24 September 2003 PCT WORLD | NTELLECTUAL PROPERTY ORGANI zAY} efgtember 2003

| nt er nat i omeloo/Bsyseau | NTERNATI ONAL. APPLI CATI ON PUBLI SHED U TH&TF TENT
COOP' Rl ? ATION TREATY P ( CT) (51) International Patent O assifi¢atién 7 :
C12N 15176, Cl12P 1106, Cl12R 1/465, 1/92 A2 (11) International Publication
Nunber: (43) International Publication Date: WO 00/58482 __5_QOctober 2000
(05.10.00) (21) International Applicati op Number: PCTI US00/ 07771 (22)
International Filing Date: 23 March 2000 (23.03.00) (30) Priority Data:
60/ 126,391 26 March 1999 (26.03.99) US 09/318,050 25 May 1999 (25.05.99)
US (71) Applicant: THE UNI VERSI TY OF GEORG A RESEARCH FOUNDATI ON, | NC.

[US/US]; 632 Boyd Graduate St udl%{%iN r, Athens, GA 30602-7411
(US). (72) Inventors: WESTPHELI §§ﬁ§ﬂégﬁéﬁ§ver Drive, Bog- art, GA
30602 (US). BURKE, Julie, A ; 130 Saint Andrews Court, Athens, GA 30605

(US). (74) Agent: MIJETING Ann, M; Mieting, Raasch & CGebhardt, P.A, P.O
Box 581415,° M nneapolis, M 55458-1415 (US). (54) Title: TRANSDUCI NG

L L G e s el °L % B
GE, GH,-GM HR HUIt wonldibe diffibyit loSverdSimatéfthe &atritdBon g&eréﬁ%cd LC, LK, LR
LS, LT, LU L\t/fans%ctiorllvgés Il\l/s%e t(lyléﬁe S%Ndy ol\fdg'ok%otel\l‘gblogyz ’sincethe I(:i)lzcovl:\e)roy ofRU’
phage P22 in Salmonella in the early 1950s. The use of generalized transducing
10 phages for strain construction, fine structure mapping, and genetic manipulation
have played majdr roles in the genetic analysis of Salmonella and E. coli. One
of the most important applications of generalized transduction has been to
facilitate the cloning of genes identified by transposon generated mutations. The
use of generalized transduction in combination with transposon mutagenesis to
15 clone genes involved in morphogenesis has been invaluable in the study of
sporulation in Bacillus subtilis.

Streptomyces are Gram-positive soil bacteria of special interest for two
reasons. First, their mycelial growth mode and sporulation cycle are among the
most dramatic examples of prokaryotic morphological differentiation. They

+ 20 grow vegetatively as multicellular, multinucleoid, branching hyphae that
penetrate and solubilize organic material in the soil forming a mycelial mass. In
response to environmental signals (a process that requires cell-cell
communication mediated by diffusible substances), they initiate a cycle of
differentiation that begins with the production of aerial hyphae that septate into

25 uninucloid compartments that give rise to spores. Second, during the initiation
of morphological development they produce a large number of secondary
metabolites, including most of the natural product antibiotics used in human and
animal health care. Because of its unique biology, Strepromyces offers special
advantages for the study of how morphogenesis is initiated. The question of

30  how cells within multicellular organisms sense changes in their environment and
communicate that information to each other is of fundamental importance to the
study of developmental biology. In spite of their interesting biology and
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insertion into a gene of interest until the candidate gene was cloned, thereby
permitting complementation analysis and directed disruption studies. This is not
only time consuming and laborious, it is often a futile exercise because of the
high background of extraneous mutations. .
20 It has long been recognized that an efficient system for generalized
transduction is needed to make transposon mutagenesis an effective genetic tool
in Streptomyces. However, generalized transducing phages have not been
characterized in species that can serve as genetic model systems. Attempts by
many workers over the years to isolate generalized transducing phages for
25  Streptomyces coelicolor have been uniformly unsuccessful, as have been
attempts to transduce markers by the most extensively studied [ytic
actinomycete phages fC31, VPS5, and R4. Generalized transduction has been
demonstrated in Strepfomyces venezuelae. This involved transduction of several
markers including genes for cholemphenicol production. This was thought,
30  however, to be an anomaly and somehow specific to Streptomyces venezuelae
since the approaches used to identify transducing phages for Strepromyces

venezuelae did not work for Streptomyces coelicolor.
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20  animal morbidity and mortality due to infectious diseases. Thus, there is a need
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for new antibiotics. As mentioned above, Streptomyces, and other microbes,
produce secondary metabolites. Many of these secondary metabolites are
natural product antibiotics used in human and animal health care. It has recently
become possible to use recombinant genetic techniques to modify the metabolic
25  pathways of microbes to result in the synthesis of new naturai product
antibiotics, often referred to as new natural products or non-ﬁatural products,
having new activities. A limitation to this is, for instance, the need for
appropriate vectors to carry large DNA fragments, and the ability to efficiently
move DNA into appropriate hosts (see, for instance, Cane, D. E. et al., (1998)
30  Science, 282, 63-68). Thus, there is a need and significant advantage to
developing genetic techniques of microbes that synthesize natural product

antibiotics.
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a recipient Actinomycetales microbe forming a second mixture and incubating the second

mixture at less than 28°C, wherein the donor microbe contains a coding region encoding a
marker and the recipient microbe does not contain the coding region and detecting é
recipient microbe containing the coding region, wherein the detection of a recipient
microbe containing the coding region indicates the phage is a transducing phage.

25 Yet another method of the invention is a method of producing a transducing
particle by combining an isolated transducing phage with a donor Actinomycetales
microbe to form a phage-donor microbe mixture, wherein the isolated transducing phage
can transfer at least one nucleic acid fragment from a donor Actinomycetales to a recipient
Actinomycetales microbe at a temperature of less than 28°C, with a frequency of

30  transduction of at least 107.

The invention is also directed at the transfer of at least one nucleic acid fragment
from a donor microbe to a recipient microbe comprising of providing an isolated

transducing particle comprising at least one nucleic acid fragment from a donor
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BRIEF DESCRIPTION OF THE FIGURES

20 Fig. 1. Phage susceptibility to UV irradiation. The log of the phage titer
is plotted versus time of exposure to UV irradiation.

DETAILED DESCRIPTION OF THE INVENTION
The present invention is directed to isolated transducing phages and
25 methods of isolating transducing phages. The present invention is also directed
to methods of using phages including, for instance, transferring at ieast one
nucleic acid fragment from a donor microbe to a recipient microbe, and
optionally producing a secondary metabolite from a microbe. The traﬁsducing
phages can be specialized transducing phages or generalized transducing phages.
30 Preferably, they are generalized transducing phages.
A phage can include a phage nucleic acid fragment (i.e., a nucleic acid
fragment containing at least a portion of a phage genome) wrapped in a protein
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herein, a transducing particle contains at |east one nucl Sy
fragment derived fromthe host mcrobe. This distinction is inportant with

respect to the discussion of 10 superinfection killing herein. Thus, as
used herein, the term phage is used gegerrcally to enconpass phage that
contain a phage nucleic acid fragnent (r.e., a phage particle) or at |east

I d
artioley. TreRs AR e Sa=iB e A S8 P pAREob s 42 Lo ™0

aci d fragnentphagéadmtaarmleroenecemlmr;@aemtbﬁmeb&thﬁ@d&%mbent of a host
mcrobe nucl ei ¢ acrd fragment from a transducing partrc[‘e Is said to be

"t ransduced, n%tf'dl“ paid ﬁre@@rmé@o thegniceqbial gelhsThg phegeavsigisoacihfragmemiser
e osdi ati on, TEp Wiped: dpd 8 eIJD t?é‘rg%séi]‘tﬁﬁ F&ﬁg@%ﬂot E‘iﬁt‘%ﬁﬁ\;\/ of exposure

I rradiation. Tﬂelo 1epaget|t

to WV irradi a!mMUODETAbWEﬁagBEméTimﬁE plﬂﬁ deliﬁhﬁin@ﬁhlﬁ&s ap¢ esent
i nvention is recte lt o.isol %%gvt rans cr n p es and 25 net hods of
i solating tr fﬁccfaﬁ BREgREr treot apgislegar ected to

met hods of  ustdhgdRihaOsatitls doHind @ nuf:l@fc dcﬂﬁfr@!ﬁfeﬁt othé AR £ %udl 1cI east one

Pl
nucl eic acid fragment froma donor m crob to a recipien crobe, and
optional ly pr%‘ T Se (‘yaméﬁm'bnttf@nfam:mmhﬂ OPte seddnel t r ansduci ng

phages can b %&E&I g pha raIr d transducr ng :
phages. 30 Pr e a?ﬁélée‘ﬁ) ge’nera Q g@ p&'&ﬁ% q‘h@"% ta phage can
i ncl-ude al®hdge., nubbsamtmdudi:afxrmmﬁﬁdfmg:ﬁemﬁamrtuéih(%tﬁnélﬁbé fragnent

containing at |lea ortro phage genonme) w.apped in a protein 24
Sept enber 2003 V\t!)s%fél g’&? ezwrale%%m dcipg phage, thehages are not

capabl e of grﬁatetbauia&hgﬁe ?eraﬁhﬁ!mﬁﬁéd 2 @ﬁ;&é 0 a microbial
cell via the proteins in the goat and 1 n e%ﬁmaﬁ oo elrc a&cr d fragnment
into the m crdsBemgnt %@SIOfthﬂ&enmedéNﬁlmbsenUnam dbnbr, agcmﬁngxmte fipi cat ed,

transcribed Kol roduc rote r the 5

producti on of new %ﬁesé@q%}%tr ?egdfﬁ gmﬁ%? ﬁ”&@ ng phages are

phages cabfabltmnsduciiesiiags,ithonicisic aa:p&agmém@eersém@ﬁ e&ans@aang;s&%claf particle.
contains a _nucleic acid frah?rrent ot her than a

a transducin ticle,
phage nucl ei Jgpgiaz'-[ YePrginaieseFam ope specifi apraof dhegenemie B Agresant intlym a host
m crobe. The gggpnd type of particle, a phage particle, contains only a
phage nucl ei c acid fragnent

A transducing particle can be produced naturally, i.e., it is the result of

[

the infection and subsequent lysis of a microbe infected with a transducing

20 phage. A transducing particle can also be produced using artificial methods,
including, for instance, in vitro packaging of fragmented genomic DfJA. As
used herein, “isolated” phage, phage particle, or transducing particle refers to a
phage separated from its natural environment. Preferably, an “isolated” phage,
phage particle, or transducing particle is a phage, phage particle, or transducing

25  particle that is separated from microbes and other phage, as opposed to
essentially free from agar, cellular debris, and other impurities.

The phage of the present invention, preferably a generalized transducing

phage, can transfer at least one nucleic acid fragment from a donor microbe to a
recipient microbe. A recipient microbe that has received at least one nucleic

30  acid fragment from a transducing partit:le is referred to as transduced. A
“bucleic acid fragment” as used herein refers to a polymeric form of nucleotides
of any length, either ribonucleotides or deoxynucleotides, and includes both



10 (i.e., it does not include a nucleic acid fragment fronmi t%egteﬁloefzom

m crobe). wikhaemssadze transduci ng phage is a generalized tranggpgkighphage,
the nucleic acid fragment present in a transducing particle can originate
from different areas of the genom c DNA present in the donor, or can
originate froma plasmd present in the donor. Wen the,._L_r.ansduci ng phage
i's a specialized 15 transducing phage, the nucleic acid fragment present in
a transducing particle typically originates fromone specific area of the
genom ¢ DNA pr t ' roduced
naturally, i. (ﬁ)ﬁﬁrg anh@m?w re@é@NAfA(b&?]%gﬁ%? ?P%daﬁhgbé%gd&ﬁglﬁg | ysi s of
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al so be produce using art,fi thods N ntfuédl ng, faqr instance, in
vitro packagi ri’& gen-¢ goagy °c° bigiged digectly mapalsource {x8.at ed"
phage, phage F&%ﬁ:fo%)eor&hb%? %agtheardtdfeéc%mbﬁiaﬁf dss/amﬁucphage separ at ed
fromits natural environnen Preferably, an "isolate phage, phage
particle, or ttechniguesci ng part | cI e [ s a phage, phage part icle, or

transduci ng 25 particl fr cro d ot her phage, as
opposed to essentlg %F } Yeaeudf g@%"r%ﬁé“r t&%eﬁ'? ﬁ

inpurities. Theaphipganet ofllagstnﬁmect depfél’drmy ﬁ&h&i@ﬁ@bb&c@s gtemer al i zed
transduci ng phage, can transfer at | east one nucleic acid fragnent froma

donor ni cr obe IREEasing order pt eraterence.lewdhanabpuiciBiCclass thaw rlae 28 Hadeshas
received at | t bAJ U g_umg geparticle
is referred tgﬁaglsab%z?r%g%’ﬁigaé&sﬁ&n ﬁh%lg ?ﬁ?g Bzr:tggrreﬁﬁﬂzeqas use ﬁerei n
refers to H pdhetemperatufeoat whidh tnansdmmndemrs ivabautyl 6f@nFhejovei t her

ri bonucl eoti des_or deoxypucl eot i i ncl udes bot h 24 Septenber 2003 WO
00/ 58482 7 PCTTTSHSE %’ g S@%Wéﬁ‘ﬂﬁ’éﬂmﬁﬁﬁ? ¢h genonic and

pl asni d) and tﬁaqhendpub&ﬁmd@ﬁdmsmgbﬁn@tdf@rmgg%u&@eﬁisuﬁuﬁah,eotide
fragment may include both cod |n‘% non-codi ng regions that can be

obt ai ned di r ed¥¢frably genesalized ugm aleingreasgd ﬁeqle@nme@atﬁ)@;npemturg gh be
9% eved

prepared wth l o; synik >

Significantly %n E‘%g’f(,o&asb@% 1eJ pvgage of 't ~§‘%‘r583e aven t ransduce

at a terrpetSatuhﬂthsfdeblesﬁdtdmperét&@ofmnﬂlumﬁ@nabﬂwemdpﬁphnmfmm occurs at,
ss than. aboy han about

in increasing aqrder fer en t 2
25C, |ess g’ﬁmﬁ YS‘Q’\? echion E’ﬁ’? fransiiised resipient. ﬁﬂ"?’-’én &®ed that
the lower | I Mdecredse 46 e}mﬁcﬁam@mm&l? s@periticidh kIS thé ek @ibRd PEfeH. S 1S

about 16T, The | ow erature i s advant ageous because it allows a
significant incr eag‘ W the phage of the present invention transduce a recipient

microbe at a frequency of transduction of at least about 107 (i.e., one transduced

o~

| =

20 recipient per 107 phage). “Frequency of transduction™ refers to the number of
transduced recipients (i.e., transductants) per phage particle after exposing a
recipient strain to phage. Preferably, transduction occurs at, in increasing order
of preference, at least about 10, at least about 107, and at least about 10, Itis
estimated that as high as about 10~ can be achieved.

25 Preferably, the donor and recipient microbes are members of different
families, more preferably, members of different genera, even more preferably,
members of different species, and most preferably, members of the same
species. This is referred to in the art as having a broad host range.

