Method for the,grogiction of L;ornithine by fermentation Prior art Lq,rggZEgzlg ﬁs’wo%ir%i

stimulatory action regarding liver function and is frequently utilized as an ihgredient’s (fcaments
and in sports nutrition. L-Ornithine is nowadays prepared by various processes. One method is the
fermentative preparation with the aid of microorganisms. Another method is alkaline hydrolysis of
arginine, for example with barium hydroxide (CN 1594282 A). 10 Another method is the
biotransformation of arginine by immobilized microorganisms possessing an arginase activity

(KR5891218 LA marthed of prrpasingdomithine fro Leitruline hasialse begn degeribed in the
patent literature (JP 42007767 B4). Microorganisms which are distinguished in that they excrete

L-ornithine into the culture medium have been described in the literature. Examples of said
microorganisf¥ &f& bag&teria of the genus Corynebacterium, Brevibacterium, Bacillus (JP 43010996
B4, JP 57041912 13), Escherichia 20(US 3668072 A), Providencia (JP 03195494) or Arthrobacter (US
3574061.). L-Ornithinepioducirg ricreorganisms are often thistingyished yrbeiag auxatrephic for the
amino acids Ly aggining of L-¢itpylline(described for Erevibacterium, 25 Bacillus, Corynebacterium in
EP 392708 B1 and KR 161147 El and for Escherichia in US 366072 A). Furt ermgre, microorganisms
have beeh deScriBstwhitheateSedRthnt To 2RAi6Id Hizhide! Wiphaguanidine or 2-fluoropyruvate
(Japanese Open-Laid publication No. 61-119194). 30 EP 0393708 El describes L-ornithine producers
which are distngtished By 8 |Gwerresisiance wremitholé and micophienaticcaric: <8aid pfoperties may
also be in a cambined formt12-The release of basic amine acidssuehtas kiysing,d asginine and

L-ornithine by, i iffusion f he cell is.very poor (Bellmann et al. (Microbiglogy 2001;
147: 1765-745TY).¥ %%Er?%% %&(‘;igsn%v%é" %ggggﬁgegd, %? %ls‘fr?e 65%/ w%@‘é&elx%%&z%ﬁﬁeg Stal. @%urnal of
Bacteriology F65: 1 77814)E 252 B7) RavE stlidiéd aidrality orexpeiidefieBnt E8AMmBBaderium
glutami¢vm ninantseEomendmutant, ahdntrdcellularconeantration offl 24-guv 1-lysivbe was measured,

while a value pfoply0. 7 1AM was-measyted; 19extracellularly,, r'g%eg%lg%g'sguL%M%EO'OQV
1996; 22(5): 8 5152% angj\]owu nal of Mq_lecular Mlcroblology and Biotechnology 1999; 1: 32 -%36) and
EP 0868527 Bi Tehtitied Bihd ddschibed A nével BxpReraS LIS ekporter dyse) A -
citrulline has also been described in the patent literature
(JP 42007767 B4) .

15 Microorganisms which are distinguished in that they excrete
L-ornithine into the culture medium have been described in
the literature. Examples of said microorganisms are
bacteria of the genus Corynebacterium, Brevibacterium,
Bacillus (JP 43010996 B4, JP 57041912 B), Escherichia

20 (US 3668072 A), Providencia (JP 03195494) or Arthrobacter
(US 3574061) .

L-Ornithine-producing microorganisms are often
distinguished by being auxotrophic for the amino acids L-
arginine or L-citrulline (described for Brevibacterium,

25 Bacillus, Corynebacterium in EP 392708 Bl and KR 161147 B1
and for Escherichia in US 366072 A). Furthermore,
microorganisms have been described which are resistant to
2-thiazole-alanine, sulphaguanidine or 2-fluoropyruvate
(Japanese Open-Laid publication No. 61-119194) .

30 EP 0393708 Bl describes L-ornithine producers which are
distinguished by a lower resistance to ornithole and
mycophenolic acid. Said properties may also be in a

combined form.



15 defined Lysfulgqyitag yyas;no longer capable of transporting L-b?&@%;tz%fﬂ? &gl%{;‘r ha

polypeptide encoded by the lysk gene is 233 amino acids or amino acid residues in length and is
represented in SEQ ID No. 2. After overexpression of the lysE gene in a lysine producer, 20 an
increase in L-lysine excretion was found. Von Bellmany et al. (Microbiology 2001; 147: 1765-74) have
characterized in more detail the LysE exporter with regard to the transport of various basic amino
acids in C. glutamicum. The authors demonstrated that the 25 transporter specifically exports the

amino acids Lysine-and hargining,aut of the cell. The guthars furthermare investigated whether LysE
also exports L-ggnitihiq?lgut ?1fdth _cOeII. Fo[?lthis p épose., fir%t of all an L-arginineauxotrophic C.
glutamicum strairrreferred o as 30 ATCC13032 argEWas prépaisd. Fhé'dtrdinivad cditar8t in 50 mi

(batch culture) 0t ffmirhal mediifd réfepfed BdsloexXH whichlcontdined 40igilgiarose0 Atter an

incubation periodof 247 waurs 60)mMrhemithine, seraspendingde #:9 ghavers, measured. by
Intracellularly, ag.l--grnithine ¢ r%cen{/@gg f approx. 3,200 mM.wa asured. in.the cells of said
strain over an incg_bation %eri(j%gL of approxg é)o%?inﬁ?e's. I<n§ OFC er%at% c?a%rify,avﬁgé?tﬁéf I}ffgé/ also transports

L-ornithine out'ot e céll, thé Strairft $3632- argR WasStransfefined Miththé 5 phiéativerstasgmid
pECT7lysE. Thidefeaslea wasdntendeddo pravide dhe stiaincwith antinereased tyskastivity, thereby

allowing the straip to,ransport L-araithine ato.the duediymn, a3 bighe rate of gxporty However, said
measure did not increase the rate of L-ornithine export. The same 10 rate of export %6/ nmol min' (mg

of dry mass)-)"{7&s BRI bSth OF e ¢Sttt sthirPfE032 - 4rgly dRfintRe fahs@rmant
(13032::afYE, hatboarad PEGHYSE). From this the authors concluded that L-ornithine is not exported
by the LysE exporter. They furthermore drew the conclusion 15 that there must be another, unknown

export functiorveexport pretein) for keoraithing in 1Coryrebasteriym giutamicum£Bellmansn. etal., 2001,
page 1771, fg, ) 3od, page 1072,ines.24-28),/3 vpHignt LySE, (see SEQ 1P e, 4) was identifed in
of the Lys

20 C. glutamicum R, which differs from the amino acid seque exporte?f?gm strain

ATCC 13032, dépicted'in SEQ1BKG. 215y &F NRFRuS Sxtendsd by fhree @fifo acid residues. The
sequence of salid=aminoeatic: resicuds isxmethionines valiie; ideleueine (MdA): This kysE.pelypeptide
25 from strain B-has,been described in kR 1266966 hlas ayariant which differs.from the wild-type

g

protein in the formation of a loop region or, more specifjcally, can no longer form said loop, and is
therefore able & 2EESMpiisH Tnprovéd EXpoft6f LAysinenidtit-arginine. Polypeptide

encoded by the 1lyskE gene is 233 amino acids or amino acid
residues in length and is represented in SEQ ID No. 2.
After overexpression of the lysE gene in a lysine producer,

20 an increase in L-lysine excretion was found.

Von Bellmann et al. (Microbiology 2001; 147: 1765-74) have
characterized in more detail the LysE exporter with regard
to the transport of various basic amino acids in
C. glutamicum. The authors demonstrated that the

25 transporter specifically exports the amino acids L-lysine
and L-arginine out of the cell. The authors furthermore
investigated whether LysE also exports L-ornithine out of
the cell. For this purpose, first of all an L-arginine-
auxotrophic C. glutamicum strain referred to as

30 ATCC13032::argF was prepared.

The strain was cultured in 50 ml (batch culture) of a
minimal medium referred to as CGXII which contained 40 g/l
glucose. After an incubation period of 24 hours 60 mM L-
ornithine, corresponding to 7.9 g/l, were measured.

35 Intracellularly, an L-ornithine concentration of approx.



"() Another Lywig vatiant/has hegn described by Guniji and Yasueda (Joungd of Biqteghnplogy 127,
2006, 1-13). The authors were interested in L-lysine formation by the obligately methylotrophic

bacterium, Methylophilus methylotrophus. They transformed M. methylotrophus with a 35 plasmid

referred to as pSE which contained the 4 C. glutamicym ATCC13869 lysE gene in order to improve
lysine formation by M. methylotrophus. However, the authors found that they were able to establish
only a mutated form of the lys gene (lysE24) in a stable manner in 5 M. methylotrophus. The open

reading framexf shenlysiagene-has bean shifteddn dbe lysE24 allele dye ta the insegtion,of a thymine
residue, resulting.in the terminati f the reading frame after 432 bp. The truncated reading frame
codes for a LysE prote% W%@glgsqs%%rtcer?b?pﬁré%{ fe;?(?uénslﬂ?%? e (I:nt_e?rﬁ%ri}%g than the wild-type
LysE protein S ighitamidtia ATFECE 8860 At ROL4T apiReaEid resiges ik fetrytieuh aadition, the last
6 C-terminal anhino @cids, ofithe truncated protein (residires.d36-1 44 hdiffer-frem theraminaacids of the

wild-typed.ys i i AN ; yl > St ' Et‘ll m %if' Ic_)ysE allele
4YSE giping.acidsequence.An e melvIgigRhy S ening. hene; (P yE allele

on a plasmid 24) was tested for lysine formation. To this en W
minimal medidth Féfetfed %< SERd th tHEforArbr i etehae chfafe foF 5o Hdufs. Rérs found
that the 20 trapsformangalsbedorted smatlquantities (0.0 7 Imbheortéspeading-to 1h8& mg/1) of

L-ornithine, inadldition t9:0.85 MYHelysing-and,@. 19pM L-argining, As explaiged by the-authors, this
observed form(%{ign oftL-gQithiena(Ia 5 dt eto eitther ag altered substrate specificity of the mutated 25
transporter or possibly the alterad intracelliiar taftfinifie Pddt of tHeSstraii OEP 1268968 Ef'finventors:
Gunji add Yastra) désatiesithe Posftiversetion of the(IgsEF tansperteron the@scretion of L-
lysine and LarginieexQbjest eithe inventione SLescriptionof he inventan The.inyention selates to a
process for the preparation of L-orgitTTg haracterized,in that the followi teps are carried out:
Sfermentation of an L-orni%hcgl)r%n%icre ingqgactér?urrﬁ%séle}é?gg from the é%%%%fc%sr?gi)sting of ™
Cowmebacuﬂﬁmis the authors concluded that L-ornithine is not exported

by the LysE exporter. They furthermore drew the conclusion

15 that there must be another, unknown export function (export
protein) for L-ornithine in Corynebacterium glutamicum
(Bellmann et al., 2001, page 1771, fig. 5b) and page 1772,

lines 21-28).

A variant LysE (see SEQ ID No. 4) was identified in

20 C. glutamicum R, which differs from the amino acid sequence
of the LysE exporter from strain ATCC 13032, depicted in
SEQ ID No. 2, by an N terminus extended by three amino acid
residues. The sequence of said amino acid residues is:
methionine, valine, isoleucine (MVI). This LysE polypeptide

25 from strain R has been described in EP 1266966 Bl as a
variant which differs from the wild-type protein in the
formation of a loop region or, more specifically, can no
longer form said loop, and is therefore able to accomplish

improved export of L-lysine and L-arginine.

30 Another LysE variant has been described by Gunji and
Yasueda (Journal of Biotechnology 127, 2006, 1-13). The
authors were interested in L-lysine formation by the
obligately methylotrophic bacterium, Methylophilus
methylotrophus. They transformed M. methylotrophus with a

35 plasmid referred to as pSE which contained the



Bacillus, Strepigmyees, Arshygbacter and the Enterobacteriaceae Whi%%‘ﬁﬁ}ﬁﬁ?@%% 541

polynucleotide coding for a polypeptide which has the 10activity of an L-ornithine exporter and whose
amino acid sequence is at least () 35%, a 40%, 3 50%, =3 55%, 3 60%, = 65%,70%, a 75%, a 80%,
85%, > 90%, 3 92%, > 94%, > 96%, > 97%, = 98%, 3. 99% or 100%, preferably a 70%, particularly
preferably 3 90%, 15very particularly preferably 3 96%, and most preferably 100%, identical to the
amino acid sequence of SEQ IL No. 2, in a medium, b)accumulation of said L-ornithine in said_ _
medium, wherein gi@ﬁé@@fﬂ@ﬂ@n brethis Qétﬁin%ﬁwﬂ@fﬂré%tifﬁiﬂéd ﬂﬁ%@}é@ﬁ ldepozlézd in
DSM23239, is, nat.used for overexpressiqn, d)and wherein the length of the encaded polypeptide,
where appropsrllgtse:flllses 4610 slffb% a(r?\nﬂ'no%g&% g?érmcf 21 acid %é%f’é%%grzs g?@fe‘?éh%@?éf given to
selecting lengfPraHges oM e Yrolp Corrdistgtst £ 7R EIZ861 acrdetons 8L 20840 §@258, = 218 to
S 243, = 228 tofs 236 ang=a2381te S 2B3-APINO acids Ok aniNe agigtesidues. gart;cular pfzfgéencz is
iven to the lepgt [ange S : t 5233%28t052$6 n toe , an
8ery part%%uIaqr\wpgrgl[flerence§ %53%%%0 th(—;% %%O%%ﬁl/%ﬁg‘}gc JEPY011 nggil% ?ﬁgﬁ]épa%geSZZS
t0236and22848§3§een shifted in the 1lysE24 allele due to the insertion

of a thymine residue, resulting in the termination of the
reading frame after 432 bp. The truncated reading frame
codes for a LysE protein which is shorter by 92 aa residues
10 at the C terminus than the wild-type LysE protein of
C. glutamicum ATCC13869. It is 141 amino acid residues in
length. In addition, the last 6 C-terminal amino acids of
the truncated protein (residues 135-141) differ from the
amino acids of the wild-type LysE amino acid sequence. An
15 M. methylotrophus strain carrying the modified LysE allele
on a plasmid (pSE24) was tested for lysine formation. To
this end, the strain was assayed in 0.3 1 of a minimal
medium referred to as SEIIc in the form of a fed-batch
culture for 50 hours. The authors found that the
20 transformant also formed small quantities (0.07 mM
corresponding to 11.8 mg/l) of L-ornithine, in addition to
0.55 mM L-lysine and 0.19 mM L-arginine. As explained by
the authors, this observed formation of L-ornithine is due
to either an altered substrate specificity of the mutated
25 transporter or possibly the altered intracellular L-
arginine pool of the strain. EP 1266966 Bl (inventors:
Gunji and Yasueda) describes the positive action of the
LysE24 transporter on the excretion of L-lysine and L-

arginine.
30
Object of the invention

It is an object of the invention to provide a novel process

for the fermentative preparation of L-ornithine.



Where L-ornithi@e 39 ifentidAadd hereinbelow, the term also comprisespistsaits soch assios £xample,
L-ornithine monohydrochloride or L-ornithine sulphate. 5 A process according to the invention makes
use of bacteria selected from the group consisting of the genera Corynebacterium, Bacillus,
Streptomyces, Arthrobacter and the Enterobacteriaceae family. Within the genus
Corynebacterium, preference is given to 10 strains based on the following species: Corynebacterium
efficiens, for example the type strain DSM44549, Corynebacterium olutamicum, for example the type
strain ATCC133raipeinmir R, Hre I50@mhéleacterium ammoniagenes, for example the strain
ATCC6871, with very particular preference being given to the species Corynebacterium glutamicum.
Some represehtatives of the speaies Sorgnehacieriir 20giutaiiCumearg:alge kaewain the prior art
under other names.These.include for example: strajn ATCC13870 seferted fo as Corynebagterium
acetoacidophilum, . strain DSM20137, referred to as Corynebacterium 251 , strain
ATCC17965, fetérréd b 85 Corynebacterium melassecola, strain ATCC14067, referred to as
Brevibacterium flavum, WO 2011/124477POT/EP2011/054541 7 strain ATCC13869, referred to as
Brevibacteriurht lactofe?ifefttir tamd sk AineAT ©C24020 rbfarred ey as Brevibacterurutivaricatum.
The term uMicrococausighates ctis'dfor Cesyrahasterimn gluiamicun hasdikewise-heen,in. yse. Some

representatives of thgg@ggifﬁéﬁO@g@% cteril n eﬁicign%ltl\av also been referred to in the prior art as
Corynebacterium thermoaminogenes, gr exa%n&g the étrafﬁ%@ﬁ?ﬁeﬁp- 9%18
Enterobacteriaceae which overexpresses a

polynucleotide coding for a polypeptide which has the

10 activity of an L-ornithine exporter and whose amino
acid sequence is at least (=) 35%, = 40%, = 50%,
= 55%, = 60%, = 65%, = 70%, = 75%, = 80%, = 85%,
= 90%, = 92%, = 94%, = 96%, = 97%, = 98%, = 99% or

100%, preferably = 70%, particularly preferably = 90%,
15 very particularly preferably = 96%, and most
preferably 100%, identical to the amino acid sequence

of SEQ ID No. 2, in a medium,

b) accumulation of said L-ornithine in said medium,

wherein a fermentation broth is obtained,

20 <) wherein the plasmid pEC71ysE, deposited in DSM23239,

is not used for overexpression,

d) and wherein the length of the encoded polypeptide,
where appropriate, is = 146 to < 286 of amino acids or

amino acid residues.

25 Preference is given to selecting length ranges from the

to = 258, = 218 to = 243, = 228 to = 236, and = 228 to

group consisting of = 171 to = 286, = 196 to = 261, = 203

= 233 amino acids or amino acid residues.
Particular preference is given to the length ranges

30 z 203 to = 258, = 218 to = 243, = 228 to = 236, and = 228

to = 233, and very particular preference is given to the



10 Within the §en#dBAéiHiaé diréference is given to the species BacillBS BUBRIRD VHiHls dieddenus
Arthrobacter, preference is given to the species Arthrobacter citreus. Within the Enterobacteriacae
family, preference is given to IS the Genera Escherichia, Erwinia, Providencia, Pantoea and Serratia.
Particular preference is given to the genera Escherictfia and Serratia. Very particular preference is
given to the species Escherichia coli in the genus Escherichia, to the species Serratia marcescens in
the 20 genus ierratia, and to the species Providencia rettgeri in the genus Providencia_ The bacteria

or strains (startig it EHifloged 16r e Meas\fre&df overexpréssirg tesL-ornithine exporter

preferably already have the ability to excrete L-orn thine 25 into the nutrient medium surrounding them
and accumulatéft fisere: The expiessicr "B piodereetlistalse Lisbd Tomthisthereiribeiova Mare

specifically, thecsitainssemployedsfer said-evarexpression neasypes have the abiihnto concentrate or

accumulate i%ggwciﬁjg(gﬁggg%g O.% ofl, 30E Ot.%%,eEslu%ll aI%%g/l, E 10 g/1 L-ornithine. The
starting strains are pfetferably strains which have been prepare% y mutagenesis and selection, by

recombingnt I%NArtechnolog\;es orl#g a combination of both methods. 3 It is obvious and requires no
further explanatignsO at a Bactert

iitaBleoF the eabards BAhE fnvttition m&RSi56 htdbtained
by firstly over&gkessing afpuiynidieotiieocading foris polygeptide ivhichemas-the activity of an L- S
ornithine exparter pReuhese-amino acid Seausnce is-atjeast,(s9:35% identicakiothat of SEQ 1D No.
2, with the Iean}Q oértlk%(eegg %q:ecdegglg/gggtid%séﬂmere appropriate, being within the length ranges
described above, in a wild strain such as, for exampYe’, in the Corynebacterium 10 glutamicum type
strain ATCC 13032 or in the strain ATCC 14067, and subsequently causing said bacterium, by further
genetic meastiresHESchiBEd FEHE pGHAE B ProGuce I orRiftihe TS fokmisg AWl d Bfpe, such as
e.g. thelstrainsATGC 13032, s4TCEC1406¢, APCTIBB68 aspelGEE7965, 15 only with the polynucleotide
mentioned does not result in a. process according to the invention. Examples of strains of the species

Corvnebacter um glutamjeisp el exerete or prosuse Legsnithingre: Brevbactgbum 55
lactofermentum FER&-@&%@%& and

Corynebacterium glutamicum, for example the type

strain ATCC13032 or the strain R, and

15 Corynebacterium ammoniagenes, for example the strain
ATCC6871,

with very particular preference being given to the species

Corynebacterium glutamicum.

