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PCTIGBQ?/OlSlORgB;%H CI NS AND PROCESS FOR THEI R PREPARATI ON Backar ound
O The Invention The present invention relates to novel polyketi BEEGBAH01810
nmet hods and neans for preparing them and specifically to novel
erythromycins that are useful as antibacterial and antiprotozoal agents and
ot her -applications (e.g., anticancer, atherosclerosis. gastric notility

reduction. etc.) in Mg fHROMYENSANBPAACEYS FORSTHEIR PREPREATIONS-
This invention al so rel Srtrons i he
novel conmpounds and to nethods of treating bacterial and protozoal 10
infections in manmal s, fish. and birds by adm nistering the novel conpounds

to mamual s, fish and birds requiring such tr ﬁt nt. Pol yketi de
bi osynt hetic genes or portions of @§@WFMM¥Qgi$é@E¥@ﬂderived fromdifferent

pol yketi de bi osynthetic gene clusters are mani pul ated to allow the
production of novel erythromycins. 15 Pol yketides are a | arge and
structurally diverse class of natural products that includes many conpounds
possessi ng® ant i bi of Peprgsenpinmentiopieiatesde orvehpavietides apbmetheds ang meang tor preparing
eryt hromycin tetra%éﬁlines, rapamyci n, avernectin, polyether ionophores,
and FK506. | nth§%r &f PcaffC?"YdBP%bﬂfﬂﬁfeg‘vawhﬁﬁmswhvﬁmme'éad BYfiprotozoal
epont od ot pHCE TOTUEHERTUAIE oaeicaNob AL ELoPHY A HE AENVIRHBIOAE o
repeated step ( At Fa : _ ous’to
Found amng ninrHe BT YBST (A Bs" PRUAFE ro P et A e b Fopptel
i ttoring dogrseapbscBRanhl e Bherofoo bt Y Eneridfl bireaitfbaieniah ozt
condensat jpon.; |6 Sanh 2 D HOE §5Fbifd istlofte MBS tR i

[err] - hydr(oxy'g%@? n(r%zaduca%‘?()'n ? r?)ﬂ' O\g\ggﬁf@ﬁ%ﬂgﬂ%&f?ﬁ;ﬁvéﬁ t gédf(-a gﬁoy?njr?a'?ir?csih and

conpl et e r edugifds Péhulrfg bitd reaienat ed acyl thi oester. The 25 st ereochem cal
out cone of these processing steps is also specified for each cycle of chain

extensi on. The bi oByyelsticsytthetipQleydsadr ipoicnd & tHe, ivhiath @dy by dérivet Obif daferent
chai n-form ng enzynes known as pol yketi de synthases Two cl asses of
pol yketi de symikette n{d3iHetin gere diestams sresranipiortkd to alld® tQ8ProdiisTdn of novel
PCT/ GB97/ 01810
erythromygins.

15 Polyketides are a large and structurally diverse class of naturai products that includes many
compounds possessing antibiotic or other pharmacoiogicatl properties, such as erythromycin,
tetracyclines, rapamycin, avermectin, polyether ionophores, and FK506. In particular. polyketides
are abundantly produced by Streptomyces and related actinomycete bacteria. They are
synthesised by the repeated stepwise condensation of acyithioesters in a manner anaiogous to

20 that of tatty acid biosynthesis. The greater structural diversity found among natural polyketides
arises from the selection of {usually) acetate or propionate as “starter” or "extender" units; and from
the diftering degree of processing of the fi-keto group observed after each condensation.
Examples ot processing steps include reduction to f-hydroxyacyl-, reduction followed by
dehydration to 2-enoyl-, and complete reduction to the saturated acyithioester. The

25 stereochemicat outcome of these processing steps is aiso specitied for each cycle of chain

extension. The biosynthesis of polyketides is initiated by a group of chain-forming enzymes

known as polyketide synthases Two classes of polyketide synthase (PKS} have been described
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2 in actinonmycetes. However, the novel polyketides and processes which are
the subject of this invention are synthesised by Type'| PKS's, represented
by the PKS swéesmetshe macrol i des erythromycin, avermectin and RGIPGBY7MI1810
(Figure 1) and consist of a different set or "nodule" of enzymes for each
cycle of polyketide chain extension (Figufe 2A) (Cortes. J. et al. Nature
(1990) 5 348: 176-178; Donadio, S. et al. Science (1991) 252:675-679:
MacNeil. D. J. et al. Gene (1992). 115:119-125; Schwecke, T. et al. Proc.
Nat 1. Acadin d8tnomyclds. (HOever, ha nddB Bolyi@ddis.andptoeesséhwhitieanetheasbieatbof tisdul e”
as used herein refers to the set of contiguous domains, froma [err]

ket oacyl symvérdior alg's\@hesispdrby Tyme ItAKS sneeptesentgd bycthe PKBis fguthetredcrpligeésACP" ) gene.
whi ch acconpl i shes one cycl e of pol yketide chain extension. The term

conbi nat or padhramyginl @/ermectin grtrapamycisf(Bigured). angcansist of gdiffereniset @ dneduiriols
domai ns (and domain parts). extending froma first point in a first natural
modul e, toe@zy@ee@naace@mwaﬂ R@HB‘-‘"S@PM" pRengion Eigei2Zadones J. gbrtdfadure (1880)  r st
and second |nts WI| ener core are presen

PR e kF R R
o e DT R e S BB L ..
ggglodﬁaz 23 e&l‘:‘?‘”ﬁ mﬂg'ﬁt?‘e’ldéséd FHE 'éd%'%)g %F%ooﬂ?g%og%g‘”ﬁ‘ls? gpeat ed units
ot onzy DS asd PReh R e B b SR GRS ORI AR drl bldHines

| oadi ng moghd Geik bﬁ;scme&&acﬂs.naﬁgnswﬁo TR lefR SdoMbinZRAE ristuleMRULLARS rfrerddghy?) -

The | oadi ng nodul e conprises an acyl transferase and an acyl carrier

protei m  Téro SRYntREoEYRIaRS [ defain pitd) exdehdibd Rord a @fst PMHB/akidh Ratudar ef erred
to below). This shows ORF1l to consist of only two nodules, the first of

whi ch i s iimodae to Hedcbnd éuiiakaciomgini@dtdre natuehi aguié.i n&tnra&bcema:mdm@w e.

In-franme del eti on of the DNA -encoding part of the ketoreductase domain of
nmodul e 5 i genBiEBfbdiasore@emabbonich dre pteaerd intall nickieled. 0.e radth anequivalemtybintsaty ci n
anal ogues 5, 6-di deoxy-3- -nycarosyl -5-oxoerythronolide B.

5, 6- di deox\psmectisedts: quymﬁnis'éf@sﬁ %d@@%Pfd@Wyt ®gignPERtween dOma‘”S

- epoxy- 5-oxoeryt hronol i de [err] (Donadio, al . Science, 2

252, 675- 679) LF'R%YWZ%OW%‘P?@&Q%‘W% ian Bff‘““a%rmf’g'yg'r‘tp@df"é%q RitR 2i5ark P‘ﬁ'éa 6-

M L B R A T
polypeptides. The genes are organised in six repeated units designated modules. The first open
reading frame encodes the first mufti-enzyme or cassette (DEBS1) which consists of three
modutles: the loading module (gry-ioad) and two extension modules (modules 1 and 2). The
{oading module comprises an acyl transterase and an acyl carrier protein. This may be contrasted

20  with Figure 1 of W093/13663 (referred to below). This shows ORF1 to consist of only two
modules, the first of which is in fact both the ioading module and the first extension module.
In-frame deletion of the DNA encoding part of the ketoreductase domain of module 5 in
DEBS has been shown to lead to the formation of erythromycin analogues 5.6-dideoxy-3-
-mycarosyl-5-oxoerythronolide B, 5.6-dideoxy-5-oxoerythronoiide B and 5,6-dideoxy-6.6
25  -epoxy-5-oxoerythronolide B (Donadio. S. et al. Science, (1991) 252.675-679). Likewise,
alteration of active site residues in the enoyireductase domain of module 4 in DEBS. by genetic

engineering of the corresponding PKS-encoding DNA and its introduction into
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PCT/ GB97/ 01810 seeGhar opol yspora erythraea led to the product iggﬁ-, 7/01810
6. 7- anhydroerythronycin C (Donadio S. et al. Proc.- Natl. Acad. Sci. USA
(1993) 90:7119-7123). International Patent Application number WO 93/ 13663,
which is incorporated herein by reference in its entirety. describes

addi tional types of genetic nmanipul ati on of the DEBS genes 5 that are

bl f [ | yket j des. : h .
Feport d t o nSTErBRBabteE SHn/Aet R et HRER & VR ¢ (B
Rev. M crobiol, p(199a) a3 §9.]Uszk3§993§)‘50:91 %37]%%{ The conpl et e DNA sequence of

the genes from Streptomyces hygroscopicus t encode the nodul ar Type 1

PKS governing the hjgaxphhesie A)Jplit}atﬂ@n Wﬁ%é '/%mzﬁkﬂﬁ(ﬁégﬁﬁm by

pol yketi de rapamyci n has been di'scl ose cke, T et roc. 10

nat| - acad. Stdteretddfh REertieh) nddfichs ddfiticHdl Goebot adfiic FRIIpABIMANGE DEBS genes.

deposited in the EMBL/ Genbank Dat abase under the accession nunber

Al though | ar gfhatateBasabledll ploBRirdRAetbé S&We){désm@%@ﬂtméﬂg kock Qe RS 2R FM RS R

identified, there renmains a need to obtain novel polyketides that have
enhanced propgréveitesn OfiprfRBHRIBUIENHNERh €L B] dhdFajiel AR AeY. iMidréticl. (T6u%) 29011236,
pol yketi des produced by nodul ar Type | PKS's are 15 particul arly

val uabl e, in &tm231) hEhe completsdPNA ssjoenceds theigeheddroovbtraptdmycés/hygsscopicus that

ant hel m nthics, insecticides. imunosuppressants. antifungal, and/or

anti bact er i al erageanthe mddgi@aixpe 10TKStdoeérning thelitspmtdsisond thel negeracyglic such novel
pol yketi des are not readily obtainable by total chem cal synthesis, or by
cheni cal nodi FiMUEPSUPREESSANt RehAlifegavaveiningebeendifsiosediehweske. T et af. (\P8HX Free
arises fromour appreciation that a Type | PKS gene assenbly encodes a

| oadi ng nBdul ¥atWiFdh SFisUBH PR ARS8 ) (Bigure 3pxt ADFEAHBIEE I1SedePogited jndhe
particularly useful to provide a hybrid PKS gene assenbly in which the

| oadi ng nodul%Mg{s/gﬁ%l?aé‘f‘&a@ﬁﬁ%mfﬁt en%c‘:%?ﬁ"érﬁ‘é'ﬁ'aﬁr )fﬁ?(%ﬁﬂ es and is such as to
| ead to a pol yketi having an altered starter unit. This_ | conce|

qui te unknown to t%@%&? %?ggé‘l""fm%rf ﬁ@éerﬁﬁ?ui'c%%ér%poﬁg?t DPQE%’SF\? réazlet% Re’ 'g%ﬁ'gédénce
of _loading mGsnaitl02RLelFO0 R RORI Sl WEf hA dRaPBGSerts of pagblyat i ng
a single functron (1.e. a S|ngfe enzyne) or affecting an entire ul'e" by

del etion, 25 Jnipnfdif Ad?z@bbid%tiﬁtﬁphf'é%%sllgk pbN&lieRIprodlB& dyeRALIROTRE $BROL Yre 1 N

their ternms, 1s not a nodule. If the |oading nodule is one which accepts
many di f f gr enjarcaaipvaildoR. 8 @lattheyihéiSde doR@Buridd &ith iiwndtigedeanaemambiy, can be

used to produce nmany different polyketides. For exanple, a hybrid

insecticides. immunosuppressants. antifungal, andfor antibacterial agents. Because of their
structural complexity. such novel polyketides are not readily obtainabie by total chemical synthesis,
or by chemical modifications of known polyketides. One aspect of the invention arises from our
appreciation that a Type | PKS gene assembly encodes a loading module which is tollowed by

20  extension modules. itis particularly useful to provide a hybrid PKS gene assembly in which the
loading modute is heterologous to the extension modules and is such as to lead to a polyketide
having an altered starter unit. This is a concept quite unknown to the prior art since this does not
recognise the existence of loading modules. WQ93/13663 refers to altering PKS genes by
inactivating a single function (i.e. a single enzyme) or aftecting "an entire module” by deletion,

25  insertion, or replacement thereof. The loading assembly. in their terms, is not a module.

It the loading module is one which accepts many different carboxylic acid units, then the

hybrid gene assembly can be used 1o produce many different polyketides. For exampie, a hybrid
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PCT/ (B97/ 01810 4 gene assenbly may enpl oy nucleic acid encodi ng an avr

| oadi ng nod W@ Pt [ err] extender nodul es. A | oadi ng nodul e RGRGBETOEHHO
unnatural acid units and derivatives thereof, the avr | oading nodule is
particularly useful in this regard (Dutto‘h et al., (1991) J. Antibiot.,
44:357-365). In addition, it is possible to determne the specificity of
the natural | oading nodule for unnatural 5 starter units and to take
advant age @end AgseinBly aag empReBiddicCdcidentddirghe alroeading IndtWIR etvOex@ipBeT at e

novel polyketides. Thus, another aspect of this invention is the unexpected

ability of sfdugiekeA rohd.h@ﬁqaumrnawuébﬁ uhﬁhturﬁ!%@iﬂl@ﬁifsaéne defadddiidredtandpxyl i ¢

acids and derivatives thereof to produce novel erythromycins in

erythr orrycu dmbmg;b%ﬂcn@memmfﬁg @35}9 (SUbY eLAFBR o851 Bntibldt. ?ﬁé&%ﬁsﬁ”e

may al so e alterations wthin a product polyketide particul

repl aci ng wa@nbﬁnﬁs Beksibrady b&terinedl spebifidty bitAé n&ur!ﬂ&ﬁg%@@o%hituﬁl a
different oxidation state and/or with a different stereochem stry. It has

gener al by kemer @ams tiexd tdkeativantage 6 tRs @RREELIPestidity olahe tidtiidgehdvle tggendfei N t he
pol yketide chain is determ ned by the acytransferase, but it is, in fact, a

feat ure of novéleoiyidtidesl Thughndtiee aBlidot dnds inbentioroisde Unexpeated abllilpf bBlewy by
repl acenent of those domains, individually or by nodul e replacenment. Methyl

and ot her sddambiniodeld tiSin€ororfe usrhiledl caboXytdaite Gndyeraailet iHarst RIppsRcsiuvel n 15
repl acenent or total nodul e replacenent. Consequently. It al so becones
appar ent t entirosgiskn édythcbmyninipheiueing sttainatcontaining onpp8EBH beneso Of codpsenmetriag use
of the relaxed substrate specificity of the erythronycin | oadi ng nodul e

Wi t h ext enisemakeaiterationsywihacerreduct mwetw;zmmi@warkmnrqm@cmampee@msqummon

wi th extension nodul e replacenent as a nmechanismto produce a w de range of
novel dfyt I‘?P%Wbﬁ"fﬁ 2 keilpaunit gt diffaren) exdatioh stgfe 8e¢/PHEY atq‘f@'%‘ gaigeeheastyf thovel

eryt hr orTyC|hns r"o transf orne ani sms and suc

saenbl | be Nog BTEIL e RESTA 418 TP ehene AL A TR i SR pife shan

R R T R R T
LT P PR L A M o b S
Transf or mapdpiREGaR! Mty ERY ofher SBRARING dah b&Bdlel ¥ RBoldEry Riiraitter MeREMEMS ,

15 replacement or total module replacement. Consequently. it also becomes apparent to those
skilled in the art that it is possibie to combine the use of the relaxed substrate specificity of the
erythromycin loading module with extension module replacement and hybrid loading module
substitution with extension module replacement as a mechanism to produce a wide range of novel
erythromycins. Thus, this invention describes the production ot nove! erythromycins by non-

20  transformed organisms and also such gene assemblies. vectors containing such gene assembilies,
and transformant organisms that can express them to produce novel erythromyeins in transformed
organisms. Transformant organisms may harbour recombinant plasmids, or the ptasmids may |
integrate. A plasmid with an int sequence will integrate into a specific attachment site {atf) of a
host's chromosome. Transformant organisms may be capable of moditying the initial products,

25 e.g., by carrying out all or some of the biosynthetic modifications normal in the production of

erythromycins (as shown in Figure 28). However, use may be made of mutant organisms such that

some of the normal pathways are blocked. e g.. to produce products without one or more "natural”
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25 e.g., by carrying out all or some of the biosynthetic nodifications

normal in the pipaslemwdispn of erythronycins (as shown in Figure 2Bpcrign@wesio
use may be made of nutant organi sns such that some of the normal pathways

are blocked. e.g.. to produce products w thout one or nore "natural”
SUBSTI TUTE SHEET (RULE 26) WO 98/ 01571
PCT/ (B97101810 5 hydroxy-groups or sugar groups, for instance as descri bed

in WD 91/ 163346@&1])(9 @m\ﬁﬁpgf suBhr ups, (Ic;r%%@ncﬁas Bacheh irPvo dhPdadln I%%%Ma{’ use

are incorporat erein reference in their entirety. Alternativ

nmay be made 0f(1§!§£@“8§d?@rol REANISCA33 VAR afYf inddiorated Rekbin B FIvaYER iRhir entirety.
overexpressed to overcone potential rate-limting steps in the production

of the desiredaeaiv. usdmay ethiade O5drgaisnsIS whESiriete theinBrmdb Arwdy63R6 whi ch
is incorporated herein by reference in its entirety. This aspect of the

met hod i s | ar giledexsreBRtd O¢brobimielpotantn Fate gmitistamaie tHeqroduetionas tHeldebitd Boduct,
bl ocks that can be used to construct enzyne systens, and thus novel

eryt hronycisn pecfsiarics.asabscib&i in D $A/FB266 whibh & irgemeratdd heréimbyletatshct nats entirety.
cutting out and the assenbly of nodul es and nul ti-nodul e groupi ngs. Logi cal
pl aces for making aftis &mpectiof thg methbe isrardely eancerperheidit trastisg K@ gdr@ modolesas t he
| i nki ng regi ons between nodul es. However, it nay be preferable to nake cuts
and j oi ns act Lrwidigg pipeisithat crshe used PiCONCUﬂtWéV%WElSCWitW@ newel envmeyycircl ose
to the edges thereof. The DNA is hig conserved here between all nodul ar
PKS's. and t hiRodusts- qlfidgsited typre E’bﬁ\%ﬁ”ﬁ@ﬁ! 'F‘Zﬂ‘l"eéﬁher‘F;VB‘f‘G 84t 3N Ate asgemipleot modules
transcribed. It may al so assi st in maintaini % t he sgam ng of the active

sites of the eﬁﬁ‘e HBiemeda grRpingsniagicalRiAres of Makieg 37d reaking interngdilarconnegtions are
d y b b | d

DT Tl oo dfng ainile B Eip st e Allpdos sierrt Ty o6 Slefilel® Mot s M.

oo B AL B T 3006 O

provides a SU'}-LQ%R,'c?,n ddheftbe e%ﬁamo&ﬁar %%r%tthél fal Qldttrhtﬂe kbl Edioh @l%%s

bet ween the | oading donmain an e start of the dormai n. The exci sed

[err] nodul e Wﬁa?céﬁ%rarngﬁlb@d:%ﬁ)éls%@sitﬁw rhaihtBiAdy e sPRSHY Pthe 2Blive sites of the | N
fact, when substituting a |oading nodule, it nmay be desirable to repl ace

not just the leAgdtiedgniyiids)venidhORERibE SmicHRMe IFat éxmpRyYih ptodadisd £HRBE gérid by réditing
acyl carrier protein (ACP)), but also’ _

15 the ery ioading module by an gw loading module. the ery module together with a smaif amount of
the following ketosynthase (KS) domain was removed. The start of the KS domain (well spaced
from the active site) is highly conserved and therefore provides a suitable splicing site as an
alternative to the linker region between the loading domain and the start of the KS domain. The
excised gry module was then replaced by an awr loading module.

20 In fact, when substituting a loading module, it may be desirable to replace not just the
loading module domains (generally acyl transferase (AT) and acyi carrier protein (ACP}), but also
the KS at the start of the following extension module. Typically. the excised loading module would
have provided a propionate starter, and the replacement is intended to provide one or more
different starters. Propionate, however, may feed into the KS of the extension module from a

25 propionate pooi in the host cell, ieading to dilution of the desired products. This can be largely

prevented by substituting an extended ioading module including all or most of the KS domain.
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the KS at the start of the tollow ng extension nodule. Typically. the

exci sed | oading nodul e woul d have provi ded a.propionate starter, and the
repl acenent we dsmwtsmded to provide one or nore different starREF/EB97/01810
Propi onate, however, may teed into the KS of the extension nodule froma 25
propi onate pool in the host cell, leading %o dilution of the desired
products. This can be largely prevented by substituting an extended | oadi ng
nodul e including all or nost of the KS domain. SUBSTI TUTE SHEET ( RULE 26)
WO 98/ 0157 1(The splice site may be in the end region of the KS gene, or early in the following AT gene. or the

PCT/ GB97/ 101810 6 (The splice site nay be in the end region of the KS gene,
or early i ninkérgegion betweergthem.)gene. or the |inker regi on between them) Wen
replacing "nodul es". one is not restricted to "natural" nodul es. For

exanpl e, a "conbY¥hen mrlaging iperdes" ongis het restrqtectte "nakial groduiep| B esareRiel/2or
inserted may extend fromthe 5 correspondi ng domain of two natural -type
modul es. e. §OMOIREH MRAUIETo b e’f?ﬁéd ARAURTIr@piqcsd afgior Aseged maeXRad fromdhe f r om KS
to KS. The s;r)llce sites {“FH P corr ondi na es% rved %I nal regions
or in |i"nkeP 'P%”B‘Hgd%a'ea PH%‘P’& R -B9c 4R Yangmodids i tee Abp

| ar ger rrult _nor pdul es at a_ . urt her
nopect .t haP oL PR RS B e W&R?eﬁﬂe%%?ﬁmmﬁpﬁgd'%eoameﬂ rBrgip IBns o

the 10 pr & ll&lé§re81%;?s€'\ Cl{ I’Q%ﬁﬁ n‘loggllaggﬁ t%?rbee aleAJb% erHu)tlHIe aﬁ&u\%\\g&owm n

anal ogue (be ng macro e conpoun eh™ ¢ 13

bears a si dgs:6RRlhReSht epn t han ethyl, generally a stral ght cha| n C3-C6 al kyl
group. a brar{cﬁ Cfe?ﬂrl eC[err] al kyI group. a (Jerr] -(err] cycloal kyl or

cycl oal kenyl gr ofR rirfat hspaa! thy inseHash broVit@hov8!. e@ﬂmm&r{% oBRAMaBE by ReEnd B HeOXY
Cl -4 al kyl or al koxy groups or hal ogen atons), or a 3-6 nmenbered 15

het er ociyc| epreasusaispéchy Thesd indhudeshd iy or fully or partially unsaturated.
optionally substituted (as for cycloalkyl), or R err] is phenyl which may
be optionally substAntentrecmyirt Amaiague (Béisd a caercidelzsmpbunaniith § ek-e@inddreti riogh in
Cerr],-Clerr], alkyl, Cerr]-Clerr] alkoxy and CJerr]-Cerr] alkylthio

gr oups, haIVder & Pmassa side-fHameotrembamgthyl. generaitveateightmhaip\C3 g\alkigareupga oup

with a formula (a) as shown bel ow. [err] _ _
branched 3'08 alkyl group. a Ca ‘CS cycloalkyl or cycloalkeny! group (optionally substituted, e.g.,

with one or more hydroxy, C.4 alkyl or atkoxy groups or haiogen atoms), or a 3-6 membered

15 heterocycle containing O or S, saturated or fully or partially unsaturated. optionally substituted (as
for cycloaltkyi), or R, is phenyl which may be optionally substituted with at least one substituent
selected from C,-C, alkyl, C,-C, alkoxy and C,-C, alkyithio groups. haiogen atoms, triftucromethyl,

and cyano. or R, may be a group with a formuia (3) as shown below:

(CHZ) a (CHZ)c

i

20 (CHz)b (CHz)d

wherein Xis O, Sor-CH,-, a, b, ¢. and d are each independently 0-2 anda+b+c+d<5 Preferred

candidates for the C-13 substituent R are the groups of carboxyiate units RCOOR', usable as

substrates by an gwr starter module, or rapamycin starter vanants. Preferred substrates are the
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wherein Xis 0, Sor -CHerr]}-, a, b, c. and d are each independently 0-2
and a + b + c ‘w0 9snps#r ef erred candi dates for the C 13 substit ugéet/GBediio
t he groups of carboxylate units RCOOR . usable as substrates by an avr
starter nodule, or rapanycin starter variantst Preferred substrates are the
SUBSTI TUTE SHEET (RULE 26) WO 98/ 01571

PCT/ (B97/ 01810 7 carboxylic acids RCOOH Alternative substrates that can be

effectively Usr%ﬂg%g,@ FS% Q@é&ﬁhl\gnﬁﬁ%u% &%a?@es tﬁﬁrcgﬁ)ﬁéﬂe&:vgg eaevéé g{]gdggﬁ: acid

am des. Prefer ers are ace éam ne oest

readily be util, @g.b@@,,égg?fégié}g %E%H%%%ﬁegéjﬁ\%e!acﬁﬁé‘é N%Eetﬁ‘%gé!éaemgﬁm esters Whl

il lustrated by tton et I' S I ncorporat erel

reference in idyd réalhy seaxtmsed%egu&&&teyum& 8P $taRérndduR @Y ludratedibY bERA 8Sin sp
O her alternative substrates that may be used are derivatives which are

dat
O bary ot s e HEBRT ridhis hfndREORRNY b eibtBin sy PlerdtdIREs SUNAR) °
acids of tRe figumsha Mmatmdawépmrrfi%w@éalavee&enosnvé idh O%w{%te.  des

RCH[err]NHZ[err] met hanol derivatives of the fornmula RCH err

of the fornul g,d2#H6}s9br thaiktFhdxyilétatits: Q{Lﬁsafﬂloéxﬁma@sdn&b%fsuﬁé?@teg ¥b O béamino acids of
R(CI—|[err])[err]COO—|V\/nere|n nis 2. 4. or 6. Thus 10 exanpl es of

preferred subsidtaintsa RONUEGEOOSOGYEXYIcAERS bfthd 10Fntidia RCOCOOH, Methfiniyd dyitativad &
(R=1- nethyl propyl). Oher possibilities include n-butyrate. cycl opropyl
car boxyl at e. chetbrohud FCH i, lrenghatberivatyes bbtpe fotnylia BEHMK ridaltydesytehatbenuyd

car boxyl ate, cycl oheptanyl carboxylate. cycl ohexenyl carboxyl ates,

cycl ohept eny| R€&tChensybsiituees. alkanalc adidsgH ire tdmplia RECHWQODHMherenin is At oyic Thes
carboxyl ates and the aforenentioned derivatives thereof. 15 The
eryt hronydfn SMIMARAR PrAfg/red sHPSIse dludersethiyrataiR=i-4T) apd Senedtibalyrate (BKS ( 6-
deoxyerythronol i de) or the product after one or nmore of the normal

bi osynt heti c StElP¥rons. SHseSSRIESRAUge DIPUES SYLRIRRY] @@W‘ﬁfdﬁ"%' ation;
3-0-glycosyl at ] 12- i, fic sugar

et hol ot on. -SSR &Y hRRT S e A BT DRy raR A
6- deoxyeryt hr on ohtagqntyﬁfarbolxlylﬁts% yc}i r}\re&g@?farbﬁ){ggegjan%blﬁ X}%{hklg{ég véﬁ:’a %éqbnﬁg'c%n? S

and al t er nat i V& oug
carboxyiates and the aforementioned derivatives thereof.

15 The erythromycin analogue may correspond to the initial product of a PKS (6-
deoxyerythronofide) or the product after one or more of the normaf biosynthetic steps. As shown
in Figure 2b these comprise: 6-hydroxylation: 3-0-glycosylation; 5-0-glycosylation: 12-
hydroxylation, and specific sugar methylation.
Thus, the analogues may include those corresponding to 6-deoxyerythronolide B,
20  erythromycin A, and the various intermediates and alternatives (although not limited to those)
shown in Figure 2b.
{ii} Erythromycin analogues differing from the correspanding ‘natural’ compound (Figdre
2b) in the oxidation state of one or more of the ketide units (i.e. selection of afternatives from the

group: -CO-. -CH{OH)-, =CH-, and -CHy-).

25 The sterecchemistry of any -CH(OH)- is also independently selectabie.
(ili) Erythromycin analogues differing from the carresponding ‘natural’ compound in the

absence of a 'natural’ methyl side-chain. (T his is achievable by use of a variant AT). Normal
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(ii1) Erythromycin anal ogues differing fromthe correspondi ng natur al
conpound (Figure 2b) in the oxidation state of one or nore of the ketide
units (i.WO%M18Htion of alternatives fromthe group: -COPCUGRITMEI0 —cH |
and -CHerr]-). 25 The stereocéhem' stry of any -CH(OH)- is also

I ndependent |y selectable. (iii) Erythronycin anal ogues differing fromthe
correspondi ng natural conpound in the absence of a 'natural' nethyl
side-chain. (This is achievable by use of a variant AT). Normal SUBSTI TUTE
SHEET ( RekténsR®)modules\Ds®8fhed Sy dr C4 units to provide unmethylated and methylated ketide

PCT/ GB97/ 01810 extensi on nodul es use either C2 or C3 units to provide

unnet hy| agiad orethayBiotik Bhmethiiéd ss Wirk Meth@aRa DR oPd mairalQandrviEe b af ed
units where nethylated units are natural (and vice versa. in systens where

there ar gyssaisiitatd terd ArEaldIR LR AethldtédIniteudd alss propit@migdeuritereIRIC Ui t s,
e.g., C4 to provide ethyl substituents. 5 (iv) Erythromycin

anal ogueérogihgfeﬁ,g,iﬁgﬁmé;\ggt he corresponding 'natural' conpound in the
stereochem stry of "natural' nethyl; and/or ring substituents other than

nmethy . (v) Ef ki) e h he chir€spbRdMguR Péort h re of
sections (i) {'%stéﬁw %}i z)ar@ahggpi vat i ?/&;gMgf girjly gf tr?; g%{gveo \/\d/rélylg?:dralt g\%\?e

under gongefedéreltfstry Bf ‘RRGRP mBByIDahaRPAnd dGBstRIRANKBR%er ttRinGhethyne or nore of
hydroxyl ati on, epoxidation. glycosylation. and methylation. 10

Met hods ar e desemrtHastlycinGinabobifes Pavkhaé feairesbf fvb@r moneel seetignsliroyici ns of the
present invention. In the sinplest nmethod, unnatural starter units
(preferably. bitDenettivessd any aftttechbbee Wiieh haae badeydone furtberdbranessiraciyesn&KSt he
unnatural starter units) are introduced to untransformed organisns capable
of pr odueiziges ey .ong vy wpre! hylirgyigliar: ereulidainpr YyroRy!dtievcndaretivistievduct i on of
the starter unit into fermentation broths of the erythronycin-producing
orgaHll sm an ¥ptedar’h Iekeriesd fpthepioduction of the Aqvekangromysing ¢f dresresefed
or gani sns cagabl e of producing erythromycins. However, the starter unit
anal ogue™¥&ion | 8 HeaRimplest MEHae danatalTiarier yulf (RigfersPly it ot retsted o PhRe
eryt hromyci n- produci ng organi s for ex le. fraction d_or :
unf r act | SHEP¥E %6 8!2%’%8’88Pﬁ%‘r’@%@%ﬁ”%‘ﬂgf"%xg’ﬁi’”ﬁ'f’d‘fﬁ%"?Es° u%g%rﬁsgoarrg R HETRRY,
effectiv ftag{ mf r%grgr gni ) %k&q; LG R ,NS. In
A r hinvo 9 H&du@ n%we BV it
anot her %@ ﬁ_oa, &one "B hof eycg‘egnz’n % o%g encglgl ng | ng]l Vi duaf nodul es or
domai ns Wdtskdanftion broths of the erythromyein-producing organism. an approach which is more
15 effective for transformed organisms capable of producing erythromycins. However. the starter unit
an_alogue can also be introduced to alternative preparations of the erythromycin-producing
organisms, for exampte, fractionated or unfractionated broken-cell preparations. Again, this
approach is equally effective for transformed organisms capable of producing erythromycins. In
another method, one or more segments of DNA encoding individual modules or domains within a
20 heterologous Type | PKS (the "donor” PKS) have been used to replace the DNA encoding.
respectively, individual modules or domains within the DEBS genes of an erythromycin-producing
organism. Loading modules and extension modules drawn from any natural or non-natural Type |
PKS, are suitable for this "donor™ PKS but particularly suitable for this purpose are the components
of Type | PKS's for the biosynthesis of erythromycin, rapamycin, avermectin, tetronasin,
25  oleandomycin, monensin, amphotericin, and rifamygin, for which the gene and modular

organisation is known through gene sequence analysis, at least in part. Particularly favourable

examples of the loading modules of the donor PKS are those ioading modules showing a reiaxed
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20 het er ol ogous Type | PKS (the "donor" PKS) have been used to repl ace

t he DNA encodiypesdisspPecti vely, individual nodul es or donmains \[ybtry&ﬂ.,;omo
DEBS genes of an erythronycin-produci ng organi sm Loadi ng nodul es and

extensi on nodul es drawn from any natural orsnon-natural Type | ‘PKS, are
suitable for this "donor" PKS but particularly suitable for this purpose
are the conponents of Type 1 PKS's for the bi osynt hesi s of erythronycin.
rapamnmycin aver ne t et r gnasi

ampho er i o SBROTR I i, M roae oS RRRR FisRRPS ks lsat on is
oo ab) oS BleRAERAVGRRRE: 3P BbdibdincThodutl Bbede iU um LR e Ol Y
| oadi ng modulgeg, 50N Bt} rﬁi&uﬁfﬁﬂhﬂgﬁféﬁnﬁ%ﬁ@%gw& éﬁ&ucm %&%%9&571

PCT/ GB97/ 01810 9 speci or ex e | oadi ng
aver mectin (wan&nméwa%&éawee%ﬁam&s VhBkdBctddly! Both 9re Jnt}

| oadi ng nodul es possessing an unusual specificity, for exanple. oadlng

modul es 0§ t By §mfbﬁ@nee%%may% -BrRBQIALIrganRiR diah egtuPéﬂSm‘aer s%h%?l

whi ch naturally accept a shikinate-derived starter unit. Unexpecte

both the unt gtmions AR taen fodRE 1dRERICcE GBh-hdtuRNEHBRYESS, and where appropriate, the
eryt hromyci n- produci ng organi sns when cul tured under suitable conditions

have been f oprduttoareiat teundemoe el sdmalproeesdingragmneriansal egtitoriftay. €
appropriate, the products are found to undergo the same processing as the
nat ural eryt hr omy & afurther aspekLof tHeeresastirmentionf a plagmip cadaring idonahPKS ANAds

pl asm d containing "donor" PKS DNA is introduced into a host cell under
condi ti ons wintieduced intqud bastréel upeer Garstitions waefe shecrlasmirn kecomes DERSted0nto thpePRRS on
t he chronosone of the erythromycm-produci ng strain by honol ogous

recombi ndf i 0919“9?8”&’?%@'0&0%?5 thejepiRemysinAredusing SR RIHIMIAIRIAYS fesompiaaficon He

donor PKS DNA i ncI udes segnent encodi ng a | oadi In such a way
that this | o8RG WORLTE HABRES FHPImEN |s We Noger g'éﬂi)ﬁdﬂc"e%é & segmen
ohrorosoTe, SHBHrd a AH RaBS e AP e bR R B
B ek S TR B A5 S e
erythronyci no g4 Qeiiehed BRPLRINdePRERE LSt ds de¥Bibe@herth. Specifically, when the

15 loading module of the DEBS genes is replaced by the loading module ot the
avermectin-producing (avr) PKS, the novel erythromycin products contain a starter unit typical of
those used by the avr PKS. Thus. when the foading module of the ery PKS is replaced by the avr
loading module, Saccharopolyspora erythraea strains containing such hybrid PKS are found to
produce 14-membered macrolides containing starter units typically used by the avr PKS.

