1 Nitrite hydratases from metagename libraries The present invention is directed toward specific
degenerate primers. These latter are preferably employed in 5 a process for preparing nitrile
hydratases. The present invention therefore also relates to the nitrile hydratases which are prepared
by the process which is performed using the primers and to other proteins which are required for the
nitrile hydratases to be active. The nucleic acids 10 encoding these protein sequences, and
expression systems comprising these nucleic acids, likewise form an additional part of the subject
matter of the application. THé % of Hydratkitetgdfarm arbrrentuse Liideslying: nucleic acid
sequences, constitutes an additional aspect of the present 15 invention. The amide and carboxylic
acid structural clagsgs arg.heeoming:evemmare impgrtani;aspreeursqrg,pffipe chemicals. Specific
aminoamides and <:{grotelnogenlc %Qgrgsq nﬂgg%gtﬁggggp%m#%% g%cé%ef{;e ke llﬁtf?r%%g{ates for

.. ellerace
synthesizing pharmagceueflca anzgagrochemlqa roducts as well as in oodstu

Enantiomerically fur@aRiaeE ahtFantnePacieae inartictfar, BEyAReeRr greifertdiEftthe
abovementioned dfe83 6T appieaiGiors AdfiRomtesrodifsSiie agidreireyunedrrasieparing the
‘abovementioned wbrnpount: classes; edntye réadibrobtainevtibdacémipdoin:medayfwhat is termed
Strecker synthesisnEhe-pitrileswhieh havedeeen obtaipethin thisway £o8 thag.3Q-be converted into
the correspo_ndin%@@idgﬁﬁqégamgg?%@gg, b?é n@@n@g{g@gmiﬁ;ﬁlg %gétx_rlgg% hyadékﬁ’&éSiS- Lr_\tr(?le
enzymes w are capable eing inv. in nzymic hydrolysis of nitriles are, known. Nitrilases
35 gonvert Qi (r\gﬂriléa ?lﬁ?é%éar? diregﬁf ?n%: ?%eg%%idsvgﬁ%%ésg %trilge%hydra a%seesssé.oﬁ £35 1t. in this case

form the correspoRGIRY AMIAE. THS Tafter &4 ThaR 1Ty bE ST Ghvaial fitotHEhPE&bonding
carboxylic acid byAREANSbf HtafiBaSEEMRC LS 195 (SERePl) GRFkAydrdtheaiidasE + NE4
;Jaime Scheme 1:tUsinglisoldededzaressen whofe-ctll tatalysted.hidolyze 19 nitdlesdo give the
corresponding amides anekacidsdhgipsdarsavealargadantiias aksaktwhieh yveuld.athenyise accrue in
the neutralizagon step.fallqwing the chemical hydrolysis of nitriles. For this reason, the enzymic
hydrolysis of nitriles to give, for example, aminoamides 15 end/or amino acids represents a more
sustainable production process. In their active form, nitrile hydratases consist of 2 nonhomologous, a

and 5 subunits. TAESe Iéﬂ‘éﬁﬁ)rrﬁ% h&%ﬂﬁéﬁ artFtelrafEFE TR v 8885fheréHave been
demonstrated to REFRESESt inqHE*CasEOFPRNATBESEERS rhéGocBBSUWENRHile2he afdne p subunits
are of approximatelystitecsame szeethéyao poiotzeritise shkard anysimdantigsniitrilehgdratases are

metalloprotefis nenproteinogenic) amino acids are key intermediates for

synthesizing pharmaceutical and agrochemical products as -
well as in .the foodstuffs field. Enantiomerically pure
amides and amino acidsg, in particular, play an ever greater
role in the abovementioned areas of application. R

25 .
Aminonitrile precursors, a8 are required for preparing the
T abovenentionsed compound classes, can be readily obtained in
racemic form by way of what is termed Strecker synthesis.
The nitriles which have been cobtained in this way can then

30 be converted into the corresponding amides and carboxvlic
acids by means of chemical or enzymic hydrolysis.

Three enzymes which are capable of being involved in the
enzymic hydrolvsis of mnitriles are known. Nitrilases
35 c¢onvert a nitrile function dirsctly into the acid whereas
nitrile hydratases (B.C. 4.2.1.84) in this cese form the
correspoading amide. This latter caen then finally be



25 which contain Fe3+ or Co34 ions (Bunch A: W. (1998), Nitriles, in: Biotechnology, Volume Ba,
Biotransformations I, Chapter 6, Eds.: Rehm HJ, Reed G, Wiley-VCH, p. 277-324; Shearer J, Rung 1Y,
Lovell S, Kaminsky W, Kovacs JA (2001) Why is there an 'inert" metal center in the active site of 30
nitrile hydratase? Reactivity and ligand dissociation fsom a five-coordinate Co(lll) nitrile hydratase
model J Am Chem Soo 123: 463-468; Kobayashi M, Shimizu S (2000) Nitrile hydrolases. Current
Opinion in Chemical Biology 4: 95-102). One of the greatest Challenges thus far has been that of
heterologously prepaviegeifiléteedrbltes ez serabien osefreteidsly EcidlibYhiBsdrdm-negative
bacterium is 5 knewn=to expdss:heiemlogobsiproleifsdtdnighirates. An additional advantage is the
yield of biomass in high cell density fermentations using E. coll. In such fermentations, it is possible to
achieve productivities of morestemd8:g of dry biomass£B8d#) in a period of from 24 to 44 hours 10
(Lee SY (1996) High cell-density culture of Escherichia TIBTECH ¢4:98-105; Riesenberg D,
Guthke R (1999) Higtﬁb@ﬂ-densi%heuttwatidqgiﬁ%;oorgmm% | Microbial Biotechnol
51:422-430). 15 Most nitrile hydratase a and sub sequences are known from the genus
Rhodococcus. However, |t is precrsely the nrtrrle hydratases from thrs gdnus which it has thus far only
been possiblg to expre : v Br-NishiyamnasM, Horinouchl S,
Beppu T 20 (1989) Primary structure of nrtrlleﬁhl}@ratase deduced from the nucleotide sequence of a
Rhodococcus spesieeandLits expression in Escherichia coli. Stir J Biochem 181: 563570) 25 The
literature describes systems for expressing nitrile hydratases whose specific activities are between 4.2
and 12.2 U/mg o &%E&tg?f é@i’a'{bﬁ‘eeﬁé)?ﬁég G- me%d%@&m'tel@ch%aéésea g R thadochrous J1
(Kobayasjhi M, N @1 V\{% OranUChlaS e%%u gda H (1 1Q Cloning,
nucleotide s%%ueﬁl&e 3é\nd‘agxpres ionin scherrdﬁsapcgl ? WO CQ aﬁt contarnrn nltroe hydratase
genes from Rhod&BocEE¥thddbeRrodLeRidcHiRT BBPhRALta Rt rﬂg: #85'0fifig of total
protein in the case@tlarﬁlrGrlP-débendeﬁtnﬂﬁliéh?dﬁéta%%ﬁﬂ?&mcﬁé%péﬁﬁ%‘ﬁ%ﬁ?l (Njori M,
Yohda M, Odaka M-datsuashitacst, TadjmiradV, YoshidadiDokhewmehl, Takie K Emioti¢1999)
Flinctional expresﬂgj}:gii}gtige hydratasesds ExgoliiRequirmeniahA & nitile fysratase activator
and a post-translat t [ his
correspondl%nto%%ﬁf?? Em%%%%lgér%%%%%ﬁié Eﬁ%r%os%%%%%%%%?? r%%@égrﬂd%r%ce with
Goodsell DS 5 (1§§ffﬁ? de a cell. TIES 16: 203-206). Interestingly, it was not possible to reproduce
the latter activity using nitrile hydratases from R. erythropolis, which is closely related to Rhodococcus
spec. N-711, and Bmpldyify sinsitdmeecforsystarmsahirarFalyarRsRs of IWeSstBlictLral genes. 10
There was, therefasergtilbadsteed for procesdes andssysiemswhictheaableltietsn7ymesin question to
be made avaiiable,in a-pannersvhich is adequate fotha indusialaaaleets Methodsaghich have thus
far been described for, ﬁ‘é’&%%@@@ fcyonrtlgge WF&Q@%S ﬂé‘vecﬂéerbé%%”cé%d tessalating-microorganisms

which exhibit a corresgﬁé}u % tl\ﬁl_té/ T, es croo&ga |sr'r;skt>1 %rtheaxbeer&,{,aken from
or sélec

existing strain colt&eq vely propagate w hat ar terme enrlchment media

(Colquhoun JA, H%%H%Iﬁqie}t‘arﬁjé%kéﬁm?(a?df?ﬂ&ﬂ%h?ﬁ ARF BT {18884 F4%onomy and
biotransformation MVrﬂeM@@me@deerﬁéééﬂéﬁlné‘h‘@t@%@eﬁxt?éﬁﬂom%léf?s%ﬂ?ﬁcmquhoun
JA, Mexson g5 Gogialfettowddndamd AE3 Horkoshe K anbBsill AFu2611998b)Woveldfstlacocci and
other mycolate acfjnopmycaies fromgherdean saanAntosicman doeuienhaak Teka-46xsA

disadvantage of these.gergening %%@Odsuétttratz&t%@éaedn tt@ﬂ@wréﬁuns migfeorganisms of the
genera RhodococgUs, Bacrllus or Ps onas, or, th%%'a'ﬁﬁ Q&’ tﬁe d{versrté'/ of,30 gbe)fprrespondrng
nitrile hydratases ﬁti?é?’&aefd (e} agtlw or su sYra € specificit Iso I|m|te as a consequence (Bunch

A. W. (1998), Nitrif&¥/ iASBIdteERndlogy “FolimB ¥ BiBHa ﬁoﬁﬁaﬁ&ﬁs?"éﬁ‘éﬁt&ﬁé%&é Rehm H:J.,
Reed G., Wikdy-VE@it i 127 H33e @eRAnRBaCHAT R, Ptelrbgrnd dissociation from
a five-coordinate Co{III} nitrile hydratase model. J Am

Chem Sot 123: 463-468; EKobayashi M,  Shimizu 8§ (2000)
Nitrile hydrolases. Current Opinion in Chemical Bioclogy 4:
95-102) . '




35 Graham D, Almathawa Q (1998) Biochemistry and biotechnology of mesophilic and thermophilic
nitrile metabolising enzymes. Extremopbiles 207-216; Yamada H, Kobayashi M S (1996) Nitrile
hydratase and its application to industrial production of acrylamide. Biosci Biotechnol Biochem 60:
1391-141). 5 Current estimates assume that, as a rule, only 0.01 - 1% of the microorganisms in a
habitat can be cultured and thereby made available for screening in accordance with the
above-described method (Amarrn RI, Ludwig W, Schleifer KH (1995) Phylogenetic identification and in
situ detection of 10 individual microbial cells without cultivation. Microbial. Rev. 59: 143-169; Pace NR
(1997) A moleculagyieyof-miCenhiat diseraity Bhehthesbioapberta:Sdisnrcedéh: T34+74F Cowan DA
(2000) Microbial %@%@g@ﬁsg&yﬁa iesayroe; drends Bjetechnals18:x14:16); {Rirecdy cloning” 15
the genomic DNAﬁgfé if at a

ossible, gJl t gafsms | 0l (i "metagenone”), and
making this DNA avawltlélb%r,elr%J SSI%% m of r%%t%{fenome gg%ﬁa%ib%gﬁig%é éi%%an%{tigcq%irg%ning, IS
ia

therefore increasiffigairtngiRpEHantE 1ot Ida Ty AOVET hau [Azymas i 20 this approach,
the genetic screenfil fdraady MEVEREaEm g fetde cinitheP berduEad Jmt e 8si€Ssequence
homology, baseddmebhgefestsetpisiees metifsgok -wheasuifblewHy iaenesisitditator media are
available, on the basis-ohaetivity Boraolngy: el epzadn KohlarWolf MolEek 24, ZikeyH (2000)
Expression Cloning o tagenome R4y from Sgil Bioigehnot. 2008, Book-ef AhsthoMek2: 306).

While it ycrefgses bave alieady bech amplied o nelagenomG Ny msens of a

PCR-based’'scree |rei’8 meth using enerate, primers, the nature qf the seq £0¢ is such that
they exhibit very ﬁ@%“deg?&gg%?%inﬁﬁdrﬁ?/"%%s-" 99%7})5?\7\? fhose ?dr kﬁ%%{ﬁitrﬁ‘e h d%a?ises (Precigou
S, Goulas P, Duréa $o-@80t)Rapic-dnd Spreif@rsitificafon SRAEHRISFIRLSe enfB88hg genes in
soil 35 samples byipelyhiaraseichaicredcticis, EMS Mierobial. Letters 204: 155-161). Itis not -
possible to make any proper assessment of the primers which are used in this 6 reference since the

authors do re the. n a imersordbsirdegrea ofdegengracy. The
e e
iy /i differ

hydratases suggeslfé:”f’ha‘t the Sy straté specificity is not marke r%/ elglt rorrglt at of this latter
enzyme, either. TREFE WSS, BERABRE SSHIFA TRttt pPEERSE R sySeRewhith erable additional

enzymes of the typalin feegueswsiv iR MAJEBENRDISH Emdittdr WhER i83tettiatéTor the
industrial scale. Thefdiject of thitpetsent iveltishivanzhéiefgietorspyedity dn aBgitiondf process for
preparing nitije 1physlratases.dmparteutantee Proeass sheulsybeabledoddentibanifiterhydratases
which are present i what-ate iermed poncuiurable aranismsoAnaddijenskebiess ofithe present
invention was to pée?'lgare nitrile gédrgg@c%% chtﬂgg ag%%perﬂrto thase.inthe prigr.art 20 These

ic

objects, and additio éﬁeosrsf]%% SW are not specified In detail but which ensue in an obvious
manner-from the EHBP art, are achieved by the specification of specific primer constituents as claimed
in claim 1 and 25 their use in a process which has the features of claim 2. Claims 3 to 5 relate to
preferred entsodimieatsidftestmoressias cridstion sChiinre prénscterNproiain sEdi&Reés according
to the invention whilecktina Zdis wirastediruward theaputiele el sequensesawhich encedé them and
claim 8. 30 relat_e%_;p. y%%reggiogo%ésferﬂ,?&@gﬂ age proyidedanith g@sgglwéggzgﬁg§equences.
Claim 9 deals with hovel nittjle hydratases-whichiave s prenared in ALGAIPANSE.with the
invention. Claims Toand 11 &re difected toward sgecl IC USEes.
Nighiyvama M, Nagasawa T, Horinouchl S, Beppu T, Yamada H
30 {1991) Cloning, nucleotide seguence and expression in
Facharichia coli of two cobalt-containing nitrole hydratase
genes from Rhodococcus rhodochrous. Biochim Blophys Acta
1129: 23-33) and 452 U/mg of total protein in the case of
an iron-—degendent nitrile hydratese from Rhodococcus spec.
35 N-771 (Wjori M, Yohda M, Odaka M, Matsushita ¥, Teujimura
M, Yoshida T, Dohmae N, Takio K Eando I (1999} Functiomal
expression of Nitrile hydratases in E. coli: Requirement of




35 A prerequisite for finding novel nitrile hydratases is to specify nucleic acid sequences which are
able to serve as 7 probes for nitrile hydratase genes which are present in metagenome DNA libraries.
By means of specifying degPnerate primer constituents from the group consisting of A-01f

gcsmrsgcestgg (Seq. ID NO. 1) B-OIf ggsctsccsce (Seq. ID NO. 2) B Olr ggsggsagscc (Seq. ID NO.
3) C-OIr: ggncgcwbsgg (Seq. ID NO. 4) A-Olf

a nitrile hydratase activator and a post-translational
modificaticn of a ligand cysteine, J Biochem 125: 636-704),
with this corresponding to about approx. 248 U/mg of DBM
{6ry biomass) (calculation in accordance with Goodsell DS

5 (1991) Inside a cell. TIRS 16: 203-206). Interestingly, it
was not possible to reproduce the latter activity using
nitrile hydratases from R. erythropolig, which is closely
refated to Rhodococous spec. N-711, and emploving similar
vector systems and arrangements of the structural genes.

