: : , _
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

act i : ' ' Q. chj tric _amopunts of
20" Sxpenst Ve N e ot on ot A St R L Aol
enzyme syst 6m LBz IR G %SS MG GEnE Chean masilsicEdcids. Drauz, H
Val dmann, VQ# pesttEditdmrthep.i fdkit TR Rt SC ML Ly 4 RARH R CH 0 R
o~ M%é%&ﬂﬂ?se%rceoélusbs(%ﬁ ElZO%(E':IéJ;d)I.SGd cosubstrate
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 exampie
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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Second enzyme system

Reduced cosubstrate ~ Oxidised cosubstrate
25
Systems known from the literature utilised for example for

the regeneration of NAD+ lactate dehydrogenase and pyruvate




" Second enz ( t 25 Systens known fromthe literature utilised for
exanpl e foympﬁgirggenera%/i on of NAD+ | actate dehydrogenase?2dmet J0g6uvat e
010281 AM 2 22 June 2006 with the formation of l|actate, or glutamate

¢+ dehydrogenase w th ketoglutarate and amoniumwi th the formation of
gl utamat e. The di sadvant age of these sys?ems Is that auxiliary substrates
such as pyruvate or ketoglutarate have 5 to be used and products such as

| act ate or gk pi,apat.e , ' for_preparatjve i i sati on have to
be r emvedgég%mgtﬁﬁefg%@aﬁggﬁgﬁgt 1}‘6?@%??061?1: ygf%E?ﬁgﬁ#‘_el fe %ﬂﬁ?gf’aﬂse
equi | i bri unvithckéboglararavel sad bﬁmbngﬁm}]@itﬁom@é Sfd)ﬁﬂa@j]bﬁ w;ft h gr eaL .
technical diffjculty. 10 Alternatively such a second enzyme system may

an NADH oxgijlét%m‘?hét a@&%p?tiésﬁ ¥BRpRER| ef okheen e¥sexpdi sedthabsubstrate

and at the §@£Elié%§@19§£§£€ésv‘§ﬁ@ﬁ (4] p}?%%&ég%gg%l?e]Eé)lg(é)%f?%JtéQFt%Qﬁ%g? t hat

formati on of NAD+. DH 15 oxi dases have age’l
the redctiboh katassdezndyprodurts suckvas slateatd ot sguseshase are

[ t d H20 or P2 are, formed as product. Enzyrfes of
lrog'?ﬁng: gfjlpgfl?%g%?f (r)"gﬁrrf%%a frd %%%@r‘%%}ﬁ? n’tﬁt)eiﬂzsjﬁﬁe’s‘?n B¢ ntPrivici pl e known
in the biochembead £forh i ties asrb@uéf OFnLHX AW Lot O

(128550840 ngr.enzynes see
Lopez de Felipe, F. et al., J. Bacteriol. Vol. 188}_{( 199%, 33{) - 08; for
H202- f or m rRPEHA R L@l NpEiiny eactyions atte evolwBattwhablgo iob. 183

(2001), 24%%&5E¥%fHH’Jﬁ%}'%iéﬂfﬁfgé% technical difficulty.
(', 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 Hy05-
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




cited in each case) H202-form ng enzynes are | ess 25 suitable for use as
regeneration enzynme since peroxide is known to be harnful 22 durer2f9bes and
shoul d be deconposed as far as possible in situ, which requires further,

di sadvant ageous but not inpossible pricess steps. 30 The NADH oxi dases from
Ent erococcus (and Streptococcus) faecalis (Schmdt, HL. et al., Eur. J.

Bi ochem 156 (1986), 149-55), Leuconostoc nesenteroi des (Koi ke, K J. et

22 JUnalZOOBlach&m, 8 dohem 971 Tdogs) 9120&985), 4878 8StocHtd pieeRCCUS

mut ans uchi et, al Bi qsci., Bio no| Blochen1 58 (1994),

1603- 073" nglab'pl%sneat Hori cEiﬂQﬁﬁJ(KlB&ﬁﬁﬁghnMT Biegher: SR (139%nbusch, H

D., Bi m603€1brem Mjfzﬁ@ﬂa%@ml etp2860(198M 1Y, M., sukheksbus sol fataricus
(Arcarj, P et al . Biol. Chem 275 (2000) 895- 900), Thernus

t her moBhi Q%??9§§ﬁhanﬁ A: - eBial. Chem. fioppepSeylepsdos 166985) ,1086-8) and
~ from They Y81 AGLEE: S o ] £408R P (8cadh, . PEUEL él Bi gchemy 174,4,1988) .

267- 71% have been biochem cally characterlsed I'n one enbodi nent,” there
can be ﬁ?oO@QﬁQﬂ&uﬁﬁ@M@qodX|Eé@émuﬁthherm@ﬂhkﬁnﬂ\Nﬁaﬁﬂwmam Hs etiahbl e when

coupl eg. Wb, defwidr 98ena389s) [ 0t oBeLY) ragenalat | Al i) BALLEGHLE! the NADH
oxi dase can be produce ea5|ry and can be avai l e’n FICIent anmount
for a&l@m%%u§tu§é onEam.i dduBieochémschl£. (IR )e &HV-dllsohbeepr ovi ded an
' %@. ééﬁgﬁl |pigﬂ3r%%@g§lsggctoba0|IIus Accordingly, a first
aspect 0

rese nvention provides a NADH oxi dase from Lactobacill us
brevi s, preferably DSM 20054. A second aspect of the present invention
providfs nucl ei.c acid gdlng for. an oxi dase as_defined above,
, one embodimen there“can be provided an NADH oxidase with
high act1v1ty‘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.




A third aspect of the present invention provides plasmds, vectors,

m croorgani sms containing one or nore nucleic acids as deRRdect 26ve. 22
June 2006 3a There can be provided vehicles that contain the nucleic acids
as defined above. There can al so beszgrovided nucleic acids that hybridise
with the nucleic acids as defined above. Accordingly, a fourth aspect of
the preR@FE Galy bRt PEAVEAH i tdsclagctirate cruitadnhybei ticlisig wrids tam

si ngl eqstimad apeekei CTREFESCHI a166MBL SPEM @M SiRgLesSidand tpyuc! ei ¢ acids
stringent conditions. ATfifth aspect of the present

as defﬁgﬁg, bove .under . _
i nvent %éaﬁﬁ FaShpEPReRLckic ardds pyAREINSS gPo¥Re nucleic acids as
defi ned above by neans of PCR There can be provided, a process for

i i ng the NADH oxi d ) starting fromthe nucleic acids as
ot i et OLiE e APHEES APt Hah Rt SRt HEVBRELSh TSR on

provi descheiradesss hibridhei py adiat the oindgreraveddr secNARH1iidases ( NOX)

starting fromnuclei¢c acids codjn or an oxi dase, as defined above,

char ac(t:grpll‘)%eem N5 ehat e eﬁ"l%rarﬂﬁfcpgfzieh%i%%l% @ssﬁiﬁ?é’&?%dﬂﬁye ¥NRGEagenesi s,
b) theshutlagint aondstdbhai nable froma) are cloned in a suitable vector
and this is transferred to a suitable expression system and c) the
proteins formed having inproved activity and/or selectivity are detected
and i sBl| &tfddh aApsetent hths pastseot iheemriesentrdvident poimgusofodeshe ec- NADH

id . p o '  obtai nab
et e Shoue"23 3 e BETR U AsTar AP sl abBv oy R PR RGR G on
:provides the use of

There can be provided, 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.




t he NADH oxi dases (NOX) as defined above for the production of chiral
enanti oner - enri ched organi ¢ conpounds such as for exanpl e2allag200§ or

am no acids. A ninth aspect of the present invention provides the use of
the nucleic acids as defined above for the production of whol e-cel

catal ysts. A tenth aspect of the present invention provides a whol e-cel
catal yst containing a cloned gene for aé4dehydrogenase 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 ob&@i ¢1+9ith Meseaali ol fheapresevenimverspent pabvites ptiesame iofenti on

provid CESs t roduct ko f DH oxi dases from, Lact obacil | us
br evi s?ﬁ%?\é eI?aEi y %%’lr\?l 2@@%2 Qgh%%fa]é %é)iasggy\el Ofy %g? PR B gani s are
- cul ti vaf echimralerersertdvire r-eoniicheédnsrgdbist qeaipbiuadk ashyh pief®yged in this
connecéiqg:kg Hhe use of an, NADHwixidase (NOX) from Lactobacillus brevis,
pr ef er &BTF TSN £ CSed™3F ¥rti%ct obacillus kefir (EP 91107067.0; DE
4014573). 22 June 2006 4a The NADH oxi dase can convert the NADH formed in -
the reactjon into NAD+, according to the reaction scheme shown in the

i ntroductiP asPesdc Sdnther PEdEent rigandiisn pPrpvades hehe amst iadn 02 to H20,

there {@eqmggﬁgkgﬁifggnggrgéfghég éﬂqﬁe %%%dp£8ﬁﬁﬁbeﬁﬂo hol to ketone

due to the equilibrium pressure, a highly enantioner-enri ched unreacted
opt i cathokanaedddeadalyisésenpl oyed al cohol remaini ng. Exanpl es of the use

