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acti vi t§r% et tiek ihthwdratdse. of the transformant is |ower than that of the
original mcroorganismfromwhich the gene is derived (lIkehata, 30 O,

Ni shiyama, M, Horinouchi, S. and Beppu, T. "Primary structure of nitrile
hy @Pat Backgnawnd) A%%Hm t he nucl eoti de sequence of a Rhodococcus speices
N-774 and it g€ 0Py | i chi i " ur.s ) +Bipchem  181(.1989),
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ReSpongn@i%JeTiﬂ\ée%ﬁlaOlthép c?c;m'r\&%{irlw.ftrile. compounds to the corresponding

amide compounds using the cells have been examined. For example,

15 known nitrile hydratases are derived form the following
microorganisms. All of the nitrile hydratases are enzymes consisting
of two types of heterogeneous subunits.

The genus Rhodococcus (Examined Published Japanese Patent
Application (JP-B) NO. Hei 3-54558)

20 The genus Rhodoccccus (Unexamined Published Japanese Patent

Application (JP-A) NO. Hei 2-119778)
The genus Pseudomonas (JP-A Hei 3-251184)

_ The genus Rhodococcus rhodochrous (EP Patent Application NO. 455646)
However, in all cases, the expression level of nitrile hydratase

25 activity isnot highenoughwith E. coli transformed with an expression
plasmid containing an insert fragment of any nitrile hydratase gene
described in these patent publications; the nitrile-hydrating
activity per weight of cells of the transformant is lower than that
of the original microorganism from which the gene is derived (Ikehata,

30 O.,' Nishiyama, M., Horinouchi, S. and Beppu, T. “Primary structure
of nitrile hydratase deduced from the nucleotide sequence of a
Rhodococcus speices N-774 and its expression in Escherichia coli”
Eur. J. Biochem. 181(1989), 563-570; Nishiyama, M., Horinouchi, S.,
Kobayashi, M., Nagasawa, T., Yamada, H. énd Beppu, T. “Cloning and

35 Characterization of Genes Responsible for Metabolism of Nitrile

Compounds from Pseudomonas chlororaphis B23" Journal of bacteriology




Conpounds from Pseudononas chl ororaphis B23" Journal of bacteriology 0 O JUL -
2005 WD 021070717 PCT/JP02/01912 2 173(1991):2465-2472; Kobayasfh§ N 2005
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cobalt-containing nitrile hydratase genes from Rhodococcus rhodochrous J111
Bi ochimca et 5 Biophysica Acta. 1129(1991):23-33). As nentioned above, it
has been possible to express the nitrile hydratase activity itself in E
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been foElngl,1 i n _Achronobacter xerosis (IFO 12668) , and the gene encoding the
enzyme RYSTHEETS| BRBES FurdheRhodogociiise TRRIERFOdECEd | Mirghimbta @i ng

an @(prgggbggsm@m@aa_lipm(mgﬁLg3hgg57gt ase was overproduced wth the
resulting transformant (JP-A Hei 8-266277). This report shows only exanples
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about ntechnédwedr-at dievdrat sanfase t2empdrickynd-amed hab he obniysdbirinanie

(hereingfter a | at ed; as.q 1 H u , Furthernore, there is no
pr evi ouggrrg%ﬁoﬁ gﬁfi%rgéﬁgﬁ%gew?ﬁ%f}f%%éﬁge{%ﬁ h’F‘Bb%f:’ylba%’n'L?:f;eesCE for tﬁe
(hdOei naftss traelr enicetuart: jasn HMBAMNidesm 2- hydr oxy- 4- net hyl t hi obutyronitrile
25 using E. cgli fQr with.an.expression plasm d containing the.

n 1 eonydr s Bo S SRR A B B TR £a 058, RETseR AR YhbnRion.
respectniidrifhe byddacticanactivierr,) haydbexy afoudel iy Achronboanri-em xbhekesi S

Py oxy SSEPaR 511 27901 5e RFAPCRLC Hat gt 1R SBELYS Brcts e Caaaetuc hF UGSPRg
m cr oor ghai geRe balsongingdurdde genus. Basi | | wsing hen oenpse BacsLr pdhymy gt he
9€Q¥S and nitrile hydratase was overproduced with the resulting
transformant (JP-A Hei 8-266277). This report shows only examples
of acrylamide and ¢—hydroxyisocbutylamide production, and thus there
is no description on the activity of +this enzyme toward
2-hydroxy~-4-methylthiobutyronitrile in the report.
20 Thus, little is known about nitrile hydratases that can use
2-hydroxy-4-methylthiobutyronitrile (hereinafter abbreviated as
HMBN) as a substrate. Furthermore, there is no previous method for
producing 2—hydroxy—4*methylthiobutylamides (hereinafter -
abbreviated as HMBAm) from 2-hydroxy-4-methylthiocbutyronitrile
25 using E. coli transformed with an expression plasmid containing the
nitrile hydratase gene as an insert fragment.

On the other hand, with respect to the production of
x-hydroxyamide by microorganism, there is a known method for producing
the corresponding amides from lactonitrile, hydroxyacetonitrile,

30 oa-hydroxy methylthiobutyronitrile and such, using microorganisms
belonging to the genus Bacillus, the genus Bacteridium, the genus
Micrococcus or the genus Brevibacterium (see JP~-B Sho 62-21519) . In
addition, there also exists a publicly known method for producing
mandelamide from cyanohydrin (see JP-A Hei 4-222591; JP-A Hei

35 8-89267).

However, the enzymes having the nitrile hydratase activity
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ave been teste uch atte

15 aldehydes are llnked to proteins and can inactivate the enzymatic
activity (see Chemical Modification of Proteins, G. E. Means et al.,
Holden-Day, 125(1971)). Further, like aldehyde, hydrocyanic acid
(cyanide) can also inhibitorily act on many enzymes. Thus, aldehyde
and cyanide produced from 0-hydroxynitrile as the starting material

20 canbe the cause of decreased enzymatic activity. Because of aproblem
that the enzyme is inactivated in a short period of time in the
enzymatic hydration or hydrolysis of o-hydroxy nitrile, it was
difficult to obtain a high concentration of @-hydroxyamide with high
productivity.

25 To prevent the loss of enzymatic activity, various methods for
increasing the enzymatic activity or for suppressing the loss of
enzymatic activity (inactivation) have been tested. Such attempts
include, for example, the following:

The reaction is carried out at a lower temperature ranging

30 from the freezing point to 15°C (JP-B Sho 56-38118).

A lower concentration of substrate is continuously
supplied from multiple supply ports (J-P—B Sho 57-1234).
A microorganism or processed product thereof is treated
with an organic solvent (JP-A Hei 5-308980).
35 The reaction is carried out in the presence of higher
unsaturated fatty acid (JP-A Hel 7-265090).
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| owered by a gg%ﬂg and then nitrile hydratase is allowed to
oot o Tk SRR e ound (see JP-A Hei 11-123098). The | ong-term
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sulfite ion, acjid.sulfite ion aor 10 d|th|on|te jon (see JP-A Hei 8-89267)
Aldéhyde i s aRHEHL{SeECIPORNGe il LaTe PR eCBenifrl emptiingds avsy then
suf fici ent efﬁg@i—ﬂ@mytdﬁﬁéwatsr balowd®Rld £ahbensi t\thROHIRr S P8R Ripdikied
met hods were effective, K room for econom cal or practical

i nprovenent . 37 eXBrb %elt &~ 1§3QB§&6 nenti oned met hod addi ng al dehyde
requires a |l arge qued ifohfte @ deRyde ji-8t1on éfr@ﬁa gﬁlz%a%)ﬁ&e?étgrlty is
cyanohydrin as the start raterial, and thus the nethod”was |ess than”an
econom cal sRERIefed P Fiae | gresence sof |FuTIER ekbh hatc ihes Ukl rli o

sulfhi te ion, @Qtﬁhéﬁ&{étfonlQgengthhHgQIEBBEQ@7BGQUIreS addition of the
ion in an anount 20 equivalent to or er than that of the starting

material, and thus AYdrRh¥Re hbe ﬁﬁ@eﬁoﬂ5®¢a%?réaﬂeéné 22n58bj ective of the,

present invengdon dﬁth@s@rﬁék sdg Hé&@dﬁﬂ@{@%ﬁ%c%vwgd@ dBdustrial |

nitrile-hydrating activity her obj ective
applications. Although some of the methods were effective, they had

room for economical or practical improvement. For example, the

15 above-mentioned method adding aldehyde requires a large quantity of
aldehyde in 1-5 times molar excess of cyanohydrin as the start material,
and thus the method was less than an economical solution. Similarly,
it is illustrated that the method adding sulfite ion, acid sulfite
ion or dithionite ion requires addition of the ion in an amount

20 equivalent to or larger than that of the starting material, and thus
the method was not practical one.

An objective of the present invention is to provide a nitrile
hydratase havinghigh nitrile-hydrating activity. Another objective
of the present invention is to provide a stable nitrile hydratase

25 capable of maintaining the high enzymatic activity over a long period
of time. In addition, still another important objective of the
present invention is to provide a nitrile hydratase capable of also
using 2-hydroxy-4-methylthiobutyronitrile as a substrate.

Furthermore, another objective of the present invention is to

30 provide the gene encoding nitrile hydratase having high nitrile
hydration activity, recombinant plasmid containing the gene and
transformant containing the recombinant plasmid. In addition, yet
another objective of the present invention is to provide a method
for producing the corresponding amides from nitrile using the

35 transformant expressing high nitrile hydration activity.
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. provide a hydr at ase capabl e of. al so using

2- hydr oxy-4-nmet hyl t hi obutyronitrile as’ a substrate. Furthernore, anot her

obj ective of the present invention is to 30 provide the gene encodi ng
nitrile hydratase having high nitrile hydration activity, reconbinant
plasm d ont gl d)l JPe.eng, fode s fransformant contai ning the reconbi nant

pl asm d. ; objective of the present inventionis to
provi de a net e poespnoduaivantdies cetresponsing sdamddesd f tomagchieve uhieng

.the 35 transformant expressing high nitrile hydration activity. 0 0 JUL
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i nvent onsigh meinuGilsd )hyeingdi iath tartdchiteyent hécraboganienisi GrAGnOMRe i/ ahe
-and found nitrile hydratas aying very hjgh nitrile hydration activity in
m cr or@ﬁﬂl&mﬂw#@q%ﬁtwﬁ%ga@ﬂwwtdoﬁmﬁ ‘zefm]olaseaeeas 1gyeptonten,
the presejifimventis Wenfdidedd haidriheshi ekl 8 hydeat ase ywRs udabdeelfor
enzynme usabl e for achieving the above-nenti oned objectives, and_thus

conpl et FRIRV1nG cEmt 2PAVERPEBRIOPRE PRVERTLYESY hER|KHEY FREPYERED the
encodi NG A BN ZiiRedyiod 0 reconbi.nant DNA technol ogy, and prepared E. coif

transfornmed with the expression plasm d conprising an _expression vector
containing tH&Y sIREECEHenERGE Slongserthe FIRTHENCPHANE St SRRVRRAL &Ys

sucggeded ddnd N1ead Ariex SERLEnPIOKICTA QD SHegtediA N b1 NYdrahags rielinwilthe
obtai ned transformant and thus conpl eted the present_invention. 15 Nanely,
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nitril e MaeReadet isfthadagassanalicpeadiohionst ReemitbitadiyPptase with
physi cochigmgala iRfP e b ot hn@NdnéPhus completed the present invention.
15 Namely, the present invention provides the following nitrile
hydratase, polynucleotide encoding the enzyme, method for producing
the enzyme and method for producing amides using the enzyme of the
present invention.
The nitrile hydratase of the present invention has the following
20 physicochemical properties (a) and (b):
{a) acting on the nitrile group of nitrile compound, hydrating the
nitrile group and converting it to an amide group,; and,
{b) being cyanide-resistant.
In the present invention, the activity of hydrating the nitrile
25 group of nitrile compound and converting it to an amide group is
referred to as “nitrile hydratase activity”. Preferably, an enzyme
capable of acting on the compound of the following formula (1) and
producing the amide compound of formula (3) is designated as “"nitrile
hydratase”.
30

Formula (1):



(a) act
In the

"nitril

the conmpound of the followng formula (1) and producing the am de conpound

ing on the nitrile group of nitrile conmpound, hydrating the_ nitrile
group and converting it to an am de group; and, (b) being cyani de- Odsillsit 2806t .

pr@geitorbsiyention, the activity of hydrating the ni 'h&ozgélgroup of
nitrile conmpound and converting it to an anmde group is re erred

0" as
e hydratase activity". Preferably, an enzynme capable of acting on

of formula (3) is designated as "nitrile hydratase”. 30 Formula (1): 0 O
JUL 1005 WO 02/070717 PCT/JP02/01912 6 OH R CN Cl} Forrmula (3): CH
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Preferably, the nitrile hydratase of the
i nvention can act on 2§hydroxy-4-nethylthiobutyronitrile and

(3) (Wiere R represents(z} sffituted or unsubstituted al kyl group,

produce 2-hydroxy-4-nethylthioputyroam de.- The nitrile hydratase activity

of the
enzyne

containing 10%v/v 2 . ! yronitrile as the
substrate. |Instead o he enzynme sanpl g, roorgani smgelfl sfand crude

enzyne
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ot assi um phosphate byffer (pH 6.5)

present invention can b
sanple is added to
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Formula (3):

OH

R CONH, @

(Where R represents substituted or unsubstituted alkyl group, ([
substituted or unsubstituted alkenyl group, substituted or

unsubstituted cycloalkyl group, substituted or unsubstituted alkoxy
group, substituted or unsubstituted aryloxy group, substituted or
unsubstituted saturated or unsaturated heterocyclic group).

Preferably, the nitrile hydratase of the present invention can
act on 2-hydroxy-4-methylthiobutyronitrile and produce
2-hydroxy-4-methylthiobutyroamide.

The nitrile hydratase activity of the present invention can be
confirmed as follows. At first, an enzyme sample is added to a 0.1
M potassium phosphate buffer (pH 6.5) containing 10% v/v
2-hydroxy-4-methylthiobutyronitrile (HMBN) as the substrate.
Instead of the enzyme sample, microorganism cells and crude enzyme

are also usable. After addition of enzyme, the solution is incubated

nqubstituted al koxy group, substituted or

on i s incubated

i
7




-7 at 20C for 15 mnutes. The reaction solution is then conbi ned WItQ ‘Eln
haken

k]

excess volune of 0.1% (v/v) phosphate solution, and the m xture

vi gor ouslyolygn$f7pp the reaction. The reaction product can ed by
HPLC. 5 Accorgl ng to this assay nethod, 1 Uof nitrile hydlr)a /glg@?dvl\gé
defined as the anbunt of enzyme capable of producing 1 nol nicotinam de at
20C for 1 minute in a reaction solution with a standard conposition; 1 U
was defined as the anmount of enzyne capable of producing 1 (err)nol HVBAmM
at 20C orzdeoisyst e 5 fi Auteact i Pile SUALE 08 Ot idh assttﬁaﬂaégmsgﬂga%#ﬂn
Specifically, for exanple, the enzymatic activity can assaye

procedu®® AECHBE CYP bene | of Bahb| b8/ Fu@lf—ihéphaﬁfﬁo@@lnthuananﬂltlaelmnxttsre

carri edlé)ustham/ %g@%lﬁlﬁg't sT5h %Lﬁéé‘@tf‘on pr ohel %egﬁsﬁ%nkg&oziu%@ can

Bi 0-Rad. 15 On the "ot her as use erern cyani de resi stance
t hat t hee eazghezedt AYnEPL0Y or more nitrile hydrat ase activity when treated

5 PG o Snmaken! oy Perr sty eludg iR e, fldsipab el

when the enzyne retal e’ hydr S€
treat eddafi?6€ faar 2Beni audesti of hem@a&eneapablé 28F m}zﬂre)y:ﬁimdﬁ; I Qn, pehie

t d t.ant F h t
fﬁ\r/]e?]t ﬁ%ﬁ %?g%/mggg ﬁlgt%?ll elc'rsly :'? s@lhﬁ Srfgjnt?“uer?%fr: b&ir"na BW&PE%SE’&H cal

proper tsesnddyd (Ompdslt idn pedul aJaS/\Keieg?nIned'Iae thé emdart W& ghtymé capable

e S ep e EEGPAS  JoHBhI SUSHT o2 KA And BYRECe KPacbyoSE pBI SR 51 o de

gell0el e.citlmp@os‘esméarc(lZa:ovﬂpbsg)nioﬁhe enzyrre acts on the nitrile group of

i) e comang.. 90, 5), QLI By The Sell Yol e n Ll &

hydr at i awgs awyéd idye teopipo csduByi 48 2t ativdd 49Cexamples. Further, protein
quantification is carried out by the dye-binding method using a
protein assay kit from Bio-Rad.

15 On the other hand, as used herein, “cyanide resistance” means
that the enzyme retains 40% or more nitrile hydratase activity when"
treated at 20°C for 30 minutes in the presence of 1 mM cyanide ion.
Alternatively, when the enzyme retainé 10% or more nitrile hydratase
activity after treated at 20°C for 30 minutes in the presence of 5

20 mM cyanide ion, one can state that the enzyme is cyanide-resistant.

Further, the present invention provides nitrile hydratase
having the following physicochemical properties (1}-~(7):
{1l) Molecular weight:

The molecular weight is approximately 110,000 Da when

25 determined by gel filtration;

The enzyme is separated to two subunits of 26.8 kDa and 29.5
kDa by SDS-polyacrylamide gel electrophoresis.
(2} Action:

The enzyme acts on the nitrile group of nitrile compound.

30  (3) Optimal pH:

The activity of hydrating nitrile group is maximized at pH
5.5-6.5. |
(4) Optimal temperature:

The activity of hydrating nitrile group ismaximized at 40-45°C.

35 (5) pH stability:

The enzyme is stable within pH 4-9.
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The enzyne is inhibited by HJC 2, AgNGg, hydroxyl am ne or ﬁ razi ne

Further, the present invention provides nitrile hydratase haV| ng the
foll ow ng physi cochem cal properties (c) and/or (d) in addition to the
above-nmenti oned physi cochem cal properties (a) and 10 (b) , or (1)-(7)

(c) Substgatmhepecl fé€aby1ife enzyme uses
2- hydroxy-4-nethyl thi obutyronitrile as the substrate and produces
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activity 20 is not substantia reduce e |sné?#cu%at P&d
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di val ent net aI t reed e nt of th resent
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or hi ghé&avagtg \ttktey imhle:vwiﬂn@smjmndmd:hemscaQSpmpehelpse$ehtamuh)(/@rlt i(am, iwnhe

above- Y n ta Qn | des n n_and cobal t n,
These g%@BI 9{}1% c‘tt aclhleeotﬁgn%en gné_'éotnﬁ@cgﬁi(ﬁﬁtoc eﬁ‘@tc £y Gt hiEPi I(Q? and
hydttht agdb)of arhellgre€Ent invention at a concentration of 0.1 mv1 M

general | ref erab 1-10 mM 30 The nitrile hydratase of the
o ocent AV SREROT A Y G T

The enzyme uses 2-hydroxy-4-methylthiobutyronitrile as the
substrate and produces 2-hydroxy-4-methylthiobutyroamide.
(d} Stabilization:

15 The enzyme is stabilized by divalent metal ions.

In the present invention, the substrate specificity of nitrile
hydratase can be determined by the method for testing the activity
nitrile hydratase as described above. Further, as used herein,
“stabilized by divalent metal ions” means that the enzymatic activity

20 is not substantially reduced even when the enzyme is incubated with
1.8 w/w% 2-hydroxy-4-methylthbutyronitrile in the presence of a
divalent metal ion for 20 minutes. In a preferred embodiment of the
present invention, the nitrile hydratase of the present invention
can maintain 110% or higher activity under these conditioens.

25 In the present invention, the above-mentioned divalent metal
ion includes nickel ion and cobalt ion. These divalent metal ions
enhance the enzymatic activity of nitrile hydratase of the present
invention at a concentration of 0.1 mM-1 M, generally 0.5-100 mM,
preferably 1-10 mﬂ.

30 The nitrile hydratase of the present invention can be purified
from microorganisms capable of producing the enzyme by commonly used
protein purification methods. The above microorganisms can be
cultured in a standard bacterial culture medium. Some compounds for
inducing the expression of nitrile hydratase can be added to the medium.

35 For example, the addition of a nitrile compound or amide compound

can enhance the activity of nitrile hydratase. More specifically,
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30

35

specifically, the nitrile hydratase of the present invention can be
purified as an electrophoretically homogeneous polypeptide, for
example, by hydrophobic chromatography using phenyl-TOYOPEARL,
anion—exchange chromateography using DEAE-Sepharose, hydrophobic
chromatography using butyl-TOYOPEARL, affinity chromatography using
Blue-Sepharose, gel filtration using Superdex 200, and others.
Microorganisms that can be used for this purpose include, for
example, those belonging to the (_:;enus Rhodococcus {(Rhodococcus sp.) .
More specifically, Rhodococcus sp. Cr4d is a suitable microorganism
for producing the nitrile hydratase of the present invention.
Rhodococcus sp. Cr4 has been deposited under the accession number

of FERM BP-6596 in the International Patent Organism Depositary.

- International deposition of Rhodococcus sp. Cr4:
{a) Name and Address of Depositary Institute
Name: International Patent Organism Depositary, National Institute
of Advanced Industrial Science and Technol’ogy (AIST) , Independent
Administrative Institution (Previous Name: The National Institute
of Bioscience and Human-Technology, The Agency of Industrial Science

and Technology, The Ministry of International Trade and Industry)

25



Rhodococcus sp. Cr4 has been deposited under the accession nunber of FERM
BP-6596 in the International Patent Organism Depositary. 30 Int eﬁﬂailj[dﬂ(}&l

deposi ti ococcus sp. Cr4: (a) Nane and Address of LY
Fodufpe REFPARIISY:

I nstitut ternational Patent ,grgani sm Depositary, Institute
of Advanced Industrial Science and Technol ogy (Al ST), I ndependent

Adm ni strative Institution (Previous Nanme: The National Institute 35 of

Bi osci ence and Human- Technol ogy, The Agency of Industrial Science and

Technol ogy, T ni st f .1 niernati . Tha d | ) J

VO 021070717 %ﬁh%%z/%%‘é‘gzs 20t e%dgéégggﬁbngoq’??ﬁ%’l,f g&;l Hgmalé%i St?‘g c hfo%rr%fz'gﬁ
Tsukubaat-gs56baragan 305- 8566 Japan (b) Date of Deposition (Original Date
of Deposij.tiaqn).: cenber, 8§, 98 5 (¢)_ . Accession_ Nupmber: . .FERM BP: 6596 .The
nitrile Hi)dPa%%%g%oﬁemélﬁrl@gei&mw%?i%ﬁgues"?h SoReReEn) ¢ PR EhReR 08!
Rhodocopgsg sp. Cr4 is a novel enzyne having the above-nentioned

physi cochem cal properties (a)-(d) and %?1 -(7). The 10 structural feature is
deseri be@’a%%@%&%éco‘#@%%%ﬁ perty (1); the enzyne is a

het er o-di neri ¢ pol ypepti de consisting of, a-subunit of 26. 8 kDa and
13-subunit of 29.5 kDa, determ ned by SDS- PAGE. = The g}gﬁn’ no aci gHggquenc of

a-subuni t i s Browd 15 sEdvdsagaserof25Be BRPRE e tdVeRs dledy t fi8%affno
aci d seQueNCReAT £B8mS WHHHdoodctsSER 15 ¢ P N@s 4 (ROVeBNehe yael thawisigluesy .
Nanely, the present invention praovides the fqll o¥m ng 3%’b3t Meal hﬁ/ purg

pr ot ei rRROYPrERnFASPAY Rhye 1AMy BF APEIE 156t 1 9] T ﬁiﬁg sdft - The

I nvgnt i 0P 8L 3L L5 AR 13 MRS IANHBIHAE B S eli Ot @iphgeiRbeheheceaeproperty
pol ypeptide conprising the am no acid sequence of, 20 SEQ ID NO, 2 and

pol ypeptlde &&%preBEWESt HE adi H6 tEGU Sidfiehe e PO YERD F BIROCOR S 1gfiTifer Ofhe
ooy B Eh P8 Vs sbpLane cle e R 4 cale eetice.
pol ypeprheearonpracidgsedrecnes mf dtishbweijiehgesbpwsEDN| BEROID4NO: 2 (226
- amino acid residues) and the amino acid sequence of ﬁ—subunit, in SEQ
15 ID NO: 4 (207 amino acid residues). Namely, the present invention
provides the following substantially pure protein complex having the
nitrile hydratase activity.
The present invention relates to a substantially pure protein
complex between polypeptide comprising the amino acid sequence of
20 SEQ ID NO: 2 and polypeptide comprising the amino acid sequence of
SEQ ID NO: 4. Further the present invention includes a homoclogue of
the protein complex between polypeptide comprising the amino acid
sequence of SEQ ID NO: 2 and polypeptide comprising the amino acid
sequence of SEQ ID NO: 4.

25 The term “substantially pure” as used herein in reference to

Ty

a given protein, polypeptide, or protein complex means that the

protein, polypeptide, or protein complex is substantially free from

other biological macromolecules. The substantially pure protein,

polypeptide, or protein complex is at least 75% (e.g., at least 80,

30 85, 95, or 99%) pure by dry weight. Purity can be measured by any

appropriate standard method known in the art, for example, by column

chromatography, pelyacrylamide gel electrophoresis, or HPLC
analfsis. ‘

The protein complex of the present invention is a nitrile

35 hydratase that can be expressed by genetic recombination techniques

using isoclated polynucleotides encoding the nitrile hydratase of the
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present inventpen. nThe;ipal ¥ iLdes encoding the nitrile hydratase of
the present jnvention can b@?%%fgé gd,pﬁoo‘flg nPYe, thp Phesent| dwivention
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a_prot ei M ofpl dR) dwiing amet fisl | owprgtephy é&RSIOH q@v-g{eqopgﬁéi 35 (i), ;and
(i1) (i)pEfdacdcnek Act ing on the nH)ri | e gr oup of nitrile compodiadlowing
hydrating the nitrile é#%’&p and o er“'t’?%g“r% to an am de group; and (ii)
Substrate speditfi BEfpctThe enzyme uses 2- hydroxy-4-nethyl thiobutyronitrile

as e subst d S .2- hydr oxy- 4- net hyl t hi obut yroam de. 15 The
pol ynucl eot i_dgagﬁggnng? Eghz%n%/ﬁ%rrié‘a@f g‘FﬂBpf%f Ifb?\_/ﬁ’?%le( AporBuncahydeatied aget he

gene enddditidd cagsabpniandc costvietritiintg e Praf eimy éogPJ:&é-OLn&he present
i'lnvention. Intgpr: ?‘555@95 Lnyentiqn, .the polynucﬁleo e Shown in any one of
(A)-(E) is useful Ffor expres&Pigi*361thé a-subunit of nitrile hydratase of

the present iBenenemme uses 2—hydroxy—4-—methylthiobutyronitrile as the
substrate and produces 2—-hydroxy—4—methylthiobutyroamide
15 |

The polynucleotide shown in any one of the following (A)-(E)
can be used as the gene encoding d-subunit constituting the protein
complex of the present invention. In the present invention, the
polynucleotide shown in any one of (A)-(E) is useful for expressing

20  the o-subunit of nitrile hydratase of the present invention:

(A} a polynucleotide comprising the nucleotide sequence
of SEQ ID NO: 1;

(B) a polynucleotide encoding polypeptide comprising the amino
acid sequence of SEQ ID NO-: 2; |

25 (C) a polynucleotide encoding polypeptide comprising the amino

acid sequence of SEQ ID NO: 2, which contains one or more aminc acid
Substitutions, deletions, insertions and/or additions;

(D) a polynucleotide capable of hybridizing to a polynucleotide
comprising the nucleotide sequence of SEQ ID NO: 1 under stringent

30 conditions;

| (E} a polynucleotide encoding polypeptide having 70% or higher
identity to the amino acid sequence of SEQ ID NO: 2.