10 fThere was, therefore, still a need ‘for processes and
systems which enable the enzymes in question to be made
available in a manner which is adequete for the industrial
scale.

15 Methods which hava‘ thus far been described for screening
for nitrile hydratases have been restricted to isolating
microorganisms which exhibit a corresponding enzyme
activity. These microcrganisms have either been taken from
existing strain collections or selectively propagated in

20 what are termed enrichment media (Colguhoun JA, Heald S5C,

i L, Tamacka J, Kato C, Horikoshi K and Bull AT (1998a)
Taxenomy and blotransformation activities of some deep-sea
actinomycetes. Extremophiles 2: 269-277; Colguhoun JA,
Mexson o, Goodfellow M, Ward AC, Horikoshi X and Bull a7

23 {1988b) HNovel rhodococel and other mycolate actinomycetes
from the deep sea. Antonie van Leeuwenhoek - 74: 27-40).
A disadvantage of these screening methods is that they have
in the main found microorganisms of the genera Rhodococcus,
Bacilliue or Pseudomonasg, or the like, and the diversity of

20 the corresponding nitrile hydratases -in regerd to activity
or gubstrate specificity is also limited as a conseguence
(Bunch A. W. (1998), Nitriles, in: Biotechnology, Volume
8a, Biotransformations I, Chapter 6§, Eds.: Rehm H.J., Reed
G., Wiley-VCH, p. 277-324; Cowan D, Cramp R, Pereira R,

357 Graham D, Almathawa Q (1998} Biéchemistry and kictechnology
of mesophilic and thermophilic' nitrile metabolising
enzymes. Extremophiles 2: 207-216; Yamada ¥, ERobayashi M



gcnmrrgentgg (Seq. ID NO. 5) B-OlIf : ggnytncence (Seq. ID NO. 6) B-0O1r ggnggnarnoc (Seq. ID NO.
7) C-OlIr: gwngwrtccca (Seq. ID NO: 8) A-OIf : gcntggrynga (Seq. ID NO. 9) B-OIf : ggnytsconct
(Seq. ID NO.

(1996} Nitrile hvdratase and its zpplication to industrial
production of acrylamide. Biosci Biotechnol Blochem &0:
1381-141).

5  Current estimates assume that, as a rule, only 0.01 - 1% of
the microorganisms in a habitat can be cultured and thereby
made available for screening in accordance with the above-
described method (Amann RIT, Ludwig W, Schleifer EH {1935)
Phylogenetic identification and in situ detection of

10 . individual microbial cells without cultivation. Microbiol.
Rev. 59%: 143-169; Pace NR (189%97) A molecular wview of
microbial diversity and the biosphere. Science 278: 734-
740; Cowan Da {2000) Microblal genomes-the untapped
reagcurce. Trends Biotechnol. 18: 14-186). “Directly cloning”

15 the genomic DNA of, if at all possible, all the organisms
in a soil sample {(i.e. the “matagenome”), and making this
DA available, in the form of metagenome gene 1ibrariés,
for a genetic screening, is therefore increasingly gaining
importance for identifying novel industrial enzymes. In

20 +his approach, the genetic screening for enzyme-encoding
genes can either be effected on the basis o0f sequence
homology, based on conserved sequencé motifs, or, when
suitable enzyme tests/indicator media are available, om the
basis of activity homology {Lorenz P, Kthler B, Wolf M, Eck

25 J, Zinke H (2000) Expression Cloning of Metagenome DNA from
Soil. Biotechnol. 2000, Book of Abstr. Vol Z: 306).

While nitrile hydratases have already been enmplified from
metagenomic DNA by means of a PCR-based screening method
30 using degenerate primers, the nature of the seguences is’
guch that they exhibit very high degrees of similarity
(90 - 99%) with those for known nitrile hydratases
(Precigou 8§, Goulas P, Dursn R, (2001) Rapid and specific
identification of nitrile hydratase encoding genes in sgoil
35 samples by polymerase chain reaction, FEMS Microbiol,
Letters 204: 155-161). It iz not possible to make any
proper assessment of the primers which are used in this



10) B-OlIr : ggnggsarncc (Seq. ID NO. 11) C-Olr : swnswrtccca (Seq. ID NO. 12) the skilled person
obtains, completely surprisingly but no less advantageously for that, special nucleic acid 20 sequences
which help to construct specific probes for screening for nitrile hydratase genes in metagenome DNA.
libraries. These nucleic acid sequences are degeneréate sequences which, on the one hand, are
specific enough for finding only nitrile hydratase genes but which, on the 25 other hand, are so
nonspecific that, if at all possible, all the nitrile hydratase genes which are present are detected. At the
time of the inventiqns it was. Nt REssible tadadice theinpteparation fram e pratas ipmn obvious
manner. 30 The present wgggt&g agg%ggggIyo§lsgﬂgigegé?1%Qrgg:@s§ggggéfgg§lpgrﬂ[@teln
sequences which are reqqf.ureg or constrijctln thefa ivity of a nitrile @é’dragase, %uch Lﬂ%t a)a
metagenome DNAYH a5 B hBbitat & p?é:ﬁg?'eg, 35°D) this Nbrary Is contacted with in each case at
least one forwardf¢siABFEnt sRETRTRTSER) ﬂirﬁé?’”ejs&ﬁbiﬁﬁﬁrﬁ‘%ﬁ%@eﬁé‘?gﬁgﬁﬁc@@‘éeid sequence
in accordancs withhseqrréndesteo 2PecdFARER isscartéd Barisihy thésé sfmets, 8%e full-length
sequences of thenualeigracidsseneading Brpratein séghiences which are required for constructing the
activity of a nitrile hydratase are generated from the part sequences which are obtained, and e) these
full-length sequenges are cloned tlg&gr%g&%trormlw and ﬁé@{fs%q 1Q.A%gligady noted at the.
outset, nitrile bydratases consist of at eaft two g@%ex{glsub%glts ég agczi p %Jgur,&lﬁféngever, further
protein sequenceﬁ?’ﬁ?ﬁ’aﬁiti?ﬁ’ﬁzﬁkihe%éa 8 sﬁ‘gu:r“uts, may aIs6be re uired to enable the nitrile 15
hydratases f#Pbe HBE9EL Fhe Frdde RIS HEHICHRT D HRtITe RERFA SR R g FoRIFTPFSRins, etc.) may
sometimes be redisirecdt iz ordérd-eimblethéscorresponding nitrile hydratases to become active. The
nucleic acid sequences which encode these activators are frequently 20 located. in the immediate

vicinity of the nuclgig aq;g:'r:@(g@e@qges which-ercade thecemespandipg nitkle fydsatase:subunits. It is
consequently possiblgﬁtr@g screening for nucleic %g&_egéjenggjg e@?@ﬂ%&ﬂk‘ﬁ”e hydratages, also at
I 2qU e

the sameé time to Getect 4ll thaéﬁpro ein s%e ces which are 25 requ'ﬁ gfgr E) e ni rig h glratases to be

|
active. Accotding BB 5otRss It aBBS N

e iththe iﬁ\%ﬁﬁgﬁ, theirs stéep is that o¥ preparing a
metagenome DNAJ@RERE ST BiFarHERIFRHEISAE ThabkiEd Fersdit /8 fithildPwitfitfe 38 in which this
library is prepared:é¢nistschpAWi-Tagide orgenisns. An additional object of the
present invention was to prepare nitrile hydratases which
are superior to those in the prior art,
20 .
' These objects, and additional objects which are not
specified in detail but which ensue in an obvious manner -
from the prior art, are achieved by the specification of
gpecific primer constituents as claimed in claim 1 and
2% thelr use in a process which has the features of ci_aim 2.
Claims 3 to 5 relate to preferred embodiments of the
process in question. Claim 6 protects the protein seguences
according to the invention while claim 7 is directed toward
the nucleic acid seguences which encode them and claim §
30 relates to the sxpression systems which are provided with
these nucleic acid segquences. Claim 2 deals with novel
nitrile hydratases which have been prepared in accordance
with the invention. Claims 10 and 11 are directed toward
gspecific uses,
35
A prereguisite for finding mnovel nitrile hydratases is to
specify nucleic acid sequences which are able to serve as



30 BS; Benne, ADR (2003) Metagenomes of Complex Microbial Consortia Derived from Different Soils
as Sources for Novel Genes Conferring Formation of Carbonyls from Short-Chain Polyols on
Bscherichia coli. Journal of Molecular Microbiology and Biotechnology 5(1): 46-56; Rondon, MR; 35
August, PR; Bettermann AD; Brady, SF; Grossman, T H; Liles, MR; Loiacono, KA; Lynch, BA,
MacNeil, 1A; Mino,r C; Tiong, CL; Gilman, M; Osburr?e, MS; Clardy, J; Handelsman, J; Goodman, RM
(2000) Cloning the soil metagenome: a strategy for accessing the genetic and functional diversity of

uncultured microq;%gm&ép@le@gig Wﬁg@t%gﬂg@bj@@gﬂ 65(8): 234l «Primers which
exhibit the 5 degen%régte n,léjf‘%eé’%g .sequen esga;\pqgégﬂg [_g_nt g&\ﬁeﬂ} q;g(ggge@&% 1-12) are
rary

then added to thi§fibr reaction IS Su uent carrle put, with this reaction giving rise to
part sequences GPTHEHUABRS T EEGGenEaE eﬁéocﬁngur? tr‘f"“r?y“(ﬁg%élge tbunits. 10 Employing
methods of the prior art, the skilled person can then use these part sequences to identify the
corresponding full-length nucleitlatid seepremess {8chlo$sg PDPHARdelsman,J(2003)Biotechnological
prospectsfrom metagenomics-Gugrentf3pitendsddioterinolonyyd4(3): 303- 15 310; Random, MR;

August, PR; Bettermann AD; Brady, Sk& (_g,?g e, Togbdiles; MRB; Lpjacono, KA; Lynch, BA;
MacNeil, IA; Mino,r C; Tiong, CQl Gllman o} ? yine é Clardy, J, 5—|andelsman J; Goodman, RN
0

(2000) Cloning the soil metagenome: a gtha?é P accessmg the jenetic and 20 functional diversity of
uncultured microorganisms. %‘pﬁﬂ'@d aﬁﬁﬂgﬁgﬁﬂ?@ﬁtaiﬁ%roﬁ%l y Z8(6):2541-7). Finally, the
nucleic acidEequences whicBtae begmrstRacaerd&siabinahMPprépared in particular expression
systems. The methods for dobrg@ this :aresiicemisskrogem. the>28Xkilfed person (lit, see above). In a
preferred embodiment, the degeneratepugipiccaskkseguances areording to the invention (Seq. ID

Nos. 1-12) are employed in the presentpracess syeh teatin @gcﬁcpa@e, 30 primer pairs composed of
primers exhibiting the nucleic I:?'ngfc,equenrf\{(j-:‘ts A- Olf S% ID Q@nd 9) and B-01r (Seq. ID Nos.

3,7 and 11) or C-01r (Seq. | § T “%%‘é ale Nos. 2, 6 and 10) and C-01r

(Seq. ID Nod34, 8 and 12) ar&&d in E@WrWﬁeﬁstﬁ%Se?s 8m&|£)atlons are employed, the
nucleic acid sequences encolirftj-the pFoRSIWEERRRCERHNicH o reddired for 10 nitrile hydratase
activity are detected in a preferred and efficient manner. Preference is furthermore given to locating

certain other nuclgiczaci: sequences ¢a. wisiahilzingrgiens)b upstreaninilhe abovesdescribed
degenerate primef &ggsﬂ%% l&é haﬂg:SYtg&nskys%,géngg Ank995 ~"Desigr and use of

mismatched_and degenerate pr e s" | PCR Prlm a@gr ry.Manual Q}lgg nbach CW &
Dveksler 652 difor %Yeeoﬁf? Sp rllg]n %or’pLabo ato 1’:Ar\fal‘és 1%) 43c 10 155; Com top.| , 1990,

"Degenerate an%ﬁ%%’f‘ﬁﬁA ﬁ?ﬁplﬁf’c‘é‘f%e Inhy BRAESIE A ClidE S RS s an
Applications"”, InnistmrdesfandFps eSHsIdELS, V\?ﬁ&@Tf@HR&%ﬁE’AcﬁH@mQ@%@% Diego,
pp39-45). In this casg;dhesprimeisiemploysten the PErdactiore copsict B d Segegaiera®® nucleic acid
sequences of the abayesdessiibedAype (sequaenmes H3dogeido 1R)andihemuckeic adid sequences
mhe”t'foned in, the %%%%”%%%Eﬁvwel}hsd D.NRspd3stei23. 1:\3'3%!&/ parficuler prafegenes isigiven, )
therefore, to a process in which,nucleic e om the cansisting o

£o ) e &g@réggggc o Geediom e 20 raup oy

GCCAAGGTCG 1D NO 14 TTGTA%CiAGGTC(Seq

ID No. 15) GCCCE&RE€ Eﬁ | ‘“-NEP?Lé‘)ma of the ifventicn, & Bt poss
to deduce their preparation f£from the prior art in an

chvious manner.