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) .




of the NADH oxi dase (NOX)include, inter alia, the production of R-alcohols
when coupled with an S-al cohol dehydrogenase, of S- al cohoR2 Juwee?0060oupl ed
wi th an R-al cohol dehydrogenase, or the production of D-am no acids when
coupled with an L-am no acid dehydrogenase. The coupling wth hydroxyacid
dehydrogenases and all other NAD dependent dehydrogenases is al so possible
in this context. As further inportant products there may al so be

menti oned the oxidation products of tthe dehydrogenase reaction, for
exanpl e ketones, keto acids or al dehydes. 22 June 2006 |n anot her

modi ficatign, there may be provided nucleic acids coding for an NADH

oxi das .?5NﬁRHsB?%€a6? FRE orditle s N clermsrht fonthe weaction

Lact obagtd | mnat,raa@éoﬁaﬂ;fa% a%ﬁgsswaéﬂf@ﬁbofscg@ﬁeengy MR e .
chromat ogr aphi ¢ nmethods, it has becone possible by specitying tﬁe nucl ei ¢
aci ds EIEF PG FrOIen WABGOEFasE {NOXrr¢ivesisébédity offtain, in a 10

f ur t hopur.& RAlE! beck JayANMHERONEL, o SUBRL ANGES S AL o 8naBle, Lhe enzymes
necessary for an enzymatic industrial process for the pr08ucF|%n of

enant | Yupkoyad iteticonpoahds tookbtommdiduava |tie equildbifiue ent - anount s
viar | nant .9 LI IS possible with the nugleic acids to 15
obtaiﬁ%gﬁgieniyﬁéégﬁﬂﬂkiéﬁg§F%%ﬂgrf ?ﬁﬁ?gﬁﬁiﬁﬁf%ﬁQEﬁdnﬁ ,&gﬁi or gani sms.
Al so, amisipsie feqbenesplagedi sttosell camig ngenpEayggd1&6r of hendreduct i on
of i nmproved nts. ,lny not her nodj fication, there may be provided
pl as m'oafs) tg}e rg@&i) 8FERBht Q\E%%ri‘dl Or M S e thEc PEPELSERLAE. Ofs
pl asmirds laroltdet ahent keupleay wiBhPEhNS gl €oms usaBldgendemBediment s for
this purpqgse avail abl e 50 t he ﬁerson skilled in the art. Such plasm ds and
vect o gﬁhp N Ongoupled with an R-alcohol dehydrogenase, 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.




WMad W E WA EL

in the article by Studier et al., nmethods Enzynol. 1990, 185, 61-69 or in
t he brochures published by the conpani es Novagen, Pronega,22Neuwe E{gl and
Bi ol abs, C ontech or G bco 30 BRL. Furtheg preferred plasmds and vectors
may be found in: DNA cloning: a practical approach. Volune I-111, edited
by DD M dover, IRL Press Ltd., Oxford, Washington DC, 010281 AM 22 June

2006 6 1985;.1 . nhardt.. D, .T. and Col asanti, J.: A survey of vectors-
In 280 R R Foat ik

for regul ating expreSS|m BRAre &y kel provided Roskiguez, R L.

and Denhardecifs Fofidg) fo¥eghonspn Byigiawrth, Stoneham MA, 1987,

. ppl79-204; Gene expression 5 technology. I'n: Goeddel, D. V. (eds), Methods
i n Enzynol ogy, Volune 185, Acadenic Press, Inc., San Diego, 1990;
Sanbrook, J., Fritsch, E.F. and Maniatis, T. 1989. Mbdlecular cloning: a

| abor at oty mmnual., 2% ec{.a Oo%ﬁ ss\fri n%’ﬁ Har bor Laboratory Press, Cold
Spring HarboP SHW-S £ PR FaiatiYh sise ek nenleiwabsnnt pfictheont ai ni ng
the nucl ei Caatiohars 10iEs| DELL €8 he %E’cé‘s%)ﬁ? apkl cplarl
preferred manner in the host prganism&%én&gl udée: p %%593 ( o%h%nxyme
Bi ocheni cal ¥}2 ghramatrepraphisc Biedets c dts)haplieddde (Sbsainyensy or pET
(Novagen). W.ih- exception of the TOPO series, which has integrated a
resi stance tg\éggégy%% i)r%?leghucgjteffﬁ LS RTIDD FF IR BRAPH exIdes$Qct ammse
for anpici | (NOX)r edisslasee. tbhebeatay @hsg be provi ded ni croorgani sns
cont ai nj ng jL:he nucl ei ¢ acids. The m croorgani smin which the nucleic acids
are CIdH%d urthermore preferred way and manner, substances that
(’ ) ‘ enable the enzymes necessary for an enzymatic industrial

process for the production of enantiomer-enriched compounds

to be made available in sufficient amounts via recombinant

techniques. It is possible with the nucleic acids to

15 obtain the enzymes in high yields frqm rapidly growing host
- organisms. 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 DC,




serves for ?ﬁgzﬁ}oﬁygation and production of a sufficient 25 anmount of the
reconbi nant enzyne. The processes for this are well known2gguidmoper son
skilled in the art (see below). As microorganisnms there may in principle
be used all organisns for this purpose &vailable to the person skilled in
the art, such as for exanple prokaryotes or 30 eukaryotes, such as
Pseudononas,  Streptonyces, . Arthrobacter, Bacillus, Staphylococcus, E.

coli, Candit28>- A8énuParhprdki aDan®@- baodl 6vilessesi, EJ.cohi sakvaynnmr e

part 1 cul ar Lo e el of rod Srere pod bRoREsH3Sh o 4onSATR AR - DRgdi - Top
10- or HBl1(In: Rednigweni t R.1hi ahdt bengapatsonst pUEkas$OMakphpg the

nucl ei c aCHQ q$ di sc oseg nazhﬁéeferablé be cloned in the host oOrganism
are speci f i o0 fUrYPErE apaben r M2anlB87pr el d8d20dc| @ene aekpdseshibn

hybri di se Lﬁutqmﬂéi%ﬁgefﬁ: €084hd1 ong, Wt h_(éggé’silgg)]:ﬁ(ag%rand nucl ei ¢ aci ds

as disclosed or with their conplenentary sing stran utfeic acids. The

expr-essi on EnZymekoay 1 i Vigkume cbifeli tAcmdémic Pndes stDed. | oshe phego, '

condi tions cri by ,Sanprogk et gl. (Ml ecular Qonjng, A Laboratory
Manual , mﬁ%@m isgae‘g‘ﬁ?%‘;r/ rqfa'b%%%?‘%fprés%- 134 pfyghatys 108 11989) .
Pref er abl y MaleicuIrgenil dnaiig i atditt-a t P SnDHECE, | er %‘fcg Lng. for one

- hour with 1 x_SSC and 0.1 % SDS (sodi um “dodecylsul %%Zétde) % %%?ln&
preferabl yHarbes E&ahanatony dirasspl Caltd 63prC mndianisir pnefer abl y at 68

C 'andggore 20 preferably for 1 hour with 0.2 x SSC and 0.1 % SDS at 50 C,
referably at 55 C, nore preferably at 62 C and

(p 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




nost prefergéofaa]f %‘é C, a positive hybridisation signal is still

observed. There can al so be provided priners for the produ@pijame 2006t he gene
sequences by neans of all types of polynerase chain reaction. The priners
can include the 'sense and antisense primérs coding for the corresponding
am no acid sequences. 30 Suitable prinmers may in principle be obtained by

nmet hods kn ' rson skilled in the art. The discovery of 010281 AM
22 June 200@%%%#3 3%3’3%5 é‘&eéiefg’ R RUFRIIRt odfosyy Rawrbacrdanlyith
known DNA spgu¢aseed®hrly & apghati t | S |y d teg nmno acid
sequences into the cogon of the o%nﬁzm un edrlé'ct)bﬂﬁs]iécllse'r %‘Ilgjc:m ggﬁ! for

St rept onmyceSOP510¢ @ivt HBLOAL . , PCam@milho Avi tH Jvhiklr @he 'glEME®oL Lk Les in

the am no aci qi?f.e_,uence of proteins of so-called superfamlies are also of
use for thi<p Jﬁg’s@ (e 8gclpic eeidl as Cherlstad rayBipaledgraldys be3,

779-783).. Rugd i Lon _r Lhg .to the.aboye be found in 10
"d i gonucl eot ir(tzlhg{ slyﬂn'[{{]r%rs:??étagﬁ gklﬁ%@algraepﬁijggé%‘l,edegﬁ o t?;P%ieJ. Gait,

| RL Press Ltd, Oxford Washington DC, 1984; PCR Protocols: A guide to

met hods and applications, edited by MA. Innis, D H Celfound, J.J.

