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Screening and isol ation of efi'cient 10 branc chaln
avermectins where a double bond is present at the C22,23 position, and the numeral °

¥drogenase“

refers to avermec:tms having a hydrogen at the C22 position and a hydroxy at the C23
position. Among the related avermectins, the B1 type of avermectin, such as doramectin, is

25 recognized as having the most efiective antiparasitic and pesticidal activity, and is therefore
the most commercially desirable avermeciin. -

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

30 thicester analogs of isobutyric acid and S-{+)-2-methyl butyﬂc acid.

A combination of both strain improvement through random mutagenesis and the use
of exogenously supplied faity 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 avermeactins 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) 2761 03;

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



activity (e.g., S. averrn/til/s, ATCC 53567) are described in European
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25 case with the Strepfomyces polyketide synthase gene cluster (PKS) (see Hopwood and’ i

Sherman, 1990, Ann. Rev. Genetl. 24:37-66). Thus, one strategy for cloning genes in a

biosynthetic pathway has been to isolate a 'drug resistance gene and then test adjacent

regions of the chromosome for other genes related 1o the biosynthesis of that particular

antibiotic. Another strategy for cloning genes involved in the bicsynthesis of important
30 metabolites has been complementation of mutants. For example, portions of a DNA library

from an organism capable of producing a particular metabolite are introduced into a non-

producing mutant and transformants screened for production of the metabolite. Additionally, -

hybridization of a library using probes derived from other Strepfomyces species has been

used to identify and clone genes in biosynthetic pathways. ' ' v
35 Genes involved in avermectin biosynthesis (ave genes), like the genes required for

hiosynthesis of other Streptomyces secondary metaboliies (e.g., PKS), are found clustered on



used to identify and clone genes in biosynthetic pathways. 35 Genes invol ved

in avernmectin biosynthesis (ave genes), |ike the genes required for
bi osynt hesis of other Streptonyces secondary netabolites (e.g., PKS), are
found cl udt@oxehsess f~ | WO 03/ 068955 PCT/ 1B93/ 00348 -3 tPheTABIBOMBSOMTE. A

nunber of -ave genes have been successfully cloned using vectors to
conplement S. avernitilis nutants bl ockegd in avermectin biosynthesis. The

cl oning of such genes is described. in U S Patent No. 5,252,474. In
addition, lkeda et al., 1995, J. Antibiot. 48:532-534, describes the

| ocal i zation .of a chronDsonaI region involving the C22,23 5 dehydration step
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sequence that is otherwise the same as the Strepromyces avermitilis aveC alleie, the S.
avermililis AveC gene product- encodmg sequence of p!asmrd pSE186 (ATCC 209604) or the
Cﬁj nucleotide sequence of the aveC ORF of S. avermitilis as presented in FIGURE 1 (SEQ ID
25 NO:1), or a degenerate variant thereof, but which nucleotide sequence further comprises
mutations encoding a combination of amine acid substiutions at amino acid residues
coresponding o the amino acid positions of SEQ 1D NG:2, such that cells of 8. 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, avermitifis strain ATCC 53692 that instead express only the wild-type aveC _allelé,
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 mores preferred embediment, the ratio of
cyclohexyl B2:cyclohexyl B1 avermectins is about 0.30:1 or iess. In a more preferred

35  embodiment, the ratio of cyclohexyl B2:cyclohexyl B1 avermectins is about 0.25:1 or fess. ina



cells of S, avernmitills strain ATCC 53692 that instead express only the
wi | d-type aveC allele, wherein when the class 2:1 avermectins are

cycl ohexyl B2:cycl ohexyl Bl avernectins, the ratio of class 2:1 aver mecti ns
is 0.35Mo00s/0d8exss. In a nore preferred enbodi nent, the ra@crasofioezsycl ohexyl
.82: cycl ohexyl Bl avernectins is about 0.30:1 or less. In a nore preferred 35
enbodi ment, the ratio of cyclohexyl B2:cycl ohexyl Bl avernectins is about -
0.25:1 or less. In a WD 03/068955 PCT/'1803/ 00348 -4 nore preferred .
enbodi nent, the ratio of cyclohexyl B2:cyclohexyl Bl avernectins is about
0.20:1 or less. In a particular enbodi nent thereof, the conbination of am no
acid substitutions conprises a conbination selected fromthe group
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(3] D48E, A89T, 5138T, A139T, R163Q, G1795;
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(aa) DASE, A89T, S138T, Al139T, G179S; (ab) D48E,. L136P, R163Q G179S, S231L;
(ac) D48E, L136P, S138T, A139F, G179S, V196A, E238D; (ad) D48E, A61T, A89T,
FO9S, S13WP 3REYET GL79S, E238D;, 35 (ae) G35S, D48E, ASORCT/BHERTHSAL3OT,
GL79S, P289L; (af) D48E, AB1T, A89T, S138T, A139T, GL79S, V196A, E238D; r |
WD 03/ 068955 PCT/|1B03/ 00348 -5 D 48E, .A89T, G111V, S138T, A139T, Gl179S,
A198G E238D; (ah) S41 G D48E, A89T, L136P, GL79S; (ai) D48E, A89T, L136P,
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GL79S, P289L: (BR)) DXSE AxHoki3681SHPS. b8BT G179S, V196A, E238D, P289L: and
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(as)  D48E, AB1T, A8OT, L136P, G1795, V198A, AT198G, P289L;
(at) D48E, AG1T, S138T, A139F, G179S, G196A, E238D, P283L;
15 (au)  D48E, AB9T, L136P, G179S; '
(av)  DA48E, ABOT, V120A, L136P, G179S; ,
(aw) DA4BE, AB1T, ABOT, S138T, A138F,G179S, V196A, A198G, £238D; '
(ax)  D48E, AGTT, A89T, G111V, S138T, A139F, G179S, V196A, E238D;
(ay)  DA48E, AG1T, A89T, S138T, A139T, G179S, V196A, E238D, P289L;
20 (az)  DA4BE, A61T, ABOT, L136P, S138T, A139F, (3179S, A198G, E238D;
(ba)  D4BE, A89T, S138T, A139F, G179S, A198G, V220A;
{bb)  D48E, A61T, A89T, 8138'1' A139T, G179S, V196A, E238D, R239H, P289L;
(bc)  DABE, AG1T, A89T, L136P, G179S, P289L;
(,—/_) (bd)  D48E, AB9T, S138T, A139T, G179S, V196A, E238D, P288L; and
) 25 (be)  D48E, AB1T, ABAT, S138T, A139F, G179S, V196A, E238D.
.7 The. present invention further provides a polynucleotide molecule comprising a
nucleotide sequence that is otherwise the same as the Strepfomyces avermitfffs aveC aliele,
the 8. avermitilis AveC gene product-encoding sequence of plasmid pSE186 (ATCC 209604)
or the nucleotide sequence of the aveC ORF of S. avermitilis as presented in FIGURE 1 (SEQ
30 1D NO:1), or a degenerate variant thereof, but which nucleotide sequence further comprises
mutations encoding a combination of amino acid substitutions at amino acid residues
corresponding to the amino acid positions of SEQ 1D NO:2, such that celis of S. avermitilis
strain ATCC 53692 in which the Wild—type avel allele has been inactivated and that eXpress a
polynucleotide molecuie 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,



the S. avermtilis AveC gene product-encodi ng sequence of pI asm d pSE186
(ATCC 209604) or the nucl eotide sequence of the aveC ORF of 'S. avermtilis
as presWeuassssFl GURE 1 (SEQ 30 1D NO 1), or a degener aPETABIIEBHS t her eof,
but whi ch nucl eoti de sequence further conprises nutations encoding a

conbi nation of amno acid substitutiogs at am no acid residues

corresponding to the amno acid positions of SEQ ID NO:2, such that cells-of
S. avermitilis strain ATCC 53692 in which the wild-type aveC allele has
been inactivated and that express a poI ynuci eoti de nol ecul e conprising the
mut at ed nucl eot | de seguence are rati o of
aver mect i"'N§ Thd '?tshercé eda ; eare %df)]ﬁeé(y59&%)‘?3’8'0%?’(8%1@\’3"830%”%3[‘?s of S.
aver m ti Iratip Stleas amvmeaas@muaacu iol ahvetteedd: leorpase s d ovhieneint thecambinktiby pe aveC

all el e, \éPaQIWOQn§§%§ tlﬁgﬁsjcgggﬁsgggégrﬁbmaign \éq&rtgd %%@Bmh{)‘@o !g,ﬁlifofz 1

avermectins are cyclo aver nectins’ atio of class
2:1 avermectin8fis [P‘E’@u?z&ﬁtfbmﬁ 1798, d380; ¢ | ess, and V\/nerei n the

conbi nation qfg@m mcagggh @u@@tmg@ﬁ icARSs GoBRS i ses a conbi nation sel ected
fromthe group. conS|st|n éﬂ% D48E, S138T, A139T, G179S, E2381D; and 5

(bg) Y28C, (B8Re HASEN ' %"S'Pﬁ SPrOISB FPRANLAES SFEIOT nPEIRESBH furt her
provi des p@lyhmm malatule/@‘cﬂeqyregemmxenmnng a pol ynucl eoti de nol ecul e of t he

present | nventy,gnyThe RSl VeRtlana Ll hel Bnouides pubestagell

conprising a po or a reconb
i nvent i ormom:qwieaprpar Eetenhiradt weitsodl emreseptiaventi@. hlost pr@f@trﬁed probogingent, épeonyces

cel | .1l N 1Rsd & 9"5?{5,@5151%3 %@ibolwanﬁme priBfed@itlodfidnt, theShdt 68l ik 20dell of
Strepto ces avermtili - ( The present invention further provides a .~

met hod foﬁt”ef’r@ﬁ?ﬂ’?@ aé{e"ﬁm/ﬁrl st ral n of Streptonyces avernitilis, conprising’ ( \
(1) nutating time aeedsi ahvestior funher ;ﬂﬁ\hdiesoé rAetSdd &drnmedingSa ncauleétm'm idii s, whi- ch-‘

mutat | on SEsHhi s DS RALA N, AR B ALbLSRE) L gnsahiy e AveC 15

gene pro I 'nt roduci avermtilis
a nut at edvasdds. avm@u BuUiglion rgadfe fred aﬂr@bwmh a?ﬁﬁmtnheac@o&fub@tﬁé@nﬁ ngharvéveC gene

produgdt GRAPHoahdAGr @) FRBRICRE PR cAff of aRfFLIARS QCév@rrﬁaMB%trhdtétbd be'ﬁamé@% ein the
conbi nation of am no g@l d subgtltutl s is selected from '%j t hrough (be)

listed at?&Q‘@“eraf?lé’aTﬁ“E FROF ERPERE i85 r@‘?ﬁ'@rprﬁ‘?ﬁi‘:ﬂ’é@‘sggrﬁf% n3ligP raki ng a
novel st raaim @fd siBEitSbne phery diescombiration oflairdnoe az@ingbstiiting i€ bglectert admng t he
aveC al | strain of S. avermtilis, which nutation results
in a cong%ﬁgiop gﬁ’sgﬁ‘l%%%\%am d substitutions in the AveC gene product, or
(ii) int roducfrﬁ“ﬁ PRgdt dnvenlion fyrthes mpYidgsna gietid igjealing R jovel AYAAL®d aveC

al | el ® orsiredREHART HetniNiR! ¢o]§frphslﬁ¢1ay ﬁ@fa_u@;m—@ouvt@gtaa?e/ﬁv@%maﬂg speiRdtIce.
conprisin 0 of .amno acid. substitutio er e

conbr i o1 M eHES s el deeuuf FLF SoBfincio] oh b osor s Abe MEaani e of
produci ngeoy plodintoy ki) BRodrnh otex yeli of 3btramef ﬁmyle'rm@manmaata«aewaﬁ: @ikle@r35: 1 or
less. In 42 &%pa'té vgﬁatn't %re%ﬁ@%ﬁﬂ&% A@%r &é#@ prBt!ﬂEt %&kﬁg :9\5&'90 @'cl)ttoﬁlcﬁ or

degenerate var| ant

amino acid substitutions, wherein cells comprising the mutated aveC allele or degeneraie 2

(D

25  variant are capable of producing cyclohexyl Bz.cyclohexyl B1 avermecting in a ratio of 0.35:1
or less. In a non-limiting embodiment thereof, the mutated aveC ailele or degenerate variant
thereof encodes an AveC gene product compfising a combination of amino acid substitutions
selected from the group consisting of (a) through (be) listed above.

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

30 avermecting is about 0.30:1 or less. [n a non-imiting embodiment, the mutated aveC allele or
degenerate variant thereof encodes an AveC gene product comprising a combination of
amino acid substitutions selecfed from the group consisting of {f) through (be) listed above.

In @ 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 sejected from the group consisting of (w) through (be) listed above.



t hereof encodes an AveC gene product conpri'sing a, conbination of amino acid
substitutions selected fromthe group consisting of (a) through (be) listed
above. | waippesrred enbodi nent thereof, the ratio of cydcaliBeyho34s

B2: cycl ohexyl 61 30 avernectins is about 0.30:1 or less. In a non-limting
enbodi nent, the nutated aveC allele or _; degenerate variant thereof encodes
an-AveC gene product conprising a conbination of anino acid substitutions
selected fromthe group consisting of (f) through (be) listed above. In a
nore preferred enbodinent t hereof, the ratio of cycl ohexyl B2: cyclohexyl B1

avermectins is lrlujfore p%gegvjea mbogl%%{ﬂ theBe At %%}Eic 8’?}’2%85%‘3 ex% gqne

nmut at ed aveC aI T e or e varrant t eC gene
pr oduct comprm@lhmﬁgfsab@téﬁtﬁ)ﬁazﬂeem lofe namimding endodngdtihe nuicdsvehbitt @d from
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novel stralp, gﬁoFuétJrgﬁ‘ir%M&%O@é{ %L«Eﬂ dla 'étr%m Q?We'r mﬁr&%hrébtéteﬁ‘é&@é Lpg 4he aveC

allele in tronresults in a
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i nt rgdu@i %:riltd’ﬁcﬁi @.b@tmtnionwaharemttm@dmbmfan& of@aXﬁer’@ctd ﬂubﬁittﬁioﬁ@@ atiedepively al l e(e
egenerate varian ve 0 ing a
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aci d subst$. taugrinditis corsprisgigeutied riivtaied atfé&asgma)urpde;gematstmn@t afe ¢dpkhlearid (b'g)

[ sted aboygualdoBoRb el S5 et 0 RRL keS80 of BRI Geel oS averm Lilis

conpri sing suc ed "ave enerate variant are capabl e of
produci ng cycl dhexREsasd iMpetophisthar F?LrS‘ida&vér ﬁ%’c?ﬁ As Sirepignycas ispeciest tabout
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Streptonyces. s eC|e 15 co ver |IS ayeC allele
or degener%{?%gg a'fct‘f??.r&?”sg‘ﬁ % E@H\aﬁ %@am’ﬁ%gﬁgéﬁ%@ug eéér?ﬂﬁla& ng a
conbi nat i dmough (fafmllﬁed alive. Bubmeieted erotmsi!rem’t detret] ttfer&wnw(eagrf Stiehioowcgs i be)
listed aboyg.. a2 preferred enbodi nent thereof, the species of Streptonyces
is S. avermtilis. The present invention further provi des a cell of
Streptonyces aJvBf RI%PIR/egigpdpine’ Brovidea spbalietTrPrases srrexils Bpakyof ohexyl
131 avay W&)Eddudh‘g tyaioaexyaBz Bycmafme)@L sﬁaaer@.éctlnes»s a fatlo 8f M99 ok iid¥kt i@ imbodi ment

t her eof th e veC a ener at e vari ant
t her eof eﬁ@ gé%(frﬁ %R e"ﬁr%@e ':?sego tlaSeldr‘]ﬁ‘ Ve%a{:e(')rrg g?neéﬁe $F"%ki no aci d
subst i t ut iteresf e@eﬁle@e@avefcr@mepwéqup@u@nsmrm@mmgormf afrano aclsrsybgiutiobe) |i st ed

above. 1n gGedafdas ﬂh@@ro@ﬁ’e%tsﬁf?d”ﬁf (&) RERR{ be)liBRd IO Of cycl ohexyl
BZ ¢ycl ohexyl in a preferred embodiment thereof, the ratio of cyclohexyl BZ:.cyclohexyl B1
C | 25 avermectins is about 0.30:1 or less. In a non-limiting embediment thereof, the cells comprise
a mutated aveC allele or degenerste variant thereof encoding an AveC gene product
comprising & combination of amine acid substitutions selected from the group consisting of {f)
through (be) listed above.
In a more preferred embediment thereof, the ratio of cyclohexyl B2:cyclohexyl B
30 avermectins is about 0.25:1 ar less. In a non-limiting embodiment thereof, the cells comprise
a muiated aveC allele or degenerate variant thereof encoding an AveC gene product
comprising a combination of amino acid substiiutions selected from the group consisting of
(w) through (be) listed above.
In 2 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



25 avernectins is about 0.30:1 or less. In a non-limting enhbodi nent
thereof, the cells conprise a nutated aveC allele or degenerate variant

t her eof ‘%ﬂ@@ﬂq%ﬁ‘ an AveC gene product conprising a conbiP3ViBOHOGAS ani no
acid substitutions selected fromthe group consisting of (f) through (be)
| i sted above. 'In a nore preferred enbgdi ment thereof, the ratio of

cycl ohexyl B2:cycl ohexyl Bl 30 avernectins is about 0.25:1 or less. In a-
non-limting enbodi mernt thereof, the cells conprise a nutated aveC allele
or degenerate variant thereof encoding an AveC gene product conprising a
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do not express the mutated aveC allele but instead express only the wild-type aveC allele. (e

25 In a preferred embodiment thereof, where the composition is cyclohexyl B2:cyclohexyl = (J

 B1 avermectins in a ratio of 0.35:1 or less, the composition is produced by cells comprising a '

mutated aveC aflele or degenerate variant thereof encoding an AveC gene product cormprising
a combination of amino acid substitutions selected from the group consisting of {(a) through
(be) listed above. .

30 In a further preferred embodiment thereof, where the composition is cycichexyl
B2:cyclohexyl B1 avermectins in a ratio of about 0.30:1 or lees, the composition is produced
by cells comprising a mutafed aveC allele or degenerate variant thereof encoding an AveC
gene product comprising a combination of amine 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



do not express the nutated aveC all el e but instead express only the-
wld-type aveC allele. 25 In a preferred enbodi nent thereof, where the
conposi ti | ohexyl B2:cycl ohexyl Bl avermectins i i f 0.35:1
or |ess, ?&ed ?ogrr%ga tion is produced by cells conprising g’@rﬁ{ﬁ%%/b(gsdgavec

all el e or degenerate variant thereof encoding an AveC gene product
conprising a conbination of am no acid-substitutions selected fromthe
group consisting of (a) through (be) listed above. 30 In a further
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B2: cycl ohexyl" 131 avernectins in a ratio of about 0.30:1 or less, the
conposi ti oy ¢elis perophisggdz mbgatedavb@ alimpr ﬁ@’emegata vetHrh thedoh veCdiaf) leel AeGr
degener at e yari ant: & FIE Qﬁét@f%ﬁ%ﬁé{% ﬁ:‘utmsos%té%{ed GORPRL %H‘g

conbi nati oh 6 &M o titutions se ect rom e group sisting
of (f) threnghingméf WNW@!@@%%W“% In a further preferred enbodi nent
thereof, where jhhe f@rﬂ@p%fér}eﬁnerhb%d%éﬁ{ %%Y'whe@@ ti@é’@brﬁﬁ*t%iﬁﬁrh iBhydnRkrect i ns
in a rati o of an C}éﬁj ion is B duced WO 03/ 068955
PCT/ | BOB/ OFs@80onexy %&a‘@@?@”%‘aﬁﬂ??%‘?’cr‘?ﬁo%{ 1a?ré665a('/‘3(§°'§ ps8ioR ‘pprogiiener ate
vari ant t hsretd cangdil rgmaateAeedl cipene oottt veemphesbhghcadicpabisnati on of
anm no aC| d t. through
(be) 1| st Bl B LR O SRR BB B Yo e 1
conposi t| onnsiging pEleatbreysh (be) ligpd é'gﬁé’ﬁohexyl Bl avernectins.in a ratio of

about 0.20:1 OrTh'eef;ﬁ&»entt ih\%nﬁ&lnm@%'rbiootﬁeé 8 c%ﬁ&wéﬁ@f c}?;)bh@)@l bzscy%saﬁw ging a
ariant t enco 1. Ng C gene

t at ed C al]
o 0ductd GHETIECHTRG RO PREE ot SF SR GS aDet Bib CPRPUVIESHE SBBERAd 1 om
he group Bzmcmayangam‘rmé@oé ptelaermurgla ¢ltere hedidredn abiolahe tdie Have deat
ent | B1 - 10
| venti on cLhd SR JPE'% 5% P AOTBASIek) O Slakus! ShenvhoBR: pebahp

ces averrni conpri sing the
cycl ohexy|cultysp megigmol @Ryt 0¥91 qfvess Prﬁéucﬁ?’ O¥ SRS FOMPESIBY P tRHReFrEHREim i n

\gfzn ch t hﬁ 06 bme@amat@e@?m tﬁéﬁbdﬂéﬁ@dmg‘éﬁﬁ?ﬁt @eﬁe@oduattdoﬁlpﬁsftndéq@nﬁﬁﬁt@?GSYLo .
cycl.one I N resen n e 'S, apou
or 1| og8 " Sy el B Fonéa?s’?@edﬁf(%f‘ﬁ?g OHBG%{%WM%@% S EChe

degenerat e vari ant theredf AT AHSURES]uct conprising a

conbi nati on 15 n r

consi sting of {ﬂé Flfz)tiﬁahd([?)(r\ll%\gjé)equQ%HQ§§Ed Eﬂ%@/gq%&ﬁ;ﬁ@ﬁ%% &%%’@%F%@%EFTH

FI GURES F|awi@uge TINRP ddtrrareee (IO HPRO 1) conprising the S. avernmitilis
aveC ORF, and delmedpam:aoec&sﬂpdEsm(mocezoe@EQ:dnﬁan@%ﬂeenﬁb@mfzhe Pl asm d
vect or, pSEl&}? ﬁglé'gpg 2 4) conprising the entire ORF of the 20 aveC gene
of S. gver Mty *3. Gene repl acenent vector pSE180 (ATCC 209605)
conpri si ng t he FEFURE 3.g6nee shlaGueant vasty tbREAER(ATAESI006RD) comprisitadheanew®@ ORF of

S. aver m Yidd 6} Sacc. erythraea inserted into the aveG ORF of S. avermitilis.
FIGURE 4. BamH| restriction'map of the avermectin polyketide synthase gene cluster

(. 7 from S. avermitilis with five overlapping cosmid clones identified (ie., pSEB5, pSESE, pSEE?,
‘I 25 pSEBB8, pSEEY). The reiationship of pSE118 and pSE119 is also indicated. '
FIGURE 5. HPLC analysis of fermentatioh products produced by S. avermitilis

strains. Peak quantitation was performed by comparison to standard quantities of cyclohexyl

B1. Cyclohexyl B2 retention time was 7.4-7.7 min; cyclohexyl B1 retention time was 11.9-12.3

min. FIG. BA. 8. avermitilis strain SE180-11 with an inactivated aveC ORF. FIG. 5B. S.

30  avermitilis sirain SE180-11 transforrmed with pSE186 (ATCC 209604). FIG. 5C. S. avermitilis
strain SE180-11 transformed with pSE187. FIG. 5D. & avermitilis strain SE180-11

transformed with pSE188.

FIGURE BA-M. Compiled list of combinations of amino acid substitutions encoded by

mutations to the aveC allele as ideniified 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 "Mutzations", the upper box lists the amino acid substitutions, and the lower



FIGURE 4. BanH restriction map of the avermnectin pol yketide synthase gene -
cI uster fromS. avermtilis with five overlapping cosmd clones identified
66, pSE67, 25 pSE68, pSE6E9). The rel atighs pSE1l 18
and SEﬁg(a?ﬂs] sgfgﬁsgo i ndicated. FIGURE 5. HPLC anal ysi s of ferfrirgeﬁ/teg{'l?on
pr oducts produced by S. avermitilis strains. Peak quantitation was
perforned by conparison to standard quéntities of cyclohexy) B1l. Cycl ohexyl
B2 retention tinme was :7.4-7.7 mn; cyclohexyl Bl retention time was
11.9-12.3 nin. FIG 5A S. avernitilis strain SE180-11 with an inactivated
aveC ORF. FIG 5B. S. 30 avernitilis strain SE180-11 transforned with pSE186
( ATCC 209504dsts the GiciBdre Baseahenges reslitisg in dhosaiamir®EcRsubdtitttioan sifuntestide wi t h
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25 The isolated polynucleotide molecule of the present invention preferably comprises a
nucleotide sequence that is the same as the S. avermililis AveC gene product-encoding
sequence of plasmid pSE186 (ATCC 2098604), 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,r a
“substantial portion” of an isolated polynucleotide molecule comprising a nucleotide sequence

30 encoding the S. avermitilis AveC gene product means an isolated polynuciectide 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 8. avermitilis strain ATCC 53692 in which the native aveC allele has been

35 inactivated, results in the produc’don of substentially the same ratio and amount of
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ons
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function i F%)—ltsl\ﬁes Teor =N IOrs]t ;bﬁ[é?mp fejtg‘ﬁ‘ff(r)s(r?él3rdag %I ‘& isgg A4 etion of
the first A@@agwme Ag:[dltlb@ﬂl ddetph pf albet the Gﬁfﬁmﬂ@s at bp pos;tlons 174, 177 and 180

C “’, together eliminated AveC activity, indicating: that this region is necessary for protein
" 25 expression. The present invention thus encompasses variable length aveC ORFs.

The present invention further provides a polynucieotide molecule having a nucleotide
sequence that is homologous to the S. avermitifis AveC gene product—encodin.g. sequence of
plasmid pSE186 (ATCC 208604), or to the nucleotide sequence of the aveC ORF presented
in FIGURE 1 {SEQ ID NO:1) or substantial portion thersof. The ferm “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 preduct as the S. avermitiis AveC gene product-
enceding 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
degensracy of the genetic code (i.e., a degenerate variant); or (b) that hybridizes to the
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functi onallly equl vaﬁ nt AveC gene eda ove. he actl vity of
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and nutated aveC alleles, whether naturally oOccurring or engi neered. A
homologous to the ammo acid sequence encoded by the AveC gene productt-encoding ;T e

25 seguence of plasmid pSE186 (ATCC 209604), or the amino acid sequence of FIGURE 1 |
(SEQ ID NO:2) or substantial portion thereof. As used herein, a “substantial portion” of the
amino acid sequence of FIGURE 1 (SEQ 1D 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 “nomologous” refers to @
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 sequehce

identity to the polypeptide encoded by the AveC gene product-encoding sequence of plasmid
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products or AveC homolog gene products can be identified using any method known in the
art, inciuding but not limited to the methods set forth in Section 7, below. Genomic DNA
30" libraries can be screened for aveC and aveC horolog coding sequences using techniques
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the aveC ORF, as present, e.g., in plasmid pSE186 (ATCC 208604), or in plasmid pSE119
35 (described in Seciion 7, below), can be used as probes in these screening experiments.
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Exanpl es rent vectors for use In S are presented, anong
ot her invention is in operative association with one or more regulatory eiernents necessary "for ‘

transcription and translation of the coding sequence o produce a polypeptide. As used fg
25  herein, the term “regulatory element” includes but is not limited to nuclectide sequences that L
encode inducible and non-inducible promoters, enhancers, operators and other eléments
known in the art that serve fo drive and/or regulate expression of polynucleotide coding
sequences. Also, as used herein, the coding sequence is in “operative association” with one
or more reguletory elements where the regulatory elements effectively regulate and aliow for
30 the transcription of the ceding sequence or the translation of its mMRNA, or both.
Typical plasmid vectors that can be engineered to contain a polynucieotide molecule
of the present invention include pCR-Blunt, pCR2.1 (Invitrogen), pGEM3Zf {Promega), and the
shuttle vector pWHM3 (Varza et al., 1989, ). Bact. 171:5872-5881), among many others.
Methods are well-known in the art for consiructing recombinant veciors 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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25  thereof can be fused to an AveC homolog gene product, or portion thereof, derived from
another species or sirain of Sirepiomyces, such as, e.g., S. hygroscopicus ' or S
griseochromogenes. Such hybrid vectors can be transformed into 8. avermitilis cells and
tested to determine their effect, e.g., on the ratio of class 2:1 avermectin produced.