Preferably, the Families are of the Order Actinomycerales. Preferably,

30 the Families include Mycobacteriaceae, Actinomycetaceae, Streptomycetaceae,
and Actinoplanaceae, more preferably, Streptomycetaceae. Preferably, the
microbe is a spore, a mycelial fragment, a germling, 2 protoplast, or mixtures



frequency of transduction. The ability of the phage to cau%“esethcé‘?'Ps‘?H%%q:‘i on,
pref er abl woemssasy | zed transduction, at increased frequengj&%ﬁ%mﬁm -
tenperature of |ess that 28C was unexpected. Wthout intendin 0 be
limting, it is believed 15 that the decreased tenperature of transduction

causes decreased superinfection, particularly superinfection killing, of a
transduced recipient. O her nethods to, decrease superinfection,
particularly superinfection killing, are described herein. Typically, the

phage of the,prese i nvention ir ngg#ﬁe recipien .Grohe at a frequency
of transductF fogf ygg%otmg%tg}gf%i (gr&g_agggﬁaéx?qn&ggée uced 20 recipient
per 10" phaggyceliaFfregtencya pirtibh anthiklament. A geilingtioa bpte tarker of
transduced recipients (i.e., transductants) per phage particle after
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In increasin : ﬁfr%} 1hs | east about
10"5, and at gqog%s egﬁaﬁﬁ%é@}féﬁ:ﬁ%fﬁﬁeﬂ“ t%@t&?ﬁg‘f as hclag?])eas about 10'3
can be achii etraubdu@il tyrthd phiagb ke, SitdpeomcnoandaSutchaop@ysora.nExangiesofar e
menbers of differen fam,ies, rmr.e‘g g%rer?q%y, rre?.b rssgf di fferent
genera, even Ers She.geaus Sirgpromyesiaiude syrepfanpiescaelicolar, SEEPIomyEeS o s t
preferably, RBABAY StrBbroiPes SéMBuelaR 8l Sﬁ'eptbr%j/&s'a?eﬂnﬁfi&f. r &l eknpldof he art as
having a broad host range. Preferably, the Families are of the O der

Act i nonycet amembessrofther gephsSaccRyopplasmoaaindiudss Seechatwolpatact er i aceae,

Act i nonycet ageg& eaStreptorrycet aceae, and Actinopl anaceae, nore preferably,
St rept onycet Gt g ‘Preferably, the mcrobe is a spore, a nycelial:

fi ;J'gmant ,10a gen/nl H‘ﬁgpha’gcmfﬂie%wésaﬁl]{invmﬁoﬁjpﬁfw&ﬁy Qgexﬁﬁﬂl izedlr’&alisdﬁﬁﬂ@l I WO
00/58482 8 PCT/USOQ Q7771 thereof, Many Actingnycetales  naturally grow as
a filament oPhags ¢ eAsolﬁswr?%lb%gﬁﬁéﬁxplw B i PN | | anent. A

germ ing i SyamSPRicfobk Toimibs s iRE phibd-AraR Hixhat hAirRbaARb e firded by the

appearance of germtubes on"a spore. Preferably, nenbers of the family
St r ept onycet phaggemictnbe nuixtirsie form pinsdlasgud coyprisiog piragsduging pBegeept omyces

St ept omyce Erigant B et SpRim T s B O TPl REABNETC oo e
and St r epiSoNYsrafed by @id PHapé bbthe presentanfention bre digabetusbidf Al plequeasies

Sacchar opol yspora 1 ncl.udes Saccharopgl yspor,a. erythraea. . 10, The phage of
the present ihaR4Fes dYPicahly DUERQIDPGESEATHE Hbg §ﬂl}dz‘¥§e‘?]¥'§%‘8ﬂ9ﬁ?gl°gﬁﬂ4gge, can be
i sol ated by goghini %inﬁﬁﬂgg afPE A Aichshed. T Bﬂﬂ“g PhAdgIscWM th a

m crobe formng a ’fclagbéﬁ. ag t?m c?o%le r%il% ureggn in %gti ng ts?lg first
phage- m cr obeomhintuniysed midrohestizat iayor nplyagt be indented withhg phagermamlettuci ng
phage. acid fragment. The lysed microbes have been lysed by infection of a phage

20 nucleic acid fragment, subsequent replication of the phage within the microbe,

and then release of the replicated phage into the surrounding area by lysis of the
microbe. Typicaily, a plaque containing predominantly lysed microbes appears
to be clear (i.e., no microbes are visible), while a plaque containing unlysed
microbes appears as turbid (i.e., microbes are visible). The invention is further

25 directed to a phage prepared by this method. Preferably, phage prepared by this
method is an isolated phage.

The microbe that is used to isolate a phage of the present invention can
be chosen from different families as described herein. Preferably, the microbe is
an Actinomycetales.

30 Typically, a source of divalent cations is present during a portion of the
incubation of the isolation process. Preferable divalent cations include transition

metals and main group metals, and more preferably, calcium and magnesium.



Preferably, the incubation tenperature is |ess than 28C. THTRLMEr 290

pl agues 15yv6H@usme: by t he phage of the present invention ar ePC(‘]J,@sq) pelan
turbid. A plaque refers to an area, typically but not necessarily in a
solid or sem-solid bacteriological medium containing phage and |ysed

m crobes. Typically, a plaque will also contain unlysed_m crobes that may
or may not be infected with a phage nuc%el c acid fragrrent “The |ysed

m cr obes have been | ysed by infection of a phage 20 nucleic acid fragnent,

subsequent r [ on t he h|n t Rl crobe then rel ease
of the replic 5%‘% a9 &Dﬁ?’%aFﬁng %ﬁgglﬁgg, Wﬁgﬁb&aﬁfp%ﬁx@ ni cr obe.
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clear (i.e., ,no mcrobes are visible), while a plaque containing unlysed

m cr obes appé’&?‘%ﬂcﬁssoﬂu?’ﬂ?’él ofgames mategidl, dasempasiag QraaNIsIEateriakos | nvention i s
further 25 diyggh R bly, phage
prepared by t‘{n S %Sel%gg mlagﬁgﬁ |SOP§%§§%§52‘.’&FM m cr(%{)e&)f %’? Is used to
i sol at e a phab imfludek soip orredernid asiiemoreqeferably, bal.chosen from di f f erent

famlies as described rein. .Prefer e mcrobe i a

Actinomycet al es. ﬁ%?ﬁ%ﬁ ﬁ}el i§platip ?fﬁﬁéﬁ{'ﬁl“ Fﬁaﬁ?ﬂlg%‘?ﬁﬂi‘&%&g?’g% esent
during a portﬁtﬂd%pﬁércbhgydnbéibﬁ%%bﬂfb @hﬁ:ﬁag&maﬁiﬂ@a}n@iﬁﬁgﬁs Preferable
dival ent cations include transition netals and main group netals, and nore
preferably, erpligedamasdvaing obrgawitiva ngeiobe nbor inston®, SpapinEdes? 9

PCT/ USOOlO?? %@% xﬁ%@%tﬁo@%@e,%aﬂﬁﬂlﬂbd% "E’é@.ﬁgn%%' ng “lg ?%é"ﬁh{%@ttﬁf erably a

generalized t uci ng can osphere and

hydr.osphet@, phagd prtifergbly haoil sampleanitiea dﬂmﬂt,prw@fabw memgaglmtdmberl al ,
deconposi ng 3{} anic material, or _volcanic ,ash. Preferably, a t r ansduci ng

phage is obt A sk and remoKinaspanticlps Wﬁlhear‘ﬂ%rlthﬁb@c%?ﬂe Bartigles cani ¢ ash,

mor e pr ef er alfeyieS@hs the PRAJRAR bk Yemd A byS Rrdhdiide bR REhih gﬁﬁ-z separating
t he phage from?he |tehosphere o?mhydrﬂgzpﬁere ?I or to corrbl ning the

sanpl e cont al'lmeﬁgmale cge he fugthep mnipnlatedda cemeve wPrefdmabdy,ni cr obe. For
I nst ance, se f.rom sphere cap inclu conbi ni ng
a sanpl e con?%f:f]oﬁ) Q&Fﬁ‘gﬁ%’fa?ﬂxﬁg?m&é& f’é%ﬁ? mg(gl f>e °§H§? ?ﬁ Ya dil uent,
preferabl ¥5 i ndtiingian @rgsdicssolvehn) pfefiriblst chloddfoyn, a0 dhd Saifplié mta%ﬁﬁg thel es t hat

are heavier than the phage. Particles heavier than the phage can be
renoved by, fRbpss- nstance, centrifuging the slurry. The sanple can be

further manipul at q%eagblétﬁmahm&m@aﬁde@g&@n%@g?o gy*ﬁle%éag f&t&gremved by

filtrati.on. Alternatively, m crobes can I ng an organic
sol vent, pr efthe plisigg fon &e plagnerto form isedatedipipige. Eoninatanéenthetphage can

be separated from the plaque by combining the first plaque with a microbe to

20 form a second phage-microbe mixture and incubating the second phage-microbe
mixture, preferably at a temperature of less than 28°C, to form a second plaque
containing a transducing phage. This step can be repeated as many time as is
necessary, preferably about three times, to form an isolated phage. This process
is typically referred to as plaque purification.

25 An alternative method of isolating a transducing phage includes isolating
phage DNA from a sample containing a transducing phage. This DNA can be
combined with a microbe to form a phage DNA-microbe mixture and incubating
the phage DNA-microbe mixture at a temperature of less than 28°C to form a
plaque comprising a transducing phage. Preferably, the microbe is an

30 Actinomycetales, more preferably a Streptomycetaceae, most preferably a
Streptomyces. Preferably, the microbe is a protoplast for this method of

isolation.



phage. The isol ation nethod can include (and typically doe¥' TREH§EFO03
separ at i ng W@ R¥58Bge fromthe plaque to formisol ated phage,. For instance,
the phage can be separated fromthe plaque by conbi ning thgcﬂqsg?/”"ﬂphque
with a mcrobe to 20 forma second phage-m crobe m xture and i ncubating the
second phage-m crobe mxture, preferably at a tenperature of | ess than
28C, to forma second plaque containing,a transduci ng phage. This step can
be repeated as many tine as is necessary, preferably about three tines, to
forman isol ated piragser I : | I cal referred to as plaque
purification. 25 An .aﬁtﬁgﬂgﬁe\%&ﬁgt gélhg?t&l}l{s%oﬁlgf'ilhﬁﬂ;ogmgﬁ%%ifﬁt phage
i ncl udes i sol 0% Wlel%mémﬁﬁmdommﬁb@b@mﬂ,&;{g,’geﬁgm%r nsduci ng phage.
Thi s DNA can p?efrﬁ@?%@ﬁd vvit& a.nmcrobe to forma phage -m crobe
m xture and i ncubating: “PHE PGP AT Ackinemecetalss, mors prefesablyeaper at ur e of
| ess than 28CStreptbmpderdvead) nasit) ) §j a in age. Preferably,
SRR & S forihcel. SR I L BAEE o

the m crobs i age 30 Acti nonycet al es, nycet aceae,

nost prefe abﬁ?ﬂs T inglydes Eanﬁpbt@mbt@pmghﬁrﬂdefdoﬁ?ﬁsinga%ﬁfe% opl ast

for this nethadd ahomé ' 4 t er 2003 WD _Q0/ 58432 10
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transferring withReepientonierabetd isait BCA Shrkd -é;g.ggg}ﬁen%gg,r Mmcrobe to a
are /gk?i nonycet al es

reci pient mec & (F_irégfera |y, the donor and recipie
more prefera Can ?Eﬁ'ﬁngéE%P%@aﬁmplﬁmmcmbehﬁxmtﬂimﬁaﬁdg eptonyces A

met hod of sucpreferddlyt &tanehmBérai r ¥k i an_isql ated .t ransduci ng
particle (Srrpqlrsri_si ng)ta nucPeriat:u%:%fél %?a?lgg%n%&??%?bwaﬁ?éfe%@‘obe. The

" transduci Ny pEIFobet whers theyeansduded mevipiensintitroBe saiind £RlcldfE 5qbe to result in

a transduci nggpatdl - Ipient mcrobe mixture, and the transducing
particle-recipi ene{n{ ?nblgrtéggblp r)‘(”f‘fff’g‘]"i vanagn is fyrtheralingetied tag macrolper at ur e -
of | ess than me@redhy thisrmethod.r ansducnd recipient 10 microbe, where the

transduced reci pﬁg%c{imont ains a nucleic acid fragnent fromthe
donor microbe. Th ? ferringan least@ing eudleid atid fagnicsr @RduriRrepar ed by
t hi s met hod. iﬂ'&l@ddieaamgggf?eﬁﬁme [ t least .one nucleic acid fragment
can further include reducing suﬁé?%ﬁ%ﬁf@ﬁ%?@"gﬁﬁﬁgwf@%peri nf ecti on
Killing, of tRasdpsed regipiehisuctobe cSypesinfictitings f@hﬁns‘ﬁéaff&%i&ﬁ 99,97 a

| pi ent containing a nuclerc acid

(ragrent ot & DRA3 Bapbd e hbieherd ool aehesoraigommi o
t ransduci ng pacfeicabﬂ.ﬁdﬂn&nﬁﬁeﬁﬁn%s&fcidﬁjﬁ&ﬁﬂ%e presence of phage DNA
' from the phage particle will typically result in lysis of the recipient. This is
referred to as superinfection killing, It is advantageous to reduce superinfection, |
20  preferably superinfection killing, of a transduced recipient to increase the
frequency of transduction.

Superinfection can be reduced by treating the transducing particle (which
is t}*picaliy in a suspension containing phage particles) prior to combining it
with the recipient microbe. Preferably, the transducing particle-phage particle

25 mixture is treated by exposing it to ultraviolet radiation. Without intending to be
limiting, it is believed that the ultraviolet radiation inactivates the particles
present. Since there is typically many more phage particles relative to
transducing particles, more phage particles are inactivated. In general,
appropriate conditions for using ultraviolet radiation include the time of

30 exposure, the distance of the particles from the ultraviolet source, and the media
the particles are in. Such conditions vary but can be easily determined by a
person of skill in the art. Preferably, the wavelength is about 250 nm to about



fromthe phage particle will typically result in lysis of Frisrembept @it |
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transduced recipient to increase the frequency of transduction.
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the art. Preferab t he eI h 1.S.a 0 nmto about . 24 Sept enmber
2003 WD 00/ 58 Jﬁ‘*‘ﬁ@?}’ lﬁ‘ﬁffﬁﬁ raeiRagetis 3l v about 250
urn to about Z6GTAM PPe’f&EBlﬁratBb kfhelétbﬁsa's&k@é‘ﬁfélﬁ‘até %uap&%dﬁnﬁcmec ne/s to

about 2 mMWcm|s, and nore preferably it is mA cni/'s. Superinfection can
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three. An isol ated tran cin partlcl e that includes a nucleic acid

fragment froma g pasicle bebinpludesynusisieacid memedds. For
I nstance, an ﬁ{éﬁﬁ | an be
conbined wit hﬁg&giodﬁggpm%?%agmgggﬁﬁﬁ gsﬁfﬁ%e hlgrﬁ& m crobe’ arrl1£:xt ure. This

phage- donor nisolatdd@hage, preferably a transducing phage, can be combined with a donor

microbe to form a phage-donor microbe mixture. This phage-donor microbe |

20 mixture can be incubated, preferably at less than 28°C, to form transducing
particles. Alternatively, a transducing particie can be produced using artificial
methods, for instance, in vitro packaging. Preferably, the isolated transducing
particle is provided in a suspension of phage comprising isolated transducing
particles. In general, the higher the concentration of transducing particles that

25 are combined with a recipient microbe, the higher the probability of forming a
transduced recipient microbe that contains a nucleic acid fragment from the
donor microbe. Preferably, the concentration of the transducing particles in the
suspension of phage is, in increasing order of preference, at least about 1 in 10®
(1 transducing particle in 10° phage particles), at least about 1 in 107, at least

30 about 1 in 10° at least about 1 in 10°, at least about 1 in 10*, and at least about 1
in 10°,



20 mixture can be incubated, preferably at |ess than 28C, o cPEPher 2003

t ransduci jcles. Alternatively, a transducing particle can be

pr oduced [}g?r‘iég}g%?% ificial methods, for instance, in vitro K Y1
Preferably, the isolated transducing particle is provided in a suspension
of phage conprising isolated transducing particles. In general, the higher
the concentration of transducing parti g%es that 25 are conbined with a

reci pient mcrobe, the higher the probability of formng a transduced

reci pi ent mcrobe that contains a_nucl gi c acjd fragnent, fromthe donor

mi crobe. Pref er abtymudlgigad prytdiomyh deporRiCTabe SATERTEAIR § NBRIPHIEBes in t he
suspensi on ol HHAGE.olithe ridlod S SR GeRbH U ahixkie i8R Chrefddbl), gASt about 1
in 108 (1 trr%gzs uciongggaéri?llicl e&i}ﬁ 10_§ phagrg part‘?c es), até%e%st about |
in 107, at | aacleic3iddfvagment from 21d®8or microlea sichues attledst bme d@ling meioheast about
| in 104, and at ,least. about.1 in 1p' . .24. Septenber.2003,WD 00/58482 12
PCTI USOD 0771 RATRIFEPE BATEr ABR NS R BRI 38 Ran contai n a
non- codi ngs ﬁ;@gg@ﬁﬁde@uﬁﬁﬂwﬁlﬁmApﬂh@fplac@niﬁdlepmewﬁﬂﬂ@rapﬁbpmm xture

t hereof Preférably, the nucleic acid fragment froma donor m crobe

i ncl udes at [regadatoryrsequssees{e g e grampter) AThe emnsigriesefianedinggegion@itear f or m of
nucl eoti des t ﬁé i l.cal: BEL . ey ltl:aan .2 MRNA, when
pl aced under g? e %ﬁ%‘%ﬁégf app%g%%%ﬂ%ggﬁg’t%%n@gg‘ence%h%. g., a
pronot er). Thepaodon atite? emd, ona aabcriptiorad stan site et thgfreadahd y determ ned by a
translation start codon at its 5 end.and a translatjon stop codon at its
3' end, or -aWﬁ%WfﬂPPB?%D%?WCEPP ﬁ%ﬁé‘eﬁtmﬁﬁo‘“’aﬂd a transl ati onal

stop codofpor a trﬁé‘@&ﬁﬁ'ﬁbﬂoﬁ%’dye‘ﬁ&&i@aﬁi&lﬁ;e%ﬁdé@@aéénsﬁn}ﬁ-(i.épaﬂﬂﬁdi ng region -
may encode a pol ypeptide or a transcript"(i.e., an R transcript) that is

i nvol ved i n ttfaasenipt thaids involved imibe sydidsiseot aonétpbﬂl'st@@ppbm@tidhathat i npart

antibiotic resistance or_catalyz nt hesi.s of an.antibiotic (e.g.,

| i nconyci n, 6’rnp?"itt1a§u PR rnefl.s °%%’§%‘%@??@§SFE§‘F%8§%%%W (ér?fg’c‘abol ites
(i.e., the pincokigtis, errifimpeinyedi mdisiiliod inghydes prdhyryRdtatioditdsqi.aatheway) , and
secondary 15 netabolites (|.e.,, pr.oduct stag)reg‘{:gt rnmedi ates of a secondary

met abol i ¢ patPEREFTs or intermediates pf adrimary mg . W%X)h‘%’él;ﬁ“‘Mﬁ]é‘!'Yudes. primary
met abol i cypathuayaiic@ntle., ﬁg&?&;ﬁjng iﬁtg{ﬁ&ﬁﬁ% bfa BRbIMRY RetaboliPIwap!L | de” as

used hereln refers to a olyr f am no aci_ s and dqes not refer to a
speci fi ¢ | engisnsed herep ('matsbolisf pathwayth inchaded printimetabolic pathwyisendt he t er ns

pepti de, ol igopeptide rotepn. 20, structural protein.(e.q.. .one of several
pol ypept.i des%%@%ﬁ??%pipéﬁggﬁ%l%%?lyg?gld?nﬁwggglqrﬁg&?i@ead wi thin the
definition ofpop@hetRf Biniriracidd 208 dyRept teler to&a'?ediﬁc lehydl ofagolymserdfg. , the

o :

catal ysis of a _product _or internediate, or t . . .
amino acids. Thus, for example, the terms peptide, oligopeptide, protein,

20 structural protein (e.g., one of several polypeptides in a multimeric complex)
and enzyme are included within the definition of polypeptide. A polypeptide
can be involved in, e.g., the catalysis of a product or intermediate, or the
transport or anchoring of a product or intermediate. A polypeptide can also be
involved in, e.g., holding a multimeric complex together, or post-synthesis steps

25 ofaproduct, e.g., transpost of a product.