Sninsky and T.J. Wiite. Academic Press, Inc., San D ego, 1990. The
folllowing 15 primers are nost. preferred: D FAAGDSA Seq. 3; AS-Priner
 MKVTWGCT SE¢erse canphienprovadgdf nueheicdevitiophieat , hylerdi swanirbde prahy ideena

process fotonkieiBhQdugthOPLO s AT OVEA L85 N 213585 ANd T 8GN 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




oxi dases obP2APRE& Mereby or nucleic acids coding for the latter, in which
connection, starting fromthe nucleic acids as disclosed co?img 006 an NADH

oxi dase (NOX) , a) the nucleic acids can be subjected to a nmutagenesis, b)
the nucleic acids obtainable froma) cangbe cloned in a suitable vector
and this may be transferred to a suitable expression system and c) the -
proteins formed having an inproved activity and/or selectivity nay be

det ect ed andrimeratas. difvlosadeess hmy deeriedeocutedyonce or any desired

nunber of t} i C i 1 1 22 June, 2006 _Th r.oceduyre for
raroving + FoBal DaoHOGEER Rowll BRHL <Budntes dRCLe BRI RARR" O & e
has | ong betheknbsnalbytdetepeedoamikicl heddi Betfienaes. iAsoMehad '

met hods therg 5 may be psed all nethods for this purpose available to the
person ski | PR ¢FEaRtsm yndey, crpgiderakéce {fePudEorsgtuentioswces:

nmut agenesi 0, AgeResSs S uf fkkNgeen ods I .
si t e-di ?ect&?a]éi%u@?ag%%ig (Ei%e%gﬁ?'a%gb' Gg?glggr;\gér W%S%ﬁg&l}gﬁ&t Bnary
mol ecul ar efplage neeineEdd bsepdenne RMA peptétasi of. sPucf18eA4ppl . Chem
56(8), 967-_978;_.Chen, & Arnol 199&) Enzgrre engi neering for nonagueous
sol vents: rEfRENTHT &% T6°8nRhnkEeatet vErYS purresei (FArasting pol ar

organi ¢ medéi.aBi o/ieehit80Ys Biolddy- 199d; ForywdzzgM  angd eb (1986)

" "Pronoters 15 Sel ected From Random D%g Sequences" Pr oc%aedi nglé&allg#he

Nat i onal Addtieanmatficstiveladsing tThetluni akbovStme X fom@rinza 83(19):

7405- 7489; ,%ibe, D. _an ihé Loeb (1989) "Mitants Generated By The Insertion
m

of Rany igonucleo synthesis: a practical approach”,” edited
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.




"di gonucl eopigegy | Alg0 The Active-Site OF The Beta-Lactamase 20 Gene"

Bi ochem stry 28(14): 5703-5707; Stenmer PC (1994). Rapid €2dimg2086 of a
protein in vitro by DNA shuffling. Nature. 370; 389-391 and Stenmer PC
(1994) DNA shuffling by randomfragrrentgtion and reassenbly: in vitro
‘reconbi nation for nolecular evolution. Proc Natl Acad Sci USA. 91; 10747-
25 10751). The new nucl eic acid sequences that are obtai ned are cloned
according to the nethods specified hereinafter in a host organism
(literature, see below) and the expressed enzynmes 30 are detected and ;hen
I sol ated usjng suitable screenin met hads (Roberts J., Stella V.J. an
Decedue C. Ji'h‘%l%%()'e ur%of%’?ijr%?]??‘él%%s%eo NS e%ﬁcf‘?:r$+lb%s‘é‘? ¥B%i d
detecti on ofn@dARBdn Al itk 2y iidiei 2008t hd R sies ANLEP I DAS S SGRAT 84 ech QY gel
filtration. Lipids 20(1): 42-45; Pratt R F., Faraci WS. and Govardhan
C.P. (1983ey5en rdetlkegrdcin oprotaret rids avstagdnssi® aleltiods there |
car boxypept.} f t r tivity of beta 5 .lacta es. Anal.
B ochens LAN) S F0EY £t B B0 A3 ks W Pap SR 001)
Ful | y aut ornpsetbrni g1 ped f01 nelne eatt qui Th g ogiramlics s epad Bidon of
DL-am no acids derivatized wth o-Phthal di al dehyde together with N

i sopropy| - YRt e ORIPHIREITH-T 0 TR dptagriesie Trret Feinde provi ded
the use of rdweMADH OXjddas e d NOQQe-@ptdan g&ﬁtddg%{e%vi%d Qy; o4l ak | Qg fOr

the production of chiral enantioner-enriched organic conmpounds such as for
exanpl e 1%atdtiohuss W @A EiasitSushrk ogieamdsarengiseskd ing

10 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

15 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

20 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

o~
Y

‘random fragmentation and reassembly: In vitro recombination
for molecular evolution. Proc Natl Acad Sci USA. 91; 10747~
25 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
30 are detected and then isoclated using suitable screening
methods (Roberts J., Stella V.J. and Decedue C.J. {(1985) A

. colorimetric assay of pancreatic lipase: rapid detection of




simlar mare¥28b AMe al ready known processes (DE10037101, Enzyne
Catalysis in Organic Synthesis, Ed.: K Drauz, H Wl dmana? JM&006St
‘Edition). Mreover the nucleic acids as disclosed and i nproved stil

further that code for the NADH oxi dase (dOX) under consideration, are
preferably suitable for the production of whole-cell catalysts
(DE10037115.9 as well as the literature cited therein). 25 Likew se,there
can be proviigedea ahdl eettbhseatabysstedobiyagaingidtehened. oengifiar a

dehydr ogenase and cl oned ene for an NADH oxi dase. Preferably the
whol e- cel | abOc(a?t o ﬁ%‘%gbo?’a?%ﬁ Rof t heF7F9eht Vofi - sABI Govardban SRPNADH 30

oxi dase ( 0 CJ ' p r | his is an
NADH oxi dase 1 omt act shagi TTtec Brany SneBHLE chadoy PREL bt bt ©
Lact obaci | lagghcefipemSMa4e2 SAnd\M @2 Thmee208badd 2068¥ity¥hefr @dbeddct i on of

such an_organi.smis known fo the ers il i he art

( PCT/ EPDO/ Efé’f“a}f&ﬁu_%&ﬁ%sl%b‘?m 1e££%fﬂft§$%f€? i BeIReBw) H-such an
organi sm ca @Mititiidr Sidad tRNaMEeBXPI$58) 0y Ply DOk foRDZydeL Syt ens,
whereby only a rec- organismstill has to be used for the redction. In
order to Perdermanes pricssidrrivfondiowrayints $epartioyald bib-anieor

- .reaction r e U : ; ingly q_lf n%ic 10aci‘{lb%ﬁra nts may be -
exposed tog%g}ralsoﬁ% %pﬂ%{ﬁ%fg& %vti[}%g&/ Pg_‘lc% afeﬁ%%f %%%? st%‘%_‘e ' é‘gl{%%nﬂfor
pronot ers aékogrbpgrientys tdirengdip Iiationsaes fodd asamiiddys] y strong
expressi on of
10
There may be provided the use of the NADH oxidaqe (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




t he genes. \Rﬁ%aé'n?%e systens matched in this way there can be no
accunul ation of a possibly inhibiting 15 internedi ate conp@2dage 2090d t he
.reaction under consideration may proceed at an optimal overall rate. This
has however been known for a long tine. fia the person skilled in the art
(PCT/ EPOO/ 08473; Cellissen et al,. Appl. Mcrobiol. Biotechnol. 1996, 46,
46-54). 20 There may be al so provided a process for the production of the
NADH oxi daséYP8dm L paeduatd.on wivsush far ddganisopries Snpwoftd hehdADH

oxi dase ( ' r i has..to tivat under, aerobic 25
condi ti ongl.oé %trtsﬁgls %&%%3%%?)}%{% %ae‘t‘%g“ﬁﬂqq{sﬂ%g“?@m FQTYMSA AR 1397
better in arselawdatd liediramumedekseode@igw)condi tions than under the

ot herwi se conventional anaerobic conditions. It 30 is preferred to use a
Lactobacillus brevis, preferably DSM 20054, or Lactobacillus kefir DSM

