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1010281 AM.1 ODRIsDx ingiase from Lact obacillus 22 June 2006 The present
invention rélates to an NADH oxi dase from Lactobaci | | us, a2Jwel100as the
nucl ei ¢ acids coding for this 5 enzyme and vehicles cont ai ni ng these
tnucleic acids. In particular the invention relates to an oxidase from
Lactobacillus brevis (DSM 20054). Dehydroéenases, classified under E. C
1.1, are enzynes that 10 reversibly catal yse the oxidation or reduction of

certain conABESo£88Rs8SriSh £X ols and ketones. Some of the
known dehydr ogenases a?e cof act or - e%%%%féﬁ%, in_ other words they require

further nolecules to balance the electron transfer processes. NADH and
NADPH f or exgr le 15 are, known to be such cofactors. NADH is formed in the
oxi dati on of; rg)ﬁr%%%I%}V%QWI@IQ@&et@m NrduD rakt it steD fidten f ol | owi ng

reaction schenetobaciDr@ef 449 ol hhamidg.t QLRI YL iL amounts of

20 expengi ve NAD+ tlhg f { tion of NAD+ can&béglq“firﬁsc_{ll(aé_st 5&%‘3‘% fCosrec

enzyme syst 6 LENz i éfﬁc}ﬁ%ss WG GERT thean hewlsicacids. Drauz, H.

Val dmann, V@& rsttidildwrehe. infdhit I0Ad 1t SChMB Nl hyi B RAR LR OH 0 R
L M%é%&ﬁﬂﬂ?se%rceoﬁusbsﬁﬁ Eﬁo%(slﬁl sed cosubstrate Second enzyne

system

Dehydrogenases, classified under E.C. 1.1, are enzymes that
10 reversibly catalyse the oxidation or reduction.of certain
compounds such as for example alcohols and ketones. Some
( of the known dehydrogenases are cofactor-dependent, in
other words they require further molecules to balance the

electron transfer processes. NADH and NADPH for example
15 are known to be such cofactors.

NADH is formed in the oxidation of, for example, alcochols
to ketones according to the following reaction scheme. In
order to avoid having to add stoichiometric amounts of

20 expensive NAD+, the formation of NAD+ can be initiated by a
second enzyme system (Enzyme Catalysis in Organic
Synthesis, Ed.: K. Drauz, H. Waldmann, VCH, 1°% Edition,
p. 721; reaction'scheme 1.
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25
Systems known from the literature utilised for example for

the regeneration of NAD+ lactate dehydrogenase and pyruvate




" 25 Systens ' f the literature utilised for exanple for the
rege%eratioﬁng?@hA%%rq actate dehydrogenase and pyruvate 01028dne/N08 22 June
2006 with the formation of |actate, or glutanmate dehydrogenase wth

¢ ketoglutarate and ammoniumwith the formation of glutamate. The
di sadvant age of these systens is that a@xiliary substrates such as
pyruvate or ketoglutarate have 5 to be used and products such ?s Ibact ate or

| utamate a f Leh.f tive utilisatio ave to be .
?em)ved froﬁ??ﬁee%rgg 3€I\tﬁpl{t:}§%a¥l ?g gc%? Eghgy ‘f“érgr%’ﬁ.éalfl?\éeaaﬁﬁﬁi’éﬂg%ﬂﬁfﬁ bri um
reacti ons awktkvbétedlthatage &nd ammphetionienl yhai tbrasedbnt ghni cal
difficulty. fO Alternatively,such a second enzyme system may be an NADH
oxi dase tha¥ %E@E%F%'at%%p%é??@ﬁ)??@%ﬁ a8 ’él%?%ﬁs%ﬂf*t%@%ub%tﬂa?? andf a’lt\lA}'Dt:e
sane tine y e r.OXd ] matjon o .
NADH 15 ox | Saebe et R et ager o Lry £ e it et B0u  REATH S o
catal yséd biyothemsedian@dversiiptes S2ch sasiskciaste rexafby tdmabe sabst rat e, -

d H20 or r oryred as roduct . Enzymes of both groups (H20-form ng
and 1202- fﬁg%g%% g‘ﬁlrijy s Oﬁr%r‘g%aﬁ?%%‘?plll Th haee bFdcPRmi cal 20
literature fémvexafipdhe, tAOIpFB&qEOr i ENZYIES SRS depfelipe, F.

et al., J. Bacteriol. Vol, 180 (-1998), 3804- 08; for H202-form'ng enzynes
see Ni shiyaffitionteqilipripgacrersblony/dre 83 (w80 Mhat2481-12438 and t he

[V SR el ol JEOE BTG, S iR 000 25 s tab e
10 _ 3 '
(', Alternatively such a second enzyme system may be an NADH
| oxidase that accepts atmospheric oxygen as oxidised
cosubstrate and at the same time generates water or
hydrogen peroxide with the formation of NAD+. NADH
15 oxidases have the advantage in this respect that the
reaction catalysed by them is irreversible, 0O, is used as
regeneration substrate, and Hyj'of H;0; are formed as
~product. Enzymes of both groups (H;O-forming and HyOp~
forming enzymes) are in principle known in the biochemical
20 literature (for example, for H,0-forming enzymes see Lopez
de Felipe, F. et al., J. Bacteriol. Vol. 180 {1998}, 3804-
{”: .08; for H,0;-forming enzymes see Nishivama, Y. et al. J.
Bacteriol. Veol. 183 (2001), 2431-2438 and the literature
cited in each case). H;0;-forming enzymes are less
25 suitable for use as regeneration enzyme since peroxide is
known to be harmful to enzymes and should be decomposed as
far as possible in situ, which requires further,

disadvantageous but not impossible process steps.

30 The NADH oxidases from Enterococcus (and Streptococcus)
faecalis (Schmidt, H.L. et al., Eur. J. Biochem. 156

(1986), 149-55), Leuconostoc mesenteroides (Koike, K. J. et
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known to be harnful to enzynmes and shoul d be deconposed as far as possible
in situ, which requires further, disadvantageous but not R2passiObbe
process steps. 30 The NADH oxi dases from Enterococcus (and Streptococcus)
faecalis (Schmdt, H L. et al., Eur. 3. Biochem 156 (1986), 149-55),
Leuconost oc nesenteroi des (Koi ke, K J. et 22 June 2006 3 al., Biochem
(Tokyo) 97 (1985), 1279-88), Streptococcus nutans. (H guchi, M et al.

Bi osci alBj oBiodinah. cﬁqhﬁ)m9758(1(933$94) 1279608) D@tré@’@@@é@tﬁi@ mfiadRiscol um
(Kl ok dor f R, Chl en e e Seyler 366
(1985) ?ﬁ%‘é‘:fl@? Dtd‘SLﬁ’tf cﬁlobu§1§’os'lcfjat Eﬁpgﬁgﬁj{lﬁ;caﬁ%ochﬁmets%l(190934 }/Biol. Chem

275 (20003+0BP5-19p1 aBrer Wapri Bl ompil dikeEr dmannichoref al ., J. Ml.
Bi ol . 230 93 1086-8) and from Thernus aquati cus (Cocco D. et al.
Eur . %12801174% 1§88) Biok7 Ghgn.h igppehgenl or odhend kD) 963-

char acbﬁrlsaﬂfowb@@es@mms (heneicap beprevi dgd an, NARH oxi dase

" with h activi t that is sui tabl e when coupl ed W t h” dehydr ogenases for
NAD+ r%& n&23%)on. 5rT9;9é)r)tr| ghegnus hbhermplohd uk s@Ensanbe Hpre’du@bd, easily

and ca \Y; bl n fofsiy Ci on an
8. Do 2 6310'1 %310 (3'99&) %EGa@P%de%anwg’ggg% X) fromthe

i ndustrial scale. There can afso be provid
genus (Ceet@bddi ldtusl.AcEurdi dgl Bioahémr st7hsan8)of 2d¥e 7anehent i nventi on

provi ggé . bWr@#aﬁﬁ e en(}glckgcﬁ‘_&?ggm I Tus brevis, preferably DSM 20054. A

aspec Irnventron provi des nuclelc acids coding for
an oxi dase as defined above. A third aspect of the present invention

provi |aSWIdS cto nlcroorgan|sns conta|n|ng one or nore nucleic.
, acidsq§% Qﬁﬁﬁﬂ?&ﬁ 5885 Bere can be provided an NADH oxidase with

high activity that is suitable when coupled with dehydrogenases

for NAD+ regeneration. In particular the NADH oxidase can be

produced easily and can be available in sufficient amount for

advantageous use on an industrial scale.

There can also be provided an NADH oxidase (NOX} from the genus

Lactcbacillus.

Accordingly, a first aspect of the present invention provides a

NADH oxidase from Lactobacillus brevis, preferably DSM 20054.

A second aspect of the present invention provides nucleic acids

coding for an oxidase as defined above.

A third aspect of the present invention provides plasmids,
vectors, microorganisms containing one or more nucleic acids as

defined above.




22 June 2006 3a There can be provided vehicles that contain the nucleic
acids as defined above. There can al so be provided nucl ei €2aaed2)0bhat
hybri di se with the nucl eic acids as defined above. Accordingly, a fourth
aspect - of the present invention provigdes nucleic acids hybridising with
t he single-strand nucleic acids or conplenentary single-strand nucleic
aci ds AR fGaRe&eabsoEldedicrehisippneatt camtdiini she. nucldifct hcddpers of the

pr esenfie F TGN R ePT OYhERS dirl BBES HO pidiEadd Adkeki oM ofqd he,pucl ei ¢ aci ds
means of PCR There can be provided, a process for

as def{1 ed, bove,b% ) . ]
i mpr ov gl&“t NEBH kP EaRES e NaRi A8 t 2% 19 TachRPPHR- nucl ei ¢ aci ds as

defi ned above. Accordingly, a sixth-aspect of the present invention
provides a .pracess for the production of inproved rec-NADH oxi dases ( NOX)
starti ﬁﬁc‘?%lrﬂqaﬂm 8i EOHE lﬂisa%i?cﬁ%n(j’ff be i e3ATn SavARL deR iRRY1d8B0ve,

char acheclsid daidshayba)disnnudicdi ehacs tisgrs-etsbjiestee 10 acddgubagenesi s,
b) the_puc] el ¢ acids.obtainabl e froE1ag are cloned_.in a suitable vector
and t hF&M ST AR ePHEE T oo 3 B PHBLEIC &P 4% A ReE AOWSd YRS he

pr ot ei asrirgremed coadibgonspr oved activity and/or selectivity are detected
and isolated. A seventh aspect of the present invention provides rec- NADH
oxi dases (NOX) or nucleic acids coding for the latter, obtainable as

def i nefl &bBe aspeciuné 096 resanteightit iaspgotovities her piasefori tent i on

provi dgsodiha 14se o8f thi hgudYahid axi das fined above_f t he
produgﬁi%n 3T cﬁ?raP gﬁéntlongégg%rgiﬁ%ggg%ﬁgﬁpgggob 5%%%? Sﬁcﬁé%S for
-exanpl e al cohols or amno acids. A ninth aspect of the present invention

Provi 0ffetd@ MS8eObrovided, a process for improving the NADH oxidases

(NOX) starting from the nucleic acids as defined above.

Accordingly, a sixth aspect of the present invention provides a
process for the production of improved rec-NADH oxidases (NOX)
starting from nucleic acids coding for an oxidase as defined
above, characterised in that a) the nucleic acids are subjected to
a mutagenesis, b) the nucleic acids obtainable from a) are cloned
~in a suitable vector and this is transferred to a suitable
expression system, and c) the proteins formed having improved

activity and/or selectivity are detected and isolated.