AveC fusion proteins can be engineered to comprise a region useful for purification.

30 For example, AveC-maltose-binding protein fusions can be purified using amylose resin;

- AveC-glutathione-S-transferase fusion proteins can be purified using glutathione-agarose
beads; and AveC-polyhistidine fusions can be purified using divalent nickel resin.
Alternatively, antibodies against a carrier protein or peptide can be used for affinity
chromatography purification of the fusion protein. For example, a nucleotide sequence coding
35  for the target epitope of a monocional antibody can be engineered into the expression vector

in operative association with the regulatory elements and situated so that the expressed



gene prod
to engine
or to aid
pr oduct

~trpE fusi

fusi ons and pol yhistidine C fusions (d&rrier regions)

embodi nen
AveC hono
or strain
gri seochr
avermtil
of cl ass

conpri se

AveC- mal t
AveC- gl ut

uct, to study the biochem cal properties of the AveC gene product,
er .AveC 20 fusion proteins with different biochem cal activities,
in the identification or purification . of the expressed AveC gene

Qe fusion protein expression vectors 'nCluﬁfng%/;ﬁ e not
Iinitedw?b vec Ors incorporating sequences that encode R-ga 8¢dase and

i ons, maltose-binding protein fusions, glutathione-S-transf

erase

In an alternative

t, an AveC gene product or a portion 25 thereof can be fused to‘en

| og gene product, or portion thereof, derived from another

of Streptomyces, such as, e.g., S. hygroscopicus or S.
G)pﬂhg&e rsessed?ommle Avg® pblgbepem dos exaaiplee ntilentisé eequedke dotliag Br the
teste nlne t hei r. eff

speci es

the ratio

5EASE ot (P el B RS I e LS s B affhoer ed 1o

earr lmgmmﬂad%fstdndérd rteqbuuquefa igtattheoexpres§0n Fator @x ampine corresponding,
r f i r
g?hl ot t%x i il YR AR Edé{ﬂ ?@epufrh'e difilsddy /Kl% alp%%e

erase fusion I ns can be url usin

esin;

gl ut at hi oﬁ'eé%gaapé@@ fummgducam el gritaped & affi mtemﬁrﬂilg@ oAIBY e@mnb'elaﬂwr ified
Q\Laqgg[egﬁpﬁe\e—nn gﬁfbgd:es Al ternatively, antibodies against a carrier

using div
protein o

r pepti e can

e used for affinity chromatography purification of

the fusion profee gxrresionererpinecdiag acivebirs wagdeat g'seddiangnesed & t he

target ep
expressio
si tuat ed

hydrophilrc

expressi o
of the Av
fusion pr
avai | abl e%d

encode sp
pol ypepti

can inclu
anong oth
t he aveC

EdrdRe pe&xlﬁemageh@gaaﬂhaﬁeﬁdoe@%e&ﬁn prlaeaeél %Ie@@é%;"ethels Nt ane

t t t | at I t d
S5 ERS AYHE PORPLESERD YD U5 Db BUBL e TE08PD OIS e PG ope i o
fusedido témménedhpoipppbppiottese. FBor eaxapipl e imion pelieotedes e fqvke ®NYodi ng f or
the FLAGJ%L&E&&%R@W&%%@WA 6 2ak mav%reosﬁt E.%hgf&h §. 1 nc.), which

can be 1Ins ard t echni ques

n vecﬁc?r‘gﬂa'tseau%@? H@Sf@émrf%béhféji”ﬁgadmgéy rajne withp thehaveg 2Rfosan be

is a“
into the
erm nus

@El@@}eﬁmﬂ@%@%reM vexor kﬁﬂ@&d‘] Mﬁ@sﬂ@ HV&@ﬁbltﬂﬁlcﬁn cci@pi t ope
0,

ct can then

onner0|ally

U6 xR e e, Arogith Sl Sudnet el S Bedishes RulE EoM e Avac

f usi ons pr btreiwrfactam inahigoglbefiesn giee meedrah® proGdist panitilipaby lehdKeel ceeptersces t hat

%g'éj Eﬁgotease cl eavage sites so that the expressed AveC

e released fromthe carrier region or fusion partner by 10
treatment wit hT‘a aih e thej selgstt ehdest ey randpies o tifrasieeisd oiih pFening A vect or

eerdabibn v@@@w eﬂﬁegreeém QlbmGn tihe Qém:lr RarPke & fedXa fiftheagassi t es,

A di f
Sepnd e f RERE Rt bad sher seihe Dalieh: S the

with,
nethods

to di gect sedumqenaﬁrbfemlblymgommwe essoeitliconwvith dfe refiéatery pleaesienidige requenaduct .
aegﬁseem%s@ HepsiddABhesSRAURNGER) N IHQfﬁtl(Sthré Gueh: inévsrm% éract or,

Non-1limt
i mmunogl obu
recept ors®
or transf

25

30

35

outer nmenbrane proteins, penicillinase, and T-cell

and laﬁ%ﬁ?ghe@r?@%ﬂmgwea.fworeweomoteal laglierash . AR BTOs RIS BPPAS T or med

einéred Muclebtide! @HiudigeEncoding selectable markers are well known in the art, and
include ihose that encode gene products conferring resistance to antibiofics or anii-

metabolites, or that supply an auxotrephic requirement. Examples of such sequences include

those that encode resistance to erythromycin, thiostrepton or kanamycin, among many others.
5.2.2. Transformation Of Host Cells

The present invention further- provides transformed host cells comprising a

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

-

derived therefrom. Hosi 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.

The polynuclectide molecuies of the present invention are intended to function in

Streptomyces celis, but can also be transformed into other bacterial or eukaryotic cells, &.g.,
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" 25 transcripts in the host cell; and (iv) detecting the presence of mature polypeptide product as
measured, e.g., by immunoassay or by the presence of AveC biological activity {e.g.; the
production of specific ratios and amounis of avermectins indicative of AveC acti\/ity in, e.g., 5.
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 introduce.d 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 Typibally include growing cells to high density. Where

35 the expreésion vector comprises an inducible promoter, apprapriate induction conditions such
as, e.g., temperature shift, exhaustion of nutrients, addition of gratuitous inducers (e.g.,
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25 mutated versions and degenerate variants thereof.

The present invention further provides a method for producing an AveC gene product,
comprising cufturing 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 polynuclectide 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.



activity, it can be detected as based, e.g., on size, or reactivity with an .
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As -used heredamesess AveC gene product is "substantially pupbfrhE&mGMere t he
product constitutes nore than about 20 w % of the protein I'n"a parti cul ar
preparation. Al so, ‘as used herein, an @vec gene product is "isolated" where
the 20 product constitutes at Ieast apout 80 wt % of the protein in a
particular preparation. The present invention thus provides a

reconbi nantl y-expressed isolated or substantially purified S. aver mfilis
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gene product - erfdBai iy “4&q §eirc 8roerC pfadiiclEnh 8B &3¢ Arer pbdEda)t, S Pt he ani no
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el cof Ao abasiel con 2L ety DR ol e T e DO o e
mol ecul e 19879 WO@&F%& PW@”%%@’F@?W@% UWP@ HYQW@”'@W analyes (seque-at dieéyp 8 el ement s

that cont miod@xm@ssm@ma@fAééaesaotmucfhem det dﬁﬁib@&!d's%ﬁlv@reté?&mhﬂ%t el |,

under condi t.i duc ve t t he recgonbi nant AveC gene
ot oduct - B BEvERRRGR HhekRue By @ﬁ@gﬁwﬁo%ﬁ?tgemmdyﬁe Serir areli. The
r econbi nanad e evepiegsado Blentily eegivrtsi bii heANeC gereppded ucat aaasumsafpadnﬁcf or a

vari by SleoRiPOSRAred DALHIIANEORSGLA SR NG, CATBRKASY LBAL A fi7, AveC, gene

esis, and for

uct functl on
(Eal si ng aﬁtopfaf@au%@ &M éét éﬂ%g&mﬁ%tﬁr ffﬁée*“ﬂﬂv@@ﬂgrecﬁearﬁr%ﬂab(edSWj%@/ 368955

PCT/ 1803/ 8028 CormbinCatoas @ﬂmﬁg@@rgﬁd@ypwd Epkind Harbbif Iat@ra%rp Ovd |Sb1ynghas been
obt ai ned, HEtDor %g;(b char act er.i ze
C

SDS- PAGE, GLTGR RV SIS ap% 'ﬁﬁg‘fﬁ“%S ”3%% rE%"q isc‘ 9Vaﬁ%g? Qfé s,
bi ol ogi cainteeaptrqvwb@tyewthprﬁaa@cgen@ pap!pqct@mdl itst subplradel udifgrniation obtainad domect i n

bi osy g hefhb& REdidWEY be@E&s to s@l'éctqﬂ?émlaﬁfor WL@&t}@fmnrlﬁe Qﬁécdoﬁ?qt'y'ﬁélﬁ%e@opt he AveC
5 gene product can _be determ ned usj n%bstan ard peptide sequenci ng

t echni que¥eW ﬁ*ﬁ@sﬂgﬁé"e@gﬂ% hBitIeE dey F@V‘FWIEPWO té‘?“a‘iﬂa@tciei'%tﬁsum ng
hydrophilicity anal ysi s5@Es@ensiudiion Arhﬂ.&e&)fd\vem%ts 1981 ‘Proc. Natl. Aced.
Sci. USA 78:38 f.t or| identif
hydr ophobi ¢ an%éﬁma'g p'ﬁ‘glq%2 §%§§“’"§8‘“ t%ﬂ % é"ﬁ‘é“-" mu})a&u'&‘et n ﬂéet %/Vﬁg’t ur al
anal ysi s aﬂ@'@mfﬁea\@dﬂfﬂffsé@t ot inoa i‘-@@m iahg mastyprefersblyfa !lEtiecﬂmveEﬂ‘@erﬁ@ ®r oduct

that ggsugeg$ Q@e@r‘nfeéﬁﬁs 1%&&8%5’%%’:@& EH&Qtprv%%s pame@wecr%eéméshg@@ guch as
X-ray crystallograp Biol. 11: 13),

conput er RIBHER " %Sﬁéa o R 2l et ew&s% JCerapgals g gt EnE
Comuni cgiroduason dorpblee cudedls ofBhe kagy strdBobat viiahi imgeadandess b oteatigtye Col d
Spri ng 0 S sed to

. and <togy e HPn R B Rt KRB PR RN e e T BRnE | <
§u b .t rat g’lovepirﬁtr@mm |Soﬁvqﬁr5¢flﬁ eRllg that giweduce avermectins in & reduced class. 21 ratio

25 compared to cells of the same strain which instead express only the wild-type aveC allele.

The cells of such strains can also comprise .addmonal muiations to produce an increased

amount of avermectins cornpared to ceils of the same strain-that instead express only a single
wild-type aveC allele.

Mutations to the aveC allele or coding sequence include any mutations that introduce

30 one or more amino acid substifutions, deletions and/or additions into the AveC gene product,

or that resuft 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



15 these studies can be used to select new sites for nutation in the aveC -
ORF to help develop new strains of S. avermtilis having nore desirable
aver mect o p§/@@ot i on characteristics . 5.3. Construction And Use OF AveC
Mitants A primary objective of the present invention is tdGIUERA®BY novel
mutations in the aveC allele of S. avermtilis that result in a change, and
nost preferably a reduction, in the r@fio of 20 B2:Bl avernectins. The
present invention thus provides pol ynucl eotide nol ecul es useful to produce-
novel strains of S. avermtilis cells that exhibit a detectable change in
avernmectin production conpared to cells of the sane strain but which

i nst ead expseash CEYRE he(sﬂd @ type) oramefégaidr@é 8/aridni ﬂ@er@ffefaﬁl’ hedigrbodi nent

h |.eqt . f t f S
averm t1 11 OB BRLA0RES it o” A PaT Bt Biruct’ SR o s
conpar ed positicw ih ﬁﬁeoﬂkveﬂm@ns proguddt inad nonyilmitiogemberdireerd, sexpsubstiutons ycduhet
wi | d- typa?r%\/&%zﬂ'!ala%n% aCIJ ?Ssa&%gloﬁa 'tl%f AR § r@du@@cm@r@&oﬁhiﬁ@ & OMRG 'a%ﬁd

addi tion mut at I ons uce an 1 ncre anount ermectins conpared

to cel?s W'“P'F’f\ez%éﬁes%ﬁﬁaf‘ian@ Hede 48, r?@t‘éh&ge%pﬁ%sg@ 811972108 Yl 820.{kBd- t ype-
aveC al | elzs, 13414189, @AS1340 16018168V £/G, dd, 6bg 108, mdgmzﬁ@men@z@ bggdgde any

nut ati ons_t hat n id substitutions, deletions
and/ or adti% %méﬁ ﬁgﬁg%ﬁe%gv%’% g ésgp‘?r(fgﬁe{%Eg P%at TPELed A ncat i on
of the Av&Gniersidposdioet to bersubstijutadedmnprat bragnortrhere edaminamdd trésadues ppoduce t he

desired rEbs‘l“';{s Rk s%éakﬁ%re 1§§ éh%&'\ﬂg%eﬂ‘t'ﬁd‘?%sa{nﬁ 152"&96” g@'cif[c& ) ncl ude

any degenefate variants t or ’exa r esent
provi des RieigEed priehiradiprde’ armine @é‘élséb%lb&t‘rﬁlﬁl EVTIPESe hléDSWHi'ﬂné@ﬁlb@Fé %q@[@nce of

the aveC -@{foeheqy ﬁﬁre%p@@%rkﬁlb@é@aﬁﬁaéﬁ@gt S &ﬁé@%ﬁ s op&orﬁm%u&}éec@ag@rr&e 7
pr oduct - encodi

vari ant tﬁfféq'%’(??tgu%gg#ﬁgreﬁﬂ'gl %{%%HQ'OEJE%WE%W eéﬁ%éo%é ik dd paener at e

averm ti | FISURE 6W0. 03/ 068955 PCT/ 1B03/ 00348 - 20 present in Fl GURE 1 (SEQID
NG 1) or 2 deoperAkeny AbdBh hHeTfRlaes Db todibiedil HGEquL WRBIGES ATt ati ons

t hat- encode a co |nat|on (0] aCI tutirons at sele pOSItIOﬂS

i n t hdd Avecegilsseprenae dyt 'SIC}ﬁhBé""'ﬁ%WﬁlsiaWPtaiSﬁ"g? erppsInEeh vergiiine e Gde'et ut i ons
occur at th@@ea@rmmr@ea@en@pr@am&emmg iseqened oft RmMAVESE 186 NETAT o6ks0k)

61, 7o, o SaryRaBR GG e BT 4 ofsslﬁbérm%%as PrasgRe EouRy (%?1481535

159, 163, IDlW’I) 102 deddratel BBiani2i0&eof2 B, wRBOWC2ABie sBQSnc@ BOher2@inprisé34, 238,
239, 250, mgtgt?ons 2&@00 n?g7§ o ﬁnat:gﬁ %f Oe{mn?oq %cx f sdﬁ%@ﬁfol% N@ a%mnc? ra@nt:l eFeEﬂQes

conbi nati ons am no acl osi tions stitut n%rlse one Oor nore
of anfho W%POP@%Q Huee aming, EC'CJAB%'“%'BQf 3&.‘%% NG5 3gch MB@B”S gavempiis /196,
Al198, E23dramnali 02288592 Spesiti t!‘@aﬂnﬂd—yypé@v@@ eﬂeﬂaer ﬁﬁjbdéﬂrﬂﬁcﬂ&tddcﬁﬁﬁ tiexdt eﬁ;ﬁfb:ﬂso aci d

peci f1 calPyOBiGIERr PEE Y08 Rt e buaRn e O o R TS e B Bhi no 1
aci d subsmrpcﬂu;rmg emnigss Bdtratiesfdverniasting thadueticed cpmp@y@k Itcohexqﬂoquvy@:l hexyl Bl
ratios argyl bs efeiikik SBHFRETEO 55602 that instead express only the wild-type aveC allele, T
25 wherein when the class 2:1 avermectins are cyclohexyl B2:cycichexyl B1 avermectins, the -
ratio of class 2:1 avermectins is 0.35:1 or less. In a more preferred embodiment, the ratio of
cyclohexyl BZ:cyclohexyl B1 avermectins is about 0.30:1 or less. In a more preferred
embodiment, the ratio of cyclohexyl B2:cyclehexyl B1 avermecting is about 0.25:1 or less. Ina
more preferred embodiment, the ratio of cyclohexyl B2:cyclohexyl B1 avermectins is about
30 0.20:1 orless.
In a particular embodiment thereof, the combination of amino acid substitutions
comprises the combination of group (a). D48E, AG1T, A89T, S138T, A139T, G179S, A198G,
P289L. A non-limiting example of a plasmid ehcoding these amino acid substitutions is
pSE538 (see FIGURE 8).



The present invention thus provides a polynucl eoti de nolecul'e conprising a

15 nucl eoti de sequence that is otherwise the sane as the Streptonyces .
avermtil inwwoamMmtesasl ele, the S. avermtilis AveC gene pro i @ﬁ(ggé
sequence of plasm d pSE186 (ATCC 209604) or the nucleotid é&ﬁ of the
aveC ORF of S. avermtilis as presented in FIGURE1 (SEQ IDNO1l), or a
degenerate variant thereof, but which nticl eoti de sequence further conpri ses
mut ati ons encodi ng a conbi nation of amino acid substitutions at amino acid
resi dues 20 corresponding to the am no acid positions of SEQ ID NGO 2, such
that cells of S. avermtilis strain ATCC 53692 in which the wld- type aveC
. all el e has been h arpdier paitiadr grdodingnt tesrgnf.dlscombinatipodfyaming it sullelityfonecul e
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bs i tuti ovmprises fhpSEBBiBEt(OQeé QFHUGL(RED@E meﬁ1©6®9(55798@2¢®)§2@&348\ I n

anot her papgi-giAr 06i AMAY, 89%0@9 h Eé’&nﬁ@&’% &ﬁafst Qkbnef Eﬁ#@sﬁp acid
substitutions co@eﬁﬁgﬁe}s éttrﬁ c”(])lnbl n Bte i SRS D48E, L136P,

GL79S, E238D. Alfn rPaF‘FH’F"t PREed"B%Y tfe%f*‘e CO%I ﬁ‘i’fbl Oé'ﬁtftﬁﬂt B SHUBYIAR no aci d
substi t uti essprisss (HSERTMatibmofanalph@r D4Ba! L1308/ Gi798nEzssDdt-liniieg exdmpldshe

conbi n?é' O&ﬁ%g@e?&ggﬁ'tt%f%%%ﬁt%&%&;gg@%non% Ol 650 figs,g 0D nati on of

group |mt|n exarrple of a plasmd
encodi ng t hese BifNABeTREMGUILBRRICIMAY BRSO, %teﬁseeeahon|0ﬁa*aweeﬁe|sutffawt@r@u| ar
enmbodi ment cdnﬂﬁlé@ﬁfte cdriitin=Gionbi gradg @N DABE,a®HN0_1386P 4z sralBstrdsnl i ORs-inGi@RPr | ses

t he conbinatio p DASE, . L 13 E238D. Non-limting
exanpl es of* 8] %sﬁfalgsm’ e”%ﬁ‘%’&t?%@?@'ngrﬁciﬁéb%ﬁlgo?d%ggﬁﬁt| ons are pSE570 and
pSE572. 10 I n anentiesr ppaictiarcamedinembbeiefeihe comeingioh of ahipo egatsistituian of

ami N0 361 oSl Aok ARS o ik g IR fag 8E,
L136P, mas%%%%gs A200% SBEIRRD nén?‘”?mﬁ?fﬁgﬁ%faﬁp@‘?“@SF%md

encodi ng t‘i’fé)é’éasﬁ‘fﬁq‘?ﬁo‘jé{@ﬁﬂe%@ﬁ%‘tq 3ot JUBFHLIPRS HREES? | n a particul ar
enbodi ment t herieahothdr erticoatinmtatinent méreefnmuooramnaims wbshint atit ents:titut@BPr i Ses

t he conbin : I ting
exanpl es %p?%S%easm s t”(gertn(z:fo 5t R!eéé%(ig%r %ggfl Ac? 52 gpﬁgtgktj Aodrrt]g?m éttlrng pSE501
and 'f pSE546example o a plasmid encoding these amino acid substitutions is pSES'l 8.

25 tn ancther parttcular embod;ment thereof, the combination of ammo acid substitutions -
comprises the combination of group (j): D48E, AG1T, L136P, G1788, AtQSG P202S, 238D,
P289L. A non-limiting example of a plasmid encoding these amino acid substitutions. is
pSE526, '

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

30 comprises the combination of group (k): D48E, AG1T, L136P, 8138T, A139F, G179S, E238D,
P289L. A non-limiting example of a plasmid enceding these amino acid substitutions is
pSES28.

In another particular embodiment thereof, the combination of amino acid substitutions
comprises the combination of group (1): D48E, L136P, G179S, A198G, E238D, P289L. A non-

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



I n anot her particul ar enbodi nent thereof, the combination of amno-acid -
substitutions conprises the conbination of group (g): D48E, A61T, L136P,
GL79S, E on-limting exanple of a plasm d encodi t hese anlno aC|d
substltugggﬁgm??QpSE510 I n anot her particul ar enbodlnentpgﬁ@$%%w

conbi nation of am no acid substitutions 20 conprises the conblnatlon of
group (h): D48E, A61T, L136P, GL79S. -Z-non-limting exanple of a plasmd
encodi ng these am no acid substitutions'is pSE512. |In another particular -
enbodi ment thereof, the conbination of am no acid substitutions } conprises
t he conbi nation of group (1): D48E, A89T, S138T, A139T, Gl79S. A

non-limting }amambrepa&fcular @ht@smf?ddt ﬁa@ardih@gomh&a@nafmmao agd sutstiasdrist ut | onfs
is pSE519. 25 In ano er Icu 0] tion o
am no aci P RIEE M'Putq H?t' nﬁrroszg t[ﬁ%&%d&ﬁ %#ﬁn%‘g %ﬁsg ;E‘% 8E, - AG1T,
L136P, GIFZS.. A4 98GimRaY28miE? 88B,plasPRB6hcodiAg mltmelarrmct am@; sebsdifibes Bf a

pl asm d '5'5%%% jng these amno acid substitutions is pSE526. In another

particul ar enbodi nent thereof, the conbination of am no acid substitutions
30 conbri ses t1n@ne@wmaﬁ§v'aww1@ﬂbihgeefk9he cpagiEationgf aming egépubsEuBeT,  A139F,

GLl79S, E23R3DrisesRREmbifhiirPsrg l‘dugé g‘ D@@K@Jﬁ)b@‘iﬂf sAadt, mmde@m@dh@mt hese
amno acid substltutl ons i1 s p(lfﬁp In angt er ‘gartl cul ar enbodi nment

t her eof , T4R8LcoMBPIETIGH ST PhE F’é?émdij SUfding thftsP ATENC BEASHYSREC N5
conbi natlp:ErE5e£, group (i): D48E, L136P, GL79S, A198G E238D, P289L:. A non- 35

Cimiti
bsE530. v 0] eBgbe YR T BB Oty PETEnATHAR oPafl BUTRUCRIGET L5

t her et , conwriessnibe sempioationof eravm»)ati8e. @ﬂ%tﬁﬁﬂﬁifi\&%’s&?@&nﬁﬁ@eﬁﬁ%

conbi nat | ©i%30f ARHAMAY exdMREof é@ﬂa@mtﬁév@%@mg@ﬂé@%mlr@lZ&@,su&%%@s isP289L.7A"

non-limti nE% gxarrpl e of a plasm d encoding these am no acid substitutions i's
pS E531. RSE9R%-anot her particul ar enbodi nent thereof, the combination of
am no aci d substanbtugn persulacorpdinsesihéhef, the wbibiastion ot afing aad pul{siiutior4 8E,

L84b, G orrlrgcsoeg%égoﬁmn%%gr?&gm% 5@5048%1%% mﬁ’?@%‘toa@“‘ﬁ‘&&%%é iqig,gxanpl e of

a plasm these am™no d substitutions is I'n "anot her

parti tul aF238RHRHE® ﬁt“oﬂﬁ@ﬁ'é@)anﬂtﬂ*ﬁeOf@(ﬂ%th?ﬁC@@i“@thewfﬁ'BO aed aubstiydenst ut i ons
10 conpr|,§g§554lze corrbl natlon of group (0): Y28C, D48E, A61T, A89T, S138T,

A139T, G179S, - t h
e acia supeErene rae oo Do Ei R 6B hebn Bt A30b G0 Bk den
t her eof , d¢dmerisesnibie natribowationf ofagrowm (@ DASE UISEIR,t G T99N R25QWnpAI mshntum

conbi nat i ga-gf, (PEMB R cecP B 0D cc ORI TR NP, CL70S, STO2A, 15

E238D, P289L. A non-limti exa asm d encodi ng these am no acid
subst £ ut i ons 'n another particular embodlment thereof, the combmatlon of amino adid substitutions

comprises the combination of group (r): D48E, AB9T, S138T, A139T, R163Q, G178S. A non-
limiting example of a plasmid encoding these amino acid substitutions is pSE548.
in another particular embodiment thereof, the combination of amino acid substitutions
comprises the combination of group (s): D48E, L138P, G1798, A198G, P289L. A non-limiting s
25  example of a plasmid encoding these amino acid substitutions is pSES52. !
| In another particular embodiment thereof, the combination of amino acid substitutions
comprises the combination of group (i): D48E, F78L, ABOT, L136P, G179S. A non-limiting
example of a plasmid encoding these amino acid substitutions is pSES57.
In another particular embodirment thereof, the combination of amino acid substltu’uons
30 comprises the cormbination of group (u): D48E, ABST, S138T, A139T, G179S, E238D, F278L:
Non-limiting examples of plasmids encoding these amino acid substitutions are pSE5S64 and
pSES85.
In ancther particular embodlment thereof, the combination of amino acid substitutions
comprises the combination of group (v): D48E, A89T, L136P, R163Q, G1 79S. A non-limiting
35 example of a plasmid encoding these amino acid substitutions is pSESE8.



is pSE542. In-another particul ar enbodi nent thereof, the conbination of

am no acid substitutions conprises the conbination of group (q): D48E,
L136P, Gl¢aPes:/de6&W A non-limting exanple of a plasm d encoding these
amino acid substitutions i s pSE545. 20 In another parti cul 5FT@W5%?I?BM

t hereof, the conbination of am no acid substitutions conprises the

cormbi nation of group (r): D48E, A89T, -8%38T,.Al139T, R163Q G179S. A non-
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is pSE543. 5 | )rflr?%%ggerr ? %@gq'%;ﬁlé%fggﬁﬁrhgﬁ%%'{ﬁﬂee‘%ogofn%ﬁ?%g acé%?cr']dastulgsgﬁm'grtgs am no
aci d substcpmriispotie cogdinghined gravp &) ciPbi ABT. RO BIG G VU 38X ) A13PD.5E] 7994 8E,

ABIT, L13eR5spSh38dl. Ab&imitingldddple old pifdmid BA&RRg L€ RRino acititndtnibhd NY
exanpl e o:‘is pgggl asm d encodi ng these am no acid substitutions is pSE504. |

| n anothe H‘cul ar enbodi nent thereof, the conbination of amno acid
substi t uti ons Inldhottenparticdss ethhelinanticrat, ittecoobingtioup a(njno acDABEstituliBET, S90G,

Choor o S ISR o A 509 SIS o 300 A5 e 10
t her eof , EFREPEOMIS ARBMIGPNCOFNGPTRE I AFidsyBEliPRR P 8RE520c onpri ses t he
conbi nati on of jrgsrewRr faniculdDdBBudinAéil TrerohB &E, cofibhibbn BEAMD, achkaOFutiGls 79S,
£238D,, P26IL1 18 DR GLLENG: SXATRLE Dbe? Moo BSR4 1e5% B no aci d
limiting example of a plasmid encoding these amino acid substitutions is pSES23.
In another particular embodiment thereof, the combination of amino acid substitutions
cdmprises the combination of group (ac): D48E, L136P, S138T, A139F, G178S, V196A,
E238D. A non-imiting exam‘p]e of a plasmid en.coding these amino acid substitutions is
25 pSE527.
in ancther particular embediment thereof, the combination of amino acid substitutions
comprises the combination of group (ad): D48IE, AB1T, ABST, FO8S, S138T, A139T, G175S,
E238D. A non-limiting example of a plasmid encoding these amino acid substitutions is
pSES39.
30 In another particular embodiment thereof, the combination of amino acid substitutions
comprises the combination of group (ae): G358, D48E, A8OT, S138T, A139T, G179S, P289L.
A non-limiting example of a plasmid encoding these amino acid substitutions is pSE5S40.

