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primarily useful in the field of animel health. Mre partlcu t he
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Ar 0genszfon. Among the related avermectins, the B1 type of avermectin, such as doramectin, is

25 recognized as having the most effective antiparasitic and pesticidal activity, and is therefore '

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
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activity (e.g., S. avermtilis, ATCC 53567) are described in Eur cppge?{m_ 2005
Patent (ER) & 3. Fernentation of such nutants in the ,
exogenouglcil()%)l?g%ﬁgi ed fatty acids results in *@0002* 1 SPgﬁiﬁg@g%& WO
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pol yketi de synthase gene cluster (PKS) (see Hopwood and Sherman, 1990, Ann.
Rev. @Bnetycidavirermprin B gorapretindt r Hieegy/2togr 2 Gifasl gisied FUs" glouble

bi osynt hemutangat bywayaveasitiizd¢STCC 63692] lisatescrived inEP 246303t ance gene and t hen
test adjacent regions.of dhes ﬁngg,ggligmr&ggmpgggimggggs related to the

bi osynthesis of that parti _ (101 C. other strategy for cloning
genes i nvol ved I mafhE23550e8/RE Hveived Y PrrgHshen ahtecstraneglbPitted the ®heen
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Sherman, 1990, Ann. Rev. Genet. 24:37-66). Thus, one strategy for cloning genes in a

biosynthetic pathway has been to isoclate a Idrug 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 bipsynthesis of imporiant

30 metabolites has been complementation of mutants. For example, portions of 2 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 biosynthesis (ave genes), like the genes required for

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



producing nmutant and transfor mants screened for production of t he 18JJ' 2065
netabolite. Additionally, hybr| di zation of a library using probes derrve
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i n- biosynthetic pathways. 35 Genes i nvoI ved in avermectin biosynthesis (ave
genes), like the genes required for $synt hesis of other Streptonyces
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the Strept i
pr aduct - onGaHPEEoEh B8 21T S SHPoplEr N ATy Bgi0n) SR

nucl eot i de cemmueROEimpbrtdrheveavetinddRF of S. avermtilis as presented in
FIGURE 1 (SEQ ID 25 NO 1), 9rsaupage ¥ Aje il thereof, but which

nucl eofi’de sequence further comprises nutatlons. encodi ng a conbi na |on of
ami no aci d substTire presenisingentiopnpravydescs @olyasieatifesmolesis 1§iag Agyelse i‘ e ani no
acid posit 's@tﬂ.@n&éc thSE@ étﬁér%@ ZZhe Samed a lrat Seapidrs/ced atermiieareiCt alleles thes§r ai n

ATCC 5369,[2 ﬁlénr ghﬁ/%‘(ﬁ; %%‘F.pqod”"t’ go%n Vs%%)e%«l:é 6t spefaslﬂﬁds%@l%g (Aﬂ‘?é:t’ée\é@ﬁ)%l thd that

express ecul nucl’eot | de
seQ@nce amecledigabéavende of the aveC ORF of S. avermrt/l/s as presented in FIGURE 1(SEQID -

25 NO:1), or a degenerate variant thereof, but which nuclectide 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
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 embodiment, the ratio of cyclohexyl B2:cyclohexyl B1 avermectins is about 0.25:1 or less. Ina



30 producing a class 2:1 ratio of avermectins that is reduced.coqp%n@ﬁn¢§
the ratio produced by cells of S.- avermitilis strain ATCC 53692 that

i nst ead wWOM3H6893dNly the wild-type aveC allele, wherein REEBIBHEIB| ass 2:-1
avernmectins are cycl ohexyl B2:cycl ohexyl 131 avermectins, the ratio of
class 2:1 avernectins is 0.35:1 or lesg. In a nore preferred enbodi nent,

the ratio of cycl ohexyl B2:cycl ohexyl Bl avernectins is about 0.30:1 or -
less. In a nore preferred 35 enbodi nent, the ratio of cycl ohexyl

B2: cycl ohexyl 131 avermectins is about 0.25:1 or less. In a1 9 JUL 2006 ;
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of
cycl ohexy - CyC exy 1 avernectins 1s abo 1 or less. In a
parti cul aP-2&ipboEssTent t hereof, the conbination of amino acid substitutions
conprises a copbknatticonr sebesihed theesn tHeecditiapos enshiid Bd Qfibstibtigra) DASE,

A61T, A89T, S138T, A139T 9 908G, P289L: _(b) GA40S, D48E, L136P,
GL79S, Ezﬁtﬁ”s‘{scﬁé%@,’oh%éd%ﬁﬁ@%@m&%?m@ " D4SE, L136P, R1630, GL79S,
E238D; 5(e) DA48E) L1BBSE, ARIBIGOTIIPEE AATDCE7 952386, P280L(f) DASE, L136P,

Gl79S, E238D; (9) DA8ks AB2T.13h330Pes GbEQS E238D; (h) D48E, AGLT, L136P,
GL79S; (1) D48E, A89T, 'S138T, A139T, 'GI79S; (j) D48E, A61T, L136P, G179S,

A
A198G P202S, ©»38D™*¥2841%F R183QG7¥ugE, A61T, L136P, S138T, AL39F, GL79S,
E238D, P289L: (df|) DABEL1IGP3RRO3AGEISS;, EAIIRG, E238D, P289L: (n) D4SE, AGLT,

S138T, A139F, %798&1@%@3 R289 1669, ADY®E.eobg4P, Gl11vV, SI38T, A139T,
Gl79S, A198G 89Lb$\#$z YZ%%Q M48E, A61T, A89T, S138T, A139T, GL79S,
l! )

E238D1020 (p) us8E, 3BR1§719S. 64885, L136P, GL79S, S192A, E238D, P289L;
(q) D48E, L136@) GLDSS:, ARPHOVESH O 7E38E380A89T, S138T, A139T, R163Q 617935

(s) D48E, L136p, GL . (t) D48E, F78L, A89T, L136P, GL79S;"
25 (u) D48E, A@ET, é%%‘?&ﬁ?%%ﬂﬁ%s, E238D, F278L; (v) D48E, A89T,

L136P, R163Q @&179SP4g5ypeolsSa38Tad3oT. R8&PF GL11v, S138T, A139F, GL79S,
E238D, P289L; () DRB&SE, ABMBE 30888 T70d, D36, PSASS E23¢x1 3280L; V141A, 1159T,

R163Q5GL79S, 1y DasE, A61T, L136P, S138T, A139F, G179S, E238D, P289L;
' () D48E, L136P, G179S, A198G, E238D, P289L;
(m)  D48E, A61T, S138T, A139F, G179S, A198G, P289L;
(n)  D48E, L84P, G111V, S138T, A139T, G179S, A198G, P289L;
(0)  Y28C, D48E, AG1T, ABST, S138T, A139T, G179S, E238D;
20 (p)  DA48E, A61T, A107T, S108G, L136P, G179S, S192A, E238D, P289L;
()  D48E, L136P, G179S, R250W;
(r) D48E, A89T, S138T, A139T, R163Q, G179S;
(s)  DA48E, L136P, G179S, A198G, P289L;
(t) D48E, F78L, A89T, L136P, G179S; : -”_)
25 (u)  DA48E, A89T, S138T, A139T, G179S, E238D, F278L; -
(v)  DA48E, A89T, L136P, R163Q, G179S;
(w)  DA48E, AB1T, ABST, G111V, S138T, A139F, G179S, E238D, P289L;
(x)  D25G, D4BE, A8OT, L136P, $138T, A139T, V141A, 1159T, R163Q, G179S;
(y)  DA48E, ABYT, S90G, L136P, R163Q, G179S, E238D;
30 (z)  DA4BE, AB1T, ABIT, G111V, S138T, A139T, G179S, E238D, P289L;
(@sa)  DA48E, ABIT, S138T, A139T, G179S;
(ab)  DA48E, L136P, R163Q, G179S, $231L; -
(ac)  DA48E, L136P, S138T, A139F, G179S, V196A, E238D;
(ad)  DA48E, A61T, ABOT, F99S, S138T, A139T, G179S, E238D:
35 (@e)  G35S, DABE, ABIT, S138T, A139T, G179S, P289L;
(af)  D4BE, A61T, A8OT, S138T, A139T, G179S, V196A, E238D;



(y) D48E, A89T, S90G L136P, R163Q GL79S, E238D;, 30 (z) D48E, A
Gl11vV, S138T, A139T, GL79S, E238D, P289L; - (aad) D48E(A)89T Sl38$18£i gﬂ
GL79S. (aW)p DASESSL136P, R163Q GL79S, S231 L: (ac) DASE, HCFEER ‘%i%sT
AL139F, GL79S, V196A, E238D; (ad) D48E, A61T, A89T, F99S, S138T, A139T,
GL79S, E238D; 35 (ae) G35S, D4SE, A89FB. S138T, AL39T, GL79S, P289L; (af)
D48E, A61T, A89T, S138T, A139T, GL79S, V196A, E238D; | 0 JUL 2006 WO

03/ 068955 PCT/|B03/ 00348 -5- (ag) D48E, A89T, Gl11vV, S138T, A139T, GL79S,
A198G E238D; (ah) S41G, D48E, A89T, L136P, GL79S; (ai) D48E, A89T, L136P,

R163Q GL79S, P%gés DadeRinso PABE v ARSFT, Au3S6B17981 R9RG, E2%5; 5 (ak) DASE,

. A89T, L136P, Rl GL79S, E?23 | 6R, D48E, ABOT, L136P, .GL79S,
E238D; (am D4ffR) ASH'C Dﬁigeﬁ@%ﬁpéféé%é‘é% (an) D48E, A89T, S138T,
GL79S; (ao) D48E) Asgzras X836 .1 36EL RISIQ, Bzzsw')w(ap) D4SE, A89T, L136P,

- K154E, Gl179S, E Gi 8B 78 933455138T, AL39T, KI54R Gl179S,
A L 17
V196A, P289L,; ?ai Bﬁ%% %29 S138T, A139F G179S, V196A, E238D; (as)

D48E, ABLT, A89<pk)L1§6¢E Aéﬁﬁ%%':v&‘é%&i 9BES3Sg9L:  (at) D4SE, AGLT,
S138T, Al39F, GLn9sS, Q@@WEWQHW&&U% Ep3sl:au) D48E, A89T, L136P,

- GL79S: (av) D48 A8 (aw) D48E, AG1T. A89T, S138T
AL39F, GL795, v1§€7nl %@%@@ﬂ%‘% H%DXGQ%M%E A61T, A89T, GL11V, S138T,
AL39F, GL79S, V(@BA, DESE3ABRT, (13§ Gbd%E, A61T, AS9T, S138T, AL139T, GL79S,

V196A E238D, P 9L D2EE. (837, LMBEG 1SSl E2sdhB9T, L136P, S138T, A139F, GL79S,

A198G E238D; (ba) 79S, A198G, V220A; (bb

| M51T, A89FP) 5154 &E Aﬁ%g”sp@ﬁ% G\A/%%g%%%sw R239H, P289L: ( (%)c)

D4 E) AG1T., AS9[Eg) L1B6HE. AGT.SI38TRAGHAT, K154R, GITR) VIREAEP28880T, S138T, AL39T,
GL79S, V196A, Egaégg pRABAeT @G, W3S Gl P, VIMEAEE2HBI T, AB9T, S138T, AL39F,

ol ynicl Sot e o coBHeE ABpPET wibdp, BIPEETlal Wi, Pot des @

(at) D48E, A61T, S138T, A139F, G179S, G196A, E238D P289L;
15 (au)  D48E, A89T, L136P, G179S;

(av) D48E, A89T, V120A, L136P, G179S;
(aw) DA48E, A61T, AB9T, S138T, A139F,G1798, V196A, A198G, E238D

(ax)  DA48E, AB1T, A8B9T, G111V, S138T, A139F, G179S, V196A, E238D;
(ay)  D48E, A61T, A8IT, S138T, A139T, G179S, V196A, E238D, P289L,
20 (az)  DA48E, A61T, AB9T, L136P, S138T, A139F, G179S, A198G, E238D;
(ba)  D48E, A89T, S138T, A139F G179S, A198G, V220A;
(bb)  DA4BE, A61T, ABIT, S138T, A139T, G179S, V196A, E£238D, R239H, P289L
! (bc)  D48E, A61T, A89T, L136P, G179S, P289L;
(bd)  D48E, A89T, S138T, A139T, G179S, V196A, E238D, P289L; and
25 (be) D48E, AB1T, ABIT, S138T, A139F, G17QS, V196A, E238D.
The. present invention further provides a polynucleotide moleculelcompri's,ihg a
nucleotide sequence that is otherwise the same as the Streptomyces avermitilis aveC aliele,

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 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 D 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,
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mherel when t cl : n | ohexyl B2:cycl ohexyl 131
averrrectl ns, rg?lg%%%:%R ass gstdla gb@r h%?%éﬁns is reduced to about 0.40:1 .
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furthes praytcees ashpiim/eed deli CHBE PRl @MBBYGERINE dRst dERliLs BhipoOr a
r econbi nag (Tvect e present invention. In a preferred enbodi nent, _t-h?