30 X
The present invention accordingly also related to a process
for preparing protein sequences which are reguired for
constructing the activity of a nitrile hydratase, such that
a) a metagenome DNA library of a habitat is prepared,

35 b)) this library is contacted with in each case at l_east: one
forward({f) primer and one reverselr) primer exhibiting a



25GGCGCTAATGTTGTT(Seq. ID NO. 17) TGGCCGGTTCTG(Seq. ID NO. 18)
CAAATTCTTTATACCAAGTC(Seq. ID NO. 19) CCATATATCGCATTTCAGCT(Seq. ID NO. 20)
GGTCGTGGCCAAG(Seq. ID NO. 21) 30GGCCGGTCCTG(Seq. ID NO. 22)
TCCTTGTACCAGGTC(Seq. ID NO, 23) GCGCATTICGGCG(Seq. ID NO. are placed upstream of the
degenerate nucleic acid sequences (Seg. ID Nos. 1-12). These upstream sequences are 35 likewise
derived from conserved nitrile hydratase regions and adapted to the codon usage of organisms having

a different GC cop 31 A progess.as degetibed stdhe-puiset: of pimersqyhich agiselected from

the GCCAAGGTCG Cégc%@rfggst 5SGCCGGTCCTGggsctscescce

TCCTTGTACCAGTT csagsag% "GCCCGCCggnegewbs ,GGCGCTAPAGTTGTTgcnmrrgchtgg
TGGCCGGTTCT8ggn o’rﬁ:ccfb’&%?’f"cfﬂ%%rﬁ%%%g& §Gfggnaln22 _
CCATATATCGCATTHEASE Fohirfito CETERTE TEIG EF A ARt ymtis encoding
OGCCGOTCE T QumiytsconeuEG OFT GTACCAGCS TegyAggdarfoe constructing the |
15GCGCATTTCGEOGswasrtacaarin mhick dsetissmatesgrmpeansistifupal (SeqpixNO. 25) (Seq.
ID NO. 26) (Seq. IRNQ. 27) (38D NO-28){Seq, IBNO. 29) (Seg. ID NO. 30) (Seq. ID NO. 31)
(Seq. IDNO. 32) (366, [D.NG 33) (Seq. P NQy34)45¢0 JPNQ 33140 1] NO. 30),is therefore

very particularly advan gaeous sing these primers, it was possible to detect nucleic acid, sequences
encoding nitrile hydRRARSER, BBWEIFALSHET 20 genes for putative “activators”, in metagenome DNA
libraries. Acé@rdingly, a next part of the subject matter of the present invention is constituted by the
protein sequencesSaMckiaresegdiret fokeonstsrtingrtherddivilyeta mghe hyerathse, with these
sequences possessgingiessHian QR0 horfelogy; peefetabilydessethan®7%, sunenpdreferably less than
96%, even more prsferahly less than 95%, yetmew-prefesably Jess:han9050, veryduaserably 30 less
than 85%, and extremel&g)urg{ rabl;%egs than Eiz(’)e%a__ggmqjggy,t%t the amino.acid lavel; with such

known protein se&ﬁ’é’nfes, ARd With r?’u“cﬁgig aci se]ﬁqéjences encoding#hem bei.n(gl enerated from

part sequenéds whISH §RAFSE posttiveRybAdization sighsl, FitfsStrifgen coRaitions. 35 with the
primers accordingptu-#e ivehegh EHiBitTg tHe 1ficlere Beid e RidE T Ravify the séfi¥ences ID Nos.

1to 12. sometimes be required in order to enable the corresponding
' nitrile hydratases to become active. The nucleic acid
sequences which encode these &activators are £reguently

20 located in the immediate vicinity of the nucleic acid_
sequences which encode the corresponding nitrile hydratase
gubunits. It is conseguently possible, by screening for
nucleic acid sequences encoding nitrile hydratases, algo at

the same time to detect all the protein sequences which are

25 reguired for the nitrile hydratases to be active. According
to the process in accordance with the invention, the £irst
step is that of preparing a netagenome DNA library of a
particular habitat. The skilled person is familar with the-

way in which this library is prepared (Knietsch, AW, Tania;

30 BEg; Hemme, ADR  {2003) -Metagenomes of Complex Microbial
Congortia Derived from Different Soils as Sources for Novel
Genes Conferring Formation of Carbonyls from Short-Chain
Polyols on Escherichia coli. Journal of Molecular
Microbiology and Biotechnology 5(1): 46-56; Rondon, MR;

35 August, PR; Bettermann AD; Brady, SF; CGrossman, T H; Liles,
MR; Loiacono, KA; Lyncﬁ, BA; MacNeil, IA; Mino,r C; Tiong,

CL; Gilman, M; Osburne, MS; Clardy, J; Handelsman, J;



12 The positive hybridization is a prerequisite for it to be possible to find corresponding nucleic acid
sequences using the PC reaction-based screening. Methods with which the skilled person is familar
can then be used to obtain the 5 corresponding recombinant protein sequences from these nucleic
acid sequences. These recombinant techniques are ysed to obtain organisms which are able to
provide the protein sequence in question in a quantity which is adequate for an industrial process. 10
The rec-protein sequences according to the invention are. prepared using recombinant DNA methods
which are known ¢g dae-5Kjllegh persondSarnbrdals Inéridsch, ketagntbhtaniatistTa(@89), Molecular
cloning: a 'abO(rat%\fmaeuagﬁﬁ;edu@ldgéagefwaﬁaar LebosatonRress Nowts Yok Balbas, P
rid Bolivar, F. (1990), Design.and constructi expressi asmid.vectors.i ' thods
Enzymol. 185, 14@;‘%&%%2%?? éﬁg gﬁﬁsr'dt, %%?9(:%%) (frq%%k, V%i%%%ﬁ g&%\%g of molecular
cloning vectors afdRER GEEY20%.25% g&%&rﬁ&%r’th, Stshenam). ith Tégard fo the general
procedure (PER, &hasney e@reSBiehedi.), #58 SeaRATERAGS refBReRIFG-IME folflBwingiferature and
the references citeahilseréin Unbeersal BensnseWalkedin Kir@seridanuaddefonteeh, 372800, and the
literature cited tharginaTjglia TsdPetersondd. 25 GraneiemplD. L1088}, Aprocedite for in vitro
ampification of DNA segEietihaje:quiside ihe. goussarigs.olkaaynseasancass Nugeio Acids

Res. 16, 8185; Samprook, J.: Fritsch, E. F, anjati e 19 lar ing; a laboratory
manual, 2114 ed 2 C8lq 35%3%335 Falognd Manals, t 1960 Molewlar claping: 2

] ory Press, New'Yark; goglrl uez, R.L. and Denhardt,
D. T (eds) (1§88)EXRtters% & of ﬁi%lg&fla?’éjr(?ﬁinﬁr\_}:éctg%ea %élt% i uégeegséjl?tté:raﬁorth, ,
Stoneham. The colresporrlingIRRIBRTACIPSEERE e §OWhiFT BREB R eSS5 TRERIRSERUences which
have just been demgriberkraisb constitiliela nextpadt of #rupres@Es invdAtbacThese itRieic acid
sequences are thggefese alkthose whicls 113 withit deabmmmdsel the plegenearasy of firergenetic code,
encode the same protein sequence, This copsequentiv-likewsealseereompasses tese nucleic acid
sequences which nE,Slosses atéhe n%{elc ﬁ%& glj%vel,ﬁpo%%%g%m 5 g_gt? nggﬁgf’auggsequences

. 0: . CLon 7 '
found in accordarice with tHa invéntion’of at least 7Q percent, Or correslgondlng fra mles of these
nucleic acid sequéreEE™aMich iff kLRt od&prdiRiT §G8entas WA areBﬁrfvé\f\%% T cbnstructing the
activity of a nitrile Hydiaizse *PfefcfeAES isGvefto™F thdbe REeRRACciHSedreticed edéoding protein
sequences whichmeedalpreved ag corfipadedavith Bie protéid ¥oquéhces fsundieacedidance with the
invention. Examplgs-ataueleic acid seerieness aceardingdedberipvettion ayenthose obthe
odd-numbered Seq, 10.Nas, 37:Q,1585.Jt is:pessible.asdeseribedahouants Usahe aucleic acid
sequences Which haye been found to,obiajn the profein seqiensss aggording o e inygntion in high
yields from rapidlya%row!ng ﬁog?organisms, e.g. E. coli. 20 This take é)lace l'% incorparating (cloning)
the nucleic acid s8HGeRtEs afEdftling fHHES enti‘gﬁliﬁ?c%s&p‘é%ﬁl ex%r%zslsjon gyetem$Which can be
used to obtain theresaesporeity prRAERF56Guchit eBFEEdRMIAANtRFREAT PreRrEYHIE Drganisms. A
next aspect of therpresenrtt@sdisvefition Bothegefsielsonstitutetlbyvwel tartictalyPpreparedfexpression
system whichsexhihits oag @emase af the. neeleieiseid sequences according to the invention. In
principle, all the systems which are familiar to the skilled person for this purpose are suitable for use as

the 30 expression_system. These s stems are qg‘era%pla ids or.vectors.angd migkogrganisms. In
principle, all the eff oaim%%%e%\’/:ﬁ%% are a?/%rjﬂg e o the skillegp son fqr_thjs purpose.are suitable for
A A il
€ Taun

use as 35 plasmifeBFFRERS s 2PRREE Pidsitds AR VEEEIS ¢an for example; in Studier and
coworkers (Studietr @/ SR RYSENBErGAS X BRFH JPICITEBe fUrdH 576 ; tRosar1 4258

30 primer pairs composed of primers exhibiting the nuclelc
acid sequences A-0Lf (Seg., ID Nos. 1, 5 and 8) and B-0lr
(Seg. ID Nos., 3, 7 and 11) or C-0lr (Seg. ID Wos. 4, B and
12) and also B-01lf (Seg. ID Nos. 2, 6 and 10) and C-Oir
(Seg. ID Nog. 4, 8 and 12) are used in the PCR. When these

35 combinations are emploved, the nucleic acid sequences

| encoding the protein seguances which are reguired foxr



Use of the T7 RNA polymerase to direct expression of cloned genes, Methods Enzymol. 185, 61-89)
or in the brochures supplied by the companies tic:vegan, Promega, New England Biolabs, Clontech or
Gibco BBL__ Other preferred plasmids 5 and vectors can be found in: Glover, D. M. (1985), DNA
cloning:-a practical approach, Vol. I-lll, IRL Press L%, Oxford; Rodriguez, R.L. and Denhardt, ID. T
(eds) (1988), Vectors: a survey of molecular cloning vectors and their uses, 179-204, Butterworth,
Stoneham; Goeddel, D. V. 10 (1990), Systems for heterologous gene expression, Methods Enzymol.
185, 3-7; Sambrqgks.d 1 Eriiseisde = Fe angVtaigtis-e (3868 :Mbleaular siosingradakbogatory manual,
2'd ed., Cold Sprré'rjgflilégggr__ ngggrggory Press New York. 15 Plasmids which can very preferably be
used to clone the_co t uct Contarm % |c&ggnsegyeﬂggéﬂ%cd)rgrérlg,ggﬁheog}y&ntron into the
emrca

host organism argrﬁ oc%e he Brochemrcals ,HBTaCZ (Roche
Biochemicals), pfﬂ‘fi?éc’s (ﬁﬁe?sha?ﬁ%’?ﬁﬁﬁﬁcra grotechﬁ #c%ra%gene) or pET
(Novagen). Extrenss prekstencedis gitef to G@%ﬁﬁd@%@bﬁéT séaﬁé@nrﬁ be&ri ¥4, the
recombinant micrestganisrarinto Whick tife plasmizlsSyT vettdrs wnidh coleaig the ndéfe acid,
sequences accoreig igthe iy entionoarenslonetkisassedfor R replicatingrandéssiatiig an adequate
quantity of the recapbingahBioteln saguence vThamatods rdaipachizare welkeoen o the skilled

person (Sambrook r tseh, E. F qnd 3%'%”:?&'53;:&@?8%54%%%@@ gloning: alahqratory manual,

2'd ed., Cold Spr I—gar or Eatgbratory ress, New ork% In L principle le, the |croor anisms which

are used cafbe &r% orgefrﬂ@ﬁ’fsoﬁrhrﬁr the‘&?ﬁéd pers&??a &S fto consrgeratronlfor %rs purpose for

example yeasts, daef hEiRapseRlIEPolyREF L IeRtE Ep. %a@&%‘?or‘ﬁ?c%%?gﬁs% prokaryotes,

such as E..coli orZ3pBaciisseabiilisnodeukdny otss, fawsh 88 manineian élls, Wisé@ c®lis or plant

cells. Preference isgimen-to usiegdengeli steaips fordhis puitpese. T bilowing dre venys15 particularly

preferred: E. coil X 2& Blug, g%é%érw&%lg 9 AMAR5, RR}:Rki5anT QBrkl-er HB101, BL21,
Fu

BL21 (DE3) or B% DE3) codo rther gge Bl}e Qucleig,acid m@ggdwhich are in
accordance |th f?\%g?é/%’ﬁ?ron (ﬁ%%v%zhcnum Srec J:ifﬂ Nos. 3 t 85) and WhICh are gddrtlonally
n

further improved, BRPWHIEABIFESEE tHP prdtéin stq c%gbvhaéh argfeqtireator congtructing the
activity of a nitrileseyziratass, a@i%@%ﬁeﬁéblﬁ%%|ﬁ8%‘ﬂ?ﬁ&%ﬁ§l‘?ﬁ@“%h’§%%@%ﬁﬁ§d wiHole-cell
catalysts. In princile 2&hatemelbeatalysisof thiefpperare reeosibierant FiR¥6ERFEisHS Such as those
which have just bgepdBgptionedniiaenar é1 addiion tetheelonedsganes encoding anirile

hydratase, tt‘rsse L?@&L% C@&h@&@iﬁb’%% also comprise additional enzymes which are required for
decomposing nitriles into acrd ﬁd at the outset, {ane e&zmesl%re enzymes which exhibit
ole-ce

amidase activity. For this reason w catalysts whic ompg 1@6201 ast one cloned gene for

a protein sequence possessrr‘f? G EGEfnidase activity an Tone %?nes encoding an active nitrile
hydratase are also regarded &SBEHG4eEdHiRant mrcroordﬁﬁ%msc% Re dtdvementioned type.

Optionally, the whole-cell catatgstean comprise additional fiféigic &Bid%®5 sjuences which encode
enzymes whigh are advantagegusdorsisenmpasing a nitrile{Bsctiapinto ari acid function. These

enzymes are, in particular, engymesyiishare selected fronsthe greum®f prefein sequences
possessing a-aminonitrile rac%%%gﬁ%%ﬂeeﬁg%@ng cyzilgggydﬂg geemase acti- 30 vity,
acl

possessing a-hydroxycarboxylic racemase actrvrty, or %sses%ggl&g o -)-amino acid amide
racemase activity. In addition ?G%%% %ﬁ“é%“r%%m sequ%nccé's accordin the invention, which are
required for constructing a 353FHIETRRREASe activity, the WRBR-cER dfalyst hccording to the
invention preferably producesaspeomEincuence possessin§asardidte aghivity from rhizobium,
TCOTTEIACCAGGETC {Seq. ID NO, 23}
GCGCATTTCEGCE (Seg. ID NO.
are placed upstream of the degenerate nucleic acid
sequences (Seg. ID Nos. 1-12). These upstream sequences are
35 likewise derived from conserved nitrile hydratase regiouns
and adapted to the codon usage of organisms having a

different GC content.



16 preferably R. huautiense'DgM 14983 (W02004/005517) or possessing D-amidase activity, e g that
from Variovorax (EP 1318193). Corresponding racemases are known, for example, from 5
Pseudomonas putida and Rhodococcus sp. (Godtfredsen, S. E.; Clausen, K.; Ingvorsen, K.; Hermes,
H. F.; Van Balkan, J. A.; Meijer, E. M. (1989, EP O :ig_? 023; WO 8 901 525). Other amino acid amide
racemases have been described in Klebsiella oxytoca by Hermes and coworkers (Hermes, H. F. 10
M.; Peeters, W. P.; Peters, P. J.(1990), EP 0 383 403), as well as in Agrobacterium rhizogenes and
Ocbrobacterium anthropi (Boesten, W. H. J.; Raemakers-Franken, P. C.; Sonke, T.; Euverink, G. LI.