Q"\

)

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

comprises the combination of group (af): D48E, AG1T, ABST, S138T, A138T, G178S, V186A,

35 E238D. A non-limiting example of a plasmid encoding these amino acid substitutions is
pSES47.



I n anot her particul ar enbodi ment "t her eof,

substitutions conprises the conbination of group (aa): D48E, A89T,
A139T, C%,Z)Q(gmgg;non limting exanple of .a plasm d encodi ng t hese am no acid

substitutions 1T's pSE520. In another particular enbodi ment P

conbi nat i

HEFEHH348¢
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group (ab): D48E, L136P, R163Q G179$4.S231L. A non- limting exanpl
pl asm d encodi ng these am no acid substitutions is pSE523. |n anothe
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GRPEFesaltE n‘iﬁ?m&@?@?% e PiR (390

t he combi nation of amno acid - -

S138T,

he

n of
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t her eof ,
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E238D. A
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am no aci
t her eof ,
conbi nat|

asm enco

odi ment
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RS BTG P PBETEISE Aq'é?e;n@@ﬁe@ﬂﬁgr BH8) Ao

dxa@pre @R plaghit @Acading @s8 emmne béld sudastiidng td lﬂrgsas conpri ses the
36P,
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xampl o of a o SoANE refElen Ryborsc a8 dnarsh et vl roneieiRaesss
anot hr parprieas!tag CC@WB‘@&PW@IDUDWWE A%, b8 RESCOF 1095, &Z2Bsd Hei-d

SUbSt i t UtORS oERPREI SR SRERKD BbORRo gé@lsgbs(t@wns ER8EsEsAE Uhd
R163Q Gl798 P252S. A 10 non-1li mt| ng exanple of a plasmd encoding these

am no aci
t her eof ,
conbi natl

exanple o

RPESGHstitutions is pSE563. I n another particul ar enbodi nent
the clo mbmthamemnula'fenmmn@nanérdofsmb sbrhibicktion bEamioo apid baettutidie

c%ﬁwgﬂieis%é) thlion of@?b%ﬁges gz%gprzﬁ [%]428%2%;9&6% , PR Bosdy. Rﬂgng

asm d encodi fl tuti’ons |

anot he dm!&ng@ej@faﬁa'e éfrﬁﬁ%ﬁ%ﬁftcoﬂ'ﬁ@wé@fam'ﬂ%éﬂ'%wﬁfﬁ#ﬁlﬂ‘ﬁ &PSEb74ani no aci d

substitutions iy another particular embodiment thereof, the combination of amine acid substitutions

comprises the combination of group (arn): D48E, A8YT, 1.136P, R163Q, G179S. Non-imiting

-examples of plasmids encoding these amino acid substitutions are pSE5S75 and pSE576.

25
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In ancther particular embodiment, the combination of amino acid substitutions

comprises the combination of group (an): D48E, A89T, S1387, G1788. A nonh- Ismmng ‘

example of a plasmid encoding these amino acid substitutions is pSES?T.

In a particular embodiment thereof, the combination of amino acid substitutions
comprises the combination of group (ao): D48E, ABST, L136P, G1795, E238D.. Non-limiting
examples of plasmids encoding these amino acid substitutions are pSES02 and pSES24.

In another particular embodiment thereof, the combination of amino acid substitutions
comprises the combination of group (ap): D48E, A89T, L136P, K154k, G1798, E238D. A
non-limiiing example of a plasmid encoding these amino acid substitutions is pSES03.

in another patticular embbdiment thereof, the combination of amino acid substitutions
comprises the combination of group (aq): D48E, AB9T, S138T, A139T, K154R, G178S,
V196A, P289L. A non-limiting example of a plasmid encoding these amino acid substitutions
is pSE505.
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In
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mting
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15 conprises the conbination of group (ak): D48E, A89T, L136P, RI163Q  Gl179S,

E238D. Non- |imting exanples of plasm ds encoding these amno acid

substi t ut iWangs/esessPSES73 and - pSES78. I n another parti cuI alp g pg%gfwt

t hereof, the conbination of am no acid substitutions r| ses

conbi nat| on of group (al): QB6R D48E, A89T, L136P, Gl798 E238D. A non- 20
limting exanple of a plasm d encodi ng'%5hese am no acid substitutions is
pSE574. |In another particul ar enbodi nent thereof, the conbination of am no
acid substitutions conprises the conbination of group (am: D48E, A89T,
L136P, R163Q Gl179S. Non-limting exanples of plasm ds encoding these am no
aci d substi t uti gnencdres pSEET Smbatin g EEETS, thencomiinetier of garita apid @wbstiviboedi nent ,

t he conbin f } t ityu S 5 r o] ation of
o oun_( any EERe® g FhRAnal Or SHpB. (DSBS aadte, SIRBRY ARRE, GiFeg PRIAR. o

encodi ng t A& afi FE-NRING wanRe o @t PiBTHRId | egoqgisipgse Prﬁma aﬁﬁ‘r subgfijyigns is
" enbodi ment ptdmseof , the conbination of amno acid substitutions conprises

t he. co |nat| on of grou 8E, . A89 L13 P GL79S, E238 n-limting
exanpl reTE of pl afHig eéﬂ%%%%ﬁéwoﬁg%eéﬁ E’ﬁfeﬁg“}fcﬁo DEI Y O ATE S&P%NE%OZ and
pSE524. 300dmrpraemmlaeomplazaibn oidraup (esibD4BEBALT, tASET, a0B6P, (@SE.0nbbAat1i98eq, of

am no aci dp 1 té:f% &?}@@% e(i%ggé Bﬁg}zéshﬁd %ﬁégalngatﬁés%narﬂﬁo %Eﬂ“#&bétﬁ.ﬂ%ms %48E

A89T, L136P non- i ng exanple o
encodi ng t#eER97ami no acid substitutions is pSE503. In anot her partlcular

enbodi ment ther m@nothbh@dﬁﬂlﬁbénﬁt@tihwﬂt BEredNHRQGoAGINBticH WP Shinb Weld @0BsituGeHEDT | Ses

. the cop 'Zgzgl_ﬁn'p%g\esogﬁgfqrrﬁhp qaé e9<r§4H‘f8):% t):élggf’}v pt}%ﬁﬁg?ﬁggg? ?%gsee%%‘?no aci d

ubsi i tutika¥8D, PEESHSKEEES- hm\n@ 8BMPEBY EidRATd &m@h@aﬁ%aminaﬁcrﬂ isulzatibtitrer
particul arg ﬁg@%l ment thereof, the conbi nation of am no acid substitutions
conpri ses t e conbi nati on of %rou (ar): D48E, A89T, S138T, A139F, Gl79S,
V196A,  E238D. AZAsiAeN RaCY P RPa%iayepl t&ﬁf@?f the GpRRRFlan eherlP AgY EHRWYANS no aci d
SulrJT;tl t ut | PABriES tnaSEﬁﬂﬁnan&n loh gecupt (al: pwﬂlmmaruwpbodnmt N&ﬂﬁfnﬁl@w@f t he
conbi nati on [ on of group
(as): 8Ifxaﬁélf$n?%%5$& E’LE%@%%&%%@%%T%@ '8;8%5 E% ?LRQ p§§§ non-limting
exanpl e of a pI'&@ﬁﬁ’fﬁeFm@dﬁf@bﬂﬁ@gﬁ@t tbf?FP‘F’fotha@P'ﬁbm}bspf F0INP 668 SERSIUFBES07. | n

anot her papibhddsaie SIMMRMBiIER brobP e afaset K@JTCO@AHQHGPHGWQS’OMM R in
conpi nati on_ of t): D48E, A6IT,

%ligZEI'I t X&%%‘S’P’%f%@%%?'ﬁa%%mg %e?:ez@g'ﬁo apig gfpstitugen % &He ting exanpl e of a
pl asm d encodi ngabdieseadinimremacdidesiibstoff e consnatios o’pﬁﬁﬁﬁ)ecid bubsdmtdnaer
parti cy ar. eRRadiiEmsil2E8E broud (v COMEY, RBH, QBaP s 38T N0 388 cd788iRabsA Ut i ons
A188G, E238D.- A non-limiting example of a plasmid encoding these amino acid substitutions
is pSE517. '
in another particular embodiment thereof, the combination of amino acid substitutions
C ' mtg - comprises the combination of Qroup (@x): D4BE, AB1T, A89T, G111V, 8138T, A139F, G1798,
25 V196A, E238D. A non-limiting example of a plasmid encoding these amino acid substitutions -
is pSE518. |

In another particular embodiment thereof, the combination of amino acid substitirtions
comprises the combination of group (ay): D48E, AG1T, ABOT, S138T, A139T, G1798, V186A,
E238D, P28%L. Non-limiting examples of plasmids encoding these amino acid substitutions

30 are pSES29 and pSES5H4.

In another particular embodiment thereof, the combination of amino acid substitutions
cbmprises the combination of group {az): D48E, A61T, AB9T, L136P, S138T, A139F, G179S,
A188G, E238D. A non-limiting exampie of a plasmid encoding these amino acid substitutions
is pSE532.

35 In another particutar embodiment thereof, the combination of amino acid substiiutions
comprises the combination of group {ba) D48E, ASQT, S138T, A139F, G1798, A108G,



conprises the conbination of group (au): ‘D48E, A89T, L136P, GL79S.
Non-limting 15 exanples of plasm ds encoding these am no acid

substi t uypaRReRss PSES14 and pSES25. In another particul ap-fiRRl

t her eof ,

conbi nation of group (av):

h4¥ nt
the conbi nati on of am no acid substitutions conprises t;ﬂg

anot her particul ar enbodi nent thereof, the conbination of am no acid

substitutions 20 conprises the conbi nation of group (aw): D48E, A61T, A89T,

S138T, A139F, G179S, VI196A, A198G E238D. A non-limting exanple of a

pl asm d NYEAY nd RandigHingrexaoPEcifor slabsijancadingnthesd sMPSERAY substiune iher

t he conbinati on of am no acid substitutions
r ax):. D48E, A61T, A89T, G111V, S138T,

AL139F, G179S, Mmanofe 9%9&“0“@23@'%0‘1“)39‘?‘? fffof % GO nskiamefieaninst ack sypsiiiipes encodi ng

parti cul apgesggodi ment t her eof
conprises the conbl nati gn of

D48E, A89T, VI120A, L136P, G179S. A non-limting
exanpl e of a plasm d encodi ng t hese arﬁ no acid substitutions is pSE515.
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A198G E2#8fhg Aam@h-df b fiskinRignesdih& @i al@id%&ﬁétidm@rmggsm‘lt hese amno acid

substi

utions SE 3 n.ang her r nbodi nmen reof
combi Aat i on of Inarﬁongr%%rlgcc‘l”aéﬁ%s PHPE 'beres?f%be‘??ﬁ% g%n ‘%ﬁg"% Wg?tlt A of gro{t&p

t he

(be) D48EsorABeas HE]eqMhinatieB9F 9“@]97@@, D283 &39TNG 1387 088855 FICTS, 1BBBA00348
- 26 V220Agof3pNpBsdli nmcw-mn@mp] RsQf p @snmbsaérmogmg%ggka%oté?gﬁ%bamngﬁs acid

substitutions is
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am no aci 82%bst W%’Wﬁ‘@ e"é@?ﬁ‘ﬁr@fs%ﬂiaﬁfh‘é HERANINWES DAMP aFichBYPStithions IT)48E
A61T, AB89%sedsi36P, GL79S, P289L A non- limting exanple of a plasmd

encodi ng these_am no Cld

not her. parti cul ar

ut 1 10 |
enbodi ment t hef fpre‘cte m(‘,( rfﬁ?’?%rﬁrg“f’d%é r?g’galt’ﬁ g%ﬁ'éot"fncf" FEPRISIME opr i ses
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E238D, P2§%s aDRithid Fdd e YRR RodHg SREANEE CPoiEHROP5R%kd (78R 2888029 aci d

substl tut|
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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
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 capéble of
producing a class 2:1 ratio of avermectins that is reduced compared io the rafio produced by
cells of S. avermitilis strain ATCC 53692 that instead express only the wild-typé aveC allele,
wherein when the class 2:1 avermectins are cyclohexyl B2:cyclohexyl B1 avermectins, the
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:

{bi) D48E, S138T, A139T, G179, E238D; and

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

Non-limiting examples of a plasmid enceding the amino acid substitutions of group
(bf) are pSES56 and pSES69. A non-limiting example of a plasmid encoding the amino acid
substitutions of group (bg) is pSES61.

*
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are pSE549 and pSE553. In another particul ar "'enbodi nent thereof, the -
conbi nation of am no acid substitutions 15 conprises the conbination of
group (beWo GABBSSA61T, A89T, S138T, AL39F, GL79S, V196A, PERESB/007AS8
non-limting exanple of a plasm d encoding these am no acid substitutions is
PSE551. The present invention further pTQw des a pol ynucl eoti de nol ecul e
conprising a nucleotide sequence that Ts otherwi se the sane as the
Streptomyces avermitilis aveC allele, 20 the S. avermitilis AveC gene

pr oduct - encodi ng sequence of plasmd pSE186 (ATCC 209604) or the nucl eotide
sequence of the S as sented in GURE 1 (SEQ 1D
MOy or a deqdABrrEn, BiHR PHEMBEES Bt S UTCR ARTESHPHE SBNen

further cospsstisgss canlbatactoomshseatd:mdzanygmﬂlﬂcmhbtortaé neikotfe seueracatihd aveC

bstitut t ‘ d
 substy utl g Bl A AR SSRARS oROCTPRRRIANR P 8 B,
53692 in whssthla ﬂﬁ@ﬁ@ﬁ?’flf@—?t §fgke aviaCaaf Iselistitutiors doenshed rraein |bvahmmaradwe&lwat

expresssa cmhxéewns@gﬂ ad&gamrﬁe %;eanmaaew 8 Forfel® sEMIRLRInANVE LERKS Bt ,
sequence are caﬁlaebl e 0 uci ng a class 2:1 ratio of avernectins that is

reduced cofffeFe t%”?f?@“‘?ﬁ%‘i’%%ﬁﬁ Bed b yariogs ppssibs sequences ffaf £3n ?”590%“3[ rain
ATCC 5369 2thk hédrerérgibeaicenexpadis substitltyont B beirdaadiy 3ppereavie @ pakdodl ok skil mhier ei n

when the c V, I ohe cygl I avernectins,
the 30 ar PERyR T RUTEIRCC S BERa X GIFEGn B B s R ol RUTHIT G
and wher ei initiige estedimeat ifaneachi pamityie aohkindiabsetitedt Rleays, dosrpariise sacitl

conbi nag i ofpefliRes 86 Jcﬁ:@i@dtbk)%eg{oﬁ%ﬁbn@ﬁmﬁoﬁ&é dhgn F9%E set ;&grgif ih EQ&%@ 6 3(1)38|T At139T
n-limting

S, E238D;" and Tgﬁbgz L1 36
(Gl les of a pfaywid eé‘ﬂ'?:d’&ﬁ H'?ja%%éhea?ﬁ"?%‘aé{?ﬂ of FUBSEFY GYTsTHECss cogIPEtRS 35
(bf) ar e piBETbGbiamtnpbigEEs.... A andrkd iike teags txibihplaeviref add pliasiiicksemaedi ng t he

am no aci dA%%%?%EFOBE&%%r@Jg d ﬁl%u&eéepghvénﬁorp Fﬁ?ﬂ%:'a‘t Ie%@ thé/quﬁgﬁﬂf CEIét

B03/ 00348 resent invention contenp
af orement i Qiﬁe“@eﬁ?ﬁaf% reged andupaY iclEe G caannvoém%lcsébﬁwp@%ew #ying gid
modi i ¢at i @eetibgs, bihenifdiedieaiditdes, sestiasvombPhidnteress afheran iheleepr@sfs.oaz cﬁl@@ener ate

vari ant thereof th oSy tio
possi bl e t'6> i prOqumtSPléheasrshaﬁermzﬁ E?ié/l?ﬁjgtalgésﬁapgr{gdu(fg%ﬁ i'5e8 lch%frel n by
changi ng aBZﬁ‘tai‘»\ﬁen@flc&)don sequence or -a degenerate variant thereof to any

one of several @lib@hoatthy 8 ce0M0BSr bdiRhera® VGRHEHLEE SANE AL Qut%ﬁ LAl o
substitution. The vari ous possi bl e sequences that can encode

af or ement | HYFEEY 8HY REigdy Jk??f’i”ﬁ &Y PR eﬁP'FFfmrl?éD (e 26PY SPSspfFdPRgeneds-a per son
of ski2d inAer thenpiegoligontclanti@sdiodctets hlmtiyee%ﬁandﬂewptr@w © adiadihe hequenayeT

degener ac Ynd g%tdjﬁle%e&%mp mcaogeglhe%@ Vflsmﬂ;ﬁ HS a mto nh{i‘&iugéf'%ﬁ?% iDFﬁ‘E\Fe lfe? i?t%ﬁc h

particul ar conbi nation recit no acl st lons are
achi eved e Iee aﬁ@fﬁ“‘?ﬁi‘Pfe‘Fﬂdoﬂu@Pe“é?(i'ftfe’e@'ﬁ%ﬁn‘g'é@ Betevelelee phORFAEh®!s As used

herein, th@chbs aee dedtapeoRtl.oabhen 5H0539% N0.5aLkEht BRI A2l WinuQNs. eABMI | ses

-~ xﬁ‘a 5,837,458, which involve random fragmentation, repeated cycles of mutagenesis, and

L ) 25 nucleotide shuffling, can also be used to generate large libraries of polynucleotides having
nucleotide seguences encoding aveC mutations. _ l

Targeted mutations can be useful, particularly where they serve to alter one or more

conserved amino acid residues in the AveC gene product. For example, a comparison of the

deduced amino acid sequence of the AveC gene product of S. avermitilis (SEQ ID NO:2) with

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

hygroscopicus (SEQ 1D NO:4), as described in U.S. Patent No. 6,248,579, indicates sites of

significant conservation of amino acid residues between these species. Targeted

mutagenesis that leads to a change in one or more of these conserved amino acid residues

may be effective in producing novel mutant strains that exhibit desirable alterations in

35  avermectin production.



the conbination of group ... ", and the like, neans that -the amno acid
substitutions in the AveC gene product according to the present invention

i ncl ude WO (3888%5t hose substitutions that are specifical pgramcictssd, and nay
i nclude other amno acid substitutions, or am no acid 15 del eti-ons, or am no
acid additions, or sone conbination thgreof, wherein the expression of the
resulting AveC gene product in the S. avermtl lis cell yields a desirable -
reduction in the ratio of 62:61 avernectins. Miutations to the aveC allele
or degenerate variant thereof can be carried out by any of a variety of

known net hods, | n¢l udin use of err rone or by cassette
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codon, into s he ave such as
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nut agenesi s and 25 nucl eotide shuffling, can™also be used generate | arge
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Corar et nal Sl g 8% ool ol ST ORE e Tsise ERRE AT, TRIRIAT L on WO
03/ 068955 aPEbyri=BOBMOD8AIEN me@8 uRém domitions Ghigereesit sr icdre avaoels mektidn, and can
be caryy e%roagmgné w&e@aﬁ@ ngﬁbﬁr%teo&méhsuges(rﬁtww d ik, HM E@Mhﬁ& Gilgef adi ati on

or X- ray ens sucC ﬁ¥ rosoguan|d|ne
et hyl net waﬁea'§am¢ft9ﬁ%1f°éamﬁmf~*?twgodaeti°a 2§ ket Pdre nﬁ%ffﬂgﬂfagoﬂ popliCisaarg

Ausubel , -12B%napbavie; HPOT toadét@w@/\thafabwtoag@e&a&dt;ﬁmﬁﬂmgmw moﬁac@é ae nut at ed
mg%’ Rg? l S%tgia?gfgmgq tﬁeﬁl‘i’qsﬁ ?ell aégvegaq n% gcm}s %S%’ rgutgtgig Pn%gleét(%e o e]tcgilégn ne

e aver
pr ef er r ed caggblsodi igeyring he [ﬁ?FE}i‘n@@‘b %@V@@eﬁmb‘e@dh@ngﬁa@EW@ aSlﬁ‘IﬁQapéﬂ2$ﬂucl eotl de

sequenge iaebRStHd @Ezg@qmal@n%@ttm e kEAbIRe®@Tin BecrCBR] bbiblS bihephi ch the
aveC gene has been | na ctiyv veC negative (aveC)

backgr oun@eTRIES FUHL H?SH%“%Y%‘?E“’W? FP&ged ip ﬁ@%ﬂ%ﬁa%t ed pol ynucl eotide 10 nol ecul e
is spliced int@nganf b pioessntenep Imagimids of the ppsedtiivetioasso bé atriighowtiusingone or

more  reg %rﬁiteﬁléﬁ'o kﬁwtrr%diam’ﬂlle%?abqv %ﬁﬁﬂlgn&lte%o with ecfy@lgﬁé}laxe Q:gl%gwhé e§t100 ne or

more drug resistanc o
although other appropnate fatty acid precursors, such as any one of the fatty acid precursors {“}

25  listed in TABLE 1, or methylthiolactic acid, can also used. . o
Once a mutated polynucleotide moiecute 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 polynucieotide molecule having a nucleotide sequence
encoding & mutated AveC gene product can be isolated by PCR and subjected io DNA
30 sequence analysis using known methaods. By comparing the DNA sequence of the mutated
aveC allele to that of the wild-type aveC zallele, the mutation(s) responsible for the alteration in
avermectin production can be determined. For example, S, avermitilis AveC gene products
comprising either single amino acid substitutions at any of residues 55 (S55F), 138 (S138T),
139 (A139T), or 230 {G230D), or double substitutions at positions 138 (8138T) and 139
35 (A138Tor A139F), yielded changes in AveC gene product function such that the ratio of class
2:1 avermecting produced was altered (see Section 8,-below), wherein the recited amino acid



genes to allow for selection of transforned cells. This vector is then
transforned into aveCG - host cells. . using known techni ques, and transforned
cells are selected and cultured in appropriate fernmentation nedia under

condi ti oRgohhakseRer Mt or induce avermectin production, 1540f.e¥a0! €,
i ncluding appropriate starter subunits in the nmedium and cuI tur| ng under

optimal conditions for avernectin production as known in the art.
Fernmentation products are then anal yz€& by HPLC to determne the ability of
t he nutated pol ynucl eoti de nolecule to conplenent the host cell. Several

pl asm d vectors bearing mutated pol ynucl eoti de nol ecul es capabl e of
reducing the B2:81 ratio of avernectins, including pSE188, pSE199, pSE231,
20 pSE239, pasitidnp SERSGoridhiodbigs pSEARE, in &n@men{ﬁE@f iDedOi2). Séckudiondihd, bel ow.
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det erm nedave nucl eot’l nol ec T epti de
sequence encodhyi§ed %@afheéfomlfg@ﬁéewamgtsueiaﬁs b’é?9T5l04ilmt@tihelwgnmR and

subj ect ed dyndNAy %@fdﬁ@gy@mg@ iaRakY n%t:drhsbvﬂugh bﬁn@mxaﬁplaq@@amﬁa (&oEpP@Li ng the
DNA se%uence of t he mnut aveC al|lele to e aveC

NGO, ST aa SomETBIee FaiPcitie! S Ferdrs SnOrH DaVRPhEcEs n
é ﬁuctl orpotypepiihe fdiewer riynibd. arfios aeid anpdue, wilich aapbicas tihd bSgiky eGigendd pr oduct s

conprisin bstitutions at any of residues 55 -
( S55F), ggﬁ%‘% ﬁhml%sﬁjg’ﬁqgtg%%hﬂ%ﬁkso (&230D), or doubl e substitutions
at positions 13*’8%5 88PN, WREre FRPTEE em&wﬁ%ﬁnwﬂs@#ﬂy anyived giele Ehlifiges i n

Aveg gene a@émgtcmﬁma@dms;rbés:u@h;etcthabr lshigieh c'pblymdza‘ongd &}%&cuf@ ol tiRypleb®REL i NS .
produc was alter ectl on n m no aci
o 03/ BoadaamBrir DS Bris™ <ha gLy & H B B R Pae Pross ThH8%ent ed i n
FI GURE 1 (cB8EQ@eteDarN@™Rio. adich saiokbivtiorory, refdmed th odsl oseiimigg sad\ee partiouidsi pratibons  of

mut ati ons “Hﬁ‘n‘éé‘poﬁ@ﬁ tob%ea@oﬁgg .frcqmﬁibfa@efa'mw Yoid %@HQ@:}F Beq 1611963, disks ratio of
aver mectins: 2). GL79 (3). B8P/ L136P/ E238D;

(4) F99S/ ﬂ%‘W K‘l@?ﬂ“’ Eﬁf?@@“o eay r%ﬁ@ﬂ “Wf@? r e‘@%‘ﬁe legefian/jTPBg giveC epey)
A139T/ K154kdQR9&hich THeeskiifegisatidan danveiikiy ofetgpmhde | e efdrérfct yio nthé @@ jcid

addi tipnal fo rgéicﬂ i that are shown to reduce the

cycl ohéeaxyl %%%Eﬁic%%hfe%?re rati o 2 avernectins, and these are presented
in FI GURE 6 andsrused théﬂalm mherﬁesmﬁtﬁénﬂé%tlom; a0 e, aved glisial epeadisionparticdiar

af or enent irQRREhJ88 redkal 8 NSuse THEN e St éa&%,nuu@@hd@adoem&rhemqr.é ghd@lgfel@m no

o LS, ISl Sl L S ORT e WAL Bt B P ep o 20L e
ér @ﬁer r i nguelepti@EQsiioh NOvedfalitlae otherwise referred to as “corresponding to” a particular
25  nucleotide position in SEQ ID NO:1, this is intended to refer to the nucleotide at the same
relative location in the aveC nuclectide sequence or a degenerate variant thereof, which the
skilled artisan can quickly determine by reference to the nucleotide sequence presented
herein as SEQ 1D NG: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 staied value.
A polynucieotide molecule of the present invention may be "isolated”, which means
either that it is: (i) purified o 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 allele from S. avermitilis, or a mutated version
35  thereof, is present in @ cell other than a cell of S. avermitifis, 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



C pol ypeptide, followed by the am no acid residue which replaces the =
original amno acid residue, which in this exanple is threonine (T). . As
used herein, where an am no acid residue encoded by an aveC allele in the S
avernit i WOL30RSfosome, or in a vector or isolated pol ynRAEHRESHOI ecul e
of the present. 15 invention is referred to as "corresponding to" a
particular amno acid residue of SEQ l4p NO 2, or where an am no acid
substitution is referred to as occurring at a particular position
"corresponding to" that of a specific nunbered am no acid residue of SEQ ID
NO 2, thisis intended to refer to the amno acid residue at the sane
relative I he S ed artrsan can
qui ckly de{‘agé}éd‘('?LH EQb ?ra%ﬁr&&? @S‘t he amHQiﬁrEdgm}&ann& e uggndé 58t ed '
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parti cul aPaGiertd ‘é‘%‘t(Ptﬂ%r BEsF t8lahs: gerafkitwaT ’ihﬁ Dee@fraryemef guch g avifsiid & C Th

nucl eoti dgnfRsbrtintedrated intdiBe 8VAGrAils@h@moSord Aerius stheahat Hadi iR mbve o
"correspondrcg%] 0" a particular 25 nucleotide position in SEQID NO 1, this

i s intend8ff efer to the nucleotide at the same relative location in the
aveC nucl eot i de'hsepmeamd:em‘mmrcm detjenepratidesy ar irequtnbinher eedtor \whinpisiighes  ski | | ed

artisan cgy e&!ﬁ'e%n@%h%oﬂh@%&é&fntr @Tseﬁ{ o%”ﬁﬁﬂg LRRERYG ?85# %ﬁ bR RES IS

presented erern as erein tore ra I os of
cycl ohexylargs agy ei BhegynucBalidgyedeiesicasprisngemtisiemnudertivaseayercesef és to the

speci hp Caf}ﬂe&’erﬁ tré@dn rum@meeaihe\éaé@lgnem HheQf aDd IR HSARbmE RAdimet inded val ue.
A pol ynuc| eot | de nol.ecul t he pr en vention may be "iso|ated", whic¢h
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Sequencesnuc%néé ge)quarc@% mﬁE pleBe@MhER: hgﬁ@@ﬁ@k?@wﬁm@%o frmcn 'nf#odnete

naturally occu re an ave rom aver m
mut at ed vereém@wn@esmaﬁsewen Ingerfpddeie fie §- qvermgiby Fhf@T’Q‘Féfnetaﬁaﬁ”%OfB@I“I’a'bf S.

