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(54) Tiile: TRANSDUCING PHAGES
(57) Abstract

The present invention is directed to isolated
transducing phages including, for i instance,
producing a secondary metabolite from a microbe.
Order Actinomycetales, in particular in the Family Strepromycetaceae,
venezuelae, Streptomyces avermitilis, and Saccharopolyspora erythra
generalized transducing phages.

transducing phages,
transferring at least one nuclei
The transducing phag

methods of isolating transducing phages, and methods of using
c acid fragment from a donor microbe to a recipient microbe, and
es typically have a broad host range, and transduce microbes in the

including Streptomyces coelicolor, Streptomyces fividans, Streptomyces
ea. The transducing phages can be specialized wransducing phages or
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transduci ng phages, and nethods of using transducing phages including, for
I nstance, transferring at |east ' i ragnent from a donor

m crobe to a recipient m crobe,%sgﬁmﬁﬁg‘&éecondary net abolite from
a mcrobe. The transduci ng phages typically have a broad host range, and
transduce mcrobes in the OderrActinonycetalee, in particular in the

Fam ly St respt onmycet aceae, including Streptonyces coelicolor, Streptonyces

l'i vi dans, Streptonyces ve EF?; mﬁbr jtilis, and
Sacchar opol yspora erythr aegig eﬁ?’ra sﬁ@%@ﬁ@& be specialized
t ransduei ng phages Iowould bediffibilr chveretimaiethe\eonbitation geferadzedept enber 2003
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| NVENTI ON |t WSBTcHen Basmade fp thestdy\of ipeekaryots kiologs siaemibe disoevemnof

general i zed  phaRSEGH NmbRRL TREE emy}éfsbéwgﬁseeogag%éy}h%ggé&d%@gogy since

the discovery of” phage P22 in Salnmonella int use of
general i zel® t phrgeddei sigin @nstracties, finersteictuss mapHings tindi gériedo mahipoktiss r uct ur e

mappi ng, and el ni_pul.at.i gn have aye jor .roles ipn the genetic
anal ysi s of Sgg%oé%ﬁdﬁg'ﬁgmgs% eig.en%'f;e P%Pﬁgg%ﬁ’”‘f ‘?ﬂ%ﬁt"ﬁﬁt E)Qﬁpl i cations
of gener al i zedf theansd iapordht BHSicHRRR of @endralbkl trhidBetdAthasb@ig of genes

i dentified by _transposon generated mutations. The use of generalized

transduct i on” fafiigiehe gloping ofgenss idearifigd by Wansnesogearerited mytations: | Bee genes
i nvol ved in myspheanpesi N ga@%;y i [ sRorulation
in Bacillus subtilITs. St@e%?%ﬁygggg%re g%%“&??%@“?é#%ﬁs Srtlga of
speci al i nlter elomefgomestingolvedsasmorphogbnesit has hben invatysted incthe gudwéth node and
sporul ati on cgcl 12868 12BN th%..

portlation in Baciflus 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



nost dramatic exanpl es of prokaryotic norphol ogi cal di ffer%%?‘?f’éfiniﬁl‘}ﬁ?ogﬁhey
20 grow vegei@idsyel y as multicel lular, multinucleoid, branching hyphae that
penetrate and sol ubilize organic material in the soil form%’gsq%g{li al
mass. In response to environnental signals (a process that requires
cell-cell communication nediated by diffusible substances), they initiate
a cycle of differentiation that begins with the production of aerial
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of its unique biology, Streptonyces offers ‘specia ‘or the
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possi bl e. 100 deidlgpddin SEERbARE b th&Phdv nSt \ &é& ransformation
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extrenel y i nefiseioapkmuigganesin eThis briaran due tostho isesof temperagutetensitive

Transposi tion vel oped in Streptonmyces put they have
not proved to? E%%f@éﬁ?@@gf "%%E‘g‘%ﬂ %ﬁ%@hﬁ?@ﬁ’é&g&%r}g’mﬁ %ﬁbef:qu n part
due to the usendéxposmpes hightenensies ismutagndsiiidely ©Thie his ASultdddAKPoSon

delivery syst . Plasmd curipng is not effective and exposure to high
t enper at ures ﬁ@’rﬂff’%@?ﬂdcofini‘}“ﬁ‘q"g'é [pt capsrdbyiEgspasition; dgus, At has net bgen

backgr ound s priiad L6 Wril RARRY it RRBAR s Uosc By Sranlips Ot been

15 possible to determ ne whether a mita phénot ype wa
transposon i iEsEriopdRiojagene of interest witil ithet candidate ged wast dienedatidiabat € gene was

cl oned, there -nerm ' | enent at,i @n _anal ysi.s and. di rect.ed

di srupti.on st gg‘lﬂgs. gfpﬁﬁlgie?%nﬁgggaﬁf%s ﬂdr@eﬁ%ﬂgﬁﬁlpﬂanéwﬂ@a DAL it s
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mut at i ons.

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 apprqaches used to identify transducing phages for Strepromyces

venezuelae did not work for Streptomyces coelicolor.
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Subsequent® t JTASEUGHAR AN SEAHQIYCHT SpRGICR,” 63tutierd, IoGruetiss and Malepulanese

and ST ept ony gk orinhREEy MiBlgoeish) radReer, 3Lal BB, A ISR T

i nvesti gat or s&SM,aWasHi:@bﬂ,E&ér(lW)) he reporesdy s @bssitle sighifitafiSlack 6 t hi s report
titled "Generalized,5.Transducti 8,n i n,ﬂjlgtéfept onyces Species," (Stuttard, In:
Genetics and SKSESHIRSIrerEngicessrefieolen EPRIYEas dvidanga iibs sathorer shber ger |

et al., ( Eds-h}?otﬁééize&%tls@&e esealiAl h\@&%ﬁﬁdﬂﬁh@?}yg%{io ecé%&%h)g? Re reported "a

possibly significant lack of success with coelicol or and
St r ept onmykles ppieptial hast straimp enay hetrequired fordyticegrpwihcbf” ghdralizede essenti al  host

function(s), I.: XRAL e | N 10_pot ent i host strains, may be
required for %@lﬁéﬁgié%r\%?]%go?%g%‘nh&%ﬁlﬁéﬁ@&s a@fg@gﬁ%ﬁﬁ@gﬂ;ﬁ{z@ es. |f such
host functi omansiueing phages @ill ndtibe Asolretethat tiansdhice tioa shifs Pokiphages W Il not

be isol ated thatq?ﬁhan duce tggée Tiltgai ns | acking the essential host
functions. THECHHA HET TEAHEIS SO AHAE congldes thrti gereralized dmoedusie phages for
St r ept ony ces pEARL kG BlehroRRks Eaézﬁeww&sﬁeara»ﬂ,cgﬁpgfz%gﬁt%%ee%ﬁ@ ve 15 as

ever." In the recent past there has been"a sign e 1n the
i dentifickdi @me®r.”anti biotic resistant mcrobes. However, the

i dentification of w antibiotics ;has not..kept pace.w.,th the occurrence of
antibiotic resistah grer%%c}rpggé%m cb§F%I?ﬁl§]”§iFaxﬁ @SERMeen a significant
i ncrease in ldevficatiod oPfhtibiitizatsistmit Riictobas., Foavewer, ti illéntifitdBod &F | Nf ecti ous

di seases. Thus, tl%ere i,;s a need .
new antibiotics has not kept pace with the occurrence of antibiotic resistant

microbes. Accordingly, there has been a significant increase in human and

20  animal morbidity and mortality due to infectious diseases. Thus, there is a need
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.



for new antibiotics. As nentioned above, Streptonyces, and24o§eﬁéermbﬁf%qoébes,
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recently becone possible to use reconbinant genetic techniques to nodify
the nmetabolic 25 pathways of mcrobes tp result in the synthesis of new
natural product antibiotics, often referred to as new natural products or
non-natural products, havi SYVMMARKOFVTHEENVENTION tation to this is, for
i nstance, the need for .appropriate vectqrs tp carry |arge DNA fragnents,
and the ability BP%GP?IFH}VE%EWS dﬁ%‘i‘}“é“ﬁrﬁﬂl?ﬂiﬂ“éﬁo %ﬁ?ﬁ’fa&}%‘?‘% tpngdusiigirhagesibat  f or
i nstance, cangansfr abeabn@hucleid 39 &hgrdéht BohLN88hor AB8RnonSBeER) midkhtSto o here
is a need and .significant advantage to devel oping genétic techni ques of

mi crobes t FEHPIEY niqieerpeerdies BEGPbe pbauemPerans I desscthan 28°Cephersire the2003 4

SUMVARYs5 OF frElilenbNYEMEL SRR Plegsi@0%. i nvention is directed to an isolated
general i zed transduci ng phage that can transfer at |east one nucleic acid
fragment from aAdether aspedt of Byrventidrels amehabler saweaingrfeci paedocing phage.
Actinonycetrgll 833§ i t. less than 28C. wherein the 5
frequency of trans tf%tra?%n s agqﬁ’% t"vlilga-lgj.mo r‘%ﬁ’lzloé"rycﬁtg%%g{wr\é\?e CHB™Efvent i on
i s a met hofirst prixtuesy which igthémeomnsbinedawisle bl cécipden Hagmmy cdibles midrbidfobniak ades

conbi ni ng i.th.a donor .Actinamycetal es mcrab ormng a_ first
mxture, uisBRE Rl afe BoRBr e s ARG TR haRCE Ko dH5 CBP Y B8 R obe
form ny0 a ndeolenebnringt diccliggion ubaling)g nialer $6€ Hedefh¥hihiRrdbe doBSSott han
28C. Prefera .donor 10 m_crobe 0%ont ains a c¢oding region encoding a

l'X’ th
mar ker and YR (R FOingiEionc f b ecterdior of dte regipienhicrobreccaiing theegidimg.  The

det ection ffgidnadieaed Ok PRkges GMARSILABLALM. Nte thEng Qégid}gencmﬂ%%m{ﬂaéﬁ cates
the phage is a transducing phage. The coding regi on éncoding mar ker can
be substi t tA%ebe fFRsHMEd Wik BBy Inerleicaacid) fipgmgrte Ahe iMvsatiom wshideohothinc| udes

both  genepaleitiedh MdpsRAGERlrhiastil 1064 PRGOAR o ted using this
met hod, 15éTﬁe 1i nv_entlppn al so pr ovig’rd‘g{élg%ggdléltgdmsthrbE tﬂ(l)&fsPAcd?een for a
transdlti ng phagee bByentimntsonpregidan firsomathed tplsergen DINA transtycig pleige by
Act i nonycetales m.or; t .0 take . DNA formng.,a first m xture
and incuba%(lﬁélg t%ealﬁf1 %ﬁ%‘f&ﬁ%ﬁ%@&rﬁg&lﬁﬁl of dg%oﬁ 1t Ce;azeﬁctﬂm SCOPREYdRor
Act i nonycetaki¢ ep DA rfoipeing akiest mixtirbend swinbiteg thb dige nbkWre tided Raddifigs t he

m xture un condi fions such at a te | roduced and conbj nj ng the
| ysate wit u%ééh agalree(fgp%ri Cﬁ?"%@f"?ﬁrﬁ&@h’g%@gs?ﬁ @P%}S’g’té‘ﬁdﬁ‘ﬁgw}%’ Elé’&%’&g% xt ur e
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m crobg, cont ai ns codi n egi.on encoding a marker and the récipient
micr ob%o doB &bt %6%05(9’62?%%“%‘68%'3@@@i%*ﬁcoalﬁdmd&r%@ﬁ ingbating teisprondt

m crobe Comixdh®iaiBss theh 2P RlerkRGhOTonoVREEEbd Lohbis S8k ir%?orpéncg‘diﬁgﬁi pi ent

marker and the recipient microbe does not contain the coding region and detecting a

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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transduction of at |east 10-5. The invention is also directed at the
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acid fragnent ipdi I t i n reicle.. This

met hod can al so Elg nﬁezﬁeogscta%q%?%&ﬁ%ﬁ%srg%uggagg%g%g%ect)%oﬁ% éorn%%ngcrﬁl &r obe.
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aspect of the invent.ion.,is the nethod of producing a phage |ysate. The
1578

[
met hod conPri & SE‘SWB?‘M ng an isol ated transduci ng phage with a donor

Act i nonycet al esAmbteroBPed: of HR MvéntiBhag aredaRsd BT foeRSndh éhé%’eelysa‘t@@ﬂ‘h%i n the
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Act i nonycefiahRsytirbORtrale B HRANEHBEHEIENR micRbe mik in fhe
frequency of trénsducti on of at Ielgs 10" 5. >4 Sel?olt Eﬁ%e@%@%é&/\%’%&%& 5
20 ° transducing phage 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, with a frequency of transduction of at least 107,