20587.. As gﬂé}?'&%%?ﬁﬁéﬁ Nbard MASE HHAND it QRS ddpahi ch the i croor gani sm

when cultivated ip f1asks as a shaken culture or when cultivated 010281 AM
22 June 200expresaianf efnbothr enzymgr ows tiemst, hahpireboneal19f angasur abl e

xpr ossi on “haattrRsFEils, 868 ESnentrat sav foeunaarsiond  Bnt orsan that
e oS RS Sippkebinn LS LI Ol i b5 00T
The - nucl ei ctBeiHsreaceier| vakes cabhe haerrespondingly coding nucleic |
10 - acid fragments may be exposed to various plasmids 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




10 preferabl%/mx?égjuﬁﬂ for the production of rec-NADH oxi dase (NOX). By
means of reconbinant techniques that have | ong been known2fdutd@)0per son
.Skilled in the art (see below), organisns have been obtained that are able
to produce the enzyne under consideratiam in an anount sufficient for an
15 industrial process. The production of the rec-enzynes can be carried
out by genetic engineering processes known to the person skilled in the

art ( Sanbr.ook al . .1989, Ml ecul ar cloning: A Laboratory Mnual, 2nd
Edi ti on, Cdt & %’F’\’?ﬂj‘tﬁér bof EEABBPatBr fherreesenge mdi measprebiel i var F.

1990; Desidphctift re@1onsUel 88 yakn, eXPLESSH! | OIS 1 gl |
Met hods Enzynol ogy 185, 14-3¥? SECIOFSZ %&%ﬁ%ég?ﬂég%%ﬁ%%ﬁ%?ﬁlEﬁgﬁghgThe
Vectors and Their Uses. R L. Rodriguez & D.T. Denhardt, Eds: 205- 225).

W th regar dSKBreRsiganerapsprabaguprayyPEReandehtshatons PERINAGO¥EESEGPCR,

cl oni ng,c expressiLon : ref.er ence be nmade.to the follow ng
“Titerature gﬁdaghg Fg%%rég e l%ﬁ4i¥?4ﬁ%§&ﬁ%% 1] &y of e |setuatFiomi ear

R Jenner DyaPasekbrSoxpgany RncShdyetCheiMyl HIABARA 199 |
rapid method for_the isolation of terninallggauencese?ré%% §§%§%¥%Se
artificial ERFBARDsERBALYACRScWakbs anNwalvasoi éd eResodel8, 8186; Triglia T,
Peterson M5 Kenp DJ (1988). A procedure for in vitro anplification of DNA
segnments that 010281 AM 13 22 June 2006 |ie outside the boundaries of known
sequences. gkgleig Acids.é@s. %%E 186; Sanb% ok J, Fritsch EF, Maniatis T
(1989). Mol ectl &F %?bﬁi%%ﬁ_%bﬁ% FFIP BBt shor at ory  Press; Vectors:
A Survey ofphbfecabby Bbonsad ¥8£!Bhe BPYduction of rec-NADH oxidase

4
5 . .
(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




5 Their UsegioRgh. agodriguez & D. T. Denhardt, 11. The enzyne under
consideration nay be used in the free form as honpbgeneousPy Jymerd006 ed
conmpounds, or as enzyne produced by reconbinant technol ogy. Furthernore
-the enzyne may al so 10 be enployed as a constituent of an intact host
organismor in conjunction with the mackt ated cell mass of the host
organismpurified to an arbitrarily high degree. it is also possible to

th d P. .Sh L
Bai oy and Pl pR A 18 WESs B AF ERshPF, ERaPFooBHURHEErT AFGIACS Techni ken

and Anwendangéa"Redngéw. 8&66} $86Pro8%, 7838rB8b2yh Ehe MhAD®EiLipation is
preferably (Dordick et al. J. Am Chem Soc.

g' d u& by.lI oggrlrsatron
194, 116, 583@ %8 oﬁ e&éﬁa? PRANg - TEPLaheRF sRY L Barbouyokabgpatqyyl- 1974
20 Adl ercreptasgl @bciBrocaphakysi s 1892Mo@ecﬁ9% 38§%n1ﬁ§ Vée%gpétand

particularly preferred to carry out the lyophilisation ~in e préesence of
sur f act ant sTBeth d@sederBsbl BFdvigups| §vDnYl ppenbairdoneIor pol yet hyl ene
glycol (PEG or Brij 52 (diethyleneglycolnonocetyl ether) (Goto et al. 25
Bi ot echnol . Techni ques 1997, 11, 375-378). The use as CLECs is also

possi bl e (Sh Clair et al. An em|npt Ed Engl 2000, Jan, 39(2),
380-383). The® e%?%&%r‘dﬂa%pg‘?%%r ?r%H‘P’?:HB%IY(}é%a%‘F%n@P *é‘?ﬁr%lﬁe%r)fem

conpounds” & t ibod BB SCORE Bhri Pled WORLOGRNAES &P el
presence of an opti cal an??pode in a ﬁ?ﬂ%ure with t e ot er éﬁnr pode in

an anount dPY S5ecempEnsst ogecisio ey JRmmtﬁEImbnﬂ-ﬂﬁm&enzym&smmy also
Lectobqglllﬁg éﬁﬁwgfe&fgg290§§h§%1tuent 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 Relph 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 %.




LactObaciIISgofg?ifmbSM 20587 has been filed at the German Collection for
M croorgani sms and Cell Cultures under the 5 correspondi ng22Jndee2008nd i s
.accessible to the public. The expression "nucleic acids" covers all types
of single- strand or double-strand DNA ad4wel | as RNA or mixtures thereof.
10 The expression "inproved rec-enzynmes" is understood according to the
clains to nean in particular those that enzynes that have a nodified
substrate spectrum are nore active and/or nore selective, or are nore
stabl e under. the 15 enployed reaction conditions. Anong the clai ned

protein sequeficBIaRd SHUdasitobicid Lawyduraaiss DRrX) 0Py cal so be covered |

t hose sequepge i | Qidean phomol exchusive.qf th 0 natura
degener at i on) gfke)gt?élflqi&%a%eté:ﬁqigq prefog?%ﬁbl(hfsgtbéaaetne%ﬁﬁq;ﬁ%gﬁ%‘% GRrIgn g o
93 % or 94 GpliersipnefferaMiyrgpeghad shsamndb CY1Ar cb tHreaNdnerld iyl arly

prefera%ly ~dreater hhan 97 % 98 % r 99 %with respect to one of these
sequencds, ProviaRa HHEE PHEPREJBNG: 18cAcsRSHIdMle to5 ther pubdicf. such a

sequence i s retained. The expression "honology" (or identity) as used
herein may be defined by the equation H(% =11 - V/X] x 100, where H

denotes h o) ' he tof al nunber, of nucl eqtide bases/anm no acids
of the ,corrpcgi?%'so Eéagzﬁ%e,n%%v IR RS SLidvaes ofemingkeeoti de

bases/ am nastacanls of dbebleqyenssa piIflessCQAsh dgkakiRNo to the
conparisontifquque. 010281 AM 15 22 Jung 2006 Rior il LS
ereol.

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.

Among 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.




In any casepitegieasn "nucleic acids coding for amno acid sequences”
covers all sequences that appear possible according to the2degs2i86ati on of
the genetic code. The literature references cited in this specification are

-counted as part of the disclosure. 0102 AM 16 SEQUENCE PROTOCOL <110>

Degussa AG 5 <120> NADH oxi dase from Lactobacillus <130> 010281 AM <140>
10 <141> <160> 5 <170> Patentln Ver. 2.1 15 <210> 1 <211> 1353 <212> DNA

- <213> Lact C%Illl%ugagrevi S 20 <220>_ <221> CDS <222> (1)..(1353) 22 June
>

2006 25 <4 G Raa T I FRCIRIC st Fyreosdadc fergerigga asid ttt geg

att 48 NetgddiserVadsThis el 3! ' Thr.H.s Ala Gy Thr.Phe Ala Ile 1 5
10 15 30 aasa caa at% ttoér ggc géag%%%esgaﬁhagtcé%’%rg 855&(?1&(; tac gaa 96

according to the degeneration of the genetic code.

5 The literature references cited in this specification are

counted ag part of the disclosure.