Some representatives of the species Corynebacterium
20 glutamicum are also known in the prior art under other

names. These include for example:

strain ATCC13870, referred to as Corynebacterium

acetoacidophilum,

strain DSM20137, referred to as Corynebacterium
25 lilium,

strain ATCC17965, referred to as Corynebacterium

melassecola,

strain ATCC14067, referred to as Brevibacterium

flavum,



20 Corynebact&iuAPdf{drAtEnY FERM-BP 2345 described in US 5188027 ERA @kanPeAdi4dstrain of
the species Arthrohacter citreus which excretes or produces L-ornithine is: Arthrobacter citreus E 1-2h
2342 described in US 5188947. 25 An example of a strain of the species Bacillus sub us which
excretes or produces L-ornithine is: Bacillus subtilis BOR-32 (FERN-P 3647) described in JP
57041912. An example of a strain of the species Providencia rettgeri 30 which excretes or
produces L-ornithine is: Providencia rettgeri ARGA6 (FERM P-11147) described in 9 JP 03195494.
An example of a strafi"6fth8 speties ExtheriEMaToSFIER eXEretés Bt BrotfREs Wornithine is:
Escherichia coli 2-191Eg:(ATEEC&ii0dn described in US 3668072. L-Ornithine-producing bacteria
typically are auxotrophic for the amino acids L-citruiline or L-arginine. As an alternative,
L-orthinine-producingshacteria auhich arebradytrephiedar ksitedling-ef L rauginine; may also be 10
contemplated. Definitigns. of the terms auxotrophic and bradytrophic can be found, for example, on
page 9 of WO 01/09286. Bradytrophs are also referred to as leaky mutants in the art. Bradytrophic

bacteria ysed are in_particular those in which the activity of the gene products 15 ArgF (ornithdne
carbamo;%strans Srase] "ArgG: (ErgnHolEcAAtE §UhtR4Se) droArgEGrSRMRSHEEHER. lyase) is

greater than ()lz&rebuteguilae ok l&ssithan (BE 20 pen cert préferably erzere andl-1%eceompared

to the activity infthe walddype .20 The priosBrihas disclosed pelynygleotides which aresgferred to as
lysE gene andrv(\a/ igrgé:é)ge for prot(-‘éi S or Polé/gegti(ges ha\gng the activity of an L-lysine exporter.

e Brevidtion 1 SIE%C& Eiﬁ&ter is a protein which

These polypeptides are a]soOre]fgrre Yo By e a
resides in the ESIFHePTBrARE B AR drikwhichitEarspois EinetdbolTERYr BRarhpRaL-lysine or
L-ornithine, from the cytoplasma of said cell out into the surrounding medium. If the energy required for
this is provided irttheformeoferenssBediiphosphateeference is given to the

species Bacillus subtilis.

Within the genus Arthrobacter, preference is given to the

species Arthrobacter citreus.

Within the Enterobacteriacae family, preference is given to
15 the genera Escherichia, Erwinia, Providencia, Pantoea and
Serratia. Particular preference is given to the genera
Escherichia and Serratia. Very particular preference is
given to the species Escherichia coli in the genus
Escherichia, to the gpecies Serratia marcescens in the
20 genus Serratia, and to the species Providencia rettgeri in

the genus Providencia.

The bacteria or strains (starting strains) employed for the
measures of overexpressing the L-ornithine exporter
preferably already have the ability to excrete L-ornithine
25 into the nutrient medium surrounding them and accumulate it
there. The expression “to produce” is also used for this
hereinbelow. More specifically, the strains employed for
said overexpression measures have the ability to
concentrate or accumulate in the nutrient medium = 0.1 g/1,
30 =2 0.3 g/1l, =21g/l, =3 g/l, = 10 g/l L-ornithine. The
starting strains are preferably strains which have been
prepared by mutagenesis and selection, by recombinant DNA

technologies or by a combination of both methods.



30(ATP), this BXePlid/ 44 Briimary active transport or export_ it is RESHEP xPA3 L60cohBialy active
transport or export if said energy is provided in the form of an ion gradient, for example of sodium ions
(Jeremy M. Berg, John 10 L. Tymoczko and L. Stryer; Biochemie [Biochemistry], 5en edition, pages
378-384, Spektrum Akademischer Verlag [publisher], Heidelberg, Germany, 2003). Instructions for
determining L-ornithine export activity can he found in 5 Bellmann et all (Microbiology 2001; 147:
1765-74). In the course of the work leading to the present invention the lysine exporters of the genera
Corynebacteritin, Prefdrabip Corgnchacemimefutamidum tasd Misiptateds. preferdbhEMicrococcus
luteus, were founttterfiave theitOadtivityof anHeonrithine-exparterinadditionte the Ludysine export

activity. The measyres.otihe jnyention make use.of gepe [ olypeptides which have export
activity for L-ornithine and who%se amino acid seqtﬁﬁa.ncegiséeft8 e%%%%s {:155%1 §B4%X}oml s%%%o,gf 55%, s
60%, > 65%, § 70962 75%, & 8096,/ PEB5%'S 9696, L 9556 s'9U6 25 86V, ‘570 7%, §98%; s 99% or
100%, preferabiyd 70%:particesartye preferdbiyhs 96%swenp particdlaskyqreferably s 36%, and most

preferably s 190%s identical todbe anpine Acid sequence.of FEQHR No, 2;with, 20 the length.of the
encoded poly %%[id&wgﬁr%ggpro ria(tje, HPein Withintth%above-described length ranges. Examples of
suitable L-ornitiing exporters are the TySinie BXSHERTr1YBE Folydent18ES BPEOR ebacterium
glutamicum APETIB082{BED R0l 2patbryhebaeteridas2s ghrtamiduny R, (SEQ 4D Wb ),

Corynebacterisint-glittamnsicem Ad CGAO67{(SHQ 4D Nay Hrncorynebastiesivmglitamicum ATCC13869

(SEQ ID No. 7 ebact rium eff'c_ienis YS:314 ( D No. 9), Corynebacterium diphteriae NCTC
13129 %EQ I%il\%?. 10 ?C@r‘}alcr?,e%%c?ekrﬁjam %m% um &%%%égié (ééQgﬁ%ﬁ tI\Foa.lﬂ), Corynebacterium
aurimucosum’AHEC 66975 (SEQ 1DN6 SRS Toiyhetrigteriiin AratficholitATCOB3806 (SEQ ID No.

13), Corynebaoterium psgadegeanitalisas ATEC IRO35 SELA 1D No: 14) fZarynehaeteriymg accolens
ATCC49725 (SEQyIR No:, 15), Genypabactetum gueyrengvicymaT ¢¢ 31867 (SEQ o o 4.
the strain ATCC13032, ATCC14067, ATCC1l3869 or ATCC17965,
15 only with the polynucleotide mentioned does not result in a

process according to the invention.

Examples of strains of the species Corynebacterium

glutamicum which excrete or produce L-ornithine are:

Brevibacterium lactofermentum FERM-BP 2344, and
20 Corynebacterium glutamicum FERM-BP 2345 described in
US 5188947.

An example of a strain of the species Arthrobacter citreus

which excretes or produces L-ornithine is:
Arthrobacter citreus FERM-BP 2342 described in US 5188947.

25 An example of a strain of the species Bacillus subtilis

which excretes or produces L-ornithine is:

Bacillus subtilis BOR-32 (FERM-P 3647) described in
JP 57041912.

An example of a strain of the species Providencia rettgeri

30 which excretes or produces L-ornithine is:

Providencia rettgeri ARGA6 (FERM P-11147) described in



35ID No. 16), KicraéadaosAdawests NCTC2665 (SEG ID No. 17), 11 Carynetecteriuios4541
tubuculostearicum SK141 (SEQ ID No. 18) and Corynebacterium matruchotii ATCC14266 (SEQ ID
No. 19) SEQ ID No. 18 and SEQ ID No. 19 are also referred to as Argo polypeptides in the art. 5 The
nucleotide sequence of the lysE genes of Corynebacterium glutamicum ATCC14067 and
Corynebacterium glutamicum ATCC13869 was determined in this study (SEQ ID No. 6 and SEQ ID
No. 8). The amino acid sequences of the LysE polypeptide of Corynebacterium glutamicum
ATCC14067 10RanPc8hmebacterium glutamicum ATCC13869 are depicted in SEQ ID No. 5 and 7.
They are identical to the amino acid sequence of C. glutamicum ATCC13032 LysE, depicted in SEQ
ID No. 2. Tabled lists:thelaccessonstumabersod LysE palyeepiidesoilsvarious representatives of

the genus CorynebactedumandofMiciococcus luteus, which were taken from the databases of the
National Center for Biotechnology Information (NCEI, Bethesdla, MD, US). Furthermore, Table 1

makes reference to the amino acid.sequences of the LysE polvpeptide that are 20 depicted in the
sequence Iist?r‘?g?ﬁ%ﬁaﬂﬁ?%%lecf%d%atleg tﬁe% le qufﬁ%lfrﬁggﬁ f Ao adids) dfthe encoded LysE
polypeptide. Table>P BaetEtium SEC) ID No. Accession number Length of polypeoloide C. olutamicum

2 YPi225551.1 233
L-Ornithine-producing bacteria typically are auxotrophic

for the amino acids L-citrulline or L-arginine. As an
alternative, L-orthinine-producing bacteria which are
bradytrophic for L-citrulline or L-arginine may also be
10 contemplated. Definitions of the terms auxotrophic and
bradytrophic can be found, for example, on page 9 of
WO 01/09286. Bradytrophs are also referred to as leaky
mutants in the art. Bradytrophic bacteria used are in
particular those in which the activity of the gene products
15 ArgF (ornithine carbamoyl transferase), ArgG
(argininosuccinate synthase) or ArgH (argininosuccinate
lyase) is greater than (») zero but equal to or less than
(=) 10 per cent, preferably > zero and = 1%, compared to

the activity in the wild type.

20 The prior art has disclosed polynucleotides which are
referred to as lysE gene and which code for proteins or
polypeptides having the activity of an L-lysine exporter.
These polypeptides are also referred to by the abbreviation
LysE.

25 An exporter is a protein which resides in the cell membrane
of a cell and which transports a metabolite, for example L-
lysine or L-ornithine, from the cytoplasma of said cell out
into the surrounding medium. If the energy required for
this is provided in the form of adenosine triphosphate

30 (ATP), this is referred to as primary active transport or
export. It is referred to as secondary active transport or
export if said energy is provided in the form of an ion

gradient, for example of sodium ions (Jeremy M. Berg, John



C.efficiens 9 2210384972022 £728 C.diphteriae 10 NI3_939452.1 228 Gestriaitnoild Z6503%33958.1
222 C. aurimucosum 12 Y2 002234652.1 235 WO 2011/124477PCT/EP2011/054541 12 C.

matruchotii 13
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10

L. Tymoczko and L. Stryer; Biochemie [Biochemistry], 5°

edition, pages 378-384, Spektrum Akademischer Verlag
[publisher], Heidelberg, Germany, 2003). Instructions for
determining L-ornithine export activity can be found in

Bellmann et al. (Microbiology 2001; 147: 1765-74) .

In the course of the work leading to the present invention
the lysine exporters of the genera Corynebacterium,
preferably Corynebacterium glutamicum, and Micrococcus,
preferably Micrococcus luteus, were found to have the
activity of an L-ornithine exporter in addition to the L-

lysine export activity.

The measures of the invention make use of genes coding for
polypeptides which have export activity for L-ornithine and

, = 40%,

o\e

whose amino acid sequence is at least (=) 35

z 50%, = 55%, = 60%, = 65%, = 70%, = 75%, = 80%, = 85%,
=z 90%, = 92%, = 94%, = 96%, = 97%, = 98%, = 99% or 100%,
preferably = 70%, particularly preferably = 90%, very

particularly preferably = 96%, and most preferably = 100%,
identical to the amino acid sequence of SEQ ID No. 2, with
the length of the encoded polypeptide, where appropriate,

being within the above-described length ranges.

Examples of suitable L-ornithine exporters are the lysine
exporters or LysE polypeptides of Corynebacterium
glutamicum ATCC13032 (SEQ ID No. 2), Corynebacterium
glutamicum R (SEQ ID No. 4), Corynebacterium glutamicum
ATCC14067 (SEQ ID No. 5), Corynebacterium glutamicum
ATCC13869 (SEQ ID No. 7), Corynebacterium efficiens YS-314
(SEQ ID No. 9), Corynebacterium diphteriae NCTC 13129 (SEQ
ID No. 10), Corynebacterium striatum ATCC6940 (SEQ ID

No. 11), Corynebacterium aurimucosum ATCC700975 (SEQ ID

), Corynebacterium matruchotii ATCC33806 (SEQ ID

No. 13), Corynebacterium pseudogenitalium ATCC33035 (SEQ ID
), Corynebacterium accolens ATCC49725 (SEQ ID

No. 15)

ID No. 16), Micrococcus luteus NCTC2665 (SEQ ID No. 17,

, Corynebacterium glucuronalyticum ATCC 51867 (SEQ



ZP03711383.¥Q4203.1pseakivg@nitalium 14 ZP03922319.1 230 C. acealesedoodl A893%490.1 241 D
C. glucuronolyticum 16 31_03916361.1 261 M. luteus 17 9(73_002968101.1

11

Corynebacterium tubuculostearicum SK141 (SEQ ID No. 18) and
Corynebacterium matruchotii ATCC14266 (SEQ ID No. 19) . SEQ
ID No. 18 and SEQ ID No. 19 are also referred to as ArgO
polypeptides in the art.

5 The nucleotide sequence of the lysE genes of
Corynebacterium glutamicum ATCC14067 and Corynebacterium
glutamicum ATCC13869 was determined in this study (SEQ ID
No. 6 and SEQ ID No. 8). The amino acid sequences of the
LysE polypeptide of Corynebacterium glutamicum ATCC14067

10 and Corynebacterium glutamicum ATCC13869 are depicted in
SEQ ID No. 5 and 7. They are identical to the amino acid
sequence of C. glutamicum ATCC13032 LysE, depicted in SEQ
ID No. 2.

Table 1 lists the accession numbers of LysE polypeptides of
15 wvarious representatives of the genus Corynebacterium and of
Micrococcus luteus, which were taken from the databases of
the National Center for Biotechnology Information (NCBT,
Bethesda, MD, US). Furthermore, Table 1 makes reference to
the amino acid sequences of the LysE polypeptide that are
20 depicted in the sequence listing. Finally, Table 1
indicates the length (number of amino acids) of the encoded

LysE polypeptide.

Table 1
Bacterium SEQ ID Accession number Length of
No. polypeptide
C. glutamicum 2 YP 225551.1 233
C. efficiens 0 ZP_05749209.1 228
C. diphteriae 10 NP 939452.1 228
C. striatum 11 ZP 03933958.1 222
C. aurimucosum 12 YP 002834652.1 235




204 C. tsbuculBStedfiédm1Pt4705365683.1 230 C. matruchotii 19 ZPG4835056)1 RAG SRigdrke 1
depicts a multiple sequence alignment of the amino acid sequences of the LysE polypeptides of the
bacteria listed in Table 1. The alignments of the amino acid 5 sequences depicted in figure 1 were
produced by the program Clone Manager 9 Professiohal Edition (Scientific & Educational Software
600 Pinner Weald Way Ste 202 Cary NC 27513 USA). The reference molecule used for the alignment
was the LysEpolypeptide (LysE) of ATGC 13032 Forthe 10-scoring-matrix; the-setting-nEtesuym 62"
(see: Jeremy| M: B I6RA T Tymoczkp and 13 Strydr; BiGchérhié 85Bh edition, pagés 194-197,
Spektrum Akademischer\erlag;-Heidelberg,-Germany,-2003)) was chosen. |t is also possible]; where
appropriate, tccemptey prograims L5udescribedi i the priozartp saehas; for examplez the ClustalX
program (Thampson, J.D., Gibson, T.J., Plewniak, F.,/.Jeanmougin, F. and Higgins., D.O. (1997). The
ClustalX windaws irtesfases flexible strategiessfer multiple;seguenge alignment aidegl,hy qualit
analysis tools. Nucleic 20Acids Research, 25: 4876-4882). The amino acid residues 4-236 of the LysE

polypeptide cf&orgpggggg%r&rytqlg&%mi:um R (see SEQ D Igggilgggirglspo nd to tkbe6(i‘,. glutamicum
ATCC13032 LysE amino acid Sequence -

<

M. luteus 17 YP 002958101.1 204
C. tubuculostearicum 18 ZP _05365683.1 230
C. matruchotii 19 ZP 04835056.1 244

Figure 1 depicts a multiple sequence alignment of the amino
acid sequences of the LysE polypeptides of the bacteria
listed in Table 1. The alignments of the amino acid

5 sequences depicted in figure 1 were produced by the program
Clone Manager 9 Professional Edition (Scientific &
Educational Software 600 Pinner Weald Way Ste 202 Cary NC
27513 USA) . The reference molecule used for the alignment
was the LysE polypeptide (LysE) of ATCC13032. For the

10 scoring matrix, the setting “Blosum 62" (see: Jeremy M.
Berg, John L. Tymoczko and L. Stryer; Biochemie, 57°

edition, pages 194-197, Spektrum Akademischer Verlag,

Heidelberg, Germany, 2003)) was chosen.

It is also possible, where appropriate, to employ programs
15 described in the prior art, such as, for example, the

ClustalX program (Thompson, J.D., Gibson, T.J., Plewniak,

F., Jeanmougin, F. and Higgins, D.G. (1997). The ClustalX

windows interface: flexible strategies for multiple

sequence alignment aided by quality analysis tools. Nucleic
20 Acids Research, 25: 4876-4882) .

The amino acid residues 4-236 of the LysE polypeptide of
Corynebacterium glutamicum R (see SEQ ID No. 4) correspond

to the C. glutamicum ATCC13032 LysE amino acid sequence



13 depicted in*SE@ABIMA 22 477e C. glutamicum R polypeptide has NRET ERH) Bh/A05litinnaal
sequence of three amino acid residues (methionine-valine-isoleucine). These additional residues are
produced when the start codon located 9 base 5 pairs further upstream of the lysk gene is used as an
alternative to the start codon of the lysE gene in C. gitdamicum ATCC13032 (see SEQ ID No. 1). The
amino acid sequence of the LysE polypeptide of C. efficiens YS-314 is 71%, and that of C. diphteriae
10 NCTC 13129 is 44%, that of Corynebacterium striatum ATCC6940 is 44%, that of Corynebacterium
aurimucosum FRECFE0H 75%sSE%6 HRatiBr Cérynebacferiuti Hatfutfot ATCCBBBOE i5i48%, that of
Corynebacteriuaspseudogeinitalium ATCE33035 i143%;s thal oh Coryrebacteriummaceelens 18

ATCCAST25 15 43¥6u0at of Conmebiacienym aeLIonacun ATCC1867 is 36%. gt of

Micrococcus luteus NCTC2665 is 40%, identical to the C. glutamicum AT %/sélgmino acid

sequence depiGiBd I SEGHS NoT 2 RuRAe A6, T amind Acid edftienes of itk Ardeastiypeptide of
20 C. tubBculmstéanscuim SKiel s394 fdentical tolthe laysiRogeick sequenceddf=SEQHD No. 2.

Furthermore, thecarping-acid seguence aftherArgopalypaptideof  dpatiuchotij ATCC14266 is 44%
identical to the,amino acid.seque ID No. 2. The identity percentages were produced by 25
generating a giéb%qs%%%%géﬂﬁliézﬁr%g?ﬁ% the &l 6T the ‘CloN& Mariager 9 program using the
Blosum 62 setting (see fig. 2). The lysE genes, i.e. the polynucleotides coding for polypeptides having
the activity of aNT.-8MitRNe?S0 ExSGRICHE 5 isehited Yiokh BiloRERISHS Wit the aid of the
polymerase chainaéactionefRPCRpusSihg suitablesprimers. tistrtictians caa betfeund inter alia in the

laboratory magual’ PGR by Newtan and\Graham (Spekiug Akademischer Verlag, Heidelberg,
Germany, 1994), and in 3.5WO 2006/100211 on pages 14to 17. 14 Partlpufér preference is given to

employing for'a E%%%éso adSording totha invEntion gaHERAO g HBF Fody pEBGERE Which have
L-ornithine exp&R@chviy’ and whbse antine acid s€guencehiaciudes anenar roreheftthe features

selected fromzfre groimeonsisting:of a)aringacid, sequence-accarding 0 SEQLR N, 2,01, SEQ ID
nlo. 4 b) aming,aeid sequence aggording.(o SEQR, N2 /0EUEINg 0N oL TioTe, up to 25, 20,15, 10,
5,4, 3,102, or 1, dele |on(sJ) of amiro acids, Y ceorens
15 ATCC49725 1s 43%, that of Corynebacterium glucuronalyticum
ATCC 51867 ig 36%, that of Micrococcus luteus NCTC2665 1ig
40%, identical to the C. glutamicum ATCC13032 LysE amino
acid sequence depicted in SEQ ID No. 2. Furthermore, the
amino acid sequence of the Arg0O polypeptide of
20 C. tubuculostearicum SK141 is 43% identical to the amino
acid sequence of SEQ ID No. 2. Furthermore, the amino acid
sequence of the Arg0O polypeptide of C. matruchotii
ATCCl4266 1s 44% identical to the amino acid sequence of
SEQ ID No. 2. The identity percentages were produced by
25 generating a global sequence alignment with the aid of the
Clone Manager 9 program using the Blosum 62 setting (see
fig. 2).

