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( P g P ere is stiﬂ,slﬁ)wever, § 2 icant need for improved pantothenate production

processes, in particular, for processes requiring reduced quantities of substrates and/or
less expensive substrates. To this end, methods of direct microbial synthesis have
recently been examined as a means of improving D-pantothenate production. In

30 nﬁcrdb'es, pantothenate biosynthetis is a multistep. pathway resulting in condensation of
‘pantoate (derived from a-ketoisoValérate) and B-alanine to form D-pantothenate. The
isoleucine-valine (ilv) pathway biosynthetic enzymes, acetohydroxyacid synthetase (the
ilvBN or alsS gene product), acetohydroxyacid isomeroreductase (the ilvC gene product)
and dihydroxyacid dehydratase (the i/vD gene product) catalyze the conversion of

35 pyruvate to a-ketoisovalerate. The reactions are further catalyzed by the pantothenate

(pan) pathway biosynthetic enzymes ketopantoate hydroxymethyltransferase (the panB
gene product), ketopantoate reductase (the panE gene product), aspartate-o-
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salicylate resjg t ai n of E. coli which produces 30
D- pant ot heni ¢ aci gﬂ& 8‘315533*6 lt5§ in the presence of (3-alanine (U.S. Patent

No. 5,518, 986). Gen’é‘aeémhew Sabmend ESG?llnSthﬁ‘éﬁ fyether ddentifigdhthe Canmebactesiuttoval eri ¢
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i nto the sal i ciwweveritivais nmssatyau bvemipwss tled gepesrespensible Gd o-ketoismualerased
25 production in the host organism in order that pantothenic acid production could be
detected. Moreover, without the addition of (-alanine, no substantial amounts of
pantothenate accumulated with the strain constructed. - _
Likewise, a method of producing D-pantothenic acid has been described that
takes advantage of a sodium salicylate resistant mutant strain of E. coli which produces
30 D-pantothenic acid when cultured in the presence of p-alanine (U.S. Patent No.
5,518,906). Generation of E. coli strains resistant to a-ketoisovaleric acid and/or a-
ketobutyric acid, and/or a-aminobutyric acid, and/or B-hydroxyaspartic acid and/or O-
methyl-threonine, in addition to salicylic acid, further increased pantothenic acid
production. Moreover, transformation of a plasmid DNA carrying the panB, panC and
35 panD genes into the salicylic acid resistant mutant strain resulted in increased
' pantothenate production, however, up to 20 g/L B-alanine or more was fed in the
examples given. The panB-panC-panD genes are clustered on the E. coli chromosome.
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noted that CoA inhibited pantothenate kinase activity to the same degree in the mutant
as compared to the wild-type enzyme.
Feedback resistant E. coli mutants (named coad 16(Fr)) have also been isolated

30 that posses a pantothenate kinase activity that is refractory to feedback inhibition by

CoA (Vallari and Jackowski (1988) J. Bacteriol. 170:3961-3966). The mutation

responsible for the reversion is, suprisingly, not genetically linked to the coad gene by

transduction. Additional data described therein support the view that the total cellular

CoA content is controlled by both modulation of biosynthesis at the pantothenate kinase
35 step and possibly by degradation of CoA to 4’-phosphopantetheine.
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Summary of the Invention

30 The present invention is based, at least in part, on the discovery of key enzyme-
encoding genes of the pantothenate biosynthetic pathway in Bacillus subtilis. In
particular, the present inventors have identified the panE gene of B. subtilis.
Overexpression or deregulation of the panE gene in B. subtilis results in enhanced
production of the panE gene product, ketopantoate reductase, further resulting in

35  increased production of pantothenate. Likewise, mutations in this gene reduce
pantothenate production in B. subtilis >90%. The present inventors have further
identified the presumptive panBCD operon in B. subtilis, overexpression or
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features a method of producing pantothenate in a manner independent of precursor feed
that includes culturing an aspartate-a-decarboxylase-overexpressing (AaD-O)
microorganism having a deregulated isoleucine-valine (ilv) pathway under conditions
such that pantothenate is produced. In another embodiment, the invention features a
30  method of producing pantothenate in a manner independent of precursor feed that
includes culturing an AaD-O microorganism having a deregulated pantothenate (par)
pathway and a deregulated isoleucine-valine (ifv) pathway, under conditions such that
paﬁtothenate is produced. In another embodiment, the invention features a method of
producing pantothenate in a manner independent of aspartate or B-alanine feed that
35  includes culturing an AaD-O microorganism under conditions such that pantothenate is
produced. In another embodiment, the invention features a method of producing
pantothenate in a manner independent of valine or a-ketoisovalerate feed that includes
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enbodi nent, the invention features a neth&d of producing pantothenate in a
manner 1 ndependent of aspartate or fi-alanine feed that 35 includes
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Lact obaci | | us, Coraebocrexiwn, laxtoBucilbys, bantemesdi or Sinemdoraichdr Ieaiotier emhodimenthe
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Also featured are methods of producing -alanine that include culturing an
aspartate-a-decarboxylase-overexpressing (AaD-0) microorganism under conditions
30 such that f-alanine is produced and methods of producing B-alanine that involve
contacting a composition comprising aspartate with an isolated Bacillus aspartate-o-
" decarboxylase enzyme under conditions such that B-alanine is produced.
The production methods of the present invention further can include recovering
the panto-compound (e.g., pantothenate or pantoate).
35 The present invention further features recombinant microorganisms (e.g., AaD-
O microorganisms, microorganisms having a deregulated isoleucine-valine (ilv)
pathway, microorganisms overexpressing at least one of ketopantoate
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O-al anine that involve contacting a conposition conprising aspartate with
an isolated Bacillus aspartate-a- decarboxyd ase enzyne under conditions
such that (3-alanine is produced. The production nmet hods of the present
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the presenty Z|H§E Ig; to

over expr essi ngyg ast Q%a&?ﬁw %90 osy%et I'C eﬁ'%ggdtuﬁgl eting or
nutating a secRARtP txsps ynf Pf&xamp nggaf»‘dn 2ddiliopito

pant ot henat e l&emxp&ymme ponEgeng prodpetpesulalin gveh @urrhgr ehhatcet bemnreaafedt he

desired pr Oducﬁmﬂ&tlggg;?ﬁ%{emm inbh¥ BhnB6di G tion T2 P! €.

nut ati ng pan on to  over SSi n ene product ,
results in evetety %mm@#&h@n@&'&%&@mﬂasaamrm arign toate.

Accor di ngl 5 |wemxpreesebthélpmﬂgenetplmiunmdm«hrha§ e deletioasin the paeCligent. dh

produci ng pant r%b&dihéxﬁ%é‘ﬁ%ém%ﬂkéaﬂfrés%ﬁhﬁﬂ ;9&{&:9 ? bvﬁi&hlf’

over expresses } %an ene product ellgﬁl on anC
gene. In anot¥ ﬁﬂgz'éf%?%ﬂ’jc’@@”ﬁs ‘fl?%vr‘i”?‘g'ﬁﬁﬁ? uci ng
pant oat e whi chpaniBrgeheproduat abd whiclnbasa dejetion by theypdntngenti Oﬂlemmhgnr esses t he
pankE gene pr odaﬁﬁodﬁﬂd{tghcluwﬁeﬁsm@f wdmguce@ﬂdnm ﬁﬁcﬁ'ﬁa‘éluﬁeﬁ%ﬁt@ﬁﬂ in the

panC gene.

et opant oall vICK AR Whigh Vgt 2,:% Po Rt eSS R e ﬁﬁ%&n“

over expresses thtperfhgeBe gadhemgthod ofpro mg\ﬁqala;hnmbclannkuﬂaqubmngﬁ t he panE -
gene and a netm anghpdmsh Beébréx reaéeame@anwgbﬁébrbmﬁt AHESGhiH s d 'deleforPin

et etion in tHER '%%; R e Al B Coptgin ik, "S-
pant o- corrpouncl;'lﬁl“'l QueTeXpressing s leastene aling digsymshetic m@mln@mc@m&aﬂ@n
bi osynt het i2§ eywEiYiRasiabledst $hé parfsthantc bivsyfthotldicbRyniodelsdd. | east one

pant ot henate bi osy r’ithg ?){'esgnt A ) 19§lls Eﬁgd at least in part, on the identification and

characterization of a previously unidentified microbial pantothenate kinase gene, coaX.
CoaX was first identified in Bacillus subtilis and corresponds to an open reading frame -
in a portion of the chromosomal DNA that includes the 5° end of the fisH gene, and all

30 ofthe yacB, yacC, yacD, cysK and pabB genes. The presént inventors have
demonstrated that the yacB open reading frame encodes a novel pantothenate kinase
activity, the gene being unrelated by homology to any previously known pantothenate
kinase gene. The gene has been renamed coal, as it encodes the enzyme which
catalyzes the first step in the pathway from pantothenate to CoaA.

35 Accordingly, the present invention features new and improved methods of
producing pantothenate and other key compounds of the pantothenate biosynthetic
pathway {e.g., panto-compounds) utilizing microorganisms having modified



The present invention is also based at |east in part, on the identification
and characterization of a previously unidentified m crobial pantothenate

ki nase genewo@eetyra CoaX was first identified in Bacill usp@iidonhiods and
corresponds to an open reading frane in a portion of the chronbosomal DNA

that includes the 5 end-of the ftsH geneg-and all 30 of the yacB, yacC
yacD, cysK and pabB genes. The present inventors have denonstrat ed that the

yacB open readin a, no apt ot t | y, the
gene being unrgﬁug?l%%f’%gﬁk' sti;' Plop p’rev ousf]ﬁi fﬁléﬁﬁaa§%n%’8?aﬂ%ﬂ‘ é
ki nase gene. ng@‘s@lﬁ&% g«,fe wa?/ 2EBRT thawmemmw@ﬁae@nlwm whi ch
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activity. In Pg ar. .the present inventi.on

ni cr oor gani sms > 8‘%?%’“}?“&' %‘8’3%%’3%’85%?0?%& P ?‘m i %‘t coaX
gene, having F'eld'lré)ed pant ot henat e ki nase activity. In one enbodl ment, the
i nvention features T%H@&semﬂ%ﬁﬁbn%&tfem&§ﬁ@tﬁtﬁﬁﬂhﬁﬁﬁcﬁ:bﬂghﬂﬁﬁs@@l,l ng a

der egul at e?ﬂ pa&)ﬁ(g'é&g%%{gs l?ello ﬁ{elgenus I'IP \.4\’6%: e)Ja.m ? t.wé[zlzﬁi W)Oa? pt. the

i nvention feat I‘ECO m CI‘ 00 g’anl SNb
deregul ated i s8iceaed aetwrthaﬁeorxtm 9 nutant méygenr-,mpaonaﬂmcémr@s@ Maenmrnt
t he m croor ganifiukdt theteof) Gavifl fedGeed PantothBifgd kihake abtdif. In She enfiolinent, e The

T or oor gani sms 8 24539&‘3‘%?&%%%&%&%%3@0@%%&%?‘9{*‘@%%%‘5 gl
that contain PHI‘IO‘BWN %?Yéthsfﬂcﬂ ay o Bavinga derpgilaged !sele'eﬁm‘fg@ee (it onal |y
I ncl udi ng QSCOQthey]e or mutant thereof, having reduced pantothenate '

kinase activity. Iy ,

reconbi nant mcr oor gam S ?QJEE&[‘S%%\%%WW‘% d a?g%‘”{%egn{ot anat e

bi osynt heti ¢ pSuaRhGeadrandoy Fosd genefe Leiate {“&F“i @BE?F‘H%S thaf copfainisqlated |

pat hway. Al so tesX ganesjoxanmeowgalcs fretfeanaed ini addition teiselated CaaX protemsaaﬁdgenes

as well as Bﬂﬁ% ;%sor coaA genes. Isolated nucleic acid nol ecul es
t hat cont ai é_gd goa enes or nutant, coaX genes are featured in
addition td |soI at ddre epdsic aeids, apqtars andirecombingpt migragepigLdeseibed gbovg are

nucl ei ¢ aci ds, pmcmlaxﬂ)susaﬁrllm%emeﬂmddnglemfah@pmgatmwmmdehqsarﬂm&rahove are

particul arl y u%mgonu antEﬂE?m?ﬁBMhﬂ&bﬁE 83&0 kPﬁg&LﬁW,cﬁ&v ion. In |
parti cul ar, I nventi on at.ures CI n 0- conpound
product i on (e 3 opaniQafe, B ?%?’QMB%EH?ES%’?? ctipn) that ﬁ;]f"é"‘ﬁraoduct i on)
that include c mcpmbmag rgicroorganism having a mutant coaX gene under conditions such that
: 25  panto-compound production is enhanced. In one embodiment, the recombinant
microorganism further includes a mutant coad gene. In another embodiment, the
recombinant microorganisim further includes a mutant avt4 and/or mutant i/vE gene
and/or mutant ansB gene and/or mutant alsD gene. Also featured are methods for
identifying pantothenate modulators utilizing the recombinant microorganisms and
30 purified CoaX proteins of the present invention.
Other features and advantages of the invention will be apparent from the
following detailed description and claims.




reconbi nant m croorgani sm having a nutant coaX gene under conditions such
t hat 25 pant o- conpound production is enhanced. In one enbodi nent, the
reconbi nant wHbh£19Rr gani sm further includes a nutant coaApgfifi§aides anot her
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and/or mutant |ivE gene and/or nutant ansg.gene and/or nutant al sD gene.
Al so featured are methods for identifying pantothenate nodul ators
utilizing the rec rQorgani sms and 30 purified CoaX proteins of
the present i nvent+oh Feata8 and advant ages of the invention will
be apparent from't hElgwfedI IB emhcglaﬁetmrﬂswt@eséthﬂpmtdﬂlemldyathm paiiQvay.
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a schematic re resentﬁ n_of th W&é{zﬁ %El oS nth %?a}m
Figure 2 is a SCHENS e??%?ﬂh ﬁilt& n i ni ng
sequences | iSyawversion psstrainfA22. t he P26panBCD cassette equi valent to the
integrated 5 versi op Fi§ 8 sdheMAbe fepreSiniiitioR oPtie | ﬁnsﬁnd%@hﬁjm domtaining the
representation %@éﬁg@?%ﬁmﬁ ﬁ?ghgim ngbt he panBC’D operogn
expressed fr onf” %Sé“ 'schematic representation of the
pl asmi d pANOO6, conkigineiddds a chemgtiniRppsetation of g plasmidaANG06mopRing e RBS2.

10 Figure 4 |sfanm nl & f@gbﬁg‘ﬁﬁ{]}’ Lh®RBS3. t he plasm d pAN236, contai ni ng
an integr
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Figure 6 is a isgsatable andrgplifishle P2 RB$2-pankl cupressionicassedd.on of pl asmi ds _

pPAN426  and pA][\l42|7 ngﬁg& :gumﬁau@regres&mﬁnbme mmampma%ms
construction o pla
representation of t rgo%ﬁgér uc%;gm iR ?Qé%;gﬁf’fﬁe %“%On OIEP g %4%

'schemati ¢ repraadpAlt27on of the construction of pl asmi d pAN441. Fi gure 10
i s a schenssi ¢ reprEgmiet7ds & sdhemhbtid Rresenfitivh UL the Odhstriictioh af plashidPKG28 20.
Figure 11 is a,s |c representation of the plasm d pAN251 desi ghed to _
integrate a si ng e copy of a_Pd6-panEl cassette at the panEl | ocus by

doubi e crossover. BYisds iichF’?a‘éF@EWE#?&PP%@@%F%E\‘R“&PPBPFWdPM%l asmd
pPAN267 designed to Fzgﬁreg?naamhmnammb&sentqnpnofthacda%ﬁuoﬁanf\ﬂamﬂpﬂNwl at the

anyE | ocus. Figure N257,
amcll one of 25g Baci );}ﬂ: S’g ?gﬁfdﬁg\%éléﬁ{ag&f%ﬂécmmw gﬁpl%ﬁ& H}\ﬁ Tﬁ Is a
schematic r&r esent&8¥Ed éﬁ“a % EmafiCIERPIFRIaNAR Y $he &g%‘? éﬂéﬁ' ?Bdes‘gned to
integrate a single copy of a Pys-panE|{ cassette at the panEl locus by double crossover.
Figure 12 is a schematic representation of the plasmid pAN267 designed to
integrate a single copy of a P24-ilvBNC cassette at the amyE locus.
Figure 13 is a schematic representation of the plasmid pAN257, a clone of
25  Bacillus subtilis ilvD in a low copy vector.
Figure 14 is a schematic representation of the plasmid pAN263, designed to
integrate a single copy of a Ps-ilvD cassette at the ilvD locus.
Figure 15 is a schematic representation of the plasmid pAN261, designed to
disrupt the Bacillus subtilis ilvD gene with the cat gene.
30 Figure 16 is a schematic representation of the Coenzyme A biosynthetic pathway

-h

in E. coli.

Figure 17 is a schematic representation of the structure of PAN296, a plasmid
designed to delete most of the B. subtilis coad gene and substitute a chloramphenicol
resistance gene.

35 ' Figure 18 is a schematic representation of the structure of the Bacillus subtilis
genome in the region of the coad gene. The scale is in base pairs and the significant
open reading frames are shown by open arrows.
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size =1, Wndow i ze = ona
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Ext ensi on Flénai=t0;0 ]I\Eexght (]‘rdi)smWF(Nm Hydmphilit residues =NGly, Pxod Sep Alsth,iAspy @by dues =

Gy, Pro, Ser, sChN?dm G % PlardSRorihly MaBRNOBLOSORRS = Yes;
and Scoring I\/B.tI‘IX re 21 |s.a henatlcgﬁﬁgres nt a nof

the structure of th@gﬁfé ‘T%@"hg g‘? ?P?s??HB’I‘@ strypure abihe Bagius 9 “&)ax
(yacB) gene. Tbenograh theiregiomofiths@aXdyacd) getve The geald is ombase paipsethe sigaidicant

I agments ap iR o b R e e B s

r epr esent at1 Wmmmgf“%i}é{egh’eﬁma%ﬁ\BM and pAN342, two independent
PCR- deri ved cI ones BiguB. 229sisdhkmatio/rzpigsentativn nfithh etrwsture afpANM) and pANGdR e
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IS %q uences encoded b}‘ Lbr3A 5] Hepngs a mu?tlplé3 equence 1gnmeﬁtrd&§‘5| of the aaxmg Sacid SEQ

t he bpr

sequences encoded by fourteen known or predicted microbial coaX genes. SEQ ID

25 NOs:9, 74, 7-8, 75, 11, 10 and 12-18 correspond to the amino acid sequences of Bacillus
subtilis (SwissProt™ Accession No. P37564), Clostridium acetobulyticum (WIT™
Accession No. RCA03301, Argonne National Laboratories), Streptomyces coelicolor
(PIR™ Accession No. T36391), Mycobacterium tuberculosis (SwissProt™ Accession

. No. 006282), Rhodobacter capsulatus (WIT™ Accession No. RRC02473),

30 Desulfovibrio vulgaris (DBJ™ Accession No. BAA21476.1), Deinococcus radiodurans
(SwissProt™ Accession No. QORX54), Thermotoga maritima (GenBank™ Accession
No. AAD35964.1), Treponema pallidum (SwissProt™ Accession No. 083446),
Borrelia burgdorferi (SwissProt™ Accession No.051477), Aquifex aeolicus
(SwissProt™ Accession No. 067753), Synechocystis sp. (SwissProt™ Accession No.

35 P74045), Helicobacter pylori (SwissProt™ Accession No. 025533), and Bordetella
pertussis (SwissProt™ Accession No. Q45338), respectively. The alignment was
generated using ClustalW MSA software at the GenomeNet CLUSTALW Server at the
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Description of the ‘lfh wghon pr esgnt ?Anve tion eatu &wgand
i nproved net hoppgtqghengp ey compounds of the pantothenate biosyns etlc pathway

(referred to herem as ‘panto-compounds”, for example, pantothenate, ketopantoate,

25 pantoate and B-alanine) using microorganisms in which the pantothenate biosynthetic
pathway has been manipulated such that pantothenate or other desired panto-compounds
are produced.

The new and improved methodologies of the present invention include methods
of producing panto-compounds (e.g., pantothenate) in microorganisms having at least

30 one enzyme of the pantothenate biosynthetic pathway manipulated such that
pantothenate or other desired panto-compounds are produced (e.g., produced at an
increased level). For example, the invention features methods of producing panto-
compounds (e.g., pantothenate) in microorganisms having at least one of ketopantoate
hydroxymethyltransferase, ketopantoate reductase, pantothenate synthetase or aspartate-

35 o-decarboxylase manipulated such that pantothenate or other desired panto-compounds
are produced. The methodologies of the present invention also include methods of
producing panto-compounds (e.g., pantothenate) in microorganisms having at least one
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of pantothenate. The term “pantothenate biosynthetic pathway” includes the

biosynthetic pathway leading to the synthesis of pantothenate in a microorganisms (e.g.,

in vivo) as well as the biosynthetic pathway leading to the synthesis of pantothenate ir

30 vitro. Figure 1 includes a schematic representation of the pantothenate biosynthetic
pathway. Pantothenate biosynthetic enzymes are depicted in bold and their
corresponding genes indicated in italics.

The term “pantothenate biosynthctic enzyme” includes any enzyme utilized in
the formation of a compound (e.g., intermediate or product) of the pantothenate
35 Dbiosynthetic pathway. According to Figure 1, synthesis of pantoate from a-
ketoisovalerate (a-KIV) proceeds via the intermediate, ketopantoate. Formation of
ketopantoate is catalyzed by the pantothenate biosynthetic enzyme ketopantoate
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wel | as the bi alﬁét&‘fsmlerﬁe (dom\}')wnhﬁﬁﬂ loPScetdlactaefrsid wﬂe&e & cafaly\ted by'eOF
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I ncludes any ep Z%Wdr&y 1'dls§rgero reductase (the ilvC gene product). Synthesis of a-KIV from
a,B-DHIV is catalyzed by the isoleucine-valine biosynthetic enzyme dihydroxyacid
dehydratase (the ilvD gene product). Moreover, valine and isoleucine can be
interconverted by branched chain amino acid transaminases.

30 As used herein, each of ketopantoate, pantoate, f-alanine and pantothenate are
“panto-compounds”. The term “panto-compound” includes a compound (e.g., a
substrate, intermediate or product) in the pantothenate biosynthetic pathway which is
downstream from a particular pantothenate biosynthetic enzyme. In one example, a
panto-compound is downstream of the pantothenate biosynthetic enzyme ketopantoate

35 hydroxymethyltransferase (the panB gene product) and can include ketopantoate,
pantoate and/or pantothenate. In another example, a panto-compound is downstream of
the pantothenate biosynthetic enzyme ketopantoate reductase (the panE gene product)
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pantoic acid can be converted to pantolactone by conventional methodology.
The term “CoA biosynthetic pathway” includes the biosynthetic pathway

30 involving CoA biosynthetic enzymes (e.g., polypeptides encoded by biosynthetic
enzyme-encoding genes), compounds (e.g., precursors, substrates, intermediates or
products), cofactors and the like utilized in the formation or synthesis of CoA from
pantothenate. A schematic representation of the CoA biosynthetic pathway in E. coli is
set forth as Figure 16. (The pathway depicted is also presumed to be that utilized by

35 other microorganisms.) The term “CoA biosynthetic pathway” includes the biosynthetic
pathway leading to the synthesis of CoA in microorganisms (e.g., in vivo) as well as the
biosynthetic pathway leading to the synthesis of CoA in vitro. The term “Coenzyme A
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The term “manipulated microorganism” includes a microorganism that has been
engineered (e.g., genetically engineered) or modified such that the microorganism has at
least one enzyme of the pantothenate biosynthetic pathway and/or at least one enzyme of

30 the isoleucine-valine biosynthetic pathway modified such that pantothenate or other

—
O

desired panto-compounds are produced. Modification or engineering of such
microorganisms can be according to any methodology described herein including, but
not limited to, deregulation of a biosynthetic pathway and/or overexpression of at least
one biosynthetic enzyme. A “manipulated” enzyme (e.g., a “manipulated” biosynthetic
35 enzyme) includes an enzyme, the expression or production of which has been altered or
modified such that at least one upstream or downstream precursor, substrate or product
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a and/or translation of a particular gene product such that transcription and/or translation
are enhanced or increased. Alternatively, a microorganism can be cultured at a
temperature selected to increase transcription of a particular gene and/or translation of a
30 particular gene product such that transcription and/or translation are enhanced or
increased.
~ The term “deregulated” or “deregulation” includes the alteration or modification
‘of at least one gene in a microorganism that encodes an enzymé in a biosynthetic
pathway, such that the level or activity of the biosynthetic enzyme in the microorganism
35 isaltered or modified. Preferably, at least one gene that encodes an enzyme in a
biosynthetic 'pathway is altered or modified such that the gene product is enhanced or

increased. The phrase “deregulated pathway” can also include a biosynthetic pathway in



15 particul ar gene such as a ribosone binding site or transcription
termnator, increasing the copy nunber of a particular gene, nodifying

proteins (e.womawgul atory proteins, suppressors, enhancetsason/2s993
transcriptional activators and the like) involved in transcription of a
particul ar gene and/or translation of a pdffti cul ar gene product, or any
other conventional means of deregul ating expression of a particular gene

routine in the ecﬁé}e%%y Q%aFéHcoE@anl %qgatbg,sg;ﬁﬁ%ﬁ ?,u,ta%gegptgg

nucleic acid expre pressor

proteins). In awam#ﬁrs @WB(S‘H’FWE#TW Q‘W@‘W&fmfi]@ﬁ‘i‘g’?ﬁ efyniheticenaymeis | y or
eRVi roRment al | ylteredor medifidde (The abiliwetd Cddregtlere " pathvedy (@f., Geshaulpmeslisht gr eat er
than that expr in a
conparable m crg%ctg %ﬁﬁgﬁ%t&%@cﬁﬁﬂé ﬂ%ﬁ@%g@#&%} %P@egﬁl@@%{ﬁ exarrpl e, a
ni cr oor gani 9m #a¥¢s femitheparicplagphenogienen efimictograapismp in wyrhmersdhangmean agent
knownI or sus p?&i@ﬁet(ﬂgmmsmeé bﬁsymdfetlpénzymes)fmaemadddllmgleﬂﬁs ogaiifing ag;j/ or

t t

rane ] At on Of adladilf /ot b 6718 Bl AU i Pedr bl oA il bh AfpeRE 01

transl ation ance I Ncrea a mCroo ganl 'sm can
be cultured at a tehisdemn (Rpsrogeinsiudesp qoarqlw&dém g?%e'feﬁ%qqthﬂcem@sa
particul ar genproaoter and possiblyl axegulatonyfelemenBidsquiated with ode cgm,[prem‘damy asuch

that transgn p heterm
Slelregult at glg ;ﬁ?w@@q‘{:;ewéﬁgée ﬁgﬁﬁé%f:tgggé isggfr% gi;;ﬁ m éj @I cation
at | east one g

bi osynthetic @aniplaby regulatory hmtemsthmdling\telthea'egmmy\ddmenWr Hyteatidterodnativtnet | c

enzyne in the 81%9&{ aﬂ'ms%%cmmgéde%ﬁcbe%m&toeg@ve& RemANAYhadt | east
one gene that enc

ITEII’I synt het th altered or
modi fi ed such gt est P‘GHEIE‘F“‘SS F?yafH%‘é‘?f jpat ‘F %&?éﬁgenleﬁe phrase
"der egul at @ pamlmdayih anaoperah slteatiar erdwodifidatios9fithdrsingle promoteragd/om WO
enzyme tn a b .”%9' OB enen b B afliton o AbdMMANECTRallgthe BHIARI R3caRd
oo or ot vIY Pty ARErSRE o mRiRaG e P R lfsSens S hetigto iy
modi fied. The adfilimited to rsmoying 8t endegsnous mﬁmd(oeregtﬂatomelgmm(si,ad@wsl y
deregul at e nor &rdnB fbxﬂﬂ&s,gﬁdiﬁlbldbr&n&bﬁé% rﬂ&ltib‘fé’ﬁi‘bﬂ@fefs%r@éiﬁ&)«l@&gdl&o

m croorgani.am 5 arise articul ar none rgani sns.in
h chmor e 2nadbairses i PRb RSB besE bro AT STRARE S ol O T
encoded by genesomesomal Iongmnazﬁ}ba@eﬁpn,tabemuam%&se@wnepsmngwhg pi ece
of ggnet It c g et gferd ortviihifetie peroPfRh Qéh ribokbe bitding s Gfic@esing el dopip Suriber "
. coordi nated un n e OSSI

a regul atory e#ﬁm@%&%égmggi@@ggﬁ; ta?'{;té Iéeggfrgﬂ’#&lja%"%’r é‘p é‘% g%fsygnh?&q 0 Ieasty
two, struct ur atrangersrtinglactivatoryanddhe like syplygd mﬂmefth%szm@ or
bi osynt het i25 etiangshiion of th péne products of thé berad, btiariylsthdr coewationabuedne of
coor i nat el 1 G pobBlion SY GURRL Sy s @cRlatng b iieRigiiledg O the

regul atory el ene
antisense nucléic acid molecules, for example, to block expression of repressor

proteins). Deregulation can also involve altering the coding region of one or more genes
to yield, for example, an enzyme that is feedback resistant or has a higher or lower
30 specific activity.

A particularly preferred “recombinant” microorganism of the present invention
has been genetically engineered to overexpress a bacterially-derived gene or gene
product. The term “bacterially-derived” or “derived-from”, for example bacteria,
includes a gene which is naturally found in bacteria or a gene product (e.g., ketopantoate

35 hydroxymethyltransferase, ketopantoate reductase, pantothenate synthetase, aspartate-o-
decarboxylate, acetohydroxyacid synthetase, acetohydroxyacid isomeroreductase or
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of SEQ I D NO 30 or “enco uclerc
sequence (e.g., a pan nuclelc acid sequence as set forth in SEQ ID NO:25) or a vector

comprising a panD nucleic acid sequence (e.g., a panD nucleic acid sequence as set
forth in SEQ ID NO:27). In yet another embodiment, the invention features a
30 microorganism having a deregulated panBCD operon (e.g., SEQ ID NO:59).
Other preferred “recombinant” microorganisms of the present invention have a
deregulated isoleucine-valine (i/v) pathway. The phrase “microorganism having a

deregulated isoleucine-valine (ilv) pathway™ includes a microorganism having an
alteration or modification in at least one gene encoding an enzyme of the isoleucine-

35 valine (ilv) pathway or having an alteration or modification in an operon including more
than one gene encoding an enzyme of the isoleucine-valine (ilv) pathway. A preferred
“microorganism having a deregulated isoleucine-valine (ifv) pathway” has been
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pankE, panC, panD, ilvBN (or alsS), ilvC, ilvD, or encoded by coaA or coaX).

30 Still other preferred recombinant microorganisms of the present invention are
mutant microorganisms. As used herein, the term “mutant microorganism” includes a
recombinant microorganism that has been genetically engineered to express a mutated
gene or protein that is normally or naturally expressed by the microorganism.

" Preferably, a mutant microorganism expresses a mutated gene or protein such that the
35 microorganism exhibits an altered, modified or different phenotype (e.g., has been
engineered to express a mutated CoaA biosynthetic enzyme, for example, pantothenate
kinase). In one embodiment, a mutant microorganism is designed or engineered such
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In one embodiment, a recombinant microorganism of the present invention is a

Gram positive organism (e.g., a microorganism which retains basic dye, for example,
crystal violet, due to the presence of a2 Gram-positive wall surrounding the

30 microorganism). In a preferred embodiment, the recombinant microorganism is a
microorganism belonging to a genus selected from the group consisting of Bacillus,
Cornyebacterium, Lactobacillus, Lactococci and Streptomyces. In a more preferred
embodiment, the recombinant microorganism is of the genus Bacillus. In another
preferred embodiment, the recombinant microorganism is selected from the group

35 consisting of Bacillus subtilis, Bacillus lentimorbus, Bacillus lentus, Bacillus firmus,
Bacillus pantothenticus, Bacillus amyloliquefaciens, Bacillus cereus, Bacillus circulans,
Bacillus coagulans, Bacillus licheniformis, Bacillus megaterium, Bacillus pumilus,
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35 amino acids, vitamins, growth promoters and the like).
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30 preferred embodiment, the microorganisms are cultured in a fermentor (e.g., a
fermentation process). Fermentation processes of the present invention include, but are
not limited to, batch, fed-batch and continuous methods of fermentation. The phrase
“batch process” or “batch fermentation” refers to a closed system in which the
composition of media, nutrients, supplemental additives and the like is set at the

35 beginning of the fermentation and not subject to alteration during the fermentation,
however, attempts may be made to control such factors as pH and oxygen concentration
to prevent excess media acidification and/or microorganism death. The phrase “fed-



met hods known to those skilled in the art. Al so preferably, m croorganisns
of the present invention are cultured under controlled aeration. The term
“controll eqv@@r,ﬁr,hon i ncludes sufficient aeration (e.0.porfNeSe tO
result in production of the desired product (e.g., panto conpound). In one
10 enbodi ment, aeration is controlled byptegul ati ng oxygen levels in the
culture, for exanple by regulating t he anbunt of oxygen dissolved I n
cul ture nedi ref ergpl y, |on of the culture_is contrQ d
agi tating thgb ¢h Rrpgess °Agfef‘aha$° Hﬁ?}’“ﬂ@“ ’{?lt%léhat"lbffﬂﬁe P’éﬁ or sr m | ar
mechani cal agﬂtcaptwmrthasqmmemsuhsyatcmhpplﬂgemsarshddcd(nggta&edgr owt h vessel
(e.g., fermeng ere)néﬂl'é owonvlﬂﬁdl@wasqumhﬁanamﬂ'p?%s 186 Bhrbvc Evra%.. gﬁs 15

abl

further controlle g rile arr

gl i (6 g PO T RO RO SRR JHer 9 & Sy w@?ﬂ Bidied ol s

m cr oor ganis nknnéntatiw medissie added contianguslyrto arfermeuatot andomh eqiial hotntef ossicor
foam ng (e.g. “codeﬂoﬁéad nfebifal?s Qﬁmﬁdﬁkbxfs%@nﬁﬂe Péra%l foMQ!E:@&EYFBﬂ the desired

m cr oor gani snms e present ent I"qQn c cul t ntroll ed
t enper at ur es. ?ﬁ'ﬁ’tke anE"'WBP’f dAtvé‘ﬂf%r" é’m"F"ﬁ thﬁ%? %"T@H’B&‘%ture
20 whi ch r esudre welliknpwoihtbe avn of t he desired product (e.g., a

pant o- conpound) . |1‘he%?as@"é%ﬁ|ﬁ Herdbﬂdlh&n@éu@ﬂ'th&%ﬁ&id&hﬁ:ﬁuﬂd’(@'guqe

t enper at ur.es be ween 15

t.her .enhodi ment roII d
t enper at urle TR CRAPORT, S0 SXPPSPROERAR 1 Bodiird  ins JHes iR agor
t enper at ur es mwmaeniamergmm undgr g@ditionsiecs. jSerparatus) gms;mrﬂurmm and 45C

or between 30&& r&ﬂﬁteo@%ufhhiéﬁt&@bml cﬁﬁfbfhﬁed‘ddirédﬂoﬂﬁaoﬁxﬁi&tooﬁﬁinm ai ned
and/ or grown) ﬁ*gﬁ lFE?’fl la‘%nd 8% z}rablgﬁo 3_.u|ture t.he

conti nuousl y &* 5P PER Igplar SompOIR) bee % aft 9PR ?re w(')‘%lés such as
st andi ng cul tepntinueddera tmpaufficient to produce the desired Amauntofapagto-compeund/e.gshaki ng
cul ture, Sbakﬁnfdtﬁbﬁkte%ioﬁfe%r Balagink). Freferbly)tulfubing RRbntited for Q. tin®

1 ohake {1 actitidhy sl G AELPRNbual it Bt SELETRTEA o Saﬁ}"s?r‘ér are
cul tured in aembodirantsultpringgs conanuqdé’ralr@ﬁ?faﬂ tg R4 press elngpotherambodimgnion -
processes of dularify Beminuedfos alicuo2d tormSIhodB 36ot48dwars, 48ab 72 houtkddtb 06 batch,

f edbat ch_andy by pyoishollR! 145 191 pdu] %—Eﬁ&ﬂ 148 8BuiPther DA C

process" ernent at,i on syst M. nowhi ch the

conposi ti 89 ofmbpdiment, cylturngds eantioued, fpn atirps & ma'&arfep jor piglds pke i s set
at the 35 begpanto-¢coinpoiind, i@ ekampie relid aro oulaunel such that dt jeasttabowt 151t 20 gfiliafn

during the f QL uRNL Aol are weeeﬁraue%&tamtzmwygiep Aol ol such

factors as p

n centrat] on rey
aci di 11 cati orPrasRErdal KAt abRt Gxm 3.~,°r5/'d8aa‘{‘?r°° oo 3t logst ehonn 10t
PCT/ U500/ 25995 g/LZ;&tb@bmhoxpxd@tm@dhcﬁ at'least athost Bﬁto Ag/rpattartompounder s to a

~ batch ferﬁ?ntﬁamedwcg rhtiéa&ab&itwg; FARtol doipolik) oP ht 1881 &boitddb50%AS OF

suppl ements are adde arg d 8 |ncre ts or, contlnuous y) as the
f er ment at i on RPESEEES v et %‘i?#terﬁ'ﬂ ment, microorganisms are

cultured under conditions such that a preferred yield of panto-compound, for exarple, a
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30 The methodology of the present invention can further include a step of
recovering a desired compound (e.g., 2 panto-compound). The term “recovering™ a
desired compound (e.g., a panto-compound) includes extracting, harvesting, isolating or
purifying the compound from culture media. Recovering the compound can be
performed according to any conventional isolation or purification methodology known

35 inthe art including, but not limited to, treatment with a conventional resin (e.g., anion or
cation exchange resin, non-ionic adsorption resin, etc.), treatment with a conventional
adsorbent (e.g., activated charcoal, silicic acid, silica gel, cellulose, alumina, etc.),
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30 alcohol.