A seventh aspect of the present invention provides rec-NADH
oxidases (NOX) or nucleic acids coding for the latter, obtainable

as defined above.




the nucleic acids as defined above for the production of whole-cell

catal ysts. A tenth aspect of the present invention provi deg2dund200e- cel |
catal yst containing a cloned gene for a dehydrogenase and a clone gene for
an NADH oxi dase from Lactobacillus brevis, preferably DSM 20054. There can
further be provided a process for the production of the NADH oxi dases from
Lact obaci |l lus. Accordingly, an el eventhd4aspect of the present invention
provi des a process for the production of NADH oxi dases from Lactobacill us
brevis, preferably DSM 20054, characterised in that the m croorganisns are
cul ti vaRk el gnderasadbiod thenpresoms . ivpentivar proulidesytipe afsz reefl in this

connecty LSt he of | das NOX). _from Lact obacillus brevis,
pr ef er% ‘?;NAD%N&%%%%S( 8’9&’ 2%@%1?%](1:%%‘%&4‘@ i%’rkgg?rpf Y1BY067. 0; DE
- 4014578F . clzraunena200eméa -Ehel dWEH axdataise @aipotadyestich hes NARH fornmed in

the react.i int D+, according.to the reaction schene shown in the
introd%é rfl%.Pne. %Coj_toﬁguﬁf Wl?ﬂea?)?‘?%versi bility of the reaction 02 to H20,

there is a conplete conversion of the enployed racenm c al cohol to ketone -
due to the equilibrium gr essure, a highly enantioner-enriched unreacted
opti ca® MHHY pReDt AEhéhenprosat dnveidiionepapridgs Eanpieslof the use

of the ] i 11,%3:, | i t r i of R-al cohols
when c%}lll}%%&v)%lt%ﬁ%gﬁﬁgp él)scgﬁ% ehayﬂgjﬁvg%e%afsg?eoPE%@ucg?lgoﬁioq%; when coupl ed
Wt h ath®enasdHolcad@lydtegenase, or the production of D-amino aci ds when
coupled with an L-amno acid dehydrogenase. The coupling wth hydroxyacid
dehydr ogenases

A tenth aspect of the present invention provides a whole-cell

catalyst containing a cloned gene for a dehydrogenase and a
clone gene for an NADH oxidase from Lactobacillus brevis,

preferably DSM 20054.

There can further be provided a process for the production

of the NADH oxidases from Lactobacillus.

Accordingly, an eleventh aspect of the present invention
provides a process for the production of NADH oxidases from
Lactobacillus brevis, preferably DSM 20054, characterised in
that the microorganisms are cultivated under aerobic

conditions.

Most particularly preferred in this connection ié the use of an
| NADH oxidase (NOX) from Lactobacillus brevis, preferably DSM
20054 (Seq. 2) or Lactobacillus kefir (EP 91107067.0; DE
4014573) .




and all other NAD dependent dehydrogenases is also possible in this
context. As further inportant products there nmay al so be BA2htied?8d t he

oxi dation products of the dehydrogenase reaction, for exanple ketones,
ket o acids or al dehydes. 22 June 2006 In another nodification, there may be
provi ded nucleic acids coding for an NADH oxi dase. 5 In spite of the

rel ative ease of cultivation of the , Lactobacillus strains and easy
accessibility of the enzyne via chr%%atographic nmet hods, it has becone
possi bl e by specifying the nucleic acids coding for an NADH oxi dase ( NOX)
disclosed to obtain, in a 10 furthernore preferred way and manner,
substéﬁE%SNﬁﬁﬁtOxéﬂéﬁ?ecﬁﬁecéﬁ§§¥%é1%3% yiemrednieniPratieacthdust ri al

processnf®r Nal@ﬁf,prééé@idlﬂfb oft £NRRALI 0%@%%1 chefmomrannds i}f pfmade

avai l able in sufficient anobunts via reconbinant techni ques. I's possi bl e
with tHet FRRYES koracis acsomtostiaithet Hereveywebilathi gfi yiel ds fromrapidly
gr oW Ngh N0SLa -1QTFARL SIS - 1.0 S e;gene %ﬁ?ﬂg?c i.scl gsed can be

enpl oyed fofmihe préducﬁ#on gPe%%p%%vgdc an s%§¥ﬁ%§%ﬁogn8§the

nodi f ieaeleied teeeaigap lbehplovdkdt phasdia stwrthey echdid bedatai ni ng one or

nor e cl ei (,d . sm ds. or vectors there nay.in principle be
used ﬁé gg énﬁbgﬁﬁgﬁksaP%ﬁﬁfﬁ#grp%?f&éh?%;ﬁﬂﬁ%ﬂﬁqg 8pFﬁ5g&erson skilled

i n theamripoducit phasemg$ogad zecdbhos rayaid nkhQunéxainpleébecartis sy
Studiepfﬁg al net hqds Eg&y | . 1990, , 185, 61-69 or in the brochures
publ i SHed™ 15y "ERE QEMIART e :&3J5§éﬁ%”Pﬂﬁﬁﬁﬂéﬁlﬂéw ERG BFAIBCSEaBsOEal ont ech
or G lreaBdiRls Wheht heuppeef @ieadapl 858l dshandiaffirddenmme,besf gund in:

DNA cl ani ng:. a practical approach. Volune I-111, edited by D. M d over,
| RL Prag]s"sor}’l%[]&, f GPHP ?@E‘ﬁ%ﬁ’@t%ﬂ fxglcohol dehydrogenasery or the

production of D-amino acids when coupled with an L-amino acid
dehydrogenase. The coupling with hydroxyacid dehydrogenases
and all other NAD-dependent dehydrogenases is also possible in
this context. As further important products there may also be
mentioned the oxidation products of the dehydrogenase reaction,

for example ketones, keto acids or aldehydes.
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010281 AM 22 June 2006 6 1985, 1987; Denhardt, D. T. and Colasanti, J.: A
survey of vectors for regulating expression'of cl oned DNA22duke 26l i . | n:
Rodriguez, R L. and Denhardt, D. T (eds), gVectors, Butterworth, Stoneham
MA, 1987, ppl79-204; Cene expression 5; technology I n: Goeddel, D. V.
(eds), Methods in EnzynDIogy, Vblune 185, Academic Press, Inc., San D ego,
1990; Sanbr? aky %the%r'tﬁ % and Maniatis, T. 1989. Nblecular :
cl oni ng aborarory AR Fcagﬁan dthese dnaprbagoreai ded mabnsai ory Press,
Col d Spri ngadadbocodhhy. £49 Zhasabdso §dshi ch the gene construct
.containing the nucleic acid as disclosed can be cloned in a nost
particularly preferred manner in the host organism include: pKK-177-3H
(Roche Biochemnicals), pBTac (Roche 15 Biochenicals), pKK-233 (Stratagene)

or pET (Novagen t.he ex ion of the TOPO series, which has
|ntegrat%g g% ﬁéﬁ%ﬁeéi:tQ%) ﬁ% r@a%ﬁI°%t%%¥t§Vﬁ§ﬁPESO§h§th contain a
J3- 1 act amas eak@obamiiigidd Iél:f& t rpyided

aAco B mge%%??@c%&ﬁi?tg 0B Pk snzyme .

m cr oor ganl sns cont ai ni ng t he nucl el e MCro rganl sm
t he nucle|cvaél&bm&m&ﬁﬂgﬁﬁnhlqmme@hpdsu IﬁmhqncmmmwmeqpoﬁﬁﬂbDéOByct|on of

a sufficien f econbln nt The processes _for this
are wel | kn%&%étl g?'glg't p‘):glrs Ef’r‘? étf 3 ’zﬁ/?[ HREARR) oxpdase
m cr oor gani (NoX)t kidise 1eaedi mopbbnaml elbeaused al I organl sms for this

pur pose avallable to the person skilled in the art, such as for exanple
pr okar yiit esTBFLBETBOKS: Predernag Ways apde tdomsnas S8t Epiawy ods t

( ‘ enable the enzymes necessary for an enzymatic industrial
process for the production of enantiomer-enriched compounds
to be made available in sufficient amoﬁnts via recombinant
techniques. It is possible with the nucleic acids to

15 obtain the enzyﬁes in high yields frqm rapidly growing host
.orgaﬁi;mé. Also, the gene sequences as disclosed can be

employed for the production of improved mutants.

3
A

In yet another modification, there may be provided plasmids or

( vectors containing one or more of the nucleic acids.

As plasmids or vectors thgre may in principle be used all

25 embodiments for this purpESe available to the person
skilled in the art. Such plasmids and vectors may be found
in the article by Studier et al., Methods Enzymol. 1990,
185, 61-69 or in the brochures published by the companies
Novagen, Promega, New England Biolabs, Clontech or Gibco

30 BRL. Further preferred plasmids:and vectors may be found
in: DNA cloning: a practical approach. Volume I~III, edited
by D. M. Glover, IRL Press Ltd., Oxford, Washington DCQ




Arthrobacte?}oégéipyhs, St aphyl ococcus, E. coli, Candida, Hansenul a,

Pi chia and bacul oviruses. E. coli strains are 010281 AM 2223 uine 2066
preferably to be used for this purpose. Mt particularly preferred are:
E. coli NM 522, JML09, JMLO5, RR1, DHSa, 6 TOP 10- or HB10l1l. Plasm ds with
whi ch the gene construct containing the nucleic acid as disclosed may
preferablybg§ cloned in the host organismare specified further above.
There can &t oviA8d: nDerkagdsei Bs Fhaanfy Boilldissatinddr : SAr sngealy of

condi tions ersi-n - l.c.acids as disclosed or with their
conpl enent a%éi?%\%;l gégt ?gﬁ-ﬁi‘rﬁﬁgﬁgl ggélélgﬁé}o?hg%eﬁ?:'ﬁgéi B2 1BnBer c&ldi-ngent
condi ti ons"Ins Rodeigstend RoLbeahfieDenbaddti ons @egeakpedyhye.Saabrook et

al. (Ml ec r Clonigg, A Lagoratory Manual , Col d Spring Harbor "Laboratory
Press 15 ( SXWORHY. 1SeRshap, Mar abP§7a BPLVAGRA4; hgene dexpressionakes

place i 6, afdndBSIN NOTHOrcO8GaEPUIpWM Fh S . 1. % SDS (sodi um
dodecyl sul fonate) at 50 C prefé?gblg é?'Séeéfﬁhggggg%S%fﬁ?ably at 62 C and

nost pr ef eFEAYako®s, GJokure Nt e, Acadehibe ablysé pride hpuganivhe§o?2 X SSC
and 0.1 % 1t C. preferably at 55 C nore preferably at 62 C and
nost pr ef erggl?loa;l a%aﬁgétczfﬁa osith qﬂbr?o‘?‘sa@?@rﬂ%‘?wsr B st989.
observed. Hodreuda &Emﬂfg:prap\méjﬁ&éﬁdf?rﬁaﬁ%ll L %&ré’ci’.“%dﬂﬁ} %‘_&riﬁﬁEge”e
- .sequences by nmeans of all types of polynmerase chain reaction.” The priters
can i ncl udderker deheradinraktyesss €pid psinpdabdmr N4, cor respondi ng

am no pgid sequences. 30 Suitable priners may in principle be obtained by
met hods known to the person skilled in the art. The discovery of

Plasmids with which the gene construct containing the
‘nucleic acild as disclosed can be cloned in a '
most particularly preferred manner in the host organism
include: pKK-177-3H (Roche Biochemicals), pBTac (Roche
15 Biochemicals), pKK-233 (Stratagene) or PET (Novagen). With
the exception of the TOPO series, which has integrated a
resistance to kanamycin, all other plasmids should contain

a P-lactamase for ampicillin resistance.

There may also be provided microorganisms containing the

nucleic acids.

The microorganism in which the nucleic acids are ¢loned
serves for the propagation and production of a sufficient

25 amount of the recombinant enzyme. The processes for this
are well known to the person skilled in the art (see
below). As microorganisms there may in principle be used
all organisms for this purpose available to the person
skilled in the art, such as for example prokaryotes or

30 eukaryotes, such as Pseudomonas, Streptomyces, |
Arthrobacter, Bacillﬁs, Staphylococcus, E;'coli, Candida,

Hansenula, Pichia and baculoviruses. E. coli strains are




010281 AM ZglJotanel 21366 8 primers as disclosed may be carried out by
conpari son with known DNA sequences or by translation of ©bhguw 308l |y
detected am no acid sequences into the codon of the organi sm under
consi deration (e.g. for Streptonyces: 5 Wight et al., Gene 1992, 113,
55-65)." Common features in the am no acid sequence of proteins of

so-cal |l ed r I..j €s. are_al f use.for this purpose (Firestine et
al'., Chem s?rg%%g :ﬂ&ﬁog:f %&96{5% %-%.quw ’F%%rm%”téﬁuilérévi ng
to the abovgremerhed euad kN 1O | ' thesis..a ctical
approach", gdi ted by EA@J. lEGai%t%,lll RNIngr es”s%%&%ﬁ'\/ﬁ%}hgﬁg Apc, 1984;
PCR Pr ot ocoF@P Alguicde HB3Odet h@dssanidiapgl tie afHins cidigath d¥nM-Aucknnis,
D.H GCelfound, J.J. Sninsky and T.J. White. Academ c Press, Inc., San

Di ego, 1990°°HEHAT Fhengucdepei asid asedimstogedimey edefBrBAAGDSL Seq. 3
AS- Primer MOGHNACT ~ap- ROl e [ n further..devel opnment . there can be
provi ded a processjfggnaﬁﬁgébfgggg tha%‘ ﬁﬁﬁF&§éSgrgE¥ 4gﬂq§ases and
rec- NADH oxi dases obtai ned thereby or nucleic acids coding for the

| atter, in which connection, starting fromthe nucleic acids as discl osed
coding for an NADH oxi dase (NOX) , a) the nucleic acids can be subjected to
a nutagenesjs, b) the nucleic acids obtainable froma) can be cloned in a
sui tabl e véGEde &3¢ D Sreuydpd pnaheier peddsothats Uigiahl disexpidasiringent

SIS AooRibendr TR CLBOLAN AL LIEEY S B0 W Y L o
i "with their
( complemehtary single~strand nucleic acids. The expression
“under stringent conditions” is understood to.be-tﬁe
conditions described by Sambrook et_al. (Moleéular Cloning,
A Laboratory Manual, Cold Spring Harbor Laboratory Press
15 (1989), 1.101-1.104). Preferably a stringent hybridisation
takes place if, after ,
washing for one hour with 1 X SSC and 0.1 % SDS (sodium
dodecylsulfonate) at 50 °C, preferably at 55 °C; more

preferably at 62 °C and most preferably at 68 °C,' and more
20 preferably for 1 hour with 0.2 x SSC and 0.1 % SDS at

;‘ 50 °C, preferably at 55 °C, more preferably at 62 °C and

most preferably at 68 °C, a positive hybridisation signal

is still observed.

