; e3edZd$>6TZ} NADH Oxi dase from Lactobacillus The presentj nt| on
rel ates to an NADH oxi dase from Lactobacillus, as well as Mﬂﬂm ﬂﬁ”ﬂﬂm”am ds
coding for this 5 enzynme and vehicl es containing these nuc

particular the invention relates to an oxi dase from Lact obaci I"tsasebrevi s
(DSM 20054) . Dehydrogenases, classified under E.C. 1.1, are enzynes that 10

reversi bly catal yse the oxidation or reduction of certain ﬂm h as
for exanpl eNAPHoRBAdagRd fkemohastobgsdldist he known dehydr m mummﬂmmm

cof act or-dependent, in other words they require further nol eculgglo

bal ance the el ectron transfer processes. NADH and NADPH for exanple 15 are

known to beTﬁacFr@gteﬂet Qh%en%@oHA%l'a%esort'EeQn' NADRE oRiiald G, for
exanpl e, al cohols tg_ketones accord to e follow ng reaction schene. In

order to avBF‘EItHE@FﬁélPS'aéé wedil cﬁﬁo I‘P@c&@é@n%l@ﬁ SAERY VONABAS t he

formati gn obnbiae eal behkelklkatenthind ngetdRE e hyTR 1%y Hcamd Enzyme
Catal ysis i ani,c i 1St

nthesis, Ed.: K Drauz, H,_ Wl dman V
i 11 o, p. 9oPATPAEETAG CEen SRYSRE LN ReIS HREUSC 8 0 SOID RS EF T ADH NAD*
NADH SecondLantpivacsylserrrbr@ﬁi@ RDGHI @i09ed )cosubstrate Systens known from
the literature utilised for exanple for the regeneration of NAD+ | actate
dehydr ogenase and pyruvate 2 with the formation of |actate, or glutamte
dehydr ogenaBehwfrroreasgsut slassisfagdammisicum Wt B -tlhe afsy e fthat

gl ut ametee. Iaeeébagdfeaeaqygfe tResex3VRlams by tRauAWdd iF ettt at es
such as pyruvate or, keto arate have 5 tQ be used and products such as
| actate or apgpgﬁﬁpg speh 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, alcohols
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).

H R-ADH 0
+ 1
R
NAD* NADH

<\ / Oxidised cosubstrate

Second enzyme system

Reduced cosubstrate

25
Systems known from the literature utilised for example for

the regeneration of NAD+ lactate dehydrogenase and pyruvate



formed, -which for préeparative utilisation have to be renoved fromthe
product that is actually forned. In addition equilibriumreactions are
evol ved that go to conpletion only with great technical difficulty. 10
Al ternatively such a second enzynme system may be an NADH oxi dase t hat
accepts atnospheric oxygen as oxi di sed cosubstrate and at the sanme tine
generates water or hydrogen peroxide with the formati on of NAD+. NADH 15

oxi dases hawg thhe hadfatgd o dfhilsdtedRe Clort Rt tahe: tee @iy spdrd s ed by
themis irreversible, OZ is used as regeneration substrate, and H20 or H202

are formed ¥3th dfQulutarnphes a5d FEMPTGUBUPY HhHERS dawmag- i aR02f or ni ng
enzymes) ar glhrzﬁgﬁ%{ét%‘?! Ple KWL, 4:1 ] Pgéj'o%c(r}gl ea!sa%.&e]ﬂlst g{sat#[aet Sf or

exanmple, fo orm ng enzynmes see Lopez [ al’.
Bacteriol . ¥okiligGy EFORtradti] fh faar phi2@R-after mimkermyinesarsese have

Ni shiyama, Y. et al. J. Bacterjol. Vol. 183 _(2001), 2431-2438 and the
literat :Efae &t &8 iuﬁeéia?dc&r@duﬂqﬁf-%’r rﬁsnd- i §%Hﬁ‘%t€§%atz% &t abl e
for use as KRYEREN ALIBRH P TR UJAG/RKON A iish iRV & g nful to
enzynes and shoul d be deconposed as far as possible in situ, which requires

further, di setwaedadewsus the motduatpddsithlis padeedslystiapanedd0 The NADH
oxi dases from Ent.erococcus..(and Strept.ococcus) faecalis.(Schmdt, H L. et
al., Eur. J& R ScREmS ]Kb}@é'é') ,ref%%—%s, Fr&ucom ﬁe&%@erﬁoegb? des

(Koi ke, K. &om@fletidralonlyBiwddeBrdakolerhnd €011 WHE 149 88) ,

Streptococcus nutans (H guchi, M et al., Biosci. Biotechnol. Biochem 58
(1994) ,1(1603-07), Mycopl asma capri col um (Kl onkes, M, Altdorf, R,

Onhl enbusch, = +BI %?Fdﬂ aﬁ%%% - 9)

Sul f ol obus ??Itfeat éart?é’(uésly( rcari, P. glt%?ﬁnezrylr% %o@@%ym%%ﬁ(%%%),
895-900), Txridaset Hédratppludars § Erohmamphertic exyaden ak dvildisedl . 230
(1993), 1086-8) .,and from Ther aquaticus (Cocco, .D. et al., Eur. J.

B ochem 1759 HERRr S AnAL Yt e RAHE o S GRHEHAYF S VS (% o | sed. The
obj ect of thedHRENbdrHEd G M HO AYradtde A fNAR-oxi dags wi th hi gh

activity that is suitable when coupled with _ dehydrogenases for NAD+
regenerBt i oPXidqsesr Hia3if dhel Bdvan teerEH iokitddse mERRALE bdadbl e o be

produced easiy.and, sl ey BUAIAR § d D B ATUNL: Leg ae
advant ageous use on an 1 ndustrial scale. I's object 1's achieved accordi ng
to the cl ai mege@leaianibr? Gulsdtategse ,t @rah HNODbiroMpOaserd Nkdmda ams t he genus

Lactobacillus. Caim2 is directed to preferr enzynes. C aj clains the
nucl ei ¢ aci &% g W%@é%éﬁc@pﬁ rﬁ%gorﬁc’%ﬁ‘rlﬁgré—ﬁn?t giégﬁb vehi cl es
t hat contai Bt ndu ErivenedOl G AGEP it it & hedwivV el [ e K ddemidgl 25

directed to _nucleic acids that hybridise with the nucleic acids according
to the $hvedditeratars nieprestaamle priche thed Lprmings engvaiesm Fass LpRezct ed

to a procesgef iy o Ngt hey NADH qg %J](.N%l.stfééi(@%)o,mi@@zl—
nucl ei ¢ aci ds acco I'ng to the I nventi on, i11e claim8 covers
08; for H;0;-forming enzymes see Nishiyama, Y. et al. J.
Bacteriol. Vol. 183 (2001), 2431-2438 and the literature
cited in each case). H;0O;-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



30 specirfic inproved rec- NADH oxi dases (NOX) and the nucl eic acids codi ng
for the latter. Cains 9 and 10 are directed to specific uses of the NADH
oxi dases (NOX) according to the invention and/or to nucl-eic acids
“according to the 4 invention. Cains 1L to 13 are directed to whol e cell
catal ysts, while claim 14 covers a process for the production of the NADH
oxi dases from Lactobacillus. 5 Since an NADH oxi dase (NOX) from

Lact obaci | | u3 spesiRsdrs. AWM |abl @.odd) | sLpeasid) e sdvantagsousky to
achieve the aforenentioned object. Mst particularly preferred in this
connecti on imitdies udbofchhn WADKto)d ldas BiNAX) . Biohmdciuiobadidaisehr e¥8s,

preferably 05 eGy~,2) or 10, Lactobacillus kefjr (EP 91107067.0; DE
H014873) . THE Sk SRR i B R A b ST RAG PURHed T the
reaction i ntd tNAM, aCCOMGHIhBUsdHE H 238! @i SChafemwhaphd $&¢ler
introduction. On account of the irreversibility of 15 the reaction 02 to

HzO, thePe 396 HRH ot & &CorRler sTH dFohhe DAL BT etRECIT EOhBI €6
ketone due tg the; equily brdﬁé[fﬂ prf%s%%?oooa) hi nt&.@g@ﬁﬁgnri ched
oye

Yo £0a
unreact ed opti'dal” ‘ant’i pode of the e d a cohgocf&r’erral ning. Exanpl es of
t he use of ttherNARH idxisda@@ddm), 20. ietclalde, JntMsl alBiolt hes @rovees) on of

R- al cohol s ﬁ% C upleﬂ ith an S-al cohol, dehydyrogenase, of S-al cohols when
coupl ed wit %_%"ngal cﬁvl\g% _%@'é%d%%‘fa%lrc %e(cﬁg‘f)‘%’ct?of‘bfag anfb- aci ds
when coupl edr wigifbHerl- am N0 B d) defyirpgenasse Hdh aotpbhdi daily _
hydroxyaci d 25 dehydr ogenases and all other NAD-dependent dehydrogenases is
al so pos8i blchanaatgrisasht ext. As further inportant products there may al so
be nentioned the oxidation products of the dehydrogenase reaction, for
exanpl e ketones, keto acids or al dehydes. 30 5 I n anot her nodification
the inventi ahd SlejEerde v tdrdri el ihven telisort O 1 0t d b r Gl dNGDIch ONADRS €
according to the . . L. . )

oxidase with high activity that is suitable when coupled

with dehydrogenases for NAD+ regeneration. In particular

15 the NADH oxidase should be able to be produced easily and
should be available in sufficient amount for advantageous

use on an industrial scale.