- In an alternative embodiment, the desired panto-compound is not purified from

the microorganism, for example, when the microorganism is biologically non-hazardous
(e.g., safe). For example, the entire culture (or culture supernatant) can be used as a
source of product (e.g., crude product). In one embodiment, the culture (or culture

35 supernatant) supernatant is used without modification. In another embodiment, the
culture (or culture supernatant) is concentrated. In yet another embodiment, the culture
(or culture supernatant) is dried or lyophilized.
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cul ture super Aercarbaxylases Adioifeajured ateynegtirids pfrraducing panto-compounds, for example,
. methods that involve culturing a KPAR-O microorganism, which further include the
step of recovering the panto-compound.
30
1/ Methods of Producing Panto-Compounds Independent of Precursor Feed
Requirements _
Depending on the biosynthetic enzyme or combination of biosynthetic enzymes
manipulated, it may be desirable or necessary to provide (e.g.', feed) microorganisms of
35 the present invention at least one pantothenate biosynthetic precursor such that
pantothenate or other desired panto-compounds are produced. The term “pantothenate
biosynthetic precursor” or “precursor” includes an agent or compound which, when
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having at least one biosynthetic enzyme or combination of biosynthetic enzymes (e.g., at
25 least one pantothenate biosynthetic enzyme and/or valine-isoleucine biosynthetic
enzyme) manipulated such that pantothenate or other desired panto-compounds are
produced in a manner independent of precursor feed. The phrase “a manner
independent of precursor feed”, for example, when referring to a method for producing a
desired compound (e.g., a panto-compound), includes an approach to or a mode of
30 producing the desired compound that does not depend or rely on precursors being
provided (e.g., fed) to the microorganism being utilized to produce the desired
compound. For example, microorganisms featured in the methodologies of the present
invention can be used to produce panto-compounds in a manner requiring no feeding of
the precursors aspartate, B-alanine, valine and/or a-KIV.
35 Alternative preferred methodologies of the present invention feature
microorganisms having at least one biosynthetic enzyme or combination of biosynthetic

enzymes manipulated such that pantothenate or other desired panto-compounds are
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pant o- conmpoun g[qrjétsqu %:ﬁrzg ch to or a mode of 30 producing the
desired corrpor?rr?é e% d or rely on precursors being provided
(e.g., fed) to thePrrifarred oregfends efprodicing desifedicowpounds (ra.dunte-compos) inad
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manipulated (e.g., designed or engineered, for example, genehcally engineered) such
that expression of at least onc pantothenate biosynthetic enzyme, and/or at least one
isoleucine-valine biosynthetic enzyme, is modified. For example, in one embodiment, a
30 microorganism is manipulated (e.g., designed or engineered) such that the production of
at least one pantothenate biosynthetic enzyme, and/or at least one isoleucine/valine
biosynthetic enzyme is deregulated. In a preferred embodiment, a microorganism is
manipulated (e.g., designed or engineered) such that it has a deregulated biosynthetic
pathway, for example, a deregulated pantothenate biosynthesis pathway and/or a
35 deregulated isoleucine-valine biosynthetic pathway, as defined herein. In another
preferred embodiment, a microorganism is manipulated (e.g., designed or engineered)




the precursors aspartate, P-alanine, valine and/or a-KIV. 35 Alternative
preferred nethodol ogies of the present invention feature m croorgani sns
havi ng at |was2eme bi osynthetic enzyne or conbi nati on ofpdy/ussymiobet i c
enzynmes mani pul at ed such that pantothenate or other desired panto-conpounds

are ... ... WD 01/ 21772 PCT/ USOQ 22893 - 27- produced I n a manner

substantially independent of precursor feed. The phrase "a nanner

substantial l'y n@ baRbREHISHEsyhAE b WAl AleddP or a
- met hod of pr ocfLI feiﬂ(i&gttd)esﬁm ﬂ’h ﬁcatdzgependsror re |es to a | esser

%Pt he red conge
extent on pré SYHhSlIF, GRZXPI5 IS Qe "(’ES“(? fed) to the microorgani sm being
utilized. For ex ami’lreferr&l methodsaf gmduengdésaad comepbunds (2izg pamtbcompbugiskia aof

the present gar 'P@flsr orpee Bfél va %Qnragﬂa%&% tinfly @ Manner
requiring feed ng o antl y re nts the precursors
aspartate, ?i '&@%Pﬁ?‘??ét Oﬂparqurfer f PEFrasaf° Vrf Pﬁn%‘?Pé odupent,he inventiony o

I nventi on f eatfeatases avictindof pfodpeingipantotiienpteria ammmmdeplmdéﬂ ofj precursor feed
pant ot henate) J/ Hléﬁ’r ;ﬁg ngr;ﬂtasa; Ja[@egm:i) s@-%v@éx r@s§§1 0% 0% of the
ecur s ire ang

anount of 10 prg a cont mcro r
morgn

M cr oor gani sm ’Pﬁéﬂ°r$a§‘sd‘e‘ﬁr¥’d’§ rrkregulreri ‘%keélﬁ‘BF‘e ine (
precursor feeduththaf pantitienateys prodmterd‘. dntdnethdeamhoddnmt;dnmnwnﬂ)m fdaturesreot her

g e ek
precursor requi Wé??f"oi"?fe’&?ﬁ?#’l’i‘g gﬁ%dr ment, the

15 i nvention fmatommlsndldvmgadgfegplatcdmmm@emm )madmyrad&aderegxlataahner t hat
requires feeckgagu&re.‘taﬁﬁé(m @é, &%céﬁtﬁ%ucﬁégﬂ&aeé& 1§greégcéedt Z‘S -

anount of precur u nt r ol o) Ism rib
Exanpl esl -1 |1 ARHEF g ‘15@??’1‘%8? {pbentioh S TAHF O O B EFeRtETRRS i 2

met hodol ogilés ménnehindegendantof asmmtﬁtor(ﬁnalmnpﬁecrbg:onﬁmsmgeyMgap aSpagtate-wf
aspartate, fi-g@baBbRfasevbitkiie Jﬁb‘é (xﬁcﬂ)orgahlrﬂmtlﬁaér cbyaaﬁmgrsuemm&hake 20

flask cul tures ccordin erred.e I ment resent

i nvention feat‘%ﬁ“@?‘ ngle g‘i‘}%‘? ‘ﬁrYSH%'eﬁ'ﬁb § '&)‘Hﬂ?ﬁf‘mg’“ Bs a'method

pant ot henat e) ¢fipredusing pantothenpts injampannérdadsipandent of valine thakctcﬁwglemté_feem 5
g/L, 0.75 g/ |—,coin;ﬁi'siag%uﬁﬁlrﬂ/ahmcr%oéaﬂérh,hlvﬁé aﬁéﬂegul&e&lfsbleucn@e aeﬁmgl i) 2.5 9/'L,
2.75 g/L oy,3 red tho% ﬁ?ucr esrred oun s (e.g.,
pant o- corrpgg alg?syPH'e g e‘H@b g‘F BUE ISFBPOYELd or
alternatively, in aTh@ri‘Fm!e‘?ﬁSMtUaflwmmaserwavmmKAGD—Qﬁ'mmommsmé’ed

i nvol ve cul turmaqdesm:ﬁié&af@ﬁ;@mﬂﬁcﬂm E&nhﬁéiﬁplhﬁ&ﬂsucmt &&sh@dt@d- (e 9

desi gned or e en ‘pall engi n such

expr essi on of %fﬁﬁg’{ﬁ "?Sb (‘%)sn‘g”m§ %P(!neﬁg e o?s RS 'oé(?fﬁf%?ssg’tg

| east one i scﬂ%%@lqrenrgwnml@symmfe ithea vectpr mmsxmmenmanpr e,
in one enmbsli rEAD nuelef(hcld RHRALOR, %IﬁahB niiBleicRuidatfrndethd encodesipned or

engi neered) s %Bﬁa@&-d&é@o&&ﬁ& %tel?xrha%ng the amino acid sequence of SEQ ID NO:28,
for example, a panD nucleic acid sequence as set forth in SEQ ID NO:27).
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or modification in an operon including more than one gene encoding an enzyme of the
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isoleucine-valine (ilv) pathway” overexpresses acetohydroxyacid synthetase (e.g.,
acetohydroxyacid synthetase having subunits having the amino acid sequences of SEQ
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producing pantothenate that includes culturing a manipulated microorganism under

conditions such that pantothenate is produced at a level greater than 20 g/L. In yet
another embodiment, the invention features a high yield production method of

30 producing pantothenate that includes culturing a manipulated microorganism under
conditions such that pantothenate is produced at a level greater than 30 g/L. In yet
another embodiment, the invention features a high yield production method of
producing pantothenate that includes culturing a manipulated microorganism under
conditions such that pantothenate is produced at a level greater than 40 g/L.

35 The invention furthier features a high yield production method for producing a
desired compound (e.g., for producing a panto-compound) that involves culturinga
manipulated microorganism under conditions such that a sufficiently elevated level of

I




30 gene encodi ng an enzyne of the isoleucine-valine (ilv) pathway or having
an alteration or nodification in an operon including nore.than one gene
encodi ng angwgywpiezof the isol eucine-valine (ilv) pathwaycrsqpnsherred

"m croorgani sm having a deregul ated isoleucine-valine (liv) pathway"

over expresses acetohydroxyaci d synt hetase3fe.g., acetohydroxyacid
synt het ase havi ng subunits having the am no acid sequences of SEQ 35 ID

NG 32 and SEQ am' no acid
sequence of SE l%%%éj (gd ﬁq roxyfab(h:alqllel,%w{cgﬁl ct.ase ving the
anino acid seffFEpaEY epbagips N@VS@)"“ Eﬂ*‘“&’r‘h ?&R‘P ?‘;3‘8 age (havi ng
t he am no aci dpréfudiiy &ﬁ%ﬂﬁnﬂ%aUﬁiﬁﬁiﬂ%&%nngQﬁampﬂMmcm@rgﬁEﬁm tubdleNO; 38)

d/ has b 15-
R i e i *“?E'%gﬁﬁsgg‘?@%gf’% 1520aflin 36 i, 55
SEQ I D NO 33, hews-ds tapferb%reinbz imenh, thedpygnfion feasures 3 highyield preduetionincshod pf
codi ng r egi onspiodading pantotiehate dmt inclhdecultirinya ﬁﬂﬂiﬁula&drﬁ%&g&ﬁﬁﬂmm SEQ ID
NO 86, 5 4@ NO 37
Vel S?"E’h%%%?@%‘ Rt pRuicsRuts Bl yrafi RSt a @ 10

V.. High Yiel artic prefe
embodi ment of  PoHS-pn@sehET ceboSiRent dhe tgvestiny %ntu;ﬁsabes YHFId RSN RS 1 or
produci ng pant pﬁoﬂmlmnuﬂrmateﬂlangmhﬂbiaﬂtumgammpm]mﬂmadorgé:ﬁsnrmde@organl sm

d di [ t1y high
;Inele(rj C?Re' fgh?%&d%&? uhﬂ%{at Pﬁﬁ&tﬂé f‘e’lé‘m%dﬁc%da 9%9&%%@& th%n%S%g‘?L ghyyl elg g

production et ’fﬁ?}' tﬁf?*ﬁ %@Jn‘j’@%olf’nﬂm}@rﬁm 0 ’BF" Bdum ng a
pant o- conpoun dm)ventmlfeaﬁa'es eahxghyiem:brbdmtmﬂ msthbd ef prodyzingchaatottenatethat he

ggfr;o ;reg blcg"gggg\ggxtaas &umll MP‘?B%‘Q% Pﬁ«@&g@gﬁ&ﬁ%&f cme}‘,mtthdt aﬂl!?tlﬂéﬂatg or
7ot hod resul t SITAPGPEHA ﬁ?vsﬂgrsatertth@ $540 FLa 50 Bea Jo g ee?rgtﬁﬁtéﬁc?m y
hi gh yi el d.15Ther 4hg/h3w60 bovgmi Valeesand yanpesghclyded|add/or mtdrmdéstemthinehetangﬂs
production or yiedrfh pbigheaRo %u&fde&t@&twnﬁhe\g@a Of file emnwﬂa&n igprusual

| cvel “SUFT1 oi oREHE Pyl e sh e aﬁ”}ée*éﬁ Bt g

production of B8he/Lin6dbours ae interipd swbmiprivded Wighin besiigeof &0)46 p/L ini60 hiovars.
enbodi ment, t hfn axﬁmemaﬂ.glef eagésr&soes fgng& 3«5L41f gL aerxﬂféusédl t8 Be RIvaeHwithin

P o TERE T 2040 iR B ARER  Mbreogte, P sfnaT o Bt Al e B b 02" ST

under condi
than 2 g/L. |nc@maemmb@dmmooraam:mmmmemrqd@amqnle\sel af, rﬁrrgnax;xple,l d

production nmetypsh 91, iP6@RGIES’ ﬂﬁclﬁdﬂ%@l&uﬂﬁx@@ﬁ&nkm}%ahﬁﬁl fofl flitionhl ithé Ng a

mani pul ated m ero r?eanl sm 250 fjn ddothp SLIC tpeat ant q/t hgngf}te S
produced at a Pgver gﬁ’etg?e?eq Ell ﬁﬁ(i%“ QRqHaly resHlting i gysp o

i nvention feat dields O&mfwﬁéﬁmgmmm i on method of producing

pant ot henatxs that includes culturing a manipul ated m croorgani sm under

S?Edl T Inogz t such t hai;, par};a% Eon%oqmd %rcparugtd Cﬁgth c}olo%zes%g}unglg%h%[henahan 20

Kinase Mutant Microorganisms

The present invention relates to methods of producing pantothenate using

microorganisms engineered to produce high yields of pantothenate as well as other

30 panto-compounds. Cells overproducing pantothenate result in high intracellular
pantothenate levels that could overcome the feedback inhibition of pantothenate kinase
by CoA, leading to overproduction of CoA. Besides consuming pantothenate, increased
synthesis of CoA may cause increased feedback inhibition of the PanB, PanD, PanE or
PanC reaction, thereby limiting pantothenate production. Accordingly, a reduction in

35 pantothenate kinase activity may lead to a decrease in CoA levels with resulting
increases in PanB, PanD, PanE or PanC activity and pantothenate production.
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- The above-described nucleic acid molecules (e.g., genes), proteins, vectors, and
recombinant microorganisms (e.g., mutant microorganisms), are particularly suited for
use in methods of producing panto-compounds and/or methods of enhancing panto-
30 compound production. In one embodiment, the invention features a method for
producing a panto-compound (e.g., pantothenate) that includes culturing a pantothenate
kinase mutant (e.g., a recombinant microorganisrh that misexpresses, e.g., is mutated '
for, pantothenate kinase, as defined herein) under conditions such that panto-compound
is produced. In another embodiment, the invention features a method for enhancing
35 production of a panto-compound (e.g., pantothenate) that includes culturing a
| pantothenate kinase mutant (e.g., a recombinant microorganism that misexpresses, e.g.,
is mutated for, pantothenate kinase, as defined herein) under conditions such that
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genes or mgkaniontlash SRR oREVaI R o VafiSe, ifladditflinith Mutdtig a pantothenate kinase
encoding enzyme, is predicted to result in even further enhanced or increased production
of panto-compound. Alternatively, mutating the ansB gene (Sun and Seflow (1991) J.
Bacteriol. 173:3831-3845) or a homologue thereof (SEQ ID NO:66), thereby limiting
the degradation of aspartate, in addition to mutating a pantothenate kinase encoding
30 enzyme, is predicted to result in even further enhanced or increased production of panto-
compound. Alternatively, mutating the alsD gene (Renna et al. (1993) J. Bacteriol.
175:3863-3875) or a homologue thereof (SEQ ID NO:68), thereby limiting the
conversion of acetolactate to acetoin, in addition to mutating a pantothenate kinase
encoding enzyme, is predicted to result in even further enhanced or increased production
35 of panto-compound. Altematively, mutating the avt4 gene encoding alanine-valine
transaminase or a homologue thereof, thereby limiting the conversion of a-

ketoisovalerate to valine, in addition to mutating a pantothenate kinase encoding
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25 utilized for a~-KIV production. Accordingly, to maximize the contribution of the als
locus to panto-compound production, it is desirable to disrupt the alsD gene in addition
to overexpressing the alsS gene. To disrupt the alsD gene, appropriate fragments of the
als operon, flanking the alsD gene, are amplified by PCR and cloned to provide
homology for creating the disruptions. A drug resistance gene, such as the cat gene, is
30 cloned between the flanking DNA fragments in place of the alsD gene, and the
linearized DNA is transformed into a pantothenate production strain such as PA824,

selecting for drug-resistance. To overexpress alsS, the alsS coding sequence (e.g., an

alsS coding sequenée that has been engineered by PCR for expression) is cloned into an
expression vector. Vectors which express alsS (or alternatively, vectors which express

35 alsS plus ilvC) are the introduced into panto-compound production strains (e.g., the-
pantothenate producing strain PA824).
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as a cDNA molecule, can be substantially free of other cellular materials when produced
by recombinant techniques, or substantially free of chemical precursors or other

chemicals when chemically synthesized.

30 The term “gene”, as used herein, includes a nucleic acid molecule (e.g., a DNA
molecule or segment thereof), for example, a protein or RNA-encoding nucleic acid
molecule, that in an organism, is separated from another gene or other genes, by
intergenic DNA (i.e., intervening or spacer DNA which naturally flanks the gene and/or
separates genes in the chromosomal DNA of the organism). A gene may direct

35 synthesis of an enzyme or other protein molecule (e.g., may comprise coding sequences,
for example, a contiguous open reading frame (ORF) which encodes a protein) or may
itself be functional in the organism. A gene in an organism, may be clustered in an
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Bacillus. Preferably, the nucleic acid or gene is derived from a microorganism selected
from the group consisting of Bacillus subtilis, Bacillus lentimorbus, Bacillus lentus,
Bacillus firmus, Bacillus pantothenticus, Bacillus amyloliquefaciens, Bacillus cereus,

30  Bacillus circulans, Bacillus coagulans, Bacillus licheniformis, Bacillus megaterium,
Bacillus pumilus, Bacillus thuringiensis, and other Group 1 Bacillus species, for
example, as characterized by 16S rRNA type (Priest, supra). In another preferred
embodiment, the nucleic acid or gene is derived from Bacillus brevis or Bacillus
stearothermophilus. In another preferred embodiment, the nucleic acid molecules

35 and/or genes of the present invention are derived from a microorganism selected from
the group consisting of Bacillus licheniformis, Bacillus amyloliquefaciens, Bacillus
halodurans, Bacillus subtilis, and Bacillus pumilus. In a particularly preferred
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the present invention can include the nucleotide sequences of SEQ ID NO:23, SEQ ID
NO:25 and SEQ ID NO:27, preferably linked such that the proteins encoded by the
nucleotide sequences of SEQ ID NO:23, SEQ ID NO:25 and SEQ ID NO:27 are each
30 produced when the isolated nucleic acid molecule is expressed in a microorganism (e.g.,
SEQID NO:59). In another example, a preferred isolated nucleic acid molecule of the
present invention can include the nucleotide sequences of SEQ ID NO:31 and SEQ ID
NO:33, preferably linked such that the proteins encoded by the nucleotide sequences of
SEQID NO:31 and SEQ ID NO:33 are each produced when the isolated nucleic acid
35 molecule is expressed in a microorganism (e.g., nucleotides 1-2246 of SEQ ID NO:58).
In another example, a preferred isolated nucleic acid molecule of the present invention

can include the nucleotide sequence of SEQ ID NO:86. In another example, a preferred
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SEQ ID NO:29, SEQ ID NO 31, SEQ ID NO:33, SEQ ID NO:88, SEQ ID NO:35 or
SEQ ID NO:37 can be isolated using standard molecular biology techniques and the

30 sequence information provided herein. For example, nucleic acid molecules can be
isolated using standard hybridization and cloning techniques (e.g., as described in
Sambrook, J., Fritsh, E. F., and Maniatis, T. Molecular Cloning: A Laboratory Manual.
2nd, ed., Cold Spring Harbor Laboratory, Cold Spring Harbor Laboratory Press, Cold
Spring Harbor, NY, 1989) or can be isolated by the polymerase chain reaction using

35 synthetic oligonucleotide primers designed based upon the sequence of SEQ ID NO:23,
SEQ ID NO:25, SEQ ID NO:27, SEQ ID NO:29, SEQ ID NO 31, SEQ ID NO:33, SEQ
ID NO:88, SEQ ID NO:35 or SEQ ID NO:37. A nucleic acid of the invention can be
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Additional panE nucleic acid sequences include those that comprise the
nucleotide sequence of SEQ ID NO:29, encode a homologue of the polypeptide having
the amino acid sequence set forth in SEQ ID NO:30 (e.g., encode a polypeptide having

30 at least 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95% or more identity to the polypeptide
having the amino acid sequence as set forth in SEQ ID NO:30 and a substantially
identical activity as said polypeptide), hybridize under stringent conditions to all or a
portion of a nucleic acid molecule having the nucleotide sequence of SEQ ID NO:29 or
to all or a portion of a nucleic acid molecule that encodes a polypeptide having the

35 amino acid sequence of SEQ ID NO:30, or are complementary to a panE nucleotide
sequence as set forth herein.
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to all or a portion of a nucleic acid molecule that encodes a polypeptide having the

amino acid sequence of SEQ ID NO:36, or are complementary to an ilvC nucleotide
30 sequence as set forth herein.

Additional #vD nucleic acid sequences include those that comprise the
nucleotide sequence of SEQ ID NO:37, encode a homologue of the polypeptide having
the amino acid sequence set forth in SEQ [D NO:38 (e.g., encode a polypeptide having
at least 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95% or more identity to the polypeptide

35 having the amino acid sequence as set forth in SEQ ID NO:38 and a substantially
identical activity as said polypeptide), hybridize under stringent conditions to all or a
portion of a nucleic acid molecule having the nucleotide sequence of SEQ ID NO:37 or
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and a subst ant jagingacid seguance of SEQ 1D WQ:38, as ars spaiplowentaryso an dyD nhglentiddi ze
under stri ngentsequenct dsisetforth Reréth] or a portion of a nucleic acid nolecule

havi ng the nucl eoti . SEQ ID NO- 27, or . to.,all or. a,portion of a
nucl eigc aci d_nol ecu%?dl?ﬁg#%gﬁglg@%@ %‘%8?‘575‘55“"3@" fhoss 4‘i°mé’"§%‘h§m no acid
sequence of SE@ufleptidesepiencsrof SEQ IDHNGISSnencods ahamplegue o thepolypentide aving
_seqije gcet ﬁs S e:thé anihd adi@ 5@6&;’&@&%&]& ?IEEQ IRND:8E g "eﬁco%f € ggoﬁﬁgﬂﬂg ﬁgxéng
i ncl ude those o o N oSeguence a 1 29,
encode a honol 38%%5‘3&2’%%’3%8(%86% ?@@W&%ﬁé” Sﬁ'ﬁé’r mopeideniity %HNQS)@FQEd%et
forth in SEQ | havig 4 aminapacid seguereeassepforth e SEQ AP N(%87 and 8ibstantializst 30%
ﬁo% 5o§/qh 60% idedbical 8ty 2084id %%@ﬁdﬂ?ﬁ}%ﬂﬁﬁ_@ﬁﬁd& ytri}l%mk N%&mnx REAE 4rde

avin e | .Qr | i
Subst ant 1 i 1 8ol a RRAUERE mBlol havinl b suleoiieserenid el BERIID Boissas,
stringent condit® plbera pastion of agiuclgic agidimolesylathatenendes @ pelypeptide haiingthé ¢ havi ng
the nucl eoti de amtipeefitseqncSSTSBQIINRO2EY, Of are complbinerdtirydo RPELS RUbIQKidE
nucleic acid ”%Lf%h%%s%%%ﬂh%f&ges a pol ypeptide having the 35 am no acid

sequence of SE or are conplenmentary to apanE nucl eoti de

sequence as set f or [nanqthepsmbodigent andisolated pcikiqsidanolsedsis or fBluddsia caadhal
i | vB nucl ei 15 agent, sepurtioicesragmentithered. Thaie csbiohined ah holabdoa® hixdléic acid

Ao achd seqmnuior gerkicof AR e RBRICHEs 4 of S RRIN SR TENOIALD, 10
having at | eastOmBws; Wedbsubgiysocomeleptidy SCSWWC)Q@@U@M/&@M&W@ dentity
to the pgl y pepisotitedreauk ngeléic hiid nividcole oagd;ni.&&@ﬂ&@@(ﬁpﬂ&tﬁlletsecixﬁﬁéd}hé)un SEQ I D
NO 32 and a su | t oly L de
hybri di ze de?ﬁéﬁﬁ;&%ﬁ%ﬁ?ggﬁﬁﬁlﬁgéﬁsasg ig)t ﬂ(ﬁﬂ# L%SrE%gIﬁ%gpsgl Qei‘?”oe?'ag&es &ﬁ(ﬁ eic acid
mol ecul e h né“b? & PR 39l ssdsaesic & vt angthst embpgdiment, an ispletedicpaXsr a
portion of a nuoutlei ecidoiotkcnieloegerleentdiias a Rormeldgs: of tltmtqalxqs}biieﬂﬂ:ah&giﬂlihg t he

' id ; 3 . | D
LTS L2 S o B TR ot

nucl eoti de sequence as set .10 her el n. I't 1 gnal el C
sequences are ?I%og n?’n%‘ﬁYR?B sharing g least, abpwt 303326, Predesahin adesst abmtBI-4%RO 33,
encode a honol sweepreferablyt frastynbeyst40ei0%) and exgn nfose praferubly at least about 60%,

25 70%, 80%, 90% or more identity with the amino acid sequence of a wild-type protein or
polypeptide described herein and having a substantially equivalent functional or
biological activity as said wild-type protein or polypeptide. For example, a CoaX
homologue shares at least about 30-35%, preferably at least about 35-40%, more
preferably at least about 40-50%, and even more preferably at least about 60%, 70%,

30  80%, 90% or more identity with the protein having the amino acid sequence set forth as
SEQ ID NO:9 and has a substantially equivalent functional or biological activity (i.e., is
a functional equivalent) of the protein having the amino acid sequence set forth as SEQ
ID NO:9 (e.g., has a substantially equivalent pantothenate kinase activity). Ina
preferred embodiment, an isolated coaX nucleic acid molecule or gene comprises a

35 nucleotide sequence that encodes a polypeptide as set forth in any one of SEQ ID NO:7,
SEQ ID NO:8, SEQ ID NO:10, SEQ ID NO:11, SEQ ID NO:12, SEQ ID NO:13, SEQ
ID NO:14, SEQ ID NO:15, SEQ ID NO:16, SEQ ID NO:17, SEQ ID NO:18, SEQ ID




acid sequence set forth in SEQ IDNG 34 (e.g., encode a pol ypeptide having
at least 30% 40% 50% 60% 70% 80% 90% 95%or nore identity to the
pol ypepti dewB"infl?z 15 the am no acid sequence as set for pprigeosses! D NO 34
and a substantially identical activity as said polypeptide), hybridize
under stringent conditions-to all or a pojtion of a nucleic acid nolecule
havi ng the nucl eoti de sequence of SEQ ID NO 33 or to all or a portion of a

Cequence of - o THoNEEG IS NGRS o efuaniRERp, o soRite Mek Aiadride, oc' ¢
sequence as sabolecd® Hybridikesite rléiona poxtion of anvgleic *\ﬂ@ﬂwﬂﬁwl%@@l@wﬂ%ces
incl ude those g Lce%g{m&h %?stdm) NO!#9 &q{ybﬂﬁz&ﬂﬂuﬂaﬁf pétioSb1Q fudleNQicab

encode a honol o 1 he
Forth i n Seo msireledvios s ghcledtfie tnvetoa i hibed d oI fpR 125l REHRISC, o
40% 50% 65 %acidGequeB@f a8y of SEG I HiOsiiol8: 74 defi. iSuph brbrxdmngwwﬂ@m ¥e 25
ha\é' ng E hel fmme‘ges‘d ﬂos%%ﬁﬂ!%&‘ﬁﬁhél&n smcamé mnuﬁhéﬁ@ﬁ: BrodsclbinMslecular
i1 ngent - condiieingupipeLdtoloss, JorB i s JRE RIshOF tecieh dpd B OOR o
t he nucl eot i deAdslitipnelrstringerit cSEstItnbxts cabafound in Mejeculdar (Joning:-pblabostionyr o
ggalug'ngeag;dsrmr%pbﬁnmaﬁemceeﬂss ?H%Bﬂ%t ssi€olaBpring Halder, mmm%)ac'sg

nt ar
sequence adfs Pﬁ} ‘H‘gr]é #P"ﬁﬁfﬂegngﬂ CY ) lgloggtr:'}l e\ﬁ%%%kzge dceg
i ncl ude those cpmuonsommdes byhridezatmmml%odw chioyideisediupgicitrpte §SSO). atabont

fgf?ﬂe a gggvllﬁgmec mioﬁmwe pm\smormdmﬁdmmmmsmemnm set
In st 30%
40% . 50% 60%"Y7’69/° ’§ Sg%% ar?ﬁ?‘ké%? e g’é° bol'y g tsde ? 35
havi ng t he amiexample pﬂhrgblq@m@taxbrybm%ﬁq@twns ?S@YWS@%H -

substanti ak§y g aissut 6&?@@1@? hybiridizaticn i8dXSIPINPSI% foim}m:de)ababodt 4*2950?6()! er

stringent con I
t he nucl eot i djl @%‘?ﬁ%so &%ﬁﬁs%ﬁé%@%@@lﬁg %QSBhangg
to all or a pdimitingexsmple ofgeduged stringency hybedizationcangditions in gy Bt i de

‘having the aridX SSC, 6k abeapsOr60eC (br aBEQativelyNPbidization in 6X SSEMY®nt ary to an

I | vD nucl eot i %@ﬁpg&&%ﬂaé-@@pmm ﬂ}%@bpmoéwsnesmx SRS aBbtlsel ¢ aci d

sequences inclu rrse EQ ID
NO 86, encdfle ¢0°GoRanessineryedipts o I ?‘ §§F‘i"ﬂ%" B?fr ‘F\§ dttq? 703 %E?C)Mgtgodé °
sequence set fao¢ dlko inttndilﬂ@obDeﬁdﬂM)(assetgbythepmsdl@lmetp@lny§§BEl(HéSﬁ%E/lsrﬂg15 at

pol ypept f”ée‘“’%m%‘“ R %’fgﬁgﬁ’ﬂ‘éﬁ %";‘fﬂﬁ.“*&*“é‘é&“wﬁ%‘ 7
| 15 0pecLap Lrale}inyths By ‘P‘&%‘}d“’?ft? drze

and” a subst ant$8¢ ¥
under stri ngenyashesutk perforsed for & iniroweszachlteplnybridizatiasfis compl eﬂee acid

mol ecul e hgyi ngpliRigadt Hrifidtals (YRR Atfibatsie be RsbiHal 80 Biise pairs in length
should be 5-10°C less than the melting temperature (Tr,) of the hybrid, where Ty is
determined according to the following equations. For hybrids less than 18 base pairs in
length, T(°C) = 2(# of A + T bases) + 4(# of G + C bases). For hybrids between 18 and
49 base pairs in length, T(°C) = 81.5 + 16.6(log1o[Na']) + 0.41(%G+C) - (600/N),

30 where N is the number of bases in the hybrid, and [Na'] is the concentration of sodium
ions in the hybridization buffer ([Na*] for 1X SSC=0.165 M). It will also be
recognized by the skilled practitioner that additional reagents may be added to
hybridization and/or wash buffers to decrease non-specific hybridization of nucleic acid
molecules to membranes, for example, nitrocellulose or nylon membranes, including but

35 not limited to blocking agents (e.g., BSA or salmon or herring sperm carrier DNA),
detergents (e.g., SDS), chelating agents (e.g., EDTA), Ficoll, PVP and the like. When
using nylon membranes, in particular, an additional preferred, non-limiting example of



to all or a portion of a nucleic acid nolecule that encodes a pol ypeptide
having the am no acid sequence of SEQ ID NGO 87, or are conplenentary to an
al sS nucl eowioder21equence as set forth herein. | n anot herrecanissoRssent , an

i sol ated nucleic acid nolecule is or includes a coaX 15 gene, or portion
or fragment thereof. In one enbodi nent, a#2+solated coaX nucleic .acid

nol ecul e or gene conprises the nucl eotide sequence as set forth in SEQ ID

NO 19 (e.g., sﬁﬂ%@ﬁdgﬁﬁd&i}ﬁn% xécﬁums >él‘r11y°b *ﬁ&a&&m{‘b‘ i ﬁiﬁ‘ﬁé?’?‘?eébs b

anot her enbodi | SO coa clelc

conprises a nL?@P'étcﬁs @é‘ef’h'a?r”@%ﬁ&égﬁm la(e sﬁsgg&érﬁ% as
set forth in S@Gllﬁrﬂﬁrﬂ Githery (19840 ExradeNatl. eadB Sci. MAS&ltl1991-|1395C(m)( am no acid

sequence). In , I

nol ecul e or geayhtgltngncpdes a@q%%ﬁje In%‘h&%&i& otel n aa@?s% am no
aci d sequenée elergeaeid pplegylacompeisesanpc QP‘E ﬁquetnﬁ%ﬁ‘f’b?ﬁ?m tﬁ‘yﬁ‘é”ﬁ’%l udes
a protein or pmblppmusequnsémrsemrthhefema(ag ssithe full20mplethenpofaficmelbtidat | east

about 35-40% ¢ i@é&&{ rfﬁrag ?/?I%?Jgg .t about 40-50% and even nor e

preferably at about 9 80% 90% or. o e with the
ani no acid sequencé"ﬁ‘fm?fr\m Qred M5ple Py 1sglated ﬁﬁfﬁ’ﬁéb‘g"&g ‘H-E’s‘&?‘i bed herein
and havi ng a sntledesatcoad pgnecfipn examipdeyt Baciles (eqnadB. sabtilispeoad @gne; at patibn o ty as

said wild-
Shares at I Cagt éﬁ‘amgg ajg‘?%“mf{;fj;@ ol iR iR “f&%"’ss 28%%%%?%98

preferably at (I Lapiso ﬁtﬁ ?FE?B?@ ’é‘f‘@r Burlegtidg sequence g ¢
60% 70% 30 S8%¢tfodlénanyone efSEQIENO;MZZh(Z)Iamqolamde:mA haaléio aeid nelegnieno

funct s onal or &ﬁ?%?#zﬁ%.gg?;g@ i &‘g&m cHERESE TR Sclordity 2 1!

the protein h ().: S%‘%t eandpuglsic acih mplecile engerie compgsing 4 ¢ . |

has a subst éntmlalebt}deesqwema«t which pepetestaCondt onialogus €e.act polipeplide having an
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I Ses S

in any one of %%% L’% alilbag E@Eg}ﬁ@ B0 BeEy W‘Efe ‘?5)@%5‘&%‘"?1%0%)78 1, SEQ

| D NO 12, SEQ 805, R0yc1® m@Etgenuqal N@elamme;w BEQUNBE B8, fotEas $HQ NONOB) aIBEQ | D

NG 17, gEQ | D ik . iy APt UGB US4 i At bt SEQ
cul e

hbr i o es 200 THAPATE orHHRe Saiiing o Hholes Rle3odiente Rt dibidess BolRfepfite ST
nucl eoti de se‘qﬁbm@}’ﬂ?? of J¥Q kD NO:5E5Q 1P NO:2, SEQID NOwk SBQZIBS'NQ{S oaBEQor a

portion of a rmxzhensc;(59%@isolafealIﬁaluic@cilaaf{dlmneahmgbﬁakésdﬁd&%ﬁu@aﬁe t hat

Noes 9 e bg YEBEbAGe AL D orkinS oAb Cac Dl B HE AT g hudiibtial beaiiirce ' ©
Skilled |n t hesetforthimSEQ AR NG:26,SEGD NOGr SFQ 1B NO2or bybridiaes laallorar

Bi ol ogy, AQSubmwkticsiofalnucleie@dsid.moléthiz Mbing ¥ néclSstie sedudfice thak SA&odes $€Ct i ons 2,
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Cloning: A La
nuclexc acld molecule comprising a nucleotide sequence that is complementary to a

coaA nucleotide sequence as set forth herein (e.g., is the full complement of the
nucleotide sequence set forth in SEQ ID NO:20, SEQ ID NO:21 or SEQ ID NO:22).