10 host c pt‘?’%ycﬁsgfef'g'?ﬁ}}onyces cell. In a nore preferred enbodi ment, the =
host cell is aTkelpreseft inBintigpfuihyt evaee ranmiethiod Sfor Tasingre seve strawenit i on

further pgspyidiged afBhind cBrQ;SrlsmBk(b %té&m@qw@gveﬂ élﬂenmq; cenJf raeBFaQWng
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of a str aéébeﬁ’érat@ vaﬁé(rﬁrtﬁ‘érééf'én%oo%g”?zﬁ aled ggé(ee&oébét%ﬁ,pﬁél degeRpLalSovari ant

t hereof encod mg roduct - risi n%fa co |nat|on of am no
acid subs¥TPeef ﬁ‘ébsm\'r(]‘ﬂé‘ﬁéf r‘5’(’rh e EYRPINFep PBEHT“B‘? agdhPubstitatang issglsser @i ons i s
sel ect ed (a rougk ee) bidtedobgle. (be) | i sted above. The present invention further

provides a met mdlpregéntnﬂvkéng& ﬂthﬂQrvﬁ OVTE%J %' Fn]\e%fod fﬁo'm%&ﬁpg %Wﬁ?eﬁral}p of
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aver ”§§t I vanarlmtnare capagl of producmg cygfohexyl 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 comprlising a combination of amino acid substitutions
selected from the group consisting of () 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. [n 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.
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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 alléle or degenerate variant thereof encoding an AveC gene product
comprising @ combination of amino acid substitutions selected from the group consisting of
(w) through (be) listed above.
In @ more preferred embodiment thereof, the ratio of cyclohexyl B2:cyclohexyl B1
35 avermectins is about 0.20:1 or less. In a non-limiting embodiment thereof, the cells comprise

a mutated aveC allele or degenerate variant thereof encoding an AveC gene product
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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 préferred 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 2 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
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) from S. avermitilis with five overlapping cosmid clones identified (i.e., pSEBS, pSEB6, pSE6G7,

- 25 pSE68, pSEEY). The relationship of pSE118 and pSE119 is also indicated. '

FIGURE 5. HPLC analysis of fernjlentation" 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 11.8-12.3

min. FIG. BA. S. avermitilis strain SE180-11 with an inactivated aveC ORF. FIG. 5B. S.

30 avermitilis strain SE180-11 transfo.rmed with pSE186 (ATCC 209604). FIG. 5C. 'S. avermitilis

strain SE180-11 transformed with pSE187. FIG. 5D. 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



FIGURE 4. BanH restriction map of the avermectin pol yketide s %Et nasg gene
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performed by comparison to standard quantities of cyclohexyl 131. )
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DETAI LED DESCRI'PTI OF THE | NVENTI | ;l ent | n%nél rS%Lt%tn es to
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nucl eot i deelpedurensdsutibeite ewEode hevie dineG: garmtigy sxhuetce ﬂha’(aﬂﬁ@tsafé@?@nyces %
averm til 'u%stabé‘mﬁm?ﬁwdl&éde%%dg& e'ﬂQé’cﬁHg s%%réﬁlcé‘%f &ésnﬁj @E’%Var(ﬁd:é bSogblpat can

be used to screen nutated % 5 rcﬁ r?rﬁ’f ei l{)}

aver mect i B e GHeeRLPS ASAUgRCP 3fRe O H:QE% HRE 1t FEC 'PNQ:4) ARr BOWHCIRRNLES gene
product s eamkcliestawng hetatedtnudeaide B2quBiceaeriveecthenesori @ng deginerte \ayiai8s

aver m | Itt?eTeoPyHXWéCepftheeB?ﬁgme settfz{?‘@\ llll {ﬁ%%@sbﬂnndeﬁt@\e&ﬁrb'el%ﬁgoédﬁslgl QEph%@Ct' ons

bel ow or a pol ynucl éotid having either a nucl eot| uence
that is theosgmnelaeceqtife ”S"eca@%r'?ﬁ'%di'qgl %’eﬁg@@"l‘j’éﬂénﬁ banen eér?fffﬁi? ®§equence
of pl asm dp@RElhdnATEE, 2096/4)opicuotnd $erissoctreabyabes sequentbersof t he ORF of
FIGURE 1 (SEQ ID NO 1), and for polynucl eotides nolecul es having nutated

nucl eoti de sequence% der |%¢)g]§utcgg &4 MO ADdefaqpnerate variants 15 thereof.
9

Howevey, the principles sgi &érh:tflﬂA%E§&E§$%ﬂuck nvention can be
anal ogously applied to other polrynucleoii de nol ecul es, includi nl_% t%veC

honol og genes fW‘%rﬁ’f%ﬁWéP"%ﬁ'%H@Hﬁ%ﬁc@é'S°‘§‘ﬁ%@i°E{§”‘i“??81’%m°l‘?§“'eé?°'6p”s'
hygr oscopicenipletangleB. ORF sEGC uvemiigenesa sangagiadipeesips . thé&redf, wPahyisdeledot i de
Nblecules nco

nuc%atno% mg'QCUTJ.l Clé g\{lgxt rgoﬁu?{elesoﬁy QP%t %B@at QQH%EreJrn @roplr @Ié ent

i nvention® es an 1so pol ynucl eoti de ecul e conprising the
conpl ete @V&O@ﬁlm Yy inghe §v@1efﬁ7’f”islcf‘§’”t9i5°r&e substantial portion thereof, which
i sol atzed The isolated polynucleotide molecule of the present invention preferably comprises a

nucleotide sequence that is the same as the S. avermitilis AveC gene product-enceding
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 polynucleotide 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
(SEQ 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
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el i M nabe expression. The present invention thus encompasses variable length aveC ORFs.

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



AveC activity. Additional deletion of all of the GIG codons at bpl pa$iidons
174, 177 and 180 together elimnated AveC activity, indicating that this
regi on isoneoewsary for protein 25 expression. The presdfiT/iBA¥@HHs on t hus
enconpasses variable Iength aveC ORFs. The present invention further
provi des a pol ynucl eoti de nol ecul e hayj.ng a nucl eotide sequence that is
honol ogous to the S. avermtilis AveC gene product-encodi ng sequence of
pl asm d pSE186 (ATCC 209604), or to the nucleotide sequence of the aveC ORF
pr esent ed in FIGURE 1 (SEQ ID NO 1) or substantial portion thereof. The
term hon&)l LSt o%?&lyﬁ@clébﬁ@éj %c&’liﬁg\}‘lcngtgnacl&ﬁlhé(@%eﬁ% lhg?erﬂsgb@scﬂlllae t hat

is honol OgOUS to an avermti ene r oduct - encod mfg sequence
nmeans a poTighaereaprense fureted thwv%9@7%%9%??%%@&&%%0 P'e%[y'dt hat
encodes tm@am@w@sgem tHt e@lmeés A ahine a8d seqtendd dhoih $1 ABBRE ggBEQPT oduct -

encodi ng ]E%&Jg)nc%epmogﬁr% p;n F 1tu§n’g‘T/(¢:=C 28%@%?{3” tﬂ?ltertbhat Cﬁ@cﬂ%ess the same

AveC gene RUCTEo SEQ Ue ce o present ed in
FI GURE 1 NSBEQ. DMGotium 8bddoyit sxtlfhtat (SDﬁO;I uded eRéAost BCe =i | washinghianges t o

th I . d
(i _e _”fJCaeééﬁe ;Js%‘r’%ofgfﬂ%% %ncg?Je‘é A@gntbte?et gedsﬂegé%@e&@r%t BlotdcBE in90P) &h&/ 888855

PCT/ | BO3/Big2ay; 8ol 4 Sareqrgfpybfi %}*P@rﬁsseﬁatfé 16+ th hagticyé ToPettl Renaving a
nucl eoti de 23@@9'&:0@6%’&:&&% EFOCHERBy é(hﬁ/aleﬂtmwao R@0é drosenguenemeensadedn by t he

AveC gene oduct - e i,ng._seguence S ( ) or

t hat encopdgftérr embor#rﬁ%nqat-l&t,lgra)mo%&gusrp EYR (—,% &Folgﬁl%@% t@ég& rﬁ%gﬂg;]t under
nmoder 4@ el §f thet AveRo@ane PESHEienEasing nupledide SWEFQEd‘?be?FWQS‘rPStEd ¢ 1A tCQrZO%Wd DNA in
0.5 M5 I\JahtE’%coﬁ%ewm blfmhélﬂméb}ibe mhé@b%f(rﬁt)s)ec dRmMeE&Te% AFIGESE 1and )

washi ng at 42 e 1989,

Cur r ent FKESP H%@é%w LV C%h%rengr eeh %e'f)Y SEr em égg?)%rl}sat 85, Inc.
and John hjbtidatién SDhlsar-bbmd DN/NewO\ﬁo‘ﬁ WNaHRO,, Biobdy 1pmMZEMA3a) 65%Q1dan§ncodes a
funct | On%ésxmﬁqus%&&o &ves,% aNBeR! UG 38 AChIRCdoaRoVE Litods BT ef erred
enbodi nmen honol o ous ynucl eot | nmol ecul e hybridi zes to the

conpl rerftnctiomilyeayiyaen Qj@ﬁéfoﬁ‘i‘cé%‘&f‘”%%@d? ng nucl eoti de sequence of

pl asm d pSElS&K&M@yZ@%@@C geneoeodihi@ne paphtaninttiondl ehliealentictheeti de
sequence 9 de‘erm n%g‘t?h L&BF %ﬁggstlsecg fénp. E gt%’#%?od%ctsh%%gsérgem tﬂt} eﬁynples

subst anti aI reo cé strin condi tions
hybri di zaneiomn t&plwﬂﬁ@aﬂebaeiﬁ@'wwna o] OMq\laPml@ncew%asL@scodf W‘ED?*A at

65C, and eq%&@ﬂitélg)f it @, aveﬁﬁw Qveﬂ; 8&5@&@& ﬁgﬁ rcus whetaligocdlring 2289,
above%% %%gglegrg%,'em oe%her S ?ms cr)}%t a\ﬁer /t/}/sy ave%ﬁo%aol%gqt?mta rg d&? M 99&#% as

defin activi veC ot ent i
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(SEQ ID NO:2) or substantial 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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herein are which are incorporated herein by reference. Polynucleotide clones encoding AveC gene

products or AveC homolog gene products can be identified using any method known in the
art, including but not limited to the methods set fdrth in Section 7, below. Genomic DNA
30 libraries can be screened for aveC and aveC hdmolog 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



20 within the skill in the art and can be carried out accordi ng to18 TITN
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Expressi on Vectors resent invention further provides reconbi nant
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avermtil pr%senl(]m/éhhonof A hembeol dfodiuggredistacae pénesnhavegalsdiregn tdreed e ORF
fromS. a\éﬁep%n@ b, 3nd Qhvefly oﬂﬂégen%%?ﬂéue%%emwg%%dq'%méa&g B9 sbibgaveC ORF
fromsS. averm I's or tion thereof, or an 'S. avermtilis AveC gene
product, BEPEE e&’@?‘é"et"@ %&ea*t\@atoai/@cuaq 1 eJteBIoBNCRFRIR PIASETYCH AMARG OthGhI ess
i ndi cabedpigxdd| inGHutchiys@, 1@31) AgpNéERiochef. BaidcRi16:18D-1d0f f erent vectors have
been devel oped for S g, high
copy nunber pl R&R rP vecko?s Htsﬁ%eu‘prrﬁsew %Qé'grgn}{dr? &'CUI%?E&&%% \yskﬁog%?agrryces
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25  herein, the term “regulatory element” includes but is not limited to nucleotide sequences that o

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 mRNA, 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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pr oteln expr essi on vectors ca? g to e%<pr ess an_AveC gene SpI’O ct-

: another species or strain treptomyces suc e.g., S. hygroscopicu
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 nucleotidg sequence coding

35 for the target epitope of a monoclonal 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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receptors,
those that encode resistance to erythromyein, thiostrepton or kanamycin, among many others.

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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measured, e.g., by immunoassay or by the presence of AveC biological activity (e.g., the
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.
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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 resuit 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
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30 0.20:1 orless.
In a particular embodiment thereof, the combination of amino acid substitutions
comprises the combination of group (a): D48E, A61T, ABOT, S138T, A139T, G179S, A198G,

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

pSE538 (see FIGURE 6).
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25 In another partlcular embodiment 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 sgbstitutions. is
pSE526.

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

30 comprises the combination of group (k): D48E,. A61T, L136P, S138T, A139F, G179S, E238D,
P289L. A non-limiting example of a plasmid encoding these amino acid substitutions is
pSES28.

In another particular embod|ment thereof, the combination of amino acid substltutlons
comprises the combination of group (i): D48E, L1 36P, G179S, A198G, E238D, P289L. Anon-

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

'
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In another particular embodiment thereof, the combination of amino acid substitutions
comprises the combination of group (t): D48E, F78L, A89T, L136P, G179S. A non-limiting
example of a plasmid encoding these amino acid substitutions is pSES57.

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
pSES65.

