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1 Nitrile hydratases from metagenome 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 peﬂ‘ormed using the primers and to
other proteins which are required for the nitrile hydratases to be active.

The nucleic geids; 1Q egeading these Emimm&é&%ﬁaagg XREESSION

systems comprising these nucleic acids, likewise form an itional part
of the subject matter of the application. The use of the nitrile hydratases,
arithef theourgenying runteinabih seduiencell venstdtes anvadditionapecific

aspeshabiha-presenheksinventian ke smide aad saghpdis AFibmp] oyed in
stgjctu;:al é:las‘,sse%g[te ber%omm ever mé)rre irgpq{ta&'g aa é)regurs%ﬁ é’f flgge&s e
cherrﬁa?s.e?pem ica noﬁnal]éles%né:L prth'elnoge%lc Aha26° P en

ndripreRiicTenitarRfRrRids 8 RS/ MiSdRattS fornéfhdsizitgiratases
phéatinscestienlmansbagredhemicahprositmteas wall ek inthefeodsttffed using

fislgh Enantigmericaliypurs ypidles JodamINaacds; In pParfigulal. playas sor
ever greater rqQle in th abovementlonegareas of application. 25 . \
ATHONTHETHEr B A ARETo Uiy pRrify thdne Bucleic acids

alssveptdmibnd.eammppmed et s euarsteadihcbtammd s shoemigys tems

Loaaz@fg\ugy@_m&t%wﬁe%e@@@nt@%ﬂb@ nﬂﬁﬁﬂﬂﬁ WhicA¥eVe: onal
taipe t t converteq into the.

c%%%o%gngﬂgmgégﬁgﬁ%igﬂgg%% g%d(s% %1)? m%%%%tlo %%Jécrﬁéal%?e Iusg ?f

e hilidifsi Sy REH B medPhich ard@apanieor bRt Rveheyc acid

ingkeruemnyasic hydnaysiswf edrikes anddhononalitrieesgeec8s cdnudrtapresent

nitrile fngtian directly into the acid whereas nitrile hydratases (E.C.

4.2.1.84) in this case form the corresponding amide. This latter can then

finally be 2 converted into the corresponding carboxylic acid by means of

afamidass e C.38 1 Asbeemein. nagicchydistasetamidhse OLasBps  are

becoming ever more important as precursors of fine
chemicals. Specific aminoamides and (proteinogenic and
nonproteinogenic) amino acids are key intermediates for
synthesizing pharmaceutical and agrochemical products as -
well as in the foodstuffs field. Enantiomerically pure
amides and amino acids, in particular, play an ever greater
role in the abovementioned areas of application.

Aminonitrile precurgors, as are required for preparing the

" abovementioned compound classes, can be readily obtained in
racemic form by way of what is termed Strecker synthesis.
The nitriles which have been obtained in this way can then
be converted into the corresponding amides and carboxylic
acids by means of chemical or enzymic hyd‘:r:olys'is.,

Three enzymes which are capable of being involved in the
enzymic hydrolysis of nitriles are known. Nitrilases
convert a nitriie f_unction directly into the acid whereas
nitrile hydratases (E.C. 4.2.1.84) in this case form the
corresponding amide. This latter can then finally be
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5t +N194 nitrilase Scheme 1: Using isolated enzymes or whole-cell
catalysts to hydrolyze 10 nitriles to give the corresponding amides and
acids helps to save large quantities of salt which would otherwise accrue
in the neutralization step following the cgtemical hydrolysis of nitriles. For
this reason, the enzymic hydrolysis of nitriles to give, for example,
aminoamides 15 and/or amino acids represents a more sustainable

productlo Jogess, Int eir active ese%atter%gm%g% gonsistp means

nGRROMO o ousS, a an subunlts teroé’

ard téﬁhrﬁ@i‘éi%ﬂle( @véh decamerdhalé Beef%ienonstrated to be
present in the case of Rbodococcus rhodochrous J1. While the a and (3
subunits are ofitifgindrdasately the same sizeatifase do not otherwise share

any similarities. Nitrile hydratases @re metalloproteins 25 whigh contain
Fe3+6rEe3" iens{Buach-A. /. 8), Nitrles—-Biotgchaqlogy,

Volume Be, Biotransformations ,C er 6, Eds.: Rehm J d G,

Kovacs J aCtIVQﬁ}E of
30 nitrile hydratase’> React|V|ty @ggaygand d|$$00|at|on from a
five-coordinate Co(lll) nitrile hydratase model. J Am Chem Soc 123:

465488k bayashi M, .Shimizu S (2000) Nitrile hydrolases. Current

Opinion in Chemical Biology 4: 95-102). 3 One of the greatest challenges
thusifaghas beeodhabak hnderotagavish prepalingazittdd pydmtasesincrolyze
swighlq 4 t@em@y&&%wé% Dggatiye haclerdyy ig3 ka0WRe1ps

to express heterologous proteins at high rates, An dd lonal aqc%anta e is

th"ec’yle?&BFblc}rﬁﬁg? inFHGRE&F TRshsi feﬁﬁe-[rﬁatl in
swdc&mmemmnmmg|nsqﬁx§mﬁg@ta@meﬁ£gnmmg&mﬂmgngmﬁhﬁmaﬁemical

1609, &9&9@1@%0”%83 &Q%Milrlég peripghof figm 24 teeddbayrs 1hé eenzymic
Y c ensit utur erlc CH

ﬁl)éérﬁ%l %se(r-:]%)erg ?ﬁke I%%%% "Hi ﬁ%e%%%rﬁ%%? cult?\%nf%%m?ldes
mm@d%mﬁﬁgomsm.cma%mna @fﬂa%z%@)am le production

process.

erwise

In their active form, nitrile hydratases consist of 2
nonhomologous, o and B subunits. These latter form
‘heterodimers and tetramers, while even decamers have been
demonstrated to be present in the case of Rhodococcus
rhodochrous Jl. While the o and P subunits are of
approximately the same size, they do not otherwise share
any similarities. Nitrile hydratases are metalloproteins
which contain Fe3* or Co3* ioms (Bunch A. W. (1998),
Nitriles, in: Biotechmology, Volume 8a, Blotransformations
I, Chapter 6, Eds.: Rehm HJ, Reed G, Wiley-VCH, p. 277-324;
Shearer J, Xung IY, Lovell S, Kaminsky W, Kovacs JA (2001)
why is there an *inert” metal center in the active site of
nitrile hydratase? Reactivity and ligand dissociation from
a five-coordinate Co{(III)} nitrile hydratase model. J Am
Chem Soc 123: 463-468; Xobayashi M,  Shimizu 8 (2000)
Nitrile hydrolases. Current Opinion in Chemical Biology 4:
95-102) . '
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15 Most nitrile hydratase a and (3 subunit sequences are known from the
genus Rhodococcus. However, it is precisely the nitrile hydratases from

this genus which it has thus far .only been possible to express in E. coli

with particular difficulty (Ikehata 0, Nishiyama M, Horinouchi S, Beppu T

20 (1989) Primary structure of nitrile hydratase deduced from the

nucleotide sequence of a Rhodococcus species and its expression in
Escherichia coli. Eur J Biochem 181: 563- 570). 25 The literature

describes systems for expressing nitrile hydratases whose specific
abihvaticsfarsetvaRers 95inFR211 BRERSof FREPproRdin ethe basa ofhat of

Cﬁei@gml@@:buyt[ye bydresasasofrom B-rheddohdmas dEfokdayasihiditable

ama, M, Nadasawagl . 'iQ{ﬂOUC'T"h%sB%Inéaa‘@P@é" BA4L8%hm is
Clo nlng nucleotlde sequence an(i_ ession in ESCheI’IChI | of two
c@lﬁ’éﬁ“@on‘f&imﬁﬁﬁ?ﬁﬁﬁ% HyaRaas 85’ 5 fF5TH Bt c6dcu fgh rates. mn

rreoiidthiowss BicchiarBiapayd actehe 139-e33139)fafkissemipof kitgh  cell
pl&g&%igiwh%@ﬁ.@@éawsﬁg depengent nisgehydratasedioermentations,
Rhpdococcus s N-77 u Y

Tsfjgjlmurapﬁs\%% ida T h}umae éélj klg‘?g&(ﬁ% 13)9% %%%t%?lia 100 ¢
esdressiah S‘P-Nﬁﬂi%%y(ﬂpﬁgéeslﬁ Eacaﬁzﬁéiﬂjlr@ﬁe FG’FM 24tk 44 hours
hydratasawctivagdsind iphst-trabdladenali modifivatimref alfjafidgcherichia

cysigine. Jizigeherm 1232 6%517%) %&*&H&%ﬁ%@spgnd'%ﬁﬁﬁ@llh (1999)
%q 0X. ZzéilU/ of. DEM é b.IO ss) (cal gaatlon in accordancemwt Avpl
GRS B LS (88 isidE B AT HECM6: 503 2B HRERSRRA R 2PP
WS eroebbedibRi rtegiogdcd bl Riet ABlvity using nitrile hydratases

from R. erythropolis, which is closely related to Rhodococcus spec.

and K loy. ilar tqr. f

uésf]Era neg 1(%1}?%%%\%% %&g?g?é’ §e sii aneed ro%gés%s%s%lﬁe Fnown.
s;@fé&*ﬁs hesETe FRRPSRARRES fr qUERHEN 95 be HoadbS aPTRERFRLY the
mahtet Mbichysasegaate fOrtme intdstrigiescale WS Methiods badchthus  far
E%\fﬂ&hut%é?ngiﬁas%%?j:@e@@r scraeiung fof n%rlledmh k atpsen hawe-ticular

ee stricted to i icrogQrganisms w ibit a carrespon
éil Hﬁ(ése?é rr%crédrglgn%’s%ﬁng ﬁglve%’l&he%f(%eencfaﬁen fg q%e%pu T
eﬁéﬁf@étréﬂﬁméﬁnm@ﬁwm@iy pidpathfediydratase deduced from

the nucleotide sesguence of a Rhodococcus species and its
expression in Escherichia coli. Bur J Biochem 181: 563~
570) .

The literature describes systems for expressing nitrile
hydratases whose specific activities are between 4.2 and
12.2 U/mg of total protein in the case of Co-dependent
nitrile hydratases from R. rhodochrous Jl1 (Kobayasjhi M,
Nisghiyvama M, Nagasawa 7T, Horinouchl 8, Beppu T, Yamada H
(1991) Cloning, nucleotide sequence and expression in
Escherichia coli of two cobalt-containing nitrole hydratase
genes from Rhodococcus rhodochrous. Biochim Biophys Acta
1129: 23-33) and 452 U/mg of total protein in the case of
an iron-depen&ent nitrile hydratase from Rhodococcus spec.
N-771 (Njori M, Yohda M, Odaka M, Matsushita ¥, Tsujimura
M, Yoshida T, Dohmae N, Takio K Endo I {(1998) Functional

expression of Nitrile hydratases in E. coli: Requirement of
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20 what are termed enrichment media (Colquhoun JA, Heald SC, Li L,
Tamaoka J, Kato C, Horikoshi K and Bull AT (1998a) Taxonomy and
biotransformation activities of some deep-sea actinomycetes.
Extremophiles 2: 269-277; Colquhoun JA, Mexson J, Goodfellow M,

Ward AC, Horikoshi K and Bull AT 25 (14998b) Novel rhodococci and other
mycolate actlnomycetes from the deep sea. Antonie van Leeuwenhoek

74: 27 antage of th nin ethods.is that the P?_ave
ifthe mam?A <AT{cro}(_‘)Erj%an|smc:€oVsﬁgegz(‘g%eneéglilaﬂlﬁ?hgddo occ%s%rgﬁ/ Cional

om@@eéaeﬁfbh% Bt ﬁ@%@ %Sd%%’%ﬁy of 3B1RERBIELBBAIRGE ~704) -
nwmﬁhyﬁmtasamﬂﬂegptdmm.aglvm calsuhstratpspesificiBAi’ algmg of DBM

aﬁm%&%’é—%ﬁqu?ﬁﬁ‘ic@% Wn (19985 PlLHES 191 th Goodsell DS

Blotechnolo ume Biotransfo atl l, pter 6, Eds.
o 3Ly, SRk S0 T b R PEFSFELE - 1€
Grraham@:, AnnamwscaQ tDQQB?ER%H@?ﬁst%dltﬁ@ﬁé%hn@r@@w@fty using

masophilic anpdhernephilicatile metaboligingrzymesExgrMDPhilESosely

O726Ya daHK ayas Nit [
app%‘ca{ftloglin toin ?rlaﬁ préf))%lljctloé# év% acr Iamlgie é%?il %Eote ﬂ?g Sinilar
BYGCHH 66"5’9199?[‘514‘1151‘15 CFEmasifhats 8 uﬁ%“@thaitlaéc}lmelonﬁﬁms
Otiler4% ehdhe miccomfanisms stahbbitat cared clltiredmmcthessly and
%@&@'%‘.@f@ﬁ%ﬁ%ﬂs Irt%cogq?aﬁﬁéytm&@e ghaxesdescibedbe made
metho éﬂ? anp RI #}?‘\évé?% er KH 995 Ph)glo e tlc dustrial
ifefftiH affirfs g or 10 IRdiAG A i obaT comEwiRSt
célEgaton. Microbiol. Rev. 59: 143 169, Pace NR (1997) A molecular '
view of microbial diversity and the biosphere. Science 276: 734- 740;

SanRe (GAGOLMkoRlal gahomes: N e URIRPBRA JEPRUIEC s B NdRr centing
14-16). "Directly cloning” 15 the %enomjc DNA of, if at all

p5§§" blﬁlﬁﬁfﬁ?éaorﬁg i ) sBﬁl‘éﬁmBﬁ‘eeﬁle ﬁﬁtﬁ?e%&é]noﬁ?e TaRGating
nugiking thigaDl#ravailaiidcin theefdrdbdftmetagenoarrgspelidines, fonzyme
a&%ﬁfiﬁ?re%@%ésﬂl@%%aﬁ@ﬁm%%n@ﬁtH@EOﬁé@a@ﬁ fesken from
idengi ing nove | mdustrlal f§z%@eg in 29 thl%él ihe % ?é. ared in
SERER g renz Jme-enco iINg "genes can eit ee ected’on the basis
ofBe§uerce ﬁ@rﬁ@ﬁ%yeﬁééé@%ﬁ%n%%ﬁ Séﬁ@é%%lfg%‘r wisend SC.
sutalle emraymaeitestyindicator Medidardlavaladbl& amtheBull AT (1998a)

Taxonomy and biotransformation activities of some deep-sea
actinomycetes. Extremophiles 2: 269-277; Colguhoun JA,
Mexson J, Goodfellow M, Ward AC, Horikoshi X and Bull AT
(1998b) Novel rhodococei 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,
Bacillus or Pseudomonas, or the like, and the diversity of
the corresponding nitrile hydratases -in regard to activity
or substrate specificity is also limited as a consequence
(Bunch A. W. (1998), Nitriles, in: Biotechmology, Volume
8a, Biotransformations I, Chapter 6, Eds.: Rehm H.J., Reed
G., Wiley-VCH, p. 277-324; Cowan D, Cramp R, Pereira R,
Graham D, Almathawa Q (19298} Biéchemistry and biotechnology
of mesophilic and themophilic. nitrile metabolising
enzymes. Extremophiles 2: 207-216; Yamada H, EKobayashi M
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basis of activity homology (Lorenz P, Kohler B, Wolf M, Eck 25 J, Zinke H.
(2000) Expression Cloning of Metagenome DNA from Soil. Biotechnol.

2000, Book of Abstr. Vol 2: 306). While nitrile hydratases have already

been amplified from metagenomic DNA by means of a PCR-based

screening method 30 using degeneratedprimers, the nature of the

sequences is such that they exhibit very high degrees of similarity (90 -

990/3 with those for known nitrile hydratases (Precigou S, Goulas P, .
DIFEIR, (FoGE R GpibNHPSFESG i e tifRafHP O R Wy dREadedus trial
epcodingtgenes misoik85amgilés by BolynwskasBichagrhsactiorBikEMEn 60:
Migrbial 4 1 etters 204: 155-161). It is not possible to make any proper
assessment of the primers which are used in this 6 reference since the
authors do not reveal the sequences of the degenerate primers or their

deyrseepid E5HctaEESTRE THEE degfde oR SinRlarity-8f tHEdaqubritesto 1% of
thase feof the Rbeddeassusthadbetirbtia P 1czitildaydidiasesduggestshereby

R DR R SRR A AETE, ey N A AL R A (995)

niigsl eusitatd th a heenisr fidekioadequele foRtheshbuastrideseggion of
Thephjectef thewprassmt dvesdonavasitteeierecel spesifyt an adslitiepabiol .
process fog prepang pirile dratases. rtigul SS.,4

sﬁgﬁld bé) %ble ?02 ?dgn%%/ Nitri ecr%drig%asgs? év I@ﬁ afq&e gﬁgst,i;%ct%{r? %%at%lfg w of
tEFHTEPReACUItEIATRE Bidanihe ArPEddRiPRIPBBIERt oftfieSPfRet’ 6 734~
iMmention Gmezn pragare pidEMydratasesiwiadh agesupesertioshosminapped

the.pracad. 26.These objests and addiipnal gbiegts whish-aei@} c1oning”
specified in detail but which ensue in a,F obvious, @gner T mﬁige prior

a%ﬁr@&&ﬂ%&d BhePdpecifcalibn Bt spReFE fer GoistittdfitCASanLsms
cleimed #pdlhing ammie25 thetr. uddin o' procegsnaiiel has #idifeaplren®f this

ctaim 2avalaimp Bdo Sirglateto Ieferredremhachmentsnef thenprogdisriaries,
guestiqn. i r otein s ceqrdli s
S (8 sl oo s O ey gatnies

mm?gﬁéa&ethgﬁf‘anéf%%ﬁ?gylng novel industrial enzyvmes. In

this approach, the genetic screening for enzyme-encoding
genes can either be effected on the basis of seguence
homology, based on conserved seguence motifs, or, when
suitable enzyme tests/indicator media are available, on the
basis of activity homology (Lorenz P, XKéhler B, Wolf M, Eck
J, Zinke H (2000) Expression Cloning of Metagenome DNA from
Soil. Biotechnel. 2000, Book of Abstr. Vol 2: 306).

While nitrile hydratases have already been amplified from
metagenomic DNA by means of a PCR-based screening method
using degenerate primers, the nature of the sequences ig’
such that they exhiblt very high degrees of similarity
(90 - 99%) with those for known nitrxile hydratases
(Precigou S, Goulas P, Duran R, (2001) Rapid and specific
identification of nitrile hydratase encoding genes in soil
samples by polymerase chain reaction, FEMS Microbiol.
Letters 204: 155-16l). It is mnot possible to make any
proper assessment of the primers which are used in this
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30 relates to the expression systems which are provided with these
nucleic acid sequences. Claim 9 deals with novel nitrile hydratases which
have been prepared in accordance with the invention. Claims 10 and 11
are directed toward specific uses. 35 A prerequisite for finding novel
nitrile hydratases is to specify nucleic a&id sequences which are able to
serve as 7 probes for nitrite hydratase genes which are present in
metagenome DNA libraries. By means of specifying degenerate primer

cERGRUEARTGHIRE gidiF BUNTISHRg 8P5A5H HENRRdycsitfy @srsaces of
Nﬂlel)dﬁééﬁ'@;mmcqemr(@eq IDxN e} 1B-ChoggsygedgstedSeer#ioy . The
gifodigrk?scyﬁﬁgga@ggy“%g\l@h@ ée@&fe&@@iﬁ”ﬁ@nﬁgﬂo@i@%@ the

g cc (Se narp
d?ﬂfa%%oecafr G gy, RO 1) A %%%gryngg s cnac
DD, gybsmat@@nﬁg@&ic‘cl@éqz |B£Nc31q’e) Pk 1@gn@@§ sRent Exom

(SemdDMO: A1y CLltawrswiiacea (Serhé® NO. 12) the skilled person
obtains, completely surprisingly but no less advantageously for that,
& ecial nucleic acid_ 20 sequences which help to ¢ ruct specific probes

TRFeeniigor nitfieifdhtise §iresin heBFSiomE BNAPBETRISS =nd
These ausleivlatithsequahées @édidgerrrdte %@@ﬁées@ﬁh@l}%n figoe in

opg bandoare-spefimansuatden fisting anly niste.bydiddsshgesestisuate
w |ch the C% S@rr hfnd are,so nonspecific that, if at all possible, all

the nltrq %yﬁn atase genes whlcﬁ are present are detected. At the time of

the invention, it was not possible to deduce their preparation from the
prieart ¢ dacebviofls rfaanep:2EEhe pressrtinientionascordiegipidsoe Lo

relatediie.a pf&ﬁessa&&{ﬂfmémg i-sequenges Whichareireguired rrile

for constructlng the act|V| |t rle %dratase such t

n%éYQ&é}?&}ﬁ&%N&ﬁbrggf Bhat is FegRFST eSS S oua.‘chl be able to

identify nitrile hydratases which are present in what are
termed nonculturable organisms. An additional object of the
present invention was to prepare nitrile hydratases which
are superior to those in the prior art.

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
specific primer constituents as claimed in claim 1 and
their use in a process which has the features of claim 2.
Claime 3 to 5 relate to preferred embodiments of the
process in question. Claim 6 protects the protein sequences
according to the invention while claim 7 is directed toward
the nucleic acld sequences which encode them and claim 8
relates to the expression systems which are provided with
these nucleic aclid sequences. Claim ¢ deals with novel
nitrile hydratases which have been prepared in accordance
with the invention. Claims 10 and 11 are directed toward
specific uses.

A prerequisite for finding novel nitrile hydratases is to
gpecify nucleic acid sequences which are able to serve as
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35 b) this library is contacted with in each case at least one forward(f)

primer and one reverse(r) primer exhibiting a 8 degenerate nucleic acid

sequence in accordance with sequences 1to 12, ¢) a PCR is carried out

using these primers, d) the full-length sequences of the nucleic acids

encoding 5 protein sequences which aré required for constructing the

activity of a nitrile hydratase are generated from the part sequences

which are obtained, and e) these full-length sequences are cloned into a )

hBFOBR§anft¥ afd EXprel sdty WPAESFe SRPTSle L FR oRFSt BifiFRERE 11

hy@rasasesnenistaof ablemst eso d¥fererbsubunitsypamdif sobudiglenerate

Howeyer. fusther proteinsequencesntn additian e hese: syp sybunits, |

may also be required to enable the nitrile 15 hydratases to be active. The

presence of particular putative "activators" (e.g. folding proteins, etc.)

may sometimés BéFequisesnr sgisaeenebrIthel&oi@spdnding nitrile

hydratases to Begarpe aciyecthedueteic aaig, sequemceswhich encode

these activato freq I mthei jate, vicinity of the
B-YH k‘%fﬂrg%g?s%bogééed( KIS IUnGEle )

nucleic acid séquénces. Wwhich“encode the corresponding nitrile hydratase

subunits. It is CorEEEUENBFPEESIRS 38 dF8&hingRol Puctdic acid
sequences engedihg nitriggchydragasesyalstEaty theeBalie tirh¢ to detect all

the protein segueices w%&ﬁﬁggén@gui(ggéqr the Ritsile flydratases to
be active. Accgrding tot

O the roc%ssnigcacgédan w'ﬁgthe{ ;nvention, the
first stepis that epaﬁﬁﬁe%g%efageno SBN ibrary of a particular
habitat. The sl ersoBvB F#AECGRN tReIvayth WhictBthis library is
prepared (Knietsol, AW, Janiricit/B&a Hepwe, ADIR 2003 )Metagenomes
of Complex Migrgbigl Co ia;Rerxed from, DiffereghSoilg as Sources
for Novel Genlﬁesq@'?nf'er#%%%mation o{f C%bo%ls from Sh%rt-Chain -

Polyols on Esdefithia: cHFBERHIHMAIRERar MidShiofogy and
Biotechnology &{ )L #6:56WREMIGICIMR;; B5eaugUSt, BR; B2tbrmann AD;
Brady, SF; Grossman, T H; Liles, MR; Loiacono, KA; Lynch, BA; MacNeil,
.%%Eéﬁigni%%ngégs%nelgg %.:LMS 9398%%4\4§1§Ia§%¥‘p‘¥isingly but no
less ad{réntageously for that, special nucleic acid

sequences which help to construct specific probes for
screening for nitrile hydratase genes in metagenome DNA -

I
H

libraries. These nucleic acid sequences are degenerate
sequences which, on the omne hand, are specific enough for
finding only nitrile hydratase genes but which, on the
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 invention, it was not possible
to deduce their preparation from the prior art in an
cbvious manner.

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

b) this library is contacted with in each case at least one
forward(f) primer and one reverselr) primer exhibiting a
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Goodman, RM (2000) Cloning the soil metagenome: a strategy for
accessing the genetic and functional diversity of uncultured
microorganisms. Applied and environmental microbiology 66(6):2541-7).
Primers which exhibit the 5 degenerate nucleic acid sequences according
to the, invention (Seq. ID Nos. 1-12) aré then added to this library. A PC
reaction is subsequently carried out, with this reaction giving rise to part
sequences of the nucleic acid sequences encoding pitrile hydratase

SAEGFRE BB M IR tho¥S S the BRBFARSthe tRilleFPERISREST  WiER
thesuse tleselpar seéguences to identify the corresponding full-length

nusleic aeid SFQUEQE‘%%@C*&J%S u%@nd"@ﬂ@é”@f‘xﬁ@@%)

Blotechnol ospects from metageno curLe! p|n
%&f?’lﬁ( % 5 %8 ondon r&ﬁaAu ust elt'tdeg;r1 @nCOélng
Amrara@ly ﬁeq@eeﬁﬁaﬁvhwh LS Mﬁ%uaeéncﬁ% %%éﬁreﬁtmg the

N@@wldﬁ Ming, G rhiong, GLiCinas Mreshemer MSClErdy Lhe part

% Jir3eedman, BM-2900) Cloging the soil metagenome: a -
strat E% accessw;]ilthe enetic and 20 functional d[}ersn% of.uncultured

enviBiETtal AfFoblo oogye 6(55)11534167) host
Fma@ymtm nactbiezpdesstp@nces which have been found are
recombinantly prepared in particular expression systems. The methods

fgg;o?g%th' Fregiatea kronn (Biie b SHlizd PRl SR Edms i st

fredem o iment, the degenerate nucleic acid, g ces
a@e‘orcﬁﬁg thaneinvENRondSEEE IS NosS TR AR eﬁ%m@@ hSubunits) .
presgetrpracesasubithap iroeadin cassy8@pdater pairs eghipasechofto these .

o] ipg th lej¢ .acighse 0LK(S, 0 5
e g
2W5ISO@OIP(% i NS 2, eqpfﬁs icular

Npeté,t&*aﬂd 1apareramrm"the(ma vxﬁq&ﬁmeee PFebaibnfatioftare Ay

em@%@@e Bécletﬁq%i&éeq gen @sd@ﬂcedmgﬂ%p@tememmmepondmg

which ar 3%” d.for 10 nitrilg hy¢ d%é@t?ee agiiviy. are dejgefedin 8 eic  acid
an

prejferre Iclent manner. Preference is turthermore glven to

|0BEAHGBERRIN BIHET PnuEBRCSGd %ce@%ﬂ’ 3L Rizifg FegibhEIERELY
upsitesradf te abbwe-desddEdtegenerdteigimept the nucleic acid

sequences which encode the corresponding nitrile hydratase'
gubunits. It is consequently possible, by screening for
nucleic acid sequences encoding nitrile hydratases, also at
the same time to detect all the protein seguences which are
required for the nitrile hydratases to be active. According
to the process in accordance with the invention, the first
step is that of preparing a metagenome' DNa library of a
particular habitat. The skilled person is familar with the-
way in which this library is prepared {(Rnietsch, AW, Tanja;
BS; Henme, ADR  {2003) Metagenomes of Complex Microbial
Congsortia Derived from Different Soils as Sources for Novel
Genes Conferring Formation of Carbonyls from Short-Chain
Polyols on Escherichia coli. Journal of MNolecular
Microbiology and Biotechnology 5(1): 46-56; Rondon, MR;
August, PR; Bettermann AD; Brady, SF; Grossman, T H; Liles,
MR; Lolacono, FKA; meh, BA; MacNeil, Ia; Mino,r C; Tiong,
CL; Gilman, M; Osburne, MS; Clardy, J; Handelsman, J;



10

15

20

25

30

35

* constituents (Kwok S, Chang SY, Sninsky JJ, Wang A, 1995, "Design and

use of mismatched and degenerate primers” In: "PCR Primer, A
laboratory Manual" Dieffenbach CW & Dveksler GS (Editors), Cold Spring
Harbor Laboratory Press, pp143 10 155; Compton T, 1990, "Degenerate
Primers for DNA Amplification” in: "PCFQ Protocols, A Guide to Methods
and Applications”, Innis MA, Gelfand DH, Sninsky JJ, White TJ (Editors)

Academic Press, San Di 39-45), In this , he pri
CRAEHE T8 PRGNt LORREoES dEgite s PR R g® @ Craceay

ségueneewekthirgbovddesenat igpe BEquéNRE yWds. vexsardy  of
themsialeigracid sequencasyaentared in ihpseedencesiavingdfedBhmental
Nos. 13. to 23. Very icul ference.is.gi theref: to S +h
in%lvﬁ%%brﬁ?c gi%ciﬁggér?c%%&:jééted ro%l%{tghge?D 25“’3%% cqﬁ&scilg%%ciegf; ©

CERURABGTECTENGRE D NeFH3) CEBEFETECTEC BN M) the
TOGREGTACCAGGTC (820.NBNO. 15)2GCEREECECHSeq. 43N, 18p25this

Gﬁ%@&@”&@%@?@é@%d@ NQ. LI GREEOGTIGIS(Se0dR:, with
NO. 18) CAAATTCTTTATACCAAGTC ESe JIDNO

~19 - ,
CERFAERPEBCRTFTERSCT 155D %fqﬁo?ea&?‘&)@-?eﬁ%&’&ﬁeﬂm%ﬂc
(Sey.dD NERBBESGCEEeHETTG még ibeno pjratase  subunits.
TETTE9TAS GREEILE (S0 tRN@r23)y GRECATHE GREIE{Searifon can

NG, Bt placesunsrgan.of e degenerals nugleic ael) eRguensesGihaing

ese upstream’sequences are 35 likewise derived from

cieervd@RetEte hydFatkeegiondHifl adaREYTo9RE codolT iEags s FP
organishsharing aJdifefshit GCRbntethndlaprosess apdespfisddat from
tﬁﬁ&&é@h&&%\é&@? geiemads, oh pamers Which areselestas), fr@@(@g : 303-
group consisting of GCCAAGGTCGTCgesm t QSSQ. NOg22 ap
GGCCGG ggsc.s‘ccé%%%%seg.’ ID_%D. %gg(ggn Opeaby, !
TEORREFACCGAE G Tad@RgiGsclpseqoMmPNT By Lynch, BA; MacNell,
GEGC@G{eggnaygcviisga(Sery. IDAN@maR) M; Osburne, MS; Clardy, J;
GOTAAACTTETTeenmrgentggtged. IDN@029) cloning the soil
TGGCCGGTTET ggngltnccncg_lsSeg. ID NO, 30)_. - ,
metagenome: & Strate or accedsing the genetic and
functional diversity of uncultured microorganisms. Applied
and envirormmental microbiology 66(6):2541-7). Finally, the
nucleic acid sequences which have been found are
recombinantly prepared in particular expression systems.
The methods for doing this are likewlse kxnown to the

skilled person (lit. see above).

In a preferred embodiment, the degenerate nucleic acid
sequences according to the invention (Seg. ID Nos. 1-12)
are .employed in the present process such that in each case
primer pairs composed of primers exhibiting the nucleic
acid sequences A-0lf (Seg., ID Nos. 1, 5 and 9) and B-0lr
(Seqg. ID Nos. 3, 7 and 11) or C-0lr (Seq. ID Nos. 4, 8 and
12) and also B-01f (Seg. ID Nos. 2, 6 and 10) and C-0lx
(Seqg. ID Nos. 4, 8 and 12} are used in the PCR. When these
combinations are emploved, the nucleic acid sequences
encoding the protein sequences which are required Ifor
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10 CAAATTCTTTATACCAAGTCggnggnarncc (Seq. ID NO. 31)
CCATATATCGCATTTCAGCTgwngwrtccca (Seq. ID NO. 32)
GGTCGTGGCCAAGgcntggrYnga (Seq. ID NO. 33)
GGCCGGTCCTGggnytscencc (Seq. ID NO. 34)
TCCTTGTACCAGGTCggnggsarncc (Se9. ID NO. 35) 15
GCGCATTTCGGCGswnswrtccca (Seq. ID NO. 36) is therefore very

particularly advantageous. using,these grlmge‘%s it wa(ipossmlet etectd 3
Bt dQd YEHRGRER SROHINGNitfE Ry SRIRSEE D RelPaPbfieF 259 22
gefi€s ddreputatigeriactivators”, in metagenome DNA libraries.

Apcielinghy-a next %&%@ﬁn&t&e@m@&tﬁrm theo pesent inventignds other
C%%E{%ectited by the&) roteln ges %g Véh'Ch a*rg ggyﬁfﬁg{% regions®)
C 52a es :

%g e act|V|ty o a nltrl e hydrat Wlth ese seque
pebsesshglessthan tH6% h&%@%ﬁﬁ?&gﬁ{ﬁgless@ﬁ%ﬁ@%"%ore primer
peeferablyleasdban 6%, evencharegpreteralsiyiessithadiI95%ayet Aorel 995,
pﬂ%%@#ﬂ'eéﬁ&hﬂégo%f veaiypieferably @A&sw@h%é&@n@mmew Tn:

extrem preferably sthan 80%, homalqgy..at the minp
Wﬁ p‘?ott %’éﬁﬁgﬁé’egj (\J'I/'wth e%%c camda&sj'qugeﬁgeeéc slex

| eﬁéodﬁﬁghthem belr@ogéweﬁﬁmfgoﬁqﬁ@%ed@%%wh BReSE, Dppld3-

pesitve hyhrigization signal 1ggiter stringepteenditiens, B8biwidrthe for DNA
&{&“”Dfs gearding jo '{}%'”%%!Ek?”ﬂ@%%‘ig‘e AUElgicAcid Sequancsds and

hav esequences Nos.1l to12.12 Th osmve; h brldlzatlonwga
pRITBAHERE 3675% To b&TPdssiNB 1o fi%d EBREs e
qum&ssjsmge&MEcre&@tmmasédthréEmgg M@D@@S\ﬁ/&h whith this

tr@assé('”eqwrwi§éf‘§‘”%&%m b, usegktombtai the-5on consist of

correspondln recorgglnant rqtein 'se uences from these nuycleic cagid . iped
gAr% BTt fechRigues are usreEd rt]Cen ta?l#laorganlgm .

Wb&@%re( abmmﬁr%ﬁndél?nel‘{irétemlse&@ené@ FRdtidrhh FEGHRhy acid
WQE@uéz@@@QUla@lﬁmﬁ{btﬂ]dﬂﬁtrlﬁharcm@q&a&:ﬁé’@ehevmgteﬁhaeqlmrmes 13
aceording t{?etpi? Q}:@rﬁfﬂk L5 B@@@é@@f@@%@%%ﬁam@uééﬁ@g@dsto a

hare K dp brook, J.; Frit
VERRARST. (Eonah IR SR RO Hiar o ST GOt

SpringiiarbosiabdroryPress, New

GCCAAGGTCGTC (Seg. ID NO, 13)
GGCCGETCCTG (Seg. ID NO. 14)
TCOTTETACCAGETC {(Seg. ID NO. 15)
@Cceece {Seqg. ID NO. 16)
GECEGCTAATGTTETT (Seg. ID NO., 17)
TEECCEETTCTE (Seg. ID NO. 18)
CAAATTCTTTATACCAAGTC (Seg. ID NO. 19)
CCATATATCGCATTTCAGCT {Seg. ID NO. 20)
GETCETGECCARG {Seg. ID NO. 21)
GGCCEETCCTG {Seg. ID NO. 22)
TCCTTGTACCAGGTC (Seg. ID NO. 23)
GCGCATTTCGEECE {Seg. ID NO.

are placed upstream of the degenerate nucleic acid
sequences (Seq. ID Nos. 1~12}. Thege upstream sequences are
likewise derived from conserved nitrile hydratase regions
and adapted to the codon usage of organisms having a
different GC content.
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those nuc

15 York; Balbas, P. and Bolivar, F. (1990), Design and construction of
expression plasmid vectors in E.coli, Methods Enzymol. 185, 14-37;
Rodriguez, R.L. and Denhardt, D. T (eds) (1988), Vectors: a survey of
molecular cloning vectors and their uses, 205-225, Butterworth,

Stoneham). 20 With regard to the genetdl procedure (PCR, cloning,
expression, etc.), the reader may be referred to the following literature

and the references cited therein: Universal GenomeWalker'r" Kit User

Manual, Clontech, 3/2000, and the literature cited therein; Triglia T.;
Petersonells 268G dantKehgsl RY. 088puk prdoedife Tdriglvitse is made

agyplificatien-of RiVrEegmenisthaitied uisign the douniasiaseidnonmng of

seque | ids Res. 86; Sambrook,,J.; Eritsch, E. F.

Maniat%%?), i Stéa;: a laboratory rﬁéﬁgél,ﬁdﬁe%f, C?(?Ig
30 SpAFFFEATSIARIgEaRES $F8ES New York: RodrigGes-RIP At 26}
DenhardicDran@ris)¢tatf)oMestargsasurvey of mol€eglar Tion¥y. 27)

VeCtOT%@E@éE@é;;ﬁséc%ﬂggg"orth’ Stoneham. The ¢augsperding. 28)

nucleic acid se Ich encode, the 35 protein sequences whic
have j%%%?%%}ﬁ?ma next part ‘o%? p? szl\rﬁ%‘ 99) '
inventiBECTREST THtaoridiseggences are thereforafithdse Which3 83

within feabaurasrebihecdegenaragnabite-genetic codsqenauslethe 31)

same %ﬁﬁiﬂ ggggq.mgga%g%mé%gwise sQENCERRSSes)

eic’acid sequences w —at the nucleic acid Ievel%l$
homol GFF GRREHARGEEREEgE SR ences found in Sedrdarfed With fe
inventicaat et EeErIggparcentmrcorresponding  fragfwnts dPtiEze 34)

nucleigacie-seauensaswhichdgdui, @acode protein saguengesyhichs)
are involved in con§%g§tin €. actvity of a nitrile hy(iirsaetase.f%rel&%'engg)
is giveﬁ‘f&%’%ﬂ@% U %‘é%%—ggq%@ences encoding pro?e'in Sequences

whicH-herefisroect SV AP AFIWRE Hie PFOBRFSSRBIes found in

accordance with the invention. Examples of nucleic acid sequences

rdi ' iop areth -Qu. ) ) :
SRS e Ieuee el uss et o Ee 0 DR scia.

SEGGETRERhi G HRTE BEe PHTTHD oDHHH M Bftiein eqiiices 25 Other
ageareiing tédre inpermddriirehigh getderroprs”,  in  metagenome  DNA
libraries. -

Accordingly, a next part of the subject matter of the
present invention is constituted by the protein sequences
which are reguired for constructing the activity of a
nitrile hydratase, with these sequences possessing less
than 100% homology, preferably less than 97%, more
preferably less than 96%, even more preferably less than
95%, yet more preferably less than 20%, very preferably
less than 85%, and extremely preferably less than 80%,
homology, at the amino acid level, with such known protein
sequences, and with the nucleic acid sequences encoding
them being generated from part sequences which give a.
positive hybridization signal, under stringent conditions,
with the primers according to the invention exhibiting the
nucleic acid segquences having the éequences ID Nos., 1
to 12.
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rapidly growing host organisms, e.g. E. coif. 20 This takes place by
incorporating (cloning) the nucleic acid sequences according to the
invention into special expression systems which can be used to obtain
the corresponding protein sequences recombinantly from preferred host
organisms. A next aspect of the present25 invention is therefore
constituted by a (articially prepared) expression system which exhibits
one or more of the nucleic acid sequences according to the invention. in

phREpROSH Fi& 8y Suhishidhen arhfliaf totheT Rt S befsoftrr firs to Pe
pogEosttdre sSuitabienfbreserastimddrxprassiei systont Thesesystamsising
are, preferablyeplasmigs. Bk ME105% ARENNICEOOrAESBEsIN RIREIPIGNAER the -
the spbogiments which.are svaiable io,the,skiled personforhis ., e
purpose are%uﬁagi% foruse as plasmids or vectors. These plasmlas
aREXERRIISRARNKE foIRROTSHERRpIRTP Shidler &RPEEREA% s foRRierthese

WiuElLResentiadg fedhemym. J. J.; Dubendroff J. W.; (1990), 14 Use of
the, TZ RNA polymerase 1¢ diagt syuessien ofgnet,0epas: Methodsn i sms
Enzymol. 185, 61-89) or in the brochures supplied by the companies .
N Gin 2B AR Ny BTARE BB BRT Ao GRETIRRE. SR tion
piefeAediphasniitls SdMdRed®racaabatioudein: @lovedds Mi@bgeyocess .
DA Clasingopeaiiical @ppiaael, \(/aecbdd(ﬂdl_iﬂgPr@@s kb, @%ﬁ&ﬂt:}{.on are
Rodriguez,-R.L. and D . ctors: a survey
TEoERd e 285 LAl Rk A oA R Y Rhown o
StrRehditi&bBEdeP T a9 0 (FoOhF Stems fér hEfRtEBEBuUs gene F- 2nd
eMpressints metlMods Erg8Anol. 186 laduBambratleninErtsch, Elelanbtory
i y , . . whi vV -
préferoly B8 'to C?One?ﬁ’éf c&%ﬁu%?ﬁénta?n‘ingrﬂ@s% leic Eaﬁng and
sequeiicarsdcntdingt to Br@rREPON inPUREHBt ovRiHiomsareipUGscoll,
ER@@%@OW&), méK;lms}s‘U(unﬁ@szga@emiqals)h pailiacb)enhardt,
ocC i mi KK223: me [ i , . '
Rk Fa e ot oo br PR, gf@?gﬁ%ﬁf SR choning
13 BRicRgs GFte P SeribE s had Bedr Said SHEEEHR Bt StoReham)
nil¢cidorgargég@ndto whichthe general procedure (PCR, cloning,

expression, eatc.), the reader may be referred to the
following literature and the references cited therein:
Universal GenomeWalker™ Kit User Manual, Clontech, 3/2000,
and the literature cited therein; Triglia T.; .Peterson, M.
G. and Xemp, D.J. (1988), A procedure for in wvitro-
amplification of DNA segments that lie outside the
boundaries of known seguences, Nucleic Acids Reg. 16, B8186;
Sambroock, J.; Fritsch, B, P, and Maniatis, 7T. (1989),
Molecular cloning: a laboratory manual, 2° ed., Cold
Spring Harbor Laboratory Press, New York; Rodriguez, R.L.
and Denhardt, D. T (eds) (1988), Vectors: a survey of
melecular cloning vectors and their uses, Butterworth, .
Stoneham.