PCT/ USOO' 07771 A "phage"” is able to | nj ect a nucleic aci d Qf4 % temllf rzor?tgo a
host mi cr olye.gorsfyskype of phage is a "transducing phage." Vi\q/\gﬂ

transduci ng phage infects a host mcrobe and replicates, Pg"d’é"éﬂdf
particles can result. One type of particle produced during the replication
process is a "phage particle." As used 5 herein, a phage_ particle contains
a phage nucleic acid fragnent and can inrfect another m crobe and
replicate, and can therefore be used as ™a transduci ng phage. The second
type of particle i ks I S e

t ransduci ng partlél @h%%ngz?ogésl&alﬁﬁfteé;&#&%%(%‘ggt%&?%lgéélgl r[g%ﬁ)é%t derived

fromthe hosh tipecsfphage ihi “Srafidating phager Wheﬂmmﬂsduming/pﬁagehmwt to the
di scussi on of_ 10 superlnfectlon kl||lnﬁ her Thus, _as used herein, the

term phage is hopt gacrope At fepligatss, ™Y BPRS %E%a@nwﬁ?afn a phage
nucl el ¢ aci d biAORBRGbEd Suine e RUASROAIbIE Bl Shapa S ABEeUC o €

acid fragrrent roma host™ mcr transducli ng particle).
Transduci n§ phereinch phagegiaticle Qmmmphagqnudemnpﬂcﬁagmentmﬁ@muﬁmtd f ragnent

nuicl 0 ¢ aci o UGS RO PbERI i AR erepe e e o2 B iepg Bpiae

“transduced,’ Tﬁ@gbcbﬁd@ @fﬁﬁﬁcle‘iﬁa"‘tfﬁhﬁdﬁhﬂ’é anclbr’wdsé%eﬂain,a BRI EF
DESCRI PTI ON OF THE FI GURES 20 Fig Phage suscegtl bility to W

i rradiation. trsdpeigg Bﬂrﬁpﬁé’%‘ﬁﬁlﬁét leﬂ-‘tt@ﬂe npeleisiagidt Tr@ﬁﬁléfefﬂ framthe exposure
{0, UV 117 a0 oot BETALER BRSSP S T E LANENEL QLT esent

invention is directed to 1solate nsduci ng phages a nmet hods of
i sol-ati ng 10r amaxémfengomhiﬂj;@ereﬂnemmdlhnmmmmm@bmw ected to
nmet hods of usin EJL] es includin for instance, transfﬁrrl ngq Zb%l east one

nucl ei c acid #f 5‘ OFEPEMPRASY F%‘E?‘HB’E% & pugleip peid fragm and
optionall'y pr@ﬁﬂ@emla%eﬂeﬁmnmaa@hemﬁgmm drive& irBR& hodh€ transduci ng

phages can be specialized transdu0|ng phages or generalized transducing
phages. 30 Preﬁ@pbﬁb(ly attwe§d pggiedal i zed transducing phages A phage can

i ncl ude a phage nu | £ § EE ment
cont ai ni ng at Ieas a por é‘%‘é&‘fas%a]}]tgéémgﬁgh%o%%@ﬁ%é‘gg pér%gtel n 24
Sept enber 13008V Oitob&4 A ZnicrdBETHaisGh¥ &Z:iﬁéntmtﬁaﬂmstluncmaéumﬂexc pdidges are not

capabl e of gr side mcrobial. cells. hage a a m cr obi al
cell via the g?ae @mﬁn?ﬂ%lueagpaaﬁ #ﬁ?éé?Ae Hgandduced,? an IR réflreda

to herein asa “uansductant.”

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



nucl eic acid fragment into the microbial cell. The phage ricl@iPgEEeP3
fragnment i|iwoepsugnated, transcribed, and the transcipts are t o_produce
protein for the 5 production of new phage particles, i.e. ,Pﬁﬁ’g"%‘fﬂg‘e
Transduci ng phages are phages capabl e of generating two types of
particles. One type of particle. a transducing particle,_contains a

nucl eic acid fragnent other than a phage nucleic acid fragnent, e.g., a
nucleic acid fragnment froma host mcrobe. The second type of particle, a

phage parti cl C ' l.y.a phage. nucleic acid fragment. 10 (i.e., it
does not incl T8 %q%ﬁ%?’éﬁhggeg)éfea’@F%fg‘ﬁlaen#cgﬂ‘gﬁowggﬂ&%gﬁ?%bg). Wen t he
transduci ng pitmgeadsortss wgansicblal edl #is dRgFoeing & B 86R and fifecte! ei ¢ aci d
fragnent present .i nsduci ng particle can originate from different

areas of the %ﬁ%géﬁﬁtgéme Ipigrebiad celbridee phege mgleicacidjfragment iy om a
pl asmi d presegpliddted B&. a?a%gw?}n# @%&ng%ug%ﬂtg%h?oé%ﬁ speci al i zed

15 transduci ng phage, the nuclelc aci ragnent “pres $ ansduci ng
particle 3% yrodudtionof ngwphigegpaiftictes) ionanepphadel Traasduaingfphhfss sgenom ¢ DNA
present in th donor 1 A tra%gguci ngpga# i cl? c&g‘ébe produced naturally,
e, it is tHreeyehnble of seoERling RYQ.WPrLef PariFles e HiFe 9f PRiglesaof a ni cr obe

nf ect ed wi t hrasbiguephiaHaCoRRin R Hielciofold FURMHCINEL BB | biblsE rbRBieal SO be
ance,

produced using artificial nmethods, including, for ins In vitro
packagi ng of aCihEAEAeME.genmreleic mighfragment frontia hast microbe, | Bol setemd’ phage,

phage particl - Pg R ticle refers to a,.phage separated from
Its natural etﬁ?ﬁ(?fo%a}n{é%?sd%r% ra%%’f,o ﬁég?s'olgfé'oalp %nucbehtg%%& @e particle,
or transdl@i fgepitrdoechat ifdtude AiuaRls achh BgEnde fbinGh€hosPmidrbB&)sduci ng 25
particle that is s@gar t ed fcﬁlg_m | crobes and. ot her phage, as opposed to
essentially free f ﬁ‘?g’ﬁd‘?,ﬂs 10g phage 13 8 genesalized yansdpeing phager thei es. The

phage of 't he ERSeA hayani pRBen B & (ahablie BalARELAbIARL oA sduci ng

phage, can transfer at one nucleic a ragme roma donor m crobe
to a recipi ¢iffersntareascof d gepomisi BNA presentib ¢het deabr, basan aighhateffomta | east one

nucl eic 30 ag| . t. oy tg,ansduci n article is referred to as
t ransduced. %l&nﬁé ellg}%f(t:ll{ecf@fl&ag . e%ém%ggﬂgﬂ i FREFECG 0 a pol yrreric
f orm of nlfc| eomsdiedng sfaganie mehgd deid fhghit pfds@R MIS hﬁ%ﬁh&ﬁ%gﬂﬁicle

deoxynucl eoti des,  and.i ncl udes both_ 24 Septenber 2003 WO 00/ 58482 7
PCT/ US00/ 077 ﬂpla%lbb?fé@m&%él%m AR weeific arraod thogenemistINg dresentingbsd pl asni d)

and both douljsgnr.and singl e-stranded RNA. A pol ynucl eoti de fragnment may
i ncl ude both coding and non-coding regions that can be obtained directly
froma natural souhtrengducigg 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 partiéle 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



a mcrobe), or can be prepared with the aid of reconbi nant24osrep§e§/nr]13teﬁzeqq30 5

t echni queswsomssud2i cant |y and preferably, the phage of the pepsgitor71

i nvention transduce at a tenperature of |less that 28C. Mre preterably,
transduction occurs at, in increasing order of preference, |ess than about
28C, less than about 25C, |less than about 23C, and |ess.ihan about 21 C
It is expected that the lower limt of the tenperature at which
transductio n occurs is about 16T, The low tenperature is advantageous
because it all g0t NG ' [ f nsducti on.
The ability of‘ﬁ)’ﬁ%a“pﬁ‘ﬁgg‘gief gé‘%@%s% r@ﬁ%%ﬁ%%ﬁ%d P{S’f’%@%ﬁﬁ?{’?&g‘l@%{é@él i zed
transducti on, andtinglastrasikd RNA .o peiynidetide fraghenpeaydhelode béthlcediagt hat 28C

was unexpected. Wthout intending to be limtipng, it is helieved 15 that
the decreased aP@Pr?}E? Tegigps g@%%&?égwdégﬁggsﬁ%ém&?WB&&nf ection,
particularly SUfobs) spéah%_epkega}e_dnﬁmmaﬁ_&f&@a&%gﬁﬁ%{ ingignt . & her

met hods to decrease superinfection, particular superinfection killing,
are descri fed terbnigihes, Typical |y, the phage of the present invention

transduce a recipient.dn crobe at.a,frequenc f transduction of ~at | east

about 107 (i.e., @’@éﬂ?’s cpéﬁfem?%v’ﬁ%cpgﬁgye‘?#hepw mvEptopansdyee. o oncy

of transducti api teiperbse bhletdthat B8O Mt prefdratlp, dasdhction bedueditsin(i - €.,
after exposing a recipient strain to

transduct ants) per, phage particle

phage. Pref er dpAT¢asing o agerpfemcacléwbanaqbpuﬁ 28°Criesscthan slpub 29K, lesaf

preference,  alpinAsl AROURd s hrandboutA°C. RIPUDedd Bat Hl1of: i SE 2DOU!
t eved.

104. It is estimte at as high as abou can be achi 25
Pr ef er abl y10 t hie soperatueanat whish fransddction ocadoeis abow 1680 Thesiowt di ff erent

famlies, nore preferabl menbers of different .genera, even nore
preferably, we&a%’ﬁ%@gﬁﬁe@ﬂﬁféiqwsmwﬁg@tmﬁwg, members of
the sane SDec&eq&ncgrbfﬁansagdﬁgﬁetrhsabﬂigdfrﬂhet e”vtfotcaa§e_1.*ﬂﬁiéuﬁt£:!icﬁ1 broad host

range. Preferably, the Fam|lies are of the O der Actinonycetales.
Preferably, Jucferly genmralized transelneting, myiaerped Bpqueseigeat avempamiyeef aceae,

Streptonyceta ﬁﬁm NJELRAL:  IDLE & EE! o .

St rept onycet ag_%gg].at%re efég%'iegj, keﬂéawm crobe ggé%épore,g’é“ﬁ#glé?‘ﬂcgl
fiugment, E5 gehmklienigereasep teampeptastof tansduttidn uaeses ddcrCaspet enfeeinfeo] WO

00/ 58482 8 PCT/ U 07771 t hereaf . ny Actinonycetales naturally grow as
a filament of R cag‘.%ﬂlpe _ ??”a*‘ﬂﬂgagﬁ%ﬁm&%@gr%ﬁtopt&“?%ﬁgﬁﬁ?l ament. A
germing is ae&@géguﬁemfecﬁ@n,paﬁwmy@gﬁsfeeﬁmw,a%dés&ﬁfe%&%by_the
appear ance of germtubes on a spore. Preferably, nenbers of the famly

St rept omycet aceae i'wpicaliva thepphage of the present invention transduce a recipient

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

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



5 transduced by the phage are Streptonyces and Saccharopol%%%@?e&?beﬁg%l es
of nmenbemen ddaBagrenus Streptomyces include Streptonyce s C%lel?s%/ﬁf'm -

Streptonyces |ividans, Streptonmyces venezuel ae, and Streptonyces
avermtilis. An exanple of nenbers of the genus Saccharopol yspora incl udes
Sacchar opol yspora erythraea. 10 The phage of the presgnt_.invention,

preferably a generalized transduci ng hage, can be isolated by conbining a
sanpl e containing a transduci ng phage wth a mcrobe formng a first

phage-m crobg nm xture and incubatin e flr h L&rgbe m xture to
forma fi rstﬁ’ﬁ@ﬁuﬁ%ﬁ%ﬁ&f"ﬁﬁﬂ“’%‘*P?%F\éslgt%{wﬁéé %%%%e%ggg&éﬁé ably, the

i ncubation t abfrdgifent$s 4 Porion BAthiBiamentty A garniling is Hepdrt gauiss 15 f or med
by the phage of the present invention are clear or turbid. A plaque refers

to an area, DSERHAE EIRALORAS deferapaedby thy appeasange pf gergy tubesAna o j d

bact eri ol ogi £l #HH | I mgggr JHhS . Typically, a
pl ague wi | | g@g% ISI}ctjeonta’rﬁi(}un gds%c}i]%fcr besﬁ?ﬂ"t&%% or n%%ﬁot be infected
with a phagetansdheiddy the pithgt pegeaptomytheaidSedharopelpipesa. hBxanglessrf | ysed by
infection of a phage 20 nucleic acid,f abgrmsnt, subs?ﬁ(gent rePI i cation of
the phage wi FRTPCESHRe gROps giEepromuey NGy EPLRGEC oYU OFEPICBYES phage
into the surppURL BB eMbmPcedd YereySdide, @hd SREptoRlyEds eRErmifilif)| AR kxampl@of! aque
contai ning predom nantly |ysed m crobes appears to be clear (11 .€., no

m crobes ar emgimbets/ofthe genm&acahmaqh@ocemcﬁmsﬁgcobawgworm crobes appears
as turbid (i e, mcrobes are visible). The invention is further 25
directed to 5’3’&{5 € prepared by this nethod. Preferably, phage prepared by
this netigod is amWhé piglgaiofthepheagnt inTdrion] mefrbably ) géneralizod adhsdocingol ate a
phage of the present inventjon can. be chi)sen fromdifferent famlies as

descri bed hePBags. canhsrisnlaied by combining a-sapple containinga frapsdyping phpses . 30

Typical ly, aps@uUiGRdMe fSinkiag § Blst pRAdeIARrte HixERE Hhd HibdBedhdRst i on of the
i ncubation of the 1solation process. Preferable divalent cCations include

transition phagetsicenbe omimfure tgrfoup afsstplague sauiprising a ransdecipgippagecal ci um and

Contai ning alTOERLSIBE s SRy mBORRRe sy ok G Tyl e BiEET ©
phage, cas beorflel dly@arbliabeoT the prestithinention areaiehr by aiclsid p Aeplaqueirafetsudi ng, for

i nstance, soil, water, oQrganic materjal, deconposing.,organj¢c material, or
vol cani ¢ ash!o 3% &eatymically byt ROt RRRGHRTY i prpligkorsemppe P?&E“Pﬁ&ﬁaia

conposi tion Jeafil chffainitSshagOild PedBlcrddds C ToSiBally R pRaqRE RAIEARE! ¥, SOI | .
| contain uniysed microbes that may or may not be infected with a phage nucleic
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.