Lys Gn |l eone2sAl amG u H's Pro Asp Ala Gu Val Thr Val Tyr du 20 25 30
cgt aac gat gtc att tca ttt ctc tct tgt gga atc gcc ctt tac2demgZ0dd 35 Arg
Asn Asp Val Ile Ser Phe Leu Ser Cys Gy Ile Ala Leu Tyr Leu 35 40 45 ggg
"gga aaa gtc get gat ccg caa ggc ctc ttt t tca agt cct gaa 192 dy Gy
Lys Val Ala Asp Pro Gn Gy Leu Phe Tyr Ser Ser Pro Qu 010281 AM 22 June
2006 17 50 55 60 gaa ctc caa aaa tta ggc get aat gtc caa atg aat cac aat
gtt tta 240segdevct emrofdaorlys Leu Gy Ala Asn Val G n Met Asn H s Asn Val
Leu 5 65 70 75 80 gcg atc gat cct gat caa aag aca gtg acc gtt gag gac tta
acc agt 288 Ala lle Asp Pro Asp @dn Lys Thr Val Thr Val du Asp Leu Thr

Ser 85 90 95'fp BemusgradGcaa acg act gag tca tac gat aaa cta gtc atg acg tct
ggt H's Ala An Thr Thr AQu Ser Tyr Asp Lys Leu Val Met Thr Ser Ay 100

105 110336 t tgg cca att gtc ccc _aag att ccg ggc atc gat agc gat cgc
gtt 384" Ser’ Fp Fog’%dgs?/a roﬁr’gaﬁ_tﬁgaﬁlllé“%’ro Ay 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<ized 6osslys Asn Trp Ala Hs Ala Gn Ala Leu Ile Gu Asp Ala 130
135 140 aag gaa gcc aag cgg att acc gtt att ggt gcc ggc tat att ggt get 480

<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 '




'Lys AQu Al apghysgiram le Thr Val Ile Ay Ala Gy Tyr Ile Ay Ala 25 145 150
155 160 gaa cta gca gaa gcc tac tcc act act ggt cat gac gt @2deme 2008 att 528
GQu Leu Ala Au Ala Tyr Ser Thr Thr Ay H's Asp Val Thr Leu Ile 165 170 175

-30 gat gcg atg gac cgg gtt atg ccc aag tﬁ ttt gat get gat ttt acg 576 Asp
Ala Met Asp Arg Val Met Pro Lys Tyr Phe p Ala Asp Phe Thr 180 185 190 35
gat gtc att gaa caa gat tat cgg gat cac ggt gtc caa ctt gcc tta 624 Asp
Val Ile Gu A nghsp Tyr Arg Asp ks Gy Val Gn Lgu Ala Leu 195 200 205 agt
gaa acg gtt gaa agc ttt act gat agt gca act ggg ttg acc att 672 010281 AM
18 10 15 22 June 2006 Ser Gu Thr Val du Ser Phe Thr Asp Ser Ala Thr Gy

Leu Thr || esa®216c ZEp 220 taagwaCicigaht ang a&CaagCaatta&acgaataﬁg ged cigo get

att tta tgcgaf bed? s pIhr n L eu Ala lle
Leu Cys g I eG225e230n2}§% 540 (%L%ig%ét_%ﬁaézﬁc%‘g{ é%%/ Aasgcﬁlls R %%Rc]lfg aaa ggc aaa

gtc gat "atg Yca 768 dyPhe APg Pro Asn Thr A% Leu Leu Lys G180 Lys Val Asp
Met Al a 245 250 255 cca aac ggc gcg att att acg gat gac tac atg cgt tct tct

Pro 260 265 B0 ga Al Pk e bl A Iae At TRt bt  a0%ac coa
acc 864 Ala Ile Asp Pro Asp Glin Lys Thr Val Thr Val Glu Asp Leu Thr Ser
' ) 85 90 95
10
cat gca caa acyg act gag tca tac gat aaa cta gte atg acg tct ggt 336
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




-

Asp |l e Phe Moo a3y Asp Ser Ala Ala Val His Tyr Asn Pro Thr 275 280 285
20 cat cag aat get tac att ccc tta gca act aac gcg gtg cgt 28dang2i06912 Hi s
G@n Asn Ala Tyr Ile Pro Leu Ala Thr Asn Ala Val Arg A n dy 290 295 300 atc

cta gtc ggt aaa aac cta gtt aag ccg acc g c aag tat atg gga 960 25 Ile Leu
Val Gy Lys Asn Leu Val Lys Pro Thr Val s Tyr Met dy 305 310 315 320 30
35 aca caa tca tct tct ggt ttg gca ctc tat gat cgg acg atc gtc tca 1008

Thr G n Ser sSerei8etnGun Lot ALa pheUrly koS0, ALY FY Ghl & Yal, Ser 325 330 335
act ggt tta ac%lglta gca get gca aga caa caa ggg. t g aacgct daa T056 Thr
Ay Leu Thr Leu a Ala Ala Lys n dn @y Val Ala G u 340 345 350 caa

gtg att gtt gaa gat aat tat cgc cca gag ttt atg ccg tca act 1104 dn Val .

i1e Val G Uad§RohSenThhg AL 50 +Gh U Bhe. Mot P .. 355. 360, 365_010281
AM 22 Juge 2006, 19, gaa coc gtt %ﬁg\glb;tag %dgg tt:tcgl:gg C:’::\trt‘—it‘%I t&act%ccggtéacs}éga cac
cgg at c1152F dPPrEREYS ST KBt T8RS teThavArP Bisa Mep IPe deps@rsThRieH s Arg |l e

370 375 3802Bita ggt ggt gcg2idta atg agt aaaz2Bac gat gtt tca eag tcg gcc
aacl200 Leu Ay Gy Ala Leu Met Ser Lys Tyr Asp Val Ser A n Ser Ala Asn

385 390 395 400
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 Thr
355 360 365




‘acc ctt tctogbbstlgamat c caa aac gaa aat aca att gat gac tta gcgl248 10Thr
Leu Ser Val Cys Ile @ n Asn Gu Asn Thr Ile Asp Asp Leu Al 22408206 415 atg
gtt gat atg ctc ttc cag cct aac ttt gat cga cca ttc aac tacl296 15Met Val
-Asp Met Leu Phe G n Pro Asn Phe Asp Arg .Pro Phe Asn Tyr 420 425 430 cta
aac atc tta gcg caa get get cag gca aag t gcc caa tca gtt1344 Leu Asn lle
Leu Ala G n Ala Ala G n Ala Lys Val Ala A n Ser Val 435 440 445 20 aac get

taa1353 Asngdl ac 450 28 seaoe 262112 4306212 LET. 0521 35l a0t obacl) | us
brevis <400> Me lsr Thcral Val g 19E I A‘fl érh f‘%ne Al a
lle 1 5 10 ]1”5P§% 'cﬁ FFeseEehe‘N"al cﬁhﬁ By F’?&‘SRSB‘rAFhS @lra Vaﬂ Thr Val
Tyr u 20 25330 Arg Asn Asp Vais Il e Ser Phe LesoSer Cys Ay Ile Ala Leu
Tyr Leu 35 40 45 .
5 tta ggt ggt gcg tta atg agt aaa tac gat gtt tca caa tcg geoo aac _1200
Leu Gly 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

(t 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
(W' , <210> 2
<211> 450
<212> PRT
. <213> Lactobacillus brevis
30
<4006> 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




‘ay

Ay Lysp¥abgfl gmAsp Pro G n Ay Leu Phe Tyr Ser Ser Pro Gu 50 55 60

010281 AM 20 22 June 2006 Qu Leu A n Lys Leu Ay Al a Asn YalJugs 2006t Asn

H s
.Qu
. Leu
Ay
Al a
Val
Tyr
Arg
Adn
Val
Asp
Ay

Asn Val  Leu 65 70 75 80 Ala Ile Asp Pro Asp A n Lys Thr Val Thr Val
Asp Leu Thr Ser 85 90 95 5 His Ala G n Thr Thr Gu Ser Tyr Asp Lys
Val Met Thr Ser @y 100 105 110 SerZOTrp Pro lle Val Pro Lys Ile Pro
Ile Asp Ser Asp Arg Val 115 120 125 Lys Leu Cys Lys Asn Trp Ala H's

Gn A I 1 40 Lys.d y Al s Arg Ile Thr
ey R aaSit PRE g Bt i hadenton? deb Badi o Qo W a
Ser Thr ®fhr Ay Hi s Asp \7£| Thr Leu Ile 185 170 175 15 As}® Ala Met Asp
Val Metalkr a1éyspTaro R AAapryN ahAsplPhe FAr ci80ad8bed @-Asly Val Ile Gu
Asp Tyr Arg Asp H's Gy Val @n Leu AI9a0 Leu 195 200 28? Ser Qu Thr

Au Ser Phe Thr Asp Ser Ala Thr Gy Leu Thr Ile 20 2107215 220 Lys Thr
Lys AsriiSepla@n@hy Thy GAypSerefvAlAse|lws Lew V@Y sMdt 8hr 228 @30 235 240