The corresponding nucleic acid sequences, which encode the
protein sequences which have Just been described, also
constitute “a next part of the present iﬁvention. These -
nucleic acid sequences are therefore all those which,
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the plasmids or vectors which contain the nucleic acid, sequences
according to the invention are cloned is used for 25 replicating and
isolating an adequate quantity of the recombinant protein sequence. The
methods for doing this are well known to the skilled person (Sambrook,
J.; Fritsch, E. F. and Maniatis, T. (19893 Molecular cloning: a laboratory
manual, 2nd ed., Cold Spring Harbor Laboratory 30 Press, New York). In
principle, the microorganisms which are used can be any organisms
winicthtie skillediperscis takes ihe cheskiceatsy forthisherpgseefoic code,
eXANPIR: Yeasls, suias Harsrrula powarishaePlichifrSR, consequently -
S ¢ haromeyceslcerewsme rokagoteglh%uc‘g aﬁE foll or 35 BgcllluscmerlCES
sSubtils, or eukaryoc%es such as mammalian ceIIs hseetcelfsor plan Nt
céﬂélqﬂ?eﬁ?éﬁ(%%:glﬁén fREsiRE B edali St oY pufpdRenghegy with
fatt@wmgzwteedery A ignrtoadariynpreferfedrtd caXlekBbisdddMMdb221ith the
109, JHloétRR&eQEIéa B@Ppl&c%ﬂiBloloPLZJcﬁk%’spommg

(DE3) or BL21 (DE3 codone} RIL. 5 Féehermore the nuclei

STGOERERRNEH, a5 BeCBHIL vl e (HOBRET G, R iBkPeq=oes

SenctBidlasr BRinsEpaneRiich whd addapaalyiningdmprovsdsimarcting

W‘ﬂirél geqde the wﬁtan@w@ﬂéeam@h@@remﬂ@ﬂaﬁ@én@@mw@men to
%Cté"%"f %§Eg1 Dydratase r%?:%@reé‘%{ Eﬁ&’l SJ%‘F RIEPAING; ences
at are terme ole- celcat ysts. In principle cel catalys

tﬁ'@lt?Be aFerebBRIANARt rﬁﬁro?ﬁﬂﬁﬁl’éﬁ% %%stth%sé)mﬁﬁ*rha@@%nms
bé&enmnderitip neck dofeenae, inldadditibe tétiverddred genes encoding a

niggle-Ryricatasg ethegg whole- ceacl{acatgafméegon&&@@ﬂ&qigona&o the

enzymes which are r. uwed r eco sing nitrile 0 aci
frfilet e 1t ut‘éggstﬁege enzfmggre%ymeév% OS 37 to
aﬁﬁdagé:aétﬁlutposéﬁkpﬂ@rea%%ndaﬂ%%@# catedyits \A?Fﬁbﬁl&ﬁnﬁh?e pucleic

_ZQdﬁastmgﬁﬁaeé grhe dbr apveictesaqnoedassestingil- the prote:l.n

%ﬁ%%@cthmlﬂgn%ge&% emegw@l%a%yeh@'gﬂe Dydratase e o -

are s0 regarded, as being recombinant microorganisms_of
ABBRSRALHGHOH HRE. Btiorffg S Titol&-c8H cHital§&dam comprise

additional nucleic acid 25 sequences which encode enzymes which are

agyanrfagepusdordaeempasing:a-pithie-dupetion inierymaatshfungion.nucleic
TQ?:?%I seguences according to the invention into special
expression systems which can be used to obtain the
corresponding protein Ssequences recombinantly from
preferred host organisms. A next aspect of the present
invention i1s therefore constituted by a (articially
prepared) expression system which exhibits one or more of
the nucleic acid szequences 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
expression system. These systems are preferably plasmids or

vactors and microorganisms.

In principle, all the embodiments which are available to
the skilled person for this purpose are suitable for use as
plasmids or wvectors. These plasmids and vectors can be
found, for example, in Studier and coworkers (Studier, W.
¥.; Rosenberg A. H.; Dunn J. J.; Pubendroff J. W.; (1990),
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enzymes are, in particular, enzymes which are selected from the group of
protein sequences possessing a-aminonitrile racemase activity,
possessing cyanohydrin racemase acti 30 vity, possessing
a-hydroxycarboxylic acid racemase activity, or possessing (a- or
(3-)-amino acid amide racemase activijqﬁ. in addition to producing the
protein sequences according to the invention, which are required for
constructing a 35 nitrile Eyd}ratase activi'g, _Qe Whgle-cell catalgst £ cloned
al&6rditty tMhelihvBNfto BrafBrdBiy Broduces s ProtEtPEeqGante OF cioned .
poesessingie shedasetvitg fromldizobht 888 prsferaply Rhe brochures
hgﬁ_ﬁgﬂﬁ%DW 14883 @MQM@Q5M@@@QSS%@@@WN§®G England
aﬁ%%ﬁs@!' tlaigﬁ%rpaé{f rleB/O%é%P é§%81%2h%9”%§p59f' d plasmids
racemases are known, for example, from 5 Pseudomonas putida ang -
RMOA0CIRER D, @BHIRRIsERBE 1 a BLAVRE AnRors¥n, K(1985) . DNA
Heloesnél: Fg \tareBaken] Jagnrheibe, B/M..(1989IEP 0XBD7 B28swatd. ,
830d,249)- atheridminp acd amidgpcemasasdaye peenpdessabed in ogsg) ,
Klebsiella oxytoca be/ Herm an%)%%é_vgrkers (i—|ermr?s, 'bréFtclzgsM'énd their
P‘é%fé:rgﬁv. Pa.; FFelfer?%. 3; (15'5 ) 07383 4%%3‘, S5 Well 4% in :
Agrstsacte AT TBbgenBy BRETYEKEBacteFLAR HifEropi ERded, - w. R: V.
J.{Reemakesgdtankent & ChieSonktodgizuvetnk Gexhbsaitn, Methods

02100031). Thegadvaniage ofdising6aiesPending F2a9BaRes IS0aSeH,  ang
on the fact that 15 100% of a racemic nitrile can'b converted into i?a?boratory

cHRBFSding ehanticmahdally eMPHRE4EE. AR OPTEMSH which
menticakd iRIE 2055926188 imjaghdktdrganismboprdferab\Pusss , New
agavhiple-cell catalyst. The advantage of such an organism is that several

enzyme,20 sysiems are_expressed simultaneausly, which me that it _is
A T o e e bR ER Tl e p A TLS THCLE cne

PR BBIRCRItROBE BaHSHY dERdr BUThRbAILRE LS grances according
capespandrgrenaditamancally msiched acidrdamidar taxaejugdtitd 8 (Roche

fé@@éﬁ&ﬁht%ti‘?)%uc'%@%ﬂ?%%ﬁ%qUe(@&?éria qugg%gﬂltgegbagggad, to tharac
e el oS M e o
pBbmigsipbss@¥ding dffetedtSioiiagenels &%l/GEProtietEager diffclingrame
skeagitreairbe 1sediSeeas thepldEmids of the pET series.

25 has been said, the recombinant microorganism into which
the plasmids or wvectors which contain the nucleic acid
seqguences according to the invention are cloned is used for
replicating and isolating an adequate guantity of the
recombinant protein sequence. The methods for doing this

are well known to the skilled person (Sambrook, J.;

Fritsch, E. F. and Maniatis, T. (1989), Molecular cloning:
a laboratory manual, 2 ed., Cold Spring Harbor Laboratory
Press, New York). In principle, the microorganisms which
are used can be any organismg which the skilled person
takes into consideration for this purpose, for example
veasts, such as Hansenula polymorpha, Pichia sp.,
Saccharomyces cerevisiae, prokaryotes, such as E, coli or
Bacillus subtilis, or eukaryotes, such as mammalian cells,
insect cells or plant cells. Preference 1s given to ﬁsing
E. coli strains for this purpose. The following are very
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30 that the nucleic acid sequences are expressed at different strengths.
In enzyme systems which have been adjusted in this way, there is,
advantageously, no accumulation of an intermediate compound, which
might possibly have an inhibitory effect, and the reaction under.
consideration can 35 take place at an &p?(imal overall rate. However, this is
sufficiently well known to the skilled person (Gellissen, G.; Piontek, M.;

Dahlems, U.; Jenzelewski, V.; Gavagan, J..17_\W.; DiCosimg, R.. Anton :
P EIGRE Yz BE] %gf%e-%%mﬁ?nfaznt ﬁfd\grqse%r)]iuﬁlae DOWO%' as A0t
bitA4ly st B3 08xprédion oPHREspiEeh gifolaeroxilBs€ 16O Pard the BL21

SipegreVisiae satdasepEL§ Tdddaensl dppkMicrobiol. Bio 5 technol. 46,
46-54; Farwick, M.; London, M.; Dohmen, J.; Dahlems, U.; Gellissen, G.;

Strasser, A. W.; DE19920712). it is consequently possible to use the ,
PFE3EReBeESy to PReépardfie®l Snd 38 KbuATSOPREAE hydfdERes3re 10
usigplometagetametbAlliraries as therstartingmaieaakdASeardinghy,Nos .

apothar pagh of 1ha syhirck matier shiie yasanknvetionds constitied, and
by the_ nitrile. hydratases which exhibit the cgcﬁ)etseln 38_ ence%acceordgw%et% for
Y RRORAGE nitkie @EPaES%élass%%m S and‘f StBuritts 15 and Whic
canrRtpregiaiad froftthe AOERYE Eid S€quéhcdd! WhiciPardWiiR-ase, are
ayaialedy s pueeess andoebicheasadénihe atand (3sebunitsned  whole-
a&%?ff'”c%@a&is@ggmﬂp iif cdpTensiaieddn the pxamples, 8CHVe £ this
nitrile hydratases are_ also formed, In this connection, when any

rbitrary

a2P8UbRRRs HETTHRIRRE Wit = ARy BB, ffs %b?gﬁy which
niekes it possiblbéeincmest suiftédrtheHtvwevdersitiaf ppddibtd alirileco  the
haﬁ@?ﬂ@ater?&@@r ?%%d%frll@? éuﬁf@im@tﬁﬁf@%ﬁé@erﬁm tigho2B-cell
relate to the use of the nucleic acid seguences which are prepared.:hy the

p?(?&e%ssygc%%rdiﬁ%% the” f?l%ﬁﬁgr? fqraqé}%&u%%rﬁé}mpr%l\?é?ﬁp%%%tein%ﬂ&q ’are '
seqauhEaswhRh HeTEHREdRS BoASHIQMgIREACRGHFSHa AfrilgxPLained
hydratase. Thesway, inshkisk therskittesspessom pescagussyhehindprosidgibi t

pg%ﬁ[%&ég Seguenges,on the basis of altering nucleic acid sequences is
well known. In general, this is gﬁ‘ect by usirzljgl m%thodsIl
e B&r

ArFmethdds Wi Fre avdidni i the Skl Bn or?t%gl:)tﬁa:%%%%?%é at
aleseitasiedochenglusenasinttaycreakahptiRE anparteosfetitag (D-
matheds amidase activity and cloned genes encoding an active
nitrile hydratase are also regarded as being recombinant
microorganisms of the abovementioned type. Optionally, the
whole-cell catalyst can comprise additional nucleic acid
sequences which encode enzymes which are advantageous for
decomposing a nitrile function into an acid function. These
enzymes are, in particular, enzymes which are selected from
the group of protein sequences possessing oO-aminonitrile
racemase activity, possessing cyanohydrin racemase acti-
vity, possessing o-hydroxycarboxylic acid racemase activity .
or possessing (0~ or fB-)-amino acid amide racemase
activity.

In addition to producing the protein sequences according to
the invention, which are reguired for constructing a
nitrile hydratase activity, the whole~cell catalyst
according to the invention preferably produces a protein
seguence possessing L-amidase activity from rhizobium,
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35 are saturation mutagenesis, random mutagenesis, in-vitro
recombination methods and site-directed mutagenesis (Eigen, It and
Gardiner, W. (1984), Evolutionary molecular 18 engineering based on
RNA replication, Pure Appl. Chem. 56, 967-978; Chen, K. and Arnold, F.
(1991), Enzyme engineering for nonagé€ous solvents: random
mutagenesis to enhance activity of subtilisin E in polar organic media. 5 :
Bio/Technology 9, 1073-1077; Horwitz, M. and Loeb, L. (1986), )
PRIRSRFESectéd FrdtHBENIT HNRZBE gttt s, P Rt/A0sPss)  ©F
UBAs88sE405y 740%Divias ©. andivitieb (2989), MhadntSGenerbdted Byorax
The-tsertign §3fjRandom Oligonucleotides Into The Active-Site Of The

Beta-Lactamase 10 Gene, Biochemigtry 28 57%%—570 : Stemmer, R.C.
(1%%35—,%%%1?‘ EVBIutich %%aﬁr%iin%r% éitro v £ E4- LTOM

. A shitfling - Nattire 370,
3%@9@%@%@#@@.@#@9@&}3@@%%@-bw&rﬂf%ﬁedsea: S. E.;
fragmestationrand assembiy In Xitro Feoanelipation Bt mokecul@alken, J.
eyolytignRiac Natl Agad Sejgd5 USA 913497434.0753) sThR0¥ek) . orher
nucleic acid sequences which are obtained in this way are clopedintQa .. =,
h&8t3tganisit-and %é%sedﬁ%ﬁ?&%ﬁg ab%\?ér-ﬁes%% meths s - -

thélmbssinbbgjuentt WhidlyhdREBEEN preparsrirrier ®ay Bpgmes, H. F.
detectesbhy 83@an$20 of suitaile:sereening mathods anpdeheo isdateth ), as
principle, any detectjon reactions.mvhich ible for, the ,

PR S0y delecon eadiona bt P Reslils Orb® BAREURS eriun

are fsormled aregswta ection. Nitrile atase activities

- calbsaRtdctetFeaupled enFmichest uBRFERRIERETRRIeR, P- C.J
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35

aporeyunheing2bdoimid as a By, phduckon @EiheHes lany (Wssibdvantage

reggtions for detecting,ammonia oL ARMODLIM ioNS,skeh 83 NBSSI®hct that

reagent (VogeI,A., ., (1989) vogel's textbook of _ quantitative chemical

a 59%3,95hn4/vn§§“& s, ﬁ‘igf‘-jré Fed SB79- ,ﬁgﬁ‘ﬁ?&iﬁgﬁemto the
indopheaplredition emss Bopantasdnhabrs ewdioadidagner, R.,

(1869 Nese 1 ABpalga aur stisksteffanialytiain ter WESREIENSie 2oeing a

V‘éﬁ?&?“ éga\\é}%'il%%e&tg Og%f SEBANAYREIE VALCT ENABISY 20U catyst .

water| VCH=Verlag, vol. 36, 263-318, "Weinheim), in particular the

edAfniE YERATRBS S USTIE S5 Bl ARERFdER didyehlaE (BEFYRT&/kr, SR2YTe
Hs s taamct Beuter ekpr@ s €85 Amrhbaize tmaMethodb bt Enmgaagc that it

Anglygis; YChs My -3 BAtiQoipl BicASAASL \YRINSHME OF elsgacting a
readily preparable nitrile or cyanohydrin or o-aminonitrile
to give the corresponding enantiomerically enriched acid.
In order to adjust the expression of the nucleic acid
sequences in question with regard to the turnover rates of
the protein sequences (enzymes) which they encode, the
corresponding nucleic acid sequences can be installed on
different plasmids possessing different copy numbers and/or
promoters of differing strength can be used so as to ensure
that the nucleic acid sequences are expressed at different
strengths. In enzyme systems which have been adjusted in
this way, there is, advantageously, no accumulation of an
intermediate compound, which might possibly have an
inhibitory effect, and the reaction under consideration can
take place at an optimal overall rate. However, thisg is
sufficiently well known to the skilled person (Gellissen,
G.; Piontek, M.; Dahlems, U.; Jenzelewski, V.; Gavagan, J.
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19 detection using ammonium-sensitive electrodes, are suitable for
detecting it. Furthermore, HPLC methods are used for detecting amino
acids, for example a derivative method based on o-phthaldialdehyde and
N-isobutyryl-cysteine for 5 enantiomerically separating amino acids
(Bruckner, H., Wittner R., and Godel HL;/(1991) Fully automated high-
performance liquid chromatographic separation of DL-amino acids
derivatized with o-Phthaldialdehyde together with N- isopropyl-cysteine.
ApplicRisiomiiod Samphtanal 20 BiochéARoMILC 2042206} - THE BPfide Re-

whighoisrdirectlyHermed hwy thepnilrimdwdreiaseseaciion shodikenisssliie Co-
dgﬁ?}%% Hsing wlt%én%]$993éﬁ %i@%@ﬁswaéﬁldaé‘e'a?b%'ﬁbgﬂﬁn%@}e s.

resent invention, the latter relates to the usg of the nitrile

h?&?&?ﬁ'ée“&é@co?@lﬁﬁjtﬁsﬁleTnvéﬁﬁgﬂ‘ or PRESHrinGRRgani A CH O Rtbs  BEO™
ahdaiuids], . in partickfarehanfemeticilly hriché®adeydroty.acidobmen, J.;

appNeACids, Foethis applisation, thesaitdlsdwe/atasern Juestionganiz) .
20 be used in free form, as a homogeneously purified compound or as a

recombinantly prepared enzyme. Furthermore, the enzyme can also be

ehipldyduss eSnehltbt BP&S iRast ﬁ@st‘b‘i‘@arﬁ% ifeBHbiftoResSe to
V@thetbanf&srum@daamcﬂf flesingichrhigihdy puffified tedll madydttieslsest using
ﬁ@d%ggnaﬁét s ﬂﬁW'S‘iPB:?&'PFe@ usgsthe %%ymes'eam l'ZeﬂaterJ.al
form ma B. P.; Bailey L. F. and M 1 , Imr]g bilisier
B‘?‘&ﬁﬁfé‘?‘kﬂgw T@d?w?l%‘??anﬁaﬁﬁme?l ungen ﬁﬁ'ﬁ’ﬂn% e ﬁer
mmmappn@atmspomﬁgéw@ﬁ@nb:94t‘9@618529¢1m hydratases
ingAobHization i% 80 a%@@tawgﬁe@@mansﬁmﬂﬁ@tiono the
(Raradkat, V. S. equ !1153 Vi :
veng Vp '\%(B%sgf ﬂh%é%%gé %ogs%mgam%%ol%lg%s J. A SUbunltS

ofrypsin
CHin o 1 BABORR SBFSAAGRC TETORal RS, FIbEHF G BFuences
lipdatteciglycoside Fviaidrelbeslg effettveoglycesy trmdfewhatiy stsicode

i%ﬁ@ma&%ﬁ%r Owﬂmﬁéﬁcﬂﬁeﬁ?c@@@@rﬁ?ﬁhg&1%%7&:1&95& As is
O AN Thy kOB S ook G5 P oo g tases are
seflstlizefpranashyménin 48ive fofPRReRIdETe, Bideatly S8, @qbg@g;)ary o
Vetppatieslaire combined with any arbitrary B subunits. This
thereby makes it possible to increase still further the-
diversity of possible nitrile hydratases,

Other parts of the subject matter of the present invention
relate to the use of the nucleic aclid seguences which are
prepared by the process according to the invention for
producing improved protein seguences which are required for
constructing the activity of a nitrile hydratase. The way
in which the skilled person proceeds when improving protein
sequences on the basis of altering nucleic acid sequences
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
are saturation mutagenesis, random mutagenesis, in-vitro
recombination methods and site-directed mutagenesis (Eigen,
M, and QGardiner, W. (1984), Evolutionary molecular '
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preference is given to lyophilization in the presence of 5 surface-active
substances such as Aerosol OT or polyvinylpyrrolidone or polyethylene

glycol (PEG) or Brij 52 (diethylene glycol monocetyl ether) (Kamiya, N.;
Okazaki, S.-Y.; Goto, M. (1997), Surfactant-horseradish peroxidase

complex catalytically active in anhydrod$ 10 benzene, Biotechnol. Tech.

11, 375-378). Greatest preference is given to immobilization on

Eupergit(r), in particular Eupergit Co and Eupergit 250L(r) (Rohm)
(Eugéngﬁﬁ%‘im@@@ﬂri@@fﬂ%n’mﬁi’a‘fﬁgﬂcﬁﬂen%@s PrHusfriapm- 56
potentigt.gsatchalski-Katzin®E 2t5Krdenier, 18R Upurdalxfolecglaneering
Catalysis.B: tic g (200N + L(1-3hridpdml 7 IS @l$0 anhance
gﬁ%%_to%ﬁrﬁ%%ggon%n gﬂNgl'i in J%omlaiaheitic%%1 \iﬁﬁ%ﬁi% ei)l%ide 8
bRfigi i bed Hith 2SR Tag ﬁ%&ahi@tidinler)l (PdHication & ﬁ:{%%lelrcfs mecia.
using/2epblybistigtine affinitOfbysl BdfihopDokhta AMFalkdjodePy. T-
Metbgds in BRavineloay (2006%::326, P4br2SHhritiaikemAsespassihleds, Proc
conceive,of using the ypgptide C (St ir, New W Y F.;
nﬁ%%%n& G (5860)%fa?%r-biﬁ%ﬂ'?oﬁsgﬁihke%%z’ rl\rlg_'ZSaéé}%/iséa% roeb

(CLEBS bf al B ARy dRFRAERESANgBYW. CHafh. MESERT3673sF 53g3fRandon
Byllisiog theiseopriobes ules; dt [Sippshitits wesdddusdllyTyenBeita -Lactamase

p@é&?élﬁ’tidiﬁfea{@ﬂéﬁféﬁﬂ?é?ig ,Ll!”gtg%mmwrle.@m@,?umm (1994),
organjc_solvents, Qr in media whic . are entirely, organic, .
oBRPL RS HiEh e ?gna%re%r OhsebleBy o?g%;;i\:rﬁcc?s% er%%.ﬂr pEputtling,

pResant EPBion Bdschibbsand iSHEMRPES niHE - hyddi4des PiidutLling
cekrespeagingrgenesrbymsigabieculan:id gensticsmetiids: to taprthe vitro
ug%lgglgggnrglgg%%a_lf%\fe_r ity of.different habitats. Wsing degaperate xcad sci
primers 1 connection with the PCR-based screening of metagenome
D#ER22 Liibrbfiéé TaéftiiRes nitrile hydratase genes and elucidates the part
seeeneesadf thedR@Rpmdidtswhictraesobibineld #rdichbgimesd in this
sybseauent stepnthe complete R4y seadentemof thagesrpaessed, using
Il RO KL BUELA I S Relellodehs SHIBRNION % equences
pfotide BRZYTe %amp es for activity profiling and inves %atmg ‘
applicdtiongve been prepared in this way are detected by means
of suitable screening methods and then isolated. 1In
principle, any detection reactions which are possible for
the molecules which are formed are suitable for the
detection. Nitrile hydratase activities can be detected in
a coupled enzymic test using amidases, with ammonium being
formed as a by product. In principle, any possible
reactions for detecting ammonia or ammonium ions, such as
Nesgler reagent {Vogel, A., . I., {1989) Vogel’'s textbook of
quantitative chemical analysis, John Wiley & Sons, Inc.,
5t 3., 679-698, New York), the indophemnol reaction, also

rermed Berthelot’s reaction (Wagner, R.,  (1969) Neue

" aspekte zur Stickstoffanalytik in der Wasserchemie, Vom

Wasser, [Novel aspects of nitrogen analysis 1in water
chemistry, about water] VCH-Verlag, wvol. 36, 263-318,
Weinheim), in particular the enzymic determination using
glutamate dehydrogenase (Bergmeyer, H.,U., B:Hd Beutler, H.-
O. (1985) ammonia, in: Methods of Enzymatic Analysis, VCH-
Verlag, 3™ Edition, Vol. 8: 454-461, Weinheim), or else
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By means of rationally selecting soil samples, which might 10 possibly
contain nitriles, for preparing metagenome libraries (metagenome DNA
libraries) and focusing on application-relevant substrates within the
context of enrichment cultures, it is possible to enrich nitrile- converting
microorganisms. In any case, the geneli 15 screening in metagenome
libraries provides a pool of corresponding nitrile hydratase genes for
subsequent expression, which pool can, howevey, also serve as the

bASIETBF LARy ME GISinFERADH 1Y TRERNS bt e SR QitittoR 2 Suitable
Mitageheiree tihraries tuhichiweheprepseed HERC fow tilifidsenthabiteed for

a&g%@éé;(ggas%l%ﬁﬁofgfﬁééi(?édefss}oséﬁéﬂ&ﬁ@dd%Oﬁlﬁc%)rﬂ?yéfﬁ’miéh 1|nethod
contained more than ones, were screened.for_identifyin ve
RARES It B SR B o Ao e e oSt asasy £0F
sevhmidtanend sl arisSpSERbsRIP DaHAR eI §RARS] (2tRiickner, H.,
Bigtechrelogical prospeatefieln metagenodics. Gurept Qpiniondhed high-
Biotechnol 14(3). 303- , gil\'#t% Tania BS; ney AR _ ams
(? ) ﬁﬁ%%%%o%%%%ﬁ%f?é&%%%ﬁ icrﬁ%&%ﬁg %ktlasrﬁ/e%??om .a:mO
téea@vgtsaﬁf%e@%PNBV@FtEEﬁéﬁlt%%%?% G%Forfdtongr Wt M-
CizbonylpihncghoeiGhain Rolybisset Feehetichia totid Josmmmlgs, Anal.
MglecularMicrahiologysand Bjoteehrolagy §6L w6 RomiareddRy; Formed
ugust, PR; Bettermann AD; Brady, SF; ro i Lile : '
ﬁB?Zc 8, ﬁ%ﬁ&n&?@’&ﬁ'ﬁ%@ﬁ%nf ﬁi\?ﬁ?ﬁgr ég;%ji?#ggeg&%iI?nagml,al\%:ecmd
Opiirge HABE CRarEiyeds HehdBishENSTSG0BlARR) RM (2000) Cloning
the soil 22 metagenome: a strategy for accessing the genetic and
fupctigngl divergl r 'Qoggﬁé'é%ﬁ' $ ApRlied-28d, the latt
el#w}vgirc?nnailér%t\gl %%gg%%%%f%%%l% .'qéwes'% clones ;Cc%g_:ether coenélair‘?1 :z
abBUEE650 MBpTIDONRETRE 5 MStageGma DNA @?ar?ess_wer%ccor :.ng.;
stleentuventdvsl nfivte PyeRaELES by reeaHsofts PE B eniRPRhirLds
used (figgenerateoligeayeclastides wlick were tletived ftonyonservedids ox
p(r]itr_ngég gtructuiacf motifs of known nitrile hydratases. The degenerate

primers e?npa[gyec?\?vere those 10 depicted in sequence ID Nos. 25 to 36.
iF WS e &I HE piiffers %@iﬁ&ﬁﬂé’ﬂrﬁn?ﬁ(@at%e im question can

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 constituent of an intact
host organism or in combination with the disrupted, and, if
desired, highly purified, cell mass of the host organism.
Tt is likewise possible to use the enzyme in immobilized
form {(Sharma B. P.; Bailey L. ¥. and Messing R. A. (1982},

Immobilisierte Biomaterialiern - Tachniken und Anwendurigen
[Immobilized bilomaterials - techniques and applications}],
Angew. Chem. 94, 836-852). The immobilization is

- advantageously effected Dby means of 1lyophilization

(Paradkar, V. M.; Dordick, J. 8. (19%94), Agueous-Like
Activity of a-Chymotrypsin Dissolved in Nearly Anhydrous

 Organic Solvents, J. Am. Chem. Soc. 116, 5009-5010; Moxi,

T,; Okahata, Y. (1997), A variety of lipi-coated glycosic’ie'
hydrolases as effective glycosyl transfer catalysts in
homogeneous organic solvents, Tetrahedron Lett. 38, 1971-
1974; Otamiri, M.; Adlercreutz, P.; Matthiasson, B. (13992),
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constituent A-Olf can, in particular, in each case be combined with those
having the primer constituents B-01r 15 (size of the PCR product to be
expected, approx. 210 bp) or C-01r (size of the PCR product to be
expected, approx. 350 bp), while the primers having the primer
constituent B-OIf can be combined with®hose having the primer
constituent C-01r (size of the PCR product to be expected, 20 approx. 180
bp). In_particular, the degenerate "core" part of the primers (underlined_in
sgﬁ‘ﬂ@ﬁ@éclﬁ%?%% %WQ%OM?mMinmv@ Riheceliulose
hysiratasesabie tie mriddyeherate Shgmemaanebe Marieth 25 heform  in
Vogﬁw@@agin? BT@J@@@HQQ@@Q be garrie@ F?mt-gaisg.knov@@gthd@_d&ticulaé:
en special palymerases are u ) nust he amended.in
e e Lozl 15 DB, ihence of
iFAp RTRAL MR ing YERRSIBF Sitrile RyffataséSin alfsBpPliRd OT  or
pelbgehoipihractesddhe skitled gplersdinislianalisy hyitohettrrisifoor Brij
using the; patsegHences giihe nitdle,Bydialase ganesder idgalifyipg the i,
ene-carying clone and elucidating th@%% ll-length E%%Jence Sc Ioss,.d. n
: ﬁﬁaelsn?anf%'(Qo&sﬁtgi’ote}ghnol a 'rosgéltﬁ pRnt-horseradis
retgrhdates. Cupramt e@pinrtia Bibidhhblibgy 2848303181 0; Dilrakirous
Rye23: Mlishiyams: dHreninouehinS; Beppy7F43993). Characterization of
ifrile hydratase ed by DNA . ening from, .
R B O e 0T 1375y 0o W aigbion on
FHRBIFIS detetMin@ B RAULAGh TeBEERES (uclBiGcifRefhtesy >0
of riiatal of{ E2penes erROing@  saburkisainela thtat ofiihigendszation of

eoding.(i sypunitss(fioure ). Thewsagueases ofdivegneneswhichi-, =.;
could encode_10 putative nitrile h)zzdrﬁ% se "activa ere als

rs" .
FREFREA. R-order ooﬁﬁarb% e the ni |%%’“§/ rgtat(sggs%,at\ﬁilgsgjésne%:er%@ozﬁnga tic
tH& @04ha 5:hblnfs werdinEheh-case placed 15 separately under the
copgrpkebihesphage 37 geneifuprometet iiubyddtaes-pBE2Amandi -NTA  in

rESResty. #yi&'?%%(@ﬂéa%ﬁ M Bigscienceninchweresused,fadhis uis
purpose (figs. 5 and,6), using a Wo-v%ctor exgressmr% system.made ,
tag (héxahistidine) {Purification o proteins uging

polvhistidine affinity tags. Bornhorst, Joshua A.; Falke,
Jogeph J. Methods in Enzymology (2000), 326, 245-254).

It is 1likewise ©possible to conceive of using the
polypeptides as CLECs (St. Clair, N.; Wang, Y.~F.;
Margolin, A. L. (2000), Cofactor-bound cross-linked enzyme
crystals (CLEC) of alcohol dehydrogenase, Angew. Chem. Int.
Ed. 39, 380-383). |

By using these procedures, it is possible to successfully
generate polypeptides which are able to function in
mixtures of agqueous and organic solvents, or in media which
are entireiy organic, from polypeptides which are rendered .
unstable by organic solvents.

The preseﬁt invention describes the isolation of nitrile
hydratases and their corresponding genes by using molecular
genetic methods to tap the uncultured microbial diversity
of different Thabitats. Using degenerate primers in
connection with the PCR-based screening of metagenome DNA
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it possible to simply combine the nitrile hydratase 20 subunits from

different enzymes. Corresponding constructs were expressed in E. coli

strain BL21 (DE3) CodonPlus RIL (Novagen, CN Bioscience, Inc.). The

cells were incubated at 26C using LB medium and induced with 0.5 mM

IPTG on reaching a cell density of O.[2580 = 1.0. it was possible 25 to

deal with the problem, which occasionally arose, of protein aggregation

following overexpression at 37C by. reducing the temperature down to

Z6ih e amessiagivafibas chidpdrbaebyiifabrirtocBoEuGrelSahdates

3&!1?&(/0 ? 'Ba%xyﬁé@@%@ﬂféedgg 8t 26Geshon aﬁ!@dd&i@@ak_nr@ﬁegﬁ V\&H_@I ' _‘ﬁﬁ'&tained
eyond that achie reduei perature. The yields wit

ré&a% lgcti\‘/"lffayydgarﬁ%t bénz%rﬁ%%eg &\%%r}%%ﬂcc?r%géraﬁ%&iyg.%%tiheﬁe DA

NORBEARFEEssR tCRRMERBREte Bh§ clESTHTEIRRch bbRveeRdRE, after

prieii 35 quaniity ndticrpybsqueparedandsise aativittwhighroresde enzyme

P Th t 30 ,t iglely ca f th ' :

CEREES the el hydrase MAObE (Gon D 24 N do/T Ty nag  9aERT

rBRRVESATI§REen though it was not possible to detect any proteins for

the nitrile hydratase in the SDS-PAGE analysis. This contrasts with the

Clapen ME2K 24 (Se: 1B:¥0.130/63). stith yvasdietewaied 4@ Nawa 2¢hd might

activity of about 2. of D en.though it wa Jo]
o%%?gépgrggs bo%é%% éqnlits rleﬁgﬁ/ele\?'%t'ron g%})E:E{npl %sugs%%é? réﬂr%r%gr?n ome
cOtRIBE 368nd IFREXIRRAD S rallith. T%&ﬁﬁﬁﬁiﬁ?de o€ achffrsing on
cappéduentiyordepehdsania highlegred ea thevpatticalar engymedntekt  of
questionminthe caseohayarietyrof nirilg,Bydratases @ additional smalk-ile- -
oEen reading frame, which encogles anp %elnggglue%ceswhlch,&) earsetgetic
bETRVERENTH actVating = a fititie hydratase- was idéntitied in'the
imARERAENicidily ofMAcaEsREI T tﬁé%ﬂi‘ﬁ&'ﬁi%‘;of FEBHA AR, Thegeeol of
peoteinssyerd dasignated:AI2K (SegitRude81/83 s 14RotSeqibadaruent
SR)Since NSl MABEUAT WEIg! WasbOMol eyl d KBRIVINE WaSs  the
posSible to prepare some nitrile, 20 hydratases in active form even without 1
tﬁ’@&lﬁﬂﬁoﬁomﬁg@@%he"ﬁ’r@%@ﬁégﬁ%segﬁrotgﬁ%rWas %gse Higer o0
otherlunitdlerhydratases to be expressed in active form. in order to

investigate the influence of P12K homologs, whose genes

Metagenome libraries which were prepared from:  four
different habitats and sites _(grassland, forest, sandy
ecosystem and biofilm), and which contained more than
83 000 clones, were screened for identifying novel nitrile
hj(dratases. The skilled person is familiar with the
construction of such metagenome libraries (Schloss, PD;
Handelsman, J (2003) Biotechnological prospects from
metagenomics, Current Opinion in Biotechnology, 14(3): 303- '
310; Knietsch, AW, Tanja; BS; Henne, ADR (2003) Metagenomes
of Complex Microbial Consortia Derived from Different Scils '
as Sources for Novel Genes Conferring Formation of
Carbonyls from Short-Chain Polyols on Escherichia coli.
Journal of Mclecular Microbioclogy and Biotechmnology 5(1}):
46-56; Rondon, MR; August, PR; Bettermann AD; Brady, SF;

" Grossman, T H; Liles, MR; Loiacono, XA: Lynch, BA; MacNeil,

TA; Mino,r C; Tiong, CL; Gilman, M; Osburne, MS; Clardy, J;
Handelsman, J; Goodman, RM (2000} Cloming the soil
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were also found in three metagenome clones, on the 25 expression of the
corresponding nitrile hydratases, and also on that of nitrile hydratases

from other clones, two of these genes were cloned into the vector
pBBR1MCS5 (Kovach et al., 1995, Four new derivatives of the broad

host range cloning vector pBBR1MCS2&arrying different 30
antibiotic-resistance cassetes, Gene 166: 175-176) and, in this vector,

placed under the control of the lac promoter. The ,corresgonding )
EBRERUCROREe dBsigRAERSEERESPT2KERRBDSGng the genetic and
PRRRE-F52K- MBks (figs. 6 Andriudsultednitichydrayasd gofes Applied
%%%)Dgrg%%ﬁé\l&é@/ 7%&%@%3@6‘&@ (gegd@)l\,lo. 5727?9&1/\1753. Ighese
expressed in the presence of the correspondin omologs :

RE55 MR S i K hs SHBIE10F SO T S oA The.
BistagedonRIuSAL. Jakows taSenatpasSsoRmiedo fegkeyel nitrile
averdreseihe sbunitsatshe piffile shydraRsescrEkanesenebiofithe used
R ggﬁﬁg %%%9 (Seg; oNe. A3 ingeased,heactivipsotthe glopeyeq  from

Itri

e hydratases (Seq. ID No. 49/71) by about_a factor of 27, up_,
(5 $BBRE 530 DF 6 DM TEDR T the TALE B e tion N1 GH r 1o

enggirectSas ID Nbe57/M9yeh ermtsos sisnexietesred exdty tgiox those -

23/0-0LaBM) ferthe-fisttime woder fsesescamlitions. These results
verify that the presence of the P12K homologs (Seq. ID No. 85) can be

crucial for increasing the activity (%i;ald. 15 Table 1: Activity of nitrile .
hydratddesfoll HREessFtessidifith PAPRKSMoBIY 188, 151Fos g3 1mer -
ap6:80) 1 Cleae: Withaat P 1 24&:\YithiR 249Dz (3) 30 UkpohDBMse be

8%6&%%&?“ %%W@ﬁ&&eo Lﬂ/QV%EBME?e?’ lﬂﬂi@&@“@oﬁ@@ﬂﬁ@ﬁts B-0lr

subunits fro erent metagenome clone%éoé)erg yp theggg;s{ibilgéqf ) or
gbRERRIRENItME MRS RSMHicH 3070 S8EE Potsttiafy Hovar sibstrats

speoificitiels Bie corfibitiing a BROBurBEsofite BiffEfent@ sGBFRRIES $wolfPPToX -
bes gogsible togeneratma gratlivessihaofiegmbinatiops bherovelnitiid tuent
hydratases, Such a combinationpf sypupits Jrom unrelated.pitriley, s primer
h%dé’tggescﬁgs r?lojt? thug%%%egr#) Zéyclkijisclosed in the, Iiteratu%la. in orderFt)o a
evaRatd HeBbsSiblity e taguRnitkhe FCR product to be expected,
approx. 180 bp). Im particular, the degenerate “core” part
of the primers (underlined in seguence ID Nos. 25 to 36) is

important for identifying novel nitrile hydratases while

the nondegenerate segment can be varied.

The corresponding PC reaction can be carried out using
known methods., When special polymerases are used, the PCR
must be amended in accordance with the manufacturer’s’

instructions.

It was possible to identify clones carrying genes for
nitrile hydratases in 2ll 5 of the metagenome libraries.
The skilled person is familiar with methods for using the
part sequences of the nitrile hydratase genes for
identifying the gene-carrying clone and elucidating the
full~length sequence (Schloss, PD; Handelsman, J (2003)
Biotechnological prospects from metagenomice. Current
Opinion in Biotechnology, 14(3): 303-310;  Duram, R;
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clones M73dC9 and M15aA6 (Seq. ID Nos. 59 and 45), for which it was

not possible to find any (3 subunits, were 30 expressed with the (3 subunit

of clone M12K24 (Seq. ID No. 63) in E. coli strain BL21 codon plus RIL.

26 Whereas both subunits could be expressed at approximately equal
strengths when the a-M73dC9a/b-M12K24 (Seq. ID Nos. 59 and 63) pair

was expressed, the a subunit of clone M15aA6 (Seq. ID No. 45) appears

to have been expressed more 5 strongly than does the 1 subunit of clone
MIRK2UyESey. ID Mo. 63) Hovmibmiag the a sbunit Gegane M738C9  (19283)

(P84 P Ners9h @neihe P subpnitef claperdizka4 §8aas!DAYened) &9 ona

surprisingly led to the formation actiy tile hydratase_having an. .
a%tﬁ’?@%%ﬁpro%B%?%%é?B%%ﬁ%nﬁig.%ﬁ?’?flﬁifsg Quidr%%érif?‘g’%?ﬁé’t%t Biotecn
pBAapkemoaEiie to histre Hedive enzymes by combining nitrile '

hydratase subunits from different clones. At the time of 15 the invention, it

was not posgible 1o, dedyuee this, ag.erch: Jam e pranar Sifrgesl quences

conditigns: in this present document, the expre SIO£ 'é:?der stringent
0

CORAGSRLCis SEFHFRCE 4 REriBed PF&MBFooICe PRPREARBRAFL Y
J s Eptett; €. Rrghd Martiglia IT. (@989}, 0Mekestar ciosngiadabdratsounits
m&ﬂy@ﬁx?ﬁi gqla Golé Séé@géﬂa&mrd@bgﬁah@év Beesss NeW cYordguAd ancoda
stringent ridization in.acc ith the, invengion ably
R P S DML R
waskBEoReR hour with 1 x SSC (150 mM sodium chloride, 15 mM

sodium citrate, pH 7.0) and 0.1% SDS (sodium dodecyl sulfate) at 50C,

preferahiyat 556, %ﬁé%fsra%@t 4G andamost orglarably at 68G. genes
and mare preferably for égtm#; Wlt]f_]}b30 0,2 X SSC and 0.1% SDS at 50C

mRE PG abl St EBCEDS Mord Breterably AF65C HRd MoSt prefaigbly -2
aBERET ALY theR@AtextBieheGAVEMIN, dplicaieniirge T7 gene 10
(enastiomericallyrrnrichesh enantipRErAmriched) compounesi 881are  pET26b
understond as meaging.thepresence, of ongaptical apiipoge.atey, 50 r%gﬂ‘pose
in ‘a mixture with the other gntipode. 27 All types of single-stranded DNA,

A VoS BbmpHS iBHaRy RGO TR RTINS EGD Pade

génomjpossible to simply combine the nitrile hydratase
subunits from different enzymes. Corresponding constructs
were expressed in E. coli strain BL21 (DE3) CodonPlus RIL
(Novagen, CN Bioscience, Inc.). The cells were incubated at
26°C using LB medium and induced with 0.5 mM IPTG on

reaching a cell densit'y of 0.D.580 = 1.0. It was possible
to deal with the problem, which occasionally arose, of
protein aggregation following overexpression at 37°C by .
reducing the temperature down to 26°C. Coexpressing various
chaperones (trigger factor, GroEL/GroES and Dnak/Drnad/GrpE)
did not, at 26°C, show any additional effect which went
beyond that achieved by reducing the temperature.

The yields with regard to activity against Dbenzonitrile
varied considerably (fig. 2) with it not being possible to -
demonstrate any clear correlation between the protein
quantity which was prepared and the activity which was
produced. Thus, at 30 U/g of DBM, the yield in the case of
the clone containing the nitrile hydratase M49bD9 (Seq. ID
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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
sequences are those which exhibit an improvement, as compared with

the original 10 sequences, in regard to2dctivity and/or selectivity and/or
stability. According to the invention, this means that the proteins are more
active and/or more selective or less selective, or are more stable under

thi® reaéfidi Ebndiishs sehplolEaL Whitd Fie aBHGRy aHaHERtabifity BRs not
the dSimpteing skiddaatyaly be-asdigh agpossible farithei hdlubly@tatase
applicaion ik proyenans ¢lhdcoailie selbeliliissallioNayBe clone
taken place when the substrate _selectivity decreases but the
SRLHic el BBty SPLIP prodHo b B eR R RES EppReG o bave an
proteins &y 20odonsthoatits ¢f ity tydefias@8¥hsdtaeas tHhéyonelp toit was

988&§fﬁ§&9€@5%¥g?&%ﬂgé&WeﬁéﬁﬁmﬂﬁﬁﬁﬁﬂﬂbeQ@Eﬂﬁ@vé@@0ﬁ$ﬁbngly
to the Invention, the.claimed protein se nces Ic acl

s%]aueﬁcess}l al%%béqﬁc:bahip srs? 8%%%%%1%‘%&8 2?%3%%%%515} he soluble
hEvrsibagRexclitifg tResairaiGegdteradyiewhiftis Gisster FRESRSASRELY
(withsegard totha nucieit acitbgegeence) oclB9%mithiregarkto thezyme in
pﬁ(&tg'gﬁggqences), preferably greater than 90%, 91%, 92%, 93% or

94%, more preferably greater than 95% or 96% and particularly 30

preferably greater than 97%, 98% or 99%, with one of these sequences,
piovidétiehe masde ob&ctign ovpliAsdse ofcstichrd seklencapriserRsy.  an
Thepression "Gemologydern ideatiylns usedhereinueaiche deficedes  a
by the eguation H_(%) =.[1 -.V/X in.which H ggpfz‘t/%%h o) : :

ig the otséfﬁd%%%?)o %ﬁ%%o%%é%%gén%iélo irk.élzfgidls in the corr?L E%rfl:gg%&%(a?mg
sEhgened BhHELY isHETRIFGNG of Y reAPSidtidshabs/Afhinb EcidsRediate
the stquencerto baeonsitesed chasstkosthm28teompatiben evgyorce. These
In,agy case. helermducisic acld searengcesyvhieh erendesagignaptises p14x

encompasses. all the .sequences which appear passible i c n t 12
with3fe @gé\}?éra%%‘ bt B §3nztt%aégdé?%oaﬁg‘é%ﬁ£io%%o%ﬁg f%%?es%%ou '

Figurd 4 : Homol By Afohl theRitrRRSFjRhRsEQ FFERare some nitrile

hydratases in active form even without these P12K homologs,
the presence of these proteins was essgential for other
nitrile hydratases to be expressed in active form. In order

" to investigate the influence of P12K homologs, whose genes

were also found in three metagenome clones, on the
expression' of the correspondingr nitrile hydratases, and
also on'that of nitrile hydratases from other clones, two
of these genes were cloned into the vector pBBRIMCSS
(Kovach et al., 1995, Four new derivatives of the broad
host range cloning wvector pBBRIMCS, carrying different
antibiotic-resistance cassetes, Gene 166: 175-176) and, in
this vector, placed under the control of the lac promoter.
The corresponding constructs were designated pBBR5-P1ZK-
M49bD9 and pBERS-PL2K-M3aG10 (figs. 6 and 7).