The lysE genes, i.e. the polynucleotides coding for
polypeptides having the activity of an L-ornithine

30 exporter, may be isolated from the organisms with the aid
of the polymerase chain reaction (PCR) using suitable
primers. Instructions can be found inter alia in the
laboratory manual “PCR” by Newton and Graham (Spektrum
Akademischer Verlag, Heidelberg, Germany, 1994), and in

35 WO 2006/100211 on pages 14 to 17.



amino acid segaermEiactozdiag1o SEQ ID No. 2, including one or moggspete 2 200 525144 S, 4, 3,
2, or 1, insertion (s) of amino acids, and d)amino acid sequence according to SEQ ID No. 2,
15including one or more, up to 140, 130, 120, 110, 100, 90, 80, 70, 60, 50, 40, 30, 25, 20, 15, 10, 5, 4,
3, 2, or 1, preferably up to 5, 4, 3, 2, or 1, replacement{s) (substitution(s)) of amino acids. amino acid
sequence according to SEQ ID No. 2, 20including one or more, up to 25, 20, 15, 10, 5, 4, 3, 2, or 1,
preferably up to 5, 4, 3, 2, or 1, addition(s) of amino acids on the N terminus and/or on the C terminus.
25 Where appkepriate preferemed isrgiver ta sonsereatieaming agidrsybstittions.ds desease of
aromatic aming acisiss capservalivie subsitutionsage.those inwhich phsnylalagine, irypigphan and
tyrosine are su stltlgeg for each other. In the case of hydrophobic'amino acids, BOpqonservatlve
substitutions afe tose i Which FaUte! 185leGERE EndAHTing Hré saB<ititeror gheottet din the
case of polar &nifiecacsids, Consefdasivesabstitutions I5fargthose it which glatamine and asparagine
are substiutea for anecanothern dn the ease ef basic amino acids, conservative substitutions are those
in which arginine, lysine and histidine are substituted for one another.. In the case of acidic amino
acids, conserafive supsfitytians are,thaseJa which aspais acid and glutaic acjd are substituted for
one another. In the case of amino acids containing hydroxyl groups, €onservative substitutions are
those in which serine"&nd'thrednine are substituted for one 10 another. It is furthermore possible to
use polynucleotides which hybridize under stringent conditions with the nucleotide sequence
complementafy)to SEOIDNE.CL brefgabids the eodidgnegion FBEQIDNo. L and code for a
polypeptide 15 havingrcommithing exporbactdtye withghe amino agigl, sequencg of the gncogled protein
being L-,70% identical to the ami cid. sequence of SEQ ID Na. 2 and the length of the encoded
polypep%iée, where a%bréjpgriat?é, t?(;glr% '\C/v:%tcﬁrlln the & fgvae@&(eg&rﬁ)%a%’hgth ranges. 20 Instructions
regarding the hybridizatjon of nycleic acids and polynucleotides, respectively, can be found by the
skilled worker inter aft3 i thenaRuSETHe D6 3§SRAT LB 8 uitfeof Riltky Hybridization” from
Eoehringer MannheifG b {Manmiseiny, Gernrany2998) and irclieblet, al125(Imternational Journal

of Systematic Bacteriology-41: 2531sertion (s) of amino acids, and

d) amino acid sequence according to SEQ ID No. 2,
15 including one or more, up to 140, 130, 120, 110, 100,
90, 80, 70, 60, 50, 40, 30, 25, 20, 15, 10, 5, 4, 3,

2, or 1, preferably up to 5, 4, 3, 2, or 1,

replacement (s) (substitution(s)) of amino acids.
e) amino acid sequence according to SEQ ID No. 2,
20 including one or more, up to 25, 20, 15, 10, 5, 4, 3,

2, or 1, preferably up to 5, 4, 3, 2, or 1,
addition(s) of amino acids on the N terminus and/or on

the C terminus.

25 Where appropriate, preference is given to conservative
amino acid substitutions. In the case of aromatic amino
aclids, conservative substitutions are those in which
phenylalanine, tryptophan and tyrosine are substituted for
each other. In the case of hydrophobic amino acids,

30 conservative substitutions are those in which leucine,
isoleucine and valine are substituted for one another. In

the case of polar amino acids, conservative substitutions



260 (1991)). Hybridizalign 2aides7place under stringent conditions, thatesty sayp onty hybrds are
formed in which the probe, i.e. a polynucleotide comprising the nucleotide sequence complementary to
SEQ ID No. 1, preferably the 30 coding region of SEQ ID No. 1, and the target sequence, i.e. the
polynucleotides treated with or identified by said prokes are at least 70% identical. The stringency of
the hybridization, including the washing steps, is known to be influenced or determined by varying the
buffer composition, temperature and salt concentration. The hybridization 16 reaction is generally
carried out with¥elatizelydowrstritigericyromparedavitntheasashing stepsatiybaicdbHyhiridisasion

Guide, Hybaideldmitede Teddipatan, Uk, 1996) Eai-examplesa Sx.S$Gbuffer at a temperature of
approx. 5 50C-68C ma al%igénpsl%edcg){ the hybridization reaction. Here, probes can also hybridize
ic

with polynucleafides which are I8ss than 70% idenfidal t& e fuciBotite: sq e’ 5 probe
employed. Suél iybfidsiare less sighleand e Feimaved byadashing andeestringemt.conditions. This
may be 16 achieved,doeexamate; hydowrring the-salkcorcaniationte2x $96 oF P S8¢and, where
appropriate, subse 0,5x SSC (The DIG System User's Guide for Filter Hyhridisation,
Boehringer Még{r?r%hg%n&??%lﬂgan%%eiérﬁl&%r%gﬁa,rf%%),a v?/llfﬁaatrelmp%?éltﬁ?én of aﬁﬁr%a. B3¢&-68C, approx.
1552C-68C, approkC 5AEL68C LapproRe56EBHS Tapptx. BBT-686 caprox160C-68G; ABprox.
620-680, approxné4G+68Cy dppiox::660D-68C heing setn Peaferanceds givan-todemperuretanges of

approx. 64C-68C,0LRRI0x,886-6AC. i1 1s ptienally passihle to lawer e salt 20 concentration to a
concent£%t|on corresponding to 0.2X SSC or 0.1x SSC. The SSC buffer optionally contains sodium

dodecyl sulphﬁf(éO )"at a concentration of 0.1%. By gradually increasing the hybridization
temperature in steps of approx. 1-2C from 50C to 68C, it is possible to 25 isolate polynucleotide
fragments whith até af Yeask 7096 %4 |62t 8004, sat ieast D00p cateast1929% 1atdeasttoos, at least 96%,
at least 97%, atleasti98¥%, anatleast 29%gwhere appropriaies 100%, idenical toithe seguence or

complementary, &geco(g %8&9&%%?2'0(}’8(1 | vy icﬂ (g:odgt?cg)ﬁfgé A ep}é)?l%qegptide having

L-ornithine export activity. Further instructions regarding hybridiza are obtaindble Bn the market in

the form of "kits* & DIBREEY AYb Fifen Roclie Didgndstis b HE MarmieihyBerthidnle Catalogue
No. 1608558)ha7ifgr d.proteinbichick haspoeatithineiexpoyt, activity is byerexpressed ima bacterium
or starting o pRrgnsiiain prodycing b-oimiting, with he aming acid seauence.of g encoded protein
being35% ideggcal to the amino,acid 5 sequence of SEQ ID NG. 2 and the length of the encoded
e amino acid sequence of SEQ ID No. 2 and the length of
the encoded polypeptide, where appropriate, being within

the above-described length ranges.

20 Instructions regarding the hybridization of nucleic acids
and polynucleotides, respectively, can be found by the
skilled worker inter alia in the manual “The DIG System
Users Guide for Filter Hybridization” from Boehringer
Mannheim GmbH (Mannheim, Germany, 1993) and in Liebl et al.

25 (International Journal of Systematic Bacteriology 41: 255-
260 (1991)). Hybridization takes place under stringent
conditions, that is to say only hybrids are formed in which
the probe, i.e. a polynucleotide comprising the nucleotide
sequence complementary to SEQ ID No. 1, preferably the

30  coding region of SEQ ID No. 1, and the target sequence,
i.e. the polynucleotides treated with or identified by said
probe, are at least 70% identical. The stringency of the
hybridization, including the washing steps, is known to be
influenced or determined by varying the buffer composition,

35 temperature and salt concentration. The hybridization



polypeptide, wWrere @ppya@iade 7being within the above-described ranges: /@yerexprassion generally
means an increase in the intracellular concentration or activity of a ribonucleic 10 acid, of a protein
(polypeptide) or of an enzyme by comparison with the starting strain (parent strain) or wild-type strain,
if the latter is the starting strain. A starting strain (parest strain) means the strain on which the measure
leading to overexpression has been carried out. 15 The terms protein and polypeptide are considered
to be interchangeable. For overexpression, preference is given to the methods of recombinant
overexpressiore dheseincledgany metheds irwhish amicreorganismds prepayed asing a DNA

molecule 20 previded in vifro- Examples of sych- BNA M sdpglude promoters, expression
cassettes, genes, 3:zgglghes, coding regions, etc Th%i/ are transferred by methods of transformation,

conjugation, transHLSTGH bF SThifdr Hithods titd the- 4B R midaor 25 $e meadbites of

overexpression increase the activity or concentration of the corresponding polypeptide generally by at
least 10%, 25965095 275%E 1089%°159%6; J00% S300%, 20056 5006 L srefdrabEsyaup- to 1000%,
2000%, 4000%y) 10-G00% an2 00%mpdsegkan therlevekofraativity or seneentiation:30nf said

polypeptide inthestrain.priorto r Iting in K essl n ysing strains of the
species Corynebacie%gl?ﬁg gil%tar%t?gjrrg ? t%w%JLﬁgfgn%%%?eg éx;?c\i{r%la?c |v%t§§?ﬁq£%r]g¥n%%]88§fcg%§ or

ATCC14067 GFATCEIS8693F ATEC 17565 titiete Gpproistidte GS PSUitbI & RIBRINEE poift for
determining overexpressioreiWhemedingSstraing based enaoraetived frona ATE GI3032-8aid strain

ATCC13032 isasujtable-teference peintiAn example-ofithisis the strain prepared jn the course of
the Worjkt(geadiir}?é[o the greﬁt inventlo?, ATCC13032 Delta argEFGH/pVWEXI_dysE, which is based
on the strain E15032. When TGSt strainghased o Bdéiedidh ARECTE6AT safFstrain

. Whenusin
ATCC14067 5@ suitabié 10 TefereR&E peint Whba Usirmpstraing based osudrsenived from

ATCC13869, saskstrain ATGE13869 is,a suitahle sefetente; print: Surther suitable reference points
are produced grdén% .When using strains of the species Escherichia coli, 15 preferably
Escherichia cgll{cétréinl églt%ne L%?rﬁ%ﬁﬁél %%or‘%%%ﬁ\?‘fylfﬁ ’sltzlr\?fflrrl1 ]_:IL széﬁﬁ W gerrléf appropriate, is a
suitable referéfic&point’for deterhfifing overefressisRPovErexbPessidiBistachiamyy -a multiplicity of
methodsavaitableinstheqrici@strox . 54 °C-68°C, approx. 56°C-68°C, approx.

58°C-68°C, approx. 60°C-68°C, approx. 62°C-68°C, approx.
64°C-68°C, approx. 66°C-68°C being set. Preference is given
to temperature ranges of approx. 64°C-68°C or approx. 66°C-
68°C. It is optionally possible to lower the salt

20 concentration to a concentration corresponding to 0.2X SSC
or 0.1X SSC. The SSC buffer optiocnally contains sodium
dodecyl sulphate (SDS) at a concentration of 0.1%. By
gradually increasing the hybridization temperature in steps
of approx. 1-2°C from 50°C to 68°C, it is possible to

25 isolate polynucleotide fragments which are at least 70%, at
least 80%, at least 90%, at least 92%, at least 94%, at
least 96%, at least 97%, at least 98%, or at least 99%,
where appropriate 100%, identical to the sequence or
complementary sequence of the probe employed and which code

30 for a polypeptide having L-ornithine export activity.
Further instructions regarding hybridization are obtainable
on the market in the form of “kits” (e.g. DIG Easy Hyb from
Roche Diagnostics GmbH, Mannheim, Germany, Catalogue
No. 1603558) .

35 For the measures of the invention, a polynucleotide coding



90 These incliie iRbdebsiRiHhécopy number and modifying the nucleetitlg mepoengesdimeiing or
controlling expression of the gene. Transcription of a gene is controlled inter alia by the promoter and
optionally by proteins which suppress (repressor proteins) or promote (activator proteins) 25
transcription. Translation of the RNA formed is controlléd inter alia by the ribosome binding site and
the start codon. Polynucleotides or DNA molecules which include a promoter and a ribosome binding
site and optionally a start codon are also referred to as expression cassette. 30 Said methods also
include the usé ®F variaasof polypeptiiesaf ehzynad thich Heveartinerdasedcatalytic activity. 19

replicate in the-baeteripheyseplasma To thiscend: amabundange of plassids are described in the prior

art for very different groups pf mi roorga isms,.which.plasmids can be. used for setting the desired
increase in the%J copy number 5%?%!1e9 %%ﬁpg.’Pgéandsgs}%ta e for the lg%nﬁ%%%%%%ﬁcﬁ% a%)aescribed,

for example, iFIERRAUBFMbRCuIR BibRgy, Babfax {EaE ToALBFswIT IBiogSEintifie, i0kford, UK,
1991). Plasmids quitahle farfthemenus Carynebactarinmeare-described, forexampleidiTauch et al.

(Journal of 10.Bi I 104(1-3), 2= or | sen (Applie %_I:]/_d Environmental
Microbiology %%%%g(g)?gg%%x('zogé%%hé%ggg@cé‘%[%%?r%id p%(%%sg?fép%sittéggm %SM%SZ?;Q, for

increasing the%%%@%&ﬁﬁ%?nebacterium giutamicum 15 strains is excluded from the measures
leading to the present invention. The nucleotide sequence of the pEC7lysE plasmid was determined
and is depicted i SEQ 15 W' 20. TRBTHPY Hurilseriiay furtherirore belincrelased by at least one (1)

copy by introdiaing£fuetherncepies nte dhe 2 basterisim ghromasame.sMgthods suitable fer the genus
Corynebagterium, pref y cteri tamicum, are described, for example, in the patents
NO 03/014330 NG ’03?5%3%%%%% (g%i%%%%%g NEGa/14930 dRss e retfiods for tandem
doubling of geNSERA THE RRIVE:GEnd 85 1647 NG 93740373 deeEBBS nféthiedsoraitorporating a
second or third copy of agenerat furtherfgene:loch withrthepatrtieular genea logustieingnonszessential
for growth or production,olibe-partictiar-amina.aqid i projihing n-fe case.gihe pregent jpvention.

Examples of sujtable gene 30 loci for incorporating a second or further copy o?the sk gene ina
ulr Yy

process accordifig BtRE TiventioREBInE geR¥s bTHRPSGSR ‘R A HapPE HAhCREAL SRYRCAFGF, argG

and argH. NO 04/069996 (see Tables 12 and 13) describes C. giutamicum intergenic regions and
genescbangﬁﬁe terms protein and polypeptide are considered to be

interchangeable.

For overexpression, preference is given to the methods of
recombinant overexpression. These include any methods in
which a microorganism is prepared using a DNA molecule

20 provided in vitro. Examples of such DNA molecules include
promoters, expression cassettes, genes, alleles, coding
regions, etc. They are transferred by methods of
transformation, conjugation, transduction or similar

methods into the desired microorganism.

25 The measures of overexpression increase the activity or
concentration of the corresponding polypeptide generally by
at least 10%, 25%, 50%, 75%, 100%, 150%, 200%, 300%, 400%
or 500%, preferably by up to 1000%, 2000%, 4000%, 10 000%
or 20 000%, based on the level of activity or concentration
30 of said polypeptide in the strain prior to the measure

resulting in overexpression.

When using strains of the species Corynebacterium

glutamicum, the L-ornithine export activity in strain



35 phages or pitageoaqryipeaants, which are suitable for WO 2011/1244¢/R63 (2R3 054p41 20
incorporating further copies of the lys gene. Examples of methods suitable for the genus Escherichia

are incorporation of a gene copy into the att site of the thage (Yu and Court, Gene 223, 77-81 (1998)),
chromosomal amplification with the aid of the phage Mgi, as described in EP 0 332 448, or the
methods of gene replacement with the aid of conditionally replicating plasmids, as described by
Hamilton et al. (Journal of Bacteriology 174, 4617-4622 (1989)) or Link et al. (Journal of Bacteriology
179, 6228- 108Z8T {109Y)). Genre expressionarap furtherswee be ingreased by using=a-strong

Do b Lustionaly akecioshe aanedoe eimirsse Bislerance Rakenio ueig o
promoter which is stronger than the natural promoter, i.e, the oné present in the Wl?(ftype or parent

strain. To this 8Kd. & prSFaithas B Boiiatte Ut dthiodS avafable. Stitalfe brérRotér and
expression syStefisifof Bire geausiCoryrrebackeiiti san heifeund intér alid in thefpatents £P 0 629

699 A2, US 2Q07{0259408 Ak{gapirronpten),; 20WQ 2006/069711, %E}%p%%@%"éﬁ\{@
2008/088158,C\N(LZ]_)rZS%OQC/)(;ZEéA}_;eO s]butA p{om%ger, pﬁk pHargotea, US 6,861,246 (MO20 and MA18
variants of the dapA promoter). ahd EP 1915378 P (sod prohioten Fand iftaverdRtws such as the
"Handbook of Eldr{iettatteffn tiutaricinat (FI8TERdthay 25 Eggeling ahd Michad| Buott, ©RC Press,
Boca Raton., §5120a5)rocthedsank iGeninekacteriaGanemicsandiMelecuar Riology {Ed.:
Andreas Burkavsi, Galsier Acpdenic Piess, Norolk LK (2008). Exanples of promoters which llow

controlled, i.e. inducible or repressible, 30 expression aré descrlbe(i for 8xamp €, in Tsuchiya and
Morinagh{(RioFFEGRONSTy & 4o8-430 (£988)5 I Prombctd BaitksIE 46 e genudeRscherchia have
been known fdrptongyTirne 3Bsey, inchud®, interalia, Ahe classical promoters: legyremoter, trp
promoter, the hybiid 21-Rrmatgrs tag and,rc. the RLand PR promoters of phage X, Similarly, itis

possible to use the promoters of the T7 phage, the gear-box promoters, the nar promoter or the
Fesd

promoters of the YeReS Frsts TRPBIREA tsrB, ompA, fusA, pepQ, rplX or rpsG. Controlled

expression is permitted, for example, by the c1857-PR or the c1857-PI, system of the X phage
(Gatfing et al./'Bié'TeBRnigtes 242 362-366 (1098Breverdels ehnbecfound v Makrides
(Microbintogical Rewiens160(8) Gl2-33% (L026)) or inrthe manual "Escherichia-gali 1Q aad Salmonella,
Cellular and Molecylar Biolagy' (-G Neidhardt (Fitorin Chigh, ASM Press, Washingfon, US (1996)).

sl

suitable reference point for determining overexpression.

Overexpression is achieved by a multiplicity of methods

available in the prior art.

20 These include increasing the copy number and modifying the
nucleotide sequences directing or controlling expression of
the gene. Transcription of a gene is controlled inter alia
by the promoter and optionally by proteins which suppress
(repressor proteins) or promote (activator proteins)

25 transcription. Translation of the RNA formed is controlled
inter alia by the ribosome binding site and the start
codon. Polynucleotides or DNA molecules which include a
promoter and a ribosome binding site and optionally a start

codon are also referred to as expression cassette.

30 Said methods also include the use of variants of

polypeptides or enzymes, which have an increased catalytic

activity.

