NI TRI LE HYDRATASE AND A METHOD FOR PRODUCI NG AM DES 5 Technical Field The "

present wowentéan relates to a novel nitrile hydratase aRCEIRROHIY f or

produci ng am de conpounds fromnitrille conpounds using the nitrile

hydr at ase. 10 Background Art To inprove the expression |evel of nitrile

hydr at ase, nethods that overexpress nitrile hydratase m%ﬂmmmmmm‘mlﬂ\m

cells by genetic engi neering and hgg%’ g%@éﬁ t nitrile co e

correspondi ng am de conpounds usi R s have been exam pggls,. FOX

exanpl e, 15 known nitrile hydratases are derived formthe foll ow ng

m croorgani sns. Al lof the nitril d g of two

types of het ewéagﬁégugYQ%aﬁFFsAﬁ?hé B‘@@?%Rﬁg’ﬁbgg‘g’@ﬁ?‘i@ﬁ@%:fmm i shed

Japanese Patent Application (JP-B) NO Hei 3- 54558) 20 The genus
Rhqodococcus, (Unexam ned Published Japanese Patent Application (JP-A) NO

* Hei Z-ML%@E—@&-&US Pseudononas (JP-A Hei 3-251184) The genus

Rhodococcus Thedprdsens irvienRdloenteAppkischdiomohe.l ns*ss%e)hmmme and all

cases, the e ssion | evel of . tr|t ra V,

enough""‘vﬁ“[’T'lh%8 ﬁ%ﬂprﬁ S BRI ER™ r?uegprtg@ﬁo%?% e %l&%‘%@%ﬁ#&%

i nsert theagtremt 1ef hdyatialsei.t € hydr at ase gene descri bed in these patent

publications; the nitrite-hydrating activity per weight of cells of the
transformant is |lower than that of the original mcroorgani smfrom which

t iE0 geBackgrdamnidv@adt( | kehata, 30 0., Nishiyama, M, Horinouchi, S. and
Beppu, Ph! mirH%JéSt L u‘&g%rhe%{@re%fsn.%r} 'ie"\l%lh}sgl\ﬁggﬁflg ééé)mrﬁé]ﬁ'lods

nucl eot i de s que 0cOCCuUs” spei ces t's expression in

Escher ichhitaoeerekpreEarnitici 1B hytiemtaﬁgll(l 198O rEEBL By ge llisshy yIgRet M (

Hor i noy VA% a B Pbnds

"C oni ﬁég 8§§§héﬁ<§$§c?e${fzca%voenﬁ%% & ne é%b%%gla % goﬁrrlé% aboli snm :Br%g

N| tri tamw@mmnmmwldkﬂ Srarefrren Bmingf nalFqi example,
%5 er gl ooy qu" ﬁﬂém hy\éQaQ%/sQZ;WQr?daé%q%&wlé’oﬁn 17%%99139012%5::2&72

ayashi I shiya gasawa, T., Horinouchi ( S . (

and Yamad:a:oprlgari'l@ltml n@lhlﬁ,ﬂ tb@|rdé11‘§d(ﬁjbﬁé€a§ﬁéeé>?p‘?%§§izﬁﬂeﬁrF%w%’H%%l a

col i t Gt I atsase genes from Rhodococcus

r hodoc rfo\tﬁ'go\]l Be::sOChl n@ggfgque@égdoé;yy cal Acta. 1129(1991):23-33).

