;|}~e3eV, 6TVIT# r WD 02/055709 5 10 15 20 25 30 35 ~2; PCT/US01/47868 . )
TI TLE RNODOCOCCUS CLONI NG AND EXPRESSI ON VECTORS Thi s application clains (e
t he benafbt2/0f574d. S. Provi si onal Application 60/254, 868 fiPC&dDEeBber 12 b
2000. FIELD OF THE I NVENTI ON The invention relates to the field of ’

m crobi ol ogy. Mre specifically, vect orIfLT_bEe provi ded for the cloning and
O THE | NI O O P B R B o b oo Bnodococeu:

_ [ Itr, , el.ongi o the genu d
some of which wer eTfﬂdﬁﬂmllc@tleﬂéﬁmﬁitéﬁ%ﬁ‘ekﬁﬁgﬁj%ﬁrowﬁ@%@gpgﬁgﬁ]ﬁ% (c);gfgglrjn;
or Jenseni a spp/a508688EDESSHbOf 12,000 hodochr ous” conpl ex, are widely

distributed in the environnent Fo-f r&ehodococcus exhi bi t
- - - - . - a
wi de range5 of netabolic activiti NEI, i HFEhIﬁI 0 ic and am no acid

production, bi osur fTaetianéntorodlates ém theafieldif eaistpielasy oMaiagpecifically,

bi ot ransf or mat | f . I ' iOhi

(see vogt S nyepufarEpllid 1 hE glonfia BRg Ao e o uan and
Dabbs, 1993, Mhasisicoccr9spauies ondVike IgTSARd Fewson, 1994; Crit. Rev.

Bi ot echnol ., 14:29-73). UnfgpapkaReUND EWTRHEPMNYENAI@Ngenetic tool s exi st

Co v g . . MO )
| ke or ganlons ( sedSimertiyS Basta Gainnoinadt thepbhis AbJSERRE ol
SRﬁﬁtePlt Iey{/eite\é?fwhi&n@%waﬂgwlypc_ttasﬁi@u;aambbcamdomycou@cteﬂsmhé?rqrd@m@, col i
S ave een j )
vg”ﬁ?f"ﬁeﬁ%@nt c?rSO%sr hffberd 'E)g?rg% gbaﬁ%fq%flgggnorgg%&%?e GRiEIpe

divided into f4 rivation gr derived from
Rhodococcus f afistributed(inbes eneiroemest. . Metysgs of thepgepies FH0Iocaga1#2401- 2405;

and Desomer ete,{ﬁ';qmr %ﬁg‘%g%@%bf mBtaHdiie kctiMies dhbRiding &%iR8ISaR8 hRlinob)

Bea58555. 86 enioeros, aosinessiLlGUhEI AU o585 0o 347 7
%g?eiﬂﬁongibsoei‘o#&x?sgprrﬁ%ﬁ?ggﬁa |2 e Ariedy omgbﬂioeﬂnd_a}(emoﬂi@ﬁiﬁcompolmds ’
143: 3137- 314731(,553‘6)(’99‘5'?&%53%%”\9‘%/@9%1%%? skl YRR Quan
gg?gﬁ?; 5U$7gat7;ﬁf1§ D§b$,61m@85PIéﬂnﬂ{999+ 24&7{9”/}/3{11_9@7333}5&@4,30@#% Hilsa: Us
M cr obi ol . : 138°% %?C%%%g‘ 1%%géfﬁg?ﬁﬁﬁﬂun%%'fm@%%g%qgﬁe ?ﬁgg-&%ﬂf’a%c et
al .) 1997,20P asristdp ig&wigagopnd @xpisitibasesnalabpirerCivitiss GRERES equi
(US Patent 4, 9004 fiadordnidtfs BecFinnek§ 10T A, dRevl Microbidd, 02/ 05709
46:193-218). |
Recently, several Rhodococcus 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.
Bacteriof., 170:2401-2405; and Desomer et al., 1990, Appl. Environ.
Microbiol., 56:2818-2815); b) plasmids derived from Rhodococcus
erythropolis (JP 10248578; EP 757101; P 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,
1
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PCT/ US01/ 78G8 38: 180-187) and e) plasm ds derived froma Rhodococcus sp.
(WD 891 07151; US Patent 4,952,500; Vogt Singer et al., 1988, J. Bacferiol.,
170: 638-wo52/08a0 et al ., 1995, Lett. Appl. Mcrobiol., ZCTAGPIAEFES Dur an,
1998, J. Basic Mcrobiol., 38:101-106; Denis-Larose 5 et al., 1998, Appl.
Environ. M cr ob8:dB0;18%) :a4@ied-plasmjds darrivied fol‘G@eRbﬁd@ﬂo@U&ﬁpes descri be

several plasm d5candoshi LS MAGHEE SeodTR; Vel hRriben og, gomer ci al | y

avai |l abl e tool e geneti ¢ tio Rhodococcus and
|i ke or gani smeBeeiediohs1TO:RBB&HS5; §haodit alind9 85*4—‘?%&&?9’ E’“qrﬁb’(ﬂ’ével oping a
23;52322562%35?23%@? irah 10, Bm{ R ot ow 1 o
plasmid replicat#ontd Ampz Fydron. 54 43%?' ﬁ?@equences is needed to
desi gn a useful expmﬁﬁ@mes@npnshuumm @mme sembrmml@mndgmnobmutﬂa

(Se6 Tor " exanph etpin88 (dpfeni @ttt of paRrigERIY %Eﬁ'gwﬁﬁ‘é‘?'??%ét R
64: 4' 363- 4367) theBgémetmgmamplmnoaxl of, RBod@acres Rot. ik 2 gUoRIsMS rgmn%zsa
(1998); Dasen, r?@&?ﬂw%fsdlfﬂ%ﬂﬁileyt?ﬂ%%lo ﬁﬂr?aé ?u@blé%&%f‘@@oﬁ heyonr e

rare. Slmlarl er concern I n huttl e eﬁe?smn and
shuttl e vetd orﬁ)rllﬁhm%&dﬁj@eﬂ@'ﬁ%@%ﬁmeéf’ gpqqqrspes-ﬁ{gzog{ AREFSf any
20 plasmd is gf F%ﬂlo%ﬁél‘) ?%%lr}%r{%miﬁibﬁlaﬂlbﬂqopb@%m@ rérbl&:bihbhﬁrytmﬁ hast.

u

parti cul ar host a res e antibijo ectio ei t her
an econoni cal H@PW?% gf «TquCZ‘b%qCH-@QCﬁSt‘%Be? %Cﬁjtq ??%{gn?cléﬁeg%?)fédgﬁ'f)ﬁnm
Little is knowshatteulecssmestiwugbrepitation sefuehnees tre knowni facotes shottle

t | d st it ti i | The bl t
be sotved, t never@retiat et Do Rk RStk REeRaNPRDAR RSB R | BT 1€
vectors fot5 uset ah, t@98:tAmmE! EyvicnyiMiestielg %ﬁ%ﬁfcé@@ﬁ)s Billingtonk et ak.ghni sns.

Such a vector a r a nmust be
able to be sta\gag?%)g) 'FB ﬁ‘eé(} X%?ﬁggﬁﬁ?gé 3? E%ﬁit(% g{;r@ss%g;gasgﬁeed t he
stated probl em\gndesokehal, §3:CH2F4SAARN AEIE%g a novel cryptic plasmid, pAN
12) from Rhodococcu%“ﬁlw,qyré}% @k@mm%%@@d@mﬂ@@br&.@ aoy el

Escherichia coli- ococcus shuttle vecg (131 Eq:g p ﬁl ¢ f) ants

i nvention provishetie vasspredRtRhasiaceceds ig8asMd gAY ¢ dIN6yS @ﬁﬁ f'hg

RhOf'OCOCCUSo SF%%s?ﬁld:’@ often. v)anéb?rhéq&mmtemgpbsmﬁhetabﬁﬁy amt peﬂfmu?altsh

contain a replication uence at..l.s,.r no e

pl asmi d and may 06%3 SUIfE%Ffzﬁ @n%t?‘o%ggléﬁﬁ@?h‘&ﬁlcg |ﬁ%lérﬁ;a)pl i cation

Zggutencesl }‘or Rlcashica ntor@fsdﬁé/pmmgn Iﬂ@'lrldﬁﬁ@malr‘SSGB m@ﬂlm’tt@nm:éblﬁtle IS t
itionally, e in 9%% ogy to a

cell division "%PQ/VE gc?ﬁegsorprpi&& red% 'fhr%t@ﬁ%‘?rﬁ:‘?st a Y’T ?thh)ll A[ngl i cants’

shuttle vectorsalmsdmiabmmmwﬂmly aié@lm@meée%@@ause they are able to coexi st

wi th other shuttle vga he SRy, Bhadesnads us phnade aabitiondl ddevef or e,
Appl i cantsz§vect ors yﬁ@ééorﬁlgée used i n combi nati n Wt h ot her conpati bl e

pl asmids for colaspidid shulfla veolara ipreistoidORNGUICANSERIMRITO: THE | NVENTI ON
The present i n%d%c@&@éhﬂ%&e@@@ﬂusmclwm aaedis)r&mldneemt@havearrpn si ng

th | ds f d
Rhodococeus. sp.IOPHSWERLREI Lo R Gh BUBHR PRbIS R B R rELRangd B0aFe "

plasm d isol at étbstrom a proprietary strain AN12 of Rhodococcus eryfhropolis

and a novel shuttl e b’q?,w B &Hhdoe
replicat ed Pn both éﬁ@ﬁg@f‘&ﬁ%@%ﬁﬂ%& 'i@a“h PEB tﬂ’ ‘%Rﬁétmgcoccus genus.
These novel veattmractesringe needl ayptig F@Jﬁ@“%d’pd\b%tff% o@‘ﬁ‘é’? neer a host

bacterial cel | &ufEpbRSSdin PO YPERY icBRS@fictRIcos RovelEsdrhizstoli-1 n
addition, Applic

nts have 1 dentified and ispl.at d sever, 1
regi ons on the fﬁﬁ@@?ﬁ%Wﬁ&h“H@v‘@%ﬂ@'%@ PN 13 (APRIGAN gﬁ é{%‘fﬂ”&'oﬁé{%ﬁﬁgg i on
and stability. jkffant ﬁol@forttha%ﬂﬂ g@e&camé@gmeanm@l%mdodoa@aasmﬂm@ﬁje

repllcatlon pr ot ei |n t 0 sequence
encodes a prot &R )@é\ﬁlﬁ% %fgé‘ﬁl ﬂﬁe H?C))S\rfr% to\%c?fﬁ]cgm(t:%{?% r}%\(ﬁggﬁ%@n protein
and has been des@wmedhabuspbqylred farlrepilcratm| crftthe masgniglanshingy Seabsed t v .
Bot h the repllc t| h¢l@ sequences
may be used in ; @E @68%%88?@ﬂ?ﬁﬂmaﬁé§g¥%F%%2?%§ﬁ@%@f%ﬁgkg%ﬁ particularly
in shuttle vectors for the expression of honol ogous and 25 het erol ogous
genes in Rhodococcus sp. and |ike organisnk. Thus, the present invention
relates to an isolated nucleic acid nol ecule encoding a replication protein
selected fromthe group consisting of: (a) an isolated nucleic acid
encodi ng the am no acid sequence as set forth in SEQ ID NO: 2; (b) an

i sol ated nucleic acid that



30 hybridizes with (a) under the follow ng hybridization conditions: 0.1 X
SSC, 0.1 % SDS, 65C and washed with 2X SSC, 0.1 % SDS fol | owed by 0.1X SSC,
0. 1% SDSyomr/08%104 sol at ed nucleic acid that is conpl enent RGI/EWIEE8 or (b).
Simlarly the present invention provides an isolated nucleic acid 35

nol eg:ult e enc?qje?g%éﬁcw, aﬁ@?ig?ﬁ%@pm% ingtant plasmids ebatdied dequancadapingup .

consisting of: (a), an i so .“nucl ei ¢_aci.

sequence gs stomelegh o 7 1y|§qqoprg,&en‘(\8\5 "gh%:}égﬂ!é?ggé l{mggﬂdg&ggﬁwt hat 3

VD 02/ 055709 PGFHISANY 4RARR Voduisdrequrinulary( dsiieboonase Biaycareraple |
ridization conditions: , . 9 '

y wvﬁﬁj tﬁeégétﬁggfc%régﬁh%%méﬁ O%é@ﬁg‘f%ém :

0.1 % SDS f ol |'9EX Mo or an i1solated nucleic acid

. that is compl efimretorg, Applieantsrvectrs maalshdd wiashin ermbigaiion Ytz ptper
Cranstor med hocrabaie BHES ol BRpRASRRIN AMIRgRM ReRE NS or

transformed ho$ ning t r_the isolation of
honol ogs of the present genesS IQMe enbodi nent t he

 nvention provi des i, ggtiht flveHlonfpralibafodemisdisic ackiy sharéctond e
atio

encodi ng an replicat protein or stability protein conprising: .(a)
probi ng a genoeemsplisipgdhgsantieles ?ﬁj@’f g}féh%ef/%"‘rﬂﬁ@‘éﬁﬁef 'Cfrh%ﬂgf%‘égnt
i nvent i on: Kl; b) %%,%ted;m RMb@@cc{%:cPB\'épC'tlﬁfmrﬁdm%r, thabpiedienemvention phevides kei ¢
acid nol ecul e e present inpvention: an . n om ¢
fragnment that @%Vﬁirﬂl%%g'dt‘ﬁ aﬁqd;%%mi%Bfﬂqrﬁtﬂﬁél’?ﬁﬂ‘éﬁeﬁ’?@?@%ﬁ glgn t he
sequenced geno@i}&lﬁ}fbb@ﬁ@ﬁﬁg enewdshutlenetorgaeparedpirondnis piasmicthasicent y
protein.. In another odi nen N\ i i
obt ai ning a nug?é? ’%fgﬁ'%ﬁﬁg‘c%ﬁgé’%’ﬁé%ﬂéé@q?‘%ﬁﬁ/éég{%?gﬂe gﬁgtﬁgg%&f)%s a
stability protgemusofpessnoge! (eajorsyoanisssethtp elene eagtgasatically gonucl eot i de
20 primer rr ond| j 0, Eﬂ,lﬂﬁj‘gb@i ' sent
i nvgn!ti on; %ndgﬁgﬁggh%ﬁo%&)%@g%} J!:%Q’%or%x%'?issg {pl n gggﬁgrﬁrﬁ@lrsgfét or using
the ol i gonucl etérgst.pi addition, Aprijsapts havmidesttied gad Rlpted %Yef%lsert
encodes a port hﬂ{au%fc&f%%‘@qwnééh@hé@%ﬁﬂ@@h@tﬂ% deheral @fility fatdlasmiat ot ei n
or a stability protein. 251n a pref r{eﬂ enbodi rren& .t he. nvenﬂ.l provi des
pl asni ds conpr reftlisgtiemangaialiiync ﬁ’é phbEsE dsac eé?)?f:@a“?rfc@ﬁl 'ﬁg
STabi ! idty pr ot ghme&f@gn@mdrpwtém, &), adthirbihe wavek plasmier dihersesdridost s folr

asm d replication for gene expr.ess [ t ria
Fam 1y and?@pesbieatd §n cwﬂesFaaﬁ%emﬁ@n@aﬁn&@aﬁﬁ%ﬁ%{ﬁﬁ%‘fgP,’ZSﬁé@d
enbgd! ment tA h]gapircﬁtmnarh@ruasroeehctmeminedh@plqyca ralaén exgintadyng plasmig nygl eic
acid in an Acfiponmyce er a ; i RAsm

! pﬁﬁmﬁyhﬁfﬁh&@'gé{@ Eﬁ@h SHd'Ge ShbiRfyOMotiABuididS

conprising: (i )S . 1€ present 1 nventi on,encoop nsg the rep
and stability pequeness mayibe uted boavadely af GlANIIG 2R IEXPERRSAIT UeC]”

sel ectabl e mar ‘é%;%a?}?&tnéh%iﬂ SRtk S@8toro e the @Xptassi@bobpemakigpukiarked to a
n (6]

bact or  a wPth (RETBICEOSAIES By TaRraogs s i iE 15 OREEMESt ormed o
Actinonycet al es bactmiiisatief pidapnt mwentivrerajatesdd af isola@daudssragd
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 §SC, 0.1% SDS followed by
0.1X SSC, 0.1% SDS; or an isolated nucleic acid that is complementary to
(@), or (b).
Similarly the present invention provides an isolated nucleic acid
35 molecule encoding a p!asmid 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

3



PCT/ USO01/ ~78G8 time and under conditions whereby the nucleic acid fragnent
is expressed. In an alternate enbodi nent the invention provides a nethod
for the wepeession of a nucleic acid in an Acfinonycef al d¥THeiE7H8
conprising: 5 a) providing a first plasmd conprising: (i) the nucleic acid
of the presenthypndeds wih éacaierdha folwipg byktidizaiion Foaditibesidd. 1¥ri@SEucl ei c

aci d encodi ng mar k { t t oper abl y
linked to a nu@ﬂ %B?ba% ﬁr%’gﬁ?h?@%h ée&gksec’gsoed@a%?sqaﬁowé (?FIX | east
one ot her pl aSSSG D% DS elrarmisalatedrm!ataltbﬂcldttbatglﬁdl@@m@@etnmftpr(§

pl asm d) wherein d(b O the at |east one other plasmd conprises: (ii) at |east

one nucl eic ac? 'ncodi ng a sel ectable marker; and (iii) at |east one
. prompter operably |Thiéwention adddionady aeovides aglveaplides BacadgstBédg: ¢)

Lransfor mno g Aefi AAKGRSLERACCA P kithbe Bbeseangly () and (b);

and d) culturi rans d Actinonycetal es bacteria of (c) for a
| ength of ti mesaml 15 under conditions whereby the nucleic acid fragnent is

exgr essled. BRI EF DE@I@B'\(E’%H QNtf@tsBlﬁidﬁ%Ndﬁﬁ?ofﬁé gfities frésenagenss a’r@:':]i on I
endonucl ease 0] N ac m I r i
Srain AN 15, "Regareligedsmohe bifonrBn BBy RELERORES SRRl 0 b0 5o
Escheri chi g cobbtaifting ecaesisis aeihihdlecueencodingiagueplication [aroﬁ@ﬁtqfl ct: on

d | 17
vector B gur ot BERER JnadinG @ Bl 2 fhldmEBrangya st ©
replication pratidimslectileppfXhe presart ifantiop; 67) lﬁ@'ﬂﬂ'fvwg &PNA eloneghptat i on 25

pl asm ds. Figu f SEHIR F rious
origins of repwt():gtﬁ‘lz%% 0 tﬁ% n@n@fﬁ‘?c?’éc@ rQ?‘%@P%Oéﬂéﬁslpzatl gzﬁ\%lsne?cso% gga%(fEQJ NCE

DESCRI PTI ONS Tt aequ@ncingrth@@@n@ml@rﬁlasn“f%tl Lﬁﬁ)@mfﬁeé& KRBUFRT| owi ng

30 detail egy deﬁpﬂbgt(bf’ﬁ/h%?@lnttﬁ@séé@@rﬁ%lgémﬂﬁefmg?ﬁe@t eleseiespd | ons whi ch
forma part of cants) have provi ded 30 sequences

in conformty thﬁa’gqlfi)@rqﬁe@ ona QE"P”Aﬁﬁ’ (" Requi renents for Patent
Applications Contaim Q%ﬂﬂ&@bﬁﬂiacﬂi&eﬁéﬂmnae@mdﬂmﬁe@m methed 6f Sequence

| - S W
Phtel Pect ual  PPBETRY TPUERER b B oEMR £t @Bralfggs& And the
sequence |isti B@bnléwurmtenemmpuﬂngh f@ﬁ'b‘!'m lerst @gE@IQOI&lﬂﬁjeOtl e
9. 5(a- DI S)d aBfiner co%sgaﬁaﬁg%e%ﬁ; 6H§@%ﬁé‘§§@@er&%@l¢fﬁﬁe%@8s@ﬁd Annex C of

the Adm ni § |velnstr ctio

S an E@n dt
nucl eot i de andlfalrﬂnﬁ@na@ﬂ‘él @ééﬂ%@énﬂ%d %%'gﬁfegﬁe\ﬂl frhatC ”PQJIV@?; Ogé'{smfgort hin
37 C.F.R 1.82%¢ oligonucleotide primer of step (a);

wherein the amplified insert encodes a portion of an amino acid sequence
encoding a replicatiori 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 n ancther preferreEi 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 (iii) 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

4



Descripti onSEQ I D Nucleic aci dSEQ I D PeptideReplications (Rep) protein

I sol ated from Rhodococcus AN 1212Plasm d stability protein isolated from
Rhodocock092/A870234pl asmi d pAN125P| asmi d pRHBRL76Pi asmi d PSRABIRIZ1BPHANL 2
origin of replication8HK12 primer9HK13 primer 10HK14 prinmer1116S r RNA from

Rhodococcus | ' ' i41. 7kb(1
Fragment 151. %é}%l@%g%eynwnﬂgggbggﬁ%ﬁtu%%(ﬁgégrf?én%?@mﬁgrepl (4
primer19rep2 ﬁxmr@éﬁa@Ar_canobact erium pyrogenes replication - °
Phacochr omogencs. 1 Eb T E R o ee ot oy L1 a6 ohaar bl
! i A £ ' : :
Dt of of n24S T oBKBIRFERD A MARE 459 1L aasiEBas cEraes BoparoRBIBue” o o
- 5’6CT {O Eggélc ﬂszgﬁg) gﬁagﬁuggtai fast @E@ﬁi@goﬁ@@slr@: Nijctheiruchait diclepftthdereserdpt onyces
S I sequence [.epi. e | O | -'

DETAI LED DESCF%%P*FT@\I‘?@?O%H% q wﬁ%&%% ?eca}ﬁﬁéehma%é'{:%Qi%@%’l}%éequence
g?ar act Zerlgedsglenmb% nearker isndplid stiehst pANIZoMotemo RTedbydikeddo & yf hr opol i s
rain 12 and const. t 0 Eééa‘l I-Cha; e Rosire hut t |
vector using Bﬂﬂffaéﬁﬁgﬁgﬁ%’ﬁég q%n‘%{/@rg?l on ﬁ)ﬁ%g‘s@t Ierta t @ﬂé‘gfﬂi fSo;J usg

in genetical | plasnj ire erdifigreRh bthoseratipd ity geewreas Hirifirst ipEagpigaWNsEN 1 n

oo e Tl TENE R L NE B e anpien ) s nueiendncat 10 <
protein encoding a selectable r%arker; and ﬁi) atleast Bngsprpor%'otég'hdpseréﬁel 'cation

linked to a nucleic acid fragment to be expressed; c) transforming an
Actinomycetales bacteria with the plasmids of (a) and (b); and d) culturing
the transformed Actinomycetales bacteria of (c) for a length of time and
15 under conditions whereby the nucleic acid fragment is expressed.
BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a restriction endonuclease map of pAN12, a cryptic
plasmid from Rhodococcus erythropolis strain AN12.
Figure 2 is a restriction endonuclease map of pRhBR17, an
20  Escherichia coli-Rhodococcus shuttie 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 (WIPO) Standard ST.25 (1998) and the sequence listing
requirements of the EPO and PCT (Rules 5.2 and 49 .5(a-bis), and
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10 encoding nucleic acid may be used in a variety of cloning and expression
vectors and particularly in shuttle vectors for the expression of

honol ogoume oansk7iet er ol ogous genes i n Rhodococcus speci es PCIPUSI1/EAHES | | ke
organisns. Simlarly) Applicants have identified and characterized a

sequence on t
pl asm d stabll
because t hey aat

Io%s@fﬁéj afd 93}991!&9% 3 ﬁe‘%@t‘nﬂw iseafud

it usod desausTei AT AEING A
Rhodococcus hogk Rl set Foth &f 97 €.FAp@1.82mt s’

e vectors lgl’
tg

vec

Infsﬁtjct"@dsl)t il dyan

arIXFﬂFskéable

t
e St o

tors may al so be used in

conbi nation wth other conpatible plasnlds for co-expression in a single
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A nucleic acid nolecule is hybridizable" to another nucleic acid nol ecul e,
such as a cDNA, genom c DNA, or RNA, when a single stranded form of the
nucl ei c woindorobecul e can anneal to the other nucl ei c aciRETHHYeGU68 under
the appropriate conditions of tenperature and 5 solufjion ionic strength.
Hybri di zation and washiBesaiptient i ons |ar SR ID knpwn 8R¥ BXenplified in
Sarnbrook) J., Fritsch, E. F. and Mani dluickeic Fcidvbl ecBegidel oni ng: A
Laboratory Manual~gy cEdition, Cold S@ms ng Harbor Laboratory Press,