aver m15| | biSthe @ved bildig), opﬁvﬂéiﬁrlﬂérnﬂarﬂrea eb@dsmuyrh whrarrehmmxs celUINELsNBle phadent al |y
occur, short i ece tricti.on frgag nt
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conpri si ngugroidioearantd 9f thhepreseaCiyertiongwhielyivertorsr canaberuset wdinset dicon
thereof, E%r {fuciRbtio Ml ANYsi@SS A 8t %rrﬁﬁlﬂ%%n%}fm%%%ﬁ%ﬁ%ttt#@é@éﬁ or as

subsequen integrated into a heterol ogous piece of DNA, such as the
chr ormsorr@e"t?F 070 b%ﬁ@i"@ﬂe%p'&‘é‘i‘qw(ot her than a cell of S. avermitilis) or the
DNA obopa vect oin &uohiiraisngepbcasmant o vé:rqah.agegenerepraaémgrtwbadr ihet eent e S.

evermti/ls dCt n%gg%orﬁrﬁat% r%cl ﬁﬁésr%routeggr{er ran{1 %erec:i’]c ace n%r%mg‘?c% epces%\r[n?

allele. TRE resent Invenfion &S A°FED
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nol ecul es. co # mut at ed nucl eoti de sequences of the 7’1
to cells of the s me strain which instead express only the wrld—type aveC allele. Such gene o

25 replacement vectors can be constructed using mutated polynucteotide molecules present in
expression vectors provided herewith, such as those expression vectors sxemplified in
Section 8 below. ‘

The present invention further provides vectors that can be used to insert a muiated
aveC allele or degenerate variant thereof into celis of a strain of S. avermiiilis to generate

30 novei 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 specrﬁc though non-
limiting embodiment, such a vector comprises a strong promoetet as known in the ari, such as,
8.g., the strong constitutive ermE promoter from Saccharapolyspora erythraea, that is situated

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



10 present invention to the site of the aveCallele of the S. avermtiltis
chrom)some to either insert into or replace the aveC ORF or a portion

t her eof % é honol ogous reconbi nation. According to the resent

i nvention” Wo 38723 . a pol ynucl eoti de nol ecul e conprising & 0348

nucl eot i de sequence of the present invention provided herewith can al so
function to nodul ate avernectin biosymthesis when inserted into the S.
avermtilis chronpbsone -at a site other than 15 at the aveC allele, or when
mai nt ai ned episomally in S. avermtilis cells. Thus, the present invention
further provides vectors conprising a polynucl eotide nol ecule conprising a
hut at ed nH@As%@été@@saﬁ@ﬂiéeﬂgi%te@faﬂebeellélé%}Sﬁigémlﬁrb\s@ﬁég Ofhd BrEiRg YER@hds can be
used to |nsert t he ol ynucl eotide nolecule at a site in the S. avernitilis
chr onos ome 98t Py, Pé‘e”flﬂ% 64/8¢&"°%.gene, or to be nmintained episomally. 20
In a non i m ti mge erdoadirvention ptd%t!e!g’Qéﬁe@ép!eio‘éméntg@&ersrtﬁﬂa&ﬁmnﬁo iveaies that
can be. ﬁ"d '[VOCI nsert a1dr{u 1;[ g eC a'-tl; F e ener tﬁ atrl ant t her eof
according t6 3Redpresént “IRivERTioR TR0 eel™® no@ TGERPATEY Bieh gene

aver m t idl | sgplectreedbyycierenar e cangtrumtadelsing theamutedpolfBuclecivie mulecilk psaﬁemtﬁre cells
of which Cﬂiasr%%%@ (@s‘féb%%dsﬁ‘%\cﬂ .saexgrﬁgmg@ﬂ & @ﬁ%%?b%low%lbgRﬁ%gp%eEd to

cells of the sane strain i nst ead ress on
al | el e. SuBlgsjefereriisn rfe’HleéE'éW@ﬁ% QWc'ﬁxai?fem@atnve&@rSctbﬁfs%m'ﬁea Peléfﬂwohiﬁ at ed

pol ynucl eokbReusBrisidhg or BErREemM ofhﬂcletﬁi?f@ﬁ@;%&ic@@ tﬁé@ﬁét@’éﬂij f@hpmbdae@lc Qe{eevv' th,
such as thpse etﬁ %SSI on bel ow.
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moiints of avernectins conpared to cells of the same strain which instead
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pSE189, an@”&&‘@?'&fﬁ@ep{oﬁyﬁﬁWﬁﬂg’f”’sdescr| bed in U S. Patent No. 6,248,579,
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usi ng £he mtnaﬂﬂedwfw Wﬁamr\e@@wtﬁen rRologbEwnm @g'e'm adich Stmsatgmnel lrpQEJPeeC( ATCC
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25 The present invention further provides a method for making a novel strain of S.
avermitilis, comprising (i) mutating the aveC allele in a cell of a strain of S. avermitilié, 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 amine acid substitutions,

30  wherein cells comprising the mutated aveC allele or cegenerate variant are capable of
producing cyclohexyl B2:cyclohexyl B1 avermecting 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 ambodiment thereof, the ratio of cyclohexyl B2:cyclohexyl B
avermectins is about 0.30;1 or less. Ina non-limiting embodiment thereof, the mutated aveC



10 shown in .FIGURE 1 (SEQ ID NGO 1), which vectors can ‘be used-to delete the
S. avermtilis aveC ORF. The present invention further provides a host cell
conpri si @H,Q%L}‘/nucl eotide. nol ecul e or reconbi nant vector of the present
i nventi o st cell can be any prokaryotic or eukarYol/TRO3EEHE capabl &
of use as a host for the pol ynucl eotide nol ecul e or reconbi nant 15 vector.

In a preferred enmbodi ment, the host cefl is a bacterial cell. In a nmore .
preferred enbodinent, the host cell is a Streptonyces cell. In a nore
preferred embodi nent, the host cell is a cell of Streptonyces avermtilis.

The present -invention further provides a nethod for nmaking a novel strain of
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non- 1 i m ting,grbodi ment - thereof, the nutated aveC

The present invention furiher provides a cell of a Streptomyces species that =8
25 comprises a mutaled aveC allele or degenerate variant thereof encoding an AveC gene'
product comprising @ combination of amino acid substitutions selected from (a) through (be}
listed above. In a preferred embodiment thereof, the species of Streptomyces is 8.
avermitifis.
The present invention further provides a cell of S. avermitilis capable of producing
" 30  cyclohexyl Bzzcyclohexyl B1 avermectins in a ratio of 0.35:1 or less. In a non-limiting
embodiment thereof, the cell comprises a mutated aveC allele or degenerate variant thereof
encoding an AveC gene product comprising a combination of amino acid substitutions
selected from the group consisting of (a) through (be) listed above.
In a preferred embodiment thereof, the ratio of cyclohexyl B2:cyclohexyl B
35  avermectins is about 0.30:1 or less. In a non-limiting embodiment thereof, the cell comprises

a mutated aveC allele or degenerate variant thereof encoding an AveC gene product
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substitutions in the AveC 15 gene product, or (ii) introducing into a cell
of a strain of S. avermtilis a nutated aveC allele or degenerate vari ant
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preferably, though not necessarily, at the site of the native aveC allele.
Such novel strains of cells are useful in the large-scale production of commercualiy
Cﬁi‘) 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 media under
conditions that permit or induce the preduction of avermectins therefrom, and recovering said
avermectins from the culture. In a preferred embodiment, the cells used in the process
produce cyclchexyl B2:cyclohexyl B1 avermectins in a ratio of 0.35:1 or less, more préferably

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

In 2 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 a combination of amino acid substitutions

35 selected from the group consisting of (a) through (be) listed above.
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vari ant thereof enco uct “conpri si 1‘g nbi nati1 on of
culture medium is 0. 35 or less, preferably about 0.30:1 or less, more preferably about 0.25:1

or less, and more preferably about 0.20:1 or less. In a particular embodiment, the ";(

25 composition of cyclohexy! B2:cyclohexyl B1 avermeciing is produced by celis of a strain of S
avermitilis that express a muiated aveC allele or degenerate variant thereof which encodes a
gene product that resulis in the reduction' in the ratio of cyclohexyl B2:cyclohexyl B1
avermecting produced by the cells compared to cells of the same strain of S. avermitifis that
do not express the muiated 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 avermecting in a ratio of 0.35:1 or less, the composition is produced by cells comprising a
mutated aveC aliele or degenerate variant therecf 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



am no acid substitutions selected fromthe group consisting of (w) through
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C /T} fermentation culture fluid, the avermectin composition may alternatively be partially or

25 substantially purified from the culture fluid by known biochemical techniques of purification,

such as by ammonium sulfate precipitation, dialysis, size fractionation, ion exchange
chromatography, HPLC, etc.

In addition to making novel strains of S. avermitilis comprising cells that are capable

of producing reduced ratios of cyclohexyl B2:cyclchexyl 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 preduction. In & non-limiting embodiment,

cells of the present invention can further comprise modifications to increase the production

level of avermectins. In cne embodiment, such cells can be prepared by (i) mutating the aveC

allele in a cell of 8. avermitilis, or {ii) introducing & 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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are effective against nematodes that infect humans, as well as those that infect various
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species of animals. Such nematodes include gastrointestinal parasites such as Ancylostoma, ST
25  Necator, Ascaris, Strongyloides, Trichinella, Capillaria, Trichuris, Enterobius, Dirofifaria, and A T
parasites that are found in the bicod or other tissues or argans, such as filarial worms end 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 iicks, mites, iice, fleas, blowflies, biting insects, or migrating dipterous
larvae that can affect cattle and horses, among others.
The avermectin compounds produced according to the present invention are also
useful as insecticides against household pests such as, e.g., the cockroach, clothes moth,
carpet beetle and the housefly among others, as well as insect pests of stored grain and of
35 agricuitural plants, which pesis include spider mites, aphids, caterpilars, and orthopterans

such as locusts, among others.



strong constitutive ernkE pronoter from Saccharopol yspora erythraea, inserted. -
upstream from and in operative association with the aveC ORF. | n anot her
enbodi ne f nmore nutations can be introduced into |, and/ or
aveR2 genr“eg Og@%g? avermtilis, thereby increasing the | e\yﬁlggxﬁgﬁ mectin
production as described in U S. Patent No. 6,197,591 to 10 Stutzman-Engwal |
at -al ., issued March 6, 2001. 5.4. Uses7Of Avernectins Avernectins are
highly active antiparasitic agents having particular utility as

anthel m ntics, ectoparasiticides, insecticides and acaricides. Avernectin
conpounds produced according to the nethods of the present invention are
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instances where hlgher or lower dosage ranges are indicated, as determined, e.g., by a

C ﬁ:) physician or veterinarian, as based on cfinical symptoms.
25 i As an allernative, an avermectin compound produced according to the present '
invention can be administered in combination with animal feedstuff, and for this pu'rpose a
concentrated feed additive or premix can be prepared for mixing with the nermal animail feed.
For use as an insecticide, and for treating agricultural pests, an avermectin compound
produced according fo the present invention can be applied as a spray, dust, emulsion and 'ihe

30 iike in accordance with standard agricuitural practice.

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

Sirains 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



5.in a fornulation appropriate to the specific intended use, the particul ar
speci es of host animal being treated, and the parasite or insect involved.
For use g% @&/Rasasiticide, an avermectin. conpound prOdUC?é—{ﬁﬁ&,ﬂﬁ,ngng to the
present 1 nvention can be adm nistered orally in the form a ca e,
bolus, tablet or liquid drench or, alternatively, can be adm ni stered as a
pour-on, or by injection, or as an iRrpant. Such fornul ations are prepared
in a conventional manner in 10 accordance with standard veterinary practice.
Thus, capsul es, boluses or tablets can be C_ prepared by mxing the active
ingredient wwth a suitable finely divided diluent or. carrier additionally
cont ai ni n@f 828 shtivsed ewrrhagn:amrﬂe abisHed whish DdeynitRdis I ialated artedprebagkose,

tal c, P? 'rlé;qt]f‘?tttt earate, etc. A drench fornul ati on can be prepared by

di spersi n% e ngr edient in an aqueous solution together with a

di spersing or wetting agent, détic MitpjzehadMetiibdsf or nul ations can be prepared
in the form of ch ¢ Nt Al-n Qt bst anges such
as, e.g., suffl‘%lr ?O%) C%’;ﬁ atvgrméH%ﬁ @?G (?ovga ?Orec?’r%tkzgkt & 25619 lﬁqr%ﬁ PIe830ni ¢ with
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g %n~§ s t

pests, an SR} RERE Zing, SHERT 2 4-098 o MANATS Stifte p PO Aent i on
can belzappbiued vas s dy | idusith tag mates) Hiwanddjtidted 10302,lank ¢hd mediwe ovadance
with stan ' J actice. 6. EXAMPLE: FERMENTATI ON OF
STREPTOW%E@ Ia%@?{ﬂbﬁrgfj 82: 61 AVERMECTI N ANALYSIS Strains | acking both
br anched- chai n gy caiedxicuilysibsiieralsee dABLE-10 weBbdipmives in meehdraade
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suppl emented with fatty acids. This exanpl e denonstrates that in such

nut ants a Hiifdle T%&ém%tﬁe/%@ws "F‘@*P‘F@‘ié@fﬂ‘b@ﬁ!%at 2%8, (tﬂenﬁﬁe BIot Af@Sos of
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separated filtered, then evaporaied to dryness. The reSIdue was taken up In methanol {1 mi)

and analyzed by BPLC with a Hewlett-Packard 1090A liquid chromatograph equipped with a

scanning diode-array detector set at 240 nm. The column used was a Beckman Ultrasphere ;T
25 C-18, 5 pm, 4.6 mm x 25 cm column mainiained at 40°C. Twenty-five pl of the abovel !

methanol solution was injected onto the column. Elution was performed with a linear gradient

of methanol-water from 80:20 {o 95:5 over 40 min at 0.85/m! 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. Resulis

The HPLC retention times observed for the B2 and B1 avermectins, and the ‘2:1

ratios, are shown in TABLE 1.



5 in seed nedium consisting of: Starch (Nadex,” Laing National) - 20g;
Phar manedi a (Trader's Protein, Menphis, TN) - 15 g: Ardani ne pH ( Yeast
Product s wb®alesos® J9; calciumcarbonate - | g. Final vol wgErMasoadsusted to
lliter with tap water, pH was adjusted to.7.2, and the nedi um was
autocl aved at 121C for 25 min. Two m of a thawed suspensi on of the above
preparation was used to inoculate :a 88 flask containing 50 Ml of the sane
medium After 48 hrs incubation at 28C on a rotary shaker at 180 rpm 2 nl
of the broth was used to inoculate a. flask containing 50 mMl of a
production medi um consisting of: Starch - 80 g; cal ciumcarbonate - 7 g;
Pharmamedia - 5 g; dipotassium hydr ggBpEphosphate - 1 g; rragne5| um sul fate
-.1 g; glutam g H——0—6—¢—Ferrous—sutiat-eheptahydrate 001 g; zinc
sulfate - 0.00]l g; manganous sul fate - 0. GOL-GREENRN |15 Raftine jwas adj ust ed
to 1l liter with tap water, pH was adj ustled tramd(in) and t he medi um was
aut ocl aved at LzéLJ-C—f-gr-—%—m-nrJ.la-r_Lgus—ca-Lb@xPLLi_c_aPi substraties (see
TABLE 1) were fissol ved PHP$f@thanol and | aBded toBfhe [fer R&Rfatijon broth 24
hrs after inoc n inat -canc tran of gitTiter. The .
fermentation brot?r%ﬁd%?ﬁcu?ﬁf chfacjg dagg at 2 g hen%%5he Qroth was 20
centrifuged (2 QAR AL{EOr 2 mn) and th e puper nafzant |di scggded.| The
mycelial pellet was extracted with acetione (15 nl), tlhen with )
di chl or onet hanes.£3Qickii, and the organi g phasd sgpar ated,.o_ngI tdred, then
evaporated to [dryness. The residue was tlaken up in nethanol (1 i) and .
anal yzed by HALS(#M2thetayltbdeyt etiti - Packar d [109@A |l i quisd dhr omap ogr dph ‘equi pped
with a scannijngdiode-array detector set at 3440 rim |The colum) used was a
@é‘é;f n U trasrfh@ioée%e@f%y”f:@dﬁam 4.6 [mtb® 25 @mlcoliumm h@i nt 4i ned at 40C.
wenty-five pli-et—the—abeve—nethanel—setutior—was—i-njeet-ed—ontq the col um.
El uti on was per&ﬂ?‘?@&”%afq?xﬂcﬁ?'ﬁear gr adi li éh? jof 't hanol %ter from 80: 20
to 95:5 over Two ard ongentrattong of
cycl ohexyl 61 l‘%pﬁ%‘ﬁc?@m&%ﬁ?%{rate the &gliector%}bespons Y and|the area
under the cury Vermectin ured” 30;6. 2| Results The
HPLC retenti or%ﬁegérogétshg gﬁjafcgr t he B2 qogzamngggr mect | ns'? ang the 2:1
rati os, are shoWicthilpehtBbEadia WO 03/ 0689554 PCT/ 1 BR3/ ODS 8 47 39 TABLE 1
HPLCRetentionjRatio _Tinme (mn) Substrate B2 Bl B2:Bl| 4-Tetrahydropyran
car boxyl i ¢ acijcCyBoleplahebarBoxdim acldssobut yriciaei d 1098 1EF. 9 856 34{Furoic acid
7.6 14.6 0.62

The data presented in TABLE 1 demonstrates an exiremely wide range of B2:B1
avermectin product ratios, indicating a considerable difference in the results of dehydrative
5 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
ﬁg\} alterations to the AveC protéin may be épeciﬁc to particular substrates. Consequently,
C,l ' 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 subseguent examples
10 described below use cyclohexanecarboxylic acid as the screening substrate. However, this
substrate is used merely to exempiify the potential, and is not intended to limit the applicability,
of the present invention.
7. EXAMPLE: ISOLATION OF THE aveC GENE
“This example describes the isolation and characterization of a region of the

15  Sireptomyces avermitilis chromosome that encodes the AveC gene product. As
demonstrated below, the aveC gene was identified as capable of modifying the ratio of

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



S-(+)-2-nmethyl butyric acid 12.8 21.6 1.0 ‘Cycl ohexanecarboxyl-ic acid 16.9
26.0 1.6 3-Thi ophenecarboxylic acid 8.8 .16.0 1.8 Cycl opent anecarboxylic
acid 14.%023/0989¢50 3-Trifl uoronet hyl butyrl c acid 10.9 18,8 Erei3/003s .
2-Met hyl pentanoi ¢ acid 14.5 24.9 4.2 Cycl ohept anecar boxyl I € 261 d°18.6 29. 6"
15.0 The data presented in TABLE | denonstrates an extrenely w de range of
B2: B1 avernectin product ratios, indr¢ating a considerable difference in
the results of dehydrative 5 conversion of class 2 conpounds to class 1
conpounds, depending on the nature of the fatty acid side chain starter.
unit supplied. This indicates that changes in B2:Bl ratios resulting from
alterations to the AveC prot eirmi. materdfs AeMefiodst 0 particul ar substrates.
Consequently, screeni 0g f(g ant s exhi b| hanes in the 62:61 ratio
obtained with a particul'a . 2L #&% n the presence of
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region of the- reptonyces avermtilis chronosome that encodes the AveC
gene proddet a”qﬁ@e ”ﬁé’ﬁﬁ'ﬁﬁ@ﬁt%‘é"ﬁé*@t6%0°th¢1@5§17@0 gene was identified as

capabl e of nodithyimgetahgrotvatin %@Ebov@y@é&h@m&e Bgeot ® ﬁM&J(é@@%%r Blréd2: 81)
aver mecti ns E’r oé’f Q/\f SD%13/ 68955 PCT/ 1803/ Material s And
Met hods 7. mMed B HPE S P SRgciad '%PHW“F%@V%Q ?tdﬁ1 qﬁ'u@r FRHMBI fig net hod

-was f abl owsdhrh Qnscgmmvmmwrﬁﬁwmtrmmm@d wifbl sAgitigy (csod) p)es2ot fdag-Tam mtilis_
ATCC 31272 (single cz Qny, |soI ate|§) o 3 ted on 1/2 strength YPD- 67 5
containing: Difco Ye Jt - BRYTLNEERe - 5 g; dextrose/
-2.5 g; MOPS - Aquwpis @i2bca oBacStrol) aﬁga‘yceha Qféwgas Eesrmabed/ambmemamcadjruss ed to 1

liter w tgﬁ%&enﬂﬁgm ?Jm”tﬁ& @letc&ceZtr%ed @@nﬁ:ﬁﬁéﬁiﬁ%& %d&?ﬁs E@Qécaved at

121C for rown in I 'um wer e

i nocul at e T1® SVHerf@Faﬂ*rSBS diprerled r@ﬂ'é thiercgls Werg prsieresess BPGE Wl§§5§uﬁﬁrn(cq miter
dH_ZOt 13ut gqsl ﬁ%@&o@é 21821 63% ghs -2By, @Hre% ;3 2&5 ?11 110 B ATRHXS. d5.91dm$1 ru@gophi ch }Nas
mal nt al ne ronnsoma
DA | 2ol SEPU e 3 Gﬁvﬂﬁﬁmcﬁg@wfiﬁa@? P8esedl S6p 15 2 AR o
grown as desed iibednaboveemere ™ phatceaed mutlet add :smia@uroch&htmerﬁtu@ﬁegraﬂeés and
the cells LpRcRRtSRERE, R%ickSMRS, dnHFRRhAR BA L61RE Qsiig TyER 158058 ment

software)} according to manufacturer's instructions.

20 Alternatively, 5 ml of mycelia were placed in 2 17 mm x 100 mm iube, the cells
concenirated by centrifugation at 3,000 rpm for 5 min, and the supernatant femoved. Cells
were resuspended in 1 mi TSE buffer, concentrated by centrifugation at 3,000 rpm for 5 min,
and the supernatant remoﬁed. Cells were resuspended in 1 ml TSE buffer containing 2 mg/mi
lysozyme, and incubated at 37°C with shaking for 30-60 min. After incubation, 0.5 ml 10% S ).
25 sodium dodecyl sulfate (SDS) was added and the cells incubated at 37°C until lysis was -
complete. The lysate was incubated at 65°C for 10 min, cooled to rm temp, split into two 1.5
mi 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
extractejd 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 mixiure 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 isopropanel mixiure was
then mcubated on ice for 20 min, centnfuged 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).



The supernatant was di scarded and the cells were resuspended in 0.25 m" TSE -
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shaki ng angpe |paded il phénd: moréadwm 514&15%@%91%?&% 6 | Ribed akd Qerltl?m ation
i nstrunent. m g DNAi i solated usin qér qui prent sof t war e)
accor di ng T4 AlR BN sPliong Wfi‘sn%eFF‘f}@F‘i’ ght0 fﬁ%lf‘? WT %t 5% sndape YpPycel i a
wer e pi@cedyer rermbved @la adaa Epperdoritibeg ésobibaso! b rhilheas éﬁheﬂeéddsha:mmemt rated

by centrif erpat ar ded,
the cells \Hmagr ééng)ésusec%%r etggn )%C%b%&{nf p%stgrg/p s%@?%?ggan c%ﬁ%e rfk'%gby

cent ri f ugatenivivged at mmogwmiorgﬁmm $0°Gdhe supsthatehbrespyed, reat dt DNASP@H ded. The
cells wer %Js%@%@@%'eﬁhagoﬁdr% any%u%gnhgd’ nG@HAéNi ng 2 ny/nl ysozyne,

,@nd‘}l ncubated at 37C for 15-30 m n.
7 1.4. Plasmid DNA Isolatlon From E. coli

25 A single transformed E£. coli colony was inoculated into 5 ml Luria-Bertani (LB)

medium (Bacto-Tryptone - 10 g, Bacto-yeast extract - 5 g, and NaCi - 10 g in 1 liter dH;0, pH
7.0, autoclaved at 121°C for 25 min, and supplemented with 100 pg/mi ampicillin). The
culture was incubated overnight, and a 1 mi aliquot placed 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 Cycie 3 {equipment software) according to
manufacturer's instructions.

