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Nat ural Products Field of the Invention The present invention relates to
pr oduct i omoabogguabyket i des and ot her natural products amdTieB2besmwarsses of
conpounds and i ndi vi dual novel conmpounds. Therefore in one aspect the
present invention provides 17-desnethyl rapanycin and anal ogues t hereof,
nmet hods for their production, including reconbinant strains, and isolation
and uses of the conmpounds of the invention. In a further aspect the
present invention provides for the use of these novel rapanycin anal ogues
in the induction or maintenance of i mmunosuppression, the stimulation of
neuronal regeneration or the treatnent of cancer, B-cell malignancies,
fungal infections, transplantatlon rejection, graft vs. host disease,

aut oi mune di sor dere oR Ofd etides pndiRthenNatural Progiucts sease and
fibrotic diseases and in the regulation of wound healing. In a specific
enbodi nent the present invention provides nethods for the engineering of
t he bi osynt heti c genes governing production of rapanycin in order to
generate en iﬂ?g{ﬁg &éﬁﬁoﬂs that produce 17- desmethylrapanycin and

anal ogues tﬁgreo+—-4§e—rnve tion is also concerned wth nethods to
generate a |i braflye pleséntinestiet rejdteatraprpdicionnbpagietidedand dthedi ng

non- nat ur al rLen t | i onpounds
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's synthesi gesmeWylrapamyClr? a}l analgg%]es tﬂgr%%}. Oﬂ'le%ve%ﬁon is also concerned

with methods to generate a library of 17-desmethylrapamycin analogues by
feeding non-natural starter acids to such a strain, and the library of compounds
thus produced and with the generation of derivative strains in which cloned genes
or gene casseties are expressed to generate further analogues, and to processes
for their preparation, and to means employed therein (e.g. nucleic acids, vectors,
gene cassettes and genetically modified strains).
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via 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 polyketide core of rapamycin is assembled by the very large, multifunctional
proteins that comprise the Type | polyketide synthase (rap PKS). This polypeptide complex
comprises a loading module and fourteen extension modules, each module being responsible
for both the addition of a specific acyl-CoA precursor to the growing polyketide chain, and for
the degree of reduction of the B—keto carbonyl group. Each module performs several
biochemical reactions which are carried out by specific domains of the polypeptide. All the
extension modules contain an acyl transferase (AT) domain which selects and then donates the
acyl group from a precursor to an acyl carrier protein (ACP) domain, and a R—ketosynthase (KS)
domain that adds the pre-existing polyketide chain to the new acyl-ACP by decarboxylative
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the against filamentous fungi (Baker et al., 1978; Sehgal et al., 1975; Vézina et al., 1975; U.S.
3,929,992; U.S. 3,993,749). Rapamycin inhibits cell proliferation by targeting signal
transduction pathways in a variety of cell types, e.g. by inhibiting signalling pathways that aliow
progression from the G, to the S-phase of the cell cycle (Kuo ef 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).
Rapamyain 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). 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; Kirchner et al., 2000; U.S. 5,665,772).
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gene
(Gal at actdOEs arenelrtively liteds Spewnepnceoyeg ! emnatur?'rl'ﬂﬁﬂ%ﬂmqwﬁ °68§'§é€e§ f?fhe
protei p.d ol ﬂ%o s %@K@Ps"c&rrﬁ&?ﬁkgb‘-as%&ét&i Fthéné (Fﬁ'ﬂ% SuSRRRIFATAs sy and

several I rimunopti [ins are found located in the endoplasm ¢ reticulum a
pri nci paP1$iavebedn spotes. nfhesspeciie dnteraptipr ofdAds| with lf'ﬁB%?iE]P"d”Q)WethmFﬂ@Fﬂloi

(U.S. 5?@136%53\%% s Hel&ted W%Qﬁgglln'lﬁ‘ﬁ doQ&JdHSéhdeﬁmgﬂrRer ChbmBracr 45, 1883;,

FKBP13 son et a 498, 597), FKBP25 (Hung. and
Schr ei Kenz el@9200Q)i fmetneshilins Begear to mmrmr@ yidegange Qfszﬁﬂsl@s)act'\ﬁ!@mh( U. S.

5, 763, t t 000
The t a?ggemelgﬁﬁggr%ggml ran@Ilt—rKEII%%@S(%:?)F”%FB%SF %'ﬂﬁﬁ.ﬁﬁffwﬁ Coﬁnpl?lxe%st 3513
TOR (mwm heft $fm§hn§ﬁrt¢lm S(%Dldrr@wt@ﬁ, g Cham@%}’elh??opecllh@teﬁ%cﬁ'ﬁ% PBR protein

s knowgl_??cﬁgf S ¥nd t@{n@%@ SPgaéHé% é?al%??@ﬁ B HdeStBihePf ogBhOm ( mamal i an

target 1994). These proteins show significant
siml ammynmmnlmheomsﬁﬁmrc@mfﬁwvmomfm@paﬁyl PR §isHaansdsPRDEatios ang-

ki nase t cin
b1 nd g B Ep RSP R CRBls b S e B P T aEte

evi denenthdsis inttheecélin o beditiemto FKBAEREU.$ & 18, Tlﬂ)@th%ﬁﬂ@ﬂnt)ﬁ@“% 'ﬁﬁ'é'ée dOfTB.I n

W th arRPOAERUEE R B M ERTaSHe SIS o v s DT prepagy e !

1995) trsngomerSainibern 92t binst défT%Eh@NB%’é‘i Ge(M%o’i 354.84nBKRPER (Wabanyci n
5,763,590), FKBP60 (Yem et al., 1992) and FKBP65 (Patterson et al., 2000).

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 involverﬁent 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
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-5 WD 2006/ 016167 PCT/ GB2005/ 003158 (Choi et al., 1996; Liang et al.,
1999). The analysis of the crystal structure revealed that protein- protein
cont act s woeoseliete7vel y limted conpared to the interacPCoGHet5/008158
rapamyci n and each protein. No hydrogen bonds between rapanmycin and FRB
were identified. Interaction is concentrated in a series Of}f%‘%ﬁ{ hob| C

cont actGhobeitake d9PG; hiang ef ahd 9PBYyi Tt FrINSEIAFHStahdrUCHER FF\F2 rotein-

resi dugs;of cdzr%’tté He@@%tl\f‘ély fhited dorShred e IMstaceeittyedy Fép%fﬂn)@tromd)éach
raparrym nis the net attached to C23 (see_Fi % 3 to C34

r egi onPIaTR- th#@hyw@@rbwﬂwbeweﬁ@ raPam%ﬁéﬁ%FﬁB#éﬁ%%'WH %fbh‘&Eﬁr%C Ot acts with
FRB.  AsaBhilat&@ N LESFRE 'opﬁﬁdropffdmtdcﬁ‘s lﬁé%ﬂé@’ry ﬂ"lef’trlé\v%regv:lrdﬁﬁépémymaﬂdt he

bi nary and the ternary r& es (Li an%f iJj, p& vergb%ces bet ween
the bi ma@bruas@ma@fﬁé@ugsgff %ﬁ-é?fiﬂ:?tr?’aﬁ %gJB%”TPEH FaRbHPWied HaMA's et hoxy
group %Bgmgaﬁ'isrth@méthﬁXttéd?leB't@@zEl@%lﬁgmrﬁ Qfﬁé@QB%iC%ﬂdeélbﬁaha(ﬂ@él on of

t he Cl6 bstituents at the interfacial space betwee h%g%ér g?’l?IOR was

post ul erclshiexy deagbragemygin make gygipphaiie C‘é"ﬁé@?@i’@ Fore: t"hé”@ ture of

FKBPlZcH@n%QHr}é RAQEA WATHOREMBURSS] the bERrPandBeh¥inafaRamiexds (LRingadied, a
significa er ence in the orientation of the cycl ohexyl ring whi ch may

resul t1999).di sruption of niTOR binding (Kallen et al., 1996). A |link between

MICR si gnal i, 0ga0d Be@ﬁ@dtﬁ@@l&fdﬁ#bﬁe&yaﬂaﬁﬁh%m anélsglu&ﬁrfﬁodiﬂéé aéfeacis On
t he phosphorylation state of proteins invo in transl atlon?l_ll?egontrol

t he abwadhaxiceoup and tey@kdintte h!ﬂd FRBP 1% wak %ﬁ’f%?ﬁ R tererafiogtof
tr a”“%db%b%ﬁl@'at fﬁ@qntégém 'ssééé)&?fweéﬁvﬂbm 2 GRAHITOR Qbs pasiuRfedQivéngsdranse

acti vi y an he coordi nation of the transcri tl on of many enzynes i_nyol ved

i n net #@95).i Theandiveis/ef thaowsiBbwriciss of F'ﬁ%m%wﬁh §1 QR imENUNOSHBRFERSIVRAS ARy ci n
sensi tug,Shanaldi F&e@@& Q%ﬁfm%hﬁ&?ﬁ&@ﬁ@@h the oAt GANLF it 8y dl sHYxy T rﬁHg‘»‘whi&h

enbryonic’brain’ deve | ear ni ng and rrem)ry formation (Tang et al.
2002) . mRe syl (ﬂ\dl@rﬁpﬂmfm'@%lbﬁ@'rlgr(@%h@fta/a[‘%%3 revealed their roles in

nodul ati ng A‘Wﬁ\%elﬁﬁﬁfﬁﬁ éd%ﬁallﬁ'l %@llbéﬂge@ﬁfto%¥%tl€é§@é W elfort its @ffect drP99) -

Simlarly, een 1 déenti as a direct tarPt for the action of
pr ot ei thelphospheryldiop skaty obprateits lnmwwgn rapdgtiangl eontiel iths aPynagicg®al | i ng

(Sheph nga %Eent@lohthe]t%abtlmmgcﬁﬁerglatF] helt2RRLriptioNBINaR tfa’%‘@laT%lhé\?eI@'c%ﬁtrBﬁ&‘n

|rrpI|c rization e actln cyt oskel et on and

r egul aamion aoifd nerraﬂ@eadlwtyaﬂndlthfi cperdingtion ol the transasiptiey of mi%@ﬁlzymes

Phos PRIk h'ﬁr?e%éq Bk pAmHEDERER bR s TR 81 fzem?l RBBAmBnsever al
aspects 0 qh enes of tunours such as cell-cycle progression,

adhesi mgntmbngndmg/waMayambEOaa@e@g@rm%y an (rReyigahIeR ENEINEREF 81AIR001) . The.
mul ti t&%@lo@ﬁeﬁb?ﬁaﬁw and #N@ gi%ﬁﬁaﬁgne(ﬁ' Qﬂg? el 57 @b@i)erF?é%%aFdﬁlAn T@Qe&o@rl{%qn

under | i'hée at1 ng nove I'i'gand anal ogues w t
pot ent yemis yscteangled trmlrmqleagw mndMI@aneilftwtﬁﬁnS'@@r\ﬁéQﬁ?éllngmﬁ*h‘@%&nﬁﬁaédwhck e s

the i n% ul béé oIy, B IarghﬁTbﬁt%‘én?@ ff%degﬁgaﬁgct t%étcf’ar tfh%ra{ﬁloﬁ%f E)rdi’ém KirfRe

st er oi rec tor cohpl ex, whic i denti he mechani sm by

which B mramﬂmﬂ hadingbdgyiede nansliliotsiomellipgEPIEPhBIchefiatg QQﬁrpNﬁyﬁ(Pé)a’ mRRDat e
neur al r%%%ﬂgr{ ?bh%saa%% HLEH n’n[‘:l?cated in the polarization of the actin cytoskeleton and the

regulation of translational initiation (Alarcon ef al., 1999). Phosphatidylinositol 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).

The multitude of the FKBP’s which are present in different cell types also underiine the
utility of isolating novel FKBP-ligand analogues with potentially changed binding and/or effector
domains. For example, it is the inhibition of the rotamase enzyme FKBP52, which fqrms part of
the steroid receptor complex, which has been identified as the mechanism by which rapamycin
analogues (and other FKBP12-binding compounds) moderate neural regeneration and neurite
outgrowth (WO 01/03692)

Pharmacokinetic studies of rapamycin and rapamycin analogues have demonstrated the
need for the development of novel rapamycin compounds that may be more stable in solution,
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outgrowth (WO 01/03692) Phar macoki netic studi es of rapanycin and rapanycin
anal ogues have denonstrated the need for the devel opnent of novel

rapanyci rwoanpousms t hat may be nore stable in sol uti onpCTAB2VB/@OGE/ 016167
PCT/ GB2005/ 003158 nore resistant to netabolic attack and/or have i mproved

bi o-avail abi i tg Modi fication of rap a cin, usi nﬂ q w ava| | abl e
posi t | DAL leaistantermetrbdis Atiaes 9nde{%rd"r8é/§é@a °¢'§%8'° HEfRILY- \rayo

approagi, }n?mﬁ%ﬁwb'ﬂ% gekntigally @Qaffa%\/é ;ﬁdsﬁt@&s @Ebe@béﬂefﬁWelﬁ: hédrecsdd (I%Bell fication
and is her liTmted in its utijl i cul

o £ §ealpWior eV i SRRETRCS Sl e e TS p el BrSBERGrOf fsrtien e
sites gy khetHERlifgsd B ns/hnr@ thﬁkfultﬁa)éﬁrﬁ bestipetnsdianys aha anaicolgupssititsi ing t he

chem cally available sites | ecul e has been reported. The
descr|fb?l%?ﬁ%‘ﬁePﬁ@h?rdPP@\XFﬁﬁe%%‘h%@Jﬂnagc%s adapted to the nunbering system
of the rapagygide diRl@adiadapsh|deenaibglesqisity the cﬁhﬁi&ilan}aé\lraylablé&ltbabf thesi t es
on the nol ecul € for derivatisatiaon or rgggﬂcement |ncI de 04%103 % q%

hydr oxiyiPlegrlgiiigs been gpported. SThesdesseptiopoof th 0‘3'”8@9”“??.%’? S Mfet hoxy
gr OUpSnL(rﬁbéhng\é?st%ﬁ{ cﬂ’%@rﬁgaHggm morecliRSdektided BFAgur€d6 Chemhi€Rlykahitalls Sitys

e U. 138,051; U, S dro enat| on at
él?g crotheraplapuleter dervatisation Ry rereeriang H@'Udﬁ&‘@l acr@ogf%h%g

anti f upgals e%fstml U, BUs2 Wéﬁbs\@%b@% rﬁéthbmmggsxmog ETS)] m(&mu SJ S

S a0 635 sy intoor e hoclis BB SRS U Y ©f

2, 503, c taReaRPiheariéid, asduitee 1AtSn of
2 919, %éé 7% Oavacfbl‘éﬁa%@tcﬂ‘/ 816 LANBECD D, tARbARPIHeGr L8 igretéhtSn o

ability (e.g. US. 5,221, 670: US 5.95 5
98/ 042amy‘urmdja@twéy btﬁﬁ@’éﬂ@t'P%Ofdﬂ“”b‘PB%Hﬁj’é%ss(oé‘ §.9- U558 04%) g&é 3 9%962)
5 432 égﬁa‘lcm\(rﬁpr%@@rﬂer?&m tﬁ¥%€§b§l®'&qg@mo%ble\/(éfgl sainaidh of RS Et CeheTdaal
tion requires si ficant A%uantltles of gg CIE teﬁpﬁte and, as
a basearuivi@%%ﬁ W $85055%1"é50h’p%tﬁﬁj46@ )irgsigienes toypeta “"\%Fﬁ@ We-Oh ile
Chem C§b12§8§é) BBEvaSﬂQEIh le.620.P8 21970, @@ %@56\&%7 WO 98¥042fd)eimdige di f i cul t
o be Site's tive. nsequen nodi fi cati on often requires

rrul ti p;bredmtt@m@épmwgérﬁ@igd'é& §t0éét3y §eU§t éﬁ’ézéﬁa E%l‘h" bReSROEVeRItNHIBr oduct s
i n var i aPLec iR gl%we\';%‘ Oék%gil%lmdaﬁﬁéméﬁlrés%@ﬂﬁ&\d@hMtiﬂ@éf 8t raf ﬁ@ﬁMCl n

anal ogues were 1ni ow to be productive due to the di |cuIt|es

encourtespiale and vasradasg amptaﬁndtlw@lemomeén%gt Ip ARt Sovo v Wik v ibiG ghemical |
1997; ctl%ﬁ?ﬁ%atﬁfﬁ cah b? 8@09@ ?ﬁ'\%o!trcgn bhén Bé@lfﬂm@ﬁ'té bt ¥itd©belbhifveS Qﬂﬂ%@@@erﬂfy t he

bi osyn ene ¢ rapamycin fromS. hygroscopi cus (Aparicijo et
al ., lmlcﬂmw'@n @tenaequlreggxggt)ple Woﬁ%cé'éﬁ?”%ﬁ?@ﬁ?ecﬂﬁﬁt%%@ﬂ faf PEdvCRe

pr esen}mieB%%lfu%&%nQ%ﬁé g§s.@ W der range of rapanycin anal ogues than had
been previ y accessible via nodification of the rapamycin biosynthetic

pat hway by Bitvgjsal anpreashes totedysig VRS %@NP‘?@H@’%@%@G@A@"@W Yo 108,
Furt he ro@{?&l &0 ﬁg%xfﬁéuﬁ sRAAGRERS ‘?rngbklr{gEWiEH A8 pRodiRIMId b Masmt 0 the

nat ur a er acl nmycin whi ch are incorporated into the
r apanyiomosskayetetiple s QQMIW@QHEQQpO) Wprt@the availability of the sequence of the

biosynthetic gene cluster of rapamycin from S. hygroscopicus (Aparicio et al., 1996; Schwecke
et al., 1995). A recent patent application from the present inventors describes a wider range of
rapamycin analogues than had been previously accessible via modification of the rapamycin
biosynthetic pathway by manipulation of the post PKS modifying genes (WO 04/007709).
Further analogues can also be accessed by feeding alternatives to the natural starter acid of the
rapamycin PKS which are incorporated into the rapamycin structures (WO 04/007709).. While
these methods provide access to significantly more of the chemical space around the

rapamycin molecule, this technology does not allow the modification of the core framework of
the rapamycin molecule that is encoded by the type I polyketide synthase genes.

The isolation of rapamycin analogues using other biological methods such as
biotransformation and phage-based genetic modification has also been described. Isolation of
minor metabolites from both mutant strains and rapamycin producing strains has provided small
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t hese net hods provi de access to significantly nore of the chem cal space

around the rapanycin nol ecule, this technol ogy does not allow the

nodi fi catwonro@foittee core franmework of the rapanyci n nolPeTidB2043@MB158S

encoded by the type | polyketide synthase genes. The isolation of rapanycin

anal ogues usi ng ot her biol ogical nmethods such as biotransformtion and

phage- dumatdesg@‘weuumbamﬁrlabﬂmacm@nalﬁaéesal?@Sbéé”ﬁméé’é%Pﬁ%‘GW WeldNa#Pen of

m nor ShE M ottiof 8 27 ANABAHEAAYIRY d%ln@wcﬁﬂ-al ns

has pr TERARILALS: b AP RARE, ThE Koo R sTapasyse ARt it Lo

nunberdesietiaparapeimycianassgreted ﬁﬂﬁ’@ﬂ@ Aty SpeEa Of enBIPSPPEHY N‘Fa

produc r of p f 27Tt SREBYIE kin was lower than
Sm;ﬁ%bkf EBa/0h 08 %ﬂé!%hgfﬂé‘ag ggﬁl#t? yirpandy

27-0-de rapamyci’'n an hoxyr apamyci n was reported f_lromthe
cul turteasmfpemmaymbutcbme IShlbﬁ'@groéEEBB"%ﬁ’E‘EN@I V'tymmd(@&ﬁ "éqre%ffe 1595 .

The an f ARATY Gells mhbwmtérhaﬂ%hat of
raparry'hlmﬁmg ﬁRA Sﬁhhléteglpéﬁ?e‘?f%ﬁ%ﬁ&zﬂggl ase activity seemelcll to be

i ncr easterd,naﬁch‘nerollfanatlmlon‘ meninespienin & ealls wAsHesteagpd MNER FAPBIRIP rARATYR
spl eni &06 £ 8l 1%@%?% HT?r \k{agm Jgt 4198 eslﬂ?ghe r%b!ar'i‘i‘ﬂ:lﬁtaﬁglogﬂéﬂ blogirapa@pciaf

muri ne ["eni’'c eased when co fed to rapamycin oX. et
al ., 120B)desSiethyirapayycimand 2ldganethexirapamysy n"thﬁ?én@ aﬁwafﬁﬁeam BYGES

prol y1 EBRANGL NpccrkLa} BB WLe FARIEI NN rATadSiTBY oM @paoys) n

(nurrbe'iﬂfJ stemo nycin nol ecul e as descrl bed in Figure 1) were
| ower Rhmmydnaanaﬁgueap%ﬁﬁ@fd%n'(e’ﬂwﬁgp@ﬁym, 27- @%Smethw&@ﬁﬁ%n’rf’ %Ral ogues

((jégm?t rry?{/3 QBRWGO&% e%ggﬁgsé]ﬁ?@mi “%Fﬁmy@?‘ol% Ior—apa cin, 26-0-
desnet djedrrmﬂqﬂgrbiyawms c@od@'ekwmar%?cqi%meimwmmtﬁ‘xé?'&’ﬁaw oxy-39-
27-des hoxﬁyﬁg rﬁycﬂb g&%%tgé( bzgﬁmmo%{rﬁgam?ﬂ%oﬁz&ﬁ%w&hﬁ VI, ERAENGD- I -

28- deh 0XO0- - 39- O desnet hyl rapamo/m n) were
al so m@nwmyfage@meememmwm@néwmalgom techﬁr@rérAqt/n@olam $R YRO%f0

cyt ochrfgefr‘r%? cﬁ) Tign gfcg/)to}:r% S B0 hIRIES Hﬁc?’ﬁ[r prfe?ﬁgbrn@e&lﬁg tté‘@vecéﬂlllthr‘ér & SHerafter

bi ot r af iSO ated rapamyci n % The use of
such i pibirdisfangtion boessted ranammclre(lNlm@ atted, 1289 efThagsepl %%Jc;b"dl" ibte®ar enzyne

function and InB/ najlpw&?rbeatg &%ﬁ"li%% ¥§m&&15§ nﬁ%%%ﬂnét%ﬁlgnﬁ' %‘Hot' e Bl thuaf

pr oducheveves¢ |'ected anal ogue i s not
possi bbfeervissultiy is mirtuteschf pfﬁwchseﬁatlomai@rqm@ﬂ@t@f DINGIp Sﬁie,@tagir@“@'@uerlaﬂahym n

anal SO rath s el 3 '(%@gczﬁé#cggn BY QELs 8l BPahiBAChaIoLEl tindhe

mxedP rtory activit onpounds was
assessmdnarsﬂngle ﬁédned@fcfdecttalmmmetsamld viTby mixes! IgapleeavtadreagiiereMiRe | oss of

{he e B bad e 3 S bRl A BeschuptPEf BHODHLL EAMo BORTPARE defoched | Vi LY

was ob¥ arryC| n; | oss of the nethoxy
group after@s/loss bthe Imetybgnpugrab GR7 @t/a@81§n6 rtnbre sigrificant daarespedn agtiviiypecol i ¢

ot encyes Rbseriic obe apiardbeBbiye aaiictidy, B losh SF e ALl Gl BAHEOTIRS T
and t hgydregl @bipst ©I8 drfd, taesommmemmigebommqfdemveldagr@umwlm arrsplgr @redp (WO
94/ 0901&%\'\2@3%&% Leéllor? h ggtenscy%ls'l'\@g &l q@QS?CéH’ labY, didtrdrRbdrmBEGh bf eration

assays?@
rapamycin and the isolation of 16,39-O-bisdesmethylrapamycin have been reported (WO

94/09010). The retention of some inhibitory activity in cell proliferation assays with compounds
modified in the cyclohexyl ring, e.g. 39-O-desmethylrapamycin and C40 modifications such as
SDZ RAD and CCI-779, identify this region of the molecule as a target for the generation of
novel ra;;amycin analogues both with immunosuppressive and anti-cancer properties.

Novel rapamycin analogues have been reported after feeding cyclohexahecarboxylic
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 rapamycin-producing wild
type S. hygroscopicus thus demonstrating the flexibility in the loading module of the rapamycin
polyketide synthase (P.A.S. Lowden, Ph.D dissertation, University of Cambridge, 1997; Lowden
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nodified in the cycl ohexyl ring, e.g. 39-0-desnethylrapanycin and C40

nodi fi cations such as SDZ RAD and CCl-779, identify this region of the
nol ecul e we 2a06t@6et for the generation of novel rapampcirGBnalmgLses bot h
Wi t h i nmunosuppressive and anti-cancer pr operti es. Novel rapanycin

anal ogues have been reported after feedin cl ohexanecar boxyl i %

cycl ohehearrdO4) hDIBFEINeVE ERREMYSYLRARSLES e Eé’PHS@&/'PlC(?”%?@FHO” with the S

net hyl GyHephexamgER%RYEBhEL 1 2BkEarbENAit abexredulene patbarad yisidaahd mixed

3- hydroxycyclohex 4-" enecar boxylic acid and cycl ohept-1-enecarboxylic acid
to cul tiPdStsof rapamyci n-producing wild type S. hygroscopicus thus

denonstrat i 'Tg\lotH&effél}ﬂjﬁubbd)rhtémm'gﬂa;ﬁi]ﬁydn@éﬁbldﬁ@e@ﬂﬁtdp%n%lrt mer@@amatad by
pol yketide synthase (P.A S. Lowden, Ph.D di sser@%ggﬁ Uni ver

Canbr i d@%dmglwwe%%mféﬁpamwwr%md&’é’?ﬂsﬁ?ﬁf HoRWER (% <§{“'§:ﬂ°° Ic2004) .

These ngyelo lﬁﬁ@@mb?é&olﬁr@ld)@éaﬁctwﬂr éhcpéc@@éaiﬁg thé\smﬂﬁmﬁidntdlmﬂg pipebolbtze
natural starter 5-di hgdroxycycl ohex-

enecar boxylic Cld sujtin
reduce@”?ﬁoéy%ﬁs(séﬁtf {hiazae- ﬁ?&?ﬁﬂtcsac‘wshéxf'e 'a§6”€bﬁl??r Ca?f‘?‘ﬁ’ FéraFﬁﬁhﬁtgm n
anal oglg;eszgy‘g)raparrym n have been isolated by feeding cuI tures of the

rapamyci n- pr oduci ng ygroscopi cus NRRL5491 with (r% ni_ ecofic acid, to
i nhibit L-pi Bé&ﬂlqt’@néa"‘ﬂ’ rﬁP%E’B?mo% hy IR CQRUCUSSIGNI P e LY IUR TRRAT i ng

pi peCO'aﬁEl%guéh“ﬁErﬁ@B%g(eﬁ) méjrdud me@i’a@étﬁbﬁplﬁégretl@é‘lﬂolc@y?\IEbrﬁo@é‘kaya et al., 1997),
(S)-1,4-thrazane-4 carboxylic acid (G aziani The |§§I ation

of two nPebesbiararied-Sn “Pﬁlaﬁeé%‘@p?f@\gge%PMi‘%gnﬁ?%ﬁ?an%h»V@’PrSB%C'fSafﬁé cin
anal ogygRtiot Hulkht abr%é%%e%e H&ﬁén%%nfyeﬂleﬁqta%ubé/?@mgsam&hw ogy

(Lonpbvskaya et al. 97), has been reported n the presence of added

prol i n@y@rﬁém@wé@ana/ce angAgh s B dr=2Er meaaxaéﬁreﬂmmn grevesif/ hé%f?%)ed t he

novel  IARIMYCiE n%mlr%ﬁ?y%.rﬂ@mdré@p&wpﬂa amslcmhslely&&ypbﬁwlzrsad&m&myand
4- hydr oxypr ol yI - 26- desmet hoxy-Tr apanycin ( Khaw 98). Simlarly,

t he novalamysjiamye frares- %ﬁPﬁ}rH&C&S‘%93ﬁnQﬂ‘?’fanPe?p%ﬁf9%¥yH° acid rapainyoi have been

3-hydr gd@ﬁmﬁgogdvaf% redfs 82 9RY MM RRRAYSHh adBsscribed in WO 98/54308. The
trans-3-az cl o[ 3, 1, 0] hexane- 2-car boxylic acid rapanyci n have been

i dent i Bty of B yfré@aramlrt fed-hydroxyprsolyldfadeamethexysepamtCIa WVagcassesIfsdni n WO

o8/ 543g%hfeT5'cﬁ>n é’%@ég’ sV ﬁdﬁh@fnhﬂﬂ@nlyﬂdhﬁﬂﬁdﬂﬂ% Rtt8NEbmpound was significantly less than
4- hydr oxypro esnet hox nycin was assessed in proliferation

assays thaidf ftaﬁémb’@ihl(’ﬁ“%?f;ﬁ/ aéé?a)ia 3 fe geletiopof the five coighaunacIRss AR ANMLIcant | y
l'ess t @%onr{sm}’é foPI)ogt Q%%Mﬂe%&dﬁﬁWoﬁst atdt16 C&?ga%):i pra_cﬂ%tlgﬁbﬂlp&ﬁzceﬁc bhg five

cont i guo enes, (responsi bl e for post-pol yke modi fi cati ons

at ClGanmlrdﬁ@la?ﬁﬂaﬁmmth @rﬂe@f“'YEmﬁ?%%té@Fq r@aa@r tmS. fé(ﬁEPSf?ﬁ@'PIHS Aéﬁpaséﬁ%nt Wi th
a “eom&hg 855}% ﬁé%@%tﬁ@folﬁfd'y rbfliled .mgwmnbﬁemﬁ%%ﬁ |-2¢si ng

phage- bas ology resulted in the production of desnet hyl - 27-

desnet Hexyethpamngramyciheientfed with toipesplj {Chuagied af., @Q@ﬂb @@ camplenergatjion No
conpl e%?fﬁkaaélé%ﬁe nﬂfta&t% bg% Sérhﬁ?ﬁbtr’%@dﬁrﬁuﬂ*ﬂéﬁn&@eﬂﬂe@ﬁg'éiaé&ﬁé}ﬁﬁﬂ nejther

Furt hernore te-speciticit ei t her M nor RapQ’was i1dentified
in thi Kapldrier Rtan@rveefsod@tlﬂe@tn tbﬁazvor&éb@rgf@r@frafm@hﬁwmofarﬁaamgma@nalogues

requiring methylation at C16-OH or C27-OH was not enabled by Chung et al. (2001). The
phage-based methodology suffers from a number of drawbacks, as described in more detail
below, exemplified by the reported production of only three recombinant S. hygroscopicus
strains over a period of 9 years from the disclosure of the gene sequence. It offers a difficult
and protracted process of obtaining engineered strains and is significantly more limited in utility
in comparison to the methodology disclosed within the earlier application by the present
inventors (WO 04/007709).

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 (WO 01/79520, WO 03/048375). However, the
isolation of novel rapamycin analogues using such biological methods has been limited due to
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requiring nethylation at C16-0OH or C27-CH was not enabl ed by Chung et al.
(2001). The phage-based net hodol ogy suffers froma nunber of drawbacks, as
descri bedwonoemreledet ai |  bel ow, exenplified by the repectraB2pescdsssi on of
only three reconbinant S. hygroscopicus strains over a period of 9 years

fromthe disclosure of the gene sequence. It offersg a difficul tI anﬁ
pr ot r doe diffiquities eteansforpinghp i IRGrBAETHE IS YORAPH &p(Erassordeihi f PRRREEY

mor e lE[F%ﬁe%qhétqré'Eér%b’\Bbﬂy u'st %@?Wsl&t}anéf@rrﬁé@@nmhmm@gwdmsmrqxw Wlthl n
the earfrer app by t

I cation he present |nvent ors éj’P (‘)( 8770?9
Conv eritanefeawergppisoaedseisil wih waaama@'@wogﬁaﬁ% AN AT PYRRNG © dsi ng
bi ol O%C%Wecké@tt£0¢§950 R(H%éi ézea/t b@odiyutmb isgite of theehigiriopto 1Bk dxsmi:lswetlufaNCgenes
in the chronosone of strain or/and thgbl nse tion.of individual

genes Celd00SH0P aSQﬁbt[bBé@ﬂ@ﬁdoﬂﬂﬂmfé@%’G%Skd? ehat &% "5%‘?1%%3 Rigsehase
I ndiviguall %a‘?fs s@§en€§mﬁm‘é§%§/%é 85e MR RbnEa DR fré/@n@ﬁé %Bﬁ‘éﬁéd n’ttb\Bever t he

i sol ati on of novel ci h anal ogues using such biolo net hods
@%ercﬁ
tHé

been IfyotassapidudKisser SBIVEDE0G S 16TEPIOBES BIRS0S 082 GREFIUELA | es
oo ad}z’ﬁ&rﬁl‘tgg 64! @DF{ RAYRLEIINAT PALE When @b@pleiatiy af@iléwtl@ﬁ @rumarﬁtu&mgl thishas
porte

been t hat e comonly used met hods of transformati ?
pl asmtchgwﬁh@@h?ajgalhmlt@@ imibednclygioneot aeaglicmatsrial WiGn Hi fee Qﬁm%‘?ym n

produc S8 lyensek aisakbll AifRsly Kikeper et
ke féﬂé%ﬁﬁg“ﬁggiﬁf*%rfY%?ﬁﬁ%°*'€he@‘éﬁsC@J;gm*"j%‘%mm o oo%g

used tdeeh e sibe)do Rogjiiorot 2 draved leyeineter, sgaionsia grpmology RELAY (RS

ragn | sinBRaaf tebhfol6dyomethoiifo
f ragrrerﬂngg?r an cPﬁéror_izgg EEMI%E,&J? the f'r%prdgggq)dg??:&g%cm esgr gt al %@OOO%PQ{N y

t echndhegfficiest ransicresdtiarooftstiain sushos eSiregtony CRE Y FFART Y CUS SRS IVTERSEPYICES 4
Kbp of FQII-?E ﬁ NV RonthiHeSy ra B’Pﬁ%lﬁ%@%?ﬁﬁ@t”ﬁg% dusiie! etrioptd e anﬂﬁouw thg this

techn ogy e artisan 1s o the inclusion of enet teré??é)
Wi t hi rgetnletnsnr@rmetlcbnﬂwfthe rapamycik Riepyrehetisasne shisteaNpd ReFS Ay 3 {ee?i”

typi Cla(%ﬁ{w IR %g)eﬁm tgéP%@#&ss%ﬂﬂ@ék%%@%’théﬁd@één 988 (Kibvp bES), 1 N

addi t a desire r ono I ons honol 08 i f requi red%} and
resi st’a;r%eChwaJM@li 2080, WOW%@@)dl 10440d 7 @hdescripas ”GH?@F FmanPyeting

t t f f st
o du° BRI R ARk RRORET 1Bk °d“EF"9%”“‘*ﬁfﬁ?‘i@%@ﬁi‘“%ﬁ%‘ﬁ%ﬁ%?"t at

cont alcm;ﬂemarpaﬁnpmﬁa d@iaﬂsym%mtllmwb@héhetilm% of PPﬁtTPd?S PPCER$IRY 1Sal t hough t he
genetic inf akiHs toeRans Inushieh ahRasbeen
avai | a&‘rﬂegng %& %@%@E%P%@&E{e@ﬂ@ e%@%ﬁ{éﬁ |ll mted r[])rogrelssal n tshl S
area haﬂKmaslbeemdeleleénrmcf@va(t%aw et al. 1998 Chung et al., 2001; WD

01/34816) . MO O 4]\98& g@pr h frg{gé tHE?bglgggmte%ﬂlntﬂgéﬁ BUBPEs cbhﬁnrpﬁlﬁ@m@' n

bi osynt hetic way an mycin anal ogues by
conpl elfﬂambamuletedwthahdelbjectIV@er mvmg novehpelietidee Télﬁ’é%u AttergfionoBelupR'S

2 S6EE51 9, 2 PSR A LR LA e

starter acids°®t ['eas een del eted or
i nactivated. Pr emomwesswthle dnﬁbradmmmdmwmj(emﬁKﬁmlWﬁ&'@@oé’?mfﬁase ( PKS)

genes can, in pr | %raoea%as been shown to lead to the formation of erythromycin analogues,
namely 5,6-dideoxy-3-a-mycarosyl-5-oxoerythronolide B and 5,6-dideoxy-5-
oxoerythronolide B (Donadio et al., 1991).

e Inactivation of individual domains: alteration of active site residues in the ER
domain of module 4 of the ery PKS, by genetic engineering of the corresponding
PKS-encoding DNA and its introduction into Saccharopolyspora erythraea, led to
the production of 6,7-anhydroerythromycin C (Donadio ef al., 1993).

 Loading module swaps: WO 98/01548 discloses replacement of the loading
module of the ery PKS with the loading module from the avermectin (ave) PKS,
to produce a hybrid Type | PKS gene that incorporates different starter units to
make novel erythromycin analogues. A hybrid tylactone load/platenoclide

polyketide synthase was generated (Kuhstoss et al., 1996) which successfully
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be mani pul ated with the objective of providing novel polyketides. These
alterations include: Deletions: In-frame deletion of the DNA encodi ng part
of the KRvdamwiaieien mnodule 5 of the erythronyci n-produecm@Gi2e05y00313KS i n
Sacchar opol yspora erythraea has been shown to lead to the formation of
eryt hronmyci n anal ogues,

namel :
5, 6- di deoxy- 3- a- Hﬁ&ﬁ?%@cﬂ/‘]hie@l’éﬁig@?yﬁffq?eotM@Fioﬂé lggdingimedide i degfryimalonyl-CoA
oxoeryt hronol i de B3t Dpabige floidule. TH2BhcidatioR @k tHeviahdtioR HKINBisehgwak/.,
domai ns:. al teration of active site _r%S|dues in the E d_Q j n, of m)\g)élj_e 4
of the ery PKS, BQQ%éﬁgf‘F%ﬁ‘%ﬂ%ﬂ%éﬁﬁsntfoﬂﬁe’rt'%loé’g'lng@%OEHFF&N%E'SC'PR%@E‘n i ng
DNA and its introgiobinn d-alg edid ananohYsPosidoshidyyadatic baflwag hatbe

production of 6, 7-anhydroer: thro\rér\yci n ng)Donadi o et al., 1993). Loading
modul e swaps: WORB8PEEBABSHPEE MEES0YEMHDenent of the | oading nodul e of

the ery PKS V"i-_thAtr%abQ@ilzﬂgk BPAIUl fodsl aRa IS 98/ 5 AL Eddchbé KT difRain sWap
produce a hybrid Type | PKS gene that incorporates different starter units

to nake novel eMpefrtbapoitiomyansersste 1 ATNaSTeRlaesd Bicthedel fmainmfat enol i de

pol yketi de synt hage Was 9enfd algd tdsHaskiemBordhodilie 1 fFAELxteREG Lnit was
successfully -10 WD'2006/ 016167 PCT/ (GB2005/003158 transferred the

specificity of tBEéereqperordingy| SHANSIA TERINRIB SPEPS RRaRaeredessiPeEdX to the
platenol i de nol eghfrie Emﬁe%lrﬁﬁr}o EindlyREtidd &y ntraRe ivenoeb 1 KEQ HUBnsaRg, et

al., 1999) and nmanipulation o SQ contai ni'ng | oadi ng nodul es is discl osed
in WO 00/00618. 18958tasg ¢oull @98 wapdn the spiesypprelysiide syesast P ¢ pat hway
have al so been ?g@g@éd@gd in WD 03/070908. AT swaps: diynyk et al.,

(1996) and WO 98/ 01546 describe an AT donain swap where the erythronycin
modul e 1 AT wees Regliciizebodry Swaps: AT exemmliaalisiations iathgEnround @liteglugtivend t he

specificity of : e [,k - I .
CErher A doret HELERD 36 BUSESBINED pd o Shbnedohe ol
eryt hromyci n pol k&0 3015461 WASe0/0 13 7081d04Bud a/ RUI#A7ket a/., 1997; Stassi
et al., 1998) and in.the spino . I - i
Reducti ve Loop' s\A&@g':”%P‘%‘rs @%@eﬁ%?rﬁanﬁﬁ%ﬁ%@F%ﬁgﬁ%sﬂér{@%%@rg&o}(@&|R§4&r7a212%%2tIa(./,e
processi ng of thé&9eSyrketo group fornmed during each condensation are

oo TR o SO DeA0hs B HOSF eieiat o «
al ., (199_9) . S(20e3dardeDdl ek conit @ eh €3063) dmoﬁﬁféltémjt ipexsitde & affdct the
,E ﬁg? 1i) t F gl Soggi gqlbé;tr?@(si]g%gégyaqq%g%cjma\(gscgyhéecfegéd %Iutdtio{w %QQS’éciﬁjee rers]%tureg.t €
¢ Ring contraction: for example using an incomplete modular polyketide synthase
(Kao et al. 1994) or moving the erythromycin chain terminating thioesterase
domain downstream of modules 1, 2, 3, 5 or 6 (Cortés et al., 1995; Kao et al.,
1995; Kao et al., 1996; Bohm et al., 1998) of the erythromycin PKS lead to the
production of the expected truncated erythromycin molecules.
¢ Ring expansion: insertion of a rapamycin module into the first ORF of the
erythromycin PKS between erythromycin PKS modules 1 and 2 lead to
production of the éxpected 16-membered macrolide (Rowe et al., 2001).

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

However, it has also been found that not all manipulations of PKS genes are capable of
producing the predicted new analogues. When Donadio et al. (1993) inactivated an enoyl
reductase (ER) domain of the erythromycin PKS, the resulting anhydro-analogue was not
completely processed because it was no longer a substrate for the mycarose-O-
methyltransferase. Similarly, changing the polyketide starter unit prevented complete
elongation and elaboration of a rifamycin analogue in Amycolatopsis mediterranei (Hunziker et

al., 1998).