Col d Spring Har bor h% %gﬁg géﬁélscgharly Chapter [L1 and Table 11.1 therein
(hereinafter " Mania i ncorporated herein by reference). The
conditions of te ﬁnd op-e—gtrengih—determne—the—stri ngency" of

. the hybridization. ngﬁﬁ‘fpﬂb’é'ﬁ@ condi tijons c¢dn be adjusted to screen for
noderately siml armgmfagt@éiﬁt@l S€@¥eNGEy honol ogousi sequences fromdistantly
rel ated organisns, to highly simlar fragrrents such as genes that

» duplicate functional enz .
Post - hybri di zati on washés=determe - Ts.—tne set of
preferred conditi onappisemtahaes lmateﬁ amlsd‘rmast&azed amqmeﬂ hryBic SEEMIY; 5% SDS

for 30 m ﬁmeﬁﬂ&@ﬂzn{@%@?%@&h SR ShU N o ‘gs%“é%%?%s‘g%sf o 30
mn. A nore 20npredfRschedckistcaditRisndaaegens shutiiaiacknidising AN Igher
Lemperatures BpBitds iffetfH1FBRES inBBRbhERbId Rrlaase gehencaligxcont. f or

the tenperature mhvashes in 0. d@ % SDS was
i ncreased to 68WINAABIGEVIQGOEPEFTIPELRS BR HF%HF@/’“’E%W?T\ ﬁ‘fj 'BRdi ti ons uses

two final vva;h F hcfhrgsS ﬁév@ﬁﬁerp[ﬁeéi%nﬁ%l@%ecﬁé(ﬁucmahdrermﬁmya high 1ty o
stingent conditlgns are. defi ridizat 0 :
65C and washed'aRliEatiorKpEgein, ﬁeF?L %Péyq" ﬂn%% %tr:;ﬁgi%ﬁgﬁite/ SDS.
Hybri di zatimon egepdingsucled atbienaywberuseddn @ wariady otolnnmw@M@ﬁémry
sequences, al t hough de rdedi zat i on

ni smat ches bet V\%Cgﬁ So%'% gcé'gad&}s SE\%ttFet &9%?[8"‘)% ?%@%Sg%)gsdtfrl ng f or
hybri di zi ng nuhbmiotogmisdandibetendsgons gaaes én hﬁd@WQCWé sheelas; §p and
the degree of ﬁ}?érB{ s{]‘hét 'S?rﬂﬂ%%firﬁlﬁ%ﬁﬁts"i@dde M@ﬁﬂﬁbd and Bﬁaﬁctenz-él@léa greater
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t hose descri bed in: tat cu d.)
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of Sequence Data, Part I (Giffin, A M, and Giffin, H G, eds.) Humana
Press, NJ (1994); Seauence Analysis in I\/bI ecul ar Bi ol ogy (yon Heinje, G,
ed.) Academ c 25 Press (1987); and Sequencg Analysis Priner (Gibskov, M
and Devereux, J., eds.) Stockton Press, NY (1991). Preferred nethods to
determne identity are designed to give the best match between the
sequences tested. Methods to determne identity and simlarity are codified
in publicly avail able computer progranms. Sequence alignnments 30 and percent
identity cal cul ati ons may be performed using the Megali gn program of the
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10 WO 02/ 055709 PCT/ US01/ 47868 Suitable nucleic acid fragnents (isol ated
pol ynucl eoti des of the present invention) encode pol ypeptides that are at

| east abwot2/8¥4 dentical, preferably at |east about 80%H@EHIEH#Et 0 t he
amno aci d sequences reported herein. Preferred nucleic acid fragnents
encode 5 am nosiag t'edstﬁeﬂm&irm%odm@-tstranéeab@NABﬁﬂﬂdaeewNéaDenoﬁmm Nfivi no

acid sequences '_g}g')ort herei n hiX ceI{)ﬁ,rred nucl eic acid fragnents
&l At ot s gring

encode am no ath east about 90% identical to the
am no acid sequenceAnr“lspmtecdzuublerceamd M@CUIQr of dpelatechPucificdcd ¢ aci d

fragnents that fﬁ%@%ﬂﬁggfggggo seqﬁ ﬁtﬁ@%@%rtd@rﬂéﬁ@fcﬁh bEASE RIRBHId 5% 10

identical tot reporte erelnl Sui t.abl e nucl eic
. acid fragnent s(aui@moemlleyghaK)@SIﬂﬁeUféﬂbBQé)rWH@ﬂ@gl%’ﬂAﬁﬂ‘P eeYlsEodN y encode a

pol'ypeptide hay % @to hE%%F;o%% (aab Rficdme, @@@&@g@éﬂoslreé | east 100 am no
aci ds) nore preferably at

east 15 m n; %%@ é nor e refera Y at
. least 200 am nde@xytawhidingl QrsiRoXyed 'P%eb&}‘?% 5@'%3 HO§EC 5 The
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Accor di ngly, tbamanysaadtselcnnéam sfrucilireoofithe IW@@@UIBS@F%Q@GS et ligitdt i d

f ts that t ed
ragnents tha A @ﬂﬁ{e@%@gﬁ%ﬁ&nﬁé) TH@? Ctﬁas ﬁﬂ&%@@%@ﬂ@@ﬁ!e@ra@ﬁé@r ed in

t he acconpanyi

T &Qa&% simlar 25

nucl ei ¢ aci d s&dfefueyl, infensliadednaar ef WCLtWeDNé’YWP SEHON 1 ef er s

to a nuclejg %ﬂm ePPJsWdearﬁpél%nﬁl&dﬂh’éé emtdi@@@ssnﬁ@ﬂie $tﬁud1uty otli zabl e
o

to a genom¢cC

|
d i gonucl eot i dégﬁtﬁélﬁﬁfbquéﬁjétréﬂ‘}ie%‘Eﬁl'lg%l%ﬁu‘gﬁFﬁ%@n88§ |n?@?6%9%ﬁo?:t? 2ot i des
to which a | ab%lerenﬁ%ﬁoﬁﬁn@@o hicohbrnalasvbstom cbyaingnonly the sggygenain An

| | eoti de be t f |
ol d hccor di no e o ee disthed aioh bR Tork o ey e S LS DA S a8 T btk
of which may betrhabidlarihg @ aegbencesbdmaiogROR ’tprthﬁmﬁENPélther for cl oning-
(T Tengtyor 2 TraaTent. of . pigh ehge BBl AdSIdRBE ibces To cet et

t he presen of 35 Ci d e Eordin | nvent 1 on A further
embodi nent, an polypgptide] aod intiudsis YA ancbaeneRiccANAf BHaieis acidspl &8 x

with a DNA nol %ﬁi#} F‘e-f%{ge%% @g@%xggﬁ##%%rﬁ%ét%réé&sm 8 @élﬁ@lproteln

synt hetical ly, SO01/ 4786 referab on a iC
acid synt hesi zm01u¢l6@dﬁﬁiﬂﬁ§¢ry SeﬁPP@%%ETe&?pi”lﬂeg E‘QH -GG é %‘e&?e\ﬁf d
non-naturally %IFdWlthg' lﬁmﬂé@@mgﬁe@qluem@é)dgemum smuﬂfn@es ‘Nlautmegeelle bonds,

tc. A DNA h
Cr anscr | bedS andetrals Adie snidnd HaAE I, B BHh Aot Shfifreetl £1 10,
when pl aced undehirhbec gentt wfesftoapnyrggne et i _ofud atabveyg%@uféﬁmé@smg

" Suitabl e regul at @Igﬁqrﬁea%ée&ﬁﬁﬁ% géﬁugﬁcéﬂh%ﬁf@ﬁéﬂ @%nﬁ@@@'@tﬂ@?ﬁh h&ees ed

upstream (5' nd g sequen downstream (3' non- $od| ng
sequences) of wxmddlnglys@cpjélﬁ@éc J8RE MAY AMDYISE AES WBHE SFHBG“E'Q%% i ption,

RNA processing ébrdﬁ%é@&é hérides tRht éfea@éﬂl\ﬂatd pomafiffélest ssgreisabedoutatong
sequence. Regul at ences

d t | ead
sequences, 3RNA SHUHE85SP ﬁ@dﬁqd@gn§¥qllé%]fcﬁ% CE?W&BJ&%%%EQW(?@C{@%%%@B sanet
structure. The Areamgar ines neinisheiffvdnnijandhakioceddn eatiseer'ihdedengua st art

codon at the 5 eﬁﬂ?g]rcre]%)r%&) %\Hﬁwaq@%ﬂ% lﬂlgfts%étﬂlaapfclc%%bﬂr?n %ﬁé’geﬁ&qgrbfaénthe 3

(carboxyl) terrf ence can ted to,
prokaryotic seqrganss). ADmefgfb@ﬁﬁRNAfefgé%@rﬁQﬂW RGN %‘é“ Khinee

. synthetic DNA's &gﬂﬁ[&%%ut'tﬁaﬂlg%tﬁ&ﬂ!d&i mRﬂﬂ\%ﬂ@&t'&gém&,mﬂﬂﬁg’erﬂ@tramfﬂress| on
in a eukaryotic

| ati signal .and. transcr
terminati 013 5s e URIREE Q\P'NPS G EPTPIISE rﬁg adn %ertqc[) é rl:og'dh%q’ g sequence.
- "Open readi n? fér@@ﬁfsnﬁ %r&bﬂ%ﬂ%@bﬁés%t%g&eaﬁs ageea gt h;a‘s lm&i?[ ei 'f aci d
sequence, eithe ahSkation star
signal or ini tl'erBglAC%‘gRBlAtﬁé%Wg @25,&% cfrrh%ﬁ@napar%é ferminati on codon
and can be potentially translated into a pol ypepti de
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25 sequence. "Pronoter" refers to a DNA sequence capable of controlling the
expression of a coding sequence or functional RNA In general, a coding
sequencewpanzisat ed 3' to a pronoter sequence. Pronoters BEYyUSeHFSBi ved in
their entirety froma native gene, or be conposed of different 30 el enents
derived from differgnpicRi®BBHaNSIctal T “hybrithzable’ tocanatiiennedeioracse
synthetic DNA segnents. Jt is er st ood h ki bl L; he art that
di fferent pronBplEckiEngHc iqS&:PBRﬁ\e 9@)@8%‘%% o%ﬁ?lgﬁgg)ﬁgﬁ%nélﬁg ferent
tissues or celdtrdnaeeiior®rofahe diutfete et molagels i amnves! dp e pthesmucieic
response to different envir [ ot efaTal netatire et Pronoters
whi ch 35 causea%lgé‘é‘ﬂgcws %@%Egﬁé]é@égo rhaﬁé]%fr%'lé hg'gfﬁﬁteypes_ at nost tines are
- commonl 'y r &f ersmdtidmicmc Stengthi Hybridieatienapdavashing eonditipns arwell ecogni zed

Wo 027 0v00 H ifi rj eprifchr EOF! ah@Marfigigiences 12
W6 02/ 0y709 PO ERFRERIEUAT SaRoaR ) oeT .
AR

ave not been conpl etel fin fragment s
. of different | ¥odgdu i oA Labaraternt Ms 4aH OSC0R tﬁd(ﬁﬁ'qry%%dgﬁ@@oter
i

sequence” i s ay DN TieH &oRf Pré@gICIM SRRRIiarebr bigBs) ngarRdMaripl yrer ase i n a
equence. For GPB ééa%?d”a'anénfﬂa%ﬁ%irEpféé“w%%ﬁ@@ﬁgﬁ%gﬁ?'e{nﬁféé‘%??,%ofiﬁ" "

sequence i f) boypaashrated hdred by esfarence) b hehmrditamscofitemiperatiird andt i on site
and extends upstream (5. directiqn) « i I L UM N r bases
or el enents neE’é’%%gV?/A&B qdq%?W’Qth%r%[ﬁgé%é %g%ﬁgﬁyﬁe@%ﬁ%de?g?@aegﬁ above
background. W tbhditibhe cpn benddiusted te eguastcior moderpiely siaH@r Aagmaider i ption

nitiation site (FA0VGM ABLY. dehidiess i HAERIP oiBEaTIOBNBEAMS  nUc] case

S1), as well ag4 din omal Nns (consensus sequences) , respaonsi bl e
for the bindi npighly sinlapflagmarts.such 2papMRS H’@(ﬁ@é‘ﬁﬁ%atggunﬂf%@ CPREMESNt 1 ol
of lranscripti gag oBad)heideaBidariiesalpenybakizaton apees detssmiee | when
RNA pol ynerase transcribes.t

e ¢codi ng sequence, intp.rn i i.$ then
trans- RNA spl i §H@Q@i“ﬁyﬂ9€dﬁ@ﬂﬁn&‘§%§%€?{ eﬁ%?ﬁda?(?{ﬁﬁ'?nsﬁ?%s) X@ﬁﬂgs to;f'ansl ated
into the prot eispBRs atedngwitiheX S8 NY.5%§DhatroohT tampernatyreifonab rﬁuﬁldh
transl ati onal control seque " e such as
pr onot erls, enhé‘?@bF%Qeaﬁ%‘gthﬁ;ﬁgﬁﬁ’%%é% étk%xbﬁ?g?bprﬁﬁ\q/:éﬁgqﬁ%? tﬁe
expression of acpeatedgwiequitnO2X BSC,HbsY SBFI at §ACelgr RyBitN: A E'Es,

ol yadenyl ati on _sj I : i X riabicth ik ed"
poly y ?(he gg%fg@r{%?téet%rf%]trﬁ%ﬁi gbn§|98H§G§§§ higH® téRpEtataReriaibic

refers to fon O Ic acld sequepces on a singl ucl eic
acid fragment sediestarelidentinatic hpssrakaye Q)@%EBP%{E?%E?@BGWU‘%@ tg?ﬁ@ﬁ For
Capanl o of T 1 B O e Senuenst ot apbbal the
codi ng sequencé\ﬂcﬁh%{nﬁ@?erfﬁs?tr %ﬂ%‘@hﬁypﬁtﬁ'wt C@Sﬂﬁ@&?%ﬁ?ﬁ@ fpraé)rmt Q%?

Codi ng sequencgg OcEX SSC dpevabDy 4 BHKed Ptrmtln@gsﬂtaxfcbmghl%éﬁwﬁnﬁﬁ‘%nse or

antisense qrientatjan,. - kenm " $®ONA A0 ° ' efiers to
the tr anscgﬁpt iVf dfﬁaeg%gbrﬂ;@(?gi%}'%l %@gﬁ%@&g@@&%& bg%r%aﬁth?‘gense RNA
derived from t heitn2X¥I$$C, di% SDAéetemeddty PHX Prfelt 1 6roPEBxpr essi on may

al so refer to tfans'ﬁ%ﬁmzafom@&ﬁirbgtt@aﬁh@%mﬁm&@lgcidyt@nuaa'nms
"restriction endonucl jcti

whi ch' bi nds. anchoURSTAT A FeduepEeS (koD ot s b den surgeby 8P UETEY o
stranded DNA.  13/hridRtio3/ ARSMARNEEDEUBERN bagssare Regsiblet oflye pppiopiiatéreans a
nci d sequerie. SPEgRLCory oA sl i BESa T He RaptEpéoTuC] €1 ¢
natural |y responsilbicedds ark freedegies of Wmﬁmﬂn@t'%é’ﬁ@?@%ﬂ%l knpwn In
honol ogous regi t?\@)arer TH@éréQt‘élr W 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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5 sequences of a different origin which are responsible for expressing

different proteins or even synthetic proteins (a heterol ogous region). In
parti culwio,noigisequences can be sequences of prokaryoti FCTARHHESEI c) or
viral genes or derived sequences which stinmulate or repress transcription

20 ndaci bl 6 %ﬁﬁﬁé"‘hﬁso@mngg?ﬁggfiin?:?ﬁ'?{m’é@é’f’.”sm'msmmm'@?f’énm%m
splice sites) m@%mteerehg%w%%@ﬁ% theRgsd Wﬁﬁzﬁtgfb%% Pré)(fﬁ%'{]ggrql'@gquences,
anth| gnal f Seﬁ t%ﬁ@m@lehgﬂ’i ot the cﬂlgbylpeipbtndiedetarmlmeeeltsem@flzj’ryy

pat hways of the target ce g 0 re@l Qgous
source" is a r@@@h&@??s'l@magﬂ)ﬁ anf:h{r?/sﬁeﬁg ‘B’&d[rﬁé’ﬁﬂtﬁe I%‘S@tgglegtged with

- the expressed mmlc&zablawudleut acidus atlleasb agotthtd hé@léptb(ﬂ‘%fgoﬁée fe@hle at ory
regions are re m@@%@ér{g@ h 5@‘25’0@ rfuc?eﬁ@ﬁ&;dﬁ@%@le%%t ab@gll“ atory regions

froma differe tory seqguences u ator
. sequences whi chd duclﬁ-@tld@%mﬂﬂf@ ﬁf artabhéﬁllsaﬁt %W%#Odw‘%@ﬁe%n@adw

havi ng ordi nar%!re?ér'ably H IEFI tha8 2Aldast BBQ’CLﬁjléﬂtQ@@US:”ur[H‘dﬁﬂbﬁé Eihe skcbIeEDNA not
naturally | oca t

e ce rlnachr cell.
Pr ef erably th@”'ﬁ@f‘é‘l‘%FW%ﬁ@ tihf fqipera urﬁﬁ‘f'ﬁ §IH?' ?ﬁe cel | .
transcriptip reé@ﬁéerit@tlbh&név Qéladjusteélaﬂstnewssawmdemdtlg to factors such as
pol ymer ase- catél é}ed tbeans ription of a DNA sequence. When the RNA
transcript is é fe tenentary copy of the DNA sequence, it is
referred to as the Pherramy ‘peraastideptityoras knqvaly"b@eaawasr@&ﬁ@ﬁ‘é@mderl ved

from post - r anggg i AAAL: BIPE BHHpABIAL sbhBcREddI thd bpmess i pt and is

referred to as ur e refers to the 30 RNA

. er RNA
that is wt houpohvnueleﬁadaﬁéqyﬁ@@e%e%ﬁ eﬁm'ﬁﬁglb&t‘é}ﬁ”%?ﬂ@ EEAUT 5T t he
cel . " cDNfs rﬁ{ﬁfe'saﬁt O'iderfiphd|so pidamrdad dIyfed basedeermemplaednesy y to and

d df th
o o nohiearanupseE PhERhREBEIIE RphiAIREL HR e Rabe b bEES e
refers to a RNéstdreaefrsmne@ﬁ:)ytthannatshcb@mqyeemhtl"@tswfts@cblsleqe&n% -part of a

target primary,.t_r t W &y of a
target gene (Uig ﬁ@gt é'n? ngﬁ”ag% %ré%&(g@&%@%&tﬁwge com@! %me%t arity of
an antisense RW&luriyg bet wot imiag tohasegiesarbed pec tion 709

PCT/ US01/ 43§6859c98§yt(t_éékssarlmt edi)-@xfordUniveesify Pm@e chdm@@a;equence) 3'
non- codi ng~ SseqUe codi,ng sep ence_ ~F b g)ers to
rgaaty RAOTES a ate et has an

anti sense RNA) BIQI52RAMNIN EEH

effect on cel | wcad @q;ee NY 51993 ebmmmaa s o Seol e iDpta
conprised of cgéahgmfl Iﬁéeﬁﬁamﬁégc@zfﬁgh%ﬁgq;m@m Rna agg,gs have t he
foll owi ng gene Y - C- m no acids are ‘classified
inio sever growa{v&$mmle%&ar@lﬂ@w}{apﬂ Heinig1 Gy, %fﬁ%ﬁa@?@ i de
cont ai ni ng el T B e D e ko r oo e
group, (5) si d@%‘?% '{zo‘ﬁ‘#% ﬁ?ﬁ?ﬁdﬁ‘?%{" E&%%SC '\GPQ{%G g’ge%?rggj @%ﬁ‘ rc]ig. cont ai ni ng
an ]arorrgt![c [L%ier@rﬂﬂe(ﬂéntﬁp@lre desigasd 16 give the !msrtmatnhmmmsmﬁ@ Si ge chain
is fused to the am no gro et era
conprises at | 858H°8LS %E Sggd &eﬁ‘%% %D&étggtn e 'Bgﬁtltk Ihﬂanﬁ’r% y

Is a o e tlde t hat
perforns a str wodifieal mqwt:fhatycavadﬂme ¢Qm9uiieﬁpgpgnamsngsquce '9131 ents

"heterol o e Rt ;?%rjaenf Eife‘ﬁig/ éé?cmﬂaf?diﬁﬁ Ridy HOpefiainB@lsigRheMsRdignn t he

cell. ure ost-tr nslatlo aII
pol ypept ide; i mogr%ﬂ@fﬁﬁ%hﬁﬁﬁ%Eﬁﬁy@BF@m MAUCS P %" % @%5??\?1{ t he
primary transl ght OR 4O OV ha\wambﬁaeangrmmvm;d thé Eeqnemw%aeperferme%
refers to the prinma slatl h pre- and
propepti des st |Ll?ﬂnq)ﬁ%%ghisngr‘ﬁﬁ‘oéﬂnﬁaagﬂé}&% ?‘ZJ@& m%gﬁ% (198 are not linited
, to intracel | ul acABf©8| BZidtii- ©53)swigin desdefault 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=3.
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The term "signal peptide" refers to an am no term nal pol ypeptide preceding
the secreted mature protein. The signal peptide is cleaved from30 and is

t her ef orvgonmopsyIvEesent in the nmature protein. Signal pept iPddURNGNEB he
function of directing and translocating secreted proteins across cell

renbr anes.  Si gnal Bapk R LSAASA 1 gh%rﬁgﬂsﬁ%ep@xa@aeom@g@meA ‘si gnal

sequence” is incld e cod g%enc_g 8’];) a protein
to be expressdguesenitineeriinm fneo ?PQIWPF' egHiaf 2§ at

PCT/ USOL/ ~786§ %émgﬁ%f&aﬁg%se@st%maeowﬂbnﬁ@al tbl-ﬂh@lammabctdo the mature
polypeptlde

t h | tide. Th
term"transl o%@ﬁcéggﬁé@&éﬁﬁﬁf&e f@”@@ chsggﬁafhgrﬁgﬁtéf?{%agﬁlls gort ©
. of t rs1l %ngl grquﬁﬁm@ acld asqLioneds that 2r@ab¢uts&ﬁdﬁenimﬁs:atmwtr@eammm:eldssgﬁh a; reg
Wi \Y | l. V S