The copy number may be increased by means of plasmids which



Such promoteW¥9oRr843rés8ibhTChssettes are typically employed at a distan@poabframalste s000,
preferably 1 to 15 500, nucleotides upstream of the first nucleotide of the start codon of the coding
region of the gene. At a distance of 1 means that the promoter or the expression cassette is positioned
immediately in front of the first base of the start codoh<f the coding region. 20 To increase expression
of the lysk gene in C. glutamicum, preference is given to inserting suitable promoters such as, for
example, the C. glutamicum sod promoter (see SEQ ID No. 1 of EP 1918 378 Al) or the C. glutamicum
gap promoter {$& SETF D No. BlsT 103 2007/0259998Phatvien Jissitidns=930185 amd 990 of SEO ID
No. 1. When usingeéxpression gasseties containiag ajyromateriand adiboseme hinding site (PBS),
such as the e iQn ppit e tami sod. gene (see SEQ ID. No. 2.of EP, 1918 378 Al) or
the expressioﬁ%ﬁl og?hfé@é%ﬁjgfar%%% %ggg%; %jé%geo,gd%%%%gg‘ ?n’l?g lgﬁff%%%{ag%dc@erbicted in

SEQ ID No. 28%afd réfefal (5%hértss PYapRES) Hor exambha Tey re-inSe RO yin thevease of C.
olutamicum, prefetdisly betweerPpasitiods 930 andlO1f particuartyepreferablyHaetwern positions

1000 and 1001 yef SEQ-ID Nog1. An35.examnle 4of g-suitable fihosome binding sife in such an 22

expression caI%se e is the nuycleotide sequence 5'-aoaaaggagg-3' specified by Amador (Microbiology

145, 915-924 Tt isHi ESkibleto place 8 Btrafity OF préhsterd Slthstieafdtdne desired
gene or functigRallylirklthenPicgrigenecstoibeblpreSsed ahd iy this waycachieveincreaseach
expression. Thisds deseritiacs dor examples i WO 2006/p69711 10 The SEW&%?EQI C&Ey“eb?fte“um
glutami and Escherichia coli prgmoters s well known. It is therefore possible to increase the
strengtt?g:a ;l)%r%)?n% ecr%t?fr;n%%ﬁ/fyﬁggits?éé;je’ncguby4r$1Ear% oF g}u)s or more stbRiitEion&f and/or one
or more insertion(s) &Ribi Bfe Vi Indre delendiRs)6fl1 3 huclebtides Exariples of thisscarsbe found
inter alia in "Heéraderdiexikon der Biologic" [Herder's Encyclopaedia of Biology] (Spektrum
Akademischer Verlag, Heidelberg, Germany (1994)). Accordingly, a suitable measure for

overexpressingbeusE 20 genieds {0 mathgrputate fhe. pramoter,obsald sE geng, Jpe structure
11l

of the Corynebacterium,%luta icum and Escherichja co osome binding sites is likewise well known
and is described- for exantple, i AnBdoF (MicfobidiBgy 148169395311 880y L atdhimaAuals and text

15 strains is excluded from the measures leading to the
present invention. The nucleotide sequence of the pEC71lysE

plasmid was determined and is depicted in SEQ ID No. 29.

The copy number may furthermore be increased by at least
one (1) copy by introducing further copies into the

20  bacterium chromosome. Methods suitable for the genus
Corynebacterium, preferably Corynebacterium glutamicum, are
described, for example, in the patents WO 03/014330,
WO 03/040373 and WO 04/069996. WO 03/014330 describes
methods for tandem doubling of genes at the native gene

25 locus. WO 03/040373 describes methods for incorporating a
second or third copy of a gene at further gene loci, with
the particular gene locus being non-essential for growth or
production of the particular amino acid, L-ornithine in the
case of the present invention. Examples of suitable gene

30 loci for incorporating a second or further copy of the lysE
gene in a process according to the invention are the genes
odh, sucA, dapA, dapB, ddh, lysA, argR, argF, argG and
argH. WO 04/069996 (see Tables 12 and 13) describes
C. glutamicum intergenic regions and genes coding for

35 phages or phage components, which are suitable for



25 books of gemeties far exarapte "Gene und Klone" [Genes and Clongsh{(\iipnaekere ¥ariag Chemie,
Weinheim, Germany (1990)) or "Molecular Genetics of Bacteria" (Dale and Park, Wiley and Sons Ltd.,
Chichester, UK (2004)). Well expressed genes, i.e. the most important structural genes in an 30
organism, have a good ribosome binding site (AmadagpMicrobiology 145, 915-924 (1999)), i.e. the
latter is very similar to or corresponds to the consensus sequence. It has been demonstrated in the
literature that highly expressed genes have a strong ribosome binding site (Karlin and Mrazek, Journal

of Bacteriologyi 2000;:k82418)1§28815()) e 2 3dCorisequently hirsanskatioryeffisiency of a gene or of the
MRNA can be achieved by adjusting the ribosome binding site. It is also possible to increase

translation efficieagy % adjustingdbe sadon isags ir the.genestahe gxpressed (6.9, Najafahiad et al.,
Nucleic Acids Ii?ggg%srég 2009, 37 5%1)3:1 70éléé70<:2§ . O:\L/eg_‘expt[%ssmn can likewise be achieved by
increasing the expression of activator proteins or by reducing or 16 SWitthing ot the expRIsd#n of
repressor protéing. TRE aCrEr prtain L1336 fof exprlessiPIFSE hastbaemrdestribed by Belimann et
al. (Microbiologyn@QQEi 4 765w 7 4hantds eefarred te thergrassposilive segulator’: Tbeamino acid
sequence of Cpynebagteriufh oluiamigun ATGRII0S215 LysG fs deplcledn, SEQUR Ng, 30. In a
global sequence alignment, the amino acid sequence o the ysCE ypeptlge of Corynebacterium

diphteriae NCTEE3150 RB5% EHE GG 468 SL6aERET oPtRINEE poly pefide s LagnBlyacterium
efficiens YS-3t4isi81%nand the amid@acidssequentea of the 20 &ysGipalypeptide-af 2orynebacterium

glutamicum R is; 94%) idestical;taithatof.3EQ IRN0,,39. For agtivalor prateins, preferenge is given to
a polype{)(:)ide \Q’QEE:J? i #9 %at Iseast) 55%, preferably80%, particularly preferably90%,92% 0r94%, very
25 particularly préferably 53/0 ‘and most preferably 100%, identical to the amino acid sequence
depicted in SEQ ID No. 30. The overexpression measures mentioned, preferably selected from the
group consistiffi§ BEiferEAHTF i ey ndmbeRS0asifg Rsstishg mrontste mutating the promoter,
using a suitabletexpressicnnassettearid-Bverexptessingan attvaton peteino maybeeambiped in a

suitable manngl, Thys.ILis passils. Jecexample; Lo gophine Using a, 24 sullable promoter with
Increasing the copy number, or overexgressmg an activator protein WIﬁW u5|ﬁg a swtaﬁle promoter or a
suh&Neexme%ﬁoE%ggﬁﬁﬁi than the natural promoter, i.e. the one present

15 in the wild type or parent strain. To this end, the prior

art has an abundance of methodg available.

Suitable promoters and expression systems for the genus
Corynebacterium can be found inter alia in the patents
EP 0 629 699 A2, US 2007/02539408 A1l (gap promoter),
20 WO 2006/069711, EP 1 881 076 Al, WO 2008/088158,
WO 2009/025470 (butA promoter, pyk promoter), US 6,861,246
(MC20 and MAlé6 variants of the dapA promoter), and
EP 1 918 378 Al (sod promoter), and in overviews such as
the “Handbook of Corynebacterium glutamicum” (Eds.: Lothar
25 Eggeling and Michael Bott, CRC Press, Boca Raton, US
(2005)), or the book “Corynebacteria, Genomics and
Molecular Biology” (Ed.: Andreas Burkovski, Caister
Academic Press, Norfolk, UK (2008)). Examples of promoters
which allow controlled, i.e. inducible or repressible,
30 expression are described, for example, in Tsuchiya and

Morinaga (Bio/Technology 6, 428-430 (1988)).

Promoters suitable for the genus Escherichia have been
known for a long time. They include, inter alia, the

classical promoters lac promoter, trp promoter, the hybrid



It is likewise pB8siBRL 7 284iidf to the measures 5 relating to the polycayleetda cgdisg s B protein
having L-ornithine export activity, to attenuate individual biosynthesis genes. Toimprove production of
L-ornithine, it is thus convenient, where appropriate, to attenuate additionally 10 one or more of the
genes selected from the group consisting of a)odhA géne coding for the El subunit of alpha-
ketoglutarate dehydrogenase (EC 1.2.4.2)1 hisucA gene coding for dihydrolipoamide succinyl
15transferase (EC 2.3.1.61), c) dapA gene coding for a dihydrodipicolinate synthase (DapA, EC
4.2.1.52), d) dapBGerE-€oding fere difgdrodipieoatesyniifase(DepB: BC ¢13.pR6)208dh gene
coding for a meseidiamingpimelate debygrogenase (Dgb, Eﬁel-ﬂﬁ@ﬂq%)a@%@%a@}er:&%@dﬂg for(z dilg;n
nopimelate d I A, E rgR gene coding. for -a/the repressor (Arg

of EZ,?,argini%%@é%%%ﬁggi(g eéxra rF gg%elggémg%f an o%rll?ﬁwir%g Eaﬁa%cr)ﬁnogytl?r%n%%ér%leg(ArgF, EC
2.1.3.3), arngg“é?’iréog@d?ﬁg r §%‘§ré¥ﬁﬁ8§uéﬁﬁﬁe SYRtHase AF§G, E€X6.3. £BRAWG usA,
2011/124477REPIEP2QILI05454125 j) arghlgeriel eading fateans argininosyecindtedyase (ASAL)

(ArgH, EC 4.3.2dhp1e, by the cI857-PR or the cI857-PL system of the A
phage (Gotting et al., BioTechniques 24, 362-366 (1998)).
Overviews can be found in Makrides (Microbiological Reviews
60(3), 512-538 (1996)) or in the manual “Escherichia coli
10 and Salmonella, Cellular and Molecular Biology” (F.C.
Neidhardt (Editor in Chief), ASM Pressg, Washington, US
(1996 ) .

Such promoters or expression cassettes are typically
employed at a distance of from 1 to 1000, preferably 1 to
15 500, nucleotides upsgtream of the first nucleotide of the
start codon of the coding region of the gene. At a distance
of 1 means that the promoter or the expression cassette is
positioned immediately in front of the first base of the

start codon of the coding region.

20 To increase expression of the lysE gene in C. glutamicum,
preference is given to inserting suitable promoters such
as, for example, the C. glutamicum sod promoter (see SEQ ID
No. 1 of EP 1918 378 Al) or the C. glutamicum gap promoter
(see SEQ ID No. 3 of US 2007/0259408) between positions 930
25 and 990 of SEQ ID No. 1.

When using expression cassettes containing a promoter and a
ribosome binding site (RBS), such as the expression unit of
the C. glutamicum sod gene (see SEQ ID No. 2 of
EP 1918 378 Al) or the expression unit of the C. glutamicum
30  gap gene, described in US 2007/0259408 and depicted in SEQ
ID No. 28 (and referred to there as PgapRBS), for example,
they are inserted, in the case of C. glutamicum, preferably
between positions 930 and 1001, particularly preferably
between positions 1000 and 1001, of SEQ ID No. 1. An

35 example of a suitable ribosome binding site in such an



k) lysC gene cadingdangn 2gpartate kinase LysC, EC 2.7.2.4), and 5 Hasd gene coding /g3an
aspartate semialdehyde dehydrogenase (Asd, EC 1.2.1.11). Preference is given to attenuating one or
more of the genes selected from the group consisting of lysA, odhA, argR, argF, argG and argH.
Particular preference is given to 10 attenuating one opmore of the genes selected from the group
consisting of lysA, odhA and argF. Very particular preference is given to attenuating the genes lysA
and/or argF. The term flat)ition" in this context describes reducing 15 or switching off the intracellular
activity of one exmore enzymesg{proteias) it abactetiuig dhaidre angadaddy the corresponding

DNA, by usingsfor exampleryeak Rigmoter.ala gena,ealele alaades erg gofresponding

enzyme havin%%slqvg a40t|V|ty or by inactivating the corresponding 20 gene or enzZyme (pfotein), and
optionally combining %esélr%é}gg res. An overview of known promoters of various strengths in
Corynebacterium glutamicum can be found in Patek et al. (Journal of Biotechnology 104, 311-323
(2003)). Othereaks25 pfitidters BREGEsCHDeEInBRe eBmmmicationi 512057 rthejéurmal Research

Disclosure from3ecemberc200fpages 1646 tg:6d 8):Matations which (ay;:be.censidered for
generating an nyatj r Nnsitj versions, insertions and 30 deletions of at least one (1)
base pair or nlﬁ:f}egotlléc%g%] t%cca? é%%i,r%%};?o%%}a[h%%gr%qn%gtigﬁ .yDgﬁé%nlcﬁF{ge on the %ﬁgcet%f the
amino acid subStRGTSH calised By fhetmutiRphio e adiRity SF#RPpoteitifor enzyme, the WO
2011/124477PCT/EPR2O1LABABA1 26 mutations are referred to as missense mutations or nonsense
mutations. The missense mutation results in a replacement of a given amino acid in a protein with
another&ge, sﬂgereglacement 5 being in particular a non-conservative amino acid substitution. This

impairs the functionality '8 activity5f theproteiT aha Tedic st Vale 6F o6 t8 5% 08 50%,0
to 25%, 7E 0 t6 2D BF ON@-#r5%1 Fhesmbhsensermutdtiont restlts ire &cstep poder irl the icoding

increase the strength of a promoter by modifying its
sequence by means of one or more substitution(s) and/or one
or more insertion(s) and/or one or more deletion(s) of

15 nucleotides. Examples of this can be found inter alia in
"Herder Lexikon der Biologie” [Herder's Encyclopaedia of
Biologyl] (Spektrum Akademischer Verlag, Heidelberg, Germany
(1994)) .

Accordingly, a suitable measure for overexpressing the lysE

20 gene is to modify or mutate the promoter of said lysE gene.

The structure of the Corynebacterium glutamicum and
Escherichia coli ribosome binding sites is likewise well
known and is described, for example, in Amador
(Microbiology 145, 915-924 (1999)), and in manuals and text

25  books of genetics, for example “Gene und Klone” [Genes and
Clones] (Winnacker, Verlag Chemie, Weinheim, Germany
(1990)) or “Molecular Genetics of Bacteria” (Dale and Park,
Wiley and Sons Ltd., Chichester, UK (2004)). Well expressed

' genes, 1.e. the most important structural genes in an

30 organism, have a good ribosome binding site (Amador,
Microbiology 145, 915-924 (1999)), i.e. the latter is very
similar to or corresponds to the consensus sequence. It has
been demonstrated in the literature that highly expressed
genes have a strong ribosome binding site (Karlin and

35 Mrazek, Journal of Bacteriology 2000; 182(18): 5238-50).



10 region of thecgererand therefore in an early termination of translatigg-apgconseqpeiily 49 a
switching-off. Insertions or deletions of at least one base pair in a gene lead to frame shift mutations

resulting in wrong amino acids being incorporated or translation being terminated early. If the 15
mutation results in a stop codon in the coding region zthis likewise leads to an early termination of
translation. The measures of generating a nonsense mutation are preferably carried out in the
Si-terminal part of the coding region, which codes for the N terminus of the polypeptide. If the 20
overall length 6ba pelypeptitie (Mmeasuretbhy wayf the: hamber of chenically dinked Ltamino acids) is
referred to as 0, ithi f [ tion - terminus of the
polypeptide inrgﬁ%ge{s %Eg{]é)a%,t gf%tgga%iﬁgs a\‘/gié I?sizq&t%ﬁ%géw%vi%ﬁ %3%%%% aﬁi%?ﬁcﬁ%% start 25
amino acid, L-foriy/1-methionine, onwards, contains 80% of the downstream L-amino acids. In-vivo
mutagenesis methods are described, for example, in the Manual of Methods for General Bacteriology
(Gerhard et all EEdS), Areri@arSéEies for Migrobislegy, \Washihgtorp30<DC; USAd98byor in
Tosaka et al. GAlificsittiral and Bielogeal Ghegustivnd2 (4, §45r¢52{391R)) oL in-Kenicek et al. (Folia
Microbiolcgica, 33, 33% itable methods of insvitro mutagenesis are, inter alia, the
treatment with(% d%x@%i%n% %%?obrd%% ?%Miﬂee[r&%%qﬁ\ﬂiﬁeé J JI%IS %r%éer? :E:%%rsggd #Bac ézrial
Genetics. A Léﬁ)érét’ory(i\?ré‘ﬁurla%lﬁa ‘Handbook for Escherichia coli and OxyRated Bacteria, Cold
Spring Harbor Laboratory Press, Cold Spring Harbor, 1992), the use of mutagenic oligonucleotides
(T.A. Brown: G&frtecHRslogRifan Efsteiyek f@ématicenginbérng forlBeginnersh Spektruine
AkademischeeVgttag.dHeidetberg,ck993angd RoMo Hottes: BERsMediated Recambination and
Mutagenesis, Malecular Biot logy. 3, 93-99 (1995)), and the use of a polymerase chain reaction
10 usingE % DN%%%%/%Y%}ESS %vqr:r?%ﬁ?gﬁxé)r?ﬁsrafe?%nggxgrﬁﬁlﬁeo Ss%%hparg polymerase is the
Mutazyme DNA olg{me,rase (GeneMorph PCR Mutagenesis Kit, No. 600550) from Stratagene
(LaJolia, CA, 6%%) EIN& RSt EARInS Ehd $7&tviews GrHeEGardrdtion 8F 153FUtaBE in vivo or in
vitro can be folmeldn the pribyaBahthinkmownin tekt bdoksafgenetioganeanalecular biologys such as
the text book by Knippers £'Melekulare;Gepetik, fth gditiopGeorg, Thigme, Yerlag. Stutigart,

Germany, 1995 ithat b \/ginnacker "Gen? and Klong", VCH 20 Verlagsgesellschaft, Weinheim,
Germany, 19936§ or%(fhgtgt}y Hagemann Al gETEINE CEHetk” tEBnSrhrEEneEEs), &Tisab Hischer
Verlag, StuttghitS£986), fsrtexahsle 1withEfRe Hid Bbtheskhowmprocessiof ere oratiele replacement,
the fundamensals ghmdiich arerdesgcribed i@855CEW@(Z&{@@dd%th{ﬁ{égi?ﬁ@CM%}ﬁ%ff@@d(l%1)),
it is possible tq ir [ tion.prepared in vitro, or. I leotide coptaining the desire

8 r?é%‘é’é%emh; Sc qultegfIé][a( Nac&?l@é? %%873} flé%g E\%%oyae@%ﬁ]ig method in

mutation, into the chromosome. Vo afrer ene 4jY e
order to incorférate & HEIEHRIFEICINtG e EY §fttanicupeRbALthrBlopersiy\om Naragawa et al. (EP
1108790) and=®hnishiatsaly Applied Miceatiology @ndBiotechnelagy i28(2)s 21dn223 (2002))e

employed this methad i AUBY toJ0CaPORIE HALIoUS FIYATANSSIRING f1om ghe isolajed alleles, into

the C. glutami,cgm chromosome.
identical to that of SEQ ID No. 30.

For activator proteins, preference is given to a
polypeptide which is = (at least) 55%, preferably = 80%,
particularly preferably = 90%, = 92% or = 94%, very

25 particularly preferably = 99%, and most preferably 100%,

identical to the amino acid sequence depicted in SEQ ID
No. 30.

The overexpression measures mentioned, preferably selected
from the group consisting of increasing the copy number,
30  using a strong promoter, mutating the promoter, using a
suitable expression cassette and overexpressing an
activator protein, may be combined in a suitable manner.