Using the methods of the present invention, a recipient microbe can be
transduced so that it expresses polypeptides not produced by the recipient
microbe prior to transduction. Alternatively, a recipient can be transduced so
that it expresses a polypeptide in different amounts (increased or decreased) than

30 the microbe could prior to transduction. This method is expected to allow the
construction of microbes that have altered metabolic pathways. This is
sometimes referred to in the art as “metabolic engineering.” For instance, the



transport or anchoring of a product or internediate. A pol¥peBiTHe 2R also
be invol wedobrgsge. 9., holding a multinmeric conplex togeth

post-synthesis steps 25 of a product, e.g., transport of a%ﬁrgg{ﬂ%ﬂ?w&i ng

t he met hods of the present invention, a recipient mcrobe can be
transduced so that it expresses pol ypeptides not produced. by_the recipient
m crobe prior to transduction. Al ternatli vely, a recipient can be transduced
so that it expresses a polypeptide in‘different amounts (increased or
decreased) than 30 the.m crobe.could prior t ransduct.i on. This nethod is
expected to a?ﬁggu%eﬂéem%]_slf'fﬂlﬂ?@? FWISEU%aﬁ%O@“‘E’ Aaecondary BRI et abol i
pat hways. Thi6r 4 polyeptid strRHfféehtasved &ith& Higher BEloWet, thh is gﬁﬂﬁ@é& Bf

engi neering." For instance, the 24 Septenber 2003 VO 00/ 8482 1

PCTI USOQ 077 7the gscipient weisdbe prenip &apsdyrtions b nealimiting exarepla ofthisisdhd t e, a
secondary netghabi . | Li.ferent Aevel  .egither higher
or lower, than Is %@33&%2@%@8It‘%/ﬁlgm}dggﬁ%?éesﬁ?le%e%roog%&%r(#o&'eftu&h{sr ansducti on.
A nonl i i §i nigansshaoey recipienttprodncing indaeased leaels dfiadetyCoaf it & faABérPI ent to
produce increased |evels of acetyl-CoA. _.In i|s 5 transduced recipi ent

pr oduci ng inc‘f"é’ﬁ%’@% aE@&IaEIOB’FtSQ%‘PWQ%fAnPtP{“QEC Fefivyaye that usegsetbd t hat t he
amounts of progA&HB beindi®@kapol i ¢ pat hways that use acetyl- CoA wll be

i ncreased. The present invention can be used to transfer at |east one

nucl ei ¢ acid fraghienressphiny¢ntion gambeusgd hytrawsfiirahleadi ahe audieidesida mar ker ,

including, fog %9 &I one. that can conpl enent a nutation present in a
reci pient or ‘e oeélgs a%ﬁlgﬁtcf)glingﬁ%?n%teeﬁm %%#ertwg‘]ﬂ-‘l‘d% ements a

‘nutation 16 texanple onethat @nompRéient LMlitatibh pfeRER ¥ rdchifert bABRBUSS | on of the
mar ker occurs at a, frequency that is greater than the normal nutation rate

(i.e., rever SAARtPIOEGY ) %kerath%mekmmﬁ@rmw@@mﬂsaanﬁsnm in the
Exanpl es, t hereipieat, predirably IRHEASHuchbn bifhe Mlkel 3l ALd £ ughlyndeet P et

strainis <l in 10+r0, and the t_rans%uct I on. l?requency o%h functional arg
mar ker i s gr ezxeater thimthe mhonal sutativngate (ke aestsipn fldqenbyrfons marker.of t he
present inveng] s directed to nmet h of praducin roduct or an

i nt er medi ater%*'%ga&r@lca%so P‘é’nb‘ﬁtﬁlﬁ\éﬁmﬂeﬁg&amﬁﬁé’% que ?8?3{‘)3&53" y, the nethod
produces 5 seanoated i ametipleat étatn isR16h @03 hid thetRndBen B8ndRe) 68CT pi ent are
Actinonycetal gs, . nore preferably a_Streptom/cetaceae, nos preferably a
Streptonyces.fa?‘l"%’ﬂﬁé‘i"ﬁd@%?“i)% the reyesdercfregienesh i nternedi ate of a

met abol ic pat hwayAn&ﬁ&.fa%;e@p&% ‘Eﬂﬁg@f . ot a mcrobe is
simlar to the nethod of trans‘fa%rrgge%ng a (%ﬁelas o%etlor?srg?t{eﬂl;(gg}aci d fragnment
from a donor produciigsa product or an intermediate of a metabolic pathway from a microbe.

Preferably, the method produces a secondary metabolite. Preferably, the donor

20  and recipient are Actinomycetales, more preferably a Streptomycetaceae, most
preferably a Streptomyces.

The method of producing a product or an intermediate of a metabolic
pathway, préferably a secondary metabolite, from a microbe is similar to the
method of transferring at least one nucleic acid fragment from a donor microbe

25  toarecipient microbe, as described herein. When producing a secondary
metabolite, the method can include providing conditions effective for the
recipient microbe to produce the secondary metabolite. The secondary

“ metabolite produced by the transduced recipient can be produced by the donor.
The secondary metabolite produced by the transduced recipient microbe can be

30 produced by the recipient microbe prior to transduction. Preferably, if the

secondary metabolite is the same as one produced by the donor or recipient

microbe prior to transduction, the transduced recipient produces a secondary



25 to a recipient mcrobe, as described herein. Wen produ%‘}%‘é’t"é“@eé%%dary

met abol i t exyd hgsgg@t hod can include providing conditions effective for the
reci pient mcrobe to produce the secondary netabolite. The S&dGHRYYPIF7!

nmet abolite produced by the transduced recipient can be produced by the
donor. The secondary netabolite produced by the transduced_reci pient

ot

m cr obe can be 30 produced by the reci p&;nt m crobe prior to transduction. .
Preferably, if the secondary netabolite’is the same as one produced by the

donor or recipient.. mcrope priqgr to transductiQn, the transduced reci pi ent
produces a seg’ﬁﬁ’g%]r‘tﬁa@ﬁ[‘lggﬁtlg‘%g?méﬁﬁ@dm /%%8@?’@4 PUSeq 07771

net abol i te at rRipind REErobEMIr tb Bafsdugrig. oduced by the donor mcrobe or the
reci pient mcrobe prior to transduction. Alternatively and significantly,

it is anticipated fAliematvely andsigrdfcantly: iniés angicipsted that theemethods ofithd  al | ow f or
t he productio ndar. tabolites.that are not  produced by the

reci pi ent mi Cﬁrgg%lt %ﬁ%@?ont%mtagféﬁvzﬁﬁhei%ﬁd 0%99§eﬁ8n g}ﬁmﬁpﬁﬁcﬁﬁ'@?mp_ e., new
secondary get ahgiroduesd bjNbe/resdsiendaicyobeRiidb e trdrsuction op by &k donef erred to in
the art as new natural products, or _ngn-natural products. The concept- of

t he product i oRigPbes beoRchssFoRdary mstabolites: Negw sgeandaryrmespbalitescare pfien he
recipient mc [ i Voo Jl "gﬁﬂ.ﬁE LCrabhe 1's
typically 10 ?éef epﬁgwggﬁﬁgéﬁg%gﬁafg%ugﬁbﬁn%&tﬁﬁ a |g§gﬁit- esis. The
present i nventemseptiod thel grodictian efisdegndane nfetibblites tigt ap¢aosppeducddibyithe t 0 be
understood that.th articul ar ex Les, .materials, apounts, and procedures
are to be infeé}pber"gf“g ° MI@/“P?F@E‘E%@%&@CWQ%W‘W@%W@% spirit of

t he .i nventigonref@fed6 in fhe biths BomBinAtorihPhibyMARES These exanpl es detail the
i solation of the first generalized transduci ng phages for Streptonyces

coel i col or, the no&le preseat ingentiop ipdlustrated by thedpllowng examples. Bfis toHies

| nportant bac ' ' ' lze from20 approximtely 25
kb to nore th%c{eg%lL %%ﬁ%{?eepaseﬁggﬁsﬁ}%&?gghs ﬂﬁﬁ%lg’aéﬁ%uﬁ%se P'B%P TOCHErReYs at
frequenci es f toomif@ipréted bdadlyrin asdudince withshagepps & spirigettle mventionnce

mar kers were transduged.from |l ocations around the entire chronosone.
Co-transductiﬁshsef);) B markers predicts linkage that is in good
agreenent 5w th data obtained from genetic mappi ng by conjugal -mati ng. An
i nportant 25 aspect of the invention was the establishnent of conditions
that severely reduce superinfecti oEXAMPLES during sel ection of

transductants. It ﬁesg éz?ﬂﬁlgsdde%e isolation of the first generalized transducing

phages for Streptomyces coelicolor, the most genetically well characterized
strain of this important bacterial genus. Phages ranging in size from

20  approximately 25 kb to more than 60 kb were shown 1o transduce a number of
markers at frequencies from 107 to 10®. Transduction is apparently general
since markers were transduced from locations around the entire chromosome.
Co-transduction of several markers predicts linkage that is in good agreement
with data obtained from genetic mapping by conjugal mating. An important

25 aspect of the invention was the establishment of conditions that severely reduce
superinfection killing during selection of transductants. It is expected that
generalized fransduction will provide an important genetic tool for the study and
manipulation of this organism.

Streptomyces coelicolor phages (ATCC Accession Numbers 203877,

30 203878, and 203879) and Streptomyces avermitilis phages (ATCC Accession

Numbers 203874, 203875, and 203876) have been deposited with the ATCC.



general i zed transduction will provide an inportant geneti cztlt%e

study and woaeissasd ati on of this organism Streptomyces coegj RboPhpoes
(ATCC Accession Nunbers 203877, 30 203878, and 203879) an rep?onyces
avermtilis phages (ATCC Accession Nunmbers 203874, 203875, and 203876)
have been deposited with the ATCC. 24 Septenber 2003 WD QQ/ 58482

PCTI US00107771 15 Exanple | Experi mentfag Procedures Bacterial strains and
culture conditions. Bacterial strains used in this study are listed in
Table 1. Spore stocks were made fro strai' NS grown on MYM 5 (Brawner et
al ., (1985) Cene, 40, 191-201). To g%%%?—@—spore stocks, bacteria were
streaked for isolated col oni es ExpeMthéntBidPrdcadiftes Ncubat ed and 30C for 4
days. An isolated,colony was picked and spread_on MYM plates and i ncubated
at 30C for 4 %%" SUFis qndsgttare copdigions. sBasterial yiminsysed ésthisstusly r enoved
with a cotto r = 1. Of | i 10
experinments Bhéilgiﬁ?%g‘é@r??} g'i ﬁg%lﬁgtofﬁgggrgﬁggﬁﬁoa F%@]%y%(ﬁgnpﬁ I n Tabl e 2.
Tabl e 1. Bact(@ravater 8t alai(1P85x 6n@ 0t 191e2@On Totprepase shore?Qodks, Hatepi onvi ces

coelicolor 1 SPECIESL, STRALN YPES St r.ept omycesA3(2) WiJohn | nnes
Centre coel i c%?%%ﬁﬁ?f‘%‘ %,‘Sﬁ%’b‘%ﬁﬁeg&%&‘ﬁgF%@%g|38|§I"1f°éK. Chat er
coel i col or SCRf aays.CRa'ismechémugmgckmdggf&a %N@?M@Qm M4
StrepronycesJ1258proAl hi sC9 argAl K. Chater coelicolorcysD18 ura~41

str Al John | ariBeibeted @t 20°fpns days agranti spoodiwers visihlot Bhe spptes siére Chat er SCP |
SCP2' E John | ' - ar M .St rept esYULO5pr oAl
argAl red EGOfEEE% we g((::oe l{%‘%ﬁboﬁngégg;wéﬁn‘gﬁﬁb?owwgper Uni versity
B} 10 experiments described herein and the concentrations are listed in Table 2.
Table 1.
Bacterial Strains and Culture Conditions

g e

SPECIES STRAIN GENOTYPE SOURCE
Streptomyces A3(Q2) WT John Tnnes Centre
15 | coelicolor Norwich, UK
Streptonmyces J2402 M145, prototrophic K Chater
coelicolor SCP1" SCP2" whiB::hyg | John Innes Centre
Norwich, UK }
Streptomyces J1258 prodl hisC9 argdl K. Chater ,
coelicolor cysDI8 uradl strdl John Innes Centre
Norwich, UK
20 | Streptomvces J2408 M14S5, prototrophic K. Chater
coelicolor SCPi-SCP2 John Innes Centre '
whiH::ermE Norwich, UK
Streptomyces YU105 prodl argdl redE60 | J. Nodwell !
coelicolor act::ermE whik::hyg McMaster University |
Hamilton, Ontario i
Streptomyces BidK::() bldK::str/spe T Nodweil |
25 | coelicolor McMaster University |
Hamiiton, Ontario
Streptomyces 222 uraAl rifAl K. Chater |
coelicolor John Inpes Centre
Norwich, UK i
Streptomyces J2709 proAl hisC9 K. Chater :
coelicolor argAl urgAl John Innes Centre |
Norwich, UK I
30 | Sweptomyces J1258 proAl hisC9 argAl ni
coelicolor ! cysDI8 uradl smdl
! NF




| Hamilton, Ontario StreptonycesBl dK:: S2bl dK: :str/spc' J. KotfRipber 2003
coel i col OFW/&@#&{ University Ham lton, Ontario S J222uraAl rifAl K Chater
trept omyces COBTT€ol or John Inns Centre Norwich, UK Strept orfEE&IS89RTIHY oAl

hi sCOK. Chater coelicolorargAl uraAl John Inns Centre Norw ch, UK
St rept onycesJ1258pr oAl hi sC9 argAl coelicol orcysD18 ura4l strAl NF ] 24
Sept enber 2003 WO 00/ 58482 16 SPECI ES STRAIN GENOTYPE SOURCE 5 10 15
|l ividans Streptonyces 1 1326 W PCTI UsS@®/ 07771 John Ines Centre Norwich,
UK Strept onyces—FK64pro,-41John Trines Centre |ividansNorw ch K
Streptonyces 1 10sPEgfEs C. fStsxtahmd W' geReTvek aeDal hogetRrcEni versity
Hal i fax, NS, Canada Strept pr%/ces JYWIT00pdXC—StuttTard venezuei3geDal housi e
Uni versity Streptontyces .’ 1326 wT John Innes Centre
lividans i Norwich, UK
Streptomyces [ TK64 prodl John Innes Centre
Iividans Norwich, UK
5 | Streptomyces | 10712 WT C. Stuttard
venezuelae i Dalhousie University
3 Halifax, NS, Canada
Streptomyces | 'w1100 pdx C. Stuttard
venezuelae l Dathousie University
5 Halifax, NS, Canada
Streptomyces ; TW1400 rib J. Westpheling R
10 | venezuelge ! Athens, GA j
Streptomyces i 32172 wT C. Denoya |
avermitilis : Pfizer ;
Groton, CT
Streptomyces CD1251 ermE C. Denoya
avermitilis Pfizer
, Groton, CT
15 | Saccharopoiy- 2338 - WT C.Denoya .
spora erythraea Pfizer
Groton, CT
Table 2.
Antibiotics
20 STRAIN ANTIBIOTIC CONCENTRATION
722 | Rifampicin 50 pg/ml
12402 | Hygromycin 100 pg/mi
12408 | Lincomycin 150 pg/m!
| Erythromycin 75 pig/ml
YU105 | Hygromycin 100 pg/mi
: Lincomycin 150 pg/ml |
| Erythromycin 75 Hg/ml {
: x
25 CD1251 Erythromycin 5 pg/ml §
BIK:: 02 Spectinomycin 50 pg/ml
71258 | Streptomycin 15 pg/ml |




Hal i fax, NS, Canada Streptomyces JWL400ribJ. Westpheling \éé‘n%eﬂfgfbi%ﬂ%ens,
GA Strept Denoya avermtilis32172{ WIli! Pfizer ot on,

St r ept oﬁyg‘g}sﬁ 8 2noya avermtilisCD1251f ernEPfizer G ot orfCRAS00/07771
Saccharopoly- C. Denoya spora erythraea2338Pfizer Goton, CT Table 2.
Antibiotics 20 25 STRAI NANTI Bl OTI CCONCENTRATI ON J2221 R f anpi ci n50 g/ nnJ
12402Hygr omyci n100. t g/ mL J2408Li nconycin_150 gl nd Erythronycin75 i ghul
Hygronycin 100 .tg/m YU 105Li nconycin 160 p. g/ mM Erythromycin75 .tg/nil
CD1251Eryt hronycin5 jig/m BldK:: Sl Spectinonycin50 g/ nl

J1258St r ept onjolation elphageo Appiopinesitli 25 200Bs AOOVAL eABRteROTPIOSR0/ 07771 17

| sol ation of phag AR ' LTS of o | ected in
plastic vials, ng‘:lsl nc%%g‘?gg‘h\?\ngﬁ%ggggm sm&’fcetﬁtgg%?o ! ,e{éﬁ%’n‘g Buf f er
(APB, 4 mM  Ca(NOs),, 10 mM Tris HCL, 0.005% gelatin) (Vats, S. et al,, (1987) J.