Moreover, the polynucleotide shown in any one of the following
(a}~(e) can be used as the gene encoding B-subunit constituting the

35 . . .
bProtein complex of the present invention. In the pPresent invention




(A) a polynucl eotide conprising the nucl eotide sequence of SEQ I E{)BIQULJQQM
(B) a polynucl eotide encodi ng polypeptide conprising the amno acid
sequencevof28EQ1* D NO. 2; 25 (C) a pol ynucl eoti de encodi ndCGIGIPYH-2 de
conprising the am no aci d sequence d2 SEQ ID NO 2, which contains one or
nore amno acid substitutions, deletions, insertions and/or additions; (D)
a pol ynucl eoti de capabl e of hybridizing to a polynucleotide conprising the
nucl eoti de sequence of SEQ ID NO 1 under stringent 30 conditions; (E) a
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constituti ng(ahm p&ﬂ.ypm@il@ldt bemmfsmtgatplees‘enleqmvéﬂtsenuemmetdfeSEQ
preseLr}tLa e@é{ ion, 0 0 JUL 2005 WO 0 210 70 7 1 7 PCT/JP02/01912 12 the
pol yn shown in any one of (a) - (e) is useful for expressing the
a-subuni t of () tarpb&yh}ﬁd:ﬂ&b&ieleoéntbelmlgepemypiaptedeic:mnp:('mimg the amino

pol ynucl eoti de conpri g eotlde sequence of SEQ ID NO 3; 5 (b) a
ponnLﬂ:‘Pe‘gt?ﬂ‘éu%ﬂESdP%gggg % & iconprising the amino acid sequence of

SEQ ID NO 4icf(® @l@@h}éﬂ'é@'t@.@el Qﬂcaﬂﬁ(ﬂ.@l ﬁglppbpﬁeaéldﬂnmﬂimimglm@ thénani no
aci d sequence of g D NO_ 4, which contains_one or nore _an no

i d
subst 3G ¢ o?l%c;lu%‘lz%t?%r%EQ IR 8PF | nsWRRAROFOREALEF e oo e 3“‘1“0 acid

pol ynuglieot i dgt£8RabI a0k thihid, d'ﬁisﬂﬁ:ﬁﬂm@s p@ﬂl&ﬂ@ﬁhﬁﬁiﬁﬁonﬁpﬁprl sing the
nucl eot1 de sequence_of SEQ ID NO 3 upder_stri ngent condi ti

pdPynucl eot i Hé) @r@@élh’ﬁ&cﬂyépﬁiﬂé‘ﬁt‘i’%aﬁ'ﬁ&@l%h?’ ZhPghe? 2 Pa ’E’PF; %’Blfiﬁe

am no aeh0r- $8IHENEROhuSESLEPaNOs efuehecTRE BEESEDt NORVENEHABXT St 2l AGehe
i sol at ed "pol ynucl eotides encoding subunits of the nitrile hydratase and {

honol ctpréitherd8of. As used herein, an "isolated pol ynucl eotide" is a
(e) a polynucleotide encoding polypeptide having 70% or higher

identity to the amino acid sequence of SEQ ID NO: 4.
15 The present invention relates to isoclated polynucleotides
encoding subunits of the nitrile hydratase and homologues thereof.
As used herein, an “isolated polynucleotide” is a
polynucleotide the structure of which is not identical to that of
any naturally occurring polynucleotide or to that of any fragment
20 of a naturally occurring genomic polynucleotide spanning more than
three separate genes. The term therefore includes, for example, (a)
a DNA which has the sequence of part of a naturally occu;ring genomic
DNA molecule in the genome of the organism in which it naturally ,-.
occurs; (b) a polynucleotide incorporated into a vector or into the
25 genomic DNA of a prokaryote or eukaryote in a manner such that the
resulting molecule is not identical to any naturally occurring vector
or genomic DNA; (c) a separate molecule such as a cDNA, a genomic
fragment, a fragment produced by polymerase chain reaction (PCR),
or a restriction fragment; and (d) a recombinant nucleotide sequence
30 that is part of a hybrid gene, i.e., a gene encoding a fusion
polypeptide. Specifically excluded from this definition are
polynucleotides of DNA molecules present in mixtures of different
(i) DNAmolecules, (ii) transfected cells, or (iii) cell clones; e.qg.,
as these occur in a DNA library such as a cDNA or genomic DNA library.
35 Accordingly, in one aspect, the invention provides an isclated

polynucleotide that encodes -a polypeptide described herein or a
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i's | ongef thanrefeeqguioslenfudntd enfjtthet sakvbelepfenenefciggiegcanye 1bop SEQ
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r ef er enced3bHG2n2E. Hhe PETPHEIY 0 CRLGH 9Fdl-ynucl eotide is shorter than the
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&GP RAL by R @ HERBIRGGYO £ ARl Brjiratase of the present invention

aswell as the amino acid sequences encoded by the nucleotide sequences
are novel. Based on the information of the nucleotide sequences
revealed in the present invention, the genes of interest can be
obtained form the deposited microorganism as described above. The
20 genes canbe obtained by PCRor screening with hybridization technique.
The full-length genes can also be obtained by chemical DNA synthesis.
Further, based on the information on the above nucleotide
sequences, it is possible to obtain the nitrile hydratase gene derived
| from other organisms. For example, the nitrile hydratase genes
25 derived from various organisms can be isolated by performing, under
stringent conditions, hybridization to polynucleoctides prepared from
other organisms, using the above nucleotide sequence or a partial
sequence thereof as a probe.
The term “polynucleotide capable of hybridizing under stringent
30 conditions” means a polynucleotide capable of hybridizing to a
polynucleotide, which has a nucleotide sequence selected from the
nucleotide sequences of SEQ ID NO: 1 (t—subunit) and SEQ ID NO: 3
{(B-subunit) ,'as a probe, for example, with an ECL direct nucleic acid
labeling and detection system {Amersham Pharmacia Biotech) under the
35 ‘conditions as described in themanual {(wash: with a primary wash buffer

containing 0.5x SSC at 42°C). Also included in the invention is a
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In the method of the present invention, it is possible to use
nct only the natural enzyme but also an enzyme comprising the amino
acid sequence of the natural enzyme in which one or more amino acids
have been substitutéd, deleted, and/or inserted, when the enzyme can

20 form the protein complex having the above-mentioned physicochemical
properties (a) and {(b) or (1) to (7). One skilled in the art canmodify
the structure of the polypeptide, for example, wvia introducing
mutations of appropriate substitutions, deletions, insertions and/or £
additions by site-specificmutagenesis (Nucleic Acid Res. 10, pp.6487

25 (1982) ; Methods in Enzymol.100, pp.448 (1983); Molecular Cloning 2nd
Edt., Cold Spring Harbor Laboratory Press (1989} ; PCR, A Practical
Approach IRL Press pp.200 (19%91)) and such. Further, amino acid
mutations can be generated innature. Thus, notonly the enzyme having
artificial amino acid mutations but also the enzyme containing

30 spontaneous amino acid mutations can be used in the method of the
Present invention.

The number of amino acids that are mutated is not particularly
restricted, as long as the enzyme can form the protein complex having
the above-mentioned physicochemical properties (a) and (b) or (1}

35 to (7). Normally, it is within 50 amino acids, preferably within 30

amino acids, more preferably within 10 amino acids, and even more



- isol ated

- 10 above-nenti oned nucl eoti de sequences. Further, based on the inb%
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DNA or 15 cDNA as a tenplate. In the.nethod of the present invention, it is
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protein cqnpl ex havin th% above- nenti oned physi cochem cal properties (a)
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di f ferefyrobingi, neyaekdhns) , i foMPbThrt Bedpr epghiises(0fy.they @A Re aGidhine,

Slcf§ChféQcine, isoleucine, preoline, phenylalanine, methionine,

tryptophan), beta-branched side chains (e.g., threonine, valine,

isoleucine) and aromatic side chains {(e.g., tyrosine, phenylalanine,
tryptophan, histidine).

In addition, in the method of the present invention, the gene

20 encoding a polypeptide having homology to the amino acid seguence

of each subunit.of’nitrile hydratase can also be used for the present

invention, when the product can form the protein complex having the

above-mentioned physicochemical properties (a) and (b) or (1)-(7).

The genes can be obtained by using protein homology search. Such

25 homology search canbe carried out, for example, by using the following

publicly known databases:

Amino acid sequence databases for protein such as SWISS—-PROT
and PIR,
30 DNA databases such as DNA Databank of JAPAN (DDBJ), EMBL and
GenBank,
Databases of amino acid sequences deduced from DNA seguences,
and,
Programs for homology search such as FASTA program and BLAST
'35 program.




are conserved. A "conservative am no acid substitution" is a rephgcenent of
one ami no acid residue belonging to one of the following groups RawWdgils

chenicall*wﬁh%hbﬁg side chain with another amno acid in gQﬁé@ﬁyEQgroup.

G oups of ‘amno acid residues having sjmlar side 10 chain

defined in the art. These groups incl Ude anmino acids with basic side chains
(e.g. , lysine, arginine, histidine) , acidic side chains (e.g., aspartic
acid, glutamc acid), uncharged polar side chains (e.qg.,glycine,
asparagi ne, ¢ Lne, Lpne, threonine, tyrosine, cysteine) , nonpolar
si de chains (ié%@egl'an?%{é? G5Fi mEANH | BEEVASSS sBF NG| rde prugmams for
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pheny! aPéFith? YAYBEGSRake RS MSgchep the RAGSENh Lniventienmeshotheof otinel
presentbynyehhgorhilshaygrne r 20 gpgcodi ng a pol ypepti de having honol ogy to
t he am no aci d sequence, of each subunit of nitrile hydratase can al so be
used for the PrReEAPEPLAGenhayinIWASN leRe tpBSGUCprede Habiy B8 proheyher,
conpl exmbayi fhe 0 [ physi hem cal_ properties.(a) and (b)
or (1)-(7). ﬁg%egggﬁgg ?gﬁ”@gtE%?g?ﬁeé&%§58§#h§kb?gﬁéPwlﬂgnangys gHFBﬁgS
Such 250HGHER §8yNQeal clii-carbhei thrar SBQOID NG 0K gRaphbaniby USkNgrbRerred

prot o o 0s G S PR BRAORRE S0 ERATOR: oHate Eut o thRA BACRAARK

of JAPANQDDBIje, tEMBle amdedGemBarie e ehased ndferallion) acisd SRAIENSSSin
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above, 45 A am ARG 2L AUl able o LE St hud Sic hetds e, g alace To e
using the algorithm of Karlin and Altschul (Proc. Natl. Acad. Sci.
USA 87: 2264-2268, 1990) modified as in Karlin and Altschul (Proc.

15 Natl. Acad. Sci. USA 90:5873-5877, 1993). Such an algorithm 1is
incorporated into the NBLAST and XBLAST programs of Altschul et al.

(J. Mol. Biol. 215:403-410, 1990). BLAST nucleotide searches are
performed with the NBLAST program, score = 100, wordlength = 12.
Homology search of protein can readily be performed, for example,

20 in DNA Databank of JAPAN (DDBJ), by using the FASTA program, BLAST
program, etc. BLAST protein searches are performed with the XBLAST
program, score = 30, wordlength = 3. Where gaps exist between two
sequences, Gapped BLAST is utilized as described in Altsuchl et al. (
(Nucleic Acids Res. 25: 3389-3402, 1997). Wwhen utilizing BLAST and

25 Gapped BLAST programs, the default parameters of the respective
programs (e.g, XBLAST and NBLAST) are used.

In the present invention, when the protein complex is intended
to be prepared by using mutant ®-subunit comprising the amino acid
sequence of SEQ ID NO: 2 and mutant B-subunit comprising the amino

30 acid sequence of SEQ ID NO: 4 both of which have mutations in their
aminoacidsequences,eitherorhmthcﬁfthanmaybenmtantpolypeptides.
Further, the subunits of different origins can be combined with each
other to form the protein complex of the present invention. When one
of the two subunits is intended to be a mutant, it should be selected

35 to be capable of constituting the protein complex, which has the

above-mentioned physicochemical properties (1) and (2}, with the




.by using this type of service. 5 A polypeptide having at |east 85%
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the 0 8 JUL 2005 WO 02/070717 PCT/JP02/01912
Preferable enzymatically active material of the present

invention includes a transformant of homologous or heterogonous host

expressing the gene encoding nitrile hydratase, which has been

prepared by genetic recombination techniques and treated products
20 thereof.

There 1s no limitation on the organism to be used for the
transformation to express the nitrile hydratase gene of the present
invention, when the organism can be transformed with the recombinant
vector containing polynucleotides encoding the respective subunits

25 constituting the protein complex having the nitrile hydratase
activity and can express the nitrile hydratase activity. The
polynucleotides encoding the respective subunits can be retaining
in a single vector. The polynucleotides for the respective subunits
can also inserted separately in two types of vectors; the protein

30 complex of +the present invention can be expressed by the
co-transformation of the vectors. Further, it is possible to obtain
the protein complex of interest in vitro by combining the
transformants each of which expresses a single subunit of the two.
Available microorganisms are those for which host-vector systems are

35 available and include, for example:



17 other subunit. Further, when both a-subunit and (3-subunit are intended
to be nutants, one nutant is conbined with the other, and nutantl§ ¢igipppy e
of consti ﬁ@@?“"tﬂ?e protein conpl ex that has the above-nenti ope

d 5
physi coch operties (i) and (i i% are selected as wePFTAPRAIRIL  case,
first, a nutant subunit is tested to sess whether it gives the required
physi cochem cal properties in conbination with the other subunit having the
wi | d-type am no acid sequence. when the result is positive, another nutant,
whi ch gives the required physicochem cal 10 properties, is selected for the
partner subunPRCELRALS Suclked The e BacheriGhin t Hee fgemts Bacddilus hibet he
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or (1)-ggpusadiaeriebactaniahovdheengeoned Hhyep tocheriisal gdpdihs egefinp
and 15/ (Li)p ggg&%%qble enzymatically active material of the present

I nventi‘on rncludes a 't ransformant of honol ogous or het erogonous host

expmessi ng t hecgénemgretdsngumht ris ethydganase Rwdadbdass baed  fltepgeadsby
genetic éeconbin%tiqn techni ques and treated products 20 thereof. There is
no i mit st FBROBK ERe organismto be used for the transformation to express
the nitrile hydsstassugene e Hhaubr SsefHar biyedd | ahe YoANA st PLEIABRFFEGAN
be transforned 'tg.the reconbi nant vector containing pol ynucl eoti des
encodi Nt FE A PERE FOS2CRRARPRECSS - CHIREPLUE ARG AT e SRS IRAYF N
the nityiteoRyds aiids genastd M dho B &N tBXNGESSs RS JUsfd 4 AT AT fttt@sgenus
activity, The polynucleotides encoding the respective subunits can be

- et niPACRER a28FnGhE Fearsr Candédgsl pRGel eoti des for the respective

subunits canf@h§?® sNSerasednaeRadd dlatddsgor t ¥ResqehuXestPhsi NG Pr ehei n
30 conpl ex of the present invention can bé expresse% by the '
co-t r ar@¢ B et FBRadPsPRE IvEet 6R8. ther gkens Tricdosesdidl €%®- obtain the
protein conplex of interest in vitro by conbining the transformants each of
whi ch expresses a single subunit of the two. Available m croorganisns are

t hose fR¥oqpieRenhéoL- p@@pgragg;gpqu ar dransformant and construction of a

15 recombinant vector suitable for a host can be carried out by employing
techniques that are commonly used in the fields of molecular biology,
bicengineering, and genetic engineering (for example, see Sambrook
et al., “Mclecular Cloning”, Cold Spring Harbor Laboratories). In
order to express the gene encoding nitrile hydratase of the present

20 invention in a microorganism, it is necessary to introduce the
polynucleotide into a plasmid vector or phage vector that is stable

in the microorganism and to let the genetic information transcribed

and translated. To do so, a promoter, a unit for regulating , -

transcription and translation, is placed upstream of the 5‘-end of

25 the polynucleotide of the present invention, and preferably a
terminator is placed downstream of the 3'-end of the polynucleotide.

The promoter and the terminator should be functional in the
microorganism to be utilized as a host. Available vectors, promoters,

and terminators for the above-mentioned various microorganisms are

30 described in detail in “Fundamental Course in Microbioclogy (8}:
Genetic Engineering”, Kyoritsu Shuppan, specifically for yeasts, in
“Adv. Biochem. Eng. 43, 75-102(1990)” and “Yeast B, 423-488 (1992)."

For example, for the genus Escherichia, in particular, for
Escherichia coli, available plasmids include pBR series and pUC series

35 plasmids; available promoters include promoters derived from lac

(derived fromPB-galactosidase gene), trp (derived from the tryptophan



. 35 avail able and include, for exanple: 0 O JUL 2005 WO 02/070717 JUL 2005
PCT/ JP02/ 01912 18 bacteria such as the genus Escherichia, the gen@:g

Baci | | us, pus Pseudononas, the genus Serratia, the

- Brevi bact eblnﬁ(%?&tqhe genus Oorynebactei ium the genus Strep ocoéjgtljgsl,z and the
genus Lactobacillus; 5 actinonycetes Such as the genus Rhodococcus and the
genus Streptonyces; yeasts such as the genus Saccharonyces, the genus

Kl uyveromyces, the genus Schi zosaccharonyces, the genus Zygosacchar onyces,
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invention in a mcroorganism it is neCessary to introduce t
pol ynucb@oPFﬂéeFﬁPéYa‘-‘pﬂ%m d vector or phage vector that is stabl e inthe
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15 required for autonomous replication) based on TOL plasmid, which is
invelved in decomposition of toluene compounds, is available; a
promoter and a terminator derived from the lipase gene (JP-A Hei
5-284973) are available,

For the genus Brevibacterium, in particular, for Brevibacterium

20 lactofermentum, available plasmid vectors include pAJ43 (Gene 39,
281 (1985)). Promoters and terminators used for Escherichia coli can
be utilized without any modification for Brevibacterium.

For the genus Corynebacterium, in particular, for

' - Corynebacterium glutamicum, plasmid vectors such as pC31l (JP-A Sho

25 57~183799) and pCB101 (Mol. Gen. Genet. 196, 175(1984)) are available.

For the genus Streptococcus, plasmid vectors such as pHV1301

(FEMS Microbiol. Lett. 26, 239 (1985)) and pGKl (Appl. Environ.
Microbiol. 50, 94 (1985)) can be used.

For the genus Lactobacillus, plasmid vectors such as pAMB1l (J.

30 Bacteriol. 137, 614 (1979)), which was developed for the genus
Streptococcus, can be utilized; and promoters that are used for
Escherichia coli are also usable.

For the genus Rhodococcus, plasmid vectors isclated from
Rhodococcus rhodochrous are available (J. Gen. Microbiol. 138, 1003
35 (1992)).

For the genus Streptomyces, plasmids can be constructed in




For exanple, for the genus Escherichia, in particular, for Escherjchi a2
coli, available plasmds include pBR series and pUC series 35 pI&éhﬂWsum
avai | abl e promoters incl ude pronoters derived fromlac (derlv dfro
(err)-gal ¥AEQ4Hde gene) , trp (derived fromthe tryptophéﬁrgﬂﬁy9@E32005
WO 02/ 070717 PCT/JP02/01912 19 opero”d, tac and trc (which are chimeras of
lac and trp) , PL and PR of X phage, etc. Available termnators are derived
fromtrpA phages, rrnB ribosomal RNA, etc. Among these, a vector pSE420D

(described in Unexa 'nﬁﬁ Pub£# aed Japanese Paten Ap I|c Cﬁ% 5
5000- 16FPANT I “a T Ehe: Pobhe A Ao € M e,
site of saoraptdnyaldsy: a\vaaba£5eoe§m&%ii'nV(Iddlce;g@@)rmg:mrH& Radehalint es
used. For the genus Bacillus, _avail able vectors are pUB110 series and pCl94

series pilfdA)dsbytieryeed Gitsadan b RalEuiady. ifftto SEOP oMY GaT divd6Res ,
Avai | ablg prgykel s cand é@ﬁgtnamr smew@r | el f r%’ﬁcﬁlﬂfst( qleall 13 pogtease)

npr (feutral protease), amy (a-amylase), ‘etc. For the genus Pseudononas,

t her® ar(é%ﬂi@t)-fvéadd?U%Iysﬁferfﬁen@e% opdd 150 Bd89ddnoaas parbda - anthe same
Pseudom gaassn&$0'@an 58adb@05t%{ﬁ‘§£’ec¥ec%% toxﬁ%Q?Ea' Riz inias

RSF1010-derived genes 18 requi red for autononous replicati based~on
pIasn1dJAMﬂxﬂpmxpeﬁqﬁuﬂhkﬂjQ&rﬁﬁcﬁﬁﬁﬁﬁntlon of toluene conpounds, is

avail able; a ro e tor deri T edi P-
o o 254073 Ok B fOf S AR COL KL T a Bt pa e
for Br edexaotieriiasm Ymplaetméermﬂﬁpnmeayaslaﬁmp;ﬁemned vaﬁdwzlpnsbmdes

Col 10 o LA PG 3t 1HOUR - A} RO PInl PORCRGr (P EOFbRELE ] UM BOF Dife

genus Cﬂﬂmnﬁbaumemnnagnatqﬁuﬂntnndhroﬁanbmélngumﬁmmébbgunsgkutambummmlon
pl asm d vect tor;Esuch

JP- A Sho. 25 57-.18379 and pCB101 . | n.
Cenot . 1500 TYEFI6RY ) APESaURL 41 - ABLOPHES JEo T BB56cts L npraST
vect OrSisuﬁ{ml&S.c@W13&ili thEEYSnM ehobipbratett 152§ta833r EA8H)a)i rantd ipCiKhe
(Appl - ErJ].\{:iJ:rooonr'graml\:l/.ls(t:nr O%'n%l th1519.s %ﬁe %gg%ésca vec ors are highly useful.
15 Available promoters and terminators are derived from genes encoding
ADH (alcchol dehydrogenase), GAPDH (glyceraldehyde-3-phosphate
dehydrogenase), PHO (acid phosphatase), GAL {(B—galactosidase), PGK
(phosphoglycerate kinase), ENO (enclase), etc.
For the genus Kluyveromyces, in particular, for Kluyveromyces
20 lactis, available plasmids are those such as 2-um plasmids derived
from Saccharomyces cerevisiae, pKDl series plasmids (J. Bacteriol.
145, 382-390(1981)), plasmids derived from pGK1ll and involved in the
killer activity, KARS (Kluyveromyces autonomous replication
sequence) plasmids, and plasmids (refer EP 537456, etc.) capable of '
25 being integrated into chromosome via homologous recombination with
the ribosomal DNA. Promoters and terminators derived from ADH, PGK,
and such are available.
For the genus Schizosaccharomyces, it is possible touse plasmid
vectors comprising ARS {autonomous replication sequence} derived from
30 Schizosaccharomyces pombe and auxotrophy-complementing selectable
markers derived from Saccharomyces cerevisiae (Mol. Cell. Biol. 6,
80 (19286)) . Promoters such as ADH promoter derived from
Schizosaccharomyces pombe are usable (EMBO J. 6, 729 {1987)). 1In
particular, pAUR224 is commercially available from TaKaRa Shuzo.
35 For the genus Zygosaccharomyces, plasmids originating from
those such as pSB3 (Nucleijc Acids Res. 13, 4267 (1985}) derived from




"For the genus Lactobacillus, plasmd vectors such as pAMerr)1 (J.
Bacteriol. 137, 614 (1979)), which was devel oped for the genus 08 JuL 2005
St r ept ocowour/o7€@an be utilized; and pronoters that are usepct@pyropsgherichia
"coli are also usable. For the genus Riodococcus,. plasm d vectors isol ated
from Rhodococcus rhodochrous are available (J. Gen. Mcrobiol. 138, 1003
35 (1992)). For the genus Streptonyces, plasm ds can be constructed in 08
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and pl a3nidBARSBf envebPvediess; tetandus apatlliecaofion, but they are relatively
15 unstable. Therefore, multi-copy integration of the gene into a
chromosome is effective (Yeast 7, 431--443 {1991}). Promoters of ADX
(alcohol oxidase) and FDH (formic acid dehydrogenase)‘, which are
induced by methanol and such, are also available. &Another host vector
system where Pichia-derived genes involved in autonomous replication
20 (PARS1 and PARS2) are used in Pichia pastoris and such has been
developed (Mol. Cell. Biol. 5, 3376 (1985)), and thus high-density
cultivation and strong promoters such as methancl-inducible AOX are
usable (Nucleic Acids Res. 15, 3859 (1987)).
For the genus Candida, host-vector systems have been developed
25 for Candida maltosa, Candida albicans, Candida tropicalis, Candida
utilis, etc. An autonomous replication sequence originating from
Candida maltosa has been cloned (Agri. Biol. Chem. 51, 51, 1587 (1987)),
and a vector using the sequence has been developed for Candida maltosa.
Further, a chromosome-integration vector with a highly efficient
30 promoter unit has been developed for Candida utilis (JP-A Hei.
08-173170).

For the genus Aspergillus, Aspergillus niger and Aspergillus
oryzae have intensively been studied among fungi, and thus plasmid
vectors and chromosome-integration vectors are available, as well

35 as promoters derived from an extracellular protease gene and amylase

gene (Trends in Biotechnology 7, 283-287 {(1989)).
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of the above polynucleotides shown in (a)-(e).

The polynucleotides encoding d—subunit and f-subunit of nitrile
hydratase in the vector of the present invention are preferably linked
in tandem. The term “preferably linked in tandem” means the linkage
such that a common regulatory region directs the expression of these

20 subunits. Such an arrangement is expected to enable more efficient
expression of the subunits and more efficient formation of the protein
complex having the enzymatic activity. Alternatively, the
polynucleotides for the respective subunits can also be inserted ,-
separately in two types of vectors; the protein complex can be

25 expressed by the co-transformation of the two vectors.

The present invention also relates to transformants of the
present invention retaining the vector in an expressiblemanner. The
vector of the present invention can be transformed into an arbitrary
host, when the host can retain the vector in a functional form. Such

30 ahost that is usable for this purpose includes, for example, E. coli.

The nitrile hydratase of the present invention, microorganism
producing the nitrile hydratase, protein complex of the present
invention, transformant producing the protein complex and treated

products thereof are useful for the method to produce amides using

35 nitrile compounds as the substrates. Namely, the present invention

provides a method for producing amides, the method comprising the
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“transfornman can be carr'ied out by hods known to one sklﬂ?ed In the art.
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and (erc@rft%ﬁpr%é t?lfe ﬁéiﬁlul:gleotide encoding the enzyme. Further, the term
15 “transformed host microorganism” means a host microorganism capable
of expressing the polynucleotides (A) - (E) encoding the
above-mentioned o-subunit and/or polynucleotides (a)-(e) encoding
B-subunit. The above-mentioned host microorganism can produce the
protein complex of the present invention consisting of t-subunit and
20 p-subunit of the present invention.

Further, the treated product of microorganism specifically
includes microorganism of which cell membrane permeability has been
modified by the treatment with a detergent or organic solvent such
as toluene, cell-free extract obtained by lysing the cells by the

25 treatment with glass beads or enzyme and material partially purified
from the extract, etc. Alternatively, the treated product of the
enzyme includes the enzyme linked with insoluble carrier or with
aqueous carrier molecule and the immecbilized enzyme molecules
prepared by immobilize entrapping, etc.

30 In the present invention, the enzymatically active material

includes all materials having the enzymatic activity of nitrile

hydratase of the present invention. Accordingly, as long as a

material has the desired enzymatic activity, it is included in the

enzymatically active material, regardless of its enzymatic purity
35 and solubility.

The enzyme reaction constituting the amide-producing method of
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In the two-phase system, the enzymatically active material is
present in the agueous phase in which the material is used without
any other solvent or combined with water or a buffer. The substrate
20 compound can be dissclved in an agqueous solvent such as water, buffer
and ethanol, and supplied to the reaction system. In this case, along
with the enzymatically active material, the substrate constitutes
a single-phase reaction system. In addition, the reaction of the
present invention can be carried out by using immobilized enzyme,
25 membrane reactor, etc. Furthermore, the transformant of the present
invention can be used in the form of the culture, cells separated
from the culture medium by filtration, centrifugation or the like,
or cells resuspended in buffer, water, or the like after they are
separated by centrifugation and washed. The separated cells can be
30 used in a state as they are recovered, as their disrupts, as treated
with acetone or toluene, or as lyophilizate. When the enzyme is -
exXxtracellularly produced, the culture medium of the transformant can
also be used after it is separated from the transformant by the usual
methods. Forms of contacting the enzymatically active material with
35 the reaction scolution are not limited to these Examples. The reaction

solution means a solution conslsting of the substrate dissolved in
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materials having the enzymatic activity of nitrile hydratase of the present
i nvention. Accordingly, as long as a material has the desired enzymatic

activity, it dspimedddiegbddniheiianzymtically active material, regardless
of its enzymatic purity 35 and sql ubi Iité. The e_g_éyrie reacti on constituting
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above-nentioned enzymatically active material with a reaction solution

containing a nitrile conpound as the substrate. Specifically, the
enzymati cal | ysaqide-dred fiieti cah. be contacted with 5 the substrate in an
aqueous sol vent, m xed sol vent consisting of _ aqueoqus sol vent and = |

wat er - sol ubl énakQaniel ki vemccigonikgidfas e T 18FSErahtH I a WELEPHIILHIRM e
sol vent. Jhe aqueous sol vent includes buffers having the buffering action

at neutral pH such as phosphate
15 o-aminonitriles;

O-aminopropionitrile, o—aminomethylthiobutyreonitrile,

od-aminobutyronitrile, amincacetonitrile, etc.

