of the rapamycin modifying and precursor supply
genes. Also disclosed herein is that genes from heterologous gene clusters from such closely related systems, including
but not limited to FK506, FK520, FK523, antascomicin, meridamycin, FK525, ’hyg’ and tsukubamycin can be included
in gene cassettes in place of or in addition to their rapamycin homologues for complementation and/or partial comple-
mentation of a rapamycin producer strain containing a gene deletion or deletions including but not limited to the genes
rapK, rapI, rapQ, rapM, rapN/O, rapL and rapJ.
[0081] It is well known to those skilled in the art that polyketides gene clusters may be expressed in heterologous
hosts (Pfeifer and Khosla, 2001). Accordingly, the present disclosure describes the transfer of the rapamycin biosynthetic
gene cluster with or without resistance and regulatory genes, either complete or containing deletions, for complementation
in heterologous hosts. Methods and vectors for the transfer as defined above of such large pieces of DNA are well known
in the art (Rawlings, 2001; Staunton and Weissman, 2001) or are provided herein in the methods disclosed. In this
context a preferred host cell strain is a prokaryote, more preferably an actinomycete or Escherichia coli, still more
preferably include, but are not limited to S. hygroscopicus, S. hygroscopicus sp., S. hygroscopicus var. ascomyceticus,
Streptomyces tsukubaensis, Streptomyces coelicolor, Streptomyces lividans, Saccharopolyspora erythraea, Strepto-
myces fradiae, Streptomyces avermitilis, Streptomyces cinnamonensis, Streptomyces rimosus, Streptomyces albus,
Streptomyces griseofuscus, Streptomyces longisporoflavus, Streptomyces venezuelae, Micromonospora griseorubida,
Amycolatopsis mediterranei or Actinoplanes sp. N902-109.
[0082] Rapamycin analogues of the invention may be obtained by a process comprising the steps of:

a) constructing a deletion strain, by the methods of the invention, the deletion including, but not limited to, the genes
rapK, rapQ, rapN/O, rapM, rapL, rapJ and rapI, or a sub-set thereof;
b) culturing the strain under conditions suitable for polyketide production;
c) optionally, isolating the rapamycin analogue intermediate produced;
d) constructing a biotransformation strain containing a gene cassette pomprislng all or a sub-set of the genes deleted;
e) feeding the rapamycin analogue intermediate in culture supernatant or isolated as in step c) to a culture of the
biotransformation strain under suitable biotransformation conditions
f) optionally isolating the rapamycin analogue produced.

[0083] Suitable host strains for the construction of the biotransformation strain include the native host strain in which
the rapamycin biosynthetic gene cluster has been deleted, or substantially deleted or inactivated, so as to abolish
polyketide synthesis, or a heterologous host strain. Methods for the expressing of gene cassettes comprising one or a
plurality of modifying or precursor supply genes in heterologous hosts are described in WO 01/79520. In this context
heterologous hosts suitable for biotransformation of the said FKBP-ligand analogue intermediates include, but are not
limited to, S. hygroscopicus, S. hygroscopicus sp., S. hygroscopicus var. ascomyceticus, Streptomyces tsukubaensis,
Streptomyces coelicolor, Streptomyces lividans, Saccharbpolyspora erythraea, Streptomyces fradiae, Streptomyces
avermitilis, Streptomyces cinnamonensis, Streptomyces rimosus, Streptomyces albus, Streptomyces griseofuscus,
Streptomyces longisporoflavus, Streptomyces venezuelae, Micromonospora griseorubida, Amycolatopsis mediterranei,
Escherichia coli and Actinoplanes sp. N902-109.
[0084] The close structural relationship between rapamycin and FK506, FK520, FK523, ’hyg’, meridamycin, antasc-
omicin, FK525 and tsukubamycin, among others, and the established homologies between genes involved in the bio-
synthesis of rapamycin and FK506 and FK520 (vide supra), renders obvious the application of the methods of the present
invention to these closely related systems. Thus, also described herein is the construction of deletion strains of the
producer strains of closely related compounds, including but not limited to FK506, FK520, FK523, ’hyg’, antascomicin,
meridamyan, FK525 and tsukubamycin containing a gene deletion or deletions of modifying and/or precursor supply
genes, and more particularly including but not limited to genes with similar functions as rapK, rapI, rapQ, rapM, rapN/O,
rapL and rapJ, and their complementation or partial complementation with a gene or gene cassettes comprising all or
a sub-set of the deleted homologous genes, or their functional homologues from heterologous gene clusters, including
but not limited to rapK, rapI, rapQ, rapM, rapN/O, rapL and rapJ to produce recombinant strains capable of producing
polyketide analogues varying from the parent polyketide in the incorporation of alternative precursors and/or the extent
of post-PKS modification. Further, also described herein is a method of producing said polyketide analogues by culturing
said recombinant host strains, and optionally isolating the polyketide analogues produced.
[0085] Furthermore, the disclosure describes a method for the production of recombinant host strains capable of
producing polyketide-FKBP-ligand analogues (other than rapamycin) varying from the parent polyketide in the incorpo-
ration of alternative precursors and/or the extent of post-PKS modfication, comprising the constrttction.of a genomic
deletion strain from which all or a portion of the auxiliary genes have been removed, and its partial complementation by
a gene cassette comprising one or a plurality of the deleted genes and/or their homologues, and further a method of
producing said polyketide analogues by culturing said recombinant host strain, and optionally isolating the polyketide
analogues produced. It is well known in the art that in most cases that auxiliary genes are co-located with polyketide
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synthase genes in a gene cluster (Hopwood, 1997; Motamedi, and Shafiee, 1998; Wu et al., 2000) thus facilitating
creation of the deletion strain. The auxiliary genes to be deleted may or may not naturally form a contiguous sequence,
however, once the deletion strain has been created the partial complementation by gene cassettes provides an expe-
ditious approach to the production of recombinant strains in which one or a plurality of the said genes have been deleted.
Therefore, the disclosure describes a method for the combinatorial production of recombinant host strains capable of
producing polyketide FKBP-ligand analogues (other than rapamycin) varying from the parent polyketide in the incorpo-
ration of alternative precursors and/or the extent of post-PKS modification, comprising the partial complementation of
the said genomic deletion strain by a combinatorial library of gene cassettes comprising one or a plurality of the deleted
genes, and further a method of producing said polyketides analogues by culturing said recombinant host strains under
conditions suitable for polyketide production, and optionally isolating the polyketide analogues produced. In this context
a preferred recombinant host cell strain is a prokaryote, more preferably an actinomycete, still more preferably a strain
selected from S. hygroscopicus, S. hygrroscopicus sp., S. hygroscopicus var. ascomyceticus, Streptomyces tsukubaen-
sis, Streptomyces coelirolor, Streptomyces lividans, Saccharopolyspora erythraea, Streptomyces fradiae, Streptomyces
avennitilis, Streptomyces cinnamonensis, Streptomyces rimosus, Streptomyces albus, Streptomyces griseofuscus,
Streptomyces longisporoflavus, Streptomyces venezuelae, Micromonospora griseorubida, Amycolatopsis mediterranei
or Actinoplanes sp. N902-109.
[0086] Those skilled in the art will appreciate that the methods disclosed herein could be applied to recombinant host
strains in which the polyketide synthase (PKS) has been altered by genetic engineering to express a modfied rapamycin
or other polyketide analogue. The prior art describes several methods for the production of novel polyketides by the
deletion or inactivation of individual domains (WO93/13663, WO97/92358), construction of hybrid polyketide synthases
(WO98/01546, WO00/00618, WO00/01827) or alteration of domain specificity by site-directed mutagenesis
(WO02/14482).
[0087] It is well known in the art that non-ribosomal peptides are biosynthesised by Non-Ribosomal Peptide Synthases
(NRPSs) via the stepwise condensation of successive amino acid building blocks, in a process analogous to that of
polyketide biosynthesis (for review see Marahiel et al., 1997; Schwarzer and Marahiel, 2001). It is well known that several
non-ribosomal peptides include unusual amino-acid residues (modified, proteinogenic amino acids and / or non-protei-
nogenic amino acids) and carboxy acids, the biosynthetic genes for which are co-located with the non-ribosomal peptide
synthase genes in the non-ribosomal peptide gene cluster (Marahiel et al., 1997; Konz and Marahiel, 1999; Blanc et al.,
1997). In several cases, the non-ribosomal peptide product initially released from the NRPS is further modified by a set
of enzymes, including but not limited to glycosyl transferases, reductases, acylation or heterocyclic ring formation (Konz
and Marahiel, 1999; Blanc et al., 1995). These include the antibiotics chloroeremomycin, pristinamycin, vancomycin and
bleomycin (Konz and Marahiel, 1999; Du et al., 2000). The genes for these post-NRPS enzymes are also typically co-
located in the biosynthetic gene cluster (Marahiel, et al., 1997; Schwarzer and Marahiel, 2001). Therefore, described
herein is a method for the production of non-ribosomal peptide analogues, varying from the parent non-ribosomal peptide
In the incorporation of alternative precursor amino-adds and/or the extent of post-NRPS modification, comprising the
construction of a genomic deletion strain from which all or a portion of the genes encoding the native amino-acid precursor
synthesis and/or post-NRPS enzymes have been removed, and its partial complementation by a gene cassette com-
prising one or a plurality of the deleted genes and/or their homologues, and further a method of producing said non-
ribosomal peptide analogues by culturing said recombinant host strain, and optionally isolating the non-ribosomal peptide
analogues produced. The post-NRPS and precursor biosynthesis genes to be deleted may or may not naturally form a
contiguous sequence, however, once the deletion strain has been created the partial complementation by gene cassettes
provides an expeditious approach to the production of recombinant strains in which one or a plurality of the said genes
have been deleted. Therefore, described herein is a method for the combinatorial production of recombinant host strains
capable of producing non-ribosomal peptide analogues varying from the parent non-ribosomal peptide in the incorporation
of alternative precursors and/or the extent of post-NRPS modification, comprising the partial complementation of the
said genomic deletion strain by a combinatorial library of gene cassettes comprising one or a plurality of the deleted
genes, and further a method of producing said non-ribosomal peptide analogues by culturing said recombinant host
strains under conditions suitable for non-ribosomal peptide production, and optionally isolating the non-ribosomal peptide
analogues produced. In this context a preferred recombinant host cell strain is a prokaryote, more preferably an actin-
omycete, still more preferably a strain selected from S. hygroscopicus, S. hygroscopicus sp., S. hygroscopicus var.
ascomyceticus, Streptomyces tsukubaensis, Streptomyces coelicolor, Streptomyces lividans, Saccharopolyspora eryth-
raea, Streptomyces fradiae, Streptomyces averrmitilis, Streptomyces cinnamonensis, Streptomyces rimosus, Strepto-
myces albus, Streptomyces griseofuscus, Streptomyces longisporoflavus, Streptomyces venezuelae, Micromonaspora
griseorublda, Amycolatopsis mediterranei or Actinoplanes sp. N902-109.
[0088] It is well known that many actinomycetes contain multiple biosynthetic gene clusters for different secondary
metabolites, including polyketides and non-ribosomally synthesized peptides. Specifically, it has been demonstrated
that strains of S. hygroscopicus produce a variety of polyketides and non-ribosomally synthesized peptides in addition
to rapamycin, FK506, FK520, FK523, meridamycin, FK525, antascomicin and tsukubamycin. These include, but are not
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limited to, elaiophylin, bialaphos, hygromycin, augustmycin; endomycin (A, B), glebomycin, hygroscopin, ossamycin and
nigericin. These additional biosynthetic gene clusters represent a competing requirement for biosynthetic precursors
and an additional metabolic demand on the host strain. In order to enhance production of the desired rapamycin, or
other polyketide, analogues, it may therefore be advantageous to delete or inactivate any other biosynthetic gene clusters
present in the host strain. Methods for the deletion or inactivation of biosynthetic gene clusters are well known in the art.
[0089] Also described herein is a mutasynthesis methodology for the complementation of recombinant deletion strains
S. hygroscopicus strains containing a deletion of rapL may be fed with analogues of the naturally incorporated amino
acid, L-pipecolic acid, to produce new analogues of rapamycin in which the pipecolyl residue is replaced. Prior art
describes that a rapL mutant can be complemented by the addition of L-pipecolic acid to the culture (Khaw et al. 1998).
Similarly, it was demonstrated that rapamycin analogues were isolated after the feeding and incorporation of L-pipecolic
acid analogues, L-proline, L-trans-4-hydroxyproline, L-cis-4-hydroxyproline, L-cis-3-hydroxyproline, trans-3-aza-bicy-
cio[3, 1, 0]hexane-2-carboxylic acid (WO98/54308). Using S. hygroscopicus MG2-10 as strain background to express
genes or gene cassettes encoding for post-PKS modifying steps not including rapL or rapL homologues, a library of S.
hygroscopicus strains is generated, capable of producing a plurality of modified products on feeding with L-pipecolic
acid analogues. Suitable L-pipecolic acid analogues include alkyl-, halo-, hydroxy-, and amino-substituted pipecolic
acids and prolines, and more particularly L-proline, L-trans-4-hydroxyproline, L-cis-4-hydmxyprorine, L-cis-3-hydroxy-
proline, trans-3-aza-bicyclo[3,1,0]hexane-2-carboxylic acid and L-pipecolic add analogues demonstrated to catalyse
PP-ATP exchange measured by a modification of Lipmann’s method (Nielsen et al., 1991) Including L-4-hydroxyproline,
1- hydroxyproline, 2-hydroxyproline, 3- hydroxyproline, trans-3-mothyl-L-proline, cis-3-methylproline, cis-3-methyl-DL-
proline, cis,trans-4-methylproline, cis-4-methyl-DL-proline, trans-4-methyl-DL-proline, trans-4-aminoproline, cis-4-chlo-
ro-L-proline, 5-iminoproline hydrochloride, cis-5-methyl-DL-proline, (+)-piperazic acid, 5-chloropipecolic add, 5-hydrox-
ypipecolic acid, cis-4-hydroxy-L-pipecolic acid, trans-4-hydroxy-D-pipecolic acid, 4-hydroxyallopipecolic acid, thiazolid-
ine-4-carboxylic acid (Nielsen et al., 1991). This approach is exemplified in Example 7.
[0090] The production of a limited number of novel rapamycin analogues after feeding close structural analogues of
the natural 4,5-dihydroxycyclohex-1-enecarboxylic acid starter unit to cultures of S. hygroscopicus has previously been
described, thus demonstrating that the loading module of the rapamycin polyketide synthase has some flexibility with
respect to the starter acid (P.A.S. Lowden, PhD dissertation, University of Cambridge, 1997). However, these methods
led to the production of a mixture of products. the present methods described herein allows for the production of rapamycin
and related FKBP-ligand analogues by feeding strains of the present invention with analogues of the naturally incorporated
4,5-dihydroxycydohex-1-enecarboxylic acid starter unit to produce rapamycin analogues incorporating alternative starter
units including, but not limited to, cyclohexane carboxylic acid, 3-cis,4-trans-dihydroxycyclohexane carboxylic acid, 1-
cydohexene carboxylic acid, 3-cyclohexene carboxylic acid, cycloheptane carboxylic acid, 2-norbomane carboxylic acid,
3-hydroxycyclohexane carboxylic acid, 4-hydroxycyclohexane carboxylic acid, 3-methylcyclohexane carboxylic acid, 4-
methylcyclohexane carboxylic acid, 3-(cis/trans)methoxycyclohexane carboxylic acid, 4-(cis/trans)methoxycyclohexane
carboxylic acid, 4-oxo cyclohexane carboxylic acid, 3-fluoro-4-hydroxycarboxylic acid and 4-fluoro-3-hydroxycarboxylic
acid, 3-cyclohexane oxide carboxylic add, 3,4-cis-dihydroxycydohexane carboxylic acid, 3-chloro-4-hydroxycarboxylic
acid and 4-chloro-3-hydroxycarboxylic acid (and the pair of opposite diastereomers), cyclohexylpropionic acid, 4-tert-
Butylcydohexane carboxylic acid and simple esters and salts thereof. This approach is exemplified In Examples 8,19
and 20.
[0091] Additionally, structural analogues of biosynthetic precursors of the 4,5-dihydroxycyclohex1-enecarboxylic acid
starter unit may be fed (Lowden et al., 2001), leading to production of novel rapamycin analogues incorporating alternative
starter units.
[0092] However, these methods can lead to the production of mixed groups of products; therefore, a method is described
herein for removing the competition between the endogenously produced starter unit and the alternative starter add
analogues that are fed in order to improve the efficiency of production of novel rapamycin analogues.
[0093] In order to remove the competition between the endogenously produced natural starter unit and the alternative
starter acid analogues fed, it is preferable to disrupt the biosynthesis of the natural 4,5-dihydroxycyclohex-1-enecarboxylic
acid starter unit. This may be achieved by deletion or inactivation of one or more of the genes involved in the biosynthesis
of the natural 4,5-dihydroxycyclohex-1-enecarboxylic add starter unit from shikimic add (Lowden et al., 2001) or the
biosynthesis of shikimic acid itself. In the latter case, it may be necessary to supplement cultures with aromatic amino
acids (phenyl alanine, tyrosine, tryptophan). Alternatively, endogenous production of the natural 4,5-dihydroxycyclohex-
1-ene carboxylic acid starter unit may be suppressed by the addition of a chemical inhibitor of shikimic add biosynthesis.
Such inhibitors are well known in the literature.
[0094] In a further aspect, the invention makes use of the surprising discovery that rapK is involved in the supply of
the biosynthetic precursor(s), e.g. 4,5-dihydroxycyclohex-1-ene carboxylic acid starter unit of rapamyan and therefore
that deletion or inactivation of rapK or a rapK homologue provides a strain lacking in competition between the natural
starter unit and fed non-natural starter units. Described herein is a method for the efficient incorporation of fed acids
including, but not limited to those described below.
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[0095] Therefore the method described herein may comprises feeding starter units of the formula

where X = bond or CH2 and R1, R2, R3, R4, R5 and R6 may be the same or different and may independently be Cl, F,
OH, SH, H, alkyl, CN, Br, R7, OR7, C(O)R7 or HNR7 where R7 is a C1-C4 alkyl; R1 and R3, R2 and R4, R3 and R5, R4
and R6, R1 and R5, or R2 and R8 may be joined as either a substituted or unsubstituted methylene link, an ether link, a
thia link or an amino link, R1 and R2, R3 and R4 or R6 and R6 may be taken together as a ketone; provided that no more
than 4 of R1, R2, R3, R4, R6 or R6 may be Cl; no more than 2 of R1, R2, R3, R4, R6 or R6 may be HNR7; no more than
2 of R1, R2, R3, R4, R5 or R6 may be SH and both R groups from one carbon on the ring are not OH.
[0096] Preferably, the starter unit is not selected from the group consisting of: cyclohexane carboxylic acid, 3-cis,4-
trans-dihydroxycyclohexane carboxylic acid, cycloheptane carboxylic acid and 3-(cis/trans)-methylcydohexane carbox-
ylic acid
[0097] Preferably: where R1, R2, R3, R4, R5 or R6 are a combination of F and OH substitution no more than 3 of R1-6
are substituted and the remainder are H. Where R1, R2, R3, R4, R5 or R5 are a combination of Cl and OH substitution
no more than 3 of R1-6 are substituted and the remainder are H. Where any two of R1, R2, R3, R4, R5 or R6 are OH and
any two remaining R groups are F on one carbon the remainder are H. Where two of R1, R2, R3, R4, R5 or R6 are Cl the
remainder are H. Where two of R1, R2, R3, R4, R5 or R6 are Cl, not originating from the same carbon, and a further R is
OH the remainder are H. Where one of R1, R2, R3, R4, R5 or R6 is alkyl and the remainder are H; the alkyl group shall
have a linear length of no greater than 3 carbons. Where one of R1, R2, R3, R4, R5 or R6 is NHR7 the remainder are H.
[0098] More preferably: where two of R1, R2, R3, R4, R5 or R6 are OH and a third R group is F, the remainder are H.
Where two of R1, R2, R3, R4, R5 or R6 are F the remainder are H. Where two of R1, R2, R3, R4, R5 or R6 are OH the
remainder are H. Where two of R1, R2, R3, R4, R5 or R6 are OH and a third R group is CI the remainder are H. Where
two of R1, R2, R3, R4, R5 or R6 are F, and a third R group is OH the remainder are H. Where one of R1, R2, R3, R4, R5
or R6 is SH the remainder are H. Where one of R1, R2, R3, R4, R5 or R6 is SH and a second R group is OH (not originating
from the same carbon) the remainder are H.
[0099] Even more preferably: where one of R1, R2, R3, R4, R5 or R6 is F the remainder are H. Where of R1, R2, R3,
R4, R5 or R6 are Cl the remainder are H. Where one of R1, R2, R3, R4, R5 or R6, are F and a second R group is OH (not
originating from the same carbon) the remainder are H. Where one of R1, R2, R3, R4, R5 or R6 is CI and a second R
group is OH (not originating from the same carbon) the remainder are H. Where one of R1, R2, R3, R4, R5 or R6 is alkyl
and the remainder are H; the alkyl group shall contain no more than 4 carbons and have a linear length of no greater
than 3 carbons. Where one of R1, R2, R3, R4, R5 or R6 is alkyl and a second R group is OH (not originating from the
same carbon) and remainder are H; the alkyl group shall contain no more than 4 carbons and have a linear length of
no greater than 3 carbons.
[0100] The methods described herein may comprise feeding starter units of the formula

where X = bond or CH2 and R1, R2, R3, R4, R5 and R6 may be the same or different and may independently be CI, F,
OH, SH, H, alkyl, CN, Br, R7, OR7, C(O)R7 or HNR7 where R7 is a C1-C4 alkyl; R1 and R3, R2 and R4, R3 and R5, R4
and R6, R1 and R5, or R2 and R6 may be joined as either a substituted or unsubstituted methylene link, an ether link, a
thia link or an amino link, R1 and R2, R3 and R4 or R5 and R6 may be taken together as a ketone; provided that no more
than 4 of R1, R2, R3, R4, R5 or R6 may be Cl; no more than 2 of R1, R2, R3, R4, R5 or R6 may be HNR7; no more than
2 of R1, R2, R3, R4, R5 or R6 may be SH and both R groups from one carbon on the ring are not OH.
[0101] Preferably, the starter unit is not selected from the group consisting of: 1-cyclohexene carboxylic acid and 1-
cycloheptene carboxylic acid
[0102] Preferably: where R1, R2, R3, R4, R5 or Re are a combination of F and OH substitution no more than 3 of R1-6
are substituted and the remainder are H. Where R1, R2, R3, R4, R5 or R6 are a combination of CI and OH substitution
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no more than 3 of R1-6 are substituted and the remainder are H. Where any two of R1, R2, R3, R4, R5 or R6 are OH and
two of the remaining R groups are F on the same carbon the remainder are H. Where two of R1, R2, R3, R4, R5 or Re
are CI the remainder are H. Where two of R1, R2, R3, R4, R5 or R6 are Cl, not originating from the same carbon, and a
further R group is OH the remainder are H. Where one of R1, R2, R3; R4, R5 or R6 is alkyl and the remainder are H; the
alkyl group shall have a linear length of no greater than 3 carbons. Where one of R1, R2, R3, R4, R5 or R6 is NHR7 the
remainder are H.
[0103] More preferably: where two of R1, R2, R3, R4, R5 or R6 are OH and a third R group is F, the remainder are H.
Where two of R1, R2, R3, R4, R5 or R6 are F the remainder are H. Where two of R1, R2, R3, R4, R5 or R6 are OH the
remainder are H. Where two of R1, R2, R3, R4, R5 or R6 are OH and a third R group is CI the remainder are H. Where
two of R1, R2, R3, R4, R5 or R6 are F, and a third R group is OH the remainder are H. Where one of R1, R2, R3, R4, R5
or R6 is SH the remainder are H. Where one of R1, R2, R3, R4, R5 or R6 is SH and a second R group is OH (not originating
from the same carbon) the remainder are H.
[0104] Yet more preferably: where one of R1, R2, R3, R4, R5 or R6 is F the remainder are H. Where of R1, R2, R3, R4,
R5 or R6 are Cl the remainder are H. Where one of R1, R2, R3, R4, R5 or R6, are F and a second R group is OH (not
originating from the same carbon) the remainder are H. Where one of R1, R2, R3, R4, R5 or R6 is CI, a second R group
is OH (not originating from the same carbon) the remainder are H. Where one of R1, R2, R3, R4, R5 or R6 is alkyl and
the remainder are H; the alkyl group shall contain no more than 4 carbons and have a linear length of no greater than
3 carbons. Where one of R1, R2, R3, R4, R5 or R6 is alkyl and a second R group is OH (not originating from the same
carbon) the remainder are H; and the alkyl group shall contain no more than 4 carbons and have a linear length of no
greater than 3 carbons.
[0105] The methods described herein may comprise feeding starter units of the formula:

where X = bond or CH2, R1 and R2, may be the same or different and may independently be F, Cl, OH, SH, H, CN, OR7,
C(O)R7, or NHR7 wherein R7 is a C1-C4 alkyl, R1 and R2 may also be taken together to form a ketone, a spirocyclopropyl
group or with -OCH2-, -CH2O-, -SCH2- or -CH2S-; furthermore R3, and R4 may be the same or different and may
independently be be F, Cl, Br, OR7, H or CN; provided that both R groups from one carbon on the ring are not OH.
[0106] Preferably the starter unit shall not be 5-cis-hydroxyl-3-cyclohexene carboxylic acid.
[0107] Preferably: Where two of R1, R2, R3, or R4 are F the remainder are H. Where one of R1, R2, R3, or R4 is Cl the
remainder are H. Where one of R3, or R4 is F and one of R1 or R2 is OH the remainder are H. Where one of R3 or R4
is Cl and one of R1 or R2 is OH the remainder are H. Where one of R1 or R2 is SH the remainder are H. Where one of
R1, R2, R3, or R4 is alkyl and the remainder are H; the alkyl group shall contain no more than 4 carbons and have a
linear length of no greater than 3 carbons. Where one of R3 or R4 is alkyl and R1 or R2 is OH the remainder are H; and
the alkyl group shall contain no more than 4 carbons and have a linear length of no greater than 3 carbons.
[0108] More preferably: where one of R1, R2, R3, or R4 is F the remainder are H. Where one of R1, R2, R3, or R4 is Cl
the remainder are H
[0109] The methods described herein may comprise feeding starter units of the formula

where R1, R2, R3, R4, R5 or R6 may be the same or different and may independently be be be Cl, F, OH, SH, H, alkyl,
CN, Br, R7, OR7, C(O)R7 or HNR7 where R7 is a C1-C4 alkyl; R1 and R3, R2 and R4, R3 and R5, R4 and R6, R1 and R5,
or R2 and R6 may be joined as either a substituted or unsubstituted methylene link, an ether link, a thia link or an amino
link, R3 and R4 or R5 and R8 may be taken together as a ketone;provided that both R groups from one carbon on the
ring are not OH.
[0110] Preferably: Where two of R1, R2, R3, R4, R5 or R6 are F the remainder are H. Where two of R1, R2, R3, R4, R5
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or R6 are OH, the remainder are H. Where two of R1, R2, R3, R4, R5 or R6 are OH, and a third R group is F the remainder
are H. Where two of R1, R2, R3, R4, R5 or R6 are OH, and a third R group is CI the remainder are H. Where two of R1,
R2, R3, R4, R5 or R6 are F and a third R group is OH the remainder are H. Where one of R1, R2, R3, R4, R5 or R6 is Br
the remainder are H. Where one of R1, R2, R3, R4, R5 or R6 is Br and a second R group is OH the remainder are H
[0111] More preferably: Where one of R1, R2, R3, R4, R5 or R6 is F the remainder are H. Where one of R1, R2, R3, R4,
R5 or R6 are CI the remainder are H. Where one of R1, R2, R3, R4, R5 or R6 is F and a second R group is OH (not
originating from the same carbon) the remainder are H. Where one of R1, R2, R3, R4, R5 or R6 is Cl and a second R
group is OH (not originating from the same carbon) the remainder are H. Where one of R1, R2, R3, R4, R5 or R6 is SH
the remainder are H. Where one R1, R2, R3, R4, R5 or R6 is SH and a second R group is OH (not originating from the
same carbon) the remainder are H. Where one of R1, R2, R3, R4, R5 or R6 is alkyl and the remainder are H; the alkyl
group shall contain no more than 4 carbons and have a linear length of no greater than 3 carbons. Where one of R1,
R2, R3, R4, R5 or R6 alkyl and a second R group is OH (not originating from the same carbon) the remainder are H; and
the alkyl group shall contain no more than 4 carbons and have a linear length of no greater than 3 carbons
[0112] The methods described herein may comprise feeding starter units of the formula

