WD 02/ 055709 PCT/ US01/ 47868 TI TLE RHODOCOCCUS CLONI NG AND EXPRESSI ON
VECTORS This application clainms the benefit of U S. Provisional

Appl i cat ivom 02/63/®54, 868 fil ed Decenber 12, 2000. 5 FI ELD BET/USH/47B6$ENTI ON
The invention relates to the field of m crobiol ogy. Mdre specifically,
vectors are provided for the cloning andExpression of genes in
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e 0CCUS 0 ic

were formerly cl assHﬂSéEPpA‘ga&B’&g %ih%g'&%ﬂcﬁfﬂ]g E{O‘@P%‘rép rIECS‘F"’Bensem a

spp., or as negbass,868 filbd Dedepslmarti ) @900conpl ex, are wi dely distributed

I n the envifonnment. Menbers of th leﬁlg xhibit a w de range
of netabolit activities, includi nEFIEE F PIOERONS 15 acid {)roduct i on,

bi osur fact ant pr odu@hedmveniios relaterete thedialdaf arierobisiegy dMerosprgiicallyof a

| arge variety Céiﬂ&)@*tﬂ-@ Si nger and
Fi nnerty, 1988%?‘%%%2& @ﬂ%@%dﬁ‘f’él“ﬁ@ %ggfﬁ& an§S'gﬁ§#%§}ggg?n 199%, Pl asm d,

29: 74-79; \ar RIOSOCAGRISIRRSIES, AN @J@Olﬁﬁnﬂsms ‘Rev. Biotechnol., 14:29-73).
Unf ortunately, few appr Oprl aBmcgeaanNDOﬂ"SHEONMEI\mm i nvestigate and

explolt thege Mt abelle, S5ditve badRik DefdH apriRhblf o U (See
Fi nnerty, 92 Ann 'IQ d 1 Fgcen (f Sever al
Rhodococcus pl agwhibh wers ﬂahmddyala&séﬁd@c/fde@ardm MMQaC&meI@OK%’@ﬁorS have
been descri bedy, Thesg,Q EEEmoﬁj%Bs rﬁ%n%@% Uﬁﬁb“ﬂ?od&ﬁ:ﬂr&%”%m | dratdélyve

di fferent derivation eriv fromgp{ao coccus fasci ans
(Desoner et al distrilygec “?Jthe @&wawt Q'? ermeithg AeRUSs 98%‘? et al.

1990, Appl . Enékhmﬁ a wMeCrraQ EQJf metﬁﬁo%é&tvﬁiﬁ@)nchhﬂm@|aaabio¢ie atrhelrammd) f rom

Patont 5, 788, 585 RioBnetdh, Higsureeldy boniidiohs Shd SiondarddReiRdRs oy Dabns,

1993, Pl asnid, bkﬁramwrmatibamfa latgenvariety @ rgaiio aotd eobbigtig £ompoLBds29- 135

De Mot, et al. Sdéleg}? gt S 2EBQQ@ﬂr&r&é‘r%é@égmséé%bno/chﬁ -6581648; qighi ved from

Rhodococcus rh "~ JP 1990-270377: JP
07255484: JP oaogalmbs 1893 3Blasgridr9: 5477, Waih UrEba'?@E%@O"JibQ%o@fefsag

TSS?,' mGteﬁeet 12'597\/ E@c%chrjkal 1@929 g%d ;fﬂfbrtlﬂnate&?vﬂ&&ﬁoﬂ;ﬂé@ 9&1@%%06!:3 al .
pl asni ds dePi v&eist Fq)mves gate and exploit these mefabo ic acn%lvriles n :éflpogogdccu%
and like organisms (see Finnerty, 1992, Annu. Rev. Microbiol.,
46:193-218). |
Recently, several Rhodococeus plasmids and Rhodococcus-
Escherichia coli shuttle vectors have been described. These plasmids
25  and vectors can be divided into five different derivation groups:
a) plasmids derived from Rhodococcus fascians (Desomer et al., 1988, J.
Bacteriol., 170:2401-2405; and Desomer et al., 1990, Appl. Environ.
Microbiol., 56:2818-2815); b) plasmids derived from Rhodococcus
erythropolis (JP 10248578; EP 757101; JP 09028379; US
30 Patent 5,705,386; Dabbs et al., 1990, Plasmid, 23:242-247; Quan and
Dabbs, 1993, Plasmid, 29:74-79; Dabbs et al., 1995, Biotekhnologiya,
7-8:129-135: De Mot, et al., 1997, Microbiol., 143:3137-3147); c) plasmids
derived from Rhodococcus rhodochrous (EP 482426; US
Patent 5,246,857; JP 1990-270377; JP 07255484; JP 08038184; US
35 Patent 5,776,771; EP 704530; JP 08056669; Hashimoto et al., 1992, J.
Gen. Microbiol., 138:1003-1010; Bigey et al., 1995, Gene, 154.77-79;
Kulakov et al., 1997, Plasmid, 38:61-69); d) plasmids derived from

Rhodococcus equi (US Patent 4,920,054; Zheng et al., 1997, Plasmid,
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Rhodococcus equi (US Patent 4,920,054; Zheng et al., 1997, Plasmd, 1 WO
02/ 055709 PCT/ US01/ 47868 38:180-187) and e) plasm ds derived froma
Rhodococon® oxms7q9NO 89/ 07151; US Patent 4, 952, 500; Vogt SPaDER01eL78GE8 . |
1988, J. Bacteriol., 170:638-645; Shao et al., 1995, Lett. Appl

M crobiol., 2B8630-168) aRd)plashiis dedvedisita Riadobootus siB8: 101- 106;
Deni s-Larose 5 ' . 0hi Y 3-4367) .
Whi | e these pr i(g‘?og%%? es 'g’less?%?%net 452%%?2@’ V%@S%ﬁﬂgépétnﬂ"g%ﬁ e vectors,
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L elolt i ca}< i O\T\A p(rj ot ei P%ﬂﬁﬂdes\d}bm‘r sldiewdeecritm asvardl plaphidsandshittiet hi s
ost . now edge SuC e . . [
or shuttle vectd ?qrsﬁjﬁeﬁgf?gﬂgrm%rja&iC@ﬁ‘ﬁgg%ﬁ%&é@ﬁé&g téﬁ%\?\tﬁg?%'gﬁéﬁﬁg?s' o
shut tl eI vect ortbetgeaetit urartipualatiom oRRGddocerus grsklikef engasisammplan@dai s- Lar ose
15 et al., 199§, . ! ' e MigL ohi " - Bl n, et
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gte;i)iglni f; S?tﬁte tdrereBHEStRPSHIBIEIRS frep$ Whidh Alovefsr Plgsrhitl rBRsIAGA disiHosp! asmi d

tabil ity _of an 0 pla ' ft i abl d.

mai nt ai ni ng pl dgﬁﬁ‘ﬁleggﬁéflsp?@Séﬂ”%"?%r'?%&?ﬁﬁﬁo%8&%?‘%@%\‘;3@6%%%5?@85% he
?Rt i bi gt | ;: se: eghutiteveatbr.cAlthsugterdpiieatiemsequeraascat knowrefos atfermhaitttd ce in

e industrial sc . . | : t
that function (BuSBACENERoRE hbhbbdbcks GetRebanbe PERFEaRlsel o Bl O, o
sel ]gzcltionl. 135 ®tealpri®BBeAppb Bowiren) Mézuot?iohe%ﬂa@%%,@m; ibngtondet abidd/t i onal
usefu asm : I ' ' ' '
Rhodococcl?us an??ﬁgg&g?ggéfzs)\éggégﬂ%ﬁ%gﬁ\?ggﬁgééﬁl’ mn'le(ggé%%/z avgﬂge“rggust
replication prdiendessi ahfst:65e3480) dhevarraeabl y nai ntained in the. host.

har b ng o oS HBRY. omepLosa oty SR ki and
erythropolis gt%tﬁlﬁ ﬂﬁfﬂ?réﬁ’dbéﬁ‘ﬁg‘{qcﬁefi’iﬁ%'%?'ﬂ'é(}%?bi%é'ch gt%B@%yg‘ifl?ny
Rhodococcugps Ptﬁlféér?id/‘fcdf%@rr? \lba?rl:fw/ pAdViiaintinihg plashsd stabikitytin arpaptiovades,
e oo okt 2R R b tyE OBt R g orect o= 28

economical nor a safe practice in the industrial scale production. Little is

known about genes or proteins that function to increase or maintain

plasmid stability without antibiotic selection.

25 The problem to be solved, therefore is to provide additional useful
plasmid and shuttle vectors for use in genetically engineering
Rhodococcus and like organisms. Such a vector will need to have a
robust replication protein and must be able to be stably maintained in the
host.

30 Applicants have solved the stated problem by isolating and
characterizing a novel cryptic plasmid, pAN12, from Rhodococcus
erythropolis strain AN12 and conétructing a novel Escherichia coli-
Rhodococcus shuttle vector using pAN12. Applicants’ invention provides.
important tools for use in genetically engineering Rhodococcus species

35  (sp.) and like organisms. The instant vectors contain a replication
sequence that is required for replication of the plasmid and may be used
to isolate or design other suitable replication sequences for plasmid
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sequence that is required for replication of the plasmd and may be used
to isolate or design other suitable replication sequences for plasmd 2 WD
02/ 05570WECTHiI8P1/ 47868 replication. Additionally, the pPopwsm47pdsasm ds
contain a sequence having honology to a cell division protein which is

required for phasmafiof! @Qidltidr%éu tﬁéﬁhstﬁﬁﬂglésnﬁdw&édtémvéﬁé@uénc'ﬁ aving
particularly deS|rabIe eca r shuttle

h
vectors in the h@ﬁﬁ%"%%%&@ﬁé’d@&ﬂ%i’f&@}ﬂ Wi 'CE ‘%’Fﬁpr‘*é ar plasgyi 5@%9 “vectors
may al so be US(?!CbphBam@ﬁbhmtaé ivestors are paﬂmeularlyadep&abllel e qaluas thels afeable

mventt on pr ovitaeeeRl Bt eiest e yodtbih e ok RnbdeHiHoty ol osent

nucl ei ¢ aci fls fierafoee oq\pphcagts%melcterqzmysalmbewsedrllépgmb"‘!ajlogéw& other

Rhodococcus sp. i des a novel

pl asm d isol at é‘SHbagi%éb%‘#ng‘?? fec{r?ré &5??%?6” m%wggﬁ%ﬁ%ccus

erythropolis and a novel shut tiﬂw_ﬂl@iﬂt his plasnid that can
be replicated in botiEsehgh fﬁbéﬁtl&%l‘ovﬁﬁé HBVEPRUEIeRf adile aRQderns cCus
genus. These novel vectors can use cl one an enetlcal Y 15 engi neer
a host bact eri Zonyyising thesgiusial Cé‘cﬁél 95&‘&9‘9@“8@ pé??»ﬁlgtp OB est . In

addi tion, Appl idfenaksn W)(ﬁdcd@é‘disé eth pzmlcular)lthéfpdemebmvﬂntlourprqwelesasdl ng

[ h I f
ond stability. n%N@F Py bsp'%ﬁéir@%eéep&%m%%@ A bR oc il i "
replication prarpihropolrandi noivel stuttleseebr prepsned frohthis plasnid Stats@guence
encodes a prot Be_ ﬁ@ﬁﬁg@% if b%ﬂﬂf'sgﬁ@ﬁ HI2 B0k 98 rr‘ié’mﬂen%%f'trg'R’Hogio%Bta Ote' n

and has been d o & IR Rl nt lity.

Both the repli genusn Thesegiavekectorecan bgiused o ﬁl%@eﬁlmpﬁﬁwm lVde
sequences MRy kg d Roét B’a%&ér%#l(k)égﬁft%ékﬁﬂ@sg% 6’61 @@Weeéﬁm@féwéﬁt ors and

Pet er ol ogous. gdnesestn IRAsaBiSDe ApBiats BAUE I9ATENEH GH ATt ho.pr osent
'r QVFPEQPOLH ff}?ﬁ %@cgglgg%eg@pggmélmmmhdg gﬁw;li g@ﬁr@i aﬁlﬁwﬂmrqgaamllds ated
nutF:)I ei ¢ aci dperféﬁtb‘ﬁ‘@mt %WPH'@’ ghgﬁ(?r%@gﬂg%@e'sﬁsn%%?'c%gﬁ ﬁné@ ré@% | D NO 2;
(b) an isol at edirfigued edpslicatibnl prdtein, 8p, hwithin the revelipidsniid) Thedsecaride
wth 2x Ssad 0. SPabRaeR dripHE e i n Balit ko holiglo, 2 ket OB 1o
nucl ei ¢ acid t heroteis andrssdraat mtyrmmed(ta)plasoa rol)in nERiftaiRipg PlasiBidpr esent
invention provigesan pSRltAb $LpRiatibRipTof &nd the stability protein nucleotide
sequences may be used in a variety of cloning and expression vectors
and particularly in shuttle vectors for the expression of homologous and
25  heterologous genes in Rhodococcus sp. and like organisms.
Thus, the present invention relates to an isolated nucleic acid
molecule encoding a replication protein selected from the group ‘
consisting of: (a) an isolated nucleic acid encoding the amino acid
sequence as set forth in SEQ ID NO:2;(b) an isolated nucleic acid that
30 hybridizes with (a) under the following hybridization conditions: 0.1X -
SSC, 0.1% SDS, 65°C and washed with 2X SSC, 0.1% SDS followed by
0.1X SSC, 0.1% SDS; or an isolated nucleic acid that is complementary fo
(@), or (b).
Similarly the present invention provides an isolated nucleic acid
35 molecule encoding a plasmid stability protein selected from the group .
consisting of: (a) an isolated nucleic acid encoding the amino acid
sequence as set forth in SEQ ID NO:4; (b) an isolated nucleic acid that
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35 nol ecul e encoding a plasmd stability protein selected fromthe group
consisting of: (a) an isolated nucleic acid encoding the am no acid
sequence ve@ oxets7goorth in SEQ I D NO 4; (b) an isol ated nucPeTwsaci7eest hat 3
WO 02/ 055709 PCT/ USO1/ 47868 hybridizes with (a) under the follow ng

Bylir:)/dlségtrolnl crrgbﬁdrzegwath )lﬁﬁd@ﬁfﬁe followirfy KB AfiGnasuthditasised. M 882X SSC,
0 o] ) acid
that is conpl eﬁ)evf(? §§S gé )a as(l}e)d W'@ %?%$§v8ﬂt/f’ s:gjg @E’gl F@* ﬁ X rovi des
pol ypept i des erﬁS@le@Hb’éySD& or@neiselatechnutleiotsoitb thed dpievroplenaentay or ned
host s cont ai ni g’?é )h sanme. Methods for the isolation of honologs of the

present genes al so provided. In one enbodiment the invention provides
a method of5 10 obt dihei rngeratloruadrértl@ndhf rroxisies helweplidesiengoded b¥ghecat i on

protein or Stagrrééé[ ifd% HRhGES BHd tiaRbidPriRil Mt cORRMTAG the brary with
a nucleic aci e present invention; (b) identifying a DNA
clone that hyl$@mg. zes vmth the nucleic acid nol ecul e of the present

lzln\(;ﬁgt : 32 n t a][ld (% M@EHM@Q%Metrﬁ@laﬂ@rﬂeﬁhﬁmbtomrtﬁfﬂhetpln@éerﬁ(ymeswe t he
Ifre I R, S er.eln e. se en nment

encodes a reple\ Pﬁ%{ﬂ#ﬁ#gﬁerﬁ %PV@%CE'@P&B hq Weﬁﬁj éfog(oge %r&‘%g{){@?

enbodi ment 1bhe dbtaiaing @ nuplkeivacld snalecwleleodtoding abteylication aroteinl @i ¢ aci d

ol ecul e encodiighyeRIdR BB MeCl 8 ofinoh, oShARId irdn h & BgEP! | 51 ng:

(a) synthesrzr one E mer correspon Ing to a
portion of the asishonotecide of thawererseetsreﬁentmm\(bhldea fyingha QW) clai| theyi ng an

insert present Hy'Brral%%E%{rf‘ﬂr ﬁ%ﬂé’i&d&ﬁiH\%ledu'lbeof)ﬂh'e%@%hﬁﬁbe%rprdnﬁer of

step (a); wherern t I nsert encodes a rti an, am n8 acid

sequence encodphﬁfﬁqu@r!ﬂg H&Q%}Pfﬁﬁdwnﬂﬁfﬂﬂ at ey F'$'~°rst%ep‘138'i‘%fq’?” Bgd| 4

preferred ngodh%ﬁiﬁ(ﬂ)ﬁﬂwér@kﬁﬂhelsv@ruéh@dd deromiasagsient encgddssang t he genes
encodi ng the pr st aﬁqr lity proteins and optionally

n
sel ect abl e mar Q@PEQG’( éﬁ@#e?”e(?rﬁosst%@ﬂfyoqm ™smid replication for gene
expressi on are the Antdnotimgroernbodimem theemvahtibaprovidessadetpediofi cal Iy t he

Rhodococcus ger}%bgamﬁ\g)r 4 'ﬁu@!e‘? 3 Dal rﬂél@&@lerézrﬂ:oaﬂgog récﬁi&tatierl?%ret@}fﬁrfi‘rt 40n

provides a neth express

Act i nonycet al esSt@@bﬁyd?FDtﬁm @@f’f}ﬂflﬁtﬂgﬁéﬁ) athesikingiahipast pne tivaneelrptidei ng:

glt ;brt Ih|6t ngpglt @rﬁﬁéﬁ@or?ésﬁ&ﬂﬂrn&ggfsﬁ ﬁBFtro'nrb’fQﬁé isequencsbMBietdresémp and

invention; and %b) amplrfyrng an insert present in a cloning vector using

the oligonucleotide primer of step (a);

wherein the amplified insert encodes a portion of an amino acid sequence

encoding a replicatioh protein or a stability protein.

25 In a preferred embodiment the invention provides plasmids
comprising the genes encoding the present replication and stability .
proteins and optionally selectable markers. Preferred hosts for plasmid
replication for gene expression are the Actinomycetales bacterial family
and specifically the Rhodococcus genus.

30 In another preferred embodiment the invention provides a method
for the expression of a nucleic acid in an Actinomycetales bacteria
comprising: a) providing a plasmid comprising: (i) the nucleic acids of the
present invention encoding the rep and stability proteins; (ii) at least one
nucleic acid encoding a selectable marker; and (jii) at least one promoter

