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the most commercially desirable avermectin.

The avermectins and their production by aerobic fermentation of strains of S.
avermitilis are described in United States Patent Nos. 4,310,519 and 4,429,042. The
biosynthesis of natural avermectins is believed to be initiated endogenously from the CoA

30 thioester analogs of isobutyric acid and S-(+)-2-methyl butyric acid.

A combination of both strain improvement through random mutagenesis and the use
of exogenously supplied fatty acids has led to the efficient production of avermectin analogs.
Mutants of S. avermitilis that are deficient in branched-chain 2-oxo acid dehydrogenase (bkd
deficient mutants) can only produce avermectins when fermentations are supplemented with

35 fatty acids. Screening and isolation of mutants deficient in branched-chain dehydrogenase
activity (e.g., S. avermitilis, ATCC 53567) are described in European Patent (EP) 276103.

Fermentation of such mutants in the presence of exogenously supplied fatty acids results in



Fernmentation of such mutants in the presence of exogenously supplied fatty
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biosynthetic pathway has been to isolate a drug resistance gene and then test adjacent

regions of the chromosome for other genes related to the biosynthesis of that particular
antibiotic. Another strategy for cloning genes involved in the biosynthesis of important

30 metabolites has been complementation of mutants. For example, portions of a DNA library
from an organism capable of producing a particular metabolite are introduced into a non-
producing mutant and transformants screened for production of the metabolite. Additionally,
hybridization of a library using probes derived from other Streptomyces species has been
used to identify and clone genes in biosynthetic pathways. ‘

35 Genes involved in avermectin bioéynthesis (ave genes), like the genes required for

biosynthesis of other Streptomyces secondary metabolites (e.g., PKS), are found clustered on



35 Cenes involved in avernectin biosynthesis (ave genes), |ike the genes
required for biosynthesis of other Streptonyces secondary netabolites
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mutations encoding a combination of amino acid substitutions at amino acid residues

corresponding to the amino acid positions of SEQ ID NO:2, such that cells of S. avermitilis
strain ATCC 53692 in which the wild-type aveC allele has been inactivated and that express
the polynucleotide molecule comprising the mutated nucleotide sequence are capable of
30 producing a class 2:1 ratio of avermectins that is reduced compared to the ratio produced by
cells of S. avermitilis strain ATCC 53692 that instead express only the wild-type aveC allele,
wherein when the class 2:1 avermectins are cyclohexyl B2:cyclohexyl B1 avermectins, the
ratio of class 2:1 avermectins is 0.35:1 or less. In a more preferred embodiment, the ratio of
cyclohexyl B2:cyclohexyl B1 avermectins is about 0.30:1 or less. In a more preferred
35 embaodiment, the ratio of cyclohexyl B2:cyclohexyl B1 avermectins is about 0.25:1 or less. in a
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30 (@) D48E, AB1T, ABIT, G111V, S138T, A139T, G179S, E238D, P289L;
(@a)  D48E, A89T, S138T, A139T, G179S;
(ab)  D48E, L136P, R163Q, G179S, S231L;
(ac) D48E, L136P, $138T, A139F, G179S, V196A, E238D;
(ad)  D48E, AG1T, A89T, F99S, S138T, A139T, G179S, E238D;
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pol ynucl eoti de (@) ecdaE, AP SIATHH1IRT, RUBRe617198eVEEHUBIEOE: t hat i s ot herw se
Zhecsarre as ttd1e(at§t r e@;gggmgﬁs SWET mggpl &$79_Ve{osal é@'gg] t[r_gcszog\égzm tili sh
AveC gene produpty engel 19SS IEE 0L Bl g RRBLUBAICC 200600) or the
FI GURE 1 ( SEQ 3@t D N@El.ﬁﬁfbl&%TdA@E&ﬁG@&IQ@ Ga%ﬁaEZ%DhEZ&SDf but which
nucl eopde sequ%gfe b QggT g%gp,r E$&%. hutations encoding a conbination of
am no acid subs ut1ons m no aci d_resi dues
D48E, A89T V120A L136P, G179S;
(aw) D48E, AB1T, A89T, S138T, A139F,G179S, V196A, A198G, E238D;
(ax)  DA48E, A61T, A89T, G111V, S138T, A139F, G179S, V196A, E238D;
(ay) D48E, A61T, A89T, S138T, A139T, G179S, V196A, E238D, P289L,
20 (az)  DA48E, AB1T, A89T, L136P, S138T, A139F, G179S, A198G, E238D;
(ba)  DA48E, A89T, S138T, A139F, G179S, A198G, V220A,
(bb)  D48E, AB1T, A89T, S138T, A139T, G179S, V196A, E238D, R239H, P289L,
(bc)  D48E, AB1T, A89T, L136P, G179S, P289L,;
(bd)  D48E, A89T, S138T, A139T, G179S, V196A, E238D, P289L; and
25 (be) DA48E, AB1T, AB9IT, S138T, A139F, G179S, V196A, E238D.
The present invention further provides a polynucleotide molecule comprising a
nucleotide sequence that is otherwise the same as the Streptomyces avermitilis aveC allele,
the S. avermitilis AveC gene product-encoding sequence of plasmid pSE186 (ATCC 209604)
or the nucleotide sequence of the aveC ORF of S. avermitilis as presented in FIGURE 1 (SEQ
30 1D NO:1), or a degenerate variant thereof, but which nucleotide sequence further comprises
mutations encoding a combination of amino acid substitutions at amino acid residues
corresponding to the amino acid positions of SEQ ID NO:2, such that cells of S avermitilis
strain ATCC 53692 in which the wild-type aveC allele has been inactivated and that express a
polynucleotide molecule comprising the mutated nucleotide sequence are capable of
35  producing a class 2:1 ratio of avermectins that is reduced compared to the ratio produced by
cells of S. avermitilis strain ATCC 53692 that instead express only the wild-type aveC allele,



corresponding to the amno acid positions of SEQ ID NO 2, such that cells
of S. avermtilis strain ATCC 53692 in which the wild-type aveC allele has
been i nacwpwawesdsmand t hat express a pol ynucl eoti de nol ecriCa/BO®BiSSi ng t he
nmut at ed nucl eoti de sequence are capable of 35 producing a class 2:1 ratio
of avernectins that is reduced conpareg.to the ratio produced by cells of
S. avermtilis strain ATCC 53692 that instead express only the wld-type
aveC allele, WD 03/068955 PCT/1B03/00348 -6 wherein when the class 2:1
avernmectins are cycl ohexyl B2:cycl ohexyl 131 avermectins, the ratio of
class 2:1 @N&E.H%feh% &Igssr@d%st&ﬁke&tfas %R‘)wclogeﬁpBﬂ*cﬁroh&?yﬁﬁ addedgrgen the

conbi nati on am no acid substitutions corrg i ses a conbi nation sel ect ed
fromthe gfaﬁﬂﬁf R5A <L 1RVPIRpCiS. s egyoed iygeut GGRr lesgy Ahwherg/ 9SO and 5
(bg) Y28C, of @i acB&BJEshtdlnﬂ)BeﬁBmpEEleEQ&met&DseF%ted pore genjoup puasirtingst: f ur t her

provi des a reco@i ”aﬁﬁsél%%égrr ARG 7sjsng %uft ynucl eoti de nol ecul e of the

present inventi resent 1 nvention er provides a host cell
conprisfng a pol b)@hucV%%fl%éR RSECPR @F 98 F288Bnbi nant vector of the

gr esent inventi oms drébeat pRvhhr a:glthernrtp@cﬁl/iﬁn%I re‘cbnﬁbma}ﬁ wrai@t ccﬁaf{dlnfmg a .
t rept onyc Ty re enbodi nent, the host ce is a ce
of Strept g@]{/g@go’[g\%nroh@lc ef){tg?gr \r/e@g%nt i nvention further provides a

met hod for maki hige aserqsewielhthrrawh@rf progesept brey el carersia Bl paynudeniige i si ng
(i) nutati pgiebd® orY fleobingt Bedtdt A teehrbsept meen'a&rr ajnna atafeﬁed en@bf&frﬁér{tl thé s,

whi ch gbltaﬁ on esutts in a cor i hation P ?il po,.a tqh F ltutlo ns in the
AveC 15°gel¥" BFoadct PEIVETS i At ? B8 RGTPhEE & B MBro C% FPaE S s
averm ti | i Streptampcas @drratiieC al | el e or degenerate variant thereof encoding

an AveC gene pr @ﬁé’%eseﬁolﬂ%rnhﬁ ABthé&r S@U@éé"%t ;'n@tﬂocﬁ)ffor ﬁ"ﬁ@ll 2264l strain of
substitutions, wherein t maélono ﬁtltutlon S

sel ect ed fﬁg‘?ﬁto"(yzﬁ’s ?Yﬁ”ﬂUﬁfm C?rﬁ%f)smpl( P&Eat'a%&?eave?h%'elﬁr"éé‘ecﬁ of AVEAT % fur t her
provi des aaveehiiksd whioln mueiibm gpseltsriowelombineiginrof @fino24bidStubetjittions/ hethe AveC

aver m t’lbl i eneCpQ(fHaEtl éjm/[?gntﬁo'déjm@'ﬂtataic@lgoft raﬁvﬁg Q\}enﬁt@ a'rﬂutéte&zgvejc é?lgle%r strain

of S. avermt tiron results 1 n ination of amno acid
subst i t ut | BREENETAter REaMk tarreof fapRdli r@r%ﬁl‘ﬁtc 9gte PeHYcticANPEHYCE RYTPPRIBN Hfcel | of
a strain oémiSo a6l eubitituiidns SviramihatatbisatieCofadntied fidsubstieigenie selé®ed/fadnh ant

t her eof en e product conprising a conbination of anno
acid subst h?é)\ﬁ%%%&gﬁ&cel | s conprising the nutated aveC allele or

degener at e 25 v’d*ﬁq Rrfsenir iaveniiga BirBeroprofeesd acmAoE el BRI R Bk vibivéxy| Bl
aver megpi nStrép?o@céatammmﬁs Qoral&;s&g (OmUtRiBG thel 4ve8 4NO1B-ih Mell iohg seahadisrent

t her eof , tg\%r f Wi Igh ‘frﬂn\{fiaa?oﬁfjl Irels sem %rco%%ﬁgtpo%r t?nln\éaarclma SUtDStéLEtIOﬁr eofL %\ (9 des an
AveC gene pr Ct conprising a conbi nat I on O am n utlons

sel ected fﬁmptrqvectg@rdu)pnt@@umgsmtp Agelbsf q%r)amtqfnﬁo@r@hm(ﬂb@)multats@ e\&%@le@r In a
preferred eéﬂéﬁ&bt@%haﬁthﬁér@&fencad?@ SrAleT génecyr@bM%esMbns% M&mhmsulof Bl 30
amjvte;{rggt Ia\r/]%r&lnglal% lsg%%?utlons wherem ceﬁs compnsmgqge mutatedt ave% aﬁlnlg or JTE ene%att he
variant are capable of producing cyclohexyl B2:cyclohexyl B1 avermectins in a ratio of 0.35:1
or less. In a non-limiting embodiment thereof, the mutated aveC allele or degenerate variant
thereof encodes an AveC gene product comprising a combination of amino acid substitutions
selected from the group consisting of (a) through (be) listed above.
In a preferred embodiment thereof, the ratio of cyclohexyl B2:cyclohexyl B1
30 avermectins is about 0.30:1 or less. In a non-limiting embodiment, the mutated aveC allele or
degenerate variant thereof encodes an AveC gene product comprising a combination of
amino acid substitutions selected from the group consisting of (f) through (be) listed above.
In a more preferred embodiment thereof, the ratio of cyclohexyl B2:cyclohexyl B1
avermectins is about 0.25:1 or less. In a non-limiting embodiment, the mutated aveC allele or
35 degenerate variant thereof encodes an AveC gene product comprising a combination of

amino acid substitutions selected from the group consisting of (w) through (be) listed above.



degenerate variant thereof encodes an AveC gene product conprising a

conbi nation of amno acid substitutions selected fromthe group consisting
of (f) thwowglefob®) |isted above. In a nore preferred enbaedirmBexoosiser eof ,
the ratio of cycl ohexyl B2:cyclohexyl Bl avernectins is about 0.25:1 or
less. In a non-limting enbodiment, the_nutated aveC allele or 35
degenerate vari ant thereof encodes an AveC gene product conprising a

conbi nati on of am no acid substitutions selected fromthe group consisting
of (w) through (be) listed above. WD 03/068955 PCT/1B03/00348 -7 In a nore

preferred embodingniod f;‘s?erf&ﬁéta,erﬁda@m{eﬁ# t'hQrlef trreyfah@%ewaoh% @y%ycwn@zw 1Bl
avernmectins is about 0.20:1 t he

mut at ed av@tSTEPYIBS i apput O&anﬁéﬁsat B r i afind SRR B CHeBHBEIaH o Gene
product comrpjensafegvagiattofiriesfasricotesodn Al peneapioducs bsbiisingt & ansbisgtioecdfed from

t he group %gmglaglg D800 g@g,gctgmﬁyg,g 19‘0%8):0!{(&5% i%% (Qogwﬁlgh%bey@edo%b%eent

i nvention urt her provi
Strept ofyces avEF?nPﬁSPi‘ts'”V%ﬁﬁ)rﬂl"ﬁ‘ie"n@m("id?s fufngfhrégot mekiag ecnayel strdni a cel |

of a strai IEtr@;fton%/ces av&mnmst, icbinBrisingh(i) Ghutdtit atd vea aRlel ih S ¢dn o aCialpi g¥ad.i on of

am no acid _sub in the AveC roduct LNE T i ng
into a cel 'Y '?'}S g U%at'f) ng Su%v'grangofn bﬁ S a‘B zsilflbésﬁ'} C%”F’e {é‘ %‘%8

degener at e gmnr@h@t an(e)rletmdu@muml angll afre HREOT e ﬁée"pjtf/@ﬁcﬁ,u@tlta@é @G glelegpra

combi nat i 0egtherkfd @é’rflarﬁt()ch@r@bfder%b@r% hﬂi N/é(@@§ne Q@1 BmbAghd 8 MHBIBRALtIoAMNFOf
am no 81§Id substitutio s, sel

t t bf d
(ho) 1 18 camigus S CRsr i) R Ehnstibherm b dr SRs Gl §'gfdedion ™) 27
averm til i $reqomprepsdisigg sibh aed fyal likted dbavee @ abieédred embddimgenidreagod celrdfant ar e

capabl e of 5, Q&é?:@lkiﬁé mpw.ﬁé emxa'hm%%d%bcanaéﬂ d&}s] nar\é%rwgﬁtl-ﬁ@cé&b@ drati o of
about 0. 40: sent i nvent.i rovides a cell of a

Strept orryc@g’ ‘écﬂbgc‘iy@%hef‘}‘lglz CE/)Ci eé%ﬁ‘b?Yeé'B%Ct'ﬁs 'Hl?tréfioecﬁ a%o“E)g\‘}%P M i s aveC
al | el e or degen&hatpeesealr inaerttion Hentteofpreiieodi rgll aif a AreQogerre §pecidsghat

conpri sjsng c?mfrfég%)ggﬁia%tg@ so%vémnfkoa\?e%' Qler'é%? n%&r#éfrété’ '0§na$|? ko EhdofifENah @)

t hrough (be ove. In a preferred odi nment ereof t he spe0|es
of Strept ofyRGegenesProdyict ermAriging ?Iqo?b'”él*ﬁ’é %P@g‘@rﬁc'dl Wétﬁ‘ftiofﬁls‘f ‘:iﬁtetdl‘fé%m fPovi des

a cell of Srsugpleyystesamver natdréfersedcapabimentaheredinp spstiesion gtrapyatyodexy |
B2: cycl ohexyl 13}.avernectins in a ratio of 0.35:1 or less. In a non-
limting enbogl ment t her eof, the cell conprises a nutated aveC allel e or
degenerat e vari ARt Presens irveftion fieihen prgvidas SRl gisBlopY G RvEEHRSRRSer a

conbi nagli Olﬂro@umn’gnéyﬁleh@@ﬂ Blz @dlbﬁé)dyItBl‘l b@ﬂﬁect:ﬁ@irﬁ‘@frﬁﬂ drrocamt Beleg O 66HASI St i ng
of (a) thr ?rgﬁ% bec?dl her oohgvceefl c%ﬁpr%ﬁggﬁu e%m?l g on%né[)eﬁ%rg%rvgggrg the

ratio of c¢ errre0|n5|sa_
l ess. In ath¢cmf ¢ncmhtl¢ ang\amﬁ n@dmct térenrisod a combingtion|o§ amipapeiil gebstitgtiqngt at ed

aveC al | el @el@crteod&geﬂnebﬁjscmrswuf(at)lfr%@ﬁib@m&ﬂmge an AveC gene product
conprising a cogplnatlon of

e
group consisting' &f pﬁe)rredt?fp%‘ﬁ’&hen 3@‘9)reqf ;h e&at'gb8 @yccihﬁx%l %ﬁygo }épgﬁ r ed
enbodi rEént ardiwedio$ is abbe O3t @ lesk. nyechooHientin eBRodehtdiassof] th@tle”s comprise

a mutated aveC allele or degenerate variant thereof encoding an AveC gene product
comprising a combination of amino acid substitutions selected from the group consisting of (f)
through (be) listed above.
In a more preferred embodiment thereof, the ratio of cyclohexyl B2:cyclohexyl B1
30 avermectins is about 0.25:1 or less. In a non-limiting embodiment thereof, the cells comprise
a mutated aveC allele or degenerate variant thereof encoding an AveC gene product
comprising a combination of amino acid substitutions selected from the group consisting of
(w) through (be) listed above.
In a more preferred embodiment thereof, the ratio of cyclohexyl B2:cyclohexyl B1
35 avermectins is about 0.20:1 or less. In a non-limiting embaodiment thereof, the cells comprise
a mutated aveC allele or degenerate variant thereof encoding an AveC gene product



30 avernectins is about 0.25:1 or less. In a non-limting enbodi nent
thereof, the cells conprise a nutated aveC allele or degenerate variant

t her eof ewoadiosgysan AveC gene product conprising a conbi maTiBes/@B48am no
acid substitutions selected fromthe group consisting of (w through (be)
|l isted above. In a nore preferred enbogi ment thereof, the ratio of

cycl ohexyl B2:cycl ohexyl Bl 35 avernectins is about 0.20:1 or less. In a
non-limting enbodi ment thereof, the cells conprise a nutated aveC allele
or degenerate variant thereof encoding an AveC gene product WO 03/ 068955
PCT/ | BO3/ 09(§n4i§|smg% OMBRGGR! JF SnfhCLBENRPs Qélec,@em A ael HopUbmtiingtdrons

sel ected fromthe consisting of (ao) through (be) listed above. The
pr esent i n(Renaysh &)ﬁ)r'ts%érab?)"reow des a cell of a Streptonyces species,
conprising a nukaprestnSnveati@r fitier bicsidey Exliadf besireptomydbe gpevtes atoenprising ant

ther eol enGofldds Mot A0SR &rdggéagiatecmw Abiog achgnz(‘e pweegg ?E ami no
aci d substitutions up consi st b

| i sted &Abowedudt r?oalpm«@f érqoé@'“é?ﬁb‘o@lf ﬁ@ﬁ? Q%F%f'tumﬁﬁese&eﬁ@élf&“ dte group

Str elolt OW]BC/CG&\sisﬁngof (ayaﬂsombb) listes. atole. ?lnn@bl%fewe@feﬁ]bbﬁr@lerﬁrfmléfdf,rBﬂlzaéltspedlidéQ)fCe: I llej
acell o e, of uci n X c X
avernecti ngtr‘?phonéyc % %err @}C%Utm Efp‘ire 5 éeg]sb TB'% ycer”e'%en eﬁl ﬁ\?’gn%ll on
further prexdmiéks @pwe})gfemsdumg Cm@ﬁmtBQQVW@XW@(‘E@V%@GCW@MW@Qﬁ@b@{ﬁl turing
a strain of 484 beRionyces avermtilis cells of the present invention in

cul turg medi a under contdltl ns th’ée( ;ﬁermt or |nduge thde Broducti gn of
aver mecPins therl & PEFEM ANEM PR YT §Vdssi 8 RVEFTell i MU nf PHECEN t ur e.
The pr esentommigieataulbming @r stteér ofp Sispiadesesa acomliss calls oh tof preyeit divextiph in

B2: cycl ohewdure%ﬁéma Jr%e%ﬁ&n%%tthé?ﬁerﬁﬂ%q me@& tpé/m%@l!clh& S ay Bt MBLGE,
avermtilis, conprising the cyclo 2: cycl ohexyl Bl avernectins

present i nang r&EﬂVFU}gesa}‘?@d?rﬂ‘ﬁFti”ﬁ fr\‘RPi‘l”&%é/“ﬂ WS cells have been cultured, wherein
the ratio of t hEhe:yrebemhexgdtuorBﬂlrtngrqdrmmxpl coBibositioarafrepdiahasyi ﬁﬂewmem'l B1t he

cul tur QBrigve%dtlﬁ\Bopégb%ée]d @y t%eﬁé%f QFe fof, %v@ﬂ%ﬁ c%n%gsu:lg Qe I ééwexﬂm e

prefera of less re preferab about 0,20:1 or |ess.
In a parti Eam&hh@fybéhwmectmﬁr%eszot tE‘o?rﬁ'c‘)?ﬁ F@H'“'@S‘f '”d’}’}lﬂho“ikiéfﬁ'ls EeRFEM ohexyl
Bl aver rrect:mmr:ed; @h@eindiie edo by teetjckhefyl B2:sjdorbxyl B aBermeatrdrpredent instht hat

express a gl‘{rft]h %M%% 3%'1'0?"8%% ﬁ}eefg'gtgﬁg% g(?ﬁ%?’@ﬁ &nhwf)ltegv?éf%%%lyMU?JSQ@?COdes a

gene produ result

cycl ohexyl oeteseyem%hmlpremablwéwﬁe%q horgedduded pyrtiedrs emBpqdnedbnihared to
cells ob tb&ngsaen stoyabtex@B2Sycienég) Bl bidringctind @l prodlided B colt¥ prr £ifirt des. mut at ed

g\r/gf e?:, Lgl g\r/ﬁ?/lél il n@%te%?r%sgfaé@?t%%éﬁé% Xl Lhoer dvevI l %ratte%/ Parlar%\{ﬁe?ecg wh%h%hcq%gs gn a
B2: cycl ohessrle pr@iycfatwrrwttet in e reduckory @ftﬂieoCl@fS 20, r3tp qf Cwloﬂeéﬁ $2: Ct/qiféleé\(bﬁﬁ)om tion

is pr oducegvewe&.ﬁé br%d&@ﬂ'ﬁ{] bl dams @ompra}éua& eélisay 8l sank&lrein @F sOageHRIsakL
vari ant t h E(gf enco % g % gg} r odet)J(ct conﬁé cp[? o Veg pe‘?l nati on of
am no aci d93UBSTR e li‘eo'ﬂ SR Ct 8 BrEUP cons i STRHY 6 '(4d) t hrough
25 In a preferred embodiment thereof, where the composition is cyclohexyl B2:cyclohexyl
B1 avermectins in a ratio of 0.35:1 or less, the composition is produced by cells comprising a
mutated aveC allele or degenerate variant thereof encoding an AveC gene product comprising
a combination of amino acid substitutions selected from the group consisting of (a) through
(be) listed above.
30 in a further preferred embodiment thereof, where the composition is cyclohexyl
B2:cyclohexyl B1 avermectins in a ratio of about 0.30:1 or less, the composition is produced
by cells comprising a mutated aveC allele or degenerate variant thereof encoding an AveC
gene product comprising a combination of amino acid substitutions selected from the group
consisting of (f) through (be) listed above.
35 In a further preferred embodiment thereof, where the composition is cyclohexyl