where R1, R2, R3, R4, R5 or R6 may be the same or different and may independently be be be Cl, F, OH, SH, H, alkyl,
CN; Br, R1, OR7, C(O)R7 or HNR7 where R7 is a C1-C4 alkyl; R1 and R3, R2 and R4, R3 and R5, R4 and R6, R1 and R5,
or R2 and R6 may be joined as either a substituted or unsubstituted methylene link, an ether link, a thia link or an amino
link, R3 and R4 or R5 and R6 may be taken together as a ketone;provided that both R groups from one carbon on the
ring are not OH.
[0113] Preferably: where R1, R2, R3, R4, R5 or R6 are a combination of F and OH substitution no more than 3 of R1-6
are substituted and the remainder are H. Where R1, R2, R3, R4, R5 or R6 are a combination of Cl and OH substitution
no more than 3 of R1-6 are substituted and the remainder are H. Where two of R1, R2, R3, R4, R5 or R6 are OH and two
of the remaining R groups are F on one carbon the remainder are H. Where two of R1, R2, R3, R4, R5 or R6 are Cl the
remainder are H. Where two of R1, R2, R3, R4, R5 or R6 are Cl (not originating from the same carbon) and a third R
group is OH, the remainder are H. Where one of R1, R2, R3, R4, R5 or R6 is alkyl and the remainder are H; the alkyl
group shall have a linear length of no greater than 3 carbons. Where two of R1, R2, R3, R4, R5 or R6 are SH the remainder
are H. Where one of R1, R2, R3, R4, R5 or R6 is HNR7 the remainder are H.
[0114] More preferably: Where two of R1, R2, R3, R4, R5 or R6 are F the remainder are H. Where two of R1, R2, R3,
R4, R5 or R6 are OH the remainder are H. Where two of R1, R2, R3, R4, R5 or R6 are OH and a third R group is F, the
remainder are H. Where two of R1, R2, R3, R4, R5 or R6 are OH and a third R group is CI the remainder are H. Where
two of R1, R2, R3, R4, R5 or R6 are F, and a third R groups is OH the remainder are H. Where one of R1, R2, R3, R4, R5
or R6 is Br the remainder are H. Where one R1, R2, R3, R4, R5 or R6 is Br arid a second R group is OH (not originating
from the same carbon) the remainder are H. Where one of R1, R2, R3, R4, R5 or R6 is SH the remainder are H. Where
one of R1, R2, R3, R4, R5 or R6 is SH and a second R groups is OH (not originating from the same carbon) the remainder
are H.
[0115] Yet more preferably: Where one of R1, R2, R3, R4, R5 or R6 is F the remainder are H. Where one of R1, R2,
R3, R4, R5 or R6 is Cl the remainder are H. Where one of R1, R2, R3, R4, R5 or R6 is F and a second R group is OH (not
originating from the same carbon) the remainder are H. Where one of R1, R2, R3, R4, R5 or R6 is Cl and a second R
group is OH (not originating from the same carbon) the remainder are H. Where one of R1, R2, R3, R4, R5 or R6 is alkyl
and the remainder are H; the alkyl group shall contain no more than 4 carbons and have a linear length of no greater
than 3 carbons. Where one of R1, R2, R3, R4, R5 or R6 is alkyl and a second R group is OH (not originating from the
same carbon) the remainder are H; and the alkyl group shall contain no more than 4 carbons and have a linear length
of no greater than 3 carbons.
[0116] The methods described herein may comprise feeding starter units of the formula
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where R1 and R2, may be the same or different and may independently be F, Cl, OH, SH, H, CN, OR7, C(O)R7, or NHR7
wherein R7 is a C1-C4 alkyl, R1 and R2 may also be taken together to form a ketone, a spirocyclopropyl group or with
-OCH2-, -CH2O-, -SCH2- or -CH2S-; furthermore R3, and R4 may be the same or different and may independently be
be F, Cl, Br, OR7, H or CN; provided that both R groups from one carbon on the ring are not OH.
[0117] Preferably: Where one of R1, R2, R3 and R4 is F the remainder are H. Where one of R1, R2, R3 and R4 is Cl
the remainder are H. Where one of R1, R2, R3 and R4 is F and a second R groups is OH (not originating from the same
carbon) the remainder are H. Where one of R1, R2, R3 and R4 is Cl and a second R group is OH (not originating from
the same carbon) the remainder are H. Where one of R1, R2, R3 and R4 is SH the remainder are H. Where one of R1,
R2, R3 and R4 is alkyl the remainder are H; and the alkyl group shall contain no more than 4 carbons and have a linear
length of no greater than 3 carbons. Where one of R1, R2, R3 and R4 is alkyl and a second R groups is OH (not originating
from the same carbon) the remainder are H; and the alkyl group shall contain no more than 4 carbons and have a linear
length of no greater than 3 carbons. Where two of R1, R2, R3 and R4 are F the remainder are H.
[0118] The methods described herein may comprise feeding starter units of the formula

where X = bond or CH2;and R1, R2, R3, R4 or R5 may be the same or different and may independently be be Cl, F, OH,
SH, H, alkyl, CN, Br, R7, OR7, C(O)R7 or HNR7 where R7 is a C1-C4 alkyl, R1 and R3, R2 and R4, may be taken together
as a ketone or linked as either a substituted or unsubstituted methylene link, an ether link, a thia link or an amino link
where R1 and R2 or R3 and R4 are linked as a spiro-cyclopropyl group or with -OCH2- or -CH2O- or -SCH2- or -CH2S-,
R5 may be F, CL, OR7, H or CN; provided that no more than two of R1, R2, R3, R4 or R5 are SH and that both R groups
attached to one carbon are not OH.
[0119] Preferably: where R1, R2, R3, R4 or R5 are a combination of F and OH no more than 3 of R1, R2, R3, R4 or R5
are substituted and the remainder are H. Where R1, R2, R3, R4 or R5 are a combination of Cl and OH no more than 3
of R1-5 are substituted and the remainder are H. Where R1, R2, R3, R4 or R5 are a combination of two are OH (not on
the same carbon) and two are F on one carbon the remainder are H. Where two of R1, R2, R3, R4 or R5 are Cl the
remainder are H. Where two of R1, R2, R3, R4 or R5 are CI (not originating from the same carbon) and a third R group
is OH the remainder are H. Where one of R1, R2, R3, R4 or R5 is alkyl the remainder are H; and the alkyl group shall
have a linear length of no greater than 3 carbons. Where two of R1, R2, R3, R4 or R5 are SH the remainder are H. Where
one of R1, R2, R3, R4 or R5 is NHR7 the remainder are H. Where one of R1, R2, R3, R4 or R5 is SH the remainder are H.
[0120] More preferably: where one of R1, R2, R3, R4 or R5 is OH the remainder are H. Where one of R1, R2, R3, R4
or R5 is F the remainder are H. Where one of R1, R2, R3, R4 or R5 is Cl the remainder are H. Where one of R1, R2, R3,
R4 or R5 is F and a second R group is OH (not originating from the same carbon) the remainder are H. Where one of
R1, R2, R3, R4 or R5 is Cl and a second R groups is OH (not originating from the same carbon) the remainder are H.
Where one of R1, R2, R3, R4 or R5 is SH and a second R group is OH (not originating from the same carbon) the remainder
are H. Where one of R1, R2, R3, R4 or Rs is alkyl the remainder are H; and the alkyl group shall contain no more than
4 carbons and have a linear length of no greater than 3 carbons. Where one of R1, R2, R3, R4 or R5 is alkyl and a second
R group is OH (not originating from the same carbon) the remainder are H; and the alkyl group shall contain no more
than 4 carbons and have a linear length of no greater than 3 carbons. Where two of R1, R2, R3, R4 or R5 are F the
remainder are H. Where two of R1, R2, R3, R4 or R5 are OH the remainder are H. Where two of R1, R2, R3, R4 or R5 are
OH and a third R group is F the remainder are H. Where two of R1, R2, R3, R4 or R5 are OH and a third R groups is Cl
the remainder are H. Where two of R1, R2, R3, R4 or R5 are F and a third R group is OH the remainder are H.
[0121] The methods described herein may comprise feeding starter units of the formula
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where R1, R2, R3 and R4 may be the same or different and may independently be Cl, F, OH, SH, H, alkyl, CN, Br, R7,
OR7, C(O)R7 or HNR7 where R7 is a C1-C4 alkyl, R1 and R2 or R3 and R4 may be taken together to form a ketone,
provided that two R groups attached to the same carbon are not both OH.
[0122] Preferably: Where one of R1, R2, R3 or R4 is F the remainder are H. Where one of R1, R2, R3 or R4 is Cl the
remainder are H. Where one of R1, R2, R3 or R4 is Br the remainder are H. Where one of R1, R2, R3 or R4 is OH the
remainder are H. Where one of R1, R2, R3 or R4 is F and a second R group is OH (not originating from the same carbon)
the remainder are H. Where one of R1, R2, R3 or R4 is Cl and a second R groups is OH (not originating from the same
carbon) the remainder are H. Where one of R1, R2, R3 or R4 is SH the remainder are H. Where one of R1, R2, R3 or R4
is SH and a second R groups is OH (not originating from the same carbon) the remainder are H. Where one of R1, R2,
R3 or R4 is alkyl the remainder are H; and the alkyl group shall contain no more than 4 carbons and have a linear length
of no greater than 3 carbons. Where one of R1, R2, R3 or R4 is alkyl and a second R groups is OH (not originating from
the same carbon) the remainder are H; and the alkyl group shall contain no more than 4 carbons and have a linear
length of no greater than 3 carbons. Where two of R1, R2, R3 or R4 are F the remainder are H. Where two of R1, R2, R3
or R4 are OH the remainder are H. Where two of R1, R2, R3 or R4 are OH and a third R group is F the remainder are H.
Where two of R1; R2, R3 or R4 are OH and a third R group is Cl the remainder are H. Where two of R1, R2, R3 or R4 are
F and a third R group is OH the remainder are H.
[0123] Further described herein is a method for the efficient incorporation of: 2-norbomane carboxylic acid;
2-(cis/trans)-hydroxycyclohexane carboxylic acid; 3-(cis/trans)-hydroxycyclohexane carboxylic acid; 4-(cis/trans)-hy-
droxycyclohexane carboxylic acid; 2-(cis/trans)-methylcyclohexane carboxylic acid; 4-(cis/trans)-methylcyclohexane car-
boxylic acid; 3-(cis/trans)-methoxycyclohexane carboxylic acid; 4-(cis/trans)-methoxycyclohexane carboxylic acid; 4-
oxocyclohexane carboxylic acid; ethyl 2-oxocyclohexane carboxylic acid; 4-trans-n-pentylcyclohexane carboxylic acid;
2-trans-aminocyclohexane carboxylic acid; 4-cis-aminocyclohexane carboxylic acid; 4-(cis/trans)-aminomethylcycohex-
ane carboxylic acid; cyclopentane carboxylic acid; cyclobutane carboxylic acid; 1-methylcyclohexane carboxylic acid;
3-trans-hydroxy-4-cis-fluorocyclohexane carboxylic acid and 4-trans-hydroxy-3-cis-fluorocyclohexane carboxylic acid;
3-cis-hydroxy-4-trans-fluorocyclohexane carboxylic add and 4-cis-hydroxy-3-trans-fluorocyclohexane carboxylic acid;
3-cis-hydroxy-4-trans-chlorocyclohexane carboxylic acid and 4-cis-hydroxy-3-trans-chlorocyclohexane carboxylic acid;
3-trans-hydroxy-4-cis-chlorocyclohexane carboxylic add and 4-trans-hydroxy-3-cis-chlorocyclohexane carboxylic acid;
3-trans-cyclohexeneoxide carboxylic add; 3-cis-cyclohexeneoxide carboxylic acid; 3,4-cis-dihydroxycyclohexane car-
boxylic acid and 3,4-trans-dihydroxycyclohexane carboxylic acid; cyclohexaneacetic acid; cyclohexanepropionic acid
or 4-cis/trans-tert-butylcyclohexane carboxylic add or simple esters or salts thereof into FKBP-ligand analogues by a
strain with rapK or a rapK homologue deleted or inactivated. In a more preferred embodiment the present invention
provides a method for the efficient incorporation of: 3-(cis/trans)-hydroxycyclohexane carboxylic acid; 4-(cis/trans)-hy-
droxycyclohexane carboxylic acid; 3-(cis/trans)-methoxycyclohexane carboxylic acid; 4-(cis/trans)-methoxycyclohexane
carboxylic acid; 4-oxo cyclohexane carboxylic acid; cyclobutane carboxylic acid; 3-trans-hydroxy-4-cis-fluorocyclohex-
ane carboxylic add and 4-trans-hydroxy-3-cis-fluorocyclohexane carboxylic acid; 3-cis-hydroxy-4-trans-fluorocyclohex-
ane carboxylic add and 4-cis-hydroxy-3-trans-fluorocyclohexane carboxylic add; 3-cis-hydroxy-4-trans-chlorocyclohex-
ane carboxylic acid and 4-cis-hydroxy-3-trans-chlorocyclohexane carboxylic acid; 3-trans-hydroxy-4-cis-chlorocyclohex-
ane carboxylic acid and 4-trans-hydroxy-3-cis-chlorocyclohexane carboxylic add; 3-trans-cyclohexeneoxide carboxylic
acid; 3-cis-cyclohexeneoxide carboxylic acid; 3,4-cis-dihydroxycyclohexane carboxylic acid and 3,4-trans-dihydroxycy-
clohexane carboxylic acid; cyclohexanepropionic acid; 4-cis/trans-tert-butylcyclohexane carboxylic acid or simple esters
or salts thereof into FKBP-ligand analogues by a strain with rapK or a rapK homologue deleted or inactivated.
[0124] Preferably in methods described herein, the fed starter units are not: cyclohexane carboxylic acid, 3-cis,4-
trans-dihydroxycyclohexans carboxylic acid, 1-cyclohexene carboxylic acid, 3-cyclohexane carboxylic acid, cyclohep-
tane carboxylic acid, 3-(cis/trans)-methylcyclohexane carboxylic acid, 4-(cis/trans)-methylcyclohexane carboxylic acid,
1-cycloheptane carboxylic acid or 5-cis-hydroxyl-3-cyclohexene carboxylic acid.
[0125] The strains for use in the methods described above are selected from the group comprising: Streptomyces
hygroscopicus subsp. hygroscopicus NRRL 5491, Actinoplanes sp. N902-109 FERM BP-3832, Streptomyces sp.
AA6554, Streptomyces hygroscopicus var. ascomyceticus MA 6475 ATCC 14891, Streptomyces hygroscopicus var.
ascomyceticus MA 6678 ATCC 55087, Streptomyces hygroscopicus var. ascomyceticus MA 6674, Streptomyces hy-
groscopicus var. ascomyceticus ATCC 55276, Streptomyces hygroscopicus subsp. ascomyceticus ATCC 14891, Strep-
tomyces tsukubaensis No.9993 FERM BP-927, Streptomyces hygroscopicus subsp. yakushimaensis, Streptomyces
sp. DSM 4137, Streptomyces sp. DSM 7348, Micromonospora n.sp. A92-306401 DSM 8429, Steptomyces sp. MA 6858
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ATCC 55098, Steptomyces sp. MA 6848. In a preferred embodiment said strain is selected from the group consisting
of: Streptomyces hygroscopicus subsp. hygroscopicus NRRL 5491, Actinoplanes sp. N902-109 FERM BP-3832, Strep-
tomyces sp. AA6554, Streptomyces hygroscopicus var. ascomyceticus MA 6475 ATCC 14891, Streptomyces hygro-
scopicus var. ascomyceticus MA 6678 ATCC 55087, Streptomyces hygroscopicus var. ascomyceticus MA 6674, Strep-
tomyces hygroscopicus var. ascomyceticus ATCC 55276, Streptomyces hygroscopicus subsp. ascomyceticus ATCC
14891, Streptomyces tsukubaensis No.9993 FERM BP-927, Streptomyces hygroscopicus subsp. yakushimaensis,
Streptomyces sp. DSM 4137, Streptomyces sp. DSM 7348, Micromonospora n.sp. A92-306401 DSM 8429 or Strepto-
myces sp. MA 6858 ATCC 55098. In a more highly preferred embodiment the strain is the rapamycin producer S.
hygrascopicus-subsp. hygroscopicus.
[0126] In the methods for the efficient incorporation of fed carboxylic acids described above the compounds produced
are analogues of the FKBP-ligards as described herein, for example but without limitation: rapamycin, FK523, FK525.
antascomicin, meridamycin and tsukubamycin. The compounds produced are analogues of rapamycin. Alternatively,
the compounds produced are analogues of rapamycin; these compounds correspond to Formula II or Formula III as
described below.
[0127] In an embodiment of the present invention, the compounds produced are analogues of rapamycin of formula:

where:

x = bond or CH2, or -CHR6-x-CHR5- is

R15 =
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R1 = OH, OCH3
R2 = H, OH, OCH3
R3 = F, Cl and R4 = H. OH. CH3, F, Cl; or
R4 = F, Cl and R3 = H, OH, CH3, F, Cl, OCH3;R16 = OH, OCH3
R17 = Cl, F
R5 = H, OH
R6 = H, OH
R8 and R9 together are =0 or H,H; and
y = bond, CH2.

[0128] Additionally, the methods described above may be used to generate novel FK506 and FK520 analogues which
correspond to Formula I below.

R7 = CH2CH3 or CH2CH=CH2
Z = keto or CH2
X=X’=bond; X=bond and X’= CH2, S, O or X= CH2, S, O, fused cyclopropyl unit and X’=bond

[0129] For example, R1 =



EP 1 521 828 B1

27

5

10

15

20

25

30

35

40

45

50

55

where R8 = OH and R9= H, OH, halo, alkyl or thiol.
[0130] In another example R1 is

or

where R8= OH and R9 = halo.
[0131] FK520 =

where R8 = 4-trans-OH, R9 = 3-cis-OCH3, and R2 = R3 = R4 = H, X = CH2, X’ = bond, Z = keto, R5 = R8 = OCH3 and R7
= CH2CH3
[0132] FK506 =

where R8 = 4-trans-OH, R9 = 3-cis-OCH3, and R2 = R3 = R4 = H, X = CH2, X’ = bond, Z = keto, R5 = Re = OCH3 and
R7 = CH2CH=CH2
[0133] Thus, for example, the recombinant strain S. hygroscopicus MG2-10 can be cultured in the presence of cy-
clohexane carboxylic acid to produce 9-deoxo-16-O-desmethyl-27-desmethoxy-39-desmethoxy-rapamycin (Example
12). It can be seen by one skilled in the art that homologues to rapK in other biosynthetic clusters that encode FKBP-
ligands, including, but not limited to, FK523, FK525, meridamycin, tsukubamycin, antascomicin and ’hyg’ can also be
deleted or inactivated allowing efficient feeding of starter unit carboxylic acids leading to the production of novel analogues.
[0134] For example, S. hygroscopicus strains (including rapL or rapL homologues or not including rapL or rapL homo-
logues and/or including rapK or rapK homologues or not including rapK or rapK homologues) may be fed with analogues
of L-pipecolic acid, as described above, in combination with analogues of the natural 4,5-dihydroxycyclohex-1-enecar-
boxylic acid starter unit, as described above, to produce rapamycin analogues in which both the starter unit and the
pipecolyl residue have been replaced. This approach is exemplified in Examples 10, 11 and 12.
[0135] Described herein is a process for producing FKBP-ligand analogues varying in the extent of post-PKS modifi-
cation and/or in which the pipecolic acid residue has been replaced, and optionally the starter 4,5-dihydroxycyclohex-
1-enecarboxylic acid residue has been replaced. This process comprises the step of deleting or inactivating one or more
genes in the microorganism host cell involved in the production of the precursor compound, L-pipecolic acid and/or 4,5-
dihydroxycyclohex-1-ene carboxylic acid, required for biosynthesis of the rapamycin polyketide/NRPS template and/or
in its subsequent post-PKS modification, thereby to suppress the production of the natural product. The process further
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comprises transforming the microorganism host cells with nucleic acid encoding polyketide-modifying genes to restore
polyketide production, culturing the transformed host cells under conditions suitable for polyketide production and op-
tionally isolating the rapamycin analogues produced.
[0136] The present disclosure describes a process for the production of FKBP-ligand analogues including, but not
limited to FK523, FK525, tsukubamycin, antascomicin, meridamycin and ’hyg’, varying in the extent of post-PKS mod-
ification and/or in which the amino acid residue has been replaced, and optionally the starter unit has been replaced.
This process comprises the step of deleting or inactivating one or more genes in the microorganism host cell involved
in the production of the precursor amino add residue and/or starter unit, required for the biosynthesis of the
polyketide/NRPS template and/or in its subsequent post-PKS modification, thereby to suppress the production of the
natural product The process further comprises transforming the microorganism host cells with nucleic acid encoding
polyketide-modifying genes to restore polyketide production, culturing the transformed host cells under conditions suitable
for polyketide production and optionally isolating polyketide analogues produced.
[0137] The present disclosure describes novel FKBP-ligand analogues.
[0138] Further described herein are:

A: Compounds of the formula:

where:

x = bond or CHR11, or -CHR6-x-CHR5- is

R15 =

R1 = OH, OCH3
R2 = H, OH, OCH3
R3 = H, OH, CH3, F, Cl, OCH3
R4 = H, OH, CH3, F, Cl
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R5 = H, OH
R6 = H, OH
R7=H
R8 = H, keto
R9 = H, keto
R10=H
R11 = H
R13=H
R14 = H
R16 = OH, OCH3
R17 = H, OH, Cl, F and
y = bond, CH2

with the proviso that the compounds do not include the following::

i) where R1 = OCH3 in combination with R2 = H, R15 = C, R16 cis-3-OH, R17 = trans-4-OH, R5 = H, R6 = H, R7
= H, R8 = H, R9 = H, R10 = H, R11 = H, x = CHR11;
ii) where R1 = OH in combination with R2 = OCH3, R15 = C, R16 = cis-3-OH, R17 = trans-4-OH, R5 = H, R6 = H,
R7 = H, R8,R9 = keto, R10 = H R11 = H, x = CHR11;
iii) where R1 = OH in combination with R2 = OH, R15 = C, R16 = cis-3-OCH3, R17 = trans-4-OH, R5 = H, R6 =
H, R7 = H, R8,R9 =keto, R10 = H, R11 = H, x = CHR11;
iv) where R1 = OH in combination with R2 = H, R15 = C, R16 = cis-3-OCH3, R17 = trans-4-OH, R5 = H, R6 = H,
R7 = H, R8, R9 = keto, R10 = H, R11 = H, x = CHR11;
v) where R1 = OCH3 in combination with R2 = H, R15 = C, R16 = cis-3-OH, R17 = trans-4-OH, R5 = H, R6 = H,
R7 = H, R8, R9 = keto, R10 = H, R11 = H, x = CHR11;
vi) where R1 = OCH3 in combination with R2= H, R15 = C, R16 = cis-3-OCH3, R17 = trans-4-OH, R5 = H, R6 =
H, R7 = H, R8 = H, R9 = H, R10 = H, R11 = H, x = CHR11;
vii) except where R1 = OCH3 in combination with R2 = OH, R15 = C, R16 = cis-3-OCH3, R17 trans-4-OH, R5 =
H, R6 = H, R7 = H, R8 = H, R9 = H, R10 H, R11 = H, x = CHR11;
viii) where R1 = OCH3 in combination with R2 = OCH3, R15 = C, R16 = cis-3-OCH3, R17 = trans-4-OH, R5 = H,
R6 = H, R7 = H, R8 = H, R9 = H, R10 = H, R11 = H, x = CHR11;
ix) where R1 = OH in combination with R2 = OCH3, R15 = C, R16 = cis-3-OCH3, R17 = trans-4-OH, R5 = H, R6
= H, R7 = H, R8, R9 = keto, R10 = H, R11 = H, x = CHR11;
x) where R1 = OCH3 in combination with R2 = OH, R15 = C; R16 = cis-3-OCH3, R17 = trans-4-OH, R5 = H, R6 =
H, R7 = H, R8, R9 = keto, R10 = H, R11 = H, x = CHR11;
xi) where R1 = OCH3 in combination with R2 = H, R15 = C, R16 = cis-3-OCH3, R17 = trans-4-OH, R5 = H, R6 =
H, R7 = H, R8,R9 = keto, R10 = H, R11 = H, x = CHR11;
xii) where R1 = OCH3 in combination with R2 = OCH3, R15 = C, R16 = cis-3-OH, R17 = trans-4-OH, R5 = H, R6
= H, R7 = H, R8, R9 = keto, R10 = H, R11 = H, x = CHR11;
xiii) where R1 = OCH3 in combination with R2 = H, R15 = C, R16 = cis-3-OCH3, R17 = trans-4-OH, R5 = H, R6 =
H, R7 = H, R8 = H, R9 = H, R10 = H, x = bond;
xiv) where R1 = OCH3 in combination with R2 = OCH3, R15 = C, R16 = cis-3-OCH3, R17 = trans-4-OH, R5 = H,
R6 = H, R7 = H, R8 = H, R9 = H, R10 = H, x = bond;
xv) where R1 = OCH3 in combination with R2 = OH, R15 = C, R16 = cis-3-OCH3, R17 = trans-4-OH, R5 = H, R6
= H, R7 = H, R8,R9 = keto, R10 = H, x = bond;
xvi) where R1 = OCH3 in combination with R2 = H, R15 = C, R16 = cis-3-OCH3, R17 = trans-4-OH, R5 = H, R6 =
H, R7 = H, R8,R9 = keto, R10 = H, x = bond;
xvii) where R1 = OCH3 in combination with R2 = OCH3, R15 = C, R16 = H, R17 = OH, R5 = H, R6 = H, R7 = H,
R8,R9 = keto, R10 = H, R11 = H, x = CHR11;
xviii) where -CHR6-x-CHR5- is

and R11 = H, R13 = H, R14 = H, in combination with R1 = OCH3, R2 = OCH3, R15 = C, R16 = cis-3-OCH3, R17 =
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trans-4-OH, R7 = H, R8, R9 = keto, R10 = H;
xix) where R15 = G, R16 = cis-3-OCH3, R17 = trans-4-OH, y = bond, in combination with R1 = OCH3, R2 = H, R5
= H, R6 = OH, R7 = H, R11 = H, x = bond, R8,R9 = keto, R10 = H
xx) where R15 = G, R3 = H, R4 = trans-OH, y = bond, in combination with R1 = OCH3, R2 = OCH3, R5 = H, R6
= H, R7 = H, R11 = H, x = CHR11, R8,R9 = keto, R10 = H
xxi) where R15 = G, R3 = H, R4 = OH, y = CH2 in combination with R1 = OCH3, R2 = OCH3; R5 = H, R6 = H, R7
= H, R11 = H, x = CHR11, R8,R9 = keto, R10 =H
xxii) where R15 = G, R3 = cis-OH, R4 = H, y = bond, in combination with R1 = OCH3, R2 = OCH3, R5 = H, R6 =
H, R7 = H, R11 = H, x = CHR11, R8,R9 = keto, R10 = H
xxiii) where R15 = G, R3 = CH3, R4 = OH, y = bond, in combination with R1 = OCH3, R2 = OCH3, R5 = H, R6 =
H, R7 = H, R11 = H, x = CHR11, R8,R9 = keto, R10 = H
xxiv) where R15 = G, R3 = H, R4 = OH, y = CH2, in combination with R1 = OH, R2 = OH, R5 = H, R6 = H, R7 =
H, R11 = H, x = CHR11, R8=R9 = H, R10 = H
xxv) where R15 = G, R3 = H, R4 = OH, y = CH2, in combination with R1 = OCH3, R2 = OCH3, R5 = H, R6 = H,
R7 = H, R11 = H, x = CHR11, R8=R9 = H, R10 = H
xxvi) where R15 = G, R3 = H, R4 = OH, y = CH2, in combination with R1 = OH, R2 = OCH3, R5 = H, R6 = H, R7
= H, R11 = H, x = CHR11, R8=R9 = H, R10 = H
xxvii) where R15 = G, R3 = H, R4 = OH, y = CH2, in combination with R1 = OH, R2 = H, R5 = H, R6 = H, R7 = H,
R11 = H, x = CHR11, R8=R9 = H, R10 = H;
xxviii) where R15 = G, R3 = H, R4 = OH, y = CH2, in combination with R1 = OH, R2 = OCH3, R5 = H, R6 = H, R7
= H, R11 = H, x = CHR11, R8,R9 = keto, R10 = H xxix) where R15= G, R3 = H, R4 = OH, y = CH2, in combination
with R1 = OCH3, R2 = H, R5 = H, R6 = H, R7 = H, R11 = H, x = CHR11, R8,R9 = keto, R10 = H

B. Compounds according to the formula below

where

R1 = OH, OCH3
R2 = H, OH, OCH3
R3 = H, OH, CH3, OCH3
R4 = H, OH
R5 = H
R6 = H, OH
R7 = H
R8 = H, keto
R9 = H, keto
R10 = H
x = bond, CH2 or -CHR6-x-CHR5- is
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R11 = H
R13 = H
R14 = H
y = bond, CH2

with the proviso that the compounds do not include the following:

i) where R3 = H, R4 = trans-OH, y = bond, in combination with R1 = OCH3, R2 = OCH3, R5 = H, R6 = H, R7 =
H, x = CH2, R8,R9 = keto, R10 =H
ii) where R3 = H, R4 = OH, y = CH2 in combination with R1 = OCH3, R2 = OCH3, R5 = H, R6 = H, R7 = H, x =
CH2, R8,R9 = keto, R10 = H
iii) where R3 = cis-OH, R4 = H, y = bond, in combination with R1 = OCH3, R2 = OCH3, R5 = H, R6 = H, R7 = H,
x = CH2, R8,R9 = keto, R10 = H
iv) where R3 = CH3, R4 = OH, y = bond, in combination with R1 = OCH3, R2 = OCH3, R5 = H, R6 = H, R7 = H,
x = CH2, R8,R9 = keto, R10 = H
v) where R3 = H, R4 = OH, y = CH2, in combination with R1 = OH, R2 = OH, R5 = H, R6 = H, R7 = H, x = CH2,
R8=R9 = H, R10 = H
vi) where R3 = H, R4 = OH, y = CH2, in combination with R1 = OCH3, R2 = OCH3, R5 = H, R6 = H, R7 = H, x =
CH2, R8=R9 = H, R10 = H
vii) where R3 = H, R4 = OH, y = CH2, in combination with R1 = OH, R2 = OCH3, R5 = H, R6 = H, R7 = H, x =
CH2, R8=R9 = H, R10 = H
viii) where R3 = H, R4 = OH, y = CH2, in combination with R1 = OH, R2 = H, R5 = H, R6 = H, R7 = H, x = CH2,
R8=R9 = H, R10 = H;
ix) where R3 = H, R4 = OH, y = CH2, in combination with R1 = OH, R2 = OCH3, R5 = H, R6 = H, R7 = H, x =
CH2, R8,R9 = keto, R10 = H
x) where R3 = H, R4 = OH, y = CH2, in combination with R1 = OCH3, R2 = H, R5 = H, R6 = H, R7 = H, x = CH2,
R8,R9 = keto, R10 = H
xi) where R3 = OCH3, R4 = OH, y = bond, in combination with R1 = OCH3, R2 = H, R5= H, R6 = OH, R7 = H, x
= bond, R8,R9 = keto, R10 = H
xii) where -CHR6-x-CHR5- is

and R11 = H, R13 = H, R14 = H, in combination with R1 = OCH3, R2 = OCH3, R3 = OCH3, R4 = OH, R7 = H,
R8,R9 = keto, R10 = H
xiii) where R1 = OCH3 in combination with R2 = H, R3 = OCH3, R4 = OH, R5 = H, R6 = H, R7 = H, R8 = H, R9 =
H, R10 = H, x = bond, y = bond
xiv) where R1 = OCH3 in combination with R2 = OCH3, R3 = OCH3, R4 = OH, R5 = H, R6 = H, R7 = H, R8 = H,
R9 = H, R10 = H, x = bond, y = bond
xv) where R1 = OCH3 in combination with R2 = OH, R3 = OCH3, R4 = OH, R5 = H, R6 = H, R7 = H, R8,R9 = keto,
R10 = H, x = bond, y = bond
xvi) where R1 = OCH3 in combination with R2 = H, R3 = OCH3, R4 = OH, R5 = H, R6 = H, R7 = H, R8,R9 = keto,
R10 = H, x = bond, y = bond
xvii) where R1 = OCH3, R2 = H, R3 = OH, R4 = OH, R8 = H, R9 = H
xviii) where R1 = OCH3, R2 = H, R3 = OCH3, R4 = OH, R8 = H, R9 = H
xix) where R1 = OCH3, R2 = H, R3 = OH, R4 = OH, R8,R9 = keto
xx) where R1 = OH, R2 =OH, R3 = OCH3, R4 = OH, R8,R9 = keto
xxi) where R1 = OCH3, R2 = OCH3, R3 = OH, R4 = OH, R8,R9 = keto
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xxii) where R1 = OCH3, R2 = OH, R3 = OCH3, R4 = OH, R8,R9 = keto
xxiii) where R1 = OCH3, R2 = OCH3, R3 = OCH3, R4 = OH, R8 = H, R9 = H