Bacteriol. 169, 3809-3813) overnight at room temperature on a rocking shaker,

=

5  The mixture was centrifuged at 3,000 rpm for 10 minutes and the supernatant
was passed through a 0.45 pm cellulose acetate filter (Nalgene, Rochester, NY).
The pbage-containing filtrate was stored at 4°C. To detect phage, 100 il of
filtrate was added to Streptomyces coelicolor spores diluted to approximately
107 cfw/ml. Cfu refers to colony forming unit. The mixture was added to 4 mi
10 of Nutrient Soy (Difco, Detroit, MI) (Nuﬁ'ient Soy contains 0.3% beef extract,
0.5% peptone) and 0.7% agar (NSA, also referred to as “top agar”) and poured
over Nutrient Agar (Difco, Detroit, MI) plates (Nutrient Agar contains 0.3%
beef extract and 0.5% peptone) and 1.5% agar, 4 mM CaNOQ,),, and 0.5%
Dextrose (referred to as “NCG plates™). Agar was obtained from Difco., Plates
15 were incubated at 25°C for 3 days and examined for turbid plaques. ' _
Phage were isolated by three rounds of plaque purification. From the top
agar individual plaques were picked with a toothpick and streaked onto a lawn
of spores (107 cfu) that had been spread on Nutrient Agar. The plates were
incubated at 25°C for 3 days. This process was repeated twice to generate a
20  lawn of isogenic plaque-purified phage. A starter lysate was made by adding 2
ml of APB to the lawn of plaque-purified phage. A sterile glass rod was used to
scrape the top agar from the underlying agar plate which was then transferred to
a sterile centrifuge tube, vortexed, and centrifuged at 10,000 RPM for 10
minutes to clarify lysate from cell debris. The phage-containing supernatant
25 (lysate) was then transferred to a sterile tube and stored at 4°C.

Preparation of phage stocks. Phages were propagated on donor strains by
standard agar-layer techniques (Sambrook, (1989) Molecular Cloning: A
Laboratory Manual, 2nd Ed., Cold Spring Harbor Laboratory Press, p. 2.65)

30 with APB used as phage diluent. The phage stocks were prepared by adding 100
j41 of the starter lysate fo 107 cfu spores of the appropriate donor strain. This
mixture was then added to 4 ml of NSA and poured over NCG plates. A total of



Ca(NO3)21 10 mM Tris HCL, 0.005% gelatin) (Vats, S. et at.2*Jepgaper 3003
Bacteriol. 09-3813) overnight at roomtenperature on_a rockin -
shaker . SW%I&gE%%gture was cenntrifuged at 3,000 rpm for 10P?H’H§?°€§7'glnd t he
supernatant was passed through a 0.45 pmcellul ose acetate filter

(Nal gene. Rochester, NY). The phage-containing filtrate was stored at 4C
To detect phage, 100 | of filtrate was added to Streptonyces coelicol or
spores diluted to approximately 107 cfl#nm. Cfu refers to colony fornmng
unit. The m xture was added to 4 m 10 of Nutrient Soy (Difco, Detroit, M)
(Nutrient Soy 18 plates perphosavwsisanddee dthe plates were oabated ahi2°Cdnnl5 62y8% agar

NSA, al i ent . A
(D feo Dot r ot Pipls W uehPhucl Rl oy it POULEAPRIY e M HRBRR, 0 and
0. 5% pept one) exhhdgeSbrgaset, zhdtvt NSANEsParrednol . deXe plRRX THSEotdsef erred to

as "NCG pl ates"). Aaggd xgﬁé’aobt ained fromD fcg. Plates 15 were incubated at
25C for 3 day¥2ifracascay toRREar Frapsigrred Hemeplate forplgle peeréesi dbkat ed by

three rounds hAFH4S {id | I Eola kyi dual plaques
wer e pi cked V\nm}aﬁea tooto%p?clég%?s%eegﬁg onto a Iaac\%ng 0 é@%’r es (10" cfu)
that had beenverpaxeddnd rentiifugedat abayer Phagedymleatvese pmified bynfilatdoed at 25C

f 3d . Thi ted tw t 201 f
| Sogeni ¢ pi aalPBOAAUoam B e ERES fecrrd i, SReRhteEe TSen et ng o o
of APB to the(lea\We mimtet 8fpiBpP ekt iaiRtind 1R Babd f APBSRG" 0d was used

to scrape the top agar from.the underlyi n%\Tla ar plate which was then
transferred t &pottingsiOdtliaf sachaditution ogte lewbe(l ) efkendresaondN8An(Thef uged at

10, 000 RPNf 016 1 ' !i‘ﬁ E'I cel:ly debri The
phage-con{\igi ni%télggg%%%%?%%gn%a&%a eafgvvas‘[’"i‘)I en@ﬁ)ﬁgﬂroigﬁat?b a sterile
tube and stored at 4C. Preparation of phage stocks. Phages were propagated
on donor strajns by. standard agar-|ayer . .techniques (Sambrook, (1989)

Mol ecul ar O ohf’f?@.'"}/tf?"'?_igﬁw&’%ﬁ‘_ ROESPINFTe 1%#@*%%,5%@ EhpymgesiBr bor
Laboratory PressM WES 2ufisd(T88: NLiBHyRokreihindtiidRatlidob®Bhesutfiihc Phage
stocks were prepared by adding 100 1 of the starter lysate to 10" efu
spores of thea‘a%ppﬂﬁrz waohmt akt (1981, Geristic Manipulation ofStrepiveycardded to 4

m of NSAand e t ot.al of 2 te 003 WO .
00/ 58482 g ﬁ@?ﬂ%‘ﬁﬁﬁ%ﬁ%‘?’%ﬁ Fé%‘?‘ﬁ%ﬁ%’éﬁmmé‘e%%&’@@%‘egﬂl ates were
i ncubat ed at &gi@l $amé of2lY germiftiattoriradGBURX ORI, hadsy eatRe 19y adding 2 n
of APB to the first ate f ..each phage 10 pl ate set, .and the NSA
transferred tﬁasf‘ﬂ’éwﬂ‘léa %@BLT&(%WM m@é&"%ﬂbﬁg%‘ﬂelﬁim‘ﬂlb@ﬁ@ top agar
transferred f HPOS I, Bhifigbl (9 nfifbres BE 080 AfIAURA rGRobicrsy a1 | 10

plates were then transferred to a centrifuge t
water. At 2 hours, a sample is removed and examined using a light microscope

20 to determine if the spores are beginning germination. The appearance of germ
tubes from the spores indicates germination. The culture is considered
germlings when about 80% of the spores show short germ tubes.

Adsorption assay. Germlings were prepared as described above. At 2 hours,

25  the germlings were centrifuged and resuspended in MYM broth, and incubated
at 30°C for an additional 4 hours. A 100 pl sample of germlings (about 10°) was
taken once each hour from 0 to 6 hours. The germling samples were added to
phage (at a concentration of 10° pfu/m!) and incubated for 30 minutes at room
temperature to allow for adsorption. Each mixture was then centrifuged for 5

30  minutes at 10,000 rpm to pellet germlings and any adsorbed phages. The titer of
free phage remaining in the supernatant was determined by diluting the



vortexed, and centrifuged as above. Phage |ysates were pur%‘l’f%egﬁnﬁ’ﬁrzom
filtrati oRy h a 0.45 Nal gene cellul ose acetate filter, Fach phage

| ysate was ?P?geasra%% (i.e., the nunber of phage deternined) PW’%"P’B'F’%Q the
phage in APB and spotting 20 | of each dilution onto |awns (107 cfu) of
spores on NSA. The 10 "titer" of a |lysate is the nunber of plaque form ng
units (pfu) per m of |ysate. Preparatign, of gernlings. Spores were

i ncubated at 50C for 10 minutes in 0.88 M TES buffer (TES:
N-tris(Hydroxynet hyl ) net hyl - 2- ami nget hanesul fonic acid), pH 7.2 (Hopwood,
et al., (1985PeBsaRtiin rﬁnﬂlﬁp%ﬂp&%aﬂ 05g3C ﬂﬂBﬁ%@@OﬂlﬂW&BP@&b‘bl@tory
Manual , The Js?msbgﬂggfoundation, Norwi ch, UK, pp. 8-9). An equal volune
of 2X germination broth (GB) (2X GB: 1% yeast extract, 1% casam noaci ds,
and 0.01M Cad z) was added, and the germings were incubated at 30C for 2

hours, centri ed. far 5, m.autes at 6,00 m and .resuspended in water. At

2 hours, a sa%?ré‘a?lggf’ﬁ'né%‘@ RG] v@f&ﬁt\hﬁ?g'eéqurﬁ r]]apt?algﬁrﬁgmc@%d@é%ee 20 to

determ ne §f shk}ﬁnm@@m@eﬁpﬁ@hm&mmmhg&- (Pho2qRreat ahce of germ
on.

tubes fromthe spores indicates germnati he culture is considered

gernl i ngs wheReniEof 2guVicm’/s and sampling atsloireands 20 speendst atde¥).  Adsor pti on

assay. Gernii Vet r ' . 2 hours 25 the
gernlings vversg&’zleritrl %ggggﬁgmﬁnﬁggﬁé%ﬁgﬁrﬁgm?ﬁﬁ%ﬁi‘&sﬁﬁl@ubat ed at
30C for an adhé UVdight (Sylvania; Panders, 0A). Riesp wercofubgepehilyd@ifutéddout 105) was -
t aken once ei‘%ﬂ%ho r-fromO to hours,.. The germing sanples were added to
phage (at a -éﬂ‘??ﬁ?ﬁeéﬁerﬁ)fw tefmined; By spaving 20 14 oF eef tgy opfedut es at

room tenper ahwh 6f 107 spdrbOm NSA AUWRQIRLH AreifFach M xture was then
centrifuged for 5 30 mnutes at 10,000 rpmto pellet germings and any
adsor bed phages. The titer of free phage remaining in the supernatant was
determ ned b ' J t enber 2003 00/ 58482 19 PCT/ USOQ 07771
super nat ant ?iﬁg%hgﬁgfégﬁeﬁi rﬁég%etf' 2? détg'gﬂm\é\ﬂ]%ﬁq SSREEHPGO S0 of about
10" spores @itraSphagdvivasrdilatbiddh IAPB andl titedel] be spotiny\26 ue 6f @ih idgingsh f or each
phage by exposi ng]é&qa ,agrsuspended in APB (106 pfu/m) _ to ultraviolet
(W) light (2582 r?%ﬁo egfomceserelicqionspors AN BA congining M ng at 10
seconds, P9 s8&aRdSatdn eREmPRshee 21§ e phage were
approxi mately 6 _inchetés1 ?l?%rgnwthe w I%%Efih‘?%yﬁgﬁ?g@{g%nmggga& ) . Phage
wer e subsequeénatipedforplagiies.n  APB. and phage titers were determ ned by
spotting 20 | of each dilution onto a 10 | awn of 10" spores on NSA as
descri bed herein. Inactivation of phage with citrate. To determ ne phage
sensitivity tGeneticltxafizduction assays. High titer (approximately 10'° pfu/ml) phage

lysates were prepared on donor strains as described herein (see Preparation of
20 phage stocks), added to recipient germlings and incubated at room temperature
for 30 minutes, then spread on supplemented minimal glucose medium
(Hopwood, et al., (1985) Genetic Manipulation of Streptomyces - A Laboratory
Manual, The John Innes Foundation, Norwich, UK, p. 223) or NCG containing
antibiotic and incubated at for 5-7 days 22°C. Minimal glucose medium was
25 supplemented With 0.02% trace elements solution. Trace elements soiution
(100%) contains 0.004% ZnCl,, 0.02% FeCl,, 0.001% CuCl,, 0.001% MgCl,,
0.001% Na,B,0,, and 0.001% (NH,);Mo,0,, (Hopwood, et al., (1985) Genetic
Manipulation of Streptomyces - A Laboratory Manual, The John Innes
Foundation, Norwich, UK, p. 235). Transduction frequencies were calculated
30 as the number of colonies obtained after incubation for 5-7 days per pfu added to
the recipient strain. To prevent superinfection killing, the phage were either
irradiated with UV to 0.1% survival using the established kill curve described



citrate, phage was diluted in APB and titered by spotting Qfogepfemct)’fnzeoggh
dilution wooeo/s8482awn of 10" Streptonyces coelicol or sporesP@fmgﬁa%ﬂ "
containing 10 nM 15 sodiumcitrate. Plates were incubated at either 5120 or
30C for 3 days and exam ned for plaques. Genetic transduction assays. High
titer (approximately 101 pfu/m ) phage |ysates were prepared on donor
strains as described herein (see Preparafion of 20 phage stocks), added to
reci pient gerrnlings and i ncubated at roomtenperature for 30 m nutes,

t hen, spread ¢ e‘ﬁ}m Jemnkediaioni i | 4 al .,
(1985) GCeneti glefvam purIE{at I on g%ﬁogttgg%t o#%gﬁer@gggg%ﬁlﬁg%rﬁgl , The
John | nnes Fopladed oromediNor thataioptaisiéd 16 m¥I28¥iuorcild@S cont ai ning antibiotic
and incubated at for 5-7 days 22C. M nimal gl ucose nedi um was 25

suppl emented with 0.02% trace el enments solution. Trace el enents sol ution
(100% cont ai iseuthePRhYbAdidation Angis FEEosOmAOIAY felieddrdi9 1% MyC 2,

0. 001 % Na2B4Q7, and 0.001 % (NH4) 6Mb4024 (Hopwood, et al., (1985) GCenetic
Mani pul ati on efreRorEprsdiipedhe promephios rapidbigalealgasolativhef il DNAes

Foundat i on, | Ir .10 [ eguenci e re cal cul ated
30 as the num}r%‘g&déo oﬁ?legssggg%%ﬁnﬁé%‘g’?ﬁ%%ﬁ oﬁ‘éﬁrgg@wﬁesf- @L‘%ﬁ?”?"tﬂ@’ys per pfu
added to t he MmuiahThatolst InaesFouhdativne Nerwicks WIS p@fnm?.o Briefly) tofa@, the
phage were ei [ with U/ to 0.1 %survival using the

est abl i shed kfﬁﬂw‘ﬁé}é%ﬂé‘é‘%q OBéSd Aosingle Gplephisicked sndsed &y Beadate 50
PCTI USOQ 07 77 1ni2f2 YENTE bRotR (0.9% yeiteRehdt, (ﬁfi’%!b%ét&?[j}ﬁéit?n& 8139 fnlf Bxtrdlt, the

phage- gernmlings m xture was plated on nmedi um ¢ont al ne nmv sodi um
citrate. Séut A& dexirpbe.i3dVaaiciose and &lnyld MeClohwhich ssotiver inEMbAied30p0ford | ed from