: Lﬁeﬁcgﬁ?‘# r?epde &Iefm Mdle %V@Fr)éﬁsrﬁﬁzlé@g Wﬁ@ﬁéﬁﬁe

often functlo organi's term
"honol ogous” iencalde drminogcitsagueates heteraadespabeuPAlandanticahto thefers to

the relations @JH indFANE 8B RERLE l%ogﬂéathé?éﬁs %ést%refé?ramareemlytlmr y

origin,"” inclu proterns from 10 superfamlie ndh[m ﬁ tei ns

fromdiffer enth@“é@ﬂ@sthet@@%q@%@méﬂo aC'@@@ﬂ“e@%‘F? ﬁ‘?g ? agg% tr%% i ns

ﬁ anﬂ Ejhe' r1oen]996hﬂ9a|@@ﬂ@§hnhwl Qc?%@@_rﬁﬁesta@wnﬁmyher@m 1 Btiltaiieetichgict heh r
ig egree o s uence ,Si ar i e use

necei i Lo ef o JacriantarohpRdials AR EHTE Moriabh BN dydalk endctie d

position is |Q@myp@;atida)ina\dngfaef®$t 5ﬂramnpra@|dm|pé@f@r@lwtwﬁst:ﬁoﬂr?emmo

simlarity or Q&H? Hde, %r%fé‘f%%ﬁ“%ﬂgasﬁk Qhﬁ‘l&aérabdstﬂrmém Bﬁafér“dbqy gequence

al i gnment nmay §nc e term” cogresggﬁ 8 refers to
the sequence sieast 280 apinaagidsotng Haoss preferady abieash Oé‘&“ﬁs resi dues
or l”UC' egt jsde basesngQerfy "s8bst RMbisab aleﬁ le.ogtramafedaamu@mcrmmamcdem?e

nucl eoti de “sequence ri sing enou e ani,no,aci a

pol ypepti de ort h@ﬁgaﬂﬁgng(ﬂq!rdg%gg gn'@rn %{yggér}% Pgaﬁﬂgg'??@gfﬁﬁglggontl fy
that pol ypepti géidas fgeme, dc&lbﬂ@eﬁab@ederJecbuleval uati on of the sequence by
one skilled in the [y u ihson and
identification 25 uif‘%éerg“ g%cﬁ'@%@e %&h% 6%&@?:@8?3@3@%' nment
Search Tool ; Ab¢twatan nudeotile basesathat arelogzblg to beld'Bm@I to onesan@iBeni10; see
al SO W nghi . ﬁb%%@g%"%tﬁ%@g&t to'[ﬁNgeQ@éﬁésm@nsS@tﬂﬁ BRGFoRANiN O more

contiguous am no acl ir [mre nucl eoti des IS ngjc v;‘bé in order

to putatively iW&Hﬂeﬁy\déy&?eré‘p‘é@'ﬁg eHeHan o QUaHhS é\ga
honol ogous to %sk‘é]ﬁ"t\ﬁ\/é?ﬁi@h&diﬁb ﬂ’fchﬂ%!ﬁlsolﬁbédmueebc adid lfragmm&@thatcareucl eot i de

sequences, gene specific o onucleo Iy 0-30 conti guous
nucl eot i des rraE}O'B‘BF emeidgry quéW% E%%%% % r%ﬁgttga 'H%egne

i denti fi cati ona¢ecrgpanyngtJeeyuenhy thistitigzas weth psdhdse S@b%tﬁhb@iW(%Mjﬂ% in situ
hybri di zat C i i es or bacteriophage plaques). 35 In

addi ti on, %ﬁorﬁ%’?ﬁ %ﬁéggéoéﬂdégs] of 12-15 bases_ may be used a Ciﬁj
anplification pr| rreﬁ@ usedrEreim the trm fadigepuelpalide Jafars da GRS S aci d

fragment SoTRLY %C**b? BthB%ucM@éé'ﬂh@kw h@rlmwalg@homcﬂm of a
16 W0 021 085958 B8

l eotid f th
sequence to sp&Wl ﬁP‘FL&ﬁi@?Eji mq?&?%}h"%n%?%“'f wg:bj@egu Rudy! rob%g%og'ggg%gﬁgnt ©
conpri sing thepsagheiaace. gThlﬂlﬂh AYP-aicleptides for catieotidée fx vbschpataticd] sunh

| et d nucl eot e n r
ngjl gu?a? c@ﬁ&"gtl a&aét %Co@q%@%ﬂé%gda% g‘%@%tﬁét e benefit of
the sequences asedega paibehterddtact hlna;pras&mm@f@mmcbrc acid @ssemiing & theorti on
of the discl Os?rglentnﬁﬁqlé?ﬂflgﬁ}/fcﬂf%aﬂ%%%ﬁ@ rBchtJfQﬁrﬂcﬁlﬁ*léyl gd in this

art. Accordingl rises the cogﬁ et'e se uences as

reported in théabaiedngrnbe mlge@‘,@@d%fﬁE!daer@rtsb ﬁﬁhera@r\ﬁ@nl'“ga epethaOft

. portions of these JhIRURNIEE =T Befenfde®RAY ©r 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,
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The term "sequence anal ysis software"” refers to any conputer algorithm or
software programthat is useful for the analysis of nucleotide or am no
aci d sequene®ss7oy Sequence anal ysis software" may be come¥dVeiong78gai | abl e
or independently devel oped. Typical sequence 15 analysis software will

i nclude but i syBedrabiyéd athuceit beid@yatmagizer. dccprdinglamslidotiotamtisies Package
Version 9.0, netics Conmputer G ou i ASTN,
BLASTX (Al t scHan Re Pigpar g@.W'ﬁ?bi‘9”ﬂ?g%r.g'%%°:”4{g§éiifi‘gg?'l%%%?f g'gér?g-gr AR

( DNASTAR) | nc.stic228s Shiodsekbands,Mici son, W 53715 'USA), and the FASTA
program i ncor porat @ bh0eNEda8 BRdb I98irhhag ONA BegReaes on,
Comput . Met hods Gen'ggr%ﬁ%egg&n?g?ggex%\té Synp. | (r19_94)_, N&g#?nﬁ Date 1992,
. 111-20. Edist orybich istsascritmchand trapglated inde a neihyirpiidenB @ S&IHR VIERPT Wt hin

the context of,thiswaRaldis8dd apdéttheidohtepotasieoptiaedeuiitomher e sequence
anal ysis software iIs use

for. analysis, that the result .1 he anal ysis
- will be based $BIUHIGERe 85@@@@|rt§gwéf€|{%§qutﬁnﬁ§e r%é&g&&”??@i'g enced, ﬁn: ess
ot Ihervvi se speC;i,éc%L%hce\%ﬁQ@féd Jp)%_treiaﬂ (Bdemmbﬁ_intgaéame'hcms), withégrorany _settof
val ues or paranet er i or i gi, rs
initiali zeg. Ado\(\;%ftsr%gm ((r;’sn%'?fffghjggnss?\éyéﬁggﬁgftgr]%é\gﬁ%E‘eéPé\g&%uc el t(ﬁcg\ci d
into a hosio cehflueAce d tansiptios, RNAepiocessing o afa bty apot aRsialinmos egnent
my be 30 attagled. spidisd bBd bl dRReY! HRIABR) sédildns Phat ieiaid ached

A . "replicon” T1s an;?

segnent . ny genhetic el énment (e.q. | asmqi d age)
cosnid, chronoR@mOtes, tians!ation: CadeIsieacss. %N&\ﬂfgﬁ%ﬁﬁﬁ@§wﬁn%ff£%?9m
L ﬁpl It cation i Pbmjgnf@ si'tel' nd sf:sgﬁﬁ%;e;s@mclm@grﬁ@bbgndlumheof ﬁhbeccm\Mg control .

e term"vector" .inclu 0 ira onyvi.ral., S 1Nk raduci n
the 35 nucl ei cS2YLNERE cgest@gmnepﬁ)y\ﬁF  Codon A f5e & ??rﬁ[hﬂ)\}%rmlbp% gl?'(avect gr s
i ncl ude r ety ovhnmsididensiopesdon at ¢k 81 (cathoxytternians! dvéadisg seqoencs a,
her pes si npl ex, Epstein-Barr _an ovi N= M ectors
include 17 W& 829'6%%%‘8'913&% Iﬁﬁ@%&%&é@é@%ﬁ@%q%bg%%s ,m'xéll ectrically
charged Iipi dsn(RijpgemmimDNAMwmoee,ianCEem @W@?UQEWADB@W% sf In
addition to a H Cé&iiﬁg%ﬁgqen&? }éelﬁ{eg{deﬁ%r kSR sEBRLiA e RRRYGHic EBIN, @

ons; a r-sel ectabl e mar I I

regul atory reg ers useful 1n select

Sl | 4 ng,
measuring) andpetyaideoylatign sigiieépod dEngctiptions leemination segusnee Mﬁb}&'g%?”% 0
B extra oS onbSdbeHeal @ RN SR ) ene Lhat L5 a0l part. of the
central metabol i sm oPPEREERENG framey 1S a&é[ﬁﬁ@\?dgﬁaFﬁé’ @Fﬁpﬁﬁqépgﬁu&ar
apl 1 cat | ng. e e r e nd Somuenson—Bhage 6 aAlel eot | de
sequences, |i nﬂ’gp,s%%ppcsgqriﬂgng 0%@@@%%%03%’ %ﬁaﬁsgf‘iﬁﬁ%@ O?\ﬁ)@,'aﬂa'
doubl e- st r andetbrBiation BdIYN ded icasde patantaly kapiaied inte apPyReRtid@Nber of

nucl eoti de,seq ave been .joined or reconbined into a uni que
constructi%i mﬁggg@ﬁc@

'S 'capabl e of introducing a pronpter, fr nt,, and DNA
sequence for a sel eéPfé-‘g!n@f@ﬁéfeﬁB@fédQ&D%lﬁo?ﬂﬂuﬁ'cwoﬁﬁgg?p?fcﬁﬂn%%ﬂg‘géhe_A
whi ch s un e B e e aant ] v e wh ch
conpri ses an ofEgHRNER iql@ﬁ%ﬁ@a’%‘it%ﬁ,prggggera%e%eapgsﬁamoﬁ%gdéagﬁ cosnd, to
whi ch anot her BNAveeaTEir smtirebeframtanhie genaorthe tompgsaboldifferent
replication of the attache e . [ L ar apabl e of
replicati oaoi neﬁ)‘?{geE%‘l cfer{\@?@jﬂﬂﬁ#%;ﬁ@@&@%V%U\éﬁgﬁl E]gr%‘"%?é%%??rl?e_ vector").
A cel | has beemotpraessyatheii’ DD ssgngentsudt isrunkersipod dyduesoraliapénthauch
DVA has been | oy dveRel LASIARAER 8l bireft 6l xohakirena dohansicmarest by

e én the t e

exogenous or he ol ogous _ ransfected 25 DNAeffects a
phenot ypi ¢ charigeueTpecell hipssoPhihdifferent staoascofidaveqrned, PtBVESeATFS

- inked) into chyaRagRPLnyiRMnSRE SghRisIbgIcaRRaTERas. { Pmeibls which
Transformation” refers to the transfer of  a clelct aci dt.frggﬁnt into the
genone of &5hoSBUSEFRSERGHO Pe&XPISSsEdiM %&Fﬂﬁéﬁqaﬂ S herit ance.

\ HOfSt or gani SIB BAffhahli refertditd astsietitttide nuometarsackt a furthgmeetag ared
referred to as . 'transgenic" "rgconh Y o) S y i SNB.
"Pol yner ase chahft ?'88%%‘? Bipst ?és%{)ﬁee%? QQEB l%1Sné1r %@gl\a@a,ﬁ&q@&ég

12



invitro nmethod for enzymatically anplifying specific nucleic acid 35
sequences. PCR involves a repetitive series of tenperature cycles with each
cycl e comprop/esstg t hree stages: denaturation of the tenpl NE/WRIHERE acid to
separate the strands of the target nolecule, annealing a single 18 . W)

02/ 05S709 PCT/his@lict18Eh sumpletaly detred| PArftagrasnisdd difenest lengthte

tenpl ate nucl g] (4. i «the anneal ed priners) by DNA

pol ymer ase. Tﬁ@ﬁyggkﬂg.lcrlég'g&agﬁo‘?ﬁg%ﬁ%?@?lt rs to a replication ot ei n which
control s the abili tA "pomotehseuasteselds 9I%r©9lﬂ‘6t%[5¢9'@ﬁtcépaﬁg ®fsed herein

the rep 5 protghfinyl APirtfativg tFAMripabh @fiaprotei n” or a
"replicase". Ttﬁgﬂﬁpg"r%[}lﬁ?igﬁﬁneﬁas'é%gé@ﬂa I i P 0 enﬁtﬁdi ng the

p,. W |l be used to del I:neate t he en?
. rep protei A THRWRSIFGAM §8\diraclipR) cOqiIRd $eHHBRET n AERRPOSFEY CE&P HEEHSI ni ng
8! asmd st abit |g,rtsge%ﬁheeﬂlﬂm,Fllﬁ@bfdamot?%eqygnté iscleoundeaia itgy’ tenvmlellslby .
ivision protejn and wil.l also, be referr ' 0 S asm
. stabili typpr ot@?ﬁ“@nsﬁﬁeg?@%at'%?@ ﬂn%?xﬁeé‘sgﬁj@éﬁ?%ﬁ{%oa'rg%) tr%ean a

speci fic site gelugedhensiainmimhiumieNd asesar diemantsigasssBiydorisipleteat i on i s

initiated. Bacterial ,.and e r Wn (T ]
replication. -Iilﬁ%nstcgpﬂ{%n ;?A%l%% Fé@g?&éﬁ%%g‘g@%p%}éﬁqr%uggnp%ﬁg@ggggf?rﬂ%’r[era
subst anti a0 15sqaprenicerwitbetfoend actransdrigtios éjlieinresits (coswenently definsdQ | D
NO: 5, wherein i ' i | ehGid Gt i@ Mpri si ng
2 nucl eot | de sCHaXRIERE Y BRPPEIR, AubBRsF SR el 4y F%F’Een'gj,?ﬁ?’aﬁ@nucl i ¢
aci d conpri si ndpraingdrensefaissgiuencesiespensibe for thebigding & ROA3, and an
origin of repl '&Wepé}sé;orrpri sing a nucl eotide sequence as set forth in 20
SEQ I D NO: 8. T‘Ilee term"pRHBR17" refers tq, an E§0Eeri chia.coli -th dococcus
shuttle vector conphicoARy gpqued}cedssﬁ%fgqrghﬁicgp Bb A iGN SGHPYNR A8 eot i de
sequence ag Sefrafidififidhdl robirQl $&yUuddces imberadiwheBNApolyeeraset or conpri ses

Forth i n SEQ BN PesdnGiepIEneo e ed BN EE I R FE SRS, 251 e
sequence as se$pl|fcedt(ﬁ tha cBHRgl Rquensde cwnwiami]mm@i) andftrar@ﬂﬂtedmtﬁdhe
conprising a n t] in SEQID NO:8. The term
"pRHBR171" refé&%gﬁoéngﬁdégmﬂga??@gz%?'.'!E%{]C%dococcus shuttle vector
conprising all or a‘abstriptional apdirensistiorak santipheeaeencrs 30e Ed¥dence as

set forth jm St%?u'le{?o s‘%%é/f/(&‘é_rs,eélﬂbﬁ Q@giﬁé}ﬁbfér@, StREnRErs; AMRINBRAS 2ariEP

encodi ng nuclei ¢,acrd c rising a nucleoti d? seguence as set forth in SEQ
ID NO: 1, a di vihenikedihas niavdeifer ke ekRIBsIPN OF AFC MRS WRNGIN Slitdnce as
set | fO{_tg in SEQLIRA é&ﬁy?t@@blgnpgrﬁagbgyllagom efjriatsasiecontotiselsenge s

nucl eot1 de sequence..as, set ,for 1N : . " 4C
region” will refer il’geéerpég(?%q{a&y lg‘kﬁﬁc[e«;ﬂ:sl\%éﬁﬁ %Pé@ﬁ?é%grﬁhg‘%ﬁ&ug{ngoti de
sequence that sequericesraagayie ancled agddragnspet thattherBinctigood 2ne3s709
PCT] USCL - 1578681081 e RRLECE APLETBIK 8 rofBRlSs BRelAtapihked nanfct or,

usual ly anantTbrotrc’or cherical resistan gene,

I at 1s . able to be
sel ected for begditgwedahenne whanibis epnable obaffeting tih.eee.)ﬂpr@%%‘?%f)gﬂ'@g to an
antibioti c, W“?é@hg selfeREE &Cd ih%t%ﬁ@éo@iﬁg?s%@%n&@% inderthtance of a

nucleic acid o nt er est andi7 r to ide |f%§ 8 cell or or%ani sm that has
inherited the Hags@irtiogel aowifoliqitle REIMOtRRL +eding-SGUERESE PAPIRS y» as
appl i ed to pl appieply pileicbid @gulmonnsdyUdntys of samye bnentdasel atertation- exi st
in the sa cell. t.wo_pl 1.0s §0 i i Lty graup can
not be mainﬁq i ned fﬁ%pﬁgrm Lasahdnt o0 (1% REh,, er'\e‘?érP@{Héjfréhéc%ﬁpﬂlbﬂ
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 mMRNA 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.
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10 sane cell. Plasmds fromdifferent "inconpatibility groups” can be in
the sane cell at the sane tinme. Inconpatibility groups are nost extensively
wor ked owD 0Rmss70onj ugative plasnmids in the gram negative BEAY¥MHE8The term
"Actinonycetal es bacterial famly" will nmean. a bgct erial fam/ly conprised

of genera, includi nRegulateRtregion teeRNDA ANFISIHAYESSAUBCAMTIHLI anes,

Ar canobact er i ugly sy fHebaeireEdiBAof B ficohd nueksicledideseduenobadt rigulatory

Nocar di a, Rhodofoccus,  Tsukanurella, Brevi bacf?ri lﬂﬁ Art hr. bgcfer,

I r opi oni bacf SEDIAM mSW'@ii't‘%ﬁ@%?”‘?ﬁ%‘?’é@%@éﬁé’, YRQY StProéﬁbbﬁ% Pora. Nucleic
Acids of the |gaupaiding a3aripmbi pasiki duiy ¢a hdentégdusdegiuh)ics ohayt ditalenucl ei c
aci d encodi_ng a uni L

J.cat pr.ot.ej it i Rhod
oiasm d of 5 heackipanes oha i ent SRl el dre St K Ao o o acra
may be used i ndifferedt bedtginaforadvam symtieetis @oteins ¢4 baterelogors regianpakiti cul arly

in shuttle vectors [for f he genes
11,25 Rhodoodet g e e sEaFERESS PP Be SeqlBiRe e BRI by BRRS, e
and ani no aci d/isdganes es defivehseguencas whispstiutlaterprdeptassdrantdiieiP_d t hat
t he sequence i ic: 190 b } WlSighnoaLi ty to
the 459 am no%;fé 5&%W%rsggg?'ﬁ%ﬁwﬁﬁéf?oﬁﬁgggé‘:?ﬁ%ﬁﬂg'c‘%%ecﬁ@s (Bi nl' gt on,
S. J. et 40, Jndeeiblesmapner 1869uieiyy-regions indy -0&9"%‘?3%@@0?\%%&’ he
gm' t h- E/\gt er rransq'ﬁlcggli‘tgggimwi%gzg), Témmilaﬁ?[é%rslf%trggtgmqigmzal @{n?uﬁztic)oﬂ\ﬁm_ mxlm(e@;enone
es. , roc. nt, . : . .Meeti.n : . 111-20, itor(s):
Suhai | Sandor A, soRaT qé@%ﬁmﬁ'gﬁ%?&hﬁp ?p%QSHPf%c@ﬁtsseGE%?bpi dentified
and isol ated apdiHakgs of des thrgecosll.ng a unique plasmd stability protein
havi ng honol ogy to utativ ;. Qi Vi [ ! [ ik H,n a novel
Rhodococcus pl asmi d&‘é@glﬂlﬁtoryﬁ%@ﬁhf@gﬁ ﬁgi)é;r?%%f)&gts@g%)?%?r{ggst\fattjgr}}'que when
conpar ed vist h egiprewbizh is mot hatyralyy assatiatedawth haexpjessad/npasiciatiht i ty and

a 40% similarify, aqtdhfofs e ALRAbIOEBS rdIARIPRAONS BREl tddaRkond 78C8

portion of the 529 amno acid putative c on_protelLp from

Haemophi | us i nfegiensZiem(Fridiesemrpasias; regulatoss regiess 555\ ?%‘%ﬁ’{“ 9= 512

gl?zg?iclilsjzna?sﬁﬁ%i otn atE %%dd%@gggﬁn@nuclagry{ggﬁt ue hi@h;iofnc?tt eheodes

pol ypepti de of O%ﬁurli’éaﬁurQ?@U"a\%W algj 'an‘?gtebwg@e Q?Vﬁ' acré}ﬁﬁ"?g%g?'ﬂe'ﬁg?%y

based on t41e Saitt h- Wat erman net hod of alignment (V11. R Pearson, supra)

when conpared to a Rol | de i r; ! EQ ID
qtéﬁcﬁﬁ@%&s ORAI B e D?\WHSPH?%J@&%I@%%%% ihAhé Bef

NO: 2, or a second n sequence conprisin enent of the
first nucl eot i deinseqoemeesonsiirtiteasl the sed e fietesably sthi haieroledtissbBfe of the

invention if i ﬂwcﬁf&%@%éeﬁe %r%gjﬂfott}’lefdé'ﬂ.(:“ on and conprises a nucl eotide
sequence encodi ng a porypepti de
i

. of at least 296 am . no Aaci hat has at
| east 70% i dentity Adrasiscrink refars k2 g RIaokiAt F?éﬂft%ﬂ fg?mgfri\lénnent (W R
15 Pfearstﬁra_s sngl@I}ngAﬁO@éLzﬁ@Wdadam@r@tipnlolfpe[pt_txli!\mdwmbag When segtidifce ﬁs
set forth in .NO: 4, o [ r ng the
conpl enent of F%S?rfmé? aﬁf{%&g??%ﬁ%ﬂﬁﬁ%ﬁ%ggﬁﬁgﬁ%}% i ﬁ%nfléat%(rﬁe é’rt?éed, am no
aci d fragnment srefeeedtto lasdbe paiany tEIECEPLE! iHayi kms ng‘\tsﬁéugé%éﬁﬁégd
herei n. Most phgheﬁéﬁgrﬁsﬁggpj?ﬁ@régcgggi B;g@r@,%, anl hahsdape antl ié east 90- 95%

identical to the amn nts reported herein, m larl referred
encodi ng nucl eereHGD'dO%db@ﬁﬁ%té”%m%sMﬁ%ﬁ%qtﬁqm’ﬁémﬁﬂbﬁ?%{%# gf?d di v
genes are ﬁ@OSﬁuﬁnmii@wtﬁ@m MEroPECIngl that aae bshiztisiatee itb pretsn by be

identical tot ' id f t ' f d

Fep or Cdi v 25 Akl SRVAS oK g ARE st 0 Re B e BT e

sequences her ebAd depisbd froeh enREA. dSensepRiiAdredess inlRINAiteanseript thedgnent s

t hat t | 0-.95%.i igal ' i ted
at are a eascilfcgesat%f% d%Pﬂﬁi‘éhS;%g cf)a?'n t%{?raﬂé‘l%keed @t@ﬁf&e?‘nf ISR reporte

herein. The null ragmnen e 1 nstant 1 hvention may be used to

. isolate genes Ghnimtinsg RYADIgouto @rPd‘%ﬁrﬁl@Sﬁﬁ%trfhﬁh'@_%oéﬂ@eme”@ dép allofg

m crobi al §9eag%ft-qfagfyreéﬂ ey HATEREeH MRIRASHAUSEDBIcsRS tenegpdspmndent
no

protocols is I wn- i n re. a ) pendent protocols
. include) but aloéaﬁéfgqtigﬁnﬁe(mgo,sa{%‘ttmg)ﬁfﬂgéd\gﬁggggéﬁgﬁyﬁlﬂ?e‘di zation, "and
met hods of DNAcanfhl&hNantimyy of knamitieanss Ridemalyi e eith anyvzar olbewznssifef
nucl eic acid anplification technologies 35 [e.g.) polynerase chain

reaction, Mullis et al., U S Patent 4,683, 202; |igase chain reaction
(LCR), Tabor, S. et al., Proc. Acad. Sci. 1tsA 82, .