C. A compound selected from the group consisting of: 9-deoxo-16-O-desmethyl-27-desmethoxy-39-O-desmethyl-
rapamycin (pre-rapamycin), 9-deoxo-16-O-desmethyl-27-O-desmethyl-39-O-desmethyl-rapamycin , 16-O-desme-
thyl-27-desmethoxy-39-O-desmethyl-rapamycin, 9-deoxo-16-O-desmethyl-39-O-desmethyl-rapamycin , 9-deoxo-
16-O-desmethyl-27-desmethoxy-rapamycin , 16-O-desmethyl-27-O-desmethyl-39-O-desmethyl-rapamycin , 9-de-
oxo-27-O-desmethyl-39-O-desmethyl-rapamycin , 9-deoxo-16-O-desmethyl-27-O-desmethyl-rapamycin, 27-O-
desmethyl-39-O-desmethyl-rapamycin, 9-deoxo-16-O-desmethyl-rapamycin, 9-deoxo-39-O-desmethyl-rapamycin,
8-deoxo-15-O-desmethyl-26-desmethoxy-38-O-desmethyl-prolylrapamycin (pre-prolylrapamycin), 8-deoxo-15-
O-desmethyl-26-O-desmethyl-38-O-desmethyl-prolylrapamycin, 15-0-desmethyl-26-desmethoxy-38-O-desme-
thyl-prolylrapamycin, 8-deoxo-26-desmethoxy-38-O-desmethyl-prolylrapamycin, 8-deoxo-15-O-desmethyl-38-
O-desmethyl-prolylrapamycin , 8-deoxo-15-O-desmethyl-26-desmethoxy-prolylrapamycin , 15-O-desmethyl-26-O-
desmethyl-38-O-desmethyl-prolylrapamycin, 8-deoxo-26-O-desmethyl-38-O-desmethyl-prolylrapamycin, 8-deoxo-
15-O-desmethyl-26-O-desmethyl-prolylrapamycin, 15-O-desmethyl-38-O-desmethyl-prolylrapamycin, 15-O-des-
methyl-26-O-desmethyl-prolylrapamycin, 15-O-desmethyl-26-desmethoxy-prolylrapamycin , 26-desmethoxy-38-
O-desmethyl-prolylrapamycin, 26-O-desmethyl-38-O-desmethyl-prolylrapamycin, 8-deoxo-15-O-desmethyl-prolyl-
rapamycin, 8-deoxo-26-O-desmethyl-prolylrapamycin, 8-deoxo-38-O-desmethyl-prolylrapamycin, 15-O-desmethyl-
prolylrapamycin, 38-O-desmethyl-prolylrapamycin, 9-deoxo-16-O-desmethyl-27-desmethoxy-39-desmethoxy-ra-
pamycin, 9-deoxo-16-O-desmethyl-27-O-desmethyl-39-desmethoxy-rapamycin, 16-O-desmethyl-27-desmethoxy-
39-desmethoxy-rapamycin, 9-deoxo-27-desmethoxy-39-desmethoxy-rapamycin, 9-deoxo-16-O-desmethyl-39-
desmethoxy-rapamycin, 16-O-desmethyl-27-O-desrnethyl-39-desmethoxy-rapamycin, 9-deoxo-27-O-desmethyl-
39-desmethoxy-rapamycin , 16-O-desmethyl-39-desmethoxy-rapamycin, 27-desmethoxy-39-desmethoxy-rapamy-
cin, 27-O-desmethyl-39-desmethoxy-rapamycin, 9-deoxo-39-desmethoxy-rapamycin , 8-deoxo-15-O-desmethyl-
26-desmethoxy-38-desmethoxy-prolylrapamycin , 8-deoxo-15-O-desmethyl-26-O-desmethyl-38-desmethoxy-pro-
lylrapamycin, 15-O-desmethyl-26-desmethoxy-38-desmethoxy-prolylrapamycin, 8-deoxo-26-desmethoxy-38-des-
methoxy-prolylrapamycin, 8-deoxo-15-O-desmethyl-38-desmethoxy-prolylrapamycin , 15-O-desmethyl-26-O-des-
methyl-38-desmethoxy-prolylrapamycin , 8-deoxo-26-O-desmethyl-38-desmethoxy-prolylrapamycin , 15-O-des-
methyl-38-desmethoxy-prolylrapamycin, 26-desmethoxy-38-desmethoxy-protylrapamycin, 26-O-desmethyl-38-
desmethoxy-prolylrapamycin, 8-deoxo-38-desmethoxy-prolylrapamycin , 38-desmethoxy-prolylrapamycin, 9-de-
oxo-16-O-desmethyl-27-desmethoxy-36-de(3-cis-methoxy-4-trans-hydroxycyclohexyl)-36-(hydroxycyclohexenyl)
rapamycin, 9-deoxo-16-O-desmethyl-27-desmethoxy-36-de(3-cis-methoxy-4-trans-hydroxycyclohexyl)-36-(dihy-
droxy cyclohexyl) rapamycin, 9-deoxo-16-O-desmethyl-27-desmethoxy-36-de(3-cis-methoxy-4-trans-hydroxycy-
clohexyl)-36-(hydroxynorbomyl) rapamycin, 9-deoxo-16-O-desmethyl-27-desmethoxy-36-de(3-cis-methoxy-4-
trans-hydroxycyclohexyl)-36-(3-methyl-4-hydroxycyclohexyl) rapamycin, 9-deoxo-16-O-desmethyl-27-desmeth-
oxy-36-de(3-cis-methoxy-4-trans-hydroxycyclohexyl)-36-(4-methyl hydroxycyclohexyl) rapamycin, 9-deoxo-16-
O-desmethyl-27-desmethoxy-36-de(3-cis-methoxy-4-trans-hydroxycyclohexyl)-36-(3-fluoro-4-hydroxycyclohexyl)
rapamycin, 9-deoxo-16-O-desmethyl-27-desmethoxy-36-de(3-cis-methoxy-4-trans-hydroxycyclohexyl)-36-(3-hy-
droxy-4-fluorocyclohexyl) rapamycin, 9-deoxo-16-O-desmethyl-27-desmethoxy-36-de(3-cis-methoxy-4-trans-hy-
droxycyclohexyl)-36-(3-chloro-4-hydroxycyclohexyl) rapamycin, 9-deoxo-16-O-desmethyl-27-desmethoxy-36-
de(3-cis-methoxy-4-trans-hydroxycyclohexyl)-36-(3-hydroxy-4-chlorocyclohexyl) rapamycin, 9-deoxo-16-O-des-
methyl-27-desmethoxy-36-de(3-cis-methoxy-4-trans-hydroxycyclohexyl)-36-(3-cis-4-cis-dihydroxycyclohexyl) ra-
pamycin, 9-deoxo-16-O-desmethyl-27-desmethoxy-36-de(3-cis-methoxy-4-trans-hydroxycyclohexyl)-36-(3-trans-
4-trans-dihydroxycyclohexyl) rapamycin, 9-deoxo-16-O-desmethyl-27-O-desmethyl-39-O-desmethyl rapamycin, 9-
deoxo-16-O-desmethyl-270-desmethyl-36-de(3-cis-methoxy-4-trans-hydroxycyclohexyl)-36-(hydroxycyclohexe-
nyl) rapamycin, 9-deoxo-16-O-desmethyl-27-O-desmethyl-36-de(3-cis-methoxy-4-trans-hydroxycyclohexyl)-
36-(hydroxynorbornyl) rapamycin, 9-deoxo-16-O-desmethyl-27-O-desmethyl-36-de(3-cis-methoxy-4-trans-hydrox-
ycyclohexyl)-36-(4-methyl hydroxycyclohexyl) rapamycin.

[0139] Further described herein are methods to produce and optionally isolate the following compounds (Figure 10,
Figure 11, Figure 12, Figure 13, and Figures 14, 15, 16 and Figure 17):

Table II

Compound no: Name:

1. 9-deoxo-16-O-desmethyl-27-desmethoxy-39-O-desmethyl-rapamycin (pre Rapamycin)

2. 9-deoxo-16-Odesmethyl-27-O-desmethyl-39-O-desmethyl-rapamycin
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(continued)

Compound no: Name:

3. 16-O-desmethyl-27-desmethoxy-39-O-desmethyl-rapamycin

4. 9-deoxo-27-desmethoxy-39-O-desmethyl-rapamycin

5. 9-deoxo-16-O-desmethyl-39-O-desmethyl-rapamycin

6. 9-deoxo-16-O-desmethyl-27-desmethoxy-rapamycin

7. 16-O-desmethyl-27-Odesmethyl-39-O-desmethyl-rapamycin

8. 9-deoxo-27-O-desmethyl-39-O-desmethyl-rapamycin

9. 9-deoxo-16-O-desmethyl-27-O-desmethyl-rapamycin

10. 16-O-desmethyl-39-O-desmethyl-rapamycin

11. 16-O-desmethyl-27-O-desmethyl-rapamycin

12. 16-O-desmethyl-27-desmethoxy-rapamycin

13. 27-desmethoxy-39-O-desmethyl-rapamycin

14. 27-O-desmethyl-39-O-desmethyl-rapamycin

15. 9-deoxo-16-O-desmethyl-rapamycin

16. 9-deoxo-27-desmethoxy-rapamycin

17. 9-deoxo-27-O-desmethyl-rapamycin

18. 9-deoxo-39-O-desmethyl-rapamycin

19. 9-deoxo-rapamycin

20. 16-O-desmethyl-rapamycin

21. 27-O-desmethyl-rapamycin

22. 27-desmethoxy-rapamycin

23. 39-O-desmethyl-rapamycin

24. 8-deoxo-15-O-desmethyl-26-desmethoxy-38-O-desmethyl-prolylrapamycin (pre-
prolylrapamycin)

25. 8-deoxo-15-O-desmethyl-26-O-desmethyl-38-O-desmethyl-prolylrapamycin

26. 15-D-desmethyl-26-desmethoxy-38-O-desmethyl-prolylrapamycin

27. 8-deoxo-26-desmethoxy-38-O-desmethyl-prolylrapamycin

28. 8-deoxo-15-O-desmethyl-38-O-desmethyl-prolylrapamycin

29.. 8-deoxo-15-O-desmethyl-26-desmethoxy-prolylrapamycin

30. 15-O-desmethyl-26-O-desmethyl-38-O-desmethyl-prolylrapamycin

31. 8-deoxo-26-O-desmethyl-38-O-desmethyl-prolylrapamycin

32. 8-deoxo-15-O-desmethyl-26-O-desmethyl-prolylrapamycin

33. 15-O-desmethyl-38-O-desmethyl-prolylrapamycin

34. 15-O-desmethyl-26-O-desmethyl-prolylrapamycin

35. 15-O-desmethyl-25-desmethoxy-prolylrapamycin

36. 26-desmethoxy-38-O-desmethyl-prolylrapamycin

37. 26-O-desmethyl-38-O-desmethyl-prolylrapamycin

38. 8-deoxo-15-O-desmethyl-prolylrapamycin

39. 8-deoxo-26-desmethoxy-prolylrapamycin
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(continued)

Compound no: Name:

40. 8-deoxo-26-O-desmethyl-prolylrapamycin

41. 8-deoxo-38-O-desmethyl-prolylrapamycin

42. 8-deoxo-prolylrapamycin

43. 15-O-desmethyl-prolylrapamycin

44. 26-O-desmethyl-prolylrapamycin

45. 26-desmethoxy-prolylrapamycin

46. 38-O-desmethyl-prolylrapamycin

47. 9-deoxo-16-O-desmethyl-27-desmethoxy-39-desmethoxy-rapamycin

48. 9-deoxo-16-O-desmethyl-27-O-desmethyl-39-desmethoxy-rapamycin

49. 16-O-desmethyl-27-desmethoxy-39-desmethoxy-rapamycin

50. 9-deoxo-27-desmethoxy-39-desmethoxy-rapamycin

51. 9-deoxo-16-O-desmethyl-39-desmethoxy-rapamycin

52. 16-O-desmethyl-27-O-desmethyl-39-desmethoxy-rapamycin

53. 9-deoxo-27-O-desmethyl-39-desmethoxy-rapamycin

54. 16-O-desmethyl-39-desmethoxy-rapamycin

55. 27-desmethoxy-39-desmethoxy-rapamycin

56. 27-O-desmethyl-39-desmethoxy-rapamycin

57. 9-deoxo-39-desmethoxy-rapamycin

58. 39-O-desmethoxy-rapamycin

59. 8-deoxo-15-O-desmethyl-26-desmethoxy-38-desmethoxy-prolylrapamycin

60. 8-deoxo-15-O-desmethyl-26-O-desmethyl-38-desmethoxy-prolylrapamycin

61. 15-O-desmethyl-26-desmethoxy-38-desmethoxy-prolylrapamycin

62. 8-deoxo-26-desmethoxy-38-desmethoxy-prolylrapamycin

63. 8-deoxo-15-O-desmethyl-38-desmethoxy-prolylrapamycin

64. 15-O-desmethyl-26-O-desmethyl-38-desmethoxy-prolylrapamycin

65. 8-deoxo-26-O-desmethyl-38-desmethoxy-prolylrapamycin

66. 15-O-desmethyl-38-desmethoxy-prolylrapamycin

67. 26-desmethoxy-38-desmethoxy-prolylrapamycin

68. 26-O-desmethyl-38-desmethoxy-prolylrapamycin

69. 8-deoxo-38-desmethoxy-prolylrapamycin

70. 38-desmethoxy-prolylrapamycin

71 9-deoxo-16-O-desmethyl-27-desmethoxy-36-de(3-cis-methoxy-4-trans-hydroxycyclohexyl)-
36-(hydroxycyclohexenyl) rapamycin

72 9-deoxo-16-O-desmethyl-27-desmethoxy-36-de(3-cis-methoxy-4-trans-hydroxycyclohexyl)-
36-(dihydroxy cyclohexyl) rapamycin

73 9-deoxo-16-O-desmethyl-27-desmethoxy-36-de(3-cis-methoxy-4-trans-hydroxycyclohexyl)-
36-(hydroxynorbomyl) rapamycin

74 9-deoxo-16-O-desmethyl-27-desmethoxy-36-de(3-cis-methoxy-4-trans-hydroxycyclohexyl)-
36-(3-methyl-4-hydroxycyclohexyl) rapamycin
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[0140] Further described herein are the following novel rapamycin analogues:

(continued)

Compound no: Name:

75 9-deoxo-16-O-desmethyl-27-desmethoxy-36-de(3-cis-methoxy-4-trans-hydroxycyclohexyl)-
36-(4-methyl hydroxycyclohexyl) rapamycin

76 9-deoxo-16-O-desmethyl-27-desmeth oxy-36-de(3-cis-methoxy-4-trans-hydroxycyclohexyl)-
36-(3-fluoro-4-hydroxycyclohexyl) rapamycin

77 9-deoxo-16-O-desmethyl-27-desmethoxy-36-de(3-cis-methoxy-4-trans-hydroxycyclohexyl)-
36-(3-hydroxy-4-fluorocyclohexyl) rapamycin

78 9-deoxo-16-O-desmethyl-27-desmethoxy-36-de(3-cis-methoxy-4-trans-hydroxycyclohexyl)-
36-(3-chloro-4-hydroxycyclohexyl) rapamycin

79 9-deoxo-16-O-desmethyl-27-desmethoxy-36-de(3-cis-methoxy-4-trans-hydroxycyclohexyl)-
36-(3-hydroxy-4-chlorocyclohexyl) rapamycin

80 9-deoxo-16-O-desmethyl-27-desmethoxy-36-de(3-cis-methoxy-4-trans-hydroxycyclohexyl)-
36-(3-cls-4-cis-dihydroxycyclohexyl) rapamycin

81 9-deoxo-16-O-desmethyl-27-desmethoxy-36-de(3-cis-methoxy-4-trans-hydroxycyclohexyl)-
36-(3-trans-4-trans-dihydroxycyclohexyl) rapamycin

82 9-deoxo-16-O-desmethyl-27-O-desmethyl-39-O-desmethyl rapamycin

83 9-deoxo-16-O-desmethyl-27O-desmethyl-36-de(3-cis-methoxy-4-trans-hydroxycyclohexyl)-
36-(hydroxycyclohexenyl) rapamycin

84 9-deoxo-16-O-desmethyl-27-O-desmethyl-36-de(3-cis-methoxy-4-trans-hydroxycyclohexyl)-
36-(hydroxynorbomyl) rapamycin

85 9-deoxo-16-O-desmethyl-27-O-desmethyl-36-de(3-cis-methoxy-4-trans-hydroxycyclohexyl)-
36-(4-methyl hydroxycyclohexyl) rapamycin

86 9-deoxo-16-O-desmethyl-27-desmethoxy-36-de(3-cis-methoxy-O-trans-hydroxycyclohexyl)-
36-(hydroxycycloheptyl) rapamycin

87 9-deoxo-16-O-desmethyl-27-O-desmethyl-36-de(3-cis-methoxy-4-trans-hydroxycyclohexyl)-
36-(hydroxycycloheptyl) rapamycin

Table III

Compound no: Name:

1. 9-deoxo-16-O-desmethyl-27-desmethoxy-39-O-desmethyl-rapamycin (pre-rapamycin)

2. 9-deoxo-16-O-desmethyl-27-O-desmethyl-39-O-desmethyl-rapamycin

3. 16-O-desmethyl-27-desmethoxy-39-O-desmethyl-rapamycin

5. 9-deoxo-16-O-desmethyl-39-O-desmethyl-rapamydn

6. 9-deoxo-16-O-desmethyt-27-desmethoxy-rapamycin

7. 16-O-desmethyl-27-O-desmethyl-39-O-desmethyl-rapamycin

8. 9-deoxo-27-O-desmethyl-39-O-desmethyl-rapamyan

9. 9-deoxo-16-O-desmethyl-27-O-desmethyl-rapamycin

14. 27-O-desmethyl-39-O-desmethyl-rapamycin

15. 9-deoxo-16-O-desmethyl-rapamycin

18. 9-deoxo-39-O-desmethyl-rapamycin

24. 8-deoxo-15-O-desmethyl-26-desmethoxy-38-O-desmethyl-prolylrapamycin (pre-
prolylrapamycin)
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(continued)

Compound no: Name:

25. 8-deoxo-15-O-desmethyl-26-O-desmethyl-38-O-desmethyl-prolylrapamycin

26. 15-O-desmethyl-26-desmethoxy-38-O-desmethyl-prolylrapamycin

27. 8-deoxo-26-desmethoxy-38-O-desmethyl-prolylrapamycin

28. 8-deoxo-15-O-desmethyl-38-O-desmethyl-prolylrapamycin

29. 8-deoxo-15-O-desmethyl-26-desmethoxy-prolylrapamycin

30. 15-O-desmethyl-26-O-desmethyl-38-O-desmethyl-prolylrapamycin

31. 8-deoxo-26-O-desmethyl-38-O-desmethyl-prolylrapamycin

32. 8-deoxo-15-O-desmethyl-26-O-desmethyl-prolylrapamycin

33. 15-O-desmethyl-38-O-desmethyl-prolylrapamycin

34. 15-O-desmethyl-26-O-desmethyl-prolylrapamycin

35. 15-O-desmethyl-26-desmethoxy-prolylrapamycin

36. 26-desmethoxy-38-O-desmethyl-prolylrapamycin

37. 26-O-desmethyl-38-O-desmethyl-prolylrapamycin

38. 8-deoxo-15-O-desmethyl-prolylrapamycin

40. 8-deoxo-26-O-desmethyl-prolylrapamycin

41. 8-deoxo-38-O-desmethyl-prolylrapamycin

43. 15-O-desmethyl-prolylrapamycin

46. 38-O-desmethyl-prolylrapamycin

47. 9-deoxo-16-O-desmethyl-27-desmethoxy-39-desmethoxy-rapamycin

48. 9-deoxo-16-O-desmethyl-27-O-desmethyl-39-desmethoxy-rapamycin

49. 16-O-desmethyl-27-desmethoxy-39-desmethoxy-rapamycin

50. 9-deoxo-27-desmethoxy-39-desmethoxy-rapamycin

51. 9-deoxo-16-O-desmethyl-39-desmethoxy-rapamycin

52. 16-O-desmethyl-27-O-desmethyl-39-desmethoxy-rapamycin

53. 9-deoxo-27-O-desmethyl-39-desmethoxy-rapamycin

54 16-O-desmethyl-39-desmethoxy-rapamycin

55. 27-desmethoxy-39-desmethoxy-rapamycin

56. 27-O-desmethyl-39-desmethoxy-rapamycin

57. 9-deoxo-39-desmethoxy-rapamycin

59. 8-deoxo-15-O-desmethyl-26-desmethoxy-38-desmethoxy-prolylrapamycin

60. 8-deoxo-15-O-desmethyl-26-O-desmethyl-38-desmethoxy-prolylrapamycin

61. 15-O-desmethyl-26-desmethoxy-38-desmethoxy-prolylrapamycin

62. 8-deoxo-26-desmethoxy-38-desmethoxy-prolylrapamycin

63. 8-deoxo-15-O-desmethyl-38-desmethoxy-prolylrapamycin

64. 15-O-desmethyl-26-O-desmethyl-38-desmethoxy-prolylrapamycin

65. 8-deoxo-26-O-desmethyl-38-desmethoxy-prolylrapamycin

66. 15-O-desmethyl-38-desmethoxy-prolylrapamycin

67. 26-desmethoxy-38-desmethoxy-prolylrapamycin
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[0141] Further described herein are novel rapamycin analogues of Formula II:

(continued)

Compound no: Name:

68. 26-O-desmethyl-38-desmethoxy-prolylrapamycin

69. 8-deoxo-38-desmethoxy-prolylrapamycin

70. 38-desmethoxy-prolylrapamycin

71 9-deoxo-16-O-desmethyl-27-desmethoxy-36-de(3-cis-methoxy-4-trans-hydroxycyclohexyl)-
36-(hydroxycyclohexenyl) rapamycin

72 9-deoxo-16-O-desmethyl-27-desmethoxy-36-de(3-cis-methoxy-4-trans-hydroxycyclohexyl)-
36-(dihydroxy cyclohexyl) rapamycin

73 9-deoxo-16-O-desmethyl-27-desmethoxy-36-de(3-cis-methoxy-4-trans-hydroxycyclohexyl)-
36-(hydroxynorbomyl) rapamycin

74 9-deoxo-16-O-desmethyl-27-desmethoxy-36-de(3-cis-methoxy-4-trans-hydroxycyclohexyl)-
36-(3-methyl-4-hydroxycyclohexyl) rapamycin

75 9-deoxo-16-O-desmethyl-27-desmethoxy-36-de(3-cis-methoxy-4-trans-hydroxycyclohexyl)-
36-(4-methyl hydroxycyclohexyl) rapamycin

76 9-deoxo-16-O-desmethyl-27-desmethoxy-36-de(3-cis-methoxy-4-trans-hydroxycyclohexyl)-
36-(3-fluoro-4-hydroxycyclohexyl) rapamycin

77 9-deoxo-16-O-desmethyl-27-desmethoxy-36-de(3-cis-methoxy-4-trans-hydroxycyclohexyl)-
36-(3-hydroxy-4-fluorocyclohexyl) rapamycin

78 9-deoxo-16-O-desmethyl-27-desmethoxy-36-de(3-cis-methoxy-4-trans-hydroxycyclohexyl)-
36-(3-chloro-4-hydroxycyclohexyl) rapamycin

79 9-deoxo-16-O-desmefhyl-27-desmethoxy-36-de(3-cis-methoxy-4-trans-hydroxycyclohexyl)-
36-(3-hydroxy-4-chlorocyclohexyl) rapamycin

80 9-deoxo-16-O-desmethyl-27-desmethoxy-36-de(3-cis-methoxy-4-trans-hydroxycyclohexyl)-
36-(3-cis-4-cis-dihydroxycyclohexyl) rapamycin

81 9-deoxo-16-O-desmethyl-27-desmethoxy-36-de(3-cis-methoxy-4-trans-hydroxycyclohexyl)-
36-(3-trans-4-trans-dihydroxycyclohexyl) rapamycin

82 9-deoxo-16-O-desmethyl-27-O-desmethyl-39-O-desmethyl rapamycin,

83 9-deoxo-16-O-desmethyl-27O-desmethyl-36-de(3-cis-methoxy-4-trans-hydroxycyclohexyl)-
36-(hydroxycyclohexenyl) rapamycin

84 9-deoxo-16-O-desmethyl-27-O-desmethyl-36-de(3-cis-methoxy-4-trans-hydroxycyctlhexyl)-
36-(hydroxynorbornyl) rapamycin

85 9-deoxo-16-O-desmethyl-27-O-desmethyl-36-de(3-cis-methoxy-4-trans-hydroxycyclohexyl)-
36-(4-methyl hydroxycydohexyl) rapamycin
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where

x = bond or CHR11, or -CHR6-x-CHR5- is

y = bond or CHR12
R1= OH, OCH3
R2= H, OH, OCH3
R3= H, OH, OCH3, alkyl-, halo-, amino-, thiol- residue
R4= H, OH, OCH3, alkyl-, halo-, amino-, thiol- residue
R5= H, alkyl-, halo-, hydroxy- residue
R6= H, alkyl-, halo-, hydroxy- residue
R7= H, alkyl-, halo-, hydroxy- residue
R8, R9= =O or H,H
R10= H, alkyl-, halo-, hydroxy- residue
R11= H, alkyl-, halo-, hydroxy- residue
R12 = H, alkyl, halo-, hydroxy-residue
R13= H, alkyl-, halo-, hydroxy- residue
R14= H, alkyl-, halo-, hydroxy- residue,

[0142] and novel rapamycin analogues of Formula III:
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where:

x = bond or CHR11, or -CHR6-x-CHR5- is

R1= OH, CH3
R2= H, OH, OCH3
R5= H, alkyl-, halo-, hydroxy- residue
R6= H, alkyl-, halo-, hydroxy- residue
R7= H, alkyl-, halo-, hydroxy- residue
R8, R9= =O or H,H
R10= H, alkyl-, halo-, hydroxy- residue
R11= H, alkyl-, halo-, hydroxy- residue
R12= H, alkyl-, halo-, hydroxy-residue
R13= H, alkyl-, halo-, hydroxy- residue
R14= H, alkyl-, halo-, hydroxy- residue
R15=

R16= OH
R17= H, OH, halo-, thiol-, alkyl-

[0143] The present invention provides compounds of formula:
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where:

x = bond or CH2, or -CHR6-x-CHR5- is

R15 =

R1 = OH, OCH3
R2 = H, OH, OCH3
R3 = F, Cl and R4 = H, OH, CH3, F, Cl; or
R4 = F, Cl and R3 = H, OH, CH3, F, Cl, OCH3;
R16 = OH, OCH3
R17 = Cl, F
R5 = H, OH
R6 = H, OH
R8 and R9 together are =O or H,H; and
y = bond, CH2.