B2:cyclohexyl B1 avermectins in a ratio of about 0.25:1 or less, the composition is produced



(be) listed above. 30 In a further preferred enbodi nent thereof, where the
conposition is cycl ohexyl B2:cyclohexyl Bl avernmectins in a ratio of about
0. 30: 1 orwbas®¢soshie conposition is produced by cells conpCraBosgpoa4srut at ed
aveC all el e or degenerate variant thereof encoding an AveC gene product
conprising a conbination of am no acidgsubstitutions selected fromthe
group consisting of (f) through (be) listed above. 35 In a further
preferred enbodi nent thereof, where the conposition is cycl ohexyl

B2: cycl ohexyl Bl avermectins in a ratio of about 0.25:1 or less, the

conposi ti of, Lgs e{)rﬂg#ﬁ@% WL/ 0GS A BICHLRORE A0 Bnercr Beodifd L$ AGEEIPT i Si g
a nmut ated aveC e or

degenerate varj ant t hereof encod g an AveC gene
product co$RIFIPEINE @TPETRG ﬁéf"i“?i??“B‘F GGG a&'ElSHngWB%’FlsFl?PtF%ﬁ mdhs @oPRd from
t he group coeiBigigt (W)ghredgh((vd) listed anegd (be) |isted above. In a further

f d enbod
BrZecs(r:lr gheiyl OBflnng%rth p§¥e¢8 ed. (ch?ordﬁneﬁ-ap%ﬂe?%gp\gﬁéré 't@é] %rﬁpo%)ﬁ&h ﬁ’%ggcyclheﬁ#

conposi Bi oRZ: m@lopwulébewrmwnwla i efrapertd 21 & Ioas: Hesamasalion & prafusedy

degener at ebW@éll!; @%pﬁsﬂ@ra’eﬁﬂﬁta%@é@ Blklabr é&g@@ratlaaﬁanpmmuﬁéncﬁmi@ém ey a
conbi nati on of C{pﬁt ci.d subst.itutions. sel cte {rom

ar si sting
of (ao) th?TadH’ 30“1*’('%"{‘%8 coBRLOn Phamin? gglenfJ DSIUARESe edg? u?r{%ﬁg‘? g'ﬁ’?@)w des a
conposi t i ogpneistingyot [aohtsopbh B2) listedlabbdexyl 131 10 aver nectins produced by
cells of Strept W&@&an@)ﬁ%r{ﬂ)r‘i ruhhé,pr&wépral c%ln'ﬂgsuﬁo'ﬂ%f% @dh@mwbycnoaaxycml ohexyl

131 avermectins pre umin i C S e been
cul turéd, W‘?EP%QE @nF%{ °&| ét’@ﬁ@?”é{ﬁees )?Yer@@lp y%°f“8H%5‘<%/| elﬂd g\?ey nect i ns
present inBk: melohwl Bmraeermedmrlamroﬁ%niabwt:ul@lreﬂf@wemumrlnIvetmh thegdisphayd ieed by

cells CO”pEdltﬁr'e@gwﬁerQHttﬁ"é %0%‘(% cy%‘ohé!yﬁB@Ech)ﬁ%ﬂgﬁ %V@fm\é@tfnk %’r’éseﬁhﬁrtﬁ@f
encodi ng an AveC Ero uct co

id
subst i t ut i SH{uresBe Goppfe-fher {r‘}g&?ﬁd (?gcﬁjg?"sdt t?yn?fq%PoT‘HFTg zfrfB“tEfﬁa)an st ed
above. 4. aBRl dEEed%S@Rl vETdrONefdef encbdirkd ABURIES ﬁhﬁﬂ&@cicomnseqmmwm(\ SEQ ID

NO 1) QQ”nggnﬁb‘Jacﬁ%%%?nun@N%e@c&h Ifrbﬁn tl‘ff’evﬁgh qgﬁ&stm@@ﬂ(g@%%%ﬁﬂls@m ab&e aci d

sequence ( asm vect or (ATCC 209604)
conprising the entire ORF4 MM&-&N@!}Q@Mavermtl lis. FlIGURE 3.

Cene repl acerrenhe\wz!atororp/SEé&@m{eé@E?@ |ﬁ®&ﬁ@5bn@mwms|sngvevm’ens@vaﬁom:ene of
Sacc. eryth serted.into th Fof S. avermtilis. FIGURE 4.
BamH restf |G§Cfe%%ceg ammo %C'dtsﬁ%ueg\clee ol yketide synthase gene cl uster
fromS. avermt FIGIUEREVQ tFHan”WéeC@VéW@ﬁ[ﬁM@C eePSAdIForpaTReshe erdire PR ebthei . e
PSE6S, 2pSEBRC JasE6f’s. av&&,tmsSE% pSE69). The rel ati onship of pSE118 and

pSeith e 30 ol o Pl S P Salinie R oot
comnpar i song¢ne otSan:daWﬂraa antriedids the favey ORO kK dvermitilis.
FIGURE 4. BamHI restriction map of the avermectin polyketide synthase gene cluster
from S. avermitilis with five overlapping cosmid clones identified (i.e., pSE65, pSEGE, pSEG7,
25 pSE68, pSEB9). The relationship of pSE118 and pSE119 is also indicated.
FIGURE 5. HPLC analysis of fermentation products produced by S. avermitilis
strains. Peak quantitation was performed by comparison to standard quantities of cyclohexyl
B1. Cyclohexyl B2 retention time was 7.4-7.7 min; cyclohexyl B1 retention time was 11.9-12.3
min. FIG. 5A. S. avermitilis strain SE180-11 with an inactivated aveC ORF. FIG. 5B. S.
30 avermitilis strain SE180-11 transformed with pSE186 (ATCC 209604). FIG. 5C. S. avermitilis
strain SE180-11 transformed with pSE187. FIG. 8D. S. avermitilis strain SE180-11
transformed with pSE188.
FIGURE 6A-M. Compiled list of combinations of amino acid substitutions encoded by
mutations to the aveC allele as identified by a second round of "gene shuffling”", and their
35 effects on the ratio of cyclohexyl B2:cyclohexyl B1 production. For each plasmid, in the
column entitled "Mutations", the upper box lists the amino acid substitutions, and the lower



131. Cycl ohexyl B2 retention time was 7.4-7.7 mn; cyclohexyl 131 retention
time was 11.9-12.3 mn. FIG 5A S avermtilis strain SE180-11 with an

i nacti vatwo :awes3sORF. FIG 5B. S. 30 avermtilis strain SBC30BA3100348
transfornmed with pSE186 (ATCC 209604). FIG 5C. S. avermtilis strain
SE180-11 transfornmed with pSE187. FIG 4§D. S. avermitilis strain SE180-11
transfornmed with pSE188. FI GURE 6A-M Conpiled |ist of conbinations of
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the ratio ghy l?‘sYsCt'w@h‘lﬁﬁ@éhdea?aﬁ)éﬁér@Q@?@ébmr@ in Wo@g%ﬁnb @B sE&Eltu%‘éh f\ﬂ!:l@éh'aed In

the colum entitled "Mutations”, the |ists. amno acid
substituti B#E°C hapges th BB RHARSES \AES @@Pb‘é‘@@% WFFE@%P@UQ% in chaRggdHP Pests the

nucl eot i deabasecichequge. resul ting in those am no acid substitutions.
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havi ng ei t hgow &r awolyaateotide mdgueEniteing liiter eutib@ids aspieas thithethSsamwesm tili s

AveC gene R{e%d'é%m)%l}%}éb’b‘énéﬁr‘a&{f‘c%&o&fm Q%%ér(@e%f %ggsé&EQﬁ?)T@Q%@%)t) or

t he nucl eoti de sequence of
pol ynucl eof§ tﬂ%guc'%@eeﬁ%%eﬁéﬂ?ﬁ?gwnﬁffﬁ% hREQ ?"aé) §‘8€1{Péﬁelér§“’ﬁétfd?%ed
t her ef r om antcdegenay ateatvdnuckotic: shuérites eafved Hemwduarand idbgenpratenciriphtes set

forth ' Pegp\rede%f a et/er' fﬂggm&r@ u%@f@rﬂpﬁt h ?{%rﬁ/oﬁa&%l Heea(Aalo &sﬁgpﬁ%d

pol ynuc cul es ave 0g genes fro

Strept orryc@so"h%“p?@b’i“@éeOF'qﬁ:'lnelﬂ?Lﬂﬁj 'né'uﬁ'”g aeC hRMAIPSIHPT EO8 OHied Steptomyces

gr i seochr ospgRE@sludifdRY DhRssopibusbnd Bojrigsstnlopnbénde, Mungotbes Encoding 20
The S. avermtilis AveC Gene Product The present invention provides an

i sol ated pol ynucl eot de np| SHAI@ot%Q%riﬁleg EQ& conpl ete aveC ORF of S.

averm t2 lis or a substantlr sPREEhBRs AR & e,Pr h isol ated
pol ynucl eoti de nol ecul e | F that is | ocated

downst r eam f r om PhR"eseNy dediT Areyides 2 igaiptedhrolBUCIeRfide motecylp SOPRTHIgDE®me. 25
The i sol at eshpaé ysuc| erE | dles.meleatilis oofa Ediletaﬁfeﬂisyﬁ)ﬂfonl ASre s Iw@:ibhpié@ét@dﬂ ably
conpri ses C ence |I|s
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25 The isolated polynucleotide molecule of the present invention preferably comprises a

nucleotide sequence that is the same as the S. avermitilis AveC gene product-encoding
sequence of plasmid pSE186 (ATCC 209604), or that is the same as the nucleotide sequence
of the ORF of FIGURE 1 (SEQ ID NO:1) or substantial portion thereof. As used herein, a
“substantial portion” of an isolated pelynucleotide molecule comprising a nucleotide sequence
30 encoding the S. avermitilis AveC gene product means an isolated polynucleotide molecule
comprising at least about 70% of the complete aveC ORF sequence shown in FIGURE 1
(S8EQ ID NO:1), and that encodes a functionally equivalent AveC gene product. In this regard,
a “functionally equivalent” AveC gene product is defined as a gene product that, when
expressed in S. avermitilis strain ATCC 53692 in which the native aveC allele has been

35 inactivated, results in the production of substantially the same ratio and amount of



of the ORF of FIGURE 1 (SEQ ID NGO 1) or substantial portion thereof. As
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transl ated (RNA pt| ethat IS
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sequences, uences, eno DNA sequences, chemi cal %
synt hesi zeepdmﬁeawcw '§‘é‘éﬁ? s”°t*FﬁﬁedntB(PFQé‘SEyPYi’esegléed‘ﬁ"ésnGBNét?SW? P¥¥" FI GURE
1 (SEQ | D d&doih)c moxpsqueess, faodichetHidafiesyetsize@ DB Acod NG setjuddpeosi ti ons 42,

Lt A7T and 189 ARicBl@YbARALY B8 HBBRE N Nsth b B NB"’}E Eorb: rourficfen? 48, 579

rrultlple deletlons g% I'D NG 1)
wer e const Pligtcedpns gt prrogitienst42nt Awhi’crd 380 t"?‘?éé’%‘”%'@]é?%”%d'l‘ H F Bﬁté"ﬂt inthe
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of the GIG codons "at bp positions er elimnated
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ORFs. The e ent i.nventio r.t her nucl eotid |l e
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The present invention further provides a polynucleotide molecule having a nucleotide
sequence that is homologous to the S. avermitilis AveC gene product-encoding sequence of
plasmid pSE186 (ATCC 209604), or to the nucleotide sequence of the aveC ORF presented
in FIGURE 1 (SEQ ID NO:1) or substantial portion thereof. The term “homologous” when

30 used to refer to a polynucleotide molecule that is homologous to an S. avermitilis AveC gene
product-encoding sequence means a polynucleotide molecule having a nucleotide sequence:
(a) that encodes the same AveC gene product as the S. avermitilis AveC gene product-
encoding sequence of plasmid pSE186 (ATCC 209604), or that encodes the same AveC gene
product as the nucleotide sequence of the aveC ORF presented in FIGURE 1 (SEQ ID NO:1),
35 but that includes one or more silent changes to the nucleotide sequence according to the
degeneracy of the genetic code (i.e., a degenerate variant), or (b) that hybridizes to the



pl asm d pSE186 (ATCC 209604), or to the nucl eotide sequence of the aveC ORF
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"substanti &lEQp l%rlsd) %10r suEstarmlal portion thereof. As used herein, a “substantial portion” of the
amino acid sequence of FIGURE 1 (SEQ ID NO:2) means a polypeptide comprising at least
about 70% of the amino acid sequence shown in FIGURE 1 (SEQ ID NO:2), and that
constitutes a functionally equivalent AveC gene product, as defined above.
30 As used herein to refer to amino acid sequences that are homologous to the amino
acid sequence of an AveC gene product from S. avermitilis, the term “homologous” refers to a
polypeptide which otherwise has the amino acid sequence of FIGURE 1 (SEQ ID NO:2), but in
which one or more amino acid residues has been conservatively substituted with a different
amino acid residue, wherein said amino acid sequence has at least about 70%, more
35 preferably at least about 80%, and most preferably at least about 90% amino acid sequence

identity to the polypeptide encoded by the AveC gene product-encoding sequence of plasmid
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products or AveC homolog gene products can be identified using any method known in the
art, including but not limited to the methods set forth in Section 7, below. Genomic DNA
30 libraries can be screened for aveC and aveC homolog coding sequences using techniques
such as the methods set forth in Benton and Davis, 1977, Science 196:180, for bacteriophage
libraries, and in Grunstein and Hogness, 1975, Proc. Natl. Acad. Sci. USA, 72:3961-3965, for
plasmid libraries. Polynucleotide molecules having nucleotide sequences known to include

the aveC ORF, as present, e.g., in plasmid pSE186 (ATCC 209604), or in plasmid pSE119

35 (described in Section 7, below), can be used as probes in these screening experiments.

Alternatively, oligonucleotide probes can be synthesized that correspond to nucleotide



Diego; and Erlich (ed), 1992, PCR Technol ogy, Oxford University Press, New
York, all of which are incorporated herein by reference. Pol ynucl eotide
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transcription and translation of the coding sequence to produce a polypeptide. As used

25  herein, the term “regulatory element” includes but is not limited to nucleotide sequences that
encode inducible and non-inducible promoters, enhancers, operators and other elements
known in the art that serve to drive and/or regulate expression of polynucleotide coding
sequences. Also, as used herein, the coding sequence is in “operative association” with one
or more regulatory elements where the regulatory elements effectively regulate and allow for

30 the transcription of the coding sequence or the translation of its mMRNA, or both.

Typical plasmid vectors that can be engineered to contain a polynucleotide molecule
of the present invention include pCR-Blunt, pCR2.1 (Invitrogen), pGEM3Zf (Promega), and the
shuttle vector pWHM3 (Vara et al., 1989, J. Bact. 171:5872-5881), among many others.

Methods are well-known in the art for constructing recombinant vectors containing

35 particular coding sequences in operative association with appropriate regulatory elements,
and these can be used to practice the present invention. These methods include in vitro
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to raise aﬁ{t S EPLes ﬁig 9%@"&9&&"@@%@“&'?%86’ gn e’ipbesg' ‘{r%é’ClBﬁ?g%“gem cal
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purification e expressed Ave gene product. Possible fusion protein
expr essi onfuyiers Grigief "r‘i’@!ol}?)e LN a"‘%’r‘%“’%@’f‘b‘? bRt 2ECR5E8 8F°§U?tﬁ68rpﬁB'P%lt i ng
sequenees thasbf emciad eislY gabaelas ihdasieg aad proglet, drysrtonshersrd) depiger foormdi Ng

protein fuglang. skl aNLORE 7 S EEASGich U, 005, a8 d nppbacbbisl gi ne
griseochromogenes. Such hybrid vectors can be transformed into S. avermitilis cells and
tested to determine their effect, e.g., on the ratio of class 2:1 avermectin produced.
AveC fusion proteins can be engineered to comprise a region useful for purification.
30 For example, AveC-maltose-binding protein fusions can be purified using amylose resin;
AveC-glutathione-S-transferase fusion proteins can be purified using glutathione-agarose
beads: and AveC-polyhistidine fusions can be purified using divalent nickel resin.
Alternatively, antibodies against a carrier protein or peptide can be used for affinity
chromatography purification of the fusion protein. For example, a nucleotide sequence coding
35 for the target epitope of a monocional antibody can be engineered into the expression vector
in operative association with the regulatory elements and situated so that the expressed
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5.2.2. Transformation Of Host Cells

The present invention further provides transformed host cells comprising a

polynucleotide molecule or recombinant vector of the invention, and novel strains or cell lines

30 derived therefrom. Host cells useful in the practice of the invention are preferably

Streptomyces cells, although other prokaryotic cells or eukaryotic cells can also be used.

Such transformed host cells typically include but are not limited to microorganisms, such as

bacteria transformed with recombinant bacteriophage DNA, plasmid DNA or cosmid DNA
vectors, or yeast transformed with recombinant vectors, among others.

35 The polynucleotide molecules of the present invention are intended to function in

Streptomyces cells, but can also be transformed into other bacterial or eukaryotic cells, e.g.,
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production of specific ratios and amounts of avermectins indicative of AveC activity in, e.g., S.

avermitilis host cells).

5.2.3. Expression And Characterization
30 Of A Recombinant AveC Gene Product

Once the native or mutated aveC coding sequence has been stably introduced into an
appropriate host cell, the transformed host cell is clonally propagated, and the resulting cells
can be grown under conditions conducive to the maximum production of the native or mutated
AveC gene product. Such conditions typically include growing cells to high density. Where

35 the expression vector comprises an inducible promoter, appropriate induction conditions such
as, e.g., temperature shift, exhaustion of nutrients, addition of gratuitous inducers (e.g.,
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The present invention further provides a method for producing an AveC gene product,

comprising culturing a host cell transformed with a recombinant expression vector, said vector
comprising a polynucleotide molecule having a nucleotide sequence encoding the AveC gene
product, which polynucleotide molecule is in operative association with one or more regulatory
30 elements that control expression of the polynucleotide molecule in the host cell, under
conditions conducive to the production of the recombinant AveC gene product, and recovering

the AveC gene product from the cell culture.
The recombinantly expressed S. avermitilis AveC gene product is useful for a variety
of purposes, including for screening compounds that alter AveC gene product function and

35 thereby modulate avermectin biosynthesis, and for raising antibodies directed against the

AveC gene product.



The present invention thus provides a reconbi nantly-expressed isolated or
substantially purified S. avermtilis AveC gene product conprising the

am no aciwogggesste encoded by the AveC gene product - encedirngoxmaisence of
pl asm d pSE186 (ATCC 209604), or the am no acid sequence of FIGURE 1 (SEQ
ID NG 2) or a substantial portion thengof, and 25 nutated versions and
degenerate variants thereof. The present invention further provides a

met hod for produci ng an AveC gene product, conprising culturing a host
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present i nventl on Is denti f ovel ,nmutatio n Lyl of S.
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the ratbo efmpared to cells of the same strain which instead express only the wild-type aveC allele.
The cells of such strains can also comprise additional mutations to produce an increased
amount of avermectins compared to cells of the same strain that instead express only a single
wild-type aveC allele.
Mutations to the aveC allele or coding sequence include any mutations that introduce
30  one or more amino acid substitutions, deletions and/or additions into the AveC gene product,
or that result in truncation of the AveC gene product, or any combination thereof, and that
produce the desired result. Such mutated aveC allele sequences are intended to include any
degenerate variants thereof. For example, the present invention provides a polynucleotide
molecule comprising the nucleotide sequence of the aveC allele or a degenerate variant
35 thereof, or the AveC gene product-encoding sequence of plasmid pSE186 (ATCC 209604) or
a degenerate variant thereof, or the nucleotide sequence of the aveC ORF of S. avermitilis as



20 B2: Bl avermectins. The present invention thus provides pol ynucl eotide
nol ecul es useful to produce novel strains of S. avermtilis cells that

exhi bit awoeBeetabl e change in avernmectin production conmpargso¥ym3sel | s of
the same strain but which instead express only the wild-type aveC allele.
In a preferred enbodi ment, such pol ynygl eoti de nol ecul es are useful to
produce novel strains of S. avermtilis cells that produce avernectins in
a reduced class 2:1 ratio 25 conpared to cells of the sane strain which

i nstead express only the wild-type aveC allele. The cells of such strains
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Speci fig exanpl£3ing fto ﬁ'@@f\uﬂﬁ&dl&ﬁ&ltl@ﬁs SIGHW ID Ao sserbsbt deld bfoRsavermitis r esul t
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FI GURE 25 ( @&ein! ibehiGhel plass0P:1 evelegetine raae eydfé\ﬁxyaﬁ? CYQ*T@P@’J)\W permegiiecihe
nucl eoti de sequence.f LWt R&kin€ RMH511S®%ess. In a more preferred embodiment, the ratio of
cyclohexyl B2:cyclohexyl B1 avermectins is about 0.30:1 or less. In a more preferred

embodiment, the ratio of cyclohexyl B2:cyclohexyl B1 avermectins is about 0.25:1 orless. Ina

more preferred embodiment, the ratio of cyclohexyl B2:cyclohexyl B1 avermectins is about

30 0.20:1 orless.
in a particular embodiment thereof, the combination of amino acid substitutions
comprises the combination of group (a): D48E, AB1T, AB9T, S138T, A139T, G179S, A198G,

P289L. A non-limiting example of a plasmid encoding these amino acid substitutions is

pSE538 (see FIGURE 6).



mut at i ons encodi ng a conbi nation of am no acid substitutions at am no acid
resi dues 20 corresponding to the amno acid positions of SEQ ID NO 2, such
t hat cel lwooB/o&IsSaAvermtilis strain ATCC 53692 in which tea/msid/a3isype aveC
all el e has been inactivated and that express the pol ynucl eotide nol ecul e
conprising the nmutated nucl eotide sequgnce are capable of producing a
class 2:1 ratio of avernectins that is reduced conpared to the ratio
produced by cells of S. avernmitilis strain ATCC 53692 that instead express
only the wild-type aveC allele, 25 wherein when the class 2:1 avernectins
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25 In another particular embodlment thereof, the combination of amino acid substitutions
comprises the combination of group (j): D48E, A61T, L136P, G179S, A198G, P202S, E238D,
P289L. A non-limiting example of a plasmid encoding these amino acid substitutions is
pSE526.