Nitriles having carboxyl groups;

20 cyanoacetic acid, etc.

B-aminonitriles;

amino-3-propionitrile, etc.

25 Unsaturated nitriles;

acrylonitrile, methacrylonitrile, cyanoallyl, crotonitrile,

etc.
Aromatic nitriles;
benzonitrile, o—, m- and p-chlorobenzonitrile, o-, m- and
30 p-fluorcbenzonitrile, o-, m— and p-nitrobenzonitrile,
p-aminobenzonitrile, 4-cyanophenol, o—-, m- and p-tolunitrile,
2,4d-dichlorobenzenitrile, 2 ,6-dichlorobenzonitrile,
2,6-difluorobenzonitrile, anisonitrile, g-naphthonitrile,
B~naphthonitrile, phthalonitrile, isophthalonitrile,

35 terephthalonitrile, cyanobenzyl, phenylacetonitrile, etc.

o-hydroxynitriles.




buffer and Tris-HO buffer. Alternatively, when the pH changes can ﬂlﬁ)l‘l(bfﬁﬂﬁ
within a desirable range during the reaction by using an acid and la

no bUfferW(foﬂflﬁﬂ d The organic solvent inmm scible with Wiﬁﬁfﬁﬁ‘hﬁggﬁe

for exanple acetate, butyl acetgate tol uene, chlor

and isooctane, etc. The reaction can b conducted in a m xed sol vent, which
consi sts of an aqueous solvent, 15 and organic sol vent such as et hanol
acetone, dinmethyl sul foxide and acetonitrile. In the two-phase system the
enzymatically active material is present in the aqueous phase in which the
material is used without any other solvent or conbined wwth water or a
buffer. The siﬁbsttﬁ”@t epzeseoﬁrpoimdenahobe giasTdlcvddh it iy aprafeeabie solitedtle
such as water e{%d et anol , .and_supplied to. the reaction system In
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they are recougjred as their dlsrupts as treated ¥ acetone or tol uene,
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to thesg ExampLesor Thesd@aciiol nsoLy solgt of, ot he
substrate dissolved in 0 8 JU 2%%@ Q%QQ%%%‘%JPC#M%%%%ﬁZ%%H Le
appr opr PEPEuSEAVERPMt e Prdwidiexsuitable eompoondsnt for the expression
of enzymatic Bgd indtekodel £ci 2Lt 148 12dd OR QAN RGN LY RGO né%rl'éa%t one
co und _to be wused in the hod for producing am fes usi n8t eTitrire
hy t aQ€ nitrogen, oxygen and sulfur as the heteroatom. Further, the
substituent includes, for example, alkyl group, alkoxy group acyl
group, aryl group, aryloxy group, halogens such as chloride and
bromide, hydroxy group, amino group, nitro group, thiol group, etc.
Specifically, for example, the following compounds or
20 substituted products thereof can be used. As used herein, the
substituted product means compounds having the substituents as

exemplified above.

Lactonitrile

25 o-hydroxy-n-propionitrile
¢-hydroxy-n—-butyronitrile
-hydroxy-isobutyronitrile
o-hydroxy-n—-hexyronitrile
o-hydroxy-n-heptyronitrile

30 o~hydroxy-n-octyronitrile
o,Yy-dihydroxy-B,B-dimethylbutyronitrile
Acroleincyanchydrin
Methacrylaldehyde cyanohydrin
3—chlorola¢tonitrile

35 ~4-methylthio- d-hydroxybutyronitrile
C-hydroxy- O-phenylpropionyl




5 of the present invention. For exanple, the following nitrile conqﬂfg@FNE?n
bg uSed in the nmethod of the present invention. Saturated nononitri ;
dcetonitrile, propionitrile, butyronitré%e, i sobutyronitrile, 10

val eronitrile, isovaleronitrile, capronitrile, etc. Saturated dinitriles;

mal onitrile, succinonitrile, glutarnitrile, adiponitrile, etc. 15
a-amnonitriles; a-am nopropionitrile, a-am nonethylthiobutyronitrile,

a-am nobutyronitrile, am noacetonitrile, etc. Ntriles having carboxyl
grQUpS§ 20 PY@U%@%%Hﬂbﬁﬁ”Q%eesﬁbsﬂﬁﬁﬂﬁ'@@&ﬁ@@h@rhbﬁih% aromatic ring

am no- 3-propionitrile, et.c. n urat Ltyi ' o)

nmet hacr?ﬁgnﬂﬁ'?re?c%@ela%oall c%lu%ecrgﬁ%nif%rlﬁdoé&nd(’et %%{&Pg%ktﬁl c@é]r{léélill césé; and
benzoni SBbEE1tBtednpragdcsschherssénzonitrile, o-, m and 30
p-fl uorobenzonitrile, o-,_m and p-nitrobenzonitrile, p-am nobenzonitrile,
4- cyanophenol Mapdelapifpyle-tolunitrile, 2, 4-di chl orobenzonitrile,

2, 6-di chl or ob2rzhhbphehecarBo&ydiltiehgdebepaonhydrie, ani sonitrile,

a- napht honitriL ; = LiGlke ahtrile, isophthalonitrile,
2 tgrepht halb_n ﬁ_g%ééa%eggawbwab cyHHBH?B?Eh p

, _cyano , .phenyl acetonitrile, etc.
a- hydr oxyni t r ngFrBESC3¥E°§®6§é¥bl¢82F6¥6?§¥dﬁé?/JP02/01912 26 In the
present inven2+rbnrapdehivdal aykpopydténable nitrile conpounds include

a-hmﬂroxynitrQLgaggﬁpgyggdehpdgh@ygﬁbﬂﬁd@ﬁgducing nmet hod of the present
i nvention, there is no limtation on the type 5 of a-hydroxynitrile

conpound. Morgagpechbii cahky, nferiesanpbgpoiRés Ceepeesdntepr edgnt etheby of-he
above fRQHEBQyS%irE%Q b%o%ﬁ%ﬂnd of formula (1) are decomposed into
aldehyde and hydrocyanic acid in a polar solvent. For example,
15 the o-hydroxynitrile compound of formula (1) is converted to the
aldehyde and hydrocyanic acid of the following formula (2).

R—CHO (2

Since a state of equilibrium is established among these
compounds, the consumption of a-~hydroxynitrile compound by

20 enzyme reaction shifts the equilibrium toward the  «-
hydroxynitrile compound.

On the other hand, cyanide and aldehyde derived form
hydrocyanic acid may give some damages to the enzyme
polypeptide. Accordingly, previously known nitrile hydratases

25 cannot hydrate sufficient amounts of o-hydroxynitrile compound
due to their decreased enzymatic activity, and thus do not
provide enough yields of the products. However, the nitrile
hydratase of the present invention retains the enzymatic
activity even in the presence of cyanide or aldehyde. Thus, the

30 enzyme can utilize nitrile compounds generated from aldehydes
and hydrocyanic acids as the substrate. Accordingly, by the
inventive method for producing a-hydroxyamide, the compound of
formula (1) can be supplied from the aldehyde compound and
hydrocyanic acid represented by the following formula (2).

3 R—CHO (2)

The amide-producing method of the present invention 1is
preferably conducted in the presence of a divalent metal ion.
The divalent metal ion contributes to the activity of nitrile
hydratase of the present invention. The preferable divalent

40 metal ions include




In the formula, R represents, substituted or unsubstituted al kyl g@qp@gdm%
substituted or unsubstituted al kenyl group, substituted or unsubstitu

cycl oal kywWyodpfw7 substituted or unsubstituted 10 al koxy gpepfposibstitut ed
or unsubstituted aryl group, substitutgd or unsubstituted aryloxy group,
substituted or unsubstituted saturated or unsaturated heterocyclic group.
a- hydroxyam de can be produced fromthe a-hydroxynitrile conpounds. The
het erocyclic group includes the groups having at |east one 15 of nitrogen,

oxygen raigksll fari @sd tdsh APt efcaat oMheklr £6886, chhebe salstd t e nthd ned d@esonf or
exanpl e, al kyl group, al koxy group acyl group, aryl, ro;i aryl oxy group,
hal 0gert® SUEHPR LT ATh GRRF AHd- 2 45 GRANFOUShyatdxy SPOTHELaATLAY  gFREpIoRi €7D

group, BdiDhadd oup. aekeloepael Ehtal |y, for exanple, the foll ow ng conpounds
or 20 substituted products thereof can be used. As used herein, the

substituted prb8HEPFRAPRT ABVSBEAGR hEle by driad louher hydamly s ofxehprileed
aboge. dompolk@gt 8aht Hd €a2Ri '%?ngko@ft%rcoﬂ I{fd ] Enzymatically active

a- hydroxy-n-butyronitrile a-hydroxy-isobutyronitrile
a- hydr @@terirkyebnthei psesgnhydnvrptiaoheptiyhon subsgrage compound, or a

Aot o1 ol s anohy AT o e P O DA S TEC RN KR PR LS, 120, 55
4- net hythidlocan hpdrorykatedond ta isubs ety compouadpheryh mpapt@ny | s@L8eJtl
et or o T's FnePide e arron i eerh ool Comet PR d il borfipns
pr d8uctdiwdkewpimetal ions.

As used herein, the term “*hydration” means the reaction where
water molecules attaches to the nitrile group. Contrasted with
“hydration”, the term “hydrolysis” means the reaction where, from
a compound in which a substituent is linked with the nitrile group,

15 the substituent is cleaved off by hydrolysis. Both reactions are
included by the amide-producing method of the present invention.

There is no limitation on the concentration of substrate
compound in the reaction soclution. In order toprevent the inhibition
of enzymatic activity by the substrate compound, the concentration

20 can correspond to, for example, 0.1-10 w/w% in general, preferably
0.2-5.0 w/w%, in the case of t-hydroxynitrile. The substrate can be
added once at the start of reaction, but it is preferable to add the
substrate continuously or discontinuously to prevent the substrate
concentration from being too high. ,

25 When the solubility of nitrile compound as the substrate in the
aqueous solvent is too low, a detergent can be added to the reaction
solution. 0.1-5.0 w/w% Triton X-100 or Tween 60 can be use as the
detergent. To increase the substrate solubility, a mixed solvent
containing an organic solvent can be used effectively. Specifically,

30 for example, the reaction efficiency can be improved by adding
methancl, ethandl, dimethylsulfoxide, and such. Alternatively, the
reaction of the present invention can be achieved in an organic solvent
insoluble with water or two—phase system consisting of aqueous solvent
and organic solvent inscluble with water. The organic solvent

35 immiscible with water that is usable includes, for example, ethyl

acetate, butyl acetate, toluene, chloroform, n-hexane, cyclohexane,
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-fural dehyde cyanohydrin 10 2-naphthyb@ldehyde cyanohydrin Many of t
nitrile conmpounds represented by the a-""hydroxynitrile conpound of fornula
(1) are deconposed into al dehyde and hydrocyanic acid in a polar solvent.
For exanple, 15 the a-hydroxynitrile conpound of formula (1) is converted to
the al dehyde and hydrocyanic acid of the following forrmula (2). R CHO (2)
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hydratase of the i nventTon. The préferable divalent, 40 nmetal iaqn
|nc|udeenzymat1ca active material 1H%oblllze by the techniques % S
chemical llnklng or entrapment. Further, the reaction can be

15 carried out in a state where the substrate solution is isolated
from the enzymatically active material, with a porous membrane,
through which the substrate is permeable, but which limits the
permeation of the enzyme molecule or the cells.

The reaction can be carried out typically at a temperature

20 ranging from the freezing point to 50°C, preferably at 10-30°C,
for 0.1-100 hours. There is no limitation on the pH of reaction
solution, when the enzymatic activity can be maintained. Since
the optimal pH of nitrile hydratase of the present invention
ranges from 5.5 to 6.5, it is preferable to adjust the pH of

25 reaction solution within this range.

Thus, the nitrile compound is converted to a corresponding
amide by the hydration or hydrolysis action of the
microorganism, and accumulates in the reaction solution. The
produced amide can be recovered and purified from the reaction

30 solution by appropriate methods. Specifically, for example, the
amide can be recovered and purified by the combined use of
typical methods such as ultrafiltration, concentration, column
chromatography, extraction, treatment with activated charcoal,
distillation, etc.

35 The present invention provides a method for stabilizing the
activity of nitrile hydratase in the presence of the nitrile
compound, where the method is characterized by coexistence of
divalent metal ions. Further, the present invention provides a

method for producing
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o Sl

invention, the hydration or hydrolysig,of nitrile 5 conpo

achi eved by contacting the enzynaticaIPy active material of the present

I nvention with a substrate conpound, or a mxture of al dehyde and
hydrocyani c acid represented by fornmula (2), which can be converted to a
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be add once at .the start of_ reaction, t jt is preferable to add the
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conmpound, as the substrate in the aqueous solvent 1s too |ow, a detergent

can be iBfeditritfe hedEetsese sorhiicdn. hydrates \Guydrexphixride oko Thaen

60 can beruwsepaadihg antieier genthe E&éﬂﬁfﬁé@nhme%&bﬁhégsﬁe§@htlahkriewaoﬁ. ‘
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Speci fical I'y, 1B0F#0rP% reed | PRaFcsBE 63 verrnd BREF lcarmp et iheopagsept
addi ng imethanoh, aehhanek, ttieeityd st BQXis@%npr@%@iWh:heA‘l deepahkyely, thhe
"eAF ! O 21 DR PLERE N BIMSTH Y, Bk 25aples 59 the 7013 ching mechant sm:
At first, the binding of metal ion to the cyanohydrin structure of
substrate compound may enhance the enzyme reaction. Secondly, the
binding of metal ion may prevent the dissociation of cyanohydrin.

As a result, the concentration of cyanide ion is reduced in the

20 reaction solution. As the reduced cyanide ion concentration lowers
the inhibitory effect on the enzyme, the enzymatic activity is raised.

In any case, it is assumed that these phenomena are not specific

to some particular nitrile hydratases but generally found in the uses
of substrate compounds having the cyanohydrin structure. This is the

25 reason why there is no limitation on the origin of nitrile hydratase
to be used in the method for stabilizing the activity of nitrile
hydratase of the present invention or method for producing amides.

Known enzymes capable of hydrating nitrile compounds to the
corresponding amides include, for example, the enzymes derived form

30 the following microorganism (see JP-A Hei 04—040899) .

The genus Rhodococcus
The genus Corynebacterium
The genus Pseudomonas

35 The genus Arthrobacter

The genus Alcaligenes




.insoluble with water or two-phase system consisting of aqueous sol ve[gé an[ﬂ
organi ¢ solvent insoluble with water. The organic sol vent 35 i mm sci JULllh

water th i | e includes, for exanple, ethyl acetate I et at e,
-tol uene,a@t?:%fog@g?m n- hexane, cycloh@iane, 08 JUL2005 29%@@%‘#@"@1&

1l-octanol, etc. Wien the substrate conCentration falls within the range as
descri bed above, the efficient enzymatic reaction can be achieved by using
nitrile hydratase of the present invention at 5 an enzyne concentration, for

exanpl e, of 1ol ?EﬁﬁgoBH/df{'i ureferably 100 m/ L or higher. Further, when
m croorgani sm cells are used as the enzymatically active material, the
anmount of mi TheogghanissBardehedismd rel ative to that of the substrate

-preferably r S . to 5,0 wwhas dry cells.” The 10 enzymatically
active nater?gﬁgs %h8§;%%%&5ﬁ§§ﬁ%mﬁnd cells can be contacted with the

substrate by ThsesgeuungBoevdibsparestingnt hemin a reaction solution
Al tegnativel y,, i | e..to use the enzymatically active materia

h|t gs Oﬁ%ib 5
i mobi i zed by EhBFBEnAPGEESEL6F chenical |inking or entrapment. Further
the reaction can be 15 carried out in a state where the substrate sol ution

is isolated fromthe enzymnat.i cal active material, with a porous nenbrane,
t hrough whi ch"?he Eﬁ’ﬁé:r‘&é'tcgﬁi]é(’pe abF&WPHGr FHTIPIEIRT ST elncgl&%aﬁ’%n
of the é€nzyowifmglecule or the cells. The reaction can be carried out

typically at a tenperature 20 ranging fromthe freezing point to 50C
preferably at 10-30C, for 0.1-100 hours. There is no limtation on the pH

of I@action RBbESEOBcuvheRobenamiwmairtcr adddmty can be maintained. Since
t he opti nal p%kof nitrile hédratase of the present invention ranges from
[

5.5 t0 6.5, PLOGPEFEFabFe ty R it 1HR IA34# 25 reaction sol ution

within this reaggneBhusertibd RiitdrilieonnouRdctseeanverted to a
correspondi ng. am_de by the hydration or hydrolysis action of the

ni cr oor gani s SSHAPBLREFUFRt eSK8T tIFERB Y G Dol uti on. The produced ami de
can be recoveieehpslapuef kpd HRAM (FIRM @ACII OIR)

15 Alcaligenes sp.BCl6-2 (FERM BP-3321)
Rhodococcus sp. HT40-6 (FERM P-11774)
Microorganisms described in JP-B Sho 62-21519,

Other microorganisms are publicly known and available from
20 American Type Culture Collection (ATCC); Institute of Applied
Microbiology (IAM), The University of Tokye; Fermentation Research
Institute, the Agency of Industrial Science and Technology; KAKEN
PHARMACEUTICAL Co. (KCC); Institute for Fermentation, Osaka (IFO);
and RESEARCH CENTER FOR PATHOGENIC FUNGI AND MICROBIAL TOXICOSES (IFM),
25 The University of Chiba. In addition, the nitrile hydratase of the
present invention that can be obtained from the above-mentioned
Rhodococcus sp. Cr4 (FERM BP-6596) is also one of the preferred enzyme
of the present invention. |
There is no limitation on the nitrile compound to be used in
30 the amide-producing method of the present invention. More
specifically, the preferred substrates include, for example,
compounds illustrated in the above description for the method for
producing ®-hydroxyamide with the nitrile hydratase of the present
invention.
35 It is also possible to conveniently produce only either of the

two optically active isomers of O-hydroxyamide or o-hydroxy acid,




30 solution by appropriate nethods. Specifically, for exanple, the 3@&&3
can be recovered and purified by the combined use of typical nethog 05

as ultraf{g ?ﬁ&-ﬂgc , concentration, colum chromatography, ‘Fﬁﬁ%ﬁ%@gﬁ

treatment w i vated charcoal, digtillation, etc. 35

I nvention provides a nethod for stabil1Tzing the activity of nitrile
hydratase in the presence of the nitrile conpound, where the nethod is
characterized by coexi stence of divalent nmetal ions. Further, the present
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used, whdre tdiezenzfynept hasl t hesatttvbhyoof raCéﬂnmgaﬁmoﬁﬂd hydr alti ng the
nitrile group of 10 nitrile.co und, and. cqnverting { nitril e grqup to
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the codeegant ngs aghdeields dilte, preteekespeazymy idbitha-Piesethel RYSRtIIRN.
It can be assunmed that the divalent netal 1on of the present invention

achi eved¥ @i cti ¥ Gt ehedrgxynétytépchserenerhed by fprmula Hydr ditase

actlvi t an d@heBX8itrertystiBe dOLhewhngk PREPAA] SMhe thenhsttr i e hhurdi-ag of
metal ion to the cyanohydrin structure of substrate conpound may enhance

the enzye Redtishns IOt he CHRREAREDRE #ttabvden wR§ pPavéden: gan
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is reduced in the 20 reaction solution. As the reduced cyani de ion

concent P&4cbn TSEREESDERe Pithi BPEBMY-2ef &bt ofhidle aRFynde t kereRahast | ¢
g;te vt ng@a@amum any #age.niir{fe aggumRd dNAt nhhesge Phenanria ar ¢ got
15 microorganism capakb. of producing the enzyme, crude enzyme, or
products obtained by immobilizing the materials, in addition to the
purified enzyme. Further, in the present invention, the divalent
metal ion may be added in the reaction solution at a concentration
of 0.1 mM-1 M, generally 0.5-100 mM, preferably 1-~-10 mM.

20 There is no limitation on the type of metal ion to be used in
the present invention, when the ion can be effective for maintaining
the activity of nitrile hydratase. For example, cobalt ion and nickel
ion are preferred metal ions, which can keep the activity of nitrile
‘hydratase high. These metal ions can be added as salts such as

25 chloride salts in the reaction solution.

In the present invention, the reaction conditions can be
adjusted appropriately depending on the prdperties of substrate
compounds to be used in combination with the nitrile hydratase, in
addition to the presence of divalentmetal ion. There isno limitation

30 on the type of substrate compound and reaction conditions to be used
in the reaction. Specifically, for example, the reaction system can
be adjusted based on the exemplary conditiens illustrated for the
method for producing the c-hydroxyamide using the above-mentioned
nitrile hydratase of the present invention.

35 Any patents, patent applications, and publications cited herein

are incorporated by reference.




"to sone particular nitrile hydratases but generally found in the usi@ @1;
substrate conpounds having the cyanohydrin structure. This is the g @%ﬂ
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Figure S sahows an e(iut on pro%lle of nitrile hydratase of the

10 present invention by column chromatography with butyl-Toyopearl 650M.
White square ([J) represents ODsge, closed circle (@) represents the
activity and hyphen (-) represents (NH3):50,.

Figure 3 shows the determination of molecular weight of nitrile
hydratase of the present invention by gel filtration. The abscissa

15 indicates retention time (minute) and the ordinate indicates the
molecular weight (kDa).

Figure 4 shows the Km value of nitrile hydratase of the present
invention for HMBN, which was determined with an S-V plot.
Figqure 5 the Km value of nitrile hydratase of the present

20 invention for HMBN, which was determined with a Lineweaver—Burk plot.

Figure 6 shows the Km value of nitrile hydratase of the present
invention for 3-cyanopyridine, which was determined with an S-V plot.
Figure 7 shows the Km value of nitrile hydratase of the present
invention for 3-cyanopyridine, which was determined with a

25 Lineweaver-Burk plot:

Figure 8 shows the effect of temperature on the activity of
nitrile hydratase of the present invention.

F.j_.gure 9 shows the thermal stability of nitrile hydratase of
the present invention.

30 Figure 10 shows the effect of pH on the activity of nitrile
hydratase of the present invention.

Figure 11 shows the pH stability.of the nitrile hydratase of
the present invention. -
Figure 12 shows the organization of gene cluster in Rhodococcus

35 sp. Cr4. The nucleotide sequences indicated by capital letters

correspond to the ORFs. The names of subunits encoded the ORFs are
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in addition to the guri fsiﬁea(’j enzyme. Further, in the present invention, the

divalent netal ion may be added in the reaction solution at a concentration
15 Best Mode for Carrying out the Invention

The present invention 1s lustrated in detail below with
reference to Examples, but is not to be construed as being limited
thereto.

1. Assay method for the enzymatic activity

20 The standard assay method for the nitrile hydratase activity
used in the following Examples as follows. The standard composition
of reaction solution for the enzyme reaction is shown in Tables 1
and 2. The enzyme reaction is initiated by adding 3-cyanopyridine
or 2-hydroxy-4-methylthiobutyronitrile (HMBN) as the substrate '

25 compound. In the case of 3-cyanopyridine, incubation was continued
at 20°C foxr 10 minute, in the case of HMBN, at 20°C for 1% minutes.
When 3-cyanopyridine was used in the reaction, 0.1 ml of 2 N
hydrochloric acid was added to the reaction and the mixture was shaken
vigorously to stop the reaction; wheﬁ HMBN was used in the reaction,

30 0.1 ml of the reaction solution was added to 0.9 ml of 0.1% (v/v)
phosphoric acid and the mixture was shaken vigorously to stop the

reaction. The reaction solution was analyzed by HPLC.

Table 1
35




-of 0.1 M#1 M generally 0.5-100 mM preferably 1-10 M 20 There is Eo
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when t he %%ZWI?G effective for maintaining the activi t#‘C?fJP%E/&IH{ZJ e

- hydratase. For exanple, cobalt ion ang nickel ion are pretéerred netal ions,
whi ch can keep the activity of nitrile hydratase high. These netal ions can
be added as salts such as 25 chloride salts in the reaction solution. In
the present invention, the reaction conditions can be adjusted
appropriately depeqgs ﬁ&#ﬁl .ope S rate ds to be used
i n conbination mﬁtggfﬁg/%?trl eeﬁ§§f% a%%?c$¥?yggéition(fgygﬁgﬂpresence of
divalent netal ionQ-ThérEPBs(pid 6iMtation 30 on the type ©&4 mlbstrate
-conmpound and react nditions to be used in the reacgtipn. Specifically,
for exanple, the r%§%¥$%ng%%% g%?can be adj usted basedq%ﬁﬂ?ﬂﬂ§exenplary
conditions illustratedsfon/theNadkbahod for produci ng t hed Byl oxyam de
usi ng the above-neEptioped — i tTT e hydratase of the presemnt_Tnyention. 35
Any patents, patentotiﬁlY%%YT%ns, and publications citedh QéF% are

i ncorporated by reference. 0 0 JUL 2005 WD 02/070717 PCT/JP02/ 01912 33
Herein, "% for concentration denotes wei ght per volunme percent unless

ot herw §2 %%%CK?YEH.HE%NeWaEbsddE§ttoniogtihéeDtQWimg@diiﬁhgure 1 shows the
det er m n3gt 4 c r;Wej foBLLr] . hydr at 3se -of r

nventi on b B PREE HaRc HELERE L wRKh LhRLRY BRI eI P RRes
or di nat e*i 0idl saffeévi hdsPOweculeddeaseitghts topDahe EiepaoEi @ shows an el ution
profgle _qf ~nifri tase of the 10 present invention by colum
chr&%atogr%%%§£3#§ﬂggg§§[-Toyopearl 650M Wiite square ((err)) represents
0D280, ctoskWCcanglesi¥.represents the activity and hyphen (-) represents
(NH4) 2SO4. Figure 3 shows the determ nation of nolecular weight of nitrile
hydr at ase of the present invention by gel filtration. The abscissa 15 -
indicates retention tine (nmnute) andatHe & di nate indicates the

0.3 M 3-cyanopridine 1.00 ml
0.1 M KPB (pH 7.0) 0.50 ml
Enzyme sclution 0.10 ml
0.85% (w/v) NaClag 0.90 ml
Total volume 2.00 ml

10
— 0.3 M 3-cyanopyridine was added to initiate the reaction.
— The mixture was incubated with shaking af 20°C for 3 minutes.
— 2 N HCl was added to stop the reaction.
=+ Centrifugation.
15 — HPLC analysis.

The conditions used in HPLC analysis of the reacticon solution:

The conditions used in HPLC analysis for HMBN are as follows:

20 Column: Spherisorb S50DS2 (4.6 x 150 nm);

Mobile phase: 0.1% (v/v) phosphoric acid/acetonitrile =9/1;
Flow rate: 1.0 ml/min.;

Detection: UV 210 nm;

Column temperature: 40°C.

25




nol ecul ar wei ght (kDa). Figure 4 shows the Kmvalue of nitrile hydratase of
the present invention for HVBN, which was determined with an SV pldtJUL 2005

Figure 5 ~value of nitrile hydratase of the present invention for
HVBN, whi C ai/gés?“yet ermined with a Lineyeaver-Burk plot. Fi 68#(5;.‘8%%?1‘6\/\5 t he

Km val ue of nitrile hydratase of the present invention for 3-cyanopyridine,
whi ch was determined with an S-V plot. Figure 7 shows the Km val ue of
nitrile hydratase of the present invention for 3-cyanopyridine, which was

det er m ngsir, M §ha By s 29 f&geﬁ\ﬁgvgﬁ-z%ra i Ao Figure 8 shows the effect of

tenperature on the activity of nftrile hydratase of the present invention.
Fi gure 9 showsThehgepgepirald siabtinapicle artHNBAmM hpdrqbasei ffl edtline HPLES earid

i nventi . F .ef.fect of on, the actjvity of, nitrile
yclr at ace bt EFEC B QLBREE Ay Ent A O U MO e R SRt % The
nitril e HYWE sy ¢MBAThecmeeshpt sameerti @hat FE@urvEN. SNows whlkedefined as
or gapi zat.i on of}agene cluster in Rhodococcus, 35 sp. Cr4. The nucl eoti de

sequBnces? s it AT AR EhhY t GRPRBLBerd Feeidusdpshd tath e icresinamide awdeth of

subuni t scien codedidhe coRbe sdrtd dh & £) fddctAMb s MQtAY0 Q7 26 RCELIPD 24 D42, 34
shown at the right of the nucl eotide sequences. Figure 13 shows the am no

aci d coffari Yot p&etdaediasubhifi $RZyBE GRRRELEY IfRRah k@ poradReddac ddtusl

sp. O 4 HMBRRAAAEC 056 USt a i dPEQ ChBrans s d 11 o Bed 1Maaih RNQAPGRAGHS P 2tCh 4 - £ AR
panel ; gl\gﬁe{ég) and 5 Rhodococcus rhodochrous J1 (bottom panel; J1 L-U,),

i dentic acids are represented by an asterisk and distinct am no
acillg are represented by a space. Figure 14 shows the am no acid conparison
bet ween %su_buni ts of nitrile hydratase from Rhodococcus sp. Cr4 and
Rhodoco&difs-e o FidtfodhirGifsi I Bet ween Rhodococcus sp. Cr4 (top panel ;

CrNH-a) and RiedoeRasks tihedoghtaus o id P USRI jacthbla {854 pidentisal
am no. method (Bradford, M., Anal, Biochem., 72, 248(1976)) with a protein
assay kit from Bio—Rad.
15 Reagent: |
DEAE-Sephacel and Butyl-Toyopearl 650 M used was provided by
Pharmacia; bovine serum albumin, from Bio-Rad; molecular weight
marker for SDS-PAGE, from Pharmacia; molecular weight marker for HPLC .
fromOriental yeast. Unless otherwise specified, other reagents used

20 were commercially available special~grade reagents.