[0144] The novel rapamycin analogues described herein are useful directly, and as templates for further semi-synthesis
or bioconversion to produce compounds useful, as immunosuppressants, antifungal agents, anticancer agents, neu-
roregenerative agents or agents for the treatment of psoriasis, rheumatoid arthritis, fibrosis and other hyperproliferative
diseases.
[0145] Therefore in a further aspect, the present invention provides use of the FKBP-ligand analogues generated in
the manufacture of a medicament for the treatment of cancer, the treatment of fungal infections, the treatment of au-
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toimmune, inflammatory, proliferative and hyperprotiferative diseases or the maintenance of immunosuppression.
[0146] One skilled in the art would be able by routine experimentation to determine the ability of these compounds to
inhibit fungal growth (e.g. Baker, H., et al., 1978; NCCLS Reference method for broth dilution antifungal susceptibility
testing for yeasts: Approved standard M27-A, 17(9). 1997), and for example but without limitation using the methods
described in Example 19. Additionally, one skilled in the art would be able by routine experimentation to determine the
ability of these compounds to inhibit tumour cell growth, for example but without limitation using the methods described
in Example 19, (also see Dudkin, L., et al., 2001; Yu et al. 2001). In a further aspect the compounds of this invention
are useful for inducing immunosuppression and therefore relate to methods of therapeutically or prophylactically inducing
a suppression of a human’s, or an animal’s immune system for the treatment or prevention of rejection of transplanted
organs or tissue, the treatment of autoimmune, inflammatory, proliferative and hyperproliferative diseases (examples
include but are not inclusively limited to autoimmune diseases, diabetes type I, acute or chronic rejection of an organ
or tissue transplant, asthma, tumours or hyperprolific disorders, psoriasis, eczema, rheumatoid arthritis, fibrosis, allergies
and food related allergies). Such assays are well known to those of skill in the art, for example but without limitation:
Immunosuppressant activity - Warner, L.M., et al., 1992, Kahan et al. (1991) & Kahan & Camardo, 2001); Allografts -
Fishbein, T.M., et al., 2002, Kirchner et al. 2000; Autoimmune / Inflammatory / Asthma - Carlson, R.P. et al., 1993,
Powell, N. et al., 2001; Diabetes I - Rabinovitch, A. et al., 2002; Psoriasis - Reitamo, S. et al., 2001; Rheumatoid arthritis
- Foey, A., et al., 2002; Fibrosis - Zhu, J. et al., 1999, Jain, S., et al., 2001, Gregory et al. 1993
[0147] The ability of the compounds of this invention to induce immunosuppression may be demonstrated in standard
tests used for this purpose, for example but without limitation using the methods described in example 19. In a further
aspect the compounds of this invention are useful in relation to antifibrotic, neuroregenerative and anti-angiogenic
mechanisms, one skilled in the art would be able by routine experimentation to determine the ability of these compounds
to prevent angiogenesis (e.g. Guba, M., et al., 2002,). One of skill in the art would be able by routine experimentation
to determine the utility of these compounds in stents (e.g. Morice, M.C., et al., 2002). Additionally, one of skill in the art
would be able by routine experimentation to determine the neuroregenerative ability of these compounds (e.g. Myckatyn,
T.M., et al., 2002, Steiner et al. 1997)
[0148] Where any of the following listed compounds and examples do not fall within the scope of the accompanying
claims it is to be understood that they are disclosed for the purposes of understanding the invention, and are thus provided
in an illustrative sense.

Brief description of the Figures

[0149]

Figure 1 Structure of rapamycin, the sections to the left of the line represent the binding domain and those to the
right indicate the effector domain.

Figure 2 Structure of rapamycin (A), FK-506 (B), FK-520 (C) and meridamycin (D)
Figure 3 Plasmid map of pMG55, a double recombination vector with RpsL positive selection and oriT for conjugation.
Figure 4 A flow chart demonstrating the cloning strategy for the isolation of pMAG144-16 to create MG2-10.
Figure 5 Overview over the gene cassettes
Figure 6 Structure of 9-deoxo-16-O-desmethyl-27-desmethoxy-39-O-desmethyl rapamycin
Figure 7 Structure of 9-deoxo-16-O-desmethyl-27-desmethoxy-39-O-desmethyl prolylrapamycin
Figure 8 Structure of 9-deoxo-16-O-desmethyl-27-desmethoxy-39-desmethoxy rapamycin
Figure 9 Structure of 16-O-desmethyl-27-desmethoxy rapamycin
Figure 10 Structures of compounds 1, 2, 4, 5, 6, 8, 9, 15, 16, 17, 18 and 19
Figure 11 Structures of compounds 3, 7, 10, 11, 12, 13, 14, 20, 21, 22 and 23
Figure 12 Structures of compounds 24, 25, 27, 28, 29, 31, 32, 38, 39, 40, 41 and 42
Figure 13 Structures of compounds 26, 30, 33, 34, 35, 36, 37, 43, 44, 45, and 46
Figure 14 Structures of compounds 47, 48, 50, 51, 53 and 57
Figure 15 Structures of compounds 49, 52, 54, 55, 56, and 58
Figure 16 Structure of compounds 61, 64, 66, 67, 68, and 70
Figure 17 Structure of compounds 59, 60, 62, 63, 65, and 69
Figure 18 Pre-rapamycin heteronuclear multiple bond coherence HMBC
Figure 19 Pre-rapamycin heteronuclear multiple quantum coherence HMQC
Figure 20 Pre-rapamycin correlation spectroscopy (COSY) indicated by solid arrows, Pre-rapamycin total correlation

spectroscopy (TOCSY) indicated by dotted arrows.
Figure 21 Corrections in the DNA sequence of rapN, the corrected sequence is shown on top (SEQ ID NO: 1) and

the published sequence (acc no: X86780, nt 91764-92978) is shown underneath (SEQ ID NO: 2).
Figure 22 Corrections in the amino acid sequence of RapN, the corrected sequence is shown on top (SEQ ID NO:
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3) and the published sequence (acc no: X86780) is shown underneath (SEQ ID NO: 4).
Figure 23 Corrections in the DNA sequence of rapM, the corrected sequence is shown on top (SEQ ID NO: 5) and

the published sequence (acc no: X86780, nt 92992-93945 complement) is shown underneath (SEQ ID
NO: 6).

Figure 24 Corrections in the amino acid sequence of RapM, the corrected sequence is shown on top (SEQ ID NO:
7) and the published sequence (acc no: X86780) is shown underneath (SEQ ID NO: 8).

Figure 25 Corrections in the DNA sequence of rapL, the corrected sequence is shown on top (SEQ ID NO: 9), the
published sequence (acc no: X86780, nt 94047-95078 complement) is shown at the bottom (SEQ ID NO: 10).

Figure 26 Corrections in the amino acid sequence of RapL, the corrected sequence is shown at the top (SEQ ID NO:
11) and the published sequence (acc no: X86780) is shown underneath (SEQ ID NO: 12)

Figure 27 Corrections in the DNA sequence of rapK, the corrected sequence is shown at the top (SEQ ID NO: 13)
and the published sequence (acc no: X86780, nt 95430-96434) is shown at the bottom (SEQ ID NO: 14).

Figure 28 Corrections in the amino acid sequence of RapK, the corrected sequence is shown at the top (SEQ ID NO:
15) and the published sequence (acc no: X86780) is shown underneath (SEQ ID NO: 16).

Figure 29 Corrections in the DNA sequence of rapJ, the corrected sequence is shown at the top (SEQ ID NO: 17)
and the published sequence (acc no: X86780, nt 96465-97625) is shown at the bottom (SEQ ID NO: 18).

Figure 30 Corrections in the amino acid sequence of RapJ, the corrected sequence is shown at the top (SEQ ID NO:
19) and the published sequence (acc no: X86780) is shown underneath (SEQ ID NO: 20).

Figure 31 Corrections in the DNA sequence of rapI, the corrected sequence is shown at the top (SEQ ID NO: 21)
and the published sequence (acc no: X86780, nt 97622-98404) is shown at the bottom (SEQ ID NO: 22).

Figure 32 Corrections in the amino acid sequence of Rapl, the corrected sequence is shown at the top (SEQ ID NO:
23) and the published sequence (acc no: X86780) is shown underneath (SEQ ID NO: 24).

Figure 33 Corrections in the DNA sequence of rapQ, the corrected sequence is shown at the top (SEQ ID NO: 25)
and the published sequence (acc no: X86780, nt 90798-91433) is shown at the bottom (SEQ ID NO: 26).

Figure 34 Corrections in the amino acid sequence of RapQ, the corrected sequence is shown at the top (SEQ ID NO:
27) and the published sequence (acc no: X86780) is shown underneath (SEQ ID NO: 28).

Figure 35 A flow chart demonstrating the cloning strategy for the isolation of pMG278-1 to create MG3.
Figure 36 A flow chart demonstrating the cloning strategy for the isolation of pMG267-1 to create MG4.

Materials and Methods

Materials

[0150] All molecular biology enzymes and reagents were from commercial sources. D/L pipecolic acid was obtained
from Sigma.

Starter materials

[0151] Table IV summarises the sources of the acids used in the feeding experiments described in the Examples
section. For those compounds that were purchased details of the source are given. A brief synthetic method is given for
those starter acids that were synthesised in house. A person of skill in the art will appreciate that variations on the
methods described are routine and are within the scope of the present invention.

Table IV

Acid Company Stock 
number

synthesis

cyclohexane carboxylic acid Aldrich 10,183-4

3-cis,4-trans-dihydroxycyclohexane carboxylic acid in house by 
method of 
Lowden PhD 
thesis

1-cyclohexene carboxylic acid Aldrich 32, 836-7

3-cyclohexene carboxylic acid Aldrich 45,375-7

cycloheptane carboxylic acid Aldrich C9,850-0
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(continued)

Acid Company Stock 
number

synthesis

methyl-2-norbornane carboxylate Aldrich S40,932-4

2-(cis/trans)-hydroxycyclohexane carboxylic acid U. 
Nottingham

Syn by Dr R 
Goss

3-(cis/trans)-hydroxycyclohexane carboxylic acid U. 
Nottingham

Syn by Dr R 
Goss

4-(cis/trans)-hydroxycyclohexane carboxylic acid U. 
Nottingham

Syn by Dr R 
Goss

2-(cis/trans)-methylcyclohexane carboxylic acid Aldrich 33,060-4

3-(cis/trans)-methylcyclohexane carboxylic acid Aldrich 33,061-2

4-(cis/trans)-methylcyclohexane carboxylic acid Aldrich 33,062-0

3-(cis/trans)-methoxycyclohexane carboxylic acid Aldrich 33,283-6

4-(cis/trans)-methoxycyclohexane carboxylic acid Aldrich 33,284-4

ethyl 4-cyclohexanone carboxylate Aldrich 32,062-5

ethyl 2-cyclohexanone carboxylate Aldrich 16,699-5

4-trans-n-pentylcyclohexane carboxylic acid Aldrich 26,160-2

2-trans-aminocyclohexane carboxylic acid Aldrich A7331

4-cis-aminocyclohexane carboxylic acid Aldrich 40,485-3

4-(cis/trans)-(aminomethyl)-cyclohexane carboxylic acid Aldrich S42,955-4

Cyclopentane carboxylic acid Aldrich C11,200-3

Cyclobutane carboxylic acid Aldrich C9,560-9

1-methylcyclohexane carboxylic acid Aldrich 14,282-4

Mixture of 3-trans-hydroxy-4-cis-fluorocyclohexane carboxylic acid 
and 4-trans-hydroxy-3-cis-fluorocyclohexane carboxylic acid OR 
mixture of 3-cis-hydroxy-4-trans-fluorocyclohexane carboxylic acid 
and 4-cis-hydroxy-3-trans-fluorocyclohexane carboxylic acid

in house, 
Method B

mixture of 3-cis-hydroxy-4-trans-chlorocyclohexane carboxylic acid 
and 4-cis-hydroxy-3-trans-chlorocyclohexane carboxylic acid

in house, 
Method C

Mixture of 3-trans-hydroxy-4-cis-chlorocyclohexane carboxylic acid 
and 4-trans-hydroxy-3-cis-chlorocyclohexane carboxylic acid

in house, 
Method C

3-trans-cyclohexeneoxide carboxylic acid in house, 
Method A

3-cis-cyclohexeneoxide carboxylic acid in house, 
Method A

Mixture of 3,4-cis-dihydroxycyclohexane carboxylic acid and 3,4-
trans-dihydroxycyclohexane carboxylic acid

in house, 
Method D

Cyclohexaneacetic acid Aldrich C10,450-7

Cyclohexanepropionic acid Aldrich 16,147

4-cis/trans-tert-butylcyclohexane carboxylic acid Aldrich 37,493-8
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Synthesis of 3-cis,4-trans-dihydroxycyclohexane carboxylic acid

[0152]

[0153] Racemic 3-cis,4-trans-dihydroxycyclohexane carboxylic acid was readily attainable from commercially available
racemic 3-cyclohexene carboxylic acid. This acid was epoxidised through treatment with meta-chloroperbenzoic acid
and converted to the lactone in situ by the addition of base (triethylamine), thus setting up the relative stereochemistries.
This lactone was then hydrolysed by the action of aqueous potassium hydroxide, and the final product purified over ion
exchange resin, (see PAS Lowden Thesis 1997, Corey, E. J. and Huang, H., 1989).

Method A:

[0154]

[0155] Epoxides A and B were synthesised by standard steps. Cyclohex-3-ene carboxylic acid was protected with 2-
trimethylsilylethanol following activation with isobutylchloroformate and triethylamine. The resultant ester was treated
with meta-chloroperbenzoic acid and the resultant racemic mix of diastereomers separated on normal phase silica. The
epoxides were either reacted on (see below) or deprotected directly by the treatment of trifluoroacetic acid, to liberate
the respective free acids.

Method B:

[0156]

[0157] A protected epoxide was treated with anhydrous HF-pyridine to effect the ring opening to produce a pair of
racemic regiomers, containing F and OH in a trans arrangement (as previously demonstrated for cyclohexene oxide).
The esters were then deprotected with trifluoroacetic acid to liberate the free acids, (see Welch, J. T. and Seper, K., W.,
1988)

Method C

[0158]
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[0159] A protected epoxide was treated with concentrated hydrochloric acid suspended organic solvent to affect the
ring opening to produce a pair of racemic regiomers, containing Cl and OH in a trans arrangement (as previously
demonstrated for cyclohexene oxide). The esters were then deprotected with trifluoroacetic acid to liberate the free
acids, (see Chini, M., Crotti, P., et al., 1992)

Method D

[0160]

[0161] cis-dihydroxylcyclocarboxylic acids were generated by treating protected epoxides with a catalytic amount of
osmium tetraoxide together with a co-oxidant. The esters were then deprotected with trifluoroacetic acid to liberate the
free acids.

Bacterial strains and growth conditions

[0162] Escherichia coli DH10B (GibcoBRL) was grown in 2xTY medium as described by Sambrook et a/. (1989) and
E. coli ET12567(pUB307) as described in MacNeil et al. (1992) and E. coli ET12567(pUZ8002) as described in Paget
et al. (1999) in 2xTY medium with kanamycin (25 mg/ml). The vectors pUC18 and Litmus28 were obtained from New
England Biolabs. Vector pSET152 is described in Bierman et al., (1992a). E. coli transformants were selected for with
100 mg/ml ampicillin or 50 mg/ml apramycin.
[0163] The rapamycin producer S. hygroscopicus ATCC29253 and its derivatives were maintained on medium 1 agar
plates (see below) at 26°C, and cultivated in TSBGM (Tryptic Soy Broth with 1.0 % glucose and 100 mM MES, pH 6.0)
as described in (Khaw et al., 1998), supplemented with 100 mg/ml apramycin when required.
[0164] Liquid cultures were grown at 25°C in side-baffled Erlenmeyer flasks with shaking at 300 rpm.
[0165] The streptomycin resistant mutant S. hygroscopicus MG1 C was selected using standard procedures and
maintained on medium 1 with streptomycin (50mg/ml).

Feeding methods:

[0166] Spore stocks of all strains were prepared after growth on medium 1, preserved in 20% w/v glycerol: 10% w/v
lactose in distilled water and stored at -80 °C. Vegetative cultures were prepared by inoculating 100ml of frozen stock
into 50ml medium 6 in 250ml flask. The culture was incubated for 36 to 48 hours at 28 °C, 250rpm.
[0167] Feeding procedure: Vegetative cultures were inoculated at 0.5 ml into 7ml medium 7 in 50ml tubes. Cultivation
was carried out for 7 days, 26°C, 250rpm. The feeding/addition of the selected carboxylic acids ("non-natural starters"
or "natural starters") were carried out at 24 and 48 hours after inoculation and were fed at 1 mM or 3mM.

Medium 1: Modified A-medium

[0168]
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[0169] The media was then sterilised by autoclaving 121°C, 15 min.

Medium 2 (Box et al., 1995)

[0170]

Medium 3 (Wilkinson et al., 2000)

[0171]

Medium 4 (U. S. Patent No. 3,993,749)

[0172]

component Source Catalogue # g/l

Corn steep powder Sigma C-8160 2.5 g

Yeast extract Difoc 0127-17 3 g

Calcium carbonate Sigma C5929 3 g

Iron sulphate Sigma F8633 0.3 g

BACTO agar 20 g

Wheat starch Sigma S2760 10 g

Water to 1 L

component g/L

Soy peptone-SL (Marcor) 10

Glucose (Sigma G-7021) 20

Baker’s Yeast 5

NaCl (Sigma) 2

Trace Elements

ZnSO4.7H2O 0.05

MgSO4. 7H2O 0.125

MnSO4. 4H2O 0.01

FeSO4. 7H2O 0.02

Adjust pH to 7.0

component g/L

Dextrose (Sigma) 15

Glycerol (BDH-Merck) 15

Soypeptone (Marcor-SL) 15

NaCl (Fisher) 3

CaCO3 (Sigma) 1

Component g/L

Soybean flour (Arkasoy 50) 30
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Medium 5 (Box et al., 1995)

[0173]

Medium 6: RapV7 Seed medium

[0174]

(continued)

Component g/L

Glucose (Sigma G-7021) 20

Ammonium sulphate 15

KH2PO4 (Sigma) 5

Trace Elements

ZnSO4.7H2O 0.05

MgSO4. 7H2O 0.125

MnSO4. 4H2O 0.01

FeSO4. 7H2O 0.02

Adjust pH to 6.0

Component g/L

Soybean flour (Arkasoy 50) 20

Glucose (Sigma G-7021) 20

Baker’s Yeast 6

K2HPO4 (Sigma) 2.5

KH2PO4 (Sigma) 2.5

NaCl (Sigma) 5

Glycerol (BDH) 30

Soybean oil 10

Trace Elements

ZnSO4.7H2O 0.05

MgSO4. 7H2O 0.125

MnSO4. 4H2O 0.01

FeSO4. 7H2O 0.02

Adjust pH to 6.4

Component Per L

Soy bean flour (Nutrisoy) 5g

Dextrin (White, Prolab) 35g

Corn Steep Solids (Sigma) 4g

Glucose 10g

(NH4)2SO4 2g
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Medium 7: MD6 medium (Fermentation medium)

[0175]

[0176] Before sterilization 0.4ml of Sigma α-amylase (BAN 250) is added to 1 L of medium. Medium is sterilised for
20min at 121°C.

Medium 8: MD3 medium (fermentation medium)

[0177]

(continued)

Component Per L

Lactic acid (80%) 1.6ml

CaCO3(Sigma) 7g

Adjust pH to 7.5 with 1 M NaOH.

Component Per L

Soy bean flour (Nutrisoy) 30g

Corn starch (Sigma) 30g

Dextrin (White, Prolab) 19g

Fructose 20g

Yeast (Allinson) 3g

Corn Steep Solids (Sigma) 1g

L-Lysine 2.5g

KH2PO4 2.5g

K2HPO4 2.5g

(NH4)2SO4 10g

NaCl 5g

CaCO3 (Caltec) 10g

MnCL2
x4H2O 10mg

MgSO4
x7H2O 2.5mg

FeSO4
x7H2O 120mg

ZnSO4
x7H2O 50mg

MES (2-morpholinoethane sulphuric acid monohydrate) 21.2g

pH is corrected to 6.0 with 1M NaOH

Component Per L

Soy flour (Nutrisoy) 31.25 g

White Dextrin (Prolab) 18.75 g

KH2PO4 5 g

(NH4)2SO4 1.25 g

MnCl2.4H2O 10 mg
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Description of Strains

[0178] All strains shared the wild type morphology, with cream vegetative mycelia, white aerial hyphae, developing
grey spores turning black and characteristically hygroscopic.
[0179] Preferably spores for use in the generation of the recombinant strains as described herein were dark grey in
colour, as defined in Fan 4, 202 C to B, more preferably they are as defined in Fan 4, 202 B (Royal Horticultural Society
Colour Chart 2001, available from The Royal Horticultural Society, 80 Vincent Square, London, SW1 P 2PE).

DNA manipulation and sequencing

[0180] DNA manipulations, PCR and electroporation procedures were carried out as described in Sambrook et al.
(1989). Southern hybridisations were carried out with probes labelled with digoxigenin using the DIG DNA labelling kit
as described by the manufacturer (Boehringer Mannheim). DNA sequencing was performed as described previously
(Gaisser et al., 2000).

Fermentation of Streptomyces hygroscopicus strains.

[0181] Streptomyces hygroscopicus strains were cultured from a frozen spore stock in cryopreservative (20% glycerol,
10% lactose w/v in distilled water) on Medium 1 (see Materials and Methods) and spores were harvested after 10-20
days growth at 29°C. Alternatively, spores from frozen working stocks were inoculated directly into pre-culture medium.
A primary pre-culture was inoculated with the harvested spores and cultured in 250 ml Erlenmeyer flasks containing 50
ml Medium 6 (see Materials and Methods), shaken at 250 rpm with a two-inch throw, at 30°C, for two days. The primary
pre-culture was used to inoculate secondary pre-cultures of Medium 6 (see Materials and Methods), at 10% v/v, which
was shaken at 300 rpm with a one-inch throw, at 28°C, for a further 24h. Secondary pre-cultures were used to inoculate,
at 10% v/v, production Medium 8 (see Materials and Methods) containing 0.01% v/v SAG 417 antifoam and allowed to
ferment in a stirred bioreactor for five to seven days at 26°C. Airflow was set to 0.75 vvm, over pressure at 0.5 bar and
the impeller tip speed was controlled between 0.98 ms-1 and 2.67 ms-1. Additional SAG 417 was added on demand. pH
was controlled at 6 - 7 with ammonium (10% v/v) or sulphuric acid (1 M) and glucose solution (40% w/v) was drip fed
on initiation of ammonium demand.

Extraction and High Performance Liquid Chromatography (HPLC) analysis Method (A)

[0182] Centrifugation was carried out on 50 ml of the fermentation broth and the supernatant and the mycelium were
extracted separately as follows. The mycelia were washed with H2O and extracted with 50 ml of methanol for 16 hours
at 4°C. The cell debris was removed by centrifugation, the methanol evaporated to dryness then dissolved in 200 ml
methanol. The supernatant of the fermentation broth was extracted twice with an equal volume of ethyl acetate. The
organic layer was dried over Na2SO4, evaporated to dryness and then dissolved in 200 ml methanol. HPLC analysis
was performed on a Hewlett Packard HP1100 liquid chromatograph with variable wavelength detector or a Finnigan
MAT LCQ (Finnigan, CA) instrument. High-resolution spectra were obtained on a Bruker BioApex II 4.7 T Fourier Trans-
form-Ion Cyclotron Resonance (FT-ICR) mass spectrometer (Bruker, Bremen, FRG).
[0183] For NMR analysis, the bacterial broth was centrifuged, the supernatant extracted with three equal volumes of
ethylacetate and the mycelia extracted with methanol as described above. The extracts were combined, dried (Na2SO4)
and evaporated under reduced pressure to yield a white solid.

(continued)

Component Per L

MgSO4.7H2O 2.5 mg

FeSO4.7H2O 120 mg

ZnSO4.7H2O 50 mg

SAG 417 1.2 mL

pH to 6.4 with NaOH

L-lysine 0.625 g

Glucose (40 % w/v) 50 mL
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[0184] Proton detected NMR spectra (1H, DQF-COSY, TOCSY, HMQC, HMBC, NOESY) were recorded on a Bruker
Advance DRX500 spectrometer which operated at 500 MHz at 27 °C, with the exception of example 6, where the Bruker
Advance DRX500 spectrometer was operated at 500 MHz at 10°C. Chemical shifts are described in parts per million
(ppm) on the δ scale and are referenced to CHCl3 at δH 7.26 (1H) and CHCl3 at δc 77.0 (13C). J values are given in Hertz (Hz).

Extraction, isolation and analysis protocols (B).

Extraction and purification protocol:

[0185] The fermentation broth was clarified by centrifugation to provide supernatant and cells. The supernatant was
applied to a column (16 3 15 cm) of Diaion® HP20 resin (Supelco), washed with water followed by 75% MeOH/H2O
and then eluted with MeOH. The cells were mixed to homogeneity with an equal volume of acetone. After at least 30
minutes the acetone slurry was clarified by centrifugation and the supernatant decanted. The pelleted cells were similarly
extracted twice more with acetone. The acetone extract was combined with the MeOH from the HP20 column and the
solvent was removed in vacuo to give an aqueous concentrate. The aqueous (typically 1-2 L) was extracted with EtOAc
(3 3 1-2 L) and the solvent removed in vacuo to give an oily crude extract (typically 20 g). The oily residue was dissolved
in a minimal volume of EtOAc and dried onto silica. The coated silica was applied to a silica column (400g, 36 3 6 cm)
that was eluted sequentially with acetone/hexane mixtures ranging from 25% acetone initially to 100% acetone. The
fractions containing rapamycin analogues were identified by HPLC (280 nm) using conditions described within:
[0186] The rapamycin analogue-containing fractions were combined and the solvent was removed in vacuo. The
residue was further chromatographed over Sephadex LH20, eluting with 10:10:1 chloroform/heptanelethanol. The sem-
ipurified rapamycin analogues were purified by reverse phase (C18) high performance liquid chromatography using a
Gilson HPLC, eluting a Phenomenex 21.2 3 250 mm Luna 5 mm C18 BDS column at 21 mL/min, isocratic elution with
50% to 70% CH3CN/H2O mixtures depending on the polarity of the rapamycin analogue.

Analysis of culture broths

[0187] An aliquot of whole broth (1 mL) was shaken with CH3CN (1 mL) for 30 minutes. The mixture was clarified by
centrifugation and the supernatant analysed by HPLC with diode array detection. The HPLC system comprised an Agilent
HP1100 equipped with a BDS HYPERSIL C18 3 mm 4.6 3 150 mm column (ThermoHypersil-Keystone) heated to 40°C.
The gradient elution was from 55% mobile phase B to 95% mobile phase B over 10 minutes followed by an isocratic
hold at 95% mobile phase B for 2 minutes with a flow rate of 1 mL/min. Mobile phase A was 10% acetonitrile:90% water,
containing 10 mM ammonium acetate and 0.1% trifluoroacetic acid, mobile phase B was 90% acetonitrile:10% water,
containing 10 mM ammonium acetate and 0.1% trifluoroacetic acid. Rapamycin analogues were identified by the presence
of the characteristic rapamycin triene, centred on 278 nm. FK506 and FK520 analogues are identified by LC-MS analysis.

Analysis by LCMS

[0188] The HPLC system described above was coupled to a Bruker Daltonics Esquire3000 electrospray mass spec-
trometer. The same column and gradient elution scheme were used as described above. Mobile phase A was water,
mobile phase B was acetonitrile. Positive negative switching was used over a scan range of 500 to 1000 Dalton.

Example 1

Conjugation of S. hygroscopicus

[0189] The plasmid to be conjugated into S. hygroscopicus was transformed by electroporation into the dam- dcm-

ET12567 E. coli strain containing either pUB307 as described in MacNeil et al. (1992) or pUZ8002 as described in Paget
et al. (1999). A preculture was used (over night culture, 30°C) to inoculate fresh 2xTY (with 50 mg/ml apramycin and 25
mg/ml kanamycin) at a dilution of 1/25 and grown with shaking at 37°C to an optical density at 595 nm of 0.25-0.6. The
cells from this broth were washed twice with 2xTY, then resuspended with 0.5 ml of 2xTY per 25 ml original culture. The
quality of the spore stock used is critical for the success of this method. In this context the age of the spores when
harvested and the use of medium 1 are crucial for the isolation of high-quality spore suspension. To isolate high- quality
spore suspensions of S. hygroscopicus, pre-dried plates of medium 1 agar (see Materials and Methods section) were
spread with S. hygroscopicus spores or mycelia using standard microbiological techniques followed by incubation at
26°-28°C for 14-21 days. Spores were harvested by addition of 1-2 ml of sterile 20 % w/v glycerol or water by standard
techniques. An aliquot of 200 ml of the S. hygroscopicus spore suspension was washed in 500 ml of 2xTY, resuspended
in 500 ml of 2xTY, subjected to heat shock at 50°C for 10 minutes then cooled on ice. An aliquot of 0.5 ml of the E. coli
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suspension was mixed with the heat-shocked spores and this mixture plated on medium 1 agar plates. These plates
were incubated at 26°-28°C for 16 hours before overlaying with 1 mg of nalidixic acid and 1 mg of apramycin per plate.
Exconjugant colonies usually appeared after 3-7 days.

Use in S.hygroscopicus MG2-10 of an alternative integrating vector, pRT801

[0190] Conjugation was also carried out using the ΦBT1-based integrating vector pRT801 into S.hygroscopicus
MG2-10 as described above. Exconjugants were patched on to medium 1 containing 50mg/ml apramycin and 50mg/ml
nalidixic acid, and shown to be apramycin resistant.

Example 2

[0191] Isolation of the S. hygroscopicus mutant MG2-10 carrying the chromosomal deletion of rapQONMLKJI (Figure
4).
[0192] An S. hygroscopicus mutant (MG2-10) in which the rapamycin modifying genes rapQ, rapO/N, rapM, rapL,
rapK, rapJ and rapI were deleted was constructed as described below.

Isolation of the streptomycin resistant mutant MG1 C:

[0193] S.hygroscopicus NRRL5491 mycelia were spread onto plates of medium 1 containing 50mg/ml streptomycin.
Three colonies were isolated and labelled MG1A, MG1 B and MG1C. These were conjugated as in example 1 with the
plasmid pMG49, a derivative of pSET152 containing the rpsL gene from S.lividans TK24. Exconjugants from each of
these conjugations were patched onto a plate if medium 1 containing 50mg/ml apramycin and 50mg/ml nalidixic acid,
to confirm the presence of the plasmid pMG49. They were then streaked, along with the original strains MG1A, MG1B
and MG1C, onto a both a plate of medium 1 containing no antibiotic and a plate of medium1 containing 50mg/ml
streptomycin. Growth was seen in all cases except the streaks of MG1A [pMG49], MG1 B [pMG49] and MG1C [pMG49]
on streptomycin, indicating that the w.t. rpsL gene from S.lividans TK24 conferred dominant streptomycin sensitivity on
these strains. The production of pre-rapamycin was measured in MG1A, MG1B and MG1C and the best producer,
MG1C, was kept for further work.