In another particular embodiment thereof, the combination of amino acid substitutions

30 comprises the combination of group (k): D48E, AB1T, L136P, S138T, A139F, G179S, E238D,
P289L. A non-limiting example of a plasmid encoding these amino acid substitutions is
pSE528.

In another particular embodiment thereof, the combination of amino acid substitutions
comprises the combination of group (1): D48E, L136P, G1798S, A198G, E238D, P289L. A non-

35  limiting example of a plasmid encoding these amino acid substitutions is pSE530.



20 conprises the conbination of group (h): D48E, A61T, L136P, Gl79S. A
non-limting exanple of a plasmd encoding these am no acid substitutions
i s pSE512wolm/oessst her parti cul ar enbodi nent thereof, the ®cwiBosiosesn of

am no acid substitutions conprises the combination of group (i): D48E,
A89T, S138T, Al39T, GLl79S. A non-limtjng exanple of a plasmd encoding
these am no acid substitutions is pSE519. 25 In another particular

enbodi ment thereof, the conbination of am no acid substitutions conprises
t he conbi nation of group 0): D48E, A61T, L136P, Gl79S, A198G P202S, E238D,

P289L. A non-| ilma.l'aog@egg%?gaﬂ%?'eﬁb%im (A 5k ERBRRGHr RSB CRELBE A6

substitutions i's 6. 1Tn another particul ar_enbodi ng .}%rq % t he
conbi nat i Gamofisegrihe sombinatios LA <FPuPu Mo Y8E 385 o PP s ! 3P he B |Ah§ Fon of
group (k) :pJRd8E.A Aélihitilgla6Rple k3B Hlasnit 39EodinGLTROS, aEPE8Ld suPZBSions /&
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encodi ng these am no acid substitutjions is E AR e i
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conbi nat i ggsEBB4.am no aci d substitutions conprises the conbination of group

(m: DA48E, A61T, aﬁ&ﬁé&ﬁ%é%ﬁwbp%é%er&k%@comdﬂ?a%&Lof afnirtOdtid subdttitings exanpl e
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of a plasm d encoding these am no acgj.d.s [ g ' p . In
anot het0 paiorpasasaPe eomRieAtAR Al gr‘E’LfPe(fogg}fz,gCt lﬁ%ﬁ:&%ﬁ ’ n%? ?’oén%gP éﬁ‘?ﬁ(l)(; g?f’d
subst i t ut i EzEsD. cCamprisisy ekenptonba misnsinershdigg tepe @mne Vg Eubstitgliops iKG111V,
S138T, Al3QL.-,G179S, Al98G  P289L. A non-limting exanple of a plasmd

encodi ng these ami no aci d substitutions . E534. 1n_.anot rijcular
enbodi nent t her B@NotherRartieyaAMPRETMSRt tBefre%fnl%ﬁSgniari‘%o%ﬁgbaﬂ"ﬁ ?Jctlolh%lr’t{%tﬁlﬂ'fé)é
conpri ses dadricauthé tatbireiorost geiup Up: D4BE. AXTIB 6,048 RBGABSEP, ASYS, SBLAST,

A139T, 7 D. =L NG 5 cBdin hdla it@nd h
é%il d§§8BsF|g%ﬁ‘ A don AR %%'&@%%"9 EXRMR &cBdindihMeanmdlanapditiend hese

am no su tions i1's I'n anot her particul ar enbodi nent

t hereof , tB@SEYbi nation of amino acid substitutions conprises the

conbi nati on of grpvBedRHiculb¥dibodiAhitherAdiDd coBlifBiGh ol ah36Pacid3LPSB,tios1 92A,
15 E238D, P289L. non-Limti f I lod di Lhesigeg am no
2ol 6 subst FRITEan e ‘f"sr“bb"?,@éh%ﬁq&f’ﬁ@ﬁgtbﬁ?e@ e s R i ot Thee oot

t he conbi netampte G paginiscenarding tragh SMinEFETH SHSTUENHTREE45t he conbi nati on of
group 6g): DABE), dndB6hartehidOsmboRazAMherfofibB cbinbindtiongf antinaag subsfitutengl asmi d

encoding these am 00 25hdios SRS H! DARS absT, BPEsA R130T, R163Q, G179S. A non-
limiting example of a plasmid encoding these amino acid substitutions is pSE548.
In another particular embodiment thereof, the combination of amino acid substitutions
comprises the combination of group (s): D48E, L136P, G179S, A198G, P289L. A non-limiting
25  example of a plasmid encoding these amino acid substitutions is pSE552.
in another particular embodiment thereof, the combination of amino acid substitutions
comprises the combination of group (t): D48E, F78L, A89T, L136P, G179S8. A non-limiting
example of a plasmid encoding these amino acid substitutions is pSE557.
in another particular embodiment thereof, the combination of amino acid substitutions
30 comprises the combination of group (u): D48E, A89T, S138T, A139T, G179S, E238D, F278L.
Non-limiting examples of plasmids encoding these amino acid substitutions are pSE564 and
pSE565.
In another particular embodiment thereof, the combination of amino acid substitutions
comprises the combination of group (v): D48E, A89T, L136P, R163Q, G179S. A non-limiting

35 example of a plasmid encoding these amino acid substitutions is pSE568.



20 I'n another particul ar enbodi ment thereof, the conbination of am no acid
substitutions conprises the conbination of group (r): D48E, A89T, S138T,
A139T, RIWBQ3/0&&3DS. A non- |linmting exanple of a plasm dPemaBaei/wg4s hese
amno acid substitutions is pSE548. In another particular enbodi nent

t hereof, the conbination of am no acidssubstitutions conprises the

conbi natl on of group (s): D48E, L136P, Gl79S, Al198G P289L. A non-limting
25 exanple of a plasm d encoding these ami no acid substitutions is pSE552.
I n anot her parti cuI ar enbodi mrent thereof, the conbination of am no acid

iliggg tgg_'?ggs A ﬁrb s 'rggé%&g%m%é)%brﬂ%elré%f trQafc bHaBor( dF amirddRfe, subslibkionsABOT,

n n m no
aci d substdotmatises tw dombigHEBEy 9roup (V’é)nB‘ffar?er‘\% N?Blﬁ’ﬁﬂs %@gjé %%Pe(fsﬁggeof th
conbi nat i g3k, FEBINO AGRh Umiild Staniplit df apaismBncairthese simitveactionbitivéienson of
group (u): DA48E, A89T, S138T, A139T, G179S, E238D, F278L. Non-limting
exanpl es dt p?ﬁ égm ds encodi ng these am no acid substitutions are 8SE564 and
PSE565.5 | n_anotiher patieudrcernedimanb diietkrite cpaPRZPN & FERD RBF PRPFIBHCSY  ami no

acid substi Fléegf?ﬁe c&mﬁ.brsasgrsdaqx)cgm MaBE ORBoTT LIREELI1ABY) A13DEBE41AB9T,

am no aff.lﬁé) R A L L s
anot her padubstituibey is eabsEH rrent thereof t he conbi nation of am no acid
substitutions Aﬁ%g@ﬁéré%ﬁlcﬁlg%n%meﬂﬁﬁér% tRd cahfismtior Yamidddii subERTionABIT,

Gl11V, S138T, 79S,  E238 8 of a
pl asm 0 eneopthrisey thchesebingtothef BRUPdY sB‘E’é ?b%Tt Awgq'%%#’ rpééég%%g?%‘ig[’
parti cul ar A aslpdiingesxtmplaef @pismit hecodiogrheseaamionacid Sljézﬁﬁtmn%l@ma*f%%bsu tutions

Ziggfr' S \e/i 4226 CI% %gg@&tdﬁ%@%}%f enwogmnl(tﬁéreof DR Comiidedibn oo adidlsibRituticAs38T,

non-Li e sm d
encodi ng t eRERpESesrih e BorARInaIoN §fL95%LtH thf'%fnf‘ s A?@ES@%ﬁxgma%ko@ﬁ'gTaGﬁr t% i cul ar
enbodi ment g3deer exdoL. MhenueNby B pteof afplamidencedingithessrming adid wgtltutmos
corrprl S Ih Egﬁ\rrbl nation of group (y): D48E A89T, S90G L136P, R163Q
G179S, 23§I5 non-limting exanple of a alem d encadi n %%t hes{ﬁlogsr’n no
aci d substitutiBresother R@SEB‘@'BethQ'”&ﬁbtP?fé?f tﬁﬁrc?'i“ [Rtigp Ol oy BUF AL T RE 20, t he
conbi nat i op, r,sm@@ommgﬁoﬁbﬁwdupt(aﬁ)jms A&BTI;TSHBQ'GM39fﬁth7(9ﬁblArf@t‘1“@Wn@)f group
(z): D48E, A61T, A89T,.Gl11V 8D, P289L. A
non-1 i mi t i RETRERIAIPESHH Lo 9dRe gééwgéég%wﬁrg%arﬁ%%@ac| titutions
15 is pSE511. |meaanmemﬂlcptar@mwlr%ﬁntféﬁﬁ9@‘d Fréﬂff‘b'f‘?fBPQB?m'“? ﬁ%d %@ﬁ%\’ ifati on of
am no agi d Ghbstd et dopibhaticrosidrbpe@b): IDasE om3sPaRk1a3Q, Gf179$,032311(.a) norD48E,

A89T, S138T, Al139T, d di
these ami ninig ?ﬂ‘ag‘ﬂﬁg?f’ﬁwgﬁgcorégglt%ﬁ% go F&&‘éﬁ[}gl,t téogg f)sgprst%%ﬁpar g?rggd: Prgnt

thereof, the combinotiei patticgkr embasnaat hefosfu S CPRATRIGAS! Smino acid substitions
comprises the combination of group (ac): D48E, L136P, S138T, A139F, G179S, V196A,

E238D. A non-limiting example of a plasmid encoding these amino acid substitutions is

25 pSE527.

In another particular embodiment thereof, the combination of amino acid substitutions
comprises the combination of group (ad): D48E, A61T, A89T, F99S, S138T, A139T, G179S,
E238D. A non-limiting example of a plasmid encoding these amino acid substitutions is
pSE539.

30 in another particular embodiment thereof, the combination of amino acid substitutions
comprises the combination of group (ae): G35S, D48E, A89T, S138T, A139T, G179S, P289L.
A non-limiting example of a plasmid encoding these amino acid substitutions is pSE540.

In another particular embodiment thereof, the combination of amino acid substitutions

comprises the combination of group (af): D43E, AB1T, AB9T, S138T, A139T, G179S, V196A,

35 E238D. A non-limiting example of a plasmid encoding these amino acid substitutions is

pSE547.



20 conprises the conbination of group (ab): D48E, L136P, R163Q Gl179S, S231
L. Anon- limting exanple of a plasm d encodi ng these am no acid

substi t utwons/06®5HpSES523. | n anot her particul ar enbodi mnent PChaBexnfo348 he
conbi nati on of am no acid substitutions conprises the conbination of group
(ac): DA8E, L136P, SI138T, Al39F, G179, V196A, E238D. A non-limting
exanple of a plasm d encoding these amno acid substitutions is 25 pSE527.
I n anot her particul ar enbodi nent thereof, the conbination of am no acid
substitutions corrpri ses t he conbi nation of group (ad): D48E, A61T, AS89T,

FO99S, S138T, A139T e el q
encodi ng t hese aﬁlpcwbergé %jlagﬁwg){)gmentphepgo? “the égﬁfg'gggo ea?%mmoea f @stmtér%m

ot on nanot @
parti cul arcoewtsgi the mpmbinaioa off, grQWe(aéerﬂSEat‘*ﬁ n® 1f“\éms?'§f3 UBYOPt uti ons

conpr i ses 1@§GC@§%bn§tn'oﬁ)-ﬁm9flg SRR df 8R)asmi@¥nEadiABdse aﬁﬁmacldsmaﬂmuomem
GL79S, P28 non-limting exanple of a plasm d encodi ng these am no

acid subst'FP§%§58ns is pSE540. In another particul ar enbodi nent thereof, the
conbi nag i on of lamheteer aaiticliswodbdinebt tomeof, toosqriingden efpEninanesi YAEHWADf  gr oup

(af): DASE, Ts41G1 P9SE, A¥dP0AGeP, 3511762 3B IAon-Amiti
non-limti ngn{%ggéag%{& &na%g(?:aggom §§§n%4c1d| n\%gt ﬁeseﬁ%%%ﬁ& acid surl])stll Irt]gutl ons

is pSE547exande®ia 9‘6%9‘55”‘!9@?9 IN8eBHH2AGY SUBSHUORS particul ar
enmbodi nent t her gehothdriparticaarizinmatiment todreainthe conatwiatiors eflesiing agid HR8tUtEBTPri ses

ZQSS&OWEIZQ%F’%%SO {Sr%ﬁ’atiﬁa@%} 8r096‘§% DﬁgﬁTAasa@lllﬂa\E{P ﬁl@s@ G1ASS H2526179S,

| asm d n se amno acid
subst i 1@t i eangimiting ep@%@fa F’??SFW e WPesﬁﬁ‘{)qoﬁfldéPb%% ?Tg%'%g%?her eof , the
conbi nation of RERAerdBHduISUENSIobiMeht thersof, t@enqunbu%cn Dfrmemmom nasttgiendf group

(ah): $41 DA8E, in b t AP h&ofimaing! asm d
encodi ng t FEEESEH BOmUmathon ?fﬁ%?ugﬂ(é?l%ggé Alik%ﬁ‘ L13glb ¢.ﬁg§] l?r?ot her 0paltrrnt P%ul ar

enmbodi nent examplech d plasid eaediioiese éﬁ'”ﬁﬁc'ﬁﬁi‘tﬁgm%‘@ﬂf RSB i tuti ons conpri ses
the combi nati OnInQafnoiﬁérQiéﬂlcﬁlarl e)mboaﬂ&& théx8&Tthe LAdBIERtioROBBG0 BITOBSERESS. A

10 I t -
o ab e EIRS b & U B DARCARTIO PR AATLAR AL SO, N

i men er
conbi nat i olimitfg exanpiesadi Messidss encoding (9??5?‘9 W?p?‘?‘%é@?ﬂéo@o%lﬁ%g%ﬁn f group
(aj): DABE,gA38T, L136P, GL79S, F234S. A non-limiting exanple of a plasmd

ding th d substitut cul
enbodi mant  t her BroRpeEyRbTR Tl B ool o Bogon b fiRE P L BRLpE LI a1

conpri ses  tdmeprisestbé nabbination bf geupu(p): (RHR; DIFFBEBITABYHP, B1EEPE2REE 3 O"GL79S,

E238D. NONfmii hé*é{a}n'BQ o?églgghﬁ%nwdmglt@%@bﬂﬁo ane adistitgtiohh 8SEaM. no aci d
substi tut| ons are pSE5

h
t hereof, the coMATR&ETRARCHEr gﬁﬁ“ﬁwe&ﬁ 8regfu§‘§%mg{1 at’%ﬁr& b 8o STRAGHATEN

comprises the combination of group (am): D48E, A89T, L136P, R163Q G179S. Non-limiting
examples of plasmids encoding these amino acid substitutions are pSE575 and pSE576.

In another particular embodiment, the combination of amino acid substitutions

25 comprises the combination of group (an): D48E, A89T, S138T, G179S. A non-limiting
example of a plasmid encoding these amino acid substitutions is pSE577.

In a particular embodiment thereof, the combination of amino acid substitutions
comprises the combination of group (ao): D48E, A89T, L136P, G179S, E238D. Non-limiting
examples of plasmids encoding these amino acid substitutions are pSES502 and pSES24.

30 In another particular embodiment thereof, the combination of amino acid substitutions
comprises the combination of group (ap): DA8E, A89T, L136P, K154E, G179S, E238D. A
non-limiting example of a plasmid encoding these amino acid substitutions is pSE503.

In another particular embodiment thereof, the combination of amino acid substitutions
comprises the combination of group (aq): D48E, A89T, S138T, A139T, K154R, G179S,

35 V196A, P289L. A non-limiting example of a plasmid encoding these amino acid substitutions

is pSE505.



conprises the conbination of group (al): B6R, D48E, A89T, L136P, GL79S,
E238D. A non- 20 limting exanple of a plasm d encoding these amno acid
substi t utwons/06®5HpSES574. | n anot her particul ar enbodi mnent PChaBexfo348 he
conbi nati on of am no acid substitutions conprises the conbination of group
(am: D48E, A89T, L136P, R163Q Gl79S.,MNon-limting exanples of plasm ds
encodi ng these am no acid substitutions are pPSE575 and pSE576. I n anot her
particul ar enbodi nent, the conbination of am no acid substitutions 25
conprises the combi nati on of group (an): D48E, A89T, S138T, Gl79S. A

non-limting eﬁ%%ﬂ&b@r g%ftlc&arpérvﬂgannﬁH&rg | H9 cérﬂtﬁf?aqloﬁg? O P& s PR IohS Ut' ons

is pSE577. In a par di'ment ereo nbi nhati1 on of amn

aci d subst¢aiesniie eomeiaes’ IR SHP48E iN6AT 0P 18T oA ac9179§)4§E96AA89T
L136P, Gl7888DE2R%bh-iNGRg lekdfpld BUa pRxARpERSding tHsasmirdsadn eadtitngprshese

am no acid %@Eti tutions are pSE502 and pSE524. 30 In another particular
enbodi ment® ‘eof , the conbination of am no acid substitutions conprises
t he con®i nat i onln@ﬁotgermplcwamﬂbomm thexg@fTthe cargigmatiok oGrpEno hidoistittPggD, A

non- 1 i m ti Q@5 SorfinaBorPbrRfdlh GasPssadi Ay Tt h@ﬁemen@m@ digsubatdsaut i ons

i's pSES503. %ﬁ% anot he[ ﬁartlcu ar. € odi nent thg{e - rg%lt tnlsqn of

am no aci d&ibst "Ae 1B ’@SW%r?s% FHY %Q?ﬁ%'?% ok 6”r° %ﬁl ap tgci D48E,

A89T, SI13833E5A1.39T, K154R, G179S, 35 V196A, P289L. A non-limting exanple

82 / &gég;%& /elr‘%%%tﬂ Sﬁ—ah%@rzﬁﬁqo&ﬁ]eﬁpt{m%e&uﬂ%EbﬁmMﬁéti@H&‘ an'nﬁca ARFaDBuORs ‘ th
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(ar): DA48E:23889M28951 38 bp-liilid®ExanBE”S 8, plagi@bencodiftPBE4S. anfnagid $ubsiitttiong

exanpl e of,;agpkpsm d encoding these am no acid substitutions is pSE506. 5

I n anot her gartl cul ar enbodi nent thereof, the conbination o{ m.no acid

substitutions GERPPERREICHEEMGHFeREPSER BF CPRTRIop gsgmin UBEEYHPNS ASQT,
L136P, GL7QSprivdOfh, cAiif@Bon oP2BAIp. (ab):ND4BE, | ABIT| Ng36x aBiYos. oNoalipitiag i d

encodi pg tgfaﬁngle%’; 6]93#?}8& Qm nﬂ%ﬁﬁés&a‘éﬁ{ iRRid! sBbsiRBER ga?e pSih12004 5@529"”1})' cul ar

enbodi nment ati1on am no aci d substitutlons
conpri ses the ctﬂrﬁﬂptﬁarma&ﬁ”'é'fe”@j%oé'ﬂ}ﬁnttﬁ?f)a"f 1ha gembingjipn of agjingcid supsggtiongy 795,
GLI96A,  E2&hiprisé¥ABE bomiAnatiomofl gratib (avpgDBEARFHETE V cf0AQL 136B.SE1 19Se Acodilimying hese

am no acid SH’?}? fl;au atsr%d encc#d?n rﬂu%gégu%lnoggld@E&Elt}ﬁﬁgnsﬁ)s%%éﬁyl ar enbodi ment

thereof, tfe& onprises the
conbi nati on of tg‘r&tﬂeﬁber(m)w'amdm&stﬁlfereﬂflwePom@ﬁ“z‘)SOf AR RGicthpostifgtions 5

exanpl Q@ Oéonﬁﬂrmgﬁorﬁm%dﬁ B Gréupgse): amam%m:mﬂ;gs ubISBT tABoRGSTE, ¥1gE3E514 and
Boi d subst AT bR aLesrruEs el SiSSho pbaCsRo T Akt theor, "
V120A, L136IPSE®17798 A non-limting
In another particular embodiment thereof, the combination of amino acid substitutions
comprises the combination of group (ax): D48E, A61T, A89T, G111V, S138T, A139F, G179S,
25  V196A, E238D. A non-limiting example of a plasmidb encoding these amino acid substitutions
is pSE518.
In another particular embodiment thereof, the combination of amino acid substitutions
comprises the combination of group (ay): D48E, A61T, A89T, S138T, A139T, G179S, V196A,
E238D, P289L. Non-limiting examples of plasmids encoding these amino acid substitutions
30 are pSE529 and pSE554.
In another particular embodiment thereof, the combination of amino acid substitutions
comprises the combination of group (az): D48E, AG1T, A89T, L136P, S138T, A139F, G179S,
A198G, E238D. A non-limiting example of a plasmid encoding these amino acid substitutions
is pSE532.
35 In another particular embodiment thereof, the combination of amino acid substitutions
comprises the combination of group (ba) D48E, A89T, S138T, A139F, G179S, A198G,



exanple of a plasm d encoding these am no acid substitutions is pSE515. In
anot her particul ar enbodi nent thereof, the conbination of amno acid

substi t utworns/ 06885 conpri ses the conbi nati on of group (aw) PCDABEB/00AGLT,