W.; WO 03106691),, The.advaniageet-using eerrespopdingracemangs ds, basedian shedact that 15
100% of a racemic.nitrile can Qﬁé:%v%%%%ghtgcl@gf%:gﬁpgg_gin&gﬂgngggéelr%@y?eg@'ched acid. An
in 0

. . .GE primer
organism which is mentioned 28 as being a host organism iIs pre e%b y used as
whole-cell catalyst. THEF GHSAEE CLSHRFEESS 2 nism is that sg%?al dhzyMe 20 Systems are
expressed sifultanecHRBEGHARFISESEBIBERIER only necessary ©EGrowdi¥recibiganism for reacting
a readily preparable nittiErocTyanshyityeasagananitrile to giveSte. cdre8Pontiig enantiomerically
enriched acid. In ordegte-agidsidheexpeassion of the nucleic acigs2g sequence 8y question with

regard to the turnover sates.of thespratein sequencesdenzymes) yich thewenceds, the corresponding
nucleic acid sequencgf P%%I& 5’&!{3& IIedWasmlds po§§g%§|%dg@_re% Fopy numbers
e g%ed

and/or promoters of differing stren so as to ensure 30 that the nygcleic acid sequences
are expresséa at diffe%ﬁﬁ?&?&&%ﬁﬁ%ﬁ%@%@ﬁ%ich hg\;/%qbegﬁ amaojl]slé:ai; in this way, there
is, advantageously, nGeEEARATEEEATETSAFRIERIRENEREXEmMpount®HnicR Miight3ddssibly have an
inhibitory effect, and thereacticaChrdercoogsideraton can 35 takéSslace™@ a® optimal overall rate.
However, this is sufficigsityeretdamaniesibensldlled person (Gellisegn, &o; Riontek) M.; Dahlens, U.;

Jenzelewski, V.; GavagamtrhéWaoRiGEsimes B, Anton, D. L.;JaR0Wie7 1%.A3 £4996), Recombinant
LO-expression of the spi g%c%g{e Qé(;dase, (GO) and the

Hansenula pglymorph Di St.
S. cerevisia%%catqlase%%%%gggg%mﬁg. Bio- 5 technol. 46, 46-54; Farwick, M.; London,
M. Dolmen, J.; DHhIERRE R OteNES¥nP e FEThddey RWFR B EIIE20712). It is consequently
possible to use the present process to prepare the a and p subunits of nitrite hydratases using 10
metagenome DN#clingrics=as the Starting htaterialppecbrdiaghy alwdther parcbeilse sabfect matter of
the present invensiagis-constiwed iy thernititer by digtasesswbich exhibiette preteistsequences
according to,fhe igyeption fornitrile hydratase.a sulpits.amd p subuniis 45 andyhicigan be
prepared from thei %Jgé%igeacid sequences which are made available by this process and which encode
theaandp suburits accorgihg to the invention. As is demonstrated in the examples, active nitrile
hydratases are also formed, in this connection, when any arbitrary a 20 subunits are combined with
any arbitrary p sUARERESTHIS therabyigike ®550s8ibleHdtinFeRs el RFthEF thefiverSity of possible
nitrile hydratasesp@©thenpattsofrithbosubjectomatterinfithd fresasinventien?Ssrstarntethe use of the
nucleic acidsgqugrces Which areqrepaiedkby the-prasess-aagording tathe inwantie fos producing
improved protein seguences,yhich are required farganstusting das aghdbeet apjtritebydratase. The
way. in which theggai&lled PERON proce eds Whe&ié@g% g prgtgg’g 30,5gquensas on fhe basis of
altering nucleic acid sequences is we THown In general; this'is eff%cte%g?)? uEin;qsme_‘t:g%ds of
mutagenesis. AnPHRHTIRhitH%Sre B&ilabie to the Skifl8d DefEsH P é pUrpose ara suitable for
being used as mEBHen&sis nRhBdEIREFERRI N arl BiEse Fthotiit35 ARFXatdiFSiGH Fotagenesis,
random mutagenasiss intlito récembiaediorsrietistivarer sifethivide d arrademssist®ligen, M. and
Gardiner, W. (1984EnaitioRaryunelesiites 28 engiseelingwiasedantR MAckeplicadioai ure Appl.
Chem. 56, 967-978, Ghen. K. and Arpeld, FrALI9)-Enzyme ahgineeriad 485 NQBAMARMS solvents:
random mutagenesis to enhance activity of subtilisin E.in p ' iz 5 Big/Technology 9,
1073-1077; Horw?t%‘?ﬁh. ,§ﬁ&?%eﬁ?ﬁ%ffé§%{ﬁ%ﬁon%?§ %e%%fe%%gﬁ%%ﬁ r&%%c% %}Sllg-s%]quences,
Proc Natl Aced SEPEEA 83, FBEI#A88 tih e 1Ig.nﬁr{ld 1680 ﬁ%@?ﬁ&taﬁ?%%eﬁé’%?éd By The
Insertion Of FandeirO Fen REIéBeFEs 3RS TREA clive Bife HIHE Bita PEeEn < 18RSene,
Biochemistry 28, bZ6852072Stémmry £G4 1994) i Rapitheyokrimreviadrctlin fiewitrolby DNA
shuffling, Nature 340:389-391 and Stemmer, P.C. (1994), DNA shuffling by random fragmentation and
reassembly: In vitro recombination for molecular evolution. Proc Nat]. Acad Sci 15 USA 91,
10747-10751).




The novel nucleic acid sequences Wwhich are obtained in this way are cloned into a host organism, and
expressed, using the above-described methods, and the protein sequences which have been prepared
in this way are detected by means 20 of suitable screening methods and then isolated. In principle,
any detection reactions which are possible for the maqlecules which are formed are suitable for the
detection. Nitrile hydratase activities can be detected in a coupled enzymic test using amidases, with
ammonium being 25 formed as a by product. In principle, any possible reactions for detecting

ammonia or ammepuRLoNs: welchas-Messiel seagent(\ingatebuil: 988V agel'sdexook of
quantitative cheng{;gggggﬁg/% 4900 WieY.e8r80RSn N G2 £d- S8 4S- W £0fig; the indophenol

reaction, also 30 terme B%%Q%I%'g r_&gggo& @%@ggﬁ%@ '1(/11e %Sg) Neue Aspekte ;lurt%téckstoffanalytik

. & . Wi W}él -
in der Wassercheml_e, om Nasser, ove aSpF.‘CtS 0 nltr%%;n analysis In water G emlstry, about

water] VCH-Verlatioi 286 2555251 8- S Efieift), ﬁ?ﬁaﬁ!r?; Mifie BTBYie dBRAiRafiBh using 35
glutamate debydregemereBérgmeyerorpliaghd BERHEE™ - BLITTEFAMFAGHIa, WeFRthods of

Enzymatic AnalysisqWGid- Atsirtag 8gdeladidion, Vol. B: 454-461, Weinheim), or else 19 detection using
ammonium-sensitiyeselecispers: ke suitable fofdetesting ik furthermore : P4z mathads are used for
detecting amino qejds, for,example aderivative metbod-hased op.osplithaldialdghyde;and
N-isobutyryl-cysteine for 5 argantlo era%?ll%flssqaﬁaeratl amino acids uggkn , H., Wittner R., and

by . )
Godel H., (1991)1’—?1"?/ a ao?né‘t% high-performan =) |qU|q05h?§m§lt—iograp %gseﬁa?é:t?osr? of DL-amino

acids derivatized Thth &SHERiEide Hy/ e fEthe FATET RiSFhr5By -5 Rteii® SRbpbfitatfifto food
samples, Anal. 10'Bipehefh. Uin 2egosy L FHetafide WHEPES diTdeWRfotrfedBy e Fitrile hydratase

reaction can likewise beidetteted psirgid Pl Eamiettvaids (e1g; re¥ersesphaselk.In & lasesfbodiment of
the present invengion: dhe datterl5 reladesito thequse-efdhe ndrde.hygdratages ageording-to the invention
for preparing orgggic agid amides and agigs.d agicg@!b%@a@mﬁgee%ewgggq glydroxy acids or
a-amino acids. For t?(i§ apéjl'ﬁgtion, tge nit_rilg )é%r ase in %Jesti?%%n 2 Be lised iré;lrge' form, as a
homogeneously E&ﬁ ied coar'np(%ﬁhd-or'as"?anrecom inantly prépare enEyme.eEuﬁﬁermpre, the enzyme

can also be emplBSREEEEEGHstitHENt FRAFHTLEEhRITFARisnY 7 R COmbhatorFRith the disrupted,
and, if desired, higehrpdsifiBgzeat madsof thé13dst drednisme2b IRislikenbeDsodsibid-io use the
enzyme in immollizad fossa: (Shagaa)B. RedBattey La FsandsMessing-ReA:14982), duimobilisierte
Biomaterialiern - Jeghnikenzind Apwandusgen [fosobiizedhiotaatriials - teshnigues)and
applications},Angaw, Cherg, 94, 838-852), T%%H@%qb"ié%%&%@ adyantagepyisly. affected by
means of Iyophilizati%n gaé%dka& \é M %%rﬁ iCké%a% (1994), éguerou%%ikeedAcgvityt%f
a-Chymotrypsin ﬁf%o?ve.d' mn Nqar?y Anhydrous Organic énc?lgents, J. Em,. 5hem. §oc., TG, 5009-5010;
Mori, T.; Okahatef -8, &%ﬁﬁﬁﬁ?‘c}fﬁpi-%‘b%te%‘&lyc%%ifﬁemes cited therein:

Univergal GenomeWalker™ Xit User Manual, Clontech, 3/2000,
and the literature cited therein; Triglia 7.; Peterson, M.
25 @. and Eemp, D.J. (1988), A procedure for in vwvitro:
amplification of DNA segments that lie outside the
boundaries of known geguences, Nucleic Acids Res. 16, B1BG;
Sambrook, J.; Fritsch, E. F. and Maniatis, T, (1989),
Molecular cloning: a laberatery manual, 2% ed., Cold
30 &pring Harbor Leboratory Press, New York; Rodriguez, R.L.
and Denhardt, D. T {(eds) (1888}, Vectors: a survey of
molecular cloning vectors and their uses, Butterworth, .
Stoneham,
The corresponding nuclelc acid seguences, which encode the
35 protein sequences which have Just been described, also
constitute .ra next part of the present invention. These -
nucleic acid sequences are Therefore all those which,



35 hydrolases as *effective glycosyl transfer catalysts in homogeneous organic solvents, Tetrahedron
Lett. 38, 1971- 1974; Otamiri, M.; Adlercreutz, P.; Matthiasson, B. (1992), 20 Complex formation
between chymotrypsin and ethyl cellulose as a means to solubilize the enzyme in active fokm in
toluene, Biocatalysis 6, 291-305). Very particular preference is given to lyophilization in the presence
of 5 surface-active siabstances such as Aerosol OT-6r polyvinylpyrrolidone or polyethylene glycol
(PEG) or Brij 52 (diethylene glycol monocetyl ether) (Kamiya, N.; Okazaki, S.-Y.; Goto, M. (1997),

Surfactant-horseradish peroxid lex catalytically active i anfydr, epzene, Biotechnol.
Tech. 11, 375-37§C%3"Ip e e(—:%%%)r{g i g%n%g%mgﬁﬁ?éaﬁ Eglelﬁ:)éffgjfizgéi)ngnatrgcular Eupergit
u

. Greatest pr
C' and Eupergit 2 c?ge(RoW% (Ifaﬁigrgiﬁ Ffﬁl&, asc%?ﬁg?'?c?r'immoﬁﬁiza}ﬁonsoéf%hzymgsof industrial
potential. KatchalskkREss, 2118 KPRSER2ER M. JOUhAS P MoRttIaPENaly RTBE T /matic (2000),
10(1-3), 157-176)iEmife ks alsotyivde (eraahedBilizafien BAVELNTA iRcssrmbivatiohthith the
polypeptide being-peovided svith addis tagthexabistidime) (P ulficatiarodproteinsiuging: 20 polythistidine
affinity tags. Bornharst - Joshuasa.; Fake, Jagseph Jy Metheds in, EnzsmolegyA2000x:326, 245-254). It

s likewise possibge Lacanceive:oflng 8polypeRides asfddnbadStbilalh NeoWalth V. F
Margolin, A. L. (2 00y, Co actor-bound cross-llnke.dﬁngme 5 %rggéaI%CLOEC of alcohol
- BY

dehydrogenase, ARGEW ERBHT Tt “BE~FoT 35035 USHYthese, procadires, it is possible to
successfully gendrage BB pHdes BnRh Ere-§ble t6 FGAcHon 1A MRTERECof-§qHE8EE arfti-organic
solvents, or ¥ methasehichidleare amirély rgupicdfontRoffHestidBEasiEh af@PEs86R unstable by
organic solvents. Jhie-present ingestied descibesthedsethtiontGenivite tyiiatases ek their
corresponding gengs-Ry Usingdpelacular 39«aenelc methadsto, tap the uncultured microbial diversity
of different habitats. _Using degene Hmers e org@ﬂ ith t -hased screening of
metagenome DN%?‘FI%%ariegﬁde{%%%lr?giI%%/cgrg&ase %%ésdaédg C(ﬁug %%s %%Zggrﬁt@sequences of
the PCR productleFﬁEﬁJéf}é %%ir%l(ﬁr? this Wgy. Fra sl sescﬁﬁjeent sefgf), e cgrsn'plete [5RIA sequences

of the gened-Rre BBterinkt RPERIET Afte?S ABFGAY FREIDIFEULSERp IS TFovide enzyme
samples for activigy plofitauyemckhvestigatihgeppianioBs By heais-at ratidifallyesesing soil
samples, which nyghtdfeassiblyceartain nitrilessfatprepating netageriomel kbrarie§xoretagenome

DNA libraries) anggggw%g&gﬂ@li@ﬁ&n-&g@@g@bgt@tgsmitbwme context of enrichment
cultures, it is possible to enrich nitrile-. converting microorganisms. In any case, the genetic 15

screening in metagenome I|brar|ejz provll%(fes an%m of cotrespondin .nltrfle drataseiggges for

subsequent £pressisn, Wifiith goot can, it

| owp\?erx,paﬁgo serge_ ég é?bna%is_ or enzyme ,optimization by
means of directioR&h8vorEEF S8 gERGRTE HBRArES wHith WEEERePired o foRpc+2t

espression systems which can be used to obtaln the
corresponding protein segquences recombinantly from
preferred host organisms. A next aspect of the present

25 inpvention is therefore constituted by a {articially
prepared) expression system which exhibits one or more of
the nucleis acid segquences according to the invention. In
principle, all the systems which are familiar to the
skilléd person for this purpeose are suitable for use as the

30 expression system. These systems are preferably plasmids or
vactors and microorganisms.