Optional Iy, the isolation method includes separating the pHay®¥H6rt%e

| i t hosphengo@isdagslr osphere prior to conbining the sanple C%l%%bﬂ%??
general i zed transducing phage-wit h a mcrobe. For instance, separating
the phage fromthe |ithosphere can include conbining a sanple containing
the 10 phage, preferably a soil sample, with a diluent, preferably

I ncl uding water, to forma slurry and r&m)vi ng particles that are heavier
than the phage. Particles heavier than the phage can be renoved by, for

i nst , i fugj he_ s T be f i pul at ed
Lo remove i otsiabbledBubitfs Yhistieind et TRIFTED srierytid PifRgs "' * ©
Al t er nat i vel yphags, eaDbesbtaiagd femthsBsesphire anﬂi;:dﬂ@'ﬁlﬁ@e,&ﬁbiﬁ&i@ﬁthc sol vent,

e

preferably chloroform to the sanple containing the phage. The isolation
met hod can i ABYtR4e. SOHNWAlET; grRanic Materd sdecarIPQsiBg otgapisaaterid, ort he phage from

t he pl aque t (9151@' aﬁ% ' 1206&in ggﬂq[" be

separ at ed frglr%it e%ﬁ'?&%ﬁgwgo |dﬁ{;:]%ép%l%t1$?rst cg:ﬁg’ggg W ﬁﬁizgmm crobe to
Zg forma Sgdbatdqqhhrbgeeihbm?@icﬁsh;momm?&tmbmm{ﬁhti ngftlhe sef(ﬁnd ge |
phage-m crobe m xture,,. pref.er . erature ess n , to
forma second pl aqt OHM%W‘%@O%“?‘%%@Q%WW&%W@% %an be
repeated as HRdkphdrBBr Bidrbdphere §RiBE BATobiMnE RS Alple dlQiiling Aree times, to

forman isol ated phage.” This process is typically referred to as plaque
purificati ‘on.g@faﬁﬁwdm@hﬂmi ewith a gniefobe s Borinstapceasaperatingihei ng phage

I ncl udes i sol at] fr . L. n transduci ng phage.
This DNA can p%ééeng%%l he 0% 05‘8 ﬁcﬁ%%%bﬁgg%&gﬁﬁﬁgnﬁn%@em cr obe

m xture ab@l iphagd)pteferably alzeil pinagie, wilid\a dilacmseftablpineluding avateg)goer at ure of
|l ess than 28C to forma, plaque conprising. a trapnsduci ng phage, Preferably,
t he microbe &ef%ﬁslymﬂe@r%g%?a&? ,Wgh&%?r@%fmypha& Pé‘g‘ﬁl‘}ﬁycet aceae,
most pref er aleyyigr il HRPhABIGEBe r&ﬁ&fearb;gmﬁmﬁme%ﬁ%gﬁ%g fhe SOt op! ast

for this method of 1solation. 24 Septefber. 2003 482 10

PCT/ US00/ 077 7lheFamplerces ba furthey manipylatdddo a¢movenniceehesd Preferablyet hod of

transferring u lLc acid f nt. from a,donor mcrobe to a
recipient m (@%ﬁ)@?@%gﬁ%&%ﬁl&tﬁg d@geﬁgtgﬁg?fnégpé?secﬁ?bﬁfe@%g? %orrycet al es
, nore pr s eradliing af organicaplveny prifaaklisehlorsfonh, ted Samald sonkilhg et omyces A

met hod of such a 5 transfer includes providing an isol ated transduci ng
particle co ‘ng a nucleic acid fragnent froma donor m crobe. The

transducing parti cfg ié‘tﬁéﬁqﬁ‘inéiﬂé@&ﬂqgclude (and typically does include) separating
| the phage from the plaque to form isolated phage. For instance, the phage 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.



wWith a recipient microbe to result in a transduci ng parti cf e &St 20

m crobe mW@E¥E848Und the transducing particle-recipient ni & be m xture
i ncubated, preferably at a tenperature of |ess than 28C, {Tk 1[r 7771
transducnd recipient 10 mcrobe, where the transduced recipient mcrobe
contains a nucleic acid fragnment fromthe donor m crobe,_ The invention is
further directed to a mcrobe prepared @y this nethod. The nethod of
transferring at | east one nucleic acid flragmant can further include

S8 S e MRS i L

transduced reci pient mcrobe. Superin
refers to a PBRPYsleEnaciddagmient fron a donenet@batd Sreh MBfirofid 0M @ phage

particle and ic.acid fragnent froma transducing particle. The
presence of pggéég%hgF?%%af‘ﬂéecﬁ\%émp‘%?ﬂﬂf’wf@fWét morepefeadbiyar esul t in

| ysis of the Beeptpmartacedd)insost sreferies rinfection killing. It
I s advant a eog;qsg%.r duce sué)-egrien.fe)ﬁt Fﬁ%ﬁgrgycf@%r%#ﬁ%o& sgﬂb%ri nfection

killing, of a Rded Presidip amisolateditransduaing pehitle dorfpRidRBnRleic

t ransducti on. B8&h &t $rdnh e, reduced .treating the transducing

particle (whi :?:ch%l i3 _Jta{/tpl ca?:a?/&?ri%gmgﬁs %%@W%%W@ﬁwwt i cl es)

prior to conbwithnagedipientuiicrob heresaicin @sdubin PRfcle- cﬁ&%gﬁé}%&t he
eat e

transduci ng p i cl e-phage particle 25 m xture is tr posing it to
ultraviol et r&oaFiad. H¢ng Riplgirenipiens nhierobk miktuierigoubiatedi S bel i eved

t hat the ult rprefealbBi atadmpbiafik & ' e partigles npresent. Since
there is wpilggl I ;/)gtnaar?y m%r eﬁ%h%ggﬁgg%ajlg?’eté??ﬁﬁm&@ reqipisisduci ng
" parti cl es,? moREIKayherg ahe irgisduced revipiem efitrobé ehtaihs'a SARNGE alig  aPpPropri ate

conditions f | I yi ol et radjation include the tine of 30 exposure,
the di stance o thgﬂ%%rtp‘%g I&’?“P?’Sh‘?‘?ﬁée Bysnngy iofugherdlingeted to amikerobe medi a -
t he parti cl epregaged by. thiBunéthedindi ti ons vary but can be easily determ ned by

a person of skill.,in the art. Preferably, the wavel ength is about 250 nm
to about 24 Septer}@grm O{Fﬁﬂ@»@m@aﬂm@@ﬂ%@ﬁﬂ(ﬁﬁhﬂ&ﬁﬂm&uand nor e

preferably alistlideda8u E;ena@% Preferably,  the intensity is

about 1.9 cne/ s to#?a%%dt 2 é@?@%ﬁ%@ﬂéﬁ“‘ﬁ‘r%p@ga@@wit is 2

MW cne/ s. 15Su fenpdueed reripient avicrabss oSuperinfectionast altbantduRald teBBidnforlik g duced
Nt

recipient 5 gt 1.3k .a chel.at or.., Chel ators usef ul e present
i nvention i n%ﬁﬂ@'gﬁt,%a 8 & pHclest aeid fragmentyfeom g phagegaiticknandoet hy| et her

N, N, N, N, -t etcleaeid feagheind fromB@ktducidp k& CaFnal )5 @ source
of citrate, guch as sodiumcitrate. & .bfﬂe’présggceo%lhageobNA
om 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



Chel ators are preferably used at a concentration that inhi?tﬁﬁegtefrf]i’gr%\%% ity
of a partixg ¢y adsorb to a m crobe, but does not significantl

negati vel y affe%:si?s-zt he 10 viability of the mcrobe. This con%%ﬁpﬁéfoﬂyﬂ
typically varies depending on the chelator used, but can be easily
determ ned by a person of skill. in the art. Typical concentrations of
citrate are fromabout 1 nMto about 50,,nM preferably about 10 mM

Superi nfection can al so be reduced by conbining | ow tenperature and a

hel at i t | i al et i at | 15 | |
Chree. An | Sor 0 md ik SERAGRY HheecD hlo ohEaDinal Hrefiaiidithe aci o' °
fragment frofftensiipiR@boiil K9 SV cEAS tdsboab? aiWIREh/BYandeNGE prefifablyeds. For

i nstance, an |soIaLed phage, preferably a transducing phage, can be
combi ned wi t h2@WEABS- microbe to form a phage-donor m crobe m xture. This

phage- donor i cr ObguilnfHbtiish a3 beteqlch Hﬁatlvglﬂg 5l Yedthiogr®SS than

28C, to formtransduci ng partl I'ng particle
can be producedcrols wigh achélbtor | Glielators tabefollsin t]imesenﬂhmn hdludd ditegie

packagi ng. Pre t he .i.so}at ed n particle is provided in a
suspensi on of a’b‘ﬁ%{'@g %ecﬁ%‘fﬁf%lbr‘\sg %ﬁl@g @Wﬁﬁéﬂﬁc‘qnd"“ﬂ?&?‘!‘i @ds. In general,
the hi gher th@@?ﬂ))eme’féfhb]?nth@f:héldtaﬁiﬁ.q%ﬁrﬂ&oﬂﬁﬁ&é%hﬁi?aésibﬁimﬂém%fee conbi ned
with a recipient mcrobe he hi gher the probab|I|ty of formng a

transduced r eEhgipiernareprefasahly nsediat & eoncantration tit ihibits theatlitrafgnent from t he
donor i crobe mjﬁﬁlgfme%cf’s%ﬁ'tb atxﬂﬁro%g rb%? B5ds 3ot QBn; O:%nél ﬁae%#u%nﬁeﬁefzgﬂgpar ticles

in the suspeHS| on O

ncreaS| at | east
about 1 |r10108mbﬂﬂydfrthmm:obmgﬂﬁmdnminanomtyb&&nj@md @sthe at | east
about | in 107,  at 633%’1‘&30 abouy in, 18% at Ieast .about 1 in 105, at
| east about | Chelatargue caé’tbeleé%l rdelgriiped by aipgrsep of skill s @Erber 2003 WO

00/ 58482 12 P%k@%&z&zam@ow&a@a&mqb&mmbassa@o%ﬁpnor mi crobe can

contain a non-coding region, a coding region or a portion thereof, or a
m xture ther eptefmléy @bcmb[lg)th’éupm&ICEmcml@ Herra@mahbymmmnmgiowor m cr obe

I ncl udes at | “coding reaion” near form of
nucl eoti des t%%?&%?%‘gcr yl[;| "gar%’?égé‘g“rla°?é°‘66‘i“§ﬂﬁ’éf? , "8@% ?IFV"{H&Q OBrRNA,  when
pl aced undér bhsilteeetrol of appropriate regulatory sequences (e.g., a
pronoter). The boundarl es, of coding region are generally determ ned by a
translation start "Wgucﬂlg ﬁ’é‘ ipcipdegppusleicgcid Bagpertodon at its
3' end, or a ﬁbﬁ{hsdbﬁabpﬁﬁ&&?écaﬁ%@%ta&ie% %vemﬁﬁ:ﬁmg?n .gﬂ&a@czmnslatlona'
st op codon or a transcri ptional stop it .

isolated phage, 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°,



10 A coding region may encode a pol ypeptide or a transcri gt tPieEber 2093 rna
transcri pt } S involved in the synthesis of a netabolite, or -
pol ypepti d‘g(s)b?ﬁégtzgi i mpart antibiotic resistance or catal yzepqws@ﬁpﬁ'ﬁﬁesi S
of an antibiotic (e.g., lincomycin, or rifampicin). A netabolite includes
primary nmetabolites (i.e., the products or internediates of a primary

net abol i ¢ pat hway), and secondary 15 mf abolites (i.e., products or

i nternmedi ates of a secondary netabolic %at hway). As used herein,

"met abol i ¢ pat hway" i ncl ud rinmgry tabol j ¢ pat hways and secondary

met abol i ¢ pat hmays‘%n%l@lﬁéqlgﬁég‘??‘gg’o%gﬁﬂ%dnﬁﬁ%bémF%%%P%“Pﬁ'cﬁgmgol ymer of
. Cd _ i ot ¢ :

am no acl ds @%%oﬂ%%d&%&éxﬁ@[aﬁ&ﬂ@nﬁ%%f, dr& éﬁae%ﬁglg,@@ﬁrtw am no

aci ds. Thus, r ‘exanp e terns peptide, oligopepti el n, 20
structural pmotleicracidefragmentfremaf dogesmicabbep aiohplep bt ldass onscalingdegioner i ¢

ol ypept i de. L GRAE TeRgE! badmes ot bt mhcierndfs 1] pBica Rl le: Tor o
i nt er nedi &8 e poBipeptitR, udtaBRSRAMRNAL whaCHlacddendef the chiitfisl € hpprbpridté er nedi at e.
A pol ypeptide can al so be involved in, hol ding a multimeric conpl ex

e.g., ) . .
t oget her, or Tp@datoRsRERRASEsde.8t &promaterys The gmma@s, of qedingiregigB ¥ t of a

product . Us! ngnblify GELARN Ba L8860 88N !s00 AaTEkBlRh o7 obe

can be tran It expresses polypeptides not by the
reci pi ent mstpaodomat iey3’ emd, bor anakoripticaal stattisite athe ¥'ednyd andar eci pi ent can be

transduced so that |t expresses a pol. ptide in different anounts
(increased -o%ﬂé‘i‘%@%‘ﬂ?c %&ﬁfﬁé@%@?ﬂ?@m S&‘SB‘@"'&J;?DSF to transducti on.
This nmethpgl is ex%@&ﬁﬂgfc@ioﬁ'd@"&nwﬁaﬁﬂﬁ%&aﬁﬂ&&f%mﬁ@riﬁ‘(ﬁé.?%%hat have

altered netabolic pathways. Thi's is sonetinmes referred to in the art as
"met abol i ¢ ergbsasipt) they. is ivolved sthe podhesisief 2metdaglite wb pelypai@eshad0/ 58482 13