The nitrile hydratase genes M49bDS (Seqg. ID NO. 49/71) and
M3aGl0 {Seq. ID No. 57/79) were expressed in the presence
of the corresponding PL2X homologs (Seqg. ID No. 83 -
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subunits which were found by means of a genetic screening. 10 Figure 2:
Activity of different metagenome nitrile hydratases toward benzonitrile
following expression in E. coli BL21 (DE3) codon plus RIL, with * and O
without coexpression of the trigger factor (n.d.: not determined). 15

Figure 3: Activity of nitrile hydratases witen 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
N4OBDS asSed exdfple.-Fifbre 5 MBREHEctor fapbsiowsithB-gefretdl strain
asfangemeabei the: (3ssubunitsnin poskidklas, taking clore M4wHRBAs to
an mple, Figure 6: The ve ma e arrapge of e
FVE%epro?{ain f%%%ub%%ﬁ%ng ﬁéplas%nﬁf %%'SLB{I%S. Bﬁ:igurgé%% Th?g tml‘e
VeXEsTaRas @Rows the arrangement of the P12K protein from clone

NMBaGho de atasenidip EER SP PIK Erpadiental $SegtioADCEnerdt PCRucreased
ki e M A Ay
stored as cr. in_ Sambroopk et a mbrook, J.,, Eritsc .an
MERniatiS - 1%8{} 8%3,( M&%%Hl%r c?on%%c:%cigbocrja ory‘? ?ﬁan&ﬁ, 2 edPerox:
@318 SprngHarBBMLbaleteryIPresF NSRS oRBS PCRE ploiseof 1 25 M3aG10
typicalBCR periocokis dgscribed betow, with it being precesisary tcadagetect

t i NCQWi e, MapRiActugLs insuetions-when,
u%%n%g'g}%l ergr%gi%%@%ergég. é(%h Zg ?]of HotStng'&sqmgstg?q%ffg?a eah unde;
(BB DI PRRTERRS 206 GNFASSLER PEH bisfel'35 prhS! drrrRdice ©
Qihas 2 pRokaimrimesOlf 2ekiof tdipldie DNIS{20¢00 hg) crucial for
increasing the activity yield.

Table 1: Activity of nitrile hydratases following
coexpression with P12K homologs (Seg. ID Nos.83 and 85)

Clone without P12K With P12K
M49bDY (o, B) 30 U/g of DBM 1826 U/g of DBM
M3aG10 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
possess potentially mnovel substrate specificities. By
combining o subunits with different B subunits, it would be
possible to generate a great diversity of combinationg of
novel nitrile hydratases. Such a combination of subunits
from unrelated nitrile hydratases has not thus far been
disclosed in the literature.

In order to evaluate this possibility, the o subunits of
clones M734C9 and M15aA6 (Seq. ID Nos. 59 and 45), for
which it was not possible to find any J§ subunits, were
expressed with the B subunit of clone M12K24 (Seg. ID
No. 63) in E. coli strain BL21 codon plus RIL.
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30 dist. water to 50 p.l 30 Program: Initial denaturation: 1 X 15 min at 95C

51 min at 95C Cycle program: 35 x 1 min at 55 - 69C 1 min at 72C 10

Final elongation: 1 X 7 min at 72C Last extension: 7 min at 72C 15

Digestion with restriction enzymes The DNA to be cut is provided with 5 U

of restriction enzyme and the appurtertst 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. Treatment with
alfcadineashobphataset2B it ordertd grdventevastesswiich haveprRriaa-ely
C#&W#’ﬂ %&%rg%gon@mpggﬁl@aaiﬂmras %WHQMM 4he(rs§e£yes:n Nos.
the phos residue protruding at t ' end ,i$ remov ith. e
p%%sp"l‘iré sag.%&irc‘ﬁ‘f’%il”erI\Y‘KL %an&%ﬁ%eg(? %Cg’for#n%% g%e:egglé%ar? Jb%l/ ag@ clone

NS a (FRA fraghiiat. THY vERBRRRThIa S BYBN REEH IR PRI T
endepugease isincdbated thE58 fonbimiibutes inbrder WLSKR4he Seq. ID
restrictign endonuclease. The dephosphorylation 35 buffer is then added

and ‘the vector is incubated with 1 U of shrimp alkaline phosphatase at

37C for 10 min. The 31 enzyme is then separated off from the vector

DNéchirrheans: o a Guissdeusi: gefel6dFaphHEI8CS TiRmentRitAPs 32)
DiWA ligase Vegtosandinsert are usedder thellgmeion insetatio ab1:3o,  63)
The volume is chosen fo be as gmal ible (7,2Q4)). XS ISy 1
ifcubated 6‘\I/lgr$ﬁfgh _ g‘fit 16%%in fb%]igg%%rﬁa%ﬁgé? an%lfin%% r%i%%%% of 1 £ r;B:I
oS FraRetorRfcn 1367 pitot cSrhp&RRE B8its afe Cé\réldtééegoyo

pigetie tozhe ligatien midurkr theeohiientsbdvhith akemited Brinciple

being.repeatedly draupupdnta ths pipetie ARRISB0BYIN @brbining nitrile

hydratase subunits from different clones. AL the time of
the invention, it was not possible to deduce this, as such,
from the prior artt.

Stringent - conditions: in this present document, the
expression ‘*under stringent conditions” is understood as
described in Sambrook et al. (Sambrook, J.; Fritsch, E. F.
and Maniatis, T. (1989), Molecular cloning: a Ilaboratory
manual; 2% ed., Ccld Spring Harbor Laboratory' Pregss, New
York). A stringemt hybridization in accordance with the
present invention preferably exists when a positive
hybridization signal is still observed after washing for
1 hour with 1 X 8SC (150 mM sodium chloride, 15 mM godium
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 prefersbly for 1 hour with

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
are understood as meaning the presence of one optical
antipode at > 50 mol% in a mixture with the other antipode.



10

15

20

25

30

35

incubation on ice, a heat shock step at 42C is carried out for 45 sec and
the mixture is incubated once again on ice 20 for 2 min. 120-900 | of SOC
medium are added and the mixture is incubated at 37C for 45 min while
being agitated. The mixture is subsequently plated out and incubated
overnight at 37C. 25 Expression of metagenome nitrile hydratases The
constructs containing T7 promoters were expressed in accordance with
the following protocol: 30 50 ml of LB=pjoo medium containing 2 mM Fe _
chiftte abgrirseachfcasel b beofddramdasin aB¥Zampisitih/mbligre which is
inQeHlated dn e8P0 of 99:k with ransewasnight eulivigs A taran @RS00 nomi ¢
approx. 0.5 h%g%g)een reache 4EXRIeS ' oftgpe nitrile‘%ﬁ rata%g:s WaS . e
induce Wit |)n’IPf’lé Bgﬁlsopropylt |ogal:&ct’og:.Il'de)Tfl € Cells'were )
hihrsetsd appPde 24 HERPsBREr inBHERH at BT, 3peDRtechigsbpic acid
agtigiy=usiag benzonitrile as substrate The biotransformation was carried

out on a 10 ml scale using approx. 100 mg of moist biomass (0D600 = 5)

in_5 potassium phosphate buffer (100 mM), pH 7.0. The ipcubation took ,
pRERESVSSC AMFHRISUbEFAR cSREMARLITh WARC8PFrox B hifyed protein
beegoeitriesSanipies-weed takerpbedty 5 sequrincarker ageriodbbae  which

g@&%%ﬂl@llrbgz?efﬁltgesl&@léﬂﬁ Was; 10@6:6_1?5@1@@ repglen Wasestoppedinal
addin glo % phosphati | e ' 1
PR E S P R e T T i B oSeel b, /o

- CohFRhLRPI S PRSIRSEREx FRpERS GBS Iddiimn ¥R PRARAUNTRE the

Mehiteqilrase akfem MaS2HRRA (pkl 2:3)dFow raterd ndeliechiavelength: less
29%1}@&@9&81,6'%? né’:g%' EHSi:lgolé %Qﬂiaéi QEh‘%itéi"P Led Ufﬁé%t]:{bﬁ‘ i @I{Q&i tions
activity was calcylate calculating a. pmol turnover after one minute

6%I c&%&éﬁongﬂﬁﬁ tFSire '% (u‘_’hl?t. LRe (TRt e OF the

. B
Specificcactivities dre

ghventininpeshotbBMraEwRglhpréginass high as possible for the

industrial application, an improvement with regard to
selectivity is said to have taken place when the substrate
sélectivity decreases but the enantiocselectivity of the
proteins is increased. This also applies to proteins as
constituents of nitrile hydratases insofar as they help to
confer the corresponding improved properties on the enzyme.

According_ to the invention, the claimed protein seguences -
and nucleic acid sequences also encorhpass those sequences
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%, 892%, 93% or 94%, more
preferably greater than 95% or 96% and particularly
preferably greater than 97%, 98% or 9%%, with one of these
sequenceg, provided the mode of action or purpose of such a
sequence is preserved. The expression “homology” (or
identity), as used herein, can be defined by the equation H
{%) = [1 - V/X] X 100, in which H denotes homology, X is the
total number of nuclecbases/amino acids in the comparison
sequence and V is the number of different nucleobases/amino
acids in the sequence to be considered, based on the
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Claims 1. A protein sequence comprising (a) the sequence set forth in

SEQ ID NO: 50; (b) the sequence set forth in SEQ ID NO: 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 nuclef acid sequence comprises (a)

the sequence set forth in SEQ ID No: 49; (b) the sequence set forth in

SEQ ID NO: 71; or (c) the sequence set forth in SEQ ID NO: 83. 4. An

expressios sy stercwhinheexhibits 8A¥ oo@dfe niidleic beiseyuededssasacid

%@a&lﬂ&ﬁb@iwﬁicﬁﬂ %rﬁs@&é'ei@@E@é%éQﬁwN%éﬁfggngidgﬁﬁgm%l1 the
omology wi e sequence set [ : r83, ..

e N e R e o Bert hetiar o auich che

sreasneEatEnes vitien seRRbie FRflonstructing the activity of a nitrile

hydratase. 6. A nitrile hydratase which exhibits protein sequences for a

%@g&ﬁ&%@ sypunits asiclaipaed in claim 1(a) and (b), respectively. 7.

The use of the nucleic acid sequences as claimed in claim 2 for
producing improved protein sequences which are required for
dohstraetidg theacidgrof amee®e Herated. & e ubyérai@amile and B

hygiraiases amclaimeskine CRINNE ferpiepariag ofganigacktamidesasthing .
acids. 1/75 SEQUENCE LISTING <110> Degussa AG 5 <120> Nitrile
hydratases from metagenome libraries_<130> 040067 AM <160> 86 10

HigrsapnihVetdiohs.1 280> FL55859BE 15 JRbagsNRNe 3P itrile
Ariificiak s226> <288 @rintemzonitrile following expression in

E. coli BL21 (DE3) codon plus RIL, with O and® without
coexpression of the trigger factor (n.d.: not determined).

Figure 3: Activity of nitrile hydratases when subunits from
different metagenome clones are combined.

Figure 4: The vector map shows the general arrangement of
the o subunits in plasmid pET22, taking clone M49bD2 as an
example.

Figure 5: The vector map shows the general arrangement of
the P subunits in plasmid pET26 taking clone M49bD% as an
example. o

Figure 6: The wvector map shows the arrangement of the PLZK
protein from clone M49bD9 in plasmid pBERS. '

Figure 7: The vector map shows the arrangement of the P12K
protein from clone M3aGl0 in plasmid pRBRS.
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20 <400> 1 gecsmrsgest gg 12 25 <210> 2 <211> 11 <212> DNA
<213> Atrtificial 30 <220> <223> Primer <400> 2 35 ggsctsccscc 11
<210> 3 40 <211>11 <212> DNA <213> Atrtificial <220> 45 <223>
Primer <400> 3 ggsggsagsc ¢ 11 50 <210>4 <211> 11 <212> DNA55
<213> Artificial <220> <223> Primer 2285 <220> <221> misc_feature
<222> (4)..(4) <223>aorgorcor'tlu 5<220> <221> misc_feature
<222> (3)..(3) 10 <223>aorgorcort/u

Experimental section:

General PCR protocol:

Culturing microorganisms
The ®. coli cells were cultured and stored as described in
Sambrock et al. {Sambrook, J.; Fritsch, E. F. and Maniatis,

T, (1989), Molecular cloning: a laboratory manual, 278 eod.,
Cold Spring Harbor Laboratory Press, New York).

PCR protocol:

A typical PCR protocol is described below, with it being
necesgary to adapt the protocol in accordance with the
manufacturer’s instructions when  using a different

polymerase.

25 pl  of HotStarTag mastermix, Qiagen
(2.5 U of polymerase, 200 UM dNTPs, 1 X PCR buffer)

25 pmol of primer Gif
25 pmol of primer 0lr
2 ul of template DNA (20 - 200 ng)

dist. water to 50 ul
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<400> 4 ggncgcwbsg g 1511 <210>5 <211> 12 20 <212> DNA <213>
Artificial <220> <223> Primer 25 <220> <221> misc_feature <222>
(3)..(3) <223>aorc 30 <220> <221> misc_feature <222> (9).(9) 35
<223>aorgorcort/u <400>5 gcnmrrgecnt gg 40 12 <210>6 <211> 11
45 <212> DNA <213> Artificial <220> x223> Primer 50 <220> <221>
misc_feature <222> (3)..(3) <223>aorgor cort/u 55 <220> <221>
misc_feature <222> (6)..(6) 3/75 <223> a or g or c or t/lu <220> 5 <221>

nisodeature
Initial denaturation: 1 X 15 min at gsoC
(1 min at a50¢C

Cycle program: 35 X{ 1 min at 55 - 69°C

L 1 min at 72°C
Final elongation: 1 X 7 min at 72°C

Last extension: 7 min at 72°C

Digestion with restriction enzymes

The DNA to be cut is provided with 5 U of restriction
enzyvme and  the appurtenant buffer and, unlesz otherwise
required, incubated at 37°C. Chromosomal DNA is digested
with 10 U of enzyvme. The incubation pericd is 1.5 -~
2.5 hours.

Treatment with alkaline phosphatase

In order to prevent wvectors which have only been cut with
cne restriction endonuclease from religating with
themselves, the phosphate residue protruding at the 57 end
is removed with alkaline phosphatase. Circular DNA can only
be formed once again by 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
buffer is then added and the vector is incubated with 1 U
of shrimp alkaline phosphatase at 37°C for 10 min. The
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<222>(9)..(9) <223>aorgor cort/u 10 <400> 6 ggnytnccnc ¢ 11 15
<210>7 <211> 11 <212> DNA <213> Artificial 20 <220> <223> Primer
<220> <221> misc_feature 25 <222> (3). (3) <223> a or g or c or t/u

<220> 30 <221> misc_feature <222> (6)"(6) <223>aorgorcort/u 35
<220> <221> misc_feature <222> (9).19) <223>aorgorcort/u 40

<400> 7 ggnggnarnc ¢ 11 45 <210> 8 <211>. 11 <212> DNA <213>
Artificial 50 <220> <223> Primer <220> 55 <221> misc_feature <222>
(InBe22B> aheg e d/50£4800x@8m the vector DNA by means

of a subsequent gel electrophoresis.

Treatment with T4 DNA ligase

Vector and insert are used for the ligation Iin a ratio of
1:3. The volume is chosen to be as small as possible ({7 -
20 pul). The mixture is incubated overmight at 16°C in
ligation buffer and in the presence of 1 U of ligase.

Transformation

100 pl of competent cells are added by pipette to the
ligation mixture, the constituents of which are mixed by
being repeatedly drawn up into the pipette. After 30 min of
incubation on ice, a heat shock step at 42°C ig carried out
for 45 sec and the mixture is incubated once agalin on ice
for 2 min. 120-900 ul of SOC medium are added and the
mixture is incubated at 37°C for 45 min while being
agitated. The mixture 1is subsequently plated out and
incubated overnight at 37°C.

Expression of metagenome nitrile hydratases

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

50 ml of LBuypioe Mmedium containing 2 mM Fe citrate and in
each case 50 pg of kanamycin and ampicillin/ml were
inoculated in a ratio of 99:1 with an overnight culture.
After an ODgy of approx. 0.5 had been reached, expression
of the nitrile hydratases was induced with 1 mM IPTG
(isopropylthiogalactoside). The cells were harvested
approx. 24 hours after induction at 26°C.
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gwngwrtccc a 11 5<210>9 <211> 11 <212> DNA <213> Artificial 10
<220> <223> Primer <220> 15 <221> misc_feature <222> (3)..(3)
<223>aorgorcort/u 20 <220> <221> misc_feature <222> (9)..(9)
<223>aorgorcort/u 25<400>9 gcntggrynga 11 30 <210> 10
<211> 11 <212> DNA <213> Artificiala3b <220> <223> Primer <220>
40 <221> misc_feature <222> (3)..(3) <223>aorgorc or t/u 45 <220>
<221> misc_feature <222> (9).:(9) <223>aor g or c or t/u 50 <400> 10
OPBYISEERGE of activity using benzonitrile as substrate

The biotransformation was carried out on a 10 ml scale
using approx. 100 mg of moist biomass (ODgwo = 5) in
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 ul and the reaction was stopped'by adding 10 pl of
50% phosphoric acid.

The concentrations of benzonitrile and benzamide were then
determined by means of HPLC: '

Columm: RP18 Phenomenex Hypersil ODS 5 p column (with

precolumn)

Mobile phase: 10 mM K2HPO4, (pH 2.3)
Flow rate: 1 ml/min

Wavelength: 202 nm

Injection volume: 20 pli

puration of HPLC run: 12-15 min

The activity was calculated by calculating a pmol turnover
after one minute, with one pmol corresponding to one U
(unit). Specific activities are given in U per g of DBM or
mg of protein.



11 55<210> 11 <211> 11 <212> DNA <213> Atrtificial 5/75 <220>
<223> Primer 5 <220> <221> misc_feature <222> (3)..(3) <223>aorg
or cort/u 10 <220> <221> misc_feature <222> (9)..(9) <223>aor g or
c ort/u 15<400> 11 ggnggsarnc c 11 20 <210> 12 <211> 11 <212>
DNA 25 <213> Artificial <220> <223> Primer 30 <220> <221>
misc_feature <222> (3)..(3) <223>aor gor c or t/u 35 <400> 12
swnswrtccc a 11 40 <210> 13 <211> 12 <212> DNA

Claims

1. A protein seguence comprising {(a} the sequence set
forth in SEQ ID NO: 530; (b) the sequence set forth in SEQ

ID NC: 72; and (c) the sequence set forth in SEQ ID NO: B4.

2. 2 nucleic acid seguence which encodes a protein

sequence as claimed in claim 1.

3. The nuclelc acid sequence of claim 2, wherein the
nucleic acid seguence comprises {a) the seqguence set forth
in SEQ ID No: 49; {(b) the sequence set forth in SEQ ID NO:

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

4. An expression system which exhibits one or more

nuclelc acid sequences as claimed in claim Z.



<213> Artificial 45 <220> <223> Primer <400> 13 50 gccaaggtcg tc 12
<210> 14 55<211>11 <212>DNA <213> Atrtificial <220> 6/75 <223>
Primer <400> 14 ggccggtcctg 511 <210> 15 <211> 15 10 <212> DNA
<213> Artificial <220> <223> Primer 15 <400> 15 tccttgtacc aggtc 15
20 <210> 16 <211>7 <212> DNAy£213> Artificial 25 <220> <223>
Primer <400> 16 30 gcccgeec 7 <210> 17 35 <211> 15 <212> DNA

5. A nucleic acid sequence having at least 70% homology
with the seguence set forth in SEQ ID NO: 48, 71 or 83,
wherein said nucleic acid seguence or fragment thereof
encodes a protein seguence which is involved in

constructing the activity of a nitrile hydratase.

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

(b)), respectively.

7. The use of the nucleic acld seguences as claimed in
claim 2 for producing improved protein seguences which are
required for constructing the activity of a nitrile

hydrates.

8. The wuse of the nitrile hydratases as claimed in

claim 6 for preparing organic acid amides and acids.
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<213> Artificial <220> 40 <223> Primer <400> 17 ggcgctaaag ttgtt 15
45 <210> 18 <211> 12 <212> DNA 50 <213> Atrtificial <220> <223>
Primer 55 <400> 18 tggccggttc tg 12 7/75 <210> 19 <211> 20 <212>
DNA <213> Atrtificial 5 <220> <223> Primer <400> 19 10 caaattcttt
ataccaagtc 20 <210> 20 15 <2113/28 <212> DNA <213> Arificial
<220> 20 <223> Primer <400> 20 ccatatatcg catttcagct 20 25 <210> 21

<s2E]Q:tLr§N lc?ﬁ E%s%%QNA 30 <213> Atrtificial

<110>
<120>
<130>
<160>
<170>
<210>
<21li>
<Z212>
<213>

<220>
<223>

<400>

Degussa AG

Nitrile'hydratases from metagenome libraries
040067 AM

86

ratentIn version 3.1

1

12

DNA.

artificial

Primer

1

gesmrsgest gg

12

<210>
<21il>
<212>
<213>

<220>
<223>

<400>

2

11

DA
Artificial

Primer

2

ggsctsccsc ¢

il

<210>
<211
<212>
<213>

<220>
<223>

<400>
11

<210>
<211>
<212>
<213>

<220>
<223

3

11

DNA
Artificial

Primer

3

ggsggsagse ©

4

11

DNA
Artificial

Primer
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<220> <223> Primer 35 <400> 21 ggtcgtggcc aag 13 40 <210> 22
<211> 11 <212> DNA <213> Artificial 45 <220> <223> Primer <400>
22 ggccggtect g 50 11 <210> 23 <211> 15 55 <212> DNA <213>
Artificial <220> <223> Primer 8/7 §§00> 23 tccttgtacc aggtc 155
<210> 24 <211> 13 <212> DNA 6 <213> Artificial <220> <223> Primer
15 <400> 24 gcgcatttcg gcg 13 20 <210> 25 <211> 24 <212> DNA
<2132 Artificial 25 <220> <223> Primer <400> 25

«221> misc_feature

<222>  (4)..(4)
<223> a or g or ¢ or t/u

<220>

<221> misc_feature

<222> {3}..(3)

<223> aor g or c or t/u

<400> 4

goncgowhsg ¢
11

<210 5

<211> 12

<212> IINA

<213> Artificial

<220>
<223> Primer

<220>

«221> miszc_ feature
«222> {(3)..(3)
<223> a or ¢

<220>

<221> misc_feature

<222> {8)..(9)

<223> a or g or ¢ or t/u

<400> 5
geomrrgent gg
12

<210> 6

<211> 11

<212> DNA

<213> Artificial

<220>
<223> Primer

<220>

<221> misc _feature

<222> (3}..(3)

<223 a or g or ¢ or t/u

<220>
<221> misc_feature
<222> (6)..(6)
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gccaaggtcg tcgesmrsge stgg 30 24 <210> 26 <211> 22 35 <212> DNA
<213> Artificial <220> <223> Primer 40 <400> 26 ggccggtcct gggsctsccs
cC 22 45 <210> 27 <211> 26 <212> DNA <213> Artificial 50 <220>
<223> Primer <400> 27 55 tccttgtgc;i aggtcggsgg sagscc 26 <210> 28
9/75 <211> 18 <212> DNA <2133 ﬁificial 5 <220><223> Primer
<220> <221> misc_feature 10 <222> (10)..(10) <223>a or c or g or t/u
<40%§ 28 15 cccg:ccggn cgcwbsgg 18 <210> 29 20<211> 27 <212>
DNA 2213 AFifidiaf °F /¢

<220>

<221> misc feature
<222> (9)..(9)

<223> a or g or ¢ or t/u

<400> 6
ggnytneene ¢
11

<216> 7

<211> 11

<212> DNA

<213> Artificial

<220>
<223> Primer

<220>

<221> misc_feature

<222> {3)..{(3)

<223> @mor gor ¢ or t/u

<220

<223i> misc_feature

<222> [6)..(86)

<223> aorgor cor t/a

<220>

<221> misc_feature

<222> (9}..1(9)

<223> m or gor ¢ or t/u

<400> 7

gognggnarnce C
il

<210> 8

<211> 11

<212> DNA

<213> Artificial

<220>
<223> Primer

<220>

<221> misc_feature

<222> (3)..13)

<223> a or g or c or t/u
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<220> 25 <223> Primer <220> <221> misc_feature <222> (18)..(18) 30
<223>aorcorgort/u <220><221> misc_feature 35 <222> (24)..(24)
<223>aorcorgort/u <400> 29 40 ggcgctaaag ttgttgcnmr rgcntgg 27
<210> 30 45<211> 22 <212> DNf/,7<213> Artificial <220> 50 <223>
Primer <220> <221> misc_feature 200> (15)..(15) 55 <223>aorcorg
or t/lu <220> <221> misc_feature 10/75 <222> (18)..(18) <223> a or c or
g&r gg 58<220> <221> misc_feature <222> (21)..(21) <223>aorcorg
0 400> 30 tggccggtte tgggnytncec no 22 15 <210> 31 <211> 31
<212> DNA <213> Artificial

<210> 9

<213i> 11

<212> DNA

<213> Artificial

<220>
<223> Primer

<220

<221> mimsc_feature

<222> (3)..(3)

«223» a or g or ¢ or t/u

<220>

<221> misc _feature

<222> {9}..(9)

<223> a or g or ¢ or t/u

<400> 8

gentggryng a
11

<210> 10

<211> 11

<212> DNA

<213> artificial

C <220

<223> Primer

<220>

<221> misc_feature

<222> (3)..1{3)

<223> a or g or ¢ or t/u

<220

<221> misc_feature

<222> (8)..(9)

<223> a cor g or ¢ or t/u

<£00> 10
gognytscone ¢
11

<210> 11

<211> 11

<2312> DNA

<213> Artificial
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20 <220> <223> Primer <220> 25 <221> misc_feature <222> (23)..(23)
<223>aorcorgort/u 30<220><221> misc_feature <222> (26)..(26)
<223>aorcorgort/u 35<220> <221> misc_feature <222> (29)..(29)
<223>aorcorgort/u 40 <400> % aaattcttt ataccaagtc ggnggnarnc c
3145 <210> 32 <211> 31 <212> 50 <213> Artificial <220> <223>
Primer 55 <220> <221> misc_feature <222> (23)..(23) <223>aorcorg
or t/u 11/75 <400> 32 ccatatatcg catttcagct gwngwrtccc a 31 5 <210> 33
<241x.24 <212> DNA 10 <213> Artificial <220>

<223> Primexr

<220>

<221> misc feature

<222> (3)..(3)}

<223> a or g or ¢ or t/u

<Z220>

<221> misc_ feabture
<222> {(9)..(9)

<223> a or g or ¢ or t/u

<400> 11

ggnggsarne ¢
11

<210> 12

<211> 11

<212> DNA

<213> Artificial

<220>
<223> Primer

<220>

<221> misc_feature

<222> (3)..({3}

<223> a or g or ¢ or t/u

<400 12
swnswrtcce a
11

<210> 13

<21l> 12

<212> DNA

<213> Artificial

<220>
<223» Primer

<400> 13
gocaaggteg o
i2

<210> 14

<211> 11

<212> DNA _
<213> Artificial

<220>
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<223> Primer 15 <220> <221> misc_feature <222> (16)..(16) <223> a or
corgort/u 20<220> <221> misc_feature <222> (22)..(22) <223>aorc
or g or t/u 25 <400> 33 ggtcgtggcc aaggentggr ynga 24 30 <210> 34
<211> 22 <212> DNA 35 <213> Ag;i?gial <220> <223> Primer 40 <220>
<221> misc_feature <222> (14)..(I4)<223>aorcorgort/u 45 <220>
<221> misc_eature <222> (20)..(20) <223>aor cor g or t/'u 50 <400>
34 ggecagicet gggnytscen cc 22 55 <210> 35 <211> 26 <212> DNA
12/75 <213> Artificial <220>

<400> 14

ggceggbtect g
11

<210> 15

T <21i> 1B

<212> DINA
<213> Artificial

<220>
<223> Primer

<400> 15
tecttgtace agghtc
15

<2i0> 16

<211> 7

<212> DNA

<213> Artificial

<220>
<223> Primer

<400> 16
goaogee
=

<210> 17

<211> 15

<212> DNA

«213> Artificial

<220>
<223> Primer

<400> 17
ggegetaaayg tbgtt
15

<210> 18

<21ls 12

<212> DNA

<213> Artificial

<220>
<223> Primer

<400> 18
tggcegotte tg
12
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<223> Primer 5 <220> <221> misc_feature <222> (18)..(18) <223> a or
corgort/u 10 <220> <221> misc_feature <222> (24)..(24) 15 <223> a
or c or g or t/u <400> 35 tccttgtacc aggtcggngg sarncc 20 26 <210> 36
<211> 24 25 <212> DNA <213> %t‘i{'cial <220> <223> Primer 30
<220> <221> misc_feature <222>1(16)..(16) <223>aorcorgor t/u 35
<400> 36 gcgcatttcg gcgswnswrt ccca 24 40 <210> 37 <211> 705
<212> DNA 45 <213> unknown <220> <223> Metagenome - alpha unit
nfETBydjdtase - M6aH6 50 <220> <221> CDS <222> (1)..(705) <223>
55 7400>R%

<213» Artificial

<220>
<223> Primer

<4&00> 18
caaattecttt ataccaaghte
20

<2i0> 20

<211> 20

<212> DNA

<213» Artifieclal

<220>
<223> Primer

<400> 20
cecatatatog catttcaget
20

<21 0> 21

«211> 13

<212> DNA

<213> Artificial

<Z220>
<223> Primer

<400> 21

ggtegtyggec aag
13

<210> 22

<211l> 11

<212> DNA

«213> Artificial

<220>
<223> Primer

<400> 22

gogeccggtoect g
11

210> 23

<211> 15

<212> DHA

<213> Artifiecial

<220>
<223> Primer
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atg agc aag cac gta cac gat tac tac gcg aag aag aag cac gac cac 48 Met
Ser Lys His Val His Asp Tyr Tyr Ala Lys Lys Lys His Asp His 1510 15
13/75 gat cat gac cacgac gtc cac gag gcg ate gag gac cgg gac gag ggt
96 Asp His Asp His Asp Val His Glu Ala lle Glu Asp Arg Asp Glu Gly 5 20
25 30 ccg cog tcg gaa ttc gag atc 8 5age cgc gcc atg cag gag ctg ctg
144 Pro Pro Ser Glu Phe Glu lle Met Ser Arg Ala Met GIn Glu Leu Leu 10
35 40 45 gaa gag aag ggc gtc gtc acc gcg gag cag gtc cgg cgc age atg
02@0d:92 §3lu Glu Lys Gly Val Val Thr Ala Glu GIn Val Arg Arg Ser Met Glu
15 iy Hfraagptie gag gaa gag ctg coo tac cgg ggg gcg cgg gtc gtc gcg
c&& 240 Lys Phe Glu Glu Glu Leu Pro Tyr Arg Gly Ala Arg Val Val Ala His
20 65 7.0 75 80 gcc tgg acc gac cog gaa ttc aag aag cgg ctg ctg gcg gac
0de-@ag 288 Ala Trp Thr Asp Pro Glu Phe Lys Lys Arg Leu Leu Ala Asp
Gigiys 25 8590 95 gcc gec gte tog gag ttc ggce ato gat ttg gaa gcc gag
cg%iétg al#¥2336 Ala Ala Val Ser Glu Phe Gly lle Asp Leu Glu Ala Glu Arg
Legie 3BrEdEEH8M110 geg gtc geg aac aca acg gac gtg cac aac gte atc
otg3gc acg ctg 384 Ala Val Ala Asn Thr Thr Asp Val His Asn Val lle Val
Cy=m3hr lleumdb 115 120 125 tgc tog tgc tac cog ego acg ctg ctc ggc
atgecgcog acc tgg tac 432 Cys Ser Cys Tyr Pro Arg Thr Leu Leu Gly Met
PféqﬂFotT Trp Tyr 40 130 135 140 aag ago gat aac tac cgc tcg cgc gtg
g%_f 8¢ g%:é: C%gc gcg gtg 480 Lys Ser Asp Asn Tyr Arg Ser Arg Val Val
Tyr Glu Pro Arg Ala Val 45 145 150 155 160

<210> 28

<21ix> 24

<212> DNA

<213> Artificial

<220>
<223> Primer

<400> 25
goecaagogtog tcegesmrsge stgg
24

<210> 26

<21ll> 22

<212> DNA

<213> Artificial

<220>
<223> Primer

<400> 26
ggccggtoct gggsctsces cc
22

<210> 27

<211l> 26

<212> DNA

<213> Artificial

<220>
<223> Primer

<400> 27

tcettgtace aggtoggsgg sagsce
26 :

<210> 28
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ctg aag gaa ttc ggc acc gtg ctg cog gag cgc gte acc gtg cgc gtg 528 Leu
Lys Glu Phe Gly Thr Val Leu Pro Glu Arg Val Thr Val Arg Val 50 165 170
175 cac gac tee aac goo gac atg ego tac gtg gtg atc coo atg ego cog 576
His Asp Ser Asn Ala Asp Met Arg '5;/ Val Val lle Pro Met Arg Pro 55 180
185 190 cag gga acc gag ggc tgg g?g gag gag cgg ctcgcg gag ctg ctg
acg 624 Gin Gly Thr Glu Gly Trp Ser Glu Glu Arg Lau Ala Glu Leu Leu
TQ£ 1]14/7?1 8195 200 205 cgc gac acg ctg gtg ggg gtc aec gtg cca aaa gtg
gg§1gic ggehagt 672 5 Arg Asp Thr Leu Val Gly Val Thr Val Pro Lys Val
Gludal GheSere2d0 215 220 cga sag tcg aaa ggc gga agt aaa acc cgc
tag 705 10 Arg Lys Ser Lys Gly Gly Ser Lys Thr Arg 225 230 <210> 38
1;532211 234 <212>PRT <213> Unknown <220> 20 <223>
Meétagenome - alpha unit nitrile hydratase - M6aH6 <400> 38 Met Ser Lys
HigA4al His Asp Tyr Tyr Ala Lys Lys Lys His Asp His 2515 10 15 Asp
Hig Asp HisAsiatalEis Glu Ala lle Glu Asp Arg Asp Glu Gly 20 25 30 30
Pré¥ro SéPBluPHe Glu lle Met Ser Arg Ala Met Gln Glu Leu Leu 35 40
45235 Gy Eﬁuﬁ_% @If{/écl Val Thr Ala Glu Gin Val Arg Arg Ser Met Glu
50 55 60 40 Lys Phe Glu Glu Glu Leu Pro Tyr Arg Giy Ala Arg Val Val Ala
Hig 8% 75 80 Ala Trp Thr Asp Pro Gin Phe Lys Lys Arg Leu Leu Ala

cgowbsgg
PEEFEIFEFS

<210> 29

<21i» 27

<212> DNA

<213 Artificial

<220>
<223> Primer

<220>

<221> misc feature

<222> {18)..{18)

<223> a or ¢ or g or t/u

<220>

<221> misc_feature

<222>  (24)..{24)

<223> a or ¢ or g or t/u

<400> 28
ggcgetaaag ttgttgonmr rgentgg
27

<210> 30

<211> 22

«<212> DNA

<213> Artificial

<220>
<223> Primer

<220> .

<221> misc_feature

<222> {15}..{15}

<223> a or ¢ or g or t/u

<220>
«<221> misc_feature
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45 85 90 95 Ala Ala Val Ser Glu Phe Gly lle Asp Leu Glu Ala Glu Arg Leu
lle 100 105 110 50 Ala Val Ala Asn Thr Thr Asp Val His Asn Val lle Val
Cys Thr Leu 115 120 125 55 Cys Ser Cys Tyr Pro Arg Thr Leu Leu Gly
Met Pro Pro Thr Trp Tyr 130 135 1]?4(%§5/75 Lys Ser Asp Asn Tyr Arg Ser
Arg Val Val Tyr Glu Pro Arg Ala Va 5150 155 160 5 Leu Lys Glu Phe
Gly Thr Val Leu Pro Glu Arg Val Thr Val Arg Val 165 170 175 His Asp
JzAsn @é R4 Ft Arg Tyr Val Val lle Pro Met Arg Pro 10 180 185 190
‘I;hg IL Yo $SeRGlu Glu Arg Leu Ala Glu Leu Leu Thr 195
200 205 15 Arg Asp Thr Leu Val Gly Val Thr Val Pro Lys Val Glu Val Gly
Ser 210 215 220 20 Arg Lys Ser Lys Gly Gly Ser Lys Thr Arg 225 230
2522g10> 39,<211> 657 <212> DNA <213> Unknown 30 <220> <223>
I\/L% Qm(}a qéﬁja unit nitrile hydratase - M12K24 <220> <221> CDS
352¢222% (4. {657 )y <223#u<400> 39 atg tcg gac gga aca aca att gga atc
cag gcc gcg aca acc ctt cga 40 48 Met Ser Asp Gly Thr Thr lle Gly lle Gin
AI é%la Tﬂ{ Thr Leu Arg 1510 15 tca gcc atg aac att cca got cgt gaa ttc

9@553&;8@%0%@%%%%96

<210> 31

<211> 31

<Z1l2> DNA

<213> Artificial

<220>
<223> Primer

<220>

<221> misc_feature

«<222> {23)..{23)

<223> a or ¢ or g or t/u

<220

<221> misc_ feature

<222> {26} ..(26)

<223> a or ¢ or g or t/u

<220> .

<221> misc feature

<222> (29)..1(29)

<223> a or ¢ or g or t/u

<400> 31
caaattottt atazccaagtc ggnggnarnc ¢
31

<210> 32

<211l> 31

<212> DNA

<213> Artificial

<220>
<223> Primer

<220>

<221> misc_feature

<222% (23}..(23)

<223> a or ¢ or g or t/u
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Ser Ala Met Asn lle Pro Ala Arg Glu Phe Ala Leu GIn Arg Thr Ala 20 25
30 cog gtc gag cag cgt gtc gac gcg atc cag gcg gcg ctc gac gaa cgc 50
144 Pro Val Glu Gin Arg Val Asp Ala lle GIn Ala Ala Leu Asp Glu Arg 35
40 45 ggt ttg aac gcc agt gac gca{%t/c?éag gaa ttg agccac ctg gcg gag 55
192 Gly Leu Asn Ala Ser Asp Ala Val'GIn Glu Leu Ser His Leu Ala Glu 50
55 60 16/75 gag caa tgg att ccg ego sat ggc gcg egg gtc gte gcc aaa gcec
tgg 240 Glu GIn Trp lle Pro ArgAsn Gly Ala Arg Val Val Ala Lys Ala Trp
654% /580 5 gtc gac ccg gaa ttc cgo gcg cgg ctt ctg gcc gac ggt cge gee
(o[a{ol @ Asp-Rradall RhegwtgAaeArg Leu Leu Ala Asp Gly Arg Ala
Ata 859095 10 gtt gcc gaa ctg ggc etc tog atg cog aag cat cac cgg cac
etc gtg 336 Val Ala Glu Leu Gly Leu Ser Met Pro Lys His His Arg His Leu
Vgi 1%90 }95 110 15 gtg ctg gag aac acg ccg ago gtg cag aac gtc atc tgc
tgG aCg cag .384 Val Leu Glu Asn Thr Pro Ser Val GIn Asn Val lle Cys
Cysi3hr G 115 120 125 20 tgc tog tge acg geg ttc acg atc atc gga ctg
cegidec gad-idgadrl 432 Cys Ser Cys Thr Ala Phe Thr lle lle Gly Leu Pro
PE‘B é%§p Trp Tyr 130 135 140 25 aag gac ctg gaa tac cgc gcg cga gtc gte
cgg-3ag teg; gac acc gtg 480 - .Lys Asp Leu Glu Tyra Arg Ala Arg Val Val
Arg Glu Ser Arg ThrVal 145 150 155 160 30

<220>

<22i> misc _feature

<222> (16}..{16)
<223> aor cor g or t/u

<220>

<221> misc_feature
<222> {22)..(22}

<223> aor ¢c or g or t/u

<£00> 33
ggtogtggec asggentggr ynga
24 .

<210> 34

<211l> 22

<212> DNA

<21i3> Artificial

<220>
<223> Primer

<220

<221> misc_feature

«222>  (14)..{14)

<223> aor ¢ or g or t/u

<220>

<221> misc_feature

<222> {20)..{20)}

<223>- a ar ¢ or g or t/u

<400> 34
ggecggtect gggnytscoen cc
22

<210>. 35
<211> 26
<212> DNA
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dtg aag gag atg gga ctg gat ctg cot cgg gat gtc gaa att cgc gtc, 528 Leu
Lys Glu Met Gly Leu Asp Leu Pro Arg Asp Val Glu lle Arg Val 165 170
175 35 tgg gat acc act gcc gac acg cgc tac atg gta ttgccg gta cag ccg
576 Trp Asp Thr Thr Ala Asp Thr ,%\E%%I'yr Met Val Leu Pro Val GIn Pro
180 185 190 40 ccg gaa acc atc gg tag Ccc gag gag aaa ctg gtc gac atc
gtg acg 624 Pro Glu Thr lle Gly Trp Pro Glu Glu Lys Leu Val Asp lle Val
Thr 195 200 205 45 cgc gac ggo atg atc ggc gtc gcg cgg gta tag 657 Arg
A Ely l@f‘é‘ﬁfé’céﬁé/iVal Ala Arg Val 210 215 50 <210> 40 <211> 218
<2425 PRT 55 <213> Unknown <220> <223> Metagenome - alpha unit
nitEfs hydraitase - M12K24 17/75 <400> 40 Met Ser Asp Gly Thr Thr lle
Gly lle GIn Ala Ala Thr Thr Leu Arg 15 10 15 5 Ser Ala Met Asn lle Pro
Aﬁzﬁrﬁq GlU.Phe Ala.Leu GIn Arg Thr Ala 20 25 30 10 Pro Val Glu GIn
Argdal AgAlacie;Gin Ala Ala Leu Asp Glu Arg 35 40 45 15 Gly Leu
Asteada SepAspia\al Bie Glu Leu Ser His Leu Ala Glu 50 55 60 Glu
GIn Trp lle Pro Arg Asn Gly Ala Arg Val Val Ala Lys Ala Trp 20 65 70 75
892\2/9,; Asp Pro Glu Phe Arg Ala Arg Leu Leu Ala Asp Gly Arg Ala Ala
«221> misc_feature

<222> {(24)..(24)
<223> a or ¢ or g or t/u

<400> 35
toottgtace aggtoggngy sarncoc
26

<210> 36

<21i> 24

<212> DNA

<213> Artificlal

<220>
<223> Primer

<220>

<221> misgc_feature

<222>  {16)..{16)

<223> aor ¢ or g or t/u

<400> 36
gogeattteg gogswnswrt coca
24

<210> 37
<21i> T05
<212> DNA
<213> Unknown

<220> .