Tn principle, all the embodiments which are available to
the skilled person for this purpose are suitable for use as
35 oplasmids or wvectors. These plasmids and vectors can be
found, for example, in Studier and coworkers (Studier, W.
F.; Rosenberg A. H.; Dunn J. J.; Dubendroff J. W.; (1890),



different habitats and sites (grassland, forest, sandy ecosystem and biofilm), and which contained
more than 83 000 clones, were screened for identifying novel nitrile 25 hydratases. The skilled Person
is familiar with the construction of such metagenome libraries (Schloss, PD; Handelsman, J (2003)
Biotechnological prospects from metagenomics. Cuyient Opinion in Biotechnology, 14(3): 303- 310;
Knietsch, AW, Tanja; BS; Benne, ADR (2003) Metagenomes 30 of Complex Microbial Consortia
Derived from Different Soils as Sources for Novel Genes Conferring Formation of Carbonyls from
Short-Chain Polygés opsEsghen T hiazcalc Jatrnakef MolétutartiViicrobislelyrand Bidtwotdology 5(1):
46-56; Rondon, M&éugqgtg&geﬁggmn AbsBrady -8F) 320ressmar, kbeieseMR; Loiacono,

KA; Lynch, BA; MacN |,I n rdy.d=Handelsman, J;
Goodman, KM (2 20 Ef%nln th%ison%g@r%g? G Gﬂ%@e% g)tipg%i%gr:acfb;%a trgaia etic and

functional diversif6f BREUIt ?flﬁﬁg}'bo?ganlsms App ed an ronmenta cro% gy 666):
2541-7). TheBe croHesYeRjetREr CMaiRtaboti B0 MBFTBNRA. Pre % mélja%%w (?BZNA libraries
were screened formvielitrile tuairhiasds byrreasd of WPCH sEEdenifgwRicdFaséddegenerate
oligonucleotides whieh-gveradderived fronrconsemvi d pmarg@siructurd metisiof Khdwéni nitrile
hydratases. The gggepgsateprimersgmplovesh were 4hose k3 glepicted dr sequancaidNos. 25 (o 36.

In this connection, th%p“%smmg the primer pnstituent AQIf Ca@o%@@ﬂ'w'ﬁf; inpach case be
combined with those avms%ir r}i~‘,t¥zuent!L s B-Olr 15 size of the PCR prQ be expected,

approx. 2101t9p) 0 ir’( pro et to be ex%ec?e plﬁzro?(l e the primers
having the pnmer@@ﬁ@ﬁ&:ent@@lf c%m%e c%ﬁ'ﬁﬁﬁ%ﬂ‘wnhjﬂfosepﬁéﬁ ffifthe Brlmér) -coféituent C-Olr
(size of the PCR prodiactito be®xpetié@220 agirdrctdarbp)cheptrdcular theReFEemte "core” part
of the primers (ungdeflined in"SegdencetDdNep2mto 36} Isumpetanthorige Mifgar, ndws! nitrile
hydratases while $ne,nondegenerate segment can be varied. 25 The corresponding PC reaction can

be carried opf us fﬁgﬁlfnogn methods ﬁh%égegagggj}ggﬂﬁsgé are ysed, the;RCR myjst be amended

in accordancd wi e manu‘?racturers mstrulﬁ]lons 0 Jt was Pc%)(ssmle to |dent|ff¥ clogls carrying genes

for nitrile hydrataSESfr&ies of’?ﬁ‘éc?ﬁ‘@t’a%%n o MOEHES The Skifsr parson is familiar with methods
for using the part seqHencEaERERERitHB 1R draftP§En S PSR tRARG tREGehe E8Ffhg clone and
elucidating the 3%fulktengthedequencdSEAlbssl PDiRAahe elsanex20035 BioteeRFvfyical
prospects from metageaomicsCurent Apmion in Bieterhriblogy 2B33h363-31BraniR; 23
20 Biotech), pRK~-223-3 (Stratagene) or pET (Novagen). Extreme
preferance is given to plasmids of the pET series.
s has been sald, the recombinant midroorganism into which
the plasmids or wvectors which contain the nucleic acid
sequences according to the invention are cloned is used for
25 replicating and isolating an adequate guantity of the
recombinant protein sequence, The methods for doing this
are well known to the skilled person (Sambrock, J.i
. Fritech, E, F. and Maniatis, T. {1888), Molecular cloning:
a lgboratory manual, 2 ed., Cold Spring Harbor Laboratory
30 ©Press, New York). In principle, the microorganisms which
are used can be any organisms which the skilled person
takas into consideratiqn for this purpese, Ifor example
veasts, such as Hansenula polymorpha, Pichia sp.,
Saccharomyces cerevigiae, prokeryotes, such as B. coli or
35 Bacillus subtiliz, or eukaryotes, such as mamma.'! jan cells,
ingect cells or plant cells., Preference is given to using
%, coli strains for this purpose. The following are very



Nishiyana,X;Horinouchi,S;Replay, T(1993) Characterization of nitrile hydratase genes cloned by DMA
screening from Rhodococcus arythronolis. Biosci Biotech Biochem 57(8): 1323-1328). 5 It was thus
possible to determine the full-length seruences (nucleic acid seauences) of a total of 12 genes
encoding a - subunits. and a total of. 10 .genes enaggdiag, p subunits (figure 1). The sequences of
til,-es canes which could encode 10 putative nitrile hydratase %activators werealso determined,. In
order to prepare the nitrile hydratases, the genes eacorg the a and p subunits were in each case
placed 15 separaigh: undesthe coptrpbnfdiie phagedlZ gane 181yrpniaters The VBEt6is pET22b and,
respectively, oETJ%ﬁtgﬁ(,l)lovCﬁgiqu CMRigscignse, Insopwerg-used femthis purpose, (figs.24 and 5). Using
a two-vector expressjon syst ade if.Rossible ta-si ombine the nitrile hydratase 20 subunits
from different ené?/jsﬁ‘f%%f grr%%%nr%%&n?t%%% v%lérygg%géssed in E. con strF471 3L21 (D1.73)
Codonflus RIL (Novagea, CN Bioscience, Inc.). The cells were incubated at 26.C using LB medium
and induced WithFG:BBaITPTE onfeRcHING XEe8!. d<iSty SPEUPRSSE = YR TewdE Fossble 25 to deal
with the problem awieiiaceasiorddly:-heosavebpiotain vagregatonbriiewiRgbverxPression at 37C
bir, reducing the Femperatyresdevwaio-A6ar £ aadqiressing varidus leapergnessgrggenfactor,
GroEL/GroES ang, Dpak/Dnaa/GmpE) did naty at26Geshay any additenatetiagshigsyvent 30
beyond that achu;,;v%ds @4é@%u0mg the teargagﬁwe. dhe yields with regard o activity again=t _
henzoratrile varied €onsi _era%ﬁl (f?g 2) with it not bein Pos%{li%to ,Lge onstrate any clear correlation
between thé protBFF§EaAtHY whlth epréf)réré’d‘- gﬁﬁzﬁﬁ%gac ity which Was Prodyce ?Th'us, at 30
U/g of DEM, the yield ircee &ugbsof e @Eﬁ%%%tainiﬁﬁ%@"rﬁﬁ%/é Hiratasr 4696059 Geq. ID 24
No. 49/71) was relativelytighrecenihoagh itwasTogsessibr 5 Htectmnipbeindfsithe nitrile
hydratase in the §B&:PAGR analysis mEhisiconrifiastsiwtbviiae, clane NEZK244Sed.dD fhe 39/63),
which was determined.to have.an5.a6tvity 9f Abou PSrigr-ak REM evantheugh 4 wasipossible to
overexpress both subéﬂnit?_ relafiyely Sté%g%ggd aaﬁé‘!ﬂ?&%}{?ﬂ pranoriian. coyld he foynd in the soluble
fraction. Th%?nagcr% ua. Brthe acﬁvity conse uenllé/ gends to a hig degree on ihe a&ticular
enzyme in 10 qUESTHITIRANECalE OPRIEHEE 515 rlﬁe Rydratases. an éd%ﬁio%éq small open reading
frame, which enceteda%raehebquéies WhFEBEead s bEIRVBREd H-aThvalify 5 the nitrile
hydratase, was identifieskiretiig iniimediate vicinity of the genes for the subunits of the enzyme. These
proteins were degigpatediR124:4964, |D:DEB8L88) orkidk Seq. +DiNb. 8%rpmtedheir molecular
weight was gout 12..or 14.KRa Wihile dwasqossible ke prepara.same pisie:20iratases in active
form- even W|tho%trth§§§a§1é§8go_@ Iggi,t%bea ?s&rbq_geaf 1636 PIOlEins was.essential for other nitrile
hydratases to be expre $ed T active form. In order to inve igate th @guenrceecgg‘ngng pomologs,
whose genes were- Ko ouNdThaRFES n?éi%ggrjic%ronercﬁgﬁjés?on the gg expression ofthe corresponding
nitrile hydratasesTaAECAIEEH- Bl GENifHE MRAREISES HOMTOHRPEIoNSR- R0 Hes&enes were
cloned into the vadtol pBBRLMESE 1(kedvachvet caFrTdes, RS ier adrivalicesist i€ bfoad host
range cloningve@espBiRRa MES charyingsdifferent:2 antibidticaresistdves wassstes, Bene 166:
175-176) and, in #is vector plaged undarthe.ceatieh of e lae psemptetnbtie aprrespanding

constructs were designaled pBRS-E12K1490D9 a0d 9RRRGPIZKGMBG10Kas Bapd 7). 35 The
nitrile hydratase Jenaa N4 9 (Seq. ID'No. 49/71) and N3aGlOS Seq. 6él;) No ég@%ﬂ'gre expressed
S RiAgh 9;

in the presence offtfe &G7ERp iﬁgﬁ%hg%%fng?%eaoﬁﬁo. £ eq. ID No. 85 -
M3aG10) at 26C FRSSTRASrARF BUHY CoBGRPRASRIE. IPBHATASES it WS TORRiIbRAY markedly
overexpresssthe subiunito tve aitrite dybydeeess S PhePrbs ere o HiEPIPK ABRIOTBESeq. ID No.
83) increased thexctivitynfdbeielgne mA49bbd nifie-hydratases(Seq.dbiNe. 49#tErimEabout a factor
of 27, up to approx.839; (g of DBM (table 1). In the case of the clone M3aG10 enzyme (Seq. ID No.

57/79), it was possible t9.detect W : g.of QM) for the fiystlime: prderthese
conditions. Theszf Pes%{%tgslvéﬁ %t%%%%@éé%%%%f é%l%_K h%%{%loggo@s % @C%fjsé can be
sfo
1

: ; . P renti g
crucial for increasii§ thé BE Ity Held. "5 Tabe T: Actvityotitrilehydratasestollowin
35 nitrile hydratase activ_lty, the whole~cal catalyst

according to the invention preferably produces a protein
seguence possessing L-amidase activity from rhizobium,



coexpression with P12K homologs (Seq. ID Nos.83 and 85) Clone Without P12K With P12K
M49bD9(a,P) 30 U/g of ISM 826 U/g of DBM M3aG10 0 U/g of DBM 23 U/g of DEN Combining
subunits from different metagenome clones opens up the possibility of generating nitrile hydratases
which 20 possess potentially novel substrate specifigi&ies. By combining a subunits with different p
subunits, it would be possible to generate a great diversity of combinations of novel nitrile hydratases
Such a combination of subunits from unrelated nitrile hydratases has not thus far been 25-disclosed in
the literature. In ofderte gvaluatg thispassibdityethenaisubiysts of GlonesdVyB32 anda15aA6 (Seq.
ID Nos. 59 and 4%4%2@&%& ityvas nat possible Ja fipd anyp suhypitss were20-expressed with the P
subunit of clone M12K24 .ID No, 63) in E. con strain BL21 codon plus RIL. 26 Whereas both
subunits could be g)‘?pr ?’slsegggl} approximately equal strengths when the a-M73dC9a/b-112K24 (Seq.
ID Nos. 59 and 65YpARTRIEEAHesSEFBRERF suBtfit JFR8He mI84A6 TEER I No 48] appears to
have been expresdeelimrers stesHyljahantd FESHE FrsUuAR of GOREMEIRTY (SeqEID No. 63).
Combining the a stlatgienf clone 14AZ3dC@(Sed. 1D Kok, antl the. p StbuniedfkeadoneM121C24 (Seq.
ID No, 63) 10 surprisingly ed foghesfornagion, okancadive oittle hpdmisse Bawng anaetivity of
approx. 0.87 U/g EIHPAEM g&r(?)d gﬂ@d@suga@q%%%gﬂgtﬂaigé’n plgggtple ggﬁéyllgggfp;q&ire_activg
enzymes by combining nittile ratase subupits from different clones. e time the invention,
it was not possiblé{ '[’;8q%e“‘(ﬁ]rlc!lea tr?t:’é{,"%so Cs%?ﬁ},' f%l?nr%ﬁg p?%gaﬁogﬁfn%efr% c@% itlons: i% 'th?é'present
document, th8 exBresdi8f 5 HFtierGtrifgent SoHdtoRs” I uridérdtdbod™s 20°ddséisdd ifSambrook et
al. (Sambrook, U w@titschs E. IR aAdmbariter i 1 989)z pa6rees | areibniAgecaderaitanual; 211a
ed., Cold Spring Barfrordpaboratesy (Reess e Y ork) ; A Biraagdwtdsyimdizbdion irPaccordance with the
present invention guefarably, existeuhen a rositive; hylridizatiosssignatissstlkehsensd after
washing fo 1 hou i) s (/G20 MM SpcRLGILQUTe 1 S b soglu B ETUBIEcPBLO) and 0136
SDS (sodium dodec ['su te) at 50 e,npreferaQI .at 55C more preferably at 62C ggd most preferably
at 68C, and Horel&é%eréfgy for T ﬁ%ur‘zvﬁth %jb“ .J;?( S"?Sécna}naEa .f%%f%% 5(5'8, moré preferably at
55C, yet more preferaishRergs e i G PpretrabhY aBBBECRRNAF e context of the invention,
optically enrichedXenarteniericali eitiched menaitoater caricied)éRAfourrisbeing a

host organism is preferably used as whole-cell catalyst.

The advantage of sguch an organism is that several enzyme
20 systems are expressed simultaneously, which means that it
igs only necessary to grow one rec-organism for rescting a
readily preparable nitrile or cyanohydrin or o-aminonitrile
to give the corresponding enantiomerically enriched acid.
In order to adjust the expression of the nuclelc acid
25  seguences in quesﬁion with regard to the turnover rates of
the protein seguences {enzymes) which they encode, the
corresponding nucleic acld seguences can be installed om
different plasmids possgessing different copy numbers and/or
promoters of differing strength can be used so as to engure
30 that the nucleic acld segquences are expressed at different
strengths. In enzyme systems which have been adjusted in
this way, there 1sg, advantageously, no accumulation of an
intermediate compound, which wmight ©possibly have an
inhibitory effect, and the reaction under consideration can
35 take place at an optimal overall rate. Howsver, thig is
gufficiently well known to the skilled person (CGellissen,
G@.: Piontek, M.; Dahlems, U.; Jenzelewskl, V.; Gavagan, J.