30 A nucleic acid molecule of the present invention (e.g., a coaX nucleic acid
molecule or gene or a coad nucleic acid molecule or gene), can be isolated using
standard molecular biology techniques and the sequence information provided herein.
For example, nucleic acid molecules can be isolated using standard hybridization and
cloning techniques (e.g., as described in Sambrook, J., Fritsh, E. F., and Maniatis, T.

35 Molecular Cloning: A Laboratory Manual. 2nd, ed., Cold Spring Harbor Laboratory,
Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY, 1989) or can be isolated
by the polymerase chain reaction using synthetic oligonucleotide primers designed



Manual , Sanmbrook et al., Cold Spring Harbor Press, Cold Spring Harbor, NY
(1989), 10 chapters 7, 9 and 11. A preferred, non-limting exanple of
stringent hytdbe@izati on conditions includes hybridizati opct/oseddsseodi um
chloride/sodiumcitrate (SSC), at about 65-70C (or hybridization in 4X SSC
pl us 50% f or manm de at about 42-50C) follewsd by one or nore washes in 1X
SSC, at about 65-70C. A preferred, non-limting exanple of highly stringent

hybri di zati on t about
65-70C (or hy b?gggh%tnﬁgﬁ“?mfl&g‘%@&m%&w %}ﬁg&“ﬁ%"é@ arboa}’?‘ 2-500)
fol | owed by on8aBFIcHRY er%smegcwﬁa %@swnt@p (e 8ot foTplsie acid mplequls oro g
non- limiting getepheont nuoiasimn&dmelet:ulmmg) tanlbeiagiiplifitd asingodDNA ImRNA or

i ncl udes hybri g_@! %‘3@9" Gy el

hybri di zat i gn |an lv%gtch'uf]no %aﬁrséﬁﬂg%teg@a gg& uér%l @%&?{lﬁ/@ﬁ{? by
one or nor e wadgs 9&"1‘?&402%“@5‘@ R amplifieation teghnigie0C. Ranges internediate to
t hebabove- recited Véétaasthercenthodintent ﬁEth&ﬁéiseﬂtmﬂéntxéﬂféiﬁfes mutant aba?ﬁandnfomded
to be encorrpas n “

10mMV NaHZPO4, an IPX%H'WE%‘?% 5: ‘1ﬁ \‘?ﬁg?ﬁ'g% g sl%ff ?”3‘?5‘8‘ éé@%&wa SSC
is 0.15 M NaCl 8dKdasusedfFreigyl ?,S.atwals@)ac mqlerale rigen <hay e e gHclspRieyas h
buffers; vvas hseguence whirhfincludes afleast drie alteratioreé. gaaubma{ﬂbn,rm:’reyttm; diletimh) on i S

conpl et e. Gueh P e faE' of tﬁ&t‘h‘i ﬁe%c S’a‘id il Sgn L O be
PRI ey v by it i o
fol | owi ng equaamd)mlecﬂebr goner Prbferdbiy, @ muitant nddeib acid npdecnle or mutahtgege (e.g.,Tm( C)

= 2(# of A+ T, Hﬁ&ﬁ@éoax &Q#apgena etc&aegaﬁ uﬁea x%em ﬂsmga&me& aefivignd 49

base pairs in Ien

(600/N), 30 whir& gawcmm@fheaﬂe %&9@{9 c 1\%“’3%% d° “’ﬁﬁé‘#’?ﬂ?ﬂf Fs the
concentratilén pbtesmnchnd bydhswildrtyph oudlsit adidiimplecile or penef for exafnjile; whémor 1X SSC

= 0.165 M. |tadyeli uaaesgmlaﬁr cdnaﬁmy(ezicaséaye& lh%usdsbighﬁempémﬁédta't $884m¢é hat
addi ti onal rea ent s

decr ease non- s BPFPIEl, @?’Fta?dtzgﬁ’? ‘8?? %P%ﬂ‘ffgf ap po ‘é{eﬁpa‘gﬁﬁﬁ }@Xﬁ? 5:?“ eglf?ﬁfﬁ%f anes,
for exanpl e, nprofestionpfiheydlddgypepplypaptidentr anes, including but 35 not

limted to bl ocki ngAo@edhéreinta t}educ&%t@rty”sal“feaﬂcdarenbﬁﬁdﬂc GV I9Bne Mak | er
DN\A),  det (?nggent lﬁgs? 5% less h n oﬁ%ﬁ%&fgﬁ%ﬁﬁg& rﬁrgte‘r} engo ed II:SP E‘XC)WIICF & Ol ! PVP

and the 1K usi ng an addry i onal
preferred, nonmiceis acidwmolequlppr gengprefigmably ableasy Q—lﬂ@ﬂmeve;pw%bly afjigast
stringent hybr j@2581ds andeves iroreptefeiablylyy st 5504, 50-75% od 723002 Idsh a2 PO4,

7% SDS o4, 1%
5065 at 65C, - geiee e polhepfatis phe %&FB@JW%%%B’““@%%‘??’MW@%E&. Usa
81:1991- 1995, EB¢- meeﬁeﬁmﬂla@lt‘ytheebw 7B Ror HER WrBPer 1 ed
enbodi ment ,25anare alsd &ﬁﬁﬂe&tdh%h&)mpamddymlpmeﬂténm | Asasedhanein| 20t | de

RereTe ot RIS L e LS i ks ot
been deleted or “knocked out” (e.g., appronmately 100% less activity than that of the
polypeptide or protein encoded by the wild-type nucleic acid molecule or gene).
Activity can be determined according to any well accepted assay for measuring activity
30 of aparticular protein of interest. Activity can be measured or assayed directly, for
example, measuring an activity of a protein isolated or purified from a cell.

_Alternatively, an activity can be measured or assayed within a cell or in an extracellular -
medium. For example, assaying for a mutant coad gene or a mutant coaX gene (i.e.,
said mutant encoding a reduced pantothenate kinase activity) can be accomplished by

35 expressing the mutated gené in a microorganism, for example, a mutant microorganism
which expresses pantothenate kinase in a temperature-sensitive manner, assaying the
mutant gene for the ability to complement a temperature sensitive (Ts) mutant for




sequence set forth as SEQ 1D NG 19). In another preferred enbodi nent, an

I sol ated nucleic acid nolecule is or includes a coaA gene, for exanple, a
Baci |l us (ewg.n2B72subtilis) coaA gene, or portion or 10pdT/Esywesss t her eof .
Exenpl ary isol ated coaA nucl eic acid nol ecul es and/or genes include (1) an

i sol ated coaA nucleic acid nol ecul e or get- conprising the nucl eotide
sequence as set forth in any one of SEQ ID NGs:20-22; (2) an isolated coaA

glrllgloglec ?ﬁiedam ﬁﬁi&hﬁekmgseqa@\ggca%ms dxsfhet B Feh 6 cBRM h%n?ﬁ%éfﬁh@%n&oﬁ@éa
S S.eL,

i sol ated coaA ﬁﬁ’od“F%CQ?mgg ga nase ACHViy ‘ﬁ%‘??ég‘?ﬁﬂﬁ‘ﬂsg\?ﬂta%f 'Hﬁ‘iﬁ%‘ﬁt i de
sequence whi c reflentivelictbag f@saimpleadomgsponding yild-typevi|gens orgeat gerieng an

ani no acid sequencqt @mﬂe ﬁ?&cﬁ@@% ﬂ%@k&é%me&rﬂhﬁrea&l ysﬁgle beRGfteP R
35-40% nor fer | east abo 40- 50% tht (ﬁgs rmreagref erably at

| east about?6 ole ad OT s SCARFICT e Gv R2S§ FPLFHLon
sequence set fchange imtheShiTespindiliy Sninndcid seqnens) cansirimatically aﬁfdcythe gctivitylofnt

enzymatic aCt'a‘ﬁ'e‘hXodeﬁ lyﬁéﬁnhé&lﬁlaééﬂuﬁ%%pw{o%&c&?eb ®gpd € or gene
conprising a nucle ce t hat .encqges a %g? ti s set forth
in any one of P el%ppte @“F@tﬂﬁ‘ﬂ?c agEey ?‘E‘faﬁﬁ &(5 RE? BUBM © SEQ
ID NO 6; (5) awelypeptidetosdrotein) & defined kerein] ie catlidy dlktmguhbihlcr fiom @qudeidarid
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havi ng a nucl| eabs¢rzbleasn differention distingt pbehotyps in pulicypupanisie exymessing saihe ani no
acid sequence xaﬁta‘%%%&dh@ex% aciaied (o@hcxﬁ@sdx&ﬂxhﬁh@ﬂoteﬁi&'p%lyﬁeﬁﬁb@am ecul e

conprising a nJcI eot. de_seguence

SRR TR T R = o gPegpontite Riplobtei e xSRI o
the nucl ed$i deﬂ%waem@r gecleie aeid pr prod@ing saf) mmaprote)EQr pelypediide. By SEQ | D

NO 22). 30 A rum{rsst&pmbﬂ heRbRgUe Baseh iddnficd? bﬁmsthnuamymllaeact(vﬁy,g a
coaXnucl ei c acy | ecul e or

0 e _or 0aA

gene), can be |p38P£IB'e°§8H° plcaﬁyqugm?tgc H”@F’é%m?'écfd %1“6 °r§an(l,sﬁ'ﬁ |aaues and the
sequence i nf or4pmpatsd tha mnemmmmorgamm eémawmgéhe wilditynegenggrawuglgicecul es
can be isol at efid)sAdegrdidg bRt Whﬂp]&,&h&: eégnamsecﬁieﬂw :ﬂ@tﬁ)e&‘d@m&iues (e.g.,
G oning. - 201 s ates; ednbd, bt br Pweag%a e e
Col d Spring Heomsloguahandamusanys, pathes it is thelagtivigyrof e mmdgéprotworm@mpwéﬂ can
ble_ i sol a]t ed bfattditinpsithenbétaseh vl srueeamistints: hiom@loguésthaeing Cfor ezcgm Le g
ol i gonucl eot i ase
upon the coaxqg‘rﬂch:ggié gog%é%"gﬂ%ceidse Jsé@%ﬂe%dé?ﬁ%v&?e gﬁz%)'ée%‘zél%gt??mor Y1 anki ng
sequences t herésivalent fypetiopsl actiyitics, ard mptants, forsrampls shazing 99%seguraseidentity ¢
aci d nol ec@be yet havisgdramaticall ¥ différentioy altered Amictoibhtivities. Bxengpide) , can be

lified usi i 15
) s e it SRl AGRHSFUR s i

omologues Exemplary mutants are descnbed in Examples XV and XVIII

herein.

30 VIII. Recombinant Nucleic Acid Molecules and Vectors
The present invention further features recombinant nucleic acid molecules (e.g.,

recombinant DNA molecules) that include nucleic acid molecules and/or genes
described herein (e.g., isolated nucleic acid molecules and/or genes), preferably Bacillus
genes, more preferably Bacillus subtilis genes, even more preferably Bacillus subtilis

35 pantothenate kinase genes (e.g., coaX genes or coad genes), pantothenate biosynthetic
genes (e.g., genes encoding pantothenate biosynthetic enzymes, for example, panB
genes encoding ketopantoate hydroxymethyltransferase, panE genes encoding



5 according to standard PCR anplification techniques. Yet another

enbodi nent of the present invention features nutant coaX and coaA nucleic
aci d nol eculwgonfzrgenes. The phrase "nmutant nucl ei c aci d pEt/BSIsl§993 OF
"mutant gene" as used herein, includes a nucleic acid nolecule or gene
havi ng a nucl eoti de sequence which includeg-at | east one alteration (e.g
substitution, insertion, deletion) 10 such that the polypeptide or protein

the polypopt ?Sﬁ%ﬁﬂé%ﬁré@n%%?"ﬁ%%é Chodoh pfloBald sfbdnfalel Rl Agh B0 1 D
or gene. Pref egefss gncodingasnariat eﬁd@@b@X%ﬁM@@ P@nQJYalWBt('éﬁtblng‘ﬁbﬂ(ce g.,
a mutant coaA @énes (X HBMOr eSO ncodiY AcPORydrélFacid sitihae, ﬂlvtwgéhébg a

conpar ed 10« hElsdr agﬂ%@“%%ﬂ%?@ GRG0 b HARRGa ikl T

aci d nol ecule @¢hy, @‘@e for exanple, when assayed under simlar cond| tions
(e.g., assayed in nTﬁHp?@sfeMﬁVﬁﬂBn ﬁudh&mﬁdreaweadiﬂa@a,rfecontba{meveatdﬂ)cﬂ)at A

mitant gene al ii_ﬁm%@ﬂ}mg&? 88&1&%@84 %%?gédlﬂggs&fre&g.‘ﬁﬁmﬂt Ju%ﬂiéca%ﬂi ﬂlgl‘é&h

producti on of
activity" or "pHerge M.ber%tlnmu ar, secembmmaﬁctw@rqfsatmed thahst 5%
| ess than that inefude hﬂclﬁahqweaqherﬁes that gpcededbatteridl @abastoduytsial desetibedl Heydds,

ei
bt of or ably 15 " PieEby Rl 8505 pBA LA phefliably Held sl bR rodiBlsioyen .
50- 75% or  75- 100% prefw lyr%'”ufrf&%pam e”ﬁ@lWﬁP?‘!feSeB?PrﬁiiWﬁ’encoded by
the wild-type mmthemte&@osdnmuimaymmforew k&apanesite nterrredl ate to the

above-recited kakigs tgmsfe.?aée,ﬁaagm%ﬁ@mgg e Bafhefahs s Snded to

be enconpassed resen[ I.nvent ] on her el n, uce
activity" or F%’a%%&‘ RO IASQ) a1 P¥‘§?1P‘§°‘n°a'f ‘H%M“Hlfﬁgg%{ﬁp F‘i?i(‘tgr t hat
has been dél eac&tbhgdrokyaomcslymﬂemt dcefohydroxyagitiisameroradueiaye arfddyedihydmoxgatd vi ty
t han that of tb&, R peptlde or protein encoded by the wld-type nucleic

acid nol ecul e or g ‘Act et erni,ne ccor vvel I
accepted assay for af%‘m. W"t"{}‘%@“g‘?’” "31 “ﬂ'& ﬁr"“if“‘Bg‘é‘ér‘f‘@
interest. Acti(dg:aRNA maeawisd that kas boen altseedymadified erongzipeerédosuch Siabivgifers

neasuring an aﬁ.tﬂu\élewd@s% @nwmﬁ tHe nlafid &tnaﬂxrél hu&!bié hdid fidlebhie WMo WHRLh the
Al ternati ve%oy,

sur.e inacell or in
an extraceldul % ﬁigfﬂt léﬁS?Q&?‘gFﬁﬂlfgvasggré‘é? € ?yo%%gmﬁué E“i‘i’f’n%aA gene or a
mut ant -coaX geswbsttution ofonsamomdmhdsﬁe@mfﬁgblx, arechmiuwanpayeleis aihat e ki nase

activity) can ﬁeleaﬂscwplaﬁb&ﬁblb&uﬁ&msreaﬂéylﬂaudebmﬁumaadclaeaadl n a
m croor gani sm _f

pant ot henat e kpﬁpeg'geoﬁgr?ef’g%pgreaet fné’e'r%goﬁggglrv 1s%1§£'%8¢%} g% a{fB ?‘f‘l%ene%ut ant
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WO 01/ 217725PCTI USOfHe2er@PJeconrbihapevecnihiaclades alviction(e.ga plasmid, phagh, phasXdnut ant
gene or coaA My Anlo fENs: &;fsﬁhefqm@c cid VeRIH A AL PARAANBark 57 ©

activity" is-one tha
engmeered such t it contains greater, fewer or different nucleic acid sequences than

!-.‘

those included in the native or natural nucleic acid molecule from which the
recombinant vector was derived. Preferably, the recombinant vector includes a coaX
30 coaAd, pan or ilv gene or recombinant nucleic acid molecule including such coaX, coad,
pan or ilv gene, operably linked to regulatory sequences, for example, promoter
sequences, terminator sequences and/or artificial ribosome binding sites (RBSs), as
defined herein.
The phrase “operably linked to regulatdry sequence(s)” means that the
35 nucleotide sequence of the nucleic acid molecule or gene of interest is linked to the
' regulatory sequence(s) in a manner which allows for expression (e.g., enhanced,
increased, constitutive, basal, attenuated, decreased or repressed expression) of the



ef fecti vel y than, for exanple, a corresponding wild type coaX gene or coaA
gene. It will be appreciated by the skilled artisan that even a single

substituti owolezfy7a 5 nucleic acid or gene sequence (e.g.,PCr/UsI8R5993
substitution that encodes an amino acid change in the corresponding am no
acid sequence) can dramatically affect thd6activity of an encoded

pol ypeptide or protein as conpared to the corresponding wld-type
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sai d nmutant preniboidiment, anegxﬂamptseqmm(e is mludedam avedabinadiit Auobei¢ gad mdhgtulas
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or nucl eic aci roaucl ng sail
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activity, optdsinapptars phanot, ez, GRb hativepdsidoeamii ofiembton. Fopekatple, bReie
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mut ants, rath | > de
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exampl o, 1 ow pednguded o e Sesep OB AE S S AP eéaﬁﬁaﬁeenﬁ%gmwa@ng’hmng

subst anti allby luxkaduedxegmlatbqrneqmennaWhmhacwntpames ordnatljaventanasqthdrde.geaanpl e
sharing 99% sefifeRms é&QHmetn\ﬁturﬁgrééﬂfsmh%ieﬂﬁn%l?rﬁeéeh@@f ihdéredi éaix%@%iud@&
altered functional t| V] t| gg ﬂﬁr gues ar e getl E E

Figure 20 (i. 18.““@8‘2’ edfgf’t? molg rrfe?ﬁ'é@'?”é‘ egiqriopergbly li

honol ogues) . Eaeg\rlgtbarrquumcaﬂOm apotherdeganisinh didr exaniple m@ub@ry(‘sbcmmbes(ﬁ‘bml
L ot e gt kg v gt gy e
i nvent i | u

r econbi nanlZH ‘ﬁF&F“e‘c"E}H S"kf%%ﬁ“ H‘?B‘F’ Ellﬂgﬁ%&a@“‘g’ﬁ%%wgﬂfeé? and/or genes
descri bed herein (dngneembuglimentch mgnlatorysequsnck iseinen-native candd-oatugdiyres) |
prefer ab!c y Bglcdcbhﬂr'iﬁ g SELRIBGE (e. gva Qeqﬂérﬁ:EWh@’éht |}i£é?1 %'ﬂddﬁﬁedshhmatéd' Subgfied, even
nmore prefera an en e ki ase coa
genes or coaA %%‘P@%Z)e %%Fﬁ ?ﬂ‘é&%ﬁ %qB‘?'% }(E) e‘ﬁ‘@ﬂ %?g%ﬁ@g’ed

encodi ng pant onealdmwesemwsgsnmwl pcommlymancm; tegmaat;qnglgnplgr@u- jeation
encodi ng Ke5opagiaaine ofhéféxpressibh Eomlol aeméMs @sge semﬁésg@wﬁhw@%r@ar WO
01/21772 PCT/ %‘?ﬁ zx?dgand/or g}ngmg 63%%“ 1I trogt;[sgnprtl neH Ot tranSa Rgnag e ncoding

pant ot henate sy
proteins, for example, in the transcribed mRNA). Such regulatory sequences are

described, for example, in Sambrook, J., Fritsh, E. F., and Maniatis, T. Molecular
Cloning: A Laboratory Manual. 2nd, ed., Cold Spring Harbor Laboratory, Cold Spring

30 Harbor Laboratory Press, Cold Spring Harbor, NY, 1989. Regulatory sequences include
those which direct constitutive expression of a nucleotide sequence in a microorganism
(e.g., constitutive promoters and strong constitutive promoters), those which direct
inducible expression of a nucleotide sequence in a microorganism (e.g., inducible
promoters, for example, xylose inducible promoters) and those which attenuate or

35 ‘repress expression of a nucleotide sequence in a microorganism (e.g., attenuation signals
or repressot sequences). It is also within the scope of the present invention to regulate
expression of a gene of interest by removing or deleting regulatory sequences. For




genes encodi ng aspart at e- a- decar boxyl ase) and/or isol euci ne-valine (ilv)

bi osynthetic genes (e.g., ilvBN or al sS genes encodi ng acet ohydr oxyaci d
synt het ase, whvip@ahes encodi ng acetohydroxyacid i somer opggggdpsssand/ or
i 1vD genes encodi ng di hydroxyacid 5 dehydratase). The present 1 nvention
further features vectors (e.g., reconbinang.vectors). that include nucleic
acid nolecules (e.g., isolated or reconbi nant nucleic acid nol ecul es
and/ or genes) descrl bed her e n particular, recqmbingnt vectors a

Feat ured thal RGN ABRAE GGt b peprivRsaiileog o BRRD RIS b T vEne
products as desaahitha @xpressionof a genenfdariteresiiid enhBwed.| | us gene products, nore
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ol ecul e 1115 BEEIe eSS ESa B & Berot i Bres P e 1 ved
(e.g., by addi bioslnprmepé heusekaeping gsantBnczltwr @R pedmeterassciatest withaiglyendyticdes) .
Preferably, a bﬁﬁﬁﬁ@gdﬂéﬂiﬁvﬂdsﬁlmaﬁ&h&m{mhﬁﬁﬁi Spf&atﬂerxséiba{c%i%fi&g@ant DNA

nol ecul e) i ncl udes anyi s

pr esent |) nvent PO (eé %ﬂe‘gﬁg‘f&éﬂ“@b@%mmgggﬁ%%ﬁ’ g’Fctg'f' g@%er%;)olilo&r ably
linked to regukraatiey a@rreésmb@nwﬁamremmmsé@!mmﬁr@mﬂhmmonswtmmﬁdes a
vector (e.qs P aPyioEP,Q mgﬁam b,&ﬂﬂbxdmote‘id det!forth GOSPEQ EDNO:99,I8BQ WNOfdoed

nuct el ¢ act d_vee6in Nkt REIASEIpRlthEl SmollRAhlILAEloine SOGMASET ©0 SuCh

that it contai nuc ngences t han
" those incl udedeliongqhﬁe factor (W)ﬂowﬁraﬁ%ﬂpyﬁﬁtéﬁ eyruvale carbowylase (R YEC)Hmrametomi ch
t he reconbi nanbvhichq:tmﬂomghtaell expréssidty iafBacitis (¢.g., tBaeillue cubrilis)n Additioralt or :
i ncl udes a coa ﬁﬁ% I 2laal¥ el ' .
nmol ecul e i ncl| uéeng sg I%wx%fte’%rgﬁr}%r &gtene %g g(%ﬁpﬁﬁi‘g’gpto
regul at ory Xeqa®RoLlm Mﬁm‘“ﬁ%ﬁﬂ ge %‘Bcﬁ&%‘ﬁ {iond prefsrred -
sequences and/ pfonmtqrs, ﬁ‘or(exahple,l foosse mmGMmhgaby/esrmt:mrgaﬁB‘ﬁs nclude, butl@t notied
nereln. The PHGASEd oIS ipDlel pplBK G, laf IR LA Y7 7502 0ACkS Jara, BPBEPS NA!

t he 35 nucl eot | sequen e o acl anec or gene o er est
is linked to tH %egul atory sequence(s) in a manner which allows for
expression (e.g., ecinaothetmboidinent asedmbinamsclpictacidanolémuteair recatmbmntat ed,

decreased oj5 T %&(ﬁ'%? 81 prositit §RRhSH inQhides A%erthinator sequence or terminator sequences

(e.g., transcription terminator sequences). The term “terminator sequences” includes

regulatory sequences which serve to terminate transcription of a gene. Terminator
sequences (or tandem transcription terminators) can further serve to stabilize mRNA
(e.g., by adding structure to mRNA), for example, against nucleases.

30 In yet another embodiment, a recombinant nucleic acid molecule or recombinant
vector of the present invention includes sequences which allow for detection of the
vector containing said sequences (i.e., detectable and/or selectable markers), for
example, sequences that overcome auxotrophic mutations, for example, wra3 or ilvE,
fluorescent markers, and/or colorimetric markers (e.g., /acZ/B-galactosidase), and/or

35 antibiotic resistance genes (e.g., amp or ter).



WO 01/ 21772 PCTI USOOI 25993 -46 nucl eoti de sequence, preferably expression
of a gene product encoded by the nucleotide sequence (e.g., when the
reconbi nant waugheize acid nolecule is included in a reconpdeswsrsest or, as
defined herein, and is introduced into a mcroorganism. The term

"regul atory sequence" includes nucl eic acyg-sequences which affect 5
(e.g., nodulate or regul ate) expression of other nucleic acid sequences I n

one errbodl nent, a.requla %‘ %’m‘v@ ue %.efﬁé"%‘blrpa(r‘fh ﬁ‘i\.\%?elcécn ofe &iggﬁeg gecl ei c
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(e. 9., operabl v, uenc

(o0, operabl e haRKerb36 01 95040 o8 SR BAERY 0B ANRIGERocdeR e SHRRRSR,
in a reconbi nah®, rthci-6i 8,810 | d2.c3ud Seoranore diffnfipmahe najize RBS (egethgbl y 15
linked to a regvaRBSYfaeen oTamerdk). Cl"}eﬁ%maélé&ﬂemrhlbﬁdﬁﬂtﬂﬁeﬁﬁsuﬁﬁbdanm her

(e.g., a ffer ene .1 nat ur a r gene of
hiorest odd e el pRERe ipdhutel fo O adve cfiBfingBeafid:BIY teld Q.
reconbi nant velPH4. SBQARBYG:45. SHQW NO:44, SE@QDIH@G?W%&BM“)F whemnot her
organi sm For éptiniaily @ligheddor cdhiphiison€ JARITIRRSRBES tan RIBET to rii;ﬁz:oe lﬂ%&laﬁﬁ‘al%t-

ot her bact er | aleehegblohalL KIAUERGES @&aﬂa‘i&a{f&g Agau aBiuences

and the |ike) can ene | sres)
one enbodi rrentmtraaseé@m lationof a9e'aleelﬁrts,enp sPrg %ﬁaﬁeﬁcw Sk (ersarﬂl%%&fev al | y-
occurring 96quintiessingthg transhatior GfiadGe forlekafiplé)a$ BDadNliBHB) medepitikd ai ed,

substituted, i guences which are cheni cal | y
synt hesi zed) . %?Ue%re/ {ée%’%%ﬂthory segjﬁdlggsﬁ?ncl ude pronoters, enhancers,
termnation signals, anti-term nation 25 signals and ot her expr essi on
control el enean:l(M.gPref&Wanbokme/thsewessors or inducers bind
and/or binding sites for transcriptional and/or translational regulatory
proteins, f8r exanpl 8% in thé%transcribed nRNA). Such regul atory sequences
are described,_for ekanple, in Sanbrook, J Fritsh, E._F and Mani ati s,
T. Ml ecular d¢-ont W&%ﬁ?@%ator Man&dgal BRfd (SEQID NCot4d Spring Har bor
Labor atory, Co‘F‘ifFTg bor&?ﬁm’sw E§‘° ’Eﬂil d Spring Harbor, NY,
1989. Regul,gt of 3 f&0s t hoSE AiPTh B %dﬂ% iLytive

0t|

anB native
expression of a nuc e sequence in m Ccr oor anl sm constitutive

pronoters and strong constitutive pronoters), those whi ch d|rect i nduci bl e
expressi on of a nucAddiiordbpreferredatficial RBSs(e@r, RBS3 3oy ifidredsingGhe transkdtion &ff e

promoters, for,gxa %}'eﬁmﬁﬁé'dﬁesdbﬁﬂﬁﬁ&@)%r@& S zlblé'ﬂﬂ 6&gg§1§q‘fﬁhﬁ5‘51

attenuate or ressé%esm Q eqt 1 de seque
m croor gani sm FeqéD Qb2 Bf: 5§|aQﬁ§F~QIDNO 54).
30 :
Table 1B: Preferred panD Ribosome Binding Sites
10 20
| i
35 CTAGAAAAGGAGGAATTTAAATG pAN423 RBS (SEQ ID NO:88)
TTAAGAAAGGAGGTGANNNNATG ideal RBS (SEQ ID NO:45)
TTAGAAAGGAGGATTTAAATATC new design A (SEQ ID NO:51)
TTAGAAAGGAGGTTTAATTAATG new design B (SEQ ID NO:52)
40 TTAGAAAGGAGGTGATTTAAATG new design Cl (SEQ ID NO:53)
TTAGARAGGAGGTGTTTAAAATG new design C2 (SEQ ID NO:54)

TTAGAAAGGAGGTGANNNNNATG ideal RBS (SEQ ID NO:46)
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or repressor sequences). It is also within the scope of the present
invention to regulate expression of a gene of interest by renoving or

del eting reguhai/avy, sequences. For WO 01/ 21772 PCT/ U500/ 2p88asennioss €Xanpl e,
sequences involved in the negative regulation of transcription can be
renoved such that expression of a gene Qfggi.nterest is enhanced. |In one
enbodi nent, a reconbi nant nucleic acid nol ecul e or reconbi nant vector of
the present invention includes a nucleic acid sequence or gene that encodes
at | east 5 one bacterial gene product (e.g., a pantothenate biosynthetic
enzyne, an i sol euci Additional preéerfei edifioiahRBSs(ecn RBfs, forincreasidgalic transktion bt i ¢

o oot er | Sequenm-Tot Aaplé of &3 PRADA fep ‘*“SFZ‘"SE% 18 (B 2D MO e
Baci | | us pr onog@ﬁél)%@ﬁg %glé‘ﬁéﬁ%ﬁ@gﬁﬁm ed,aming.ac bdseq“%%‘fté%éphage

whi ch i nf ectd Bterminug ef the Pan@proteimib shitivme (fihe startgodonforPanDstransiBgarn is| us 10
pronoter, prefgifbinédd strong Bacillus pronoter (e.g., a pronoter
associated with a biochenm cal housekeeping gene in Bacillus or a pronoter
associated wth a glycolytic pathway gene in Bacillus). In another

enbodi nent, a pelded€eddditional Faefereed mpboRjbosome Binding Sitesn a preferred

enbodi ment, the pronm3Cer is f2Pomthe bacteriophage SPOT. In a particularly

preferred ek%om_m&nL_La_pmmnﬂaLjs_seJ_ecled_pmmLhe_gmup_cmsi sting of
15 Pis, P26 or -Peg;A C8p ASEARG ECA F%“’&F FndEGr sidsal REHr SEQITR MEGI D NO 39,

SEQIDNO4O SEQ referred pro i.ncl ude ref
(the translati %% Gﬁ@rﬁgiﬁng;} lrrgll %%E E;gb%’ N g?[i)é Sy%2 (I?hNé)'ﬁér uvat e
car boxyl ases( P T oot er) I ch pronote hi evel expression in

Bacillus (e.qg. ,._Bacg lehi a8 Ukl +¢As);m ﬁﬁdmtgwalldegi eberfsed mrmsers, for
exanpl e, for use in Gampositive mcroorganisns include, but 20 are not
limted to, thaThRyEGhrAEOtANG TR pHrageh SPOZ prapFoiSERSID PRIidiSt i onal preferred
pronot ers, for Tk anpledn PerrArase* i n Gram mésfat i SFQ@ H FP6r ganl sm; i nel ude,

but are not2°I|mtedtotac Iac -lac, laclq,

é%. A'I’ A £ ! etN‘DI p(%
T7. TS, T3, “Ph* Fbodi
ga }el C aCI ﬁoﬁgc LS E Y rrent 2

reconblnant nuc uIe or reco |nan? vector of the present

invention incl yfiesei abg kL NEcOSTES SGUSRC @ Bic t apFtNak/y 15a@ences (e.g.,
transcri pt i25n B wifak@lLysefueviaesgn Ahe Ner msEbermioanor sequences”
includes "regulatory sequences which serve to ternminate transcription of a
gene. Term nat or- -sed@kAd@CAGOFTC: ARUNENN Nraligscridgal 8RS t(SEMIANDBEY) can
further serve to stabilize mMRNA (e.g., by adding structure to nRNA), for
exanpl e, against nucleases. 30 In yet another enbodi mrent, a reconbinant

el des senuences. Hecaindlf if ik ARRmet & valioftr o el MEIET
sequences (i . %"“g‘“ﬂle'%%% é’“g&%g%? %Si‘f%éé %’bﬁFeé Hé ?%) n a\“?ﬂm adipea tg
sequences t hat a eactorof the peassmitimeptiondncludeaan antificial RBS exmﬁinh,m SEQ3Dor i v E,
NO:51, SEQ ID NO:52, SEQ ID NO:53 or SEQ ID NO:54. In yet another embodiment,
a vector of the present invention includes an artificial RBS as set forth in SEQ ID
35 NO:5S5, SEQ ID NO:56 or SEQ ID NO:57.
In another embodiment, a recombinant vector of the present invention includes
sequences that enhance replication in bacteria (e.g., replication-enhancing sequences).
In one embodiment, replication-enhancing sequences are derived from Z coli. In
another embodiment, replication-enhancing sequences are derived from pBR322 (e.g.,
40 sequences included within the pBR322 derived portion of any of the pAN vectors as set
forth in the Figures , i.e., the Not I-Not I sequences from about 5.0 kB to 9.0 kB of the
vector depicted in Figure 3A).




fluorescent markers, and/or colorinetric markers (e.g.,

| acZ/ (i - gal act osi dase) and/or 35 antibiotic resistance genes (e.g., anp or
tet). WO O1lwalndZ277#CT/ USO0/ 25993 -48 In yet anot her enboPgCTrESW/25%3

reconbi nant nucleic acid nolecul e or reconbinant vector of the present

I nvention includes an artificial ribosome5Brnding site (RBS). The term
"artificial ri bosorre bi ndi ng site (RBS)" includes a site within an
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conpari sons. APythenigg eﬂ geaﬁres@n'efgwntssqqeaw&%&, %eﬂm; designed to allow

occurring or nxcombindtds of te@enadfinterdst ihtoahgpehrdmasoinerof gertost ofgdnishi)c Fad RBSs

pref erably pg naﬁ@&ea&%@%\.&{cw&ﬁe PR Hoknd {ag?:&aé%ep@paé; L@ﬁﬁ&ﬂn@% ficial

RBSs (e.g., RBSs I ncreasi ng t e trans or exanple, of
B. subtilispan§teeme®Mecied in Table IA (e.g., SEQID NO 49 and SEQ | D
NQO 50) . Tabl e | A: Hirefered exttqraoiBhéplesenvineerttion diachgle St e noRimikéd @®Ovektots

------- s 2Ei@8ni 35Q7 b M& A1t witlfarther b2 CATG
50 25
-FrQE\ZQ’lecﬁéEcQ; A Al O% ﬂ% ﬁatveet@r fﬁeée%gtsd%ﬂ@% SA fthe

preferred abti thoideaf mMikBSwgémsmy to beeBetichlly enginsered sthetpvelnd expreasmlnaxf gene of

panD, for exanploguct @tsifed akdtht liké.S panD) are depicted in Table IB (e.g., SEQ
ID NO 51, SEQID NO 52, SEQID NG 53 and SEQ ID NO 54). 30 Table 1B:

Preferred panD Ri bosone Binding Sites 10 .20 1 1 35 CTAGAAAAGGAGGAATTTAAATG
PANA23 RBS (SEQ | D NO: 88X Tisa/arewinieMmSGT GANNNNATG i deal RBS (SEQ | D NO. 45)

TTAGAAAGGAGGT GT TAAAL ivtiter BSpactHT Shedptestnt(itbertib Febitred Isolated proteins (e.g., isolated
20 pantothenate biosynthetic enzymes and/or valine-isoleucine biosynthetic enzymes and/or
isolated CoA biosynthetic enzymes, for example isolated CoaA or CoaX). In one
embodiment, proteins (e.g., isolated pantothenate biosynthetic enzymes and/or valine-
isoleucine biosynthetic enzymes and/or isolated CoaA biosynthetic enzymes, for
example isolated CoaA or CoaX) are produced by recombinant DNA techniques and can
25 be isolated from microorganisms of the present invention by an appropriate purification
scheme using standard protein purification techniques. In another embodiment, proteins
are synthesized chemically using standard peptide synthesis techniques.
An “isolated” or.“puriﬁed” protein (e.g., an isolated or purified biosynthetic
enzyme) is substantially free of cellular material or other contaminating proteins from
30 the microorganism from which the protein is derived, or substantially free from
chemical precursors or other chemicals when chemically synthesized. In one
embodiment, an isolated or purified protein has less than about 30% (by dry weight) of
contaminating protein or chemicals, more preferably less than about 20% of
_ contaminating protein or chemicals, still more preferably less than about 10% of
35 contaminating protein or chemicals, and most preferably less than’ about 5%
contaminating protein or chemicals.