7.1.5.  Preparation And Transformation
Of 8, 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



i ncubation, 0.25 m al kaline SDS (0.3N NaCH, 2% SDS) was -added'gand the cells
i ncubated at 15 55C for 15-30 min or until the solution was clear.  Sodi um
acetate gQJLJr (mm 3M pH 4.8) was added to the DNA sol ut|? /0% was then

i ncubat ed on i ce for 10 min. The DNA sanples were centri QE% 411.54 000 rpm

for 10 mn at 5C. The supernatant was renoved to a clean tube, and 0 2 nm
phenol : chl or of orm (50% phenol : 50% chl c#»f orm was added and gently m xed.
The DNA solution was centrifuged at 14,000 rpmfor 10 min at 5C and the
upper 20 | ayer renoved to a cl ean Eppendorf tube. I|sopropanol (0.75 m) was
added, and the solution was gently mxed and then incubated at rmtenp for

20 mn. The- ONAd $&h gﬁamg M$pmﬁ§rib{d ffow@nsaénelrﬂb&%ci@waé eésﬁlté iffefla@t ~ 5C,

t he supernatant renoved was was 70% et hanol ,

dried, anc® ®5VEMEHERHMn YFEEsTdush 00”7’3“13 aer lisra Qe YERA EXestt atd $rfeom E.
coli 25 A sdcRddedidnbansf oidmathiEwsalis £alone -vm g' R@U Aceding BE P215C Ry

Luria-Bertani (LB nmedi um ( Bact o- TN%/ tone - 10 Bact o-yeast extract - 5
g, and Nad@> mingthe gpiowng werp gddedd Bpdy MaH:z = #HeD samrafe'wavferaa\aﬂ al YAICCA@52525 i n,

and supgpl encmp_t;em[ Vﬂntj@[yéﬁé)(gpg? mter%lfgp’hfeld I25n,); The cul ture was i ncubated ‘
overni ght, and m crocentrifuge tube. The

0
cul ture sanpl es Wﬁewei’%\a%iearowaebfﬂq ﬁéorﬂﬁﬂg @@rﬁ"@i@WQSi%‘?yd?r?&F@@a?‘ﬂjr‘dF 8% aci d
i sol ation raicbehmtgé PR Tk al @Azt ous b f@N_A RS Th@ﬂ]péﬁw@ﬂnﬂbﬁds%c@ﬁ@&i an3the

equi prent _sof ware acc facturer's instruct

I(Drgparpatl YR E AT §Lf38?rf‘9r§€ "bﬁ b”%f nﬂ'c VPN HEO%S; 0%02? J§3§4 Slor‘?g?l%

col oni es O¥gCS: ~ BArA.04 &;iHOWSDe mi; QQPQB éubten- W' 1a); s’ecreeafigndmt YRDidB. - Then; rrycel i a
35 wergy u e10k0 I 6% 2
whi oh e e e o3 CEeolt i s ABETE M b e Eho R e SRR (s00
rpm) at 28CUfigy CrdRn RET lithe ZRAF2 of 0 MEc EPFa vﬁaéo u@@%l”tgoci’%'ec@‘hi’em%gm YEME -~

g\edlt um YEW@IITBGIZDID’H@Q@{r@dzﬂﬁyp&(ﬂHJ{)l-Hehg BH, ; MoYeas taHkxt 10akd). ThSpa,wa@l fco
aCl O- pe

ool bt e 158 T anl sk bR 8% s St PHEE AR st he br b 2
61- 120 (sdp#rmewhyilteut ocl aved at 121'C for 25 5 min) - 2 nl; and glycine
( 20% ilter- S'h‘%rdﬂ/deﬁae\gere p%l%té’d‘ at 3Td3]@ rﬁ%%&ii nfle{he sgﬁé?ﬁarﬁtwaé%c%rgé? 48- 72

hrs an har vest centrifugation in centrifuge tube ‘con) at
3, 000 rpmamsrth%Wﬁ?Iﬁ were, &eseRsaTsaln oAt mhﬁsbua‘ﬁrseoﬁ%rww amp/Phiysozgpeel ihg wer e

rlvgsd u; pgaggﬂydena ReUhdBbted W BEIT RPN ahiASKithSIHEKIAG Gand ﬁ@&eg,mtlﬁzgz%lcaﬁyoto25 g;

- 2,02.9;:,HO- 600 _m; K2P04 (0.59 ; trace
sol ution '_d%mw]e;e%t eﬁ@f %Op?asﬁﬁé'@atﬂ%: é@W Brotpg Stniorm%i'ﬁﬁ WSCWI“% 1 oM
pH 6.5) - pGoprbsts EErcantsfugddeatd D0 rofont § omn. CUrtsaipersaipe wak rdreaved Zn@tr@ 40
ny; Fe 3 Q0. l_%] 0 t ny; '
Na2840 pdﬁg‘ggsqs WS% SUE%N 31%"9 %ﬁ“#& @8%%5%5{5 Mg?ﬁ"mfﬂ 2 Sélogd] ust ed
to 6.5, fiREORH) {ﬁ‘f‘?\eﬂ\wp%{ﬂ?t@éﬂ"@a reTROVEd) e GFotonias e TeRBHE RS FY.PY ot o
hot througiiffar, and approximately 1 x 10° protoplasts were distributed fo 2.0 ml cryogenic vials

" (Nalgene).
A vial containing 1 x 10° protoplasts was centrifuged at 8,000 rpm for 10 min, the . £ }
25  supernatant was removed, and the proioplasts were resuspended in 0.1 ml P buffer. Twoto 5 |
ng of transforming DNA were added fo the protoplasts, immediately followed by the addition of
0.5 ml working T buffer. T buffer base contains: PEG-1000 (Sigma) - 25°g; sucrose - 2.5 g;
H20 - 83 mi. The pH was adjusted to 8.8 with 1 N NaOH (filter sterilized), and the T buffer
base was filter-sterilized and stored at 4°C. Working T buffer, made the same day used, was
30 T buffer base - 8.3 ml; KPO, {4 mM) - 1.0 ml; CaCl, " 2H,0 (8 M) - 0.2 mi; and TES (1 M, pH
8) - 0.5 m!. Each component of the working T buffer was individually filter-sterilized.
Within 20 sec of adding T buffer to the proioplasts, 1.0 ml P buffer was aiso added
and the protopiasts 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;80, - 0.25 g; MgClz - 6H,0 - 10.12 g;



0.45 micron. filter. 15 The nycelia were pelleted at. 3,000 rpmfor 20 mn,

t he supernatant was discarded, and the nmycelia were resuspended in 20 Ml P
buf f er 2 mg/ m Iysozyne The nmycelia were inc 5C for
15 min mﬁp%%bﬁ%gg%g, and checked m croscopically to dete%gﬁﬁgeﬁﬁ%éﬁt of
protopl ast formation. Wen' protoplast formati on was conplete, the

protopl asts were centrifuged at 8,000 #pm for 10 m n. The supernatant was
renoved and the 20 protoplasts were resuspended in 10 m P buffer. The
protopl asts were centrifuged at 8 000 rpmfor 10 mn, the supernatant was
renoved, the protoplasts were resuspended in -2 ml. P buffer, and

appr oxi nat gliyosd - Xo é@rcsmgém@ﬁ&@s el e gdbifch e tEehct 05 3; @ifd@i‘Oa@rﬁé’éM?éH c vials
(Nal gene). A vial containin X 109 protoplasts was centrif E'nged at 8, 000

rpm for 10 A9nPIPHRECY £i9e - 24 & %%&B@P}‘rai%@'%ﬁ%wéﬁﬁmwéﬁ Thdor 25
pr ot opl ast minvesser ra&ﬁt!&ﬂ@ﬁ@%ﬂtel sﬁloc@s bf trle fBIoQbeerfe adasd: tiQry, IP(QS“)Q)f - 4g amsform ng

oD T S 2R 4o AP O b R R ALV e
sucroses- é’!erﬁerg soluffp@sam@3s wbovelh & miHylaBexadfalstbad(2Bon@m -t dnl; ndN1NaOH

(filter sterohized) mﬂw@@;&@wimgmmagug@éd et B SERT L2300 stored

at 4C. Wor buf f he sane da ase - 8.3
m; K2PO4 Z4hr reusg. 0 m; CaCl2 2H20 (5 M - 0.2 m; and TES (1 M pH 8) -
0.5 m. Each cofp @ta;s]aé@é wbmnm%mggi A,%Fnioﬁ%a\ﬂ@@c' BebY WA | Yo select

filter-sterilized. Wth sec of ad uffer to the protoplasts, 1.0

m P buf f elpiogiEpptog| @asfa@fdﬁwsfoarﬁmﬁ hé Bk at @rﬁriagt@ffvaeﬁ@t@@m rizPuge deaimls, 000
rpm f ofp 10mﬂhrbptoﬁh@s %Hﬂé@d aagnwvemg mﬁcragéﬁ@ﬂnorameﬁ h@v&{a‘g)tb@ﬂérac%ﬁt%m&\/er e

esyspended | Jo) S re t 35 RML4
ool aP et iR B ol Bhee JOSPERN ORI 2 3608 (5 T2 MRS 230 )5
g; WO 03/ 08865p- PEl/ TROIHBH3U8 werddiBoupbiad 65€5% hlrbidiy, atmofcccorcamamnymomAm ds -

0.1 g; D| ffﬁiQS*’}E@%FES%hfﬁﬁb)cﬁLﬁ l&,w%{n 0 Cat meal Agar - 3.g; Difco Bacto

Agar - e solutron was autoclaved at 121C for 25 mn.
After aut ocI avi ng, %t-@rIfepsiormation Off Streptontysies biviars Ructawlasiitled: K2P04 (0.5%

- 10 mg CaClZS i 14 Mﬁgowdéﬂ 5 ihe lsoRY Bhé@%sﬁt@t@‘yﬁlommﬂﬁurﬁ) 1wa§/%§ecp¥b“ er (1.0

M pH 6 5) - m; trace el enent solution (sane as_aboveé) -
cycl ohexi rHaB@‘OrWB‘?ﬂ? n semegpss) Metigsls @nd compsiiens g5 GFpwingy F’Fﬁwp‘aﬁ%\%@?df ive m
of RML4 naghnsforiver 8 Iﬁaﬁdaﬂ&l@teedeqneﬂiecpinaﬁ@woamdt pl.aigss, dehad KModipulalidn f bef ore

use. The RRbRR) A8 S 8L NGHALEMH LRI, Melerfb COilBola g hrs. o
sel ect ansf or mant of “over g B

cont ai ni ngﬂe&czﬁeqoﬂjerp@r Pieismidl DN e sroretqstiom Galsideny feandfosnants gs @Qﬁ@ﬁbe{dh@ RML4
regenespat iQuidplzatLesovbverl ay buffer contains / per 100 ml: sucrose - 10.3 g;
trace el enent solutian gsame as above - 0 2 n1 and MES (1 M pH6.5) - |
m . The protoplasts FHcE B8 QS auegnitilis Siramsc f or 7- 14 days

unti |l S. avermililis mycelia grown on 112 strength YPD-6 for 4-7 days were inoculated into 1

N x 6 inch fubes containing 8 ml of preform medium and two 5 mm glass beads. Preform
C W’ medium contains: soluble starch (either thin boiled starch or KOOSO, Japan Corn Starch Co.,

| 25 Nagoya) - 20 g/L; Pharmamedia - 15 g/l; Ardamine pH - 5 g/L (Champlain ind., Clifton, NJ);
CaCO; - 2 g/L; 2x befa ("befa” refers to branched chain fatty acids) containing a final
conceniration in the medium of 50 ppm 2-(+/-)}-methyl butyric acid, 80 ppm isobutyric acid, and
20 ppm isovaleric acid. The pH was adjusted fo 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 'aiiquo’t of
the seed culture was used to inoculate a 300 ml Erenmeyer flask containing 25 mil of
production medium which contains: starch (either thin bolled starch or KOSO) - 180 g/L;
Nutrisoy {Archer Daniels Midland, Decatur, IL} - 10 g/L; Ardamine pH - 10 g/L; K;HPO, - 2 g/L;
MgS04.4H,0 - 2 g/L; FeS0,.7H0 - 0.02 g/L; MnCl; - 0.002 g/L; ZnS0,.7H,0 - 0.002 g/L;
35 CaC0;- 14 g/k; 2x befa (as above); and cyclehexane carboxylic acid (CHC) (made up as a



thiostrepton resistant (Thior) colonies were visible. 7.1.6. Transformation -
O Strepfonyices lividans Protoplasts 15 S. lividans TK64 (provided by the
John In 0 ktute, Norwich, U K) was used for transf n some
cases. %téhg/g?gand conpositions for grow ng, protoplasti %%ﬂgp&*b .
transformng S. |lividans are described in Hopwood at aL, 1985 Genetic
Mani pul ati on of StreptonVices, A Labadatory Manual, John | nnes Foundati on,
Norwi ch, U K., and performed as described therein. Plasm d DNA was i sol at ed
fromS. lividans transformants as described in 20 Section 7.1.3, above.
7.1.7. Fermentation Analysis O S. avermtilis Strains S. avermtilis

nycelia gzasv)gvra,omfbnlétzpmrrwn@b@ pb’HD'ﬁ’lef&H whs adfaks tmrge ahaqwh@alaﬂ wato 1 x 6
i nch tubes containin reform nedi um and t % ass beads. '

Preform %“?F%@lauﬂ?ggﬁ?ra%r@m I?}B'Ia@e@:ta%‘?‘@hm@@?rtwgsr ‘W"ﬁ‘i Hep &HCetfnst®ar ch or
KGOSO, Jap@tmz@aﬁﬂeaﬁt@éa}thable% Nagoya) - 20 g/L; Pharmanedia - 15 g/L;

Ardam ne pH - /.L i ftor , CxB - 2 ag/L, 2x bcfa
("bcfa" refers%‘% é’ reTB @ﬁ-?&wﬁsffﬁﬁf?@dﬁ%g%m’&\@ﬁaﬁ}%ﬁ’haﬁaém F“rép rpmi.
concens r ahfted cubatiches ﬁnﬂisan‘tp!@fzvaé@ntmmﬁfrc(m/the) fagitdiyibed ik Wnilltbf aeihdnol60 ppm

| sobut yr| d‘g u,'a@nd tﬁenglx u?eofem?ﬂ}&eg %%’ ﬁa @f O r@tg-[ n?ellgtHdi%;@%.h ej[ %erngiat O 7.2,

and t he m Was au ave € Was shaken
at a 17 anef bempsRIS! hvmﬁL§tusm9@ Efe@kmal bllay@hem QLPrrolghin Adotm vf.6 MrhéDseed

cul ture wgg slaa};i 40 Df@%h"tllfﬁ%ear@ R idH b EEdsBERNES: ohh ARK BN ABINE25 M of
production nmedi um which contains: starch (either thin boiled starch or KGOSO

- 160 g/ LWESWF{?/Péd?ﬁf*(aﬁl?‘w/%ﬁ?ﬂféf% M dl and, Decatur, IL) - 10 g/L;
Ardanmime pH - g/ L; KZPAsolaBoOLS. avblhtifs AkB@enes? g/ L; FeS04. 7H20 - 0. 02

g/L; mnC2 - 0 002 7H20. - 2 2x bcfa -
(as above): and %Ofcg! hdéii'( ng Carvﬁf%](vfrsl @ngi %19{ %Hé?ge %Hjé“?fﬁmangA\fﬁSOSI 068955 .
PCT/ | BO3/ pog#gi and yRdved glitatd defosinthpse TKE)) prob80tdpgmm Bhisagoidntvab thedj ust ed
10 8.9, a8kchiiEpd Rl B iska RUAORLAYRARIPAS]GersOla doteifth Bosd fifon X e _ned

above, starter un| s ot’her 1 zed i nst ea 4see .
Tabl e 1))Prepgrgtion qf Se¥Tf éﬂPf‘ﬁEﬁﬁ AnRe oradie SRRbrPRceiRt d8%hEbogC &Ptattezﬂ days
}M th Sﬁakgeftgnpﬁlbﬂ@ﬂtwemmparﬁoﬁbi efreprds}?ybbarcrﬁ@molsanaﬁ DNA gﬁﬁﬂiﬁses pRseméd dr awn
romthe as u of _net hano n.temxture
centri f uged’ dfg Eob%g %ﬁsm'd CRTsS 58 ngdkeg] ?’n%és?%gg@ﬁ’ MAtant  was
then assayed 1@\§nhﬂiF€LOy tﬁisbrﬁgafwnB‘eckrEa?n Kol Nd@!§p¢f€ﬂlbfrmr¢dmumn%% (el 4.6 nm

I D) wi t g @nfddayy lf)rabe!_ééfdlag (3a5nt5ﬁdéé“ lﬁl()a%p%&n%é[}/ Qg AGBNMRANG e&éd 243 nm

The nobi | e phaseé . 1 et hanol / wat er acet onol trile.
| sol at i on”sdﬂ‘g Kdel gndr kRof - ThF’KSa@@‘PIé@’“Ne cRlogdsd o &r9/8 fSeaf"aa%ﬁ%Gu lis
( ATCC2812d2aros8@Gel Fioth Baresioss| REINANWAKE). pTep 2r7e kb awdl/ fudarildiageentiwish a

ket osynt h{%%l%eé I%%}n %08& eﬁ%pgietﬁ'&%r%sig ra%gnﬁQtDﬁL rg&%ered from the gel using

GELase™™ from Epicentre Technologies using the Fast Protocol. The 2.7 Kb Ndel/Eco47Iil .

fragment was labeled with [a-¥PJCTP  (deoxycytidine 5-triphosphate, tetra
(tristhylammonium) salt, [alpha-**P]-) (NEN-Dupont, Boston, MA) using the BRL Nick N
25 Translation Sysiem (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 pi Stop
buffer, the labeled DNA was separated from unincorporated nucleotides using a G-25
Sephadex Quick Spin™ Cotumn (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 BamHI



Sacchar opol yspora erythraea pol yketi de synthase (PKS) gene. A detailed
description of the preparation of casmid libraries can be found in Sanbrook
et .al., 13%90 /@Q&.\ze A detailed 15 description of the preparation of

Strept onyces Chfomosomal DNA libraries is presented in . Hoplbd et al |

1985, above. Cosm d cl ones contai ning ket osynt hase-hybri d| zing regions were
identified by hybridization to a 2.7 KliNdel / Eco47111 fragnent from pEX26
(kindly supplied by Dr. P. Leadlay, Canbridge, UK). Approxinmtely 5 ng of
pEX26 were digested wusing Ndel and Eco47111. The reaction m xture was !
| oaded on a 0. 8% SeaPl aque GIG 20 agarose gel (FMC Bi oProducts, Rockl and, g
ME). The 2. ZiodNgedy Ep%?ﬁxﬂelc&sm&rrﬁ@t s, 6S%Ef6'?0[3@; @Ep@%b

el ectrophoresis and 't recover ed from t u5| n ase %rom

Epi centre TeEHHOPHEHY %’1@%@|°ﬁ@’ef'¢f@‘”95§%m'¢sr‘@ﬂdé’éﬁféﬂdlzafl‘wé 'Q'G?‘ -Ndel / Eco47111 .
fragnent was | abel ed w t h {9 3R HEIRILAFONCINHt fidaalaBes L i phosphate, tetra

* (triethylamoniun) salt, [al phanwdgRictih EoNMENRIDSBAMNY, Boston, MA) using the

BRL Niclg 25 Transl ati on Syst em§&ml hc;{;iofneof'la@\c;h@olm;g:i es, Inc., @Gaithersburg,

MD) follow ng t lier' i nstructions, reactlo was erformed .

' 0,05 - vor urige RREe el e GPSE ¢ W8} tbelobly AP e R RGBT A was

separat ed HEBE cosimit dppofvatied ahiiylteotorbdets. a:&m&gtsraBEB?Satlose"phmmut@tsck Spin

TMCqurm g-su rsmstrutlo

Appr oxi mat By B0 isuie Ao ar nad St PSR RE Bl r B0 Wik P28 on. Ten

30 cl ones \‘ﬁeenFéaqud“éhGTﬁl amrashate! KRMC iBdiPzeidets) roRg| iyb t&actﬂmea%émgmerervyashr aea KS

r obe. nj : ' liguid
- Redi um St fﬁ%ggﬁaff‘e"%@*t%h&%s'%%é%@eﬁﬁﬁc ez el o
gut mat ed ﬁﬁ'e%@u c (Brigeqtre Jethapiegies)i ysoribadast Prawcelg &yrepemaely Squd phrihwt

of twar e) %Qﬁ%rv@btﬂingQMm?\mié a4 Ui g0 B Bahishd. Uﬁ'ﬁ 45%5895259@5& digdsteBVith Sacl
endonucl ease, nappi Sout hern bl ot hybri di zati on anal é es reveal ed t hat

Five o ¢ navcabmriior (e tEn 16 h5 20 B Pasrhimb0-S e S EBREr PHERIHES MfFs
avermtili @ggmmmcndaaﬁbﬂi om.@a/v@tﬁa%ﬁt d?@'grésleaﬂaév@@éad Bicksk he! BoO@ap of

the fi E65 SE69 on truct ed
by ana?{g @ig%tqg\éﬂrl aa%’fﬁi %fr%Bé‘E W?\EBF"IJP %rzit"?%rl"i'gt'o(‘ %ﬁ@cgﬁg %

| denti fi camuomhecrgatiawmnﬂ%b@twd\ébnhwbaeest TOéaeasrmB(mmnccB:&d&d rrR&émm&nd\nsbd&o
Identifictio av.e F dsweeused '
subcl oned H%ncto o i ge?f Fom t ﬁ'% B(p%%@g os%"n Eim”r?cmfeés g ttrum’lpnabi lity
t o nodul at @aamém@owasnﬁomedemm aAhpighin ienisiauig@namtrzamisand ’rpﬁﬁs&n(:éofp@g 28as

di gested wi baégg,}mﬂﬂpen%@monﬁ%ta@w RAGLRA G, Ufis E@%.h%@@sis Bied B 8%
SeaPl a ueTM GIG agarose gel (FMC BI oPr oducts Kb Sacl/BanmH fragnment

was 107@xcREdd®from t he gel after el ectrophor e5| s, and the DNA was recovered
fromthe gel uspm@plaﬁbaseémw@ﬂplsmnmn@:)-memﬁ(rmt@gm-aa)seushxngwérh@eﬁazsﬁ

Pr ot ocol . t L, 1989,
CroLoco, ARV B 8 e I LPE 00 R DRI AL (1000,
of the 2. 9nint tha;tmdum'fdswfsa@g npre @f fesaveungsHEB ek \é-Baiigedeompared to .
C 5} avermectin cyclohexyl-B1 form when supplemented with cyclohexane carboxylic acid (B2:B+1

2

5  of about.30:1). pSEﬁQ used to transform S. avermitilis protoplasts was isolated from either
E. coli strain GM2163 (obtained from Dr. B. J. Bachmann, Curator, £. cofi Genetic Stock
Center, Yale University), £. coli strain DM1 (BRL), or S. lividans strain TK64. Thiostrepton
resistant transformants of strain 1100-SC38 were isclated and analyzed by HPLC analysis of
fermentation products. Transformants of S. avermiitilis strain 1100-8C38 containing pSE119

30 produced an altered ratio of avermectin cyclohexyl-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 pug of pSE119 were isclated

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

35 instructions, and sequenced using an ABl 373A Automated DNA Sequencer {Perkin Elmer,

Foster City, CA). Sequence daia was assembled and edited using Genetic Computer Group



t oget her and incubated overnight with 1 unit of I|igase (New England Bi ol abs,
Inc., Beverly, 15 MA) at 15C, in a total volune of 20 pl, according to '
supplier's instructions: After incubation, 5 pi of the ligation m xture was
I ncubat edoas/gfd€s for 10 mn, cooled to rmtenp, and used degosAfhgsor m )
conpetent E. coli DHSa cells (BRL) according to manufacturer’s instructions.
Plasm d DNA was isolated fromanpicillin resistant transformants and the
presence of the 2.9 Kb Sacl/BamH ingért was confirmed by restriction

anal ysis. This plasm d was designated as 20 pSE119. Protoplasts of S.
avermtilis strain 11 00-SC38 (Pfizer in-house strain) were prepared . and
transformed with pSE119 as described in Section 7.1.5 above. Strain

1100- SC38piogrags (FGCamadishatWir dile d¥$” ssqyeicki andritd gvatbPBF gfie pleserdsteinmect i n
cycl.ohexy B d to avernectin cyclohexy(-Bi formwhen .

suppl errenhegﬁv]\:iffg c BI e)>e<ane car boEyI ic acid (62:61 25 of about.30:1). pSEl
19 used to trafidewr 559“3‘ A9ugnsied;dsipd 6?&3%9%@?%%@5 ohysa PRRICK TRV t her E.
cod strai %@%Q%é&é@ﬂnﬁﬁﬁﬂbﬂ Banﬁil The BAGRNRRMure F4E Rle8dd o 089 | ’

Cenetic S ock Center, Yale University strain ,

S. 7/ vi danSeatia%p @Tﬁ/@@r%?ﬁ?ldw?@mpéwuctﬁ)e@ ?@t@rﬁphi@%‘ff@ﬂ%ﬁﬂéﬁ'sﬁﬁmm ain

1100- SC38sy@riiee $§ Qﬂte&te%‘atr@dRGre@HaérMZtﬁedDhM waPkLeodh@d Hsh %efsﬁel udi®y GBINYsatd on
products. Transtormants S.cavermtilis strain 1100- SC38 contai ni ng pSE119

30 pr oduc@:fP’CéﬁtreaT?CQP%p"?%ﬂJﬁ’Bg816 RPEFIAREel el stRbk Y e BD ey REH R RSP B1 of
about 3. 7piH\VBARSEigehd whla\spmgm@%bﬁ;bih l &db@dogh bf ﬂﬂ&lﬁm& \ﬁ@e’ita%ﬂ'ﬁes L@omodul at e

aver mect i ios in ant in was seguenced.
Appr oxi ma ‘QFs)}ed%ngﬂ d’ferﬁgl?ﬁf‘%éo%é]?eé ﬁn%%{?a&? U‘{?Q'% Wéfh HI ‘éi@tn?fd’ngA %%I ation
Kit (@ agenglandaigas) a, 1580 & @kdi osirng onENb kaakdiicetn'ssppdbr'd inshuetitet] eAs, and _

s ruence i, 31 A5l B MHLOTTAY Lot T ENE I Pe i b oy
G oup WO 63d %895&@@?/1 803460 &4 8ol DHE. elivgranbg (Co&ufddudesansiruttiohs. The DNA

sequenCe aggmtd A o@ﬁaﬁéﬁﬁﬁ%ﬁ {tFEn?fF mcalr{gE?lqti tf?(?%l%SéﬂES%@h%&S A new

pl asm d, designa S CONSLTUCTed as oximately 5

g of pSEGSb\ﬁa@fE@rrﬂj‘églﬁ%’HW@ﬁ @qrvﬂrswﬁ|bya¢ﬁmcsamalyswrhéhlﬁ glemidores wpxignates afas | oaded
on a Qsms@@eaﬁb%w DRIRGh dERY BSehasle 1 (d-Ben R Qféﬂﬁé&&}ﬁﬁéiy 888 Rudbdflies

Sphl / Ba ‘Ia %ggent was excised fromthe gel after el ectrophoresis, and the
DNA was r8d8Y8F&H from the gel using GELaseTM (Epicentre Technol ogi es)

usi ng the Fast Piioptastsodf. S. Approwisnartael §105-9¢36fwdrb dragsfaniddewitheps®tris VWHVB was

d! gest ed %@ ‘ﬁ‘f?cmre %gﬂhﬂ tranéfta%ntso %’trgm qtl 06 g@sszwgrel%li&sﬁ{dt ?]nadl%gedo 5 g of

di gest ed MB wer e m xe her an I ncubat-ed overni unit of
| i gase (NeWHmeE Eﬁ@ﬁaﬁafesﬂ%nt%t@@Proavc‘fa_stravﬁwﬁﬂaﬂtétoéﬁ %mﬁ#ﬁ sti@in 3800-$CHe cor di ng

to suppl L%nt§n|mg1§$EM8thB@$10t et in thé Catioalfr @fermBetin @lokdlg-82: @RérteBAT Xt ur e
was i ncubat

70C f 10 mn, mtenp, and used to transform
conpet ent ° gﬁ)gf ETCd? F’téa"bgwcq Sg%éﬁgﬂ%%‘ nufacturer's instructions.
7.1.10. PCR Ampiification Of The aveC Gene
From 8. avermitilis Chromosomal DNA

A ~1.2 Kb fragment containing the aveC ORF was isolated from S. avermitilis K
25 chromosomal DNA by PCR amplification using primers designed on the basus of the aveC
nucleciide sequence obtained above. The PCR primers were supphed by Genosys
Biotechnologies, Inc. (Texas). The rightward primer was: 5-TCACGAAACCGGACACAC-3
(SEQ ID NO:8); 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 M dNTP, 10%
ghycerol, 200 pmoi of each primer, 0.1 pg template, and 2.5 units enzyme in a final volume of
100 u, using a Perkin-Elmer Cetus thermal cycier. 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.