5 Streptonyce i.n h rotocol for rapid.sng ale.isolation of total
DNA (ﬁop%od?‘oé‘pﬁ% g?‘%f%b%éﬁhﬂ%‘?‘{‘%y% %M“&PPB@@(?@H’CQB? Rres- - A
Laboratory Miheadsultihigeelleisithen fesaspenaediaStidT, SEYObuHE (75 okt NRDL, 292- 74) -

Briefly, total is . solated as faollows. A single colony is picked and
used to i nocu%%&#%& wgﬂﬁpﬁﬁ:ﬁﬂ/ﬂweékmﬁﬁtﬁ,;ﬂb. 5% bact o

pept one, 0. 3%BRleh ¢ hadehGo AN 0% Gsior 41 RUELARG 3Pp2 ) ™ MICI 2)

whi ch is then incubated 30C ours. S are harvested by
centrifugdsi ohown aGyigiol timerRrdtemaseOK ifinml cencentrafion 56qsufint)iand sgdithet i s t hen

resuspended i buf f.er (75 Vi . EDTA, .pH 8.0, and 20
M Tris pH 7. @?éecﬁfé’gg?ﬁgﬁﬁiﬂnﬂﬁf’ﬂémgﬁ% N%Srfﬁ é&ﬂseﬂé%ﬁ)’ﬁpe%g‘b%‘ed to the
pel | et suspensdcabatediat 351C b2 Bslrait ARG nbsHatidn, NaT1 i cotbnitdtiond.d | e
Pr ot ei nase K é'fﬁ)ldggﬁli concentration 56.Lg/n) and sodium dodecyl sulfate

C

(SDs, final dedy {1hs rasulygngymixtre isdben exgragtpd oneespigr egualaietime ncubat ed
at 55C for 2 Bppichol did Gice WHBUARGA Vo DE 411 B E Mo ARl 8

20 To the aqueous phase, Proteinase K (final concentration 1.5 mg/mt) and 500 mg

of sarkosyl are added and the aqueous phase is incubated overnight at 37°C.
The solution is then extracted again with an equal volume of a 1:1 mixture of
phenol/chloroform, and then again with an equal volume of chloroform. Next,
to precipitate the DNA, 0.1 volume of 3 M sodium acetate and 0.6 volume of 2-
25  propanol are added. The DNA can then be spooled onto a sterile glass rod and
suspended in about 1 m! of 10 mM Tris, pH 8.0. The DNA is stored at 4°C.
Genomic DNA is digested with the restriction enzymes Dral and Asel
(Boehringer Mannheim, Indianapolis, IN) following the manufacturer's
instructions. The resulting DNA fragments are separated by electrophoresis on a
30 0.8% agarose gel. The resolved DNA fragments are transferred 10 a
nitrocellulose membrane using technics well known to the art (Sambrook,

(1989) Molecular Cloning: A Laboratory Manual, 2nd Ed., Cold Spring Harbor



M is added. The resulting mxture is then extracted once %M%eﬂteg’rl?ere%ﬂggl

vol une wB'ﬂ?@:ﬁlsz and once with an equal volunme of a 1:1 m xt of
phenol / chl'oroform 20 To the aqueous phase, Proteinase K (PFW(QSWW”]
concentration 1.5 ngim ) and 500 ng of sarkosyl are added and the aqueous
phase is incubated overnight at 37C. The solution is then,extracted again
with an equal volune of a 1:1 mxture phenol / chl orof orm and then again
wi th an equal volume of chloroform Ne to precipitate the DNA, 0.1

vol ume of 3 od| um acet at .6 volu 2 25 propanol are added. The
DNA can then EHUB I B S I 3?6?}58 g‘?‘gﬁ ge@‘{‘%?@o%'éﬁee #dg8d in about |
m of 10 nM Tgehe mwoga@er,,mgen%%s stored at 4C. Genomc DNA is digested
with the restrl CFI on enzynmes Dral and Asel (Boehringer Mannheim

| ndi anapolis, | ngﬁﬁen@lsﬂ%taﬂeﬁmﬂaﬂﬁl%(owwﬁmm&?mthanhSeyleThe resul ting
DNA fragnent L e ho % agar ose gel .
The resol ved &F?yggg)fn(é% g-a?il’ ectﬁt}n&nté P gloﬁi(ﬁfg’gt‘gtgfaﬁﬁose nenbr ane
usi ng t echhi ddiolsds| BEveivnMA) libbﬁnﬁghﬁé@émrc@@&mmg(t&@ gdaketwd ar C oning:
A Laboratory %ﬁ ‘7‘7‘% Col d Spring Harbor ept enber 2003 WO

00/ 58482 21 P edtbé(tfet'aatltﬂn;by eéggphqg?slscgt@aéoges;e gebout her n
hybri di zati o bﬁgﬁi r probe The
hygB gene i snliqlsegﬁigtg?gg?l?gt dgfﬁ%t)al neguﬁ om £ aﬁﬁﬂ%ﬁ@@

Uni versity ofelt@d)usgjn@aPh;mamt(MaMgmt W%I)Mmmmmmwmh S@B{em Eﬂgl and 5

Bi oLabs, Bever e ntai.ni ng the hygB gene. The
fragment is 57"%;%5'?? 50 @%@%ﬁt"ﬁ%ﬁﬂ@ é‘F’é”gtrLb Y&§ 0. 8% agar ose

gel . TheithygB f ragfRebesaeshried Aas m;z@wﬁﬁ aJ3§PP&ATPH§m$){ecﬁ&1§uege' and the
DNA el uted usi ng a Prorrega é Madi son, zard DNA Purification System

An ernE genévgh bﬁlﬂﬁﬂaﬁ@‘e@dt hybedigatinar bufferstronsistaditlieon

anal ysis. 10 ﬂﬁ”@ Wik h ATP using
t echni ques £ Egﬁmﬁtcgﬁ% {er&gﬁlf §ﬂrﬁﬁtehét}€$§§|(12% Sgﬁs g%?ﬂi‘“ﬁ(}‘%ﬁr@‘ﬂ tion
buffers cons|Mtsod1hn:tdmate},6]?ﬂlomﬂmgt's(§dlmmh(ﬁﬁﬁﬁmnhftrdtt’é Q0$rgisvierey) © 6X SSC (I X
SSCis 0.15 M. CJ ate Denhardt's solution (50X
Denhardt's: ¥6N3ﬁ;’m? EQ }g‘ po ldofﬁﬁd)rwlhef Bevine

pol yvi nyl pyr rsetmdaaw@:aeﬁ@rw bIIWSDQOI\OI il 7| Zﬁ&w@ﬁéﬂ%ﬂ%ﬁw F3action V),
an ny

0.1 % SDS, 10 n1\/|6)ot assi um phosphate sal mon sperm
DNA. Prehybr.aetiila mg/m] saimen sper QINA. Btehm@mamﬁyﬁhomahifﬁmnds -

over ni ght at | bridi zati on
is foll owed t??é oanglelggt [ Vgﬁ@at@ﬂw&{xa%%ﬂb%ﬁ%é#%?%&?am&@ m nut es
each in a solHbridizatiomisdfoliowel B8 Gaceantive Gastits MGomftahpepavart foy153

minutes each in a solution containing 2X SSC and 0.1% SDS, followed by 3

20 consecutive washes at 37°C for 15 minutes each in a solution containing 1X SSC
and 0.1% SDS. Kodak X-Omat scientific imaging film is used for
autoradiography.

Phage DNA isolation and characterization. Phage DNA was prepared by the

25 method of Hopwood, et al., ((1985) Genetic Manipulation of Streptomyces - A
Laboratory Manual, The John Innes Foundation, Norwich, UK, pp 99-102) with
the following modifications. Lysates were centrifuged at 25,000 rpm for 90
minutes at 4°C to sediment phage. Phage pellets were resuspended in RNAase
solution (50 pg/ml in APB, the RNAse was obtained from Sigma (St. Louis,

30 MO)), incubated at 37°C for 20 minutes followed by the addition of 80 pl of a
10% SDS solution and incubation at 70°C for 30 minutes. One hundred pl of 8

M ammonium acetate was added and the mixture was incubated for 15 minutes_



20 consecutive washes at 37C for 15 minutes each in a sol ut] oR TSNt &% ng
1X SSC aRfpQosdssfd SDS. Kodak X-Omat scientific imaging fil P ﬁ@ﬂﬁflor -
aut or adi ography. Phage DNA isol ation and characterization. ggg was
prepared by the 25 nethod of Hopwood, et al., ((1985) Genetic Manipul ation
of Streptonyces -A Laboratory Manual, The John |inmes Foundation, Norw ch,
UK, pp 99-102) with the follow ng m)dljj cations. Lysates were centrifuged
at 25,000 rpmfor 90 minutes at 4C to ‘'sedi ment phage. Phage pellets were

resuspended in obt ai ned
from Si gna (SP n B%?%ce%%%mg%ﬁ %égidgi Tl{e%gé%ﬁ?%%@ﬁ%%ﬁf t1bol | owed by
the addition ghen8D (Il vofune supéidatahiS] yoludid phen@lmd:xuaaabazﬁﬂamphahol?ﬁ)c for 30

m nutes. One hundr.ed | 8 M amoni u cet at elv\‘ﬁ dded and the, m xture
was i ncubat edChggof %&hvah{%uews@ﬁ%é ephsackiblerofarm).and gytracted

PCTI USO0/ 0777%@@H'oﬁgﬂ Qf%l%ﬂ% éxﬂﬂﬁ‘ﬂ iQolM%hﬁoﬁEmf%eTﬁ\ﬁ}]e?é’per nat ant

was extracted wt ume super nat ant vol ume phenol
extracted \§ thczdwphpxwipuatbd wnhledmberEQmonoth@m&ormBMeBmel une

phenol : chl or of.or or pf.or u er natant: 1
vol ume chl or obﬁltr%s I%"QRS{; cgg"cﬁg aﬁPﬁ ?I]f‘g 0‘\'/& ?‘lﬁ) anol .

Di gestion of @&Jﬁed/\bﬁﬂfolﬂ@.&mgﬂﬁtmﬁ@ac&&aﬂmsu&@dmaﬁelse aegetdn 08951 Scpt
(Boehri nger Mannhei n}: I ndi anapolis, IN) was carri edp out follow ng the
manuf act ur er saga@¥eEget i ons and separated on 0.8% agarose gel. 10 Results
Most wild type phage isolated fromsoil were found to be tenperature
sensitive for lytic growth on Streptonyces coelicolor. Twenty-six soil

sanpl es fitonmResntsdi f f erent | ocati ons around At hens, Georgia were collected
and 15 extracted with phage buffer. Sanples of the extracts were tested for
the presence of plaque formng units at 30C. N ne phages, assuned to be
different frafgseasl op @ﬂiagﬁ%&%&fﬁmﬁ’dxffv&‘ﬁﬂﬁﬁ&t&ﬁe?&r@%ﬁu{mrphO' ogy,

were purified. Al nine phages formed turb | aques and yi el ded | ower
titer |ysat ess¢usiiyetfor ytip grwhduwamnympmwg@neTmagesngmmlmoc whi ch

formed cl ear V) e lygates (10" to

10i 0). The turﬁ%gcfg'? ?&gﬁ)?ﬁt}%’gémﬁgﬁﬁg&\%hgc%gﬂw?%@q%{eda%?hl n the pl aque

that are nit IemcbdbyiﬂoplhgébxﬁfagSample‘sbetherek&mewetetteM%fodnﬂsd| ngui shed from
region are

ot her clear plaques (p]aques in which all_the_ bacteria_in th
killed and I yQ%ncBSgHJG@ mﬁé‘mﬁtﬂ?tbﬁooéﬂcgﬁﬂeé?h"’g%% Q%W%GF“ghage
titers generalggh datRBihet E&%@r&!‘ﬁﬁ&r&fé&i IGRE nfrpolbgy? Wire purified.

All nine phages formed turbid plaques and yielded lower titer lysates (10° to 107)

as compared to the same phage grown at 30°C which formed clear, large plaques

20 and vielded higher tifer Iysates (10% to 10'°). The turbidity of a turbid plaque
was due to cells within the plaque that are not lysed by other phage in the
plaque. It was distinguished from other clear piaques (plaques in which all the
bacteria in the region are killed and lysed) because of the turbid center. A
compax'ison of phage titers generated from Streptomyces coelicolor at 25°C and

25 30°C (Table 3) indicates that the phage are naturally temperature sensitive for
Iytic growth.



25 30C (Table 3) indicates that the phage are natural |y tfpePEbee2003
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Phage inactivation reduces superinfection killing. The release of large

15

numbers of phage from infected cells during growth leads to superinfection.

Superinfection refers to a recipient containing a nucleic acid fragment from a
phage particle and a nucleic acid fragment from a transducing particle.
Superinfection typically leads to the killing of transductants. This is referred to
as superinfection killing and the amount of superinfection killing that occurs has

20

a dramatic effect on the number of transductants recovered. To reduce

superinfection killing of transductants, several methods were investigated to
inhibit phage infection.
As shown in Figure 1, exposure of the phage particles to UV light resulted

in a sharp decrease in phage titer. - All of the Streptomyces phages tested were

sensitive to inactivation by UV at doses and times similar to those used for

mutagenesis of phage P1. While UV light was effective at preventing phage
infection, its potential mutagenic effects on DNA within transducing particles
made it a less than desirable method for phage killing.
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mut agenesi s of phage Pl1. While WV light was effective at &4§F8meﬁrgzog9ﬁage

I nfecti onwobesgaet ential nutagenic effects on DNA within tr%%%g T
particles namde it a |less than desirable nethod for phage KiTling. 4

Sept enber 2003 WO 00158482 PCTI USOQ 07771 24 Citrate is a chel ator of

di valent nmetal ions and has been shown to prevent phage_adsorption at
concentrations that do not affect the grpwth of bacterial cells (Vats, S
et al., (1987) J_ Bacteriol. 169,3809-3813). To test for sensitivity to
citrate, phage iter W th.and without sodiumcitrate.
No 5 pl aque for\rf(?\%atenl%? gﬁ%ae@go%%t?eg%ﬂ ?Safdﬁgilbﬁf] SE‘Q‘@ IORFEEt gays after
pl ating, snyglage adsobptidnfat asticestrafibiPthavds Rot\itfedtiheglonel eHabRHaIRRNE® phage
adsorption. G((Ié‘—gowe er, thg nupber of plaques is _significantly |ess than on
control plat mwgt?f@ért(l B OrbBactensph | 4600 380903813) | Tastesh fox sensibivitt e sane

medi um showed,; Wica&Phlal : . coel hgol or. 10
Cenetic tran%é%%?fé)t{]agigﬁerggﬁr% %%?gnwcesb%gégwg% gﬁﬁ@hﬁ@@%ﬁgﬁa g

general i zed. plEpeHomemng ynitsweavisiblehfierel dayst 2Xdhi Tieede days aftérspladaigl i ty to
medi ate transduction.. ,Tran ction. assays were perfornmed at 22C to reduce
lytic growth % ‘Slr h’églﬁlr?é ©s a%‘?%%lﬂ‘é@%ﬁé@??’?ﬁ@&‘%%eﬂmpﬁerent met hods
were used: 1)HéwévehBORMBTOf plaqhdsia ARty 1bR  thdrloPdeirbl ffted © g€r m i ngs;
or 2) the phage-germing mxturé was plated on nmedium containing 10 nM
sodi um ci t r atvaithopt gitate. dilusionsef oslly platgd orths sampesphdivmashowett neffesi st anc

markers in St / | xam ned for each phage. :
Jnetgé%ﬁﬁfof'ﬁ%p@%{c?%%s u%lf)ﬁon of several mar kers at

Sur prisingly and unexpectedty
frequenci s ranging from 1V to 10-' cfu/pfu was detected (Table 4). 20 The
mar ker s tranggluce%cgi are gosi t] ('zﬁred around the entire chronosone and the
frequenci es OF%% ﬁ‘ﬂﬂﬁ_&l FRAR WrSlreprappicst casigefes isiefficient andigeneraliged-i on i s
general i zed. FhcARSHNCkAINEI bﬁag;efvﬁdsﬁékﬁtﬁinea%‘oﬂiﬁ%ﬁiﬁtﬁﬂxsﬂ%ﬁﬂe duEfgicnct es are

at least 3 orders of magnitude higher that the Teversion frequency of the
reci pi ent st rigrasdugtioneasyays wesye perfosmed a2k € 16 redgorelytic groveh of thelphagsi t hi n t he

range of fre | es . [eport X of he ransducj hages. For exanpl e,
P22 (a wel | ?sﬁta +| S é%&%&%c%%ﬁ%&@%ﬁwgﬁpﬁ@ngﬁhgf M<tuces

mar kegI s a5 f ﬂﬂﬂdi&?dh:ﬁﬁrfo&d%iﬂb@td@fgmlﬁ:@s;ﬂ@) th'Efpﬁag?éJ'gdrjn!jﬂg(ﬁﬁxtﬂfm to nediate
transducti on s, determ ned in other  Streptomyces spp. (Streptomyces
avernmitilis, t?%ﬁ?m?ﬁw&cqfi%&%@éﬁammﬁ@%ﬁm% en ofcssucrak| ae) .