2. Culture conditions
The pre-culture medium of the following composition was
aliguoted in 5 ml into each test tube (25 x 200 mm); a silicone plug
25 was placed in the tube, followed by sterilization by autoclavihg.
After the tube was cooled, a bacterial strain was inoculated with

a platinum loop, and then cultured with shaking at 28°C for two days.

Pre-culture medium (pH 7.0):

30 Polypeptone 5.0 g
Meat extract 5.0 g
NaCl 2.0 g
Yeast extract 0.5 g
Distilled water 1.0 L

35

Then, the pre—culture was transferred into 20-ml main-culture



,acids are represented by an asterisk and distinct am no acids are
represented by a space. 15 Best Mdde for Carrying out the Invention [FReyl 2005
pr esent in¥fntigﬂ is lustrated in detail belowwith reference to Exanpl es,
but is not%%B%WBY onstrued as being limited thereto. 1. ALSAPPRARRKY for
the enzymatic activity 20 The standar 7assay met hod for the nitrile
hydratase activity wused in the followng Exanples as follows. The standard
conposition of reaction solution for the enzynme reaction is shown in Tabl es

1 and 2, n ction d.5 i nitdated by di ng 3-=cyanopyr.idin or

2- hydroé&glﬁﬁr‘egﬂﬁg?ﬁ?g’%aﬁt !;L/Irlo ﬁ@l IngL uc?s/l ?ﬂgsﬁbswaﬁe l@oﬁﬁgﬁHH?'I n
t he (r:]ase . 65%3F7dyanapytbdﬁ.mei]}bm@atdduﬁ wasrzca)w]nfbiemie@ nééd20GQ ftyr ZQ—HBGBBG,
.in the case of HMBN .at 20C for 15 m nutes. en 3-c¢yanapyri di ne was_use

b the FBLEHRSn 5% tRenorhe RPcHRAT SRR 15 CORTIPYES. dbEHAY e Stodds Fon
and t he farxtuoe dags .shaken vigorously to stop the reaction; when HVBN was
.used_in the reaction, 30 0.1 m of the reaction solution was added to 0.9 ni
of Oﬁl@b(vlv) phosphoric acid and the m xture was shaken vigorously to stop
the reactionmaThechgaeiHeOmeBhdat | waspyanal yzed by HPLC. Table 1 35 0 8
JUL 2005 WD 02/070717 PCT/JP02/01912 35 10% (v/v) HVBN in 0.1 M KPB (pH 6.

5) 0.36 nl 0.1 M kPgetpmigdes) 0.64 nml7-Er2yne solution 0.10 M 0.85% (W V)
NaClagq 0.90 ml  Totgh,xgkdnme 2.00 m 1519%(v/v) HVBN was added to initiate

the reaction. ~ The mxture was incubated With shaking at 20C for 10
mnutes. - 0.1% (vEvH-HIPO4 was addelOt® Gtop the reaction. 5 -
Cenjgifugation. - $ELCrapglysis 1.0 g

MgS0,47H20 0.5 ¢

K,HPO, | 1.0 g

CoCl,6H20 20.0 mg

Distilled water 1.0 L
15
3. Preparation of cell-free extract
The bacterial cells corresponding to 500 ml of the culture
ligquid were suspended at a 5-times higher cell density in 50 mM
phosphate buffer/44 mM n-butyric acid (pH 7.0). The suspended
20 Dbacterial cells were homogenized with a sonicator 201 M (Kubota) with
150 Wat 4°C or a lower temperature for 60 minutes. Then, the culture
was separated into the supernatant and precipitating fractions by
centrifuge at 13,000 rpm for 20 minutes. The supernatant was used
i as cell-free extract for the feollowing purification.
25
+ 4. Ammonium-sulfate fractionation
Ammonium sulfate was added to the cell-free extract at 30%
saturation. The mixture was neutralized to pH 7.0 with 10%{v/v)
ammonium water, and then stirred at 4°C for three hours. The solution
30 was then fractionated into the supernatant and precipitating
fractions by centrifuging at 13,000 rpm for 30 minutes. Ammonium
sulfate was added to the supernatant fraction at 60% saturation. The
mixture was neutralized to pH 7.0, and then stirred at 4°C for three
hours. The solution was then fractionated into the supernatant and
35 precipitating fractions by centrifuging. Further, ammonium sulfate

was added to the supernatant fraction at B80% saturation. After



Table 2 0.3 M 3-cyanopridine 1.00 M 0.1 MKPB (pH 7.0) 0.50 m Erﬁ%mﬁ
solution 0.10 m 0.85% (wv) NaClag 0.90 ml Total vol ume 2.00 L 2005

0.3 M 3- ine was added to initiate the reaction. ure was
i ncubat ed %rh?ﬁ)ﬁfﬂgkl ng at 20C for 3 m§1ut es. - 2 N HC vvagcggﬁléﬁll stop
the reaction. - Centrifugation. 15 P HPLC anal ysis. The conditions used in

HPLC anal ysis of the reaction solution: The conditions used in HPLC
anal ysis for HVBN are as follows: 20 Colum: Spherisorb S50DS2 (4.6 x 150

nrr) Mobi 19 o] t ri : r .
1 R s (RO YR AT RO B AEE b e oAt bR
WO 02/ OPXECA RERIPRPL HA0L2 006 . HPhé:r@rs@leycausrefpred:ipl'eangdne agspentiygd
hyr of LI ARG nele 26 ket M ME Al 40 £ (B TS 0 s oRRIPRS: o
t he samyeas thalyted tiMBN: thirésvagadabingtk aame HHELL€NZY MEh & ahlel é&tﬁzamlyl e

godum ng 1 pnoJ] nicotinamde with the standard conposition of reaction
soI

i OW3St FPEWS 1 nminute; or 1 U was defined as the enzyme quantity
capabl e of producing 1 (err)mol HMBAmw th the standard conposition of
reaction solution at 20C for 1 mnutes. 10 Protein quantification: The
quant i t y -oPEMGISSPRaRE. RS ner R EaR1Y o Br adf or d

The enzyme solution, which had been sufficiently dialyzed

against the same buffer, loaded onte a column {$1l3 x 216 mm) of

10 DEAE-Sephacel sufficiently equilibrated with 10 mM phosphate
buffer/44 mM n-butyric acid (pH7.0). The column was then washed with :,

the same buffer. Then, elution was carried out with the following -'
elution buffer, and the enzymatic activity in the fractions was
assessed. The nitrile hydratase activity was found in the fractions

15 of No.74-80 when eluted with 10 mM phosphate buffer/44 mM n-butyric
acid (pH 7.0)/0.3 M KC1. The volume of eath elution buffer used was

approximately 3 times as much as the volume of carrier.

10 mM phosphate buffer/44 mM n-butyric acid (pH 7.0)/0.1 M KC1
20 10 mM phosphate buffer/44 mM n-butyric acid (pH 7.0)/0.2 M KCl
10 mM phosphate buffer/44 mM n-butyric acid {pH 7.0)/0.3 M KCl
10 mM phosphate buffer/44 mM n-butyric acid (pH 7.0)/0.4 M KC1

6. Column chromatography with Butyl-Toyopearl 650 M

25 A column (§11 x 89 mm) containing Butyl-Toyopearl was
sufficiently equilibrated with the buffer of 10 mM phosphate/44 mM
n-butyricacid (pH 7.0} containing ammonium sulfate at 20% saturation.
Ammonium sulfate was added to the enzyme solution at 20% saturation,
and the mixture was stirred. The enzyme solution was loaded onto this

30 column. The column was washed with the same buffer. Then, elution
was carried out with the following elution buffer, and the enzymatic
activity in the fractions was assessed. The nitrile hydratase
acti'vity was found in the fractions of No. 58~66 when eluted with
10 mM phosphate buffer/44 mM n-butyric acid (pH 7.0) / ammonium sulfate

35 of 15% saturation. The volume of each elution buffer used was

approximately 3 times as much as the volume of carrier.




. method (Bradford, M, Anal, Biochem, 72, 248(1976)) with a protein %iﬁ@y
kit from Bio-Rad. 15 Reagent: DEAE-Sephacel and Butyl - Toyopear| 650 Vi 003

was provi har maci a; bOVI ne serum al bumin, from Bigs gecul ar
» wei ght n\gfyﬂ)z}ﬂﬁ?l? SDS- PACE, rom Phﬁg maci a; rml ecul ar M|(?ﬁfp0mr+<er for
e

HPLC, from Oriental yeast. UnI ess ot herw se specified, ther reagents used
20 were commercially avail abl e speci al -grade reagents. 2. Culture conditions
The pre-culture medi umof the follow ng conposition was aliquoted in 5 n
into each test tube (25 x 200 mm) ; a silicone plug 25 was placed in the
tube, followed by sterilization by autoclaving. After the tube was cool ed, a
bacteri al str &P rmMashdspdrtteabed fon/44 aMphabuhvni ¢ copid afwH thdh famhmon gdm
-with sh t 28 0 Pre-cul ture medium (pH 7.0): 30

Pol ypep?ﬁ%ggggo 5 cfRrifésat 3% raggt%% 0 g NaCl 2.0 g Yeast extract 0.5 g

Di sti |l ed wat &6 rdM @Hosp%tﬁhbnffehéllQrmMmHhunye:i\macﬁ.dampHe? red/i avtvoo 2 Dund

: -cul t e 0 8 ngrq 2,200 V\Q.OZ/ 070717 PCT/JP02/01912 37 nedi um autocl aved
|n 508 a§§k85u FPRaSK2 ™ he main culture, O. 75% (v/v) acetonitrile
was added wi t hoanM gt dthaiee thuet faft/ard 28 hebutycit tased @Hl 2.eN/ dfeonium
incubatio s cantinued with shaking at 33C for two days. 5 Main-culture
medi um 6)0 FetaRPd8t3°8 ¢ Qucose 10.0 g C. S.L. 10.0 g 10 Yeast
extract 1.0 g

7. SDS-PAGE
10 The purified enzyme obtained was analyzed by SDS-PAGE.
SDS-PAGE was carried out according to Laemmli’s method (Laemmli, U.K.:
: Nature, 227, pp680, 1970). Namely, electrophoresis was performed in
a 12% polyacrylamide slab gel with Tris/glycine buffer. An
equal-volume mixture of enzyme solution and sample buffer was
15 heat-treated at 90°C for about 10 minutes. The gel was stained with
Coomassie brilliant blue R~250; destaining was carried ocut with
ethanol/acetic acid/dH,0 (2/3/6, by vol.). The result was shown in
Figure 1. The purified enzyme was revealed to consist of ¢-subunit
(26.8 kDa) and B-subunit (29.5 kbDa).
20
8. Gel filtration by HPLC
The nitrile hydratase was purified according to the method as
described above. First, the suspension of homogenized bacterial
cells was fractionated into the supernatant and precipitating
25 fractions by centrifugation. The activity was contained in the
supernatant fraction, and thus the supernatant was used as a cell-free
extract. The cell-free extract was fracticonated with ammonium
sulfate, and, as a result, the activity was contained in the fractions
of which ammonium sulfate concentration is 30-60% saturation. The
30 active fractions were subjected to column chromatography with
| DEAE—-Sephacel. The active fractions (No. 74-80) eluted from the
column of DEAE-Sephacel were collected, and then subjected to column
chromatography with Butyl-Toyopearl 650 M. The active fractions (No.
58-66) eluted from the column of Butyl-Toyopearl 650 M were used as
35 the purified enzyme ({(Figure 2).
Finally, with respect to the nitrile hydratase of Rhodococcus




MpSO47H20 0.5 g K2HPO4 1.0 g CoCl26H20 20.0 ng Distilled water l.ﬁ)BLJULé@
3. Preparation of cell-free extract The bacterial cells corresponding to 6
m of the |l i quid were suspended at a 5-tines high gllol sity in
50 M phgg(gh%%%gufferl44 mM n-butyrig acid (pH 7.0). The EGH e%’cﬂgﬁgzo
bacterial cells were honogenized with a sonicator 201 M (Kubota) with 150 W
at 4C or a |lower tenperature for 60 mnutes. Then, the culture was
separated into the supernatant and precipitating fractions by centrifuge at
13,000 rggm fegry 2l myed: ohR s3ypey W8S IS s [

for the Tollow'ng purifi catlon, Z??&tﬁar%rmm um shfgar?(g' fs‘li:gécéfll%%gteal%%(ﬁ‘;ﬁ&g’
Ammoni ud LU/ mgs wasldddéds s ospeei fit ladtiei byt rhdt 9 atind0do( Tadtler 8ti.on. THae

m xture : rall p . ith 10% v{vV anmoni_u , t hgn
stirred %&f&%ﬁr%#ﬁ% %gﬁr g.sg‘le%es\éﬂgolr%uq %o)/gn éBP"\?/gs?nFﬁ@ gry\g?tﬁ—npa;%%' i rr}f%e
t he supespetiditc st ipricy pift dtiimeg 1y pant i finsd byneemér wisigl Yy Bimd 3£ OO HMEIN
for 30 m nut ntum .sul fate was .added to the_ _supernpatant fraction_at
0% Bat B4 GRS TRPRL AT EvaBoByETRiRN Sard o BHERe0 SuBRG TN AT et
4C for tdwaslarbwendiffiors®) uti on was then fractionated into the supernatant
and 35 precipitating fractions by centrifuging. Further, amonium sul fate
was added to the supernatant fraction at 80% saturation. After 0 O JUL 2005

WO 02/ 070717 PCT/JP02/ 01912 38 stirrpghikhg solution was fractionated into
the supernatant and precipitating fractions. The respective precipitates

wer e suspergEd— 1T TO MO pTaUE DA Er 42 TV TERWNT LT ACE, LRA 7). The
solutions were dialyzed thggg,.tinmes ags nst thewsasg buff @r«aesThen t e
activity 5 was_assayed: 5. DEAE-Sephacel cof unm ghromat ogr,apny
1 .Coell-fraa extrect ] 167 5740 34. 1 100
2. (MK 42804 fractionation 56 .6 5220 92.2 2..68 a1
3 DEAE-Sephacel 18.7 4030 215 6.25% 70
4§.Buty!-Tavyopeanr| 650 M 5.312 2540 477 13.9 a4
10

1 U of the enzyme is defined as the amount to catalyze the production

of 1 Umol nicotinamide from 3-cyanopyridine under the standard

conditions during 1 minute.

About 2.3 Ug of purified enzyme was analyzed by gel filtration

15 under the conditions as shown in Table 4 to determine the molecular

welght,; the molecular weight of the enzyme in the natural state was

deduced to be about 112.5 kDa, when it was calculated based on the

retention time for the molecular weight marker (Figure 3}.

Gel filtration by HPLC: P
20 The conditions used for the HPLC analysis of nitrile hydratase

for the molecular weight is shown in Table 4. The molecular weight

marker used was from Oriental Yeast.

Table 4
Column : TSK gel G-3000 SW (0.75 x 6D cm)
Solvent : 0.1 M KPB (pH 7.5) + 0.2 M KC1
Flow rate : 0.7 ml/min
Injection : 5 ul
Detection : 280 nm

25

9. The effect of substrate concentration {(Km value)




.The enzynme solution, which had been sufficiently dialyzed against the sane

buffer, |oaded onto a colum (013 x 216 mm) of 10 DEAE- Sephacel (8 Jyt 2005

sufficie ibrated with 10 nM phosphate buffer/44 rlc acid
(pH 7. 0;156)6¥ﬁ@91¢40l um was t hen vvashe]d with the sane buf %ﬂ%}@ 12e ution
was carried out with the follow ng Liti on buffer, and the enzymatlc
activity in the fractions was assessed. The nitrile hydratase activity was

found in the fractions 15 of No. 74- 80 when el uted vvith 10 nmphosphate

buf fer/ 44 nMgp-_ bk v Q)/ ach.el ution
buf fer used VTVng i ‘Hrfolgﬁ?rfﬁ el'y § tzﬂargeg%}%r%gh %c;TO g?rll PBFE 10
mvl phoﬂphamei bmhéeehﬁérﬁﬂumkbpﬂ.ysm d Fagucke( pH.7. 0))@5)83 ﬂ!ﬂdﬂﬂthe?@nk@rnﬁ%as

. ph h ff /4.rT1\/| b 0)/0.2 MKC1L 10 M
D o AR AL Qe 1 88 e e p QY1 008 (At rRLiRnBRbERes my

n- but y et caciicths( pHré Mé@bdtdHKEL 26 c@:dmrm abhates 0grepdyreddtions were

.Butyl -To 65 | 411 t Butyl - T |
vasS <GPSR 1Y BRICL 1 PR oRR e ien o3 FPBN HRo10HA-NGEPh A PRA LN

n- but Y biMe fa@mdtmep H ihewda OBl Fit FLMTHURLS gl { A8 ecated0fhsatiHahePme
Ammnli 's(li1 E e S added to _the enzyne solution at 20% saturation, ~and

the mi iPidy. Fofe BN ne sol ution was | oaded onto this 30 col um.

The col um wag mameﬂow tl&htahgmsea&uféufffo%r 3-ER8RopehYlHiR WARS d%%&&h?ﬁeaut
with the foll ow n% el.ution buffer, and the enzy mal%3 activity_in. the
S

fracti dreMddheass¥s pd@t THd %S i) W@r%%ﬁ@\éea‘é%{-’l Bvﬂﬁ Waetf dhhgura ¥he

fragti ensmiafadye: 580@§5\Abeafewé eth Wrhd wdd am\ﬂerm%p%tl%twnse%ﬁﬂamng

n-butyric acid (pH 0) / ammniumsulfate 35 of 15% saturation. The vol une

of eacﬁ*&Y@HO@Hr&dﬂf@r %e@%a%uSasmWéwn@ tanfesthe wRRAtASNEhESYE| une
of car niRiubaed 02008 Y\QMQEQZ 17 H¢d. &é&@%&%%%?eé& ankd, gphate

buffer/44 nM n-butyric acid (pH 0) /anmmonium sulfate of 15% saturation
10 v Bﬁt%é‘ﬁhf’élléﬁfﬁ@F/%ﬂCWﬁPH@tlﬂlif@ asisd deieImiged tEnkmiluds BMshrent e

$f01?3§%%%FE%%M%%V£Q -EMRheaRhat e huf R L 440800t ¥hhE 26kdehPbne also
has high affinity for 3-cyanopyridine.

10. The effect of temperature
The optimal temperature and thermal stability of the purified
enzyme was evaluated. With the standard composition of reaction
20 solution as shown in Table 1, 2.92 U enzyme was incubated at each
temperature (10, 20, 30, 35, 40, 45, 50, 55, 60, or 65°C) for 15minutes
to assess the optimal temperature (Figure 8). The temperature, at
which the reaction rate with the enzyme was maximized, was 45°C.
o Further, 2.92 U of the enzyme was heat—tieated at each temperature
25 (10, 20, 30, 40, 50, or 60°C) for 30 minutes, and then the thermal
stability was assessed under the standard reaction conditions. After
the enzyme treated at 50°C, the remaining activity was 77% (Figure

9).

30 11. The effect of pH

| The optimal pH and pH stability of the purified enzyme was
evaluated. With the standard composition of reaction solution as
shown in Table 1, 2.92 U enzyme was incubated in each buffer (buffer
of sodium citrate or Tris-HC1l at a final concentration of 50 mM),

35 1instead of phosphate buffer, at 20°C for 15 minutes to determine the
optimal pH. The optimal pH' was 6.0 (Figure 10}.




sulfate of 5% saturation 7. SDS-PAGE 10 The purified enzyne obtai ned was
anal yzed by SDS-PACE. SDS-PAGE was carried out according to Laennﬂ]BgULzms
met hod (Laenm i, U K : Nature, 227, pp680, 1970). Nanely, el ectrophoresis
was per f oMRREEAM717, 1204 pol yacryl ani de sl ab gel with Tri s/épﬂzﬁ"%mf% fer. An
equal -vol une m xture of enzyne sol uti ot and sanpl e buffer was 15
heat-treated at 90C for about 10 m nutes. The gel was stained with

Coonmassie brilliant blue R-250; destaining was carried out with

et hanol / aceti ¢, aci,d/ dH20.(,2{.3/6, by vol.). The result shown i.n i gur

e par i 11 SRR A2 P RSBl ¥aP dirubt s 38 ottt o i din
R-subungbdia®h 5 kiBmat2) Sphésphatet rhifgarhy FRLE-HOE, ni Gliykenbydkatasemas
purified accordi net hod as descri bed above. First, the suspension

he,
o homoNenis0e BagH G 21 T il PONGEN 1t AL 20 TPt 3¢ 204 CofpE: S RARD LAY

preci pi had NehdR thaCt+ aRsi PN eRkiiikudat ivds dBSapedi Vinde Magh & oBk-anRd-d N
the _supernatant fraction, and thus the supernatant was used as a cell-free
ext ract FeRREIc |ICanEEt BRY ok dmSePPathPoRHt 8§ 2RI LAImON tAT ShPFf Shgymend,

as a regubhtdd8t 3 LVhLY  ¥a% £ 90IR APk d PtthrénﬁaaiCﬁﬂrfa‘écth:i‘g’?i wdls AEGAILUM

sul fate concentration is 30-60% saturation. The 30 active fraclions were
subj ect €80f0 (Ediawse chkbnat ography with DEAE- Sephacel . The active fractions
(No. 74-80) eluted fromthe colum of DEAE-Sephacel were collected, and
t hen subjected to colum chronmat ography with Butyl - Toyopearl 650 M The
active FPacSubetyaNe spacbb)cktyvited fromthe col um of Butyl-Toyopearl 650

theth tr1 1 e hadiatazs h TRtacoictcs 4 S bt Hetoovind FhEEEnd ©
PCT/ JPOgtengexrdoompps iCion tdwct bomlsqnotisimsbonndm tabhe 3 32. Bg; U spegitfe ¢
U1 Vi {tas 4701 Gk 4% SREET IBACt 6 | Kyl 89 laes LAl SlgThe
purified enzyne was assessed to be honogeneous by =. 'The
3—-cyanopyridine; the generation of amides in the reaction solution
was analyzed by HPLC. Thus, the relative activity was determined.
15 The types of substrate compounds added, final concentrations thereof,
reaction times, and HPLC conditions used for the analyses of products
corresponding to the respective substrates are shown in Table 6. The
HPLC conditions (1)-(9) are indicated next to Table 6.
The purified nitrile hydratase showed substrate specificity
20 that was very similar to that of resting cell reaction; malononitrile,
n-butyronitrile and 2-cyanopyridine were suitable substrates. The
relative activity for HMBN was 154%, when the activity for
3-cyanopyridine was taken as 100% (Table 5}.
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-specific activity of finally purified enzyme was 880 U ng for HVBN 5 and 477
U/rrg for 3-cyanopyridi ne usgfl as ]'Ehe substriate under the standag@ JyL 2005
conditio 3 St.p Tablpro in Tetal activity Spe ity
-Purlflcanﬁﬂo%?glﬂfd ) (. x) (mp) ,.(U) (Uf mp) (%éh&dﬁ@%élllraa
attract 167 5740 34.4 1 100 2. (NH4)28D4 fractionation 56.6 5220 92.2 2. 60
O 3 .OEAE -S.ph a cal 10.7 4030 215 6.25 70 4.5vtyl-Toy0 p. arl 650 M 5. 32
2540 477 13.5 44 10 1 U of the enzyne is defined as.the anmount to catal yze
the production of 1 nol nicotinam de from 3-cyanopyridi ne under the
standard conditions during 1 mnute. About 2.3 g of purified enzynme was
anal yzed by gel filtration 15 under T&eleonditions as shown in Table 4 to
determ ne the nol ecular weight; the nol ecul ar weight of the enzyne in the
natural state was deduced to be about 112.5 kDa, when it was cal cul ated
based on the retention time for the nol ecul ar wei ght marker (Figure 3) Cel
filtration by HPLC. 20 The conditions used for the HPLC anal ysis of nitrile
hydratase for the nolecurar I s shown i Table 4. lne motecutar

wei ght mar keSubsédratas from gi%n’t Yeastsyubkabrat4 Col uRf artgk'ega G 3000
SW(0.75 x 60 cn) Solvent 0.1"M¥KPE (pH 7.5) + 0.2 M KC12“H'6W¥r ate 0.7
m/mn Injection 5 gl Detect] nr(%QR() rim._25 9 The effect ofsubstrate
concentrati on Km val ue) 0 8 JUL 2005 WO 02/070717 PCT/JP02/ 01912 41

-Cyanopyridine 100 3-Cyanopyridine* 8.5
2-Cyanopyridine 223 n-Butyronitrile* 379
4-Cyanopyridine 127 Isobutyronitrila* 40.9
Acrylonitrile 114 n-Valeronitrile™ 118
Meihacrylonitrile 93.7 lsovaleronitrile™ 271
Crotononitrite 87.4 n-Capranitrile™ 16.1
Acetonitrile 146 3-indolytacetonitrile” 2.33
Propionitrile 173 - Benzonitrie* 138
HMBN 154 o-Chlorobenzoniile® 58.6
KCN 0 m-Chlorobenzonitrle* 7.18
Malononitrile 873 p-Chlomb.enzom' trile” 28.4

€16
2-Cyanoacetamide 48.3
Cyanapyrazine 114

5 The reaction was carried out at 20°C, and the amount of enzyme used
was 2.92 U, The asterisk “** indicates that methanol was added to

enhance the substrate solubility (final conc. = 20% v/v).