There can also be provided primers for the production of the gene
sequences by means of all types of polymerase chain reaction. The
primeré can include the'sensekand antisense
primers coding for the corresponding amino acid sequences.

30 Suitable primers may in principlé be obtained by methods

known to the person skilled in the art. The discovery of




execut ed oneéoaﬁlaﬁy desired nunber of times in succession. 010281 AM 9 22

June 2006 The procedure for inproving the enzynes accor di n@2 hanetd066

i nvention by mutagenesis nethods has | ong been known to the person skilled
in the art. As mutagenesis nethods there8 may be used all. methods for this
purpose available to the person skilled in the art. In particular these "

i nclude saturation nutagenesis, random nutagenesis, shuffling nethods as

wel | as siterineestasl diaclgsretimmy BygeravriaddouGabsi nger W (1984)

Evol uti onar r i [.n 0 d on RNA replication. Pure &

Appl . Chen1M%%?é??gé§7vfggBEﬁghgn%E%Aﬁn§ﬁ§n5?599$AEHzgﬁ@nghagﬁéﬁ%i f or
nonaqueous thel vistslly addbertutiagaies acia salhanseedcihvbt ¥hef costeptilisin

E in polar 0£ga€ic medi a. Bio/TechnoIQ%é 9, 1073-1077; Horwitz, M and L
Loeb (1986)°% PrafuPEganism Sirder cgopsaRrraRdom DRIAT SefatnSETrerbosysesings

O The gNaty dgqry i S ThezUnit ed r
83(19) : 5740‘;??7 o%;A@%lJbe,’ E)é.e’%df?_.ggtoe 3(1539?‘%}" ?‘télﬁlﬁ@ﬁe%g}zag%& E{ﬁ The
| nsertion Cth&koamione Gi¢gdreredneeicdesf| protdhas Acfi ye-Shlee® The

Bet a- Lact amase %0 gfne" Bi ochem stry 28(%&%: 5703-5707; Stemmer PC (1994).
Rapi d evol TSR TN Bt S #4591 PFoUB§ Eris rpurRese \fFiFesting;

~ 389- 391 andeiStemMmerciamis994)s o sh4 T 1686, by g\ j‘[agﬁgg{:ﬁ&:on and

reassenbly: in vitro reconbi nation or nol ecul ar "evol-ution. Proc Natl Acad

Sci USA 9fnfigupticr redzsiing The beey abeteimaadiel Smm@nies that are
¢loned. a rdin o t.he nethods specified hereinafter in a

host L0 ganPIEOTECAFREGHE, SYBE H5sid) Aot chipPBPSeRcH sy has ted
{ by M.J. Gait, IRL Press Ltd, Oxford Waéhington DC, 1934;
PCR Protocols: A guide to methods and applications, edited
by M.A. Innis, D.H. Gelfound, J.J. Sninsky ané T.J. White.
Academic Press, Inc., San Diego, 1990. The following

15 primers are most preferred:
DIFAAGbSA Seq. 3; AS-Primer

MRKVTVVGCT Seq.zé; S-Primer

In a further development, there can be provided a process for
the production of improved rec-NADH oxidases and rec-NADH
oxidases obtained thereby or nucleic acids coding for the
latter, in which connection, starting from the nucleic acids
as disclosed coding for an NADH oxidase (NOX) ,

a) the nucleic acids can be subjected to a mutagenesis,

b) the nucleic acids obtainable from a) can be cloned in a
suitable vector and this may be transferred to a suitable
expression system, and

¢) the proteins formed having an improved activity and/or
selectivity may be detected and isolated. This process may be

executed once or any desired number of times in succession.




30 are det eg{gslgpnghyt hen isol ated using suitable screening nethods -
(Roberts J., Stella V.J. and Decedue C.J. (1985) A colori 22time2M$say of
pancreatic- | ipase: rapid detection of 010281 AM 10 22 June 2006 |ipase and
-col i pase separated by gel filtration. 8Ids 20(1): 42-45; Pratt R F.

“Far aci

for

separation f DL-a

with N |soprod%¥ %3@?%$n OrA@%ﬁ?%E}?%n

W S. -and Govardhan C. P. (1985) A

di rect spectrophotonetric assay

D-al ani ne carboxypepti dases and for the esterase activity of beta 5
| act amases. Anal . Biochem 144(1): 204-206; Bruckner, H, R Wttner, and

H. Codel

(1991) Fully autonated hi gh- performance |iquid chronmatographic
deri vatlzgg with o- Phthaldlaldew%de t oget her
D oA AR ding e may be

provi ded t henviser Dén tihe MAEkGOédaSemd NAs 1004 | RRA} | Neeh MBEOWE O HYehe
nut at i on,
conpounds SRRFSEH f’r%ﬂ%@@nﬂ ethe a5k cohdt @WammﬁaawlshO@cthwrpounds

are use
Enzynme

for the production of chiral enantioner-enriched organic

) B OOl Ao B MO

1St Editi orderddn esiviell ddei muchei £raci dbn asa sl eged sk Imm&éi stl I I
further that code: for the NADH oxidase_(NOX) under consideration, are
preferably %ﬁﬁ%?ﬁﬁ%?q(Wuq4ﬁ?n?ﬁ%ﬁhu%QQﬁP%ﬁmWMﬁﬁQ¥Qﬁﬂﬂ éﬁﬂaﬁ Eing
(DEL0037115, S idsaqveld AsLL the d14LIRLMA & LRIASIRIN - (PR hewiiey ther e
can be provided a whole-cell catalyst containing a c on gene for a
dehydrogené%%rdmnﬂe;'dfon@k984) Evolutionary molecular engineering

¢

o~
Y

10

15

20

25

30

based on RNA replication. Pure & Appl. Chem. 56(8), 967-
978; Chen & Arnold (1991) Enzyme engineering for nonagqueous
solvents: random mutagenesis to enhance activity of
subtilisin E in polar organic media. Bio/Technology 9,

1073-1077; Horwitz, M. and L. Loeb (1986) “Promoters

Selected From Random DNA-Sequences” Proceedings Of The
National Acadeﬁy 0Of Sciences 0f The United States Of
America 83(19): 7405-7409; Dube, D. and L. Loeb (1989)
"Mutants Generated By The Insertion Of Random
Oligonucleotides Into The Active-Site Of The Beta-Lactamase
Gene” Biochemistry 28(14): 5703-5707; Stemmer PC (1994).
Rapid evolution of a protein in vitro by DNA shuffling.
Nature. 370; 389-391 and Stemmer PC (1994) DNA shuffling by
‘random fragmentation and reassembly: In vitro recombination
for molecular evolution. Proc Natl Acad Sci USA. 91; 10747-
10751) .

The new nucleic acid segquences that are obtained are cloned
according to the methods specified hereinafter in a host
organism (literature, see below) and the expressed enzymes
are detected and then isolated using suitable screening
methods (Roberts J., Stella V.J. and Decedue C.J. {(1985) A

. colorimetric assay of pancreatic lipase: rapid detection of




gene for arPNMIH o&Mdase. Preferably the whol e-cell catalyst according to
the invention should contain an NADH 30 oxi dase (NOX) from2Rdeicddei | | us.
1t is extrenely preferred if this is an NADH oxi dase from Lactobacill us
brevis, preferably DSM 20054 or Lactobacig!us kefir DSM 010281 AM 22 June
2006 11 20587. The production of such.an organismis known to the person
skilled in the art (PCT/EPOO/08473; PCT/USQ)/ 08159; relevant literature,

see bel ow) .lifucde amndr gahipaseasepahabell Biynyblapedusaexphesaignaal both
enzyne syste only a rec- organismstill has to be used for the

1 V\h '
reacti on. I?ﬂ)n@r)d’ergfe‘ggha?’éﬁt?h%'%xp_r%%%’%h ¥ St handnggviesdhani fgPregard to
their reactiiopd)atLsqitdee COPEESR @&hgtfg‘?;?gs fkﬁtrc%_lglgﬁ#_gef ragment s

may be exposed to various plasm ds havi ng ere ers Of copi es,
and/ or pr orstdrscyepl idasentandtfangths eayebasesadtfvity vfirbeusaly strong

expression.qf . the genes. Wth. enzyne C in this way there
can be %o &@gmaasterg%h%gqa]a' p%%%?qb%' |f%ﬁ)finrs nggé’\%?q?%{ el?’ﬁé?ff%%’é' c8mpound,
and the reaCt wdntindles LGNS JEGHION(198Y) PFQERE Cadt ol &Pt {Eh - overal |
rate. This has however been known for a long tinme to the person skilled in

the art (PETiPrREGITS Biawd | ¢y tmoraphi Apgpepaidiciobiof . DL-Biuwirohnol .
. .1996, 46, ) ‘%}(eir ey he al r dec? a _process for th
'roduction%(%flé%% 58 %A oziel dase roonqﬁ'fc_)%%f:g%]a% ﬁ’%,ei%o%qlﬁff%}&?h@_
p _ 0 . . :
expr essi oniebpiropy ARy srd idas.e ANDicdtionT itd FsgRHApIay [0 be cul tivated
under aerobic
10
There may be provided the use of the NADH oxidase (NOX), optionally
improved by mutation, for the production of chiral |
enantiomer-enriched organic compounds such as for example
15 alcohols or amino acids. Such compounds are used in a
similar manner to the already known processes (DE10037101,
Enzyme Catalysis in Organic Synthesis, Ed.: K. Drauz, H.
Waldmann, VCH, 1°% Edition).

Moreover the nucleic acids as disclosed and

improved still further that code for the NADH oxidase (NOX)
under consideration, are preferably suitable for the
production of whole-cell catalysts (DE10037115.9 as well as
the literature cited therein).

25

Likewise,there can be provided a whole-cell catalyst

containing a cloned gene for a dehydrogenase and a cloned
gene for an NADH oxidase. Preferably the whole-cell
catalyst according to the invention should contain an NADH
30 oxidase (NOX) from Lactobacillus. It is extremely
preferred if this is an NADH oxidase from Lactobacillus

brevis, preferably DSM 20054 oxr Lactobacillus kefir DSM




25 condi tiofd028 ¢ been found that Lactobacillus grows significantly
better in a standard nmedi um under aerobic conditions than 22daosr20G06e
.otherwi se conventional anaerobic conditions. It 30 is preferred to use a
Lact obacillus brevis, preferably DSM 20084, or Lactobacillus kefir DSM
20587.. As disclosed herein, those conditions in which the m croorgani sm
when cultivated in flasks as a shaken culture or when cultivated 010281 AM

22 June 20089987%.n Fheepmesiugtions off eweh man hergardsendes dnowastt abhe
concentrati e rde | C ndi tions. The

expr essi on ﬁ@nggg’&r %ﬁgqo%}gygén t@%%&% ﬁ&ﬁ%ﬁf{@f{ﬁ%@ ris tF6dd USH 4/ P& t hat
the di ssol vedlexpgen liset¥tofret, heosatidglaki)on val ue for oxygen, the oxygen

bei ng nmeasured under otherwi se normal conditions with an oxygen el ectrode.
The nucleic acids as disclosed can thus 10 preferably be used for the.

production @f .y egs oxddass, NPs+ %ﬂﬂgﬁygﬁfyhsreconbinant t echni ques
n skilled i

that have long been known to the perso In the art (see bel ow),
or gani sms hexeresemnonbodii hetht batymee sgbltemis) pheddde bhAey anzwee under
consideration in.an aggﬂ t.sufficjent for an 15 industrial process. The

producti on OfItHE Vet yRBS tRahepusedr £redthet repchanst i c Iangivdear i ng

processes kif®wWiat&ht BRePekSLBs8kbh! 88 hel ThE O al.,, 1989,
Mol ecul ar clonjng: A Labo%gtory Nhnual,ezggzﬁﬁé%ié%?ggglgégg%ﬁnﬁoHarbor
Labor at ory Hreks rogcBhpharares, Bohe vaorFespoaaingegi goding aaadkidct i on of

Voot or 20 A B o af FRAPE 0rd S B o Nebporar 1ots piebmids having
different numbers of copies, and/or promoters of different
strengths may be used for a variously strong expréssion of
the genes. With enzyme systems matched in this way there
can be no accumulation of a possibly inhibiting

15 intermediate compound, and the reaction under consideration
may proceed at an optimal overall rate. This has however
been known forza long time to the person skilled in the art
(PCT/EP00/08473; Gellissen et al,. Appl. Microbiol.
Biotechnol. 1996, 46, 46-54). -

20
There may be also provided a process for the production of

£ the NADH oxidase from Lactobacillus, in which for the
- expression of the NADH oxidase (NOX) the

microorganism has to be cultivated under aerobic

25 conditions.