<223> Metagenome - alpha unit nitrile hydratase - M6aH6
<220>

<221> (DS

<222> (1)..(70%)

<223>

<400> 37

atg age sag cac gta cac gat tac tac geg zag aag aag cact gac cac
48
Met Ser Lys His
1

<-\l

jal His BAsp Tyr Tyr Ala Lys Lys Lys His Asp His
10 15

Ut



8590 95 25 Val Ala Glu Leu Gly Leu Ser Met Pro Lys His His Arg His Leu
Val 100 105 110 30 Val Lau Glu Asn Thr Pro Ser Val GIn Asn Val lle Cys
Cys Thr GIn 115 120 125 35 Cys Ser Cys Thr Ala Phe Thr lle lle Gly Leu
Pro Pro Asp Trp Tyr 130 135 140 Lys Asp Leu Glu Tyr Arg Ala Arg Val
Val Arg Glu Ser Arg Thr Val 40 145780 155 160 Leu Lys Glu Met Gly
Leu Asp Leu Pro Arg Asp Val Glu lle Arg Val 165 170 175 45 Trp Asp
Thr Thr Ala Asp Thr Arg Tyr Met Val Leu Pro Val Gin Pro 180 185 190

5 0.Gl r Trp ys.l.e %% 'I;A %@

208 208 OB Ay RebE et To (o Vol Al et Al L8 16,551
18485 i 2 14sp 68 <212 valD NiA = <182 ldnkhe whu Sae@ 200s 22851u Gly
Metagenome -#lpha unit nitrile hydratase - M29M24 <2203%221> CDS
10.<222> .(699)...<223> <400 g cac ggc ttc, tt
aéﬁi&gg gg(%) gg (9%519%0% ngc:%:% c%é% E‘? i%]!a\%?él% %%g'l%%i%%gA%gG y %’f% gf_geu
Lyssd ysrAlasElpkhirddadila 116 §6:15eggirgcglacy«e tysastac Bib geau ctc
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gcc aag atéSget cac too cae 20 98 Gly Ala Thr Ala Ala$ro Val Gly Leu

ALYSle A1 Eis 38L 3% 202980 gag
192

Glu Glu Lys Gly val val Thr aAla Glu
50 55

aag ttc gag gaa gag ctg coc tac cgg
240

Lye Phe Glu Glu Glu Leu Pro Tyr Arg
65 70

gce tgg acc gac cog gaa tto aayg aag

288

Ala Trp Thr Asp Pro Glu Phe Lys Lys
85

gee goo gte teg gag tte ggo ate gat

136

ala Ala val Ser Glu Phe Gly Ile Asp
100 1056

geg ghbo gog aac aca acyg gac gtg cac

384

Ala val ala Asn Thr Thr Asp Val His
115 120

tge tog tge tac cog cge acg ctg cte

432

Cys Sér Cys Tyr Pro Arg Thr Leu Leu
130 135

nag age gat aac tac cge teg cge gtg
480

Lys Ser Asp Asn Tyr Arg Ser Arg Val
145 i50

ckg aag gaa tte gge acc gtg ctg cog

528

Leu Live Glu Phe Gly Thr Val Leu FPro
. 165

cac gac tec aac gee gac atg cge tac

576

His Asp Ser Asn Ala Asp Met Arg Tyr
180 185

cag gga acc gag ggce tgg age gag gag
624
3ln Gly Thr Glu Gly Trp Ser Glu Glu

cag

Gln

eiciel

Gly

cgg

Arg
90

ttyg

Leu

aac

Asn

ggc

Gly

gte

Val

gag

Glu
170

gtg
Val
cagg

Arcg

gto

Val

gcg

Ala
15

ctg

TLeu

gaa

Glu

gta

Val

atg

Met

tac

155
cge

Arg

sty

val

cte

Leu

cgyg

Arg
60

cgg

Arg

cty

Leu

geo

Ala

atc

Tle

ccg

Pro
140

gaa

Glu

gte

val

atc

Ile

gcg

Ala

cge age atg gag

Arg

gte

val

gcyg

Ala

gag

Giu

gtg

val
125

Jolele|

Pro

cog

Pro

ace

Thr

cCC

Pro

gag

Glu

Ser

gte

Val

gac

Asp

cgg

ATy
110

tge

Cys

acgc

Thr

cgc

Arg

gty

val

atg

Met
180

atg

Leu

Met

gcg

Ala

gge

Gly
95

otg

Leu

acg

Thr

tog

Trp

gcg

Ala

cge

Arg
175

age

Arg

ctg

Leu

Glu

cac

His
80

aag

Lys

ate

Ile

ctyg

Leu

tac

Tyr

gtg

val
160

gty

Val

ceg

Pro

acg

Thx
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gag cac cag gcc gtt cct tee gae ctc acg ctc egg gtc aag tee ctc 25 144
Glu His GIn Ala Val Pro-Ser Asp Leu Thr Lau Arg Val Lys Ser Lau 35 40
45 gas tcg ctg ctg gtc gag aag ggt ctc gtg gao cgt gag gcc etc gac 30
192 Glu Ser Leu Leu Val Glu Lys Gly La u Val Asp Arg Glu Ala Leu Asp
50 55 60 gtg ctc gtc gat ace tac g Zi C aag atc ggt ccg cgs aac ggc get
35 240 Val Leu Val Asp Thr Tyr Glu Asn Lys lle Gly Pro Arg Asn Gly Ala
657075 Ecgc gtc gtc gcg egg,g§d tgg gtc gat ccc gegdac aaa gag cgc
ctg 40 288 Arg Val Val Ala Arg Ala Trp Val Asp Pro Ala Tyr Lys Glu Arg
Lab=8:00:05 €ig gag gas goc aoe togycgatesgeaigagastcayyt m e
a2gcc 45 336 Leu Lys Asp Ala Thr Ser AIa IIe Ala Glu Leu GI L Thr
%i?(?é"id?‘if@ cgb“'gg baéuéac at§ Sty §cgz§ a4 sa% e cétyeg

gtg cac aac 50 384 GIn Gly Glu His Met Val Ala Leu Glu Asn Thr Pro Ala
Vatklis=Asted Had 234 pactgryteagtt dge aeyg ctedgc tcc tgce tat cca tgg ccg
gftPetc ggt 55 432 Leu Val Val Cys Thr Leu Cys Ser Cys Tyr Pro Trp Pro
Végget&’ EI?/efBBYﬁ%lﬂ@ %9% W e BFgtc tgg tac_aaa tag geg coe
tac cgs tag cgc tag gtc 480 Leu Pro Pro Val Trp Tyr Lys Ser Ala Pro Tyr
Arg Ser Arg Ser Val 145 150 155 160 5 atc gat ccg cgc ggc gtt ctc ggc
g&§itfe ggif ctc gag ctg ccg gaa 528 lle Asp Pro Arg Gly Val Leu Gly Glu

?ﬁ%@y £ TGlu Leu Pro Glu 165 170 175 10 ggg gtc gag gtg cgc gtc

t9g,gqc tqglﬁg,gvgcg gag ctc cgg tat ctc 576 Gly Val Glu Val Arg Val Trp
Asp Ser Thr Ala Glu Leu Arg Tyr Leu

<220> _
<223> Metagenome - alpha unit nitrile hydratase - M6aHb

<400> 38
Met Ser Lys His val His Asp Tyr Tyvr Ala Lys Lys Lys His Asp His
1 . - 5 10 15

Asp His Asp His Asp Val His Glu Ala Ile Glu Asp Arg Asp Glu Gly
20 25 30

Pro Pro Ser Glu Phe Glu Ile Met Ser Arg Ala Met Gln Glu Leu Leu
35 40 45

¢lu Glu Lys Gly val val Thr Ala Glu Gln Val Arg Arg Ser Met Glu
50 55 60

Lye Phe Glu Glu Glu Leu Pro Tyr Arg Gly Ala Arg Val val Ala His
65 70 75 80

Ala Trp Thr Asp Pro Glu Phe Lys Lys Arg Leu Leu Ala Asp Gly Lys
85 29 85

Ala Ala Val Ser Glu Phe Gly Ile Asp Leu Glu Ala Glu Arg Leu ile
100 105 110

ala Val Ala Asn Thr Thr Asp Val His Asn Val Ile Val Cys Thr Leu
115 ' 120 128

Cys Ser Cys Tyr Pro Arg Thr Leu Leu Gly Met Pro Pro Thr Trp Tvr
130 135 140
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180 185 190 15 gtt ttg ccg gag cgg ccc gaa ggc acg gcg caa ctg agc gaa
gaa gcg 624 Val Leu Pro Glu Arg Pro Glu Gly Thr Ala Gin Leu Ser Glu
Glu Ala 195 200 205 20 ctc gcg gat ctc gtc acc cgg gat gcc atg atc ggc
gtc gag aaa gtc 672 Leu Ala Asp Leu Val Thr Arg Asp Ala Met lle Gly Val
Ala Lys Val 210 215 220 25 tag tﬁgr”(':%% gag ggc ggc gcc gaa tga 699 Ser
Lou Pro Ala Gly Gly Ala Glu 225 230 30 <210> 42 <211> 232 <212>
PRT 35 <213> Unknown _<220> <2 > Me}r enome - alpha unit nitrile
hydBaEE SRR28RTAY ad 2a 565 Zﬁ%/le?JGHJ hi Arg Ard Bly Phe; Eu
Lys Lys Ala Gly Thr Ala Ala 15 10 15 45 Gly Ala Thr Ala Ala Pro Val Gly
Leu Ala Lys lle Ala His Ser His 20 25 30 50 Glu His GIn Ala Val Pro Ser
AS5Y ST LebhArg Y It §8eFEAPSS %14451' Gl erraiaiedgal Slu
Lys Gly Leu Val Asg%rg Glu Ala Leu Asp 128 50 55 60 Val Lau ¥4 Asp
Thr Tyr Glu Asa Lys lle Gly Pro Arg Asn Giy Ala 65 70 75 80 20/75 Arg
Vally ahglasArgzata Trp Mat Asp Reg AterTye 1 yeGIULArgroeMe85:3Q 95cb
Leu Lys Asp Al&®Phr Ser Ala lle Ala Gi#®Leu Gly Tyr Thr Gly#a 100 105
110

Gln Gly Thr Glu Gly Trp Ser Glu Glu Arg Leu Ala Glu Leu Leu Thr
185 200 205

Arg Asp Thr Leu Val Gly val Thr Val Pro Lysg Val Glu val Gly Ser
210 215 220

Arg Lys Ser Lys Gly Gly Ser Lys Thr 2rg
225 230

<210> 39
<21l> @87
<212> DNA
<213> Unknown

<220>

<223> Metagenome - alpha unit nitrile hydratase - MI12K24
<220>

<221> (DS

<222>  {1}..{857)

<223>

<400> 39

atg teg gac gua aca aca att gga ate cag goce geg aca acoe ctt cga
48

Met Ser Asp Gly Thr Thr Tle Gly Ile Gln Ala Ala Thr Thr lLeu Arg
i 5 10 15

tca goe atg aac att cca get cgt gaa tte geoco cte cag cgo acht gog

86 '

Ser Ala Met 2Asn Ile Pro Ala 2Arg Glu Phe Alz Leu Gln Arg Thr Ala
20 . 25 30

ccy gte gag cag cghb gtc gac gog ate cag gog geyg cte gac gaa cge

144

Pro Val Glu @ln Arg Val Asp Ala Ile Gln Ala Ala Leu Asp Glu Arg
35 _ 40 45

ggt ttg zac gee agt gac gea gte cag gaa ttg age cac ctg geog gag

1982 '

Gly Leu Asn Ala Ser Asp Ala Val (Gln Glu Leu Ser Hig Leu Ala Glu
50 55 60
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10 Gin Gly Glu His Met Val Ala Leu Glu Asn Thr Pro Ala Val His Asn 115
120 125 15 Leu Val Val Cys Thr Leu Cys Ser Cys Tyr Pro Trp Pro Val
Leu Gly 130 135 140 Leu Pro Pro Val Trp Tyr Lys Ser Ala Pro Tyr Arg
Ser Arg Ser Val 20 145 150 155 160 lle Asp Pro Arg Gly Val Leu Gly Glu
Phe Gly Leu Glu Leu Pro Glu 165 37P175 25 Gly Val Glu Val Arg Val
Trp Asp Sex Thr Ala Glu Leu Arg Tyr Leu 180 185 190 30 Val Lau Pro

Glu Arg Pro Glu Gly Thr Ala Gin Leu Ser Glu Glu Ala 195 200 205 35
LERT F%%%q_eaﬁt\/aﬁh?gﬁré‘aﬁsggﬁlg Mef T2 &1y %FAqaﬁ_ysi/gfﬁltbqﬂS

Za@u 286 Loy, ProcAla Sie-GlysAla Gl ud) 225 230 ve210pa48ys241> B30
485<212> DNA <213> Whknown <220> <223> Metagenome - alpl8& unit
nltrlle hydratase - M%Kl? 500<220> <%2]t> CI%§ <222> (C) c(639c) <223>
%456% LB GacTad G §ec Tat 6§ Faf ot e %c§Talf §a ey
geal 48 MetPreLdsmase-FisAlakis BiorAspaAs ks AR ks Gis SeRGlu
21/75 1510 15 ttg%ee gag atg gat ate é§g gtg egg gcg etg g ace ate

acc 96 5 Leu Ser Glu Met Asp lle Ar% Val AEg Ala Lou Glu T@r II% Leu
gkt2€F259§6 ctg gge cbe teog atg ocg =ag cat-cac cg gty

val Ala Glu Leu Gly Leu Ser Met Pro Lys His His Arg His Leu Val
100 105 110

gtg ctg gag sac acg ccg age gty cag aac gtoe atc tge tge acyg cag

384

val Leu Glu Asn Thr Pro Ser Val Gln Asn Val Ile Cys Cys Thr Gin
115 : 120 . 128

tge teg tge acy geg tic acg ate ate gga ctg cog coe gac tgg tac

432

Cys Ser Cys Thr Ala Phe Thr Ile Ile Gly Leu Pro Pro Asp Trp Tyr
130 135 140

aag gac ctyg gaa tac cge gog cga ghte gte ogg gag teg ege ace gty
480

.Lys Asp Leu Glu Tyr Arg Ala Arg Val Val Arg Glu Ser Arg Thr Val
145 150 155 160

oty aag gag atg gga cbg gat ctg cct cgg gat ghc gaa att cge gto.

528

Leu Lys @lu Met Gly Leu Asp Leu Pro Arg Asp Val Glu Ile 2rg val
165 170 175

tgg gat acc act geoo gac acg cge tac atg gta ttg cocg gta cag cog

576

Trp Asp Thr Thr Ala Asp Thr Arg Tyr Met Val Leu Pro Val Gln Pro
180 i85 i9%0

cecg gaa acc ate gge tgg coe gag gag aaa ctg gte gac ate gtg acg
624
Pro Glu Thr Ile Gly Trp Pro Glu Glu Lys Leu Val Asp Tle Val Thr

195 200 . 205

cge gac gge atg ate gge ghto gog cgg ghta tag
657 .
Arg Asp Gly Met Ile Gly Val Ala Arg Val

210 218
<210> 40
<21l> 218
<212> PRT

<213> Unknown

<220>
<223> Metagenome - alpha unit nitrile hydratase - M12K24
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gag aag ggc tat gte gat cog gcg-geg etc gee egg ate gte gag gcg 144 10
Glu Lys Gly Tyr Val Asp Pro Ala Ala Leu Asp Arg lle Val Glu Ala 35 40 45
ttc gag acc egg ate ggc ccg cat ate ggc gcc egt ate gtg gca egg 192 15
His Glu Thr Arg lle Gly Pro His lle GI)/ Ala Arg lle Val Ala Arg 50 55 60
get tgg gee gac gee gaa ttc aag eéé éag ctg etc gee gac gcg acc 240 20
Ala Trp Ala Asp Ala Glu Phe Lys Arg Arg Leu Leu Ala Asp Ala Thr 65 70
75 80 gag gcg gcg sat tcg ctg ggt cat gcg age ccg gtc gge age cat ctg
288995 G Ala Ala Asn Set Leu Gly His Ala Ser Pro Val Gly Ser His Leu
830y A5 00 HE-ORG-APL260,030£86:290 £36 201 BICAIC 196 act
336 30 lle Ala Val Glu Asn Thr Pro GIn ThsHis Asn Leu Val Vali€ys Thr
100 105 110 ttg tgc tcg tgt tat ccg tgg gag gtg ctg gga ttg ccg ccg gtc tgg
384 35 Leu Cys Ser Cys Tyr Pro TrpG%Iu?\gal Iﬁu %EI)/l L%u Pro Prk(l) Vﬂ Trp.
198713471 ¥8E tgﬁnaééetegf ﬁe%lﬁeéﬁg%gﬁo ag age 4ty é;tgna?% d&%dc4ag
ggc 432 40 Tyr Lys Ser Ala Ala Tyr Arg Ser Arg Val Val lle Asp Pro Lys
Gly 130 135 140 gtc etc gcc gag ttc ggce ctg ace ctg cca ccg gag acc ggg
afragea8busvabre Fala’ S Phreidly Heu e Rew PE8 PRS Gl THEGlY
lle Arg 148°150 155 160 ate tgg‘l %at tag acc gcc gag acc egg ttt ctg gtg
gtg ccg atg egg 528 50 lle Trp Asp Ser Thr Ala Glu Thr Arg Phe Leu Val
ValPelesArgld 6ed 20d 28 actelccd gl ackegciesgydigJ-agigadgaa
egg effgee gaa etc gte 576%5 Pro Pro Gly Thr A8 Gly Trp Ser Glu Glu
Arg Leu Ala Glu Leu Val 180 185 190 ace egc gac age atg ate ggc act

0gi LG OCGHIG e L60he80:8a0c1y Ala Arg Val Val Ala Lys Ala Trp
65 70 75 80

Val Asp Pro Glu Phe Arg 3la Arg Leu Leu Ala Asp Gly Arg Ala Ala
85 90 95

val ala Glu Leu Gly Leu Ser Met Pro Lys ¥is His Arg Eis Leu Val
100 105 110

val Leu Glu Asn Thr Pro Ser Val Gln Asn Val Ile Cys Cys Thr Gin
115 120 125

Cys Ser Cysg Thr Ala Phe Thr Ile Ile Gly Leu Pro Pro Asp Trp Tvr
136 _ 135 140

Lys Asp Leu Glu Tyr Arg Ala Arg Val val Arg Glu Ser Arg Thr Val
145 150 ' 155 160

Leu Lys Glu Met Gly Leu Asp Leu Pro Arg Asp Val Glu Ile Arg Val
165 170 175

Trp Asp Thr Thr Ala 2sp Thr Arg Tvr Met Val Leu Pro Val Gln Pro
180 ) 185 190

Pro Glu Thr Ile Gly Trp Pro Glu Glu Lys Leu Val Asp Ile Val Thr
185 200 . 205

Lryg Asp Gly Met Ile Gly Val Ala Arg Val
210 - 215

<210> 41



624 22/75 Thr Arg Asp Ser Met lle Gly Thr Gly Leu Ala Gly Ala Pro GIn
Glu 195 200 205 atg gcc tcg geca tga 5 639 Met Ala Ser Ala 210 10
<210> 44 <211>212 <212> PRT <213> Unknown 15 <220> <223>
Metagenome - alpha unit nitrile hydrflt se - M2K17 <400> 44 20 Met Pro
Asp Asp His Ala His Pro Asp Asp His"Ala His Gly Ser Glu 151015 Leu
Ser Gin Met Asp lle Arg Val Arg Ala Lau Glu Thr lle Leu Thr 25 20 25 30
Glu Lys Gly Tyr Val Asp Pro Ala Ala Leu Asp Arg lle Val Glu Ala 35 40 45
38Rhe G#ISThr Arg lle Gly Pro His lle Gly Ala Arg lle Val Ala Arg 50 55
601%’AI3 Ala Asp Ala Glu Phe Lys Arg Arg Leu Leu Ala Asp Ala Thr
65 _ 75 A67GIu Ala Ala Asn Ser Leu Gly His Ala Ser Pro Val Gly Ser
Hizdeu 85 90 95 lle Ala Val Glu Asn Thr Pro Gin Thr His Asn Leu Val Val
Cy&2Fhr ¥&-a0ent0s 118lbka Cyis:SartCy=TrRrrdsp GluMakieu Gly
Lg P}rp Pro Val Trp 115120 125 50 Tyr Lys Ser Ala Ala Tyr Arg Ser Arg
V@ﬁ?@l llgAsp Pro Lys Gly 130 135 140 55 Val Lau Ala Glu Phe Gly Leu
Thgdeu Rrg Pras&iu Thr Gly lle Arg 145 150 155 160 23/75 lle Trp Asp
Se#ZBhr Ala Glu Thr Arg Phe Leu Val Val Pro Met Arg

<400> 41

atg gag acg aca ¢gc coge ggce tte ttg aag asa goo ggg ace goo geo
48 .

Met Glu Thr Thr Arg Arg Gly Phe Leu Lwes Lys Ala Gly Thr Ala aAla
1 5 10 15

ggt geg acg get gea coe gttt gga cbtec goo sag ate get cac teo cag

96

Gly Ala Thr Ala Ala Pro Val Gly Leu Ala Lye Ile Ala His Ser His
20 25 30

gag cac cag gee gttt cct tec gae cte acg cte cgg gte asg teo cte

144 ’

Glu His Gln Ala Val Pro Ser Asp Leu Thr Leu Arg Val Lys Ser Leu
35 40 45

gaa tog ctg oty gte gag zag gght cte gtg gac cgt gag geoc cto gac

182

Glu Ser Leu Leu Val Glu Lys Gly Leu Val Asp Arg Glu Ala Leu Asp
50 55 60

gtg cbte gte gat ace tace gag aac asg ate ggt cocg cga aac gge got
240

Val Leu Val Asp Thr Tyr Glu Asn Lys Ile Gly Pro Arg Asn Gly Ala
65 70 15 B0

cge gte gte gog cgy geg tgg gte gat coco gog tac ama gag cge ctg

288 :

Arg Val Val Ala Arg Ala Trp Val Asp Pro Ala Tyr Lys Glu Arg Leu
' 85 90 g5

ctg maa gac goo acc teg geg atec gec gag cte ggt tac acc gga gee

336 '

Leu Lys asp Ala Thr Ser Ala Ile Ala Glu Leu Gly Tyr Thr Gly Ala
100 105 : 110

cag ggk gag cac atg gtg geg cte gag aat ace coc gog gty cac aac

384

Gln Gly Glu His Met Val Ala Leu Glu Asn Thr Pro Ala Val Hig Asn
115 120 125

cte gte gtt tgc acg cte tge tee tge tat cca tgg cocg gtg cte ggt

432

Lieu Val Val Cys Thr Leu Cys Ser Cys Tyr Pro Trp Pro Val Leu Gly
130 135 - 140
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165 170 175 5 Pro Pro Gly Thr Ala Gly Trp Ser Glu Glu Arg Leu Ala Glu
Leu Val 180 185 190 Thr Arg Asp Ser Met lle Gly Thr Gly Leu Ala Gly Ala
Pro Gin Glu 10 195 200 205 Met Ala Ser Ala 210 15 <210> 45 <211>
696 <212> DNA 20 <213> Unknown <220> <223> Metagenome - alpha
unit nitrile hydratase - M15aA6 25'25%0> <221> CDS <222> (1)..(696)
<223> 30 <400> 45 atg cgt tcg ccc ggt gag gcc tca gca acg caa cca gcg
ctc att cgg 48 Met Arg Ser Pro Gly Glu Ala Ser Ala Thr Gin Pro Ala Leu

||§2§rg=c=f 599 4%° IFEHCat PRt s et §G8 J§E G dadesy EEoTige

aga adg fat, 96, lsak HisAsh Areslaely Gly Yal Atg Ser LalA Gl 1 ys
AfgsSer 20 25 30 40 cakegc gec gga tcg cat txd cgg ggc get cgc gaa gee

gtc gcc aca 144 His Arg Ala Gly Ser His Pro Arg Gly Ala Arg Ala Ser Val
AR THIEBSUHD 295 #94GG Tt gt B tiETa§ el HyFicGeeCYoia.

o8t plggel- 12Ol TR BneNaL o Rhe.SeLARAD e Al A1g 1S Ol
lle Ala 50 55 60 50430t ccg gcc gag ate gee gag cgg ate gcc gtgrgcc gat

cgc gcatea 240
ggg gte gag gbg cge ghte tgg gac teg acg geg gag cte cgg tat cte
576 ’
Gly val Glu Val Arg Val Trp Asp Ser Thr Ala Glu Leu Arg Tyr Leu
180 185 190

gtt tty cocg gag cgg coc gaa ggc acg gog caa ctg age gaa gaa geg

624

val Lieu Pro Glu Arg Pro Glu Gly Thr Ala Gln Leu Ser Glu Glu Ala
195 . 200 205

cte gog gat cte ghte ace cgg gat geo atg ate gge gte geg asa gte
672
Leu Ala Asp Leu Val Thr Arg Asp Ala Met Ile Gly val Ala Lys Val

210 215 220
tog ttg cce gog gge ggc goece gaa tga
699
Ser Leu Pro Ala Gly Gly Ala Glu_
225 230
<210> 42
<211> 232
«<212» PRT

<213> Unknown

<220>
<223> Metagenome - alpha unilt nitrile hydratase - M29M24

<400> 42
Mer Glu Thr Thr Arg aArg Gly Phe Leu Lys Lys Ala Gly Thr Ala 2la
1 5 i0 15

Gly Ala Thr Ala Ala Pro Val Gly Leu Ala Lys Ile Ala His Ser His
20 25 30

Glu Hisg Gln Ala Val Pro Ser Asp Leu Thr Leu Arg Val Lys Ser Leu
35 - 40 45

Glu Ser Leu Leu Val Glu Lys Gly Leu Val Asp Arg Glu ala Leu Asp
50 55 50

val Leu Val Asp Thr Tvr Glu Asn lys Ile Gly Pro Arg Asn Gly Ala
65 70 75 80
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Pro Pro Ala Glu lle Ala Glu Arg lle Ala Val Thr Asp Arg Ala Ser 65 70 75
80 55 ccg gca atg ggc get cgce atg gtc gcc aag gec tgg acc gat ccc gec
288 Pro Ala Met Gly Ala Arg Met Val Ala Lys Ala Trp Thr Asp Pro Ala 85
90 95 24/75 ttc cgc acc ctg etc tt g?%Sac gga acc cgc gcg gcg gaa tcg
etc 336 Phe Arg Thr Leu Leu Leu Asp Gly Thr Arg Ala Ala Glu Ser
Leu 5100 105 110 gge atc atg atg cgc ggc gcc ccg cct etc ggt gtg ctg
gag eat acg 384 Gly lle Met Met Arg Gly Ala Pro Pro Lau Gly Val Leu Glu
Asn Thr 10 115 120 125 ccc gag att cat cac etc gtc gtt tgc aeg etg tgc
agktgtiac 6eg :432:Pe0 Gl HeHis HissherrYalMar@y s Fhrdiaucysrasr
Cys Tyr Pro 15 1365135 140 cgc gcg gtgastg ggc tat ccg ccg ttcagg ttc
aaa tcc gecc gec tac 480 Arg Ala Val Lau Gly Tyr Pro Pro Phe Trp Phe Lys
Serflaala Jy 120735430 495 460 A69%:962:60t G50 G CHL-086,C6YLUC
got ctg ate gccigaa tgg ggc 528 Arg Ada Arg Ala Val Arg AspdPro Arg Gly
Lau lle Ala Glu Trp Gly 25 165 170 175 acc atg ctg ccc gac gat gte cgc

cgag ac a tacg gee 576 Thr Met Leu Pro As Val Ar

?\rﬁl\‘?%% ?ﬁ g,&I—%\ f0 188 180 Gac iy cgc 9 atg ot
ctg ccg gtg cgg ccg gcc ggc act gcg ggc 624 Asp Tyr Arg Trp Met Val Leu
Pro Val Arg Pro Ala Gly Thr Ala Gly 35 195 200 205 tgg gat gag gag cgc

cteegc¥ajc At Cyta Tye bah G §at dralr 6 7 TIFRAS GG ReAr§eu

Ala AlZ3fe Val Arg Glu Gly ASS Met lle 40 210 215420 ggg gtg acc atc
cot Cgt ctt taa

Lieu Pro Pro Val Trp Tvr Lyvs Ser Ala Pro Tyr Arg Ser Arg Ser Val
145 150 155 160

Ile Asp Pro Arg Gly Val Leu Gly Glu Phe Gly Leu Glu Leu Pro Glu
165 170 175

Gly Val Glu Val Arg Val Trp Asp Ser Thr Ala Glu Leu Arg Tyr Leu
180 . 185 190

Val Leu Pro Glu'Arg Pro Glu Gly Thr Ala Gln Leu Ser Glu Glu Ala
185 200 205

Leu Ala Asp Leu Val Thr Arg Asp Ala Met Ile Gly val Ala Lys Val
210 215 220

Ser Leu Pro Ala Gly Gly Ala Glu
225 230

<210> 43
<211> 6389
<212> DNA
<213> Unknown

<220>

<223> Metagenome - alpha unit nitrile hydratase - M2K17
<220>

<221> CDS

<222> {(1)..(639)})

<223>

<400> 43

atg cct gae gac cat gcoo cat ceg gat gat cat geg cat gge teg gaa
48
Met Pro Asp Asp His Ala His Pro Asp Asp His Ala His Gly Ser Glu



696 Gly Val Thr lle Pro Arg Lau 45 225 230 <210> 46 <211>231 50

<212> PRT <213> Unknown <220> <223> Metagenome - alpha unit

nitrile hydratase - M15aA6 55 <400> 46 Met Arg Ser Pro Gly Glu Ala Ser

Ala Thr GIn Pro Ala Leu lle Arg 1A§ j/ 15 25/75 Leu His Asp Arg Ala Gly
r

Gly Val Arg Her Lau Arg Gly Lys 1g er 20 25 30 5 His Arg Ala Gly Her

His Pro Arg Gly Ala Arg Ala Ser Val Ala Thr 35 40 45 10 Gly Trp Phe Val
Pro Phe Ser Ala Ar% Leu Ala Arg Lys Gly lle Ala 50 55 60 15 Pro Pro Ala
Glu Ile Ala Glu Arg Rle Ala Val Thr Asp ArgAla Ser 65 70 75 80 Pro Ala

Met G Alg-AraMetiiabidadas Ala Toa HobAsiy RFAlac20:85.80 R
Ple Arg Thr Leu Leu Leu Glu Asp Gly Thr Arg Ala Ala Glu Ser Leu 100

1054 f@rzglelgene et Metiig Gy Ak PropPreuL LGy aleeteG|Bhasn
Thr 115 120 138 30 Pro Glu lle His s Leu Val Val Cys THP Lau Cys Ser

CYgTUEE T8:cl 301l 30l 40 32-0rgcfaMALkeUSAY by Pre Be RAg by
Phe4lys Her Ala Ala Tyr 145 150 155 160 Arg Ala Arg Ala Val Arg Asp

PRV SI§lvelvite Yaih BB Tro Ghr 202 659 2601 PST AL MERLELPBLIASP
Asp Val Arg'Val Arg Val Val Asp Ser Thr Ala 180 185 $30 45

ttc gag acc agg atc gge ccg cat ate gge goe cgt ate gbg gea ooy

192

Phe Glu Thr Arg Ile Gly Prc His Ile Gly Ala Arg Ile Val Ala Arg
50 5B 60

get tgg goc gac goec gaa tbto saag cgg cgg cbg cto gee gac geg acc
240

Ala Trp Ala Asp Ala Glu Phe Lys Arg Arg Leu Leu Ala Asp Ala Thr
65 70 75 80

gag gog gog aat teg oty ggt cat gog age ccg gte gge age cat ctg

288

Glu 2la Ala zsn Ser Leu Gly His Ala Ser Pro Val Gly Ser His Leu
85 80 a5

atc gog gtc gag aac acg ccg cag acc cac aac cte gte gte tge act

338

Ile aAla Val Glu Asn Thy Pro Gin Thr His Asn Leu Val Val Cys Thr
100 105 110

ttg tge tog tgt tat ceg tog gag gtg ctg gga ttg cocg cog gte tgg

384

Leu Cys Ser Cys Tvr Pro Trp Glu Val Leu Gly Leu Pro Pro Vval Trp
115 120 - 1256

tac aaa toc got goe tae cge tog oge gtg gtg ate gae ccc aag ggo

£32

Tvr Lys Ser Ala Ala Tyr Arg Ser Arg Val Val Ile Asp Pro Lys Gly
130 135 140

gtc cte gee gag tte gge ctg ace cotg cca cog gag acc ggg atc cgo
480 _
val Leu Ala Glu Phe Gly Leu Thr Leu Pro Pro Glu Thr Gly Ile Arg
145 150 155 160

atc tgy gat teg acce gee gag ace cgg bttt ctg gtg gtg ccg atg cgg

528

Ile Trp Asp Ser Thr Ala Glu Thr Arg Phe Leu Val Val Pro Met Arg
165 170 175

coc CoC gue Acc goa gyc tgy age gag gaa ogg ctc gee gaa cte gte

576 .

Pro Pro Gly Thr Ala Gly Trp Ser Glu Glu arg Leu ala Glu Leu Val
180 185 180 :

acc cgec gac age atg ate gge act ggt ctyg gce ggg geg ccg cag gag
624 :
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Asp Tyr Arg Trp Net Val Leu Pro Val Arg Pro Ala Gly Thr Ala Gly 195 200
205 50 Trp Asp Glu Glu Arg Leu Ala Ala lle Val Arg Glu Gly Asp Met lle
210 215 220 55 Gly Val Thr lle Pro Arg Leu 225 230 <210> 47 26/75
<211> 576 <212> DNA <213> U(%??ggvn 5 <220> <223> Metagenome -
alpha unit nitrile hydratase - M23 <220><221> CDS 10 <222>

- (1)..(576) <223> <400> 47 atg cag ttg cgc gtg cgg gcg ctg gaa acc gtt cta

066038 ARG 0GE1 BAS Ietdpin han durg Mal Arg: Adayl auGherd iy alikau
Ala Gin Lyse&ly 15 10 15 tat c&#gat ccc gcc geg ctt gftsgeg atg atc gaa
gcc tac gag acg 20 96 Tyr Lou Asp Pro Ala Ala Lau Asp Ala Met lle Glu
Aﬁgrﬁcélﬁc?h?ciot% 30 cgg att ggg ccg cat aac ggc gcg cge gtc gtc gec
agg-0scdaeL10@1 25 144 Arg lle Gly Pro His Asn Gly Ala Arg Val Val Ala
Lys Aledrp Ser 35 40 45 gac gcc gca ttc aag cgs gcg ctg gtc gag gat
gcg acc aag gcc gtg 30 192 Asp Ala Ala Phe Lys Arg Ala Lau Val Glu Asp
AI&lTJlr LX? Ala Val 50 55 60 cag tcg ttc ggc gtg gtc eat cgo gtc ggc gat
cag-Gtg atg gcg gtc 35 240 Gin Ser Phe Gly Val Val Asn Arg Val Gly Asp
Hiaimu IkrAla Val 65 70 75 80 gag aac acg ccc acg ctg cac aac atc atc
gt§ e adgiegugc too 40 288

<220
<223> Metagenome - alpha unit nitrile hydratase - M2K17

<400> 44
Met Pro Asp Asp Hie Ala His Pro Asp Asp His Ala His Gly Ser Glu
1 5 : 10 _ 15

Leu Ser Glu Met Asp Ile Arg Val Arg Ala Leu Glu Thr ILle Leu Thr
20 25 30

Glu Lys Gly Tyr Val Asp Pro Ala Ala Leu Asp Arg Ile Val Glu Ala
35 40 45

Phe Glu Thr Arg Tle Gly Pro His Ile Gly Ala Arg Ile Val Ala Arg
50 55 60

Ala Trp Ala Asp Ala Glﬁ Phe Lys Arg Arg Leu Leu Ala Asp Ala Thr
65 70 75 80

¢lu Ala Ala Asn Ser Leuw Gly His Ala Ser Pro Val Gly Ser His Leu
85 o0 95

Tle ala Val Glu Asn Thr Pro Gln Thr His Asn Leu Val Val Cys Thr
100 105 | 110

Leu Cys Ser Cys Tyr Pro Trp Glu Val Leu Gly Lieu Pro Pro Val Trp
115 120 125

Tyr Lys Ser Ala Ala Tyr Arg Ser Arg Val Val Ile Asp Pro Lys Gly
130 135 140 .

val Leu Ala Glu Phe Gly Leu Thr Leu Pro Pro Glu Thr Gly Ile Arg
145 150 155 180
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Glu Asn Thr Pro Thr Leu His Asn lle lle Val Cys Thr Leu Cys Ser 85 90
95 tgc tat cog tgg gaa gtg ctc ggc ctg cog ccg gtc tgg tac aaa tcg 45 336
Cys Tyr Pro Trp Glu Val Lau Gly Leu Pro Pro Val Trp Tyr Lys Ser 100
105 110 gcg ccc tac cgc tog cgc %%? tC aac gac cog cgc ggg gta ctc gcc
50 384 Ala Pro Tyr Arg SerArg Ala Val Asn Asp Pro Arg Gly Val Leu Ala
115 120 125 gat ttc ggc ctg aag ctg geg ccg gat atg caa atc cgt gtc tgg
0% S24P2LPRENBE ML WY TP YA RIOBIPNPLRINIS A VR TP
Asp 13 140 24/d¥5 tcg acc gcc gagaey cgc ttc atc gtg ttg foe) atg
€go ccg gcc gga 480 Ser Thr Ala Glu Thr Arg Phe lle Val Leu Pro Met

P% ro Ala GI% 145 150 155 160 5 acc %Igct g a gaa gaa aag etc
gee &G Lt %f‘%ﬁc%ﬁt §§8S‘?ﬁr §p D Set LI§)°§"L Ala
Ala Leu Val Thr Arg Asp 165 170 175 10 tgc atg atc ggc acc ggc tta ccc
aag caa ccc aac gag gtc acg taa 576 Cys Met lle Gly Thr Gly Leu Pro Lys
GIPRF AT RPV AeFh A1 888 Y851 0Bl Y D 333 43y <Hie) $rro Fla dln
PRT 20 <23> Unknown <220>2%523> Metagenomez-oaﬁpha'unit nitrile
hydratase - M23dA12 25 <400> 48 Met Gin Leu Arg Val Arg Ala Lau Glu
THet/allkeseAlaXalu Lys Gly 15 10 15 30 Tyr Leu Asp Pro Ala Ala Leu
Asp AfdMet lle Glu Ala Tyr Glu Thr

<210> 45
<21l> 696
<212> DNA
<213> TUnknown

<220>

«223> Metagencme - alpha unit nitrile hydratase - M1Bané
<220>

<221> DS

<222> (1)..1{6896)

<2Z23>

<400> 45

atg cgt teg ceoe ggt gag gee tca geoa acg caa cca geg cte ath ooy
48

Met Arg Ser Pro Gly Glu Ala Ser Ala Thr Gln Pro Ala Leu Ile Arg
1 5 10 15

ctyg cat gat cga gct ggo gge ¢ttt cga teca ttg cge gge aaa agg tot

36 : .

Leu His Asp Arg Ala Gly Gly Val Arg Ser Leu Arg Gly Lys Arg Ser
20 ) 25 30

cat cge gee gga tog cat coct cgg goe get cge geca teg gha goc aca

144 .

His Arg Ala Gly Ser His Pro Arg Gly Ala Arg Ala Ser Val Ala Thr
35 40 45

gog tgg tto gtt cog tte teg gec agg cte goc cgg aaa gge ate gob
. 132 :
Gly Trp Phe Val Pro Phe Ser Ala Arg Leu Ala Arg Lys Gly Ile Ala
50 55 60

cct ceg gee gag ate gec gag cgg ate gee gte ace gat cge gea tea
240 :

Pro Pro Ala Glu Ile Ala Glu Arg Ile Ala Val Thr Asp Arg Ala Ser
65 70 75 80

cog gea abg goc get cge atg ghte gee aag ges tgg acc gat ceo geo

288

Pro Ala Met Gly Ala Arg Met Val Ala ILys Ala Trp Thr Asp FPro Ala
85 90 a5



20 25 30 35 Arg lle Gly Pro His Asn Gly Ala Arg Val Val Ala Lys Ala Trp
Ser 3540 45 Asp Ala Ala Phe Lys Arg Ala Leu Val Glu Asp Ala Thr Lys
Ala Val 40 50 55 60 GIn Ser Phe Gly Val Val Asn Arg Val Gly Asp His
Leu lle Ala Val 65 70 75 80 45 Gé%@@n Thr Pro Thr Leu His Asn lle lle
Val Cys Thr Len Cys Ser 8590 9 Cys Tyr Pro Trp Glu Val Leu Gly
Leu Pro Pro Val Trp Tyr Lys Ser 100 105 110 55 Ala Pro Tyr Arg Ser Arg
Ala Val Asn Asp Pro Arg Gly Val Len Ala 115 120 125 Asp Phe Gly Leu
LytstLecl:J AI% Procﬁsp Meé GIn lle Aa[g Val Trg Asp 28/75 130 135 140 Ser
THERISEIF Thiafg Phe i FaT LT P MECATE PRSARCE 1925 195 £56
1594 6RgThEASEGLEd pe9a:6 b ldlyshanAla AR Ley ¥al Tt Arg,
Asp 165 170 128010 Cys Met lle GlyIbsr Gly Leu Pro LysGinéro Asn Glu
- Val Thr_180 185 190 15 <210>49 <211> 624 <212> DNA <213>
UgRRowS 20739052 T FiG1SGRABIhe T GISRE i IRy Ratagse
MéDpR9e R20MR53280yGRSs 522 P2d De(634) 722325400749 30.A10
agc gag cadgat tcc ggc gaa agcieat cac cat cog cag caaxta 48 Met Ser
Glu His Asgéer Gly Glu Ser His His His Pro GIn Pro Leu

cco gag ecat cac cte gte gtt tge acg otg tge agt tgt tac ccg
432 '

Pro Glu Ile His His Leu Val Val Cys Thr Leu Cys Ser Cys Tyr Pro
130 135 140 _

cge gog gbg ctg gge tat ceog ceg tte tgg tte ama tcco gee gec tac
480

Lrg Ala Val Leu Gly Tyr Pro Pro Phe Trp Phe Lys Ser Ala Ala Tyr
145 150 155 160

cgg gca cgt geg gtg cge gac cog cge ggt ctg ate goo gaa tgg ggo

528

Arg Ala Arg Ala Val Arg Asp Pro Arg Gly Leu Ile Ala Glu Trp Gly
165 170 175

acc atg ctyg coe gae gat gte cge gty cga oty gtg gac agt acy gec

576

Thr Met Leu Pro Asp Asp Val Arg Val Arg Val Val Asp Ser Thr aAla
180 185 180

gac tat cge tgg atg gtt ctg ceog gtg ogy ceyg goo goe act gog oge

624

Agp Tyr Arg Trp Met Val Leu Pro Val Arg Pro Ala Gly Thr Ala Gly
185 200 205

tgg gat gag gag cge ctc gee gea ate gta cge gas gge gat atg ate

672 '

Trp Asp Glu Glu Arg Leu Ala 2la Ile Val Arg Glu Gly Asp Met Tle
210 : 215 220

gog gtg ace ate ¢ct cgt ctt taa
696

Gly vVal Thr Ile Pro Arg Leu

225 230

<210> 46
<211> 231
<212> PRT
<213> tnknown

<220>
<223> Metagencme - alpha unit nitrile hydratase - Ml5aa6

<400> 46

Met Arg Ser Pro Gly Glu Ala Ser Ala Thr Gln Pro Ala Leu Ile Arg
1 5 10, 5



10

15

20

25

30

35

40

45

50

55

151015 35tog cag gag gca ttg ego gcg aag geg ate gaa tag etg etg gte
gaa 96 Ser GIn Ala Ala Leu Arg Ala Lys Ala lle Glu Ser Lau Leu Val Glu
20 25 30 40 aag ggg ctg ate gcg acc gac gtg ate gat cgc gtg gta gca acg
tac 144 Lys Gly Lau lle Ala Thr Asp Val lle Asp Arg Val Val Ala Thr Tyr
3540 45 45 gag aaa gaa gtc ggg ccg etc aac ggc get aaa gtc gtc gcg cgg
gcc 192 Glu Lys Glu Val Gly Pro Leu Asn Gly Ala Lys Val Val Ala Arg Ala
50 55 60 50 tgg acc gat cog gag tac cgc cgc aga ctg ate aag aac ggc acg
gag 240 Trp Thr Asp Pro Glu Tyr Arg Arg Arg Lau Leu Lys Asn Gly Thr
Ala, 68 7045 86y 5B gcy attyecagiety Hga tewggeagglitgragggsegaa
cac atg atg 288 Ala lle Ala Glu Leu &ly Phe Gly Gly Leu GiA Gly Glu His
Met Met 85 90 95 29/75 gtc gtg gaa aac acg ccg tcc gta cat aac gtg atc
tgh 1060 G Hlac336:MakYal Gl Asp iy Ria 366 iakHisAsnVahledkys
Cys ThrLess 100 105 110 5 tgatca tgc tat cog tgg cogsgtc ctg gga ctt ccg
cog ago tggtac 384 Cys Ser Cys Tyr Pro Trp Pro Val Lau Gly Leu Pro Pro
SerTrp Tyr 1151201 sag tog.c g { ga atc.gto,Gcac
gcgld’ e c)é%eggglgt%crﬁgﬁ "T_])g%’é%e% e%ri% 8yr1§%g%%l%rc%rgg ﬁ?v%?%%%m
Pro Arg Ala Val 130 135 140 15 ctc ggc gaa ttc ggc ctc gaa ttg ccc gaa

acg gtg gaa gtc cgc gta 480 Leu Gly Glu The Gly Leu Glu Leu Pro Glu

@gov%ﬁrq;h}%ﬂm&l\?aﬁf4§lfsérf‘5§feéla yal'shr hsp Arg Ala Ser

Pro Ala Met Gly Ala Arg Met Val Ala Lys Ala Trp Thr Asp Pro Ala
85 90 25

Phe Arg Thr Leu Leu Leu Glu Asp Gly Thr Arg aAla Ala Glu Ser Leu
100 108 110

Gly Ile Met Met Arg Gly Ala Pro Pro Leu Gly val Leu Glu Asn Thr
1158 120 128

Pro Glu Ile His His Leu Val Val Cys Thr Leu Cys Ser Cys Tyr Pro
130 135 140

Arg Ala Val Leu Gly Tyr Pro Pro Phe Trp Phe Lys Ser Ala Ala Tyr
145 150 158 160

Arg Ala Arg Ala Val Arg Asp Pro Arg Gly Leu Ile Ala Glu Trp Gly
165 170 175

Thr Met Leu Pro Asp Asp Val Arg Val Arg Val Val Asp Ser Thr Ala
180 i85 1990

Asp Tyr Arg Trp Met Val Leu Pro Val Arg Pro Ala Gly Thr Ala Gly
195 200 205

Trp Asp Glu Glu Arg Leu Ala Ala Ile Val Arg Glu Gly Asp Met Ile
210 215 220

Gly Val Thr Ile Pro Arg Leu
225 230

<210> 47
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20 tgg gat ago agt get gag atg cgc tat ctc gtg ttg cog gag cgt cca 528 Trp
Asp Ser Ser Ala Glu Met Arg Tyr Leu Val Leu Pro Glu Arg Pro 165 170
175 25 gcg gga acg acg gag ttg agc gaa gcg gaa ttg got tca ttg ate acg
576 Ala Gly Thr Thr Glu Leu Ser %B{;fga Glu Leu Ala Ser Leu lle Thr 180
185 190 30 cgc gat gcc ttg atc ggc gtg gcg aaa gtc gcg gcg cca agce cgce
tag 624 Arg Asp Ala Leu lle Gly Val Ala Lys Val Ala Ala Pro Ser Arg 195
29 §5 %@1% 50 <211> 207 <212> PRT 40 <213> Unknown

<2 <@2d3> Metagenome - alpha unit nitrile hydratase - M49bD9 45
<49 SAiteter Glu His Asp Ser Gly Glu Ser His His His Pro GIn Pro
Leu 151015 50 Ser GIn Ala Ala Leu Arg Ala Lys Ala lle Glu Ser Leu

LéteVal Glu 20 25 30 S Ala Thr Asp Va Arg Val
i 300 Bhes Sl aule AR oo Yol fop Ao
Vatdal Ala Arg Ala 30/75 50 55 60 Trp Thr Asp Pro Glu Tyr Arg Arg Arg
LeglLleu ED8 Asn Gly Thr Ala 565 70 75 80 Ala lle Ala Glu Leu Gly Phe
Gy Xly LEU GIPElY Glu His Met Met 85 90 95 10 Val Val Glu Asn Thr
Pro Ser Val His Asn Val lle Cys Cys Thr Lau 100 105 110 15

<400> 47

atg cag ttg cgec gtg cgg gcg ctyg gaa ace gbt cta goo gaa asag ggb
48

Met Gln Leu Arg Val Arg Ala Leu Glu Thr Val Leu Ala Glu Lys Gly
1 5 . i0 i5

tat cte gat cce gee geg ctb gat gog atg atic gaa gee tac gag acg

96 .