menti oned abBhe, QQHMSRb@dﬂCEGGBEbI ®agidgst cRub}hehed JEPaness: a?%@%“t

activi ?]%P'ltﬁ:%'ﬂcldrp (@P_qgl iNdPY manefigy gsgonbi nat i on technl ques. However, so
far, i's no av~.il abl e transformnt hawnq so high nitrite hy. ration

ac20w ty as Thepgenysd Rhedogescly i (ihestanihed %hﬁ{i otaRARRS P2 he

other hapd.idiidd | (- mdnas.asri whixlto Exdy bi ts very high nitrite hydration
activity, has_been found in Achronohacter xero_r#es?l (44;0 12668) ( and the
gene encodi nghenhgeans Rsaydomeras (5ndy Bedy i e gene was introduced

into ErnedhehudSRAGdEPoE8% RS @hDddtHHAMTI(BP Patent Application NO. 455646)
However, in all cases, the expression level of nitrile hydratase

cabcdefe3e\$ 6T\-Y, PCT/JP02/ 01912 WO 02/ 070717 1 oe=~a. ez, o~ nui n~i ~A~i az/a

25 activity is not high enoughwithE. 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 ©0., 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. and Beppu, T. “Cloning and

85 Characterization of Genes Responsible for Metabolism of Nitrile

Compounds from Pseudomonas chlororaphis B23" Journal of bacteriology
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15 and nitrite hydratase was overproduced with the resulting transformnt
(JP-A Hei 8-266277). This report shows only exanples of acrylam de and

06- hydr oygiosebosiy! am de production, and thus there i s no REZRRPI%NIDN on the
activity of this enzyme toward 2-hydroxy-4-nmethylthiobutyronitrile in the
report. 20 Thus, little is known about nitrite hydratases that can use

2- hydroxy-4-methyl thi obutyronitrile (hereinafter abbreviated as HVBN) as a

substrate Fur t her nor there jS no, previo t hod fo
2- hydr gy I mA% g@J?yl a%?hégaﬁhgr& na#@eﬁr}r‘e’é’@é‘taem tedq‘gasgﬁé% from
2- hydr Qta!rfhdmﬂhyl 5hi, dugpu omi.tahd eraa&das,l AQ Elmning nubamftmd@sleqmeﬂncan

expressi on plasm d copt ai ni the . nitr dr at ene_as.an_inse
. fragnemnd %Wﬁésépﬁetnt%%@‘gﬁ?hl?e% 4] Wf’h‘eg%ﬂ) UEPP%ﬁle‘ng fftiile
06- hy dngratLe byefidgr @Qrogannnauot:beeesu rhvdorhyouet ibd fRiro qiriodiue ngtt he

cor espondl ng am des fr actonjtr hydroxyacetonitrile, 30 o~-hydroxy
. %}}%ﬂrc&?mptcﬁq eQ'@r#tP @ugc‘%l ug" T i cr oor gani sns . bel onging to the
genus Baci | | uss méheigradsaacs critdhasUmeen pesgéble b anquosssisher niheifenus
Brevi bacterium (see JP:B Sho 62-21519) I n adltlon the
publ i CI%WCE??&&?%FHBHV?’EX ngPrehdeFEAE A Y r SFOE &nohya??ﬁﬂfgéjefﬁg A
Hei 4- 222885 quids A H.-E:weSEexS, 8&9&6? r Hahever ist e ammmbhevtngnsﬁermanm te
hydr at gse _.acti vi t 70 PO 3,82 bl t
nitril 3’ u?t%lsl\(f%h aﬂ‘i"g 38 J{t‘a}lveag%@%\? emgt ﬁgt bteehgjseehdz)nfrr(gé tR
reddli | )d.ridnwtzt:taa‘l rpmducelrnzgmmf camu:desl ties due to the presence of t he

nitrile conp t I 0 d | f
the concent 1 41 SHegites prid. Fhiprdssty i C s RN P bTEs Ay El e
the r atrﬂ.taflbemlﬂgairlamlont hetavtirty, ehhgscﬂoeelasfmursi deadchyomebeaciteat s6rpaig
short p S i) Qqgoun e
reacti oﬁf%?g% | n a esf#eq% %%%og%ngagh% éﬁ’zﬁﬁé% %dl tlﬁi%l%t he amﬂuglEhEE
conpounttss ag;ertéteﬂcps otuttedeted ivtdiEy ¢abétivine @heehpt-‘ﬁﬁﬁéOﬁyﬁlléﬁaéé,v
angst Nus, 4t dPetf1di ThyaPLEaLG ORI N A UIRIRALENt Al ONehl aBbdR1ting
coirpound. ~ Furthernore,” I n varylng ree depending on the type of co ound,
a- hydrdxq/an-‘tfqntrearh‘as(qfee‘h Hmomaﬁﬁ 7 oar Thdls| yepeessnpboes palvhéxamp