Conjugation of S. hygroscopicus MG1C

[0194] Conjugations were carried out as described in example 1 using the streptomycin resistant S. hygroscopicus
MG1C and vector pMG55 derived constructs.

Construction of conjugative double recombination vector pMG55 (Figure 3)

[0195] The primers MAG47 5’-GCAAGCTTGGTACCGACACGCTCGCCGAACAGG-3’ (SEQ ID NO: 29) and MAG48
5’-GCGCATGCCCTAGGGTGTACATTACTTCTCC-3’ (SEQ ID NO: 30) were used to amplify the S.lividans rpsL gene
using the plasmid pRPSL21 (Shima et al., 1996) as a template. The PCR fragment was digested with SphI and HindIII,
isolated and ligated with the 3.2 kb fragment of pSET152 (Bierman et al., 1992b), which had been digested with SphI
and HindIII. After transformation into E. coli DH10B, plasmid pMG55 was isolated. This plasmid was confirmed by
sequencing. Plasmid pMG55 contains the rpsL gene to allow selection for double recombinants (Hosted and Baltz, 1997).

Isolation of the S. hygroscopicus mutant MG2-10 carrying the chromosomal deletion of rapQONMLKJI (Figure 4)

[0196] The primers MAG23 5’-TATCTAGACTTCGCACGTGCCTGGGACA-3’ (SEQ ID NO: 31) and MAG24 5’-
AGAAGCTTACCCAATTCCAACATCACCT-3’ (SEQ ID NO: 32) were used to amplify the left region of homology (from
nt 89298 to nt 90798 in the rapamycin cluster as described in Schwecke et al.(Schwecke et al., 1995) using genomic
DNA prepared from S. hygroscopicus NRRL5491 as a template. The 1.5 kb PCR product was digested with XbaI and
HindIII and ligated into pUC18 cut with XbaI and HindIII. After transformation into E. coli DH10B, the plasmid pMAG127-8
was isolated. The primers MAG25 5’-GGAAGCTTTGACCACACGCCGCCCGTTC-3’ (SEQ ID NO: 33) and MAG26 5’-
ATGCATGCCCGCCGCAACCCGCTGGCCT-3’ (SEQ ID NO: 34) were used to amplify the right region of homology
(from nt 98404 to nt 99904 in the rapamycin cluster as described in Schwecke at al. (1995)) using genomic DNA prepared
from S. hygroscopicus NRRL5491 as a template. The 1.5 kb product of PCR was digested with HindIII and SphI and
ligated into pUC18 cut with HindIII and SphI. After transformation into E. coli DH10B, the plasmid pMAG128-2 was
isolated (Figure 4). Both plasmids were checked by sequence analysis. The plasmid pMAG127-8 was digested with
SphI and HindIII, the plasmid pMAG128-2 was digested with XbaI and HindIII and the 1.5 kb fragments were isolated
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from both plasmids. These fragments were ligated into pUC18 cut with SphI and XbaI and used to transform E. coli
DH10B. The plasmid pMAG131-1 was isolated. This plasmid was digested with SphI and XbaI, the 3 kb fragment was
isolated and ligated into pMG55 cut with SphI and AvrII and the DNA was used to transform E. coli DH10B. The plasmid
pMAG144-16 was isolated and used to conjugate S. hygroscopicus MG1C. An apramycin resistant S. hygroscopicus
colony was isolated, grown for 24 hours in TSBGM with shaking at 26°C, and spread onto medium 1 agar plates containing
50 mg/l streptomycin. Streptomycin resistant colonies were isolated and shown to be apramycin sensitive. The 7606 nt
chromosomal deletion of the rapQONMLKJI region of the rapamycin cluster was verified in the mutant MG2-10 by using
the 1.5 kb PCR product of MAG23 and MAG24 to probe EcoRI- and BamHI-digested chromosomal DNA. Analysis of
the wild type S. hygroscopicus showed the expected 5.8 kb EcoRI and 5.9 kb BamHI band after hybridisation. When
chromosomal DNA of MG2-10 was treated similarly, 9.6 kb EcoRI and 7.6 kb BamHI bands were detected, indicating
that rapQONMLKJI had been removed.

Example 3

[0197] Expression of rapK in the S. hygroscopicus mutant MG2-10 carrying the chromosomal deletion of rapQONMLKJI
(Figure 4)

Construction of expression vector pSGset1

[0198] The pSET152 (Bierman et al., 1992a) derived vector pCJR336 (kindly provided by Christine Martin and Corinne
Squire) was created by cloning the primer dimer of CR347 5’-TAAACTAGTCCATCTGAGAGTTTCATATGGCCCTAT-
TCTGCCCAGCCGCTCTAG AAAT-3’ (SEQ ID NO: 35) and CR348 5’-ATTTCTAGAGCGGCTGGGCAGAATAG-
GGCCATATGAAACTCTCAGATGGACTAG TTTA -3’ (SEQ ID NO: 36) into PvuII digested pSET152 using standard
molecular biological techniques, thus introducing sites for the restriction enzymes Spel, NdeI, and XbaI into pSET152.
The orientation of the insert was confirmed by sequencing. Plasmid pCJR336 was digested using the restriction enzymes
NdeI/SpeI and vector pSG142 (Gaisser et al., 2000) was digested identically. The resulting DNA bands of about 5.4 kb
for pCJR336 and 1.2 kb for pSG142 were isolated followed by a ligation which was used to transform E. coli DH10B.
The vector construct containing the actII-ORF4 regulator region was isolated and digested using the restriction enzyme
XbaI followed by an alkaline phosphatase treatment according to standard protocols. The isolated DNA was ligated with
a fragment of about 200 bp from plasmid pEXoleG2cas (pSG142 derivative containing the ca. 1.2kb NdeI/BglII fragment
of pSGcasOleG2 (WO01/79520) digested with the restriction enzymes XbaI and NheI. Vector pSGset1 was isolated
and the correct orientation of the insert was verified using restriction digests and sequence analysis. Plasmid pSGset1
contains the actII-ORF4 regulator, the Pactl promoter and the 6xHis-tag coding sequence as well as the lambda t0
transcriptional termination region (originating from plasmid pQE-16) and it can integrate site-specifically at the ΦC31
attachment site.

Cloning of rapK

[0199] The gene rapK was amplified by PCR using the primers BIOSG8 5’-GGGCATATGAGGCAATTGACTCCGCCG-
GTCACGGCACCGTACTGCC -3’ (SEQ ID NO: 37) and BIOSG9 5’-GGGGTCTAGAGGTCACGCCACCACACCCTC-
GATCTCGACC -3’ (SEQ ID NO: 38), which introduce a NdeI site at the 5’ end and a XbaI site at the 3’ end of rapK.
Plasmid pR19 (Schwecke et al., 1995) was used as a template. After treatment with T4 polynucleotide kinase using
standard techniques the PCR product was ligated with Smal-cut pUC18 and used to transform E. coli DH10B. The DNA
sequence of rapK in the isolated plasmid pUCrapK was verified by sequence analysis. The differences in the DNA
sequence compared to the published sequence (acc. no. X86780) are shown in Figure 27. The resulting changes in
RapK are shown in Figure 28.

Isolation of pSGsetrapK

[0200] Plasmid pUCrapK was digested with NdeI and XbaI and the insert fragments were isolated and ligated into
identically digested pSGset1. The ligation was used to transform E. coli DH10B using standard procedures and the
transformants were analysed. Plasmid pSGsetrapK, was isolated and the construct was verified using restriction digests
and sequence analysis.
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Example 4

Identification of 9-deoxo-16-O-desmethyl-27 desmethoxy 39-O-desmethyl-rapamycin (pre-rapamycin, Figure 6)

[0201] 9-deoxo-16-O-desmethyl-27-desmethoxy-39-O-desmethyl-rapamycin (pre-rapamycin) was obtained by con-
jugating the S. hygroscopicus strain MG2-10 as described in Example 1 with pSGsetrapK and isolating the products
produced on fermentation. This demonstrates that it is possible to complement the deletion of rapK in the MG2-10 strain
and that, if the strain is fed with pipecolic acid, pre-rapamycin is produced, an analogue which is lacking the post-PKS
modifications.
[0202] The plasmid pSGsetrapK was conjugated into S. hygroscopicus MG2-10 and the strain grown in TSBGM fed
with 2mg/l pipecolic acid at 25°C with shaking. The mycelia were extracted with methanol and the culture broth was
extracted with ethyl acetate as described previously.
[0203] Analysis of the culture broth of the pipecolic acid-fed S. hygroscopicus mutant MG2-10[pSGsetrapK] by HPLC
with UV detection at 280nm revealed the presence of two major new peaks with retention times of 4.0 and 5.1 minutes.
Electrospray mass spectroscopy of these peaks revealed that both contained ions corresponding to a compound with
a MW of 841.5. Neither of these peaks was seen in the culture extractions of the S. hygroscopicus NRRL 5491 strain
or the mutant strain MG2-10 without the rapK expression plasmid pSGsetrapK. MS/MS analysis of the ion with m/z of
864 (corresponding to the sodium adduct of pre-rapamycin) revealed that it fragmented into an ion with m/z of 735
corresponding to the loss of m/z 129 (pipecolic acid), or an ion with m/z of 556 corresponding to the loss of m/z 308
(C28-C42 of pre- rapamycin). This ion itself fragmented further to an ion with m/z 306, corresponding to the loss of m/z
250 (C14 to C27 of pre- rapamycin). This fragmentation pattern was identical to the pattern seen for rapamycin but with
the second loss of m/z (-308) reduced by 14, corresponding to the absence of the C39 O-methyl group, the third loss
of m/z (-250) reduced by 44, corresponding to the absence of the C27 methoxy and C16 O-methyl groups and the final
ion (306) having a mass reduced by 14 corresponding to the absence of the C9 ketone group. This was evidence that
the compound with MW 841.5 represents 9-deoxo-16-O-desmethyl-27-desmethoxy-39-O-desmethyl-rapamycin (pre-
rapamycin).

Example 5

Preparation of gene cassettes for expression in S. hygroscopicus MG2-10

[0204] Gene cassettes able to direct the expression of a variety of rapamycin modifying genes and combinations of
modifying genes were constructed as described below.

Cloning of rapN/O

[0205] The contiguous genes rapN and rapO, hereafter designated rapN/O were amplified by PCR using the primers
BIOSG2 5’-GGGCATATGTCGACGACCGATCAGGGTGAGACCGGAAAGGCCTG -3’ (SEQ ID NO: 39) and.BIOSG3
5’-GGGGTCTAGAGGTCAGTCCTGGGGTTCGAGAAGCTCGCCGGTCTCCTT-3’ (SEQ ID NO: 40), which introduce a
NdeI site at the 5’ end and a XbaI site at the 3’ end of rapN/O. Plasmid pR19 (Schwecke et al., 1995) was used as a
template. After treatment with T4 polynucleotide kinase using standard techniques the PCR product was ligated into
Smal-cut pUC18 and used to transform E. coli DH10B. The DNA sequence of rapN/O in the isolated plasmid pUCrapN/O
was verified by sequence analysis. The differences in the DNA sequence compared to the published sequence (acc.
no. X86780) are shown in Fig 21. The resulting changes in RapN are shown in Fig 22.

Cloning of rapM

[0206] The gene rapM was amplified by PCR using the primers BIOSG4 5’-GGGCATATGATCCAACCCGACGTCGT-
GACCGCCTTCACAGCGG -3’ (SEQ ID NO: 41) and BIOSG5 5’-GGGGTCTAGAGGTCACACGCGGACGGCGATCT-
GGTGCCGATAGG -3’ (SEQ ID NO: 42), which introduce a NdeI site at the 5’ end and a Xbal site at the 3’ end of rapM.
Plasmid pR19 (Schwecke et al., 1995) was used as a template. After treatment with T4 polynucleotide kinase using
standard techniques the PCR product was ligated into SmaI-cut pUC18 and used to transform E. coli DH10B. The DNA
sequence of rapM in the isolated plasmid pUCrapM was verified by sequence analysis. The differences in the DNA
sequence compared to the published sequence (acc. no. X86780) are shown in Fig 23. The resulting changes in RapM
are shown in Fig 24.
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Cloning of rapL

[0207] The gene rapL was amplified by PCR using the primers BIOSG6 5’-GGGCATATGCAGACCAAGGTTCTGT-
GCCAGCGTGACATCAAG -3’ (SEQ ID NO: 43) and BIOSG7 5’-GGGGTCTAGAGGTCACTACAGCGAGTACGGATC-
GAGGACGTCCTCGGGCG -3’ (SEQ ID NO: 44), which introduce a NdeI site at the 5’ end and a Xbal site at the 3’ end
of rapL. Plasmid pR19 (Schwecke et al., 1995) was used as a template. After treatment with T4 polynucleotide kinase
using standard techniques the PCR product was ligated into SmaI-cut pUC18 and used to transform E. coli DH10B. The
DNA sequence of rapL in the isolated plasmid pUCrapL was verified by sequence analysis. The differences in the DNA
sequence compared to the published sequence (acc. no. X86780) are shown in Fig 25. The resulting changes in RapL
are shown in Fig 26.

Cloning of rapLhis

[0208] The gene rapL was amplified by PCR using the primers BIOSG6 5’-GGGCATATGCAGACCAAGGTTCTGT-
GCCAGCGTGACATCAAG -3’ (SEQ ID NO: 43) and BIOSG45 5’-GGAGATCTCAGCGAGTACGGATCGAGGACGTC-
CTCGGGCG -3’ (SEQ ID NO: 45), which introduce a NdeI site at the 5’ end and a BglII site at the 3’ end of rapL. Plasmid
pR19 (Schwecke et al., 1995) was used as a template. After treatment with T4 polynucleotide kinase using standard
techniques the PCR product was ligated into Smal-cut pUC19 and used to transform E. coli DH10B. The DNA sequence
of rapL in the isolated plasmid pUC19rapLhis was verified by sequence analysis.

Cloning of rapK

[0209] The gene rapK was amplified by PCR using the primers BIOSG8 5’-GGGCATATGAGGCAATTGACTCCGCCG-
GTCACGGCACCGTACTGCC -3’ (SEQ ID NO: 37) and BIOSG9 5’-GGGGTCTAGAGGTCACGCCACCACACCCTC-
GATCTCGACC -3’ (SEQ ID NO: 38), which introduce a NdeI site at the 5’ end and a Xbal site at the 3’ end of rapK.
Plasmid pR19 (Schwecke et al., 1995) was used as a template. After treatment with T4 polynucleotide kinase using
standard techniques the PCR product was ligated with SmaI-cut pUC18 and used to transform E. coli DH10B. The DNA
sequence of rapK in the isolated plasmid pUCrapK was verified by sequence analysis. The differences in the DNA
sequence compared to the published sequence (acc. no. X86780) are shown in Fig 27. The resulting changes in RapK
are shown Fig 28.

Isolation of pSGsetrpaN/O, pSGsetrapJ, pSGsetrapM, pSGsetrapQ, pSGsetrapI, pSGsetrapK, and pSGsetrapL

[0210] Plasmids pUCrapN/O, pUCrapJ, pUCrapM, pUCrapl, pUCrapL, pUCrapK and pAHL42 were digested with NdeI
and XbaI and the insert fragments, ranging in size from about 1.3 kb to 0.7 kb, were isolated and ligated into identically
digested pSGset1. The ligations were used to transform E. coli DH10B using standard procedures and the transformants
were analysed. Plasmids pSGsetrapN/O, pSGsetrapJ, pSGsetrapM, pSGsetrapQ, pSGsetrapl, pSGsetrapK, and pSG-
setrapL were isolated and the constructs were verified using restriction digests and sequence analysis.

Cloning of rapJ

[0211] The gene rapJ was amplified by PCR using the primers BIOSG10 5’-GGGCATATGAGCACCGAAGCTCAG-
CAAGAGAGCACGCCCACCGCACGCT-3’ (SEQ ID NO: 46) and BIOSG11 5’-GGGGTCTAGAGGTCACTCCGCTC-
CCCAGGTGACCCGGAGCTCGGC -3’ (SEQ ID NO: 47), which introduce a NdeI site at the 5’ end and a XbaI site at
the 3’ end of rapJ. Plasmid pR19 (Schwecke et al., 1995) was used as a template. After treatment with T4 polynucleotide
kinase using standard techniques the PCR product was ligated with SmaI-cut pUC18 and used to transform E. coli
DH10B. The DNA sequence of rapJ in the isolated plasmid pUCrapJ was verified by sequence analysis. The differences
in the DNA sequence compared to the published sequence (acc. no. X86780) are shown in Fig 29. The resulting changes
in RapJ are shown in Fig 30.

Cloning of rapI

[0212] The gene rapI was amplified by PCR using the primers BIOSG12 5’-GGGCATATGAGCGCGTCCGTGCA-
GACCATCAAGCTGCC -3’ (SEQ ID NO: 48) and BIOSG13 5’-GGGGTCTAGAGGTCAGGCGTCCCCGCGGCG-
GGCGACGACCT -3’ (SEQ ID NO: 49), which introduce a NdeI site at the 5’ end and a XbaI site at the 3’ end of rapI.
Plasmid pAHL2 (kindly provided by Huai-Lo Lee) is derived from pUC18 containing the rapI gene and was used as a
template. After treatment with T4 polynucleotide kinase using standard techniques the PCR product was ligated with
SmaI-cut pUC18 and used to transform E. coli DH10B. The DNA sequence of rapl in the isolated plasmid pUCrapI was
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verified by sequence analysis. The differences in the DNA sequence compared to the published sequence (acc. no.
X86780) are shown in Fig 31. The resulting changes in RapI are shown in Fig 32.

Cloning of rapQ

[0213] The gene rapQ was amplified by PCR using the primers AHL21 5’-CATATGTTGGAATTGGGTACCCGCCTG
-3’ (SEQ ID NO: 50) and AHL22 5’-TCTAGACGCTCACGCCTCCAGGGTG -3’ (SEQ ID NO: 51), which introduce a NdeI
site at the 5’ end and a XbaI site at the 3’ end of rapQ..Plasmid pR19 (Schwecke et al., 1995) was used as a template.
After treatment with T4 polynucleotide kinase using standard techniques the PCR product was ligated with SmaI-cut
pUC18 and used to transform E. coli DH10B. The DNA sequence of rapQ in the isolated plasmid pAHL42 was verified
by sequence analysis. The differences in the DNA sequence compared to the published sequence (acc. no. X86780)
are shown in Fig 33. The resulting changes in RapQ are shown in Fig 34.

Isolation of pUC18eryBVcas

[0214] The gene eryBV was amplified by PCR using the primers casOleG21 (WO01/79520) and 7966 5’-
GGGGAATTCAGATCTGGTCTAGAGGTCAGCCGGCGTGGCGGCGCGTG AGTTCCTCCAGTCGCGGGACGATCT-
3’ (SEQ ID NO: 52) and pSG142 (Gaisser et al., 2000) as template. The PCR fragment was cloned using standard
procedures and plasmid pUC18eryBVcas was isolated with an NdeI site overlapping the start codon of eryBV and an
XbaI and BglII site following the stop codon. The construct was verified by sequence analysis.

Isolation of vector pSGLit1

[0215] The gene eryBV was amplified by PCR using the primers BIOSG1 5’-GGGTCTAGATCCGGACGAACGCATC-
GATTAATTAAGGAGGACACATA -3’ (SEQ ID NO: 53) and 7966 5’-GGGGAATTCAGATCTGGTCTAGAGGTCAGCCG-
GCGTGGCGGCGCGTGAGTTC CTCCAGTCGCGGGACGATCT -3’ (SEQ ID NO: 52), which introduce a XbaI site
sensitive to Dam methylation at the 5’ end and a XbaI site and a BglII site at 3’ end of eryBV. Plasmid pUC18eryBVcas
was used as a template. After treatment with T4 polynucleotide kinase using standard techniques the PCR product was
ligated with SmaI-cut pUC18 and used to transform E. coli DH10B. The construct was then digested using BamHI/BglII
and an about 1.3 kb DNA band was isolated from an agarose gel followed by the ligation with BamHI/BglII digested
Litmus 28 vector DNA using standard procedures. The vector pSGLit1 was isolated and the DNA sequence of the insert
was verified by sequence analysis.

Isolation of pSGsetrpaN/O, pSGsetrapJ, pSGsetrapM, pSGsetrapQ, pSGsetrapl, pSGsetrapK, and pSGsetrapL

[0216] Plasmids pUCrapN/O, pUCrapJ, pUCrapM, pUCrapl, pUCrapL, pUCrapK and pAHL42 were digested with NdeI
and XbaI and the insert fragments ranging in size from about 1.3 kb to 0.7 kb were isolated and ligated into identically
digested pSGset1. The ligations were used to transform E. coli DH10B using standard procedures and the transformants
were analysed. Plasmids pSGsetrapN/O, pSGsetrapJ, pSGsetrapM, pSGsetrapQ, pSGsetrapI, pSGsetrapK, and pSG-
setrapL were isolated and the constructs were verified using restriction digests and sequence analysis.

Isolation of pSGLitrapN/O, pSGLitrapJ, pSGLitrapM, pSGLitrapQ, pSGLitrapl, pSGLitrapK, pSGLitrapL and pSGLitra-
pLhis

[0217] Plasmids pSGsetrpaN/O, pSGsetrapJ, pSGsetrapM, pSGsetrapQ, pSGsetrapI, pSGsetrapK, pSGsetrapL, and
pUC19rapLhis were digested using NdeI/BglII restriction enzymes and the bands ranging from about 0.7 to 1.3 kb were
isolated followed by ligations with pSGLit1 digested with NdeI/BglII. The ligations were used to transform E. coli ET12567
and the transformants were analysed. Plasmids pSGLitrapN/O, pSGLitrapJ, pSGLitrapM, pSGLitrapQ, pSGLitrapI, pS-
GLitrapK, pSGLitrapL and pSGLitrapLhis were isolated.

Isolation of plasmids pSGsetrapKI, pSGsetrapKM, pSGsetrapKN/O, pSGsetrapKL, pSGsetrapKQ and pSGrapKJ

[0218] The plasmids pSGLitrapN/O, pSGLitrapJ, pSGLitrapM, pSGLitrapQ, pSGLitrapI, and pSGLitrapL were digested
using XbaI and the fragments ranging from about 0.8 to 1.3 kb were isolated followed by ligations with pSGsetrapK
digested with XbaI and treated with alkaline phosphatase using standard molecular biological techniques. The ligations
were used to transform E. coli DH10B and the transformants were analysed. Plasmids pSGsetrapKI, pSGsetrapKM,
pSGsetrapKN/O, pSGsetrapKL, pSGsetrapKQ and pSGrapKJ were isolated and the orientation of the insert was verified
by restriction digest analysis. For the addition of rapLhis these constructs were either digested with BglII/XbaI followed
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by partial digest with BglII as appropriate and the isolated vector fragments were ligated with the ∼ 1 kb XbaI/BglII
fragment of pSGLitrapLhis.

Isolation of plasmids pSGsetrapKIJ, pSGsetrapKIM and pSGsetrapKIQ

[0219] The plasmids pSGLitrapJ, pSGLitrapM, and pSGLitrapQ were digested using XbaI and the fragments ranging
from about 0.8 to 1.3 were isolated followed by ligations with pSGsetrapKI digested with XbaI and treated with alkaline
phosphatase using standard molecular biological techniques. The ligations were used to transform E. coli DH10B and
the transformants were analysed. Plasmids pSGsetrapKIJ, pSGsetrapKIM, and pSGrapKIQ were isolated and the ori-
entation of the insert was verified by restriction digest analysis. For the addition of rapLhis these constructs were either
digested with BglII/XbaI followed by partial digest with BglII as appropriate and the isolated vector fragments were ligated
with the ∼ 1kb XbaI/BglII fragment of pSGLitrapLhis.

Isolation of plasmids pSGsetrapKN/OI, pSGsetrapKN/OQ, pSGsetrapKN/OM and pSGsetrapKN/OJ.

[0220] The plasmids pSGLitrapI, pSGLitrapM, pSGLitrapJ, and pSGLitrapQ were digested using XbaI and the frag-
ments ranging from about 0.8 to 1.3 were isolated followed by ligations with pSGsetrapKN/O digested with XbaI and
treated with alkaline phosphatase using standard molecular biological techniques. The ligations were used to transform
E. coli DH10B and the transformants were analysed. Plasmids pSGsetrapKN/OI, pSGsetrapKN/OQ, pSGsetrapKN/OM
and pSGrapKN/OJ were isolated and the orientation of the insert was verified by restriction digest analysis. For the
addition of rapLhis these constructs were either digested with BglII/XbAI followed by partial digest with BglII as appropriate
and the isolated vector fragments were ligated with the ∼ 1 kb XbaI/BglII fragment of pSGLitrapLhis.

Isolation of plasmids pSGsetrapKJM and pSGsetrapKJQ

[0221] The plasmids pSGLitrapM and pSGLitrapQ were digested using XbaI and the fragments ranging from about
0.8 to 1.1 were isolated followed by a ligation with pSGsetrapKJ digested with XbaI and treated with alkaline phosphatase
using standard molecular biological techniques. The ligations were used to transform E. coli DH10B and the transformants
were analysed. Plasmids pSGsetrapKJM and pSGrapKJQ were isolated and the orientation of the insert was verified
by restriction digest analysis. For the addition of rapLhis these constructs were either digested with BglII/XbaI followed
by partial digest with BglII as appropriate and the isolated vector fragments were ligated with the ∼ 1 kb XbaI/BglII
fragment of pSGLitrapLhis.
[0222] Using the same strategy outlined above, the following gene cassettes were isolated:

[0223] An overview is given in Figure 5.
[0224] For the addition of rapLhis these cassette constructs were either digested with BglII/XbaI or with XbaI followed
by partial digest with BglII as appropriate and the isolated vector fragments were ligated with the about 1 kb XbaI/BglII
fragment of pSGLitrapLhis.

Example 6

Isolation of 9-deoxo-16-O-desmethyl-27-desmethoxy-39-O-desmethyl-rapamycin (pre-rapamycin, Figure 6)

[0225] 9-Deoxo-16-O-desmethyl-27-desmethoxy-39-O-desmethyl-rapamycin (pre-rapamycin) was obtained by con-
jugating the S. hygroscopicus strain MG2-10 with pSGsetrapKL and isolating the products generated as described below.
This demonstrates that it is possible to complement the deletion of rapK and rapL in the MG2-10 strain and that pre-
rapamycin is produced, an analogue which is lacking post-PKS modification. The feeding of pipecolic acid is not required
when rapL is complemented confirming that rapL plays a role in the provision of pipecolic acid in the production of
rapamycin.
[0226] S. hygroscopicus MG2-10[pSGsetrapKL] was cultured from a frozen working spore stock in cryopreservative

pSGsetrapKIJM pSGsetrapKN/OJI pSGsetrapKIQN/OM
pSGsetrapKIJQ pSGsetrapKJMN/0 pSGsetrapKJMN/OQ
pSGsetrapKIJN/O pSGsetrapKJQN/O pSGsetrapKIJN/OMQ
pSGsetrapKIMN/O pSGsetrapKIJN/OM pSGsetrapN/OQ

pSGsetrapKIQN/O pSGsetrapKIJN/OQ pSGsetrapKIJMN/OQ
pSGsetrapKN/OMQ pSGsetrapKIMN/OQ
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(20% glycerol, 10% lactose w/v in distilled water) on Medium 1 (see Materials and Methods) and spores were harvested
after 14 days growth at 29°C. A primary pre-culture was inoculated with the harvested spores and cultured in two 250
ml Erlenmeyer flasks containing 50 ml Medium 3 (see Materials and Methods), shaken at 250 rpm with a two-inch throw,
at 30°C, for two days. The primary pre-culture was used to inoculate two secondary pre-cultures of Medium 2 (see
Materials and Methods) and Medium 3, at 10% v/v, which was shaken at 300 rpm with a one-inch throw, at 25°C, for a
further 24h. Four litres of Medium 4 (see Materials and Methods) and Medium 5 (see Materials and Methods) were
prepared containing 0.01% v/v Pluronic L101 antifoam (BASF). Production Medium 4 was inoculated with the secondary
pre-culture in Medium 2 and Production Medium 5 was inoculated with the secondary pre-culture in Medium 3 at 10%
v/v and allowed to ferment in a 7 L stirred bioreactor for five to seven days at 25°C. Airflow was set to 0.75 wm and the
impeller tip speed was controlled between 0.98 ms-1 and 2.67 ms-1. Additional Pluronic L101 was added on demand.
[0227] To confirm the structure of 9-deoxo-16-O-desmethyl-27-desmethoxy-39-O-desmethyl-rapamycin (pre-rapamy-
cin), broths from Medium 4 and Medium 5 were extracted with ethyl acetate and reduced to a crude extract by evaporation.
The extracts were defatted on partition with hexane:methanol:water and flashed through a 70 g silica cartridge starting
with hexane and finishing with acetone. Pre-rapamycin fractions from each fermentation were pooled and flashed through
a C18 cartridge starting with water and finishing with methanol. Pre-rapamycin (8.5 mg) was isolated after chromatography
on Sephadex LH20 using heptane:chloroform:ethanol as the mobile phase. This compound was analysed and the struc-
ture fully confirmed by NMR (Figure 18-20). The 1H and 13C NMR data are given in Table V below.