20 itis unexpected that the 14-membered macrolide polyketides produced by such
recombinant cells of S. erythraea are found to include derivatives of erythromycin A, showing that
the several processing steps required for the transformation of the products of the hybrid PKS into
novel and therapeutically valuable erythromycin A derivatives are correctly carried out. A further
aspect of the present invention is the unexpected and surprising finding that transcription of any

25  of the hybrid erythromycin genes can be specifically increased when the hybrid genes are placed

under the controf of a promoter for a Type il PKS gene linked to a specific activator gene for that

promoter it is particularly remarkable that when a genetically engineered cell containing hybrid
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t hose used by the avr PKS. Thus. when the |oading nodule of the ery PKS is
repl aced by the avr | oadi ng nodul-e, Saccharopol yspora erythraea strains
cont ai ni ng SY@A%AIASEI d PKS are found to produce 14-nenbered rEWEBI%R1810
containing starter units typically used Ié%/ the avr PKS. 20 It is
unexpected that the 14-nenbered nmacrolid OIool yketi des produced by such
reconbi nant cells of S. erythraea are found to include derivatives of
erythromycin A showi ng that the several processing steps required for the
t r ansf or naeiytmoroycirt ¢emep o sics carftrot is euttupdat urdeRiBditiortsauitaimedbr exyttkomycin

t herapeutical ly val uabl e erythronmycin A derivatives are correctly carried
out. A f ur preguctipspsignificaftiytenbansediersis ofitive/ravei esythiomytim arewprmsieesic tSech spedific
surprising finding that transcription of any 25 of the hybrid

er yt hr oy cingregeesdr vield ot avalughle enthiremycinpredietase algeisagh éa nathxal entvoinsicimB®s ar e
pl aced under the control of a pronpbter for a Type 11 PKS gene |linked to a
speci fi c allrsfinder theeratrpint a f ypet!! RTSorremeter and sckivalps penec U aprelprrederphadinmnt

t hat when a genetically engineered cell containin hgbri d SUBSTI TUTE SHEET
( RULE 2%) desingghagrgspreseqt onan SCP2"-derived plasmid are placed under the control of the

PCT/ GB97/ 0181010 h I d uch rol i I d d
condi 1 ons POUTE BRI FsHizel Re BrGATIER SRS A PTISHer Y ennanced
I I f . /C] d d.. Such ific i . '
e or « SO SR AT S B USRS e RO B° |
er yt hr ony kR KRRk B Gtel A8 ort 16rhE AU Blnafipi@mil D frdduckd iR PT OMOt er and

- f
. |
activator gene. In a preyerred enbodi nent, 8 esired genes present on an

SCP2[ err] daichupoippafirfn@bs uRker esitidRE Gherk BEner Saliftlaud %egeh{eé?' bf BRE 1 Onal

act|l pronoter derived fromthe actinorhodin biosynthetic gene cluster of

St r ept oy Cgenes arRbddg ptedent irtthé hdsh stydiH,. 6l dxpRs3aainesr 18 atrd ONth@bdSorbhidter.
structural gene encoding the specific activator protein Act 1l-orf 4. The

reconbi nant pl aSaghdstiams ipriidusedbe eubirbdérothionocin praepel ans preraativaloy éHeaeguiresinder
conditions where either the introduced PKS genes. or PKS 10 genes al ready
present i nonhhivepossencetaf tierspecilic eramatar @swdet to putence hansorienabsfticdncy iem et )
pronoter. Such strains produce the desired erythromycin product and the
acti vat or Bfemeter cldisiis Rasticylaryswmising indlad agtivatgss of e Astiieet famdy ¢n eatbelena P8 or der
to enhance tr apscrli %t i gnal efficiency fr ofm t he E‘r onmoter. This is _
parti cul arTBGPFER FIR ¢ PNAPIRANGProfeins  Hiesviere divouiddbe gxpered Shat dditiona)| RO1IBS not
bel onglst O & other control elements would be required for activation to occur in a heterologous host not
kKnown to produce actinorhodin or a related isochromanequinone pigment. Itis also surprising and
useful that the recombinant strains can produce more than ten-fold erythromycin product than
when the same PKS genes are under the contra! of the natural promoter, and the specific
erythromycin product is also produced precociously in growing cufture, rather than only during the
20  transition from growth to stationary phase. Such erythromycins are useful as antibiotics and for
many other purposes in human and veterinary medicine. Thus, when the genetically engineered
cell is Saccharopotyspora erythraea, the activator and promoter are derived from the actinorhodin
PKS gene cluster and the acti/actii-ort4-reguiated ery PKS gene cluster is housed in the
chromosome, following the site-specific integration of a low copy number plasmid vector, culturing
25 ot these cells under suitable conditions can produce more than ten-fold total 14-membered

macrolide product than in a comparable strain not under such heterologous control. When in such

a genetically engineered ceil of S. erythraea the PKS genes under this heterologous contro! are
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recogni sed cl ass of DNA-binding proteins. Therefore it woul d be expected
that additional pyotegoyild or other control elenments would be reepGcEedIs10
for activation to occur in a heterol ogous host not known to produce
actinorhodin or a rel ated i sochromanequi none pgignent. It is also surprising
and useful that the reconbi nant strains can produce nore than ten-told

eryt hromyci n product than when the sane PKS genes are under the control of
the natural proRprRIMyp@NEKS Benes MA6delcoRsti@Eltnlis @ytyaied hprerl mote thah tah-BRY hybrid
produced precociously in growing culture. rather than only during the 20
transition frompgykentié piooucs tart beoabtuined ptvapsed GultdsaereftybridoTgpell AKS geresustyrider
as antibiotics and for many ot her purposes in human and veterinary

medi ci ne. Thus, swdhesontrdieSpeziiies!ly oetteh yhecytridiBpe ¢ BKS gbrlesiage (8a ey IPKS gpods)is phicathe
erythraea, the activator and pronoter are derived fromthe actinorhodin PKS
gene cl uster angatérencgoteld rapiadeli-bty therajoadirguhatiuieda enyoldPiSegrenefonndis thertotals
housed in the chronpbsone, following the site-specific integration of a | ow
copy nunber Pl asmpuntseldiovel 14mambarep mgcaiides nfducertyshe genetcalivenginesigr ceilsi when
conditions can produce nore than ten-fold total 14-menbered nacrolide
product than i ncitucesripderatyitabiesgandiionsigedesaibied h&eiBh het er ol ogous control .
When in such a genetically engineered cell of S. erythraea the PKS genes
under this heterol ogbiRs¥abie 2t PrafpEedIIERss PTYPTENGIRER TR genetiogy-

98/ 01571 o

PCT/ GB97/ 01810 4"8MRPIRCi &Y H9mEct-ProRusng SAlSs anpy8PIR A9 FIBERd BRATP &r HisdatiBRd

her ei n, han ten-fal d hybrid pol yketi d bt & ped
compar ed 1ot hoCBUIEARY T aroryLy B Gl RB0Il e St BB e

Speci ficall V\@E e hybrid Type | PKS genes are the ery PKS genes in
whi ch the Iﬁlﬁtder &S&EI e is replaced by the avr |oading nodule, a ten-fold

increase is found in the total 5 arrgumnglggﬂﬁgqyﬁhﬁ% 4- menber ed macrol i des
produced by the genetically engi neered CelTsS en cultured under suitable
conditions as dﬁg i , o] i I NoRf8f erred neans of grow ng
t he untransforne C,{é% %g‘égﬁ'?’ﬁ:a%‘e}?‘?@%%@%@’ e&yt [?r‘c')rryci n- produci ng cells.
and suitable and preferred neans for the isolation. identifi gai] n. and

practical utility of the novel erythronycins are described refully in
the 10 exanples. i

and to phamaceutically acceptable salts thereof, wherein:

15 R, is an alpha-branched C,-C, alky!, alkenyl, alkynyl, alkoxyalkyi or alkythioalkyl group any of
which may be optionally substituted by one or more hydroxyi groups; a C;-C, cycloalkylatkyi group
wherein the alkyl group is an alpha-branched C,-C; alky! group: a C,+C, cycloalkyt or C,-C,
cycloalkenyt group. either of which may optionatly be substituted by methyl or one or more

hydroxyl. or one or more C,-C, alkyl groups or halo atoms: or a 3 o § membered oxygen or suiphur
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Summary of the Invention The present invention relates to conpounds of the
formul a 1: N(CH[err])[err] HO [err] and to pharmaceutically acceptable
sal ts thereofwowketsgin: 15 Rlerr] is an al pha- branchert1/GB97/01810
Cerr]-Cerr] alkyl, al kenyl , al kynyl. al koxyal kyl or al kylthioal kyl group
any of which may be opti onal I y substituted*by one or nore hydroxyl groups;
a (Jerr](err] cycloal kylal kyl group wherein the al kyl group is an

al pha-branched Clerr]-Cerr] alkyl group: a (Jerr]-Cerr] cycloal kyl or

C err] - C er réontajrenadetdianwsiic rigg whigh may Hetsaturaydd, wiullylor peayjallp phsatrsniéd andlsdich may
substituted by nethyl or one or nore hydroxyl. or one or nore (CJerr]-Clerr]
al kyl gr oupsensionailg be sihstitated by pneaor3nare CEC raikiib groers ayxgig @temstor uispheny! which\D
98/ 01571

PCT/ GB97/ 01878y BoRiigraliv suhskiyteH st pdeast pnecsupstitugntdeiesied rag (b€, sl GGt akbxy or
fully or partially unsaturated and which may optionally be substituted by
one or nore 2M9&% REYHRQSERMDS: ”GPQ?M‘%“%I‘VB’H%"””B‘PV’FQ”QFYﬂ“"r%" FAanbe a gravrMtheay
be optionall Hla((stlt ted with at | east one substituent selected from
Jerr][- C[err%"%{‘l g) as & WMbeow  err] alkoxy and err],-Cerr] alkylthio
groups, hal ogen atons, trifluoronethyl, and cyano; or R err] may be a group
wth ab formul a ([err]) as shown beI ow. [err] wherein Xis O S or

-CH err]-, a, b, ¢c. and d are eacn mdepee&?qgntly 0-2.and a + b + ¢ + d < 5.

10 Rlerr] is Hor OH err] L@ ch i ndependently H.
CH err], or CHerr]CHerr], aB[err] g éor OH. Jand R[ er is H CHerr], or

Herr]CHerr]J]CHerr]; Rerr]=is H or sosanm ng: R err] |s H CHerr], or

CH err]CH err], Rerr], is OH nycarose @Z}g ] ,J,,—zi) or cladinose (Rerr]
is CHerr]), RJ[err] is H or Rerr], = err| —% and R[err] is H
CHerr].(err] CHerr]CHerr] In the above definition, alkyl groups
containing 3 or nore carbon atons nmay be straight or branched chain. Halo

means fl uor Qunepdih 2@, SRF D)., &', £ QAP ardleBbBndipanehBh-FBANS. b hat ol carbon
15 attached to the G 13 position is a secondary carbon atom i nked to

two furtper carbog,iah et Ri-REark 811 RdRenddhnd RECHR! drY0H, GRS ARY OReari 34 ANt
or branched chai n.
CH,, or CH,CHj; Ry is H or desosamine: Ry is H. CH,, or CH,CH,; R, is OH. mycarase (Ry, is H), or
cladirose (Ryis CH,), Ry isH;or Ry = R,,= O; and Ry, is H. CH,. or CH,CH,,

In the above definition, alkyl groups containing 3 or more carbon atoms may be straight or
branched chain. Halo means fluoro. chioro, bromo or iodo. Alpha-branched means that the carbon

15 an.ached to the C-13 position is a secondary carbon atom linked to two further carbon atoms, the
remainder of the alkyl chain may be straight or branched chain.

Preferred compounds of formuia 1 are those wherein R;-R,, R,. R, and R, are CH,, and R,
is isopropyl or sec-butyl, 2-buten-2-yi, 2-penten-2-yl, or 4-methyl-2-penten-2-y! optionally
substituted by one or more hydroxy! groups. Also preferred are compounds of formula 1 wherein

20 R,yR, R, R, and Ry, are CH,, and R, is C,-C, cycloalky! or cycloalkenyl, which may optionally be
substituted by one or more hydroxy! groups or one or more C,-C,alkyl groups. In a further group
of preferred compounds, R, is a 5 or 6 membered oxygen or suiphtr containing heterocyclic ring,
particularly a 3-thieny! or 3-furyl ring, which may be optionally substituted by one or more h'ydroxyl
groups. or one or more C,-C, alky! groups or halogen atoms In another group of preterred

25  compounds. R,isaC,;-C, alkyithioalkyl group. particularly a 1-methylthioethyl group
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Preferred conmpounds of fornmula 1 are those wherein Rerr]-Rerr],. Rerr],
Rlerr], and RiglodsndéAfA CH err] and Rerr], is isopropyl or sec- bgir¥Bero1s10
2-buten-2-yl, 2-penten-2-yl, or 4-nethyl-2-penten-2-yl optionally
substituted by one or nore hydroxyl groups.i1#Al so preferred are conpounds of
formula 1 wherein 20 Rlerr]-Alerr], Rerr], Rerr], and Rerr], are
CHerr]. and Rerr] is (JQerr]-(err] cycloal kyl or cycl oal kenyl, which may
optionally be substjtuted by .one or . . nore
o 2l k1 or oupt b HheRae o Bl akich iels S RURRaCL BRREE TVTE
5 or 6 menbered oxygen or sul phur containing heterocycli cm&qg
particularly a 3-thienyl or 3-fygyl ring, which may be option ?Iy
yl groups. or one nore _C, -C, alkyl
r greup of preferre ,, ,
yi tReBalkyl gr;@ngd?arti ularfly a 1
E SHEET (RULE 26) \/\%8/0- 71

' odi pBats of this-'?“nglv T on gpgl ude

Fl and to pharmaceutically
acceptable salts thereBF, erein: Rdrr]is H Cerr]-err] alkyl,
Cerr]-Cerr] alkenyl, 't]1-err] slkynyl, al koxyal kyl or alkylthioal kyl

ons iQfeeach al kyl or al koxy group
wherein any of said al kyl. allkoxy, nyl or al kymR<gr ¥Hpe
substituted by one or nore 0X roups or by ofre or ,-rmre-g‘%?tl o atons; or

a CJerr] (err] cycl 0 kylOOr erry (s r] cycl oal kenyli,.ei t hgr of which may
be optionally substituted by met}hyl ‘or one orBRyger@HGrer Ny h al kyl
groups or halo atoms; or a 3 to M nembered oxygen or sul pAY co Pai ni ng
heterocyclic ring which may be saturated or fully or paitCi aldry; unsat ur at ed
and which nmay optionally 10 be substituted by one or nore (Jerr],-Cerr]
al kyl gr oups af to pakrhadd Aty a@EntBoi 5Me heRlot, tdherdiror mul @ SRl err] wher ein
Rlerr] is err]-Cerr]-Cerr] alkyl, Cerr]-Cerr] alkenyl, (err]-Cerr]
al kynyl, ( err] - CRrei H ¢ ,alk@ad,ky hikerfyl €5-CJ alkghy ratkbxyzakeil oo alkitaiogiky! cqpitaining front 1
substituted phenyl wherein the substituent is Cerr](err] alkyl,

C err] - er r {o sdakm atoais ihede alkyd br akoRy grourbwireesibanyedisaid alkyl. alkoxy, alkenyl or alkyny!

substituted by one or nore hydr
groups or hal ogen atons |Rg, anot
Rlerr], is a (Jerr],-Jerrt
-mel hyl t hi oet hyl group SWBSTI
PCT/ GB97/ 01810 13 O heRyspe

conpounds of fornula 2;

groups may be substituted by one or mare hydroxy! groups or by one or more halo atoms; or a Cy
C, cycloatkyl or C-C, cycloalkeny! either of which may be optionally substituted by methyl or one or
more C,-C, ailky! groups or halo atoms; or a 3 to 6 membered oxygen or sulphur containing
heteracyclic ring which may be saturated or tully or partially unsaturated and which may optionally
10 be substituted by one or more C,-C, alkyl groups or halo atoms: or a group of the formula SR,
wherein R,, is C,-C, alky!. C,-C, alkenyl, C,-C, alkynyl, C,;-C, cycloalkyl, C,-C, cycloalkenyl, phenyi or
substituted phenyl wherein the substituent is C,-C, alkyl, C,-C, alkoxy or halo, or a 3 to 6 membered
oxygen or sulphur-containing heterocyclic ring which may be saturated, or fully or partially
unsaturated and which may optionally be substituted by one or more C,-C, alkyf groups or halo
15 atoms.
R,is H or OH: R,-R, are each independently H, CH,, aor CH,CH,; Rqis H or OH: and R, is H.
CH,, or CH,CH,; R, is H or desosamine; Ryis H, CH,, or CH,CH,: R, is OH, mycarose (R is H). or
cladinose (R, is CH,), R, isH; or R, = R,,= O; and Ry, is H. CH,, or CH,CH,, with the proviso that

when R,-R, are CH,, R,is CH,. A,is CH,. and R,,is CH,, then R, is not H or C, alkyl
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oxygen or sul phur-containing heterocyclic ring which may be saturated, or
fully or partially unsaturated and which nay optionally be substituted by
one or nor VCEP#PYSTIClerr] al kyl groups or halo 15 atons. RCAYGBITI04819 or
OH: Rerr]-Rerr] are each independently H CHerr],or CHerr]CHerr]
Rlerr] is Hor OH and Rlerr] is H CHet%] or CH[err] CH err]; Rerr] is H
or desosamne; Rlerr] is H CHerr],or CHerr]CHerr] Rerr] is OH, .
nycarose (R err] is H), or cladinose (R err], is CHerr]) RJ[err] is H or
Rl err] = R err]inthe@beverdefiritun. syegrodpsicentainingBloemork carbon @biGnay bg straightdr t he
proviso that when R err]-Rerr] are CHerr], Rerr] is CHerr]. Rerr] is
CH err] arpereied ghpini slaigiAjeans fuotdhemor®[tsemg ofiigdonot H or C[err] al kyl

SUBSTI TUTE SHEET (RULE 26) WO 98/ 01571

PCT/ GB97/ 01810 Preferred eamwounsisweiotesla 4 ateitense wapiel Rafs &8 g5 BofHi RiingHa or
nore carbon atons may be straight or branched chain. Halo neans fl uoro.

chl oro. bro#D.&CH.c28 R, BBBi. ahergld FeonPpetii@s eby!. inanatergrauipaf eretetiede wher ei n
Rlerr]-Rlerr] are CHerr] Rerr] is CHerr], R[err£ is CHerr] and R err]
i s CH[ &r r FOMBPHNAR] Ris ethy. iSRranyl ¢r Spprbwl ‘M“‘Ft[ @?W}e §u S‘WWIO“GPF fé@lﬁyl In
anot her group of preferred 5 conpounds, A, is nethyl, |sopro

sec- but yl “V%ﬁWéWoH%ﬁ/ Iha fusigrareurof egtargd mﬁdﬁrﬁr'ébmeﬁ VgQIB%P In a

furth f d ds. R hed | kyl
group subsHt %?egﬁ[eﬁe%ﬁéﬁsp%&&‘?ﬂy%%w5195{1%2& ST

parti cul ar rl'qu :"omét pororret hyl)ethyl. The invention also reI ates to a
phar maceu | CA) n{") rtion for the treatnment of a bacterial I nfection

or a protozoal Jhék?&ﬁnbf?glsé @ia?esmmaéehﬁﬁlc {anor%'tfégtnieg '#%gtﬁn

t her apeuti cal | ective anount of a corrpoun formula

or a phar (ks dradrdtyz0aGGERbAR Snamhd. lsh &F @wamcﬁ‘\r&gmﬁnsgbélfh%‘ﬁaﬂké@a| Iy
acceptable carrier. The invention also relates to a method of treating a

bact eri al eiéthiecirhsUnt 6fa RMPOEHIQRT Prhuls NbEEHURIR, bik phalfRigEtitally htcepabiekaibi 1 d
whi ch conprises admnistering to said manmal, fish or bird a 15

t her apeut teadol. ¥n@4 piefhbotaticaiPattéptatie carrg@pound of formula 1 or formula 2 or
a pharmaceutically acceptable salt thereof. The term"treatnent" as used
her ei n, unl ess Thé ineentibrs &so retites ad £6lethbadfltneditg atHaetetial @&tiomk a protozoal
infection in a mammal, fish, or bird which comprises administering to said mammal, fish or bird a
15  therapeutically effective amount of a compound of formula 1 or formula 2 or a pharmaceutically
acceptable salt thereof.
The term “treatment”, as used herein, unless otherwise indicated, inciudes the treatment
or prevention of a bacterial infection or protozoal infection as provided in the method of the
present invention.
20 As used herein, unless otherwise indicated, the terms “bacterial infection(s)" and
“protozoal infection(s)” include bacterial infections and protozoal infections that occur in mammais,
fish and birds as well as disorders related to bacterial infections and protozoal infections that may
be treated or prevented by administering antibiotics such as the compaounds of the present
invention. Such bacterial infections and protozoal infections. and disorders related to such
25  infections, inciude the following: pneumonia, otitis media, sinusitus. bronchitis, tonsillitis, and

mastoiditis related to infection by Streptococcus pneumomnae, Haemophilus influenzae, Moraxelia

catarrhalis, Staphylococcus aureus, or Peptostreptococcus spp.; pharyngitis. rheumatic fever. and
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or prevention of a bacterial infection or protozoal infection as provided
in the met hogésdiga Present invention. 20 As used heqidro7idd18SS
otherwi se indicated, the terms "bacterial infection(s)" and "protozoal
infection(s)" include bacterial infections and protozoal infections that
occur in manmals. fish and birds as well as disorders related to bacteri al
I nfections and protozoal infections that may be treated or prevented by
adm nistering antibiotics such as the conpounds of th resent invention.
Such bact erSEmeTHRNERTIS RS TA MREENGY SUPPIRIGEES YIRS LS G PR SEHaPe o0

to such 25

oo tus. GPHIKER ploerae, kEfiae b han RonRing BBl PRl uBeie®s iR et | on by
hi | | | hal

S ' Ha i | us i , hal i s,

F’E ;Sﬁ;?gggﬁﬁ*sﬁgfgﬁf?ﬂ%ﬁ%mw%@f% ioRla R B R ol BaBt A

PCT! Gio7) 0. R opks et br ERfgh e eurmpn €y R e gon st s festiongc s

pyogenes;. ﬁbgéébgﬁes%n% {BgteﬁnZ%ﬁig Qﬁ@%@&%{al fe%vorﬁlﬁ{eh & Hf&:{iyniﬁ% %pb@?cgf%& qureus

Act i nobaci aenpl ytic respiratory tract I nfect

i nfection by, gs@%aﬁ%mgséaaaia%?-s bSiGbRR, ls2ndma i o)) | Rrepabb el OCOCCUS

pneunoni ae, enophi l us i nfluenzae. or Chlanydi a pneunoni ae: unconplicated

skin and sQfybgdries S BReptiiobsilsiagisotiad StreBRES §REPSOF (FHutCdBLAY bitdptocostnd
puerperal fever related to infection by Staphyl ococcus aureus,

coagul ase- pp@htd stepBtaRhCbesaatindm mautissune ticdeeiamdps., orBartbrean® hyriseads
etc.). Streptococcus pyogenes . Streptococcus agal actiae. Streptococcal
groups C Fupoormuiitaed adutayrinaty treqinteoorsi riated tarinfdetivs bg (Stappy/omoassi saprophyticus

Cor ynebact enum m nuti ssimum C ostridiumspp., or Bartonella hensel ae:
unconpliicatoe8nigogeesua shm aurgthiitis aed cennditscaridsaxualleIransevitet diseaspe@tatagiio by

St aphyl ococcus saprophyticus 10 or Enterococcus spp, urethritis and

cervi ci ti s:infeggn §é§d§@¥€ia’f¢%ﬁ-f@é@°@'f”§éﬁ‘§é@”' T EIPERUTR ATt (EeFAEEH2 by

Chl anydi a trachomatis. Haenophilus ducreyl, Trepongga ak;idunl Ur eapl asma
ur eal yt i cutea8ficyqR Pelieiperta GRREIARLUL Yissases 'glatedde B ?‘°é‘l%é( o8 fRPecti on by

S. f ood ' i d Toxi hock d G B, d C
ot opt ococEPETE R SHE B P e L BTh ALY TR L BPaEPE AR € s o
febrile Syﬂw?'éc%rr? §y Pgr}c%a%%r I’J)Qor}; wsgﬁﬁc' fgﬂ'ilpyyna%meg Irélﬁed to infection by Borrelia

15  recurrentis: Lyme disease related to infection by Borrelia burgdorferi; conjunctivitis, keratitis, and

dacrocystitis related to infection by Chlamydia trachomatis, Neisseria gonorrhoeae. S. aureus, S.
pneumoniae. S. pyogenes. H. influenzae. or Listeria spp.. disseminated Mycobacterium avium
complex (MAC) disease related to infection by Mycobacterium avium, or Mycobacterium
intracefiufare; gastroenteritis related to infection by Campylobacter jejuni; intestinal protozoa

20 related to infection by Cryptosporidium spp.: odontogenic infection refated to infection by viridans
streprococci; persistent cough related to infection by Bordetelia pertussis, gas gangrene related to
intection by Clostridium perfringensor Bacteroides spp., and atherosclerosis related to infection
by Helicobacter pylori or Chiamydia pneumoniae. Bacterial infections and protozoal infections and
disorders related to such infections that may be treated or prevented in animals include the

25  following: bovine respiratory disease related to infection by P. haem., P. multocida. Mycoplasma
bovis, or Bordetelia spp.. cow entenc disease related to infection by E. coli or protozoa (i.e..

coccidia. cryptospondia, etc.); dairy cow mastitis related to infection by Staph. aureus. Strep.
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pmrpatr Sttt LIRS T

15 recurrentis: Lyne disease related to infection by Borrelia
burgdorferi,conjunctivitis, keratitis, and dacrocystitis related to

i nfecti on W 98BISAhydi a trachomatis, Neisseria gonorr hoeae PCT/GRHTOLZO S,
pneunoni ae. S. pyogenes. H. influenzae. or Listeria spp.: disseninated
Mycobact eri um avi um conpl ex (MAC) di sead® related to inf ect Il on by

Mycobact eri um avi um or Mycobacteriumintracel lul are; gastroenlentis
related to infection by Canpyl obacter jejuni, intestinal protozoa 20

rel ated tgherinfgebiLarabhige. @méptdysgm&ﬁbwmeawedwt@aﬁwbscrérm&e&tsnwoéoeb@ ed to
I nfection by viridans strepiococci; persistent cough related to infection
by Bor det sppl; awine bdstigorg dis€s38 ralBPoaiectioe byt eilkuim, A iukedidaodr Myyodidseat ri di um
perfringensor Bacteroides spp.; and atherosclerosis related to infection by
Hel i cobacdper: spink entericdisealse @faedi ta infactioryrf. agli. LBesobia intradeliiarks cSdirhaneta, end
protozoal infections and disorders related to such infections that may be
t reat ed oferpuwlios dyndzigintenas aowrtdogotirelated thanfedtion D% Fusopadtérivmisng: cowovétrits
respiratory disease related to infection by P. haem P. multocida.

My coplSas ralatege sfectian bgdT delk eaw hairg warts relgied tadifeetion by Bysebantasivmeiearophbrum
infection by E. coli or protozoa (i.e., coccidia. cryptosporl dia. etc.);

dai ry cover@asieroides npdasys saw pigkeye elataddn intpptios by dferaglia toMs cospremgiure \\O
98/ 01571

PCT/ GB97/3PPE90 reiaied ig dfection by prefpzoaifs PeRsprriyEn): ugnaty fact ¢YRSYRN 1B PgsAg cats

di sease. 'r%ﬁ%ﬁEﬁfnfgtl%%ﬁ%%fe%«"rﬁ{p“d%ﬂ (RUE PR rBE B sl Yoo eBploR e
SPp. Swi é} él%@?q:sd lsv4 ﬁslﬁrefrr?ejdﬁ]% cga% éewc Céré nort?y FE oc%gl Jnd d&rﬂ ni a

|ntracellu AT | Ia or erp yisinteriae: Cow otrot

rel at,gd trR%dtth%%dn?‘ﬁ &&‘;s E&@&Ear‘éfa% 'thtmeélFb‘R by A%Q)féeﬂgé &bl I83ctaroiced §lpat €d to

I nfectio cow hairy warts relatéd to infection by Fusobacterlum

necr ophor@raamurﬁéw HnRrSkaS1eN QA0 TBact &R, PebllistR¥RcoRLA8RbhBmbMdest i on by
Mor axel | a boviss: cow premature abortion related to infection by protozoa

(1.e. neqsp@iténaMDihetibdchenilintbdtiofd andpfRdohiamtedtonsgsisarnidrseahted foguerd ed to

I nf ection by E. col: skin and soft tissue infections in dogs and cats
rel ated tiectiohebtt may teptredted phpreesnteden actos!. witigyhethed ! grerpesbentsnvecizagee ase
neg. Staph. or P. nultocida: and dental or 10 nmout h infections in dogs
and cat s refefred ‘edn ¢ §- Parfferd el an Ty Sapferdl Guigenies\nyipisrobialBherapy GRYR Editep
Clostridiumspp., Enterobacter spp., Eubacterium Peptostreptococcus.

Por pHYr ortBRfEcroRial Therares ing|. 1 996)-CY 1§ aiso BEROMEN; Ry eas ey E?qafﬁ?éthéfrfamﬁ?‘ﬁ‘f’ﬁﬁ bal

i nfection nd di sorders rel a
ﬂ%s %venuon can have consnderagte utxhrty in ?he%reatmem of disease states (e.g., cancer, AlDS,

and atherosclerosis) not normally assaciated with bactenal or protozoal infections.
When used to treat a bacterial infection or a disorder related to a bacterial infaction or
cancerin a mammal, such as a human, or atish, or bird, a compound of formula 1 or formula 2 can
20 be administered alone or in the form of a pharmaceutical composition comprising the compound
and a pharmaceutically acceptable diluent or carrier. Such compositions can be administered
orally, tor example, as tablets or capsules, or parenterally, which includes subcutaneous and
intramuscular injection. The compounds of formuia 1 or formula 2 may alse be administered rectally
such as through application of a suppository. The pharmaceutically acceptabte carner will depend
25 on the intended mode of administration. For example, lactose. sodium citrate, and saits ot
phosphoric acid. together with disintegrating agents (such as starch) and lubricating agents {such

as magnesium stearate, sodium laurel sulfate, and talc) can be used as the pharmaceuticaily
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infections that nmay be treated or prevented in accord with the nethod of

t he present i ngeygieesriare referred to in J. P. Sanford et al., pdtvesdabises d
GQuide To Antimcrobial Therapy." 26th Edition, 15 (Antimcrobial Therapy, .

inc.. 1996). it is also becom ng increasingly apparent that conpounds of
this invention can have considerable utility in the treatnent of disease
states (e.g.. cancer, AIDS, and atherosclerosis) not normally associ ated
wi th bacterial or protozoal infections. Wen used to treat a bacteri al
i nfection or ceptabi@eler 'Féﬂb&‘%cﬁ@o"’b“%é{b‘%aéﬁq‘eﬁ “ﬁaﬂ‘F @H'T‘%‘i?“’&a"\ta&ﬁ%ﬁ‘mq GRrrigrs
mammal , such as a hun% or a fish, or hir ﬁ 3}3 &crrrula or
formula 2 carf“@@cws%@ Ligh mRlegular gaglwpglﬁghsgqneg c‘?'ﬁ@’q‘ H‘P%fm U erghisdem cal
conposi tion |0§‘% he conmpound an% ghar maceut i. caII acce

o

G et or o RS e RS e o Brepred phsrein
exanpl e, as tabl Et”z? ar.. ¢

subcut aneous "%ﬁ'ﬁi‘af CF%WB@P%?%FS%%%@F arent erﬁge%o%%ﬁ‘g%m a?"Pe gﬁ%?t%f"ﬁ or
formula 2 ”%e%lﬁ%& H%ord ué&,g C%%%yo(ﬁggﬂj &%ﬁys@a chhlLg n%ge J(:]e%g “fgf

a supp05|t50ry phar maceu acce er WI

the intended, a@ﬂ%é}bl}%ﬁﬂd%gtﬁ% exanpl e. | actose. SOdI umcitrate,

and salts of p osp oricC acl together w th disintegrating agents (such as

starch) and | ubri %{enrmge&«gen&&;:&a%c@ﬁa:m&%r@meﬁraafeam batRpbiidigning!
sulfate, and talc) can be used as the pharmaceutically WO 98/ 01571

PCT/ GB97/ 018 Hamhkaiigtsjebtod i treatrlehtdt viribus cabteré i huMhsed(in padficulabionisthalf 8gNSuHges .
useful pharmaceutically acceptable carriers are | actose and hi gh nol ecul ar

wei ght pol yethntegnsd ghatetdnandiesigh as duge. shger orallporph@ntersty, g usudl Halydds43e Wiltbe
4,000). For parenteral use. sterile solutions. or suspensions can be

pr epar ed 10wheirgharanbefrgrh &r1 MO engMocd bbdy veaight [seresially © 126 imavkgi of bertyweeiaht in(singlg |
wat er, isotonic saline. or isotonic 5 dextrose) or non-aqueous (e.g.,
fatty oils ofr¢¥getdasee origin such as cottonseed or peanut oil, of polyols

such as glycerol or propylene gl¥col When used in vivo to treat a
bacterial infecti dReBirassr pesmRaceuficalysecaplivs SEUSs &1YS8Y NeRPHGSS Athe RIS

manmal i an subj ect, or for treatnent of various c ncers | huna
particul ar B‘IH‘Cgﬁ%I”PC"‘EE? ?a“F?fﬁﬁ‘d'ES'rR?é‘F ?“"é{‘?ﬁf"“&?’ I‘T@Y Wﬁf&ﬁ‘“&%‘“&éb@e
e oben bivelbyBGERheE Pl Bl A )
vei ght, i Sfo’?rﬂnlw&awnde vanety ofsalts wvth various norganic and organicacids. The acids that may be used to
prepare phamaceutically acceptable acid addition sajtsof such basic compounds of arethose tha
torm non-toxic zcid additon salts. i.e., salts containing phamacologically acceptable anions, such as
the hydrochioride, hydrobmomide, hydroiodide, nitrate, sulfate, bisuifate, phosphate, acid
phosphate, isonicotinate, acetate, betate, sdicylate, citrate, acid citrate, tartrate, pantothenate,
20  bitartrate, ascorbate, succinate, mdeate, gentisinate. fumarate, gluconate, giucaronae, saccharate.
formate, benzoate, giutamae, methanesulfonate, ethanesulfonate, benzenesulfonate. p-
toluenesulfonate and pamoae [i.e., 1,1"-methyene-bis-2-hydroxy-3-naphthoae)] salts
Those compoundsof the present invention that are acidicin nature are capabie of forming
base salts with various pharmacologically acceptable catons. Examples of such saltsinclude the
25  akalimetaloralkaline earth metalsalts and, particularly, the calcium, magnesium, sodium and

potassium saftsof the compounds ofthe present invention.
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or divided doses. The phrase "phannaceuticaly acceptable salt(s)", as used
herein, unless otherw se indicated, includes sattsof acidicor basic groups
whi ch nmay bewprdg®esml i n t he conpounds of the present inventi OPCT/&EB27/01810

conpounds ofthe present inventbn that are basic in nature are capable of 15
form ng awi de vai etyofsal tsw thvarious indfganic and organic acids. The

acids that may be used to prepare pharnmaceutically acceptable acid addilion
salts of such basic conmpounds of arethose that form non-toxic acid addftbn
salts, i.e., sal ten&Patinpolnd oPia peBdrPUkriBh mapeseRbyAReficaBit gnqtﬁé{'gnaréas the

hydr ochl ori de. hydrobrom de, hydroiodide, nitrate, 'sufate, bisulfate,

phosphat e, @cétd_mméwbﬁ&moménaamdr@ieirmceom%cem@mmub.%ta%%thé@éeio?m'o%‘h%
citrate, aci d citrat e, tartrate, pant ot henat e, 20 bitartrat e, ascorbate.

succi nat e, ismeeat &d gewbisamanl telcomBuuati o e INOSRT B I nHER RONMiAres FERN A LE
formate, benzoate, glutamate, nethanesul fonate, ethanesulfonate,

benzenesul fdmwharmaceutical odmpesiienslabdmethad saxfitle graent dtaeméyi em@loy ofcohtain them.