Pl asmid DNA was isolated fromanpicillin resistant transformants, and the
presence of the 2.8 Kb Sphl/BanH. insert was confirned by restri ction

anal ysi s. %3%(‘% asmd was designated as 15 pSE118. The msg DNA i n.
pSE118 and p (i “overl ap by approxi mately 838 nucl eoti des? W—’FW@%).
Protoplasts of S. avermtilis strain 1100-SC38 were transfornmed with pSE118
as- above. Thiostrepton resistant transffermants of strain 1100-SC38 were
i solated and analyzed by HPLC analysis of fernentation products.
Transformants of S. avermtilis strain 1100-SC38 20 containing pSE118 were
not altered in the ratios of avernectin cycl ohexyl-B2: avernectin

ZyC: Opexylt Bl ccrﬁgﬁt@a@br&dactsﬁars@eméapho@ge@Qaa%(é@é%ls&ga)and Zsmgza(@;NAFE@Rd of - 1
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Deep Vent TM New Engl and 30, Bi ol buf fer provided by the

manuf act ur 8‘?“ ylrﬁmﬂqifé ?W"@@’énE@S 8‘?5@‘6@’31‘&/9%@1@“ ﬁ)@/gEHIgycer ol, 200 pnol of
each primer, O.InginsetrpNAtiem 872 was lislﬂlateﬁ t@m@mnlw‘thwafnl—ﬂfa’ba!vﬁpmmf 100
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PCT/ 1B03/ O'EFEBLSCCMCFHQTFfemP@f@CE}F@@uW”%SeI Rletnio Py wae fokipddrom oppighinose gel

and a si nglegisENVApaRehHits arrd]the?pﬂébeﬁﬁﬁsaf drt-act Rl insdhivss %rmxaﬁbwgth&ﬂoad from

the gel, and I|g n ear i p vect or
('t ogentvp 3 S s Pesorilsd Raiots e o REGE poa) G2
manuf atd urtean'swmetsWQJﬁ icoh£MTTrad| plgratid GiNATiwes Lisatsteda Fomserpicitin trﬁaﬁ@ﬁor m One
Shot TM 5 GoppglsiMis E- coli cells (Invitrogen) follow ng manufacturer's
instructions. Plasmid DNA was isolated fromanpicillin resistant.
transformants, and the presence of %heRestlts Kb insert was confirmed by

][est riction anajys le sa&wsamﬁl ﬁﬁgﬂﬂdﬂztﬁ@ﬁ @gﬁﬂsgwaé @emﬁc@clz maklh8n ﬂhﬁof}n@aert DINA
rom pSE179 s _isol W t anHl / X , arate

el ectr opho?t8m$ avefi Sf F'trea ‘an‘??iBte Ségé‘ffcanél aa% feaaqj%dgt\'ﬂ Pﬁgg%t ?‘feém?/cgﬁt or
pVHVB, 20n0hi rebduintices.  3.0evainglds Sein! W08 awrmmlly haBarAatB iadd of pliroud 38:01t it DNA
concent r ataR Rfstbrmibd Rinds dedorMhisitg ¥RCh Blial §adll§§rﬁlrllt ik dn®-thd Pfiio! Jrgat i on

m xture was used to transform conpetent DH5a I's 'according to

manuf act ur®Bs aygi8estilciecisased o) 2omt d- 7E3NAP\Rﬁéte’?@ﬁ’ia%‘i”eEnqdﬁsﬁn?fa‘FﬁSF@ﬂ‘?rlt

— cultures verified the presence of the transforming DNA.
Ck ) The 2.9 Kb pSE119 fragment was sequenced and a ~0.9 Kb ORF was identified
25 (FIGURE 1) (SEQ ID NO:1), which encompasses a Psfi{Sphl fragment that had previously |
been muiated elsewhere to produce BZ products only (lkedz et al, 1895, above). A
comparison of this ORF, or its corresponding deduced polypeptide, against known databases
(GenEMBL, SWISS-PROT) did not show any strong homology with known DNA or protein
Sequences.
30 TABLE 2 presenis the fermentation analysis of S. avermitilis strain 1100-SC38

transformed with various plasmids.



resistant transformants and the presence of the -1.2 Kb insert was confirned
by restriction analysis. This plasm d, which was designhated as pSE186
(FIGURE 2, ATCC 209604), was 15 transforned into E. coli DML, and plasmd
DNA waswsed@iged fromanpicillin resistant transformant $-rdgeaoofgsults A
2.9 Kb Sacl/BanH fragnment from pSE119 was identified that, en transformed
into S. avermitilis strain 1100-SC38, significantly altered the ratio of

B2: B1 avernmectin 20 production. S adermitilis strain 1100- SC38 normal ly _
has a B2: Bl ratio of about 30:1, but when transforned with a vector .
conprising the 2.9 Kb Sacl|BanmH fragnent, the ratio of B2:Bl avernectin
decreased to about 3.7:1. Post-fernentation analysis of transfornmant
cultures verified the presence of theagugansform ng DNA. The 2.9 Kb pSE119

fragment was sequenced and a -0.9 Kb ORF was identified 25 (FIGURE 1) (SEQ +

| D NO: 1), whifch encqmpa§§§§sgnfﬁtf78ph hb A0RRbmiaRad hadaRy evibusly been
nmut at ed el se%\/nere uce B2.products onlyestddkeda et axpq 1995, above). A

conparison off this t'aﬂl%{ ongingjpjasmi rresppndl ng deduced ppol YRSR! i de, agai nst
known databa$es__QGEnENBerSMLSS_ERCIy*de"ngL_shamuany strang-honol ogy mnth
known DNA or protéﬂﬂPSQ@h@@mﬁes 30 TABLE 2 pr%sents the 3%&8ent ati on

anal ysis of & 1106 transtorn ari ous

pl asmi ds. WD{03/ ‘éég%gt%’@w}%@} 00348 | -48- TABLE 2 S. avé?% is strain
No. Transf or Fants Ay@scad LEEMNS, OF M Ny prastid),; Tested 627 6L, Fﬁ i o 1100- SC38
(none) 9 30. $6  1100- Sc3ébEpMHkB) 21 3.3 1186 SC38 pSE%%Q) 1p' 3.7

1100- SC38 (pFE118h1m286ﬁ3685&3@0-3C38 pSE185)214 27. 9 5384 EXAMPLE:

CONSTRUCTI ONILCE_ S AVERM TI 11 S AveC MITANTS Thi ejxaagm_ﬂasgubes' the'
construction|of sdVet-aF3ddpPEWSEnt S. apernitillds AveC | nufafts psing the

conposi t i-ons Lard—retheds—deser-bed—above—A-genrerat—deseription of AR
techni ques for introducing nutations into a gene in Streptonyces is G
descr|§ed by Ki eser and éoekﬁﬂ Enzym 204: 430-458. A nore
detail®ed description is prgWhﬁ . ! MU Nf@ 1988, J. Antibiot.

XLl (2):226-233, and by St ug 1992 J. Bacteriol.

This example describes the construction of several different S. avermitilis AveC
mutants using the compositions and methods described above. A general description of
technigues for introducing mutations into a gene in Strepfomyces is described by Kieser and

10 Hopwood, 1991, Meth. Enzym. 204:430-458. A more deiailed description is provided by Anzai
et al., 1988, J. Antibiot. XLI(2):226-233, and by Stutzman-Engwall ef al, 1992, J. Bacteriol.
174(1):144-1584. These references are incorporated herein by reference in their entirety.

8.1. Inactivation Of The §. avermitilis aveC Gene

AveC mutanis containing inactivated aveC genes were consiructed using several
15 methods, as detailed below
In the first method, a 640 bp Sphl/Pstl fragment internal to the aveC gene in pSE118 .
(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 alsc Bibb et al., 1985, Gens 41:357-
20  368) by restriction enzyme digesiion with Bg/lt and EcoRl, followed by electrophoresis, and
was purified from the gel. - This ~1.7 Kb fragment was ligated into pGEM7Zf (Promega) which
had been digested with BamHl and EcoRIl, and the ligation mixture transformed into
competent E. cofi DH5¢ cells foliowing maﬁufacturer‘s instructions. Plasmid DNA was
isolated from ampicillin resistant transformants, and the presence of the ~1.7 Kb insert was
25  confirmed by restriction analysis. This plasmid was designated as pSE27.
pSE118 (described in Section 7.1.9, above) was digested with Sphl and BamH|, the
digest electrophoresed, and the ~2.8 Kb Sphl/BamHl insert purified from the gel. pSE119 was
digested with Pstl and EcoRl, the digest electrophoresed, and the ~1.5 Kb Pstl/EcoR] insert

A



174(1):144-154. These references are incorporated herein by reference in
their entirety. 8.1. Inactivation O The S. avermtilis aveC Gene AveC

mut ant s c®@ 83/4G8ATS | nacti vated aveC genes were construct edPasilBgs/®édser al 15
met hods, as detailed below In the first nmethod, a 640 bp Sphl/Pstl fragnment
internal to the aveC gene in pSEl 19 ( E%asmd described in Section 7. 1. 9,
above) was replaced with the ernkE gene erythromycin resistance) from
Saco. erythraea. The ernkE gene was isolated from plJ4026 (provided by the
John Innes Institute, Norwich, UK ; see also Bibb at at, 1985, Gene 41: 357
20 368) by restriction enzyne digestion with Bglll and EcoR_, followed by
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t ha) chr ondeedipmin the aveC gene. A gene replacement plasmid was constructed as follows: pSE180
{ . 25  was partially digested with Xbal and an ~11.4 Kb fragment purified from the gel. The ~11.4 Kb
' hand lacks the 1.7 Kb ermE resistance gene. The DNA was then ligated and transformed into

and

E. coli DH5 cells. Plasmid DNA was isolated frorn ampicillin resistant transformants and the
presence of the correct insert was confirmed by restriction analysis. This plasmid, which was
designated as pSE184, was transformed inte E. colf DM1, and plasmid DNA isolated from
30  ampicillin resistant transformants. This plasmid was used fo transform protoplasts of S.
avermitilis strain SE180-11.  Protoplasts were prepared from thiostrepton resistant
transformanis of strain SE180-11 and were plated as single colonies on RM14. After the
protoplasis 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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of strain 1100-SC38 were isolaied and analyzed by HPLC analysis of fermentation producis.
pSE185 did not significantly alter the BZ:B1 avermectin ratios when ftransformed into 'S.
avermitilis strain 1100-8C38 (TABLE 2).

pSE185 was used to transform protoplasts of S. avermitilis to generate a frameshift
mutation in the chromosomal aveC gene. Protoplasts were prepared from thiostrepton
resistant transformants and plated as single colonies on RM14. Afier the protoplasts had
regenerated, single colonies were screened for the absence of thiostrepton resistance.
Chromesomal DNA from thiostrepion sensitive colonies was isolated and screened by PCR
for the presence of the frameshift mutation iniegrated info the chromosoms. 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-
GCAAGGATACGGGGACTAC-3' (SEQ 1D NO:10) and the leftward PCR primer was: 5'-
GAACCGACCGCCTGATAC-2’ (SEQ 1D NO:11), and the PCR conditions were as described
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C »J . SE180-11. Thiostrepton resistant transformants of strain SE180-11 were isolated, the
25 presence of erythromycin resistance was determined, and Thio” Erm’ transformants ,were
analyzed by HPLC analysis of fermentation products. The presence of the functional aveC
gene in trans was able to restore normal avermectin production to strain SE180-11 (FIGURE
5B).

8.2. Analysis Of Mutations In The aveC
30 Gene That Alier 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 avel 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 isolaied by PCR amplification
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A mutation in the aveC gene was identified that changes nt position 588 from G fo A,

which changes the amino acid at position 139 from alanine (A) to threonine (T). The aveC FE
25 gene confaining the A139T mutation was subcloned into pWHM3 to produce a plasmid which (
was designated pSE188, and which was used to transform protoplasts of S. avermitilis strain
SE180-11. Thiostrepton resistant transformanis of strain SE180-11 were isolated, the
presence of erythromycin resistance was determined, and Thio" Erm' iransformants 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 io restore avermectin
production to sirain SE180-11 (FIGURE 5D); however, the B2:B1 raiio 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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pSE198 was digested with EcoRl, cloned into pWHMS3, which had been digested with
C A EcoRl, and transformed into £. coli DH5a cells. Plasmid DNA was isolated from ampiciin

25 resistant transformants and the presence of the correct insert was confirmed by restriction
analysis and DNA sequence analysis. This plasmid DNA was fransformed into £. colf DM1,
plasmid DNA was isclated from ampicillin resistant transformants, and the presence of the
correct insert was confirmed by restriction anaiysis. 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 isolaied, 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 (3138T) 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 cyclohexyi-B1 (TABLE 3). This B2:B1 ratio is even lower
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was used to transform protoplasts of S. avermitilis strain SE180-11. Thiostrepton resistant . \/ ‘;
25 transformants of SE180-11 were isolated, the presence of ernvthromycin resistance. was
determined, and Thio' Erm' transformants were analyzed by fermentation. The presence of
the double mutated aveC gene, encoding S3138T/A139T, was able to restore normal
avermectin production to strain SE180-11; however, the B2:B1 ratio was 0.84:1 showing that
this mutation further reduces the amount of cyclohexyl-B2 produced relative to cyclohexyl-B1
30 (TABLE 3), over the reductions provided by transformation of strain SE180-11 with pSE188 or
pSE199, as described above.
Another mutation was constructed to further reduce the amount of cyclohexyl-B2
- produced relative to cyclohexyl-B1. Because the S138T/A139T mutations altered the B2:B1
ratios in the more favorable B1 direction, a mutation was constructed to introduce a threonine
35  af amino acid position 138 and a phenylalanine at amino acid position 138. The ~1.2 Kb insert

DNA from pSE186 was used as a PCR template. The PCR primers were designed to
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Eecausgl t h&nﬁﬂa’id S DNAL 39 TnmiMgadckiates 1.8IM eceadkitdna 1BaitBih Dmamoqraweraaeﬁrhérrrﬁnr e
avorabl e B ire mut at i onstructed, introduce a threonine
e o o neoul 6 bl e e o B O SR et Tt T A DBt Fon
139., The -a:yczﬂaslﬁlb94°@s‘err30 sebDhifd ﬁwomrpsm&ﬁdmgclmst@s%aﬁararrmCRAPemprclameof The PCR

g{ : % r ;O\évle: ; Otgpsﬁé)%@&%ﬁ%i%ﬂmﬁgﬁgngﬁaq§ %Iéggg% éog%lrgent whic ! agli!ecls)%lvgyE dt '5385
(changi ng alecrapborgyis apthelrifed o thspel. ot thiee Genosyts (i f’o‘ﬁec@rw @i 454 b} nc.
( TeX as). There lrgétg@’éo%r? CRWRY ligEbn, B Ilgz_alpon mixture was transformed into co N(ge&eg’; " and

GGCGGAAAT
t he | ef t waFaPoBER R CRive PlaRAN DA was @ﬁﬂ@@@@@ﬂﬂ&fﬁ%%ﬂﬁ?@@@fr 7594121 0: 15) .

The PCRsr epetdérad ofdBe Gamddt @de® asUShftthed 0y Reyiaithagriyee Jume maemRGRKi t

(d onet ech a&il%gtre? QESE%'B Palo Alto, CA) in buffer provided by the

manuf act urer fe presence of 200 pM dNTPs, 200 pnol of each priner, 50 ng
tenpl ate DNA, 19353%1\'??@ digestedwith £RD cin@CntetW HIA dwhichUireck begn HigBmiad Wbt yner ase

ina final cd#?'éHEﬁra%foﬁ:%d%to £They bhRsL 'EBis njlé%frr\é QNQ\fwéshigolgtbé %m%:o@hr}"’as 94C

for 1 min; followed by 25 10 cycles of 94C sec and for m n; and
| cycl e atregigient gnsiorpgms and ‘P@Rf?ﬂe@ﬁﬁféftfh%fm" Q‘EH@‘S% WiE SO ”@E%Pédeswcﬁ'w Apal
alnd Kpab ht@varyerb%aa@m s’la‘aéerb@aﬁérwmﬁa prwﬂr:@blmml ﬁrm@r’om oy £ coli DMé b

e ectrop oresi om.the gel. tnr ment s - )
%08 ko anfiegd B Rkbeef o SR IT R Frsr s A SaP R A | oati on
m Xt ur e waspresianstiovasemnirmed be orspistieranalyBis. (‘fbbrp!aswﬁam@hl\r@s debigsteddesDNA was

i sol ated f;rﬁﬁsgrméscwehlt@trgr%%rﬁt;ﬁaaprég@eﬁéomﬁmﬂé stfarrdséra@ 145 IESERFE of the
GOH)GC'[ insert was confirned y restriction anal ySIS P asm
resistant transformants of siraii SE180-11 were isolated,” the presence 0 erythromycrn

25 resistance was determined, and Thio” Erm’ transformants were analyzed by HPLC analysis of
fermentation products. The presence of the double mutated aveC gene encoding
S138T/A139F was able to restore normal avermectin production o strain SE180-11; however,
the B2:B1 ratio was 0.79:1 showing that this mutation further reduced the amount of
cyclohexyl-B2 produced relative to cyclohexyl-B1 (TABLE 3} over the reductions provided by

30  transformation of strain SE180-11 with pSE188, pSE188, or pSEZ231 as described above.



desi gnat ed as - pSE238. pSE238 was digested with EcoR, cloned into pMHNB

whi ch had been digested with EcoR, and transformed into E. coli

cells. P DNA was i sol at ed fron1anp|C|II|n reS|sta mants and
t he prese ng “the correct insert was confirmned by restrﬁgﬁéﬂﬂﬁ%ﬁganaly3|s
and DNA sequence analysis. This plasm d DNA was transforned into E. coli

DML, plasmd DNA was isolated fromampicillin resistant transformants, and
the presence of - the <correct insert was confirned by restriction anal ysis.
This plasm d, which was designated as pSE239, was used to transform
protoplasts of S. avermtilis strain SE180-11. Thi ostrepton resistant
transformants of strain SE180-11 wefsys iesol ated, the presence of erythronycin
25 resi stance was determ ned, and TﬁTﬁT“Erni transformants were anal yzed by -

HPLC anal yjgi Ss. W err t.atl gn progucrs Sen Terdpubi@ nut at ed
aveC gene lencal s B 9'% %ﬂfggrmante fo § M b é) ?‘ R%Cﬂ' n o
producti on T Parn ho opever, ¢ 1 show ng
that this Imutation further .r (Fiahp am)llnf rlf Cy thF\)LyI s ol nr dduced

rel ative tiooyel dNeR§) - BI (TA\BLE 3P%ver the réductilons $rov| de@ by 30

transfor n’qtggagoqﬁ ﬂgmgp SETS0-TT Wit h pSELSS, gpSEIY9, Of PSEZ3g A
descri bed labave. [ 068955 PCT/ |1 B03/00348  -56 TABLE 3 S Il avermitilis

strain No.| P RSF8Pat i ve [Avg. 2Ptransfornia®g pl asmi 80 Tr andfdr fants B2

Conc, Bl (amsoBZ(pdE1sdest ed |[Rat1 0 1pEIB0- IT (NRRE) 0@ 0 SE® 0411
(pWHVB) 30 180-11 (pSE186) 26 222.140 1 .50 | SE180-11 (pSE187) 12

283 11 26.[3: 8E18G5FI%hsE188) 24 263 206]0. 9493SE180- 1499 pSE198f 18 155 171

0. 88 SElS(BEh&D(lp&&S?) 6 259 309 0384 SEI180-153 (pIE239y1 20] 1848 242 O. 75
Addi t i onal =8 re—econstructed—toturt-her— Ad(ereﬂ +he—aapynt] of Lo
cycl ohexylj- Eo%&gped rellative %o cycl ohe>?§?ia usi NG t he ggﬁ i que of .-
DNA shuf fl |8E98@-s1¢tﬁ269)bed i Steaﬁrer, 1? maturq 37342389t 30.15 z}nd
Stenmer, 1994—Froc: Nat+—Acat—Set——USA™ 9%107%1 +0+54+—=a re—ftt her

described in United States Patent Nos. 5,605, 793; 5,811,238; 5,830, 721; and
5, 837, 458. DNAAgtitirngl @dtaﬁﬂnam@@onsmteautmfunﬂgernrachaieélcb aveot g‘iawelshemlr%z

transfgr ng.@duc@a Qeiatm @%ﬁ%ﬁ&%aﬂm@@@ tEcthq%'of aGNA §ﬁufﬂ@%§"d@sc%!ﬁﬂ was

i sol at ed romarq]) lin resistant ~transformant Sp nd used to transform
pr ot opl astE€MHIENS 99&1 é‘fsrtHr‘f 9 P88% e 1aiand Sséﬁ@@‘e"ll"994 roc. Nafl. Acad. Sci. USA
91:10747-10751; and further described in United Siates Patent Nos. 5,605,793: 5, 811 238

5,830,721; and 5,837,458.
DNA shuffled plasmids containing mutated aveC genes were transformed into
10 competent dam dem E. coli cells. Plasmid DNA was isolated from ampicillin resistant
fransformants, and used to transform profoplasis of S. avermiiilis strain SE180-11.
Thiostrepton resistant fransformants of sirain SE180-11 were isolated and screened for the
- production of avermectins with a cyclohexyl-B2:cyciohexyl-B1 ratio of 1:1 or less. The DNA
sequence of ptasmid DNA from SE180-11 transformants producing avermectins with a B2:B1 T j
16 ratio of 1:1 or less was determined. .

Eight transformants were identified that produced reduced amounts of cyciohexyl-B2
relative to cyclohexyl-B1. The lowest B2:B1 ratio achieved among these transformants was
040:1 (TABLE 4). Plasmid DNA was isolated from each of the sight transformants and the
DNA seguence determined to identify the mutations in the aveC gene. The mutations are as

20  follows. '

pPSE220 contains 4 nucleotide mutations at nt position 317 from T to A, at nt position
353 from C to A, at nt position 438 from G to A, and at nt position 1155 from T to A. The
nucleotide change at nt position 317 changes the amino acid at AA position 48 from D to E
and the nucleotide change at nt position 438 changes the amino acid at AA position 83 from A

25 to T. The B2:B1 ratio produced by cells carrying this plasmid was 0.42:1 (TABLE 4).



Thi.ostrepton resistant transformants of strain SEl" 80-11 were isolated and
screened for the production of avernectins with a

cycl ohexylyBi/mysdsohexyl - 81 ratio of 1:1 or less. The DNA psegnERGSsOf

pl asm d DNA from SE180-11 transformants produci ng avernectins wth a B2: Bl
15 ratio of 1:1 or -l ess was determ ned. Ei ght transformants wer e |dent|f|ed
t hat produced reduced anmpunts of cycl ohgkyl - relative to cycl ohexyl -

The | owest 62:81 ratio achi eved anong t hese transfornants was 040:1 (TABLE
4). Plasmid DNA was isolated fromeach of the eight transformants and the
DNA sequence determned to identify the nutations in the aveC gene. The

mut ati ons are aSE291 mmltshrtsvetsnucmsmgmtaitmns all meosdion X2 doini @ é matatpbcamsn at nt

position 3kgs ff@\fﬁ”“'r To hOar'ht Abidl sdRRdrd OB 4,32 oL FOBBsfioh Foérofil a1t APRRL L1 O

438 fromGto and a posi tion nucl eoti de change
at nt posi FP@W“Q&‘P“%‘!&&%@@OF%@ &i¥ichencge ithe %’Elﬂmlqo@s% Pesiion 83§ remSdeflo E  and

" the nucl eotméiﬁmfémgﬂar@e aFBBt @@ﬁbﬂ mrbhéﬁg%s ahangesaddha mdaﬁxoraq:mr@ﬁ ARA

p05|t|on 8 Bl_ratio produced S carr ng thls
P doad G4 Be PUpRAEe Edise e 5106 8056 PeITDES IO e MePsHREsth .
cont ai ns 4frDmL(Eioei'JtTl‘d®2rEjtraﬁld wodiced byndelipesiyhg O [2ézhid weno.&7:1 QT.!)@BLEact) nt
BSZ: :E: 82 7335f ]; r8m -Et2:'(3(?'E1A%'S'Iiﬁ‘E 3%%0 g@#i%@:dgﬁ%m&%ﬂ% H%gpom %gdg changes
t he anino aEiddeedidy aplsgasying i PRgBidiwas 4S: 1t(6A13LE 4t he nucl eot i de change at nt
ltOﬁS' ti Oln 5:38d0 hﬁﬁﬁ@% &H@:n@@nﬂ@e@eﬁé %u@étm%tmpﬂ Mrﬁ’ﬂté@ af ﬁt%@%lﬁntﬁﬁ";{ro}v and
e nucl eotide chan si tian

posit | o 14 & siatpaten ol hafid tab. Bt PaR1G oot SanCed b3 T BFTENGHR FYT g ¢ hi s
ﬁllasﬁm d wa® @.abd aflnt EFABIDESE from AXBE2 92 ekt édersaideat siopmeitibroRas ahandeedisl de

tations r
plasm d m@g??ﬁ@%@%}%ﬁ@%ﬁon&éig% (t:r%n'}%glgér}@ggp%gg%ehﬁog%ﬁ Xéd’%akﬁés at nt
24 from A e aamoac'%@f Aﬁo@qStﬂP@ﬁ%zEfeﬂ frig i andthanvgeaide ghange ahyHiositiegnd®97 f.r om
T to C atcHdhgdOhé b &%tfﬂmqms@oﬁ 238lsroratE B1D. RS iBRiEANa b8 Profii@mby cels. © tO
C, and_ at nt t| on . 6 15@ o The nucl eoti de change at nt position
286 cha ge%a"iyﬁ%aé SR %’?% é? Bﬁigs tion 38 fromQto P, the nucleotide
change at nt pos$EA%4morB80s ¢ henhgpbde muthtpnamt masdord Tab CAAL gessitandi85 88 from L
to P, and +hes %Pﬁt é)%@i%rﬂ@&ci%ﬁ'n@@) Algt Htté)ogﬁiéd ‘}dscﬁ%n'ﬁ@@o A%%ngﬁmﬁ Q% 4 BO acid

at AAp05|t|on fromE rati o produced i“ | s
carrying tRi's 3 é%pas'ws1 g4 6'8’"”1G KOP%B’IlEdQIBO“ ﬁSE?@E‘“EE‘ﬁ]ﬂ%ﬂ A @”ﬁd@? é’@tl de
mut ati ons @dietdtt,. THE Qudigctide dhange & nt@bsitiin 4BISIhbiges ttimihe adly aiTAA Qodiionald Nt
posi ti 588 Lo rom ItIOI’l 833
Prom 20" g FIPE G ibua@ e BOR St S5 nelg B8 e b oI
posi tions @3?0”!@40 Tarte EL‘?JB%OE\Q*@eChad% €t aidpositine SPRichasees e @wmg@d@t Aft
position %m&h%@%ﬁw A tber aRh e naaé&.d@&ha’hee B bbditn 789 c%gég B8ufidoQcd, the
nucl eoti de. change at OSI ttl Qn _ﬁ’; changes t he aq acid i]?i A@ ¥ sition
138 from S¥HAF POFiRY WL? é’b?l ge- Bh{alR Propucedi Y %%W@H L, e am no
éefq at AAwas 0.53:1 (TABLE 4).

- 25 pSE285 contains 2 nucleotide mutations at nt 588 from G to A and at nt 856 from T to”

C. The nucieotide change at nt position 588 changes the amino acid at AA position 139 from A
to T and the nucleotide change at nt position 856 changes the amino acid at AA positicn 228
from Mta T. The B2:B1 ratio produced by cells carrying this plasmid was 0.80:1 (TABLE 4).
pSE296 contains 5 nucleotide mutations at nt position 155 from T to C, at nt position

30 505 from G to T, at nt position 1032 from C to T, at nt position 1202 from C fo T, and at nt
position 1210 from T to C. The nucleotide change at nt position 505 changes the amino acid
at AA position 111 from G to V and the nucleotide change at nt position 1039 changes the
amina acid at AA position 289 from P to L. The B2:B1 ratio prdduced by cells carrying this
plasmid was 0.73:1 (TABLE 4).