-11 -



substrate specificity of AT domains by selected nutation of specified
residues. R ng contraction: for exanple using an inconplete nodul ar

pol yket i dgoxgotthese (Kao et al. 1994) or noving the eryChrgByeyao3mskai n
term nating thioesterase donmain downstream of nodules 1, 2, 3, 5 or 6
(Cortes et al., 1995; Kao et al 1995; Kao et a/ 1996; Bohm et al

1998) of t hd' '8PFPHFIDAPHPHHSSKsU|dlemade Ph@nglm%@aém BriVisttideuniazpe geRes In

t r uncatygsbies R B shet tHEY VRSUd BS highlfl d2@ir&i® 8864188 thd e drédtte@to Baveapanyci n
nmodul e into . the first ORF of the erythronycin PKS between erythromycin PKS
modul edntgregiiep biologigg! Ctt.i"m’productlon of the expected 16-nmenbered macrolide

(Rowe et al The%@@ulénce oh&/ﬁfélrfap@raym@a@spﬂhal@wwsma%rf&sw@nm [hm@;gtsed to
t hose descri bed a t? f.ound thgc$ n al |

mani pu|§?hvm9§eéfa/pue§aa@ﬁé§a 1@%@%&4%@ cﬂjé’f'ﬂbarf Froa '@%r ed new

anal ogyesipuiien onR@dldes@noealabo&sl%Ea hdv@&@ﬁbfééﬂe@d ndIte BHEY b sucesdsgilase (ER)
domai n o[ t he eryt hronycjin e res%@é} anhydr o- anal ogue was not

conpl etP® yﬁ“%@d’@ﬁ?@ﬂ“%@éﬁ%@‘é@l FtOIXt}%Eden%’” the repHBYFRLESIDr St he
ny car 099gfsbdridi! theaBsdney drasreduddr Nk badiffidult sr§aiigh fﬂ@n‘iah%ul%@é YikehdviRayd ar t er

unit prevented conplete elongation and el aboration of a rifamycin anal ogue
I n Any @bl }ﬁggbms nmedi terranei (Hunzi ker et al., 1998). -11 WD 2006/ 016167

PCT/ 682005/ A0BEp&ell \K/hlélﬁméénﬁn&ﬂlﬁéd)l@ltﬁédL%@U'?Cﬂe@me'tMQpQMyaﬁﬁﬂ aepiddig ude
polykethc%eﬂ%ént hase nes in the biosynthetic cluster they uld be highly

desi r ab Ve ven sy W@fﬁc&a.a@v sast @“‘P&%WOWKH‘Q&X%‘PI%@‘ "lﬂ"‘b‘lhbsg‘FQf‘é‘POU”d

activi thuld]SE%a%@qaﬁlefa@,a@fthet mom@@w&lsudbb%ﬁmtda@w e @dné%h@trsd\w&hé I st
publ i shed in 1995 (Schweck icio et al., 19 . Déspite the

weal t hsHpstigtionof fieAT @f@a@lam@ogwé 1Onaﬁ?ﬁ%ﬂtéﬁat@rﬁuaﬁ’“t%atde@dmyea cadlidve

there Rhay&ndiRaflaksd Qﬁ?ﬁdét@nétﬁ}ﬂ&rpbﬁwyélfw v@é%@@aé w anm:.lrydﬁebﬁ Q@l iRAGs BREKING Of
the core pol yketi de synthase of th rosgﬁgﬁl cus,

the r aﬁd?ﬁ}@PharEPtdW‘t%%Ch g subglitgiiony ‘FQHH l@e W@Sﬁl’ﬂ 'QW Pf)thﬁﬁll'ﬁ'%‘l‘%ﬁt "égwl_g(ﬁ‘ skaya

et al gpokI8ra no Aedafidl t&ﬁllé efflat &Bs Bﬁﬁnd@@ﬂﬂug@j@'fd 5. 1R Ilﬁﬁp&"!ﬁ@known
17- desnet hﬁl raF)Wg%/(m nis clainmed in US 670, 168, however this patent

| acks giffieuliies e inervigrS. \wamsra‘@m@s@aa?ﬁu@tf@raw@w ﬁl@ymmrﬁfsce@mnopfbe
made,  QLHQLCH Q%bommqamyrﬁ&ft Bﬁélh%oma% g%Henat@d lﬂsrc?éam tm%@ lsbr%efémt ructed by

the substitution of donmai n of nodul e ) fact that a

subst i fe¥qrighionaef what @eéeguﬁwptﬁrh%d Ite} acmWH@f th;a@ tregng Fn@nakding disclosure of
17- desg@éhrafétrawaﬂmhah wé\svgues HeeShMt w&né@&a%a%hé ko é BerIBﬁ d?%klh pifput it

i s not appar ent how SU\((I@ a substitution could be made Tn

di f fi ctietareeomidiigl hoyht edesmaibxi@pasen seuld dgdherajed or *@ﬁhaéedef Qtatm‘ the
pr OV' dgﬁ réd%r% BreBf Gy g’rﬁﬁ%sns of‘ralp'ag'ﬁ'lt:m%fnabeﬁeéﬂgcﬁmed% W@ B4lobi7#Go Rf wiiies mé‘g

ygroscoplcus and in the absence of ¥ detail ed description of
genes encoding post PKS modifying enzymes are manipulated and related applications which
describe the feeding of exogenous starter acids for incorporation into rapamycin. The general
lack of progress in engineering the PKS of rapamycin is due to the technological difficulties in
transformation of the producing organism S. hygroscopicus NRRL5491.

The present invention is concerned with the generation of 17-desmethylrapamycin and
analogues thereof. Accessing 17-desmethylrapamycin analogues requires the engineering of
the rapamycin PKS. It is not obvious within the current state of the art that it is possible to
achieve the engineering required to produce such a strain. In the present invention the initial
target is the engineering of S. hygroscopicus MG2-10. S. hygroscopicus MG2-10 produces pre-
rapamycin when fed with the exogenous acid 3,4-dihydroxycyclohexanecarboxylic acid as
disclosed in WO 04/007709 and Gregory et al., (2004). Engineering of this organism was
performed to generate an engineered strain which produces 17-desmethylpre-rapamycin when
fed with the exogenous acid 3,4-dihydroxycyclohexanecarboxylic acid. The current state of the
art teaches how such a strain may be used in further experiments as a base strain for
complementation by late gene cassettes (WO 04/007709) and/or as a base strain for feeding
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how such a reconbi nant host strain could be generated it is clear that this
is merely a description of what these authors hoped to achi eve rather than
bei ng an woabdémgiedi scl osure of such a strain. AdditiomralrigB204380615870, 168
does not provide any teaching to a person of skill in the art regarding

how 17-desnet hyl rapanmycin coul d be prepared or isolated. The state of the
art regurgghpgs adids @V@99/@@%%‘3)§néfgef‘9r|§af|’ﬁ/&iﬁﬁerarﬁaﬁfﬂi’g%§”P§’9P??nbﬁié8°?%”%

04/ 007703, QQw‘é'gbr‘r‘Qs{rQﬁ mag%egerwgaﬂfn@ 9Rdsc SBYPKY ERGInEBANGTERET €

mani pul at e related applications which escribe the feedi ng of
exogenpipsentinvention desctiges, 6HPTRBBY pbP &FeRRSTUhERPIFAIPAR) CINY. SNHReY®Rer al | ack

of pr OQ'I' fRdiolo legnéi’rhné?r% ’cH&QeHQ@ch@tr@@W@Q%Mﬁ'1@965to(ﬂh@ratp@n{ @ rreghmalsagi cal
difficulties transf ornmation of %Codum ng or gani sm h%%r 0SCOpi cus

NRRL5401 UnGFﬂP@Cﬁ@dé@%&ﬁtaslthﬁﬁ@ﬁ?P@ﬂb'P%”t% RRRiogiPs RaYereot pERIAPUSY
17- desQEécE %fﬂlgfp%:%@d 3 20 ro@B@A/&&U%etgléﬁét%%n ofE 6058 FdtProduction of 17-

17- desnet cin ana ogues requires the engineering of the rapanycin
PKS. | tlesneethylpregbpanoxpin analeduestihe useikrhase sypiater camrieraeaiption Rutate peng

possi bl:gsstsﬁ’es (lj OQX)%?? 2RAGk B@%rb'aQQstrrﬁﬁ%rrf«@éblrﬁ@e)&fg@ﬁb'@@aéé‘fftW@ St rain. In
t he présent en ion the rnitral target is th engi neerin

hygr os Bé’ﬁ%ﬁl@ ).MERch1ofghess, rapagyahs araieauss crrsthen fgrtpprateuredified gy S?@barrym n
when f e %aqg ﬁéﬂ%ﬁﬁl'rﬁé‘tﬁéf@%%ﬁh ¥é USeded d as
di scl 055&5]){g V\gqselj an’%%%%eﬁogfa tme}%wﬁ& (20 . %I nee?%(ng o? this
or gani genangte a Itb@rf/ of rraeemven Qéﬁ'é@%ﬁseﬂéhb%ﬁ@rﬁ@é?@ﬁﬁ %rtmarerp wWhedt$r oduces

17- desgﬁy%rqé/e!rﬂ \fefiﬂ?ergﬁhxgg"&t;eg% le\fe?%téﬁ’[etr Bchhﬁco‘?ﬁﬁ?%@ﬁﬁnﬁ&égd incorporation

3, 4-di r oX I"ohexanec Ic acid he current state of the art
t eac heanmbWhetheaawes%lblh? crmmcrﬁéftur@weihw Grnuth@ eHeceig shighegmaingsaceepsitle
strai n, f M Sﬁ&g’géserrent ation by |l ate gene cassettes (WD 04/007709) and/or as
a base St ai or feeding -12 WD 2006/016167 PCT/ GB2005/ 003158 exogenous
acids (WD 04/007709) and generating further rapanycin anal ogues, but does
not teach how such a strain may be generated in S. hygroscopi cus by PKS

engi neering. The present invention describes, surprisingly, the successful
appl i CalL Lotk 9o S i heering nethodologies, simlar to those described
in GIM'[O the rapanycin PKS. This is an unexpected
result as tfiese BCOR G0 VB SFIBOLOOH PR bRk ey PAlarRichY bt ahaloBRRN
successful Iy app rI!1 groscopi cus. genération of a strain for

pr oduc tHecaof, i p&rﬂeulatemmmrpmem@pmfy‘dd% h?hdqasm@@jbﬁrapgwcmmguease strain
for co ene cassettes (WD 04/007709) and/or as a base
strai nn? %E@cﬂ%%q%\% E%hﬁ%gam ds (WO 04/007709). Each of these rapanycin
anal ogues can then further be nodified by sem - synthesis. This is the
first denonstration of a truly conbinatorial nmethod which may be used to
generate a library of ra in anal ogues may be altered at one or nore of:
the PKS engipeeringslével, the awe liary gene level, starter acid

i ncor por at i on; ‘8ani Sﬂo aci | on and further at the accessibile
chem cal functionakit whi ch remai ns accessible to
sem -synt hesi s.

N

R, o ©
Hoz*

-
-

wherein:
X represents a direct bond, -CH,-, -S-CHy-, ~CH3-S- or -§(=0)-CHy-;

CH,

WA

or —CHRs-x-CHRg~ represents / \ )



Summary of the invention In one aspect the present invention provides

17- desnet hyl rapanycin and anal ogues thereof, in particular, the present

i nvent i orwprosi/des717- desnet hyl rapanyci n anal ogues acc®caiGB0a5008156
following formula: R4 RR5E 6 X NOOOH R O0OO0OR3 HX OHR2
wherein: x represents a direct bond, -CH2-, -S-CH2-, -CH2-S or

- S(=0) - CH2- RiceresadmrOOf [(l.Hpr - CHR5- x- CHR6- represents / -13 WD
2006/016167 @gﬁ@?g@@éﬁ(}pm R represents =0 or (H H); R2 represents OH

Ove; R3 represents or Ove; R4 represents a structural fragnment
sel eot ed fr&nrg?reﬁﬁﬁsbioiéor@'\/'% Eand F, R7 R7 RS RT RBRS A B C CH3
R8 R8 RS re&?eér%sabﬂaumm et WRN ek g%fé:/at@sctmea BRgFt i on of
attachnment of the fragnent, represents H and R8 represents
H OH, Owe, halo, thiol or C ., alkyl;

R?

XE} R h

C

CH, Ry

RB RS
CH,

D E F

in which

the wavy line indicates the position of attachment of the fragment,

R; represents H, OH or OMe and

Rs represents H, OH, OMe, halo, thiol or Cy4 alkyl;

or R, alternatively represents a 5- to 7-membered heterocycle containing one or more
heteroatoms selected from the group consisting of O, S and N, which heterocycle is optionally
substituted with one or more substituents selected from C,4 alkyl, OH, F and ClI; and

Rs and Rg are each independently H or OH,

or pharmaceutically acceptable derivatives thereof.

In a further aspect the presen‘t invention provides libraries of 17-demethylrapamycin
analogues generated using the methods of the present invention.

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

in a further aspect the present invention provides for the use of 17-desmethylrapamycin
or an analogue thereof in medicine. In a further aspect thé present invention provides for the
use of 17-desmethylrapamycin or an analogue thereof in the preparation of a medicament for
the induction or maintenance of immunosuppression, the stimulation of neuronal regeneration

or the treatment of cancer, B-cell malignancies, fungal infections, transplantation rejection, graft
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or R4 alternatively represents a 5- to 7-nenbered heterocycl e containing
one or nore heteroatons selected fromthe group consisting of 0, S and N,
whi ch hetwoaogeniieiérs optionally substituted with one orcrmB&uUDStSBt uent s
selected fromCl 4 alkyl, OH F and C; and R5 and R6 are each

i ndependently H or OH, or pharnmaceuyti cal | .acceptabl e derivyatives _th reof.
In a fupthest digearee pUtelENHGdsEeEn a%&%eaﬁy 5@6&‘? any aﬁ?@ 'fé%e%ﬁe o fbrs:

17- dengibybsaRAMAE Fbgu&ﬂa;h @gu@,ﬁngm;ﬁ@t ed using the met hods of the present

i nvention. The novel 8 rrym n anaﬁ ogues. are use %her g nd as

tenpl ates fdf OPYPTRY 'm§ fril £ -8 AP MYC N RO é'? *t'o %%58

conpouRgsbinaebiihefpyifthTd PEUBRIHaS Saittenaatdf frimgadbsuppgRsios, thamtlrrmsba'lmerof

agents, anti-infl anmator ents, neurorg% i tive agfent S 9L cg}ints for

the  t MEHCRBIETBASTE1oRRE I FrainPorP Fapect PoRl MGTaHACS, URGEY art

aut oi MEREplakthSH dRceon, YaFOI. ASst d@eé@@wtcﬁmdwuhb bll‘sotde@s diissz@sesf or agents

for use in the regul ation of und heal |% Ih a the\[ srpcgct the present
¢ e Boulayn Al waiEtal

i nvent |"5ﬁ”";5’?%\?ﬂd\@§c‘f"6rrd'§??éel?§ bigfic diseaRes e gL A A8t ogue
thereof in madipedsaAt inldhtian falébtdﬁ&fde%@ﬂférmfab@méﬂﬁﬁmosltlbnthﬂpﬁﬂngmavI des for
the wuse of 17-desnethylrapanycin or an er eof aration
of a measRaiPATYEIN Ctrﬁ‘é aAREEE | ht?ﬁecgrorr?a‘?al?ﬁ g?’rg'éa' faqcﬁmﬁh%sﬁfgg?iﬁs 'on, the
sti mul fith @pHAFmB&sitieARlacEsSNEEatiBON Or the treatnent of cancer, B-cell

mal i gnanci es, fungal infections, transplantation rejection, gr aft -14 WO

2006/ 016167 PCT/ @B2005/ 003158 vs. host di sease, autoi nmune di sorders,

di seasgsa ﬂIrtHePEé;%mtelp@ébenms&ﬂﬂoaraléél (H6Aass Hmelridariet the pretirtiases17-or in the
regul ati on of wound healing.. In one enbodi 17- desnet hyl rapanycin or

an analeguethyrepastein qr@”t?é‘é@gP?ltheE?ﬂfrﬁ?'Ha{P?tbagP%WW for the induction or

nai nt enangg @plabiPHROBEAPHRIHYPOA EPS:ifd ATdb@kinedT nffdulee8IbOMa Irapg@iter at i on
or the treatnent of cancer, B-cell malignancies, fungal infections,

transpl ant atﬁ’i@%wptgjaé@lq)thCoérsgfaglﬂQ,éT dogEN. di sease, aut oi mune di sorders,

di seases @f) ey ﬂés%ffxgmté eev@:sraﬁb@ymﬁlm@m%szrtaﬂbtm@mén di seases, or in the
regul ati on of wound heal n Fresent i nvention al so ILérow des a

phar naceuf@c%l“%@ﬁbéélpﬁtlcéﬂ UBWP%‘ ipRp 9ueh Rl eteStTaRFEVAN OF @3n anal ogue

ther eof , RIAE MRGEGd %Hu%dﬂﬁ&@ﬁ?@bﬁm‘éw SupoRae) &&genvlid Predursors
phar maceutl ca Iy acceptabl e carrier further aspect the present

i nvent i on(CﬁI%OWIW\ﬁ%ﬁlﬁgéhWWnﬂg?ustMQ Yie8ducti on of 17-
desnet hyl rapamycin or an anal ogue thereof said method conprising (a)

repl acing the nethyl nal Odén-COA speci fic AT domain of nodule 10 of the
rapanycin  PKSPEETFRLAdHgt Hepmalopsct A epeticdbhaphain ihFelexipr 4981 Af phe

engl neﬂ,{ Z@l&/ﬁﬂ&‘@%&b% %ﬁgniyeln 8Hér§s~ﬁfp|s§mt39)ﬁ{ FREbS, drfthropl)cirti FkBaot he hOSt

conditions such tha desnet hyl rapanyci n or, an_ anal o

t her eoﬁmpboﬁﬁflélﬁu@mlamyé'lnum%@ oo 6kak3: W%’lﬂﬁmyﬁ”n@nt&%@ﬁ'ﬁug}(ﬁ%én sor s

tsukubamycin. In a more preferred embodiment the malonyl-CoA specific AT domain is
selected from one of the following clusters: rapamycin, monensin and FK506. In a more highly
preferred embodiment the AT domain is selected from the group consisting of rapamycin
module 2, monensin module 3, monensin module 6, monensin module 8, FK506 module 3 and
FK506 module 7. In the most highly preferred embodiment the malonyl-CoA specific AT
domain is from module 2 of rapamycin.

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

includes a natural module and a combinatorial module.
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(d) optionally isolating the conpound thus produced. In a preferred

enbodi nent the mal onyl - CoA specific AT domain is selected fromone of the
f ol | owi ngwol2o&tas®7 rapanyci n, nonensin, spi nosyn, FK50@CTAB2OOW 0BS5S N,
FK520, anphotericin, angolanycin, tylosin, “hyg', FK523, neridanmycin,
antascom cin, FK525 and tsukubarrym n. |n a nore gﬁég ed enbodl ment the
mal ony! - CoAl%ﬁ'ééﬁ‘#'T'@“a}lﬁsR?&Héh%preée”téweéﬁ?%ﬂrof”%ﬁla o RE"F'8IMDRi ng

c Lgséerr&on{tﬁf%ﬁh 'A!ﬁ?rélg thaTeHRASE B Wnﬁ?ﬁ?@ustbﬂth&t BRdebng Iéhgme@rfeﬁfrapbairﬂybm

enbodi nent t he omain js selecte romt consi stin r nyci n
modul e PRlykefisisesinaseaeicd"S me#wﬁaﬂei% Q?ﬁdiﬂeé%é% RIS ﬁmﬁﬂﬂﬁﬁé’q@ 45R506
nodul e rghi g wiffPRBIoRIdtd L sdaciflon Tt emams in @bgel’iér)’ecpérﬁ!ﬁ@j‘lmedt tagbadbrpoA he

| onyl - CoA f AT d f d On Killed
" o SERGTGAT Bompis ERSE 8T RO 1 PUAET PGS e e BRI BE o SRR o i

any  ofrkaos WipRForfcinekeny | t&@ineﬁrﬁgdlﬁny&ﬁly|ty|b§1ﬂﬂ5>fg9rm&dmdamyémom any
type I PKS or  mxed NRPS/ PKS. One skilled in the art wl ls%‘y@?g eci ate

that i RBGERRIPIENI BROBT aniSHHPRIUGR. )2 TRES P Eﬂdeenl@dme%ﬁﬁ Ei‘a cted by

tht ati @ﬁeélfﬁtemabﬂnm i 30eAdd Bointoral df éte ﬂoﬂ@mﬁ@@@bfelrs? irdpamyfcilt, maxasip| EK8s6.ng
t he met

ods as descrl bed in WO 02/ 1448 cing the entire of
Gul eI s BTN AR Lo aNMEOh (i SO SRREA TR TGP SBNERTERS 1 or
mal onyl cinsAb8LIERdubgensimEbasle s, @oRaisi mbdie®, hydard, GK@OBTMdmlls)Is bab
nmodul e. -15 WO 2006/ 016167 PCT/ GB2005/ 003158 I n an adlceié%gnal ect,

pr esentKERG EWdHE - Jndha mest hiohhepiIredmipsiiaent s gralony P?\%\ft‘ﬁ gt r ai n

t hat cggﬁ,,ghr@frgmqhmé@Igp;épgn@h,Hster that encodes an engi neered rapamycin
pol yketi de Ail;nt ase where the nethyl mal onyl - CoA specific ATa mai n of

modul e 10 h hwéwrﬁngrr@ﬁn%@fdhwmwcm%ﬁ fidepyntigss PefiaYABSRSFRi n. In a
preferg ﬁmame%r@% g I?gg;%bwds nﬁ@é\mw@c‘gehbﬁatm ofi@ABH s diSclsedeiatved from
e

one of t follown clusters: nycl n,  nmonensin

eryt hr 8A{PET 9 mcs@@goa/rﬁ;wét @PP A Peéﬁ?@cﬂf aWa the affw%amemewgaf therg 23,
mer i damyugi dys caﬁ%haéxrycs@ éggﬁed ﬁ&ﬁ%ﬁ%/@@sé w&t@@m INRRL5A9 8 aAB beheP FahREHr ed

enbodi nent the mal onyl eci domain is selected fromone of the
f ol | owstiging| Besfespkly theagnaineeres stiavhieselastedirenpte arpp eoneitiB9Rf ghi y preferred

embodi gf@%%d@ﬁcﬁhé@%bﬂd BShﬁﬁb@&F%QSNmsm.group consi sting of

r apamny l'e 2, nonensin nod , honensin nodul e 6, nodul e 8, FK506
nodul e 3 and FK506 nodule 7. In the nost highly preferred enbodi nent the

mal onyl - CoAxg Fé%ﬁfdln?erﬁ\xf th@%\hdhsl a%péétgm ﬂﬁ@qrhk}e‘%h@n gﬁovrd#@aérmubd 6} haough

engi neering e rapanycin pol yketi de synt hase t hway has been
exenpl Pfqdeld’ﬂqmeﬂ?féﬁrﬁasmeﬂﬂ FARAIRSH A wéomﬂlereof(%nﬁé @@W@Mf PerEratNaMRi ch i s

di scl 0?&%;11%51\4%% {l’%@ggrﬁ’gn§5@lo%lr‘?cﬁ@ﬁc\’cl@éteﬁhat: er(c%@@s‘lér) eﬁ%ﬁ@érégfﬂaﬁmﬁm Il in

the art appreci ate that these hods can equal |y be applied to
wi | d- tVpbkﬁldeiwgﬁhég%@pm(?U@SMRREQdﬂ@Clnaéﬁ’@P%Pfaer related strains. Preferably

the engineer8d sidbhifly tne SEloH iRloducel st R&irYIO BRAGRIFMeH: WRE sBitatte flanking

restriction sites,

(b) amplifying and isolating the regions of DNA sequence homologous to the flanking
sequences of the target AT using appropriate restriction sites,

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

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

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

i) the oriT for conjugation,
ii) one or more resistance markers,
iii) a temperature sensitive origin of replication such that integrants can be

selected by culturing at 37 °C, and
iv) an E. coli origin of replication
-16 -



hygroscopi cus M&-1 0 and S. hygroscopi cus NRRL 5491. An enbodi nent of the
previ ous aspects of the invention providing a nethod for the production of
17- desnetwpl2o@gpameei n and anal ogues t hereof and a met ho@CofGBRPersanatssng a
reconbi nant strain that cont ains a biosynthetic cluster that encodes an
engi neer ed ra amyci n_ pol yketi de synt hase, ri ses_the additional step
or s () sol@l | neermerRo s s Fik BUGeBHE d Peinigt & BRIV GRERECT
suitable fl am@)rggovéestrl ction sites, (b) anmplifying and isolating the

ous to t eflankln e%g%ﬁqies of the target

regi ons of ence, h

AT using ap )oprl t'r?getEF?riaEJtofrgﬁ”tEWé%s's troe Pitiats ‘?Yﬁnft Fee DNA
fragments ?sg)ags %]léhbrl%dng 'dhfe(pi'ml}na&y\g!teégbénti Bgeﬁlhﬁ_lh(gjtamgF@'@wtalﬂannb?tuf: é@lganson,
sequence o0 onol o ol | owe onor 0 owe .

ool gy, (4 | nePERIBHI T ST OISR e brig Br e AMIRERor 1 or

i ntroducti orgeleaﬁ@ e at Bpst, strain to give the final plasmd, sai d plasm d
conpri si ng: th leor ju atian, i re resistance

mar kers, ii |’§ ﬂ%%&f”&tﬁ?ge%@ SteingY lgrqb&%’tooqroq%:&tFD(tﬂrg%trprg apfat
integrants gan b@pn@r@nﬁ@csrﬁﬂnm t6&Ih&nitice of Ak sBAinGy Aardliairy )ne@ibds. coli origin

of replication -16 WD 2006/016167 PCT/ GB2005/ 003158 (e) transform ng the
host strain by conjugation using the final plasmd as described in (d)

above, (f) Wéﬁtﬁhér%pé&i%é praémimmAticn Pypvides b hathe®iot fhakitg 4 €r-evant
antibiotic, ? ener at the y |ntegrants by culturing at 37 Cwth
ant i bi GepRELY Y&in, anakﬁg ﬁmgg ‘PRe"¥BEondary recombinants by growth

in the absenge ogerdtiily Qiéc@mbﬁ\%h?ﬁidlr@iﬁ wmérsmeaﬁetﬁﬂm@tonw-cboﬂx@‘,gaémé xrrng the
desired stralnb its ability to produce the target product and Z
I n

optional ly QBWﬁI”r%WRQU{eh@ ﬁé*ﬁ’éfﬁpé‘@y@f’ Rfvehag *?%ﬁ”rfeﬁ'ﬁc%q Wity &reelfiy!
anot her aspegécifid)€r BbRSiEMnd; Nventi on provi des a net hod for maki ng a 17-
desnet hyl raparrym n anal ogue, said nethod copprisin (a) .generating a

reconbi nant (&t r afgeding ’\RﬁTr@HJr?lr?éarF?étaﬁVP fraf GHYHre ehRel ﬁ“é‘@i”?ti”?@rl&?tra'ﬂmph of

nodul e 10 Of:oﬁ&?tﬁan%%ﬂﬁéﬂréifo?Bakﬂ%tﬂé%rwf%ﬂoﬁ ephaced with a nal onyl - CoA
specific AT domain feeding non-natural starter acids to a culture

of said rectibi naﬂtior@{wa?'ﬁ“%fﬂércom@ewﬂﬁ thupREOMGRd.abl e for pol yketi de
product i on, TR&sore, the present invention provides a method for generating 17-

desmethylrapamycin analogues which have incorporated non-natural starter acids. in a
preferred embodiment the recombinant strain has had rapK deleted or inactivated. In a further
preferred embodiment, the recombinant strain has had rapK deleted or inactivated and the non-
natural starter acid fed to this strain is selected from the group consisting of
cyclohexanecarboxylic acid, 3-methylcyclohexanecarboxylic acid, cycloheptanecarboxylic acid,
3-fluoro-4-hydroxycyclohexanecarboxylic acid, 4-fluoro-3-hydroxycyclohexanecarboxylic acid, 3-
chloro-4-hydroxycyclohexanecarboxylic acid and 4-chloro-3-hydroxycyclohexanecarboxylic
acid.

In one embodiment the strain is not a recombinant S. hygroscopicus host cell that
produces 17-desmethylrapamycin. In a further embodiment the strain is not a recombinant S.
hygroscopicus host cell that produces 17-desmethylrapamycin in the absence of the provision
of exogenous precursors.

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

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

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

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

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

selected from rapl, rapJ, rapK, rapL, rapM, rapN, rapO and rapQ,
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(c) optionally isolating the conpound thus produced. Therefore, the present
i nvention provides a nethod for generating 17- desnethyl rapamyci n anal ogues
whi ch hawsoizo@arpwrat ed non-natural starter acids. |n arPCprcervmsiss

enbodi ment the reconbi nant strain has had rapK deleted or inactivated. In a

further preferred enbodi nent, the reconbi na@t stral n has had rapK del et ed
or inactivafed apdiringhestrainiays pPaipined sortiepallydn dhe Rigsere; 9icd RLPETHS s

sel ected f r?r@:&r@@r 19Fé2fé9ed3%‘§io%lhbé‘ﬂ1e01f7 déyEtinhesanecanhasyle anaci d,
3- et hyl cycl ohexanecar boxyl i c aci d, cl oheg}t aneé:ar boxyl i c acid,

3-f 1 uor o- 4-ﬁ9droWWéi'ydﬁ@ﬁ%T@ﬁr"B@i’W Gthy pgpduce

4-f1 uor o- 3- Ry Meveatict PReXPLSADRMNEAT the éQXlldary Jenes that have been deleted are
chl or o- 4- hydr oxy czclohexanecarbox yl.ic aci

4- chl or o- 3- FRPAY Te8Re XA AR 84F AR F?referrsé H‘dbopﬁn%ﬁg’ee?%@%‘?ﬁesttﬁat strain

is not a reﬁ%é&ﬁ%le%d&%%ﬁﬁ@%%@rmt cel | that produces
17-desnet hyl rapanycin. In a further enbodi nent tge strain i s no

a
r ecombi nant IS TUAGIAPEElo BIERIESITH SVERION PTRY{dgS 3 8" 9ENSRUAR ﬁ@ﬂ rapamycin

i n t hejabsanfRpahytil@nBibgyd, shrmetabd exmgeiays precursors. In a further
aspect, the present invention provides a nethod fﬁ |zﬁ% a_17-
eyl Gencra

desmet hyl r affamy c ORNIRENHE (RECMBH) 3T HERIR SWVNENEIS EiRg Ta

recombi nant ?é%éuﬁ'oﬂm'oeumhlofd? tdyapamy oy Pl r%ydeeﬁoépla@&pwih & mionyilgmai n of
nodul e 10 o rapanyci n PKS ﬁas been rep Iaced wi th a mal onyl - CoA

speci fi c ATSREsfiAT damsaidearcdaspurpd in W?QGW@QPY‘? above), (b) additionally

del eting or g naciddfidiaMPadeh rﬁ'ﬂ?:'h?etf RABYSE fbra vaialn rnyamraqs el ect ed
fromrapt, ?% rap Kaﬂg gqg“ n% ra Oanzlaﬂdray%q| WO 2006/ 016167

PCT/ GB2005/ m%fromdyplc@pdir@pﬁgraphefagﬁ/frap fan5S 2vb e optl onally in

the pr esenCﬁ: of %ﬁnﬁé&&%%‘l%r a%ru§§é{ro$9[1xmafry Ak lﬁﬂﬁns&@c&hﬁmt bhe
17- desnet hy apanyci n anal ogue, and (d) optionally isolating the conpound

thus pr oduceaftiallyFomplement eadletionpr ef er red embodi nent the auxiliary genes
that have bggn d&llt@f’lﬁ?hh%rs?ramrtﬁﬁé obthiRBY, @dﬁgnélﬁlﬁ@thé Bre8éhcRl dr@hnabh¥fous

preferred ehbodi nent e auxi | |ar% genes have been del eted are rapJ,
rapM and r ap@curser iretuirechée Predpethe 1t7niesme§yérﬁt>amh%ﬁwleaui)@5\% des a net hod

for generat MY SBSHMhE RPABY G thad BloREbss. said nmet hod conpri sing:
(a) gener at g Zoétéggﬂﬁ?nanr{bystral EUI n Whlg'l t he net hyl mal onyl - CoA specific

AT domai n lofa prefenied empogimantdn sigpd @il the PREBNMED HediaTY enescie drleter ar
mal Onanagﬁ/g‘t ed> F?r?ﬁ'fur‘tf%rﬁﬁéfé#%@érﬂbc(d%eﬂ@ﬁ& FdcBRbirldht 8P4 isddrtitaigbove), (b)
addi ti ona deletin I nactivating one or nore rapanycin auxiliary genes
sel ect ecdnmlemﬁnteémth omapﬂ morepiilianagenesrselaved EpyNthe ¢pEp Sersistiigar rap/,
rapJ, rapK, rapL, rapM, rapN, rapO and rapQ or homologues thereof. In a specific embodiment
the strain is complemented with all the auxiliary genes. In a further preferred embodiment the
recombinant strain is genetically complemented with the auxiliary genes rapK, rapM, rapN, rapO
and rapL or homologues thereof In an alternative preferred embodiment the recombinant strain
is genetically complemented with the rapamycin auxiliary genes rapK, rapl, rapN, rapO and

rapL. or homologues thereof.

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

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

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

specific AT domain,

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

selected from rapl, rapJd, rapK, raplL, rapM, rapN, rapO and rapQ,
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(c) re-introducing all or a subset of auxiliary genes in-trans to
conplenent or partially conplenent the deletion, (d) culturing the strain
t hus obt avoedgs/apte7onal |y in the presence of an exogenorsT/B2e@u03EB | f
required, to produce the 17-desnethylrapanycin anal ogue, and (e) optionally
I sol ati ng the conpound thus produced. In a preferred enbodi nent, in step
(b) all the(f apaWécprrﬁ”éredrrtroawn@e'hersa alrteeﬁe‘raérxea%ﬂe“eﬁrfatf?”%@t%%ﬂﬂplrﬁweat

further prefepred)cohosimentind Reefi@ombi nant strain is geneticall y
conpl enent ed vvrth one or nore auxiliary genes sel ected fromthe group

consi sting df) r afeedingngaunatprghartergaids tPéB‘ere?%[BW”aWtéH@J”&HWeF 8y

honol ogues tclaﬁ(g,ems fol e BréRRESA booR)KRagH, BRAt the strain is conpl emented
with all the auxil |ar¥ genes. In a furt her preferred enbodi nent the
gl

r econbi nant (@ r aicrtipnglly Eaiating g SPIRSYPP S eeHSRAt h the auxiliary genes

rapK, rapM i aphefréPémbedifheh@Me fkiliBABENGHY ahidhheiedkeh AeRiedblifhdtRbtete
preferred enbodi ment the reconbi nant strain is genetically conplenented

with tHeElYdgoamsci n auxiliary genes rapK, rapt, rapN, rapO and rapL or

honol ogues  thgragérred érn@ocfu%éﬁthﬁrrstﬁwﬁﬁ tHf rabBRy iR eRlidr9 Benb s Bredlp¥ed or
nodi fications are conbined, therefore the present invention ovrdes a

met hod iMastvaieki g spetific aée%rmrﬁmwerwna?raweamn alg(ngtivenpe

conpri %'eﬁ@ratnﬁg?‘) 7—@@&@é‘rﬁ§lr‘d}b§nﬁcrﬁ%@ﬂ§§b@§ﬂﬁh ﬁérﬂ—ﬁéﬂﬁrél @téﬁﬂér ghids BE genetically
met hyl mal onyl™ speci f domai n of nodul e of the rapanycin PKS has

been r épmateateniing wearewntaﬂ@nmtm in whiskiafl ithe mawwaﬁﬁlxmw)ge@&a eV RaeN y
del et i |
rc‘lgle%rd 6r'?ﬁébttr{/éf‘t@§ A9 t@%pghyaﬁ%ﬁxrﬁﬁggy& fépﬂ‘#é;.'ﬂ I L}’r%ﬁ\l?\e/r\%f)zoog@(?nGlG?

fromrapt, , E’ , rapO and
PCT/ Gezwspottﬂet[eeme Pu%ﬁh'eﬁamﬁrr?teﬁ@-ﬁtrﬁtnr@d‘iﬁi”'ﬁ@a&?PX' Y ge8ehexaerbfapk,

auxi | i %EMf&%ﬂﬁ%r{%%bé%st&aﬁé?%ﬁdgnﬁﬂé Pre@érrd%%rﬁb@dmnxntqe@ekeg@mstneﬁ-

del et i on, f eedi ng non- natural starter acids to said reconbi nant strain
under @arur%{tsteéter aeia df ctyr:@hexar@partbﬁévhsree@uérﬁ B Alteinalis JREMegemiatimest)the

Opt'on%%—)‘ra{ﬁéﬂs@atrﬂepggréﬁ &%ﬂﬁgevre é@mme@me%m iR aR aRERERYS S fREdi nent ,

the auxiliary gene(s een del et’ed or inactivated include rapk
In a preerb@drnmt ’éﬁﬁt@ﬂrnﬁéﬁﬁl starter eeigps cypjoheplaneparbpypis #gii i auriternaliMg genes

are del,gi; a%mbéd’%ﬂ&ﬁt'tr(é‘ﬁ@rﬂjﬂaﬂgl%}] 3taPRPEdId IsCeRR horh AR @foﬁé%ksrbﬂ”ﬁ@e&td on

provid s an alternative net gener at i ng 17-desnet hyl r apanmyci n
anal ogflesovd- thr@@ﬁyqrmaeﬂcagttcwh%ac@érfa@rq;? hy rr@éy%@whreyane@erﬁﬂmrmwri ng the

reconbgrrgrbt?ﬁgct oty aeraéeéahe% e{;ggné CISEL ﬂ@areﬁrdr@-sa%ra)a ercyore@aﬁécﬁaa n@een

del eted rapanycin auxili'ary genes rapt, rapL,
rapM eeigN, rapO and :

In a further embodiment, the present invention provides a method for generating 17-
desmethylrapamycin analogues with combinations of auxiliary gene activities and non-natural
starter acids. In a preferred embodiment the auxiliary genes that have been deleted are rapK,
rapM and rapQ and the non-natural starter acid fed to this strain is cyclohexanecarboxylic acid.
In an alternative preferred embodiment the non-natural starter acid fed to this strain with deleted
rapK, rapM and rapQ is 3-methylcyclohexanecarboxylic acid. In an alternative preferred
embodiment the non-natural starter acid fed to this strain with deleted rapK, rapM and rapQ is
cycloheptanecarboxylic acid. In a preferred embodiment the auxiliary genes that have been
deleted are rapK, rapM and rapQ and the non-natural starter acid fed to this strain is selected
from the group consisting of 3-fluoro-4-hydroxycyclohexanecarboxylic acid, 4-fluoro-3-
hydroxycyclohexanecarboxylic acid, 3-chloro-4-hydroxycyclohexanecarboxylic acid and 4-
chloro-3-hydroxycyclohexanecarboxylic acid.

In a further preferred embodiment the auxiliary genes that have been deleted are rapK,
rapl and rapQ@ and the non-natural starter acid fed to this strain is selected from the group
consisting of 3-methylcyclohexanecarboxylic acid, cyclohexanecarboxylic acid,
cycloheptanecarboxylic acid, 3-fluoro-4-hydroxycyclohexanecarboxylic acid, 4-fluoro-3-
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rapQ or their honol ogues, this generates a strain containing all auxiliary
genes except rapK, and feeding with exogenous starter acids. In a

pr ef err edwerbadiioent t he exogenous non- natural starter PatiGB2065/003158

cycl ohexanecarboxylic acid. In an alternative preferred enbodi ment the
non-natural starter acid is 3-nethyl cycl ohexanecarboxylic acid. In an

al ter némyﬁr\cbéyqyp@h@xa@éarbéﬁﬂié@FiﬁeﬁtchéFRa"rﬁMWDP%RYGHOQPX%{eﬁ?‘tb@P(y'kSJc&lCdP prd 4-

cycl 0h%Hrogc{@%gaJ%ngerg'c!oﬁe@aweéarbbm%c@l lres Mdtd Mghly PFreb@sd echbeaihRet RNt t he

non- nat ur acid is selected fromthe group consisting of 3-
f1 uor anmh@rm,ggggs;’shgt }@ﬁyé){:@ﬁ@@g}egﬁg@{ﬁr@pfég@@{ and rapQ and the non-natural starter acid

4-f1 uoggy %‘t@l)é@frgﬁ‘ﬂﬁé: g REE M RREMokicaidd. in 3-more highly preferred embodiment
chl oro- 4- roxycyc ohexanecarboxyllc acid and

4- chl oithe wﬁw @ﬁﬂﬂé)ﬂ@’f@ﬁt@( BeriarIpieR e capécrawl anghrapQ gd RernaBnsddichelatter t he
pr esemacfd@&?%ﬂw@%t@fn%’bﬂﬁ’@ne@aﬁ@éalﬂ ny,cpéc,(gener ating 17- desmethylrapanycin

anal ogues Wi nbi hat1ons of auxiliary gene activities and non-nat ur al
starter aci élsan aﬁeraatwﬁ@r%fﬁw@@e@ﬁa@m%m RUpkarygenes 813 hgembaeh pelpteare been

del et ed, aF g4 AR arlorlﬂg%ﬁ'ﬁgturré’r%@rl%'ﬂgcﬁl?@d Az Reb M idkeisbRA )M Ml golsd tO

this strain i1s cyc exanecarboxylic acid. In an alternative preferred
enbodi nemlstm@f ﬁﬁnethﬂmio@pxme&ﬁft@%ylmqﬁ reeoheranerabetiaafidni t h del et ed

rapk, %@x%é aé.d”@tnbwowﬁ{,&B@&@&@ﬁ@éﬁ@@%bm@@bfé 4)ioRP3-

alterna ve pre erre he 'non-natural starter acid fed to this
st r ai n hydrokyayelobexatecatpkylie apm 3msbloraftydrexyaygieherrascaherdicrsidant4aci d. I n

a prefenk ﬁ'ﬂd% ﬁg&%%&rexehﬁangc%eﬁynb%w 9RRESoreHAhIN BerREEEMb BB hEF e H -

rapK, rap e non-natural starter acid fed to this strain is
sel ect edturahstm’het heid fecbie gy dorexasesaipxytic acid.

3-11uoro-4- Wﬁ&'F&B%Féﬂ?ébﬁmg%’P&Eﬁé@%xba;ﬁneﬁp kb alﬁlhfaFWQér%s:ihat have been deleted
0 oxy

hydr oxycycl ohexanecar ic acid | or o- 4- ? rox cycl ohexanecar boxylic
aci d amce @pKcrapbdand @PM@M%?@?@%@W@F@@W@@M ochig ré"" is gelgctagrfrare the

f t t K,
R
sel ect eyclfhepianeharbgxyia pcidcfisprot4-nyfirotycecloaxapecaieeohe raided-dpox3d i ¢ aci d,
cycl Oh%gﬁgﬁcgélgﬂé}énég rﬁ%&ggc acid Y& EHBR)Q& AIGE4), 8?59(% a?le@é:r*ogxyllc acid a

3-fl uor roxyc anecar boxyl i ¢’ aci 19 WO 20%6/016167
PCT/ GB2bio&- mmwcyuymmycafbmmheaadedaratm&rylhlgiﬂlsa;@reaarred embodiment the non-

3-chl d d 4-

chrorgp' ﬁ%ﬁg%}ég%%gf?ngggﬁ‘g%g‘%@%%w hcgl%%l Iﬁna nore highly preferred

enmbodi ment trhan altaidtive arefemethesbodinent theeauxdiary graiestteat have beapKeletethareand
Lo i

rapQ a %jpé% Ipfpl,hfggagﬁtﬁ gﬂoxﬁtﬂéhgﬁ gﬂr% stJrf%gaEIB f%]cr' Etré stidls'sBle ected from the

3- et hy neca I'¢ aci y preferre i ment

t he augrdupauoysngmgej %mahylhm@dxeeecadmche@@rCéCIﬁla?Nanec%{PDX}dIﬁ@CthQ and t he
non- nat_ur, L o) n oxylic acid.
R e e R e T S A o
del et edymwcyclam&aaachrbmm arid, 3-hidomeshydioxpcutiobaxaneearbaxylig acisdandod-t hi s

S ot BRSO QYR 8T 3h R e amtpgiert e o
natural starter acid fed is cyclohexanecarboxyllc acid.