Cano. fF @ e dRai nUELRG 8B Pt%éﬂlﬁgoﬁ S5 60l il lore |
al dehydes anre Hiﬂﬁealmélrpnot ehns thed @ETividet e Einbs en??ﬁﬂ’t‘g Lerpyft y

(see Ct@r% %irh&@ﬁ ptbtﬁ’tgtehmerlfe En Meangepbral.. Hol den- Day,
125&1971) Fu her e al dehy hydr ocyani ¢ aci d é§éan|de can al so

i nB0bi t ori | y Hs onlifdn\e e’rﬁzylﬁ%%wnT%]a%“talPHEhirﬁ% b¥dreyafrde tRGdGREI U FRom

a- hydr Ozcyﬂyafaiy—@sfnét@ﬁ@iéb@gyﬁaheuateZotmmafter C allerafiataat eased
enzymatlc activity . Because of a problemthat the enzyne . s mag:?nl \éa%ed in

a shor tHYRY) RF & spPsErehet heFEﬁH}ﬁﬁf“PEehyE}Pﬁf?o’rP Jt° RIS RS LS
a- hydr q¥yodthéinge, it zwagddiofﬁy-@nnteﬁrqflqmlajmwﬂan@m@ncent raetrednafter

cX- hydroxyam de wi_t h hi roducti vit eve he .l s f tic
acti 5. t%bg’v'/%ﬂ-%ﬁ‘é ntef’ts‘noggﬂa%fﬁ3 i%EPE‘as n’@y‘?ﬁ@xgg yfﬁﬁ?-f’lgigglﬁf’ ey z nﬁt@‘ 518
SURpr e&ssﬂﬂgtme ddlS.S tQEnenfb;tfmt:l @:Lant am é:yp:(estaﬁm \(2ilt 4 somi) A hmtﬂ:abeemg eheed.
Such atteng%\g ﬂc ude oreexanF h n ﬁ}llow ng The reaction is carried
out at HLFHHEP RE¥APRFATTrEPEngPng 36 F’FS £REFFEEing point to 15C (JP-B
Sho 56-38118)0n AtHeovverth(eanchahldatl edtbf sebpechtetés Wont inneshitiogupplfi ed
frommultjple su JP-B Sho 57-1234 m Cr Qor, sed
b oauctorhEiary RBa e Bt AP R SR Brg At S b FIEOTH BERHRE R SreBlyiiRse
The r eatheonon:xespbndedgomnndest hErqm edaatenbirhl ghehydromyacston iftaile ,

il (JP 02/,07Q717 P /JP /0

gﬁoorﬁa Ygﬁ?t%l W?’%ng)CE&BFé‘%g&&nﬁ kS &1 trégg ﬁgn{“ L pgrganisms
.gl ut ar abdkbygdtngntdostind ¢Pus BerillR6508he @l@nAsHétacztemM, thleegenus
concentyation of h d t I nd
B e e e A A T S e
r eact V\hddlthennl there abapoeRdstsee PRbALRAY !S!}DYZISG!%'—POO}I'W@H Hreeing

st abi | i h y it hine by -t esemnpep of
sul fi teﬁgéﬁgﬂgﬁﬁaésaﬁzﬁ?%eg?gﬁ%&ﬁE Yldl tY %%n?{t@ehl \c?ﬁg% s)éle 2%—%1m| @g %951{53%)