This object is achieved according to the claims. Claim 1

20 relates to an NADH oxidase (NOX) from the genus
Lactobacillus. Claim 2 is directed to preferred enzymes.
Claim 3 claims the nucleic acids coding for these enzymes.
Claim 4 in turn relates to vehicles that contain the
nucleic acids according to the invention. Claim 5 is

25 directed to nucleic acids that hybridise with the nucleic
acids according to the invention. Claim 6 protects
preferred primers. Claim 7 is directed to a process for
improving the NADH oxidases (NOX) starting from the nucleic
acids according to the invention, while claim 8 covers

30 specific improved rec-NADH oxidases (NOX) and the nucleic
acids coding for the latter. Claims 9 and 10 are directed
to specific uses of the NADH oxidases (NOX) according to

the invention and/or to nucleic acids according to the



invention. 5 In spite of the relative ease of cultivation of the
Lactobacillus strains and easy accessibility of the enzyne via

chromat ographi ¢ nethods, it has becone possible by specifying the nucleic
“acids coding for an NADH oxi dase (NOX) agcording to the invention to
obtain, in a 10 furthernore preferred way and manner, substances that
enabl e the enzynes necessary for an enzymatic industrial process for the
production ehveAanbhometiaihisched teonpodRds digcke cibde Wl i n
sufficient amounts via reconbinant techniques. It is possible with the

nucl ei ¢ aci 83tedvsssebwvhild et Rdadnz JieSOVRTRI ghbyoskess fiaamthepi dly growi ng
host organi e n C i iinvention have to
be enployed§?§§u?%§88rggug |0§A§%q§%g?%%§% %3%g5?§¥ﬁé%%#ﬁjﬂéF§another

nodi fication the invention relates to plasm ds or vectors containing one or
nore of the nucleic acids according to the invention. As plasm ds or

vectors g hegenbBY ahN NADHNGkAGE ske (oRd Fkbm?d.a@itebicTants fedids purpose
available to the person skilled in the art. Such plasnm ds and vectors may

be found i nhpPWeaypiilebdehy i&t dgi @osstibdle advegiegsomsiyndio adgieve gohe

61-69 or in [ | i shed t i : r New
Engl and Bio?gggﬁgﬁﬁgggégﬁ'%?865%60 %%%ﬁR%%rﬁgggﬁg?%§1S?%%%%%“%fﬁ%ni s %nd
vectors nmaycbankettidn ns BNe clseniofgana NADC toxdalassEppmNeaoh. £ une |1-111,
edited by D. M over, IRL Press Ltd., ford i ngt on 6 1985,
1987: D_enhanLGF,tOg.ac ilélﬁd_béﬁvalsganﬁr,e%frfagﬁysL‘ﬁ%%@g e(cgted-’r'g)%f)orm? egul ati ng
expression ofcglbpaed 10N ikeEr qoH 91107 0B9d0;gue7 4d4s7And Denhardt, D. T

(eds), Vectors, Butterworth, Stoneham MA, 1987, ppl79-204; Gene expression
5 technol ogy. In: Goeddel, D. V. (eds), Methods in Enzynol ogy, Vol une 185,

Academ c Pr , ., n Di eqgo, .199Q; SR R = ¢

Mani ati s, TEE%Qg]éEﬁNSIXSLCﬁS% ?‘%I gr%]lr?ggoa%l%g%’roe%a é-'rhye nl\%rﬁjﬁalf,%c]%}]eadz e%.l %{’;?d
Spri ng Har bgeak&hohatigry Ragss, aCddrdSpig @ Hiidafeadtion Id-HEms nglttswmni t h
whi ch the gene construct_ containing the nucleic acid according to the

i nvention caf bBScATEPIUTtdoRpst PadGcrdr IQF st SRV Siehier L1 1Pk host

organi syg i ne§1gd%éae'ﬁ*§b£76-z3!z'o(ﬁ%,heuﬁ%@&hféﬁ £aShp1LBIaGohROEEeohASoE
Bi ochem cal s), pKK-233 (Stratagene) or pET (Novagen). Wth the exception of
t he TOPO sethes empilioylechaadentiegrediasdicd rtes iksttanse que Keamdihein, all ot her

Pnvent | on' | ST EAPLY EEEERE e B, R ST R R nict ef ¢ aci ds

accor di ng t antbecitkde piptdika 1Thke tlipaydeo lafanitsinenp Mivieah dlwohcl ei ¢ aci ds

are cloned serves for the propagation and production of a sufficient
remaining. Examples of the use of the NADH oxidase (NOX)

20 include, inter alia, the production of R-alcohols when
coupled with an S-alcohol dehydrogenase, of S-alcohols when
coupled with an R-alcohol dehydrogenase, or the production
of D-amino acids when coupled with an L-amino acid
dehydrogenase. The coupling with hydroxyacid

25 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.

30



25 amount of the reconbinant enzynme. The processes for this are well known
to the person skilled in the art (see below). As mcroorgani sns there may
in principle be used all organisnms for this purpose available to the person
“skilled in the art, such as for exanple ptokaryotes or 30 eukaryotes, such
as Pseudononas, Streptonyces, Arthrobacter, Bacillus, Staphylococcus, E.
coli, Candida, Hansenula, Pichia and baculoviruses. E. coli strains are

preferably tin henstsiesh faedlicapleRoske Mpsénpachi £ol doh¥ephefiewtied are: E.
coli NM 522, JML09, JMLO5, RR1l, DHSa, TOP 10- or HB101l. Plasm ds with which

the gene coﬁ@%@lﬁ%cc@%%@$n¢%@lm%ef%90$@lﬁAE%|@Xh@@%¢d@ﬁ@orélﬂﬁetPanﬁt|on
is 5 preferaly, d in the host organismare specified further above.
The invention a so |ncludes nucl ei ¢ acids that hybridi se under stringent
conditions with the single-strand nucleic 10 acids according to the

inventiopn or_with theigr conplenentary single-strapnd nuclei¢ acids. The
expreSS|gn " d%?lg?r?ﬁgﬁm? E%ﬁEF%V%nﬁas?s Enﬂ%?%%%%ﬂl?ﬁ BE the conditions

described by, Rarbr00K] Bhs abtrd Mok eghl aéagzoabegssfbmbey%@r xhyaaﬂagzmew d
Spring Harbor Laboratory Press 15 (1989)," 1.101-1.104)." Preferably a

stringent hybra d¢lsmm@tpgmlslqallaeeha@sor ot nlgas obechem@rgssaubﬂavbml on if,
after washing for_one h x_ SSC and = SDS (

Gotecyl ool 't bl P dtl dhelotekatiGs %80adng, Fo8 ap REPHLPYIdRs82 ¢ and

nost pref er alttox pt a&8o£d ik de 50t e 20npept e6abty éptainhoun with 0.2 x SSC
and 0.1 ~ SDS at. 50 C, preferably at 55 C, nore preferably at 62 C and nost
pref er ably afupghermer e Ry efoerd b¥?di 3adi BANRPEnaPUPSTIRFPF §B3Erved. 25 A

Fol | owi ng_aspeghy of chOCehAROL | R0CL e RLTRH0R T LABEAAESE thAuAERdUS!] on of

t he gene sequences according to the | Avent|on ns o types of
pol ymer ase ahreecessator ovhe Teoducheos oﬁceudatihmesease1ahddanbmseumds

Drimers may T B (FRD SYBLLOBLA: TRATDyE B AOHS SRACHASt 5L PhBForLoAat | | ed
inthe art. ddensigeoyeryrofis possible with the nucleic acids to
15 obtain the enzymes in high yields from rapidly growing host
organisms. Also, the gene sequences according to the
invention have to be emploved for the production of

improved mutants.

20 In yet another modification the invention relates to
plasmids or vectors containing one or more of the nucleic

acids according to the invention.

As plasmids or vectors there may in principle be used all

25 embodiments for this purpose 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,



8 prinmers according to the invention is carried out by conparison with
known DNA sequences or by translation of the visually detected am no acid
sequences into the codon of the organi smunder consideration (e. g. for
“Streptonyces: 5 Wight et al., Gene 1992, 113, 55-65). Conmon features in
the am no acid sequence of proteins of so-called superfamlies are also of
use for this purpose (Firestine et al., Chem stry & Biology 1996, 3,

779-783) . Funiggr 19g70r manei-ate! 8.0 nd ead e 1akevs imayy be 4 aipd,dp 48
"Aaigonucl eotide synthesis: a practical approach”, edi t ed by MJ. Git, IRL
Press Ltd, @ecdodrswsi mpcer abdnol $8prepch oy eifocdioniedA ONA dien th. neehbds

and appl i catd aons, ited b A_lnnjs, D.H | f ound, J. ni nsky and
T.J. Wi te.&lﬂda eor%%ggélrece%ss?ﬁ'Mﬁc.ﬁnd;arﬂﬁrﬁaérég,’ %9&0 ('rhﬁiés)f’oﬁf%%?‘iﬁs’w prinmers
are nost pr @&eteadioEASHIDANSEN. My, ASET,i Bl MOEDAGCTE S exor S SLbAET
In a furthernore further_devel opnment the present invention 20 relates to a

process ?or HREGHGEYCt il Foqdqilovétt Mec (RSH oMetdReds ditl rec- NADH
Oxi dases ObIRIARIR R ind B! GAN LI [ Ofnd e 2 9fegd N Whi €

connection, starting fromthe nucleic acids according to the imivent | on
codi ng for &99DSambirede ONOXFradewmidi iy F.o arite Mhiiabdent iDN,12§9t he

nucl ei ¢ aci are .subjected to a t agenesi s, b) .the nucleic_ acid .
obt ai nabl e S@D PR éﬁ(ﬂr&?egd i°n 1%’?&% Yo “{?é’ﬂ'%ac}r ?rﬂiyteﬁf’s q‘glchr%ﬁ’é‘?%?red
to a suitabimrexy esPoratoust ehesd)d RO & )sgtiggprph@ids, fipryed having an

i nproved activity and/or selectivity are detected and isolated. This
processifay be executed once or any desired nunber of times in succession.