PCTI USOQ' 07771t ransduced .recipi L Gr.obe.can produce a petabolite, a
secondary net%%‘ftf‘?nust?lpucreSl '25% Df%ep |d§1°a .teiile%lf?faélre 108g ee'fg',’ ei t her hi gher

or
or lower, thadincomy¢inosttifadpiboin). Aheetileditpinehidesphimalenduiboditest(Re.] thansduct i on.
A nonlimting exanple of this is the transducfion of a recipient to
produce i ncr mtq%mgn@kat%@w@mﬁoﬁw way)y SR eci pi ent

br oduci ngy3 NG o ¥ Chrda s SRloithadtRes bt s ictohdiy ABfboRPAELR, that the

anounts of products I ¢ pathways that us€ acetyl-" CoA™w |l be
i ncreased. The ysed berein, ‘metabolicpathyery” nsludes grimaryt matabdliypathwaysasd one

nucleic acid__fragnment _contajni ng a.cqdi ng.region.that epcodes a marker,
i ncl udi ng, fc??oofgg?ﬂ?fﬁlfog{c? &4?'?16{? ‘B‘g I g%ﬁ*‘rf‘hsfe’rﬁff’g“ﬁ%r? present in a
recipi ent or pRREAERF amino acids and does not refer to a specific length of a polymer of

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



an antibiotic. Wen a marker that conplenments a nutation i< {piembeetd%y o
a recipi epb,oosseberably the transduction of the marker oc

frequency that is greater than the nornmal nutation rate (ﬁ){ﬂ’@&&@%&si on
frequency) for a marker. For exanple, as shown in the Exanples, the
reversion frequency of the arg 15 nutation in a recipient_strainis <l in
10+r0, and the transduction frequency ﬁf a functional arg marker is
greater than the reversion frequency. Rot her aspect of the present

invention is directed t.o a nethod of roduci.ng. a prodyct or an

i nt er medi at e %?nsguc&gf%%gﬁ?témﬁ%’?’ﬁ%m??%ﬁaénﬂ?@g @ SeCOBAy RAMOfiie: t he net hod
produces a sesaistiypeptigd abdifféent iEVeg cahattiyher bhRWEL RN id Brodneed L1 Pi ent are
Actinonycetal es, more preferably a Streptonycetaceae, nost preferably a

St r ept onyces. NFECIRERt MRIGrobe PRETIE (RaRssgCons rd aorlimising axample of thixdisshee of ~ a
met abolic  patheaYetioR" Lite,~f . mcrobe is
simlar to tﬁ% m%‘ﬁ%g?%?é@%'ﬁgfg???‘%gﬂ%?# %g@%ﬁ%g%&hﬁEQO '%a@sd f ragnent
froma donbr tmnsdaded r@dpiewt produeini piceeusediceels bfacesd-Cdasic id faABerner ei n.  Waen
produci ng a secondar met abol i t.e, .t he pet hod, can i ncl ude providing

condi ti ons ef?"é’ﬁ‘f‘f"?gyaf@f“ﬂ?&ms Péﬂoﬂ?%?prﬁ?tég‘gﬁ’é’aﬂBV%F gatise acpi¥l-secondary
met abol i te. THeA 8B BB Gktraasedret abol i te produced by the transduced recipi ent

can be produced by the donor. The secondary netabolite produced by the
transduced reci pi ehe presenbiprengion cireb@gsegd tottansfat ableast lose neaiéeipheidt m cr obe

prior to tranﬁgyg ' Preferably, .1f . the secondary. netabolite is the sane
as one produce éflt%mggggrm%rgg)r{é&?%hétnﬁm S RBPEET E@fimtgo}ofransduction,
't he -t r anstiic eskampld, phethiat @heOuERMett SRARKOADiesaft iDL RICHIRR br &dded\O 00/ 58482
14 PCTIUSOQ 07771, et a%gl ite at a higher level than is produced by the

r

donor i cr obe®AntpigLic. SiTagrkerhat complementsra myfationyis Signeferredito a

Al ternativel VreSpfint hedtehbic lokiod |ci ds of the
present inventi gnng\n!pﬁihgilﬂﬁ?vgg ordl'tc?:{gil ;a)tr‘%gh%aﬁ{égﬁk%?s %t%g%er%lgg%pgbol ites
that are 5 reFeatptbanithedonhyal mhatiopratp (ientrevdrsion frequency)rfot smatkensduct i on or

by the donor #q l.e. . ne econdary net abol.ites. secondary
net abol i t es aﬁr‘gé%%%élﬁ’asrsgf"@% e?:‘garp N e’?f?’?m’é’gf??gwqqﬁlf\’fgﬁlm%roducts, or
non-nat ur ¥ phodticd 5 a rebipiencGeRt< 0l () andite dabidueorfreiRAG WY Y

metabolites that are not produced by the recipient mcrobe prior to
transduct i on Ypetippal 4rg merskesis geatpriban the rexepsiemiteapeney.r ef erred to in the art

as combi nat or i al DAASKAUYAS! Sterd Bésdl £7ERor DUEBHLER el Pt T2t ed by the

fol l ow ng exanpl es. isto
producing a 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



understood that the particul ar exanples, materials, amunt%‘fs?ﬁﬂntﬁf%‘&(g’dures
are to bewdpgdseset ed broadly in accordance with the scope and spirit of
the invention as set forth herein. 15 EXAMPLES These examflcéréu%?@f’%?ﬂ t he
i solation of the first generalized transduci ng phages for Streptonyces
coelicolor, the nost genetically well characterized strain_of this

| nportant bacterial genus. Phages rangi ﬁ‘g in size from 20 approxi mately 25
kb to nore than 60 kb were shown to transduce a nunber of narkers at

frequencies from10' to 10. Transductiaon i s apparently general since
mar kers were F]rcgh @E%lmgggr#‘f i‘%ﬁg’%ﬁ?@hﬁ?a@%ﬁf”fo ehiSnosone.
Co-transduct i girint 8RM4BbAPricFas k8hfiubAGH cts |inkage that is in good
agreenent w th data obtained fromgenetic mappi ng by conjugal mating. An

i nportant 25 aspecfltematively andsagrtificantlyais istandicipsted ithat Sienmethods ofdbndi t i ons

t hat | superi pf ection killij. ' | ect .
tr ansduct ant PR feadRilaoR o 8 phictib ofFpRERe SeBBP IR Rt oo ovi de
an inportast gefpeéduced Bpihe teipibianiiotdyprivnth trafBMudteh dk bphetdonbhi S or gani sm

Streptomyces coel i col or phages (ATCC Accession Nunmbers 203877, 30 203878,
and 203879) alucTeRe: bp+ By secondary metabolifes. Mewgeeondaryaastabaltesare afteunber s
203874, 20387 S} W 24 Sept enber
2003 WD 00/ 58%%@%%%%%@%%?%%@@3’5%@ ?*ﬁ%x%ggﬁf@#é@a@ Focedur es

Bact eri al st r eoneeptafithequbdustien obsetbhdavy metaBalitee thadhre siot piodacadtgcdhé n t hi s
study are listed in.Table.l. Spore stoc stillxere made from strains grown on
MYM 5 ( Br awnefeCien, frucrobe prear o uction orjry;the danor migrobe isfypicallyor e st ocks,

bacteria 1oer fefetddas ke bR'as coRbRhRFarBlbSMIRSsON MYM nedi a and i ncubat ed
and 30C for 4 days. An isol ated colony was picked and spread on MYM pl at es

and incubated at Bixprewnt pvertion is illugtrated by therfeHowingexeinples &.is e spor es

were renoved, W ggg or.ed . -20C.  Antibiotics used in
the 10 experi %ﬂﬁ%@o@é@%ﬁ%ﬁ%@%ﬁ n g:’f]eg’ ’El%‘g?‘@%*naé‘é% Fsa??%ﬂ%’c%éuéesl Fted in
Tabl e 2. Tabtoebelintefaetdbioadly $h hedondanae drithuhd stope Saiwhifii ofitbe ihlvertdn

as set forth herein.

15 _
EXAMPLES
These examples detail the 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.
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16 SPECI ES STRAI N GENOTY

(Brawner et al.,, (1985) Gene, 40, 191-201). To prepare spore stocks, bacteria

Uni versity

were streaked for isolated colonies on MYM media and incubated and 30°C for

4 days. An isolated colony was picked and spread on MYM plates and

incubated at 30°C for 4 days or until spores were visible. The spores were

removed with a cotton swab and stored at -20°C. Antibiotics used in the

experiments described herein and the concentrations are listed in Table 2.

Table 1.
Bacterial Strains and Culture Conditions
SPECIES STRAIN GENOTYPE SOURCE
Streptomyces A3(2) WT John Innes Centre
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
i Streptomycees J2408 M145, 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 |
coelicolor McMaster University X
Hamiiton, Ontario
Streptomyces 22 uraAl rifAl K. Chater |
coelicolor John Inpes Centre
Norwich, UK i
Streptomyces 12708 proAl hisCo K. Chater :
coelicolor argAl urgAl John innes Centre I
Norwich, UK i
Streptomyces J1258 proAl hisC9 argAl |
coelicolor cysDI8 uradl smdl .
| NF
i




15 |ividans Streptomyces 1 1326 W PCTI US00/ 07771 John | rids>@Lbep2003
Nor wi ch, U@O'Sﬁd;,%%orryces TK64pr o, 41John Trines Centre |ividansNorw ch, UK
St r ept onyces 12ff C. Stuttard W venezuel aeDal housi e URFV&E&AQ7771

Hal i fax, NS, Canada Streptonyces JW100pdxC. Stuttard venezuel aeDal housi e
Uni versity Halifax, NS, Canada Streptonyces JWA400ribJ. Westpheling
venezuel aeAt hens, GA Streptomyces C. Denoya avermtilis32172{ WI'i! Pfizer
Groton, CT Streptonyces C. Denoya aver nmit®i | i sCD1251f ernEPfizer Groton, CT

Sacchar opol y- -C—Denoya spora-erythraea2338Pfizer (xoton CT Table 2.
Anti biotics 20 25sPRTRES NANTI SiR@T CCONCEBRBATPION SOURCE
t
Streptomyces | 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
i Halifax, NS, Canada
Streptomyces | w100 pdx ! C. Sustard
venezuelae i Dathousie University
: Halifax, NS, Canada
Streptomyces b TW1400 rib 1. Westpheling !
10 | venezuelae ! 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 I
722 | Rifampicin 50 pg/ml
12402 | Hygromycin 100 pg/mi
12408 | Lincomycin 150 pg/m!
| Erythromycin 75 pig/ml
YU105 | Hygromycin 100 pg/mi
|
j Lincomycin 150 pg/ml |
| Erythromycin 75 Hg/ml {
i i
25 CD1251 Erythromycin 5 pg/ml §
BIK:: 02 Spectinomycin 50 pg/ml
71258 | Streptomycin 15 pg/ml |




32221 Rifanpicin50 g/nnd 12402Hygromyci n100. t g/ nl J2408Li ricorsrren &g nd
Eryt hronycinrs..L,.ghul Hygronmycin 100 .tg/m YU 105Li nconycin 150 p.g/m

Er yt hronygyllvﬁ'}]glsﬁsg/ ni 1 CD1251Erythronycin5 jig/m BldK:: SIESgEE$M03Mci n50
g/ mL J1258Streptonyci n151tg/ M 24 Septenber 2003 WO 00/ 58482 PCT/ USQ0/ 07771
17 Isol ation of phage. Approximately 25 grams of top soil, collected in
plastic vials, was incubated with 15 ms of Actinomycete Phage Buffer
(APB, 4 mM Ca(N03)21 10 mM Tris HCL, 01005% gel atin) (Vats, S. et at.,
(1987) J. Bacteriol. 169, 3809-3813) overnight at roomtenperature on a
rocki ng shakefselatipnrplphage: dpprowineately A wranaefdep soil, olzod ipplatir 10 ni nut es

and t he super . i’%ﬁﬁ - .45 pm ul cetate filter

(Nal gene. Rocﬂﬁlésstég{a?%?gg e%?}lﬁ%@f@%ﬁﬁﬁﬁtﬁé’ﬁﬁeﬁ%{ S‘?g’%red at 4C.

To detect phaGaNQQ)Q 10 mM Tris HCL,aL6058a gelati eV ats 8. St AIgRI 98Ty ges coel i col or
107 cfu/m . Ciu refers to_ colony formng

spores diluted to a | mat el A
ugi t. Thla ﬁix%ﬂfféf‘ﬁgg@géi@'%gww% ab FooRp, tepiPeriureses) 2 ravkingghalmst roi t, M)
(Nutrient SoyTaORiRiuASwas &(I’)\{/bﬁ-&@&tjp ; agg(,bb@gé% £or909% &gpgmk B Y0 agar

(NSA, also referred to as agar"") pour e over Agar
(Di fco, Detrowes pagspd gireughs: (4Lt micetivlogeymetatoiiten (Nalgéhe 3RocHestef, NSKY r act and

0. 5% pept one) . 5% agar Ca(N03) 2. .and ,0. 5% De ose _(referred to
as "NCG pl at e%"ﬁ?.g é?or\_%n%g@%ﬁ S%%‘ﬁ%tlﬁ £e f’dﬁ’i"%\tﬂ%@gelgbé\/ﬂ'i@fi ncubat ed at
25C for 3 day flteinsiwax added 86ISh-aptorpbedibsblibRF SRves dRd%0 wr&um%%éﬁt ed by

t hree rounds\M?f plague purification, Fromthe top agar 'i ndividual plaques

were picked witheiw/mb ERgriers th aelony fomming it The ik wasgddeptordml (10' cf u)

For 3 dayat Thr RuER: 56, Mblke! BB NN WG] FRal how bASHAR, of *°°
i sogeni ¢ pl aqle>pperténa) dndDiYecagar(NSAg ralserrefeyrsdtoras Vit agadtPaitypagei ng 2 m
Of APB 10 o] @Bl ABISHRY Dokt WD Bk iRl At sotalin b 45 VS Uo°
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



scrape the top agar fromthe underlying agar plate which \A%t%%%%‘f?erzom
transferr (T 43 sterile centrifuge tube, vortexed, and centrifuged at -
10, 000 RPM PO 10" mi nutes to cl arify lysate fromcell debriBCTARWN7771
phage- cont ai ni ng supernatant 25 (lysate) was then transferred to a sterile
tube and stored at 4C. Preparation of phage stocks. Phages were propagated
on donor strains by standard agar-I|ayer techniques (Sanbrook, (1989)