' -met hyene- bi s- 2- hydr oxy- 3- napht hoae)] salts Those conpou ndsof the present
i nventi on that afke resestipventiornerugdesthesompgaids of thd presantingentiers endstaet s wi t h
vari ous pharnacol ogi cally acceptabl e cations. Exanples of such salts

i ncl ude t hePhggnaeyicrlyiacqeptab sa@is thaferh Wherein@ae otmare hydregeint saban dr ot et war | Y,

t hecal ci um_ nmagnesi um sodi um and potassum salts of the conmpounds of the
present i nVEREEg Ry isoopegihemely fushcompoundsmay be useful as research and diagnostictools in

PCT/ GB97/ 01810 18 rtaipn co unds of the present invention may have
asymmetric '&%‘ﬁ‘f‘%‘?ﬂ%p WH@?@E‘B&SS@Qi'W”‘%‘?‘Fﬁ Meerent enanti omenc and

di astereom c for LS. hnventiaon relates to theuse of al optical isoners
and st ereoi somer3or- Jésscgk)% getr}ﬁéi‘gwg?"otnﬁee pﬁ?‘%’gﬁ?yffﬁ”\?@%{"?%‘%@ &H@"Sf"med or

mbdur eSiohe koA Srd:fisfloknaBR BT IREEHS b Bhorf/MR FRiucl- 385 BOFhiIE LN OIS

oftreatnmentth at mayenpl oyorcontain € present invention

i ncl udes tfﬁc@%@ﬂ%é&%ei&@@tr&ﬁ&%%grisfgé’;ﬁ'éhhg.%ara@gp.:[hm@romomsp ra

pharmaceuti cal | yacceptabl e salts t'hereof, wherein one or nore ygﬁ"ogen,

carbon or otAnes bated 55 . MHStE AP REE SiBtiduE HLOSRBdING S &ficoloPHeRicERyREHBRTRY be
useful as research anddi agnostictools in netabolism phanacoki neti cstudi es

and i n bi nthisggard s@ystrésmpoeas rafsforrhed iuias erSacthamipb lysporarfyeh ridad tes@hpB Y
fermentation of an untransfornmed or
NRRL 2338, 18643, 21484. Particulary preterred transformed strains are those in whichthe
15 erythomycin loading moduke has been replaced with the bading module from the avermectin
producer, Streptomyces avermitilis, or the rapamycin producer, Streptomyceshygroscopicus. The
prefered method of produdng compounds of the current nvention & by fermentation ofthe
appropriate organism in the presenceof the appropriate carboxylic acid of the formuiaR1COOH,
wherein R1 is aspreviously definedin formuiae 1 or 2, or asalt, ester (particularty preferable being the
20  N-acetylcysteamine thiocester), or amide thereof or oxidaive precursorthereof. The acid or derivative
thereof is addedto the fermentation either atthe time of inoculation or atintervalsduring the
termentation. Productionof the compounds of this invention may be monitored by removing
samples from the fermentation. extracting with an organic solventand foliowing the appearance of
the compounds ofthis invention by chromatography. for example using high pressure liquid
25  chromaography Incubation is contnued untiithe yield of the compound oftformulae lor2has

been maximised, generallyfor aperod of 4 to 10 days. A preferred level of each addition of the

carboxylic acid or derivative thereof is between 0.05 and 4.0 g/L.. The bestyields ofthe compounds
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(0] transfornmed organi sm capabl e of producing erythromycins, including
but not limted to Saccharopol yspora species. Streptonyces eEr=ols!

Nocar di a sp. ,\WRi%8Pbbnospora sp., Arthobactersp, and 6B5Hiis1o
Streptonycesanti bi oti cus butexcluding S. celicolor. Particuarlysuitable in
this regard are untransfornmed and transforted strains of Sacchar opol yspora
erythraea, for exanple NRRL 2338, 18643, 21484. Particularly preferred
transforned strains are those in which the 15 erythromycin | oadi ng nodul e
has been reploasceswiden dr bereldasbrag oy@raiil 8y Laingtheacia vereredivato firedstme stationSior ep
to mycesavermtilis,orthe rapanycin producer, Streptonmyceshygroscopicus.
The preferred. Bk Bg@&&ﬂnﬁﬂyﬁrageneeméﬁaﬁ hR& MBdien Usddnat@it te@@ntation may

i sbyfernentation ofthe appropriate organismin the presenceof the

appr opr i at eq RexydntisAfdorhpit meBigmicontAbih § BEEMEE sovres efcarboRhitro§ersritraceous| y
detinedin fornmula 1[err] or[err], orasalt, ester(particularly preferable
bei ng the 2Qjemdwt@acet yl cysteam ne thioester), oram de thereof oroxid active
precursorthereof. The acid or derivative thereof is added to the

f erment atsi on ei t ite saitdblecantipratofed inreacsibfgravang the usttansiotmed\aad gendtiedlinng t he
fermentation. Production of the conpounds of this invention nmaybe nonitored
by renovi ng svginpéres efythomycihafauopnceisi and suiableabe PrfETEE Meaahioog ispetiau| vent
and foll ow ng the appearance of the conpounds ofthis invention by _
chr omat ogr apdaptifidatiene fRachaseesical il epemppiensis gF 1armylapyl ad 2qre deseribsH P HY Iy

| ncubation is contnued untilthe yield of the conpound of fornmulae 1 or 2
has been naxhereswiblesgeneral | yfor a period of 4 to 10 days. A preferred

| evel of each addition of the carboxylic acid or dervative thereof is
between 0.05 and 4.0 g/L. The bestyields of the conpounds WO 98/ 01571
PCT/ GB97/ 01810 19 fromfornulae [err] or[err re generally by gradually
addi ng t'He acid or derivative to twm&m’t QS oy anmpl e by daily
addition over aperiod of several days. The nediumused forthe fernmentation
may be a conventiﬁﬂﬁ[eeﬂ”?q"d'&?ﬁﬁﬁl°é‘k‘ePf’éﬁ’l“l?hwém?f”aqerﬁeﬁi{‘bﬁgyi‘?ﬁefeéﬂcét"s‘gﬁr ces of
carbon. nitrogen and trace elenents. s The suitable and preferred
means of gr GRFITPAHE FAVPSHEMBFred and genetical | y- engi neered

eryt hromyci n-producing cells, and suitable and preferred neans for the

i solation, identification, and practical utility of the conpounds of

formulae 1 and 2y Al& HESRRARM TR tid dholR polyketides:

15  Figure 2ais a diagram showing the functioning of 6-deoxyerythronalide synthase 8 (DEBS). a PKS

producing 6-deoxyerythronolide B (6-DEB), a precursor of erythromycin A;
Figure 2b shows post-PKS biosynthesis of erythromycins including the conversion of 6-DEB to
erythromycin A;
Figures 33 and 3b are diagrams showing the construction of plasmid piG1;
20  Figures 4a, 4b, and 4¢ are diagrams showing the construction of plasmid pND30;
Figure 5is a diagram showing the construction of plasmid pAVLD;
Figure 6 shows the integration of pAVLD into the genome of S. erythraea NRRL2338.
Figure 7 is a diagram showing the biosynthesis of rapamycin.
Figure 8 is a diagram showing the construction of plasmid pMOS.
25 Figure 9is a diagram showing the construction of piasfnid pCJUR26.

Figure 10 is a diagram showing the construction of ptasmid pC-AT X.
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t he Exanples. 10 Brief Description of the
Crawi nas Some enbodi ments of the invention will now be described with:

ref erence WO BMWdSHcconpanyi ng drawi ngs in which Figure 1 gi VeHGCBREIEH N cal
formul ae of three known pol yketides: 15 Figure 2a is a diagram show ng
the functioning of 6-deoxyerythronolide?Synthase [err] (DEBS). a PKS
produci ng 6-deoxyerythronolide 8 (6-DEB), a precursor of erythronycin A

Fi gure 2b shows post-PKS bi osynthesis of erythronycins including the

conver si q:q ) 1§|s9'¥ﬁag a‘?nﬁ{oan‘ir%r%ﬁétr‘&Fr{énlo blgéh'in‘?ﬁc Elﬁ esr] and 3[err] are

di agr anms s owi ng the constrdction o asrnid Fi gures 4a. 4b,

and 4c_areah i5isaaghitYiokfig m%pﬁgaaédmpana&m eanwgasm d pND30; Figure 5 is

a di agram show ng the constructlon of plasm d pAVLD, Figure 6 shows the

i ntegration of pAVLD into the genonme of S. erythraea NRRL2338. Figure 7 is
a di agram show ng the biosynthesis of rapamycin. Figure 8 is a diagram
showi ng the construction of plasmd pMX%. 25 Figure 9 is a diagram

showi ng the construction of p[asm d pCIA26. Figure 10 is a di agram show ng

the construction of plasm d pdailed Besdopii bt HdThvebifinET ( RULE 26) WO
98/ 01571

PCT/ GB97/ 01810rhéQvide rgiecot $thrtérunits 4t IEcR0Y 15 @MoBEInd MBdulmisivestct | on of
pl asm d pC AT12 Figure 12 is a diagram show ng the construction of plasmd

PCIRA9. Zomprehensively established in previous studieQ@draiaresle Be®pédnHatedbagicdigRs 4 nvent i on
The wi de range of starter units accepted by the avr | oadi ng nodul e has been

conpr eheregi vel . asstiabld Sirads iwnicip are rcotpdratddur@dreasin (dmentreg NPt enrséiuenpean

Pat ent Applications 0 214 731. 0 350 187, 0 317 148 which are incorporated

her ei n i rshoui¢ be ursletstaodityat the@uesipgusent limited tO thelpediit detail vhitlesesixamples frat thére

invention is not limted to the specific detail ot these exanples and they
10 simply serve to confirm the effectiveness of the aw loading module. Furthermore. the examples

using the plG1or pND30 construct clearly demonstrate the capability of the act] promoter and its
cognate activator gene actll-orf4 1o ehance the expression of the novel compounds of this
invention when linked to the avr lcading module. ltis also apparent from the examples that
untransformec strains of Saccharopolyspora erythraea are also readily capable of taking up

15  exogenously-supplied substrates to generate novel erythromycin polyketides. Consequently, it is
also apparent to those skilled in the art that specific novel compounds of this invention can be
readily produced by selection of the appropriate erythromycin producing strain (optionally
incorporating the piG1 or pND30 piasmid into the desired strain), and supplementing the
termentation with the appropriate starter unit. Thus, 6-deoxyerythromycin and 6,12-

20  dideoxyerythromycin derivatives of the present invention can be readily produced using
Saccharopolyspora erythraea NRRL 18643 or NRRL 21484 as indicated in U.S. 5,141,926 and
WO 97/06266. Similarly, use of the Saccharopolyspora erythraea strains described by Weber et al.
in J. Bacteriol., 164.:425-433, 1991 can also be employed to obtain the desired novel analogues of
the present invention. For example. strain UW24 can be used (optionally transformed by plG1 or

25 pND30) to obtain novel analogues of erythronolide B.

UV spectra were recorded using a Hewlett-Packard 1090M dicde-array

spectrophotometer. All NMR spectra were measured in COCl3 by a Varian Unity 500 MHz
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10 sinply serve to confirmthe effectiveness of the aw | oadi ng nodul e.

Furt hernore, thay@sgoiszes using the plGl or pND30 construct cl eardor/cBe7/01810
denonstrate the capability of the actyl pronoter and its cognate activator

gene actl1l1ll-or of 4 to ehance the expression fif the novel conpounds of this
i nvention when linked to the avr | oading nodule. It is also apparent from

the exanpl es that untransfornmed strains of Saccharopol yspora erythraea are

al so readily capahbmeff uhigd! QMFM% éﬁ?éeg@ﬁgggﬁ%%llﬂnsw&p'r&gedsﬁ Pﬁg 3t Gioh O

generate novel erythronycin po nsequently, 1t 1s also ‘apparen

to those skill @she)RokMRididm Mﬁﬁem%'ef irfe mxgﬁapegaaa%naéd & torlollsSs, s.na&&n& on

can be readily produced by selection of the appropriate erythronycin

produci ng st r aighytidnt tigeed.| guaitéd ¢ IAMipRE: ibh Grdab © TIEL&Em AlimBANSREWrh &Mk | Nt O
the desired strain), and supplenenting the fernentation with the

appropri ate st gfrdciredts hbt.reprbdentatierol Saxased ndmEneaMed, but dtvekiflesiivA 38ta to that

di deoxyeryt hronycin derivatives of the present invention can be readily
produced using pSEaNdr axamd. \HALCIMS 84ty Wk stqarebidRhg 4 Bewidt-PacikhidRIOSEM ddfit as
indicated in U S. 5,141,926 and WD 97/06266. Simlarly, use of the
Sacchar opol yspoframetograph inedacet! tosd VG Piditssmo timassisdegtrarddiereqeippad withian APCI source
Bacteriol., 164:425-433, 1991 can al so be enployed to obtain the desired
novel anal ogueénghodAer peingsdiawldtrRaskard 69RO lifad chssmatpdraph isterfaced ol ANGIPlatarmbie
used (optionally transforned by plG 1 or 25 pND30) to obtain novel

anal ogues of eWﬁﬁRﬁﬁéﬂm%eBU'PM“éfbé&f‘Fﬁ‘ spaice (Peibest Blae nethefCla

Hew et t - Packard 1090M di ode-array spectrophotoneter. Al NVR spectra were
measured in CDC[err] by a Varian Unity 500 MHz SUBSTI TUTE SHEET ( RULE 26)
WO 98/ 01571

PCT/ GB97/ 0 %10—5%&‘89@( oneter unless otherw se i nd| cat ed and peak
positions are expressed in E‘arts per mLlion ggpn% field from

t et ramet hysi | ane. The peQR Rapes. are d@%f"é@l &s r@qub‘f/%.oog.“"g’?’hﬁcé‘l; d,
doublet: t, triplet; E uartet; é g F[‘} br, broad. The at om nunber
shown in the NWR structu 8‘5 IS not repr & H’t:ﬂlve of standard nonencl at ure,

but correlates NVR data |, % (flogpar{;}aggkta Xl Eos ,h %n ‘?egce S/g)a

acquired using a Hew ett quird % rorrat ograp
VG Platform |l mass spectr Omst er equi pPgd blitiedbsMShmSRHH GEetate (50'50) over 22

15 minutes, maintain acetonitrile:0.05 M ammonium acetate

(50:50) 22-25 minutes:; return to initial conditions 2530

minutes.
HPLC method B:
20 Column MetaChem Inertsil 5 um C8 3mm x 150 mm
Flow 0.5 mUmin
Mobile phase isocratic: methanot:0.05 M ammonium acetate with 0.1%

trifiucroacetic acid (60:40)

25 HPLC method C:

Column Wwaters Symmetry 5um C18 2.1 mm x 150 mm
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(method A) or using a Hew ett-Packard 1050 |iquid chromatograph interfaced
to a VG PlatformIl nass spectroneter equi pped with an APClI source (nethod
B and net W@9%8015740  HPLC net hod A: Col um BRERe$p7/01810
Utrasphere 5 [err]mODS 4 mm x 25 cm Fl ow 0.85 nm./mn

Mobi | e phase Gradi ent: acetonitr??e:0.05 M anmoni um acetate (28:72)
to acetonitrile:0.05 Mamoni um acetate (50 50) over 22 15 -
m nutes, nmaintain acetonitrile:0.05 M ammoni um acetate (50:50) 22-25
mnutes: return to gegtial conditi@asmemim0 m nutes. HPLC net hod B: 20

Col um Met aChem I nertsil 5 [err]mC8 3 mm x 150 mm Fl ow

0.5 mUmi n Mobil e phustte phase | SocEratien: acabrinamalosM Hbmdvivainagenid @b aget at e
with 0.1%trifluoroacetic acid (60:40) 25 HPLC net hod C. Col um

Waters Symmetry 5[err]mC 18 2.1 nomeetdritfiernsSUBEHbAli BeetitEED:50 R332 6)

WD 98/ 01571

PCT/ GB97/ 01810 22 Fl ow minut@s.22 nJm n Mobi | e phase

Gradient: acetonitrile:0.05 M anmonium acetate (30:70) to acetonitrile:0.05
M amm®ni um acetate (50:50) over 30 nminutes. 5 Use is nade of the follow ng

nmedi a and sol utions: Sucrose-Succi nate Defined Medi um
Use is made of the following media and solutions:

B- inate Defj ium

sucrose 69g
KNOs 10g

10 sucginic actd 236 g
KHoPO, 27g

" MgS0,4.7H0 129

ZnCl, 10 mg
MnClz.4H20 8.2¢g

15 CuCly.2H,0 0.53 mg
CaCl, 0.55 mg
FeSO4.7H2O 25mg
CaCly.2H0 38 mg
milli-Qwater tol1.0L

20 KOH to pH 6-6.4

Tap water medium

glucose 5S¢
tryptone 5g
yeast extract 25¢g

25 EDTA 36 mg
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sucrose 69 g KNOG3 | 0g 10

succi ni ¢ aci dwo 98/01571 2.36 9 KH err]PJ err] PCT/GBS/0(80)
MyS04. 7H20 1.2 g ZnC [err] 10ngy
WMCl[err] 4H err]O 6.2 g 15 23
CuCl [err].2Herr]0 0.53 ng CoClferr]
0.55 ng FeS err]4. 7H errr] 0 2.5 ng CaCl[err].2H err]O
38 ng mlli-Onater to 1.0 L 20 KCH
to pH 6-6.4 Tap water ri#RWai¢h gl ucose to1.0L 5 g tryptone
5 g yeast extract 2.5 g 25 EDTA
36 mg SUBSTI TUTE SHEET KHULE 26) W0 98/ §A8% 7
PCT/ GB97/ 01810 23 tap water to 1.0 L KCH
to pH 7.1 ERY-P nmedium 5 dextrose 50 g/L
Nutrisoy[err]éﬁ!:g Fnedium 30g/L (NH err])2SO err] 3 g/L
5 dextrose 50g/L

Nutrisoy™ flour 30g/L

(NH4)2S04 3giL

NaCl 5g/L

CaC0s 6 g/

10 pH adjusted to 7.0

Nutrisoy™ flour is purchased from British Arkady Group. Skerton Road,

Manchester. UK.

15 The present invention is ilustrated by the following examples.
mple 13 - Construction of Plasmid plG1
Piasmid plG1 consists of an SCP2*-derived piasmid containing a hybrid Type | PKS gene
comprising the avr loading module in place of the ery loading module, the first two extension
madules of the ery PKS and the thioesterase af the ery PKS. This is constructed via several
20  intermediate plasmids as follows (Figure 3).
(i) Construction of Plasmid pVE3.4
Plasmid pVE1446 which contains a portion ot the avermectin {(avr) PKS genes was obtained from
E. coli strain ATCC 68250 (MacNeil, 0. J. et al. Ann. N. Y. Acad. Sci. (1984) 721:123-132). Plasmid

pVE1446 was digested with BamHi and the 7.6 kbp fragment betwesn coordinates 32.15 and

|8
w

3.40 (MacNeil. D. J. et al. Ann. N. Y. Acad. Sci. (1994) 721:123-132) was purified by gel
electropharesis and recircularised The mixture contained the desired plasmid pVE3.4 which was

isolated after transformation of £. coli strain TG 1recQ (constructed by Dr. P. Oliver, Dept. of
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NaCl 5 g/L CaC33 6 g/L 10

pH adjusted to 7,0 Nutrisoy[err] flour is purchased from Brjt.i dy

G oup. skeVOMORAd, Manchester. UK 15 The presen%&ltﬁ’ggeﬁqllggon S
illustrated by the foll ow ng exanpl es. Exanple la - Construction of Plasmd
plG 1 Plasnid plG 1 consists of an SCP2[%¥rr] -derived plasmid containing a
hybrid Type | PKS gene conprising the avr | oading nodule in place of the
ery loading nodule, the first two extension nodules of the ery PKS and the

t hi oest er Zwfetk. §.RMFiNgePKSodnBRiFS el § JCRAEEDL C98S) 165 a100VIesRIT. 8@son. Ph.D.
I nternmedi ate plasmds as follows (Figure 3). (i) Construction of Plasmd

PVE3. 4 Pl aasasid UpQartyriigetggash contains a portion of the avernectin (avr) PKS
genes was obtained fromE. coli strain ATCC 68250 (MacNeil, D. J. et al.

Ann. N. Y. AcadiCSmitructioh 90aasmi@ gNGQ8 132) . Pl asmi d pVEL 446 was di gested
with [err]JanHl and the 7.6 kbp fragnent between coordi nates 32. 15 and 25

3. 40 ( MacRasnid dBK29 (Bewttt, Bl J. etdirEur. N. BiYchemc 8992)304:39-49)36x4 Higéitdd WithiNcdBah wWas
purified by gel electrophoresis and recircul arised The m xture contai ned
t he deS§ir & 3lkas fragngyV/E8s éndriepaiied wabligated intd piasmad pLéC 18 whiohdid bestineatised E.

coil strain TGlrecO (constructed by Dr. P. diver, Dept. of S WO
08/ 01571 with Smal. The ligation mixture was transformed into E. coli TG 1 recO and individual colonies were

PCT/ G897/ 01810 24 Genetics. U. Canbridge; Kolodner, Rerr] et al. J.

Bact er i ol checkelis) thairlasme canent 67 hePesitgdipiasmic ANGQI2 wip isentified by tsCastnfiptige,
1985. (ii) Construction of plasmd pNCOL2 Plasm d pBK25 (Bevitt, D. J. et
al. Eur. B84 ochem (1992) 204: 39-49) was digested with Ncol and 5 the

12 kbp fragnen i S & d-r gpai rigd dc ligated into plasmd pUC18 which had
been linearise MW&M’F@—P@% on mxture was transfornmed into E
col | T(g;l El%grgd%ggaécn(g{gwe%? %las go%'st?uré{eg%s }’(‘;’}?Jw% Three separate PCR reactions were
conducted: First. 20 pmol each of synthetic oligonucieotides A1 (5-CTCGTCGGTGGCTTT
GCG-3') and A2 (5'-CCC GGG AAA AAC GAAGAC TAG TGG CGC GGA CGG CCG-3') were used to
ampiity a 1.0 kbp product from 100 ng pNCO12 template. The PCA product was end-repaired.
phosphorylated and cloned into Smali-cut pUC18 1o obtain plasmid pCRa. Secondly, 20 pmoi each
15 of synthetic oligonucieotides C1 {5-CACGCGCAGCGCGGCGGA-3") and C2 (5'-CGAACCGCTA
GCGGTCGTCGCGATGGCCT-3') were used to amplify a 1.5 kbp product from 100 ng pNC012
ternplate. The product was end-repaired. phosphorylated and cloned into Smal-cut pUC18 to
obtain plasmid pCRc. Thirdly, 20 pmoi each of synthetic oligonucleotides B1
(5'-GTGGCCCGGCCGTCCGCGCCACTAGTCTICGTTTTT-3") and B2 (5'-AAC
20 AGCTAGCGGTTCGTCCGCCGCTGCCGTGCC-3') were used to amplify a 1.4 kbp product from 100
ng pVE3 .4 template. The product was end-repaired, phosphorylated and cloned into Smal-cut
pUC18 to obtain plasmid pCRb.
Ptasmid pCRa was digested with Hindlll and Spel and the 1.0 kbp insert was figated with
plasmid pCRb previously digested with Hindili and Spel, to obtain plasmid pCRab. Plasmid pCRC

25  wasdigested with Nhel and EcoR1 and the 1.5 kbp insert was igated with plasmid pCRab

previously digested with Nhel and EcoR1 to obtain plasmid pCRabc.
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checked for their plasmd content. The desired plasm d pNCOL2 was
identified byyobgpeisgstriction pattern. (iii) Construction of RcEGBe7qEEHRabC
10 Plasm d pCRabc (Figure 3) was constructed as foll ows Three separate
PCR reactions were conducted: First, 20 prasl each of synthetic

ol i gonucl eotides Al (5 -CTCGTCGGTGGCTTT GCG 3') and A2 (5 -CCC GGG AAA AAC
GAA GAC TAG TGG CGC GGA CGG CCG3') were used to anplify a 1.0 kbp product
from 100 ng pNCOL2 tenplate. The PCR product was end-repaired.

phosphoryl at ed arii)Cdnsineation oftHasmihpNEWAVIBIECI8 t 0 obtain plasnmi d pCRa.
Secondly, 20 pnol each 15 of synthetic oligonucl eotides Cl

(5' - CACGCGCREIBOERBAWES Yigestet w2 Mg 'and Gifand BECNATRIGSHCITENORDENBEARTCT- 3 )
were used to anplify a 1.5 kbp product from 100 ng pNCOL2 tenpl ate. The
product was demainothaiaretiS wasmsfiied by Deitelegtrephiaree’s arreligated wih glasmid T ERUGIS t 0
obtain plasmd pCRc. Thirdl 20 pnol each of synthetic oligonucl eotides Bl
(5- mmccdmamewrﬂér anﬂr'mar?&f TWHBQWK'SC’ bvmte'zﬁmpmfes's The
AGCTAGCGGTTCGT CCGCCGCTGCCGT used anp a 1.4 kbp product
from 100° ng "Q?&’EE"‘R“%’ e Hps Eﬂ’@fo""mjémﬁ lEo‘EﬂJ cT B1ee8 %‘H d’df"é’Hé.'lcP'é‘é!es ‘ﬁﬁS%?%?‘VPfat ed
and cloned into -cu UC18 t obt ai

i gest od- i MR AREN q"”‘&ﬂ'dq'gf)@‘l’s" ASeHE PRERAREEE [A0re vareda el wi (-

pl asm d pCRb previo digested with Hndlll and Spel, to obtain plasmd
S ICF Lﬁfgy
pCRab. Pl asf " was digested with Nhel and EcoR 1 and the 1.5 kbp

insert was |i gat q%%%nﬁg%@mpr eviously digested with Nhel and
EcoR 1 to obtain | TUTE SHEET ( RULE 26) WD 98/ 01571
B O B BrMals SRRA LY G R RicuB Sk PIENETR s o) pORabC wis

di gested w ment cont arnin | oadi ng

d t d wth
ol asm o DNTER T Rk ot ) FLarta o] o P i ger

fragment pufdiddi@fioPdosd prk=CbEABNRASER With PdePand Nsil and the large Pacl-Nsil fragment
was isolated and ligated to a short double-stranded oligonucleotide linker containing an Ndel site
and constructed from the synthetic ofigonucleotides 5-TAAGGAGGACACATATGCA-3' and
5'-TAATTCCTCCTGTGTAT-3' which were annealed together. The iigation mixture was
15 transformed into E. coli TGIrecO and isolated colonies were screened for their plasmid content.

The desired plasmid {19.6 kbp) was identified by its restriction map and was designated pRM52. .

{vi) Construction of Plasmid pIG1
Plasmid pNEWAVETE was digested with Ndel and Xbal and the insert was purified by
sedimentation on a sucrose gradient. The purified insert was ligated into plasmid pRM52 (18.6
20 kbp) which had been digested with Ndel and Xbal, and the vector purified by sedimentation on a
sucrose gradient. The ligation mixture was used to transform E. coli and individual colonies were
checked for their plasmid content. The desired plasmid p!G1 was identified by its restriction
pattern.
Ex le 1b - Con tion of PI
a5 Plasmid pND30 consists of an SCP2"-derived plasmid containing a hybrid Type | PKS

gene comprising the avr loading module in place of the ery loading module, the first two extension
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| igation m xture was transfornmed into E. coli TGl recO and i ndi vi dual

col oni es were checked for their plasmd content. The desired plasmd
pPNEWAVETE WHG9I®0IsH1) was identified by its restriction patt @&CA/GRI7PI80
Construction of Plasm d pRV62 Plasm d pRVb2 is a derivative of plasm d pRVb
(McDaniel. R et al. Science, (1993) 10 26 262: 1546- 1550). pRVb was first

| i neansed by digestion with Ndel end-repaired and then religated to produce -
pRVb1. pRMb1l was cut with Pacl and Nsil and the |large Pacl-Nsil fragment

vas i sol atresliu®s @t the 8&FeE dn 1 tGbRidrasd@tipk @nicRITHRG @nhidRREGia@eldrsle ti nker
containing an Ndel site and constructed fromthe synthetic oligonucl eotides .

5' - TAAGCAG I GRGAT pI4dnAts3s famoves (BigurEANT TCCTCCTGTGTAT- 3'  whi ch wer e anneal ed
together. The ligation m xture was 15 transformed into E. coli TGlrecO and

I sol at ed col oni{¢Sonsrugios of e Recbnitarant Yietar pGUAKIN d content. The desired

plasmd (19.6 kbp) was identified by its restriction map and was desi gnat ed
PRVB2. ( VipCJRomisFiguetd) @a sibtibashit domdtridtedloar tisel pNSWaYEdio RS géhahrt ed

wi th Ndel and Xbal and the insert was purified by sedinentation on a

sucr osé graatihoeyteted Henqgiudes & Celét 1 rapiantto alaw itlto palicaw in Atcoli, ph 8EA2dowEddy2 ( 19. 6
20 kbp) which had been digested with Ndel and Xbal, and the vector
purified Ipymberdhitieptomcdsaepiioon (Bibbirbard denndpé it A Jiken| Migrabidlof1 98M)xt ure was
used to transformE. coil and individual colonies were checked for their

pl asmi d cdrEEat) andthe agi-orid aclivigpraene Hom fheRctpiister wbiph adtivases tapsdriptiorrfiostthe ct i on
pattern. Exanple 1 b - Construction of Plasm d pND30 25 ~ Plasm d
pPND30 con@FSremeier dyfnasepyanition (g opwasphiage t?éﬁﬂ“a'?%r pigsaintReERefativepe | PKS

PP e M b S B i B0
B N e L e R ST R o e
(Fi gure 4)maiified by PCR, using as primers the synthetic oligonuclectides: 5-ACT AGT CCA CTG CCT
CTCGGT AAAATCCAG C-3 and 5-CTT AAG AGG GGC TCC ACC GCG TTC ACG GAC-3', which
also introduces flanking Spel and Aflll restriction sites. This tfragment is cloned into the end-
repaired Aatli site of plasmid pUC19 to yield ptasmid pCJR18. An approximately 215 bp DNA
15  fragment is amplified from pMV400 which contains the bi-directional promoter pair Pactili/Pactl)
(Parro, V. et al. Nucl. Acids Res. (1891) 19.2623-2627), using as primers the synthetic
oligonucieotides 5'-ACA TTC TCT ACG CCT AAG TGT TCC CCT CCCTGC CTC-3'and 5-GTG ATG
TATGCTCATATG TGT CCTCCT TAATTAATCGAT GCGTTC GTC CGG TG-3', which also
introduces flanking Ndet and Afll] sites. The PCR product is digested with Ndel and Aflil and ligated
20 with the plasmid pCJR 18 previously cut with Ndel and Afill, to generate plasmid pCJUR19. A 1.1 kbp
Hindlll Sphi fragment containing the tsr gene, which confers resistance to thiostrepton, is abtained
by PCR from plasmid plJg22 (Lydiate, D. J. et al. Gene (1985) 35:223-235) as template, using as
primers the oligonuclectides 5'-TGA ACA CCA AGC TTG CCA GAG AGCGAC GACTTC CCC-3
and 5-GAC AGA TTG CAT GCC CTT CGA GGA GTG CCC GCC CGG-3' which also introduces
25  flanking Hindili and Sphi sites. The PCR product is digested with Hind!ll and Sphl and ligated with
plasmid pCJR 19 cut with Hindill and Sph! to obtain ptasmid pCJR24. The plasmid plJ822is

digested with BamHI| and Sst! and the fragment containing a portion of the fertility locus and the
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(1) Construction of the Reconbi nant Vector pCIJR101 pCJ 101 (Figure 4) is a
shuttl e pl aswbdseesrst ructed to be used for expression of PKS Peressiensto
actinonycetes. It includes a ColEl replicon to allowit to replicate in E.
coli, an SCP2" |ow copy nunber Streptomyces replicon (Bibb, M J. and
Hopwood, 0. A J. Gen. Mcrobiol. (1981) 126:427) and the actll-[err]4
activator gene fromthe act cluster which activates transcription fromthe
act pronoter during the transition from&rﬁowth hase to stationary phase in

t he veget at PRGN phiBRICHtoM(Lydiate: 8-  sialiGane( B§SLES 4531438Mig Haalpd nip peld digastady 970
bp DNA f f MF101 5 10 taini t 4 tivat

oD O LSk ROl 5 b AT b B ST o
Gt ot corassges e et ebar e et Fastie A t8Bbs S8R pepieBinlC s
GAC-3'. whigh_al i, d £l apki Spel, . i . j.Gti i )

Thi s 7 agmefre e arenead s B eshe iiond pel RO EMEE it ey o
t i el | ] . i anent i

anpl 1 1 1IRREPER e st SR el g oanobih Srbproh Bl sbo

P L11/P P ; - i . ) : = 2 ,
ugfag as S(r:%drtf)é‘ Féss aﬁ]‘géé?es?e}]ét'?]gﬁeipgésg?%gggmoéﬁgdéﬁ geﬁg §%Ch(%%§}#fé&r@%ir&éﬁ% AAG

TGT TCC CCladslda disdmid-pEard 03 iborx- {214k0p] Gehtiiba Gi-its febtictdoh Gatlda. CCT CCT TAA
TTA ATC GAT GCG TTC GIC CGG éB' , Which also introduces flanking Ndel and

Atlll sites. Theg;RSdRspugignetridsiudicyasted with Ndel and Aflll and ligated 20

with the plasmd pQJR 18 previously cut with Ndel and Afill, to generate
plasm d pChifelBnstiiction’bt kikenitibOSHIolis iRRIMAted inAWIRIY. ACONDBIHHANGXHolaghfeht gene,

whi ch confers resistance to thiostrepton, is obtained by PCR fromplasmd
pl J922 oLy djoatatinglhe tér g, vilich doRfas résidifizp ta3thio@Pepton 36 bhtaided BNPCRArém plasiidg as
primers the oligonucleotides 5 -TGA ACA CCA AGC TTG CCA GAG AGC GAC GAG TTC
CCC- 3' and diszcaeApitel TnhdEADrilBES tHebligdtUiei@ds HTGACRTR GIACAGTEY G GUA @AG al so
introduces 25 flanking Hndlll and Sphl sites. The PCR product is .
di gest ed WAGE GRGBACTTERECS)HEnd 5aBGAC AGY AT CBCRPER GIT &5AGEH AOGeLGAT h
Hindlll) and Sphl to obtain plasmd pCIR24. The Fgl asmd plJ922 is digested
with BanH v4irh asetntrodyaes flanking HingHeane Xbelsitesi Mafi-rhrrpdict is digedqd withdiindbtand) j ¢ y
| ocus and the WO 98/ 01571 _ . -
PCT/ GB97/ 0 P&Pbansfigated with plasmid pCJR 16 which has been digested with Hindlll and Xhol, to generate
15 plasmid pCJR25. Plasmid pCJR25 is digested with Hindlll and Sphl and ligated with plasmid

p(;JFH 9 which has been digested with Hinditi and Sphi, to produce the desired plasmid pCJR29

(approx. 12.4 kbp), identified by its restriction pattern. Plasmid pCJR29 difters trom pCJR101 in

the orientation of the tsr gene, the actil-orf4 gene and the acti/actiil promoter, with respect to the

SCP2*-derived origin of replication.