35 are understood as meaning the presence of one optical antipode at > 50 mol% in a mixture with the
other antipode. 27 All types of single-stranded DNA, and DNA which is complementary thereto or
double-stranded DNA (e.g. genomic DNA or cDNA), as well as RNA (e.g. mRNA), or mixtures thereof,
are subsumed under the term nucleic acid 5 sequences. Improved nucleic acid sequences encode
improved protein sequences. improved protein sequgznces are those which exhibit an improvement, as
compared with the original 10 sequences, in regard to activity and/or selectivity and/or stability.
According to the wvegi@ﬁ%% means thatthe proteins aredRore ackive;andiosgpere gelective or less
selective, or are more stable under the reactlo co z%ﬁgnsc%npl yengI;j: {@g@ctlv and the
stability of the 15‘38118?éﬁ‘%n§ho§%nnaﬁjraﬁ ge ad'h a ossihle forthe In dudirial a )?lcatlon an
improvement witlE¥egafd 63 ePéctilify %’%&R]ﬂfb H%\%%? SR8 Relhe ?lﬂﬁist?;ﬁg gelectlwty
decreases but thesrmaritidsaelecivisiopthelpréfdiisis Hﬁéasé’@mﬁhls %isyabphies t&pPoteins as 20
constituents gf nigdexydratases insefdr;asthesylbklp to.corftenttecorfesparmdmegrimp¥eved properties
on the enzyme. Aggorgding, . thesiovention, the, Glagpesprateinsequences sandrumleic acid
sequences also encompass those sequences 25 which exhibit a homology (excluding the natural

degeneracy) which is greater than 7 with regard 10 the eic_acid seguenc % (with
regard to the protein s%qﬁ%ﬁ%gg)mﬁ‘re gr%b ?é%?er t?1an éaO%cim 1963555 9§ ggg OB/to%more

preferably greateP RRATSERR 85 hdfb a?‘ Hﬁr@s?;d’ r&é%%egr(}é‘g%’?a[ﬁ%e@?% 896 or 99%, with
one of thesé @eqaeheesyprsvidéiithe AiduabteRtioddr pioseBIRSUCHE seljfiERELas preserved.

The expression "hemalagys1er, identineas psed hefeirtican hedefinednbyithe eqatidreH = [1 - VIZ] X
100, in which H d&f@@%@%@@%&ﬁﬁﬁ%éﬁa@i&m@mb@r ofmsiclgabases/aminaacids in the
comparison sequen %ﬁ”%%&%&@e ”&E@be{a%géf{%rergé&!féﬁggéseE@éB%ﬁﬁ'ds%‘ thengequence to be

considered, base companson s nce. In agy case. the term npicleic acid sequences
which encode pof%‘éﬁ%’e@eﬁ@g Egses al %se Gences W h a ez:\’%El gssfkl)%é |nd§§cordance with
the degenerdty GFtfe HeHetic B e D ESERFIGH of‘ﬁ?@flﬁ ?esmﬁgﬁF“éz 1a%%&%a9e%%%g the nitrile
hydratase a and pisidiunitsaviichevers idand Hyon e BRSO RFEIIRSs e niiy: Eig GRE29Activity of
different metagengige aitrdadyfiratases ioward:bendbmitriledolldveing exprassion idE. ¢eli BL21 (DE3)

codon plus RIL, with Q-and withoutceaxpesssion< thedkigeerfacion(@. dyaaitaiesmined). 15
also formed, in this connection, when any arbitrary o
20 subunits are combined with any arbitrary B subunits. This
therehy makes it posgsible to increase still further the-

diversity of pogsible nitrile hydratases.

Other parts of the subject matter of the present invention
25 relate to the use of the nucleic acld seguences which are
| prepared by the process according to the invention for
producing improved protein sequences which are required for
constructing the activity of a nitrile hydratase. The way .
in which the sgkilled person proceeds when improving protein
30 saguences on the basis of altering nucleic acid seguences
is well known. In general, this is effected by using
methods of mutagenesis. Any methods which are available to
the skilled person for this purpose are suitable for being
used as mutagenesis methods. In particular, these methods
35 are saturation mutagenesis, random mutagenesis, in-vitro
recombination methods and site-directed mutagenesis (Eigen,
M. and CGardiner, W. (1984), Evolutiomary molecular



Figure 3: Activity of nitrile hydratases when subunits from different metagenome clones are combined.
Figure 4: The vector map shows the general arrangement of 20 the a subunits in plasmid pET22,
taking clone M49bD9 as an example. Figure 5: The vector map shows the general arrangement of
the p subunits in plasmid pET26 taking clone M49hD9 as an 25 example. Figure 6: The vector map
shows the arrangement of the P12K protein from clohe M49bD9 in plasmid DBBRS5. 30 Figure 7: The
vector map shows the arrangement of the P12K protein from clone M3aG10 in plasmid pBBR5. 29

Experimental sectipn:Gepergl BCR retocolas fadilrag mmicfoagsnismsIlhetencoilells were
cultured and storgé a_§g§,sc:é}p%g in.Samprogk.st al- SaMbeoak,,J &frseh Lgbnand:maniatis, 10 T.
(1989), Molecular cloring a laboratory manual, 211! ” Ing-HarQer Lahgratory Press, New
York). PCR protdgc%‘l‘:,l%‘%?%i%%‘fic%gﬁ%%%l is%i{?%egl%%%v%ﬂ gv%#lt being necessary to adapt
the protocol in acteFdEREE witfthe FABhitagtther Sinstrictiond When ﬁg%agnia difFéren?bolymerase. 20

25 pl of Hot tar T a cnarstelnit oQagen (2873 TFidiymElRSE: 300 gih dviBs, 1P CR buffer) 25 pmol
of primer OIf 25 25q9mp) obprieetdr 3R tottempiate NASRO DRBOSRIF3O-ERst WaeFto 50 R1 30
Program: Initial dgnafurgtign:1g% {158 at95CLopHratse Gydle pragrame3s X.1 nfiet 55 - 69C
1 min at 72C Finglglongatiqp, 1 X, Migak/2CeLaskeXeRANONALRINALA2Cor  Randon
| Oligonuclectides Into The Active-Site 0f The Beta~Laclazmase
10 Gene, Biochemistry 28, 53703-5707; Stemmer, BP.C. {195%4),
Rapid eveolution of a protein in wvitre by DNA shuffling,
Nature 370, 389-331 and Stemmer, P.C. (1994), DNA shuffling
by random fragmentation and reassenbly: In  vitro
recombination for molecular evolutiom. Proc Natl Acad Sel
15 ﬁSA 91, 10747-10731).
The novel nucleic acid sequences which are optained in this
way are cloned into a host organism, and expressed, using
rhe above-described methods, and the protein sequences
which have been prepared in this way are detected by means
90 of suitable screening methods and then isclated. In
principle, any detection reactions which are possible for
the molecules which are formed are suitable for the
detection. Witrile hydratase activities can be detected in
a coupled enzymic test using amidases, with ammoniuvm being
25 formed as a by product. In principle, any possible
reactions for detecting ammonia or ammoniwe ions, such as
Nessler reagent {(Vogel, A., I., (1883) Vogel ‘s textbook of
quantitative chemical zanalysis, John Wiley & Sons, Inc.,
5th oa., §79-698, New York), the indophenol reactiom, also
30 termed Berthelot’s reaction (Wagner, R.,  (1263) Neue
" Aspekte zur Stickstoffanalytik in der Wasserchemie, Vom
Wasser, [Novel aspects of nitrogen analysis in water
chemistry, sbout water] VCH—Verlag, vol, 36, 263-318,
Weinheim), in particuler the enzymic determination using
35 glutamate dehydrogenase {Bergmeyver, H.,U., and Beutler, H.-
0. (1985) Ammonia, in: Methods of Enzymatic Analysis, VCE-
Verlag, 3*° Editiem, Vol. 8: 454-461, Weinheim), or else



Digestion with restriction enzymes The DNA to be cut is provided with 5 U of restriction enzyme and
the appurtenant buffer and, unless otherwise 20 required, incubated at 37C. Chromosomal DNA is
digested with 10 U of enzyme. The incubation period is 1.5 2.5 hours. atment with alkaline
phosphatase 25 In order to prevent vectors which %ve only been cut with one restriction
endonuclease from religating with themselves, the phosphate residue protruding at the 5' end is
removed with alkaline phosphatase. Circular DNA can only 30 be formed once again by inserting a
DNA fragment. The-¥ector-whishhhasrkeed eut vats restrietier ancimiclease ss:inaliised at 65C for
15 minutes in ordr o, giopdbeJgsilctio ndensleaserEhe dephesaliondatiands bedier is then

u

added and the vector is jncubated with 1.y of shrimp alkaline. phosphatase,at37G for 10 min. The 31
enzyme is then sEPaTated Hff ?‘r%jfﬁ?hea\c/:égtso'r D?’I\y bg%r%eéns of a subsequent gel electrophoresis. 5
tdreu

Treatment with TZFDRA fgase DRERGH4nAHES ﬂ&”é?ﬁ%‘lﬁ%ﬁ%%iﬁ?as F&ti0 of 1:3. The volume
is chosen to be assemsibaspossitis (7203 LERE mAdtfPis REuBated BT at £6C 10 ligation
buffer and in the presesee af 1 UsafligaséeTrahsforiiRin 15 10R l=otesrrirdent E8lis are added by
pipette to the ligation:mixiies the;cpastituanimat vhebare mixpdddayr beingaepeatedijdrawn up into
the pipette. After 30 min of lacubatian g ige, & heshshask siep A2 easied:aunfae45 sec and the
mixture is incuba?eéf once ggi}pﬁgn .izcle 20 ]Lé%rg % :{g@di]ozno-g 0 gqujogog%qw arg,added and the

- : :

mixture is incubatE{&t Fim whilé being agitated. The mixture is subsequenily. plated out

and incubaté® o@?ﬁ@?ﬁﬂht 344, 28%:6A @fmgﬁ%ea%&%% ﬁfﬁﬁgerhy%ﬁaéls%%#gg c(%)léﬁg%r%éts containing
T7 promoters webe eilyressdd in ackufdaias vifPiRE ITOVFRY profseds 30850 548 Ploo medium
containing 2 mM £ giirateranehénteatd dase SOrgyafdeamdayein and amnicillin/m1 were inoculated in
a ratio of 99:1 with an overnight culture. After an 01)600 of approx. 0.5 had been reached, expression

of the nitrile hydratases was indyced with 1 neMRT G35 dsepropylinicgalacioside): hercells were
harvested aﬁgrqx.nZ ours aftglindélscéiogfatgn%(?ml_igrPfgeMggggggit)ggé};}%@ﬁgz%@itri|e as
substrate THe bidtFaRSBFmaTtiof was carried oyton.a 10 ml sca e ising approx. 100 mg of moist
biomass (0D600 &%) dovention for preparing organlic acld am and a.a,c:L '
in particular enantiomerically enriched o~-hydroxy acids or
g-amino acids.
For thig application, the nitrile hydratase in gquestion can
20 be used in free form, as a homogeneously purified compound’
or as a recombinantly prepared enzyme. Furthermore, the
enzyme can also be employed as a congtituent of an intact
host organism or in combination with the disrupted, and, if
desired, highly purified, cell mass of the host organism,
25 Tt is likewisez possible to use the enzyme in immobilized
Fform (Sharma B. P.; Bailey L. F. and Messing R. A. (1982},
Trmobilisierte Biomaterialierm - Techniken und Anwendungen
rrmmobilized biomaterials ~ techniques and applications],
Angew. Chem. 94, 836-8521}. The  immobilization is
30 advantageously effected by means of lyophilization
(Paradkar, V. M.; Dordick, J. 8. (1394}, Agqueous-~Like
rctivity of o~Chymotrypsin Dissolved in Nearly Anhydrous
_ Organic Solvents, J. Am. Chem. Soc. 116, 5009-3010; Mori,
T.; Okashata, Y. (1997), A veriety of lipi-coated glycosic‘ie.
35 hydrolases as  effective glycosyl transfer catalysts in
homogeneous organic solvents, Tetrahedron Lett. 38, 1971-
1974; Otamiri, M.; Adlercreutz, P.; Matthiasson, B. (1822},



5 potassium phosphate buffer (100 inM), pH 7.0. The incubation took place at 300C and the substrate
concentration was approx. 5 mM benzonitrile. Samples were taken every 5 - 10 min over a period of at
most 1 hour. The sample volume was 100 gl and the reaction was stopped by adding 10 pl of 10 50%
phosphoric acid. The concentrations of benzonitrile,and benzamide were then determined by means of
HPLC: 15 Column: RP18 Phenomenex Hypersil ODS 5 u column (with precolumn) Mobile phase: 10
MM K2HPO4, (pH 2.3) Flow rate: 1 ml/min Wavelength: 202 nm 20 Injection volume: 20 g1 Duration of
HPLC run: 12-15:ain e astivity was Balewdate chyoateyiating agmakitovesiafterosee minute, with
one gaol ggré?s,pggdlig}% ipone Uegs éB@%iQ@Qéifi%ﬁéti\%ﬂ%%ée awe@&weerﬂ;%le [c;r ’\rlncs)z %fo o
protein. aims. 1. rot . comprisin A equ et : 50;
the sequence set ?&r‘fﬁrﬁp ’SE% %&%%égnd (?gtheg%%qiﬁe' s.ete?ogr%fin ER%%%EM. 2.A
nucleic acid seqEERETHER ehtoded Fproteirsaguencs as Baitred HeclBnT 13 °TH% nucleic acid
sequence of TlaifFZLapRTeH- e nuckie AR SEqueftEomBfises 25 i€ Sequifice ¥t forth in SEQ
ID No: 49; (b) thevstgubngirserddrifidnsSEO IDoNCE RYIsnE) theetuéhBelsetfordrin SEQ ID NO:
83. 4. An expression systermyhich exiibisthenuelsieagid seqitence aswdaiiged in slajm 2. 34 5. A
nucleic acid seqt@g&%jg@ying‘algggst 80% homologyawith thesseauenee setfedbia SEQ 1D NO: 49,
71 or 83, wherein said nycleic acid yen [-f her, odesa protei ence
whichisinvolved i‘%ecrgﬁcsﬁ#&gﬁng tqr%%%%/city %‘%&ﬁl l'lgé%%%% sf g6$%:nit§ii% hydratase %L\l/éhich exhibits
protein seqi@nceERFESULTIESTRT TS saﬁﬁ%rts as ¢ aim”eg |§ ¢laim 1(aé and (b), respectively. 7.