Tyr Leu Asp Pro Ala Ala Leu Asp Ala Met Ile Glu Ala Tyr Glu Thr
20 25 30

cgg att ggg ccg cat aac gge geg oge gho gto geoc aag goee tgg tee

144

Arg Ile Gly Pro His Asp Gly Ala Arg Val Val Ala Lys Ala Trp Ser
35 . 40 45

gac goe gea tbte aag cga gog cbtg gbte gag gat geg acce aag goo gtg -

192

asp Ala ala Fhe Lys Arg Ala Leu Val Glu Asp Ala Thr Lys Ala Vval
50 55 60

cag tog tte ggc gtg gte aat cge ghte gge gat cac ctg atc geg gte
240 _

Gln Ser Phe Gly val Val Asn Arg Val Gly Asp His Leu Ile Ala Val
65 70 75 80

gag aac acg cce acgg chg cac aac atc atc gtg tge acg ttg tge tee

288

Glu Asn Thr Pro Thr Leu His Asn Ile Ile Val Cys Thr Leu Cys Ser
85 90 95

tge tab ccg tgg gaa gtg ctc gge ctg ceg ceg gto tgg_tac aaa tcg

336

Cys Tyr Pro Trp Glu Val Leu Gly Leu Pro Pro Val Trp Tyr Lys Ser
160 . 105 110

gog oo tac cge teg cge geg gte aac gac ccg cge goyg gta ctc geo

384 :

Ala Pro Tyr Arg Ser Arg Ala Val Asn Asp Pro Arg Gly Val Leu Ala
115 120 125

gat tte gge cty aag ctg geg ceg gat atg caa ate cgt gte tgg gat

432 .

Bsp Phe Gly Leu Lys Leu Ala Pro Asp Met Gin Ile Arg Val Trp Asp
130 135 140
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Cys Ser Cys Tyr Pro Trp Pro Val Leu Gly Leu Pro Pro Ser Trp Tyr 115
120 125 20 Lys Ser Leu Ala Tyr Arg Ser Arg lle Val Arg Glu Pro Arg Ala
Val 130 135 140 Leu Gly Glu Phe Gly Leu Glu Leu Pro Glu Thr Val Glu
Val Arg Val 25 145 150 155 160 Tr70 sp Ser Ser Ala Glu Met Arg Tyr Leu
Val Leu Pro Gin Arg Pro 165 17021'f 30 Ala Gly Thr Thr Glu Leu Ser
Glu Ala Glu Leu Ala Ser Leu lle Thr. 180 185 190 35 Arg Asp Ala Leu lle
Gly Val Ala Lys Val Ala Ala Pro Sg:-r Ar% 195 200 205 40 <210> 51 <211>
6@9%%@"5 NRE ZFE3 ST nkHoWhR- 45 % 758>F9 3P\ GEToRTE SHbha
uidhitklle Mdratasen-MegEmR<220vsR22ta GRS $22224d )21 {660)
<228> <400> 51 atg agtsa&ac cca cgc cgt cgaljdis cgg tug gcc cca cegogat
gcg cga 55 48 Met Ser Asn Pro Ar Ai\_’rcg Arg Gin Arg Ser Ala Pro Pro Asp
AR TGS 28776 0 B G TR TR (67 B85
09R.L16:018:1508-9R % 26cMA divs Ala Lev Ala GineAlad €a1Sent ys-SIREly
Leu Val Pro Glu 2Q&5 30 5 ggg ttc etc gao cag gtc ggt tot cac e gecg
gag g(éig tgg agc ccg 144 Gly Phe Lau Asg GIn Val Gly Ser His Ala Ala
GIY AR 1p"8e79516°85%40 45218708 Eal GoEGed¥aT et §58 &68

069d0ee01g1986EGCHR0d8E neu Pro Lys Gln Pro Asn Glu Val Thr
180 i85 180

<210> 48
<211> 191
<2i2> PRT
<213> Unknown

<220> :
<223> Metagenome - alpha unit nitrile hydratase - M23d4al2

<&00> 48
Met Glm Leu Arg Val Arg Ala Leu Glu Thr Val Leu Ala Glu Lys Gly
1 5 10 15

Tyr Leu Asp Pro Ala Ala Leu Asp Ala Met Ile Glu aAla Tyr Glu Thr
20 25 30

Arg Tle Gly Pro His Asn Gly Ala Arg Val Vval Ala Lys Ala Trp Ser
35 40 : 45

Asp Ala Ala Phe Lys Arg Ala Leu Val Glu Asp Ala Thr Lys Ala Val
50 55 60

Gln Ser Phe Gly Val Val Asn Arg Val'Gly Asp His Leu Tle Ala Val
65 70 75 80

@lu Asn Thr Pro Thr Leu His Asn Ile Ile Val Cys Thr Leu Cygs Ser
: 85 90 95

Cys Tyr Pro Trp Glu Val Leu Gly Leu Pro Pro Val Trp Tyr Lys Ser
100 105 : 110

Ala Pro Tyr Arg Ser Arg Ala Val Asn Asp Pro Arg Gly Val Leu 2la
115 120 1258

2Asp Phe Gly Leu Lys Leu Ala Pro Asp Met Gln Ile Arg Val Trp Asp
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192 Arg Asn Gly Ala Arg Val Val Ala Arg Ala Trp Val Asp Pro Glu Tyr 50
55 60 15 cgg acg ago ttg etc gee gac ggc acc gcc gcg tge gec geg etc
ggc 240 Arg Thr Arg Leu Leu Ala Asp Gly Thr Ala Ala Cys Ala Ala Leu
Gly 6570 7580 20 tac gcg gga £2ag gga gag tac ate gtg gta etc gaa
gac acg ctg 288 Tyr Ala Gly Pro GIn Gly Glu Tyr lle Val Val Lau Glu Asp
Thr Leu 85 90 95 25 gcc gtt cac aac gtg ate gtg tgt acg caa tgc tog tgt
act gcg-tgg 336 Ala Val His Agn Val lle Val Cys Thy&In Cys Ser Cys Thr
Ala Trp 100 105 110 30 ccc gtg ctg ggg ctg cog ccc gat tgg tac aag agt
cog gag tat ego 384 Pro Val LeuGly Leu Pro Pro Asp Trp Tyr Lys Ser Pro
Cfeg yiarg 1 5123 AgosBaged ke oio’st {gp §ah de da i g
c aa atg ggc etc 432°R1a Arg Val Val Arg Gin Pro Arg Arg Val Lau ﬁxrg
Glu Met Gly Leu 130 135 140 40 gag eta too gag ago gtg acg ate ego
giThigggatcaggrant oy gha HUB0IFM Leu Ser Gla Ser Wal THm |l eArdyal
Trp Asp Thr Thr Ald%lu 145 150 155 166785 acg cgc ttc ctg gfy’étg cog
ett cgg ccg gcg gga acc gaa ggg tgg 528 Thr Arg Phe Leu Val Lau Pro
LeyAaPro AlaiGlynkheGiualy fp 1168568 4056580 age 9sg gag cag
etc gcg tog etci®T acg cgc gag gcg atgsatc ggc 576 190

210> 49
<211> 624
<212> DNA
<213> Unknown

<220> .
<223> Metmgenome =~ alpha unit nitrile hydratase - M49bD9
<220>
<221> (DS
<222> {1}..{624)
<223>
C <400> 48

atg age gag cac gat tce ggo gaa age cat cac cakt ccg cag cca cta
48 .

Met Ser Glu His Asp Ser Gly Glu Ser His His His Pro Gin Pro Leu
1 5 10 i5

tog cag gog gea thtyg cge gog aag gog atce gaam teg ctg cotg gt gaa
96 :
Ser @ln Ala Ala Leu Arg Ala Lys 3la Ile Glu Ser Leu Leu Val Glu
20 25 30

aag ggg oty atc geg acc gac gtg ate gat cge gtg gta geoa acg tag

144

1ys Gly Leu Ile Ala Thr Asp Val Ile Aep Arg Val Vval Ala Thr Tyr
35 40 45

gay aaa gaa gtc ggg ccg cte aac gge goet aaa gtoe gte geg cgy goc

192

@lu Lys Glu Val Gly Pro Leu Asn Gly 2la Iys Val Val Ala Arg Ala
50 55 60

tgg acc gat cog gag tac cgc cge aga ctg cte aag aac ggc acg gcg
240

Trp Thr Asp Pro Glu Tyr Arg Arg Arg Leu Leu Lys Zsn Gly Thr Ala
65 70 75 80

gog att gee gag cby gga the gge gge tbtyg cag gge gaa cac aty atg

288

2la Ile Ala Glu Leu Gly Phe Gly Gly Leu Gln Gly Glu His Met Met
a5 80 95
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Ser Ala Glu GIn Leu Ala Ser Leu Val Thr Arg Glu Ala Met lle Gly 180 185
190 55 gtg gcg cgg gtc gag gtg gtg tag 600 Val Ala Arg Val Glu Val Val
195 32/75 <210>52 <211> 199 5<212> PRT <213> Unknown <220>
<223> Metagenome - alpha unit n%&)g ydratase - M6dE2 10 <400> 52
Met Ser Asn Pro Arg Arg Arg Glu Arg Ser Ala Pro Pro Asp Ala Arg 15 10
15 15 Ala Lys Ala Leu Ala Glu Ala Len Ser Lys Gin Gly Leu Val Pro Glu
20 25 0 20 G Phe Lau Val Gly Ser His la Ala Gln Ala Trp Ser
%f(??l% cqu %'P A?gArg a \%a?ﬁﬂaﬁat g: p \a/angs%?) Pro
Gﬂ&ﬂy&ﬁ@:ﬁ 86 Arg EroAserl sull etisAlASR G EhrwlapMatys.ala
Ala Lau Giy 3095 70 75 80 Tyr Ala &% Pro GIn Gly Glu T¥9le Val Val
Leu Glu As Thr Leu 85 90 95 35 Ala Val His,Asn Val lle VaI %w Gin
&t C a(fgrrpgglﬁﬁgl@% % 1 g46g5rot\7alzﬁ%u (&glyaﬁeu g?o
AgggTg@rTyyﬁyggﬁ@rrBrorﬁquBymA\rgnéi@ﬁ&éﬂ&%Sy&b dwre) viad \tgk-Arg
Glu Pro Aeg#Arg Val Leu Arg GldMet Gly Leu 130 1351280 Glu Leu Ser

Glu Sgr VaLThrcIIe A[_Lg %: % Thr T r Ala Gin 50 145 JéSOC%SQthO
Tﬁgb\rgﬂbFfegl_gu‘:"\/a‘?l eﬁT el rgtﬁr Ea Eﬁyg‘Fﬁr%m Eﬁ ‘?

Lys Ser Leu Ala Tyr Arg Ser Arg Tle Val Arg Glu Pro Arg Ala val
130 135 140

cte gge geaa tte gge cte gaa ttg ceoe gaa acg gtg gaa gte cge gta
480

Leu Gly Glu Phe Gly Leu Glu Leu Pro Glu Thr Val Glu Val Arg Val
145 i50 . 155 160

tgg gat agc agt get gag atg cge tat cte gtg ttg ceg gay cght ceca

528

Trp Asp Ser Ser Ala Glu Met Arg Tyr Leu Val Leu Pre Glu Arg Pro
185 ‘ 170 175

gog gga acg acg gag ttg age gaa gog gaa ttg get tea ttg ate acg

576

Ala Gly Thr Thr Glu Leu Ser Glu Ala Glu Leu Ala Ser Leu Ile Thr
' 180 185 150

cge gat geo ttg atc gge gty geg aaa gte geg geg cca age cge tag
624 .
Arg Asp Ala Leu Ile Gly Val Ala Lys Val Ala Ala Pro Ser Arg

1585 200 205

<210> 50
<211> 207
<212 PRT
<213> Unknown

<220>
<223> Metagenome - alpha unit nitrile hydratase - M49bDS

<400> 50

Met Ser Glu His Asp Ser Gly Glu Ser His His His Preo Gln Pro Leu
i 5 10 15

Ser Gln Ala Ala Leu Arg Ala Lys Ala Ile Glu Ser Leu Leu Val Glu
20 25 30

Lys Gly Leu Ile Ala Thr Asp Val Ile Asp Arg Val Val ala Thr Tyr
35 40 - 45

Glu Lys Glu Val Gly Pro Leu Asn Gly Ala Lys Val Val Ala Arg Ala
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165 170 175 55 Ser Ala Glu GIn Leu Ala Ser Lau Val Thr Arg Glu Ala Met
lle Gly 180 185 190 33/75 Val Ala Arg Val Glu Val Val 195 5 <210> 53
<211> 645 <212> DNA <213> Unknown 10 <220> <223> Metagenome
- alpha unit nitrile hydratase - M25&]]§5<220> 15 <221> CDS <222>
(2)..(645) <223> <400> 53 20 atg ago ggc acg cat cac cac gac cat gac
cac gat cat gac cat gcc 48 Met Ser Gly Thr His His His Asp His Asp His
Asp "E% Asp HisAla 15 10,15 25 cat ccg ggc gtggot aag gac gag aag
gtc cac ggc tat tac caa ttg 96 His Pro Gly Val Ala Lys Asp Glu Lys Val His
Gly Tyr Tyr GIn Leu 20 25 30 30 ctc ggc ctc gcc atc aaa gag ctg ctg atc
g&soa by dery fRratE He VKA Ao G P It al e 15§ GRELEW LB IR SIu
L§§ Gly val lle Thr 35 48 45 35 gcc gcc gag ?gglg cgc caa gcg atc 938 gcg
cgc gac gcg ato acg ccg 192 Ala Ala Glu Val Arg GIn Ala lle Glu Ala Arg
AspAla dle ThraP01.60 5h60h@1leydbie gge gic aay gityteigcysydigtc
tgg acc gat cog gcac 240 Ser Lau Gly%8ly Lys Val Val Ala ARF Ala Trp
Thr Asp Pro Ala Tyr 65 70 75 80 45 aag gcg cgg ctg atc goo at ccc gcc

ggglg%ftlﬁtgbxgﬁgrﬁfgﬁ%CSer val His Asn Val Ile Cys Cys Thr Leu
100 108 110

Cys Ser Cys Tyr Pro Trp Pro Val Leu Gly Leu Pro Pro Ser Trp Tyr
115 120 125

Lys Ser Leu Ala Tyr Arg Ser Arg Ile Val 2rg Glu Pro Arg Ala Val
130 135 140

Leu Gly Glu Phe Gly Leu Glu Leu Pro Glu Thr vVal Glu Val Arg Val
1458 150 155 160

Trp Asp Ser Ser Ala Glu Met Arg Tyr Leu val Leu Pro Glu Arg Pro
165 170 _ 175

Ala Gly Thr Thr Glu Leu Ser.Glu Ala Glu Leu Ala Ser Leu Ile Thr
180 185 190

Arg Asp Ala Leu Ile Gly Val Ala Lys Val ala Ala Pro Ser Arg
195 200 - 205

<210 51
<211> 600
<212> DNA
<213> Unknown

<220>

<223 Metagenome - alpha unit nitrile hydratase - MedE2
<220>

<221> CDS

<222> (1).. (800} -

<223>

<400> 51

atg age aac cca cge cght cga gaa cgy tog goc ccoa coyg gat geg cga
48

Met Ser Asn Pro Arg Arg Arg Glu Arg Ser Ala Pro Pro Asp Ala Arg
1 5 10 _ 15



288 Lys Ala Arg Leu lle Ala Asp Pro Ala Ala Ala Met Met Glu Met Gly 85

90 95 50 gtc gat ctc ggc ccc acc gga ctc gec atc gecc gag aac acg cog gag
336 Val Asp Leu Gly Pro Thr Gly Leu Ala lle Ala Glu Asn Thr Pro Giu 100
105 110 55 gcg cac aac gtc atc géq tgg acc ctg tgc tcg tgc tat cog cgc gcc
384 Ala His Asn Val lle Val Cys Thr Leu Cys Ser Cys Tyr Pro Arg Ala 115
120 125 34/75 gtg etc ggc ctg cog coo tcc tgg tac aag gac cgc gat tac cgg

108 4380/ AL UL ClychCURIgrQ L LiPaLyr Lats B9 &40 65p 1 Aia
Segg 130 135 140 5 cgc gtg gtg cgc gag ccg cgc gec gtg ctc aag gag ttc
ggC aCygas. a4 8EuARGA/ LY A Ar GBI F PrdRegGata ¥l Leb MVpd Ghe P
Gly Thr Glu 1489150 155 160 10 ttg<tc gac gac gtc gac gte ego gtc cac

93104 ACC.05C4at CIg 528 Lau Bro Asp Asp Y& Asp VabArgVialdlisasp.
Segd hr Ala Asp Leu 165 170 175 15 cgc tat etc gtg ctg ccg atg ego ccg

g grhadegabrggelatyay & 157 6sArg Py ALailal Geu Fro Tet 2y Pre
Ala Gly Th#%Glu Gly Met Ser 180485 190 20 gag geg Hag ctg gec gag

atg Aiq. acq,60¢,gaclae aig Y00060lg, 644Gl AR Gk eb-plasglude

Vab3hr Arg Asp Cys Met lle Gly Val 195 200 205 25 acg gtg ccg aaa gcg

cocrtpasb48 ¥ mvmwgw?lamﬁo azgopla Trp "«6731 Asp Pro Glu Tyr
50 5

cgyg acg cge ttg cte gec gac gge ace gec gog tge goc geg cto ggoe
240 '

Arg Thr Arg Leu Leu Ala Asp Gly Thr Ala Ala Cys Ala Ala Leu Gly
65 70 135 80

tac geg gga cog cag gga gag tac atec gtg gta ctc gaa gac acyg ctg

288 :

Tyr ala Gly Pro Gln Gly Glu Tyr Ile Val Val Leu Glu Asp Thr Leu
85 a0 95

goc gtt cac aac gtg ate gty tgt acg caa tge teg tgt act geg tog

336

Ala Val His Asn Val Ile Val Cys Thr Gln Cys Ser Cys Thr Ala Trp
100 105 110

coc gtg oty goy cotg cog coc gat tgg tac aag agt ceg gag tat cge

384

Pro val Leu Gly Leu Pro Pro Asp Trp Tyr Lys Ser Pro Glu Tyr Arg
115 120 125

goo cge ghe ghbg cgg gag ccg cga ogg gtg ctbt cge gaa atg ggce ctc

432

Ala Arg Val Val Arg Glu Pro Arg Arg Val Leu Arg Glu Met Gly Leu
130 135 140

gag cta tecec gag age gtg acg ate cge gtg tgg gat acg act gog gaa
480 '

Glu Leu Ser Glu Ser Val Thr Ile Arg Val Trp Asp Thr Thr Ala @lu
145 150 155 160

acg cgc tte cty gtg ctg ccg ctbt cgg cog gog gga ace gaz ggg tog

528

Thr Arg Phe Leu Val Leu Pro Leu Arg Pro Ala Gly Thr Glu Gly Trp
165 170 175

age geg gag cag cte geg teg cto gte acg cgc gag gcg atg ate gge

576

Ser Ala Glu Gln Leu Ala Ser Leu Val Thr Arg Glu Ala Met Ile Gly
180 i88 190

gtg goeg cgg gte gag gtg gtg tag
600
val Ala Arg Val Glu val Vval

195



10

15

20

25

30

35

40

45

50

55

30 <210> 54 <211> 214 <212> PRT 35 <213> Unknown <220> <223>
Metagenome - alpha unit nitrile hydratase - M25A18 40 <400> 54 Met
Ser Gly Thr His His His Asp His Asp His Asp His Asp His Ala 1510 15
45 His Pro Gly Val Ala Lys Asp Glu Lys Val His Gly Tyr Tyr GIn Leu 20 25
30 50 Leu Gly Leu Ala lle Lys GIeé(PLeu lle Glu Lys Gly Val lle Thr 35
40 45 Ala Ala Glu Val Arg Gin Ala lle Glu Ala Arg Asp Ala lle Thr Pro 55
50 55 60 Ser Leu Gly Gly Lys Val Val Ala Arg Ala Trp Thr Asp Pro Ala Tyr
65 70 75 80 35/75 Lys Ala Arg Leu lle Ala Asp Pro Ala Ala Ala Met Met
Gluidet Gty 85 90 95 5 Val Asp Leu Gly Pro Thr Gly Leu Ala lle Ala Glu
AstiThr P& Gin 100 105 110 10 Ala His Asn Val lle Val Cys Thr Leu Cys
Séi ¥s THLPro Arg Ala 115 120 125 15 Val Leu Gly Leu Pro Pro Ser
Trp Tyr Lys Asp Arg Asp Tyr Arg Ser 130 135 140 Arg Val Val Arg Glu
Pra2akg Ala Val Leu Lys Glu Phe Gly Thr Glu 20 145 150 155 160 Leu
Pré2Asp Mspaverses) valnly Vel HRiash scpvPhr EaaeASHEEE: 165 170
1%%?}5 Ai‘rg Tyr Leu Val Lau Pro Met Arg Pro Ala Gly Thr Glu Gly Met Ser
180 185 I90 30 Glu Ala Glu Leu Ala Glu lle Val Thr Arg Asp Cys Met lle

GV 3kl 33200 20 g3arf e dabRr ek yssala Pre Pro Pro Asp Ala Arg
1 5 10 15

Ala Lys Ala Leu 2la Glu Ala Leu Ser Lys Gln Gly Leu Val Pro Glu
20 25 30

Gly Phe Leu Asp Gln Val Gly Ser Eis Ala ala Glu Ala Trp Ser Pro
a5 ' 40 45

Arg Asn Gly Ala 2rg Val val Ala Arg Ala Trp Val Asp Pro Glu Tyr
50 55 60

Arg Thr Arg Leu Leu Ala asp Gly Thr Ala Ala Cys Ala Ala Leu Gly
65 70 ‘ 5 80

Tyr Ala Gly Pro Gln Gly Glu Tyr Ile Val Val Leu Glu Asp Thr Leu
B5 B0 95 .

Ala Val His Asn Val Ile Val Cys Thr Gln Cys Ser Cys Thr Ala Trp
100 105 ' 110

Pro Val Leu Gly Leu Pro Pro Asp Trp Tyr Lys Ser Pro Glu Tyr Arg
115 120 125

Ala Arg val val Arg Glu Pro Arg Arg Val Leu Arg Glu Met Gly Leu
130 135 140 '

Glu Leu Ser Glu Ser Val Thr Ile Arg Val Trp Asp Thr Thr Ala Glu
145 150 155 160

Thr Arg Phe Leu Val Leu Pro Leu Arg Pro Ala Gly Thr Glu Gly Trp
1658 170 175

Ser Ala Glu Gln Leu Ala Ser Lieu Val Thr Arg Glu Ala Met Ile Gly
180 i85 180
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210 <210> 55 40 <211> 627 <212> DNA <213> Unknown <220> 45
<223> Metagenome - alpha unit nitrile hydratase <220> <221> CDS
<222> (1)..(627) 50 <223> <400> 55 atg ago ggt cac cat cac gac cac gac
cat gag cac gac aac cac ttc 485 %y; Ser Gly His His His Asp His Asp
His Glu His Asp Asn His Phe 1510 15 acg cog atc gaa gcg cgc gtg sag
gcg ctg gaa tcg ctg ctg gtc gcc 96 36/75 Thr Pro lle Glu Ala Arg Val Lys
Ala Leu Glu Ser Leu Leu Val Ala 20 25 30 aag ggc tat gtc gat ccc gcc geg
elcgatigcgrateratcgac wer tatl 5 144 Lys Gly Tyr Val Asp Pro Ala Ala Leu
Asp Ala llé9ke Asp Thr Tyr 35 40 45 gag acg aag ate ggc ccg cge aac
ggc gec ego gte gte gec aag gec 10 192 Glu Thr Lys lle Gly Pro Arg Asn
Gly.Ala Arg Val Val Ala Lys Ala 50 55 60 tgg acc gat ccg gaa ttc gcg gcg
cggneic agg cag gat ggc agc gee 15 240 Trp Thr Asp Pro Glu Phe Ala Ala
Argl2zeu BY8 GIn Asp Gly Ser Ala 65 70 75 80 gcc gtc gcc gaa etc ggc tat
95909 EBFE ggce gag cat ate gtc 20 288 Ala Val Ala Glu Leu Gly Tyr
GlyfGly Arg Gly Gly Glu His lle Val 8590 95 gcc tgt ttc aat acg ccc gaa

gageeac aac:clghale gicdushacgneic 215:336 Alitysiihe A% Pro Glu
Glu His Asn Leu lle Val Cys Thr Leu 100 105 110

<220>

<221> (DS

<222> {1)..(645)

<Z223>

<400> 53

atg age goc acg cat cac cac gac cat gac cac gat cat gac cabt geoc
48

Met Ser Gly Thr His His His Asp His Asp His Asp His Asp His Ala
1 5 10 15

cat cog gge gbo goc aag gac gag aag gtc cac gge tat tac caa ttg

26

His Pro Giy Val Ala Lys Asp Glu Lys Val His Gly Tyr Tyr Gln Leu
20 25 30

cte gge ctc goe ate ama gag ctg ctg ate gaa asa gge gbc atce acc

144

Leu Gly Leu Ala Ile Lys Glu Leu Leu Ile Glu Lys Gly val Ile Thr
35 40 45

gec goe gag gty cge cas geg atc gag gog cge gac geg ate acg ccg
192

Ala ala Glu Val Arg Gln Ala Ile Glu Ala Arg Asp Ala Ile Thr Pro _
: 50 55 60

reg cke gge gge aag gtg ghbe geg cge goo tgg acc gat ceg gee tac
240

Ser Leu Gly Gly Lys val val Ala Arg Ala Trp Thr Asp Pro Ala Tyr
a5 70 75 80

aag gog cgg cbtg atc goe gat ccc gee geoo goc atg atg gag atg ggoe

288 :

tys Ala Arg Leu Ile Ala Asp Pro Ala Ala Ala Met Met Glu Met Gly
85 948 95

gte gat ctec gge cce ace gga cte gee atc goo gag aac acg ccg gag

336

val Asp Leu Gly Preo Thr Gly Leu Ala Ile Ala Glu Asn Thr Pro Glu
100 105 110

gog cae aac gte ate gte tge acc ctg tge teg tgc tat ccg cge gec

384 .

Ala His Asn Val Ile Val Cys Thr Leu Cys Ser Cys Tyr Pro Arg Ala
1158 120 125
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tge tcg tgc tat ccc tgg ccg gtg etc ggc ctg ccg ccg gtc tgg tac 30 384 Cys
Ser Cys Tyr Pro Trp Pro Val Leu Gly Leu Pro Pro Val Trp Tyr 115 120
125 aaa tee ccg ecc tat cgc tog aaa gcg gtg ate gac ccg cgc ggc gtg 35
432" Lys Ser Pro Pro Tyr Arg Ser 5 Ia Val lle Asp Pro Arg Gly Val 130
135 140 ctg gcc gat ttc ggc gtg acc ¢ g COg gag gga caa agg ate cgc gtc
40 480 Leu Ala Asp Phe Gly Val Thr Lou Pro Glu Gly GIn Arg lle Arg Val
145 150 155 160 t ga"g2 lce ac % éaﬁ ttg att th ate ccc,ct
cﬁgzcog 455 gf‘rp sp Ser aGluT Vallie Pro Leu

AvgIPieuleby 1iéh . b E@ﬁcsaﬁgmgm;ﬂamcﬂgg WWWCW@@CQ
gcg ategtg acg 50 576 Alai3R Thr Glu Gly Trp S&®Glu Glu GIn Leu Ala

Ala lle VaI hr 180 185 190 cg Cd c g c gt tc ag
g@éﬂggg gg-g?cg cgg 85694 Rrg Aspgg%r I%I%’gtglige8 %%/ST % af%
Ala Ehrk AlgadexArg 19830030013 7745 tga 62F 6142@10@ @fy %1@1208
<249> PRT <213> Unk#dwn 10 <220> <2235Metagenome - alphéﬁmit
nltrlle hé/dratase <4QO> 56 15 Met Ser G%HIS H| HIS Asp His A

g—hs 7\5% ASRHEPHE LS 15IE gFﬁr ro fie Glu AR Krac\cfa?i R?a
L@Hu%éﬁéﬁ@;@ﬂ.%:t\/ akbAla20 26 25 8Quikys.dpl\sdyrival Asp Rep Ala:Ala

Leu Asp Ala lle lle Asp Thr Tyr 35 40 4517% 175
cge tat cte ghtg ctg ccg atyg cge ooy goo goc ace gag gge atg age
576
Arg Tyr Leu Val Leu Pro Met Arg Pro Ala Gly Thr Glu Gly Met Ser
180 185 19¢
gag gog gag ctyg geoc gag atc gtg acg cge gac tge atg ate gge gty
624
Gluy Ala Glu Leu Ala Glu Ile val Thr Arg asp Cys Met Ile Gly Val
i85 200 205
acyg otg cog aaa gog cod taa
645
. Thr val Pro Lys Ala Pro
210
<210> 54
<211> 214
<212> PRT
<2i3> Unknown
<220>
<223> Metagenome - alpha unit nitrile hydratase - M25318
<400> 54
.Met 8er Gly Thr His His His Asp His Asp His Asp His Asp His Ala
1 5 10 15
His Pro Gly Val Ala Lys Asp Glu Liys Val His Qly Tyr Tyr Gln Len
20 25 30
Leu Gly Leu aAla Ile Lys Glu Leu Leu Ile Glu Lys Gily Val Ile Thr
35 . 40 45
Ala Ala Glu val Arg Gln Ala Ile Glu Ala Arg Asp Ala Ile Thr Pro
50 55 60

Ser Leu Gly @ly Lys Val Vel 2la Arg ala Trp Thr 2sp Pro Ala Tyr
g5 70 75 80
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 Glu Thr Lys lle Gly Pro Arg Asn Gly Ala Arg Val Val Ala Lys Ala. 50 55 60

30 Trp Thr Asp Pro Glu Phe Ala Ala Arg Leu Lys GIn Asp Gly Ser Ala 65
70 75 80 35 Ala Val Ala Glu Leu Gly Tyr Gly Gly Arg Gly Gly Glu His lle
Val 8590 95 Ala Cys Phe Asn Thor F/’;%rGIu Glu His Asn Leu lle Val Cys
Thr Lau 40 100 105 110 Cys Ser éys yr Pro Trp Pro Val Leu Gly Leu
Pro Pro Val Trp Tyr 115 120 125 45 Lys Ser Pro Pro Tyr Arg Ser Lys Ala
Val lle Asp Pro Arg Gly Val 130 135 140 50 Leu Ala Asp Phe Gly Vval Thr
Leu Pro Glu Gly GIn Arg lle Arg Val 145 150 155 160 55 Trp Asp Ser Thr
AlgGh d hi-Argetihet HerWal Ak Prod_elizArg 8P r0.4 651 284 18.uAle GI§1Thr
Glu Gly Trp Ser GIB5GIu GIn Leu Ala Ala{fe Val Thr 38/75 1B0%P85 190
Arg Asp Ser Met lle Gly Thr Gly Val Val Ser Ala Glu Ala Ser Arg 5 195
200,205, 521059 s kikx 696 10:<212>rRNAL< 132kl 220>
<223> Metagermme alpha unit nitrileithydratase - M3aG10 118 <220>
<221> CDS <222> (1)..(696) <223> 20 <400> 57 atg gat cca acg agg cgt
agt ttc ctg .gcg ic cG.Ct c t he
R AR R L T 10 {47 85 B0 L ARAGSRLE

val Leu Gly Leu Pro Pro Ser Trp Tyr Lys Asp Arg Asp Tyxr Arg Ser
130 ' 135 _ 140

Arg val val Arg Glu Pro Arg Ala Val Leu Lys Glu FPhe Gly Thr Glu
145 150 155 160

Leu Pro Asp Asp val Asp Val Arg Val His Asp Ser Thr Ala Asp Leu
165 170 _ 175

arg Tyr Leu Val Leu Pro Met Arg Pro Ala Gly Thr Glu Gly Met Ser
180 i85 190

Glu Ala Glu Leu Ala Glu Ile Val Thr Arg Asp Cys Met Ile Gly Val
195 200 205

Thr Val Pro Lys Ala Pro
210

<210> 55
<211> 627
<212> DNA
<213> Unknown

<220>
<223> Metagenome - alpha unit nitrile hyd;atase

<220>

<221> CDS

<222> {1}..1627)
<223>

<&£00> 55

atg age ggt cac cat cac gac cac gac cat gag cac gac aac cac tte
48 .

Met Ser Gly His His His Asp His Asp His Glu His Asp Asn His Phe
1 5 10 15

acg cog atc gaa gog cgc ghig aag gog ctg gaa teg ctg cbg gto gee
a6 . .



ggc ggdc gca get atc ccc gat ctg get cat gcg gca gac cac gac cac 96 Gly
GlyAla Ala lle Pro Asp Leu Ala His Ala Ala Asp His Asp His 30 20 25 30
cag cat caa gat ttg ccg tcc gat ctg gcg ctg cgg gtg aag tcg ctc 144 Gin His
Gin Asp Leu Pro Ser Asp Leu Ala gly @rg Val Lys Ser Leu 35 3540 45
gaa tog ctg ctt gtc gag aag ggg ct 53}3 gag cga gca gcg ctc gac 192 Glu
Ser Leu Leu Val Glu Lys Gly Leu Val Glu Arg Ala Ala Leu Asp 40 '50 55

6Q.9¢g.ctg gt tac t g
N L R e A SR S e M

70 75 80 cgc gtt gtc gcg cgg gcc tgg gtt gac cog gac tac aag caa cgg tta
Z%Q\I@Watlavagmagﬁﬁgq&ém TP Vay AL PRS- 2SS TRELpSGHEARFE LA B0

8% sﬁ)r(?gYALéfg 1yT ?X%%ég%;ﬁ A u%%%% %:?e éﬁlgsel’ 95

100 105 110 cag ggc get gac atc cgg gtc gtc gaa aac acg gcc act gta cat
aa@QBBQQCﬁﬁ%W‘AIwAs?FHe%PgWI w @mm Bt AFECT e &@el i gFsn

AR B R R el g e

GIy 130 135 140 ttg cog ccg gtc tgg tac aag tcc gcg ccc tat cgg tct cgce
@MS@aIOdeeugﬁ@o o dfal Trg WLVS‘S@‘F%@? rmafygaﬂ;rgaﬁe I9AEQ

145 150 15 c cg
gtgsrgtg cog g%c 52 fSEO@ Agglﬁg ro Arggéf gg/a;% &&u I;é&%al
Val Lau Pro Asp 165 170 175
goo gte goo gaa ckte gge tat ggc ggg cgt ggc goc gag cat ate gtoe
288

Ala val Ala Glu Leu Gly Tyr Gly Gly Arg Gly Gly Glu Hieg Ile Val
B5 a0 95

gee tgbt the aat acg coo gaa gag cac aac ctg ate gtce tge acg cteo

336

Ala Cys Phe Asn Thr Pro Glu Glu His Zsn Leu Ile Val Cys Thr Leu
160 105 110

tge teg tge tat cce tgg cog gty cte gge ctyg cecg cog ghe tgg tac

384

Cys Ser Cys Tyr Pro Trp Pro Val Leu Gly Leu Pro Pro Val Trp Tyr
115 120 125 :

zaa toc ccg cce tat cge tog aaa gog gtg ate gac ocg coge ggo gtg'

432

Lys Ser Pro Pro Tyr Arg Ser Lys Ala Val Ile Asp Pro Arg Gly Val
130 135 140

ctg gee gat tto gge ghtg ace ctg cog gag gga caa agg abe cge gte
480

Leu Ala Asp FPhe @ly Val Thr Leu Pro Glu Gly Gla Arg Ile Arg Val
145 150 155 160

tgg gat tec acc gocc gaa acc ege tte att gte atc cce cbtyg cge cecg

528 :

Trp Asp Ser Thr Ala Glu Thr Arg Phe Ile val Ile Pro Leu Arg Pro
165 170 . 175

gcc'ggg acg gaa gge tgg teg gaa gaa cag ctg gog gog ake gtg acg

576

Ala Gly Thr Glu @Gly Trp Ser Glu Glu Gln Leu Ala Ala Ile Val Thr
i80 185 150

cgt gac age atg atc gge ace gge gty gbe age geg gag geb teg cga

624

Arg Asp Ser Met Ile Gly Thr Gly Val Val Ser Ala Glu Ala Ser Arg
1858 200 205
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cat atc gaa gtg cgt gtc tat gac ago acg gcg gag caa cgc tat cta 576 20 His
lle Glu Val Arg Val Tyr Asp Ser Thr Ala Glu GIn Arg Tyr Lau 180 185 190
gtg ctg cog gag egg cog gee gga acc gaa aac ctg aca gaa gaa gcg 624
25 Val Lau Pro Glu Arg Pro Ala G%‘I;pg Glu Asn Lau Thr Gin Glu Ala 195
200 205 ctg.,,gcg ctg ctg gtg acg cgc gac gcg atg att ggc gtg gcc aag gtc
672 30 Lau Ala Leu Leu Val Thr Arg Asp Ala Met lle Gly Val Ala Lys Val

2 8a215 220 gcg cog ccg gga ggc ego ggatga 696 35 Ala Pro Pro Gly
GggArg Gly 225230 <210>58 40 <211> 231 <212> PRT <213>
Unknown <220> 45 <223> Metagenome - alpha unit nitrile hydratase -
M3aG10 <400> 58 Met Asp Pro Thr Arg Arg Ser Phe Lau Ala Ser Thr Val
ABETEU T3, 50 15 10 15 Gly Gly Ala Ala lle Pro Asp Lau Ala His Ala Ala
Asphbis Agg His 20 25 30 55 GIn His GIn Asp Lau Pro Ser Asp Lau Ala
LagiAsg \fakhygnSer Leu 35 40 45 40/75 Glu Ser Leu Leu Val Glu Lys
G% Le}u Val Glu Arg Ala Ala Leu Asp 50 55 60 5 Ala Leu Val Asp Thr Tyr’
G S Yal Gly Pro_Arg Asn.Gly Ala. 65.70.75 80 10 Arg Val Val Ala
A?g jgl%\ #gt\"‘}gﬁ%% Pro %\Qgﬁ ‘Ipf/lrlgy}é%ﬁ lAgfrgh O%ﬂ%?@o 95 Phe Ala Asn
Gy ddsr Ada Ala Val Ala Glu Phe Gly Tyr Ser Gly Ser 15 100 105 110 GIn

G}Iiy Ala Asp lle Arg Val Val Glu Asn Thr Ala Thr Val His Asn
et Ser Gly His His His Asp His Asp His Glu His Asp Asn His Phe
1

5 10 i5

Thr Pro Ile Glu Ala Arg Val Lys Ala Leu Glu Ser Leu Leu Val Ala
20 25 30 :

Lys Gly Tyr Val Asp Pro Ala Ala Leu Asp Ala Ile Ile Asp Thr Tyr
35 40 45

Glu Thr Lys Ile Gly Pro Arg Asn Gly Ala Arg Val Val Ala Lys Ala.
50 55 60

Trp Thr Asp Pro Giu Phe ala Ala Arg Leu Lys Gln Asp Gly Ser Ala
65 70 75 B8O

aAla Val Ala Glu Leu Gly Tyvr Gly Gly Arg Gly Gly €Glu His Ile Val
85 90 95

Ala Cys Phe Asn Thr Pro Glu Glu His Asn Leu Ile Val Cys Thr Leu
100 108 110

Cys Ser Cys Tyr Pro Trp Pro Val Leu Gly Leu Pro Pro Val Trp Tyr
115 120 125

Iys Ser Pro Pro Tyr Arg Ser Lys Ala Val Ile Asp Pro Arg Gly Val
130 135 140 .