Sur pri si ngl y agRekrdphe RRICrES tebistah & madRAGHK : ] s observed at
frequenci es gf about 10-5 ?or St‘%pton%ﬁ%%ﬁgﬁgpﬁég@a out |0-4to about
10-6 for Str epawingdder dacl phapes Surpnidinglyoand ub@xpkctedly, transduction of several

markers at frequencies ranging from 10™ to 10° cfu/pfu was detected (Table 4).

20 The markers transduced are positioned around the entire chromosome and the
frequencies of transduction are similar suggesting that transduction is
generalized. Transduction is efficient as the transduction frequencies are at least
3 orders of magnitude higher that the reversion frequency of the recipient strain
(see Table). Also, these frequencies are well within the range of frequencies

25 reported for other transducing phages. For example, P22 (a well established
transducing phage of Salmonella) transduces markers at frequencies ranging 10*
to 107,

The ability of phage to mediate transduction was determined in other
Streptomyces spp. (Streptomyces avermitilis, Streptomyces lividans, and

30 Streptomyces venezuelae). Surprisingly and unexpectedly, intraspecific
transduction was observed at frequencies of about 10° for Strepromyces
avermitilis, about 10™ to about 10 for Streptomyces lividans, and about 10 to



24 Septenber 2003 WO 00/ 58482 25 PCT/US00/07771 about 10" & rsP8rAN3nyces
venezuel aéWOm@sg48zul arly surprising was the observed i ntengangdebsrrn
transducti on between Sacchar opol yspora erythraea and Streptonyces
avermtilis (Table 4). In Table 4, the germing only control is the
recipient wwth no phage added. 5 This control indicates-Lhe reversion
frequency of the strain, i.e., how oft one woul d expect to see

spont aneous revertants. The phage only control is the phage wth no

recipi ent st ra@i)lﬁt @WSM%]‘A%&?V@@%&%& %cﬁﬂﬂ%?@gﬁ%@% 8k sﬂeﬁvge[% | ysates.

Auxot rophi ¢ markers: pro ans that the reci rain c gr ow
unl ess t he nedfesgeharicsoppiwtion betvesh tSheqpnalpbiyepcvn egtkraedadiuci ng phage

provi ded 10 the recipient, cel i th the appropriate gene fromthe donor
strain. Thi s's}"§PPW§e‘}f)‘B’FWPZ’C§!-abi$ A1, and uraAl as well; recipient wll

not grow without 15uapl@YRRLBHNINY &ilj CoiiR] isthieBiphti lelagiifl, €SS the
phage provided the cell wth the a%propr}sateeggnes rgn?tﬂ%eeag%gr?or strain.

Ant i bi oti @ r ddiiseapmrobindicateatherreversion frsquenpieofthe strain,jie., hewiofiemone t o

rifanpicin t her ef L)l .arow in.th resence qf. Lif i cin.
Strains wit h.tjz)vg u(il&]agl’Fplefﬂe %8%??)’? ?\éms"‘%r’g"eg‘éﬂ‘&. ’t[#l?/ghat%ﬁ OPﬁ'fcﬁﬁtﬁ‘ﬁd? ﬁ?egﬁgg’c an only
grow i f a tr avigitieicoipicnesgsn added. (Thinds dedt fob CorRRRMARGH S hageReutds om t he
donor strain. This is the same for all antibiotic markers. StrA confers

resistance to st FSPFOBRPRIF markery predhmens tht theireeipicakstial wayeptempei n and ernE
oL ST A P AT G 2000 VO
. 10- the recipient cell with the appropriate gene from the donor strain. This is true for ‘
hisC9, argAl, and uradl as wellﬁ recipient will not grow without supplemented
histidine, arginine, or uracil untess the phage provided the cell with the
appropriate genes from the donor strain. |
Antibiotic resistance: 7if4] means that the strain is resistant to rifampicin
" 15 and therefore, will grow in the prcsehce of rifampicin. Strains without a rifd/
genotype are sensitive to rifampicin and can only grow if a transducing phage
has provided the appropriate gene from the donor strain. This is the same for afl
antibiotic markers. sfr4 confers resistance to streptomycin, #ygB confers
resistance to hygromycin and ermE confers resistance to erythromycin and

20 lincomycin.
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Co-transduction confirms linkage established by éonjugal mating for several
genetic markers. To examine co-transduction (i.e., the transfer of two genetic
markers at the same time) of markers by these phage, genes identified by
5 mutations that had been previously mapped using conjugal mating or physical

mapping were used in combination with each other and with drug resistance
markers that had been inﬁoduced into known locations within the chromosome.
As shown in Table 5, co-transduction was observed at ﬁcquencies that are in
good agreement with previously reported linkage.

10 '



e

| | E 44 Sepfember 2003

7N Ml AAA fs.

F- ~ (333 ¢V NN N C I NNepsin O 0 N
34

O CQO Q ~0~~r

00 0Q O

{10c (c)4 sy
H-1~ C F- Wwobod®8:3 3 1 3 3 1 3F-
hnNn MW O

, f

) . aoues)sa | T
01 Ul > updwoydang 44d]
..... ) 30UmSISH T o ;.iimm.;u.ﬁ.-lll
0 uadwoidang oHv( Jpoan g1 qsdo | yBan
Apaisuas 20UR)SISAI AN [ ypais
%001 upidureirny SOIX1 updwoidang (444} 9HV( 1oan g1qsdo [ yaio
S0UR)SIS AN [yDas
0 upAwoydeng SHV{ Jrvan gr1sko [ yBin
Anamsuas 20UBISIEN AN a8
%08 ujotduresry $O1 XT utofwojdeng KAAY SHvA 1yvan g (qsdd [y 3iv
........................... e it oy T S SO R SVOS
s 019 1> ujpkwoouy i3 -¥r1q
T T ) T sowmstsas 8Ay: i1y M Guiao: o0
0 utoAwoour| SHVA pad 8w 04d ‘GOINA
) I m_;m_wﬂm T oo._sm_me. N . BAY i Iym a0 1
%001 upAwounoadg RO X € “uppAwoduyy o i (0] SHV{ pa4 Bav o4d *S0INA
i OUEISISA . [ Fy: M sz v
0 ufpAwoour] SHVA pas Bap o4d 'S INA
A1anisuas 90UI)SISL BAYTIYM U100
%00k ugpAwouipadg s X7 upoAwoour- 0NN sHvda Pas Bip 04d *SOINK
XONANOIYA
NOISHIATH
ADNANDTYL HIMHVIN AINANOTYA NIVHLS UTHVYIN NIVHLS
NOILDNASNVHLOD | dANAFHOS NOILLONASNVYL ANTIdIDEY d3LOATAES | LINAIDOTY ADVHd NIVRLS YONOd
wonINPpsSuUBIIe)
'S dqe],

0¢

Sl

01



24 Septenber 2003 WO 00/58482 PCT/US00/07771 31 z t > } 2A5PlEbsH2%; oo~

awd' ] | *- svoubssdza’a 5 1 W LT. sEgg0lD Wa.oa . al. aas?%cyiseon71
tolD~-D~D Lz7

35

Physical analysis of transductants confirms DNA transfer. To examine the
physical location of transduced markers in the recipient chromosome, Southern
hybridization experiments are performed. DNA is isolated from S. coelicolor
5 strains J2402, which contains a hygB insertion into the whiB gene, and J2408,

which contains an ermE insertion into the whiH gene. Phage grown on strain
J2402 is added to J2408 germlings, and cells that are resistant to both
hygromycin (encoded by /ygB) and lincomycin (encoded by ermkE) are isolated
from cultures at a frequency above the reversion frequency. No doubly resistant

10 cells are recovered from control cultures (no phage added) in any experiment,
which strongly suggests that thé phage provide the recipient cells with the gene
that confers resistance to hygromycin from the donor strain. To confirm that the
transductants contained the transferred drug resistance gene, DNAS isolated from
randomly selected transductants are analyzed by Southern blotting using the

15 hygB drug resistance gene probe. DNA hybridization patterns of the
transductants is the same as those of the donor strain, while no hybridization is
seen with the recipient strain. A gene probe for the ermE gene present in the
recipient strain hybridizes with the DNA from the transductants, but does not
hybridize with the donor strain. These experiments demonstrate that |

20 chromosomal DNA from the donor strain is transferred by the phage to the
transductant strain and integrated in the host chromosome.

Transduction was not detected when assays were performed at 30°C. These
phages were exceptional in their ability to grow Iytically at 30°C, the growth

25 temperature typically used to incubate S. coelicolor and in fact most
streptomycete strains. If lawns with only a few plaques were incubated at 30°C,
the entire lawn was lysed in a few days. Extensive superinfection killing
resulting from this active lytic growth might explain the failure to detect
transduction in many Streptomyces species. In fact, when transduction assays

30  were performed exactly as described above but at 30°C, no transductants were
detected. It is very likely that superinfection killing does, in fact, reduce or
eliminate the ability of transductants to survive.
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Preliminary physical characterization of the transducing phages reveals that
they are different from each other. To determine the size of the phage
genomes, nucleic acid was extracted from four phage, DAH2, DAH4, DAHS,

5 and DAHS, using a standard approach for Streptomyces phages (Hopwood, et al.,
(1985) Genetic Manipulation of Streptomyces - A Laboratory Manual, The John
Innes Foundation, Norwich, UK, pp. 99-102). In all cases the nucleic acid
isolated from the phages was digested with several restriction eniymes thus
indicating that it is double stranded DNA. The genome sizes were estimafed

'10  using digestion with restriction endonucleases and separation of fragments by
agarose gel electrophoresis. The size of DNA isolated from DAH2, DAH4,
DAHS, and DAH6 was about 60 kilobases (kb), 45 kb, 45 kb, and 25 kb,
respectively. The differences in size strongly sﬁggest that there are at least three
different types of phage. Moreover, the differences in transduction frequencies

15  and the differences in plaque morphology between DAH4 and DAHS strongly
suggest that these two phages are not the same phage, despite the similar size of
the DNA. Thus, DAH2, DAH4, DAHS, and DAHG6 are each unique.

The compiete disclosures of all patents, patent applications, publications,
20  and nucleic acid and protein database entries, including for example GenBank
accession numbers and EMBL accession numbers, that are cited herein are
hereby incorporated by reference as if individually incorporated. Various
modifications and alterations of this invention will become apparent to those
skilled in the art without departing from the scope and spirit of this invention,
25 and it should be understood that this invention is not to be unduly limited to the
illustrative embodiments set forth herein.
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CLAIMS :

1. An isolated generalized transducing phage that can transfer at least one nucleic acid
fragment from a donor Actinomycetales microbe to a recipient Actinomycetales microbe

at a temperature of less than 28°C, wherein the frequency of transduction is at least 10,

2. The phage of claim 1 wherein either the donor or recipient Actinomycetales is a
Streptomycetaceae.

3. The phage of claim 2 wherein the Streptomycetaceae is a Streptomyces.

4. The phage of claim 1 wherein the donor microbe and the recipient microbe are members

of different genera.

5. The phage of claim 1 wherein the donor microbe and the recipient microbe are members

of different species.

6. The phage of claim 1 wherein the donor microbe and the recipient microbe are members

of the same species.

7. A method for screening for a transducing phage, the method comprising:
combining a phage with a donor Actinomycetales microbe forming a first mixture
and incubating the first mixture under conditions such that a lystate is produced;
combining the lysate with a recipient Actinomycetales microbe forming a second
mixture and incubating the second mixture at less then 28°C, wherein the donor microbe
contains a coding region encoding a marker and the recipient microbe does not contain

the coding region; and



Co-transduction confirms |inkage established by conjugal ntTREISF2%Bver al
genetic markers. To exam ne co-transduction (i.e., the transfer of two
genetic markers at the same tinme) of narkers by these phage, genes
identified by 5 nutations that had been previously mapped using conjugal
mating or physical nepping were used in conbination with each other and

W th drug resistance markers that had kB8en introduced into known | ocations
within the chronbsone. As shown in Table 5, co- transduction was observed
at frequencies that are in good agreement with previously reported ‘

| i nkage. 10 24 Septdsifsirg DBORICNINTOIS A8 2inyg IRCTHIUSOCYIGY Whirein the fletection +- ~PO

OO#‘“ "{VD :Et NO of the fl:f:iﬁaient Pﬁfllc'r'ob\‘-ycbﬁ(taj%éminc Joﬁffl rggicgwﬁgicates't‘{'hg ]phé)g% isa t?aﬂshuscirggc) XX
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phage.

8. The method of claim 7 wherein the donor Actinomycetales or the recipient

Actinomycetales is a Streptomycetaceae.
9. The method of claim 8 wherein the Streptomycetaceae is a Streptomyces.

10.  The method of claim 7 wherein the donor Actinomycetales and the recipient -
Actinomycetales are selected from the group consisting of spores, mycelial fragments,

germlings, protoplasts, and mixtures thereof.

11. The method of claim 7 wherein detecting the recipient microbe containing the coding

region comprises detecting a colony on a plate.

12. The method of claim 7 further comprising reducing superinfection of the recipient

microbe containing the coding region.

13. The method of claim 12 wherein reducing superinfection comprises reducing

superinfection killing of the recipient microbe containing the coding region.

14 The method of claim 13 wherein reducing superinfection killing of the recipient microbe
containing the coding region comprises treating the lysate prior to combining it with the

recipient microbe.

15.  The method of claim 14 wherein treating the lysate comprises exposing it to ultraviolet

radiation,
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16.  The method of claim 13 wherein reducing superinfection killing of the recipient microbe
containing the coding region comprises treating the recipient microbe containing the

coding region with a chelator.
17. The method of claim 16 wherein the chelator comprises citrate.
18.  The method of claim 7 wherein the transducing phage is a generalized transducing phage.
19. The method of claim 7 wherein the transducing phage is a specialized transducing phage.

20.  The method of claim 7 wherein the phage is obtained from the group consisting of soil,

walter, organic material, decomposing organic material, and volcanic ash.

2]1.  The method of claim 20 wherein the phage is plaque purified prior to forming the first

mixture.

22. A method for screening for a transducing phage, the method comprising:

combining an isolated phage DNA with a donor Actinomycetales microbe
competent to take up DNA forming a first mixture and incubating the first mixture under
conditions such that the donor Actinomycetales microbe takes up the isolated phage
DNA;

incubating the mixture under conditions such that a lystate is produced;

combining the lysate with a recipient Actinomycetales microbe forming a second
mixture and incubating the second mixture at less than 28°C, wherein the donor microbe
contains a coding region encoding a marker and the recipient microbe does not contain

the coding region; and
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4V O N 24 Septenber 2003 WO 00/58482 PCTI US00/ 07771 35 Physical analysis
of transductants confirms DNA transfer. To exanine the physical location .
of transduced markers in the recinpi en%%ch(rjo][msorre, Soult _herln hgbr![dl zation
experinments are perfornmed. DNA is isofate omS. coelicol or strains
J2202, whi ch con!to a(lﬁertlcsCElgg Fl{/eé@l?nﬁ?écrrf’l?seoﬁ?nfaﬁwg ﬁ&oﬁﬂ‘ﬁ BRigenEcem e sioleein
whi ch cont ai nef arcipfenEmicashercbntaiinghOcddit reflbindRACs HEHALLR 19 BRI St T ai n
J2402 is added%to J2408 germings, and cells that are resistant to both
hygronycin (eRt&fted by hygB) and |inconycin (encoded by ernE) are isol ated
fromcultures at a frequency above the reversion frequency. No doubly _
resistant_10 cells are recovered from control cultures (no phage added) in
any expeltz?'rren n isolgtdhags depagicd uades Sl Acesation Nemper2§a8 1 ovi de t he

recipient cells with the gene

24.  Anisolated phage deposited under ATCC Accession Number 203878.
25.  Anisolated phage deposited under ATCC Accession Number 203879.
26. An isolated phage deposited under ATCC Accession Number 203874,
27.  Anisolated phage deposited under ATCC Accession Number 203875.
28.  Anisolated phage deposited under ATCC Accéssion Number 203876.

29. A method of transferring at least one nucleic acid fragment from a donor microbe to a
recipient microbe, comprising:

providing an isolated transducing particle comprising at least one nucleic
acid fragment from a donor Actinomycetales microbe;

combining the transducing particle with a recipient Actinomycetales
microbe to result in a transducing particle-recipient microbe mixture; and

incubating the transducing particle-recipient microbe mixture at a
temperature of less than 28°C to form a transduced recipient microbe comprising
at least one nucleic acid fragment from the donor microbe, wherein the frequency

of transduction is at least 107,

30.  The method of claim 29 further comprising reducing superinfection of the transduced

recipient microbe.