A89T, S138T, Al139F, G179S, V196A, A198G E238D. A non-limting exanple of a
pl asm d encodi ng these am no acid substitutions is pSE517. In another
particul ar enbodi nent thereof, the conbination of am no acid substitutions
conprises the conbination of group (ax): D48E, A61T, A89T, Gl11vV, S138T,
A139F, Gl79S, 25 V196A, E238D. A non-limting exanple of a plasmd

encoding thesR. Al BRAkhY RUSL iof WA ohSaRERLS anifl, BIQLDS BN CUI ar

enbodi nent tﬁ r eof , he Conbination of amno acid substitutions conprises
t he conbi nB¥FVA of group (ay). D48E, A61 T, A89T, S1 38T, Al 39T, Gl 79S,
VI 96A, E238D, InR28@¢tr. paN0tat émbddinngt Bxracpihe sombingtloashartiso acid adbistigtionbese

am no acidg Snﬂogéés bé‘&%rﬁ&ﬁaﬂoﬁ%qﬁ Lﬁl gbﬁ%%%a%é‘ﬁoﬁgf?%%aﬂ N18R0 NI RAgd cul ar

enbodi nent reo substitutions conprises
the conbBi nE23&HR REBIHYrRATAL.( dzor-liniBe, expmnly, of gegasmid FREIngShIB TR 3GFE,

G179S, Al&ﬁg,tutgagglgsgé@mon limting exanple of a pI asm d encodi ng these
am no acid subs tu ions. Is pSE532 I’tJ cul. odi ment
thereof, the co i'l'?r pcﬂﬁt'CBqar %’ﬁ?oﬁgnegz[:iihge% u@%tcPTu'{] i BJHSO ammo a?'l suebgwﬁ e°
conbi nat i orongrfrisgfr the por(itbiagtioDaBFoupA8YTD4851 8811, AA&TBQWWB@?@@ PR3Y8G NanD
03/ 068955 Rfitid SA3pRGB4 Blasmid Bndbdind Mesdafb adid mbtst.tn@n%mm of a plasmd

encodi t hese anot, rtl cul ar

d bstit t
enbodi mEnt t her @Fog?ﬂrﬂgrt58'%%?rﬁ%gtdi"gﬁ9 @?reﬁgnﬁ’ﬁcggrﬁgp%ogﬁtg'{"?? a‘fﬁ’fﬁ%ﬁ U€hpri ses
t he conbi nednmwisesofhegeambinalidvbpf giodiBEHd)ABASE. ABIT S1SBM3GNM3IAICYPS, G1FHS,

V196A, 5 EZ3BDpodd23Ndn g lexarfolBOs- ;asm,ésléﬁgoa%%@tﬂpée%nqﬁo geiPbasLgbnencodi ng

these amno acid substitutions is pSE537. In another particul ar enbodi nent
t her eof , t A% PSEMYFEPPPER°Df anmi no acid substitutions conprises the
conbi nati on of preoufperec)culaDdBEndinfGlfieredBHE combiB&Bn oGITIBSAciPRBBlitutioAs non-

limting exampk& tﬂ%c&ntﬂ%ﬁ%ﬁbﬁr&ﬁ%&i' DEREL REFE ABSH, %93@1‘3%%@1@5?@ Whdgs s

pSE541. 10 _[n anot articul ar embodi ment 't her eof he conbination of
ani no acid %%?Qstf‘trlﬁ’ﬁ“ﬁ‘ﬁ@g eé%’ﬁﬁ?loéésp'ﬁsﬁéd E'Eﬁ?ﬂinﬂétf‘is&?”@j‘?o §7o SHPSIHS™s BusE,
A89T, 8138EF$E5§139T Gl798 V196A, E238D, P289L. Non I|mt| ng exanpl es of

pl asri ds encodi og, phiess AN Akl SUARLL LUDANBIeoRberBSER SoAalBSESSS. | 0

anot her part| cul ar e odi ment there I nat |on of am no
subst it ut i ByfieolidessegupRseitishis Qffrawied iBisARE 26 A eoFirapfaniype BeTmitinegeC alkie T,

ABI9T, $Sb38the s%%%mnﬂ%&sgené/&%&t-en&aﬁ@ Bqulnde0dT plasiidt § SE] 8@ wanal 289604) a
plasm d en(o:rqg nu%leorI (% sequerrrwlcg 8f tﬁ \%CS(HQ-S gfist. g\t/elrr%;?lﬁs ésspresented in FIGURE 1 (SEQ
ID NO:1), or a degenerate variant thereof, but which nucleotide sequence further comprises
mutations encoding a combination of amino acid substitutions at amino acid residues
corresponding to the amino acid positions of SEQ ID NO:2, such that cells of S. avermitilis
25  strain ATCC 53692 in which the wild-type aveC allele has been inactivated and that express a
polynucleotide molecule comprising the mutated nucleotide sequence are capable of
producing a class 2:1 ratio of avermectins that is reduced compared to the ratio produced by
cells of S. avermitilis strain ATCC 53692 that instead express only the wild-type aveC allele,
wherein when the class 2:1 avermectins are cyclohexyl B2:cyclohexyl B1 avermectins, the
30 ratio of class 2:1 avermectins is reduced to about 0.40:1 or less, and wherein the combination
of amino acid substitutions comprises a combination selected from the group consisting of:
(bf) DA48E, S138T, A139T, G179S, E238D; and
(bg)  Y28C, Q38R, D48E, L136P, G179S, E238D.
Non-limiting examples of a plasmid encoding the amino acid substitutions of group
35 (bf) are pSE556 and pSE569. A non-limiting example of a plasmid encoding the amino acid
substitutions of group (bg) is pSES561.



pSE551. The present invention further provides a pol ynucl eotide nol ecul e
conprising a nucleotide sequence that is otherwi se the sane as the
Streptommwedsawdssritilis aveC allele, 20 the S. averniti [PCI/IBAEC34Eene
product - encodi ng sequence of plasm d pSE186 (ATCC 209604) or the nucl eotide
sequence of the aveC ORF of S. avermtilis as presented in FIGURE 1 (SEQ
ID NO 1), or a degenerate variant thereof, but which nucl eotide sequence
further conprises nutations encoding a conbination of am no acid
substitutions at am no acid residues correspondi ng to the amno acid
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af orement i ep@d aasrrRetineci d substitutions will be readily apparent to a

person of skill Mutatlonsq thaerag/e QlleYeI O?Wegeneraga vaPan??%re fcan%(é &gﬁrgd ut?%‘gn)} é}e known

degeneracy of the genetic cod
parti cul ar aversy ¢f ést"i)meantbQﬁSt IE@UWQSG pfh@roanﬁon@P% i Qﬂ by Q@S@tﬁd@'ﬂf?@q{iﬁ'%ns are

achi eveg by—“oﬁéa@me@no@br{u@@sndaw%&&i o &QﬁQGQSbeSé?ﬁpIJy@di 'tcf'lalleﬂthas@d‘aﬁceﬁ@f As

used herei |nat| n substi t ut ons
conpri ses qiehaé’egoaﬁa? ﬁﬁgﬁ” fdeﬁ}"gdf?y such as, ea%? frﬁrgg}lce Ka® Onggﬁesretsiﬁgfont he
am no aci ds#asbst @ tarninativs codont o SW@Cregamne wiihio thecaveadele dF Pt dViethesispr esent

invention ispgl sd@o adsEdel if DES %ﬁ;ﬁb%@é wal 9@ FalRAt 5,880, 22158016 pabhtY
recited, and %qlnclu e ot her ami no a su s%({utlons or amno acid 15

del eti ons, 2687 AP Nt oM GFdeRn 2o aéla?reree TEES0RT THER9EBTSS: \Er ei n

t he ex@b5essudentidé shiiing, can also be used to generate large libraries of polynucleotides having
nucleotide sequences encoding aveC mutations.

Targeted mutations can be useful, particularly where they serve to alter one or more
conserved amino acid residues in the AveC gene product. For example, a comparison of the
deduced amino acid sequence of the AveC gene product of S. avermitilis (SEQ ID NO:2) with

30 AveC homolog gene products from S. griseochromogenes (SEQ ID NO:5) and S.
hygroscopicus (SEQ 1D NO:4), as described in U.S. Patent No. 6,248,579, indicates sites of
significant conservation of amino acid residues between these species. Targeted
mutagenesis that leads to a change in one or more of these conserved amino acid residues
may be effective in producing novel mutant strains that exhibit desirable alterations in

35 avermectin production.



resulting AveC gene product in the S. avermtilis cell yields a desirable
reduction in the ratio of B2:Bl avernectins. Miutations to the aveC allele
or degenewetod/ogsass ant t hereof can be carried out by any ofPCTaBeaBey of
known met hods, including by use of error-prone PCR, or by cassette

mut agenesis. 20 For exanple, oligonuclgotide-directed nutagenesis can be
enpl oyed to alter the sequence of the aveC allele or ORF in a defined way
such as, e.g., to introduce one or nore restriction sites, or a

term nation codon, into specific regions within the aveC allele or ORF.

Met hods such a%{g&&%ﬁw g?én%%i's g%galéfg%euus% ul, aﬁ& el b Peaffaof ex%sﬁa oot &Nt
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used to gemngb arhlaaﬁegeeglyn hfeafah@%unfbhateohv&%cb@@tor d%géiﬁhhﬂgrgsn@e?@}gl de
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| D NO 2) W|th 30 AveC ormltgj%é_gene product s g %‘é’ grl seochr O%D%gnes ( SEQ
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resi dues behUEan LARRe BRI o b 9PL Bt M AGBRAGE i qugtuegmae&@ o8
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alterati onseguratorﬁ&ewﬁﬁ A idhi mqawdwbmwmm%&ﬁé&%&% T dluBQadie248 - 28
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mut at e nucl de nol ecul es

revi ew es echni
are gener a?‘g g‘f‘ﬂ'@yg%l’"gu‘g &5%0(5'3?3 Sta étsgt?”r‘?ft%é? é‘i‘ 4m. taﬁgfu' UIAY ¥BYRII at e
avernectin obﬁlm yonditiess ®r averBectiawexdngtion b snownnin dheprte flermentptior ploddithaat , a

pol ynucl eotyide;nantdcy ﬁpdtaw Merﬁ‘m@”ﬁ@-%ﬁﬁly @P%Qﬂ@tbt@@ paw@&me rﬁ&edﬂ%sfbed by
conplenenthgaa stral 1S I N | C ﬁveC ene een

i nact i vat e§oPgegpide 'é?ﬁt%Ueﬁe‘???z@??wgvf%‘?f%a%)””%%f?&d&? guclee ea{”?{%%‘?eﬁ mting
met hod, t heapabteadfeddypirigythel di2d3dt fatike ofl venoéatios) | iecludingsysiE18% hSENSD k231,

expr essjon d! r e cLat h: 0 r e tory
fzg mﬁFgﬁ?ﬂﬁqasﬁ%% Bbhighe p 'aRe 'eQé?ndM[éd in0B&:tBN S RIow! EBhS

el enen al so re era Iy c ri ses one or nore drug
resi st anceexij%ﬁ{%%"fts\i‘)c“amalsﬂw ‘feéﬁorss?é? EetqdInFIGUREBansf ormed cell's. This vector
i s then transformgds thebremsatidned hre&bds:e‘lthspmsenngvétmmmtemlamnequetagsmgnd

transfor meq, Gely éonawmﬁee'nf‘eﬁﬁaegre%%ycyuptp flee nw.thaggaaaeﬁan@t ErlShieala! i on

medi a under conditions that rmt "or 1 nduce aver 1on, 15 for
exanpl e, byitiayen BiﬂPrn@PE?ﬁﬁfr‘t%rfﬁWQF'@ PSEHPUBISUSHBAIAS O e F?étm@euptﬁwrsafﬁd
cul turigsg usteein TABLE 1, or methylthiolactic acid, can also used.

Once a mutated polynucleotide molecule that modulates avermectin production in a
desirable direction has been identified, the location of the mutation in the nucleotide sequence
can be determined. For example, a polynuclectide malecule having a nucleotide sequence
encoding a mutated AveC gene product can be isolated by PCR and subjected to DNA

30 sequence analysis using known methods. By comparing the DNA sequence of the mutated
aveC allele to that of the wild-type aveC allele, the mutation(s) responsible for the alteration in
avermectin production can be determined. For example, S. avermitilis AveC gene products
comprising either single amino acid substitutions at any of residues 55 (S55F), 138 (S138T),
139 (A139T), or 230 (G230D), or double substitutions at positions 138 (S138T) and 139

35  (A139T or A139F), yielded changes in AveC gene product function such that the ratio of class

2:1 avermectins produced was altered {see Section 8, below), wherein the recited amino acid



optimal conditions for avernectin production as known in the art.
Fernmentati on products are then analyzed by HPLC to determine the ability
of the mmwetoswe§9ss ynucl eoti de nol ecul e to conpl enent the PoagBox@B4s.
Several plasm d vectors bearing nutated pol ynucl eoti de nol ecul es capabl e
of reducing the B2:Bl ratio of aver rrectzg i ncl udi ng pSE188, pSE199,
pSE231, 20 pSE239, and pSE290 t hrough p E297 are exenplified in Section
8.3, below. Other exanples of such plasm d vectors are recited in Fl GURE
6. Any of the aforenmentioned nethods of the present invention can be
carried ou tatio ur f | nted with
cycl ohexané %:ftsz %Om% éﬁﬁg{é tg%)ée %F%ﬁ’k eFI rqa Er%o%[ ﬁgtzé H-FFJ}O%HF tfgg
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TABLE 1, ocklas®ethyl tdsbolopchictmastihgd, can ahmswed(z OsessTanaut/aliess; (3)

st rabl o ST ELIRERE @“?#?sr%gﬁb?h%i‘d%ﬁ”%‘f Q%T%&‘igf bRE e 2t i n
t he nucbeotT)dé&13B¢UeMHR298AN [be deesanti inedtionFeroviseaniilyejnea (4901 ydviliohaot i de

nol ecul e h%Mr‘nHQat@né"M%nﬁ&fth%ﬁ@r@‘éﬁ&ﬁrﬁto r@quEQmer&ch@weQ}fltB@tc?goréYﬁ§1g@d@%fpr oduct
can be isol ated

bg and subje ed t ence anal ysi s using
known et hBHPsrmeﬁSV CONPEPT G PEaTeN 5%‘8%59@1%@ rS‘F'te NeRRPSPY “eill%C al l el e to
that of the wil dsusgencesire Bealfdrehantionduaesipationson (ch ps Ae39T0NSIdIE thefodgind! he

al terationgjh, a%%éf&%t dy@ 1Y eOQHé‘rtdeQBna%@ﬁ m%hqrﬂrﬁ‘sr &8 is BRHNEXAY

agﬁg S.
avermtllls AveC gene products conprising either am no am@

subst i t'0t i §Kicatgg PagiPn ‘r"h'F'?egi talﬁé’éa@B‘e('SSB?ﬁﬁ))” 1§%§9@§TSST)SEQ PMOZNIYT) | or
230 (GZSOD)aonmptndéotﬂﬂb\&ecsubsrﬁa tibitnb Oe)! &dsidp® Sihtch aBslacks 8hé S8 ) ancind adid9 35

(A139T or A&gs%%F)whnchﬁh%%Q rﬁg}@g%gor{r@(ﬁvec gene product function such that

the ratio o avernecti ns produced was altered (see Section 8,
bel ow) , wher ei nAf H&°Y REPIR-UNSMPH STEL AHIVEy @5/ 6BrPYRCTIPECEPl (BYS S- - 29

posi tions @wrmeﬁqoaﬂdné@mbhesm Pres@ndrasbldidtl FoeUREDtle (MTrsuie D RS Blesertt N
addi {198 Myph Bb@NLIE o8 UFR. SATRL 2L 0N b TRLBL, 008 UKL RIRp peen

shown to e ectlve vernectl ns
D4SE/ ASOT; O zdwerswsammas@m/ sbpigion(ig)refergB iy B IGRMERGEDE Radipular position

F99S/ 3138T/o%ﬂr3§>$ﬁdlr@1t39$at 62 sp%l;;ﬁ@-ﬁbmw&ﬁa_mmﬁ @bld@éﬁdu\é/d?w—m l50(27ﬁ1|s is
A139T/ K154E/ Sén% rg\;er L esent r ovi

addi ti onal ! T e A TR R T A

cycl ohexyl p@ﬂﬂ@ywml@hmwkl“m@ftﬁam icen glicklyvieterngitg bngefergnek tohts earzine agid esent ed

| Pl GHRE Goqulbel fisbitednirankbecampRided ¢lains. As used herein, the
af orenenti oned desi %%tl on suc

ndct(?theo n am no
acid residue by 8i'igt 88t t"‘@?red%off:g%ﬂ”itatyﬂns Wh%hSWVFﬁ IR seng %’?‘i”?ral ani ne
(A), at thewtalionsi ardiredtteds pose thapges whepehific nudidviide exsdtiops é ihs qre€idielon 139
(referring: aoges%m.Ad}oNQa&uné}fn&@@t,d@%om&gt éﬁ&omthsﬁw% -1, hfr' v%@}enQ aC' d

resi due which rg%% aces the ori gl nal ‘amno acid residue, which inth
exanpl e i s "WHFESHATER Hi")the EC FUedeyis REPRYISS refRpedt '8 2 n oé’ﬁ?Ff?Bd”é‘ﬁ:‘ioda P%’Eﬁ“@ﬂe
encode@5by nadtectideefiosiibh &l 8EQ D Nae1, Sthis iqinganded iol refer hihe modaitiee atthe isama@ vect or

or isolat eqalaﬁ’i% M@é{ﬁ\lw ﬁ'pﬁw!a g@e@ﬁlhc%%eese%[]erﬁg%r Qrdgéé?’I@Fate variant thereof, which the
skilled artisan can quickly determine by reference to the nucleotide sequence presented
herein as SEQ ID NO:1.
As used herein to refer to ratios of cyclohexyl B2:cyclohexyl B1 avermectins, the term
30  "about" refers to the specifically stated numerical value plus or minus 10% of that stated value.
A polynucleotide molecule of the present invention may be "isolated”, which means
either that it is: (i) purified to the extent that it is substantially free of other polynucleotide
molecules having different nucleotide sequences, or (ii) present in an environment in which it
would not naturally occur, e.g., where an aveC allele from S. avermitilis, or a mutated version
35 thereof, is present in a cell other than a cell of S. avermitilis, or (iii) present in a form in which it

would not naturally occur, e.g., as a shorter piece of DNA, such as a restriction fragment



15 invention is referred to as "corresponding to" a particular amno acid
residue of SEQ ID NO 2, or where an amno acid substitution is referred to
as occur rwpg3asssas parti cul ar position "correspondi ng to" PChABO3Nf0348
specific nunbered am no acid residue of SEQID NGO 2, this is intended to
refer to the amno acid residue at thessame relative location in the AveC
gene product, which the skilled artisan can quickly determ ne by reference
to the amino acid 20 sequence presented herein as SEQ ID NO 2. As used
herein, where specific mutations in the aveC allele encoding particular

mut ations are.r h ions in
The aveC afPes ol 85 pasdtabnE RS Bha hEl ke E; B S8R PTC
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di g-eSt qgegl Otﬂe Iy&‘, gﬁker I @d\ V%mtamgg 8? ]’i] raeg]{rr1p§ I asvlferi}]rgtlllgr(:glgor?hﬂ qg%éretse ? aveC

codi ng r'si associ at ed
r egul at or y inserdige fuctber nrdvisies piciorpeonapsising g bglmgﬁttdeynqlwle GPapEsihg anyatgd
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(other than a cel

pl asmi d or pgy’b‘ﬁ'ﬁﬁt@e %?'eﬁuﬁt%ﬁr%t?éﬁ then % aVFW@”’% C%@??ﬁ'? ?%f’c %%Pgﬁlﬁsagﬁé at a

| ocus ot hepgereharto b akin@inet hgsanzly.ve aveC allele. The present invention

furthenoprovi deg, 2 nbefRIRY mwdmve%@ttm VSRR b gbMreBiacdny DetsdraRdiicghe pEO! ecul e
of the present invention. reconbi nant vector can be used to  target

any of t heY38! 9 ser édpyiged ﬁ‘fﬂ @'ﬁ'lee% degrmsrai s YRR eY @4°HYY Bots A€S¥lquences
of the 10 pwesiemtinto metnbi ansttad dthe. sivdreitity, thdrebyayer€ratihd @beel slraibh of S.
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Section 8 below.