20 (i) Construction of Plasmid pND30

Plasmid pNEWAVETE was digested with Ndel and Xbal and the insert was puritied by

sedimentation on a sucrose gradient. The purified insert was ligated into plasmid pCJR29 (approx.

12.4 kbp) which had been digested with Nde! and Xbal, and the vector purified by sedimentation

on a sucrose gradient. The ligation mixture was used to transform E. coli and individual colonies

25  were checked for their plasmid content. The desired plasmid pND30 was identitied by its

restriction pattern.
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origin of replication (Lydiate. D. J. et al. Gene (1985) 35:223-235) is
ligated into pUCL9 digested with BanH and Sstl to generate the

bi funct i onaIW‘BP‘H%W’d pPCIR 16 (14.7 kbp). Plasnid pCIR24 is dP§T&GRIGONGIP N
Sall and Sphl, the two |larger fragnents fromthe digest are purified by gel
el ect r ophor esis. and conbined in a f our - c®hponent ligation with plasmd
pCIR16 which has been 5 digested with Xhol and Sphl. The ligation m xture
is used to transform Streptomyces |ividans and colonies are selected in the
presence of thiostrepton. One such colony is shown to contain the desired
pl asm d pClEhbie(1aP tibA ofbi jagntified by its restriction pattern.
(ii Construction o asmd p e construction of plasmd pCIR29 is
illustrated in Fhg#i€oMdos r i o1 nt 10 contai ning
the tsr gene. which c%nf e&sg%reéas)l&g?fgﬁggﬁgt"lgafa(l gg{%’é’%&éﬁ i s obtained by PCR
fromplasm d pl J928nsction GDxbigknfid pMSiNg as prinmers the oligonucleotides 5
-TGA ACA CCA AGC TTG CCA GAG AGC GAC GAC TTC CCC-3 and 5 -GAC AGA TTC TCG
AGC CTT CGAhe@spr6iifbaeyC.aXee DRBGegmentiol b eflasgene i & Gaurasa é)&eﬁﬂtk%ﬁ&n Hi ndl | |
and Xhol sites. The PCR product is digested with Hndlll and X and

| i gat ed 5w triucipbtaieiods pQlREGIdelPTIv leasA! (Dmandidi 3y esle Sciundel]1991n282| b756wd) Xhol |
to generate 15 plasm d pCIR25. Plasm d pCIR25 is digested with H ndl ||
and Sphl armdslamgified dy AER Bmpbyisgeserip@sR&hetici aigoriasotides 15’ GAJEST €BAGBATH

Hi ndl I | and Sphl roduce the desired plasm d pCIR29 (approx. 12.4 kbp),
i dentified @y thGsG%é& -Band B1C AFRERTHES CPP S5 AN GACIRIAS 406 G6Y. and plasmig) CIR101

in the orientation of the tsr %ene the actll-orf4 gene and the actl/actll|

promoter, WYER" ?é%?)’@??’aFoTP%EC erodpc was enriepdied 2o¢ ‘PQQIEH wih z'laﬁfdP Pb'gﬁ G’ﬁﬁhﬁg I
Co N VET]
<(31|n:jldg<bal "o B Predised st g B’gﬂn}éﬁhﬁp‘?‘?@% DT e
CIR29 . 12.4
Tbp) vl oh R Hblhe S JdF B V*'a'ﬁ'%\ﬁ@ et SRR PoBes aep hoBE i ed by
sedi Ment at Qs il SHEROR eg%ﬁ%a Tid%ﬁ'& 4 908 AW ALY Sf MRkl

transformE. C and 1 n I es were ¢

plasm d COfHsemls-adjkBéht QQﬁé Nlﬁdll Qleaﬁﬁbgolplmpgfowm&dtl%rﬁy'ng reREhctd phiein.
restriction pattern

PCT/ GB97/ 01810 (i) Construction f l smi MO

The approximately 0.85 kbp DNA segment of the rapA gene of Streptomyces hygroscopicus.

15  extending from nucleotide 1643 10 nucleotide 2486 of rapA, was amplified by PCR employing as
primers the following oligonucleotides: 5'-TTC CCT GGC CAG GGG TCG CAG OGT G-3' and 5'-CAC
CTA GGA CCG CGG ACC ACT CGA C-3', and the DNA from the recombinant bacteriophage A-1E
{Schwecke, T. et al., Proc. Natl. Acad. Sci. USA (1995) 92:7839-7843) as the template. PCR
product was end-repaired and ligated with piasmid pUC18, which had been linearised by digestion

20 with Smal and then treated with alkaiine phosphatase. The ligation mixture was used to transform
E. coli TGl recO and individual colonies were checked for their plasmid content. The desired
plasmid pMQ2 (3.5 kbp) was identified by its restriction pattern.

(i) Construction of plagmid pMQ3

The approximately 1.7 kbp DNA segment of the eryAl gene of S erythraea extending from

25  nucleotide 4128 to nucleotide 5928 of eryAl, was amplitied by PCR employing as primers the
synthetic coligonucieotides: 5-TGG CCA GGG AGT GGG TGC ACC TAG GCA-3' and 5'-GCC GAC

AGC GAG TCG ACG CCG AGT T-3'. and ptasmid pNTEP2 as tempiate. The PCR product was end-
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28 Exanple 1c - Construction of plasmd DCIR26 Plasm d pMX% (Figure 8) was
first construMEWalb’lseveral steps: (i) Construction of plasni @CEEdt0ihe
approximately 1.3 kbp DNA segnent of the eryAl  gene of S. erythraea
extending from5 nucl eotide 1948 to nucl esti de 3273 of eryAl (Donadio. S.
et al., Science (1991) 252. 675-679) was anplified by PCR enpl oyi ng as
primers synthetic oligonucleotides. 5 -CAT GCT CGA GCT CTC CTG GGA AGT- 3'
and 5' - CAA CCC TGG CCA GGG AAG ACG AAG ACG G 3'. and plasm d pNTEP2 as

atenpl ate. The_ P oduct. S _end- ired and |igated with plasm d pUCL
8. \ArrAEi ch had'eBE"ee%Ral”?LPeag# "gﬁ&\ﬁaﬁvdgﬁqﬁ{égf‘%‘f‘i‘ W?ﬁe"é&?ﬁgﬂss%ayq'wo'{) Vitheineahand t h
al kal i ne pho A The 10 |igati m xture was used to transform E. coli
TGl recO gndrﬁlgﬂ@%a&ﬁngxﬂgl lcé'{ecf)r?los shg‘ﬁé? %@H%%'ﬁ%ﬁ'”‘f“é? w?ﬂ@?&?"ﬂ'@ﬁ%’ﬂ‘i”ﬁ-&_@”@ht.
Tnoert 16 ad g Pabbtcdoict fipPlneckdd filhgithasti it e SesleaPREREPMOEG by
its restricty i i . 1 . 1. he o
appr oxi mat el (;' Qg .b@g{hk\@%ﬁ Bﬂ}géﬂsd)e!g %grl}? : %rP g@héemtr tgéhﬁmd@em 'tgf’ P%%’%%T‘&Wédemmed
hygr oscopi CcUs.its dstrictishdate@i Nng from nucl eotide 1643 to nucl eoti de 2486 of
rapA, was anplified by PCR enploying as priners the foll ow ng

ol i gonucl eot i des:(iviConkthctiéi df fidskridMO£GEC TCG CAG CGT G- 3' and 5' - CAC CTA

GGA CCG CGG ACC ACT CGA C-3', and the DNA fromthe reconbi nant

bact er i ophagtasAndpND{ Eeduigeeies witT Hinetl aAd Ball 4l 8.1 V@b inserPwaligatss ith biSéni§ 1995)
92:7839-7843) as the tenplate. PCR product was end-repai reg and |1 gated

wi th pl asni @M83GEhich hadtbieerndibestidye Rirdilrapa Bals Tt Matich BRfitd v LS to tdhdidimSal
and then treated with al kal i ne phosphatase. The ligation m xture was used

t o transf or BPIETGteerP amtindivideaDceienies wrde stiediesilforgiudirarEsesi cooweat. The 6ésrdd piagmid
their plasmd content. The desired plasmd pMX2 (3.5 kbp) was identified by
its rest'fi cPMGK (pAKPRIMES identifiey bitivestriction patemf pl asmi d pMOB The

approximately 1. V’W—ﬁﬂ%&;ﬁ&%t he eryAl gene of S. erythraea
extending from 2 o nucl eotide 5928 of eryAl, was
o o I o A o BT SR 2SN
gﬁg S$|G¥ U¥E3 gmﬁ@%{%ﬁ Eiggggmﬂa StuPshol 2R G eldifopraresR Ol fas Snd-
insert. The ligation mixiure was transformed intc E.coli TG1 recO and individual colonies were
15 checked for their plasmid content. The plasmid pMOS (12.8 kbp) was identified by its restriction
pattern. |
(vi) Construction of plasmid pMO6&
Plasmid pMO2 was digested with Bail and Avrl| and the insert was ligated with plasmid pMOS5 which
had been digested with Ball and Avril. The ligation mixture was used to transform E.coli TG1 recO
20  andindividual colonies were checked for their plasmid content. The desired plasmid pMO6 (13.5
kbp) was identified by its restriction pattern.
(vif) Construction of plasmid pCJR26
Plasmid pCJR26 is an SCP2* based plasmid containing a PKS gene comprising the ery loading
module, the first and second extension modules of the ery PKS and the ery chain-terminating
25  thioesterase. except that the DNA segment encoding the methylmaionyl-CoA:ACP
acyitransferase within the first extension modufe 'has been specifically substituted by the DNA

encoding the malonyt-CoA:ACP acyltransferase of moduie 2 of the rap PKS. It was constructed as
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PCT/ GB97/ 01810 29 repaired and ligated with plasmd pUCL 8,pchitaddig®d been

| i neari seowﬁf stﬁestl on with Small and then treated with al kal i ne
phosphatase. The ligation mxture was used to transformE. coli TG recO
and indivi dual col onies were checked for’their pl asm d content. The desired
plasmd pM3B (4.4 kbp), in which Ball and Avrll sites are adjacent to the
Hndlll site of the polylinker, was identified 5 by its restriction
pattern. (iv) Construction of plasmd pMX4 Plasm d pMOlL was digested with

H ndl || afgioRsFigurdns): ﬂﬁﬁn:&pﬁogtwsd:§b°s%twnWﬁl§el|ah9%£gnH‘4hE msmm&&e@w&;ﬁ whi ch -

had been digested with HndlIl and Ball. The ligation m xture was used to
t ransf or mplas@@l JCUREAL WhRs Ead@Pébniat@did Haahdd ah®RbB Snd\SUriBeddyRekésbrbsHordsei

pl asm d content. The desired plasmd 10 pMX4 (5.6 kbp) was identified by
i ts restr iTes iigatomaitues was taxgtorden gitd B.eé!i T8 re¢0 Pldasiniclapiolybibs WerashécledO4 WasS
digested with Stul and the 3.0 kbp insert was ligated with plasm d pNTEP2
whi ch had te#erastidpesteatd The tidsirst pthsnaid dCyRAG Wasddkntified ¢ its rebtection ogttearr.esi s t o
renmove the 3.8 kbp insert. The ligation m xture was transforned into E. coli
TGl reg&O and individual colonies were 15 checked for their plasmd
content. The pI asmd pI\/[lS (12.8 kbp) was |dent|f|ed_by its restriction
pattern ) AGh Q) l it Ol .e 3 n,‘ "_ CERNORQGH A.\_u&) MoGer! “,Lr ted with
Ball and Avrll _and the insert was ligated with Iasmd pMX%b whi ch had been
di gested with BisMidRtdPAGvegused I‘?é’an‘Qfﬁﬁ W“fﬁeﬁﬂg? 8r°W£§5‘ﬁs7§EPSB'GP‘PP ansf orm
E.coli TG 1 recO 20 andlndlv;pg#? coomesweg };&ﬁ'k $

pl asmi d c BTN COORRS WRER PPN AmMERIS cPA'aINEIKB Y éh'f’ﬁr@m"f’f @’H’aby its
restrlctlon att

an SCP2 bﬁ' e pefrggersr{ea('or "?1% %{g%er']‘%&:{’%hgg eﬁrea?%dqrsﬁ'rﬁn}r?es‘%%%m%t%ﬁmgé?g Tl‘% Eﬁﬁg% 'S
Ul G o1 Afbrllshith ARG SERAACHEXLAISLARLRINESS, P odeae o1y PKS and the ery
chain-ter a

I'Gest erase. exce e DNA segnent encodi ng

t he met hyl mal o t I ) podul e
y mgonig% paYéd b by%flﬁ%aN mﬁmrﬂn B8R nhdalufl, co¥iRRSs Am

has been specifically subs Itute
of thiostrepton and allowed to grow for seven days at 28-30°C. After this time the broth was filtered

to remove mycelia and the pH was adjusted to pH 3 The broth was extracted twice with two
volumes of ethyl acetate and the combined ethy! acetate extracts were washed with an equal

15 volume of saturated sodium chioride, dried over anhydrous sodium suffate, and the ethyl acetate
was removed under reduced pressure. to give about 500 mg of crude product. The products were
shown 10 be (2S. 3R. 5R)-2-methy!-3.5-dihydroxy-n-hexanoic acid 6-lactone and (2S. 3R. 5R)-2-

methyl-3,5-dihydroxy-n-heptanoic acid & -lactone:

OH OH
O @] @)
()
Example 1e - Construction of S. erythraca NBRL 2338/pCJR26 and it in_production of 14-

membered macrolides
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encodi ng the mal onyt- CoA: ACP acyl transferase of nodule 2 of the rap PKS. It
was const ruct egb ege1StBSTI TUTE SHEET ( RULE 26) WD 98/ 01571 PCT/GB97/01810
PCT/ GB97101810 30 follows (Figure 9) plasmd pMX% was digested with Ndel
and Xbal and the insert was ligated with plaasm d pCIR24. which had been
digested with Ndel and Xbal and purified by gel electrophoresis. The
ligation mxture was transfornmed into E.coli TG 1 (ecO and i ndi vi dual

col oni es were checked for their plasmd content. The desired plasm d pCIR26

identified b [ . f
éase'ryfm;e;ejcﬁp%éia%*?i %tsleﬁ{i}%%aﬁ evée”s#%ﬁﬁ%r i nir AT S o
coi oni o wer 2Rnaft Bava R ko537 Rn heaRh Rl i BleR e g WeFRh SR e 68 on

Several c Onecagm% q%t%fﬁﬁ% Wad Plartey cgsntz@;;ég@ ﬁut@&]%ﬁdnéaﬂﬁﬁtgrcgﬁfﬁrqm g, the

chronobsone b ion O heir

DI G | abel | ed plagg\ fiakfme S AE ln’ﬁwoﬁblgaﬁ An*&; %&é%&%é&&%%@)ﬁm% ﬁ&ﬁl«{%ﬁﬁ vas

grown in SSMnedium cO tal ni ng of thiostrepton an wed to

grow for ﬁevwnﬂ&mﬁeﬁgnoggh%@ur@d% od Pebeahsu ﬁa&ﬁx@?ecﬁ@&e?r StRmas hkki sifd

to renmove nycelia and the pH was adjusted to pH 3 The broth was extracted
twice with twec)HabWwaemosiiated lmbhry%%gbr%thaﬁﬂtatnh@ serirhitmeteftbM xhd A BhRY &t
extracts were washed with an equal vol une of saturated sodium
chloride, drizeet @v®Fecaially dDOHS obBdiskdd @itk da usaindlinbéiate? Dyl suaresd Qictind@s
removed under reduced pressure. to give about 500 ng of crude product. The
products wer eetrieawmedun ddtarizg, SrRmL MR)stréptor St 2 Bfidsksledry dorvainingSd0en anadivn
acid [err]-lactone and (2S. 3R, 5R)-2- nethyl-3 . 5-dihydroxy-n-heptanoic
acid [err] - ibesprengs Bxaihibnersan and SGmaken a0 rrvh After SfunbenprdRy st arowsRhe

2338/ pCIJR26 and its use in Production of 14- nenbered macrol i des SUBSTI TUTE

SHEET (RULE ggl)ures were centrifuged and the pH of the supernatant adjusted to pH 9. The supernatant was
then extracted three times with an equal volume of ethyl acetate and the soivent removed by

evaporation. Products were analysed by HPLC/MS and two macrolides were identified as the

erythromycin anaiogues:

15
NMe, NMe,
OH
Example 1t - Construction of plasmid pC-ATX
20 Ptasmid pC-AT X is an SCP2" based plasmid containing a PKS gene comprising the ery

loading module. the tirst and second extension modules of the ery PKS and the ery chain-
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WO 98/ 01571

PCT/ (B97/ 01810 31 Approximately 5 ng pCIR49 DNA was used t f S.
eryt hr aca WRE#®B3B protopl asts to give a strain in which t%ﬂ%@(ﬁ?@m s
integrated into the chronmbsone. From several colonies. total DNA was

obt ai ned and anal ysed by Sout hern hybri#8 sation to confirmthat the plasnmd
has integrated in nodule 2 of EryAl to give a novel macrolide biosynthetic-*
pat hway. 5 Further integrations had occurred to give repeated plasmd
sequences. S. erythraea NRRL 2338 /pCIJR49 was inoculated into tryptic soy
br ot h corteahindting tfioegterdset dxcers thae e @NAasegdmiencanbadirethé nefirronjiCdagicd hr ee
days. 100 nL of this seed culture was used to inoculate 2 L of sucrose
succi nat eaqyirBnsierdsenwitiinihe trotextensiomyoduighastieet kpeoiicallg pobstituted o the GhAL f | asks
each containing 500m. nediumwith 2 springs to aid dispersion and shaken at
300 rpm SRCPERS the MalopyEoARCGRacytratsiejassitiom a nuativ@lype LRKS peresluster eioned

centri fug?ed gnd the pH of the supernatant adjusted to pH 9. The supernat ant
was t hen 63 PURRIUTYCERFIRamMongRss A G 14813 érjagtces s thgmolvgtheepetyketidec et at e and

t he sQI vent rerra\éed b evagor.ation., Products were anal ysed by HPLC/ M5 and
two macr drefes” 'r“éasl‘:éé‘ﬂ’t‘?‘ 9 reyeratipemediplaniasmpsian oAt (Bigwesons [err]

Exanple 11 - [ L ; Sc%gzsm' d pCG ATX 20 Plasmd pCATX is
an SCP2 based_qg%ﬂ‘&%mga PKS gene conprising the ery | oading
chai n- SURLPTFUREn R SRR B R B 89 The MiRerinorddicartis ' 1€ © ¥
PCT/ GBO7/ QA& Rted %roin&yf,a1 | hj segment
encodi ng t he rrtgt hf/l er?élgqgﬁfl}kh éé%,%\é A@@%W?ﬁ%@%&&”%ﬁﬁ%@%@&f% s"?o

ext ensi OfBamPﬁihHeQriééa%n@ﬁlﬁﬂinéBﬁﬁbﬁ%té%%l t e RS higl st GhwiRY st BEe @é‘ﬁbnﬁmﬁp@ ng the

mal onyf - COA: ACP acyltransferase froma putative type I PKS gene cluster
cl oned  was packaged into A-particles using Gigapack packaging extracts. and transtected into €.coli

NM1blue. Approximately 600 colonies of the library were grown on the surtace of anylon
membrane. lysed. and their DNA was crosslinked to the membrane by UV irradiation. The
membrane was subsequently used for the screening procedure The insert of pMO8 comprising
the ketosynthase domain from modute 2 of DEBS was labelled by random priming in the preseﬁce

15  of P aATP and used as a probe for DNA hybridisation The probe was hybridised for 16h at 68°C
in 4.0xSSC buffer and subsequently washed off for 1h at 68°C in 0.8xSSC buffer Three positive
clones were isolated. DNA of the inserts of aii three clones was end sequenced trom T3 and T7
priming sites present in the vector pWE15. A region homoiogous to type | ketosynthase and
malonyl-CoA:ACP acyltransferase domains was discovered in the DNA sequence from the T7

20  priming site using clone 2 (named pSCINO2) as a template. Partial DNA sequencing of the malonyl-
CoA:ACP acyitransterase domain (named AT X) reveaied an unusual sequence motit in the
putative substrate recognition part of the domain which was substantially different from previously
described malonate- or methylmalonate-specific CoA ACP acyltransferases (Haydock. S.F.etal .
FEBS (1995) 374 246-248)

25 (i) Construction of plasmid pM038
The approximately 0.9 kbp DNA segment of the ATX domain was amplified by PCR empioying as

pnmers the following ohgonucteotides 5'-CTG GCC AGG GCG CGC AAT GGCCGAGCAT-3'and

SUBSTITUTE SHEET (RULE 26)



from Streptonmyces ci nnanonensi s ATCC 14513 (producer of the polyether
pol yketide 5 woomesssin). It was constructed via several interréﬁ’ﬁ?@’”mo
plasm ds as follows (Figure 10) (i) Isolation of cosm d DSCI NO2 Genomnic
i brary of Streptonyces cinnanonensis ATCC 34513 (the nonensin producer)
was constructed fromsize fractioned 35 - 45 kbp Sau3A fragnents of
chronosomal DNA |igated into BanH -1ineari sed and al kal i ne phosphat ase-
treated cosmd vector p\EL 5. The ligation mxture If) was packaged into
[err]-particles usin Géirr] apack 1packagi ng;pext racts. and transfected into
£ col | NMLbI U8 CHPHTRGRERTH T F6l AP BGCEEGHE Frobisas e RbiAdrog beeosts  he
surface of a%on menbrane. |ysed. and their DNA was crosslinked to the
menbr ane by RPF'NP2aT Ge fegwiateriide FERIRrOdvE! Was SN (RRakRf APF tigared Wit Piasayd UGS,
screeni ng procedure The | nser f pMB. c ri sing.the ketosynthase domajn
¥ om modal 6 SV tseaEsTAneaTser oy PRedia WS HRIAD H1er REer NG HEA s BRamABSp ST e
[err]P [err] ATP.and used as robe for hybridi sation The probe S
hybr | di sed 1 qeaiantegthe 33t Bhiim g, e R 2Rt RRLrIRRed fnde §efieiE
off for 1h at rr] Cin, 0.,8x ff itiv | Qnes_wer.e.

sl at ed. TouA"S] PR fordly | TR RSP R BB e B B8 om 7

and T7 prim n&t%}nt es present in the vector pWEL 5. A region honol ogous to
type | ketosynthase and mal onyl - CoA: ACP acyl transferase domai ns was

di scovered in the SR0eN 66&sIds M T7 20 primng site using clone 2

(named pSCI NO2) as a tenplate. Partial DNA sequencing of the mal onyl -

CoA: ACP acyl tmigdnsd pmeseisdaisnidivd 51aMes with)d)polyelueing @ imsarist Atk sBE BoRAGEhe
notif in the putative substrate recognition part of the domain which was
subst anti al | yinshirtefi ©n T2 deho nPigsmed pMO6 s digsativite dcortlashieihe!t acd annealed with two
met hyl mal onat e- speci fi c CoA ACP acyl transferases (Haydock. S.F. et a(. FEBS
(1995) 374 24f5ig@iBipotRies forming the doubll-sCamuied regidn af theodolygloaibaisite BVABBTTAEAA
approximately 0.9 kbp DNA segnment of the ATX donmain was anplified by PCR
enpl oyi ng as PrARTARGLGED ICT 6@GTA TOITAGINS eheDITCEFACATC TACCGG TCT GGAGGA TGA

- CTGGCCAGGGCGCGCAATGECCGAGCAT- 3 and WD 98/ 01571 _ o ,

PCT/ GB97/ 018 116-A35T AL-3 e mintyreegs Iigates arstdransiaresrdnte REothte! regst Iestividuel eplonigsi ng

the DNA fromthe cosnid _ S
were checked for their plasmid content. The desired plasmid pMO34 (13.5 kbp) was identified by

its restriction paitern.

15 (iv) Construction of plasmid pMO35
Piasmid pMO35 is a derivative of pMO34 containing TKLS-AT2 gene= and a translationally coupled
crotonyl-CoA-reductase gene from Streptomyces cotiinus (Wallace et al., E. J. Biochem. {1995)
233: 954-962). The crotonyl-CoA-reductase gene was excised from the plasmid pZYB3 (the gift of
Prof. K. Reynoids) as an Ndel - BamHI fragment, which was treated with mung bean nuclease to

20  produce biunt ends and ligated into pMO34 previously cut with Spel and likewise blunt-ended
using mung bean nuclease. The ligation mixture was used to transform E. coli TG1 recO and
individual colonies were checked for their plasmid content. The desired plasmid pMO35(14.2
kbp). with the correct orientation of the crotonyl-CoA-ketoreductase gene. was identified by its

restriction pattern.

{v) Construction of plasmid pMQO36

12
h

Plasmid pMO38 was digested with Ball and Avrll and the insert was ligated with ptasmid pMO35

which had been digested with Ball and Avrll The ligation mixture was used to transtorm F anti TG 1
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pSCINO2 as the ter{ﬂ%g&,& +fhe PCR product was end-repaired and |i garewarornisio
pl asm d pUC18. whi d" een linearised by digestion with Smal and then
treated with al kali ne phosphatase. The ligationyf xture was used to
transformE coli TG recO and individual colonies were checked for 5

their plasmd content. The desired plasmd pM38 (3.5 kbp) was identified

by its restriction pattern (iii) Construction of plasmd DMX34 Plasm d

S0 codon of -t herertieat reet rbehi Srabkerdi i Ao LR 8 o8/ eiap@ pvoss
EcoRL and Hindl || eoti dos f th
doubl o- st randed rUGRORPLSSIEEY fbe?try@roe“f'ﬁ*go%are%' P7AAT TCA TAA CTA GTA Coa
GGT CTG GCC ATC TAG A—ﬁa and 2 XTACCGGTCTGGAGGATGA TCA ATA

C-3'" The m xture was | ornmed into E. coli TA recO

I ndi vi dual col oni ﬁésrﬁyg B?!O%Q%ggg {té&rwrth rﬂﬁ%l L8 kA Thtng R BRs: lrggg@wrﬂ%ﬂsﬁ?bwmg

pl asm d pM34 (13 rts restriction patte

(iv) Oonstructy onugfy plA: g.gga@%gnsqﬁrénaqbpwgum B, 648 lelRiohdts© T hEddn

cont ai ni ng TKLS— gene an at1 ona

crot onyl - CoA- 1 edugL AR, ARARSEAREINS £ @&rmryrs&;sane %Mau& c&r}!}%é VA8 ciftlcked for théir
J. Biochem (1995) 233: 954-962). The crotonyl - CoA-reductase gene was

exci sed from the phasatohird Pt cfe%r% ol 0T s ceKicB8Y ROMedltion iy Nde! -
BanH fragnment, which was treated with mung bean nucl ease to 20 pr oduce

bl unt ends and ligated into pMX34 previously cut with Spel and |ikew se

bl unt - ended usi ng nmung bean nucI ease. The l'igati on mxture was used to
transform E. col i ExBE® As ! : (-AF X et rodiigtn )

pl asm d content. The desr red pI asmd pI\/D35 (14 2 kbp) Wi th the correct
orientation oft t he cr oflesmitl pCoAXleat osedidutdra®en §entyvasasiS2 pubtplasts. Bdodirgpioh s
restriction pattern. 25 (v) Construction of plasm d DM)36 Plasm d
pMB8 was di gest gdsistgnticoBaies waredselaoted bn BATROtMagiumestatninga§ Lbinyg at thidstweicton. Several
plasm d pM3B 5 which had been digested with Ball and Avrll The |igation

m xture was used ¥pes vgrestesiediorprepgnce gFAC-AT X integated g thg zhromosome by Southern biot
PCT/ GB97/ 01810

hybridisation of their genomic DNA with DIG-labelled DNA encoding the DEBS1-TE gene.
A cione with an integrated copy of pC-AT X was grown in SSM medium, containing 5 pyg/m!

15 of thiostrepton, and allowed to grow for seven days at 28-30°C. After this time the broth was

filtered to remove mycelia and the pH adjusted to pH 3. The broth was extracted twice with two

volumes of ethy! acetate and the combined ethy! acetate extracts were washed with an equal

volume of saturated sodium chioride, dried over anhydrous sodium suifate, and the ethy! acetate

was removed under reduced pressure, to give about 500 mg of crude product. The products were
20  characterised by gas chromatography, mass spectrometry and NMR, and were shown 1o be (25,

3R. 48, 5R)-2-methyl-4-ethy!-3,5-dihydroxy-n-hexanoic acid d-lactone and (2S, 3R, 43, 5R)-2-

methyi-4-ethyl-3,5-dihydroxy-n-heptanoic acid s-lactone:
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PCT/GB97/01810
34 recO and i ndi vi W 983F8ni es were checked ton their plasnid content. The

desired plasmd pMX36 (13.5 kbp) was identified bg its restriction.pattern.
(vi) Construction of plasmd pCATX Plasm d pl\/[B was di gested with Ndel
and Xbal and the insert was ligated with plasmd pCIR29, 5 which had been
digested with Ndel and Xbal and purified by gel electrophoresis. The
ligation mxture was transfornmed into E.coli TA recO and individual
col oni es were checked for thei ®tbl asmid content.Ofhe desired plasm d pC ATX
was identified by its regtrictijon pattern. |Exanplije 1g - Construction of S.
eryt hraea-JC2/ oC ATX and i i 10 Plasm d
pC- ATX was used to transform S.erythraea JC2 pgrotoplasts. Thi ostrepton

f pC ATX integrated

resi stant col onies were sel

t hi ostrepton. Several clo @

into the chronmosone by Sout hern bl of” hybrid|sation of their genom c DNA
with DI Glabelled DNA encoding the DEBS1- TE| gene. A clone with an
i nt egrated copy of

15 of thiostrepto R —a-horaed -5 actepmer. ats =

After this tine thaWtered to renove nycelia and the pH

adjusted to pH 3. The broth was extracted twice wwth two vol unes of ethyl
acetate and the conbi nedagkdithat@ESHPIEABXONAGESUSSE toaransisiTes] enfridea ARRE QA28

vol une of saturated sodiumchloride, dried over anhydrous sodi um sul fate,

and the et hyl acet gir@omass bR ietanindaich thegiaeeid igintegrated éto the clgomasomb oEroms@deral
nmg of crude product. The products were 20 characteri sed by gas

chr omat ogr aphy, nmas®ics@eabtaidINg was carachetNbfie aralysedyrSouthmvmbridgsatns (¢ &Bfirm3Rat the

4S. 5R)-2-net hyl - 4- et hyl - 3. 5- di hydr oxy- n- hexanoi c acid [err]-I|actone and

(2S, 3R, 4S. 5R) - 2-piasatidhysintegeaten/in m@dBe &b txgivers Hoypmaciide tirsytnetic pathway.
[err]-lactone: SUBSTI TUTE SHEET ( RULE 26) WO 98/ 01571

PCT/ GB97/ 01810 35 @rthesnmtgrations had occurred to give repeated plasmid sequences. S. erythraea NRRL 2338

IpC-ATX was inoculated into tryptic soy broth containing 5 mg/mL thiostrepton and incubated at

1y 30°C for three days. 100 mL of this seed culture was used ta inoculate 2 L of sucrose succinate
defined medium containing 5 mg/mL thiostrepton in 5 x 2 L flasks each containing 500 mL medium
with 2 springs to aid dispersion and shaken at 300 rpm. After a further 5 days of growth the
cultures were centrituged and the pH of the supernatant adjusted to pH 9'. The supernatant was
then extracted three times with an equal volume of ethyl acetate and the solvent removed by

15 evaporation. Products were analysed by HPLC-MS and two macrolide products were identified.

OH
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Exanpl e 1h - Construction of S erythraea NRRL 2338/ pC-ATX and its use in
producti on nbered macr.olides Approximately 5ng pC AT Ngy Wamused
to transformg erythraea NRRL 2338 protoplasts to give a strarn in I ch
the plasmd is integrated into the chromosgne. From several colonies. total
DNA was obtai ned and anal ysed by Sout hern 3hsybrl disation to confirmthat the
plasm d has integrated in nodule 2 of EryAl to give a novel nmacrolide
bi osyntnetic pathway. Further integrations had occurred to give repeated
pl asm d sequences S. erythraea NRRL 2338 /pC ATX was inocul ated into
tryptic soy broth containing 5 ng/nL thiostrepton and incubated at 10
30[err]C for three days 100 n1_ of thIS seed culture was used to inocul ate
2 L of sucr &%’k » & R hasiigilebMiung cont ai ni ng 5 rrg/m_ thi ostrepton in
5 x 2 L flasks each contai ni ng 500 nL medi umwith 2 springs to aid
di spersion and sRRBH PETABBMF anSiaP2abased pigshid corneiringa B5S gensfcogptsngthe by
cul tures vvelg)e centrifuged and the pH of the sugfernat ant adgausted to pH 9.