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

In a further embodiment the present invention provides a method for generating 17-
desmethylrapamycin analogues by genetically complementing a recombinant strain in which all
of the rapamycin auxiliary genes have been deleted or inactivated with one or more auxiliary
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cycl ohept anecar boxyl i ¢ acid, 3-fluoro-4-hydroxycycl ohexanecarboxylic acid,
4-fl uoro-3- hydroxycycl ohexanecar boxylic aci d,

3- chl or o-wehyavascycl ohexanecar boxylic acid and 4- PCT/GB2005/003158
chl or o- 3- hydr oxycycl ohexanecar boxylic acid. In a nore highly preferred

enbodi nent the non- natural starter acid fed is cycl ohexanecar boxyl ic acid.
In a foptaseelasiacsraranieapy earf. rrarl éﬁ?{tﬂd‘aﬁé/nfapqw raa%; rithely NyBAeEUehiR:

have beshbiflshdt\eith redbifig haikal of AR -natFh 6RPY a8 6s. t e @@%Tfé@téﬁﬁ@ddnﬁéﬁréaﬁﬂ aci d
fed to this strain is Selected fromthe roup co

nsi stin
3- met higcey®ingRXERR SaehBYAY éO‘EE'PH‘e”Wd’Y‘@HéRaﬁ%%/aF%AiWﬁcg aa% {@pL and fed

cycl ohgpf %%ﬁé}rala%lyétér%r%ﬂd%eie%tefdl FRE %@BN&&%}@M@ bpf\RIRRREJ2PNKyii€ agal d,
4-fl uoro-3- hydroxycycl ohexanecar boxylic aci

3 chi oﬁﬁnathsﬁwmﬁy@wﬁ@ﬁém@é@apﬁ&mpfa@ea%rbaxsé'ﬁ@C@ 3-fluoro-4-
chl or Ohy?ﬁré‘%zéléw&éﬁé&h%@/ﬂ@ﬁéﬂ hoHYrb-B- el dkyc dydlbr@xa@éc@rtkuxgm yci@r stebred

enmbodi ment the non- natural starter acid fed is cycl ohexanecar boxyl ic acid.

In an AYdrexyexelPRexapeererybta@dBadihenero-3herexiey! P'%Pr’?n@%ﬁ‘fégxyt'ﬁé‘@ halfe? been

del et egreddrRd driSimERRbid rEedbiAsd straR@ gaktichl d’UhﬁbIélﬁéMé@'wﬁﬁtlﬁbﬂ ggpmci d fed
to this strainis selected fromthe group consistin

3- net hiArEy bk aRe ek WiXg Ner-naleral Sta@?b%‘ﬁé?'ﬁﬁfééérPHbt%9|9r‘&UPa%fi’r&'St'n9 of

cycl ohgpiane cgﬂs&wnccacﬁ;clsdnetﬁ |E>Ldptswes2ax4edaywx9na'ﬁd:I@aswtaﬁ@dab@d»ym gciaci d,
4-f| uoro- 3- é roxycycl ohexanecar oxg ic ac
Y

3- chl o LaroH YRy ERerEeas oRYH i e o Tyiepgoyclohexanscarboxylc acid, 3-
chl or ochao,lay@p] n%%y&;&h@éﬁ@&%@wy&a Gn@-hiorbrB- ﬁydﬁ@iy%%&lbgé}la)ﬁeﬁér%ﬁﬁlked

enbodi ment t natural starter acid fed is cyclohexanecarboxylic acid.
In an a¢idernative preferred enbodi nent, the auxiliary genes that have been

del eted arep, efnaaﬂémartl%’ﬂvefé@éa\érﬁ%l%@rﬂ@a@@cérﬂgmﬁ%r@ﬂ Htrg%heﬁéa@!pt er acid fed

to this strain 1s selected fromth eaﬁarou consi sting

3- net hgoragiemenies a\ntécram@@l\ﬂ irapMcoraO dﬁﬂhé&%ﬁé@a&tmﬁ%%{@%d from the
cycl Ohg&abg%ﬁﬁ%mgx ?ﬁﬁ&ﬁiohéxérléagrngﬂlcfaem eYENSRRGGNBEERaRBRXY! i c acid,

4-fl uo ycg exanecar boxyl1c acid
3-chl omlomeht,ade@ﬁ(;r ¢ @m@x%mwﬁwﬂm@yomedamrwyhc acid, 4-fluoro-3-

chl or OF@ M%@&W&)ﬁﬁé& &@J RO rbSs- i%ﬁir&yc&ﬂof?exﬂﬁéc%r%@h& YciBrpgedr ed

enbod e non- tu st'arter aci is cycl ohexanecar box%¢ll c acid.
In a fchioer hmfwavmﬂxammrmlmmdu mémqr@hlgbrydveféérgd@m@pﬁ@wtﬁ

generag,dalqé;r a]°7<{feg$§”%t3h*\{ﬁﬁ{h?ﬁmﬁé@ ?&zﬂh H‘@§c;|9y genetical ly conplenmenting a

reconbi nant strain in e 'rapanycin auxiliary genes have been
del eted or knrmlcalhemlwpw‘fqrfedcm@bctﬁ*m?ﬁirsé'ddﬁﬁq)m 'a?@/t strapgs penoliredy 016167

PCT/ 8039@%@%%% %ﬂgs;ﬂ%g nb‘%lﬁﬁﬁtl%ﬂof FR0 é@ﬁﬁaﬁL LA ded mpgstarr?e%c.d@mea apN,

rapOa ues I n ation wt feedin natural or
non- natrumdhe groep censisiog ¢63- maﬁhxécyp}oéﬁéane@arb@wﬂ@eﬁcwbﬁycl%ﬁmnew oRbir aald

straing gsﬂﬁ&&aﬁgzg)!d mm&hggdga ggycro%e&%rercamo%&m AARfHand rapl and

fed w a non-n Starter l'ected fromthe group consisting of
cycl ohbycamcmidﬂmmeaarmyl@ aci3 Sneildigcliyer atyeycienexandsrexyaxytic aeif @nd 4-

) o ER AR AT ety le s nds gty GHopas chBReRr RN ¢ ocl o
starter acid fed is cyclohexanecarboxylic acid.

In an alternative preferred embodiment said recombinant strain is genetically
complemented with rapJ, rapN, rapO, rapQ and rapL and fed with a starter acid selected from
the group consisting of 3-methylcyclohexanecarboxylic acid, cyclohexanecarboxylic acid,
cycloheptanecarboxylic acid, 3-fluoro-4-hydroxycyclohexanecarboxylic acid, 4-fluoro-3-
hydroxycyclohexanecarboxylic acid, 3-chloro-4-hydroxycyclohexanecarboxylic acid and 4-
chloro-3-hydroxycyclohexanecarboxylic acid. In a more highly preferred embodiment the
starter acid fed is cyclohexanecarboxylic acid.

In an alternative preferred embodiment said recombinant strain is genetically
complemented with rapM, rapN, rapO and rapL and fed with a starter acid selected from the
group consisting of 3-methylcyciohexanecarboxylic acid, cyclohexanecarboxylic acid,
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hydr oxycycl ohexanecar boxylic acid and

4- chl or o- 3- hydr oxycycl ohexanecarboxylic acid.. In a preferred enbodi nent
sai d reconbizn@ntiestrain i s genetically conpl emented wi t rCragmRpovoapiss rapO
and rapL and fed with a non-natural starter acid sel ected fromthe group

consi sting of cycl ohexanecarboxylic acid, 3-net hg cl ohex%]necar boxylic
aci d, cyePgrsptasarerylisaeld Pdluarr hydrSXWCV?JB?%(a@e Ig @Gie| HHERECar boxyl i ¢

acid, 4yh o%%}@ioﬁé%&@f&f@ﬁ@ |a@i8954%ﬂi%€cﬁ-ﬂih?diﬁékyd§/ci@ﬁéﬁbne3arboxylic acid and 4-
chl or o- X hydroxycycl ohexanecar boxyl i c ac

4- chl orehloge- ﬁ%?@%%@@h%’f?@ﬁﬁﬁ@%ﬂ'ﬁ@ﬁ'ﬁl ilga raeregi'gh'ii Rrefgired BPoRPUEPBr ef erred

embodi @?d}ieraésti@eori@féwiaimnéca%@@h@aw genetically conplemented with rapJ,
rapM rapN, rapO and rap nd fed a starter ggd selected fromthe group

consi sting of 3'335*1%!9#9'?@%"?6%5?5’%‘3@956 reeoglIngnt 8YAIN SHASNHERYr boxyl i ¢

aci d, cBMﬁle?ﬁb@iigoaﬁiﬁF@bPPM 'r§p©%h§| rap3-drldied %tHa@ﬂf@&W]é&Wﬁcﬁiﬂ@l&’é boxylic
acid, 4-fluoro-3- @Cyfcroxycyc ohexanecar boxyl i c ac

3- chi oIGUP-GepEIREIG T AnBiECKHRIPRRSP DY IGRGE fdﬁi?haxanecarboxy"c acid,

chloro c§clb‘i¥éﬁéﬁ@é§bﬁ%kﬂ@%@nQﬁlﬁérkb%bﬂldr§x3@9¢|6’hex’aﬁe@ar6@(yﬁc Btighkyueroes-erred
embodi mént the starter acid fed iswith 3 met hyl cycl oh xanecarbo |IC aci d.

In an AVEexyrEirhexareearbpxyde a@ﬁb%rah'ﬁ@n‘i hé%{PéNC&’é'EB%”ﬁa greosticgel 3

genet i %ﬂioic% hg%ﬁybc‘?%ﬂé)%‘ﬁe&‘érbbxwiéﬂbid raRdmoreaidhly ppPed ethbdamenttapLl and
starter "acid sel ected fromthe group consisting of

3 rret hy"’taégf?éP@ﬁé@@dﬁék‘é@%ﬁwqa@%i'%ac‘%ycI ohexanecar boxylic acid,

cycl ohept anecar boxylic acid, 3-fluoro-4- hydroxycyclohexanecarboxylic aci d,

4-fluoro-3 hydroxycyclohexanecarboxyl|c aci d

3- chl or o- 4- hyafusioee geesh dieapresaiit yRyiarcPrawdes amethed for generating a library of
chl or 0-43- J&ﬂ%%hf&ﬁ’ﬂﬁméé béém’rlnlei‘i?ioé‘ébﬂpriéiﬁg a nmore highly pr ef erred

enbodi nent the” starter acid f i s cycl ohexanecarboxylic acid. I n an

al ternative(®ref egeiﬂé@t'@@rﬁdﬁfioﬂﬂ@?%a%éirﬂ”H%WB'%TW%W?t@W%?WI@WéWP@J 1y
conpl enent e@a%h%fml’e TPRhe FRRMycih 3K Iﬁ’éédoée%meﬂaﬂé’d Wil aWhdibnyd cpar t er

acid selecte rom the group consisting of 3-nethylcycl ohexanecarboxylic
acid, cycl ohMNe@éﬁ%&l?i ic acid, cycloheptanecarboxylic acid,

3-fluoro-4- ig??dro&;@ﬁ% e&%at%‘ﬂ?féﬁnb‘bn@@rﬁworéré AHRRradixiliary genes selected
hydr oxycycl oexanecar |c aci d, 3-chl oro-4-hydroxycycl ohexanecar boxylic
acid and 4- fr@hﬂlfép/ofazﬂhlgaé é,y@PMhéi}Pﬁhé%OQ B’éﬁ(&ﬁﬁ% acid. In a nore highly
preferred eghodi B&% SEAI Il%‘?'aqs bt Jr theLraphban a0%E ¥4 irftraed d.
In an alternative a%&%ﬁ@ ngﬁéa usai reco%bigant st%g?%%is i
genetical | yto @Qﬁmﬂeréﬁﬁmféaﬂwl)t wmm@mntr’chﬁﬂplev%o and rapL and fed with a
starter acigysel " PP s&RBSASES 8% Hloduction culture of said
3- net hyl cyc?dcghexge%g@grfnaq }Otgﬁg%?% cﬁc ohexanecaﬁrfoo%/ﬁnccuagiedo S-aI21 WO
2006/ 016167 rere@nb@zt)sieairo@msrat@y@umhémféﬂe@%mﬁi&mapema@m @nalogues,
3-f 1 uoro-4-hydro 6! fhroftdtoH Aifard of said binant
hydr oxycycl E%exa%gﬁgggﬂg%%%gﬁlgﬂ?@ (ﬁ? or o-pr-O lfldrooxycycIooisi’glxarﬁccg,\c(’:n;irIB%?(yI iC
acid and 4- staih onderduligide oxrydiass shelx tabeelyketiges pee RiedeEedin a nore hi ghly

pref g‘r red efﬁ)Od' g&%tnaﬁﬁgolatmg the compound thus produced and
(9) optionally performing semi-synthesis on the rapamycin analogues isolated.

These and other embodiments of the invention are described in more detail in the

following description, the examples and claims set forth below.

Description of the Figures

Figure 1 Structure of rapamycin: A is the ‘binding domain, and B is the ‘effector domain’.
Figure 2 Structures of rapamycin (A), FK506 (B), FK520 (C) and meridamycin (D).
Figure 3 Genetic engineering of MG2-10 to generate MG7-9.



starter acid fed is cycl ohexanecarboxylic acid. In an alternative preferred
enbodi nent said reconbinant strain is genetically conplenented with rapt,
rapN, rap@oand/mepz and fed with a starter acid sel ect e#CfrragBRoad®3158r OUp
consi sting of 3-nethyl cycl ohexanecarboxylic acid, cycl ohexanecarboxylic
acid, cycloheptanecarboxylic acid, 3-fluoro-4- hydroxycyclohexanecarboxyl|c
aci d, Figurasr o- 3EraeyenisRge pE b Hesmetbear Hodsimethyeiegapamycin by mass

3- chl or o- 4- hydr oxycyehehexanecarboxylic acid and 4-

chl or o- 3- hydr oxyc clohexanecarboxyllc acid. In a nore hig %mgreferred

enbodi frighte § he ~ bbdrtiGR-Meianabysig qfé?@y&msﬂuk%%@%%ﬂyemprecr PR n a

T u[)t he?lg@?eOQCt F_@Q-’TDI@P@@BD ahé]yﬁé‘bﬁ PNJeth A SD- @sﬁ%rb%ré%p@w ating a
i brar

17-desneth nyci n anal o ues d conprisin (a)
gener a%lgﬁg?é rec&@ﬁlf'ﬁ%mﬁ\”\é Pﬁ”ﬁa’i'cﬁ‘svfﬁr t d@wtﬂﬁtw Cgﬁiﬂpr%?ﬁp Tfic AT
domai n %%0 Jipdul eD;Ia%rEg,f]o SsrhidRAysd.n PKS has been replaced with a
mal onyIF A specific AT domain, (b) optionally deleting or inactivating
one or nore rapanycin auxiliary genes selected fromrapt, rapJ, rapk
rapt, tnapPN, rapO and rapQ (c) optionally re-introducing all or a
subset —U‘p—t‘lmrr apanycin auxiliary genes in-trans to conplenent or
partially conplenent the deletion, (d) feeding an array of non-natural

starter acigge Rlc%s |@£ %HOSIH Ule Ql%c’i HERIrOh réRt B orfesr @8 RioRa tHanSdnedi. 8. dtdeast
generate a nu /-desnet hyl r apanyci n anal ogues, (e) feedi ng natural

or novehe anﬂhﬁngramh%lcqi@bﬁcﬁr%éhﬁ:@m@ﬁ Y Iy rod e?ﬁ”‘@'&l B PRRIBENS RRANS e aj n
under t hat pol yketi des are produced, (f)

opti ongﬁlé/&msgrlrgﬂaﬂhéd cﬁi%san%%gand t hus produced and (g) optionally

per f orm ng éenﬁeCtW?ﬁébﬁ ?”@namﬁegﬂﬂﬁhﬁ?@fﬁtoaﬁ%%%@“ﬁ’% dsttladf are These and
ot her E{Ff?c?%'aga Enﬁarocg afﬁg'tﬁ r'W%ﬁdh%ﬁ&rsﬁgﬂ@ﬁﬁﬁbﬁﬁgslﬁdh (%er?ﬂ*@%ﬁl'abeﬂnéntt&e

fol |l ow ng cription, eexarrp es and clains set forth bel ow. Description
of t heoRé giorely ®iathar @rmts@ praseneeoAbseapmehAcPaTticylarifungtingal BPWRY ng domai n,
and Bis th I i Gd iR

FR506 (8),  ERESS (O Ao e bl aparty S A s O g o1
M=2- 10ta loclgmewramwnwﬁswﬂgm tmm@@ﬁ@m‘y@ﬂ bR{OW: GB2005/ 003158 Figure 4
Fragnent ati on of 39-desnet hoxy-17-desnet hyl pre-rapanyci n by nmass
spectronmetry. Figure 5 LC CR-MS anal ysi s of

17- desmet hyl - 39- desHygr axylpr e- raparrycrn Figure 6. LC-FT-1CR-M5' anal ysis
of 17-desnet hyte 39- de hydr xypr cin. Figure 7. Significant NVR
correl ati ons for Xypre-rapanycin. Figure 8 Diagram
of plasmd pLL15

HO\

-
-
-
—

wherein:
x represents a direct bond, ~-CHs-, -S-CHj-, -CH,-S- or -S(=0)-CHa-;

CH,
| ”\C_\C/”
or -CHRs-x-CHRg~ represents / \ :
R, represents =0 or (H,H);
R, represents OH or OMe;
R represents H, OH or OMe;
R, represents a structural fragment selected from groups A, B, C, D, E and F,
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Definitions The articles "a" and "an" are used herein to refer to one or to
nore than one (i.e. at least one) of the granmatical objects of the
article. \Bp2@myiefe7exanpl e "an anal ogue” neans one analPogueB2005/0Br8 t han
one anal ogue. As used herein the term "anal ogue(s)" refers to chem cal
conpounds that are structurally simlar to another but which differ
slightly in conposition (as in the replacenent of one atom by another or
in the presence or abgence of a particular functional greup) As used herein
the term " 17-desnet hyi 'a cin and anal pgues t hereof' ‘intended to

I ncl ude conpounds w t hi la | belo RR5 6 OOCH N
RLOOR, O 3 HOB ; Rent s pand, - CH2-,
-S-CH2-, -CH2-S- or -&{ CH2-; CH H\/RH or - CH represents R
represents =0 or (H/H; R2 represents or Ove; R3 éepresents H, OH or
Ove; R4 represents a stru ural fragnent “sel ected fromgroups A B C D E

and F, -23 WD 2006/016167 PCT/ GB2005/ 003158 R7 R7 R8 R7 RS ABC CH3
T Xi}: X@ &
in which

the wavy line indicates the position of attachment of the fragment,

R, represents H, OH or OMe and

Rs represents H, OH, OMe, halo, thiol or C44 alkyl;

or R, alternatively represents a 5- to 7-membered heterocycle containing one or more
heteroatoms selected from the group consisting of O, S and N, which heterocycle is optionally
substituted with one or more substituents selected from C14 alkyl, OH, F and Cl; and

Rs and Rg are each independently H or OH,

or pharmaceutically acceptable derivatives thereof,

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

As used herein the term “pharmaceutically-acceptable derivatives” includes

pharmacetutically-acceptable salts (e.g. acid addition salts). It also includes references to

solvates (e.g. hydrates).

As used herein the term *halo” includes fluoro, chloro, bromo and iodo.
As used herein the term “thiol” includes the group SH.

Unless otherwise specified, C4 alkyl groups mentioned herein may be straight-chained
or, when a sufficient number of C-atoms are present (i.e. a minimum of 3) be branched. Such

C+.4 alkyl groups may additionally be substituted by one or more halo (e.g. fluoro) atoms.

" Heterocyclic groups that R4 may represent may be fully saturated, partly unsaturated,
wholly aromatic or partly aromatic in character. Such groups may also be monocyclic or, where
possible, bicyclic. Values of heterocyclic R, groups that may be mentioned include dioxanyl,

dioxolyl, furanyl, hexahydropyrimidinyl, hydantoinyl, imidazoly!, isoxazolidinyl, isoxazolyi,
24 -



DEF in which the wavy Iine indicates the position of attachnment of the
fragnment, R7 represents H OH or Ow and RB represents H OH, Owe, hal o,
t hi ol or Wb 2docalikysl7; or R4 alternatively represents a 5PCraB2ossbEssed
het er ocycl e cont ai ni ng one or nore heteroatons selected fromthe group

consisting of O, and N, which heterocycle i tionally supbstituted with
one or ?'@'%B@FWM@W%%@F@& e Pr bl:ﬁ‘-‘éiz'ﬁarb}ﬁk‘i?‘l};ZOIYﬁ—P'pPyaéWéfP@pe”gWéf‘ R5 and

R6 ar e ppas, bﬂ@@iﬁﬁnﬁk@aﬁdiw ;k;tr@rnyoldyndvnypbwm&m«yupy@aidinson@pp@rml@mye
derl vati ves t her eof referr e3d4t506_as

" compo ARyt Py @Yl ﬁUf@}?W'o ﬁﬂsungiﬁ@yldété%m%? %raﬁy't %éfaﬁ\é#fﬂ?yra”yl

" phar mageimyH }lﬂld(nﬁCﬁEBM&Eir%@%ﬂyW&ﬁleﬁSB*46mbudl%&iropynmldmyl tetrazolyl
pharmaceutica accept abl e ion salt

i ncl udé@aﬁ*'%%Wet @i dtrb(' thiggq t%?”(l trGQOIWﬂFgP%@%jI@J% Sﬁté‘é?}e%@F B?’%‘f ?%e term

"hal 0" jh8&LHaRs nidnbeyclie g@hbgeeeh £ @kargn dioxegn hexa@@dmdmmwmbh@ﬁy@r m
"thiol"™ includes the group nl ess ot herw se specifie 4 al kyl

d
gr oups ISAEAES 'S’fﬁ‘é'd”}@@"éidﬁ rﬁﬁSPhSIén ARG RARY FHRE I, PgrOlidipREN !, RY gﬁlfq"”yél ent
number p??rolﬁ%yﬁ%@lf@arg[ 8- é@l!f@l%ﬁi{”lt te(ﬁahﬁirof@rdﬁyﬂtéﬁéﬂ%@%p)})anﬁ% larss;ched. Such Cl_4

d
)b o Sery Hib b NEE s a N e S eSSl BeSFf e

sat ur atﬂ?@hkeﬂﬁ”ﬂdr&’cdﬁ?@%dﬂu@fe‘é{d mon%&@hé Mro@b@ﬂ@i’cblﬁm@ron@&fe&ér&at@l‘rﬂé@édt@d frBm
character. Such rou S may al so nonocyclic or ere

bi cycl i S Waparieia e%L&hcﬂ%/FEFP“i‘rE"rﬁh Py Bl "ttﬁéﬁhyﬁ‘é%}urﬁay'n‘?ﬁ?ﬁ%@ﬂyrﬁﬂﬂl ude

di oxanyhg théﬁlk@%oﬁa\hevef' Uk é'b‘élrtlcu&?é%ﬁglh%m/fél dting it e, coMpBHRAES bk invention,
i m dazol yl, isoxazolidin fy i soxazol ¥ro -24 2006/ 0161 7
FA

PCT/ CBFo0s7rosEn S8 strgiyral g%ent ﬁ@lleﬁqqg ﬁ’wrou%&%d? d2dP: ﬁ an él e.dtrdoes not

1, 3- OX%rQWE,he%@cZy@lkd’drou@ perazinyl, piperidinyl, pyr anyI , pyrazinyl,
pyrazol yl', pyridinyl, pyridonyl, pyri n1 di nyl, pyrrol i di nonyl, pyrrolidinyl,
pyrrolinyl, pyrrolyl, sulfolanyl, 3-sulfolenyl, tetrahydrofuranyl,

tetrahydr Op)éé%@w h r%m“th@te@m h%d@liw% § ﬂ'lcﬂhd'es the genes required for post-
1,2,3,4- tetrahydro%yrl m d SEJé6}mt(e)llt0rah dr op gl’l m dlcl’11y| te?razol yl,

t hi adi @elykstide swnﬁha%mpaﬂ@a}lons Pﬁih&i@WP“det Fﬂr@ﬁwpletw witheyhmilgionhe | i ke
(e.g. )%/?t%b’f‘id‘ﬂfn%cb @§o mﬁédxzbéﬂaseg Neabid@sehhd smm%werhde%t @ ﬁHﬂ@ltr@%@fér@s%s

di oxan I oxol hexa rimdinyl, hydantoinyl, isoxazolidiny
nal ei e rmrwm $ystpm thgs%mﬂﬁwnsy pengsi Ip@wedﬁaﬁw raps, vaR}Yli '@Ph &R, and rapJ.
pyrrol i Aﬁ:&e’?é’cln of SR?‘ il fﬂle'aﬂmnll aﬁbﬂefs@ eatﬂé(tl hon?b‘l&j-ﬂeg %:f ﬁfé)éé geh&d Eakyedrbtdganyl

tetrahy ropgran - tetrahydropy
1, 2, 3, hiospnt %tmmn@p;yastem anchghe usg oAt S%hP@PPQHWQ%Wr'n HedPaieds ohihgzol i di nyl

and t e ehiidfs Qlso cBﬁﬂf'eH pdlkgdarl Y, satur at ed, rmnocycl i C groups contai ni ng one
heteroatom sel ect ed 8 S or, parti cuI ar | such as pi peri di n¥h
e

pyrrolidi nyAs used h%l‘ﬁyﬂdh%f%méﬁy‘?curﬁ@t%%Nﬂﬁ%‘?ﬁiﬁﬁﬁwddes the genes required for
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 inqorporation
of any naturally or non-naturally incorporated precursors. For example but without limitation in
the rapamycin system these genes include rapl, rapK, rapP and rapA. A person of skill in the
art will appreciate that homologues of these genes exist in related biosynthetic gene clusters
and the use of these homologous genes in the methods of the invention is also contemplated.

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

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

methylmalonyl-CoA



and the like). However, in a particular enbodinent relating to the
conpounds of the invention, R4 represents a structural fragnment sel ected
from growwe 286/B¢16C, D, E and F (i .e. it does not represemBoI@BBBOCYCliC
group). As used herein the term "nodifying gene(s)" includes the genes

required for post- pol%léetl de synthase nodifi (;atl ons of the B g/lée i de, for
exanpl e but Ali4sg8heran Hedem een-natyrd strtar@cll 456 B RHY FPgeRaE can

ferr ed@é‘lﬁlﬁ)rﬁd}g’ce§%‘¥a®&€éﬂ@@ﬂtm EhiRStIHE! Sy RABSE EFARES0t thesthhér AaPaskgiyn syst em
these nodifying genes include rapN, rapO rapM rapt, rapQ and rapJ. A
person cHesgidy Paf kS he art will appreciate that honol ogues of these genes

exi st in relratef aveld@ﬁwléf%hbptr@et@ﬁnama&@rssraam!l“hbﬁ-nu.&erapi;tatr&e&em

honol ogous genes in the nethods of the inve o.contenpl ated. As
used héidids ﬁéy"F)@F%m”Eﬁ@éﬂ?ﬁ?&OfSQl'QB\“%FdS%ﬁ%%s‘%”“e’“ [&%E@eﬁ%ﬁ g%’ﬁgg required
for thecysydnyin®@thidditerd at sktarls ob EarbeRylid Akide wh;dwrﬁgynbé Mcerpdrited @RO @S final
requi red for the synthesis of any naturally or non-naturally incorporated
precur §5*H/Chnd t he genes required for the incorporation of any naturally

or non- nat unals¥d hBeh the tethtthaRliraCkmbanles refbiito @6a30H1 @nbglod ddhedibs from a
limtation in the rapanycin systemthese qggenes i ncl ude yh%i'd' rapk, rapP

and r af® toAnGR gamain, cgarrising\g-Ad -AGF {in Iordfgﬁ)p?réjc‘?pépéa ogues of

these ggpamifydrtorinbré @bﬁh@a@l sble%)drﬁcﬂera' rp-kg@a@d&kaéét(my d@mdmt aexwa@mafn
t hese honol ogous genes in the nethods of the invention is

cont enFNE@etf! ydrAgasaﬁald) grEpain rand HER oA, ad%H Araaip ﬁ@n%?%‘?y‘ r?@h'@ fa84ER)
referenggsif o nodi fying genes, precursor supply genes or both nodi fyl ng
genes and precursor supply genes. As used herein, the term"precursor'

i ncl udes t hA&SHaed hareins r@rtg@a ml@netorgl mpdgile” refers to a set of contiguous domains

di hydr QuyhYSkMHa8 ¥kt &@%ﬁﬁ@@é}ﬁbiuﬁauwo@ae to%brr’é@béﬁcﬂllg Sdia ik %%L@)@é&@ent

naturally incorporated amno acid g pecolic acid, pr

non- natAdale, {erienarpplp dioat tee star crf@ﬂa“& naifd) @ﬁ?‘lﬂﬁéot;& ta@]atartﬁépwpprﬁ;) eRPRINCOA
-25 WO, @HQ&QQ%%%@@EE/ r%é@%/t@@é%wéﬁw HSSHUREE € thelrARid e The REHoAIN A

starter acl refers to any conpound which can be incorporated as a
st ar t emageledCi hhgse aprbiragrsia eewes maytieatoyie’ tlargfie i @t’aﬁy é?”tatflltﬁe 30 |y

chosenng)ﬁbg?gtdo%ﬁ,s S%otopﬁ]o@é/gétglagl%dgﬂesdoubt the ternms "precursor” and
"non-natural starter acid" include N-acylcysteani ne thioesters of

ol i goket i ded\s(eedhergindbe faras PERTERRAMYEE'irHIEEY T tAp Arshenzyma-t9s PEsivChe
thi oes% chf bFﬁ]teearcﬁwQ é)f ﬁ%erBéMilélﬁ p@@kéi@e‘@?htﬁgsé%n%SIhQQ%/QQEﬁé%d nto the

final uct erein the térm"natura refers to a set of
cont i guanﬁs) aihd rf@@’?lbefﬁﬁedh@ actionsfepy g1edidirg aems ﬁ”d W%@rﬁg aEQMPRUAGWIth n
that og %e tucids ly additionally containing one or nore domains

sel ecte rom a - etoreduct ase (KR) domain, a KR domain and a

dehydratase (DH) domain, and a K@®bmain, a DH domain and a enoyl reductase
(ER)

1 1OH




domain. As used herein, the term "conbinatorial nodule" refers to a set of
contiguous donmai ns which extends fromone point in a natural nodule to a
correspomnaiongogastst i n a subsequent nodul e, for exanpl eciraBmwédnesssart of
an AT domain in nodule Ato the starter of the AT domain in nodule B, or
fromthe mddl e of the KS domain in nodule B to the mddle of the KS donain
in nmodule C. These conbi natorial nodul es nay be "double" or larger, i.e.
may cont ai n Ashges as®in, temeah “aftothenaha disasdéenis)’ imlunies avitheutiiraitativndul es. As

used herelntheterm T in" ers.to th LISt

pr oduc SYSEMEdHRUS LR “E%O%%W @‘%@“a{oﬁje #qwan%éas e;%a} YiREE |aéérﬁgl§/'né %ase
(conpr issieR@ist apA, rapB, and rapC) and rapP before the action of any

nodi fyi ng genes, ,and.i artL ular t co und. . Het ure shown
bol ow G ~drveee Peses. G B cfigeatos, b BRI S s b BPU TGO

PCT/ @%@@Ms@aéﬁ&tltlé\b‘ecuérﬁd d’w)bﬂ'hdiea ﬁr’iﬁl@rrmw‘tajw b@wbbdlmee{lrﬂlmimgct&n s imited

I ncl udes, w t hout syste upu sis . (SLE
rheunatt%PBer&‘F'Y%?‘?“f'? E”d %?ﬁ ebrpg(/m@aap 'Hﬁ?‘mﬁf gm%cglge?Stémg g}Kgnused
her ei n,opbigtive piimotibseRsEese Admphysbmaanaduteor pnraﬂ(:rtyubk&&,sswmdmm'e dridmi t at i on:
psoriasis, dermatitis, eczema, seborrhoea, inflamuatory bowel disease

(i ncl u@ir% sk ansdyeVaiiSed to ulcerative colitis and Crohn's disease),
pul nonary i nisluasiBeiem) tHd t8ah kahin&@ﬁasiem a mlaligmht:ne\mbsi\nrtlmﬁ’tait\aésqem’rasmnary

di sease, hysema, acute respiratory d| stre nchitis)
and ey@PW\‘/%'BE“r oundin sl More ?fnmPH]é‘ g iping iﬁ%@yorg?%?nzq SXEgPE %ﬁefals nant
nﬁw lgr Préhatt, haﬁg &rdlnéﬁaahe@as @@hé&r&bﬂbdmel f@ua.@bermemlslmxrmnratfrm@am;eu%mm Y,
the lining ody organs or ast r ost un ney,
pancr eéﬂ§3“esﬁr@r?é’é??do(meg?ﬁ@'seg G'afﬁe rg?résngcg e[XamPl?f"BPPP% el jng %&P%b

ti ssue pande8 RERAThE MEHASHNasH lﬁamdésobdﬂm fieaitatiori@ans: cdilaypeax s s but nbone
liver, Iungior the brain used hgg ein the ter cancer includes both

met ast dFTted {u mAANCMEA Iy”‘tp?BE‘é eg'éﬁ‘ﬁﬁ”'% IRRarEAsa: TR ESEeMRe o,
| ymphomgystdc§iékredAday pdsl drtiosay @@éﬁomé,%@ﬁ@%ﬁ]ﬁr@d’t@ﬁﬁ&d t@r\lorectal cancer,

prostate cancer, small cell lung cancer and non-small cell lung cancer, breast cancer,
pancreatic cancer, bladder cancer, renal cancer, gastric cancer, gliobastoma, primary liver
cancer and ovarian cancer.

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

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

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

cervical spondylosis, Gullain-Barre syndrome, dementia, peripheral neuropathies and peripheral
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mast ocytoma and types of tissue carcinoma, such as but not limted to,
col orectal cancer, prostate cancer, small cell |ung cancer and non-snall
cel | | ungwvoaneareichr east cancer, pancreatic cancer, bl addaB2oenosrss renal
cancer, gastric cancer, gli obastorra, primary liver cancer and ovari an
cancer. As used herein the term"B-cell malignancies" includes a group of
di sor def&ve Ramage. d1ethes cR¥rasYPY§rpHYEYt(F €. FRIDK &6 RunCeILyauna, Isciage er

myel Onafacéﬂﬁ'er()&(ésldﬂ(wﬂﬁy)sor'é’cﬁ‘i@&ﬁ%@%taté N‘&)dnaﬁ@f&\l are neopl astic _dl seases of
t he bl ood and bl ood fofm'ng grans cause bone marrow and i mu

syst em dysf uﬁwwer@mﬁweﬁ@nﬁ r°§'°t%%ea$6§trefﬁr§m Yseapse @peqaated vah thi ect i on

and bl e&dﬂeggprdeﬁcmqﬁtHé%rx%eenum%att@(éﬂd Maéﬁéﬂ @«nthgutam@ﬂom@“a%dﬂd&% Wi t hout
limtation: hyp rproliferative vascul ar disorders . restenosis and

vascul afeligsIalRnesHipner)iils tengaiean rgpal digaqes.dyel ftres ncl%caw Pehaps dppitgd to

di seasegirf&di€Ridho MRS Hidcdse Eng %fb%fb RElatiiRy, 'cﬁhﬁl‘l'cacj raff ﬁ%ﬁ%ﬁéthy Wa%@@@ﬁ‘atﬁ?
coronary artery di sease, arteriosclerosis, heroscl erosi s, - nonat her onat ous

arteri oz fliae §iosis cpuimarasy filiosidineluginedybyot Ilm’teéé%@'qp@m pulteaany dibpesis and
"neurongly, tBEé}ﬁ@%r@élhé’Blveél%fs)ern%cb%r H@&er@?éh‘&‘H' @lihBnaNvitREUFARSbathhd  9r owt h

and |ncludes neurite outgro nd functional recovery of neuronal cells.

Di sease@ﬂem@ramk@rra@ﬁ%owméw@dﬁ@m%a| regeneration may be of significant

t her apeutl ¢ Rensdd terdinGhd! 8m Wbtundee%hﬁQtre#éréﬂottﬁQ debes%fzrléE'aWat $O”g|,v§ease
Par ki nson's di sease, Hunti ngdon's chorea, amyotrop | at eral scl erosis,

tri geniiniry ledbe sigpad o&g%%@‘btgﬁsae%/ﬁrg@aplueh% gwtdlmlteéw ‘healing efynosireigeinehr
dystr OFWéfundéttrré)%fr%enthf‘Bgrrng%?"hy}?erfTHﬁ%‘blaKelﬁé cepb¥ng He%é@éﬁi‘oﬁ%f buighar

i nherited nmuscul ar atrophy, “cervical spondyl osis I ai n- Barre syndr one,
derent i adhepiens.pher al neur opat hi es and peripheral -27 WO 2006/ 016167

PCT/ GB2005/ 003158 nerve danmage, whether caused by physical injury (e.g.
spinal cord injury or trauma, sciatic or facial nerve lesion or injury) or
a disease state (e.g. diabetes). As used herein the term"fibrotic

di seases" refers to diseases associated with the excess production of the

ext r ac dDesdriptionrf thednyeetiomc| udes (without limtation) sarcoidosis,

kel oi ds, gl QFEH%P i [ ]

(i ncl udi ng g%h%%t ﬂl{e ptéés%nt mgﬁ]t?&ﬁg@{%&nﬁ déjén?ffl%ﬁr%\%wykgﬁsaggséeﬁ%gﬁgés
st eat o-theigphin rartigular e rrRBeNtdventiomerowidlen AT Hysmethyleanaspaintanalogas di ac
fibr Os'a%corﬂﬁt?rf?ﬂ‘?erf)ﬁllé T%!ﬁhéla(l ncluding but not Iimted to idiopathic
pul monary fiDbrosis an cryptogenic fibrosing alveolitis), macular
degeneration, retinal and vitreal retinopathy and chem)t her apy or

radi ation-i nduced fibrosis. used herein, the term "wound healing" refers
to the process of repair t 4ollows_ injury to the skin and other soft
tissues and i I udesixswi thout | i mi tatizon, healing of post-surgical wounds,

treat ment of S or ype kel oi d scars and the prevention of
sur gi cal adheS| ons X <
O
O
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wherein:
x represents a direct bond, -CHy-, -S-CHj-, -CH2-S- or -S(=0)-CHy-;

WA

or =CHRs-x-CHRg— represents / \ :
R, represents =0 or (H,H);



Description of the Invention In one aspect the present invention provides
17- desnet hyl rapanyci n and anal ogues thereof, in particular the present

i nvent i orwprosi/des717- desnet hyl rapanyci n anal ogues acc®caiGB0a5008156
following formula: RA RRE 6 OOH NX RL OOR3," 0 HX"'~HR2
wherein: x represents a direct bond, -CH2-, -S-CH2-, -CH2-S or

- S(=0) - CH2- ;Rappresents OH @yPMepr - CHR5- x- CHR6- represents R represents =0

or (H H; 2@3 r%eggq@/rpém@ﬁg/ GB2005/ 003158 R2 represents OH or Owe; R3
represents H - R4 represents a structural fragrrent g | ected from

groups A, BR@epr@serEsaﬁ’Huqiural froment sipcier frgn groups A B CARBERN RS CH3 D
EF in which the wavy line indicates the position of attachnent of the
fragnent, R7 represents H, OH or Ovwe and R8 represents H, OH, Owe, halo,

thiol or Cl_4 alkyl; R, R,

QRB R, Re

Rg

A B

CH, Rg

x@ ; \
CH,

D E

in which

the wavy line indicates the position of attachment of the fragment,

Ry represents H, OH or OMe and

Re represents H, OH, OMe, halo, thiol or C4. alkyl;

or R, alternatively represents a 5- to 7-membered heterocycle containing one or more
heteroatoms selected from the group consisting of O, S and N, which heterocycle is optionally
substituted with one or more substituents selected from C.4 alkyl, OH, F and CI; and

Rs and Rg are each independently H or OH, '

or pharmaceutically acceptable derivatives thereof.

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

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

A(i), C(l) E(i) and F(i):

X@ﬁ@

C(i) E(i) F(i)
wherein R; and Rg are as hereinbefore defined (e.g. R; represents H or OH and Rs
répresents H, OH or OMe).
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or R4 alternatively represents a 5- to 7-nenbered heterocycl e containing
one or nore heteroatons selected fromthe group consisting of 0, S and N,
whi ch hetwoaogeniieiérs optionally substituted with one orcrmB&uUDStSBt uent s
selected fromCl alkyl, OH F and C; and R5 and R6 are each independently
H or OH, or pharmaceutically acceptable derivatives thereof. In one

enbodi nent, R4 represents a structural fragnment selected fromthe groups A,

B, C E andpnk{ifna- pré‘eﬁéd eﬁbyalﬁhlenf Rg@g%yen@ahegﬁmurﬁr%rﬁm g, atPgeffedC, E
and F), as hereinbefore . in which R7 and R8 are as herei nbefore

def i nec@R¥egin Wrich Rejs é’ls%}?t%? 'HH @Meo?r PRECHAW: B represents H OH Ow, O

or F (such as H OH Owe or F)). In a further enbodi rrent R4 represents a

struct ural fragnent sel ected fromthe group SHM% é? F&Hand F(i): \

R7 OH R - ~-8 Rigiered emodipentseyhen FE("FMeﬁ%”tfo F rﬁswss* 4y Rs as

her ei nhebpssentdesH, /e defreséhis BY x FERERHBNE Girddt Bbndbt, pBdicH8rly "Gy esents H, OH
Ove). -29 WD 2006/ 016167 PCT/ GB2005/ 003158 In a furt her preferred

errbodl rrent R4 represents the structural fragnent C(i), as defined above,

in which R8 jhanHiardtiferhBodinefive, @ggsmebwul arly, ORIn preferred
enbodi mrents when R5 represents OH represents H and when R6 represents

OH, R5 represents H x represents a direct bond or, particularly, CH2. In

an al ternatlmgn%maw@émbd@?méﬁ%eéﬁ@g&@e@meﬁq@e@btr%wm é’rﬁo@@@ﬁ‘éh Yy R4

represents a 6-nenbered ring with an oxygen at the 4 “position (i.e
t et r ahyrAsdigy s tefrapygropyapriatler red enbodi ment of the conpounds of t he
invention is that in which: Rl represents (H, H) or =0; R2 represents OH

or Ove; R3 represents OH or Owe; R4 represents the structural fragnent
C(i), as defd REEESRRRdIMEIT te RIMPPERTSRIdhe BveRiondsthaky Weighesent s H, -OH

or Owve;, and r@ﬁg@g@ﬁ‘{gm%)q-rl&o In a nore highly preferred enbodinent: R

represents (I—1 repr esents OH
R, represents OH or OMe;

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

X represents CH..