Thus it is possible, for example, to combine using a



35 One methaglfop targeteglaredyction of gene expression 28 consists @f pﬁaﬂr@gﬁwﬁgg@ggg be
attenuated under the control of a promoter which can be induced by addition of metered amounts of

IPTG (isopropyl P-D-thiogalactopyraoside), such as, for example, the tit promoter or the tac 5
promoter. Suitable for this purpose are vectors such ag, for example, the Escherichia coli expression
vector pXK99E (WO 0226787; deposited in accordance with the Budapest Treaty on 31-t July 2001 in
DH5alpha/pXK99E as DSM14440 with the Deutsche Sammlung fur Mikroorganismen und 10
Zellkulturen (RSMZaBrungwickdBetmany), pEikzx2 NGB’ Aseessigiy NeuAY585307) or pVWEX2
(Wendisch, Pl tbesis. Beseiye des Earschungsaspuums Jch, JW3397 , ISN,0994:2052, Juiich,

Germany (1997)), which enablethe cloned gene to be expresseéi in an -depe:h éarﬁlr'r(]eanner in 15
Corynebacter®hrGit&rhictim. 3rrid rethdd haEbesAeiPloyed S8k Ekample, in the patent WO
02266787 for regulated expression of the dean gene by means of integration of the vector
pXK99Edean frito Hfe §ehairiesst Goryhébdcteridm giddhticom, and tysSimse etiak 20(Applied and
Environmentat Mierobisdpgy-6&:133 233320 62002)) for regidatedl expressign of the,glA gens by
means qf_ |nteglr§5|99_l()gﬁq%¥e%ggéj 8@8@&%2/& |n,to t%orgrg%g%ctgg%mig#tgwgﬂmlAnother r_nethod
for specifically reducing gene expression Is the antisense tecHnlque which volves delivering into
the target cell§ SREHNigEddSxyPriRfedtides or vectors for synthesizing longer antisense RNA. There,
the antisense RNA can bind to complementary sections of specific mMRNAs and reduce their stability or
block translatdlsilitymRHeExanipie 30wt this cah e foumdtiyithe skillediworkenin Srivastava et al.
(Applied Enviresmentaldicrokialogy 2009:Qpk:i66 (10):-4366-¢37 4L dbeJate of elongation is
influenced byé%%c%q:oqngsraeg%g%%%e)é%ression may be attenuated by using codons for'35 t-RNAs
which are rare n the parent strain. This s 29 déscribed i detailin W 2608649781 %ahd it Wo
2009133063.°

a) odhA gene coding for the E1l subunit of alpha-
ketoglutarate dehydrogenase (EC 1.2.4.2),

b) suchA gene coding for dihydrolipoamide succinyl
15 transferase (EC 2.3.1.61),
c) dapA gene coding for a dihydrodipicolinate synthase

(DapA, EC 4.2.1.52),

d) dapB gene coding for a dihydrodipicolinate synthase
(DapB, EC 1.3.1.26),

20 &) ddh gene coding for a meso-diaminopimelate

dehydrogenase (Ddh, EC 1.4.1.16),

£) lysA gene coding for a diaminopimelate decarboxylase
(LyshA, EC 4.1.1.20),

g) argR gene coding for a/the repressor (ArgR) of L-
25 arginine biosynthesis}
h) argF gene coding for an ornithine carbamoyl

transferase (ArgF, EC 2.1.3.3),

i) argG gene coding for an argininosuccinate synthase
(ArgG, EC 6.3.4.5),



For example, neplaping #n 24145 start codon with the less common codpag f&EEG @1 T /§may {mpair
translation, since the AUG codon is twice to three times as effective as the GUG 5 and DUG codons,

for example (Khudyakov et. al., FEES Letters 232(2): 369-71 (1988); Reddy et al., Proceedings of the
National Academy of Sciences of the USA 82(17): 5656-60 (1985)). It is likewise possible, in addition
to the measures 10 relating to the polynucleotide coding for a protein hay 9 L-ornithine export activity,
to enhance individual biosynthesis genes. To improve L-ornithine production, in is thus expedient,
where appropriate, addititnaiynto enhiaineg the enzymerth adtivityof ohearanokesefthe proteins
selected from the gropg@@,siséi@g@f:g!%a&rp}e dehydrogenase (EC 1.4.1.3) encoded by the gdh
gene, b) glutamate N-acetyltransferase (EC 2.3.1.35 and 90EC 2.3.1.1) encoded by the argJ gene, ¢)

acetyl glutamate kinase (EC 2.7.2.8) encoded by the argB gene, d). .
N-acetyl-gam?ngz-glu?g%y -p%%gghé:t?égréagc%:gééa f?qpf’}% azr?colajélaabsyethgéfa@gene, 25_ _

e)acetylornithine amifitransferase) (EG2%.1.11), encoded by the argn gene, f)glucose-specific
component EIIB (PtsG) (EC 2.7.1.69) of the glucose uptake system, encoded by the ptsG gene,

30g)sucrdse-specificacompment ELJE (Bts8) (EQ2.7 dn62)oftthe seoiosbuditakie system, encoded by
the ptsS 30 gene, h)gdugeses§Rhasphatelrdehydrogenase (EC 1.1.1.49)

Preference is given to attenuating one or more of the genes
selected from the group consisting of lysA, odhA, argR,
argF, argG and argH. Particular preference is given to

10 attenuating one or more of the genes selected from the
group consisting of lysA, odhA and argF. Very particular
preference is given to attenuating the genes lysA and/or

argFl.

The term “attenuation” in this context describes reducing
15 or switching off the intracellular activity of one or more

enzymes (proteins) in a bacterium, that are encoded by the

corresponding DNA, by using, for example, a weak promoter

or a gene or allele that codes for a corresponding enzyme

having a low activity, or by inactivating the corresponding
20 gene or enzyme (protein), and optionally combining these

measures.

An overview of known promoters of various strengths in
Corynebacterium glutamicum can be found in Patek et al.
(Journal of Biotechnology 104, 311-323 (2003)). Other weak

25 promoters are described in the communication 512057 in the
journal Research Disclosure from December 2006 (pages 1616
to 1618).

Mutations which may be considered for generating an
attenuation are transitions, transversions, insertions and

30 deletions of at least one (1) base pair or nucleotide in
the coding region of the gene in guestion. Depending on the
effect of the amino acid substitution caused by the

mutation on the activity of the protein or enzyme, the



encoded by theczvefogernyel guepse-6-phosphate isomerase (EC 5.3.1.98)-eneadash By te pgi gene,
jphosphofructokinase (EC 2.7.1.11) encoded by the pfkA gene, k)fructose-bisphosphate aldolase (EC

4.1.2.13) encoded by the fda gene, 10glyceraldehyde-3-phosphate dehydrogenase (EC 1.2.1.59)
encoded by the gap gene, m) phosphoglycerate kinase (EC 2.7.2.3) encoded by th pgk gene, n)
pyruvate kinase (EC 2.7.1.40) encoded by the pyk gene, 15 0)EI subunit of pyruvate dehydrogenase
(EC 1.2.4.1), encoded by the aceE gene, p)phosphoenolpyruv e carboxylase (EC 4.1.1.31) enched
by the ppc genetat ionspyruvateczehoxydase(EG 6rd & d9eneoted by the pye 20genss dyaconitase
(EC 4.2.1.3) epgeded by the acn gene, and isocitrate dehydrogenase (EC 1.1,1.42 encoded by_the icd
gene. The term enhancement comprises the overexpression measures 25 and thehuse of variants
which have increased catalytic actjvity compared 10 the protein of the wild type. 31 the enzymes
selected from&\tﬁ?;Je e e E/gllﬁf%lrlcr)lraetgLf‘:ilte%ys/drlopi‘:le%alsﬁ.gpt‘]ﬂf]i:ae?ﬁlgtréxl\l%%eiaylt‘ﬁai‘n‘éfi—fﬂrase and

e group consisting of i [ ‘ . :
acetylglutamaté kitasé c 1 i addifisralshaastres ol atehaatiomiisted aay beslconshired with the

additionab meastras of enpareementr a non-conservative amino acid
substitution. This impairs the functionality or activity of
the protein and reduces it to a value of from = 0 to 75%,

= 0 to 50%, = 0 to 25%, = 0 to 10% or = 0 to 5%.

The nonsense mutation results in a stop codon in the coding
10 region of the gene and therefore in an early termination of
translation and consequently to a switching-off. Insertions
or deletions of at least one base pair in a gene lead to
frame shift mutations resulting in wrong amino acids being
incorporated or translation being terminated early. If the
15 mutation results in a stop codon in the coding region, this
likewise leads to an early termination of translation. The
measures of generating a nonsense mutation are preferably
carried out in the 5’-terminal part of the coding region,
which codes for the N terminus of the polypeptide. If the
20 overall length of a polypeptide (measured by way of the
number of chemically linked L-amino acids) is referred to
as 100%, then - within the scope of the present invention -
the N terminus of the polypeptide includes that part of the
amino acid sequence which, by calculation from the start
25 amino acid, L-formyl-methionine, onwards, contains 80% of

the downstream L-amino acids.

In-vivo mutagenesis methods are described, for example, in
the Manual of Methods for General Bacteriology (Gerhard et
al. (Eds.), American Society for Microbiology, Washington,

30 DC, USA, 1981) or in Tosaka et al. (Agricultural and
Biological Chemistry 42(4), 745-752 (1978)) or in Konicek
et al. (Folia Microbiologica 33, 337-343 (1988)).

Suitable methods of in-vitro mutagenesis are, inter alia,

the treatment with hydroxylamine according to Miller



Instructions fowthezandlingof BNA, digestion and ligation of DNA, tragsiorgmsgign gnglsglection of
transformants can be found, inter alia, in the known manual by Sambrook et al. "Molecular Cloning: A

Laboratory Manual, 10 Second Edition (Cold Spring Harbor Laboratory Press, 1939). The extent of
expression or overexpression can be determined by measuring the amount or concentration of mMRNA
transcribed from the gene, by determining the amount or concentration of the polypeptide and by
determining the 15 level of enzyme activity. The amount of mMRNA may be determined, inter alia, by
using the methiotisldfe'Northern blattingi'cand quantiative.RB-RPERr iihquaniitative-BRT-RCR, the
polymerase chai ion.js a nscription..It is possible to use 20.for this
purpose the L?%%é%%%yﬁ%&ﬁ?na%c%%%gggécﬁitiég%%%ﬁ}rklﬁ re% Jéﬁnﬁeo?%nle?nrbﬁ, Roche

Molecular Bio RERIMEHARRIM 2Gefary S RE e cHBed Rt ARt ey, (FERSMicrobiology
Letters 281, 190-19792008)), for elxample.9B1e condentration of the:pesteinimay be determined 25 by

1- and 2-dimepsiogalprotein gekfractianationand subseguent gptical identifigation of the. protein
concentration :[rbgkae%el éjsgégg%%%ro riate %valuatlon,- software. A common method of preparing the
protein gels for Gorynetorm Bactera ahdof identifyingthe broteinsis e 48 pibe&iite des&ibed by
Hermann et alV {EleedopHeredisl 2er $712-23326008))RTHe pioteincconcefifratien imeydikewise be
determined byRéesigsn-bletiybrigization-using an astibody whichis spesific fanheprotein to he

detected (Sambyogk e ecular cloning: a laborator nual, 2' Ed. .32 Cold Spring Harbor
Laborato%/ P?gbjss,g(ll@ol(g %%?%ggl-iar%%crf Ic\gﬁf , f§'§9)oa£n sé?g lShESSticaT dvRIuAfaY Using

appropriate coticeRfFafor Uetarminatressitiarel{Lahadsane Mayer (2098) Biospeltrupi 5: 32-39;
Lottspeich, 5 Arfigewarndte Chemiesd2t2630-2647 (1999 The basteriapieduced maydbe cultured
continuously - as.desgribed, forexampele,JnNQ 05021772 - or digeqniinuously i%)g batch process

(batch cultivation) or in a fed-batch or repeated ted-batch process (descrlbedp in 10°0% , 601 for
example) for t é%ﬂ?&&sae' ofc&odﬂéi%b lornithine. A summary of a general nature about known
cultivation methods is available in the text book by Chmiel (Bioprozesstecknik [Bioprocess
Technology] 1 Eifaftung iftdie Bicvetahranstetinik {mtrodoctiorto Bioprocessdb Erfgineering]

(GustaviEischen VedagnStuttgant; $991)), eminthe texthookhy Storbas (Bioreaktoren ynd periphere

Einrichtungena[ggrg_%ctghso%%d Perighggal }!:55,9Ui entlllg\éie\évgg Veé'l%%* c(gﬂslwic Wiesbaden,

Germany 1994)). The culture medium oF fermentation meditim 10 be Used Must20 ha Siifable

manner satisf td'démahBs of Bie-parielildr strainsPIrhis *Maital eknmbaistsior Sehlstal
Bacteriology" 6f theAmerican Seciety frit Basteriolegy: WashingtomaR:C., USAL981) contains
descriptions of gyltyre media for various micrporganisms. The gﬁrgg growth.medium, culture 25
medium_ and fermentation medium or medium are interchangeable. '
20  Verlagsgesellschaft, Weinheim, Germany, 1990) or that by
Hagemann (“Allgemeine Genetik” [General Genetics], Gustav

Fischer Verlag, Stuttgart, 1986), for example.

With the aid of the known process of gene or allele
replacement, the fundamentals of which are described in

25 Schwarzer and Pihler (Bio/Technology 9, 84-87 (1991)), it
is possible to transfer a mutation prepared in vitro, or a
polynucleotide containing the desired mutation, into the
chromosome. Von Schafer et al. (Gene 145, 69-73 (1994))
employed this method in order to incorporate a deletion

30 into the C. glutamicum hom-thrB operon. Von Nakagawa et al.
(EP 1108790) and Ohnishi et al. (Applied Microbiology and
Biotechnology 58(2), 217-223 (2002)) employed this method
in order to incorporate various mutations, starting from

the isolated alleles, into the C. glutamicum chromosome.

35 One method for targeted reduction of gene expression



It is possible tgydse, @ﬁlc/af{gngurce, sugars and carbohydrates sucq,qz, ﬁfg{,géqrpmfsglgggse,

sucrose, lactose, fructose, maltose, molasses, sucrose-containing 30 solutions from sugar-béet or
sugar-cane processing, starch, starch hydrolysate and cellulose, oils and fats such as, for example,
soya oil, sunflower oil, groundnut oil and coconut fat, fafty acids such as, for example, palmitic acid,
stearic acid and linoleic acid, alcohols such as, for 35 example, glycerol, methanol and ethanol, and
organic acids WO 2011/124477PCT/EP2011/054541 33 such as, for example, acetic acid or lactic
acid. With sugaisnBreferense ip givends aluense. fructosey sugrosemixtures gf glycgsg and fructose,

and mixtures of glucose, fructose and sucrose. ,V(\:/Qere appropriate, 5 particular_ preference is given to

sucrose. With alcohols; preferende s given to gycerst it is posSiblefouse! adFitsdétsdufce,
organic nitrogetEGHtamiesmpdunds SHEK as peproray Yelstextiabtanéatexiract analt extract,
corn steep liquet,dk) soyhean fiour anskureaa@pinerganic compoynds sueh asanmmoniug-sulphate,
ammonium chloyi oni hate monium carbonate and ammonium nitrate. The
nitrogen s%cgurc%)gJ ér;hﬁzibyéb'ge{n Us%g%t%%?gﬁa% gr br%\:}v%ypo%?ﬁf’x?u%?ﬁ ig%%ts:%f;e t%ulﬁjs%, 3§ phosphorus
source, phospfi6ifc FEHERYE otdsiur HRITdG8A PhESPHAtE 6 BRFHtASSIUTITdrag S EsEphate or
the corresponding soditmr-gontairing sattedT Hercultire mediven mushfurthermaose gemprise salts, for

example in theripug.af cbjoriges o suiphates: ofmeials 20 s4ch a8 IRrXGRIe, Soflyp, potassium,

magnesium, calcium ggd iron, such as magnesium sulphate or iron sulphate for example, which are

necessary for §rowth fF]aﬁﬁ%@ﬂﬁa%ﬁ&%ﬁ%té&%WSW§§G§HOF%§ampIe homoserine
and vitarihs, fér éxampteithiamifiesbiotinforpentothienici25 aeidy imay eEempioyadds addition to the
above-mentiongd-suhisiances. Thesiading-maierials mentongd mayhe added tg,thegyliure.in the

form of a SiW'EQ@E‘:"F%h%éeSd_Ef‘oigs%ﬁ‘{liﬁable manner during cultivation. 30 The pH of the culture can

P oying basic compoun%g Sueh 28 %o di h@/}aroﬂdlel, ‘p?tﬁggsiur%sr%roxide,

be controlled by emp IC ¢
ammonia or af\fEttisZatnmonial lor deidieesmpounds $8¢h ks which enable the cloned

gene to be expressed in an IPTG-dependent manner in

15 Corynebacterium glutamicum.

This method has been employed, for example, in the patent
WO 02266787 for regulated expression of the deaD gene by
means of integration of the vector pXK99EdeaD into the
genome of Corynebacterium glutamicum, and by Simic et al.

20 (Applied and Environmental Microbiology 68: 3321-3327
(2002)) for regulated expression of the glyA gene by means
of integration of the vector pKl8mobglyA’ into

Corynebacterium glutamicum.

Another method for specifically reducing gene expression is

25 the antisense technique which involves delivering into the
target cells short oligodeoxynucleotides or vectors for
synthesizing longer antisense RNA. There, the antisense RNA
can bind to complementary sections of specific mRNAs and
reduce their stability or block translatability. 2An example

30 of this can be found by the skilled worker in Srivastava et
al. (Applied Environmental Microbiology 2000 Oct.: 66 (10):
4366-4371) .

The rate of elongation is influenced by the codon usage.
Gene expression may be attenuated by using codons for

35 t-RNAs which are rare in the parent strain. This is



34 phosphoriasacid ot sytphwiic Acid in a suitable manner. The pH is gangyaibradjusted 4653 value of
from 6.0 to 8.5, preferably 6.5 to 8. To control foaming, it is possible to employ antifoams such as, for
example, fatty acid 5 polyglycol esters. To maintain the stability of plasmids, it is possible to add to the
medium suitable selective substances such as, for example, antibiotics. The fermentation is preferably
carried out under aerobic conditions. In order to maintain these conditions, oxygen 10 or
oxygen-containing gas mixtures such as, for example, air are introduced into the culture. It is likewise
possible to usédigaidsterticheddritrahydrogeri@ezoxide 4 Phe fermentdtionvis canned satpwhere
appropriate, at-glevatedhpressure. farexample.at ar-elevated pressyre,of from 0.03,15 t0 0.2 MPa.
The temperatlére of the cugure is normally from 20C to 45C and preferably from 25C to 40C,
particularly preferably fiom 30C (637 n batch'BroceBBES. hréfetBiidetis §iven f5-861ftinGiAg culturing

until an amouhAt&t the desiréd LEariithineosufficient fol hemngeceléredt20 has fortied. ThHIS aim in
normz;llly achhi%V&ﬂ wmtlnnc:kgzaw$ tlﬁéﬁo&wﬁé-lwithmi?b!ﬁ@% p&ceﬁez, lopger qulipring imes are
possible. The bagterial activity.results, in.a cogcentration or.an increase in the concgentration
(accumulation%)?)? Igofsrlhitﬁitér%}i/r{ ?heLe #e%}%]%e%lntatlﬁoer?r%?éd?utmé% Exarrn(fo(fee qu SuitbIE %er ftation media
can be found Héraiih the Pathits IP £30F0996°B2 ffoF B sUBMIs}2US 366807264 @r B. coli) and
JP 57041912 Bi@erB. flavum). Where appropriate, the volume of the fermentation medium in 30 a
process according to the inventionisa0.51,al11,a51,a101,a501, a1001,a5001,a10001,

preferably a 15k, pastiouiady,preferablral0cl, very paricularly prgfergbly,2.100 1.and most preferably
a 1000 }D 35 rig fg% ggurseoofgﬂg ferglentati n, L-orn thine mlrg%/ be analysed by separating the
L-amino acids by means of jon exc an&n(%roﬁoa§6§%pﬁ9% erbBly Gatidhxchange ving
chromatographyCWith Subseqeemost-z6ui BErivatizationBwsing hihhyddnaas described in
Spackman et all §Analytieal iGheyaistry 30: 1190-1206 (1958)). It is also possible to employ
ortho-phthaldialdehyde rather than ninhydrin for post-column derivatization. An overview

To improve L-ornithine production, it is thus expedient,

where appropriate, additionally to enhance the enzyme

15 activity of one or more of the proteins selected from the

group consisting of

a) glutamate dehydrogenase (EC 1.4.1.3) encoded by the
gdh gene,
b) glutamate N-acetyltransferase (EC 2.3.1.35 and
20 EC 2.3.1.1) encoded by the argJd gene,
c) acetyl glutamate kinase (EC 2.7.2.8) encoded by the

argB gene,

d) N-acetyl-gamma-glutamyl-phosphate reductase
(EC 1.2.1.38) encoded by the argC gene,

25  e) acetylornithine aminotransferase (EC 2.6.1.11),

encoded by the argD gene,

£) glucose-specific component EIIB (PtsG) (EC 2.7.1.69)
of the glucose uptake system, encoded by the ptsG

gene,

30 g) sucrose-gpecific component EIIB (PtsS) (EC 2.7.1.69)
of the sucrose uptake system, encoded by the ptsS



article on ion eschange heematpgraphy can be found in 10 Pickeringe€ /&6 Magag e 1
Chromatographic Science) 7(6), 484-487 (1989)). It is likewise possible to carry out a pre-column
derivatization, for example using ortho-phthaldialdehyde or phenyl isothiocyanate, and to fractionate
the resulting 15 amino acid derivatives by reversed-phase chromatography (RP), preferably in the
form of high-performance liquid chromatography (HPLC). A method of this type is described, for
example, in Lindroth et al. (Analytical Chemistry 51: 1167-1174 (1979)). Detection is carried out
photometrically 20(algsorbance, fluorescence). A review regarding amino acid analysis can be found
inter alia in the text book "Bioanalytik" by Lottspeich and Zorbas 'Spektrum Akademischer Verlag,
Heidelberg, Geymany; 1998) @5cTheperfarmance-efthe precpssesor fermentation peocesses
according to the inveglqgrcl), d@ Je ecctkgf one.or more of the parameters selected from the group
consisting of Lornithine concentration -Grnithihe fofmed per volume), L ornithine yield (L-ornithine
formed per cartion source 30 consumed), L-ornithine formation (L-ornithine formed per volume and
time), and specific L-9 ﬁ?ﬁffo@ﬁ%@ﬁ%ﬁ%ﬁﬂﬂﬁ@‘ﬁﬁﬁ%ﬁ pEidry céll matterBrergiBidniass and
time, or L=ornithine férhfedcper cethutar protein and time), or else other process parameters and
combinations thereof, 35is increased by at least 0.5%, at least 1%, at least 1.5% 36 or at least 296,
based on procgsses phéerpentationplopesses using basteria whichconain aponexergxpiessed
protein having L-ornigg@l% /export activity or which have not been subjected to an overexpression
measure. 5 The fermentation measures result in a fermentation broth which contains the desired
L-ornithine. A}Qlyoducigbcon ainingg_.-ornghine is then provided or produced or recovered in liquid or solid
form. A fermentation broth Means ATBHREREATSR Mediam sicgrofth 10 médibi infhfieriad
microorganism has begntéuftufetifa¥eneertain time and at a certain temperature. The fermentation
medium or the media employed during fermentation comprises/comprise ail the substances or
componiehts which ep3uyresprotidetiorief saigicersiithine andtypicallylbpropagatiorrand viability.
When the fermentatlgg&g@gp@}e,gﬂg rsgtéltlg%lfleer[nentatlon broth accordingly comprises

m) phosphoglycerate kinase (EC 2.7.2.3) encoded by the
pgk gene,
n) pyruvate kinase (EC 2.7.1.40) encoded by the pyk gene,
15 o) E1l subunit of pyruvate dehydrogenase (EC 1.2.4.1),

encoded by the aceE gene,

) phosphoenolpyruvate carboxylase (EC 4.1.1.31) encoded
by the ppc gene,

a) pyruvate carboxylase (EC 6.4.1.1), encoded by the pyc
20 gene,

) aconitase (EC 4.2.1.3) encoded by the acn gene, and

s) isocitrate dehydrogenase (EC 1.1.1.42) encoded by the

icd gene.