9 The procegdyr, . i oV t egﬁx[ga q_ﬁ_qr i he. i nv, ion by
mut agenesi s%%ﬁ{)lgiss t‘{JaHgI)I \(g&rl{%%gleg%ek own %@q} eI%ng:oénr&s%lr}ﬁﬂe% t?kgét he art.
As mnut agenesius lrsicheds @ ke rdimy tee tised ratdntiedrhotm flog ¢ Tvseuipose

available to the person skilled in the, art. In particylar these |nclude
saturation MA™® stilsc,UItafHd’orﬂrrﬁj{;dﬁ@ﬁieé‘}a&nesrhdﬁ 15 hoH9 LB | as

si te-direct aghcdTHcRoe PR -3 (HEFENRYcRNBiochemicals), 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.

20 The invention is similarly aimed at microorganisms

containing the nucleic acids according to the invention.

The microorganism in which the nucleic acids are cloned
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, Bacillus, Staphylococcus, E. coli, Candida,

Hansenula, Pichia and baculoviruses. E. colili strains are



Gar.di nger W (1984) Evol utionary nol ecul ar engi neering 10 based on RNA
replication. Pure & Appl. Chem 56(8), 967 978; Chen & Arnold (1991) Enzyne
engi neering for nonaqueous sol vents: random mut agenesis to enhance activity
-of subtilisin E in polar organic nedia. Bio/Technology 9, 1073-1077;
Horwitz, M and L. Loeb (1986) "Pronoters 15 Sel ected From Random

DNA- Sequences” Proceedings O The National Acadeny O Sciences OO The

United Stat pge@erAlEn cta &3 1¥ed F4R5+TAGO pulwhaee .D. Mmard pbardtdeln(shOB8Y)
"Miut ants Gener at edegg The Insertion O Random Oigonucleotides Into The
Acti ve- Si t epOkfEyyeBettaa:adt-arade 20! Gae" TBIlEChe ME05y RR1L4)DHEZY03- 5707,

Stemmer PC 94). Rapi ol utj.on af_ a protein in vitro by DNA shuffling.
Nat ur e. 370&%%83-0§9fr2ﬁ%@;&em§r18ﬁ81€f9@%t 1S ﬁ&“é’x}l StfgrHct
fragment at i e@dn&ad nieRs TeRD ntic lldl v iddi@ REYHA MR iteN ther IMIGAUleH is

evolution. Proc Natl Acad Sci USA. 91; 10747 25 10751) . The new nucleic
aci d sequen®&sicrablar € lomest ey thee hasherdndsidiarg spatidirsd hods

speci fied h%rug,it@l%frl rboi_v% a host organism (literature, see below) and the
expressed enzymes 30 are detected and then isolated using suitable

screeni ng net hods (Roberts J., Stella V.J. and Decedue C. J. (1985) A
colorinetric assay of pancreatic |lipase: rapid detection of 10 | i pase and

col i pase sepakatiefrditigrl Alidd riddlomed iMideiR0EidA 2y MidRE.
Faraci WS. and Govardhan C. P. (1985) A direct spectrophotonetric assay for
D- al ani ne ci#FESYy Feptingesds condliftgonamaviddy dhes & laalianatrasd puielelic

| act a S. . B 463) - : i er. .. R Wttner, and
H Code @( 18@%@5Fl?lac&g§iﬁ'{ﬂgn§%eﬁei glﬁl%%ﬁornnglfcéﬁ]@qlﬁhﬁc%r omat ogr aphi c
separ ati on cmpl-eammea e isdsngler-istatarek chu tdi o -dehitdsal diTi el eyl 4 gt her
wi th N soprgpyl-cysteine. Application to food sanples). 10 The present

4

i nvention isUBfes E5KABERBE GPRALEAENSseldfuRierfeed o%kP dagetRIOX)

according taq thgdnyentd U4 qﬁal %]j ved hy Atd Avad H1 rt':r
producti on oF ¢ |rlaQ1 er(#ae(nyt}‘;rol(r?rje%r-e riéc ed or]gaenl C c'o%%unds saucﬁ:r a‘ss enoS?’
exanpl e 15 al ceharataryaMamas ¢ ldEEpr iceEans diadbarsarbin Breadan | ar
manner to the already kno praocesses (DE10037101, . . )

15 (1989), 1.101-1.104). Preferably a stringent hybridisation
takes place according to the present invention 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 °Cc, preferably at 55 °C, more preferably at 62 °C and

most preferably at 68 °C, a positive hybridisation signal

is still observed.

25 A following aspect of the invention is aimed at primers for
the production of the gene sequences according to the
invention by means of all types of polymerase chain
reaction. The primers include the sense and antisense
primers coding for the corresponding amino acid sequences.

30 Suitable primers may in principle be obtained by methods

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



Enzynme Catalysis in Organic Synthesis, Ed.: K Drauz, H Wil dmann, VCH 1St
Edition). 20 Moreover the nucleic acids according to the invention and

i mproved still further that code for the NADH oxi dase (NOX) under
‘consideration, are preferably suitable f t he production of whol e-cell
catal ysts (DE10037115.9 as well as the literature cited therein). 25 The
invention |ikew se provides a whole-cell catalyst containing a cl oned gene

for a dehydpegerase RGP t@fé‘%ﬂﬁntﬁ%d\‘&g"c@ﬁﬂ%@ odt &ferably the
whol e-cel | catal yst according to the invention should contain an NADH 30

oxi dase ( NOEpmpagrhsicec twilidc ikncnsy ONA issauencsselor fte:araiatfmmusfl s an

NADH oxi dase.from Lact.obagci.| S reV|s r, erabl SM2 r

Lact obaci | | Sk &rsH adcertﬁefg ﬁg:la “fs ﬁ:}}:ﬁ'l R smis
known to thefpemhson ddiled uﬂaérheao%fshde?ge/ll%?pq/eo%7ifoﬂ§lﬂxt§9@$xﬁa%é§
relevant literature, see below). 5 The advaggritT%gSe of such an organismis the

si mul t arfeou¥réghtessi G- -of Qstieh %néléyst wheGmpsh| feat-ers ofgani sm
still has tq fl? e sed 4 § ee"i‘ﬁlé o153 der 4o g%t&ﬁ tdip expression of
a

t he enzynes ving regar Hei T rea t| on rat es, e correspondi ngly
codi ng nucl eupek®aadild efsr aegrmratlsdm;f bxsee@nsmﬂso parpades (H ses dbndavi ng

di fferent nunbers of_ copies, and/or prom)te s of fferent strengt hs may be
used for a ¥ iPdusl hﬁ“ﬂtﬁﬁ $pEESiasy drPd 3ger73’s9 Wi erf %{/stem;
mat ched in tl?ﬂf%r‘ﬁ@{:ltofhefx%l'a%fi‘g‘/ad?} Qﬂ@‘é&%é&é‘%ﬁ%&tﬁcﬂﬂ&r&&f a possi bly
inhibiting 15 internmedi ate conpound, and the reaction under consideration

may praceed”’aligonoplesilideveyakhesake. aTbirachasaloappebakedn kadwadfor a
long tine to the person skilled in the art PCT/EP00/08473 Gellissen et
al,. Appl. BVcPoBi-olGaifi otlRdhfdess gdel, Axfsl digshington DC, 1984;

PCR Protocols: A guide to methods and applications, edited
by M.A. Innis, D.H. Gelfound, J.J. Sninsky and T.J. White.
Academic Press, Inc., San Diego, 1990. The following

15 primers are most preferred:
DIFAAGDSA Seqg. 3; AS-Primer

MRVTVVGCT Seq. 4; S-Primer

In a furthermore further development the present invention

20 relates to 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 according to the invention
coding for an NADH oxidase (NOX) according to the

25 invention,
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

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

executed once or any desired number of times in succession.



The.invention al so provides a process for the production of the NADH

oxi dase from Lactobacillus, in which for the advantageous expression of the
NADH oxi dase (NOX) the m croorganismhas to be cultivated under aerobic 25
‘conditions. It has been found that Lacto?@cillus grows significantly better
in a standard nmedi um under aerobic conditions than under the otherw se
conventional anaerobic conditions. It 30 is preferred to use a
Lactobacillus brevis, preferably DSM 20054, or Lactobacillus kefir DSM
20587. According to the invention those conditions in which the

7 o oor i, MR L) vaLed, s ARl Sl U e

cultivated ermenter, presence

concentr at i gageatk ioxy PEN mutkhegeneedisdimg Hodlst s N\eRt bera QWA a Ushy
regarded as aerobic_conditions. The expression "neasurabl e oxygen

concentrat | BRTSPE gkddriecodd Sheo aftan MfafutiRgeniosdsl marhodyeamese 1~ of
the satuy at .00 yal ﬁ%efdo%l‘ixﬂet%’o&sh%o‘?:x%g% %?f&s%e%%riﬂ%ﬁél@%o Qhyfler w se

normal conditions with an oxygen el ectro e nucl ei ¢ acrds according to
the inventi perrean shidled pmefrdealkbint .be Tms ed rfrdrcullaer phedie tiroril wie r ec- NADH

oxi dase (NOX), By neans of reconbi nant techni ques that have long been known
to the persﬁ%}tgﬁ%ltllé’a‘ M AT TGS Sp s &8N FLE s Sﬁ"a‘\feé obt ai ned

that are abhetheder Q@UGR 11Ne LRV ARt L0 MRS AN | (fEi%ﬂar@rFPPrﬁnd
sufficient for an 15 industrial process. The production of the rec-enzynes

accordi ng t Gardéngereit.i dd 984 )c &viclad iomaryy mpdiestylare |yiciaeemigndr ocesses

known t.Qyth IS i I ar anbr.ook et.,al . ul ar
cl oni ngl:cb A ﬁgggfia?’%réﬁ r]f% l,l%ftnt di :Piu(é%, %p&ﬁsphhne&l Halﬁ‘g%r) ’Nggoe’e(;fr:ét ory
Press, 20 BalBasCBef BRolirvaldF.(1DP%990; Hiesm@N eaid ne@iSing!ddmomdia@xes@ssi on

plasm d vectors in E.coli, Methods Enzynol ogy 185, 14-37; Vectors: A Survey
of Mol ecul aFOéVSHitﬁg verasms G IFRESL SUSSs ENRANCeRGRGIGlid . T.