35 8-89267).
However, the enzymes having the nitrile hydratase activity




Al dehyde is added (see JP-A Hei 4-222591). None of these nethods had
sufficient effects on the industrial applications . Al though sone of the
nmet hods wey @/@b#fiecti ve, they had room for econom cal or PRGRINZAIIN2

i nprovenent. For exanple, the |5 abowe-nentioned net hod addi ng al dehyde
requires a large quantity of aldehyde in 1-5 tines nolar excess of

cyanohydrin as the start material , and thus the nmethod was | ess than an
econom cal solution. Simlarly, it is illustrated that the net h(gg addi n
sul fi t capablead® anverelnemigitidia HERIEDA? R TR LARIIIH BEVen

ion in FEOSAE Bha20rRE U Y. rb8ddly 8596rchdan dtabn@imbhecsd@Eivigies

mat er i , and thus the nmet’hod was nof practical one. An obl’1 ect| Ve-OE t he
« pr esentduetenthenpreseacpr ofi the 2ifitilq CMRAMESS AEGTRYNA Paterial or

nitrit %-ngﬂg aé&ﬂ;go@ﬁa! st YeheARHJWRICOD] ecti ¥ReOkonkenpi-asanhn ok enitonles
to provide a stable nitrite hydratase 25 capabl e of nai n%al ni ng t he h{'—ﬂh
. enzdmatdenRRung iy rRiged inRgaser ted iprreRRe. thR 288ft PHrAMLEEFoBnoFREr

i npor t i+ 001 & Hya1@fsd NG RERAENY iANEBLVERelSih G phOHtIPet b bEL Bime,
hydr at ase capable of al so using 2-hydroxy-4- net hg|thl glbutgrogl.trl Ig gs g
subst r &nd thwst Aér A rk2rd iR HQ%aEJBj REFG cCHPOIRA AL LB TPRTENPPARTPEUES 30
pr ?yi dtqﬁ Bedesrﬂrﬁearpfﬂidlsw JH gi:iné et h;/xﬁi_ra@!fcﬁt&%d’rﬁ,vthg dmén?e rddrr]gpidwlddﬁmr aheon
activity, reconbinant plasmd containin e, gene and, tr.ansf or .
cont ai MYRAYFES raelcscﬂTﬁ‘leﬁélﬂrtlepllBgﬁ?aVaFﬁ g]aai‘?’rgﬁff?/gly%%eer' S‘Bn’?dg%HWelgf

t hgopr %@{jﬂifﬂi’&ﬁ%ﬁ Oﬂ? | SbtiPrHVhigh _acdm&:ﬁﬁﬁzggﬁionr O?umhil@et bempound. -
correspondi ng ani.des from.nitrite using t ransf qrna ig
LT Lo hydr RO SRITTA« 1 Vet 69095 Heen IR b I LB, o ThBEng,

t Be TR & @Rod: %@fﬁ&gnha's ny@%h& ?ltﬁogﬁr_@6U_BESbﬁrﬁiHﬂilﬁddét@o@phéedetbhgthe
above- ment’l one ect S, .an und nitrite ratas

nitri tecc?ﬁ’é‘?%ﬁ"?la)‘gl %ﬁjtﬁy%vql% aﬁdcﬁé’gfagﬁffi% nggng%l n%%tog%twhgggs(’%é)r{l:ug%gg
Rhodocogc akamidhetedaccds sp. Fhemhege t h¥opr. e3@n#20Av EM 6)s) codfri gapgraiat
the nitr] hydr at ase, wa ovel enz a Leyi t :
abdfe. RIS chract10bsd BncoTREe tonala: eat ninsBERaty! e Dfzymatic,

i nvent aast 1wty cf sereChisine cgenBodhf ddahgonhef ghroesins), €0 ¥edtgannan a@!\IA