Table V: 1H and 13C NMR data for pre-rapamycin
Position δH multiplicity coupling δc

1 171.8
2 5.49 52.7

3a 1.76 25.9
3b 2.21
4a 1.21 20.9
4b 1.75
5a 1.47 25.0
5b 1.74

6a 3.27 45.1
6b 3.87 br. d 12.8
8 171.6

9a 2.46 d 12.8 41.4
9b 3.23 d 12.8
10 98.9

11 1.60 38.1
12a 1.52 27.6
12b 1.65†

13a 1.38 31.6
13b 1.53
14 4.00 71.5

15a 1.48 40.6
15b 1.70
16 3.95 br. d 8.1 75.5
17 139.2
18 6.39 122.6
19 6.33 128.1

20 6.17 dd 14.3, 10.7 131.4
21 6.04 130.9
22 5.26 138.1
23 2.21 37.2
24a 1.26 39.8
24b 1.64

25 2.30 45.8
26 215.3
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Example 7

Isolation of 8-deoxo-15-O-desmethyl-26-desmethoxy-38-O-desmethyl-prolylrapamycin (pre- prolylrapamycin, Figure 7)

[0228] Feeding of S. hygroscopicus MG2-10[pSEGrapK] with proline acid resulted in the production pre-prolylrapamy-
cin as described below. This demonstrated that in the absence of rapL alternative pipecolic acid analogues are incor-
porated.
[0229] S. hygroscopicus MG2-10[pSGsetrapK] was grown in TSBGM fed with 1mg/l proline at 25°C with shaking. The
mycelia were extracted with methanol and the culture broth was extracted with ethyl acetate as described previously.
[0230] Analysis of the culture broth of the proline-fed S. hygroscopicus mutant MG2-10[pSGpetrapK] by HPLC with
UV detection at 280nm revealed the presence of two major new peaks with retention times of 4.5 and 4.6 minutes.
Electrospray mass spectroscopy of these peaks revealed that both contained ions corresponding to a compound with
a MW of 827.5. Neither of these peaks were seen in the cultures of S. hygroscopicus NRRL 5491, S. hygroscopicus
MG1C or S. hygroscopicus MG2-10 without the rapK expression plasmid pSGsetrapK. MS/MS analysis of the ion with
m/z of 850 (corresponding to the sodium adduct of pre-prolylrapamycin) revealed that it fragmented into an ion with m/z
of 735 corresponding to the loss of m/z 115 (proline), or an ion with m/z of 542 corresponding to the loss of m/z 308
(C27-C41 of pre-prolylrapamycin). This ion itself fragmented further to an ion with m/z 292, corresponding to the loss of
m/z 250 (C13 to C26 of pre-prolylrapamycin). This fragmentation pattern was identical to the pattern seen for rapamycin
but with the first loss of m/z (-115) reduced by 14 corresponding to the change from pipecolic acid to proline for the
amino acid, the second loss of m/z (-308) reduced by 14, corresponding to the absence of the C38 O-methyl group, the

(continued)

Position δH multiplicity coupling δc

27a 2.42 dd 15.1, 4.7 44.8
27b 2.89 dd 15.1, 5.8
28 4.32 dd 5.5, 4.9 71.4
29 138.6

30 5.26 123.7
31 3.20 45.5
32 208.2
33a 2.58 dd 18.1,4.3 41.5
33b 2.78 dd 18.1,9.6
34 5.18 76.0

35 1.72 31.9
36a 1.00 37.3
36b 1.07
37 1.30 33.1
38a Ax. 0.62 ddd 11.9, 11.9, 11.9 38.2
38b eq. 1.83

39 3.24 74.9
40 3.25 75.9
41a 1.28 31.5
41b 1.94
42a 0.98 32.2

42b 1.61
43 0.98 d 6.6 16.5
44 1.61 s 14.1
45 1.04 d 6.8 21.3
46 0.95 d 6.8 15.2
47 1.66 d 0.9 14.1

48 0.99 d 6.8 15.7
49 0.89 d 6.6 17.4

† Assignment tentative
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third loss of m/z (-250) reduced by 44, corresponding to the absence of the C26 methoxy and C15 O-methyl groups and
the final ion (306) having a mass reduced by 14 corresponding to the absence of the C8 ketone group and the change
from pipecolic acid to proline. This was evidence that the compound with MW of 827.5 represents 8-deoxo-15-O-des-
methyl-26-desmethoxy-38-O-desmethyl-prolylrapamycin (pre-prolylrapamycin).

Example 8

Isolation of 9-deoxo-16-O-desmethyl-27-desmethoxy-39-desmethoxy-rapamycin (39-dehydroxy pre- rapamycin, Figure 
8)

[0231] Feeding of S. hygroscopicus MG2-10[pSGsetrapK] with pipecolic acid and cyclohexane carboxylic acid resulted
in the production of two major compounds, pre-rapamycin which corresponds to the incorporation of the natural starter
unit and 39-dehydroxy pre-rapamycin, which corresponds to the incorporation of the fed starter unit.
[0232] S. hygroscopicus MG2-10[pSGsetrapK] was grown in TSBGM fed with 2mg/l pipecolic acid and 1mM cyclohex-
ane carboxylic acid at 25°C with shaking. The culture broth was extracted with ethyl acetate as described previously.
[0233] Analysis of the culture broth of the cyclohexane carboxylic acid-fed S. hygroscopicus mutant MG2-10[pSGse-
trapK] by HPLC with UV detection at 280nm revealed the presence of one major new peak with a retention time of 5.8
minutes. Electrospray mass spectroscopy of this peak revealed that it contained ions corresponding to a compound with
a MW of 825.5. This peak was not seen in the cultures of S. hygroscopicus NRRL5491, S. hygroscopicus MG1C or S.
hygroscopicus MG2-10 without the rapK expression plasmid pSGsetrapK. MS/MS analysis of the ion with m/z of 848
(corresponding to the sodium adduct of 39-dehydroxy pre-rapamycin) revealed that it fragmented into an ion with m/z
of 719 corresponding to the loss of m/z 129 (pipecolic acid), or an ion with m/z of 556 corresponding to the loss of m/z
292 (C28-C42 of 39-dehydroxy pre-rapamycin). This ion itself fragmented further to an ion with m/z 306, corresponding
to the loss of m/z 250 (C14 to C27 of 39-dehydroxy pre-rapamycin). This fragmentation pattern was identical to the
pattern seen for pre- rapamycin but with the second loss of m/z (-292) reduced by 16, corresponding to the absence of
the C39 hydroxy group. This was evidence that the compound with MW 825.5 represents 9-deoxo-16-O-desmethyl-27-
desmethoxy-39-desmethoxy-rapamycin (39-dehydroxy-pre-rapamycin).

Example 9

Isolation of 16-O-desmethyl-27-desmethoxy-rapamycin (Figure 9)

[0234] The S hygroscopicus strain MG2-10 was conjugated with pSGsetrapKIJ as described in Example 1. Feeding
of this strain with pipecolic acid and isolation of the products produced on fermentation resulted in the production of
16-0-desmethyl-27-desmethoxy-rapamycin.
[0235] The plasmid pSGsetrapKIJ (Figure 5) was conjugated into S. hygroscopicus MG2-10 and the strain grown in
TSB GM fed with 2mg/l pipecolic acid at 25°C with shaking. The mycelia were extracted with methanol and the culture
broth extracted with ethyl acetate as described previously.
[0236] Analysis of the extracts of the S. hygroscopicus mutant MG2-10[pSGsetrapKIJ] by electrospray mass spec-
troscopy revealed one major new peak of retention time 4.3 minutes which contained ions corresponding to a compound
with a MW of 869. This peak was not seen in the cultures of S. hygroscopicus NRRL 5491, S. hygroscopicus MG1C S.
hygroscopicus MG2-10 with or without the rapK expression plasmid pSGsetrapK. MS/MS analysis of the ion with m/z
of 892 (corresponding to the sodium adduct of 16-O-desmethyl-27-desmethoxy-rapamycin) revealed that it fragmented
into an ion with m/z of 763 corresponding to the loss of m/z 129 (pipecolic acid), or an ion with m/z of 570 corresponding
to the loss of m/z 322 (C28-C42 of 16-O-desmethyl-27-desmethoxy-rapamycin). This ion itself fragmented further to an
ion with m/z 320, corresponding to the loss of m/z 250 (C14 to C27 of 16-O-desmethyl-27-desmethoxy-rapamycin). This
fragmentation pattern was identical to the pattern seen for rapamycin but with the third loss of m/z (-250) reduced by
44, corresponding to the absence of the C16 methyl and C27 methoxy groups. This was evidence that the compound
with MW 869 was 16-0-desmethyl-27-desmethoxy-rapamycin.

Example 10

Array feeding

[0237] S. hygroscopicus MG2-10[pSGsetrapKI] was used to carry out an array feeding. Primary vegetative cultures
were prepared by innocculating medium with spore stock as described in the Materials and Methods. TSB GM medium
was inoculated at 10% v/v using methods described in the materials and methods section. The following compounds
were added as indicated in Table VI below
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[0238] The cultures were incubated, extracted and measured using techniques described in the Material and Method
section. Table VII shows the results of the analysis showing the ion (m/z) observed for each combination of starter
carboxylic acid and amino acid:

[0239] These data demonstrate incorporation of the fed compounds.

Example 11

Complementation of S.hygroscopicus MG2-10 with fkbO

[0240] To assess whether rapK homologous genes such as fkbO in S.hygroscopicus var. ascomyceticus and S.tsu-
kubaensis, and orf5 in the partially sequenced ’hyg’ cluster (Ruan et al., 1997) fulfil similar functions, complementation
assays were carried out using fkbO as described below.

Isolation of pMG169-1

[0241] The gene fkbO from Strepomyces hygroscopicus var. ascomyceticus (ATCC 14891), an FK520 producer, was
amplified by PCR using the primers fkbof 5’-GGGCATATGACCGATGCCGGACGCCA 3’ (SEQ ID NO: 54) and fkbor 5’
GGGGTCTAGATCACGCCACCATGCCTTCGA 3’ (SEQ ID NO: 55), introducing a NdeI site at the 5’end and a XbaI site
at the 3’end of fkbO. Genomic DNA isolated from S.hygroscopicus var. ascomyceticus (ATCC 14891) was used as a
template. The amplified PCR product was subjected to digestion with NdeI and XbaI and ligated with NdeI-XbaI cut
pSGsetI. The ligation was used to transform E.coli DH10B and the transformants were analysed using methods described
in the Materials and Methods section. Plasmid pMG169-1 was isolated and verified by restriction digestion and S.hy-
groscopicus MG2-10 was transformed using methods described in the Materials and Methods section.

Table VI:

cyclohexane carboxylic acid 
(1mM)

cyclohex-1-ene 
carboxylic acid (1mM)

cycloheptane carboxylic acid 
(1mM)

L-lysine (25.3mM) X X X

L-proline (44.7mM) X X X

DL-pipecolinic acid 
(39.8mM)

X X X

trans-4-hydroxy proline 
(13mM)

X X X

cis-4-hydroxy proline 
(0.2mM)

X X X

Table VII

cyclohexane carboxylic 
acid

cyclohex-1-ene carboxylic 
acid

cycloheptane carboxylic 
acid

L-lysine 848.5 848.5 862.4

L-proline 834.5 834.5 848.5

DL-pipecolinic acid 848.5 848.5 862.4

trans-4-hydroxy 
proline

850.5 850.5 864.5

cis-4-hydroxy 
proline

850.5 n.a. 864.5
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Heterologous complementation of rapK by fkbO

[0242] S.hygroscopicus MG2-10[pMG169-1] was grown in TSBGM fed with 2mg/l pipecolic acid at 25°C with shaking.
The culture broth and mycelia were extracted using methods described in the Materials and Methods section (Method
A). Analysis of the extract with UV detection at 280nm revealed the presence of two major new peaks with retention
times of 4.5 and 4.6 minutes. Electrospray mass spectroscopy of these peaks revealed that both contained ions with a
MW of 827.5 corresponding to two isomers of pre-rapamycin (Example 7).

Example 12

Efficient production of 9-deoxo-16-O-desmethyl 27-desmethoxy 39-desmethoxy rapamycin (39-dehyroxy pre-rapamycin, 
Figure 8) in the absence of competition by endogenous starter unit by feeding to a rapK knockout mutant

[0243] The ability of S. hygroscopicus strains MG2-10 and MG2-10[pSGsetrapK] to incorporate a different starter unit,
cyclohexane carboxylic acid, was compared as described below. When fed cyclohexane carboxylic acid and pipecolic
acid MG2-10 produced only one compound (39-dehydroxy pre-rapamycin) corresponding to incorporation of the fed
starter unit only, whereas MG2-10[pSGsetrapK] produced two compounds in a 1:1 ratio, 39-dehydroxy pre-rapamycin
and pre-rapamycin. This demonstrated that rapK is required for the incorporation of the natural endogenous starter unit
and a rapK knock-out strain had no competition of the endogenous starter unit with the fed starter unit.
[0244] S. hygroscopicus MG2-10 was grown on TSBGM fed with 2 mg/L pipecolic acid and 1 mM cyclohexane car-
boxylic acid at 25°C with shaking. The culture broth was extracted with ethyl acetate as described previously. Analysis
of the extracts by HPLC with UV detection at 280 nm revealed the presence of one new major peak with a retention
time of 5.8 min. However, S. hygroscopicus MG2-10[pSGsetrapK] (Example 4), produced pre-rapamycin (Figure 6) in
addition to 39-dehydroxy pre-rapamycin in a ratio of ∼1:1 when fed with cyclohexane carboxylic acid (Example 8, Figure
8). Surprisingly, feeding of cyclohexane carboxylic acid to S. hygroscopicus MG2-10 resulted in a single product, 39-
dehydroxy pre-rapamycin. The endogenous starter, 4,5-dihydroxycyclohex-1-ene carboxylic acid, was not incorporated
in the absence of rapK. There was therefore no competition between the incorporation of the fed carboxylic acid and
the endogenous starter.

Example 13

Elucidation of the function of RapM

[0245] Cultures of Streptomyces lividans TK24, S. lividans TK24[pSGsetrapM] and S. lividans TK24[pSGsetrapQ]
were grown in TSBGM with shaking at 30°C and fed with 20 mg/ml of pre-rapamycin. Controls remained unfed. After a
further 5 days incubation, the cultures were extracted with ethylacetate and brought to dryness. Reconstitution and
analysis by LC-MS identified no production of rapamycin analogues in the unfed controls. Two major new peaks were
identified in the extract of S. lividans TK24[pSGsetrapM] fed pre-rapamycin, one at 2.5 min and one at 7.9 min. Electro-
spray mass spectroscopy of these peaks revealed that both contained ions corresponding to a compound with a MW
of 855.6, consistent with 9-deoxo-16-O-methyl-27-desmethoxy-39-O-desmethyl-rapamycin (16-O-methyl-pre-rapamy-
cin). Two isomers were commonly observed when extracts were analysed by LC-MS in the absence of TFA. No new
peaks were identified in the extracts of S. lividans TK24 or S. lividans TK24[pSGsetrapQ]. Unmodified pre-rapamycin
was clearly evident. RapM was clearly responsible for methylation at the C16 hydroxyl, RapQ was not specific for this site.

Example 14

Elucidation of the function of RapJ

[0246] Cultures of S. lividans TK24, S. lividans TK24[pSGsetrapK], S. lividans TK24[pSGsetrapJ] and S. lividans
TK24[pSGsetrapKJ] were grown in TSBGM with shaking at 30°C and fed with 40 mg/ml of pre-rapamycin. Controls
remained unfed. After a further 5 days incubation, the cultures were extracted with ethylacetate and brought to dryness.
Reconstitution and analysis by LC-MS identified no production of rapamycin analogues in the unfed controls. One major
new peak at 4.9 min was identified in the extracts of S. lividans TK24[pSGsetrapKJ] and S. lividans TK24[pSGsetrapJ]
fed pre-rapamycin. Electrospray mass spectroscopy of this peak revealed that it contained ions corresponding to a
compound with a MW of 855.5, consistent with 16-O-desmethyl-27-desmethoxy-39-O-desmethyl-rapamycin (C9 oxo-
pre-rapamycin). In extracts of S. lividans TK24 and S. lividans TK24[pSGsetrapK] fed with pre-rapamycin, no new peaks
were identified. Unmodified pre-rapamycin was clearly evident.
[0247] Due to the homology of RapJ with FkbD of the FK506 and FK520 cluster, RapJ has been postulated to oxidise
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pre-rapamycin at C9 to 9-hydroxy-16-O-desmethyl-27-desmethoxy-39-O-desmethyl-rapamycin (C9 OH-pre-rapamycin).
RapK has been postulated to be responsible for the further conversion to the ketone. Surprisingly, in the presence of
RapJ, but in the absence of RapK, 16-O-desmethyl-27-desmethoxy-39-O-desmethyl-rapamycin (C9 keto-pre-rapamy-
cin) was formed. RapJ clearly has an oxidative function at C9, complete conversion to the ketone was observed. RapK
does not have an oxidative function at C9.

Example 15

[0248] Plasmids containing the following combinations of rapamycin modifying genes were constructed as described
below: pMG260 (rapI, rapJ, rapN, rapO, and rapL), pMG261 (rapI, rapJ, rapN, rapO, rapM and rapL), pMG262 (rapl,
rapJ, rapN, rapO, rapM, rapQ and rapL) pMG236 (rapN, rapO, rapQ and rapL) and pMG238 (rapJ and rapL).

Isolation of plasmids pMG236 and pMG238

[0249] The plasmids pSGsetrapNOQ and pSGsetrapJ were digested using BglII/XbaI and the isolated vector fragments
were ligated with the 1 kb XbaI/BglII fragment of pSGLitrapLhis. Plasmids pMG236 (expressing rapN, rapO, rapQ and
rapL) and pMG238 (expressing rapJ and rapL) respectively, were isolated.

Isolation of plasmids pMG260, pMG261 and pMG262

[0250] The plasmids pSGSetrapKIJNOL, pSGSetrapKIJMNOL, and pSGSetrapKIJMNOQL were digested using BglII
and the isolated insert fragments (containing the rapamycin cluster genes from the BglII site in rapI to the BglII site after
rapL) were ligated with the vector-containing fragment from pSGSetrapI digested with BglII. Plasmids pMG260 (express-
ing rapI, rapJ, rapN, rapO, and rapL), pMG261 (expressing rapI, rapJ, rapN, rapO, rapM and rapL), and pMG262
(expressing rapI, rapJ. rapN, rapO, rapM, rapQ and rapL) were isolated.

Example 16

[0251] An S.hygroscopicus mutant (MG3) carrying the chromosomal deletion of rapK was constructed as described
below. Heterologous complementation of rapK with fkbO can then be performed as described and will result in the
restoration of rapamycin production demonstrating that fkbO is able to complement the function of rapK in S. hygro-
scopicus.

Isolation of the S.hygroscopicus mutant MG3 carrying the chromosomal deletion of rapK

[0252] The primers RAPKF1 5’-CAAAGCTTCCTGGCGCGGTTCGGCCGGCA-3’ (SEQ ID NO: 56) and RAPKF2 5’-
TGGCATGCCCTTCCCCGCCGTTCCCTGGC-3’ (SEQ ID.NO: 57) were used to amplify the left region of homology
outside the gene rapK (from nt94403 to nt95429 in the rapamycin cluster as described in Schwecke et al., 1995) using
genomic DNA prepared from S.hygroscopicus NRRL5491 as a template. The 1 kb PCR product was phosphorylated
using T4 polynucleotide kinase and ligated into dephosphorylated SmaI cut pUC18. After transformation into E.coli
DH10B, the plasmid pMG233-7 was isolated. The primers RAPKR1 5’-TGGCATGCCCCCGCCGAGCTGACCTGGAA-
3’ (SEQ ID NO: 58) and RAPKR2 5’-GTTCTAGAGCTTACGCGTGATGTCGAACG-3’ (SEQ ID NO: 59) were used to
amplify the right region of homology outside the gene rapK (from nt96435 to nt97428 in the rapamycin cluster as described
in Schwecke et al., 1995) using genomic DNA prepared from S.hygroscopicus NRRL5491 as a template. The 1 kb PCR
product was phosphorylated using T4 polynucleotide kinase and ligated into dephosphorylated Smal cut pUC18. After
transformation into E.coli DH10B, the plasmid pMG257-7 was isolated. Both plasmids were checked by sequence
analysis. The plasmid pMG233-7 was digested with SphI/XbaI and the 3.7kb fragment was isolated, pMG257-7 was
digested with Sphl/Xbal and the 1 kb fragment isolated. These fragments were ligated and used to transform E.coli
DH10B. The plasmid pMG268-12 was isolated. This plasmid was digested with HindIII/XbaI and the 2kb fragment isolated
and ligated into pMG55 cut with HindIII/XbaI and the DNA was used to transform E.coli DH10B. The plasmid pMG278-1
was isolated and used to conjugate S.hygroscopicus MG1C.
[0253] An apramycin resistant colony is isolated, and is grown for 24 hours in TSBGM with shaking at 30°C and spread
onto medium 1 agar plates containing 50ug/l streptomycin. Streptomycin resistant colonies are isolated and shown to
be apramycin sensitive. The 1004nt chromosomal deletion of rapK can be verified in the mutant MG3 by Southern
blotting. An overview is given in Figure 35.
[0254] S.hygroscopicus MG3 is grown in TSBGM at 26°C with shaking. The culture broth and mycelia are extracted
using methods as described in the Materials and Methods section. Analysis of the extract with UV detection reveals the
presence of no peaks with the characteristic rapamycin triene.
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Expression of fkbO in the S.hygroscopicus mutant MG3 carrying the chromosomal deletion of rapK

[0255] Plasmid pMG169-1 (described in example 11) is transformed into S.hygroscopicus mutant MG3 using methods
as described in the Materials and Methods section.

Heterologous complementation of rapK by fkbO

[0256] S.hygroscopicus MG3pMG169-1 is grown in TSBGM at 26°C with shaking. The culture broth and mycelia arere
extracted using methods as described in the Materials and Methods section. Analysis of the extract with UV detection
at 280nm reveals the presence of two major new peaks. Electrospray mass spectroscopy of these peaks reveals that
these contain ions with a MW of 913 corresponding to rapamycin.

Example 17

Isolation and heterologous complementation of the S.hygroscopicus var ascomyceticus mutant MG4 carrying the chro-
mosomal deletion of fkbO

Isolation of the S.hygroscopicus var ascomyceticus mutant MG4 carrying the chromosomal deletion of fkbO

[0257] The primers FKOF1 5’-GCTCTAGAGCCCGCGGCTCGCCGGACACG-3’ (SEQ ID NO: 60) and FKOF2 5’-
CCCCTGCAGGCGTCCGGCATCGGTCATCAG-3’ (SEQ ID NO: 61) were used to amplify the left region of homology
(from nt45750 to nt46751 in the ascomycin cluster as described in Wu et al., 2000) using genomic DNA prepared from
S.hygroscopicus var ascomyceticus ATCC14891 as a template. The 1kb PCR product was phosphorylated using T4
polynucleotide kinase and ligated into dephosphorylated SmaI cut pUC18. After transformation into E.coli, DH10B, the
plasmid pMG258-4 was isolated. The primers FKOR1 5’-CGCCTGCAGGGATACGGTCCGCCGGGTCTGC-3’ (SEQ ID
NO: 62) and FKOR2 5’-CCAAGCTTGTACGGTTCGCCACGGGCGTGC-3’ (SEQ ID NO: 63) were used to amplify the
right region of homology (from nt47785 to nt48781 in the rapamycin cluster as described in Wu et al., 2000) using
genomic DNA prepared from S.hygroscopicus var ascomyceticus ATCC14891 as a template. The 1 kb PCR product
was phosphorylated using T4 polynucleotide kinase and ligated into dephosphorylated Smal cut pUC18. After transfor-
mation into E coli DH10B, the plasmid pMG259-5 was isolated. Both plasmids were checked by sequence analysis. The
plasmid pMG258-4 was digested with SbfI/HindIII and the 3.7kb fragment was isolated, pMG259-5 was digested with
SbfI/HindIII and the 1 kb fragment isolated. These fragments were ligated and used to transform E.coli DH10B. The
plasmid pMG265-1 was isolated. This plasmid was digested with HindHI/EcoRI and the 2kb fragment isolated and ligated
into pMG55 cut with HindIIIEcoRI and the DNA was used to transform E.coli DH10B. The plasmid pMG267-1 was isolated
and used to conjugate S.hygroscopicus var ascomyceticus ATCC14891.
[0258] An apramycin resistant colony is isolated and is grown for 24 hours in TSBGM with shaking at 30°C and spread
onto medium 1 agar plates containing 50ug/l streptomycin. Streptomycin resistant colonies are isolated and shown to
be apramycin sensitive. The 1034nt chromosomal deletion of fkbO can be verified in the mutant MG4 by Southern
blotting. An overview is given in Figure 36.

Expression of RapK in the S.hygroscopicus var ascomyceticus mutant MG4 carrying the chromosomal deletion of fkbO

[0259] Plasmid pSGsetRapK is transformed into S.hygroscopicus mutant MG4 as described in the Materials and
Methods section.

Heterologous complementation of fkbO by rapK

[0260] S.hygroscopicus varascomyceticus MG4 pSGSetRapK is grown in TSBGM at 26°C with shaking. The culture
broth and mycelia are extracted using methods as described in the Materials and Methods section. The extract is analysed
by LC-MS to reveal the presence of a major new peak and to reveal that this contains ions that correspond to FK520
(ascomycin).

Example 18

[0261] It is obvious to those skilled in the art that other biosynthetic clusters that encode FKBP-ligands for example,
FK506, can be modified such that the rapK homologue is deleted or inactivated using the methods as described herein.
In FK506, for example, this could be done by amplifying PCR products against the regions either side of the fkbO gene
(sequence accession number AF082099, AF082100), ligating these together in a vector such as pMG55, transforming



EP 1 521 828 B1

64

5

10

15

20

25

30

35

40

45

50

55

the FK506-producing strain, selecting for the double crossover and confirming the removal of the fkbO gene by southern
blotting.

Example 19

Incorporation of non-natural starter units by the rapK deletion strain, S. hygroscopicus MG2-10, into rapamycin analogues 
in the absence of competition by endogenous natural starter unit.

[0262] As demonstrated in examples 10 and 12, the rapamycin PKS has a high degree of flexibility for non-natural
starter units and in the absence of rapK, the system is free of competition from the natural starter. In this example, the
degree of flexibility is further demonstrated.
[0263] S. hygroscopicus MG2-10 was grown, fed and extracted according to the feeding, extraction and analysis
methods outlined in Materials and Methods (Method B). The range of carboxylic acids fed along with the compounds
generated are listed below. Surprisingly, all of the carboxylic acids listed were incorporated as determined by observing
the characteristic UV chromophore at 278 nm and electrospray mass spectrometry and resulted in the production of
rapamycin analogues.
[0264] The rapamycin analogues generated corresponded to the formula below as described in Table VIII:

R16 = OH
R17 = H, OH, halo, thiol, alkyl
y = bond, CH2
R15 =
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Table VIII

Carboxylic acid starter unit fed. M-H [M+K] Compound generated

cyclohexane carboxylic acid 824.7 864.6 R15 = E, R16 = 4-OH, y = bond, in 
combination with R1 = OH, R2 = H, R5 
= H, R6 = H, R7 = H, R8 = H, R9 = H, 
R10 = H, x = CH2

3-cis,4-trans-dihydroxycyclohexane carboxylic acid 840.5 880.4 R15 = C, R16 = 3-cis-OH, R17 = 4-
trans-OH, in combination with R1 = 
OH, R2 = H, R5 = H, R6 = H, R7 = H, 
R8 = H, R9 = H, R10 = H, x = CH2

1-cyclohexene carboxylic acid 824.4 864.3 R16 = E, R16 = 3-OH, y = bond, in 
combination with R1 = OH, R2 = H, R5 
= H, R6 = H, R7 = H, R8 = H, R9 = H, 
R10 = H, x = CH2

3-cyclohexene carboxylic acid 840.5 880.4 R15 = C, R16 = OH, R17 = OH, in 
combination with R1 = OH, R2 = H, R5 
= H, R6 = H, R7 = H, R8 = H, R9 = H, 
R10 = H, x = CH2

822.4 862.3 R15 = A, R16 = OH, R17 = H, in 
combination with R1 = OH, R2 = H, R5 
= H, R6 = H, R7 = H, R8 = H, R9 = H, 
R10 = H, x = CH2

cycloheptane carboxylic acid 838.4 878.3 R15 = E, R16 = OH, y = CH2, in 
combination with R, = OH, R2 = H, R5 
= H, R6 = H, R7 = H, R8 = H, R9 = H, 
R10 = H, x = CH2

Methyl 2-norbornane carboxylate 836.2 876.2 R15 = B, R16 = OH, R17 = H, in 
combination with R1 = OH, R2 = H, R5 
= H, R6 = H, R7 = H, R8 = H, R9 = H, 
R10 = H, x = CH2

3-hydroxycyclohexane carboxylic acid 824.7 864.6 R15 = E, R16 = 3-OH, y = bond, in 
combination with R1 = OH, R2 = H, R5 
= H, R6 = H, R7 = H, R8 = H, R9 = H, 
R10 = H, x = CH2

4-hydroxycyclohexane carboxylic acid 824.6 864.6 R15 = E, R16 = 4-OH, y = bond, in 
combination with R1 = OH, R2 = H, R5 
= H, R6 = H, R7 = H, R8 = H, R9 = H, 
R10 = H, x = CH2

3-methylcyclohexane carboxylic acid 838.4 878.3 R16 = F, R17 = OH, in combination with 
R1 = OH, R2 = H, R5 = H, R6 = H, R7 
= H, R8 = H, R9 = H, R10 = H, x = CH2

4-methylcyclohexane carboxylic acid 838.4 878.3 R15 = D, R17 = OH, in combination with 
R1 = OH, R2 = H, R5 = H, R6 = H, R7 
= H, R8 = H, R9 = H, R10 = H, x = CH2

3-(cis/trans)methoxycyclo hexane carboxylic acid 824.3 864.2 R15 = E, R16 = 3-OH, y = bond, in 
combination with R1 = OH, R2 = H, R5 
= H, R6 = H, R7 = H, R8 = H, R9 = H, 
R10 = H, x = CH2
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Example 20

Incorporation of non-natural starter units by the rapK deletion strain, S. hygroscopicus MG2-10[pSGsetrapN/OQLhis], 
into rapamycin analogues in the absence of competition by endogenous natural starter unit.