Denhar dt | Edap2935225% W b3 1680daka d hiRdienetsalo Sk FER and

fusion 25 PCR_inverse PCR "cloning, expression etc.), reference may be
made to thelbaBlawng Hotreriatyr ef.archd e reicdy eO8E) “Promoters

15 Selected From Random DNA-Sequences” Proceedings Of The
National Academy Of Sciences Of 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
random fragmentation and reassembly: In vitro recombination
for molecular evolution. Proc Natl Acad Sci USA. 91; 10747-

25 10751).

The new nucleic acid sequences 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 isolated using suitable screening
methods (Roberts J., Stella V.J. and Decedue C.J. (1985) A

colorimetric assay of pancreatic lipase: rapid detection of




cited therein: Riley J, Butler 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) clones. Nucl
"Acids Res. 18, 8186; Triglia T, Peterson MG Kenp DJ (1988). A procedure
for in vitro anplification of DNA segrren%s t hat 13 lie outside the
boundari es of known sequences. Nucleic Acids Res. 16, 8186; Sanbrook J,

Fritsch EF, 1MBpiat badl coi988ke Mebaculra ©,0%ind £1G0hd (SR NG. e dour

Laboratory Press; Vectors: A Survey of Mol éecular O oning Vectors and 5
Thei r Uses. 2R(L) :Ré@ridguePr&tD. R.FDenFardici W.S.ThadeGopmardirederC.P.

consi derati e used.in_the free formas honpogeneous|y -pur.ified
conmpounds, 3E9§§¥e2~z§1&§e§%§5’8§§rﬁy &R N £ 5658 h%erog&alﬁﬂjtrheernore t he
enzyne may abgbok§pkptedpls@yednds farC @b idsteitasef sativittactohasdtHr gani sm

or in conjunction with the macerated cell mass of the host organism
purified tolagtampisesar Anplhi §hiogbgiee 144(1)s 2040 2398ssiBHUCKkE sl t he
enzymes in | ilised far B der oR.1 yShar rr%ﬂﬁf&ﬁ . Bai |l ey and
Ral ph A 15hm§ﬁ§,§"w rérll?rlodbl i ?i%\e{i(raepeqé‘lgogr%&t Eﬁlg% éatu(n%Or ec % en and
AnwendungenperfpgeancehamhquigB 2hréha todaaidhd). sEparamia |6 S ali-camiso

preferably carried oyt by |lyophilisation (Dardick et al. J. Am Chem Soc.
194, 116, 5863950 96T 1ERAHZES g’tltill.o—l’ shyide tpgprhess wigy 1974

20 Adl ercredbgpebpdh - cBiseedhl. Y 3lip 113341 B 29 koddP)santd1ds) oSt

particularly prefefred’to carry out the |yophilisation’in the presence of
surfactldhts such as aerosol OT or pol yvinyl pyrrolidone or polyethyl ene
glycol (PEG or Brij 52 (diethyleneglycol nonocetyl ether) (Goto et al. 25
Bi ot echnol . Thec pmegeas 1298ntidn 355-a3E8) coflvenmnssl asitCl ECse iwsalsh the

possi ble (S air .et al. ew Chem.I nt Ed Engl. 200Q Jan, 39(2 0- 383).
The. expr ess BRI Siirash MR SREa L (o HEr AR S PR GRS
within the segpeveld bemuweAinon fioxr Whdeisroerd dikrRan dHier4r esence of an
optical antipode in a mxture wth the other antipode, in an anount_of >50
nmol e 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, 15% Edition).

20 Moreover the nucleic acids according to the invention 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

The invention likewise provides 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 or Lactobacillus kefir DSM



14 The organi sm Lactobacillus brevis DSM 20054 or Lactobacillus kefir DSM
20587 has been filed at the German Col |l ection for M croorganisns and Cel
Cul tures under the 5 correspondi ng nunber and is accessible to the public.
*The expression "nucleic acids" covers al, types of single strand or

doubl e-strand DNA as well as RNA or m xt'ures thereof. 10 The expression
"inproved rec-enzynes" is understood according to the clains to nean in

particular phege. thaheepzyaBetibat oha¥Gch BRALELSHI SHPSET RhEwSPRC! n are
nore active and/or nore selective, or are nore Stable under the 15 enpl oyed

reaction copeksponskidiedginhthel arredPETOEBDA/884URNCBETAHS0AUOIBEISS ;aci d
sequences there_ ar L so_cpvered _acc rgin to the invention those seqguences
that exhibit® ﬁvﬁ8§0$6§§rfg§fﬁusﬁﬁg g? ?Wg'ZO nat ural degeneration) greater
than 80 ~, preferably greater than 90 ~, 91 ~, 92 ~, 93 ~ or 94 ~, nore
preferably %reater than 95 ~ or 96 ~, and particularly preferably greater
than 975~ 'JRe-~agvapyageypfhspebpast orgaphemoist kBSesiByhEARESUSPr ovi ded

that the no o W eJaPr-! r r S e ce Ls retained.
The express?%ﬁgéﬁ%%%hog§'ngg FégX@?tgggggﬂﬁéeﬁﬁﬁggg?ngﬁgg gekggfined by
t he equati oorghfiiym- sgill WAX] te bBOnselieferHtHenoeesthonnl ody, oXdex t he

total nunber of nugl eptide bases/am no acids of the conpari son sequence,
and V i's thEOTTIABER BRe2¥RPFRSreft OhuEPEoERARTBSsBar ARENGeSarEs toF t ho

sequence undgeigopshdenshi eArekS BhECHokPebPEnEOARAY SBRIDEINARARIc 15 INn
any case the term "nucleic acids coding for am no acid sequences"” covers

all sed@encasidéhfraappess pPoysbbl exposed to various plasmids having

different numbers of copies, and/or promoters of different
strengths may be used for a variously strong expression of
the genes. With enzyme systems matched in this way there
is advantageously 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 for a long time to the person skilled in the art
(PCT/EP00/08473; Gellissen et al,. Appl. Microbiol.
Biotechnol. 1996, 46, 46-54).

20
The invention also provides a process for the production of
the NADH oxidase from Lactobacillus, in which for the
advantageous 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. It
30 is preferred to use a Lactobacillus brevis, preferably DSM
20054, or Lactobacillus kefir DSM 20587. According to the
invention those conditions in which the microorganism, when

cultivated in flasks as a shaken culture or when cultivated



according to the degeneration of the genetic code. 5 The literature
references cited in this specification are counted as part of the

di scl osure. 1& SEQUENCE PROTOCOL <110> Degussa AG 5 <120> NADH oxi dase
*from Lactobaci | | us <130> 010281 AM <140>;40 <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 jgce FFmRe&dr,! iGCYr¥in 48 Mele Bres@celt WRlas¥dardy Cys Thr
Hs Ala Gy Thr Phe Ala lle 1 5 10 15 3 0 aaa caa atc ttg gcc gaa cac cct

gat gcc gaacgngeadEagionsae fgexvernyarg padardiang Ao tHau HWeiriomsp Al a
G u Vval Thr r cot C t. gtc atf.t .t ttt,ctc tect tgt
gga atc gccac tan@égeﬁubél%ﬁﬁa%% rdg ag%eﬁg%]\glcqqaéel%g% he l'leeu Ser Cys Ay
e Ala Leue}brre%%lio%ﬁ"ﬁgaéérgggege%aaa gbhcERtraal ofCYi §adnQ8es£b6at tt
tat tca agt cCct gaa 192 dy Ay Lys Val Ala Asp Pro A n Gy Leu Phe Tyr Ser

Ser Pro 8 uto mean that the dissolved oxygen is 1% of the saturation
value for oxygen, the oxygen being measured under otherwise

normal conditions with an oxygen electrode.