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 pSES68.



conprises the combination of group (p): D48E, A61T, AL07T, S108G 5133%" IZUG’”:
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A139T, R163Q GL79S. A non- |limti n exang%e of E"Fl asm d encgsg these
ami no aci d subdn anatbérgagicular qybEdimgnt theseck it FRIFLMGHT ¢ A G %KY

thereof, tdg, Eé&@*?fhé"@émmn@rf ofafbURQWROKSE, SBITE LSBT 1IN, S‘(S@ﬂprBSlé,sﬁ‘ﬂﬁé .
conbi nat i on Of é%ﬁpbg nélﬁ-&tgaFhadnpﬂ’en%saeolasmldggbo gﬁgé’e R Pkcid DodtRliohd M ti ng

25 exanpl &%5fP amno aci'd substitutions I's pSE55
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exanpl e of HPINER ENco amno acid substitutions is pSE504. t
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t hese #hi rﬁ?mae%ea Eﬁﬁg‘f‘%‘?ﬁtﬁc’l"oorflgoug Qa@E%%é q‘lq%@%ﬂ%q{&gr %;)g?st rgczgﬁar ﬂeﬁﬂodl ms%t

t her eof , tlindting erdonpiebi Dplasriid grFcAing ti‘e%?”ﬁ'ﬂfb%‘ﬂq sustiteieas is PESRGY i ses t he
conbi nati on of |gLAMRer(FEMicuIRARIBOdiNGATtherd e cérltidadon S1B8M0 add SOFtutGAT 9,

cbmprises the combination of group (ac): D48E, L136P, S138T, A139F, G179_S, V196A,

j) 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, AB9T, F99S, S138T, A139T, G178S,
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): G353, D48E, A89T, S138T, A139T, G179S, P289L.
A non-limiting example of a plasmid encoding these amino acid substitutions is pSES40.
" In another particular embodiment thereof, the combination of amino acid substitutions
comprises the combination of group (af): D48E, AB1T, A89T, S138T, A139T, G179S, V196A,

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

pSE547.
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exanpl e of encodi ng these amno acid substitutions is pSE558. In
anot her pa$ﬁﬁ7 ul ar enbodi ment thereof, the conbination of amino acid
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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 pSES77. '

In a particular embodiment thereof, the combination of amino aC|d substitutions
comprises the combination of group (ao): D48E, AB89T, L136P, G179S, E238D. Non-limiting
examples of plasmids encoding these amino acid substitutions are pSE502 and pSE524.

30 In another particular erhbodiment thereof, the combination of amino acid substitutions
comprises the combination of group (ap): D48E, 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 ptasmid encoding these amino acid substitutions

is pSES05.
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In another particular embodiment thereof, the combination of amino acid substlt_utlons
- comprises the combination of Qroup (ax): D48E, AB1T, A89T, G111V, 8138T, A139F, G178S,
25 V196A, E238D. A nonélimiting example of a plasmid.encoding these amino acid substitutions
is pSE518.

In another particular embodiment theréof, the combination of amino acid substitutions
comprises the combination of group (ay): D48E, A61T, AB9T, S138T, A139T, G179S, V196A,
E238D, P289L. Non-limiting exampies of plasmids encoding these amino acid substitutions

30 are pSE529 and pSES54.

In another particular embodiment thereof, the combination of amino acid substitutions
cbmprises the combination of group (az): D48E, AB1T, 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 SUbS'(ltuthﬂS
~comprises the combination of group (ba) DA48E, A89T,_ S138T, A139F, G179S, A198G,




i's-pSE509. In another particular enbodi ment thereof, t he conbi nat i i @ngof. .
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conpr i ses SYRTEUEETH n of group (ay): D48E, AG61T, A89T, S138T, A139T,
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enbodi ment_ t her eof t\, i nat fo% C\?g subst,rgc)tu %rtljgt t&g ri ses
Che_conbi FAHLE 28T o MEGI (HEyBRise o AgsT L e (o VLTS

WO 03/ 06825»IBCAY erOﬁHE@@SAS - 26 V220A A non- | | mting exanple of a pl asm d
e%ogi ng E hteﬁe @éﬁcoﬂ%r &la’?'é%ugnﬁwuﬁtltpé?@of e coMERAOR of diniAd Bkid QibsRaidnk cul ar
enbodi nen ereo inatio npri ses
the cdbi RETPSR® BF cgweﬁsf'oc%m%éfee% S B Cao R By B 600

V196A, 5 EEZ:BBDA R2BPHkingP28Biple & a@lesinidnércodiog Mamhmoofw"é sphstitwieng i8ncodi ng

t hese am ?ﬁ substitutions is pSE537. In another particul ar errbodi ment
t her eof e conbl nation of am no acid substitutiol rises.

co
conbi nation of T§¢ o‘?jﬁse(’bdr)"e”tBRBE”h‘iKGFir?‘”deRB@Tpo"if'ﬂf%’%‘ﬁ'ge Civgess ﬁ%@@rl'_s'”gA non-
limting maéaﬁbesafueacqothatsmmemmde pgnd Bethe Iepleoyessi aveguiliistaveQelams | s

pSE54JZ 1 @?%/iﬂ?Avé@Béde%éd’ﬂct @rﬂ:p&(#d %Uénc‘a%@%@%ld ptSIEQBé:QﬂJ@'Cr@me of
am no ‘aci subs
or the nucleotide sequence of the aveC ORF of S. avermitilis as presented 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

O

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 ratiq 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) D48E, S138T, A139T, G179S, E238D; and
(bg)  Y28C, Q38R, D48E, L136P, G179S, £238D.
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.
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25 nucleotide shuffling, 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 1D NO:2) with

30 AveC homolog gene products from S. griseochromogenes (SEQ ID NO:5) and S.

hygroscopicus (SEQ ID 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.
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25 listed in TABLE 1, or methyithiolactic 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 polynucleotide molecule 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) responsibie 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
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Section 8, IQGU&V\OJhch‘Wﬁ%r ﬁdlll@dtéﬁﬁéaﬁ Q6h lREKIAHRMIAE IbY rdfefonddlio FROEMiInYRcid
03/ 068%35 CT/ | BO3/ 0034§ Egﬁgi\bo s correspond to those presented in
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FI GURES] ( E8EP19B PRSP 2T fol | owi ng seven conbi nations of
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are presented in GURE 6 and recite é)en ed clal ns.
relative Iocatnon in the aveC nucleotide sequence or a deg erate variant thereof, which the

skilled artisan can quickly determine by reference to the nucleotide sequence presented
herein as SEQ 1D 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 (i} present in an environment in which it

would not naturally occur, e.g., where an aveC_alIeIe from S. avermitilis, or a mutated version

35 thereof, is present in a cell other than a cell of S. avermiti/l_'s, 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



As used herein, the aforenentioned designations, such as Al139T, -indicate
the original amino acid residue by single letter designation, 1highsimn
this ex I salanine (A), at the 10 indicated positi nthis -
exanpl ea‘l °§’8§9f| on 139 (referring to SEQ ID NG 2) of thgjbgélwggdgﬁd

foll owed by the am no acid residue which replaces the original am no aci d
residue, which in this exanple is thré8nine (T). As used herein, where an -
am no acid residue encoded by an aveC allele in the S. avermtilis
chronosone, or in a vector or isolated polynucleotide nolecule of the
present 15 invention is referred to as "corresponding to" a particular
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AveC genebad?ér%dé@t(oth&%‘thgrha bél|e>f$kb\bdmadnsabi ihs @mpcara \xqublckdcy adetmsmmer by
reference to the am

nce ted h NO: 2.
As used h&Fgencr '%ﬁ%ﬁ‘sgg‘go tb? Pid Vefﬁ?@' £1'SASS TN i heocé’\slg ”JT] e éﬁ‘gg |\n%g
particul aeveGultleti ons are recited as base changes at speC| fic nucleotide

positions in thge ai!r%@n@-' ih@nfon "fGr@er e&@ﬂ(ﬁ&"' £:8) ré&)mbmérﬁtt iv@Mbrarcodﬂbﬁtdlr@Otei de
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nol ecul e éYefWﬁ%'”moé%fPﬂs'sl“f‘i‘@’ef’l‘F?W ‘Wﬁy‘eb% a’“?’@?ﬂ”ﬁf'eﬂmsomlaéﬁ shedhE B3 her
that i i st thé |a)/ecpuneuef ioe dhérombin@ined teerdmaifat Si bvdrsitisudesis. afibusakHeyprésept of

other POl YUGHLE Rl k8o IR SE 8RB I\ hEAIAN mBLSIL O AEng BRUERESS.  OF

(ii) prese nvi ronment not naturally occur,

e.g., whepecleptidesequeatq i ef FPfé?ﬁ”S invgJERmvpich | veclogr cay hritsek P FEPSitERH 35

t her eof, b&yrﬂu&l@&tﬁi&tmélébu& &ed biteOh hiey St banmaicelrdm@bms. otray etani 4tithé sye®@r (i)
present in rm m\(\hne(ag ;somalWDm d not naturally occur, e.g., as a
shorter P%Q:e E)IQPE\ P58 @ restriction fragment WD 03/ 068955

PCT/ | BOB/ 00348 ln SGD”W@%?@@PWM ohe yeRICE ergear TetRceMBRIONE!T KB 3F ng
predom naUEeldYtotlrh:%rtaavlﬂlgt‘etﬁ@dl/é”lgall’e@bmggrﬁerata vBtiEnatre@olv&dceidon tb lter @esentwi t h or

Wi t hout ag—xeﬁﬁaqgtloﬁéee eroF egé{ral at OF % rnyt;}b'\&eregg:?%r%réhn no%%l st?éﬁ%sgﬂléent ! y

integrate ologous |ece he  chr onosone of
bact eri al aesinltilig, Gtetrsis waéth&a@e'IOIdUQﬁaVS'me&v@r'matfPQLiC%S clays Zhetiprpedred vect ar
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expression vectors provided herewith, such as those expression vectors exemplified in
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. avermililis 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



The present invention further provides -a reconbi nant vector conprising a
pol ynucl eoti de nol ecul e of the present invention. Such a reconbi nfgt iy eghor
can be use® dmesdsar get any of the pol ynucl eoti de nol ecul eecraBps/imsing

nmut at ed nucl eoti de sequences of the 10 present invention to the site of the
aveC allele of the S. avermtitis chron?sorre to either insert into or

repl ace the aveC. ORF or a portion thereof e.g., by honol ogous

reconbi nation. I) According to the present invention, however, a

pol ynucl eoti de nol ecul e conprising a mutated nucleotide sequence of the
present invention provi can,a f :
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al Feye. Such.gempe 25 replacenent vectors can be constructed using nutated
pol yhucl eoti de ol ecul es present in expression vectors. provided herewth,

such as those e?ﬁ?e&‘%ﬁeah inygd{oqr Wirther ehipyiqes @ diopt CeliSEXTRTEIN982 HAIVEEecTdfe
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instead expmesament| e hbe call lst- Sopemveet| Ined @orel meferrqar enfilmdimedt, érebodi ment ,

t he anount cg[,sg\ég[mbtg,gy&rsggmﬁs by the cells is increased. In a speci fic
t hough non- lim_ting enbodi nent, such a vector cog}E ?es a stron Prmt er

as known in t he TAFtPresek fveRtion further provifes o3 G P VEver HE pPonot er
f r om Sacchatregonycsp averndliy,t dormpesing (ihattairg the taueﬂ? etklSh apslt ofemntrdinr ohf. and i n

oper al i e BRRfka R nildon LR %V&%Blfm.oﬁgpanms%e sSb&ifoRen ¥ Awc 2006

WO 03/ constructed usin he nutated aveC allele
of pl asni d 9pBEFEBCL 8N BEIERS P 7 Be!liPb e BRI of %Ie%’ﬁ’ﬂ’t{ﬂea mytpied ZeCBItIRM No.
6, 248, 579, ddhwepicesaaht fheneen EncdBing 20 VAvee sgege Ipeoduetptaneisiegta sediration bhat ar e

useful to %ﬁ%&c.‘é%@stztuﬁ g}% ?N@rgn%%c%albma@onvgf Elqmt:%gﬁ sﬁéét@'ugh&{ se%cted from

avermtili nment, such gene repl acenent vectors
can e coné@)ﬁhj@ltgé‘dbﬁlﬁtﬁ‘ba‘l%é mut at ed pol ynucl eot| de nol ecul e present in
pl asmi cbspSElso (TAd Gres2R9BYion Whihehprosideexe mpttiddi ed makinGec héveinsteirl of bel ow

(FI QURE 3) avermefrlls comprising (i) mutating the aveC allele in a cell of a strain of S. avermlt/lls 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



present invention further provides gene replacenent vectors that1c%d%&i%é a
pol ynucl eotide nolecule conprising or consisting of nucleotide sequences

t hat nat waabidssf¥ank the aveC gene in situ in the S. avepP@lABd3i083438
chronosone, including, e.g., those flanking nucl eoti de sequences 10 shown
in FIGURE 1 (SEQID NO 1), whi ch vectors can be used to delete the S.
avermtilis aveC ORF. The present i nvéntion further provi des a host cell
conprising a polynucl eotide nolecule or reconbinant vector of the presént

i nvention. The host cell can be any prokaryotic or eukaryotic ceII capabl e
of use as a host for the p ¥%nucleq} ée ul ec@ vector.
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t her eof , tdegerputeav@@ntaeEotbicetieg @n mgemeairedwawramsmmlcm)!bm@mocdes an