. . 2
that confers resistance to hygronycin fromthe donor strai #.Selfic?mggrn Olo';’m

that the transductants contained the transferred drug resistance gene,
DNAs isolated from randomy selected transductants are anal yzed by

Sout hern blotting using the 15 hygB drug resistance gene probe. DNA
hybridi zati on patterns of the transductants is the sanme as those of the
donor strain, while no hybridization 4s seen with the reci pient strain. A
gene probe for the ernkE gene present in the recipient strain hybridizes
with the DNA fromthe transductants, but does not hybridize with the donor
strain. TRbse Biquaethereefichin SRuristeimredudingup@infetion pospises reDidngd r om t he
donor strain i ) t e to the .transductant strain and
integrated in %ﬁéeﬁrﬁ%zlpgEé{%l?%é%errtga%%g%?&&cﬁI(r)lhcr(\)/\b/g's not det ected when
assays were performed at 30C. These phages were exceptional in their

ability tg,gr | ytically.at,,30C .th rowth, 25 tepperature typically used
to i ncubat® S%eoréfftb%o?tjoc?/m’gﬁé "f%ﬁfef“ar(‘?&uc’?ﬂ?ssf"pe FUpE gﬁ;‘/@é’ffzhes‘ﬁ“g‘?‘%‘ig‘? 1f | awns
with only a feeipleatpiesobeedsprises tibaing theatanddCing phufficle @bl o®ohBWmg¥Bwith ysed
in a few days.  Extensive superinfection killing resulting fromthis active
lytic growth nPGFEPERHMEOPE he failure to detect transduction in many
Streptomyces species. In fact, when transduction assays 30 were perforned
exactly as_ described above but at 30C,_ no transductants were detected. It
is very | kel yTheragthed gfelaim e sthersin kaatipg the trawsdycing parfigle comprésguiexposing it

el i mnate the ghildiofe: MaidiiognNsduct ants to survive. 24 Septenber 2003 WO

00/ 58482 36 PCT/[3SOQO 07771 Prelim nary physical characterization of the
transduci ng phages reveals that they are different fromeach other. To

det er mi nezt he i . e A 1] 0o P =18 i d S .extracied from
f our phag'gf' DA%ZIE%%-%&Q%KE!??Q@(%E’%JQ %%%,SU éshﬁ]rfleé:hgn Stam \g?hc? néaﬁ';s)({ru(g%éh for

St rept onyces phepiest rhicmbeoadprises tredting the(thafbiyedGecipiehtomiviobi plithatchelatonf
Streptonyces - A Laboratory Manual, The John Inns Foundation, Norw ch, UK,
pp. 99-102). In all cases the nucleic acid isolated fromthe phages was

di gest ed $i.t h Beusstiald ofekim B34 wihemringhe yhieksortchprisds Biftaat i ng that it is

doubl e stranded DNA. The genone sizes were estimated 10 using digestion
with restriction endonucl eases and separation of fragnents by agarose gel

el ect r oph®6. esiFhe nldiiodsifzRirn 29 FNéreinstd admd ALAHRMyENEs arldAhélieciplopt®d, and DAH6
was about 60 ﬁl,obases (kb),. 45 kb, 45 kb, and 25 kb, respectively. The
di fferences i M*ErPBYEas At s5leciad frawythe grapp consisingplsperes, myselial fragraests,

di fferent typesndlings[3#6@pladdD8@eKturet BRredi.f f €rences in transduction
frequencies 15 and the differences in plaque norphol ogy between DAH4 and

DAHS5 strongly
' 37.  The method of claim 29 wherein providing an isolated transducing particle comprises:

combining an isolated transducing phage with the donor microbe to form a phage-
donor microbe mixture; and

incubating the phage-donor microbe mixture to form transducing pasticles.

38.  The method of claim 37 wherein incubating the phage-donor microbe mixture is carried

out at a temperature of less than 28°C.



suggest that these two phages are not the sane phage, desﬁﬁﬁ%pFﬁ@m§%W¥Iar
size of the DNA. Thus, DAH2, DAH4, DAH5, and DAH6 are each uni que. The
conpl ete disclosures of all patents, patent applications, publications, 20
and nucleic acid and protein database entries, including for exanple
GenBank accessi on nunbers and EMBL accession nunbers, that are cited herein
are hereby incorporated by reference 4s if individually incorporated.
Various nodifications and alterations of this invention will becone
apparent to those skilled in the art without departing fromthe scope and

spirit of 39.hi sThewansdd eMtiaird37@dreid ths BOMr A chRomipeeles iibe tbgtent hi s
invention is not to be undul limted to the illustrative enbodi mrents set

forth herein. 24nggEyeitsare strosd srpmahegionp conisting,of sppresrayreliid MegRENSed

t ransduci ng p@g@ﬁhhga&oﬁ@ﬁmgQ@ﬂ§§ﬁ5mgﬁmh%@st one nucleic acid fragnent
froma donor Actinonycetal es mcrobe to a recipient Actinomycetal es m crobe
at a tenperature of |ess than 28C, wherein the frequency of transduction is
at | east S t ci pi ent
Aot nomycatal ons BARPERIER DD A bbb R R ALk B8 AR 0Bl P

t he Strept onycEvtednge sispensiSt ofgbegermpopsising isolhked tphat;;emgpamblas,mhtremm ein

t he donor mcr t ipient. . mer. di.ffer

genera. 5. Theé)ol?1 %{ﬁgéi'% &gﬁl%t?%s@c\%%&ag}lc% ]? Etee%égbéjﬁir:gcr g%%n%%adﬁ?]%@ eC| pi ent
m crobe are ne@h@egmud&;different species. 6. The phage of claiml wherein
t he donor m crobe and the recipient mcrobe are nenbers of the sane
species. 7. A nethod for screening for a transducing phage, the nethod
conpri si ngl. coTi Méth@ & RAQS whicieh de ot UcAIm,0aaKS BladliRpromyediafge. f or mi ng
a first mxture and incubating the first m xture under conditions such
that a lystate is produced; conbining the |ysate with a recipient
Actinonycgt.al ephadth@h&S i il RgheRirS@E Qhr BT ¥kbbk:Seetdbhd 106 YRB3b Mg .he second
m xture at | ess then 28C, wherein the donor. nicrobe contai'ns a coding
regi on encoding a marker and the recipient mcrobe does not contain the
codi ng regson; %ggﬁ i
contalnlnggthérgﬂgﬁﬁgiéﬁg%@%bgﬁﬁéggﬁﬁﬁg dg@%%??%ﬂukﬁﬁaghgﬁ%gg#%?g%f

m crobe containing the coding region indicates the phage is a transducing

phage. 8. 41 he ﬂ%tlhagocpgf c%ﬁﬁ@vﬁwygﬁ?{hg kéllpﬁé};‘? 399199};1)}66‘51%}3&}?” gt%ﬁ&%%eso r the

reci pi ent

~ 45.  The method of claim 29 wherein the at least one nucleic acid fragment comprises a at

least one non-coding region.

46.  The method of claim 29 wherein the donor microbe and the recipient microbe are

members of different genera.

47.  The method of claim 29 wherein the donor microbe and the recipient microbe are

members of different species.

48.  The method of claim 29 wherein the donor microbe and the recipient microbe are

members of the same species.



Actinonycetales is a Streptonycetaceae. 9. The nethod of AR ENi n
the Streptonycetaceae is a Streptomyces. 10. The nethod of claim7 wherein
t he donor Actinomycetales and the recipient Actinonycetales are sel ected
fromthe group consisting of spores, nycelial fragnents, gernlings,
protoplasts, and m xtures thereof. 11, The method of claim7 wherein
detecting the recipient mcrobe containing the coding region conprises
detecting col ._The of .claim 7 further c i sing
reduci ng sag'eri ﬁ e%‘??%cﬁofgiaﬂﬁggvéégﬁn-p[l eaﬁ!gg Et%%grrmocgeéc aggdnﬂéﬁﬁ?tr?ﬁmpﬂsé’s 8@%%9
regi on. 13. Theomsphiog regionor aportid@thedeel ei N reduci ng superinfection
conprises reducing superinfection killing of the recipient m crobe

cont ai ni ng Sbhe Aontiting of pRUGg dltfensdiolg PRtIBIEAhOheBbBioMpldingher ei n reduci ng
superi.nfection killing of the recjpient m.crob cont ai ni ng the coding

regi on comprises treatin§ THROE %ﬁ&éte‘ﬂﬂf“ﬁfluct“@ BEFOYIH Hipnpt Adkirermyaetqles

recipi ent mcrobe. Xhicrobhi® fomd Hiitho@Horol BididbkAnivhie) Shdteih iRALIIAE thHSalcpgat e
conprises exposing it to ultraviqglet radiation. 24 Septenber 2003 39 16.
The nethod of claim %ge\&ﬁ%f‘%‘ls%rf“g&‘lﬁb‘?‘ﬁ@“%lﬂbé?lﬂﬁﬁ%ﬁftnfgﬂml@idpﬁ?fng of the

recipient ncrobe chihddkbgs igobe @i REIpIeROA @RoRREII s SRS old £ A teniPErabiie
reci pi ent m crobe c%ggl i n%ﬁthe codi ntg region wth a chelator, "17. The
met hod of claim 16 LA FhE- eherw i iredyersy pbEnsdctionis gt leasg 10T et hod

of cl'aim 7 wherein the tiRiEHEIhDghHBABLL: nScrObIRRAKSopESRcd 4 ARSAIAGNY
phage. 19. The nethod, of- claim 7 wherein the transduci ng phage is a

speci al i zed transdud®§phage. 20. The method of claim 7 wherein the phage
is obtained fromthe group consisting of soil, water, organic naterial,
deconposi ng . organi c materjal, and vol canic ash. 21. The method of claim 20
wher ei n thgl'pha ipethag ol glgum §Q,herpin dhest [eatt opniclsicrAciidagmenticpmpRses /i xt ur e.

22. A et hod f Ofiuckes a@ﬁl’ﬁa@ﬁl&ﬁt@éle@e&ﬁ@ﬂﬁﬂgﬁjuﬁgoﬂm_ﬁﬁof & RAst TRE ARdcARPGPT | i ng:
conbi ning an isol ated e DNA with a donor Actinonycetal es m crobe

pha ) !
conpetent to ta‘i@%‘OEB“Wa&(?PWW@gécgl?”r%ftaR‘f‘f‘%@f‘tﬁffeéw&nd i ncubating the first
m xture under conditions such that the donor Actinomycetal es m crobe takes
up the isol gt edT ha‘ge DNA; incubating the m xture under conditions such
that a |ystate 1€ BrRRdREem S¢ Bheeinthegloresdcinamyreialss 4 the teeipieni ent _
Act i nonycet al esAdiineh Rk We@tleae@fr&@ﬁ@%%uﬁicaﬁsﬁﬁﬂg goref) GRAlal RELR, second
m xture at |ess than 28C, wherejn the donor mi crobe contains a coding
regi on encodi ngECHPRESIEPORIAYS. ppmixBrEsstheset. ni cr obe does not contain the

codi ng region; and

53.  The method of claim 50 wherein the Actinomycetales is a Streptomycetaceae.
54.  The method of claim 53 wherein the Streptomycetaceae is a Streptomyces.

55.  The method of claim 50 wherein the donor microbe and the recipient microbe are

members of different genera.

56.  The method of claim 50 wherein the donor microbe and the recipient microbe are

members of different species.

57.  The method of claim 50 wherein the donor microbe and the recipient microbe are

members of the same species.

58.  The method of claim 50 further comprising isolating the transducing particle.



24 Septenber 2003 40 detecting a recipient mcrobe cont ai%ﬁ%@tq@@%wai ng
region, wherein the detection of a recipient mcrobe containing the coding
region indicates the phage is a transducing phage. 23. An isol ated phage
deposi ted under ATCC Accession Nunber 203877. 24. An isol ated phage
deposi ted under ATCC Accessi on Nunber % 3878. 25. An isol ated phage
deposi ted under ATCC Accessi on Nunber 3879. 26. An isol ated phage
deposi ted under ATCC Accession Nunmber 203874. 27. An isol ated phage
deposi ted under ATCC Accession Nunber 203875. 28. An isol ated phage
deposi t ed5%ndeA tATCGCiAg pasislc dsolddtiyahe REBRET 6f cl2fh. 58A nmet hod of transferring
at |l east one nucleic acid fragnent froma donor mcrobe to a recipient

m crobe, conprising: providing an isolated transducing particle conprising
at | east éfe nucl ei& tragdiéing prageBblatell b AnRetiARBMpAGHE-NONYcet al es mi crobe;
conbi ning the transduci ng Earti cle with a recipient Actinonycetales
microbe to result in a CPRASHEA RIGEDHIR # dener Agétoppesielesmicrdisdo farmtafite:  and

i ncubating the trangglugé A iR@bhiig Be ﬁﬁsjnmtﬁ@hna&%mﬁmm%%ﬁaﬁsa is
tenperature of less than 28C to forma transduced reci plient m crobe

conprising at |eastPof&ediucl eic acid fragnent fromthe donor nicrobe,

wherein the frequency Qz)mﬁi%rﬁ%gﬂ%‘]?gejté)@itﬂ 3 reﬁfr?]jén?%&i’no;ng?eufl%gm{ck%g t(grf?t&[ggd of

claim29 further conprising ng superinfectron ransd
reci pi ent nicrobe. sgpndapsrered iR0bBing thedkcondmaixmet 41 beds tifan @BUE, mh3Rinvher ei n

ci pi ent_m or obe. 5 _ _ st s O 0520, migBiner ¢
[ ansduged T oci pi ooy e AREeu G LA PR RS B o BinLpia o Aofc ng

superi nfection kil Inohgpngdin the@utleiansid fiagdenty eci pi ent m cr obe conpri ses

treating the transducin rticle .priar to conmhining i.t. with the recipient
nicr obe.g 33. The net hodggtggg'lgéirﬁ?%‘%t\ﬁfgioé‘? FPofung fhﬁg‘“‘flﬁlﬁ atifd S3gmeRti ng P

particle conprises whepdsihagreijiency 6f ttinkduaioris af lefsa 008 &ineRin 184 detddi@n BBIHROd Of
cl aim 31 wherein reduci ng .superinf ecth%o killing of the transduced

reci pi ent nicrobe 5‘6%?’?‘2’8?0 ¢ @dicpigg the phage ispuyiidudngrbeghr8ht ni crobe with
a chelator. 35. The met hothigf telahdudfe phgeei n the chel ator conprises
citrate. 36. The nethod of claim29 wherein the donor Actinonycetal es and
the recipient Actinonycetal es are selected fromthe group consisting of

spores, nycel iBle dah@BBRBpRage 08 Slhaith b0 Gferein 1R 2 MadSIns nudd Sl fLELER t hereof.

comprises a nucleic acid fragment selected from the group consisting of at least one non-

coding region and at least one coding region or a portion thereof.

62.  The transducing phage of claim 60 wherein the donor Actinomycetales or the recipient

Actinomycetales is a Streptomycetaceae.
63.  The transducing phage of claim 62 wherein the Strepromycetaceae is a Streptomyces.
64.  The transducing phage of claim 60 wherein the donor Actinomycetales and the recipient

Actinomycetales is selected from the group consisting of spores, mycelial fragments,

germlings, protoplasts, and mixtures thereof.



37. The nethod of claim 29 wherein providing an isol ated f%é%@ﬁﬁ@?ﬁ§03
particle conprises: conbining an isolated transduci ng phage with the donor
m crobe to forma phage- donor m crobe m xture; and incubating the
phage-donor mcrobe mxture to formtransducing particles. 38. The nethod
of claim 37 wherein incubating the phage-donor mcrobe mxture is carried
out at a tenperature of |ess than 28C. 424 Septenber 2003 42 39. The net hod
of claim 37 wherein the donor Actinonycetal es and the recipient
Actinonycetal es are selected fromthe group consisting of spores, nyceli al
f ragment s65. geFheltianghicing pbageplf alsins 60 Smdlendoxtpuisieg radneing efperidfoctichitug thwet hod of
cl ai m .29 wher eljegi igltlton\{ljcg)ibngo qﬁnfng ﬂ]leaf{[u(ca icj[al;:f’ar}‘rsaducgltng particle conpr i S€s
providing a susp8n3|on ot 6hage CONprising 1%§0F At ed transduci ng parti cl es,
wherein the concentration of the transducing particle is at |east about 1

transduciﬁg particle in 103 gh@gg ga&ticle .. 41, Th@ nmet hod of cl aim 29
wherein t & dohtrRAUFRE RYIESCAFELT P3 WACTSPTE R ERAIGEEGUN COmPSISeS FRUICHE! hod
of claim 41l whap&infedibe kiliaipasr il reiplefiitiefba 6aAAning thd rBteRPEAMLERSAt. 43. The
met hod of claim 29 wherein the recipient Actinonycetales is a
Streptonycetaceae_ 44. The nethod of claim43 wherein the recipient

St r ept ony gt aChRArahSIuRinSph£IR P BMEL 86 whékein rdRRingREPd fefioflifing o2 fhe Wher ei n
the at | east one nucleic acid fragnent conprises a at |east one non-coding

regi on. 46. THECIpERHBIGrobe containing e niplsicac fragmepionapripas dieating thmlysatdprior
recipi ent ”1cr@Q&mﬁ5ﬁ%H%h ﬁ%?aﬁﬁe Wfifiggent genera. 47. The nethod of claim

29 wherein the donor crobe and the recipient mcrobe are nenbers of
different species. 48. The nethod of claim 29 wherein the donor mcrobe and

h i pj} ] LOf . 1h ] ies. 24 S nb 2003
43 40" TheS ot oot ol Prodl T Uy P oot A AERSA T ol EROEEP B

fragnment. conprulssdoletradigtast one coding region or a portion thereof. 50. A
nmet hod of producing a transducing particle, the method conpri sing:
conbining an isolated transduci ng phage with a donor Actinonycetal es

m crobe t69.f orThearapiingiag ghapelof tiakii 6@ ehéfeixirethiRing Whskiafeotiddalling of aleed

t ransduci ng phagg can(%%anster t | east Dge nucl ei c .acid tragnenl froma

donor  Act i norffeBERTBETORE EPEHRING e PurlEiCianidd FEMER OMBHERS dealingdhsieepisB at a

tenperature ahictods Sorthiaing 2@GucRelcRl flhghf: WileduRney, of transduction is at
| east 10"5; and incubating the phage-donor mcrobe m xture to produce a

t ransduci ng
- 70. The transducing phage of claim 69 wherein the chelator comprises citrate.