The Km val ue for HVBN was determ ned fromthe S-V plot (Figure é) and

Li neweaver-Burk plot (Figure 5). 0.0585 U of the enzyme was adddd 4@ 2005
sol ution i.n4 ng HVBN at various concentrations and th Iﬁgﬁ; S were
i ncubat eﬁvéﬁe}%ﬂ&ﬂ or 15 minutes. The jgeactions were 5 anal Sgy ylklg{c. The
Km val ue for HVBN was deternmined to be 1.43 nMfromthe Lineweaver-Burk
plot, and this indicates that the enzynme has high affinity for HVBN. In
addition, the Kmvalue for 3-cyanopyridine was determned fromthe SV plot
(Figure 6) and Lineweaver-Burk plot (fFHwe 7). 10 Simlarly, 0.0265 U of
the enzyne was added to sol utions containing 3-cyanopyridine at various
concentrations and the reactions were incubated at 20 C for 15 mnutes. The
reacti ons were anal yzed by HPEChaz1The Km rakude ifcat 3- cyanopyri di ne was

det o i ned BEIRSL 15 mM E690 ntbatkiopeweaver Rar k pl ot , HEN tdurmlifiontt cat es
that the enzynme also 15 has p ffinity {®iny3-cyanopyridine. 10. The
ef f ect of—terpe+ratd RFre—oPi-8 e f-at=tH-e—atre—trerre ryt-t-y—o he
purified engyam dieeal uated.,, \Wth the standard conposition.gf reaction
20 solution as. shown in Tabl e1§, 2.92 U enzyﬂ?ae was i ncubat ed(ﬁt each

t enper at ur ricig@* 35, 4Q.~45, 50, 55, , or 65C) for mnutes to
assess the%oﬁ?ﬂggptlglﬁperaturqugi gure 8) Theﬁ?errperature, at é‘ﬁvxlm ch the
reaction rag-Eyanbpytifigeenzyne vas maxi m zed, s 45C. Furtheg,) 2.92 U of
the enzyne was heat-treated at €ach tenperature 25 (10, 20, 30, 40, 50, or
60C) for 30Gi4Oyanvpgridiaed then yhg thernmal stgpility was assefged under the
standard reaction conditions. After the enzyne treated at 50C, the

remai ni ng sdemianitiilenas 77% (Fi @goe 9). 30 11.3The effect of {# The opti mal
pH and pH statﬂ lity of the purified enzyne was evaluated. Wth the standard
conposi t i onvi§t qcéﬁéf"i”ﬂﬁ sol uti 883as shown in Srable 1, 2.92 UWknzyne was

i ncubat ed i‘g (?@rfh'ﬁl"”er (buffer. ~of sodiumcitrate or Tris-HJ, at a final
concent r at i o gFCH i?ﬂ\/p, 35 i ndBBad of phosphaﬁe buffer, at 2 for 15

mnutes to gine the opti pH. The optjmal pH was 6.0 igure 10). O
minutes L0 QediBhiE e ig® (4

Propionitrile 150 5 (4)
n-Butyronitrile” 150 10 (2)

Benzonitrie* 50 10 (3)
o-Chlorobenzonitrile™ 55 5 (3)
m-Chiorobenzonitrilie® 25 5 (3)
p-Chlorcbenzonitrile* 25 5 (3)

Maiononitrile 250 3 {6) .
|sebutyronitrile” 150 10 {7) "
n-Valeronitrile” _ 150 10 )
Isovaleronitrile® 1 50 10 {7)

n-Capronitrile” 150 10 ' (@)
Cyanopyrazire 150 10 {8)
3-Indolylacetonitrile” 50 5 9)

The conditions for HPLC were as follows:

(1) Column: Waters Spherisorb 5 poDS2 (4.6 x 150 mm);
5 Solvent: 10 mM KH;PO4(pH 2.8)/acetonitrile (v/v)=9:1;



WO 02/ 070717 PCT/JP02/ 01912 42 Further, 2.92 U énzyrre was i ncubated in_each
buffer (buffer of sodiumcitrate, phosphate buffer, Tris-HO, d Al Ao

or Na2HP t a final concentration of 50 mV) at 20C for 30 m nhutes,
.and t hen %Eiaeirraﬁ ning activity was asgayed under the st an@STdPBARLE i on

conditions to assess the pH stability. *After the enzynme treated at pH
4.0-9. 0 for 30 mnutes, the remaining activity was nearly 100% (Figure
11). 12. Substrate specificity 10 The substrate specificity of the enzyne

was exangngd rWdh 1 he nsi@idard conposition reaction solution shown in
table 2, 2.92 U enzynme, was 1ncubated with various types of substrates,

i nst ead REtedtigmn iMine; the generation of amdes in the reaction

solutio NaS emg;\l by HPLC. Thus, the relative activity was determ ned.
15 The [tynr?es of su‘%%ﬁ&ée[‘egg ounds added, final concentrations thereof,

reacti on(2)i raxslurand WiRls® < @ptidt Onsrivs8dubos2t e .gngl ysesmah ;product s

corr gspand [0 ti upstrates are showy jn Tahle 6. The HPLC
condlsti ons J(’“%JE ( J&m%ﬁ%gﬁéﬁgdihgi{%cﬁ%ﬂg%e \'?ﬂvezvgﬂr% tied nitrile
hydr at ag&lahowette subdt met/eispeci ficity 20 that was very simlar to that of

resti ng_[pegb%ctrieo ct izojb' mal ononitrile, n-butyronitrile and 2-cyanopyridi ne
a

were suitable substat é&’ The relative activity for HVBN was 154% when the

acti vi t rfjerct ibre waglamy:isdigle was taken as 100% (Table 5). 25 0 8 JUL 2005
VO 02/ 07(%717 PCT/ J_Pgé{ 01912 43 Table 5 Substrate Relative Substrate
la&G AT, dEtaRs pPREHLIIR ) S 3HRYER0Er FdknéSP M) @yanopyri di ne”

Rel ative
76. 30 2-s0jareopyr i dime KE2BOD-([BH \or BY Lace€on3T2i14- Qyagppypighne 127

| sobut yrﬂrgwt rrialtee :4q.% ml/min;

Detection: 230 nm;
Injection volume: 5 pl. _
(4) Column: Waters Spherisorb 5 UODS2 (4.6 x 150 mm) ;

15 Soclvent: 10 mM KHﬂﬂh(pH 2.5)/acetonitrile (v/v)=99:1;

'~ Flow rate: 1.0 ml/min;

Detection: 210 nm;
Injection volume: 5 ul.
(3} Column: Waters Spherisorb 5 UODS2 (4.6 x 150 mm) ;

20 Solvent: 10 mM KH,PO,(pH 2.5)/acetonitrile (v/v)=886:1;
Flow rate: 1.0 ml/min;
Detection: 230 nm;
Injection volume: S5 ul.

i (6) Column: Spherisorb S50DS2 (4.6 x 150 mm)

25 Solvent: 0.1%(v/v) phosphate /acetonitrile (v/v)=99:1;
Flow rate: 1.0 ml/min;
Detection: 210 nm;
Injection volume:; 5 Ml.
(7) Column: Spherisorb S50DS2 (4.6 x 150 mm);

30 Solvent: 0.1%(v/v) phosphate/acetonitrile (v/v)=9:1;

' Flow rate: 1.0 ml/min;
Detection: 210 nm;
Injection volume: 5 pl;
Temperature£ 40°C.

35 (8) Column: Spherisorb S50DS2 (4.6 x 150 mm);
Scolvent: 0.1%(v/v) phosphate/acetonitrile (v/v)=9:1;




Acrylonitrile 114 n-Valeronitrile* 118 Methacrylonitrile 93.7
| soval eronitrile' 2.71 Crotonoritrile 87.4 n-Capronitrile 18.1 08 JuL 1005

Acet oni t ryj 3-Indolyl acetonifrile' 2.33 Propionitriperifn
Berrzoni9&§3a$%537 HVBN 154 o-ChIorobngonitriIe 58.6 K g fibioion

m Chl ar obenzonitrile' 7.18 Mbnonitrile 573 p-Chlorobenzonitrile' 26.4-

6. 16 2-Cyanoacetam de 46.3 Cyanopyrazine 114 5 The reaction was carried out
at 20C, and the amount of enzynme used was 2.92 U. The asterisk "*"

i ndi catgesoithabt@et hanplhwesirgadded to enhance the substrate solubility
(final conc. = 20%v/v). OB JUL 2005 WO 02/070717 PCT/JP02/ 01912 44 "Table
6 SubsRPeheestEprnal ZRdhd®on concentration time HPLC conditions (nM (min)

3- Cyan tidine 1 [ 1) -Cyanopyridine(err) 150 15 (1) 2-Cyanopyridine -
125 10 ’%3eg£9§§“ag’%&f?‘}eéri b e 56 (1) Acrylonitrile 250 3 (5) .
Met hacrTempetretheet5®@ B .1) Cotononitrile 150 5 (1) Acetonitrile 250 10

(95 0] Pkt SRSy ST e 80D 2 Py e 50 10
' Solvent: 5 mM KH,PO,(pH 2.8)/acetonitrile (v/v)=12:7;

Flow rate: 1.0 ml/min;

Detection: 210 nm;

Injection volume: 5 ul;

10 Temperature: 40°C.

13. The effect of inhibitors on the enzymatic activity
Inhibitors to the enzyme were studied. With the standard
composition of reaction solution shown in Table 1, various inhibitors -
15 were added at a final concentration 1.0 mM or 0.1 mM to the solutions
containing 2.92 U enzyme,; after the mixtures were incubated at 20°C
for 10 minutes, the reaction was carried out for 15 minutes. The
enzyme activity was markedly inhibited by carbonyl reagents such as

phenyl hydrazine and hydroxylamine (Table 7).

20
- Table 7
The effects of various compounds on the nitrile hydratase activity
Compound (1.0 mM) Relative activity (%) /
Free 100 '-
Iodoacetate 97.0
N-Ethylmaleimide 101
p-Chloromercuribenzoate 97.7
5-5'-Dithiobis (0.1 mM) 99.1
Hydroxylamine L 62.1
Phenylhydrazine B.19
Cysteamine i06
D~Cycloserine 94.8
EDTA 101
Tiron 132

Diethyldithiocarbamate 97.7




-p- CHor obenzonitrile' 25 5 (3) Malononitrile 250 3 (6) Isobutyr@ ' ri}ﬁxﬁ'
150 10 (7) n-Valeronitrlle™ 150 10 (7) Isovaleronitrile”™ 150 1 I'H(-Sfl"L 0
n- Capr oni {54l e 10 (9) Cyanopyrazine 150 10 (8) 3-Indalylacetonitrile'
50 5 (9) R'zéIP%ﬁ((%?(%}ig’iotions for HPLC were as fol lows: (1) Col BREIPRARIES
Spherisorb 5 0DS2 (4.6 x 150 nm); 5 Sbivent: 10 nM KH2PO4( pH
2.8)/acetonitrile (v/v)=9:1; 08 JUL1005 WO 02/070717 PCT/JP02/01912 45
Flowrate: 1.0 m/mn; Detection: 230 nm Injection volune: 5 1. (2)
Col um: Water5 SpNErrsoro o (erryoos2 (4% 50Tm —10 MM
KH2PO4( pH 2. 8)P5§$toni trile (v/v)=9:1; F%O%\y/\\? rate: 1.0 nml/nin; Detection:
230 nm I njecBenfn volune:5 |. (3) Columygg Waters Spherisorb 5 (err) ODS2
(4.6 x 150 nmm; . 10 Solvent: 5 mM KH2P04 (pH 2.8)/acetonitrile (v/v)=12:7;
Flow rate: 1. ODH:%?TPﬁgrBéFB&t i on: 230 nm930-|41j ection volume: 5 1. (4)
Col um: Water SOk : .0 [ vent, s
KH2PO4( pH 2. 5%%%%‘?? I’vlglsg l%‘\?ﬁ\%%:t%é %?{hé‘?oﬁv@a SoMpRIniSTa nz;’Iffr G hox 20,
210 nmmippies: i apdvshenenzymat i patdmimy. waAst erssaSpideri sorb 5 i ODS2 (4.6 X
150 mm 20 Solvent: 10 nM KH2ZPO4(pH 2.5)/acetonitrile (v/v)=99:1; Flow
rate: 1.0 m/mn;

14. The effect of metal ion on the enzymatic activity

5 : The effect of metal ion the'enzyme reaction was studied. With
the standard composition of reactior solution shown in Table 1,
various metal ions were added at a final concentration 1.0 mM to the
solutions containing 2.92 U enzyme; after the mixtures were incubated
at 20°C for 10 minutes, the reaction was carried out for 15 minutes.

10 The enzyme activity was markedly inhibited by heavy metal ions such
as Ag’ and Hg™ ions capable of specifically interacting with SH groups .
On the contrary, the addition of Ni’* or Co™ ion enhanced the enzymatic
activity (Table 8).

15 | ‘Table 8
The effect of metal ion on the nitrile hydratase activity
Metal (1.0 mM) Relative activity (%)
Free 1060
CaCl, 96.4
': MnCl, o 96.7
| NiCl, 196
CoCl, 154
ZnS0, ' . 84.1
CuSQ0, 109
FeS0, 78.9
FeCls; ' 100
AgNO; - 7.85
HgCl, 7.48

- The enzyme was incubated with a metal ion at 20°C for 10 minutes,

and the enzymatic activity was assayed.

20



Detection: 230 run; Injection volunme: 5 1. (6) Columm: Spheri soraﬂggﬁ%ﬁ
(4.6 x 150 mr) 25 Solvent: O lo(v/v) phosphate /acetonitrile (v/v

Fl ow r at gv g/ m n; Detection: 210 nm Injection voI UNEeT/9pd20141%)
p%erl sor b

Col um: S50D0S2 (4.6 x 150 gm; 30 Solvent: 0.1%v/v

phosphat e/ acetonitrile (v/v)=9:1; Flowrate: 1.0 m/mn; Detection: 210 nm

Injection volunme: 5 |; Tenperature: 40C. 35 (8) Colum: Spherisorb S50DS2

(4.6 x 150 mm; Solvent: 0.1%v/v) phosphate/acetonitrile (v/v)=9:1; 0 8 J

U L 200ps WRO0Lf AL & ¢ f&é&ﬂ?@zﬁ@miﬂaﬂé cFr ownkatethd 8n @t&c et peiten:

230 rim Injection vol une: ,~ Tenperature: 40C. 5.(9) l,unm: Spherl sorb

S50DS2 (4.6 xlqwmeve%bweﬁha%thm RﬁIQPQAPBHOf 8y acefFofiqriyqn to the

(v/ v) = a@ﬁ SELEMCRIQi £y M whRheehb o QbaPE: S

l; ]%%%5%% gﬂﬁfgeni?% € eff %ﬂ ?’ |b| t:(L)rg on the enzymatlc

acti vi tryompﬂmbm@r@ftmad@@mm@lwle %TEQPmeHI Tiklet he éTtland?d-’r o™ ion

conposi ti eactio o] n a 4 ﬁn_lx'i_’

V\Bpg addd 3 a&ci%&fifﬁa ég%l?l(g%ﬁ{: ?‘%ﬁ éf@ g Wb"“ﬁ to \c/lm%lo t e s&? u%( ons

cont ai nt ng2 2} @ﬁzjdnenaytrseefﬁécerort hhemmzmae@mc@uvnmmwa@dsaudia@ fWren o

m nut e ,t+her G i car tfr .es. The nay tiwity

was rrasliledl yiin |b|§‘) %sc}rc{)oeﬁcglggea gﬁ é%gl%%%gg% JE1.9 I o | the
enzymatlc activity was enhanced twice or 1.5 times. As the metal ions

were added at higher concentration than above-mentioned one, the

10 enhancement was impaired (Tables % and 10).

Table 9
The effect of cobalt ion on the nitrile hydratase activity
CoClp (mM} Relative activity (%)

0 100
0.5 129
1.0 150
2.0 153
4.0 143
6.0 136
8.0 127

15 The enzyme incubated with nickel ion at 20°C for five minutes, and /
. {
the enzymatic activity was assayed.

Table 10

NiClz (mM) Relative activity (%)
0 100
0.5 171
1.0 197
2.0 196
4.0 195 '
6.0 184
8.0 185




-phenyl hydrazi ne and hydroxylam ne (Table 7). 20 Table 7 The effects of

vari ous conpounds on the nitrile hydratase activity Conpound (1.0 8ndL 2005
Rel ative b ay7bm7(9) ~ Free 100 |odoacetate 97.0 N Et hyl-ipbpigoge 101
“p-Chl oronercuri benzoate 97.7 5-5 -Dithyobis(0.1 mVM 99.1 Hydroxylamne 62.1
Phenyl hydrazine 8.19 Cysteam ne 106 D- Cycloserine 94.8 EDTA 101 Tiron
132 Diethyldithiocarbamate 97.7 0 8 JUL 2005 WD 02/070717 PCT/ JP02/ 01912
47 Urea 95.7 NaN3 98.5 Dithiothreitol 93.4 The enzyne was incubated with
vari Ouz Corrpomhuésh efa}zyﬂaﬁr;cﬁrba%éid RAiFuH @ﬁ,cr}]@ld ioheanzy natd @%b%vi;_lr}%)‘m"t‘.’?%, '
assayed. _14. The effect. of netal i1on on the enzymatic activity e effect
of rrgt aPR%D s ENFYRATE G STVt stagFawedWth the standard conposition
of reaction solution shown in Table 1, various netal ions were added at a
final cogcen ration 1.0 Mto the soluytions containing 2. 92 U enzyne,
after tHhé& -nix¥u Sfer €5 keerdsddndtNDOCPBr 10 ninutes, the reaction was

‘carrfed out fak InddMULgs TakA eThepenzye @91tziy\+t)ttyicvva§cm£<§§' xslq' R Ruted by
heavy nmetal ions such as Ag+ and HJ" 1ons capable of specifically
i nt er acPYAFahas® SH EReuresent, ityenddmn 435 emhanaidl théreobyNidding 10"

i on enhapgedot g AZYIBLA L sy@ekivhtYa (dBRLENBYation of 1.0 mM. Then, with
the standard composition of reaction solution shown in table 2,
various types of substrates, instead of 3-cyanopyridine, were added

10 to the solutions containing 2.92 U eniyme to study their effects on
the activity. The activity was enhanced twice only when HMBN or
mandelonitrile was used as the substrate. The addition of Ni*' ion
was assumed to specifically enhance the reaction efficiency when the

substrate was a d-hydroxynitrile (Table 11).

15
Table 11
Substrate Free NiCl, (1 mM)
HMBN 100 196
3-cyanopyridine 100 99
2-cyanopyridine 100 97
4-cyanopyridine 100 99
n-butyleonitrile ~ 100 94
| Chlotononitilile 100 103
= Manderonitlile 100 ' 201
Etylene cyanohydrin 100 91
Aminoacetonitlile 0
Hydroxyacetonitlile 0
3—aminopropyonitlile 100 97
f~aminochlotononitlile 0 0
The incubation was prolonged for 10 minutes at 20°C using 2.92 U
enzyme.
20

17. Determination of N-terminal aminoc acid sequence

The N-terminal amino acid sequences of O-subunit and B-subunit




15 Table 8 The effect of netal ion on the nitrile hydratase activi @ %E@I
(1.0 M) Relative activity(o) Free 100 CaC 2 96.4 WMCl2 96.7 N 2'I

CoCl2 154y0495d3184- 1 CuSO4 109 FeSO4 78.9 Fed 3 100 AgiNeRpe2iid2 HIC12
7.48 The enzynme was incubated with asgetal ion at 20C for 10 mi nutes, and
the enzymatic activity was assayed. 20 0 8 JUL 1005 WO 02/070717

PCT/ JP02/ 01912 48 15. The effect of coexisting Ni" and Co++ ions on the
enzymatic activity It was revealed that the addition of N ++ or Co++ ion to

the reagki Rty sbenyaprhaaged tidym @ﬁé&@&bb@@ctspw o4 Wb ihh@estagdan zed
conposition of reaction solution shown in Table 1, Ni ++ or_Co++ ion

added atNaacdikRPtFat SGAWINERE, Yot t § 782 of TeRodmRdHes B HeS¥S ey eﬁlz"?me
its effeg gueﬂc&hgfwgm%aaﬁs;f%% G- e wald thaﬁﬁvsefm Revas

added af concentration o the enzymatic activity was enhanced
tw ce ofSEQ XD NQre$) ;Athalteo fidi-asubiwmist wwerDédﬁ@daG@RﬂﬁI@ii’er(SEQnIﬁam abdon

R T e R E e e R e e S b e
CoCl2 (ofMNRedmtinalalhivesyd(efp O6f WOOsuldudit2®dnd 100% identity to that of
o-subunit of the low molecular weight nitrile hydratase from
Rhodococcus rhodochrous J1 strain (Table 12/ d-subunit; Table

" 13/ p-subunit) .

10
Table 12 ;
Strain. | ' N-terminal amino acid sequence Identity (36)
Rhodococcus sp.Crd ' .1 TAHNPVQGTFPRSNE 15 -
Rhodococcus rhodochrous J1 {low) 1 TAHNPVQGTLPRSNE 15 93
Bacillus subtifis 211 VVSNPLAGSRPRSND 225 47
Table 13
Strain N-terminal amino acid sequence Identity (%6)
Rhodococcus sp.Crd 1 MDG IHDLGGRAGLGP 15 - ,
Rhodococcus rhodochrous J1 (low) 1 MDGIHDLGGRAGLGP 15 100 :
Rhodococcus rhodochrous J1 (high) 1. MDGIHDTGGMTGYGP 15 73
Pseudomonas putida 1  MNGIHDTGGAHGYGP 15 67
Pseudomonas chiororaphis B23 1  MDGFHDLGGFQGFGK 15 67
15 '

19. The effect of coexisting NiCl, and CoCl, in resting cell reaction
The preculture medium of the following composition was
aliquoted in 5 ml into each test tube (25 x 200 mm); a silicone plug

20 was placed in the tube, followed by sterilization by autoclaving.

Pre—-culture medium (pH 7.0):

Polypeptone 5.0 g

Ay




1.0 150 2.0 153 4.0 143 6.0 136 8.0 127 15 The enzyne incubatqﬂaﬁgtﬂ@%
nickel 1on at 20C for five mnutes, and the enzymatic activity was % d.
Tabl e 10 NwGlo2woto™ Rel ative activity (%9 0 100 0.5 171 éaSQS%g% ;.o 196
'4.0 195 6.0 184 8.0 185 08 JUL2005 WO 02/070717 PCTI JP02/ 01912 487 The
enzynme incubated with nickel ion at 20C for five mnutes, and the enzymatic
activity was assayed. 16. The effect of coexisting Ni++ ion 5 As shown in
Tabl e 10, the enzymatic activity of nitrile hydratase of the present

i nvention was enhant=hi vé:cterdytaddingg N %y ion to the reaction systemat a
concentration of l.gﬁgﬁ! Then, with the standard conposition of reaction
solution shown int 2, various typds ®f substrates, instead of
3-cyanopyridi ne, weradded 40 the 59 I ions containing 2.92 U enzyne to
study their effects on the activity. The Tactivity was enhanced tw ce only
when HVBN or mandePditidided \igatesed lad thhe substrate. The addition of N ++
ifon BAvas assuned to specifically enhance the reaction efficiency when the
substrate was a a-hydroxynitrile (Table 11) 15 Table 11 Substrate Free N C 2
(1 MW After the tube was cooled, Rhodococcus sp. Cré4 oxr Rhodococcus

rhodochrous ATCC 332878 strain was inoculated with a platinum loop
into the pre-culture medium, and then cultured with shaking at 28°C
for two days. Then, the pre-culture of Rhodococcus sp. Cré4 was
10 +transferred into main—culturé medium 1; that of Rhodococcus
rhodochrous ATCC 332878 was transferred into main-culture medium 2.
Both were cultured with shaking at 33°C for two days. The bacterial
cells were harvested and washed, and then the reaction shown in Table
14 was carried out to study the effect of NiCl; and CoCl, added.
15 When NiCly or CoCl; was added to the reaction system at a final
concentration of 1 mM, as seen Table 15, the coexisting NiCl; or CoCl,
enhanced the nitrile hydratase activity, and thus the addition of

the ions had positive effect.

20 Main-culture medium 1 (for Rhodococcus sp. Crd4) (pH 7.0):

Acetamide 7.5 g
Glucose 10.0 g
C.S.L. S 10.0 g
i . Yeast extract .0 g
25 MgS047H20 0.5 g
K2HPOy .0 g
CoCl,6H,0 10.0 mg
FeS0,7H,0 10.0 mg
Distilled water 1.0 L
30
Main-culture medium 2 (for Rhodococcus rhodochrous ATCC 332878) (pH
7.0):
g-caprelactam 5.0 g
Glucose 10.0 g
35 C.s8.L. 10.0 g
Yeast extract 1.0 g




HVBN 100 196 3-cyanopyridine 100 99 2-cyanopyridine 100 97

4- cyanopyri dine 100 99  n-butylonitrile 100 94" Chlotononitilile &8aUiLded
Mander oni g d2@7dB9 201 Etyl ene cyanohydrin 100 91 Am noaceigiypddétegz O O
Hydr oxyacetonitlile O O 3-am nopropyogitlile 100 97 0-am nochlotononitlile
0 O The incubation was prolonged for 10 mnutes at 20C using 2.92 U enzyne.
20 17. Determnation of N-term nal am no acid sequence The N-term nal am no
aci d sequences of a-subunit and p-subunit 08 JUL2005 WO 02/070717

PCT/ JP02/ 01912 50 p@s@i t;ﬁgée hydrat asg &r o Rhodococcus sp. Cr4 strain were
analyzed in a ProciSe éequencer Model 470A%from Applied Biosystem The c
sequence of N-term KeP®b resi dues of a-8ubgnit was TAHNPVQGTFPRSNE (SEQ I D
NGO 5) ; that of R-subuynj s MDA H ﬁGIgAG_ (SEQID NGO 6) 5 The
respective sequencegoggﬁté%i’-c\[‘\gd 93% i dént ity Bo the sequence of N-termi nal
15 residues of a-subisittildrdl 30%1 dentli. by Lo that of a-subunit of the |ow
nol ecul ar weight nitrile hydratase from Rhodococcus rhodochrous J1 strain
(Tabl e 12/ a-subunit; Table 13/ n-subunit). 10 Table 12 Strain. N-term nal

am no aci d segHeAGR=d deRtidsy al YhuoRRUOs QECHE 191dCs 80 ~rd L THINRMABEFPREMR s15 -

Rhodococcus rhodochrous.J1 (I ow) 1 TAHNPVQGTLPRSNE 15 93
and then used after sterilized by autoclaving.

_ Table 14
10% (v/v) HMBN in 0.1 M KPB (pH 6.5) 0.36 ml
0.1 M KPB (pH 6.5) _ 0.64 ml (
Cell suspended solution (final:0.05 fold) 0.10 ml
0.85% (w/v) NaClag 0.90, 0.80 ml
20 mM NiCl, or CoCl. 0.00, 0.10 ml
Total volume 2.00 ml
10
— HMBN was added (reaction started}.
— The mixture was incubated with shaking at 20°C for 15 minutes.
— 0.1%(v/v) H3P0O; was added (the reaction stopped}.
—* Centrifugation.
156 — HPLC analysis.
Table 15 s
Relative activity (%) |
Rhodococcus sp. Cré ATCC 332878
Free 100* 100%**
NiCl, 186 193
CoCl, 137 123

* : 118 gmol/ml/min
20 ** : 30.5 pmol/ml/min

In resting cell reaction, the enzymatic activity was also enhanced

by NiCl, or CoCl; added.




-Bacillus subtilis 211 VWSNPLAGSRPRSND 225 47 Table 13 Strain N-term nal
anmino aci d sequence Identity (% Rhodococcus sp.Cr4 1 MDA HDLGGRAGIEFINS -
Rhodococc 69@gpﬁhrous\]1 (low) 1 MDG | HDLGGRAGLGP 15 100 8? @gﬁjs

- rhodochr ous hi'gh) 1. MDA HDTGGMIGYG@R 15 73 Pseudonpnasputida
MNG HDTGGAHGYGP 15 67 Pseudonopnas chlororaphis B23 | MDGFHDLGGFQGFGK 15 67
15 19. The effect of coexisting NiCl2 and COCl2 in resting cell reaction
The precul ture nmedi um of the follow ng conposition was aliquoted in 5 m

into eaely t g8ls tIPEEL5K 4L jof silicone plug 20 was placed in the
tube, followed by sterilization by autocl avi ng. Pre-culture nedium (pH

7.0) P&'Ilfsqo@jiﬁmét »H gyvanylg ULOIZOOB the 02rorbe iyecTiare2adithie Sreskdt
-extract . d t t Distille

After th 21 S 15\/\}23 dé’%&?’&% %%ﬁo@cc{ﬂ% schjs %por C%tﬁddocrg%\é\%s %oaékﬁr"gﬁs
ATCC 33&&2&&3593 rﬁmveaﬁofnbmt 88 odddvcar s athicrlomhroap  Jint (Bidwh mécaulettur e

rredl and .t hen c ture k| 28C O. t .
e Bl BRI TR Aot o a0R AL 5 PR ab R ed®) MR PR Bt LR ang
medi um &;tatrhiat r dfcdigaskoiroitaiso £ rh@ﬂ@th@nUSoMﬂbB;&Z{BTrﬁam M aepé b ded Lomt 0
mai n- cul medi um.2.. . B were culture haki at 3 C for two, days
e baot &, Ve, fibiBa e o Mk foerad omavakeRod PETEY ChEFEAL LI BRoEP oL At
in Tabl evaslénmawa et REt alb e SEYYE tdbsfians (ef—cyuaﬁbgy&ﬁdlﬁ@@latadded:-
15 When Ni Cl_,. or. Cod 2 wgs added to the re&ii%ﬁ%{:temat aflng

concent &% 87 BEPRLEN. &BSsBBASFRBFE 185 2 CnGONFERS ot heceRE YTe
enhencegelahte M I i he thydtatashz okl ¥eh¥risfdat e d Feraddi hiaftelk, 0.1 ml
of 2 N hydrochloric acid was added thereto and the mixture was shaken
vigorously to stop the reaction. The reactiocon solution was analyzed

by HPLC by the same method as described in Section 1.

15 Standard reaction solution:

0.5 M 3-cyanopyridine 0.5 ml
0.1 M phosphate buffer (pH 7.5) 0.25 ml
Enzyme solution 0.1 ml
Total volume : 1.0 ml

20
In the case of Rhodococcus sp. Cr4 nitrile hydratase, the
quantity of enzyme used was 288 U/ml; in the case of Rhodococcus
' rhodochrous J1 nitrile hydratase, the guantity of enzyme used was
1 61 U/ml. As seen in Table 16, the nitrile hydratase of Rhodococcus
25 rhodochrous J1 was completely inhibited in the presence of 1 mM cyanide
ion, but the nitrile hydratase of Rhodococcus sp. Cr4 retained 47%
of the activity in the presence of 1 mM cyanide ion and 17% of the

activity in the presence of 5 mM cyanide ion.