It has been found that Lactobacillus grows significantly
better in a standard medium under aerobic conditions than
under the otherwise conventional anaerobic conditions. Tt
30 is preferred to use a Lactobacillﬁs breﬁis, preferably DSM
20054, or Lactobacillus kefir DSM 20587. As disclosed
herein, those conditions in which the microorganism, when

cultivated in flasks as a shaken culture or when cultivated




and Their udd028 EgﬁRodriguez & D. T. Denhardt, Eds: 205- 225). Wth regard
to the general procedure (PCR and fusion 25 PCR, inverse PCRJu Z{96ng,
.expression etc.), reference may be nade to the followng literature and
the references cited therein: Riley J,- Batler R, Finniear R Jenner D,
Powell S, Anand R, Smith JC _ Markham AF (1990). A novel, rapid nethod for
the isolation of term nal sequences from 30 yeast artificial chronpbsone
(YAC) cl ones. cl Acids Res. 18, 8186; Triglia T, Peterson M5 Kenp DJ
(1988). A*hro @6&’@8%?& i GrerB afphie i REgsYirofoDRRasegabAes t hat 010281

AM 13 22 Lsiee2R06 tiionsovlsbdeqthe heunday f é%lgﬁ 1oNdc! Bf ¢
Acids Res. 16, 8186; Sanbrook§?, Fritscﬁéééféﬁgﬁ$§g?s %?%%ﬁggilﬁggécgbgr
G oning. Cold Spring Harbour Laboratory Press; Vectors: A Survey of

Mol ecul ar CPERERESYESt omsagntablehekygsesonBehtrRodbntjubg €ndedstHeahar dt,

1. The &nz e nsiderati o be used in.the free form as
"honogen e5e(; us ¥§E Béggf :i%l %%c Z#ﬁ?o ﬁ&&"qﬂ%?‘é’ﬁfﬁé% ddd fde Fheppatas@tdiomnt
t echnol ogy. vRluthebrDbRyHRE , e AWM '%x%énalb'é‘in@;omté%hs%@doh%‘aés ot %%ﬁtélet uent
of an intact host organismor _in conjunction wth the nacerateélce mass
of the hostPOFRgAnFeRplirpEeity an srbuenaeilleyptiiogie.degree. it is al so

possible to use the enzynmes in imobilised form (Bhavender P. Sharma
Lorraine F. Bailey and Ralph A 15 Messing, "Immobilisierte Biomaterialiern

o |1 sat TOR PECHPET cPabig o T oo YUt B JOpiR 1 | sat ton (Dordi ck et a
J. Am 10hempreferaldby, bd 18se§088rSPAL: pré¥fabal dnebralec IRAHANEIE g0 ket t-
1997, 38, 1971-1974,

: (NOX) . By means of recombinant techniques that have long
been known to the person skilled in the art {see below),
organisms have been obtained that are able to produce the
enzyme under consideration in an amount sufficient for an

15 industrial process. The production of the rec-enzymes
can be'carried out by genetic
enéineering processes known to the person skilled in the
art (Sambrook et al. 1989, Molecular cloning: A Laboratory
Manual, 2nd Edition, Cold Spring Harbor Laboratory Press,
20 Balbas P & Bolivar F. 1990; Design and construction of
expression plasmid vecﬁors in E.coli, Methods Enzymology
185, 14-37; Vectors: A Survey of Molecular Cloning Vectors
and Their Uses. R.L. Rodriguez & D.T. Denhardt, Eds: 205-
| 225). wicth regard to the general procedure (PCR and fusion
25 PCR, inverse PCR, cloning, expression etc.), reference may
be made to the following literatu;e and the references
cited therein: Riley J, Butler R, Finniear R, Jenner D,
‘Powell S, Anand R, Smith JC, Markham AF (1990). A novel,
rapid method for the isolation of terminal sequences from
30 yeast artificial chromosome (YAC) clones. Nucl Acids Res.
18, 8186; Triglia T, Peterson MG, Kemp DJ (1988). A

, procedure for in vitro amplification of DNA segments that




20 Adl ercregtpogl ap Biocatalysis 1992, 6, 291-305). It is nost
particularly preferred to carry out the |yophilisation in22bmeR066ence of
surfactants such as aerosol OT or polyvinylpyrrolidone or polyethyl ene
-glycol (PEG or Brij 52 (diethyleneglycqgnnnocetyl ether) (Goto et al. 25
Bi ot echnol . Techni ques 1997, 11, 375-3785. The use as CLECs is al so
possible (St Clair et al. Angew ChemiInt Ed Engl 2000 Jan, 39(2),

380-383). The.e lLORny —opt.i Ng.jeC enant i omer-enriched) 30
conpounés" aﬁfhéﬁEgagbsgggeggkﬁ?EEXngéﬁtFggw%ssﬁﬁﬂgpg?ﬁodﬂqueﬁEan the
presence of AahdspResal 14nt Bpéde Bambrobktdr eFrickbht he, ofthei agnsi pode, in

an anount of noj e.% 0102 AM 22 June 2006 14 The organi sm
MRS il

Lact obaci | | & BRRF 286541 8P 10T At BbEcPPF 4RI KERT PORSM - 20BRILAEE been

filed at therbssmenecEobbechl garbey MtonopEoahs®1a0ehbRYL-QULLULEs under
the 5 correspondi ng nunber and is accessible to the pubfic. e expression
"nucIeiéSachgirc@ﬁéﬁs BIL.t pdsighesi agheT. sDeanardr, ddobl e- strand DNA as
well as RNA or mixtures thereof. 10 The expression "inproved rec-enzynes"
i's understood according to the claims to mean in particular those that
have a nodified substrate %Bectrunl are_npre active and/or

h .
Tor & Sel ectTUE. SRFV T CUMOFE SoRDIACURGLT ey 26 eHBRopedtheabreonfom
condi ti ons. adMBdigoddife 6181 FRHuPE P &1 NeSRINEAESS SR OUS Life ?%fn%tﬁ@g&ences

there nmay al so be covered , those sequences that exhi bit an ogy
(excl usi ve Bf ¥¢rombinant technology. Furthermore the enzyme may also
10  be employed as a constituent of an intact host organism or

(. in conjunction with the macerated cell mass of the host
organism purified to an arbitrarily high degree. It is
also possible to use the enzymes in immobilised form
(Bhavender P. Sharma, Lorraine F. Bailey and Ralph A.

15 Messing, "Immobilisierte Biomaterialiern - Techniken and
Anwendungen", Angew. Chem. 1982, 94, 836-852). The
immobilisation is preferably carried out by lyophilisatioﬁ
(Dordick et al. J. Am. Chem. Soc. 194, 116, 5009-5010;
Okahata et al. Tetrahedron Lett. 1997, 38, 1971-1974;

20 Adlercreutz et al. Biocatalysis 1992, 6, 291-305). Tt is
most particularly preferred to carry out the lyophilisation
in the presence of surfactants such as aerosol OT or
polyvinylpyrrolidone or polyethylene glycol (PEG) or Brij
52 (diethyleneglycolmonocetyl ether) (Goto et al.

25_ Biotechnol. Techniques 1997, 11, 375-378). The use as
CLECs is also possible (St Clair et al. Angew Chem Int Ed
Engl 2000 Jan, 39(2), 380-383).

The expression “optically enriched (enantiomer-enriched)

30 compounds” within the scope'of the invention is understood
to mean the presence of an optical antipode in a mixture

with the other antipode, in an amount of >50 mole %.




20 natur al géggnagré?fon) greater than 80 % preferably greater than 90 %
91 % 92 % 93 %or 94 % nore preferably greater than 95 2 dunédB0% and
.particularly preferably greater than 97 % 98 %or 99 %wth respect to
one of these sequences, provided that tR€ node of action and/or 25 purpose
of such a sequence is retained. The expressi-on "honology" (or identity) as
used herein may be defined by the equation H(% =[1 - VWX x 100, where
H denotes honol ogy, X is the total number of nucl eotide bases/am no acids
of the compari son sequence, and V is the nunber of 30 different nucleotide
bases/ ani no 8€i 8¥98P1SHe Lacdivhred L Rl drr v iRfdf RU0G4, oreferred to the

comar| son seeusRees 12GLAN P22 oline 12006, 40y A case Lhe tetm

"nucl eic acids coding for am no aci sequenc
appear poss¥oléecttoor domgMicrvbhegdadener anidd el cha taeeet wedeadandhe
literat wre creferenceé.ci ted in thia gspecification.are counted as part of
the di s¢l osUTE" “BRG28 1AM YBPSEQBRNCESPROFEEEL ble) to> thegpybd iaG 5 <120>
NADH oxi dase from Lactobacillus <130> 010281 AM <140> 10 <141> <160> 5
<170> Patentln Ver. 2.1 15

The expression "nucleic acids” covers all types of single-
strand or double-strand DNA as well as RNA or mixtures
thereof.

10

The expression “improved rec-enzymes” is understood
according to the claims to mean in particular\those that
enzymes that have a modified substrate spectrum, are more
active and/or more selective, or are more stable under the

15 employed reaction conditions.

Anong the claimed protein sequences and nucleic acid sequences

there may also be covereéd )

those sequences that exhibit an homology (exclusive of the
20 natural degeneration) greater than 80 %, preferably greater
than 90 %, 91 %, 92 %, 93 % or 94 %, more preferably
greater than 95 % or 96 %, and particularly preferably
greater than 97 %, 98 % or 99 % with respect to one of
these sequences, provided that the mode of action and/or
25 purpose of such a sequence is retained. The expression
“homology” (or identity) as used herein may be defined by
the equation H (%) = [1 - V/X] x 100, where H denotes
homology, X is the total number of nucleotide bases/amino
acids of the comparison sequence, and V is the number of
30 different nucleotide bases/amino acids of the sequence

. under consideration, referred to the comparison. sequence.




<210> 1
<222> (1)..(1353) 22 June 2006 25 <400> 1 atg aaa gtc azdumgt2006tt ggt

CDS
t gt

-H s

gat
du

- gga

Ile
t at
Ser
get
Asn
aag
Thr

aca
Al a
gcc
Val
atc
Al a
tca
Ser
aat
Val
aca
Val

5

<29io28858M <212> DNA <213> Lactobacillus brevis 20 <220> <221>

cat gcc gga acc ttt gcg att 48 Net Lys Val Thr Val vVal Ay Cys Thr
Gy Thr Phe Ala Ile 1 5 10 15 3Q aaa caa atc ttg gcc gaa cac cct
gaa gtg acc gtc tac gaa 96 Lysjén Ile Leu Ala Gu H's Pro Asp Ala
Thr Val Tyr Qu 20 25 30 cgt aac gat gtc att tca ttt ctc tct tgt

gc t ac.ctg.,144 35 ,Arg.Asn Asp Val 1l e Ser Phe Leu Ser Cys Ay
Leﬁ“‘cryg%n%eﬁaé%g‘iﬁbe 452989 "@;‘8’&% WP YR fog epdnggetid ttt
agt MLV Ko VN € WY y Asp.Pro. G n G.y. Leu Phe Tyr
Pro Gu 010281 AM 22a‘]g&ng%(?g%leﬁlﬁa&aggeagap@ﬁ?l 4% aaa tta ggc
ot acaadiny dad e dGajergidatiicon 240 tHd Wit id rdaes, Leu Ay Al a
Gn Met Asn His Asn Val Leu 5 65 70 75 80 gcg atc gat cct gat caa

gtg acc gtt gag gac tta acc agt 288 Ala lle Asp Pro Asp G n Lys

Thr_Val_. Qu Asp Leu Thr Ser
The literature references cited in this specification are

counted ag part of the disclosure.