TTAGAAAGGAGGTTTAATTAATG new design B (SEQ I D NG 52) 40
TTAGAAAGGAGGTGATTTAAATG new design Cl1 (SEQ I D NO 53)

TTAGAAAGGAGFGTHIAAAATG new desi gn C2 (SEQ | D NQ 54) PCT/USNO/25993
TTAGAAAGGAGGTGANNNNNATG i deal RBS (SEQ I D NO 46) WD 01/21772

PCT/ 1 1S00/ 25993 -49 Additional preferredsrtificial RBSs (e.g., RBSs for
I ncreasing the translation of panD, for exanple, of B. subti lis panD) are

depicted in Table e. | D I 1 57) .
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| D NG 48) vec fé present

“invention ifcl H “éﬂﬁ'?’i‘?r}%{(’” §v'§gr€‘g"'f”"ff5?f ;%ﬁm PA% or SEQ
I D NO 50. In amfemﬂ emhrtivientethe protein grgene productisderiyedfrema niprporganism

i ncludes. an ar kdidoed fehm RBBroap colistig of Badilus Hekeniformid\Bdellius aﬁj@ah@eﬁl@eﬁz SEQ

I D NO 53 or e

or esent .nvem%ﬂf?ﬁgf '“”S’f?ﬁzz’tﬁ‘ff'?’%f @‘;%%{@ sff‘g%a?l% iy Herisid

NGO 55, SEQ ID , thyEpyotein gy@eneypro rivesk framBacillysembrilis{e. ge donbi nant
vector of tise BaaBAubkMRIAVed)N Thé1Rin tésives o Bacns Subfiltis o tBaciHus

|
Crbod: ment | r opis BhAd feles f FRebcR pLR T GREAIGUI BEAUERY ERbei | O
anot her enbod.fr@fr{'sg%pm&w%wrmﬁeméue modiagtie the 2Eoteip ar gfaF PIRGYCtiy om pBR322

(e.q. encoded by a Bacillus gene homologue (e.g., a gene derived from a species distinct from
| Bacillus but having significant homology to a Bacillus gene of the present invention, for

20 example, a Bacillus pan gene or Bacillus ilv gene).

Included within the scope of the present invention are bacterial-derived proteins
or gene products and/or Bacillus-derived proteins or gene products (e.g., B. subtilis-
derived gene products) that are encoded by naturally-occurring bacterial and/or Bacillus
genes (e.g., B. subtilis genes), for example, the genes identified by the present inventors,

25 for example, Bacillus or B. subtilis coaX genes, coad genes, pan genes and/or ilv genes.
Further included within the scope of the present invention are bacterial-derived proteins
or gene products and/or Bacillus-derived proteins or gene products (e.g., B. subtilis-
derived gene products) that are encoded bacterial and/or Bacillus genes (e.g., B. subtilis
genes) which differ from naturally-occurring bacterial and/or Bacillus genes (e.g., B.

30 subtilis genes), for example, genes which have nucleic acids that are mutated, inserted or
deleted, but which encode proteins substantially similar to the naturally-occurring gene
products of the present invention. For example, it is well understood that one of skill in
the art can mutate (e.g., substitute) nucleic acids which, due to the degeneracy of the
genetic code, encode for an identical amino acid as that encoded by the naturally-

35 occurring gene. Moreover, it is well understood that one of skill in the art can mutate
(e.g., substitute) nucleic acids which encode for conservative amino acid substitutions.

It is further well understood that one of skill in the art can substitute, add or delete



40 sequences included within the pBR322 derived portion of any of the pAN
vectors as set forth in the Figures ,1. e., the Not I-Not | sequences from
about 5.0 kBydpaf782 kB of the vector depicted in Figure 3&rusWiRsous/ 21772
PCT/ U500/ 25993 -50 In yet another enbodi nent, a reconbi nant vector of the
present invention includes anti bi oti c regpstance genes. The teen
"antibiotic resistance genes" includes sequences which pronote -or confer
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than about 2)%p@introduced in the sequence of a first amino acid or nucleic acid sequence for optimal

alignment with a second amino or nucleic acid sequence). When a position in the first
sequence is occupied by the same amino acid residue or nucleotide as the corresponding
position in the second sequence, then the molecules are identical at that position. The
percent identity between the two sequences is a function of the number of identical
30 positions shared by the sequences (i.e., % identity = # of identical positions/total # of
positions x 100), preferably taking into account the number of gaps and size of said gaps
necessary to produce an optimal alignment. . |
The comparison of sequences and determination of percent homology between
two sequences can be accomplished using a mathematical algorithm. A preferred, non-
35 limiting example of a mathematical algorithm utilized for the comparison of sequences
is the algorithm of Karlin and Altschul (1990) Proc. Natl. Acad. Sci. USA 87:2264-68,
modified as in Karlin and Altschul (1993) Proc. Natl. Acad. Sci. USA 90:5873-77. Such



contam nating protein or chemcals, still nore preferably |ess than about
10% of 35 contam nating protein or chem cals, and nost preferably |ess than

about 5% c@plyesiAati ng protein or chenicals. WO 01/ 2177%REh 25993
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products of the pr it is well understood that
one of skill in Another aspect of the present invention includes biotransformation processes

which feature recombinant microorganisms (e.g., mutant microorganisms) and/or

isolated CoA, pantothenate or isoleucine-valine biosynthetic enzymes described herein.
30 The term “biotransformation process™, also referred to herein as “bioconversion

processes”, includes biological processes which result in the production (e.g.,

transformation or conversion) of any compound (e.g., intermediate or product) which is

upstream of a CoA, pantothenate or isoleucine-valine biosynthetic enzyme to a

compound {e.g., substrate, intermediate or product) which is downstream of said CoA,
35 pantothenate or isoleucine-valine biosynthetic enzyme.
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- 30 The invention further features a method of producing B-alanine that includes
contacting a composition comprising aspartate with an isolated Bacillus aspartate-o-
decarboxylase enzyme under conditions such that B-alanine is produced (e.g., an in vitro
synthesis method).

The microorganism(s) and/or enzymes used in the biotransformation reactions
35 are in a form allowing them to perform their intended function (e.g., producing a desired
compound). The microorganisms can be whole cells, or can be only those portions of
the cells necessary to obtain the desired end result. The microorganisms can be
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which the microorganisms to not include, express or produce nucleic acid molecules, -
genes or proteins (e.g., biosynthetic emzymes) derived from microorganisms selected

from the group consisting of Escherichia coli and Corynebacterium glutamicum.

| 30 X7, Screening Assays R
Because CoA is an essential factor in bacteria, proteins (e.g., enzymes) involved

in the biosynthesis of CoA provide valuable tools in the search for novel anti-bietics. In
particular, the CoaX protein is a valuable target for identifying bacteriocidal compounds -
because it bears no resemblance in primary sequence to mammalian pantothenate kinase
35 enzymes. Accordingly, the present invention also provides a method (also referred to
herein as a “screening assay™) for identifying modulators, ie., candidate or test
compounds or agents (e.g., peptides, peptidomimetics, small molecules or other drugs)
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conpound (e.g., internediate or product).-gfich is upstream of a CoA,
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In one embodiment, an assay is a microorganism-based assay in which a
recombinant microorganism which expresses a CoaX protein or biologically active
30 portion thereof is contacted with a test compound and the ability of the test compound to
modulate CoaX activity is determined. Determining the ability of the test compouhd to
modulate CoaX activity can be accomplished by monitoring, for example, intracellular
phosphopanthoate or CoA concentrations or secreted pantothenate concentrations (as
compounds that inhibit CoaX will result in a buildup of pantothenate in the test
35 microorganism). CoaX substrate can be labeled with a radioisotope or enzymatic label
such that modulation of CoaX activity can be determined by detecting a conversion of
labeled substrate to intermediate or product. For example, CoaX substrates can be



pant ot henat e synthetase. 30 The invention further features a nmethod of
produci ng J3-al anine that includes contacting a conposition conprising
aspartate wywdegsirhsol ated Bacill us aspartate-a- decar boxpdHgsnesey e under
conditions such that fi-alanine is produced (e.g., an in vitro synthesis
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In another embodiment, modulators of CoaX expression are identified ina
method wherein a cell is contacted with a candidate compound and the expression of
coaX mRNA or CoaX polypeptide in the cell is determined. The level of expression in
the presence of the candidate compound is compared to the level of expresSion in the

30 absence of the candidate compound (or to a suitable control, for example, an appropriate
buffer control or standard). The candidate compound can then be identified as a
modulator of coaX mRNA or CoaX polypeptide expression based on this comparison.

This invention further pertains to novel agents identified by the above-described
screening assays. Accordingly, it is within the scope of this invention to furtheruse an

35 agent identified as described herein in an appropriate animal model. For example, an
CoaX modulating agent identified as described herein (e.g., an anti-bactericidal



genes or proteins (e.g., biosynthetic ernzynes) derived from m croorgani sns
selected fromthe group consisting of Escherichia toll and Corynebacterium
gl ut am cumw@@/772 Scr eeni ng Assays Because CoA is an essmwusab2$9oxt or in
bacteria, proteins (e.g., enzynes) involved -- - in the biosynthesis of CoA
provi de valuable tools in the search for-$®wvel anti-biotics. In particular,
the CoaX protein is a valuable target for identifying bacteriocidal
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numer ous approaches 1n co nat or1 al brary methods known in the art,

i ncluding: biological libraries; spatially addressable parallel solid phase
or 10 solution phase libraries; synthetic library nethods requiring
deconvol ution; the' one- bead one-conpound' |ibrary method; and synthetic

l'i brary methods using affinity chromatography selection. The biol ogi cal

i brary approach is limted to peptide Ilibraries, while the other four

approaches are applicable to peptide, non-peptide oligoner or snal

nol ecul e libraries of conmpounds (Lam K. S. (1997) Anticancer Drug 15 Des.
12: 145). Exanpl es of nethods for the synthesis of nolecular libraries can
be found in the art, for exanple in: DeWtt et al. (1993) Proc. Natl.
Acad. Sci. USA. 90:6909; Erb et -al. (1994) Proc. Natl. Acad. Sci. USA
91:11422; Zuckermann et al. (1 994).J. gilled. Chem 37:2678; Cho et al.
(1993) Science 261:1303; Carrell et al. (1994) Angew. Chem 20 Int. Ed.
Engl. 33:2059; Carell et al. (1994) Angew. Chem Int. Ed. Engl. 33:2061;
and in Gllop et al. (1994) J. Med. Chem 37:1233. Libraries of conpounds
may be presented in solution (e.g., Houghten (1992) Bi otechni ques
13:412-421), or on beads (Lam (1991) Nature 354:82-84), chips (Fodor
(1993) Nature 364:555-556), bacteria (Ladner USP 5,223,409), spores
(Ladner USP' 409), plasmds (Cull et al. (1992) Proc Natl Acad Sci 25 USA
89: 1865-1869) or on phage (Scott and Smith (1990) Science 249: 386- 390)
(Devlin



(1990) Science 249:404-406); (Owmrla et al. (1990) Proc. Natl. Acad. Sci.
87:6378- 6382); (Felici (1991) J Md. Biol. 222:301-310); (Ladner. supra.).
I n one enboqygwidiran assay is a mcroorgani smbased assapci/gsitfihd 2
reconbi nant m croorgani sm whi ch expresses a CoaX protein or biologically
active 30 portion thereof is contacted w.tsh.a test conpound and the ability
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with a test coBwmeicndL vained (sleéctive).ni ng the ability of the test conpound to
nodul ate enzymatic activity of the CoaX on its substrates. 15 Screening
assays can be acconfB4B neihisolidmedinees 3 Dif TeyptaneBloodAger Brath. g wates
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10 x Spizizen Salts: 174 g K,HPO,3H,0; 20 g (NH.).SO,; 60 g KH,PO,; 10 g
Na,Citrate-2H,0; 2 g MgSO,-7H,0; water to 993 mls; then add 3.5 ml FeCl, solution and
3.5 ml Trace Elements solution.

FeCl,Solution: 4 g FeCl,-6H,0; 197 g Na,Citrate-2H,0; water to. 1 liter (filter
30 sterilize)

Trace Elements Solution: 0.15 g Na,Mo00O,2H,0; 2.5 g H;BO,; 0.7 g
CoCl,'6H,0; 0.25 g CuSO,5H,0; 1.6 g MnCL,-4H,0; 0.3 g ZnSO,-7TH,0; water to 1 liter
(filter sterilize).




(e.g., biotin-conjugation and streptavidin inmobilization or antibody
conjugation) can 25 also be used in the screening assays of the invention.
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Pantothenate Assays: Biological assay. The indicator organism, Lactobacillus
Dlantarum, requires pantothenate for growth, and rcsponds to low concentrations (ug/L).
25 Thus, using serial dilutions, a wide range of concentrations can be assayed.
Commercially available medium (e.g., Pantothenate Assay Medium (PAM), Difco), can
be used. However, Difco PAM supplemented with pantothenate does not support
growth to the same level as obtainable using a fresh-mixed version of Pantothenate
Assay Medium (FM-PAM), made up of the individual components as specified by
30 Difco, which is accordingly, routinely used instead of the commercial product.

Before assaying B. subtilis culture supernatants, the B. subtilis cells must be
either removed or killed. B. subtilis culture supernatants give approximately the same
pantothenate titer when the supernatants are autoclaved as when they are sterile filtered.
Accordingly, routine procedures involve autoclaving samples for 5 minutes prior to the

35 biological assay.



(Difco), and standard liquid "rich nediunt is VY, a mxture of veal
"infusion broth and yeast extract. For testing production of pantothenate

i n I|qU| d tgedefi4P8 cultures, an enriched formof VY, capdpgkenesi al VY"
or "SVY" is used. For batch ferment ations, SVYG and PFMG are used. The

conpositions of these nedia are given bel-@lv. 15 VY, arich liquid medium
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ammoni um sul fa l?

Myd 2. 6H20, 0. torg 1 §2 "Qﬂ %%Yﬁnhﬁ]smafartwno afeﬁseﬂwa eFtéseﬁlumzo 1
m trace eDenEbdt\aeea@k'erysamleZO g gI ucose; add water to 1 L. GI ucose or

ot her sugars are fed as needed. Feed sol utions can contain ninerals,
defined or food grfadh Farmentafiens. Pantothenate producing strains are grown in stirred tank

fermentors, for example, in CF3000 Chemap 14 liter vessels with 10 liter working
volumes. Computer control and data collection is by commercial software, for example,

B. Braun Biotech MFCS software. Fermentations can be batch processes but are

25 preferably sugar-limited, fed batch processes. Some media components (e.g. of SVYG
and PMFQG) are added to the fermentor and sterilized in place. Portions of the media are
sterilized separately and added to the fermentors asepﬁcally. This procedure is well
known to those familiar with the art. Additional nitrogen sources in feeds are sterilized
separately and added to the carbon source after cooling.

30 The initial sugar in the medium is consumed in approximately 6 hours.
Afterwards, glucose or other sugars are fed with the possible addition of minerals, and
defined or food grade nutrients. Alternatively, feeds are scheduled based on a consensus
profile of nutritional requirements from samples taken from earlier fermentations.



PF, a chem cally defined pantothenatefiree nmediumfor testing pantothenate.
auxotrophy: 100 ml 10 x Spizizen Salts; 100 mMl 1 x Difco Pantothenate Assay

Medi um  15wbhat7790% gl ucose; water to 1 liter. For pantptiessab®9s
auxotrophs, 1 mM Na pantothenate is added to both* mininmal and rich nedia,
since there is generally not enough pantothenate in rich nedia to support
B. subtilis pan nmutants. Am no acids are at 100 ng per liter, when used.
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25 junctions between the E. coli replicon and the segment intended for integration into B.

subtilis. Three plasmids of this series, pAN004, pAN00S, and pAN006 were

constructed. pAN004 contains the P, promoter, RBS1, and a low copy E. coli replicon.

PANOOS contains the P;5 promoter, which in our experience is not as strong as P,

RBS]1, and the low copy replicon. pAN006 contains the P,; promoter, RBS2, and a

30 medium copy replicon.
The three panBCD.expression cassettes contained in the above-mentioned three

plasmids were all ligated to a DNA fragment consisting of sequences that naturally

occur immediately upstream from the native panB gene and integrated in single copy by

homologous recombination into the panBCD locus of B. subtilis strains RL-1 and PY79,

35 replacing the wild-type operon. This was accomplished in two steps. First a deletion-

substitution that replaced about two thirds of the panB coding region with a Gram-



wavel ength of 338 nu and a reference at 390 nm The procedure is a

nodi fi cation of 15 one reconmmended by Hew ett-Packard for am no acid

anal ysis. Sagghfsrpf culture broth are prepared identicaphypgspatss the
pant o- conpound anal ysis. Conpounds are separated on a Cl g I—eﬁlezrsir‘l 5 ODS
200 x 2.1 nmmcolum. Solvent Ais 20 mM Ngsz.acetate buffer at pH 7. 2.

Sol vent B contai ns 40% ACN and 400l o net hanol . A gradi ent from 100%

Sol vent A to 100%. Sol vent EI[_)sar at es aﬁ_lgm} aci.ds an es @Q% colum 20
between every QQ%Yeegpe‘ﬁ'&P@W‘Fé FRARFS,S6nE (F0ec) 3ias fr eara ’E‘té’“ BNIELRESS 1 ai ns
are grown in spantotbehatecaukotrdphs.nEesointcrmediate stainpwers than t@REAHERd Grithrthp 14
liter vessels gﬁ&é&ﬁ&ﬁh A8kl egpmmwﬁxﬂooﬁaﬂ@mﬁbo@&&} fi4ting

collection is nmer ci al ,softwar'e, r exa Br.aun_BJ. Qt ec CS
FEFHRDY COlEiRIGE SYPRASEHAL Saenes W upsamAf PARR  Selcaop o

software. Fer
sugar-limtéed, tHeadcohnng:tasMemﬁaepantGhmtmohoaophywﬁhnmulsng siraips vedfre SVYG

and PMFQG are ﬂﬂﬂé‘d’PAﬂltPRﬁﬂnﬁm.ﬁ ﬁ'&ﬂl{ﬁ?rdnh'ﬁ@gs'}‘hﬁb%ﬁ@PAm (eoptS Of

| 26 arate ntors

the nedia are
e el 2 are pShG s aihg RE et o it GoBtainsc ISPPL PPSERR, ( he art
Addi ti onal ni tsmmeslwrscaﬂleumemdlstrmmMEﬂuép&NﬂO (seftigwe 3). yThend added

to the carbon {eudtde 8 h&Ice%PﬁJ\Nﬁrﬂ)1s§&fJxﬂ?as'SEQ!lﬁN0$7693r in the mediumis
consuned in approxi natgl hours. Afterwards, glucose or other sugars are

fed with the possi chdymetdsetuhmn rezfcnmusi’rrgadppmpnatdpnnhetfslwwdsmoi/enfgltlgr ade
nutrients. Al t@éﬁ&%}%&hé]somfaﬁ tuf’ers%f in@&e&’?u}%ﬂ %efilegfr? Hsn Profile

of nutritional U|renents a en er nent ati ons.

WO 01121772 Pc*l‘ YPs s¥aynined H&Wﬁmsaﬁfe ‘{ toibeguerpxpressed. ot o
relatively | owOappmtkin badgp.naaﬁﬂentpnnlec\thewmghm 28088 ahd/lhdoﬂmygetnm(apﬁ@)edf alls

1o 30% CcoONMpUL g heCHRNHOD Aalehid! ?H@EGWda}fm@EHnHﬂs% fuh&bly ?ﬂiﬁ diﬁiedrﬁolgailé}t ain

o Yo el SRR A O A e S s e

Over expr essi ngiéb.ﬁ@:}lalm)e Products. This Exarrpl e describes the cloning of
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PAN201. To ove{mmok?%tm&ﬁ@amagngmsanfwfeﬂ&tsﬁm fafeicaiesenat e, the
native 15 pronoter of the panB operon was replaced by either of two
strong, constitutive pronoters derived fromthe B. subtilis bacteriophage

SPO 1. These two pronoters are



named P26 and P15. In addition, either of two artificial ribosone binding
sites (RBSs) were used to replace the native panB RBS. These two
artificial WBWs2{@et forth as SEQ |ID NO 49 and SEQ | D NQ@cE@somesoes
predicted to increase translation of panBCD, their 20 sequences are shown
in Table IA. Three such engi neered panBCDggxpressi on cassettes were built
into circular plasm ds capable of replicating in E. coll. Oher features of

the plasn ds 7 d 21de a prsduefich dfBantoEARNE B E1Yinebred BS SUBHIE Pdind B IiuRBLA"

fromthe E coli ri bosmcuﬁ% ARIESVPlnkBlim Wilhts /E%Lkﬁfbnﬁjﬂ B
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pl asni ds of thF¥seri §ra' pANOO4 TOBERD 05, anpbrqBANOOG wer emgffonst r uct ed.
pANOO4 contalﬁ—w €], RBol, a 1 OW CQpy E. colT replicon.
PANOO5 cont ai ns it he 35 proncB@¥e whi ch ﬁﬁn expetl ence is not as strong
as P26, RBS 1, and tag2i ow capy repli conRBsANOOG cospai ns the P26 pronoter,
RBS2, and a 30 nedium copy replicon. The three pam®@D. expression
cassettes contained_j he ahove-nenti on hr ee smds were all ligated

v &8s E’@

[

to a DNA fragnent c ting of sequence at nat 1y occur inmmediately
upstream fromthe native panB gene and integrated i single copy by

honol ogous reconbi n®Ai20h | nt o &8 he panBCDRB82us of BI9Qsubtilis strains RL-1
and PY79, 35 replacing the wild-type operon. This vm acconplished in two

steps. First a ele\tﬂ’;} sub itution that.replaced,about two thirds of the
panB codi ng reglc&on E a % 01/ 217 2“\59CT/ US @5993 -63 positive

specti nonyci n resi siPA23% geneP,(spec) wasRBSf egr at ed®3®t panB to yield Sped-,
pant ot henat e auxotrophs. These internedi ate strai nsB6@ere than transforned
with the panBCD-exE,rﬁzzfl on cgssettes of rBANOO4, pANaQS and pANOO6 after
ligating themto a fragnéht cont ai ni ng chrom)sgﬁg sequences j ust
upstream of panB. Sel ection of 5 the incom ng casset was for pantothenate
prototrophy. The resulting strains were naned PA221, PA222 and PA223 (from
RL-1), and PA235, PA232 and PA233 (from PY79), respectively An exanpl e aof

"nfegrated Srrain ioe Bﬁ@%ﬁ *%2@”2%2?@gure FeshilPlng s hdtnd E’e
sequence of pANDiORBS] ww&wwewgé&@qwm? Sul SP@!QM RAPIOGS
reacti on usi ngpANPdGGaniakb de pecombined a!a:ircus&doﬂﬁwmhtﬂiy“ﬁlﬂeype(pahBGDtlocus

T %ﬁﬂ%&%&%ﬂ%@%@gém {Rgppiggeds of st
over expr essed. TSIgRE Qan s SaphiproRreduse ahRut Hhesams amounhed and
t he ot her pdot pnmntbqnpmas stchinstRAX2¢, BQZnDﬁxddMJIZGmSpe'ﬁi}elyZ SANWM4cdahthimingbands
i s presumabl y Jﬂé%ﬁ%;ﬁ:@.ﬁ@@ RIB89 P4 ﬁwé Elﬁo lepided &htmadfifly 2" g€
protein band ppesy e Eoei%grs'éq%ezie fs Sset forth as SEQ ID NO:93.
PANO0O6 containing the P24 promoter, RBSZ and a medium copy E. coli replicon, is
depicted schematically in Figure 3B. The nucleotide sequence of plasmid pANO006 is set
15 forth as SEQ ID NO:94. The nucleotide sequence of panBCD is set forth as SEQ ID
NO:59 and the predicted amino acid sequences of PanB, PanC and PanD are set forth as
SEQ ID NO:24, SEQ ID NO:26 and SEQ ID NO:28, respectively. Methods for
manipulating Bacilli are described, for example, in Harwood, C.R. and Cutting, S.M.
(editors),-Molecular Biological Methods for Bacillus (1990) John Wiley & Sons, Ltd.,
20 Chichester, England, the content of which is incorporated herein by reference.




31,960 daltons). The ability of these strains to produce pantothenate in
test tube cultures was assesed as follows. Each strain was grown in SVY

medi um supplwoapniesk With 5 g/L a- ketoisoval erate (a-KlV) papdsmngdos
J3-al anine, to ensure that these precursors were not 20 limting. Culture

supernatants were autoclaved and assayed ugnng the bioassay. Relative to
the parent strains, RL-1 and PY79, the engineered strains produced about 8-

to 30-fold at th
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chl or anpheni col " resi st Z{nce Stralns .0 | on

produce about htheds s ﬁﬁ‘f}ﬁf“’ Bep g’g SRESTIOhEARtaiR §“’§If PLRECEEEDes. pa222,
and PA223, 1@sFachdérineteyas siiOiblove, agigaE mutayt daes aofi2Ge p PanTphenotypBREShe #ind a

nucl cof] o seqiShUEoLFEas “‘fﬁ*‘“‘“@f"* i eiﬂ‘%‘%'?‘f“"%z*’”"“ o R Bl o6
cont ai ni ng t he SP3Bs ﬁ&: &B’&“& dmﬁ'fr"d’&mp@ %"SF L"‘srllfﬁ? ﬁ’ﬁﬁﬁd
depi ct ed schenmand deld:mynqdno Be gtdlett&@bA;rheemmuagd fod enasenbicepurioe biosyithesisi d
PANOO6 is set %ﬁmfl & & 199852 | B iNOhét 2735872085768 OF i R caied ' ehigRy Of panBCD
's set fort pS a?'mmo ggous gene at the same map location. Identification of the panE genes in E. coli

and S. typhimurium was complicated by the fact that the i/vC gene product,

acetohydroxy acid isomeroreductase, is also capable of carrying out the ketopantoate

‘reductase reaction. As a result, pantothenate auxotrophy is not obtained unless both

panE and ilvC are mutated.

" 20 To identify the B. subtilis panE1 gene, the B. subtilis genome was searched using -
the protcin sequence of £ coli or S. typhimurium ApbA (PanE), and two open reading
frames were identified having homology to ApbA, named y/bQ and yAkpB. These genes
were renamed pankl and panE2, due to their proposed function in pantothenate
biosynthesis. Both panfl and panE2 were cloned as PCR products generated from

25 RL-1 genomic DNA as a template. Both genes were disrupted by either a
spectinomycin resistance gene (spec) or a chloramphenicol resistance gene (caf). The
interrupted genes were each integrated by double crossover into PY79 to give PA240
(dpankl::spec) and PA241 (ApanE2::cat). Neither of these strains were pantothenate
auxotrophs when tested on pantothenate-free (PF) plates, although PA240 containing

30 ApankEl::spec grew slightly more slowly on TBAB without added pantothenate than
with a 1 mM pantothenate supplement. By comparison, a ApanB::spec strain does not
produce single colonies on TBAB, presumably because B. subtilis has no active uptake
system for pantothenate.

It was hypothesized that the B. subtilis gene, ilvC, could function for panE as had

35 been shown for E. coli. Accordingly, the panEl and panE2 disruptions were introduced
into a strain, CU550, which is reported to be rpC2 ilvC4 leuC124. Both the single



NG 59 and the predicted am no acid sequences of PanB, PanC and PanD are set
forth as SEQ ID NG 24, SEQ ID NO 26 and SEQ I D NO 28, respectively.
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whi ch was r# te reductase activity

(Bai gori et aI (1991) J. Bacteriol. 173:4240-4242). However, the

mut ations in these strains were i nGowthtt|y mapped to the purE—tre i nt erval
of the B. subtSttairs geiMxdivm nap whi-glandoes +pah contai n the panE or panBCD
genes. 10 Furthernore as shown bel ow, a panE nutant does not have a Pan
phenot ype as TPg7a T VCTBABIE Product 4aan suRsH tute for the panE gene
product in B. subtiliggas in other bagteriak+ strains such as E. coli. Mire
recently, the ga24pyphimBABIpeE PaNE gene has igen |ocated and determned to
be allelic to apbA, apgene required f@r anaegsobic purine biosynthesis
(Frodyma et alpa441998)rBAB &in®! - Chemy+273: 3542-5576). E. coil carries a

hi ghly 15 honol ogous ggne at the sang4+map | qgation. ldentification of the
panE genes in @&yssp! i TeAW S. typhi msi um was conplicated by the fact that
the il1vC gene product pr acet ohydroxy4aci d i'sgmeroreductase, is also capable
of carrying ouiaddge kalpapgleate reductaseqypeaction. As a result,

pant ot henat e auxotroplpg i s not obtained unl ggs both panE and ilvC are

nutated. 20 TopAsignt i B AMGeB.capibt i | i.s pangl, gene, the B. subtilis genome
was searched usi ng tpg protein sequence of J& coli or S. typhimurium ApbA

(PanE), and t open, readin franmes dentifjed havjn l ogy to
hobA haned yi (ReBo SRstssHeud BRSO e A GV S AR pand, | due
to their proposed function in.pantothenate biosynthesis. Both panEI and

' Zﬂgfa?ﬁresgltﬁnegnﬁ‘“?;;rﬁ‘e“‘“ fR ot 87 BRI AICICols Wit ome SASSRS, NG 20 2
gene (spec) or™ %\ﬂ‘fﬂ@grﬁ%e °t’rsé‘§'il?%tt Eg%%ﬁ@n(gpgpfé?q%cohlaﬁé rrupt ed

genes vvereléawlpktmwegnat ed by doubl e crossover into PY79 to give PA240
(4pankl : : spec) and NeA€4He quARRREZ effedlor p aﬁﬂ&xﬁ?ﬁn}?ﬁkﬁd&ﬁ&ﬁsﬁti Bﬂmeﬁ\ﬁée

pant ot henat e auxot an henat e-f
al t hough PA240° 88’5?‘51‘"’&’#&5“&?&%?#@1““&%@ ﬁ%‘ﬁ"éf @wrﬁ n TBAB
W t hout added gismptions aeeetintreduged into PA235, elther smgly or together to produce PA245
(ApanEl ::spec), PA248 (ApanE2::cat) and PA244 (ApanFEl::cat, ApanE2::spec). The
15 effect of each mutation on pantothenate production was then tested in liquid test tube

cultures.



with a 1 nmM pantot henate suppl enent. By conparison, a ApanB::spec strain
does not produce single colonies on TBAB, presumably because B. subtilis
has no acti wgowipiake systemfor pantothenate. It was hyppehesioasdst hat the
B. subtilis gene, ilvC, could function forpanE as had 35 been shown for E
coll. Accordingly, the panEl and panE2 di-g7uptions were introduced into a
strain, CU550, which is reported to be trpC2 i 1lvC4 | euCl24. Both the single
i;. WO 01/ 2177 /11S - I , I anE2 .
di sruptants \Ae%‘éﬁ%nt ot %zﬁ'go?%?'gﬁ% “?‘S’E S grﬁggdwrr'g’g?%%m@é'@%ﬁgygﬁ not ypes
of various panEl_and padesEddisgmtignson rich and defined 5 nedia. G ow h*:
Strain Medium - pan + pan PY79 TBAB +++ +++ PF ++ ++ PA240 TBAB spec +
++~- PF ++ ++ A241 TBAB cam +++ ++ PE _++_++ CU550 TBAB +++ +++ PF ++ ++
PA256 TBAB spegtr@m+++ PF ?[Pinjn%%%l‘gﬁézé?)ec, cam - +++ PF - ++ *Each
|

"+" represent S;ADOOT T Wafter overni ght at 37C. Thus,
mut ati ng both Bg% and ilvCr lts i nt ot henat e auxotrophy, while
nmutating only BAZHE does not, $ilar to%hat has been reported for E. cols
and S. 10 typhpapdd um Next, thggquantitaigi ve effect of panEl and panE2
knockouts in &tot henate ovegproducing strain (PA235 described herein)
was exam ned. panEl and pan ~di srupfions were introduced into PA235,
ei ther singly BA24%get her to pi06@uce PAZWPE (ApanEl'::spec), PA248
(ApanE2: : cat) paghg”A244 (ApanBlpzgpcat, ApmaE2::spec). The 15 effect of each
mut ati on on papABWenate produc%on was tgen tested in liquid test tube

cul tures.
PA244 50 5

Thus, deletion analysis indicated that the panEl gene contributes to over 90% of
5 the pantothenate production, while deletion of panE2 did not have a significant effect on
pantothenate production. It is therefore concluded that panE! accounts for most, but not
necessarily all, of the ketopantoate reductase activity in B. subtilis. The rest of the
ketopantoate reductase activity is predicted to be supplied by ilvC.

Having identified panE! as an important gene for pantothenate production,

10 increased panEl expression was tested to determine whether it could enhance
pantothenate production in strains such as PA221 or PA235. The panEl coding
sequence was installed downstream of the P,5 promoter and RBS2 in a vector, pOTP61,
designed to integrate and amplify at either the bpr locus (a non-essential protease gene)
or at the locus of the cloned insert. The resulting plasmid, pAN236 (Figure 4) was

15 transformed into PA221, selecting for resistance to tetracycline at 15 mg/L. The
nucleotide sequence of pAN236 is set forth as SEQ ID NO:77. One transformant,
named PA236 was chosen for further study.