21 WO 02/ 055709 PCT/ USOL/ ~7868 1074, (1985)] or strand di spl acenent
anplification [ SDA, Wal ker, et al., Proc. Nafl. Acad. Sci. U S A ) 89, 392,
(1992) ] .wbor/osanpl e, genes encodi ng simlar proteins or BIVYyPediioes to
those of the instant invention could be isolated directly by using all or a

5 portion of tggpiggl%hgghpgﬁglu?t%ggi Q%J-Eéﬁﬁgﬁ@eﬁuéﬁcwmbéécﬂhéati on probes

to screen |ibr esited bacterrfa using net h%gol og\é wel | known
to those skill sdquenteheordhe cosipgraquenee; glawmw@@i&&lﬁﬂ? 840 BRERRNSFhon t he
instant nucl ei i GAMERARS SR ARhENRhANrsNEN§st Bas ahykfiset hods
known in the aﬁ'@%’r\ﬁom tis, supra 1989). Moreover, the e?Iti re 10 sequences
can be used di oacdlliilar®reefsessi ze DNA probes by nmet hods known to the

- skilled artisan such gy \piieer Y 4 FBlendAV cdrapelndigompriséd bf aosdlanilyn) or
end- | abel i ng techni ques,” or RN,%L%rﬁobes. usi n(gs va%rh}aeg%@ i ﬂbo\\éb%ﬁé’ral
transcription Spke@ARING ACkESIAUSS, APECFS! ﬁ?y SN esigned and
- used to anplifytacpaet of or full-length of the instant 15 sequences. The
resulting anplification products can be | abeled directly during
anplification reactions or_| abeled after anplification reactions, and used
as probes to isolate full H ength DNA fragnents under conditions of
appropriate stringency. T),in cally, in PCR-type anplification techni ques)
the priners have 20 diRfdiehtOQequences and are not conplenentary to each
ot her. Depending on the desired test conditi ons, the sequences of the
primers shoul d be desi gddd to provide for both efficient and faithful
replication of the target nucleic acid. Mthods of PCR prinmer design are
comon and well known in the art. (Thein and Wall ace, , "The ﬁe ﬁ%s
ol i gonucl edfi deAminozcidpaes ﬁﬁ3§5‘ﬁ9€r‘mt8i3§é{ﬁ‘c%°%ﬁ’%883h? RAFRP G FHSsi s of
Genetic Di sordefigin RE r(g%ﬁﬁﬂl‘i’éﬁc(?ﬂﬂéhhéin@i, 6Bases chainBroactiicialy AAbydroagl; K. E.

Davis Ed., (1986 . -950, P Her nd | Di;als, ik, W
(1503) 1 n' v 4O draub 8 o€ Faasaetiaihg runer A5 JHBSTe MY 15) “hages
31-39, PCR ProtqagehiaingQu aeitic deamatsgrang, &)side abaioasontinkgiab@iess,

Inc., Totowa, NJ). 3 er.al. . I t f hRgtangnsequences
may be used in %éPE}n@r)gge éﬁ%b%Cbﬁ%&@ﬁgﬁh(%%&iﬁgr@}ggggpg?z Brbglhél’ ita?y | onger
nucl ei ¢ acild f riadmeacisl isvdudh the AgesIhabisUsRM &2 the BRITNAIP- gRIA The

pol yIrer ase_chai iy 5aaidedr iBYn A RRNIFCRIEDGTTRTDIisEseutlledstapus 1 4cimined
nucleic acid frag ts erein the sequence of one primer is 35 derived -
from the instarCifcl eic acid fragnments, and the sequence of the other
primer takes advant agepfteinhis ®pelpeptdethdtperjooingadshnydtial acifuhationst s t o
the 3' end of thfﬁ rrRNg .gre%mrsor encodi ng m crobial genes. 22 WO

02/ 055709 PCT/ U8 N 88894 er natively, the second priner sequence y be
based upon XequencesAdbeievaldgbus prataid’ cefers oa PERIEBY Uoﬁiﬁtuélgﬁ%f"g’;'c;‘?e
skilled arti san Gan cteﬂl | ow t he RACE protocol (Frohman et al., PNAS USA

85:8998 (1988)] to dgenerate cDNAs by using PCR to | ify copies of the
regi on between a 5 sfngladuisoRTRieIN n&lelE tPPa?n%%&f%F'a@i%awér 6%39‘35' end.
Primers orient eﬁolyﬁe&ﬁ&;?ﬁe.,m Homdivkieh aingnsecanplmeptideg pezsent dmthehe

i nstant sequences. i ng comercial [ ' ' syst ens
(BRLy. spei 1 conapgranolapapraiii ke S2kh TRl vdg, SPicpPto protel Yot B
USA 86: 56735 198%8rs thdhe etrinzary predicind drapstipn ofmighigy j.e., ¥othapiea@ngh i vel y
the instant seq ' ﬁé@h oped asd Pddnatgghhanbs eagery aof lmitéde

i dentification %&%@ﬁg%égﬁ)s e _tt)alstﬁc cong%b?er?ts of ESe:%/nnucl eic acid

hybri di zati on ttssintreseliuldelosai#aiod, Sian@anpl e suspected of contai ning the
geng or ?enﬁ f ragnenthgfeimtQgestpepidd” fefepe ?rﬁ antiyd terdiizaltpadyperdideod.
Probes of the present invention are, 15 typic i | C
aci d sequences RIICERING BERFRPEIIRFLIS pf%t%{rhgi—'ﬁ%éfdglggbg%?# ggﬁgzgetfléyejgbﬁo be
_ detected. Pypbegnaietidrgiore dior phaseht irothetmraatuwie IpedfeiracSigneépeptites bavee
detected. The ppobe |engt . - -ddhgssagfls of
bases) and wi || {%ﬁ@ﬁﬁoﬂp?gH?réﬁtéxgé_ﬁ%ﬁéﬁgbt%ggﬁﬁS%C%ge%g@?m%y%?caI ly a probe
. length of about nidmbaeses. tSigadiqeptide isalssasterredtoas sERLPITRINy part of the
probe mol ecul e need Qe TR "Ys (RIS AURkaiginahg oS BIesdiagt o be
detected. In additi o%\, Hhe (LE:% ?’gﬁéeﬁ%ari ty get wgeneqat e %r obe .and .t he target
sequence need neequengreef arotellorhepyaressnd @548E SHEEFe PE Akl erfectly
conpl ementary nol ecules with the result thag a certain fraction of the
bases in the 25 hybridized region are not paired with the proper

conpl enentary base. Hybridization nethods are well| defined and have been
descri bed above. Typically, the probe and sanple nmust be m xed under
conditions which will permt nucleic acid hybridization. This involves
contacting the probe and sanple in the presence of an inorganic or organic
sal t under



30 the proper concentration and tenperature conditions. The probe and

sanpl e nucleic acids nust be in contact for a | ong enough tine that any
possi bl evaybisdizati on bet ween the probe and sanpl e nucl dI@/EWild74¢8y .
occur. The concentration of probe or target in the mxture will determ ne
the tinme neces r LG Zzatl o] ) j @a0r 35
target concentra L%gfﬁgt%@%gﬁggégﬁ%ﬂ%pﬁl@gk ﬁglg;ngg[n;g(l)go ﬁ?gﬂgg%riégﬁlﬂéﬂﬁﬁéeded.
Optional |y a dhabdiregsdhadent celblp hensderpia therhelVerRINS-opNe taigRnt st abi | i zes

nucl ei ¢ aci ds fynkbhbh isithdl 46l 685" as Ls¥H hEreilrts tdTer ttes séief 8gnal WO
02/ 055709 PCT/ USOL/ ~786|8rac aotropic a i,ve and., s pgent

Pent al | ows Sens| t L [
hybr i di zat i on SOUSRGEt |rappiogaticlt PEBRT SRAYSGHE S20PS BERFARFRERIRL W van
. Ness and Chien 4 $994fy diuyrbteins haitveReseulEdy &Gitd 2nBIFbkaryStes, abdere dietr opi ¢
agents include; i di.ni l.ari i di ni um thi ocyanate, sodium

t hi ocyanat e, SfUHEﬁlﬂb%ﬁﬁtb@ rggﬁgodrfg)g%%@gﬁg; sodi um perchl orate) rubidium
. tetrachl or oacet at e, Aptisad dienigin thel igen “hamategausmin Al ft$ groERdcat ©rManong

others. Typi Caér#d’ s%élhﬁg ARG IFRA8Mhe W lhtioRship Heseddn Biotdinkithal -
concentration of about’3M |If dEFI red, on e to the

" . e gan aéid f or mam
hybri di zati on PRSEESE& "cOpyNenaveiLignapbetginy yncluding PRSI XMy br i di zat i on

sol utions @an Qmearmhiteednd Auphslabbys ptdieime fmmiffesent sprvichReec®0 to 60%

vol une, preferably Q f, . ar. or. i t . - ri.djzation
ol Ut on” erpl GBS S6SuBeNG SEuramGns tatd e S Qe e,

chl ori de, abousequedBetiwroology) sufdflacisd by dheinkiobattigies of seatenceTri s- HCl ,

Pl PES or HEPESSiﬁfﬂE'rifﬁnge 15 about 6-9), about 0.05 to 0.2% detergent, such
as sodi um dodecyl'sul’fate, or between 0.5-20 EDTA, FI.COLL .(Pharmaci a
inc.} (about 300-5o“®h¢t¢¢rﬁaaﬁqrfﬁ§§}>ndw|in%%ewfﬂ%mﬁﬂ’ofr‘?éef(@ tH'an8p.- 500 -
kdal }, andsserpgfaldyeiisiseqtichoes,\ehatedtienetdut pogitibaas iduriticaldirzaiffemnt

R L G L TR
RNA, and opt i omadléiy daidor abhoud abidssamqepveadighment mgwiochide spakses. addi ti ves
may al so be in 1) ¢ | %gfé&t% [ s BTN Yo a

vari ety of pol ﬂr]bjg(gﬂgrtérg'g[%Cgf%s\bg}rnlag@eﬁg_%ﬂézé_%gnts, sn\éﬁ Sgrgﬂéprg?y%?ﬁyl ene

gl ycol , ani oni gotgbeymmsersng bf the Fvinparaiy residues opokglALds Pages/i ate, and
ani oni ¢ 25 gacchari di “%ugé’tla}ﬁﬂﬁlréortiéh"%f AP affxd B&H sTWHUcRiRideNegLeheeaci d

hybridi zation is adaptable to a variety of assay faqrnmats. of .t he nost
suitable i s t heOrSRABIOANOLEERF the amipo aPWLS%‘ﬁfﬁﬁéle aa%%'%@eﬁ?gdeep%rrmecul arly
adapt abl e to hybsleeiidasbquendeef a aendenputatively identifiytthansolypemptidenar y -

t of dwj,ch- i s 300 Lj i, t
has’ adsor bed + 850, Sl S PERRRCR AL on P ® SpblaRtE BT he sUIBATRhE CEP "
probe that is ari abey edmpniereautphatehsagyencs eamepaidsan ard sfentifisatiefuence.
Pl asm ds apd Vﬁ&bgraﬁgé?lfithm%esl}@V%BMEﬂB%%m OS2 HEN® S ARIETEYRT €SSi on

y be erther se [ epl

i bact i { t | , | i ti
oy te or CriBagsantl By o al-cGiond, Mataieb i S S SR AlgP aom da hao)

: BPasni ds have

the advantage @fuwfabignhihtddW/BLASH] BSng;fenﬁﬁmpé sefjubindeeobeh, orandrd her ef ore
t he expression | eyel can 24 gxo 0@{.§5a7 9 PCT/ IJS [-47868 be vergrcféirgh.
Chr onpsome i nt QAP HNEORGES QF BN, PEGIUE SYCISH'GCE Re"GeHeRE By

reconbi nat i on. toTpetaticelyddé iy adveippasieicodr meileig asichedaqiermatas hey may suffer
fromalo | evel ,of expression...ln. r ogl Lasm ds or
vectors a\(lz\%(g)rdﬁﬂa]og%gquﬁe pe? E@é‘&ﬁ qré}t{%gﬁﬂ%ﬁlﬁ%r fé/%ge@g}f @;t@ﬁ?lé%eao?itﬁg and are
used accor di ngntideotide setjhensesfgenkepesifiernligonucioetide psokas ¢INBBHFIAE usef ul

for the transfoprm LotdRlo S4idARitRIca0RAy BEIUsdah Re¥BbhcdkaBpEndentt he art.
Typically the vector or” plasmd _contalns seq ence@ di regit I )n%rh%ranscrl ption

and transl ati omeshodsef gene daniifigatien (dssosthelpnybRdZREPN Isoltithees

- al I owi ng aut onpirpUS sqD HyBAtizetloNbf bactehiaposisniesloribacgicshage. plagues).

2ocor ding 15t bagibsanear ol ueotsER % e Beess DU FPELes T egi on &

. of the gene whigipiifisatior pritneas sCPCR incvder tnohtaat & partotaneickiardica regi on
3" of the DNA fragnent whick t tr i ptJ anal ] QR i

nost preferred r@ﬁg}?rg&omp'({gmﬁg‘[é é@'ﬁ?%sﬁgg&mngw‘% QUbéﬁhﬂél%mSH ofd 18

16



15 are derived from genes honol ogous to the transformed host cell, although
it is to be understood that such control regions need not be derived from
t he gene®Oonatsvi@Yt o t he specific species chosen as a prodic/Uan/4mvst .
Vectors of the present invention will additionally contain a unique

replication pr H&@ietaﬁ&é %Bbuéﬁc:@'@@ﬁl?g?%eﬁ@@yﬁd ﬂ%}}sécﬁ@ﬂﬁggétﬁ%cﬁiﬁﬁlly ]

replication 20,0 e vector Int occus, host. |t|onallgﬁt e

. . Rhod .
present vect or Eeftify aRdppisokiea B‘t‘%{%‘iclqcﬂ&/)ﬁéameﬁéC@@(ﬁ’ﬂéﬁ@éhﬁﬁ&ﬁuﬁg sef ul
for rr?u nt ai nijnghéhr%t?hﬁ@d)ét%iﬁdeﬂ@h tehenaepanial br:ﬂclzcbr’gpid_@amiﬁ@@cidaanca "
significant degree ompl ogy to putatjye I .or . The
vectors of t heﬂHFIQQﬁﬂ? SFHU@W’?%%W%)%Q ("?Bﬁtoéi?ﬁor (ﬁﬂfﬁ%‘lﬁéﬂ&"%@g{aﬁbg@FW sites
. for the facs| eThaskilledartiséin,genisg tife REnafitoé lessequerneseaqraposied i n t he

Rhodococc ho : r i td : t i ¢ plasm ds,
PAN12, isglsat eﬁg¥&erl%-’rr}1%§9@gﬁg%%?g\ég%eér%ﬁérrg%ﬁ)?@oﬁgosftﬁgnd S ueIdtI,epvegt or:
- derived and cofg@vereasdor ReFRISESHNOMEIARES stidlet dp thisRitai Accoadinggue O |
d licati idr f ire Be i tl
35t ST ampensens o Besnnerces s o
replication i n2ECORABAN ‘QH%%&H@“S?&'?@&@?W&?I%%gu ?Q{é?so Psg %@tsleon in
RBOd?CgCﬁE$? andte)@??%sgasﬁgaﬁmaj abbvanl asmé\gg tyfg;cal ly- r;nge iﬁ{n. S:@]IZ? from
abou o abou « . " r i ng
tic units in thdN5aehleRaridict AESIGRanwary JEIEF 10 phy s |

?ggﬁt : 1(‘: i ggl t ﬁaglr]gmijlhmmrt@jﬁ%vaae pregnanthed is mefﬁh@?élegiralﬂglyrsi;o%ma%ﬂﬂ?ﬂetn ures
f host |1 d« l € f th

cel I'ular mat o PaE{ 40 SBucEec SRR AN St B8 B0 L7868 of
the high copy Ramseercialyiavgyabletoriindepandentiy deyelapeds yIRicaliseAyance

adfli ti Onalb1§wpbhéiy§%té{cgmarbtwiﬂ%m&§aat isMotﬁlfﬁmit‘éd%lﬁaé sacu@eglﬁt_@bqf? bact eL i al
cell may be grown’in . presence.o ro ynthesis inhi or such as
chl or anpheni caP"{HPER '\fﬁﬁgﬁv%fa%&geg{%'{?@t@iﬁ 8¢ ?%QQP&D%WdGBW%W 5
a_ddihti onal cop:(@szlef Matisarl, 351y BLASTR® BM(BETN,@H.ASD(S(A?SGW_E&@LWCMQM i shed
ei ther enzymati (k- t r gent,
by boili ngyor lB? a%ﬁgpbﬁ1¢¥@%’@%ggé§%@ @@@f}%‘?’ Ig%og?a%gﬁﬁﬁ gpend
ondat Eunb_er of Stadadiseni Wl AT 15gUEA, ?T?M/éﬁ{é\tmogr&mﬁ indneporadingthet er ida
an e Si o L i r sm
DNA may be%gur IfS{lf. Igﬁv‘%}gﬁﬁg@iamrﬁ@rgn@'i F?'u'gg?ﬁsc?ﬂ ' ?8?; gtﬁe’t\/fﬁﬁc%o&mégﬁgﬂege for
exanpl ) or by RsSerlbroeAntSyrer b K54y dMectng Pade 1882, Mit20i &RI1AT(E): si ze or
i pol yet Iyl Se R B N S Hia e o3RI RR pe "
pl asmpd )r/ray )l;et@ﬁé‘l%;?}é{%ﬁ‘%” P"@'g?iu@gﬁﬁgﬁmﬁﬁlsf%?n%éng@al?encea to
determine the Sﬁmr?%' wded foe a@?wsis,d;m*:tthémeﬁﬂtsrnﬁthe eplahysis wilbkvelbabed
osition of_each.re [ Si» e n map.

E/Et hods of EIi,onQPrthgts P%]!@%ﬁ)tr\/%irﬂ‘é%ﬁ aQ?,iﬂ{H%pﬁdeg?%rrg?%@éé%@m%%ggéﬁaemlﬁ% knoa/n in
}\Ahe a[)_t l(seg_ f speeifiadplis @gedvhencinSdefaplt a;alueaamllemeanR@Nd@ﬁt{otvzlu?gord g_. ]
crobiol. Bio . ; firckimitisi crobi o

ISl o Kb ol e R

pAN12 was i sol at ed OIPCRM o tFo@ SIS i pped

(2o %2 L ST TR g0 M RS g DRt o ro2

| D NO: 5) |=eé@tri8g"§bé‘P€ﬁ%ﬁgr EHM@U&?@%&EP%&FP'E@%EBQ&%ﬂﬁﬁ?"%? EEA gL A

Sites)Size of Dieptisdetiskrgoamtie dkimpAf (e.§., pldsmidbpbagatBamt | 212240,

61512. 423, 3.91h§an I1I4469%5§§§t gﬁﬁ Ag ~%H%ﬂﬁéﬁm%§ﬂ§%ﬁﬁ%&kﬁ@&06'334Bsm
93988, W)t Bigttions as

| 11 62956. 334Bs§ _ .
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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WO 02/ 055709 PCT/ US01/ ~78@&8 Restriction EnzynmeNunber| Nucl eoti de Locati on of
Cl eavage Sites)Si ze of Digested Fragnents (kb)Bsu36 |1160706, 334EcoR |11 797
~6. 334EspO010103BE76, 334H nd | | 13161, .4611, 63080.087, PEURIVATHEOM u

| 11 5156. 334Nar | 11 44406. 334Nde |11 6266. 334 . Nsi |1137588. 334PpuM

| 11 30606. 334P8plab&ild§,0@036#iésuele‘c3m5 chagged liés yiafesting), \-PEOteI Rs

R e L
334%ho |21 3748ls03BHAINASE, omz%rm@tomiﬁmns asgltseie@rblernagaity be
modified in a pé*é‘ﬁBan Of o ¥ Lﬁﬁhgt, Bﬁd%rﬁﬁdrm@ HRSEIEIaeid Ransiet essuaReci fic

genes desired ToOr expressi be inserted within the

- plasm d. 5 Add{ttansii ﬂwhlﬁbltﬁguﬁ%cﬂ#ﬁﬂﬁ%g Wrﬁsﬁ'ﬁﬂmﬁq)n the art, new or

different restricti gResbiRSp I%@Mu@ere?é}@'t@%ﬂ@dra éﬁr@ntdg@nmlménwﬁen
facilitate gene insertion.

t t t

. encodi ng resi sEAMEBIG 98P &AL '%;FP{jp%"\b{%v ‘?CB‘?eFtl;tIrajﬁ?&ﬁgBP%rEsocf? o C’ ?q"e&lt may
be usef;ﬂh a 8 '{]§@é|ty mgﬁlbtfb?ﬁg:f cﬁ&:laiﬁalbﬂale stmdf ed<DNA melecales. tsmacrmut sting
ones Wi ot hers., Sel ectabl.e mar e i nvention
i ncl ude, but a?gnﬁ%tslm?ﬁ E@LF%“%BR@V?%@?C&%&SH& Fg%éaoq%lsr@% esi stance or
Sen|SI t Ih ;n Eyo gimegratingadiqugnaes,glegeatn rudlediise saauenassalingaroirgiag orl ac)
or |i e e

9 ﬁéﬁérgohé'ﬁégfoi ﬂg% %r%ﬁ%ﬂ%}?@arﬁ’&éﬁ WOE RAIA, CRIVEH ffom

particul ar phe Cc or nor |ca trait. Generall ,,rrarkers
that are sel ectapiseuice, i whicha &iéﬁéﬁwﬂﬁ@’fléﬂ@e@%ﬁﬁ%wt’? @@eﬁdg*@ are

preferred. Parii el andined] nto y@ﬂﬁt@e%%éﬂgcﬁ&ﬂ_wwﬂébﬁ%%léwlhﬂrbti@c:lln@éhe
present invention are mar encode antib sp}e;czerem st an

sensitivity, i nmm@taﬁéraﬂmﬂemnd DA SRAUEHCRIRT 8] fi‘@@!‘@tpéﬂ@‘é"tgaé%g
tetracyclipe r@\ﬁﬂhséﬁ}‘éﬁng@@ urfHnelAs®p BequENe ihes asdelince gene, kananycin