The super naPafipe U\‘/&%“? trgt @pnd %P%ew\s@a "PFWE% \f\')i‘eceﬁ‘/ 8IS aefl e eyshaife of

et hyl af.e a% ol vent rem)vegwbﬁ/ oration. Products were
anal ysedSe by FRLE" PRoSHTRR N g %?GU’@P'S" PR@ATYMRloaY-GoArAGP [err ]
WO 98/ 01571

PCT/ GB97/ 0 1%%’35%“"@?? HTEnG Fecon BRSO QAOYIR "BF O SRAT T SHRT Y B THR R

pC- AT12 is g%%% gﬁ, he. .ery
| oadi ng rmdul e, %Dﬁ‘ gt and se 09'('}9 edig’logﬂggo Q‘T%E”R?"Fﬁ)égéér?‘g"ﬁﬁ%‘é’ ¥&hd
the ery Chaée?eraﬁntem’iéﬁfa‘?@ﬂé’éﬂ:dl‘gasw]b@se(ﬁgﬁlreaﬁ? except that the DNA segment
encodi ng the net hyl mal onyl - CoA: ACP acyltransferase within the second

ext ensi on nodul e()fassthesdh & pashibipety substituted by the DNA encoding the
mal onyl - CoA: ACP acyltransferase of nodule 2 of the rap PKS. It was

const r ugt edThel appeeiveredt 1.0 RbEDNVe shigaiet 4 trrsdiy Al gersof BOdritaraBa &xrér@ing@roml)
(1) Construction of plasmd aM®25 10 The approximately 1.0 kbp DNA segnent
of the eryAucgetne 859630 nestedtithe 27T «t etyan(onaid. Soenal.. Science (1991) 252, §75-679)
was amplified by PCR employing as primers synthetic aligonuclectides: 5-GGCGGGTCCGGA
GGTGTTCACCGAGTT-3'and 5' -ACC TTG GCC AGG GAA GAC GAACAC TGA-3'. and plasmid
pNTEp2 as atemplate. The PCR product was end-repaired and ligated with plasmid pUC18, which
15 had been linearised by digestion with Smal and then treated with alkaline phosphatass. The
ligation mixture was used to transform E.coli TG1recO and individual colonies were checked for
their plasmid content. The desired plasmid pMQO25 (3.6 kbp). in which the Stul site bordering the
insert is adjacent to the Hindll! site in the polylinker, was identified by its restriction pattern.
(ii) Construction of plasmid pMQO26
20  The approximately 0.6 kbp DNA segment of the eryAl gene of S. erythraea extending from
nucteotide 8660 to nucleotide 9258 of eryAl, was amplified by PCR employing as primers the
synthetic oligonucleotides: 5-TCCTAG GCC GGGCCGGACTGGTCGACCTGCCGGGTT-3' and
5'-AAA CACCGC GACCTGGTCCTCCGAGC-3', and plasmid pNTEP2 as template. The PCR
product was end-repaired and ligated with plasmid pUC18. which had been linearised by digestion
25 with Smal and then treated with aikaline phosphatase. The ligation mixture was used to transform

E. coli TG1recO and individual colonies were checked for therr plasmid content. The desired
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nucl eoti de 6696 to nucl eotide 7707 of eryAl (Donadio. S. et al., Science (1
991) 252. 675-67Wowamersanplified by PCR enpl oyi ng.as priners synt [mtT/GB97/01810
ol i gonucl eoti des: 5- GGCGGGTCCGGA GGTGITCACCGAGIT-3 and 5 -ACC TTG GCC AGG
GAA GAC GAA CAC TGA-3, and plasm d pNTEp2 as aggnpl ate. The PCR product was
end-repaired and ligated with plasm d pUC18. which 15 had been |inearised
by digestion with Smal and then treated with al kal i ne phosphat ase. The
ligation m xture was used to transformE.coli TG 1 recO and i ndi vi dual
colonies were checked for their plasmd content. The desired plasmd pMX25
(3.6 kbp). in whasmidaO25 (812 kbpk & whish theriviisite isadipepsittothe Hindiitisiteotihe pelyinkdnovas
Hndlll site in the polylinker, was identified by its restriction pattern.
(ii) Constructi denBfedfys mSick®ade®0  The approxi mately 0.6 kbp DNA

segnent of the eryAl e of S. erythraea extending from nucl eotlde 8660 to
nucl eoti de 9258 of eK@M@%&?—F@&@} PCR enpl oying as priners the

ST IE L L OB e S bR g 5 o e

whi h had been PRSEATIEa R TReEaR 5 A Pel, T lba iR et B .
al kal i ne photh%l?‘lﬁS‘l&chg%ldl i&cﬁﬁédap&lomeéhlg:re%h ?% @?t?%ié %lgsn}i)u{; %%Jn?rmeEd[eéﬁet%l_;j{afﬁng

TA recO and indiv oni es were chécke asmd con
desi red SUBSTI ngzfl—ﬁ;[b % & %d ; r%%r@ th
PCT/ GB97/ 01810 37 pl asrnd’ phwne ? .3"&5\@%‘, o it ch the Avrll site is
adj acent to the Hi ndk;b)lmmmnker, was identified by its
restriction pattern. (iii)Construction of plasmd pMR7 Plasmd pMR25 was
di gested w th Ee@Ehk pMTbsBalsldigasel fifteavki Shalciaii 4n8 8ielo 645 idskARbOJalk Wi plasmia
plasm d 5 pM>2 whi ch had been digested with EcoRl and Ball. The ligation
m Xt ur e was lusedMDarz whiah sbobeankiigested witl &k sreit-Odin UThé WgGtioh MiMate veagluedd t6 Sarvelie
checked for their plasm d content. The desired plasmd pM®27 (4.4 kbp) was
identified by iEscofi &6tirer@rndindipidtal evionies(werd chedtes fiar treiriptasmtfcopteats Thel dedines 2
plasmid pMO32 (5.1 kbp) was identified by its restriction pattern.
{v)Construction of ptasmid pMO33
Plasmid pMO32 was digested with BspEl and SexAl and the 2.7 kbp insert was ligated with ptasmid
15  pNTEP2 which had been digested with the same two enzymes and purified by ge! electrophoresis
to remove the 2.8 kbp insert. The ligation mixture was transformed inio E.coli TG1recO and
individual colonies were checked for their plasmid content. The plasmid pMO33 (12.8 kbp) was
identified by its restriction pattern.
(vi) Construction of plasmid pC-AT12
20  Plasmid pMO33 was digested with Ndel and Xbai and the insert was ligated with plasmid pCJR2S,
which had been digested with Ndel and Xbal and purified by gel electrophoresis. The ligation .

mixture was transformed into E.coli TG 1rec0 and individual colonies were checked for their plasmid

content. The desired plasmid pC-AT 12 was identified by its restriction pattern

Plasmid pC-AT 12 was used {o transform S.erythraea JC2 protoplasts. Thiostrepton

resigtant colonies were selected on R2720 medium containing 10 pg/mi of thiostrepton. Several
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Plasm d pMX26 was digested wwth Avrll and H ndill and the 0.6 kbp insert
was ligated with plasmd 10 pMX27 whi ch had been digested with A}'e)u and
Hindl I T. Th&Q9%M5Ton nixture was used to transformE coli FTEIGRIY R

i ndi vi dual col oni es were checked for their plasmd content. The desired

pl asmi d pMXB2 (5.1 kbp) was identified by*®ts restriction pattern. (v)
Construction of plasmd pM)33 Plasmd pMXB2 was di gested with BspEl and
SexAl and the 2.7 kbp insert was ligated with plasm d 15 pNTEP2 whi ch had
been digested with the sane two enzynes and purified by gel el ectrophoresis

to remove the 2. §ckhPwiniraktbgradiSopy oBgt aAPib m%#wm\m rtﬂéd?ﬁg{cgﬁt%ﬁig %ﬂto

E.coli TGl recO and individual colonies were ecked for d
content. Thaypl ashiostraptde@Rdd bilbdedtokdid) fonesveh dayt dt ba-8GbchXttdr tnfs tfethd brothi il
pattern. (vi) Construction of plasmd pCAT 1 2 20 Plasm d pMX33 was

di gest ed wi fiitareNittelemamsimydaid aranik gHhetjustesies bH BaShd bretwag exabiBd MicasyiinGwe CIR29.
whi ch had been digested with Ndel and Xbal and purified by gel

el ect r ophorveimes offétey! heéegaie antthe comibiced ethyveestater xnadtowere ehashet witfcac edual TG 1
recO and i ndividual colonies were checked for their plasm d content. The
desi r ed Spl axolme g Catu(hted 20diers chictdatdried eder layhyidraisiseditm sataieoandabg étByi acéthte
Exanple 1li - Construction of S. erythraea JC2/ pC AT12 and production of TKL
deri vat i vesvas|refaened upder peduget pressungste give @belt $A8 frarafier8deprodust déa pdGRcts were
protopl asts. Thiostrepton resistant col onies were selected on R2T20 nmedi um
cont ai ni ng SPBYT 75 R 11S. B7)-4-MPHY Croeditusiexy-gepeangic asigRsastongred GAEES: SPRULE 26)
WO 98/ 01571 oyl . .

PCT/ GB97/ 0 THIRY 38 HVQ o8B NaR'ERP'LATY AifaSloPSt ed copy of pC-AT 12 was grown in
SSM nmedi um containing 5 [err]g/nL of thiostrepton and allowed to grow for
seven days at 28-30[err]C AfterOthis time the brothHwas filtered to renove
nmycelia and the pH adjusted to gH 3. The broth was| extracted twce with two
vol unes of ethyl acetate a onbi ned et ate extracts were
washed with an equal 5 vol unme of] saturated soffi um ¢ghl ori de, dried over
anhydrous sodium sul fate. an t hyl acetate{was rienoved under reduced
pressure. to give about 50

10

15 Example 1k - Construction of S erythraea NRRL 2338/pC-AT 12 and its use in production of 14-

membered macroli

Approximately sug pC-AT12 DNA was used to transform S. erythraea NRRL 2338
protoplasts to give a strain in which the plasmid is integrated into the chromosome. From several
colonies, total DNA was obtained and analysed by Southem hybridisation to confirm that the

20  piasmid has integrated 3’ of module 2 of EryAl o give a novel macrolide biosynthetic pathway.

Further integrations had occurred to give repeated plasmid sequences. S. erythraeca NRRL 2338
/pC-AT 12 was inoculated into tryptic soy broth containing 5 mg/mL thiostrepton and incubated at
30°C for three days 100 miL of this seed culture was used to inoculate 2 L of sucrose succinate
detined medium containing sug/ mL thiostrepton in 5 x 2 L flasks each containing 500 mL

25 medium with 2 springs to aid dispersion and shaken at 300 rpm. After a further 5 days of growth
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shown to be (3R 4S. 5R)-4-nethyl - 3. 5-di hydr oxy-n- hexanoi ¢ acid
[err]-1actone WRPBOIR! 4S. 5R)-4- methyl - 3. 5-di hydr oxy- n- hept anBFE/CRE7/pI810
[err] -lactone: [err] 10 15 Exanpl e 1k - Construction of S ervthraea NRRL
2338/ pC-AT1 2 and its use in production of 22- nmenbered macrolides

Approxi mately 5[err]g pC AT12 DNA was used to transform S. erythraea NRRL
2338 protoplasts to give a strain in which the plasmd is integrated into

t he chronosone. From several colonies, total DNA was obtai ned and anal ysed
by Sout her n h{lercuitiresvére sentafugasrdnd the pHd thet soper@@ant agjusisdriocpH @A ST Hersupgnatbred

3" of nodule 2 of EryAl to give a novel nacrolide biosynthetic pathway.

Fur t her i nt egiat \hem8xragied reatimasdavith gn ghusbvaiuspreeietvll askiaterdind thesqivernt carsave®by
erythraea NRRL 2338 /pC- AT12 was inoculated into tryptic soy broth

contai ni ng 5 AEPATRNIGT REeducEptestanaiierd tydiitb &t ang twg ofasiofijeprodyet sierasidentifisds
100 nL of this seed culture was used to inoculate 2 L of sucrose succinate
defined nedium containing 5[err]g/ nL thiostrepton in 5 x 2 L flasks each
cont ai ni ng_ 500 L 25 mediumwith 2 springs to aid dispersion and shaken
at 300 rpm After a further 5 days of growth SUBSTLTUTE SHEET (RULE 26)

WO 98/ 01571 [

PCT/ GB97/ 01810 39 the cultu
super nat ant adj usted toH
times with an equal vol
evaporati on. Products were

re entrifuged dY g phl of the

OH 3 er nat ant acted three
of_etlthyl[ agetate andit he sRl ventl renoved by

naYy S&d oY NWR, C- ffWo Oa®r oNMele pr oduct s
were identified. [err] 1 - GBonstructi asnPd pCIR49 10
pCIR49 is a pCIR24-based plagm g containing a mutant BS1- TE gene which
has no ketoreductase in nodul €72. @'d the AT domai n%in ekl € 2 has been
repl aced by RAPS AT2 in order 6rporate a ml xt ender instead of
a net hyl mal onyl extender in thepgecond nodul e (FigureH?2).

Example 11 - Construction of plasmid pCJR49
10 pCJR49 is a pCJA24-based plasmid containing a mutant DEBS1-TE gene which has no
ketoreductase in module 2. and the AT domain in modute 2 has been replaced by RAPS AT2in
order to incorporate a malony! extender instead of a methylmalonyl extender in the second module
{Figure 12).
pMO32 was digasted with BspEl and SexAl and the fragment containing the AT from RAP
15 module 2 was cloned into pUC1-0 which had been previously digested with BspE | and SexA |, to
yield the plasmid pCJR43. _
pCJR43 was digested with Ndel and Xbal and the fragment containing the mutant DEBS1-
TE gene was cloned into pCJR24 which had previously been digested with Ndel and Xbal, to yield
plasmid pCJR49. pCJR49 was confirmed by restriction enzyme mapping.
20

Example 1m - Construction ot S_erythraea JC2/pCJR49 and production of TKL detivatives
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pM3B82 was digested with BspEl and SexAl and the fragnment containing the AT
from RAP 150 ggpilstie 2 was cloned into pUCH -0 which had beenp@fgnbaiisie/
digested with BspE | and SexA |, to yield the plasm d pCIR43. pCIR43 was
di gested with Ndel and Xbal and the fragngnt containing the nmutant DEBS1 -
TE gene was cloned into pCIJR24 which had previously been digested with Ndel
and Xbal. to yield plasm d pCIR49. pCIR49 was confirmed by restriction
enzyme mappi hg. Exanple 1 m- Construction of S erythraea JC2/ pCIR49 and
production of TKL derivatives SUBSTI TUTE SHEET (RULE 26) WO 98101571
PCT/ GB97/ 1810 4699(5’&7‘6%'&&% SCYR4 @A Ve yred RIRNEIRIN SicesythrBeaQRpratopiaststor m S,
erythraea J'SJZ rotop E&}"r(?iaé ive a strain in which the plasmd is

i nt egr at ed?' ‘?1? T3 WEis 'HpisRRalednte e clugmasames Fram saveBivalonies skl aj ned

and anal t ont on rmthat the plasm d ha
i nt egr at gzﬁﬁﬁf%’ ° e%gﬁ&%@’s !’yd$s IF'HQ’Q” | 6, ‘?‘f"ﬁ@@ﬁﬁgthéﬂ'”?‘%ﬂfaé;d

/ d b d
AR SOHR O et A Chec L i (LS 7
of sucrseanpsrdptdhaing irfdehdaes mg# gmrfoag?gé' momrqég]h%s%aé gu;/u&tw”a'sg Lrepton in
ng 50 '

5 x 2 L flasks each contal ni diumw t sprlns

di sper si onngiGteshakesicdise &ngﬁte%hréfjtn?erdmﬁﬂ dortaliiHe’s i3 /ﬂ@ﬁﬁosﬂgptg{ »ﬂ\gxréLt he
cultures were centrifuged and the pH t he supernatant was adjusted to pH
3 The supélasiteant comsnihd 0D neXih & emhztﬁraa@s toiaiiRfispiisioR afd\stRRMHAH! 30pHE  Of
et hyl 10 acetate and the solvent renoved by evaporation Products were

di ssol ved After aburtharfodaya ntigrawta esseitréywdEEbEntuaged aht mageian thivRlpd#adnbyas em
This anal ysis indicated that by conparison to synthetic standards two new
| act ones v?é’l“é‘eﬁ feafdAt TEhapengie das then welrastep 4B eS Ryesivirah leglial giume of ethy!

ket o- 5 hydr oxyhexanoi c acid [err] |actone and

(4S, 5R)- 4- aﬁé‘@(ﬁﬁ d 18 30VENIILRONEH b §YRPIEKeD | EodusisaverissatvebnanetheRolanfl e r |

analysed by GCMS on a Finnegan-MAT GCQ System This analysis indicated that by comparnson

to synthetic standards two new lactones were present. These products were (4S.5R)-4-methyi-3-

keto-5-hydroxyhexanoic acid o lactone and {4S,5R)-4-methyl-3-keto-5-hydroxyheptanoic acid §

R

Example 1n - Construction of S. enythraea NRRL 2338/pCJR49 and its use for production of 14-

membered macrolides

lactone:

sug pCJR49 DNA was used to transform S. erythraea NRRL 2338 protoplasts to give a
20 strain in which the plasmid is integrated into the chromosome From several colonies total DNA Is
obtained and analysed by Southern hybridisation {o conlirm that the plasmid has integrated in

module 2 of EryAl to give a novel macrolide biosynthetic pathway Further integrations had

SUBSTITUTE SHEET (RULE 26)



Exanple 1n - Construction of S. ervthraea NRRL 2338/ pCIJR49 and its use for
producti on ovoB8A15Tenbered macrolides 5[err]g pCIRA9 DNA was BERGBOITO1810
transformS. erythraea NRRL 2338 protoplasts to give a 20 strain in which
the plasmd is integrated into the chronosone From several col onies total
DNA i s obtained and anal ysed by Sout hern hybridisation to confirmthat the
plasm d has Integrated in nodule 2 of EryAl to give a novel macrolide

bi osynthel i c pathway Further integrations had SUBSTI TUTE SHEET ( RULE 26)

WO 98/ 0157 Jpceurred to give repeated plasmid sequences. S. erythraea /pCJR49 is inoculated into tryptic so

PCT/ GB97/ 01810 41 occurred to give repeated plasm d sequences. S. erytrw aea
I pCIRA9 i s drpebhahiag skalsL thio¥tEptdh am8Yyhchbaidédat GO fai thiea@ays @00 fna of this seed

t hi ostrepton and i ncubated at 30[er]C for three days 100 nmL of this seed
cul ture wasultsre tvat 0sddnemutusdte? R ot suafoss voacivate detimedinmasiuen chefaningds wadai um
containing 5[err]g/nL thiostrepton in 5 x 2 L flasks each containing 500n
medi um wi t hhidstegpronnirgS x 2a flaskd eaihsqoetamingrsoamidmgdium stk springs tozdispersionander a
further 5 days of growh the cultures were centrifuged and the pH of the
super natsantshakijnuas 8@ pmo Afiéd adurttiee 5 daysaf arawiyibe guitures were ceirituard ad tapted ti nes
wi th and equal volune of ethyl acetate and the sol vent renoved by

evapor at i onhwmmetagt agiusied st § sEe WperRtar “P@Bf“&ﬁﬁx‘f%dﬁ'ﬁﬁ HT“F%:I’&'@ %F‘é“a‘

i dentified: lerr nple 2 - Construction of S. er I\% ga

a Hybrid PRSuUEE e‘f‘H a&iﬁ?‘&ﬁ”q e sglygnt ?ﬁ‘ovedLWaﬁiaﬁ‘ija’ﬁ”déF?&F SY’§'6§U X ted for
the ery Loadin domai n of S. ervt a NRRL 2338 (i) Construction of

pl asni d pA%%q%Vgé?ﬁwom%es(“@%ﬁﬁT f) was |inearised with BanH and
ligated to plJ702 previously digested with Bglll. The m xture contained the
desired plasm d pAVLD (Fi qure 5). The ligation gixture was transfornmed into
E.coli TGL recO and i ndi vigdual col onies were.g d for their plasmd
content. 20 The desire S d pAVLD vvaad ioprd By its restriction
pattern (Figure 5). (iN n of S'e SUBSTI TUTE SHEET
(RULE 26)

0 NMez 0 NMe2
OH QH
G
/QOMe /@OM"
10 OH OH

xample 2 - Construction of S. hraea ERMD1. Carrying a Hybrid PKS Gene in which th

15  Loading Didomain is Substituted for th ing Didomain of S. hraea NRRL 233
(iy Construction of plasmid pAVLD
Plasmid pCRabc (Example 1) was linearised with BamHt{ and ligated to plJ702 previously digested
with Bglli. The mixture contained the desired plasmid pAVLD (Figure 5). The ligation mixture was
transformed into E.coli TG1 recO and individual colonies were checked for their plasmid content.
20 The desired plasmid pAVLD was identified by its restriction pattern (Figure 5).

(i) Construction of S.erythrea ERMD1

SUBSTITUTE SHEET (RULE 26)
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PCT/ GB97/ Q1810 42 Approximtely 5-10 [err]g of pAVLD. isolated fromE. coli
TGLr ecO pRRBYORAL transformed into S. erythraea NRRL2338 AFd/GRIMYe

t hi ostrepton resistant colonies were isolated. One of these col onies was
sel ected and total DNA was digested wit# Pstl and anal ysed by Sout hern
hybri di sation enpl oying as a probe the insert fromplasm d pCRc which
contains the fragnment of 5 the ery Al gene encodi ng the ketosynt hase

domai n K Kieaten 8 ¥T s of
575 kbp, 4B o B T B R R Tl rh ORI,

i nt egr at aglytrraph RBRRS33BANE Rabib tHibslrebtéh resiBdABloRieSwere HoRRAI Bht Qﬂhége | Sogr ooyl
and sec-Butvl Ervthronycins Using S. erythraea ERMOL 10

f er ment atdomnies vaSsel@testdny ans ORRMAS dyastewith PRichn® dhaly@8d bypSouber msdl um and
after 4 days at 300[err] the myceliumwas harvested and used to inocul ate
1.5 L of tybrrisstien eropayingeisa prabdithemseanbmsi psmip dORcasichepitains th&Pigeidnt ¢/ nL) .
After gromth at 30[err]C for 4 days, the whole broth was extracted tw ce
with an dbgiely Alpénerapcasfinggbéketosyntbasetdomaifiies 1c Thbamahydisskowadct s wer e
concentrated under reduced pressure and subjected twice to 15 preparative
thin | ay@PS!&Yﬁ'hMt@gmBﬁyfr@mesislore:éktpn &t8ddp @R 3% ktROipdiFatiog te @cksendstot

chl or of or mf met hanol /. 88 anmonia 8:2:0.01 (by vol). The products were
further é‘é?)ﬁ%”é?’é‘&"?ﬁﬂ'@‘ﬂ@%ﬁow‘ﬂ#%@%ﬁ6t18 base- deacti vat ed reversed- phase
colum S5 OGS (octadecylsilane) 6 (4.6nmx 25 cm). eluted with

met hanol / 0. 5% amoni um acetate (70:30 (vol/vol )) at | nL/mn. Fractions
were col | inj e tlons and
t he pool €072 lons. The

| h AN f
formifa 1) CSQH%PQ*'&'P @F’eﬁﬂﬁ'ﬂso %FM@A%%? C%r'f'%of@a?fg%awete”n KL yry1 )
t t nt but vI d
Shat s dRbia BNSHRL bl i WP%ra'V Sedf“? GElF et DhlETReRRESs PR | on of
a 5-car bealusy c':"bma?n;rﬁb%ﬂa&%wﬁr(%)gm?é) al&&& frd C-t 38@5&14 a9, %'% %lbrcm\ Ry es

| ater. High resolution M5 gave results ery

anal ogueextraatd wige withodn dqull vBIiMA 0PIkl BdeydRe anal ogues, which corr espond
closely to those cal cul ated: SUBSTI TUTE SHEET ( RULE 26)

The combined extracts were concentrated under reduced pressure and subjected twice to

15  preparative thin layer chrqmatography on silica plates (20 x 20cm) eluted with
chlorotorm/methancl/.88 ammonia 8:2:0.01 (by vol). The products were further separated by
HPLC on a PhaseSep C18 base-deactivated reversed-phase column S5 QDS (octadecylsilane) 6
{(4.6mm x 25 cm), eluted with methanol/0.5% ammonium acetate (70:30 {volivol)). at 1 mL/min.
Fractions were collected betwesn 7 and 11 minutes from three separate injections, and the pooled

20 fractions were re-injected in ten separate injectiohs. The analogues containing an isopropyl side
chain (isopropyl at R, of formula 1) derived from the incorporation of a 4-carbon (C-4; isobutyryl)
starter unit eluted earlier, with the analogues containing a sec-butyl side chain (sec-buty! at R, of
tormula 1} derived from the incorporation of a 5-carbon (C-5; 2-methybutyryl) starter unit emerging
several minutes later. High resoiution MS gave results for C-4 eryA, eryB and eryD analogues, and

25  for C-5 eryA and eryB analogues, which correspond closely to those calculated:

SUBSTITUTE SHEET (RULE 26)
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PCT/ GB97/ 01810 wig eabpgue Calc'd Mass NR&SGBS1810
Mass C5-eryA 762. 5004 762. 5021 CA-eryA

748. 4847 748. 4820 C5-eryB 43 746. 4898

748. 5077 5 C4-eryB 732. 4898

732.4933 I n these experinents natural erythromycins were present only in

| ow or undet ectabl e anp and th ere no del ect abl of eryC

anal ogues. The overal l A tratio§é£%¥@§§of C4/C5 coﬁﬁ%gﬁgﬁh%# t he

fermentation broth, as sessed by ES thyl acetate 1 tracts of
BR3%A oE 8% %52,55%

brot hs, was between 41 1 in favo C-4 conpounds. atio of

A: B: D anal ogues is variabl e, about 15:60 but with an i i ng

proportion of A analoguggegg t he ferneﬁ%%%?gh pr oceeds. Thzgégggﬁ yi el d of

erythromycins i s about Q kerr]gl/Aitr uppl enentati o i ei t her
4095 Fas, Moes Pagbdy

i sobutyric or 2-nethyl bu c acid was pertorned. Thus. it wou appear

that the igobutyryl andcZeRBthyl butyryjssiaygter units are bosad from
endogenously supplied pr egﬁrgsor s, 15 azrslaﬁgous to the sy%eésﬁ%s of

natural avernectins (e.g., Hafner et al. (1991). J. Antibiot., 44:349-
356). Exanple 4a - Construction of S. erythraea NRRL 2338/ pl GL

Approxi mately 5 [ el thgseQdxpdinniEinduft SinyaRsycink daeef PEsERbly I RWIRF OldeRkAsks Of
S. erythraea NRRL 20 2338 and stable thiostrepton resistant col onies are

i sol at ed. Fr oamees aad theteohere il dedceble dniduals oDBIHC wRSioquet aTHeaderaincbnagradaliged
by Southern hybridisation. to confirmthat the plasm d had integrated
specifically ratitof @eiAs conmdndSanthb ermerdaton \pgitis aalssessHddmESMSHod ethyilacetatet e of
integration was appropriate to generate a nutant capable of producing
al tered ndtrofiti@els otprathsinasdpewebnadi ang Grbddaveur @ 5-4Sompplingds4hhe rapetd¢B:Oct i on
of S. erythraea NRRL 2338/ pND30 SUBSTI TUTE SHEET ( RULE 26)
analogues is variable, about 15:60.25, but with an increasing proportion’of A analogues as the
fermentation proceeds, The total yield of erythromycins is about 400 ngflitre. No supptementation
with either isobutyric or 2-methyibutyric acid was performed. Thus. it would appear that the
isobutyryl and 2-methylbutyryl starter units are derived from endogenously supplied precursors,
15  analogous to the synthesis of natural avermectins (e.g., Hafner et al. (1991), J. Antibiot., 44:349-

a56).

xample 4a - Construction of S. hr NRRL 2 1G1
Approximately 5 ug of ptasmid plG1 was transformed into protoplasts of S. erythraea NRRL
20 2338 and stable thiostrepton resistant colonies are isolated. From several such colonies, total
DNA was obtained and analysed by Southern hybridisation, to confirm that the ptasmid had
integrated specifically into eryAl, and Southern analysis also showed that the site of integration was
appropriate to generate a mutant capable of producing aitered macrolides via the ave loading

moduie.

xampie 40 - Construction of S, hr NRRL 2338/pND30

SUBSTITUTE SHEET (RULE 26)
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PCT/ GB97/ 01810 44 ApprOX| mately 5 pg of plasnmi d pND30 was t H) into
pr ot opl ast¥ OSfp0E71 eryt hraea NRRL 2338 and stable thi ostrepton rem@?ant
colonies are isolated. From several sucq4col oni es, total DNA was obt ai ned-
and anal ysed by Sout hern hybridisation, to confi rmthat the pl asm d had
integrated specifically into eryAl, and Sout hern anal ysis al so showed t hat
the site of integration was 5 appropriate to generate a nutant capabl e of
produci ng al teng&omszegls@%splyénad SNTR308048 trhRtdhnBginfindibastsot SNRytRraka -
Preparati on of 13-1sooro and 13-sec-Butvl Erythronvcins Using S

er vt hr acanhiRRR3d3H33 ptdblk tiostreptgh Rusiaaat ddidhes 28 3d/apiGErovaseveralguioh edicibs| Nt 0 t ap
wat er nmedi um containing 50 [err]g/nL thiostrepton and allowed to grow for

f our daystori DRAwes oitGineddridahallded By S2@herh hybfridisdtion iy carfiimthaMbesplasgedihdd seed
500 nL of sucrose-succinate nmediumcontaining 50 [err]g /nL thiostrepton.
in a 2L fihegtatad specitically ingleeyAt pnd Baytiien aratysis alse showgd thgt the bitelod integtatia®®as pm
After between 3.5 and 6 days, the broth was filtered to renove nycelia and
t hen ext r zmprapdateity genetateemutantichpablecl arotenino\ederadeagrplides vig Ihe B8e loadin®t at e.  The
combi ned ethyl acetate extracts were dried over anhydrous sodi um sul phate
and sol vemed¥enoved by evaporation. Analysis of the product m xture using
GC and el ectrospray Ms revealed that of a total of 5-6 ng/L of 14-nenbered
macrol i de products. the najor corrponent was sec-butyl-erythronycin O (about
1.5 ng/L) ] € nycin B and
sec- but y| =t tomy erRT A4t A o S AT : WS
smal | anoy f natural erythronym ns A B and D. S. erythraea NRRL
2338/ pl Gﬂgéké&%&ﬁpprom mately 10-15 tinmes nore of the novel |sopropyl

and sec-butyl -eryt hro cins conpared to the equivalent S. er h{%a%?
const Fuct ( seeSEBtdipra E?Lé?@@ {wasdirgpiater 4iq ! aW?'ﬁ m?:"é%ﬁ‘?”l‘?' N8 FHH e act |

O SRS S5 RS HCET oS B e
i sob
S0P e TR DL S AR e o L 0B

from endoggnausinhg S4RBLdeRnpinE C4HaREN 27 280 rom. After between 3.5 and 6 days, the brath

was filtered to remove mycelia and then extracted three times with a quarter volume of ethy!

15 acetate. The combined ethyi acetate extracts were dried over anhydrous sodium sulphate and
solvent removed by evaporation. Analysis of the product mixture using GC and electrospray MS .
revealed that of a total of 5-8 mg/L of 14-membered macrolide products. the major component was
sec-butyl-erythromycin D {about 1.5 mg/L}, with other components present being
sec-butyl-erythromycin B and sec-butyi-erythromycin A; isopropyl-erythromycins A, B and O; and

20  small amounts of natural erythromycins A, Band D. S. erythraea NRRL 2338/piG1 produced
approximately 10-15 times more of the novel isopropyl- and sec-butyl-erythromycins compared to
the equivalent S. erythraea ERMD 1 construct (see Example 2) clearly demonstrating the capability
of the actl promoter and its cognate activator gene actil-ort4 to enhance the expression of Type |
PKS's. Again, no supplementation with either isobutyric or 2-methylbutync acid was performed.

25  Thus, it would appear that the isobutyryl and 2-methylbutyry! starter unds are derived from

endogencusly supplied precursors.

SUBSTITUTE SHEET (RULE 26)
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PCT/ GB97/ 018 WD goilExanpl e 5b - Preparation of 13-1sopropyl andciseBEmifiov]
Erythronycins Using S. erythraea NRRL 2338/ pND3N S. erythraea NRRL

2338/ pND30 was i noculated into tap water mmdi um containing 50 5 ug/ nmL
thiostrepton and allowed to grow for four days at 30[err]C. After this. 20
nmL of the nyceliumwas used to seed 500 nlL of sucrose-succinate nedi um
containing 50 [err]g /nL thiostrepton, in a 2L flask with a single spring
to reduce clunping, shaken at 280 rpm After between 3.5 and 6 days, the

broth was fiddghed {8 LeoRYe: MASkLE BRA-LIER B LARkE0! DRSS LhiBs i th a

quarter vol d 3 =T SJomnC - wer e
dried over %Eigl{&gﬁ Bg?l um suI phate I 0 and soI vent rem)ved by

evapor ati on the product m xture using GC and el ectrospray M5
reveal ed that of _a taI of ered macrolide products, the
maj or conponent \ﬁ/a Iza\%q/%ﬁﬂﬂﬂfé’?"ﬁ“@ef DJaR Wite@"?f’d'lr’l‘_ﬁc’ ining 0t her

b but h
sec. but y Seﬁ%ﬁiﬁéfysﬁhﬁ‘ ndsﬁfgwffaagaw ftwr %sﬁﬁ ol aaqanef e |
amount;  of ngéﬁgegltogeex orry |r‘1:s e in pemeglum n grgo m h 38/r1D 0
produced 15 appr oxi f“§ Jers ts'l’crcreg noT € cho e nov 6°5F ?/T 4
but yl -
Sec: DU~ Sl U ULy SOTOAARD A et %?éaﬁ;ang%%gg@rg GRS
pronot er anghefoth ﬁegna:tee toaeﬁubvﬁﬁ@naga%e%@%A&edqméwes m.fm.ﬁﬁertvtaeme of

expression of Type | s. Again, no supplenentation with eit

i sobutyric ehy acémta.hWetauﬁwmb@etﬁaﬂ bebie &1Refs Werd @idd o_maahydrduswﬂrﬂ S@PTHRAT
that the isobutyryl and 2-nethyl butyryl starter units are derived from 20

endogenaus| ynassafvphtir@tlovet ©¢ evaporaion. Axam$s 6f titorodulr reiRarealsing G3Xnd electrospray
13-cycl opentyl -erythronycin [err] using S. erythraea NRRL 2338/ pl GL The
culture S. MBydveriacthal\diRREota 3386 miCb! warsremhered matrelitiei dductS Othernajpagmpatent
mediumin a 300 nmL Erl enneyer flask. After 36 hours incubation at 280[err]C
this flask wassegdebi-arghiomycnPdauBl.§ ma/L25vith offer &RYeoRentediegent beingy 5 L
mnijar. The broth was incubated at 28[err]Cwith an aeration rate of 1.75

L/ m n Cycl offSriyheryRmmysingd ang seehuly e iomcin AvdsoPrgdea e iansM Bapt Psandnd

he fernen ion
the ferme ts‘%aﬂ%mo\tﬁ\@fsﬂ of naturat erythromycins A, B and D. S. erythraea NRRL 2338/pND30 produced

IS approximately 10-15 times more of the novel isopropy!- and sec-butyi-erythromycins compared to
the equivalent S. erythraea ERMD 1 construct (see Example 2} clearly demonstrating the capability
of the act! promoter and its cognate activator gene acth-ort4 to enhance the expression of Type |
PKS's. Again, no suppiementation with either isobutyric or 2-methylbutyric acid was performed.
Thus. it would appear that the isobutyryf and 2-methylbutyryi starter units are derived from

20  endogenously supplied precursors.