35 operably linked to a nucleic acid fragment to be expressed;

b) transforming an Actinomycetales bacteria with the plasmid of (a); and
c) culturing the transformed Actinomycetales bacteria of (b) for a length of
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nucl eic acid encoding a selectable marker; and (iii) at |east one pronoter
35 operably linked to a nucleic acid fragnent to be expressed; b)

transf or weg2/e337¢8ct i nonycet al es bacteria with the plasm drof/uf@)y478@snd c)
culturing the transfornmed Actinonycetal es bacteria of (b) for a length of

nuc el c actd ragRoRundet CaRrishe FhdtpRy HERioERHA RRRARS ho”

i nvention provéexpegessedhet hod for the expression of a nucleic acid in an

At nonycet al es "bagjefd ausoaRE bEAlimen he RIStk EhoblotEmithe

conprising: (i) the nuclerc acrd of, resent jnvention encqding a rep
protein; (ii) expreesien ohAUplRie &ct inanAstienmyerjales kaoterq seMRNH#RPker . and
(iii) at | eastafBvidiy R TRt m@@ﬁ@d%omb&mh?ﬂ (it heanudlei) £di¢ oftiedpiosagtrent to
be expressed;_b% rOVIdIQﬁ at | east, one..o0 qer‘gglaand.ln.g ﬁlfﬁﬁr%pt
i nconpat i bil it %’Et@jbe%%o @ arreP Arolains i 3t 'eaptams RUGISiG Gld gPCrdigE one
ot Iher plbfism d i&@&tébl@g&arl(éri ana@((iii) sdlebstooree prorhetiec operably b'nkﬂm}jior@ S
sel ect abl e marker:. a N p . whked to a
nucleic acid ﬂW&&ﬁﬁﬁ&K{ﬁaggkﬁih%égggb?%%édtpgﬁ@%@?ﬁ?%gkgﬁk¥2%PpﬁgﬁycetaIes
bacteria with plasmidl msaridifferent inapmpatibiity) groupdsdhediist plasmigd, whereinansf or ned
Act i nonycefeal | hed i . Of) dtilEBstHe nd@eibnify
conditi ongltoahgt?‘ggé;%%et @&cétgégb%ﬂgdgpa n%%tg ?‘s) éexpr esz&%ﬁ E:RI Eg,
DESCRI PTI ON oFeragelingraweiestpipieguper; gl dil)aldeastancofomishae?'@ase map of
E'Ale’ g cr ypturmetdnbastsmj@lefcr%m %Pﬁm%bé @Pyééye@ﬁé?)? transforaing @i 12. "
igure 2 is a restrictiopn endonuc e Q n chia
col i - Rhodococch§ ’W‘fqt@}é\‘?z@(“’g@.‘a Wﬁ@?&?%g%%f@d%%%{}t% {q%oﬁnéﬁbgﬁ@@ﬁedase nap
of pRNBRI 71, the trarsftvened Hictinomlycefesduactedaiof &)dfot bdengibiobiimeran@ire 4A is
an align of ' | i I t3eQr ot ei ns of
o 3017 pove 1 s BREE Vﬁﬁggféﬁﬁ}?ﬁ% foiCEc ffomaR R 0s Figure 4 i
an al i gnment of nucl eot i dBRERFRESERIFHON S} SHE Dﬁtﬁ@m@—of replication of
the rolling circle rppld 43 adBsRicBsHeRdonusiBaLENAp BESVRNPTA CNptithe
I nvention can be E&;ﬁ_fuh%y under st oo frqn1the fq# wi ng 30 detailed
descripti on anblag OB RHRAQFAGFYUS QRO ANt which forma part
of this applicati onFiguré\@ps iaqestrictipn lemdenpclease enhB0f pRYBEIZesni n
conform t YoM tEscherichia coli-Rhodococcus shuttle vector.
Figure 3 is a restriction endonuclease map of pRhBR171, an
Escherichia coli-Rhodococcus shuttle vector.
Figure 4A is an alignment of amino acid sequences of various
replication proteins of plJ101/pJV1 family of rolling circle replication
25  plasmids. ‘
Figure 4B is an alignment of nucleotide sequences for various
origins of replication of the rolling circle replication plasmids.
SEQUENCE DESCRIPTIONS
The invention can be more fully understood from the following
30 detailed description and the accompanying sequence descriptions which
form a part of this application.
Applicant(s) have provided 30 sequences in conformity with
37 C.F.R. 1.821-1.825 (“Requirements for Patent Applications Containing
Nucleotide Sequences and/or Amino Acid Sequence Disclosures - the
35 Sequence Rules”) and consistent with World Intellectual Property
Organization (WIPQ) Standard ST.25 (1998) and the sequence listing

requirements of the EPO and PCT (Rules 5.2 and 49.5(a-bis), and

5



37 CF.R 1.821-1.825 ("Requirenents for Patent Applications Containing
Nucl eoti de Sequences and/or Am no Acid Sequence Disclosures - the 35
Sequence WRbressyovand consistent with Wrld Intell ectual PPOpPESy47868
Organi zation (WPO Standard ST.25 (1998) and the sequence listing

requi renents of : i49. '
02/055700 PCT/ L%%‘f?ﬁﬂ%?gséhi%e‘ﬁ%%?yo@éﬁﬁ'ﬂﬁ@&%"géftﬂicﬁigﬁg)d S ative
I nstructions). anddospabused formucleptida@ndARINCACIH seAEeRGedata PRl Mthaci d

sequence data GRaPhIEsWet fortH k37 ClERR. g8tg2dorth in 37 C F. R 1.822.
Description SEQID SEQ ID Nucleic acid Peptide Replications (Rep) 1 2

protein isolated from Rhodococcus AN 12 Pl 1.d qtab#éyfgr otein 3 4
Bi) |
5

i sol ated from RhodococcU2esQPtionp| asni d > |Pla PRHBR17 6 Pl asnid
pRHBR171 7 pAN12 origin of 8 replicatNugleigacddri ndtemidenki3 primer 10
HK14 prinmer 11 16RepRbitidnsofRepd Rhogococctis ANL2 ML3 @niversal priner 13
ML3 reverse priner p}é}einlisaglt)édl.)roﬁf agment 15 1. 7(kb)2 Fragment 16 4.4 kb
Fragment 17 the PRHEARlocDcdds ANgpLl prinmer 19 reg2 priner 20
Ar canobact eri um 2%ﬁfg§fﬁﬂcsrf58mfycg_6témt o 3 ’ ' y)

isolated from

Rhodococcus AN12

plasmid pAN12 5

Plasmid pRHBR17 6

Plasmid pRHBR171 7

pAN12 origin of 8

replication

HK12 primer 9

HK13 primer 10

HK14 primer 11

16S rRNA from 12

Rhodococcus AN12

M13 universal primer 13

M13 reverse primer 14

1.7kb(1) Fragment 15

1.7(kb)2 Fragment 16

4.4 kb Fragment 17

the Primer N 18

rep1 primer 19

rep2 primer 20

Arcanobacterium 21

pyrogenes replication

protein o

Streptomyces lividans 22

replication protein  ~

Streptomyces 23

phaeochromogenes :

replication protein

Streptomyces 24

nigrifaciens replication

protein '

Streptomyeces lividans Ori 25 .

sequence




protein Streptomyces lividans 22 replication protein Streptonyces 23
phaeochronpgenes replication protein Streptonyces 24 nigrifaciens
replicat ivooopesst@ n  Streptonyces lividans Oi 25 sequenPeT/FSMA786’/ 055709

PCT/ US01/ 47868 Description SEQID, S
Strept onyces 26 phaeochfmscyptias O i
nigrifaciens Oi sequence DETAI LED DE

EQ I D Nucl ei c aci d Peptide

se§EAYR. S{repShFPIBs 27

SORIGEIC@GIdOE THPPHIENTI ON Appl i cants

have isol ated and QI)@ frhpddszed a nov

Rhodococcus eryt hrg &”5;7{ Beg‘k‘.@r’?
col i - Rhodococcus s élé‘li rfc vec usi ng

el craptic Ql asm d; PpANl2, from
and constru

ted a 5 novel Escherichia

pAN12 Appl i cants' invention

—e-alta

provi des i nportant HSe—iA—g
species and |ike olséﬁﬁfcgﬁ%ce‘ﬁ n additip

i sol ated a nucl ei cn@ﬂfapl@m@dnmugngﬁ

Aot .Zg. Hy—refgheering Rhodococcus
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Applicants have identified and isolated a nucleic acid encoding a unique

replication protein, rep, from the novel plasmid. This replication protein

10  encoding nucleic acid may be used in a variety of cloning and expression
vectors and particularly in shuttle vectors for the expression of -
homologous and heterologous genes in Rhodococcus species (sp.) and
like organisms. Similarly, Applicants have identified and characterized a
sequence on the plasmid encoding a protein useful for maintaining

15  plasmid stability. Applicants’ shuttle vectors are particularly desirable
because they are able to coexist with other shuttle vectors in the same
Rhodococcus host cell. Therefore, Applicants’ vectors may also be used
in combination with other compatible plasmids for co-expression in a

single host cell.

20 In another embodiment the invention provides a compact shuttle
vector that has the ability to replicate both in Rhodococcus and E. coli, yet
is small enough to transport large DNA.

In this disclosure, a number of terms and abbreviations are used.
The following definitions are provided and should be helpfulin -

25 understanding the scope and practicé of the present invention.

In a specific embodiment, the term “about” or “approxifnétely”
means within 20%, preferably within 10%, and more preferably within 5%

of a given value or range.

A “nucleic acid” is a polymeric compound comprised of covalently
30 linked subunits called nucleotides. Nucleic acid includes polyribonucleic
acid (RNA) and polydeoxyribonucleic acid (DNA), both of which may be
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also refers to a nucleic acid fragment that expresses a specific protein,
including regulatory sequences preceding (5' non-coding sequences) and
following (3' non-coding sequences) the coding sequence. “Native gene”

25 refers to a gene as found in nature with its own regulatory sequences.
“Chimeric gene” refers to any gene that is not a native gene, comprising
regulatory and coding sequences that are not found together in nature.
Accordingly, a chimeric gene may comprise regulatory sequences and
coding sequences that are derived from different sources, or regulatory

30 sequences and coding séquences derived from the same source, but
arranged in a manner different than that found in nature. “Endogenous
gene” refers fo a native gene in its natural location in the genome of an '
organism. A “foreign’” gene refers to a gene not normally found in the host
organism, but that is introduced into the host organism by gene transfer.

35 Foreign genes can comprise native genes inserted into a non-native
organism, or chimeric genes. A “transgene” is a gene that has been
introduced into the genome by a transformation procedure.
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uses two final Kﬁgtﬂg? preferred set of highly stringent conditions uses two final washes
in 0.1X SSC, 0.1% SDS at 65°C. Another set of highly stingent conditions
25 are defined by hybridization at 0.1X SSC, 0.1% SDS, 65°C and washed
with 2X SSC, 0.1% SDS followed by 0.1X SSC, 0.1% SDS.

Hybridization requires that the two nucleic acids contain
complementary sequences, although depending on the stringency of the
hybridization, mismatches between bases are possible. The appropriate

30 stringency for hybridizing nucleic acids depends on the length of the
nucleic acids and the degree of complementation, variables well known in
the art. The greater the degree of similarity or homology between two
nucleotide sequences, the greater the value of Tm for hybrids of nucleic
acids having those sequences. The relative stability (corresponding to

35  higher Tm) of nucleic acid hybridizations decreases in the following order:
RNA:RNA, DNA:RNA, DNA:DNA. For hybrids of greater than
100 nucleotides in length, equations for calculating Tm have been derived
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Anal ysi s of SequeadzeniDaRressAdYt(1093); Computer Analysis of Sequence Data, Part |
(Griffin, A. M., and Griffin, H. G., eds.) Humana Press, NJ (1994);
Seguence Analysis in Molecular Biology (von Heinje, G., ed.) Academic
25  Press (1987); and Sequence Analysis Primer (Gribskov, M. and
Devereux, J., eds.) Stockton Press, NY (1991). Preferred methods to -
determine identity are designed to give the best match between the
sequences tested. Methods to determine identity and similarity are
codified in publicly available computer programs. Sequence alignments
30 and percent identity calcu'llations may be performed using the Megalign
program of the LASERGENE bioinformatics computing suite (DNASTAR
Inc., Madison, WI). Multiple align'ment of the sequences was performed
using the Clustal method of alignment (Higgins and Sharp-(1989)
CABIOS. 5:151-153) with the default parameters (GAP PENALTY=10,
35 GAP LENGTH PENALTY=10). Default parameters for pairwise
alignments using the Clustal method were KTUPLE 1, GAP PENALTY=3,

WINDOW=5 and DIAGONALS SAVED=5.
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(Giffin, A M, and Giffin, H G, eds.) Humana Press, NJ (1994);
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eds.) Stockton Press, NY (1991). Preferred nethods to determne identity

are designed to give. . . ’ . Met hod
to determne i degt ﬁt%gg%ﬁ%ﬁ%ﬁc{%w{?@@%ﬁge@gwgg@Wﬁcﬁjﬁaﬁégkﬁal I at)l (Ca) >
conpgt er p][ og;%n:serﬁmmﬂl@e) ahcegepolypepiesthaparecaieasirbutiip%al cul ati ons
may be perfor f i ASHRENRI
e raah Ao s kit "

al i gnnent of t r ' | of

al i gnn}[ent (f(,iicagggimggol\m@g(_li_j\(é‘émloi@o(eggﬁﬁopa@%‘oﬂﬁ%% iﬁeﬁﬂiedlgalheviahﬁncb heiddef aul t
par aneters =10, =10) .

for pairw se g?ﬂaﬁ%‘?ﬁ gep&gﬁeﬁjﬂe[r%. y%ﬂ&% aq\%éraemq(%bﬁ%nis, p%rp\grret o
PENALTY=3, W RDCU#S amitlo BicABMAIRCSaNED-Be at teaababonb8B/toderitrl tsthe 47868
Sui tabl e nucl eigg,ag ia{i’:id‘ %&%Sp I%Lyes§tr%g§r?%@h§%ilﬁ’.oMH%LE'%F&QHEQ%% %Uffe'fteaéiﬂesent
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Accor di ngly, t higstant invention also includes isolated nucleic acid fragments that are
complementary to the complete sequences as reported in the
accompanying Sequence Listing as well as those substantially similar
25 nucleic acid sequences. .
As used herein, the term “oligonucleotide” refers to a nucleic acid,
generally of about 18 nucleotides, that is hybridizable to a genomic DNA
molecule, a cDNA molecule, or an mRNA molecule. Oligonucleotides can
be labeled, e.g., with 32P-nucleotides or nucleotides to which a label, such
30 as biotin, has been covalently conjugated. An oligonucleotide can be
used as a probe to detect the presence of a nucleic acid according to the
invention. Similarly, oligonucleotides (one or both of which may be
labeled) can be used as PCR primers, either for cloning full length or a
fragment of a nucleic acid of the invention, or to detect the presence of
35 nucleic acids according to the invention. In a further embodiment, an
oligonucleotide of the invention can form a triple helix with a DNA
molecule. Generally, oligonucleotides are prepared synthetically,

(U=
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I nstant invention also includes isolated nucleic acid fragnents that are
conplenentary to the conplete sequences as reported in the acconpanying
Sequence WO 8Y/035g09as wel | as those substantially simlar PET/HEel€BE aci d
sequences. As used herein, the term"oligonucleotide" refers to a nucleic
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1%

further e@bodl ment, an
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02/ 055709 PCT/ fe | e

Accordi ngly, 8‘5{? 'é%g'b ‘?f E‘Q Giﬁd% pre 84!5089%&1%@%%%%?%1‘ @fhécchcur ring
phosphoest &0 ammﬂu@d@dhestcanssupﬂmraﬁwhm@@sangwrﬁigbmt% or trangigtion ©ddi ng
sequence” s atﬁ@%@&ﬁc.éferof(lstgﬁﬁg %@Jezrgf{équ?é&ulaﬁ)rw@éﬁﬂeﬁc%stﬁl%%%u@@d and

translated into a po invitro or in Vivo Placed

under the cont mpn@ﬁerapsaeﬁatl% leadel §PaYRNISES. B BFRESSSINgSite; gHieto

regul atory sequRmdiRg siteenel stem- I@Up'sﬁ@bﬂﬁ@ Themsimeasies Qﬁﬂ’i@dodlﬁgt ream (5'
non- codi ng sequences
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sequences MY el HeGaePhONRY R imibl A Shkhsk SBAGEN R BRGNS

processmg Slte Ing s stru ure.
boundari es of tthNéo@engmus@q{fbae@ummenéeﬁené&nwtla Eb“ﬂérsequga@es atf t he

5 (amno) ter The g e"f\céﬁ@ﬁﬁéﬁrféc%r%&ﬁ%s%ﬁﬁﬂﬂ a’s\éum?oﬁc céicay boxyl)
t erm nus. Aco Ing se ““can I Nnc IS not ﬂ
prokaryoti c sedqedyrdan Y?EHQIKW‘@'PQJrﬁndwcr'ﬁﬂ%ﬁrm"ﬂﬂﬂ%WM‘ agdalyen

synthetic BYA sROpeskes3' tbithe bb@ng@@quganuence is intended for expression
|3 eukaryot L el hogin B3uE N RS 0B FRBR Ry ence
nucleic acid sequence, either DNA, cDNA or RNA, that comprises a
translation start signal or initiation codon, such as an ATG or AUG, and a
termination codon and can be potentially translated into a polypeptide
25 sequence. '

“Promoter” refers to a DNA sequence capable of controlling the
expression of a coding sequence or functional RNA. In general, a coding
sequence is located 3' to a promoter sequence. Promoters may be
derived in their entirety from a native gene, or be composed of different

30 elements derived from different promoters found in nature, or even
comprise synthetic DNA segments It is understood by those skilled in the
art that different promoters may direct the expression of a gene in different
tissues or cell types, or at different stages of development, or in response
to different environmental or physiological conditions. Promoters which

35 cause agenetobe expressed in most cell types at most times are
commonly referred to as “constitutive promoters”. It is further recognized
that since in most cases the exact boundaries of regulatory sequences

12



"Open reading franme" is abbreviated ORF and neans a length of nucleic acid
sequence, either DNA, cDNA or RNA, that conprises a translation start

si gnal omw®n?/035a19 on codon, such as an ATG or AUG and a PCEURMIMEBESON codon
and can be potentially translated into a pol ypeptide 25 sequence.

"Pronoter" ref mwetmtaequﬂemmeemmmmm fiagoemtts of diffegenttiengtbgpr essi on

of a coding SegH%Fﬁﬁo’?[denHBé‘ rBH'?cJte n general, a coding sequence is

| ocated 3' to er sequence. rono#ers may be derived in their
entirety from a natiA@rgmoeter saquesceoisoblA sgutendieginn capalleeént s

derived from di SO4P
synthetic DNA Sblrécﬁﬁﬁ'ﬁNRPBWfﬁg&éﬁe(lar?g]['é%(ljlg'?\drlﬁﬁlﬂﬁﬁg tr‘éhs&’r’rgdlbnl th(raI S:rt t hat

di fferent pPonsiodnstigam ' daeetiamcoging %%%r%weof"e% %‘éﬂ‘ésefsnogc}i'q e fe
tissues or cel IpréydftSnvettiont tHé pSffoﬁ?ﬁ(ﬁ@t sécﬁ@élﬁ% |§fbodﬂd§di QPRFEB ter@linusby

to di ff t
&ﬁ??ﬁ”;? ftgd aRCHR R RlPE Sae AR XSS LB EIRNRELE | (res are:
commonl y r ef er iedud® tesminionst nuntbey of paseodeelinents nesessary ke initiateogni zed
t hat si [ I 12 WO
021 055706 P UebriRlabat RE6E BB AR s Fadarg ARl M AR et
of di ffereriO | seguesce wilybé fmend ddmansciptiopr initistion sitet(conveniently'gefinest er
sequence’ % 2 FEPOA AN, B HabdiFGUAR fRRAReSS ), ashaIFbagrRiA dRIKGE! ase I

a cell and init ng ttanscri recti ) codi ng
sequence. For BOMRIBSCUTSEHBES REAGCRIRS) f@‘i%ﬁhle quvtéﬁth"aﬁﬂngtoﬁg N# orot er
sequence is bo effsel ts 3' term nus by t he transcrlptlon initiation

site and extends ‘upstream (5 d t ' , th nmb f
bases or el ements ﬁ&‘é@ ng(?eﬂUelT‘ﬁrﬁ?efcﬁ ’é@@ rEh‘%?é@m‘ fet{i{?‘f‘sfﬁrm'@(}%u@d;gt eg{ agl e
above backgsounrnsltionancariteol pequehess ihla selﬂumenRMAIrjolWBerfasend a

meppi ng v th niersageeahe badng SRR R E WARRGS M AT B nstnsus
sequences) T 'es spliséd (létrfeococtim@ sefuetcegcaitaiRNAntrons )yansk iarslatedooid ﬁh@_
sequence is ngg{elﬁ gﬁc&pﬁ thhe Qég\llké%gﬁﬁéhégl onal and 15 transl ati onal

control sequences in nerase transcribes the coding
sequence into nMRNA, "Wﬁrﬁ@“pﬂoma{@ﬁ\dﬂfwtwl capirelseguenees rreddifng
seguence copt a'r@éul‘afﬁr&%@&heﬁé& shbﬁ'&%'rﬁfbﬁﬁ)télar@t @nﬁé’rﬂ:er@rt@hﬁmatcﬂﬂcéﬁéd by the
%ﬁAI ng sequenc%he like atp‘ tprolgndeog| or thggxprtersgsrc])% o] ta cod?lng %885&8('3 In aq ggtces are
cell. In eukaryotic cells, polyadenylation signals are control sequences.
The term “operably linked” refers to the association of nucleic acid
sequences on a single nucleic acid fragment so that the function of one is
25 affected by the other. For example, a promoter is operably linked with a
coding sequence when it is capable of affecting the expression of that
coding sequence (i.e., that the coding sequence is under the
transcriptional control of the promoter). Coding sequences can be
operably linked to regulatory sequences in sense or antisense orientation.
30 The term “expression”, as used herein, refers to the transcription
and stable accumulation of sense (MRNA) or antisense RNA derived from
the nucleic acid fragment of the invention. Expression may also refer to
translation of mRNA into a polypeptide. .
The terms “restriction endonuclease” and “restriction enzyme” refer
35 to an enzyme which binds and cuts within a specific nucleotide sequence

within double stranded DNA.