AveC gene. prodi tsus&msassm&e.ﬁ tI%OJBpAbﬂ%E&p& apnﬁnoaaadrsqutqnssaglegaemr@ns
selected fromt ﬂ%ﬁigg&ﬁcona stin rou above: 35 In

a pref er r dop FAFAD Brabfeg)- t‘ﬁé pi’%f?’ir ‘?S'Tboéw btﬁé&?l’ C%E Oigcﬁvﬁﬁ‘{é’%’fﬂ B1
aver mect i Rempssirgbaush Dmdlitel aved eiste ot Aegenvate Variant bregcapabie dif reoducinber eof

Lhe it e, Bl N 03/ 9PARSRRETLIB0R 0854 8 03t ol or degenerate

vari arft’ t KéFeof’ encodes “an ene produ risi a conbination

ani no acid subﬁyl G del @@Pea“efer G he @F’@%'”@oﬁé‘”'g?t%@v%ﬁ Alele ¢ hr ough
(be) i st edg@RaNEvaribm tiieréBb Lot & the dbeabestbdrenps, thewembin dof ISeaveatiiie of
cyclohexyl B2: cyclohexyl Bl avernmectins is about 0.25:1 or less. In a
non-1imti 5‘ vbodi nent t her eof, the mutated aveC 5 allele or deqener ate -
vari ant ther eofThenwiesses 'Wﬁ”tMe@“@%nwowﬁ%@cﬁe"cGfrrﬁr PEeMem¥ree oTSPRRIHN ,

25 comprises a mutated 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 B4 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 cyclohexyli 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



of anmino acid substitutions selected fromthe group consi sting of V\Q
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In a non- Irmtrng enbodi nent thereof, the nutated aveC allele or
degenerate variant thereof encodes an AveC gene product conprising a

conbi nation 10 of am no acid substituti®hs selected fromthe group

consi sting of (ao) through (be) listed above. ~~ The present invention
further provides a nethod for naking a novel strain of Streptonyces
avermtilis, conprising (i) mutating the aveC allele in a cell of a strain
of S. aver rrotipli$ing a apiretion efaminrecidssbstiuionsselecied M ag 9TevP eansisingr Mhci d
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| i st ed abova) through (ipm) éifted almde.enbodi nent t hereof, the species of

Streptonyces is Tﬁe pré!rﬁrlrﬂ?eﬁtlolw 'ftﬁtherTﬁ?@des%%%ﬂBf d foeﬁﬁﬁnb}@éb 5dd61§§1@6mﬂfsﬁiigldjes a
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acid substitutions onsi stin e
st ed abols P Rerpret araimeal BEbmER SO THEraGT S firun s CresbBlor bRy
B2: cycl ohexydiohBgy! B38yciohexyrBt éverrgedtiss inlpoatio o a3t Q4Q>|1 O'I 'e:sss In a non-limting

enbodi ment  t her e@fough BRy 6@hé ree.@amrut%ﬁs céh Mr@geaﬂmasm%a{el @éenOhvedggener at e
vari ant ther eof en odr g%_rngn AveC 03/ 068955

e produ
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more pref er Fe?QaWQbmtneéeggéé@?t’thetﬁg of & h&rv@gvé‘cyﬂlta@hexyl B2: CyCl 0hexy|

131 avernmectins is 0. or I'n r] | ng. e enbod r’rF
t her eof the ¢ e|S|uch B?fﬁ Ftéaér§ of cells are useful in the large—scae productron f commerciaily

desirable avermectins such as doramectin.

25 The present invention further provides a process for producing avermectins,
comprising culturing the S. avermitilis cells of the present invention in culture medié under
conditions that permit or induce the production of avermectins therefrom, and recovering said
avermectins from the cuiture. 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 préferably

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.



5 a nutated aveC all el e or degenerate variant thereof encoding an hde@.dgéne
product conprising a conbination of am no acid substitutions selected from
t he groupOcBnsssti ng of (w) through (be) listed above. |PCHIBMS0@348r ef erred
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is about 0.20:1 or less. In a non-limging enbodi ment thereof, the cell
conprises 10 a nutated aveC allel e or degenerate vari ant thereof encodi ng-
an AveC gene product conprising a conbination of am no acid substitutions
selected fromthe group consisting of (ao) through (be) listed above. The
present invention fyrther provides
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25  composition of cyclohexyl B2:cyclohexyl B1 avermectins is produced by cells of a strain of S.
avermitilis that express a mutated aveC allelg or degenerate variant thereof which encodes a
gene product that results in the reduction in the ratio of cyclohexyl B2:cyclohexyl 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 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.

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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such as by ammonium sulfate precipitation, dialysis, size fractionation, ion exchange
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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 @ 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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parasites that are found in the blood or other tissues or organs such as filarial worms and the

extract intestinal states of Strongyloides and Trichinella.

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
Jarvae 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 piants, which pests include spider mites, aphids, caterpillars, and orthopterans

such as locusts, among others.



produced by cells of the strain that instead express only the single
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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 compognd

produced according to the present invention can be applied as a spray, dust, emulsion and the

30 ke 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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of differerd aqa@gesyb}é‘éf’k@ with a Hewlett Packard 1090A quurd chromatograph equipped with a .

scanning diode-array detector set at 240 nm. The column used was a Beckman Ultrasphere J

25 C-18, 5 um, 4.6 mm x 25 cm column maintained at 40°C. Twenty-five ul 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.



6.1. Material's .And Methods Streptomyces avermitilis ATCC 53692 was stored
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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 protéin 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
As

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

15  Streptomyces avermitilis chromosome that encodes the AveC gene product.

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



3-Furoic acid 7.6 14.6 .0.62 S-(+)-2-nethylbutyric acid 12.8 21. 6 Q,qrn
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20 Alternatively, 5 ml of mycelia were placed in a 17 mm x 100 mm tube, the cells
concentrated by centrifugation at 3,000 rpm for 5 min, and the supernatant removed. Cells
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 mi TSE buffer containing 2 mg/m! -

~—’

lysozyme, and incubated at 37°C with shaking for 30-60 min. After incubation, 0.5 ml 10% L
25  sodium dodecy! 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
extractéd 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 mixture was
then incIJbated 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).
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12,000 x g for 60 sec. The,3uperngh i iuihssahdetey D the cells were

resuspended in 1.0 m 10. 3 centrifugation at
12,000 36 g for 60 skgl, transigredse £s apleprivanes doswaiediéde STRE LedBtafiels)

r esuspendedndiun? (FacilTryptone - 10 g, Bacto-yeast extract - 5 g, and NaCl - 10 g in 1 liter dH,0, 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 ptaced in a 1.5 mi 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 instruétions.

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
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A vial containing 1 x 10° protoplasts was centrifuged at 8,000 rpm for 10 min, the 'a__)
25  supernatant was removed, and the protoplasts were resuspended in 0.1 ml P buffer. Two to 5
g of transforming DNA were added to the protoplasts, immediately followed by the addition of
0.5 mi 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 mi; K,PO, (4 mM) - 1.0 mi; CaCl,  2H,0 (5 M) - 0.2 m}; 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.SO4 - 0.25 g; MgCl, -~ 6H,0 - 10.12 g;
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25 Nagoya) - 20 g/L; Pharmamedia - 15 g/L; Ardamine pH - 5 g/L (Champlain Ind., Clifton, NJ);
CaCO; - 2 g/L; 2x bcfa ("befa” 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; FeS0O,.7H,0 - 0.02 g/L; MnCl; - 0.002 g/L; ZnSQ,4.7H;0 - 0.002 g/L;

35 (CaCOs- 14 glL; 2x bcfa (as above); and cyclohexane carboxylic acid (CHC) (made up as a



t hi ostrepton resistant (Thin ) colonies were visible. 7.1.6. Trapsformation
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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 BamHl
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E. coli strain GM2163 (obtained from Dr. B. J. Bachmann, Curator, E. coli Genetic Stock
Center, Yale University), E. coli strain DM1 (BRL), or S. lividans strain TK64. Thiostrepton

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 cyclohéxyl-BZ: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 pg of pSE119 were isolated

using a plasmid DNA isolation kit (Qiagen, Valencia, CA) following manufacturer’s

35 ihstructions, and sequenced using an ABl 373A Automated DNA Sequencer (Perkin Elmer,

Foster City, CA). Sequence data was assembled and edited using Genetic Computer Group
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25 chromosomal DNA by PCR amplification using primers designed on the basis of the aveC
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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
NQ: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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25 (FIGURE 1) (SEQ ID NO:1), which encompasses a PstliSphi 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

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

transformed with various plasmids.



anal ysis. This plasmd, which was designated as pSE186 (FI GQURE 2,5 ATCL
209604), was 15 transformed into E. coli DML, and plasm d DNA was ¥sol ated
from a”mf(?bi/bds%sr esistant transformants. 7.2. Results ApZrisidnesac! / BamH .
fragnent from pSE119 was identified that, when transformed into S
avermtilis strain 1100-SC38, significantly altered the ratio of B2:Bl
avernectin 20 production. S. averm t#fis strain 1100-SC38 nornally has a -
B2: Bl ratio of about 30:1, but when transforned with a vector conprising
the 2.9 Kb Sacl/BanmH fragnment, the ratio of B2:Bl avernectin decreased to
about 3.7:1. Post-fernentation analysis of transformant cultures verified
the presence of the transform ng DNATABUERZ 2. 9 Kb pSE119 fragnment was
sequenced and a -0.9 Kb ORF was identified 25 (FIQRE 1) (SEQID NO 1),
whi ch enconpdsses a Pstvéh@Bpisisthimagnent |t Nat Traagfoanis ous| $vg-been nut ated
el sewhere to |produgg,BorRiRidisdnsapn! y (I kedaTestecal ., 1D95B2:Bhove) . A
conparison ofl this ORF, or 1ts correspondi ng deduced pol ypewd i d¢, agai nst
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wi th known DNA or W%’Eglgﬁ(mg@quences; 30 TABLE92 presepts the fernentation
anal ysi s of S avermplacht Hvetmal N I1100{SC38 tmansforned weitsh vari ous

pl asm ds. WD|[03/ 068955 PCT/1B03/00348 [-48 TABLE 2 | 5. averm{ilis strain
No. Transformants 1A08-SCE8 (reE41Vr mi ng pllasmi d) ™ested BR: B13-’Ratio 11

00- SC38 (none . ' By—21+—3+-3—110p-SE38(pPEL19) 12
3.7 1100-SC38 (pSERIBFAP 50T 1100- $C38 (poE185) 14 2757 5 . EXAVPLE:
CONSTRUCTI ON [OF ST 15y RNt Heh&5)AveC ANTS Thigs exanple dgscrilpes the

construction jof several different S. avermtilis AveC 'mitants Wising the.'"”')
conpositions and net hods descri bed above. A general description of L
techni ques for introducing nutations into a gene in Streptonyces is

descri bed by Ki eser and foEﬂéﬂﬁbﬁd?OLﬂ%‘i?CWg'l‘PF Enzym 204: 430-458. A nore
detai |l ed description is prSvAHERMBEISARE MUZANTS 7988, J. Antibiot.
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techniques for introducing mutations into a gene in Streptornyces 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 internal 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 Bgfit and EcoRI, followed by electrophoresis, and
was purified from the gel. - This ~1.7 Kb fragment was ligated into pPGEM7Zf (Promega) which
had been digested with BamHl and EcoRl, 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 BamHI, the
digest electrophoresed, and the ~2.8 Kb Sphl/BamH| insert purified from the gel. pSE119 was
digested with Pstl and EcoRl, the digest electrophoresed, and the ~1.5 Kb Psil/EcoRl insert
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E. CO/I DH5a cells. 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 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

35 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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conpet et pSE185 did not significantly alter the B2:B1 avermectin ratios when transformed into S.
avermitilis strain 1100-SC38 (TABLE 2).
pSE185 was used to transform protoplasts of S. avermitilis to generate a frameshift
mutation in the chromosoma! 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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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 strein 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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produced rgbatckd eeldtice ©ygdiaieepyph - &BollowAnot her nutation in the aveC gene vvas
identified that AMigﬁ'ﬁ tﬁg a@@sdet'\.é Qs %@gtififsé 1124, @anges 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 pWHMS3 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 E. coli DM1,
plasmid DNA was isolated from ampicillin resistent 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 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 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 cyciohexyl-B1 (TABLE 3). This B2:B1 ratio is even lower
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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
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30 transformation of strain SE180-11 with pSE188, pSE199, or pSE231 as described above.
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DNA shuffled plasmids containing mutated aveC genes were transformed into
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transformants,

competent dam dcm E. coli

cells.

Plasmid DNA was isolated from ampicillin resistant

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

relative to cyclohexyl-B1.

ratio of 1:1 or less was determined.

Eight transformants were identified that produced reduced amounts of cyclohexyl-B2

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

follows.