I S R R NN [

present |nvent|on
host. The genesepizaiss saquestiziiy ameywhieh eotiEisenatr mmmrofeapl@@érmusu@fb t he

encodi g ensy s 3 RS TG IS aPF, [ MhicH Rihr SMA SEedl SaBIRES. 14
Endogenous genen$tao|ﬁed lsbeaaemt brirgy alewtrtbs senlmatlﬁn@frdn@aﬁa%@d@eg@ieﬁb
Appllcants%(%vecdlgﬁlﬁ é\?ﬁe ?Eg%eoflﬁﬁhcf}f iRnd dall fypd hRa @) genes

encodi ng efizynes in oIv uctio i soprenoi d nol ecul es) for
exanpl e, 1- deowmﬁaﬂlmm@@h@ébﬁ ltl@'eééﬁﬁ'fq{a)se gene (dxs) can be expressed

f[ EI SRhggggﬁlcglr:]S L;) ggﬁggﬂ haécggleh"‘ﬁanindeéfédf B eﬂagus %gﬁ@fé?@lo@oﬂét[bl\gtﬂ%alsgs
{phaC) which cafie %@%Q@&B?%Egé %QCYLE Ged| ﬁF‘HBSE‘FPSH g‘fC?J %%Hgé?sﬁabl e

pl ast i CSd c) gengasfonped! by exageneumbdheiardlogyus NG whey, the tansfecdad beOI
expresse es encodi n
e e hydsat A008 S8 TrRballels kg L RARSRARGS iveal 8BTS SRaOH, 00
like, and d) gémegratedqodvaigniiiplinied)deoaaisemasenabBNA BiakiesER 1€ r eam

bacteri a. Hetergg éjﬁ y of interest for expression in a Rhodococcus
include, but are not [ITmte

eth | ene for 'n% enzyne. (fefe from
Pseudonpnas Syri ngaeTf%l?Sf@&m@tllféhéegﬂr EiBﬁns gh o nt)? W%ﬂ%%@ PBbxyl ase
{pdc), al cohol |%hﬁ€rg29ﬂﬁﬁ§©f Gardk} ofgfdm@h(:ﬁéwlt:r@rmcg@femoany stabteer pene
synt hases from ts for roductlon of . ter ; OI?F' &Hsacu.‘ij)
chol est er o0 oxﬂ&é‘%r a(‘EﬂoM SFPBQﬁWF?it?Q@ %?'P@ﬁﬁ%g@@ oSI s or producti on
of the enzyne ifragtheniscareqafsrrentd ahidransgeniciod ‘cogdiednteatoding

nonooxygenases ‘.ﬂ%%%?[thdn ampaste, stream 30 bacteria. The plasm ds or
vectors according

entlon may. further co at ,| east one
pronmoter suitable foPCﬂNmei%@&W&aﬁt'@ﬁ t?feqébr@éﬁgg{ h%@ﬁgé‘%@?}%

. Typi cal |y t heseg,RifRILASd Kdrcd n’ﬁtﬁlctah?ahfpl“fylﬁg spacifionucklic aeidi ons wi I | be
derived from a Rhodococc

I b
derived frém va?qaé@é'cﬁén}scﬁé'? \ées[ %rr]%%lul &éﬁ%@%&.%@%&%%h%@ onafiﬁthso ©
. ternination siteadiyydie conmeistrstirse stagwsy efenaturatisn wbthe ereplste édCleC

I ncl uded. acid to separate the strands of the target molecule, annealing a single
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28 WO 021 055709 PCT/ USOL/. 17868 Optionally it may be desired to produce
the instant gene product as a secretion product of the transfornmed host.
Secr et i OWOOR/0§¥9Pred proteins into the growh nedia has tMe/B¥VdttEges of
sinplified and | ess costly purlflcatlon procedures. It is well known in the

art that secref g’%ﬁ% & totheremsatahutleid add) andit i ng t he
active trans Oél’té}ﬂ* ex I’eSSI lé%ﬂ@é?)nﬁi p

pr ot e| %b é@%&qel Ie nmenbr anes. The
creation of a QX@H%‘PB@H@G ﬁB@?a]@gﬁﬁﬁn%‘" fO¥s PYRCRP be acconpl i shed by
the i ncor por at i on ofha W 1epUBPTepALBRIs eodasplcation menamuumm sonfrals whi ch

is functional in the h ducti on, ho r
appropri ate sﬂﬁ‘ﬁaﬁb'@é E@g%%cﬂélplla%ﬁém%@@gg Iﬂ‘g ¢ %see @%hég(gﬁ‘pl e EP
- 546049; V\05932|41@3ém)wﬂl“éllma Isecesfetnedriom@'&épliméloorprﬁ@cm orratrepliease” be

tragment . ana TR EHE SRRCAPLEarRETE: SRiile DY BT SRQAMGHANegecn, o oene

invention al soprogéiates to a plasmd or vector that is 15 able to replicate

or "shuttle" bet Wee*?hé‘tter]n‘?a(%” Fe‘erSQPfafﬁl’fo?é]ﬁ nRCEasH s TBr manhini y@gﬁ@cﬂs are

useful for carrying génetic nmate fromone organhi smt

shuttle vector siwntﬂy hendivirgatedn has gigmifieant bew&%f W%‘k@“&\&”mfpiﬁ”ﬂ%
replicate g ”Bﬁﬁv&n'i‘sl%oodl@rémﬁéd td hbﬁelh%sfaa@lésmldtétgblhw mbeennir esence of an

f | t n_n "
Cepli care.  The pr esdhe lowes Gr@iaeh RRIGPERERT D s preaths sPehlieslaRoccus for
L opl Rt o 1§ e e T s spaendc e Cor Qr? L n
SEQ | D No' 3. NEAGTRE) ERE RIBHE A LoRERPar A s Ao PRl I of FeiBah T
easi |y acconpl i shedThe t&m ¢phN12! tefers toleplastic comppiaing alliese Bybﬁl’f@éf'ﬁl
fomet fom 1 E° pbBEn Y 8 TRIe e RhuBhbo B8 s%Eerﬁ’an' Sat RINCIS whkleln

function i rammpositive bacteri mber of ORI
sequences for gTeapiapUBdDDm”ﬁaﬁtaefﬁpe@ﬂ@Qd@%@rﬁe'ﬁ ﬁ‘?'ﬁ‘@ﬂs‘&ﬁ@the sequence

for the ORI in Ecle%ﬂhé&%?f.l@ﬁé’é nedef £ HBEQBMDE! H digtencedira) nucl&icog.

W ' Br o i e RdeAe sviersagn. s o4 Thabd Rl R

{GBN): 301808) anpdr u%f %bl‘bgﬁom&empnsm@@ puelsetide seyeendeas aekforthdse CRI
sequences i sol ram positive bacteria, and particularly those

menbers of @he taI es bacterial famly. Menbers of the
Acfi nonycet al es bactTenel tefmf“pRHBR1Wﬂ’dbf&ﬂet@anEﬂChéﬁa/Wﬁl@b’/-Rh@d@‘é}fFéﬂﬁ

Gor don 2. VycoBHLEL I resRB g o 7o e B e e

Gordoni a, Myco er 1 um US01/ 47868
Rhodococcus, Tserdeneepsset Bﬂ'ﬂ'\/inb%%@éﬁ &6 'MW?{F’%&@I%&[ \®YEPhNi bact eri um

gteggflt Egﬁcﬁzre:\éﬁ% Fé%‘s‘célﬁa e %ﬁt{g?mmﬁ@obmpr@wg ihutt@bﬁdaeemeltsce%re
Sg%g Sy §ﬁ5@é@§ﬂrﬁé@% e c%' sequence

separately 2put as
of pRNBRI7 is mmmude &@eh@elﬂ@ @témmh mEadBpN@c@ %@h@@rﬂf@lrbﬁ t he

PROBRLTL | 5 01 Yem i R0 di0h 7 RROHRE ediiinge S22t #riepSEQUD Rk, and

the characteri restrlctlon enz és ovvn in Tabl e
2 and Figure 2. 10 THBLEMD. P R%iur@FﬁFEﬁ@@ﬁﬁqC@%’é A02geBFOGTRABRL 7

(SEQ I'D NO: 6) % ttt'ié %éteﬂcgr%vmﬁ Lisd Ssdintdl derisrcot iemefledlideavage
Sites)Si ze of

| 11 245011. ﬁﬁlBeﬁEQ?laéﬂg@?-é@Pi hk@ 99{;7 l ‘%%@'%‘?4%“@?%%“911

5. 455BssH | | 1 Q;b?ﬂ;lg;ﬁe%@ aqd:ajlﬁ@aﬂcteico@adeoﬁmsm ametﬁ@mdwleggsgqg%ﬁalzsp
|1/ 410011 s41nts patonh R SES T NQA 1aebtde éﬁ'ﬁcpe"?%zgzgll 24%%2

| 1/ 734811. 241Pmlemmmer@elaessetlfgvmmﬁﬁelibb@ 3gand 8. YisHPRl 11314145,

- 6287, 74551, 16%3@0%%&@%%@% hlcle MR e Headet AR I SEL A3 NS,

I11/686211. 241
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:
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30 WO 02/ 055709 PCT/ US01/ 47868 Restriction EnzynmeNunber/ Nucl eoti de
Location of Cleavage Sites)Si ze of Digested Fragnents {kb) Spe

| 11 75771wo2RpSspy | 213081, 103343. 988, 7.253Stul 21 3783) 64332U880786@. 591
PRhBR171 has a size of about 9.7 kb and the characteristics of cleavage

Wth restriotion entRaRscRueIc flatep dednaad ifbomp ac@rTxAﬁlaﬁ 3.

Restricti on Endonuc ease eavage of Restr ctl on

EnzyneNunber / Naie pabibiotie or 6egeni T%‘S@néﬁ\%@@ glat%é%?@?zt@ %EEE}@Q'[

Fragments (kb)fsed ;b&ﬂlwrr% erleld 8089165 28astHnt 8 k3 4h, ardibidtic, 81521 875,
3.86G 3.91. 1BssH 113@15%39 65 R 798, 84354.015, 5. 637E

| 2
V1l 1859. 652Es pVigies %@Hﬁh’ée ?éﬁafk%h%ﬁﬂ‘f Titgsaq" BHYCH f%qﬁo 6. 583Nco

- 11/ 873@8. GWWmtérééﬂéﬁﬂ@rﬁﬁmﬁaN ébé&&@oﬁ@m@n thafl FERS@heritel 168 2 Rmlt
| 11 50619. 652PVU 14l 556 4698) 5866 ~1.168, 2.142, 6.342Rsr 11~.

1148679. 652Sac?$9| 8°Y: 652s5ac I 11152739. ES_SZSna%EI 11 44199. 6525pe
+ 11159889. 652Ssp | ~Ih87a¢51§)“iﬁé@rﬁpatibimyzlaawpﬁacitop midy\®ery Bsthr09

PCT/USCL/ - t786ﬁﬁay'i§/n f\ﬁo as?v}ﬂg%% B Rlst 'WM%“éérﬁ@ oM |Ar\ytt€~‘./opa”' cularly

useful in expressi odococcus s acteri a.
Speci es of Rhoﬂlaémféﬁj@ h@ E@Eﬁ‘ledﬂwm%f'l?'@d Qrék‘p 88 T\Mttbﬁ TAEINGE N Hie -

I ncl ude bufy ar gaigtedl rPIé%lcisofrcﬁhQﬁﬁ@@ﬁﬁUﬁc&ﬁghtmﬂﬁb(gi@@pg%tﬁw I8 ¥ teppol i s,

Rhodococcus opacus, Rhodococcus,.rho ccus

Rhodococcus koP@BRSGEY atiie garsiime. s%%clﬂ"'%%@'“té{rg(ﬁoma@c%‘@gt?t&?%@?@ Met hods
for Gene Expre@gsil@n odtdiel conjatativé pleantidoim iheqyradesegativeoolscténa. gene

i i n host | | | host
Exbressi on i n reconblyRe el e*%'%étb?‘?hé.?'at'@ae'“@g‘*{ el HRBRA 005 on
of various pat famaily comprisediphgenerat mcludmbﬂ oelimiged tﬁAfé@[ﬁQmﬁ%S al r eady
exi St ng i 1 g ohAstiah8l, ARBnSNALBARIS Oy AIHCDR (e oRiglis, Not

possi bl e using t y the gen oduc useful for
conferring |5 MygrBacigrivwt Wopaeias Rgpd PF@CQ%’és&S&amﬂ’fe@ngaﬁg‘f’gﬁdﬁﬂ’t’@r native
growt h node t o Abprdhddibz oponfRictaidnmbskepoaswed sMidreceamnst andt ed they are
used to transf%m g@yro riate host cells. Introduction of the plasmd into

the host cell Ilshed by known procedures such as by
transfornmati onNue@Acm mfstheﬂdn\tmitmhum per neabi | i zed cel | s,

el ect roporl\zdi on, tr)a]\ra %t%%%ve%e@ﬁehrég{bsl%g% &4 d&%‘lﬂ&a@d%@m dignt phage

virus. ( niatis, i ment resent vectors may
be co- transf onneuevﬁaphcetm I@ﬁOtf-ﬁaJ repe Withinsa nQV@W@@?@%Q@Pﬁ@ adrRlttBeol ogus

to the host. 'an@hhbn b@h@@p@éé@érﬁgrd’t@ﬁterﬁ@zﬂm§ rh@cl@lb%‘o@cﬂhwa\{/&ﬁ ased@ndat he 25
addi ti onal vector w |

The abi 11ty 1 olats SheIgias A e curetor e e RIAPaM Pl fnd on”
whet her t hey beéetogs foo thbexpmsomuﬁnmabiolgou:sdeebemjomm@ndsym pl asmi ds
ne' s osc “PREHBb Ryt F T TERAPRIE CLERELa el oot e I
" amino acid sequences of the present replication protein indicate that the
sequence was unigue, having only 51% identity 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}nent 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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30 coexistence see Thomas et al., Annu. Rev. Mcrobiol. (1987), 41, 77-101.
Vectors of the present invention conprise the rep protein codi nhg seguence
as set fwobkixosSEQ | D NO: 1 and the ORI sequence as set PEAIUBVIATSSEQ | D
NO: 8. Any vector containing the instant rep coding sequence and the OR

vmbI: be" expecbgﬁ,drpo,rmgl5ggaéﬁldma<ﬁbcp@mﬂ@c¢eil didislorppratathdrddd t hat has the
ability to co-exist re r.essin esent
|nvent¥on is WW%W{LFV@'&’@HM@&%%W?W gt 5¢a€ﬂe§§g%ﬁ§r{§%g@ant 32 WO
02/ CsS709 PCTUYBGI2 B585)pl asm]g and wi Il be gseful for the co-expression
f het I speci f.i as
i crobial product i dRY! aama‘?ﬁﬂ@é&ﬂ@%ﬁﬁ OIS AN oA eebaBe

- successful by tepiationrfedctian and commpriapp eopideatideaastuencefenceding @sent

| nvention it gg{}/&% tﬁa' %{t‘f‘éﬂaétg@éfﬁ beéchSOtfhawx§ aHéa%'tV@%fdérntthhe

commer ci al esired gene product. arge

< scal e product |b@ﬁedf0rath§pcé@ifh1\@3§é'ﬁ‘@nrm6ﬁﬂ%‘to 339 K&&?@?%ﬂ?’a
recombi nant |b PR alh&pebmpaYed® @b@wmpdd@mabm@hhb@eqhence @enist fiohs -
cul ture net hoc?g (i% A cl aSSI qui% turin m?t hod,,i s a cl osed
system where thé E@c% 4 SHao'SfECPH pssegél{ana? g BESTHS ng of the
cul ture and nabonglbirest of thedfitst hideafideabeqrantdeons during the cul turing
process. nus, at Wi BRYEIOLORLAL i BANFHEWARG AASSRRARA ifedi 2 1o

i noculated with th anrsm or or gani or netabolic
activity | s panmtitaeca stability ﬁbl@@’ufiin add|G@Q‘mt§*ﬁﬁ|%1@l1@|©0fﬂ%5§9'é@r&ﬁ Typi cal |y,

however, a tt Bgur@ég%r@ebﬁdé%? ‘éh(e}[éﬂs’é QQ(? %&lﬂlﬁﬁfactdé ththehésldt fzeh 70%Hcar 3on
source and attenpts ar control i ctors as an
oxygen concent"i‘%’ﬂti‘%r‘i’asﬁﬁ ah fﬁ@rg‘i&@t@ﬂ@f@“ﬁa 'ﬂ%m@g?f a[?gng}?d\tz%% P
conposi tiqBs qtfeatrh@nsy@;eﬁwhbarmmmadttampqtquptm hawng mﬂasedu@rmﬂ aure is
termnated. Wthin, bat u By Cc ta

t 6‘?%’{}\,{%‘%?85 6[9% sgs UPlgSfigé E{ag{?&%@ Eoﬁﬁ 9

phase to a h| tronary wher e
growt h rate i ghdiceinmiletment o tHﬁd‘lrﬁbUUleB@t'dﬁﬁ@@éﬂft@@ cells in the statl onary

phase will eventualA cd?hﬁgﬁ'réf%rﬂeﬂ dr@8oRitas faghents henat leapoaisell e for the
bul k of productlon 0 duct or 1nternedia

Stationary or &éta%&p@ﬁ@mﬁlﬁﬂtwméeﬁpgﬁl& M?Ft@éﬁ%ﬁ@dz%ﬁa?rﬁm in other
Systems. AovardgH iagniéhis tisatsiend ikt DO1a8Y dartiont testrehamifeca@dt ch system

Fed- B h | d
compr 1 s6 . typlAsnBEGERoSsL e i HmIAY e st hdinS PEleic BB, o 3"
added in i ncr egmeniehces cohespahdingdo pheomstagasp apdctllBgeﬁﬁSsg@t’@ﬁ’ﬁeare 30

usef ulwhen cal aboll 8 fERERIGHOR-tSWABh ohOal MLbTbot RnTBAABGES Of 1t he

cell s and wher it substrate in the
medi a. Measur emgieicafcid ReduRNags Ofs'@B@'ﬁfP%f‘éfQi@né@?fﬁrpé? e(SF?q ¥PRYBat ch

systems i )sdi frﬁd&ék"acﬁ’d‘ﬂagﬁ\éﬂ@é@ A ieasstoNBASEticAN {d e @@@l@o@é Hereinchanges

of rreasura‘ble act or i ssol ved a en 35
pressure of wddpat predege @@,reﬁa@ﬁ%lv BHCIEE aﬂﬁ%@&*‘%ﬁ?éﬁgﬁ I rlfgﬁét net hods
are common andgywelsk, kiewmal to thbeuatdic aoid feaganptegepagiethdefeond i n Thomas D.

Brock 1n Bi ot echnol ogy: A Texthapk 2Lkl stineiventdR A3} 2218 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 amplification technologies
35 [e.g., polymerase chain reaction, Mullis et al., U.S. Patent 4683,202;
ligase chain reaction (LCR), Tabor, S. et al., Proc. Acad. Sci. USA 82,
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M cr obi ol oay, Second Edition (1989) Sinauer Associates, Inc., Sunderland,
MA., or Deshpande, Mikund V., Appl. Biochem Biofechnol., 36, 227, (1992),
herei n i weorpsiaped by reference. Commerciat producti on ofFCIHEI{H8tBant
proteins may al so be 5 acconplished with a continuous culture. Continuous
cultures are an0dbei 98Pl @mtieer displagementamalifieation [PEuh.a/Vatkesdefed

continuously te a. %?ﬁ,q?cqoqrsﬁrgsq’@qggygggla@gggj]_ of conditioned nmedia is
y ‘for

renoved si nmul t aneous processi ng. Conti r,‘uous culture enerally

maintain the cells Epréxém,élﬁneﬁiﬁ%omr@ﬁ'ﬂ“ BhBeRE Y @W%%‘E@Sé‘& s are

primari 'é in %%s@g%ﬂqhesle%tghpmltvanm teuldals elayed dnecthubysisingl dluorea may be
practiced with i ilized cells ere,carho 1 -

- conti nuous! ¥ aaeg]t}’?‘ %‘Jﬁ&i‘e\}%?tQQLPBCIBPOB&J%f@é%jiggméngﬂgalggt?@pr?boe uct's

are cont i nuousky streepvibtafienhoirhanycdédirattlsactedaiusinignmetiadaiegy walmay be

per for red usi ng, g, 18364098k 15 fel £ S SBREAL IECARABELHIL brats U decand/ of

PRV dPs' ntinu

synthetic 15 _ ous or sem -contrnuaous culture allows for
t he modul at i onupbndhe insiarioiucleicasd sratsncesicaneg epelonad@ndisvathiesi<s

growth or end Bp%&%a@%@ﬁm ihahk A (Metiiafx 2mpre 19898 Mekdedrwihd enthent ai n
alimting nutrient such.aE the c rbﬂn soulﬁltge or [gl'{]}\rogﬁn Ie\ll,'glt gg a fixed
rate and alf owSBANEDEESEHEPe dised fitechy 1 §YBGaES NARCEER &Y ?/g' B a
nunber of fact ghswaftbaheiskiledrantiédn such be raidosn pdincra D Madadingwhidke t he
cell concentration, .easur ' : | dit [
Cont i nuous sys&rgﬁﬁla%'topi' @geﬁ%l%%‘?lﬁ@g{?ﬁj@Hgg%r?/drs%%'ta‘éﬁg!r%%whﬁﬁ@on | tal})}c?ns and
thus the cell lms#rodengasiptiodisystesis glndeddifionfapesifistprieeisatane@d agai nst
the cell growt i it £ paffRi ReARI-Ring P B8Rt inB@nput ri ent s and
growt h factor sfi'i]g% %gn%}?dznﬁ%%@%\%gwtpﬂﬂe ,E?ocesses a%f%eﬁ,\h ?%bte(itani gﬁjes for
maxi m zi ngl$ he seaueness.pf bauesuliipg AEMIBFALRNPIREC elapgled dpEhs
| ndustr 'E;a('A I\/QL(I; ré:%gigglréﬁﬁﬁlif%@ﬂoﬁ reaticisYorahbaret Roies ﬁaﬁpﬂigdsﬁ@h rebtiops Pand k,
supra. e present invenption rther i,n .t he
fol | owi ng Exanpisgd.as prodes Pée%%feJHEL%’Qt%@é ﬁé@@%@@kﬁﬁgg%@@&mﬂfl e
i ndi cating pref:pprestistaisathgemys of the invention, are given by way of
illustration only. Erom the, e, di d lﬁﬂ:ﬁ' %
skilled in the art cfé'l‘?'%Igeﬂaéﬁﬁ'ftyﬁé%@g@@ﬁ?ﬁ%ﬁ%ar! C érﬁﬁgpﬁ@?&’épggﬁi S
i nvent i on, 2and différeatise@tenbEsaand arg fetoonplemepianytto seghsdbpie t hereof , can
make various c ; Il ' it IRV edRek Of Bapfimets t O
vari ous usages%@é’%gpﬁ@%g?bgg& 'tf%.@%oﬂ&htohg,‘ﬂh% 'e ,B . '
should be designed to provide for both efficient and faithful replication of
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); Rychiik, 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.
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Alternatively, the second primer sequence may be based upon sequences
derived from the clohing vector. For example, the skilled artisan can
follow the RACE protocol [Frohman et al., PNAS USA 85:8998 (1988)] to
generate cDNAs by using PCR to amplify copies of the region between a
single point in the transcript and the 3' or 5' end. Primers oriented in the 3
and 5' directions can be designed from the instant sequences. Using
commercially available 3' RACE or 5' RACE systems (BRL), specific 3' or
5' cDNA fragments can be isolated [Ohara et al., PNAS USA 86:5673
(1989); Loh et al., Science 243:217 (1989)1.