13



20 regul atory sequences, such as pronoters, enhancers, term nators, and
the like, that provide for the expression of a coding sequence in a host
cell. | nvmkaogsmmi c cells, polyadenylation signals are corPCT@BIIEgseNceS.
The term "operably |inked" refers to the association of nucleic acid
sequences on a si nglRBegulatasy cegiendmeaag seticigis acithsequanceumidichon of one is

25 affected by ré%afé%ﬁﬁéex F&ssraffmpé ecéhPhOdBicaicid SeQR&IRD! X réduikriywi th a
e

codi ng seguenc en it is capa ffectin e ex reSS| n of t hat

codi ng sequencéeQ'PnénaY mﬁ&tdetmu@@e?wﬁ@% '@n’&%”fazlydﬁﬁ ”ﬁ'lﬂé '

transcripti Onabxpm‘sbrr@l a phrtichRarpiuversid acid. (aGamhslogses taﬁ@ne)somay recludper abl y

Ilnked tor Iator% %@u Hﬁfe tn sensg‘ r_antisens e L ent a% 30 The

term "expr essi SRAYCHEI L WEF L AL 26 rfaﬁgo'?%’gﬁ?ﬂ PR %\'ngand stabl e

accunul ati on oﬂnf@eﬁtqorbtdﬂhm)r evemeymmehspraemsc(emamldgm regiogm)nirel ei ¢

aci d fragrrent - slation

of mrA i nto aPpUl g MG AReer LR s AleRts B DRI, Klkaliofl o
"restriction enzgrgenaseiraderived saquancgawm wfnulate)om@:prmtramcgmpnm n a

specific nucle 55705
spect L11¢ nucl o6t hdren ieasine b fsHBuRL frekiref Bt BVndddniéd, 474

ans a nucl el ¢ aci quenc i ch
regul ates e MANNST. RaQIRY 1agians 'BCI&E‘?(P@@EFU% Cﬁ‘%%tory
regi on may lncbptit% §|féw@rr@m|§tea@l@ﬁhemrc@rsnatanfslahlbwoﬁaﬁmﬁamreséqmences ude
expressing a particu nucl e ol ogous, I'e i ncl ude
sequences of a28fff %T’aZﬁF B?”@‘?%Wak#‘cﬂlﬂ'(e& er@%%&?lg g(fﬁ}e) ?@gl
di fferent prot eatrways efithe tar:gmt bell.i c proteins (a heterol ogous regi on) I n
DAl e e BRr A TR o RN L i€ o RUISRRYSL | €, O

viral genes or derive ress transcription
of a gene ih aregiermthich tsrnotmt@r@émassmaﬁdnmth mﬁjexmeaﬁed RUcleicr@dor non

10 i nduci bl e mpiGied SROHGARE HEtBHISONS régﬁlbm?wg.bas%e%gm%wcatIon RNA

a
Sp||C€ sites, pronDters g ancers, transcrl ona I ONn, Sequences,

and si gnal seqﬂ%’:ﬂ@%% frgR 2 KlitRreRESPRYiRS, ABayBEpY ,r%opﬁ}r@rq A EPEEBNS:
pat hways of thﬁybﬁd@@guléﬁi se&uémgssl aharg ulamry@eﬁuem@ wh&he:'coh@lgous

The oxpreased AHpvEndauieBut R RrE Skl i Bl S oty BRI ey,

regions arg0regdiatory regions froma different species, regulatory .

regions Troma diffafiepdo@EBts” DRKYERs TS BNATRE ARASHPRESR ﬂgﬁ%rc@ﬂu' atory

sequences which do no one
havi ng or di nar @r §k@ [chremosersal SIte of the ceII Preferably, the heterologous D

includes a gene foreign to the cell.
“RNA transcript” refers to the product resulting from RNA

25 polymerase-catalyzed transcription of a DNA sequence. When the RNA
transcript is a perfect complementary copy of the DNA sequence, it is
referred to as the primary transcript or it may be a RNA sequence derived
from post-transcriptional processing of the primary transcript and is
referred to as the mature RNA. “Messenger RNA (MRNA)” refers to the

30 RNA that is without introns and that can be translated into protein by the
cell. “cDNA’ refers to a double-stranded DNA that is complementary to
and derived from mRNA. “Sense” RNA refers to RNA transcript that
includes the mRNA and so can be translated into protein by the cell.
“Antisense RNA" refers to a RNA transcript that is complementary to all or

. 35 part of a target primary transcript or mRNA and that blocks the expression

of a target gene (U.S. Patent No. 5,107,065; WO 9928508). The
complementarity of an antisense RNA may be with any part of the specific
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20 art. "Heterol ogous” DNA refers to DNA not naturally located in the cell,
or in a chronosonal site of the cell. Preferably, the heterol ogous DNA

i ncl udes veO geoEs7d%r ei gn to the cell. "RNA transcript” refpreBUS@/47868 product
resulting from RNA 25 pol ynerase-catal yzed transcription of a DNA sequence.

Wh he RNA
sequence, 1t i SEREFRPRIPTIE, B oA R TRENMneel 8PHoRooling LT | o
sequence deri vesequence, pothe coding seqmmma?;:qﬂﬁb@@@ﬁmﬁ" tefetse Ep’tﬂsﬁﬁﬁ?
transcript and %NMBE)%&@%%N At ﬁoﬂﬁ?m A i$N6k trafdaeana hab™h D) ©.

refers to the 3 . out introns and that can be translated
into protein byom IS@“UIQEPTOCE'StS,QNA refers to a double-stranded DNA that is

conpl ementargy to an;sl “SSFybéSﬂdé”ﬁQ@ ﬂtﬂﬂ*ﬁenc §©ﬁﬁa@>un8|%mp?fs%650ﬂd@v&§ﬁtly

transcri pt that cludes t at.ed into,protein b
the cell. P Antli| SRMRQact é@gﬁgeﬁ OAH"W"%? f‘ﬁ?‘)ll%t‘gl 9gn S'Eﬁlrgl ement arz

to all or 35 pasttusfirea target primary transcript or MRNA, and that bl ocks
the expression of a target gene (U. S. Patent No. 5, 107,065; WD 9928508).
The conplenentarity of an_antisense RNA nay be with any part of the
specific 14 WD 02/ 055709 / US01/ 47868 gene transcript, i.e., at the 5
non- codi ng sequence, 3' noh-coding sequence, or the codi ng sequence.
"Functional RNA" refer&-t6—dPOsense RNA, ribozyme RNA or other RNA that
is not translated yet has an effect on cellular processes. 5 A

"pol ypeptide" is a polyd@}bc conpound canprised of covalently [|inked am no
acid residues. Amino acids have the follow ng general structure: H

R CCOO NH2 10 Amno acids are_classified into sev gag gfs he basi s
of the sidel0 chAMingacidp)arg clignsiffadinty sRverngioNes Opztf"esh HAB#9% ont ai ni ng

a hydroxylic (&indR:0uD, alipBhtis sitle cHaang)$2rside ahainscaithihing ahpmyru) side
ot 0 oroun (IR BRAEI GeBlen R Bt b afde, GSIRERL S 008 2
an 15 i m no aci domtainihg ah adidic or daiddgroup, :(5)rude@hamsmwt@mng@ gasigp. A
gg! égept Ide of phed WPN4E MRastddtti&Ring &PQan‘tétﬁ:snﬁé ArREEH pPEIREL ak4 am no
' 15  imino acid in which the side chain is fused to the amiho group. A
polypeptide of the invention preferably comprises at least about 14 amino
acids.

A “protein” is a polypeptide that performs a structural or functional
role in a living cell.

20 A “heterologous protein” refers to a protein not naturally produced
in the cell.

A “mature protein“ refers to a post-translatronally processed
polypeptide; i.e., one from which any pre- or propeptides present in the
primary transiation product have been removed. “Precursor” protein

25 refers to the primary product of translation of mRNA,; i.e., with pre- and
propeptides still present. Pre- and propeptides may be but are not limited
to intracellular localization signals. .

The term “signal peptide” refers to an amino terminal polypeptide

preceding the secreted mature protein. The signal peptide is cleaved from
30 and is therefore not present in the mature protein. Signal peptides have

the function of directing and franslocating secreted proteins across cell

membranes. Signal peptide is also referred to as signal protein.

A “signal sequence” is included at the beginning of the coding
sequence of a protein to be expressed on the surface of a cell. This
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A "protein" is a polypeptide that perforns a structural or functional role

inaliving cell. 20 A "heterol ogous protein"” refers to a protein not
natural | woowasced in the cell. A "mature protein" referBCT/OS@/47868
post-translationally processed polypeptide; i.e., one fromwhich any pre-

or propeptides ' | ; ) :
renoved. P Pr ec&?é@?ﬁ‘%PQ?%#%%E@”@?@%“%@%%?| %?@Q%Bﬁ%@gﬁ) ransl ati on
of NRNA; i.e., thatidirgatetheahest qglldpsignslasatesthel nolypepdide: . Ther termand
Cl anal's. The T o o S o BB ded A e e 1

: [ . | pepti de
precedi ng t he §§8P@F%% %@ﬁ&%p&t%gwl S?ﬂgeg?%sn%ﬁnnb%g‘?‘i"lf[ea?%ocﬁtga\)’éﬁ‘ 1I‘O rom
30 and is tBer ef warietyof protemenative td leakaryotescamd ptakanyotés gaad argepiterdes have
the function Oﬁ%’ﬁj&{?@%ﬁ !fﬂ%@@%% 8?'3:1 cRlLDg secret ed proteins across cell

menbranes. Sig al'so referred to as signal protein. A "signal
sequence" is i ncl udé used herayndhe femy hsmelpgodsdn @l itssrgownaliicabformsr ot ei n

to be expressedr@nsddithgvdritonsbicts EStHe reldtionshibbetWeBA/ fefeiitdthat -

PCT/ USO1/ 47868 sequenge encodes a_.signal, peptide. N-termnal to the mature
pol ypepti de, tRPREERH PEE?'@"!%G‘Y@%O@V PF'QE‘1ItO'P8ﬁ’QMQC%'Pge'Fﬁ OBbl ypepti de.

The term 'ior ansberfatiilies snd)hamokemusnreteinsfromediff@nt speties (Réeck to this

sort of signal q e cat, i | :

assoct at od i t £10a 101 apl SO T BLbRBralk HlanRFREFR ety RU0E
prokaryot es, ars¢qaeacehpawlogysstiedeciediby ther highygegresfof segaanesrs. As used
herein, the terdpjid@yel ogous” in all its grammatical forms and spelling

Y Gommon_evol ut | onar Tt GICOTEHRTHERGE F SEEH Re i S elor G BENRRRT | ee and
gg_rrglts%goug &EL otf?mtﬂio%d;@grgdq(ﬁémeiepwmﬂwitﬁé ekaetgedsitin i3lidentidBdr dﬁ%kéntl
as reflected by ThE ML e eI B RdPUF i pEMRRE £
" cor r espondi ng nugtei¢ acigsdarhinoeiaid sequasicer alignnegniimay insludesspanesl ogous
meeenr et o a1 MR PorBESBANRY TS Yiskatiorll SRaaRY, o L1
or amino acid Jwthesemberigassife aayne Aeidugsidygacsauctertide bagast er m
"correspongpng to" refibstiitial BertRedeeas ansindidcRs bi uclédtitie ssdudiee
nunbering of t r(]:%mapr}rllsri]l%)g gﬁcl)gglg 8 {hctleuaen“':ﬁincc))racrféll %lasgérlmgeeop éﬁj1 %8Fy'peptide or the
nucleotide sequence of a gene to putatively identify that polypeptide or
gene, either by manual evaluation of the sequence by one skilled in the
art, or by computer-automated sequence comparison and identification
25  using algorithms such as BLAST (Basic Local Alignment Search Tool;
Altschul, S. F., et al,, (1993) J. Mol. Biol. 215:403-410; see also
www.ncbi.nlm.nih.gov/BLAST/). In general, a sequence of ten or more
contiguous amino acids or thirty or more nucleotides is necessary in order |
to putatively identify a polypeptide or nucleic acid sequence as
30 homologous to a known pFotein or gene. Moreover, with respect to
nucleotide sequences, gene specific oligonucleotide probes comprising
20-30 contiguous nucleotides may be used in sequence-dependent
methods of gene identification (e.g., Southern hybridization) and isolation
(e.g., in situ hybridization of bacterial colonies or bacteriophage plaques).
35  In addition, short oligonucleotides of 12-15 bases may be used as
amplification primers in PCR in order to obtain a particular nucleic acid

fragment comprising the primers. Accordingly, a “substantial portion” of a
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20 A "substantial portion" of an am no acid or nucl eotide sequence
conpri sing enough of the am no acid sequence of a pol ypeptide or the
nucl eot i O smeisece of a gene to putatively identify thatPODUS@ePBIsde or
gene, either by manual evaluation of the sequence by one skilled in the

art, or by co s Qg%[ei% rd } Lidspbion 25
using algorit m%%ﬁtétas 3 ‘I;‘ s Eﬁs%g%qucg ﬁNdf?R@nﬁgﬂ%%(gﬁ%ﬁéTool ;”9
Al'tschul, S. F.ideglify gnd/orisolgty a nucigit acigifgmentontyisngthessequancs.

vvwwi ncbi . nim nim@mﬁéﬂh/éﬁ%wpaﬁm mraalpartmllﬁe@ugmae_ca‘mmracﬁu anar e g
contiguous am nQ aci or irty or re nucl eot | ary, i.n order
to putatively i qqt@? %e%rvﬁé&nlcagﬂgro%}?ﬁq '@Sge Q%E%U?Zﬁgﬁg)za (%'X%'ﬂ"s.
honol ogous 50 alhenskitled adiseinp havingdhe behofitcafitbe segiiencexapeportast -

nucl eoti de seq Liif | 49| Lo | I rising

20- 30 conti guo@%ﬁi&%ﬁﬁ‘g\@gﬁ%ﬁ %'ga 8%%%9W5§$%ﬁ§fem ggﬁagﬁp_ met hods of
gene i dentifi calqAENCES &or, PusBABERKROWY i fiaseatkilled)indhig ars of\geerdinglye. g., in
si tu hybri di zatthennsthnbinveatiobomPlioss ffe EmprRE SedPsRBaPIcpaHes)in the I n

addi tion, short_oligonucl eqtides of. 12-15 babes n% b sed as
Sl 11 cat; on (AGRBATINCERAR s LM ARELAR SHOMARALOPEPNR OEMSSS aci d
fragnment cdprissqugntcese aprdefieed.abdeeor di ngly, a "substantial portion" of a

16 WO 02/ 055709 PCT/ 7. ' n ' gh of the
sequence to specifi C-Ijﬁjg/érﬂ} %‘%ﬁ%‘ Fﬁé’/@éﬁ%&%@%ﬁ‘%ﬂ@eﬁ%ﬁ&?ﬁgr ragnment
conpri sing t he 3geitbhter sofimare progeam thptde useiifordheasadisis obanalealider
bar i cul ar | or e B B S P e o benef i t of
A e ener i (6]
Phe: Sequancos. HOMBEEhRBUAVABDIS ot MAERORURYSE AP LYRIGASESNENSE por £ i on
Oftthi di sg!sos?%ahalﬁsaﬂssﬂwase WIrinplutipdRg $s Kodimitddtd thes@Ceksditeedf i n this
art. ccordi ng

he AP ' ' i h ~
25 reported i o RRETAE NSNS AUEI VR B0 REheleS caMPUE! 8 anc i ar
porlt i ons of f E hqs?é%G)L(ht/Ia@iquan\dﬂa)s Bfi.sA&]EFf,iBidkiS'ﬁNoBéASWﬂe(Al’ech}H‘@eijudndﬁ)l.

nal ysi s so c r r '
that 1s uset ul To} AReRSEAN0 (Fo¥o) SRR NFASTARUEINASTAR, IR (5281 (Pal. 2

"Sequence anal y$f MadisemdNed3AHy USH), aodthe EARTAProgsamdnearperating the
| ndependentyly %ghgnﬁfé @Eﬁ%&ﬁ?iﬁhﬁ?%%ﬁe&%cﬁﬂ@dﬁ &t. Mtho@s Eefohle i ncl ude

! A I .
00, Genot i cs ABApulRCANBYMP AL ONMAOR Datp)1958; A8 dEhiarie): ai ASTX
(Al tschul et atSuhal; Shhtlor. PRiblibher2 IBieAGdr, NE Y3AQM)Y). anithilNAS TORtd-INASTAR,
'nc. 1228 S. P%l(s application it will be understood that where sequence analysis o
software is used for analysis, that the results of the analysis will be based
25  on the “default values” of the program referenced, unless otherwise
specified. As used herein “default values” will mean any set of values or
parameters which originally load with the software when first initialized.
A “vector” is any means for the transfer of a nucleic-acid into a host
cell. A vector may be a replicon to which another DNA segment may be
30 attached so as to bring about the replication of the attached segment. A.
“replicon” is any genetic element (e.g., plasmid, phage, cosmid,
chromosome, virus) that functions as an autonomous unit of DNA
replication in vivo, i.e., capable of replication under its own control. The
term “vector” includes both viral and nonviral means for introducing the
35 nucleic acid into a cell in vitro, ex vivo or in vivo. Viral vectors include
retrovirus, adeno-associated virus, pox, baculovirus, vaccinia, herpes
simplex, Epstein-Barr and adenovirus vectors. Non-viral vectors include
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St. Madison, W 53715 USA), and the FASTA programincorporating the 20
Smth-Waterman algorithm (W R Pearson, Conput. Mthods Genone Res.,

[ Proc. | WO 08¢3sp09] (1994), Meeting Date 1992, 111-20. EdipoOT/S)17478€8uhai ,
Sandor. Publisher: Plenum New York, NY). Wthin the context of this

applji ?at i on : t m&éh%dr?@!ip?ﬁl@rhéé,oéllé?ﬁ'iba?y wiwgedﬁﬁme(bvtefﬁmls)',sbeA-mtéiwar e ihs
used for analysis a res S 0 " S . on the
"default val uesc“'ona?lef(ﬂ%’ ?ﬂ(gB'rOQ YISEy é’ﬁéggltlgﬁg%és'ﬁ%%&c\'ﬂb’ %e@e%zgrcej@l%gi ed. As
used herei n " dedlsmcontaih nas"orwdre regalatemyegiensodind/at selectable prarkenst er s

whi ch ori gi nal | P T iNEr Snd'BoRithi kit d & ahi o tor"

IS any megns foqseltf@gﬂts\r@zli%]ég'fnér.ﬁ]g% gylﬁg’cfﬁ"el c@t@%?htu g@!ﬂé %@éttéﬁggﬁrﬁ'es%ﬁé\iect or
may be a repl i dbansteripmdrichitistuas: dorationeafiraRressign. 188c.):30 att ached so as to
bring about the replgatdanPhsrhide réfeta e e84 ERASModbmal EI8RIENE @feni S any

genetic elenent (e.g., plas , phage smd hr one, _yirus) that
functions as arP%Dﬂ%@ré)ﬁj’se ‘iﬁ‘ﬁ?ts 'g?t nadaofcfﬁéaeﬂéfafﬁn@?ﬁrﬁism 9Bt,¥‘eic. 1 AN apabl e
of replication wgigdy ihtise forh efdifoutdr.dolibte-straded DE aioleduted. ugash bot h
viral and nonvi ral m%ans fé)r i troduciyn% ?het|| 35 nucl ei ¢ sci d.into a cell in
vitro, ex vivo JPMERTSMAY P& Afiono r eI NEREIYPE IFIigNe

adeno- assoclfat eidtegratirsg spguendesc phage ousucleatide sequemmasp divears icirplilax,, or
Epstein-Barr an vjr 0 )0-Y, L SINIAIC

057 055700 PCT OLBET 0 bt of 3 b cEr dp B stichBed (REAR RNRTISRAF o
(cytofectins), @ysqureeeinmwhichepnenber obmirleotisisossaranses havadwen joinedo a
nucl ei ¢ aci d, SoriREbf biﬁ@d’int@hﬁﬁi&ﬁ&é@?r&%n%hi&ﬁ'isecé;?eﬂﬂé%? RIOIRHPLAS

and/ or sel ecta ers use ecting, asur.i ng, and noni tofing
nucl ei ¢ aci d t rRiREIer fragmentand @N%ﬁ@ﬂﬁ?nqeo%%ﬁ ﬁecetﬁééaﬁfg@,maawak@eﬂgof
erprestsi 0p£1set Cwith appfopriites’ Qhﬁﬂi@(lﬂt’_’ed@ﬁqﬁéﬁcé?t@;& fegt.ra chrormsomalb .

el enent often carryj,ng a.gene. that i,s _not ,part o e. centra ism
of the cell, and u aTgIP{)'q%nV‘?qiu%r fst)?n{ecﬁ'cgri‘rm%n'so%ﬂw&'@l? Qhﬁ)gg"{%@i

mol ecul es. Suchreplitates sesueniiallyearsd whithneompjseseqh bdgini efgeplicplionc esch genone
10 integrating se , I ls ' | Lcul ar,
or supercoil ec1$S %ﬁ%ﬁﬁﬁ’naﬁgagg%f%Qgﬁﬁégwr'%ﬁéﬁﬁﬂmSﬁ?lf&@ﬁgé‘ﬁf% from
any source, in sttadtedssmastebriog abaut the: ieplicalisqueliibe attaghed isegmgndi ned or

reconbi ned jyt | n ! F Y libstiGiReii e cail noat kRduci ng a
pr onot er frjggrreocr;\tﬁ)mg{ryﬁ%%@% eﬂr?‘g%ééac?rlé\,gfg&“ectt@g genecpr (E'I)uc’:t al ong 15
wi th appropri at@xgessiapinaopiesd shetflecyR@oi hto a cell. A "cloning vector”

is a "replicon", whigkellhad BEUH “tlapREEdledThyBMbdemdus dr ertérofigRtis DNA
sequentially anvc\ilhgﬁ Isﬁgh(bq\'mrhlass See%nln?rcr)agcl:end l%fsi eeﬁlelc% t '8l RS tt])een
“transformed” by exogenous or heterologous DNA when the transfected
25 DNA effects a phenotypic change. The transforming DNA can be
. integrated (covalently linked) into chromosomal- DNA making up the
genome of the cell.
“Transformation” refers to the transfer of a nucleic acid fragment
into the genome of a host organism, resulting in genetically stable
30 inheritance. Host organisms containing the transformed nucleic acid
fragments are referred to as “transgenic” or “recombinant” or
“transformed” organisms. "
“Polymerase chain reaction” is abbreviated PCR and means an
in vitro method for enzymatically amplifying specific nucleic acid
35 sequences. PCR involves a repetitive series of temperature cycles with
each cycle comprising three stages: denaturation of the template nucleic ”
acid to separate the strands of the target molecule, annealing a single
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as a plasm d, phage or cosmd, to which another DNA segnment nmay be
attached so as to bring about the replication of the attached segment. 20
Cl oni ng weabposs7ovey be capabl e of repl i cation in one cel |PC’;7/HSOI/4H&@
expression in another ("shuttle vector"). A cell has been "transfected" by

exogenous or hel ShabasRiR oRiSuaNEYARe I nBIERAS iuBlaioduacdnans! de the

cell. A cell een exogenous or heterol ogous DNA when
the transfect e@XQ&IISMOEmEeQﬂr@aéﬁ%R@ﬁéf@bb% ROWMEFRARE r ansf or mi ng DNA