Phe Arg Pro Asn Tiuo Asp Leu Leu LygsAy Lys Val Aspidet Ala 245 250 255

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
Glu Leu Ala Glu Ala Tyr Ser Thr Thr Gly His Asp Val Thr Leu Ile |
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




25 Pro Asn le Ile Thr Asp Asp Tyr Met Arg Ser Ser Asn Pro 260 265
Sl

270
280
-290
305
Val
Asn
Met
Asp

Leu

Gn

o

Asp || Ala Gy Asp Ser Ala Ala Val H s Tyr Asn2Bume X006 275
285 His An Asn Ala Tyr Ile Pro Leu Ala Thr Asn Ala Val Arg @n Ay 30
295 300 Ile Leu Val Ay Lys Asn' Leu Val Lys Pro Thr Val Lys Tyr Met Gy
310 315 320 Thr G@n Ser Ser Ser G ¥lleu Ala Leu Tyr Asp Arg Thr Ile
Ser 325 330 335 35 Thr Gy Leu Thr Leu Ala Ala Ala Lys dn @d@n @y Val
Ala Gu 3490345 350 A n Vg Ile Val Gu ASI\/E Asn Tyr Arg Pro 3 u Phe
Pro Ser Th?'° 355 360 365 g Pro Val Leu 89 Ser Leu val Phe Asp Pro
Thr Hi S-eAr gl I8y 0A1G284u ARt 23er3%0s Tholks@l YalGhyr Mla deeuAMerisn385 390 Thr
Ser Valiggys Ile 5 405 Mgp Val Asp Met Legs Phe 420 Leu Agh Ile Leu Ala

435 10 Asn Al a 450 <210> 3
hr 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

<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




15 <211> 9 23231 PRy <213> Artificial <220> 375 380 22 June 2006 Ser Lys
Tyr Asp Val Ser A n Ser Ala Asn 395 400 A n Asn G u Asn The Juhe20Bsp Asp
Leu Ala 410 415 A n Pro Asn Phe Asp Arg Pro Phe Asn Tyr 425 430 Ala Al a
-@n Ala Lys Val Ala A n Ser Val 440 445 sequence 20 <223> Descri ption of
the artificial sequence: AS Pri ner <400> 28 Asp Ile Phe Ala Ala Ay Asp Ser
Ala 1 5 25 <210> 4 <211> 9 <212> PRT 30 <213> Artificial <220> sequence
<223> Descrjftion of the artificial sequence:S Primer 35 <400> 4

<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




‘Met Lys Val gTBbgYahyl 5 Val @y Cys Thr 010281 AM 22 <210> 5 <211> 31
<212> PRT <213>8¥é%¥0bacillus brevis 5 22 June 2006 <400> 32Wbie 2006 Val Thr

Val Val Ay Cys Thr His Ala Ay Thr Phe Ala lle 1 5 10 15 10 Lys An lle
-Leu Ala Gu Qu Pro Asp Ala Asp Xaa Xaa Val Tyr 20 25 30 010281 AM 23
Exanpl es: 22 June 2006 1) Cultivation of2Yactobacillus brevis for obtaining
NADH oxi dase 5 Lactobacillus brevis DSM 20054 was cultivated in a standard

nmedi um f or ﬁggﬁg?gglllae. In this conneption it was found that the strain
grew signifrcantl'y 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 oxi dase showed t hat

1) Cultivation of Lactobacillus brevis for obtaining NADH

oxidase

Lactobacillus brevis DSM 20054 was cultivated in a standard
medium for lactobacillae. In this connection it was Ffound
that the strain grew significantly better under the
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 Hy0;
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




‘the strain fb%bf“hﬁrly under these unusual cultivation conditions
exhibits a activity of an NADH oxi dase (NOX). 15 For 22 henedtgne
purification and characterisation cells were therefore cultivated under
-the followi ng conditions: Medium Pro 1 L: 10 g casei ne peptone,
tryptically 20 digested; 10 g neat extrict; 5 g yeast extract; 20 g
glucose; 1 g Tween 80; 2 g K2ZHPO4; 5 g Na acetate 2 g diannnniun1citrate

0.2 g MSH4 0.05 MhSO4 25 Cultjivation is
carried out ﬁ% Cg@%%k%%r?l Eefgﬁﬁé g%dwﬁft%rl%gb% fV%E? atasp keads- 2 days
whi l e stirrigg. tdhe, cehd moBSE béct@?ﬂap%é‘é.@eﬂl@}bpeﬁéé'éﬁ'gﬁéﬁ@é‘da{&q ey
be stored at -20 C for a relativel long tinme. 30 2) Enzyne Isolation a)

Crude extraétl pgfowR@ivmnaoebaie ot 229@uﬁe520©@ mhe aefl| Bageratadcer at ed

b t b F i St pa ial mass (10
g¥ &gs gL;g%%ggﬁﬂééﬂn% ?éi?s%g?€ﬁ$%c§% %?r?eg%PWﬁlg f m) and
macer at &d  diiys gt ewgiranigo n Bnﬁbmedenomgmltgi@ﬁssﬁéﬂéhrnéi 4G Yom for

di si nt egr at I nnoned- Konsult AS, Sweden) at 4000 rpmfor 20 minutes. The
nmacer at ed cﬁ ITELRRTRS centtf FIReEr 3F¢d 7RI 1% W@%%ﬁé@fh%lfhmgﬁﬁsof@eﬁnif i ed as

crude extragie i Sehest Rkl y&éx&l@lﬂe&ﬁ "Aude deelslye | nfl uence on 10

the enzyne yield in the crude extract tlons a crude
extract preparation is obtained having a

The selected pH value of 4.5 has a decisive influence on
o 10 the enzyme yield in the crude extract; under 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




speci fic achhyblky 17.8 Ung and a yield of 700 units, whereas when
using a buffer wth a pHof 7.4 the specific activity was2aduye 2006 U ny
and the yield was 580 units. 15 The enzyne activity was neasured by neans
.of the followng photonetric test (340 nm 30 C neasurenent tenperature):
0.1 nM NADH; 100 mM pot assi um phosphat e %@ffer pH 7.5 1 nM DIT (=
dithiothreitol); 10 pl enzyne solution per 1 m 20 (diluted if necessary).

1 it NADH X|da e.activit xi,dises 1 pMole NADH / min. b)
Ch?ghatograpﬁ pBFPEC 458 4 08 ?hEOEH?QWEOAPF€§ tﬁe%pﬁeéagﬁplmﬁ of the

crude extramacim, bgtBeEOWhhh dolgmeBH 2b 4.3, &he, %? % ,Org%)

i medi ately rebuffered and transferred to a thro
equi | i brat e§ORi BhB-50Th™ ‘FEAYEH AcEiviBynhBTthe p@etarﬁthaaht(antbuH er A

100 nml col I e 4 m/m frac .
f:hronatogragﬁE %gégggrP%eﬁ out SﬁegﬁlﬁﬁfcpYSﬁeﬁﬁﬁantﬁé PﬁBFﬁﬁ€F§FC
(pressur®e OtésiPa, Théoabtevﬁefﬁéut@bnsThérBr@bﬁbmﬁe&eéﬁdebHﬁégnQ a%% ns of
an NaCl step gradient to 1 MNaC (buffer B: buffer A+ 1
follomnng 0¥ 2812RRF2510p 3HnénZEEBCQPe§§l§§EﬁgCQ%éd(YM®02membnﬂnevolunes

% B (=20055M1 NaGh) 1022 900k ﬂ%%i%r Shuffeddfy gipn® Col UM VO UNES:

100 % B. The enzyne activity an ofern con the fractions were
det er mi ned hydnearsapitihe pirofibiletatioh bﬁﬁferTheeadea]l@wf ractions were
combi ned and concentrated by evaporation in an Amicon stirred cell (YMLO
menbrane, 50 m) while sinultaneously rebuffering with

- 10  This fraction pool was added to an hydroxylapatite 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