The present invention further provides vectors that can be used to insert a mutated

aveC allele or degenerate variant thereof into cells of a strain of S. avermitilis to generate

30 novel strains of cells that produce altered amounts of avermectins compared to cells of the

same strain which instead express only the wild-type aveC allele. In a preferred embodiment,

the amount of avermectins produced by the cells is increased. In a specific though non-

limiting embodiment, such a vector comprises a strong promoter as known in the art, such as,

e.g., the strong constitutive ermE promoter from Saccharopolyspora erythraea, that is situated

35 upstream from, and in operative association with, the aveC ORF. Such vectors can be



avernmectin bi osynthesis when inserted into the S. avermtilis chronosone at
a site other than 15 at the aveC allele, or when nmaintained episomally in
S. avermwDloi3®6s98$ | s. Thus, the present invention furthePCprNBed/@as vect ors
conprising a polynucl eotide nolecule conprising a nutated nucl eotide
sequence of the present invention, whicfj vectors can be used to insert the
pol ynucl eotide nolecule at a site in the S. avermtilis chronosone other
than at the aveC gene, or to be maintained episomally. 20 In a
non-limting enbodi ment, the vector is a gene replacenent vector that can
be used t V, I I of
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ﬁé aﬁgg aveC le. In a preferred enbodi nent,
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non- I|n1t|ngug@b@ﬂﬁﬂﬁ@bmmﬁugbv@ﬁmﬂs 5 replacenent vectors can be

constructed u5|3% ah e gpnynucle tide %%)e ul e resent, ! a§n1d
pSE180 (ATCC 20 85‘3rese iR EXE T e%aa i Sect] I 8917 BET ot aCF? GURE
3). The privepiamyses\ayaniitda ¢omprl$|@£r (pmutaiingetse geele au%@lna@eﬁeqvfta stegiit ofr 8 t hat
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sequences at n n SI U 1n ermtilis
chr ompaone BTHPHHEE 70 Brepeng KiLsCT bRt g ks che Bt tia MM EE s hown
in Fl GURE He¢<pe@td DarNax m)ereom,hmaohlnyeot/bre§ geae pheiudsedhprisinglel @ndinetie &

averm tili %m.r%va%Fé s@BﬁnunZ&ewﬂéH@ﬁ%coh@M%'o‘PQanHraEB%Gbsﬂ{u%ﬁs(?@é@teb%ﬁq cel |

conprising a gp ucl eot i nol ecul e or reconbi nant vector of the present
i nvention. @reo W%ngéaFPa@ﬁﬁ be any prokaryotic
25 The present invention further provides a method for making a novel strain of S.

avermitilis, comprising (i) mutating the aveC allele in a cell of a strain of S. avermitilis, which
mutation results in a combination of amino acid substitutions in the AveC gene product, or (ii)
introducing into a cell of a strain of S. avermitilis a mutated aveC allele or degenerate variant
thereof encoding an AveC gene product comprising a combination of amino acid substitutions,

30 wherein cells comprising the mutated aveC allele or degenerate variant are capable of
producing cyclohexyl B2:cyclohexyl B1 avermectins in a ratio of 0.35:1 or less. In a non-
limiting embodiment thereof, the mutated aveC allele or degenerate variant thereof encodes
an AveC gene product comprising a combination of amino acid substitutions selected from the
group consisting of (a) through (be) listed above:

35 In a preferred embodiment thereof, the ratio of cyclohexyl B2:cyclohexyl B1
avermectins is about 0.30:1 or less. In a non-limiting embodiment thereof, the mutated aveC
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maki Ng 28 NevRpriseé kahitaledl aveC allele or degenerate variant thereof encoding an AveC gene

product comprising a combination of amino acid substitutions selected from (a) through (be)
listed above. In a preferred embodiment thereof, the species of Streptomyces is S.
avermitilis.

The present invention further provides a cell of S. avermitilis capable of producing

" 30 cyclohexyl BZ:cyclohexyl B1 avermectins in a ratio of 0.35:1 or less. In a non-limiting

embodiment thereof, the cell comprises a mutated aveC allele or degenerate variant thereof

encoding an AveC gene product comprising a combination of amino acid substitutions
selected from the group consisting of (a) through (be) listed above.

In a preferred embodiment thereof, the ratio of cyclohexyl B2:cyclohexyl B1

35 avermectins is about 0.30:1 or less. In a non-limiting embodiment thereof, the cell comprises

a mutated aveC allele or degenerate variant thereof encoding an AveC gene product
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25 The present invention further provides a process for producing avermectins,
comprising culturing the S. avermitilis cells of the present invention in culture media under
conditions that permit or induce the production of avermectins therefrom, and recovering said
avermectins from the culture. In a preferred embodiment, the cells used in the process
produce cyclohexyl B2:cyclohexyl B1 avermectins in a ratio of 0.35:1 or less, more preferably

30 in a ratio of about 0.30:1 or less, more preferably in a ratio of about 0.25:1 or less, and more
preferably in a ratio of about 0.20:1 or less.

In a preferred embodiment thereof, cells producing cyclohexyl B2:cyclohexyl B1
avermectins in a ratio of 0.35:1 or less comprise a mutated aveC allele or degenerate variant
thereof encoding an AveC gene product comprising @ combination of amino acid substitutions

35 selected from the group consisting of (a) through (be) listed above.
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conpri spmg @nedkidh RatycRexyf B2:cyclohexyl B1 avermectins is produced by cells of a strain of S.
avermitilis that express a mutated aveC allele or degenerate variant thereof which encodes a
gene product that results in the reduction in the ratio of cyclohexyl B2:cyciohexyl B1
avermectins produced by the cells compared to cells of the same strain of S. avermitilis that
do not express the mutated aveC allele but instead express only the wild-type aveC allele.

30 In a preferred embodiment thereof, where the composition is cyclohexyl B2:cyclohexyl
B1 avermectins in a ratio of 0.35:1 or less, the composition is produced by cells comprising a
mutated aveC aliele or degenerate variant thereof encoding an AveC gene product comprising
a combination of amino acid substitutions selected from the group consisting of (a) through
(be) listed above.

35 In a further preferred embodiment thereof, where the composition is cyclohexyl
B2:cyclohexyl B1 avermectins in a ratio of about 0.30:1 or less, the composition is produced
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25  substantially purified from the culture fluid by known blochemical techniques of purification,
such as by ammonium sulfate precipitation, dialysis, size fractionation, ion exchange
chromatography, HPLC, efc.

In addition to making novel strains of S. avermitilis comprising cells that are capable
of producing reduced ratios of cyclohexyl B2:cyclohexyl B1 as described above, the present

30 invention contemplates that additional mutations can be incorporated into cells of S. avermitilis
to further improve characteristics of avermectin production. In a non-limiting embodiment,
cells of the present invention can further comprise modifications to increase the production
level of avermectins. In one embodiment, such cells can be prepared by (i) mutating the aveC
allele in a cell of S. avermitilis, or (i) introducing a mutated aveC allele or degenerate variant

35 thereof into cells of a strain of S. avermitilis, wherein the expression of the mutated allele

results in an increase in the amount of avermectins produced by cells of a strain of S.
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The avermectin compounds produced according to the present invention are also

useful in treating ectoparasitic infections including, e.g., arthropod infestations of mammals
30 and birds, caused by ticks, mites, lice, fleas, blowflies, biting insects, or migrating dipterous
larvae that can affect cattle and horses, among others.

The avermectin compounds produced according to the present invention are also
useful as insecticides against household pests such as, e.g., the cockroach, clothes moth,
carpet beetle and the housefly among others, as well as insect pests of stored grain and of

35 agricultural plants, which pests include spider mites, aphids, caterpillars, and orthopterans

such as locusts, among others.
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25 As an alternative, an avermectin compound produced according to the present
invention can be administered in combination with animal feedstuff, and for this purpose a
concentrated feed additive or premix can be prepared for mixing with the normal animal feed.

For use as an insecticide, and for treating agricultural pests, an avermectin compound
produced according to the present invention can be applied as a spray, dust, emulsion and the

30 like in accordance with standard agricultural practice.

6. EXAMPLE: FERMENTATION OF STREPTOMYCES
AVERMITILIS AND B2:B1 AVERMECTIN ANALYSIS

Strains lacking both branched-chain 2-oxo acid dehydrogenase and 5-O-

35 methyltransferase activities produce no avermectins if the fermentation medium is not

supplemented with fatty acids. This example demonstrates that in such mutants a wide range
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and analyzed by HPLC with a Hewlett-Packard 1090A liquid chromatograph equipped with a

scanning diode-array detector set at 240 nm. The column used was a Beckman Ultrasphere
25 C-18, 5 um, 4.6 mm x 25 cm column maintained at 40°C. Twenty-five pi of the above
methanol solution was injected onto the column. Elution was performed with a linear gradient
of methanol-water from 80:20 to 95:5 over 40 min at 0.85/ml min. Two standard
concentrations of cyclohexyl B1 were used to calibrate the detector response, and the area
under the curves for B2 and B1 avermectins was measured.
30 6.2. Results
The HPLC retention times observed for the B2 and B1 avermectins, and the 2:1

ratios, are shown in TABLE 1.
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The data presented in TABLE 1 demonstrates an extremely wide range of B2:B1

avermectin product ratios, indicating a considerable difference in the results of dehydrative

conversion of class 2 compounds to class 1 compounds, depending on the nature of the fatty

acid side chain starter unit supplied. This indicates that changes in B2:B1 ratios resulting from

alterations to the AveC protein may be specific to particular substrates.

Consequently,

screening for mutants exhibiting changes in the B2:B1 ratio obtained with a particular

substrate needs to be done in the presence of that substrate. The subsequent examples

10

described below use cyclohexanecarboxylic acid as the screening substrate. However, this

substrate is used merely to exemplify the potential, and is not intended to limit the applicability,

of the present invention.
7. EXAMPLE: ISOLATION OF THE aveC GENE

This example describes the isolation and characterization of a region of the

15

Streptomyces avermitilis chromosome that encodes the AveC gene product.

As

demonstrated below, the aveC gene was identified as capable of modifying the ratio of

cyclohexyl-B2 to cyclohexyl-B1 (B2:B1) avermectins produced.



3-Trifluoronethyl butyric acid 10.9 18.8 3.9 2-Methyl pentanoic acid 14.5
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5 conversion of class 2 conpounds to clgss 1 conpounds, depending on the
nature of the fatty acid side chain starter unit supplied. This indicates
that changes in B2:Bl ratios resulting from alterations to the AveC
protein may be specific to particular substrates. Consequently, screening
for nutants exhibiting changes |!th Eei E§”§ %t][Fetﬁtd 0 obtained with a
particul ar substrate needs t oL f sence of that substrate.
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were resuspended in 1 mi TSE buffer, concentrated by centrifugation at 3,000 rpm for 5 min,
and the supernatant removed. Cells were resuspended in 1 ml TSE buffer containing 2 mg/mi
lysozyme, and incubated at 37°C with shaking for 30-60 min. After incubation, 0.5 ml 10%
25 sodium dodecyl sulfate (SDS) was added and the cells incubated at 37°C until lysis was
complete. The lysate was incubated at 65°C for 10 min, cooled to rm temp, split into two 1.5
ml Eppendorf tubes, and extracted 1x with 0.5 ml phenol/chloroform (50% phenol previously
equilibrated with 0.5 M Tris, pH 8.0; 50% chloroform). The aqueous phase was removed and
extracted 2 to 5x with chloroform:isoamyl alcohol (24:1). The DNA was precipitated by adding
30  1/10 volume 3M sodium acetate, pH 4.8, incubating the mixture on ice for 10 min, centrifuging
the mixture at 15,000 rpm at 5°C for 10 min, and removing the supernatant to a clean tube to
which 1 volume of isopropanol was added. The supernatant plus isopropanol mixiure was
then incubated on ice for 20 min, centrifuged at 15,000 rpm for 20 min at 5°C, the supernatant
removed, and the DNA pellet washed 1x with 70% ethanol. After the pellet was dry, the DNA
35 was resuspended in TE buffer (10 mM Tris, 1 mM EDTA, pH 8.0).



Separation Systens, Natick, MA), and genom c DNA isol ated using Cycle 159
(equi prent software) according to manufacturer's instructions. 20

Al t er nat iwelog/ 068531 of mycelia were placed in a 17 nmm x 1@OTIBIYWBE, t he
cells concentrated by centrifugation at 3,000 rpmfor 5 mn, and the
supernatant removed. Cells were resuspended in 1 nl TSE buffer,
concentrated by centrifugation at 3,000 rpmfor 5 mn, and the supernatant
renoved. Cells were resuspended in 1 m TSE buffer containing 2 ng/m

| ysozynme, and incubated at 37C with shaking for 30-60 mn. After
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buf f er BontS&ithionds-30 miy aruntilreosoHiien wanmelearn Satiam @égetale (37 @34, PRIoH-&iweswi t h
shaki ng angddéoBdRADNA E8utioh SwifitH R4eeRerdBlbited bh QeERbETh IC | e DNACsAhdisso0l at i on
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the cells were resuspen 3% sucrose and concentr at ec
cent ri f39gatavenremovedito agpen krrpnierf tu® serroprarAld0 ¥ hE)AsedARe: ard thaiseletipnded.
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| ysozyme, and .l nc t at 37C_far 30 mn. After incubatiaon .  0.25 m

ol kel | ne. SEETTHOGAAEDP P e M ol e BirePehdemal et h bt BRep sy s
55C for 15-v88 washredayith deikiethatdialrisdland resnspaadeddt EabuffeSodi um acetate (0.1 mi,
3M pH 4.8) was added to {hge ERYMSIPNA s8Bto\BlofEWRF then incubated on ice
for 10 mn. The DNA sanples were cCentrifu O rpmfor 1 in at

. ged at 14,00 . 10
5C. Th eZSSuper n at%ﬁlf\gl%@@fg% e% §94 cQlopy qnes Inoculated into 5 ml Luria-Bertani (LB
medium (Bacto-Tryptone - 10 g, Bacto-yeast extract - 5 g, and NaCl - 10 g in 1 liter dH,O, pH

7.0, autoclaved at 121°C for 25 min, and supplemented with 100 pg/ml ampicillin). The
culture was incubated overnight, and a 1 ml aliquot placed in a 1.5 ml microcentrifuge tube.
The culture samples were loaded into the AutoGen 540™ automated nucleic acid isolation

30 instrument and plasmid DNA was isolated using Cycle 3 (equipment software) according to
manufacturer's instructions.

7.1.5. Preparation And Transformation
Of S. avermitilis Protoplasts

Single colonies of S. avermitilis were isolated on 1/2 strength YPD-6. The mycelia

35 were used to inoculate 10 ml of TSB medium in a 25 mm x 150 mm tube, which was then



tube, and 0.2 m phenol: chl orof orm (50% phenol : 50% chl orof orm was added
and gently mxed. The DNA solution was centrifuged at 14,000 rpm for 10
m n at 5Cvarvd/osdees upper 20 | ayer renoved to a cl ean EppenaomfiBoaina4s

| sopropanol (0.75 m) was added, and the solution was gently m xed and
then incubated at rmtenp for 20 mn. The DNA solution was centrifuged at
14,000 rpmfor 15 mn at 5C, the supernatant renoved, and the DNA pell et
was washed with 70% et hanol, dried, and resuspended in TE buffer. 7.1.4.
Plasmd DNA Isolation FromE. coli 25 A single transformed E. coli col ony
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A vial containing 1 x 10° protoplasts was centrifuged at 8,000 rpm for 10 min, the

25  supernatant was removed, and the protoplasts were resuspended in 0.1 ml P buffer. Two to 5

ng of transforming DNA were added to the protoplasts, immediately followed by the addition of

0.5 ml working T buffer. T buffer base contains: PEG-1000 (Sigma) - 25°g; sucrose - 2.5 g;

H,O - 83 ml. The pH was adjusted to 8.8 with 1 N NaOH (filter sterilized), and the T buffer

base was filter-sterilized and stored at 4°C. Working T buffer, made the same day used, was

30 T buffer base - 8.3 ml; K;PO,4 (4 mM) - 1.0 ml; CaCl, - 2H,0 (5 M) - 0.2 ml; and TES (1 M, pH
8) - 0.5 ml. Each component of the working T buffer was individually filter-sterilized.

Within 20 sec of adding T buffer to the protoplasts, 1.0 ml P buffer was also added
and the protoplasts were centrifuged at 8,000 rpm for 10 min. The supernatant was discarded
and the protoplasts were resuspended in 0.1 ml P buffer. The protoplasts were then plated on

35 RM14 media, which contains: sucrose - 205 g; K;SO; - 0.25 g; MgCl, © 6H,0 - 10.12 g;



determ ne extent of protoplast formation. Wien protoplast formati on was
conplete, the protoplasts were centrifuged at 8,000 rpmfor 10 mn. The
super nat awD osaes9senoved and the 20 protopl asts were resuspemdnae/ioa4sl0 m P
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cryogenic vials (Nalgene). A vial containing 1 x 109 protoplasts was
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Streptonyi ces |iyLdang, I?‘ﬁ&;tel%ré 9‘%1{% 1]7§st§en8 '?ﬁodé“r%h Wi@‘k v§a‘?é 91}5 L fled, iy 4t he

John I nnes Institute, |ons In some
cases. Met Kol §chfipes G?fﬁ%%'i‘ﬂl ﬁdﬁsf’ffpé?form Bef WQ a”[ért‘ﬁ? éﬁP@sW%ﬁgbea%d Preform
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Mani pul % i Q\IégS’Ja) - 20 g/L; Pharmamedia - 15 g/L; Ardamine pH - 5 g/L (Champlain Ind., Clifton, NJ),
CaCO; - 2 g/L; 2x bcfa (“bcfa” refers to branched chain fatty acids) containing a final
concentration in the medium of 50 ppm 2-(+/-)-methyl butyric acid, 60 ppm isobutyric acid, and
20 ppm isovaleric acid. The pH was adjusted to 7.2, and the medium was autoclaved at
121°C for 25 min.

30 The tube was shaken at a 17° angle at 215 rpm at 29°C for 3 days. A 2-ml aliquot of
the seed culture was used to inoculate a 300 ml Erlenmeyer flask containing 25 ml of
production medium which contains: starch (either thin boiled starch or KOSO) - 160 g/L;
Nutrisoy (Archer Daniels Midland, Decatur, IL) - 10 g/L; Ardamine pH - 10 g/L; K;HPO, - 2 g/L;
MgS0,.4H,0 - 2 g/L; FeSO,.7H,O - 0.02 g/L; MnCl, - 0.002 g/L; ZnSO,.7H,0 - 0.002 g/L;

35 CaCOj;- 14 g/L; 2x befa (as above); and cyclohexane carboxylic acid (CHC) (made up as a



Streptonyces, A Laboratory Manual, John Innes Foundation, Norw ch, UK,
and perfornmed as described therein. Plasm d DNA was isolated fromsS.

l'i vi dans woansésIssrant s as described in 20 Section 7.1.3, PaboBes/003481. 7.
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Cosm d cl ongs ia&émrrr%rﬁﬂ}%nﬂﬁ@*réb‘ﬂw&é@&l ytl% Fgéﬂdragoof eghops waee/Ewiemtl fied

by hybridization to a f ragnment from EX26 le y
fragment was labeled with [oc- dCTP (deoxycytidine  &’-triphosp ate te

(triethylammonium) salt, [alpha-**P]-) (NEN-Dupont, Boston, MA) using the BRL Nick
25  Translation System (BRL Life Technologies, Inc., Gaithersburg, MD) following the supplier’s

instructions. A typical reaction was performed in 0.05 ml volume. After addition of 5 ul Stop

buffer, the labeled DNA was separated from unincorporated nucleotides using a G-25
Sephadex Quick Spin™ Column (Boehringer Mannheim) following supplier's instructions.

Approximately 1,800 cosmid clones were screened by colony hybridization. Ten

30 clones were identified that hybridized strongly to the Sacc. erythraea KS probe. E. coli

colonies containing cosmid DNA were grown in LB liquid medium and cosmid DNA was

isolated from each culture in the AutoGen 540™ automated nucleic acid isolation instrument

using Cycle 3 (equipment software) according to manufacturer's instructions. Restriction

endonuclease mapping and Southern blot hybridization analyses revealed that five of the

35 clones contained overlapping chromosomal regions. An S. avermitilis genomic BamHlI
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resistant transformants of strain 1100-SC38 were isolated and analyzed by HPLC analysis of

fermentation products. Transformants of S. avermitilis strain 1100-SC38 containing pSE119

30 produced an altered ratio of avermectin cyclohexyl-B2:cyclohexyl-B1 of about 3.7:1 (TABLE
2). '

Having established that pSE119 was able to modulate avermectin B2:B1 ratios in an

AveC mutant, the insert DNA was sequenced. Approximately 10 ug of pSE119 were isolated

using a plasmid DNA isolation kit (Qiagen, Valencia, CA) following manufacturers

35 instructions, and sequenced using an ABI 373A Automated DNA Sequencer (Perkin Elmer,

Foster City, CA). Sequence data was assembled and edited using Genetic Computer Group
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A ~1.2 Kb fragment containing the aveC ORF was isolated from S. avermitilis

25  chromosomal DNA by PCR amplification using primers designed on the basm of the aveC
nucleotide sequence obtained above. The PCR primers were supplied by Genosys
Biotechnologies, Inc. (Texas). The rightward primer was: 5-TCACGAAACCGGACACAC-3'
(SEQ ID NO:6); and the leftward primer was: 5- CATGATCGCTGAACCGAG-3’ (SEQ ID
NO:7). The PCR reaction was carried out with Deep Vent™ polymerase (New England

30 Biolabs) in buffer provided by the manufacturer, and in the presence of 300 uM dNTP, 10%
glycerol, 200 pmol of each primer, 0.1 ug template, and 2.5 units enzyme in a final volume of
100 pl, using a Perkin-Elmer Cetus thermal cycler. The thermal profile of the first cycle was
95°C for 5 min (denaturation step), 60°C for 2 min (annealing step), and 72°C for 2 min
(extension step). The subsequent 24 cycles had a similar thermal profile except that the

35  denaturation step was shortened to 45 sec and the annealing step was shortened to 1 min.
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confirnmed kyndi@sbhttCcti on analysis. This pI asm d was designated as pSE179.
The insert DNA from pSE179 was i sol ? tsdi gesti on wi th BanmH / Xbal ,
ie

separated by el ectrophoresis, puri m the g and i %at ed w t h
shuttle vector PVEMED SeaVRamHiZaomed f@%@gﬁié%ﬁvaal'@ﬁgpé@%wwn 2RsPT™RBal , in
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was confi rﬁ%bé(veFrﬁéénﬁ 'd‘éErler@d t@%bmsg 1. Thisbfehhardtion anibdic br wasfdiesignat ed
as pSE186 (Fl GURE 2 096 s .15 Iééansformad into E. coli DML, and

pl asmi d DNAU{KARS Weﬁfdﬂdétﬁee‘aeﬁer‘“berﬁf [RPIPIMNg PR8i st ant  transformants.
The 2.9 Kb pSE119 fragment was sequenced and a ~0.9 Kb ORF was identified

25 (FIGURE 1) (SEQ ID NO:1), which encompasses a Pstl/Sphl fragment that had previously
been mutated elsewhere to produce B2 products only (lkeda et al., 1995, above). A
comparison of this ORF, or its corresponding deduced polypeptide, against known databases
(GenEMBL, SWISS-PROT) did not show any strong homology with known DNA or protein
sequences.