The nucleic acids according to the invention can thus
10 preferably be used for the production of rec-NADH oxidase
(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
according to the invention is carried out by genetic
engineering 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 & Boliwvar F. 1990; Design and construction of
expression plasmid vectors 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). With regard to the general procedure (PCR and fusion
25 PCR, inverse PCR, cloning, expression etc.), reference may
be made to the following literature and the references
cited therein: Riley J, Butler R, Finniear R, Jenner D,
Powell S, Anand R, Smith JC, Markham AF (1930). A novel,
rapid method for the isolation of terminal sequences from
30 vyeast 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



-17 50 55 60 gaa ctc caa aaa tta ggc get aat gtc caa atg aat cac aat gtt tta
240 Qu Leu @n Lys Leu Gy Ala Asn Val Adn 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 28B

Al a
cat
Adn
tgg
Ile
aaa
Asn
Ccgg
Thr
gcc
Ser
gtt
Pro
t at
Asp
gat
Asp

Ile
gca
Thr
cca
Val
aac
Trp
att
Val
tac
Thr
atg
Lys
cgg
Hi s
agt
Ser

Asp Pro Asp @n Lys Thr Val Thr ¥al GQu Asp Leu Thr Ser 85 90 95 10
caa acg act gag tca tac gat aaa cta gtc atg acg tct ggt 336 Hs Al a
Thr A u Ser Tyr Asp Lys Leu Val Met Thr Ser Ay 100 105 110 15 tct

att 196C c0%s idR0 tild HothdSs & G AN RIC WRfuciliGe Ol niddeRer Trp Pro
Pro Lys Ile Pro Ay Ile Asp Ser Asp Arg Val 115 120 125 aag ctc tgc
t ggAgddscResgcd boadlfdt: Sambmookyda Farltgeh £ Maniatsis Bl Cys Lys
Al a ki a Ll.e A 5 14 a aa_gcc aag
acc (g? ? 92\!& Mggl% dg&%%?é‘%najt%gdt 'té °§L§qo E'?erfi nggia#}so"ﬂﬁ &.a}r%r%%r rg lle
| | e PepsAl ¥edtyprByr A IsurGey Afa Md1eAARr]l T ciind 6e@ser£tangca gaa
tcc act, act ggt cat gac gta acc tta att 528 Qu Leu Ala Gu Al a Tyr
SThr Taey rHUS €Bsp Ry - %{ﬂerl&Hlﬂzi & By -1 ReerHo dgek- gcg atg gac cgg

ccc aag tac ttt gat get gat ttt acg 576 Asp Ala Met Asp Arg Val Met
Tyr Phe Asp Ala Asp Phe Thr 180 185 190 3 5 gat gtc att gaa caa gat

at C t (o f \Y . Gy d Tyr Ar
&y T’ Bt bt el SO AL b dodd Gt S SE 0T et
gcaaac hoggereniepuadsy aidriFid cdbhpbSemdd ,u okhrag/adnfgme Serodbeedhr

Al a_ Thr Gl%bL,eu Thr Ile 210 215 220
by recombinant 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 lyophilisation
(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). It 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 %.



aag
Thr
ggc
“Arg
aac
Al a
ttc
Al a
get
I'le
aac
Leu
ggt
Leu
gca
Al a
gat
Asn
atg
Sex
tta
Met
tgc
Cys

act -

Asp
ttt

Pro
ggc
I'le
gcc
Ay
tac
Pro
cta
Val

ttg

gat
Lys
aga
Asn
gcg
Ile
get
Asp

aag aac agc
Asn Ser Tyr
cca aat acc
Thr Asp Leu
att att acg
Thr Asp Asp
ggt gac agt
Ser Ala Al a

t at
Au
gac
Leu
gat
Tyr
get
Val

gaa
Thr
ctg
Lys
gac
Met
get
Hi s

acg
Asp
ctg
Ay
tac
Arg
gtg
Tyr

gat

Leu
aaa
Lys
atg
Ser

cac
Asn

ctc get
Ala lle
ggc aaa
yal Asp
cgt tct
Ser Asn
tac aac
Pro Thr

att
Leu
gtc
Met
tct
Pro
cca
275

tta
Cys
gat
Al a
aac
260
acc
280

tgc att 720 5 Lys

e 225 230 235 240
atg gca 768 Ay Phe
10 245 250 255 cca
cct 816 Pro Asn Gy
265 270 15 gat att

864 Asp Ile Phe Al a
285 2 0 cat cag aat

at t T0eC drirdGh atdc @ SC01 E bLH: SassPo2 d4is A n Asn Ala Tyr

Leu Ala Thr Asn Al a Val

Lys
gca

et o Jukk

Arg An @y 290 295 300 atc cta gtc ggt aaa
gt t Ly adwas falclr ythefiag DM 2B hdmmpbseen SFiled leu taé Ghymays Asn

Vet

WY

G

%

G

T

aca ca ca tct tct

t
R UREPT sEPea y

Al a $eucbhreAHnlitigl Munder \@ld Say a3 e B0 8% metpagtiéta acg cta
gca aaa caa caa ggg gtg aac get gaa 1056 Thr Ay Leu Thr Leu Al a
Asn Ala Qu 340 345 350 35 caa gtg att gtt gaa

get
Al a
aat
Tyr
tca
Leu
atg
Ser

Lys dn Gn Ay Va

tat cgc cca gag ttt atg ccg tca act 1104 A n Va

Ile Val Gu Asp

Ar g TRreo e@pr divel dvbt’'nRed e$er athids8560860s3601 t¥Pegaafcedngtlie-ttg
cgg atc 11S2 du Pro Val Leu Met

tta
Val

Lys

15

20

25

30

tc tit C gac aca cac
sHrans P e s By
agt +ara-dAaC gat gtt tca caa tcg gcc aac 1200 Leu Gy Ay Ala Leu
G@n Ser Ala Asn 385 390 395 400 acc ctt tct gtt
atcl@aa aac gaa aat aca att gat gac tta gcg 1248 7.0 Thr Leu Ser Val
Ile An Asn Gu Asn Thr Tle Asp Asp Leu Al a

The expression "improved rec-enzymes” is understood

Tyr Asp Val

Ser

af ersz gy RIEB(PE RiRCWHRSggt geg

according to the claims to mean in particular those that

enzymes that have a modified substrate spectrum, are more

active and/or more selective,

employed reaction conditions.

or are more stable under the

Among the claimed protein sequences and nucleic acid

sequences there are also covered according to the invention

those sequences that exhibit an homology (exclusive of the

natural degeneration) greater than 80 %, preferably greater

than 90 %, 91 %,
greater than 95 % or 96 %,
greater than 97 %,

92 %,

93 % or 94 %, more preferably
and particularly preferably
98 % or 99 % with respect to one of

these sequences, provided that the mode of action and/or

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

different nucleotide bases/amino acids of the sequence

under consideration,

referred to the comparison segquence.



405 410 415 atg gtt-gat atg ctc tic cag cct aac ttt gat cga cca ttc aac tac
1296 Met Val Asp Met Leu Phe G n Pro Asn Phe Asp Arg Pro Phe Asn Tyr 15 420
425 430 cta aac atc tta gcg caa get get cag gca aag gtt gec caa tca gtt
1344 Leu Asn Ile Leu Ala G n Ala Ala @nAla Lys Val Ala G n Ser Val 435
440 445 20 aac get taa Asn Al a 450 25 <210> 2 <211> 450 <212> PRT <213>
Lact obacillus brevis 30 <400> 2 Met Lys Val Thr Val Val Gly Cys Thr Hs Ala

Ay Thr PherAlanllgale5 | Ma G
Vel Thr val yeg SaE 5h% 0o B el bR AR SR R Re O

I l'e Ala LeusdyiehesB35c4Pedd &Y $ddudiiSedathdt ahsPafr QoL ipily Leu Phe
Tyr Ser Ser Pro Qu 50 55 60 1353 Zo

d uLeud nLyateatiyngahonVheGiavenasakions a¥aktheussnerse80AabodE.eAspPr oAspd nlL
ysThr Val Thr Val G uAspLeuThr Ser 8590955Hi sAl ad nThr Thr G uSer Tyr AspLysLeuVal Met
Thr Ser d y1Q0105110Ser Tr pPr ol | eVal ProLysl | eProG yl | eAspSer AspAr gVal 115120125
LysLeu Ly nTr pAl aHi sAl a@_nAl aLeul | ed uAspAl a10130135140LysG uAl aLysAr gl
| eThr Val? | e@%Aﬂ'—é%‘Sﬂ‘g}lFfeée;ﬁF&TﬁngSi§§%66% GﬁéﬁAFBéF& SHHLSEY Aferhr G yH
i SAspVal Thr teuhtedbat78i7elasspAbaietAsBALGYalMet ProLysTyr PheAspAl aAspPheTh
r180185190AspVal I | eG@ ud@ nAspTyr Ar gAspHi s@ yVal A nLeuAl aLeu195200205Ser d uTh
rVal @ uSer PheThr AspSexAl aThr @ yLeuThr 11 €e20210215220LysThr AspLysAsnSer Tyrd u
Thr AspLeuAl al | eLeuCysl | €225230235240G yPheAr gPr oAsnThr AspLeulLeulLysd yLysVal
AspMet Al a2452502552

5ProAsnG yAl al | el | eThr AspAspTyr Met Ar gSer Ser AsnPr 0260265270Aspl 1ePheAl aAl ad
yAspSer Al aAl avVal H sTyr AsnProThr 275280285H sGLnAsnAl aTyr | | eProLeuAl aThr AsnAl
aVal Argd@ nd y30290295300I1 | eLeuVal @ yLysAsnLeuVal LysProThr Val LysTyr Met d y305
310315320Thr d nSer Ser Ser d yLeuAl aLeuTyr AspArgThr | | eVal Ser 3253303353

5Thrd yLeuThr LeuAl aAl aAl aLys@ nd nd yVal AsnAl ad u340345350G nVal I | eVal G uAs
pAsnTyr Ar gPr od uPheMet Pr oSer Thr 3553603653 uPr oVal LeuMet Ser LeuVal PheAspPr oAs
pThr Hi sArgll e 21 370 375 380 Leu Ay Ay Ala Leu Met Ser Lys Tyr Asp Val
Ser A n Ser Ala Asn 385 390 395 400 Thr Leu Ser Val Cys Ile An Asn G u Asn
Thr Ile Asp Asp Leu Ala 5 405 410 415 Met Val Asp Met Leu Phe G n Pro Asn
Phe Asp Arg Pro Phe Asn Tyr 420 425 430 Leu Asn Ile Leu Ala An Ala Ala dn
Ala Lys Val Ala A n Ser Val 435 440 445



10 .Asn Al a 450 <210> 3 15 <211> 9 <212> PRT <213> Artificial sequence <220>
2 0 <223> Description of the artificial sequence: AS Prinmer <400> 3 Asp Ille
Phe Ala Ala Ay Asp Ser Ala 1 5 25 <210> 4 <211> 9 <212> PRT 3 0 <213>