‘hydr oxyl apatgiteeeauiyi brati on buffer, see below 10 This fraction pool was
added to an hydroxylapatite ceramic type 20 pm col um ( Bi @2 dghe 2006
equilibrated with 10 nM Kpi buffer pH 6.7 + 3 nM DIT + 200 nM NaC
-(=buffer A (15 mM colum volune, flowrate 2 m/mn, 5 nm fractions; FPLC
apparatus, pressure 0.1 MrPa, roomterrper%?ure). The 15 proteins were el uted
wth a 3-step gradient to 500 M KPi  (buffer B: buffer A + 500 nmM Kpi)

with the folJpawnRo te.ages:~ Q- u vol u %_.B, 3-7 colunmn vol unes 30
%B, 7-9 Ca)ldulrm Vo Olsjrfegse'S@ %o%‘ﬁﬁevﬁ%%gﬁt%o%lﬁ ‘% E?Z}en TG um
vol unes. Théractiioms mantd ersibierel catidied a2 C ReIYALRM 8% an

descri bed ahove, anqStrebuffered, with the buffer required for the
phenyl sephafg¥& il Fatdddration wed ladded Losede vt hdeaddidiitdrrofofanmoni um

sul fate (1. ZuMthicRalanRRGeM Rhifkd N the sanple), to a 25 phenyl sepharose
Hi gh Sub col um (Pharmacia) equilibrated with 50 MM TEA pH 7.5 + 3 nM DTT

+ 1.2 M¥NH4) 2SA (=buffer A) (25 ml colum volune, flowrate 1 m/min, 3
m fractions; FPLC apparatus, pressure 0.1 MPa, room tenperature). The
prot ei ns wefdeelased pusiifigcationt epadl, gihdicBNivako o8 rMi acimpicumpisyl figie
‘(buffer B: buffer A vvitgout amonium sulfate) with the follow ng stages: 1
col umm vol uffBRESHFBR e SFEMTLOE dFe™ bhe, Bhekydsrpharose28ighVSE® 22 June

combi ned.  concentratod by ouabar St on sy A oaaCEbEKERY PRo i on ool ¢
fol | owed byPhReviderhrsasef 6500r maseramionifonphabhésl eequilibrated 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)




'5 The Iast Bh!bhfallc  on stage, which was carried out with the concentrated
fraction fromthe phenyl sepharose H gh Sub colum, is a fR2Adupadobi cati on
by chronmat ography on phenyl sepharose 650C material (Tosohaas),
-equilibrated with 10 50 nM TEA pH 7.5 + 3 MM DTT + 1.2 M (NH4) 2SO4
(=buffer A). Chromatography conditions:2€olum volume 2 nl, flowrate 1
m/mn; FPLC apparatus, pressure 0.1 MPa, roomtenperature, 2 ni
fractions). The proteins are eluted with a 4-stage gradient to 0 M

anmoni um suI fate (buffer B: buffer A 15 w thout ammoni um sul fate) using the
fol | OW ng aees r-nl H—ol-unes Q04 2 5 colum vol umes ?O OA) B 5

col um  vol & ﬁ’@%’ 50 5}0 BACK 10g Yo ReF Lifka | TOted B, 10| ¥akufn vo|EBmeiend0Qq %
B). 20 The{enzynme act i|vit/p1and the yarious
chr omat ogr aphy st eps a\r{e/su?nmr dfvptgl(' +£ej§‘iféyr bl é"T: Puri 14t i on gf
t he NADH oxi dase from| Lactobac ¢ P epi®] DSM 20054 ( OH apatrdd-cr 25
hydroxyapatite; PS = [henyl seph e% 10281 AM 27 22 June 2006

Sanpl eAct i yiiySpectfie H-etpEareh UlbrAet-vi-yAet-vd-tiyl ol nent. |
(U o] [ U FRET8RS o uded %gl 7,870 ext &4 Macro 99310, 4270380. 6
O+ apat i t ep@x22c2103150. 7 PS4458. 687123 3

Macro Q 77.3 10.4 270 38 0.6
10OH-apatite|32.2 12.2 103 15 0.7
(T PS 44 58.6 87 12 3.3
PS 650C 98 116 98 . 14 6.5

An SDS-PAGE of the purified fractions according to Table 1
shows that the enzyme fraction after the last step still
5 contains only 2 proteins, whose subunits have molecular
- weights of 38 and 50 kDa. 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 lactate dehydrogenases, while the 50 kDa band has very high

gimilarities with NADH oxidases.

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




‘PS 650C9811698348. ayAn SDS- PAGE of the purified fractions according to
Table 1 shows that the enzyme fraction after the |ast step2dtnd2006
contains only 2 proteins, whose subunits have nol ecul ar weights of 38 and
-50 kDa. These two protein bands can be jindividually N-termnally sequenced
after blotting, and a conparison with é@huences accessi bl e i n dat abanks
shows that the 38 kDa band has very high simlarities with known 10

| act at e dehyd ases k| 0 band _has ve hi gh sinilaripies
wi th NADH o Gages. oF) & ke aar 2 RE niePrsrRe 'd‘_é{f‘énof?g?ﬁalﬂﬁoﬁhsxu dase
from L. brbuiset5thhs bHovcheuecabsdakasueea odRieenipednhwi hhranr-epgyne
preparatio by_4 chromat ographi c steps. a) pH dependence of the

o
oxi dat i on ?ﬂgg%%F%S?PﬁuﬂTQa§nﬂe3§u_ea?in Phé Mapgbr e aigdgégégiﬁ.hmgg .
O fferent bubbar sopetfiousafiadepandl 0g70n, ther bl ¥ghUgas %gﬁéi gart L

June 2006 a check on the influence of t . when c buf f er
this pHYval bengas’ nea8ub edatdii Geli¥M ghpcinéfRacHtwabufifedsrépHde0 and pH

8.5). 0.1 Ltri i PO4_was . used for the range pH 4.0-7.0, 0.1 M
TEA?mas usg%gééé §%2§5§F£@2§'7.%3%:5? 5%@W%.Ehﬂﬁg?9%iﬂ%FkﬁﬁﬁiQﬁsth%ed f or
the range nkbR. Sxi1@aioli Os dt ws.bhat ghe optimum of the NADH
oxidation is at pH 8.0 to 8. 5. b) pH stability of the NADH oxidase 10 In

order to determne the pH stability the NADH oxi dase was

. b) pH stability of the NADH oxidase
10
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 alkaline 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




‘i ncubat ed f OWfS i N the buffers listed under 3a), then the residual
activity magiggggugga in the standard test. Fig. 2 shows ¢Rdene2¥6enzyne
has a first sharp stability 15 optinumat pH 5.0, is noderately stable in
-the range 5.5 - 7.5, and exhibits a second optinumat pH 8.5. At pH 8.5
~the enzyme is still up to 100% stabl e af4%®r 8 hours in TEA/ NaCH buffer as
well as in glycine/NaOH buffer. The figure illustrates that the enzyne

e i i kal. i - 9) i I stable in a
o dor ranged” EBkaKuES, BLEBLL ey BROFLL AR aﬁ%g'a%sizii 1 “the D
id f h i dati istob |l ed with an NAD-  dependent
dehydr ogenab, SERREePhESFEEBHLF nEHFoF CHERYS CHERy BF BGEAASESSREFEhe

oxi dati on | sgeplasawskbgBtbyedbatl k@l bpeafangs. o€) J%B@éﬁt%fﬁo%k m of
the NADH oxidase Activity tests at various tenperatures show that the NADH
oxi dase exh#bi Yarhawfntininget i andythe 7esBIe&El gacBiviBy 948284adhied. d)

Tenper atzur ahi. | t NADH oxi dase I n orde determne the _
tenperthrgTé%a€?+%%§tg%§y%§OW§g€% esg€Er§n§¥%?eﬁ£a%8308C9§nﬁn42 C, sanples
vere taken peicvihtéossablaesor addl. t o resharal, agbl Ybjyndeshi®asyred. 5 The

eval uation shows that the epzyne at 30 Cis in practice stable for ca. 400
minutes, foIPRFRFY Whi CREFELVAPDRAFSOXSinsake i ¥ at bovctordt hontbinetiow

reaction Ki i€sya{hal f1ual ve tq 8 r$) oAt A2 gﬁ enzyne
deactivatesn%%it?%?lg (u% to ca.iﬁg%&%$%ﬁtes Hr%%atfb%#y %%£ u?ckly,
fol | owi ng wiekattivabppemmitianle Sipbte @. cE20 Sfhutes) 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




‘resi dual aigdosdy AQyer a relatively long tinme (at least 16 hours). e)
Determ nation of the KM value for NADH for the NADH 15 oxi2@dsee Ff6 t he
substrate NADH t he concentration was varied in the range from 0.0013 to
-0.52 mM and the activity was neasured Shotorretri cally. The eval uation
shows that maxi mumactivity is reached 40 0.1 nM Hi gher NADH
concentrations 20 (up to 0.5 m\M exhibit only a weak excess inhibition.