'PA236 was shown to overexpress a protein of about 31,000 daltons, which is
close to the expected molecular weight of 33,290 daltons for panE! protein. Briefly,

20 whole cell extracts were prepared from PY79, RL-1, PA221, PA221/pOTP61and PA236
(2 samples). Cell extracts were separated by gel electrophoresis and the gels were
coomassie stained to visualize proteins. In cells engineered to overexpress pank
(PA236-1 and PA236-2), a band was visible having an approximate molecular weight of
~31,000 daltons (as compared to molecular weight markers). Moreover, PA22] and

25 PA236 expressed increased levels of a ~29,000 dalton band, corresponding to the panB



WO 01121772 PCT/ US00/ 25993 -67 Tabl e 4. Pantot henate production by PA235.
derivatives containing panEl and panE2 disruptions. Strain [pan] ng/L % of
PA235 PA23w03QA171400) PA235 940 95 PA245 59 6 PA245 8Secdusomadd8 1060
106 PA248 1030 104 PA244 25 3 PA244 50 5 Thus, deletion analysis

I ndi cated that the panEl gene contributesé68o over 90%of 5 the

pant ot henat e production, while deletion of panE2 did not have a significant
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accounts for necessar | ket gpant’oat e’ r educt ase
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predi cted to lrelatifg foahk fynBlahd pendHgatiepyodudrnhd Ei ed tmasfedtedwith RANZP6! t ant

ene for pant ' ' i on was
? est ed. tg delggpﬁh&%ggﬁﬁﬁe’tgﬁggmﬁﬁ %%du%%e%gﬁgzgﬁggﬁwgﬁg‘{@%r oduction in
strains such as PARkt, PA2B6R3ScompatedRa P2 T ofiyiik the 8Hpte ReQovFOTPE1SbAl | ed

downst ream of t he.,P2 rqmot er._and 2 in.a vector. poOIR lgned to
ntegr ate and BAgeRge Roiiondn Afkia Bt ufees SPritmpented il o WEaRE L,
gene) or at tandS|gleaKdt: the cloned insert. The resulting plasmd, pAN236
(Figure 4) was 15 transformed into PA22 1, selecting for resistance to
tetracycline at 1S ng/L. The nucleotide sequence of pAN236 is set forth as
SEQ | D NO 77. Tabée & r ans Efeatafioverexprestien ¢asE] wad patisepantwhenaset her st udy.

PA236 was gpown t 0o OVer expkefvn i eﬂ‘éﬁéﬁéd‘stﬂfimaihgﬁid%t PBPcilrkdsons, which is
close to the , panEl protein.
Briefly, 20 whole cell extracts were prepared from PY79, RL-1, PA221,
PA221/ pOTP6| artitain2 36Additiongd np| es) Gemse| | ext r atfagtothsnatelsepar at ed by gel

el ectrophoresis and tR@smidl s wer e Overexpresstd sgflned to vi sual i ze proteins.
In cells engi Meered=t U UVETr EXPT eSS ATt —{ PA2S0—t—am—PA280= 2), a band was
vi si bl e havi ngp‘ﬁ?lappP‘aI?%t e nol eBP®ar wei ght of 31, 3889dal t ons (as
conpared to nol ecul ar wei ght markers). Mreover, PA221940d 25 PA236

expressed incregsRd | gxRbss of a 29,004 dalton band, cerpgsponding to the
panB WD 01/21772 PCTIUSOY 25993 B8 - 5 050 |
PA238  pAN238 panE2 530
680

Overexpression of panE] caused a two-fold increase in pantothenate production
when compared to the parent strain (e.g., to slightly over 2 g/L) whereas overexpression
of panE2 resulted in a strain that produced about 35% less pantothenate than the parent

15 strain. The panEl nucleotide sequence and predicted amino acid sequence are set forth
as SEQ ID NO:29 and SEQ ID NO:30.

EXAMPLE III: Enhanced Production of a Panto-Compound by Culturing
Bacteria Overexpressing panE! or panBCD in the Presence of Valine.

20 The ability of valine to function as a media supplement (e.g., as a substitute for
-a-KIVY) in strains engineered to overexpress the panBCD operon and panEl was
evaluated. Valine is closely related to a-KIV by transamination, is less expensive than
a-KIV, and is commercially available in kilogram quantities. Valine was substituted for
a-KIV in the standard liquid test tube cultures in SVY medium. The concentration of
25 valine was varied from S to 50 g/L.. Although valine at 5 g/LL was slightly less effective



gene product, and a -39,000 dalton band, presumably correspondi ng the panC
gene product. Furthernore, E. coli transfornmed wth pANOO6 (Figure 3B)

expressed bapgsainrze@rrel ating to the panB and panC gene prpgdgédansysgl E. col i
transfected with PAN236 expressed a 31,000 dalton band corresponding to

t he panE gene product. 5 Next, PA236 was -@onpared to PA221 carrying the
enpty vector pOTP61 for pantothenate production in liquid test tube

cul tures suppl nent nin

Ef f ect of over @?r?%?g} @““3‘%‘8“"3 %’ﬁnq'gﬁ? thgl‘?ﬁ& “%F‘g?fuctlon
by engi neer ed S‘!rpmwg/hq- ;rbprm@gmnam@ﬂ@mt@nmégchonSt rain Additional Gene
[ Pant ot henate] Plasm d Overexpressed ng/L PA221 pOTP61 none 1,000 940

PA236 pAN236 p I Q0 PA23 AN238 pan Over expressi on
of panEl causeﬁmesgygi( &lﬁgerrgﬁg% cﬁ&%f‘%@ﬁ%@’?@? 856"’%“8'3g\/\hen
conpared tost hBap@tlmstesns&’mnwrgndeneodgntul\gmney over 2 g/L) whereas
overexpression ofp resulted . in tr roduced about 35% | ess
pant ot henat e t han tgr {5 Shpms i‘%ﬁhéi?‘g?ﬁ m%ﬂ%%gﬁeégg‘ﬁﬂﬁ‘r@cﬁvm@@?quence and
pr edi ct ed ami nparBGR) apd §AMcengineeraktp ofvcrexpresspenEHQatld)dﬂ@m@ede&Qm D

NO: 30.  EXAMPL Ekétblgoval%%@(mﬂ/ﬁap&nﬁ 8 afartite (G ta@aﬁsay‘swn yhakitlal UT i NQ
Bacteri a Q/erex%ée Si n nEI ggD in the Pr esencgor @I ine. 20 The

ability of valP F%%ss oth ThESR PIecUTROR 255 Rting nale substitute
for a- Kl VIO nsﬂheasn&m@ngim@nbtﬂmmmmm Weraedqsmmoebmhand
panEl vas _evahdtais thed i frdchiséds O Bholoth o Skylies i fhuaictiamgai nat i on,

Is | ess expensiv V. an S C vai |l abl e i ogram
quantities. VaPT"ﬁ%t;‘ % gﬁ%%ﬁ@ﬂ?%ﬁ%?“%%ﬂ%uﬁ? zf’%’h%‘a%‘“{’]‘?‘ d test
tube cul tures busy@thetinpahwas intehraedidercent rati on of 25 valine was varied from
5to 50 g/L. Although valine at 5 g/L was slightly | ess effective W

01/21772 PGE/ Uﬁ%%ﬁﬁ’?ﬁﬁ éeg%%ﬂ oq.l\]ﬂcyo n%n?g@}‘rpas t@ﬁch.f{a; eKI -

producti on,

pronoting pant ﬂféﬂ’&ﬂ%‘epﬁ wéemrme- (EI}MIEBE)I vdepxndmtéﬂmnebn of

M cr oor gani sns Capahl e Pr oduci a henat e '
Precur sor - | ndepende pl% FEPE B © l‘ﬂ’gg H%i) 5 gﬁ%ﬁé gmgﬂ?fhveﬁg“ BQ}TZ’T ¥nd PA235
(engi neer ed t ocanstenes pAN4ZI(Figure 5). The nucleotide sequence of pAN423 is set forth as SEQ
ID NO:78. The Nofl restriction fragment containing panD was isolated from pAN423,
20 self ligated and used to transform PA221. Transformants resistant to Tet"*, Tet*, and

Tet® were isolated and saved for further analysis.

Six of the pAN423 transformants plus two control transformants were grown in
SVY containing S g/l a-KIV with and without 10 g/ aspartate and then assayed for
pantothenate production (Table 6).

25
Table 6. Effect of overproducing PanD on pantothenate production with and w:thout
added aspartate.
Culture* Asp TetR** 0-1)550 [pan]
(PA221 transformants) (10g/L) | (ug/ml) (mg/L)

[ pPOTP61-1 - 60 8.0 76 |
pOTP6l-2 - 60 7.7 91
423#1-1 : - 15 85 180
423#1-2 - 15 8.0 150
423#1-3 - 30 83| 220
423#1-4 - 30 8.5 280
423#1-5 - 60 8.9 580
4234#1-6 - 60| = 8.8 280




panBCD) and PA236 (engineered to overexpresspanBCD and panEl) need to be
fed a- ketoisovalerate (a-KIV) (or valine) and aspartate (or P-alanine) to
achi eve maxworh/2z1ant ot henate production, as both these prenusmaswsare
limting for pantothenate 10 synthesis. Accordingly, manipul ated

m croorgani sns were designed to elimnate7obhe need to feed limting
precursors of pantothenate biosynthesis in the production of pantothenate.
These strainsfare alrso usefal in 1 prodygction pi_varijous pant ol henate

bi osynt heti c PgBIPERY 1 Nt €7 medi at €5 15 EXAVPLEG V. CaBer at 1 on 38 |
M croor gani snEpGFResRI € 0T Produci ng  Hant qunengg £ | N6 Aspar 580 ¢- (or

P- Al ani ne) | ngEp@RTent VAENNer The pan¥ gere wass £l onag [ nto Bizoepbtilis
expressi on vefd@FI-pOTPEL T0 constyuct+ pAWZ3 (5| our@.69) . Thetooegl eoti de
sequence of pPIBEB3TS set Torth as| SEG TI) NO 38| Tn@syoilT Teme|ction
fragment cont pA23#Ng panD was 150l af ed # romp pANGEE, 20.05eTT TT1gadbed and used
to transform PRBEILS Transtor nanis fesiwstart toed et 159.01et 30, Bodl| Tet6 were
i sol ated and F43#06T or Turther anal ySi#6. 3 X 060{nhe pANAZ3 Trmoe]or mants

plus two cont éfest BRThRErERHEre gYoWiFin® VoYU o-KIV (3 gLy With Alsp ( FU/E) Where 3~ KI'V
with and W t hojahicd@d. 0/ aspartate and then assayed for ‘pantothenate

producti on ( Tabl bk AppRoxiadtt Fetbresifthlc OF riisfianpr oduci ng PanD on
pant ot henat e production with and wthout added aspartate. Culture* Asp

Tet R** OD550 [ pan] ThepANAR3 taasfeiheintspnéduped at Ceast/tivice tHelgmotn) of pamtothenate
15 6.0 150 “azipc Shwolle, ateys! fpp b uplwnith il aaiped s Gty Spfdrimiged | 7
580 423#1-6 - byiegdditionef g to theronltprerpedivanl 17 datg also show thebig the  + 60
7.5 380 pOTP6dbsénce obdded Sspafifite, i fbimantstcohfainingadtitidial cbpids af the parlbgdhe 6
1000 423#1-3 éxp?&sign Ehasdettd ?)roduce more pantothenate than the control transformants. One of

the transformants, 423#1-5, produced about five times as much pantothenate as the

10 controls. These results indicated that increased levels of PanD protein “pull” the

conversion of available aspartate towards B-alanine, and that increasing panD gene

expression can result in enhancement of pantothenate production both in the presence

and absence of added aspartate.

Transformant 423#1-5 was re-named strain PA401 and studied further in shake
15 flask fermentations. The shake flask medium was SVY with maltose instead of SVY
with glucose. Results of shake flask experiments agreed well with test tube experiments
during the first 24 hours. In shake flask experiments without the addition of B-alanine,
PA401 produced approximately 1.5 g/l of pantothenate in 24 hours. Addition of p-
alanine to the culture medium did not further improve-pantothenate titcrs (Table 7),
20 indicating that with this strain and these fermentation conditions, B-alanine is not
~ limiting pantothenate production. In fact, when no B-alanine is fed, one can observe that
PAA401 is secreting B-alanine in significant amounts into the medium.



42341-4 + 30 9.0 1200 423#1-5 + 60 9.0 1200 423#1-6 + 60 9.0 1200 *Test
tubes cultures were grown in SVY + a-KIV (5 g/L) wwth Asp (10 g/L) where

i ndi cat ed. *§deidt7a Approxi mate Tet-resistance of transfopgEiéentiyes PANA23
transformants produced .at | east twi ce the anbunt of pantothenate 5 as the
controls (i.e., to a level at or near thatyyuwhich was obtained in earlier
experinents by the addition of P-alanine to the culture nediun). The data
al so show t hat 7, h [ 1gTe) % nt ai ni ng
addi ti onal copi eésktgf S}t%kghganD g%%gﬁﬂgﬁglrg?gla{)@casgﬁ%??%%O?ﬁmﬁge

pant ot henat e t han the cont riet—t+ansfot IIO.L‘ILﬁ Ore—of thre—trans mant s,
423#1-5, produced about- five h pant ot as the 1 controls.
These results indi ca{—eldltmnm Aﬁ:?%&%?uﬂuuw S5—of %@ﬁ FeterA—pl | " the
conversi on of avail gbl aldS parg,aatlae QUpr dp ? gl an| anpango

i ncreasi ngpanD gene ggoesm n can resu n enh
production both in t ;
Transformant 423#1-9 wag re-naapd styraai nf PA4@1 andjg4udi ed farther in shake
15 flask fernentatidns. Thg shake fl ask pediumwas SVY with nmaltpse instead
of SVY wth gl ucosgq. ullts pf shake f asl;Gexpeernts agreed ell with
test tube experi ment's—eu+rg—thRe—H+st—24—hours——shake—+H-ask

experiments w h ut. the addition o r oduced

approxi mat ol y B8P rmfesa’atﬁ#&ax&fﬁsﬁ@uﬁﬂ%#‘Qmaﬁﬁgﬁvaﬂmméoﬂ&|°£n. e
to the cult e“ﬁé‘HP‘UWPEhaéFdr%? Tuvithehaking R09semBhint ot henate titers (Table 7),
20 i ndi cati ng BhstMediurh: $VRY witht102/lre-Kh, 30igAgnalfoes nent ati on condi ti ons,

(3-al anine i s D¥Inoduluii:ISVgwithTe0 frowa e hpwaduction. In fact, when no
J3-alanine is fed, one can observe that PA40l1 is secreting f3-alanine in
significant ampunts into the nmedium WD 01121772 PCT/ U800/ 25993 -71 Table
7. Shake fl askEXHMPLEY: Fnginesringithe pgalhgene forfiyrthgrIpcreased fynthssis of

fl-al ani ne.10 Awspmﬂe])d&rbgiy]s)seiﬂd Eabasced Produckion dbBPmitathtBatal a Val pH OD600
Pant ot henate Added (gil) 0 0.7 1.5 7.5 13.7 1.5 59/17.11.47.6 12.4
1.5 Each val ue reprﬁym@nlh@swmewtmﬂwy some bipding gitesf | asks

contai ning 50 (RBS3)in the pad goite to increbsttliectranblationiofWehD ntRNKI ng (200 rpn).
Base Medium SVY wth 10 g/l a-KIV, 30 g/1 nualtose
Increasing the translation o[the panD gene mRNA by generation of synthetic panD

RBSs

15 The RBS (SEQ ID NO:88) used to express panD in pAN423 is a synthetic RBS
and has been used to successfully produce other proteins in B. subtilis at a high level.
However, it contains six mismatches when aligned to the “ideal” B. subtilis RBS (SEQ
ID NO:45) (e.g., an RBS having a sequence which is complementary to the 16S RNA
sequence within the B.subtilis ribosome). (See e.g., Table 1B, mismatches in bold).

20 Two new RBSs were designed to more closely mimic the ideal RBS. These synthetic
RBSs, named new design A (NDA) and new design B (NDB) (also referred to herein as
RBS3 and RBS4), are set forth as SEQ ID NO:51 and SEQ ID NO:52 and are aligned
with the ideal RBS in Table 1B. - |

ot henat e

Oligonucleotides corresponding to the top and bottom strands of each new RBS
25 were synthesized, annealed, then used to replace the RBS in pAN420, generating
plasmids pAN426 and pAN427. These constructions are illustrated in Figure 6. The
presence of the NDA and NDB RBS in pAN426 and pAN427 was confirmed by DNA
sequence analysis. Next, the panD genes from pAN426 and pAN427 were transferred
to B. subtilis expression vector pOTP61 as shown in Figure 7, creating pAN428 and
30 pAN429. The nucleotide sequence of pAN429 is set forth as SEQ ID NO:79.



20/ 6 I noculum SVY with Teti $ grown 24 hours. EXAMPLE V: Engi neering the
panD gene for Further Increased Synthesis of 10 Aspartate Decarboxyl ase
and Enhancegydii@gpsti on of Pant ot henate This Exanpl e descpeigsooizévs
generation of inproved ribosonme binding sites (RBSs) in the panD gene to
increase the translation of panD nRNA. I ncyggasing the translation of the
panD gene nRNA by generation of synthetic panD RBSs 15 The RBS (SEQ | D

NO 88) used to expr a .k een used
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new design B ( abfe8)s0 referred to herein as RBS3 and RBS4), are set
forth as SEQ I D NO 51 and SEQ I D NO 52 and are aligned wth the ideal RBS

in Table 1B. ucl e corre ndln oth t op rands
of each new R%bgezg 2}%& %gg? be? ’&W‘@é@’g%ﬂ"éﬁr'ai‘% t he
RBS in pANjéO generatl 26 and pAN427. These constructions
are illus ted in Figure 6. The preserce of thF NDA and, NDB RBS,i n pAN426
and pAN427 was nfi,rmed py quence S. xt, e panp genes
from pAN426 andE%MH wey e ts{uﬁghi aﬂg"y bt |lJ\|les e p?’# h vect or
pOTP61 as shown in Figure} 7, atl ng pAN428 and| 30 pAN420. e nucl eoti de
sequence of p HED—NO—TFoT WO O+ +247F72—PEFSOO 25993
-72 Notl| restrigtrm fragpents,l Eu ng the Fp coli yR®Or| segpences were
isolated from pAWH48 and pAmgf sel f-1li gatgd, fmd giped Lo §ppansform
strain PA221 to resistan et 1S. Fqur isol ag

eto es resistant to Tet 60 were

pi cked from ea(i,hmﬁsapsf,or at i op g0d asgayeqyfor| pangpt hepat goand| P- al ani ne
production al o 4 1 tra%%or nmed |5 whih the egipty becy (pOTP61)
and PA221 tran%ﬂ gstraifn PA401)| (sg€e Tapl e . Table 8..
Pant hot henat e |on bytet ybe cyltures o PAﬁzltra tormed wth
pAN428 and pAfo Pl ashi d MedH¥m oD550 Paf Rl a uppl e s g/l g/l
pOrP61 a- Kl V5 ]‘_’RN%M:_)] 0. 04 a-KIVS 12 0.6 0.04
S pAN4292 o-KIV® 11 0.5 0.04
pAN429-3 - o-KIV? 11 0.6 0.05
pAN420-4 # a-KIV® 12 0.8 0.10
pOTP61 o-KIV? + Aspl? 11 05 0.08
pAN423 o-KIV® + Asp!? 12 0.9 1.32
pAN428-1  * | o KIvd + Aspl? 12 0.8 197
pAN428-2 o-KIV° + Asp'0 12 0.3 1.51
pANA428-3 0-KIV° + Asp'? 12 0.9 1.02
pAN428-4 o-KIV° + Aspl? 1 0.8 0.30
pAN429-1 a-KIV® + Asp!® 12 | o8 1.78
pAN429-2 o-KIV® + Aspl0 12 0.3 1.66
pAN429-3 a-KIV® + Asp!? 12 .08 1.78
pAN429-4  # a-KIV> + Asp!? 13 0.8 2.28
UND: Below the limits of detection. * Renamed PA402 # Renamed PA403

When grown in medium supplemented with a-KIV at 5 g/l (a-KIV?), the
pAN428-1 transformant and all four of the pAN429 transformants produced more



PAN423 a-KIV5 10 0.4 0.04 pAN428-1 * a-KIV5 12 0.6 0.04 pAN428-2 a-KI V5
11 0.5 0.03 pAN428-3 a-KIV5 11 0.3 0.03 pAN428-4 a-KIV5 10 0.1 UND
PAN429-1 a 2,0.6 0.04 pAN429-2 a-KIV 5 11 0.5 0.04p a- K[ V5
11 0.6 O. 05w%/§Né25 4 # a-KiV5 12 0.8 0.10 pOTP61 a- K1V5 + 'Z@Hﬁ'g%?? 0.5
0.08 pAN423 a-KIV5 + Aspl 12 0.9 1.32 pA§i28-1 * a-KIV5 + Aspl 12 0.8
1.97 pAN428-2 a-KI1V5 + Aspl0 12 o 8 1 51 'pAN428-3 a-KIV5 + Asp 10 12 0.9
1.02 pAM42S-4 a

AN4291aKIV5+As 12 0.8
1.78 pAN429- 2P *‘é“lﬁ?“-“%‘eé‘“ﬂ dg@%gldl “SEEP“BS aF"R‘F‘\‘)é“grheﬁL“ﬁels 12
0.8 1.78 pAl\m@snanatqademb@(ylasmmy 1When smzmz@mgmn ggplmmmviﬂn el of

detection. * G rfond 0P th# Bﬁﬂ%‘&fb rﬁd&%cécﬂn&% hitBthenate

Zi‘f’p'fﬁﬂfnéfedtﬁ%%&a@%wgﬁm%@' Vt%tfemw?t e AR Ry T 20

PCT/ QS00/ 2589 3transfofrBantpprothecetl sigaifieartiy awore| plaRine Oltan did A0t Trig possitle tises e
transformants @EpfRidp- M@faroh@éé& bitm e P%?@éa%sél%:ﬁ&%&ﬁpﬁ%ﬂﬁﬁété vity.

When grown in nmedium's t

DANIZS. or AN SR ABRTEITED: st Y atmamiad besehe Raneme S imihadior
However, the pthmza'almtransforrrant and all four of the pAN429 5
transformants produced signific | n did PA401. It is
possible that the ﬁ%@égé’g“i'@ EIP‘S‘WF‘L% g’%@%ﬁﬁg‘ﬁg] %ﬁ%@e%&lﬁa&éaﬁ causes

i nhi bi ti on 16f Wmmmfmams oebnctenamed P4402rand PA43, yespatinelpnThese ey
a?ggg‘éggtfhgeﬁ St IeveI ?ﬁY'xﬁé&hﬁﬂn%e!eﬂx &@%ﬁv&ﬁ&u@&rﬂ&neﬁés gid ai ns that
!toransformants gﬁéﬁ‘yédlf‘ér 5% %‘@gﬁlﬁgﬁ%% OiIL'WE’géNZI\?%d
strains were gmcmnmlsx Mes@dpfﬂmmmlmn&eaad\mﬂblw&rl ous i nternedi at es
and reassayed for pantothenate and f3-al anine production. PA221 and PA401

wer e i ncl udsd 7 £0Nt * Glsrorkbifte pRFHdoR o PAVEAYSANS 1P ribe GRRHLE 1 1

Strain Medium ODss0 Pan "B-Ala Val
Supplements g gl g/l

PA221 | o KIV® 79 UND | UND 0.9
PA401 a-KIV® 8.7 03 0.04 0.9
PA402 aKIV® 8.5 0.5 0.04 09
PA403 «-KIV? 94 | 07 0.07 0.9
PA221 | aKIV: +Asp® | 98 0.4 0.11 0.8
PA01 | o KIV?+Asp® | 9.1 0.8 1.15 0.3
PA4D2 | o KIV® +Asp!l | 94 0.8 2.02 0.8
PA403 | o KIV +aAspl? | 97 0.7 2.40 0.8
PA221 Pantoateg 39 | uND | UND | 02
PA401 Pantoate; 8.7 03 0.02 02
PA402 Pantoate; 10.6 0.5 0.02 02
PA403 Pantoate 10.5 0.7 0.02 02
' PA221 Pantoateg + Asplg 9.5 0.4 0.06 02
PA401 | Pantoate; +Asp;o | 92 22 0.62 02
PA402 Pantoates +Asp, [ 91 2.8 1.17 02
PA403 | Pantoate™ + Asp 10.2 29 1.58 0.2




15 Tabl e 9. Pantot henate producti on of PA402 and PA403 in test tube
cultures. Strain Medium OD550 Pan R-Ala Val . Supplenments g/l g/1 g/1 PA221
a-KIVvs 7.9 WidlneiNE2 0. 9 PA401 a-KIV5 8.7 0.3 0.04 0.9 PAM2useekdsnd 8.5 0.5
0.04 0.9 PA403 a-KIV5 9.4 0.7 0.07 0.9 PA221 ac KIV5 + Aspl0 9.8 0.4 0.11
0.8 PA401 a-KIV5 + Aspl0. 9.1 0.8 1.15 078- PA402 a-KIV5 + Aspl0 9.4 0.8
2.02 0.8 PA403 a-KIV5 + Asp 10 9.7 0.7 2.40 0.8 PA221 Pantoate5 8.9 UND
UND 0.2 PA40IUNBnBdatvahe IBmifs 6f.d8tebtidi? 0. 2 PA402 Pantoate5 10.6 0.5 O. 02
0.2 PA403 Pantoateb 10.5 0,7 0. 02 0.2 PA221 Pantoateb, + As

0.06 0.2 PA401 ParWhangsown inygediurp supplenented wihpeithero- KﬁAmé’an@meoé’ﬁéQh Asp
10 9.1 2.8 1. lahd®AZ303 prvdickdSipmifivantBbmorepaint oﬂ:@nawthan didPAUODS AL b&‘oﬂ%&bﬂ 21772

PCT/ US00/ 2599

nmedi um suppl eﬁteb%?géé’ﬁ‘d}d?%nd g&%@%&&%’@?g}l lhﬁf foa %I"hﬁ‘?\l‘b%’\m gn’%ﬁo
produced si §ni SPWa R Medivm supniemea thea-KTVhand Aspd, they did nopprogugesr e, even
t hough PA402 %Mﬁﬁnweméuﬁgﬁtah@ﬁtet IHowelvery whet groWn ad ﬁedhﬁﬁ supslemééd 1

when S 97 oW LBl BHAN U R AN fhy %*&byg,m%q {fan Vaﬂgxrd' d not

produce a propor I NCr ate In t hena en grown in
nmedi um suppl enkéatothgnatpthap PA4A1 @h@‘é@3&|’/ul§°fA§$10 both PA402 and PA403

L “can be-concl udeqt T aRevTuEE EoRBaR ahet et e iy MO MOH° Nop:
10 panD ri B8s mDaibmrmgbmdmesltesemgmmmth&M@Hdemm, lead

respectively, fbomnfeaséddeldldofessapeie RYAbSxyRise ARyt at e decar boxyl ase
activity. Increasing the .translation of the panD gene nRNA by generation of

synthetic panD RBSs WI t h| n the anBCD operon 15 The native B.. subtl lis
panD gene ri bokgeasing the lafia REEPD (g 1 kg b etic pefdnd i n
t he P26panBCD mr@m,ﬁmspmga)@ﬁ@sﬁnt I n PA221 (and in ot her
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The native B. subtilis panD gene ribosome binding site (RBS) (SEQ ID NO:43),
which is found in the P2gpanBCD operon cassette present in PA221 (and in other
engineered pantothenate productioh strains described herein), is shown in Table 1C
aligned with the ideal ribosome binding site (SEQ ID NO:47). The alignment shows

20 mismatches between the native B. subtilis panD gene RBS, which is located within the
coding sequence for PanC, and the the ideal RBS. Three new RBSs (within the P26
panBCD operon cassette) were generated to increase translation of the panD gene
mRNA and to yield increased synthesis of aspartate decarboxylase. These synthetic

- RBSs (termed NDI, NDII, and NDIII, also referred to herein as RBS5, RBS6 and RBS7,

25 respectively) are set forth as SEQ ID NO:55, SEQ ID NO:56 and SEQ ID NO:57,
respectively) and are included in Table 1C. It should be noted that although changes in
the panD RBS within the panBCD operon also changes the C-terminal amino acid
sequence of the PanC protein encoded by that operon, an alignment of known and
suspected PanC protein amino acid sequences showed that the sequence of the last nine

30 amino acids of the B. subtilis PanC protein could be altered without affecting any
conserved amino acid residues indicating that such changes should not reduce
pantothenate synthetase activity or expression. The new RBSs were synthesized and

~ incorporated into the P,; panBCD operon expression cassette as follows.

First, PCR primers were designed to contain the following elements: (1) a
35 nucleic acid sequence encoding the first five amino acids of PanD up to and including a
unique BsiWI restriction site that had been previously introduced into panD by PCR; (2)



engi neered pantot henate production strains described herein), is shown in
Table 1C ali gned with the ideal ribosone binding site (SEQ I D NO 47). The
al i gnment sRoyg,49,,m smat ches between the native B. subtibbspg@nkegene RBS,
whi ch is | ocat ed Wlthl n the coding sequence for PanC, and tIHe the i deal
RBS. Three new RBSs (within the P26 panB@g_operon cassette) were generated
to increase translation of the panD gene nRNA and to yield increased

synt hesi s of aspart car | ase. These,s terned NDI,
NDI I, and NDI | Ps‘°§|°€éfnrfg’fwﬁb &) #blenst prs symer ',“&eﬁé@"gﬁi’ gycleig geid
res pect ively) aequescethatiog 100% demiitf)wiih M&-ﬁwﬁﬁ@fﬂﬁp&@%&ﬁﬁ@ﬁ@&@ NO 57,

t I
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synt het ase act beentd]gesued with u’@abarﬂm'marhihmmlﬁaﬁﬂasmdsewaqnmmispm land
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and i ncl udi ng aammwﬁsewh nepgilasngd wesicanfitreed HydPNAaelqusaeing.pr evi ousl y

I ntroduced i nto panD by PCR; (‘i@‘"& 01/21772 PCT/ US00/ 25993 -75, a, stop
the.mefifig

codon for panC, (3)Ngft AR eg?mp(ﬂ?%sygreggmgﬁwmd eic
acid sequencetﬂe@anbgeﬂﬂ@%mgﬂreturﬁque\ﬂstm qastnﬁian[sﬂe r Basrwas accoraplzhed byRBS. The

and NI 11T b0t %‘Qﬁp B 1orkton Bfoaty ST AN L IAPRE sl ¢
used in conﬂ negﬁg??wdtq smﬁ%ﬁgsp%’{% I\/Wﬁtg‘fp%ﬁf{?ﬂnﬂ’i‘ near the
start codon of pphmﬂ), whmhtshmémd Mﬁ&hﬂwﬂiﬁe@ﬁﬁw g@ac tI'hcm sonstructeme resuleedt he
NDI, NDI I, andji\iphsnl selthiivel | €d,

di gest ed vm th Xba ed. | nt ct or BA3 .had
been di gest ed W‘F‘kﬁ &@ﬁ'{ﬁg’rﬂp ‘Tﬁ?g?’} @%‘F?r ﬁﬁ é?%ﬁ?%%%%%ﬂm:%
1, pAMA32, anebtyﬁmh@ﬁ'nﬂﬁeN@tSﬁst ruction of pAN431 is illustrated in Figure
8 and is 1Q, repres ative hree m.d cqnstru t|o The presence
of the desiv’ed syntﬂb‘tqe}?’p ﬁé sl?fewtﬂéwoﬁeaﬁ 6%%? PPEGRT i r med
by DNA sequencexpgessitie xassetielae follodss.f Feﬂmdalbtrgmwsmoo ntugstion N@udhhenomﬂh@a nD
R.BtSS were jorn Reiolf o Panct ExptamARDN eﬁﬂfnmslw&lcfeama hmgwagg&xsﬁ»&t sq\;st riction
site. i s was  ac 1 S0 opri ate
restriction fr ﬁ@ﬂ%@gﬁwﬁ] KIZP\% ‘%ﬁf%ﬁ@ﬁ@%@ tgséi% ating them
with a 2395 bpfrmaltﬁblch\ﬂsnownmmgm& mdaljmﬁaﬁdtbmb epd\bﬂmp wWhisch suppl i ed
the BsiW nidi frh@flenpdadlightiasvithAACHAI-BAMHI fed@ictic BaghRathrdif Plasmid pECC4,

which contains the chloramphenicol acetyl transferase (car) gene. The 5' extension

produced by Aval digestion is compatible with that produced by BspEI while the Bglll

and BamHI extensions are also compatible. The resulting plasmid was named pAN440,

and its construction is illustrated in Figure 10.

30 ~ The resulting deletion-insertion mutation was crossed into the P25 panBCD
operon via homologous recombination by transforming PA221 with linearized pAN440
and selecting for resistance to chloramphenicol on Cam® plates containing 1 mM
pantothenate. Several fransformants were tested, and were all found to require 1 mM
pantothenate for growth, as expected. Two of these transformants were remaned

35 PA408A and PA408B and were assayed for pantothenate production. Neither strain
synthesized measurable quantities of pantothenate, even when grown in medium



in plasm ds pAN441l, pAN442, and pAN443, respectively. A representative
construction (pAN441) is illustrated in Figure 9. The nucl eotide sequence
of pAN443 | womeh7ieorth as SEQ I D NO 80. 20 The newpanD geowuStafsesser e t hen
substituted into the P2epanBCD operon expression cassette as foll ows.
First, a deletion-insertion nmutation whiclér-enoves the region of panC
contai ning the panD RBS was created. This was constructed by digesting

P o o ko el . BRI Sl A
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pl asm d pECC4, panﬂﬂmmwmﬁﬁrmfotdmgmos svith ieedrized pANd4 ) pANdd2\ahér ase (cat)
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transformants mrmadnmssaibleandamrle) all found to require 1 nM pantothenate
for growth,;;as expected. Two of these transformants were renmaned 35 PA408A
and PA408B and ass ?5&{:8 r j strain
synt hesi zed rreg\éﬁ% g%l e %aglgattil@?tg 0 %%ﬁﬁéga?g?%%g%%k&l%gm in

medi um WO 01/ 21772 PCHl USOQ 25993 -76 coptai ni ng pant gate and P-al ani ne at
5 g/l, indicatingeifat] tigs s{rai Redif delioDEPt| | Pan P né%’penate

synt het ase activity. xt, the dirpl RBSS Werle gyosse nto the P26
panBCD operon by trandform ng 8 with |inearijze pA 4 pAN442, and
pAN443 plasm d DNA and Serecfing 1or grown on 1 €S vmthout

pant ot henate 5 R42pl erfematvei On. PantaeNsT of matl on vumm I|i oo i zed pAN4A30
(including the native jpanD RBS) was included asi a conffrol -and was expected
to give rise to transflormant$ identical to PA221 descHi bed herein. Four

i sol ates from eB&HOtr gnostivennt | oPanigeteg assay®d florUNBant 8NBenat e and

a- al ani ne produBM‘@T? ifln SVY medi Batostsppl eErentZed WWNDvar s i nt er medi at es
(Tables 10 and BA410-31Q Tabl e| 10. Pﬁ“&ﬂ?g)t hepat B prlodéf¥®i on WP pA410 - PA413
in test tube cuPMiPds.| straf{n REEStRIEdi un| D50 [PAMNR; | AUND suppl enents g/ 1

g/l PA221 nat i-ve—Rantdate5—11 LIND UND - PAA10-1 i Pant gate5 12 UND UND
PA4IL-1 | NDI Pantoateg 12 023 | UND
PA411-2 Pantoate 5 12 0.20 UND
PA411-3 Pantoates 12 0.19 UND
PA411-4 Pantoate 12 UND UND
PA412-1 | NDII Pantoateg 12 UND | UND
PA412-2 Pantoate 5 11 UND UND
PA412-3 Pantoate 5 13 0.18 UND
PA412-4 Pantoate 12 0.18 UND
PA413-1 NDIII Pantoateg 12 0.18 UND
PA413-2 Pantoates 12 0.17 UND
PA413-3 Pantoate5 12 0.16 UND
PA413-4 ' Pantqate 12 0.17 UND

UND: Below the limits of detection.