In a more highly preferred embodiment:

R, represents (H, H);

R, represents OH;

Rj represents H; .

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

x represents CH,.

In a preferred embodiment:

R, represents (H, H);

R, represents OH;

Rs represents H;

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

x represents CH,,

In a more highly preferred embodiment:
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R3 represents H R4 represents structural fragnment C(i), as defined above,
in which R7 represents OH and R8 represents H, and x represents CH2. In. a
preferredverbadiioent : RL represents (H H); R2 represerC3/dBdpos/ (83158
represents H R4 represents the structural fragnent C(i), as defined above,
in which R7 and R8 both represent OH, and x represents CH2. In a nore

hi ghly pref dhrrearegpodi-fent : - 30 WO 2006/ 016167 PCT/ GB2005/ 003158 R,
represents (Hjreplesed@Orepresents OH,  R3 represents H, R4 represents the
structural fragment C(i), as defined above, in which R7 represents OH and
R8 represent Bs PPressatsr epresents CH2. In a nore highly preferred

enbodi nent : R Repkefite st S ekl fEgmeRiT®Sani&inetl dbvéMewhicRR; repesssa GH H,
OH or OWe; R4 represents the structural fragnment C(i), as defined above, i
whi ch RndFefpRgeriis "cid and R8 represents F or O; and x represents CH2. |
a more hi ghlyrepiegfms cef. enbodi ment: R, represents =0; R2 represents OH,
R3 represents OWwe; R4 represents the structural fragnment C(i), as defined
above, in which R7 represents OH and Re represents H, and x represents

CH2. In a ngy g nhdrghlgniyretaed embeakeat:ment: R represents =0;

R, represents =0,

n
n

R, represents OH or OMe;

Rs represents H, OH or OMe;

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

x represents CH..

In a more highly preferred embodiment:

R, represents =0,

R, represents OH;

Rs represents OMe;

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

X represents CH,.

In a more highly preferred embodiment:

R, represents =0;

R» represents OH;

Rs represents OH,;

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

x represents CH,.

In a more highly preferred embodiment:
R; represents =0;
Rz represents OH;

Rs represents OMe;
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R2 represents OH, R3 represents OH, R4 represents the structural fragnent
C(i), as defined above, in which R7 represents OH and R8 represents H and
X represewmd@scicin a nmore highly preferred enbodi ment PCTRB20@yesent s =0;
R2 represents OH, R3 represents OVE -31 WO 2006/ 016167 PCT/ GB2005/ 003158

R4 represents the structural fragne C§1 ?s defined above, in V\:hl ch R?
represents ORt "SRIFFERS t?eeﬁf%é'ﬁltféagﬁ'\?é‘i Cah@sde ’é?ﬁ'%‘%@ﬁt & veiigh Ry fepgRents O

enbodi ngit R fRerezeAR@MS dng not 17-desmet hyl rapanycin. In relation to aI | of
t he above-nentioned enbodi nents of the conpounds of the invention in which

the grotfFPEEFePS ridsent s a substituted cycl ohexane ring, further enmbodi ments

that may benmpateniarhdnd Helienddups & ndl 1WHeemetyRapehdin. ve stereochem stry
of the substituents on the cyclohexane ring is such that each of the

substituents (including the polyketide ring to which the group R4 is

attached) can rsibfiBH foameptrs! aboa@l@ﬁnnarﬁbcﬁaﬂaémemh el ddn%uWa@af thBéhvention
cyclohexane ring is in a chair conformati on. Thus, for exanple conpounds

of the INMASAINS ATOUR LR TARIGSTES aﬁéﬁﬁtitlﬁﬁ%ay‘%'?hﬂxﬁ%r o Sgher gmied Bigpgray

at t achegk @tnttdned Zrcludéthayadh Whldhrthérelﬁﬂ'élskér@cﬁtiheﬁflstﬁyhﬂ thé;é(&ﬂsﬂﬂ@ﬁ@% t'hbngs of
structural fragrrents trans- relative to t

ol ket ARG MBS e st Sl e UBRITE 6roHias BpcToptElmEnGfoumeh he
Furt hergro@é REfs £QBRQ RES sinfitah&tfuslyneRpt é@@qddﬂ&tal BBMtl&?ﬁNH@ﬂﬂwle%@GhéMeUde

those in which groups attached at the 3- and/or 5- positions of
cycl ohe¥drieing ?@"Qﬂ“ gt ubhs: for s¥amaRle sompodsmof ”G inyention "Pﬁ’ﬁ”}‘%ﬁa% cis

rel ati vigedtRnbd hicR@b YHREifiRhich @go@tstaﬁam #lthd m4lamgﬁ drigRo8itiond & the
cycl ohexane group. Thus, yet further %poun s of the invention that my

be mentdsABEKANRENGE ST §iistEalifRoReNiSC. QvH:e (p g Fgit %r@arfm- redaiivedeies t he
struct %@,Jketf.dea%eéﬁacﬁéd At thé A9YdsitibR bRthke 9cibResiaRe ?p&lpy kelrinde o&héﬂ%ompbaﬁa@d at

position I he cycl ohexane ring, the group present, and
parti clf#i 'VVQVF'OQLH‘W%PEG\@“OQ% U”;SH-‘dﬁ §%°Sf3r”&W§LCh§tr %'%%cﬁ?‘ﬁéh‘i’% ?’frt?e anang/Re

group @p@élflorﬁrcﬁf%ﬁé‘&yclo@ﬁg%r@aﬁﬁds%ﬁls@u&tiyral ﬁ‘rag?ﬁ'er@"COD ﬂ\@g ) SHOHR)ardBR- Ci s-
st ereochem str%eggll m | arl e‘lgrou represent's a cycl ohex- 3-ene
A

ring (TPladve toy visﬁilﬁarlag aﬁ@%ﬁ@#@ﬁfh -Besitgny 9f)’fhe EYRaDCEINMHBPNES THES t}ed

i nvent 'f@r‘fhetrfééﬁw Ms%t%ﬂﬂ@ér@i%%at h%'%%eﬁtﬂﬁ@@xddbd%h&é&m Rt W¥ien i the
pol yketi de rlng attached at position 1 he cycl ohexene ring

subst i taie B« rgprepentg ey WUCBH@Jééagme@h@(lhmﬁ@ felatiysto meewxd@ﬁ@w@@ atjached at
subst i t34eib$ 1 3F tHeh§ciBhexaR@%ihg, BB gRRPER Jifpresehe R PARRLBH] ¥-an OH or OMe

group) has trans- stereochemistry and the group R; (if present, and particularly if an OH or OMe
group) has cis- stereochemistry. Similarly, when the group R4 represents a cyclohex-3-ene ring
(i.e. the structural fragment A or A(i)), then compounds of the invention that may be mentioned
include those in which, relative to the polyketide ring attached at position 1 of the cyclohexene
ring, substituents at 2- and/or 8-positions have frans- stereochemistry and substituents at the 3-

-position have cis- stereochemistry.

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

The novel rapamycin analogues are useful directly, and as templates for further semi-
synthesis or bioconversion, to produce compounds useful as immunosuppressants, antifungal-
agents, anticancer agents, anti-inflammatory agents, neuroregenerative agenté or agents for the
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A person of skill in the art will appreciate that the nethods descri bed
herein for the generation of 17-desnethylrapanycin and anal ogues t her eof
are appl iwabkb@/tieistthe generation of I|ibraries of rel at edTOBRIGHOSESS
Therefore, in a further aspect the present invention provides |ibraries of
17-denet hyl rapamyci n anal ogues generated using the nethods of the present

i nvent i BRAtMERt ofdranpelanigion Eirctipn.csafhys iAdEHIgesh: pHeINIES Jiswrensi wscylr

17-des rr&%@yderﬁﬁarwlomlse@a@é St Rtof (19 ih ek FdyuRBen efwmﬂdehé@‘nn? t hetr&iRrber
acid incorporate t he am no acid incorporated, degree of post-PKS

process negsemﬁynﬂf@h? dgwwﬁn@f RAFMYAL %ﬁtar@wg%@eﬁ%ﬁf@re waﬁbérm%? R thRartogues

are usehpd m@l'u!’:l@@édtﬁre r@eﬂ(ﬂm«ﬁéd Ecﬁ}ms@trﬁ&lﬁc@hoﬁwés‘&%e&ﬂ@ g. 88Nk 1%5 I7$20u S.
bi oconversi on npou NOSUPPr ess

ant i f ungaP2. 7&%é/r\{9§%/‘1a1§97c%r$cér72§g7éﬁt‘é S. érWﬁ SﬁﬁfWMéﬁéW%‘de%t@% 772,

neur or egen e ki Ase; @%@tc%%zag@%%eﬁqmttb% 543% 048 B}D6/DDEIBT U S,
PCT/ GB2005/ 003158 treatnent of anspl ant ati on rgjnect on, %raft vs. host

di sease>2ahf6%: Hﬁ%ﬁnégéiﬁéé?’d%@@mwgedl'@ﬁOd?@éé@@‘j o 549 68%)c di seases or
agents for use in the regulation of wound healing. Methods for the

sem synthetic derivatisation of rapanycin and anal ogues t hereof are well
known i n t hen@frtheagredictha peeseptinveien prvidasipe see Po)7-dersmathyimmemysitorons

descri b%lé%le@ trgareéf' |r$me§|c§1@5l:n7a7 %rthé’r a%pecﬁh@%?es@ﬁt&nvé?@oﬁ ?f'cﬂﬂ(&g%r tHe%se of
5,728, U S

U.s. 5, b?zéemhyl@psmygn%en @neiogw;e t@ere@f Mbe orEparaos of g ngeﬁzcaz@%ﬁ wtks
S5, 221, Q%Quc’tfén Br n’éurﬁ’ér%né@& wﬁ%r%%ﬁ%@gs%n %esstm@.il%o?\ cﬁ%@ur%ﬂgl ﬂég&wer@ﬂé@gﬁ 183)

In a further aspec present |nvent|on rovi des the use of
17- desrige ﬁ'&??iﬂéﬁjéﬁi/@ﬁﬁﬁebﬁ celimaaliggaraies; fvgabniertonse Hpriantation rgjection. lsaft

aspect \H"ﬁoﬂro%\%ggé du'fB{rﬁf?]th'a:sBFdéYé dRsafay oftlﬁ?%n#iﬁ@cld?\fvas&lﬁatd&%’ﬂ’sfe@fw'drfﬁa?&fyC' n

or an anal ogue thereof in the preparation of a nedicanent,for th
i nduct | Yeeases anagaNEhiRhEEE iBthe rRaulRIsLphvews felinghe sti mul at i on of neur onal

regenerati ongdam g&{ﬁeantaf bdTEfl o1 krf&ﬁ\fhct@rhavguﬁ’lﬁyll In tH@'trbSHﬂ?é?\‘E bfSthef L8HiRons,

i nffections, transpl ant a fon rejection, graft Vvs. host disease, autol nmune
di sor delﬂ@lUdlﬂ@ %&Q@dln@%d|t¢1b’n“a3rl?ﬁﬁglpl§wml’§§@msﬁraﬂﬁ tyberons aelerosisoridei uses@indeases

or age%é@a@é mUél@in% b ébwo%aaé @’Fth@r}hv%tld’r‘@érlweﬂ@ﬁé ;orme é%\tﬂémgloetma' ogues

are al so ave util In the treatnent o er condi ti ons

i ncludi ng, Bne sidiediin thetaébwcmdd by @pleaiygpeing ApBmEnieses odrietmibe frsuebility of
scl er oghSee Jd?xgpdaﬁ%toaﬁﬂﬂlﬂ bQEb#éwthn(\égJ BhRG Hhe ﬁPfﬁg@Hﬁ@é g éé?&rehe%! ention.
er 1In e be

al so extend t ese ot cations. One ski In t e art wou
abl e bymetbad fmi@rcé!st9d,iﬂi0ﬁ@ntlfaﬂ@aiﬁus@pﬁ@tlwr’t@ﬁtlﬁ@ ferrueaslisi Arpipvef starh‘i@ng?-A

COITDOUﬁ ot ?9972 hlc\jé%irlﬁonfa % gﬁ%ﬁ"ﬁ\nhé &rt YoulFAELble B‘{ljroﬁﬁhe %gp?rjn]r@r%gho

Refere tion antifunga scepti Ity testing for
yeast s:deigrming/tbe abdlta/mme@emmmundsﬁvdmblt tugony cellgrawth (reglPydkinohe eflal.l | ed

In the gyl mg L4 21 ngqllmﬁf@&’herr%%%d?gnl f&&ﬂﬁf ngﬂ?@%eﬂs%\/e‘hﬂon ged @éé?&l?ﬁr db?ﬁc’:mq_. |

ability of ' these conmpounds to I'n growt h, (see
etal ., impOOOsUPYIESSionakssag® B Heterminingf aiearheaundispatittacy hethemwn@a;e oellt hi s

hg;’gnmlﬁawﬂr’[@t%‘g@tﬂékll dlﬂrthé %}?q‘&' Q&mdl%@@@H%ﬁ@%ﬁgﬁqmnﬂﬁ%QMﬁprE%ant activity
-Warner L.M. et al., 1992, Kahan et a/ (1991) & Kahan & Camardo, 2001); Allografts -
Fishbein, T.M., et al., 2002, Kirchner ef al. 2000; Autoimmune / Inflammatory / Asthma -
Carlson, R.P. et al,, 1993, Powell, N. et al., 2001; Diabetes | - Rabinovitch, A. ef al., 2002;
Psoriasis — Reitamo, S. et al., 2001; Rheumatoid arthritis - Foey, A., et al., 2002; Fibrosis - Zhu,
J. etal, 1999, Jain, S., ef al., 2001, Gregory et al. 1993.
The ability of the compounds of this invention to induce immunosuppression may be

, 730;

demonstrated in standard tests used for this purpose. In a further aspect the compounds of this
invention are useful in relation to antifibrotic, neuroregenerative and anti-angjiogenic
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.,ef al., 2002). One of skill in
the art would be able by routine experimentation to determine the utility of these compounds to

an
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known to those of skill in the art, for exanple but without limtation:

| mmunosuppressant activity - Warner, L.M,et al., 1992, Kahan et al.
(1991) & Wahass/866amar do, 2001); Allografts - Fi shbei n, PCTMB20&t00aiss, 2002,
Kirchner et al. 2000 Autoi mmune / Inflammatory / Asthma Carlson, R P. et
al ., 1993, Powel | FT\ , ..2001; Diabetes | - Rabinovitch, A etal

2002; PeOMRERY hypﬁ@rq'%'ve@%@nseafwexaﬂmm Feiafagdvieros Mhei ef 820888y,

A, et Adjdlnor%ﬁw?one"_dfléklﬂ)ﬁitﬁeartZrVUdJ,ld bel abl€loy dbutine EXBSrimdmhiibn 19-det@nird the 2001,
Gregory et al The apility of th gg{\('rrg%unds of this_ invention to

i nduce ?Hfﬂrﬁsgr&‘?fﬁ?‘@s%q"%"f S P MRALAER VR St d2¢ s deitRie’f & or

this purggyse. In a further aspect the conpounds of this invention are
ion to antifibrotic roregenerative and anti-an genic

useful in re 0
mechani sms, JBTr‘F‘eP'?R?”"I"é’&” figp %’ﬁ%P'E?P’tde&B %érrﬁ%ceé.‘B?aé CRYPPYURN FRMRIGH 9?‘rent ation

to det ecﬂéﬂnf&h_xﬂﬂapam@&m bt éryaﬁﬁlo%&emere@ﬁ)@B@t@naﬁnédéuﬂmyaa&e;ﬁémé ageetRses, (€. g.
Quba, et al skill in. the art woul d be able by routine

experi ntﬁﬂ?tQFr Wi ?Bh%@%a@?%ti%@’ ??F@Ptﬁb}q ¢&WeTof t hese compounds to -33 WO

2006/ 016167 ﬁ@TéféB%@Qwr@e%éﬁgouﬁds%aihewm%raér mﬂﬁulaﬁdhlthér@bﬁ%yse di sease,
for exar’gal e in stents Addi tionally, one

of skl | gamipisterRd bé(rat”y\%'&‘{e&??f@' P‘té’dl.f)‘?)' %XBWPPHPé‘t \é’ﬁ'ﬂféﬁt i"ﬁ‘éﬁ‘#'ﬁ’atthqyrm@)b et er m ne
the nestnahiSBRIAGTAdritaralyabially, Ttdgblééﬂly EFWWQUM@@ 8- trdisekianiviak M, et

al . 2002 St ei ner et al resent invention also provides a

phar rrad'@%ﬁ“?%QPV‘%W&@lsﬁngnblb'Bﬁﬂ?ﬁ%‘lQ‘id'aﬁed‘@@éWH?F?%MﬁmL{?PU@ﬁ ahal ogue

t her eoftreafther nityabRBsRI kL ishBlel dosa6E £ Plupdilyeyf Si8dds dvBEs B6fiod ofttif@et her with a
phar maceuti cal Isiltgacce ptabl e carrier. The aforenentioned con&%unds of the

i nventi on orValst §iSRASEPIE &1 & eBROgRd ﬁﬁﬂ?e Beentionip R SEBINSETBY 2R, iE§nvent i onal

et hod pfr@f’éra%lé@%?&ehﬂttasﬂ ﬁﬁéﬁ’MbcédﬂH&l‘f&Hu%ﬂoﬁ I’@&jétﬁ@)éwth%ne a3 moPé §c§c‘éb%@le
parenterally, orally, topically (including buccal, sublingual

t r ansde&RmarS . Th TN SHBHH R aeiepiabs méh@ser&esqf BRing CO"BW"I%‘@(F%&*’?@@WW@ a

i nj ect iPhelinvEPest FNEQH eiBleribid handiseileAfdthertbe Exbﬁ%@s'@@&nta‘%@fcaﬁ‘%'a% of a
single dose or a pl urallty of doses over a period of tinme. Wil it is

possi bldsserideddn PemRsPeW. t he i nvention to be administered al one it is

preferable tﬂe%%@ﬁﬁds'oﬁ‘t@ﬁn@n%ﬂ?ﬁ@%h%&ker@@él@% 8t lh%me?n‘éQgﬁ Rk oWe'Fh one
or nore acceptable carriers. The carrier(s) accept

sense dherBRUNg 2geTiH LeiAMinistafion o é@mamﬁentﬁa”p% fqrﬁ@@mcaraﬂy |@M@T dﬂ?@s of :

del et erd @M% BudeRStnERSY @dﬁ&ﬁ&tﬁe@%e%cts%é@@' es of suitable carriers are
described in nore detail below The conpounds of the invention may be

admi ni st er ed” anoerEbeFmeny, 1:7o%ﬁmﬁéwlraﬁawedmoroqwlogyﬁé?ea@ém ¢Q:a<ag@r$¢%'ed
co- admmm%e%mer Egutfc%eﬁt%rtﬁ’é’l’n%hc%ed?%lﬁlah% Jrahmahedll Cpf &R Yor! tﬁéNer

doses of each e used hereby reducing the side effects seeh. I'n one

enbodi fgatment pf E@ﬁ?ﬁntﬁﬁlpﬁ HRieeHpei srativs dipshiiasanguadtoifemded diserders erdiisedssser ed
W th anpifRsmnidneh B%Féd%g%ﬂ?s%cluc@g bl &einddiaitd PR, %m%r@élﬁ%ﬂpggé?ﬁs e.g.

I mmunosuppression, for
azathioprine, cortlcostermds cyclophosphamide, cyclosporin A, FK508, Mycophenolate Mofetil,

OKT-3 and ATG.

In a alternative embodiment, 17-desmethylrapamycin or an analogue thereof is co-
administered with another therapeutic agent for the treatment of cancer or B-cell malignancies
preferred agents include, but are not limited to, methotrexate, leukovorin, adriamycin,
prenisone, bleomyecin, cyclophosphamide, 5-fluorouracil, paclitaxel, docetaxel, vincristine,
vinblastine, vinorelbine, doxorubicin, tamoxifen, toremifene, megestrol acetate, anastrozole,
goserelin, anti-HER2 monoclonal antibody (e.g. Herceptin™), capecitabine, raloxifene
hydrochloride, EGFR inhibitors (e.g. Iressa ®, Tarceva™, Erbitux™), VEGF inhibitors (e.g.
Avastin™), proteasome inhibitors (e.g. Velcade™), Glivec ® or hsp90 inhibitors (e.g. 17-AAG).
Additionally, 17-desmthyl rapamycin or an analogue thereof may be administered in

combination with other therapies including, but not limited to, radiotherapy or surgery.
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treatnment of transplantation rejection, graft vs. host disease, autoi mune
di sorders or diseases of inflanmtion preferred agents include, but are
not |i m two 20@/01618munor equl atory agents e.g. azat hi opr iPO®/GB2005/003158
corticosteroids, cycl ophospharri de cycl osporin A, FK506 I\/ycophenol ate

Mofetil, OKT-3 a cLé)é 12&? fRy[ﬁnatl ve enbodi | srret Iradarryci n
or an anal oglh orlet‘?é? pngng 1¢glesng ?WF@oor\ﬁptaﬂaoglh%v]ﬁ@PT 'tsl‘f‘(?r agent
forI tgew&héa@dtmnher@ﬁewaa@@ﬂ ;m{thelafm?ﬁntrmba@nandlsesm preféesd egier&gmnhsie but

ncl ude, bu r.e, no o,. methotre n,

or ent sofie b 12 B ACE bR CpiHaa! FEEPEE AR g e e

docet axdMG- (ZbACtédL&:tasBenhlbltdmtﬂe&sﬁdrer@argmbﬁumkabblgBBt,s chioiomubiaand bldoamm fen,
torem fe

est.r ol et at shro serelin, anti-HER2
ronoct oRKEAT enatySeaRGR: Bhf el B SR Fe. ™ ot oxi 7 ono
hydr ochl ori di, onE@’rFBoldln’manV@reSm(a’ﬁylgapah’fyems:aa(u la)waloglmttheﬂeaﬂ'xk/lcoadbilmsmﬁéw
VEGF i nhj b| . T Lot e orre i,nhi b e. Vel cadeTM ,
G 1 vec W Sk et ST b B PR SRR TEna R ety b chion S
r apanycinbludé, bam agnat Dngnuaj tmeémfrommcyfda&)rsad@l nérs¢ graah factore gidd idedddogrowttt h
ot her t erapi es jinc but not limte radj ot hera r surgery. -34
WO 20067 6?5%?'”[963*/9@%2 /faﬁéﬁgéiaryﬂ?ué%opg%%%}i’r r?eL'i‘gt C%Pg%ﬁgt hyl r apanyci n
or an anal oguentRetbedinents 1zalcatsihpiriaatyeid onat bnalogidtaerebhie capeinister@gent
for the freatnment o ascu r di.seas r.re ents include, hu are
not |1 LA DeebeLiinadt B £ BTGt e bRed inreReRd e s gl b
aci d degre\nat nmme&ltﬁ, @W&l &J@;»Pcbl it Edﬂm@smel @&hlrtugta@ms éagt@spafuaglamrgim@ﬁgagihidig
agents, chanpel. Qc ti oxi dants, anticoagul ants an
pl at el e'i’"C?hW %ﬁ‘%’ofa‘z‘”r@ a”#’“E@FS’J?W a rr‘naZBF? r@mmw &g tlotrimazole,
17-des nratcbuéioﬁ)aawempzere acbralzalbo@necdriaedsleodxmo&az@e atdmonazdle,rn&@lconwblb,
anot her_therapeutic agent for the stimulation of neuronal regeneration,

pr ef er r&§q Y VOriENfGAE): but are not limited to, neurotrophic factors
e.g. nerve gmpyd-hdrhiaiet-ation igntladiedi@lyi ieths@F aalvbring @etd? mor® fridrapedite byeds to

grow h facto ciliary neurotrophic factor nd neurotro

O o rBaPEtaTY 2t i AL AT P 1691 A S A GRBS ERP do8 B 5rsennt er ed
wi th angé bes ortrhGe agents h@y@g@amrfs%rea fsﬁ.hmta@aiu@wm a @fngfeuamhaﬂdnftm@tsj s,
preferred agents i ncl ude not ricin B,

Dl oot SR ot 3080 e iRe At IS Bl iR AR Ar =gt nes.

En caf unlgl [1) TP@rfblfrﬂm—fché/may c@r}i\leh@ﬂﬂl?tié);br@sé?ﬂ?cammmt AR fornd afﬁwmgabewiﬁﬁtred
e.g. clo ri mazol e nazol e, et oconazol e ona conazal e

oxi cona¥@ of T Pereasieasr knpwp KiB7 2% GT Bharmpey, (i é%ﬂnq}@% e siergt fe). By

co- admi Winginf Htb BsbobiBtidrAé BelRe l@?&dl&ﬁ@éﬁnﬁﬁun@ of thy ﬁfv'eﬁ@)ri) Wah @fe FBRR& which

therapeutl c agents to the patient as same treat rrent regi me, as

wi || befoapifidreApe ?rd“?rﬁé‘c%%sPryé@r%?@%r\ﬁgWr?'érﬂe fofmdatians a5t PIRRREddYent s may

be adm ﬁlf@hﬂ%ﬁﬁh lﬁilrﬁbﬂeﬁl%ﬂﬁ@% Ii¥o dd8oBatdrtBé Bctive inGréddrt Wthliflis ch&ieRdr finely
essenti al e agen gﬂﬂe adm nistered in different fornul ati ons and at

di f f er efitided splid Ca”‘FWé °f BethAngtherh & neessseunERINgibs ProBECtpr esent ed in unit
dosage for maRGRSURG FHEPMVEStion will normally be administered orally or by any parenteral

route, in the form of a pharmaceutical formulation comprising the active ingredient, optionally in
the form of a non-toxic organic, or inorganic, acid, or base, addition salt, in a pharmaceutically
acceptable dosage form. Depending upon the disorder and patient to be treated, as well as the
route of administration, the compositions may be administered at varying doses.

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

Solutions or suspensions of compounds of the invention suitable for oral administration
may also contain excipients e.g. N,N-dimethylacetamide, dispersants e.g. polysorbate 80,
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by any of the nethods well known in the art of pharmacy. Such nethods
include the step of bringing into association the active ingredient
(compoundwofodedmacienventi on) with the carrier which con®CIrtGHR2065/008B580r NOr e
accessory ingredients. In general the formulations are prepared by
uniformy and intimately bringing into associatjon the active ingredient
wit h | isylrefariargndesadubiisers; et PO'Y%PV?%ﬂly%‘ii %‘605@!3&? Fé Whigh 90B8IRES %And t hen,

i f neC%%@ﬁ%tldﬁHﬁﬁh@%o&Mat@r GHLC bthanblemeaomERWRESA ptdpgleh8gRBbli 00 asicbibyl

nor mal I'y adm ni stered oral ly or by any parenteral route, in the form of
a phar rﬁ%@tﬁ? cal formulation conprising the active ingredient, optionally

in the formsefetPmBPBorktBiXickciBledRMNHLEh a@rn'nd:r’@@rlygt&mné celatds@, Ia@fosbaég laaddet i on
salt, in a pharmaceutically accgcgj; abl osa e forgéqag% ndi g, upon t he
t

di sor dé?orz-m&idrﬁ?t?ré%ﬁm%eoarw@yqr%%?t ium gitrgeg, cal %"‘W?é

adm ni ghbabHaand @9@6@%@%% ARSUBR ¥s BRradprdibabeoath, @bta«!@byﬂaﬁ@cd@%&i) For
exanpl e, the conpounds of t

e invention c e adm ni stered or
buceal 1S Staab BIVAGIRS TGS BPINBEasTEr CompRIRiIcaES. Bypp@duiation

el i xirgnRa éUch%%ao%mﬁB?@&l&h@ﬂ@dr&[?br@bylﬁ%}’hyldéﬂmbﬁé mniNnaymyatdsts} or
colouring agents, for I mredia

- or Qﬂpont rol] @t Zﬁ’é
appl i c&f RS IuIqgRe( "i?cﬁ?p?ﬁ‘éﬁrQQOICﬁ‘ooprﬁ}“@Fﬂsieo AEChe Oﬁla §21%
| Nt r aca¥eniARAl as ﬁ@éljrﬁ@teagéié Wtd HaSach, g@d@@meaa@ £d t@@mmmcmaea he

i nventi on suitab ,TQPOI’ oral adm nistration iﬁnt aln excCl
e.g. N N-di r%’!'%y@faéfé%'%&éa Stk BPe PR)s2l80 e eﬁ%’i g@ﬁ s gipgel a"”B%£

2006/ 03@%@7&35’ gél@%@@ﬁh@%%é% inGWtd iagtbad) tstarcta e Qb rhilks®iger oﬁhlgh _
pol yet hyl e col, Phosal 50 PG _(which consists of hosphati dyl chol | ne,

soya- famqlw%mghtéplmthwpne BURIP dF@’I %@PP%@%SP%?'BB%/?@{E F e dhe SAFPYRSSY by |

pal m t ak e inERRbE hidy R o FBIHRIItHEXEbIY SdsteSing Br Bvoltied 8§ents toalduring
cellul ose, lactose (e.g. |actose nonohydrate or Iactose a§¥hydrous

sodi umneatier @'esc\éﬂ“éPW%E&?%BMP@USB?M@ gIgAF endimth piREEHhSH %n"éﬂatﬁ% 'yci ne,
di si nt %&Ha%F%%y@ﬁeaﬁjc&ta%tayc@ﬁﬁeafr@fo@hib%a%ﬁ@themﬁat0 or tapioca starch),

sodi um starc I"at e, croscarnell ose sodi um and certai n conpl ex
silicates, driablg ramb%\ma%by BRMARIESSIONSRI PP NG SP{RNAHY Willy PR PY ragr@eaccessory

hydr ox 3{@%@%6 JTeE Ay ﬁr%@ée'd%tﬂét@ n@?%@pm Apr%sﬁ?@ﬁh aelladiOsRhiRE®e

macr ogol sucrose, gelatin and acaci'a. Additional ]y, lubricating
agent s agtmn@igdlﬁfﬁghé%@rﬂ@\&'ﬂ@&f mtsach 3¢ a RPweerREganuigsyipdallyakehwte2and tal ¢

b d
ggyfl Flb*er{ra% §e a‘&{e gelﬁ&mfzggiybmgﬁn%fthwcémr&é)arubwd@@ MY diRESO pReewaRIOY €

atln capsu feferred exci |entS|nth|sregard
i ncl uddlisiniegrary gﬁodruawtarah elrolaeogass- ‘WF%PQW ePSHingRd spAil@cul ar wei ght

20' yet hyl b%%ﬁn&w %&lu?osefeurfé%@%m@or%@%ﬂ@' D5t LRI tblkirh Sy bd RedsByPoUNds

the Thvention nay be conbined with various sweeteni n%{aor flavouri ng
agent s maddingLin ﬁﬁgltabh@mﬁwn%a mifers of e trweeaigd SPMpPg! ranigesed vk aér'ﬂﬁrHGU'd

agents Qﬂuné},t d}ﬁégtgg Saiclh tléhﬁlg b@%o!@& %F scorét‘:t ANAky bPoARYLRASH XS Brovifad

gl ycerin, ns thereof. A tablet may be nade by conpression or
moul di rstpw Qrp;pntmuad rejeant phthemetiveringradientdereigsising, for example,

hydroxypropylmethylcellulose in varying proportions to provide desired release profile.

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

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

acacia; and mouth-washes comprising the active ingredient in a suitable liquid carrier.

-36-



i ngredients. Conpressed tablets may be prepared by conpressing in a

sui tabl e machine the active ingredient in a free-flowing formsuch as a
powder orwQraswiiesy optionally mxed with a binder (e.@CTmB20akN08158

gel atin, hydroxypropyl nethyl cellulose), lubricant, inert diluent,
preservatlve di si ntegran sodi um st arch colate cross-1inked

povi done, crlbgRayq ?ﬁ(‘é@eés&ﬂdl(jh@t i addiipRyaienyare °@@’%F BRESWRY BERtoREd 2RRYS the or

di sper spRgLIARRE of thlxbwedﬂsin rtnapln@ruge Bwr é&nf@é&v&ﬁxonﬂ%ﬂh@bﬁ%a‘vﬂg&e@dﬁu taipke
machi ne a m xture of wder ed nmpound noj stened with an inert |liquid

di | uenttyPerpidormiiation & %@ﬁ'%fqréﬁ%m'@ tswe suibleopprabebrBaaon Thyngede

for mul sfQ8urfe Renko provide slow or controlled release of the active
ingredient therein using, for exanple hydr oxy | met hyl cel | ul ose in
varyi ng pr ogdiarmaprlica) cernarsiines adaitedier lapicahadni E’F‘E topdnay, fﬁ‘[ﬁ?‘é{? 87 in

accor dagygmentst Brebis, é@é&?@l&hsll&}bﬂgt;ﬂoﬂ}ae&uéélﬁwng defesOfaid, iMBRYAASE HrlskPgs,may
be presented as discrete units such as capsul es, cac et's or tablets, each

cont ai riPFRYSa2erpQRIls HiaRRERALIRYICE® FAUBING RAVTETRe 306\ e JkE o AteSe £OMROBEMREer or

gr anul &say BSpRpsek Wl BRvedtiodsl mw@@eegmemmgmh@&nagug@wsw-hugmégi nﬁ)éy #so
non- aqueous ?qu| ; or as an oil-in-water |iquid enulsion or

vat er - i9TB¥iEe P‘P'Hmt@'eéﬁ’ﬂY%'F'B'ha’ TSRO AR5 P A T ESRRNAUMPS SO WD st ed

as a bojys er?étr%ﬁém@méma{t in aegﬁ@or&ﬁtrn{@mksaédd%ﬁa@%rt@@n BichiRYl fdrMofd!Such
adm ni stra?lon in the nouth include ngé conprising  the active

i ngr ediq@fiers may be peaseiEe dropbahost 1"(9%5@ P?O %d’ég‘ea‘fﬂﬂ“p&é%“ e upralydoeint h;

pasti | |vﬁﬂ;forr9%% b§éd?go%*b$tr%%h'}b%sm&9%@@h%@%’crbﬂbn%ly‘ Q@fetarrp@r%lr%m‘éklﬁg as
gelatln and ycerin, Or Ssucrose and acacCl a, and ‘nout h- washes COHBrISIn

t he actnr@@arecg@y sKnsRUicNEauagitiesisl Bydrerhilicanaianal pad Wates Gopiginisierd 88216 7-
PCT/ GB205) 0Q8i4RGr ltﬁe &%Hbﬁ’d Resunsier stpeted tlafb?odu'ae @Q@éeﬁﬁ Qr”olﬁtﬁwetnhﬁavmg the

i ngredients particularl menti oned above the formulations of this
i nvent idsairgehgonsisteNae ot her agents conventional in the art having regard to

the type ofpfanmy ald 6 dbd’s:tf&H?é&ép@éHfof PAnsBX A L8R BBorSbf BQ'pF'esfaHtred%al

adm ni stration may Inclu avourlng agents Phar maceuti cal osi tions
adapt ediigcte paighesdnteadndtairernaiafn iBlimata gomactivdinig epidermissof thg fﬁcrmm I acr eans,

sus pen?é&&?ged Fg@nbc@@ﬁrmeoﬁé\d?(a%gles Qilelﬁch\%‘é“genpﬁ‘é? 85 cioflRhS: frdnTRHEG M 151

dr essi rays, aero transder mal devi ces, dusting powders,
and t hdontpp@resfhese conpositions may be prepared via conventional nethods

cont ai ni ng tﬁa?a EhRs ?cgﬁ&éraﬂméb%s fbh%ﬁmeythalmﬁh SN, %6 SHRRRILRL Sre
conventi onal rrers an a

d addi tives, such preservatives, solvents to
assi st prﬁﬁraglywn@dr%tﬁ topical @ivENERtOREreRRM. W’@arﬁ@”@mﬁ inemoitmeatniieacivnol or

ol eyl gggme 8@;&@1% QR entﬁé’r%hpar&f%&'o?é%af@?h&f?olé’&ﬁﬁﬁé?& bafefrom about 1 %

up to out e conposition. Mrre usual formup to
about 80% ofAlterativahhiesictiveoraenimian ke farmulgtadde ia@reaﬁhwgth aoibineEdeLEedNNt ment

is pr ngssufficient quantities of hydrophilic material and
wat er,%%gélgg?ﬁ’?étﬁg]%lgb%sabout 5- 10% b WEIfgot of the conpound, in

suf ficient duapaietissadronisirgipactiaudt ros ﬁtermﬁmarﬁtéuillﬁ@gtﬂhﬁeacttxrés| red
consi Stir?d?é:c}fent and a sterile vehicle, for example but without limitation water, alcohols, polyols, glyc:erme

and vegetable oils, water being preferred. The active ingredient, depending on the vehicle and
concentration used, can be either suspended or dissolved in the vehicle. In preparing solutions the
active ingredient can be dissolved in water for injection and filter sterilised before filling into a
suitable vial or ampoule and sealing.

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

Parenteral suspensions are prepared in substantially the same manner as solutions, except
that the active ingredient is suspended in the vehicle instead of being dissolved and sterilization
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Phar maceuti cal conpositions adapted for transdermal adm nistration may be
presented as discrete patches intended to remain in intimate contact with
t he epi dewoi2soarfictéhe reci pient for a prolonged period ®CTIGBIBOS/(6815S
exanpl e, the active agent may be delivered fromthe patch by

i ont ophoresis. For applications to external tissues e.the nmouth

|
and skamot berrccomppeisctiy dhtian. e Thepdve PERAETAFHI P%afe%ﬁ@ea btyc?ﬁ(ng'lre & ntment or
cr ea”éthy}@ﬁ’é‘o;l(% Patbat Ldpdridnn %éﬁt@ﬁ@behﬁi@ Gﬂ\cﬁ/@hﬂag@ous@géﬁhrfﬁﬁyntbﬁ wetpigoy ed

with either a paraffinic or a water-m scible oin ernatively,
the aeggniis '@Qj}é%ﬁ e %@Wé‘?'?ﬁﬂ%f?%@aﬁeh‘“éore} @ﬁtﬁpﬂq‘ﬁ?ﬁﬁ %?Ye e ?)é? Y cream
base or a yai&mpdings bftﬂ@%ﬁ/entﬁﬁlrmﬂaél%b@é@hn@ﬂéfb@U@hg ffeida) déiatistknowntin
dosage fornms are prepared utilizing the active (ggdent and a sterile

vehi cthe,arf ber exrakish & @enRodioRb 8 P rma'f%'ﬁa'waffws' Ao Inyention) GRSy ke

gl yceéarﬂﬁlste?éHj\NM?Q ﬁé@éﬂélessquédem iﬂfecﬁlﬁ‘i dice! efchrasert défd?@sacﬁédlosed in U.S.
i ngredi ent, dependi ng and conc {S é% % ﬁsg%s @ Q,g ei t her
suspehded 168: ldﬁs@@ﬁ@e%ﬁ% H- St Iffé“\?e?ﬁ%lues ﬁ%%f’%%g‘p ‘g bieg 4 E T ve

i ngr eg'fﬂtsgé 3556bEth§I§Q bvgél- Rdbwmﬁwgrani‘scerndlmcﬁnésl wefupindhé brdsent iaventiohi sed
before Tilling int suitabl e vial or anpoul e and sea

Advaningyee ud® ¢,48§g@9ﬁ whighelipclpses ae inpiaiakie ‘EEP |"3§S'°%PL€§%FW%HR?8§'”%M

buf f e e@@at%gea@fa%oﬁt"f‘é]led baediiS aQlsrerbd WhicheliskRbésh therabruahbanieeior he
stability, t ecorrp05|t|on can be frozen after fi nto ewfa.and
t he wadministesnenedicamgsis thraegfuthe skieUgriA 47 8%.%'%%60}529?&3@@?@0% Mg ed
in thﬁu:ﬁb chr delRRfn &e@%ﬁﬂfﬁ%@ﬁr«é@s%h@%noﬁfmt@m@&1 4401 2dnivahi dstidsey aberiable
suppl recon t| tute the liquid prior to use, Parenter%%éﬁaenm ons

are pfiepmmnantabie @U@W@war@msﬁ& Fratigiaas dRdendRiverisUS 41490 oA W 0S8Shat

the a SUSRRRGS-tRErhhe cv@BhementsNsidaad 4475hedmavhich
di sso? dﬁOﬂcgﬂ f%l?? Sgt&leon 97 V\ll) 2006/ 0016 67 PCT/ GB2005/ 003158 cannot

be acdisoipicsshasmisiic fiiugtdelitanpaysterndn aGPPYEC RBPUAPRITPE EARPBYSI ARG | sed by
pos (/gntfoﬂ m ytb@yéoﬂﬂﬁ AR QUE- eﬁHﬁ@@t@ﬁ! fi eké‘mﬁl@%oﬁéﬁidddﬁlg\/t@ Iith e .

ex
Advan ageous a sur act ant or wetting gent is included in E
conpodésaibed in YVO A3187262 aed iptatebpyhligRtions thhPF%HeS(?F bechigy Befn (FeingledPent .