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 ni position 1155 from T o A. The

nucleotide change at nt position 317 changes the amino acid at AA position 48 from D {o 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).
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139 fromA to T and the nucl eoti de change at nt position 856 changes the
am no acid at AA position 228 from MP& T. The B2:Bl ratio produced by
cells carrying this plasmd was 0.80:1 (TABLE 4). pSE296 contains 5

nucl eotide nutations at nt position 155 fromT to C, at nt position 30 505
fromGto T, at nt position 1039 fromCto T, at nt position 1202 fromC to
T, and at HeleofesinengsPt 1bawitipr 6%F ahapepsche FREC RGE PEMA PeRiica HAR femat tont.

posi tion 5A6nedDNgEshahfeatdbitRioAeBTchaabesARe BARb bEiO Bt Al doditioRMB4>rb@ Kioand t he

nucl eoti de-ch e at r osi tion 1039 es the amn 1d at

et Cron. Jega i Blepe PoSiece BDoalR 260 ARG e B =00 r B Eaflor e (i
pl asm d wadrdQI@HL ThaBBBEraA) pro@beed SE29IF cenyrtgthinpladmuek 867 i1dEARLE 4X | ons at
nt posigion 377 fromGto T, at nt position 588 fromGto A at nt

position 633 fromAto G and at nt position 1067 fromAto T. The 18 JUL
2006 NN70 03/ 068955 PCT/ | B03/ 00348 - 5BLUkf| eoti de change at nt position

588 change$ the aadAni@isatiath at po&. t 1 on [I3Rdi4te8 Al tReldtive t[Neavguc] eot i de
change at gt position 633 chahges the am no i d at Ag]p si tijop,.154] from K
to E and tI‘fga”i’?&’cfr‘é??t‘gﬁ%"'gﬂapg@a%ﬁfmma"bsosi t%gﬁmf[%? 1aér:‘§fé°s tﬁ%‘ﬁgn no acid

at AA posifion 298 fromO tol H Thele®2: Bl ratio prodguced by |c&atis tarrying

this pl asn“m_ O 67/t (FABLE4)—5 TABLE4—Savermtiits—stran . )
Rel ative Rg S.tl v1e1 (B\%.) (tran fqrmﬁg plasm d) &r anst or ng;t SHBZOHC?on“. 61 —w
Conc. B2: Bl SET#stie@WRMI) o SE1B0-11 fnone) {4 0 0°0 SF180011 ([pWAVB){4 0 00

SE180- 11 ( pSEZS%7 (gsm,aua. 0. @2 SEJ80-TI[(pSEZ9I) 4106385 0. s> PEL8O- 11
(pSE292) 4{91 231 0 40  SE180L11 (pSE293) 14 123 180 0. 68 QF19“-;LL—EpSE294)
4 68 129 0] B5180sH1BBES)) (pSE2p5) 4 217 271 0.86°° SE180- 185(pSESB) fL 135

186 0.73 FEEGD-TLpCRRERI/) 1] 148 221 0.6 An addi tipnal2asour|d mfo DNA

shuffling r@g(gﬂdx &t to—further—reducethe—anpunt ot S —eyetphexyl - B2
aver necti n{producet re ?iti ve t o cvcl ohexyll- Bl aVernectin as flol 1T ows
SE180-11 (pSE294) 4 68 129 0.53
SE180-11 (pSE295) 4 217 271 0.80
SE180-11 (pSE296) 1 135 186 0.73
SE180-11 (pSE297) 1 148 221 0.67
An additional round of DNA shuffling was conducted to further reduce the amount of :)

cyclohexyl-B2 avermectin produced relative to cyclohexyl-B1 avermectin as foliows.

10 - Semi-synthetic shuffling

The best clone was shuffled using the method described in PCT International
Publication WO 97/20078 by Maxygen Inc. Individual oligonucleotides encoding beneficial
substitutions best corresponding to decreased B2:B1 ratio were added to the shuffling reaction
at 5 molar excess over the aveC template strands. Each nucleotide mismatch of the
15  oligonuclectide was flanked by 20 nucleotides of perfect identity to ensure proper
incorporation during the shuffling reaction. Oligonucleotides were purchased from Operon
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., “Practical Streptomyces Genetics”, 2000, Norwich, U.K.,



10 Seni-synthetic shuffling The best clone was shuffled using the r?eq B 003
described in PCT International Publication WO 97/20078 by Maxygen | nc.

I ndi vi duaW@D3/¢8h3ic| eot i des encodi ng beneficial substitut PONSBI3&Ss48
corresponding to decreased B2:Bl ratio were added to the shuffling reaction
at 5 nolar excess over the aveC tenpl atg,strands. Each nucl eotide ni smatch
of -the 15 ol i gonucl eotide was flanked by 20 nucl eotides of perfect identity
to ensure proper incorporation during the shuffling reaction.

d i gonucl eoti des were purchased from Qperon Technol ogi es (Al aneda, CA).
HTP growt h his.ln e Ionsvver cked fromthe
transf or mat ?{))hrﬁhrf \f:%[]ma“’ i deeﬂggﬁegseeﬁtp § esfﬁg Gg" a?ﬂgbﬁ"’ﬁlg SOAEKIREEP, T,
et al., "Praet |mah5&eaépwwgmse@efmetdlsoeﬁlon 20 00 celibloangi aditatiod. ¢€. the jculture WO
03/ 068955 P /:0Q3 F n) seed
. plates and grrgr&gﬁﬂgttqg e cuﬁuqfes %tgg]{egéaoa‘ﬁﬁnd &Hﬂg%w Af{ep4%e<?a§ 6{}1\% !he

di spensed f &?eddPeP&n ﬁiuﬁe dwas rﬂﬁ@é’l’ﬁeé QURPIHEoD Ratesransk the ﬁemeuns enaleme w@en ng

this ting, hencdhiste st ai-ned mm@m,tnd@esgy@F&\M the bl &ncdraticdays, 20
| of the gqe}ingedl um culture was di spensed oduction plates and the

;
_remaining v USI R ETveLR inferated et 3 é.’f’%%‘ hg divgier! 2314 davs+ FROTYRIENt i on
of gl ycer ol oft thetdteink | qvalrregioafeerstd atysoof DEuba®BYThE heoqueamUplkied wepd ala@s wer e
i ncubated a : OS%H? trains
ocourred af %sséﬁ%ll%ﬁﬁ%crﬂ??ﬂﬂiéﬂl Teﬂfagcl;]qrél l%].f]bhga%g \C/i/u 1%%‘9}3 ngr \f?\\é r\thll{h %
essenti al | ye’%igptﬁé%‘?qdlﬁ’éd % §gapeTto Wﬁ@?ﬁé?'idcﬁlfﬁﬁcePubl i catl on WD 99/41389 by
Pfizer hmc., w tbxtisbiton a4 ESPUMEAIS @fecnidi Ng 1 %agarose to ensure a solid

sufface. 10 Extr S ni.n to
acetét e was add ?c%t%%gégﬂ%\/\gls %celagr%/d"'b/al%ncc’fjéégt30 Y CH Akané 'nc"fba eg ak'?ge%é%t ure
for 20 mi nueegerainIP3] Maviesy ARBoxinately 75hel Oétﬂeydthyamaéﬁ ghagh age resaered,

recovered, tdnsRnsd @6 rL£deti apu% Al L:etp!oawapafafé S6dr E.aqte\ﬂﬂQO;sraé @ta@V%s ni ght.
The precipitate hanol 5 gl

ended in
SOl ut] on nelESiSRses it RGeS 1B cf BTER b BgIuERY eh ISP IHR mep o
96- wel | 18 orspattroaretbr ap ah yateshnghiar écd bg welhfointee afid avilyizeyd @etilyan theﬁh@Sr@edﬁbﬁ hout
liquid chr %@L&Qﬁrﬁ;ﬁhb/qu%rch%#%gra%Q%F %laroé'épafgﬁ& CAPUNAT MBI &e i gQLJS

el ectrospray joni zation separat e channéls were nonitore

VB VE Ly o el SR onigallon B Sprarls FBels Heremiorberan o St MSIH Goneiets my 2
921 to m z The MSIME trpasitidBZorsBidsadiated ionoim fromsn/f 2Mom/z 7888nd for B2 Zodi i
positive mMglgem %/Ebmlogﬁﬁ 7§§Q’ JOQQQe m%ézrﬁ?gfﬁﬁ@argf'%tm  Micr6iad® & Satiro.LC

spectronet er and Technol ogy Tw n aut osanpl ér were used for this
high t4f od‘@ﬁ?ﬁ&?e‘é@P‘é °AG 2 YeRe é%?ré{PPBhTWF Fi%é“‘@%?ﬁw‘eét"eef%fs%i’nfef s high

chr onmat ogr dimsughput sseeehingee lirtegrétios al thersepatetats 1f areidB2 treohatbgramFifdrtegcts @wien (57)
new combi ng§dasqtircathdfisaci d substitutions were identified that can '
produce ratios of cyclohexyl B2:cycl ohexyl 131 avernectins of 0.35:1 or

| ess ( FI GURE 6) . Fifty-seéven (57) riew combinations of amino acid substitutions were identified that can

) produce ratios of cyclohexyl B2:cyclohexyl Bt avermectins 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:cyclohexy! 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



25 Several of these neM/nutatlons can produce ratlos of cyclohexyl

B2: cycl ohex.yl Bl avernectins of about 0.30:1 or |less; several can dﬁbﬂ_ a
rati os oWOdyBbBEExyl B2: cycl ohexyl 131 avernectins of abRfet/IH3A%HE of
~less, and several can produce ratios of cyclohexyl B2:cyclohexyl Bl
avernectins of about 0.20:1 or less. Fwo (2) new nutations were identified
t hat can produce ratios of cyclohexyl B2:cyclohexyl Bl avernectins of 0.37
or 0.38. 30 DEPCSIT OF Bl OL.Od CAL MATERI ALS The foll owi ng plasm ds were’
deposited with the American Type Culture Collection (ATCC) at 12301

Parkl awn Drive, Rockvidle., MD, 20852, Upfp@Bn Ngnuary 29, 1998, and were
assigned the follomnng—aCCESS|on nunber§”’35—_"mD 03/ 068955 PCT/ 1 B03/ 003-48
-60- Plasm d AccessipopmNOSE'# asmi d pSE186"%88605 pl asmi d pSE186 209604 5
The current address @Qmﬁmggﬂaprlcan Type Cudeoure Col |l ection is 10801

Uni versity Bl vd, Nhnassas VA, 20110, USA. All patents, patent

appl i cati ons, and publlcatlons cited above are incorporated herein

ref erepce |n theebmﬁthMGﬁyofmhéMpme%éh©ePWV@%@@BﬁWP§;HEP1PBNﬁ@WFWWrted in
scope by % thﬁ1@qg diment 10 described herein, which are intended
as S|ngle ustrations of individual Ie|
functlonally eﬁﬂﬁ@?P%ﬁFmﬁ%?Ww §m§ﬁ€”88aa§%gﬂ g%gf%gﬁ;?hpﬁﬁﬁﬁgggggﬁﬁ of the
i nventi onupy kmd@&ﬂnnmarmmw$/nodlflcatlons of the invention, in addition to

t hose shown andrh CSGR Q@é;img@r@lngt W bd 1ihRGOoNEsapPaY and sbmftchmtmdsrkeﬂtl ed in

the art fromtheé® f'oregol ng descri ption n d uch
nodi f i 1@at idespsbed Beeit dRER P d“tF%ﬂeId % tRY ?\n'tj ﬁtéaq'onsn&a %kmﬁl 5&%92"352‘? ded

clains. 6lwddiod L&ndZﬂ&ﬁonMuNﬁ&lﬂUMWEDamﬁcomPPne'ﬁs B! Yl fhegePRieBf ecul 6 )

CO”priSi”g a jaucl g t'dﬁm8&9H1Bﬁ&n%ﬁ@%fhé1Rkhﬁhmm5&xmbﬁtosﬁﬁesﬁﬁwmhmd
St r ept omy (8§

"er BTt e avec all el e avermiti
product - eiﬁscmldqédw@er%'@dU@ﬁ‘é?@eonpPBTe&%tmt@S?)gﬁfg% @fﬂ %@ﬁ%!ﬁ%d&%{;&'on
nucl eot i deand gm@ﬁﬁqgﬁravﬁh@ Mﬁn@ﬁlﬁcmbnSareaMe’rdW tq fail avitig thsy EoBRPEHEI n
FI GURE 1 %8d'gllms or a degenerate variant thereof, which includes
one orf%Dﬁ@ PRR changes to the nucleotide sequence accordlng to the
degeneracy of the genetic code; but which nucleotide sequence further
conprises nutations encoding a conbination of amno acid substitutions at
am no acid residues corresponding to the am no acid positions of