Genons of |t he cel 1 R e el o
refe 0 an
aci d fragnent th?}?é'“%‘éfa%g‘@ Cofcus %%'P'd(r)@d&mg%?? f@s‘ﬂ%{qeﬁ%j% %%e‘%@ ?l:gl ly
2‘:‘3 ?3I ef ?g i Slhterprét@m:wmf #bébeqtémmcsﬂmsascahfe@hmtm progeint anafmpheaiseﬁucl ei c
gments.are referred to t
"t r ansf or med" a-rh&atﬁf@nﬁ glb§ﬁ5%§st8 J@ﬂﬁ?%% héc??%%eh:éé&a gl?ég\% ed PCR and

means an in viproteimet hod for enzymatically anmplifying specific nucI eic

acid 35 sequences. RGR yoh $efar§§>°§g+&tém%e%%%§§ﬁ/@m£ﬁ@ﬁmq prangicl es

with each cycle conprising nat ur at'i on

nucleic acid t%@ﬁya?bedl\t n@t@ﬂrfms@sgruﬁcammmw W‘b@'ﬁlls@n aﬁ%@agf ﬁg a
single 18 0%n%ﬁ%s%’ré@@r%’d‘%%em%sra'\i"kﬂéﬁnl?ﬁﬁaﬁll|t)gpmﬂ§ih’eOt i de primer

to the tenplate nuclelc d I
DNA pol ynerase. The Fr@rt@?r%lﬁeﬁﬂg'aror r?%'ﬂﬁ@t'PBf ef gSBR{‘) rgea%aﬁ%gg P%{qe&rog ZI) nby

mlrgrncgﬂtml 5sehh@né@WmhirVanNAnW@@lﬂé@@WﬁcmDamne@hcmmre;sImmatw As used
e rep

tein wll also be &
protein" or a Ef‘aé‘ﬁg %zfé’éi’ Phaﬂ?ec*?@m”%e& e“;el %g%@)e gﬁ%fﬂtc’f rgﬁlc:a‘rt\;gé{gnt he
gene encod| ng the réfhe ferot‘eAN12Theferstoa pliswid comprisingathopa substantial
necessary f Qr | jot
signifi can ho:bgqr@éﬁbﬂfp%grélf g@m\/e?ss?%}r@%l?odtseﬁyeﬁg&tﬂibﬁSE? f[ﬂ\@ g’l \ggéreén
referred to heﬂb@mlmld copnRris@EsER Bpa@ndading preleis 3pid CORPIIBIGR "ori gin or
replication” orp,&ide ue%céré%%efw&tmﬁsrz@rm NedenaR an @ﬁu@&%

3

Chr ombsones miérl@lcgmp@lﬁ@ggﬁtel?lggtﬁes%I%@lile?fl},cgfﬂe%ﬁet B SER INGE oo 1o
a plasm d conprdrpb Qifkepl[ca&oﬁldba’immngﬁé nutBofide sequende absenfariheot i de
Zﬁgggin(r:]e aﬁgset%ééf% SEQ I D NO.5, wherein the plasmd conprises a rep
g nucl ei r Ising a
The term “pRHBR17” refers to an Escherichia coli-Rhodococcus
shuttle vector comprising all or a substantial portion of the nucleotide
sequence as set forth in SEQ ID NO:6, wherein the shuttle vector
comprises a rep encoding nucleic acid comprising a nucleotide sequence
25 as set forth in SEQ ID NO:1, a div encoding nucleic acid comprising a
nucleotide sequence as set forth in SEQ ID NO:3, and an origin of
replication comprising a nucleotide sequence as set forth in SEQ 1D NO:8.
The term “pRHBR171” refers to an Escherichia coli-Rhodococcus
shuttle vector comprising all or a substantial portion of the nucleotide
30 sequence as set forth in SEQ ID NO: 7, wherein the shuttle vector
comprises a rep encoding nucleic acid comprising a nucleotide sequence
as set forth in SEQ ID NO:1, a div'encoding nucleic acid comprising a
nucleotide sequence as set forth in SEQ ID NO:3, and an-origin of
replication comprising a nucleotide sequence as set forth in SEQ ID NO:8.
35 The term “genetic region” will refer to a region of a nucleic acid
molecule or a nucleotide sequence that comprises a gene encoding a
polypeptide:

19



nucl eoti de sequence as set forth in SEQID NO 1, a div encoding nucleic
acid conprising a nucleotide sequence as set forth in SEQID NO 3, and an
ori gin ofweepbise@t i on conprising a nucl eoti de sequence asPERUSHOIBES i n 20
SEQ ID NO 8. The term "pRHBRL7" refers to an Escherichia coli-Rhodococcus

shuttl e vector conprigd & | hafyi tide
sequence as set for?ﬁ%agE%élle%fﬁ% wﬁﬁﬂﬁﬁsﬁﬁgﬁ%ﬁg{ﬁﬁ&% gﬁk%@grrpri ses

a rep encodi ng atﬁ'lﬁﬂt@ii@ica‘éﬁ ‘H‘Qfﬁiﬁﬁ‘rﬁ@isﬁ@% grna. deatiiga selestedfor s et
forth in SEQ I{Ea]g@i Iljpoﬁ tﬂb\énﬁ*lk%@ éﬁ@s@t@bﬁﬁ.@.,&é‘éi@t%@?biaﬁ m?:;baottiqaucl eoti de
sequence as set for in . . an _origin r i cation
conprising a ny¢igse Qesf%fg@nl&? %E%q?(r}ﬂ&‘? fftﬂg‘é%ef?ﬁuﬁ%?%?"@r{’é‘\ term
"pRHBR171" fef énterdsh amul/drtohidentifi aacetldriori®uudmdbathas inflewited theviewtleic
conprising all fq%iﬁg}%@ntial portion of the nucleotide 30 sequence as

set forthin S ‘wherein the shuttle vector conprises a rep
encodi ng nucl ei ¢ acildectenprincompadibiity’ ascappliedde glrsioids raterséa thieorth i n SEQ

ID NO1, a div; i ' ' 24151 et i equence as
IDNai, ad Séﬁ@élfli%Q N%_%é\?‘{%gﬂl&srﬁ%%% idtSh Me 8amBULIe Ay ed

and an-origin of replicatign conprjsing.a
nucl eot i de seqmdﬁiowefmﬁ‘ﬁcﬁn%@@bﬁ'ﬁw .ca@anfﬁf@ ?@ﬁ?’”&gdgt"ﬁ‘%'
region" whb rehéie t6l.aPrRENIGH from differsHt ineompiadbilitypgreapbecad b imted eot i de
sequence t hat co%l s'gsm?\ ene fnco |% a 'B%F@e@“%e: m]eor%lt 0%10 5709
PCT/ US01/ 47868 S2ieCelbrhinesdnie fils JNRAMRapRlyaIquns are PRSA Y Pact or,
usual Iy an ant ivimrked oubfordomjtigdive mpiasnsidanit theygraen nepative baetbria. t o be
sel ected for based h ' : i will- ibsé&é}q.%- to an
antibiotic, wherei rTF{%hoﬂeé_r@f ?\ggﬁéljiﬁgéﬂg%eﬁa}tﬁ%gﬁw%ewﬁnrn%%_'?téance of a -
nucl ei ¢ aci d offamily gpBsised £l @epera. dnglading by nat isjted & AgHiBNYEds t hat has
Inhfrl é eg t1!9?a m&@@pf:anfe@s:n%aﬁotbﬁatewuﬂ@tc;cf:ﬂta@bécﬁéﬂmﬁv; ?mm@aaobu%mb%/" as
applied to pla refers o the _napili n as. 1o
A e e e N L o L R
group can not bethrabatier,édpionibduteiims StreptostyicesPMicrordecds; amddi f f er ent

"inconpati bility. o n bein the sanme cell at the sane tinme. |
| nconpati bili tyMlgcggrﬁgrzg_séDrogg'mst extensively worked out for conjugative

AR

pl asm ds in thdNupleimAgidsof 4 011 a. The term "Actinonmycetal es bacteri al

s vl»“
Fam |y" wi bh mean a Alic8nisMave idBhlifledCaMPIsofREd of nisieaid émeddisy By but
not limted to Actinomyces, 15 Actinopl.anes, Arﬁgno acteri uri% .
Cor ynebact er i utNH&:E lggtl%p%ﬁlpa[ep, within a'novel Rhodococcus plasmid of the

invention. This replication protein encoding nucleic acid may be used in a
variety of cloning and expression vectors and particularly in shuttle ‘
vectors for the expression of homologous and heterologous genes in.

25  Rhodococcus sp. and like organisms. Comparisons of the nucleotide and
amino acid sequences of the present replication protein indicated that the
sequence was unique, having only 51% idéntity and a 35% similarity to
the 459 amino acid Rep protein from Arcanobacterium pyogenes
(Billington, S. J. et al, J. Bacteriol. 180, 3233-3236, 1998) as aligned via

30 the Smith-Waterman align'fnent algorithm (W. R. Pearson, Comput.
Methods Genome Res., [Proc. Int. Symp.] (1994), Meeting Date 1992,
111-20. Editor(s): Suhai, Sandor. Publisher: Plenum, New York, NY).

Applicants have identified and isolated a nucleic acid encoding a
unique plasmid stability protein having homology to a putative cell division

35  (div) protein within a novel Rhodococcus plasmid of the invention. The
stability protein is unigue when compared with ‘sequences in the public
database having only 24% identity and a 40% similarity to the C-terminal
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Mycobact eri um Nocardi a, Rhodococcus, Tsukamurella, Brevibacterium
Arthrobacter, Propionibacterium Streptonyces, M crococcus, and

M cr onpbnoeor/ess7iducl ei ¢ Acids of the Invention 20 Appli car€BUREN4T86S
|dent|f|ed and isolated a nucleic acid encoding a unique replication

Fepl i cat i on pr Q"E‘.@R%ﬁ“@%' B B e O ety of
riety o
cloning and exf@ Fg’rﬁ’ asr(gle&&%m qu% ’éqﬁéé]? &%?eostors for the
IexEr essi on of hg@:ﬂ*(@g@@%pnd het er ol ogous genes in 25 Rhodococcus sp. and
| ke organi sms. Co risons of the Hienges of
the present repli cmgﬁ ﬁﬁ%’t"@nﬁe '%Wqﬁﬁ\@ Cﬁ’ﬁ?%l?t eﬁ’WeBﬁ ﬁf ge&gs uné’que
havi ng onl y5 51réplication fiarctiandara aBnpdses 4 aucleptide seguenaseneeding aaci d Rep

Bacter ol °T86\58§19§§ﬁ§%§25“%8§?g§?%“° 9?‘35"‘"99‘%% '5%970‘?"%'&’%‘@"%% e
al i gnnment al gobﬁ%‘?ﬁ‘rp(" e RMitiry)/ RligHpast N¥nBrEeREON, [ Proc.

Int. Synp.] (1884pa) Wféﬁétﬁn@@f‘e@i tb%QBolypéﬁﬂde?ﬂawEg'Wﬁ@éé@&eno‘é&@‘set foptador .
Publ i sher: Pl enu ent i Gnd i solated a

mucl &1 b i d e%%%“ﬁﬁvygén%aé soa® Pt EoRdS sER Sl BTG5 oy homl agy

to a putati@e cemmplaetenisofithe fidd utledtiderssetgeienced t hi n a novel Rhodococcus

D o aqoeneae | ns iy d38agEREy Id diiRI6E Stébs B Y AUEHPR 0 Thal od

with sequences in t y and a 40%
similarity to eReodss élﬁ’ﬁﬁ‘mw fUlZ@'QVU@SB@“BB'?@@S P@PF[@@@' eSEOBI8NCYOr ti on of

i 1 uenzae (Pl o B e S o e a5y Th
e
sequence is Wi f‘lrﬁ'ﬁ'wnﬁés%‘f ih%ﬁnﬁ'ﬁbﬁ\(aﬁ%@ﬁ%ﬁ Bf??%?d%h 9@5&!(& ) =
relol icati gms f ;Jﬁ’etarsrm @mbra:)om;wm semparetlicl & polypeptide baving tbasediuagca as
o] eptide o t ' np ' Y/
based on the sSet FrEANSREDNONE o el SekandHuckiic sqftie IR, 1))
when conpared the eomelepetq deeﬁashwglqomé%@aueﬂ% as set forth in SEQID

1|‘\I|Or§t ch?eztefond NnEcBRIThELS, @%&eéu:anmmélusréganéﬁt@ atd ot (et epBOt Of the

i nvention if 38 RO deibentical t&ﬁ%‘? ﬁ?éu?'?ﬁﬁ,st SR, %E%MW&:?‘?'EQ gge %&ﬁ'ﬁ)‘goﬂ dtehe
sequence e@codcmlgfr@gmehgspthat aceatobasit90-06% id28ticalito tloe amiins atidat has at
feast 70% 1 degbhier8FS5hrl AORIC SIS BretBledhigging nitldigat (W R
sequences corresponding to the instant rep and div genes are those
encoding active proteins and which are at least 70% identical to the
nucleic acid sequences of reported herein. More preferred rep or div
25 nucleic acid fragments are at least 80% identical to the sequences herein. -
Most preferred are rep and div nucleic acid fragments that are at least
90-95% identical to the nucleic acid fragments reported herein.
The nucleic acid fragments of the instant invention may be used to
isolate genes encoding homologous proteins from the same or other
30 microbial species. Isolation of homologous genes using sequence-
dependent protocols is well known in the art. Examples of sequence-
dependent protocols include, but are not limited to, methods of nucleic
acid hybridization, and methods of DNA and RNA amplification as
exemplified by various uses of nucleic acid ampiification technologies
35 [e.g., polymerase chain reaction, Mullis et al., U.S. Patent 4,683,202,
ligase chain reaction (LCR), Tabor, S. et al., Proc. Acad. Sci. USA 82,
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15 Pearson, supra) when conpared to a pol ypeptide having the sequence as
set forth in SEQ ID NO 4, or a second nucl eoti de sequence conprising the
conpl enewo of/ossh@® first nucl eotide sequence. Accordingly, POT/Eb&r47868 am no
acid fragments are at | east about 70% 80% identical to the sequences
herein. Most prigi7d; (385 or atranbdispRicanicnt rgdifieation [S1A, \Weadkedt el @ast

90-95% i dent i cgzl, HEON%lﬂeAggar@maglgAf rs%grggﬁt dgeported herein. Simlarly,

preferred enco g nucl’e acid "sequences’ caorréesponding to the |nstant rep
and di v genes are trﬁy@xa@mga@e@e%@mqqmqwml@rﬁsot&m ARyPeptidesiio) east

70% i dentical 4RoddiBf tHYIPLRINE uﬂ@rﬁoﬁ %Umﬁ;o@fteﬂ @n@&ﬂyeay herg &l ohlr e

f d d id T %

Pot e sequincdoriin ef e mptaat e Brcesit FAgRe s A THA QbR lrelion prafiet, ©

f ragment sht hat tarser@én liwasits fidoa ah§dediesd baaﬂerlamsﬁngamaﬂmrbdnlcg)aweﬂ fragments
reported herei g‘&h@ t'ﬁ@ﬁ% gglllﬁé i ld n@bteﬁlfﬁfc%hggﬁubl%ﬁﬂé‘é‘%éﬂééeﬁﬁée‘?ﬁ may be

used to isol at hom) ogous e sane or other

30 mcrobial spginethe msf@nanu@lmcmcm§mu@m§scegeb@§ea@nﬁg afsiRyeresized
dependent prot Wth&dé’ﬁ*dwr‘ﬁﬁf%@ arf)( I\VIQﬁiaﬁé tsup‘féqgﬁb S Ve SRGUBRCSNtire

dependent pr ot ocol | ud b f

acid hybri ﬁpzatqch)wsénlgg% Cgﬂtﬁ%‘&eu dglir r%ﬂ&qﬁﬁ g@ﬁ'@n@ﬂﬁf‘?"@h??%ﬁ nggthnHCl oe

[exerml i fi Ied by mwmtwmesmuemramsam sich asurdnmmlprnmmtmm lalsalimgohinki es 35
e.g., po nrer inr t

| i gase (F:)ha?/n r %ﬁb é%%(a I%@%‘H}d\%ghh@f‘lg &JRBAgbrgb %ﬁ"@t&a\fa IQ@J%AZ02

WO 02/ 055709 PCﬁwwnamﬂranmﬂmonmﬂe;m 19859|qht|om Sqecﬁmprﬂngqﬁ eehe

anplification [ Lise8 t e?@%‘l A 89,
392, (1992)]. Fdo%}%%r;(égﬁrr%h& ”’SSetrtn%?h‘ ncoglp%gt st%flljlyr pr o?f% |nsfeln$ pti des

I NS
to those dP t HREAUSSICARL Thﬁ\f@ﬁ%“’“ﬂﬁ asRlifigatien PEQS*‘J&F%G?"HS 9d5!ye 1EVeng al |
or a 5 portion @fridd&mb ﬁﬁéeﬁi&h :@H@ilmé?oﬂabdleﬂra?wr@mmnf@atlahdﬁeéumhsdanzc&t i on

probes to scre | b t
wel | known o qsﬁ@L@s é%queséta B St A MBS iR PalFHARE Bt b
based upon theapp’lrsﬁg stroyemay. aci d sequences can be designed and-

n

The ontire 10 Yoquentiictlh ThECRMABAPReRIBh Bdradeth i Piets el s ry

the entire 10 seque
met hods kridwn diffetend seliieheas and asmnokearnplemardaydmanchrasher. DNA | abel i ng,

ni ok transl ati g gling i haReldd AR, trgrséﬁwén%%%éiéh%rs

available in vi NScriptlon systens. ecific, pri rs

can be desi gnedshmdld b@éiﬁsﬂgﬁ@fﬁ@l prpylda feab@ﬂkﬁffaren? ang f"ﬁ“@ﬁ\;‘;’trﬁp atioRef nst ant
the target nucleic acid. Methods of PCR primer design are common and

well known in the art. (Thein and Wallace, “The use of oligonucleotide as

25  specific hybridization probes in the Diagnosis of Genetic Disorders”, in
Human Genetic Diseases: A Practical Approach, K. E. Davis Ed., (1986)
pp. 33-50 IRL Press, Herndon, Virginia); Rychlik, W. (1993) In White, B. A.
(ed.),_Methods in Molecular Biology, Vol. 15, pages 31-39, PCR Protocols:
Current Methods and Applications. Humania Press, Inc., Totowa, NJ).

30 Generally two short segments of the instant sequences may be
used in polymerase chain reaction (PCR) protocols to amplify longer
nucleic acid fragments encoding homologous genes from DNA or RNA.
The polymerase chain reaction may also be performed on a library of
cloned nucleic acid fragments wherein the sequence of one primer is

35 derived from the instant nucleic acid fragments, and the sequence of the
other primer takes advantage of the presence of the polyadenylic acid
tracts to the 3' end of the mRNA precursor encoding microbial genes.