Mol ecul ar Coning: A Laboratory Manual 18 2nd Ed., Col d Spring Harbor
Laboratory Press 65) 30 with APB used as phage di l uent. The phage
stocks were pﬂ%ph&éﬂemhaewmgn@o The plates Were sncabated at 28%6tfer 5 days0'  ef u

spores of the s, t.hen dto 4

o of NoA and Bonras i et PR boslod B dbgindy B ofhB 10 BetBSaRR it "o

00/ 58482 18 mrw&gawm&e&u&mammf@mgemwemmﬁem ofdsgt es were
I ncubated at 25C for%f ﬁﬁﬁmyThe phage | awns were harvested y adding 2 m

of APB to the" feggat medFoyplatptoplatedn series. JhE t he NSA
transferred tghlh iR HonPhifi € platds! I\PQ% & h the top agar
transferredfrom%fateoto pF eﬁglgr‘:&gg??gs 'Ifﬁ °q§§?f \Aé#ggtromall 10

pl ates were thmmd,anétmmﬁlaedasdawen%agedgntdsm purvided exfltcatiom d

centrifugeda abv tes | filtration_ through a
0.45 Nal gene Ios%ﬁggg?ngt Op% %"r" &T? g‘]ﬂ%&%‘r@% teteder ed

(i.e., the nuuherthecﬁunmeaegﬂﬂgéaétemﬁsﬂd&) W&ﬁhﬁ%tﬁe?ﬂaﬁ@&mgﬁd' n APB and
spottl ng 20 | of ~each dilutign onto | awns of spores on NSA. The

10 "titer" of septtrrggs?&trel of saghifkluignivato lewnt)(lé)qe@) f)ﬁ‘mwwgim}ﬁSAs Thef u) per m
of lysate.q ”%F%L%%atg? ﬁhgﬁhﬁéggﬁplacﬁl%%ﬁﬁnﬁ\%% dp%ulp t 5_OC for 10

m nut es i n
N-tri s(Hydroxyrret hyl ) met hyl - 2- am noet hanesul foni ¢ aci d), pH 7.2 (Hopwood,

et al., (1985), Cenetic ul atjon of Streptonyces - A 15 Laboratory
Manual , The J%ﬁ fMaUHﬁﬁg r%wwmug@p\datp’i& Ceonio mA!r"?“*%‘&ual vol ume

of 2X gerni natm@rMiyEst)hﬂt@Es( Rristilydtdepraaninmsotty I—@Q&mr%e/ poaci ds,
and 0.01M Cad zé)ewas added, and the gsrm I ngs” wer'e 1 ncu Emg at 30C for 2
hours, centri f& EHW&(H&PWDn@tﬂégl,a(tw meﬂpM@mlamdewyms Avater. At

2 hours 5sa LER Nhrf; I | ope 20 to.
determ neql f ?ﬁdeo(;%éo res al\r[e egr n %gbgg?dﬁﬁﬁ%t ron. Srﬂ{’zﬂ?pgg?a e of germ
tubes fromt heqtmbmimac o2k gmﬂmmnqnmr(zxm 1% lybast extrtt,q0RSi der ed
germ i ngs when abput gsg% e_spar S shaort ger.m tubes. Adsorpt I on
assay. Gerni i fyTHRE FEEQPLM%%&& nggcgagggwegerg{mgs Wergriacubated { e
gernings wer g 3e0ts X ARG caitffigtd HRPARARMs P 6 MM Ahd resBiifnliQfidbat ed

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



at 30C for an additional 4 hours. A 100 | sanmple of germ i%g%epfeg‘r%ﬁ%oo?ﬂ%)
was takeRy. ch hour fromO to 6 hours. The germing | es were
added to pﬁgég??‘%t a concentration of 105 pfu/m) and incj%gpf%o’flyf’l 30

m nutes at room tenperature to allow for adsorption. Each m xture was then
centrifuged for 5 30 mnutes at 10,000 rpmto pellet gernlings and any
adsor bed phages. The titer of free phage remai ni ng in the supernatant was
determ ned by diluting the 24 Septerrber1 2003 WO 00/58482 19 PCT/ USOQ 07771
supernatant in APB and otting 20_| ?f each_dilution onto a Iawn7 of about
10' spores cHPFEplantgyAPB andisnettins 20 ki pf pachdiftien opie adawn pf sbome 0t or each
phage by equ‘gblrggmg)mge 5 suspended in APB (106 pfu/m) to ultraviolet
(W) light (250-260 nm at an intensity of 2 mNWcn2/s and sanpling at 10
seconds, 20 seconds, and 30 seconds. The sanpl es contai ning the phage were

appr oxi mat el .inehes fr, the WV | igh | vani.a, nners, MA). Phage
wer e subsequéﬁ?llvagﬂaﬁﬂ’t"eé‘% cuwﬁgwgﬁa%gé%ﬁ&ep@gﬁg?gxmrw d by
spotting 29 IsugfenésiGh ALH A0 Sf/BN4E uRratidldt A gghtlﬁﬁsomﬁﬁé) R NSA as
described herein. Inactivation of phage with citrate. To determ ne phage
sensitivity tiBeBEEofdhm Wiy iand ssmplies slold) sgrands.cdP seqondspangad titered by

spotting 20 t Isafll eTa o . r ept es coelicol or
spores on NS&E%OSIE’?'Z?}?N ng piéétcbnﬁﬁﬂﬁﬁ’%%gpgﬁew? %Eper%)%ﬁagél%g "ﬂ‘ﬁg\%ﬁ?’ﬂcubat ed at
ei ther 22C orth3U¥ Hght (Syhdaias Danmkrs, MAY Plege frere subssiestly GRied inC -
transducti on a%a Hi g{tl titer, (a ro>i]i mately 101 pfu/m.) phage |ysates.
wer e prepare Rbgediters Wete deter rYFRAtRE 28k of sech faPELIAN of 20

phage st ogks)iawRERA shéted GENBAGRIdeSREAhiRgs and incubated at room
tenperature for 30 mnutes, then, spread on supplenmented m nimal gl ucose

medi um (Hopwood, et al., (1985) Genetic Manipul ation of Streptonyces - A

Laboratory . s Foundation, rwi ch,. . . 223) or NCG
cont ai ni ng gﬁ?#ﬂjia(‘)]? ﬁ?%ﬁ%ﬁ%ﬁﬁ%ﬁp@g lg %%S'y“g-e?h%ff§n§§‘@gﬁﬂlsﬁm gl ucose
nmedi um was 2Sitsatg phegeaniselitutsidtih APROAbtitered &y SpRHBNDLO ps of ddch Allutickl ace

el ements sol uti on]@téloggo@ contains 0.004% ZnCl 2,  0.02% FeC131 0. 001% CuCl2,

0. 001% MyCl 2,°F | PRI CEhHEP o STy Shsoupinng-Hhwdbbd, et al .,
(1985) Gepet isgdiutiiciiél] Aaiel JeR! inShisRi R BUEEI2°C Br 5OROFABYaYs Mpnual . The

John I nes Foundation, Norw ch, UK, p. 235). TransductlonQ{al;"Sequencies wer e
cal cul ated 33amined for plagser of col oni es obtai ned after incubation for 5-7
days per pfu added to

Genetic transduction 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 sojution
(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
Mamipulation 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
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the recipient strain. To prevent superinfection killing, t2he GB??%’%I%A%%

either irmlomssegt with UV to 0.1 % survival using the estapb},ggﬁgmlﬁll |-
curve descri bed 24 Septenber 2003 WO 00/ 58482 PCTI USOQ 07771 2 erel'n
prior to their addition to germings, or the phage- germings m xture was
pl ated on nmediumthat contained 10 nmM sodiumcitrate. Saut.hern

hybri di zati on anal ysis. Chronosomal DNAsps purified fromS Streptonyces
using the protocol for rapid small scale isolation of total DNA (Hopwood,

et al., (1985 ' all [ 14 S o Manual ,
The John | nnoReleRDBid o M it Rertlipet, SR PYSER el BRBAAE Y | VIR

i sol at ed as f @ldteiwn medivimhitecomined i OisMsodikectiteate. used to i noculate 50 mi
of YEME broth (0.3% yeast extract, 0.5% bacto peptone, 0.3% nalt extract,
10 1% dextrose, 34% sucrose, and 5 nM MgCl 2) which is then incubated 30C

for 40 hour S-Soﬁﬁﬁrﬁﬁ}ybﬁid&faﬁoﬂﬁﬁﬂﬁﬁb.e(ihﬂifndé&ﬂﬁlrlbﬁ!&%‘gﬁrﬂﬁdfﬁo , 000 rpm for

10 mnutes.. The resulting pellet is then resuspended in 5 of SET buffer

(75 M NaCld, 28epigipveasmaingghe promcokionrapid smalimcals isolationSf rotal\&y e (1

ng/m final c I gn | h et suspensjgn _and i ncubat ed
at 37C for 1 Qﬁigﬁﬂ%ﬂ%?g{ %t’)(%;éiﬁgg‘?%e%éﬁ%%%ﬁﬁg@g Py ﬁ%l'fcéfﬁ’é’é‘%?'?at i on
SSaLg/ {ﬂ )tﬁnd mumhedddemnég &umgagcma mﬁﬁg%g@abp.gnﬂmg,ngﬂg ,tqataj. % ) is
added to the ension ,angd .. i ncubate 5C. for ours, er

i ncubat i on, Ni@‘gésf‘??@e‘iéé?@@%r_ ?%ﬂeﬁo%nywlqkfid&%@‘ﬁﬁ torigecylag 4Pt i ng
mxture s { NGl GPXENGEHRH Q9% Yokl Rt Q515 RlbackBlptine, 8130 PRI GkurRC ONCE

with an equal volume of a 1:1 i xture of pheno oroform t he
aqueous phidse 1%Pdaxtrobn 34% sucrose.mall SauMAdgChpwhich isithén imyibated 390 fH00 my™  of

sarkosyl are anRd t aqueou hase i.ncup overnjight at 37C. The
sol Ut on 1ot Aoy s b AEHESs S RirsBenibS SRRy G5 7 Bt or o o
phenol / chl or ofThe msubing pelievis @A rduyientcdin seals SBIObUHER (Bf mMNQrobor m  Next ,
to precipitate tﬁé‘%ﬂig'ﬁl vol ume of 3 M sodi um acetate and 0.8 vol ume of

2 25 propanol THE nandQmih hrie B -Ye Lispspme il metd fipabteril e gl ass
rod and S”Sp%g&%ﬁbﬁﬁ?gﬁgﬁhgﬂhﬁeﬁ&%ﬁ@%%ﬁﬂd B ar 37 Is stored

at 4C. Genomc DNA 1s striction enzynmes al and Asel
(Boehri ngd NMhowhat which ticiedirotomasesk (fiddl comiehirationg5 6t Lpgmiyand kaditmar er ' s

i nstructions. t fragnents.are s rated by el ectyophoresis
on a- 30 0. 8%%%‘%?%551? eds&’rﬁgﬁf’gg%ﬁggﬁﬁo X kl?&%ﬁ?@ﬁ?@ewwaq@d;rred to a
ni trocel | ul oséncubated aB5°CForPhéies NARESnkEHatiok NMN ﬁ%h&mﬁﬁéﬁohwr 00K,

(1989) Mol ecu%&zi C,oning: A Laboratory Mnual, 2n ., Cold Spring Harbor
24 Sept ember gadded. The resuiting mixture is then extracted once with an equal volume

of phenol and once with an equal volume of a 1:1 mixture of phenol/chloroform:.

iy

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
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hybri di zatyg either a hygB gene probe or an ernkE gene probe. The
hygB gene ‘?galﬁ/g%?gt ed frompUH 9b (obtained fromRichard EE';VF@PQW'”

Uni versity of Georgia) by cutting the plasmd with Ncol (New England 5

Bi oLabs, Beverly, MA) liberating a fragnment containing the hygB gene. The
fragment is gel-purified by separati onzgy el ectrophoresis on 0.8% agar ose
gel. The hygB fragnent (determ ned by“size) is cut out of the gel, and the

DNA el uted ng. a Pronega jsopn, W) Wzard DNA Purification System
An ernE gen%?gw' Les H&’a?ﬁi@dgéidg?}%ﬂ%?‘ﬁb Bt wersitheriadpgBt i on

anal ysis. 10 gtheppbelean aieE haketsd, at the 5 end with [a-32P] dATP using
techniques well known to the art. Prehybridization and hybridi zation

buf fers consi st ofbet/vgB gees isdsmiates frarm pEIH19b fehsainedafroro Rschgrd/Beyler, 6X SSC (1 X

SSCis 0.15 . . A ciirat X hardt' g solution (50X
Denhardt's: %&g%l%%l@%%?j ay’bﬁ%‘%ﬂ% ys%%%ﬁgcﬁﬁﬁﬁ%’%@@

pol yvi nyl pyr rRibLsignBevetly, M tbbtatihg s flagmeni @ odtainGy théhdAertNTHe acti on V),
0.1 % SDS, 10, nM pot assi um phosphate, pH 7.2, and 2 ng/ M sal non sperm
DNA.  Pr ehybr ifEremstt §gel-Bunisd by spearstiondy elpstrophosesis on/b$Yodiearess gah i s

Pr e _ . s s
< 1ol Powed fy 470 gl QoetBERYy dio) ke W, BF BUMINAS T hufes

tur e m nut es
each in a soleutedusiopa Peimiga§MakisGEWVE Wiztrd N SPSrifitaiion Gyeembin3 20

consecutive washes at 37C f.or. I nuf.es, each in g solution containing 1X
SSC and 0. 1 “48*SEER° RS &SSE’?@F#S“@&'F%%P%PP@&W a9 apalysisysed for
aut or adi opy aphy. THeaEEbePNA: IabeM®d: ' BRTWRR P6-ACLPIA TR iR eciRiaRs DNA was
prepared by the 25 nethod of Hopwood, et aﬁ_,_( 1985 l%rﬁ'.;g.ti@g%t':lni pul ati on
of St rept ony ¥l knawndp dhears r Brebridizationning hybridizag muousistiafthe Nor wi ch,

UK, pp 99- 103 18%in {Wel'Y] P,g{f)dl ' i . ntrifuged
at 25,000 rpm ltlor B(Sﬁﬁ%%ﬁ%%els atnp g 0 @eﬁ?énéﬁ’?%%ﬁg%@% ﬁgﬁé@{’@e‘ﬁset S were
resuspended iM sRfitdmsatrate)) 5Kt DemhardBOsabutiphrF0X DeARBdt ¢: N0 eRiNAABemas obt ai ned
fromSigm (St. ui s, .30 M) ),. i ncubat ed 37C for 20 m nutes followed by
the additi on%‘fodé‘gme 490, gO gf%%@b@@&ﬂ&ﬁmaﬁéﬂ?& *%@'&‘Bﬂ&eﬁh‘“&?@ 70C for 30
m nutes. e shratsBemin Pacton W, 8TVPSHIMAERE t&siﬁ?%%@g%iﬁ% fd; 3 he mxture
was incubated for 15 m nutes \02‘44 Seb?t enber .20%% WO 00/ 482322 ’

and 250 mg/ml salmon sperm DNA. Prehybridization is for 2 hours at 55°C, and

hybridization is overnight at 55°C with about 50 pmol of radiolabelled probe.