Alternatively the instant sequences may be employed as
hybridization reagents for the identification of homologs. The basic
components of a nucleic acid hybridization test include a probe, a sample
suspected of containing the gene or gene fragment of interest, and a
specific hybridization method. Probes of the present invention are
typically single stranded nucleic acid sequences which are complementary
to the nucleic acid sequences to be detected. Probes are “hybridizable” to
the nucleic acid sequence to be detected. The probe length can vary from
5 bases to tens of thousands of bases, and will depend upon the specific
test to be done. Typically a probe length of about 15 bases to about
30 bases is suitable. Only part of the probe molecule need be
complementary to the nucleic acid sequence to be detected. In addition,
the complementarity between the probe 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
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 |
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
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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chaotropic agent allows sensitive and stringent hybridization of short -
oligonucleotide probes at room temperature [Van Ness and Chen (1991)
Nucl. Acids Res. 19:5143-5151]. Suitable chaotropic agents include
guanidinium chloride, guanidinium thiocyanate, sodium thiocyanate,
lithium tetrachioroacetate, sodium perchlorate, rubidium
tetrachloroacetate, potassium iodide, and cesium frifluoroacetate, among
others. Typically, the chaotropic agent will be present at a final
concentration of about 3M. If desired, one can add formamide to the
hybridization mixture, typically 30-50% (v/v). '

Various hybridization solutions can be employed. Typically, these
comprise from about 20 to 60% volume, preferably 30%, of a polar
organic solvent. A common hybridization solution employs about 30-50%
v/v formamide, about 0.15 to 1M sodium chloride, about 0.05 to 0.1M
buffers, such as sodium citrate, Tris-HCI, PIPES or HEPES'(pH rahge
about 6-9), about 0.05 to 0.2% detergent, such as sodium dodecylsulfate,
or between 0.5-20 mM EDTA, FICOLL (Pharmacia Inc.) (about
300-500 kilodaltons), polyvinyipyrrolidone {about 250-500 kdal), and
serum albumin. Also included in the typical hybridization solution will be
unlabeled carrier nucleic acids from about 0.1 to 5 mg/mL, fragmented
nucleic DNA, e.g., calf thymus or salmon sperm DNA, or yeast RNA, and
optionally from about 0.5 to 2% wt./vol. glycine. Other additives may also
be included, such as volume exclusion agents which include a variety of
polar water-soluble or swellable agents, such as polyethylene glycol,
anionic polymers such as polyacrylate or polymethylacrylate, and anionic
saccharidic polyrﬁers, such as dextran sulfate. '

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 adaptable to hybridization under non-
denaturing conditions. A primary component of a sandwich-type assay is
a solid 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-
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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Bbe | 114440 8.334
Bsm | 1/6295 ' 6.334
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with a given score) that are expected in a search of a database of this

si ze absolutely by chance. EXAMPLE 1 Isol ation and Characterizati on of
Strain ANO228s5Thi s Exanpl e describes the isolation of st rPéiTHJSQNi?‘(’Ef
Rhodococcus erythraopolis on the basis-—of-being-ableto—growon—anitine as
the sol e sour CRthfncmf@rﬁHWnﬁé\Wml HnmbgVNuMldﬁilosa’mﬁn a 1&263 RiRiggelee seguence
indicated thdat strain AN12 was rel C e bacteria
bel ongi ng to {the_ genus Rhodod escuc%%g\’%%\,@eegg" that- S?’:?‘:g@gdﬁwme wer e

i sol ated froman essushient qul ture. THO78Nr i chrent]_cul tuf3¥as establ i shed
by inocul ating I m_ of activated sl udgﬁmﬁto 10 m {of S12 gy um (10 19\
anmoni um sul f%@ th,e* agst+um-phosphatebuffet \pH 70y 2 rvt 1vg 2,

- 0.7 mM Cad 2,| 50 ul\/EMblCI 2, 1]uM Fed 3,1/189M zndl 3. |1. 72 uﬁ%&ﬁso 3 uM
15 Cod 2, 2.42 uM Na?2 ?IOZ) and O. 09@:1r g@ﬁe@@ in g 1(?581”1 gg:;ravg5gap
Erl enneyer fllask—The—acti-vatled—studge—was—obtarnegfroma wastewat el
“treatnent facllity. Miné enridhnent cul 181% was supglenent &P3fith 100 ppm
ani line added directly, to thg culture 1rﬁmoum and wgs i nculpged at 25C with
reci procal shakirg—TFhe—enreghfrent—cut-ture—wasTranrntai necr‘:é)éfu addipng 100
ppm of aniline everidgi3 days. The cul {28 was diluted ev 4 _days| by
replacing 9.9 m of '\}Srﬂp cultyre with tpgmgarre vol urie of 816233md| um
Bacteri a that —wtiHize—anrt-Hng—as—asote_source of tarbon B"lgagnergy her e
i sol ated by spreadifmMshnpl es of the eW#9&hnment cullture ot $3“S12 agar .
Ani l'ine was pj aced %t he |nter|or of qe/qu petrl dISh lid.eThe 25 pefri
di shes were sgeated—-wth——parafiimand rllLUUd[ ed upsi ﬂggnz a&n o&n
tenperature (R5C). Repllesent dtive BHEEPe44) 38 ani ds \1\ % eg for
the ability tp use g@”,l ne as| a sol e spyugge of carbon and @8 gy. Col onies

wer e transf er ped—+omthe—oritgimat—SI2 agay pl ates used o jrti al

i solation to hew S18asdar plates and sUPPF4 ed with laniling M—m interior
of 30 each petri disghclid. The petri di/shes were sefl ed wié.B3parafilmand

i ncubat ed upspde—downat—T00 terrperat,!.ll[zg ([25C). The 16S Ir:é?gléhgenes of each
isolate were arripl $M3%H by PCR and andf$%ed as fol}owsE48h isotat  was
grown on R2A agar (@pfeqo Labo} at or i es, 1/8esif ord) MA)| Sever@B34ol oni eg from
a cul ture pl afewere, 35 suspended i n 1UR/ur of watef. The FhXjure was
frozen and then t hasis! The 16S r RNA gerd sequences vexeagp 1tiedby PCR
by using a commerciagtukit accprding Eug‘ah%ttﬁanuf act ur er ‘5630 $StG84ct i ons
(Perkin El mer 02/ 05509 PCT/ U 7868 with pr| e K12
(5' - GAGTTTGAT it 13y (sEQ 1D No! é["S@Lnd HIKE3— 5 .nﬁ%a*rmﬁﬁs')
(SEQ ID NO:10). PCRneas pert prmed i 334PTBAN El mel  GerfoPif 65860, The
sanpl es were incubated Tor 5 mnutes at 94C and then cycled 35 tines at 94C

for 5 30 seconds, 55C for 1 mnute, and 72C for m n The aggli ied 16S
rRNA genes vere pur Gricednapped, isoleksahplasimigs may %E&dﬂleﬁb'ntaomt"ﬁ‘

manuf acturer’s \;\}e&%t rwgﬁ%%eﬁ@h@%%smcmm spdaifed f@meddeyireanior sequenced

on an aut onat ed enc equenci re initiated with
prinmers HK12, ﬁxm@ssminﬁm 0(5!30 a@?‘tﬁ:@&é&%&%&%‘a éla}a’ﬁ{"gEQ | D NO: 11,

where Y=C of T,Adhfﬂi‘br@llyﬁ}lsmg hectirb@eRNAl ganensedueadenel aaliferestl at e was

ed as the e ence I cleic
ﬁl\iu ds SRes quﬁ%%‘ﬂstﬁgﬁ‘(tﬁ%??&]beg?ﬁéﬁgéa&ﬁm %ﬁh%@%&ﬁg‘fﬂs%gﬁ%ag%gg 'y 68I RNA
gene of strai n1MRON\/aMa3“qqn£éW@dlﬁqte&@$®“N@@?'nﬁr@ﬁcﬁ'@@ﬁﬁ‘&r ed to ot her
165 r RNA Seque?&%?tan@e &E%fﬁ@ﬁﬁﬁglfo §§%\?§'§ﬁt1t§1§ﬁ@é®aﬁ§weﬂ'@ﬁ ithASy bBNAcgeine

sequerice from | east 980 S the 16 RNA gene
sequences of hitglnseriradsitipnamh sedRgtab @é“B'é\??tr% ﬁ%ﬁ%ﬁ‘& n@ ?'?16]3 é'thus
Rhodococcuggy EXMMLE %la&ab@mt:ma uaflil Ratte pﬂessﬂqmanimgm@fuda trate DNA

F Strai AN12 Th [ I t AN12
eta ] ool ar ekl s R g art bR s ihcelbr AL
observation of @mdww@belﬁﬂeﬁsle\iw)ajlsuch)m a:onmlpafﬁ ﬂafﬁpbﬁr ilghfée@et#é’ﬁ] c DNA
preparation fr le gagg%ﬁ%gmgwﬁ‘o{’@ﬁs fzpanad ﬂ)#rtlb@@i’ ﬁhéﬁ'o’@éld‘ rom AN12

. strain using a smd purlflcatlong out]ined a

fol | ows. ANL2 waeta@uod;mrmrgbowglqaﬂ Trﬂ&Y@@F&iﬁUmr@@Tkgz%M?feeﬁ?leﬁ I o. 5%
Yeast Extr ¥ &hd a&itileholks dreyreferBie Ratticalanyr e
centri fugeg at atg%g%T i ﬁ%@(’)&si‘ﬁgo m%tan’?)ﬁe cell pell e'tﬂwas washed with 50. nv
sodi um acetate {pH 5) and 50 mM sodi um 30 37 carbonate and KCI (pH 10). The
cell pellet was then resuspended in 5 ml Q agen Pl solution with 100 Ng/m
RNaseA and 2 ng/m |ysozyne and i ncubated at 37C for 30 mn to ensure cell
lysis. Five ml of Qagen P2 and 7 m of Q agen N3 solutions were added to
preci pitate chronosonal. DNA and proteins. Plasm d DNA was recovered by the




35 addition of 12 m of isopropanol. The DNA was washed and resuspended in
800 ul of water. This DNA was | oaded onto a Q agen mniprep spin . colum
and washedorvisce® with 500 NI PB buffer foll owed by one WRER/UAT/HTSBD WO
02/ 055709 PCT/ USOL/ ~7868 750 ul of PE buffer to further purify the DNA. The
DNA was el uted t e DNA sanpl e
was exam ned %lH %‘%%%a%gﬁgéte'ﬁggﬁﬁ %%%Eﬂ{eir?ﬁﬁ‘at%ldc%!@ arﬁfblrdgt t DNA band
was observed. re’ﬁiﬂarﬁﬂr@omn&m’w mo@,@meauwwrﬁlt@ém arpisillip 88 18taECon
enzymes 5 and &é}ﬁﬁébﬂn'ne%gﬁpar&fe g&?«l&l%hlo?amFﬁéﬁmbprésmaﬁc@géﬁe1 Wi | e

Hi ndl | | clea three sites &see %pe lé onlithetwo | ar ger
bands were re%Wfé‘d“F@?'S?%nP?r@rneaﬁHF’ RiostreripndesiRNcs 9RMIG 1 gener at ed
- bands, one of 1.7 k@sﬁﬂ@s@ﬂm@breéeﬂt ikbentiey wilkxmitsiach fenendfetessgditose gel

and cloned into the H d Ll site th inserts
10 were seque*ﬁ%@dp'quéﬁat“heh%ﬁﬁgtcoﬁéef 5%'3‘% §g%8£”feﬁggmggﬁﬁﬁ%etp§gl pri mer.

« (-20; GTAAAAd@r@mwoge(rﬁE@tbmne\mosmr@ndgnmhert@d@r@r@@qﬁr|mer (-4.8;
AGCGGATAACAAT R re obtained
fromthe sequ%%&é%‘?@ b eSFFr% g&é\%)eeac%n gg tégﬁd corrp?rp\gaglc{%ﬁ’e

nucl eot i de seﬁwﬁh@%@ oagiegé@datmwathwam 15 1D NGs: 15-17. Sequence obt ai ned
fromone gpd of thEnéo&er‘f&Jé 8884 ofAserBSofor aRgrdssionoh ¢ RibocddrsH ndl | |

recognition site is hted in, bol nd erlined i NGs: 15-17.
EXAMPLE 3 %Q&F@q@ga{?eﬁ‘é?tﬁés ARy ”t%ﬁ?a? W&h‘gen b&h& L EP{)W?F% ‘asmid (n
Strain 20 ANDl\ﬁgAgérh@S saooding ehzgmesriataded rm’rhetrtredumn-lohﬁbprerfmfégrrent s of

the pl d

dat?agagzm Al l n} %ﬁg)ﬁ%rggﬁﬁE\d&%{?{gﬁlu%%oﬁ\tﬁhbﬁﬁﬁét@%gns of Co t| g 2197

from assenbl y(duseoroanme)gyﬁmctlnsfé’ara@m@@us@%P@ltéﬁeh'%ﬂu&@féga bp in

I ength. There;q ‘6@5 ARGy FEGieHeRMithanegerds ditodie) abase spanm ng both
'n

ends of conti

, Tl
Appl i cant s haQQIYbégi%(Hé{*@gigton%‘g@égaAhﬁyB%Péﬁ’ls z‘?h%l’)a‘ghich (1f0| ece real n AN12 as
PAN12. The coBRprisSedys! mtprdduétﬁﬂveﬁmade@radANlle?pldeBmsgra:)tgerngstelmeodmgque

| h d d of
The 107 kb i ARG HaEREn Pu B -G} CoraPlike dhoh ooz pighEnE ) ©
regi on of t hepeatgatiementRistdoandcies, dh ARDE2S sagadinganiitiBEQY ¢ ptagesior Anot her
end of thg%f éA@?ﬁbn%lgcer?@ m(rg}%%é clblgs]a% tﬂ@terQeéind\‘dl) BehBg 4611-5133

bp region sequenc tb[a@ 4 kb H ndl Il
i nsert (SEQ | BngsdiNg: erWOWQ@rﬁlédeﬁxﬂ?HV@% OHBWBSW@%B Bh of the

conpl ement strand @fot8iNdo Lﬁer%’ér%LC@f ih&reatlfbr b@pr‘é)ssroiﬁhn%\eRHbddcbddcus
restriction sites were predgﬁmg E; @%’Q’ the AN12 %ﬁm(fg?@e@ on the
conpl et e sequdifdede, Ayt arg@o B8 1992 m%e B \Y'& tion
fragnment s gengrsaigdnionem dinghe fodithelenesirodlictidre bj) pysivade as 4550 bp, 1687

b d 87 The 4.4 kb |

ot ohed vabl  reRrcdiasEBREL I BRI RaRBe LM ToPARBIECRIOAMCOR €,

fr ﬁgrrent f W?hlad:) terbebe sqathasesdﬁtred%ds sorcmoéuchcav/afat@mw el . e;’hee(r:o(r:)gl .
er o

nu W{JI A {Hr}%h\éﬁ’ést@r%i bﬁ‘?éeé &B%mqr@hwy@od&tm p

based on the at conti uenced at 80 rage
conparing to é&lle@rag@ssﬁbﬁ@upr@wfé@@é? é@eearvmene PEeUs: @FWQQ ﬂ
chronmosomal  seg Hih@Rdisek gt didrivati flom vexsta stread ng frarres
(ORFs) 10 encoded 0 pANI 2 shared sone honology with proteins in the '
dat abase @@omﬂﬁ rr?g al | non-redundant GenBank CDS transl ations, sequences
derived fromthe 3-THgpasiidabr séctorst acmrdngdé hiae erveRtion enay futheerBank,
SW SS- PROT pr ot ei n. se ence da . CRF
(desi gnat ed r &TRIESH e@%tn%ﬂe h&%ﬁ&g{?ég% Tf&n(gr :ﬁ' @ @ﬁ%%e%?
SEQ ID NO: 5 siRiveibdoseugr &gpiestly thesel mgmqt@rsneduﬂ@gtthennrﬂab@eﬁﬁnﬁﬂ pl asm d
pAP1 from Arcangba | x%g,em@.ﬁ AP )s S Bacteriol .
180, 3233- 3232 'f@%é? bJL"Iinaeé)rsecon a(é %g%m gnat d‘%e}n'irﬁéhc% cor?trolgg ement
strand of Sﬁuclregtdnde‘saﬁamlwgsﬂ‘dﬁd B yavious: serasovityer tedh Srpéﬁéé honol ogy
+ to a putative sifelAEY Heamrizekssryi, hblveesrdeis
identified by ﬁ%#om (?Ylbég%nazféh?ﬁﬁt@gl g%hng}lln et al., Srg: ence 269 (5223),
496- 512 (1995)moatrr§ef%rﬁednﬁén<§r"é qam d (SEQ ID NO:1) on pAN12 is predicted to
encode a Rep protein of 379 amno acids in length (SEQID NO:2). It shares
a 51 %identity and a 35% simlarity to the 459 am no acid Rep protein from
Ar canobacterium 25 (see Table 4). The div nucleic acid (SEQ I D NO:3) on
pPAN12 is predicted to encode a Div protein of 296 am no acids in |ength
(SEQ ID NO:4). ft shares only a 24%identity and a 40% simlarity to the

internal portion of the 529 amino acid putative cell division protein from
Haenophi |l us (see




Tabl e 4). 30

41 WO 02/ 0i 5709 PCT/ US01/ ~78G& TABLE 4: BLASTX anal ysi s of

the two pAN12 open reading frames (ORFs) ORFSim larity ldentified .%

| dent i f ywd @i

witoari tyb E-vatuecG tationrepGol AACA6399. 11 PCT/USO1/47868

(UB3788) 3551e-59Bil lington et al Replication proteinJ. Bacteriol.
180( Ar canobact er i urggtinally asﬁagwmmﬂeﬁdﬂud@w idsteshigesBIBdduCt as

269nomol og{ 52255570 S1of Ranumnrrusrorpt DeRp . E5rRh8 o el BRoine

defined as persenhageonth addia hasithis adventages of amnlﬁl@élaﬂﬂefﬁﬁééﬁsﬂhe 5 t wo

proteins. b%
i dentical or

- val ue esti fat
nunber of mat

jidﬁsngggaé@}sgacfeﬁﬁéé nﬁ% %n%bﬁzﬁ%%ﬂ@ aﬁfthéf%é'&eﬂéh Qﬁ;%gt Eilrogct

proteln ect val ue
SSqURAcEes af¢ @ﬁeeaqsemlghfaq"&%ﬁr&ﬂ@raq’% tﬁ%ﬂ%ﬁ’ %fpem fying the
esé’iblbfbr@teghé/ QBr&QQ;reﬂ mél’ﬂatarwse Eheeeitidnioi aa search of a

d
- EScheri chi a OMInSHRIBR BELPraRR B! SSabg 6 Fh A el B Bl 12 ac o

An E. coli-Rnh
function and

and in Rhodoc
whi ch encd@es
antibiotic re
(ATCC 37517)

Pl asm d pBR32

ddesro bomimrsdsm DINA \zeqmemcermqtlcom torsesearbtiorplgnabwhinh 10

an i bi,0 h I

IR T gt 31 T PEGUERR S| OO cRBBSRR D o 80 !
appeopeate signdl@equiences are Well krawada dice ast. (sge f@b@fﬁmp‘?
SE&S%@@)QQ”W&S@%%@MBhﬁﬁ@gie&%%n sg%l PINAor ¢4ifitaRIr sy erBR328

was te i
go@atlem@wﬁﬁﬁﬂbﬁep(pfﬁssm eont ‘th &{ﬁuncﬁil Ong{s&‘gﬂifp&qeﬁcgrococcus

resi stance mard&iestrigment, et ihheisants resa@ﬁng franﬁlﬁaﬂiﬂw Wes|atteneari zed with

Pvull which d
pAN12 di geste
| D NO: 6). 130
chl or anpheni c
pRhBR 7 was p
el ectroporate
contain the p
prepared as f

0. 5% yeast ex

20

25

30
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I A e A o e Y ey
PERIBRY. repieate onfshutiief hedwben asast two differentorganjsms.

SRR eblalf o bl e or G RRCRRid from ofificrgaith ©

doi attahéth olloe sbutlle vacjarts eissinpyishatdora pien v&mvré PYdées not
g%ﬁt\xgb‘?‘%%te yg%o%%ﬁ 8REMBEE. eﬁﬁlSQ§HC§ht9fedAﬂ-me47072 were 25

rown in (0.8%nutr.ient broth. and

t@rﬁéﬁmcaoﬁ'ﬁééﬁ@%%@p@g@yoww "ﬁb@ W@mHQ%tr‘at"YIHﬁhfto an 42

must replicate. The present vectors are designed to replicate in
Rhodococcus for the purpose of gene expression. As such each contain
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
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 £. coli determined (see for
example Hirota et al., Prog. Nucleic Acid Res. Mol. Biol. (1981), 26,
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
for example, the genera Actinomyces, Actinoplanes, Arcanobacterium,
Corynebacterium, Dietzia, Gordonia, Mycobacterium, Nocardia,
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WO 02/ 055709 PCT/ USO1/~78G8 OD600 of about 1.0. Cells were cool ed at
4(err)C for nore than 30 m nutes before they were pelleted by

centri f wgani/esszosPel | ets were washed with ice cold steril @RASEH4BhY ee ti nes
and ice cold sterile 10% gl ycerol tw ce and resuspended in 10% gl ycerol as

ali quots for babcédfc%z%uEézﬁgté/@petazmanfteﬁumanbmbanteaed with 50 ul  of

Cetting used faapahrreirey sronianyody MATPYr dh MEsPIGRIbBRE' O 00

2.5 kV for 0.2 cm gap shuigs vecto”S tier describeddtareipopRhBEH Hpande, 0.5-1 nL of

NBYE med! um e Rh BRI ggﬁt};§ﬁgg98&rgg%§gﬁ§6:5§edﬂ§é&réwﬁﬁf RviRg hee for at

| east 5 minutB S wer e 1 ncubat ed 0OC for 4 hours
. to express‘ithearaetesiseotialcfeaasestahe@qmlﬁ@rswnﬁﬁat SRMBRNBED MRS with
5 Ng/mi of te AR IEREsE QR ReATaRe T TRIGiISeMRT €

obt ai ned \Ahen%ﬁ%pm%a%gg{tranéforﬁe w th pRhnBR17. No tetracycline

- resistant col 8 MANDHt ai ned for mock transformation of ATCC 47072 with

sterile 15 water. FhepFesuhss asigoesilsslitiiag kbhedtherchayadtenstiosesi st ance
mar ker on pBR328 functj one

n Rhodococcu 17 was able
to shuttle be?\ﬁé&ﬁgﬁw‘?‘brelsgéﬁﬁ'é?”%g@&%§ mf‘ﬂ@ ?%@%s?%ﬂbng:témj 'requency
was about (@06 colony form ng units (cfu)/ug of DNA for ATCC 47072. The

shuttle plasm d nt ai ni ng
the i ndi genous RAREEr y%%f@&h%a%’rtd%ﬁ%t’ééi%@téa%g?%%%f’ s ey
EXAMPLE 5 pAN12 Replicon I's Conpati bl e N®th Nocar di ophage Q4 Replicon O
pDA71 25 The replicon is a genetl c el ement that behaves as an aut ononous
unit during repH-eatton: Uclltrly amnd (,oml rmtfe e ',sen%hat el ement s
such as the ne@ﬂt@@toﬂcﬁﬂzpjmé Nurgbei/NIqlegtide bpcatiop | cat P8R Of HEPSEs i ne the
function of the pAN12 replicon, tgrecipANbg Site@yence| was Fragntdmgs (kbxani ned by
mul tipl e sequrence a et ot ner44% sm ds. thougnﬂ,"’,g ]l?ep of PAN12

had onl Yy 35% over al ﬂ Im no_ag¢id I(‘IEI’]_t Dnn n'E M{agvuuvt%‘t_lru_nr} P asm d
pAP 1, five notifs A@r;e identified |n1/pzA5012 Rep that areit@dserved in the
plJ 101/ pJV1 f am ty_of, Tol'Iing circle | cation plasm d§1ggq,l udi ng pAP1
(I'lyina, T. aP2 Nluml eiclAcids Do 20:-32¥9-3285—Bi+n nm S.