The Cf\)/fmi ymdss ok n%@%nt's n&'@@ér&@?&at&ﬂé’ a?'uldsrﬁocﬁﬁ‘esaéigkﬁévﬁ{ RNRsLLIStIRY iFed &8l

devi ces known 1 n exanpl e, in one enbodi nent, a pharnaceuti cal
conposi ti ofm ayfaltemtwawmmdwréaﬁthﬁ@refﬁ@hﬁweé‘rf e dMHOHAdH O g dNATESE may

h d u 99,
R i U e il R i o i G e 13

U.S. dn2eaneaageot buttnay, alsn Boeseds®sothex mgiseliansf wel | - known i npl ants and
modul es us?lf\euierr’n ?I‘pugpéseﬁs%'atm {HEV%JHIbé?Bn réan%'tH@%redd%oﬁ‘of‘@@r;va@@é’*for%ﬂéh

di scl oses an i np | e mcro-1nfusion punp f di spensin rredl cation at
a conphmhiaeeixtlcaityactnkﬁubsmﬁe thabis lesaiey X @éﬂﬁﬁﬁ@ktoéhﬁt PRERPEYEERddRvi ce for

adm ni St% edl %aﬁ?%h%@ﬂg é?é'@gr cfcﬂ@er?éﬂ iRto thSnbreétdclive Barbnt MAnCBedlifgc| oses

a med EEPI%on "PhE geron iveri ng medi cation at a precise infusion
rat e; ekdnple, MEnarQDzEVW&ﬁardlfdellao‘éésefél v8Bdabl e

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

The compositions may contain from 0.1 % by weight, preferably from 10-60%, or more, by
weight, of a compound of invention, depending on the method of administration.

It will be recognized by one of skill in the art that the optimal quantity and spacing of
individual dosages of a compound of the invention will be determined by the nature and extent of
the condition being treated, the form, route and site of administration, and the age and condition of
the particular subject being treated, and that a physician will ultimately determine appropriate

dosages to be used. This dosage may be repeated as often as appropriate. If side effects develop
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flow i npl antabl e i nfusi on apparatus for continuous drug delivery; US 4,439,
196, which discloses an osnotic drug delivery system having nul ti-chanber
conpar t memopocanaicdS 4, 475, 196, which discl oses an osmotriaB2desung3cel i very
system In a specific enbodi ment the conpounds of the invention may be
adm ni st

Gescr pel FouBeDTP B i Pedt Sl e TATE TR LB BRI Py

Peri n ( Rénical prdefze.2005). Many ot her such inplants, delivery systens, and
nodul es are known to those skilled in the art. In an alternative enbodi ment
of the present aspect the conpounds of the invention may be presented to

t he pat ilean aiterntive dspechtiod prepeddnusgsdn provides iagngthed for tHeaprbgudipplof ¢abl e i n

t he cas QPR r for other

i ndi cat ﬁlg%ﬁw_eth?zﬁa é,rcma&%ﬁoaé]raﬁgﬂéé@%%%%}q ﬁé‘?ﬁ?ggﬁﬁggﬁqﬁ%ati on refers to a
precursor ¢a) rdpletivattieveethymaianl/i-GoA shediiited B domnedl df yncaote Veofdbstpanueint hat

is less CytpioxkC. ﬁw%ﬁg%gﬁégA-rsgeéiﬁEeA'Pg&%Q{n drug and is capable of being
enzymatical l'y acl_{lvate or converted into the nore active parent form (see,
for exanpl(e),exdsaing the: éhdineerd@pampdn SKS iha suitdbledbstage]l 1985). The dosage
to be adm njister wthe | L i1 c ing to
the parti @{mCéﬁ“@@%ﬁ%ﬂﬁs&,%gﬁ@&%%g@%% Srg\(fg?{f\?/%h?q{%ﬁe elsh&/g%{%d(’:r%{}f&naﬁ%r?he nat ur e
and sever i tapalofud theredf seasdiced rdiidirg qitipsalyadupplyindiexpganoos prémeirsudj ect, and
t he sel ect r f i, 0 i T ropriate dosage can be
readily de;@ror%%ﬁrﬁea@y Sf]aiggl}%s%%@:nﬁhu& F?ﬁd g' art. The conpositions may
cont ai n fr omifa $p&éifizyermisidirhént, the ebepabhg/ priodocadli® N60Y4-desmetbylepabycinwei ght ,
of a conpoun

f i ' d ' . th h f I Ni s [ I
OB ool BRI PRl B e ERSEy
spaci ng 10fanditimdabsedcabf dosthgesandh at COhampaledfo tahamyciv enpieemapampytinbén a
det ' by, t he nat t of.. 1di ti ' t d, th
form r Sl sehamar Bt et PR sk ARGeFRL” sgeRhed bhant SAREG e
parti cukaliowinghjodtetidecsynthabe gatedustarsd rapaatycin, ployisnsin, K586 érythrémyet.el y
Cot o BRGPRLOBL 948, ofOSAE . HAal? MBS Tl PedBROR RkebiukipeReed =
PCT/ ngaag/cmaaawdrhm amous prefemaydambadiraerd nicy mafonty/h@oAl esexific ARdodpainakt er ed
or reduce

o eSSl R 90BN T o e BEABE KB e g v

desnet hplefapanmabotinentaine maphplglen thelfeAT sandinnesdieded bomrthe grogip( a)

P ot e T TR SRR e B BB R TB epp eE me

engi neesettherAIpdumytn frofikoriensia nsatdulead the AT donei frorhelorenbinunodige 8 ftae AdSt

Co | oo KRR LSl LTSI AL ERBRYC T oo ORI GBME

(d) opt pei@tddyerhisaaiiraghtiige hBRNEaTErOspatiflchATS dgrhaid ic®e AT domain from module 2 of
rapamycin.

It should be noted that a number of errors in the deposited sequence have been
identified such as those reported in WO 04/007709. The present authors predict that there may
be further errors in the deposited sequence some of which may be in the regions used in this
work to engineer the cluster. The sequences in the sequence listing represent sequences of
synthesised oligonucleotides which were designed on the basis of the published sequence and
DNA fragments amplified by polynucleotide chain reaction (PCR) which have been sequenced.
They may therefore not be identical to the deposited sequence. One skilled in the art will
appreciate that cloned DNA fragments that have not been sequenced will have the biologically
correct sequence to form functional proteins and errors in the deposited sequence have no
effect on this. Also identified (NCBI accession number X86780) are the predicted translation
products of the PKS genes, and (Aparicio ef al., 1‘996) the boundaries of the domains and
modules. One skilled in the art will appreciate thét there is an amount of fluidity in the definition
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In a specific enbodi nent, the conpound produced is not

17-desnet hyl rapanycin. This replacenent results in the incorporation of

mal onyl - G8@ 2by6/rewanyci n PKS nodul e 10 and t he absence pofi/GB20®tdoyissbr anch
at Cl7 conpared to rapanycin or pre-rapanycin. In a pref erred enbodi nment ,

t he mal onyl - CoA specific AT domain is selected fromone of th foll ow ng
pol yketof dgompinanasiae gevisladpuas defyedinganyesks, o fordAst) ﬁhOFHféét%CO“S'dered to

eryt hr QEyCLfnies kAt IRIROREH &) bo. angol anycin, tylosin, “hyg', FK523,
mer i damyci n, antascom cin, FK52 and tsukubarrym n. In a nore ﬁ?ef erred

enbodi nent Qﬁ@%?éﬁyﬂhe@iw”%@@??'ﬁ@ that taefRdrn Mgy ManykLed FEEHE Orle of the

foll ow BARBYGHAasdOBAAF ik OPK SHKFHE) thft cdulMieeuddiddy donor AT
preferrdgg]ag‘lﬁg@aﬁéspo& he rrg o?@ CoA s]peC| fic AT domsu nis s?l ect ed from

the gr @'Qmam(ﬂﬁ@lﬂ@@flﬂmgtréﬂ‘Sf@rﬁ@t'A'TC@IW%’P@V‘PP’@Fﬁdr‘MHth? R HERATET DalanysC
domai n El‘éetio sfbré@%%n‘?am&roﬁ %%ﬁ;ﬁeq@?@ & thixedNRIEZPREN Ofﬁécgﬂll%dan tHehe
rom non

AT domal n ensi n nodul e domai n from FK506 m)lgul e

t he ATadovithalao pppRriRiesh® lrrh%mré’ﬂ@n ofirRalpma-Gedsty the gdyle Hr ef &eH cPee%fB%?éﬁ% nt
the maly ?Mt?tt ?P'O b o %rqg &idit§, fohBxaMpl6laBRE thef meMoaB b ldeseritld in
u

rapamyc d be noted at a nunber of errors in_the deposited
sequend¥ORZi1g4B2 en by repaning m@@'@d@ﬁl‘”tﬁsﬁ mﬁ%@thaéﬁ@ﬁ“?@a BN VEPBANOYYEIDE. The

present, l@!:’ﬁ\}%(%rsrpgl\r,ﬁﬂ C%A EQ@%SJ‘U@ i%clﬂ@i)ﬁg a%turﬁfrﬁb&fle SFéQBﬁbid&tcﬁrﬁ@nﬁ@Q@l ted

sequence sone %IOHS used in this work to _engi neer

the cluster Th?h‘érosﬂé@f@érvéﬁf@ mﬂot‘ﬁ@@eﬁl% e T intormeyle é%Pé’g’@rf?p%’B&‘EI@ﬁ Isof
synt he%g@ seqt}} tﬂ@%fbldgaﬁoBNAﬁes‘mftlﬁn s%ﬁan@ﬁ@'tﬂé‘@&n&@omﬂw SaptisniA tFFuB‘ih-

publi sh ence an fragnments anpli by pol ynucl eoti de chain
react i fnMEROR)IN ttisi sMeRpsisionee rﬁh%@@uéaﬁ@aedase qfﬁ@%mw mﬁévléﬂ&r EOnfogkilipd in

i denti gal , art @Htg@ssrﬁ%ﬁa?&@'agﬁ& 3h PeeNFRvePBE u§J§ bt & Bthgb bt HicAbh ehbjrhe sites

appreci at one agnents that have not been sequenced will have
t he bi ehdgirardd of junctien Eﬁtl@éqﬂéﬁ@éef@réeq‘ onhedimattihe malo-6&i seCifidTer ror s
in the, S Pielr@&ntidn SvNCBI
accessi gﬁBﬁé&%&%@ﬁg@ﬁ@\ﬁﬁ%&Po %Ea ?rgﬁllsaﬁgetﬂyz e_Prro uctns my Htghe PKS
genes, sigrVéApariAviib Bte sl Sltqsgatyoctlﬁ@d abﬁhwﬁcmginé@g@rfth% derrainmevesiagring
nodul e e [ [ t of
rui ar Py PRE ssafthse Rt dtind il SRR TE Bl yeithes BB 558 BT

domai n Aarisitelieinboduatarat the ensl af#id A’édomﬁmsew@mw with #ye DNAssg8gnaghoul d be

consi d ?o% @he%gn@@%ﬁﬁ%géld%ﬁu&cgm@géé%@Ioﬂpbrﬁéeskllgaqn%@ At Gfl i n the

art w ere are man specific AT domains in
type | appmymtthdtemwmhhmq%tmﬂegn tia@dﬂaoksta\uﬁp@thydaia@ ap@ gResagnAIbERYI AN
donor AT o iIH %ﬂ@g@;@ﬁw&@e%%mg RRUFb RS JRILESPLAG i th any
of a nanber o ective acyl transferase domains from any
type | réBtion enz»ijlsﬂPs/ltamstlve@mb@qkmbn’@dn\iqh/etth@ usept difiprent easkistiappitessi at e
that i t h b by
it at | 18 S RLP R RN IRLARE Srep End Wk BroBPa ot ST 2RO PR O Sk Rah ™

met hods»rammtbrsshrlcﬂwtbmerq:ombmatlon is Spel and Avrl.

Generation of an Mscl site at the start of the AT domain:
Rap ATI10 F P G Q G (SEQ ID NO: 1)
ttt ccc ggg cag gga (SEQ ID NO: 2)

Rap AT2 F P G Q G (SEQ ID NO: 3)
ttc ccg ggt cag ggg (SEQ ID NO: 4)

MscI junction F P G Q G (SEQ ID NO: 5)
ttt cct ggec cag ggg (SEQ ID NO: 6)

Generation of an Avrll site at the end of the AT domain
Rap AT10 A Vv L G D (SEQ ID NO: 7)
gcg gtg ctg ggt gat (SEQ ID NO: 8)

Rap ATZ A v L G D (SEQ ID NO: 9)
gcg gtg ctg ggt gat (SEQ ID NO: 10)
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WO 02/ 14482, or by replacing nodule 10 with a nodul e that contains an AT
domain which is selective for mal onyl - CoA, said nodul e including a natural
nodul e orwe 2e@nhis1eat ori al nodul e. The introduction of treTraE20080103138A
specific AT into nodule 10 of the rapanycin PKS is achieved by the

i ntroduction of restriction sites flanking the no and cl oni ng
this in- frafEand"tr-tHe dameVpositi dh. a the ( % § q?g se of rapanycin
nmodul e 10. One skilled in gtcﬁegg—?—(-—ﬁﬁ—l-%—ta%prem a th| can be

hi eved b f trict i t
R s Bl T s e S R S
domai n 1afis eAgiAGRIEH B Hehi2 d malloﬁyirmﬁue;mi:lfmmTamBNNLme argmera hihlgkefdrrby t he

restricti on e and Avri Ve e | ntroduced at

t he bedimhfd H@eré%lhet ‘P?@'C’M"ecg%flr\gfﬁ W@WWQB&H—RQ %ﬁ%g?%‘ pie h]hgﬁeéré encodi ng
t he conser veshexilRa .ramecéns\mmuﬁmeiamt thee drelaowmbEnef waye inlwhct BNAsmay
|ntroduced at the e

t he AT, d ' ith th
Chcbal g DR cEEus Doy g A Dok et oB R BB R e IR AR
the ar twé/\uéécnb@@@mqggatv@ n’ﬁeh!&’dd erﬁd'lia IfErﬁdﬂarstucd seTisitige stigiatptgynit hOnbakillesiit e i s

t hyl at ed 567.t0
Goner aes il BRI RE D aineE DO eyt Geatth it b Errat WS PrPataaH
enzyme H¥kfdiogobb ?@oﬁﬁnaﬁ@n ﬂ/ﬁh@dlumgtasselprllcwmg m;msmeoﬁetdocﬂé s dasdcribed in
restriction sites ut wt

h ti d A l.
. BolihD ERES, Tasgrs e R AT g earuPT e B TRE G
conbi NgKDehdukd RSk hafﬂddﬁythbhe désinee@heemm. of an Mscl site at the start of
the AT domain: Rap AT10

GQG SE | D NO. ttt SEQ
ID NO 2) FbéPdve)ﬂ(?fz the rlﬁeféO@ @?S(QEE@ pre 4je ?&E@W@é@ﬂ@%ﬁﬁfgggéa ?&%’l (
4) Vb CGdngindBfeldi FNS EluBeIG'IQ &até SE@&@SN@W tl@ endihderingtof g, caeB 00GpCHHR | D NO
6) Generatlon of _an site at t%éfet( I':%j the AT domain Rap AT10 AV L

G D ( SHeenremaced pjth f@%@fe@@ijwewtws % NO 8) Rap AT2 AV L GD
(SEQ 1D NG 9) gcg gtg ctg ggt gat (SEQ 1D NO 10) -40 V\D 2006/ 016167

PCT/ GB2005/ 003158 Avrl]l junction AV L G D (SE IB %& 0é1g cta, ggt
gat (SEQ | DImefurhey agpechth Erpéﬁ*S@PF BRI PR o N SRTET ”% Sﬁ%@ﬂba@”t
synt hasgapfihs: cohﬁéﬁs%ﬁ&\girﬁéﬁedl\@syn%hb slustegthaeenadiet @ rhpé/iﬁycﬂn Iﬁalyﬁéﬁde CoA
specific AT in nodule

ATy PRI RAT MEbY Al 500 PR ER AT SPRIAR fiarenis 10 R8s pb0S rdpcay ! - A

with a malonyl-CoA specific AT domain, as described above. In a preferred embodiment, the

Mscl

malonyl-CoA specific AT domain is selected from one of the following polyketide synthase gene
clusters: rapamycin, monensin, FK506, erythromycin, FK520, amphotericin, angolamycin,
tylosin, *hyg’, FK523, meridamycin, antascomicin, FK525 and tsukubamycin. In a more

preferred embodiment the malonyl-CoA specific AT domain is selected from one of the following
clusters: rapamycin, monensin or FK508. In a more highly preferred embodiment the malonyl-
CoA specific AT domain is selected from the group consisting of rapamycin module 2, monensin
module 3, monensin module 6, monensin module 8, FK506 module 3 and FK506 module 7. In
the most highly preferred embodiment the malonyl-CoA specific AT domain is from module 2 of
rapamycin.

Although engineering of the rapamycin polyketide synthase pathway has been
exemplified herein in S hygroscopicus MG2-10 (the production of which is disclosed in WO
04/007709 and in Gregory et al., (2004)) a person of skill in the art will appreciate that these
methods can equally be applied to wild-type S. hygroscopicus NRRL5491 and other related
strains (see below). Preferably, the engineered strain is selected from the group consisting of
S. hygroscopicus MG2-10 and S. hygroscopicus NRRL5491.

In this context, strains related to S. hygroscopicus NRRL5491 include: Actinoplanes sp.
N902-109 (e.g. FERM BP-3832), Strepfomyces sp. AAB554, Streptomyces hygroscopicus var.
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One skilled in the art will appreciate that there are a nunber of ways in
which DNA may be introduced into a cell in order to effect the engineering
of a PKS weneiwliester. In exanple 1 we describe a conj egatdBzeovm®Bised usi ng
a tenperature sensitive origin plasmd. One skilled in the art wll

appreci ate that othe 0 f )
T ot PG RGO MG o BB bh e et Ly B SBRIP Y&, SjanlicEiond
vect or , MAISE78ed. h ATRC @ §50RYS cHirdidamy ges WEra38¢RRB6EY.. asthayedlicy e 74,

reconmbi pant th gen t i F j shoul d not
be Iim ?%%Pt?noqy Cteﬁg?gémggeo cri ﬁfgﬁ dﬁggné'?&r%ﬁ{z%%grﬂ% ﬁ%ﬁ?@?%gri bed herein
ar e t hetspkughensieNo9edh g FERM GERR7at ShreplamycasyorisepmielsFBse| ust er. To
date no ccess f.or, i i.n r n
report eff ’%Wg?'ﬁsés’aqt{egﬁr@g ?%/gﬁﬁé'lghgggfﬁesggﬁ%ég%%\%gﬁ aqg% ?%N u?? r aspect
t he pr esiEmmonueporainep. PERVOMES! @. gréxShb 843N angdtimpirivegs o1\ 68D faat
strain ains_ a I I t LCys ;

- apanych FOBPoRe: i Sy RhSa e trah R IRl PhalRedpiaRReESa
domai n bt produdes 1T@ehmsthyearannyespl. doedurthdrtemnbpdivesrd e stEGnIsgpe g ir¢¢amiirant
domai n, .as _descr.i hed i r,ef [Wan s | - CoA
speci 115 ke st S il 1y SREFERV RN R e BBE:TB BB,

synt hasgogeine of @logsharssireclapary ti afurtmenenbodimneridbeo 6iraiaris notreiepenhinarks.20,
anphot eri ci n, .angol in....tvlaosj ) " i da '

am)asco géQ%QPP’Ek%ﬁ?&%CO{‘?d%h%%%%@RF Oﬂﬁga?v?rg@%é? ‘éﬁ%%d%%%wo{v Fent the
mal onyl - CoA Gptimnilyi, thistfethodeian besoswiredtvéth the oretiods disclashe if WIQ 64iPAG709
clusters: rapanycin,. nm LN o I

crbod: BT RE Har oo o EantSpdbyfaratinindlabales EnshRfl chFRhERSER | o
consi stiapam@din seysumg di the dedrdesof Droasesieq by the mstiTKe edzymenentithe nodul e 6,

nonensi .n m)du{.ﬁe , FKSﬁgalggdrgée % and FK506 nodule 7. In the nost highly
pr ef er r BE°"BNA %%é}?p'”ta F'5hyEC0A specific AT domain is from nodul e 2 of

rapamyci n. Al though engi neering of the rapanycin pol yketide synt hase
th h l.i.fied h in ' ~
D oduct i on_ di RRPeAI RS A TGYaE Pt o0 BooBE Maie Y 6T iR o)
(2004) )prlaldLmigﬁ o1 Djﬂgshkéﬂhylraipp?wgha aad anabylesihpreet amt @ ntdifadd eflpeseratinghods
: t -t ,
ol at adeoatpE eI e saraNy. - Breplbel BT Syraer arofra i ba Rt et ea

f rom t heolgeatps ek sédngises theSdditpgalasemspifcus M- 10 and S.  hygr oscopi cus
NRRL5491. In this context, strains related to S. hygroscopi cus NRRL5491

i ncl ude: Actinoplanes sp. N902-109 (e.g. FERM BP-3832), Streptomyces sp.
AA6554, St r e@} omisestingtigs A% ¢ope tiwduesd as a dihg DN 6840&GMIT suitable flanking
PCT/ GB2005/ 003158 sconyceticus MA 6475 (e.g. ATCC 14891), Streptonyces
hygr oscopi c &SN S#€¥omyceti cus MA 6678 (e.g. ATCC 55087), Streptomyces

hygr oscopi cug) varammisaearetolatis Ve réfids, of CBA spjuenye hsmhipgowstiodpe daskingr .
ascomycet| Cussqughc%'s o@&g?arggtz Z‘P)uéing hreegatn?e%%?ospriate restriction sites,
(c) ligating the three DNA fragments as described in-(a) and (b) together to give an
in-frame sequence of LHS homology followed by donor AT domain followed by RHS
homology,
(d) introducing the complete sequence from (c) into a vector for introduction into the

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

i) the oriT for conjugation,
ii) one or more resistance markers,
iif) a temperature sensitive origin of replication such that integrants can be

selected by culturing at 37 °C, and
iv) an E. coli origin of replication
(e) transforming the host strain by conjugation using the final plasmid as described
in (d) above, '
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t sukubaensi s No. 9993 (e.g. FERM BP-927), Streptonyces hygroscopi cus subsp.
yakushi maensi s, Streptonyces sp. (e.g. DSM 4137), Streptonyces sp. (e.qg.
DSM 7348)wo 2Méariersonospor a n. sp. A92- 306401 (e.g. DSM 8229)GB20ak/003158
Streptonyces sp. MA 6858 (e.g. ATCC 55098). In one enbodinment the strain
is not a reconbi nant S. hygroscopi cus host cel | hat . pr.oduces

17- desmet hyl(Papafptering thﬁ){rénwmﬁﬂ"érbyéﬁ%ﬁaﬁ“f?etﬁtth? F"F‘tt-f":"v@f‘? %?t%'cit'g not a

reconbi nant (%)S- REEREEPPeGim P Fledtath by Baturpy ed BT es wWifh-aesiott bylketon,
pamycin in the absence of the rovi si gn of exogeno B ghecursgrs..ln a
Pur ther embdth meereens 415 sHoRNASTYBTOBPFao REAIRINE nahe SRSESL GBIRELE host
cel | cont ai RkRGtich, dabet Bprcof the five contiguous genes, rapQONM..
Optionally, this method aaabe conmbi ned wi di scl o§ed in WO

et c ) i.th the methods
04/ 007709  t al ISNUYRG tRF BBRIES SRRy W%&Mrag}w%ﬁa%e%ra%& 88bes whi ch
differ fromdghe nratisHaAy confPiBBE Gehéticy of theastiam Byh@arstRgd ertieddspr ocessi ng by
t he post-PKS enzynes or i i ncor poration of non-natural er. aci ds.

S in the . tar
An enbodi melinectlieAdn e & Bllarragriate §135 APRIARTFIR JRSHGHISH SAPDOY Eﬁi?féeé\“’dﬁt hod
for thetedmbpaust heoslich fthat ThelPssieidnkntarnagiciramantheangited tastidrenesf agnd a
met hod of generating a reconbinant strain Atﬂat cqnt [eu Bs a biosy thethc
T st ot RERESEHILUESAEN asriae U Ias YsSRinits AT SRsPUkabi the "sjiRtARSES on the

conpri $8$s bitRe adchdrdaagbn st mfﬁo@% mug)bd 188 lsaineng, bienibktible With forgivedsuged as
a single DNA fragnment with sujtable

) f L anki n(t:]r_ restrictiaon i{)tgs, ng%
anpl i f yiamg ayenEotgtsitagnithr Liepf ditsA brthDReRT e Bl Hﬁ'l'ia g lefpnemnd
f 1 anki nggios SOHANGSS @h teltgytsie %ﬁkro?ﬁat@% B&r B& RABERRRLORIdIGHIRy &t864.1 1 Ction
sites, (¢) ligating the three D ragments _as described in (a) and (b)
t oget h&mialygihgsitaan thel e aﬁ@esr@&tremogreapmﬁémﬁe%v Byt Pofh BS» Monor AT

domai n elhbanedithYo fSan HoBhe S¥qudridy, tha RO BieRHS RetHeoap |18 RostRfiivaRAE
from(c) into a vector for introduction into the, host strain to ‘gl ve the

final pindeeRHES of Hieght-hang EABRIMOGIARGY B PERBY S FPRTEPTRIE AP GRAY PEiHDeI i)

one or SRR ERSSHiIR GBI kers, iii) a tenperature sensitive origin of
replication such that integrants can be selected by cul turi ng7 at 37 C, and
-

iv) an E. cd#fsthegpepest thedprseahinvenfiop@foides eI iy TAENB8s - strain by
oo SHRAIUERS bRt Blermectseaneny ved 0 () snove, E2I0
to the rel ef@nt £eNPIliBY pEecqrepingyd sEpiatn which e pethrmaloniCogrsaecsicHyl

cul turing atoR4intor Mdddieattt diahOFdsanyBeKY B8b been replaced with a malonyl-CoA

specific AT domain,

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

conditions suitable for polyketide production, and

(¢ optionally isolating the compound thus produced.

Therefore, the present invention provides a method for generating 17-
desmethylrapamycin analogues which have incorporated non-natural starter acids. In particular
the present invention provides for the incorporation of cyclic and heterocyclic starter acids into
17-desmethylrapamycin analogues, said method comprising feeding said alternative starter
acids to a strain which contains the engineered rapamycin biosynthetic gene cluster which is
responsible for the synthesis of the 17-desmethylpre-rapamycin core. In one embodiment the
recombinant strain has had a precursor supply gene deleted or inactivated. In a preferred
embodiment the precursor supply gene which has been deleted or inactivated is rapK. In a
further preferred embodiment the recombinant strain has had rapK deleted or inactivated and
the non-natural starter acid fed to this strain is selected from the group consisting of
cyclohexanecarboxylic acid, 3-methylcyclohexanecarboxylic acid, cycloheptanecarboxylic acid,
3-fluoro-4-hydroxycyclohexanecarboxylic acid, 4-fluoro-3-hydroxycyclohexanecarboxylic acid, 3-
chloro-4-hydroxycyclohexanecarboxylic acid and 4-chloro-3-hydroxycyclohexanecarboxylic
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(h) screening the secondary reconbinants by growth in the absence of
antibiotic selection, also at 37 C, (i) identifying the desired strain by
its abiliwep2n@/mswduce the target product and a) opti omralrigB2eewisrssi ng t he
genetics of the strain by standard nmethods. One skilled in the are wll
appreciate that appropriate restriction sites as referred to %{q step (b)

must beaSlic I AreRMipQrimen taestealy 5e1nt @eeaePingit S Grrosgrarruringat &d thdget her -

they argoduiet 1ne8sedlirdpantya. Sﬁﬁﬂur@ﬁertelﬁ%oﬁmﬂarﬁlthéétrélﬁ edndtar reE:JSiﬂbNEnt s
specifically the restriction site_on n?m of the left-han

horrol odyorAFserigys haskcaldhat preducss 13@\%5@? TBPFAI PG RRRENGR O ﬂ‘e 7P %ﬂﬁ*@n
sequenc&exégﬁ.\ogé bRcaRofshe LHS of the AT, the restriction site on t he LHS of

the |l eft-hand regi on of honol ogy can beéa\fyie%.a ro i‘a_tte ﬁ gout
t he subseque'l'r*i‘ﬂS R9PERS S gesinegdion pﬁ?"r'ﬁqsaﬂ"?tpo § Reths g muRiplicit

ri ght - hapdsik B0 YhroHTPE GeB6rEBSRorS nbhal AABHréSUrss (e §.041RRd bl’f}heﬁeﬁ&cydﬂlct 0
glve an in-frame sequence, the site on the RHS of the AT; the restriction

site diRreRaciApS '\@Fth?‘?ﬁe’nﬂ 8iRe ERRAEY FUEGEORSRSCISHASRSE B8P be any site

appropri at e TharfaHeliy ofdlhsgeliethe PHALEACIAPERtioR | POVIdE asﬁnéﬂl%d df QeRerbtifig her aspect
t he present invention provides a nethod for nmakin 17- desnet gyl rapamycin

anal og@esmeHyiarRAs e RERSYEs ¥hisdinemorgeresysts Ag erP@(ﬁyﬁﬁ fnignfciEi e n in
whi ch thansetdpaggenyl - CoA specific AT domain of nodule 10 of the
rapamyci n PKS has been replaced with a mal onyl - CoA  specific AT donmain, (b)

f eedi ng non-(ﬁa{f‘m'%(lngsﬁa&rrteé‘PmB'E?'éfsStr?ﬁ‘ tﬁa"c‘iﬂ”ﬁh‘?sethépng'QP%IreFjéEEﬁfBY%HKSSt rain

under condigehog a%witioﬁalyedef&é oPPhykatd Slacdt o Bidcorsor Mhif §endRhonal |y
i sol ating the conpound thus produced. Therefore, the present jnvention

provi des a retfReding acygiems paieraryclicmongealyrat mfrf?raaﬁmpéﬁw r2RAMBHARSSHAN ch

have incorpgg étp?é#emerﬂé'&d%@ht thé AdoRTbirait §t$a|n |sr?éh@Fétéd3Uélﬁé thel MEthBHE S ent
invention provides fo he 1 ncorporation of cyclic and heterocyclic starter

aci ds ideseribegdin ﬂ&%@ﬂmoﬁﬁérﬁ?&‘% ByfPGiRies erseadimenit PRRICIIBRPIISTSRY f eedi ng

sai d al SLRRL S cendfddsd bOindctRbicdl i§ ch cont ains the engineered
rapanycspﬁﬁlglg%lgé;ﬂ etlﬁc gegr?e cl uste}1 whi ch I| gMJk; esponsible for the synthesis

of the 17- désena ¢pbedimentafhgrnyresenatsmsidsifed palkide i Uh@ﬁttatt%cy‘?‘%@ﬁbl nant
strain cagu%xmdacgsp&&%@ué%tewm%ef qRme lf‘és%n%va]fr&ﬁ@tb\’?aé@ﬁhs s @

preferre enbo recursor sugj@ ene has been del eted or
i nact i waaferded embegimentthe aarbplg\ﬂ'? Reids grethepe éﬁscé'ﬁﬁ@bﬁ Wehe4/08e’QCeconbi nant

strain has had, s deh&d @ﬂb&?m’feﬂ%@n%ﬁlr%ﬂlrél@artérIé@ld@%?é %tsé”aéécfrﬁe@ﬁﬁ er

acid fed to t%l s strain Is selected fromthe group consi sti ng{
cycl ohexamplear essipl In@ meredreferag emppainenbRex BrldEhplaBRYAgids teglta this strain is

cycl Ohes@fe%t%ﬁ?@r oxy)cékc @fkidting gfrcgb/&lHHé@néci}Mé%ﬁ]&XEMCé ohexanecar boxyl i ¢ aci d,

4-f | uoro- ohexanecar boxyli1c acid
chl or o%thwwcbh?mb@lbém&ﬁ@éldr@WBP@“Q@QFEOWH@I acid, 3-fluoro-4-

4- chl on9335 b Ao RERLELBOG@DEE M- RAr83 Sy drexdByclohexanecarboxylic acid, 3-chioro-4-

hydroxycyclohexanecarboxylic acid and 4-chloro-3-hydroxycyclohexanecarboxylic acid.

In one embodiment, the heterocyclic starter acids that may be fed may include (without
limitation): heterocyclic carboxylic acids, or simple esters thereof, with ring sizes varying from 5
to 7 atoms, said rings may contain one or more heteroatioms, where th‘e ring contains more than
one heteroatom said heteroatoms may be the same or they may be different. The heteroatom
may be selected from the group consisting of O, S and N. Where the ring contains an N it may
be as the free base (NH), as the acylated amine (N-acyl), as the alkylated amine (N-alkyl) or as
the alkylated N-oxide (N-alkyl, N-O). Where the ring contains an S it may be as a cyclic
thioether, sulfoxide or sulfone. In all of the above heterocyclic carboxylic acids the remainder of
the ring may be unsubstituted or optionally it may contain one or more substituents, including

but not limited to a Cy alkyl, OH, F and Cl. Preferably, in one embodiment the heterocyclic
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met hod of QQH%rféﬂ‘tHé?%séJa tﬂ@?fa%bhwh\veamaw@vmea@&h@tgy@ﬁar\g@hér@nh@@qrnoorate a
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sai d ra%mimﬁﬁ@ar@wraamﬁlqm saig AeiigfscaiEisBgi neer ed rapanycin PKS genes

to additi Ongh ]y dgérfetr@cm@ra leBEAbinY R rafl in WBRFHthO RRRIIREIBA R o/S SEdine AENE;
and (b) feeding a cyclic or heterocyclic non-natural starter acid to said

reconbi nant APl of MR QpEhe rarRain SN RehPeehEriases MiNraRBIosY Iredh i s

gener at ed usgpeaﬂémfd@s%mo(@@ deQ&foeaI.rbﬁeré&btm&ﬂyé 07709 and herein. In a
preferred enbodi nent, one of the precursor y genes which has been

del et ed or i(Ract iagditiepally slefeip® or INACHIFENE AR BN rﬁﬁrr‘?trap%rﬁlé‘:”éﬁﬁﬁ@f&hﬁi@n%l ds fed
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cycl ohexanecar boxylic acid, 3- methyl cycl ohexanecarboxylic acid,

cycl ohept anecar boxyl i c aC|d 3-fluoro-4- hydrox¥cyclohexanecarbox lic acid,
4-f | uor o- 3- Hy@iPoxgiEsE eobedimarichr BEXary gerrs Whiclkhas bees dpleted or inactivated

hydr oxy, agg%@?gg%@@@gﬁég%g@?ﬁb SS}Eferred embodiment the auxmaay genes that have

4-chl or roxycy ic acl I n one enbodi rent, the
hetero@@hldcleﬁdaﬂfeéapJamD%anW@PQrmy be fed may i ncl ude (without

pm tati on) i BELALAGNE!ds e&%?hg%é&qtm%n e sHerR r%psﬁkem@%r eof, with

ring sizes varylng tons, said rings nm tain one or nore
het er o&xpressedih erhost heil ip wWhighoowtadinase abthe r@mwrbwﬂﬁéx gensst e basind

het
e S SRR PRy e, SATBBAd BE B RG  lppa  1) S10l 0
cont ai reshasheel in whm:ayall orbéwea@,JXthﬁ@/ ganee b\esl@ee(ﬂ\s#%leteésvr haetivaesd for é&araniﬁnbut
N- acyl I d I e
g N i ot ||rﬁ[_§e§§tt}ef\r7§ hsY ﬁn s %%C%@n@égﬁ@/v@%mb? fodt d%g&gee‘? alt é@@ztf)i
t hi oet Meperscsmwsmklmdéwemﬂ wuu |af>pn$elate| haggd orbmwetdrﬁ-;clc&bm/@eﬁ@ﬁem M\@@MO@??OSB

car box;&lhjiltqf rlgék ﬂr%sy Sk {eﬁ’é@& Bpﬂéc’cﬂ/fateng? gf? S;\WDU?MCIQQVIIH@(HQB Eﬂecpfor the

opt i onal ain one or tituents, incl u
| i m teqbrd;dmctiorfnszaddGWe:thymaparﬁycamdrafn angiogledhensbl, in one enbodl ment the

heterocycl | G a further aspect, the present invention provides a method for generating a 17-
desmethylrapamycin analogue, said method comprising: ‘
(a) generating a recombinant strain in which the methylmalonyl-CoA specific AT
domain of module 10 of the rapamycin PKS has been replaced with a malonyl-CoA
specific AT domain (as described in more detail above),
(b) additionally deleting or inactivating one or more rapamycin auxiliary genes
selected from rapl, rapJ, rapK, rapL, rapM, rapN, rapO and rapQ,
(c) re-introducing all or a subset of auxiliary genes in-trans to complement or
partially complement the deletion,
(d) culturing the strain thus obtained, optionally in the presence of an exogenous
precursor if required, to produce the 17-desmethylrapamycin analogue, and
(e) optionally isolating the cbmpound thus produced.
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04/ 0077e%§m959§é‘ﬁex'aﬁe a%’d&y?@&l@%@s il hgtpe&lmhom BRFAHH Gyl B SKN9GRRPHS- aci d

w il nee e sup production of 17-desnethylr or an
anal ogtapatiyein@of fedaingdhe aiertﬁéam%ﬁe@hydr@%yﬁi&@@ﬁ?%lrh%ﬁ? ?B‘H "?)#)Cg\%&’é% a
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conpri eneratihg a reConbinant strain in whjic
nmet hy| naiyingyout @o ATssyeap i |Schmrosmmshﬂ%2 1%@|’@@1@C@@/C%M®r7a%wﬁm'ﬁ PKS has

been r rhe%tg (c{)el)gc Cf%iﬂ!{\@?é% F‘P'L\ba/ erﬁtP@&icfﬂth@Icﬂ@r@ﬁéf@ra(s@%f%%ﬁ{ycbﬁ%oﬂ@leﬁme

det ai I bove I ona eting or inactivating one or nore
rapanymtmmadudeﬂDm eptpsa de naj@Bé’Jﬂ@d fromrapt, rapJ, rapK, raplL, rapM

rapN, rapO gad sfilﬁéan tl(ézér‘c ﬁ/ﬁl‘éﬁ%é?%ﬁz@a@% §|Ayg%sc§p/§&§3ﬁl@t7 ®ihendliiddt arappgenes

in-trans to co | enent del etion, (d) cuI uring
t he stofanapLamugwaomeanha@ccal @mm@namta n¢ﬁqcnbecb¢@%5erméef9ﬂ0aaﬁid&@ag$ﬁmohc

precurgon L L LRIHENELmit Padl OHUCHe (B thir SGPIBhEMING ARABURHIBX BRRfuSHEe. and
media with lysine serves to provide the strain with pipecolic acid (via a process not determined,
but established by observation of the produced pre-rapamycin analogues). Culturing of this
strain (S. hygroscopicus MG7-9) leads to co-production of 17-desmethylprolylrapamycin
analogues being observed at low levels and similar observations are made for other strains that
are deficient in RapL. Exogenous natural and novel amino acids can be incorporated into the
wild-type rapamycin molecule by feeding into the production media in direct competition with
pipecolic acid. One skilled in the art will appreciate that similarly, natural or non-natural amino
acids could be fed to rapL deleted strains such as, but not limited to, S. hygroscopicus MG7-9 in
order to provide further novel rapamycin analogues.

Optionally, one or more of the deleted auxiliary genes may be introduced into said host
cell under an appropriate promoter.‘ In a preferred embodiment one or more of the deleted
genes may be introduced into the chromosomal phage attachment site of the Streptomyces
phage phiBT1 (Gregory et al., 2003). One skilled in the art will appreciate that complementation
in-trans is not limited to this phage attachment site, or indeed to the use of an attachment site.
Therefore, complementation of deleted auxiliary genes can also be effected by, but not limited
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with the feeding of free acids where appropriate, leads to the production of 17-
desmethylrapamycin analogues which have incorporated natural or non-natural starter acids
and/or which have altered levels of post polyketide processing. In a further embodiment, the
altered rapamycin PKS can be expressed in a heterologous host cell which naturally lacks the
rapamycin auxiliary genes (or equivalents thereof) together with a selection of said auxiliary
genes. In a preferred embodiment, at least rapK is deleted or RapK is otherwise absent from
the host strain, and a variety of exogenous carboxylic acids can be fed to said host strain to
produce 17-desmethylrapamycin analogues which have incorporated non-natural starter acids.
In a further aspect of the invention, the above modifications are combined, therefore the

present invention provides a method for making a 17-desmethylrapamycin analogue, said

method comprising:
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In a further aspect the present invention provides a method for generating 17-
desmethylrapamycin analogues by fermentation of the recombinant strain with combinations of
auxiliary gene activities and non-natural starter acids. In a preferred embodiment the auxiliary
genes that have been deleted are rapK, rapM and rapQ and the non-natural starter acid fed to
this strain is cyclohexanecarboxylic acid. In an alternative preferred embodiment the non-
natural starter acid fed to this strain with deleted rapK, rapM and rapQ is 3-
methylcyclohexanecarboxylic acid. In an alternative preferred embodiment the non-natural
starter acid fed to this strain with deleted rapK, rapM and rapQ is cycloheptanecarboxylic acid.
Ina prefe.rred embodiment the auxiliary genes that have been deleted are rapK, rapM and rapQ
and the non-natural starter acid fed to this strain is selected from the group consisting of 3-
fluoro-4-hydroxycyclohexanecarboxylic acid, 4-fluoro-3-hydroxycyclohexanecarboxylic acid, 3-
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NON- Nalgdfebd £ Aflskiain ejdishoRindRigsyRaddy. compl ementl ng the reconbi nant

strain in whic of the raparry(iI t%uxH ary Eave bee c][el eted or
i nact i vat ed Ima®? AterAive ppe{Ryed AMRBXMENL G atj‘é' F e beer”a‘%Le S 25
rapN, rrﬁ;ﬂ@aﬁd’/@z A 1BE nbrﬁlﬂb{ur&@@ﬂeﬁgb@!ﬁed @Qﬁl@rs&élhﬂ@sﬁec&bd fom teereupi ng al |

the auxiliary genes except rap eed| W th exogeno S starter acids.