-Artificial sequence <220> <223> Descri ptj[ n of the artificial sequence:S
Primer 35 <400> 4 Met Lys Val Thr Val Val dy Cys Thr 1 5 22 <210> 5
<211> 31 <212> PRT <213> Lactobacillus brevis 5 <400> 5 Met Lys Val Thr Val
Val Ay Cyssiduentk ssrérecdd y Thr Phe Ala Ile 1 5 10 15 10 Lys @ n Ile Leu
Ala Gu Qu Pro Asp Ala Asp Xaa Xaa Val Tyr 20 25 30 23 Exanples: 1)

Cul tivation of Lactobacillus brevis for obtaining NADH oxi dase 5
<110> Degussa AG

5 <120> NADH oxidase from Lactobacillus
<130> 010281 AM

<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 gcc gga acc ttt geg att 48
Met Lys Val Thr Val Val Gly Cys Thr His Ala Gly Thr Phe Ala Ile
1 5 10 15

30 aaa caa atc ttg gcc gaa cac cct gat gcc gaa gtg acc gte 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 tca ttt ctec tct tgt gga atec 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

ggg gga aaa gtce gct gat ccg caa ggc cte ttt tat teca agt cct gaa 192
Gly Gly Lys Val Ala Asp Pro Gln Gly Leu Phe Tyr Ser Ser Pro Glu



Lact obaci |l us brevis DSM 20054 was cultivated in a standard nedi um for

| act obacillae. In this connection it was found that the strain grew
significantly better under the addition of oxygen than under the anaerobic
-conditions that 10 are in fact nornmally g?ed for lactobacillus strains. An
enzynme test on the activity of an NADH oXi dase showed that the strain
particul arly under these unusual cultivation conditions exhibits a high
activity of an MADH oxi dase ( NOXs) . 15 For the ggpzyne purification and
characterisation cells were therefore cultivated under the follow ng
conditions: Medium Pro 1 L: 10 g caseine peptone, tryptically 20 digested;
10 g neat extaack; cdn gayedst gextoracdst 26 gaglatgoset chcgaabvgen 8Q; 249
KZHPO4; 5 ghR rReesal eys 4k SIAMHRNMMMS] hatfee 8 8sMie04aX yH20; 0.05 g
WMhS04 x H20; EH = 6. 2-%.5. 25 Cultivation is carried out 1n a shaken flask
(equi ppe wi th 2 baffl es) at % Ccfor 2 days while stirring. THE cell mass
is then obtained by centrifugation and may be stored at -20 C for a
relatively i | SO i extr od i on
24 The cell é%\/]v%lrtté: er%cé:?gt%)d: Eglg\),%e A% %cgi% r?ggw&%%ggéjgggg Eéeaa%g; %:)tr t |8|s, t he
noi st bact ePfalT?ad% F10 AP ﬁg‘é Ié’ﬁs%!?n&@d ThR 111G 68 tan dBetIaTe buffer,
pH 4.5 (30 m) and maceratesd by grinding imoa stirred cell gbkass bead m |
(SCP 5 gjsintegrator, |nnomed-Konsult AB, Sweden) at 4000 rpm for 20

m nutes. The nacerated cells were centrifuged off and the supernatant was
identified &3 EBGdERRREF AL IThE3ctasc PR PP 4 gBC G942 kak wWtdeciXi ve

i nfluence omidQuikheilenay mhrycel Gek Nivirthgsg nyderextranoler thdeertdigse
conditions a crude extpact preparation {))é obt ai ned havi H\bna specific
activity of 17.8 Ung and a yield of 73) uni ts, whereas en using a buffer
with a pHof 7.4 the specific activity was only 2.6 Ung and the yield was
5&;0 units. 5 Tda_;@( &Zb(Z))éHE @i‘c’([)i:&éi ta¥g W Hw%@ee&&yama)sg&a(‘) C?B%Jt&la\::)ﬁ@ 280
photometric_te m asuremgent .t epperatyre); 0. ;

MM pot assi ur%eﬁﬁ%gpﬁxé? é[riBu\f eFrcblr-I(%?]gl;e gP?ﬂ\ﬁlﬁTﬁEpe( EéS%il%eﬁi %?%Pé?%l)' 10 ul

enzyne solution petls m 20 (dilutekRlif necessary). XB5unit NADH oxi dase
activity oxidises 1 Mole NADH / m n. b) Chromatographic purification of the

enzyme After,fhe PLeparation.of Lhe.grude extract inhulerpidh a,

32
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 gecec gge tat att ggt get 480
Lys Glu Ala Lys Arg Ile Thr Val Ile Gly Ala Gly Tyr Ile Gly Ala
25 145 150 155 160

gaa cta gca gaa gcc tac tcec 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 ccc aag tac ttt gat gct 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 gcc tta 624
Asp Val Ile Glu Gln Asp Tyr Arg Asp His Gly Val Gln Leu Ala Leu

195 200 205

agt gaa acg gtt gaa agc ttt act gat agt gca act ggg ttg acc att 672



25 pH of 4.5, the crude extract was inmmedi ately rebuffered and transferred
to a Macro Q columm (Biorad) equilibrated with 50 M TEA pH 7.5 + 3 nM DTT
+ 200 MM NaCl (= buffer A) (100 mM colum volunme, flowrate 4 mM/mn, 10 m
‘fractions). The chromatography was carrigg out on an FPLC 30 apparatus
(Pharmacia) (pressure 0.1 MPa, roomtenperature). The proteins were el uted
by nmeans of an NaC step gradient to 1 MNaC (buffer B: buffer A+ 1 M
NaCl ), the fellawi mgr va25c1si eps Bhei W WSS her Ara? TeO|AURNLMOITHIESIe O ~ B
(=200 mM Nad ), 2197 9 col um vqurEPI: 40 ~ B, 5-5. § ol um vol unes: 100 ~ B.
The enzyne act|V|ty and the protein content in t K8 fractions wer e

determ ned by neans of the photonetric 5 test. The active fractions were

conbi ned andagmeau akgdaddy ag¥ aper §dd aegig&ta@tﬁ@l:emtsug rgd gal | ¢ML0

nmenbr aneg si yuul ta us bffeln h hydroxyl apatite

equi | i brati gxs rl)hfer‘ % &e sﬁietr;%r yfoé]\{‘hcrgr "Rt on %ooe \IT\% Cé(adgdgto an

hydr oxyl apae®e cer am c type220 um colum (Bi®ad) equilibratettonith 10 nM
Kpi buffer pH 6.7 + 3 m\/IDTT + 200 mM NaCl (=buffer A) (15 ml col um

vol une, flow ratrtg fractions; FPLC agpar atus, pressure O.

MPa, room t &fp tﬁ?ae)ccaT?waé: f%c (526t BFhStheA8 SIURBY Tt AP 895§D g?%‘ﬁl ent
to 500 mM KPRily (Rhef fes BBo Aaif fThr ASp+L&E00ewNlvikpEly Wb HWatlhash dlekoMiang st ages:
0-3 col ygm vol unes 0~ B, g7 col um vol unes30 ~ B, 7-9 coldgn vol unes 50 ~
B, then rising to 100 ~ B in 3 columm volunes. The active fractions were
conmbi ned and 20 concentrated as described above, and rebuffered with the
buf f er requicredchdcopgd Regpenyiks eplsagos gac Thicsafy eparattl oot was addedsiafter
the addition ofxAMaDnidm s £l 6k lag, %élq@él Mgtorzl&?rﬁerra&émshnpéche sanpl e),
to a 25 phenyl sepharose H gh Sub col umm (Pharmacia) equilibrated with 50 mM
TEA pH 7.5 + 3 iV DTT28%1. 2 M (NH4) zS04%¢ =buffer A) (25%FM col um vol une,
flowral® 1 m/nin, 3 M fractions; FPLC apparatus, pressure 0.1 MPa, room

tenperatur e}, The pwtg%w%:twgse ggl u;gecd guglgp;g gePeak e 30.9'adi et té@ﬁ M

ammoni um sul fate r Awitho ammonium sulfate) wth t

f ol | owi ng s?‘ﬁ@eTsle fhe ditantta GlusrosSer gla flé‘oV‘i';ﬂm’i‘l%dJlr'thnﬁsr?(?rQ Br 1 col um
26 volunme 60 ~ B, 27%olum volunes 4€0 ~ B). The actiase fractions were
conbi ned, concentrated by evaporation in an Amcon ultrafiltration cell,
fol | one g by the addition of further ammonium sulfate. 5 The | ast
purificali o2kt HGe2 2 WHCENE IS E FiCi YR G6¢ 3htt AP HES cCHCERt FREe%PY r atld on
fromthe phehnylclephat asde HghlSHrochédwnma s AsH iane WBUr Rfd cahi @y by
chromat ogr aphy £y phenyl sephar 0sgs650C materi al Gfgsohaas), equili brated
with 10 50 MM TEA pH 7.5 + 3 M DIT + 1.2 M (NH4) 2504 (=buffer A).