L eennOl eac D! 085301 £O) Ind NS 0" (R0 vt § Bohe £XIY 8556 00nPLASE:

conpris expf esSion” vect or contai ning e 1solated gene as an insert.
Furt her (cydmeige psent ailswehtbilsitortdedeck on nhpy|enznetal &hgsodaderbiydst

the nitri hydr at i th, th t aj . t th
br esentaphr e Dredidad sooprd BYAEGxyhIRT TErES LR sl i AEORR SR ERT ¢
ni t20 t ecduy teatlzs caupel g decsonbdd anniuul e eRS1EALY e, BeRAMIRI Of R PEPEIEEI ng

the enzype, ang meinodf ars PLAGUCT G &N I8S aUShBe ! e 8ReY BE Of ihdiei Ar esent

invention. The nitrite hydratase of the present invention has the follow ng
20 physeéunnyhebicahysiuegdon esr (hydandyeBp: ) “abl’iﬂﬁgxbnr‘t%lﬂietrri%'é ¥eSup
o~f ni t&i%?i&&fg%?%ibtb%&%r Qtﬂ{;& (a8 JAni 8 I BY ARG FORYAR L AGG i €h ha ol
am de group; and, (b el ng cyanide-resistant. In the present invention,

t he actPyPEycCsivhyMrating the nitrite 25 group of nitrite compound and

comgerting i tPTcS ?)J.aeﬂréﬁ‘ﬂ 4R 01859 d B erefyaiaiad hetasity, tvat voly drettasds for
activity" . Pre

_ ef erably, an enzyme capahl e of acting on the co our_JLd of the
fol | owi ¥BCFERRUPE ERF &7 YRRddGceidtthdYan?X %nﬁ‘gﬂﬂﬁeﬁ?l?%rgﬁiaa e37 |°s;I
desi gnatgdyastiBi hEt10ibyd(ahaseivaBlofiprhave fedn )testdad 0250607 2 tempts
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 1s continuously
supplied from multiple supply ports (JP-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 Hei 7-265090).



OH Fornmula (3) ' "CNOH5 10 15 R 6 “CONH2 PCT/JP02/ 01912 (1) (3) (Were R
represents substituted or unsubstituted al kyl group, substituted or

unsubst iwgteedr@alkenyl group, substituted or unsubstitut ed®CIWPPBAI%Y| gr oup
substituted or unsubstituted al koxy group, substituted or unsubstituted
aryl oxy group, substituted or unsubstituted saturated or unsaturated

het erocyclic group). Preferably, the nitrile hydratase of the present

i nvention can act on 2-hydroxy-4-nethylthi obutyronitrile and_produce.

2- hydr oxy- 4- net hyThe SBRBAGERHS Bl I (35¢ Wa?afaéetacﬁ@??gl%glflﬁe
present i nveitd AidAwhenhc@N+ 4 FRTi@sy d®ah@such ATH-A Be i iR aatdined BaApl e
Is added to a O . ot assi um phosphate buffer (pH 6.5) containing 10% v/v

1M

2- hydr oxy- 4-Hask HB1%H yronitrile (HVBN) as the substrate. Instead of the
enzyne sanple, m gROFFARLERYEELLE cllyarudganizyi®i dicendasdnaseatl i thkt er

addi tion of enzynme, the solution_is ingubated WO 02/ 070717 .PCT/dPQ2/ 01912
7R 20 C reriAbie; sRMRQUNdThE HEHEFFEN éfomﬁ*b‘?{“lr%% h%ﬁt%%%bi %{é‘é \%?‘te an

excess vol ung; ©f i B RYuwbes pho sl ds ebutéadt wdrth the mibetivieecpwpshakien
vigorously to stop the_ reactio T?e reacti on product can be anal yzed by

HPLC. 5 Accoftfhg’ R Pt %1%3%12}% h 1 Uof nitrite hydratase was

defined as the anomny 1ehgerzyiestapabi eatloprafintiengniyiatindciviory dan de

at 20 Cfor_1 mnute in.a reaction sqluti i t:h. a st QSint ibgn; 1
U was def i neRFH® ?1%91%3% Rﬁese%‘iﬁr@%cfﬁlélb%éc\@oﬁ %’o%ﬁ%@?@#ﬂgm HI\IO/BAm
at](R0C for 1dMmibeitd Boneaséé oNPsSAl Beéiod-8926¥h a standard conposition.