Leu Ala Asp Phe Gly Val Thr Leu Pro Glu Gly GlIn Arg Ile Arg Val
145 150 155 160

Trp Asp Ser Thr ala Glu Thr Arg Phe Ile vVal Ile Pro Leu Arg Pro
o 165 170 175

Ala Gly Thr Glu Gly Trp Ser Glu Glu Gln Leu Ala Ala Ile val Thr
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115120 125 20 Leu'Val Val Cys Thr Leu Cys Ser Cys Tyr Pro Trp Pro
Val Leu Gly 130 135 140 25 Leu Pro Pro Val Trp Tyr Lys Ser Ala Pro Tyr
Arg Ser Arg Val Val 145 150 155 160 30 lle Asp Pro Arg Gly Val Leu Arg
Glu Phe Gly Val Val Leu Pro Asp %g%?o 175 His lle Glu Val Arg Val Tyr
Asp Ser Thr Ala Glu GIn Arg Tyr Leu '35 180 185 190 Val Leu Pro Glu Arg
Pro Ala Gly Thr Glu Asn Leu Thr Glu Glu Ala 195 200 205 40 Leu Ala
Leu Leu Val Thy Arg Asp Ala Met lle &3y Val Ala Lys Val 219215220 45
Ala Pro Pro Gly Gly Arg Gly 225 230 50 <210> 59 <211> 609 <212>
DNA <213> Unknown 55 <220> <223> Metagenome - alpha unit nitrile
hydeatse SH7IcH e« Sy>Ths Ay bl YFP/?%@&Z‘%»G% R Gl Rprs s
<400> 59 %gaag ago tog aag coo %Ocoe gaa gat etc ggc aé8Yac cag cog etc
acc 48 Met Ser Ser Lys Pro Thr Glu Asp Leu Gly Thr Tyr GIn Pro Leu Thr
1&1@-15510 tae tac cag atg atg gaa gtg ago ctg cge gag Otg Otg gtg gag
adgdio® THPTryr GIn Met Met Glu Val Ser Leu Arg Glu-Leu Leu Val Glu Lys
ZQ ;30 %ﬂg&gtg ate acc gaa gag gaa gtc gcc cgc gcg atg ggc gag ate
ggc 144

<220>
<223> Metagenome - alpha unit nitrile hydratase - M3aGL0

<220>

<221> (CD8

<222> (1)..(696}
<223>

<£00> 5’7

atg gat cca acg agg cgt aghk tte otg gog tet ace gtt goe ctyg ace
48

Met Asp Pro Thr Arg Arg Ser FPhe Leu Ala Ser Thr Val Ala Leu Thr
1 5 _ io0 15

gage gge gea geb ate cee gabt ctg get cat geg geoa gac cac gac gac

96

gly Gly Ala Ala Ile Pro Asp Leu Ala Bis Ala Ala Asp His Asp His
20 25 30

cag cat caa gat ttg cecg tece gat ctg geg cbtg cgg gtg aag teg cte

144 '

Gin His Gln Asp Leu Pro Ser Asp Leu Ala Leu Arg Val Lys Ser Leu
35 40 45

gaa tog ctg ctt gte gag aag gog cbg gbg gag cga geca gog cte gac

i92

Giu Ser lLeu Leu Val Glu Lys Gly Leu vVal Glu Arg Ala Ala Leu Asp
*50 55 60

geg ctg ghg gac ace tac gag cac asa gbe ggg cog cga aac dgga gcg
240

Ala Leu Val Asp Thr Tyr Glu Bis Lys Val Gly Pro Arg Asn Gly Ala
65 70 75 80

cge gtt gtc geg cgg gee tgg gttt gac cog gace tac aag caa cgg tta

288

Arg Val Val Ala Arg Ala Trp Val Asp Pro Asp Tyr Lys Gln Arg Leu
B5 20 95

tte geg aac ggt acc gee gea ghe dgog gag tbto gge tac toe gge teg

336

Phe ala Zsn Gly Thr Ala Ala val Ala Glu Phe Gly Tyr Ser Gly Ser
100 105 110

cag goe get gac ate cgg gbte gic gaa aac acg gec act gta cat aac
384
@ln Gly Ala Asp Ile Arg Val Val Glu 2sn Thr Ala Thr vVal Bis Asn
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Gly Val lle Thr Glu Ala Glu Val Ala Arg Ala Met Gly Glu lle Gly 35 40 45
20 gcg aga ago cog gag cgc ggc gag aag atg gtc gag ego gag tgg gtg
192 Ala Arg Ser Pro Glu ArgG1ly Ala Lys Met Val Ala Arg Ala Trp Val 50
55 60 25 gac cog gag tac aag ga%?c atg Ott gcc gac ggc ago aag goo
goo 240 Asp Pro Ala Tyr Lys Ala Arg Met Leu Ala Asp Gly Ser Lys Ala
Ala 65 70 75 80 30 gag gag etc ggg tte gag gtg cog ggc etc aag ctg ate
gtg gtc gag1288 Glu Glu Leu Gly fzhe Glu Val Pro Gly £g41 Lys Leu lle Val
Val Glu 8590 95 35 aac acc gcg gac acg cac aac gtg gtc gtg tgc sag ctg
tggﬁggg‘i@ﬁ%@%ﬁ%FNatA%tTﬁﬂqu PN S48 \VEF \RHISCYSSTREL 9 TY'S
S ) tag co te. Otg,efc.ggc e tgg
tacméaﬁé;L %ajépagg]é)y?fééﬂlh %y%%r?figgﬁgg&% %ﬁ %;% ﬁ%ﬁg rggglg'@r%g’q 1%/r
Lys Ser Arg 115 120 125 45 ago tac cgc ago cgc aca gtg ago gag cog
C é%@@@@ét@é%ctgaat%’z‘@’eFq’%/lgAgg086r TG T¥F \PaF AEFGIGPES Arg
| Ley Ala Gly, 130 135 14 C aac.gtc
ggﬁga%:rgggratg a?a? %coé%SgeFx?h%iglg%& hrddr | g gr%rG ug%%%lvg %.'Ala
lle Arg Val His Asp Ser 145 150 155 160 55 act gcg gac atg cgc tac ctc
g%ﬁgﬁ@og%@%@@cﬁ’@%@@@%cﬂ@g% ERtagkEpIVIe oAy B e
V t Pro Net Arg.Pro Al y. Thr 0.175.42/ a agt ttc acc
gaaeggapcg)acc%rge%%gl %aa% é%gg c%lc‘? g%%a‘é%’%‘%% (?ﬁjl %gser? ?ﬁé ‘I%w?Glu
Glu Gin Leu Ala Ala Leu Val Thr Arg Asp Ser 180 185 190 5 ctg atc ggt
ggitgca{qa gea aﬁ:@qgécgtga@at gac agc acg geg gag caa cge tat cta

His Ile ¢lu Val Arg Val Tyr Asp Ser Thr Ala Glu Gln Arg Tyr Leu
180 185 - : is0

gty Ctg cog gag Ccgg cog goc gga ace goa aac ctg aca gaa gaa gog

624

Val Leu Pro Glu Arg Pro Ala Gly Thr Glu 2sn Leu Thr Glu Glu Ala
195 200 205

ctg. gog oty ckyg gtg acg cge gac geg atg atht gge gtg gee aag gte
672
Leu Ala Leu Leu Val Thr Arg Asp Ala Met Ile Gly Val Ala Lys Val

210 215 - 220
écg ccg ccg gga ggc cge gga tga
696
2la Pro Pro Gly Gly Arg Gly
225 230
<210> 58
<21l> 231
<212> PRT

<213> Unknown

<220
«223> Metagenome - alpha unit nitrile hydratase - M3aGl0

<400> 58
Met Asp Pro Thr Arg Arg Ser Phe Leu Ala Ser Thr Val Ala Leu Thr
1 3 10 1s

Gly Gly Ala Ala Ile Pro Asp Leu Ala His Ala Ala Asp His Asp His
20 25 30

Gln His Gln Asp Leu Pro Ser Asp Leu Ala Leu Arg Val Lys Ser Leu
" 35 40 45
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609 Leu lle Gly Val Ser Leu Ala Thr Leu Pro 195 200 10 <210> 60
<211> 202 <212> PRT 15 <213> Unknown <220> <223> Metagenome -
alpha unit nitrile hydratase - M73dC9 20 <400> 60 Met Ser Ser Lys Pro
Thr Glu Asp Leu Gly Thr Tyr Gin Prol eu Thr 1510 15 25 Tyr Tyr GIn
Met Met Glu Val Ser Leu Arg Glu U/ Peu Val Glu Lys 20 2530 30 Gly
Val lle Thr Glu Ala Glu Val Ala Arg Ala Met Gly Glu lle Gly 35 40 45 Ala
Arg Ser Pro Glu Arg Gly Ala Lys Met Val Ala Arg Ala Trp Val 35 50 55 60

P r Lys Al g p.Gly Ser sAIﬁA@%?O
?g%o f%léo‘!(%gé‘lab I?e% %@Pﬁggﬁ?\%ﬁ%}%%f?gemﬁy%faﬁ fe V7l ifﬁ
Glu 859095 45 Asn Thr Ala Asp Thr His Asn Val Val Val Cys Thr Leu
Cys Ser Cys_ 100 105 110 50 Tyr Pro Arg lle Leu Leu Gly lle Pro Pro Glu
Tﬁarfnﬁﬁyﬁ et ARrd Tlﬁﬁ?(?]f? 8y %rg%’érPﬁPgAﬁ?r et &y (‘glg)tFPro
Arg Ala Val Leu Ala Glu 55 130 135 140 Phe Gly Thr Thr lle Pro Glu Asn
Val Ala lle Arg Val His Asp Ser 145 150 155 160 43!75 Thr Ala Asp Met
AgITYRL SRV AW e Rré Metmr dErd* stalCty 4w 185 1¥6 €15 5rGlustsn
Phe Thr Glu Glu GitPLau Ala Ala Lau Valfhr Arg Asp Ser 180 %385 190
10 '

Phe Ala Asn Gly Thr Ala Ala Val Ala Glu Phe Gly Tyr Ser Gly Sar
100 _ 105 110

Gin Gly Ala Asp Ile Arg Val Val Glu Asn Thr Ala Thr Val His Asn
115 120 125 .

Leu Val Val Cys Thr Leu Cys Ser Cys Tyr Pro Trp Pro Val Leu Gly
130 135 140

Leu Pro Pro Val Trp Tyr Lys Ser Ala Pro Tyr Arg Ser Arg Val val
145 150 155 160

1le Asp Pro Arg Gly Val Leu Arg Glu Phe Gly Val Val Leu Pro Asp
165 170 175

His Ile Glu Val Arg Val Tyr Asp Ser Thr ala Glu Gln Arg Tyvr Leu
i80 185 ' 180

val Leu Pro Glu Arg Pro Ala Gly Thr Glu asn Leu Thr Glu Glu Ala
185 200 205

Leu Ala Leu Leu Val Thr Arg Asp Ala Met Ile Gly Val Ala Lys val
210 215 220

Ala Pro Pro Gly Gly Arg Gly
225 230

<210> 59
<211> 609
<212> DNA
<213> Unknown

<220>
<223> Metagenome - alpha unit nitrile hydratase - M734C8

<220>
<221> CDS
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Leu lle Gly Val Ser Leu Ala Thr Leu Pro 195 200 15 <210> 61 <211>
825 <212> DNA <213> Unknown 20 <220> <223> Metagenome - beta
unit nitrile hydratase <220> <221> CDS 25 <222> (1)..(825) <223>
<400> 61 atg gtg gga cgt ggg aag, a ctt ggc agt agg cag ttt get gcg
30 48 Met Val Gly Arg Gly Lys Trp au Gly Ser Arg GIn Phe Ala Ala 1
510 15 get gcc aac tgg caa ott atc agt cgc cct tca tgg tca get tgt sat 35
96.4la Al ,f\sn §68,GIn Lau lle Ser Arg Pro Ser Trp Ser Ala Cys Asn 20
252§@>ata ttg gtc ctc atg agc gcc acg cac ccc aaa aag cgc gcc gec gac 40
144 lle Lau Val Lau Met Ser Ala Thr His Pro Lys Lys Arg Ala Ala Asp 35

464@5>at§% Cc aac aaa C gac acc gcg gat cac ggc atg
934%fe %/ R&h B§S Cgl% A? %/%Fqi\sp Thr E\Iagfgp HisEry Wet
5Qe§5@Q fad tedl08 gagh 09 Gatkg Che-aag1§CaHOTRYCARL 96 Glgh CgY-COC
50 240 Lys Phe Trjg Glu Arg GIn Ala AsnAla Leu Arg Thr Ala La& Arg Arg

65 70 75 80 sat act atg a at ocC ag gac
c@%é%gaﬂsﬁté %ﬁe? er%fal%\ %Eg % %?g %Pg %\%ﬁg&%agg %ggAsp
Loy 8990 ﬁéﬂﬁe@gﬁﬂaﬁw&iﬁ@@ﬁwgmt gag iaG (ie0agleocyacy
acg ttc gcg- 338Gly Asp Arg Tyr AlaZBys Leu Glu Tyr Phe &lu Arg Thr Thr
ngecAgL%g atc acc gaa gog gea ghte goe cge geg atg goge gag ate ggo

144

Gly val Ile Thr Glu Ala Glu Val 2la Arg Ala Met Gly Glu Ile Gly

35 40 45

gog aga age cog gag ¢ge gge gcg aag atg gte geg cge gog tgg gtg

182 '

2la Arg Ser Pro Glu Arg Gly Ala Lys Met Val Ala Arg Ala Trp Val
50 55 60 .

gac cog gog tac aag gog cge atg ctt goo gac gge age aag goc geo
240

Asp Pro Ala Tyr Lvs Ala Arg Met Leu Ala Asp Gly Ser Lys Ala Ala
65 70 15 80

gag gag ctc ggg tte gag gtg ceg gge cte aag ctg atce gtg gte gag

288

Glu Glu Leu Gly Phe Glu Val Pro Gly Leu Lys Leu Ile val val Glu
85 = 95

aac acc geg gac acg cac aac gtg gtc ghtg tge acg ctg tge tog tge

335

Asn Thr Ala Asp Thr Hisg 2sn Val val val Cys Thr Leu Cys Ser Cys
100 105 110

rmc cog oge ake ctg cte gge ate cog ceco gag tgg tac aag teg cgd

384

Tyr Pre Arg Ile Leu Leu Giy Ile Pro Pro Glu Trp Tyr Lys Ser Arg
115 120 125 -

age tac cge age oge aca gtg cge gag cog cge geg gtg ctc goo gaa

432

Ser Tyr Arg Ser Arg Thr Val Arg Glu Pro Arg Ala Val Leu Ala Glu
130 135 140

tte gge acg acce ate cog gag aac ghe geg atc cga gtg cac gat age
480

Phe Gly Thr Thr Ile Pro Glu 2sn Val ala Ile Arg val Hia Asp Ser
145 150 155 160

act geg gac atg cge tac cte gtg atg cog atyg cgg coct geg gge ace

528

Thr Ala Asp Met Arg Tyr Leu Val Met Pro Met Arg Pro Ala Gly Thr
165 170 175



10

15

20

25

30

35

40

45

50

55

100 105 110 5 ctg ogc acg gtc ctg ctc gaa aag ggc tac ttc acg gag gag
tcg ctc 384 Leu Arg Thr Val Leu Leu Glu Lys Gly Tyr Phe Thr Glu Glu Ser
Leu 115120 125 10 gcg gcg aag atg gcc gag gtg cgg aag ccg ctt cgs tgt
gcc gcg caa 432 Ala Ala Lys Met fg?\?@lu Val Arg Lys Pro Leu Arg Cys
Ala Ala GIn 130 135 140 15 gaa g@a att gcc ggt gaa gaa gaa agt gaa gcg
atg aac cca gcg acg 480 Glu Gly lle Ala Gly Glu Glu Glu Ser Glu Ala Met
Asn Pro Ala Thr_ 145 15 160 20 agc aag.cag.gacggc caa cqg.ct
e e o e B B B e e e
Serl Red yhEhrAlaeMad@ro 616524 (a1 125 Bgg sl ths tiegakgicggt
gac cgc gtt gtgldfc aag cgc tca sat 5¥& Gly His Arg Phe ASg¥al Gly Asp
Arg Va| val Val Arg.Ser Asn_180 185 19Q 30 cog occ ggc cac cgc
cé%ge\&ljcccg{g\c!a? ft'l:aé::%aci%ggg% ggaé ggg é:ci::lé: gcézgg %3% Pro Pro Gly His Arg Arg
ThePra &g Fyvdte dag (dy laya Tim-Glyu 182200 205 35 gtg atc gag cgc
atc tgo ggé%gee ttc ccc aac ccg &4 gag ctg gca 672 Val lle Glu Arg lle
Cys Gly Ala Phe Pro Asn Pro Glu Glu Leu Ala 210 215 220 40 tac gga
tt¢gac 9gg gaa ccg aag aag gtg ctc tac ego gtg cgs ttc 720 Tyr Gly Phe
Aspi6ly Gz Pro Lys Lys Val Leu Tyr Arg Val Arg Phe 225 230 235 240

<212» DRT
<213> Unknown

<220>
<223> Metagenome - alpha unit nitrile hydratase - M73d4CH

<400> 60
Met Ser Ser Lys Pro Thr Glu Asp Leu Gly Thr Tyr Gln Pro Leu Thr
3 5 10 15

Tyr Tyr Gln Met Met Glu Val Ser Leu Arg Glu Leu Leu Val Glu Lys
20 25 30

Gly Val Ile Thr €lu Ala Glu Val Ala Arg Ala Met Gly Glu Ile Gly
35 40 45

2la Arg Ser Pro Glu Arg Gly Ala Lys Met Val Ala Arg Ala Trp Val
50 . B5 : 60

Asp Pro Ala Tvr Lys Ala Arg Met Leu Ala Asp Gly Ser Lys Ala Ala
65 70 75 _ 80

Glu Glu Leu Gly Fhe Glu Val Pro Gly Leu Lys Leu Ile vVal Val Glu
B3 90 85

asn Thr Ala Asp Thr His Asn Val val Val Cys Thr Leu Cys Ser Cys
100 105 110

Tyr Pro Arg Ile Leu Leu Gly Ile Pro Pro Glu Trp Tyr Lys Ser Arg
115 120 125

Ser Tyr Arg Ser Arg Thr Val Arg Glu Pro Arg Ala Val Leu Ala Glu
130 i35 140

Phe Gly Thr Thr Ile Pro Glu Asn Val Ala Ile Arg Val His Asp Ser
145 150 155 160
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45 cgg caa aaa gag gtg tgg ccg gcc tat cgc ggc ccg geg cac gac gtg 768
Arg GIn Lys Glu Val Trp Pro Ala Tyr Arg Gly Pro Ala His Asp Val 245 250
255 50 atc gag atg gag att tto gag cat tgg ctc gag ccg geg cag ago cag
816 lle Glu Met Glu lle Phe Glu Hi%;}l,_l}% Leu Glu Pro Ala GIn Ser GIn 260
265 270 55 aaa acctga 825 Lys Thr 45/75 <210> 62 <211> 274 5
<212> PRT <213> Unknown <220> <223> Metagenome - beta unit
nitrile hydratase 10 <400> 62 Met Val Gly Arg Gly Lys Trp Ala Leu Gly
Ser Arg Gin Phe Ala Ala 151015 15 Ala Ala Asn Trp Gin Leu lle Ser
A?B‘P%%éﬁ?iﬁ%ef%@lf@yé‘%ﬁ’aéo“% §g°zﬁaﬁe¥& RZ (R [}}&g’t S
Ala Thr His Pro Lys Lys Arg Ala Ala Asp §40 45 25 lle Gly Gly Asn Lys
Ala Gly Ala Val Asp Thr Ala Asp His Gly Met 50 55 60 Lys Phe Trp Glu
ArtuGhisrAlehASThAl&lIve G1Ar§ IFh EdlafleudArg 1y V30 687 7% BEPARPFGly
Leu Met Ser VAPAsp Glu Leu Arg Arg®Rla Ala Glu Asp Lau88 90 95 35
Gly Asp Arg Tyr Ala Lys Leu Glu Tyr Phe Glu Arg Thr Thr Phe Ala 100

108:110 4ﬂ.y Val Ser Leu Ala Thr Leu Pro :
195 200

<210> 61
<211> 825
<212> DNA
<213> Unknown

<220
<223> Metagenome - beta unit nitrile hydratase

<220>

<221> CDhS

«222> {1}..(825)
<223>

<400> 61

atg gty oga ogt gog aag tgg gea ctt gge agt agg cag ttt get geg
48

Met Val Gly Arg Gly Lys Trp Ala Leu Gly Ser Arg Gln Phe Ala Ala
1. 5 0 15

got goo aac tgg caa ckt ate agt cge cot tea tgg tea get tgt aat

26 .

3la Ala Asn Trp Gln Leu Ile Ser Arg Pro Ser Trp Ser Ala Cys Asn
20 25 30

ata ttg gte cte atg age gee acyg cac CcoC aaa aag Cge goc god gac

144 _

Ile Leu Val Leu Met Ser Ala Thr His Pro Lys Lys Arg Ala Ala Asp
35 40 45

atc ggo ggce aac aaa goc gge geg ghtg gac ace geg gat cac gge atg

192

Tle Gly Gly Asn Lys ala Gly Ala Val Asp Thr Ala Asp His Gly Met
50 55 60

aag tte tgg gag cgg cag goc aac ged chbg oge ace geog chkg cgg cge
240

Lys Phe Trp Glu Arg Glin Ala Asn Ala Leu Arg Thr Ala Leu Arg Arg
65 70 ' 75 80

aat gga ctg atg age gta gabt gag ctg cgo cge gea gog gag gac ctyg

288 _

Asn Gly Leu Met Ser Val Asp Glu Leu Arg Arg Ala 2la Glu Asp Leu
g5 90 95
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Leu Arg Thr Val Leu Leu Glu Lys Gly Tyr Phe Thr Glu Glu Ser Leu 115
120 125 45 Ala Ala Lys Met Ala Glu Val Arg Lys Pro Leu Arg Cys Ala Ala
Gin 130 135 140 Glu Gly lle Ala Gly Glu Glu Glu Ser Glu Ala Met Asn Pro

Ala Thr 50 145 150 155 160 Gly
Thr Tyr Thr Ala Ala Pro 165 170

%

n Asp Gly GIn Arg Leu Pro Ser
5 Gly His Arg Phe Asp Val Gly

Asp Arg Val Val Val Lys Arg Ser Asn 180 185 190 46/75 Pro Pro Gly His
rlle Ar

At

VaI 15 245 250 255 lle Glu Met Glu lle Phe G

Thr Pro His T
23Sy Afa

a7, b

o 5 O 2

g‘é%eﬁg& RO 25D 58y 82Ph P55 25 1

DA 52d 3nnknoven 88:<@R0xys223> Metagenommes betawisidnitrie
hydratase 1M12K24 <220> 35 <221> CDS <222> (1)12627) <223>
<400> 63 40 at

gli3§89ﬁ%taﬂ§pgég

Ala ala Lys Met Ala Glu Val

gaa
480
Glu
145

ggc
528
Gly

ggg
576
Gly

cog
624
Pro

gtg
672
val

tac
720

225

cgg
768
Arg

ate
gle
Ile

aaa
825
Lys

130

gga

Gly

aag

Lys

cagc

Hig

cce

Ero

atec

Tle
210

gga

Gly

caa

Gln

gayg

Glu

acce

Thy

att

Ile

cag

Gln

cga

Arg

ggce

Gly
195

gayg

Glu

tte

Phe

aaa

Liyvs

atg

Met

tga

gee
Ala

gac

Asp

tte

Phe

ac ggc at cac

%ﬂ%t‘-ﬁ‘r’s

ggt

Gly

gge

Gly
165

gat

Rsp

180

cac
His
age

Arg

gac

Asp

gayg

Glu

gag
Glu
260

cge

Arg

atg

Ile

ggc

Gly

gty

wal
245

att

Ile

gaa

Glu
1590

caa

Gln

gto

val

cge

Arg

tge

Cys

gaa

Glu
230

tgg

Trp

tte

Phe

135
gaa

Glu

cgg

Arg

ggt

Gly

acqg

Thi

ggc

Gly
215

acg

Pro

cog

Pro

gag

Glu

gaa

Glu

ctg

Leu

gac

AsD

cct

Pro
200

gce

Ala

aag

Lys

gcé

Ala

catb

Hig

S5 G Al

Arg Lys Pro Leu Arg Cys Ala Ala Gln

agt

Ser

cca

Pro

cge

Arg
185

cat

His

ttc

Phe

aag

Lys

tat

tgg

Trp
265

gaa

@lu

tct

Ser
170

gttt

Val

tac

ceo

Pro

gtg

val

coe

Arg
250

cto

Leu

gcg

Ala
155

acg

Thr

gtg

Val

atc

Ile

aac

Asn

ctg

Leu
235

ggc

Gly

gag

Glu

HIS Tr

63%

o e P

140
atg

Mek

tat

gto

val

oge

Arg

olniet

Pro
220

tac

cog

Pro

cog

Pro

195 200 205 5 Val lle Glu

< S8 Af

570 518 550 %Y

nglxﬁhgr@sgfglmeluﬁrmwmwwyﬁl Bredl i Arg \takArePhig: 2205,
230 235 240 ArgoGin Lys Glu Val Trg®ro Ala Tyr Arg Gly R&® Ala His Asp

Leu Glu Pro
SPe 7S 158

aac

Asn

ace

Thr

aag

Lys

ggce

Gly
2058

gaa

Gliu

cge

Arg

gcg

Ala

geg

Ala

cca

Pro

geg

Ala

cge

Arg
180

aag

Lys

gag

Glu

gtg

Val

cac

His

cag

Gln
270

c ttC

chfy

gcg

Ala

geg

Ala
178

tca

Ser

acy

Thr

ctg

Leu

coa

Arg

gac

Asp
255

ago

Ser

ga ccg

ri‘/al

acg

Thr
160

cog

Pro

aat

Asn

ggco

Gly

gca

Ala

tic

Phe
240

gtg

Val

cayg

Gin
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1510 15 45 cgc tac acg atc gac gcg ccc gca ttc cat tog ccg tgg gaa gtg*
0go 96 Arg Tyr Thr lle Asp Ala Pro Ala Phe His Ser Pro Trp Glu Val Arg
20 25 30 50 gcg aat tcg ctc tat gcg ttc gcg gtg cgc ctc ggc atc ttc aac atg
144 Ala Asn Ser Leu Tyr Ala Phe A\% \éal Arg Leu Gly lle Phe Asn Met 35
40 45 55 gac gaa tac cgc cat gcg atc gag cgg atg gag ccg cgc cat tac ctc
192 Asp Glu Tyr Arg His Ala lle Glu Arg Met Glu Pro Arg His Tyr Leu 50
55 60 47/75 ggc gee ggc tat tac gaa cgc tog ttg acc ggc ctc gcg acc ttg
ctg 240 Gly Ala Gly Tyr Tyr Glu Arg Ser Lau Thr Gly Lau Ala Thr Leu Leu
676-75%80 5 gtc gag sag ggc gtc gtg acg cgc gag gaa ctc gag acc egg
gaijtag 2288 Val Glu Lys Gly Val Val Thr Arg Glu Glu Lau Glu Thr Arg Ala
G‘ﬁ'fLZBS dBB5 10 ggc cgc tac ccg ctg geg atg cce ago geg cot gge cge acce
eazt gcg %@%1 y Arg Tyr Pro Leu Ala Met Pro Ser Ala Pro Gly Arg Thr Asn
Alazd00 105 110 15 cag gca cgc gag cgt ttc cag cog ggc gac cgg gtt cgc
gteRag Jegad8hGinAteAargGiu ArPhe BIRPESBIY Asp Arg Val Arg
VaI 'aXS Iza 115120 125 20 gat ttc gtg tog ggg cac gtg cgg atg ccg gcg
EORAG cgc ggc aag 432 Asp Phe Val Ser Gly His Val Arg Met Pro Ala Tyr
Ik@eArga@miy&ﬂ;S@lirSQ&%pﬁmmg@mgig e magmg&’@et@@ﬂwggac
tat cog ttt ccc gat gcg 480

Ala Ala Asn Trp Gin Leu Ile Ser Arg Pro Ber Trp Ser Ala Cys Asn
20 25 30

Tle Leuw Val Leu Met Ser Ala Thr His Pro Lys Lys Arg Ala Ala Asp
35 40 45

Tle Gly Gly BAsn Lys Ala Gly Ala Val Asp Thr Ala Asp His Gly Met
50 55 60

Lys Phe Trp Glu Arg Gln Ala Asn Ala Leu Arg Thr Ala Leu Arg Arg
65 70 75 80

Asn Gly Leu Met Ser Val Asp Glu Leu Arg Arg Ala Ala Glu Asp Leu
85 g0 95

Gly Asp Arg Tyr Ala Lys Leu Glu Tyr Phe Glu Arg Thr Thr Phe Ala
' 100 105 110

Leud Arg Thr Val Leu Leu Glu Lys Gly Tyr Phe Thr Glu Glu Ser Leu
118 120 125

Ala Ala Lys Met Ala Glu Val Arg Lys Pro Leu Arg Cys Ala Ala Gln
130 135 140

Glu Gly Iie Ala Gly Glu Glu Glu Ser Glu Ala Met Asn Pro Ala Thr
145 150 1558 160

Gly Lys Gln Asp Gly Gln Arg Leu Pro Ser Thr Tyr Thr Ala Ala Pro
165 170 175

Gly His Arg Phe asp Val Gly Asp Arg val val val Lys Arg Ser Asn
180 185 190
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Thr Gly Val Val Val Ser Glu Ser Pro Asp Tyr Pro Phe Pro Asp Ala 145
150 155 160 30 cat gcg cac tog gtc gat gcc cag gac gag cca acc tac gac
gtg cgc 528 His Ala His Ser Val Asp Ala GIn Asp Glu Pro Thr Tyr Asp Val
Arg 165170175 35 ttc cgc ago 9ag at cta tgg cog gat tee gcc gat tee
gca ctc gtt 576 Phe Arg 5er Glu Asp Leu Trp Pro Asp Ser Ala Asp Ser Ala
Leu Val 180 185 190 40 cac gtc ggc gta ttc cag ago tac ctc gag cgg gag
tog acg cca gga 624 His Val Gly Val Phe GIn Ser Tyr Leu Glu Arg Glu
S86 ThEPE Sk 51 8520200 4a-tagi 6 275Q 2 108 G4y<23d >RP&1y
<212> PRIP5<213> Unknown 5%0&220> <223> Metageffome - beta unit
nitrile hydratase - M12K24 <400> 64 48/75 Met Asp Gly Met His Asp Leu
GGl A8 CEYRS Clbra Al 5:10 155 A1 1t T IgeAsi Ala
Pro Asag’he His Set Pro Trp«slu Val Arg 20 25 3@z24la Asn Ser Lau Tyr
Ala Phe Ala Val Arg Leu Gly lle Phe Asn Met 10 35 40 45 Asp Gin Tyr
Arg His Ala lle Glu Arg M'etESBIu Pro Arg HizT EguLeur5EE)r55 6% 15 G eAIa
STﬁ}kaP@iﬁerﬁlgeg%ufﬁr%ﬁ/ AR 1§3ng0 LBEF 65707 Bif, 20

al'Glu Lys Gly Val Val Thr Arg Glu Gin Leu Glu Thr Arg Ala Gin

Arg Gln Lye Glu val Trp Pro Ala Tyr Arg Gly Pro Ala His Asp Val
245 250 255

Tie @lu Met Glu Ile Phe Glu His Trp Leu Glu Pro Ala Gln Ser Gln
260 265 270

' Lys Thr

<210> 63
<211> 627
<212> DNA
<213> Unknown

<220> _
<223> Metagenome - beta unit nitrile hyvdratase -~ MI12K24

<2Z{>

<221> CDS

<222> (1)..{627)
<223>

<400> 63

atg gac ggc atg cac gac ctg gga gge agg cag gge tte gga cog gtt
48 _

Met Asp Gly Met His Asp Leu Gly Gly Arg Gln Gly Phe Gly Pro val
1 5 10 15

cge tac acg atc gac geog coc gea tto cat tog cog tgg gaz ghtg oge

96

Arg Tyr Thr Ile Asp Ala Pro Ala Phe His Ser Pro Trp Glu val Arg
20 25 30

geg aat teg cte tat geg tte geg gtg cge cte gge ate tte aac atg

144

Ala Asn Ser Leu Tyr Ala Phe Ala Val Arg Leu Gly Ile Phe Asn Met
- 35 40 45

gac gaa tac cge cat geg ate gag cgg atyg gag ccg oge cat tac cte

192

Asp Glu Tyr Arg His ala Ile Glu Arg Met Giu Pro Arg His Tyr Leu
50 55 50



8590 95 25 Gly Arg Tyr Pro Leu Ala Met Pro Ser Ala Pro Gly Arg Thr
Asn Ala 100 105 110 GIn Ala Arg Glu Arg Phe GIn Pro Gly Asp Arg
ValArg Val Lys Ala 30 115 120 125 Asp Phe Val Ser Gly His Val Arg Met
Pro Ala Tyr lle Arg Gly Lys 130 1§Z :}éo 35 Thr Gly Val Val Val Ser Glu
Ser Pro Asp Tyr Pro Phe Pro Asp (a 145 150 155 160 40 His Ala His
Ser Val Asp Ala GIn Asp Gin Pro Thr Tyr Asp Val Arg 165 170 175 45
%& A9 SELGILASDLEIL TIRPIOASRSEL AP 36 A e VAId0
190 Fiis Val Gly Val Phe GIn Ser Tyr Leu Glu Arg Glu Ser Thr Pro
Ghy 304 9820020y r<@hO 285 S62] L6 Ehr FHLy 2> PR A 208> Leu
Whknown <220> <223¥ Metagenome - beta’dnit nitrile hydratase -2°

g"i%?'\é%é 49355 2L P A2 S 5302 02a( b dOR 524y 0RO

gsaac ggc gtt cat'gac atg ggc ggc atg cac ggc atg ggt gcg ate 48 10 Met
Asn Gy VatHEB ASEMEL G IThE [§d diliS BlyLet Gly Ma Berol’8.4 B1d
cgc cge gag gag adeé gag ccc get ttc cac%jhg ccc tgg gag ggg c%ﬁ; 96 15

Arg Arg Gl Glu Asp SluPra Ala Rhe His GluBro T Gl Gly Atg 20,25

gatt tte get ctg ace acg gcg gtc gag gee tgg ggt cgg tgg ace etc 144 20
\mwmmiwamaﬂmmmm@mgmamm @mmgrmﬂg%@wnsmo
45 . 100 05 :

cag goa ©ge gag cgt tte cag ccg ggce gac cgyg gtt cge gte zag geg

384

Gln Ala Arg Glu Arg Phe Glan Pro Gly Asp Arg Val Arg Val Lys Ala
115 120 125

gat tte gtg teg ggg cac gtg cgg atg ceg geg tac ate cge gge aag

432

Asp Phe Val Ser Gly His Val Arg Met Pro Ala Tyr Ile Arg Gly Lys
130 135 140

ace gac gtg gte gte age gag tec ceg gac tat ceg ttt coe gat geg
480

Thr Gly Val Val Val Ser Glu Ser Pro aAsp Tyr Pro Phe Pro Asp Ala
145 150 155 160_

cat gog cac tog gte gat gec cag gac gag cca ace tac gac gty cgo

528

His Ala His Ser Val Asp Ala Gln Asp Glu Pro Thr Tyr Asp Val Arg
165 170 175

tte cge age gag gat cta tgg ccg gat tce gee gat tec gea cke gtt

576

Phe Arg Ser Glu Asp Leu Trp Pro Asp Ser Ala Asp Ser Ala Leu Val
180 185 180

cac gte gge gta tte cag age tac che gag cgg gag teg acg <ca gga

624 .

His Val Gly Vval Phe Gln Ser Tyr Leu Glu Arg Glu Ser Thr Pro Gly
185 200 205

tag
627

<210> 64
<211> 208
<212> PRT
<213> TUnknown

<22 0> ‘
223> Metagenome - beta unit nitrile hydratase - M12K24

<400> 64
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gat get tee cga cac cgg ate gag cgg atg sat gcg gcg gac tat ctg 192 25
Asp Ala Ser Arg His Arg lle Glu Arg Met Asn Ala Ala Asp Tyr Leu 50 55
60 cgg gtg ago tat tac gag aag tgg ctc gag tcg ctt etc get etc ctg 240 30
Arg Val Ser Tyr Tyr Glu Lys Trp L /%u Ser Leu Leu Ala Lau Leu 65 70
75 80 tce gag acc gga atg gcg agt'ccd gcg gag ate cgg agt ggg gag cgt
288 35 Ser Glu Thr Gly Net Ala Ser Pro Ala Glu lle Arg Ser Gly Glu Arg
85 90 95 gcc gac ggc aca ccg aaa acc cQg ccg etc ccg.gee gac cac
ol§ E3AFPAHKIR %‘fs%%lfﬁmr (%r’o(% S%E%l Tgﬁ 575 Fg;r%{ LPakang%)YAEC’Agﬁ%is
Val 100 105 110 acg gcg att etc gcc age ggg ttt ccc gcg ago cgg gag gcg
gga get 384 45 Thr Ala lle Lau Ala Ser Gly Phe Pro Ala Ser Arg Glu Ala
Gy 1871 5be Asp g%’g’ic&‘%g“clﬁ@ggaﬂgfg Bye By By glg &gé e
egg aac ate adC 432 50 Ala Pro Arg2 he Arg Val Ser Glu Pg Val Arg Thr
Arg Asn lle Asn 130 135 140 cog acg act cac acg cgc ett cog ega tae
gstCcggrcggaagettyygyi 0SB RrodhaThr dis Thy Alg Lee Pio AreeTyr
Ala Arg ARPLys Leu Gly 145 1589155 160 acg ate gatfcge gac cac gga
gtg ttc gtc ttc ccg gat acg aac gcg 528 50/75 Thr lle G1u Arg Asp His
GlvyalRhe,Val Rha;Rra AsR EhEASAAIAL65:10pLd5nLAG HOLGIE 8ed
gag ak@a cog cag cac gtc tatawg gtt cgt ttc gag 5 56 His Ala Leu Gly Glu
Lys Pro GIn His Val Tyr Sex Val Arg Phe Glu 180 185 190 gcg cgt

ot ¢ tac, 10.624 Ala A
SBEL4G 90,990 42060 A00.46° 4A0 3 5 0l B 1 £24 Al

Leu Trp'Gly Glu Thyla Arg Pro Glu Asp-gér Val Tyr 195

val Glu Lvs Gly Val Val Thr Arg Glu Glu Leu Glu Thr Arg Ala Gln
B5 90 85

Gly Arg Tyr Pro Leu Ala Met Pro Ser ala Pro Gly Arg Thr Asn Ala
100 105 110

Gln Ala Arg Glu Arg Phe Gln Pro Gly Asp Arg Val Arg Val Lys Ala
115 120 125

Asp Phe Val Ser Gly His Val Arg Met Pro Als Tyr Ile Arg Gly Lys
130 135 140

CThr Gly val val val Ser Glu Ser Pro Asp Tyr Pro Phe Pro Asp Ala

145 150 155 160

His aAla His.Ser val Asp Ala Gln Asp Glu Pro Thr Tvyr Asp Val Arg
165 . 170 175

Phe Arg Ser Glu Asp Leu Trp Pro Asp Ser Alas Asp Ser Ala Leu Val
180 i85 190

His Val Gly Val Phe Gln Ser Tyr Leu Glu Arg Glu Ser Thr Pro Gly
195 200 2058

<210> 65
<21i> 860
<212> DNA
<213> Unknown

<220>
<223> Metagenome - beta unit nitrile hydratase - M2IM24



atc gat ctt tgg gac gag tac ctt gaa ccc gtg tag 15 660 lle Asp Leu Trp Asp
Glu Tyr Leu Glu Pro Val 210 215 20 <210> 66 <211> 219 <212> PRT
<213> Unknown 25 <220> <223> Metagenome - beta unit nitrile
hydratase - M29M24 <400> 66 3(35%% Asn Gly Val His Asp Met Gly Gly
Met His Gly Met Gly Ala lle 15 10 Arg Arg Glu Glu Asn Glu Pro Ala
Phe His Glu Pro Tip Glu Gly Arg 35 20 25 30 Val Phe Ala Leu Thr Thr Ala
Val Glu Ala Trp Gly Arg Trp Thr Leu 35 40 45 40 Asp Ala Ser Arg His
Argdie Glu Arg Net Asn Ala Ala Asp Tyr Leu 50 55 60 45 Arg Val Ser Tyr
TyeBBhk LgssTrp Leu Glu Ser Leu Leu Ala Leu Leu 65 70 75 80 50 Ser
Gid2ehr GR MéfAla Ser Pro Ala Glu lle Arg Ser Gly Glu Arg 85 90 95 Ala
Aéf)zé’ly Thr Pro Lys Ala Thr Pro Pro Leu Pro Ala Asp His Val 55 100 105
11Q05br Al lle Lau Ala Ser Gly Phe Pro Ala Ser Arg Gin Ala Gly Ala 115
120g1 2554450t acRrodarg #ive drg dal ey Ghe Agr \atldAay T lcgrgtAsn
llé8Asn 130,135 140 5 Pro Thr Thr His Thr Arg Leu Pro Arg.Tyr Ala Ar :

PSSO 1451 A6 G5 10 e o, Ay D Y G A e

al Phe Pro Asp Thr Asn Ala 165 170 175 15 His Ala Leu Gly Glu Lys

PegGuydHisy alabyeSendal frg Rive Bl 480 4856 489 tAln dag &in ley
T;ﬁf: Giy Glu Thr Ala Arg Pro Glu Asp Ser Val T,

g

r
g Glu Glu Asn Glu Pro Ala Fhe His G¥u Pro Trp Glu Gly Arg
20 25 30

gtt tte get ctg ace acy geg gte gag gee tgg got cogy tgg acc cteo
144 .

val Phe Ala heu Thr Thr Ala Val &lu Ala Trp Gly Arg Trp Thr Leu
' 35 40 - 45

gat got tee cge cac cgy ate gag cgg ety aat geg geg gac tat ctg

182

Aszp Ala Ser Arg Hig Arg Ile Glu Arg Met Asn Ala Ala Asp Tyr Leu
50 55 60

cgg gtg age tat tac gag aag tgg cte gag teg ctt cte get -cte ctg
240 :

brg Val Ser Tyr Tyr Glu Lys Trp Leu Glu Ser Leu Leu Ala Leu Leu
65 70 75 80

tec gag acce gga atg gog agt cog gog gag ata cgg agt gog gayg cogt

288

Ser Glu Thr Gly Met Ala Ser Pro Ala Glu Ile Arg Ser Gly Glu Arg
85 50 95

geo gac ggo aca ooy aad gceg acc ocg cog cte cog gec gac cac gtg

336

ala Asp Gly Thr Pro Lys Ala Thr Pro Pro Leu Pro Ala Asp His Val
100 105 110

acg geog att ote gee age ggg ttt cec gog age cgg gag god gga gob

384 '