In a prepgsting®f %Bﬂ?%ﬁxqwa@ég@rﬁ?% CYF(B ISXAPeFAPOXNSATdr acid is
cycl 0h%gié}a?ép?dr#%eéabbmc%{éﬂdds-ﬂh&omhycﬁbiy@f/@aﬁéx\éﬁeﬁr@é@ré aéld ema@@rbreant t he

non-natural starter acid is 3-neth Ic%/T ohexanecar bo %/g acj d. f an
al t er n&ydoygyFlehranerrapnelprni-chIRR-FBYArARIIFaNe NS FATBPXAE jAgidi and

cycl Oh%ﬁro?djﬁﬁ BN EbRe@fbearbbXylidBcial tigaNAtleHgHY slerirfeeicerasaanebiEAg nbhe

non- nat ur al arter acid is selected fromthe group consisting of

3-fl uom@walﬁwtlebwéwféﬁ@&%%é&?%&wiwca%u d, 4-fluoro-

3- hydroxycygl Qﬂﬁ?ﬁ@ﬂgl?é?ﬁﬁﬂé}SPéférr@&érqbodlment the auxmaj/ genes that have been deleted
3-chl oro-4- gydrox ycycl ohexanecar boxyl i ¢ aci d

chl or 028 faplfr @)@9@%@9%@&5’66@ apmaRLral stagier goid fef 19 thigstraibrs selpefef fomuthSr esent
i nventi %ﬁygtﬂﬁsof% ABth{evki drRkassRes oy ideLid € cldwmb&mbégma@u@ n anal ogues
by ferrge tpatl on of the reconbinant strain w tcl§1/ nmbi pat i ons_of
cycloheptanecarboxylic acid, 3-fluoro-4- hydroxycyclohexanecarboxyllc acid, 4-fluoro-3-
hydroxycyclohexanecarboxylic acid, 3-chloro-4-hydroxycyclohexanecarboxylic acid and 4-
chloro-3-hydroxycyclohexanecarboxylic acid. In a more highly preferred embodiment the non-
natural starter acid fed is cyclohexanecarboxylic acid.
In an alternative preferred embodiment, the auxiliary genes that have been deleted are
rapK, rapl, rapJ and rapQ and the non-natural starter acid fed to this strain is selected from the
group consisting of 3-methy|cyc|ohexanecarboxylic' écid, cyclohexanecarboxylic acid,
cycloheptanecarboxylic acid, 3-fluoro-4-hydroxycyclohexanecarboxylic acid, 4-fluoro-3-
hydroxycyclohexanecarboxylic acid, 3-chloro-4-hydroxycyclohexanecarboxylic acid and 4-
chloro-3-hydroxycyclohexanecarboxylic acid. In a more highly preferred embodiment the non-
natural starter acid fed is cyclohexanecarboxylic acid.
In an alternative preferred embodiment, the auxiliary genes that have been deleted are
rapK, rapJ, rapM and rapQ and the non-natural starter acid fed to this strain is selected from the
group consisting of 3-methylcyclohexanecarboxylic acid, cyclohexanecarboxylic-acid,
cycloheptanecarboxylic acid, 3-fluoro-4-hydroxycyclohexanecarboxylic acid, 4-fluoro-3-
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auxiliary,gene activities and non-natural starter acids. In a preferred
enbodi nent the auxiliary genes that have been deleted are rapK, rapM and
rapQ and wbeossonersat ural starter acid fed to this stralPOTiGB2005/003158

cycl ohexanecarboxylic acid. In an alternative preferred enbodi ment the non-
natural starter acid fed to this strain with del eted rapK, rapMand rapQis
3 m et HyHoyedvolebranesampusiglacy. ashigro-fhyaRxwvconaxanesabprdicacte’ & frbodi nent
the norbh%?cs—§—rh§hroxi&ﬁfo%@ﬁar\%%ér‘ﬂ)o; g R Ui Smdtd Ry Widrdted Bbsdimeaie noapM
and rapQ i s cycl oneptanecarboxylic acid. In a preferred enbodi nent the
auxi | i ajurgstaster epidifethipycipeemngeaBeydc afid rapk, rapM and rapQ and the
non-natural starter acid fed to this strain is selected fromthe group
consi sting of 3- fluoro-4-hydroxycycl ohexanecarboxylic acid,

4- f | uor o- 3- hyafhee pepeshhedrieteat BYRYIONPraves a Bﬂeih%éor RSB 6/ 016167
PCT/ @%%Qg\{eﬁg)ﬁ’&@vc%r%ﬁd@'uéé BY dE QAN PROXABRERI DRXYMbRaACtthiRMvhich all

4- chl oro- ydrooxycycl ohexanecar boxylic acid. I'n a further preferred
embodi reéiite reprmygix Riilary gerasdwve haen Halptedns dircieted with ape of Bigke auriligsy and

rapQ a%n&§§el@&@d ﬂ%g‘é@i{c ra%%/?ﬁ%&)ﬁ;rlaﬁg Aol rhng rigt §nc§|Farp@j & théir BEMBRLAEs fr om

the group consisting cycl ohexanecar boxylic acid, . _
cycl ohexabiatienhwity feedingdiatiral aspendiabihel Sieteappieky IN & Pgégreed embodiment said

3- T | uor, oz e iyl Q?FéﬁﬁYSC%é?ﬁﬁﬁf’Hg%ﬁ%ﬁa dLwRC kY. répJ, AN, 9250 and rapL and fed

hydr oxycycl ohexanecar boxyl acid, 3-chl oro-4-hydroxycycl ohexanecar boxylic
aci d andihge naphtaiurel Samsrdcisksaisatebiien drearakp 619815t £E PYElohaxapesrsP@xYHE gRFy

preferrﬁrﬂeﬁg@%@%e&%xyﬁ&%id,ﬁ&g? RilealtlRy ke shipe-del eted are rapk,

rapt and ra t’he non-nat ur ter aci to this strainis
3- et hyllydypsyayhleRexaneaaboxyit msidatiidororhhygdrappickciohaxangcaspefvlie peid. TRbloER-frent

the awﬁiyhlio?)r/cg/clgﬁ&?a%efzm{»yﬂ?\égid%@@n4-9ﬁlb?ot-§-ﬂy%§ycrya8Kexarnéeérb@ﬂﬂicra%l%@ igrRd the

non-natural” starter aci to this strain i's cycl ohexanecarboxylic acid.
I n an airefererhemnbedipent i iedombipaal sieit is wreetally Feraplomgeliedvithap/ Hand. been

del et eda 6 Snd FR Sy (AP i8R alig SRR _aah!é'ége'ctoefatfaﬁﬁ fle G611 cbiRsting drhi s

strain’i group consistin ‘ o

3- net hydydylrdxehecespreyhie aeck\3-nethalsh eohaxpoeeribxaiieaeid kygipheetagesaiboxylic acid,

cycl oh eg: I i = $J:HarQ- 4 r-0 Lisciqagl d,
211 noro SRR En Rk CeaBabIEAL, AMEr NS GLIARREAIIONIL LEia7S

3- chl orhloh-fpsdroxyaygioheteereareoatibesigland 4chldroadriydroxycyclohexanecarboxylic

chl oro-a%i-dhydroxycycl ohexanecarboxylic acid. In a nore highly preferred
enbodi ment the non- natural starter acid fed is cycl ohexanecarboxylic acid.
In a furt hein a dlarnativiepeefpred embedimenbesid rasampinahesteqirk is|denelicalignes t hat

have be , r o ) " aci d
"2 o SERPSRLFIE PR LU, el ABLEATRA R, PeraRaabithaiy o
3- et hyhegrolip hensiatiog af Bmejhyileychbiexanecgrbbuiie asive cyptdiexgmneaariaxivtc acid,

cycl ohept,an r [ i - f - A ] egar, lic acid,
oSN eaRRaRLYE B LR it grasb i sapciribe o ac

3- chl omgdrxyoydpbsanygcdrbtriia neid a3-biorp-4-bydroxysyalnkiexanecarboxylic acid and 4-

chl or o 3 ny dE S eXGL BREKABSS BERAX Kb ® 1RG! Hore! Ryl TBFS ol HtiRERTRE T o
starter acid fed is 3-methylcyclohexanecarboxylic acid.

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

In an alternative preferred embodiment said recombinant strain is genetically
complemented with rapJ, rapN, rapO, rapQ and rapL and fed with a starter acid selected from
the group consisting of 3-methylcyclohexanecarboxylic acid, cyclohexanecarboxylic acid,

-50 -



natural starter acid fed is cycl ohexanecarboxylic acid. In an alternative
preferred enbodi nent, the auxiliary genes that have been deleted are rapkK,
rapl, rapd¥oand/mew® and the non-natural starter acid fe@®CTwH205003IBai N 1S
selected fromthe group consisting of 3-nethylcycl ohexanecarboxylic acid,
cycl ohexanecar boxylic acid cycl ohegt an car,boxgl e’)c ﬁCi dd 4 3

3 f | uorcycighapjanesrPeYIr GREX AR RrhBYPYICY dRigKaNAcH PRy agd, 4-fiuoro-3-

hydr oxygyekaliexaaesaEReswiit Boacsdhior-4hy@barcdclblchaoryaiokyiibexaretas-boxy! i c
acid and 4-" ¢hl oro- 3- hydroxycycl ohexanecar bowl i C_aci d.d I noo%irﬁgrruﬁhg' ghly
pr ef er CBREAHYAORGYE OPR@NRCHDONAE GFAI 8PP & ALY & SfEed &

cycl ohexapesas wiwc%é]o}ﬂé)‘(iaﬁ'ecdrlﬁb)@ﬁb adidernative preferred enbodi nent, the
auxi liary genes that have been gel eted are

) . rapK., rapJ, ra d rapQ and
t he non- nat Uit an akaraztverrelered pEgodigerhsald getclog}% aFESt?ET ESs %Maﬁhgm t hg gr oup

consi stohpgieHfenfsd B NhGY AN M asarpoantifed aith d starter acid selected from the
cycl ohexanecar boxyl i c-acid, @ cycl ohe taHecar boxy] i

ic aci L
3- f | uoIIEPUP-GRPEiF g A MBIRME KT REXPBBSA P PV IGRTIY, YA %?%?8?8@%&”5%‘@ 38 2006/ 016167
PCT/ @%ggﬁmgrbowgra@?élyQXIGbr@hﬁK?dlﬁﬁ)@l;/@@b@bdahéceﬁbcb)d'lic acid, 4-fluoro-3-
3-chl or0- 4- hydr oxycycl ohexanecar box?/I i g (?Ci d a]ng 4- o _
chi or o-hgdieyiveiehexprreaERake 85l neel Pt RUFrgxy Y AoBeAgP e RPHIF RIS Bt r ed
embodi rEﬁBho-é-rﬁ?dH&S?y%‘ycl@ﬁé%é"nébar%bﬁﬂi&%E:idaclhda the@ Highlg prefarhedamisaimbontiei ¢ aci d.
In a further aspect the present invention provides a nmethod for generating
17- destastengeig &shifpyslonexAne @Ry 193%Yenet i cal |y conpl ementing a reconbi nant
strain in wy ghagdhativRfordiBRed aRBBYifIcRt SHIX rdcomibihagestesn kayemebiestly del eted or
i nacti vat ed Wltﬁ r apt,

one or nore auxiliar enes, sel ected. fr r apt
rapK, rcaplementad withier), rardh (rRA@Nd é?iéy%\d%?%@’l‘tp a r@@'lﬁ’es??‘?r%edafg?mﬁri’%at i on
with f %g&i{p%nggfiﬁﬂ & 3-QEthDRfciBRxdhadars:giid 8tid asytidBexanBcarbpxgibeicided
n

enbodi sal reconbi hant strain is 9 netically c | ted with rapt,
rapt, reugphentanscamedylicgpid, Aoty diPg o%ﬁnﬁ%qrﬁwﬁggpﬁﬁ-ﬁporgé "d sel ected
fromt l?wl?dr%&?&é/eloﬁbeﬂe\%érb&%tli9faciﬁy.‘?rjcﬁl@@‘@-ﬂ?%fﬁ?}m??%hé@n@%deXV'iC acid and 4-

3- et hyl cycl ohexanecar boXylic acid, cyc ept anecar boxy]ic agid
3- f | uorcblade-3nydiosyayeipbesnesaRedr eyl In@ faefgd?'éﬁy pre SOl b dtimént the

4-f1 uors?érél’rg%igrféﬁ(%%gﬁ iRhexanesanhoxy4i ¢ acid, 3-chloro-4-

hydr oxycyc exanecar boxylic acid and
4- chl or o- 3- hydr oxycycl ohexanecarboxylic acid. In a preferred enbodi nent

said r econbgﬁ‘?%({tr% %ﬁ&é&t, e GreB&HisRhlich SRUBEe BRRstesH 1ok bBndramy a il of rapO
and rapL an ed wth a non-natural starter acid selected fromthe group
consi sti7rigsoiethytrgraroyrianaieaenosd)d Metheeic@MPESIABt hy ! cycl ohexanecar boxylic -

aci d cycl Ohggt a“%%ﬁ%%ﬂi%é FeeoRBirfnt st InueHish theisth@nengl-obrxpeetanioxyl i
ydroxyc

acid, 4-fluoro-3- cl ohexanecar boxylic acid, 3- |

chl or o- 4- hydpmycgfdnm‘é%@fdhﬁi FRPAPIVER RieS Besabeen replaced with a malonyl-CoA

4- chl or o- 3- : hexanecarboxylic acid. In an alternative preferred
enbodi nent g%?éﬂ$é§§§@?ﬁént strain is genetically conplenented with rﬁgJ,
rapM rapN, (papOoatichalingeletiraiorinartinpting esar Hra raRpNE ns3Pdeneeenssazed

01 SUB oL STy o IOM AN PO BRS, 2cid,
(c) optionally re-introducing all or a subset of the rapamycin auxiliary genes in-trans
to complement or partially complement the deletion, and,

(d) feeding an array of non-natural starter acids to said recombinant strain to
generate a number of 17-desmethylrapamycin analogues;

(e) feeding natural or novel amino acids under suitable conditions for the production
of polyketides,

(f) optionally isolating the compounds thus produced, and

@) optionally performing semi-synthesis on the rapamycin analogues isolated.
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cycl ohept anecar boxyl i ¢ acid, 3-fluoro-4-hydroxycycl ohexanecarboxylic acid,
4-fl uoro-3- hydroxycycl ohexanecar boxylic aci d,

3- chl or o-wehyavascycl ohexanecar boxylic acid and 4- PCT/GB2005/003158

chl or o- 3- hydr oxycycl ohexanecar boxylic acid. In a nore highly preferred
enbodi ment the starter acid fed i s 3-m ethyl cycl ohexanecarboxylic acid. In
an al t er nat i V&e praseetipeatianisdeithesitustated be/é'a%i@ﬁw'amexwalawvm!@h glertdd ircag | y
conpl empiay, 8d cwhithidaaRtimiti@Rde sEHRNT tARGntbAPQ and rapl and fed with a
starter acid selected fromthe group consisting of 3-m

et hyl cycl ohexanecar boxyl i c acid, cycl ohexanecarboxylic acid,

cycl oheph.appfiagboxylic acid, 3-fluoro-4-hydroxycycl ohexanecarboxylic acid,
4-f|uor673ﬂﬁ§UToxycyclohexanecarboxylic aci d,

3-chl oro- 4- hydr oxycycl ohexanecar boxylic acid and 4-
chIoro-%kg¥gkpxycyclohexanecarboxylic acid. In a nore highly preferred
enbodi nent the, starter acid fed is cycl ohexanecarboxylic acid. In an

al t er nall relgsrier biofagy cortrass anshieageiitel weescohtbinad fiomgionumercieaksqyeerst i cal |y
conplemented with rapJ, rapN, rapO, rapQ and rapL and fed with a starter
acid se £0nsi sting of 3-nethyl cycl ohexanecar boxylic
aci d, c?gﬁ%ﬁ%f%@ggpggﬁﬁé 23"'2{4%{@ _50 WD 2006/ 016167 PCT/ GB2005/ 003158
cycl ohept aneEsatedyt icol/ Bidi @R (BibtoBRIr)ovas-digwn ox3pdycinetivxeaasedaschibad/by ¢ aci d,
4-fl uor @: i i : . .

3 chi'or S2EieBk P 8L YN AR TR R 2 b PR B descgibed n Paget et al. (1999) in

chl or o- 3xThyaedixgreyit ienergoie 25 gyl iTbe xettdr pUG1&wae pktakneghitom Peefergiad
ermbodi h [ i - ' Ld. .ln

o't or napreeper S PG PaelEesor Bl e GG E SRR B e, BEM et Bpp)
conpl ementaddransfotmarap Merer sgiedted p@itan 60 madl ampdillinest 5QirbdyL epsaraydirer aci d

selected fro ISt 5. I e car |ic
0l d.  oyol ongy yess PR B2 PP 0308 1ok BrEhc ot S SOBPRARET A RANES
3- f | uor werk-rhyidiaovey oy chaxiien dregaaplbitesy beecbelow)dat 28-°C, apnd oulBvated in TSBGM

hydr oxyeycl .ohex ar.hq i¢c acid, 3-chlorn-4-h 0X cl.ohex car boxylic
o o Rt B SRR e she i cud M £ bR GeserReS BRE ATl
prefer r;wbsgrﬂupﬁlbn%nted;vhtﬁ Sogh@:_rbta@raraydirdwh@dhéqair@d{%ohexanecar boxyl i c aci d.
In an alternative preferred enbodi nent_said reconbi nant strain is .
goneti cal Ty LeUEVBIENTEE GpPnar ShiC M eIy Boana Eiren ToheF Peshaking at

st art er3@cipeh. sel ected fromthe group consisting of

3- et hyl cycl ohexanecar boxyl i c aci d, cycl ohexanecarboxylic acid,

cycl ohept anecar boxyl i ¢ acid, 3-fluoro-4-hydroxycycl ohexanecarboxylic acid,

4- 11 uor peedfingMelihead cycl ohexanecar boxyl i ¢ aci d,
3-chloro-4-h drox%fgclohexanecarboxylic acid and 4-
€

chi or o- 3- hy RS EPERHH &HalbaMsoX pIeparedarigr oW thomBIegium Grrgseved by 2%
enbodi NRRty BRI 1653 Bctcds iflt AR diviatSEHIRGXaBECET RO YLddaiel Gituled viere

further aspect, the present invention provides a nethod for generating a

| i br ar yprepared by nosuating/d.1 apaghftazan aieak oduee misapdiumel (see belomp in 35Gail
flask. The culture was incubated for 36 to 48 hours at 28 °C, 300 rpm.

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

hours after inoculation and were fed at 1 mM unless stated otherwise.

Medium 1:

component Source Catalogue # Per L
Corn sieep powder  Sigma C-8160 2549
Yeast extract Difco 0127-17 34
Calcium carbonate  Sigma C5929 3g




(a) generating a reconbinant strain in which the nethyl mal onyl - COA specific
AT domain of nodule 10 of the rapanycin PKS has been replaced with a

mal onyl - 80 20&pm|6i6Ti ¢ AT donmin, (b) optionally del eti n@COrGB20@s0M0B8158t | NQ
one or nore rapanycin auxiliary genes selected fromrapt, rapJ, rapk
rapL, rapM rapN _rapO and rapQ (c) optionally re-introducing all or a
subset lodn gughatepanyci Pigenaxi | F&6§3 genes i n-&¥&8ns to conpl enent or

parti aw—gﬁaﬁhe—dﬁ—ernm,—arm—tdjggg?di ng an array of non-natural
starter-’acl d§9Fo sai d reconbinant strain to enerate a nunber of
17-desw—ﬁgﬁwﬁm766 e)—feedrmy, Haiur al or novel am no acids
under sUi'tABTE r(7:onditio s for the production “of pol yketides, (f)

opti onalvatertesol ating the conpounds thus produted, and (g) optionally

perfor@ng-sem-—s*%e&agg—ﬁe—#a-g&w&kﬂgues i solated. -51 WD
2006/ 018EaMePe e Heed Be 24 REaPedehtCi M@t ion is further illustrated
by the foll ow ng exanples, which should in no way be construed as |limting
the scope of the invention, Exanples Materials All nolecul ar biol ogy
enzynesVadidm e §GBMY SRR FEIHt ai ned from commercial sources. Bacteri al
strain g condrtions EscherT chiapgql 1l DHI OB (G bcoBRL) was gr own
in 2xTY nmedium as described by Sanmhrook et al (1989) and E. coli

ET1256 7%qURg00R)r dkitisegcri bed i n Paget et alb.g9 (1999) in 2xTY nediumwith
kananyetrfi-{2oaot tm—F oGt s was ofstained from New Engl and

Bi ol absAve\qgéW)ngﬁ g![’l@éyqqéﬂgg#ség}#oega)l n _Pr %?tq cal Streptomyces Cenetics,
Ki eser @irmdtegp $Rid6Q3igmaE. coli transformantdgg were selected for with 100

ng/ L a%%%MWWi.—Sf%Wopi cus M=2-10 (WO

04/ 007799%°%€r egory et al., 2004) and its deri¥atives were maintained on
medi um N-pP8o, pT ates (see below) at 28 C, amrdycultivated in TSBGM (Tryptic
Soy Broth with 10 %gl .mneg_and_;gg_mwgg,-—pht 6. 0) as described in (Khaw
et al .,Lacioad§ (80%hpl enented with 50 ng/ L -GFanycin when required. Liquid
cul tur 73 Wn at 28 C in Erfenneyéer ilyapks or falcon tubes with
shaki n(;'é%.qﬁg(glgﬁ aI‘ pm_ Feedi ng net hods: Spore ?ncks of all strains were

pr epar edtljedt pertogroowitth1 dhNa@di um 1, preserved in 20% w v gl ycerol : 10% w v

| act ose—t++—ttstit+i-ed ™ SO R 5 — Vegetative cultures were
or epar et HYSHRASES 14T Sﬁ%“'%édl%“’%?‘g\“ﬁgégk %‘tsé(?cltml' nto 50 nL nmedium 2 (see

bel ow) After 2&0ilisdtion 0.16 mL of 4 % glucose is added to each 7 mL of media.

)TX
L°)

Medium 3: MD6 medium (Fermentation medium)

'Component Per L
Soy bean flour (Nutrisoy) : 30¢9
Corn starch (Sigma) 30g
Avedex W80 dextrin (Deymer Ingredients Ltd) 199
Yeast (Allinson) 39
Corn Steep Solids (Sigma) 19
KH,PO, 25¢g |
KoHPO, 25¢g
(NH;)2S0,4 1049
NaCl 59
CaCO; (Caltec) 109
MnCL, 4H,0 10 mg
MgSO, 7H,0 2.5mg
FeSO, 7H,0 120 mg
ZnS0, 7H0 50 mg
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flask. The culture was incubated for 36 to 48 hours at 28 C, 300 rpm

Feedi ng procedure: Vegetative cultures were inoculated at 0.5 nL into 7 nL
medi um 3 WO 28@/a1k167t ubes. Cul tivation was carried out fecTiGBays:3Z68 C, 300
rpm The feeding/addition of the selected carboxylic acids ("non-natural
starters" or "patural starters") were carried out at 24 hours after

i nocul a‘t/lESrQZ—mmiplvcéineetﬁe@ sulphuripldcidmrewydydteétled oihegw se. Medi um 1:

conpone i H-Per—t—Cornmsteep powder—Si gma C- 8160 2.5 ¢
Yeast Xt 'rsa%érﬂeggfj &Vﬁwﬁ“ﬂw i Cal ci um carbonate Sigm C5929 3 g -52 WO

2006/ 01%ck6rE s?mzzmcmhmaﬁs@na brzoty il (PR E50PiasadFEBB31 D oBmgdRACTO agar
20 g Weat starch_Sigma _S2760 10 V\ater to 1 L The nedia was then

st eri | i Mediumpyvag riejdised fong0 191 acl2 b Medi um 2: Rap V7 Seed nedium
Conmponefyer E@rﬂréﬂhoﬁ’@%%@ﬂf &by rélo(%lﬁhétb%’ﬁhd .19 mIiAUﬂd@/émW@ﬂfCﬂ@élnﬁL ih Wiy mer
I ngredi ents d) g Corn Steep Solids (Sigm) 4 G ucose 10 g

(NM)zsmr-Seglse@)a/@ﬁ ddge freadodgili. 6 nl  CaCO3( Si gma) 7 g Adjust pHto 7.5
with I MNaOH The nedia was then sterilised by autoclaving 121 C, 20 mn.
After sterilisation 0.16 nL of 4 % glucose is added to each 7 nL of nedia.
Medi um Mediypa!: feal tanSeeeimaeiitat i on medi un) Conponent Per L Soy bean fl our

(Nutr| o0 Corrstarcit (Srgme)— 30 g, pvedex WB0 dextrin (Deymer
I ngr edi en'Pg L?'ﬁ) 19 g Yeast (Alinson) 3 g Corn Steep Solids (Sigma) 1 g
Soy bean flour (Nutrisoy) 59
Avedex W80 dextrin (Deymer Ingredients Ltd) 35¢g
Corn Steep Solids (Sigma) 49
(NH,)2S0O4 29
Lactic acid (80%) 1.6 mL
CaCO,(Sigma) 79

Adjust pH to 7.5 with 1 M NaOH.

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

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

Component PerL
Soy bean fiour (Nutrisoy) 15 ¢
Avedex W80 dextrin (Deymer Ingredients Ltd) 50 g
Yeast (Allinson) : 3g
Corn Steep Solids (Sigma) 19
KH,PO4 25¢g
KoHPO, 25¢g
(NH,)2504 109
NaCl 139
CaCO; (Caltec) 109
MnCl, 4H,0 3.5mg
MgSQ,4 7H,0 15 mg
FeS0O, 7H,0 150 mg
ZnS0O, 7H,0 60 mg
SAG 471 0.1 mi

Medium was sterilised for 30 min at 121 °C.
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KH2PO4 2.5 g K2HPO4 2.5 g (NH4)2SU4 10 g Nad 5 g CaCO3 (Caltec) 10 g
MhCL2 4H20 10 ng MgSO4 7H20 2.5 ng FeSO4 7H20 120 ng ZnSO4 7H20 50 ny
-53 WO 2086/20d¢16i67 PCT/ GB2005/ 003158 MES ( 2- nor phol i noechayrsoeulopisar i ¢
acid nonohydrate) 21.2 g pHis corrected to 6.0 with 1 M NaCH Before
sterilization 0.4 nL of Signma a-anyl ase (BAN 250) was added to 1 L of

nedi umAftensidiilisatiom$5seidrigtpeepeflova®addddn at 121 C. After sterilisation
0.35 nL of sterile 40 % fructose and 0.10 nL of L-lysine (140 ng/niL in
water, filter-sterilsed) was added to each 7 nL. Medium 4: Rap V/a Seed
medi umlmtm(bm&ﬁva‘ﬂfanﬁcamﬂfaﬁw flour (Nutrisoy) 5 g Avedex WBO dextrin
(Deymer Iﬂgflt%jé l a%orLrEfjc)on%ugds @raﬂtu%r@&pacﬁoilty i daple0smE)2 h”ur@an (LJNH@r%W 2 g

Lactic acl ust pHto with 1 M NaCH
The msdh%ﬁ wvm@weép@hfarat%cﬁsw é(@'teoQﬁr%ﬁﬂg H ai{ff %CO@W E?ﬁmg ﬁ\?éﬂi%m 5:

MD6/ 5- 1, @'FE&E BRI BB gVE@héUTQst Grsm aneBlrgPemheleha®@RierRBadof theup
(Nutri so 1 Avedex W80 dextrin 1(Deymer I ngredients Ltd) 50 g Yeast
(Al n§elm;te3 cgll ligsrate spresrises indeblesi-.gma) 1 g KH2PO4 2.5 g K2HPO4 2.5 g
(NH4) 2SsO4 10 g

Table 1: Test cell lines

# Cellline Characteristics

1 SF-268 CNS, NCI standard

2  GXF 251L Gastric

3 NCI-H460 Lung, NCI standard

4 MCF-7 Breast, NC| standard

5  MEXF 394NL Melanoma

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

8 LNCAP Prostate - PTEN negative

9  UXF 1138L Uterus

The Oncotest cell lines were established from human tumor xenografts as described by
Roth et al. 1999. The origin of the donor xenografts was described by Fiebig ef al. 1992. Other
cell lines were either obtained from the NCI (H460, SF-268, OVCAR-3, DU145, MDA-MB-231,
MDA-MB-468) or purchased from DSMZ, Braunschweig, Germany (LNCAP).

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

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

Monolayer assay:
A modified propidium iodide assay was used to assess the effects of the test

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

Briefly, cells were harvested from exponential phase cultures by trypsinization, counted
and plated in 96 well flat-bottomed microtitre plates at a cell density dependent on the cell fine
(5 - 10.000 viable cells/well). After 24 h recovery to allow the cells to resume exponential
growth, 0.01 mL of culture medium (6 control wells per plate) or culture medium containing 39-

desmethoxyrapamycin were added to the wells. Each concentration was plated in triplicate. 39-
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NaCl 13 g CaC33 (Caltec) 10 g WMC 2 4H20 3.5 ng MWMSO4 7H20 15 ng FeSO4
7H20 150 ng ZnSO4 7H20 60 nmg SAG 471 0.1 m Mediumwas sterilised for 30
mn at 1200QGo06/Ed16WO 2006/ 016167 PCT/ GB2005/ 003158 Aft ecTsIB200dG0sE8i on 159
of Fructose per L was added. In vitro bioassay for anticancer activity In

vitro eval uation of conpounds for anticancer activi in a panel of 12
human Dgamathosybbamydimeas papligdrim et esnsenisrtions (P&t m%afa%gz% - & Hawinded

out at 4%&@&%&6@6 Tﬁ&%bﬁ& %@ﬁbuwufré'mediuﬂﬁvitﬁ Hit\ﬁltrfdﬂzf 3@@@%@%&9@@ &gl ogy,

Oncot est rel he characteristics of the selected cell lines
are sumearéniaagdiby Or%mtéﬁ @n apgePus propigiegt iogige (P ﬁ?.'é%ow(@mu | TR&easure the

Char ac 6 | - H460
Cung. - REPeh g & R D e e aaAnt Wl Ao 6

OVCAR- BlaBBsafiicipscenpawanineaswgd UAKRY thmbyiofli@dt000 migsoplats isagsk @xeitatiop el
posi t ' Y, émks'é'&}ﬁ%zBW@t Gifig = ﬂENeré%gﬁéHw% th® tdffukb3Bhs Whsewsidhe Oncot est

cell linés were establfshed from human tunor xenografts as descri bed by

Roth et al.CGio@b.inhibitorowpgprprressadrs iRaied/ cxdiby g K%Té%)sa%g@rmewée%ipra

Fi ebi gg L r | f t
N G o R Vgl i 0 e A

DSMZ, Belalmmm@mn@kwws(lm@lﬂgy plq&tlmg é@FPOLMdrF@§CerUFﬁf'8§ yepRcelvispility
speci f 'aﬁ&l reaa(l&) ;9%91\9@ at 37Cin a humdified atnosphere (95%air, 5% CO2)
ina‘'re 8 ITEdI um contai ning RPM 1640 nmedi um 10% f et al calf ser um
and 0.1 ng/m_ gent am cin (PAA, Col be, Gernany). Monol ayer assay: A nodified
pr opi dExemiptedi delseiation ot engideeredsirainS. hygosaapiausdET-2 he t est

i) Generation of plasmid pALK83

Primers MG308 5-GTCCTAGGTGATGTCCCGGCAACACG-3' (SEQ ID NO: 13) and MG309 5'-
CACCTGCAGGCCCAACTCGGCCAGCTCGCT-3 (SEQ ID NO: 14) were used to amplify a region
of homology upstream of the Rapamycin module 10 acyl transferase (rapAT10) (from nt11693 to
nt13289 in the rapamycin cluster as described in Schwecke et al., 1995) using cosmid DNA
(cos28, see Schwecke et al., 1995) prepared from S. hygroscopicus NRRL5491 as a template.
The 1596 bp PCR product (SEQ ID NO: 15) was phosphorylated using T4 polynucleotide kinase
and ligated into Smal digested pUC18 which had been dephosphorylated. After transformation
into E. coli DH10B, the plasmid pMG255-4 was isolated. The primers MG310 5'-
CCTGGCCAGGAAAGACGAACACGATCCT-3’ (SEQ ID NO: 16) and MG311 5'-
CGAAGCTTGAGCCGCTGGCGATCGTGGGA-3' (SEQ ID NO: 17) were used to amplify a region
of hdmology downstream of the Rapamycin module 10 AT (from nt14191 to nt15742 in the

rapamycin cluster as described in Schwecke ef al., 1995) using cosmid DNA (cos26, see
Schwecke et al., 1995) prepared from S. hygroscopicus NRRL5491 as a template. The 1551 bp
PCR product (SEQ ID NO: 18) was phosphorylated using T4 polynucleotide kinase and ligated into
Smal digested pUC18 which had been dephosphorylated. After transformation into E. coli DH10B,
the plasmid pMG256-1 was isolated. The integrity of the insert of each plasmid was confirmed by
seqguence analysis.

Plasmids pCJR26 (Rowe et al., 1998) and pMG256-1 were each transformed into E. coli
ET12567 and unmethylated (dam’, dem’, hsdn’) plasmid DNA isolated. The plasmid pMG255-4
was digested with Avril/Hindill and the approximately 4.3 kbp fragment was isolated; demethylated
pCJR26 was digested with Mscl/Avril and the approximately 1 kbp fragment isolated and
demethylated pMG256-1 was digested with Hindlll, partially digested with Mscl and the
approximately 1.5 kbp fragment isolated. These three DNA fragments were ligated and used to
transform E. coli DH10B. The resulting plasmid, pMG291-14 was isolated. This plasmid was
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conpound(s) on the gromh of twelve human tunor cell lines (Dengler et a/,
1995). Briefly, cells were harvested from exponential phase cultures by
trypsi ni 2@0i2005/016mant ed and plated in 96 wel | fl at-bot PorrB20050008158t r €
plates at a cell density dependent on the cell line (5 - 10.000 viable
cells/well). After 24 h recovery to allowthe cells to resume exponenti al
gr owt h, digested with ihdigibelans the dprraxiretebohkiroTacient isolgted grrdpalpd dio i3
medi um g fte%f mmgméuﬁp\fbgﬁam%@ BXM PRAE I NRFEmaddef DHaok h¢hwaédu&mg Each
concentr | on was intriplicate. 39- -55 WD 2006/ 016167

PCT/ GB208310084583 cm@alﬁ@therdﬁwamw frengERsasa A Ay Of Moqui2 EBMEEY NG ns
(0.001 dariuRl10a0BkEAYAUS d der cell
cul tur e’%ye?ﬁnﬁq&wﬂqﬁ%g%ﬁﬁlﬁgﬂﬁblggmﬁgmt hoxyr apamycin vvawsé%;ge%ﬁ aced by 0.2
mL of a”ceaRiedies. propi diumiodide (Pl) solution (7 ng/L). To measure the
proportion of living cells, cells were perneabilized by freezing the
plates. After thawing the plates, fluorescence was neasured using the

Oyt of | ubr 4dedatinrcelepbiaserce shiderS. (weEseaesMGZ® nm eni ssion 620 nm),
giving @ @ﬁéséﬁk%b%@hﬁ& EQm‘J‘&JZSﬁO@'Wé@%Fﬁ%@fN@Ed Wltﬁ%h@K@@'tJ) SendmaM h

i nhi bitTon was expressed Fr eated/ control x C) and are provi ded
for a thelFece/-donopptraiefar CPFJH@%’UOHFJH””%W@S wdcteﬁ@aefﬁag S fingossictsdVEes® &

| C70 val\§9a %Wc?mc é’)ﬁ@félr 20088 cohju@st.&anﬁ% aﬁéﬁa@b.ﬂ@gs;y@ﬁfeccﬁwwaéed by

plottlng co tration ‘'versus cel vi abi | y and are al so
provi dedolatedanplpe’tcmeqi trohedia drplest 5¢ W@’Leﬁ\fgjﬁ'ﬁé@ﬁ* and 26 msq/ln ngidbHg geids dbys Raieh

I\/G? 9 ; %}@%ﬁ %&%%&S%@N@ﬁ}? gm@ OR/&ramycm This culture

OERCETC BIOUBR0Y P> HYS A5 GerBIAmETa Wanssraey a

( reglofi?f P % A %?%( JBskH e g R o G e S e
in Sc hvmn(msemeralre-pamg%f)ntgﬁaﬁ%ﬁ efosedial 1 DA QOGGQ/E@PF%B@"B@W\E@X@ st aal .
1995) %ﬁl&a}r?ec%é%a?g‘)’ %} W%ecbsa?&%%%e E%ﬂ;&%ﬁ‘}ﬁc}c fite fladks rHP*r@B%M WFH%01536 bp

PCR pr was phosp ate usi ng T4 pol ynucl eoti
ki nase ardihidti¢,ivgathewere grovrsionB dayges3ed. pUts suliMie was ﬁﬁﬁa@é’éﬁ plates of media 1

ohse TRl Ellpnifl bk AR RPN Piya i g B SRR GRS Ot
( SEQ | Dod¥Cior §8)sitiity re\maemsg 2 SECAIGET Jlgicy (ssefihe pBEDId D NO
17) Werb%ﬁ‘f%\% tF%uPth{ %_éﬁrg?cr{\ %gh%?t{\/ ﬁ%@%r gé’ecfif?)v}ﬁé&ura‘%@%gﬁ e RaRamici n

nodul e fromn rapanmyci n cluster as
descri zgap\v) Sod\ﬂmsbseed cldtures drows yoruksiiawg a§6§ ned TDB@E \(V@r@stggn use@to Schwecke

ﬁ; SiLb 7 9%@6@%]2@9 fg&%’%%*\@%@?@%ﬁ?% g%@%f‘o;‘ t:agzé‘ &%mrf%tesmg%?e

pol ynudyelohédmekarhastic acid té & fatlewntertatiosatl mid g@@t%woplml@xtmt%hf thask been
dephosph r i ; fcasm d
ones -t pes Ul padSetet o ORI L TP clirichuet B L PN, Rine LelferBict U0

conf i r mettuley were seen to produce a novel compound with the appropriate molecular mass for 17-

desmethyl-39-deshydroxypre;rapamycin. One of these cultures was selected on the basis of
production level and robustness, to be cultured on a larger scale for isolation of the new

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

iii) Analysis of novel rapamycin analogue from S. hygroscopicus MG7-9

The observed hovel rapamycin analogue was proposed to be the desired 17-desmethyl-39-
deshydroxypre-rapamycin on the basis of the following analytical data. The novel rapamycin
analogue is more polar (retention time 5.9 — 6.2 min) than 38-deshydroxypre-rapamycin

(retention time 6.35 — 6.95 min) as would be expected for the loss of a methyl group.

LCMS and LCMS" analysis of MG7-9 extracts showed that the m/z ratio for the novel rapamycin
analogue is 14 mass units lower than for 39-deshydroxypre-rapamycin, consistent with the

-57-



sequence analysis. Plasm ds pCIR26 (Rowe et al., 1998) and pMX56-1 were
each transfornmed into E. coli ET12567 and unnet hyl ated (dam, dcm hsdn)

pl asm d DMa 20&alieteed. The plasmid pME255-4 was di gest edCridB00v0031s8H ndl | |
and the approximately 4.3 kbp fragnent was isol ated; denethylated pCIR26

was digested with Mscl/Avril and the approxi mat el ragpent.. ted
and debrsenhby | oft edmpiE sELp. vers @bers¥eddMutinS 1y mfw%\ lﬁpaf?f{“f@ ﬂ@n‘%ﬂ g%gdg
¥“th tgm%ﬂfénBP of atmergasalnﬁt eddiud fgal@bptﬁer agregitledi Sensatied. 17Hdesmetﬁyr-e@. DNA
ragnents were

gated and used to _tran gﬁreag col.i DHBé QJ 4
resu|tdwqjh@ymajrap@m@iollw'r\ﬂa%wew%ﬂtf ”t' a%ﬂ%@ﬁﬁ' Bwa% ighse 4) ¢
2006/ 0A K84, RETHAIR00RLORIARS rilang! o CtiitiobENdb00) Xl reend hestrometry

approxi mately 4 fragnent isolated and |igated nto 1 st ed
with Hframmﬂtﬁqudatari’@"ﬁ’\ﬁé trsrediResOiiSe dove rtaP%H%Ll'eo}N thgg??s Eﬁ& ’E%l”%

r ]?5“' fjb‘f&.rrfe' ﬁsﬂ%dﬁad%ﬂ't%%céﬁ iHh tmﬂampwmcccsht@ﬁyls tmfamf@mase Tiowsai n
of no

anked DNA regions to allow hoo\J S r.ec cp?l
i nto noétiyls 3G @ﬁﬁ@ﬁﬂ@(ﬁﬁﬂn(@ﬁ“%mﬁﬁ Hy @6 Eemc?"@goﬁ%ﬁﬁg?lt%ne i f% Sl &tl on
of en Qetbristeadfiragabdy2ibig-dhaehedrbunthet he
pl asmgéé} Bﬁ%e%@}v &ggﬂwﬁg%g%ég%}rﬁg@%\fiﬁénﬂ%;tgs enéarmﬁ eﬁﬁfgg éjgﬁl"}écﬁl |u- gjonor

strai nUi/ona)(tmnmrgalne cantraimpgak hegshifiedd £270ram & or PSS NAYGF X2~ 1 0
(WD 041007 HGak tONtha FLARRIRy r @S trg ant
col ony %g@/ggg ﬁf gg)%'qrf nd?c/at%s tﬁgpf}‘)er@}‘xlag%b é?ig;e it ramém |)1, BhlRE 2
ng/ L nalehelj as sum:lctiang?hll@ \mekengthv@rg nqﬁéwsarye@l f@rocfiarmaeall%tﬂén%ﬂo plfyjat C16
contai iAEWR Sct&dioh HEios¥BBa kR atag for
t wo da%ﬂ/%&gg%& 5{5&9& < k%@é/s ath??at-cg:%Thl s cul tS?e vv?as swgaf'g)d
to pl awes1of nedia 1 cont ai ning 50 ng/L apranycin and incubated for 7 days
at 37 C. Single colonies were re-patched onto plates of media 1 wth 50
ng/ L apranycin and grown for a further 7 days at 37 C. Thesewg'atches wer e
used t Ohé neuiataeed baskst vhs THBGMNAlYsed iy Lenbiobi wspletionhpefernEpaSIgIoIaT f or
3 days a 37 C__Thi I fma8dyatal wadRetaihdip! e
col oni & ‘ﬁ?@drets?)n%‘g? tﬁ%% g{)&t%fet&reqié%i%ﬁ t Sgaﬁ%&\%\fttghnc}ut apraa¥vr§0| n (50
ng/L) o théosﬁddm)racmleusoft ithei 1p§agent épr disaindi 8348134 dniauiceSorMi rtat ol Ceolent

i nvol VI 0SS

pat checadr @388t 8% ReBal ¢ 2FIRGHRY KEp ULty WEN SSeT TG Bees
seed cuitadhedFigrewlorfiagmentdiys pathw2g). C. These were then used to inoculate
(0.5 nm into 7 nm.) nmedium 3 (MD6) and cultured for 5 days at 26 C with
feeding of cyclohexanecarboxylic acid to a final concentration of 1 nM
af t er [Bfaghame s. | fowhulact s of | Foese cuIturCéaiCWEé assebewatieor production of

rapam yes—hy—1-CV5: A Separ tures e tQ produce a

novel @orrpound ﬂlﬁijh%a apprg\lF gf' nol ecﬂ ar mass fo I’;op?ﬁ

desnet gy - 39- des©%9g2@gy@re r@aammsb‘ih Onesgif444Bese CJDI&41’[I{ET'\W8.S sel ected on
or k

d t |_ey and—robustress +o—bhetet-tured
tslgg.l 2 i sol a gﬁﬁ;@;&‘;henrlé\lﬁ‘22§5g 41%023’038 zwstpuﬁrﬁu oma |ar ger

(see also Figure 6)
This mass spectrometry fragmentation data is entirely consistent with 17-desmethyl-39-

deshydroxypre-rapamycin.

| iv) Fermentation of the novel rapamycin analogue for isolation
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. Primary vegetative cultures
were prepared by inoculating 0.1 mL of frozen stock into 50 mL medium 4 in a 250 mL flask.
The culture was incubated for 48 hours at 28 °C with shaking at 250 rpm. The culture was then
subcultured to 400 mL medium 4 in 2000 mL flasks to give the secondary vegetative culture.