15



PA410-2 Pantoate5 12 UND UND PA410-3 Pantoate5 12 UND UND PA410-4

Pant oate5 12 UND UND PA411-1 NDI
12 0.20 UNDwdddsi#n3 Pantoate5 12 0.19 UND PA411-4 Pant opg
Pantoate5 12 UND UND PA412-2 Pantoate5 11 UND UND PA412-3

PA412-1 NDI |

Pantoate5 13 0.18 UND PA412-4 Pant oateb5

Pantoate5 12 0.18 UND PA413-2 Pant oateb5

0.16 UND PMl%B%QePﬁntoqﬁag
01/21772

R

Pantoate5 12 0.23 UND . PA411-2 Pant oat e5

06s0dss50bIND UND

?‘?_O. 18 LIND PA413-1 NDIII
2 0.17 UND PA413-3 Pantoate 12

Y i% R8¢ b CulirsireR

e R g

detection. 15 PCT/ U 11. Pantot henate
production of PA410 -y P,4 413 in test tubge cultures. |Strain RBS Medi um
OD550 Pan Pi Al g¢raiuPPli@®ent s 9/Niediidal PMZéngﬁtivpa,Pa t@_ e5 + Asp 10 11
0.3 UND PA410-1 native Pant oagsppletmensP 10 1 .4 giND %‘1_0-2 Pant oat e5 +
Asp 10 12 0.4 UND PA410-3 |Pantoateb + Aspl0 12 0.4 UND “PA410-4 Pantoate +
Aspl0 12 0.4 UND PA4TTI- Pantcmeg HASPIO I3 L. [ 0.4 PA411-2
Pant oat €5 +ASp1PAZS3 1| RatRed] PadddP~Aaspihtfpatie5 [+ ASpl) URDL. 8 0.3 PA411-4
Pantoate5 + Asp 10 13 0.4 UND PA412-1 NO | Pantoate5|+ Asp 10 13 0.4 UND
PA412-2 Pantoate5 + Asp 10|12 0.4 UND1 M 12-3 [Pantoafe5 + Asp 10 12 1.6
0.3 PA412-4 PXAttRaL g5nativeglp Piﬁtoal§+1As'§1£ 2 1PA41304 NHDI UND Pant oate5 + Asp
10 13 1.6 0.3 PAAMER-12 Pant{odantsates /4 1 1321./6 Q44 | UND

PA410-3 Pantoate + Asp, 12 0.4 UND

PA410-4 Pantoate™ + Asp 12 0.4 UND

PA411-1 | NDI Pantoateg + Asp:g 13 17 0.4

PA411-2 Pantoate + Asp, 13 1.7 0.4

PA411-3 Pantoate5 + Asp1 0 13 1.8 0.3

PA411-4 Pantoate” + Asp 13 0.4 UND

 PA412-1 | NDII Pantoateg +Asp:g 13 04 | UND

PA412-2 Pantoate 5 + ASp10 12 04 UND

PA412-3 PantoateS + Asp1 0 12 1.6 03

PA412-4 Pantoate™ + Asp 12 1.5 0.2

PA413-1 | NDII | Pamtoate) + Aspi0 | 13 1.6 03

PA413-2 Pantoate, + Asp, ) 13 1.6 04

PA413-3 Pantoate5 + Asp] 0 13 1.7 - 04

PA413-4 Pantoate™ + Asp 13 1.7 04

UND: Below the limits of detection.

As expected from previous experiments using PA221, none of the transformants

that contained the native panD RBS produced measurable quantities of pantothenate
when gfown in medium supplemented with pantoate. However, nine of the twelve
transformants expected to contain modified panD RBSs produced significant quantities
of pantothenate (160-230 mg/l) under these conditions, indicating that they possess

10

elevated levels of aspartate decarboxylase activity. When grown in medium

supplemented with both pantoate and aspartate, these same nine transformants produced
approximately four times more pantothenate than those with the native panD RBS. In
addition, these nine transformants accumulated measurable quantities of B-alanine (230-
410 mg/l). All transformants produced roughly equivalent quantities of pantothenate

15

contains a functional pantothenate synthetase.

when grown in medium containing pantoate and f-alanine, demonstrating that each
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/1) in 24 houte® ?ég]tmi“ﬁb‘é“@i&f‘l“l}?é‘ée Paqpa '15/&23?6'%3 ?}IIZ@G‘]FEO contain an
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plasmd in ddltlon to t

met hodol ogi2 s ﬁf’ls‘F‘?ﬁ? Pﬂ&&ﬂ#ﬁﬁ?ﬁ%ﬁ@%@ﬁﬁ%#@@%m ain a single
exanml o, wi t hogt " arl QS?’I“@. %?‘Qapﬂfz‘%?‘rz@%f @EE%QBm?%ﬁggﬁnsmﬁ?é‘?%ﬁ%ch a

strain was geneyemesgmakseuances just upstisamand jshagmng theLos gark agsetteom
PAN236 by i nseThdsegddititahal sequentes, which provide homology to allow integration of the P4
pankEl cassette at panE] by double crossover, were obtained by PCR from chromosomal
25 DNA as atemplate. pAN251 is shown in Figure 11. The nucleotide sequence of

PAN251 is set forth as SEQ ID NO:81.

Next, a strain was constructed which allowed selection for the incoming P25
panEl cassette. The strain included the following three components: (1) P25 panBCD;
(2) 4panEl; and (3) ilvC, since both panE} and ilvC must be mutated to have a Pan”

30 phenotype. The starting strain was CU550 (trpC2, ilvC4, leuC124). The Py panBCD
cassette from PA221 chromosomal DNA was introduced in two steps to create strain
PA290. Next, dpanEl::spec was transformed into PA290, using chromosomal DNA
from strain PA240, to give strain PA294 (trpC2, ilvC4, leuC124, P1s panBCD,
Apank1::spec), which is a strict pantothenate auxotroph. Finally, PA294 was

35 transformed with plasmid pAN251, selecting for pantothenate prototrophy, to give strain
PA303. This strain was expected to have the genotype trpC2, ilvC4, leuC124, P34



chronmosomal sequences just upstream and just downstream fromthe P26 panEl
cassette. These additional sequences, which provide honology to allow

i ntegration weihenP26 pankEl cassette at panEl by doubl epgf/gsmpyas. were
obt ai ned by PCR from chronosomal 25 DNA as a tenplate. pAN251 is shown in
Fi gure "11. The nucl eoti de sequence of pAN331l is set forth as SEQ I D NG 81.
Next, a strain was constructed whi ch al l oned selection for the incom ng P26

pankEl cassette oW n hree c ent (1)

- P26 panBCD; "%%%’?Ef "%ghgﬁ‘%%j ?P&gtegl th ?ﬁ‘fsmgﬁ%"‘f ﬂi,«ng
mutated to havewaE enshy meulhgmsfermmnstmsre@mw@a(rﬂ pC2
II;/C4d |93C124)I‘he ﬁbfp?eﬁtmﬁ%owmt ECRD AWk & BoRBRRATIss BhheaS

i ntroduced in S 0.,.Cre str a ec was

t r ansf or ned |n§>§ﬁlﬁ&(§§§ gd; BMMF“WS‘SFP%ﬁ&ME%nbM(%E to give
strain PA294 (desired douulw@nssoveea@mﬁurﬂagmq;amm “@pmﬂyclm@qswyve whichh is a
sltrl Ctdloam\l gg fllmo&J oﬂéfiéﬁé}it"vﬁm*ﬂae &Mdonble%%%mt tn@é&pﬁ@s{é&ft@iﬂﬁﬂ Bt@nth |
plasmd p se in a en ot o rop o strain
PA303. Thi s ot MR AR ST E%fg:g?“ﬁe b vg?%tﬁsﬂga%;; ;ﬁ; Sides Feuciza,
P26 WD 01/ 2177 auipgpphiesdicym g parent shyinyuereabmamtaineddm A303 was checked
for the correct chrﬁzﬁpma]l “,lé ture at .the “b‘* I n
primers that flank 1o hosgliq éﬁtﬁﬁ"ﬁbﬁg‘ﬂ s?‘g@ “°f5£"§ ﬁﬂﬁa‘e?ﬂs?
product fr ok PnﬁmtqmwfasvaexMEAZ%zadahdut'mgeasmmbasf‘ml which of the

PCR product f r ggestaBfcomdifledeitiRbre® pitE1 8 Hificateddn Thile €At W th having obt ai ned
the 5 desired double crossover event. Furthernore, PA303 was tetracycline

cvent. a5 oppoldliefd a ¢ S"%%e?gg;oqgﬁfgg b l'gbrgd d°”%@%er£%“§2 i nto

the chronpsgne. The trp""f1 T EoNG f”l’f@ ‘parent strain

were all meintained in PA303 L& _%LLL.d_S)ALL.e_sL t ube cyl '.tures

PA303 produced al nost the sane as positive

control PA236, and about tw ce as rruch as PA? WhICh does not contain
engi neered panEl as |nd| cated i ‘Ie 12. %e 12. nt ot henat e
production by 24 hr. test tube c |2es of PA 3 and ¢ ntrols grown in
SVYplus 5 g/1 a-KIV and 5 gll 1 gne tsr ai n CI%GQO[pan] g/l PA221-1
10.9 0.85 PA221-2 10.5 0.85 P 9. 5 1 PA236r# 9.3 1.70 PA303-1
10.8 1.66

PA303-1 10.8 1.66

PA303-2 10.7 1.61

EXAMPLE VII: Generation of Microorganisms Capable of Producing
Pantothenate in an a-KIV (or Valine) Independent Manner

20 a-ketoisovalerate (0-KIV) is a rate limiting intermediate for pantothenate
production in certain strains deregulated for pantothenate synthesis. Addition of either
a-KIV or valine at 5 g/l increases pantothenate production about 5-fold in test tube
cultures with strains such as PA221. In order to alleviate the need to feed either a-KIV
or valine, strains were engineered that have an increased capacity to synthesize a-KIV.

25 a-K1V is produced in B. subrilis from pyruvate by the sequential action of three
enzymes encoded by four genes, ivB and ifvN, ilvC, and ilvD. In a wild type B. subtilis,
three of the genes (ilvB, ilvN, and ilvC) are the first three genes of the large ilv-leu
operon. The fourth gene necessary for a-KIV synthesis, ilvD, is located by itself
elsewhere on the chromosome. The B. subtilis ilv-leu operon is thought to be regulated



PA303-2 10.7 1.61 EXAWMPLE VII: GCeneration of M croorgani sns Capabl e of
Produci ng Pantothenate in an a-KIV (or Valine) |ndependent Manner 20

a- ket oi sovatveyodkerita-KlVv) is arate limting internedi at epd@usopapbpt henat e
production in certain strains deregul ated for pantothenate synthesis.

Addition of either a-KIV or valine at 5.gpL i ncreases pantothenate
production about 5-fold in test tube cultures with strai ns such as PA221.
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a- anyl ase, and |s a usef ul Iocus for |nstallyng expre55|on 10 cassettes
The resulting pP% pr 9 RE lgonerRrae sag! ALIEUCINe DrotoRED | eot i de

sequence of pAN2 t | stabl e
t ransf or man 5S Ofn'ﬁ‘agﬁc r%gé%@g%@%élgn%%%ﬁm; &agﬁg%l r?%x‘g rains,
as descri bed ﬁlngla&m'qf%emﬁl l@emmqsememtb@nwp&emm@'qupﬁ%m. ng
strains that agenel e’uedciieﬂqaﬁmmwasp&ﬁmwtd selett fat thy incAmbhg B pinB I casssite ai n

contai ning |1 vEdadRd HARFnuliion SRR bl Bl nerdle kS pRpY aYfaff 10

panEl into the Chr oo ene. The
doubl e mut ant D#ReddA0rveas ob@l@éwe@@mmeﬂlv?ﬁ@bw%ﬁmbw dox EYP%’&Mte
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for this type o cons SO0 contail
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Accordingly, the two cassettes were combined in two different strain
25 backgrounds, RL-1 and PY79. To introduce chromosomal Pzs panEl into the PY79 and
RL-1 strain backgrounds without using an antibiotic resistance gene, a strategy was used
that did not rely on ilvC4. (The Strategy took advantage of the observation that the
. dpanE] mutation causes a pantothenate bradytrophy, manifested by relatively small
colonies on TBAB (rich) plates). First, 4panB::cat and dpanE::spec were introduced
30 into both strain backgrounds. Next, the resulting strains were transformed
simultaneously with DNA from two strains, PA221 (P25 panBCD) and PA303 (P2
pankEl), selecting for Pan™ on TBAB plates. Colonies of two distinct sizes grew on the
selective plates, with the larger size comprising about 2% of the colonies. The larger
colonies were presumed to represented co-transformants that received both P,s panBCD
35 and P pankl, and that the smaller colonies had received only P,s panBCD. Consistent



panBCD and P26 panEl was favorable for pantothenate production, the next
step was to reassenble this conbination of two cassettes in a |eucine
prototroph. wespehngly, the two cassettes were conbi ned pRyti¥danshod f er ent
strain 25 backgrounds, RL-1 and PY79. To introduce chronosonmal P16 panEl
into the PY79 and RL-1 strain backgroundgijw thout using an antibiotic
resi stance gene a strat egy was used that did not rely on ilvC4. (The

strategy took a age, of t obse vat ankl tatio causes
a pant ot henate“ﬁ P‘%g’ﬁﬂ?/“ “Wgﬂﬂmwsbﬁpﬁmﬁfh% g%ﬂ‘?"l’ }‘gg

TBAB (rich) pl ablem):shdéﬂos;bnlyd\uwntenepaﬂretandedd!ghasﬁcgcmqoéﬁurﬁmm, at roduced 30
into both straigy,d &%qmvehpﬁrwﬁa%dmwtawgr sehtRfveRFiGative 8FRE O med
Si rrultaneouslylr% ﬁ(ﬁ r.o stral 6 panBCD 303 (P26
panEl ), sel ect |1n‘&“FSBNA§£r baﬂlpf% %}hﬁt"' §am@2%ﬁ?é?“@pﬁ‘?% 'tlﬂ}egtt‘frh?ﬁﬁ‘érf’%es
grew on t he 5 sehivhtwasebqit dibas 1. 7g/k@abled3)l ar ger si ze conpri sing about 2% of
the colonies. The Iarger col-oni es- were presuned to represented

Cor ! anst or g St | SRkl RS 9B 2R B 24 t hat

the smaller colonies had receiygd 0 M ks ,p@gg@ 1005k S8 Dbl 172
PCT/ USOQO/ 25993 -81 with this preggctzlyugn t | ar ger c%/lyonl esnar{\gg 'ost both

Cam ang Sﬁed while the smaller colonies g%{;n? %Jpenl y the cat gene, and
retai ned the spgg, gene. Furt a rep e derj ve of PY79
o Eagoy . SBGdn N&lckBbiRa ¢ h ¥Rk

pr oduced the ebgyated | evel s gfypantot henatg in test tube 92! tures 5 whi ch
was about 1.6 pa3h.27/ g/l (Tabtie113). Table 3. Pant ot henatgospr oducti on of
PA327, PA328, and controls from 24 hr test tube cultures grown in SYYplus 5
g/l a Kl Yand/ 3PA23i ne. P26RIREl copy Straamplifiedled) ound nibibber [ pan] g/I :
PA221-1 RL-1 OP8282 PA221-2 Ri11 0 0.95 -Prapigied(B)-1 anpl.Tfied (-3) 1.60
PA236-2 RL-1 . anplified (3) 1.73 PA327-1'PY79 1 1.66 PA327-2 PY79 1 1.65
PA328-1 RL-1 1PA3%4l pA328-2 BY91 1 1.91 18 Thus, PA327 aHif PA328 were
concl uded to cBA¥h both P2¥JAnBCD and P26 panEl, and vke used for
further constrgxigg(o];ns as desq{bped bel ow. PFR anal ysi s colngli rmed the

presence of th cassettespy ; 1 191

10
Thus, PA327 and PA328 were concluded to contain both P2s panBCD and P24
panEl, and were used for further constructions as described below. PCR analysis
confirmed the presence of the two cassettes.

15  Installation of a stable P26 ilvBNC cassette into two lineages of pantothenate
overproducing strains '

Having constructed PA327 and PA328, derivatives of PY79 and RL-1 that
contain P26 panBCD and P26 panEl, and that are Leu’, the next step was to introduce
-stable copies of P26 ilvBNC. This was accomplished by transforming PA327 and
20 PA328 with plasmid pAN267, selecting for Spec’. Screening by PCR showed that about
85% of the obtained transformants contain P26 ilvBNC integrated at amyE by double
crossover. One transformant of PA327, named PA340, and one transformant of PA328,
named PA342, were chosen _for further study.

In test tube cultures grown in SVY medium plus 5 g/l §-alanine but without
25 added a-KIV, both PA340 and PA342 gave the expected increase in pantothenate
production over that of PA327 and PA328, to about 1.3 to 2 g/l (Table 14).



15 Installation of a stable P26 i JvBNC cassette into two |ineages

of pant ot henate overproduci ng strains Having constructed PA327 and PA328,
derivatives widof®78 and RL-1 that contain P26panBCD and Pe®/seomdsbss and
that are Leu , the next step was to introduce stable copies of P26 il vBNC.
This was acconplished by transform ng PA3&2-and 20 PA328 with plasmd
pAN267, selecting for Spec’ . Screening by PCR showed t hat about 85% of the
obt ai ned transforrnants contain P26 iIvBNC i nt egrat ed at anyE by doubl e

crossover. for A f or mant of
PA328, naned %ﬁgi We;%a"}(f!ﬁemp ? 3 yaln ol g%?iu te it %;g'%g di’g &W&T, \_7t
grown in SVY nedi um pl us 5554 oth
PA340 and PA342 gave theaﬁlff é’f:f"é‘{jw 6’?‘5 é‘# ot henate production over
that of PA327 and PA328, tq %bout 1.3 to é’ (Tabl e 01/ 21772
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[Val] g/l Straj |V - |V +,35KI V Kl V Kl V
ground PA340- LRI £’K§ ?J‘zoza&k(lo 0 %gfo 0023329 8 pv70 §883 7.5
1.97 2.03 0.40 42- 1 10.2 8 129189027078 PA342- 2
R-1 9.6 9.2 1.34 2.04 0.21 0.79 The two|new strains allso gave a slight

i ncrease in vapame-seqief i qno2i ndi gati ng{ 1phat thgol 1vF3IN@7genesohad been
deregul at ed. Heas2ex , RIAEN |9ge sane2stral n34 were2.0growmpoith 5 g4 a-Kl Vv
added, a further increase ijn pantothenat¢ production odgcurred 10 from
PA342, suggesting that ct-KIV was still rate limting in this strain
background. Si m'Iah]resuIts only with or e rom h and hence .h

pant ot henate | evel s, ins plso gayg g shght Jugreqsg i lggse(c‘FgB?én %"ngTabl e
15. Pant ot henathat ﬁndeA(C geeesrhaéhmtdmgulbtdeHQwevmmAM@ne Istyains were
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Similar results, only with more growth and hence higher pantothenate levels, were seen

in shake flask cultures (Table 15).

Table 15. Pantothenate and valine production by PA340 and PA342, both
15 containing P ilVBNC in 24 hour shake flask cultures grown in SVY with
5 g/l B-alanine and with or without 5 g/l a-KIV.

ODg00. [pan] g/l [val] g/l
Strain Back- -o-KIV  +0o-KIV - o-KIV +o-KIV |-o-KIV +c-KIV
ground
PA327 PY79 2] 22 106 3.0 0.5 13
PA340-1 PY79 20 20 35 4.1 1.0 1.9
PA340-2 PYT9 22 19 ) 3.0 2.1 0.8 1.4
PA328 RL-1 20 16 . 14 27 0.6 1.3
PA342-1 RL-1 17 16 ' 33 3.6 09 1.6
PA342-2 RL-1 18 18 3.1 42 0.8 14




PA327 PY79 21 22 0.6 3.0
PA340-2 PY79 22 19 3.0 2
PA342-1 RL- {yoleidfn3- 3 3. .9 1.6 PA342-2 RL-1 18 18 363%.0 /%9

01/ 21772 PCT/ USQOQ 25993 -83 EXAMPLE VII1: Increasingpan py

Strains Engineered to Overproduce pankEl _gnd the | vBIVC Gene Pr oducts
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P- al ani ne ms%&ﬁé‘eﬁyﬁ]t iﬁﬂ'e?’t‘ﬂ%’f‘ﬂ‘é’ %RY pmb ‘Wé‘:}a'f A Phesis. The
effect of addi@verpouiuce panhl MedvaC@anmﬂMlhmaaﬁatqthMtion in
PA340 and - PA34m.odaction<am ned. Strains PA340 and PA342 were transformed with

chronosomal DNA isqlated from PA4D1 with eIe I on .on at cotalnlng 15
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Tabl e 16. Anal%%agslvg%l%@rﬁsmmem‘tﬁséﬁﬁa{eaemetranm% W@W%pf a| ns ( PA340

25 and PA342) chfotosorialDINAl isolutddifeoni edoh etfaih Odnfit@spthat the GereghidddpakBl gene
Pant ot henat e Wa@%ggﬁéeﬁ @ (gA404 and PA405 in shake flask cultures after
24 hours Strain drum 80 Pan RAla Val Supplenents g/1 g/1 9/1 '

20 ~ Next, PA404 and PA405 were evaluated in shake flask cultures which were
grown in SVY medium containing maltose as the carbon source and supplemented with
various intermediates. The cultures were grown for 24 and 48 hours and then assayed

.3 PA340-1 PY79 20 203541 1.0 1.9
1.

0.51
.1 0.8 4 PA328 RL-1 20 16 1.4 2.7 0.6 3
6 0.9

for pantothenate, B-alanine, and valine production. The results of this experiment are
presented in Table 16. Analogous shake flask culture data for the parent strains (PA340
25 and PA342) are included in the tables for comparison.

Table 16. Pantothenate production by PA404 and PA405 in shake flask cultures

after 24 hours
Strain Medium ODgoo Pan B-Ala Yal
Supplements g/l g/l gl
PA340 none 20 0.4 <0.1 1.0
PA404 . none 22 1.8 <0.1 0.7
PA342 none 19 0.3 02 0.7
PA405 none 19 14 04 0.5




PA340 none 20 0.4 <0.1 1.0 PA404 none 22 1.8 <0.1 0.7 PA342 none 19 0.3
0.2" 0.7 PA405 none 19 1.4 0.4 0.5 WD 01/21772 PCTI USO0/ 25993 - 84 -.
PA340 13-al wome?728 3.6 3.2 0.6 PA404 (3-al ani ne5 18 2. Bchudeodssss PA342*
(i-alanine5 17 3.3 3,3 0.5 PA405* (3-alanine5 19 1.3 6.5 0.6 Values are

t he average of duplicate flasks except wh@de indicated by In the absence of
any nedi um suppl enent ati on, PA404 and PA405 made four to five tines nore
pant ot henat e i np&3%ohdur s heigr ijsogeéni f prerft e ains 5 (Table

16). The suppl ypgdoa( 3 I 5.1 hq parent strains
PA340 and PA3434pddli Patdy i|ncrggased the

supply of (3-al J ] thes B sytH s ilvD Gene
Enhances Pant ot]ﬁ\ghgte guPate expregsion of the ilvD

gene, standare > ilm—,i—ﬁ-t-eg-ﬁate t he
constitutive P¥ e | nydi‘ng site, RBS2,

just upstreamof the ilvD coding region. The ilvD gene maps by itself,
unlinked to the il vigihe £86Hce bf arly rhédium Supplemdabitio® P AM04 @hd PA20hade four to

h h ' h | di ' d. 730. b
crommsore g GA0 S Se e L1t g DR R
vector call éd (Raklells). The syppli ofB-alaning wag clepdy/limifing imthe patenigains PA340rand ng

advant age of appadairadditiRampiiti€d P2Spariingtdtyanaredsed 1he sujiply ofB-aldnike. gene
pronoter, and a natural Ncol site at the 1lvD start codon, an artificial

sequence containing P26 and RBS2 was inserted into pAN257 to %i ve PAN263
(Figure 14). TEMHE&K&&GF%‘%MGMWbMGW Ehances Rantethemytey | D

NO 83. In paraPksductibli h this construction, the cat gene was al so inserted
i nto pAN257,, bet we AR . ' .ke in the
m ddl e of toe iIvDeg% [ re rpge%%lﬁgﬁtgfg{/gﬁ%%Z%ﬁ&ﬁw}?%%@g&fé@%d for a

| arge portion BOVEhWergp tga%@rmawhmvse Peggromgotenaudan agtificial ikosome t he
P26 il vD cassebindinggik, RBSRjusthupstrsasi ofl theilvD eodingaegion. Phe idibgenk inapshy onosone
in two steps. 3. LK St 9‘@]}@]6 1S i t{ ansk tion,
selecting for ?ﬁ%?’g"rr% eﬁ’jﬂé%{h%%%l St ar.é%is?,g%?l{bﬁ%%ﬁfﬁ%%ﬁ??%fﬂg ang{o A

phenot ype. | n fiatcantainsihe dylicpding cegigmand 730 hpof ypsieam sequeace Waglansd by | v
checking fadrs PGRdnamyiéve nopydhbone bS péri Bl icdlj celh wektaraafléd pOKIR, aogivepthsmhidc al

structure by P Zﬁf\mmg&éfﬁt transfornmed into strain RL-1 (highly
conpetent) to §ive Strain '

Taking advantage of a natural EcoRlI site just upstream of the native ilvD gene
promoter, and a natural Ncol site at the ilvD start codon, an artificial sequence
containing P;; and RBS2 was inserted into pAN257 to give pAN263 (Figure 14). The

20 nucleotide sequence of pAN263 is set forth as SEQ ID NO:83. In parallel with this
construction, the cat gene was also inserted into pAN257, between the same upstream
EcoRlI site and a Bg/lI site in the middle of the ilvD coding region, to give pAN261,
which is deleted for a large portion of the ilvD gene (Figure 15).

Using pAN261 and pAN263, the P, ilvD cassettc could then be installcd in the B.

25  subtilis chromosome in two steps: In the first step, pAN261 is introduced by
transformation, selecting for chloramphenicol resistance, and then confirming an Ilv’
phenotype. In the second step, pAN263 is introduced, selecting for Ilv*, checking for
chloramphenicol sensitivity, and confirming correct local structure by PCR. .

PAN261 was first transformed into strain RL-1 (highly competent) to give strain
30 PA343 (dilvD::cat), and then chromosomal DNA from PA343 was used to transform
' PA340 and PA342 to Ilv" auxotrophy, yielding strains named PA348 and PA349,
respectively. Chromosomal DNA is inherently more efficient than monomeric plasmid



30 PA343 (AilvD::cat), and then chronobsomal DNA from PA343 was used to
transform PA340 and PA342 to Ilv auxotrophy, yielding strains named PA348
and PA349, wiEewpashi vely. Chronosomal DNA is inherently npd@udbhdesd ent than
nmononeric plasmd WO 01/21772 PCT/ US00125993 -85 in transformng B.
subtilis. Simlarly, pAN263 DNA was transgecned i nto PA343 (noderately
conpetent) to give strain PA345 (P26 iivD), and then PA345 chronosonal DNA

PASTA and. passih Englomuie B dpQl Siatamy, pANasY AR sRmies e PALTY 1 o
i ncreases in p@mtbmtﬁénmﬂept)wmcmnPA&%ﬂfmﬂVD), #d thenP AB4§ chromiosorhal s t

‘tube cul tures DNAWRasiBed W YraRifbiEn PASAY and PA32D ﬁm\” ﬁcﬁihs’ Yididing s@aihe 17.
oduct j of by PA374 and , contarning P26 10

F?CtDOt gﬁgazgnt g%zl‘aa“fi%iégi’ﬁ? pf%’é'f’ tube cul tures gr own in SVY with 5 g/1 /3-
al ani ne andgw t h Of%@&u& P?B% mﬂ(ﬁ%eg&ﬁ%&gﬁ%ﬁ%ﬁg/ 1 St ra| n

Back- |IvDstatusa aKUVa 79 w. t.

9.0 2.14 2.23 U°§%°“e“aé‘babq§h%§z§°%9 teﬁbtubegtflmﬁgyownévdfglgségﬂﬁro 19 o 91
PA374-1 PY79 Pslénind (TBbl817).7. 3 2. 93 2.40 0.58 0.87 PA374-2 PY79 P26 i 1vD
8.2 7.7 2.99 2.36 0.60 0.95 PA342 RL-1 w.t. 10280129189027078

PA349 R 1 Bt 92 Bkl ik Rt ,f%% wgsﬂﬂlc g5, 10
e culigss

9.6 9.6 2. 2.03 0.65 064
0.97 In thgaabsence of %’ﬁﬁffﬁwg %ﬁn%o;i% arﬁ%sgg duced

only 15 about 0.2 g/l pantot enate In test tube cul tures, indi catlng t hat

PanD activity is significantly r t(ﬁ) 6mt| o alle N;]e this
limtation, the anplifiable P26 pm
i nstalled. PA401 chronosomal DNA

ﬁn?_om str PA401 was
354,
selecting for Swin atBdk- NUHD stdn@ |l St r JigBIVPA377 daKIPA365,
respectively. After 2godndansformarfts wer e+ oldt ai ned, +t he

strai Rs were

- streaked on plates containing 30 gnd 60 ng/|l tetracycline to reanplify the
copy nunber ofPAXMe P2BYISanDveasset|t%2 i ntegr gteld at 2Be|0Bpr 0®0us. I n test
tube cultures grown in SVY wthout{ a-KIV or |(3-al ani ne{ a substanti al

i mprovenent i nPAsBt ot R¥Wat eleer § 187er 10dbgd-18f PA334| BAY PAMA was

obt ai ned
PA374-1 PY79 P2givD 9.1 7.3 293 240 | 0.58 0.87
PA374-2 PY79 Pog ilvD 8.2 1.7 299 2.36 | 0.60 0.95

PA342 RL-1 w.t. 102 8.0 1.29 1.89 1027 0.78
PA349 RL-1 ilvD::cat | 8.1 177 0.17 1.87 1022 0.88

PA354-1 RL-1 PysilvD |9.6 2.6 2.57 203 | 0.65 1.23
PA354-2 RL-1 PyivD |75 82 248 224 | 064 097

In the absence of added p-alanine, strains PA374 and PA354 produced only
15 about 0.2 g/l pantothenate in test tube cultures, indicating that PanD activity is
significantly rate limiting.

To alleviate this limitation, the amplifiable Pz panD cassette from strain PA401

was installed. PA401 chromosomal DNA was transformed into PA374 and PA354,

_ selecting for Tet" at 15 mg/l, to yield strains PA377 and PA365, respectively. After

20  transformants were obtained, the strains were streaked on plates containing 30 and 60
mg/] tetracycline to reamplify the copy number of the P, panD cassette integrated at the
bpr locus. In test tube cultures grown in SVY without a-KIV or p-alanine, a substantial -
improvement in pantothenate titers over those of PA374 and PA354 was obtained
(Tables 18 and 19).



(Tabl es 18 and 19). WD 01/21772 PCTIUSOQ 25993 -86 Table 18. Pantot henate
production by PA365, containing anplified P26 panD, and controls; in 24

and 36 hr t@esletkhie cultures grown in SVY-gl ucose w thoutpcifsoahses ne or

a-KI'vV OD600 [pan] g/l Relevant genotype Strain 24 hrs. 36 hrs. 24 hrs. 36
hrs. PA342-1-1 w.t. ilvD 11.7 8.8 b.d. 0887 PA342-1-2 w.t. ilvD 12.8 8.8
b.d. 0.26 PA354-1-1 P26 ilvD n.d. 11.0 n.d. 0.19 PA354-1-2 P26 ilvD n.d.
8.4 n.d. 0.20 PA365-1 P26 ilvD, P26 panD 9.8 10.0 1.01 2.07 PA365-2 P26

i1vD, P26PanD 9. i 96,,2.09 5 n.d. = determ ned...b.,d. = bel gw
det ecti on Tabliab%gl.h‘ Pan?’ %Wg‘ﬁﬁ?‘%”?ﬂn By ﬁ%ﬁ%ﬁ%?‘%“"%éﬁ%ﬁﬁé@‘? lified
P26 panD, and control s HEPIS ¥ ¢4 I IETHROE FELoYp ST MM 0s e
or SVY 10 mal tose, with&WH a8 .4 with or without /3 al anine. 0D60O
Rel evant genotype - fl-ala + (3-al alOD§g-al a + [||-[pdndg/Btrai n G ucose
A ucose Mal t ose Mal t os®elevdhBgefletypeP2b 11 VD 9.4 9.8 7.0 6.4 PA374-2 P2611vD
9.2 9.6 6.6 6.%wailPA377-1 P26 il|lvD, P28wanD 10e 7.28his, 2 636hsPA377-2 P26
ilvD, P26panD 10.5 7.8 9.4 5.4. [ppn] g/l Relevgnt genotype - (3-ala +
fl-ala - (3-alBA3d2:1-la- vt-Bth ai n d upblse d uddse NHid-ose MEIFose PA374-1
P26 ilvD 0. 04 PAYZ-1E 14Dl PA3741 B-$26 i 8§D 0.jted-2. 65 €265 1.33 PA377-1
P26 ilvD, P26panD.1.25 2.76 1.26 1.0, PA377-2 Pi6 1ivD, P26 panD 1.25 2.35
1.31 1.26 In S\ﬂlllc';’u ?@éﬁe, an i htfease {0 pant®d}henat &3r oduction can
still be 15 achMNdF by 2688 ng 5 g/ 13- al akitne slhesti nd®Phat increasing
panD expressi op,funther, pight |nerease panjpf hengtg prodyghion. In SVY

B gz el

Wi th maltose, pyesurt hgh ok 9.9 104 | 096 2.09

5
n.d. = not determined; b.d. = below detection

Table 19. Pantothenate production by PA377, containing amplified P,¢ panD, and
controls, in 27 hr test tube cultures grown in SVY-glucose or SVY-

10 maltose, without a-KIV, and with or without S-alanine.
-1 O9Ds600

Relevant genotype - P-ala +pB-ala -B-ala  +P-ala
Strain Glucose Glucose Maltose Maltose
PA374-1 PygilvD 94 98 7.0 6.4
PA374-2 PgilvD 9.2 9.6 6.6 63
PA377-1 P3¢ itvD, P26 panD 10.0 7.6 72 6.1
PA377-2 P26 ilvD, P26 panD 10.5 7.8 94 54

[pan] g/l

Relevant genotype - B-ala +pB-ala - PB-ala + B-ala
Strain Glucose Glucose Maltose Maltose
PA374-1 PzgitvD 0.04 2.76 0.14 1.31
PA374-2 PpgilvD 0.10 2.65 0.15 1.33
PA377-1 P4 ilvD, P26 panD 1.25 2.76 1.26 1.10
PA377-2 PzgilvD, P26 panD 1.25 2.35 1.31 1.26

In SVY with glucose, an increase in pantothenéte production can still be
15 achieved by feeding 5 g/l B-alanine suggesting that increasing panD expression further
might increase pantothenate production. In SVY with maltose, no further increase in
pantothenate was obtained by feeding B-alanine suggesting that p-alanine and/or



pant ot henat e was obt ai ned by feedi ng f3-al ani ne suggesting that (3-alanine
and/ oar WD 01/21772 PCT/ US00/ 25993 -87 aspartate synthesis is suppressed by
gl ucose. Stral 377 and PA365 have been evaluated in |

fermentors, gﬁzel%t%hey typically produce above 20 g/l pan o/*{ée"ha§933 in 48
hours w thout supplenental J3-alanine andgg-KI'V or valine, described in
detail below. 5 EXAMPLE X: 10 liter Fermentations of

Pant ot henat e- Produci ng M crobes Engi neering of the P26 il vBNC and ‘P26 il vD
cassettes to gpspartae pyaihesis isuppressad by glngose. raies RABY1eed BAG6ave beerof 22 and

26 g/| of pant eiaherdtie 10 liRs fe@entsie) whers'ihtygpically frodwddbéve®0 gifpait@thende OF

a-KIV to the fer td: ﬂﬁﬁ“ll@b . ) . t.Sstrains
had secreted aﬁlo@wlgﬁl@b val'in #ﬁ%‘%é)%wqgﬁrkrle\glgru%%r?ﬁcg%%%&l

10-1i terfer nenbdeWons of five pantothenate overproducing strains. Strain
Medi um Feed 50D 600 Valine' 13-ala Pantothenate 40% G ucose 48 hr 48 hours

48 hr 9/L plus g/1 g/1 36 hr 48 hr 72 hr PA 236 SVYG 50 g/| j3-ala 108
added . added EXAMPLE X:2H kit Fermentations gfPangathene-PysducingMicrolies). 5 added

17 22 -- PA 354 SVYG 50 g/l (3-ala 90 0.5 added 19 26 -- PA_ 365 SYYG 25g/ |
YE 77 0.85 QA 18 21 %?“ee!i%@gf#ewgg&ﬂi%ég’gw%esé?51"&8“32125%&34¥YPA‘1377
PEMG 25g/1 YE PA3%5t dllofed thePrafic@sh of RAAMT 26°56F pantdihefiatd, réspéctively? vithort 5

Pant ot henat e syRLARRLSof VAAES ER WP iSthY Yerherdtifon i divni mbﬁfzo%g&an B%%Q?

cassette to strajns . PA354 and, PA374_t reate trai.ns PA3

nei t her 13- aﬁ‘i’thét‘"‘ﬂ’bsr -sﬁr?ﬁ‘fﬁtﬁ’ﬁé%sgg%ﬁlﬁﬁﬂ’éﬁa‘f‘&“fiﬂ‘g" fermentors. Strain
PA365 produced 21 g/l pantothenate in 48 hours and 27 g/l in 72 hours wth
no precursors ZAahle20.t o tlQditerdeimentatiamsalf Sveminiothekale bvevpeoducingsingivs. bet t er, 20
producing 18 g/1 of pantothenate in 36 hours, 22 g/l in 48 hours, and 31

g/l in 72 hours). Valine|was neasufed at] 0.85 and 1.15-g/1 for strailns
PA365 and PA37AStraine{ Mediuine| Y,Fwdt WDOD$p02[1 MalinePCTR-ais(JO/ 2Foaothena®3 48 hour s
in SVYG medium Strain PA%?*P/"(\%‘PWE‘% rfddr vpd8 hewrshetBheen 1- 1. Blg/ |
t hr oughout nost of the ferlnen®P®ion|and 3t al¥ni ne get|wiédl o4&ran@hw [5 g/1 .
Strain PA377 was fufther qvaluated |[n 10-fiter fermentors ingyeast gxtract
based PA236 | SVYG | S0g/iB-ala | 108 | added .added | 16 19 21
25 g/l 0-KIV

PA342 | SVYG | 50g/1p-ala | 92 05 added | 17 22 -

PA354 | SVYG | s0g1pB-ala | 90 05 added| 19 26 -

PA365 | SVYG | 25gIYE 77 0.85 0.4 18 21 27

PA377 | SVYG | 25g/ YE 8 | 15 05 | 18 22 31

PA377 | PFMG | 25g/IYE 96 0.8 0.4 19 25 29

PA377 | PFMG - 71 0.7 0.1 16 21 -

15  Pantothenale synthesis in fermentors

With the addition of the Pz panD cassette to strains PA354 and PA374 to create
strains PA365 and PA377, neither f-alanine nor a-KIV needed to be added to the
fermentors. Strain PA365 produced 21 g/l pantothenate in 48 hours and 27 g/lin 72
hours with no precursors added to the medium (Table 20). PA377 was somewhat better,

20 producing 18 g/l of pantothenate in 36 hours, 22 g/l in 48 hours, and 31 g/l in 72 hours).
Valine was measured at 0.85 and 1.5 g/l for strains PA365 and PA377, respectively, at



PFMG medi um Pant ot henate yields in PFMG and SVYG nediumwere simlar. In 5
PFMG PA377 produced 19 g/l of pantothenate in 36 hours, 25 g/l in 48
hours, and ®8m@{732in 72 hours. In SVYG PA377 produced N1@dseo/pdns ot henat e
in 36 hours, 22 g/L in 48 hours and 31 g/L in 72 hours (Table 20). EXAMPLE
Xl: Converting Strain PA377 to a Tryptophas-Prototroph 10 PA377 (Trp) was
transforned to Te using chronosonal DNA from PY79 to give strai n PA824.
After re-anplijfd 2 to PA377
for pant ot hena{Seh%ﬁ;s'gﬁg?fG&%uﬁ @G?iﬂ?% #ﬁmn@ﬁﬁaﬁﬂeﬁ@\%&qw@% gl ucose with
or without 5 g})n@us Qf@le(fqm@hmand&éamabb@ww 2 pdf)S el rlvatlves of

PA377: Pantoth t l.t

SWgl ucose, P 2[‘2&?@%%3‘ 72 S yabadet b RO Eemis it asCpeithct ase”

3-al ani ne - a-RiMGinmelium.3Pantoihrinate yiefisix PFMGRLndls‘EYG nedmngwere SEAB? 7 RL-1 8
9 1.6 3.6 PASME, PATH préduttd P &lé’fp%ntoﬁéﬁ&éu%d%ﬂ% 34 ol th 4B Hdutk, ndsd The

e R

pant ot henat e, 4&hdu6andn3ﬂlg/1thé!'2dldm8ﬂzhlﬁ2ﬁ) P-al ani ne, the Trp+ deri vatlves
produced sonmewhat nore pantothenate. 25 Fernmentor studies with PA324 PA824
was evaluated in CF3000 Chemap 14 liter vessels with 10 liter working

vol unmes. For mMEXAMPIE Xor Convertihg StrainPA3ZY to aclryptophas Pietotreph or s are gi ven
in Tables 182 and 23. WO 01/21772 PCT/11S0OQ 25993 -89 Table 22:

Formul ati on for Lum BA Rl AL fin ). 1 Anherex 1003
10 2 Na G utamat eIY’B%%i?% ReS 56%&‘8”1651 %u“ﬂig %‘7@“&‘ af Rh‘pée@"%#’ngs
Sterilization givelst@imPAAvAfter re-amplification of the PaspanD casette, PA824 was compared

to PA377 for pantothenate production in test tube cultures grown in SVY glucose with

or without 5 g/L. -alanine (Table 21).