Thr Ala Ile Leu Ala Ser Gly Phe Pro Ala Ser Arg Glu Ala Gly Ala
115 120 1258

gog oot oge tte cga gty age gag cgg gty cgl acc cgyg aac atc aac

432

ala Pro Arg Phe Arg Val Ser Glu Arg Val Arg Thr Arg Asn Ile Asn
130 135 140

cog acg act cac acg cge ckb ceg cga tac goc ogyg cgg aag cte gog
480

Pro Thr Thr His Thr Arg Leu Pro Arg Tyr Ala Arg Arg Lys Leu Gly
145 150 - 155 160

acg atc gag cge gac cac gga gty tte gbte tte cey gat acg aac gcg
528 . '
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20 195 200 205 lle Asp Leu Trp Asp Glu Tyr Leu Glu Pro Val 210 215 25
<210> 67 <211>660 <212> DNA 30 <213> Unknown <220> <223>
Metagenome - beta unit nitrite hydratase - M2K17 35 <220> <221> CDS
<222> (1)..(660) <223> 40 <400> 67 %tg acc aat tcg ctg cac gac atg ggc
ggc atg cac ggc ttt ggc cgg 48 Me5[ I%r Asn Ser Leu His Asp Met Gly Gly
Met His Gly Phe Gly Arg 15 10 15 45 gtc gag ccc gag ccg aac gag ccg
ccg. ttt cac cag.cgc.t a ¢ 96 Val Glu_Prg Glu Pro Asn Glu Pro Pro
e TN T AR S 510 S bt othard 0o 5o s b G
gcc atg ggc ttt acc ggg ctg tgg acc 144 Arg Val Leu Gly Met GIn Arg Ala
Me%@ywhechgGwmeﬂﬁa' recFhea@5c46 45c55att gpagregyctogwage
tcg ttc.gaa gcc ctg cog. cca tta geg tat, 192 lle Asp Ala Gly Arg Ala Ser
A s R R LR AR SR
tat cgg cgc tgg ttt ctt ggc ctg gag ago egg 240 Leu Gly Ser Ser Tyr Tyr
ArgoAcgtT pdP hed éuaGipt amntlucSarckrgod 65/ @b St cighcigctgagc

ofclc gtggc gag.gacdagatc geg geagoc cgt 288 e

195 200 ' 205

atce gat ctt tgy gac gag tac ctt gaa cece gtg tag
660
Ile Asp lLeu Trp Asp Glu Tyr Leu Glu Pro Val

210 215
<210> &6
<211l> 218
<212> DRT

<213> Unknown

<220>
<223> Metagenome - beta unit nitrile hydratase - M29M24

<400> &6
Met Asn Gly Val His Asp Met Gly Gly Met His Gly Met Gly Ala Ile
1 5 10 15

Arg Arg Glu Glu Asn Glu Pro Ala Phe His Glu Pro Trp Glu Gly Arg
' 20 25 30

val fhe Ala Leu Thr Thr Ala Val Glu Ala Trp Gly Arg Trp Thr Leu
35 40 45

Asp Ala Ser Arg His Arg Ile Glu Arg Met Asn Ala Ala Asp Tyr Leu
50 ‘55 60

Arg Val Ser Tyr Tvr Glu Lys Trp Leu Glu Ser Leu Leu Ala lieu Leu
65 70 75 . 80

Ser Glu Thr Gly Met Ala Ser Pro Ala Glu Ile Arg Ser Gly Glu Axrg
85 9g 95

Ala Asp Gly Thr Pro Lys Ala Thr Pro Pro Leu Pro Ala Asp His Val
100 105 110

Thr aAla Ile Leu Ala Ser Gly Phe Pro Ala Ser Arg Glu Ala Gly Ala
115 T 120 125
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Leu Leu Leu Arg Gly Leu Val Gly Glu Asp Glu lle Ala Ala Gly Arg 10 85

90 95 tog atg cgc gcc ggce gece atg ttg cog cgc acc ctg acc caggcec gat 336
Ser Met Arg Ala Gly Ala Met Leu Pro Arg Thr Leu Thr GIn Ala Asp 15 100
105 110 gtg gag aaa acc ctg acc ég%ggc gac ttc goo cgc cog acc aac acc
384 Val Glu Lys Thr Leu Thr Arg Gly Asp Phe Ala Arg Pro Thr Asn Thr 20
115120 125 ccg gcg cgt ttc cag cog ggc gac cgg gtg caa acg aag aac ate
aac 432 Pro Ala ArgPhe Gin Pro Gly Asp Arg Val GiIn Thr Lys Asn lle Asn

25130 135 140 cog gcg acc_cac acc cgc ctg CCg cqgc tat gcc ego_ggc aag
a@gﬁgggg@ﬁ%%‘ﬁl%p?h Ef’—hsﬁ'@r%?b U Bro ﬁrrgﬁ %‘EﬁagA}rkﬁnGﬁfyésf‘nr
Gly 30 145 150 155 160 acg gtc gag gcg gtc cgc ggc gtt cac gtc tttcce
gac acc gcc gcg 528 Thr Val Glu Ala Val Arg Gly Val His Val Phe Pro Asp
TREAIEE FH35HEE5TIF (AT IS ¥e Bge At B dar §ue éeg da thecRwmc
g&é%tg gtc ttc cog 576 ¥ Gly Ala Gly Asp ASS& Pro GIn Trp Leu Tfltﬁﬁ\la
Val Val Phe Pro 40 180 185 190 gcg cgc gag ttg tgg gga gag gcg gcc gat
cahgcy atchaaaiciiny 6246 a Yay Gle Vel Fip GlyoGlapAlRAIBsASKLRIO
Ala lle Lys lle Ser 455195 200 205 atc g&d ¢cg ttc gas ccc tat atéSgac ccc
gca tga 660 lle Glu Ala Phe Glu Pro Tyr lle Asp Pro Ala 50 210 215

<210768 rRldn 288, R 53 ER bR 13T Woknawnys2205 $223%31u
Metagenome - tagta unit nitrile hydratase - M2K17 53/75 190

Ala Arg Glu Leu Trp Gly Glu Thr Ala Arg Pro Glu Asp Ser Val Tyr
195 200 - 205

Ile Asp Leu Trp Asp Glu Tyr Leu Glu Pro Val
210 215

<210> &7
<211> 660
<212> DNA
<213> Unknown

<220>

<223> Metagenome - beta unit nitrile hydratase - M2X17
<220>

<221> CDS

<222> (1})..{660)

<223>

<&00> &7

atg acc aat teg ctg cac gac atg gge gge atg cac gge ttt gge cog
48 :

Met Thr Asn Ser Leu Hls Asp Met Gly Gly Met His Gly Phe Gly Arg
1 ' 5 10 15

gte gag ccc gag ccg aac gag cog ccyg titt cac cag cge tgg gag ggc

96

val Glu Pro Glu Pro Asn Glu Pro Pro Phe His Gln Arg Trp Glu Gly
20 25 30

cgg gtg ctg ggg atg cag cge gee atg gge ttt ace ggg ctg tgg acc

144

Arg Val Leu Gly Met Gln Arg Ala Met Gly Phe Thr Gly Leu Trp Thr
35 46 45

atc gac goo gge. g gee teg ote gaa geo ctg cog ccoa tta geg tat

192 '

Ile Asp ala Gly Arg Ala Ser Leu Glu Ala Leu Pro Pro Leu Ala Tyr
50 55 60
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<400> 68 Met Thr Asn Ser Leu His Asp Met Gly Gly Met His Gly Phe Gly
Arg 51510 15 Val Glu Pro Glu Pro Asn Glu Pro Pro Phe His GIn Arg
Trp Glu Gly 20 25 30 10 Arg Val Leu Gly Met GIn Arg Ala Met Gly Phe
Thr Gly Leu Trp Thr 35 40 45 1504@(?5

Leu Pro Pro Leu Ala Tyr 50 55 6

Trp Phe Leu Gly Leu Glu Ser Arg 65 70 75 80 Leu Leu Leu Arg Gly Leu
Val Gly Glu Asp Glu lle Ala Ala Gly Arg 25 85 90 95 Ser Met Arg Ala Giy
Alg:blgbk et ProcArgEhe ke ddricintaia viap 1005305440520 Abal Gy
Lyg@hr Leu Thr Arg Gly Asp Phe Ala Arg Pro Thr Asn Thr 115 120 125
5Py G RYasSaEg PR TS Tro 8K ALp A Var
138 140 40 Pro Ala Thr'Biis Thr Arg Leu Pro
Gl d 45 450 4554 60:cTBEY 3k G lydladiabheadaly Ma) His \rlPhe:Peg:
Aspsrhr Ala Ala 45 165 170 175 Leu Gly Ala Gly Asp Asp Pro GIn Trp
LéguT e | Bevab Xl P e ProVaB 18510 G-B0CAH Aig) &if Péd
Glu Ala Ala Asp PréAla lle Lys lle Ser 195 200 205 55 lle GluAla Phe
GluPro. yidie AsP 240 fda L0 AP QY 7c<240>69 54d 12 G c<dd2>

DhA <213> Unknown 5
Ser Met Arg Ala

gty
3g4
Val

cog
432
Pro

ccg
480
Pro
145

acg
528
Thr

cte
576
Leu

gcg
624
Ala

ato
660
Ile

gag

Glu

gcg

ala
130

gcy

Ala

gtc

val

ggce

Gly

cgc

Arg

gag

Glu
210

<210>

<211l>
<212>
<213>

<220>

<223>

aaa

Livs
115

cgh

Arg:

acc

Thy

gag

Glu

goc

Ala

gay

Glu
185

gcg

Ala

68

219
PRT
Unknown

100
aca

Thy

tte
Phe
cac

His

gcg

Ala

gge

Gily
180

ttg

Leu

tte

Phe

Gly Ala Met Leu

ctg

Leu

cag

Gln

acc

gto

val
165

gac
Asp
tgg

Trp

gaa

Glu

Metagenéme -

ace

Thr

ccg

Pro

cga

Arg
150

cge

Arg

gac

Asp

gga

Gly

cQe

Pro

ege

Arg

ggce

Gly
135

ctg

Leu

gge

Gly

cog

Pro

gag

Glu

tat

Tyr
215

age

Gly
120

gac

Asp

cog

Pro

gt

val

cas

Gln

geg

Ala
200

ate

Ile

p Ala Gly Arg Ala Ser Leu Glu Ala
eu Gly Ser Ser Tyr Tyr Arg Arg

@Pﬁmgf@%%mé%@rqso
fg Tyr Ala Arg Gly LysOThr

Pro Arg Thr Leu

105
gac

Asp

cog

Arg

oge

Arg

cac

His

tog

185
gec

Ala

gag

Asp

tte

Phe

gty

val

tat

Tyr

gto

val
170

cte

Leu

gat

Asp

cec

Pro

goe

rla

caa

Gln

gco

Ala
155

ttt

FPhe

tac

ccc

Pro

gca

Ala

cgag

Arg

acy

Thr
140

cgo

Arg

cce

Pro

goo

Ala

gcg

Ala

tga

Thi

oog

Pro
125

aag

Lys

gge

Gly

gac

ABp

gtg

Val

ate

Ile
205

Gln
110

ace

Thy

aac

Asn

aag

Lys

acc

gtc

Val
190

asa

Lys

beta unit nitrile hydratase - M2E17

Ala

aac

atg

Tle

act

Thr

gee

Ala
175

tte

Phe

ate

Iie

GRP

Asp

acc

aac

Asn

gge

Gly
160

geg

Ala

cog

Pro

tcg

Ser
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<220> <223> Metagenome - beta unit nitrile hydratase - M23dA12
<220> 10 <221> CDS <222> (1)..(663) <223> <400> 69 15 atg gac ggc
gtg cac gac atg ggc ggc atg cac ggt ttc ggc aag gtc 48 Met Asp Gly Val
His Asp Met Gly Gly Met His Gly Phe Gly Lys Val 1510 15 20 gag cog
gaa gcg aac gag ccc gcc ttc cat gé&’ga?a tgg gaa ggc cgc 96 Glu Pro Glu
Ala Asn Glu Pro Ala Phe His Ala Glu Trp Glu Gly Arg 20 25 30 25 tgc ctc
gcg ctc aac cgc gec atg ggt gcg atc ggc gec tgg acc atc 144 Cys Leu Ala
Lewsfsn Agg Ala Met Gly Ala lle Gly Ala Trp Thr lle 35 40 45 30 gat gaa
ggc cgt gce ggce atc gag atc ctg ccg ccg gag att tat ctt 192 Asp Glu Gly
AYGATRG Rshe Biu Meu Bis PrepPYe GRS i esuise ShyeBheFdycast
tc,Jg tac tat gga aaa?gg gcg cgg cgg ctg gé& sat atg gtg 240 Gly1 er Ser
Tyr Tyr Gly Lys Trp Ala Arg Arg Leu Glu Asn Met Val 65 70 75 80 40 gtc
gealcgeyrgdicheragegoalat Baamte be gdg Whcgeqgaap288:\VaEAla
Arg Gly Phe ARPGly Ala Asp Glu Lel?Ala Ala Gly Arg Ala 8990 95 45
gcgcgt ccc ggc age tog gtg aaa cga aag ctt acg gtc gcc gaa gtg 336 Ala
AIPR G A g1 SN aklY S AT0hUS kU AR Mal Ale: GluVal, 190,105,110
50 ccg cgamcg ctg acg cgce ggt tea ttt ttc cgc gag gca arsa aag ccg 384
Pro Arg Thr Leu Thr Arg Gly Ser Phe Phe Arg Glu Ala Thr Lys Pro 115

120,125, 53 95,592 1 920 91C 996 983 GG 98,096 895 89086 318"
ccg ‘&o _ v 55 60

Leu Gly Ser Ser Tvr Tyr Arg Arg Trp Phe Leu Gly Leu Glu Ser Arg
65 _ 70 75 80

Leu Leu Leu Arg Gly Leu Val Gly Glu Asp Glu Ile Ala Ala Gly Arg
85 90 95

Ser Met Arg Ala Gly Ala Met Leu Pro Arg Thr Leu Thr Gln Ala Asp
100 108 110

val Glu Lys Thr Leu Thr Arg Gily Asp Phe Ala Arg Pro Thr Asn Thr .
118 120 128

Pro Ala Arg Phe Gln Pro Gly Asp Arg Val Gln Thr Lys Asn Ile Asn
130 135 140

Pro Ala Thr Kis Thr Arg Leu Pro Arg Tvr Ala Arg Gly Lys Thr Gly
145 ) 150 - 155 160

Tvhy Val Glu 2la Val Arg Gly val Hig Val Phe Pro Asp Thr ala Ala
165 170 - 175

Leu Gly ala Gly Asp Asp Pro Gln Trp Leu Tyr Ala Val Val Phe Pro
180 185 190

Ala Arg Glu Leu Trp Gly Glu ala Ala Asp Pro Ala Ile Lys Ile Ser
1958 200 205

Ile Glu Ala Phe Glu Pro Tyr Ile Asp Pro Ala
210 215



i0

15

20

25

30

40

45

50

55

Ala Arg Phe Ala Val Gly Glu Arg Val Arg Thr Arg Asn lle His Pro 130 135
140 55/75 gcg acg cac act cgg ttg ccg cgs tat gcg cgc ggc cat gtc ggc gtg
480 Ala Thr His Thr Arg Leu Pro Arg Tyr Ala Arg Gly His Val Gly Val 145
150 155 160 5 atc gag gcg ate cgc ggt tge cac gta ttt ccc gac tcg gtt gcg
atc 528 lle Glu Ala lle Arg Gly Cy§ is’Val Phe Pro Asp Ser Val Ala lle
165 170 175. 10 ggc gce gge gag aac cog caa tgg ctt tat acg gtg gtg ttc
ggfz-ll%%yc Eg(i Gly Ala Gly Glu Asn Pro GIn Trp Leu Tyr Thr Val Val Phe
Gly o @ 185190 15 cgc acg ctg tgg ggc gat ago gcc gat cog acg ctt
aagigte tagmatc 624 Arg Thr Leu Trp Gly Asp Ser Ala Asp Pro Thr Leu Lys
V&t Ber [[Enkg%00 205 20 gag gcg ttc gag cog tat ctg gaa cog gcc caa
cg%gt a 663 Glu Ala Phe Glu Pro Tyr Leu Glu Pro Ala Gin Pro 210 215
22

<R3 fOns 21 1212200 R 122 AT R0s72d:35% Unihown ,<220>
<223> Metagenome - beta unit nitrile hydratase - M23dA12 35 <400> 70

Me2Asp Gly Val His Asp Met Gly Gly Met His Gly Phe Gly Lys Val 1510 -

152 >Gl‘fénlgro Gy Ala Asn Glu Pro Ala Phe His Ala Glu Trp Glu Gly Arg
2Q2§ 30 2Ig%'Cys eu Ala Leu Asn Arg Ala Met Gly Ala lle Gly Ala Trp Thr

lle
<400> 69
atg gac gge gtg cac gac atyg ggce gge atg cac ggt tte gge asag gte
48
Met Asp Gly Vval His Asp Met Gly Gly Met His Gly Phe Gly Lys vVal
1 5 i0 15

gag cog gaa gog aac gag ccc goc ttc cat gog gaa tgg gaa ggc ogc
86 :

Glu Pro Glu Ala Asn Glu Pro Ala Phe His Ala Glu Trp Glu Gly aArg
' 20 25 30

tge cke geog ckte aac cge goeo atg ggt gog ate gge gee tgg ace ate

144

Cys Leu Ala Leu Asn Arg Ala Met Gly Ala Ile Gly Als Trp Thr Ile
35 40 45

gat gaa ggc cgt geec gge ate gag apc ctg ceg cecg gag att tat ctt

192 '

Asp Glu Gly Arg Ala Gly Ile Glu Ile Leu Pro Pro Glu Ile Tyr Leu
BEQ 55 60

gge agt teg tac tat gga aaa tgg geg cgg cgg oty gag aat atyg gtg
240

Gly Ser Ser Tyr Tvr Gly Lys Trp ala Arg Arg Leu Glu Asn Met Val
65 70 - 75 80

gte gea cge ggg thc geyg gge geo gat gaa cte gee gog ggt oge gcea

288 :

val ala Avrg Gly Phe Ala Gly Ala Asp Glu Leu Ala Ala Gly Arg Ala
B5 290 95

gog ogt coc gge aga tog gtg aaa cga aag ctht acg gte geec gaa gtg

336

Ala Arg Pro Gly Arg Ser Val Lys Arg Lys Leu Thr Val Ala Glu Vval
100 105 110

cog cge acg cbtg acg cge ggt tea btk tbte cge gag gea aca aag ocg

384 ) .

Pro Arg Thr Leu Thr Arg Gly Ser Phe Phe Arg Glu Ala Thr Lys Pro
115 120 125

gca cga ttt geg gtc ggoe gaa cgﬁ gty cgo ace agg aac att cat ceg
432 :

Ala Arg Phe ala Val Gly Glu Arg Val Arg Thr Arg Asn Ile His Pro
130 135 140
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3540 45 Asp Glu Gly Arg Ala Gly lle Glu lle Leu Pro Pro Glu lle Tyr Leu
50 50 55 60 Gly Ser Ser Tyr Tyr Gly Lys Trp Ala Arg Arg Leu Glu Asn Met
Val 65 70 75 80 55 Val Ala Arg Gly Phe Ala Gly Ala Asp Glu Leu Ala Ala
Gly Arg Ala 85 90 95 56/75 Ala Arg Pro Gly Arg Ser Val Lys Arg Lys Lau
Thr Val Ala Glu Val 100 105 110 é%FéArg Thr Leu Thr Arg Gly Ser Phe
Phe Arg Glu Ala Thr Lys Pro 115120 125 10 Ala Arg Phe Ala Val Gly
Glu Arg Val Arg Thcr: Arq: sn lle Hi&s1 Pr(g 13cO 135c 14% AI% ThEHis Thl; Arg
L%f,df({‘gF’arogrA(r"ﬁ‘cl'yFJ ﬁlag/grg ly s Val E?ly al 18°148%159 1§§ 18818 Sy
Aladledr s Glynkysakis NMeal Phe B Agp Ser Yad Abyllaid 651 7611 AR120
GlysAla Gly Glu Asn Pré38In Trp Leu Tyr Thr ¥& Val Phe Glu Gly Tg®
185 190 25 Arg Thr Leu Trp Gly Asp Ser Ala Asp Pro Thr Leu Lys Val Ser
1855 5B o0 0 AR P G- For Tt B AR GIRFre210
235220, $21021 €135 €23 10y 888 <AL PEMNAr <213 >skinkrOWiR =<228>
40 <223> Metagendfie - beta unit nitrile Bj@ratase - M49bD9 £220>
<221> CDS <222> (1)..(888) 45 <223> <400> 71 atg aac,qgc gta cac gat
ROt BoB e U AChGr gt b mes oEH RS 66
Gly Ala Gly Glu Asn Pro Gln Trp Leu Tyr Thr Val val Phe Glu Gly
180 185 130

cge acg ctg tgg gge gat age goc gat cog acg cbt aag gte teg atc

624

Arg Thr Leu Trp Gly Asp Ser Ala Asp Pro Thr Leu Lys Val Ser Ile
195 200 205

gag gog tte gag cog tat cbg gea cog gec cam cca tga
663
Glu 2la Phe Glu Pro Tyr Leu Glu Pro Ala Gin Pro

210 215 220

<210> 70
<211 220
<212> PRT
<213>  Unknown

<220> .
<223> Metagenome - beta unit nitrile hydratase - M23dal2

<400> 70
Met Asp Gly Val His Asp Met Gly Gly Met His Gly Phe Gly Lys Val
i 5 10 15

Glu Pro Glu Ala 2Asn Glu Pro Ala Phe Hig Ala Giu Trp Glu Gly Ary
20 25 30

Cys Deu Ala Leu Asn Arg Ala Met Gly Ala Ile Gly Ala Trp Thr Ile
35 40 45

Asp Glu Gly Arg Ala Gly Ile Glu Ile Leu Pro Pro Glu Tle Tyr Leu
50 55 : 60

Gly Ser Ser Tyr Tyr Gly Lys Trp Ala Arg Arg Leu Glu Asn Met val
65 70 75 o < 80

Val Ala Arg Gly Phe ala Gly Ala Asp Glu Leu Ala Ala Gly Arg Ala
85 90 85
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50 Met Asn Gly Val His Asp Lau Gly Gly Met Asp Gly Phe Gly ArgVal 15
10 15 atg gcg gag gcg gac gag ccg gtc ttt cat gag ccc tgg gaa ggt cgc 96
55 Met Ala Glu Ala Asp Glu Pro Val Phe His Glu Pro Trp Glu Gly Arg 20
25 30 gtg ttt gcg ctc aac atg ctc 9gg,3IC 999 cgc gag ccc att ccg gtg 144
57/75 Val Phe Ala Leu Asn Met Léeu Gly lle Gly Arg Glu Pro lle Pro Val 35
40 45 gac gag ctg cgc cat cgc att gag cgg ate gag ccg tgg cgc tat ctg 5
192 Asp Ala Lau Arg His Arg lle Glu Arg lle Glu Pro Trp Arg Tyr Leu 50
5@@0%@:@9%&ﬁﬂt&@@é{&%éﬁ%ﬁg@@%&a‘éﬂfg% Fek e
10 240 Thr Ser-S&r Tyr Tyr Glu Arg Trp Leu Ala Glu Met Gf‘u In Ala lle
65 70 75 80 ate gat gcg ggc acg ctg act act ggt gaa ate gat gcg cga atg
ggeo Lixr28GHlerAsprata Gly Fly Bau Tiw Phe GloGille Yespbxldpsgiviet
Gly 8590198 gag etc gaa acg gdt®act gat cgc eca etg’ééa agg act gat aac
act 20 336 Glu Lau Glu Thr Asp Pro Asp Arg Pro Leu Pro Arg Thr Asp
AgfuPLo, 190 105 10 aag esh 06408110894 t0h0ag-gCe=aCe Ii0 16GC BES
ggc agteec gta 25 384 GluiHB Ala Asp Gly Val AldaAla Ala Leu Arg Ala
Gly Ser Pro Val 115 120 125 acg cgc aag att cgc aag cag ccg cgc ttc aca
at C tc. 30 432 Thr Ar I rg lys.Gl r
TS SREGINEC 0 15 I g ip e dikpEG BT AR aRba Il
aeg cgg etg ccg cge tat 35 480 Val Thr Arg Asa Leu Asn Pro His Gly His
Thr Arg Lau Pro Arg Tyr 145 150 155 160 gcg cgc ggc aag ¢cgc.ggc gtc
T A1 e L ok O 1P J05398 ro feb Ser Vel AILSie

Gly Ala Gly Glu Asn Pro Gln Trp Leu Tyr Thr Val Val Phe Glu Gly
180 _ 185 : 130

Arg Thr Leu Trp Gly Asp Ser Ala Asp Pro Thr Leu Lys Val Ser Ile
195 200 208

Glu Ala Phe Glu Pro Tyr Leu Glu Pro Ala Gln Pro
210 215 220

<210> 71
<211> 888
<212> DNA
<213> Unknown

<220>
«223> Metagenome - beta unit nitrile hydratase - M49bD2

<220>

<221> (DS

<222> (1)..(888}
<223>

<400> 71

atg aac ggc gta cac gat cti gge ggg atg gat ggt ttc ggc cgg gtg
48

Met Asn Gly Val His Asp Leu Gly Gly Met Asp Gly Phe Gly Arg val
i 5 10 i5

atg geg gag gog gac gag ccg gte ttt cat gag ccc tgg gas ggb cgc

96

Met Ala Qlu Ala Asp Glu Pro Val Phe His Glu Pro Trp Glu Gly Arg
20 25 ' 30

gtg tit gog cte aag atg cteo gyce atec gog cge gag coc att ceg gty
144 .
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Ala Arg Gly Lys Arg Gly Val Val Thr Lau His His Gly Ala His Val 165 170
175 ttt ccg gat sag aac gag cac ggg etg ggc gag cat ccg cag cat etc 45
576 Phe Pro Asp Thr Asn Ala His Gly Lau Gly Glu His Pro GIn His Lau
180 185 190. tat sag gtg cgs ttt act gag cgc gag tta tgg agc gac gag gcc
gag 50 624 Tyr Thr Val Arg Phe Pi6/A¥a Arg Glu Leu Trp Ser Asp Ala Ala
Glu 195 200 205 ccg aaa gaa teg ata atg ate gat ttg tgg gag agc tat ett

0%10%a5ﬁg7898f24nv§ﬁ'%§?'&; Mgl ke Aspd-ei. T Glu,3ep Tyg Leu
GIn Pro 23§ 215 220 58 75 gatafe ggc agc aaa gcg t@g tcg ?oo gcg aaa
ggc aaa gcg acg ccg 720 Asp lle GlySer Lys Ala Ser Ser Ser Ala Lys Gly

gwe?srrﬁtprsgezmgwwgm% ARSI Y ratgIT GG T a

t g sqt Val et Ala Lys Ala Thr
Alafigsggége%: aﬁsge%%gézggso 5TZMSS%r Oigfc%[agg%pcl\% apial(-: ééd'g g%a

aag gcg gcg ccg aag gag cgt cca aaa 816 Ala Lys Ala Lys Thr Arg Gly
g§§m§$\|agpr61ty§@|w¢@gcm o9is cPE (OB 5IRT (R b Sig add ctcgedcys

0:050,76¢ 1CA GCA,GCR190,0 gEegRnaRe ROy heuty FoAR A
Akg Ala Thr Ser Ala Ala-ger G? %u Lys § % g 5 a%%ga
aag gcc aaa cgs tga 888 Ala Lys Arg Lys Ala Lys Arg 290 295 25 <210>
7gtg gat gog gge acg ctg acht cct ggt gaa atc gat geg cga atg gge
g
Ile 2Asp Ala Gly Thr Leu Thr Pro Gly Glu Ile Asp Alz Arg Met Gly
83 90 85

gag cte gaa acg gat cot gat cge cca ctg cca agg act gat sac cet

336

Glu Leu Glu Thr Asp Pro Asp Arg Pro Leu Pro Arg Thr Asp Asn Pro
100 105 : 110

gag éat goe gat ggg gtg geg geg gog ttg cge geo gge agt cog gta

384

Glu His Ala Asp Gly Val Ala Ala Ala Leuw Arg Ala Gly Ser Pro val
115 120 ' 125

acg cge aag att cge aag cag ceg cge bt aca ate gge gat cog gt

432

Thr arg Lys Ile Arg Lys Gln Pro Arg Phe Thr Ile Gly Asp Arg val
130 135 140

gta acg cgc aat ctt aat cog cac gge cat acg cgg obg ceg oge tat
480

Val Thr Arg Asn Leu Asn Pro His Gly His Thr Arg Leu Pro Arg Tvr
ié5 150 155 160

gog cge ggc aag cgc ggé gte gta acyg ctg cac cat gge goa cat gte

528

Ala Arg Gly Lys Arg Gly Val Val Thr Leu His His Gly Ala His val
165 170 1758

ttt cog gat acg aac gog cac ggy ctg ggc gag cat cog cag cat cte

576 ' :

Phe Pro Asp Thr Asn Ala His Gly Leu Gly Glu His Pro Gln His Leu
1BO 185 190 .

‘tat acg gtg cga ttt cct geg cge gag tta tgg age gac geg geo gag

624

Tyr Thr Val Arg Phe Pro Ala Arg Glu Leu Trp Ser Asp Ala Ala Glu
195 200 205

ccg aaa gaa teg sta atg abte gat ttyg tgg gag age tabk ctt caa coc

672

Pro Lys Glu Ser Ile Met Ile Asp Leu Trp Glu Ser Tyr Leu Gln Pro
210 2158 220
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<211> 295 <212> PRT 30 <213> Unknown <220> <223> Metagenome -
beta unit nitrile hydratase - M49bD9 35 <400> 72 Met Asn Gly Val His
Asp Leu Gly Gly Met Asp Gly Phe Gly Arg Val 15 10 15 40 Met Ala Gin
Ala Asp Gin Pro Val Phe His Glu Pro Trp Giu Gly Arg 20 25 30 45 Val
Phe Ala Leu Asn Met Leu Gly lle éﬁ/ﬁg Glu Pro lle Pro Val 35 40 45
Asp Ala Leu Arg His Arg lle Glu Arg lle Glu Pro Trp Arg Tyr Leu 50 50 55
6Q:EneBengorabydhd Gly A Byl e NS LUMELOLCID Al lle 43 70
73280 55 lle Asp Ala Gly Thr Leu Thr Pro Gly Glu lle Asp Ala Arg Met Gly
833 Y 5 W 5 | e 43I FhiSAS pSPY oA pLEFg F2rb Lieu Fre Nrg The
A&F°Asn Pro 100 105 118° 5 Gin His Ala Asp &1y Val Ala Ala Ala Le?®rg
Ala. £ bt SefaBracéabch18ch20ck25ad QThAD dovs Ug;Argl ¥ SIn Pro.Arg
PheEThr lie Gly Asp Arg Val 130 135 140 Val Thr Arg Asn Lau Asn Pro
rﬁ@’%i‘{ﬁhiéﬁfﬁhm@%a@%&mgbm A5 The Ple 155 W60 MerAvgiGipt yvs
Arg Gly Val Val Th¥tdu His His Gly Ala HR%Val 165 170 175 23Phe Pro
AsgeThiAgBcAlaHiscBlydeedanbelWhlisf2En Gt Blis Ly 180 185 190
281%yr Thr Val Arg Phe Pro Ala Arg Glu Leu Trp Ser Asp Ala Ala Glu 195
20tP28%° 3Py Y G RFgF e Nret A Ak | Bxp ThpsGRIS etrBy PLeLGin

Pro 210 215 238° Asp Ile Gly Ser Ly&%a Ser Ser Ser Ala € Gly Lys Ala

TJEF.{QPE@La cct gog cga geg gog ace tea gea gea toe ggc gge gaa aaa
864 '
Leu Lys Pro Ala Arg Ala Ala Thr Ser Ala Ala Ser Gly Gly Glu Lys

275 280 285

get mag cga aag goc aza cga tga
888
Ala Lys Arg Lvs Ala Lvs Arg

290 295
<210=> 72
<211> 295
<212> PRT

<213> Unknown

<220>
<223> Metzgenome - beta unit nitrile hydratase - M49bDS

<400> 72
Met Asn Gly Val Eis Asp Leu Gly Gly Met Asp Gly Phe Gly Arg Val
1 : 5 16 i5

Met Ala Glu Ala Asp Glu Pro Val Phe His Glu Pro Trp Glu Gly Arg
20 25 30

val Phe Ala Leu Asn Met Leu Gly Ile Gly Arg Glu Pro Ile Pro Val

35 40 © 45

Asp Ala Leu Arg His Arg Ile Glu Arg Ile Glu Pro Trp Arg Tyr Leu
50 55 60

Thr Ser Ser Tyr Tyr Glu Arg Trp Leu Ala Glu Met Glu Gln Ala Ile
65 70 15 80

Ile Asp Ala Gly Thr Leu Thr Pro Gly Glu Ile Asp Ala Arg Met Gly
85 90 95
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35 225 230 235 240 Lys Val Lys Pro Ala Met Ala Lys Ala Thr Ala Lys Val
Ser Val Ser 245 250 255 40 Ala Lys Ala Lys Thr Arg Gly Lys Ala Ala Pro
Lys Glu Arg Pro Lys 260 265 270 45 Leu Lys Pro Ala Arg Ala Ala Thr Ser
Ala Ala Ser Gly Gly Glu Lys 275 25%2?1%285 50 Ala Lys Arg Lys Ala Lys Arg
290 295 <210> 73 55 <211> 630 "<212> DNA <213> Unknown <220>
60/75 <223> Metagenome - beta unit nitrile hydratase - M6dE2 <220>
<221> CDS 5 <222> (1)..(630) ,<223> <400> cat.gat
t& 9oty g]juatig%négpés g%}?tcggat e g%g 1%6%8Phﬂze%§é%ﬂ§§/%cH%hA§%9Leu
Gly Gly Met Ser Gly Phe Gly Leu Val 15 10 15 gag atc gag ccc gat gag

' ccg gtg ttc cac gag ccc tgGgfgag cg ctg 15 96 Glu_lle Glu Pro As GIE Pro
Al

St PRE e GRPPTOITYS %Daeﬁlﬁé‘?% 367 gyt €55 b adf e
ggt atc gd’ésaag ctc ggc gcg tacaac 20 144 Val Phe Ala Leu Met Thr Leu
Gly lle Gly Lys Leu Gly Ala Tyr Asn 35 40 45 gcc gat gag tac cgc cac tcg
ate gag Cograld garecivgcéendracAzs Fhe Aa ASs GRY BFRARTFHiSSer
lle Gid%rg Met Asp Pro Al&His Tyr 50 55 60 cttlégg gcg acg tac tao gag
cgc atg ctc acc ggc gtcgca acg ctc 30 240

val Thr Arg Asn DLeu Asn Pro His Gly His Thr Arg Leu Pro Arg Tyr
145 - 150 155 169

Ala Arg Gly Lys Arg Gly Val Val Thr Leu His His Gly Ala His Val
165 17¢ 175

the Pro Asp Thr Asn Ala His Gly Leu Gly Glu His Pro Gln His Leu
180 185 180

tyr Thr Val Arg Phe Pro Ala Arg Glu Leu Trp Ser Asp Ala Ala Glu
185 200 208

Pro Lys Glu Ser Ile Met Ile Asp Leu Trp @lu Ser Tvr Leuw Gin Pro
210 215 . 220

asp Tle Gly Ser Lys Ala Ser Ser Ser Ala Lys Gly Lys Ala Thr Pro
225 " 230 235 240

Lys val Lys Pro Ala Met Ala Lys Ala Thr Ala Lys Val Ser val Ser
. 245 - 250 255

Ala Lys Ala Lys Thr Arg Gly Lys Ala Ala Pro Lys Glu Arg Pro Lys
260 265 270

Leu Lys Pro Ala Arg Ala Ala Thr Ser Ala Ala Ser Gly Gly Glu Lys
275 280 285

Ala Lys Arg Lys Ala Lys Arg
290 285

<210> 73
<21l> &30
«<212> DNA
<213> Unknouwn

<220>



Lau Ala Ala Thr Tyr Tyr Glu Arg Met Lau Thr Gly Val Ala Thr Lau 65 70
75 80 ctc gtc gag sag aac gtc gtt gcc cgc gac gag ctc gas gcg cgc 9cc 35
288 Lau Val Glu Lys Asn Val Val Ala Arg Asp Glu Lau Glu Ala Arg Ala 85

90 95 ggc ggg ccc ttc ccg ctg tca 5%89'&009 gtg gcc gag cgg ccg acg gcg
40 336 Gly Gly Pro Phe Pro Leu ?g Pro Val Ala Glu Arg Pro Thr Ala
100 105 110 gac ctt cgg ccc cag cca caa cca cgc ttc gcg gtc ggg gat cgg

06 AD 384 AsRaM Arg R GiNProBIn LI AvgRhle Algedas Gly Asp Arg
Val 115 120 125 gtc gtg cgc gac atc cac ccg gcc ggg cat act cgt gtg ccg

cgé&&t 50 432 Val Val Arg Asp lle His Pro Ala Gly His Thr Arg Val Pro
A? ? g 4}0 gtg cgg ggc aag cgc ggg acc gtc gtg cac gtc gcg
cggﬁaa ttc tcg % 480 Val Arg Gly Lys Arg Gly Thr Val Val His Val Ala
Pro Lys Phe Ser 145 150 155 160 61/75 tto coo gae acg gec gcg cac.
ggéPéty aAtk cat egg agc gag cac acg 528 Phe Pro Asp Thr Ala Ala His
ngngﬁel'ﬁPﬁ i&Ar G e PR8I Effs St 998521702759t CaB it §afte gtc

gfgagLan Gittog Gee 886 it 396,080, B0 Bu-His, Vel Gl PheyalAla
Ser Asp Leu Trp Ala Asp Val Ala Gly 18@d85 190 10 ago aat gag ago

gta ctc gtg gac ctg tgg gac ggc tat ctg gag ggc 624 Ser Asn Glu Ser Val
Lg VRFAGEL &6 ASFCRFTYF iR CIT S350 630529 5%58a

A&%e Glu Pro asp Glu Pro Val Phe His Glu Pro Trp Glu Ala Leu
20 25 a0

gtt tte get ctg atg act cte ggt ate ggg aag ctec gge geg tae aac

144

Val Phe Ala Leu Met Thr Leu Gly Ile Gly Lys Leu Gly Ala Tyr Asn
35 40 45

gce gat gag tac cge cac teg ate gag gy atg gat cog goe cag tac

182 :

Ala Asp (lu Tyr Arg His Ser Ile Glu Arg Met Asp Pro Ala His Tyr
50 55 60

ctt gog geg acg tac tag gag cge atg cte ace gge gte gea acg cte
240

Leu Ala Ala Thr Tvr Tyr Glu Arg Met Leu Thr Gly val Bla Thr Leu
65 T0 75 80

cto gtc gag aag aac gbtc gtt geo cge gac gayg ctc gaa gecg oge gce

288 .

Leu Val Glu Lys Asn Val Val Ala Arg Asp Glu Leu Glu Ala Arg Ala
85 g0 95

gge ggg coc tte cog obg tea ogg cog gty goc gag ogg cog acg gog

336 ) '

Ely @Gly Pro Phe Pro Leu Ser Arg Pro Val Ala Glu Arg Pro Thr Ala
100 165 110

gac ottt cgg cce cay cea caa cca cge tte geg gte gogg gat cgg gte

384 :

Asp Leu Arg Pro Gln Pro Gln Pro Arxrg Phe Ala Val Gly Asp Arg Val
115 . l20 125

gtc gtg cge gac atc cac cog gee ggyg cat act cgh ghtg cog cge tac

432

Val Val Arg Asp Ile His Pro aAla Gly His Thr Arg Val Pro Arg Tvr
130 135 ’ ' 140

gtg cgyg gge aag cgc ggg ace gte gtg cac gte geg cog asa tte teg
480

val Arg Gly Lys Arg Gly Thr val val His Vval Ala Pro Liys Phe Ser
145 150 155 160
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20 <210> 74 <211> 209 <212> PRT 25 <213> Unknown <220> <223>
Metagenome - beta unit nitrile hydratase - M6dE2 30 <400> 74 Met Asp
Gly lle His Asp Leu Gly Gly Met Ser Gly Phe Gly Leu Val 151015 35
Glu lle Glu Pro Asp Glu Pro Val Phe His Glu Pro Trp Glu Ala Leu 20 25
30 40 Val Phe Ala Leu Met Thr L&l féﬁ/ lle Gly Lys Leu Gly Ala Tyr Asn
3540 45 Ala Asp Gin Tyr Arg His Ser lle Gin Arg Met Asp Pro Ala His Tyr
45,50 55 60 Lau Ala Al rIyr Tyr Val Ala Thr
L B B B G s SRl el i A A s (ot
GiteA R AgsAlan85r26 8%z 55 61§16 pdRrFRh Ry gite 5 Se GAng HREo Mal
Ala Glu Arg Pro Tht#a 100 105 110 624 Asp Lau Arg Pro GltfPro GIn .
Pro. Arg Phe Ala Val.Gly Asp Ar 1115.120.125 5 Val Val Av e
Hi',g rcf)éL f&lg% I)? Eﬁi? %%r%ﬂ%g%/% %%ga,g% ﬁ}r@ fﬁ% f?% f?la(c): \%ﬁA%gg?%%ys
Arg-Giyi & haVatMabhliswéal Ala Beg L Rive Sepr 10:145:1 5811 33160y
Phe Pro Asp TH§%la Ala His Gly Leut¥hr His Arg Ser Glu H&%Thr 165 170

- 175 15 Tyr His Val Glu Phe Val Al Al Val |
T R S et RO T SR bR SR AR AR

LeetrGlerGhiul 96:20812056: 2mAlRsy Leu Trp Asp Gly Tyr Leu Glu Gly
- 185 200 205 :

gca tga
630
Ala

<210> 74
<211> 208
<212> PRT
<213> Unknown

<220 .
<223> Metagenome - beta unit nitrile hydratase - M64E2

<400> 74

Met Asp Gly Ile His Asp Leu Gly Gly Met Ser Gly Phe Gly Leu Val
1 5 10 15

© Glu Ile Glu Pro Asp Glu Pro Val Phe His Glu Pro Trp Glu Ala Leu

20 25 _ 30

val Phe Ala Leu Met Thr Leu Gly Ile Gly Lvs Leu Gly Ala Tyr Asn
35 i a5

aAla 2sp Glu Tyr Arg His Ser Ile Glu Arg Met Asp Pro Ala His Tyr
50 55 : 60

Leu Ala Ala Thr Tyr Tyr Glu Arg Met Leu Thr Gly Val Ala Thr Leu
65 70 75 80

Leu Val Glu Lys Asn Val Val aAla Arg Asp Glu Leu Glu Ala Arg 2la
85 90 95

Gly Gly Pro Phe Pro Leu Ser Arg Pro val Ala Glu Arg Pro Thr Ala
100 1085 110
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<210> 75 30 <211> 651 <212> DNA <213> Unknown <220> 35 <223>
Metagenome - beta unit nitrile hydratase - M25A18 <220> <221> CDS
<222> (1)..(651) 40 <223> <400> 75 atg cgc ggc acg cac gat ctc ggc gga
ttg ccc gec ggce ccg gtg gac 48 45 Met Arg Gly Thr His Asp Leu Gly Gly
Leu Pro Ala Gly Pro Val Asp 15 $875 acc get ccc cac gaa ccg acc ttc
tgg gaa aag cag gtg gac gcg atc 96 50 Thr Ala Pro His Glu Pro Thr Phe

TG lelyag B Mabhsp-Aladle 20:2Rr30rEacnag0wRlD 616 UG, datdcgAag
cgc cgc ata®cg ctg cge gac gag 1244 55 His Gly Leu LessGly Asp Ser Lys

Arg Arg lle Thr Leu Arg Asp Glu 35 40 45 aac cgc ctc tat atc gaa tog ctc

g ¢ gtc tac.aac acg.ctc 192 63/75 Asn Arg Lau.Tyr lle Glu Ser
A e S B e e 6
acc gcc gcc atg tgc age cag ate atc gac 5 240 Gly Tyr Tyr Glu Arg Tip Thr
Ala Ala Met Cys Arg GIn Lau lle Asp 65 70 75 80 aag ggc gtg ctg acg
c%@bé’f@fg}%@yﬁa c?%a&%evaﬁcv@&g% . %L%@W%fcﬁgﬁ' hr
Gin Asp Glu lle Asp Ala Lys lle Ala Glu Lau 8590 95 cge gcc cgc ggc
gte ggc geg gga ega egacgs aac ggc etg caa acc 15 336 Arg Ala Arg Gly
VEhG [HralRBlyTr grArg ey Pien Gy bew Tin The 209 $65 10 Hity e
gcc gat ctg gec geelﬁat ctg gee atc geg ccd Tgc tte gee =

Tyr Hig val Glu Phe Val Ala Ser Asp Leu Tryp Ala Asp Val Ala Gly
180 185 150

Ser Asn Glu Ser Val Leu Val Asp Leu Trp Asp Gly Tyr Leu Glu Gly -
195 200 208

Ala

<210> 75
<211l> 651
<212> DNA
<213> Unknown

<220

<223> Metagenome - beta unit nitrile hydratase - M25A18
<220>

«<221> (DS

<222> (1)..{651)

<223>

<400> 75

atg cge gge acg cac gat cte gge gga ttg coc goe gge ceg gty gac
48 .
Met Arg Gly Thr His Asp Leu Gly Gly Leu Pro Ala @Gly Pro Val Asp
1 ' 5 10 15

acc get cce cac gaa ceyg ace tte tgg gaa aag cag gtg gac geg atce

96

Thr Ala Pro His Glu Pro Thr Phe Trp Glu Lyvs Gln Val Asp Ala Ile
20 25 30

cac ggc chtg cte gge gat tec aag cge ege ate acg ctg cge gac gag

144 -

His Gly Leu Leu Gly Asp Ser Lys Arg Arg Ile Thr Leu Arg Asp Glu
35 40 £5

aac cge cte tat atec gaa teg cte gge gac gac gte tac aac acg oLc
182 .
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20 384 Val Ser Ala Asp Leu Ala Ala Asp Lau Ala lle Ala Pro Arg Phe Ala
115120 125 gcc ggc gac cgc gtg cgg gtg ago gac gat tat ccg coo ggg cac
ate 25432 Ala Gly Asp Arg Val Arg Val Arg Asp Asp Tyr Pro Pro Gly His
lle 130 135 140 ago acg ccg gtc tat gtg cgc ggc aag acg ggc gtg gtg acg
age tgc 30 480 Arg Thr Pro Val T9?&?é| Arg Gly Lys Thr Gly Val Val Thr
Arg Cys 145 150 155 160 ttc ggc gcg ttc aag aac ccg gaa ttg etc gee ate

Je6RagHe 08¢ 32122810 heblyAlaRhe dy 24svarorzinbaurkeu Ala
lle Glysktys Asp Gly 165 173475 ctg ccc aag aaasétt etc tac gaa gtg ego

ttc aag cag acc gat ctc 40 576 Lau Pro Lys Lys lle Lau Tyr Glu Val Arg
PBECL S GH TP RS GLPPLBEFL B 166° (B0 Ee D al B B0 EoAtg

ael PatAceLl0:el0 Ate gas ater 40624 4 iPregAspriyeAlaQly e Al
ThE Asp Thr Leu Lau lle7Asp lle 195 200 205 7tac gaa cat tgg ctg agg®gac

gcg tga 50 651 Tyr Glu His Trp Leu Ser Asp Ala 210 215 55 <210> 76
<339:991 F TR PRI P33 GkiftinPas/ 75° FHp3 e oo ot

Majagenoma - Refarkpicmirievdintase 2 M2hil 8ys40Q> 246 Met.Alg
Gly Thr His Asp Le&5Gly Gly Leu Pro Alagsly Pro Val Asp 15 19515 10
Thr Ala Pro His Glu Pro Thr Phe Trp Giu Lys GIn Val Asp Ala lle 20 25 30
HEEE FFEatPFatfe I§ KsFiSef 19 SHr o B o HE TIPLRAF ATESASPGTR acC

Arg bla Arg Gly Vval Gly Ala Gly Arg Arg Arg Asn Gly Leu Gln Thr
100 105 110

gty age gec gabt ctg gee goo gab ctg gee ate geg cog cge tto gee

igd : :

vVal Ser Ala Asp Leu Ala Ala Asp Leu Ala Ile Ala Pro Arg FPhe Ala
115 120 125

goo gge gac cge gtg cogg gty cge gac gat tat ccg coce ggg cac atc

432

Ala Gly Asp Arg Val Arg Val Arg Asp Asp Tyr Pro Pro Gly His Ile -
130 135 140

cge acg cog gte tat gtg cge goc aag acg goc ghtg gtg acg cgo tgo
480

Arg Thr Pro Val Tyvr Val Arg Gly Lys Thr Gly Val val Thr Arg Cys
145 ' 150 155 160

tte gge gog thte aag mac cog gaa ttg cte gee atc gge aag gac ggc

528 .