30 TABLE 2 presents the fermentation analysis of S. avermitilis strain 1100-SC38

transformed with various plasmids.



7.2. Results A 2.9 Kb Sacl/BanH fragnment from pSE119 was identified that,
when transfornmed into S. avermtilis strain 1100-SC38, significantly

al tered twe mwat4965 of B2: Bl avermectin 20 production. S. R€&IBI¥G0B4SS strain
1100-SC38 nornal ly has a B2: Bl ratio of about 30:1, but when transforned
with a vector conprising the 2.9 Kb Sa%/BanHl fragment, the ratio of

B2: B1 avernectin decreased to about 3 1. Post-fernentation anal ysis of
transformant cultures verified the presence of the transform ng DNA The
2.9 Kb pSE119 fragnent was sequenced and a -0.9 Kb ORF was identified 25
(FIGURE 1) (SEQ ID NG 1), which enconp a Pstl/Sphl fragnment that had
previously been rrut ated el sewhere to—%ﬁ—%—%ce B2 products only (I keda et

al . , 1995, abo €O PaTr q,oun Of—ts ILD CoT1¢€ pUFrU| ng deduced
pol ypepti de, aEal nst KASHAHSHBEs es (<£m¢25{ ROT@) ot show
any strong honpl ogy (trnsforkyirapiasinid) or protei n' “sequenceb E 2
presents the flernentation analysis of S| avermtilis styai ﬁatPlOO SC38
transforned wi fh varioose3plaseai ds. WO 03/ 0689559 PCT/ | BOB/ 08B | 48 TABLE 2
S. avermtilisfpstrain No._ Transformants!Avg. (fra_ng_f_g_r__m_n_%_p_l_as’ri d) Tested
B2:B1 Ratio ih 00- 13@9@%3%&%')“\/@ 30. 66 |1100- sc%s _(pVHMVB) 1331.B

1100- SC38 ( pSHt19) =SC38 \p\ sETE8)—12 304 t1007SC38| ( pSE185)
14 27.9 5 8. EXAWP 20%888\1%@9 $. AVERMTI LIS AveC MUTANTS Thi s
exanpl e descripes theosens gt g)on of sgveral diofferent|S. savernjtilis AveC
mut ants using fhe conpositions and nethods described abpve. A geher al
description of]| tech®P§E88 (1S518%)nt r oduciing mut a4 ons i nfo &7§ene|in

St rept onyces | s—deser-bed—by—k-eser—anrd—+o—Hepweet—3199+—Meth—Enzym

204: 430-458. A nore detailed description is provided by Anzai et al.,

1988, J.. Antibiot. XLI(2):,2 {hZg@n- Engwal | et al., 1992, J.
Bact eri ol . 174(1): 144- 154" %@gﬁﬁ;&%@i?p‘u%Tﬂnﬁl ncorporat ed herein by
reference in their entiret The avermtilis aveC
Gene AveC nut ant@'%@ﬁ‘f"ﬁl‘anﬁ’%@”qeﬁé&? |°9‘1§fr%‘2ﬁ'°'é\f’éée\geéﬂe%ﬁ‘iﬁ%’}*e§ cORGIHISAVEE usi ng
several 15uRithosksy theScobpbatidne Gnb@leftids described above. A general description of

techniques for introducing mutations into a gene in Streptomyces is described by Kieser and
10  Hopwood, 1991, Meth. Enzym. 204:430-458. A more detailed description is provided by Anzai
et al., 1988, J. Antibiot. XLI(2):226-233, and by Stutzman-Engwall et al., 1992, J. Bacteriol.

174(1):144-154. These references are incorporated herein by reference in their entirety.

8.1. Inactivation Of The S. avermitilis aveC Gene

AveC mutants containing inactivated aveC genes were constructed using several
15  methods, as detailed below.
In the first method, a 640 bp Sphl/Pstl fragment internat to the aveC gene in pSE119
(plasmid described in Section 7.1.9, above) was replaced with the ermE gene (for
erythromycin resistance) from Sacc. erythraea. The ermE gene was isolated from plJ4026
(provided by the John Innes Institute, Norwich, U.K.; see also Bibb et al., 1985, Gene 41:357-
20  368) by restriction enzyme digestion with Bg/ll and EcoRl, followed by electrophoresis, and
was purified from the gel. - This ~1.7 Kb fragment was ligated into pGEM7Zf (Promega) which
had been digested with BamHl and FcoRl, and the ligation mixture transformed into
competent E. coli DH5a cells following manufacturer's instructions. Plasmid DNA was
isolated from ampicillin resistant transformants, and the presence of the ~1.7 Kb insert was
25  confirmed by restriction analysis. This plasmid was designated as pSE27.
pSE118 (described in Section 7.1.9, above) was digested with Sphl and BamH|, the
digest electrophoresed, and the ~2.8 Kb Sphl/BamHI insert purified from the gel. pSE119 was
digested with Pstl and EcoRl, the digest electrophoresed, and the ~1.5 Kb Pstl/EcoRl insert
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E. coli DH5a cells. Plasmid DNA was isolated from ampicillin resistant fransformants and the
presence of the correct insert was confirmed by restriction analysis. This plasmid, which was
designated as pSE184, was transformed into E. coli DM1, and plasmid DNA isolated from
30 ampicillin resistant transformants. This plasmid was used to transform protoplasts of S.
avermitilis strain SE180-11.  Protoplasts were prepared from thiostrepton resistant
transformants of strain SE180-11 and were plated as single colonies on RM14. After the
protoplasts had regenerated, single colonies were screened for the absence of both
erythromycin resistance and thiostrepton resistance, indicating chromosomal integration of the
356 inactivated aveC gene and loss of the free replicon containing the ermE gene. One Erm®

Thio® transformant was identified and designated as SE184-1-13. Fermentation analysis of
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pSE185 was used to transform protoplasts of S. avermitilis to generate a frameshift
mutation in the chromosomal aveC gene. Protoplasts were prepared from thiostrepton
resistant transformants and plated as single colonies on RM14. After the protoplasts had
30 regenerated, single colonies were screened for the absence of thiostrepton resistance.
Chromosomal DNA from thiostrepton sensitive colonies was isolated and screened by PCR
for the presence of the frameshift mutation integrated into the chromosome. The PCR
primers were designed based on the aveC nucleotide sequence, and were supplied by
Genosys Biotechnologies, Inc. (Texas). The rightward PCR primer was: 5-
35 GCAAGGATACGGGGACTAC-3’ (SEQ ID NO:10) and the leftward PCR primer was: 5-
GAACCGACCGCCTGATAC-3 (SEQ ID NO:11), and the PCR conditions were as described
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25 presence of erythromycin resistance was determined, and Thio" Erm" transformants were
analyzed by HPLC analysis of fermentation products. The presence of the functional aveC
gene in trans was able to restore normal avermectin production to strain SE180-11 (FIGURE
5B).

8.2. Analysis Of Mutations In The aveC
30 Gene That Alter Class B2:B1 Ratios

As described above, S. avermitilis strain SE180-11 containing an inactive aveC gene

was complemented by transformation with a plasmid containing a functional aveC gene
(pSE186). Strain SE180-11 was also utilized as a host strain to characterize other mutations
in the aveC gene, as described below.

35 Chromosomal DNA was isolated from strain 1100-SC38, and used as a template for
PCR amplification of the aveC gene. The 1.2 Kb ORF was isolated by PCR amplification
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at a B2: Bl rati oA %uta?on in ¥he a:\B/QC %iene was identified that changes nt position 588 from G to A,
which changes the amino acid at position 139 from alanine (A) to threonine (T). The aveC
25  gene containing the A139T mutation was subcloned into pWHM3 to produce a plasmid which
was designated pSE188, and which was used to transform protoplasts of S. avermitilis strain
SE180-11. Thiostrepton resistant transformants of strain SE180-11 were isolated, the
presence of erythromycin resistance was determined, and Thio" Erm’ transformants were
analyzed by HPLC analysis of fermentation products. The presence of the mutated aveC
30 gene encoding a change at amino acid residue 139 (A139T) was able to restore avermectin
production to strain SE180-11 (FIGURE 5D); however, the B2:B1 ratio was about 0.94:1,
indicating that this mutation reduces the amount of cyclohexyl-B2 produced relative to
cyclohexyl-B1. This result was unexpected because published results, as well as the results
of mutations described above, have only demonstrated either inactivation of the aveC gene or

35 increased production of the B2 form of avermectin relative to the B1 form (TABLE 3).
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analysis and DNA sequence analysis. This plasmid DNA was transformed into £. coli DM1,

plasmid DNA was isolated from ampicillin resistant transformants, and the presence of the
correct insert was confirmed by restriction analysis. This plasmid, which was designated as
pSE199, was used to transform protoplasts of S. avermitilis strain SE180-11. Thiostrepton
30 resistant fransformants of strain SE180-11 were isolated, the presence of erythromycin
resistance was determined, and Thio" Erm’ transformants were analyzed by HPLC analysis of
fermentation products. The presence of the mutated aveC gene encoding a change at amino
acid residue 138 (S138T) was able to restore normal avermectin production to strain SE180-
11; however, the B2:B1 ratio was 0.88:1 indicating that this mutation reduces the amount of
35 cyclohexyl-B2 produced relative to cyclohexyl-B1 (TABLE 3). This B2:B1 ratio is even lower
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determined, and Thio" Erm' transformants were analyzed by fermentation. The presence of
the double mutated aveC gene, encoding S138T/A139T, was able fo restore normal
avermectin production to strain SE180-11; however, the B2:B1 ratio was 0.84:1 showing that
this mutation further reduces the amount of cyclohexyl-B2 produced relative to cyclohexyl-B1

30  (TABLE 3), over the reductions provided by transformation of strain SE180-11 with pSE188 or
pSE199, as described above.

Another mutation was constructed to further reduce the amount of cyclohexyl-B2
produced relative to cyclohexyl-B1. Because the S138T/A139T mutations altered the B2:B1
ratios in the more favorable B1 direction, a mutation was constructed to introduce a threonine

35 at amino acid position 138 and a phenylalanine at amino acid position 139. The ~1.2 Kb insert
DNA from pSE186 was used as a PCR template. The PCR primers were designed to



20 resistant transformants and the presence of the correct insert was
confirmed by restriction analysis and DNA sequence analysis. This plasmd
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fermentation products. The presence of the double mutated aveC gene encoding

S138T/A139F was able to restore normal avermectin production to strain SE180-11; however,

the B2:B1 ratio was 0.75:1 showing that this mutation further reduced the amount of

cyclohexyl-B2 produced relative to cyclohexyl-B1 (TABLE 3) over the reductions provided by
30 transformation of strain SE180-11 with pSE188, pSE199, or pSE231 as described above.



resistant transformants and the presence of the correct insert was
confirmed by restriction 20 anal ysis and DNA sequence anal ysis. This

pl asm d DM@ 0saes9ss ansformed into E. coli DML, plasnm d DNRCEABOI/®A4sat ed
fromanpicillin resistant transformants, and the presence of the correct
insert was confirmed by restriction angéysi S. This plasm d, which was

desi gnated as pSE239, was used to transformprotoplasts of S. avermtilis
strain SE1 80-11. Thiostrepton resistant transformants of strain SE180-11
were isolated, the presence of erythronycin 25 resistance was determ ned,

and Thior Erma transformants were a d by HPLC anal ysis of
fermentation products. The presence e doubl e nutated aveC gene
encodi ng S aun to—+estore 1 ||u| _ averrectr—pt UUUL,L onto

mutation fur t(f2fsformipe Basm} H,f c- g2 Bt 68 dd ive to
cycl ohexyl -BL_(TABLE 3) aver he r & (d'rl ns provi ded lhy ?(L'rrml?é tion

of strain JESEI60-11 (haneh pSE188, pSE§@99 or | pSE281 as |desdri bed dbove. WO

03/ 068955 ngm@w/(dwmy) — 56| TABLE3® S. ayerm pilis [SITg W d<e| ative
B2: B1

Rel ati ve Avig ansform ng “'é&ﬂ)—d%——lL&-ﬂa—f—O—f—lIaan B2 Conc.—Bl .
Tested Rati ?%é(iﬂé&)@f%’??one) 30 0 020 SE1B0- 1724 pwHiB) 38 0 |0 b59 SF180- 11
(PSEL86) 26/ SE2B0I4SESY SEIBO- 11 (pSEIS7) 122883 1§ 2648 SEIBG- 11

(pSE188) 243 SE180-11{pSEL99)—18-155-171+ 0 88—ISEESA-111
(pSE231) 6 |9 8%5%?%5@ SE180-11 (BSE239)| 20 184 242 0.25 Addi%Tonkl
mut ati ons wWettd8e-dhetSEie®ed to|furt hé® reduce tHeSanount cycl(bfﬁ?exyl -B2 5
produced rq|§g1gye1 (d@Eﬁég—p)l onex y=Br Ui g te tegdini qye ofgeDNA SJBIF T i ng as

strain SE180- 15 avA@R{Elstrain = B"i rati oﬁv\%% "’?5 1 gﬁgﬁl’ E?gﬂ hi s

descri bed t emrer Nature 370-380-391" and|Stemer | 1094 | Proc.
Nat | . Acad. %é?@%@ﬁgé@. 1074'?- 107539 and furt A8t dedcridféd ijn UM tled
St ates Patent Nos. 5, 605, 793; 5, 8171, 238; 830, 721, and b5, 837, 458. DNA

shuffl ed pl asm alnln nmut at nes vveretranfor i, At O
conpet ent dam dg‘aﬁj %’nac'Bth’t'OE'glvﬁere OBy rucﬁgg"cﬁﬂﬁ dEdief 16 Hts?f il n’i')gél 11 n
resi st afAt produnedfreletientoscyclamrxyltRledsincothe riedotige vf PINGt gpiffinst &5 déscgbed in
averm tili seffedl ModaENANd Bro: 3§'é13935tah@rﬁt&ﬁ}néresle§4 atthe.t KRN A, ngdrat gsAf

I T e L N e R
DNA sequeh8e0,631; phddSBI7THEBNA from SE180 11 transformants produci ng
avermectins wi t Bna BRifd plasmids containing mutated aveC genes were transformed into
10  competent dam dem E. coli cells. Plasmid DNA was isolated from ampicillin resistant
transformants, and used to transform protoplasts of S. avermitilis strain SE180-11.
Thiostrepton resistant transformants of strain SE180-11 were isolated and screened for the
production of avermectins with a cyclohexyl-B2:cyclohexyl-B1 ratio of 1:1 or less. The DNA
sequence of plasmid DNA from SE180-11 transformants producing avermectins with a B2:B1
15  ratio of 1:1 or less was determined.
Eight transformants were identified that produced reduced amounts of cyclohexyl-B2
relative to cyclohexyl-B1. The lowest B2:B1 ratio achieved among these transformants was
040:1 (TABLE 4). Plasmid DNA was isolated from each of the eight transformants and the
DNA sequence determined to identify the mutations in the aveC gene. The mutations are as
20  foliows.
pSE290 contains 4 nucleotide mutations at nt position 317 from T to A, at nt position
353 from C to A, at nt position 438 from G to A, and at nt position 1155 from T to A. The
nucleotide change at nt position 317 changes the amino acid at AA position 48 from D to E
and the nucleotide change at nt position 438 changes the amino acid at AA position 89 from A
25 to T. The B2:B1 ratio produced by cells carrying this plasmid was 0.42:1 (TABLE 4).



15 ratio of 1:1 or less was determi ned. Eight transformants were identified
t hat produced reduced anobunts of cyclohexyl-B2 relative to cyclohexyl-B1.
The | oweswOB3/0&P5% at i 0 achi eved anong t hese transfor nant s PEagBONG48L ( TABLE
4). Plasm d DNA was isolated fromeach of the eight transformants and the
DNA sequence determined to identify the nutations in the aveC gene. The
mutations are as 20 follows. pSE290 contains 4 nucl eotide nutations at nt
position 317 fromT to A at nt position 353 fromCto A at nt position
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mut at [ onSSa’tho At at%@&)sftb@ﬁ%Bﬁrc{n@G?a Addt n?ﬁosﬂ@ﬁ g fQiFh 885 AS dt@tposiliod 933°fronat3t nt
osition fr Nt ROSit)o ition
833 fromc©{ ”%at ﬁﬁﬁ’“&?f* his4disn) @I - 'Iffgﬁ' 4 nts ago?scéoﬁ\s " I’lﬁ%gl %ﬂgﬁg °nts at
posi tions liélsted 1The, nuglpelidé Tharge et nidedsitiore @69 Chﬁ@ﬁ%d'lq 2oine deid ehAhgesitien %At
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B2: Bl rati (\)Nagro%gq%eAqBLEyd, cells carrying this plasm was (TABLE 4).
25 pSE295 contains 2 nucleotide mutations at nt 588 from G to A and at nt 856 from T to
C. The nucieotide change at nt position 588 changes the amino acid at AA position 139 from A
to T and the nucleotide change at nt position 856 changes the amino acid at AA position 228
from Mto T. The B2:B1 ratio produced by cells carrying this plasmid was 0.80:1 (TABLE 4).
pSE296 contains 5 nucleotide mutations at nt position 155 from T to C, at nt position
30 505 from G to T, at nt position 1039 from C to T, at nt position 1202 from C to T, and at nt
position 1210 from T to C. The nucleotide change at nt position 505 changes the amino acid
at AA position 111 from G to V and the nucleotide change at nt position 1039 changes the
amino acid at AA position 289 from P to L. The B2:B1 ratio produced by cells carrying this
plasmid was 0.73:1 (TABLE 4).
35 pSE297 contains 4 nucleotide mutations at nt position 377 from G to T, at nt position
588 from G to A, at nt position 633 from A to G, and at nt position 1067 from A to T. The



25 pSE295 contains 2 nucleotide nutations at nt 588 fromGto A and at nt
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An additional round of DNA shuffling was conducted to further reduce the amount of
cyclohexyl-B2 avermectin produced relative to cyclohexyl-B1 avermectin as follows.
10 Semi-synthetic shuffling

The best clone was shuffled using the method described in PCT International
Publication WO 97/20078 by Maxygen Inc.

substitutions best corresponding to decreased B2:B1 ratio were added to the shuffling reaction

Individua! oligonucleotides encoding beneficial

at 5 molar excess over the aveC template strands. Each nucleotide mismatch of the
15 oligonucleotide was flanked by 20 nucleotides of perfect identity to ensure proper
incorporation during the shuffling reaction.
Technologies (Alameda, CA).
HTP growth of S. avermitilis
Independent clones were picked from the transformation plates and inoculated into
20 200 pl R5 medium (Kieser, T., et al., “

Oligonucleotides were purchased from Operon

Practical Streptomyces Genetics”, 2000, Norwich, U.K.,
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el ectrospr %ﬁaé@@;’t%é{t | ]gma &Rﬂwaﬁd@%pﬁ?@%tﬁér%e?&@ﬁb‘ﬂehfhe%h oJHaQ'mIeFH %ﬂzé?ﬂnoyt Wo
M5/ MS transitions. MS transition

i is fromnmz
oL Co o deipoiy qrAemARCtlp SHRAFRE SRR ATe GRS S8 oS RE g
posi ti ve nothe. MSAVEitransitparior E3@odia@0 jonNé Toro mes$21Quat/t V(-4 fdB2nmdisted ion
Spect r oot of 0 2ol @RToSHROLAN. Tk~ Cohngi PSATBLPTINERRs tRgolier this

hi gh throughput screeni ng rat1 on_of separate Bl and
chromat #yr dﬂ%SSfSB?C""@Q@P?r\ﬁB @ Le?% 3?*?”8'ﬁ9¥ R ?@asamﬁ@f N‘iefesuseﬁlf?rt‘{?'séw‘en (57)
new conbi natriooghgutofcreaning.o Ira@grahos wh 8ieisepdrato B anarE? cho@mitodrared foi lkadh eain

produce rat| 0s. Of. e Rhgsy! B2: cycl ohexyl Bl avernectins of 0.35:1 or |ess
(FI GURE 6). ﬁ%] @enveraﬁ ;g t hese new nutations can produce ratios of

cycl ohexyl B2: cyEVoRes/ BT mewsompiraions plsemyfo agisbippsitiutions wergideniiigd thakeaper g
can produceréate egio®lbf eyherie Bylcyddheny el ahenaektinBl of 0.35:1 or less (FIGURE 6).

25 Several of these new mutations can produce ratios of cyclohexyl B2:cyclohexyl B1
avermectins of about 0.30:1 or less; several can produce ratios of cyclohexyl B2:cyclohexyl B1
avermectins of about 0.25:1 or less, and several can produce ratios of cyclohexyl
B2:cyclohexyl B1 avermectins of about 0.20:1 or less. Two (2) new mutations were identified
that can produce ratios of cyclohexyl B2:cyclohexyl B1 avermectins of 0.37 or 0.38.