15
Table 21 : Trp* derivatives of PA377: Pdntothgnate production in 48 hour test tube
' cultures grown in SVY glucose, +f-alanine
ODsoo [pan] g/L

Strain trpC donor | - B-alanine  + B-alanine | - f-alanine  + P-alanine
PA377-1 RL-1 8 8 1.5 34
PA377-2  RL- 8 9 1.6 3.6
PA824-1 PY79 12 10 0.7 3.7
PA824-2 PY79 111 1 19 4.9

20 The Trp+ strains grew to slightly higher densities than PA377. In the absence of

exogenous B-alanine, all of the strains produced similar levels of pantothenate, while
with the addition of B-alanine, the Trp+ derivatives produced somewhat more
pantothenate.

25 Fermentor studies with PA824
PA824 was evaluated in CF3000 Chemap 14 liter vessels with 10 liter working

volumes. Formulations for two of the media used in the fermentors are given in Tables
22 and 23.




1 KH2PO4 10 2 K2HPO4.3H20 20 | ducose 20 2 MyCl2.6H20 1 3 CaCl2.2H20
0.1 1 SodiumCitrate 1 2 FeS04.7H20 0.01 3 SM1000X 1.0 :ail H2Ogs to
6000 mM 5 REFR2MATERI AL g/L 1 G ucose 600 2 CaCl2. 2H2frfuénopiyel ds t o
3000 mM WD 01/21772 PCT/US00/ 25993 -90 Table 23 : Fornulation for SVY-4

" medium BATCH MATERIAL g/L (final []) 1.deal Infusion 25 2 Yeast Extract
5 3 Na Qutamate 5 4 (NH4)2SO4 4 5 MAZU DF 37C 2.5 Added After

Sterilization ol wn | KH2P 2 K2HPO4. 3H20 20 1 ducose 20 2
MyCL2. 6H20 1 T08le 23, Buglaron r SRS BBt 0 1 5 Fason 7H26. 0 01

SM 1000X 1.0 nt

H20 gs to 6000 mM 5 FEED

BATCH

MATERIAL g/L (final [})
1 Amberex 1003 10
2 Na Glutamate 5
3 (NH4),SO4 8
4 MAZU DF 37C 2.5

Added After Sterilization and Cool Down
1 KH,PO, 10
2 K;HPO4:3H,0 20
1 Glucose 20
2 MgChL-6H;O 1
3 CaClL2H,0 0.1
1 Sodium Citrate 1
2 FeS047H,0O 0.01
3 SM-1000X 1.0 ml
H,0 gs to 6000 mi
5
FEED

MATERIAL g/L
1 Glucose 600
2 CaCl,-2H,0O 0.6

H;O gs to 3000 ml




MATERIAL g/L 1 ducose 600 2 CaCl2.2H20 0.6 H2O gqs to 3000 m All

fermentations were glucose limted fed batch processes.
i nocul at i onyoagki7ed i on was set at 200 rpm The initial

growt h. Afterwards,
concentrations were mai ntai ned WO 01/ 2177¢p PCT/ USOCQ' 25993
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18). Two of thgdaRs titkaadi ng ffames 1
2 FeSO,4 7H,0 0.01
3 SM-1000X 1.0 ml
H,O gs to 6000 ml
FEED
MATERIAL g/L
1 Glucose 600
2 CaCl-2H,0 0.6
H,0 gs to 3000 mi

All fermentations were glucose limited fed batch processes. Immediately after
inoculation, agitation was set at 200 rpm. The initial batched 2% glucose was consumed
10  during exponential growth. Afterwards, glucose concentrations were maintained



30 encode proteins \/\hi ch are simlar to D-serine dehydratase and to
"ket oacyl reductase" the other two have no known honol ogi es. For the open

readi ng frarwog;g{ﬁﬂspondl ng to coaA, there are three pospipu§hsiast
codons; each having a possible ribosone-binding site (RBS) associated with

it. The three potential coaA ORFs were namgd coaAl, coaA2, and coaA3, from
| ongest to shortest. WO 01/21772 PCT/ 1 TS0Q 25993 -92 Al three potenti al

coaA open readi cl oned al gng. Wi th_t respect] e RBSs by
PCR fol | owed b ‘ﬁ’e @?EGW’ m@m‘&“&% 8\“&9&&8‘5{3 ktf% ﬁ’ﬁ Yagiable | q
copy vector inr&fecabpmmpmacqmputardaﬁroél:@mblisikadltdth@ahssohedsmmphage P15
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pant ot henat kT‘?ﬁ‘élEeé”éﬁ‘@BéH gher e of praiethengied here| n. EXAVPLE Xl V:

I dentification and characterization of a second B. subtilis gene encoding

pant ot henat e knmm NI tdénfificalion Gnd RRSraieridffioh of thé\B! idrilis\aAYene
speci ficati on, der to maxi m ze 30 pantothenate production, it is

necessary to rgstrl ct the flow of pantothenate toward Coenzynme A (CoA),
for exanple, by redridgothtb@vésibh v thy BOfubfiiy\jenbie Bsuénck avddlable ohiiee T i r st

g][‘ zyme in the Pahingy wib G SAERIhE 8RSl arna. Advived d RidISEy ks de! etion
using the protein sequence of E. coli pantothenate kinase as a query sequence gave a
good match with B. subtilis gene ygjS, which is annotated as “unknown,; similar to
pantothenate kinase.” This gene appears to be the penultimate gene in an operon
containing five open reading frames (Figure 18). Two of the open reading frames
30 encode proteins which are similar to D-serine dehydratase and to “ketoacyl reductase™;
the other two have no known homologies. For the open reading frame corresponding to
coad, there are three possible start codons; each having a possible ribosome-binding site
(RBS) associated with it. The three potential coad ORFs were named coadl, coad2,
and coad3, from longest to shortest.



t he coaA gene fromthe chronosone of B. subtilis is not a |lethal event (see
Example XiI1), it was concluded that B. subtilis nust contain a second
gene that ewomdes7an active 35 pantothenate kinase, sincepgrwsontdenat e

ki nase is an essential enzynme activity. WD 01/21772 PCT/USQQ 25993 -93 A
second pant ot henat e ki nase-encodi ng gene-9ms identified by conpl enenting
the E. coli strain YH (coaAlS(Ts)) with a B. subtilis gene bank and
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as the only intact open reading frane in the cloned insert (see Figure
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EXAMPLE XIV: Identification and characterization of a second B. subtilis gene

encoding pantothenate kinase activity

As described in detail in the instant specification, in order to maximize
30 pantothenate production, it is necessary to restrict the flow of pantothenate toward
Coenzyme A (CoA), for example, by reducing the activity of pantothenate kinase, the
first enzyme in the pathway from pantothenate to CoA. After finding that deletion of
the coad gene from the chromosome of B. subtilis is not a lethal event (see Example
XIII), it was concluded that B. subtilis must contain a second gene that encodes an active
35 pantothenate kinase, since pantothenate kinase is an essential enzyme activity.



ki nase gene. This gene has been renamed coaX,, as.: a second, alternative
gene that encodes an enzyne that catalyzes the first step in the pathway
from pant ot RggaiH740 35 CoaA. Deletion of coaX by nethodspefpgholes above
for deleting coaA, in conjunction WO 01/21772 PCT/US00/25993 -94 with
reduction in the activity of the CoaA enz , provides a neans to reduce
pant ot henate kinase activity to the desired |evel. Several honol ogues of

the B. subtilis coaX identified by honolo r chi of . vari ous
publical ly avail abl ésg 'ﬁa’agt@ %h&*ﬁ@%ﬂé&%%@é‘é@??&&%ﬁ
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bact eri a cott aiskhaeedahiitie cdoreb camte firvm a eégibn of ShedB sabetlis cmmwomamhnnyludeer m nal

ends. . Moreov no.
acid for the ﬁ{ Eﬁ@éﬁh@ﬁ}? aegfgaﬁ%ﬁ%?gﬁgn egg’q"?@mk | ve y\‘jg‘{
conserved segn@(ﬂ’é &m e(S’Pe‘h{? "e‘%fétlfﬁ% B ust

downstream fr omserimashsw@hmndogy tofany ke vl pastokitenate kmym&;t@ﬁlfes; either di f f er ent

reading frame hewedhtolRagicsSt ence of amino acid 20 sequences very
simlar to the carboxy-term nal extensions of the other bacterial CoaX

proteins. It5is thuSe\bﬁil deletixhs tWes createdahnongh thi iBs fibtilisngdnbmidueiplensdsdnl tHONA
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| eadi ng to an artJ wnstream a nc mat ur e.
ternmination. THOSHFR a§%q‘8€?ﬁ%§ dgle“%'h%ﬁqmg"%&ﬁ% FRREYA and
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paNgaz: see e %—zys gl e fvoch apsharull T eSpapable U
supports the nﬁlrlthﬂmonmentmn paitvity.s e confinmthat petiBnig 2 pantotbenate kivase g¢nes a
frame- shi f t2ser iRlyac RORFtPN! 112 Bse pairs of downstream flanking sequence was amplified by

PCR in two independent reactions and cloned downstream of a constitutive promote to

give plasmids pAN341 and pAN342 (Figure 22). Both pAN341 and pAN342

complemented the defect in YH1 at 44 C, while a control plasmid, which has the same

backbone, but expresses panBCD instead of yacB did not. This confirmed that the yacB

30 open reading frame was responsible for the complementation of YH1.

As such, a novel gene that encodes pantothenate kinase activity in B, subtilis has
been discovered that is not related by homology to any previously known pantothenate
kinase gene. This gene has been renamed coaX, as.a second, alternative gene that
encodes an enzyme that catalyzes the first step in the pathway from pantothenate to

35 CoaA. Deletion of coaX by methods described above for deleting coad, in conjunction



carboxy-term nal end of CoaX is necessary for pantothenate kinase activity.
The predicted correct nucleotide sequence for B. subtilis coaX is set
forth as Shgole2¥3 19 35 and the translated ami no aci d seEeseeesshs set
forth as SEQ IDNO 9. A nmultiple WD 01/21772 PCT/ US00/ 25993 -95 sequence

al i gnment of the CoaX amino acid sequenceg4of B. subtilis and 1 |

honol ogues thereof is set forth in Figure 23. EXAMPLE XV: Generation of
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( ype Coaly I e Sted sequences of B. subrilis CoaX in pAN341 and pAN342

25 (described above) contain enough downstream flanking sequence to encode the putative

carboxy-terminal extension described above, which is consistent with the result that the
clones were functional in the complementation assay. However when the 3° PCR
primer was positioned to include only the shorter yacB ORF predicted from the
published sequence, but not to include the putative carboxy-terminal extension, then the
30 resulting plasmids, pAN329 and pAN330 (similar in structure to pAN341 and pAN342;
see Figure 22), did not complement the defect in YH1. This result supports the notion
that the published yacB coding sequence contains a frame-shift error, and that the
carboxy-terminal end of CoaX is necessary for pantothenate kinase activity. The
ﬁredicted correct nucleotide sequence for B. subtilis coaX is set forth as SEQ ID NO:19
35 and the translated amino acid sequence is set forth as SEQ ID-NO:9. A multiple



35 the coaA sequence fromthe E. coli genonme database (GenBankTM . The
sequence from pAN306 contains a single base change that causes a S176L
substituti ongglysrss @ Set 4 WO 01121772 PCT/ US00/ 25993 Qé.”lﬂ% 5993
substitution in the am no acid sequence set forth as SEQ I D NO 2
Interestingly, the DNA sequence of the pA308 insert, derived from the
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All three plasmids were transformed into the E. coli strain YH1 for
complementation testing. All three plasmids complemented the temperature sensitive
coad mutation in £. coli YH1. It is presumed that the coad15(Ts) gene in pAN284 is
probably significantly overexpressed relative to the normal chromosomal gene, such that

30 the overproduction compensates for the temperature sensitive defect. Complementation
of a defect by overproduction is a well-documented phenomenon in E. coli.

The coaA coding regions from pAN284, 285, and 286 were subcloned into
pGEMY to give pAN306, 307, and 308, respectively, for DNA sequencing. As
expected, the DNA sequence of the insert in pAN307 (from wild type coad) matched

35 the coad sequence from the E. coli genome database (GenBank™). The sequence from
PAN306 contains a single base change that causes a S176L substitution (i.e., a Ser >



pPAN282A was subcl oned into pGEM/ to give pAN303. The DNA sequence of the 35
insert in pAN303 showed a single base change that |led to a tyrosine to

hi sti di ne agpag2i¥ 01/ 21772 PCT/ USCQ 25993 -97 acid changerngson/bdass t yr osi ne
corresponding to Y181 of SEQ ID NGO 3. This tyrosine residue is conserved
in all bacterial coaA genes/honol ogues pregent in GenBank (Figure 24).
This tyrosine residue and the serine that is altered in the E. coli
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expr essi on2§: t he genes downstream from coaX In such a deleted strain, the
coaA gene be the only gene that encodes pantothenate kinase. r. . WO

01/21772 PCT/ U%%P%A l‘o%mutations resulting in reduced pantothenate kinase activity

Of course it is expected that many other point mutations or combinations of more
than one point mutation in B. subtilis coaA will also lead to reduced activity.
Appropriate mutations can be generated by mutagenic polymerase chain reaction and in

25  vitro recombination, and identified by screening for alleles that poorly complement the
E. coli coaAd15(Ts) mutant. An example of such a mutation of this type is a tyrosine to
histidine substitution at amino acid 181 of B. subtilis coad, generated by mutagenic
polymerase chain reaction (see SEQ ID NO:3 and first line of the aiignment of Figure
24). .

30 Isolate pAN282A was derived from the middle-sized B. subtilis coad open
reading frame described in Example XII. pAN282A complemented the E. coli
coad15(Ts) mutant very poorly, but nonetheless at a level that was detectable above
background. As was done for the E. coli coad clones, the open reading frame from
PAN282A was subcloned into PGEMT to give pAN303. The DNA sequence of the

35 insert in pAN303 showed a single base change that led to a tyrosine to histidine amino



To del ete the coaX gene fromB. subtilis, plasmd pAN336 (SEQ I D NG 92),

whi ch contains upstream and downstream honol ogy for double crossover, was

construct ed yy ,Kananycin resistance gene replacing no 0 coaX ORF

(Figure 26). gt%lz‘lln PY79 was transformed to kananycin regtlt:st%rq;géﬁ%

PAN336, and an isolate 5 confirned to haveqresulted froma double crossover

by PCR was naned PA876. As predicted, deletion of coaX by itself is not

| et hal for B. subtl lis urthernore, ¢hrono A876 .woul d not

t r ansf or m conp@fid fhany E‘dll: o etk C%Bﬁﬂpdmg@ﬁl)glgggﬁmrﬂé Pn TRigSyresing ce.

These resul ts residiue stconsehatl in 4l batetriabcond rghuenhbmotogmés pabseménAGeMnkmgmd coaX
kan that TS ohetileydolihe Reiaitid he ngmaﬁs Bl

- E tJHJKS 10
contains two unI I nke ant gn%{enat anase and coaX,
and t hat elthé‘?“s’é‘@?@a"g‘f‘g‘?’i‘étel %&i XIP‘PV@FE‘?ﬂmIB%Pﬁ‘Gt henat e
ki nase for & nessitaés inatregioroéhigh isdtighly E%ééﬁﬁdﬁnl%ténal pansthenateikiasesofhegeas

pl asm d des! anid 10 aldeile S8 Lo okl o e AANER80 Bl bl . 002

gene In or der to_easli I ntroguce }r;l}lég coaA genes I nto subtilis

chronmosome, i PANZSZHE, avag Wegtical fothe Ws%e%@%@?ﬁc"ﬁbégf%ﬁ“aﬁ&e gene
adj acent to t heequemihggesject. The singlebase ahangerfund regAN303) protablypctwrgpdtdaging i n
the vector pGEMERIY ﬁﬁcaa%ofmagw%aﬂffmé‘ar téf(fﬁ%% sHftGTREAERN! 21 Ni NG

FERT SO U R R T e

gene (cat); angant@henatekinhskdrtijp sequence corrprl sing a region downstream
- fromthe operon that cantains coaA. The resulting plasmd, named pAN294,

effectively repl aced PE%T%MW‘%%%SWWWPWH%%’&WBW@&# @B r ane
just downst r eeaiing frame iapN2SMt(seetelye, Rigiire 2fomsl, Exainble Xl (Briefipanuthgegic

fl anki ng both ninto
the B. subtjli §b§ﬁ§ oer?rfoorxﬁéi ‘;SPJ ;ﬁ%&zeﬁ ténﬁ)l waﬂglgp%frewm?l LFéll{‘érﬁatg o B.
subtilis sthai B i@}a&ﬁnﬂ I SCIE 66F§ (eraiiElY, gnutgiions o/ |
to give strai nsucRAB&G oaﬂdolm&B&VpAmmaarbe 1qstaﬁedumd3|bA(N293llel‘ﬁheded1rcd PA836 and
it cor ated by Hoian R EATANEed hio “‘°°°*%*s*‘§“‘*°*“%§?hhﬁ‘b""§%o % aSomtion
PA837 grow 30 W&Jﬁ |aper°pﬁwéaa§ﬁa9‘f deripgve &é‘%‘ ?déﬂp‘i‘ﬁ ﬁfé“%ﬁ@ﬂ%&mg
frame ygj T i s mglL.cmeng thatesulfing transforianty willbeggalates thaidiontginfthedrsiredoul d be
del eted frop simupties PA836 and PA837 with no significant effect on growth

or pantothenate production). Thus, variant alleles (i.e., nmutations) of
t he coaA gane can He aisimilap fashied, mutations AP R&duceithe dchieity eﬁthéCba?gexpzlymsnwds can
be used tO '”t teh*aﬂdiﬂ@ﬁﬁf?éataxﬂ'shalﬁx?taﬁ&k‘aséd%r natel OF

~exanpl e, sub 1,S .St a| n /USOO/% 993 99 EXAMPLE
XVM Gener at i oo ‘Fctlﬁﬁ Fﬁd“‘E:‘B% @é’ﬁ%’é’ctéql?caééfsﬁﬂ Bthenat e

25 EXAMPLE XVI: Deleting the second pantothenate kinase gene, coaX gene from
B. subtilis
With the knowledge gained above concerning the existence and nature of coaX;
one can create a deletion of the coaX open reading frame from the B. subtilis
chromosome that will remove the encoded activity, and that will not adversely affect the
30 expression of the genes downstream from coaX. In such a deleted strain, the coad gene
will be the only gene that encodes pantothenate kinase.




ki nase havi ng reduced or tenperature sensitive activities Mitant coaX genes
are generated by introducing point nutations into the gene and testing the
resul ti ng nwbankg7d or the ability to conplement the E. cabgr/ikdh2bs ai n as

5 described in Exanple XIl.. Preferred nutations in_ the coaX gene segeunces
are those that encode a substitution of a9gesi due conserved anong CoaX
sequences froma variety of bacterial sources (e.g., a conserved residue

t forth in Fi ' [ ' .gnal gene
sequence ar e g'evggzi 3{%‘3’6&@%@%‘@%@ %%:%%}ﬁ%?ﬁfﬁ?%g%%ﬁ%fﬁr 2 and
i dentified by véu¢hontaing ypsireagy 4nd dawnstream ersley VEh&as10 E. coli
coaAl S(Ts) Mmebnstiuctelwitid kansmydieRsismhcgent replacinguicadifthd eXTARF Figieed
coaxactivity) nStpﬁn %é%g SsibPneFto 3%1\ Lidhcd iV AAMRBIGAUSsdiRaA gene
is del eted gas esScCri edlng?arrpe . axre ed-activity mutants
can al so be’ f sopfiareddn havedesulted frem aslauble grossyecyRCR was named PARIR. ddne
products as dgﬂiét&ﬁdel'eﬁof&&ﬁmkbyi&élfiiﬁoiﬂ&ﬂﬁﬂbﬂ%hﬁﬂisﬂibﬂmdm?r oduct i on of

1 4)

Pant o- Conmpoun ' ' ' ' ' ll\/ﬁ;‘?
Pant ot henat e |o§3§/dr?9 %3&?@5\%&? %gﬁ/‘?&gﬁéﬁ#&%&@@%ﬁ?é%?gg%p n 9i4§0%t
pant ot henat e, :{cAB{0 kanapyeipsesistance Theserepdts indieate,thatihis ﬂzﬁco%r@new of he

pant ot henat e dcoayddnaid Scog&ekan thaoiniethsldot B ishbrin] confinniag faoBuabrills St rﬁi n
will provi ' ' ' - candldl L i S
xanpl c. "t B0 ol i uifoP Bl aendBle paEen KA ok HRUA, ang i
exanpl e, st r Zitherrgens glongisgapsblsiof suppivingsufficient partothenateitipase foramorpalrete and
panD genes i s ofgadvahed. | na not her exanple, ketopantoate is the desired
pant o- conpound. Starting 25 with, for exanple strain PA244, PA245 or PA824
one, two or all of the ilvC panEl, panC andpanD genes are deleted fromthe
~starting straiEXAMPIE XViki n€onsructien dfs plasniid designed ¢coalppoudigectedhen panB and

panC can besdahkiagéhesi3lof iR B 3kbrilistoad gasdhi on that |eaves an in frane
fusion of a small portion of the 5 end of panB with a snmall portion of the

3' end of panC, fr _dmtdeetoaasibri intredt@@bntafed2064 genks 4% the B. Wb&'_ﬂ.ischrbmosqme, of
Lhe abov;a- . ‘;’0 iE‘ﬁEHt hedB %ﬁﬁﬁlh liﬁ'antiﬂik_ﬁicﬁédl 1'§t£l{cﬁ§éﬂ%%ﬁ@erﬁ EPHE ebDOgenb! Fhig W | |
e a pantothenate auxofr .. Accordin € o requi r
out i o ont - pantBneRBd ToiiedErstier i s yorton RN} GrgINA Regmiis: €5
over expr ess pahbkbDNfessquérise consdiniug 2.arke of genvmic sequerico uprsamiftom edwd aadove
strains to2p Urﬁn@é‘daﬁﬂ%ﬂ%‘aﬁin&'ﬁaﬂkéﬁ'( PI RFDNA S¥uenth Gordipin@anent i oned
del etions are %gcongl | shf-Jd . %1} net ho st).vveldl s knﬁm}t’)@ 35 é[ hose skilled in
the art, for eXanpre. ™5y FRIBIEESH E¢54H é%’?’gai C A gAY é_‘f%lﬁoélép. 8if and
removi ng suf f itegiendowestigam dont the pperonsthet-noglains gerrd ( The resultingplpsmids vamedi d
target gene(s)pANY¥940dffetiively rdpfatés ih96Pen28Mhng frabhtdygft R 6pRh rdbding franfiJastal of
targeted sequepGHSudan A6H 20RY'Witkifle e B0 Witk Hbligh3BF8HEy flanking both sides of
25 the cat gene to allow double recombination into the B. subtilis chromosome (Figure 25).
pAN294 was transformed into B. subtilis strain PY79, selecting for chloramphenicol
resistance at 5 mg/l to give strains PA836 and PA837, which are presumably identical.
PA836 and 837 were checked by diagnostic PCR to show that the car gene had
integrated by double crossover, as opposed to single crossover. PA836 and PA837 grow

30 normally, leading to the conclusion that the open reading frame yg;jT is not essential
(i.e., the ygiT open reading frame could be deleted from strains PA836 and PA837 with .
no significant effect on growth or pantothenate production). Thus, variant alleles (i.e.,
mutations) of the coad gane can be introduced into pAN294 and the resulting plasmids
can be used to introduce the variant alleles into the chromosome of, for example, a B.

35 subtilis strain,



I ntroduction of an antibiotic resistance gene in said target gene and'then
I ntroduced by congression (co-transfornmation with any other appropriate
sel ect abl e hofrmgpence) followed by screeni ng for the | gg /Ugfngdéglctlon of
said target gene by replica plating. 5 Table '24 : Strains (and

correspondi ng phenotypes) for panto-conpQgd production Nanme Pheno Drug
panBCD panE | ocus | vD anyE | ocus bpr | ocus Parent type resist. ' |ocus

| ocus PA221. Trp-..P A222 anBCD 35 P26 anBCD PA236
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P26panBCD P26pkiviake M@redmﬁmperaﬁm safsiip'&ramiihEQGpanEl P26f 1vBNC PA327
PA342 Trp- Spc P26panBCD P26panEl P26i | vBNC PA328 PA354 Trp- Spc P26panBCD
P26panEl  P26i 1vD P2RutaptqaXigenss are gonergted by ntroducing pojet saytations imihs gene

P26i | vD P26i | vidiestitg plasvexiitthghvitants fof e aBlity tb chimplenfsprth®E6gudirBTDstin6 g n El

261 | VBN P3 éé%&%"‘éﬁwﬁﬁé ok faE&E%Z%E%E@EE%%%%%%%m

PA402 Trp- P26p% Aesidpe consarysd ameng Coadhseq FDosh & Misiety
PA22] PA404 bebacﬁrlal, soﬂﬁéqxa@B@BoBBﬁ@df&iduP?ﬁ &‘dmﬁwcsnga%mnm&aawo Tet

e spe Paona %ﬁ%ﬁ% hee ?%5%&@% %%;ﬁ%ﬁzsgéﬁ% R B
P26panEl P26 | Viiomesn by yspeening qreq'ea at/pao, pgmn*ﬁmsrét@% Il ed

in the art mIEa'oamog.mIS{ﬂQ)Me able to ascertain using no 10 nore than
routine experimentation, many e% ui val ents to the specific enbodinents of

the invention descMpialssegstsrated (bacRulants havingreduced ceaX antivity)san befusther
enconpassed byerghteereti Ghdhthatnige enldogeribus oM @ére3d deltedP @S déstiihdd/in Edple- 101-

XIII). CoaX reduced-activity mutants can also be further engineered to contain reduced-
activity CoaA gene products as described in Example XV.

15
EXAMPLE XIX: Enhanced Production of Panto-Compounds Using Bacteria
Having Deletions in One or More Pantothenate Biosynthetic Enzymes

If the desired panto-compound is not pantothenate, then an appropriate deletion
20 of one or more of the pantothenate biosynthetic genes from a pantothenate
overproducing strain will provide a strain that produces said desired panto-compound.
In this example, the desired panto-compound is pantoate. Starting with, for example,
strain PA236, PA313 or PA824 either one or both of the panC and panD genes is
deleted. In another example, ketopantoate is the desired panto-compound. Starting
25 with, for example strain PA244, PA245 or PA824 one, two or all of the ilvC, panEl,
panC and panD genes are deleted from the starting strain. If B-alanine is the desired
panto-compound, then panB and panC can be deleted, preferably in a fashion that leaves
an in frame fusion of a small portion of the 5’ end of panB with a small portion of the
3’ end of panC, from the strain PA221, PA235, PA245, or PA313. In all of the above-
30 mentioned examples, the panto-compound producing strain will be a pantothenate
auxotroph. Accordingly, the growth medium requires sufficient pantothenate for
adequate growth., Vectors designed to overexpress panD as described above are then
transformed into the above strains to further enhance B-alanine production.
The above-mentioned deletions are accomplished by methods well-known to
35 those skilled in the art, for example, by insertion of an antibiotic resistance gene and
removing sufficient sequence from the target gene(s) to inactivate said target gene(s).



What is clainmed: 1. A nethod of producing a panto-conpound conpri sing
culturing a mcroorgani smwhich overexpresses at |east one Bacillus
pant ot henatwomasygnt hetic 5 enzynme under conditions suchpdingdnotddes

pant o- conpound i s produced. 2. The method of claim1l, wherein the

m croor gani sm over expresses at |east onejggacillus subtilis pantothenate
bi osynthetic enzyne. 10 3. The nethod of claim1 or 2, wherein the

ant ot henat e bj tIC nzynme is sel ect.ed fro nS|st|ng of
Eet opant oat e @‘3?%%3&7 t’ﬁ’iﬂotvgl %i?%‘?’%‘is@q“mﬁ?ﬁf Bﬁcﬂ@ﬁg%hgﬁl tﬂ?‘ﬁéﬁ'&@%"

aspart at e- a- demuomsma@mﬁboﬂetm@mmnelmsemmne and tiencintreducediby f any
one of clai ms dongRsston (ObafiéfBrniafitn With étﬁéwpﬁfﬂpnité sél&&ilﬁé(DNQSs‘é@&nEé) | east

Eﬁ“gf’a%gﬁgieﬂa{ﬁgb %&“e“%%rﬁﬁz%%%&w?lgggﬁ?@t ciPladt of FRpe Hafhen nanare

bi osyntheti & enzynes. 20 6. The method of any one of clains 1 to 5, wherein

the pant o- conppspM24 S Sramk ﬁﬁfd%ﬂrr@ip@mxhﬁ‘ﬁhe%tzﬂ&) SR PandicomBovid preadRéMenat e,

pant oate, ketopantoate and (3- al ani ne net hod of produci ng a
pant o- COITpOUI’ld gmmﬁe §I B CU| L J‘g panl.%?cui(et ant O ocus r locus Parent
reduct ase- over expr eggd - M Croor gagp nder con rons such that

t he panto- corrpm.ﬂ Trp- produpm;angap The net hod of cI aim7, V\/nerel n the
pant o- conpoundp 53, pant ot hengtg @kp pantoate. 30 9. The nethod ofmghal m 7 or

8, wherein the@g opant oat e 5‘% ase is bacterial-derived. 10. The net hod
of claim?7 or 8§, erein thé Wﬁant oate reductase is 35 derived from
Bacillus. * .IFAB§ || ||| ~|| PerqrB§R1PePeEl WO 01/ 21772 PCTI USOQ 2B3B - 102

11. The met hodPAse? cTad m 7 owr2dgenBGRerPépanAlhe ket opant oat e reduct aRAR2i s
derived from Bexaps | Tp- subti lPppanBtB. PREAnsYEt hOd Of any one of clapg®s7 to
11, wherein thpA3l§(PABﬁ ggWngmP%pajyrther g,ygﬁwresses at ppgst one
pant ot henat e bj L etlsc

ta

ket opant oat e rf"%uc e?%%ﬁ% 5%"'gilrltl Fgl ?n(} e 1 K2k o

erein the

m cr oor gani sm FA#¢ hE"P over &29pemEER e L26pankl o 5@"’%#@6‘6‘? Get opant oat BA342
hydr oxynet hyl t PABAS f Bp-as Spe, p &PdpatBOBN dP2GanE] P26ilvD P26ilvBNC ~ P26panD423  PA354
_ Tet
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PA374 Twp- Spc P26panBCD P26panEl P26ilvD P26ilvBNC PA340 .