Fhe Gly Ala Phe Lys Asn Pro Glu Leu Leu Ala Ile Gly Lys Asp Gly
165 _ 170 175

ctg cocc sag aaa att cte tac gaa gtg cge tto aag cag acc gat cte

576

Leu Pro Lys Lys Ile Leu Tyr Glu Val Arg Phe Lys Gln Thr Asp Leu
180 185 120

tgg cce gac tat gec gog cog goeg ace gat acg ctg ctg ate gac atc
624
Trp Pro Asp Tyr Ala Gly Pro Ala Thr Asp Thr Leu Leu Ile Asp Ile

185 200 . 205

tac gaa cat tgg ctg age gac geg tga
651
Tyr Glu Hiz Trp Leu Ser Asp Ala

210 215
<210> 76
<21i> 216
<212> PRT

<213> Unknown
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15 35 40 45 Asn Arg Leu Tyr lle Glu Ser Leu Gly Asp Asp Val Tyr Asn Thr
Leu 505560 20 Gly Tyr Tyr Glu Arg Trp Thr Ala Ala Met Cys Arg GIn
Leu lle Asp 65 70 75 80 25 Lys Gly Val Leu Thr GIn Asp Glu lle Asp Ala
Lys lle Ala Glu Leu 859095 30 Arg Ala Arg Gly Val Gly Ala Gly Arg Arg
Arg Asn Gly Leu GIn Thr 100 105 44J5val Ser Ala Asp Lau Ala Ala Asp
Leu Ala lle Ala Pro Arg Phe Ala 35 115 120 125 Ala Gly Asp Arg Val Arg
Val-Akg Asp Asp Tyr Pro Pro Gly His lle 130 135 140 40 Arg Thr Pro Val
TyrMal Asgt&dyriope Thib&ly MalValiThi YerdBiste4s 15825858160 45
Phe Gly Ala Phe Lys Asn Pro Glu Leu Leu Ala lle G1y Lys Asp Gly 165
1787975 0 Leu Pro Lys Lys lle Leu Tyr Glu Val Arg Phe Lys GIn Thr Asp
Lest 180,186,190 T PrepAsh: ToAlR CheRroAlaThrcAgpriariauiseu
lle Asp lle 55 195 200 205 Tyr Glu His Tt Leu Ser Asp Ala 218 215
65/75 <210> 77 <211> 657 5<212>DNA <213> Unknown <220>

%%Ii%i\/' epome, 5 beta wait pifdle.pydratases MI0HDO AL-Q $22071 ¢
1>'CDS <2@2> (1)..(657) <223245 <400> 77

His Gly Leu Leu Gly Asp Ser Lys Arg Arg Ile Thr Leu Arg Asp Glu
35 40 45

Asn Arg Leu Tyr Ile Glu Ser Leu Gly Asp Asp Val Tyr Asn Thr Leu -
50 55 60 '

Gly Tyr Tyr Glu Arg Trp Thr Ala Ala Met Cys Arg Gln Leu Ile Asp
65 70 75 80

Lys Gly val Leu Thr Gln Asp Gilu Ile Asp' Ala Lys Ile Ala Glu Leu
85 ’ 90 95

Arg aAla Arg Gly Val Gly Ala Gly Arg Arg Arg Asn Gly Leu Gln Thr
100 105 . 110

Fal Ser Ala Asp Leu Ala Ala Asp Leu Ala Ile Ala Pro Arg FPhe Ala
115 120 128

2la Gly Asp Avg Val Arg Val Arg Asp Asp Tyr Pro Pro Gly His Ile
130 135 140

Arg Thr Pro Val Tyr Val Arg Gly Lys Thr Gly Val Val Thr Arg Cys
145 150 155 160

rhe Gly Ala Phe Lys Asn Pro Glu Leu Leu Ala Yle Gly Lys Asp Gly
165 170 175

Leu Pro Lys Lys Ile Leu Tyr Glu Val Arg Phe Lys Gln Thr Asp Leu
180 i85 190

Trp Pro Asp Tyr Ala Gly Pro Ala Thr Asp Thr Leu Leu Ile Asp Ile
185 ' 200 205

Tvr Glu His Trp Leu Ser Asp ala
210 215
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atg aac ggc atg cat gac atg ggc ggc atg cac ggo atg gga ccc att 48 Met
Asn Gly Met His Asp Met Gly Gly Met His Gly Met Gly Pro lle 2015 10
15 cag atc gag aag gac gag tcg ccc ttc cat gcg cgc tgg gaa ggo cgg 96
Gin lle Glu Lys Asp Glu Ser Pro ng li—]ajs Ala Arg Trp Glu Gly Arg 25 20
25 30 gcg caa gcg atg tac aac gc &{tt gcg gcc acg ggo aga ctg gtg ctt

144 Ala Gin Ala Met Tyr Asn Ala lle Ala Ala Thr Gly Arg Leu Val Leu 30

3540 45 ggc ggt aga ccc aca cgg gaa ggg ttc cog ccg gcc gaa tat ctc cgce
192 Gly Gly Arg Pro Thr Arg Glu Gly Phe Pro Pro Ala Glu Tyr Leu Arg 35
58258>607dtg agc tac tat gaa ttg ggt ttc agg gtg ctg gtc gag gac ttg gtc 240
%%?)r ﬁ% Tyr Glu Leu Gly Phe Arg Val Leu Val Glu Asp Lau Val 40 65
7 L8019 ARAC 90t ttg gtg acg cgc gcg gaa atc acg ago ggce cgt cog gea
288 Leu Asn Gly Leu Val Thr Arg Ala Glu lle Thr Ser Gly Arg Pro Ala 45

88290~95 aag ggg got gca aag Icg acg.ccc gca atc acc gcc gec acc gcg
5P B36SFEESRPRR ARG BT TiiF %EA%‘?F@WQAI%Q%« gg’?ﬁr Ala GIn

50,190 105 110 gca tat atg ttc gcg etc aaa tcg acc cgg cga gac gta ccg
otescg 384 Ala Tyr Met Phe Ala Lau Lys Ser Thr Arg Arg Asp Val Pro
Ved2Phar 5511136520 125 gcg cgt ttc caa gtc ggt cag cgt gtg cgc gcg cgo
asg?dtc aat cog 432 Ala Arg Phe Gin Val Gly GIn Arg Val Arg Ala Arg Asn
lle A0 P9 66/75 130 135 140 gte acc cat acg cgc ctg ccc cgt tac gog

age08s-28adtegue it «a80:h/ abd hokis thhreAsgdoeusRe fug dou Al Arg
iy Lys Phe Gly Val 145 150 155 160 ' '

Met Asn Gly Met His Asp Met Gly Gly Met His Gly Met Gly Pro Ile

1. 5 10 15

cag aktc gag aag gac gag teog ccc tte cat geog cge tgg gaa ggo ogy

96

Gln Ile Glu Lys Asp Glu Ser Pro Phe His Ala Arg Trp Giu Gly Aryg
20 25 30

geg caa gog atg tac aac goe att gog goo acg ggce aga ctg gty ottt

144 _

ala Gln Ala Met Tyr Asn aAla Ile Ala ala Thr Gly Arg Leu Val Leu
35 40 - 45

gge ggt aga ccc aca cgg gaa ggg tto ocg cog gec gaa tat chte cge

182

Gly Gly Arg Pro Thr Arg Glu Gly Phe Pro Pro Ala Glu Tyr Leu Arg
50 55 60

atg agc tac tat gaa ttg got tte agg gtg ctg gtc gag gac ttg gte
240 '

Met Ser Tyr Tyr Glu Leu Gly Phe Arg Val Leu Val Glu Asp Leu Val
65 70 _ 75 80

ctg aac gght ttg gtg acyg cygc geyg gaa ate acy age gge cgt ccg gea

288 '

Leu Asn Gly Leu Val Thr Arg Ala Glu Ile Thr Ser Gly Arg Pro Aj.a
858 a0 : 25

zag ggg get gea aag teg acg coe gea ate aoc goc gec acce gog oRg

336 .

Lys Gly Ala Ala Lys Ser Thr Pro ala Tle Thr Ala Ala Thr Ala Gln
100 108 110

gea tat atg tte goeg cto aaa tog acc cgg cga gac gta ccg gtc acyg

384

aAla Tyr Met Phe Ala Leu Lys Ser Thr Arg Arg Asp val Pro Val Thr
115 120 125

gog ogt the caa gte ggt cag cgt gtg cge gog cge aac abce aat ceg
432 .
Ala Arg Phe Gln val Gly Gln Arg Val Arg Ala Arg Asn Ile Asn Pro
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ate gaa cgt gae cac ggt gtt tac agg ttc gac gat too ttt gcc acg 528 10 lle
Glu Arg Asp His Gly Val Tyr Arg Phe Asp Asp Ser Phe Ala Thr 165 170
175 too ggc gac gag sag coo cag cac gtt tat tct gtg cgc ttc gcg gcg 576
15 Ser Gly Asp Glu Lys Pro Gin His Val Tyr Ser Val Arg Phe Ala Ala 180
185 190 cgc gaa eta tgg ggc gaa §d §ag cog cog cga gat got gte tat ate
624 20 Arg Glu Lau Trp Gly Glu Ala Ala Pro Pro Arg Asp Ala Val Tyr lle
195 209,205 gaa ate tgg gat facC aac ctt gag cca dgg tga 657 25 Glu lle
Trp Asp Asp Asn. Lau Glu Pro Ala 210 215 <210> 78 30 <211> 218
<212>ﬁtp¢2¢aszﬂm¢ll@mﬂc¢t2%’9>t35 LPI3SOR| FRH OIS [si9Ka it
alas 9 <400> 7 et Asn Gly, HIS sp Met Gl
%A!L%ﬁls él?ﬁ (gM_EdO ﬁe 4 1(%‘ 1.‘AL\5 1&in #ftﬁ iy I_%seoAésﬂp C}[%%/
Ser Pro Phe His Ala Arg Trp Glu GIy Arg 20 25 30 45 Ala Gin Ala Met Tyr
AshcAtisdlecaliagai T4e G Arg-Lear\adld &6C 3540085 B GIYITGHFARFPro
T Glu Gly Phe.Pr Glu.Tyr 055 60,55 Met
T?}g?yr éll#rLe%l{ &E g r§’ \A/%allTﬁ’é‘uA\z/él gé’ %% ’Esa% \é/e 65 ?o%% s%eir
Leu Asn Gly Leu Val Thr Arg Ala Glu lle Thr Ser Gly Arg Pro Ala 67/75 85
9685 4955 By Sy ARPLISSERT MEProtAldafe T Aky AECTREAIEGIACS
L9005 110, AlR.TYC MeL P Al by bR SeL N AY oo A Mal Fro
180 _ 185 190
cge gaa cta tgg gugc gaa goo geg cog cog cga gat get gte tat ate

624
Arg Glu Leu Trp Gly Glu Ala ala Pro Pro Arg Asp Ala Val Tyr Ile

185 , 200 _ 205

gaa atc tgg gat gac aac ctt gag cca geg tom
657
Glu Ile Trp Asp Asp Asn Leu Glu Pro Ala

210 215 '
<210> 178
<211> 218
<212> PRT

<213> Unknown

<220>
<223> Metagenome - beta unit nitrile hydratase - M50bDI

<400> 78
Met Asp Gly Met His Asp Met Gly Gly Met His Gly Met Gly Pro Ile
1 5 10 15

¢ln Tle Glu Lyvs Asp Glu Ser Pro FPhe His Ala Arg Trp Glu Gly Arg
20 : 25 30

ala Gln 2la Met Tyr Asn Ala Ile Ala Ala Thr Gly Arg Leu Val Leu
35 40 45 )

Gly Gly Arg Pro Thr Arg Glu Gly Phe Pro Pro Ala Glu Tyr Leu Arg
50 55 60

Met Ser Tyr Tyr Glu heu Gly Phe Arg val Leu Val Glu Asp Leu Val
65 70 75 80

Leu Asn Gly Leu Val Thr Arg Ala Glu Ile Thr Ser Gly Arg Pro Ala
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115120 125 10 Ala Arg Phe GIn Val Gly GIn Arg Val Arg Ala Arg Ash lle
Asn Pro 130 135 140 15 Val Thr His Thr Arg Leu Pro Arg Tyr Ala Arg Gly
Lys Phe Gly Val 145 150 155 160 20 lle Glu Arg Asp His Gly Val Tyr Arg
Phe Asp Asp Ser Phe Ala Thr 165 ],72 175 Ser Gly Asp Glu Lys Pro Gin
His Val Tyr Ser Val Arg Phe Ala A?a g 180 185 190 Arg Glu Leu Trp Gly
Glu Ala Ala Pro Pro Arg Asp Ala Val Tyr lle 195 200 205 30 Glu lle Trp
Asp Asp Asn Leu Glisl Pro Ala 210 215 3$<210> 79 <211> 696 <212>.
DNA <213> Unknown 40 <220> <223> Metagenome - beta unit nitrile
nydatase MRG0, <220%45 £2215 OO, 52225 (11BN, 2%
<D= éb atggat cca acg agg cgtsagt ttc ctg gog tct accqgtg gcc ctg acc
48 Met Asp Pro Thr Arg Arg Ser Phe Leu Ala Ser Thr Val Ala Leu Thr 15
10 15 55 ggc ggc gca get ate ccc gat ctg get cat gcg gca gac cac_gac cac
OB PO A 2 1 #&%&miﬁﬁwﬁmmﬁﬁgp B xp i 35 25
11 . 3 .
30 68/75 Cag cat caa gat ttg ccg tcc gat ctg gcg ctg cgg gtg aag tog ctc
144 Gin His Gin Asp Leu Pro Ser Asp Leu Ala Lau Arg Val Lys Ser Leu

Ala Arg Phe Gln vVal Gly Gln Arg Val Arg Ala Arg Asn Ile Asn Pro
130 135 140

Val Thr His Thr Arg Leu Pro Arg Tyr Ala Arg Gly Lys Phe Gly Vval
145 150 155 160

Tie Glu Arg Asp His Gly Val Tyr Arg Phe Asp Asp Ser Phe Ala Thr
165 170 175

Ser Gly Asp Glu Lys Pro‘ Gln His val Tyr Ser Val Arg Phe Ala Ala
180 _ 185 180

Arg Giu Leu Trp Gly Glu Ala Ala Pro Pro Arg Asp Ala Val Tyr Ile
185 ‘ 200 2085

Glu Ile Trp Asp 2Asp Asn Leu Glu Pro Ala
210 215

<210> 79
211> 696
<212> DNA
<213> Unknown

<220>

223> Metagenome - beta unit nitrile hydratase - M3aGlO
<220>

<221> (D8

<222> (1)..(696)

<223>

<400> 79

atg gat cca acg agg cgt agt tte cbyg geg tct ace gttt goo ctg acco
48

Met Asp Pro Thr Arg Arg Ser Phe Leu Ala Ser Thr Val Ala Leu Th
1 5 19 15

ggc gge gea get ate coe gat ctg gch cat gcg geca gac ¢ac gac cac

96 .

Gly Gly Ala Ala Ile Pro Asp Leu Ala His Ala Ala Asp His Asp His
20 25 30
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3540 45 5 gaa tog ctg ctt gtc gag aag ggg ctg gtg gag cgs gca gcg ctc
gac 192 Glu Ser Leu Lau Val Glu Lys Gly Leu Val Glu Arg Ala Ala Leu
Asp 505560 10 gcg etg gtg gac ace tac gag cac aaa gtc ggg cog ega
aac gga gcg 240 Ala Leu Val Asp Thr Tyr Glu His Lys Val Gly Pro Arg
Asn Gly Ala 65 70 75 80 15 cgc §ft/dte gcg cgg gec tgg gtt gac ccg gac
tac aag caa cgg tta 288 Arg Val Val Ala Arg Ala Trp Val Asp Pro Asp Tyr

Lys S ATgLey. 82 3P 85 2041GHc%88G0gt ASF 866 988 Alg ueg,08attc
gge4dac tcc ggc tog 336 Phe Ala Asn Gly Thr Ala Ala Val Ala Glu Phe Gly

TS a6 ¢ Beprsp0D>208r 2 18 Bead gy A ot e 418 dgd gtesgfisydeenac
acg gcc actYta cat aac 384 Gln‘@ly Ala Asp lle Arg Val Glu Asn Thr

AR ThiabEisAD dl5:L20:125430 i ale 919000 GEl0 66 (etdgkial
CQ®#gg ccqg gtg ctg ggc 432 Lau Val Val Cys Thr Leu Cys Ser Cys Tyr Pro

TR Préevaldmn BB |\yal 36l 136vE461 85:¢1¢) Fed Eey tde 2atl@agaecigey
ccc taFEgg tct cgc gtg gtg 4%Y Lau Pro Pro, Val T Tyr Lys Ser Ala Pro

TYLA g gl Gaab¥al 1490040249040 219 gat cqsk 0pa- 9gt0ige6tg
cga@ag ttc ggc gtg gtg ctg ccg gac 528 lle Asp Pro Arg Gly Val Lau Arg

GAJ,Ph@@WV&lWaﬂBE%?CSJ&S@@GM?@@?%Y Pro Arg Asn Gly }Bﬂéa
65

cge gtt gtec geg cgg gee tgg gtt gac cog gac tac aag caa cgg tta

288 '

Arg Val Val Ala arg Ala Trp Val Asp Pro Asp Tyr Lys Gln Arg Leu
85 50 95

tte gog amc ggt acc gee gea gte geg gag tte gge tac teo gge teg

336 ‘

Phe Ala Asn Gly Thr Ala Ala Val Ala Glu Phe Gly Tyr Ser Gly Ser
100 108 110

cag gge got gac ate cgg gtc ghte gas aac acg gee act ghta cat aac

384

@ln Gly Ala Asp Ile Arg Val Vval Glu Asn Thr aAla Thr Val His Asm
115 120 125

cte gte gtg tgc acg ctg tge tet tgt tabt ccc tgy ccg gtg cbg ggc

432 -

Leu Val val Cys Thr Leu Cys Ser Cys Tvr Pro Trp Pro Val Leu Gly
130 i35 140

ttg ccg cgeog ghe tgg tac aag tec goeg coe tat cgg tet oge ghtg gtg
480 . ‘

Tyeu Pro Pro Val Trp Tyr Lys Ser Ala Pro Tyr Arg Ser Arg Val Val
145 150 155 160

ate gat cog cga got gtg ctg cge gag tte gge gtg gty ctg cog gac
528 ; :

Tle Asp Pro Arg Gly Val Leu Arg Glu Phe Gly Val Val Leu Pro Asp
165 170 175

cat atc gaa ghtg cot gte tat gac age acyg gog gag caa cge tat cta

576 .

His Tle Glu Val Arg Val Tyr Asp Ser Thr Ala Glu Gln Arg Tyr Leu
180 185 150

gtg ctg cog gag cgg cCog god ¢gga act gaa aac ctg aca gaa gaa gcg

624 :

Vval Leu Pro Glu Arg Pro Ala Gly Thr Glu Asn Leu Thr Glu Glu Ala
125 200 205

ctg gog ctyg ctg gty acg cgo gac gog atg att gge gtg goe aag gte

672

Leu Ala TLeu Leu Val Thr Arg Asp Ala Met Ile Gly val Ala Lys Val
210 2158 220
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45 cat atc gaa gtg cgt gto tat gac ago acg gcg gag caa cga tat cta 576 His
lle Glu Val Arg Val Tyr Asp Ser Thr Ala Glu GIn Arg Tyr Leu 180 185 190
50 gtg ctg ccg gag cgg ccg goc gga acc gaa aac ctg aca gaa gaa gcg 624
Val Leu Pro Glu Arg Pro Ala Gly Thr Glu Asn Lau Thr Glu Glu Ala 195
200 205 55 ctg gcg ctg ctg gtg ac@e’éé% gac gog atg att ggc gtg gcc aag
gtc 672 Leu Ala Leu Leu Val Thr Arg Asp Ala Met lle Gly Val Ala Lys Val
210 215 220 69/75 gog ccg ccg gga ggc cgc gga tga 696 Ala Pro Pro Gly
ARFGIFS 995 93P @P19828EFE211> 231 10 <212> PRT <213>
U wn <22 enome - beta unit nitrile hydratase -
%gc%%o f§°<z%§63’2é%s§%%§’g Pro Thr Arg Arg Ser Phe Leu Ala Ser Thr
Val Ala Leu Thr 1510 15 20 Gly Gly Ala Ala lle Pro Asp Leu Ala His Ala
Ala Asp His Asp His 20 25 30 25 GIn His GIn Asp Leu Pro Ser Asp Leu
A@%%:u val Lys Ser Leu 35 40 45 30 Glu Ser Leu Leu Val Glu Lys
£ lu Arg Ala Ala Leu Asp 50 55 60 Ala Leu Val Asp Thr Tyr
GhztHits Lysdakfsly Pro Arg Asn Gly Ala 35 65 70 75 80 Arg Val Val Ala

Arg Ala Trp Val Asp Pro Asp Tyr Lys GIn Arg Leu
<220>

<223> Metagenome - beta unit nitrile hydratase - M3aGl0

<400> 80

Met Asp Pro Thr Arg Arg Ser Phe Leu Ala Ser Thr Val Ala Leu Thr
1 5 : 10 15

Gly Gly Ala Ala Ile Pro Asp Leu Ala His Ala Ala Asp His Asp His
20 25 30

@in Hiz Gln Asp Leu Pro Ser Asp Leu Ala Leu Arg Val Lys Ser Leu
35 40 45

@lu Ser Laﬁ Leu Val Glu Lys Gly Leu Val Glu Arg Ala Ala Leu Asp
50 55 ' 60

Ala Leu Val Asp Thr Tyr Glu His ILys Val Gly Pro Arg Asn Gly Ala
65 70 75 80

Arg Val Val Ala Arg Ala Trp Val Asp Pro Asp Tyxr Lys Gln Arg Leu
85 S50 i 35

Phe Ala Asn Gly Thr Ala Ala Val Ala Glu Phe Gly Tyr Ser Gly Ser
100 105 110

Gln Gly Ala asp Ile Arg Val val Glu Asn Thr Ala Thr Val His Asn
115 120 125

Leu Val Val Cys Thr Leu Cys Ser Cys Tyr Pro Trp Pro val Leu Gly
130 135 140

feu Pro Pro Val Trp Tyr Lys Ser Ala Pro Tyr Arg Ser Arg Val Val
145 - 150 155 160

Ile Asp Pro Arg Gly Val Leu Arg Glu Phe Gly Val Val Leu Pro Asp
168 170 178
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8590 95 40 Phe Ala Asn Gly Thr Ala Ala Val Ala Glu Phe Gly Tyr Ser Gly
Ser 100 105 110 45 GIn Gly Ala Asp lle Arg Val Val Glu Asn Thr Ala Phi
Val His Asn 115 120 125 50 Leu Val Val Cys Thr Leu Cys Ser Cys Tyr
Pro Trp Pro Val Leu Gly 130 135 140 _Leu Pro Pro Val Trp Tyr Lys Ser
Ala Pro Tyr Arg Ser Arg Val Val 58°14% 150 155 160 lle Asp Pro Arg Gly
Val Leu Arg Glu Phe-Gly Val Val Leu Pro Asp 165 170 175 70/75 His lle
Glu Val Arg Val Tyr Asp Ser Thr Ala Glu GIn Arg Tyr Leu 180 185 190 5
Val Leu Pro Glu Arg Pro Ala Gly Thr Glu Asn Leu Thr Glu Glu Ala 195
28852652 ¢ ?Iﬁrﬁeh’ai_laWa‘?% rglggg’zﬂgpp‘i&?a RhBt ‘Flje“dl’lgg\/m%el_"ys
Val 210 215 25 15 Ala Pro Pro Gly Gly Arg Gly 225 230 <310> 81 20
<211> 327 <212> DNA <213> Unknown <220> 25 <223> Metagenome
- PARKiamipra2@Ds> 220 PsaCEH8 A Iy 31327 Be<PRE €k i 8latg
aaa gat ag"c?%cg gtc ttt cgc gag c’tfﬁ’tgg gaa gcg cag gc?goﬁt 48 35 Met Lys
Asp Ser Pro Val Phe Arg Glu Pro Trp Glu Ala GIn Ala Phe 151015 gcg

ttgegcguate.tey tighCoaLgae-Cat §IGHIgIiceag Cha gap gan Ak Lys val
210 215 220

Ala Pro Pro Gly Gly Arg Gly
225 230

<21C> 81
<211> 327
<212> DNA
<213> Unknown

<220>
<223> Metagenome - pl2K unit

<220>

<221> CDhS

<222> (1)..(327)
<223>

. <400> 81

atg aaa gat age cog gtc ttt cge gag ceg togg gaa gog cag geg ttt
48 '
Mat Lye Asp Ser Pro Val Phe Arg Glu Pro Trp Glu Ala Gln Ala Phe
1 5 ' 10 15

geg ttg geg ate tog ttg caa gac cgt gge gbg tte acg cga gac gaa

96 .

Ala DLeu 3la Ile Ser Leu Gin Asp Arg Gly Val Phe Thr Arg Asp Giu
20 25 30

tgyg gog goeg gea cte gge gat gas atc aag aag geg caa got geo gge

144

Trp Ala Ala Ala Leu Gly Asp Glu Ile Lys Lys ala Gln Ala Ala Gly
35 40 45 .

gét coc gat acg gge gag act tat tac cat cat tog aktg goa gog cto

182

Asp Pro Asp Thr Gly Glu Thr Tyxr Tyr His His Trp Met Ala Ala Leu
50 55 4]

gaa cgg ctg att gea goc aag ggt gtt goco gat acyg cag acg cte goeg
240

Glu Arg Leu Ile Ala Ala Lys Gly Val Ala Asp Thr Gln Thr Leu Ala
65 T0 75 , g0

cge aca cgoe gac goco tgg cag'cac gee tgt geg cga acg ceg cat gge
288 .
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40 Ala Leu Ala lle Ser Lau GIn Asp Arg Gly Val Phe Thr Arg Asp Glu 20
25 30 tgg gcg geg gea ctec gge gat gaa ate aag aag gcg caa got gcc ggc
144 45 Trp Ala Ala Ala Lau Gly Asp Glu lle Lys Lys Ala GIn Ala Ala Gly
35 40 45 gat coo gat acg ggc gag_act tat tae cat cat tgg atg gca gcg etc
192 50 Asp Pro Asp Thr Gly Glu Tﬁr/ﬁr Tyr His His Trp Met Ala Ala Leu
50 55 60 gaa cgg ctg att gca gcc aag ggt gtt goc gat acg cag acg ctc gcg
243 5T B AAggrERUAle Atep AR Y& G Y dlval b Pes [ Tidn rTGin Pidar kb dilg
6570 75 80 cgc ac%l'scgc gac gce tgg caggeac gcc tgt gcg cga aéf ccg cat
00268, LS A1 L4 Gsp Ala Hp Gl Higa Cys pla Arg Thr Pro
Hseély 85 90 95 gcg cca atc gag cta aga ccg gac gac tic agg aat tga 5
3271 ARrProlke@iu Leu Arg Pro Asp Asp Riwe #vg Asm 100 105 10 <210>
82 <211> 108 12> PRT <213> UARRown 15 <220> <223>
Metagenome - p12K unit <400> 82 20 Met Lys Asp Ser Pro Val Phe Arg
GluzRyo Tgp Glu Ala GIn Ala Phe 1510 15 Ala Leu Ala lle Ser Leu GIn
AspiArg GBBVal Phe Thr Arg Asp Glu 25 20 25 30 Trp Ala Ala Ala Leu
G?zlﬁ?s’p GRFlle Lys Lys Ala GIn Ala Ala Gly 35 40 45 30 Asp Pro Asp Thr
G f@lﬁ Tﬂ?wmyr His His Trp Met Ala Ala Leu 50 55 60 35 Glu Arg Leu
lle.Ma.Ala Lys G1ly Val Ala Asp Thr GIn Thr Lau Ala .

<223> Metagenome -~ pl2K unit

<400>= 82

Met Lys Asp Ser Pro Val Phe Arg Glu Pro Trp Glu Ala Gln 2Ala Phe
1 5 10 . 13

Ala Leu Ala Ile Ser Leu Gln Asp Arg Gly Val Phe Thr Arg Asp Glu
20 25 ' 30

Trp Ala Ala Ala Leu Gly Asp Glu Iie Lys Lys Ala Gln Ala ala Gly
35 40 45 ’

Asp Pro Asp Thr @ly Glu Thr Tyr Tvr Els His Trp Met 2la Ala Lien
50 55 60

@lu Arg Leu Ile Als Ala Lys Gly Val Ala Asp Thr Gln Thr Leu Ala
65 70 75 - 80

Arg Thr Arg Asp Ala Trp Gln His Ala Cys Ala Arg Thr Pro His Gly
85 90 85

Ala Pro Ile Glu Leu Arg Pro Asp Rzp Phe Arg Asn
100 105

<210> 83
<211> 321
<212> DNA
<213> Unknown

<220>
<223> Metagenome - pl2K unit

<220>

<221> (DS

<222> {1}..{321)
<Z223>
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65 70 75 80 40 Arg Thr Arg Asp Ala Trp Gin His Ala Cys Ala Arg Thr Pro
His Gly 85 90 95 Ala Pro lle Gin Leu Arg Pro Asp Asp Phe Arg Asn 45
100 105 <210> 83 <211> 321 50 <212> DNA <213> Unknown <220>
<223> Metagenome - p12K unit 55 <220> <221> CDS <222> (1)..(321)
<223> 72/75 <400> 83 atg age agafgﬁ get gag caa atc gcg get gat ctt gcg
agt cog gcg 48 5 Met Arg Thr Val Ala Glu Gin lle Ala Ala Asp Len Ala Ser
Pro Ala 1510 15 gcg att ccg cgc cgc aac ggc gag ccg gtc ttc gac gag
cétidg g&d 96 10 Ala lle Pro Arg Arg Asn Gly Glu E’go Val Phe Asp Glu
PZ@%’F’&%F[FZ@%S‘%& 25T 5t a0 g ata Gty Gic gee cirted gad’ ot
ggecelc-tatnl4da15:5er duig dla Rhe @iy Il Alasyal AMarheusserdoll Gy
Gly Leu Tyr 35 4035 tca tgg gat gaa ttt’dgc gat tgc ctg att get Haa atc
aca gcg gcg 192 20 S%r lfr %s aGIlécPhetér cspa%ys Leuc!Le @Ia Gég lle
THEAR AISTEGSS B §3C9RY cgcgggcgggg tat acq agC tat tac gaa ¢gg tit
C3 968 gCEr 2402 2ASAAITAFIily ot 15 Fhe Sep Toaul pe&it-Argidhe
Leu Ala Ala 63070 75 80 ctg cag cak%tg ctc gcg gee aaa &dc etc tgo act
ccc gat gaa gtc 288 30 Lau Gin His Leu Leu Ala Ala Lys Arg Leu Cé/s Thr
Pinggg ﬁéb%ﬁt ggg ata geyg gte gee ctt tec gag ‘gt ggc cte fat

Ser Arg Ala Phe Gly Ile Ala Val Ala Leu Ser Glu Gly Gly lLeu Tyr
35 40 _ 45

tca tgg gat gaa ttf cge gat tge ctg att get gaa atc aca geg gog
182 :

Ser Trp Asp Glu Phe Arg Asp Cys Leu Ile Ala @lu Ile Thr Ala Ala
50 55 60

gat gog cogc gge gag cat acg age tat tac gaa cgg ttt cte gee geo
240 _

Asp Ala Arg Gly Glu His Thr Ser Tyr Tyr Glu Arg Phe Leu Ala Ala
85 70 75 840

ctg cag cat ctg ckc gog gee aaa ege cte tge act ceoeo gat gaa gte
288 '

T.eu Gln Hig Leu Leu Ala Ala Lys Arg Leu Cys Thr Pro Asp Glu Val
: 85 90 95

gag cgd cgg atg aac acl age dgoa ggce acc tga

321

Glu Arg Arg Met Asn Thr Ser Ala Gly Thr
100 108

<210> 84

<2317> 108

<212> PRT

c2213> Unknown

<220>
<223> Metagenome - pl2K unit

<4£00> 84
Met Arg Thr Val Ala Glu Gln Ile Ala Ala Asp Leu Ala Ser Pro Ala
1 5 10 15

Ala Ile Pro Arg Arg Asn Gly Glu Pro Val Phe Asp Glu Pro Trp Glu
20 25 30

Ser Arg Ala Phe Gly Ile Ala Val ala Leu Ser Glu Gly Gly Leu Tyr
35 40 45
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85 90 95 gag cgg cgg atg aac act agc gcaggc acc tga 321 35 Glu Arg
Arg Met Asn Thr Ser Ala Gly Thr 100 105 <210> 84 40 <211> 106
<212> PRT <213> Unknown <220> 45 <223> Metagenome - p12K unit
<400> 84 Met Arg Thr Val Ala Glu_Gin lle Ala Ala Asp Lau Ala Ser Pro Ala
50 1510 15 Ala lle Pro Arg Arg A84’@ly Glu Pro Val Phe Asp Glu Pro
Trp Glu 20 25 30 55 Ser Arg Ala Phe Gly lle Ala Val Ala Leu Ser Glu Gly
Gly Leu Tyr 3540 45 73/75 Ser Trp Asp Glu Phe Arg Asp Cys Lau lle
Ata GRPIRSTHAIZMRPSE S5BEYS ASH Al AHFGHG ﬁi@“*h%%e%ﬁr
Tyr GRi Arg Phe Leu Ala AR 65 70 75 80 10 Lau GIn His Lau Leu Ala Ala
Lys Arg Leu Cys Thr Pro Asp Glu Val 85 90 95 Glu Arg Arg Met Asn Thr
St Al GlyThl A STROF ) Fhe 236> B <PA1 SUPGrg0PRe 1578 BIlA A2213>
Emknown <220> <223% Metaggenome - plﬁ( unit 25 <220> <23%>
CDS <222> (1)..(426) <223> 30

Leu Gln His Leu Leu Ala Ala Lys Arg Leu Cys Thr Pro Asp Glu Val
85 80 . 95

Glu Arg Arg Met asn Thr Ser Ala Gly Thr
100 105

<210> B85
<211> 426
<2312> DNA
<213> Unknown

<220>

<223> Metagenome - pl2K unit
<220>

<221> CDS

«222> {1}..(426)

<Z223>

<400> 85

atg aca ace ttg age cag cgt gaa gog gec cco teg goe gag okt ctt
48

Met Thr Thr Leu Ser Gln Arg Glu Ala Ala Pro Ser Ala Glu Leu Leu
1 5 i0 i5

gac cka ccg cza okt cca agc gac ace gac gge cce gbe tte gog gaa

96 .

asp Leu Pro Gln Leu Pro Ser Asp Thr Asp Gly Pro val Phe Ala Giu
20 - 25 30

oot tog gem gog gaa geg thb geg ctt gee gta agt ctt tca gag caa

144 .

Pro Trp Glu Ala Glu Ala Phe ala Leu Ala val Ser Leu Ser Glu Gin
35 40 45

gga cat tte acg tgyg aag gaa tgg gea gea acg cte gee gat gaa ctyg

192 ‘ - :

Gly His Phe Thr Trp Lys Glu Trp Ala Ala Thr Leu Ala Asp Glu Leu
50 55 60 .

gag gge gec goo aat cge gge gag cod gat gac ggt acg cat tat tat
240 ‘

Glu Gly Ala Ala Asn Arg Gly Glu Pro Asp Asp Gly Thr His Tyr ggr
85 70 75

gag tac tgg cﬁg acg gee ctg gaa agy ctg gtt acg atc zag ggc ctg

288
Glu Tyr Trp Leu Thr Ala Leu Glu Arg Leu val Thr Ile Lys Gly Leu
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<400> 85 atg aca acc ttg agc cag cgt gaa gcg gcc ccc tog gec gag ctt ctt
48 Met Thr Thr Lau Ser Gin Arg Glu Ala Ala Pro Ser Ala Glu Leu Leu 35
151015 gac cta ccg caa cttcca agc gac acc gac ggc ccc gtc ttc gag gaa
96 Asp Leu Pro GIn Leu Pro Ser Asp Thr Asp Gly Pro Val Phe Ala Glu 40
20 25 30 ccttgg gaa gcg gaa gcg7t‘f[t)/ 6%19 ctt gccgta agt ctt tca gag caa
144 Pro Trp GluAla Glu Ala Phe Ala Lau Ala Val Ser Lau Ser Glu Gin 45
35 40 45 gga cat tt#Pacg tgg aag gaa tggfta gca acg etc gec gt gaa etg
s98:C e LN I LRy .Gl TP g Al TG L Alg 5ROl G50
5@3% 0 gag ggc gcc gecc aaicgc gge gag cog gat gac ggt acg cat tat tat
248:GhsfS Iy Al aihl e Pesidtr p Gy aGiu 2210 Tasp Bisp Gly Thy QS Tl # L a55
65 70 75 80 gadQac tgg ctg acg gec £1§ gaa agg ctg gtt acd™@c aag ggc
cg, 288 Sl U LR LAY G Aladgu Gl 4v0 bk Yal THE Nl bysdlkdeu
14500 g8 90 9% aca gat cag caa gag atg cgc gag cgc aaa gag gcg tgg gaa
gagrgaeg3B86s5ThAr AspHGin Gin Ala Med Ard GiluAvgul yetGaeAlardrpd@iu
Glu Ala 1683105 110 tat cgc cafdBc cog cat ggc geg @& gtt gaa ctt atg
tcéa C%gtc a§§4c18 Tgal;. Al::.% "QQaTE}QE rgalél Igg%Iygggatlggo%g_l 9&!5 Leu Met
Sgidro Lel 1_1% 15 155 gat caa agc cgg ata gcc gaa gag gac agc gaa
tomstcaiagsé2taih Xep Gin Ger Arg led\lseBluiBlgdspser Glu Ser Ser
130 138M40 <210> 86 20 ¥2P1> 141 <212> PRT-40

<21Q0> 8%
<211> 141
<212> PRT
<213> Unknown

<220>
<223> Metagenome - pl2K unit

<400> 86
Met Thr Thr Leu Ser Gln Arg Glu Ala Ala Pro Ser Ala Glu Leu Leu
1 ' 5 _ 10 : 15

Asp Leu Pro Gln Leu Pro Ser Asp Thr Asp Gly Pro Val Phe Ala Glu
20 25 30

Pro Trp Glu Ala &lu Ala Phe Ala Leu Ala Val Ser Leu Ser Glu Gin
38 40 - 45

Gly His Phe Thr Trp Lys Glu Prp Ala Ala Thr Leu Ala Asp ¢lu Leu
50 55 60 '

@lu Gly Ala Ala Asn Arg Gly Glu Pro Asp Asp Gly Thr His Tyr Tyr
65 70 75 : 80

Glu Tyr Trp Leu Thr Ala Leu Glu Arg Leu Val Thr Ile Lys Gly Leu
85 990 95

Thr Asp Gln Gln Ala Met Arg Glu Arg Lys Glu Ala Trp Glu Glu Ala
160 105 110

Tyr Arg His Thr Pro His Gly Ala Pro Val Glu Leu Met Ser Pro Leu
115 120 125



<213> Unknown <220> 25 <223> Metagenome - p12K unit <400> 86
Met Thr Thr Leu Ser GIn Arg Glu Ala Ala Pro Ser Ala Glu Leu Leu 3015
10 15 Asp Leu Pro GIn Leu Pro Ser Asp Thr Asp Gly Pro Val Phe Ala Glu
20 25 30 35 Pro Trp Glu Ala Glu Ala The Ala Leu Ala Val Ser Leu Ser Glu
Gin 3540 45 40 Gly His Phe ThrP/g Lys Glu Trp Ala Ala Thr Leu Ala
Asp Glu Leu 50 55 60 45 Glu Gly Ala Ala Asn Arg Gly Glu Pro Asp Asp
Gly Thr His Tyr Tyr 65 70 75 80 Glu Tyr Trp Leu Thr Ala Leu Glu Arg Leu
VasTHilhe $95 Bly Lés 5@ g5 90505 *ap Kep Ghv @TFA@?&H\/Iet Arg Glu Arg .
Lys Gi?Ala Trp Glu Glu Ala*380 105 110 55 Tyr A§ His Thr Pro His Gly
Ala Pro Val Glu Leu Met Ser Pro Leu 115 120 125 75/75 Asp Gin Ser
Arg lie Ala Glu Glu Asp Ser Glu Ser Ser 130 135 140 5