E\.
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15 sequences. The resulting anplification products can be |abeled directly
during anplification reactions or |abeled after anplification reactions,
and usedv@e2/misoiyes to isolate full |ength DNA fragnments POTO®ERIICORES ti ons
of appropriate stringency. Typically, in PCR-type anplification

t echni ques, thdlernativedy,Hhesec@nd grifrfes sequesenmalydesbasatl apen aequences

conpl ementary t : ﬁpg&ﬂl e’ S6desi jtions, the
sequences of tr?%rﬁ’rgﬁﬁ%%%sﬁ%’& e %g% to'g’gﬁ?vﬁle for'sﬁlg'?ﬁheffici ent

gnd_ faithful rdpllavethe BAGE pratpecldErajwnamatalei RAVAS WdSANK: 8RS (OB8PAR pri ner
esign are conmgyy ' | I 7 Eh
of ol i gonucl eot™ dg%alg_cz%ﬁ%%gl%\imc? ﬁ?ﬁ%mgﬁfy %E%éfé?é?ﬁﬂ%hﬁgeggifsuzf
Geneti ¢ Di sér deéirgle pomt iny Ha@%?f&tia@dlﬂ‘gé’agbg:e'ﬂ- r%\'@ﬁ%aﬂe'ﬂﬁgﬁ'&gﬁl, K. E.
??\6'93) Eld- , V\é\ J?%BS'MXecﬁangaahle dt%fsﬁﬁ%d_ ﬂr@rhrtrl@msl.té/htr%ﬁqﬂeﬁi\b'es.l'\’{(/mmg 55 W

n Wite, B A. ed.. i, ul ar_Bi ol .
31-39, PCR Pr ot‘%%‘&ﬂ‘%?c'a'@ﬁ‘@é%?'%t%{gé %&d%%&?%@%ﬁﬁ%ﬁ?@c < A
| nc. ] Tot ovvg, N xDN3Ofregmenis tan badsalatedt[Obagarehak, BNASNESARE: 3613 sequences
may be wused i chaln L LA rotocols to anmplify |
nucleic acid fRAé%@@%@é‘d%@ﬁ%m c')ig%g( ge 'spfrom DNA or R&R.I }I/_heonger
pol yner ase 16hai n r eddtaroatively the wstant spavensassnayheLmployad asof  cl oned
nucl ei ¢ acid fragmg ﬁo%@égm?tf&ethéqaémmaﬁ@ﬁ oPRBmNdJE Th basicder i ved
fromthe instant nucleic ?c d r,agn_er}}ﬁ),_ anﬂ t he seauance of the other
primer takes adPRRUpNtSP ?H’é’?ﬂﬁ"’e eidcybatizatien estyaeEAs B Rroge; @ sa ts to
tP g% 6'80?2782 8tshL@A taa@e! ?f_r@mwl iﬁmtg theeedeny gén_@rftﬁgmén’tgﬁﬂﬁ&reQZar‘g@a(BZ/ 035709

ernativel. econd pr r seguence ay_ be

sequences der i%P@&'ﬁprry%“fj@t'g’hd'ﬂéﬁaavﬁ?g‘?gc’fz@’\% @%&%Bﬁ@}’e‘[‘%"é‘@fﬁ N 23e Hpon
?rl g |8§331]n cans f dypioallyt biegRerEanmtent moskbic [AEidbdeguenses avhich BNMASOIOBIEN®ENta608

to genegr NAS ' j f I.£s « : j
between a5 o Mgt DHERIE HelisedRphteetibe detiid, BrRe e RlpidEatigtian
oriented in thdhgnuclgieiasid stiquence imbesisiedied ddbieqiiele fengih caB vians fram
sequences. Usi ngla &P iiio Rt bsds, mnme%d% SRR BRL)

36:5673 ( 1089)lesiarPrdons. 1VBGRBHE BToNSIESE P1gR0YY 15 haSSR eRlidkt vel y t he
GoheT Sorten s BuAST O R e dobe iseceseattn | e
dont 11 ot on QLSRR to e bt o SERSREL L B Stadilifhg e
gene or gene frthgreniplementdrity bstweamnithegprobe and the target sequence need not
be perfect. Hybridization does occur between imperfectly complementary
molecules with the result that a certain fraction of the bases in the
25  hybridized region are not paired with the proper complementary base.
Hybridization methods are well defined and have been described
above. Typically, the probe and sample must be mixed under conditions
which will permit nucleic acid hybridization. This involves contacting the
probe and sample in the presence of an inorganic or organic salt under |
30 the proper concentration and temperature conditions. The probe and
sample nucleic acids must be in contact for a long enough time that any
possible hybridization between the probe and sample nucleic acid may .
occur. The concentration of probe or target in the mixture will determine
the time necessary for hybridization to occur. The higher the probe or -
35 target concentration the shorter the hybridization incubation time needed.
Optionally a chaotropic agent may be added. The chaotropic agent
stabilizes nucleic acids by inhibiting nuclease activity. Furthermore, the
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specific hybridization nethod. Probes of the present invention are 15
typically single stranded nucl eic acid sequences which are conplenentary

to the nwoeressaw d sequences to be detected. Probes are.POybsedi7aesbl e” to
the nucleic acid sequence to be detected. The probe |length can vary from 5
bases to tens ca;habtrop&:aamtaﬂoWasessltmeuandnsltmngmf;bé\lybndlpahom béshaitci fic

be d
baces s cut t apigoMfEBtidd pfoiiTobfiiBhibetat AORfAn KBS aAATHEh Ca) B2 SO
to the nucleic Mm/d‘\@dqé&égtﬁi%é‘tfgﬂe&@abblCPh?éRﬁmplq agentsingude

conpl enent ari t §u%?ﬁd’iﬁ%ﬂ1 EReridE Oﬁf‘argdgﬁluhhﬁué@fdihﬁie Ss%ﬂﬁﬂ(fﬁo@%\@h got  be

perfect. Hybridization does occ tween | fiperf ect conpl enent ar

nol ecul es wht h lifHamyiekgehl Of(P%ﬁet%iecé?‘ﬂ'HmPQrPg@(?tSnr@f‘g‘f’ﬁb bases in %/he 25

%grl g' zefl r eglt@ﬂta%@gerda@btawl ;Btﬁds%ﬁhgﬂid@déhdmééum@ffﬁh@mﬁmtg baﬁm
ridization ods_ar.e i.ned an a above.

Typi cal |y, ther%fﬁ%rﬁe aé'é{n}]ﬂe gﬁ?%ﬁopﬁea%qgaﬂﬂﬁﬁ%’égs%’%r% s which will

pern} t nucl ﬁi c mcdnfnaﬂwn df aleadit@M. Tdesiredyohe ean caddtfanﬂamrgiet toethepr obe ‘and

sanple in the 0 ic salt under 30 the proper

concentration %g??%gﬁﬂlgﬁéé f}gﬁ%ﬁﬁ 50@0 ‘]’I{ﬁ\%j;robe and _sanpl e nucl gl cp
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' Nucleic acid hybridization is adaptable to a variety of assay
formats. One of the most suitable is the sandwich assay format. The
sandwich assay is particularly adaptabie to hybridization under non-
denaturing conditions. A primary component of a sandwich-type assay is '
30 asolid support. The solid support has adsorbed to it or covalently coupled
to it immobilized nucleic acid probe that is unlabeled and complementary
to one portion of the sequence.
Plasmids and Vectors of the Invention
Plasmids useful for gene expression in bacteria may be either self-
35 replicating (autonomously replicating) plasmids or chromosomally
integrated. The self-replicating plasmids have the advantage of having
multiple copies of genes of interest, and therefore the expression level can
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to putative cell division proteins. The vectors of the present invention will
contain convenient restriction sites for the facile insertion of genes of
25 interest to be expressed in the Rhodococcus host.
The present invention relates to two specific plasmids, pAN12,
isolated from a Rhodococcus erythropolis host and shuttle vectors derived
and constructed therefrom. The pAN12 vector contains a unique Ori and
replication and stability sequences for Rhodococcus while the shuttle
30 vectors additionally contain an origin of replication (ORI) for replication in
E. coli and antibiotic resistance markers for selection in Rhodococcus and
E. coli. (
Bacterial plasmids typically range in size from about 1 kb to about
200 kb and are generally autonomously replicating genetic units in the
35 bacterial host. When a bactefial host has been identified that may contain
a plasmid containing desirable genes, cultures of host cells are growth up,
lysed and the plasmid purified from the cellular material. [f the plasmid is.
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25 the position of restriction sites determined (see Table 1, below).

TABLE 1. Restriction Endonuclease Cleavége of pAN12 (SEQ ID NO:5)

Restriction Enzyme | Number/Nucleotide Location Size of Digested
of Cleavage Site(s) Fragments (kb)
Afl I 11515 6.334
BamH | 2/ 2240, 6151 2.423, 3.911
Ban | 1/4440 6.334 .
Banll - 114924 6.334
Bbe | 114440 8.334
Bsm | 116295 ' 6.334
BssH Il 1/2582 ' 6.334
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S S 3555 Doon 3aeh 000 O 3%t 2142, 3.024
Rsr Il 112866 6.334
Sac 114924 6.334
Sac i 113272 6.334
SnaB | 112418 6.334
Spe | 113987 6.334
Sspl 1”7 6.334
Stul 2/193, 2843 2.650, 3.684
Tth111 | 1/4900 6.334
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Once mapped, isolated plasmids may be modified in a number of
ways. Using the existing restriction sites specific genes desired for
expression in the host cell may be inserted within the plasmid.
Additionally, using techniques well known in the art, new or different
restriction sites may be engineered into the plasmid to facilitate gene
insertion. Many native bacterial plasmid contain genes encoding
resistance or sensitivity to various antibiotics. However, it may be useful
to insert additional selectable markers to replace the existing ones with
others. Selectable markers useful in the present invention include, but are
not fimited to genes conferring antibiotic resistance or sensitivity, genes
encoding a selectable label such as a color (e.g. /ac) or light (e.g. Luc;
Lux) or genes encoding proteins that confer a particular phenotypic
metabolic or morphological trait. Generally, markers that are selectable in
both gram negative and gram positive hosts are preferred. Particularly
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Pst 1 1/110 6.334 Pvu Il 3/555,2697,3865 1.168, 2.142, 3.024 Rsr 11 1/2866
6.334 Sac | 1/4924 6.334 Sac 11 1/3272 6.334 SnaB 1 1/2418 6.334 Spe |
1/3987. &v@820553wp | 1/1 6.334 Stul 2/193, 2843 2. 650, 3r€BUSHi4T8a81l |
1/4900 6.334 Xho | 2/ 3746, 3784 0.038, 6.296 Once nmapped, isol ated
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expressed [y REpRIAJIE patHirdy MEhRI orgBHREE M) Yenks endedingst or foreign or

"mvol ved i n vappBhurosykaBePack THAF Sl Atcs BRARIAIoR Foh i Binaus genes
of interest foexsepsesforaheiprodudtiondefticdegradaisliermastins! crgenss eveadiogs and
methods i ncl Udgaro?éﬁoigrp%tmﬁéy l;éﬁ'éé ?ecb,tcﬂ'i) can be expressed to increase pigment
production in Rhodococcus; d) genes encoding nitrile hydratases for
20 production of acrylamide in Rhodococcus and the like, and d) genés_
encoding monooxygenases derived from waste stream bacteria.
Heterologous genes of interest for expression in a Rhodococcus
include, but are not limited to: a) ethylene forming enzyme (efe) from
Pseudomonas syringae for ethylene production, b) pyruvate '
25 decarboxylase (pdc), alcohol dehydrogenase (adh) for alcohol production,
c) terpene synthases from plants for production of terpenes in
Rhodococcus, d) cholesterol oxidase (choD) from Mycobacterium
tuberculosis for production of the enzyme in Rhodococcus; and the like,
and e) genes encoding mqnooxygenasés derived from waste stream
30 bacteria.
The plasmids or vectors according to the invention may further
comprise at least one promoter suitable for driving expression of a gene in
Rhodococcus. Typically these promoters including the initiation control
regions will be derived from a Rhodococcus sp. Termination control
35 regions may also be derived from various genes native to the preferred
hosts. Optionally, a termination site may be unnecessary, however, it is
most preferred if included.
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a unique origin of replication for replication in Rhodococcus. This
sequence is set forth in SEQ ID NO:8. Many of the genetic manipulations
for this vector may be easily accomplished in E. coli. It is therefore
25  particularly useful to have a shuttle vector comprising an origin of
replication that will function in E. coli and other gram positive bacteria. A
number of ORI sequences for gram positive bacteria have been
determined and the sequence for the ORI in E. coli determined (see for
example Hirota et al., Prog. Nucleic Acid Res. Mol. Biol. (1981), 26,
30 33-48); Zyskind, J.W,; Smith, D.W., Proc. Natl. Acad. Sci. U.S.A., 77,
2460-2464 (1980), GenBank ACC. NO. (GBN): J01808). Preferred for
use in the present invention are those ORI sequences isolated from gram
positive bacteria, and particularly those members of the Actinomycetales
bacterial family. Members of the Actinomycetales bacterial family include
35  for example, the genera Actinomyces, Actinoplanes, Arcanobacterium,
Corynebacterium, Dietzia, Gordonia, Mycobacterium, Nocardia,
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for the purpossame egeastiahipatses.olhe fompletn @g@ﬁne@m‘ RRABRY Zusidiven B i gi n

of replication S Qi et forth
in SEQ I D NO BSE%L%;%B e iggndgt??ﬁg mani pul gtéloégﬁsjé ﬁ’?g?ﬁ?qﬁg ?éc%o@ may be

easily accoanS coli. It is therefore 25 particularly useful to
have a shuttle VeCtpRhBWh@d agizeNofdbatit N 1¢f kb bAY the ahaittdrivdits oif | |

f | b f OR
sggﬁtelnggsl PolrE @'gg\ﬁl‘% %@ﬁterl‘}yg'g'%rﬂ? Osﬁlﬁtﬁé\/ ac'%efeqbg‘? %A%HQH% ?ﬁe se::]uence

for the ORIOin E. coli determned (see for exanple Hrota et al., Prog.
Nucl ei ¢ Acid Res m t h,
D.W, Proc. Natlmﬁlgdg geSt'g‘%f%éjéAnd‘%@’?'e%gfg%é%%% %Q%&ﬂégwa

NO. (GBN): J01808). Preferred for use iNOBhe present invention are those

ORI sequences isolated from gram positive bact eria, and particularly those

nenbers of thgActinonycetates —bacteriat
Act i nonycet al pfasgictian %Fym%n‘l INFmWMH'@O@‘ga'fQS’@Y@ka I g,'ze[‘?f@g’g%%jr a
Actinonyces, Actinopl anes, ArcanolACieivageSite(€pryngbactRagmentskist zi a,
Gordoni a, Mycpbacter,_g Nocay di a, 7055709 |PCTTUSQ1/.4,/868 -
Rhodococcus, 'Ip'cnl(nmplﬂd | & Brevibact DI;]VP Arthreobdeter. 0%/241
Pr opi oni bacterium @isedpt onyces, M cr oﬁ@ntfdhs and M crononidsPdra. Two
shuttle vectofs are Er‘iCI’I bed| hereil n, PI%E BR17 and pRhBR171l| 2 ach
constructed apdisol g--separat-ely h" havHrg—the—b—sare—esSenttal
features. The conpl@mi-iskequence of3/|c3RﬁBf8l3¢ 9%41Q| ven i A1.876e®91 D NEPB and t he
conmpl ete sequnnce oé3§Wﬁ p 171 i's gmgm in SEQ I D NO 744 ;,gﬁhBRl? hias a
si ze of about [ Hi—2Kb—-and—the—character+sties—of et gc i LII IEbTIICtiOI’l
enzynes as shpwn i nE@Ibl e 2 and Fi ggf4883, 10024 604, 5.637
EcoR V 1/185 . 11.241
Esp i 1/5487 11.241
Hind 11l 4/ 29, 3651, 8201, 9898 1.372, 1.697, 3.622,
4,550
Miu | 1/4105 11.241
Nco i 1/10325 11.241
Nde | 1/4216 11.241
Nhe | . 1/229 11.241
Nsi | - 1/7348 11.241
PpuM | 1/6650 11.241
Pst! 2/2520, 3700 1.180, 11.061
Pvu fi 3/ 4145, 6287, 7455 1.168, 2.142, 7.931
Rsril - 1/6456 11.241
Sac 1/8514 11.241
Sacll 1/6862 11.241
SnaB | 1/6008 11.241
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TABLE 2. Restriction Endonucl ease C eavage of pRhnBR1l7 (SEQ ID NO 6)
Restriction Enzyme Nunber/ Nucl eoti de Location Size of D gested of C eavage
Site(s) Magressv® (kb) Afi ill 1/4105 11.241 Ase | 1/24BOT/US0124868Bal 1
1/10289 11.241 BanH | 3/375,5830,9741 1.875, 3.911, 5.455 BssH it 1/6172

11241 EcoR || B4R, AOORE 5. BifivepyRhiEe oFhilin1] 18554 oPAbestap 1| 1/ 5487

11.241 Hind | H7, Mu 1
1/ 4105 11.241 Nco 1 1/10325 1 249f Clravage Siteig 11 241Ff€m¢1§nt519kb>q 11. 241

Nsi 1 1/7348 |11. 241gppyM 1 1/6650 11.34k77Pst 1 2/ 2520, 379944.180, 11.061
Pvu 11 3/4145;

- ; 20 J.4 176 21T -5ac |
1/8514 11.241 _Sac 3%Ph/6862]11 2472 3@423:8$341/amg 11. 24 g&%zéb 02/ 055709
PCT/ USO1/ 47868 Reststilcti on Enzyme NNambgrd48acl eoti gle Loeasopsi5Si ze of
Di gested of Cieavage Site(s) Fragnents (Kb) Spe I 177577 11.241 Ssp |
2/ 3081, 10334 3.988, 7.253 Stul 2/3783, 6433 2.650, 8.591 PRhBR171 has a
si ze of about 9.7 KMRhBR17hdashmsizetcdmbstit 83 kif and &wyehgrantaristieest ri cti on

enzynes as shaq i T . ' t iHn
Endonucl ease (§ eE a“}vd;gee\ﬁo ‘?%%H%%%E% %%Shﬁe’)ﬁ)&k?h-ég%t??@? ﬂ%ﬁrgn:gyrre
Nunber/ Nucl eoti de Location Size of D gested

5 TABLE 3. Restriction Endonuclease Cleavage of pRhBR171 (SEQ ID

NO.7)
Restriction Enzyme | Number/Nucleotide Location Size of Digested
of Cleavage Site(s) Fragments (kb)
Ase | 1/2450 9.652
Bal | 1/8700 9.652
BamH | 3/375, 4241, 8152 1.875, 3.866, 3.911
BssH il 1/4583 9.652
EcoR | 2/2798, 8435 4.015, 5.637
EcoRV 1/185 9.652
Esp | 1/3898 9.652
Hind 3/29, 6612, 8309 1.372, 1.697, 6.583
Nco | 1/8736 9.652
Nde | 1/2627 9.652
Nhe | 11229 9.652
Nsi | 1/5759 1 9,652
PpuM | 1/5061 9.652
Pvull 3/2556, 4698, 5866 . 1.168, 2.142, 6.342
Rsr i “ 114867 9.652
Sac | 1/6925 9652
Sac 1/5273 9.652
SnaB | : 1/4419 9.652
Spe | 1/5988 9.652
Sspi 1/8745 9.652
Stul 1/4844 9.652
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of Cleavage Site(s) Fragnents (kb) Ase | 1/2450 9.652 Bal 1 1/8700 9.652
BanH 1 3/375, 4241, 8152 1.875, 3.866, 3.91.1 BssH 11 1/4583 9.652 EcoR |
2/ 2798, 8435265505, 5.637 EcCoR V 1/185 9.652 Esp | 1/38P81/8s@328d4 nd |||
3/29, 6612, 8309 1.372, 1.697, 6.583 Nco | 1/8736 9.652 Nde | 1/2627 9.652
Nhe | 1/229 9.652 TNsé vectbtSaébtheSrédbentfpudvtioniwill@&lp&rtidlariwseful irB/ 2556,

4698, 5866 1.168, 2..142. 6.342 4 . ‘ .
11 1/5273 9. 65XPreFsian Pf gehgs i 55%@9&‘}“5%/8 ?’53 %p@g@@%ﬁ%@%@%gﬁﬁﬁggig Sae
t9.h652 St utl  1df4RAddSCawsRs &rtimabaﬂwsow&lﬂ wrewitistheserggtorsheude bubr s of

e present in n . | [ '
n Rhodecoccuc Bt Inild fo RAGySEHCoLE Yol RhadeBbbtus En/mliphaRS on of genes
particul arlSy sRhedecdesusapacus Rhedecnscys heiacyeis, Rfodagoccd¥ e not i ni t ed

to RhodococcusyBuhyiusYRRQIREEEs REMERERP RibEocSCdRIZ0 e Gngpacus,

Rhodococcus rh%dochrous, Rhodococcus gl oberul us, Rhodococcus koreensis,
Rhodococcus f aSEPEPROCCHSdUPRhodococcus ruber. Methods for Gene Expressi on.

Applicants' i nyiefiddy¥oP Guaticdespreesibads for gene expression in host 10
cells, particularly

reconbi nant mcr Obi%ﬁ;&%@,&’?ﬁ%ﬁigﬁh&jﬁégPﬁe@bo&%ﬁ&rz@g&%ﬁ%ﬁﬁs’i@nirilﬁ?gous
Fﬁte h\r/]vg)slt i Plf)arar {Tmllisa‘paﬁticuiqﬂy inhkee weliBIbBmicoobial hests hlxpsessioready existing in
e host. " ohel R E-ARIRACHANE Sod[ 61 HepspRaoRTabBens 0
pathway intermediates; for the modulation of pathways already existing in
the host for the synthesis of new products heretofore not possible using
the host. Additionally the gene products may be useful for conferring
15 higher growth yields of the host or for enabling alternative growth mode to
be utilized. ‘
Once suitable plasmids are constructed they are used to transform
appropriate host cells. Introduction of the plasmid into the host cell may
be accomplished by known procedures such as by transformation, e.g.,
20  using calcium-permeabilized cells, electroporation, transduction, or by
transfection using a recombinant phage virus. (Maniatis, supra)
In a preferred embodiment the present vectors may be co-
transformed with additional vectors, also containing DNA heterologus to
the host. It will be appreciated that both the present vector and the
25 additional vector will have to reside in the same incompatibility group. The
ability for two or plasmids to coexist in same host will depend on whether
they belong to the same incompatibility group. Generally, plasmids that
do not compete for the same metabolic elements will be compatible in the
same host. For a compete review of the issues surrounding plasmid
30 coexistence see Thomas et al., Annu. Rev. Microbiol. (1987), 41, 77-101.
Vectors of the present invention comprise the rep protein coding
sequence as set forth in SEQ 1D NO:1 and the ORI sequence as set forth
in SEQ ID NO:8. Any vector containing the instant rep coding sequence
and the ORI will be expected to replicate in Rhodococcus. Any plasmid |
35  that has the ability to co-exist with the rep expressing plasmid of the
present invention is in the different compatibility group as the instant
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15 higher gromh yields of the host or for enabling alternative growh node
to be utilized. Once suitable plasm ds are constructed they are used to
transf orwoap@sopri ate host cells. Introduction of the plRreTMUS/4T86 t he
host cell may be acconplished by known procedures such as by

transfor mati orplaémili and WiklpkBefidfér tHErdaeENPrasdibh ofHetRblogus genes in a
el ectroporati on thgoé{Ct lon, or by transfection using a reconbinant

phage virus. supra) In a preferred enbodi ment the present ‘
vectors nay beRh@doddawsftmm&ﬂmminaaddi:rtobmi@ro&mtioor:ﬂatf@mo cont ai ni ng DNA

heterol ogus 10 Lheg ifanf RhoBSc Ul §itlstsdlidBakn iy ik gmBLGF A
6% v% 8 ﬂ?ﬁ% 8 |n<% e sane

yector and the 25 have t o resi
i nconpat i bisl i tme@mnnppnauee/ecm dfithg pfegent inyeptioplitavay e qubtusebii &t i n sane

host will depe\%?leﬁ‘ Y‘ﬂl%?té% aIIB\W%r fﬁ%‘(ﬂﬁ%ﬁfﬂzlélf}ﬁoéé‘@%d M@Rﬁsﬁr@tﬂqéﬂé group.