Specifically, for I t he z | C agt ) Vi a sayed by the
procedure as descr}}e‘gcg%&cﬁé E%(%n?ﬁ?cg%gn%ér? hzf,ApllrI% elgnﬁtzqgg?l??fi cation is
carried out thynéhef dyheski mdingdsstdbauffiing entpedifectsagbaih«indusgmpial
Bio-Rad. 75 On,the other. hand, as use ' ;! i hgbangfay FRANS
that t ﬁ@pgﬁ29ﬁé°?§t ailghgtlh%ué)é‘ "o g %?%?l{%e%{h]dysd@aé?%sgfgég fs'\h/‘?%ﬁ/ when
treat edodin T fetordfhindailt es pmraicté cplesimmeovsmantiy c§ani §8aphe, the

ST EhokBrtenti Bl e RO MG AN ATk RRlE Y W LB DU A S of
cyani deldehydenin tah tsimesembhar axdwesne§ myanehyrininias tdg staRt maFFthad,
e P SR QB hOBs B0 WA 4198 o3! Lhdh B MEEAbATENMA NG 156, [ Sikaandly,
physi c8Cferi cal propertres -(7): (1) Ml ecular_ weight: . )
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
hydratasehavinghighnitrile—hydratingactivity. 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

85 transformant expressing high nitrile hydration activity.



The nol ecul ar wei ght is approximately 110,000 Da when 25 determ ned by gel
filtration; The enzyne is separated to two subunits of 26.8 kDa and 29.5
kDa by SkS-@ebyacryl am de gel el ectrophoresis. (2) Acti oneCTYTHRO20HAYne acts
on the nitrite group of nitrite conpdund. 30 (3) Optimal pH The activity
of hydrating nitrite group is maxim zed at pH 5.5-6.5. (4) Opti nal
tenperature: The activity of hydrating nitrite group i s nmaxi mzed at 40-45
C. 35 (5) pHstability: The enzyne is stable within pH 4-9. WO 021070717
PCTI JP@Z/seiopnre (o) theedmientdMi|ity: The enzyne retains 70%or nore

activity aft ﬁfhgheﬁfdé%é:‘?@l_é %%5@&1;;%&@ Ug StrSush S e%-tddﬁ.)edhnhblli)ialdgfie@ Thke
enzynme is inhibite .. Agt vU3, nyar oxyi.am r enyl ~ydr azi ne.

. Fur %/ herab Ot"f%"“rﬁrél‘sjé?ﬁef{ RPERCtY e%’r'o@inﬁlegg‘i‘ﬁ“g Jtté:% ?‘Xf’%?éf%ﬁ/?‘ﬁé' feVery

foll Owkﬁg%lphﬁsﬂﬁqcé“@i@dﬁki@rrpﬁ@ttikﬂ&y( ¢h ARdLebridhikmsabdilbngingotbhehe

above-nenti oned physicochem cal properties (al) and 10 (b g or S_Qf'u@@ .

© (c)dsulganug R q9qys yIRMPEOGAGGHE §Rek- Then, the present inventor

2- hydr oA WAt et wiediitld hydasatahe sakshr abeeandnpyndunsable for

2- hydr oxy-4- met hyl t hi obut yroam de. (d) . Stabi.lization; ,15 The en i
st abi | i<W 8A RS Ve nRPREEFRen ﬁg.ne%n OPHECSFé(?ém 3, & ‘i‘%n?‘"f‘%égg%%sfﬁ'lr"?\t e