The culture was incubated for 24hrs at 28°C, 250 rpm.
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compound; this strain was named S. hygroscopicus M&G7-9. iii) Analysis of
novel rapanycin anal ogue fromS. hygroscopi cus M57-9 The observed novel
rapanmyci rwanalgers7was proposed to be the desired 17-de®OEtdBehosad3158
deshydr oxypre-rapanmycin on the basis of the foll ow ng anaI yti caI data The
novel rapanycin analogue is nore polar (retention tine .2 mn) than
39- des WMagetRtyp peturepumpdnerulatehateht oon iontd lsolmediug, fgaeﬁﬁl?)?\/%n \%719 " b
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column with 21 mL/min of 60% acetonitrile/water. The most pure fractions (identified by

analytical HPLC) were combined and the solvent removed in vacuo to give 17-desmethyl-39-

deshydroxypre-rapamycin (10 mg).

Vi) Characterisation

A range of NMR experiments were performed viz 'H, 3C, APT, COSY, HMQC, HMBC, TOCSY.
A thorough and exhaustive review of these data enabled the assignment of the majority of the
protons and carbons of both rotomers of 17-desmethyl-39-deshydroxypre-rapamycin.

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

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

Table 2: 'H and "*C NMR data for 17-desmethyl-39-deshydroxypre-rapamycin
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Spore stocks of all
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bat chwi se wit aget one (fotal—vplurme—7-5tb)—torstrip—off thert D tggue and
the sol vent r@aoved.2fn wadlib. The resul ting aqueous conchPr 338 0 n)
was then diTuysed tagh L mdhppat epr.and extar@cted wah EtOAc (3 x 1|Q The
sol vent s—+-efpvet—ti—vactp—togrve ja sticky browrext q2?4‘(-u{7ﬂl g) The
extract was dPsso| vedlin acetone|(ca |20 nl), coated ont {fica " apdlied to
a silica col umn 358 |6. 2541:11 di apreter)) and eluted with ja 41.épw 8e.0grjadi ent
of acet ongfhexane éég éz L Ine r@apal e-cpnt ai ni ng fractiions vere
pool ed and_th t rod | vacuo.The resi-due (8 e —was—Hur t her
chr omat ogriapht®l over $ephadex LH2O, el uting with 10: 10: 1 98-7 98.4
chl or of or nihe angheghanoj4 | The semi puri fi1ed rapal ogue 1@1_6m;) 38BS
di ssol ved |iLn—acetpnitdile 2 —eentr-Fuged—( 10— 13200 17 m)y] and
purified by ri@aerse phasleS1C18) prepdrative HPLC using a27G§ ﬁ PLC,
eluting a q@gnenqz_>8321.12_68< 250 m Luna 5 pm C18 BDS cpl um 'Vlth 2% mb/ mn
of 60% acetentt+it+eiwater—Fhenpst—pure fractions (T de té{"e' g%
anal ytical| HPB&) W8 [conffi ned ahd the sol vent fenoved jn°VAcyo ta dive
17-desmet hyl 438- deghydriozypre-rapanycin (10 ng). vi) Characterisatijon A
range of NvRexpe i3| ms %\g e performed viz H_ |3C APT]| Y, .| HVBC,
TOCSY. A [thoroug éﬁr Sehhlist vk review of t hesedat-a—enablet—the
assi gnnent| ofi5ahe| m#jlar it§50 of the prlotons and ¢ar bons bf4hot h ABBorter s of
17- desnet hy '1‘%5"033%%”01*)’19 e-raparrym n. The absence of| an ol efini c |net hyl
resonance was—nrediatlelyr—apparent—fFreomthe——HNWR

16 | 4.24| 4.44 70.3 | 71.3

17 560| 5.86| dd m 15.1,4.8 135.7 | 137.1

18 6.39| 6.13 | ddd 15.1,10.1,1. 129.2% | 127.9

5

19 6.07 6.13 131.4° | 132.1°

20 | 6.11| 6.06 131.9° | 131.6°

21 598| 5.96| dd dd 15.0, 9.9 14.9,10. | 129.9 | 129.1®

0

22 528| 5.24| dd dd 15.0, 9.6 149,98 | 139.7 | 140.6

23 216 2.10 38.0 39.8

24a 1.31| 1.35 40.0 40.6

24b° | 1.75| 1.98

25 2.41| 2.44 45.9 | 466

26 215.7 | 216.6

27a 250 2.39 46.7 48.2
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spectrum Correl ati ons between H16 and an ol efinic nmethine (not present in
the spectrum of 39- deshydroxypre-rapanycin) could be seen in the COSY
spect rumwonb@ors1eg t he conmpound to be | acking a nmet hylPCyraB2posan363817.

| nportant NMR correl ations are shown in Figure 7 for the Cl17 containing

portion of each of the known rotaners of the conpounds (variation between
thgI t\é\p Iispaétohha ama;le pof h’i'lﬂﬂpi(?:fityt he stremipling which is ndic show).
133 V0 2006, A1R167 2801, s 00B158 | ProtonSHLmut i phy e Ly Loupling 1
171.6 169.10 25 5. B8.32|37 53] 6065] 7 3a BIPA 50 26. 2 26.753b 3180 3. 40 4a
12820 0p0s Bl Bl E I ??23?@9#@'@-‘98 > 23
2.47 40.4 139.30 9p58495 25y d 18.7 10 98.7 98.4 11 1. 5§3§-J74 %@% 38.5
12a 1.51 27. 627 53,3132b 3l3hB dg68 dpa 1.93 61730) 300632 146.43b 4581 |1.55 14
3.99 4.25 |68—9—76 15a—1—51t1 56431403 15b 1.66 16 4. 44
70.3 71.3 | 179%.60 5.86 dd m 15 1. 4.8 135.7 137118 29 8] 1_:933
15.1, 10. 1,1. 3329. 226227285 5 19 6.07 6. 13 131.4b 132.1c| 41.1 39.5

33b | 262 2.76 | dd 18.1, 9.8

34 | 514 | 534 76.3 | 74.6

35 1.88 | 1.94 329 | 329

36a | 0.99 | 0.97 37.9 | 40.0

36b | 1.11] 1.10

37 1.23 33.7 | 33.8

38a | 079 0.88 30.2 | 30.8

38b | 1.72| 1.76

39a | 1.17 | 1.20° 352 | 35.3

39b | 1.94

40 | 3.53| 3.53 71.0 | 71.0

41a | 128 1.26° 355 | 355

41b

42a 325 | 31.9

42b

43 | 095| 094 | d d 6.4 6.7 16.7 | 16.9

44 1.02 | 1.00 | d d 6.4 6.7 21.7% | 21.6¢

45 1.00| 1.03 | d d 6.7 7.0 17.1 | 19.3

46 161 151 | d d 1.0 0.9 135 | 12.1

47 107 | 1.04 | d d 6.8 6.7 16.0 | 145

48 |087| 088 | d d 7.2 7.4 16.1 | 15.0

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

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

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

Acid Company | Stock synthesis
: number
cyclohexanecarboxylic acid Aldrich 10,183-4
(1R*, 3R*, 4R*)-3,4- in house by method

-61-



20 6.11 6.06 131.9c 131.6b 21 5.98 5.96 dd dd 15.0, 9.9 14.9,10. 129.9
129.1- 0 22 5.28 5.24 dd dd 15.0, 9.6 14.9,9.8 139.7 140.6 23 2.16 2.10
38.0 39. 8wo24a/ie31 1.35 40.0 40.6 24b 1.75 1.98 25 2. 2LTA:BYM0AD3IB846. 6
26 215.7 216.6 27a 2.50 2.39 46.7 48.2 -60 WD 2006/ 016167

PCT/ GB2005/ 003158 Proton 6H multiplicity coupling 6C_27bh 2 68 2 63 28

4. 32 4.d¥edekysydioheragecaboBylizlac®l  29] 139.1 139.4 30 5.34A5 50 123.7 125
31 3. 30-Sichhedéhedgr®xylic agid/ 10. 0, 6. [fAdBc 45.32,83827 208. 8 209.1 33a 2.62
2. 65 TAdclndRerzcaddRyl-oR 2. 76 dd [IRidkch 9. § 484875.714 5. 34 76.3 74.6 35
1.88 1I- gﬁoﬁémgn%égbix%ﬁ%dgnvg Ur,ﬁﬁ dAlgﬁch?U G ngé)ﬁ)dd- TT 1. 10 37 1.23 33.
33.8 oy = £ 21763911711 20; %".bﬁ‘ “§ "d 3
1,94 46 S%*s B3SOy one s 1) 28 1. 264 35.5 35.5 'é‘u'lf’fg 5 S0t
31.9 |&pgear oxylate

ethyl (1R*, 4R*)-3-fluoro-4- in house by method

hydroxycyciohexane carboxylate C

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

methylcyclohexanecarboxylic acid

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

0 o o) 0
oH —MCPBA KOH HO on
EtsN THF/H>0
HOY HOY

(1R*, 3R*, 4R*)-3,4-Dihydroxycyclohexanecarboxylic 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 (1R*, 3R*, 4R")-4-
hydroxycyclohexane-1,3-carbolactone 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 (Corey, E.J. and
Huang, H. 1989).

Method B: Synthesis of ethyl (1R*,5R*)5-hydroxycyclohex-3-ene carboxylate

0 o) 0 0
0 0
©)LOH I, KI @ DBU 6 KOH/EtOH HO\Q)LOE‘[
™

The title compound was prepared, in racemic form, by generating (1R*, 3R*, 4R*)-4-
iodocyclohexane-1,3-carbolactone from cyclohex-3-ene carboxylic acid, which was then treated
with the base DBU (1,8-diazabicyclo[5.4.0Jundec-7-ene) to eliminate HI. The resultant (1R,
58*)-cyclohex-3-ene-1,5-carbolactone was then treated with potassium hydroxide dissolved in
ethanol to yield the title compound (Marshall, J. A., and Shiping, X., 1995)

Method C: Synthesis of ethyl (1R*, 4R*)-3-fluoro-4-hydroxycyclohexane carboxylate
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43 0.95 0.94 d d 6.4 6.7 16.7 16.9 44 1.02 1.00d d 6.4 6.7 21.7d 21.6d
45 1.00 1.03 dd 6.7 7.0 17.1 19.3 46 1.61 1.51 d d 1.0 0.9 13.5 12.1 47
1.07 1.04w0 2d06018166. 7 16.0 14.5 48 0.87 0.88 d d 7.2 7PeTkB2005106338 a, b,
c, d, e: these assignnents nmay be interchanged NVR data obtained in CDCl 3
at 500 MHz for 1H-NWR and 125 for 13C-NVR. Exanple 2 - Array feed of
starter acids to S. Kiygroscopl cus I\/G? 9. cPabl e 3: Sources of Gacids for use

in the array .7’1]31: eri nment Aci t pC turrber
cycl ohexanecar boc 5' id Al r ch 4R* 3 = in house
by net hod Q 06;4;&35616 5/003158

di hydroxycycl (ﬁexanecar boxyl i cOaC| d A 1-cycl ohex necar ®BdrFi ¢ acid Aldrich
32,836-7 3-cycl ohexenecarboxylic acid Aldrich 45,375-7 |EiN;

cycl ohept anecar boxylic acid Aldrich C9,850-0 ethyl (1 R%EtN;3HF

5R*) - 5- hydr oxycycl ohex-3- in house byd*ret hod enecarboxylaté& B ethyl (1
R*, 4R*)-3-fluoro-4- in house b¥ met hgd hydr oxycycl ohe oxylate C
3-(cis/traps)- Aldrich 33,061-2 c acid Method A:
Synthesis of (IR*, 3R‘, 4R")-3, 4. ylic acid O OO
MCPBA KOH _ HO OH THF/ H20 OH E®3N
4R*) - 3, 4- Di hydr oxycycl ohexanecar boxyl i ¢ acid was readl I y attai nable from

com’rer(iquaI:J,F}# axaid. ﬂ?chr%x c?él@ﬁé&n@ﬂ@yﬁér@b@ﬂ@ﬁ@ srapdred wb ircmathiod. A, Thdss aci d was
epoxi di sed hrough treat ment with neta-chl or er ben and converted

C
) heprocred sy SR Ay e Ao DSRS0 Lo PR B PSR by
the ad\ﬁéﬁ iré?éle@fmt%éﬁséuarw%Md@% e@n)anolttbtyrelos@thyu ng*, 39@ 4Fkre 3—!@9@“%@-(1-
stereochem stries. This |actone was then hxdrol ysed é/ (;51 on. o
aqueoutgtrahydropyranyl)oxycyclohexane carboxylate. Fluorine was’Introduced mto the 3 posi lon via
an activation — substitution method (Yin et al, 2004), and the 4-(1-tetrahydropyranyl) group

removed with acidic DOWEX resin.

i) Array feeding experiment

S. hygroscopicus MG7-9 was grown on media 1 for 14 days at 28 °C until sporulation had
occurred. A 0.5 cm diameter section of agar, mycelia and spores was taken from the plate and
transferred into 7 mL of media 2 (rapV7) in a 50 mL falcon tube with a foam bung and grown at
28 °C for 48 hours with shaking at 300 rpm. 0.5 mL of this seed culture was then transferred to
7 mL of media 3 (MD8) in a 50 mL falcon tube with a foam bung and grown for 24 hours at 26
°C with shaking at 300 rpm. Each starter acid, dissolved in 0.05 mL of methanol, was fed to
appropriate cultures to a final concentration of 2 mM (see table 1 for list of starter acids). The
cultures were then grown for a further 4 days at 26 °C. 1 mL of culture was then removed from
each flask, and added to 1 mL of acetonitrile in a 2 mL eppendorf, agitated for 1 hour at room
temperature, and then centrifuged for 15 minutes in a microfuge at 13,000 rpm, 0.2 mL of the
top layer was removed into HPLC tubes and analysed by HPLC using UV and LCMS detection.

Table 4: Analysis of extracts

Starter acid feed Product Product Structure
molecular
mass

O/C"ZH 811.52 Structure A as shown below




pot assi um hydr oxi de,
(Corey, E.J.

and the final
and Huang, H 1989).

(1R*, 5R*)Wweohyavoaswcycl ohex- 3-ene carboxylate 0 0 0 O OPFCTIZ;B2805/00313BU O

KOH Et OH HO CEt

The title conpound was prepared,

inracemc form by

product purified over ion exchange resin
Met hod B: Synthesis of ethyl

gener ating (1 R, 3R*, 4AR*)-4- i odocycl nhgxa_ng_l_g_ga.pbg_l_a.et_g.n.e_f_r_g.m___
cycl ohex- % E I | c @%g{,ctM| cH Meguétemudieated with the base DBU
(1, 8-di aza | cyc &? adgigPe) |to elimnate H . The resultant (1R
58*)-,ycl ohex 3- ene- 1 5 Cc sact one |was then treat ed W th potassium

hydr oxt-de—dissotved_im et to y| eptltdg nd (MarshalT, J.
A . ahd sﬁﬂESI “*1095 %223%0 %Hch‘é%ﬁ %}%’%j

4R*) - B-f | uor ydroxycy( I ohexane car boxyl ate - 62 WO 2006/ 016167

PCT/ 332005/0038158 .0 0 THP 0 KOH Et H HO OEt PPTS HO O 0 O PBSF Et N3
EtN3.BHF OF OEt F Ot H©HO DOMNEX H{ 0 0 (IR*, 3R*,

4R") - 1 Bq$zsar bol acdinRGire BI APHMHORM Rfov N Method A, was
prote

4R*) - 4 | ) oxycycl ohexane- 1, 3- car bol act one, which was
treat Ir oxi de in ethanol to yield ethyl (1 R, 3R,

4R*) et r:ahydr opyrany | \ ny\/r‘\/r\l ohexane—carboxyl-ate—F UOFi ne
was i Bo8Bt i on, ViStructure &cas shavindielow’s ubst i t ut i on

met ho and the 4-(|1-tetrahydropyranyl) group renoved
with i poABpay feedinRBowx B&dilisFRINmirdr rAyfHsqecopi cus M37- 9
was gr ;L4 days at 28 C until sporulation had occurred. A
0.5 cm-di or—of—agar—mycetia and _Spores was_takem fromthe

pl at e| and 'ir‘i?(rjed i ni 827561 of rediugiupe Pr%‘pi?’?’)"’ br‘?T%"’SO mL fal con tupe
with a foa g and gr owp—at—28—€C-fror—48—ho Wt shiakig _at 300 1p
0.5 nl of this—5eed cul tuf&4has then twnéﬂ%‘ﬁ”é?;‘@tﬁo%mmprﬁﬁp%?gqﬁedl a 3 (M®b)
ina 50 nL falcon tube with a foam bung and grown for 24 hours at 26 C
wth ¢ E_@ggsgtarter BAfjciire Bl &5$Howadbdidw 0. 05 nlL of

met ha appnopriate culitures to a final concentration of 2 nmM
(see | $tgaser aci dghkndd®additional minor rapalogue

829.51 Structure E as shown below*

845.51 unknown additional minor rapalogue
COM 825.54 Structure F as shown below*

841.53 unknown additional minor rapalogue

* = the regiochemistry and / or stereochemistry of the hydroxyl or fluorine group in the incorporated starter
acid has not been determined; this is reflected in the structure diagram below. However, it shouid be
noted that this diagram is intended to reflect the single product obtained, a person of skill in the art will,
after following the example above, be able to isolate and characterise this product if desired.
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cultures were then grown for a further 4 days at 26 C. 1 nL of culture was
then renoved from each flask, and added to 1 nL of acetonitrile in a 2 nL
eppendor fwoagediassd for 1 hour at room tenperature, anectrheBroeszosrssf uged
for 15 mnutes in a mcrofuge at 13,000 rpm 0.2 nL of the top |ayer was
removed into HPLC tubes and anal ysed by HPLC using UV and LCVS detecti on.

Tabl e 4: Anal ysis of extract\% Starter acid feed Product Product Structure
nol ecul ar nass COSH 811. 5P Structurg A as shown below -63 WO 2006/016167
PCT/ GB2005/ 003158 St ar t’er | aci d f eed :Product Product Structure nol ecul ar

mass Ho COZH 827. B~as-Shaewn bel ow 0CO2H 811.52 Structure C as
shown bel ow co2H 809.5 Structur G as|| shown bel ow*, 827.52 unknown

addi ti onal m nor o as shown bel ow O CO2H

841. 53 unknown addi tiNnal Ho CO2H 809.51 Structure H as

shown bel ow 825. 50 unknownl! addi ti onal m nqr rapal ogue F CO2H 829.51
S Qi onal mnor rapal ogue CO2H

825. 54 Structune,F|as shown bel ow 5 unknown additional m nor
rapal ogue Mgl = 4 stereochem stry of the
hydroxyl or fluyfineSQrou@Hn the incorporated starter acid has not been
determned; thig i H*ect ed in the structure di agram bel ow. However, it
shoul d be noted : 3 ftended to reflect the single
product obtai ned, aperson of skill inthe &t wll after follow ng the

exanpl e above, be able to isolate and characterise this product if desired.
-64 WD 2006/ 016167 PCT/ GB2005/ 003158 R O O—|
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Example 3 - Construction of conjugative vector pLL150.

Plasmid pSGset1 (WO 04/007709) was digested using Spel and BstEll and the 2.481
kbp fragment was isolated and ligated with vector pRT801 (Gregory et al., 2003) similarly
digested with Spel and BstEll. After transformation into E. coli DH10B, colonies were screened

by restriction enzyme digestion and the final plasmid pLL150 was isolated. See Figure 8.
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NOO OHOOOH HOKHOHC-ullOHO. 111IOH RFRABC OHOH/OH DEF O
QOH GH Exanple 3 - Construction of coniugative vector pLL150. Plasm d
pSGset| (WD200/A6i6709) was di gested using Spel and Bst ElPCTaBR06¢003138481
kbp fragment was isolated and ligated with vector pRT801 (Gegory et al.
2003) simlarly digested with Spel and BstElI|l. After transformation i nto
E. col ExaHibeB, - lsolebon 6f Tvsiesmat waaﬂemnvmbywmnlementatmﬁ@ di gestion and
the final a5 I : re 8. -65 WO 2006/ 016167
PCT/ 5T 0E3 E5E XA : 0 ] -esnethvlrapanvcm by

conpl ementation of S. hygroscopi cus M57 - 9 with a cassette of auxiliary
penes l) Geneg ratlon 0408

r apany RSO %S aptand r apt
(rap Krah¥, @;ﬂl_r)aDJ I?IaBISrmeDrSGNEMm)Khd]MDOW@p KNWQM(QDD??OQ) was di gest ed

KN o) SrerteBraremeRhivI R O LR Sbr e Ua Spebeldpon

Si Im | aghy thd @ﬁ% Kb wlxgrﬂmnspmlntamdg FamidUNIOM®E } wa? tsoketesf arrdmg:art&ﬂwmmt o E
DH10B, it ) LLl
Fost ri EPBSASGHeEr P GRam oy Bl D A Hiif AP SR IR b e

MG7- 9 ¢plLDH38B, the fied |plasmld RE6ES wear ibentifiecgnd benfisinas iy deptiZABOGENhzyas

transfornmed with pLL158 to generate the E. coli donor strain for

conj ugdt3S8HP" This was used to transform S. hygroscopi cus ME7-9 by

conj ugation. Apranycin resistant colonies were isolated on media 1 (with 50

%;t aaeé“yvc?rln,gf,s%'grvé%vg%slc?olvr}&llsl ﬂb)?l (pﬁE é@j and patched to nedia 1 with 50
E. coli ET12567, harbouring the plasmid pUZ8002 was transformed with pLL158 to

l,a

generate the E. coli donor strain for conjugation. This was used to transform S. hygroscopicus
MG7-9 by conjugation. Apramycin resistant colonies were isolated on media 1 (with 50 mg/L
apramycin and 25 mg/L nalidixic acid) and patched to media 1 with 50 mg/L apramycin and 25
mg/L nalidixic acid. These patches were grown at 28°C before secondary patching onto media
ISP3 plus 50 mg/L apramycin and grown for 14-21 days at 28°C. A plug from each patch was
used to inoculate individual falcon tubes containing 7 mL media 2 (RapV7) plus 50 mg/L
apramycin. These seed cultures were incubated for 2 days at 28°C, 300 rpm. These were then
used to inoculate (0.5 mL into 7 mL) medium 3 (MD8) and cultured for 6 days at 26°C, 300 rpm.
Secondary metabolites were extracted from these cultures by the addition of an equal volume of
acetonitrile. Cell debris was removed by centrifugation. Samples were then assessed for

production of 17-desmethyl rapamycin by LC-MS.

i) Analysis of 17-desmethylrapamycin
The observed novel rapalogue was proposed to be 17-desmethylrapamycin on the basis

of LCMS data. These data showed that the novel rapalogue is 14 mass units smaller than
rapamycin, consistent with the absence of a methyl group. lons observed: [M-H] 898.7, [M+Na]"
922.7, [M+K]* 938.6. The UV triene characteristic of rapamycinwas observed but the UV
maximum of the central peak has shifted (A= 270 nm c.f. A= 278 nm for rapamycin).

iv) Fermentation of 17-desmethylrapamycin for isolation

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

the secondary vegetative culture. The culture was incubated for 24hrs at 28°C, 250 rpm.
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ng/L nalidixic acid. These patches were grown at 28C before secondary
patching onto nedia |1SP3 plus 50 ng/L apranycin and grown for 14-21 days
at 28C. Avplag/dfiswm each patch was used to inocul at e i mdirdRo@008E8con
tubes containing 7 nL nedia 2 (RapV7) plus 50 ng/L apranycin. These seed
cultures were incubated for 2 days at 28C, 300 gm These were then used
to i nocul at eVemBiEvecUleoWErenngcUiEad ahf-8%(WOBJC Knk of edined ($e5raPVaas? at
26C, 3§%L%%e éﬁcem@aﬁ%n F%Qﬂlédt&%f%ro%ygm@eéEtsiswrﬁmédm%sgugaures by
the additron of &n equal ume o acetonitril debris was renoved
by cent®iyferyatnimnm t@aﬁ@pe@gf Wé8 et Heaximymdipseged of 2 5B oiilc t48dipuss after
17-des nalggis of 17-desnet hvl rapanvcin
The obsqﬁéé\.% 'Oh%\%&ﬂég F% wfgméggegédo%%%gg to %Je 17- desnet hyl rapanyci n on the
basis of LCVMS data. These data showed that the novel rapalogue is 14 nass
units | : consistent with the absence of a nethyl
gr oup. Sﬁuanbe%uiagﬁs\}e%&’a@”” Sﬁo@% 7, [MeNa] + 922.7, [MeK]+ 938.6. The WV
triene char a'Btee‘ems;&tntailoofbrwthrﬁbﬁrybwmﬁr&dw@rmt@uvommé ofypethanel falimhsiirs he
central f Wb GhatAPARY Slifdd with)
For montiF o 0L K RciTe I (i oo T A o B ooy Suted il
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medi um é%bb@ vER - pﬁ%gg S 28 C
with sh\éh&e%%ﬁ%i% ukés%q_heﬁgsarﬁ'hﬁfg{eera su %Ssgtvér eg 5 W a&;orredl um
4 in 200@ mulﬁmmmL@owC@ceatrateNé@a@bh\d@ﬁ wub@bf@thh wamatﬂertamdeextrah@dwm ure
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xtrac di's n ace ca 20
m.), caatritheardnd tisé bolesnt rexppleded veéaiodo giviei 1<Yadesomtmmmpét3ymn 613 og).di anet er)
and eluted with a stepw se gradi ent of acetone/hexane (20% - 40% . The
r apal ogue-contai ning fracti ons were pool ed and the solvent renoved in
vacuo. viihe (Clesaderzaties f urther chromat ographed over Sephadex LH2O, el uting

with 10:10: 1l'he isolated product was subjected to LCMS" analysis and fragmentation of the sodium

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

described in Table 5 below.

Table 5: 'H and "*C NMR data for 17-desmethylrapamycin
Position 'H-NMR BC-NMR & | HMBC correlations
§ ppm | Multiplicity, Hz cosy ppm Hto "*C
1 - - 169.3 -
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chl or of or 1 hept ane/ et hanol .
acetonitrile (2.7 nm),

centrifuged (10 m n,

The sem purified rapal ogue was dissolved in
13200 rpm and purified by

reverse pWexeoq@ity preparative HPLC using a G | son HPERCI/GH2045008158
Phenonmenex 21.2 x 250 nm Luna 5 |l am C18 BDS colum with 21 nL/m n of 60%

acetonitrile/water. The most pure fractions (identified by analytical HPLC)
were |cooditioed and the sol WeNMR empved in vacie-NMRgi yeHMBC correlations
17- desnet hyl r dpampei n Migtiphigjty, Hzi )| CR&SAct eri sBRon The | sél ta g product
was sUbj ect ed [t;23 CMbbrahal ysi s and H-Bagnent at | h5of { Bel,SedCuhC-Gddirct
gave the predijcted ions for 17-desnethyl rapanmycin base8 on the identified
f ragment azi on [m@ghway nf, EomblexReat hary-2PH-4D. | Di s2821t at | 6a1.Cthlve&di-by of
Canbr i dge4 2000).80 Thi|sn, coapmtexspect rididf iHyp f 1 agnkhbat i pL-A&+JCrar& oved t he
regi on of the mx@l rapaoogiex where the |10$s of a nefhyl occurred to the
fragment G16- Q2775 A rangenplexNVR exXpéd) Hent $ wee®2 per Ca8,0edl &C# 1H, 13C,
APT, COSY, HMG 43IVBCm EOP¥x A tharough and exhaustive review of these
dat a enablged tiegASSI| @aaerd, 105, §7- desret hyl fapamyei n. | ThaCahSeh@&Caf an
ol efinic nmethyl sgeson@ance easspartjicularly|informative and i nportant
correlrartgns were observed and degcribed in TabNe 5 bel ow. Table 5: 1M and
13C Nnvr( a@ta flar—1I7-desmet hyl rapamyci n Posi {i onjgH NVR- 13C- NVR 8 HVBC
correlatigms— 8 —ppm I'JUI[IpIICI[y, Rz COSY ppm "d3to IBC I - - 169.3 - {67
WO 20067046167 PCTHGp2005/ 003158 Hosi t1on I+ NVgE §3C 8 HVBC
g(i)rrSeI’aLm\:da ‘o4ﬁg$‘u:“|%|r’§ p| I Ly, ﬂr1z uuaY”BI m R0 186 ;chgg [J;r(g, g,&5)4H&3
. \ ~ ~ U
G5 4|1. 831 cg?r%l e odﬁﬁtﬂ 10?!-@6?0 :j:”%é 533 C 3?1-38#6 1 cor?p leX 5
I LV Y | LA 2K Qi
THPT AR AN KPR AR & SR ST AN 1000 w@‘dﬂdé _
T l66l5 13 - _1.{%’3_‘:,‘53,‘«:?8’1p?exj’ 5’8'2 H’1‘f’ 298 deldlo 16T 9 P H 73, c
13 & 11-CHjs
13 2.01 m, complex H-12, H- 31.1 C-1,C-3,C-4,C-6 & C-
1.65 m, complex 14 8
14 4.05 m, complex H-13, H- 67.0 C-11,C-12,C-14 & C-
15 15
15 1.15 ddd, 16, 10.5, 11 | H-14, H- 39.9 C-13,C-14,C-16, & C-
1.44 ddd, 16,5.5, 6 16 17
16 4.00 ddd, 8,5.5,5.5 H-15, H- 84.4 C-1,C-3,C-4,C-6 & C-
17 8
16-OCH; | 3.34 s - 55.4 C-16, C-15 & C-17
17 5.50 dd, 10.5, 8 H-16, H- 134.7 -
18
18 6.21 dd, 11, 10.5 H-17, H- 132.2 C-16,C-17,C-19,C-20
19 & 17-CHs
19 6.25 dd, 14.5, 11 H-18, H- 133.2 C-17,C-18,C-20 & C-
: 20 21
20 6.18 dd, 14.5, 10.5 H-19, H- 126.5 C-18,C-19,C-21 & C-
21 22
21 6.06 dd, 15, 10.5 H-20, H- 129.8 C-19,C-20,C-22 & C-
22 23
22 5.45 dd, 15, 8 H-21, H- 140.5 C-20,C-21,C-23,C-24
23 & 23-CHjs
23 2.30 m, complex H-22, 23- 35.4 C-21,C-22,C-24,C-25
CHa,, H-24 & 23-CH,3
23-CH; | 0.96 d, 6.5 H-23 21.5 C-22,C-23 & C-24
24 1.45 m, complex H-23, H- 40.5 C-22,C-23,C-25,C-26,
1.15 m, complex 25 23-CH; & 25-CHj,
25 | 1.89 ddg, 10.5, 8.5, 4 H-24, 25- 41.1 C-23,C-24,C-26,C-27
CH; & 25-CH,
25-CH; | 0.91 d 6.5 H-25 13.7 C-24,C-25 & C-26
26 - - - 214.5 -
27 3.77 d, 4 H-28 84.9 C-25,C-26,C-28,C-29
& 27-OCH;
27-OCH,; | 3.28 8 - 58.3 C-27
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10-OH 4.68 br.

2.01 m complex H12, H 31.1 CG1,CG3,CG4,C6 & G

s - 0C10 & G 11 11 1.69 ddqg,

11.5, 4, 6.5 H11CH3, 33.2
C9,CG10,CG12,C 13 & H12 11-CH3 11-CH3 1.02 d, 6.5 H 11 16.2 0-10, 0-11,
& C 12 12wb.24&/0mp16c0npl ex H 11, H 26.9 C 10, C 11, C 13, EcT4B206&/083158- CH3 13

1.65 m conplex 14 8 14

4.05 m _conplex H13 H 67 0 C11,C12, C14 & C-_15 15 15 1 15 ddd, 16
10. 5, [1Rosition [ H 39 0 ¢ 1HNMR C 16_& C 1. 4G-NMB S 16HHIES cgrrggtlwslﬁ ’
4.00 ddd, 8, 5| 5.pmnd Hiulgpligity,gle 4 cCOSY 3[C 4Ppg &[C. 1718 3.34
s - 58.4 ©816,| €485 & dC417 17 5.50 |ddt2710.5, 8 K86, HC-ARE-77,C-28gC-398 (6. 21
dd, 11, 10.5 H 17, H| 132.2 C16,C|17.C- 19, C-20 19 & 1%388Hi9 6 25 dd
14.5, |1128DH8, | H64133.12. - 17, C 18, G20 & C (20 20 20|6-ABCHE & {428 10.5
H 19, |[H 226.5 C 18,C-19,C-21 & C 21 22 21|6. 0835/, 15, 10.5 H 20, H
129. 8 [C20H; 201.¢322 [& C- 22 23 22 [5.45 dd, |15, 1832H 21 C-38,C12008 5-8F 20,
C-21, [CG23p CP44123 (& 23-CH3 23 2.]393m conpl ed2od 22 C2238,C3M,@-30T,@-B2C1{ 22,
C24, |C25 CH3, H24 & 23-CH3 23-CH3 0.96 d, 6.5 H 2B329LH: &£32LHE 23 &
C 24 7471345 nyzeenpliex, 235 H  40.5-30-22, C 2346425, CC289,C-30,B20¢-36oNpl ex
25 234{CH3 & 25t CH3 25 . 1.89 ddq, 1\, 6.5, 4 H 24, 2B-3UCH]
C 23, ¢-24.8HZ06, LoZ/ |@B.5&% 25-CH3 2546H3 0. 91 dj58. 5 HC280,13378&E 32, C- 25 &
C- 26 6 30- - Z214.5. - 207.9 _
33 2.74 dd, 17.5, 5.5 H-34 41.5 C-31,C-32,C-34 & C-
2.52 dd, 17.5, 4 35
34 5.21 ddd, 7, 5.5, 4 H-33, H- 73.9 C-1, C-32,C-33,C-35,
35 C-36 & 35-CHj;
35 1.60 m, complex H-34, 35- 31.1 C-33,C-34,C-36,C-37
CH,, H-36 & 35-CH,
35-CH; |[0.89 d, 6.5 H-35 15.7 C-34,C-35 & C-36
36 1.60 m, complex H-35, H- 38.5 C-34,C-35,C-37,C-38,
37 C-42 & 35-CH,
37 1.67 m, complex H-36, H- 34.0 C-35,C-36,C-38,C-39,
38, H-42 C-41 & C-42
38 2.11 ddd, 16.5, 5, 4 H-37, H- 34.2 C-36,C-37,C-39,C-40
1.98 ddd, 16.5, 10, 39 & C-42
13.5
39 2.94 ddd, 13.5, 12.5, 5 | H-38, H- 84.3 C-37,C-38,C-40 & C-
40 41
39-OCH, | 3.20 s - 55.2 C-39
40 3.30 ddd, 14.4, 12.5, 6 | H-39, H- 73.9 C-38,C-39,C-41 & C-
41 42
40-OH | 3.57 br.s - ) C-39, C-40 & C41
41 1.60 m, complex H-40, H- 31.2 C-37,C-39,C-37,C-40
42 & C-42
42 1.78 m, complex H-41, H- 31.5 C-36,C-37,C-38,C-40
1.58 m, complex 37 & C-41
« NMR data obtained in CDCls at 500 MHz for "H-NMR and 125 for "C-NMR
Example 5 - Isolation of 9-deoxo-17-desmethyl-27-O-desmethyl-39-O-desmethyl

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

genes

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

rapK, rapN,_rapQ, rapM and rapL (rap KN/OML)

Plasmid pSGsetrapKN/OML (WO 04/007709) was digested using Spel and Hindlll and
the 5.795 kbp fragment (containing rap KN/OML) was isolated and ligated with conjugative
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27 3.77 d, 4 H28 84.9 G 25, G 26,C28,C29 & 27-0CH3 27-OCH3 3.28 s - 58.3
C-27 -68 WD 2006/ 016167 PCT/ GB2005/ 003158 Position H NMR 13C-NVR 6 HVBC
correl at iwo00dd1pwm Mul tiplicity, Hz COSY ppm 1H to 13Cre2&/cR20&/ 03154 H 27
75.3 G- 26,C27,C-29,C30 & 29-CH3 28-OH 3.54 br. s - 0 G27,C 28 & G 29
20 - - - 135.8 29-CH3 1.73 s - 13.2 C28 C 29 & G 30 30 .5{4% d,.li% 31
129. 9 G@8 pCL29] grdarhGligested pish Spgl @AFTindiigAny tansirygtionipto & ePIRHB. 31
46. 4 ' = BB it O3 ediri@ibntbnzéms diysdliod5. 8 C 30,
O gy pidkyhe BELETAlas 'ggﬁgéﬁd%%ggbﬁfd, 1%, [ tpriznzhm® s C 31, C 32, C 34
& G 2.52 dd, 17.5, 4 35 34 5.21 ddd, 7, 5.5, 4 H33, H 73.9 C1,
C 32, G323, Gicadt str3f $r3brobocdre SGAB (3.16G4m conpl ex H-34, 35- 31.1
C 33, 36 O -CHB 35-CH3 0,89 d, 6 5.#35177135.7
C 34, C 35 &EQCFETIESET darhauriae s RizsThid p5Z802 was Fapsiaingd Wilh pLlsi74do3g 37
G 42 & 35- i _Fhis #4s Osdet BTG, 3§ g€>s30picus8,
a5 SIEPERs S ?f‘f"%ﬁé@*%?%‘-?é?“ 4 ST I 8.2 9-363?;? 37.C. 39, G 40
1. 98 db&7-2 by BonjudrtiogoARRamy R rasistant colpniesavere ifgiatedsang patshed togmediad plyg
84.3 G371, & -4 e weregrowd &t 28-S bheforsldd,
v 4, 8T g oo 75 5t fhighde ShSrnbed Bafpes e

secondary patching onto media ISP3 plus 50 mg/L apramycin and grown for 14-21 days at

28°C. A plug from each patch was used to inoculate individual falcon tubes containing 7 mL
media 2 (RapV7) plus 50 mg/L apramycin. These seed cultures were incubated for 2 days at
28°C, 300 rpm. These were then used to inoculate (0.5 mL into 7 mL) medium 3 (MDB6) and
cultured for 6 days at 26°C, 300 rpm.

Secondary metabolites were extracted from these cultures by the addition of an equal
volume of acetonitrile. Cell debris was removed by centrifugation. These cultures were
assessed for production of 9-deoxo-17-desmethyl-27-O-desmethyl-39-O-desmethyl rapamycin

by LCMS.

i) Analysis of 9-deoxo-17-desmethyl-27-O-desmethyl-39-O-desmethyl rapamycin

The observed novel rapalogue was proposed to be 9-deoxo-17-desmethyl-27-O-
desmethyl-39-O-desmethylrapamycin on the basis of LCMS data. These data showed that the
novel rapalogue is 42 mass units smaller than 17-desmethylrapamycin, consistent with the
absence of 3 methyl groups. lons observed: [M-H] 856.8, [M+Na]® 880.7, [M+K]" 896.6.

Example 6 - Isolation of 9-deoxo-16-0-desmethyl-17-desmethyl-27-O-desmethyl

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

genes

i) Generation of complementation plasmid plLL173 containing the rapamycin auxiliary genes

rapK_ rapl, rapN, rapO and raplL (rap KIN/OL)
Plasmid pSGsétrapKlN/OL (WO 04/007709) was digested using Spel and Hindlll and
the 5.624 kbp fragment (containing rap KIN/OL) was isolated and ligated with conjugative vector

pLL150 similarly digested with Spel and Hindlll. After transformation into £. coli DH10B, the

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

ii) Isolation of strain S. hygroscopicus MG7-9 (pLL173)
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41 42 40-OH 3.57 br. s - 0 C39, C40 & C41 41 1.60 m conplex H 40, H
31.2 CG37,C39,C37,C40 42 & C42 42 1.78 m conplex H 41, H 31.5

C 36, G 3AV028@/0@60 1.58 m conplex 37 & C41 NVR dat acolrnesad3isa CDCL3
at 500 MHz for'H NVR and 125 for BC-NI\/R Exarrple 5 - Isolation of

9- deoxo- 17- desnet hyl - 27- O desn®et hyl - 0- desnet h){ rap arry n gi
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te 1 ndividual falcon tubes coptainin pl us
Tk oG P serdsties FarsBeful SRk
300 rpg% gse were then used to inoculate (0.5 nL into 7 m-) nedium 3
(MD6) h cultured for 6 days at 26C, 300 rpm Secondary netabolites were
extracted fromthese cultures by the addition of an equal vol une of

acet onft hhkiesis Ged-teSle01e-8- dé@%efHWW—@dsrh&h@leZYLDchelégﬁtHvabpamﬁﬁ cul tures
were dassessea rfor produciion of

9- deoxo- 17- Hes peasiyad ovelcapalaghs Wes Pogoesadivet-AsP o e methdy "Lovs. i)
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Example 7 - Isolation of 17-desmethyl-39-desmethoxy rapamycin by compliementation

of S. hyaroscopicus MG7-9 with a cassette of auxiliary genes and supplementing the

production media with starter acid.

i) Generation of complementation plasmid pL.L178 containing the rapamycin auxiliary genes

rapl. rapJ. rapN, rapQO, rapM, rapQ and rapL (rap IJN/OMQL).