General ly, sane netabolic ment s
will be corrpatﬁ"l@ﬂéc"i nF@lh%XafBa'ﬁeleﬁ%ﬁca ?d’r‘”oﬁu‘&%‘p@‘t%ww Ie@FBe Pf ci‘%‘ssues

surroundi ng pl afeso n%@,sée%rﬁb%@@nﬁmnifhmmaﬁ%hoai mayArwrodiead byl crobi ol .

(1987), 41, 77- Vectors of t res nventlon conprise the rep
protein codi ngf’ojig(]gﬂ%'?\%c%t'wusf%ﬁw #°R0o 1 and the ORI sequence

as set forgoh in SEled%sMal&ato@multmqganethoduaamlmydmtemmlaere thep coding

d
o aentd 35 1 na o RESTRH o e ST § ST AL bk bEGhOER G e oTGROSRERUE. T
of the presensubjestdntartificialsalienations mrfrfgehhemulwangaromsa t Thuss @liPraas t he
|nstant 32 V\%Qg%ﬁ@rtﬁg?&%é’g{t éf’o%%%thé)hfé%m%lﬂaeuwéd whﬁth@aéssked or the

CcoO- expreSS|on 0 rol ogus gene ecCl cus

t ransf or mant s QEapisEn @bioﬂa%'ﬁﬁ@@dlgfﬁwm qt F@F@P%‘F@éﬁ%{%ﬁﬁ FP%(BT'& dococcus
host is sugceS&durla\ddﬁﬁgiﬁéﬂmgwwhw gﬁten&ﬁ trl;rpucamarrmwewarea Viestth't cwifurehe

Cormer ci &l pr o BB HTGeRhetdRdht BoBner At edu e AR @ Ay g 1
scal reT1D pr odgc?n! oftero fnzalesglecortiatiingefaetorpsoduas pH and oxyger sepcerfirajiona
cul ture met hodth e DeyoeRhe Y e HETE Mg @iiodstions Bl T
syst em wher et ¢hangsoegusiantloup & thentimedae QUIt@reslétte@mmﬁt%i padthimbaighof t he
culture a@ noéu:tu?é Jcéﬁé n%daer’rléﬂe' thrdugh' a 8idtienad baase & aiHgh ghﬁmmubg uri ng
process. us, at nnln he culturin
i nocul at ed wi tﬂh@%aﬂéiﬂ"? 10gs Vi’i“@ﬁf phass 5!%[%8(55)“5&&3%'8\&?'??”@5“%@? bol i ¢
activity is peraltdd.eH untreated, cells in the stationary phase will eventually die. Cells
in log phase are often responsible for the bulk of production of end
product or intermediate in some systems. Stationary or post-exponential
25 phase production can be obtained in other systems.
A variation on the standard batch system is the Fed-Batch system.
Fed-Batch culture processes are also suitable in the present invention and
comprise a typical batch system with the exception that the substrate is
added in increments as the culture progresses. Fed-Batch systems are
30 useful when catabolite repfession is apt to inhibit the metabolism of the
cells and where it is desirable to have limited amounts of substrate in the
media. Measurement of the actual substrate concentration in Fed-Batch
systems is difficult and is therefore estimated on the basis of the changes
of measurable factors such as pH, dissolved oxygen and the partial
35 pressure of waste gases such as CO2. Batch and Fed-Batch culturing
methods are common and well known in the art and examples may be
found in Thomas D. Brock in Biotechnology: A Textbook of Industrial
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15 occur adding nothing to the system Typically, however, a "batch"
culture is batch with respect to the addition of carbon source and

at t enpt s v €2/0337@9en made at controlling factors such as pPCEUEIOKESEN
concentration. 1In batch systens the netabolite and bi omass conpositions of

the system CM@;@ delﬁ rg@egz smdelms%eb‘fat&sem@ terninat ed.

Wth b h
hi Eghl gr O\Z/i\;ﬁ | cgungigyland, &Mj prPﬁShpan%e d\ngk‘é{ﬁjgna‘? pﬁ’é’é’ 88 ’Ee)%:ﬁ ?at e

i s di mnished g8, 22%'(*1992) hbrélﬁtiridba;b@dted:w lr@feremdehe stat i onary phase wil |

tual | di f he bul k of
S\r/ggug? i o% o:‘ eend p 8515@?"%?3 %ir%?@' %r‘tsﬁgrgcipﬁéﬁirgs:@%ksalé%{vgt i gnalrjy o?
post - exponent i atconaﬁlsmledsmﬂ'pamnhnmm culturee Gaintialingsl cLituresiase agyepans. A
variation on t%&téﬁ%ﬁ@feda B@ﬁﬁ%ﬂ Eglﬁ}rgrﬁlécﬁa lé“édgéé'li cgﬁﬁﬁu'bﬁﬂoeé” Fed- Bat ch

cul ture proces are al'so (ﬁ I nventi'on and conpri se
a typical bat chiossaatenand an eqya! anespt Poern %Q“Q%@eglﬁﬁtrﬁa‘toé’eﬂs added in

increnents as §ihRitgHEbUSIY foWc@§§ﬁ§ o%ﬁfﬁnaangbuw.@tseme@éw raaunw{a}‘mé \Agen
ells an

catabolite re t th t bI

wher e |It i s dgéﬁ fs%?e@c«lp%stﬁgt,@gﬁlh tde@%%ﬁ%q;ﬁsg‘?'d\’ g Ilﬁﬂm?ﬂ%pr'ﬁ‘afl 1 nedi a.
(l;/?]iifsyr eerFnlto gf loghshamet gralvtis.ubiterrattieelyaunéintioas colmrennéyebeﬁnadicedsyﬂbh ens is
ifficult and j i

measur abl e fac'{rﬁpéglzgg{%%ﬁs g’ﬁ%" s@gp 5} mngﬁ& éregfonhm&&é"l?ﬁgﬁég,s pressure
of waste gasesvaluablegyoduats, WWOFMS%PMLQM Qr@rqqlfﬁlnuﬁ%’ﬁods are
common and wel | bfh t%@eceﬂrrﬁ d?é%ﬁfﬁﬁ’l'o%ﬂlzﬁﬁc)!n Rfay Eé’géﬁoﬂnﬁed_ beimgs D.

Brock in Biot e(?hno 0og Text boo

I ndu%s%{ fa 2/ 0
PCT/ uso_u 478682 V\M%FW%PB@?}' SRR MRS ? f@?é%a A SYNREYGCi at es,
I nc. Sunger | gigeridy®. , or Deshpande, Mikund V., App!. Bi ochem

Bi otechnol., 36, 227,.,(1992 her ei incorpqarated by.refer . rcial
production of the iﬁ?hgﬁvoﬁ é'E ﬁgmgcgﬂwugpgﬁjﬁgr%alg%\%%%ﬁbgI[Irgogﬁﬁﬂq%o
conti nuous cul bre €actéoot anyaumbeubf factkersdhat affea gelh groyit @rerheroduat def i ned

culture media @g&ﬁ?ﬁ@%?d&%&@@u% dre ﬁetlpddj\?vﬁﬁ‘?\ta\f?ﬁalﬁ@lnﬂﬁnﬁ%@?ﬁerﬂm“”t of

condi ti oned ne taneousl t1 nuous
cul tures gener slittyasiihencaibontsasirepr pitrpges lﬁvﬁiﬁt@rﬂxeﬁ*l rgke ﬁn@]@“@”rﬂﬂase

density whgye Sﬂer%ggérﬂgfgré '?@Hdcbérét@ lﬁQJﬂI\élgs 'E@ﬁ@ agﬂﬁ%é‘r of%&i@fé‘at ively

conti nuous culture racticed wt il car bon

S
and nutrients aﬁ@CtWQFWBl%F;beaﬂEﬁ!ﬁd C&HH”UQ/%Q XI%M@?IE)‘? &8 EP@CB"ES?%BPOduct s
or waste produfiensafesd 59Médialmldﬁy, fsEEpY ednétantn Cohaticgdus spstems Gtive

| mobi 1 zat | on ambt |nIo stea8y rTFaqtie growt% conditions and thus the cell loss due to

medla being drawn off must be balanced against the cell growth rate in

25  the culture. Methods of modulating nutrients and growth factors for
continuous culture processes as well as techniques for maximizing the
rate of product formation are well known in the art of industrial
microbiology and a variety of methods are detailed by Brock, supra.

. EXAMPLES

30 The present invention is further defined in the following Examples.
It should be understood that these Examples, while indicating preferred
embodiments of the invention, are given by way of illustration only. From
the above discussion and these Examples, one skilled in the art can
ascertain the essential characteristics of this invention, and without

35 departing from the spirit and scope thereof, can make various changes
and modifications of the invention to adapt it to various usages and
conditions.
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a w de range of solid supports conposed of natural and/or synthetic 15

mat eri als. Continuous or sem -continuous culture allows for the nodul ation
of one ™e@bLDO5509 any nunber of factors that affect cell BeDwWSéL/4868end
product concentration. For exanple, one nethod will nmaintain a limting
nutrient suchGENEREL ¢4FEDHOD®Urce or nitrogen level at a fixed rate and

factore affecti ng SEORAR Eaprand VAPl G gie Sy e
concentration, hereafaawwelll hyownolm the art laindi arg deissriliegp by Samslrank. J.Cont i nuous
SyStem StriVegyign BHEARY TN oG AL b BPSoR Wlah e the

cell loss due to e| n | ance nst the cell

growth raté i nCol $Mél’19:b||afkm iamtnaasr@rs r%d@nrmggHamqu 988) and growt h
factors for camd Qﬁg%ocw U] ESIHRGCRE ¢S BRANBA! Ands. v\qacmmmgtes for

th { t t
T e o xSy b e L o o Spring HevedECaBbrafors ol b ori
fsqulr a. EXAII\E/XPL rig H’élmorpl\le\s;le(rﬂganmambwoﬁmswei ,UF. t\hest aleCurasht |Pmotdm3’:$ |
ol l owi n a ese ile
I ndi cati %g prgﬁé\ﬁ?’l«?& iaérﬁﬁ@ YI’ER‘HQE bye'feﬁ’i‘ ﬂﬂ@%ﬁﬂﬁ‘&f& A% agéméﬁy way of

i | lustratii®n oimtersciEnoen(198i®. above di scussion and these Exanpl es, one

K vent on and ot t HRRerS BRE TR0 ERTE R e ARKGELRE Ad Giduh of 1 ©

i nvention, and w thou cope” t her eof can
make various chastgdal cnawaesnam wel&hnownsn tie arie eﬁhemua'éﬁwtablgdapusemto

various Usagesth%%noxﬁﬁ@dé%dn%és NQ&%&%E&%&QW&M A7 ReghoddRdERAL
METHODS St anda recondi nant DNA .dand m)hecul Céd ig %ﬁlé}b&ues used
herein are wel SepramlBacterioleayiRhilipp Ggraaris rﬁb R’{Waya

Fritsch, Bs5 F. C@QﬂoWBElugbhé W INedfelr aspliian. Blovd, Nvel R. KaiegraicoGy Bhg gsal 5

QoL P79 bt 18T ArRLia &5y ! EnCRpldtl SBngh PR (160,

CGene Fusi ons, @oH)yiTBpmasgD.l-Bndmbnn Bidtecknalogy: Solekib&p ohladHsiripbr, N. V.
(1984) and by Q@Mﬁ&%?g%ﬁb” S@féﬁe‘?%s&pqﬁ%tt8§%§ §Hﬂdyﬁér‘?§% Al

Bi ol ogy, pub. hi'ng Assoc ersci ence (1987)
Materi al s and «v&sﬁwdé\lIs"aagarhisererstrrcttpneenwmﬂs@redﬁ@t%nﬁis ysedfer tbe  bacteri al

cultures aje Weldwtk AAEMmhMtd Al df bab®sH cBie Wepd bb M frofm ARIBichn
Chemicals (Milwaukee, WI), DIFCO Laboratories (Detroit, Ml), '
GIBCO/BRL (Gaithersburg, MD), or Sigma Chemical Company (St. Lows
MO) unless otherwise specified.
Manipulations of genetic sequences were accomplished using the
25  suite of programs available from the Genetics Computer Group Inc.
(Wisconsin Package Version 9.0, Genetics Computer Group (GCG),
Madison, WI). Where the GCG program “Pileup” was used the gap
creation default value of 12, and the gap extension default value of 4 were
used. Where the CGC "Gap or “Bestfit” programs were used the default
30 gap creation penaity of 50 and the default gap extension penaity of 3 were
used. Multiple alignments were created using the FASTA program
incorporating the Smith—Waterman:algorithm (W. R. Pearson, Comput.
Methods Genome Res., [Proc. int. Symp.] (1994), Meeting Date 1992,
111-20. Editor(s): Suhai, Sandor. Publisher: Plenum, New York, NY). In
35  any case where program parameters were not prompted for, in these or
any other programs, default values were used.
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the follow ng exanpl es may be found as set out in Manual of Methods for
Ceneral Bacteriology (Phillipp Gerhardt, R G E. Murray, Ralph N 15
Costi | owwa@oyesseooW Nester, WIllis A Wod, Noel R KriegrandS@/47858 ggs
Phillips, eds), American Society for M crobiol ogy, Washi ngton, DC (1994))

by Th . T, . O
R)/Ir cr gbl of)ggf/ Secomh{éﬁﬁg% 8@%&‘2&%@&%@8% Qﬁ hg%ﬁ%tgroluf(la?‘ld MA
(1989). Al résmjehmeans saintials), (sl meanssseaandie) &' rae%ntudéﬂs} Sulihe 20

growt h and m'rﬂéEﬁ@Hﬁ@roﬂfer@%"‘rﬁI”' Abaf€ MilliteRER “Q’bﬁ%'a%%téwfs()m}ﬂ\h’d“ ch

Chem cal s (M | waukee gz Laboratori (Detroit %CO’BRL
(Gai t her shur g, MRS NMiFrogI¢jarn eans fﬂﬁlﬁ‘ﬁ‘é’%f (NSt MeRS glcrogﬁg)m | ess

ot herw se Spech’fg”edearh@mamgﬂam(spr‘#ps@fn@qudumdsqmremam mhe“mrmbnpl i shed

e (W scﬁﬁﬁﬁaﬁeﬁga%%Em@?ﬁﬂ%é%%%%ﬁ R et e 2

Madi son, thpiree ohthyatdingr €3 mean®iguanipe atguaneosine, e” gwanscr eat i on
def aul t vaI ue kofgn used.
There the ooc Sk oftifaling, 3 MXARDaER AR it KRR MadhdiRlg, o

creation penal 8§ Breans am@owand @bl BT Megap bege PR(Dnapent t)eans 3 wer o
used. Ml tiigpl %,@bag@@nts were created using the FASTA program

i ncorporating the.S s, WAL er man I or| .h N R Pearson, Conmput. Methods
Genone Res., [PPEES N o (Rhodocadel g Date 1992, 111-20.
Editor(s): Suhal, Sﬁr&jpresemﬂlhodbewccwlmympmmmﬁIstram\rWas isol@Bdany case

proqr e, _del 41T va*ﬁée"ij%@d@%t#*a%%@(?%ﬁo%éﬁ%%%&%ﬁ@? &%Bé/ zg?gt e

meani ng of ab

m nut e(s),15"sec” nﬁ@éﬁomﬁﬁDNﬂ\ﬁés iSclitedERIM Rimbccué.erytmp@ﬁs AN12
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Genomic DNA preparation After resuspension, the cells were
gently lysed in 10% SDS, and incubated for 30 minutes at 55°C. After
incubation at room temperature, proteinase K (Boehringer Mannheim,

25 Indianapolis, IN) was added to 100 pg/ml and incubated at 37°C until the
suspension was clear. DNA was extracted twice with Tris-equilibrated
phenol and twice with chloroform. DNA was precipitated in 70% ethanol
and resuspended in a solution containing 10 mM Tris-HCl and 1 mM Na-
EDTA (TE buffer) pH 7.5. The DNA solution was treated with a mix of

30 RNAases, then extracted twice with Tris-equilibrated phenol and twice
with chloroform. This was followed by precipitation in ethanol and
resuspension in TE. '

Library construction 200 to 500 pg of chromosomal DNA was
resuspended in a solution of 300 mM sodium acetate, 10 mM Tris-HCI,

35 1 mM Na-EDTA, and 30% glyéerol, and sheared at 12 psi for 60 sec in an
Aeromist Downdraft Nebulizer chamber (1Bl Medical products, Chicago,
IL). The DNA was precipitated, resuspended and treated with Bal31
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from wast estream sl udge as descri bed bel ow in Exanple 1. Preparation of
Genomi ¢ DNA for Sequencing and Sequence Generation 15 Genom ¢ DNA was

i sol at ed Wo emviRh@dococcus erythropolis AN 12 accordi ng tBCBRUSNCEBEH
protocols. Genomic DNA and |ibrary construction were prepared according to
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glycerol, and sheare ec | Aer o
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PCT/ USO1/ 47868 nu e ter size
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t wo- st ep |159at packagm(cyeesjuma WaAlusegliencep repigsentchisgage et lpast o ary with

greater than 989 s. 5 Sequenci ng A shotgun sequenci ng
strategy approa %BQ r?gi'rékﬁggn%for the sefquenm n of t he whol e mi crobi al

genome (Fl e sclﬂmﬂﬁ(}é_'%@@ haracterizgiioncofteRAROIMh RS quenci ng and
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gerer s 20 on 3y A BULETBLLS EREIERC) iy 0, 8in LeE TS O e ol oo
i nsert-spezo fi g Mol Biok 2158034t sedi dlsogwvascbi.nim.nih.gov/BLAST/)
searches for similarity to sequences contained in the BLAST “nr” database
(comprising all non-redundant GenBank CDS translations, sequences
derived from the 3-dimensional structure Brookhaven Protein Data Bank,
the SWISS-PROT protein sequence database, EMBL, and DDBJ
25 databases). The sequences were analyzed for similarity to all publicly
available DNA sequences contained in the “nr” database using the
BLASTN algorithm provided by the National Center for Biotechnology
Information (NCBI). The DNA sequences were translated in all reading
frames and compared for similarity to all publicly available protein
30 sequences contained in the “nr” database using the BLASTX algorithm
(Gish, W. and States, D. J. (1993) Nature Genetics 3:266-272) provided.
by the NCBI. All comparisons were done using either the BLASTNnr or
BLASTXnr algorithm. The results of the BLAST comparison is given in
Table 4 that summarizes the sequences to which they have the most
35 similarity. Table 4 displays data based on the BLASTXnr algorithm with
values reported in expect values. The Expect value estimates the
statistical significance of the match, specifying the number of matches,
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perfornmed in either Sequencher (CGene Codes Corporation., Ann Arbor, M) or
the Wsconsin GCG program (W sconsi n Package Version 9.0, Genetics
Conput er V3 ou@s5(@CG) , Madi son, W) and the CONSED 15 packegeUSwet784éson 7. 0) .
Al'l sequences represent coverage at least two times in both directions.
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bact or i & bel ongh ity M EROTRA SbaRRGA NS et St V'35 (VA R B
ani line wex® i agdinged0 pprmcianting efergRt3 days. The culture was diluted every
14 days by replacing 9.9 ml of the culture with the same volume of S12
medium. Bacteria that utilize aniline as a sole source of carbon and
energy were isolated by spreading samples of the enrichment culture onto
S12 agar. Aniline was placed on the interior of each petri dish lid. The
25  petri dishes were sealed with parafilm and incubated upside down at room
temperature (25°C). Representative bacterial colonies were then tested
for the ability to use aniline as a sole source of carbon and energy.
Colonies were transferred from the original S12 agar plates used for initial
isolation to new S12 agar plates and supplied with aniline on the interior of
30 each petri dish lid. The petri dishes were sealed with parafilm and
incubated upside down at room temperature (25°C).
The 16S rRNA genes of each isolate were amplified by PCR and
analyzed as follows. Each isolate was grown on R2A agar (Difco
Laboratories, Bedford, MA). Several colonies from a culture plate were
35 suspended in 100 pl of water. The mixture was frozen and then thawed.
The 16S rRNA gene sequences were amplified by PCR by using a
commercial kit according to the manufacturer's instructions (Perkin Eimer)
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cul ture. The enrichnment culture was established by inoculating 1 m of
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observation of a low molecular weighf DNA contamination in a genomic
DNA preparation from AN12. Plasmid DNA was subsequently isolated