30 Table 16
KCN (mM) Cr4 Jl
0 100% 100%
47 0
17 0

10 11 0




the ions had positive effect. 20 Main-culture nmedium 1 (for Rhodogaccus sp.
Cr4) (pH 7.0): Acetamide 7.5 g Gucose 10.0 g C S.L. 10.0 g Yeddt JlxMbfact
1.0 g 25 Weee#7die© 0.5 g K2HPO4 1.0 g COC126H20 10.0 ny 959%705%9 10.0 ngy
Distilled water 1.0 L 30 Min-culturg nmedium 2 (for Rhodococcus rhodochrous
ATCC 332878) (pH 7.0) : e-caprolactam5.0 g ducose 10.0 g 35 C S L. 10.0
g Yeast extract 1.0 g 0 8 JUL- 2005 WD 02/070717 PCT/ JP02/ 01912 52
MSO47H20 0.5 g K2HPO4 1.0 g ¢  CoCl26H20 20.0 ng Distilled water 1.0 L 5
Each nediumwas aliquoted in;20 nm into 390-ml Sakagychi tlasks, and then
used after sterilized by autoclaving. Table 14 10% (v/v) HVBN in 0.1 M KPB
(pH6.5) 0.36 M 0.1 MKPB gpH 6.5) 0.648 n Cell si@spended sol ution

(final:0.05 fold) 0.10 M0 85% (W VI —Nacraqo0—90—0~80—m 20 nM Ni C12 or *
CoC12 0.00, 0.10 ni

21, Determination of N-terminal amino acid sequence

The nitrile hydratase purified from Rhodococcus sp. Cri was
subjected to SDS-PAGE. The protein was electro-transferred onto a

5 PVDF membrane with a Horiz-Blot Electrophoresis Apparatus Model
AE6678~-P (ATTO), and then stained with amide black,. Portions
corresponding to O-subunit and P-subunit were cut off, and eéch of
Fhe subunit proteins were subjected to automatic Edman degradation
in a gas-phase peptide sequencer model 473A (Applied Biosystem), and

10 thus PTH amino acid derivatives were obtained. The N-terminal amino
acid sequences of O-subunit and f-subunit were analyzed in a PTH amino
acid derivative analyzer model 120A (Applied Biosystem).

The N-terminal sequence was TAHNPVQGTFPRSNE (SEQ ID NO: 5) for
o-subunit; MDGIHDLGGRAGLGPI (SEQ ID NO: 7) for B-subunit. The

15 seguence of ¢-subunit exhibited 93% identity (L at amino acid residue
10 in J1) lto the N-terminal sequence of d@-subunit of

- low-molecular-weight nitrile hydratase from Rhodococcus rhodochrous
J1l; the sequence of B-subunit did 100% identity to that of the
equivalent from Rhodococcus rhodochrous Jl.

20 Thus, the N-terminal amino acid seguences of nitrile hydratase
o—-subunit and B-subunit from Rhodococcus rhodochrous J1 are nearly /-
identical to those from Rhodococcus sp. Cr4d. Further, it is known {
that a~subunits of previously reported nitrile hydratases share the
highly homologous primary structures. Thus, cloning cof the nitrile

25  hydratase gene of Rhodococcus sp. Cr4 was carried out using, as a
probe DNA, a gene fragment from d-subunit of nitrilé hydratase of
Rhodococcus rhodochrous J1. Further, a gene fragmeht.forn\ﬁ—subunit
of nitrile hydratase of Rhodococcus rhodochrous Jl1 was used to
evaluate whether the entire region of nitrile hydratase gene of

30 Rhodococcus sp. Cr4d was successfully cloned.

22. Preparation of probe DNA

There two types of nitrile hydratases 1in Rhodococcus




-Total volunme 2.00 mM 10 - HMBN was added (reaction started). - The. m xture

was i ncubated with shaking at 20C for 15 m nutes. - 0.1@&v/v) H3PO£ 2005
added ('t n stopped). -+ Centrifugation. 15 - HPL Tabl e
- 15 Rel a?ﬁ\%ﬁggﬁlelt (%9 Rhodococcus; s5P- Cr4 ATCC 332878 ree ZX@Bﬁ 100**

NiCl2 186 193 CDC12 137 123 * 118 anI/n1/n1n 20 ** 30.5 pmol/mM/mn In

resting cell reaction, the enzymatic activity was al so enhanced by N Cl2 or
CoCl2 added. 08 JUL2005 WD 02/070717 PCT/JP02/01912 53 20. The effect of
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The reattrSht ggaup?gﬂwmas anal yzed by HPLC by the sane nethod as descri bed
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ereto e m xture was shaken vigorously to stop the reaction.

ion 1. 15 Standard reaction solution: 0.5 M 3-cyanopyridine 0.5 n
o—subunit:

Sense primer region: QGTLPRSN (SEQ ID NO: 8)

Antisense primer region: PDPDVEIR (SEQ ID NO: 9)

B-subunit: _
Sense primer region: PHDYLTSQO (SEQ ID NO: 10)
Antisense primer region: PNVVNHID (SEQ ID NO: 11)

Then, based on the amino acid sequences, PCR primers, to be used
for specifically amplifying a part of the lowmolecular weight nitrile
hydratase gene, were actually designed. Finally, the primers

comprising the following nucleotide sequences were designed.

O—subunit gene fragment for amplification:
sense primer: 5’-cagggcacgttgccacgatcg-3’ (SEQ ID NO: 12)
antisense primer: 5’—cggatctcgac_:gtcagggtcg—B' (SEQ ID NO: 13)

B~subunit gene fragment for amplification:
sense primer: 5'-cgcacgactacctgacctcge-3’ (SEQ ID NO: 14)
antisense primer: 5’'-cgatgtgattgactacgttcgg—-3’ (SEQ ID NO: 15)

Then, the genomic DNA was prepared from Rhodococcus rhodochrous
J1 according to the method of Ausbel et al. {(Ausbel, FM et al: UNIT
2.4, Preparation of Genomic DNA from Bacteria in Current Protocols
in Molecular Biology (John Wiley and Sons, New York) 1987). Further,
The genomic DNA was also prepared from culture cells of Rhodococcus
sp. Cr4 by the same method.

A part of the low molecular weight nitrile hydratase gene of




0.1 M phosphate buffer (pH 7.5) 0.25 m  Enzyne solution 0.1 nm Total
volune 1.0 m 20 In the case of Rhodococcus sp. Cr4 nitrile hydrggagg.ihe

quantity used was 288 Umn; in the case of Rhodo
rhodochrous @ éltl’l | e hydrat ase, t he q;uantlty of enzyne usitfll@s/019é7l umnm.
As seen in Table 16, the nitrile hydrat ase of Rhodococcus 25 rhodochrous J1

was conpletely inhibited in the presence of 1 mmcyanide 1ion, but the
nitrile hydratase of Rhodococcus sp. Cr4 retained 47% of the activity in
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Dot of 1 0ALLAN 0l et 86 UE1AL. 9 003640, SeANSNGE T b 1176 BT S8 onas

purifie rom RifodocoCcus Sp su Jec
was el eusiogt tansderfr e:dheoge«nommSDPMDE:-tmnﬂnearzes w templabel z Bdlmhfled DNA

= <G OBRRERSHS MRS il ASCUBELATIO st hemataned wah
and eachotf ectleel sﬁﬁmnmth@r@éﬁlw wet fgsHbRECOEH IPO (Tukamat isthuzdyan -
Tena 10 thusP PRl R R T R R ottt A s °Sy§hﬁen”’o
aci d seguenges iaf @eﬁ@bUﬂf&gﬂaﬂtJ%nﬁlbﬂﬂét S Sn20ab¥Asd froR REHARAERRus
aci d der V t | %o?.rr.]saJ Zaer{d Elo'lggloc%%gés sﬁ‘)p plCIretldasB It%?n%slta%@s gave amplification
10 products of about 450 bp from both strains. However, when the genomic
DNA from Rhodococcus sp. Cr4 was used as the template, the efficiency
of PCRamplificationwas lower. Thus, the amplified fragment by using
the genomic DNA of Rhodococcus rhodochrous J1 as the template was
used as the probe DNA for the subsequent experiments.
15 The amplified DNA fragment derived from Rhodococcus rhodochrous
J1 was labeled with digoxigenin according to the random priming method
with a DIG-labeling kit (Boehringer Manheim} . The
digoxigenin—-labeled DNA fragment was used as the probe DNA in the
subsequent Southern blot analysis and colony hybridization.
20
23. Southern blot analysis
The genomic DNA of Rhodococcus sp. Cr4 was digested with various
restriction enzymes, and analyzed by Southern blotting \ising the probe
DNA from o-subunit of nitrile hydratase derived from Rhodococcus i
20 rhodochrous J1. 10 pg of the genomic DNA from Rhodococcus sp. Crd
was completely digested with PstI, Sphl and BanIll (Toyobo}, and then
l-pug aliquots of the digests were electrophoresed on a 0.8% agarose
gel. The DNA was transferred onto a nylon membrane NY13N (Schleicher
& Schuel) in a vacuum blotter model 785 (Bio-Rad) according to the
30 attached manual. The DNA was immobilized on the membrane in an
autocrosslinker CL-1000 (BM Equipment}. The resulting membrane was
hybridized with the probe DNA at 60°C overnight, and then washed at
room temperature for 5 minutes and then at 60°C for 15 minutes. The
chemical luminescent light by CDP-Star was exposed onto a Fuji RX
35 film for signal detection by using a DIG detection kit (Boehringer

Manheim) according te the attached manual.



. The N-term nal sequence was TAHNPVQGTFPRSNE (SEQ I D NGO 5) for a-subunit;
MDGE HDLGGRAGLGPI (SEQ ID NO 7) for (err)-subunit. The 15 sequen BQULZ%E
to the

a- subuni t l.bited 93% identity (L at ami no acid residue '
-N-term na‘wa)si)ggzdeﬁnge of a-subunit of l.ow nol ecul ar-wei ght %‘?{fﬁbﬁfe“ 132/dr at ase

from Rhodococcus rhodochrous J1; theasequence of 3-subunit did 100%
identity to that of the equivalent from Rhodococcus rhodochrous J1. 20
Thus, the N-term nal am no acid sequences of nitrile hydratase a-subunit

and R-subunit I § ; | s ' I.C o}
t hose from Rh%%%gi%ﬁggg%%%}.ut%%rt grl glﬂ?'tl 1]lilgs ‘ﬁ%é\/zﬁéit larfgléé- g%@éﬁ'l ?g %fz
previ oukby 4 ehdtt eddnvt Bikle inythatlaess sifatbetdenonni g N oo | Rigaiscgrdanmr y
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op O a7Bas Ll RSP SR Du iy e, op ol T YRR Py
a- subunnitoilai twidra gl ajese of RRoddevecuss sghodshrwas Jddunffutbhéye &
: f t f -subunj.t af nitrile hydrat f

Phodocre SISISTERRY SRBH 1 ot FiIare RRBERLRSEHEStn S BAPEGEOHCBE WPt (T
hydr at ages gebénell f3@mRiROdREREGUS 1Sbraay pwspatad €Sl dhe dsaredigedst .

Preparati on of probe DNA There two types of nitrile hydratases in
Rhodococcus 0 8 JUL 2005 WD 02/070717 PCT/JP02/01912 ti rhodochrous JI,

namel y, 24 he depu 1ot Benlll avgd i d QhBrang & Q@zodwo%@ﬂsaéﬁ)v\@r@héna%d‘lony
Ther ef or e, firstlé, regions of the primary structure of |ow nolecular
wei ght }FIYIPH‘F%ZWr PAt ase gene, of which sequences are different fromthose

corfgespondi nga AGH Hisd ¢B Thes bt ight T IMBKeeH) arsthRitGiferfeyr Whsi di JAOEOS QECHS
rhodochrous J1, were selected. Specifically, the respective amno acid

sequenc@it el defedhgre dephasahpay iadiesvbya Hamhfrial aldkaddise PROISRY2 T2 on:
'QGTLPRShr4 19ELh | dhibd ) 8) THOljSRnSe: PRANBE Aesiodsc RRPRYE! Bri SRR 1A NI +&)
R-subunit: Sense prinmer region: PHDYLTSQ (SEQ ID NO 10) .
with Pstl, and then ligated to the above pBluescript II SK (+) by
using T4 DNA ligase (Takara Shuzo). Then, E. coli DH50 was transformed
15 by above-mentioned vector.
Colony hybridization was performed according to the method of
Sambroock et al. (Molecular cloning (Cold Spring BHarbor Laboratory
Press, Cold Spring Harbor) 1989%). Specifically, a nitrocellulose
filter was placed on an LB agar plate containing 50 pg/ml ampicillin,
20 and the transformants obtained were spread thereon. The plate was
incubated at 37°C overnight. After the colonies were formed, a
'replica filter prepared was placed on the agar plate and cultured
thereon. After the colonies were formed on the replica filtexr, the
filter was transferred onto an agar plate containing 200 ug/ml
25 chloramphenicol. The plate was incubated at 37°C for 24 hours. The
filter was treated with SDS and alkali to lyse the colonies. Then,
colony hybridization was carried out under the same conditions as
used in the analysis of Southern blotting. Thus, a2 positive clone

was obtained from about 2000 colonies.

30
25. Analyses of the positive clone
After the positive clone was cultured, the plasmid was prepared
by the alkali-SDS method; the plasmid was named pNHCr4P. The plasmid
PNHCr4P contained an insert of about 3.2-kb DNA fragment.
35 'In order to confirm that the insert DNA fragment of pNHCr4P

contains the PB-subunit gene, a probe DNA was prepared by PCR using




15 Antisense prinmer region: PNVWNH D (SEQ ID NO 11) Then, based op_ the
am no acid sequences, PCR priners, to be used for specifically an[g$ |JUWU% a
part of tipgo boyesP! ecul ar weight nitrile hydratase gene, |y
designed. Finally, the prinmers 20 congrising the follow n‘dﬁi}'{ﬁ%@%@ﬁ"i‘%
sequences were designed. a-subunit gene fragnent for anplification: sense
primer: 5'-cagggcacgttgccacgatcg-3' (SEQ ID NO 12) antisense priner:
5' -cggat ct cgacgtcagggtcg-3' (SEQ ID NO 13) 25 R-subunit gene fragnent for
anplificahb t agct cac- 3' SE% D
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DNA 30 (T zo) a es natur tion at 94C for 1 m nutes,
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was subj ected t 0 agar, e el ctrop oresis and then collected fromthe
gel ﬁ}ﬂ:o%ﬁ RIPEY.S teek - anplhe e tormisedg nusd gntine s

for lt)he seémjeridé:atsl Showh J.rﬁSSQbImll\TO -gepe friRggRRy aRd ﬁe%a%ﬁomfa\stﬁé@m
Rhodococgus rhodgchrous J1 and Rhodococcus sp. Cr4 as rrg tes gave
n

anpl i fi ¢S GHEF0Opr bAGLt EPFT BINA LoswuRnty #6@5&%4& Waisng20bobevand ey
the gene ©RDMAS m@m@m@&éaz)a 4T%Soya§ﬂla%ttl%% }oﬁ@ e’clq].set

efficienc of PCR anplification was |ower. Thu e anpl ragrrent y
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low molecular weight nitrile hydratase gene in Rhodococcus
186 rhodochrous J1 (Komeda et al: Proc Natl Acad Sci USA 94: 36~-41, 1997).

26. Analysis of primary structure
The primary structures of Q-subunit and B-subunit deduced from
the region of nucleotides 245-2100 of the PstlI fragment are shown
20 in SEQ ID NO: 2 and SEQ ID NO: 4, respectively. The N-terminal amino
acid sequences of ®t-subunit and B-subunit completely agreed with those
determined with the protein sequencer. In addition, both 0-subunit
and B-subunit exhibited the most homologies to those of nitrile ,

hydratase from Rhodococcus rhodochrous J1 (Table 17).

25
Table 17
o p
R. rhodochrous J1 (low molecule type) 92% 87%
Rhodococcus sp. 65% 45%
Pseudomonas putida 59% 37%
Bacillus sp. BR449 60% 38%
Mesorhizobium loti 56% 38%
Sinorhizobium meliloti 55% 39%
Rhodococcus sp. MB 52% 37%

R. rhodochrous J1 (high molecule type) 52% 37%




-used as the probe DNA for the subsequent experinments. 15 The anpli fiﬂeﬁiUL%
fragment derived from Rhodococcus rhodochrous J1 was |abeled wth

di goxi geny @rsendi ng to the random primng method wth apdtSpdakehi Ng Kit
- (Boehringer Manheim . The digoxigenif | abeled DNA fragment was used as the
probe DNA in the subsequent Southern bl ot analysis and col ony

hybri di zation. 20 23. Southern bl ot anal ysis The genom ¢ DNA of Rhodococcus
sp. Cr4 was di gested wi th vari ous restriction enzynmes, and anal yzed by
Sout hern bl otting us,k ]}go {1 DNA from a- subuni't "0fs RITTId€ hydratase
derived from Rhodococcus rhodochrous J1. 10 g of the genom c DNA from
Rhodococcus sp. deqmzmrmﬂmm@amhg@sﬂw with Pstl, 58ghl 3d%d Banl ||
(Toyobo) , and t i uots e digests were el rophoresed on a
0. 8% agar ose ‘;'?Ze ‘%ﬁ? “gn ?feé]red onto a nyl on> rrbrg’ne NY13N
(Schl ei cher & Stztﬂuei‘@ N ammmaal otter nodel 7B5 (B4asRadpszaccording to
-the 30 attache T in an
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tenperature for 5 mnutes and then at 60C
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Rhodoc oo @iy oy 47 haSBQ UHY N Bﬁ!lhtﬁ@ tdpyngdend) .The nitrile
hydr at ase gene of Rhodococcus sp. Cr4 was cloned froma genomc |ibrary
prepared fromthe Pstl digest. 24. Preparation of a genomc library of

Rhodocoediss ephia y2pphicaint iy  hybri di zati on 10 A plasmid pBluescript Il SK

(+1o(Strat agengl Yass&hgs3t/h M dl provides a nitrile hydratase capable of
producing - 2-hydroxy-4-methylthiobutyrocamide from
2-hydroxy-4-methylthiobutyronitrile as a substrate.
2-hydroxy-4-methylthiobutyroamide is a useful compound as a feed
additive (a methionine substituﬁe) .

15 Not only the present invention provides the nitrile hydratase
capable of enzymatically preducing
2—hydroxy—4-—meth_ylthiobutyroamide, but also the encoding gene was
cloned in the present invention. The nitrile hydratase of the present
invention can be expressed at high levels in appropriate host cells

0 transformed with the gene encoding the nitrile hydratase provided
by the present invention. Thus, the transformants themselves that
can be obtained according to the present invention, or the enzyme
protein obtained from the transformants, are useful for enzymatically
producing 2-hydroxy-4-methylthiocbutyrocamide. Though many of known

25 nitrile hydratases produced by genetic recombination could not

' achieve high enzymatic activity, the nitrile hydratase of the present
invention is excellent retaining the high activity even when it is
2 genetic recombinant. '

_ Further, the nitrile hydratase of the present invention

30 retains the high enzymatic activity in the presence of cyanide or

aldehyde. In a polar solvent, O-hydroxynitrile as the substrate



Pstl, and then dephosphoryl ated by bacterial alkaline phosphatase 4&%@&@
Shuzo) The genom ¢ DNA of Rhodococcus sp. Cr4 was digested wth Psti; b
then lig e above pBluescript Il SK (+) by using A0y i.gase
(Takara S uz§§°99’tl5?hen, E. coli DHoa wgg transformed 15 by-lizgcbove-llr)rfeggfi oned
vector. Colony hybridization was perforned according to the nmethod of
Sanbrook et al. (Ml ecular cloning (Cold Spring Harbor Laboratory Press,
Cold Spring Harbor) 1989) Specifically, a nitrocellulose filter was placed
on an LB adehn®!ial 8eRRISHd8o0Rya9hEL 2ARRI £iikidhg hey b o fant s
obt ai ned were spread thtg?eson. '?hey_pl atggaw_as (lincu at égd%tw}éi%c 0 %’?ﬁ?{;ﬁ{@
After taeidolencesvgaited okeredyaaidenplvwiviciii bfoenpmegucss vite péagetabict he
agar pl ;. @, culgt reon.. Aft ie f

repli caﬂ%}ejfter , t ﬁ‘ella I %éegﬁ\ﬁg)satlyéﬁsgérrnfsggson% g%éanggé\géfﬁl% ({e@%gﬁt%aelyr:tﬁﬁ%
200 g/ en2fnehi oratpheirticol Onkhe fphkersasonsolbatedwat n3E2€iflerhPdrivas ss

Theg filter S.trI ed _wisth_SDS .and al kal i _to _lyse the col onies._ Then,

col gny T"ﬁey eri%&zé ?ﬁ%%mrégwc} r?Pé’iﬁ? %]lfhéfgls Hll%ts S%(‘fﬁ&'irﬁcg%gngsal%%é’éd‘?n

t he anatgdicenftitoudheymablbot ticd.viflws, a positive clone was obtained from
er the

about 2000 col gnies., 3Q _25. yses of the _positive clone A )
positi ve ol ond N B YETAkAREI O RO PLERSE ASV B Ere oty ienEhe) S YIaEAS
met hod;adthiey ptysersh was aheed rpAGP. o They ph 88 dr pNHER$BeCONtige REEh B8,
insert of about 3,2-kbp DNA fragment. 35 |n order to confirmthat the insert
DNA f r SGTRSAET FYIrNHES 4P PR GFAST FAR R MRS 20 Ay dre Gragbe BRAGWERD be
pr@par atkdy RORHSINDHFadd) 2006s, Who2h O7O7II REdFIPI204912nE8 rddent
primers, for the angllflcgtio%&% t he n-sug)cgglt gene fragnent and the .
genom TR GFOTRhdocdtre et r chPEUNIERRE AOFenpFefec i¥t RMiCRSs pHbe |
DNA,  pNAGIAR- 8, B ¥ egls DY+ 20ul e maltlealitding. Asa result, the insert
fragnment of about 3.2 kb containing the 13-subunit gene was 5 confirned.

The nucl eotide sequence of insert DNA fragnment (about 3.2kb)



in pNHCr4P was anal yzed by the di deoxy chain term nation nmethod using a DNA
sequencer nodel 377A (Applied Biosystem) and Taq priner cycle s_eq@egngj[nm%

kit (Appl wasloBy@system) . The determ ned nucl eotide 10 squ«a@ms shown I n
‘'SEQ I D NO 16. The sequencing result showed that. the siz P13 nsert

DNA fragment in pNHCr4P was 3205 bp and that an ORF was presence (Figure
12). The organi zation of gene cluster in Rhodococcus sp. G4 was very
simlar to the region containing the |ow nolecular weight nitrile hydratase
gene in Rhodococcus 15 rhodochrous J1 d#0ormsela et al: Proc Natl Acad Sci USA
94: 36-41, 1997) . 26. Analysis of primary structure The primary structures
of a-subunit and (err)-subunit deduced from the region of nucleotides
'245-2109 .of at hﬁieg_-tillgrq,g@gt e $0% g 204N ID.NO 2 and SEQ I D NO

4, respectively. The N-térm na eam§1nrglo acl do%ﬂeequgﬁgelgwﬁga-Eﬁﬁﬁh??gﬁ‘ﬁ'alcal

A- subunPECPEHENIASI y agreed with those determined with the protein
sequencehy Leaddi bR, L3 it -and.13-subunit exhibjted the nost
honol ogiqe% to thg’)lseno?:l I’?Ill[rll lge E;'i%;ﬁ - Sfase lﬂ%ﬁ\ GGBEBLEs #%@H%Eﬁ?‘éu’éhgl
(Tabl e R¥fr28eTasioup 7and RoRrerhimigchtote ah Ghbdengtesy} eafype) 92% 87%
Rhodocoggys % 459 eudononas . putida 59% 37% Bacillus sp. BR449 60%
38% I\/ego?lhlb%gaqﬁ%/#séi#%%;ﬁ%ﬁ%ﬁ%ghi zobiummeliloti 55% 39% Rhodococcus

sp. MB B2% 87%niRrilkodbglirerasédl bhhvghgnoldeul EolYpRin§2%ByYIh O8cHLH 209D
WO 02/ Oégﬁg)grgggs\lpom 01912 59 R erythropolis 50% 35% Pseudononas
chl or oraphrs 50% 31% Brevi bacteriumsp. R312 50% ? Patent No.

WIHD4828 42%(34% Molecular weight of approximately 110,000 Da when
determined by gel filtration and separable into two subunits of 26.8
kDa and 29.5 kDa by SDS-polyacrylamide gel electrophoresis;

(2) Acting on a nitrile group of a nitrile compound, hydrating
the nitrile group and converting it to an amide group,;
15 (3) Optimal pH, wherein the activity of hydrating a nitrile
group is maximized, at pH 5.5 to 6.5;
(4) Optimal temperature, wherein the activity of hydrating a
nitrile group is maximized, at 40 to 45°C;

(5) pH stability of the enzyme within pH 4 to 9;

20 (6) Thermal stability, such that the enzyme retains 70% or more
activity after heat-treated at 50°C for 30 minutes.
(7) Inhibition by HgCl,, AgNO3, hydroxylamine or
phenylhydrazine.

| 3. The nitrile hydratase according to any cne of claims 1 and 2, wherein

25 said nitrile hydratase further has the following physicochemical
properties: '

{c) Substrate specificity, wherein the enzyme uses
2-hydroxy-4-methylthiobutyronitrile as a substrate and produces
2-hydroxy-4-methylthiobutyroamide.

30 4. The nitrile hydratase according to any one of claims 1 and 2, wherein
said nitrile hydratase further has the following physicochemical
Properties:

(d) Stabilization, wherein the enzyme is stabilized by divalent
metal ions.

35 5. Thenitrile hydratase according to any one of claims 1 and 2 . whereih

Said nitrile hydratase is derived from Rhodococcus sp. Cr4 strain



17 am no acid residues of 207 residues of a-subunits of nitrile hydratase
were different between Rhodococcus sp. Cr4 (SEQ ID NO 2) and Rhdbbdbktils

r-hodochr @?0767*?"?(\) ID NG 18). Further, 29 amno 5 acid r$?l'gﬁﬁf’0ﬁfl2 227
etween

resi dues 0 subunit of nitrile hydratase were different

Rhodococcus sp. G4 (SEQ ID NGO 4) and Rhodococcus rhodochrous J1 (SEQ ID
NGO 19) (Figures 13 and 14) Industrial Applicability 10 The present
invention provides a nitrile hydratase capable of producing

2- hydr oxyz4- HSE“%%E'&' g%g}o\g Qﬁxcferxo@hez AR ARYE  PRRBUBSCQEO | | ©
as a substrate Xy - ylthiobutyroamde is a useful conpound as a
feed afdiA imetheoal rf@trhpmdm@mmghstm’eyllqslmam@/ aceo PABRE Mo janie eneon

br ovi deget g ahLr iyl e fydsat asg o GARARP Al SVYIRL T CAL L OO BE) puring

2- hydroxy yIth| yroam de ut |ng g ne was ~clone
the preaaadocoaenslsm CHdeshr&inlhatyds abece dépthétpdaseier theyentess ioan

es g | s in appropriate host cells O transforned with the
gen E'd'a‘sﬁﬁa{:ﬂgh EIP \égqﬁlydrat ase provided by the present invention.
Thus, the Arpf@{@iﬁaa&ﬁﬁnagrrashgegtmgtofCaam des@btAl teénasaeddbRgang bhe

present invention, or the enzyrre ote| n obtained from¢the transformants,
are usePfl ThefRMHRT RPTYNEHES Phfar By - anRet T ERPBBA Ly PBERCGE

Tholugh Btynavanonlén@wntaﬁ ﬂblﬁbh@nbyﬁ?}r&wﬁe&{ﬁm@e?mlﬁ@ﬁ&gt J t@hbe@q?i)ltsﬁau on
cou no achnl eve I g enzyna acl i vi , e.ntrile ratase O e
presentprPﬁ9éﬂt995‘?'Pr%xé3&:%l n% fiosing YSHEITRFR LR T WP nER 2Pd s

a gppetiggijeconbinant. Further, the nitrile hydratase of the present
invention 30 retains the hlgh enzymatic _activity in the presgnce of c&ani de

or al dehyde. {}Yh &€t asht vehte EWRIPEY Riltthile semprardm iy dreses
2005 \A&QE&QZO&%uEW/n&aP%%/rQﬂe%?s 6@ teorpound des gasgmposed to hydrocyanI c

acid and al dehyde rocyanic _acid is converted to cyanide, which often
reduces (Lthe enf‘&“ﬁ’ﬁtﬁ’@t%ctl§P?§;lfAFHEﬁyde yhegedves HafmgeENZyRhe pHSESi n

and redycRedthHRy-4-methylthbutyronitrile as a substrate and produces
15 2-hydroxy-4-methylthicbutyroamide;

o subunit:

{A) a polynucleotide comprising the nucleotide sequence of SEQ
ID NO: 1; ' '

(B} a polynucleotide encoding a protein comprising the amino

20 acid sequence of SEQ ID NO: 2;

(C) a polynucleotide encoding a protein comprising the amino
acid sequence of SEQ ID NO: 2 in which one or more amino acids are
substituted, deleted, inserted and/or added;

(D) apolynucleotidethathybridizesunderstringentconditionsi

25 to a polynucleotide comprising the nucleotide sequence of SEQ ID NO:
1; and
' (E) a polynucleotide encoding a protein having 70% or higher.
identity to the amino acid sequence of SEQ ID NO: 2.