Chr omat ogr aphy conditions: colum volune 2 m, flowrate 1 m/mn; FPLC
appar at us, pressw etd.dbtMre arooitat enperatamweac gt dagacét erng)ggalheseo
prot ei ngs ar%l@']&&ue@ai’“cﬁlb A28t 398 GLAdLEN, ! @hzovMaﬂUED@&Pfﬁeﬁuéfﬁt e (buffer
B: buffer A_15 w thout ammonium sul fate) using the follow ng stages 10
col um vol uds 0~ B, 5 col umi*%ol umes 20 ~ B, 3% col um vol unes®¥0 ~ B, 5
colum volunes 70 ~ B, 10 colum volunmes 100 ~ B). 20 The enzyne activity

and protei noxhelds 0f hecyaLlousChLoMRLAgkaply 3LeRS Bre UTER | Seghd N

Table 1. Table 1: Purification oxi d om Lact obaci | | us
brevi s DSM 260577 BRE &54t FRRe CLY L235* ﬁ’fdl’“@ky%ﬁaﬁﬁ érg F%‘r—lb?\é’ﬁ*}rl $¥phar ose)

325 330 335

act ggt tta acg cta gca gct gca aaa caa caa ggg 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 ttt atg ccg tca act 1104
Gln Val Ile Val Glu Asp Asn Tyr Arg Pro Glu Phe Met Pro Ser Thr
355 360 365



27

Sanpl eActivitySpecificTotal YieldEnrich-[UWm]ActivityActivity[~]nment[U ng]]|
U-Fact or Crude35. 117. 87021001ext ract Macro

Qr7.310. 4270380. 60+ apati t €32. 212. 2103150.,4S4458. 687123. 3PS
650C9811698146.5 An SDS- PAGE of the purified fractions according to Table 1
shows that the enzyne fraction after the last step still 5 contains only 2
proteins, whoSé StbliFt have teel eeubes reei ght s.07,.38,and_50 kDa. These two

protei n bandsSlvahrd&al kgt el yi, Y inal | y_sequenced “af t¥¢ Brot t 1A%
and a conparisongyj th sequences acceggllr %Ilh%a}?sl‘? 85t &Ry Bhoweot DBt the 38

kDa band has very high similariti¥$ with known 103kactate dehydrogenases,
while the 50 kDa band has very high simlarities with NADH oxi dases. 3)

Bi ocheni cal c¢haraat egd gk Cedat gy %fgtt ha% NADH oxi dase fromL. brevis 15 The
bi ocheni cal (ﬂ,@&qgl\é}eg;le determ ned w t K eah* F2Y i thEep arat tan gpurddd ediy 4
chronat ographic s eps){ aj 1 UehSrudvseTof AshevauxkéiatEdignshg; PH opt i num was
measured in the range pH 4.0 8% 10.0. 20 Diffeygnt buffers were used
dependi ng on the pH val ue. As 28 a check on the influence of 4Re buffer,
when changi ng.d he buffer this pH value was neasured twice in the different
buffers 7.0 and pH’ 8. 5F° 1M Gierdae ast dohNaxPQ4d: was psed for the
range pH%. OTF U (Ber KATTEAs vide wBedsh Qi1 RE, 5 ;_a]g%e 7. %8. E and 0.} 24k
gl yci ne/ NaOH was used for 44he range pH 8.5-10. iR g™SH ASRobRu ARat t he
opti mum of the NADH oxidation is at pH 8.0%*% 8.5. b) pH stalsility of the

NADH oxi dase 10 In order to determne the pH stability the NADH oxi dase was

i ncubat ed f dt*989kbwrs dty the dpufdLr so{ i.sked under 3a), then the residual
acﬂdar(c:i taest&tF?%t. “F2SHOWS tE e tére emzyare

activity wadereesuned vt Lhe 5t
has a figst sharp stability fgeoptni ifin®8R BRE Bs10 Aro sPreneks afsal #,.5t abl e in
the range 5.5 7.5, and?@xhi bits a secouds optimum at pH g, At pH 8.5 the

enzynme is still up to 100 stable after 8 hours in TEA/ Na buffer as well

as in glyci eed NaGHhuftfer, . T figure illustrates that the enzyne stable in
gly tufhg gcg pe. gef get cag gca aag gtt gec caa tea ;it 1344

Ala Gln ala Lys Val Ala Gln Ser Vval
435 440 445

the slightl Yeu asn Ile Leu Ala Gln Ala

20

aac gct taa
Asn Ala 1353

450

25
<210> 2
<211> 450
<212> PRT

<213> Lactobacillusg brevis
30

<400> 2

Met Lys Val Thr Val val Gly Cys Thr His Ala Gly Thr Phe Ala Ile
Ly: Gln Il ; . .
n .
. e Lj; Ala Glu His Pro Azi Ala Glu Val Thr Vj; Tyr Glu
Arg Asn Asp Val Ile Ser Phe Leu Ser Cys Gly Ile Ala Leu Tyr I,
35 40 45 N
Gly Gly Lys Val Ala Asp Pro Gln Gly Leu Phe Tyr Ser Ser Pro Glu

50
55 60



20 alkaline range (pH 8 - 9) is also stable in a wider range. This range is

usef ul

be coupled with an NADdependent dehydrogenase,
§I ightly 25 al kaline range. c)

dehydrogenases for the oxidation lies in a%
Tenperature opti mum of the NADH oxi dase AC

tenperatures sh
30 “T28°H)Cirekpelar e alabishivy 6fn b

determ ne the &enperature st abifgi ty enzyne sarrplﬁ_)]

42 C, sanpl esaiver g, taken a
nmeasured. 5 The ev%l u tllpré)nk

(Fig. 3).

various tines,
TGS H¥ealthr Helemimy el atiu3Q Cris 7hd pLAactice

for application purposes if the NADH oxi dase for the oxidation is to

since the pH optimum of many

ivity tests at various

and

€ Q0 0%

es wereé §
e residual

ow that the NADH oxi dase exhibits maxi num activity at 40 C
i dase In order to

or'éd §8v 30 C and

actiggty was

stable for ca. 400 m nutes,8Follow ng whichdgt appears to deactivate
accor di ngot 0 HissATwGleagdi of, léllP

C the enzyne deactivates initially (

qui ckly, follow ng whi 79 t appears to besstable at ca.
hour s) .

activity over®h T Br¢ Vidkyvdlomgo triyBer{aby, ) a3
of the KM value foriNADH for the NA

concentratiop, Wgg, VAT
activity was neasur ed

activityui

din the ran
gﬁﬁt‘}fﬁe'f?ﬁ @&k |His The cenalidatdor1shays

s readBéd at 0.1 mM Higgher NADH concen{ Oati ons 2

The Km valU

exhi bit onl yLys makAl%xg§§§r%
uM This highaffinity of t

appl i cations |5(r31l whi ch NAD+ i st%% be regenerat @gsby oxi dation o
a prerequi sit@ Fer Alki 6Ly alasryeosn ehe @i Qﬁj g

15

20

25

30

35

Asp

Asp

Ser

Lys

225

Gly

Pro

Asp

His

Ile

305

Thr

Thr

Gln

Glu

Ala

Val

Glu

210

Thr

Phe

Asn

Ile

Gln

290

Leu

Gln

Gly

Val

Pro

Met

Ile

195

Thr

Asp

Arg

Gly

Phe

275

Asn

Val

Ser

Leu

Ile

355
Val

Asp
180
Glu
Val
Lys
Pro
Ala
260
Ala
Ala
Gly
Ser
Thr
340

Val

Leu

165

i on,

Arg Val Met

Gln Asp Tyr

Glu

Asn

Asn

245

Ile

Ala

Tyr

Lys

Ser

325

Leu

Glu

Met

Ser

Ser

230

Thr

Ile

Gly

Ile

Asn

310

Gly

Ala

Asp

Ser

Phe

215

Tyr

Asp

Thr

Asp

Pro

295

Leu

Leu

Ala

Asn

Leu

hal f-val ue tine ca. 185hours). At 42

i.C
&dd, ﬁ;br( £8P &ys Bep Vpd MetteShr sekatiwel y 10
~ resi dual

t1,40

15 oxi dase

Pro Lys
185

Arg Asp

200

Thr Asp

Glu Thr

Leu Leu

Asp Asp
265

Ser Ala

280

Leu Ala

Val Lys

Ala Leu

Ala Lys
345

Tyr Arg

360

Val Phe

170
Tyr

His

Sexr

Asp

Lys

250

Tyr

Ala

Thr

Pro

Tyr

330

Gln

Pro

Asp

Phe

Gly

Ala

Leu

235

Gly

Met

Val

Asn

Thr

315

Asp

Gln

Glu

Pro

e) Determ nation

H SChPfSUBsE rvatle NADH t he
% rom 0.0013 t010552 nM and t he

Asp

Val

Thr

220

Ala

Lys

Arg

His

Ala

300

Val

Arg

Gly

Phe

Asp

6§%T%Ba

maxi num

to 0.5 m\)

is calculated to be 24

nfgéokﬁr 1 .
e ‘enzyhe *f oflsNBbHALS Gler yyaduantRgaous f or

Ala

Gln

205

Gly

Ile

Val

Ser

Tyr

285

Val

Lys

Thr

Val

Met

365
Thr

ation 25 of NA
1s Asp Val Thr Leu Ile

Asp

130

Leu

Leu

Leu

Asp

Ser

270

Asn

Arg

Tyr

Ile

Asn

350

Pro

His

175
Phe

Ala

Thr

Cys

Met

255

Asn

Pro

Gln

Met

Val

335

Ala

Ser

Arg

DHt‘Lg

Thr

Leu

Ile

Ile

240

Ala

Pro

Thr

Gly

Gly

320

Ser

Glu

Thr

Ile

DH, since
possi bl e.