Plasmid pMG262 (WO 04/007709) (expressing genes rapl, rapJ, rapN, rapO, rapM,
rapQ and rapL) was digested using Spel and Hindlll and the 7.259 kbp fragment (containing rap
IJNJOMQL) was isolated and ligated with conjugative vector pLL150 similarly digested with Spel
and Hindlll. After transformation into E. coli DH10B, the final plasmid pLL178 was identified and

confirmed by restriction enzyme digestion.

i) Isolation of strain S. hygroscopicus MG7-9 (pLL178)
E. coli ET12567, harbouring the plasmid pUZ8002 was transformed with pLL178 to

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

MG7-9 by conjugation. Apramycin resistant colonies were isolated and patched to media 1 plus
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absence of 3 nethyl groups. lons observed: [MH 856.8, [MtNa]+ 880.7,
[ MFK] + 896. 6. Exanple 6 - Isol ation of

9- deoxo- Woeaereet hyl - 17- desnet hyl - 27- O- desnet hyl  r apa0yaiB2065/003158
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50 ng/L apranycin. These seed cultures were incubated for 2 days at 28C,
300 rpm These were then used to inoculate (0.5 nL into 7 m-) nedium 3
(MD6)  HihAnalysis of f Ehegrppthv-39-gesmethoxabamiein ,m  Secondary net abol i tes were
extracted frRaLbORsd Sovk! ibap gty wab @rapddéd iode Of-desmetyiedd- vol ume of

B O et Do LRI Y L Ll 930 ot TRERS.S WAt
i— dFoxg-ggﬁP%sdﬁﬁg%hm%rtgr& d%@@ﬁﬁ@?ﬁ%é}yagﬁcdﬁsmﬁslﬁhymt wimaambécﬁnceb;f ILCMVB. iii)

nal ysis o - deoxo- 16- esnet hvl - 17- des =27 I nycin
The ob&eihaxy QI’RHPelonﬁQB&?%%éMV%Jﬁaﬁr%&E@@Ugégée[“ét@e%&ggﬁgﬁw e"é'%ﬁ? hyl - 17-
desmet BB(%}ré&%ﬁ%c%?é’E?aH}rﬂnrmé@Néd%t tree\basixBnoh of BbBedmtipeakines shifta
showed that the novel rapal ogue 1S 42 mass units smaller than

17- des (et WA ragdnyT £A8 NOJRASTEREBME™i t h the absence of 3 methyl groups.
| ons observed: [MH 856.8, [MtNa]+ 880.7, [MK]+ 896.6. Exanple 7 -
| sol ation of 17-desnethvl-39-desnmet hoxy rapanyci p by conpl enentation of S
hygr ostvapi lfrlﬁﬂahf U7‘f35’:-;:“&‘% 5:0.._ QYN TOL 3 98 hd suppl ement i ng
the pr Oducby@%ry%&efﬂaﬁ% bt e ARERI présdred by InocaaBRb i1anL of frexemplteckeintcas0d on
pl asm d pLL1 contai ni ng the rapanycin auxili ar¥ g%nes rgp& r.gHoJ, r.agpN
r aPO r aft\hedip® 4ind 25pnL 8@% ﬁhywt@ng_\/yas incubated for 48 hours at 28 °C with shakin

at 250 rpm. The culture was then subcultured to 400 mL medium 4 in 2000 mL flasks to give

h kf e oy

H NP
c VAW,

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

20 L fermentor. Cultivation was carried out for 6 days at 26 °C, 0.5 vwvm > 30% dissolved

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

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

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

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

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

EtOAc (3 x 1 L). The solvent was removed in vacuo to give a sticky brown extract.
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2.75 myl o A8 hourg) \&fiR&fata for 17-desmethyl-39-desmethoxyrapamycin

1H NMR
Position S ppm Multiplicity, Hz

1 - -

2 5.20 br.d, 5

3 235 - m, complex

4 1.88 m, complex
1.46 m, complex

5 1.70 m, complex
1.55 m, complex

6 2.65 ddd, 16, 10.5,5
2.51 ddd, 16, 9.5, 6

7 - -

8 - -

9 - -

10 - -

10-OH 4.70 br. s
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inoculation 9.5 g of L-lysine was added in 200 nL of water. v) Extraction
and Purification The fernentation broth (12 L) was stirred with an equal
vol ume ofwombdsanels7f or 2 hours and then centrifuged toprpeldBbosdogisgel | s
(10 mn, 3500 rpn). The supernatant was stirred with Diaion(r) HP20 resin
(43 g/L) for 1.5 haurs and then filtered—Fhe +es. A—was—wasted bat chw se
with acetone (tatal volume 7 5 L) td umﬁ,R ogtei and t he

1

sol vent rerpved |in 9asiien The p@@mtih X tef(-800 nL) was
diluted to | L with wAfer and!1&8tract eqd 5 (3 The sol vent
was renoved in viacuo t@Hgi ve| 408t cky hrdnﬁé_exl_r_acL——-lZ—\AQ—POO6/016167
PCT/ GB2005/ 003158 Thd2extratf.58as di ssOL\FEAPISX acet one (ca-20 nl), coated
onto silica, applied 18 a silil@& col um M.ZoXPEX5 cm di aneter) and el ut ed
with a stepwi se |gradi ent of adéfone/ hexahe&OPE%h - 40% — The
rapal ogue-cont ai|ni ng fldaacti ong.ther e POOINBEORMEX he sol vent _reénoved in
vacuo. The resi[due was furthérds8chronat dgeaifhd@-%vér Sephadex LH20, el uting
with 10:10:1 chjl orof or mf hept arid/ et hangldddTHe5.8efi purified rapal ogue was

di ssolved in acefonitrele (2/Z90L), cenddiddoed.§10 nin, 13200 rpn) and
purified by reverse plmase, (CL8)29preparatsive HPLC using a G [ son HPLC

el uting a Phenongnex 4%. 2 x 25@3mm Lunada, porbA8 BDS columm with 21 nl/mn
of 60% acetoni trffe/wager. The most pureidf tfctoi®dns (identified by

anal yti cal HPLC) VET € 1gCOonbi Nggand the geiol#ent1 renoved in vacuo to give

X

17- desnet hyl - 39-d Ilb‘L?_BoxyI’ apgmeci N (3Qgnd.5, w.5 Characterisation The
i sol ated product —was wu; ect 80‘60 CCVBT @nas ywis and fragnentation of the
sodi um adduct g predigtzmd Tons [Tf 15 8
17- desnet hyl - 39- P3TCIT baged Cgpnp;léye rdentified|fragnmentation
pat hway (J. A Reathse PR—b: Ol.g ssertat |Q0@5 Ui ver Sity of Canbri dge,
2000). This nass spe\,.'f;gl?ret -y 5ag||r;||Lc narrowed the region of the
novel rapal ogue wher &t he I(% of a ngt ;Euy &Jrred to the firagnent
Cl6- C27 and of apnethoxy—gr 01 u the—f Y 28— A4 —A Tange of NWR
experinments were nerf éome 3 W H—13C, dﬂﬁgws"ﬁ‘é’,ﬁ? HVIRC, —Hi C? TOCSY. A
t hor ough and eXhQIIQTZQTQHsz—é:Q% these ugta efabled—the—assi gnnent  of
17- desnet hyl - 39- desnet®oxyr apamici n— THe gbsence—of—an—otefini c net hyl
resonance was patti culZdr | VA nf&‘&r@li Ve ‘:91 the—preten—NVMR—assi gnnents are
described in Table 28-Q@tow |Pal®l e 6: 118 NVR datafor
17- desnet hyl - 39- desnet28oxyr apdmicin | HNGR Position8 ppm-Miltiplicity, H
1- 25.20 br. d, 5280CH 4.52 br.s
29 - -
29-CHs 1.73 s
30 5.40 d, 11
31 2.74 dg, 11, 6.5
31-CHs 1.12 d, 6.5
32 - -
33 2.74 dd, 17.5,5.5
2.52 dd, 17.5, 4
34 513 ddd, 7, 5.5, 4
35 1.60 m, complex
35-CHs 0.84 d, 6.5
36 1.60 m, complex
37 1.67 m, complex
38 2.03-1.11 m, complex
39 2.03-1.11 m, complex
40 3.90 m, complex
40-OH 4.28 br. s
41 2.03-1.11 m, complex
42 2.03-1.11 m, complex

NMR data in CDCl; at 400 MHz
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32.35m conplex 4 1.88 m conplex 1.46 m conplex 5 1.70

: : : conpl e
1.55 m conplex 6 2.65 ddd, 16, 10.5, 5 2.51 dd(rer 16, 9.5, 6m7 _rrp8 X
- - 10 - whQo6a4141670 br. s -73 WO 2006/ 016167 PCT/ GB20@6r@32aé&H031BINVR

Position 6 ppm Multiplicity, Fiz 1 1 1.59 dd

, 11.5, 4, 6.5 11-CH3 1.02

d, 6.5 12 1.50 m conmplex 13 1.97 conpl
conpl eExample 88 Isfelation W,161'@‘d‘?3”"$th\/?1 Zldag&e%\ﬁeg!:irgésm et ; R uzele g "

5.5,
dd, 14

JERTees

of8 Fydrbsto fic29-Bith 8 cadSete 3;5ad>€5hia

i) Generation of complementation plasmid pLL184 containing the rapamycin auxiliary genes,
rapl. rapJ, rap N/Q, rapQ and rapl (rap 1JN/OQL)

Plasmid pMG260 (WO 04/007709) (expressing genes rapl, rapJ, rapN, rapO, rapQ and
rapL) was digested using Spel and Hindlll and the 6.3 kbp fragment (containing rap IJN/OQL)
was isolated and ligated with conjugative vector pLL150 similarly digested with Spel and Hindllil.
After transformation into E. coli DH10B, the final plasmid pLL184 was identified and confirmed

by restriction enzyme digestion.

i) Isolation of strain S. hygroscopicus MG7-9 (pLL184)
E. coli ET12567, harbouring the plasmid pUZ8002 was transformed with pLL184 to

generate the E. coli donor strain for conjugation. This was used to transform S. hygroscopicus
MG7-9 by conjugation. Apramycin resistant colonies were isolated and patched to media 1 plus
50 mg/L apramycin and 25 mg/L nalidixic acid. These patches were grown at 28°C before
secondary patching onto media ISP3 plus 50 mg/L apramycin and grown for 14-21 days at
28°C. A plug from each patch was used to inoculate individual falcon tubes containing 7 mL

media 2 (RapV7) plus 50 mg/L apramycin. These seed cultures were incubated for 2 days at

28°C, 300 rpm. These were then used to inoculate (0.5 mL into 7 mL) medium 3 (MD6) and

cultured for 6 days at 26°C, 300 rpm. After 24 hours of growth in media 3, the cultures were fed
with cyclohexane carboxylic acid to a final concentration of 1 mM.

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

i) Analysis of 16-O-desmethy!-1 7-desmethv|739-desmethoxv rapamycin

The observed novel rapalogue was proposed to be 16-0O-desmethyl-17-desmethyl-39-
desmethoxyrapamycin on the basis of LCMS data. These data showed that the novel rapalogue
is 44 mass units smaller than 17-desmethylrapamycin, consistent with the absence of 1
methoxy group and 1 methyl group. lons observed: [M-H] 854.2, [M+Na]* 878.3, [M+K]" 894.3.

Example 9 - Isolation of 16-0O-desmethyl-17-desmethyl-39-desmethoxy rapamycin by

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

supplementing the production media with starter acid.
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L enkR.4nd 19 6. 21
. GRS S "6 dd, 15, 10. 5.33 dd, 15,8
23 2. 33upRlehrmEhgXhe BRd0dBol nstial with. BaRer acid5 m conplex 1.15 m conpl ex



25 1.99 dd , 10.5, 6.5, 4 25-CH3 0.90 d, 6.5 26 - - 27 3. - OCH3
3.19 s 28 4.13 d, 4 28-CH 4.52 br. s 29 - 29-CH3 1. 733565381544025 11
31 2. 74 dyo 20d6/016163 31-CH3 1.12 d, 6.5 32 - 33 2. 74 deCTAR2605/(63158 2.52
dd, 17.5, 4 34 5.13 ddd, 7, 5.5, 4 35 1.60 m conplex 35-CH3 0.84 d, 6.5
36 1.60 m conplex 37 1.67 m conplex 38 2.03-1.11 m conplex 39 ’

2.03-1.11 m conplex 40 3.90 m conplex 40-0H 4.28 br. s 41 2.03- 1 11 m
conpl ex s.A2-4003r dord QDb E3midNVBSAaY BortainEREAS raptam

5 g gesret hoxv rapanycin by conpl enentation of
S. hygrOSCOPF S H}é“eise%awkmm/mggmﬁweomogwxé uigastyedgmhe@omand Bglll and

suppl ement i ng e production ne with st acj d.
conp| elheri B4 61 o e EoRiss Conpiing ] e e iR Bedes
rapl g@ését JNS 6406 7@ad Af@ptra,ﬁgfmdt@hmrﬁwa coll DI D] qmmem(sw@meowog)
(expreSsing genes rapt, rap r apN and ap vas ﬂ
usi ng ©peffiedrity rPﬁtﬁ@anle”éYfHefjWSW"B BP ‘ﬂ’%%%gtwisc%ﬁt{‘% ch%?‘lsé r\évphl %ﬁi)
Hindill and the 7.311 kbp fragment isolated (containing rap JN/OQL) and ligated with
conjugative vector pLL150 that was similarly digested with Spel and Hindlll. After transformation
into E. coli DH10B, the final plasmid pLSS249 was identified and confirmed by restriction

enzyme digestion.

i) Isolation of strain S. hygroscopicus MG7-9 (pLSS249)
E. coli ET12567, harbouring the plasmid pUZ8002 was transformed with pLSS249 to

generate the E. coli donor strain for conjugation. This was used to transform S. hygroscopicus
MG7-9 by conjugation. Apramycin resistant colonies were isolated and patched to media 1 plus
50 mg/L apramycin and 25 mg/L nalidixic acid. These patches were grown at 28°C before
secondary patching onto media ISP3 plus 50 mg/L apramycin and grown for 14-21 days at
28°C. A plug from each patch was used to inoculate individual falcon tubes containing 7 mL
media 2 (RapV7) plus 50 mg/L apramycin. These seed cultures were incubated for 2 days at
28°C, 300 rpm. These were then used to inoculate (0.5 mL into 7 mL) medium 3 (MD6) and
cultured for 6 days at 26°C, 300 rpm. After 24 hours of growth in media 3, the cultures were fed
with cyclohexane carboxylic acid to a final concentration of 1 mM.

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

assessed for production of 16-O-desmethyl-17-desmethyl-39-desmethoxy rapamycin by LCMS.

iy Analysis of 16-O-desmethyl-17-desmethyl-39-desmethoxy rapamycin
LCMS of the novel rapalogue showed it had the same mass and retention time as the

rapalogue described in Example 8.

Example 10 - Isolation of 9—d§oxo-17—desmethvl-27-O-desmethvl—39-desmethoxv-

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

genes and supplementing the production media with starter acid.
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was isolated and ligated with conjugative vector pLL150 simlarly digested

with Spel and Hindill. After transformation into E. coli DHL OB, the final
pl asm d phbb8es/mes7i dentified and confirmed by restri cPCOGB20E0BISS
digestion. ii Isolation of strain S. hygroscopi cus M&57-9 (pLL184) E. coli
ET12567,
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restri dyiresiricion gneynk glég?e’fiod?n PI asm d pLSS238 was further digested with
Spel and Hindlll and the 7.311 kbp fragnent isolated (containing rap
JNOQL) and ligated with conJ ugatl ve vect Qr pLL150 that was simlarly
di gest difllsniatibn St eraseppicus ME apngformation into E. coli DHLOB,

the final plagm E‘.'T%%%béﬁ\@rﬁng'tﬁ'@Bkh%t&@m@zw@u@ftrawmdmbu WitbSiLLit ©1 k®n

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

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

har bour| ng t'he pltasm d pUZﬁ)

50 mg/L apramycin and'25 mg/L nalidikic acid. These patches were grown at 28°C before
secondary patching onto media ISP3 plus 50 mg/L apramycin and grown for 14-21 days at
28°C. A plug from each patch was used to inoculate individual falcon tubes containing 7 mL
media 2 (RapV7) plus 50 mg/L apramycin. These seed cultures were incubated for 2 days at
28°C, 300 rpm. These were then used to inoculate (0.5 mL into 7 mL) medium 3 (MD8) and
culttJred for 6 days at 26°C, 300 rpm. After 24 hours of growth in media 3 the cultures were fed
with cyclohexane carboxylic acid to a final concentration of 1 mM.

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

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

by LCMS.
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enzynme digestion. ii) Isolation of strain S. hygroscopi cus Ms7-9 (pLSS249)
E. coli ET12567, harbouring the plasm d pUz8002 was transforned with
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i) Isolation of strain S. hygroscopicus MG7-9 (pLL190)
E. coli ET12567, harbouring the plasmid pUZ8002 was transformed with pLL190 to

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

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

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

volume of acetonitrile. Cell debris was removed by centrifugation. These cultures were
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di gestion. Plasmd pLL171 was digested with Asi SI and Nhel and the 5.293
kbp (containing rap MY OL) was isolated and |igated with pSGsetrapM (WD
04/ 007709yvo=wevdierery di gested with Asi SI and Nhel . Aft eCcTiGBRnei 08158t i ON
into E. coli DHL OB, plasm d pLL180 was identified by restriction

di gestign. Pl i 48 ) N AC _ These
were. tpaRsrerP oy RS S R R T e A T RPN I Spel and
Hi ndi | Hesrfdteoxg.ragsmydypLCBBel / Hindl | | fragnent from pLL180 was isol ated and
ligated with simlarly digested pLL150. After transformation into E. coli
DH1L OB, the final plasm d pLL191 was identified and confirned by

restri ctii dmalwiwyifedeixgelst Ogesmithy!-1&desméethn-27F O<iepmethviS39-Hogmetsexipi cus

M57- 9 (p 'a 31)1 E. coli ET12567, harbouring the plasm d pUz8002 was

transfo th pLL191 to generate the E. coli donor strain for

conj ugat i on. Theholsenes nesedapalogusanas propesd thypgriodenypt 166S-derBethyl-hi-

red 1ot AU RS e R BB e dhe BRLELALMS B IREEE 00
wer e gr ehawedtth28i@ befebrapakgue isdt papatmitsilargeotan 1isiesmelrgP3S-gesiyosmxyntg-L

apranycin [ for.14- pl I Gh was used
to i nOC[ﬁpgfhggp,gc&ﬁé\f?’%?gawlt%ghle%gdﬁﬂf?ﬁb%éi‘ﬁwg%rﬁ? g?%@ﬁgloggﬁge%%agﬁg@%?EgBW) pl us
50 ny/ L{MaN=2AT8606) [MTKESE686eed cul tures were incubated for 2 days at 28C,
300 rpm These were then used to inoculate (0.5 nL into 7 nL) medium 3
(MD6) and cultured for 6 days at 26C, 300 rpm After 24 hours of growth in
medi a 3Exhepkul 2. ulresiromicaskeads for driticapcérodativiime car boxylic acid to a final
concentration of 1 nM Secondary netabolites were extracted fromthese
cultures by the addition of an equal volume of acetonitrile. Cell debris

was renmpvigh Slueesh bi {ugainmanyl-3ohesmetitkirapamyirf@ andssressadivitpmh ppaskieri on
of 9-deoxo-17-desnet

| - 27- 0- despet hyl - 39-.desnet hoxy-ra cin by LCVS.
277 VO S0bETa BTRRT PTIeBSDDBIDE BYSES O PRl ONASTA AtaS BT Gt G Gebed
desnet hyhovd (g dess@idiprogiQiufeisnme Reyay. r apanmvci n The observed novel
rapal ogue was proposed to be, 9- xQ9- 17-desnet hv| - 27- O .
oot P - SoTheeR s gleRisked B TFhm: PRIBh ST B! iepNShis e mPRB.E Suaicate
showed tfptimbhe. TBENME sHodRMOMISahd |BPforaRsStesttiohtolAd @ad rdgadiycin across the
17-desnet hyl - 39- deshydr oxypre-rapanmvcin, consistent with the addition of 1
met hyl e@Idps ®5@91 hydroxy group. 1ons observed: [MH 840.6, [M+Na]+
864.6, [M-K]+ 880.6. Exanple 11 I|solation of

9deoxo- 16- O-desnet hvl - 17- desnet hvl - 27- O desnet hvl - 39- desnet hoxy rapanycin
by conpla¥®Atation of S hyproscoaicus MG7-9 with a cassette of auxiliary

genes and supprementing the pr Odvgétlcbﬂtrﬁﬁ%(g%tWngrboﬁ&@rﬁﬁa@ibn acid. 1) _
Generation of_complenentation plasmd pll190 containing th n
auxi liary gerles rapt |rapRRAPEMFE rapL 1¢rigsmeiyiey-desmethoxyrapamycin

Cellline 1 uM 10 uM 1M 10 uM 100 uM

SF268 53.5 46 57 37 4

251L 75.5 40 85 89 16

H460 67 66 82 76 3

MCF7 68.5 26.5 59 52 8

394NL 45 44 66 61 4

OVCAR3 69 69.5 84 61 8

DU145 50.5 54 69 66 5

LNCAP 61 34 59 43 15

1138L 42 215 59 46 5

Table 8

Rapamycin 17-desmethyl-39-
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Plasm d pSGset KIN OL was digested with Bgill and the 3.272 kbp fragnent
(containing rap INOL) was isolated and ligated with plasm d pSGsetrap
(WO 04/ 00woQ9)6/dbgested with Bglll and treated with al lealrigeognoshat ase.
After transformation into E. coli DHLOB plasmd pLL177 was identified by
restriction enzyne digestion. Plasmid pll177 was further digested wth

usi ng Spel and Hindll]l and the 5.624 |kbgesmetheeiaraneywsiit aiini ng rap | N QL)
was i selated—and ':gated wt??—eeﬁrugaf+ve—veq§gr—ptttﬁﬁ'sinilarly di gest ed
with §M8?”Em@nﬁﬁﬁﬁ4 . After”’transfqrmation into E. coill DH OB, the final
pl asmn meaLk;g@nmﬁﬁnlcentifieﬂ1and confirmed bg8.2restriction enzyne

di gestion. | solati-on—of—st+atn—S—hyproscopteus—Ms7~=9 (pLL190) E. col
ET12567, harbourlng the plasm d pUz8002 was transfornmed with pLL190 to
generate the E. coli donor strain for conjugation. This was used to
transform S. hygroscopicus M57-9 by conjugation. Apranycin resistant
colonies were isolated and patched to nedia 1 plus 50 ng/L apramycin and
25 ny/L nalidixic acid. These patches were grown at. 28C before secondary
pat ching onto nedia I SP3 plus 50 ng/L apramycin and grown for 14-21 days at
28C. A plug fromeach patch was used to inocul ate individual falcon tubes
containing 7 nL nedia 2 (RapV7) plus 50 ng/L apranycin. These seed
cultures were incubated for 2 days at 28C, 300 rpm These were then used
to inoculate (0.5 nL into 7 m-) medium3 (M) and cultured for 6 days at
26C, 300 rpm After 24 hours of growth in nmedia 3, the cultures were fed

wi th cycl ohexane carboxylic acid to a final concentration of 1 nM
Secondary netabolites were extracted fromthese cultures by the addition of
an equal volunme of acetonitrile. Cell debris was renoved by
centrifugation. These cultures were -78 WO 2006/ 016167 PCT/ GB2005/ 003158
assessed for production of

9- deoxo- 16- O- desnet hyl - 17- desnet hyl - 27- O desnet hyl - 39- desnet hoxy rapamnycin
LCMVMS. iii) Analysis of

9- deoxo- 16- O desnet hyl -1 7- desnet hyl - 27- O desnet hyl - 39- desnet hoxy rapamycin
The observed novel rapal ogue was proposed to be 9-deoxo-16- O desnet hyl - 17-
desnet hyl - 27- 0- desnet hyl - 39- desmnet hoxyr apamyci n on the basis of LCMS data.
These data showed that the novel rapalogue is 16 nmass units |arger than
17- desnet hyl - 39- deshydr oxypre- rapanycin, consistent with the addition of |
hydr oxy group. lons observed: [MH 826.7, [M-Na]+ 850.6, [M-K]+ 866. 6.
Exanple 12. In vitro bioassays for anticancer activity In vitro eval uation
of 17-desmet hyl - 39- desnet hoxyr apanycin for anticancer activity. in a panel
of 12 human tunour cell lines in a nonolayer proliferation assay was
carried out as described above using a nodified propidiumiodi de assay.
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The results are displayed in Table 7 bel ow, each result represents the nean
of duplicate experinents. Table 8 shows the 1C50 and 1 C70 for the test
conmpound woaoseapersyci N across the cell lines tested. TabirasB2oMBa®B1s€0Nt r ol
(% at drug concentration Rapanycin 17-desnethyl -39-desnet hoxyrapanycin
Cell line 1 pM10 pM1 pM 10 pM 100 PM SF268 53.5 46 57 37 4 251 L 75.5
40 85 Befck6nce#l60 67 66 82 76 3 MCF7 68.5 26.5 59 52 8 394N L 45 44 66 61
4 OVCAR3 69 69.5 84 61 8 DU145 50.5 54 69 66 5 LNCAP 61 34 59 43 15
1138L 42 21.5 59 46 5 Table 8 Rapanycin 17-desnet hyl-39- -79
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R; represents =0 or (H,H);

R, represents OH or OMe;

R; represents H, OH or OMeg;

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

R, R;
Rq R, Ry
Ry
A B C
CH, Rq
R Ry
CH,
D E F

in which
the wavy line indicates the position of attachment of the fragment,
R; represents H, OH or OMe and
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1. 17-desnet hyl rapanyci n and anal ogues thereof. 2. A conpound according to
claim1 which has the following formula: RA RS RE X O0OH NRLOO
R3010 HWwO2bbdRAc16mherein: x represents a direct bond, PCHZB2005B0648-,
-CH2-S- or -S(=0-CH2-; CH2 H/ \CH or -CHR5-x-CHR6- represents R,
represents =0 or (H,H); R2 represents OH or OWe; R3 represents H, OH or
Ove; R4 repRem@%nés Kt@rcOMieahals, rthigherft«fybct ed fromgroups A, B, C, D, E

and F, %rﬂwgg @;hre@érﬁ’s o %n@%b@%ﬁ%tae@y&é Ebr?tal@iné dne dr%c‘!\’@l Ch

t he wavy I|ne ‘? cat osition of attachment of ment ,
repr eséaﬂegaaléd;mmlwtemnémgmgg cHBisnger @161 e @3’2@95}%@% @mqiqglly

repr esgnc%s%tl.madsm r@ﬁr’ m&3! éﬂlbaﬁtﬂérﬁé s&éctgéirémaiﬁ)’a{lkyl QbH R4 add terapat | vel y

represénts menbered heterocycle containing one or nore
het er oat onsRseh@& Bt ete $achindapendgrdlp! eddldi sting of 0, S and N, which

het erocycl e W@Q'P‘%&Q'F%l‘yy“&éﬁggg ggﬁg?g\ptﬁepec@ne or nore substituents

sel ect ed fro

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

4. A compound according to claim 3, wherein R4 represents a structural fragment

selected from the groups A(i), C(i), E(i) and F(i)

ISR eNe™

Al C() E(i) F(i)

wherein Ry represents H or OH and R represents H, OH or OMe.

5. A compound according to any one of the preceding claims, wherein when R; represents

OH, Re represents H and when R represents OH Rs represents H.

6. A compound according to any one of the preceding claims, wherein x represents a direct
bond or CH..

7. A compound according to any one of the preceding claims, wherein x represents CH.

8. A compound according to any one of the preceding claims, wherein R, represents OH.

9. A compound according to any one of the preceding claims wherein R represents (H, H),

R, represents OH, Rs represents H, R, represents the structural fragment C(i), as
defined in claim 4, except thatR; and R; both represent OH, and x represents CHo.

10. A compound according to claim 2 wherein R, represents (H, H), R, represents OH, R,
represents H, R, represents the structural fragment C(i), as defined in claim 4, except

that R, represents OH and Rg represents H, and x represents CH,.
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R5 and R6 are each independently H or OH or pharmaceutically acceptable
derivatives thereof. 3. A conpound according to claim1, wherein R4

repr esentwoaostmewur al fragnent selected fromthe groep3/GB201/0080s8E and
F, as defined in Caim1l, in which R7 represents HL OH or Ow and R8
represents H OH, Owe, O or F 4. A conpound according to claim3, wherein
R4 r epridsentiscammsiund @cearaing te dgimeAwheradn Betapdesantmitt h&OQF@uBs reRresentsCOH) |
E(i) and F(i.) ~pR7 i ' i ' ein R7
represents Igl}gp@dggg&rﬁgﬁ%grog?%%S@ﬁf&@g‘g{%rgg%e)vsé&%@ali&'g%newgggd agccor di ng
to any one @ffingsdngladgddexngrtihal RerepidsenisiPH ahe ks REpresghiteSertisor @le, we
represents k., WepyR6 represents OH R5 represents H 6. A conpound
according to any one of the precedi ng clains, wherein x represents a direct
bond or CH2. 7. A conpound according to any one of the preceding clains,
wherein x represents CH2. 8. A conpound according to any one of the
preceding clainms, wherein R2 represents OR 9. A conpound according to any
one of 12he proseediung actoading taleime? whRrein Bprepsrsents T, Rappprerents &l es s OH,
R3 represen p. t B); : pned in
lai m 4, ox SoptRRALHI QR R St eRse s et P TRBle R o, a8 Ret v b 0,
A conpound &etordexegpttbaicReaieniezenisdtpnd Ry renspresten o8Cl, AN MrepREente fitesent s
OH, R3 represents H R4 represents the structural fragnment C(i), as
defined in claim4, except that R7 represents OH and R8 represents H, and
X represents CH2. -93 WD 2006/ 016167 PCT/ GB2005/ 003158 11. A conpound
accordl,]@g e & o%%g&%ﬁﬂiﬁé %ﬁgﬁ%ﬁ%&%ﬁpﬁ{?re Féseﬁ? £ REQe?r%%eﬁtE@I%%gms CH

or Owe, "R3 represen represents the structural fragnent
C(i), as dedpressats QMel Bi raptesentedesiradizral fRIUMen Céis castdelimpH inelaired, except
represents . t onpound according to
claim?2 V\heﬁg’lt ngjﬁégr?%egﬁﬁqg Q:géé&%gﬁggf égﬁfespr%ngé:t:&/b, R3 represents
H OHor OWw, R4 represents the structural fragment C(i), as defined in

claim exge 7L e t d x
repr esgﬁ‘ts %.?%E‘P%’g% 3§€6ér+§£fjon%£g]c%\6vr ie?\gg 1%95%52{?%1_ ’%Z‘?éﬁe%&ﬁ, Or%g?sesents
=0, R2 repr espeenentsChH, Rareprespntediean stsuciiviel, framnant Bi(is ssrte§nedin daimud taxcept

fragment iy paPeJ&lchle9H dd R, 3pPedentEXCERE x represents CH,

15. A compound according to claim 2 wherein R, represents =0, R, represents OH, R;
represents OMe, R, represents the structural fragment C(i), as defined in claim 4, except

that R; represents OH and Rg represents OMe, and x represents CH,,
16. A compound as defined in any one of claims 1-15 for use in medicine.

17. The use of a compound according to any one of claims 1-15 in the preparation of a
medicament for the induction or maintenance of immunosuppression, the stimulation of
neuronal regeneration or the treatment of cancer, B-cell malignancies, fungal infections,
transplantation rejection, graft vs host disease, autoimmune disorders, diseases of

inflammation and vascular disease

18. A pharmaceutical composition comprising a compound according to any one of claims 1-
15 or a pharmaceutically acceptable salt thereof and a pharmaceutically acceptable

carrier

19. A method for the production of 17-desmethylrapamycin or an analogue thereof
according to claim 1 or 2 said method comprising
-94 -



that R7 represents OH and R8 represents H, and x represents CH2. 14. A
conpound according to claim2 wherein R represents =0, R2 represents OH,
R3 reprewenis/@ki67R4 represents the structural fragnmentcC@GBosaw3tief i ned
in claim4, except that R7 represents OH and R8 represents H, and x
represents CH2. 15. A conpound according to claim2 wherein R represents
=0, R2 regesphiceg@ mRByimaBpeSeatspeditAT Romespeiasedus 18 hethstrapanyaial
fragment ( pt that R7 represents OH and R8
represents C%)’és %%AIB dorl‘ e%k'%do?}ga%A conpound as defined in any one
of cl ai ns (H)- @@réasmgtmeengnnwdd cipagycin PKSThes sidi@blsfhagt esdnpound according to
any one of t %%Qé ﬁﬁ%ﬁ

i nducti on %réﬁ'(hnﬁ tJne]h%s &” JPBBP&%B%% %lgdsplstﬁ%tnﬁ ¢ > St P{W%@n OF neur onal
regenerat i orarmiogulaeheree‘as nmduceuf xngladuoeuoptlcmadbwpp‘rm‘; XRESOPES Prefeurrgsd

i nfection t,| t vs host di sease, autoi nmune
di sorders%d étlgﬁé'@%tﬁ%}n?,gb?g?n@g%ﬁgﬁh%rgogﬂagdhl ar disease 18. A
pharmaceutical conposition conprising a conpound accordlng to any one of
clainms J1- 1 [ ' .

phar maceut | YR ST eS & Fiebut, SRR opgne o i RIncAE G Bter et

17- desnet hy lenapdEs)ani engmeerst rapathymijupolykedide sfnthag whele e metivimaionyli-GeA 2
sai d nmet hod _conpr aci ng
Che. mot hy! marer A EaRtepat ik SRR s R R R A R lalBl ' Bl
wi th a mal onyl - CoA-speC| fic AT domain, (b) expressing the engi neered
rapanycin P uita Iy~ ( It ur under
APV P e R S5l g e B A e sy gl
produced i nabmainng noguicottais Irgplsaspiphigh mgma@n@lgéwwsecpﬁoe‘tﬁdemam frrd pne of the

optionally ol ating.the

gener ati ng SPLRGBT R 2GR PR L Bobk S SR RERS aMeBlsren. g
encodes an engmlamwledyloap,ahygi; FK526| mbedadmlmwmmgmlqmﬂ@%hed

met hyl rral on C@‘?W‘Y eC| fic AT domain of nodule 10 is replaced with a

mal onyl - ‘AT domain. 21. The method according to claim19 or 20,
wher ei n the rret hyl mal onyI CoA specific AT domain of nodule 10 is repl aced

with a | ogyl - CoA ific AT.d Ol |,ow .cl usters;
r aparry@gﬁ , %ﬁgf?g'?c??s é{'fl@ togw%ﬂﬁ W@% q%&%@i—gﬁ%ﬁ%éﬁ% é\?\#’oﬂ%m s

angol anyci nseleyted $iom oneyfdhe foldGAS clusters; dapapnicin, nameasio ant GKBPEFK525 and

t sukubamycin. 22. The nethod according to claim 21, wherein the nal onyl - CoA
specific AT domain is selected fromone of the follow ng clusters;

rapanyesn, maaeishd asedrdif§RoGlaim 22, wherein the AT domain is selected from the group
consisting of the AT domain from rapamycin module 2, the AT domain from monensin
module 3, the AT domain from monensin module 6, the AT domain from monensin

module 8, the AT domain from FK506 module 3 and the AT domain from FK506 module
7.

24, The method according to claim 23, wherein the malonyl-CoA specific AT domain is from

module 2 of rapamycin.

25. The method according to any one of claims 19 to 24, wherein the method comprises the

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

restriction sites,
(b) amplifying and isolating the regions of DNA sequence homologous to the flanking

sequences of the target AT using appropriate restriction sites,

-95.-



23. The nmethod according to claim 22, wherein the AT domain is sel ected
fromthe group consisting of the AT domain fromrapanycin nodule 2, the AT
domai n frwonznemass7n nmodul e 3, the AT domai n from nonemsirGBauios1ss, the
AT domain from nonensin nodule 8, the AT domain from FK506 nodul e 3 and
the AT domain from FK506 nodule 7. 24. The nmethod according to claim 23,
wherein the cvral ollrgatmgjtb& tb@edWA fragmeis aidesFeri® ) 2RE AR TRISNFLO SRR ci n.

25 The et AgAc ol dhido! i2himaBEy %ﬁio\%@b@oﬁ& ATod2ain VIBTEH By RIS Met hod

corrprlsestﬁranéd conar steps o isolating the AT to be i1 ntroduced
as a singl end@hBlogy.agnment with sui tabl e flanking restriction sites, (b)

anpl i fying @nd | Sohal '-,{%U&Smp ' eﬁéeP&lﬁ (BRRANERINGEIARERIEEOR Ditd tre

f I anki ng uences o) usi ng approprlate restriction sites,
-95 WO 2006h&t 66T t@mﬁmm@@smsald(p@sm@ §ATPIR® he three DNA fragment s

as described in {a) a to give an in-frame sequence of LHS
honol ogy fol |l owed by @gr?g?)f%\T&gﬁjgaﬁn ‘foll owed by RHS honol ogy, (d)

i ntroducing the ionpl em&eorynqr@éﬁ@%taﬂqaﬁ)fﬂ?ﬁ(k@)s into a vector for introduction

into the host Si ai N, t 0.0 ¥rd l\/é‘@hglﬁlo@%ﬂ@atloﬁ%&igh Hadmtdflamo BB bei Ng:
i) the oriT for nj ugaﬁl on, 11 one or nore resistance markers, iii) a

t enper at ure sensiti vesaedted hy oflturiaplal 4t¢.adsuch that int egrants can be

sel ected by cul tyri ”gaff‘{sc%h in 3P Jivdtioan E coli origin of repl i cation (e)
transforrringthe ost raln%

ugation using the final asm d a
described (g (djraadioweng mb)hos’reﬂtr@d}”tgm@ommt'ﬁ'ﬂ éﬁ‘ﬂéﬁhﬁafﬁ’taémﬂ?mfog%ﬁ iEtS& Hee t o
the rel evant @ ti b| ot| c, (g) generating the prinmary integrants by culturing
at 37 Cwith %%t ic selection, (h) screening the secondary
r econbi nant @f) by gelewtnlg thmtramfernmmeesﬁfa@ﬁtfﬁ? Begelervantastipiets.on, al so at 37

C (i) i den fY' n%ﬁ?@%aﬁ%#‘ Btre%éﬁtsbyy sdiriRb L 31 3 vitn Bﬁﬂﬂé’cﬁﬁseﬂehﬁﬁohar get

pr oduct and (])g he genetics of the strain by

st andard nettjods scréémng\thﬁeiebomﬁaﬂ’brecnmlblnﬁgTSdDYJQIDWﬂ%'ﬁﬁ%@/‘?ﬁeaﬁ%ﬁilﬂtﬁ'%'ﬁal ogue,
sai d nmet hod Cl%rtﬂ)“ sllf gt 37 (C?) generating a reconbinant strain according to

clai m 20, iACRHCH3ER 'hyl mal onyl - CoA specific AT domain of nodule 10

of the rapaqyci nidelffyingsheassired strain by its ability to produce the target product and

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

26. A method for making a 17-desmethylrapamycin analogue, said method comprising:
(a) generating a recombinant strain according to claim 20, in which the
methylmalonyl-CoA specific AT domain of moduile 10 of the rapamycin PKS has been
replaced with a malonyl-CoA specific AT domain, and;

(b) feeding non-natural starter acids to said recombinant strain under conditions

suitable for polyketide production.

27. A method for generating a 17-desmethylrapamycin analogue, said method comprising:
(a) generating a recombinant strain according to claim 20, in which the
methylmalonyl-CoA specific AT domain of module 10 of the rapamycin PKS has been
replaced with a malonyl-CoA specific AT domain, ‘ ’
(b) additionally deleting or inactivating one or more rapamycin auxiliary genes
selected from rapl, rapJ, rapK, rapL, rapM, rapN, rapO and rapQ, and
(c) culturing the strain thus obtained, optionally in the presence of an exogenous

precursor if required, to produce the 17-desmethylrapamycin analogue.
28. A method for generating a 17-desmethylrapamycin analogue, said method comprisipg:
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repl aced with a mal onyl - CoA specific AT domain, and; (b) feeding
non-natural starter acids to said reconbinant strain under conditions
sui t abl e wono@uaiiyieet i de production. 27. A method for gemeratB20es/@3158
17-desnet hyl rapanyci n anal ogue, said nethod conprising: (a) gener ati ng a
reconbi nant strain according to claim20, in which the nethylnmalonyl-
speci fic AT (gonai gerefatinp@ubeonignastt straie, @%P@éﬁ‘@@:t%@l@@%ﬁswbléféﬁ"e repl aced
wWth a ml OWAtWéoﬁﬂD%pt b oA 40584 of Rbd@g%tdf@{éarlabé(mgﬁrh PNk Qeen
i nactivating o re rapanycin auxiliary genes selected fromrapt,
rapJ, rapkK, repaed wrﬁpavmaroamlr@ok aiproifigrill #p&N. and (c) culturing the strain
t hus obtain SERNGY roif
required, gg)pro Hgggt Igﬁf’?ﬂdéegﬁgfpﬁﬁlﬁﬁra@gj&grﬁ&aeﬁé ogue. §%)§Wr}ig$rwe?%ﬁod for
generati ng &elﬁtedémtal@ylfambmﬂﬁraﬂaf%%gw raaP @ Aeedd conprising: -96
WO 2006/ 016167 PCI# rain,
accordi ng tclﬁg)cl algr;r%ag émﬁéﬁf&bséﬁéftﬂg%’aﬁ%yb@%yﬁm%g pgg??%r(‘:sg%\T dOfTB.I n
of nodul e 1@owplerremt pa;whqlk\ncnmlpleswem&ﬁﬂeadf?’ilonr@?ﬂ aced with a mal onyl - CoA
speci 16 AT @0k ACHA RARLL n@ﬁdn'agy A'thé gPe%Ehé’@éﬂd?w%%egn&Es mor
rapamyci n auxiliary génes ec e E rap rapL, rapM
rapN, rapO @lﬁburwpwrew)?drfe-nr@ﬁwc@@@i?198311143’( yrapamygpgeglogiet he rapamycin
auxiliary genes in-trans to conplenent or partially conplenent the
deletion, and, (d) culturing the strain thus obtained, tionally in the
presen@d. of Aamemmdgynmi@g il edessethylrapanygini af@tpguﬁos%ﬁ @1@8‘@@ CoRwrising:
i; gesmet hyl(%)apa%e%epatﬂﬁgl rggéﬁ%m%ﬁ s%ﬁn%h%%gftgrclambb rﬁﬂvﬁwc the

esmet hyl'F’apanyci'n anal ogue, rising enerating a
r econbi nant nﬁﬂn;&rmaloamleﬁbrﬁdspﬁglfrcd\Tcdcmmam QUﬂOﬁWie\ﬂﬁloéthetrﬁéammfﬂ ﬁiﬁ%n‘hﬁsd@%ﬂn- CoA

specific AT d f € cin PKS has been replaced
wth a mal oﬁ%qan%g&v%peéq?wke%% ncigcl&;nh;er ?%ﬁé%dl tionally del eting or

i nacti vati ngb)one addltmrmﬂe delepraryrdinactiyatind oreer gr rg@rﬁergparsseqlreewwry gemes apt ,

rapJ, rapk ally re-introducing
all or a suﬁgggteg rap %PJ\'ragKaPa F%%%?% %aﬁgtrét’é‘]%ns to conpl enment or
partially caoepl erasphﬂnallhea -tgrbaudirggll erredgubgel) of e tHpay pio UKHaN IOSNes inafrars

aci ds (0 sal gL RGNRHR Haril] BhRpRURInEOBRbA O, Sui Lable for pol ket i de

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

suitable for polyketide production.
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