Exampte 6a - Pr tion of 13-cyclopentyi-erythromygin B using S. hraea NRRL 2338/pIG1
The culture S. erythraea NRRL 2338/plG1 was incculated into 50 mL tap water medium in a
300 mi Erlenmeyer flask. After 36 hours incubation at 28°C, this flask was used to inoculate 3.5L
25  of ERY-P mediumin a 5L minijar. The broth was incubated at 28°C with an aeration rate of 1.75
L/min Cyclopentane carboxylic acid (1.4 mL) was added afier 24 hours and the termentation was

continued for 168 hours. After this time, the whole broth was adjusted to pH 8.5 with aqueous

SUBSTITUTE SHEET (RULE 26)



continued for 168 hours. After this time, the whole broth was adjusted to
pH 8.5 with aqueous SUBSTI TUTE SHEET ( RULE 26) WO 98/ 01571

PCT/ GB97/ 9890188 sodi um hydr oxi de and extracted with et hyPCHEBOZIBIQ10 L).
The ethyl acetate extract was concentrated to dryness giving the crude
product as a gum (4.2 g). One gram of this extract was dissolved in ethyl
acetate (5 nL) and added to a prepacked silica gel cartridge (10 g: ‘
I nternational Sorbent Technol ogy) previously conditioned with ethyl acetate

(10 ML) coalPhyBt T Und Bacied yi egmi?éé{gum Lgl‘lhﬁeee%yl’!chgte‘:‘e;d%w&cet ate (4 x 10

m.); di chl ane di chl or onet hane: met hanol

amoni a &o%@er%a&ehocf Jr(ﬁ%slgwiﬂb)he cFlide BlRUAEE LRAAG B8}, NEHR G anPd i txiadt §8s 19: 1) (1

x 10 nmL); nethan Fractions 7-10 were conbi ned and evapor at ed

t 0 drynegssovédinsettyl etateBAL) At 4488 tb ApADaEHE Sificd JREcaFEdRI(1U §) tebnatioBarOf gum
This enrichnment step yielded ca. 920 ng of a gummy solid containing the

desi red $drbeHITechndibgyy prévubiy Edndmibngauviinf stratladesatd (0 mLpriheasiahnh wes
rever sed- phase HPLC using a Zorbax 7 [err]m ODS colum (21,2 mmx 25 cn

usi NG a seabéedtiallypdiasewior etit edetin @ixi 10eiL). dithioMraatvanemetnand ¢t Bi{2x (0mB). at 8
m./mn. Fractions, containing the product of interest, fromfour separate
i nj ect i odishimemetharerhetned!:amrdoréa/(@pOriatted! Aol dtighiessethartesnahaneirautonia
preparative reversed-phase HPLC using a Becknan 5 [erre]lm U trasphere QDS
col urm ({8019 ( x28 mikymethaneld2 & ' IFeacinede 1 Qvergicenbinest ang GeansFited 10i e: 0. 05 M
amoni um acetate (28.72) to 15 acetonitrile:0.05 M anmoni um acet ate
(50: 50) Gyrass1T18s FAcHaNaban was rerpatedoe e TATATRY 3-28Ch8 1T oHES STEEHRSAE FiPRg t he
pr oduct of interest, fromfive se{g}ar ate | n ections we Fq«ﬂ% ne;d and
evapor at $eidedFa 93AMRe agymgIvnsaliceopanEg i qeé rRAArocpct 7 NigyRs upes PUslied Y ur e of
t he product was confirmnmed mass ect & ear magneti c
reso&anc‘ge‘ﬁ(ﬂ%‘éﬁe reYpEeRY P’E??ES%?CH?"Q% “'ﬂgb(% ' r(n?a%ﬂm MUSfRAENod A -
26. 0 m filke s %@Egﬂ,fr%ﬁgwé " ¥5ioRl, cBRaring th
require %or P #}ET\?&“E”'?% U H(éfiglx]e ‘E 2(8 folts. coTrain g €

product of interest, from four separate injections were combined and evaporated to dryness

before repeat preparative reversed-phase HPLC using a Beckman 5 um Ultrasphere ODS column

{10 mm x 25 cm} using a mobile phase gradient of acetonitriie:0.05 M ammonium acetate (28.72) to

15 acetonitrile:0.05 M ammonium acetate (50:50) over 18 minutes (flow rate 4 mL/min). Fractions,

containing the product of interest, from five separate injections were combined and evaporated to

dryness to give a pure white solid (7 mg). The structure of the product was confirmed by mass

spectrometry (MS) and nuclear magnetic resonance (NMR) spectroscopy as follows:

HPLC retention time - Method A - 26.0 minutes

20 APCI-MS-(M + H)Jr observed at m/e 758, required tor C4oH72NO12 - 758
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PCT/ GB97/ 0183 4dnfd7i err] NMR data Atom nunmber ' 3C chem cal Spfiépesigisls
[err]C NWMR spectrum 'H chemical shift and multiplicity 1

176.0 2 45.0 47 2.89 | Hdq J=9. 4,71 3
80. 4 4.02 1Hdd J=9.4. 1.7 4 39. 2
2.08 1 Hrultiplet 5 83. 8 3.591Hd
J=7.4 6 75.4 7 38.0

2. 001Hdd J=14.7,10.8 ca. 1.651 H mul - 45.0
2.71 1H dgd J = 10.6, 6.8. 2.6:9 ) ~a..220.0 10

38.9[err] 2.98 1 71511 N 69. 4
3.73 1 Hdd J = 9.9. 1.2 12 no g&méu

1.71 1H nul tiplet 13 H a HOS - 5. 191Hdd

J=10.5, 1.0 14
SUBSTI TUTE SHEET (RULE 26) 2¢

¥ jilSlH br sext et
o~ ¢ ca. 1.69 1H

PCT/ GB97/ 01810 48 15 N
multiplet ca. 1.21 1 H s Typlet o
t7 !
) li. -
s o =
OH
NMR data:

Atom number  ®C chemical shift. from “C NMR spectrum  'H chemical shift and multiplicity

1 176.0

2 45.0 2891Hdg J=94, 71

3 B80.4 4021Hdd J=94 17

4 39.2 2.08 1H multiplet

5 83.8 3591Hd J=74

6 754 -

7 38.0 2001Hdd J=14.7, 108

ca. 1.65 1H multiplet

8 45.0 271 1Hdqd J=106,6.8 26
9 ca. 220.0

10 38.9" 2981Hqd J=6.8.15
11 69.4 3.731Hdd J=99. 12
12 38.8* 1.71 1H multiptet
13 78.3 5191Hdd 4=10510
14 | 417 2.15 tH br sextet
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25. 4 ca. 1.63 1H nultiplet ca.

16

1.52 1 H nu 25.1 - ca. 1.63
1Hmul ti pl ethﬂ/@B‘gz 1H muftiplet 18 2BCT/GBI7/01810

ca. 1.69 IHmltiplet ca. 1 21 1Hrru|t|plgt 19 15.8
1.183Hd J=7.1 20 1 133Hd J=7.0
21 27. 4 1.46 3H s 22

18.5 4 1.143Hd J=6.8 23 9.5

0099 3Hd J =68 24 30.4 9. 16 ca. 1.69 TH mutiplet 0. 063Hd
J=7.1 1 : 103. 2 4.43 1Hd J=7.3 2'

70.9 3.24 1H dd J =10.3, 7.3 3' ¢a 1.21 1H multiplet 65. 4
2.51 1H ddd J4412.0. 10.6, 4.1 4 29.0

ca. 1.68 1H multi plet ca. 1.24 M $fultiplet 5 ca 1.63 1Hmuitiplet 68. 8
3.50 1H brsextet 6 21.5 1.223Hd
J=6.1 7,8 40. 1 ca. 1.52 B myispletiis 10

96.5 17 4.9011Hd 2" _ 35.1

2.36 1Hd J = 15.2 + smal | (<1 I%ﬂl 58 1 H rul Fpl & Hamuttiplet

72.6 4" 78.0 21Hd J=9.1

SUBSTI TUTE SHEET ( RULE 26) WO 98/ 01571 ca 152 PROHen

PCT/ GB97/ 018108 29.0 ca. 1.69 1H multiplet

ca. 121 1H multiplet

19 15.8 1.183Hd J=71

20 9.24 1133Hd J=70

21 27.4 146 3H s

22 18.5 1.143Hd J=6.8

23 9.5 0.983Hd J=6.8

24 9.16 0.063Hd JU=71

1 103.2 443 1Hd J=73

2' 70.9 324 1Hdd 4=103,74a

3' 65.4 251 1Hddd J = 12.0. 10.6. 4.1
4' 29.0 ca. 1.68 1H multiplet

ca. 1.24 1H multiplet

5 68.8 3.50 1H br sextet

6 21.5 1.223Hd J=6.1
7.8 40.1 2322x3Hs

1 96.5 490 1Hd J=46

2" 351 236 1Hd J=152 +small{<1 Hz)

1.58 1H muitiplet

3" 72.6

4" 78.0 3.021Hd J=91
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49 5" 65. 6 4.01 1H nultiplet 6"

18. 7 WO 98/01571 1.29 3Hd J=6.3 7" ZJP.CQ‘IGBQWOISIO
1.243H s 8" ] 49.5 : 3.31 3Hs -
Assignnents for signal with asterisks nmay % interchangeabl e Exanple 6b -
Preparation of 13-cvclopentvl-erythronmycin B using S. erythraea NRRL

2338/ 2ND30 An experinment simlar to exanple 6a. using the culture S.
erythraea NRAL 2338/ pND30. 5  progduges the conpouns gxapmyed i ed in exanple
6a. Exanple 7a -~ Pregaration of 13-cvcl obutvl-ervthronycin [err] using S.
erythraea NRRL 2338//1GlL The cul tuy c?e7 eryt hraea NSRIHZ3IZHE HL1GCL was

i noculated into 50 nL tap water fumin 3 x 300 nL Erlenneyer fl asks.
After 72 hours imcubation at 280Cqthis flask was jumegid o i nocul ate 10

3.5 L of ERY-Pnmediumin 3 x 5 L minijars. The broth was incubated at
28[err]C with argraeration rate of 4.4 L/mn and st3igtradg at 500 rpm Two
feeds of cycl obutane carboxylic acid (1.4 nL) were added after 24 hours and
48 hours and- -tARGighresniEbt skinalwith\WBtariske hia belietbrdnangeai8 hours. After this tine,
the pH of the whole broth was adjusted to 8.5 with aqueous sodi um hydr oxi de
and then extracted with ethyl acetate (20 L). The ethyl acetate extract was
concentrated to dryness gr Vi ng the crude 15 .
portion (2. 3xa peratioraat 1 3-errkopents ] =Hil endiraeg WRIRL 2330/0N0305 ¢
added to a pr epacked Si I ica gel cartri dge (10 : Int ernat i onal Sor bent
Technol ogy) pr evi Auskpericendintilaco exkmild 8a. asitgthe eutteteaﬁ erviriaearNARL 2638/pNBEIM
was sequentially eluted with ethyl acetate (4 x 24 nl);

di chl or orfet haoducesthbacropouq® exen)plifet! ix e@mpie §a  di chl or onet hane: net hanol (8: 2)
(2 x 24 nL); dichloronethane: net hanol : ammonia (80:19:1) (1 x 24 nl);

met hanol (1 x 24 mL). Fractions 6-8 20 were conbined and evaporated to
dryness. This fractr onatr on was reeat ed on a 0 (4.7
g). This enrfXEAR 3N of 13seycioguiviepanrgigyel]

desi red product. Thrs was further urrfred by pre aratr rever
HPLC usi ng a Zor b cyiture %@dsa%mﬂﬁh%@%@% ?gteerﬁm#s ﬁpa’ar%ﬁ’. “é’"b ase

(2)f5) acetonnr I3| )? 3(90 rr(r)l.5 Er'l\éln%rgg?ﬂésltj(? A%l our mcujf))cmon at §s°§ltﬁ§ﬁésl%5£§u§édﬁﬁo&ﬂ1’é5

10 3.5Lof ERY-P mediumin 3 x 5L minijars. The broth was incubated at 28°C with an aeration rate of
2.0 L/min and stirring at 500 rpm. Two teeds of cyclobutane carboxylic acid (1.4 mL) were added
after 24 hours and 48 hours and the fermentation was continued for 168 hours. After this time, the
pt.-l of the whole broth was adjusted to 8.5 with aqueous sodium hydroxide and then extracted with
ethyl acetate (20 L). The ethyl acetate extract was concentrated to dryness giving the crude

1S product as agum (9.2g). A portion (2.3 g) of this extract was dissolved in ethyl acetate (12.5 mL)
and added to a prepacked silica gel cartridge (10 g; International Sorbent Technology) previously
conditioned with ethyl acetate (10 mL). The column was sequentially eluted with ethyl acetate (4x
24 mL); dichloromethane:methanoi (9:1) (1 x 24 mL); dichloromethane:msthano! (8:2) (2 x 24 mL),
dichloromethane:methanol:ammonia (80:18:1) (1 x 24 mL); methenot {1 x 24 mL). Fractions 6-8

20  were combined and evaporated to dryness. This fractionation was repeated on a remaining sam pie
of gum (4.7 g). This enrichment step yielded ca. 415mg of a solid containing the desired product.
This was further purified by preparative reversed-phase HPLC using a Zorbax 7 ym QDS column

(21.2mm x 25 cm) using a mobile phase of acetonitrile.0.05 M ammonium acetate (3:1)at8
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WO 98/ 01571

PCT/ (B97/ 01810 50 nlL/m n. Fractions, containing the product of interest,
fromfive s¥PIPQIF!injections were combi ned and evapor at ed tRCTAGBITEES10

bef ore repeat preparative reversed-phase HPLC using a Beckman 5 [err]m

U trasphere ODS colum (10 nm x 25 cm) u%fng a nobil e phase gradient of
acetonitrile:0.05 M amoni um acetate (28:72) to acetonitrile:0.05 M
anmoni um acetate (50:50) over 18 mnutes (flow 5 rate 4 nferr]mn).

Fract i ons migmint &raciiong. dohwinihgoickigdduof of imdrest gstm fivesegarate imfEctiond warectoswmpor at ed
to dryness to give a pure white solid (27 ng). The structure of the product
was confi aneeavappratdd ta dgnedsRRetose fepedt pneparatel €versed-ehasedirLCiuang a Biktmand A -
22.3 minutes APCL-MS - (M Jerr] H%%err]'observed at me 744, required for
C39H70NOL v Uttrgsphee Q0 cofuaing(10 @ AMh¥sNg a mobile pagse EdieRkatpea@nitdBiOOE M f r om
"[err] CNMR 'H chem cal shift and.nultkplicity spectrum 1 ]

175. 3 2 ammonium acetate (28:72) to acefopiteje:0.05 M ammonium acetate (50:@)9yer1§wtq; (Howv 1. 7.

13 . ) 80. 4. . 4.03 1Hd J=9.1 4

39 2 S rate 4 mUmin). Fractxon@_cegtalﬂqg H‘EI W?dﬁf:tep(’ mtere%e%?m\?i and evaporated to

(I;C:]I'/ S‘B??ggé/%]e'gs tg :gljiveS a pure white solid (27 m,% 4Thie strugtg’r'egof the product was conﬁrnﬁ by MS a?r’fd59 LH
1.99 1HmJ|hMRO ) 64 1Hdd J=15.0,3.0 8 44. 5

2.73 1H br doAu %3gvsbf pentets J=ca. 7.0.3.0

HPLC retention time - Mathod A - 22.3 minutes

APCI-MS - (M + H)* observed at m/e 744, required for CagH7oNO1 2 - 744

10

NMR data:
Atom number BC chemical shift, trom “CNMR 'H chemical shift and multiplicity
spectrum
1 176.3 -
2 44 .5 287 1Hdg J=91,7.1
3 80.4 403 1Hd J=9.1
4 39.2 2.08 1H multiplet
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9 2194 10 38.9
2.97 1Hqd J=6. 69. 1 3.75
1Hdd J=10. 2+sn‘2?|3”’%§4’} 37.3 PCT/GBY7/438101 H
Hnmultiplet 13 77.4 54 5.39 1Hdd
J=9.3. 1.1 14 37.0 2.60 1H br
sextet 15 25. 2 ca 1.97 1 Hnultiptet
ca l1l.82 1 Hnultiplet 1 6 ca
1.83 2H nul ti p( eP 17 83.9 3.59 1Hd J=74 .5 1 93 1H
mul tiplet ca 1.78 IH mul tiplet 18 4 15.5
1.17 3Hd J=7.1 1 3 ) 1.12 3Hd
J=7.5 20 27.0 46 3H s 21
18.0 7 1.14 3HPTIE7.1 22 199 friinide 9.1
0.98 3Hd J = 6.9 23 9.3 _ .81 3Hd
J=7.1 1[err] 103. 4 164 1Hog Y150 G157
2' 70.9 3 2% 78R dg: dus .3
4 7 biet

3 8 65. 2 445 2. 64 TH rrult.”p?ifst?pgme“z’
SUBSTI TUTE SHEET (RULE 26) WO 98/ 01571 J=ca 7.0.3.0 :
PCT/ GB97/ 01810 52 4' cal .72 | H
multiplet ca 1.22 1 Hnultiplet 5594 68. 7
3.52 1 Hbr sextet J =ca. 6.1 6[err] 21.0
1.23 3Hd J=6.110 38.9 297 1Hqgd J=69 11

11 69.1 3.75 1Hdd J=10.2 +small

12 373 162 1H muttiplet

13 77.4 539 1Hdd J=9.3, 1.1

14 37.0 2.60 1H br sextet

15 25.2 ca 1.97 1H multiptet

ca 1.82 1H muitipiet
16 17.7 ca 1.83 2H multiplet
17 24.2 ca 1.93 1H muitipiet
ca 1.75 1H multipiet

18 15.5 1.17 3Hd J=7.1

19 9.3 1.12 3Hd J=7.5

20 27.0 146 3Hs

21 18.0 1.14 3Hd J=7.1

22 9.1 0.98 3Hd J=6.9

23 9.3 0.81 3Hd J=7.1

1 103.4 443 1Hd J=73

2 70.9 327 1Hdd J=103.73

3 65.2 2.64 1H multiplet
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7' .8[err] 40. 0 2.38 2x3Hs 1[err]

96. 8 4.89 1Hd J=4.5 2" 34.7
2.38 1H mYY®P$P6FL 1. 57 1HddJ= 15.0. 5.0 3" PCT/GB97/9180 4"
77.8 3.02 1Hd J=9.2 5" 65. 3 ,
4.02 |Hnultiplet 6" 52 18.2 1.29 3Hd
J=6.2 7" 21.2 1.24 3H s 8"

49.1 3.31 3H s Exanple 7b - Preparation of

13- cvycobut yd'-ervthronvcin B wd.hg S. ervt hr ae®aNPRL128®BPIEN30 An
experinment simlar to exanple 7a. using the culture S. erythraea NRRL

2338/ pNOB0. produces the conpound exenplified i eRatpMutpg 5 Exanple 8a --
Preparation of 13-13-furanvl)-ervthronvcin B usina_ S, erythraea NRRL
2338/pi @ The culture S. erytHi%Ba NRRL 2338/ pl GPRuHELiKYELIVaR BB nt o 50
m. tap water nmediumin a 300 nL Erlenneyer flask. Af%;rEgéshours i ncubati on
at 28[err]C8this flask was us®d®to inoculate 3.32 YTIEREP nediumin a 5
L minijar. The broth was incubated at 28[err]vaitH n lgeration rate of 1.
75 10 L/nf¥ 3-Furoic acid (9 g in 6 nL nethan |?"9\a§ added filter
sterilised apter 24 hours and &gﬁ fermentation $ C?Q&i{ygg for 138 hours.
After this tinme, the pH of the ole broth was adjusted to 8.5 wth aqueous
sodi um hydroxi de and then extrgcied with ethyl agagaig {hfet) - The ethyl
acetate extract was concentrated to dryness giving the cruﬁe product as a
gum (3.8 g). A portion SUBSTI TUTE SHEET (RULE 26} 57 1M\&y 98183574

PCT/ (B97/ 01810 53 of this extract ( 1. 9 g) was dissolved in ethyl acetate
(10 m.) and ;added to a prepackedssilica gel cartridge (10 g International
Sor bent Technol ogy) previously conditioned with ethyl acetate (10

4 77.8 3.02 '"Hd J=9.2
5" 65.3 4.02 1H multiplet
8" 18.2 1.29 3Hd J=6.2
7" 21.2 1.24 3Hs
8" 49.1 3.31 3Hs
xample 7b - Preparation of 13-cvclobutyl-envthromycein B using S. erythraea NRR /pN

An experiment similar to example 7a. using the cutture S. erythraea NRRL 2338/pND30.

produces the compound exemplified in example 7a.

| - Preparation of 13-{3-furanyl)-erythromyci sing S. hr NR /pIG1
The culture S. erythraea NRRL 2338/piG1 was inoculated into 50 mL tap water medium ina
300 mL Erlenmeyer flask. After 72 hours incubation at 28°C, this flask was used to inoculate 3.5L
of ERY-P medium in a 5 L minijar. The broth was incubated at 28°C with an aeration rate of 1.75
10 L/min. 3-Furoic acid (1.4 g in 6 mL methanol) was added filter sterilised after 24 hours and the
termentation was continued for 138 hours. After this ime. the pH of the whole broth was adjusted
to 8.5 with aqueous sodtum hydroxide and then extracted with ethyl acetate (10L). The ethy!

acetate extract was concentrated to dryness giving the crude product as a gum (3.8g). A portion
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m.). The columm was sequentially eluted with ethyl acetate (4 x 24 nlL);
di chl or onet hamevsmisranol (9:1) (1 x 24 nlL); dichloronet hane: meyhanghsd,8162)
(2 x 24 nm): 5 di chl or onet hane: net hanol : ammoni a (80:19:1) (1 X ggbn{‘)gmz
met hanol (1 x 24 mL). Fractions 8 and 9 we$® conbi ned and evaporated to
dryness. This fractionation was repeated on the remaining 1 .9g of gum
This enrichnent step yielded a solid containing the desired product. This

enrt step y ( .
was further oPHfs'ef)dr%gT:gg&ﬁﬂé%%‘?%@ﬁéj\é?etﬁﬁﬁ%ﬁggfma}%gd gqﬁdgggagdfr&ﬁcﬁed%meéw !

[err] m ODS col umm usi nobi

acetoni tril gaklidde (1Y gﬁlmﬁétidﬁét%%ﬁttﬁcﬁr%%oﬁ%) i lebMifibnel Wt bth{l BSetatd Pio

containing the product of interest. fromthree séparate injections were

conbi ned anch §vidRebiahe ak SeqlbMRAMSSHABENE @yl 800 (s Bpanat i ve reversed- phase
HPLC using a Beckman 5 pm U trasphere ODS columm (10 nmx 25 cm using a

mobi | e phas gichibathietine oletiimel(9n] ¢ ixi2k aiL D dithiofdntizpatingasd G (2x fL8L)2) to
acetonitrile:0.05 Mammoni um acetate (50:50) over 18 mnutes (flowrate 4
nmL/ m n) . s Fr @ehbmrethacemetians agniohia (§0: taiyqt x 66 miLntrethasdl (1 X 240nL)t Fadiens8psd at e
injections were 1 5 conbi ned and evaporated to dryness to give pure

13- ( 3- f ur angIwereecopibined rpd evapBrates t@dminess eTHsofraction@alomwgs. reddatedon thecemaigingf t he
product was confirmed by nmass spectronetry. HPLC retention tine - Method A
- 17.0 m nuf &9 dpar- Vs enfavmentglepyislided asetil conaining ts@esiredrieduce d hismas
C39H66NOL 3 - 756 SUBSTI TUTE SHEET (RULE 26) WD 98/ 01571

PCT/ GB97/ 018hemurifiest by pregaraliue @versasrRaesid:C using a Zopss’ wili R ectyran (2 € mm x
fg?;n] (c::alc orr EP ar) a%?{\rgr H%p(x;lg %tqgas%%lf acsetrzalnar%le:&rag M%%@Hﬁ%%{a’}é (?:?)I aft E r’nerir?. rpraclﬁ'olLs?r "]

2412 114 3 :%oniaining the%'rogd%ctlom%ré]sigforln' tr71r'eg sg’parate injections were combined ar%oévgporated

to dryness before repeat preparative reversed-phase HPLC using a Beckman 5 um Ultrasphere
ODS column (10 mm x 25 cm) using a mobile phase gradient of acetonitrile:0.05 M ammonium
acetate (28:72) to acetonitrile:0.05 M ammonium acetate (50:50) over 18 minutes (flow rate 4
mb/min}. Fractions. containing the product of interest, from three separate injections were

1S  combined and evaporated to dryness to give pure 13-(3-luranyl)-erythromycin B as a white solid (9
mg). The structure of the product was confirmed by mass spectrometry.

HPLC retention time - Method A - 17.0 minutes

APCI-MS - (M + H)+ observed at m/e 756, required for C3gHggNO13 - 756
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4 39.5 2.18 1HM J=7.0,7.2 5

83.9 WO98/015713' 61 1Hd J=7.2 6 75.0 7

37.8 2.07 1Hdd J= 14.6, 11.3 1.70 1Hdd J = 14

resol ved 8 44.8 00 Ly prETcihinsio
J=11.3,7.0,2.2 9 219.75¢0 39.2
3.05 1 Hdg J=6.9,notresol ved 11 69.5

3.95 1Hdd J=10.0. notresol ved 12 41 4

1.88 1Hdg J=10.0.70 13 0 69. 2 6.47 1 H

WO 98/ 01571
2 \\ ,/7 31 | Hconpl exm
108 6

conpl ex m SUBSTI TUTE SHEET (RULE 26)
PCT/ GB97/ 01810 55 14
J=0.7. 1.8 15

6.31 | Hconpl exm J=1.8.0.7 17 HO

|H J=1.8 18 H 15,

87 1.16 3Hd 3

1.48 3H s 21

8.4 1.03 3p

0.88 3Hd J=70 1' o _ _
71 1 3. 29\| Hm/3' 2.60
1Hbr oadm ==

Nmrdata
Atom number Approximate "*C chemical 'H chemical shift and multiplicity
shift, from 'H - ®C correlation
data
1 174.7
2 44.4 293 1Hdg J=8.1,7.0
3 ' 80.3 4.14 1Hd J=8.1
4 39.5 218 1Hm J=70.7.2
S 83.9 3.61 1Hd J=7.2
6 75.0 -
7 37.8 207 1Hdd J=14.6,11.3
1.70 1H dd J = 14.6, not resoived
8 44.8 278 1Hbrm J=11.3,70 22
9 219.7 -
10 39.2 3.05 1Hdq J=6.9, notresalved
11 69.5 3.85 1Hdd J=10.0, not resoived
12 41 4 188 1Hdq J=100.70
13 69.2 6.47 1H compiex m
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4 29.3 1.78 IlHM 1.24 | Hm 5'

68. 8 WO 98/085724 | Hm 6 20.7 4
3H d (obscured) 7',8[err] 40.0 2. SPQCBGQ%&P@IO
1" 96. 6 4.885|1 Hord J=4.9 2"

35.2 2.39 1HM 1.59 | Hdd J=15.0,4.9 3" 71.7
4" ' 77.8 3.03 1H d (obscured) 5"

66. 1 4403 | Hdg J=9. 0, f3gl3 6" 7.31 1Hcompid8m3=0.7.1.8
1.30 3Hd J=6.1 7" 21. 2 1.26 3Hs 8"

49.1 8533 3H s SUBSTI{BdIE SHEET ( RULE 26) WO 98/ 01571

PCT/ GB97/ 01810 56 [err] Assignnents indicated with an asteri sk may be
reversed Exanple 8b 16 Preparation oftoB3 (3-furanvl) eextytlcomeinn B=us 0g S.
eryt hraea NRRL 2338/ pND30 5 An experinent simlar to exanple 8a,
using the culture S.1&rythraea NRRL.12238/pND30, prodd®esHt ke idbnpound
exenplified in exanple [err]a. Exanple 9a - Preparation of

13-cycl ogropyl -erthrbfrycin B usi ng S8yt hraea NRRL 12338161370 he culture
S. erythraea NRRL 2338/ pl G| was inoculated into 50 nL tap water nmediumin
a 10 300 m_ ErlennBYer flask. After872 hours incuBdfidhdat=28[err]C. this
flask was used to inoculate 3.5 L of ERY-P nmedium Thiostreptone (105 ng)
was added i mredi atel%p after sterilis&i%n. The brot A4t fncubated at

28l ere] C i an serarion rate of 2 Lo and stiryug gl SO
fermentati on was corgé' nued for 144 8 4 103 3Hd J=69
23 8.7 0.88 3Hd J=70
1’ 103.3 446 1Hd J=74
2 71 1 | 3.29 1Hm
3 65 1 2.60 1Hbroad m
4 29.3 1.78 1Hm
1.24 1Hm
g 68.8 354 tHm
8' 20.7 1.24 3H d (obscured)
7.8 40.0 239 2x3Hs
1" 96.8 488 1Hbrd J=49
2" 35.2 239 tHm

1.59 1Hdd J=15.0,4.89

3" 71.7

4" 77.8 3.03 1H d (cbscured)
5" 66.1 403 1Hdq J=9.0,6.1
8" 18.3 1.30 3Hd J=61

7 21.2 1.26 3Hs

8" 491 3.38 3Hs
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hours. After this tine the whole broth was adjusted 10 pH 8 5 with aqueous
sodi um hydroxide and 15 then extracted with ethyl acetate (3 L). The ethyl
acet at e extW@@BO¥aL concentrated to dryness giving the crudequesiimisies a
gum (1.7 g). This extract (0.85 g) was dissolved in ethyl acetate (10 nl)
and added to a prepacked silica gel cart¥s dge (10 g; International Sorbent
Technol ogy) previously conditioned with ethyl acetate (20 nL). The col umm
was sequentially eluted with ethyl acetate (4 x 24 ni);
dlchlorone i chf or o- met hane: net hanol (8:2)
%gé@f'iwdn&%?%’r%ﬁea?‘%sa‘%é: et ﬁagg%fseﬁmnl a (80:19:1) (3 x 24 ni)
nethanol (1 X 24 nmL). Fractions 6-9 were conbi ned and evaporated to )
dryness. This fractionation was repeated on the remaining 0.85g of gum
This enrichment step yielded a solid containing the desired product. This
was furt hexamils 86 | RréodidtioR bERABAINE-chAMERoES DY thrbed IRMT2REANDRAX
[err]m ODS colum (21.2 nmx 25 cm using a nobi e phase of

acetonitril e: 0.9 MraERDdhiaMokshab 8? (Bind IneutBe 8 SerythiabiNRRL EFIRFINDIOS -

containing the product of interest. from4 separate Injections were

conbi ned ardueasaRDERONd SkefbIRE FexBMpbRIA. T epeat preparative reversed- phase
HPLC using a Beckman 5 [err]m U trasphere ODS colum (10 nm x 25 cn) using
a nobil e phase gradi ent of acetonitrile:0.05 M SUBSTI TUTE SHEET ( RULE 26)
WD 98/ 01571

PCT/ GB97/ Gi&n i of 13 airepyi-& 2t S0 mivthre L @33dvbignmoni um
acetate (50: 50) over 18 ni nut es (flow rate 4 nUm n) . Fractlons cont ai ni ng
t he product of Thetwuess. emmwmmﬂm@aswamru&seaocmatecc»mo@omwmmimaﬁlaand
evaporated to dryness to give pure 1 3-cycl opropyl-erythromycin B as a

whi t e 1&ol BEO (MQ Eﬁg)meyiﬂaslstﬂiﬂ@cYersdﬁcmhmnm B8P0 Chis s wae ndednapdeunte Brass
spect rorret HPLC retention tinme - Method A - 17.9 m nutes

APCI - ’(%ﬁ YrP medivmg Jhiosaptpna t( 105imo) W39 added qumedately adter L3 dsamigNFhebroth 730
[err] Aton1nunber éf££rOX|nate [err]C chemi cal shift, from 1H chem ca

shi ft and“ARNEYGIec @l 287C pridh sy agration f@rerqf & L prd @At WAL 1Cvclopropane

176. 4
carboxylic acid (1.2 mL) was added after 24 hours and the fermentation was continued for 144

hours. After this time, the whole broth was adjusted *o pH 8 5 with aqueous sodium hydroxide and

IS then extracted with ethyl acetate (3 L). The ethyl acetate extract was concentrated to dryness
giving the crude product as a gum (1.7 g). This extract (0.85 g) was dissoived in ethy! acetate (10
ml) and added to a prepacked silica gel cartridge (10 g, International Sorbent Technology)
previousiy conditioned with ethy! acetate (20 mL). The column was seguentiaily eluted with ethy!
acetate (4 x 24 mL); dichiocromethane:methanol (9:1) (1 x 24 mL}; dichioro-methane:methanol (8:2)

20 (1 x24mlL); dichioromethane:methanol:ammonia (80:19:1) (3 x 24 mL); methano! (1 x 24 mL).
Fractions 6~9 were combined and evaporated to dryness. This fractionation was repeated on the
remaining 0.85 g of gum. This enrichment step vielded a solid containing the desired product.
This was further purified by preparative reversed-phase HPLC using a Zorbax 7 um ODS column
(21.2 mm x 25 cm) using a mobile phase of acetonitrile:0.05 M ammonium acetate (3:1) at 8

35 mb/min. Fractions, containing the product of interest. from 4 separate injections were combined
and evaporated 1o dryness before repeat preparative reversed-phase HPLC using a Beckman 5

um Ultrasphere ODS column (10 mm x 25 ¢cm) using a mobile phase gradient of acetonitrile:0.05 M
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2 ' 44.8 2.88 1Hdq J=8.5.7.1 3

80. 3 4.04 | Hdd J=8.5, 1.9.4

2.11 1 Hor pen?&¥™™Lca 7 5 83. 7 PCTIEH IS0
1Hd J=7.5 6 75.2 7 -~ 38.0

2.02 1H dd J = 14.7 10.9 SUBSTI TUTE SHEET (RULE 26) WD 98/ 01571

PCT/ GB97/ 01810 58 1.66 1H dd J = 14.7, 2.8 8 45. 1

2.74 | H dqd J=10.