B subunit:

30 (a) a polynucleotide comprising the nucleotide sequence of SEQ
ID NO: 3;

(b) a polynucleotide encoding a protein comprising the amino
acid sequence of SEQ ID NO: 4;

(c) a polynucleotide encoding a protein comprising the amino

35 acid sequence of SEQ ID NO: 4 in which one or more amino acids are

substituted, deleted, inserted and/or added;



jnztmatic activity. One of the reasons why known nitrile hydrataseg J”@Uﬁﬁn
ot industrially applicable was that these cyanide and al dehyde reduce e
enzymatic activity. The hydratase of t present invention retains the
enzymatic activity even in the presence of cyanide or al dehyde. Therefore,
a- hydroxynitril e produced from al dehyde and hydrocyanic acid can be 10 used
as the substrate. Thus, the nitrile hydratase of the present invention is
useful for the nmethod for producing am des using a-hydroxynitrile as
starting matefdala B8lyHuc2e05ide\ o/ Ond7idiped/ WrEy Gryingent cpiygons, A

nitrilecBydr abasudidcile! Bonbold N e MRN EBENR SiuenREORE! l6elS 105 M03)

acting on a e group o nitrile conpound, hydrating the nitrile
group aRd awhverting it to an anide group; and (b) being resistant to

cyani de. 2. A(S@itéil 1bndE Bd Aseh atdad i hge af YroReh A9 HARYAG CookerrCaligher
properties: 1 gl) | ecul ar wei ght of approximately 110,000 Da when
det er mi AGEMBitYyer £hetaminoRcafasedncsoPrs PR d Westibunits of 26.8 kDa

and 29. 5 kBaebyrobSi ROLYALL ¥k agt Seriely &lLCe YAPNOT eSitereid) tArt | digsudiunat

nitrile group of a nitrile caonpound, hydratin he_nitrile group and
conver t FABPT188% L8R FRIR agﬁléung?q‘i%n?esfgcg%?nﬁf 4 2wherein the activity of

hydratipg ahei tgrickeingiconplés sexbrdized,tatcpub. b, t ohérdin (e (Ptsuiminit
o i 2 GBS0 LR AR (1 PSR 1y SBR TR Cindyme i thin pH 4 to ©; 20
(6) Thenpal Ast@dliynutyeosiddh éhadditrige tever yresubenatnf70gheorprafredn zanplieKy
ﬁ“er he%tca%éler%ﬁ &% %ﬁaiﬁcﬂ QnedQ; ggiﬁoolﬁ%hch?&ﬁdé 11N Y e FOLH 26 - HONGR,

ydroxylaam ne pRényl hydrazine. 3. e fMitrile hydratase according to any
one of gkaupscdnsdmgdifng ehelPdi mo (E) below:

(3) a polynucleotide comprising the nucleotide sequence of SEQ
ID NO: 1;

(B) a polynucleotide encoding a protein comprising the amino
acid sequence of SEQ ID NO: 2;

(C) a polynucleotide encoding a protein comprising the amino
acid sequence of SEQ ID NO: 2 in which one or more amino acids are
substituted, deleted, inserted and/or added;

(D) a polynucleotide that hybridizes under stringent conditions
to a polynucleotide comprising the nucleotide sequence of SEQ ID NOC:

1; and,

(E) a polynucleotide encoding protein having 70% or higher
identity to the amino acid sequence of SEQ ID NO: 2.

11. A polynucleotide encoding the [-subunit of the protein complex
according to claim 7, wherein said polynucleotide is selected from the
group consisting of (a) to (e) below:

(a) a polynucleotide comprising the nucleotide sequence of SEQ
ID NO: 3;

(b) a polynucleotide encoding a protein comprising the amino
acid sequence of SEQ ID NO: 4;

(¢c) a polynucleotide encoding a protein comprising the amino
acid sequence of SEQ ID NO: 4 in which one or more amino acids are
substituted, deleted, inserted and/or added;

(d) a polynucleotide that hybridizes under stringent conditions

to a polynucleotide comprising the nucleotide sequence of SEQ ID NO:




25 %aid nitrile hydratase further has the foll ow ng physi cochem caﬁ
roperties: (c) Substrate specificity, wherein the enzyme uses B JuL 2005
2- hydr oxy-4-net hyl t hi obutyronitrile asA@ substrate and produces
2- hydr oxy- 4- met hyl t hi obut yr oam de. The nitrile hydratase according to
any one of clains 1 and 2, wherein said nitrile hydratase further has the
fol | owi ng physi cochem cal properties: (d) Stabilization, wherein the enzyme
is stabilized by divalent netal ions. 35 5. The nitrile hydratase according
to any 8ne2®fl, clains 1 and 2, wherein said nitrile hydratase is derived

from Rhodococgss gp po@yﬁuéié@dlrw?enl:léaiﬁ@5a R R4 A7 aFTngChbd PR2/ Qﬂa%:h%rﬁz
t hat has been deposjted under .the accession_nunber FERM BP-6596. 6.

met hod f'g?n‘b’r‘ii’dl%’l RSt MeLNN AFifeSHRATCasE SRR IUMAG to any one of cI ains 1

and 2, sai dArf@ﬁ:B@éin@O&ﬁ)éd:dz‘dd’lg:yt hahes e yohicTedbt idd ng-cdiiadgceecaays pne Cod

strain t?at has be eposited under the accession 5 nunber FERM BP-6596.
7. A pr&t3ite é‘c?rrﬁp onsi sting of an a-subunit encoded by any one of the
foll ow ng. pohynuebaﬂbim (Apctor(Einend ehiklsubtiniberencadedotby ady che of

t he foIIo poI ucleotl S (a Q.(e rein [ has
the fol P8 ﬁ?ﬁgggoéﬁgm car? pr%ptéra f"e)slo(l g%e ﬁ%!y?mc)ee%%‘? gaégétggjdg?\lga
nitril etgrolm.nofllahave rhden dospoued, hydrat es the nitrile group and

convertg,it Ao E,p AR EouE,bFﬁ}gec{l [ &fmt“ Labembmecid i cidat vm(}%ei nkhe

enzyne uses utyr € as a substrate and produces
15 2- hydcgwgbmam M§¢t¢prcamnoyﬂeamm claigubdinit: (A) a pol ynucl eoti de

conprishgg tthe RYGhEPLHHESCAUENBngl FQ1dik NG, LundBind R yRU eoside
encodi ng a protein conprising the amno 20 acid 'sequence of SEQ ID NO 2;
mlcroorgan:l.sm

16. A method for producing a nitrile hydratase or a subunit thereof,
wherein said method comprises the step of culturing the transformant
according to claim 14.
17. A method for producing an amide, wherein said method comprises the
steps of:
contacting a nitrile compound with an enzymatically active
material selected from the group consisting of: the nitrile
hydratase according to any one of claims 1 and 2; a microorganism
producing the nitrile hydratase according to any one of claims 1
and 2; the protein complex according to claim 7; the transformant
according to claim 14; and processed products thereof; and
recovering the amide produced.
18. The method according to claim 17, wherein the nitrile compound is
an o-hydroxynitrile compound and the amide is an a-hydroxy amide.
19. The method according to claim 18, wherein the a-hydroxynitrile
compound is a compound represented by the following formula (1) and
the product is an a-hydroxyamide compound represented by the following
formula (3):

Formula (1}:




-(C) a polynucl eotide encoding a protein conprising the amno aci doggﬁ‘i«%nce
of SEQID NO 2 in which one or nore amno acids are substituted, ,

i nserted ded; (D) a polynucleotide that hybridize r ri ngent
-condi ti on@wig ?oqa poI ynucl eot i de COprI‘I sing the nucl eoti E‘é"'@’g@@éﬁée of SEQ
IDNO 1; and (E) a polynucl eotide encoding a protein having 70% or hi gher
identity to the am no acid sequence of SEQ ID NO 2. Q subunit: 30 (a) a

pol ynucl eoti de conprising the nucl eoti de sequence of SEQ ID NGO 3; (b) a
pol ynucl eoti de encoding a protein conprising the anmno acid sequence of SEQ
ID NO 4; (c) a polynucleotide offing a protein conprising the amno 35
aci d sequence of SEQ I D NO 4d@:Hch one or nore am no acids are
-substituted, deleted, inserte added; w0 O JUL 1005 63 (d) a

pol ynucl eoti de that hybridi zes pnder stringent conditions to a

pol ynucl eoti de conprising the npcl eoti de sequence of SEQ ID NO 3; and (e)
.a pol ynucl eotide encoding a profein having 70% or higher identity to the
am no acid sequence of SEQID NO 4. 8. The protein conplex according to
claim7, wherein the a-subunit onprises the amno acid sequence of SEQID
NO 2. 9. The protein conpl ing to claim?7, wher |n t he G3-subunit
conpri ses the am no ' equence of 4. 10. nucI eot i de
encodi ng the a-subunig=fof the protein accordl n I aim?7, wherein
sai d pol ynucl eoti de i elected fromth up consi st (A) to (EB)

bel ow. (A) a pol ynucl eotide conprising the nucl eotide sequence of SEQ ID
NO 1; Kdm@lpolynucl eoti de encoding a protein conprising the amno acid
sequence of SEQ ID NO 2; (O a polynucleotide encoding a protein conprising

t he am no OH

R™ “CONH, ®

wherein R represents a substituted or unsubstituted alkyl group, a
® substituted or unsubstituted alkenyl group, a substituted or

unsubstituted cycloalkyl group, a substituted or unsubstituted alkoxy

group, a substituted or unsubstituted aryloxy group, or a substituted

or unsubstituted saturated or unsaturated heterocyclic group.

20. The method according to claim 19, wherein said method comprises
10 the step of producing the compound represented by the above formula

(1) in a mixture comprising an aldehyde and a hydrocyanic acid

represented by the following formula (2):

R—CHO (2)

wherein R represents a substituted or unsubstituted alkyl group, a
15 substituted or unsubstituted alkenyl group, a substituted or
unsubstituted cycleoalkyl group, a substituted or unsubstituted alkoxy

group, a substituted or unsubstituted aryloxy group, or a substituted



acid sequence of SEQID NO 2 in which one or nore am no acids arep s Jut 2005
substituted, deleted, inserted and/or added; (D) a pol ynucl eotide tha{

hybri di zeg,g/¢wighnst ri ngent conditions to a polynucl eotidep b6 t he
nucl eotide sequence of SEQ ID NO 1; gnd, (E) a pol ynucl eote?élqea e(?lllgg%i ng
protein having 70% or higher identity to the am no acid sequence of SEQ I D
NGO 2. 11. A polynucl eotide encoding the (err)-subunit of the protein

conpl ex according to claim7, wherein said polynucleotide is selected from
the  gr QP GRAM stk & é@&uwté%) oN%eﬁxg&éttgﬁégédglf)HQElSl:?E_tl&QegCr% | sing

t he nucl eoti de sequence of SEQ | nucl edti de éncoding a

prot ei n ZdonPhissimgfhast aesending to setpitfck’ of viSECRID s@id4engymagically
pol ynucl i de LRO: i : i 51 } i EQ -
D Ko R GmaRestano. 8 A IR 3 L0 SELABoNAY R BRRS oS

i nsert edfamdierleaddeztgdd)ienpol ynucl eoti de that hybridi zes under stringent
condgtigns n } CONMIi.Si th | i sequence .of, SEQ I D
"o b b 2o ThE e PR HEEEN BT, £0 AR B, e BEER R R SO HB R g
70% or Hisgmdrckeldentrid yand/ dhecalbaho hensl. sequence of SEQ ID NO 4. 12. A

protei nencqded t he_po ucl.eoti de according to.any.one.of clains 10 and
D S 2 AR s Rt P Srear 8P i o R S Tt o bt R e hydiBitisd 4
pf)l ynucltenﬁtj:ﬂeganeercﬁl'f rr@.thgiré aidmpwrﬁmif tahermhyﬁwi:dib e@gdhiai @@ﬁfyz;ijs& HHe
claim 1l have Bbeen_ inserte 14.. A .trapsformant o ined by transfqQrmng a
oot i SHePhET FOREROIAR thec fir 240EoRIPRG L8 St d6valbntrhgtal Tons.

trapgforaanh acthbd Forl @rokaidinkdanvapige) WherBest shidamefh6HOCHARHIHB S
16. A nethod for producing a nitrile hydratase or a subunit thereof,
wher ei n 9% §YPh&d ‘conprises the step of culturing the transformant

reacting a nitrile hydratase with a nitrile compound in the

i‘

presence of divalent metal ions and
recovering the amide produced.
15 25. The method according to claim 24, wherein the nitrile compound
is an o-hydroxynitrile and the amide is a @-hydroxyamide.
26. The method according to claim 23 or 24, wherein the divalent metal

ions are nickel ions and/or cobalt ions.

20



~according to claim14. 17. A nethod for producing an am de, wherein said
nmet hod conprises the steps of: contacting a nitrile conmpound wi th8abl 2005

enzynatiqﬁbh%mﬁﬁgive mat eri al sel ected fromthe group Conﬁéf&ﬁﬁ%lﬂﬁ: t he
"nitrile hydratase according to any one of clains 1 and 2; a m c¢roorgani sm

producing the nitrile hydratase according to any one of clains 1 and 2; the
protein conplex according to claim7, th transformant according to claim
14; and processed products thereof; a covering the am de produced. 18.
The nmethod according to claim17g:MpREcClikTiNge nitrile conpound is an

a- hydroxynitrile conpound and the aniég Pg an a- hydroxy am de. 19. The

nmet hod according to claim 18, wherein the a-hydroxynitrile conpound is a

-conpound ey aRedH_ efiemeat NRpdsPhizgwi g formula (1) and the product is an
a- hydr oxyam de compound represented by the following fornula (3): Fornula

(1): 08 JUL1005 WD 02/070717 PCT/JP02/01912 65 4H R CN (1} Formula (3):

‘OH R CONRh 2> (TR MO GREHATASE ANDPK BIERIDD SFOR ﬁzﬁrfmﬁé 1§€k or unsubstituted al kyl
group, a b5 substituted or unsubstituted al kenyl group, a substituted or

unsubstituted cycl oal kyl group, a substituted or unsubstituted al koxy
group, a syhstpitasiedor unsubstituted aryl oxy group, or a substituted or
unsubstituted saturated or unsaturated heterocyclic group. 20. The nethod
according to claim19, wherein said nethod conprises 10 the step of
produci ng <t4e¢ conpound represented by the above fornula (1) in a mxture
conprisin ﬁg al dehyde and a hydrocyanic acid represented by the foll ow ng
formula (2J4"R CHO (2)

150> JP 2001-59023
<151> 2001-03-02

{150> JP 2002-16222
{151> 2002-01-24

{160> 18
{170> Patentin Ver. 2.1

2102 1

(211> 681

{212> DNA

<213> Rhodococcus sp.

<220>
<221> CDS
222> (1).. (681)

<400> 1

atg gat ggt atc cac gat ctg gegc gge cegc goe gegt otg ggg ceg gte 48
Met Asp Gly |le His Asp Leu Gly Gly Arg Ala Gly Leu Gly Pro Val
1 5 10 15

aat coc gaa ccc ggt gag ccg gtc ttt cat tet cegt tgg gag cgg tocg 96



-wherein R represents a substituted or unsubstituted al kyl group, a_ 15
substituted or unsubstituted al kenyl group, a substituted or uns Uds dUlt 8% d

cycl oal ky{y a substituted or unsubstituted al koxy g
* substitute ggyﬁﬁgubstituted aryl oxy group, or a substituté@ﬂgm%ﬁﬂﬂf 2005

WO 02/ 070717 PCT/JP02/ 01912 66 or unsubstituted saturated or unsaturated
het erocyclic group. 21. The net hod accordgng to claim17, wherein said
enzymatically active material is reacté’with said nitrile conmpound in the

presence g Alvabant Pl p 8 il #s sHREHNAY AgSgEdi ng to claim 21,

wherei n the dival ent ifon 1s nic and/’oF "Cobalt ions. 23. A
met hod for stabilizi2dg the activit@of a nitriledydratase in the presence
-of nitrile conmpounds, wherein said nmethod conprises the step of contacting
the nitrile hydratase with divalent netal ions. 10 24. A nethod for

produci ng &t H&iage atentdt ebs esaiatis et Iibal eccosgsr kmelde hetst epd of 1 reacting a

nitrile hdialeashe wet Ibng pR) ik gt APIROUAR by AASneAsRIgNCE Of dival ent et al

ions and recovering the am de produced. od according to claim
24, wherein the dPtrile conpound® is an a-hydrxynitrile and the amide is a
a- hydroxyam de. 26. The nmethod according to claim23 or 24, wherein the
divalent metal ions are nickel ions and/or cobalt ions. 20 0 O JUL 7005 WO
02/ 070717 82€TRY P32/°69 $52 99 2L8 EHECRIERTECE SEI (G sae k20 stDAI 1L CHEM CAL

| NDUSTRI ESisp LaTR.phs h20 % | NATRMEE sHYBRATASE AN is Mg HAPLEPR PRODUCI NG AM DES
<130> Dl-AC&O%glP <140> <14é; 60

i acc tog cag tac tac gag cac ige ate cac geg atg atc cac tac gge 240
Thr Ser Gin Tyr Tyr Glu His Trp Met His Ala Met lie His Tyr Gly
65 ' 70 75 B0

atc gag gog gge ate tic gac ccg aac gag cte gac cgt cpe acc cag 288
Ite Giu Ala Gly lle Phe Asp Pro Asn Glu Leu Asp Arg Arg Thr Gin
BS a0 95

tac tac ctg gag cat ceg gac gaa gac ceg coc ctg cgg cag gac ccg 336
Tyr Tyr Leu Giu His Pro Asp Glu Asp Pro Pro Leu Arg Gln Asp Pro
100 105 110

cag tig gtg gag acg atc tcg cag tte atc atg cac gga gec gac tac 384
Gin Leu Val Glu Thr lle Ser Gin Leu Ile Met His Gly Ala Asp Tyr
115 120 _ 125

Cga agg ccg acc gac gec gag gece gte tte gog gte ggc gac aag gte 432
Arg Arg Pro Thr Asp Ala Glu Gly Val Phe Ala Val Gly Asp Lys Val
130 135 140

gtt gtg cge teg gac goe tog ccg aac acc cac ace ogt cgc gee gge 480
Val Val Arg Ser Asp Ala Ser Pro Asn Thr His Thr Arg Arg Ala Gly

145 150 155 160

tac atc cgt gma cgc acc ggt gag atc gte goa egct cac gec gec tac 528



. <150> JP 2001-59023 <151> 2001-03-02 <150> JP 2002-16222 <151> 2002-01-24
<160> 18 070> Patentln Ver. 2.1 (210> 1 (211> 681 <212> DNA <213pg JU% m?
Rhodococcus sp. <220> <221> CDS <222> (1).. (681) <400> 1 at at ggt ate
. cac gat C‘P’B"é}é?:mbbg ago gee ggt ctg ggg ccg gtc 48 Met As‘bc'@g"z%ll%”Hi s Asp
Leu Gy Gy Arg Ala Ay Leu Gy Pro Val 1 5 10 15 eat ccc gaa ccc ggt gag
cog gtc ttt cat tct cgt tgg gag egg tcg 96 0 8 JUL 2005 WO 02/070717

PCT/ JP02/ 01912 2/15 Asn Pro Gu Pro &/¥53 u Pro Val Phe H's Ser Arg Trp Gu

Arg Ser 0 O gtt tt g atg ttf c 00, at ag_tta goo ggg gag ttc
aac etc liﬁr %ffa?"ng'lX ’ﬂ%rﬂﬁﬁiylﬁd% K ﬁgwﬁec%éﬂﬁha A¥a dy Ala Phe Asn Leu
35 40 45 gac cag ttolgggg ggc gag atigpgaa cag att q@® cog cac gac tat otg

,192 Asp Gn Phe Arg Ay Ala Met Qu Gn lie Pro Pro His Asp Tyr Leu 50 55
60 ace tog cag tac tac gag cac tgg atg cac gcg atg ate cac tac ggc 240 Thr

Ser G n Tgkt Btw cctgt gacHicE aht cbBftc High g&t:éggﬁ/%faawaie dok gad Yhe Gmsggsml 75 ?;0 aAIt e
.gag gcg ggc e C C0g, aqc <] age ace cag e u a
Ay e pg R Boalt 4p 02 dat ALY Ale 1 RAJu W P& $188Ta0 o5

180 185 : 190

cteg tac acg gtg cge tic teg gog ace gag ttg tegg gge gag acec gee 624
Leu Tyr Thr Val Arg Phe Ser Ala Thr Glu Leu Trp Gly Glu Thr Ala
195 200 205

acc tcc aac gog gtc aac cac atc gac gtg ttc gaa cec tac ctg ctg 672
Thr Ser Asn Ala Val Asn His lle Asp Val Phe Glu Pro Tyr leu Leu
210 215 220

ccg geo tga 681
Pro Ala
225

<2100 2

211> 226

212> PRT

{213> Rhodococcus sp.

(400) 2
Met Asp Gly lie His Asp Leu Giy Gly Arg Ala Gly Leu Gly Pro Val
1 5 10 15
Asn Pro Glu Pro Gly Glu Pro Val Phe His Ser Arg Trp Glu Arg Ser
20 25 30
Val Leu Thr Met Phe Pro Ala Met Ala Leu Ala Giy Ala Phe Asn Leu
35 40 45
Asp GIn Phe Arg Gly Ala Met Glu Gin |le Pro Pro His Asp Tyr Leu
50 59 60

Thr Ser Gln Tyr Tyr Glu His Trp Met His Ala Met lle His Tyr Gly
65 70 75 80



‘tac tac ctg gag cat cog gac gaa gac ccg ccc otg egg cag gac cog 336 Tyr Tyr
Leu Qu Hs Pro Asp Qu Asp Pro Pro Leu Arg G n Asp Pro 100 105 1 Jl@aﬂlqﬂﬁttg
gtg gag a @/ﬁmg@g cag ttg ate atg cac gga gee gac tac 384 Gn

-Thr Tie Ser ulle Mt Hs Gy Ala Asp Tyr 115 120 12BCTERRUEY cog ace
gac goo gag ggc gtc ttc gag gtg ggc gac aag gtc 432 Arg Arg Pro Thr Asp Al a
GQu dy Val Phe Ala Val Ay Asp Lys Val 130 135 140 gtt gtg cgg tog gac goo
tag cog aac ace cac ace cgt ago gee ggé/lﬁo Val Val Arg Ser Asp Ala Ser Pro

Thr Hs_T t
gog are gty et de B8 At rd d2n 538 57 doa ik wis0fr 0B 03 0707170 - O
PCT/JP02/01912 3/ 15 T)BB lle Arg Gy 80g Thr Gly Guwslle Val Ala Ala His Ay

. t
Gaa cac 57" WELeBuBhg PRb e i A8 PR 2r B BoR el &0 PP B0 GTu his
180 185 190 <ctg tadtacg gtg egg HOE t og gog accngag ttg tgg ggc gag acc gcc

624 Leu WB L-EanaYadlu%gi Q%e {)u IT rhletgi'lbs #\teygAITré)f C?g\é Gu Thr Ala 195 200

205 acc too aac aac cac a tac ctg ctg 672
Thr Ser Asn Al a 1\7§I Asn H s || &20sp VaI Phe G235 Pro Tyr Leu Leu 210 215 220

009 95 1 9808 prBALS T2 BRI Bre TALNE] G30kn 431 PRI 213>

Rhodococcus
130 135 140
Val Val Arg Ser Asp Ala Ser Pro Asn Thr His Thr Arg Arg Ala Gly
145 150 155 160
Tyr lle Arg Gly Arg Thr Gly Giu ile Val Ala Ala His Gty Ala Tyr
165 170 175
Val Phe Pro Asp Thr Asn Ala Val Gly Ala Gly Glu His Pro Glu His
- 180 185 190
Leu Tyr Thr Val Arg Phe Ser Ala Thr Glu Leu Trp Gly Glu Thr Ala
195 200 205
Thr Ser Asn Ala Val Asn His |le Asp Val Phe Glu Pro Tyr Leu Leu
210 215 220 -
Pro Ala |
225 :
|
<2102 3
{-.: <211> 624
) <212> DNA

<{213> Rhodococcus sp.

(220>
{221> cDS
222> (1).. (624)

<400> 3
atg acc gee cac aat cee gte cag gge ace ttc coc cga tocg aac gag 48
Met Thr Ala His Asn Pro Val Gin Gly Thr Phe Pro Arg Ser Asn Glu

1 5 10 15




- Met Asp Ay Ile Hs Asp Leu Ay Ay Arg Ala dy Leu Ay Pro Val 1 5 10 15
Asn Pro Qu Pro Ay Qu Pro Val Phe H's Ser Arg Trp Gu Arg Ser 20%%2{@?&05

Val Lau e Pro Ala Met Ala Lau Ala Ay Al a Phe
. Asp G n &R@O%‘-@?@y Ala Mt Gu Gnlle Pro Pro Hi s Asp ﬁb#@’ﬁz"‘%zﬁ 60
Thr Ser Gn Tyr Tyr Qu H's Trp Met Hs Ala Met Ile Hs Tyr Gy 65 70 75 80

0B JUL1005 WD 02/070717 PCT/JP02/01912 4/15 Ile u Ala Gy Ile Phe Asp
Pro Asn Qu Leu Asp Arg Arg Thr G n 85180 95 Tyr Tyr Leu Gu H's Pro Asp

Gu Asp Pro Pro_Leu A in_Aspn Pr, 0] ' u | Qu Thr Ile
Ser G n LA oot i@ SpyaiiBe 28 e 28 280 elg o ol g T 0 A
Au Ay Vélu PheA &laVidz Vall \LyAdyba Mgt GValAla 130 LeBTall4a8p Uaé Val Arg Ser Asp Ala
- Ser Pro Asn Thr Hi s,yThr Arg Arg Alzg Gy 145 150i 55 160 Tyr Ile Arg Gy

Arg Thr Ay GQu Ile Val Ala Ala H's Gy Ala Tyr 5 170 175 Val Phe Pro Asp
Thr Asn Ala Val Gy Ala dy Qu Hs Pro Qu H's 180 185 190 Leu Tyr Thr Val

.Arg Phe S h r I 2 Thr Ser Asn
NSt ngke BrEa é“%% <8 bopyo ot tg?g‘t%&?" R epd B 07, I oo e e
<210> 3 &bviheu 4Ser Thr Asp Ala [le Asp Tyr Met Ser Ser Val Tyr Glu

35 40 45

aac gag gic got oot cag ote gge goc aag atc gec goc cat goe tgg 192
Asn Glu Val Gly Pro Gin Leu Giy Ala Lys 1le Ala Ala His Ala Trp
50 55 60

gtc gat coc gag ttc aaa cag cge ctg ctec gee gac gea ace gec goc 240
Val Asp Pro Glu Phe Lys Gin Arg Leu lLeu Ala Asp Ala Thr Gly Ala
65 70 75 _ 80

tge aag gaa atg gec gtec gec gge ate cag ggc gaa gaa atg gtc gtg 288
Cys Lys Glu Met Gly Val Gly Gly Met Gln‘GIy Glu Glu Met Val Val
85 © o0 05

ctg gaa aac acc gac acc gtc aac aac atg gtc gteg tge acc ctg tgc 336
Leu Glu Asn Thr Asp Thr Val Asn Asn Met Val Val Cys Thr Leu Cys
100 105 110

teg tge tac ccg tgg cog gtg cte gga ttg ceg cec aac tgg tac aag 384
Ser Cys Tyr Pro Trp Pro Val Leu Gly Leu Pro Pro Asn Trp Tyr Lys
115 120 125

tac coc gee tac cge EGG CEC goC goc ©gC gac cog cga geg gtg atg 432
Tyr Pro Ala Tyr Arg Ala Arg Ala Ala Arg Asp Pro Arg Gly Val Met
130 135 140

gee gag ttec gec tat acc coc goe teg gac gtc gag atc cge gtg tgg 480
Ala Glu Phe Gly Tyr Thr Pro Ala Ser Asp Val Glu lle Arg Val Trp
145 150 155 7 160




Al a

Hi s

Gn Gy Thr

fae

7005 WO

*<212> DNA <213> Rhodococcus sp.

<220> <221> CBS <222> (1)..