30

DEPOSIT OF BIOLOGICAL MATERIALS
The following plasmids were deposited with the American Type Culture Collection
(ATCC) at 12301 Parklawn Drive, Rockville, MD, 20852, USA, on January 29, 1998, and were

assigned the following accession numbers:

35



avernectins of about 0.25:1 or less, and several can produce ratios of

cycl ohexyl B2:cycl ohexyl 131 avernectins of about 0.20:1 or less. Two (2)
new nut atwong/ovgse | dentified that can produce ratios of PCyaBain®sas

B2: cycl ohexyl 131 avermectins of 0.37 or 0.38. 30 DEPCSI T OF Bl OLOG CAL
MATERI ALS The foll owi ng plasm ds were deposited with the Anerican Type
Culture Collection (ATCC) at 12301 Parklawn Drive, Rockville, MD, 20852,
USA, on January 29, 1998, and were assigned the follow ng accession
nunbers: 35 WO 03/068955 PCT/1B03/00348 -60 Plasm d Accession No. plasmd
pSE180 209605 plasmd pSEL86 209604 5 TR§ % nent address of the Anmerican

=

Type Culture Collecti oﬁ—l—s—-10801 Uni vers .,  Manassas, VA, 20110,
USA. Al patents, patlesmidPpli8Pcati ons, and?486% i cations cited above are

i ncor porated herein phynig gdersgnce in thel rooepds rety. The present invention
is not to be Ilmted in scope by the specific enbodinent 10 described
herein, which are intended as single illustrations of individual aspects of
the ingention, Tenenkuirddiesmelthe/Areeriga A¥neriultyre Catirgtorain d0%I4 Mpbypeit Bvaar e

wi thin they Er’?a%E’% ok 25% usAQvention. | ndeed, varl ous nodifications of the
invention, In addition to those shown g g%dr% ed her.ein \r/gteldtherelg
apparent to thoSePaKis: Ip@‘&”ﬁe}?p'ﬂﬁgorﬁr?”df’?“ Ief "Wé gt A AL ption” and
acconpanyi pgrefifeniet Miseir eStirety. nodi fications are intended to fall within the

f the 1 . | ntWHAT 1S
o L, s e B R ety

s
that id0ot H%ﬁcvﬁ@eh%rﬁ'é W@%ﬂrérea@epﬁ"éj 8¢ sBgEoHPERL S\ r"F‘ﬁ fiquel &spegisof tF?el e
the S. avemléritibh,ishd A\tﬁﬁbngle/n@qupaleﬁtméthodsrunodnmgorsee‘vqmw&hlmﬂhemcammfdthQSEl%
ATCC 209604 t f
( gl‘]tl br ese {'L{/% oeﬁg @%@ﬁ%@%?%?%ﬁe fﬂ@enﬁ&e |r5 a@dﬁ%@ tg?h:os@ shewn and

avermtili§VEs nerate vari ant
t her eof , bd@smﬁddﬁrwﬂ *&%’mﬂ@P@éﬁﬁ@ﬁb‘@eﬁh'ﬁdh%weéﬁffﬁ?“lt%eef?rer‘i’ﬂ'g%\f’?scﬁﬁ%t'ogncodl ng
a conbi nat bﬂﬂacc%péﬁh@@ra&(‘rﬂgﬁ sudshbdifitbiicng Sreibteadddrio falovitlinrtiess sabpe sf the
orresggndi n %i ) Hhe am no acid positions of SEQ ID NO 2, such that cells
of S er APMPE8T$ i n ATCC 53692 in which the wild-type aveC allele has
been inactivated and that express the pol ynucl eoti de nol ecul e conpri si ng
the 10 nmutated nucl eoti de sequence are capable of producing a class 2:1
ratio of avermectins that is



reduced conpared to the ratio produced by cells of S. avermtilis strain
ATCC 53692 that instead express only the wild-type aveC allele, wherein
when t he wbhas®e®s51 avernmectins are cycl ohexyl B2:cycl oheygir/IBa3/@s4 necti ns
the ratio of class 2:1 avernectins is 0.35:1 or less. 15 2. The

pol ynucl eoti de nol ecul e of claim 1, V\/ng fein the ratio of cyclohexyl

B2: cycl ohexyl Bl avernectins is about 20:1 or less. 3. The pol ynucl eotide
nol ecul e of claim1, wherein the conbination of am no acid substitutions
conprises a conbination selected fromthe group consisting of: 20 (a) D48E,

ABLT, AB9T, SI38T, GL79S, A198G P289L; (b) G40S, D48E, L136P,
GL79S, E23@§i-(—§-)—"é@@% 136P, R163Q GL79S; (d) D48E, L136P, R163Q GL79S,
E238D; (e) DASE]. BIBHRCIHRIGITHc@E/@S)rifzna Gicledassuens et is ohegese 1e36P,
GL79S, E23§Qne (8% %&torﬁ)%; evérﬁﬂy?tﬁfave@l&%% tr%2§89/ermﬁ/ﬁ) AvBEsneABdduct-L136P,
G179S (i) DABE KeoT " C1A8T. 39T, gé i%j 3%15 t@ 1T, L136P, GL79S,
A198G, onz@odE%S‘Eb'e”?ﬁzBfgmasm'%@S‘ﬂ?P Bhgk 20 fhegRPeotes 359ueNGq Jolf® 1795,
E238D, B289LeC ORK bt Ded&mitlid 267cscbd 95 GLRESGEGIBED; 1)RE8GkEgentraje \BASE, A61T,
S138T, Al3 'br.naﬂg;1,39T
%&feog%égﬁ’nc %8%&9%4 8(uﬂ)ﬁer%%nse!s%ﬁatlo§§- éndoyn%- 2+38

GL79S, Al9 E, A6LT, A89T G%?
E238D, 35 epImimesed SW@ 'OnAftﬁﬂFnO aaip frgdugs| GsTesPaaging & th %f@‘é‘ﬂac'éﬁg "Spoggl :
(q) D48E, bLASER,ID WFSuciREROWIs YOS 023/06E8 ShraRGITABE@EL0 @3vach mezwnmwaE

(1) DagE, PR Rk Py B e Bl iR poialone ShBdie dfRGho FEPT 0
E238D, 1[@27wtateoew(cwldmwenwsmcameeppromcw@ clags 2oigatiq GpVemeEins K517, AS9T,
Gl11V, B&ilice red%l@@ratlg%&&&edms of B8) ald2bfdis MBEATOR89TG921AB6P,

7169 dst Tk, N A T E AN N eI

E238D, P28@iclohed0BZ:amlonByBE] avABSTins31SElo of/d3e 71 aBITHEins (shI5: Dordsss. L136P,
R 63Q GL79S, S231L;

15 2. The polynucleotide molecule of claim 1, wherein the ratio of cyclohexyl

B2:cyclohexyl B1 avermectins is about 0.20:1 or less.

3. The polynuclectide molecule of claim 1, wherein the combination of amino acid
substitutions comprises a combination selected from the group consisting of:
20 (a) D48E, AB1T, A89T, S138T, A139T, G179S, A198G, P289L,
(b) G40S, D48E, L136P, G179S, E238D;
(c) D48E, L136P, R163Q, G179S;
(d) D48E, L136P, R163Q, G179S, E238D;
(e) D48E, L136P, R163Q, G179S, A200G, E238D;
25 U] D48E, L136P, G179S, E238D;
(9) D48E, A61T, L136P, G179S, E238D;
(h) D48E, A61T, L136P, G179S;
0] D48E, A89T, S138T, A139T, G179S;
G) D48E, A61T, L136P, G179S, A198G, P202S, E238D, P289L,
30 (k) D48E, A61T, L136P, S138T, A139F, G179S, E238D, P289L;
o D48E, L136P, G179S, A198G, E238D, P289L,
(m) D48E, AG1T, S138T, A139F, G179S, A198G, P289L,
(n) D48E, L84P, G111V, S138T, A139T, G179S, A198G, P289L,
(o) Y28C, D48E, A61T, A89T, S138T, A139T, G179S, E238D;
35 (p) D48E, A61T, A107T, S108G, L136P, G179S, S192A, £238D, P289L;
(q) D48E, L136P, G179S, R250W;



(ac) D48E, L136P, S138T, AL39F, GL79S, V196A, E238D; (ad) D48E, AG1T,
A89T, F99S, S138T, A139T, GL79S, E238D;, (ae) G35S, D48E, A89T, S138T, Al
39T, GL7980 0BRE®ES 15 (af) D48E, AG1T, A89T, S138T, Al 39PCTERTBB34SV1O6A,
E238D;, (ag) D48E, A89T, GL11vV, S138T, Al 39T, GL79S, A198G E238D;, (ah)
S41G, D48E, A89T, L1 36P, GL79S; (ai) D4SE, A89T, L136P, R163Q GL79S,
P252S; (aj) D48E, A89T, L136P, GL79S, F£234S; 20 (ak) D48E, A89T, L136P,
R163Q GL79S, E238D; (al) (B6R D48E, A89T, L136P, GL79S, E238D; (am
D4SE, A89T, L136P, R163Q GL79S: (an) D48E, A89T, S138T, GL79S; (ao) DA4SE,

AB9T, L136P, GL79S, D; ) 9T,79136P, KI154E, Gl79S, E238D;
(aq) D48E, A89T,’s13 %A (ﬁ g%c%ﬁég VIOBA, P289L: (ar) D48E,

ASOT, S138T, AL39F, WESUWE%W%E?@Q@ P%8s) D48E, A61T, A89T, L136P,
GL79S, V196A, ALH8G RRBOk7sL, Asutr) LDEBE:17661T, S138T, AL139F, GL79S, GL96A,

E238D, P289L: 30 (a , : . D48E, A89T, V1 20A
L136P, GL79S: (2\%) D%@gg@T%§ﬁ%g%§?§%§BF&%§%s V196A, A198G
E238D f{ax) D4dB, AGMBE. ABOTL136RIAWIQSIHES; AL39F, GL79S, VI96A, E238D;
(ay) D4BE, A61T, 1gw AB9TH48B1AB8TAsH, G391, s@sTOM30V186As, E23BDp288289L; 35 (az)

eaT S 3T aGr L Bee b KD sy R Ron S R e - oo

(bb) D48E, A61T,(y)AB9TR485188T, SPUBQTICPCRTSS), CVITHLAZ3HER38D, R239H, P289L,;

(bc) D48E, A61T, 1698 89T|48E1/3@1FF A@#78$11\P§$§# A{329) G PABEE298B8972896138T, A139T,
G179S, V196A, E238D, P289 %gs A61T, A89T, S138T, Al139F,

GL79S, W%A EZ(Q@D (538, At}g 8 %?ﬁu% (%t? nol ecul e conprising a nucl eoti de
sequence that i Jat he)4&Esle136Hs?16§@n@17@§ $284L.St rept onmyces avermtilis aveC

allele, the S. gy rm[§48'E'§13é#9§%39?rkﬁ3@# edysd w@ék@%%sﬂﬂ sequence of plasnid
pPSE186 (ATCC 209604) or the nucl eot | sequence of aveC ORF of S.

avernitilis as pP¥set®§ ‘f\WTFﬁ@JREg% ?@@@ 4*1:9%(5317)98 6?388 degenerate vari ant
10 thereof, but (aéi chc3nscbesr, irdeT, Sa8RTeACEOTE G 1d%eP2820Npri ses mut ati ons

encodi ng; a conbi DAt T Quar Ag1T, ASIT, S138T, A139T, G179S, V196A, E238D;
(ag)  DA48E, A8OT, G111V, S138T, A139T, G179S, A198G, E238D;
(ah)  S41G, D48E, A8IT, L136P, G179S;
(i)  DA48E, ASOT, L136P, R163Q, G179S, P252S;
(aj)  D48E, ASOT, L136P, G179S, F234S;
20 (ak)  D48E, A89T, L136P, R163Q, G179S, E238D;
(al)  Q36R, D48E, AS9T, L136P, G179S, E238D;
(am) DA48E, A8OT, L136P, R163Q, G179S;
(an)  D48E, A8JT, S138T, G179S;
(a0)  DA48E, A8OT, L136P, G179S, E238D;
25 (ap)  DASE, ABOT, L136P, K154E, G179S, E238D;
(aq)  DA48E, A8OT, S138T, A139T, K154R, G179S, V196A, P289L;
(ar)  DA48E, A8OT, S138T, A139F, G179S, V196A, E238D;
(as) DA48E, AG1T, AB9T, L136P, G179S, V196A, A198G, P289L;
(at)  D48E, AB1T, S138T, A139F, G179S, G196A, E238D, P289L;
30 (au)  DASE, ABOT, L136P, G179S;
(av)  D48E, ABIT, V120A, L136P, G179S;
(aw)  D48E, AB1T, AB9T, S138T, A139F,G179S, V196A, A198G, E238D;
(ax)  D48E, AB1T, ASIT, G111V, S138T, A139F, G179S, V196A, E238D;
(ay)  DA4BE, AB1T, A89T, S138T, A139T, G179S, V196A, E238D, P289L;
35 (az)  DA4SE, AG1T, AB9T, L136P, S138T, A139F, G179S, A198G, E238D;
(ba)  D48E, ASOT, S138T, A139F, G179S, A198G, V220A;



of amino acid substitutions at am no acid residues corresponding to the
am no acid positions of SEQ ID NO 2, such that cells of S. avermtilis
strain AMG03860925i n which the wild-type aveC allel e hasPo#gnrod/massti vat ed
and that express a pol ynucl eoti de nol ecul e conprising the nutated

nucl eotide sequence are capabl e of producing a class 2:1 ratio of
avernectins that is 15 reduced conpared to the ratio produced by cells of
S. avermitilis strain ATCC 53692 that instead express only the wild-type
aveC al l el e, wherein when the class 2:1 avernectins are cycl ohexyl

B2: cycl ohexyl ﬁt%b av%gﬁc“ 89%@13%‘?“%910 1%{?‘%/?9& #g@é’f?rr\%éﬁ 8oLl S

reduced to abo ’he cdnbi nation o am no acid
substitutions cdmri %§E8661Eo$ﬂ97da1t35%@1§8$ éD(?tB%'d fromthe group consisting

Ef136|230 &?%Smg?y fﬁ%&z, 53538519, @2@@&19@@@23&@9&89@%@ thBR fD4|8E
S e o) cleotide of claim
bg nﬁ‘lﬁ%?\a%r'&q?gkﬂ?aﬁ:éﬁg Z:% 29%15\”%? r ep%{ée&lrryces avermtilis,

1 or claim4. 6.
conprisibng (i) nmutating 25 the aveC allele in a cell of a strain of S

avermtilis, whisch w%aaéo%'e rneeemé §on'1ﬂ?13|ﬁg GQU&&&I@& géuaeme thed S SMGerRieé ﬂhe
substitutions in the ‘AveC g ,produc h‘% mﬁ% into a ﬁ of a
strain of Sameé\?éP?nSE’Fﬂ’tP@y‘%isrﬁﬁ? AV a%ﬁ%@'eé? 8t & 8}‘6"5 Efﬁé AP P

t her eof eneectdng sequshvedr gesdd pSEWRBIETCCOINIB04 iontheaniclentsiersetianee of theni no
acid subst iyt bﬂf—'?f SEHIS o BiEs R PBURRN @Eq BNIOM, A6l dosiabal eatr.a;.tl ons in

t he AveC gene nmprises a conbi nation selected fromthe gr oup
consi St1|0ng tiaﬁreof (b&l’ WDQIBEJcIeRB@Tsqugg?fur@g@@mpng@ggqfatm@e@(gdlng\fgg@’ m@‘%gl_
(b) A0S, B48Mino ladidBhstilGlorS 3t a3 BB résidueDéBespdntiB§ Ry thRB6BQ,ac@lpssiBons( d)

D48E, L136P ! 00G,
£238D; (1) fBEQEB%?%%@&%%@%.&5356‘%%%%%%%%?@8&?‘%9@%}“%%% o)
D48E, A61T aveqabie hasiopeminagtagtand fi) opasE 2 pelytcleofidesmplecyls sayprising fhepage,
ABIT, S138ThutddBAbleofid B ientd éreﬁé&lﬁle Abbliucilgl36ids 2G1ra850f AABB8Gjns RZD RS,

() Dag® AT oosipes e B0 R DLl P % afthililbShiiee bl 700
GL79S, AlO8Gleap28QEss Qnﬂ» thDAgEPE FUEE altgle] wwemsnfea”rhe dassPri aeImertins AP98G,

P289L;  ( 0)cy8@r% he&;ﬁ’ Bl avB88ektins>IeBrhtio Aﬂ&% 2: G:bz&&ectﬁg:ﬂﬁ &du&&i {op)

DASE, AGLT, about 0 40: 1 or ess ar% w eli“glgﬁ)lﬁe %m7b|9nahon %fg amiho acng t%shtufz fons cbmpnses a

combination selected from the group consisting of:
20 (bf) D48E, S138T, A139T, G179S, E238D; and
(bg)  Y28C, Q38R, D48E, L136P, G179S, E238D.

5. A host cell comprising the polynucleotide of claim 1 or claim 4.
6. A method for making a strain of Streptomyces avermitilis, comprising (i) mutating
25  the aveC allele in a cell of a strain of S. avermitilis, which mutation results in a combination of
amino acid substitutions in the AveC gene product or (i} introducing into a cell of a strain of S.
avermitilis a mutated aveC allele or degenerate variant thereof encoding an AveC gene
product comprising a combination of amino acid substitutions, wherein the combination of
amino acid substitutions in the AveC gene product comprises a combination selected from the
30  group consisting of:
(a) D48E, A61T, A89T, S138T, A139T, G179S, A198G, P289L;
(b) G40S, D48E, L136P, G179S, E238D;
(c) D48E, L136P, R163Q, G179S;
(d) D48E, 1.136P, R163Q, G179S, E238D;
35 (e) D48E, L136P, R163Q, G179S, A200G, E238D;
) D48E, 1.136P, G179S, E238D;



(q) D48E, L136P, GL79S, R250W (r) D48E, A89T, S138T, AL139T, R163Q GL79S;
(s) D48E, L136P, GL79S, A198G P289L; (t) D48E, F78L, A89T, L136P, GL79S;
15 (u) DA8B,03A8DF5 S138T, Al 39T, GL79S, E238D, F278L; ( WCTIBGHE03489T,
L136P, R163Q GL79S; (w) D48E, A61T, A89T, GL11vV, S138T, Al 39F, GL79S,

E238D, P289L; (x) D25G D48E, A89T, L134P S138T, A139T, V141A, 1159T,

R163Q GL79S: (y) D48E, A89T, S90G Li%6P, R163Q GL79S, E238D;, 20 (z)
D4SE, A61T, A89T, Gl1 1V, S138T, A139T, GL79S, E238D, P289L; (aa) DA4SE,
AB9T, S138T, Al 39T, GL79S; (ab) D48E, L136P, RL163Q GL79S, S231L; (ac)

D48E. L136P, Sl E238D, (ad) D4BE, A61T, A8OT,
Fo9S, S1 38T, Al(gg &éﬁggﬁé@gﬁﬂ%ﬁ 28) 35S, D48E, AB9T, S1 38T, Al
39T, GL79S, P289(m (a&ﬂ)SEDA@fE LIQSPTG17889T, S1 38T, Al 39T, GL79S, V196A,

E238D, (ag) DA&G ASS%E GidrlVias313@br &7089T, GL79S, Al 98G E238D, (ah)

Po505, 30 (a??T%é?’%g%?fg?@%aé%zf%éﬁse”%%és T T3, ApoT, L136P, R1

63Q GL79S, E238F) (B4SE. GBORL1DRST S AIYBIF, (GIIEP, E2GAT.FIBOE238D;  (an) DASE,

AB9T, L136P, R16(§Q C@ga%suggan@ﬁ@gs@%és@zgg SARJT, GL79S; 35 (ao) D4SE,
AB9T, L136P, GL79S, E238D: %ag o SE CABSL. LL 36P K154E, GL79S, E238D; WD
> )

03/ 068955 PCT/ | BB3/ 0025k A AB&@EG”R'éd’ﬁ%%i%?sﬁ? A139T, K154R G179S,
V196A, P289L: ((ay) DRMGEE, LoWBOT11S1SEET, ABIDFG17GE7019GMLBEKL, E238D, (as)

D48E, A61T, A89T. L1 t) D48E, AG61T,
S138T, Al139F, (7bS 3@62%865&&9%%1%/%8&@%6%9&%9%%% Ezésﬁ) A89T, L136P, GL79S;

(av) D48E, A89T, <PX/120%SEL&%FPA1@I7§1§8@( 'aWP{ﬁ%@S %’% E2A§@1P28§138T
AL39F, GL79S, V196A, AMEG 13823809S, Kamoy; DASE, A61T, A89T, GL11V, S138T,

C}ggiz %ggts): \ID/;@ESA EZS%&QE&QT (S%QT %%E Ré@éTGTI@%QT S138T, A139T, G179S,
D48E, L136P, G179S, A198G, P289L;

(t) D48E, F78L, A89T, L136P, G179S;

15 (u)  DA8E, A89T, S138T, A139T, G179S, E238D, F278L;
(v)  DA48E, A89T, L136P, R163Q, G179S;
(w)  DA48E, A61T, AB9T, G111V, S138T, A139F, G179S, E238D, P289L;
(x)  D25G, D4SE, A89T, L136P, S138T, A139T, V141A, 1159T, R163Q, G179S;
(y)  DA48E, A89T, S90G, L136P, R163Q, G179S, E238D;

20 (z)  DA48E, A61T, A89T, G111V, S138T, A139T, G179S, E238D, P289L;
(@a)  DA48E, A89T, S138T, A139T, G179S;
(ab)  DA48E, L136P, R163Q, G179S, S231L;
(ac)  D48E, L136P, S138T, A139F, G179S, V196A, E238D;
(ad)  D48E, AG1T, A89T, F99S, S138T, A139T, G179S, E238D;

25 (ae) G358, D48E, ASIT, S138T, A139T, G179S, P289L;
(afy  D48E, A61T, A8IT, S138T, A139T, G179S, V196A, E238D;
(ag)  DA48E, ABYT, G111V, S138T, A139T, G179S, A198G, E238D;
(ah)  S41G, D48E, A89T, L136P, G179S;
()  D48E, A89T, L136P, R163Q, G179S, P252S;

30 ()  DA48E, ABYT, L136P, G179S, F234S;
(ak)  D48E, A89T, L136P, R163Q, G179S, E238D;
(al)  Q36R, D48E, A89T, L136P, G179S, E238D;
(am)  DA48E, A89T, L136P, R163Q, G179S;
(an)  DA48E, A89T, S138T, G179S;

35 (20)  DA48E, ASOT, L136P, G179S, E238D;
(ap)  DA48E, AS9T, L136P, K154E, G179S, E238D;