3.01 1H muPPMSNLP afitatez(Zg 73 to acetonitrile:0.08 N@mmo%%m hedidte (50:50) over 18 mynutes ¢ ﬁ(&id

J=10.0,cal. 4. 1

J=10.0.6. 9, aie%m%mn) Fractions, containing'thfspr%duct of interest, from three sepéraéj\;e;cgg-%ﬂﬁae

R R 14mbmed and fviporated to dgy%egs to give pure 13- 06c!%p{oqyl |B_|th 0111!/9‘% Bds 38% A%éotﬂ& et

15 mul t'r pl et

(r)mlztgl 5" et lﬁatrr%l g?e itycture of the prgduZt was coTtSrm:eLd by mass spectrome@y 51 1H mif Elgpgﬁ;j
‘%;7'41 185 HPLC retentuonﬁm%GMgl't_lgd 3017.9 minutes 1. 1183?1 I=ca7.1 19
1.16 3Hd J = 7.1 21 ' 9, 3 ' 1.001 3Hd
J=ca7. 2' 22 APCI-MS - (M+H)* ofgsegved at m/e 730, required for C3gHagNQuay 730,

J=cab. 9 err]

NMR data:
Atom number Approximate *C chemical shift, from 'H chemical shift and multiplicity
'H - ®C correlation data
1 176.4 -
2 44.8 2.88 1Hdg J=857.1
3 80.3 404 tHdd J=8519
4 39.5 2.11 1Hbrpentetd=ca7
5 83.7 3.58 1Hd J=75
6 75.2
7 38.0 202 1Hdd J=147 108
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11 103. 3 4.43 1Hd J = 7.2 2
71.0 3.25 1 Hdd J =10.3, 7.2 3 65. 6
2.54 1H br Jq*4°%ta 12.5, 10.3, 4 41 29.0 PCTIGBITOISI

1.69 1H multiplet 1.25 1H nultiplet 5 69. 2

3.51 | Hbrdg J=call, 6 6' %0. 9 1.22 3Hd-
J=6.2 7', 8 39.9 2.33 2x3Hs 1"

97.1 4.87 1H brd J=ca5 SUBSTI TUTE SHEET (RULE 26) WO -
98/ 01571 166 1Had e

PCT/ GBY7/ 01810, 59 2 35.0 | dd J=147.28 37 14 prd
J=ca. 15 1.57 &Hdd J=15.1, 5.45.8" 2 TR B - 78. 1
3.01 1Hord J=9. 2 5" 66. 0 did J 109.41938 Hdq
J=9.2.6.2 6" 9 2209 3 . 1.28 3Hd J=ca6.2 7"
21.0 1.24 3H's 8" 49. 3

3.32 3 Hs 'As%Pgnments indi 88t%d with an asterisgh mayhgpeever sed Exanple 9b

- Preparati on19f 13-cycl ogroopyl -erythronmycin [err] using S. erythraea NRRL
2338/ pND30 5 An ex§88i ment simlar to3@gampbe Qa10disi g the

culture S. erythraea NRRL 2338/ pND30. produces the conpound exenplified in
exanpl e 9a. Exanple 10a - Pf’gﬁar ation of 1.84 1Hdqd J=10.0,6.9 1.2

13- (1- et hyft {4 o- et hyl )-ery?%;[;)onyci n Busing S. erythraea NRRL 2338/DI G 1
10 The culture S. efythraea NRRL 2338/ #8&1THwd Jisrfoalzated into 1 L

tap water nediamin a 13.2 1.08 1H multiplet
15 4.1 0.51 1H muttiplet

0.42 1H multiptet

16 2.7 0.51 1H muttiplet

0.29 1H muitiplet

17 151 1.19 3Hd J=71

18 9.3 1.14 3Hd (d=ca71

19 27.4 146 3Hs

20 18.3 1.16 3Hd J=7.1

21 9.3 1.001 3Hd J=ca72"

22 9.3 0.998 3Hd J=cab.9"

1 103.3 443 1Hd J=72

2' 71.0 3.25 1Hdd J=103,72

3 65.6 254 1Hbrddd J=ca125, 10.3 4
4' 29.0 1.69 1H muttipiet

1.25 1H muttiplet

5 69.2 3.51 tHbrdq J=cai1,6
&' 20.9 1.22 3Hd J=62

7.8 39.9 2.33 2x3Hs

1™ 97 1 487 1H brd J=ca$s
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2.8 L Fernbach flask. Thiostreptone (50 ng) was added i nmedi ately after

i nocul ati onyabg/gs784 hours incubation at 29[err]C, this fl age@sotoisd t O

i nocul ate 8 L of suppl enmented ERY-P nedium (50 g/L Dextrose, 30 g/L
Nutrisoy flour, 3 g/L amonium sulfate, %sg/L NaCl, 6 g/L CaCJerr], 10 g/L-
sucrose. 5 g/L corn steep solids, 0.5 g/L MgSA err] and 1 nmJL of P2000) in
a 14 L fernentor jar. The 15 broth was incubated at 28[err]C with an
aeration rate qf [err]Umn, stirring at 800 rpm_and with pH nai ntai ned

bet ween 6.9 an% 7.3 with NaO®8r H2[ err] S er] (21 01&“\%?‘?‘3}’?% ol actic acid
(3.2 m) was added after 24 and 48 hours. Additi I thylthiolactic acid
(2.6 nm) was added after 120 hours. The fernent Q%HH&ESJ%E)%%%%M for 142
hours. After this tine. the \yggle broth was centrifuged to yield centrate
(34 L) which s |l oaded onto a“XAD- 16 resin colum (600 nm. Rohm and Haas).
The SUBSTI TUTE,SHEET (RULE 28] , WO 98/ 01571 a4 1Hbrd J=9.2
PCT/ GB97/ 01810 60 resin colunm was then washed with water '(91.8 L) and
eluted with ethyl acetate (2 L). The ethyl acgtgt S; pgbtd sl Iy
concentrat ed (tgo 250 ) andsé_)'lguen t he product o?to?m?}gpgs‘jt %’sd%xtract ed
into 100 nM sogt um phosphat e;pgffer, pH 3.5 (1.328) sndhe-@gsluct was
transferred back into ethyl acetate by adjusting the water to pH 9 with
sodi um hydroxi gre and then mx{pg with ethyl acetahesps (450 nmL). The
erythromycin rich ethyl acetate | ayer was separated. evaporated to a gum
(5.0 g). and t&en resuspendedggnto 20% net hanol 3G228Hsn L) whi ch was | oaded
onto a CG 161 resin colum (100 nL: Toso Haas). The resin colum was
sequent i al I hssigrotepts indidated20@mattdrisimbhy {eexers@0 L), 40% net hanol (3 x 100
m.), 60% nethanol (3 x 100 m.). 80% net hanol (3 x 100 nL) and neat net hanol
(4 x 100 nL). The neat nethanol fractions 2 and 3. containing the product

of 1 ( interest. were evaporated to a solid (220 ng) and further purified
over a reversed-phase 10 [err]m Kromasil C18 HPLC colum (75 mmx 25 cm,
usi ng a nohil e pha of acetontrile:0.05 Mampnium acetate wth 0 %
trifluor oab¥RBRE 4 Frenaratign ol 13- FengrATygiN e sing Cloamti : &= | ow
rate of 215 nlL/mn. Fractions containing the product of interest re

conbi ned (1.7 LN SHCUSEFFMIE 1p EragRlG a0 USRI AY! Sprieeaitr e P elEaR | nt o

met hyl ene chl ori qebhylene chl oride | ayer was

300 nl). The 15
separ at ed %’ﬁ&”"@&g“%&?’é"?%‘a‘dt%e’m’ﬁde‘gSX?'BP@. @l d partially pure product.

Example 10a - Preparation of 13-{1-methyhthio-ethyl)-erythromycin B using S. ervthraea NRRL

2338/pIG1

10 The culture S. erythraea NRRL 2338/pIG1 was inoculated into 1 L tap water medium in a
2.8 L Fernbach flask. Thiostreptone (50 mg) was added immediately after inocuiation. After 84
hours incubation at 29°C, this flask was used to inoculate 8 L. of suppiemented ERY-P medium (50
g/L Dextrose, 30 g/ Nutrisoy fiour, 3 gL ammonium sulfate, 5 g/t. NaCl, 6 g/L. CaCQO,, 10 g/L
sucrose. 5 g/L corn steep solids, 0.5 g/l MgSO, and 1 mUL of P2000) in a 14 L fermentor jar. The

I5 broth was incubated at 28°C with an aeration rate of 8L/min, stirring at 800 rpm and with pH
maintained between 6.9 and 7.3 with NaOH or H,SQO, (15%)}. Methyithiolactic acid (3.2 mL)was
added after 24 ang 48 hours. Additional methyithiolactic acid (1.6 mL) was added after 120 hours.
The termentation was continued for 142 hours. After this time. the whole broth was centrifuged to

yield centrate (34 L) which was loaded onto a XAD-16 resin cotlumn (600 mL; Rohm and Haas). The
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The preparative HPLC step and extraction step was repeated to obtain pure
13-(1 -nmethylthio- ethyl)-erythronycin [err] (31 ng). The structure of the
product was WOmBOtsed by MS and NVR spectroscopy (Bruker DWVX BUUGRIT01810
spectronmeter) as follows HPLC retention time - Method B - 14.9 m nutes 20
APQOL- M5- (M+H) observed at me 764. requiré8 for C38H7ONOL 2S - 764

SUBSTI TUTE SHEET (RULE 25) WO 98/ 01571

PCT/ GB97/ 01810 61 O [err] NWR data: Atom # [err]C (ppm # Attached

[err]H [ Rk keblufB W&k then washed with watéd(1@8.) and eluted with &hy? acetate (2.5 Lg). rebetdy?
03 103. 42 1 4.49 4 96. 93

1 acktBélwis partially concentr8teéd 38 250 mL) and thenkhe product of interést @as 8xtracted into

80. 69 1 4.06 7 78. 30 1

3.07 8 100 mM sbBiuth'phosphate buffer, g4 3.5 (1.3 L). The prodidct Yas transferred back mto/ghyl

0 10 73. 11 0 11 71.23 1

3.32 1 2 acetate byogijudting the water to pH 9dwith sodium hydrox@derand tH@n mixing with ethyDaddfite

1 3.56 14 66. 18 1 4. 06 SUBSTI TUTE

SHEET ( RUL E(4§@)nl.). The erythromycin rich ethyl acetate layer was separated. evaporated to a gum (5.0 g).
and then resuspended into 20% methanol (120 mL) which was loaded onto a CG-161 resin
column (100 mL; Toso Haas). The resin coiumn was sequentially eluted with 20% methanol (3 x
100 mL), 40% methanol (3 x 100 mL), 60% methanol (3 x 100 mL). 80% methanot (3 x 100 mL)
and neat methanol (4 x 100 mL). The neat methanol fractions 2 and 3. containing the product of

10 imerest. were evaporated 1o a solid (220 mg) and further punfied over a reversed-phase 10 um
Kromasi! C18 HPLC column (75 mm x 25 cm), using a mobile phase of acetonitrile:0.05 M
ammonium acetate with 0.1% triftuoroacetic actd gradient (32:68) to (38:62) over 60 minutes ata
flow rate of 215 mi/min. Fractions containing the product of interest were combined (1.7 L),
adjusted to pH 9 with sodium hydroxide and extracted into methylene chiloride (300 mL). The

15  methyiene chioride layer was separated and evaporated to dryness to yield partially pure product.
The preparative HPLC step and extraction step was repeated to obtain pure 13-(1-methylthio-
ethyl)-erythromycin B (31 mg). The structure of the product was contirmed by MS and NMR
spectréscopy {Bruker DM X 500 MHz spectrometer) as foliows:

HPLC retention time - Method B - 14.9 minutes

20 APCI-MS - (M+H) " observed at m/e 764, required for C3gH7oNO1 2S - 764
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PCT/ GB97/ 018

49. 91 %ﬂa@@ué?l

2.74 18 45. 26

3 2.46 20

39. 60 1

3.04 23 38. 44
37. 68 1
2.41/1.63 26 29. 66
27:70 3

1.29 29 21. 77

3 1.33 31
18.°19 3

1.23 34 11. 11
3 1.07 36 EX
9.62 3

| - 3-met hl t hyi po)

NMR data:

Atom #

10

11

12

13

14

C (ppm) # Attached 'H
221.08 0]
176.10 0
103.42 1
96.93 1
84 .31 1
B0.69 1
78.30 1
76.17 1
75.75 4]
73.11 0
71.23 1
69.84 1
69.03 1
66.18 1

SUBSTITUTE SHEET (RULE 26)

Pr epart Pon
NRRL 2338pND30

H(ppm)

4.49
4.94
3.63
4.06
3.07

5.42

3.32
3.77

3.56

65. 99 - 1
3.36 17 45. 62 Pé%é%%ﬁﬁsm
1 €1 2.96 19 40. 61
40. 01 1 2.83 2 1
2.14 22 38. 94 1
2.03/1.70 24
35.47
, 4, 7941.32 27
21. 89N
19. 08
H 1.20 32
_ 10. 16
NS, 1.17 37



SUBSTI TUTE SHEET (RULE 26) WD 98/ 01571
PCT/ GB97/ 0181W0a8/0fsyiexperinment simlar to exanple 1 Ga, using the culture
S. erythraea NRRL 2338/ pND30, pr.oduces the conpound exenplifi eﬂ:,‘: exanpl e
1Ca. Exanmple 11 - Preparation of 13-cyclobutyl-erythronycin B us /{‘Jiﬁ”é’.lgﬁ)
ervthraea NRRL 2338 5 The cul turef?S. erythraea NRRL 2338 was

inoculated into 50 nL tap water nmediumin a 300 nL Erl enneyer flask. After
this flask was used to inoculate 50 niL of

48 hours incubation at 2§%err]c.
ERY-P nediumin a 300 nL"Erl enneyebSibask. The byoth was ipcubated at
oxylic acid (20 nL) was added aft-88 24 hours and

28[err] C. Cycl obut ane caﬁ)
the fernentati on was continued for49.688 hours. Afger this tdg& t he whol e
.5 with aqueous sodi um hydroxi de"anhd 10 then

broth was adjusted to pH,8
extracted with ethyl acetate (50 nfi:§2 The ethyls acetate wps, separated and
(1 nm) for

concentrated to dryness.;gThe sanpl e was redissolved in nethanol

HPLC- M5 anal ysis. This confirnmed t‘ﬁezspr oduct i on tof 2.96
non-reconbi nant NRRL

13-cycl obutyl -eryt hronyggn B. by t4 e . untransf or ned,
2338  as described in exanple 7 for’tfe geneticaBly-engi negrgd strain
contai ning the avr | oademg nodul e éIHRRL 2338/ pl1G 1 construct). 15

3393 i nutes APCI - NB - (Mg H) + observed

HPLC retention time - Method A -

at me 744, required fo2t C39H70NO3g2,- 744 ExanPI e 12 - Preparation of

13- cvcl opropyl -erythromycin B using % ervthraea NRRL 233814dhe culture S

erythraea NRRL 2338 was23d nocul ategg gt o 50 nL tap water nediumin a 300 20
mL Erl ennmeyer fask. After 48 hours i ncubation at 28[err] G.04 his flask was

used to inocul ate 50nL28f ERY-P resdi4min a 30Q nL Erlenmeyer flask. The
broth was incubated at _28[err]C. Cycl opropane €arboxyl iZ0Ht7ad (20 nL) was
added after 24 hours affl the fer regrdgat i on was ¢ontinued for 168 hours.

fi*th aqueous sodi um

After this tinme, the w?gle broth was adjusted to pH 8.5
t The ethyl acetate

hydr oxi de and then ex cted witR58Fhyl acetatge (50 m_eﬁ-)’
was separated and concgntrated to 25 dryness. The sa H18-8ks redi ssol ved
(1 m.) for HPLC- M5 aR®&F§si s SUBSTIZUTE SHEETof,RULE 26)

i n met hanol
27 27.70 3 151
% 21.89 3 1.29
29 21.77 3 28
- 30 19.08 3 1 83
31 18.92 3 1 20
32 18.19 3 /33
33 16.29 3 (23
34 11.11 3 212
35 10.16 3 ' o7
36 9.70 3 ‘17
37 9.62 3 0.90

-
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PCT/ GB97/ 018 M0®d/0i81 s confirned the production of PCT/GB97/01810
13-cycl opropyl -erythronycin B. by the untransforned, non-reconbi nant NRRL
2338 as described in exanple 9 for the gen&lically-engineered strain
containing the avr |oading nodule (NRRL 2338/ pl GL construct). HPLC
retention tine - Method A - 17.9 mnutes 5 APClI-M5 - (M + H)

observed at nle 739,exF&ﬁr‘r€nf arlild & exePBER BAGSIng the cliffle EXatREa BAL 2338/pN030
Preparation of 13-cyclobutyl-erythronmycin A using S. erythraea NRRL

2338/ p1Gl Thfodiidkd the Gompount EkéMipifad iNBRmma3 3¢ P1GL was inocul ated into 50 ni
tap water nediumin 3 x 300 nL Erl enneyer flasks, After 72 hours incubation
at 28[err]C each flask was used to inoculate 10 3.5 L of ERY-P nmediumin
3 X 5L mnijars. The broth was |ncubated at 28[err]varth an aeratron rate
of 2.0 L/ nirExa epargtigtof $80vql protheza asdoxyl i c
acid (1.4 nL) were added after 24 hours and 48 hours and the ferrrent ation
was cont snued f orThk@Bitr@Sr SyibéLNRRORI3sWagoctibed pid SUmi tapgwaeoh&dile i tal3ogvas
adjusted to 8.5 with agueous sodi um hydroxi de and then extracted with ethyl
acet at e (20ni)Erlefimeyertiaskd AttwtdsaotrswasbatiomatestC, diefthsk @asirsgt @Ssocgliatei Sogniidie
crude product as a 15 gum (9.29). A portion (2.3 g) of this extract (2.3
g) was di ss&ERYeRimediurgirte300anicrietmeyet fask. Titg brathavas ddethtedat 28°Gr Spdatiitadesi | i ca
gel cartridge (1 1g: International Sorbent Technol ogy) previously

condi ti oned CﬁﬁbPW“%QCIWPO E‘éé‘t’%ﬁ%‘dedl@eﬁﬁ‘) hourpenddes fgrmeniaion Wasrestnued for y6&| ut ed
with ethyl acetate 24 : di chl or onet hane: net hanol (9:1) (1 x 24 nlL):
di chl or omet REWE: ARS" .ﬁ{gpe (Uge\y)o?e(bzotgwgg{amgtedto pH 8.5 with agueous sodium hydroxide and

di chl or onet ne net han

Ty Fr 0t G ereee B S R B hdde S ot seares R paetdedics
tt 2‘;“;2?;;@%3%%5 THESTALE PRt B et BT, i (8 AUl SRR

further pur el ook Bion ﬁ@%@b'ug ,gﬂreﬁr%@% wraégggﬁg@nrréa. Ah-Rcdbi J%gNﬁherr] m

S colum (21.2 nm X iTe ph acetonrtrr 05 M

anmoni um acessd £ dederibdd infxafpE P he Jehatichilyodhyinet@D sfhiM EdMhirlintRn P& Hd8ihg Of
interest, fromb5 separate injections were conbined and evaporat—d to 25

- dryness bef RloBuik iR 23%%@”5)/&“%& sed- phase HPLC using a Beckman 5
[err]m U trasphere ODS colum (10 mmx 25 cn) using a nobile phase gradient

of acetoqitrile: GpOS rdvbrABHBRE LNEBSEL ab£3 minutes

APCI-MS - (M +H)™ observed at m/e 744, required tor C3gH7gNO1 2 - 744

Example 12 - Preparation of 13-cyciopro hromyein B usin raea N
The culture S. erythraea NRRL 2338 was inocuiated into 50 mL tap water medium in a 300
20 mL Erlenmeyer flask. After 48 hours incubation at 28°C, this flask was used to inoculate 50 mL of
ERY-P medium in a 300 mL Erlenmeyer flask. The broth was incubated at 28°C. Cyclopropane
carboxylic acid (20 mL) was added after 24 hours and the fermentation was continued for 168
hours. After this time, the whole broth was adjusted to pH 8.5 with agueous sodium hydroxide and
then extracted with ethyl acetate (50 mL). The ethy! acetate was separated and concentrated to

25 dryness. The sample was redissoived in methanol (1 mL) for HPLC-MS analysis
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(28:72) to acetonitrile:0.05 M anmmoni um acetate (50:50) over 18 m nutes
(flowrate 4 ni/Umin) SUBSTI TUTE SHEET ( RULE 26) WO 98/ 01571

PCT/ GB97/ Y8801 Fracti ons, containing the product of intACTLFBITE$IE

conbi ned and evaporated to dryness to 9i ve a pure white solid (4 ng). The
structure of the product was confirnmed ‘by M5 and NMR spectroscopy as
follows: HPLC retention tine - Method A - 17.5 mnutes APCI-M5 - (M +
H[err] observed at me 760, required for CH [err]NJerr] - 760 0 [err]

NnT dat a: At onTRY 6heiFmed tAP ploBudtiombie 3[cptitdrépyBgmirordikingl b the uhtrandlodrhka, [err] C
[err]H chem cal shift and nmultiplicity correlation data 2

44. 7 non-recombinant NRRL 2338 as describél i8 &xdnrbierd far thelgebetiBally-engineered strain 79.8

399 1 Hmultiplet 4 39.3 1.97
1H mul t i gdngdinig the awr loading module (NRFB. 2B38/piG1 construct). 3.57 1 Hd
J=7.66 75.4 4 7 38. 3

1.92 1H mul t i pPeC rédBo timéH Rethbd=AT 11 Ridinkte36) WO 98/ 01571

PCT/ G3B97/ 01810 66 8 45.1 2.70

IH multiplet \peims. M+ Hy* observed at mie 730, required for CagHgaNO1 2 - 730

Example 13a - Preparation of 13-cyc! \-erythromycin A using S, hr NRR /DIG1

The culture S. erythrasa NRRL 2338/plG1 was inoculated into 50 mL tap water medium in
3 x 300 mL Erlenmeyer flasks. After 72 hours incubation at 28°C. each flask was used {0 inocuiate
10 3.5LotERY-Pmediumin3 x5 L minijars. The broth was incubated at 28°C with an aeration rate of
2.0 U/min and stirnng at 500 rpm. Two feeds of cyclobutane carboxylic acid (1.4 mL) were added
after 24 hours and 48 hours and the fermentation was continued for 168 hours After this time. the
pH of the whole broth was adjusted to 8.5 with aqueous sodium hydroxide and then extracted with
ethy! acetate (20 L). The ethyi extract was concentrated to dryness giving the crude product as a2
IS gum(8.2g). A portion (2.3 g) of this extract (2.3 g) was dissolved in ethyl acetate (12.5mL) and
added to a prepacked sifica gel cartridge (10 g; International Sorbent Technology) previously
conditionied with ethyl acetate (10 mL). The column was sequentially eluted with ethyl acetate (4 x
24 mL); dichloromethane:methanol (9:1) (1 x 24 mL); dichioromethane:methanol (8:2) (2 x 24 mL);
dichioromethane:methanol:ammonia (80:19:1) (1 x 24 mL). methanol (1 x 24 mL). Fractions6-8
20 were combined and evaporated to dryness. This fréctionation was repeated on the remaining 4.7g
of gum. This enrichment step yielded 415 mg of a solid containing the desired product. This was
further purified by preparative reversed-phase HPLC using a Zorbax 7pm ODS column (21.2 mm X
25 cm) using a mobile phase of acetonitrile:0.05 M ammonium acetate (3:1) at 8 mL/min. Fractions,
containing the product of interest, from 5 separate injections were combined and evaporated to
25  dryness before repeat preparative reversed-phase HPLC using a Beckman 5 um Ultrasphere ODS
column {10 mm x 25 cm) using a mobile phase gradient of acetonitrile:0.05 M ammonium acetate

{28:72) to acetonitrile:0.05 M ammonium acetate (50:50) over 18 minutes (flow rate 4 mi/min)
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9 222.5 10 37. 4

3.07 1Horqla 69. 1 PCT/GBY7B181T
tors 1o WD Setdn 76.1 13 77.1 '

5.10 | Hd J=7.1 14 34.8 45 2.86 1H
mul tiplet 15 26.7 1.98 1 H
multiplet 1.80 1H nultiplet 16 18.8

1.88 1 Hmultiplet 1.71 1H nmultiplet 1 7 _ 24.8 :
1. 89 2H mufragtigheicontaining the product of interest.yvgge combined and evaporated to dryness o give 3 19

3Hd J=7.0 20 26. 9 i 47, 3 21
18. 1 pure white solid (4 mg). The structure pf thg peagdict yas cqpfifmed by MS and NM&SDP—C{%F%

4.42 | Hd J=7.2 2' 71.0 3. 24 1Hdq
J= 10. 4, T7asiolipws: 65. 3 2.51 1 H
mul tiplet 4 o o/ . 1.68 1H

mul tiplet 1.26 APYE frﬁﬂ”f'?’ﬁl”ée['%‘gem"‘“" 17.5 minutes g 5

3.49 1H nul tipleg_ @ ) 2 : NO.. - 760 1.23
3Hd J=6.2 7', 8" AISCIRAS-(M+H) obsgryedyat m/é 3‘60?‘reqwredforCmHm 13 2 38 2x3Hs. 1"
96. 3 4.89 | Hd J=4.5 2" 34. 7
2.38 1 Hmultiplet 1.57 IHdd J = 15.0 5.0 3" 73.0

SUBSTI TUTE SHEET (RULE 26) 0o

Nmrdata:

Atom number Approximate *C chemicai shift. from 14-BC ‘Hchemical shift and multiplicity

correlation data
1 176.1 -
2 447 2.88 1H multtiplet
K] 79.8 3.99 1H multiplet
4 39.3 1.97 1H multiptet
5 83.4 357 tHd J=76
6 75.4
7 38.3 1.92 1H multiptet

1.72 1+ multiptet
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Hd 920, 4 5 WO sbis 656 PCTGRYI
Hrul tiplet 6" 18.4 c6 1.29 3Hd
J=6.2 7" 21.3 1.24 3H s 8"

49. 4 3.32 3Hs Exanml e 13b - Preparation of

13-cycl obutyl -erythromycin A using S ervthraea NRRL 2338/ pND30 An
experiment simfar to exanpl e518Ba. using the culture S 7erHhigsa NRRL
2338/ pND30. produces the conpound exenplified in exanple 13a. Exanple 1l4a -
Preparati on of A3-cvel opr oovd22&x vt hromvein A using S. erythraea NRRL 2338/
pGl Si x 2800 Fernbach flasks were inoculated with S. erythraea NRRL
2338/ pl GL. Each®f I ask contai #éd* 1 L of tap water medi WB0itHbr§0=mp of
thiostreptone added to each flask. After 24 hours of incubation at

28[err] C, 200 ppm of cycl opr (§Bdne carboxylic acid was Rfdddbte® each fl ask.
10 The flasks,were incubat for 90 hours and conposited into a sterile,
8 L aspirator bottle. The asg rator bottle was used to"inocul ate 314

gal lons of ERY;f mediumin a.,5Q0 gallon pilot vessel. The broth was

i ncubated, run at 27[err]C t& 29[err]C. at a pH rangi rg'% 18/ $=71to 7. 4,
with an aeratipp rate of 20 ndard cubic feet/mn and stirri,np at 175
rpm Cycl opropane carboxylic acid (200 mg/L) was added%f tEmUBehours, 81
hours and 117 twurs. The ferpgptation was continued f8r l?g h .U{ﬂs. 15
After this time, the whole broth was filtered over a %5 eﬂ“ﬁ'f’ ceramc
filter (30 [err] US. Filter). The filtrate was | oade n . XAD- 16 resin
colum ( 12 L; Rohm and Haas). The resin col unm was tﬂ'eéral téﬁtT?g'aéﬁvith et hyl
acetate (60 L)1 The ethyl aced.ate was concentrated to1ag9ydmi A8t 9) tO
which 2 L of nethylene chloride was added. The resulting nethylene chloride
solution was washed with 8 L of 250 mM sodi um bi car bonat etdpmikiges PH 9. The
erythromycin rich nethyl ene 20 chl oride | ayer was separated, evaporated
to a gum (200 'd), and then r&s8ispended into 40% met hansb fHRukidiemhi ch was

| oaded onto a 161 resin colum (9 L. Toso Haas). Theresin columm was
washed with 40% net hanol (30'29 and sequentially el ut&d8virth J&2H net hanol

(8 x 10 L) ang,SUBSTI TUTE SHEET (RULE 26)

1.47 3Hs
21 18.1 1.16 3Hd J=7.0
1 103.0 442 1Hd J=7.2
2 71.0 3.24 1Hdq J=10.4,7.2
3 65.3 2.51 1H multiplet
4' 28.7 1.68 1H multiplet

1.26 1H muitiplet

8 69.2 3.49 1H multiplet
&' 21.3 1.23 3Hd J=6.2
7.8 40.0 238 2x3Hs

1 96.3 489 tHd J=45
2" 34.7 2.38 1H multiplet

1.57 tHddJ=150.50

3" 73.0

SUBSTITUTE SHEET (RULE 26)



WO 98/ 01571

PCT/ GB97/ 018 wWod80msyat net hanol (3 x 10 L). The 75% net hanol frexmtBonsish
t hrough 8. containing the product of interest, were conbi ned, and
evaporated to 3.2 L. The concentrate was & usted to pH 9 and added to 0.95
L of nethylene chloride. The nethylene chloride | ayer was separated and
evaporated to yield 12.4 g of a gum Part of the gum (six grans) was
further purified+«by preparati rever sed- phase HPL romasi| 10
[err]mCl 8 HPL% colum (75 m\r#?XOSZS cn). using a nobil g%%aﬁg’ gf'lé

net hanol : 0. 05 Msanmmoni um acet ggg With 0.1% trifl uoroacefisf , Eﬁhﬁ gocaratrc
(50:50) at a flow rate of 215 nUmn Fractions containing t FSduct of
interest were cembi ned (230 nky.4 evaporated to a concerytéc?a%e, (}1@2

m.), adjusted to pH 9 with sodium hydroxide. and extracted into nmethyl ene
chloride (50 nmLy: The nethyl epgachloride | ayer was separzt gd gand evapor at ed
to 10 dryness to yield 630 ng of partially pure product. Another portion
of the gum (onesggram was furtader purified by preparatigue ggyer sed- phase
HPLC using a MetaChem Inertsil 10 [err]mC8 columm (50 nmx 25 cnm) using a
nobi | e phase of acetonitrile:0. 05 Mamoni um acetate with 0. 1 %
trifluoroacetic acrd gradl ent (20: 80) to (25 75) over 50 mnutes at a flow
rate of 1258Kam 1 2 faIg L sinach . @ i

m nutes). were conbrned saturated mnth 15 sodruntbrcarbonate and
extracted with rmkt\Ieyrbeanentcshﬂmarmdeamﬁrdneaar.rmmnheuﬂtuzéﬁ.eryrrd&a\mmpa/babw, and
evaporated to dryness to yield 361 ng of partially pure product. A portion
of these paPPHegeshenpmpownst axempllfied inesarhpiettd&r purified by reversed-phase H
PLC as exenplified by: Phenomenex Prodigy 10 [err]m C18 colum (50 x 250
nmm usiﬁb a nobil e phase of nethanol:0.05 M amoni um acetate with 0. 1%
trtfluroace |c crd |socrat|c 50 50) at a flow rate of 100 rrL/mn 20
Fractions, THREH rE¥clogropylandirg
conbi ned, satura% ed with sodruntbrcarbonate and extracted mnth neth Iene
chloride. The ne ﬁfP%@LEWPtﬁCP&ekwgfegeﬁdrta#w arﬂﬂw'éreeaj&‘ﬁ%ttw%p&ﬂdr%aﬁ@ss to

Material was further purified by rative

| d | d
Vever seo. priss et L Aigban SRein sera sstpgertii exrdeco Al 5o
25 f th t
0.1 % vri 11 e odtBR o 8 85 G TP e s SR S VR g i e
Fr act 0fgS. ORI hifhafl 9948 ho Pl ard b s & érém Sl Y86 D ned,

saturated w th sodi um bi car bonat e, extracte ene chlori de.
The net hyl engirfb tottie Ris 18 15 FBRIAL £d g%%s%ymb%éaﬁtmtrﬁ)agéd’é'éﬂéﬁprbpve\éééﬂ d 13-

The broth was incubated. run at 27°C to 29°C. at a pH ranging from 6.7 to 7.4, with an aeration rate
of 20 standard cubic feet/min and stirring at 175 rpm. Cyclopropane carboxylic acid (200 mg/L) was
added after 33 hours, 81 hours and 117 hours. The fermentation was continued for 198 hours.

15  After this time, the whole broth was fittered over a 0.2 ym, ceramic filter (30 #2, U.S. Filter). The
fitrate was loaded onto an XAD-16 resin column ( 12 L.; Rohm and Haas). The resin column was
then eluted with ethyl acetate (60 L). The ethyl acetate was concentrated to a gum (302 g) to
which 2 L of methylene chloride was added. The resulting methylene chloride solution was
washed with 8 L of 250 mM sodium bicarbonate buffer, pH 9. The erythromycin rich methylene

20  chloride layer was separated, evaporated to a gum (200 g), and then resuspended into 40%
methanol (10 L) which was loaded onto a CG-161 resin column (9 L, Toso Haas). The resin column

was washed with 40% methanol (30 L) and sequentially eluted with 75% methanol (8 x 10 L} and
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PCT/ G3B97/ 01810 69 cycl opropyl -erythronycin A as a solid (20 g;%; 0
structure 3° roduct was confirmed by M5 and NWR spectrg p? p ruker

- DMX 500 MHz spectroneter) as follows: HPLC retention time - Method B - 5.6
m nutes APCI-M5 - (M+H) observed at me 746, required for Clerr]H err] NG 3
- 746 [err] NMR data: Aton# [err] C(pp # Attached H
"H(ppm 1 222.41 0 2 175. 88

0 3 neat methandJ3 x88 L). The 75% methanollfractions 5 throughi8, 48ntdining the product of 96. 75

1 4.92 5 83.92 1 3.60 6

80. 25 interest, were comfiined, and evaporatéd @23.7 L. The concentrate wgg agj@sted to pH 9 and 1

4 74 8 78.42 1 3.05 9 75.99
0 WO @ddesi|tgP195 L of methylene chioride. The methylene chioride layer was separated and

PCT/ GB97/ 01810 70 10 75. 49 11 73. 05
0 12 evaporatedtp yigid 12.4 g of a gum. Part of the gum (six grargs)zvps further purified by preparative
5  reversed-phase HPLC using a Kromasil 10 um C18 HPLC column (7S mm x 25 cm). using a mobile
phase of methanol:0.05 M ammonium acetate with C. 1% trifiuoroacetic acid isocaratic (50:50) at a
flow rate of 215 mL/min. Fractions containing the product of interest were combined (230 mL),
evaporated to a concentrate (110 mL.),adjusted to pH 9 with sodium hydroxide. and extracted into
methylene chioride (50 mL). The methylene chioride layer was separated and evaporated to

10 dryness to yield 630 mg of partially pure product. Another portion of the gum {one gram) was
further purified by preparative reversed-phase HPLC using a MetaChem inertsil 10 um C8 column
(50 mm x 25 cm) using a mobile phase of acetonitrile:0.05 M ammonium acetate with 0.1%
triftucroacetic acid gradient (20:80) to (25.75) over 50 minutes at'a flow rate of 125mUL/min.
Fractions, containing the compound of interest (28-46 minutes). were combined, saturated with

1S sodium bicarbonate and extracted with methylene chioride. The methylene chioride was
separated and evaporated to dfyness to yield 361 mg of partially pure product. A portion of these
partially pure materials was further purified by reversed-phase HPLC as exemplified by:
Phenomenex Pradigy 10 um C18 coiumn (50 x 250 mm) using a mobile phase of methanol:0.05 M
ammonium acetate with 0.1% trifluroacetic acid isocratic (50:50) at a flow rate of 100 mi/min.