The term enhancement comprises the overexpression measures
25 and the use of variants which have increased catalytic

activity compared to the protein of the wild type.

Particular preference is given to enhancing one or more of



the bacterial biomassl(Cell zaass) produced due to propagation of the baciedalgells,/dGk)Ehg L-ornithi
e formed in the course of the fermentation, the organic by-products formed in the course of the

fermentation, and d)the constituents of the fermentation medium employed 25or of the starting
materials, for example vitamins such as biotin or saltg such as magnesium sulphate, which have not
been consumed in the fermentation. The organic by-products include substances which are produced
by the bacteria employed in the fermentation in 30 addition to the L-ornithine and are optionally

excreted. Theséialseriagiude sugarssuch ds trehalbsegforexamptes 1 37 g fepmentatienbrath is
removed from dbe gultwevessel oufermentationank.onfipnally, cellected, andiused for providing an
L-ornithine-containir}}qgﬁoduct in liquid or solid form. The expression "recovering the L-ornithine- 5

S

containing prodict” ¥s dis6 T Yor tHidfi the simplest case, the L-ornithine-containing fermentation

broth itself., which has been removed from the fermentation tank, constitutes the recovered product.
One or more oftfie AELStICE Sl BRAUTHGIAThE GrothiF e0¢dhRsiating b partiahel; (9% to < 80%) to
complete §10090)mbrivietdalyi complete £2B0% 2 90%0meu90%0e 2 9600 e, 2-98%8r 12 99% to <
100%) removal of water, b) partial ( 0% to < 80%) to complete (100%) or 15 virtually complete (-2

80%, 2 90%, & 85%;296%n37 %, 2 98% of 196 9996, 10,7 190R0) rgmaval of the bigmass which is
optionally inactivated.before_r val, % @par ial (> 0% to c 80%) to complete (100%) or virtually
complete (:3(%[6‘?0?5]9%%?{ %5\&% v 965557545 20098 259995 65 398 0P 5 99.7% to < 100%)
removal of theF&iyaRicBYrbdSCts #rnvsd frrtiecboutse efthelfeamentatioheahtiown manual

by Sambrook et al. “Molecular Cloning: A Laboratory Manual,

10 Second Edition (Cold Spring Harbor Laboratory Press, 1989).

The extent of expression or overexpression can be
determined by measuring the amount or concentration of mRNA
transcribed from the gene, by determining the amount or
concentration of the polypeptide and by determining the

15  level of enzyme activity.

The amount of mRNA may be determined, inter alia, by using
the methods of “Northern blotting” and gquantitative RT-PCR.
In quantitative RT-PCR, the polymerase chain reaction is
preceded by a reverse transcription. It is possible to use
20 for this purpose the LightCycler™ system from Roche
Diagnostics (Boehringer Mannheim GmbH, Roche Molecular
Biochemicals, Mannheim, Germany), as described in Jungwirth
et al. (FEMS Microbiology Letters 281, 190-197 (2008)), for
example. The concentration of the protein may be determined
25 Dby 1- and 2-dimensional protein gel fractionation and
subsequent optical identification of the protein
concentration in the gel using appropriate evaluation
software. A common method of preparing the protein gels for
coryneform bacteria and of identifying the proteins is the
30 procedure described by Hermann et al. (Electrophoresis, 22:
1712-23 (2001)). The protein concentration may likewise be
determined by Western-blot hybridization using an antibody
which is specific for the protein to be detected (Sambrook

et al., Molecular cloning: a laboratory manual, 2" 4.



d) partial (> 098 6 *bhte&4180%) or virtually complete (2 80%, a 9BTE ESSHL b/IBS4 $4G7%, :,3

98%, 25a 99%, 2 99.3% or -2 99.7% to %. 100%) removal of the constituents of the fermentation

medium employed or of the starting materials, which have not been consumed in the fermentation,

from the fermentation broth achieves concentration ot230 purification of the L-ornithine. Products

having a desired L-ornithine content are isolated in this way. 38 complete La 80% to < 100%)

removal of water. gneasu,re a) is also referred to as drying. In one variant of the process, complete or
e

virtually completsterobarst WareP Gt the BrorRaSE bt Bié Bryartic s hySeroduet 6Fhe
unconsumed Yorstituéits of tiaerfermertativremedimt eosployed fesatts impukel (1§ 80% by weight or r

]?0% by weig hi%@&&igh :}cmﬁgy%%’@wnw%moffx%%t@ﬁe@m %%9%@'%0@'@@0 (';:%F){Extl%ié‘e CI;J)rOd uct
orms. An abun e of technical instructions for the 10 measures according to a), b), c) or d) are
available in thaénp(?rlmnl%ea}?te. n mm;é%iéli_eséﬁ f?]sepa?r%f%uﬁ}:i& 'L-d?’r%i“t ine o%?t%ts%?tgg(é entially three different
productshavéBEEH esEfbed pthe ptivk art2 43 ORS §roupldéstribes L-ornithine HCL, from which
L-ornithine is purified from the fermentation solution, after removal of the cells by means of an ion
exchanger, afththerecrystaillized thrbughccrystallization as Lremithimethanechkiofde ang

recrystallization. gs Ls@raithing 20 menashioride (Us-2988489) - The L-qrpithine HCL obtained in this

cape has a purity of more than > 90%, preferably more than 95%, particularly preferably more than

98%, and ver?%%ﬁ%%ﬁr@uﬁr%?&r%b%areb than @%.Oﬂefﬁﬁhépﬁrjb‘égsﬂél&és‘@%éaqﬂ thépatent
application 25:EPa1 9953202 This involvesapplyihgfthe tiemabswontaiming femsentatiendsalution to the

top of aiweakiysacidisdon eyehanger avith-a particie, diameter,of -3 300 pm ﬁgmwﬂ%ﬂﬁ-'—'omithi”e
by this step. 'I;)hre §%Ig§tril%n of an, ggg@griaé%particgen%igghet%% %reventsbthet i?{mass from 30 blocking
the resin. The afficiency of call Famoyaliwas 96%° ure about known

cultivation methods is available in the text book by Chmiel

(Bioprozesstecknik [Bioprocess Technology] 1. Einfithrung in
die Bioverfahrenstechnik [Introduction to BRioprocess

15 Engineering] (Gustav Fischer Verlag, Stuttgart, 1991)), or
in the text book by Storhas (Bioreaktoren und periphere
Einrichtungen [Bioreactors and Peripheral Equipment]

(Vieweg Verlag, Brunswick/Wiesbaden, Germany 1994)) .

The culture medium or fermentation medium to be used must
20 in a suitable manner satisfy the demands of the particular

strains. The "“Manual of Methods for General Bacteriology”

of the American Society for Bacteriology (Washington D.C.,

USA, 1981) contains descriptions of culture media for

various microorganisms. The terms growth medium, culture
25 medium and fermentation medium or medium are

interchangeable.

It is possible to use, as carbon source, sugars and
carbohydrates such as, for example, glucose, sucrose,
lactose, fructose, maltose, molasses, sucrose-containing

30 solutions from sugar-beet or sugar-cane processing, starch,
starch hydrolysate and cellulose, oils and fats such as,
for example, soya oil, sunflower o0il, groundnut oil and
coconut fat, fatty acids such as, for example, palmitic
acid, stearic acid and linoleic acid, alcohols such as, for

35 example, glycerol, methanol and ethanol, and organic acids



The purified L-8fhithtelmby4Aéd be employed for preparing various LR§¥HifER2 Ghk< 8654, for
example, mono- or di-L-crnithine u-ketcglutarate, L-ornithine L-aspartate, 39 etc. EP 0477 991, for
example, describes a process for preparing L-ornithine L-aspartate. This involves adding to an
aqueous solution of L-ornithine and L-aspartate a watéf-soluble 5 solvent in order to arrive at a
solution which is at least 90% saturated or over saturated. Said solution is heated under reflux until the
formation of crystals has ended. A water-miscible solvent is then continued to be added under reflux

until the salt criy8ls ffm. TRE FYRBR Ray HESIOH MG, 36t dafidie, By é8ntrifugation and are

subsequently dried under vacuum. The product purity is typically above 98.5%. JP 46003194 '
describes a prdéds forgreparingie bt L d@tayluanates Thisunveives, ffonexample, converting

15 ornithine HEL dtedhe fiee-haseby mreags.of assomtionde.an-acidic iam gxghanger and glution with
agueous amm%rii&ggging fafg%g)glutara%% and evaggrat'w}g the solution under vacuum until the

product crystalfizes. The plasmi pﬁ%i@s has been deposﬁgg it e fofn’6Fthe 20 strain Escherichia

coli DH5afphaRECAYIE IIMRROAF A rdénELWRR the BEHEpestSTreaty with the Deutsche
Sammlung von Mikroorganismen und Zellkulturen (DSMZ, Brunswick, Germany) under accession
number DSM 23239 ed ¢5lJahsanp2et@ 25 ExamplesiExample 1 Gloningland sequencing of the
lysE gene from Corynebacterium glutamicum ATCC 13032 30 The lyskE gene of strain ATCC13032
was cloned intotthe &. col/&i iglutamicum shutile and expressiopwestor MYEXE

nitrogen-containing compounds such as peptones, yeast
extract, meat extract, malt extract, corn steep liquor,
10 soybean flour and urea, or inorganic compounds such as
ammonium sulphate, ammonium chloride, ammonium phosphate,
ammonium carbonate and ammonium nitrate. The nitrogen

sources may be used individually or by way of a mixture.

It is possible to use, as phosphorus source, phosphoric
15 acid, potassium dihydrogen phosphate or dipotassium
hydrogen phosphate or the corresponding sodium-containing

salts.

The culture medium must furthermore comprige salts, for
example in the form of chlorides or sulphates of metals

20 such as, for example, sodium, potassium, magnesium, calcium
and iron, such as magnesium sulphate or iron sulphate for
example, which are necessary for growth. Finally, essential
growth factors such as amino acids, for example homoserine
and vitamins, for example thiamine, biotin or pantothenic

25 acid, may be employed in addition to the above-mentioned

substances.

The starting materials mentioned may be added to the
culture in the form of a single batch or be fed in in a

suitable manner during cultivation.

30 The pH of the culture can be controlled by employing basic
compounds such as sodium hydroxide, potassium hydroxide,

ammonia or agueous ammonia, or acidic compounds such as



WO 2011/124407RGTHEA200417654541 40 (Peters-Wendisch et al., J. péal, Micrebip). diofeghnol.
(2001) 3(2): 295-300). Cloning was carried out in two steps. First, a polymerase chain reacthn (PCB)
amplified the gene from 5 Corynebacterium glutamicum ATCC13032 by means of the .f.ollowmg
oligonucleotide primers derived from SEQ ID No. i. Saigd oligonucleotides included additional
restriction cleavage sites on their 5" end (underlined: EcoRYV for lysg_1.0 and Avrll or Sspl for
lysE_2.p). 10 lysE_1.p: 5'-[TCGATATCATGGATCATCTTOATTACAGG]-3' (see SEQ ID No. 22)
lysE_2.p: 5'-[IBCETAGCTCAATATIT GG GRGAACGLTCACGG 125 (50650 aNAae23) The-PCR

t 0 1 ucleo riphgsphat ATP, dCTP,
Iﬁé"?F'>°%??S%réi%g‘gg%?ﬂfio%&fﬁ%‘%%&%.g%ﬁﬁ%ié%%d%@ﬁ?%é N et

glutamicum ATCC rSmBsTaPDNES 199%01hHe SP5HMES reAttid? bhR&SHE ARd ©90.2 U141
Phusion(r) HoESRFPRDNEB6lyarerase (Bibzym Scientific@mbH; D-8484€ 28dHess. Oldendorf) in a

thermocysler @Mastercyelst, Eppendorf AG, rh@mﬁtgg)lueﬁ%r @@JBHQVY @@dﬁtpélém%%%fof 1 min;
30 cycles x (989 20 s; 63C s 723\?@% sg 72&x for The SE PCR fragment (see

SEQ ID No. 3) was S Cdhed m?o BV as descrlbe TS B é&t?ons ﬁ‘éti/’e}ﬁ%r 1 ug of
PVWEXI plasnfitHEiNtARGERSclE4va Fr‘f:‘thefémyﬁ?éa@fmé(ﬁnc b@ﬁé@@t@m&onﬁlmng 10 units of the
enzyme Psti byem@ﬂmﬁﬁ?&f%ﬁdfdmg@atﬂyﬁﬁé@aﬁ)@rt tf@glglggvggﬁ;jgg& %va;i treated with 30
the Quick Blu Engla abs GmbhH, Frankfyrt am Main) according to the
man%facturergﬂg%ﬁjé%ﬁs\ga I}quhe%%%%lfle gﬁl?’ﬁg 51a Lkﬁ purng car%%ﬁtklf) R? agSr”f A& Bilden,
Germanyy according¥g e rftfactdied s9as |ﬁ%%?ﬁ%ﬂéﬁ§ Theecter picctregtednin His waywas then
cleaved with 1ikw1|tsmfr>¢bh1¢remaamwmefspealﬁcdwﬁer system atiZEGw fesel pandithan putfied

again using tngsglagﬁmlgc@m@&fm%a in sert e dysE Fﬁ:R fragment was cleaved
with 10 units etach of the enzymes Avrll and EcoR and hen purlfled using the QiaExll purification kit

according to thé FAAttACrsifistridionss ©ut. where appropriate, at elevated
pressure, for example at an elevated pressure of from 0.03

15 to 0.2 MPa. The temperature of the culture is normally from
20°C to 45°C and preferably from 25°C to 40°C, particularly
preferably from 30°C to 37°C. In batch processes,
preference is given to continuing culturing until an amount
of the desired L-ornithine sufficient for being recovered

20 has formed. This aim is normally achieved within 10 hours
to 160 hours. With continuous processes, longer culturing
times are possible. The bacterial activity results in a
concentration or an increase in the concentration

(accumulation) of L-ornithine in the fermentation medium.

25 Example of suitable fermentation media can be found inter
alia in the patents JP 43010996 B4 (for B. subtilis),
US 3668072 A (for E. coli) and JP 57041912 B (for

B. flavum).

Where appropriate, the volume of the fermentation medium in
30 a process according to the invention is = 0.5 1, = 1 1,
=51, =101, 2501, = 100 1, = 500 1, = 1000 1,
preferably = 1 1, particularly preferably = 10 1, very
particularly preferably = 100 1 and most preferably

= 1000 1.

35 To determine the concentration at one or more time point (s)



Ligation: vectercanshinsgntadere mixed at a 1,5 molar ratio 10 and ligateeysing J#DYA ligase at 16'C
for 1 h. Chemical competent E. coli DHSalpha cells (Subcloning efficiency, Invitrogen GmbH,

Karlsruhe, Germany) were transformed with 3 nl of the ligation mix. Transformants were identified on
the basis of their 15 kanamycin resistance on LE-agayplates containing 50 pg/ml kanamycin sulphate.
Plasmid DNA was isolated from 4 of said transformants, and the plasmids were assayed by restriction
analysis for the presence of the 0.75 kb fragment as insert. The recombinant plasmid produced in this
way was 20 referredl4o asynANEXE yste Thernusleetidessequenserof the Q<7 5.k fregment in plasmid
pVWEXI-lysE rmnined ideoxy in termjnatio d according tQ Sanger et al.

(Proceedings %?téh?lél%aﬁ;ri?g A%%%%?n%%??gcig?i}ofg t %%%;ni%?gtg;%g o?'?glfmg;%lcalﬁ 77) 74:

5463-5467). TOME BT, thB CORIGESABEY of P PWARK Yiy SE plamisivas865uenced with the aid
of the oligonucleotide prigiers p¥W vl pH{5'sTEAGCEC ATAACRATTT GACA/€:3 kandi p¥YW_2.p

(5-COA COGEEACTEATICS AG-HLalkuiolias MWG Operan, GpibH {Ebersberg, 30 Germany)
The nucleotide sequence obtained was analysed using the Clone Manager 9 Program and is depicted
by way of SESAI a\#g 0242 gﬁ‘(%rr[hlp%: 27 %étr&&t?oﬁ_&fzt% vetior P 18mbbsatE BaryFRGH for

deletion of the>aRfERGH regiorin Corynetiactetitrmigllisdmicieh 5do this-ard, firstnchromosomal

DNA was isolatedHrem G, giutamiewn ATEGA3032 by-fhe methed of Taych et al, (1995, Plasmid 33:
168-179). Theag 0 cleotideg listed ?’elgw were seleqcted on the basis %feth% sequence of the C.

li
glutamicum arg.EtRCQa ?gé)r?eslin%rgécrc oapr%%afe %%mé?rg%%@ﬁ 0 détetion constitict. Shid deletion
construéPwastgenerateecwith the*4id GfaRe polyreéraseehairrrieastion (RCRYaherespecifically by the
gene SOEing methpd4 &eneSBplicingplay Overlap Extension, Horton, Molecular Biotechnology 3: 93-98
(1995)). 15 argERCH dI: 5'-OCT COT OCT AGC CCG GCG ATT TCT TTG CAC AT-3' (see SEQ ID

No. 24) argERGH:d2:1 1 x oA QEISIATLEA CRIFACCHCE GLE TGS TGA ACT CAT A3
206**ESEQIggﬁgvg@ization, for example using ortho-phthaldialdehyde or
phenyl isothiocyanate, and to fractionate the resulting

15 amino acid derivatives by reversed-phase chromatography
(RP), preferably in the form of high-performance liquid
chromatography (HPLC). A method of this type is described,
for example, in Lindroth et al. (Analytical Chemistry 51:
1167-1174 (1979)). Detection is carried out photometrically

20 (absorbance, fluorescence).

A review regarding amino acid analysis can be found inter
alia in the text book “Biocanalytik” by Lottspeich and
Zorbas (Spektrum Akademischer Verlag, Heidelberg, Germany
1998).

25 The performance of the processes or fermentation processes
according to the invention, in respect of one or more of
the parameters selected from the group consisting of L-
ornithine concentration (L-ornithine formed per volume), L-
ornithine yield (L-ornithine formed per carbon source

30  consumed), L-ornithine formation (L-ornithine formed per
volume and time), and specific L-ornithine formation (L-
ornithine formed per dry cell matter or dry biomass and
time, or L-ornithine formed per cellular protein and time),
or else other process parameters and combinations thereof,

35 is increased by at least 0.5%, at least 1%, at least 1.5%



argFROH_d3w-Q@&13TA4G@T CGA TAA GCA TT-3' (see SEQ ID NerGsd FRGH 64545 5-GGT
COT ATG_CAT OCT GAT OCT TCC CAA TOT TG-3' (see SEQ ID No. 27) The oligonucleotide

primers depicted were purchased from Eurof ins MWG Operon GmbH (Ebersberg, Germany). The
PCR reaction was carried out using the Phusion(r) HetStart DNA 30 polymerase (Biozym Scientific
GmbH, D-31840 Hess, Oldendorf) in a thermocycler (Mastercycler, Eppendorf AG, Hamburg). 43 The
argFRGH d2 primer is composed of two regions. One part of the nucleotide sequence is
complementaryrtodhe Tegion frm ldapsupstrean to d9hp-downstreamdaf the stast codon of the argF
gene. The ot legti ce 5 is.co ary to the region from nucleotide
1419 of the a?gaegfgn%t%l)‘; Eéglggtig%sé g%\%v%%tr%é}g%%% t%?g kg%lfl—ilr%ear}:eg\?\ﬁthot']ggé?aei(}jg %?ﬁ}%sp%%ymerase
chain reactiong B BrimelergERGAC S LY GG FREPRE b &idble A543°Bp DNAralERt and the
primers argFRGH).Beatd argPRGH o4 ermable abi3rep DN 20 ragneentiade amplified. The
amplicons were produced by PCR, assayed by electrophoresis in a 0.8% strength agarose gel,

isolated from said ageresengeldising thesdigh-Rure-RGR-Progdust PurificationKit fProdustiNo.