10 (az) D48E, A61T, A89T, L136P, S138T, A139F, G179S, A198G E238D; (ba)
D48E, A89T, S138T, A139F, G179S, A198G V220A; (bb) D48E, A61T, A89T,
S138T, AIMSOD3/06RDFOS, V196A, E238D, R239H, P289L; (bc) DABEI/IBEBID348A89T,
L136P, G179S, P289L; (bd) D48E, A89T, S1.38T, A139T, GL79S, V196A, E238D,
P289L; and 15 (be) D48E, A61T, A89T, S138T, AL39F, G179S, VI96A, E238D. 7.
A nethod for making a strain of Streptonyces avermtilis, conprising (i)
nmutating the aveC allele in a cell of a strain of S. avermtilis, which
mutation results in a conbination of amno acid substitutions in the AveC
gene product, or (ii) J I I L0 e f tgabn of S. 20
avermtilis a n{fi‘f‘)at e%égé@%g#ﬁ%ﬁquL#trdég%ﬁééthgg” Y/ggp?‘aélzt%bt&hereof encodi ng an
AveC gene prod@ot coAf: A8IThG138Tc SMIFNGT198nY tI6AE3EB: aci d substituti ons,
wherein cell's cgprigidtd abfie asoitl | adepd canzCvddeachesay pedgener ate variant are

capabl e of producing_cycl ghex ; CyC X B e tins in aratio of
0.35:1 or |ess. (@5 8'.3452&1@‘6%%%%?%&%? é?&%&%ﬁe%lﬁé E)%%E’conbi nation of
am no agi d substau} ut D4AES ABIT, LISP, BYES; gene product conprises a conbination

sel ected fromthe gr S - o{@k. DASBE, AG61T, A89T, S138T, A139T,
e osa L3R, 0T OME ARNEN A0 B ¢

, S, DA8E, 'L136P, . .(C) D48E, L136P,
R163Q GL79S; 36" d)D é?”uﬁ%ﬁ,“%"6@@9Fc%177§g,]\71§§@8°§;%§‘?%23%§8E, L136P,
RL63Q GL79S, AANG DEZ3BBIT, AGSY, (4BE,S1RAI3GMOFGETESS, VERRSER38Dy) DASE, AGLT,
L136P, GL79S, E238D: ) , : i 8E, A89T,
S138T, AL139T, Fibs Dﬁé’AB@Q%EQTA%?%&@&%%?&@@&AA%%@’ b?‘3%%’_25, E238D,
P289L: 10D 03/ 068955 . PBUBAGBBAG36R. §638TkAM 38T 9R6APEC F4BB; S138T,
AL139F, GL79S, E@aD, pRASRBOT, 1bT, BASE, GLABGRI98GLVIBA; ALOSG, E238D, P289L;
(M) D4SE, AG1T, ,S138T,: o GLT i . GL11V,
S138T, A139T, G@gs Bﬂ%%‘é?ﬁﬁ?%ﬁq%Eﬁ%gg%g%?%ﬁeﬁE?éiﬁgéﬁg@L’smsT,
A139T, GL79S, E®8BD; D¢§H ADHBRSIRGIIEP. R17¥57T28%1 08G L136P, GL79S, S192A,
E238D, P289L: tﬂi Défs, AedBERIsTGISS, GRAS)W ody, E2BOBE280A89T, S138T, AL30T,

RI63Q G179S; (s) DASE. \b186Bor GHigoa1s 8 Prod ¢t el t) D4SE F/8L,

AS9T, ['236P, G1¥§5:

7. A method for making a strain of Streptomyces avermitilis, comprising (i) mutating
the aveC allele in a cell of a strain of S. avermitilis, which mutation results in a combination of
amino acid substitutions in the AveC gene product, or (ii) introducing into a cell of a strain of S.

20 avermitiis a mutated aveC allele or degenerate variant thereof encoding an AveC gene
product comprising a combination of amino acid substitutions, wherein cells comprising the
mutated aveC allele or degenerate variant are capable of producing cyclohexyl B2:cyclohexyl

B1 avermectins in a ratio of 0.35:1 or less.

25 8. The method of claim 7, wherein the combination of amino acid substitutions in the
AveC gene product comprises a combination selected from the group consisting of:
(a) D48E, A61T, A89T, S138T, A139T, G179S, A198G, P289L,
(b) G408, D48E, 1.136P, G179S, E238D;
(c) D48E, L136P, R163Q, G179S;
30 (d) D48E, L136P, R163Q, G179S, E238D;
(e) D48E, L136P, R163Q, G179S, A200G, E238D;
) D48E, L136P, G179S, E238D;
(9) D48E, A61T, L136P, G179S, E238D;
(h) D48E, A61T, L136P, G179S;
35 0) D48E, A89T, S138T, A139T, G179S;
1) D48E, AB1T, L136P, G179S, A198G, P202S, E238D, P289L;



(u) D48E, A89T, S138T, A139T, G179S, E238D, F278L; (v) D48E, A89T, L136P,
R163Q, G179S; (w) D48E, A61T, A89T, Gl11V, S138T, A139F, G179S, E238D,
P289L; (xwOoD2/eR9sPA8E, A89T, L136P, S138T, A139T, V141A, PCIABI3/RIA3Q
G179S; 15 (y) D48E, A89T, S90G L136P, R163Q Gl179S, E238D; (z) DA48E,
A61T, A89T, Gl1l1vV, S138T, A139T, Gl7986 E238D, P289L; (aa) D48E, A89T,
S138T, A139T, G179S; (ab) D48E, L136P, 6‘?163Q Gl79S, S231 L; (ac) DASE,
L136P, S138T, A139F, GL79S, V196A, E238D, 20 (ad) D48E, A61T, A89T, F99S,
S138T, A139T, G179S, E238D, (ae) G35S, D48E, A89T, S138T, A139T, G179S,

P289L: (af) D48E, A6 3 E238D;, (a
D48E, A89T) G11®/ S'%%%TAgAlgb%% %13?39}%%9%@5%%1&%?%) S41G, 343)5
AS9T, L136P, GLIOS, D&BE h13FPDATISS, ASSE, EZBOGRLSOR163Q GL79S, P252S;  (aj)
D4SE, A89T, LlBg@ C@Z&SAGHZM@T fdor. @4@@% AARBTP2dol36P, R163Q GL79S,

238 | SE A8
ElSGEP) R(123)Q @diﬁgs%@%% %%Aﬁﬁ’) Gﬂ)h‘g’llz%?%d'@ggg éj‘?%?’g%?ﬁs@%&éo? $8EA82-8I-9T

L136P, &179S, ER3SD; YZatpp4dH 6] T,ABIT, SIBARAR3OTKES2SS, EGISHS, E238D; (aq)

DABE, A39T, Sl?é% AT ne 1A 45T @4(78%51_1%339@4’793%19&!«; E2d8Bl PodM8E, A89T,
S138T, Al139F 9S, V196A E238D D48E, A61T, A89T L136P G179S,

V196A, A198G P&BOL; D4%%#33664§€9SA8%5P ’8138T AL39F, GL79S, GL96A, E238D,
P289L; WD 03/ 068955 BGH, nBORLOSE48139T6R163G)7IU8E, A89T, L136P, GL79S;

(av) D48E, A89Tb5éxl ZQA%EBE%%%P %%7&5 %QLMBE A61T, A89T, S138T,

A139F, G179S, V1 DASE, A61T, A89T, Gl11vV, S138T,
AL39F, 161795, ViD6A, DESREISL. ABIT, hi36 [ﬁé@s A61T, A89T, S138T, A139T, GL79S,
V196A, E238D, PRBIL; s nef¥8E3sTABLTIT, ABEIB, ELBBOF2785138T, AL139F, GL79S,

A198G E238D; %V?a %&E,A ﬁ3¥6%§€3§ C@E%F GL79S, A198G V220A; (bb)
D48E, AG1T, A89Y) S1 X A, E238D, R239H P289L: (bc)
DISE. AGLT. ASOMW) L1DGFE, ABIZAEOT, B0y, .5138T, A139F, G179S, E238D, P289L; ‘
(x) D25G, D48E, A89T, L136P, S138T, A139T, V141A, 1159T, R163Q, G179S;
15 ) D48E, A89T, S90G, L136P, R163Q, G179S, E238D;
() D48E, A61T, A89T, G111V, S138T, A139T, G179S, E238D, P289L;
(aa) D48E, A89T, S138T, A139T, G179S;
(ab) D48E, L136P, R163Q, G179S, S231L;
(ac) D48E, L136P, S138T, A139F, G179S, V196A, E238D;
20 (ad) D48E, A61T, A89T, F99S, S138T, A139T, G179S, E238D;
(ae) G358, D48E, A89T, S138T, A139T, G179S, P289L;
(af) D48E, A61T, A89T, S138T, A139T, G179S, V196A, E238D;
(ag) D48E, A89T, G111V, S138T, A139T, G179S, A198G, E238D;
(ah) S41G, D48E, A89T, L.136P, G179S;
25 (ai) D48E, A89T, L136P, R163Q, G179S, P252S;
(aj) D48E, A89T, L136P, G179S, F234S;
(ak) D48E, A89T, L136P, R163Q, G179S, E238D;
(al) Q36R, D48E, A89T, LL136P, G179S, E238D;
(am) D48E, A89T, L136P, R163Q, G179S;
30 (an) D48E, A89T, S138T, G179S;
(a0) D48E, A89T, L136P, G179S, E238D;
(ap) D48E, A89T, L136P, K154E, G179S, E238D;
(aq) D48E, A89T, S138T, A139T, K154R, G179S, V1 96A, P289L,;
(ar) D48E, A89T, S138T, A139F, G179S, V196A, E238D;
35 (as) D48E, A61T, A89T, L136P, G179S, V196A, A1 98G, P289L.;
(at) D48E, AB1T, S138T, A139F, G179S, G196A, E238D, P289L,;



10 (bd) D48E, A89T, S138T, A139T, GL79S, V196A, E238D, P289L; and (be)
D48E, A61T, A89T, S138T, Al39F, GLl79S, V196A, E238D. 9. The nethod of claim
7, whereiwotlawesvat i o of cycl ohexyl B2:cycl ohexyl Bl aver medtiBos0034 about
0.20:1 or less. 15 10. A nethod for nmaking a novel strain of Streptonyces
avermtilis, conprising (i) mutating t6?e aveC allele in a cell of a strain
of S. avermtilis, which nutation results in a conbination of amno acid
substitutions in the AveC gene product, or (ii) introducing into a cell of
a strain of S. avermtilis a nmutated aveC allele or degenerate vari ant

t her eof encodi _ng%gn @%gé\é%grqﬁggp @’12%1“ conprising a combi nation of amn no
: ‘el n 'the

acid substituti nation of am no acid substitutions is
sel ected from t Kay)gr ®4pE.ASAEI\WRPAG186F. (1B9S; D48E, S138T, A139T, GL79S,

th?gDé Oanges(gg av)%?@ﬁﬁ £58Rr, A348Fs 13613680, G173y 196A3RM8c2 B2dkb; ACceI : | o:‘ a
s
o SEoomer oo 0 e PR e B B TH e T o o

conbi nati on of (@ N®4aEiAD1EABET | $138T.XISIB.631@88.a4 964 B8 é&289loup consi sti ng

of: (a) DASE, %zg ARSE 6Pt IEET ALBO 51365 19 5oF, A1 IRCA1 BB ®hssp;(b) A0S,
D48E, L136P, Gl

E23 GL79S; (d) D4SE,
L136P, R163Q GIMAS, Déé%@é“(%%gbféé%@f %%“P&‘g%\’%% 79S, A200G, E238D;
(f) D48E, L136P,(bupl7IBsEEBIBASOT S 13BMIE39NELTIS VISEHR E26AT, FS30HEF388:; 35 (h)

DISE, AGLT, L13 () pdBt 8B a9 os SLAGT, AL39T, GL79S, WO 03/ 068955
4 5) 3 9S (I}
PCT/ | BO3/ 00348 %’ésGyggé* &854 196p, QI79R U A108G  P202S, E238D, P28OL:

(k) D4gB, A61T, (r)36P4858ET, S1A§§9°ﬁ39'6£5ﬂ@’%3 \EDeR 52385 B8P0l At ) D4gE, L136P,
GL79S, Al198G E238D, 0288%s1T(AgpTHRBET, MBAT, G130S8/M96MERSE. G179S, A198G
P289L: 5 (n) D48E, L84P, Gl11V, S138T, A139T, GL79S, A198G, P289L: (o)
Y28C, D48E, A61T, A89T, S138T, A139T, GL79S, E238D; D4SE,  AGLT, ALO7T,
S108G L136P, GP79gheSneih oEskBD7, PPBHN thy q%)tlomfs‘E'C'OE%‘aﬁZ oysiopes! Bosowy
(r) D48E, A8ShectPl3SHoutAL®ITor 1d8463Q G179S; 10 (s) D48E, L136P, Gl179S,

A198G, 1F5’289L;

10. A method for making a novel strain of Streptomyces avermitilis, comprising (i)
mutating the aveC allele in a cell of a strain of S. avermitilis, which mutation results in a
combination of amino acid substitutions in the AveC gene product, or (i) introducing into a cell
of a strain of S. avermitilis a mutated aveC allele or degenerate variant thereof encoding an

20 AveC gene product comprising a combination of amino acid substitutions, wherein the

combination of amino acid substitutions is selected from the group consisting of:

(bf) D48E, S138T, A139T, G179S, E238D; and

(bg)  Y28C, Q38R, D48E, L136P, G1798, E238D.

25 11. A cell of a Streptomyces species that comprises a mutated S. avermitilis aveC
allele or degenerate variant thereof encoding an AveC gene product comprising a combination
of amino acid substitutions selected from the group consisting of:

(@) D48E, A61T, A89T, S138T, A139T, G179S, A198G, P289L;
(b) (G408, D48E, L136P, G179S, E238D;
30 (©) D48E, £136P, R163Q, G179S;
(d) D48E, L136P, R163Q, G179S, E238D;
(e) D48E, L136P, R163Q, G179S, A200G, E238D;
(f) ~ D48E, L136P, G179S, E238D;
(9) D48E, A61T, L136P, G179S, E238D;
35 (h) D48E, A61T, L136P, G179S;
0] D48E, A89T, S138T, A139T, G179S;



(t) D48E, F78L, A89T, L136P, GL79S; (u) D48E, A89T, S138T, AL39T, GL79S,
E238D, F278L: (v) D48E, A89T, L136P, R 63Q GL79S; (w) D48E, AGLlT, A89T,
GL11V, SI8®D3/0#939F, GL79S, E238D, P289L; 15 (x) D25G,  DARET/IBEDIN348.136P,
S138T, AL39T, V141A, 1159T, RL163Q GL79S: (y) D48E, A89T, S90G L136P,
R163Q GL79S, E238D; (z) D48E, A61T, A%%T, GL1 1V, S138T, AL39T, GL79S,
E238D, P289L: (aa) D48E, A89T, S138T, Al 39T, GL79S; (ab) D48E, L136P,
R163Q GL79S, S231 L; 20 (ac) D48E, L136P, S138T, A139F, GL79S, V196A,
E238D;, (ad) D48E, AG1T, A89T, F99S, S138T, A139T, GL79S, E238D;, (ae)

G35S, D48E, A89T. Sl 38T, - . ABLT, A89T,
S138T, A139T, Gifos, @?gﬁ%ég%&giimg‘ﬁ%ﬁ%@f’g&? 7, S138T, AL39T,
GL79S, A198G EZ88D, D42, A6dl)L 18R, 138 BE39FASITIS, E2EPP288L79S: (ai) D4SE,
,(AB%I' D'(—LéEGPASSEI_(@E%g%%@ﬂégmp@?%,A16@¢,)E2@é@,528é\§9'r1 L136P, Gl79S, F234S;
a , , , 79 : ). CB6R, DASE, A89T, L136P,
GL79S, E238D; é@‘)(ar84854%6é%%‘§’g}r,m§§%g%,%§§fé§@ F)éi%s; (an) D48E, A89T,
S138T, GL79S; (dn) DABEE, L&8DTG11HY3BRAT GIAIE,GIFISPNISE RIPODISE, AS9T, L1

36P, Kl 54E, Gl79S, 1ol , T 9T, KI154R, G179S,
V196A, P289L; 3@ (ar %’4[%48(5'%# &Eigg%?’%%l:éﬁgl&s?%@’\/l%gg 'E238D; (as)

DASE, AG1T, A89TP) L136BE ASIToRIOT1YBRG. LASEBE ! BOSTP2A RPHS 68955
PCT/ | BO3/ 00348 (qp9 (miBk, ID4GE,GIAGL R250M38T, AL39F, GL79S, GL96A, E238D,

P289L; (au) D48E, A , : A8B9T, VI120A, L136P,
GL79S. (aw) msg;ﬁ A6@EE@§$G§§§%%§M§§@G% ' V196A, A198G E238D, 5
(ax) DAWE, A61T,(SIABOTP48EIIBRP. HT8B A9 FREOLGL79S, V196A, E238D; (ay)
D48E, A61T, A89Ti) S13BBE, AlsL IHOT, IGREOS1794.96A, E238D, P289L; (az) D48E,

Staer, “arsor, aiibs, Ao EIBRAPIR RIS RHEH Miear “siz6r, Al 30T
GL79S, V196A, EZ®8D, RBEOAM9ITAIIGERR163Q, G179S;
(W)  D4S8E, AB1T, AB9T, G111V, S138T, A139F, G179S, E238D, P289L;
15 (x)  D25G, D4SE, AB9T, L136P, S138T, A139T, V141A, 1159T, R163Q, G179S;
(y)  D48E, A89T, S90G, L136P, R163Q, G179S, E238D;
(z)  DA4SE, AG1T, A89T, G111V, S138T, A139T, G179S, E238D, P289L;
(aa)  D48E, A89T, S138T, A139T, G179S;
(ab)  D48E, L136P, R163Q, G179S, S231L;
20 (ac)  D48E, L136P, S138T, A139F, G179S, V196A, E238D;
(ad)  D48E, AB1T, AB9T, F99S, S138T, A139T, G179S, E238D;
(ae) G358, D48E, ABIT, S138T, A139T, G179S, P289L;
(af)y  D48E, A61T, A89T, S138T, A139T, G179S, V196A, E238D;
(ag)  DA48E, A8YT, G111V, S138T, A139T, G179S, A198G, E238D;
25 (ah)  S41G, D48E, A89T, L136P, G179S;
(ai)  D48E, ABYT, L136P, R163Q, G179S, P252S;
(a))  DA48E, ASOT, L136P, G179S, F234S;
(ak)  D48E, A89T, L136P, R163Q, G179S, E238D;
(a)  Q36R, D4SE, AB9T, L136P, G179S, E238D;
30 (am)  D4SE, AB9T, L136P, R163Q, G179S;
(an)  D48E, A89T, S138T, G179S;
(a0)  D4SE, A89T, L136P, G179S, E238D;
(ap)  DASE, AB9IT, L136P, K154E, G179S, E238D;
(aq)  D48E, ABIT, S138T, A139T, K154R, G179S, V196A, P289L;
35 (ar)  D48E, ABIT, S138T, A139F, G179S, V196A, E238D;
(as)  D48E, AG1T, ABIT, L136P, G179S, V196A, A198G, P289L;



10 (bc) D48E, A61T, A89T, L136P, G179S, P289L; (bd) D48E, A89T, S138T,
A139T, Gl79S, V196A, E238D, P289L; and (be) D48E, A61T, A89T, S138T,
Al39F, GIWOI3/088096A, E238D. 12. The cell of claim 11, whi @cTiBox0s4s | of
Streptonyces avermtilis. 15 13. A cell of a Streptonyces species,
conprising a mutated S. avermtilis ave{g allele or degenerate variant

t hereof encodi ng an AveC gene product conprising a conbination of amno
acid substitutions selected fromthe group consisting of (bf) D48E, S138T,
Al 39T, GL79S, E238D;, and 20 (bg) Y28C, (B8R, D48E, L136P, Gl79S, E238D.

14. A conposi ti oggof ,54/8@ Ré'lﬁ-xg 3|8$2A@§glé)%§yé1£A BI48H) %f_ ns produced by

cells of Streptonyces Si ng thé cycl ohéxyl B2:cycl ohexyl
Bl avernectins p(lak*)sen@”'fiEnAggi b@ﬁ?tﬁ’ﬁgﬁedl umin which the cells have been
cul tured, wher eig@vt hepses ngoTOV1d0ReL BgR| ©fresyl 25 B2: cycl ohexyl Bl

avermectins presgnt i g, d-NgsGUASH" §19879AMBE 705 IRoda, RliodE E2aer°

5 (ax)  D48E, AG1T, A89T, G111V, S138T, A139F, G179S, V196A, E238D;
(ay)  D48E, AG1T, ABOT, S138T, A139T, G179S, V196A, E238D, P289L;
(az)  D4BE, AG1T, ABIT, L136P, S138T, A139F, G179S, A198G, E238D;
(ba)  D48E, AB9T, S138T, A139F, G179S, A198G, V220A;
(bb)  D48E, AG1T, ABIT, S138T, A139T, G179S, VI196A, E238D, R239H, P289L;

10 (bc)  D48E, AG1T, ABIT, L136P, G179S, P289L;

(bd)  D4BE, ABIT, S138T, A139T, G179S, V196A, E238D, P289L; and
(be)  D48E, AG1T, ABIT, S138T, A139F, G179S, V196A, E238D.

12. The cell of claim 11, which is a cell of Streptomyces avermitilis.

15
13. A cell of a Streptomyces species, comprising a mutated S. avermitilis aveC allele
or degenerate variant thereof encoding an AveC gene product comprising a combination of
amino acid substitutions selected from the group consisting of
(bf) D48E, S138T, A139T, G1798S, E238D; and
20 (bg) Y28C, Q38R, D48E, L136P, G179S, E238D.

14. A composition of cyclohexyl B2:cyclohexyl B1 avermectins produced by cells of
Streptomyces avermitilis, comprising the cyclohexyl B2:cyclohexyl B1 avermectins present in
a culture medium in which the cells have been cultured, wherein the ratio of the cyclohexyl

25  B2:cyclohexyl B1 avermectins present in the culture medium is 0.35:1 or less.

30