‘\ s



SEQ ID NO: 2, such that cells of-S. avermtilis strain ATCC 53692 gp N\h}ﬂt‘:’h
the wild- type aveC allele has been inactigyated and that express tﬂ JUL10Cy
pol ynucl eoti de nol ecul e conprising the nutated nucl eoti de sequence are
capabl e of producing a class 2: 1 ratio of avernectins that is reduced
conpared to the WidAT IS QiraddED¢S]: by cells of S. avermtilis strain ATCC
53692 that instead express only the wild-type aveC allele, wherein when
the class 2: 1 alvgr cl ohex ohex

n ctins
the ratio of class LT“a‘gtsder"rqré%ctu NS mpgs%; %%JCIGfF(}o/erseF%eé’gg r’f}'s?wgrw'se the
pol ynucl eot i de seneesihe SyeptomgtematermittieaveCrallelhghe 8t dvernutilis dyeC odrexy| B2:

cycl ohexyl 131 auRL&E&icbH%g ée?qu@f%lé?pIan%Q{)SéMér(AJT@é%QG%Q i rPJQﬂeMﬂ‘b:éfL??g ] ge

nol ecul e of claim1, \/\g}ereln tog% nmbi na

conprises a conBPHENFLH NeAVEE ‘?frso??fef'ﬂ@“sd‘rsc?(ﬁfeﬁtﬁ%‘lFé@\'”ﬁ@1(§$EQ{ NOPu8E,
A61T, A89T, S138]J or Ad&fEneratelvadSt thaicd8 GhicRa3Bibes orfelnr mGADSentDA&iges toltB& P,
Gl79S, E238D; ( P 3Q GL179S,
E238D; (e) mSE(ﬁL‘:ﬂ%gggseC{g%E% °°ﬁ§€@th%%g%ra‘g%§g%%ﬁ?? g%agﬁ“ﬁ% 36P,
GL79S, E238D; (§yclesigesequgnce, urthfgecmpnaw@aﬂmswdmg@wymmgpzn ohgmmo [ 136P,
GL79S; (i) D48BEacid8ektitufidnd&Tamifd 38d resﬁﬁg%rres&hdlﬁ)&&ﬁhe A8hd acili paitldns 611 79S,

E2380, PosoL, (T BAE 2 Ciup et oS = Rhlmshasarae S5t il T it a1
S138T, A139F, GlpasveGulbipcas begoinactijaigd megmt ekgass th@o}mvcle@msmplecmsm

%gg[s), ?1?834822&%'5'"9(@m%@@g‘i‘g&’%g& ie%g%nge gb@&gﬁa-duc 3%-8555 ;G]Fgggl_
(q) D48EIo L136P"™ “E;f Ermesi Bt 'S g%ef’ﬁﬁ'@%ﬁ%%“ B@g §§58‘§'S€§S D 48E,

ABOT, S13BT, AL3CTilifisteBATACISES? that isjtednBress 0GB Mhe Wi-RPSaveLIgRE, P28OL:
(1) (DIBE, FIBL. eh8ahmred §R10eCh TP ekt Y HET o2 3B M30T, CLTOS

E238D, F278L; T, L1360, R16 8E, A61T, A89T,
G11vV, S138T, Ai‘?%’ﬁg""éi%éat"’égé'éﬁzl ﬂ?é@’ﬂ‘e"""scg“f’ Poriest)

2. The polynucleotide molecule of claim 1, wherein the ratio of cyclohexyl B2:

cyciohexyl B1 avermectins is about 0.20 : 1 or less.

3. The polynucleotide molecule of claim 1, wherein the combination of amino acid
substitutions comprises a combinafion selected from the group consisting of:

(a) D48E, AB1T, A89T, S138T, A139T, G179S, A198G, P289L;

{b) G408, D48E, L136P, G179S, E238D;

(c) D48E, L136P, R163Q, G179S;

(d) D48E, L136P, R163Q, G179S, E238D;

(e) D48E, L136P, R163Q, G179S, A200G, E238D;

{f) D48E, L136P, G179S, E238D;

(g) D48E, AB1T, L136P, G179S, E238D;

(h) D48E, A61T, L136P, G179S;

(i) D48E, A89T, S138T, A139T, G179S ;

(j) D48E, A61T, L136P, G179S, A198G, P202S, E238D, P289L,;

(k) D4BE, AB1T, L136P, S138T, A139F, G179S, E238D, P289L;

(1) D48E, L136P, G179S, A198G, E238D, P289L;

(m) D48E, A61T, S138T, A139F, G179S, A198G, P289L;

(n) D48E, L84P, G111V, S138T, A139T, G179S, A198G, P289L;

(o) Y28C, D48E, AB1T, A89T, S138T, A139T, G179S, E238D;

(p) D48E, AB1T, A107T, S108G, L136P,'G1798, S192A, E238D, P289L,

(q) D48E, L136P, G179S, R250W;



(x)- D25G D4BE, A89T, L136P, Si 38T, A139T, V141A, 1159T, R 63Q Ggggﬁ 065
(y) D48E, A89T, S90G L136P,. R163Q Gl179S, E238D; (z) D48E, A61T, A89T, "

" Gl11vV,: S13BT, A139T, GL79S, E238D,, P289L; 10 (aa) D48E, A89T, S138T, Al
39T, G179S; (ab) D4BE, L136P. R163Q GL79S, S231L; (ac) D48E, L136P, S138T,
A139F, G179S, VI196A, E238D;, (ad) D48E, A61T, A89T, F99S, S138T, A139T,
GL79S, E238D; (ae) G35S, D48E, A89T; .S13BT, Al 39T, G}% a3ROL; 15 (at)
048E, AB1T,wé\8QbsesS138T, Al 39T, GL79S, V196A, E236D, ag) D48E, A89T, '
Gl11 V, S138T, A139T, Gl79S, A198G E238D; (ah) S41G D46E, A89T. L136P,
G1l79S; (ai) -D48E, A89T, L136P, R163Q -8&179S, P252S; (aj) D48E, A89T,
L136P, G179S, F234S; 20 (ak) D48E, A89T, L136P, R163Q Gl79S, E238D; (al)
B5R, D48E, A89T, L136P, G179S, E238D; (an) D48E, A89T, L136P, R163Q

GL79S; (an) D48E, A89T, S13BT. GI79S... JHRE, A89T, L136P, GL79S, E238D;
25 (ap) D48E, A89wM LP&B@,%%%‘A?%@%@%%Z%D; (aq) D4SE, A89T, S138T, A
39T, K154R,  GL79S(s) V19BAE, LFERGEITOS. (Agef I3A%E  ASOT, S138T, AL39F, GL79S,
V196A, E238D; (as), DA8fecAGATAesABOTr, 8786P, GL79S, V196A, Al98G P289L;
(at) D4SE, A61T, %38TD sAL39F 5145 95T, GHeSA23ERBEB;: P289L; 30 (au) DASE,

AS9T, L136P, GL79%) (av [%% Q.. VA28, L136P, GL79S; (aw) DASE, A6IT,
AGOT, S138F AL139F) gl 7% b%«%g' &

- o1fRXk23EE.BREOLAGLT, A89T,
GL11V, S138T, A1394, c&i“ﬁé&‘}stf%%TA,é}@g%B’-ﬁ? Qz'gfﬁgl TABkda, ARRT, S1 38T,
AL39T, G 79S, V196A, GZGQMISEPRRDL136R1E],4" %ﬁ E " Abil, ABST, L136P, S138T,
 AL139F, Gl79S, Al98f E3@RMiesT(cbed. LBSBRISKBGITOSSESET, A139F, G179S, A19BG
V2204,  1oc 63 (h) DABE, a6 LeT, ABHT, 5181, BT, TS E2RIPEY; v196A, E238D,

R236H P289L:  (bcY. D4 - Tor GIAGP, GL79S, P289L: (bd) D48E, A89T,
S138T. AL39T GL7¢® \Eg’s&é@é}”ﬁ% 5

y P EGHn, GAEglsza@nd  (De) DISE ABLT, ASOT,
S138T, A139F, GL798) VRESABL388 ™2 A hal Ynuel eglhde ol ecul e conpri sing
a nucl eotide sequemie P L1387 S1HEANYe® ﬁe‘ - s . . _
8 (ad)  DA4BE, AT, ABST, F998, S138T, A139T, G179S, E238D;
(e) G358, DABE, ABST, S138T, A138T, G170S, P289L;
15 (af)  DA4BE, AG1T, ABOT, S138T, A138T, G178S, V196A, E238D:
(og)  DASE, ABST, G111V, S136T, A130T, G708, A198G, E238D;
(@) S41G, D4BE, ABOT, L136P, G178S;
(@) D4SE, ABST, L136P, R163Q, G178S, P252S;
(a)  DASE, ABST, L136P, G179S, F234S:
20 (k)  DASE, ABST, L136P, R163Q, G1798, E238D; -
(sl)  Q36R, D4BE, ABST, L136P, G179S, E238D;
(am) DA4BE, ABST, L136P, R163Q, G1795;
_ (an)  DA4BE, ABST, 5138T, G179S; |
) (a0)  DASE, ABYT,L136P, G179S, E238D;
25 (p)  DABE, ABST, L136P, K154E, G179S, E238D;
(aq)  D4GE, ABST, S136T, A138T, K154R, G179S, V196A, P28SL;
(ar)  DA48E, ABST, S136T, A138F, G179S, V196A, E238D;
(as)  DA4SE, AGTT, ABST, L136P, G1795, V186A, A198G, P280L;
(s)  DABE, AB1T, S138T. A130F, G179S, G196, E238D, P280L;
30 (u)  D4BE, ABST, L136P, G179S;
(av)  DA4BE, ABST, V120A, L136P, G179S; |
(aw) 'DABE, AG1T, ABST, S136T, A139F 51795, V196A, A198C, E238D;
()  DA4BE, AGTT, ABST, G111V, S138T, A139F, G179S, V196A, E236D;
(oy)  DA4EE. AG1T, ABST, S136T, A139T, G179S, V196A, E238D, P28SL;
35 (a1)  DABE. AG1T, ABST, L136P, S138T, A138F, G1795, A198G, E238D;
(bs)  DASE, ABST, S138T, A138F, G178S, A198G, V2204



same as the Streptonyces avernitilis aveC allele, the S. avermtililsl AVeld;
gene product- encoding sequence of plasngg pSE186 (ATCC 209604) or the
nucl eoti de sequence of the aveC ORF of S avermtilis as presented in
FIGURE 1 (SEQ ID NO 1), or a degenerate variant thereof, which includes
one or nore silent (obcMBESAST, ABET, SMBET], emﬂdmmqumeemdeisg}anwu he

degener acy of'the i i oti de sequence further
Ee}eddsgl oAse] ni‘f ETros BEEoE:

corrprl ses nutations €nco nat i ani no acid substitutions at
am no aci d resi duesb@d48EspBHdP Tt 613tgﬁeGb7@§n¥519§6| ER388sP28%mandof SEQ I D NO

2, such that cellge)aj488, Aerensart, shisy, alIori 81A5dsAGRZ3gDn whi ch the wild-
type aveC al l el e has been inactivated and that express a pol ynucl eoti de

nol ecul e conprisjing the mutated nucl eoti de sequence are capabl e of

produci ng a cl ad< BRYnHclepligeimplestle £0mpraga %'e?tﬂﬁtse?‘ée“Fee@E’d%Btheréﬂ’f?ﬁé’?eed to
the rati o produesaae iwthestréﬁomwceSavermmmmc|a||e|é; tret $. awerMvaéiB@é}uB t hat

i nst ead express MRls class 2:
1 avermectins af @G%%C%n@ﬁd, eqﬁéi%ggﬁ%}% gé%ﬁ%ifﬁm averSJ1 c%tr?%%d%ﬂ%e atio of
class 2: 1 aver FRSEENGELS {he avee ORE P! oavéij'F ag pregentad ip FIGRE 1 (SEGE MPer ei n

t he comnbi nati on1pbr Addganeraeiverist theteot, whicﬁ)lhﬁlu@&rﬂhéloﬁﬂ&e%n&ﬁﬂﬁh ad fo®rie

25380, and. (bo) AN RaigRE En i Bindsliterad BFme 547 b%ﬁlg%mc ol
conprising the wle;pmﬁﬁeee%ricaéurtﬂﬁr Q,Olnwr'mSImdatlooﬂi eiicatling a gominatien hbatnifor  naki ng
a strain of Str@dﬁ%ﬁ%@t%n@‘éﬁérﬁ‘%& hdid es.dg&raarrés%m fokheBHhiAd ampostt.taﬁ‘s gveC

allele in a cel strai on results in a
conbi nati on of %ﬁﬁﬁ%ﬁgmzds H Fé’ﬁtoﬁ%r‘?gemﬁt"'f A {’,55%41% "b\”h ﬁ (ii)

i ntroduci ng i ntype ave€alilEledbs beestinagtivatesfang thah exaress taipolysudeotive mbledJlaaveC
allele or vari awm;;n@ﬁg%fmmb@nuc@om‘é ééﬂ@énc@% ebawaf%roﬂuk.ﬁ@scewges to the

nucl eoti de sequence accor ener acy %enetlc code

encodi ng an Ave@“%@r?é{eﬁ%ﬂrﬂfé?até%rﬁﬁ‘ﬁeg PorgPased @HWP%WP%G Py cg¥5 RG-aci d
substitutions, aWenidisrstreihAATCEMS6921thelonstedd expriessoordycthel wildstybs aveQdlielens i n t he

AveC d

cons: Sting of : “f*e GRTRE %‘f%‘-s5X%T?%H%%é@&%r%e%*%‘js%fg%a&%%g’“stgL
(b) G40S, DASE, ‘1.1’@%‘15” . BE7ae of elasngy a(vewne@&fees BYOsE P aRERE) - LA, ( d)
D48E, L136P, R18®Qyheiv®Hs comBiB8&Dn of @nin®d@EsubktitG®Rs cRIBBES a GlnMgditiom200G,

E238D;  (f) D48§|ec¥$?n@% th%%%eor%%ﬁﬁgfbf (bf) B4d, 5398, A43¢8 M9 E88BAne - 64-

(g) D48E, A61T,
(b )YZBC 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
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 variant thereof which
includes one or more silent changes to the nucleotide sequence according to the
degeneracy of the genetic code 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
group consisting of: '