Hybridization is followed by 3 consecutive washes at room temperature for 15

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_



PCTI USO0/ 07771 on ice, then centrifuged 10 m nutes at 4C. %%Seepéetﬂrbbgf%%@ant

was extragy@gosin phenol, (1 volune supernatant: 1 volu -
extracted with 1 phenol: | chloroform (1 vol ume supernat gﬁ)ﬁb}%ﬂ\%%ﬂm
phenol : chl oroforn), and extracted wth chloroform (1 volune supernatant: 1
vol une chloroform. The nucleic 5 acid was precipitated w.th_ethanol.
Di gestion of DNA wth for instance Bam DraL Asel, EcoRV, and Scpt
(Boehri nger Mannheim Indianapolis, IN "Wwas carried out follow ng the
manuf acturers i nst ' 9 [0S |, Results
Most wild typgl!l %%’a%%ﬁ‘lt’ésn g@%%gfb f@%%?eé%? fﬂ:\/veoirahéaosf1 Ectfﬂr%%&?(gw%ee ergrtﬁcér ure
sensi tive for phenbl, 1gbumdsupsinSiane ptvolmimgshenslyekaadted withvgibeyelsi x soi |

I f t di ff t | ti At h , .Ce [ | | ected
and 15 ext 1 ac PREORTE{ B HEFREFD: SAABPPISPO BT RacRd SYEREed oot ed | or
the _presencewsh chloffititn { PUoluie sbbrhtadlt 1 30meREoRARCPhe ARTITE 1O be
different from gac ot Lr caussgé of dl’fferer?ces ?n p?aquee nor phol ogy,
wer e puri f iSedacidias prenipitptedyith eftannk digestion of PNy with fanidstaneel Breoll,over
Formed o ear DRty st SEALRRGngeR plispp e bt Pl (10 1o
10i 0) . The tugdtied bt fofiovdng thelthshubcagee indiEicibis ahd seRidtsd ¥k 0/8e the pl aque
that are not |ysed by other phage in the plaque. It was distinguished from
ot her cl ear pﬂ%@ﬁéﬂe{pl aques in which all the bacteria in the region are
killed and | ysed) because of the turbid center. A conparison of phage
titers generated from Streptonyces coelicolor at 25C and 25 30C (Table 3)
i ndi-cat es thaReidis phage are naturally tenperature sensitive for lytic
growt h. 24 Septenber 2003 WO 00/58482 23 5 10 PCT/USOQ 07771 Tabl e 3.
Tenperature Sensitivity of Phage Isolated from Soil. The titer of each
phage was det sdilwe e o
h det &fd%t A8l € (3 onisd 1 fonid ¢6 bé Raaiee of

citrate. Phage22C22C3 C™- Citrate+t Citrate- Ctrate+t Citrate
sensifive for lytic growth on Streptomyces coelicolor. Twenty-six soil samples

from ten different locations around Athens, Georgia were collected and
15 extracted with phage buffer. Samplés of the extracts were tested for the
presence of plaque forming units at 36°C. Nine phages, assumed to be different
from each other because of differences in plaque morphology, were 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.
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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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Wi thout citrate. Dilutions of cells plated on the sanme mediUtPEReR % o
effect owdbessagability of Streptonyces coelicolor. 10 Gerﬁﬁi 00007771
transduction in Streptomyces coelicolor is efficient and generalized. Each
new y isol ated phage was exam ned for its ability to nediate transducti on.
Transducti on assays were perfornmed at 22C to reduce |lytic growh of the
phage. To reduce superinfection, two d'tiferent nmet hods were used: 1) the
phage were 15 irradiated prior to addition to gernmlings; or 2) the

phage-germing m e .um.contaj ning 10 nM sodi um
citrate. Tr ansducef(fl'I‘cz#\e %ﬁgeeletglr%}ﬁg%gﬁﬁ%ﬁ%dﬁl?scmgﬁﬂs ~a?6859?‘w°s%¥?e& mar ker s

i n St rept ony gimge addoiptioh @t corentrativasiibaedo hstraffeaiche plad@itof babfelbl &i1§0l Y and
unexpect edl y, du tign of several narkers at frequencies ranging from

1V to 10-' cf P%?gs - et Bet Eaciereln| 1694380951813 T avigptider wnsitisiisouced are
posi tioned argupd Séﬁarfg? %@fe'tft@re@gﬁ?l@??!%s%ﬂl e{nggvuig{oﬁfa&ldﬁﬁﬂiﬁ%tepﬁ\lo

transduction are ar suggesting that tran lTon 1s ~generalized.
Tr ansduct i bn plaqueffbinging noitewere visitile aftedldayi a0 B29C. eThrenddye afiaratiig, | east 3

orders of magni tude, hi gher t the. reversion freqyency, of the recipient

strain (see%'l"%%lr g‘)'bga ©s ﬁlﬁﬁgﬁﬁy@ﬁ)ﬁ%w&%@@o@%@e#pmuﬁn{ he range of
frequenci es JFJovweretheuhbr of estiggPﬁmégﬁ eRIRGES: cobRb] AXRePl e, P22 (a
wel | established transduci ngb‘gﬁgeﬁe ol Sal ntgﬁel | a) tr%nsdltfges -mar kers at
BP

frequenci es rEHuhgitrate. Dilusionpef celitp platast 9n the saste phdiym showedn effet
transducti on %‘?‘ﬁ ot ) Ao . eptonyces spp. (Streptonyces -
avermtilis, r%%?%ﬁ{nﬁlégﬁferpirn a%%?d’egﬁ(?o;'% Streptonyces venezuel ae) .
Surprisintgty and unexpectedly, intraspecific transduction was observed at
frequenci es 3% about 18-5,fo,r trfe@t'o ces, avermtilis, about I'0-4to about
10-6 for Str ?&Fﬁ'ﬁé&“s RefienmSireg xf%ﬁ?eﬁm‘!’ﬂmw&ie@t@@ﬂtwﬁwm@os WO
00/58482 25 Rt SR iadiAEd phdyR has Q5o ror Sty oBlIcP 1Y/ HERart RARZHEH A

Particularly surprising was the observed intergeneric transduc " on bet ween
Sacchar opol ydiersduetion aspaye avesaperfosned pt Bhizde seducelyhic gidvits of thalphaged) . | n

Table 4, the ' 0l.ed S fhe.recipient. with no phage added. 5
This control I%ﬁ{gﬁ%%ggjg&#i; 4 gvr%{os( 0 “?f"f%laﬂgﬁscvggf’s%y‘ihfpgﬁiwq'ge., how
of t en onel5 wiirthdiawed peiot totaddRivn 16 ganilRgsi?) HR\phsdaRirlind RExmaRaga onl y
control is th? g{pa e wth nq recipient strain added. This is a-test for
cont ami nat i oR' 3 ﬁ‘%&ﬁ@%@ﬁ%@gkﬁ@ﬂ%m’ﬁﬁﬁ%kwlﬁﬁmf%@% that the

recipient st pakfréphidid @S Wsistance markers in Streptomyces coelicolor was

examined for each phage. Surprisingly and unexpectedly, 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



unl ess the nmedia is supplenented with proline or a transduzéliSr‘f‘Bte}?ltfg\rg?lao03
provi ded WO 00/58482eci pient cell with the appropriate gene fecadobgApnor
strain. This is true for hisC9, argAl, and uraAl as well; recipient wll
not grow w thout supplenented histidine, arginine, or uracil unless the
phage provided the cell with the appropriate genes from.the donor strain.
Antibiotic resistance: r fAl nmeans thatysd he strain is resistant to
rifanpicin 15 and therefore, will growin the presence of rifanpicin.

Strains with sl e@%it@:' Lgin,and .can only
grow if a tr%gé ué’f gg%’ﬁ%g@%’gge’%%%ﬁede Hréﬂgé‘%}p%r%%g %ﬁlﬁé’ﬁﬁ%ﬁf@r“om t he
donor st r ai n.infétgesericstransducsianmbefvoren Shéchampblykpovt egyikrackeatds. str A confers
resi stance tg.*rstrgptor%ci n,. _h@%lcg)gfers resi stance to hygromycin and ernkt
confers resi SYEROEVES Qeeiifis kA Hand 20 |inconmycin. 24 Septenber 2003 WO
00/ 58482 PCT/ USOQ4h Q'thgliZh, tid e @ng/odly Borfrol isthe fkiptent MidYnDlphhdeladlita. t0 42 Ci

N.Cti QL c_n N ti )
5 This control indicates the reversion frequency of the strain, i.e., how often one

“would expect to see spontaneous revertants. The phage only control is the phage
with no recipient strain added. This is a-test for contamination of phage lysates.
Auxotrophic markers: pro4] means that the recipient strain cannot grow
unless the media is supplemented with proline or a transducing phage provided
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 '
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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



PCT/ USOQ 07771 Co-transduction confirns |inkage establishe%1%§m%%ﬁTa%gl
mating for several genetic markers. To exam ne co-transduction (i.e., the
transfer of two genetic markers at the same tine) of markers by these
phage, genes identified by 5 nutations that had been previously mapped
using conjugal mating or physical mapping were used in combination with
each other and with drug resistance nardgers that had been introduced into
known | ocations within the chronbsone. As shown in Table 5, co- _
transduction was observed at frequencies that are in good agreement wth
previ ously report edlelcctiksascipipot Rigrabe gowpiping IROOBinAG OO, 58485 Be detection
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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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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.

The method of claim 16 wherein the chelator comprises citrate.

The method of claim 7 wherein the transducing phage is a generalized transducing phage.
The method of claim 7 wherein the transducing phage is a specialized transducing phage.

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.

The method of claim 20 wherein the phage is plaque purified prior to forming the first

mixture.

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

rnyG
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Physi cal analysis of transductants confirms DNA transfer. To exanine the
physi cal |ocation of transduced markers in the recipient chronosone,

h hybri di | eriments at® performed. DNA is i sol ated fromS.
coel i col or 5 st ar ey 3a SRR ER oo HEre o oss mBGh v sh Regeronnn

ene, and J2408s reciplnCinicesbetcantamirgNhesolmg rogies fndRAtek the Phidass Wbz -
ghage grown on strain J2402 is added to J2408 gernlings, and cells that
are resistantgyﬁ?both

23.  Anisolated phage deposited under ATCC Accession Number 203877.
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.



hygronyci n (encoded by hygB) and |inconycin (encoded by erzr#%eptaelrngerizsog?at ed

fromcultures at a frequency above the reversion frequency. No doubly
resistant 10 cells are recovered fromcontrol cultures (no phage added) in
any experinent, which strongly suggests that the phage provide the
recipient cells with the gene that confers resistance to hygronycin from
the donor strain. To confirmthat the transductants contained the
transferred drug resi stance gene, DNAs isolated from randomy sel ected
transductants are anal yzed by Southern blotting using the 15 hygB drug

r esi st ancél.genbhegnghes of piim 3P irhetizreticing uatrindection ofmprives retinamsduct ant's i s
the sanme as t hs%?S'rirﬁ@cti%ﬂﬁilﬁr?rg‘é}rthestngni"#d&d WL G nor(;]%b ridization is seen with
the recipient strain. gerre probe 1 or YhEEr gehe present in the

reci pient strain hybridizes with the DNA fromthe transductants, but does

not hybridi ze,Wi th, t onqgr strain. These experipents denonstrate that 20
chrom)somba' ef?%h??%ﬁ%%&r‘&gfe}“aﬁeﬂu?% SPP%{HE cUpp Efmg it raﬁﬁ‘i&@%‘ito t he
transduct ant sieciient raietbbt béapist @ehting tHeRnksihng hlERPSBI®. combdgdtGithon was
not detected en assays re perforned at 30C. These phages were
exceptional irnf ?FﬁSiPr‘c“é%’i‘qr‘%’Ey to grow lytically at 30C, the growth 25
tenperature typically used to incubate S. coelicolor and in fact nost
streptonygete strains. If laws with only a few plaques were incubated at
30C, the3®ntithe mahed efleim e aherein tpatipgihg sipnsduging pasticlo eomprises ¢rposing iton
Killing resulgigighvidi@mddios. active lytic growh mght explain the failure
to detect transduction in many Streptonyces species. In fact, when
transducti on assays 30 were perforned exactly as descri bed above but at