25 from AN12 strain using a modified Qiagen plasmid purification protocol
outlined as follows. AN12 was grown in 25 ml of NBYE medium (0.8%
Nutrient Broth, 0.5% Yeast Extract and 0.05% Tween80) at 30°C for
24 hours. The cells were centrifuged at 3850 x g for 30 min. The cell
pellet was washed with 50 mM sodium acetate (pH 5) and 50 mM sodium

30 bicarbonate and KC! (pH 10). The cell pellet was then resuspended in
5 ml Qiagen P1 solution with 100 pyg/ml RNaseA and 2 mg/ml lysozyme ‘
and incubated at 37°C for 30 min to ensure cell lysis. Five ml of Qiagen
P2 and 7 m! of Qiagen N3 solutions were added to precipitate
chromosomal-DNA and proteins. Plasmid DNA was recovered by the

35 addition of 12 mi of isopropanol. The DNA was washed and resuspended
in 800 pl of water. This DNA was loaded onto a Qiagen miniprep spin
column and washed twice with 500 ul PB buffer followed by one wash with
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10 GTGCCAGCAGYMECGGT-3') (SEQ ID NO. 11, where Y=Cor T, MFAor C). The

16S r RNA gene sequence of each isolate was used as the query sequence for
a BLAST se@pzbsspedl t schul, et at., Nucleic Acids Res. 25:BGB9S®402¢81997) ]

of GenBank for simlar sequences. A 16S rRNA gene of strain AN12 was
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urt her. e, DNA was
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exam ned on a afd 8Ydatmeddn IED IBNO&15981.1 nol ecul ar wei ght DNA band was
observed. The DNA was then di gested &mi es of restriction enzynmes 5
and a restriction map of pANl2 is pr - Figure 1. Wiile Hindl Il

cl eaves pAN12 atCanhplete Setiesndise AntaborfiriatioarD/A tigBldsmidd s were
recovered r further analysis. These t 4 ndl 1l generated bands, one of
1.7 kb and one of 4.4 kb, were excised t he agarose gel

The sequences generated from the two Hindlll fragmenfas,ngf the
plasmid DNA were used to search the DuPont internal AN12 genome
database. All three sequences had 100% match with regions of contig
2197 from assembly 4 of AN12 genomic sequences. Contig 2197 was

25 6334 bp in length. There were randomly sequenced clones in the
database spanning both ends of contig 2197, indicating that this is a
circular piece of DNA. Applicants have designated the 6334 bp circular
plasmid from strain AN12 as pAN12. The complete nucleotide sequence
of pAN12 designating the unique Sspl site as the position 1 and is set

30 forth in SEQ ID NO:5. One end of the 1.7 kb Hindlll insert (SEQID
NO:15) matched with the 6313-5592 bp region of the complement strand
of pAN12 sequence (SEQ ID NO:S). Another end of the 1.7 kb Hindlll
insert (SEQ ID NO:16) matched with the 4611-5133 bp region of pAN12
sequence (SEQ ID NO:5). One end of the 4.4 kb Hindlll insert (SEQ ID

35  NO:17) matched with the 4616-4011 bp region of the complement strand
of pAN12 sequence (SEQ ID NO:5). Three Hindlll restriction sites were
predicted to be on the pAN12 plasmid based on the complete sequence.
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cloned into the Hndlll site of pUC19 vector. The ends of both inserts 10
were sequenced fromthe pUC constructs using the ML3 universal priner,
(-20; GITAWAOWNDIBAGECCCAGT) (SEQ ID NG 13) and the ML3 rever BET/UROT/4TBGS ( - 48;
AGCGGATAACAATTTCACACAGEA) (SEQ I D NG 14). Consensus sequences were
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insert (SEQ I gtla W%%S&@gg’?ﬁ rpﬁeh‘ig)ﬁgzqugl%e_ ggf%%ag% $&®Loﬁ%8;ﬁ? Eé!
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16|87 blto ﬁng 871$mngﬁgetsﬁd4e{<al, Q'PBfiétg?igEh gbgegss-ms%g g@gg)t sg@%@md O%t hg7
gel matched we X redi e an fr n e
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based on t S i.std h i 7 . . ver age
conpar i ng ibg aé%&%lg efr%{ﬁ J—?ﬁ&}?opﬁﬁm IhﬁUé‘;]Z%e M@ﬁtnf?e%%&?ﬂgﬁgm% seSqQ}%n%ﬂwge
(Fleischmann et al., Science 269 (5223), 496-512 (1995). The rep nucleic
acid (SEQ ID NO:1) on pAN12 is predicted to encode a Rep protein of
379 amino acids in length (SEQ ID NO:2). It shares a 51% identity and a
35% similarity to the 459 amino acid Rep protein from Arcanobacterium
25 (see Table 4). The div nucleic acid (SEQ ID NO:3) on pAN12 is predicted
to encode a Div protein of 296 amino acids in length (SEQ ID NO:4). It
shares only a 24% identity and a 40% similarity to the internal portion of
the 529 amino acid putative cell division protein from Haemophilus (see
Table 4).
30
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Construction Of An Escherichia Coli-Rhodococcus Shuttle Vector With

The Cryptic Pan12 Plasmid

An E. coli-Rhodococcus shuttle vector requires a set of replication

function and antibiotic resistance markers that functions both in E. coli and

in Rhodococcus. Applicants have identified a cryptic pAN12 plasmid
which encodes the replication function for Rhodococcus. To identify an
antibiotic resistance marker for Rhodococcus. The on E. coli plasmid
pBR328 (ATCC 37517) was tested to see whether it would function in

Rhodococcus. Plasmid pBR328 carries ampicillin, chloramphenicol and

tetracycline resistance markers that function in E. coli. pBR328 was
linearized with Pvull which disrupted the chloramphenicol resistance
gene and ligated with pAN12 digested with Sspl. The resulting clone was
ID NO:6).

pRhBR17 was confirmed to be ampicillin resistant, chloramphenicol

sensitive and tetracycline resistant in E. coli. DNA of pRhBR17 was
prepared from E. coli DH10B (GIBCO, Rockville, MD) and electroporated
into Rhodococcus erythropolis (ATCC 47072) which does not contain the
pAN12 plasmid. The electrocompetent cells of ATCC 47072 were

10
‘15
designated pRhBR17 (SEQ
20
25 prepared as follows:

ATCC 47072 was grown in NBYE (0.8% nutrient broth and 0.5%
yeast extract) + Tween 80 (0.05%) medium at 30°C with aeration to an
42
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5 tw proteins. b% Simlarity is defined as percentage of am no acids that
are identical or conserved between the two proteins. cExpect value. The
Expect vavaezesridmates the statistical significance of theCT/waec41868
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EXAMPLE 5
pAN12 Repllcon Is Compatible With Nocardiophage Q4 Replicon Of

pDA71
25 The replicon is a genetic element that behaves as an autonomous

unit during replication. To identify and confirm the essential elements
such as the replication protein and origin of replication that define the
function of the pAN12 replicon, the pAN12 sequence was further
examined by multiple sequence alignment with other plasmids. Although
30  Rep of pAN12 had only 35% overall amino acid identity to Rep of
Arcanobacterium plasmid pAP1, five motifs were identified in pAN12 Rep
that are conserved in the piJ101/pJV1 family of rolling circle replication
plasmids including pAP1 (llyina, T. V. et al Nucleic Acids Research,
20:3279-3285; Billington, S. J. et al, J. Bacteriol. 180, 3233-3236, 1998)
35 through ClustalW multiple sequence alignment ( Figure 4A). Some of the
other members in this family of plasmids include plJ101 from
Streptomyces lividans (Kendall, K. J. et al, J. Bacteriol. 170:4634-4651,
1988), pJV1 from Streptomyces phaeochromogenes (Servin-Gonzalez, L.
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I medi atel y added and cells were recovered on ice for at |least 5 m nutes.
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Pl asmid. 30: 13lasmi cavgnictaskbased cprhkenegardiophader @pirepliapp and carries

141: 2499- 2510, 5 $ARPAMPA émlaéN%%lsftér%a @b?@ttﬁawweégéﬁmf/aﬁwda:@ccb&at aoka, M

VTR e A LA N e ey e T
the putatizge osDAVM intd Riepdocoatiue enthitopolis Straih. AN 2 raokii salbseguent Mol .
Bi ol ogy Revi evgas ki AR $3Ratioh3romh the trBASHmbREHEIR MY tHaR ke
chloramphenicol resistant pDA71 plasmid (~9 kb) coexisted with the
6.3 kb indigenous pAN12 plasmid in AN12 strain. Additionally the order
of the plasmid introduction into the host was reversed. The
25 ch.Ioramphenicol resistant pDA71 was first introduced into the plasmid free
Rhodococcus erythropolis strain ATCC 47072. Competent celis were
prepared from a chloramphenicol resistant transformant of
ATCC 47072(pDA71) and then transformed with the tetracycline resistant
pRhBR17 shuttle plasmid constructed based on the pAN12 replicon
30 (Example 4). Transformants of both chloramphenicol and tetracycline
resistance were isolated, suggesting both pDA71 and pRhBR17 were
maintained in the ATCC 47072 host. The compatibility of pAN12 replicon
with the nocardiophage Q4 replicon could be exploited for co-expression
of different ge'nes'in a single Rhodococcus host using shuttle plasmids
35 derived from pAN12 replicon such as pRhBR17 and shuttle plasmids
derived from the nocardiophage Q4 replicon such as pDA71.
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sequence alignnent (Figure 4B). The nunbers in Figure 4B indicate the
positions of the first nucleotide on the plasmd for the origins of
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nmut agenesi s of
msertlon mapping and transformation ability. The insertion site on Table 5

refers to the base pair (bp) numbering on the shuttle plasmid pRhBR17
(SEQ ID NO:6), which uses the position 1 of pPBR328 as the position 1 of

25 the shuttle plasmid. High quality junction sequence was obtained for most
of the insertions so that the exact location of the transposon insertions
could be identified on the plasmids. In clones 17, 33 and 37, the
sequence of the transposon ends could not be identified to map the exact
insertion sites.

30
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pai r (bp) nunp8s,i38g on4thebshut t| Eorpbasm d pRABRZ7 (SE®++D NO 6),
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inserted Straph -Gene FPAs PR mat i DA umbar HPALHAIRR | hsortod abili
pRhBR17 No i NSt ion NPATRPR 14 arh 50g4 1 H'pRDQ?R,+++
3120 bp Rever s nRR2858# bpa 24droWardRey er JPANRIOR NO 24 3625 hy
PAN 12 +++ 22030 by|Re8%kbre pANdeverser 33 |PpANI2¥aPby| Forward pAN
20 4442 bp RelV@®rse pANSO50-ba- Reverse pAN12rep |-
28 6283 bp Forward pAN12 rep -
6 6743 bp Reverse pAN12 -
37 <6935 bp Forward pAN12 +++
32 6965 bp Forward pAN12 +++
15 6979 bp Forward pAN12 +
3 7285 bp Reverse pAN12 +++
4 7811 bp Reverse pAN12 +++
22, 23 8274 bp Forward pAN12 div +++
21 8355 bp Forward pAN12 div +++
18 8619 bp Reverse pAN12 div +++
10 10322 bp Reverse pBR328 +++
36 11030 bp Forward pBR328 ND
+++ the transformation frequency was comparable to that of the wild type
5 plasmid.
+ the transformation frequency decreased about 100 fold.
— the transformation frequency was zero.
ND the transformation frequency was not determined.
10 Transposon insertions at most sites of the shuttle plasmid did not
abolish the ability of the plasmids to transform Rhodococcus
ATCC 47072.  The insertions that abolished the shuttle plasmid function
were clustered at the rep region. Clones 5, 9, 11, 12, 16, and 28 all
contained transposon insertions that mapped within the rep gene of
15 pAN12. These mutant plasmids were no longer able to transform
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bp) of the Repfunefipmin RhPHpPeo¢atserti on al so disrupted the shuttle. plasmd
function since it nost EXAMPLE 7

Div On pAN12 Is Involved In Maintaining Plasmid Stability

15 The transposon insertions within the div gene of pAN12 did not
affect the ability of the shuttle plasmid to transform Rhodococcus. To
determine if the putative cell division protein encoded by div played a role
in cell division particularly plasmid partition, plasmid stability of
Rhodococcus strain AN12 or ATCC 47072 comprising a pRhBR17

20 plasmid with different insertions was examined. After propagating the
cells in NBYE + Tween80 medium with and without antibiotic selection
(tetracycline at 10ug/ml) for about 30 generations, dilutions (104, 10-5 and
10-6) of cells were plated out on LB plates. Colonies grown on the
nonselective LB plates were subsequently patched onto a set of LB and

25 LB + tetracycline plates. Two hundred colonies of each were scored for
tetracycline sensitivity. Representatives of the tetracycline sensitive cells
were also examined to confirm the loss of the plasmid by PCR and
plasmid isolation. The primers for PCR were designed based on the rep
gene sequence of pAN12. A 1.1 kb PCR fragment could be obtained with

30 Rep1 primer: 5-~ACTTGCGAACCGATATTATC-3' (SEQ ID NO:19) and
Rep2 primer: 5-TTATGACCAGCGTAAGTGCT-3 (SEQ ID NO:20) if the
pAN12-based shuttle plasmid wastresent in the cell to serve as the
template. The percentage of the plasmid maintained after 30 generations
is summarized in Table 6. The wild type pRhBR17 plasmid was very

35 stable in AN12 and slightly less stable in ATCC 47072. Clone #15
contained an insertion at the upstream region of the rep on pRhBR17
(Table 5) and showed slightly decreased stability in both AN12 and ATCC
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likely interrupted the transcription of the rep pronoter.
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Construction Of pPRHBR171 Shuttle Vector Of Smaller Size |

Transposon mutagenesis of the shuttle plasmid pRhBR17
suggested that certain regions of the shuttle plasmid may not be essential
for the plasmid function (TABLE 5). One of the regions was at the junction
of pBR328 and pAN12. It was decided to examine whether this region of
the plasmid was dispensable and if the size of the shutile plasmid'could
be trimmed. Shuttle plasmid pRhBR17 was digested with Pst | (2 sites/
2520, 3700 bp) and miu | (1 site/4105 bp), yielding three fragments of the
following sizes: 9656, 1180 and 405 bp. The digested DNA fragments
were blunted with mung bean nuclease (New England Biolabs, Beverly,
MA) following manufacturer’s instruction. The largest 9.7 kb fragment was
separated by size on an agarose gel, and purified using QIAEX Hl Gel
Extraction Kit (Qiagen Inc., Valencia, CA). This 9.7 kb DNA fragment with
deletion of region 2520-4105 bp of pRhBR17 was self-ligated to form a
circular plasmid designated pRhBR171 (Figure 3). Plasmid isolation from
the E. coli DH10B transformants and restriction enzyme characterization
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100% in the presence of the tetracycline selection in both Rhodococcus

strains. In contrast, clone #23 contained an insertion that disrupted the 5

put ati ve vweeb2/oxiresi si on protein div and showed decreased pPapmsel/48@bhi|ity.
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3700 bp) and nbYsdntlal asisuggedidel tptransg &'oﬂ'rﬁ&abl%hé@rsf n@aasrptr@w@édfahe
foll owi ng sizes: he dj 520 fragments 25 were

Icindainetd e

blunted w th nifi§ IgeshutiE ves hatNg W ﬁgﬂ%‘H@” Nigverly, M)
foll ow ng manufacturer's instruction. EXMM[PlaEgest 9. 7 kb fragnment was
separated by si z|e Ipn ala el ,

Extraction Kit (Fage ¥ ' 5 &6
del eti on oi5regi on 2520- 4105 bp of prM__t self-llgated to forma 30.

'flhreClél a£0|p: amléd??g%@&%%nt S an%r es ri c ,Lganseeﬁ yne c niﬂéér%lﬁ“gaal 821 48
WD 02/ 055709 Pcatalyzes/thedisst stem oithe symdhesis pé&tdegx)iéylul@@ecﬁ -geesplpet ern of
PRNBRL71. E. cbh §§kbfaldehyde-3-phosphate and pyruvate precursors in the
isoprenoid pathway for carotenoid synthesis. The putative dxs gene from
20  AN12 was expressed on the multicopy shuttle vector pRhBR171 and the
effect of dxs expression on carotenoid expression was evaluated.
The dxs gene with its native promoter was amplified from the
Rhodococcus AN12 strain by PCR. Two upstream primers, New dxs &’
primer: 5’-ATT TCG TTG AAC GGC TCG CC-3’ (SEQ ID NO:28) and
25 New2 dxs 5’ primer: 5-CGG CAA TCC GAC CTC TAC CA-3' (SEQID
NO:29), were designed to inciude the native promoter region of dxs with
different lengths. The downstream primer, New dxs 3’ primer: 5’-TGA
GAC GAG CCG TCA GCC TT-3 (SEQ ID NO:30)" included the underlined
stop codon of the dxs gene. PCR amplification of AN12 total DNA using
30 New dxs 5’ + New dxs 3’ yielded one product of 2519 bp in size, which
included the full length AN12 dxs coding region and about 500 bp of
immediate upstream region (nt. #500 - #3019). When using New2 dxs 5’
+ New dxs 3’ primer pair, the PCR product is 2985 bp in size, including the
complete AN12 dxs gene and about 1 kb upstream region (nt. #34 -
35 #3019). Both PCR products were cloned in the pCR2.1-TOPO cloning
vector according to manufacturer’s instruction (Invitrogen, Carlsbad, CA).
Resulting clones were screened and sequenced. The confirmed plasmids
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harboring the pRnBR171 plasmd lost the ability to grow in the presence of
anpicillin (100 pg/m), since the Pst | and Mu | digest renoved part of
the codiwgoz/exsreon for the anpicillin resistant gene on tPET/PaIIEITBGS]
plasm d. 5 The tetracycline resistance gene on pRhBRl71 served as the
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regi on gnt : #S%X%mﬁﬁﬂ(ld%ﬁnm)}%%miimmd\ﬁn@ndmib ét')sorbarhm\lpdalsfc?'théri mer g
pair, the PCR " i i I nc } 0 ete,.AN12 dxs
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cell density (OD600). Carotenoid production calculated by either method
showed about 1.6-fold increase in ATCC47072 with pDCQ22, which
contained the dxs gene with the shorter promoter region.
Carotenoid production increased even more (2.2-fold) when the dxs
25 gene was expressed with the longer promoter region. It is likely that the 1
kb upstream DNA contains the promoter and some elements for
enhancement of the expression. HPLC analysis also verified that the
same carotenoids were produced in the dxs expression strain as those of

the wild type strain.
30
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were digested with EcoR and the 2.5 kb and 3.0 kb fragments cont ai ni ng
the dxs gene and the upstreamregion fromeach plasmd were treated wth
t he Kl enovoenaism® and cloned into the unique Ssp | site oPCTH&0IET7868COl i -
Rhodococcus shuttle plasm d pRhBR171. The resulting constructs 5 pDCQ22

(cl ones #4 andTable ZinGaprienpilspepdurtiononoRaadogoceys\wéiedns. el ect r opor at ed

i nto Rhodococcus erythropolis ATCC 47072 with tetracycline 10 erg/m

sel ecti on. Heinpi gnent of OPéM® Riweibht@E c 465 ans P@r nefat(st) b% (EIDEYN2% ad)
pDCQR3 appear ed darker as conpared with those transformed witth thé 10
vect or cont rAJICC 4T87Zuant i fp9%2 he caBdt enoPd1pr odilkét i on1®f eaci0Rhotfcoccus
strain, 1 m(PRIBRI¥Bsh cultured cells were added to 200 M fresh LB nedi um
with 0.05% ™EEn-80 and 10"%y/ n t%} racy®Ptthe, H1d gtBwn at?®8oC #3 3 days

to stationark . Cells were pelleted bé/ centrifugation at 4220 g for
wei ght W& neasdfed 19P%45 elh cefd® pel 1'8f. ?’ot enoi ds

the ce pel | into m ceto overpniL,ght wth

:4. @t ed atH’ane ab§'§?banc%&%maxi2 m (4% nm . ‘Q}ESnn‘?%%s t he

di agnostic f &nce peak fpr thegsscarof gnpi d bs oat fr om,ihodagoccus

sp. ATCC 47 .Qg;%,g;absor ptiton data was used to cal cul ate the anount of
odug

carotenoid p ardi@oflrSuBibn#3s<ani drBsMh zed in each strain based

ei ther on the bellorpastRoidro8ittiorPfODUEEhm) hBimaliA8With Wt & Oleigtgar ot enoi d
producti on zal cu,at &fotdibidirbditiionTObISHAM) SdtaMRdd MIOLEI dbndity {Obsbohmrr ease in
ATCCA7072 wi t hd pROR2otentiti mHtuciANDBAGEAGh) bVeeagdd Sorg etethowhdliBatiohewished tar
pronot er regi opastéCadighit anddet] dpistigluct i on i ncreased even nore (2.2-fold) when
the dxs 25 gene was expressed with the |onger pronoter region. It is
likely that the 1 kb upstream DNA contains the pronoter and sonme el enents
for enhancenent of the expression. HPLC analysis also verified that the
sane carotenoids were produced in the dxs expression strain as those of
the wild type strain. 30 50 WO 02/ 055709 PCT/USO1/ 47868 Table 2.