[0265] As demonstrated in examples 10, 12 and 19, the rapamycin PKS has a high degree of flexibility for non-natural
starter units and in the absence of rapK, the system is free of competition from the natural starter. In this example, the
degree of flexibility is further demonstrated.
[0266] S. hygroscopicus MG2-10[pSGsetrapN/OQLhis] was grown, fed and extracted according to the feeding, extrac-
tion and analysis methods outlined in Materials and Methods (Method B). The range of carboxylic acids fed along with
the compounds generated are listed below. Surprisingly, all of the carboxylic acids listed were incorporated as determined
by observing the characteristic UV chromophore at 278 nm and electrospray mass spectrometry and resulted in the
production of rapamycin analogues.
[0267] The rapamycin analogues generated corresponded to the formula below as described in Table IX:

(continued)

Carboxylic acid starter unit fed. M-H [M+K] Compound generated

4-(cis/trans)methoxycyclo hexane carboxylic acid 824.2 864.2 R15 = E, R16 = 4-OH, y = bond, in 
combination with R1 = OH, R2 = -H, R5 
= H, R6 = H, R7 = H, R8 = H, R9 = H, 
R10 = H, x = CH2

ethyl 4-cyclohexanone carboxylate 824.3 864.2 R15 = E, R16 = 4-OH, y = bond, in 
combination with R1 = OH, R2 = H, R5 
= H, R8 = H, R7 = H, R8 = H, R9 = H, 
R10 = H, x = CH2

3-fluoro-4-hydroxy cyclohexane carboxylic acid and 4-
fluoro-3-hydrox cyclohexane ycarboxylic acid

843.0 882.0 R15 = C, R16 = OH, R17 = F, in 
combination with R1 = OH, R2 = H, Rs 
= H, R6 = H, R7 = H, R8 = H, R9 = H, 
R10 = H, x = CH2

3-cyclohexane oxide 841.0 880.8 R15 = C, R16 = 3-cis-OH, R17 = 4-
trans-OH, in

carboxylic acid combination with R1 = OH, R2 = H, R5 
= H, R6 = H, R7 = H, R8 = H, R9 = H, 
R10 = H, x = CH2

3,4-cis-dihydroxycyclohexane carboxylic acid 841.2 881.1 R15 = C, R16 = 3-cis-OH, R17 = 4-
cis-OH, in combination with R1 = OH, 
R2 = H, R5 = H, R6 = H, R7 = H, R8 = 
H, R9 = H, R10 = H, x = CH2

841.2 881.1 R15 = C, R16 = 3-trans-OH, R17 = 4-
trans-OH, in combination with R1 = 
OH, R2 = H, R5 = H, R6 = H, R7 = H, 
R8 = H, R9 = H, R10 = H, x = CH2

3-chloro-4-hydroxy cyclohexane carboxylic acid and 4-
chloro-3-hydroxy cyclohexane carboxylic acid (and the 
pair of opposite diastereomers)

858.8 898.8 R15 = C, R16 = OH, R17 = Cl, in 
combination with R1 = OH, R2 = H, R5 
= H, R6 = H, R7 = H, R8 = H, R9 = H, 
R10 = H, x = CH2

cyclohexylpropionic acid 825.0 864.9 R15 = C, R16 = 3-cis-OH, R17 = 4-
trans-OH, in combination with R1 = 
OH, R2 = H, R5 = H, R6 = H, R7 = H, 
R8 = H, R9 = H, R10 = H, x = CH2

TBC
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R16 = OH
R17 = H, OH, halo, thiol, alkyl
y = bond, CH2
R15 =

Table IX

Carboxylic acid starter unit fed. M-H [M+K] Compound generated

cyclohexane carboxylic acid 840.4 880.4 R15 = E, R16 = 4-OH, y = bond, in combination with R1 
= OH, R2 = OH, R5 = H, R6 = H, R7 = H, R8 = H, R9 = H, 
R10 = H, x = CH2

3-cis,4-trans dihydroxycyclohexane 
carboxylic acid

840.4 880.4 R15 = C, R16 = 3-cis-OH, R17 = 4-trans-OH, in 
combination with R1 = OH, R2 = H, R5 = H, R6 = H, R7 
= H, R8 = H, R9 = H, R10 = H, x = CH2

856.4 896.4 R15 = C, R16 = 3-cis-OH, R17 = 4-trans-OH, in 
combination with R1 = OH, R2 = OH, R5 = H, R6 = H, R7 
= H, R8 = H, R9 = H, R10 = H, x = CH2

1-cyclohexene carboxylic acid 824.4 864.4 R15 = E, R16 = 3-OH, y = bond, in combination with R1 
= OH, R2 = H, R5 = H, R6 = H, R7 = H, R8 = H, R8 = H, 
R10 = H, x = CH2

840.4 880.4 R15 = E, R16 = 3-OH, y = bond, in combination with R1 
= OH, R2 = OH, R5 = H, R6 = H, R7 = H, R8 = H, R9 = H, 
R10 = H, x = CH2
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Example 20

Incorporation of non-natural starter units by the rapK deletion strain, S. hygroscopicus MG3, into rapamycin analogues 
in the absence of competition by endogenous natural starter unit.

[0268] As demonstrated in examples 10, 12 and 19, the rapamycin PKS has a high degree of flexibility for non-natural
starter units and in the absence of rapK, the system is free of competition from the natural starter. In this example, the
degree of flexibility is further demonstrated.
[0269] S. hygroscopicus MG3 is grown, fed and extracted according to the feeding, extraction and analysis methods
outlined in Materials and Methods (Method B). The range of carboxylic acids fed that can be fed is listed below. Incor-
poration of the carboxylic acids listed and production of rapamycin analogues is determined by observing the characteristic
UV chromophore at 278 nm and electrospray mass spectrometry.
[0270] Carboxylic acid starter units that can be fed include, cyclohexane carboxylic acid, 3-cis,4-trans-dihydroxycy-
clohexane carboxylic acid, 1-cyclohexene carboxylic acid, 3-cyclohexene carboxylic acid, cycloheptane carboxylic acid,
methyl 2-norbornane carboxylate, 3-hydroxycyclohexane carboxylic acid, 4-hydroxycyclohexane carboxylic acid, 3-
methylcyclohexane carboxylic acid, 4-methylcyclohexane carboxylic acid, 3-(cis/trans)methoxycyclohexane carboxylic
acid, 4-(cis/trans)methoxycyclohexane carboxylic acid, ethyl 4-cyclohexanone carboxylate, 3-fluoro-4-hydroxycarboxylic
acid and 4-fluoro-3-hydroxycarboxylic acid, 3-cyclohexane oxide carboxylic acid, 3,4-cis-dihydroxycyclohexane carbox-
ylic acid, 3-chloro-4-hydroxycarboxylic acid and 4-chloro-3-hydroxycarboxylic acid (and the pair of opposite diastere-
omers), cyclohexylpropionic acid and 4-tert-Butylcyclohexane carboxylic acid

(continued)

Carboxylic acid starter unit fed. M-H [M+K] Compound generated

3-cyclohexene carboxylic acid 840.4 880.4 R15 = C, R16 = OH, R17 = OH, in combination with R1 = 
OH, R2 = H, R5 = H, R6 = H, R7 = H, R8 = H, R9 = H, R10 
= H, x = CH2

822.4 862.4 R15 = A, R16 = OH, R17 = H, in combination with R1 = 
OH, R2 = H, R5 = H, R6 = H, R7 = H, R8 = H, R9 = H, R10 
= H, x = CH2

840.4 880.4 R15 = A, R16 = OH, R17 = H, in combination with R1 = 
OH, R2 = OH, R6 = H, R6 = H, R7 = H, R6 = H, R9 = H, 
R10 = H, x = CH2

cycloheptane carboxylic acid 854.4 894.4 R15 = E, R16 = OH, y = CH2, in combination with R1 = 
OH, R2 = OH, R5 = H, R6 = H, R7 = H, R8 = H, R9 = H, 
R10 = H, x = CH2

methyl-2-norbornane carboxylic acid 852.4 892.4 R15 = B, R16 = OH, R17 = H, in combination with R1 = 
OH, R2 = OH, R5 = H, R6 = H, R7 = H, R8 = H, R9 = H, 
R10 = H, x = CH2

3-hydroxycyclohexane carboxylic 
acid

824.4 864.4 R15 = E, R16 = 3-OH, y = bond, in combination with R1 
= OH, R2 = H, R5 = H, R6 = H, R7 = H, R8 = H, R9 = H, 
R10 = H, x = CH2

4-hydroxycyclohexane carboxylic 
acid

840.4 880.4 R15 = E, R16 = 4-OH, y = bond, in combination with R1 
= OH, R2 = H, R5 = H, R6 = H, R7 = H, R8 = H, R9 = H, 
R10 = H, x = CH2

824.4 864.4 R16 = E, R16 = 4-OH, y = bond, in combination with R1 
= OH, R2 = OH, R5 = H, R6 = H, R7 = H, R8 = H, R9 = H, 
R10 = H, x = CH2

4-methylcyclohexane carboxylic acid 838.4 878.4 R16 = D, R17 = OH, in combination with R1 = OH, R2 = 
H, R5 = H, R6 = H, R7 = H, R8 = H, R9 = H, R10 = H, x = CH2

854.4 894.4 R15 = D, R17 = OH, in combination with R1 = OH, R2 = 
OH, R5 = H, R6 = H, R7 = H, R8 = H, R9 = H, R10 = H, x 
= CH2



EP 1 521 828 B1

69

5

10

15

20

25

30

35

40

45

50

55

Example 21

Incorporation of non-natural starter units by the fkbO deletion strain, S. hygroscopicus var. ascomyceticus MG4, into 
FK520 analogues in the absence of competition by endogenous natural starter unit.

[0271] As demonstrated in examples 10, 12, 19 and 20, the rapamycin PKS has a high degree of flexibility for non-
natural starter units. In the absence of fkbO, the FK520 system is free of competition from the natural starter. In this
example, the degree of flexibility of the FK520 PKS is investigated, free of competition from the natural starter.
[0272] S. hygroscopicus var. ascomyceticus MG4 is grown, fed and extracted according to the feeding, extraction and
analysis methods outlined in Materials and Methods (Method B). Examples of the range of carboxylic acids that can be
fed are given in Table IV. Incorporation of the carboxylic acids listed and production of FK520 analogues is determined
by electrospray mass spectrometry.

Example 22

Incorporation of non-natural starter acids into FK506 analogues by an fkbO deletion mutant of S. tsukubaensis in absence 
of competition from the natural starter.

[0273] An fkbO deletion mutant of S. tsukubaensis is grown and fed according to the feeding methods outlined in
Materials and Methods. A sub-set of the carboxylic acids listed in Table IV in Materials and Methods is fed. Analysis is
performed as described in Method (B) of Materials and Methods.

Example 23

Isolation of product from fermentation of S. hygroscopicus MG2-10[pSGsetrapKILh]

[0274] 9-deoxo-16-O-desmethyl-27-desmethoxy-rapamycin was obtained by conjugating the S. hygroscopicus strain
MG2-10 with pSGsetrapKILh and isolating the fermentation products generated as described below. This demonstrates
that it is possible to complement the deletion of rapK, rapI and rapL in the MG2-10 strain and that 9-deoxo-16-O-
desmethyl-27-desmethoxy-rapamycin is produced, an analogue which is lacking the post-PKS modifications. The feeding
of pipecolic acid is not required when rapL is complemented confirming that rapL plays a role in the provision of pipecolic
acid in the production of rapamycin.
[0275] S. hygroscopicus MG2-10 [pSGsetKILhis] was fermented (see Materials and Methods), extracted and isolated
using the method (B) as outlined in Materials and Methods. The isocratic solvent system used for preparative HPLC
was 60% CH3CN/H2O.
[0276] 9-Deoxo-16-O-desmethyl-27-desmethoxy rapamycin (Compound 6) has the following characteristics:

Isolated yield: 22 mg
Molecular weight: 856
Molecular formula: C49H77NO11
UV (by diode array detection during HPLC analysis): 268 nm, 278 nm, 288 nm
Electrospray MS: m/z for MNa+ = 878, m/z for M-H = 854

[0277] Table X below summarises the 1H and 13C NMR data for 9-deoxo-16-O-desmethyl-27-desmethoxy rapamycin
in CDCl3.

Table X
Proton δH multiplicity coupling δC

1 169.0 171.5
2 4.37 5.40 55.6 52.5
3a 1.51 1.75 a 26.5 26.3
3b 2.40 2.19

4a 20.9
4b

5a 1.30 1.48 25.1
5b 1.68 1.72
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(continued)

Proton δH multiplicity coupling δC

6a 4.45 3.26 39.0 44.4
6b 2.16 3.83

8 171.7 172.4
9a 2.41 2.54 38.7 40.2
9b 2.67 2.89
10 98.4 99.7

10-OH 6.62 5.34 br. s

11 1.37 1.51 38.7 38.7

12a 1.67 1.62 27.3 27.6
12b 1.48 1.48

13a 1.29 1.32
13b
14 4.21 3.87 71.3 69.6
15a 1.47b 1.50
15b 1.66 1.65
16 4.21 4.06 dd 6.1, 6.1 76.0 75.6

17 141.6 138.4
18 6.08 6.22 d d 11.2 11.2 122.5 125.0
19 6.38 6.31 dd dd 14.0, 11.2 14.7, 11.2 128.6 127.7
20 6.01 6.17 dd 14.5, 10.5 131.1 132.2
21 6.04 6.04 130.3 130.3

22 5.18 5.30 dd dd 14.1, 9.1 14.9, 9.3 139.4 139.1
23 2.11 2.15 39.5 37.3

24a 1.34 1.35 40.3 40.3
24b 1.68 1.67
25 2.43 2.44 45.5 46.3
26 215.2 216.1
27a 2.53 2.60 46.7 47.9
27b 2.65 2.43

28 4.33 4.39 dd 7.9, 3.2 71.7 71.9
29 139.6 139.6
30 5.36 5.45 d 9.9 123.7 125.4
31 3.24 3.37 46.4 45.6
32 209.0 209.1
33a 2.63 2.63 39.4 39.4

33b 2.95 2.95

34 5.13 5.38 76.0 74.2

35 1.93 1.98 b 32.7 32.7
36a 1.04 1.03 37.8 39.8
36b 1.17 1.16

37 1.34 1.38 33.2 33.2
38a ax. 0.61 0.73 ddd ddd 11.9, 11.9, 11.9 11.9, 11.9, 11.9 33.9 34.5
38b eq. 2.04 2.09
39 2.90 2.91 84.5 84.4
40 3.37 3.37 73.8 73.8

41a 1.31 1.31 31.2 31.2
41b 1.97 1.97
42a 0.97 0.97 31.7 31.7
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[0278] Compound 6 exists as a 1:1 mixture of conformers in CDCl3. The data above is for both conformers. Where a
dotted line has been drawn across the table it was not possible to determine connectivity between spin systems, hence
the assignment of data to a particular conformer is not possible.

Example 24

Isolation of product from fermentation of S. hygroscopicus MG2-10[pSGsetrapKIMLh]

[0279] 9-Deoxo-27-desmethoxy-rapamycin was obtained by conjugating S. hygroscopicus MG2-10 strain with pSG-
setKIMLhis as described in example 1 and isolating the products produced on fermentation. This demonstrated that it
was possible to complement the deletion of rapK, rapl, rapM and rapL in the MG2-10 strain with the production of a
rapamycin analogue lacking some post-PKS modification.
[0280] S. hygroscopicus MG2-10 [pSGsetKIMLhis] was fermented (see Materials and Methods), extracted and isolated
using the method (B) as outlined in Materials and Methods.
The isocratic solvent system used for preparative HPLC was 75% CH3CN/H2O. 9-Deoxo-27-desmethoxy rapamycin
(Compound 16) has the following characteristics:

Isolated yield: 24 mg
Molecular weight: 870
Molecular formula: C50H79NO11
UV (by diode array detection during HPLC analysis): 268 nm, 278 nm, 288 nm
Electrospray MS: m/z for MNa+ = 892, m/z for M-H = 868

[0281] Table XI below summarises the 1H and 13C NMR data for 9-deoxo-27-desmethoxy rapamycin in CDCl3.

(continued)

Proton δH multiplicity coupling δC

42b
43 0.93 0.93 d d 6.5 6.5 16.8c 16.9c

44 1.78 1.63 s s 15.6 12.7
45 0.98 1.00 21.7 21.7

46 1.00 1.02 16.7 19.1
47 1.58 1.48 s s 13.1 11.7
48 1.07 1.00 d 6.9 16.2 14.6
49 0.89 0.89 d d 6.8 6.8 14.6d 15.2d

50 3.37 3.37 s s 56.5 56.5

a: may be assigned instead to H4a
b: tentative assignment
c: the assignment may be interchanged
d: the assignment may be interchanged

Table XI
Position δH multiplicity coupling δC

1 171.0
2 5.37 m 52.0
3a 1.73 m 26.8
3b 2.22 m
4a 1.39 m 20.5

4b 1.73 m
5a 1.56 m 25.1
5b 1.77 m
6a 3.34 m 43.5
6b 3.85 br. d 12.9
8 173.4
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(continued)

Position δH multiplicity coupling δC

9a 2.43 d 14.4 38.8
9b 2.74 d 14.4
10 98.0

10-OH 6.02 s

11 1.43 m 39.1
12a 1.44 m 27.5
12b 1.58 m
13a 1.28 m 32.2
13b 1.45 m
14 3.61 m 65.8

15a 1.55 m 38.6
15b 1.64 m
16 3.70 dd 10.8, 4.7 84.5
17 134.8
18 5.98 d 9.2 130.8
19 6.34 m 126.9

20 6.32 m 133.1
21 6.11 dd 15.3, 9.0 130.6
22 5.46 dd 15.2, 8.6 139.3
23 2.22 m 35.7

24a 1.28 m 40.2

24b 1.49 m
25 2.58 m 44.8
26 215.0

27a 2.65 m 46.2
27b 2.65 m
28 4.37 m 73.1

29 139.8
30 5.32 d 9.9 124.5
31 3.38 m 46.3
32 208.9

33a 2.59 m 41.4
33b 2.59 m

34 5.04 ddd 5.2, 5.2, 5.2 75.7
35 1.97 m 33.4

36a 1.11 m 38.6
36b 1.26 m
37 1.41 m 33.1

38a ax. 0.69 ddd 12.3, 12.3, 12.3 34.1

38b eq. 2.11 m
39 2.93 m 84.4
40 3.37 m 73.9

41a 1.32 m 31.2
41b 1.97 m
42a 1.00 m 31.6

42b 1.68 m
43 0.88 d 6.4 16.9
44 3.10 s 55.6
45 1.59 s 9.9
46 1.02 d 7.2 20.5
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Example 25

Isolation of product from fermentation of S. hygroscopicus MG2-10[pSGsetKIN/OLh]

[0282] 9-Deoxo-16-O-desmethyl-27-O-desmethyl-rapamycin was obtained by conjugating S. hygroscopicus MG2-10
strain with pSGsetKIN/OLhis as described in Example 1 and isolating the products produced on fermentation. This
demonstrated that it was possible to complement the deletion of rapK, rapl, rapN/O and rapL in the MG2-10 strain with
the production of a rapamycin analogue lacking some post-PKS modification.
[0283] S. hygroscopicus MG2-10 [pSGsetKIN/OLhis] was fermented (see Materials and Methods), extracted and iso-
lated using the method (B) as outlined in Materials and Methods.
The isocratic solvent system used for preparative HPLC was 60% CH3CN/H2O. 9-Deoxo-16-O-desmethyl-27-O-des-
methylrapamycin (Compound 9) has the following characteristics:

Isolated yield: 77 mg
Molecular weight: 872
Molecular formula: C49H77NO12
UV (by diode array detection during HPLC analysis): 268 nm, 278 nm, 288 nm
Electrospray MS: m/z for MNa+ = 894, m/z for M-H = 870

[0284] Table XII below summarises the 1H and 13C NMR data for 9-deoxo-16-O-desmethyl-27-O-desmethylrapamycin
in CDCl3.

(continued)

Position δH multiplicity coupling δC

47 1.03 d 7.1 15.7
48 1.67 s 12.2
49 1.12 d 6.8 16.3
50 0.92 d 6.8 15.8

51 3.39 s 56.5

Table XII
Position δH multiplicity coupling δC

1 172.1
2 5.55 m 52.8

3a 1.74 m 26.0
3b 2.21 m
4a 1.18 m 21.1
4b 1.73 m

5a 1.44 m 25.2
5b 1.73 m
6a 3.28 m 45.7
6b 3.87 m
8 171.6

9a 2.41 d 12.5 42.3

9b 3.34 d 12.5
10 99.2

10-OH 4.15 m
11 1.61 m 38.3
12a 1.50 m 27.9
12b 1.61 m

13a 1.36 m 31.5
13b 1.52 m
14 3.99 m 72.5
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Example 26

Isolation of product from fermentation of S. hygroscopicus MG2-10[pSGsetKJLh]

[0285] 16-O-Desmethyl-27-desmethoxy-39-O-desmethyl-rapamycin was obtained by conjugating S. hygroscopicus
MG2-10 strain with pSGsetKJLhis as described in Example 1 and isolating the products produced on fermentation. This

(continued)

Position δH multiplicity coupling δC

15a 1.45 m 40.9
15b 1.70 m
16 3.86 m 75.3
17 140.0

18 6.44 d 11.4 121.9
19 6.33 dd 14.4, 11.4 128.6
20 6.20 dd 14.8, 10.6 1,31.2
21 6.02 dd 14.9, 10.6 131.2
22 5.25 m 137.4
23 2.26 m 35.3

24a 1.21 m 41.1
24b 1.21 m
25 2.37 m 40.9
26 212.8
27 4.55 d 2.3 74.9
28 4.20 77.3

29 135.8
30 5.25 m 124.9
31 3.29 m 44.9
32 208.0
33a 2.53 dd 18.2, 4.0 42.2

33b 2.81 dd 18.2, 10.6
34 5.28 ddd , 4.0, 4.0 75.8
35 1.71 m 31.2
36a 0.92 m 36.9
36b 1.04 m
37 1.23 m 32.6

38a ax. 0.28 ddd 11.9, 11.9, 11.9 34.2
38b eq. 1.88 m
39 2.85 84.8
40 3.29 m 74.1
41a 1.26 m 31.3
41b 1.92 m

42a 0.88 m 32.3
42b 1.57 m
43 0.98 d 6.2 16.6
44 1.59 s 14.6
45 1.01 d 6.4 21.4
46 0.89 d 6.4 12.0

47 1.90 s 15.7
48 0.92 d 6.4 15.6
49 0.84 d 6.8 17.6
50 3.37 s 57.5
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demonstrated that it was possible to complement the deletion of rapK, rapJ and rapL in the MG2-10 strain with the
production of a rapamycin analogue lacking some post-PKS modification.
[0286] S. hygroscopicus MG2-10 [pSGsetKJLhis] was fermented (see Materials and Methods), extracted and isolated
using the method (B) as outlined in Materials and Methods.
The isocratic solvent system used for preparative HPLC was 55% CH3CN/H2O. 16-0-Desmethyl-27-desmethoxy-39-0-
desmethyl rapamycin (Compound 3) has the following characteristics:

Isolated yield: 176 mg (mixture of 2 interconverting isomers)
Molecular weight: 856
Molecular formula: C48H73NO12
UV (by diode array detection during HPLC analysis): 268 nm, 278 nm, 288 nm
Electrospray MS: m/z for MNa+ = 878, m/z for M-H = 854
MS fragmentation: The sodiated adduct (m/z 878) was fragmented to provide three fragments: C8-C42, m/z MNa+

749; C1-C27, m/z MNa+ 570; C28-C42+C1-C14, m/z MNa+ 628. The fragment ions 628 and 570 were fragmented
further to give the same fragment: C1-C14, m/z MNa+ 320. The mass of this C1-C14 fragment is 14 mass units
greater than the equivalent fragment from the fragmentation of the sodiated adduct of 9-deoxo-16-O-desmethyl-27-
desmethoxy-39-O-desmethyl rapamycin (Compound 1) consistent with oxidation at C9.

Example 27

Isolation of product from fermentation of S. hygroscopicus MG2-10[pSGsetKMNOLh]

[0287] 9-beoxo-27-O-desmethyl-39-O-desmethyl-rapamycin was obtained by conjugating S. hygroscopicus MG2-10
strain with pSGsetKMN/OLhis as described in example 1 and isolating the products produced on fermentation. This
demonstrated that it was possible to complement the deletion of rapK, rapM, rapN/O and rapL in the MG2-10 strain with
the production of a rapamycin analogue lacking some post-PKS modification.
[0288] S. hygroscopicus MG2-10 [pSGsetKMN/OLhis] was fermented (see Materials and Methods), extracted and
isolated using the method (B) as outlined in Materials and Methods.
The isocratic solvent system used for preparative HPLC was 60% CH3CN/H2O.
9-Deoxo-27-O-desmethyl-39-O-desmethyl rapamycin (Compound 8) has the following characteristics:

Isolated yield: 6 mg
Molecular weight: 872
Molecular formula: C49H77NO12
UV (by diode array detection during HPLC analysis): 268 nm, 278 nm, 288 nm
Electrospray MS: m/z for MNa+ = 894, m/z for M-H = 870
MS fragmentation: The sodiated adduct (m/z 894) was fragmented to provide three fragments: C8-C42, m/z MNa+

765; C1-C27, m/z MNa+ 586; C28-C42+C1-C14, m/z MNa+ 614. The fragment ions 614 and 586 were fragmented
further to give the same fragment: C1-C14, m/z MNa+ 306. The C1-C14 is identical to that obtained from fragmentation
of the sodiated adduct of 9-deoxo-16-O-desmethyl-27-desmethoxy-39-O-desmethyl rapamycin; the compound is
9-deoxo. The C1-C27. fragment is 30 mass units greater than the equivalent fragment from 9-deoxo-16-O-desmethyl-
27-desmethoxy-39-0-desmethyl rapamycin, consistent with one hydroxylation and one methylation. RapM methyl-
ates the hydroxy group at C-16 (see Example 22 for pSGsetKILhis together with Example 23 pSGsetKIMLhis) and
RapN in combination with RapO hydroxylates C27 so the data is consistent with the compound being 9-deoxo-27-
O-desmethyl-39-O-desmethyl rapamycin (Compound 8).

Example 28

Isolation of product from fermentation of S. hygroscopicus MG2-10[pSGsetKIJLh]

[0289] 16-0-desmethyl-27-desmethoxy-rapamycin was obtained by conjugating S. hygroscopicus MG2-10 strain with
pSGsetKIJLhis as described in Example 1 and isolating the products produced on fermentation. This demonstrated that
it was possible to complement the deletion of rapK, rapl, rapJ and rapL in the MG2-10 strain with the production of a
rapamycin analogue lacking some post-PKS modification.
[0290] S. hygroscopicus MG2-10 [pSGsetKIJLhis] was fermented (see Materials and Methods), extracted and isolated
using the method (B) as outlined in Materials and Methods.
The isocratic solvent system used for preparative HPLC was 60% CH3CN/H2O.
16-O-Desmethyl-27-desmethoxy rapamycin (Compound 12) has the following characteristics:
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Isolated yield: 11 mg
Molecular weight: 870
Molecular formula: C49H75NO12
UV (by diode array detection during HPLC analysis): 268 nm, 278 nm, 288 nm
Electrospray MS: m/z for MNa+ = 892, m/z for M-H = 868

Example 29

Isolation of product from fermentation of S. hygroscopicus MG2-10[pSGsetKLhis]

[0291] 9-Deoxo-16-O-desmethyl-27-desmethoxy-39-O-desmethyl-rapamycin was obtained by conjugating S. hygro-
scopicus MG2-10 strain with pSGsetKLhis as described in example 1 and isolating the products produced on fermentation.
This demonstrated that it was possible to complement the deletion of rapK and rapL in the MG2-10 strain with the
production of a rapamycin analogue lacking post-PKS modification (pre-rapamycin).
[0292] S. hygroscopicus MG2-10 [pSGsetKLhis] was fermented, extracted and isolated using the methods outlined in
Materials and Methods.
[0293] The isocratic solvent system used for preparative HPLC was 60% CH3CN/H2O.
[0294] 9-Deoxo-16-O-desmethyl-27-desmethoxy-39-O-desmethyl rapamycin (Compound 1) has the following char-
acteristics:

Isolated yield: 24 mg
Molecular weight: 842
Molecular formula: C48H75NO11
UV (by diode array detection during HPLC analysis): 268 nm, 278 nm, 288 nm
Electrospray MS: m/z for MNa+ = 864, m/z for M-H = 840
MS fragmentation: The sodiated adduct (m/z 864.5) was fragmented to provide four fragments: C8-C42, m/z MNa+

735; C1-C27, m/z MNa+ 556; C28-C42+C1-C14, m/z MNa+ 614, C1-C14, m/z MNa+ 306. The expected m/z for
these fragments were determined by comparison to the reported fragmentation of rapamycin (J. A. Reather, Ph.D.
Dissertation, University of Cambridge, 2000). These fragments have the same m/z as the predicted m/z for the
fragmentation of 9-deoxo-16-O-desmethyl-27-desmethoxy-39-O-desmethyl rapamycin.