PA377 Trp- Spe, P26panBCD P26panEl P26ilvD P26ilvBNC P26panD423 PA374
Tet

PA401 Trp- P26panBCD P26panD423 PA22I

PA402 Trp- P26panBCD P26panD428 PA221

PA403 Trp- P26panBCD P26panD429 PA22]

PA404 Trp- Spc, P26panBCD P26panEl P26ilvBNC  P26panD423 PA340
Tet

PA405 Trp- Spc, P26panBCD P26panEl P26ilvBNC P26panD423 PA342
Tet

PA651 Trp- Spc P26panBC*D P26panEl P26ilvD P26ilvBNC - PA374

PA284 Spc, P26'panBCD P26panEl P26ilvD P26ilvBNC P26panD423 PA377
Tet

Equivalents

Those skilled in the art will recognize, or be able to ascertain using no
more than routine experimentation, many equivalents to the specific embodiments of the
invention described herein. Such equivalents are intended to be encompassed by the
following claims.



10 synthetase and aspart at e- a- decar boxyl ase. 14. A nethod of producing

pant ot henate in a manner independent of precursor feed conprising

cul turing anygspaiat e- a- decar boxyl ase- over expressi ng (Aaber/onrs993

m croor gani sm havi ng a deregul ated i sol euci ne-valine (ilv) pathway under
conditions 15 such that pantothenate is_pgpduced. 15. A nethod of
producing at least 2 g/L pantothenate in a manner i ndependent of aspartate

or (i-alanine Eged ,cggﬁri sing culturing an aspartate-a-
decar boxyl ase- £ ng (AaD-O m croorgani smunder conditions such
that 20 pantothenate is produced. 16. A nethod of producing at least 2 g/L

pantothenate in a ”F.nnerAﬂeﬂﬂﬁ%ﬁ&ﬁﬂéﬁ%ﬁp&ﬁﬁl-&&ﬁpﬂﬁd@dd&ﬁﬁsﬂi&%ﬁ“&kﬁaﬁte f eed
conprising cultyring a m ctoorgahi sm Vi.n derequlated .. )
S0l cuci no- val MISopERYIm MRSA AYEIKaRises i Ionstee Bacilis pRaiodiensts higsaihetic 25 ¢ hat
pant ot henat € i snzymedmderdondiionsAuchethitahi pantoscompoundiiy peddutalast 30 g/ L
pant ot henate in a manner independent of aspartate or (1-al anine feed
conprising culturing an gspar -a- (Jecar hoxyl ase- over expressin AaD- O
m cr oor gani sm under 'condﬂl"lrﬁﬂé‘%ts‘{‘féﬁ“{‘ﬂa‘f’ B MW%WQF@XW%%P&W 18.
A net hod of pr odeBacillusaublilzaantobenay biogyathett ¢rzpmee i n a nanner i ndependent
of valine or a-ketoisovalerate feed conprising culturing a m croorgani sm
havi ng a dejequl ateg i sal.euci he-valin Ll v) higsynthetic path under
condi ti ons quCh 3591 ha%ﬁdﬁ?‘&%ﬁlﬂ‘g?i"ib’p‘?’ Egﬁ.f’aﬁtﬂ?%&aﬁ PPEPENG |1 11111
11 1ill C M Woesyh@liylecRETonSBos b Ochsisting6f ketopamtoats hpdraxymethyltransfemselent
hi gh yield progugbtheiateShihefse MpaiiiQ6deéatbxy R UrAleRpaLtSats RERse] NY
culturing a mani pul at ed” m croor gani sm under conditions such that _
pantothenate is produced at a significantly high yield. 5 20. The nethod of
any one of clains 14 to Tig mstkaskafiany enseof elatmsobtogh mherein the miczogsgavisses
acet ohydr oxpac bter&prdsbllatfelist Bo pantdthenbie btispiBetiti ehiyniesy €Ct Or conprising an
i IvBN nucl ei ¢ aci d sequence or an ai sS sequence. 21. The method of any one
of clains 14 to 19, wherein the mcroorganism 10 overexpresses
acet ohydr oxyaci d i sdmer ofhednrthoskaf apy onel clapmssk tor3rmdrengin the mioyeozgagism
conprising an ovatéxpressdsat leadt hirek atptiRAse biosyhthefib ensylickod of any one of
claims 14 to 19, wherein the mcroorgani sm overexpresses di hydroxyacid
dehydratase or is transformed with a vector conprising an -15. ilvD nucleic
aci d sequende. 6. The method of any one of claims 1 to 5, wherein the panto-compound is
selected from the group consisting of pantothenate, pantoate, ketopantoate and f-

alanine. . :

7. A method of producing a panto-compound comprising culturing a
25 ketopantoate reductase-overexpressing (KPAR-O) microorganism under conditions such
that the panto-compound is produced.

8. The method of claim 7, wherein the panto-compound is pantothenate or
pantoate. '
30
9. The method of claim 7 or 8, wherein the ketopantoate reductase is

bacterial-derived.

10.  The method of claim 7 or 8, wherein the ketopantoate reductase is
35 derived from Bacillus.



23. The nethod of any one of clainms 19 to 22, wherein the m croorgani sm
over expresses aspartate-a-decarboxylase or is transfornmed with a vector

conpri si ng wo P2y, nucl ei ¢ aci d sequence. 20 24. The et hgasho/ss9ys one of

clainms 14 to 23, wherein the mcroorganism further has a deregul ated

pant ot henat e bi osynthetic pathway.. 25. Tfpg-nethod of any one of clains 14
to 24, wherein the mcroorganism 25 further has at | east one nutant gene

selected fromthe oup£onsik st i of, a ant av tant flVvE
gene, a mutant ans rlgen e 83953%7%&% &gﬂb.eE%oPa%ﬁo@%rfﬁ?%ggeﬁf claim
24, wher ei n t hderimedfrarn Bgeiflissmbbliar expr esses any of ket opantoate

hydr oxynmet hyl t r ansf er ase, ketopant oate reductase, pantothenate 30

synt het ase and asp tat Ias e Jjret.hqd im24 or
26, wherein the m oor S’Bﬁfﬂ‘s’ﬁf’agP g?‘ﬁ'ﬁHYI tﬂn-[?hwger?}ggl ﬁ@gﬁgrl si ng
apanBCD nucbei micmrgtnsmcfuehﬁmvmxmessm tpastooeparitethergtebiogynihetic engymeinc aci d

sequence. 35 | diohid dekdublebditd kdopaniobi rdduciasel L a S VO 01/ 21772
PCT/ US00/ 25993 -104 28. The n®et hod any one of clainms 14 to 16 and 19 to

27, wherein pantothenate is pr oduc_ed at a level selected fromthe group
consisting of a |evdl gTeamethodpficlain 120whereinthe KPAR-Qmaicroerganipmfuri@y/ L and

a | evel great efyeicnpissédat/1dast &e%?ketxﬁﬁtmm%x%le ?&‘aﬂ%f&@se, phiftstRénatet he

m croor gani,sm over ex sses 0 droxyaC| d synthetase derived from

Baci | | us ortli s ﬁﬁﬁ%‘%‘ﬁm il %?a\?é conprising an ilvBN nucleic acid
sequence or an alsS nucleic acid sequence derived fromBacillus. 10 30.
The nmethod of clai 421, AWieh&d 6f priduciiig ﬁﬁrﬁ%ﬁx@ﬁﬁﬂéﬁﬁ&éﬂ%f

t ohyd t d d
wih a vect orEUB IRy m%r“*%aac%%m%va%ﬁaéaé OBl M Blropebf A Gl
Baci | lus. 31. @helmmwndiavmgaw dweleatemmhwn&ﬂfhlmerﬁlv)rmnmé«mcondlt-ons

over expr esg@s s@ﬁmtwmﬁa@ﬁomdrat ase derived fromBacillus or is
transforned with a vector conprising av' ilvD nucleic acid sequence derived
fromBacillus. 32. The nmethod of claim23, wherein the m croorgani sm

overexpresses aspddt at & methedeknredupingableas 2iglle BartothenalRds BMANEETor |
transformed W inflependentdfisparafd ok Bradinirtd fo@ cdRPEEIng delhging adaspartategeience

derived from B&%Lnjb ase- sere)y?gssmét(nﬂﬂ (%fnn(c\llogfg%lgé u%ﬁe&%ndlmsﬁ&ﬂhsthe

m cr oor gani_ sm over expre
20 pantothenate is produced

16. A method of producing at least 2 g/L pantothenate in a manner
independent of valine or a-ketoisovalerate feed comprising culturing a microorganism
having a deregulated isoleucine-valine (i/v) biosynthetic pathway under conditions such

25  that pantothenate is produced.

17. A method of producing at least 30 g/L pantothenate in a manner
independent of aspartate or f-alanine feed comprising culturing an aspartate-o-
decarboxylase-overexpressing (AaD-0) microorganism under conditions such that

30 pantothenate is produced.

18. A method of producing at least 30 g/L pantothenate in a manner
independent of valine or a-ketoisovalerate feed comprising culturing a microorganism
having a deregulated isoleucine-valine (ilv) biosynthetic pathway under conditions such

35 that pantothenate is produced.

* c L M s *



any of ketopantoate hydroxynet hyltransferase, ketopantoate reductase,
pant ot henate synthetase and aspart at e-a-decar boxyl ase derived from

Bacil | us. 25y@%smibie nmethod of claim 27, wherein the vect QurfgRhiHshes €S
apanBCD nucl eic acid sequence or a panEl nucleic acid sequence Jerived

fromBacillus. 35. A nethod of produci ng_@of_ant 0- conpound conpri sing
contacting a 30 conposition conprising at | east one pantothenate

bi osynt hesi s pat hway_ precursor qQr. isol euci ne-valjne biosynthesi s, pat hway
precursor with at | Ehst %ﬁﬁ%l‘%@ﬁ‘%@ﬂ%‘dp %%*‘é@?%ﬁ"fc&ﬁthe
group consi st i paptetheratt coprprisiog twltunipg b mapipaiated micwophaismseder catibpasodnat e

reduct ase, pan%{ﬁ&?ﬁ%ﬁa@{ gﬁﬁgﬂ%ﬁgﬁim}lﬁeﬁtdecarboxyl ase, under
a e pa &

conditions such t t o- conmpou prodiced. 35
l11111aazaazeterrrrrrit k Ibv, CL RS W 01/21772 PCT/ EJS00/ 25993 -105
36. A nethod of pro2uci rithejmetiddaufiameoremfiolaims todQ) wherein theanicmorganisat e- a-

decar boxyl ase- | ) : ' | . .such
that (1. al ani ReiT R Rre @3%%@@@%&‘;?@%‘83% e Fa s e T
AaD- O ni cr oor g&m{TeY pugdeigaci FICH AT FAAE FERAPET-c aci d sequence encoding a-
pant ot henat e bi osynthetic enzyne selected fromthe group consisting of

ket opant oat e hydr oxyyret hPHetn'iéiﬂﬁlf(ﬁW@ne of 'éﬁixﬂ@ﬁf‘lgqg}@héréﬂﬁﬁtxﬁéﬁo&%sm o
pant ot henate synt hetase. 1 8. A.cHEt hod qQf produci n% (3 al.ani ne conpri si ng
contacting @ c YﬁSW‘lsf’eﬁﬁce"(&)lgﬁfﬂ"V%‘? e %‘BE?P ofyjsitnsiprmed Wyithavectsn o | | us

aspart at e- a- decemirising angbrCanelgicvecidiseipencecondi t i ons such that 13-alanine is
produced. 39. A nethod for enhancing production of a panto-conpound

conprising 15 cul turjng nut.ant .m croor.gani sm hayi a nutant coaX gene
under condi tions suth t Hohe methd ot sy one of Kt 1 18wt heroropmisng 0.
The nmet hod of ovestxpresses ditlydroxyaviddehydratassooriis manstormed witloa yeotir somprisingian

mut ant coaA 50e gD ndéleid aeid SeqiBice0d of produci ng a pant o- conpound conpri sing
a pantothenate kinase nutant m croorgani smunder conditions such that the

pant o-conpound is . pro duced at a significantly high yield. 25 42. The
met hod of cl ai m 41, 23herBiemethodf aut enetof glaimolf tg 2Ri wheria the anicreprgamismc 0a A
gene. overexpresses aspartate-a-decarboxylase or is transformed with a vector comprising a
panD nucleic acid sequence. '
20
24.  The method of any one of claims 14 to 23, wherein the microorganism

further has a deregulated pantothenate biosynthetic pathway..

25.  The method of any one of claims 14 to 24, wherein the microorganism
25 further has at least one mutant gene selected from the group consisting of a mutant avid
gene, a mutant /vE gene, a mutant ansB gene and a mutant alsD gene.

26.  The method of claim 24, wherein the microorganism overexpresses any
of ketopantoate hydroxymethyltransferase, ketopantoate reductase, pantothenate
30 synthetase and aspartate-a-decarboxylase.

.27.  The method of claim 24 or 26, wherein the microorganism is transformed
with a vector comprising a panBCD nucleic acid sequence or a vector comprising a
pankl nucleic acid sequence.
35
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43. The nethod of claim4l, wherein said nutant m croorgani smhas a mnutant
coaX gene. 30 44. The nmethod of claim41l, where said nutant m croorganism
has a mut an{yo @p#A2 and coaX gene. 45. The nmethod of any pegudbebsi ns 39
to 44, wherein said panto-conpound 35 is selected fromthe group

consi sting of ketopantoate, pantoate or pgat-ot henate.
FEErrrrerrrreverrvertulllr +C L MW 01/21772 PCT/ Us00/ 25993 - 106 46. The

nmet hod of any one cl g 9.te 44 r e [ -onpound IS

pant ot henate. 47. e &%@‘8&8?°§W?fﬁ\§”?§‘?"‘iﬁqé‘*ﬁ§ég§§‘;‘!%‘%ﬁ:a§?{8%i n said
pant o- conpoundpantpthenate isprodusad atra lavel eeledtedsframp thegmovpreonsisting of a dnypl greateri st i ng
of a level gremag10dmbanevel &ét'erth&n%?ﬂﬁhdﬂfc@éﬂg@éat&ﬂﬂﬁﬂ@@ﬂﬂ[L and a |evel
greater than 40g/L. 48. The nethod of any one of clains 39 to 44, wherein
sai d recombi nant mcroorgani smfurther has a deregul at ed pant ot henate

bi osynt heti & pat hwe?. or Themethed of ¢leinn2@ whergisy thg miicroerganisn pvarexpmssssal i ne

(i 1v) bi osynt hgdetdhydigkyaéR¥yntiiétase Hefiveitdif Baéllusdraé MRfymedRitRh veded ms 39 to
44, wherein said recom’)%?ﬁnt m cr ani s%}‘l%&her l%anD and

0] el igoﬁz.q% ce.0 cl .O\A&“riee)égrr%s iy
panE. 15 50. TH&HEI%RSY el AR spaveres; PO AGREE R C
recombi nant  nfremdscdfuni sm further has at |east one nutant gene sel ected
fromthe group consisting of a nutant avtA gene, a nmutant iiVvE gene, a
mut ant ansB,gene ang, a mitan 1 epe. .51, nmet hod f.or enhanci ng
product i onEigf a parito- ﬂ#ﬁ_&'ﬁ%ﬁ%ﬁ@ﬁﬁ?gﬁﬁ”d’%‘@ﬁf’t‘ﬁf’?fﬁﬁ“‘%m%"%?"c%e_ &ni sm t hat
has a der egul agsstphydmxysciddsamezorpdustase derived fropaiasilly ontsdransformedayithn has a
mutation that y&sdtlcbfiprising BARCHMCRA el S2qitateddfive@ s6mBacillist y under
conditions such that the panto-conmpound production is enhanced. 52. A

met hod for identifying conmpounds whjich nodul ate pantothenate 25 ki nase
activity conpri si ngdleonttaemethgd of elabmg diwhsrein the micregnganiss PYRICXPEIFESt henat e
ki nase endsdedihpdiokyatiddelyirgiese derbdd Train BeGHusor ipwansforaediwilles eoidrni ng t he

ability of the_test. 4 ki nase activity in
said cell. 53.° @S}%ﬂgﬁgydaépgglfcgfﬁggﬁeﬁéﬁﬁdgggﬁﬁég?é?’?:lgf'I further conprises
a nutant 30 coaA gene encodi ng a pantothenate ki nase havi ng reduced
activity. 54. The n32 hodheime#ivd of tlaind23,a¥heteifbthd microdrianisth everexprdsies

m Cr 00T Gani SM bean i AeBOSY 24 deri?Rd ROm HIATEE 396 B Rt vlorC! 315 |

to 51, wherein e, mcroorgani sm|
20 comprisinga panD(‘:r]mcleic acid sequence derived from Bacillus.

33.  The method of claim 24 or 26, wherein the microorganism overexpresses
any of ketopantoate hydroxymethyltransferase, ketopantoate reductase, pantothenate
synthetase and aspartate-a-decarboxylase derived from Bacillus.

25

34. The method of claim 27, wherein the vector comprises a panBCD nucleic

acid sequence or a panE! nucleic acid sequence derived from Bacillus. '

35. A method of producing a panto-compound comprising contacting a
30 composition comprising at least one pantothenate biosynthesis pathway precursor or
isoleucine-valine biosynthesis pathway precursor with at least one isolated Bacillus
enzyme selected from the group consisting of ketopantoate hydroxymethyltransferase,
ketopantoate reductase, pantothenate synthetase and aspartate-a-decarboxylase, under
conditions such that the panto-compound is produced.
35
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Gram negative. 11111021111121121221111111X111 L n s WD 01/21772

PCT/ U300/ 25993 -107 56. The nethod of any one of clains 1 to 51, wherein
the m croor ga@efHsims2S @ mnicroorgani sm belonging to a genupcpsmpias from

t he gr.oup consisting of Bacillus, Cornyebacterium Lactobacill us,

Lact ococci and Streptonyces. 5 57. The nejgypd of any one.of clains 1 to 51
and 54 to 56, wherein the mcroorganismis of the genus Bacillus. 58. The

nmet hod of any one of_clajns . 1.t 51 an 4 to 57 .wherein the

ni croorgani smis Baiq'l I Lé“?ﬂ’t?fif’??@&“% g?‘mﬁ‘@%{sﬂ’&f 8 AP asRALtati%-c| ai ns
1 to 13, 35, 3@ecarboBylasernyerApressitigd AaDrQ) miveqorgaoispy indemepnditions,such thgt f-he
pant 0- conpound glafi@e isPasauc®i. hod of any one of claims 14 to 34 and 54 to 58,
further 15 conprising recovering the pantothenate. 61. The method of any
one of clains 1 to 14, 35, 39 to 46,49 to 51 and 54 to 59, wherein the
pant o- conpound i s p¥tbduckhe mathad df glaish 3¢ rvehetein the Aql-O mjttoorganisd has o\

bant of honat e. b Lt N eIl sl R & oo e R o

cl ai m 62, whi cﬁe??%%r‘h%h'é% °8%’s@€8§mm§§g?#ﬁ¥n§%ﬁqs&§gﬁant ot henat e
bi osynt heti ¢ eketypantoaRFedrtaserand pantothetstesymthetase;r oor gani sm of cl ai m 62 or
63, wherein the pantothenate biosynthetic enzyne is selected fromthe
group consi sting of,ket opantoat hydr met hyl t r ansf erase, pant ot henate
Jynt het ase. Taspar ¢ a1%: o aeas oo et Amhd tosrAe spaacia s BpRbRItug oo
The reconmbi nantomprising@spatateswithoin isglatedyBeciliys agnartpieyr-dzanboxydase engymeainder t he
pant ot henat e bigitidh§ sich that paleiilciSpré@iceRant oat e reductase. 66. A

reconbi nant m croorgani smwni ch overexpresses aspartate-a- 35 decarboxyl ase

and has a deregul ated isol eucine-valine (ilv) biosynthetic pathway. I 1"1"I
LELLLL e 110111 39 1 1A methogfor enhanyiag prodpction f peamtessompaumd gomprisinges

15 culturing a mutant microorganism having a mutant coaX gene under conditions such that
the panto-compound production is enhanced.

40.  The method of claim 39, wherein said recombinant microorganism has a
mutant coad gene.
20
41. A method of producing a panto-compound comprisihg a pantothenate
kinase mutant microorganism under conditions such that the panto-compound is.
prdduced at a significantly high yield.

25 42.  The method of claim 41, wherein said mutant microorganism hasa
mutant coad gene.

43,  The method of claim 41, wherein said mutant microorganism has a
mutant coaX gene.
30
44.  The method of claim 41, where said mutant microorganism has a mutant
coad and coaX gene.

45. - The method of any one of claims 39 to 44, wherein said panto-compound
35 is selected from the group consisting of ketopantoate, pantoate or pantothenate.

|



67. A reconbinant m croorgani smhaving a nutant coaX gene, said nutant

coaX gene encodi ng reduced pantothenate ki nase activity in said

m cr oor gani w@ 0188772 The recoritbi nant m croor gani sm of "cl ai ne@Wusmrsder havi ng
a nutant 5 coaA gene, said nutant coaA gene encodi ng reduced pant ot henate
ki nase activity in said mcroorganism &6@6-A reconbi nant m croorgani sm
havi ng a nutant coaX gene and optionall y havi ng a nutant coaA gene, said

mut ant i croor gani g hawyng se ﬁagpfgg m&%&%— ﬂ&kég@g@g%&r}%&xﬁ%ygﬁ

conpared to a Jm croorgani sm ng-w ype coa
reconbi nant miig PEBeHenates m conprising a vect or conprising an isolated coaX
gene. 15 71. A reconbi nant m croorgani smthat overproduces a

pant o- conpound, t he mgﬁgﬂ{é&@&bf%ﬂﬂﬁé'o??la@ns%rtgwlﬁﬁe?&?WI’& (f}?éeund
Sal

bi osynt het i c pat hway an

decrease i n3t Hepeodpeediat § eaﬁlsslﬁ@temmdb?gawgqnsmg%f eYed gregter than

(CoA). 20 72. 1V grearpthan DOGIL and £ levelrgyeutersimnaliogd). ai m 71, havi ng at Ieast
one- nmutation that results in a reduced |level of pantothenate kinase
activity. 73. The reconbi nant m croorgani smof claim 72, having a nutation

in a coaA gene, or8hondhegthod REIYIME of elakns 394p i .ovherein said proerBbinanty o|  of
CoaA enzyne Zhicesirganisin/furtliel haddderegutaedpantotlicnate biospithaicipativay octfusthep 72,

navi ng 2, b0 defeRorel ARKuARD i) R GRR pellRGOT L hal results ina

reduced | evel enzyne activit I nant
m croorgani smof claim72, having a nutation in a coaA gene, or honol ogue
thereof, and havi ngl9a rrﬂ‘ham'ethndioflclamcm)bngeﬁeimnmrwhmmwdgmsauchereof t he

mut ati ons resuletd 1&9‘*35%]"3&%5%‘%’@%”? IR Al vity and reduced
cro

CoaX enzyne act|V| ty. 35 76 e reconbin or gam sm of any one of
claims 66 to 70 which further has a deregul ated pantothenate biosynthetic
pat hway. 1131111111501117TDh¢ inkthdd of driyldne bf Wiainfs13926 A%l Micabbiagnt - 109

77. The r eCO Mhh RedHrg dﬂsﬁ{ ﬁ&ﬁ&%ﬁé ﬁ%a@f orériﬁ{uté}{i%e@ se&l:@!i ﬁ%mftﬁe &Buﬁéo Rnd7 to
75, further fjﬂ@ | at ed lgjgeum ne-val |n§ @2 etic
pat hway. 5 78 ofp{gut H%u"i‘tm‘f%r’ EE R DDt ansh geptaid g m g8t o 77,
which is G ampositi ve.
51. A method for cnhancing production of a panto-compound comprising
20 culturing a microorganism that has a deregulated pantothenate biosynthetic pathway and
that also has a mutation that results in reduced pantothenate kinase activity under
conditions such that the panto-compound production is enhanced.

52. A method for identifying compounds which modulate pantothenate
25 kinase activity comprising contacting a recombinant cell expressing pantothenate kinase
encoded by the coaX gene with a test compound and determining the ability of the test
compound to modulate pantothenate kinase activity in said cell.

53.  The method of claim 52, wherein said cell further comprises a mutant
30 coad gene encoding a pantothenate kinase having reduced activity.

54.  The method of any one of claims 1 to 51, wherein the microorganism is
Gram positive.

35 55.  The method of any one of claims 1 to 51, wherein the microorganism is
Gram negative.

AT



79. The reconbi nant m croorgani smof claim 78 belonging to a genus

sel ected fromthe group consisting of Bacillus, Cornyebacterium

Lact obaci | | ugg o1/#972Lact ococci and Streptonyces. 80. The r pepF&inR599s

m croorgani smof claim79 belonging to the genus Bacillus. 15 81: The
reconbi nant m croorgani smof claim80 whiggyis Bacillus subtilis. 82. A
reconbi nant m croorgani sm sel ected fromthe group consisting of PA221,

PA235 PA236, PA313. PA410. P PA403. . PA411,. PA412. PA413, PA303,
PA327 PA328. PA401°6-PA3 ,mﬂﬁé‘g‘g‘fmbﬁmﬁdaﬁmé&“ﬂ%&fﬁ BICIOOTgaRispIS 5
PA377, PA651 amicrbg@anism gelonging tecagepissslected &romshe group cansistimg efiBacidugduct i on -

of pant 0- CONPOYRHehdceFiim, BaddShadillis DatloboceCdrd SHepomp&s. Whi ch encodes at
| east one Bacillus pantothenate bi'osynthetic enzyne operably linked to

regul atory sequences. 25 84. The vector of claim 83, conprising a nucleic
aci d sequence whi ch57.encBugrethad dfany onanfelaBas] to Asand S8 to $6, whereint the henat e

bi osynthetic eRf¥%BErgadism isliTehe/RabOBacitusC! ai m 84, wherein the nucleic acid
sequence encodes at 30 | east one of ketopantoate hydroxynethyltransferase,

pant ot henat e synthetase, aspartate- a-decarboxylase and ketopantoate
reduct ase. 86. A redbnbi Themethasoafeny oaenficlaihnbtosil and 34 to Hhavhexeiri the ¢ aci d

sequence sel egli@dorbamém idBacilhe Wibegionsi sting of $EQ I D NG 23, SEQ | D NO 25,
SEQ I D NO 2 35 SEQ ID NG 29 and SEQ ID NO59. iiiEij,* W 01/29772

PCT/ US00/ 25993 -110 87. The vector of claim 84, wherein the nucleic acid
sequence encodes k& opakhieanathodofguy onexf clages 1 1 Medl, 3P tadhandiH4ite§8.a nut ant

coaX gene, sai Qurief @ipriding P6boVering thpanfRéonipomnpat e ki nase enzyme havi ng
reduced activity. 89. A vector conprising an isolated coaX gene. 90. A
vector conprising an isolated Bacillus coaX gene. 10 91. A vector

conprising an isol a®&d BEheimsthpd of gny ene of claimasd 4fe3d and 34 tori8efupther or ‘of any

one of clairms 86mpishgd8cdveridtlthe phtitéthedatel t her conpri ses regul atory
sequences. 15 93. The vector of any one of clains 83 to 85, 87 and 92,

wherein the .
61. The method of any one of claims 1 to 14,35 ,39 t0 46,48 to 51 and 54 to

59, wherein the panto-compound is produced at a level greater than 2 g/L.

20 62. A recombinant microorganism which overexpresses at least one Bacillus
pantothenate biosynthetic enzyme.

63.  The recombinant microorganism of claim 62, which overexpresses at
least one Bacillus subtilis pantothenate biosynthetic erizyme.
25
64.  The recombinant microorganism of claim 62 or 63, wherein the
pantothenate biosynthetic enzyme is selected from the group consisting of ketopantoate
hydroxymethyltransferase, pantotheriate synthetase, aspartate-a-decarboxylase and
ketopantoate reductase. |
30 '
65.  The recombinant microorganism of any one of claims 62 to 64, wherein
the pantothenate biosynthetic enzyme is ketopantoate reductase.

66. A recombinant microorganism which overexpresses aspartate-a-
35 decarboxylase and has a deregulated isoleucine-valine (i/v) biosynthetic pathway.

L



regul atory sequences conprise a constitutively active pronoter. 94. The
vector of claim93, wherein the constitutively active pronoter 20

conpri ses Ry8@142EQ | D NO 41), P15 (SEQ I D NO 39) or P26 ecafged/ 139930 40)
sequences. 95. The vector of claim83, wherein the regul atory sequences
conprise at |east one artificial ribosamegbinding site (RBS). 25 96. The
vector of claim95, wherein the artificial RBS conprises a nucl eotide
sequence selected fromthe group consisting of SEQ .| 49, SEQ | D NO 50,
SEQ ID NO 51, SEst'D ‘S“z"%“’gﬁ% ‘P‘B‘N&?‘%‘?,"%ﬁﬂ%%ﬁ, Cie) W85 SEQ
ID NO 56 and c8&Xgér® encrding re¢d@ed pantothenstetkinase adtivity dnisaid mierqonganismo up

consi sting of pAN0O04, pANOO5, pAN0O06, pAN236, pAN423, pAN428, pPAN429,
pAN4A41l, pAN442, pAN443, . pAN251. pAN267. pPAN25EG,. AN263.  nAN240,
PAN294, PAN296, pA 36,T€“Aﬁ§%& ‘“%Fﬁ&“%% St ggﬁé&g‘%%‘ ing 2 pjutdit

m cr oor gani $ mcoedrgeressaidymutant aoad gene epfodingedvced pantothgnat kings petivity|in said | | | |
FITEE T T fcdoormain01/ 21772 PCT/ 11800/ 25993 -111 99. An isol ated

nucl eic acid nol ecul e which encodes at | east one Bacillus pantothenate

bi osynthetic gene. 100. The isolated nucleic acid nolecul e of claim99
whi ch encodes at | 69st ASecombimatinicreesganisot having ayautaniicheX gene apd optjomaliet i ¢

gene. 101. Theyainghdhisht Bbied En6, s&ﬁlxﬁhtﬂﬁhﬁ@xﬁb@aﬁ&m%ﬂh%rea_&cea@a&%em ch
encodes kﬁaogﬁnt oat.e. reduoct asg.t %0.19&. An ggvol at ﬁ% aglugnsd a tgﬁekgenate
bi osyntheticC '?ﬁ%éupvg?'%%&fﬂaff o a fyicroorgaityon Baving, WildIybe cpar A B
pant ot henat e bi osynthetic enzyne polypeptide. 15 104. An isolated Bacillus

ket opant oat e reductzese AgkitRfMaAntRicrdd?SanishilconfRisiig@debtoftdnprisingaht i |1 s

ket opant oat e r.educt as ypeptide. 106. An isolated Bacillus
aspart at e- a- delcogé{%%&fﬁ{gﬁe}é‘pol ypeptide. 20 107. An isol ated Bacill us

subtilis aspartate-a-decarboxyl ase pol ypeptide. 108. An isolated nucleic
acid nol ecue conprisi N@ racombirkint mitBsb¥gaAiftthat overproduces a panto-compound, the

microorganism having a deregulated pantothenate biosynthetic pathway and having at

least one mutation that results in a decrease in the capacity of the microorganism to
synthesize Coenzyme A (CoA).

20 72.  The recombinant microorganism of claim 71, having at least one:
mutation that results in a reduced level of pantothenate kinase activity.

73.  The recombinant microorganism of claim 72, having a mutationin a
coaA gene, or homologue thereof, that results in a reduced level of CoaA enzyme
25 activity.

74. The recombinant microorganism of claim 72, having a mutation in a
coaX gene, or homologue thereof, that results in a reduced level of CoaX enzyme
activity.

30

75.  The recombinant microorganism of claim 72, having a mutationina
coaA gene, or homologue thereof, and having a mutation in a coaX gene, or homologue
thereof, the mutations resulting in reduced levels of CoaA ehzyme activity and reduced
CoaX enzyme activity.

35

76.  The recombinant microorganism of any one of claims 66 to 70 which

further has a deregulated pantothenate biosynthetic pathway.

ey



25 109. An isolated nucleic acid nolecule conprising a coaX gene. 110. An
| sol at ed pant ot henate ki nase protein encoded by a coaX gene.

LTjth]~ii]luyddipze 11ITTTLLL, S PCT/US00/25993
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77.  .The recombinant microorganism of any one of claims 62 to 65 and 67 to
75, further having a deregulated isoleucine-valine (i/v) biosynthetic pathway.

78.  The recombinant microorganism of any one of claims 62 to 77, which is
Gram positive.

79.  The recombinant microorganism of claim 78 belonging to a genus
selected from the group consisting of Bacillus, Cornyebacterium, Lactobacillus,
Lactococci and Streptomyces. '

80.  The recombinant microorganism of claim 79 belonging to the genus
Bacillus.

81. ' The recombinant microorganism of claim 80 which is Bacillus subtilis.

82. A recombinant microorganism selected from the group consisting of
PA221,PA235,PA236, PA313,PA410,PA402, PA403, PA411, PA412, PA413,
PA303, PA327, PA328, PA401, PA340, PA342, PA404, PA405, PA374, PA354,
PA365, PA377, PA651 and PA824.

83. A recombinant vector for use in the production of panto-compounds
comprising a nucleic acid sequence which encodes at least one Bacillus pantothenate
biosynthetic enzyme operably linked to regulatory sequences.

84.  The vector of claim 83, comprising a nucleic acid sequence which
encodes at least one Bacillus subtilis pantothenate biosynthetic enzyme.

85.  The vector of claim 84, wherein the nucleic acid sequence encodes at
least one of ketopantoate hydroxymethyltransferase, pantothenate synthetase, aspartate-
oa-decarboxylase and ketopantoate reductase.

86. A recombinant vector comprising at least one nucleic acid sequence
selected from the group consisting of SEQ ID NO:23, SEQ ID NO:25, SEQ ID NO:27,
SEQ ID NO:29 and SEQ ID NO:59.

———
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87.  The vector of claim 84, wherein the nucleic acid sequence encodes
ketopantoate reductase.
88. A vector comprising a2 mutant coaX gene, said mutant encoding a

5 pantothenate kinase enzyme having reduced activity.
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89.

90.

91.

92.

A vector comprising an isolated coaX gene.
A vector comprising an isolated Bacillus coaX gene.
A vector comprising an isolated Bacillus subtilis coaX gene.

The vector of any one of claims 86 and 89 to 91, which further comprises

regulatory sequences.

93.

The vector of any one of claims 83 to 85, 87 and 92, wherein the

regulatory sequences comprise a constitutively active promoter.

94.

The vector of claim 93, wherein the constitutively active promoter

comprises Py (SEQ ID NO:41), P;5 (SEQ ID NO:39) or P25 (SEQ ID NO:40)

sequences.

9s.

The vector of claim 83, wherein the regulatory sequences comprise at

least one artificial ribosome binding site (RBS).

96.

The vector of claim 95, wherein the artificial RBS comprises a nucleotide

sequence selected from the group consisting of SEQ ID NO:49, SEQID NO:50, SEQID
NO:51, SEQ ID NO:52, SEQ ID NO:53, SEQ ID NO:54, SEQ ID NO:55, SEQ ID
NO:56 and SEQ ID NO:57.

97.

A vector selected from the group conéisting of pAN004, pAN00S,

PANO006, pAN236, pAN423, pAN428, pAN429, pAN441, pAN442, pAN443, pAN251,
pAN267, pAN256, pAN257, pAN263, pAN240, pAN294, pAN296, pAN336, pAN341

and pAN342.

98.

A recombinant microorganism comprising the vector of claim 86 or 93.
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An isolated nucleic acid molecule which encodes at least one Bacillus

pantothenate biosynthetic gene.

100.

The isolated nucleic acid molecule of claim 99 which encodes at least

one Bacillus subtilis pantothenate biosynthetic gene.

The isoldted nucleic acid molecule of claim 99 or 100 which encodes

101.
ketopantoate reductase.
102. Anisolated Bacillus pantothenate biosynthetic enzyme polypeptide.
103. Anisolated Bacillus subtilis pantothenate biosynthetic enzyme
polypeptide.
104. An isolated Bacillus ketopantoate reductase polypeptide.
105. Anisolated Bacillus subtilis ketopantoate reductase polypeptide.
106. An isolated Bacillus aspartate-a-decarboxylase polypeptide.
107. Anisolated Bacillus subtilis aspartate-a-decarboxylase polypeptide.
108. An isolated nucleic acid molecule comprising a mutant coaX gene.
‘ 109. Anisolated nucleic acid molecule comprising a coaX gene.
110. Anisolated pantothenate kinase protein encodéd by a coaX gene.
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