4) Protein chem stry characteristic data of the NADH oxi dase from
Lactobacillus brevis a) NNterm nal am no acid sequence 30 The results of
several enrichnents al ways reveal ed a protein whose subunits have a

“nol ecul ar wei ght according to 30 SDS- R of 50 kDa. The first 27 am no
acids of the Ntermnus were determined tor this protein (automated Edman
deconposition with an automated sequencer 4774 (Applied Biosystens) with
online HPLC 12B74); the sequence7ss as 5 foll owsigo

MKVTWGCTHAGT FAI FEPDAD, Seq 5).. ln the. sequence a conserved notif

i s underli %%F tgﬁgé@cggagf%%ﬁﬁ% § Tot ?‘fp i@ﬁl l\%%l—ﬁ%&i%ﬁs%@, gsétrhd is a
slight nodi$%Tation of the k#Pwn ADP- bi ndi ng38Ft e GXGXXG Dat &pank sear ches
(BLAST) al repdy.cshew a1 dRi 51604 @ish dh hERGRRN 1 A868aRBMHeuMid known NADH
oxXi dase;o b) Determ natio 5of the protein gwd gene sequenczgs5 The results of
t he dat abank searches show’in sonme parti af egi ons sequenc 'S that are
present in Met {Vedl Asp ¥e4 INADPh<l Sloxirdades Pbhe Asn @l atedhRABH fer oxi dases.
The ami no acid sequenggp Dl FAAGDSA (Seqqzs3) is regarded 488 such a conserved
region. An antisense codon is uscﬁ%@ﬁs ) C—tgrrri nal " Rri mer for this
sequence, aht’ #5GetteFhiftlA A bAtadr 2t iRt AC0dRE Yo MAER- ¥ #Fhus MKvTWECT
(Seq. 4), is used 43 a PCR 20 The 4R yields a 7774by | ong fragnent that
is 59~ jgeniicahto the NADH oxi dase (NOX) from Enterococcus. A gene
library is established by digesting genone DNA with 4 different restriction
endonucl eases (280RV, Pvu I, ~ca | and Stu |). Using specific priners
derived fromthe 25 cleavage sites of the restriction enzynes and sequences
fromthe 777 by fragnent, further sequence fragnments are then obtained by
means of PCR, whereby the total sequence can be defined with the aid of
over | appi ng<ﬁ\‘l’ﬁ sequences and the stop codon. 30 The sequence for the NADH
oxi daselY NOX31f>rem L. brevis is reproduced in the sequence protocol (Seq.

1) given aboyg,. prr

<213> Artificial sequence

<220>

20 <223> Description of the artificial sequence:AS_Primer

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

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

<220>

<223> Description of the artificial sequence:S_Primer

35 <400> 4
Met Lys Val Thr Val Val Gly Cys Thr
1 5



31 5) Use of the NADH oxi dase from Lactobacillus brevis for the coenzyne
regeneration 5 A typical use of the NADH oxi dase is the regeneration of
NAD+. This nay be necessary for exanple if NAD dependent dehydrogenases are
used for the oxidation, as has been sho in a general way hereinbefore
(reaction schenme 1). This is denonstrated in the follow ng exanple for the
10 production of an enantioner-pure alcohol corresponding to the follow ng
equations: &Rd)sal cohol + NAD+ --> S-al cohol + ketone + NADH + H (4) NADH
+ H-+ 170 02, --3 NAD+ + H20 ( 5 ) 15 with an R-specific al coho
dehydrogenase as catalyst for reaction (4), and the NADH oxi dase for (5).
In this exanplZe RTNAD nutant of the R al cohol 20 dehydrogenase from

Lact obaci | | ug1 r eNé ek eCARHGERAR( NADut ant ) DE10037101.9), coupled with
the purified NADH oxi dase from Lactobacillus brevis, was used as R-specific
al cohol dehydrogenase. (R, S)-phenyl et hanol was used as al cohol, and the
reacti on was4@er 6i ed out as a batch 25 reaction. The follow ng reactants

were used: {0 Ws(ﬁls)rnbeml %P%@%ys TMNADH,. 80, ik THA Ruffar, pH 7.0

with ImM MG z and with 5 1 U recADHG37D and 2 U NADH oxi dase. 30
Sanpl es were taken after 0 1 2 3, 4 6, 1® and 24 hours ahd separated by
gas chromat ography (col um: CP-ChlraS|I 32 DEX CB, length: 25 m

di ametefg 2p yr@m%@@@%)a GlT@réri@r@tougsp RRQUARE: RStk 60 C then 5
Cmnupto 190 C, colum flowrate 1.3 m/mn; gas: helium The

acet ophenone peak {prodfict; retention tftre = 16.9 nin) a5 well as the
enantioners of phenyl ethanol (educts; retention tines R-phenylethanol =
20.8 mn and S-phenylethanol = 21.1 mn) were detected. Fig. 4 shows the GC
spectrum of a sanple in which the R-al cohol had been al nbst conpletely
oxi di sed, which is why a correspondi ng anount of the 10 oxidation product
acet ophenone can be seen. As a control the sane experinent was carried out,
but w thout the addition of NADH oxi dase. Gas chromat ography anal ysis does
not show any significant change in the two al cohols, and sinply a smal
anount of acetophenone can be detected, 15 which nmay possibly be attributed
to a spontaneous oxidation of NADH by atnospheric oxygen. 33 Pat ent
Clainms: 1. NADH oxi dase from Lactobacillus. 5 2. Oxidase according to claim
1 from Lactobacillus brevis, preferably DSM 20054. 3. Nucl eic acids coding
for an oxidase according to claiml1l or 2. 10



4. Pl asm ds, vectors, mcroorgani sns containing one or nore nucleic acids
according to claim3. 5. Nucleic acids hybridising with the single-strand
15 nucleic acids or conplenentary single-strand nucleic acids according to
“claim 3 under stringent conditions. 6. E?iners for the production of the
nucl ei ¢ acids according to claim3 and/ 5 by nmeans of PCR 20 7. Process
for the production of inproved rec-NADH oxi dases (NOX) starting from

nucl ei ¢ acig§aﬁ?gggg for an oxi dase according to claim1l, characterised in
that a) the nucferc acids are subjected to a nutagenesis, 25 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
havi ng i nproyeduaetirdttiynand/ gactebaetiilViusy bates idetfeet etbtarichirkplvtmd. 30
34 8. rec-NADH_oxi dases (NOX) or nucleic acids coding for the latter,

obt ai nabl e @¥&8R8Png to claim 7. 9. Use of the NADH oxi dases (NOX)
according to claiml1l 5 or 8 for the production of chiral
enanti oner - enri ched organi c conpounds such as for exanpl e al cohols or am no
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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 KyHPO4; 5 g Na acetate; 2 g
diammonium citrate; 0.2 g MgSOs x 7 H;0; 0.05 g MnS04 x H0;
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 is then obtained by centrifugation and may be stored

at -20 °C for a relatively long time.

30 2) Enzyme isolation

a) Crude extract production
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f#109& ()-! B3 CHIOUEALOLTPUDE Purification of the enzyme
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10% & (35 yl PHOWE&L4(. b~ Thel@rude 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 gradient

to 1 M NaCl (buffer B: buffer A + 1 M NaCl), the following
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hydroxylapatite equilibration buffer, see below.

10 This fraction pool was added to an hydroxylapatite ceramic
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 (NHy)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
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I "10% & % &'
é?Fl (13'010£ ((&)g'x) O/Ktz-p( 11:]01% 3(3 e cadigh gas carried out with the

10! | +! 10% & clohc@nté B At 19n from the lsepharose Hi
1 10% & ()- | S0k & () 2@ 0% & - sT 100 & (oYt S 8% 10t

10t 3: ! 10% &cElumB# HE/# (ﬁinam&gﬁ(@atﬁzﬁmm &K@Gma\m@%a&bmy -on3::;Q
1 dES 10 191 %y]los(@p%a(x)os 106(@6% (rRaterlal (Tosohaas), equilibrated with
10 50 mM TEA pH 7.5 + 3 mM DTT + 1.2 M (NHy)2804 (=buffer a).
Chromatography conditions: column volume 2 ml, flow rate 1
ml/min; FPLC apparatus, pressure 0.1 MPa, room temperature,
2 ml fractions). The proteins are eluted with a 4-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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Crude 35.1 17.8 702 100 1
extract

Macro Q 77.3 10.4 270 38 0.6
OH-apatite |32.2 12.2 103 15 0.7

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

contains only 2 proteins,

weights of 38 and 50 kDa. These two protein bands

individually N-terminally sequenced after blotting,

whose subunits have molecular

can be

and a

comparison with sequences accessible in databanks shows

that the 38 kDa band has very high similarities with known

10

similarities 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

preparation purified by 4 chromatographic steps.

a) pH dependence of the oxidation

The pH optimum was measured in the range pH 4.0 to
20

Different buffers were used depending on the pH value.

The biochemical data were determined with an enzyme

10.0.
As
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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 pH 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
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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 pyM. This high affinity of
the enzyme for NADH is very advantageous for applications
in which NAD+ is to be regenerated by oxidation of NADH,
gince a prerequisite for this is as complete an oxidation

25 of NADH as possible.

4) Protein chemistry characteristic data of the NADH

oxldase 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
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T 10% & () -+8gTod0% &n( hnk3sEns@%&doh- EE00se@0aeoXtDedrhdfEd” primer
for this sequence, and together with a primer that codes
for the N-terminus MRVTVVGCT (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 I
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.
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The sequence for the NADH oxidase (NOX) from L. brevis is

reproduced in the sequence protocol (Seq. 1) given above.
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7. Process for the production of improved rec-NADH
oxidases (NOX) starting from nucleic acids coding for
an oxidase according to claim 1, characterised in that
a) the nucleic acids are subjected to a mutagenesis,

25 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.
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10. Use of the nucleic acids according to claim 3 or 8 for

10 the production of whole-cell catalysts.

11. Whole-cell catalysts containing a cloned gene for a

dehydrogenase and a cloned gene for an NADH oxidase.

15 12. Whole-cell catalyst according to claim 11,
characterised in that it is an NADH oxidase (NOX) from

Lactobacillus.

13. Whole-cell catalyst according to claim 12,
20 characterised in that it is an NADH oxidase (NOX) from

Lactobacillus brevis, preferably DSM 20054.

14. Process for the production of NADH oxidases from
Lactobacillus, characterised in that the
25 microorganisms are cultivated under aerobic

conditions.