J. et al, J. Bact eBa@H.! 180) 323338%583@%{)1135 throbéﬁ5c3r%|‘s1t S 4Rl t i pl e
sequence al i gnnent gure 4A). Sone he ot her |nmenber §4isn4t hi s famly
of plasm ds Iﬂ-&l—u-dgg%ﬂ 101f+4om Sttept@fr]e?'%ea Hv-dans \Rcﬁzlozl??, K—3J et

al . J. Bacteriol . EFORA634- 4651, 1988387, pO%2¢ f r om $t r epOfifitc 837
phaeochr onbge nes (FSL&%/MI Gonzal ez, L. 1‘}385 WO 02/ 01 5709 PGT/2141$O 1/ 78¢8

Pl aSITi d 30 1—ru, T IO, o6 VI = \jJIILdI €7, ) IVI C Obl OT-_O 41 2499- 2510,
1995) and pSN22 froEn‘:FSt rept oftyces ni gri&6éi ens_(Kaflaoka, NI'-28t Pllasni d.
32:55-69, 1994 dymbers |in 47_‘Izgu3651482®1’l@89&t e |t he3sp,arsdmg. 63321 ng aci d

for each m)tlf W|t in the Rep. Also 5 i dentified were the ‘{pgg@tlve orligin
of replicatiaon (Khan,_ S.A M crobiol. and Ml—Bidlegy—Reviens:
61: 442- 455, 1997) i mpANL2 t Hrough nulit41pbe sequende al i grifedt! (Fi gurle 4B).
The nunbers imFi gu&e le Indifcat e the1/98§é§| ons of |the fi r1s1t24r1ucl eotilde on
the plasmd florthe gi-ns—af-—repH-eat+-on—Fhe—orfgins—of ‘lcpllbdfl nin
pl J101, pJVvi and pSlNlaéZIhave heen 10 prtédZ16usly conflrmed exdetdinmental Ly
(Servi n-Gonz4d Nhg asm d.] 30:131- lfl@ 91993 SUZUkI, I 11e241al FENS
M cr obi ol . LJ*. 150:283-288711997)—The GG drnucigoti des The p05|tion
of the nick siite whélsel the replication/{H#tiates arle also c?n‘lépr\md in
pPANl 2. The pAN12 r% M:pn was found to;/éggocorrpatl blie wi t h @t241east one 15
ot her Rhodocoecus—fepttecon—Q4derived from nocar di |071ag,[=31%3 1990
Pl asmid 23: 242-247) PspbA71 is a B M920RMHfococcus shutt!l XSk
constructed based opy e nocardi ogh@gﬁ s, gpbs con |and.168; Ri1d8, 4931
_ chl or apheni coLI—res’r-st-atTce—rrerr Ker that ﬁé( €SSes I n RhodocoHC@n(A 77474,
Dabbs, 1993, Pl asm &%P9; 74-79)  Tr ansf t i on of 20 pDAZ1i-Rt-e—Rhedecoccus

eryfhropolis strai ngAN}2 and subsequent/8£’pt|4asm d DNA i soI attiodtfrom t he
. transf or mant sﬁ—ndt‘cat‘eﬁ—r‘hat the chior nicol resi st anthQﬁ?l pl asm d
(~9 kb) coexisted wPh!'t he 6.3 kb indigenBus pANL2 ol i

D
-

1

lasm-d—Ha—ANE2—stT ai n.
Addi tional ly the orgieB pf thel plasmi d 1/6@d8duction |into thEl Bkt was
reversed. The 25 —chiorampheni col resistant pDA71 was first introduced into
the plasmid free Rhodococcus erythropolis3®train ATCC 47072. Conpet ent
cells were prepared from a chl oranpheni col resistant transformant of ATCC
47072(pDA71 ) and then transfornmed with the tetracycline resistant pRhBR17
shuttle plasm d constructed based on the pANl12 replicon 30 (Exanple 4).
Transformarits of both chl oranpheni col and tetracycline resistance were

i sol ated, suggesting both pDA71 and pRhBRI 7 were maintained in the ATCC
47072 host The corrpatl b| lity of pAN12 repI | con with the nocar di ophage 4




derived fromthe nocardi ophage 4 replicon such as pDA71. 44 WD 02/ USS709
PCT/ USOL/ ~7868 EXAMPLE 6 Rep On pANl2 |Is Essential For Shuttle Vector
Funct i onWPHR/05F78%i ous exanpl es denpnstrated that pAN12 prR)WVE/HEH/H$E
replication function in Rhodococcus for the constructed shuttle plasmd. 5
To character zi@esttrﬁ%oﬁﬁﬁﬂﬁwba Nlﬁ%é?m&feoﬂd’é\ll&ah@ﬂi hUtSii@(ﬁﬂleﬁﬁbﬁl fupcti on,

Applicants perforned in V|tr3tra oson enesjs o
pl asm ds, p BRlL using the GPQ- Wﬁ%@?&% it

Bi ol abs (Beverly, Mje] The ip vitro t’r/a51"57p05|t| on react i oml. ok perfo?rred

foll ow ng mapufactyer,” S i nsfructli T resultipg tr 10
i nserti ogs O‘pRhBMLe_LJLaQSLOE@@’ }ﬁig E.—-co g D‘—ggég?ﬁfgifﬁ
- Rockville, M) and gaihanycin|resi stABI8L; 648 es wef e seEéso;e&jSSby pl ati ng on

LB agar plates conprising 25 ug/n of kananycin. Transposon insertions in

the anpicillin resistance and tet rac%/cl i ne resistance genes were screened
“out by sensitivityPRhBRYT thebsiarsizedf akeutdty dbians theschasapletisiicepy. Pl asnid
DNA from 34 of tak)sgé‘mhcllés'mdi.oheeﬂzgh@&tasé WiRGY FhoRE: BRAIFA8(3 and
kananmycin resistan onies were purified and the insertion sites were
mapped by sequencing using the Prinmer N (ACTTTATTGICATAGITTAGATCTATTTTG
SEQ | D NO:4.8) Ta@me smetdstiotidroEhdenudigdte €ravafde fie RWEREPIOEGHEQ (Bppl i cant s
al so tested ZE $? ability of the shuttle plasm ds conprising the
transposon insertions to transform Rhodococcus ATCC 47072 . Table 5

summari zes the data of insertion mapping and transformation ability. The

insertion silf . Fabl- re - i bplsiHBisEedlgy ON |t he
shuttle plas ne%gsgrﬁ-gféﬁﬁz?@g(? M&@%@%\ﬁ?ﬁﬁo%@eé he '03| ti g 1 of |pBR328
as the position 1 of 25 the s$hutt®fClppruagriSe(sh gh gual FegmenitdkPon sequence
was obt ai ned}for m;@e,of thejinserti ONS 450 that the exact olggpati on af the
t ransposon i pserttons—cout-d—bHerdenttTiTed o the plasmds,_ 1 ctoneg 17, 33
and 37, the $equencBaldf the {ransposoi8éB®s could not he PdRAtifiedlto map
the exact insertiogggities. 30 45 3/300 HA105FD9 PCT/ UK, 366868 9TABLEE 5:
Transposon i msertiagn ppingiof pRIBRI7 _and the effects ony ansftornati on
of Rhodococc ATCESHYH72 O pne mm’hga/éégg Lnse,r_t_e,j,st_x_a_n.dq%ée.m_ed@e' ne
i nsertedTransf or maEcoR | 2/2798, 8435 4,015, 5,637
EcoR V 1185 9.652
Espl 1/3898 9.652
Hind ! 3/29, 6612, 8309 1.372, 1.697, 6.583
Nco | 1/8736 9.652
Nde | 112627 9.652
Nhe | 1/229 9.652
Nsi | 1/5759 ' 9.652
PpuM | 1/5061 9.652
Pvu il 3/2556, 4698, 5866 1.168, 2.142, 6.342
Rsrli - 114867 9.652
Sac | 1/6925 9652
Sac ll 1/5273 9.652
SnaB | ' 1/4419 9.652
Spe 115988 0.652
Sspi 1/8745 9.652
Stul 1/4844 9.652
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abi | it ypRhBR17No insertionN ANl A+++30, 312092 byForwar dpBR328+++26, 273120
byRever sepBR328ND293468 byRever sepBR328ND243625 byRever sepAN 2+++24030°
byRever 3@ AMIZT9+38, 394114 byFor war dpAN12+++204442 byReVPETASHIKNBS++14545
byRever sepAN12+++354568 byFor war dpAN12+++134586 byForward pAN12 +17,
33<4920 byFor war dpPhi 2ecfisd 6f tnecmeaanmpmworr wblﬂagawuwwetmf@lemmz

byRever sepANII T EBY GEGR Uy Ray BT ERRY ShEER B%?Ufeﬁ@?é%ﬁ% SR Tep- 06743
byRever sepAN1a- Bﬁa@mmmamm@mﬁyﬁmm\w W@pmng ligdeing979

oyE dpAN 2 22, 238274
Dy For var A SIS ERApaaRAN AL 4RidbdBrbay e 32+

orvvardpAN gﬁé &Hv+++ ReversepANlZ
- di v+++101@322R59Q@Q@¢%ﬁB@2®*R@Q QaYRYSH)EEP 8‘?@5’ =$ t he
transformati Og/oEreﬁﬂu§nRMoM@csoc%9mr@éwses Wvddm@bc@rfls tfhsciahs, carid/pe 5 pl asni d.
+ the transfo ITB.tI on frequency decreased about 100 fold. - the
- transfor mat i oRMPFRERETHS/UREE zero. ND the transformation frequency was not
determ ned. 1QeficMsOWeNd Axprdskions at nost sites of the shuttle plasmd

did t b|' h th [i,t, f the pl ATCC
o ot 2ot T (g bl D g iRl D RRERRTE,
clusterediat tdiss, Ipemmly)m theloatle of Hicropial bosts2, E)ﬂ[ﬂ’esand i?8 all contai ned

L ansposon | naer bt R TBPREGo tha b LBy FAANEEHBrelid oPMlids These
PCT/ USOL/ 786Baﬂhh‘cajomtﬁmlmilaw6ﬁ04ﬂwm0d@|aﬁ@é & padvaysaticasdy ﬁh@t."ﬁ@ ithn at
6743 bp, whi chd g, %qgrmgéswﬁgéﬁém ﬁéwtmsdﬁé@wer@@m r(cﬁ%%sm udhgt he Rep

region. This Insertion I srupted the shutt e. gh@ functlon si nce

it most |ikel e gty r&ﬁﬂ‘%@“ﬂ'Wéh?rQ&ﬁ@dYP%‘t‘?téﬁn%f EhS orpq:q{p;grtr@,g Cl one 7

cont ai ned(s aﬁlg'h@$ Péwmwlékisftﬁ‘iﬁe bpst avfoe Bnablingeaferabtise growvthhaode tter mi nal
end (5502 bp) ep region. The transformation frequency of this

pl asm d was dE@r%‘ii%%‘éf by at |east 100 fold. This is likely due to the
residual activity @fndehauitabisnplaseiiRere edristhuctabtheysyengeti4odransforaci ds at

the C terninal end b t | th
ata 10 1 ndt cIPEMARLE NoREodls, PHgiARIRIAE IR b tne fost (BB 1 Ne
nucl eoti des 365m9mﬁonehemmmw$a@opadmsaucm§ oy ansioamation, @Hut t | e
plasm d funct | g@%% gpﬂﬂpgﬁééﬁ%z LEiebtr Mra@%npﬁyﬁgduéxdnnwbyed In

Mai nt ai nihg P he trans osonl serklons thin the div
gene of pAN12trangfasgpnafsinga F@W%'Bﬁm PRRgs virye dianiale $iRehid to

tran;f grg‘ RSOdOCOC‘IWg rEférft%t §mﬁbﬂﬁ‘nér§ th@@réﬁﬂtﬂ&b?&;r@ﬁﬁéy ol ¢bsi on protein
encoded by div ed a role in c i Vi rticylar

partition, 5@%19@’@13&'@{”1”" ﬁédﬁpnﬁﬁ%@&'ﬁ’% %PWQA[%‘?‘ %%@eﬁi@ﬁ%%n
conpri sing a BRABESE 1RWilbbasppdeoitet thiatflicth éne pressmt vieotes andshexani ned.

f
ot bi ot P89S bBobATy Eabl | el iebid IR ERER ”Téd'hﬂ%?aE'Bé'?’%f o t“?*g

di l utions {10ab)||tm;rawarmr pl@s@)dsdf) C@@KISEIW\@"@EM%{% WG%OEB’ thetes.

Col oni es gr owg, gét%égfiefiﬁélssmé M@orh%aﬁﬂ:nﬁﬁﬂﬁomﬁr@éﬂ&?é qﬂmmwsnazat:hed ont o

a set of LB a + tetracycline at es coI f each

were scored f@p rﬂ‘étﬁ%@ﬁﬁ?l ﬁ%%@?ﬁﬁ?%"%ﬁ%% QE @,ggrrg)fa Jn the

tetracycline ggpf hbsﬁe F@ld sompet @ivisw okt insukd mmmnﬁdmmpﬂdsemtioss of the
| asm d by, PCR and |l asm d I e ned
Eased on ¥ﬂe tc8 s%%ﬁughéﬁe%agf t%ﬂ’\f@nﬁ §%bWL%O%(f a “@ﬂﬂgg‘ﬁ*g be

obt ai ned wit h\&(a:tcRapjf tbmpment&ve&d]mm@@m&w@ﬁ?mnfmw cdip® | D NO: 19) and
Rep2 primer: §8q %@%mm@ﬁﬁNdﬁdeltﬁbm?%qUéncb% SANGRhbased

shuttl e plasm [Sresent in the ce npl ate. The

e
percent age of it REQIRAMNPS nﬁﬂhﬂﬁ?tﬁéao‘&tﬁi%‘ﬂg&? F?éﬁé‘?P&HQ“\gss%}ﬁ?&ﬁ zed in
- Table 6. The \éfnld%by@Rl mﬁﬂﬂ@&é%p@étaan@dem@atymghaaommm Any #bmicand

lightly | bl e 47072 5 h
pstr cam Pagi et S RSPy B PoBRBRTY (P8 oo el S iy ©
- decreased st alirbsdit invemtatrisANLE différexteongratibility group as the instant
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WO 02/ 055709 PCT/ USOL/ ~7868 47072 conparable to that of the wild type
plasm d. Both the wild type pRhBR17 plasm d and the plasmd with insertion
#15 wer ewedizitEhed 100% i n t he presence of the tetracyclRGREUYaHE8I on in
bot h Rhodococcus strains. In contrast, clone #23 contained an insertion

that di srupt egldshfid mneullitte @saral for thetseaprassiresihetevlagds goosenh a
decreased plasm d,sﬁgjglbiy ty. Loss of plasm d was observed even in the
presence of t flRe¢ifig ©¥tl i ne selection. The stability was affected nore in

ATCC 47072 t hamodbcAb?s trahsfoemasisdd micsoitigestodulction phefquat ati ve cel |

riynge B e i) auB QoI PiH .
Givision and s i mouTEaREORATE TR ePLAS IO IBRUELLS AN BafitblREq S,
. Plasnid st#bi the gppropRatelvector obthet prasest inreriorsd nanee stiteies’ IANL2ANL2ATCC

47072ATCC 47042 | Ll hE Rommercial production of the desired gene
sel ecti onsel egéﬁ%tkrs}gﬁ{é%\fﬁ%\r,\%slg}gcti onV\Z’lOO‘V&OQ&%. 5°/<1000/£RhBR1_7| nge ti on93%

- 1009939% UOY418rafist Fon pxeapis lagesagie produston of agsp e BrA8Y&GEt r uct i on

O pRHBRL71 Shybidvdrfeoiodfa Rthhehad rarrdisianiseaseay betpodneas] sy of the
shuttle plasm d pRhB tl{lgﬂested hat c&rﬂtdgﬁn.regl ons of the shuttle

7
pl asmi d may n&fthla s‘%i'rf;tsq UPH? CHREEITY FFeti on (TABLE 5). One of the
regi ons Wtﬁt t?ﬁ/ﬁi dagsibalmé’(?h?Eltuﬁ@%tmiMNmedISysm vdmégﬂ}eeth o
exam ne et nher | §. re n ot ,tne : e Sl ze
of "t he shut t | SopIPasHoE BUP A BuA s s deuifl 3P AL ER el e

di gest ed wi t hsBbject td Artiictad alte@Bi0s dBTI0Q the pulindngrproaesgl Wiuseauthes bp),

i el di th i ' LZESis | . Th
ylelding regreég\ﬁgﬁg% %Oéulmﬁg &b!gg%g %%trﬁbﬁu%ﬁs @@éﬁateam@n fdgddrdPp e

di gest ed DNA 1 were Bl'un ean nucl ease (New Engl and
Bi ol abs, Beveorganism)or @URBiE MyandaivEbtarBetabolin aEHYIEt BRET f%rgest 9.7
Kb fragﬁeg W%%cﬁreﬁé’tﬂiﬁ%%tm b H%e Sfstam. aD@sieslsy, Beluevands Mt eduusi ng
Q AEX 11 | Extractio Klp':eég%) en PC al enci a, CA}f E‘}:%ls 9.7 kb DNA
fragnment wit higealehi Wi sesnachi ﬁ‘%%%-‘%@%%’ﬁ%f%%%ﬁ? DRIBRIE | i gat ed
to forma 30 e¢fteauhade pit 8snirdiidg $agoat @thpdh BRI ¢Xygrir eor®entBliesn d

isolation fromthe E. coli 1 r ansf JANSY e
charact eri zat i“@)haﬁ%—‘ SVS\C;@"@éﬁgﬁe%éoﬁ%ﬁrﬁégﬁﬁﬁgg&%s%%ﬁvéﬁfwéﬂggﬁgect si ze
and di gest patchenge @bnpRTBRLIL0 the tived thecellfwetiafarinatgd: NeithiRHEkal? 1
plasmd | ggt t i L i : tPAPIEH hlowith (dP0 ug/ M),
si nce thegﬁst Cpﬁ%%%l ﬁ'rﬁy@@?%és)ﬁ@gﬂwgﬂ%‘gﬁ@%%%% codql%‘nb.r.e i%ﬁﬁ for the
anpi ci | 1in r ephesarandgrallysn & satipaayihasevagis owsh 1alg i m@%ﬂﬁdi e
rezi ;L agce gengies, QPB,B:IPéer téd?@énéei]g ta%stétﬁanaw pmaR%@mmavdawtuanpdiebdtdanag. col i
an odococcys, Transfornmaiion o BR17 tested. It
transformed cdmps Bﬁ?S%%B %'&E‘Eﬁnoé‘lgipfj%F%ﬁé?itb%‘}ﬁ?gﬁ%%%ﬁgﬁ%ﬁ N12 cells
with simlar foreduetranyintsymediate iopomatsysteras. Séatiniasy OWPCRt-ExRoNstight
pl asm d pRBaBR1Y. d his region (2520-4105
bp) of p Ri %)?\\?/gglﬁéguéi&sr{eﬁ#EF%ggﬁggggegﬁ{eeg s&)@/%ﬁn; ﬁﬁoéﬁ] nut agenesi s. |t
al so provided a sneh Variatioiuenitee stancerd PAEN $Ysiemrie the RFERaRR SYSEME oni ng.
EXAR/ELERﬁB'RQ% 2 Bgéﬁﬁéﬁiﬁewrécé%{js@dla{é ig\wb é/ﬂfitailbl?/lﬂ Mecmﬁeiﬂ(imesﬁcima?ﬂf Dxs
on p e.dxs gene encodes 1-deoxyxyl ul ase-5-phos ase
That cat al yzeSOHEIT AP GHAFIE STHETSYRE RS ptgfion diat 17 Bk
1- deoxyxyl ul osgidedpinaspleatents merthg lcyitersapoghytes3-fetbBptit &ystéerds gye uvat e
pr ecur Sof i n {6, SR8 €RRkARABIEiSRI S84 he KUHESIsth of e put ati ve
? 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 CO9. 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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20 AN12 was expressed on the nulticopy shuttle vector pRhnBR171 and the
ef fect of dxs expression on carotenoid expression was eval uated. The dxs
gene wi t WO 24s55@pi ve pronoter was anplified fromthe RhoddcBEEUSTRNL2
strain by PCR Two upstreamprimers, New dxs 5 . prinmer: 5 -ATT TCG TTG

AGﬁg % &g Conidroticib '@e&l\%}ic?g)jm@ﬂcmég M@uégﬁf%gia'(e{sﬂg’fc., ﬁ - CGG CAA TCC
- ; . were desi o,ihcl ude tr ve

pronoter regi cinserlan ’m-hoﬂﬁﬁéﬁﬂ?ﬁ{e’l .'*ﬁ?é)l‘oé}%}i?megmﬁﬁmr, New

dxs 3' primer:365'29TGN 995G, FAEIICEcoehal@dbyTEf8ren8EQ | D NO: 30) " i ncl uded t he

underlined stop codon of the d lifl.catl 12 total DNA

usi ng 30 New dxs 5' qu'EEBF@EC@?QﬁE&'@qEﬁ?HSP'cﬂ%gg ﬁc}gpfggl% y in size,

- whi ch i ncl fidechctcbmpliahéd Mdiigs homiitbusaiiitioeli FntigewhcaliideafseansuB®oy of

i mredi at e upst | 5 ; i dxs 5 + New

dxs 3" priner ngéﬁ Werg%é{g%}eggﬁg@r? sn%%g%%) %?laé%}ﬁﬂgﬁ?eﬁwlisnm&%ai ng the

- conpl et e ANL2 hireagtaienshan gasatanownt efiranditioneddyedia isfemoyed 35 #3019).

tBoth-F’C:S p{ od%antaﬁé@g}w oi:@seﬁr!iqf. g@Rﬁnaon@tl bmggrgiengramqhaimtmam?i ng

o manufacturer's instructiqn (l.nvitrogen rlsbad, ting clones

were screened 13 %éﬁ%}%@@%'%@%‘gmﬁ%ﬁé’&fgﬁ&@eﬁ cgé@afﬁ%%} 'NS@_?OQ

PCT/ USQL/ ’I@SEQO%\/@hesdigg@mlfedAbtémbtiEeipEbnﬁlmmquqeulmré iy haqbr[sct'@:e!dbmﬂn agnent s

cont ai ni ng the_dxs. .ge e

reated w'th RO s SR yha HB0h SR b8 b eehRRGOLE BBt ARIC, |

E. coli - Rhodedtustdepredunts] by-pragieitoprasRimedusisearecomtinipgsionst ruct s 5

DCR2 (cl one ili i

P ( ieﬁl;btv%'agﬁ%&rﬁ)thé%llm. f(ﬁlélgmiﬁgmﬁéﬁbrﬂﬁﬁyﬁﬁébeﬁ@ﬂn%d using

el ectroporate i ococcus ery &AfTCC 917 7% with tetracycline 1
10 Ngl mi sel ed Wisle range ¢f spfdrRuppPTe roMRRses I draleral ARALY SYRRSYS of * pDoQe2 |
and pDOQR3sappRafsmiglar ker as conpared with those transforned with the 10
vector control. To qQuantify the carotenoid oduct i on. of 0COCCUS
strain, 1 nl of fre@ﬁn%nLHQ%’r%rcP%‘rq@ttWé'PHs&%‘ér(? @@%@fﬁ?gﬁf@@ﬁ% @gdi um
with 0.05% Twegie BRtenst iy nghber bfactry dhatreffechnd!l grawih ertergd@otloct 3 days
to stationary phase |1 | et trpf aTatem g for 15
mn and the \/\e‘for\ﬁgpgﬁﬁgﬂlaz:o\ﬁgggﬁﬁi% 8?'“??“\/%‘2@@ r@éﬁ”@@eﬁ lﬁﬂglﬁb(ﬁﬁgggnoi ds
wer e ext ract edsifohoms theecarbbh soerdeeer nitrogen devel aedixedaats anhipipi alfi t h
shaking ang Rsist| haﬁeﬁﬁe@ts ;d“ﬁxoagﬁé%ébwewr?sysfam b4RRABAr of485tM i S the
di agnosti ¢"absor bance peak for the carotenoid isl gfat ed fromRh d?.coccus sp.
ATCC 47072. Traffentingrgrowdin caatbs aliesed seatinpusly winlathe Pﬁ%ca'ﬂﬁﬁiﬁ'ia en
carotenoi d pr %B%%ﬁ'vecﬁ@ Fddrd aebRAy 28 ke EFRStaABICHAtIREEIE Sisté@hs sthsed

e

or oduct | on calEdnaibaniea Nate GEMDE DR RIS e cpOloss T hee | n
ATCCA7072 W t hmpBfa@Ba@ingwhawh afbmust be tatdreed ey ayestiehaicet growthsiate trer

ronoter region. r ot eppi o o]l vV 2=fold) when
Phe xe. 205ger Dovaitege o MitaBl G YRULRRbORLAGRE Bl FRWIRERIOS R © O IR
that the 1 kb egrinueasdMAre procasass ahequlr@mgmcma f_@bf’f’@xémélmrih@ f or
enhancement - of Ll 6 BRI % 3 AbtidiFAC ORLISIS iRliROa 8 IHduedtihat the same

carot enoi ds were pr¢ XS expression Sﬁp;ﬂJn as those of the wild
type strain. 3@igobiolagy @ essriely pianethasisrarestya ¥ BpockestBt%noi ds
production by Rhodococcus strains. StrgxanNPeE8 wei ght (g) 0D465 % % (wt) b