Example 30

Isolation of product from fermentation of S. hygroscopicus MG2-10 fed with cyclohexane carboxylic acid

[0295] 9-Deoxo-16-O-desmethyl-27-desmethoxy-39-desmethoxy-rapamycin was obtained on feeding cyclohexane
carboxylic acid to S. hygroscopicus MG2-10 and isolating the products produced on fermentation. The resulting muta-
synthesis demonstrated that it was possible to chemically complement the deletion of rapK in the MG2-10 strain, in the
absence of natural endogenous starter, with the resulting production of a rapamycin analogue lacking post-PKS modi-
fication.
[0296] S. hygroscopicus MG2-10 was fermented (see Materials and Methods), fed (see Materials and Methods),
extracted and isolated using the method (B) as outlined in Materials and Methods.
[0297] The isocratic solvent system used for preparative HPLC was 60% CH3CN/H2O.
[0298] 9-Deoxo-16-O-desmethyl-27-desmethoxy-39-desmethoxy rapamycin (Compound 47) has the following char-
acteristics:

Isolated yield: 12 mg
Molecular weight: 826
Molecular formula: C48H75NO10
UV (by diode array detection during HPLC analysis): 268 nm, 278 nm, 288 nm
Electrospray MS: m/z for MNa+ = 848.5, m/z for M-H = 825
MS fragmentation: The sodiated adduct (m/z 848.5) was fragmented to provided four fragments: C8-C42, m/z MNa+

719; C1-C27, m/z MNa+ 556; C28-C42+C1-C14, m/z MNa+ 598, C1-C14, m/z MNa+ 306. These data illustrate that
the difference between Compound 47 and 9-deoxo-16-0-desmethyl-27-desmethoxy-39-O-desmethyl rapamycin
(Compound 1) is located in the region of C28-C42. This fragment is 16 mass units less for Compound 47 than it is
for Compound 1, consistent with Compound 47 being 9-deoxo-16-O-desmethyl-27-desmethoxy-39-desmethoxy
rapamycin.
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Example 31

Isolation of product from fermentation of S. hygroscopicus MG2-10[pSGsetKNOLh]

[0299] 9-Deoxo-16-O-desmethyl-27-O-desmethyl-39-O-desmethyl-rapamycin is obtained by conjugating S. hygro-
scopicus MG2-10 strain with pSGsetKN/OLhis as described in Example 1 and isolating the products produced on fer-
mentation. This demonstrates that it is possible to complement the deletion of rapK, rapN/O and rapL in the MG2-10
strain with the production of a rapamycin analogue lacking some post-PKS modification.
[0300] S. hygroscopicus MG2-10 [pSGsetKN/OLhis] is fermented (see Materials and Methods), extracted and isolated
using the method (B) as outlined in Materials and Methods.
[0301] The isocratic solvent system used for preparative HPLC is 60% CH3CN/H2O.
[0302] 9-Deoxo-16-O-desmethyl-27-O-desmethyl-39-O-desmethyl rapamycin (Compound 2) has the following char-
acteristics:

Molecular weight: 858
Molecular formula: C48H75NO12
UV (by diode array detection during HPLC analysis): 268 nm, 278 nm, 288 nm
Electrospray MS: m/z for MK+ = 896, m/z for M-H = 856

Example 32

Identification of product from fermentation of S. hygroscopicus MG2-10[pSGsetKJNOLh]

[0303] 16-O-Desmethyl-27-O-desmethyl-39-O-desmethyl-rapamycin was obtained by conjugating S. hygroscopicus
MG2-10 strain with pSGsetKJN/OLhis as described in example 1 and analysing the products produced on fermentation.
This demonstrated that it was possible to complement the deletion of rapK, rapJ, rapN/O and rapL in the MG2-10 strain
with the production of a rapamycin analogue lacking some post-PKS modification.
[0304] The fermentation broth (1 mL) was treated as described in the extraction, isolation and analysis Method (B)
described in Materials and Methods. The HPLC chromatogram (280 nm) contained a peak that had the characteristic
rapamycin triene (268 nm, 278 nm, 288 nm). This peak was not observed in the chromatogram of the control sample
extracted from S. hygroscopicus MG2-10 in the absence of the cassette. LCMS (see Materials and Methods, Method
B) of the novel rapamycin analogue peak gave ions m/z 895 (MNa+) and 871 (M-H). These ions confirm that the molecular
weight of the novel rapamycin analogue is 872, 30 mass units greater than 9-deoxo-16-O-desmethyl-27-desmethoxy-
39-O-desmethyl rapamycin (Compound 1), consistent with oxidation at C9 (rapJ) and hydroxylation at C27 (rapN/O).
These data are consistent with the compound being 16-O-desmethyl-27-O-desmethyl-39-O-desmethyl rapamycin (Com-
pound 7).

Example 33

Isolation of product from fermentation of S. hygroscopicus MG2-10[pSGsetKJNOLh]

[0305] 16-O-Desmethyl-27-O-desmethyl-39-O-desmethyl-rapamycin is obtained by conjugating S. hygroscopicus
MG2-10 strain with pSGsetKJN/OLhis as described in Example 1 and isolating the products produced on fermentation.
This demonstrates that it is possible to complement the deletion of rapK, rapJ, rapN/O and rapL in the MG2-10 strain
with the production of a rapamycin analogue lacking some post-PKS modification.
[0306] S. hygroscopicus MG2-10 [pSGsetKJN/OLhis] is fermented (see Materials and Methods), extracted and isolated
using the method (B) as outlined in Materials and Methods.
[0307] The isocratic solvent system used for preparative HPLC is 60% CH3CN/H2O.
[0308] 16-O-Desmethyl-27-O-desmethyl-39-O-desmethyl rapamycin (Compound 7) has the following characteristics:

Molecular weight: 872
Molecular formula: C48H73NO13
UV (by diode array detection during HPLC analysis): 268 nm, 278 nm, 288 nm
Electrospray MS: m/z for MNa+ = 895, m/z for M-H = 871



EP 1 521 828 B1

78

5

10

15

20

25

30

35

40

45

50

55

Example 34

Identification of product from fermentation of S. hygroscopicus MG2-10 [pSGsetKIJNOQLh]

[0309] 16-O-Desmethyl-rapamycin was obtained by conjugating S. hygroscopicus MG2-10 strain with pSGsetKI-
JN/OQLhis as described in example 1 and analysing the products produced on fermentation. This demonstrated that it
was possible to complement the deletion of rapK, rapl, rapJ, rapN/O, rapQ and rapL in the MG2-10 strain with the
production of a rapamycin analogue lacking methylation at C16-OH. In addition, it clearly identified RapQ as the SAM-
dependent O-methyltransferase responsible for methylation of C27-OH.
[0310] S. hygroscopicus MG2-10 [pSGsetKIJN/OQLhis] was fermented (see Materials and Methods), extracted and
analysed using the method (B) as outlined in Materials and Methods.
[0311] The fermentation broth (1 mL) was treated as described in Materials and Methods. The HPLC chromatogram
(280 nm) contained a peak that had the characteristic rapamycin triene (268 nm, 278 nm, 288 nm). This peak was not
observed in the chromatogram of the control sample extracted from S. hygroscopicus MG2-10 in the absence of the
cassette. LCMS (see Materials and Methods) of the novel rapamycin analogue peak gave ions m/z 923 (MNa+) and 899
(M-H). These ions confirm that the molecular weight of the novel rapamycin analogue is 900, 14 mass units less than
rapamycin. It has already been established that the only post-PKS gene not included in the cassette, rapM, acts to
methylate the C16-OH, hence the novel rapamycin analogue is 16-O-desmethyl rapamycin (Compound 20) and rapQ
is shown to be functional and acting to O-methylate at C27.

Example 35

[0312] Bioassay of rapamycin analogues:

(1) = 9-deoxo-16-O-desmethyl-27-desmethoxy-39-O-desmethyl-rapamycin (pre-rapamycin)
(6) = 9-deoxo-16-O-desmethyl-27-desmethoxy-rapamycin
(16) = 9-deoxo-27-desmethoxy-rapamycin,
(3) = 16-O-desmethyl-27-desmethoxy-39-O-desmethyl-rapamycin
(9) = 9-deoxo-16-Odesmethyl-27-O-desmethyl-rapamycin
(8) = 9-deoxo-27-O-desmethyl-39-O-desmethyl-rapamycin.

Cancer Cell Lines:

[0313] Growth inhibition of adherent human tumour cell lines of solid malignancies HT29 (colon) and MCF-7 (breast)
was tested in vitro using an MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) assay using micro-titre
plates (Sieuwerts, A.M., et a/., 1995). All cell lines were obtained from either the ATCC (American Type Culture Collection)
or ECACC (European Collection of Cell Cultures). All cell lines were grown from frozen stocks and passaged at least
once prior to use in RPMI 1640. Cells were harvested from sub-confluent cultures using minimal trypsinization. Cells
were diluted to the appropriate density for each cell line (dependent on cell doubling time) in RPMI 1640, and seeded
in 60 wells of a 96 well plate in a volume of 100 ml per well (i.e. outside wells of the plate were not used). Plates were
incubated at 37°C overnight. Following this incubation, log scale dilutions of reference and test substances were added
in 100 ml per well, 6 replicates were used to test all test compounds, reference compounds and medium controls. Plates
were incubated for a further 72 h prior to analysis. MTT (5 mg/ml) was added to each well and plates were re-incubated
for 3-4 h. Unreacted MTT was removed from the wells and formazan crystals formed from the MTT were dissolved in
DMSO and characteristic absorbance read at 570 nm. The concentration (nM) of each test compound and reference
compound, which resulted in 50% of maximum inhibition (IC50),, was calculated for each cell line and quoted along with
the maximum percentage of inhibition observed (Im), see Table XIII. For reference, rapamycin has an IC50 of 200nM
and an Im of 40% in the HT-29 cell line and an IC50 of 0.03nM and an Im of 56% in the MCF-7 cell line.

Table XIII

Assay 1 6 16 3 9 8
IC50 Im IC50 Im IC50 Im IC50 Im IC50 Im IC50 Im

HT29
rIC50

50.1 38 25 38 15.8 25 63.1 37 12.6 35 63 30

MCF-7
rIC50

3.2 38 126 48 2 32 20 38 17.8 40 20 38
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Mixed Lymphocyte Reaction (MLR):

[0314] Originally developed to assess tissue compatibility prior to allografts, MLR offers an established model for
immune reaction in vitro (SOULILLOU, J.P., et al. (1975); T. Meo. "Immunological Methods", L. Lefkovits and B. Pernis,
Eds., Academic Press, N.Y. pp. 227-239 (1979). MLR was performed by mixing splenic lymphocytes isolated from
C57BL/6 mice (5x105 cells) with inhibited splenic lymphocytes from CBA mice (2.5x105 cells). The inhibited CBA lym-
phocytes induced a proliferative response in C57BL/6 lymphoctes and this was determined by [3H] thymidine incorporation
into DNA as a measure of proliferation of splenic lymphocytes isolated from C57BL/6 mice. The anti-proliferative effect
was assayed for in the presence of log scale dilutions of reference compounds, test compounds and media controls
over a 72 h period at 37 °C. The concentration of each test compound and reference compound, which inhibited lym-
phocyte proliferation by 50% (IC50), compared to control proliferation, was calculated for each cell line and quoted as a
ratio of the concentration of rapamycin required to inhibit lymphocyte proliferation by 50% (rIC50), see Table XIV.

Anti-fungal Assay

[0315] The comparative anti-fungal activities of reference and test compounds were determined against pathogenic
fungi Candida albicans DSM 5816, Candida albicans DSM 1386 and Candida glabrata DSM 11226. This was achieved
using a microtitre plate adaption of the NCCLS Reference Method for Broth Dilution Antifungal Susceptibility Testing for
Yeasts: Approved Standard (M27-A, vol. 17 No. 9. (1997)). Yeast strains were inoculated (104 cfu/ml) to RPMI 1640
media containing 0.165 mM MOPS, pH 7. Growth was determined in the presence of log scale dilutions of reference
compounds, test compounds and media controls after incubation with shaking at 37 °C, 24 h. Minimum inhibitory con-
centration (MIC) and minimum fungicidal activity (MFC) were determined for test compounds and expressed as a ratio
of the rapamycin minimum inhibitory concentration (rMIC respectively), see Table XV.
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Claims

1. A compound of the formula:

where:

x = bond or CH2, or -GHR6-x-CHR5-- is

R15 =
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R1 = OH, OCH3;
R2 = H, OH, OCH3;
R3 = F, Cl and R4 = H, OH, CH3, F, Cl; or
R4 = F, Cl and R3 =H, OH, CH3, F, Cl, OCH3;
R16 = OH, OCH3;
R17 = Cl, F;
R5 = H, OH;
R6 = H, OH;
R8 and R9 together are =0 or H, H; and
y = bond, CH2.

2. A compound of the formula:

where:

x = bond or CR11, or -CHR6-x-CHR5- is
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y = bond or CHR12;
R1 = OH, OCH3;
R2 = H, OH, OCH3;
R3 = halo and R4 = H, OH, OCH3, alkyl, halo, amino, thiol; or
R4 = halo and R3 = H, OH, OCH3, alkyl, halo, amino, thiol;
R5, R6, R7, R10, R11, R12, R13, and R14 are each independently H, alkyl, halo, hydroxyl; and
R8 and R9 together are =0 or H, H.

3. A compound of the formula:

where:

x = bond or CR11, or -CHR6-x-CHR5- is

R1 = O, OCH3; R2 = H, OH, OCH3;
R5 = H, alkyl, halo, hydroxy;
R6 = H, alkyl, halo, hydroxy;
R7 = H, alkyl, halo, hydroxy;
R8, R9 = =O, or H, H;
R10 = H, alkyl, halo, hydroxy;
R11 = H, alkyl, halo, hydroxy;
R12 = H, alkyl, halo, hydroxy;
R13 = H, alkyl, halo, hydroxy;
R14 = H, alkyl, halo, hydroxy;
R15 =
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R16 = OH; and
R17 = halo.

4. A compound according to claim 1:
where

R15 is G; and
R3 = F, Cl and R4 = H, OH, CH3, F, Cl or
R4 = F, Cl and R3 = H, OH, CH3, F, Cl, OCH3.

5. A compound according to claim 1 which is 9-deoxo-16-O-desmethyl-27-desmethoxy-36-de(3-cis-methoxy-4-trans-
hydroxycyclohexyl)-36-(3-fluoro-4-hydroxycyclohexyl) rapamycin.

6. A compound according to claim 1 which is 9-deoxo-16-O-desmethyl-27-desmethoxy-36-de(3-cis-methoxy-4-tran-
shydroxycyclohexyl)-36-(3-hydroxy-4-fluorocyclohexyl) rapamycin.

7. A compound according to claim 1 which is 9-deoxo-16-O-desmethyl-27-desmethoxy-36-de(3-cis-methoxy-4-tran-
shydroxycyclohexyl)-36-(3-chloro-4-hydroxycyclohexyl) rapamycin.

8. A compound according to claim 1 which is 9-deoxo-16-O-desmethyl-27-desmethoxy-36-de(3-cis-methoxy-4-trans-
hydroxycyclohexyl)-36-(3-hydroxy-4-chlorocyclohexyl) rapamycin.

9. A method of generating a compound according to any one of claims 1 to 8, said method comprising:

(a) generating a recombinant strain. in which at least the rapK homologue has been deleted or inactivated; and
(b) feeding a non-natural starter unit to said strain.

10. The method of claim 9, which additionally comprises deleting one or more further auxiliary genes.

11. The method of claim-9 or 10, which additionally comprises restoring by complementation one or more of the deleted
genes.

12. The method of any one of claims-9 to 11, which additionally comprises the step of isolating and purifying the
compounds generated.

13. The method according to any one of claims 9 to 12, wherein said non-natural starter unit is selected from the group
consisting of:

3-trans-hydroxy-4-cis-fluorocyclohexane carboxylic acid;
4-trans-hydroxy-3-cis-fluorocyclohexane carboxylic acid;
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3-cis-hydroxy-4-trans-fluorocyclohexane carboxylic acid;
4-cis-hydroxy-3-trans-fluorocyclohexane carboxylic acid;
3-cis-hydroxy-4-trans-chlorocyclohexane carboxylic acid;
4-cis-hydroxy-3-trans-chlorocyclohexane carboxylic acid;
3-trans-hydroxy-4-cis-chlorocyclohexane carboxylic acid; and
4-trans-hydroxy-3-cis-chlorocyclohexane carboxylic acid,

or simple esters or salts thereof.

14. The use of a compound as defined in any one of claims-1 to 8 in the manufacture of a medicament for the treatment
of cancer, the treatment of fungal infections, the treatment of autoimmune, proliferative and/or hyperproliferative
diseases, the maintenance of immunosuppression, the treatment of diabetes. acute or chronic rejection of an organ
or tissue transplant, asthma, tumours, psoriasis, eczema, rheumatoid arthritis, fibrosis, allergies or for use in relation
to antifibrotic, neuroregenerative and/or anti-angiogenic mechanisms.

15. The use of a compound as defined in any one of claims 1 to 8 in the manufacture of a stent.

16. A stent comprising a compound according to any one of claims 1 to 8.

17. A compound according to any one of claims 1 to 8 for use in the treatment of cancer, the treatment of fungal infections,
the treatment of autoimmune, proliferative and/or hyperproliferative diseases, the maintenance of immunosuppres-
sion, the treatment of diabetes. acute or chronic rejection of an organ or tissue transplant, asthma, tumours, psoriasis,
eczema, rheumatoid arthritis, fibrosis, allergies or for use in relation to antifibrotic, neuroregenerative and/or anti-
angiogenic mechanisms.

Patentansprüche

1. Verbindung der Formel:

wobei:

x = Bindung oder CH2, oder -CHR6-x-CHR5-
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ist;
R15 =

R1 = OH, OCH3;
R2 = H, OH, OCH3;
R3 = F, Cl und R4 = H, OH, CH3, F, Cl; oder
R4 = F, Cl und R3 =H, OH, CH3, F, Cl, OCH3;
R16 = OH, OCH3;
R17 Cl, F;
R5= H, OH;
R6 = H, OH;
R8 und R9 zusammen =0 oder H, H sind; und
y = Bindung, CH2.

2. Verbindung der Formel:
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wobei:

x = Bindung oder CR11, oder -CHR6-x-CHR5-

ist;
y = Bindung oder CHR12;
R1 = OH, OCH3;
R2 = H, OH, OCH3;
R3 = Halo und R4 = H, OH, OCH3, Alkyl, Halo, Amino, Thiol; oder
R4 = Halo und R3 = H, OH, OCH3, Alkyl, Halo, Amino, Thiol;
R5, R6, R7, R10, R11, R12, R13 und R14 jeweils unabhängig H, Alkyl, Halo, Hydroxyl sind; und
R8 und R9 zusammen =0 oder H, H sind.

3. Verbindung der Formel:
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wobei:

x = Bindung oder CR11, oder -CHR6-x-CHR5-

ist;
R1 = O, OCH3;
R2 = H, OH, OCH3;
R5 = H, Alkyl, Halo, Hydroxy;
R6 = H, Alkyl, Halo, Hydroxy;
R7 = H, Alkyl, Halo, Hydroxy;
R8, R9 = =0 oder H, H;
R10 = H, Alkyl, Halo, Hydroxy;
R11 = H, Alkyl, Halo, Hydroxy;
R12 = H, Alkyl, Halo, Hydroxy;
R13 = H, Alkyl, Halo, Hydroxy;
R14 = H, Alkyl, Halo, Hydroxy;
R15 =
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R16 = OH; und
R17 = Halo.

4. Verbindung nach Anspruch 1:
wobei

R15 G ist; und
R3 = F, Cl und R4 = H, OH, CH3, F, Cl oder
R4 = F, Cl und R3 = H, OH, CH3, F, Cl, OCH3.

5. Verbindung nach Anspruch 1, die 9-Deoxo-16-O-desmethyl-27-desmethoxy-36-de(3-cis-methoxy-4-trans-hydroxy-
cyclohexyl)-36-(3-fluor-4-hydroxycyclohexyl)rapamycin ist.

6. Verbindung nach Anspruch 1, die 9-Deoxo-16-O-desmethyl-27-desmethoxy-36-de(3-cis-methoxy-4-trans-hydroxy-
cyclohexyl)-36-(3-hydroxy-4-fluorcyclohexyl)rapamycin ist.

7. Verbindung nach Anspruch 1, die 9-Deoxo-16-O-desmethyl-27-desmethoxy-36-de(3-cis-methoxy-4-trans-hydroxy-
cyclohexyl)-36-(3-chlor-4-hydroxycyclohexyl)rapamycin ist.

8. Verbindung nach Anspruch 1, die 9-Deoxo-16-O-desmethyl-27-desmethoxy-36-de(3-cis-methoxy-4-trans-hydroxy-
cyclohexyl)-36-(3-hydroxy-4-chlorcyclohexyl)rapamycin ist.

9. Verfahren zum Erzeugen einer Verbindung nach einem der Ansprüche 1 bis 8, wobei das Verfahren umfasst:

(a) Erzeugen eines rekombinanten Stamms, in dem wenigstens das rapK-Homolog entfernt oder inaktiviert
wurde; und
(b) Zugeben einer nicht natürlichen Startereinheit zu dem Stamm.

10. Verfahren nach Anspruch 9, das zusätzlich das Entfernen eines oder mehrerer weiterer Hilfsgene umfasst.

11. Verfahren nach Anspruch 9 oder 10, das zusätzlich das Wiederherstellen eines oder mehrerer der entfernten Gene
durch Komplementation umfasst.

12. Verfahren nach einem der Ansprüche 9 bis 11, das zusätzlich den Schritt des Isolierens und Reinigens der erzeugten
Verbindungen umfasst.

13. Verfahren nach einem der Ansprüche 9 bis 12, wobei die nicht natürliche Startereinheit ausgewählt ist aus der
Gruppe bestehend aus:

3-trans-Hydroxy-4-cis-fluorcyclohexancarbonsäure;
4-trans-Hydroxy-3-cis-fluorcyclohexancarbonsäure;
3-cis-Hydroxy-4-trans-fluorcyclohexancarbonsäure;
4-cis-Hydroxy-3-trans-fluorcyclohexancarbonsäure;
3-cis-Hydroxy-4-trans-chlorcyclohexancarbonsäure;
4-cis-Hydroxy-3-trans-chlorcyclohexancarbonsäure;
3-trans-Hydroxy-4-cis-chlorcyclohexancarbonsäure; und
4-trans-Hydroxy-3-cis-chlorcyclohexancarbonsäure

oder einfachen Estern oder Salzen derselben.

14. Verwendung einer Verbindung entsprechend der Definition in einem der Ansprüche 1 bis 8 bei der Herstellung eines
Medikaments für die Behandlung von Krebs, die Behandlung von Pilzinfektionen, die Behandlung von Autoimmun-,
proliferativen und/oder hyperproliferativen Erkrankungen, die Aufrechterhaltung einer Immunsuppression, die Be-
handlung von Diabetes, akuter oder chronischer Abstoßung eines Organ- oder Gewebetransplantats, Asthma,
Tumoren, Psoriasis, Ekzem, rheumatoider Arthritis, Fibrose, Allergien oder zur Verwendung in Bezug auf antifibro-
tische, neuroregenerative und/oder antiangiogene Mechanismen.

15. Verwendung einer Verbindung entsprechend der Definition in einem der Ansprüche 1 bis 8 bei der Herstellung eines
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Stents.

16. Stent, der eine Verbindung nach einem der Ansprüche 1 bis 8 umfasst.

17. Verbindung nach einem der Ansprüche 1 bis 8 zur Verwendung bei der Behandlung von Krebs, der Behandlung
von Pilzinfektionen, der Behandlung von Autoimmun-, proliferativen und/oder hyperproliferativen Erkrankungen,
der Aufrechterhaltung einer Immunsuppression, der Behandlung von Diabetes, akuter oder chronischer Abstoßung
eines Organ- oder Gewebetransplantats, Asthma, Tumoren, Psoriasis, Ekzem, rheumatoider Arthritis, Fibrose,
Allergien oder zur Verwendung in Bezug auf antifibrotische, neuroregenerative und/oder antiangiogene Mechanis-
men.

Revendications

1. Composé de formule :

où :

x = liaison ou CH2, ou -CHR6-x-CHR5- est

R15 =
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R1 = OH, OCH3 ;
R2 = H, OH, OCH3 ;
R3 = F, Cl et R4 = H, OH, CH3, F, Cl ; ou
R4 = F, CI et R3 = H, OH, CH3, F, CI, OCH3 ;
R16 = OH, OCH3 ;
R17 = CI, F ;
R5 = H, OH ;
R6 = H, OH ;
R8 et R9 ensemble sont =0 ou H, H ; et y = liaison, CH2.

2. Composé de formule :

où :

x = liaison ou CR11, ou -CHR6-x-CHR5- est

y = liaison ou CHR12 ;
R1 = OH, OCH3 ;
R2 = H, OH, OCH3 ;
R3 = halogéno et R4 = H, OH, OCH3, alkyle, halogéno, amino, thiol ; ou
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R4 = halogéno et R3 = H, OH, OCH3, alkyle, halogéno, amino, thiol ;
R5, R6, R7, R10, R11, R12, R13 et R14 sont chacun indépendamment H, alkyle, halogéno, hydroxyle ; et
R8 et R9 ensemble sont =0 ou H, H.

3. Composé de formule :

où :

x = liaison ou CR11, ou -CHR6-x-CHR5- est

R1 = O, OCH3 ;
R2 = H, OH, OCH3 ;
R5 = H, alkyle, halogéno, hydroxy ;
R6 = H, alkyle, halogéno, hydroxy ;
R7 = H, alkyle, halogéno, hydroxy ;
R8, R9 = =0, ou H, H ;
R10 = H, alkyle, halogéno, hydroxy ;
R11 = H, alkyle, halogéno, hydroxy ;
R12 = H, alkyle, halogéno, hydroxy ;
R13 = H, alkyle, halogéno, hydroxy ;
R14 = H, alkyle, halogéno, hydroxy ;
R15 =
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R16 - OH ; et
R17 = halogéno.

4. Composé selon la revendication 1 :
où

R15 est G ; et
R3 = F, Cl et R4 = H, OH, CH3, F, Cl ou
R4 = F, Cl et R3 = H, OH, CH3, F, CI, OCH3.

5. Composé selon la revendication 1 qui est la 9-désoxo-16-O-desméthyl-27-desméthoxy-36-dé(3-cis-méthoxy-4-
transhydroxycyclohexyl)-36-(3-fluoro-4-hydroxycyclohexyl)rapamycine.

6. Composé selon la revendication 1 qui est la 9-désoxo-16-O-desméthyl-27-desméthoxy-36-dé(3-cis-méthoxy-4-
transhydroxycyclohexyl)-36-(3-hydroxy-4-fluorocyclohexyl)rapamycine.

7. Composé selon la revendication 1 qui est la 9-désoxo-16-O-desméthyl-27-desméthoxy-36-dé(3-cis-méthoxy-4-
transhydroxycyclohexyl)-36-(3-chloro-4-hydroxycyclohexyl)rapamycine.

8. Composé selon la revendication 1 qui est la 9-désoxo-16-O-desméthyl-27-desméthoxy-36-dé(3-cis-méthoxy-4-
transhydroxycyclohexyl)-36-(3-hydroxy-4-chlorocyclohexyl)rapamycine.

9. Procédé de génération d’un composé selon l’une quelconque des revendications 1 à 8, ledit procédé comprenant :

(a) la génération d’une souche recombinante, dans laquelle au moins l’homologue de rapK a été délété ou
inactivé ; et
(b) l’amenée d’une unité de base non naturelle à ladite souche.

10. Procédé selon la revendication 9, qui comprend en outre la délétion d’un ou plusieurs autres gènes auxiliaires.

11. Procédé selon la revendication 9 ou 10, qui comprend en outre le rétablissement par complémentation d’un ou
plusieurs des gènes délétés.

12. Procédé selon l’une quelconque des revendications 9 à 11, qui comprend en outre l’étape consistant à isoler et
purifier les composés générés.

13. Procédé selon l’une quelconque des revendications 9 à 12, dans lequel ladite unité de base non naturelle est
sélectionnée dans le groupe constitué par :

l’acide 3-trans-hydroxy-4-cis-fluorocyclohexanecarboxylique ;
l’acide 4-trans-hydroxy-3-cis-fluorocyclohexanecarboxylique ;
l’acide 3-cis-hydroxy-4-trans-fluorocyclohexanecarboxylique ;
l’acide 4-cis-hydroxy-3-trans-fluorocyclohexanecarboxylique ;
l’acide 3-cis-hydroxy-4-trans-chlorocyclohexanecarboxylique ;
l’acide 4-cis-hydroxy-3-trans-chlorocyclohexanecarboxylique ;
l’acide 3-trans-hydroxy-4-cis-chlorocyclohexanecarboxylique ; et
l’acide 4-trans-hydroxy-3-cis-chlorocyclohexanecarboxylique,

ou leurs esters ou sels simples.

14. Utilisation d’un composé tel que défini dans l’une quelconque des revendications 1 à 8 dans la fabrication d’un
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médicament pour le traitement du cancer, le traitement des infections fongiques, le traitement des maladies auto-
immunes, prolifératives et/ou hyperprolifératives, l’entretien de l’immunosuppression, le traitement du diabète, du
rejet aigu ou chronique d’une greffe d’organe ou de tissu, de l’asthme, des tumeurs, du psoriasis, de l’eczéma, de
la polyarthrite rhumatoïde, de la fibrose, des allergies ou à utiliser en lien avec les mécanismes antifibrogènes,
neurodégénératives et/ou anti-angiogéniques.

15. Utilisation d’un composé tel que défini dans l’une quelconque des revendications 1 à 8 dans la fabrication d’une
endoprothèse.

16. Endoprothèse comprenant un composé selon l’une quelconque des revendications 1 à 8.

17. Composé selon l’une quelconque des revendications 1 à 8 à utiliser dans le traitement du cancer, le traitement des
infections fongiques, le traitement des maladies auto-immunes, prolifératives et/ou hyperprolifératives, l’entretien
de l’immunosuppression, le traitement du diabète, du rejet aigu ou chronique d’une greffe d’organe ou de tissu, de
l’asthme, des tumeurs, du psoriasis, de l’eczéma, de la polyarthrite rhumatoïde, de la fibrose, des allergies ou à
utiliser en lien avec les mécanismes antifibrogènes, neurodégénératives et/ou anti-angiogéniques.
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