1732676, Roghe.Riagnasti ;:(ﬁ@bﬁly nheim, Germany),.and employed as 15 template for another
PCP. reaction us:iLng the ptr?mérs argFR%%arﬁé’iaxglgﬁﬁﬁf]ﬁ?his way, the 1036 bp DargFRGH

deletion derivative was generated (see also SEQ ID No. 21). It includes 477 bp of the 3' end of the
argD gene, 1 bﬁ%?awu 5 rid GFthB ArgF enE 15 B 6t thE 3-BRG P iRy 262719 Hene, and 420 bp
of the 5' end dftveleg eS8 readimpfranted The produdtcamplifiedllindhiSoway was assayed by
electrophoresis in a 0,8% strength agarose gel. The 1.04 kb DargeRGH POE product (SEQ ID No. 21)
was cleaved confpletely by the-anzyoes NoehagdNsik fhentation medium or growth

10 medium in which a microorganism has been cultured for a
certain time and at a certain temperature. The fermentation
medium or the media employed during fermentation
comprises/comprise all the substances or components which
ensure production of said L-ornithine and typically

15 propagation and viability.

When the fermentation is complete, the resulting

fermentation broth accordingly comprises

a) the bacterial biomass (cell mass) produced due to

propagation of the bacterial cells,

20 by the L-ornithine formed in the course of the
fermentation,
c) the organic by-products formed in the course of the

fermentation, and

d) the constituents of the fermentation medium employed
25 or of the starting materials, for example vitamins
such as biotin or salts such as magnesium sulphate,

which have not been consumed in the fermentation.

The organic by-products include substances which are
produced by the bacteria employed in the fermentation in
30 addition to the L-ornithine and are optionally excreted.

These also include sugars such as trehalose, for example.



25 fragment wagysylsequenly pyrified using the PCR purification kit @@9%5@9%?’0%%@@”' The
ht

DargFRGH deletion derivative pre-treated in this way was employed together with the mobilizible
cloning vector pK18mobsacE (Schafer et al. (1994), Gene 14: 69-7:3) for ligation. Said 30 cloning
vector had previously been cleaved completely by the,rgstriction endonucleases Xbal and Pstl. This
produced DNA ends compatible to the ends of the insert generated by Ndel and Nsil cleavage. The
vector prepared in this way was mixed with the DargFRGH fragment at a 1:5 molar ratio and 35 ligated
using T4 DNA tigaser GAmersham-JBhasmadia, skreiburg,, 44 Sesmapylat-16G forl howr Chemical
competent E. c(g)él [%H%al%gg C@“grﬁsggg ning etff.icien(iyr Invitr§9en G%BbH, Karlsruhe, Germany) were
transformed with 3 p? o?t e |ga]t|on mix. Transtormants Weredemtified on tHE basis ot & teir
kanamycin resRY¥ACE3i 8 Beay dr pratestdvhtginiper Bo pa/lkapantyeitt sulphateg @ianid DNA was
isolated from 4safisaid fransformasts=(IApsen SpinMinipkep-Kikfropn Qiagen (Hilden)<and the
plasmids were estricti nalysis_for the presence of the 1.04 kb 10 fragment as insert.
The recor\gbinaﬁ?%?ggr%gxéo%tggg .%%hislé/v%a? ?/vsa()s.r%_eer(?e ?orasg %Il(i8m% sgjéﬁ ﬁgﬁdgﬁ?ﬁ—f The
strain was referidto d5°€.cbli PiiSdIphapKIBHIchEREBD &EmEGH 2 FheRUbiotitle SEGLEHTe of the
1.04 kb fragmerit {SEQEE I=No 2l thelpK t8mobiach cRargrRGH plasmidwyas determined by
the dideoxy chainfermination rpgthod.according t@ Sanger et al_ (Proceedings of the National
Academy of Sciences of the United States of America (1977) 74: 5463-5467). To this end, the
complete insert of the pK18mobsacD DargERGH 20 %gs id sequenced and thus assayed for
correctness wit 8t e?éil?i%?lfﬁe Sﬁg(%r%eclén(?t?adgeuﬁrrﬁﬁergs igku%%ll\lgéﬁ?%'% AAKRCG ACG GCC
AGT-3) AAd MASTeVFH49){5°6EAG OGG ATA ACA ATT TCA CAC AGG-3') at Eurof ins MG ()per=
(Ebersberg, Germany). 25 Example 3: Preparation of the strain Corynebacterium glutamicum ATCC
13032_DargFRGH The vectt mentivheddn Exadiple 2 pd8niohsacB1DaegFRGH, was transferred
by means of conjugatian-agearding- g 30Huotpcokhby Schatey et al, (Jeurnal ofMicrohiolggy 172:
1663-1666 (1990)) int>o , Cor ngbgggeriym glutargio/cum strain ATC(F313032. For this purpose, the
vector had previously been trafsformad intd the £ ¢oil strai s £7-19SifMoh @t al., Biotechnology 1:
784-791). The vector in WO 2011/124477PCT/EP2011/054541 45

b) partial (> 0% to < 80%) to complete (100%) or

15 virtually complete (= 80%, = 90%, = 95%, = 96%, = 97%,

=z 98% or = 99% to < 100%) removal of the biomass which

is optionally inactivated before removal,

c) partial (> 0% to < 80%) to complete (100%) or
virtually complete (= 80%, = 90%, = 95%, = 96%, = 97

o

4

20 =z 98%, = 99%, =z 99.3% or = 99.7% to < 100%) removal of
the organic by-products formed in the course of the

fermentation, and

d) partial (> 0%) to complete (100%) or virtually
complete (= 80%, = 90%,

95%, = 96%, = 97%, = 98%,

o0V

25 = 99%, =z 99.3% or = 99.7% to < 100%) removal of the
constituents of the fermentation medium employed or of
the starting materials, which have not been consumed

in the fermentation,

from the fermentation broth achieves concentration or
30 purification of the L-ornithine. Products having a desired

L-ornithine content are isolated in this way.

The partial (> 0% to < 80%) to complete (100%) or virtually



517-1 was assayezidion kiezwityzsimilarly to detection in E. coli DH5alpka-{sagpbyamples2A s khe vectors
pK18mobsact3 and pK18mobsacB_DargERGH, cannot self-replicate in C. glutamicum ATCC13032
and remain in the cell only if they have integrated into the chromosome following a recombination
event. Clones with integrated pK1SmobsacB DargEREH are selected by plating out the conjugation
mix on LB agar (Sambrook et al., Molecular Cloning: A Laboratory Manual, 2nd Ed., Cold Spring
Harbor, New York, 1989) supplemented with 15 mg/1 kanamycin and 50 mg/ml nalidixic acid.
Established clonep aed striek 80torn bB<agarqiatesssontainingf2Svagi-kanamyseiirand.incubated at
33C for 16 hoglﬁth&t@@@g@é@ig@t%p@§g§% as been excised due to a second recombination 15
event are selected by culturing the clones in LB Tiquid medium without selection for 20 hours, then
striking them qut on LB r taining,10% sucrose, followe incubation for 24 hours. The
pKl8mobsac§%a%%R%§lp §§m%?li%él the’ Eﬁigr%%bsgt&% e%}t/%rtﬁwrg &éé”r%‘*ﬁ ) c%%tains in addition to
the kanamycift Fé8istahee HeRe Fdopofthe SacEferid CodingforBacilifs $utstilis feransuacrase.
Sucrose-hdudiblerexpiessien teatisto tha formatinnsailevansycrase-whichcatalysesthe synthesis of
the product leyan wiiafils10XICa 5. IAFBIGUR. Coneeauentl. QU thpse glones,in which the

integrated bK18mobsacE_DargERGH has been excised again establis gr0\7v£h on LB agar containing
sucrose. Exci&ioAThdy eomprisd exBidiofdrthe )pIz?ﬁnil'dil’t%géi?l‘é}c With €ithe? Hie BEmpRisht,
chromosomal zopy ‘of bygERGihor the incombléte 30capythavingtheiinternal arg&RCH deletion.

Approximately- Q- 5060lonies were tested for the phenotype "growth jn the presgnce of sucrose”
and "no1 owth in the presence o kanam cing. I%rder to prove that the deleted argeRGH allele has
ty

remained in the 35 ChromoSOMme - approimat colohiedhaVing fife BEHotsie 46™ Tgrbieh in the
presence of sB&b3&" afd *'no growth in the presence of kanamycin" were studied by the standard
PCR method of Innis et al. (PCR Protocols. A Guide to Methods and Applications, 1990, Academic
Press) with théraid bé theapelymerasechainreaetion Thisiwolvedramplifying frasa theschromosomal

DNA of the cqlonies a;DNA fragment whieh catries the regians %%@eU@éf&'athge%ggfﬁg‘égFBGH

region. The following primer oligonucleotides were selected for the PCR. 10 arg _di (S]EQ ID No.
24): 50-GOT G&T BOTAGH COG COG ATT TOT TTG CAC AT-3' argERGH_d4 (SEQ ID No. 27):

5-GGT GGT NIG CAT GOT GAT GGT TOO GAATOT TG-3'
15 One group describes L-ornithine HCL, from which L-ornithine

is purified from the fermentation solution, after removal
of the cells by means of an ion exchanger, and then
crystallized through crystallization as L-ornithine
monochloride and recrystallization as L-ornithine

20 monochloride (US 2988489). The L-ornithine HCL obtained in
this case has a purity of more than > 90%, preferably more
than 95%, particularly preferably more than 98%, and very

particularly preferably more than 99%.

A further process is described in the patent application

25 EP 1995322. This involves applying the biomass-containing
fermentation solution to the top of a weakly acidic ion
exchanger with a particle diameter of > 300 um and
purifying the L-ornithine by this step. The selection of an
appropriate particle diameter prevents the biomass from

30 Dblocking the resin. The efficiency of cell removal was 99%.

The purified L-ornithine may then be employed for preparing
various L-ornithine salts such as, for example, mono- or

di-L-ornithine o-ketoglutarate, L-ornithine L-aspartate,



In control clon%cgrbti\wngg]@ﬁomplete argERGH locus, 15 the primg&(;%%lg%fg{\ﬁ%%?% .35 kb

DNA fragment to be amplified. In clones having a deleted argEBGH locus, approx.
1,04 kb in size are amplified. The amplified DNA fragments were identified by means of
electrophoresis in a 0.8% strength agarose gel. By thisthe 20 strain was shown to carry a deleted
argERGH allele on the chromosome. The strain was referred to as Corynebacterium glutamicum
Delta_argFRGH. Example Expression of the lysE gene in Corynebacterium glutamicum 25 ATCC
13032_Delta_argFRGH The plasmid pVWExIs_LysE and the empty piasmid pVWEXI were introduced
into the L-ornithine-forming strain ATCC 13032_DeltasargFGH by means of electroboration (Haynes et

al., ELMS Micropiolggy, Letters (%8§9)e§<ja 49:334). 30 Tt nsformants were identified on the basis of
their kanamycin resistance on Caso agar%%)atgé CZ(('%I)ré?tSa|cn1ir31Lg}%l 25 aag/%ﬁégﬁér%yg%?5%%@9%3&68& were

subsequently 473E8tetdPEoeARBES bR e traisiSrmed plashfid 2Fe M perpase AplasmidsDNA
was isolated (Pladmid tsolationLKit, Qiagenhandihis DAL was assayedvhy sesthetien-analysis for the

correct cleavage pattgrn. |n this way. the 5.C. glutamicum strains ATCG -,
13032L_DeltaargFRGH/DVWEXI IySE and ATCC 13032 Delta. argFRGHIBVIWEXT wete produced.

Example 5: Préparation'of T s6raithine Uiy EdhHetateriuin ttamictin #8 ofdertB 31~ their ability
to produce L-oehidfire tin fl0ueachease three Elones of straifATCEstals has ended. A

13032_Delta_atgERGHipiExl=dysE aad three dlengs ofstrain ATE G 43032 ReltaargERGH/PVWEXI
were pre-culturec%itp 33C for 16 h. For the production assay, in
t

If ug{a%n%as_{e itheo mfl;Ltest metdi m e%
each case 10 mI of test medium were 15 inocutated with ﬁg%re-%ﬁﬁuf‘eré’ﬁ[‘éﬁ?eﬂ RS way that
the OD6DD. (opfiEsl Gefsity @t 6667 &t thestarewas Vi LicBachrtlonedvastested in three shaker
flasks so that eathssitaianis 1gpresenried.aidbe respective hanesiipg dime: by ning shaker flasks in total.

The test mediu&g)gq%sa{gfgtig@&peto t%eSngXII medium described in Keilhauer et al. (Journal of
Bacteriology (1993) 175: 593-5603? ut additionally contained 7.5 9/1 yeast extract (Difco), 25 pi/ml

kanamycin, 1 5%\/! LI}F%‘B ?(ilso rcé)f I(tgeta-Dthiogalactopyranoside) and 40 g/1 sucrose instead of 25
. < e < 2 o i e} 1 e P B~ 4 . .
glucose. For reasons 0 ”sn%gll |§//? e E5MpBsRIbA OF five st nidditmis RanimaiZedh Tadle 2 below.
L-ketoglutarate. This involves, for example, converting
15 ornithine HCL into the free base by means of adsorption to
an acidic ion exchanger and elution with agqueous ammonia,
adding o-ketoglutarate and evaporating the solution under

vacuum until the product crystallizes.

The plasmid pEC71ysE has been deposited in the form of the
20 strain Escherichia coli DH5alpha/pEC71ysE (DM2204) in
accordance with the Budapest Treaty with the Deutsche
Sammlung von Mikroorganismen und Zellkulturen (DSMZ,
Brunswick, Germany) under accession number DSM 23239 on

15 January 2010.
25

Examples

Example 1:

Cloning and sequencing of the lysE gene from

Corynebacterium glutamicum ATCC 13032

30 The lysE gene of strain ATCC13032 was cloned into the

E. coli/C. glutamicum shuttle and expression vector PVWEx1
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(Peters-Wendisch et al., J. Mol. Microbiol. Biotechnol.
(2001) 3(2): 295-300).

Cloning was carried out in two steps. First, a polymerase
chain reaction (PCR) amplified the gene from

5 Corynebacterium glutamicum ATCC13032 by means of the
following oligonucleotide primers derived from SEQ ID
No. 1. Said oligonucleotides included additional
restriction cleavage sites on their 5’ end (underlined:

EcoRV for lysE 1.p and AvrII or Sspl for lysE 2.p).

10 lysE 1.p: 5’-[TCGATATCATGGAAATCTTCATTACAGG] -3
(see SEQ ID No. 22)

1ysE_2.p: 5’—[TGCCTAGGTCAATATTTGGGCGAAGGCCACCG]—3’
(see SEQ ID No. 23)

The PCR reaction was carried out in the presence of 200 uM
15 deoxynucleoside triphosphates (dATP, dCTP, dGTP, d4TTP),

0.5 pM each of the corresponding oligonucleotide, 100 ng of

Corynebacterium glutamicum ATCC13032 chromosomal DNA, 1/5

volume of 5 times reaction buffer HF and 0.02 U/ul Phusion®

Hot Start DNA polymerase (Biozym Scientific GmbH, D-31840
20 Hess. Oldendorf) in a thermocycler (Mastercycler, Eppendorf

AG, Hamburg) under the following conditions: 98°C for

1 min; 30 cycles X (98°C, 20 s; 63°C, 20 s; 72°C, 40 s);

72°C for 6 min.

The 761 bp lysE PCR fragment (see SEQ ID No. 3) was cloned
25 into pVWExl as described below:

Preparation of the vector: 1 pg of pVWEx1l plasmid DNA was
cleaved in the enzyme-specific buffer system containing 10
units of the enzyme PstI by incubation at 37°C for 1 h.
Immediately thereafter, the cleavage mix was treated with
30 the Quick Blunting Kit (New England Biolabs GmbH, Frankfurt
am Main) according to the manufacturer’s instructions and
then purified using the QiaExII purification kit (Qiagen

AG, Hilden, Germany) according to the manufacturer’s
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instructions. The vector pre-treated in this way was then
cleaved with 10 units of Xbal in the enzyme-specific buffer
system at 37°C for 1 h and then purified again using the

QiaExII purification kit.

Preparation of the insert: the lysE PCR fragment was
cleaved with 10 units each of the enzymes AvrII and EcoRV
and then purified using the QiaExII purification kit

according to the manufacturer’s instructions.

Ligation: vector and insert were mixed at a 1:5 molar ratio
and ligated using T4 DNA ligase at 16°C for 1 h. Chemical
competent E. coli DHSalpha cells (Subcloning efficiency,
Invitrogen GmbH, Karlsruhe, Germany) were transformed with

3 ul of the ligation mix.

Transformants were identified on the basis of their
kanamycin resistance on LB-agar plates containing 50 ug/ml
kanamycin sulphate. Plasmid DNA was isolated from 4 of said
transformants, and the plasmids were assayed by restriction
analysis for the presence of the 0.75 kb fragment as
insert. The recombinant plasmid produced in this way was

referred to as pVWExl 1lysE.

The nucleotide sequence of the 0.75 kb fragment in plasmid
PVWEx1-1lysE was determined by the dideoxy chain termination
method according to Sanger et al. (Proceedings of the
National Academy of Sciences of the United States of
America (1977) 74: 5463-5467). To this end, the complete
insert of the pVWExl 1lysE plasmid was sequenced with the
aid of the oligonucleotide primers pVW 1.p (5'-TGA GCG GAT
AARC AAT TTC ACA C-3") and PVW 2.p (5’ -CGA CGG CCA GTG AAT
TCG AG-3') at Eurofins MWG Operon GmbH (Ebersberg,

Germany) .

The nucleotide sequence obtained was analysed using the
Clone Manager 9 Program and is depicted by way of SEQ ID
No. 20.
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Example 2:

Construction of the vector pKl8mobsacB DargFRGH for
deletion of the argFRGH region in Corynebacterium

glutamicum

5 To this end, firstly chromosomal DNA was isolated from
C. glutamicum ATCC13032 by the method of Tauch et al.
(1995, Plasmid 33: 168-179). The oligonucleotides listed
below were selected on the basis of the sequence of the
C. glutamicum argFRGH genes in order to prepare the argFRGH
10 deletion construct. Said deletion construct was generated
with the aid of the polymerase chain reaction (PCR), more
specifically by the gene SOEing method (Gene Splicing by
Overlap Extension, Horton, Molecular Biotechnology 3: 93-98
(1995) ).

15 argFRGH dil:
57-GGT GGT GCT AGC CCG GCG ATT TCT TTG CAC AT-3'
(see SEQ ID No. 24)

argFRGH d2:
5'-AAT GCT TAT CGA CGT ACC CCC CTG TGG TTG TGA AGT CAT A-3’
20 (see SEQ ID No. 25)

argFRGH d3:
5"-GGG GTA CGT CGA TAA GCA TT-3!
(see SEQ ID No. 26)

argFRGH d4:
25 5’ -GGT GGT ATG CAT GGT GAT GGT TCC GAA TGT TG-3!
(see SEQ ID No. 27)

The oligonucleotide primers depicted were purchased from
Eurofins MWG Operon GmbH (Ebersberg, Germany). The PCR
reaction was carried out using the Phusion® Hot Start DNA

30 polymerase (Biozym Scientific GmbH, D-31840 Hess,
Oldendorf) in a thermocycler (Mastercycler, Eppendorf AG,
Hamburg) .
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is complementary to the region from nucleotide 1419 of the

argH gene to 5 nucleotides downstream of the argH gene.

With the aid of the polymerase chain reaction, the primers
argFRGH_1 and argFRGH_2 enable a 543 bp DNA fragment and
the primers argFRGH 3 and argFRGH 4 enable a 513 bp DNA

10 fragment to be amplified. The amplicons were produced by
PCR, assayed by electrophoresis in a 0.8% strength agarose
gel, isolated from said agarose gel using the High Pure PCR
Product Purification Kit (Product No. 1732676, Roche
Diagnostics GmbH, Mannheim, Germany), and employed as

15 template for another PCR reaction using the primers
argFRGH 1 and argFRGH_4. In this way, the 1036 bp DargFRGH
deletion derivative was generated (see also SEQ ID No. 21).
It includes 477 bp of the 3’ end of the argD gene, 19 bp of
the 5’ end of the argF gene, 15 bp of the 3’ end of the

20 argH gene, and 420 bp of the 5’ end of the ¢gl589 reading
frame. The product amplified in this way was assayed by

electrophoresis in a 0.8% strength agarose gel.

The 1.04 kb DargFRGH PCR product (SEQ ID No. 21) was
cleaved completely by the enzymes Ndel and Ngil. The

25 fragment was subsequently purified using the PCR
purification kit (Qiagen, Hilden, Germany). The DargFRGH
deletion derivative pre-treated in this way was employed
together with the mobilizible cloning vector pKl8mobsacB
(Schafer et al. (1994), Gene 14: 69-73) for ligation. Said

30 cloning vector had previously been cleaved completely by
the restriction endonucleases Xbal and PstI. This produced
DNA ends compatible to the ends of the insert generated by
Ndel and NsiI cleavage. The vector prepared in this way was
mixed with the DargFRGH fragment at a 1:5 molar ratio and

35 ligated using T4 DNA ligase (Bmersham- Pharmacia, Freiburg,
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E.coli_DH5alpha/pKl8mocbsacB DargFRGH.