The Km val | C o be.24 pM Thjs hi.,gh affinity: of the enzyme
for NADH i s%él ﬁPA\CEﬂ% CC# ar\‘?l,&eD%Dltas‘ tgf Se 'ﬁ%% aﬂf%’é’ ?5&6{150_ INABKE Noxi dati on
very advanttagedusd aferap @Bld teainions) regenatial @a-dBeiox| [(aiRik e PrREgayi site
~for this is as conplete an 25 of NADH as possible. 30 4) Protein chemstry
char act er | ISR tGon e thapm  aticmed sRuUsacesh 4074 Udomlssd a)

reveal o080 b aTa A hoee e Db e Hiate T do T SRs e hagort ng (o
010281 AM 3®122>wkun¢RAUIVY GEIIHARAGE IKQ 5\ BEPA DR Y i (Ssdg 37 .ammp w@d ds of
the N sequence a conserved motif is underlined that acts as FAD-
binding motif in NADH oxidases, and is a slight
modification of the known ADP-binding site GXGXXG.
Databank searches (BLAST) already show for this protein

: 10 fragment agreement with known NADH oxidases.

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 (Seqg. 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
£ 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.




term nus wepgodgtieam ned for this protein (automated Edman deconposition
wi th an aut omat ed sequencer 4774 (Applied Biosystens) w tR@2dwmd3W6HPLC 120
A); the sequence is as 5 foll ows: MVTWGCTHAGIFAI KQ LAEEPDADXXVY (Seq 5).
-In the sequence a conserved notif is underlined that acts as FAD bi nding
notif in NADH oxi dases, and is a slight 3lodi fication of the known

ADP- bi ndi ng site GXGXXG  Dat abank searches (BLAST) al ready show for this
protein 10 fragment agreenent with known NADH oxi dases. b) Determ nation of
the protein and gene sequences The results of the databank searches show in

sonme parti i OpS es that are present in, virtually all NADH 15
oxi dases o(r%z nﬁggl%fae%ﬁﬁl,&q%gﬁ%e?ﬁi aﬁgeéro hE2QheRecChtits LegHéacEoD FAAGDSA
(Seq. 3) isthegaseethyns sugbBnargensgrved region. An antisense codon is
used as "C-termnal” primer for this sequence, and together with a priner

that codes for the N-terminus MKVTWGCT (Seq. 4), is used in a PCR 20 The
PCR yields a 777 bp long fragnent that is 59%identical to the NADH .
oxi dase 2( NGX) t¥R st Enteg oebcelie . NAD emel ddsdris ythe estabbi-abben bys

di gesting it h different restriction endonucl eases ( ECoRV,
‘Pvu II, Sca : ﬁgn%%m+3¥ i AGCEPERTY | DI EIRL flet F VIRP T demendrnins
cl eavage sidasydifoddread@stdr€ i engy NBse %@i&&gﬁ?r[‘,ceéds haomile 777 bp

fragment, fyrther, sequence fragnents are then obtalined by nmeans of PCR,
wher eby t he®RVMhI 11 & T at ab ehefed ideaf ase h ndwecmieh ofcloames | Bppi ng DNA

sequences m@nd tihe &tn%%_d&gs T, ence for th Nég)l—l oxi dase ( NOX)
fromL. brevis is reproduce cllﬁlq% hge}?es:%ﬁér%ﬂeln@r oet)%aél}ﬁ%? Y e gi ven
ébove_lo production of an enantiomer-pure alcohol 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-




010281 AM 3}3192g)ung 2006 5) Use of the NADH oxidase from Lactobacillus
brevis for the coenzyne regeneration 5 A typical use of tR@aJn206xi dase
'is the regeneration of NAD+. This may be necessary for exanple if

-NAD- dependent dehydrogenases are used for the oxidation, as has been
shown in a general way hereinbefore (reat?ion scheme 1). This is
denonstrated in the follow ng exanple for the 10 production of an

enant i oner:- eal cohal .correspondi.ng to t foll owi ng equations: (R S)
-al cohol + %%&C.%:ﬁgﬁgﬁ%c;h&? :kgﬂaﬁgtsrm Py (CapomRask) + H+ + ' h 02
--> NAD+ + H2fdperhtlirewpbgaamiesPeCinfing alCceolocdelydrogesassas -&%EySt
for reaction (4), and the NADH oxidase for (5). In this exanpﬂe a

nut ant of thEOR°SI c6RENMRQ EdekyHRrEgehademly ormlagashabilium. br hies

ADHG3 7D, 1 9 l.Led wi.th th i fi ed NADH
gifgase froﬁg%ﬁg?g%g%?%}Egggrgg?§%8§5§)ES%%%§§%ﬁ-gB%8i%iESPg[%bh | &8

dehydr ogenawell( RsSrhphenghetibmess wlsphenglashaabtohelucagd Hhecheaski on
was carried,_out a 5 reaction. The follow ng reactants were used:

‘50 mM (R, S)?lﬁﬁéngrgbggtﬁgg,t Inf RABR; 8 suipverEaSbaheey lpFhanolvet B11AM
wer e taken of tor 0 1 e s e AR e kb o ooy Ghs
. chromat ogr ap#yPieolnnhich- ChérBsalcOiOR28hadMoeen almost completely
' oxidised, which is why a corresponding 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.




22 June 2006 32 DEX CB, length: 25 m dianmeter: 25 pm (Chronpack).
Tenperature programe: 5 mns at 60 C, then 5 CUmn up to 2290ne20060! um
flowrate 1.3 m/mn; gas: helium The acetophenone peak (product;
retention time = 16.9 mn) as 5 well as the enantioners of phenyl et hanol
(educts; retention tinmes R phenylethanol = 20.8 m n and S-phenyl et hanol =
21.1 mn) were detected. Fig. 4 shows the GC spectrumof a sanple in

whi ch the R-al cohol had been al nost conpletely oxidised, which is why a
correspondi ng anmount of the 10 oxi datiizon product acetophenone can be seen.
As a control the sanme experinment was carried out, but w thout the

addi tion of NADH oxi dase. Gas chromat ography anal ysis does not show any
signi fi caatesbappeimg: the two al cohols, and sinply a small anount of

acet ophenone can be detected, 15 which may possibly be attributed to a
spont aneous oxi dation of NADH by atnospheric oxygen 22 June 2006 33
Patent Clal mnady NADH (a5 1 06eBLERTE 9BACHLLYP, briel - RIS Hgp! v DSM
20054. 2 Nucl ei ¢ acids coding an oxi dase accor di H

Pl asm dsZ209%&t ors, microorgani sms contai ni ng one or nnre nuclelc aC|ds
accordlng to claim2. 4. Nucleic acids hybridising with the single-strand
nucl ei ¢ acids or conplenentary single-strand nucl eic acids

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.




according to claim 2 under stringent conditions. 5. Prinmers for the
production of the nucleic acids according to claim 2 and/ @R Joha2(t64 by
means of PCR 6. Process for the production of inproved rec-NADH oxi dases
(NOX) starting fromnucleic acids coding for an oxidase according to claim
1, characterised in that a) the nucleic acids are subjected to a

nmut 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 formed having i mffoved 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 |atter, obtainable according to claim®6. 8.
Use of the W“Wga@’é%d§m() NQE&O‘PHll’ﬁgﬂteGCcﬁaim fcasting7 £bpr t he

pr oduct | eRe ofatefiy| AbneRaib et Ghedo oL G conpounds such as for
exanpl e al cohols or am no acid e of e nucl ei ¢ acids according to

claim2 or 1 for the production of whol e-cel | catal ysts. 10. Whol e-cel |l

cat al ystgcont@ddigfd+geC e | one gene for

~an NADH oxi dase fromeLa%ﬁtj%gOa% % S BT S Qg&; FeRTe, %syg%%\ﬂ?zjg@aﬁ 11,
Process T ofox Hdeppsadestioon off mmmaéxedalsiesorrferre&nrh.ahe@b@mdﬂm brevi s,

prefera écﬁ“un #0Qp4, ghargactd %ﬂ?@%saigoﬁ% JNe microor gani sme are

cultivate aerobic ~con

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.




‘Abstract: eggnt invention is directed to a new NADH oxidase from
ﬁgctobaciIlﬁgszg?s%ﬁaisclosed is the nucleic acid sequence22ddag@P0bor this
NADH oxi dase, as well as the vehicles containing the latter, such as

-pl asm ds or mcroorganisns. The invention furthernore relates to a
process for. the production of the enzynmeX® and a process for the production
of furthernore inproved enzynes and also their preferred uses.

Abstract:

‘The present invention is directed to a new NADH oxidase

from Lactobacillus. Also disclosed is the nucleic acigd
5 sequence coding for this NADH oxidase, as well as the

vehicles containing the latter, such as plasmids or

nicroorganisms.

The invention furthermore relates to a process for the
(m 10 production of the enzymes and a process for the production
of furthermore improved enzymes and also their preferred

uses.