85 90 95 100aatsgcamcaa acg act gag tca tac gat aaa cta gtc atg acg tct ggt
His Ala @n Thr Thr Au Ser Tyr Asp Lys Leu Val Met Thr Sel2@me 20060 105

110 336 15 tct tgg cca att gtc ccc aag att ccg ggc atc gat agc gat cgc gtt
-384 Ser Trp Pro Ile Val Pro Lys Ilée Pro é]y Ile Asp Ser Asp Arg Val 115
120 125 aag ctc tgc aaa aac tgg gca cat ]gcg caa got cta atc gaa gat get 432
20 Lys Leu Cys Lys Asn Trp Ala Hs Ala Gdn Ala Leu Ile Qu Asp Ala 130 135

140 aag gaaspmENaR@ROgErcatt acc gtt att ggt gcc ggec tat att ggt get 480
Lys Gu Ala Lys Arg Ile Thr Val Ile Ay Ala Ay Tyr Ile Ay Ala 25 145 150

155 160 gaa cta gca gaa gcc tac tec act act ggt cat gac gta acc tta. att 528
A u Leu Al ad% Mw@sTyA6Ser Thr Thr Ay His Asp Val Thr Leu I|le 165 170 175

30 gat gcg atg gac cgg gtt atg ccc aag tac ttt gat get gat ttt acg 576 Asp
Phe Asp Ala Asp Phe Thr 180 185 190 35

Al la Met cAsp Met. Pro. Lys Tyr
gat gtc att<ig%;?g %@g cé’éjtdafeatfr(?égr‘ﬁ‘yéfb%%lb@t gtc caa ctt gcc tta 624 Asp

Val Ile Qu A n Asp Tyr Arg Asp Hs Ay Val @n Leu Ala Leu 195 200 205 agt
gaa acg gtt<gas @@esitdy act gat agt gca act ggg ttg acc att 672 010281 AM
18 10 15 22 June 2006 '

<140>
10 <141>

<160> 5

<170> PatentIn Ver. 2.1
15

<210> 1

<211> 1353

<212> DNA

<213> Lactobacillus brevis
20

<220>

<221> CDS

<222> (1)..(1353)

25 <400> 1
atg aaa gtc aca gtt gtt ggt tgt aca cat gce gga acc ttt geg att 48
Met Lys Val Thr val val Gly Cys Thr His Ala Gly Thr pPhe Ala Ile
1 5 10 15

30 aaa caa atc ttg gcc gaa cac cct gat goe gaa gtg acc gtc tac gaa 96
Lys Gln Ile Leu Ala Glu His Pro Asp Ala Glu Val Thr Val Tyr Glu
20 25 30

cgt aac gat gtc att teca ttt ctc tet tgt gga atc gcc ctt tac ctg 144
35 Arg Asn Asp Val Ile Ser Phe Leu Ser Cys Gly Ile Ala Leu Tyr Leu
35 40 45

g9g gga aaa gtc gct gat ccyg caa gge cte ttt tat tea agt cct gaa 192
Gly Gly Lys Val Ala Asp Pro Gln Gly Leu Phe Tyr Ser Sexr Pro Glu '




Ser A u Thr gYabgd WmSer Phe Thr Asp Ser Ala Thr Ay Leu Thr Ile 210 215
220 aag act gat aag aac agc tat gaa acg gat ctc get att tta@2tlgees 2106 720
Lys Thr Asp Lys Asn Ser Tyr GQu Thr Asp Leu Ala Ile Leu Cys Ile 225 230 235
-240 ggc ttt aga cca aat acc gac ctg ctg a ggc aaa gtc gat atg gca 768
G yPhe Arg Pro Asn Thr Asp Leu Leu Lys é‘a'f/1 Lys Val Asp Met Al a 245 250 255
cca aac ggc gcg att att acg gat gac tac atg cgt tct tct aac cct 816 Pro
Asn Gy Ala Ileshle Thr Asp Asp Jyr Met Arg Ser Sgr Asn Pro 260 265 270 gat
att ttc gcc get ggt gac agt get get gtg cac tac aac cca acc 864 Asp lle
Phe Ala Ala Gy Asp Ser Ala Ala Val H's Tyr Asn Pro Thr 275 280 285 20 cat
cag aat getgimctatdaacess ttta gragactaadafcyesh gtg £G4t c&ARag P94 HsH A n

Ash Al a Tyrohl eelrdinl ik Abd diYf afSAA R VEl, L0 T3 K.£ 40,252, 300 atc cta
gtc ggt ;@aa gac cta gtt aag ctg acc gtc aag ta atg gga 960" 23 11e Leu Val
Gy Lys2Asn $%eu val Lys Pro THr val Lys Tyr M% Gy 305 310 31% 320 30 35

aca caa tca tct tct ggt ttg gca ctc tat gat cgg acg atc gtc tca 1008 © Thr
A n Ser Ser LeAdeleu Ala Leu Tyr Arg Thr lle Val Ser 325 330 335 act
ggt tta acgg%teatgcgétget §ca Jaagaa%&/agcésagg%% gty BTt "HadtodE ™t ay
Leu Thr Lel™& A1AREPAPZY P§R G@rnlvg AhEVrlVEIr Bah GAhaAsE 0e84Br3%s 350 caa gt g

att gtt gaa gat aat tat cge cca gag ttt atg ccg tca act 11@4 dn Val lle
Val G ypAsp Asn Tyr Arg Pro G u Phe Met Pro Ser Thr 355 360 365
' cat gca caa acyg act gag tca tac gat aaa cta gte atg acg tct ggt 336
7 His Ala GIn Thr Thr Glu Ser Tyr Asp Lys Leu Val Met Thr Ser Gly |
{/. 100 105 110

15 tct tgg cca att gtc ccc aag att ccg gge atc gat age gat cge gtt 384
Ser Trp Pro Ile Val Pro Lys Ile Pro Gly Ile Asp Ser Asp Arg Val '
115 120 125

aag ctc tge aaa aac tgg gca cat gcg caa get cta ate gaa gat gct 432
20 Lys Leu Cys Lys Asn Trp Ala His Ala Gln Ala Leu Ile Glu Asp Ala
130 135 140

aag gaa gcc aag cgg att acc gtt att ggt gee gge tat att ggt get 480
Lys Glu Ala Lys Arg Ile Thr Val Ile Gly Ala Gly Tyvr Ile Gly Ala
25 145 150 155 160

gaa cta geca gaa gece tac tcee act act ggt cat gac gta acc tta att- 528
Glu Leu Ala Glu Ala Tyr Ser Thr Thr Gly‘His Asp Val Thr Leu Ile
) 165 170 175
30
gat gcg atg gac cgg gtt atg cce aag tac ttt gat get gat ttt acg 576
Asp Ala Met Asp Arg Val Met Pro Lys Tyr Phe Asp Ala Asp Phe Thr
180 185 190

35 gat gtc att gaa caa gat tat cgg gat cac ggt gtc caa ctt gece tta 624
Asp Val Tle Glu Gln Asp Tyr Arg Asp His Gly Val Gln Leu Ala Leu

185 200 205

agt gaa acg gtt gaa age ttt act gat agt geca act ggg ttg acc att 672




010281 AM 221ba82 2@&)6 19 gaa ccc gtt ttg atg tca tta gtc ttt gac ccc gac
aca cac cgg atcl1l52 GQu Pro Val Leu Met Ser Leu Val Phe Asp@2Pume 2806 Thr Hi s

Arg Ile 370 375 380 5tta ggt ggt gcg tta atg agt aaa tac gat gtt tca caa
'tcg gcc aacl200 Leu Ay Gy Ala Leu Met fgr Lys Tyr Asp Val Ser A n Ser A a
Asn 385 390 395 400 acc ctt tct gtt tgcTdatc caa aac gaa aat aca att gat
gac tta gcgl248 10Thr Leu Ser Val Cys Ile A n Asn Qu Asn Thr |Ile Asp Asp

Leu Ala 405s41@Gi4lonatvg: gty gat sALImG! §od 6 CAY &6t o 4,085 .coa cca ttc
aac tac1296 15Nt Val Asp Met Lngl Phe G‘f% Pr o Asn Phgg P %Arg E"rao Phe Asn
Tyr 420 425 430 cta aac atc tt acg caa get get?thg gca aag gtt gcc caa

tca gtt1344 Leu Asn Ile Leu Ala An Ala Ala dn Ala Lys Val Ala @dn Ser Val

435 440 445228 RACgHehalarl3ad Asp g%laaacg4§9t 2c§c<gc1t0§tg t?:%l’g'g% Lalt‘?t(:) <2I£g> PRT
5 Lys Thr Asp Lys Asn Ser Tyr Glu Thr Asp Leu Ala Ile Leu Cys Ile
225 230 235 240

ggc ttt aga cca aat acc gac ctg ctg aaa ggc aaa gtc gat atg gea 768
Gly Phe Arg Pro Asn Thr Asp Leu Leu Lys Gly Lys Val Asp Met Ala
10 245 250 255

» cCa aac gdc gcg att att acg gat gac tac atg cgt tct tct aac cct 816
(: Pro Asn Gly Ala Ile Ile Thr Asp Asp Tyr Met Arg Ser Ser Asn Pro
260 265 270
i5
gat att ttc gcc get ggt gac agt get get gtg cac tac aac cea ace 864
Asp Ile Phe Ala Ala Gly Asp Ser Ala Ala Val His Tyr Asn Pro Thr
275 280 285

- 20 cat cag aat gct tac att ccec tta gea act aac geg gtg cgt caa ggt 912
His Gln Asn Ala Tyr Ile Pro Leu Ala Thr Asn Ala Val Arg Gln Gly
290 295 300

atc cta gtc ggt aaa aac cta gtt aag cecg acc gtc aag tat atg gga 960
25 Ile Leu Val Gly Lys Asn Leu Val Lys Pro Thr Val Lys Tyr Met Gly
" 305 31¢ 315 320

aca caa tca tct teot ggt ttg geca cte tat gat cgg acg ate gtec tca 1008
) Thr Gln Ser Ser Ser Gly Leu Ala Leu Tyr Asp Arg Thr Ile Val Ser
30 325 330 3135

act ggt tta acyg cta gca get gea aaa caa caa gagg gtg aac gct gaa 1056
Thr Gly Leu Thr Leu Ala Ala Ala Lys Gln Gln Gly Val Asn Ala Glu
340 345 350
35
caa gtg att gtt gaa gat aat tat cgc cca gag ttf atg ccg tca act 1104
Gln Val Ile Val Glu Asp Asn Tyr Arg Pro Glu Phe Met Pro Ser Thx
355 360 365




'30<213> Lacbhobggill AMs brevis <400> 2 Met Lys Val Thr Val Val Ay Cys Thr

Hi s .