% ( 0D600) % dATCC 47072 1.992 2. 00 .100_ 10010 ATCC
1. 5(93 2, 9) cﬁﬁgi\zlg)lg7 1bg PI%%%G%%%@@Q?m@géngh%é)q%%&gﬁgﬁ%)
JZLSgéSg( 87DCQ29 2%#%@@?3%% ggdérﬁ&@tm&&yEQMpmmepmmgmm&m 1. 394

. . a % : C n ed on
oD465nm b % of e@iPQ{@ﬂ%ﬁSa"(‘cS%ﬁ@“ﬁéﬁ' ?ﬁﬁ&ﬁ%’%ﬁ%ﬂ%@é@% ‘%’HQ\ABF?@@el |
paste wei ght . 5the dbofe diacossioniandpghestiExampigOoresyiedibrtharriaan with cel |
- density (ODGOOQgQ%rgai\',ﬁrﬁé ggsnlé@ﬁaq?ﬂb%&é 146 s s (FetRRMhin@ vigthaged from the

nornal i zati ons W aste weight and cell dEESI t}/,. 51
35 departing from the spirit and scope thereof, can maxe vartous changes

and modifications of the invention to adapt it to various usages and

conditions.
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WO 021 05,709 &. AIM5S What is claimed is: PCT/USOL/-78G8 1. An isol ated
nucl eic acid nol ecul e encoding a replication protein selected fromthe
group comeivsnizig of : 5 (a) an isolated nucleic acid encodiigie78Hi no aci d
sequence as set forth in SEQ 1D NO:2; (b) an isolated nucleic acid that.
Byi)g/l gbéeSG\é\ﬂchlEl\gmAuhﬂmgTr}-M_ h}nSh fol | owi ng hybridization conditions: 0.1X SSC,
. 1% , an ) Wt X 0 ) : \ SSC,
0.1 % SDS; or an iggﬁ"&}%éﬁ T%‘E!T’é’f“@%@?“é\ ?'&%ﬁq Oﬁ%@%ﬁ%b@%ﬁ? g?{ryﬁtg 898“‘ ééd or
g b}.A 2. | The i hotedt ars wetiikeiownabithe aft alicaara desesibedtbyf Samkroak, 86Q 1 D NO: 1,
: pol ypept ngode 4 g0l |G~ AR [ 15 4. The
pol ypepti de OFH%CQI %1 g gg&)&%m?éér’?ﬁ n?‘%]@glé%})l@{)&&l\’ggzg %Egﬁﬁq@ﬂaa’fueaé nucl ei c
- aci d nol ecul eColshpprisg itprgor ‘i—@@qfamIPé@ﬁ:d@OEjeﬁB@%@aé?l%%m%)a pol ypepti de

of at least 3 ' tih £ | - id :
Sm.th_v\atermg\%aﬁﬁhgpagfgpgsr.J.snhéw, ALl Basiany @dildent Ehyuisgsed on the

t hod | i . Wh ' i

- the sequence Elé,(gg’é‘ﬁ‘%ﬂb?r‘("ﬁhié\egn nt@@”?!?ﬂ@?‘%ﬁ{;ﬂahgoéiﬁ%olr%tﬁgﬁtadbﬁgdgavI "
ﬁg?lﬁggcgfng?gbﬁ?ﬁ%érb@r,wfml(w&t) Ejarmﬂtl)yt hesfibalsF. Muet abf CdereseBradocas 6. A

cleic aci ecu > [ |4 [ [
conprising: (&) &SP%&??{%QE@MB}%?CW IEEE?%%,bﬁpﬁﬂﬁﬁgg@%agraerﬁog%fg&gt Irrglr]ecr:)trJId([aegP
3\‘5'[ ﬁn%/hong) O}‘ IriEbmichence (q|985)_| (b) identifying a DNA clone that hybridizes

e nucleic a e . e N
sequenci ng the gen%q8%§£weﬁ?ﬁ{%d§[§ﬁét§8%r@igg Wéﬁgﬁ%ﬁ%e ?83??@%“%@ in step
(b}, 30 wher ebacishial selturencee weliiowvn inptggreéhtT@crmB@@ auitaie faraiseoln
protein. 7. Atﬁ%‘*%o%%iﬁg?%ﬁle@ rﬂz%%erflﬂﬁﬁﬁia%.s%@ bt FPMBAUAEOENERBIIRTOR
elnlc ristn ) synt

RN G A N L A SR U NN
f/gg hin g5 5%@3&&@\:\!,\,0&@9@@%. NasteaTRliils ¥i."Wosn, NDsER! KregsediGiBriggs | oni ng
or Using e O IR Rt hs & Rty For AlerdiSRgl AWashington, DC. (1994))
or by Thomas D. Brock in Biotechnology: A Textbook of Industrial
Microbiology, Second Edition, Sinauer Associates, Ine., Sunderland, MA -
(1989). All reagents, restriction enzymes and materials used for the
20  growth and maintenance of bacterial cells were obtained from Aldrich
Chemicals (Milwaukee, WI), DIFCO Laboratories (Detroit, M),
GIBCO/BRL (Gaithersburg, MD), or Sigma Chemical Company (St. Louis,
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 8.0, Genetics Computer Group (GCB),
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 penality of 50 and the default gap extension penalty of 3 were
used. Multiple alignments were created using the FASTA program
incorporating the Smith-Waterman:algorithm (W. R. Pearson, Compuit.
Methods Genome Res., [Proc. Int. Symp.] (1894), 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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52 WO 02/ 0557U9 PCT/ US01/ 47868 wherein the anplified insert encodes a
portion of an am no acid sequence encoding a replication protein. 8. The
product wb othkss7aet hod of Clains 6 or 7. 9. An isol ated n®SITeIY1/dEi68

nol ecul e encodi ng a pI asmd stability 5 protein selected fromthe group

consi sting of: (a) N cid
sequence as set fort n %Fﬁﬂﬁl%lv?% g%gﬁ?@sﬁ%atgwdtnﬁﬁ: é id that
hybri di zes wi train{ meansdvinuieds).f'se¢ oweans ﬁ95¢ndisi ﬁwaeérdﬂy(s)oﬁsL 0. 1X SSC,

0.1% SDS, 10 Qatm §'PHICY@§%‘F%U‘(’:}?1L’hn%§n§$ﬁ§H]hfér@s)%Ls%ér@ ktemsy] "QM"O 1X SSC,

0.1 % SDS; or an 1solate ej ¢ aci I'S | ement ar a) or (b
10. The i sol afE@NRERIFEIROIRE @i m@laﬁﬁ'rﬁ"g'”&%la%;lgfWﬁslnﬂcﬁfx%am&)l(\lo)3 1(5 )
- 11. A pol ﬂoep'tm% @aﬁgmmgbam(d)e"pss'qhaa@ 6u|¢di§per muaiemhcrq"ppm"g 12. The
pol ypepti de of aimJll as f. rth in E l\? kN Iat ed

nucl ei ¢ aci d T6PEE HAES &%P'i dR ATEAPE AN TR éﬁ éOdI ng a

: EOl ygept i dﬁ ofhyMInéeaﬁuyrﬁlﬂmeaﬁGhmma:@lamm ohgsaaosme,aﬁ me@/m dentity

ased on the h

pol ypepti de ha |ng p\ﬁe ?gﬁﬁégé g‘(séaggt ?ﬁﬁﬂ% %gg%ﬁﬁs ﬁgm,%h&ggat)second
nucl eot i de secﬂ?em%anfoﬂlmmosﬁ@ié(&)hépc@h%ﬂ@@@ﬁe RirEhend kbt Maaseot i de
sequence. (4. k,ﬁ,%@b@gd of obtaining a nucleic acid ol ecul e encoding a

pl asm d stabl | _pro ej n corrpr|5|n: 2 )1 probing a genomc library with
t he nucl ei ¢ aELY +CEAEORYISNY gy 9 or 13; (b) identifying a
DNA cl one t hat hycfﬁhetﬂiré@ﬁvﬁiﬁdddcbecwebehmpmsé\Nﬂﬂ :etcajhavacshsamyed)ne of

O o o bpTleShe BB YIRHGL B R Be IS nr@%gfe{hat compr i ses the

cl one 30 iden € sequence genom c fragnent
encodes a pl aBrénfratiemof Gepoprie O/ for Seuencing o rgneiadomuc! ei ¢

aci d nol egyl e enCO@e%nﬁc PINIR mafé @éi@lﬁéd frbdh Rh@@@éd?:c@@ raaythmms %1% a)

synt hesi zi ng an. | east ne 0 onucl eotide prinmer corresponding to a
portion of théC%%faU@nt@e‘i a& PfPi&%PI‘?m SEQ 1D NO: 3;and 53 WD 02/ 0557U9
PCT/ US01/ ~7868 Genomic DNA and library construction were prepared according to

published protocols (Fraser et al The Minimal Gene Complement of
Mycoplasma genitalium; Science 270, 1995). A cell pellet was

20 resuspended in a solution containing 100 mM Na-EDTA pH 8.0, 10 mM
Tris-HCI pH 8.0, 400 mM NaCl, and 50 mM MgCl2.

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 o 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 chioroform. 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-HCl,

35 1 mM Na-EDTA, and 30% glycerol, and sheared at 12 psi for 60 sec in an
Aeromist Downdraft Nebulizer chamber (IB! Medical products, Chicago,
IL). The DNA was precipitated, resuspended and treated with Bal31
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(b) anplifying an insert present in a cloning vector using the

ol i gonucl eotide prinmer of step (a); wherein the anplified insert encodes a
portion w0 @b no aci d sequence encoding a plasm d stabRCT/U§IpeBei n. 5
16. The product of the method of Clains 14 or 15. 17. A plasm d conprising

the nucleic agiy@icdsed N@vaiagso BiblabsaBeerly,aVRY.i Aftegsizbdrautiohation,ai d of
f Btk

O i and tge et R %Isgéé%fﬁil%Baﬁsaﬁ%ﬁ%gﬂl&%&w%@ accordi ng

nucl eoti de se WHEB I, or
to Gaim 17 ompréGedurstines usedniy peidugeat highdier limarynuith greatacithne®@%di ng a
sel ectabl e marken. nﬁs]e plasm d according to Caim19 wherein the

sel ect abl e mar¥ srg ectable in both gram negative and gram positive

- bacteria. $5 22. ASgquaticitthdcenefghy sequeneinthsirategy amomar:gms conpri sing

an origin of rgp 'tét??erHefsB fiehing UEid Al hﬂ:rabm gEnBRgi (Flaiscriagher i um
23. A plasmd ac arm rein ram 05|t|\é&(§acter|um|s

- a menber of tt%‘)tﬁﬁ? Bﬂ{)’@@ieap@@oﬁﬁcgépgﬁm ?%HGIW 92Nd A5%'H accor di ng
to O ai m23 whesehdphing Briashiss R Sgezfe pameggayn is selected fromthe

BT ynebact eri um S%%o?qcetﬁc”e&%ﬁﬁvaf“ %b% REREREP Ayt RRCRAR el ing o cus
Tsukanur eliDa, dedeiminstericahmolagy (U6 ot 5 %ﬁoﬁﬁ%rﬁ%%?@@nﬁﬂﬁmg a
Streptonmyces, A}S‘{@ﬁ ggﬁgﬁefveaafi éwoqhegm%emeqar.n?e‘fSZ%e (e cBlRHA wasCcor di ng

to Claim17 or nprising at | east one ter swéi le for the

expressi on of Rerigsmed in %ﬁ@&@@@é@ﬂ@he@@e% ‘EPQ@%@@ ﬁ@ e AR eot i de
sequence as S%l)f&&ﬁ@W|@c§EQ1|@@%r6$r£ﬂ V\ﬁsc&irﬁwdck@gé verdibeoricl eot i de

forth S f
Ml of ¢ aci PRI CETPRE/RL L BL N ETRan BRI CANSEBL Ging &

pl asmi d cagpr i;:ga_ckgge((vérsim\e?m)l.c IAdliseqaendeofefeaemh covenata beleastived ¢ aci d of
gﬁdCIS(;iI m 13; (tln"lgs f?\tb&t%aoﬁ};ecﬂeﬁs.nuc' ei ¢ acid encodi ng a sel ectabl e nmarker;
|dentification and Characterization of repA coding regions

DNA encoding the repA protein was identified by conducting

BLAST (Basic Local Alignment Search Tool; Altschui, S. F., et al., (1993)

20 J. Mol Biol. 215:403-410; see also www.ncbi.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 aigorithm. 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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WO 02/ 055709 PCT/ USOL/-47868 (iii) at |east one pronoter operably linked to
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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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EXAMPLE 2
20 Isolation And Partial Sequencing Of Plasmid DNA From Strain AN12

The presence of small plasmid DNA in the Rhodococcus AN12
strain isolated as described in Example 1 was suggested by Applicants’
observation of a low molecular weight 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 KCI {pH 10). The cell pellet was then resuspended in
5 ml Qiagen P1 solution with 100 pg/ml RNaseA and 2 mg/ml lysozyme
and incubated at 37°C for 30 min to ensure cell lysis. Five mi 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 ml of isopropanol. The DNA was washed and resuspended
in 800 ul 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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Data Bank, SWISS-PROT protein sequence database, EMBL, and DDBJ
databases). One ORF (designated rep) at the complement strand of

15 nucleotides 3052-1912 of SEQ ID NO:5 showed the greatest homology to
replication protein of plasmid pAP1from Arcanobacterium pyogenes
(Billington, S. J. et al, J. Bacteriol. 180, 3233-3236, 1998). The second
ORF (designated div) at the complement strand of nucleotides 5179-4288
of SEQ ID NO:5 showed the greatest homology to a putative cell division

20  protein from Haemophilus influenzae identified by genomic sequencing
(Fleischmann et al., Science 269 (5223), 496-512 (1985). The rep nucleic
acid (SEQ 1D 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).
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10%& () -
ORF Similarity ldentified . % % Citation
Identity@ | SimilarityP | E-valueC |
rep Gb|AAC46399.1| (UB3788) 35 51 e-59 Billington et al
Replication protein : J. Bacteriol. 180
[Arcanobacterium (12), 3233-3236
pyogeness] (1998)
div sp|P45264| (U32833) 24 40 2e-4 Fleischmann et al
Cell division protein fisK Science 269 !
homolog {5223), 496-512 !
[Haemaophilus influenzaeg] (1995)
aY%|dentity is defined as percentage of amino acids that are identical between the
5 two proteins.

bos Similarity is defined as percentage of amino acids that are identical or
conserved between the two proteins.

CExpect value. The Expect value estimates the statistical significance of the
match, specifying the number of matches, with a given score, that
are expected in a search of a database of this size absolutely by chance. .

EXAMPLE4
Construction Of An Escherichia Coli-Rhodococcus Shuttle Vector With
The Cryptic Pan12 Plasmid
An E. coli-Rhodococcus shuttle vector requires a set of replication

10  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

‘15  Rhodococcus. Plasmid pBR328 carries ampicillin, chioramphenicol 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 resuiting clone was
designated pRhBR17 (SEQ ID NO:6).

20 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 (A\TCC 47072) which does not contain the
pAN12 plasmid. The electrocompetent cells of ATCC 47072 were

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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0%& ()--'y] thefareskey were pellotag: lq\,) cemtrTugaxct@n( )Pell werelw%h@gl withjigasss
5kQ@B7" y]t _10%&id terie wheSfEhide tihes and ice cold sterile 10% glycerol twice and
resuspended in 10% glycerol as aliquots for quick freeze. Electroporation
5 was performed with 50 ul of competent cells mixed with 0.2-2 ug of

plasmid DNA. The electroporation setting used was similar to £, coli
electroporation: 200 ohms, 25 yF and 2.5 kV for 0.2 cm gap cuvette.
After an electroporation pulse, 0.5-1 mL of NBYE medium was
immediately added and cells were recovered on ice for at least 5 minutes.

10  The transformed cells were incubated at 30°C for 4 hours to express the
antibiotic resistance marker and plated on NBYE plates with 5 pg/ml of
tetracycline. Tetracycline resistance transformants were obtained when
ATCC 47072 was transformed with pPRhBR17. No tetracycline resistant
colony was obtained for mock transformation of ATCC 47072 with sterile

15 water. The results suggested that the tetracycline resistance marker on
pBR328 functioned in Rhodococcus and the plasmid pRhBR17 was able
to shuttle between E. coli and Rhodococcus. The transformation
frequency was about 108 colony forming units (cfu)/ug of DNA for
ATCC 47072. The shuttle plasmids were also abie to transform the AN12

20  strain containing the indigenous pAN12 cryptic plasmid at about 10-fold
lower frequency.

-

EXAMPLE &
pAN12 Rephcon Is Compatible With Nocardiophage Q4 Replicon Of

DAT71
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 piasmids. 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 plJ101/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 multipie 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), pdV1 from Streptomyces phaesochromogenes (Servin-Gonzalez, L.
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(Kataoka, M. et al. Plasmid. 32:55-69, 1994). The numbers in Figure 4A
indicate the starting amino acid for each motif within the Rep. Also
5  identified were the putative origin of replication (Khan, S. A. Microbiol. and
Mol. Biology Reviews. 61:442-455, 1997) in pAN12 through muitiple
sequence alignment (Figure 4B). The numbers in Figure 4B indicate the
positions of the first nucleotide on the plasmid for the origins of replication.
The origins of replication in pld101, pdV1 and pSN22 have been
10 previously confirmed experimentally (Servin-Gonzalez, L. Plasmid.
30:131-140, 1993; Suzuki, |. et al., FEMS Microbiol. Lett. 150:283-288,
1997). The GG dinucleotides at the position of the nick site where the
replication initiates are also conserved in pAN12.
The pAN12 replicon was found to be compatible with at least one
15 other Rhodococcus replicon Q4 derived from nocardiophage (Dabbs,
1990, Plasmid 23:242-247). pDAT71 is a E. coli-Rhodococcus shuttle
plasmid constructed based on the nocardiophage Q4 replicon and carries
a chioramphenicol resistance marker that expresses in Rhodococcus
(ATCC 77474, Dabbs, 1993, Plasmid 29;74-79). Transformation of
20 pDA71 into Rhodococceus erythropolis strain AN12 and subsequent
plasmid DNA isolation from the transformants indicated that the
chloramphenicol resistant pDA71 plasmid (~@ 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 oh\oramphenicol 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 chioramphenicol 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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L6]9|, fl (}0% & (On BB@lgdrnIﬁmelcm&\p(r)sa@ 25mgdr0!)/@8¢55&n(n)d13 Transposon
CLL5a % e IR SRR e st o
gGgh+i i ek| [ : vimere screened out by sensitivity o ampICIHIn and tétracycline, -
15 respectively. Plasmid DNA from 34 of the ampicillin resistant, tetracycline
resistant and kanamycin resistant colonies were purified and the insertion
sites were mapped by sequencing using the Primer N
(ACTTTATTGTCATAGTTTAGATCTATTTTG; SEQ ID NO:18)
complementary to the right end of the transposon. Applicants also tested
20  the ability of the shuttle piasmids comprising the transposon insertions to
~ transform Rhodococcus ATCC 47072 . Table 5 summarizes the data of
insertion mapping and transformation ability. The insertion site on Table 5
refers to the base pair (bp) numbering on the shuttie plasmid pRhBR17
(SEQ ID NO:8), which uses the position 1 of pBR328 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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38, 39 4114 bp Forward pAN12 +++

20 4442 bp Reverse pAN12 +4

1 4545 bp Reverse pAN12 A+

35 4568 bp Forward pAN12 4+

13 4586 bp Forward pAN12 +

17, 33 <4920 bp Forward pAN12 + |

7 5546 bp Forward pAN12 rep +

11 5739 bp Reverse pAN12 rep -

12 5773 bp Forward pAN12 rep -

16 5831 bp Forward pAN12 rep -

5 5883 bp Reverse pAN12 rep -

9 6050 bp Reverse pAN12 rep -

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 ot

22,23 8274 bp Forward pAN12 div +++

21 8355 bp Forward pAN12 div Febt

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 fo 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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L™ L10%%" &16) - 108" 1Q31619§nspioson 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
Rhodococecus 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/mi) for about 30 generations, dilutions (104, 10-% and
10-%) 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 Rept primer: 5-ACTTGCGAACCGATATTATC-3' (SEQ ID NO:19) and
Rep2 primer: 5-TTATGACCAGCGTAAGTGCT-3' (SEQ ID NO:20) if the
pAN12-based shuttle plasmid was'present 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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' OLYZ gopyeG+aL. Plofﬁ S&1e(ctl0n Q. Psgegtion' () -| gelesiiong & ()- [, P10%" &' () -
_d, P1LO%" & |(WT 100% 100% 96.5% [ 100%
pRhBR17 - .
Insertion 93%% 100% 93% 100%
#15
Insertion 74% 97% 8.5% 77.5%
#23 '
15 EXAMPLE 8

Construction Of pRHBR171 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

20  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. Shuttie 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

25  were blunted with mung bean nuclease (New England Biolabs, Beverly,
MA) following manufacturer’s instruction. The largest 8.7 kb fragment was
separated by size on an agarose gel, and purified using QIAEX I! 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

30 circular plasmid designated pRhBR171 (Figure 3). Plasmid isolation from
the E. coli DH10B transformants and restriction enzyme characterization
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+ 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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(b) identifying a DNA cione 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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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 encodmg 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
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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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25  Mycobacterium, Nocardia, Rhodococcus, Tsukamurella, Brevibacterium,
Arthrobacter, Propionibacterium, Streptomyces, Micrococcus, and
Micromonospora.
33. A method according to Claim 32 wherein the Acfinomycetales
hacteria 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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Rhodococcus opacus, Rhodococcus rhodochrous, Rhodococcus
10  globerulus, Rhodococcus koreensis, Rhodococcus fascians, and
Rhodococcus ruber.
38. A transformed bacteria of Claim 34 comprising a second
plasmid belonging to a different incompatibility group.
39. A method for the expression of a nucleic acid in an
15  Actinomycetales bacteria comprising:
a) providing a first plasmid comprising:
(i) the nucleic acid of Claim 1;
(ii) 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 (ii) at least one nucleic acid encoding a selectable marker;
and
(iif) 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 bacteria is selected from the éroup consisting of Actinomyces,
Actinoplanes, Arcanobacterium, Co:yhebacterium, Dietzia, Gordonia,
Mycobacterium, Nocardia, Rhodococcus, Tsukamurella, Brevibacterium,
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Micromonospora. _
41. A method according to Claim 39 wherein the at least one other

plasmid is pDA7 having the ATCC designation ATCC 47072.
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