20  Fractions, containing the product of interest (27-31 minutes), were combined, saturated with
sodium bicarbonate, and extracted with methylene chioride. The methylene chioride was
separated and evaporated to dryness to yield partially pure product. Material was turther purified by
preparative reversed-phase HPLC using a Phenomenex Prodigy 10 um C18 column (S0mm x 25
cm) using a mobile phase of methano!:0.05 M ammonium acetate with 0.1% trifluroacetic acid

25  isocratic (48:52) at a flow rate of 100mb/min. Fractions containing the product of interest (41-45
minutes) were combined, saturated with sodium bicarbonate, and extracted with methytene

chioride. The methylene chioride was separated and evaporated 10 dryness 0 yield 13-
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13 69. 46 1 3.84 14 69. 39

1 3‘53 9§,‘§1571 66. 02 1 4. Odc1/6B97/01810
65. 95 . 1 2.49 17 "~ 49. 93 3
3.36 18 45. 47 1 69 2.74 1 9 45. 23
1 2.89 20 40. 70 1 2.34 21
40. 00 1 2.02 22 38.94 2.
1.96/1.76 23 38. 46 ) 1 3.15 24 )
35. 38 cyclopropyleerythromycin 4 ag 3 ;sqh_dé@ Q@ The structure of 1@9 _p@?uct was confirmed by Nf
1.71/1.28 2 27. .
2 1__9£1 8 6and NMR sgectroscop;? (%rukfr_%X§gO MHz s;?ectromet?'i.assfﬂﬂbw%p 21 3
é' 26 29 1. 21 3fP11_8're(.=)t§ntion time 1bj1ev:§1§d EB:§ 5.6 minutes é 32 30 1 31 3218' 69
i?'z.éls A Afé{-néﬁ-(mmy oblerfed a?fﬁ'\:{e 746. required f%?cj%%ggm -746 g' -
3 5 1 16 36 4. 23 2 0.67/1.33 WO
98/ 01571 - .
PCT/ (B97/ 01810 71 37 1.64 o 2 0.47/0. 32
20 20
i3 10 N/

or HO /’(ﬁ

2 B
/\Lo/‘*\m
0

27

NMA data:
Atom # RC (ppm) # Attached H 'H {(ppm)
1 222.41 0
2 175.88 0
3 103.63 1 4.45
4 96.75 1 4.92
5 83.92 1 3.60
6 80.25 1 4.02
7 78.52 1 474
8 78.42 1 3.05
9 75.99 c
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Exanpl e 14b - Preparation of 13-cycl opropyl-erythronycin A usina S.
An experinment simlar to exanple 14a.

eyt hraea NHRwa3g8{53N\D30 5
using the culture S. erythraea NRRL 2338/ pND30, produces the e@TAORIID1810

exenplified in exanple 14a. Exanple 1 5a 70 Preparation of 13-
(3-thienyl)-erythronmycin B using S eryuhraea NRR L 2338/ plG 1 The culture

S. erythraea NRRL 2338/ pl Gl was inoculated into 50 nL tap water nediumin a
10 300 nL Erlenneyer flask. After 48 hours incubation at 28[err]C, 5 ni
of this inoculumwas used to inocul ale480 nL of ERYsP mediun in a 300 m

Er | emmeyer flask. The bro{p was incubated at 280C. The N-acetyl cysteam ne
t hi oester of 3-thiophene carboxylic P8 (20my in 005 nL of nethanol) was
added filter sterilised affer 24 houaﬁ and the fernentation was conti nued
for 168 hours. After this tlne the (hdl e broth was' adj ustedspp pH 8.5 with
aqueous sodi um hydroxi de j@nd t hen 159‘H§xtracted with ethyl acetate (50
m.). The ethyl acetate was separate concentratled to dryhess. The
sanpl e was redi ssol ved i ngnet hanol 5&9 for HPLC- M5 anal ysis. This
confirmed the production of 13-(3- thlenyl) erythroﬂyC|n B. HRRZL retention
observed at me 772,

time - Method A - 20.0 miputes APCL, M%? (M + H)
required for CJerr],Herr] NOS[err] 72 20 Exarrpfe 15b - Iﬂr@paratlon of
13- (3-thienyl)- erythronym n [err] gsigag S. eryhrasa NRRL 2338/ pND30 An
experinment simlar to exanple 15a, using the culture S. ery?tﬁ‘-’aea NRRL
2338/ pNOB0. produces thel€onpound exerplified in exanple 153 Exanpl e
16 - Preparation of 6-deoxy- 1 3-cvcloproppl-erythronyCn B S ng S.
ervthraea NRRL 18643 SUBSTI TUTE SHEES 4t RULE 26) 1 WO 98/ 01

PCT/ GB97/ 01810 72 The culture S. erythraea NRRL 18643 an ery%err] mut ant of

S. erythraea (Science. 252:114, 5 A3 1991) was jnocul ategginto 1 L tap

water nediumin a 2.8 Lzlaer nbach fl4%s_l_<0 Cycl opr opane

1 2.34
21 40.00 1 2.02
22 38.94 2. 1.96/1.76
23 38.46 1 3.15
24 35.38 2 2.411.61
25 29.07 2 1.71/1.28
26 27.36 3 1.50
27 21.94 3 1.28
28 21.84 3 1.26
29 19.08 3 1.32
30 18.69 3 1.21
31 17.38 3 1.31
32 16.11 . 3 1.21
33 12.38 3 1.20
34 10.64 1 1.20
35 9.60 3 116
36 4.23 2 0.67/1.33
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carboxylic acid (200 nL) was added after 24 hours incubation at 29[err]C
with 200 rpmW@iams&tsun. After three (3) days total incubation, PCTUGBOT/ALSIKO
was used to inoculate 8 L of supplenented ERY-P 5 medi um (60 g/ L
cerelose, 30 g/L Nutrisoy flour, 3 g/L (NH[err])[err]SQerr] 5 g/L Nad, 6
g/L corn steep solids. 0.5 g/L NgSCIerr] and | mJL P2000) in 14 L
fermentor jars. The broth was incubated at 28[err]C with an aeration rate
of 8 Umn, stirring at 80037 pm and w tihg49H mai nt ai ned bet weqyuHp92and 7.3
wi th NaOH or H2SO, (15% . Cycl opropane carboxylic acid (1.6 nL) was added
after 24 and 48 hours. The fernentation, done in duplicate, was harvested
after 163 hours total incubation tine. 10 The pH of the whol e broth was
adjusted to 9 with SOdI um hydrOX| de, and the broth was extracted wi th ethyl
acetate (16 Exampithpd gdaratio Eyoiep Byt ) dea NARB
Buchi rotoevaporation unlt The oi | was red| ssol ved W|th 500 nL of

nmet hyl ene chigagavpD3d-i ve hundred nL of water was added to this |liquid, and
the pH of the aqueous phase was adjusted to 9 with 10% ammoni um hydrOX| de.
After shaking vi gan Gipérinent dirfidiRidxihpIB 44 kiag thdeultay 8reni@raeLI0R R IEL438HNDB0d
15 evaporated in a | L rotoevaporation flask to yield 11.0 g of oily
resi due Thi sprogiices trel compsurdi essoplified inkixampi238a.nl. of a 4: 6 met hanol : wat er
solution, and | oaded onto an 80 nL CG 161 resin colum (Toso Haas) The

col um was washed with 350 nL of 4:6 nethanol water solution. The col um
was then briefly washed at 8 mL/mn with a 7:3 nethanol water solution,
until col our=mMeenips apgrapenoh i 3y thignii-envthremmycinfausingl S, agthraga L2388 /RI(
bed vol umes wash). At this tine, a 1 hour 20 gradient run was initiated,
wi t h the concent rBtd aynuresS. mmms%ammwwromum%m@sqrocmpw@memeanum i@ ur
period, at a flow of 8 mLnn. The traction containing the product of

i nt er est!'wasSRipEreRmeyerfiaskd AtpreddonisdncHbrton at 283G 3 k- dniproiyTeyRTUEfPhase
10 [err] m Krona

of ?f:et oni t r'T4e E%Q%rgf 0 Ig_lcg‘f%? Lf@'”&f:’g%"‘(‘.tgyﬁﬂ"a%?ﬁr%nt r&i’é‘t"gtv%s '”?5‘%6'58/3{)4%??

i | 01 w
Pate of 320 et oyl S REE b Boherk caponnt aidleond pBHE BpdhediyL | 08
to (33:67) Qqual.g %jrgc?ﬂltgﬁé%rgg% JrBL?é'Jr?o s 4n tcj%ﬁgf%%%ta‘%ﬁﬁ‘&?&%hﬂ%e%f&ﬁ%’ HRAHC tanf

interest were co % anmoni um

hydr oxi de, apd ttﬂétthél@h&g bu’omvpasrgﬁhgl)éé ﬁ‘ﬂﬁ-l & BLan h&{ﬁao(lé%tum-l')ydroIBEamhm | ene

chl ori de
PCT/ GB9 1601%3:9&:?&1 wnh ethyl acetate (50 mL). The ethyl acetate was separated and concentrated to

dryness. The sample was redissolved in methanol (1 mL) for HPLC-MS analysis. This confirmed
the production of 13-(3-thienyl}-erythromycin B.
HPL.C retention time - Method A - 20.0 minutes

APCI-MS - {M + H)* observed at m/e 772, required for CxHENO,S - 772

mpie 15b - Preparation of 13- (3-thienyi}-erythromycin 8 using S. hraesa NRRL /pND

An experiment similar to exampie 15a, using the culture S. erythraea NRRL 2338/pND30.

produces the compound exemplified in example 15a.

25 Example 16 - Preparation of 6-deoxy-13-cyclopropyl-erythromycin B yusing S. erythraea NRRL

18643
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| ayer was separated and evaporated to dryness to yield purified 6-deoxy- 1

3-cycl opraq hronmycin [err] (12 nmg). The structure of ct vvas
confirmed ‘gé’ﬁ/&lé’7¥|PLc retention time - method B - 21.4 m n&‘lé‘géi%qg
spectroscopy - (MrH)[err] observed at nlLe 714, required for

Cerr],HNO [err][err] - 714 5 Exanple 17- Preparation of

6- deoxy- 13- propyl -erythronycin B using S. erythraea NRRL 18643 S. erythraea’
NRRL 18643 was_inocul ated froma three day patch on YPD agar (0.5% Difco
yeast extract TrGCB‘(WDﬁf%WB%ﬁ:‘FWpW%ﬁéeﬂ(’f%%ta‘e?(te%‘ﬁea cienzeNE§asi 141, 7%
Difco Basto ar H ad usted to 7.0) into 25 nL of YPD broth (0.5%Difco
yeast extYAR! "I‘_ﬂcf‘é'édIéfb't‘e‘a?tﬁya‘e“ﬁé‘ﬁ‘ffbﬁ‘ézQ)Lﬁg'%’%f@)???“oé:éd"%f’@%l\/@s pH

S e Cfg’f’@f“ %ﬂd of it s Rk epaaore NgPalon AR MURZD AT BotsehAteRy. o
g o AR ntibdiah dod s WagUbea gl bR S LoblFERLIER P | © 2
33[335] sl o Ra%%'%%r@g%a%ﬁ%%ﬁ%%%& DSBE S RS el tipspery < B 2
was then gl o@@mw i, S PR 1N Dkt T ARTRUE WiB- RigacsRg i co

with an equal volune of eth acetate. Ethyl acetate phases were

concentr Q\Fnﬁ%%&a@&b’r%%ﬁe Mﬂﬁ#%ﬂrm Lot @(Qﬁﬁm(aﬁg)[v@{ pH fraifRin@E bBidkEN 6 9 hidea

resuspended in 1.0 nmL net hanol for HPLC- M5 anal ysis. This confirmed the

product i OVt 8 Ofror HBO4 1543 - OfcRBinar®y détdamawan énL )k Gadeditan@tde@Rg 48 NE -
Method C - 23.5 mnutes 20 -M5 - (MtH)[err] observed at me

716, r equnousd Theterrddtation, b ia rduﬂ:l:cate,Ma& rEwasmthfter 163 hdavstowabincubatianftime.

Anti bacterial Activity An in vitro antibacterial assay was perforned in
m cr dfi t gheahdf thawelp betredasaditisted taRywithssofiemhgdnyadr @ndStha ki Was éxtsacted
Antim crobial D sk Susceptibility Tests - Sixth Edition: Approved 25

St andar d withgiwvi acetets (H5/LITHBe elay! peatate waptnrentrated fagn odin aRiaPuchabor at or y

St andards (NCCLS) quidelines. Mninmum.inhibitory concentratj on%é e%s)
obt ai ned "RfeRERraloRNG | Sha i ag Facipsolyss i SR PUTRINERRSESPIQ IR E VO RYndr

|938C./|.? égg% /1&1% f@ter was added 1o this liquid, and the pH of the aqueous phase was adjusted to 9 with 10%

ammonium hydroxide. After shaking vigorously, the methylene chioride layer was collected. and

15  evaporated in a 1 L rotoevaporation fiask to yield 11.0 g of oily residue. This material was dissolved
with 250 mL of a 4.6 methanol:water solution, and loaded onta ari 80 mL CG-161 resin column
(Toso Haas). The column was washed with 350 mL of 4:6 methanol:water solution. The column
was then briefly washed at 8 mL/min with a 7:3 methanol:water solution, until coloured impurities
began to elute from the column (approximately 2 bed volumes wash). At this time, a 1 hour

20  gradient run was initiated, with the concentration of methano! changing from 70% to 100%, over a
1 hour pericd, at a flow of 8 mL/min. The fraction containing the product of interest was evaporated
to dryness and further purified on a reversed-phase 10 um Kromasil C18 HPLC column (50 mm x
25 cm), using a mobile phase of acetonitrile:buffer consisting of 0.01 M ammonium acetate, 0.02%

trifiuoroacetic acid. and 26% acetonitrile (5:95) for 50 minutes at a flow rate of 120 mUmin. This

9
n

was followed by a linear gradient from (5:95) to (33:67) over the next 40 minutes. Fractions
containing the product of interest were combined (530 mL), adjusted to a pH ot 9 with 10%

ammonium hydroxide, and extracted into methylene chioride (400 mL). The methylene chloride
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74 exanpl e. Staphyl ococcus aureus 80CR5 (nacrolide susceptible strain)

af forded val ueWORM5HI |y ranging from< 0.1 to 1. 56 [err]g/ m PCT/GB97/01810
SUBSTI TUTE SHEET ( RULE 26) Clainms 1. A conpound of the fornmula 1. O H
[err] or a pharnaceutically acceptable sal™® thereof, wherein: Rerr] is
selected from (a) an al pha-branched Clerr]-Cerr] group selected from

al kyl, 20 al kenyl , al kynyl, al koxyal kyl and allylthioal kyl groups any of
whi ch may ophyewak kepakwecﬁana%baﬁotm@do Brynésaeo yld parified Byesggleygsmoms; (b) a
Cerr]-Cerr] cycloal kylallyl group wherein the alkyl group is an

al pha- br anc hergtholrgein B-((2 @g). Tise stiultyte ofjthe pridudt®as aorfidméesbyoys:| oal kyl or
Cerr]-Cerr] cycloal kenyl group, either of which may optionally be
substituted by onerldl retentien tmecmetytdd B 21o0tmeinates more Clerr]-Clerr] al kyl
groups or halo atonms; (d) a 3 to 6 25 menber ed oxygen or sul phur

cont ai ni ng het er o&RQlimass spegtrasbonyh (Mvd)* dseved atrmale &t raquirédibt OxHyNartidal |y
unsaturated and which may optionally be substituted by one or nore
Cerr]-Cserr]4 al kyl groups, halo atoms or hydroxyl groups; (e) phenyl

whi ch may be_optionally substitut ed W|th at Ieast one substituent sel ect ed
fromGC -,u:“ou.‘—,t:_._uu O Bidecy £ 2 Y E : iia] 3 NARL 18

gr oups, [err]halogen at ons, hydroxyl groups trlfluoronetlyl, 30 and
cyano; and (f) a @remeﬁNﬂﬁkTﬁﬁn&wwwoca@tegwgm%eeéwpawhovanaé@aémaS%(D!f@ 0]

S or CH[erre]-[errl a, b, ¢, and d are each independently 0-2 and a + b +
c + d [err] vsastextrac 0.5% Difco Bacto peptone, 0.25% dextrose, 0.5% MOPS, 1.7% Difco Basto agar,

pH adjusted to 7.0} into 25 mL of _YPD broth (0.5% Difco yeast extract, 0.5% Difco Bacto

10 peptone. 0.25% dextrose, 0.5% MOPS. pH adjusted to 7.0) in a 250 mL Erlenmeyer flask. The
flask was incubated at 225 rpm, 29°C. for 48 hours. 2.5 mL were inoculated into 25 mL ERY-P
medium (5% dextrose, 3% Nutrisoy flour, 0.3% (NH,),SO.. 0.5% NaCl, 0.6% CaCQ,, pH adjusted
to 7.0) and incubated at 225 rpm, 29°C, for a total of 6 days. Butyric acid was added to the flask at
24, 72 and 120 hours (400 ppm, 400 ppm. 200 ppm. respectively). Whole broth pH was then

15 adjusted to 9.1 using 1N NaOH. The sampie was extracted twice with an equal volume of ethyl
acetate. Ethyl acetate phases were concentrated to dryness under nitrogen (50°C water bath),
then resuspended in 1.0 mL methanol for HPLC-MS analysis. This confirmed the production of 6-
deoxy-13-propyl-erythromycin B.

HPLC retention time - Method C - 23.5 minutes

20 APCI-MS - (M+H)* observed at m/e 716, required for CyHxNO,, - 716

Example 18 - Evaluation of Antibacterial Activity

An in vitro antibacterial assay was performed in microtiter and interpreted according to
Performance Standards for Antimicrobiat Disk Susceptibility Tests - Sixth Edition: Approved
25  Standard, published by The National Committee for Clinical Laboratory Standards (NCCLS)

guidelines. Minimum inhibitory concentrations (MICs) were obtained versus various bacteria. For
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Rlerr] is Hor OH Rerr]-Rerr] are each independently H CHerr], or
CHerr]CH eswdos®sefr], is Hor O4 and Rlerr] is H CHerr], or

CH err]Herr] A is Hor desosanmine; A is H CHerr] or CH &S E$]7(04810]
Rlerr] is OH nycarose (R err] is H, orsé€ cladinose (Rerr] is
CHerr]),[err], is H or [err]=, HRerr], =0 and Rerr] is H CHerr],,
or CHCH err[.; or any of the above defined conpounds nodified by repl acing
one or morge- CHC argi CHCRgr oups é a keto group; with the proviso that the
compound 5 not: { 1AEC YT M USRS KA PP Fuseeriibi stsaiatiardad vales(ggnerally
propyl)-efytl ' 14[ 1( 1- hydroxypropyl)] erythronycin A. 2. A
conpound c;gﬁﬁ@%#%ﬁba%? “?/Iéqfl"r] or a pharmaceutically acceptable salt
thereof, wherein[err] Rerr] is H (err]-Cerr] alkyl, (err]-Cerr]

al kenyl, Cerr]-Cerr] alkynyl, al koxyal kyl or alklythioal ky contai ni ng
froml to 6 carbon atons in each al kyl or al koxy group wherein any of said
al kyl, 25 al koxy, al kenyl or al knyl groups may be substituted by one or
nore hydroxyl groups or by One or nore halo atonms; with the proviso that
Rlerr] is not CHerr]; or a CJerr]- Cferr] Cycoalkyl or Clerr]C [err]
cykoal kenyl either of which may be optionally subtiuted by one or nore
Clerr] alkyl groups or halo atons; or a 3 to.6 nenbered oxygen or sul phur
cont ai ni ng heterocyclic ring which may be saturated or fully or partially
unsat urated and which nmay optionally 3 0 be substitUed by one or nore
Clerr]Cerr] alkyl groups or halo atons; or a gro.up of the fornula
SRlerr], wherein [err] is(err]-Cerr] alkyl,Jerr] alkenyl, (err]-Cerr]
al kynyl. Cerr], cyloay, C Ccycloal kenyl, phenyl or substituted phenyl
wherein the substituent is (Jerr]-Cerr] akyl, Cferr]-Cferr] al koxy or
halo; or Rl4 is a 3 to 6 nenbered W98/ 01571

PCTGB97/ 01810 77 oxygen or sul phur-containing heterocyclic ring which may
be saturated, or fully or partially unsaturated and which may optionally be
substituted by one or nore (Jerr]-Clerr] al kyl groups or halo atons.
Rlerr]is Hor OH R err]-Rerr] are each independently H CH,, or CHCH err];
Rlerr] is Hor OH and R, is H
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CH err], or CHerr]CHerr]; Rerr] is Hor deso%aﬂ[‘neig ]E err] is H,
CH,. or CH[ er WO@8{0157R[err] is OH, mycaros ] ¥ | Ir GtexiGBYsASI10

(R [err] is CHerr])[err] R, is H or R[erxr,%, = Rerr], =0; and R [err]
is H CH . or CHCH3, with the proviso that en Rerr]-Rerr] are CHerr]

Rlerr] is CHerr], R is CHerr], and R[err] is CHerr], err] is
not Hor C alkyl: or any of the above defined conpounds r{r&”@ﬂ@#’ﬂﬂ”’”}”
repl aci ng oneClgimsrore - CHOH or - CHOR groups by a keto grou [ "I
conpound of the formula 1 as claimed in claim1 wherein Rerr] isa ° *
Cerr]-Clerr]l, éyompatrdyf therformyialioal kenyl group which may be optionally
substituted by one or nore hydroxyl groups or one or nore C -Cerr] alkyl
groups. 4. A conpound of claim3 wherein Rerr], is cyclopn@py,. 15 5. A
conmpound of claim3 wherein R, i© cyclobutyl. 6. A conmpound of claim3
wherein R is cyclopentyl. 7. A gonmpound of claim3 erelqa R 1Is

cycl ohexyl . 8. A conpound fBR cl ) rein R is an ha- _
Cerr]-Cerr] alkyl, alkenyl. }al kyr al koxyBsky oor allkyl t hf oal kyl group.
20 9. A conpound of al? wherefn A, 1s isopropyl '7}! . AZ ound of
claim8 wherein R is ound of clahm 8%whereé¥he R, is
2-buten-2-yl, 2-penten-A 10or 4-met hy=2rpenten-2-yl. 12. A conpound of
claim8 wherein R {Is 1-nethylthioethyl. 13. A conpound of claim1 wherein
Rlerr] is a5 or 6 ne ' Bgr cont ai ning 25

het erocyclic ring which'may b aﬁly bstituteg by qne or re
hydr oxyl groups or ([err]-{ ex yl "gr oups or ﬁqo at STl TUTE

SHEET (RULE 26) 14. A cg o‘mf%)]r\c,gai m 13 wherein J's 3-%fhienyl. 15. A
cormpound of claim13 wherein Rl efrlris 3[err] ra__n%?*_( 18& A ound of
claim1l wherein Rerr] is phenylg 17. A conpoutid ¥l ai

is a group of forrmula (a) wherein"a and b are 0, ¢ and d~“ar

and to pharmaceutically acceptable salts thereo!. wherein
S R, s an alpha-branched C,-C, aikyl. atkenyl. alkyny!. alkoxyalkyt or alkylthioalkyl group any of

which may optionally be substituted by one or more hydroxy! groups: a C,-C, cycloaikylalkyl group
wherein the alkyl group Is an alpha-branched C,-C, alkyl group; a C;-C, cycloalkyl or C;-C,
cycloalkenyl group. either of wlhich may optionally be substituted by methy! or one or more
hydroxyl or one or more C,-C, alkyi groups or halo atoms: or a 3 to 6 membered oxygen or suiphur

10 containing heterocyclic ring which may be saturated, or fully or partially unsaturated and which may
optionally be substituted by one or more C,-C,alkyl groups or haio atoms;
or R, is phenyl which may be optionally substituted with at least one substituent selected from C,-
C.alkyl, C,-C, alkoxy and C,-C, alkylthio groups. halogen atoms, hydroxy! groups, trifiuoromethyt,

and cyano; or R, may be with a formula (a) as shown below:

(CHz)a (CH2)c
b )
/
(CH)y

{CH2)a

i~
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5 and X is -Cl-l[er.rrﬁ-”-S 9 EE'A"j %#ﬁélﬂd of claim1 wherein A is a group
of formul a i ogidissiel beaa PLAGEL 0, is 1l dis 2 and X i?cr@ﬁﬁ%ﬂw-
19. A compound of claim| wherein err] is a group of formula (ay erein
a and bare. 0. and dare | and Xis -0 15 20. A conpound of claim?2

wherein Rerr] is SRerr] and Ruis nethyl or ethyl. 21. f
claim2 wherein Rerr] is ethyl, propyl, butyl i sopropym,uiﬂwmggmﬂ."”z
A conmpound of claim2 wherein Rerr] Is 1-(tifluoronethyl’etnyl.. .
process for preparing a conmpound of fornmula 1 asclainmed in claiml
orformul a h &l i | ai I j f ti an organi sm
capabl e o&ﬁﬂgﬁ?ﬁg oggﬁh?%é%%%%agﬁwﬁeﬁg&”y %?g@;%ﬁgg(gf* 45 %arboxylic
acid of the forgy Ir . erej rrl.jS,as defined in claim1l
or of the for rruﬂlir;zisl ﬁrﬁfftb{c% ?{C&HH 3?%‘]%(3%%’%@@'&%@?" é%'s gor @g‘f AR '# -
claim 2, H.80r : ] e I L dgtive precursar thereof,
and i sol aﬁj n’8° ?ﬂé%bﬁé%ﬁ'ﬁ&%?%ﬁﬁﬁ% 'ed(;ir“ chI—g%q %” bsrc%cl:é'%y§ar8fe @I"aﬁ -9%
wherei 8  ResdroS(H, 3, &, S ERAL QRO! Y SRR CEYNEAC R, BALINLED BPKe avove
optionally contain an ef fect'i vel’y i'ntegrated plastmi d:capable
of di r ect i nigtifehicapyiidiesddried by Pddiacing onE SiPIRMOHY: -G HRA3tbdbslby- 2 et gfdup.
process of claim 24 wherein said plasm d contains a Type |1 IgKS
pr onot er a@ iA/a@mmourgiart ¢he f@ula®: pr ocess of claim 24 or 25 wherein the
or gani sm Sacchsropol yspora erythraea is selected fromstrains NRR 2338,
18643 or 21484 which may optionally contain an effectiwaty,) ntegrated
pl asm d capabl e or directing @he biosynthesis of 25 conpounds of
formula 1. 27. A process of aim 26 wherein saixb id contains the actl
pronoter and its cognatlesaci¥»at or-fgene actll-[err]2y* 28. A process of
claim 26 or 27 wherei heloptiohal |y ef f daFddry in egratjed plasmd is
PAVLD, pl Gl, pND30, 4 . ' A process of
claim26 or 27 where CHa

Rz

RyCH,

10 andto pharmaceutically acceptable saltsthereof, wherein:

R,is H. C,-C, alkyl, C,-C, alkenyl, C,-C, alkynyl, alkoxyalkyl or alkylthioalkyl containing from 1
tb 6 carbon atoms in each alkyl or alkoxy group wherein any of said alkyl, alkoxy. alkeny! or aikynyl
groups may be substituted by one or more hydroxyl groups or by one or more halo atoms: or a Cy-
Cs cycloalkyl or C4-C, cycloalkenyt either of which may be optionally substituted by methy( or one or

15 more C,-C, alkyl groups or halo atoms; or a 3 to 6 membered oxygen or sulphur containing
heterocyclic ring which may be satura{ed or fully or partially unsaturated and which may optionally
be substituted by one or more C,-C, alkyt groups or halo atoms: or a group of the formuia SR,
wherein R,,1s C,-C, alkyl, C,- C; alkenyl, C,-C; alkynyl, C,-C, cycloalkyl. C,-C, cycloalkenyl. phenyl or

substituted phenyl wherein the substituent is C,-C,alkyt. C,-C, alkoxy or halo. or a 3 to 6 membered
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organismis S thraea WCM.UE" ljmm%ea NRRL 2338/ pl Gl or S.erythraea
NRRL 2338/ pNDéUo9 BISTA pha osition conprising a PCT/GB97/01810

therapeutical ly effective amount of a corrpound according to claim1 or
claim2 in conbination with a pharnaceuticatly acceptable carrier. 31. An
erythromyci n anal ogue differing froma correspondi ng natural conpound as
shown in Figure 2b in that the nmacrolide ring has one or nore positions

wh d

ihere 1t U oh N SRl e P OB R Wb 2
hyl d I h h th

L T R N L L e WA BN S

a conpound gaLding to any of clains 1 - 22 and 31 in the manufacture of a
conposition for use in a nethod of treating a bacterial infection, or a

di sorder rel ated gQs@oRREIFERL &beéaafr%bé%mmﬁ &4, p&%@éﬁah aswdpf;(‘cm 3R h“.fs%

mammal , fish or bitd which corrprlses adm ni st’er i

or bird & t henagamnak) iy HeF beskinige: wntcmfora:wéﬂdncwuﬁﬁamégm 58 of a
conmpound of claim1 or Claim2 or claim 31, in the manufacture

medi cament  faediiose i ji\OH.A RQa0t.eF Ral= A, NE ©CHADOR,, isH, EHIBIORLGH,f Witk th@ broliss that
34. Use of a conpound of claim1 or claim?2 or claim 31, for inproving a
per f or mance vafehdG{R. ara Ci, IR NEEH,, R ik SR, apd Riig CH,, then R, is not H or C, alkyl; or any of the
above defined compounds modified by replacing one or more -CHOH or -CHOR groups by a keto
group
(o

3. A compound of the formula 1 asclaimed in claim 1 wherein R, is a C,-C, cycloalkyl or
cycloalkeny! group which may be optionally substituted by one or more hydroxyl groups or one
or more C,-C, alkyf groups.

4. A compound of claim 3 wherein R, is cyclopropyl.

15 5. A compound of claim 3 wherein R, is cyclobutyl.

6. A compound of claim 3 wherein R, is cyclopentyl.

7. A compound of claim 3 wherein R, is cyclohexyl.

8. A compound of claim 1 wherein R, is an alpha-branched C,-C, alkyl, alkenyl. alkynyi. alkkoxyalky!
or alkylthioalkyt group.

20 9. A compound of claim 8 wherein R, is isopropy!.

10. A compound of claim 8 wherein R, is sec-butyi.

11. A compound of claim 8 wherein R, is 2-buten-2-yl, 2-penten-2yi, or 4-methyi-2-penten-2-yl.

12. A compound of claim 8 wherein R, is 1-methyithioethyl.

13. A compound ot claim 1 wherein R, is a 5 or 6 membered oxygen or suiphur containing

25 heterocyclic ring which may be optionally substituted by one or mare hydroxyi groups or C,-C,

alkyl groups or halogen atoms
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35. Use according to |T§l§n5; HQS ??‘F{% i d performance effect is selected
from wei ghtmsﬂnsilee fi (‘[E (31‘1?'“\’7' utilisation and mlk yiel dPCT/GB97/01810
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14. A compound of claim 13 wherein R, is 3-thienyl.
15. A compound of claim 13 wherein R, is 3-furanyl.
16. A compound of claim 1 wherein R, is phenyi.
17. A compound of ctaim 1 wherein R, is a group of formula (a) wherein aand b are 0. ¢ and d are 1
5 and X is-CH,-.
18. A compound of claim 1 wherein R, is a group of formula (a) whereinaandbare 0. cis 1, dis 2
and X is-CH,-.
18. A compound of claim 1 wherein R, is a group of formula (a) wheren aand bare 0. c and d are 1
and Xis0.
10 20. A compound of claim 2 wherein R, is SR, and R, is methy! or ethyl.
21. A compound of claim 2 wherein R, is ethyi, propyl, butyl, isopropy! or sec-butyi.
22. A compound of claim 2 wheremn R, is 1-(tritluaromethyl)ethyi
23. A process for preparing a compound of formula 1 as claimed in claim 1 or formula 2 as claimed in
claim 2 which comprises termenting an organism capable of producing erythromycin in the
15 presence of a carboxylic acid of the formula R,CO,H wherein R, is as defined in claim 1 or claim
2. or a salt, ester or amide ihereof or oxidative precursor thereof. (o a, and isolating the
compound of formulae 1or2.
24. A process of claim 23 wherein the arganism is Saccharopolyspora erythraea and which may
optionally contain an effectively integrated plasmid capable of directing the biosynthesis of
20 compounds of formula 1. Said plasmid may optionaily contain a Type It PKS promoter/activator
gene.
25. A process of claim 24 wherein the organism Saccharopolyspora erythraea is sefected from
strains NRRL 2338, 18643 or 21484 which may optionally contain an effectively integrated

plasmid capable of directing the biosynthesis of compounds of formula 1. Said plasmid may
25 optionally contain the acl! promoter and its cagnate activator gene actitori4

26. A process of claim 25 wherein the optionaily effectively integrated plasmid is pAVLD, piG1.

pND30. pCJR26, pCUR48, pC-AT12. pc-AT Xor other similar constructs

This Sheet Has Been Re epla

L e




WO 98/01571 H“\“\ \“‘“ “l“ “m “ \“‘ ’ THiS SRdE’—PLA?:S 82t | PCT/GBS701810

27. A process of claim 25 wherein the organism is S. erythraea ERMD1. S. erythraea NRRL
2338/piG1, S. erythraea NRRL 2338/pND30, or other similar transformants.

28. A pharmaceutical composttion comprising a therapeutically effective amount of a compound
according to claim 1 or claim 2 in combination with a pharmaceutically acceptable carrier.

S 29. A method of treating a bacterial infection. or a disorder related to a bacterial inf;-:ction. ora

protozoal infection in a mammal. fish. or bird which comprises administering to said mammal,
fish, or bird a therapeutically effective amount of 2 compound of claim 1 or claim 2.

30. Use of compound of ciaim 1 or claim 2 in the manufacture of a medicament for treating a
bacteriaiinfection in a mammal. fish or bird.

0 31 Useof acompound of Claim 1 or Claim 2 tor improving performance effects (such as weight

gains. feed efficiency utilisation. milk yield. etc,) na mammal, fish, or bird.
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