(a) D48E, A61T, A89T, S138T, A139T, G179S, A198G, P289L

(b)G4OS,D48E,L136P,G17QS,E238D;

(c) D48E, L136P, R163Q, G178S;

(d) D48E, L136P, R163Q, G179S, E238D;

(e) D48E, L136P, R163Q, G179S, A200G, E238D;

(f) D48E, L136P, G179S, E238D;



_ (h) -D4BE, AG1T, L136P, GL79S; (i) DASE, AB9T, S138T,' A139T, GL79S; 1(§ ). 063"

t

) ded |
D48E, A6 | T. L136P, GL79S, Al 98G P202S, E238D, P289L: 5 (k) D48E, A61T,
L136P, S138T, AL39F, GL79S, E238D,-P289L: (I) D48E, LI36P, Gl79S, Al 98G
E238D, P289L: (m) D4BE, A61T, S138T, Al 39F. G 79S, Al 98G P2B9L: (n)
D48E, LB4P, GL11V, S13BT, AL139T, GL79S, A198G P289L; (0) Y28C, DA48E, -
AG1T, A89T, 5138T, AL39T, GL79S, E238D; 10 (p) D4SE, A6idmishd&s® 51080,
L136P, GL7990 SWeR® E238D, P289L; (q) D48E, L136P, GL79S, R250W (r)
D4SE, A8OT, S138T, A139T, RI63Q GL79S, (s) D48E L136P, GL79S, A198G,
P289L: (t) DABE, F78L, A89T, L136P, GLPéS: 5 (u) D4BE, AB9T, S138T,
A139T, GL79S, E238D, F278L; (v) D4BE, ABOT, L136P, R163Q GL79S; (w) D48E,
AG1T, A89T, Gl11V, S138T, A139F, GL79S, E238D," P289L; (x) D25G DA48E, AS89T,
L136P, S138T, A139T, V14 79S; (y) D48E, A89T, S90G
L136P, R163Q GL798 E %%Aééqg‘%;eﬁég?&&ﬁT A89T, G| 1V, S138T, AL30T,
GL79S, E238D, P280h) (D485 ABMIBHIFASHPS S138T, A139T, GL79S; (ab) D4SE,
L136P, R163Q Gl79(3 SZR48, ABTaBIREAET. G1T3P, S1 38T, Al. 39F, GL79S,
V196A, E238D; D4BRse AGHTL1:488TroSHO0Ss, PERBERNEAF, G179S, E238D, 25
(ae) G35S, DASE, A@?T fﬁ% Q7 AL 113561485, o PRBGs80 BEPLIDABE, AGLT,  ABIT,
S13BT, A139T, GL79% VIO g %3% gEZQg@E%QEBQT GL11V, S136T; A1309T,
GL79S, A198G E2388 (

1 Gl79S; (ai) D48E, -
A89T, L136P, R163qm)Gl7@fSEAW5§§8TA§?9F%7$§&%?E é’%glgT | 136P, GL79S, F234S;

 (ak) D48E, ABQT LanssapDmaw,emvwﬂmgbsﬁ%‘aﬂ%%@ ' D4SE, AS9T, L136P,

GL796, E238D; MBEBC%&TAB‘MIL%P.&MBB@T@l?@SEZ3P%n) D4SE, A89T,
S138T, GL79S; Gl? 9%? E[H%EAsﬁSQ%ﬂlslé?a@Pma@i&&s ER3B[E2380aREIMBE, AB9T,

LK'ESE’ ggg‘ié CLT9% b Ugsp 8 UL 2006 65 (ag) D48E, A89T, S138T, Al30T,

0 D4BE, ABST, S138T, A139T, R163Q, G179S;
(s)  DA4BE,L136P, G179S, A198G, P28al;
) DA4BE, F78L, ABOT, L136P, G179S;:
15 (u)  DABE, ABIT, S138T, A139T, G179, E238D, F276L;
(v)  D4BE, ABST, L136P, R163Q, G178S;
w)  D4BE, AB1T, ABST, G111V, S138T, A139F, G178S, E238D, P289L
(x) . D25G, DABE, ABYT, L136P, S138T, A138T, V141A, 1159T, R163Q, G179S;
: ) D48E, ABOT, S90G, L136P, R163Q, G179S, E238D;
20 (z)  DA4BE, AB1T, ABST, G111V, S138T, A138T, G1798, E238D, P289L;
(aa)  D4BE, ABOT, S138T, A136T, G179S;
(gb)  DA48E, L136P, R163Q, G178S, S231L;
_ (ac) - DA4BE, L136P, S138T, A139F, G179S, V196A, E238D;
D ~ (ad)  D4BE, AGAT, ABST, FO8S, S138T, A139T, G179S, E238D;
" 25 - (ae) G358, D4BE, ABST, S138T, A138T, G1788, P28SL;
(af)  DA4BE, AG1T, ABST, S138T, A139T, G179S, V1964, E238D;
(ag) ~ DA4BE, ABST, G111V, S138T, A139T, G178S, A198G, E238D:
(ah)  S41G, D4BE, ABST, L136P, G178S;
(@)  DA4BE, ABST, L136P, R163Q, G179S, P252S;
30 (aj)  DA4BE, ABOT, L136P, G179S, F234S;
(ak)  D4BE, ABST, L136P, R163Q, G178S, E238D;
(@)  Q3BR, D48E, A8YT, L136P, G178S, E238D;
(am) DA4BE, ABST, L136P, R163Q, G178S;
(an)  DA48E, ABST, S138T, G179S;
35 (z0)  D4BE, AB9T, L136P, G179S, E238D;
(ap)  DA4BE, ABYT, L136P, K154E, G179S, E238D;




(ar) D48E, A89T, S138T, AL139F, GL79S, V196A, E238D, (as) D48E, A61T; s,
L136P, GL79S, V196A, A198G P289L; (at) B®SE, A61T, S138T, AL39F, GL79S,
GL96A, E238D, P289L: (au) D4SE, A89T, L136P, GL79S: (av) D4SE, A89T,
V120A, L136P, GL79S; (aw) D48E, AG1T, A89T, S138T, AL139F, GL79S, V196A,
A198G, E238D, (axjadDR43E, ARBT. B13RBATIINKIFAR, CIIFR V9L BEBIL: GL79S, V196A,

E238D, (ay) DABE, (o\idiBe ABHTs1SEh3RTa0FAGSRE, V@gz\g,gzsggl%A E238D, P289L:
(az) D48E, A61T, A%BQT 3 E238D; (ba)
D48E, A89T, S138T, h%@l i%f%‘g%‘s%é%ﬁ% ?/g%d(% ?a&%%%ggt%n A89T,
S138T, AL39T, GL79@) DABEGAG1 TESBHD, AF@B%{}?QBZG%A EZ180) PEBBE, AG1T, A89T,
L136P, GL79S, P289!aui5|§£)§§ AP B¥T oS, 38T, AL39T, GL79S, VI96A E238D,

P289L; and (be) D48 A61T, 'ASOT, Sl38T Al139F, Gl79S, V196A, E238D. 7. A
met hod for making &V5P48E ASHR. V@?Q%[Sﬂ%srﬁy@éégsaver mtilis, conprising (i)

mut ati ng the aveCai) DebrE AsnT anseg) $138T, 4138k IGHI78S,0/198A, meGnEZ%bl s, which

mutation results i {éf(fDl%ﬂﬂPiﬁ%bP%ﬂW%W AI"??éFer%'?'@c‘?t\hEaé'/K |E9?§%| n the AveC

gene product, or ( roducin Strarn
avermtilis a nut attgdP48ke 85 HI. A8PE SIB8N A BN G 1736 VaedA, WRBEh P2BY¢| udes one or

nmore silent changegzf 4deNR6 M ABEDYHSEP, SeSBTCACBFACESTANGEd, @28dte  degener acy

of am no acl d subsert BHtoRL Sed AT AT BRI he mit ated aveC
al | el e or degener atbb) D485, ARtT, ABBT,GHRADIAG 39T, GI7 281 V4 PGy ERGRD, d128%ty.| P2B2L,

cycl ohexyl Bl aveﬁgp@,;gEngehnAggf @tﬂ;@ @fﬂ&S $§8ng or less. 8. The nethod of
claim7, wherein the conbination of substitutions in the AveC

gene product conpr PEEE48E. A8HbiSHatie ﬁﬂsggl @Hgédvﬁsé\n??%g gFtpadconsi sti ng
of : (a) DASE, AG1T(beWNB4BE, AGII3ABOT,Al3QT A1GI] BS799\V9883, ERP2EAL:  (b) A0S,
D48E, L136P, GL79S, E238D, (c) D48E, L136P, R163Q GL79S; (d) D48E, L136P,

T ey B Ll iy e L T e C R
A61T, L136P, GltT'QS}/eQ P')e‘eljﬂSE,e" a{gostraingi § gavernyitilig gahich@ tation rEUtPNgE, AGLT,
L136P, GL79S, AdSHinatib?8Zmind=aokBidbsttdRid-in the A€/ JeROSrbBEE3 4R (ii) introducing

into a cell of a strain of S. avermitilis a mutated aveC allele or variant therebf which

includes one or more silent changes to the nucleotide sequence according to the

degeneracy of the genetic code 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.

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, 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;

(f) D48E, L136P, G179S, E238D;

(d) D48E, AB1T, L136P, G179S, E238D;

(h) D48E, AB1T, L136P, G179S ;

(i) D48BE, A89T, S138T, A139T, G179S ;

(j) D48E, A81T, L136P, G179S, A198G, P202S, E238D, P289L;



EARLTRTRE

WD 031068955 - 66- (k) D48E, AG61T, L136P, S13BT, AL39F, GL79S, E238

SF
GL79S, AL198G P289L; (n) D48E, L84P, G 1lV, S138T, AL39T, GL79S, AL98G
P289L: 5 (0) Y28C, D48E, AG1T, A89T, S138T, A139T, GL79S, E238D;, (p) D4BE
A61T, Al 07T, S10BG L136P, GL79S, S192A, E238D, P289L (q) D4BE, L136P,
Gl.79S, R250W (r) D48E, A89T, S138T, A139T, R163Q GlzOipesmedss) DABE, -
L136P, G 7@Spswédes98G  P289L; 10 (t) D48E, F7BL, A89T, L136P, GL79S; (u)
D4SE, A89T, S138T, A139T, GL79S, E238D, F27BL:- (v) D48E, A89T, L136P,
R163Q Gl79S; (W D48E, A61T, A89T, @1V, S138T, AL139F, GL79S, E238D,

P289L; (X) D25G D48E, A89T, L136P, S138T, A139T, V141A, 1159T, R153Q
GL79S;

15 (y) D48E, A89T, S90G L136P, R1630,) GL79S, E238D; (Z) DA48E,
A61T, A89T, Gl11V, S138T, Al139T

_ ) &, eReRPhaoL: (aa) D4A8BE, A89T,
S138T, A139T, GLIOS; P4B)ADIsE 1T -P§”3%§§63§%89 Gl79S, S231L; (ac) D4SE,
L136P, S138T, AL39F, GAEASHAGUSH AESED GgL

_ ag@ﬁmsa A61T, A89T, F99S,
S138T, - A139T, GLYQS, B&¥8R1T, s478) ACHS S| 78R R&FT, S138T, A139T, GL79S,
P289L; (af) D48E, A61§ 1 PA3 81T A1BOTG176H POBC. RABY96A, E238D;,  (ag)

D4SE, ABOT, GL11V¥" s1

& iii? G 98sT ALSRGTEREBBD: (ah) S41G, DASE,
AS9T, L136P,. G179% 252%aPy [ﬁ‘g aN: : Bs SRBIEEGEIS, P2525 (4
DISE ABOT, L1 36P, GP;(;S‘I,“ 1&2“3‘2%;’ Sg‘g&“#é%& e )

"D48E, A89T, L136P, R163Q GL79S, .
E238D; (al) 036Rg) D4®ESE W8T C1TE36#)"GL79S, E238D;, (an) D48E, AS9T,
L136P, R163Q GL79S; 30se, amr, ABEMBBRNSBBLIFP, G179S; (ao) D48E, AB9T,

L186P, GL79S, E238D. (2 [88f17ARaMecimB8P, KI54E, GL79S, E238D; (aq)
e g g Vgl WA (S LI O i R A
VI96A A198G P2880: R%F-)Abﬁéégje}ﬁé%?' éﬁﬁ%ﬁﬁf\i“égﬁ G179S, GL96A, E238D,
P289L; ) ' D48E. ABOT, L136P, R163d, G785, 1 ' ngg,i_- . E _t »
S (w) DA48E, AB1T, ABST, G111V, S138T. A139F, G179S, EZSBD. . ,ngS. N
(x) D25G, D48E, ABST, L136P, S138T, A139T, V141:;1159T, R183Q, ¢ ;
' 890G, L136P, R 63Q, G1785S, E238D;
b ((i)) 2:2? i:?-l", ABST, G111V, 81 38T, A139T, G17QS, E238D, P289L;
(a8) D48E‘. ABST, S138T, A139T, G178S;
(ab) D48BE, L136P, R1 63Q, G178S, S231L; ‘
{ac) D48E, L136P, S438T, A139F, G179S, V186A, E238D; .
20 | (ad) D4BE, AB1T, ABOT, F_QQS, S138T, A139T, 91793, -E23BD.
(ae) G358, D48E. ABST, 5138T, Al 39T, G179S, P280L,; .
(ah D4BE, AB1T, A89TI, S138T, A139T, G1798S, V196A, E238D.D.
(ag) D4BE, ABST, G141V, S138T, A139T, G178S, A198G, E238D;