Asp
- Ser
Ay
Adn
Ile
H s
Ser
125
135
145
Leu
Asp

Ala Ay Thr Phe Ala Ile 1 5 10 15 35Lys A n Ile Leu ARaJ@al2dbs Pro
Ala Au Val Thr Val Tyr Au 20 25 30 Arg Asn Asp Val Ile Ser Phe Leu
Cys Ay Ile Ala Leu Tyr Leu 35 40 Gy @y Lys Val Ala Asp Pro G n
Leu Phe Tyr Ser Ser Pro Gu 50 55 6 10281 AM 20 22 June 2006 du Leu
Lys Leu Gy Ala Asn Val @ n Met Asn His Asn Val Leu 65 70 75 80 Al a

Asp Pr el dreLys Eh | e dig e 0 S
N G e B M el B GRS B8 05
Trp Prod al Nih Ff% §9el ab%?el?‘%’ %%%@r'f%ﬁlwﬁgg e 115 120
Lys Leu Cyé'?QLyS Asn Trp Ala3dis Ala An Ala3skeu Ile Au Asp Ala 10 130
140 Lys Gu Ala Lys Arg Ile Thr Val Ile Ay Ala Ay Tyr Ile Ay A a
150 155 160 du Leu Ala Gu Ala Tyr Ser Thr Thr Ay H's Asp Val Thr
|| e ”165°5P7899 FEC 9% ALD AFANefAIHCFA Yol tRBLCHRr L PsCTAC PhE20&sp Al a

Phe ThrL€b80ly Gly Ala Leu Met Ser Lys Tyr Asp Val Ser Gln Ser Ala Asn
385 390 . 395 400

acc ctt tct gtt tge atc caa aac gaa aat aca att gat gac tta gcg 1248
10 Thr Leu Ser Val Cys Ile Gln Asn Glu Asn Thr Ile Asp Asp Leu Ala
405 410 415

atg gtt gat atg ctc ttec cag cct aac ttt gat cga cca tte aac tac 1296
Met Val Asp Met Leu Phe Gln Pro Asn Phe Asp Arg Pro Phe Asn Tvr
15 420 425 430

cta aac atc tta gcg caa gct got cag geca aag gtt gec caa tca gtt 1344
Leu Asn Ile Leu Ala Gln Ala Ala Gln Ala Lys Val Ala Gln Ser Val

435 440 445
20 '
. aac gct taa : 1353
Asn Ala
450
25
<210> 2
<211> 450
<212> PRT
. <213> Lactobacillus brevis
30
<400> 2
Met Lys Val Thr Val Val Gly Cys Thr His Ala Gly Thr Phe Ala Ile
1 5 10 15
Lys Gln Ile Leu Ala Glu His Pro Asp Ala Glu Val Thr Val Tyr Glu
35 20 25 ‘ 30
Arg Asn Asp Val Ile Ser Phe Leu Ser Cys Gly Ile Ala Leu Tyr Leu

35 40 45
. Gly Gly Lys Val Ala Asp Pro Gln Gly Leu Phe Tyr Ser Ser Pro Glu
50 55 60




"185 190 Aspg¥Ygbgh!l gyG u G n Asp Tyr Arg Asp Hs Ay Val An Leu Ala Leu

195 200 205 Ser Gu Thr Val Gu Ser Phe Thr Asp Ser Ala Th22Gwe209G Thr Ile
20 210 215 220 Lys Thr Asp Lys Asn Ser Tyr GQu Thr Asp Leu Ala Ile Leu Cys
1le 225 230 235 240 dy Phe Arg Pro Asn Thr -Asp Leu Leu Lys Ay Lys Val
~Asp Met Ala 245 250 255 25 Pro Asn Gy Raillelle Thr Asp Asp Tyr Met Arg
Ser Ser Asn Pro 260 265 270 Asp Ile Phe Ala Ala Gy Asp Ser Ala Ala Val H's

Tyr Asn P cu LAsR Ayl e P 2y Ala Thr Asn
Aa val A 3‘31“"% G?Géﬁ 560 J955% 89 a2 & Q?a%/Aé“ I%L 88 BY 45 v Lys Pro

Thr Val Lys ®Fyr Met @ y 3057810 315 320 Thr7@n Ser Ser Ser @@y Leu Ala
Leu Tyr Aspr gidiuspl b Wap 3arr@d29h3301386 vab cihradd Yed @t Ty Leu Ala Al a
Ala Lys An G@n @y Val fH Ala Gu 340 5 350 An Val Ile Val Qu Asp
Asn Tyr Arg Pro du Phe Met Pro Ser Thr 5 360 365 G u Pro Val Leu Mt
Ser Leu°>Val#iphalenGinpthy AP CiMrSey SvARgo|lws DIOX81 MW 2ir 320 Glvou Gy Gy
Ala Leu Met 385 390 10bhr Leu Ser Val 1gys Ile 110

Ser Trp Pro Ile Val Pro Lys Ile Pro Gly Ile Asp Ser Asp Arg Val
115 120 125
Lys Leu Cys Lys Asn Trp Ala His Ala Gln Ala Leu Ile Glu Asp Ala
10 130 135 140
Lys Glu Ala Lys Arg Ile Thr Val Ile Gly Ala Gly Tyr Ile Gly Ala
145 150 155 160
{7 Glu Leu Ala Glu Ala Tyr Ser Thr Thr Gly His Asp Val Thr Leu Ile l
165 170 175
15 Asp Ala Met Asp Arg Val Met Pro Lys Tyr Phe Asp Ala Asp Phe Thr
180 185 190 '
Asp Val Ile Glu Gln Asp Tyr Axg Asp His Gly Val Gln Leu Ala Leu
195 200 205
Ser Glu Thr Val Glu Ser Phe Thr Asp Ser Ala Thr Gly Leu Thr Ile
20 210 215 220
Lys Thr Asp Lys Asn Ser Tyr Glu Thr Asp Leu Ala Ile Leu Cys Ile
225 230 235 240
Gly Phe Arg Pro Asn Thr Asp Leu Leu Lys Gly Lys Val Asp Met Ala
245 250 255
25 Pro Asn Gly Ala Ile Ile Thr Asp Asp Tyr Met Arg Ser Ser Asn Pro
260 265 270 '
Asp Ile Phe Ala Ala Gly Asp Ser Ala Ala Val His Tyr Asn Pro Thr
275 280 285
His Gln Asn Ala Tyr Ile Pro Leu Ala Thr Asn Ala Val Arg Gln Gly
30 290 295 300
Ile Leu Val Gly Lys Asn Leu Val Lys Pro Thr Val Lys Tyr Met Gly
305 310 315 320
Thr Gln Ser Ser Ser Gly Leu Ala Leu Tyr Asp Arg Thr Ile Val Ser
325 . 330 335
35 Thr Gly Leu Thr Leu Ala Ala Ala Lys Gln Gln Gly Val Asn Ala Glu
340 345 350
Gln Val Ile Val Glu Asp Asn Tyr Arg Pro Glu Phe Met Pro Ser Thr
355 360 365
Glu Pro Val Leu Met Ser Leu Val Phe Asp Pro Asp Thr His Arg Ile




‘5 405 Met Yﬁ%yéfp t Leu Phe 420 Leu Asn Ile Leu Ala A n 435 10 Asn Al a
450 <210> PHYBPEAMS 9 <212> PRT <213> Artificial <220> 323 J88602008 June
2006 Ser Lys Tyr Asp Val Ser An Ser Ala Asn 395 400 A n Asn Gu Asn Thr
-Ile Asp Asp Leu Ala 410 415 A n Pro Asn Phe Asp Arg Pro Phe Asn Tyr 425
430 Ala Ala G n Ala Lys Val Ala A n Ser 2¥al 440 445 sequence 20 <223>
Description of the artificial sequence: AS Prinmer <400> 3 Asp Ile Phe Al a

Ala Ay Asp Se57dAI a 1525 <213Q7>5 4

380
Leu Gly Gly Aia Leu Met Ser Lys Tyr Asp Val Ser Gln Ser Ala Asn
385 390 395 400
Thr Leu Ser Val Cys Ile Gln Asn Glu Asn Thr Ile Asp Asp Leu Ala
5 : 405 410 : 415
Met Val Asp Met Leu Phe Gln Pro Asn Phe Asp Arg Pro Phe Asn Tyr
420 425 430
Leu Asn Ile Leu Ala Gln Ala Ala Gln Ala Lys Val ala Gln Ser Val
435 440 445
10 Asn Ala
450
¢
<210> 3
15 <211> 9
<212> PRT

<213> Artificial sequence

<220>

20 <223> Deseription of the artificial sequence:AS_Primer

<400> 3
2Asp Ile Phe Ala Ala Gly Asp Ser Ala
1 5
25

o

<210> 4
<211> 9
<212> PRT
30 <213> Artificial seguence

<220>

<223> Description of the artificial sequence:S_Primer
35 <400> 4

Met Lys Val Thr Val Val Gly Cys Thr
1 5




<211> 9 <232528RTam0 <213> Artificial <220> sequence <223> Description of
the artificial sequence:S Priner 35 <400> 4 Met Lys Val Thp2Vahe 2006 Val Ay
Cys Thr 010281 AM 22 <210> 5 <211> 31 <212> PRT <213> Lactobacillus
-brevis 5 22 June 2006 <400> 5 Met Lys Val Thr Val vVal dy Cys Thr Hs A a
Gy Thr Phe Ala Ile 1 5 10 15 10 Lys G4f Ile Leu Ala Gu Gu Pro Asp Al a
~Asp Xaa Xaa Val Tyr 20 25 30 010281 AM 23 Exanpl es: 22 June 2006 1)

Cul tivation.gf,.Lactobacillus brevis for obtaining NADH oxidase 5

<211> 31
<212> PRT

<213> Lactobacillus brevis

5
<400> 5
Met Lys Val Thr Val Val Gly Cys Thr His Ala Gly Thr Phe Ala Ile
1 _ 5 10 15

10 Lys Gln Ile Leu Ala Glu Glu Pro Asp Ala Asp Xaa Xaa Val Tyr
20 : 25 : 30

o,
i 1




Lact obaci | | ysobgeVving DSM 20054 was cultivated in a standard medium for

| actobacillae. I'n this connection it was found that the s{Pdiue 2p06wW
significantly better under the addition of oxygen than under the anaerobic
-conditions that 10 are in fact normally used for |actobacillus strains. An
enzyne test on the activity of an NADH o%i dase showed that the strain
particul arly under these unusual cultivation conditions exhibits a high
activity ofEQQmﬁ%gy,oxidase (NOX). 15 For the enzynme purification and
characterisatron cells were therefore cultivated under the foll ow ng
conditions: Medium Pro 1 L: 10 g casei ne peptone, tryptically 20
digested; 10 g neat extract; 5 g yeast extract; 20 g glucose; 1 g Tween 80;

2 g KZHPO4;1p gudeiageleheof 2r9c+ 6} ' Lifate; .0 - H2Q,
0.05 g MhSO4 x H2O, pH = 6. 2-6.%.91)%%??%%%%% f%rc%%ig%%@‘ggméﬁﬁa
shaken fl ask*1@@e®pped with -2 baffles) at 30 C for 2 days while stirring.
The cellg nmass is then obtained by centrifugation and nmay be stored at -20
Cfor arelatively long time. 30 2) Enzyne isolation a) Crude extract

~product i on DAEREAAM Pds 2BrSuhe D62 TOBA CRAS SoWEY B, ABEET B 65 Dyaueh g
grinding with %L€s§@beads. For_this, the noist bacterial mass (10 gf was
suspended iHFdH % otA ShrRkret Btae buf ForthihH emqgoion )ik setfeunded by

oS e oS b ge Rt (PRl Stisor e
addition of oxygen than under the anaercbic conditions that

10  are in fact normally used for lactobacillus strains. .An
enzyme test on the activity of.an NADH oxidase showed that
the strain particularly under these unusual cultivation
conditions exhibits a high activity of an NADH oxidase

(NOX) .
15

For the enzyme purification and characterisation cells were

therefore cultivated under the following conditions:

Medium: Pro 1 L: 10 g caseine peptone, tryptically
20 digested; 10 g meat extract; 5 g yeast extract; 20 g
{. glucose; 1 g Tween 80; 2 g KyHPOs; 5 g Na acetate; 2 g
diammonium citrate; 0.2 g MgSOs x 7 H,0; 0.05 g MnS04 x H,0;
PH = 6.2-6.5.

25 Cultivation is carried out in a shaken flask (equipped with
2 baffles) at 30 °C for 2 days while stirring. The cell
mass 1is then obtained by centrifugation and may be stored

at -20 °C for a relatively long time.

30 2) Enzyme isolation

a) Crude extract production




20 m nut es. nfhegieggrated cells were centrifuged off and the supernatant
was identifred as crude extract. The sel ected pH val ue of 223ufeeX08

deci sive influence on 10 the enzyne yield in the crude extract; under
-these conditions a crude extract preparation is obtained having a specific
activity of 17.8 U ng and a yield of 706%nits, whereas when using a
buffer with a pH of 7.4 the specific activity was only 2.6 U ng and the

yi el d was O units. 15 The_enz tivity was_peasured by nmeans of the
Voll owing LROLORbTY | EOFSoTar b R BYGVer 1GhLarbHent" LRnpLRaE P&I9E 0. 1 mM
NADH, -100 nivbpotiess) ubhghaspbet Babuéf sl Phhds 514 M wil TsdSpended in

dithiothreitol); 10 pl enzyme solution per 1 ml 20 (diluted if necessary).
1 unit NADH okiMagedtem| greyatexbdffes, Hvbl e NADHRL) namd mdcerated

Chr omat ogr aphi jfication After the p ion of the
crude. extrac %%ﬁ%rﬁ\t}m ?hsgiréggplgﬁ%%/%%g,s flﬁ%aci]rlﬂ feE%&éct was

i medi atel ydistnféeradoandihnanstiekoesulo 28 MoSuadd L ohtnmo ¢ Bi SRt or
equilibrate mM DTT + 200 nM NaCd (= buffer A

with 50 mM.TEA pH 7.5 + 3 i
(100 m coléhrﬁ“wtiﬁ%; FHow Pateracef /shhls Mere conbettegrd . offhend
chromat ogr aghly NaSe M Aol Vot Dledd: FRLE 2 S ARRAT &L LS, £har maci a)

(pressure 0.1 MPa, roomtenperature). The proteins were eluted by neans of
an NaCl step gradient to 1 MNad (buffer B: buffer A+ 1 MNad ), the
foll owi ng 010281 AM 25 22 June 2006 steps being used : 0-2 colum vol unes:
0 % B (=200rheMsNa@ted 25 walusmof/ ol Ihess 40 A, s 5rS. InEalanme gl unes:

%00 % ?0 Thc%eenez znﬁneacytji.e\:/ié yil'zfl ntﬂ'let hcerIPc{eOte%citr}:aCcotn;t eurgdeizlp these
~ conditions a crude extract preparation is obtained having a-
specific activity of 17.8 U/mg and a yield of 700 units,
whereas when using a buffer with a pH of 7.4 the specific

activity was only 2.6 U/mg and the yield was 580 units.