The nucleotide sequence of the 1.04 kb fragment (SEQ ID

15 No. 21) in the pKl8mobsacB DargFRGH plasmid was determined
by the dideoxy chain termination method according to Sanger
et al. (Proceedings of the National Academy of Sciences of
the United States of America (1977) 74: 5463-5467). To this
end, the complete insert of the pKl8mobsacB DargFRGH

20 plasmid was sequenced and thus assayed for correctness with
the aid of the oligonucleotide primers M13 uni (-21) (57-
TGT AAA ACG ACG GCC AGT-3') and M13 rev (-49) (5'-GAG CGGC
ATA ACA ATT TCA CAC AGG-3') at Eurofins MWG Operon

(Ebersberg, Germany) .
25 Exanple 3:

Preparation of the strain Corynebacterium glutamicum ATCC
13032 DargFRGH

The vector mentioned in Example 2, pKl8mobsacB DargFRGH,
was transferred by means of conjugation according to a

30  protocol by Schafer et al. (Journal of Microbiology 172:
1663-1666 (1990)) into the Corynebacterium glutamicum
strain ATCC13032. For this purpose, the vector had
previously been transformed into the E. coli strain S17-1

(Simon et al., Biotechnology 1: 784-791). The vector in
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S17-1 was assayed for identity similarly to detection in

E. coli DH5alpha (see Example 2).

The vectors pKl8mobsacB and pKl8mobsacB DargFRGH cannot
self-replicate in C. glutamicum ATCC13032 and remain in the
cell only if they have integrated into the chromosome
following a recombination event. Clones with integrated
pKl8mobsacB_DargFRGH are selected by plating out the
conjugation mix on LB agar (Sambroock et al., Molecular
Cloning: A Laboratory Manual, 2% Ed., Cold Spring Harbor,
New York, 1989) supplemented with 15 mg/l kanamycin and

50 mg/ml nalidixic acid. Established clones are struck out
on LB-agar plates containing 25 mg/l kanamycin and
incubated at 33°C for 16 hours. Mutants in which the
plasmid has been excised due to a second recombination
event are selected by culturing the clones in LB liguid
medium without selection for 20 hours, then striking them
out on LB agar containing 10% sucrose, followed by

incubation for 24 hours.

The pKl8mobsacB DargFRGH plasmid, like the pKl8mobsacB
starting plasmid, contains in addition to the kanamycin
registance gene a copy of the sacB gene coding for Bacillus
subtilis levansucrase. Sucrose-inducible expression leads
to the formation of levansucrase which catalyses the
synthesis of the product levan which is toxic to

C. glutamicum. Consequently, only those clones in which the
integrated pKl8mobsacB DargFRGH has been excised again
establish growth on LB agar containing sucrose. Excision
may comprise excision of the plasmid together with either
the complete chromosomal copy of argFRGH or the incomplete

copy having the internal argFRGH deletion.

Approximately 40 to 50 colonies were tested for the
phenotype “growth in the presence of sucrose” and “no
growth in the presence of kanamycin”. In order to prove
that the deleted argFRGH allele has remained in the

chromosome, approximately 20 colonies having the prhenotype
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(SubdonmgGﬁﬁggﬁafhséﬁﬁ§ﬁg:@;esence of sucrose” and “no growth in the
presence of kanamycin” were studied by the standard PCR

method of Innis et al. (PCR Protocols. A Guide to Methods
and Applications, 1990, Academic Press) with the aid of the

5 polymerase chain reaction. This involved amplifying from
the chromosomal DNA of the colonies a DNA fragment which
carries the regions surrounding the deleted argFRGH region.
The following primer oligonucleotides were selected for the
PCR.

10 argFRGH dl (SEQ ID No. 24):
5" -GGT GGT GCT AGC CCG GCG ATT TCT TTG CAC AT-3'

argFRGH d4 (SEQ ID No. 27):
5-GGT GGT ATG CAT GGT GAT GGT TCC GAA TGT TG-3'

In control clones containing the complete argFRGH locus,
15 the primers enable an approx. 5.35 kb DNA fragment to be
amplified. In clones having a deleted argFRGH locus, DNA

fragments of approx. 1.04 kb in size are amplified.

The amplified DNA fragments were identified by means of

electrophoresis in a 0.8% strength agarose gel. By this the
20 strain was shown to carry a deleted argFRGH allele on the

chromosome. The strain was referred to as Corynebacterium

glutamicum Delta argFRGH.
Exanple 4:

Expression of the lysE gene in Corynebacterium glutamicum
25 ATCC 13032 Delta argFRGH

The plasmid pVWEx1l LysE and the empty plasmid pVWExl were
introduced into the L-ornithine-forming strain ATCC
13032 Delta_argFGH by means of electroporation (Haynes et
al., FEMS Microbiology Letters (1989) 61: 329-334).

30 Transformants were identified on the basis of their
kanamycin resistance on Caso agar plates containing

25 pg/ml kanamycin. 5 single clones were subsequently
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and ATCC 13032 Delta argFRGH/pVWExl were produced.

Example 5:
Preparation of L-ornithine using Corynebacterium glutamicum

In order to study their ability to produce L-ornithine, in
10 each case three clones of strain ATCC
13032_Delta argFRGH/pVWEx1l lysE and three clones of strain
ATCC 13032 Delta argFRGH/pVWExl were pre-cultured in each
case in 10 ml of test medium at 33°C for 16 h. For the
production assay, in each case 10 ml of test medium were
15 inoculated with the pre-culture obtained in such a way that
the ODgyo (optical density at 600 nm) at the start was 0.1.
Each clone was tested in three shaker flasks so that each
strain is represented at the respective harvesting time by
nine shaker flasks in total. The test medium was identical
20  to the CgXII medium described in Keilhauer et al. (Journal
of Bacteriology (1993) 175: 5593-5603) but additionally
contained 7.5 g/l yeast extract (Difco), 25 ng/ml
kanamycin, 1 mM IPTG (isopropyl beta-D-
thiogalactopyranoside) and 40 g/l sucrose instead of
25 glucose. For reasons of simplicity, the composition of the

test medium is summarized in Table 2 below.
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Table 2
Component Content per 1
(NH4) ,80, 20 g
Urea 5 g
KH,PO, 149
K,HPO, 1g
MgSO, X 7H,0 0.25 g
3-Morpholinopropanesulphonic acid (MOPS) 42 g
CacCl, 0.01 g
FeS0O, X 7H,0 0.01 g
MnSO, X H,O 0.01 g
Zns0, X 7H,0 0.001 g
CuS0, 0.0002 g
NiCl, X 6H,0 0.00002 g
Biotin 0.0002 g
Protocatechuic acid 0.03 g
Sucrose 40 g
Yeast extract 7.5 g
Ph (with NaOH) 7

The cultivation was carried out in 100 ml shaker flasks at
33°C and 200 rpm. The deflection of the shaker was 5 cm.
Three cultures of a clone were harvested after 24 and 48
hours. To this end, samples were taken from the cultures
and the optical density, the sucrose content and the IL-
ornithine content were determined. To determine the sucrose
and L-ornithine contents the cells were removed by brief
centrifugation (table-top centrifuge type 5415D (Eppendorf)

at 13 000 rpm, 10 min, room temperature) .

The optical density was determined at a wavelength of
660 nm, using a GENios microtitre plate photometer (Tecan,
Reading, UK). The samples were diluted 1:100 with

demineralized water prior to the measurement.
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Sucrose was determined using a test system (Cat.

No. 10 716 251 035) from R-Biopharm AG (Darmstadt,

Germany) . This involves inversion of sucrose and the

glucose formed being detected using a coupled enzyme assay
5 (hexockinase/glucose-6-phosphate dehydrogenase) via NADH

formation.

Quantitative determination of the extracellular amino acid
concentration from the culture supernatant was carried out
by means of reverse-phase HPLC (Lindroth et al., Analytical

10 Chemistry (1979) 51: 1167-1174), using an HP1100 series
HPLC instrument (Hewlett-Packard, Waldbronn, Germany) with
connected fluorescence detector (G1321A) ; system control
and data evaluation were carried out using a HP ChemStation
(Hewlett-Packard). 1 pL of the amino acid solution to be

15 analysed was mixed in an automatic pre-column
derivatization with 20 pl of ready-to-use ortho-
phthaladehyde/2-mercaptoethanol reagent (Pierce Europe BV,
Oud-Beijerland, Netherlands). The resulting fluorescent,
thio-substituted isoindoles (Jones et al., Journal of

20 Chromatography (1983) 266: 471-482) were fractionated on a
pre-column (40 X 4 mm Hypersil ODS 5) and main-column
combination (Hypersil ODS 5, both columns from CS-
Chromatographie Service GmbH, Langerwehe, Germany) using a
gradient program with an increasingly non-polar phase

25 (methanol) . The polar eluent was sodium acetate (0.1 M;
pPH 7.2); the flow rate was 0.8 mL per minute. The
fluorescence of the derivatized amino acids was detected at
an excitation wavelength of 230 nm and an emission
wavelength of 450 nm. The L-ornithine and/or L-ornithine

30  hydrochloride concentrations were calculated by way of
comparison with an external standard and L-asparagine as

additional internal standard.

The molecular weight of L-ornithine hydrochloride is
168.6 g X mol™ and that of L-ornithine is 132.1 g X mol™’t.

35 The yield was calculated by dividing the amount of IL-
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ornithine formed (measured as L-ornithine hydrochloride) by

the amount of sucrose consumed.
The results are listed in Table 3.

Table 3: L-ornithine formation after 24 hours (Table 3A)
5 and 48 hours (Table 3B) of incubation. Abbreviations:
*: ATCC 13032 _Delta argFRGH; Orn-HCl: L-ornithine

hydrochloride.
Table 3A:
Time 24 hours
Strain Orn-HC1 Yield oD
g/l g/g
* /pVWEx1 9.83 + 0.10 0.39 + 0.01 10.78 + 0.30
* /pVWEx1 1ysE 13.03 + 0.16 0.44 + 0.01 10.40 + 0.41

10 Table 3B:

Time 48 hours
Strain Orn-HC1 Yield oD
g/l 9/9
* /pVWEx1 15.50 + 0.74 0.36 + 0.01 11.69 + 1.40
*/pVWEXlﬁlysE 18.48 + 0.51 0.42 + 0.01 9.18 + 0.48

Example 6: Sequencing and deposition of plasmid pEC71lysE

Plasmid pEC71ysE was made available in the form of an
aqueous solution by Dr. Lothar Eggeling (Forschungszentrum

15 Julich GmbH, D-52425 JUlich), the corresponding author of
the publication Bellmann et al. (Microbiology (2001) 147,
1765-1774) .

An aliquot of the DNA solution obtained was employed for
transforming competent Escherichia coli cells of the

20 DHbalpha strain (subcloning efficiency, Genotype: F-
®801aczAM15 A(lacZYA-argF) Ul69 recAl endAl hsdR17 (rK-,
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15

mk+) phoR supE44 A- thi-1 gyrA96 relAl) from Invitrogen
GmbH (Paisley, UK) according to the manufacturer’s
instructions. The transformants were selected on Luria-

Bertani agar supplemented with 50 ug/ml kanamycin.

One transformant referred to as Escherichia coli
DH5alpha/pEC71ysE (DM2204) was deposited according to the
Budapest Treaty with the Deutsche Sammlung von
Mikroorganismen und Zellkulturen GmbH (Brunswick, Germany)

under the deposition number DSM 23239 on 15 January 2010.

The pEC71ysE plasmid from the DSM 23239 strain was
completely sequenced by custom DNA sequencing (Walking
Service) at Eurofins MWG Operon GmbH (Martinsried,
Germany) . The sequence of pEC7l1ysE is listed as SEQ ID
No. 29.
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3) Process acdordiid. lo/ CRAm7T or 2, characterized in 25that, in the casa pEEpoynebastesam
glutamicum, overexpression increases the level of L-ornithine export activity by at least 10%,
compared to ATCC13032 or ATCC14067 or ATCC13869. 4) Process according to Claims 1 to 3,
characterized in 30that overexpression is achieved by3one or more of the measures selected from the
group consisting of 54 a) increasing the copy number, b) using a strong promoter, and ¢) mutating the
promoter, and d) overexpressing an activator protein. 5 5)Process according to Claims 1 to 4,
characterized$4 #i&%he bacterium is Corynebacterium, preferably Corynebacterium glutamicum.
6)Process according to Claims 1 to 5, characterized in that additionally one or more of the
genes selected) 10frémdke groupoeonsistingrefrapd hAgenercading forthe = subunit of alpha-

ketoglutarate dehydragepase (EC1.2-4:2), SUCA ene coding for dihvdralipoamide ég%%@_%%
transferase (EC 2.3.1.61), 15dapA gene coding for a dihydrodipicolinate synthase (DapA,

4.2.1.52), d)dapB ge%‘étc:oding for a dihydrodipicolinate
5 a) fermentation of an L-ornithine-excreting

bacterium selected from the group consisting of
Corynebacterium, Bacillus, Streptomyces,
Arthrobacter and the Enterobacteriaceae which
overexpresses a polynucleotide coding for a

10 polypeptide which has the activity of an L-
ornithine exporter and whose amino acid sequence
is = 35% identical to the amino acid sequence of

SEQ ID No. 2, in a medium,

b) accumulation of said L-ornithine in said medium,
15 wherein a fermentation broth is obtained, and
c) wherein the plasmid pEC71ysE, deposited in

DSM23239, is excluded for overexpression,

a) and wherein the length of the encoded
polypeptide, where appropriate, is = 146 to = 286
20 of amino acids or amino acid residues.
2) Process according to Claim 1, characterized in that

the encoded polypeptide comprises the amino acid
sequence of SEQ ID No. 2 or SEQ ID No. 4.

3) Process according to Claim 1 or 2, characterized in
25 that, in the case of Corynebacterium glutamicum,
overexpression increases the level of L-ornithine
export activity by at least 10%, compared to ATCC13032
or ATCC1l4067 or ATCC13869.

4) Process according to Claims 1 to 3, characterized in
30 that overexpression is achieved by one or more of the

measures selected from the group consisting of



synthase (Dapo EXD13/1.26% %) ddh gene coding for a meso-diaminaimeiaie @0debyiredanase
(Ddh, EC 1.4.1.16), E)lysA gene coding for a diaminopimelate decarboxylase (LysA, EC 4.1.1.20),
argR gene coding for a/the repressor (ArgR) of Larginine biosynthesis, 25h.)argF gene coding for an
ornithine carbamoyl transferase (ArgF, EC 2.1.3.3), i)a#gC gene coding for an argininosuccinate WO
2011/124477PCT/EP2011/054541 55 synthase (ArgG, EC 6.3.4.5), j) argH gene coding for an argin
nosuccinate lyase (ASAL) (ArgH, EC 4.3.2.1), k) lysC gene coding for an aspartate kinase (LysC, 5EC
2.7.2.4), and 1)asd gene codingrfer anraspaitate-semiatdetiyete dehydrogenase (Asd, EC 1.2.1.11),
is/are attenuated. 7)Process according to Claims 1 to 6, characterized in 10that additionally one or

more of the genes setgcted fromthesgroupsansistivgfer, and

c) mutating the promoter, and
d) overexpressing an activator protein.
5 5) Process according to Claims 1 to 4, characterized in

that the bacterium is Corynebacterium, preferably

Corynebacterium glutamicum.

6) Process according to Claims 1 to 5, characterized in
that additionally one or more of the genes selected

10 from the group consisting of

a) odhA gene coding for the El subunit of alpha-
ketoglutarate dehydrogenase (EC 1.2.4.2),

b) sucA gene coding for dihydrolipoamide succinyl
transferase (EC 2.3.1.61),

15 c) dapA gene coding for a dihydrodipicolinate
synthase (DapA, EC 4.2.1.52),

d) dapB gene coding for a dihydrodipicolinate
synthase (DapB, EC 1.3.1.26),

e) ddh gene coding for a meso-diaminopimelate
20 dehydrogenase (Ddh, EC 1.4.1.16),
£) lysA gene coding for a diaminopimelate

decarboxylase (LysA, EC 4.1.1.20),

g) argR gene coding for a/the repressor (ArgR) of L-

arginine biosynthesis,

25 h) argF gene coding for an ornithine carbamoyl
transferase (ArgF, EC 2.1.3.3),

i) argG gene coding for an argininosuccinate



a)glutamate defydeagentse4E1LC71.4.1.3) encoded by the gdh gene, pcT/Ep2 AUAGSIES 41
N-acetyltransferase (EC 2.3.1.35 and 15EC 2.3.1.1) encoded by the argSr gene, c)
acetylglutamatekinase (EC 2.7.2.8) encoded by the argE gene, d)
N-acetyl-gamma-glutamyl-phosphate reductase (EC £.2.1.38) encoded by the argC gene, 3
20e)acetylornithine aminotransferase (EC 2.6.1.11), encoded by the argD gene, f)glucose-specific
component EIIE (Pt G (EC 2.7.1.69) of the glucose uptake system, encoded by the ptsG gene,
259)sucrose-specific compaorient ElEe(Pt8SH(EC 2(7.8.69) ©f the sucrose uptake system, encoded by
the ptsS gene, WO 2011/124477PCT/EP2011/054541 56 encoded by the zwf gene, i) ‘
glucose-6-phosphatejsomerasgi(kfehe3.2 L) afgoded bythe pai gene dhphasphciructokinase (EC
2_7.]11) encoded by the 5p Iﬁézgfpe } ﬁctogﬁ b45p§1 écliu?te aldolase (EC 4.1.2.13) encoded by the

fda gene, glyceraldehyde-3-phosphate ydrogenase 2.1.59) encoded by the gap gene,
k) lysC gene coding for an aspartate kinase (LysC,
5 EC 2.7.2.4), and
1) asd gene coding for an aspartate semialdehyde

dehydrogenase (Asd, EC 1.2.1.11),
is/are attenuated.

7) Process according to Claims 1 to 6, characterized in
10 that additionally one or more of the genes selected

from the group consisting of

a) glutamate dehydrogenase (EC 1.4.1.3) encoded by
the gdh gene,

b) glutamate N-acetyltransferase (EC 2.3.1.35 and
15 EC 2.3.1.1) encoded by the argd gene,
c) acetylglutamatekinase (EC 2.7.2.8) encoded by the

argB gene,

d) N-acetyl-gamma-glutamyl-phosphate reductase
(EC 1.2.1.38) encoded by the argC gene,

20 e) acetylornithine aminotransferase (EC 2.6.1.11),

encoded by the argD gene,

f) glucose-specific component EIIB (PtsG)
(EC 2.7.1.69) of the glucose uptake system,
encoded by the ptsG gene,

25 g) sucrose-specific component EIIB (PtsS)
(EC 2.7.1.69) of the sucrose uptake system,
encoded by the ptsS gene,

h) glucose-6-phosphate 1-dehydrogenase (EC 1.1.1.49)



10phosphoglywerate kinase 4E€72.7.2.3) encoded by the pgk gene, n)geyryvale kinasesak49)
encoded by the pyk gene, o) El subunit of pyruvate dehydrogenase 15(EC 1.2.4.1), encoded by the
aceE gene, P)phosphoenolpyruvate carboxylase (EC 4.1.1.31) encoded by the ppc gene, q)pyruvate
carboxylase (EC 6.4.1.1), encoded. by the pyc gene,z20aconitase (EC 4.2.1.3) encoded by the acn
gene, and s)isocdtrate dehydrogenase (EC 1.1.1.42) encoded by the icd gene, is/are enhanced_ 25
8)Process according to Claims 1 to 7, characterized in that it is a process selected from the group
consisting of batch processgtecsbatéhpyocess, refetiivaded-batch process, and continuous process.
57 9)Process according to Claims 1 to 8, characterized in that L-ornithine or a liquid or solid

L-ornithinecontainingiprodugt isdegeveregdirasp the L-orpithineganrtainiag fermentation broth.
encoded by the pgi gene,

3 phosphofructokinase (EC 2.7.1.11) encoded by the
5 pfkA gene,
k) fructose-bisphosphate aldolase (EC 4.1.2.13)

encoded by the fda gene,

1) glyceraldehyde-3-phosphate dehydrogenase
(EC 1.2.1.59) encoded by the gap gene,

10 m) phosphoglycerate kinase (EC 2.7.2.3) encoded by

the pgk gene,

n) pyruvate kinase (EC 2.7.1.40) encoded by the pyk

gene,
o) El subunit of pyruvate dehydrogenase
15 (EC 1.2.4.1), encoded by the aceE gene,
) phosphoenolpyruvate carboxylase (EC 4.1.1.31)

encoded by the ppc gene,

q) pyruvate carboxylase (EC 6.4.1.1), encoded by the

pyc gene,
20 r) aconitase (EC 4.2.1.3) encoded by the acn gene,
and
s) isocitrate dehydrogenase (EC 1.1.1.42) encoded by

the icd gene,
is/are enhanced.

25 8) Process according to Claims 1 te 7, characterized in
that it is a process selected from the group
consisting of batch process, fed-batch process,

repetitive fed-batch process, and continuous process.
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57

Process according to Claims 1 to 8, characterized in
that L-ornithine or a liquid or solid L-ornithine-
containing product is recovered from the L-ornithine-

containing fermentation broth.