71.  The transducing phage of claim 60 wherein the phage is a generalized transducing phage.
72.  The transducing phage of claim 60 wherein the phage is a specialized transducing phage.

73.  The transducing phage of claim 60 wherein the phage is obtained from the group

consisting of soil, water, organic material, decomposing organic material, and volcanic ash.

74.  The transducing phage of claim 73 wherein the phage is plaque purified prior to forming

the first mixture.



particle. 51. The nethod of claim50 wherein the at | east ¥heeniueleege03aci d
fragnment conprises a nucleic acid fragnment selected fromthe group
consisting of at |east one non-coding region and at |east one coding
region or a portion thereof. 52. The nmethod of claim50 wherein the donor
Actinonycetal es and the recipient Actinonycetales are selected fromthe
group consisting of spores, nycelial f#@gnents, germings, protoplasts,
and m xtures thereof. 53. The nethod of claim50 wherein the
Actinonycetales is a Streptonycetaceae. 54. The method of claim53 wherein
t he St rept/bmycéttmosmeing particlSiisoltddmeceshodmpikimgnet hod of cl ai m 50 wherein
t he donor m crobe and tQpH£§ﬁ}pH§%t nicrgbe %TF nenQFrs.of diﬁ%%%ﬁnt
genera. 56. The method PRI HIEH BEESHEY &FONOF ASTHERETART RISHS & gst

reci pi ent mcrobe angturemithiasbaidg e fifsementre SpeE cosditidng suchBatABysheds of
clai m 50 wherein the %gn_r m crobe and the recipient mcrobe are nenbers
of the same speci eP™E8°%The nethod of claim 50 further conprising

i solating the transduci Rgmpmidgithd $sat84it§@pscmmgczm&cé}&eﬁ%jcm‘be% fsduci ng
particle isolated by the nethod of claim58. 60. A transducing phage

i sol ated by a net hoGCUGmHriuE 4. inqubaiiethnigeendinixee %lﬁsﬁﬂ&né&?{gﬂ’hﬂﬂﬂ the
Actinomycetal es m cdpBemicRbk @bMMhifs § hichlic adid Xhathéh 808N REIRA IFotched | T St
m xture under conditions such that a |ysate I'S produced; conbining the

| ysate with a reci ploésentag thempelpicacidlfmgmaiter obe to forma second ni xture
and incubating the seco i xt . I.J donor

m crobe contains a nuclg?%&% ﬁﬁ£$P§§H%§?$%%ﬂﬁ@R§§g%@ﬁ%?%ﬁ¥ﬁﬁ%@§%%e does
not contain the nucvlergn teifttqiengy nbmnsdudoristat legst A07, ediepiretht deteaionloéthe

contai ning the nuclegj.c. acid tra t wherein the frequency of
transduction is atlﬁgéfﬁjﬁguﬁ?”%%%% Pﬁi¥%§cﬂ@?@ﬁ??&ﬁ”S&“%ﬂﬁxd?€§gpient
m crobe indi cates the phsdgingshearahsduningpaitinig. phage; and isol ating the

t ransduci ng phage. 61. The transduci ng phage of claim®60 wherein the at
| east one nucleic acid fragment conprises a nucleic acid fragnent selected

from the @6.0upTioRBikdicingPaicleadf cla@AIs whBRINNBOat 16RCbIRGUEIERIcHA fARfleAt | east

one coding region or a rtion thereof. 62. The transduci ng phage of claim
60 wherein t heSHHREFS w@ﬁwﬁ%ﬁg&e&%&ﬁe@ hromy 8¢ BIOPR FRNSISRS LA IPEONaNds i s a

St r ept onycet ac@agg ré3en ditlar Idadtbhe UEdiMSrePRAGLa Hhrti6h AefHH2 Wherein the
Streptonycetaceae is a Streptonyces. 64. The transduci ng phage of claim60
wherei n the donor Actinonycetal es and the recipient

- 77.  The transducing particle of claim 75 wherein the donor Actinomycetales or the recipient

Actinomycetales is a Streptomycetaceae.
78.  The transducing particle of claim 77 wherein the Streptomycetaceae is a Streptomyce.f.
79.  The transducing particle of claim 75 wherein the donor Actinomycetales and the recipient
Actinomycetales is selected from the group consisting of spores, mycelial fragments,

germlings, protoplasts, and mixtures thereof.

80. The transducing particle of claim 75 further comprising reducing superinfection of the

recipient microbe containing the nucleic acid fragment.



Actinonycetales is selected fromthe group consisting of syobeéemhey2@03; al
fragnments, germings, protoplasts, and m xtures thereof. 24 Septenber 2003
45 65. The transduci ng phage of claim60 further conprising reducing :
superinfection of the recipient mcrobe containing the nucleic acid
fragnent. 66. The transduci ng phage of claim65 wherein reducing

superinfection conprises reducing sup&rinfection killing of the recipient
m crobe containing the nucleic acid fragnment. 67_ The transduci ng phage of
claim 66 wherein reduci ng superinfection killing of the recipient mcrobe

containing the nucleic acid fragnent conprises treating the |ysate prior
to conmbinihg it_.wWwth the recipient. mcrobe, 68. The transduci ng phage of
claim 67 :%ﬂ'er ei ettFaEEF{”F’ﬁlé P@W§I%|C§§1t§{rlé8§8ﬁﬁrﬂn§3&0gggﬁggqrﬁ Clen §PNPIES 1 avi ol et
radi ation. 69.redfEng fupBsthettion GilpNagRhOfecipleai McBhe WORERING HOHMEIWId
superinfection_killing of the recipient mcrobe containing the nucleic
acid fragnent Ye#fitf-ses treating the recipient nicrobe containing the
nucleic acid fragnment with a chelator. 70. The transduci ng phage of claim

69 wherein the chelator conprises citrate. 71. The transduci ng phage of
cl ai m 60 #her ei Thetirpasquring eastislesf glaie Bhwhereth redusinggupstiniecporalging of the The

cl ai m 60 #her ei Fieutes pningeaislcal ghes hihored redun g |
L1 ansduci ng phogpen 9k TLAIntRThEN A BiPhAAT| SR RIEAIh S ponage

i s obtained frioromhmingibwh theoegpisttimigrobé. soil, water, organic material,

deconposing organic material, and vol canic ash. 74. The transduci ng phage

of claim73 wherein the phage is plaque purified prior to formng the

- first mx8tre. D tBepleinpenrti?BGS clafin 85 whéreinrtmeatchtbe hgatp asrhpriseeeipsghaites by
a net hod corrprifiﬁ&:? cQnpbi ning a phage with a donor Actinonycetal es m crobe

to forma first WGP Yhd i ncubating the first nixture under conditions

such that a lysate is produced; conbining the |lysate with a recipi ent

Act i nonycg&al esT m cro(ge_ to f,oiem a . second m xture and, i ncubating the second

m xture abt*l essIHeHERSGEiBE Paislest Fatmal whesredhicrespeeriaistion Huing ohle| ei ¢

aci d fragment RpgiehhRickeichht@ningThEiRRE: ARPSagnAl conPisad ReatifemP uelfde aci d

fragment; detecting a recipient mcrobe contal ni nq the nucleic acid

fragnent, whePifePercaranpgdhencieiorcid fFragmeatwith ashdlaorat | east 10-5, wherein

the detection of the recipient mcrobe indicates the |ysate contains a

transducing particle; and isolating the transducing particle. 76. The

t ransduci ﬁg parkhedragsdyeing paitighe v clphe Bé whereinghethelabaa sompiiges pitreteei ¢ aci d

fragnment
86. The transducing particle of claim 75 wherein the phage is a generalized transducing
phage.
87. The transducing particle of claim 75 wherein the phage is a specialized transducing
phage.
88. The transducing particle of claim 75 wherein the phage is obtained from the group

consisting of soil, water, organic material, decomposing organic material, and volcanic

ash.



conprises a nucleic acid fragment selected fromthe group ¥o¥iestengdBf at

| east one non- coding region and at | east one coding region or a portion
thereof. 77. The transducing particle of claim75 wherein the donor

Acti nonycetal es or the recipient Actinonmycetales is a Streptonycetaceae.
78. The transducing particle of claim 77 wherein the Streptonycetaceae is a
Streptonyces. 79. The transducing part4&l e of claim 75 wherein the donor
Acti nonycetal es and the recipient Actinonycetales is selected fromthe
group consisting of spores, nycelial fragnents, germings, protoplasts,
and m xtures t hPleatisdudfhg paitieletof S1AEAIBE ivhgredand piakeisqllagat pirifiedpriotict her
conpri si ng redtlm ng su er| nfection of the recipient mcrobe containing the
nucleic acid f %@ﬁ% YgNe-erber 2003 47 81. The transducing particle of
cl ai m 80 wherein redum ng superi nfection conprises reducing superinfection
killing of the recipient mcrobe containing the nucleic acid fragnment. 82.
The transducing particle of claim8l wherein reduci ng superinfection
Killing ofgpt he ic acid fragnent
comr i Ses 3t oot Ra R B D A o B T he rechpi ent

m crobe. 83. The transdueinhipingantisadated tdnsdiciiaph8ge wites donor Ardrariyngalene

| ysate conprises e I } 4, ci ng
particle of claim éﬁﬁgé?g?%fo#nﬁa}gﬁ% &n%lgl\slllll}fp%r%lter# 2 elangI]]Q | tﬁe ISOimﬁ t&%s%ﬂéﬂg

reci pi ent mcrobe c@agaéanitmgsfemlﬂastcjnenuclacaddﬁng:gemﬁbnrmdqmbr ses treating
the recipient mcrohe conf ini. nlgr% E nucl e ta0| df %élfng v%tth a

chel ator. 85. The t ‘%i’ﬁ‘g'&ﬁcc? & PSPt "Iaefeﬁff"“-’& ﬁ’ﬁ?’g&cefﬂlfé WoT A ERBTAY S
Cﬁnpri ses C|trateI c&(i%ss”i}km%?c‘i@,rvﬂdtm mgfxﬁqu&cycdyﬂraﬁédmh@i iat/leasshet; ahdd tlhe f
pagelsageneralze t.ransduc 87 Tetrans ucin rticle o
cl ai m 75 wherein the phdgéd P@géh%%@égg?‘?%éfﬂ“ﬂ’%ﬁ%%fmo gaépegésatﬂThe

t ransduci ng parti cl@nqinsﬁgaltmshﬁcm@gﬁ@bn t he phage i s obtai ned fromthe

group consisting of soil, water, organic material, deconposing organic
material, and vol canic ash. 24 Septerrber 2003 48 89. The transduci ng

particle of cl mﬂmhgeagyat@ioﬁgp?ﬁigg%@mﬁang ﬁhdglaamaemﬁmelﬁfahﬁﬂcﬁgbﬁ& elegn formng

the first m xture . C roduci ng a phage |ysate, the nmet hod
conpri sing: col#IsFAr AglezshoresBiclpiceagia fr U@E@ﬁ@ dehrrdestiopriiceialed areede to a

Actinomycetal e&cgmi@n?ﬁ&%m&?et&l?! HlicfobR BPPRMPAARTe F 165 ARG 285X IHlefein Waer €1 n the

i sol ated transd
frequency of transduction is at least 107

92. A method of producing a secondary metabolite from a microbe, the method comprising:
transferring at least one nucleic acid fragment from a donor microbe to a recipient
microbe, comprising: |

providing an isolated transducing particle comprising at least one nucleic
acid fragment from a donor Actinomycetales microbe;

combining the transducing particle with a recipient Actinomycetales
microbe to result in a transducing particle-recipient microbe mixture; and
incubating the transducing particle-recipient microbe mixture at a
temperature of less than 28°C to form a transduced recipient microbe

comprising at least one nucleic acid fragment from the donor microbe;



phage can transfer at |east one nucleic acid fragment frordSegigmber 2003
Actinonycetales mcrobe to a recipient Actinonycetales mcrobe at a
tenperature of less than 28C, wherein-the frequency of transduction is at-
| east 10-5; and incubating the phage-donor mcrobe m xture to produce a
phage |ysate conprising a transducing phage. 91. A phage |ysate conprising
a transduci ng phage, wherein the transd2ci ng phage can transfer at |east
one nucleic acid fragnent froma donor Actinonycetal es mcrobe to a

reci pi ent Actinonycetales mcrobe at a tenperature of |ess than 28C,
wherein the frequensydiag cdﬂdamelwéchoafoiraqeaécilbbi&ﬁsﬁcr%‘ae & pr&iice Asdveiidied of
produci ng a secondary netabolite froma m crobe, the nethod conpri sing:
transferring at | edB8§tak9HE- nucl ei ¢ aci d fragnent froma donor mcrobe to a
reci pient mcrobe, conprising: providing an isolated transducing particle
conpri si ng at | east one nucleic acid fragnment froma donor Actinonycetales
m crobe; Ednbi Rhergethoroficaamdd (rdieredp hancingmycaitiesis a Strepopyestaceae.
Actinonycetales mcrobe to result in a transducing particle-recipient

m crobe m xture; and incubating the transducing particle-recipient mcrobe
m xture ab4a Thenmpehal efichin3vderit tha§irg8@ncetatarens aStepemmaaced reci pi ent

m crobe conprising at | east one nucleic acid fragnent fromthe donor

m crobe; 24 Septenber 2003 49 providing conditions effective for the

reci pi ent 950 crDizemétbodsfathig ®?2 aviseiothe afcyndanpinalabdlité R noBFoduthébyrtiehod of
claim92 wherein the Actinarnycetales is a Streptonycetaceae. 94. The

net hod of cl ai WFS RS HHP?%L@P%QER%’WCM aceae is a Streptonyces. 95. The
met hod of claim 92 wherein the secondary netabolite is not produced by the
reci pient _mcrobe prior to transduction. 96. The nethod of claim 92 wherein
the second&ry Hstmebed ¢felaim 93 Gehersins secardnyy maabinis ot prrdycsh by thgdonone

met hod of cl ai gcBdeWherein the secondary netabolite is not produced by the
reci pient mcrobe prior to transduction and is not produced by the donor

m crobe. 98. The nethod of claim92 wherein the secondary netabolite is

pr oduced a i . j o rect ni Lharobe prior
to transdg’?ﬁti oﬂ*&ggﬁodrﬁ\g%n%tgzgﬂﬂ gégr?%@%&% 9 nmﬁ%?g?ﬁlstnﬁgﬁrg%%gggg}rhg

met abol i t e i s Jeripdacmirabe prohiodglaasdupignneind is ihog produced by theadodotpictdbe. donor

m crobe prior to transduction. 100. The nethod of claim 92 wherein the
donor m crobe and the recipient mcrobe are nenbers of different genera.
101. The A&t hoTheafetbbddfivlHd Setvdremimtht keoddanpmewbditoeralnced d1e highei lpradnt

m crobe are than is produced by the recipient microbe prior to transduction.

99.  The method of claim 92 wherein the secondary metabolite is produced at a higher level

than is produced by the donor microbe prior to transduction.

100. The method of claim 92 wherein the donor microbe and the recipient microbe are

members of different genera.

101.  The method of claim 92 wherein the donor microbe and the recipient microbe are

members of different species.



menbers of different species. 24 Septenber 2003 50 102. THE Srember P03 ¢l ai m
92 wherein the donor mcrobe and the recipient mcrobe are nenbers of the
same species. 103. A secondary netabolite produced by the nethod of claim
97. 104. The method of claim92 wherein the frequency of transduction is at

| east 10-5.
50

102.  The method of claim 92 wherein the donor microbe and the recipient microbe are

members of the same species.
103. A secondary metabolite produced by the method of claim 97.

104.  The method of claim 92 wherein the frequency of transduction is at least 10,