Phe Pro Arg Ser Asn Gu 1
PCT/ JP02/ 01912 5/ 15 gag ate gcc gee ag

gag gee ate etc gtc gac aag 96 du Ille Ala Ala Arg Val

Ile Leu Val

Val Tyr G
cat gee tgg

Asp Lys 20 25 30 ggc ctg
too tog gtc tac gag 144 Gy Leu lle

13 45 oo R OB T SOl e SRPAR gl E°

{%s

Bt b
Lys Ala Met Qu Al a
t oo ace gac gee ate gac tac atg
hr Asp Ala Ile Asp Tyr
ate gee goo
IT'e Ala Ala H's Al a

<400> 3
atg acc gee cac aat ccc gtc cag ggc acc ttc ccc cga tog aac gag 480 8Nt 2006r

goo atg

Ser

Trp 50 55 450 gt Segdadde Lgadre fTer dem Vahgewe oo btrgAmetRrogde gac gca ace ggc goo
u Leu Ala Asp,SAIa Thr Ay Ala 65 70

240 Val Asp Pro Gu Rgg Lys Gn Args

75 80

Cys

ctg

Asn
tac
Trp
ego
Arg

Lys Gu Met @y Val

gaa
Thr
cog
Pro
gee
Al a

tgc aag gaa atg ggc gto ggc ggg atg cag gge gaa gaa atg gtc gtg 288

Gy Ay Mt Gn dy Gu Gu Mt Val
a c..ace. ct
72 BRE w32l 1o R6C T P S OAP o ok e Ei%e 1o
t §gy dBg Gh dseiPhe Jhya Clu §lw Bl heteAlmdbla bgy YadcThadge 384 Ser Cys Tyr

Val Leu G ygheu Pro Pro Asgs Trp Tyr Lys 445 120 125

€go gee gee age gac cog cga ggg gtg atg 432 Tyr
Ala Arg Asp Pro Arg Ay Val

gac tcg cte atc gge gteg teo gte ccc acc gea cog aac aag goeo tga
Asp Ser Leu fle Gly Val Ser Yal Pro Thr Afa Pro Asn Lys Ala

195

<2107 4
<211> 207
<212> PRT

200

<213> Rhodococcus sp.

<400 4

Met Thr Ala
1

Glu Ile Ala

5

His Asn Pro Val Gln Gly

Ala Arg Val Lys Ala Met

25

Met

Thr
10
Glu

Phe

Ala

Gly Leu lle Ser Thr Asp Ala lle Asp Tyr Met

35
Asn Glu Val
50
Val Asp Pro
65
Cys Lys Glu

Leu Glu Asn

Ser Cys Tyr
115

40

L]

70

85

120

Gly Pro Gin Leu Gly Ala

Met Gly Val Gly Giy Met

Thr Asp Thr Val Asn Asn

105

Pro Trp Pro Val Leu Gly

Lys

Glu Phe Lys GIn Arg Leu Leu

Gin
50
Met

Leu

Tyr Pro Ala Tyr Arg Ala Arg Ala Ala Arg

e

Ala

75

Gily

Val

Pro

Asp

205

Pro Arg Ser Asn

15
lte Leu Val Asp

30
Ser Ser Yal Tyr
45

Aia Ala His Ala
60
Asp Ala Thr Gly

Glu Glu Met Val
95
Val Cys Thr Leu
110
Pro Asn Trp Tyr
125
Pro Arg Gly Val

Glu

Lys

Glu

Trp

Ala

80

Val

Cys

Lys

Met

85 90 95
g gc 336 Leu
105 110

du
tgc
Pro

tac ace gee tac
Pro Ala Tyr Arg

Al a



- 130
480
155
~ctg
Tyr
gag
Leu
ace
Pro
sp.
15

25 30 Ay Leu lle Ser Thr Asp Ala lle

135 140 goo gag ttc ggc tat ace ccc gcc tog gac gtc gag ate egg gtg tgg
Ala Gu Phe Ay Tyr Thr Pro Ala Ser Asp Val Gu lle Arg Val T8 Jy520850
160 % WD 02/070717 PCT/JP02/01912 6/ 15 gac ee gaa
ego ta?‘{]l}dlmé?g ctg cog cag ago ccc gcc 528 Asp Ser %P&T@%&% Leu Arg
Trp Val Leu Pro Gn Arg Pro Ala 165 170 175 ggc ace gag aac ttc ace gaa
cag etc gee gee cto gte ace ego 576 Gly Thr G u Asn Phe Thr Qu Qu Gn
Ala Ala Leu Val Thr Arg 180 185 19415 gac tog etc ato ggc gtg too gtc ccc
gca cog 2?5 aag goo tga13g24 Asp Ser I_Igg Ile Ay Val Ser Val Pro Thr Al a
Asn a 195 200 205 " '<210> 4 <211> 207 <212> PRT <213> Rhodococcus
<400£|316thPhé|'Iﬁ|fy AyralhiFi RroMdn SBr dsivaie! Gilm |Gk Wrdl¥el Phe Pro Arg Ser Asn Qdu
10 154 ulle Ala Arg Val Lys a Mt du A Leu Val Asp Lys 20
14 58 ﬁés 6
p Tyr Met Ser Ser Val Tyr u 35

40 45 AsnAgh §ervvabr &g/ GRrigu@rg TyedrEVp! Aea Pry $iln Aeg ArmAd a His Ala Trp 50 55

- 60

75 80 Cys L Au Met Gy Val

95
110

Val AspProGIuPh]@LysGlnArgL,uLeuAlaAsQ a Thr Ay Ala 65 70
(}I Mt Gn Gy u Gu Met Val Vval 85 90
Leu GBIy rnﬁﬂthﬁsmgfp ThhrGIVaﬁlu,ﬁém '-A%rd\lwétla‘l/aﬂl VefaThOpsg Thr Leu Cys 100 105

180 185 190
Asp Ser Leu lle Gly Val Ser Val Pro Thr Ala Pro Asn Lys Ala
195 200 205

{2102 5

{211> 15

<212> PRT

<213> Rhodococcus sp.

<400> 5
Thr Ala His Asn Pro Val Gin Gly Thr Phe Pro Arg Ser Asn Glu
1 5 10 15

{210 6

<211> 15

<212> PRT

<213> Rhodococcus sp.

<4007 6
Met Asp Gly lle His Asp Leu Gly Gly Arg Ala Gly Leu Gly Pro
1 5 10 15

210> 7

<211> 18

<212> PRT

<{213> Rhodococcus sp.




. Ser Cys Tyr Pro Trp Pro Val Leu Ay Leu Pro Pro Asn Trp Tyr Lys 115 120 125
Tyr Pro Ala Tyr Arg Ala Arg Ala Ala Arg Asp Pro Arg Ay Val Mt 0 88JyL 20805
WO 02/073% 7_PCT/JP02/ 01912 7/15 130 135 140 Ala Gu Phe Gy Tyr Thr Pro

. Ala Ser 1330%/3? Julle Arg Val Trp 145 150 155 160 Asp %%T’@é s qu
Leu Arg Tyr Trp Val Leu Pro Gn Arg Pro Ala 165 170 175 dy Thr @ u Asn Phe
Thr Gu Qu Gn Leu Ala Ala Leu Val Thr Arg 180 185 190 Asp Ser Leu lle Ay
Val Ser Val Pro Thr Ala Pro Asn Lys AB413195 200 205 <210> 5 <211> 15
<212> PRI 813> Rhodococcus sp. <400> 5 Thr Ala His Asn Pro Val Gn dy Thr
Phe Pro Arg 'Séer Asn Gu 1 5 10 15 <210> 6 <211> 15 <212> PRT <213>
Rhodococdies Asp.CGly<U@Ctis Gsp/iieu A8 p GO/ WrE |Ada il g LASGIL et GBey Gy Arg Ala Ay Leu
-Gy Pro 1,510 15 <2§0> 7 <211> 16,,<212> PRT <21i55> Rhodococcus sp. ill O
8 JUL 1005 10

{210> 8

211> 8

<212> PRT

{213> Rhodococcus sp.

<400> 8
Gin Gly Thr Leu Pro Arg Ser Asn
1 5

<2100 9

211> 8

<{212> PRT

<213> Rhodacoccus sp.

<400, 8
Pro Asp Pro Asp Val Glu {le Arg
1 5

<{210> 10

211> 8

<{212> PRT

<213> Rhodococcus sp.

<400> 10
Pro His Asp Tyr Leu Thr Ser Gin
1 5

<2102 1




WD 02/ 070717 PCTI JP02/01912 8/ 15 <400> 7 Met Asp Ay lle His Asp Lg\éq_?g
Gy Arg Ala @y Leu dy Prolle 15 10 15 <210> 8 <211> 8 <212> Q l@i
RhOdOCOCC\%épSE: <400> 8 G n Ay Thr Leu Pro Arg Ser Asn 1 <210> 9 <211>
~ <212> 2942 Rhodococcus sp. <400> 9 Pro Asp Pro Asprf:wz’@?}zl le Arg
15 <210> 10 <211> 8 <212> PRT <213> Rhodococcus sp. <400> 10 Pro Hs Asp
Tyr Leu Thr Ser GI n 1 5 <210> 11 08 JUL1005 WD 02/070717 PCT/JP02/01912
9/15 <211> 8 <212> PRT <213> RhodocoBé48 sp. <400> 11 Pro Asn Val Val Asn

Hs lle Aa%)a
{212> PRT
<213> Rhodococcus sp.

<400> 11
Pro Asn Val Vai Asn His lle Asp
1 5

<210> 12

211> 21

<212> DNA

213> Artificial Sequence

{2207
223> Description of Artificial Sequence:an artificially

synthesized primer seguence

<400> 12
cagggcacegt tegccacgate g 21

<210> 13

211> 21

<212> DNA

<213> Artificial Sequence

{220>
223> Description of Artificial Segquence:an artificially

synthesized primer sequence

<4007 13
cggatctcga cgtcagggte g . 21

210> 14




15 <210> 12 <211> 21 <212> DNA <213> Artificial Sequence <220> <223>
_Description of Artificial Sequence:an artificially synthesized prd fell 2005

sequence wl@9s70hey cagggcacgt tgccacgatc g 21 <210> 13 <21%5TgﬁFm }2> DNA
'<213> Artificial Sequence <220> <223> Description of Artificial Seduence:an

artificially synthesized primer sequence <400> 13 cggatctcga cgtcagggtc g
21 <210> 14 0 0 Jul 2005 WO 02/0707%@ RGT/JP02/ 01912 10/15 <211> 21 <212>
DNA <213> Artificial Sequence <220> < f > Description of Artificial
Sequence:&mtaertificially synthesized prinmer sequence <400> 14 cggatctcga
cgtcagggtgztg %&A <210> 15 <211> 22 <212> DNA <213> Artificial Sequence

213> Artificial Sequence

(220>
<223 Description of Artificial Sequence:an artificially

synthesized primer seguence

<400> 14
cggatetcga cgticageste ¢ 21

{210> 15
21> 22
<212> DNA
{213> Artificial Sequence

<2200
{223> Description of Artificial Seguence:an artificially

synthesized primer seguence

<400> 15
cgatgtgatt gactacgite gg 22

210> 18

211> 3205

<212> DNA

{213> Rhodococcus sp.

<400> 16

ctecagtgteg cgegecceegg gacgagegac ggegstetega ggactegtec accatgeteg 60

ccgatccgeeg gggoagacga aaagacaatg agttpgagtga atgaggegta actgaatcta 120
gactagtegge gegccigtegg gtigicecaga gegigtegic gegegcagga aagegtcaaa 180
aatcaactge cgcaacetit gotooggaat gaggcagete coctgttecg cocatgceges 240
ggagtoigec cictggatec cecgtgegag aggcaacaaa atcttaacag gtcoacgaagt 300




. <220> <223> Description of Artificial Sequence:an artif i cial l y
. primer sequence <400> 15 cgatgtgatt gactacgttc gg 22

T <212>

agtt gagt ga at gaggcgta actgaatcta 120 gactagtggg ggcctgtcgg gttgtccaga
gcgt gt cgt ¢ gcgcgcagga aagcgt caaa 180 i\ aact gc cgcaacgttt gctccggaat
gaggcagctc ccctgttgcg cccat gcggg 240 gg 5t ctgcc ctctggatcc cccgtgcgag

Pt Jp02) DTonthh FEatef BERiRd: Jillatielt Hileatilil ool 380100
gccac aaggagc@mcgfggsng:egacacgg&tggzmgasea@%mﬂgg gmg@gc’gd@o ccggt ct ggg
~geeggt Caa&ao%%cc&%?&% Qt&%%%%%&&gg%&é tgg?ck k&t ehQ90Ag8 99t cogtttt

gacgat gttt ccggccatgg ccttggcegd ggcgttcaac ctcgaccagt t ccggggcgce
gat ggaacagceBa@tznceiteswey ceattpaet atagacogat deasgreass gatesacemgdl act ggat gca
- cgcgat gat Qtt@g&cg&%g{a@‘E&QP%aéc‘E&%QQ‘EQQQGg%EE GLiEABES 8%@9@99@%0 tcgaccgtcg
cacccagtac b tacttcgagC atccggacga agacccgccc ctgcggcagg acccgcagtt
ggt ggagacgact2@Eech tedagensag) caletagah cefeacEa gt Aegaetries cansegasm §60 cgaccgacge
€gagggcyt £4c(8fkaxd EE&%E&EQQg&E&%E@@%&g&Q& Ll Gtk ESYRAGEL §bo cCCgaacac
ccacacccgt 840 gc gccggct acatccg g acgcaccggt gagatcgtcg cagctcacgg
cgcct acgt gtedespast éﬁ?@g@ﬁ%&g&?ﬂ%@g RGEAAB G CERCLEPRES @%é@é’é‘tég‘) aacacct gt a
cacggt QCQ&c?é%tgé 63 SR LR b8 H00 PRI Bl AeEC @8 acgcggt caa

coacat cgac E‘%@tc gaaC cctacctgct gccggectga ccga@ t ¢ cgatacaacc
t cgct gat atSCEORBECt AT EaRIER) ABERERYET BAUAYH Loh SRETAGICEL C&RE é'gﬁg cgcccacaat

cccgt ccageechddblca l%ﬁﬁc&@%&gcﬁ&ﬂé& GaRAcccER d8RBRN e €0 c4cePiEEEH 06 Caaggccatg
gaggccatcc 1200 g cgacaa gggcctgatc tccacc cg ccat c%gcta catgtcctcg

gt ct acgaght %633& ‘&F%ﬁﬁg“g‘%‘%ﬁb‘é‘?‘g"%éwé #hotacg et 8 t gect gggt C

gat cccgaggtgtfegdac cotacctget gccgecctga ceggagegte cgatacaace tcgetgatac 1080

<210> 16 <
DNA“, odococcus sp. <400> 16 ctgcagtgtg cgcg § g"agc ac
gggat ctcg 63%&'3? égtcc accatgctcg 60 ccgatccggg gggcagacgaH Q@g&% zt’gl[g

synt hesi zed

ttaaggtt ggtgacccaa

ccccactgee
gcaccttoce
tcgtcgacaa
acgaggtogg
tcaaacageg
tgcagggega
gcaccctete
accecgecta
ataccccoge
gggtgctgcc
tcgtecacccg
atgeccceaac
cagaacctac
gectgeggaga
tgeggacgaat
accaccgage
gacaagegec
CCEECCEACE
gtacctactg
ctogtegtaaa
ccccaggage
acaacgtgeg
tagtcgaage

cegectacge
ccgatcgaac
gezegcctgatc
toctoagcte
coctgetegee
agaaatggtc
ctegtgetac
CCECECCCET
ctegegacete
ECAECECCLe
cgactegete
tcaacgaaca
cgttecaacga
tecgegettt
tecagteceg
agtggageta
tgegtegeoes
ccoaccacea
ctecagtacte
ggetootgee
cgaagacgoa
agcgoseees
acaagggttt

aaacgagtic
gageagateg
tccaccgacg

ggcgecaaga

accegatgac
ccgecegegt
ccatcgacta

togeegeoecea

gacgcaaccg gogectgecaa

gtectggaaa
cogtggcoeg

acaccgacac

tegctoggatt

EGGECCCECE acCegcgagse

gagatcegee tgtgeggacte

gocggcacce agaacttcac

ateggegtgt
acccagecag
gcagaticee
cagecategee
cotgatcgac
ctacgagigt
tgatgaactc
acacgctgta
ccgglageee
ctctgegacg
tecectgatat
aacttccaag

gaccagtace

ccgtecccac
gacctcaagg
cggegeteog
accgecctge
togatcaaac
tggatgcticg
gagcaccgea
cECgacceca
ctgggeccte
tagagatacec
gegcaactcgeg
cctotgecet

geaatgacac

cgeocacaat
caaggccatg
catgtecter
tecctgeetc
ggaaatggge
cegtcaacaac
ECcgccoaac
ggtgatggee
gagcgccgaa
cgaagagcag
CgtaccLaac
accgectoga
gggaggtege
atgoccageg
agtgggaaac
cactcgaaga
ccgageaggt
tteccgteca
gocttcaceg
accgatcttt
acctgegecge
attcgeaaga

cgcaccgeat

ceccgtocagg
Faggccatec
gtetacgaga
gatcccgagt
gtoggogegga
atggtegtgt
tegtacaagt
gagttegect
ctgcgetact
ctecgocecgeoe
aapgectegac
cggcctegte
cttcgaccat
ccggttegag
CEaacacacec
gotggteces
getggecace
caccagegaa
agetegaact
ctottggget
ECECECagac
cectgogaat
gggopgtece

1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460




' CCggCCaac gt ZEARASC 2B REPEERbAL 8 GOGARLSRE Cagld

t caaacagcg cctgctcgcc gacgcaaccg gcgcctgcaa ggaaat gggc gt cggcggga 1380
. tgcagggcga agaaat ggtc gt gct ggaaa acacogacac cgtcaacaac atggtcgtgt g 2005
gcaccct gtgoGhi;aFt ac ccgtggecegg tgetcggatt geccgeccaac tgg%@i"

. 01
accccgecta ccgcgccecge geccgecccgeg acccgcgagg ggt gat ggce gag @@@% 60
atacccccgc ctcggacgtc gagatccggg tgttgaactc gagcaccgaa ctgcgctact 1620
gggt gct gcc gcagcgeccc gccggeaccg agaaﬁékggg cgaagagcag ctcgccgecc 1680

tcgt cacccg cgactcgctc atcggcgtgt ccgc cgcaccgaac aaggcctgac 1740
at gccccaagelefaedd ce C g c C ggtg 1800
cagaacctacm%-?%gaaiﬁgcgzagé t%%gag%ﬂ%%%?%c%gg%g%%b%ﬁggg%%?%%Qccat 1860
gcct gggag&tFteesges) dedoccighn daksetntec doerstaatcomesaegessceagamgccegRitd cgag 1920
t gggacaaakedrefadss §Eagciess dilgtito tgs&%&g%@%g@aq&&qg&%gggt&%% cacc 1980
accaccgagg agtggagcta ctacgagtgt tggatgctcg cactcgaa gctggtgcgg 2040
gacaaggggEteaticet Eesi§eacan ceprarcts GagntaticgorsegacgengCcrgestegpet 2f§ecacc 2100

c ogaa 2160
gtacctactg ctcagtactc ccggtagccc ctggggcctc gcgﬁggg%%%c%%ggégaact 2220

ct cgt gt aaBCaFHREEEE PERFEtactT BRrcatant Eatrinease crestroaggat eatesecgaac®2gggct 2280

coccaggagetifasanededetcbd cidadcdtc F06ARGIE 9 A4 Y9G AEIssdFagac 2340
acaacgt gc ‘%g%gccc%gg:aacttccaag cctctggcgt attcggaaga cgctgcgaat 2400

t agt cgaag FoBtTEetght celgeceeea GEariEcEge FEoergeste CtEragsigd¥ddt gcg 2460 0 6
JuL 2{)05 gé\’?@ﬁ%f@?ﬂ&c%ﬁ&f@@%@l@%@c{e@é ]g?ctzggg%@%%&‘tﬁ?tg@%@@tcgcca ot
gcggctggcea .t c C cgccgtc at cctgca gt att gggc ggccctgta

t gt gggat a%“ﬁ%aggﬁ[ gtﬁ'gm gﬁ%%&ﬁt?gtg g@ﬁ&%@%tg@’tﬁmt %&@Q@%ﬁc@go gt ct gct cgc

Ct acgt gct ctogepagtsc catecgagety Calot kgt ﬁg&tm&g&&to’é&g%’égt &bagedaCNdo t cgat gacac
cacgcgcct tott cggacgccqg tccggtc tcgggttct tcttcgcgat
gggacact c%ccg%ggg%gg%%gg%cg %"3?%58?‘13 f’%ﬁgﬂ‘gﬁgégg’g“f%g %E‘g}gﬁg‘ijﬁg?eﬁo ccagct ccct
gaccacgagtecgareigcafEgepefipgtavemgga gat cggcaga 2820 at ggt cgcyges cggt cgt cgce
cgtagccttc ttgectggtcg tcgcoggact caacagcgtg 2880 gtcotgcgca atctgctctc
cctggcccga cgggtgcgga ccggggcgga catcgcaggt 2940 gatctcgaga gcagoct cag
cgagcgtggg ttgttogccc ggctgetcgg tgecccgetgg 3000 cgtggactga ttcgttcegtc
ctggcacat gipaygcggt cg ggctgttgat ggggctcggg 3060 ctcgagaccg cat cccaggt
caccctgct ctctcactg cttcggcggt gaccgggggc 3120 aocttgtccg tggctgcagce
gggct cacg 1 c&@%tcggc cgccagatag tcgctcgecgg 3180 tgcgcgccag atgccagttc |
tgcag 320&12 PRT

<{213> Rhodococcus rhodochrous

<400> 17
Met Thr Ala His Asn Pro Val Gin Gly Thr Leu Pro Arg Ser Asn Glu
1 5 10 15

~ Glu fle Ala Ala Arg Val Lys Ala Met Glu Ala lle Leu Val Asp Lys
20 25 30

Gly Leu 1le Ser Thr Asp Ala Ile Asp His Met Ser Ser Val Tyr Glu
35 40 45

Asn Glu Val Gly Pro GIn Leu Gly Ala Lys [le Val Ala Arg Afa Trp
50 55 60

Val Asp Pro Glu Phe Lys Gin Arg Leu Leu Thr Asp Ala Thr Ser Ala
65 70 75 80



' <210> 17 <211> 207 <212> PRT <213> Rhodococcus rhodochrous <400> 17 Met

.Thr Al a
'Au lie
@y Leu
Asn G u
Val Asp
0 8 JUL
Gy Mt
Hi s Asn
Val Leu
Arg Al a
Pro Asp
A u Leu
.Phe Thr
Ay Val

Hs Asn Pro Val Gi n Gy Thr Leu Pro Arg Ser Asn Gu 1 5 leﬂélﬁl_lﬂﬂﬁ
Ak@@lé@%g Val Lys Ala Met Gu Ala lie Leu Val Asp Lys 20 25 30
| 0P Asp Ala lie Asp His Met Ser Ser Val TyPCERP2/0381240 45
Val Gy Pro Gn Leu Gy Ala Lys Ile Val Ala Arg Ala Trp 50 55 60
Pro Au Phe Lys Gn Arg Leu Leu Thr Asp Ala Thr Ser Ala 65 70 75 80
2005 WD 02/070717 PCT/ JP02/03813513/15 Cys Arg Gu Met Ay Val Gy

N t . Vval, \Val .85 90 95 Leu u Asn Thr dy Thr Val
SB¥S ggag:aﬁe%}é %‘rml_ye@yd&§ Glﬂdﬁyl%*é%ﬂ&et g@'r Y&s Tyr Pro Trp Pro
Gy Leu Pro Pr& Asn Trp Tyr lggs 115 120 12585 Tyr Pro Ala Tyr Arg Ala

Val Arg Asp Pro Arg Ay Val Leu 130 135 140 Ala Gu Phe Ay Tyr Thr
Pro Asp Val Qu lle Arg lle Trp 145 150 155 160 Asp Ser Ser Al a

Atgy Gl Adrr phrvaly Treuvalr iisQisn Mak YaPrval Ava Th6bell@@ 175 dy Thr G u Asn
Gu du Gitﬂm#eu Al a Asp é@\; Val Thr Arg 1 80 185 190 Asp Ser Leu lle
Ser Val Pro Thr Thr Pro Lys Al a 194'%00 205 <210> 18

Ser Cys Tyr Pro Trp Pro Val Leu Gly Leu Pro Pro Asn Trp Tyr Lys
115 120 ' 125

Tyr Pro Ala Tyr Arg Ata Arg Ala Val Arg Asp Pro Arg Gly Val Leu
130 135 140

Ala Glu Phe Gly Tyr Thr Pro Asp Pro Asp Val Glu Ile Arg lle Trp
145 150 155 160

Asp Ser Ser Ala Glu Leu Arg Tyr Trp Val Leu Pro Gln Arg Pro Ala
165 170 175

Gly Thr Glu Asn Phe Thr Glu Glu GIn Leu Ala Asp Leu Val Thr Arg
180 185 180

Asp Ser Leu |le Gly Val Ser Val Pro Thr Thr Pro Ser Lys Ala
195 200 205

210> 18
211> 226
212> PRT

<213> Rhodococcus rhoedochrous

<400> 18
Met Asp Gly lle His Asp Leu Gly Gly Arg Ala Gly Leu Gly Pro lle
1 5 10 15

Lys Pro Glu Ser Asp Glu Pro Val Phe His Ser Asp Trp Glu Arg Ser
20 25 30



©<211> 226 <212> PRT <213> Rhodococcus rhodochrous <400> 18 Met Asp Ay lle
.H's Asp Leu dy Gy Arg Ala @y Lau Ay Prolle 15 10 15 Lys Pro Qu Ser

"Asp GQu Pr, Phe His Ser Asp Trp Qu Arg Ser 20 25 30 8 Jul 200% JINONS
02/ 070717""&9\%?5’6?/0 912 14/15 Val Leu Thr Met Phe Pro Al BCMEROZMINZ ey Al a

Gy Ala Phe Asn Leu 35 40 45 Asp Gn Phe Arg Gy Ala Met Au Gn lle Pro
Pro Hs Asp Tyr Leu 50 55 60 Thr Ser An Tyr Tyr Qu H's Trp Met H's Al a
Met Ile Hs Hs Ay 65 70 75 80 Ilel&4S5Aa Ay Ile Phe Asp Ser Asp G u
Leu Asp Arg Arg Thr G n 85 90 95 Tyr Tyr Met Asp His Pro Asp Asp Thr Thr
Pro Thr Arg G n Asp Pro 100 105 110 G n Leu Val Qu Thr Ile Ser Gn Leu lle
Thr Hi s (fa} LeuaThasMetTRhe Prd Wa ¥2DALD beu Alg GAY @1 £ Phe Rk LASP Thr G u Ala Ala
.Phe Ala vVal Ay p Lys Val 130 135 140 1Ile Xgl Arg Ser Asp Ala Ser Pro Asn
Thr H's Thr Arg Arg Ala dy 1 150 155 160 “Tyr Val Arg Ay Arg Val Gy
AQu Val Val Ala Thr HHs Gy Ala Tyr 165 170 175 Val Phe Pro Asp Thr Asn Al a

Leu Ay Vi R | s,,180 185,190 Leu Tyr Thr Val Arg Phe Ser
Al a Thr ésﬁ @'auph?r%ggﬁg A&ig 331%;(1;” Hna“elg%o %6?)“?0 P i}”é"%@ro Asn Val Val Asn
His Ile Asp VB8l Phe GQu Pro59yr Leu Leu 2160215 220

Thr Ser Gln Tyr Tyr Glu His Trp Met His Ala Met lle His His Gly
65 70 75 BO

ife Glu Ala Gly )le Phe Asp Ser Asp Glu Leu Asp Arg Arg Thr Gin
85 20 95

Tyr Tyr Met Asp His Pro Asp Asp Thr Thr Pro Thr Arg Gin Asp Pro
100 105 110

Gin Leu Val Gilu Thr [le Ser GIn Leu 1le Thr His Gly Ala Asp Tyr
115 120 125

Arg Arg Pro Thr Asp Thr Glu Ala Aia Phe Ala Val Gly Asp Lys Val
130 135 140

lle Val Arg Ser Asp Ala Ser Pro Asn Thr His Thr Arg Arg Ala Gly
145 150 155 160

Tyr Val Arg Gly Arg Val Gly Glu Val Val Ala Thr His Gly Ala Tyr
165 170 175

Val Phe Pro Asp Thr Asn Ala Leu Gly Ala Gly Glu Ser Pro Glu His
180 185 190

Leu Tyr Thr Val Arg Phe Ser Ala Thr Glu Leu Trp Gly Glu Pro Ala
185 200 205

Ala Pro Asn Val Val Asn His lle Asp Val Phe Glu Pro Tyr Leu Leu
210 215 220
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Pro Ala
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