35 pSE297 contains 4 nucleotide mutations at nt position 377 from G fo T, at nt position -
588 from G to A, at nt position 633 from A to G, and at nt positi'on 1067 from A fo T. The



position 139 fromA to T, and the nucl eotide change at' nt position 708
changes the amno acid from AA position 179 fromGto S. The B2:Bl ratio
producedy § Ff{gg-s carrying this plasmd was 0.53:1 (TABlethBo3/86349SE295 .
cont ai ns eotide nutations at nt 588 fromGto A and at nt 856 fromT
to C The nucl eoti de change at nt position 588 changes the amno acid at AA
position 139 fromA to T and the nucl-&btide change at nt position 856
changes the amno acid at AA position 228 fromMto T. The B2:Bl ratio
produced by cells carrying this plasmd was 0.80:1 (TABLE 4). pSE296 .
contains 5 nucleotide nmutations at nt position 155 fromT to C, at nt

posi ti on nr30e&ds chargmaGittposion 88 ditngee st angino 263 &t Mmﬁtﬁa 1189 fForn &t tort,

posi tion t ro

nucl eot i dé!?egﬁua ecaf?cfgI c{l’?arﬁ#% a-lt_ht @o@ﬂo@é#@anﬁe@%ﬁe én? F%%(%&I'gt AA Opo@tlgntl& \%Mﬂpos‘ tion
111 from & tapd Wheawale@twe Ch%rmﬁ@bt\h maéltlelha@fgeshmgenaﬁhwgm parhatlAY8posdiva®§es t he
am no_aci ¢t QH PR B3 @ﬂrag@groéﬁc%gb céil@cér inbAGs §lgsr§&w595'691@fﬂlltcﬁd by cells -
carrying this plasmd was 2/ 35 pSE297 contains 4 'nucl eotide
nutati dns at nt position 377 fromGto T at nt position 588 fromGto A

at nt position 633 fromAto G and atTmqusmlon 1 067 fromAto T. The WD
031068955 PRCT,1-B03100348 58 nuc Nt pnositi -588 changes
the amno hci & a‘fe"ﬂﬂ”ﬁég?‘f‘i on 139 fPom A to Relative hUeglatifei de A¥Bange at nt
posi tion 6B3hangamaldinddl NO Ta&istorifan®A |POSE CoRe 1pkifdam K g#ee1E and the
nucl eoti de change at nt positlion 1067 changes the amno acid|at AA Jposition
298 fromPto H The B2:Bl1 ratioT‘Efrt%quceql by cells tarrying t P ol asmi d
was 0.67:1 siﬁ@u&(ﬂ%g)S TABL 4 S avermiilTis gtrarp Nog Reljat |0ve Rel ati ve
Avg: (traps SD.T ),...u, Transtor-rant-9—62 %nc 1. CSHD Tested i
Rati o SE18p- 'ﬂ c@g% 0 0 Qg SEI S‘Zg}ll (pvWHMB)“ 4 0 D O “SE180- fl (IpSE290)-4
87 208 0.4>SE%118C!p8529(JpSE291) 4 106 185 qo 57 BBE180L1120$)SEJ921)424 01 231

040 SE18 .02\ 41 OO n_ o0 (aln J.()U AN «. ')nA\;_A 8410.%_ 53
SE180- 11 (pS %@5&' B 51 480, SEano- 11 ( s@@ 1385 184 873 | sE180-11

(pSE297) 1) 388022Xp¥EH7) An addi ti ondl round of 9DNA shuf 2B ng |wdsiOconduct ed

to further rEETHgCH (hdBegyrount o7 123 180 068
SE180-11 {(pSE294) 4 ] 68 129 " 0.53
SE180-11 (pSE295) 4 217 2714 0.80
SE180-11 (DSE296) i 135 186 073
SE180-11 (pSE297) 1 148 221 0.67
An additional round of DNA shuiffling was conducted to further reduce the amount of .

cyclohexyl-B2 avermectin produced relative to cyciohexyl B1 avermectin as follows. L A

10 . Semi-synthetic shuffling

The best clone was shuffled using the method described in PCT mternationial
-Publication WO 97/20078 by Maxygen Inc. Individual oligonucieotides encoding beneficial
substifutions 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 nuclectides of perfect identity to ensure proper
incarporation during the shuffling reaction. Oligonucleotides were purchased from Cperon
Technologies (Alameda, CA).
HTP growth of S. avermitilis
Independent clones were picked from the transiormation plates and inoculated into
20 200 pl R5 medium {Kieser, T., &t al., “Practical Streptoryces Genetics”, 2000, Norwich, U.K,,




cycl ohexyl - B2 avermectin produced relative to cycl ohexyl-Bi avermectin as
follows. 10 Sem -synthetic shuffling The best clone was shuffled using the
met hod desgnsbedsi n PCT International Publication WO 97/ 2QG/480bye3dMaxygen

I nc. Individual oligonucleotides encoding beneficial substitutions best
corresponding to decreased B2:Bl ratio were added to the shuffling reaction
at. 5 nol ar excess over the aveC tenplaﬁ@ strands. Each nucl eotide m smatch
of the 15 oligonucl 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 Operon Technol ogi es i()k.,;\ll‘(arneda CA) . HTP
growt h of Sohrgipessrioungatign)imdeapdifoed sess RiessanfieF @Vt SREGWITT kit eln each

transf or matyjepny Rlagd-8Sacangs URAGHER S didoBisRn & Qe hnd?ég.féﬁai umh(el%uﬁ@—%r T,
at a/., "Practical Streptomyces Genetics", 2000, Norwi ch WO 03/ 068955

' PCT/ 1B03/ 0&4Tngtis_ g, ﬁ@nwﬂvrﬁﬁé%amﬁva&ﬁ%ﬁsm? ST p Al %rﬂw%%ﬁaal @it es and

grown at 3@§éd/\4nbdﬂurﬁ f't@Kur@@vas' dﬁsp@ﬂ@ﬂ to%&:ductmﬂ ]ﬂét§§ §n@%dre\/|\@ﬁun@|@)9%5\$& for
di sper si_on _of a and agitati ime, the

cul tures atﬁ%ﬁ”%d“%?} Pl geitse aﬁ?rd{]ﬁ ﬂd‘J?tJ&FtoérglyﬁerS' taé’?ﬁsf'”aégoﬂce'?ﬁat’?%g seed .
medi um cul QDI%ETM@;SroﬁUcﬁ@e[ﬂ@t@ﬂwér@ irRUGHAsHC: B@”rhnﬂéra’ﬁlﬁﬁdl@m 12he déﬁ”@b&hl@ﬂmvo' une

was 5 frozep as master 80C after t i.ti.on cero| to the
final conc8ﬂ e attieBR %‘:Ig”'pefg@&er'lgg dﬁ?’%&ﬁ&f’tci‘%qmbhﬁ‘t egrow’%” |p %/FEd“ € 30
under hum dsseptigfoes de@erdbed dayCT InSpoatioh=h Pildination W B8/4$389 iy r?ﬁzemd:tcu mite ¢theaf t er
5-8 days of, dpeHRatddHa 1ol Be RS N A&H\%g were nmade essenti aIIy as
descrl bed |)F1e Cl- Intog{r&nat?%rrla (g%ﬁecatolpo '99/ 41389 by Pfizer Inc., with
eﬂ@eptl on &Xiag 9ingo ensure a solid surface. 10

f’x flaction and ES&@MEA Ve oy @@fﬁtmaﬁadcj@aa& edth el nd aichyétecagﬁha@ gt wam added
0

éach we cuybat e aki n r at for 20 m nutes.
Appr oxi mat %Wer‘? 5:"1%'" g‘? ge p‘ﬁ?}'lox'g'@t@ Yd?@ﬁ?%’é%%ﬁ?‘i?’f 88{7@3&?8 CROVLRSE err ed
to a 96- wetrdnsfeltrat go ambbsedll pleteewapaete coaperatai gyt nngTﬁheThep pmcnpspaté ata was

r eSUSpende%gLi:sger:llugg ”J] 15?%#11%”@%0}%%%! o?fwhygﬂl§m E‘?D&Jégjl w%? l#éclte%q I nj ect ed

into mass pectrone an aut osanpler i n" or et Sanal yzed
di rect 1§ i speptrenetar&wan mlriesander in pREsel m#icnd ahdlyped diretly Brioe ﬂfgﬂrlalpﬁgﬂnor ot her

separ at i onphaI@emmmmaﬁoM@b@awmrmr beypara%brectrﬁf@%@rﬁﬁaanu@%réaéd.@a nd t-wo
separate cgannel ) transition

transiti on®PYPoREY 18'87&1 9 @?JA ?NBﬁEP%“atFPE?ﬂ”ﬁ?fe?zTOT’TSF%% W?i‘séfﬂﬁ "%%‘“0%‘2
sodi at ed | T M$/BISftrapsition for BB Sodiateditz is 795 iz 9081 tizvag 7 epd éor BA sbdiatad gan
TSQ 7000, :@"fr%%@%% Ak 108 -Gt :?71 %Eé ﬁ%‘ﬁl}gf}%ﬂ %befooﬁﬁﬂlc.%nlagé‘auéﬂ% -hgol ogy

Twi n- Pal autosanpl er were used roughput screeni n%
| nt egr &2 i ORSGT SPEREMEE Andt%e-BP @?B’“‘E’EYJMWO’%M?@@S@EH@'EW were ageth fafdhis highocat i on

i denti fi edntobghpli $cseenirigf titegreficnos (e Jepaew BB Bﬁtch@ﬂféto@fanﬁﬁbﬂéhcﬁ@leﬂ

substi t ut |]8Ln Onmgen%ﬁeodtﬁgk fied that can

A ¢ LARCH

Fifty-seven (57) new combinations of amino acid substitutions were identified that can

!

(rﬁﬁ produce ratios of cyclohexyl B2:cyclohexyl B1 avermectins of 0.35:1 or less (FIGURE 6).
” 25 Several of these new mutations can produce ratios of cyclohexyl BZ:wcyclohexyl B1
avermecting of about 0.30:1 or less; severai can produce ratios of cyclohexyl B2:cyclohexyl B1
avermectins of about 0.25:1 or less, and several can produce ratios of cyclohexyl
B2:cyclohexyl B1 avermectins of about 0.20:1 or less. Two (2) new mutations were identified
that can produce ratios of cyclohexyl B2:cyclohexyl B1 avermectins of 0.37 or 0.38.
30
DEPOSIT OF BIOLOGICAL MATERIALS
The following plasmids were deposited with the American Type Cuiture Collection

(ATCC) at 12301 Parklawn Drive, Rockville, MD, 20852, USA, on January 29, 1998, and were

assignad the following accession numbers:
35



produce ratios of cyclohexyl B2:cyclohexyl Bl avermectins of 0.35:1 or |ess
(FIGURE 6). 25 Several of these new nutations can produce ratios of - o
cycl ohexyl B2:cycl ohexyl Bl avernectins of about 0.30:1 or |less; several can
produce Waws/ds898¥ cycl ohexyl B2:cycl ohexyl Bl avernecti nmeaRogbeys 0. 25: 1.
or less, and several can produce ratios of. cyclohexyl B2:cyclohexyl Bl
avernectins of about 0.20:1 or less. Jwo (2) new nmutations were identified

t hat can produce ratios of cycl ohexyl B: cycl ohexyl 131 avernectins of 0.37
or 0.38. 30 DEPCSIT OF BIO.Od CAL MATERI ALS The follow ng plasm ds were
deposited with the American Type Culture Collection (ATCC) at 12301

Par kl awn Drive, Rockville, NMD, 20852, USA, on January 29, 1998, and were
assi gned the fol | owi n§23B8Eessi on nunber&SCESEOMNS: 03/ 068955 PCT/ 1803/ 00348

-60 Pl asm d- Accessi gdsri¥opSEq@basm d pSE18020268605 pl asmi d pSE186 209604 5
The current address_of . rican Type re Collection is 10801

Uni versity Bl vd, I\}ﬂ?fg@sé}@;é@e 20110, US%%%JI patents, patent

applications, and publications cited above are incorporated herein by
reference jr) i ! T, t- | i i t imted in
scope by the s?%guﬁ?rg@g&r{%%td‘?f Fr%en}?ﬁer%ﬁz@gcwt@égﬁh%?% ]%ﬁoﬁiucﬁvggﬁgeliwﬁit ended as
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in the amino acid sequence of SEQ ID NO:2, such chat 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 nocleotide sequence produce a class 2:1 ratio of avermectins
that is reduced compared to the ratio produced by cells of 5. avermitilis strain ATCC 53692 that
instead express only the wild type aveC allele, wherein when the class 2:1 avermectins are
cyclohexyl B2:cyclohexyl Bl avermectins the ratio of class 2:1 averrhecﬁns is 0.35:1 or less,
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group consisting of: '

(a) D48E, A61T, AB9T, S138T, G139T, G179S, A198G, P289L;

(b) G408, D4SE, L136P, (1798, E238D; |

(c) D48E, L136P, R163Q, G179S;

(d) D4SE, L136P, R163Q, G179S, E238D;

(e) D48E, L136P, R163Q, G1798, A200G, E238D;

(f) D4SE, L136P, G179S, E238D; |

(g) D4SE, A61T, L136P, G179S, E238D;

(h) D48E, AGLT, L136P, G179S;



(r) D4SE, A89T, S138T, AL39T, RL163Q GL79S; (s) D48E, L136P, GL79S, A198G,
P289L; (t) D48E, F78L, A8S9T, L136P, G179S; (u) D48E, AS9T, S138T, A139T,
GL79S, E238D, F278L; (v) D48E, A89T; L136P, R163Q GL79S: (w) D48E, A61T,
AS9T, GL 11V, S138T, AL39F, GL79S, Eéﬁ%& P289L; (x) D25G D48E, ASOT,
1136P, S138T, A139T, V 141A, | 159T, 3Q Gl79S; (y) D48E, A89T, S90G,

L136P, Rj(qgggEG;lggls,m@?fsgpm(@l JUBE, A61T, A89T, Gl11v, S138T, AL39T,
GL79S, E2 ASOT, S138T, A139T, GL79S; (ab) D48E,

a
L136P, R@%SE@ﬁ%Llﬁ&G@M%@é&?SMQ@S EABEPP28L38T, A139F, GL79S, VI96A,
E238D; , T T, GL79S, E238D;, (ae) G35S,
D4SE, A8 T%sm%‘?”ﬁ%gwﬁﬁ??é 5@%?%3 £ A61T, A89T, S138T, AL139T,
GL79S, VIDEMSEERE®WD; G17195gh 133@85238N89289L6111v S138T, AL139T, GL79S, A198G
E238D; 1 (ai) DASE, A89T, 1136P, R163Q
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P289L: (@LM@%@MS@@T ALIS6R16% 199s,(av) DASE, A89T, VI20A, L136P, GL79S:
(aw) DASE, AGLT 138T,. AI30F, GI79S, V196A, A198G E238D, (ax) DAS8E

 AGLT, Asd® DHgh. Li%ﬁP §1@9§TA15}§£33§%3 I£179S, V196A, E238D, (ay). D48E, AG1T, .

ABIT, S13@Taskl BHE, AGITI936P/E904, E238D, P289L; (az) DASE, AGLT, AS89T,
L136P, 31 8T, AL39F, GL79S, Al98(G. E238D, IEba) D4SE, A89T, S138T, AL39F,
GL79S, AIOBBASK/ARGE; S138T, A139T, G1798, E238D, F278

(v) D48E, A89T, L136P, R163Q, G179S;
(w) D4SE, A61T, AB9T, G111V, S138T, A139F, G179S, 238D, P289L;
(x) D25G, D48E, A89T, 1136P, S138T, A139T, V1414, I159T, R163Q, G179S;
(v) D48E, A89T, $90G, L136P, R163Q, G179S, E238D;
(z) D48E, AGIT, A89T, G111V, S138T, A139T, G179S, E238D, P289L;
(aa) D48E, A89T, S138T, A139T, G179S;
(ab) D48E, L136P, R163Q, G179S, S231L;
‘(ac) D4SE, L136P, S138T, A139F, G179S, V196A, E238D;
(ad) D4SE, AGIT, A89T, F99S, S138T, A139T, G179S, E238D;
(a€) G358, D4SE, A89T, SI138T, A139T, G179S, D289L;
(af) D4SE, A61T, AS9T, S138T, A139T, G179S, V196A, E238D;
(ag) D48E, A89T, G111V, S138T, A139T, G179S, A198G, E238D;
(ah) S41G, DASE, A89T, L136P, G1798S;
(ai) D4SE, A89T, 1136P, R163Q, G179S, D2528;
(aj) D4SE, A89T, L136P, G179, F234S;
(ak) D4SE, A89T, L136P, R163Q, G179S, E238D;
(a) Q36R, D48E, A89T, L136P, G179S, E238D);
(am) D4SE, A89T, L136P, R163Q, G179S;
(an) D4SE, A89T, S138T, G179S;
(20) D48E, A89T, L136P, G179S, E238D;
(ap) D4SE, AS9T, L136P, K154E, G179S, E238D;
(aq) D4SE, A89T, S138T, A139T, K154R, G179, V196A, P289L;
(ar) D4SE, AB9T, S138T, A139F, G179S, V196A, E238D;
(as) D48E, AGIT, A89T, L136P, G1798, V196A, A198G, P289L;




(bb) D48E, A61T, A89T, S138T, Al139T, Gl79S, V 196A, E238D, R239H, D289L,
(be) D48E, A61T, A89T, L136P, G179S, P289L; (bd) D48E, A89T, S138T, A139T,
Gl79S, V196A, E238D, D289L; (be) D48§% A61T, A89T, S138T, A139F, G179S,
V196A, E238D, (da) S41G D46E, A61T 1L, A89T, L136M S138T, A139T, T149S,

GL79S, V1 @4@2%% S5 BlisoP 2 90s, 90N, ED4AG poBUBE, ABLT, R7IL, ABST,
L136M Sl AL3OT. 11495, F176C, G708 VigeA ~ 'E238D, P289L; (dc) DASE,

R71L, ASQWH)M%@FA”T;LWQQP Gf98C, G 19S, E238D, 1280V: (dd) D48E, A61T, R71L,
W10, T1 E238D, V271A, 1280V; (de) D48E, A61T,
R71L, Asgﬁﬁﬁfg%ﬁ%%l%{@?‘eﬁ%gtél\ﬁ?fngs, GL79S, V196A, E238D, H279Q P289L;
(df) DASE(awAdMEBE, 4011 ASERSTIST, 238N, GFIBBY 1 9GLIUPEGTANES, GL79S, V196A,
E238D, , M S138T, A139T,
Traos. corbsoRhaAn ael S A I Ca i BB Shsor AvaeT

T149S, F1{HED48R, AFST, ARG A} 38E2A3810T, WPBSGV 19422 8AB3D, PASYL; (B8R, D48E, A61T,

(o)) paseMBRE AT AL Bt a8 K A GO Ros G705, viden,

E238D, Dﬂ&SD481€d4€PTmaEI ABIF, GIRBYLA 1988922041 36M  S138T, A139T, T149S,
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E238D, 12@§WD48EQ¢5)1TD4§E" LW&PL(ﬂ%QﬂQgngSGP T149S, F176C, G1l79S, E238D,

1280V; @%ﬁ%a AS9T, L136P, T149S, F176C, GL79S, V196A,
 E238D, 128 ) 4?%&)39&%@3%&5@?’1’ ‘ﬁe177f§ VIRSATEZRD; 9289151 495, F176C, GL79S, |
VI96A, DRBONIT: BT, 68, WPMr, BB, VAR E2RIAL, ABOT, L136P, T149S,
F176C, Gl . VI96A, 'E238D,1280V; ~(ef) D48E, A61T, R71L, A89T, L136P,

T149S, Flf@é:s“kﬁ%ﬁ 9196 R7UE 259, BI3ENYS 13890 A139T, (14435, 64835, ViR9ah, E2ABQT
L136P, T149% BighC GL79S, E238D, P289L; (eh) D48E, R71L, A89T, L136P,
T149S, F176C_ GL795, E238D, A302T: (i) DABE R7IL, ASOT. L136P, T149S,
F176C, GLTE3SHEIMRE, AGERB71h810, L 3(6&} SIERA I3EB IR49RF116C, FAT9S, M1P66P,
T149S, F1¥66p GhIRS, V196A E238D; (ek) V2M D48E, R71L, A89T, L136P, T149S,

F176C, GL79S, 'VI96A, E238D, 1280V,
(dec) D48E, R71L, A89T L136P T1498, F176C, G1195, E238D, 1280V;

(dd) D48E, A61T, R71L, W110L, T1495, G179, V196A, L206M, E238D, V271A, 1280V;

(de) D48E, A61T, R7IL, A89T, L136M, S138T, A139T, T149S, G179S, V196A, E238D,
H279Q, P289L; 7

(df) D48E, A61IT, R71L, A89T, L136M, SI38T, A139T, T149S, G179S, V196A, E238D,
G287E, P289Q;

(dg) D48E, A61T, R7IL, A89T, L136M, S138T, A139T, T149S, G179S, V196A, E238D,
P289L; o

(dh) D48E, A6IT, R71L, A89T, A139T, T149S, F176C, G179S, V196A, E238D, V285G,
D289L;

(di) Q38R, D48E, AGIT, R71L, L87V, A8YT, L136M, S138T, A139T, T149S, G179S, V196A,
E238D, P289L; .

(dj) D4SE, A61T, L87V, A89T, W110L, SI38T, A139T, T149S, G179S, V196A, E238D,
D289L;

(dk) D48E, A61T, R7IL, A89T, L136M, S138T, A139T, T149S, G179S, V196A, E238D,
D289L; ,

(dl) D48E, AR9T, L136P, K154E, G179S, $231L, E238D;

(ea) D4SE, A6IT, R71L, A8T, L136P, T149S, F176C, G179S, V196A, E238D, 1280V,

(eb) D4SE, R71L, A89T, L136P, T149S, F176C, G179S, E238D, 1280V,

(ec) Q36P, D48E, A61T, R71L, A89T, L136P, T149S, F176C, G179S, V196A, E23 SD,' 1280V;
(ed) D4SE, A61T, R71L, AS9T, A139T, T1498, F176C, G179S, V196A, E238D, 1280V;



(el) D48E, A61T, R71L, A89T, L136P, T149S, R1621{, F176C, GL79S, V 196A,
E238D, 1280V; (em D48E, R71L, A89T, V120A, L136P, T149S, KI154E, Gl79S,
S231L, E238D; (en) D48E, R71L, A89T, 20A, L136P, T149S, F176C, Gl79S,
S231L, E238D, 1280V; (eo) D48E, A61T, "R71L, L87V, A89T, A139T, T149S, F176C,
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[136p, TH0SREIT ARpdbeiils g P Bl 15, b et e
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host cel |(e19ﬂ)48EaA6mT7R71M1LA<891T |L§36P qehds, efi 645, IFﬂHCDG!l% VaYeA 2B, 1880VY. A

process fo roduci ng aver necti si ng cul turing a strain of the

cells of (e’@? Bé%ﬁ' eIy ¥ 10 FH@ Hﬂé BiERCT 1S3 by B23%Bdi a under

condi t i ongn)tivEE, R@fLmAtSQ'PWFZOﬂL!QI%P hmg@rpqu@tm@gs @ﬁmygrzﬁmtmgw t heref rom
and recoveri ng sai d aver rrect i ns

WO 03/
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STREPTOVM%LAVERM TI'LI'S GENE DI RECTI'NG THE RATI'O OF B2: EI AVERMVECTI NS
<130> PC23034A <140> PC23034A <141> 2002-02-12 <160> 16 <170> Patentln
Ver. 2.1 (ep) DASE, AGIPIRHL) L§TV, ABPT>SH0PH 132D, {TI49HATER 13798 Y Sto HASEs

averm ti lysg5G<P381..<221> CDS
(eq) D48E, R71L, AB9T, L136P, K154E, G179S, 8§231L, E238D;
(er) D48E, R71L, A89T, V1204, L136P, K154E, F176C, G179S, 8231L, E238D; and
(es) D48E, R71L, A89T, V1204, L136P, T1498, K154E, F176C, G179S, S231L, E238D.

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

avermectins is about 0.20:1 or less.

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

avermectins is about 0.10:1 or less.

5. A recombinant vector comprising a polynucleotide molecule of claim 2.

6. An isolated host cell comprising the recombinant vector of claim 5,

7. The host cell of claim 6, which is a Streptomyces cell.

8. The host cell of claim 7, which is a cell of Streptomyces avermitilis.

9. A process for producing avermectins, comprising culturing a strain of the cells of

Streptomyces avermitilis of claim 9 in culture media under conditions that permit on induce the

production of avermectins therefrom, and recovering said avermecting from the culture.



<222> (174)..(1085) <400> 1 tcacgaaacc ggacacacca cacacacgaa ggtgagacag
cgtgaaccca tccgagcggc 60 tcggcctgecc caacgaacgt gtagtagaca cccgaccgtc

cgat gccacgoasetssasccg 120 aggecggcct gaacaggtca ggagcgct germagheasact
gctgtcgttg ccg gtg 176 Val 1 gtg gtg tgg gee ggg gtc ggc ctg ctg ttt ctg
gcc ctg cag gcg tac 224 seéabeNal LismmwAla Ay Val Ay Leu Leu Phe Lou Ala Leu
Gn Ala Tyr 5 10 15 gtg ttc agc cgc tgg gcg gcc gac ggt ggc tac cgg ctg atc
gag acg3{2sx1¥ak tHweuSes Aeg Trp Ala Ala Asp Ay Ay Tyr Arg Leu Ile @u Thr
20 25 30 gcg ggc cag ggt cag ggc ggc agc aag gat acg ggg act acc gat gtg '

320 8.0 4o Gty Gk LY ST pLus ARp Ty Gog JOT T Asp Vel 3520

45 gt ctaf cc Bc at ¢ acC gee 'gcg gcg gcg tgg 368 Val
Tyr. Pro VaIB%’IBégAé%RM%TH\?aI Cys Ile Thr Ala Ala Ala Ala Trp 1 WD 03/ 068955
PCT/'1B03/ 00348 50 55 60 65 ctc ttc cgg agg tgc cgt gtc gaa cga cgg ctg ctg
ttc gad3gecP@ee346 Leu Phe Arg Arg Cys Arg Val Gu Arg Arg Leu Leu The Asp
Ala Leu 70 75 80 «ctc ttc ctc ggg ctg ctg ttc gcg agc tgg cag agc ccg ctc
atg aags464czbewzPhe Leu Ay Leu Leu Phe Ala Ser Trp A n Ser Pro Leu Met Asn

85 90 9%,.tg@-tgcgat tcc gtt ctc gtc tcc aac gcg agt gtg tgg ggc gcg gtg
512 Trp Phe H's Ser Val Leu Val Ser Asn Ala Ser Val Trp Ay Ala Val 100 105

110 ggt,tcG tgg ggt ccg tat gtg ccc ggc tgg cag ggg gcg ggc ccg ggt 560
dy Ser Lﬁp Gy Pro Tyr Val Pro Ay Tip dn dy Ala dy Pro Ay 115 120 125

gcg gag gc aa atg ccg ctg gcg tcg gcc tcc gtc tge atg tcg get 608 Ala Gu
Al a G‘g7%/egpag?16j|3e e g'éer Al a Ser Val Cys Met Ser Ala 130 135 .140 145

ctg atc gtc acc gtg ctg tgc agc aag gca ctg ggg tgg atc aag gcc 656

i~ <210 1
C ? <211> 1229
' <3212> DNE
<213> Streptomyces avermitilis

<220>
<221> CDS
<222> {(174)..{1085)

<400> 1
tcacgaaace ggacacacca cacacacgaz ggtgagacag cgtgaaccca tcogagecge 60

tcggectgec caacgaacgt gtagtagaca cccgaccgtc cgatgecacyg ctctcacceg 120

aggocggeet gaacaggtca ggagogoctge ccegtgaact getgtegttyg ceg gtg 176

val )
B 1

(jr B gtg gtg tgg gcc ggg gtc gge ctg ctg ttt ctg gcoce ctg cag gog tac 224
val Vval Trp Ala Gly Val Giy Leu Leu FPhe Leu Ala Leu Gln Ala Tyr

gtg tte age cge tgg gog gee gac ggt gge tac cgg ctg atc gag acg 272
Val Phe Ser Arg Trp Ala Ala Asp Gly Gly Tyr Arg Leu Ile Glu Thr
20 25 30

gecg ggé cay ggt cag ggce gge agc aag gat acg ggg act acc gat gtg 320
Ala Gly Gln Gly Gin Gly Gly Ser Lys Asp Thr Gly Thr Thr Asp Val
35 . 40 45

gtc tat ccc gtg att tce gte gte tge ate ace gee geg geg gog tgg 368
val Tyr Pre Val Ile Ser Val Val Cys Ile Thr Ala Ala Ala Rla Trp



Leu
cgc
Pro
atc
Leu
gcc
Al a
gtg
Adn
cgc
Phe
ttg
Adn
ttc
Al a
cat
Ile
tcc
Adn

I'le

Al a

gtg
A

Val

~Thr Val
€gg ccg gca tgg
1) Thr
\@6@3/“8‘?
Leu Ser
aga gcg ctg ccc

Pr

Leu Pro A u Val Thr

ttc ttc cgc gac7§aa cgc gat gag 896 Cys Cys net Ben Ay Ser
Arg Asp Qu Arg Asp G u 230 235 240

Leu Cys
cgg acc
Tip Arg
tcc gag
qQ.leu
gag gtg
Leu

1S 8 GG C9GdETT BEC

Ser
tgg
Leu
ccg
Pro
acc

C&G: €88 &QJg@satfCenate Y4

ctc gcc gtg
Ay

Val

ate ctc ctg

tTer €ha HegSer Jrydegiel tSae tyarloghr

Val

y Val

%t gga cag ccg

Lys Ala Leu Gy
cgg ctg gtc ctg
‘Leu Ala Val
ctg ccg tcc gcc
Ser Ala ger Gy
ttg tgg agt ggc

Val

Ser

Ay

195 200

Trp
gcc
Phe
tcc
180
BOO
205

é’gj@ ©9% °g¥ 19482 &G I
Asr VhE Aoy AseCYE g SgValuodw 215 I@EOL%ZS’hetW fée Ieftug ctg ggc tcg ctg

agRe

Asn Al a Va

tcc ctc Ste
L'ed? £EE Rér i @tvattocEye

kg

Ile Lys Ala 150 155 160
gtg ttc ttc 704 Arg Arg
Phe 165 170 175 atc ggc
gg9g -}’é}jﬂﬁp}/g%@y Ile Val