Car ot enoi ds producti on by Rhodococcus strains. Strain OD600 wei ght (Q)
o465 %a % (wt) b % (0D600) % (avg) ¢ d ATCC 47072 1.992 2.82 0.41 100 100
100 100 (pRhBR171) ATCC 1.93 2.9 0.642 157 161 152 156 '

shaki ng and
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(pDCQR2) #4 ATCC 1.922 2.76 0.664 162 159 156 157 (pDCQR2)#7 ATCC 1.99 2.58
0.958 234 214 233 224 (pDCQ3)#10 ATCC 1.994 2.56 0.979 239 217 239 228
(pDCQR3) M0 ox03@f car ot enoi d producti on based on OD465nnPCDUYH16(7868
carotenoi d production (OD465nm nornalized with wet cell paste weight. 5 ¢
% of carotenoid production (OD465nm) n;&%ed with cell density
(OD600nM . d % of carotenoid productio 5nm) averaged fromthe

nor mal i zat i ons Whattis wigimediis: paste weight and cell density. 51 V\D
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nucl ei ¢ acid nol ecul e_enc g |1 catLon proteln from t he
group consi sti Aglegted &o jq' PBGPH igHN&QEI ei ¢ aci d encodl ng the amino acid

ﬁeguegce as Sﬁt forthéa)mrﬁﬁadtéa NG:I2ic 4did eaaogmglt?é%dmu@gmt §ecﬁrerfd;8t Qit
L o oo Sak ana e g folifin ST RNGE I e o owed by 1070, 1X
SSC, 0.1 % SDS; or an {lpairaisethtediobeleir aaid dhathgbridzesawiiili @yemdantheo (a),
or (b). 2. The isolated @H&hﬁb%ﬁ?lﬁ%a%ngoﬁhg?onuc 1§@§S&°Qt1h/f>'s}("9§EQ'D

NO 1. 3. A pol ypeptide encoded acrt aim1l 15
4. The pol ypeptide of O HC3ang weshed withneX $EQ. 1% NBSAollgwediyi sol at ed

nucl ei c acigl nol ecul e conprXB$QO, 8. 104 BHS: Q#C| eotide sequence encoding a

pol ypeptide of at |east 379 am no acids { has at least 70%identity -
D O 1 e b alae M Post PGSR teR i nadr 05

pol ypepti de havi ng RheThedswiated mrlsietacidosft Glaim 1Sk s@FoHP INGER IDr a second
nucl eot i de seqwggqe conprising the conplenent of the first nucleotide-
sequence. ithod of obtaining a nucleic acid nolecule encoding an

replication protei n3coﬁmol‘ﬂbemwe(%{)chedthyri@eas@etmlmﬂlmldelclacai9f@vlanm t.he
nucl ei ¢ acigl mol ecuhe Fhe polypeptide of Claim 3 as set forth in SEQ ID NO:2.

5. Anisolated nucleic acid molecule comprising a first nucleotide
sequence encoding a polypeptide of at least 379 amino acids that has at
least 70% identity based on the Smith-Waterman method of alignment
when compared to a polypeptide having the sequence as set forth in SEQ

20 ID NO:2, or a second nucleotide sequence comprising the complement of
the first nucleotide sequence.

6. A method of obtaining a nucleic acid molecule encoding an
replication protein comprising:

(a) probing a genomic library with the hucleic acid molecule of
25 any one of Claims 1 or 5;
(b) identifying a DNA clone that hybridizes with the nucleic acid
molecule of any one of Claims 1 or 5; and
(c) sequencing the genomic fragment that comprises the clone
identified in step (b),
30  wherein the sequenced geﬁomic fragment encodes a replication protein.

7. A method of obtaining a nucleic acid molecule encoding a

replication protein comprising: |
(a) synthesizing an at least one oligonucleotide primer
corresponding to a portion of the sequence as set forth in
35 SEQ ID NO:2; and
(b) amplifying an insert present in a cloning vector using the
oligonucleotide primer of step (a);
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25 any one of Clains 1 or 5; (b) identifying a DNA clone that hybridizes
with the nucleic acid nolecule of any one of Cains 1 or 5; and (c)
sequenci mgovhessg@nom ¢ fragnent that conprises the cl one PCO®RI/47B&d i n
step (b), 30 wher ei n the sequenced genonic fragnment encodes a replication

protein. 3 é]t ai ni nucl ei ¢ CI d | ecul e QQCOdI ng a

replicati on pr H‘t r‘ﬁ'n BrAMRIfigy: 'W%} ?ﬁ-:%f’? ReRMING,3¢Id §rguence

](c)| [ ?ﬁn_ucl egt5| cslggp?%mrgra re;phcamfpmmg to a port i on of th?esgﬂtje{]ﬁeaail gﬁt g
or in pres

vector using the NOg cﬂqgg‘t‘ tgz)eft ﬁé{%??gfég ??HSZ WO 02/ 055709

PCT/ US01/ 47868 Wne|9e| Antla@lamﬁomucﬂele@qrd\metcmend@@ng agdasimnishstabilign ami no

aci d sequenge penepidlgcRd edb ,%t,sq .of8. The product of the nethod
of Clainms 6 or p7 9. AI’ICI so‘gzm1 Eucg‘lb@c acll nol ecul e encoding a plasmd

stability 5 protein s&)e¥tisg ﬁ*@%ﬁ“?'ﬁé’ id ghcedingitae |3H6“%ﬁc‘d(%9qtﬁr$cﬁsol at ed
nucl ei ¢ acid encodi ng t heasagétifortatn SEXBIDINGE; as set forth in SEQ | D NG 4;

(b) an isolated nucleig.acid bridi.zes with . (a) upd ol | owi ng
hybri di zat i on condi ti ofd rb'SPE?"%%&“X‘ﬁ'%x%@%ﬁmy%’é‘d%@26"‘élﬁh(e HSH" REth 2x
SﬁC, 0.1 % S::)S fol | owed lfyllthng)hy&@djzaﬁom%oﬁﬂﬁpner 04X $S0l ﬁt1_éﬁ| Sﬁf_éljei ? acid
that is cogplenmentary to §e ido
Claim?9 asmé)et forth in SéE@A %ﬁd &@Sged%@ %%%,§écq j/lé)egp%h%%%ggd by the

i sol ated nucleic acid of $t$@z 1% SBFieorpol ypeptlde of Claim1l as set
forth in SEQ ID NO 4. &g lsdtéteti&ﬂlo?él@@cwmlaﬂscc@ﬁplén@hlt@@lib a ising a

first nucleotide d| n t anm no
acids that has at ﬁe Beﬁg,/a ﬁaggs%f(?&%ﬁnt &S %%af é met hod of
ali gnnment 20 \/\N@t3corrpar ed to a poI ypeptlde having the sequence as set
forth in S 4 A, %ggj
conpl errenth(’)?f thgq)tjl rétﬁor@)‘%g {‘%\e sequ nﬂggﬁsoﬁg EIE o?%%?gl ning a
nuc' e| C aC| d ITD' ecdpe gh@mmp&de Of Clalm 11 as Set forth n SEQ ID N

13. An isolated nucleic acid molecule comprising a first nucleotnde

sequence encoding a polypeptide of at least 296 amino acids that has at
least 70% identity based on the Smith-Waterman method of alignment
20 when compared to a polypeptide having the sequence as set forth in SEQ
ID NO:4, or a second nucleotide sequence comprising the complement of
the first nucleotide sequence.
14. A method of obtaining a nucleic acid molecule encoding a
plasmid stability protein comprising: '
25 (a) probing a genomic library with the nucleic acid molecule of
any one of Claims 9 or 13;
(b) identifying a DNA clone that hybridizes with the nucleic acid
molecule of any one of Claims 9 or 13; and
(c) sequencing the genomic fragment that comprises the clone
30 identified in step (b),
wherein the sequenced genomic fragment encodes a plasmid stability
protein .
15. A method of obtaining a nucleic acid molecule encoding a
plasmid stability protein compnsmg
35 (a) synthesizing an at least one oligonucleotide primer
corresponding to a portion of the sequence as set forth in
SEQ ID NO:3;and

53



plasm d stability protein conprising: 25 (a) probing a genomc library with
the nucleic acid nolecule of any one of Clains 9 or 13; (b) identifying a
DNA cl onavo hzosshegbri di zes with the nucleic acid nol ecul epof/Uasy47868e of

Claims 9 or 13; and (c) sequencing the genom c fragnent that conprises the

clone 30 identified i(_b? ahfmiflif) an\WMiirepresbheinse alonteeiedengmg the agnent
encodes a plasm d st abi

I t. protejn . 15, thod of obtaining a nucleic
aci d nol ecul e encodi ng aos'é‘?'&%%'iqgﬁpﬂ 9@,5'%%?& n conprising: 35 (a)
synt hesi zi ng awhetein #msamplifiedinsgrdrencodes iadsorfion wéan antino esjibsetiuenceo a
portion of the SEH d; ‘ E‘e’igaéiﬁ{ trﬂ teé*h SEQ I D NO 3; and 53 WD 02/ 055709
PCT/ US01/ 47868° c%gf}\? ﬁgﬁ@pl n ViRl Q& present in a cloning vector using
t he ol i gonudcl eot i dé8.prTheeprasiuct obine(rapthodhefr&aims hé cartpl i fi ed i nsert ‘
encodes a portion ' el . j | asmi d stability
protein. 5 16. Theﬁ'rgtggéaigng? C?ﬁﬁﬁet*o%%‘%ﬁ%ﬁ%géﬁlag?gia 17. A plasmd
conprising the nucigi A glasinidcompsisingLthergicleic geigksef Gladp fprnidihey t he
nucl ei c acid ofyddigigdidloPO/imhe. nucleic acid of Gaim13. 19. A plasmd

hrend hecor g 18 A BARY Teb e CHERISsoo e ol P b

nucl ei ¢ acligd elicH@:Hg a sel ectable marker. 21. A plasm d according to Caim
19 wherein the selggct abl rker i.s se ' r ne i ve and
ar am posi 11 ve. bact2yi &t PEs D9 seporilu i GRICE: G 18 Bieh STIRERt 15

furt her conprileasigornnudeicaaid ehicodipiscsalédablehaarkes. f unctional in a gram
positive bacteriu 2 : ] ' [; [ ram
positive bacteri [l@ﬁ:lll ?gﬁﬁ%“ﬁg?r&ggﬁﬁfeg g!:%n%%%@éﬂ’?%%@?@ﬁé; ‘genlgl y.

24. A pl asni d iscetadiahkig in §oth aram pegakive anc gratd pesiiveasieriae 20 bacteri um

is selected fromthe of puRnsARRCEIIMItPEIaIMNCTT BONT Gather OFAIRAR] 8RS,
Ar canobacterium .Cor neba terl cobacterium

m . Diet ., Gord .
Nocar di . Rhodfoait G ePiRatiRa RAtes funcTBRaUN s GtSr Pagtive bacramn.

23. A plasmid according to Claim 22 wherein the gram positive
bacterium is a member of the Actinomycetales bacterial family.
24. A plasmid according to Claim 23 wherein the gram positive
20 bacterium is selected from the group consisting of, Actinomyces,
Actinoplanes, Arcanobacterium, Corynebacterium, Dietzia, Gordonia,
Mycobacterium, Nocardia, Rhodococcus, Tsukamurella, Brevibacterium,
Arthrobacter, Propionibacterium, Streptomyces, Micrococcus, and
Micromonospora.
25 25. The plasmid according to Claim 17 or 18 further comprising at
least one promoter suitable for the expression of a gene in Rhodococcus.
26. A plasmid having the nucleotide sequence as set forth in SEQ
ID NO:6.
27. A plasmid having the nucleotide sequence as set forth in SEQ
30 1D NO:7. )
28. A method for the expression of a nucleic acid in an
Actinomycetales bacteria comprisihg:
a) providing a plasmid comprising:
(i) the nucleic acid of Claim 1 and the nucleic acid of
35 Claim 13; |
(ii) at least one nucleic acid encoding a selectable marker,
and
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Art hrobacter, Propionibacterium Streptomyces, M crococcus, and

M crononospora. 25 25. The plasm d according to Claim'17 or 18 further
conpri si Mo ar/0ssh@ast one pronoter suitable for the expresBCDUS@i47868gene i n
Rhodococcus. 26. A plasm d having the nucl eoti de sequence as set forth in

SEQ ID NO 6. 27. A plasj.d having the nucl eotide s nce as .set forth in
SEQ 30 IDNO 7. 28. A 40 176 4P 386 PRg IO fé&f%f%ﬂycyﬂﬁgg‘fmélf&c igarl in an

Actinonycetal es bact eri gragment tdibeex@essgdvi di ng a plasm d conprising: (i)
the nucleic acid of Caiml_and the pucleic acid. of, 35 ClaimJad3: .(ii) at

| east one nucl ei c aci &a}éﬁ%ﬁ?fﬁana aé‘eﬁ@&"é@ﬁ?%@? P@P’fe”aa 'gl‘ %YP %3629(‘ 6’%5709
PCT/US01/ 47868 (iii) at(a)emrxt one pronoter operably linked to a nucleic
acid fragnent to be ; r AW ' ot cteria
Wth the praomid of - (ACHERAS indhaht el RipRnEeRiLs BACKAR'S! @) roF
Actinomycet al es bact eri & smgtvpf tive angd yrdegjtaengditionswhergly dheisrcleindi ti ons

wher eby the nucleic acighid f,@gﬁ@?ﬁ id Exprepsagsed. 29. A nethod according to
Claim 28 wherein t plasm d further  c rises an . origin of replication
that is functional Egn %m%%@mwgl@ §%p&& Wh?r%?hwlrﬁ]'émaJ ording to
C ai m 29 wher ecgmphisessgh esiymbdferephicdtn thaeieduhstioredl #rgesn bositivehe group
consi sti ng, of &rﬁl cillin resistance gene, tetracycline resistance gene,

co

chl or anph Bt ance gene, kananycin resistance gene, and
t hi ostrept on resi s8@nck methed atBoling # GhilndtY wheminligyselectabie mazBemher ei n

e nuct el © 2Uthe [ AABAL ffch B GRRASTRIMS SARALAL ERBdeagiEuP
consi sting of genes ~encodi ng, enzynes | nvol Ved ' e production of
i soprenoi d nol iedacedine nesisjayae esxyaldiigramphepice! (geieipnes genaskanansyeist enoi d
bi osynthesi s  RRE{AR® g@ﬂ\é,réﬁoethﬁbé‘@fe%ftﬁ%%istéﬁwbéﬁé form ng enzyne,
pyruvate 20 decar DOXY! R brethad Sacording 10 Cland FE W Rerdins iR Ricietle Bag=es and
chol est er o> oxi dase! methoad according
' fragment to be expressed is selected from the group consisting of genes
encoding; enzymes involved in the production of isoprenoid molecules,
polyhydroxyalkanoic acid (PHA) synthases, carotenoid biosynthesis
enzymes, nitrile hydratases, ethylene forming enzyme, pyruvate
20  decarboxylase, alcohol dehydrogenase, terpene synthases, and
cholesterol oxidase. ,
32. A method according to Claim 28 wherein the Actinomycetales
bacteria is selected from the group consisting of Actinomyces,
Actinoplanes, Arcanobacterium, Corynebacterium, Dietzia, Gordonia,
25  Mycobacterium, Nocardia, Rhodococcus, Tsukamurella, Brevibacterium,
Arthrobacter, Propionibacterium, Strepfomyces, Micrococcus, and
Micromonospora.
33. A method according to Claim 32 wherein the Actinomycetales
bacteria is is selected from the group consisting of: Rhodococcus equi,
30 Rhodococcus erythropolis, Rhodococcus opacus, Rhodococcus
rhodochrous, Rhodococcus globerulus, Rhodococcus
koreensis, Rhodococcus fascians, and Rhodococcus ruber.
34. A transformed bacteria comprising the plasmid of Claim 17 or
18. - '
35 35. A transformed bacteria according to Claim 34 wherein the

bacteria is a member of the Actinomycetales bacterial family.
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32. A nethod according to Caim 28 wherein the Actinonycetales bacteriais
sel ected fromthe group consisting of Actinonyces, Actinoplanes,

Ar canobaoven2/0as709Cor ynebact eri um Dietzia, Gordonia, 25 MCDDacH4868um
Nocardi a, Rhodococcus, Tsukanurella, Brevibacterium Arthrobacter,

Pr opi oni bacterium _Strept o ces [0 £ 33. A
nmet hod accordi ng t%éS ,§Q %?‘ﬁeﬁﬁécigﬁl%%lg%gm%%ﬁ riais is
sel eﬁt ed }‘rom bactera dsipelectesi Fomrthe groupRbomsistongcols Astinomycgs Rhodococcus
erythropolis S gg;éb% J}Qgﬁ) occus

gl ober ul us, Rhﬁg@'g@z%ﬁéy ﬁ@fggéﬁé?tgﬁb'&h@g ccus s’gt?%ﬁésié gn ddococcus
ruber. 34. A tMynebactestn,dncerdia, Bbﬂﬁfiﬂﬁ-‘@ﬂcﬁg, Tstdeapnaeita.dBevitgcieniny or

18. 35 35. A thAAA n@i&%{c@d/ﬂ?gﬁ BBt mf SHelok9cd, Mrcboths! #hd t he
bacteria is a nenber o ctlnorrycet s bactérial famly. 55 WD

02/ 055709 PCT/ YSoemenosaorae. A transfornmed bacteria according to C ai m 35
wherein the bactergp iA thfisfsiest Bé&mléfmo@rmngt@MnsBBrsglmed fiohi nonyces,

Act i nopl anes, Arcanobact eri . um bacteriu
Mycobact er i um e ﬁ QHRiconsitig ffo 00?@%&8% %c}ogpg%%ég?@r@pgm 5
'If\/lr t hr obact er, Rhedptestusespaisy Rho8bcegpusmpodschrivusr Bbodeamicuand

Ccrononos 36 sel ected
from the ]8)? ouS’@SHé’ﬁ@t ﬁgaé‘r%&ﬁg "?g%%"%;éu?”e"?q’?‘\’BE%%s%%@gug@r yt hropol i s,
Rhodococcus opEbodocMm@dwbews rhodochr ous, Rhodococcus 10 gl oberul us,
Rhodococcus kor eeng ‘P&r?rgéd-'l o Eaétéﬁé'o?@%lmaﬁlﬂcoﬂbﬁgf?@%‘éééoﬁdmer 38. A

2 G erent Pﬁééﬁ%ﬁé. ‘éiqng@g i BGHTeTSB! MRORBEROBDIEPUPhE. cxpr essi on of &
Pluflstel CI gglmddl n 3”3915A4ﬁétﬁb@%ﬁﬁi@éﬁﬁle§§§h@fa?lﬁﬁlﬁ%ebki ingin a) providing a
one nuol e & acﬁﬂ%@%ﬁ?%éesaé%‘)é?@%Pam%g'sﬁg(r:kg(r:l and 20 Enl |1| )(1'3.![ : I Z;S![ egﬁ;
pronot er operably | i nkayptavidingadirsi plasmidicorhpagingnt to be expr essed
(i) the nucleic acid of Claim 1;
(i) at least one nucleic acid encoding a selectable marker;
and
20 (iii) at least one promoter operably linked to a nucleic acid
fragment to be expressed,;
b) providing at least one other plasmid in the different
incompatibility group as the first plasmid, wherein the at least
one other plasmid comprises:
25 (i) at least one nucleic acid encoding a selectable marker;
and
(iii) at least one promoter operably linked to a nucleic acid
fragment to be expressed,; «
c) transforming an Actinomycetales bacteria with the plasmids
30 of (a) and (b); and '
d) culturing the transformed Actinomycetales bacteria of (c) for
a length of time and under conditions whereby the nucleic
acid fragment is expressed.
40. A method according to Claim 39 wherein the Actinomycetales
35 Dbacteria is selected from the éroup consisting of Actinomyces,
Actinoplanes, Arcanobacterium, Coryhebacterium, Dietzia, Gordonia,
Mycobacterium, Nocardia, Rhodococcus, Tsukamurella, Brevibacterium,
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b) providing at |east one other plasmd in the different inconpatibility

group as the first plasm d, wherein the at | east one other plasmd

conpri sewoOa%50{5749) at | east one nucleic acid encodi ng a seCrRUS@bI7868Mar ker ;

and (iii) at |least one pronoter operably linked to a nucleic acid fragnent

to b ; 1L - ACT & : ' gth th
ol asi ds. 30 o sl Bsb B SOMRTRRS PidOG Gl )
Act i nonycet al edipmorenrasposs. (c¢) for a length of tinme and under conditions

whereby the nucl ei g1 2@ defHRAOABRIdihg t6§TMIRSIS Whefbin the M1 0AE A&t Ng tO
Claim 39 wherein the ,Acbl no QetaA e %(5) bacteri a Jgé s&i@f%ed fromthe
group consi sti REsHNdiEp Nn'%‘é‘%%’t TChofpsigrationd TG Gy rium
Corynebacterium Dietzia, Gordonia, Mycobacterium Nocardia, Rhodococcus,
Tsukamurel | a, Brevi bacterium 56 WO 02/ 055709 PCT/US01/ 47868 Arthrobacter,
Propi oni bacterium Streptonyces, M crococcus, and M crononospora. 41. A

met hod according to Caim39 wherein the at | east one.other plasmd is
pDA7 havi ng the ATCC designation ATCC 47072. 57
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