) | “(sh) S41G, D4éE. AB9T, L136P, G179S;
25 1)) D4BE, ABST, L136P, R183Q, G179S, P252S;
(aj) D48E, ABOT, L136P, G1795, F234S;
(ak)  DA48E, AB9T, L136P, R163Q, G179, E238D; N

(al)  Q36R, DA4BE, ABOT, L136P, G179S, E238D;
(am) DASE, ABST, L136P, R163Q, G179S;
30  (an) DA4BE, ABST, S138T, G1795;
(ac)  DA4BE, ABIT, L136P, G179S, E238D;
(ap)  D4BE, ABOT, L136P, K154E, G179S, E238D; .
(aq) DABE, ABST, S138T, A130T, K1 54R, G178S, V‘ISBA: p289L;
(ar)  D4BE, ABST, S138T, A139F, G179S, V196A, E238D; .
35 (as)  DA4BE, AB1T, ABST, L138P, G179S, V196A, A198G,Pl23289.t
(al)  DA4BE, AB1T, S138T, A138F, G179S, G196A, E238D, ;

|
1
ks

s

%
1

P289hcs
DASE, L136P, GL79S, AL9BG, E238D, P289L. (rn) D48E, AB1T, 5138T, A?Sé“'“‘“%m

TR,




—r—

FliOU. 2005 PCTI1803100345 0 091068955 o7 (ay) DISE, AT, Lisor
- L , T, . L136P, GL79S; (aw) DASE; A6IT, 5138
A139F, G179S, V196A, A198G E238D; ‘(ax) ’ ’ PV Sl
, , ; D4BE, A61T, A89T, Gl11vV, Si3BTY: 2065
AL39FT GL79S, VI196A, E238D, 5 (a Y s ’ T o rotd
, : , y) D48E,” A61T, A89T, S138T, Al '
V196A, E238D; P289L; (az) D4SE, ABLIT, A89 ’ LaaE CALser. Q7os
: oL ; : , T, L136P, S138T, A139F
DisE, AoiT. WRHHRSI ST Al30T. 1795, VISeA. £238D. R domotmion (o)
, . e , , " V196A, E238D,. R239H, P289L; .
D48E, AG61T, A89T, L1 36P, GL79S, P289L; E ' haseT AL
: : : : 1710 (bd) D48E, A89T, $138T
oss i ook Coh Fanl () e eu? e Sl "

: 3 nod of- claim7, wherein the rati ,
%Elhgge.])c(yl B2: cycl ohexyl Bl avernectins is about 020:1 or lr:gls_o 2; 10. A
1) mut g{i gak't Rg (Qu)ng‘b@éaﬁégl‘rﬁhssp, ah7eSt r ept omyces avermitilis, compri si ng

g. S(a\sfs D?tl?#'gégq.'v 2%,?]_%#]@1@@5@ strain of S. averrnitilis,
C

I
whi ch nut at i V1 . (
AveC gg‘ﬁeap'rgg_ugf,(% (\:}4735,.;\?1[:{?,?83 ! ?ng oLk 1A \AGsRRIgBGSEEsE: tutions in the

nt'o a ¢ nain of S :
cavermifilis a nut aeed aweEcAT)A8%E 1\USHENEHS Fe.g{‘/-)grsl\’aqg?ﬁ%?sgﬁ'eof gncodi ng an

20 AveC gene prodyg) CQape,AsiTARST, SIGTHATRAT. i ) '
e Ugd) | : g iRV 194 EFPREF T “subst i t ut |
wherein the conbinati EB@%M' #30, 13 8dr(ls et BIFLG 78R4 19863, 58388t ed :"r gtnl ?RZ,'

group consisting o bf X
B8R, D48E, L13gP,,(b@(17 .?93%85§}g%‘%%%ﬁ8£m%?%A;EZ%D’ G

{_Ea; _- c]?rrprl ses’ a ntablat EABBATHy &I ?ﬁ#ﬁéﬁa%\;'e%%sdwgg -eégélﬁg?gy;wni?;?zp\e/glr ie;nt
t ere benpqdl ng apc)Av eBsg At pr ket BHIPSr T8 Hg a combihation  of amino
A§'9 ¢ sglgg ufb\ l1 ggi(baéli%;e,o&aw oTEBT 34Tt BUFSAYRES E23BRG2BIL ady) D4SE, ABIT
3 , X A HOREGT, SAF0 i 30F(GITOGAVOBA BAEE, L1 179S, .
F238D;, 30 (c) D48EP?L136P R163Q  GL79S. (d) D4SE, AL136P: F&gggj‘%;g?i"

E23BD;, (e) D48E, L136P, : :
'GL79S, E238D, (g) BM48Ee Sé%%f%m%g%f’w&%‘ggﬁe éggog?yclr_méiﬁ eBXBhex)i 186 P,

_avermectins is about 0.20:1 or less.

15 . .
10. A method for makihg a novel strain of Streptomyces avermitilis, corprising (i)

" mutating the aveC aliele 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 (if) introducing into a cell
of a strain of S. avermitilis a mutated aveC allels 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 selecied from the group consisting of:’ '
(bf) D48E, 5138T, At 39T, G179S, E238D; and
(bg)  Y28C, Q38R, D4BE, L136P, G179S, E238D.

- 25 ¢ 11. A cell of a Streptomyces specles 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: .
(a) D48E, AB1T, ABST, S138T, A139T, G179S, A198G, P28SL;
- (b) G40S, D4BE, L136P, G179S, E238D;
-30 " (€) D4BE, L136P, R163Q, G1785;
(d) D48E, L136P, R163Q, 61798, E238D;
(e) " D4BE, L136P, R163Q, G179S, A200G, E238D;
()  D4BE, L136P, G178, E238D; '
. (g)  DA4BE, AB1T;L136P, G179S, E238D:
35 (h)  DABE, AGIT,L136P, GI78S;
(i) D4BE, ABST, S138T, A139T, G179S;

-
.




35 (h) D4BE, AG6LT, L136P, GL79S, (i) D4SE, AS9T, 'S138T, AL39T, GIT9S, . . .

¥

. D48E, A89T, L136P(q)GL7DMSE. {341 7OP AR

E%ég!sO?é/Zgg%48P2\é\gLos/ (()%3 9?)28E68A6(11I') Eiggia A61T, L136P. GL79S, Alggad 20[1'.-
: , , ¥ E238D, P289L; |
S138T, Al39F, Gl79S, A198G, P289L; o ! , (m D48E, AG1T,
’ 5 (n), 46E, L64P, GL1IV, Sl -
E2330 (p) MNBEAIREIT, ALOTT 51086, L136P, G176} Sl?’SWT’M’m?“S&?g%BgT'
79S, S192A, E23BD, P2 '
(18)(5)48['5)4853?5’36&17%? Jresow (1), M%EQLAs(gtT) SI38T. AL3T, R163Q "G9S
GL79S, (u) DASE. AB9T, S138T, AL39T, E_FrBL,. AB9T, L136P,
GL79S, E238D, F278L;
L1 36P, R 63Q GL79S;, (w) D46E, AG1T, A89T, GL11V, S138T, (A\{é9248<|53179AggT

E238D, P289L; 15
RI63Q GL79S. §X) %@AE@"@E@P ASQE. Abi@ BR2SSTBET P2AL3OT, V141A, 1159T,
k

ABLT, ABOT, a1l ) STHBE: Amgb?gﬁg%%?%%w&@@n P ) Dabe abT
cyagT | P269L; (aa) D4BE, AS89T,
, A139T, GL7@S; (B5 LISBBEE1 7S 4EBC: %1795, 8231) 20 (ac) D4BE, -

L136P, S138T, A13@,5 (BLFE B61VEBEA, AIBEIBI9S. ATEP P3|
, E,_A6LT, A
S138T, AL39T, F238 0, boaY, GAESMDUSETISABTIG. FRIABT, Algg gggs

P289L; (af) D48E, 8‘}?61
L ) (O g e R AR B oy Dot a1 o)

AS9T, L136P, GL798) (&% E[&?@éi%hgs?w 36@3&2%63{8%21@7’85825;(2?2)8 84(12)D48E |

8E, ASOT, L13
E238Y; (a') QB6R(r) DASisE ABOT, S138T3BRET. BIEPESBS 38, gg (gfrlr;5 3848517%%'

L136
gq GL79S: (8ik, IIGEC1RBOUIBCSRBBY, GL79S, (ac) D48E, AS9T, L136P,

61798 E2 D (ap)(t) D48§a8EA@3L rsdT13fE, cAgs4E, GL79S, E238D;
(U)  DABE, ABST, S138T, A138T, G176S, E238D, F278L;
) D48E, AB9T, L136P, R163Q, GA79S;
(w)  DA4BE, AB1T, ABST, G111V, S138T, A139F, &179S, E238D, P289L;
15 (x)  D25G, D4BE, ABOT, L136P, S138T, A139T, V141A, 1159T, R163Q, G179S;

() D4BE, ABST, 590G, L136P, R163Q, G179, E238D;
(2). D48E, AB1T, ABST, G111V, S13BT, A138T, G179S, E238D, P289L
(aa)  D4BE, ABST, 5138T, A139T, G179S;
: (ab) D48E, L136P, R163Q, 61788, S231L;
20 - (ac) DABE, L136P, 8138T, A139F, G179S, V‘IQGA. E238D;
(ad)  DA4BE, AB1T, ABST, F99S, S138T, A139T, G1798, E238D;
(ae)  G35S, DABE, ABOT, S138T, A136T, G179S, P288L;
_ (af)  DA4BE, AB1T, ABOT, S138T, A139T, G178S, V196A, E238D;
3 ) (ag)  DA4BE, ABIT, G111V, S138T, A135T, G179S, A198G, E238D;
25 (ah) S41G, D48E, ABST, L1 36P, G179S;
(a)  DA4BE, ABST,L136P, R163Q, G1795, P252S;
(a)  DA4BE, ABST,L136P, G178S, F2348;
" (ak) D48BE, ABST, L136P, R163Q, 61798, E238D;
(al)  Q36R, D48E, ABYT, L136P, G179S, E238D;
30 (am) DABE, ABST, L136P, R163Q, G1795;
(an)  DA4BE, ABST, S138T, G1798;
(ao)  D4BE, ABST, L136P, G179S, E238D;
(ap)  DA4BE, ABST,L136P, K154E, G179S, E238D;
(aq)  D4BE, ABOT, 513BT, A139T, K134R, G178S, V196A, P28SL;
35 (ar)  D4BE, ABOT, S138T, A139F, G179S, V198A, E238D;
(as) D4BE, AB1T, A8ST, L136P, G179S, V196A, A108G, P28SL;



(aq) D48E, A89T, SI3BT, Al39T, K154R, GL79S, V196A, P289L; 35 (alf JDAQES -
A89T, S138T, A139F, GLl79S, VI 96A, E238D,69(as) D48E, A61T, . A89T, L136P,
GL79S, VI196A, Al198G P289L; --------- ---- - mmm e e e e o 69 (at) .
D48E, A61T, S138T, A139F, G179S, Gl196A, E238D, P289L; (au) D48E, A89T,
L136P, G179S; (av)(=ipH88E, As39,15139120189F, IGl1368, G 166X 238D (RRabL;DABE, AG1T, A89T,

S138T. AL39F, G179 F238 A GL11V,
S138T. A139F. 6179@”) %gaﬁggﬁéggge‘ @V&@A%ﬁ%ﬁ%g#&ﬁ% A139T.
GL79S, V196A, E238BW) PASFOASIT, Ag9Y, Sﬁ%TEMA‘m\ﬁWa%y‘r%ﬁumm EQ38BT, A139F,
GL79S, Al198G, E238Bx) DABbaa6 1PAREaT, B89N, STISIBA139R189F0s, HoRASE2BBI8G,  V220A,

(bo) DISE. AeIT. A 3%48?%@%3 A8l RT, o B Visne ot s o o,
GL79S, V196A, E238@Z) DABEAG 1 TahGRT, [ 136], SHEBE, A136H. TG 1788 91986 1RIBBD; AL30F,

GL79S, VI96A, E238py) plige, Adwe, S€ddr, Rf39ﬁ|@17f§*slﬂc198@hvﬁm' s a cell of
Streptonyces aver eci es corrprl si ng

a nutated S. aver ?)ldﬁag %%icﬁ%ﬁﬁ §1:33T 6?3gaeﬁé7r?§r¥1{%p‘v'é%8 nR23%hk PRRAL

encodi ng an AveC (br)®48E0 1Tt ARITNPTIEB| BYF9S, P2asnpi nat i on of am no acid

Ai3oT. GL7oS, Ezads) s <ho), Tore e i Pt R oz

be) D48E A61T 89T, S138T, A139F, G179S, V196A, E238D.
12. The cell of claim 11, which is a cell of Streptomyces avermitilis.

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, G179S, E238D; and

(bg) Y28C, Q38R, D48E, L136P, G179S, E238D.