15
The enzyme activity was measured by means of the following
photometric test (340 nm, 30 °C measurement temperature):
0.1 mM NADH; 100 mM potassium phosphate buffer pH 7.5; 1 mM
DTT (= dithiothreitol); 10 ul enzyme solution per 1 ml

20 (diluted if necessary): 1 unit NADH oxidase activity

oxidises 1 pMole NADH / min.

e,

b} Chromatographic purification of the enzyme

After the preparation of the crude extract in buffer with a
25 pH of 4.5, the crude extract was immediately rebuffered and
transferred to a Macro Q column (Biorad) equilibrated with
50 mM TEA pH 7.5 + 3 mM DTT + 200 mM NaCl (= buffer a)
(100 ml column volume, flow rate 4 ml/min, 10 ml
fractions). The chromatography was carried out on an FPLC
30 apparatus (Pharmacia) (pressure 0.1 MPa, room temperature).
The proteins were eluted by means of an NaCl step gradiént.

to 1 M NacCl (buffer B: buffer A + 1 M NaCl), the following




‘the fractioggowgreaget ermned by means of the photometric 5 test. The
active fractions were conbi ned and concentrated by evapor @2iJotie 2006an

Am con stirred cell (YMLO nenbrane, 50 m) while sinultaneously _
.rebuffering with hydroxylapatite equilibration buffer, see below. 10 This

fraction pool was added to an hydroxyl ap%ﬁite‘ceram'c type 20 pm col um
(Biorad) equilibrated with 10 nmv Kpi  buffer pH 6.7 + 3 MM DIT + 200 nmM
NaCl (=buffe éolume flowrate 2 M/mn, 5 mM fractions;

A
FPLC appar Sgugg %Fé?gu?‘@’e CPABRRt ¥RAEFSEUr §) 3 Phé=260pmdk ei ns wer e
el uted WthNaC$j$t§PSQE@duﬁ\ﬁt vbourBQ . MybKRi g, (Bufsf qr Sg/lgmﬂf l}giuﬁ]& ,500 mM

Kpi) with the follown stages: 0-3 col urm vol unes
vol unes 30 9B % B.9 E’ BuRRZYBEUBES 150ty Bpdt hbe prstagnt 0ohB8n% Bnin 3

I I t wer.e. conbi ned and, 20 concentrated as
Goscribeq aphoeriacytihs fek bt e PR AR e R aRE 0B P pE R opRE F e

phenyl séphatese. T‘h]hs pcepeeafirastassagded, céﬁb@he&hsnédébﬁbgﬁt??gt%@mn' um
sulfate (1.2 Mfinal concentration in the sanple), to a phenyl sephar ose
Hi gh Sub coP¥YinRVEPRERFAERa} edli AbraRedtiviedl 56.1AM YEAC prefbsare3 nM DTT

r 12 M (N 2900 GRDVET 88 muft ah @9l COLUIBEURLHGT,, Hhow rate L m/mn, 3

m fractions LC appar at us, press t enperature). The
prot ei ns wehedebyytapabing aqalkilepaeﬂogr]adféef t 9@ Beaswoni um sul fate
(buffer B: buffer A wthout amoni um s_ulfate) with the follow ng stages: 1
colum volume 0 % B, 1 colum volune 20 % B, 1 colum 010281 AM 26 22 June
2906 yq}unﬁfgfgg%ractlgglggglvﬁgéwggdégotgﬁgg h;ggogﬁiéggtlte ceramic
{k type 20 um column (Biorad) equilibrated with 10 mM Kpi
buffer pH 6.7 + 3 mM DTT + 200 mM NaCl (=buffer A) (15 ml
column volume, flow rate 2 ml/min, 5 ml fractions; FPLC
apparatus, pressure 0.1 MPa, room temperature). The
15 proteins were eluted with a 3-step gradient to 500 mM KPi
(buffer B: buffer A + 500 mM Kpi) with the following
stages: 0-3 column volumes 0% B, 3-7 column volumes 30 % B,
7-9 column volumes 50 $ B, then rising to 100 % B in 3
column volumes. The active fractions were combined and
20 concentrated as described above, and rebuffered with the

buffer required for the phenylsepharose.

This preparation was added, after the addition of ammonium
sulfate (1.2 M final concentration in the sample), to a

25 phenylsepharose High Sub column (Pharmacia).equilibrated
with 50 mM TEA pH 7.5 + 3 mM DTT + 1.2 M {NH,) 2804 (=buffer
A) (25 ml column volume, flow rate 1 ml/min, 3 ml
fractions; FPLC apparatus, pressure 0.1 MPa, room
temperature). The proteins were eluted using a 3-step

30 gradient to 0 M ammonium sulfate (buffer B: buffer A
without ammonium sulfate) with the following stages: 1

column volume 0 % B, 1 column volume 20 % B, 1 column




fractions wagympagiripped, concentrated by evaporation in an Am con
ultrafiltration cell, followed by the addition of further 22fmeiodn
sulfate. 5 The last purification stage, which was carried out with the
-concentrated fraction fromthe phenyl sepharose Hi gh Sub colum, is a fine
purification by chromatography on pheny §ephar ose 650C materi al
(Tosohaas), equilibrated with 10 50 MM TEA pH 7.5 + 3 MM DIT + 1.2 M (NH4)

2804 (=buffefs1hne rOMARL ography..conditions:, caql volume 2 m, flowrate
1 nmi/nmin; FPLC apparat tr% %grcgoglsureval a,sloroo%m%tqgrrperqhﬁ FEVe

fractions). fHeeticoteiwesreaomiiteal] Wdtchd-Healdy S i Q:Man
ammoni um sul fate (buffer_,B: buffer A_15 w thout ammoni um sul fate) using the
fol | owi ng sCAYESH tr&fl’ﬁrﬁ?%%é‘se]d% Bold opsduiy \rdleumsklizion BE 5

colum vol yREhad %UBona GPlHTEMQ unes 70 % B, 10 col um volunes 100 %
B). 20 The enzyme activity and protein yields of the various
chromat ogr aphy steps are summarised in Table 1. Table 1: Purification of

t he NADH oxi dase from Lactobacillus brevis DSM 20054 (OH apatite = 25
hydr oxyapat Fhe; 1BSt=pphéfyatibar asaye)lQR8thAMa27 caZrdede o2@0Gith the
‘Sanpl eAct i vi t\éS%%ﬁi fi cé tal Yiel dEnrich- [U m]ActivityActivity[o]nent

[ U ng] [ U] FaEPBF BFaaLss. t17C876081 doPme theaphenldF6PDRT 08 €0 HARRO 38D, 6

column, is a fine purification by chromatography on
phenylsepharose 650C material (Tosohaas), equilibrated with
10 50 mM TEA pH 7.5 + 3 -mM DTT + 1.2 M (NH4),S0; (=buffer A).
(. | Chromatography conditions: column volume 2 ml, flow rate 1
ml/min; FPLC apparatus, pressure 0.1 MPa, room temperéture,
2 ml fractions). The proteins are eluted with a d-stage
gradient to 0 M ammonium sulfate (buffer B: buffer A
15 without ammonium sulfate) using the following stages: 10
column volumes 0% B, 5 column volumes 20 % B, 5 column
volumes 50 % B, 5 column volumes 70 % B, 10 column volumes

100 % B).

20  The enzyme activity and protein yields of the various

- chromatography steps are summarised in Table 1.

Table 1: Purification of the NADH oxidase from
Lactobacillus brevis DSM 20054 (OH-apatite =-
25  hydroxyapatite; PS = phenylsepharose)
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An SDS-PAGE of the purified fractions according to Table 1

shows that the enzyme fraction after the last step still

5

- weights of 38 and 50 kDa.

contains only 2 proteins, whose subunits have molecular

These two protein bands can be

individually N-terminally sequenced after blotting, and a

comparison with sequences accessible in databanks shows

that the 38 kDa band has very high similarities with known

10

gimilarities with NADH oxidases.

lactate dehydrogenases, while the 50 kDa band has very high

3) Biochemical characteristic data of the NADH oxidase from

L. brevis

-15

The biochemical data were determined with an enzyme

preparation purified by 4 chromatographic steps.

a)

pH dependence of the oxidation

The pH optimum was measured in the range pH 4.0 to l0.0.

20

Different buffers were used depending on the pH value.

As




I'n order topdgbernage the pH stability the NADH oxi dase was incubated for
8 hours in the buffers listed under 3a), then the residual22dote 2006y was
nmeasured in the standard test. Fig. 2 shows that the enzynme has a first
-sharp stability 15 optinumat pH 5.0, is noderately stable in the range 5.5
- 7.5, and exhibits a second optimum at 2p?l-l 8.5. At pH 8.5 the enzyne is
still up to 100% stable after 8 hours in TEA/ NaCH buffer as well as in

gl yci ne/ Na Mo T i.Llustrate at the enzyne stable in the
slightly 28‘%%%{:&8% Eﬁseg%%%n?egf%i éﬁ& g"d%g?’ébl ‘éﬁFﬁ Sﬁw‘aé’ﬂgr 5h§e.
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oxi dati on i% %ﬁﬁbe ?oupl ed with an NAD- dependent dehydrogenase, since the
pH opti mum B¥ v ‘BEnYdf odBHaBEsSt 81 -t hB. dxMdaitohc] aesdi ANaRO4 glatd y 25

al kaline rangea edrTeRPerahyte qPhi gum of phe NARH, oxi dase ACkivi tests
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and the reswabRl crtdavidy Wasaregsuged.c& dghe eval uation shows that the
enzyne at 30 Cis in practice stable for ca. 400 m nutes, follow ng which

it appears to deactivate according to a slow reaction kinetics _
(half-value tinme ca. 18 hours). At 42 C the enzyne deactivates initially
(up to ca. BROPHI skakes)itw|af | tled yNADH quiitddse fol | owi ng which it appears
to be spable at ca. 50%

(

In order to determine the pH stability the NADH oxidase was
incubated for 8 hours in the buffers listed under 3a),'then
the residual activity was measured in the standard test.
Fig. 2 shows that the enzyme has a first sharp stability
15 optimum at pH 5.0, is moderately stable in the range 5.5 -
7.5, and exhibits a second optimum at pH 8.5. At pﬁ 8.5
the enzyme is still up to 100% stable after 8 hours in
TEA/NaOH buffer as well as in glycine/NaOH buffer. The
figure illustrates that the enzyme stable in the slightly
20 alka;ine range (pH 8 - 9) is also stable in a wider range.
- This range is useful for application purposes if the NADH
oxidase for the oxidation is to be coupled with an NAD-
dependent dehydrogenase, since the pH optimum of many
dehydrogenases for the oxidation lies in a slightly

25 alkaline range.

c) Temperature optimum of the NADH oxidase

Activity tests at various temperatures show that the NADH
oxidase exhibits maximum activity at 40 °C (Fig. 3).

30




resi dual achi g r arelatively long tine (at least 16 hours). e)
Deterninatig%ﬁg?xtﬁgeKNIvalue for NADH for the NADH 15 oxiddwee 3466 t he

substrate NADH the concentration was varied in the range fromO0.0013 to
-0.52 nM and the activity was neasured photonetrically. The eval uation

- shows that maximumactivity is reached a#20.1 nM Hi gher NADH o
concentrations 20 (up to 0.5 m\M exhibit only a weak excess inhibition.
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practice stable for ca. 400 minutes, following which it
appears to deactivate according to a slow reaction kinetics
(half-value time ca. 18 hours). At 42 °C the enzyme
deactivates initially (up to ca. 120 minutes) relatively

10 quickly, following which it appears to be stable at ca. 50%
residual activity over a relatively long time {(at least 16

hours) .

e) Determination of the KM value for NADH for the NADH

15 oxidase

For the substrate NADH the concentration was varied in the
‘range from 0.0013 to 0.52 mM and the activity was measured
photometrically. The evaluation shows that maximum
activity is reached at 0.1 mM. Higher NADH concentrations
20 (up to 0.5 mM) exhibit only a weak excess inhibition. The
(- Km value is calculated to be 24.uM. This high affinity of
| the enzyme for NADH is very advantageous for applications
in which NAD+ is to be regenerated by oxidation of NADH,
since a prerequisite for this is as complete an oxidation

25 of NADH as possible.