30C, no tgans t e bt ds. very |ikel hat._superinfection
killing dggs, dﬂ%rﬁ%ﬁccfd Cyiﬂr?:l(; ugg%r%%}ner??urﬁlﬁr%askj ger%nﬁee 3%!G:flfrigz°f§)lfeﬁfaf'%&r]:§%dgjct ants to
survive. 24 SeptipitignicR06 Sor@isoOi &Bid S the3GinFAGTd 18SHNOTHitTbe Rithlai chladt.y

physi cal characterization of the transduci ng phages-reveals that they are
different fromeach other. To determ ne the size of the phage genones,

nucl ei ¢ a$l.d Vigle methadadficiin B4 odefetithe piikge, colptiiks cloAtdd, DAHS, 5 and DAHG,
using a standard approach for Streptonyces phages (Hopwood, et al., (1985)
Genetic Manipul ati on of Streptonyces - A Laboratory Manual, The John 1Inns

Foundat i o36. NoFheinsdithoddfcla 29 Werk@idthe ddmor Abknondessled £ thaiekiiest aci d
isolated fromighe ,Bhagag% was. di ggrsted wi th several restriction enzynes thus
i ndi cating t hatCiemyceiaiss s sslesed HREdhe BIpp copgistingefsawres imyseliahfipgmeniis, i nat ed

10 using di gesdehflingdl prbtoplast,ah@8 HHiAteeERBECl eases and separation of
fragnents by
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.



agarose gel electrophoresis. The size of DNA isolated frori*DRREMbE3
DAH5, and DAH6 was about 60 kil obases (kb), 45 kb, 45 kb, and 25 kb,
respectively. The differences in size strongly suggest that there are at

| east three different types of phage. Moreover, the differences in
transduction frequencies 15 and the differences in plaque norphol ogy

bet ween DAH4 and DAH5 strongly sugges42that these two phages are not the
same phage, despite the simlar size of the DNA Thus, DAH2, DAH4, DAH5,
and DAH6 are each uni que. The conpl ete disclosures of all patents, patent

applicatiens, Puhéthel 6fensm 37 AheRNOthE U6AR ey deralRak @ féiclébiéﬂﬁt abase
entries, including for exanple GenBank accessign nunbers and EMBL accession

nunbers, that AF@ORYeides B Sissied fom he pR8) consistrg obsrpws myreld figeweme as | f
i ndividual 'y i ReQLRR! gbRflastYahi dgmredRdidrcations and alterations of this
invention wll become apparent to those skilled in the art w thout
departing fromthe scope and spirit of this invention, 25 and it should be
under st oodnt h L& At i J.S.: : . I im0 e .

st at Ve onsody Bod SRR e libuitihe i dantddRlob S bhrivens . 1
An i sol at ed gepreviding 2esuspensaersef phagecpopipeisieg ishhteddmnsduciag phrticlentwhesasthe one

isol ated _ pireig apshEcicatitsashe o
Act i nonycet al <P or s AR pAfly S UNSPARLPT Bt raifafin 1 P

frequency of tplapspugdleson is at | east 10's 2. The phage of claim| wherein
ei ther the donor or recipient Actinonycetales is a Streptonycetaceae. 3.
The phage of claim2 wherein the Streptonycetaceae is a Streptonyces. 4.
The .phage4nf cTi@ methoddTel£in 29 tWiRreftOMO Hortr AcHmenyandict Re: Siepiopiyedbcent. Cr obe
are nenbers of different genera. 5. The phage of claim 1l wherein the donor
m crobe and the recipient mcrobe are nenbers of different species. 6. The
phage of g}ai NTHe MEABSEH 1AM 1 HHBRYN ML Q6P S1raMEmiRRicERGE RiSEB oM es.obe are
menbers of the same species. 7. A nethod for screening for a transducing
phage, the nmethod conprising: conbining a phage with a donor

Act i nonycgi al 1 ) f 4 - : i ] irst
m xture uﬁ%er eﬁ%ﬂ%i&?%ﬁg i%c@ﬁ Q@ﬁ%’f d ig& %ﬂﬁg gyé@mg?%%ﬁ%fg%%}ggﬁlgfﬁﬁ%it he

| ysate with a recipient Actinomycetales mcrobe formng a second m xture
and incubgiin - m . el or

m cr obe %%ntgpkgﬁgﬁﬁg i%ggyégﬁ%%ngﬁgggﬁﬁg&gﬁagéﬁg%m%%%lfﬁé”%%%ﬁ%?%nt

m crobe does not contain the coding region; and

~ 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.



24 Septenber 2003 38 detecting a recipient mcrobe contai n%4n%epfeﬂ?e’é%%3ng
region, wherein the detection of the recipient mcrobe containing the
coding region indicates the phage is a transducing phage. 8. The nethod of
claim7 wherein the donor Actinonycetales or the recipient Actinonycetales.
is a Streptonycetaceae. 9. The methog; of claim8 wherein the
Streptonycetaceae is a Streptomyces. 10. The nethod of claim7 wherein the
donor Acti ngnyc I.Di i honyc s are sel ected from
the aroup cgnei ot nERaPSbR s VLRI e BhL RRMCRIALERCR SRt ahes:

prot opl asts, anotoemosingregintonepentibn thirkof. The net hod of claim 7 wherein
detecting the recipient mcrobe containing the coding region conprises

det ecti ng &0col Anyetiod oftpotiadig; a thAsduting paaLIBQaBe BEthed @iniPrifing:ur t her conpri si ng
reduci.ng superinfection of the recipient m crobe cgontaining the coding
region. 13. The met hod OFO"&?IE(‘PWTEO%EF@}SWW é%en‘ﬁ‘thsil‘?j’é'i?’i“ﬁg’éeml’%ﬁl“
conprises reduci ng ik ioToRC4 pide-Hodot iGotRimikie, WB&ER RN M LED M icing

cont ai ni ng the codi np% region. 14. The nethod of claim 13 wherein reducCing
superinfection kil | iFfeeSEn frapsfer atdpast g ucleie peit Sagphram@ideacrtt he codi ng
region conprises treftidigycktiRs itsete o Plckiplent LG idled thidrbbet b BenfplRoure

reci pi ent m crobe. 10?1 Ttﬂe én% hog of claim14 wherein treating the |ysate
conprises exposing % SHhe 8 Gy vGeretr the gpency ghtransdnctionyis ahigest 100arst 30 16.

The rethod of clai m 13 whefiteikifg the Ghtpk Aenct WREEbIYhREkd Rbrdtutd 4 Rhs@lcid:he
reci pient mcrobe containing the coding region conprises treating the

reci pi ent microbe cdit§i®ning the coding region with a chelator. 17. The
met hod of claim 16 wherein the chelator conprises citrate. 18. The net hod
of claim?7 \{\/ner in the transduci ng‘phaage is a generalized transducing

T

phage. 192 The hfapeibRe Frlapn 89 whereiptherableast openucleiapsid fraemgntsamgases 8 a

speci al i zed tr angRucdcRGrRheg electeDironl BR #gfﬂﬁbf&%isﬂﬁ &f ARt oo Slifaet he phage
is obtained fromthe group consjsting of soil, water, organic material,
deconposi ng or g&&PE gﬁﬂ?tz?P?coé‘H@f%‘Plb%fﬁ‘iP@“%ﬁbef@i: The met hod of clai m 20
wherein the phage is plaque purified prior to formng the first mxture.
22. A net hggf for screening for a transduci ng phage, the nmethod conpri sing:
conbi ni ng i sHieReRPdsh slgim PRRbsrpip thegloprydisimarprceimlsnipddbeic@igien cr obe
conpetent to t akginbiydolifss bRlsalbag forh the Sroufic¥isitiify SMPores) GiPALN REbridR, Ti 1 st

m xt ure under . .
germiings, protoplasts, and mixtures thereof.

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.



conditions such that the donor Actinonycetal es microbe takdHfymbRE2003

i sol ated phage DNA; incubating the m xture under conditions such that a

| ystate is produced; conbining the |lysate with a recipient Actinonycetal es
m crobe form ng a second m xture and incubating the second m xture at | ess
than 28C, wherein the donor m crobe cggtains a coding region encoding a
mar ker and the recipient mcrobe does not contain the coding region; and
24 Septenber 2003 40 detecting a recipient nmcrobe containing the coding
region, wherein the detection of a recipient mcrobe containing the coding
regi on i nd?P.cat Asrapfilucipp agréicle Ssobutddrtanbamethodof dimgs. 23. An i sol at ed phage
deposi ted under ATCC Accessi on Nunber 203877. 24. An isol ated phage
deposi ted under ATCC Accession Nunmber 203878. 25. An isol ated phage
deposi t ed6tinder ATQCuARQeSHE SigdtoRRH b Q3R co%grisiﬁg! i sol ated phage

deposi ted under ATCC Access] on Nunber 203874. 27. An isol ated phage
deposited under ATCC Ac&BUEINYIE aNphagseyithpdeppsActinpgyceigles misrebedelfosmadst
deposi ted under ATGhixA%€&RIShQBatMITRE frs2RBEEE unde? cordidint Bag i atl);s%% erring
at least one nucleic acid fragnment froma donor mcrobe to a recipient

ni crobe, conprisi n@™PEei ding an isol ated transducing particle conprising

at |east one nucleic a%ﬂb&{@?@gga\ﬁéﬁm% QNP4 AG) 'gegﬂgscrg}c%bgz?égg&raobe;

conbi ning the transduci ng partiC Cl pIent AcCti nomnyce
m crobe to result isacoadmpsmeechndiinnybysig thecieeondewik ireen fessrihan GRYC, mheteinr the and

Lomporature of | centt Ran SLECRME Rl RafBlaaf s Brbietl Ficnshees

conpri sing at | eastnobemtamuthe @andeiaatid ffgagnent from t he donor m crobe, -
wherein the frequency qf, transduction i 105.. 30., . The net hod of

at | eas .. 30
claim29 further conpri SPRGMEEIEERRY I%IEFBE‘? Fapfaups B ‘ge‘fzﬁ%‘dtﬁiag‘ﬁ%’&uced
reci pi ent microbe. vihrchepi értpenc?O0Binddctdn is Tieasteth) agein Bt i3 ohrer ei n
reduci ng superinfectian cogpgisgs regucj ng .. superinfection killing of the
transduced reci pi edtHFEIYHELe Beicates, e ppaghote Binsdycingrigge; @idr ei n r educi ng

superinfection killing @blatibgetansdtisgghageeCi pi ent nicrobe conprises
treating the transducing particle prior to conbining it with the recipient
m cr obe.

61.  The transducing phage of claim 60 wherein the at least one nucleic acid fragment
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.



33. The nethod of claim 32 wherein treating the transduci&65%3$¥*3ﬁ§03
conprises exposing it to ultraviolet radiation. 34. The nethod of claim 31
wherei n reduci ng superinfection killing of the transduced recipient

m crobe conprises treating the transduced recipient mcrobe with a
chelator. 35. The method of claim34 wherein the chelator conprises
citrate. 36. The method of claim29 whé?ein the donor Actinonycetales and
the recipient Actinonycetal es are selected fromthe group consisting of
spores, nycelial fragnents, germings, protoplasts, and m xtures thereof.
37. The n€i hodllsfrapkducimg 2Dagetvé cleinm 6§ Awthedionprising reslotiag euwpetinfactiaiud g
particle corrprljegslg!%:] nn%%%@i g&tﬁginarﬂ]einsuolle%ta% pl ranrégtduci ng phage with the donor
m crobe to form Hﬁage- donor i crope Xt U e, and incubating the
phage-donor mcrobe mxture to formtransducing particles. 38. The nethod

of claim erein jncubating the _phage-dopor mcrobe mxture is carried
out “at o Perpoltsianatge pRiss S it o8BS SR g Mrerinb e opbEses LMLt hod
of clai m 37 wep&infedibe kliapast tAGkEpRMBRIcBE esntanilg tHRGmERRI aBid€Rkment.
Actinonycetal es are selected fromthe group consisting of spores, nyceli al
fragnents, germings, protoplasts, and m xtures thereof. 40. The nethod of
claim29 gher erm kb ?Qa bf LRRh 88 GHebmIORANGIsHEtrRRLLALCLifing QP! S€S
providing a suspension of phage conprising isolated transducing particles,
wherein the dBfRERTRISIODE AORAINInG Ehetnughsisdgidi frgmeatraomprisesitsating thelysate piut 1
transducing p J < icles. 41. The method of claim 29
wherein the dgﬁg?ﬁgggkggﬁﬁgg?g sévgﬁg%%%reptonycetaceae. 42. The net hod
of claim 4l wherein the donor Streptonycetaceae is a Streptonyces. 43. The
met hod of (¢l ai i recipient. Acti.n tales is a . .

St opt ony S acHs it BEE adlof LB 6PMARMn GBI BELELSions®s Booripaie

St r ept onycet acd@eiolet radi8ionept omyces. 45. The nethod of claim 29 wherein
the at | east one nucleic acid fragnent conprises a at |east one non-coding
region. 46. The nethod of claim 29 wherein the donor m crobe and the

reci pi ent 69 crTiearaasdacingphipercs clafm 66 WhacantdgrgetpgerinfeétionliBingef fed of claim
29 wherein the donor m ¢robe .and the.recipient mcrohe are. nenbers of

different spedFERentRICIOpR confaining the gpuckeicacid, fRGMGpGOMPHSSs saliig Bt TeFPlPbbe and

tge recipi ent dicfibebentahg tEambR icScll frdghRnSwitfea SREEHES. 24 Sept enber 2003
4

- 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.