The use of the nGeleRt-asid sRIRFFIESES claifed MM Xr prdBEhYiRfiovRd pfBtein
sequences whiclEarergqufred for qomstrimtinyth&astivit/tof & nitrilethyRiraessii 8. ROLSe of the nitrile
hydratases as clainaesjn gleimp-dor preparing owasic-atiskanites antatideation of
énzymes of industrisl potential. Katchalski-Ratzir, EB.;
15 Eraemer, D. M. Journal of Molecular Catalysis B: Enzymatic
(2000), 10(i-3), 157-176). ‘
Preference is also given to immobilization on Ni-NTA in
combination with the polypeptide being provided with a His
tag (hexahistidine} (Purification of proteins using
20 polvhistidine affinity tags. Bornhorst, Joshua A.; Falke,
Joseph J. Methods in Enzymology (2000), 328, 245-254).
It is likewise possible to conceive of wusing the
polypeptides as CLECs (St. Clair, N.; Wang, Y.~F.;
Margolin, A. L. {(2000), Cofactor-bound cross-linked enzyme
25 -crystals {CLEC) of alcohol dehydtogenase, Angew. Chem. Int.
Ed. 39, 380-383). | -
By using these procedures, it is possible to succesafully
generate polyﬁeptides which are able to function in
mixtures of acueous and organic solvents, or in media which
30 are entirely organic, from polypeptides which are rendered -
unstable by organic solvents.

The preserit invention describes the isolation of nitrile
hydratages and their corresponding genes by using molecular
35 genetic methods to tap the uncultured microbial diversity
of different habitats. Using degenerate primers in
connection witrh the PCR-based screening of metagenome DNA



1/75 SEQUENCE LISTING <110> Degussa AG 5 <120> Nitrile hydratases from metagenome libraries
<130> 040067 AM <160> 86 10 <170> Patentln version 3.1 <210> 1 <211> 12 15 <212> DNA <213>
Artificial <220> <223> Primer <400> 1 gcsmrsgcst gg 12 <210> 2 <211> 11 <212> DNA <213>
Artificial 30 <220> <223> Primer <400> 2 35 ggsctsccsc a U. <210> 3 40 <211> 11 <212> DNA <213>
Artificial <220> 45 <223> Primer <400> 3 ggsggsag}éc c U-50<210> 4

libraries identifies nitrile hydratase genes and elucidates
the part sequences of the PCR products which are obtained
in this way. In a subseguent step, the complete DNA
sequences of the genes are determined in order, after

5 c¢loning and heterologous expression, to provide enzyme
samples for activity prefiling and  investigating
applications.

By means of rationally selecting soil samples, which might
10 possibly contain nitriles, for preparing metagenone
libraries (metagenome DNA libraries) and focus';ing on
application-relevant substrates within the context of
enrichment cultures, it is possible to enrich nitrile- -
convéxting microorgenisms. In any case, the genetic
15 screening in metagenome libraries provides a pool of
corresponding nitrile hydratase genes for subseguent
expreasion, which pool can, however, also serve as the
basis for enzyme optimization by means of directional
evoluti¢n.
20 _
Metagenome libraries which were prepared from . four
.different habitats and sites (grassiand, forest, sandy
ecogystem and biofilm), and which contained more than
83 000 clones, were screened for identifying novel nitrile
25 hydratases. The skilled person is familiar with the
construction of such metagenome libraries (Schloss, PD;
Handelsman, J (2003) Blotechnological prospects £rom
metagenomics. Current Opinmion in Biotechnology, 14(3): 303- '
310; Knietsch, AW, Tanja; BS; Hemne, ADR (2003) Metagenocmes
30 of Complex Microbial Comsortia Derived from Different Soils )
as Sources for Novel Genes Conferring onmation of
Carbonyls . from Short-Chain Polyols on Escherichia coli.
Journal of Molecular Microbiology and Biotechnology 5(1):
46-56; Roandon, MR; August, PR; Bettermanm AD; Brady, S5F;
35  Grossman, T H; Liles, MR; Lolacono, KA; Lynch, BA; MacNeil,
TA; Mino,r C; Tiong, Ch; Gilman, M; Osburne, M5; Clardy, J;
Handelsman, J; Goodman, RM (2000) Cloming the soil



<211> 11 <212> DNA 55 <213> Artificial <220> <223> Primer <220> <221> misc_feeture
<222>(4)..(4) <223>aor g ore or / 5 <220> <221> misc_feature <222>(3)..(3) 10 <223> a or gorcor
t/u' <400>4 ggncgcwbsg g 15 11 <210> 5 <211> 12 20 <212> DNA <213> Atrtificial <220> <223>
Primer 25 <220> <221> misc_feature <222>(3)..(3)2<223> a or ¢ 30 <220> <221> misc_feature
<222>(9)..(9) 35 <223>aor g or c or t/u 2 | -

metagencme: a strategy for accessing the genetic and
functional diversity of uncultured microorganisms. Applied
and environmental mic-robioibgy BER) = 2541-7y., These
clones together contain about 3000 MBp of DNA. The
5 metagenome DNA libraries were scraenad for novel nitrile
hydratases by means of a PCR  screening which used
degenerate oligonucleotides which were derived from
conserved primary structural motifs of known mnitrile
hydratases. The degenerate primers employed were those -
i3 depicted in sequence ID Nos. 25 to 36.

In this commection, the primers having the primer.
constituent A-01f can, in particular, in each case be
‘combined with those having the primer constituents B-0lx

15 (size of the PCR product to be expected, approx. 210 bp) or
c-0lr (size of the PCR product to be expected, approx.
350 bp), while the primers having the primer constituant
B-01f can be combined with those having the primer
constituent C-0lr {(size of the PCR product to be expected,

20 approx. 180 bp). In particular, the degenerate “core” part
of the primers (underlined in sequence ID Nos. 25 to 26} is
important for identifying novel nitrile hydratases while
the nondegenerate segment can be varied.

25 mhe corresponding PC reaction can be carried out uging
wnown methods, When special polymerases are used, the PCR
must be amended in accordance with the manufacturer’s’
instructions.

20 Tt was possible to identify dlones carrying genes for
nitrile hydratases in a1l 5 of the metagenome librariss.
The skilled person is familiar with methods for using the
part sequences of the nitrile hydratase genss Ior
identifying the gene-carrying clone and elucidating the

35 full-length seguence (Schloss, PD; Handelsman, J {2003}
Biotechnological prospects Irom metagenomics. Current
Opinion in .Biotechnology, 14(3}): 303-310; Duran, R;



<400>5 = gcnmrrgent gg '4012 <210> 6 <211> 11 45 <212> DNA <213> Artificial <220> <223>
Primer 50 <220> <221> misc_feature <222> (3)-(3) <223> a or g or ¢ or t/u 55 <220> <221>
misc_feature <222>(6)..(6) <223> a or g or a or t/y <220> 5 <221> misc_feature <222>(9)..(9) <223>
aorgorcort/ul0<400> 6 ggnytnconc ¢ 11 15 < fo> 7 <211> 11 <212> DNA <213> Artificial 20
<220> <223> Primer <220> <221> misc_feature
Nighivama,  M;  Horinounchi, S;  Beppy, T (1993)
Characterization of nitrile hydratase genes cloned by IN2
scresning from Rhodococcus erythropolis. EBiosci Biotach
Biochem 57(8): 1323-1328).

It wes thus possible to determine the -langth seguances

full
(nucleic acid seguences) of a total of 12 gemes encoding «
. subunits and a total of 10 genes szancoding B subuniis
figura 1). The seguences of thres genss which could sncods
10 oputative nitrile  Thydratase “activators” warsa also
determined.

' In order to prepare the nitrile hydratases, the ganes
encoding the o and B subunits wers in each case placed

15 sepzratsly undser the contrel of the phage 77 gemne 10
p::omotar.‘ Tha vecotsrs pETZZh and, respactivaly, DETZ2ED
(Novagan, CON Biloscience, Imc.) were used for this purpose
(figs. 4 and 5), Using a two-vector expression system made
it opossible to =imply combine the nitrile hydratase

20 subuniﬁs from Aifferant snzyvmes, Corresponding constructs
wars 'exprassed in E. goli strain BLZ1l (DE3) CodonPlus RIL
(Kovagen, CN Bicscience, Inc.). The cells wers incubated at

26°C wusing IB medium and induced with 0.5 oM IPTCG on

" reaching 2 cell demsity of ©.D.580 = 1.0. Tt was possible

" 25 to deal with the problem, which occasicmally arcss, of
protein‘ aggregation  following oversxprsssion at 37°C by.
reducing the temperaturs down =0 26°C, Cosxpressing various
chaperonez ({(trigger factor, GroZL/CGroES and Dmak/Dnad/GrpE)

did not, at 26°C, show any additional effect which went

230 Dbeyond that achisved by reducing the tsmpseraturs.

The vields with regard to activity agzinst bemzonitrile
varied congiderably (fig. 2) with it not being possible to
_demonstrate =ny clsar correlation between the protein

[¥Y]
m

quantity which was prepared and the activity which was
produced, Thus, at 30 U/g of DM, the yield in the case of
tha clons contairning the nitriles hydratess M4BRDE (S=g. ID



25<222> (3)..(3) <223> a or g or c or t/u <220> 30 <221> misc_feature <222>(6)..(6) <223>aorgorc
or t/u 35 <220> <221> misc_feature <222>(9)..(9) <223> a or g or c or tin 40 <400> 7 ggnggnarnc c
45 <210> 8 <211> 11 <212> DNA <213> Artificial 50 <220> <223> Primer <220> 55 <221>

misc_feature <222>(3)..(3) <223> a or g or c or tin_<400> gvingwrtocc a 11 5 <210> 9 <211> 11
<212> DNA <213> Artificial 24

No. 48/71) was relatively nigh even though it was not
possible to detect any proteing for the nitrile hydratase
in the 8DS-PAGE analysis. This contrasts with the clone
M12K24 (Seq. ID No. 38/63), which was determined to have an
5 activity of about 2.5 U/g of DBEM even though it was
possible to overexpress both gubunits relatively strongly
and a substantial proportion could be found in the soluble
fraction. The magnitude of the activity consequently
depends to a high degree on the particular enzyme in
1D guestion.

Tn the case of a wvariety of nitrile hydratases, an
additional small open reading frame, which encodes a
protein seguence which appears to be involved in activating
15 the nitrile hydratase, was identified in the Iimmediate
vicinity of the genes for the subunits of the enzyme. These
proteins were designated PL2K (Seqg. ID No. 81/83) or PL4K
{Seg. ID No. 83) since their molecular weight was sbout 12 .
or 14 kDa. While it was possible to prepare some nitrile
20 hydratases in active form even without these PL2X homologs,
the presence of these proteins was essential for other
nitrile hydratases to be expressed in active form. In order
" +o investigate rhe influence of P12K homologs, whose genes
were also found im thres metagenome  ¢lones, on the
25 expression' of the correspondiﬂgA nitrile hydrateses, and
also on that of nitrile hydratases from other clones, wo
of these genes were cloned into the vector PBER1MCSS
A{Kovach et al., 18853, Four new derivatives of the broad
host rangse cloning vector pBBRIMCS, carryving different
30 antibiotic-resistance cassetes, Gene 166: 175-176) and, in
this vector, placed under the comtrol of the lac promoter.
The correspondéing constructs were desicnated pBBRS-PLZE-
MA9bDS and pBBRE-PL2K-M3aGl0 (figs. 6 and 7).

35 The nitrile hydratase genes M49bDS (Seg. ID No. 49/71) and
M3aGi0 (Seqg. ID No. 57/79) were expressed in the presence
of the corvesponding P12K homologs (Seq. ID No. 83 -~



10 <220> <223> Primer <220> 15 <221> nisc_feature <222>(3)..(3) <223>a or g or c or t/u 20 <220>
<221> misc_feature <222>(9)..(9) <223> a or g or c or t/u 25 <400> 9 gcntggryng a 11 30 <210> 10
<211> 11 <212> DNA. <213> Artificial 35 <220> <222> Primer <220> 40 <221> misc_feature
<222>(3)..(3) <223>a or g or c or t/u 45 <220> <221> misc_feature <222> (9)-(9) <223> a or gorcor
t/u 50 <400> 10 ggnytsccuc ¢ 11 55 <210> 11 <21%3 11 <212> DNA <213> Artificial

M49bD9; Seg. ID No. 85 — M3aGl0) at 26°C in E. coli strain
BL21 CodonPlus RIL. In both cases, 1t was possible teo
markedly  overexpress the subuniis of the nitr:%_.}a‘
hydratases. ’

5 The presence of the P1ZK homelog (Seq. ID No. 83) increaged
the activity of the clone M49bDY nitrile hydratases (Seq.
™ No. 48/71) by sbout a factor of 27, up to approx.
830 U/g of DBM (table 1). In the case of the clone M3aGL0
enzyme (Seg. ID No. 57/79), it wes possible to detect

10  activity (approx. 23 U/g of DBM) for the first time under
these conditions. These resﬁlts verify that the prasence of
the PL2K homologs (Seg. ID Wo. B85) can be crucial Zfor
increasing the activity yield.

15  fable 1: Activity of nitrile hydratases following
coexpraession with PL2X homeclogs (Seqg. ID Nog .83 and 85)

Clone : without PL2K With PI12X
MASDDY (o, B) " 130 U/g of DBM | 826 U/g of DBM
M3aGlo 0 U/g of DBM 23 U/g of DBM

Combining subunits from different metagenome clones opens
~up the possibility of generating nitrile hydratases which
20 7 possess potentially mnovel substrate specificities. By
' combining O subunits with differemt B subunits, it would be
possible to generate a great diversity of combinations of
novel nitrile hydratases. Such a combination of gubunits
from unrslated nitrile hydratases has not thus fax been

25 disclosed in the literature.

In order to evaluate this possibility, the ¢ subunits of
clones M734C9 and M15aA6 (Seq. ID Nos. 59 and 45), for
which it was not possible to find any f subunits, were

30  expressed with the B subunit of clone MI2K24 (Seg. ID
¥o. 63) in E. coli strain BL21 codon plus RIL.



<220> <2_23> Primer 5<220> <221> misc_feature <222>(3)..(3) <223> a or g or c or t/u 10 <220>
<221> misc_feature <222>(9)..(9) <223> a or g or c or t/u 15 <400> 11 ggnggsarnc 11 20 <210> 12
<211> 11 <212> DNA 25 <213> Avrtificial <220> <223> Primer 30 <220> <221> misc_feature <222>

(3)-(3) <22_:_’>>_ aorgorcort/u35<400> 12 swnswrtccc a 11 40 <210> 13 <211> 12 <212> DNA
<213> Artificial 45 <220> <223> Primer <400> 13 E?(‘)Sgccaaggtog tc

Whereas both subunits could be expressed at approximately
equal strengths when the a-M73dC%a/b-M12K24 (Seg. ID Nos.
55 and 63) palr was expressed, the ¢ gubunit of clone
M15aA6 (Seqg. ID No. 45) appears to have been expressed more

5 strongly than does the B subunit of clome M12K24 {(Seq. ID
No. 63).

Combining the o subunit of clomne M734C9 (Seg. ID HNo. 59)
and the B subunit of clone MI2K24 (Seq. ID No. 63)

10 surprisingly led to ‘the formation of an active nitrile
hydratase having an activity of approx. 0.07 U/g of DRM
(fig. 3). This result verifies that it is in principle
pogsible to prepare active enzymes by combining nitrile
hydratase subunits from differemt clones. AL the time of

15 the ihvention, it was not possible to deduce this, as such,
from the prior art.