4) Protein chemistry characteristic data of the NADH

oxidase from Lactobacillus brevis

a) N-terminal amino acid sequence
30 The results of several enrichments always revealed a

protein whose subunits have a molecular weight according to




"deconposi ti n automat ed sequencer 4774 (Applied Biosystens) with
onl i g HPLgirlbzé(l)mgAl)’hﬁt he sequence is as 5 follows: 22 June 2006
MKVTWGCTHAGTFAI KQE LAEEPDADXXVY (Seq 5). In the sequence a conserved noti f
-is underlined that acts as FAD- binding _notif in NADH oxi dases, and is a
slight nodification of the known ADP-bPRding site GXGXXG  Databank
searches (BLAST) al ready show for this protein 10 fragnent agreement wth

ool 1S of TE AL COHnedithau 1 1F AePia FRLOR 6t GRS Sbucnces

that are presenmuf wird WdermaldedNARH 150X iHR3RS rOr (at dunll tal@ e MNARH
- peroxi dases., The amino acid_ sequence DI FAAGDSA (Seq. 3) is regarded as

such a conSERARPOSIdGioth Wikl 2% iAsvae st ereduengsad 495 4" Capadiedl " pri mer
for this seq %{?g& d et har. . r codes for t he
N-term nus cok é’}l%gl %ﬁqj‘ln\g use :?anlda“?%]?l rE%fo eﬁ?ﬁﬁ yi 1% a 777 bp

| ong f r%tgnérq:tllidm |MH§%@EMGMIKQEHEHWV&XI(%%§ 50NOX)IH regme
Ent er ococcus. ene |ibrar des establ i shed by di gestl ng %ome DNA with 4
di f ferent P@&Jﬁ &n CORFERTE EcoRpdepined t @SSRAD |

Usi ng_ specidin@iipty MRLS fati g Wdta@‘ae¥5a‘ﬁlde§\éage gge of the

restriction enzynmes and sequences fromthe 777 bp nt, further
sequence f O tgom qfh@h%m@%mgoblﬁwsmby t he total

sequence Q$ f|n d,w i d.of i_n se uenqes and the
st op codon e sséac?grgHg Rg#’g‘%ﬁ@ i&i{’?g’p(fﬂ%xj?%ﬁrso Ptedfevis is
Fepr odu ed firagire tS egueraenpr wtlehollmbﬁ@lcmsz){ gikyeRsabove. 010281 AM 31

b) Determination of the protein and gene sequences

 The results of the databank searches show in some partial
regions sequences that are present in virtually all NADH
15 'oxidases or in related NADH peroxidases. The amino acid
sequence DIFAAGDSA (Seq. 3) is regarded as such a conserved
region. An antisense codon is used as “C-terminal” primer
for this sequence, and together with a primer that codes
for the N-terminus MRVIVVGCT (Seq. 4), is used in a PCR.
20 The PCR yields a 777 bp long fragment that is 59% identical
{ o to the NADH oxidase (NOX) from Enterococcus. A gene
library is established by digesting genome DNA with 4
different restriction endonucleases (EcoRV, Pvu II, Sca T
and Stu I}. Using specific primers derived from the
25 cleavage sites of the restriction enzymes and sequences
from the 777 bp fragment, further sequence fragments are
then obtained by means of PCR, whereby the total sequence
can be defined with the aid of overlapping DNA sequences
and the stop codon.

30

- The sequence for the NADH oxidase (NOX) from I.. brevis is

reproduced in the sequence protocol (Seq. 1) given above.




22 June 20061brgsgmof the NADH oxi dase from Lactobacillus brevis for the
coenzyne regeneration 5 A typical use of the NADH oxi dase 28 Juee2006
regeneration of NAD+. This may be necessary for exanple if NAD dependent
-dehydr ogenases are used for the oxidatiaon, as has been shown in a general
way herei nbefore (reaction schene 1). This is denonstrated in the
foll ow ng exanple for the 10 production of an enantioner-pure al cohol
corresponding to the follow ng equations: (R'S) -al cohol + NAD+ -->

S-al cohol + ketone + NADH + H (4) NADH + H+ + "h 02 --> NAD+ + H20 (5) 15

wth an R-s i-fic_al coh hydt Qgenase as_catal yst for _reaction (4), and
t he NADH ox?ggg%éf%ﬁ %@?ek%ﬂﬁtéfégg§ﬁ ?%maﬁaﬁﬁ@?%ﬁ%éﬁ?soprﬁﬁésFfﬁrcohol 20
dehydr ogenaslee f cosmiaaé obagehbust DegVi S (recADHG37D (NAD- nut ant)
DE10037101.9), coupled with the purified NADH oxidase from Lactobacill us

brevis, was used as R-specific al cohol dehydrogenase. (R, S)-phenyl ethanol
was used as_ alcohol, and the reaction was carried out as a batch 25 :
reacti oR. Thet¥Ritaohivie reficthat¥ilErexidese 59 trié (RGnepiehyheshanol , 2

nmM NADH, 5 T uffer pH 7.0 with 1 C2and with 5 M DIT, 1 U
T ecADHCB?Dqu%ﬂ()\jd 2 Wa%)%%a%%c_e%a@é%%s ¢ akerVaPréependant 2, 3,
4, 6, 9 andiﬁmydmngenagﬁgiaiﬁnﬁsﬁdutéa/éﬁé;d&ﬂé&&ﬂd&&fﬂﬁ£yh£§géégw3 ‘
CP-Chirasil 010281 AM 22 June 2006 32 DEX CB, length: 25 m dianeter: 25 pm
(Chronpack)shown in a general way hereinbefore (reaction scheme 1).

This is demonstrated in the following éxample for the
{‘ ~ 10 production of an enantiomer-pure alcochol corresponding to

the following equations:

(R,S)-alcohol + NAD+ --> S-alecohol + ketone + NADH + H (4)
NADH + H+ + % 03 ~--> NAD+ + HyO (5)
15 '

with an R-specific alcohol dehydrogenase as catalyst for

reaction (4), and the NADH oxidase for {5).

In this example an NAD mutant of thé R alcohol
20 dehydrogenase from Lactobacillus brevis (recADHG3T7D {NAD-

mutant) DE10037101.9), coupled with the purified NADH
oxidase from Lactobacillus brevis, was used as R-specific
alcohol dehydrogenase. (R,S)—pheﬁylethanol wag used as:
alcohol, and the reaction was carried out as a batch

'~ 25 reaction. The following reactants were used: 50 mM {R,S)~
Phenylethanol, 2 mM NADH, 50 mM TEA buffer pH 7.0 with 1mM
MgCl; and with 5 mM DTT, 1 U.recADHG37D and 2 U NADH

- oxidase.

30 Samples were taken after 0, 1, 2, 3, 4, 6, 9 and 24 hours

and separated by gas chromatography (column: CP-Chirasil-




Tenper at ur e gRig@@aBRe: 5 mins at 60 C, then 5 Cnmin up to 190 C colum
flowrate 1.3 n1/n1n gas: helium The acetophenone peak @prFumri2i06
retention tine = 16.9 mn) as 5 well as the enantioners of phenyl et hanol
(educts; retention tinmes R-phenylethanol = 20.8 mn and S-phenyl et hanol =
21.1 mn) were detected. Fig. 4 shows th& GC spectrumof a sanple in

whi ch the R-al cohol had been al nost conpletely oxidised, which is why a
correspondi appunt of 0_oxi,dati on praqduct acetophenone can be seen.
As a contro 2x Eg sanggt%pez% 5§Fr|ég &t | (ChgemReekdut t he

addi tion of 'I’blﬁ@lslr@thd‘@as @rogaamﬁar oaainQﬁrsaahw ednalys 'tﬁeﬁogs oD 1S %%W Y
signi ficant change in the two alcohols, and sinply a snall “anount

acet ophenoné?faflChe CoLEB: Edow15alRi dh3nmy /possi kg :bhedt tui. burhe to a

Paront | G ai pes T PRABRCO R dls 1o Pa EAc P BBREER Phs R By Fs Lopy cPAPAbRY DS

20054. 2 Nwelei esathdsepadictignéos af pkedgsecaseendiiBgutest! abFent o
Pl asm ds, vectors cro rggnlsns containing one or nore nucl ei ¢ aci ds
‘accordi ng t 5TBFSi RrPReRYIRGBREPL AcrAsBhpbRi ans gphﬁﬂhlﬁhbaspthezétﬂand

nucl ei c aci gdsnpr gggpag S |l egzs HC according to
claim?2 underngtrlngentﬁgg%g?¥loﬁgg : %ﬁaﬂgrgﬂ tﬁégb?% c%?oﬁ of the

- nucleic aC|ﬁ%mpé@céndWthhotbeaRﬂaﬂcehdlohadlbe&n4abmoﬁea@6mpie968y 6.
Process foro§§§18e8du lS ﬂ?rovggréggpong%hg amount of the
10 oxidation product acetophenone can be seen. As a control
(T the same experiment was carried out, but without the |
addition of NADH oxidase. Gas chromatography analysis does
not show any significant change in the two alcohols, and
simply a small amount of acetophenone can be detected,
15 which may possibly be attributed to a spontaneous oxidation

of NADH by atmospheric oxygen.




oxi dases (NOX) starting fromnucleic acids coding for an oxidase accordi ng
to claiml, characterised in that a) the nucleic acids are22Jbpe2l06d to a
mut agenesi s, b) the nucleic acids obtainable froma) are cloned in a
suitable vector and this is transferred to a suitable expression system
and c) the proteins forned having inproved activity and/or selectivity are
detected and isolated. 22 June 2006 3.4 7. rec-NADH oxi dases (NOX) or

nucl eic acids coding for the latter, obtainable according to claim®6. 8.
Use of the NADH oxi dases {NOX) accordisng to claim1 or 7 for the
production of chiral enantiomer-enriched organic conpounds such as for
exanpl e al cohols or amno acids. 9. Use of the nucleic acids according to
claim 2 patdntorlaime; producti on of whole-cell catalysts. 10. Wol e-cel
catal yst containing a cloned gene for a dehydrogenase and a cl one gene for
an NADH oxi dase from Lactobacillus brevis, preferably DSM 20054. 11.
Process {or thigpmdroduedd I Lac aci il u evi s,

pref erabl y DSM 20054, céki?ar%%neyié\sggggé%:%ﬁﬁgt g%%glsrﬁ %%egflrjegrfr_lﬁl ns % e

cul tivated#@¥hder aerobic conditions. Abstract: The present invention is
directed to a new NADH oxi dase from Lactobacillus. Al so disclosed is the
nucl ei ¢ acid sequence coding for this NADH oxi dase, as well as the

2. Nucleic acids coding for an oxidase according to claim
1.
3. Plasmids, vectors, microorganisms containing one or

more nucleic acids according to claim 2.

4. Nucleic acids hybridising with the single-strand
nucleic acids or complementary single-strand nucleic acids

according to claim 2 under stringent conditions.

5. Primers for the production of the nucleic acids

according to claim 2 and/or claim 4 by means of PCR.

6. Process for the production of improved rec-NADH
oxidases (NOX) startihg from nucleic acids coding for an
oxidase according to claim 1,rcharacterised in that

a) the nucleic acids are subjected to a mutagenesis,

b) the nucleic acids obtainable from a) are cloned in a
suitable vector and this is transferred to a suitable
expression system, and

c) the proteins formed having improved activity and/or

selectivity are detected and isolated.




vehicles containing the latter, such as plasmds or microorganisms. The
invention furthernore relates to a process for the product 2@dues200ke
enzynes and a process for the production of furthernore inproved enzynes

and also their preferred uses.

34

7. rec-NADH oxidases (NOX) or nucleic acids coding for

the latter, obtainable according to claim 6.

8. Use of the NADH oxidases {NOX) according to claim 1 or
7 for the production of chiral enantiomer-enriched organic

compounds such as for example alcohols or amino acids.

9. Use of the nucleic acids according to claim 2 or 1 for

the production of whole~cell catalysts.

" 10. Whole-cell catalyst containing a cloned gene
for a dehydrogenase and a clone gene for an NADH oxidase

from Lactobacillus brevis, preferably DSM 20054.

11. Process for the production of NADH oxidases from
Lactobacillus brevis, preferably DSM 20054, characterised
in that the microorganisms are cultivated under aerobic.

conditions.