49. The nethod of claim 29 wherein the at |east one nucl ei & agitembier 3¢iFent
conprises at |l east one coding region or a portion thereof. 50. A nethod of
produci ng a transducing particle, the nethod conprising: combining an

i sol ated transduci ng phage with a donor Actinomycetales mcrobe to forma
phage-donor m crobe m xture, wherein the isolated transduci ng phage can
transfer at |east one nucleic acid fragpent froma donor Actinonycetales
m crobe to a recipient Actinonycetales mcrobe at a tenperature of |ess
than 28C, wherein the frequency of transduction is at |east 10"5; and

i ncubat i ng5:t heAphaghG:MQmmiclnﬁmﬂandmd:ymm¢thaicbccmqm|smgduce a transduci ng
particle. 51. The net hod o{)mm irHSO Wgerel n,the at ast qﬁ ucl e1 ¢ acid
fragment comprises a nUelelEesdiNges vy ﬁg?ﬂorégﬁug)&yggaﬁwq &0 &W&j

consi sting of at |eaﬁitur€)ﬁlﬁi1ﬁﬂ1baﬁ1£gihﬂgrst @x@tre Aindésd domditidne asdh th4tQ Iwadiing
region or a portion t er 52. The nethod of claim50 wherein the donor
Actinonycetal es and? eC| pi ent Actinonycetal es are selected fromthe

group consisting of sporcgmbinigaR Iyddie WitRE FRYidH AcBRThd!HOSmiRSHRIORIASE S,
and m xtures thereof. 53. The nmethod of claimb50 wherein

t he
Actinonycetales is Sﬁc@pﬁ@bﬁ‘-‘ﬁrﬁﬂé‘é{‘%‘é@% the %ﬂfondmét%{'tﬂﬁélﬂ@ﬂ 281GivheBH pier ei n
the Streptonycet aceffiol ichbothbRRhOMM SR ac‘ééfraé%n Eﬁ%ﬂg@f&:&ﬁ P@E@a{@e%%ewer ein

t he donor nmicrobe and the recipient mcrobe are ers o er ent
genera. 56. The netiebeons#in deanpieScidtisgment t he donor nicrobe and the

recipient mcrobe are %@J&ﬁ{ O%glghtf icho ﬁ@&orﬁﬂ%%%nug’@m aIIaefragEEmOd of

cl ai m 50 wherein the donor mcr e recl ent mcro menber s
of the same speci-eswhes@n th?if@qmchoﬂtr@tsdlmham maBIRasftuﬁf Merwmhpdetsatmg of the

501 5L1n0, L1 U1 anSOuEL A AR s i SERLSRRSE R0 Rl OV 0

i sol ated by a nethod congpidtiag rg: traagivbing ipmgicie. phage with a donor
Acti nonycetal es mcrobe to forma first mxture and incubating the first
m xture under conditions such that a lysate is produced; conbining the

lysate wi 76 a TecrpkdringdaiticRauTehah 5 ahe@inah©RgedsOodeRbleR acAGF@MEnt™ Xt Ur €
and incubating the, seconfje m xture at |ess than 28C, wherein the donor

m crobe cont ai FRBEISER Apusielc agid pemerielsated Siom the grope EqnsisERg oflt LRYIo8S BYEs

not contain th@dnqugab@mmt%aﬁtroﬁga&ﬁﬁgreg@haﬁip&qo@th&%sf pi ent mcrobe
containing the nucleic acid fragnent,

- 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.



wherein the frequency of transduction is at |least 10°5, wh¥fpienbee2003
detection of the recipient mcrobe indicates the phage is a transducing
phage; and isol ating the transduci ng phage. 61. The transduci ng phage of
claim 60 wherein the at |east one nucleic acid fragment conprises a
nucleic acid fragment selected fromthe group consisting of at |east one
non- coding region and at | east one co#itng region or a portion thereof. 62.
The transduci ng phage of claim60 wherein the donor Actinomycetal es or the
reci pient Actinonycetales is a Streptonycetaceae. 63. The transduci ng
phage of claim62 wherein the Streptomycetaceae is a Streptonyces. 64. The

t ransduci phage of ¢l aim&60 erein.the donor Actinonycetal es, and the
reci pi ent Igig'Act ?ﬂ@ﬁ?@%‘f“&’l“@f@‘gle\s‘%%ﬂ? B‘&WQFI'S%TF ing SERFSIESHL CAMmi§ef  spor es,
nycel i al fragneBédng suprinfbdtiod kil SXliBPIeaipletis mARthe ¥bethidn@Shd HRIeROkid 24
Sept enber 2003_45 65. The transduci ng phage of claim®60 further conprising
reduci ng superif##®&ti on of the recipient nicrobe containing the nucleic
acid fragment. 66. The transduci ng phage of claim65 wherein reducing
superinfection conprises reducing superinfection killing of the recipient
m crobe c8ht ai nThegransieciag phicle c4elabn Bl afereintreduging sippsinfactierskillimgog thehage of
cl ai m 66 wher el .p; faduel, j i 14 [ pi ..CI obe
containing t he}eglt?{:eﬁel C %i"%%ﬁ’?&%ﬁeﬁ@d@gﬁ%ﬁ %%ésr&%} (gJa Htf%‘gs Lf‘{?gﬁé @E ggétc “811(’”

t o conbi ni ng it cambhingiewitk thepe@pientmiicrobbe. 68. The transduci ng phage of
claim 67 wherein treating the |ysate conprises exposing it to ultraviolet
radi ati on. 69. The transduci ng phage of claim 66 wherein reducing

. 'super i nf e83.i on Hielttansiycinf phdiele of elainy B2 Wheminareathe: thohsae BomgHseNEposiag RiE
acid fragnent qﬁqﬁé%seaFtreating the recipient mcrobe containing the
nucl ei ¢ aci d PRSI 2HE Y a chel ator. 70. The transduci ng phage of claim
69 wherein the chelator conprises citrate. 71. The transduci ng phage of

cl ai m 60 erein the phage is a_generalized transducing phage. 72. The

t r ansduci ﬁ% pha WSC@FJ&S Rrgislew Saen A1 Wﬁ%‘eﬁﬁ%@lﬁgéul@?f@%ég?wil%d’f the
transduci ng ph@ggient firobtREnthinARIALGIcREE mﬂﬁ@%n&fm SR GRwhenetdididie pPhage
is obtained fromthe group consisting of soil, water, organic material,
deconposi ng or§iskebe cripiamgdhe nugleic aedd Fagment wigha clilatorthe t ransduci ng phage
of claim 73 wherein the phage is plaque purified prior to formng the
first mxture. 24 Septenber 2003 46 75. A transducing particle isolated by
a met hod 8dnpr i Biergpnsduop ipertinly of clolva§é wherein the chehutar cpmpiiseo pjretet al es mi cr obe
to forma first :

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.



m xture and incubating the first mixture under conditions ¥u¥gptambst 2603

| ysate is produced; conmbining the Iysate with a recipient Actinomnycetales
m crobe to forma second m xture and incubating the second m xture at |ess
than 28C, wherein the donor mcrobe contains a nucleic acid fragnent and
the recipient mcrobe does not contain the nucleic acid fragnent;
detecting a recipient mcrobe containiég the nucleic acid fragnent,

wherein the frequency of transduction is at |east 10-5, wherein the
detection of the recipient mcrobe indicates the |ysate contains a
transduci 89. par TheGt@sdvaing pagioleatf clagn BH ehtreANBbRO G phajé beiifeed pfor toThe
transduci ng particle of claim75 wherein the at |east one nucleic acid

f ragment conpﬁ?@gg the SHPEEeaci d fragment selected fromthe group
consisting of 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 Actinonycetales or the recipient Actinonycetales is a
Strept ony ggt acgafﬁethc?@ofp}%a%mhgQ%&qu&a@ (Rl CofbrGhal m 77 wherein the
Streptonycetaceae I's a Streptonyces e transducing particle of claim
75 wherein the donor Actcpmbwtgeamaué@echtms@umgr@egqow@m donte Arctrorpcdtlal es i s

gor i ngs,  pr ot op! Siiste LORTRRAR EhoP RRLR mEE Wil AOMRR Bansaucing |

of claim?75 furt herphagerrq:nmtfamfgr at &dstaing gualeip ecid frbgrotrit domod ddoke 1 eci pi ent
m cr obe contai ni ng Ct)e nucl |c ac 2003 47 81. The

transduci ng parti cl’¢6f m(“ﬁefﬁ h86 \ltl(f]%Oraeﬁe%pﬁﬁgtd?fé‘(lﬂ'ﬁycf%%r“inﬁlfog%f“i HRORFABI ses

reduci ng superi nf ecdfiles than 2Bt @ gvhefeii the fle@enpy €Mtansdueticibie acleﬁdtaohlajw t he
nucleic acid fragment. 82, The trans ucin g rtlcle of ¢laim8l wherein

reduci ng superinfection lﬁ‘i“ibi“i‘r‘rgdhw 2EHEY BEF XUHE B CGBrPP%ﬁer]rYSﬁE t he

nucl eic acid fragmﬁnﬁ@ﬂgﬁltmuelhg%dg@g the lysate prior to conbining it
with the recipient mcrobe. 83. The transducing particle of claim 82

wherein treatlng the | ysate conprises exposing it to wultraviolet

radi ationg;84. ATk %etl ﬁ%@n@iﬂgﬁ%ﬁddﬁ&ﬁ Bﬁag‘é'\ﬁke‘i@ﬁ%e‘mﬁ&d@zblﬂg Rl ChiNg
superinfection Kil of the recdngalen m cr obe cont ai ni n?w he” nucl ei c

aci d fragnent E@w&m@é@st preaaclefrpcidfeagment f5pra gdonoridstiomeycelgfes Mierpbriothe
nucl eic acid fragmmnk o efn ce?azgj}ﬁic?&b%taéé erhiife é;fflggé%t%%% Rk egllkj fie of

claim 84 wherein'the c tor conprises crirate The tran cl ng
particle of cl &ﬁqneﬁﬁlqﬂﬁ@n@hﬁlqnheatdmg@ ts a generalized transduci ng phage.

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;



87. The transducing particle of claim75 wherein the phagelspgmbpetl0al i zed
transduci ng phage. 88. The transducing particle of claim75 wherein the
phage is obtained fromthe group consisting of soil, water, organic

mat eri al, deconposing organic material, and volcanic ash. 24 Septenber
2003 48 89. The transducing particle of claim88 wherein the phage is

pl ague purified prior to formng the #2rst m xture. 90. A nethod of
produci ng a phage |ysate, the nmethod conprising: conbining an isol ated
transduci ng phage with a donor Actinonycetales mcrobe to forma

phage- donor ni cr obgyéiidihgEdhditASERRicive 158 tHeFQifbR GhiboBOGP6Iu0ga sdtBagey can
transfer at |east one nucleic acid fragnent froma donor " Actinomycetal es
m crobe to a reci pi”é?"t‘boh@ti nonycet al es mcrobe at a tenperature of |ess
than 28C, wherein-the frequency of transduction is at |east 10-5; and

i ncubating the phage-donor mcrobe m xture to produce a phage |ysate
conpri si ng?’-a t FRermetbed efglayn 3¢ evhemin thaAphnayecdigienis @ Sereppryeiarseaea t r ansduci ng
phage, wherein the transduci ng phage can transfer at |east one nucleic
acid fragment froma donor Actinomycetales mcrobe to a recipient

Act i nonmycé4.al eEhemhegthabef chim&3 tvdwear tht SireptohydemsaietihabirgB@yceher ei n t he
frequency of transduction is at |east 10-5. 92. A nethod of producing a
secondary netabolite froma mcrobe, the nethod conprising: transferring
at | east 6fie nied iwethoddicthith9agrterdn the estoadagpmetabatitels abeprbducad bethepi ent

m crobe, conprising: providing an jisolated transducing particle conprising
at | east one ﬁ&*?’&ﬁ‘c‘“ﬁ?@ﬁaﬂf’? sr‘illﬂmtf‘?”om a donor Actinomnycetal es microbe;
conbi ning the transducing particle with a recipient Actinonycetales
mcrobe tg result in a transducing particle-recjipient mcrobe mxture; and
i ncubat i ngft heThermaeraer ofictam P4 mhersinthe sscrpiapnineiap e s @ohpredysed by the donor
tenperature of plegse. than 28C to forma transduced reci pi ent m crobe
conprising at |east one nucleic acid fragnent fromthe donor mcrobe; 24
Sept enber 2003 49 providing conditions effective for the recipient mcrobe
to producgya SPRIp i f i erein the
Act i nor nyg7e't al es I%ﬂ%&’ogt}c?%%??%ﬂg&% a%lggeec.o I&&lﬁ&rﬁgﬁ%ﬁ%ﬂﬁ%@%ﬁ%ﬂ 93

wher ei n t he Sticeipiconmpisetba paartoitnsdugioneynd drmot produced by the donor microbe.

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

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.



95. The method of claim 92 wherein the secondary netabol i t%8 SeReHBEr IH08duced
by the recipient mcrobe prior to transduction. 96. The nmethod of claim92
wherein the secondary netabolite is not produced by the donor mcrobe. 97.
The net hod of claim 92 wherein the secondary netabolite is not produced by
the recipient mcrobe prior to transduction and is not produced by the
donor nicrobe. 98. The nethod of claim®2 wherein the secondary netabolite
is produced at a higher level than is produced by the recipient mcrobe
prior to transduction. 99. The nmethod of claim 92 wherein the secondary

net abol i t é03.s Preouetbatofataim ivghkein thededor nti¢rabe dnd tipr rocipieadnissobt e donor

m cr obe prior 19 Eragtstgg&tnlleosn néLsOO The nmethod of claim92 wherein the
donor mi crobe ‘and theé Teci pi B5¥ i crobe are menbers of different gener a.
101. The nethod of claim 92 wherein the donor m crobe and the recipient

m cr obe a nbers o er ent eci es. 24 Sep 2003 50 102. The
met hod of Fl@‘ai S@f?“@?{% hOIEtﬁBmgB‘f‘?a%ymedP%B@qﬁ ﬁgbr eci pi ent mcrobe are
menbers of the same species. 103. A secondary netabolite produced by the

met hod of claim97. 104, The nethod of claim 92 wherein the frequency of
t ransduct i%h |'ghedpeq1gia%ftclai@ 9@ wherein the frequency of transduction is at least 107,