Stringent = conditions: in this present document, the
expression ‘under stringent conditions? is understood as

50 described in Sambrock et al. (Sambrook, J.; Fritgch, E, F.
and Maniatis, T.- (1989), Molecular cloning: @& laboratory
manual; 2° =d., Cold Spring Harbor Laboratory Press, New
York). A stringent hybridization in accordance wirh the
present invention preferably exists when a positive

25 hybridization signal is still observed after washing for
1 hour with 1 % S8C (150 mM sodium chloride, 13 mM sodium
citrate, pH 7.0} and 0.1% SDS {sodium dodecyl sulfate) at
50°C, preferably at 55°C, more preferably at 62°C and most
" preferably at 68°C, and more preferably for 1 hour with

20 0.2 X SSC and 0.1% SDS at 50°C, more preferably at 55°C, yet
more preferably at 62°C and most preferably at 68°C.

Within the context of the invention, optically enriched
{enantiomerically enriched, enantiomer enriched) compounds
335  are understood as meaning the presence of one optical
antipode at > 50 mol% in a mixture with the other antipode.



12 <210> 14 55 <211> 11 <212> DNA <213> Artific <220> <223> Primer <400> 14  ggccggtcct g
511 <210> 15 <211> 15 10 <212> DNA <213> Artificial <220> <223> Primer <400> 15 tccttgtacc
aggtc 15 <210> 16 <211> 7 <212> DNA <213> Artificial 25 <220> <223> Primer <400> 16 30 gcccgcc
7 <210>17 35<211> 15 <212> DNA <213> Atrtificial <220> 40 <223> Primer <400> 17 ggcgctaaag
ttgtt 15 45 <210> 18. <211> 12 <212> DNA 27

21l types of single-stranded DNA, and DNa which is-

complementary thereto or double-stranded DNA (a.g. genomic

DNA or cDNA)l, -as well as RNA (e.g. =RNA), or mixtures

thereof, are subsumed under the term nucleic acid
5  sequences.

Improved nucleic acid seguences encode improved protein
seguences. Improved protein seguences are those which
exhibit an improvement, as coupared with the original
10 sequences, in regard to activity and/or selectivity and/or
stability. According to the inventien, this meansg that the
proteins are more active and/or more selective or less
selective, or are more stable under the reaction conditions
enployed. While the activity and the stability of the
i5 protéins should naturslly be as high as possible for the
industrial application, an improvement with regard to
gelectivity is saild to have taken place when the substrate
séiectivity decreagses but the enantioselectivity o£f the
proteins is increased. This also applies to proteins as
20 constituents of nitrile hydratases insofar ae they help to
éonfer the corresponding improved properties on the enzyme.

According  to the invention, the claimed pr'otain segquences -
and nucleic acid sequences also encompass those sequences
25  which exhibit a homology (excluding the natural degeneracy)
which is greater than 70% (with regard to the nucleic acid
sequence) or 80% (with regard to the protein sequences),
preferably greater than. 90%, 91%, 92%, 93% or 94%, more
preferably greater than 295% or 96% and particularly
30 preferably greater than 97%, 98% or 99%, with one of these
sequences, provided the mode of action or purpose of such a
sequence 1is preserved. The expression ‘homology” {or
identity), as used hersin, can be defined by the equation H
(%) = [1 - V/X] % 100, in which H denotes homology, X is the
35 total number of muclecbases/amince acids in the comparison
seguence and V is the number of different nuclecbases/amino
acids inm the sequence to be considered, based on the



50 <213> Artificial <220> <223> Primer 55<400> 18 tggccggttc tg 12 <210> 19 <211> 20 <212> DNA
<213> Atrtificial 5 <220> <223> Primer <400> 19 10 caaattcttt ataccaagtc 20 <210> 20 15 <211> 20
<212> DNA <213> Artificial <220> 20 <223> Primer <400> 20 ccatatatcg catttcagct 20 25 <210> 21
<211> 13 <212> DNA 30 <213> Artificial <220> <223> Primer 35<400> 21 ggtcgtggcc aag 13 40
<210> 22 <211> 11 <212> DNA <213> Artificial 45°8220> <223> Primer <400> 22 ggccggtoct g 50 11
<210> 23 <211> 15 55 <212> DNA

comparison seguence. In any case, the te.rm nuclelic acid

sequences which encode polypeptides encompasses all the

sequences which appear pessible in accordance with the

degeneracy of the genetic code.

Degoription of the figures:

Figure 1: Homology among the nitrile hydratase o and J

subunits which were found by means of a genetic screening.
10

Pigure 2: Activity of Glfferent metagenome nitrile

hydratases toward benzonitrile following expression in

E. coli BL21 (DE3) coden plus RIL, with O and M without

coexpression of the trigger factor (n.d.: not determined) .
15 )

Figure 3: Activity of nitrile hydratases when subunits from

different metagenome clones ars combined.

Figure 4: The vector map shows the general arrangement of
20 the o subunits in plasmid pET22, taking clone M49DD2 as an
axample.

Figure 5: The vector map shows the general arrangement of
the B subunits in plasmid pmszs takmg clone M49bD8 as an
25 example

Pigure §: The veckor map shows the arrangement of the PLIK
protein from clone M49bDS in plasmid pBBRS. ‘ :

30 Filgure 7: The vector map shows the arrangement of the PL2X
protein from clone M3aGil in plasmid pBBR5.



<213> Artificial <220> <223> Primer <400> 23 tccttgtacc aggtc 15 5 <210> 24 <211> 13 <212> DNA
10<213> Atrtificial <220> <223> Primer 15<400> 24 gcgcatttcg gcg 13 20<210> 25 <211> 24 <212>
DNA <213> Atrtificial 25<220> <223> Primer <400> 25  gccaaggtcg tcgcsmxsgc stgg 3024 <210>
26 <211> 22 35 <212> DNA <213> Atrtificial <220> <223> Primer 40 <400> 26 ggccggtcct gggsctsces
cC 22 45 <210> 27 <211> 26 <212> DNA <213> Aftfficial 50 <220>

Experimental section:

General PCR protocol:

Culturing microorganisms

The B. coli cells were cultured and stored as described in
gambrock et al. (Sambrook, J.; Fritsch, E. F. and Maniatis,

10 T. (1989), Molecular cloning: a laboratory manual, 2% ad,,
Cold Spring Harbor Leboratory Press, New York).

PCR protocol:

15 ‘ _
a4 typical PCR protocol is described below, with it being
necessary to adapt the protocol in accordance with the
manufacturer’s  instructions when using a different
polymerase.

20
a5 upl of HotStarTag mastermix, Qiagen ‘

(2.5 U of polymerase, 200 uM dNTPs, 1 X PCR buffer}
25 pmol of primer 01f
25

25 pmol of primer 0ir
2 Blb of template DNA (20 - 200 ng)

30 dist. water to 50 ui



<223> Primer <400> 27 55 tocttgtacc aggtcggsgg sagscc 26 <210> 28 <211> 18 <212> DNA <213>
Artificial 5 <220> <223> Primer <220> <221> misc_feature 10<222> (10)-(10) <223>aor c or g or t/u
<400> 28 15 gcccgeeggn cgewbsgg 18 <210> 29 20 <211> 27 <212> DNA <213> Artificial <220> 23
<223> Primer <220> <221> misc_feature <222> (18)-(18) 30 <223> a or c or g or /u <220> <221>
misc_feature 35<222>(24)..(24) <223> a or ¢ or g of#/u <400> 29 40 ggcgctaaag ttgttgcnmr rgcntgg
27 <210> 30 45 <211> 22 <212> DNA '

Program:
Initial denaturation: 1 X 15 min ‘at 95§C

5 ' _ (1 min at 85°C
Cycle pProgram: 35 %< 1 min at 55 - §oo¢

L1 min at 72°C

10
Fihai%. elongation: 1x 7 min at 72°C
Lagt extension: 7 min at 72°C

15

Digestion with restriction enzymes

The DNA To be cut is provided with 5 U of restriction
enzyme and the appurtenant buffer and, unless otherwise

20 reguired, incubated at 37°C. Chromoscmal DNA is digested
with 10 U of enzvme. The incubation period is 1.5 -~
2.5 hours.

Treatment with alkaline phosphatase
25
In order to prevent vectors which have oanly been cut with
one restriction  endonuclease from religating with
themselves, the phosphate residue protruding at the 57 end
is removed with alkaline phosphatase. Circular DNA can only
30 Dbe formed once again bv inserting a DNA fragment.

The vector which has been cut with a restriction
endonuclease is incubated at 65°C for 15 minutes in order
to stop the restriction endonuclease. The dephosphorylation
35 buffer ig then added and the vector is incubated with 1 U
of shrimp alkaline phosphatase at 37°C for 10 min. The



<213> Artificial <220> <223> Primer <220> <221> misc_feature <222> (15)..(15) 55 <223>aorcor g
or t/u <220> <221> mi.sc_feature W/75 <222> (18)-(16) <223> a or c or g or t/u 5 <220> <221>
misc_feature <222>(21)..(21) <223> a or c or g or t/u 10 <400> 30 tggccggttc tgggnytncc no 22 15
<210> 31 <211> 31 <212> DNA <213> Atrtificial 20 220> <223> Primer <220> 25 <221>
misc_feature <222> (23)..(23) <223> a or ¢ or g o fti 30 <220>

enzyme iz then separated off from the vector DNA by means
of a subsequent gel electrophoresis.

5  mrestment with T4 DNA ligase

Vector and insert are used for the ligastion in a ratio of

1:3. The volume is chomen to be as small as possible (7 -

20 pl). The mixture is Incubated overnight at 16°C in
ip ligation buffer and in the presence of 1 U of ligase.

Transformation

15 lOC ul of competent cells are added by plpette to the
ligation mixture, the constituents of which are mixed by
heing repeatedly drawn up into the pipette. After 30 min of
incubetion on ice, a heat shock step at £2°C is carried out
for 45 sec and the mixture is incubated once again on ice

20 for 2 min. 120-3%00 pl of S0C medium are added and the

| mixture is incubated at 37°C for 45 min while being
agitated. The mixture is subsegquently plated out and
incubated overnight abt 37°C. '

25
Expression of metagenome nitrile hydratases

The constructs containing T7 promoters were expressed in
accordance with the following protocol:

30 50 ml of LBapos medium containing 2 mM Fe citrate and in
each case 50 ug of kanamycin and ampicilliin/ml were
inoculated in a ratio of 99:1 with an overnight culture.
After an ODgp Of approx. 0.5 had been reached, expression
of the nitrile hydratases was induced with 1 mM IPTG

25 (isopropylthiogalactoside), The cells were harvested
spprox. 24 hours after induction at 26°C.



<221> misc_feature <222> (20)-(26) <223> a or ¢ or g or t/u 35 <220> <221> misc_feature
<222>(29)..(29) <223> a or c or g or t/u 40 <400> 31 caaattcttt ataccaagtc ggnggnarnc c 31 45 <210>
32 <211> 31 <212> DNA 50 <213> Artificial <220> <223> Primer 55 <220> <221> misc_feature
<222> (23)..(23) <223>aorcorgort/u 11/75 <409> 32 ccatatatcg catttcagct gwngtartocc a 31 5
<210> 33 <211> 24 <212> DNA 10 <213> Artificial®220> <223> Primer 15<220> <221> misc_feature
<222>(16)..(16) <223>a or c or g or t/u -

Detection of activity using benzonitrile as substrate

The bictransformation was carried out om a 10 ml scale

using approx. 100 mg of moist biomass (ODse = 5) in
5 potassium phosphate buffer (100 mM), pH 7.0. The incubation

took place at 30°C and the substrate concentration was

approx. 5 mM benzonitrile, Samples were taken every 5 -

10 min over a period of at most 1 hour. The sample volume

was 100 pl and the reaction was stopped by adding 10 pl of
10 50% phosphoric acid.

The concentratiens of benzonitrile and benzamide were Then
determined by means of HPLC:

15 Column: RPL8 Phenomenex Hypersil OD3 5 §4 column (with
“precolumn)
Mcbile phase: 10 mM K2HPO4, (pH 2.3)
Fiow rate: 1 ml/min
Wavelength: 202 nm |
20 Injection volume: 20 ul
puration of HPLC run: 12-15 min

The activity was calcﬁlated by calculating a umol turnover
aftar cne minute, with one pmol corresponding to ope U

25 {unit). Specific activitias arelgiven in U per g of DEM or
mg of proteiﬁ.



20 <220> <221> misc_feature <222>(22)..(22) <223> a or c or g or t/u 2 <400> 33 ggtcgtggcc
aaggcntggr ynga 24 30 <210> 34 <211> 22 <212> DNA 35 <213> Artificial <220> <223> Primer
40<220> <221> misc_feature <222>(14)..(14) <223> a or c or g or t/u 45 <220> <221> misc_feature
<222> (20)-(20) <223> a or c or g or tlu 50 <400> 34 ggccggtect gggnytscon cc 22 55 <210> 35
<211> 26 <212> DNA 12/75 <213> Attificial <220y <223> Primer 5

Claims

1. A protein seguence comprising (a) the sesquence set
forth in SEQ ID NO: 50; (b} the seguence set forth in SEQ

ID NC: 72; and {(c} the sequence set forth in SEQ ID NO: £84.

2. A nucleic acid sequence which encodes a protein

sequence as claimed in claim 1.

3. The nucleic acid sequence of claim 2, wherein the
nucleic acid seguence comprises (a) the seguence set forth
in S8EQ ID No: 4%; (b) the seguence set forth in SEQ ID NO:

71 or {c} the sequence set forth in SEQ ID NO: 83.

4, An expression system which exhibits  the nucleic

acid segquence as claimed in claim 2.



<220> <221> misc_feature <222>(18)..(18) <223> a or c or g o t/u 10 <220> <221> misc_feature
<222>(24)..(24) 15<223> a or c org or t/u <400> 35 toottgtacc aggtoggnag sarncc 20 26 <21D> 36
<211> 24 25 <212> DNA <213> Artificial <220> <223> Primer <220> <221> misc_feature
<222>(16)..(16) <223> a or c or g or t/u <400> 36 . gcgcatttcg gcgswnswrt coca 24 40 <210> 37
<211> 705 <212> DNA 45 <213> Unknown <220z <223> Metagename - alpha unit nitrile hydratase -
M6aH6 50<220> <221> CDS <222>(1)..(705)

>, A nucleic acid seguence having at least 90% homology
with the sequence set forth in SEQ ID NO: 4%, 71 or 83,
wherein said nucleic acid sequence or fragment thereof
encodes a protein seguence which is involved in

constructing the activity of a nitrile hydratase.

5. A nitrile hydratase which exhibits protein sequences
for o subunits and B subunits as claimed in claim 1(a) and

(b}, respectively.

7. The use of the nucleic acid seguences as claimed in
claim 2 for producing improved protein sseguences which are
regquired for <constructing the activity of a nitrile

hydrates.

8. The wuse of the nitrile hydratases as c¢laimed in

claim & for preparing crganic acid amides and acids.