0O atc agc gta tgg

185

Il e

iy

er Val

Trp Ala Arg

t g tac cag ttc ccc
Pite Pro Vval Tyr

Leu Arg The

tcg tgg gtg gaa cgg gga gcc tgg cgg

JrdagVadec G NQakdYaadl @ dgup Arg Leu Pro ‘

ALy AL AhachFned M 834 0889%s: %QH/G%}O%P%%%@&& ZQ 255 tgg gcg cgt

C ggt ggg gtg EI\J/;? _!IJ_LQ fzigg t2t
e

992 TrpAla Arg Phe Leu
ctc tac ace tgt ttc

270

1040 Leu Tyr Thr Cys Phe Hi s

S @ IPE FIP7BEREGIFT €62 Pac cHE ctg ccg gac

Vo TABR1@ Al él@lPro Asp Ser Phe

Ala Pro Wta Ala Tyr 290 285 300 gttcagggeaoggtcggagga gacggagaag
gggaggcgac cggagttccg gtcacctccc 1145

cccat ggcedc GgYosdCets GRYFEYCRAECyd208y RAGAGIS GledH Leqapgat _ng.‘s@tg 1229
<210> % gg}lﬁ}ﬁ@f}r Pfgl'_%ﬁ Eﬁr Pro Gly Trp

gcg
Ala
130

ctyg
Leu

cgc
Arg

atc
Ile

atce
-Ile

gag
Glu
210

tge

Cys

teyg
Ser

115

gag
Glu

ate
Ile

¢gg
Arg

ggc
Gly

age
Ser
195

tgg
Trp

tgc
Cys

tgg
Txp

gcg
Ala

gtc
Vgl

ccg
Pro

atc
Ile
180

gta

val

tac
Tyr

atg
Met

gtg
val

gaa
Glu

acc
Thr

gca
Ala
185

gtg
val

tgg
Trp

cag
Gln

ctg
Leu

gaa
3Elu

atg ccg
Met Pro
135

gtg ctg
Val Leu

150

tgg cgg
Trp Arg

ctc ggt
Leu Gly

gec aga
aAla Arg

tte cceo
Phe Pro
215

gge teg
Gly Ser
230

csg gga
Arg Gly

120

ctyg
Leu

tge
Cys

acc
Thr

ctyg
Leu

gcyg
Ala
200

gty
val

ctg
Leu

gce
Ala

gcg
Ala

agc
Ser

tgg
Trp

tce
Ser

185

ctg
Leu

tat
Tyr

cgo
Arg

tgg
Trp

teg
Ser

aag
Lys

cgg
Arg
170

gag
Glu

cce
Pro

cag
Glin

tte
Phe

cgg
Arg

gco
hla

gca
Ala
155

ctg
Leu

ccg
Pra

gag
Glu

gcg
Ala

ttc
Phe
235

ttg
Leu

ctttgtgcat gggtggacgg ggat cacgct

Gln Gly Ala Gly Pro Gly
125

tce gte
Ser Val

140

ctg ggg
Leu Gly

gte ctg
Val Leu

ctg cecg
Leuw Pro

gtg acc
Val Thr
205

gtc ggt
Val Gly
220

cge gac

Arg Asp

ccg caa
Pro Gln

tgc

Cys

tagg
Trp

gcc
Ala

tece
Ser
190
ttg

Leu

tce
Ser

gaa
Glu

egy
Arg

atg
Met

ate
Ile

gtg
Val
175

goo

Ala

tgg
Trp

gg¢
Gly

cgc
Arg

gca
Ala

tcg
Sexr

aag
Lys
160

ttc
Phe

tecco
Ser

agt
Ser

ctyg
Leu

gat
Asp
240

gcg
Ala

gct
Ala
145

gcc
Ala

ttc
Phe

999
Gly

ggc
Gly

gte

Val

225

gag
Glu

aac
Asn

608

656

704

752

800

848

896

944

e



<213
Leu
Gy
Lys
Cys
Arg
Ser-
Asn
Pro
Al a
Ser
Arg
170
185
200
210
225
Al a
Met:

pr—

Lo

( y

> Streptonyces avermtilis <400> 2 Val Val Vval Trp Ala Ay VaI GI y Leu
Phe Leu Ala Leu dn Ala 1 5 10 15 Tyr Val Phe Ser Arg Trp Ala Ala Asp
Ay TWMO®YSI8u Ile Au 20 25 30 Thr Ala Ay G n Gy EEWEBYBRY Ser
Asp Thr Ay Thr Thr Asp 35 40 45 Val Val Tyr Pro Val |le Ser Val Val
Ile Thr Ala AFa Ala Ala 50 58580 Trp Leu Phe?¥ g Arg Cgs Arg Val GQu
Arg Leu Leu Phe Asp Ala 65 70 75 80 - Leu Leu PheLeu Ay Leu Leu Phe Al a
Tr pgfagag Seft Pre dteugddebtg 8xc989t9gAsttglapt ae dlicsaSercc¥al dseu Val Ser

Al arSan s Viadg Phe feuyafl &1 300 405 c1iOvaiVak, @iy armdipnd y Pro Tyr Val
Ay Trp Ggy Ay Ala @Ay Prg:115 120 125 dy,Ala Gu Ala Gu Mt Pro Leu

Ser Ala Ser Val Cys Met Ser 130 135 140 Ala Leu Ile Val Thr Val Leu Cys
Lys Al a LeuG R-g Ie Lys 145 150 155 160 Ala Ps Pro Ala Trp

Th‘ftGrF °RY Al CEL GEAIFCVATS BRE °%F Ry G3F 068953 %&?/ 1809300348 165
17%@‘PH”<5§1'I'Jlr’béT @ﬁ/ Preiigalle deud s B8t S8 Ve FIPrOYLEWR BES Ser Ala Ser 160
190 &y Ile Ser Val TepPAla Arg Ala Le&®®Pro Au Val Thr Leu Trp Ser 195
2056 Ay Gu Trp Tyr Gn Phe Pro Val Tyr Gn Ala Val Ay Ser Ay Leu .

215:2268c \ala Eys cCysgdvbtcd eticGas §eg degugdy gePheacThes Arg Asps& u Arg Asp

230- 235, 240 1.4l BrSefspTed Yak GnUuaft o6 ¥iLhda TR Arg Leu Pro Gn Arg Ala
2450250 255 Asn Tr@BAI a Arg Phe Leupla Val Val Gy Ay Val Asn Al a Val

gttcagggca ggtecdgagga gacggagaay gggaggegac -cggagttcecg gtcacctccc 1145
ctttgtgcat gggtggacygy ggatcacgct ceccatggegg cgggctecte cagacgeace 1205-

acactccteyg gttcagegat catg : A 1225

<210> 2

<211> 303

<212> PRT

<213> Streptomyces avermitilis

<400> 2
Vval Val Val Trp Ala Gly Val Gly Leu Leu Phe Leu Ala Leu Gln 2Zla
1 5 10 is5
Tyr Val Phe Ser Arg Trp Ala Ala &sp Gly Gly Tyr Arg Leu Ile Glu
20 25 390
Thr Ala Gly Gln Gly Gln Gly Gly Ser Lys Asp Thr Gly Thr Thr Asp
35 40 45

(f{fp val Val Tyr Pro Val Ile Ser Val Val Cys Ile Thr ala Ala Ala Ala

50 55 60
Trp Leu Phe Arg Arg Cys Arg Val Glu Arg Arg Leu Leu Phe Asp Ala
65 70 - 75 80
Leu Leu Phe Leu Gly Leu Leu Phe Ala Ser Trp Gln Ser Pro Leu Met
85 8¢ 95
Asn Trp Phe His Ser val Leu Val Ser Asn 2la Ser Val Trp Gly Ala
100 105 110
Val Gly Ser Trp Gly Pro Tyr Val Pro Gly Trp Glm Gly Ala Gly Pro
115 120 125
Gly Ala Glu Ala Glu Met Pro Leu Ala Ser Ala Ser Val Cys Met Ser
130 135 140
Ala Leu Ile Val Thr Val Leu Cys Ser Lys Ala Leu Gly Trp Ile Lys
145 1540 155 160
2la Arg Arg Pro Ala Trp Arg Thr Trp Arg Leu Val Leu Ala Val Phe



260 265 270 Phe Leu Tyr Thr Cys Phe His Ile Leu Leu Ser
275 280 285 Pro Pro Asp G n Leu Pro Asp Ser Phe G n Al a Pro Ala Al a Tyr: 290

295 300wo 03/068955<210> 3 <211> 1150

hygr oscopi cus

Leu Trp A

<220> <221> CDS <222> (58)
accggccgga ggccgt cgge cgggccgata ccgg@cgcgg cctgcgg bk
gta aga ¢ig 95991&99511 Heu0& L, 996 &QQGH @rgtjﬂsulﬁ’ﬁo sval nRhec fhr Leu Pro Val Thr
Ala Cys, t]lgga ctt cag gtg tac gtg
€] eu G n Val Tyr Val
l?i’%/&’e Y Ra&§*gcg too cog gec
Tyr Arg lle &4 Lys Ala Ser Pro Ala Arg Gy

Ay Aa Leu )

Ao Bt %?gv“c s ip 2 Cz‘%%g

agg ggc ggt *§gg gac tog gag 264

153
610 G&E

. (990)

)

Leu Val:

<212> DNA <213> Str eplcqise 960348
<400> 3 gt cgacgaag

GIyGIyGn'

3

gtg ttc acc ctt ccc

Phe Al a

Ay Gy 2bp ISprTy@ GlB83Fh40P4b Vagdtyrabin déoe ‘gat Gt Fect@ratlencog ctg ctg tcc
gtg gtg gua gcg gtg 249 #wy lle Ala Asp \ale Leu Ile Pro Leu Leu SerVal Val

Ay Aza ¥ 50 b 66u AyWRHO3LGEISELLERE IBQ3AN0IE r msgt C gca gtg tgt ctg
tac cgg agg tgt cgg gegeagy agg cgg ctgs297 Vval )
S A ¢4 R ARY, ALg ﬂygA&Q%réﬁ%J %eZ%r%Oghrgqa%g

Arg

atc ggg ctg ctg tcg
Lau Lau Ser Al a Ser

cc agt tgg ¢
rp Gn 85 90

Al a Ser Asn ValZ2%sn 100 365

Fhe Leu Tyr Thr Cys Phe His

Pro Pro Asp Gln Leu Pro Asp

«210> 3
«211>
<212>
<213z

2580

<220>

<221>
<222>

<400 3
gtcgacgaag accggccgga ggcoghtogge cgggecgata

gtg
Val
1

ctg
Leu

tac
Tyr

cgg
Arg

ttc
Phe

gga
Gly

cge
Arg

ate
Ile
50

275

1150
DNA
Streptomyces hygrosceopicus

cDs
(58) ..

(990)

acc ctt ccc

Thr

ctt
Leu

atc
Ile
35

gce
Ala

Leu

cag
Gln

gag
Glu

gat
Asp

Pro
5

gtg
Val

aag
Lys

gtg
Val

295

gta aca
vVal Thr

tac gtg
Tyr Val

gcg tcoce
Ala Serx

ctg ate
Leu Ile
55

110 265
Ile Leu Leu Ser Leu Val Gly Gly Gln

280

t ccc tt a

gty OFF BoyME LTl Yl E i Yob 035000t coc L

270

285

tL
t

Ser phe Gln Ala Pro Ala Ala Tyx

ctg
Leu

tteo
Phe

cecg
Pro
40

ccg
Pro

tgg geg
Trp Rla
10

gcc goo
Ala ala
25

gce agyg
Ala Arg

ctg ctg
Leu Leu

tgt
Cys

tgg
Trp

ggc
Gly

tce

Ser.

300

Lau Al a5Val

1 49,

aac tgg atc eat ccg
*r p'eFl e "Asn Pro Val Leu

ccgtacgcgg cctgegg

gte
Val

cta

Leu

ggt
Gly

gtg
Val
60

ggc gcg
Gly Ala

gococ gac
Ela Asp
30

ggg gac
Gly Asp
45

gtg gga
val Gly

ctg
Leu
15

age

Ber

tcg
Ser

gcg
Ala

gty
Val

ggc’

Cys Lau Tyr Arg
gcg tcg ctc ttc
r Lau Phe Ile Ay

57

105

153

Gly -

gag
Glu

gtg
val

201

249

&



gtg
Ay
g9y
Al a
acg
Met
gcc
Trp
gtc
Lau
tgg
Arg
ttc
Lau
gcg
H s
gcc
Lau
gtc
Leu
acc
Al a

C
éﬁ:u~43ﬁ@Y(}4? Phe Fljelis 6iln Glu Ala Glu Leu Pro Leu Ala Thr Leu Ser

ttc gga gcg gtg gcc tcg tgg ggg ccg tat gtg ccc ggt tgg cag 441 Val Phe .’
Ala Val Ala Ser Trp Ay Pro Tyr Val Pro Ay Trp @ n 115 120 125 ggg gcg
gcg cWO B#g8Pag gcc gag ctg ccg ctg gcg acc ctg agc 4SET/BIZNGHY Ala Gy
Hs Gn GQu Ala Gn Lau Pro Lau Ala Thr Leu Ser 130 135 140 atc tgt atg
gCEE AL AY §EE GECoH §g€ CHgRIYFETt G 99 2B 3799 19t OF"Met Thr Al a
NeYalAlLau Able Val Asal@y§yQArglimss Gry Met 21a13r958951857 160 ggt ctt gcc gcc
cgget gg ccg cgg ctg mggg cog ctc cgg ctsg atc 585 Ay lau Ala Ala Ala Arg
Pro Arg Lau Gy Pro Lau Arg Lau IIe 165 170 175 gcg ctc ggc ttt ctg ctc

thCQCttECCjaQ: %ﬁé& t%fgcctgzcﬁt«gaa&cc tcgb\lgé-cl-@-& %@/ &2he Lay Lau Val Val
Lay, AR | 2 dd-u &Y Qhé—ai‘ie L]e )]% QaAﬁ%} @\Q/ﬁg ggc gtc tcc gtg
acg cgg- gc gtg gecc gag ctg 68 gg al Ser Val Trp Thr
Ala vVal Pro GQu Lau ~_. 195 200 2 acc atctgg ag ggg cac tgg tat. cag

ccg ctg tat cag atg gtg 729 Thr Ile Trp Ser Hs Trp Tyr G n Phe Pro
TYFItGERC N ®ad 2230-T1BLR 20T 9@t FBg GFEgFer &S tE@Cg@‘é‘? Gée t6'193ttg ggg gcc
cgtercdce tlis Wee APF7TTPAL e Ser AtcavihiubeRhlaGEyr Alsa Ber 2kau Gy Ala Ala Arg
Phe Arg 225 280 235 240 aac g cgc ggc gaa aag tgt ctg gag tcc ggg 9cg
ctc cta ccg 825 Asn Arg Arg Gy GQu Thr Cys Lau Qu Ser Gy Ala Ala Lau

Prg2do: 40 §<§35gt§ g\é% 03/ 068%R ?ggf/tlﬁog?d Qé’»él%gtg% ggg 3991?_99 S/cia ; 99

9 oY S ro p Va rg
LaulA%1963 %&E %%QVQG%;%% 9?;_,@&1%09,2 §§%70 te a?crf%gc atc gcc ctc tac
ggc gca cat ggc gca cac atlc ctg 921 Asn | Ser Ile Ala Leu Tyr Thr Gy

Hs Ay Ala Hs Ile Leu 275 280 285 ttc tog ctg atg gac %gc got ccc ccg
FFICcIY FEE YFa "t C2P1TDBY° PHeCBRFCEHTIMETY ASH WY A a PFO Pro Asp Arg

130 135 140

atec tgt atg acg gecc atg atg gcc gec gtg gcc tgc ggc aag ggc atg 537
" Ile Cys Met Thr Ala Met Met ala Ala Val Ala Cys Gly Lys CGly Met
145 150 155 ° 160

ggt ¢ttt gcoce gee gee cgg tgg ccg cgg ctg ggg cog cbec cgg <¢hyg atce 585
Gly Leu Ala Ala Rla Arg Trp Pro Arg Leu Gly Pro Leu Arg Leu Ile
165 i7a 175

geg cte gge ttt ¢ctg cte gte gtg cte ctec gac atc gec gag cog cty 633
Ala Leu Gly Phe Leu Leu Val Val Leu Leu Asp Ile Ala Glu Pro Leu

180 185 190

gtg tecc tte gcg ggc gtc tec gtg tgg acg cgg gea gtg cce gag ctg 681

(ﬂffj Val Ser Phe Ala Gly Val Ser Val Trp Thr ZArg Ala Val Pro Glu Leu

185 200 205

acc atc tgg agt ggg cac tgy tat cag tto ccg ctg tat cag atg gtg 729
Thr Iie Trp Ser Gly His Trp Tyr Gln Phe Pro Leu Tyr Gln Met Val
210 215 220

gct tecyg geg ctoe tic gge goc tet ttg ggg gec geg cge cac ttt cge 777
Ala Ser Ala Leu Phe Gly Ala Ser Leu Gly Ala 2la Arg His Phe Arg
225 230 235 240

aac cgg cgc ggc gaa acg tgt ctg gag tce ggg geg gcoe cto cta ceg B25
hsn Arg Arg Gly Glu Thr Cys Leu Glu Ser Gly Ala Ala Leu Leu Pro
245 250 255



290 295 300 cgt ccg gcg gcc ggc tac tga gaccgccggc accacccacgiﬁt_éc':ccgat gt
1020 Ar 0 Ala Ala Gay Tyr 305 310 gcgcgatgtg cctgatgc acc;
cggggt gt iﬂ (881?& cacc tgtggcgcct 1080 cat gcggt ga gcgctc@&g@ ? ttgt

tccg C A cc 10%.4 <211> 310 .

Lo Kl %%% ;g%gg{g&}% %j}ﬁ ggggggc %gﬁ% o Fif Cau o Vel
Thr Lcé}dl 5. %y &ﬁ @y Lau G n Val Tyr
Val Phe AIa Aja ﬁ%p Leu Al a Asp Her Ciy 20 25 3097?yr Arg Ile Au Lys Al a

Ser Pro Ala Arg Ay Ay Gy Asp Ser Au 35 40 45 Arg Ile Ala Asp Val Lau

|| e Prag kbew dgguaiSegc¥altc\Vedc @y Alcagdlalcac 5 S§cdFacVate lcea AlsalVal Cys Lau
Tyr Asgh Arg sCySIi @lAlizuArgy Ahg AnvgalewibbeiF0aYd B@ 1dhinelhe Asp Ala Ser Leu-
Phe Ile Gydhau Lau Ser Ala g8 Trp A n 85 90395 Ser Pro Lau Met Asn Trp

Ile Asn Pro Val Leu Ala Ser Asn Val Asn 100 105 110 VaI'Phe Gy Ala val

a roTrp. Pro_ Tyr.. Pr Tr 11 ady Ala His-
| O R BLERDE B SRR 1 A SN S
AI 2 NBE R)E? LRFaM%H 5‘5?/ YA‘?* &8 EWYREE &y ‘ﬁv@f" %L“v@?)é’}“ﬁesg%

PCT/ | BO329D348 145 150 15% 160 Gy Lau A% Ala Ala Arg Trp Pro Arg Leu Gy

Pro Leu Arg Lau Ile 165 170 175 Ala Lau Gy Phe Lau Lau Val Val Lau Lau Asp
|l e Al G&ql dPoogdagge tac tga gaccgeoeggce accaccceacg tacccecgatgt ' 1020
Arg Pro Ala Ala Gly Tyr

305 310
gcgegatgty cetgatgege ctgatgtacc cggggtgtca teggcteace tgtggcgcct 108G
catgecoggtga gegetccogee tegtecttght tecggetcct gggctcocacg accatacgga 1140

geggccyggg ' 1150

«<210> 4

<211> 310

<212> PRT

<213> Btreptomyces hygroscopicus

<400> 4
Val Phe Thr Leu Pro Val Thr Leu Trp Ala Cys Val 8ly Ala Leu Val
1 5 - 10 15
Leu Gly Leu Gln Val Tyr Val Phe Ala Ala Trp Leu Ala Asp Ser Gly
20 25 36
Tyr Arg Ile Glu Lys Ala Ser Prc Ala Arg Gly Gly Gly Asp Ser Glu AV
35 40 45 C I
Arg Ile Ala Asp Val Leu Ile Pro Leu Leu Ser val Val Gly Ala val S
50 55 60 -
Val Leu Ala Val Cys Leu Tyr Arg Arg Cys Arg Ala Arg Arg Arg Leu |
65 70 75 g0
" Thr Phe Asp Ala Ser Leu Phe Ile Gly Leu Leu Ser Ala Ser Trp Gln
85 20 85
Ser Pro Leu Met Asn Trp Ile Asn Pro Val Leu Ala Ser Asn Val Asn
‘ 100 105 110 ‘
Val Phe Gly Ala Val Ala Ser Trp. Gly Pro Tyr Val Pro Gly Trp Gln ’
115 120 1253
Gly &la Gly 2Ala His @ln Glu Ala Glu Leu Pro Leu Ala Thr Leu SBer
130 - 135 140
Ile Cys Met Thr Ala Met Met Ala Ala Val Ala Cys Gly Lys Gly Met



1BO 185 190 Val Ser Phe Ala Gy Val Ser Val Trp Thr Arg Ala Val Pro Qu Lau
195 200 205 Thr lle Trp Ser Ay His Trp Tyr Gn Phe Pro Lau Tyr G n Net Val
210 215 220 Ala Ser Ala Leu The Gy Ala Ser Lau ely Ala Ala Arg His The Arg
225 230 299 BAHe395Asn Arg Arg- Ay G n Thr Cys Lau A u Ser CGPYTB®E/OAIE Lau Leu
Pro 245 250 255 Gu Gy Pro Arg Pro Trp Val Arg Lau Leu Ala Val Val dy Qy
Ala 266°265 270 Asn |1€&°%er Ile Ala Leu*¥yr Thr Ay Ala S Ay Ala His Ile
Lau 2F8YZg® 285 Alphdladrg | Bip MEe AASpled FLAIRoPre: PES 88pIAf g Leu Pro du

Phe Phe 290 295 300 1®g Pro Ala Ala @% Tyr 305 310 X210> 5 <211> 215
<212> BRI 218>y Sheeptwmgcemlgrilaeohramgenas ax400» ixoVatulle Gy Trp Al a
Ala Lau Ay Ala Valp The Lau Val LagsA@ n Val 1 5 1Qs4d5 Tyr Val Phe Ala Arg

Trp TheAa. Asp 93114 Ay vlyrsdd %MﬂPN:@ ASP ﬁQ %2 30, e\ﬁl raer Gy Pro Asp

5 0 45 Va Lau Leu Pro Al a

(LEIyérgGluAi: yHlsArgAr eéﬁp 2 eu o Al
T?g A(raah]AI Iajfedhﬁo gl% %\ﬁ" HI’:%LFrgeilylP%gn,@ﬁ B\T‘g LEBSTWOG% ‘ﬁaatallfauaPher‘gll'hr r% y

Val

225
Lsn

Al a

Glu

Asn

Phe

Leu PHé’Ala Ay Trp Letr’8er Pro Lau
PCT/ | B&3# (334512 ASR Hitey Cbhehlpj Serpigu \GlY

230

Arg Arg
245

Gly Pro
260

Ile Ser
275
Ser Leu

280

Gly Glu Thr Cys Leu Glu Ser
Arg Pro Trp Val Arg Leu Leu

Ile Ala Leu Tyr Thr Gly Ala

235

250

Ala
265

His

Arg:

Val vVal

Gly Ala
285
Leu Pro

Gly
270
His

Glu

Gly Ala Ala Leu Leu

255
Gly

Ile

Phe

240
Pro

aAla

Leu

Fhe

Met 2285 90 95 7 WO 03/ 068955
Beu AletAry BiASHeTArg H s Val

Trp Ay

Met Asp Gly Ala Pro Pro Asp
295

2la Gly Tyr
310

280
Pro Ala

300

Arg
305

<210> 5

«211> 215

<212> PRT

<213> Streptomyces griseochromogenes

<400> 5
Val Ile Gly Trp Ala Ala
1 5

Gln Vél

15

Leu Gly Ala Val Phe Leu Val Leu

10
Len Ala
30

Thr Ala Asp Gly Tyr His Asp

25

Tyr val Phe Ala Arg Tip Gly

; 20

Arg Glu His Ile Ile Asp

40

Pro Gly Arg Arg

45

Val Gly Pro Asp Gly

a5

Ser

Val Val Gly Leu Ala FPhe

60

Ser Melt
&5

Zla Gly

Val Leu

50

Leu Pro Ala Leu

Ala
80

Arg Leu Ser Phe Asp

75

Arg Ala Glu Arg

Val Arg Arg Trp
70

Trp Leu

65

Leu Met

935

Alzs Gly Leu Ser Pro

S0

Phe Thr Gly Val Leu Phe Trp

85

Leu Leu



100 105 110 Val Ay Ser Trp Ay Pro Tyr Val Pro Ay Trp Arg Ay Leu Pro Pro-
115 120 125 4 dy Lys Gu Ala Gu Leu Pro Leu Val Thr Phe SerLeu Gy’ Ser

Thr 130 w@53/468055 Val Leu Leu G y Val Leu Ay Cys Cys G n PéaliBMgoo3Ser Arg Val
Arg 145 150 155 160 du Arg R Pro Gy Val Arg Pre Trp An Leu Val vy .

Leu APE-FHE E@BI@?OP%Vgalﬁéﬁ Meir %&é“@dﬁ“ﬁﬁésﬁﬁﬁ-Eé%‘ﬂ@uggbr Gu Pro Phe Ile
Ser Phe Ala 1809885 190 Ay Val 18er Val Trp Ala At¢§ Ala Leu Pro Thr Val Thr
Leu Trp Arg 195 200 205 Gy Ala Trp Tyr Arg Ala Arg 210 215 <210> 6 <211>

18  <ZiZ2>%:1NAe<23>c it mept By eaS pay &N tid iasg c¥Ofzu Grbcaegaaacc ggacacac 18
<210> 7 <2113148 <212> DNA <2Zjy3> Streptonyces;avermtilis <400> 7
catgatcgct gaaccgag 18 <210> 8 <211> 20 <212> DNA <213> Streptonyces

\]
SyehTehy A BuYQHPSSLILAGHE AR, <5000, B9 foggpat oot ot co 20

<210>°
135 140

-

Val Leu Leu Gly Val Leu Gly Cys Cys Gln Val Met Ser Arg Val Arg
145 150 ' 155 160

Glu Arg Trp Pro Gly Val Arg Pro Trp Gin Leu Val Gly Leu Ala Phe
165 ! 170 175

Leu Thr Ala Val Ala Phe Asp Leu Ser Glu Pro Phe Ile Ser Phe Ala
180 185 _ 1580

‘I i L
S

Gly Val Ser Val Trp Ala Arg Ala Leu Pro Thr Val Thr Leu Trp Arg
195 200 205

Gly Ala Trp Tyr Arg Ala Arg
210 215

<210> 6

<«211> 18

<212> DNA

<213 Streptomyces avermitilis

<400> 6

tcacgaaacec dgacacac ‘ 18

<2105 7 , {;)
<211> 18 o
<212> DNA

<213> Streptomyces avermitilis

<4 G0 7
catgatcget gaaccgag 18

<210> 8

<211> 20

<212> DNA

<213> Streptomyces avermitilis



<211> 21 <212> DNA <213> Streptonyces.avermtilis <400> 9 aactccggtc
gactcccctt ¢ 21 <210> 10 <211> 19 <212> DNA <213> Streptonyces avermtilis
<400> 10‘8Faa gatac ggggactac 19 <210> 11 <211> 18 <212> DNA <213>

St ept onyWESISHGEYRi tilis <400> 11 gaaccgaccg cctgatac i s PEDIES/0GM8<211> 43

.i<212><BN@ o <213> Streptonyces avermitilis <400> 12 gggggcgggc ccgggt gcgg
aggcggaaa acg 43 <210> 13 <211> 20 <212> DNA <213> _

cccct gge

St r ept SRYEE gﬁ%é?%%????? <400> 13 ggaaccgacc gcctgataca - 20 29 WO
03/ 068955 PCT/ 1B03/ 00348 <210> 14 <211> 46 <212> DNA <213> Streptomnmyces
avermtilis 4 <400> 14 gggggcgggc ccgggtgcgg aggcggaaat gccgctggcg acgacc
46 <210> 3

<211> 21

<212> DNA

<213> Streptomyces .avermicilis

<400> 9 .
aactccggte gactceccctt o ‘ ' 21

<210> 10

<211l>» 19

<212 DNA

<213> Streptomyces avermitilis

<400> 10

geaaggatac ggggactac 19

«210> 11

<211l> 18

<212> DNA

<213> Streptomyces avermitilis

<400> 11

gaaccgaccg cctgatac 18

<2105 12
<211l> 43

r(i) <212> DNA

( " <213> Streptomyces avermitilis

<400> 12 .
gggggegggc ccgggtgcgyg aggcggaaat goccctggeg acg 43

<210> 13
<21l> 20

<212> DNA
<213> Streptomyces avermitilis

<400> 13

ggaaccgacce geccigataca 20



<210> 15 <211> 20

<212> DNA <213> Streptonyces avermtilis.

<400> 15

ggaacat cac ggcattcacc 20 <210> 16 <211> 46 <212> DNA <213> Streptonyces

averm t iw093/068480> 16 gggggcgggc ccgggt gcgg aggcggaaat gouelBgyedgiaicgttc 46

10

<210> 14

<211> 46

<212> DNA

<213> Streptomyces avermitilis

<400> 14 .
gggggcgggc ccgggtgegy aggeggaaat 9C09Ct99c9 acgacc

<210> 15
<211l> 20
<212> DNA

"<213> Streptomyces avermitilis

<400> 15
ggaacatcac ggcattcace

<210> 16

<211> 46

<212> DNa

<213> Btreptomyces avermitilis

<d400> 16
gggggcggge ¢cgyggtgegy aggcggaaat geegctggeg acghte

10

46

46