speci figidderdf Mddndorhydratase can be determ ned by the method for
testing the activjty nitrite hydratase descri bed _a e. rt syused
herein, "stadii§ zb‘d‘}/?}yt?ﬁ‘“\‘/aFEﬁg Hed e Rms© ﬁgag%(‘ﬁ’e 1!e:hlnézymal%slmé‘gl by
actoVvi tpedéini Snayot B StedHnGldyy | esd epr eyeredhEn tbeienrynefosmedcubihed
with 1.8 ww- 2-hydroxy-4-nethylthbutyronitrile j c :
di val en‘ﬁ‘%?’g?r‘?%%l‘?%rglﬁ)s%%u %'Ep’.:l?%n% Br eT & ?éegséﬁﬁogléﬁgﬁ? gPBItﬁgnlng
pr esenttiévesbianedt hensi tas tan hydsatrase Shrtherpr edentprasenti dnveagors
mai ntai n. 110% or .hi gher. _activity u [ it : nt
Mvent | BHECTIRER 0, g AR A e The AF BArCar g OF S hEr Tk s SLeTey
cobal t o .obfeyed itranefo rmaidl andnthes heongel ¢ ted aiwy passedcLnvenglon .
nitgite hydratase of .the present .invent.ion negent Eati . ; 1
M t'léener al | yq{fr%eﬁﬂ)‘() t%’l\ﬁ p|¢q):reesfe glrncaﬁn& e%-ljcf@ nﬁl%toé(g' C{%%eq:ﬁi t ??’tlé%%;gfga? ;;c g%
t he pr esedtataventpayrosr dve e ienoed ingoirhei enzvrgameiod fsappgogucing
produci ng the enzyime, Wetquq;m% Ay el :fgi%} Ok MRERALS of ThEe
an be cu red in ar

above ni'CT oOr'gani sns C stan bacterial cualture

medi umpﬁe)sren’commen'disomor i nduci ng the expression of nitxile hydratase can

be added to tfg, HRLYRL rﬁ;ﬁfﬂa%%mﬁe ptBSeAddidd Ok An B £ £ 100w
a

or am de conpound can enhance the activity of nitrite hydratase. Mre
sp80i f iy $jcochemical 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):



WO 02/ 070717 PCT/JP02/ 01912 9 acetonitrile, acetam de and such can be used
as the enzyne-inducer. M croorgani sns. capabl e of producing the enzyne are
suf fici ewigdogroger@ywn, and then the cells are harvested. TheP@REIRZ 02 | ysed
in an appropriate buffer to prepare ®ell-free extract. The buffer can 5
contain a reduci ng agent such as 2-nercaptoethanol, protease inhibitor such
as phenyl net hanesul fonyl fluoride (PMFS). The nitrile hydratase can be
purified fromthe cell-free extract by fractionati on based on the protein
sol ubility and appropriate conkl gagi ons of various chromatographic
procedures. 10 As a fracti ona t hod based on the protein solubility,
for exanple, precipitation w nfjor gani ¢ sol vent such as acetone and
- di met hyl sul f oxi de or salting oft th amoni um sul fate can be used. On the
ot her hand, known chromat ogr aplpi ¢ net hods i ncl ude cati on-exchange
chr omat ogr aphy, ani on-exchangejchromat ography, gel 15 filtration,
'~ hydr ophobi ¢ chromat ography as $ell as nmany procedures of affinity
chromat ogr aphy using dye, antijQdy and others. Mre specifically, t he
nitrile hydratase of the pre@¥ent vention can be purified S
el ectrophoretically lgegug€neous pol Yse for exanp hydrophobic
chr omat ogr aphy usi ng - enyl - TOYOPEARL, @ i on- exchan mat ogr aphy
usi ng DEAF- Sephar ose§ §ydr ophobic chro aphy using uty - TOYOPEARL,
affinity chromatography using Bl ue-Sepharose, gel filtration using Superdex
200, and others M croorgani snms that can be used for this purpose include,
for exa e bel ongi ng to the genus Rhodococcus (Rhodococcus sp. )
r@aee:i

25 Mor & iy, . Rhodococcus sp. Cr4 is a suitable nlcroorganisnifok
produci ng the nitrile hydratase of the present invention. Rhodococcus sp.
I nternational Patent O gal positary. 30 International deposition of
Rhodococcus sp. Cr4: (a) nd Address of Depositary Institute Nane:
I ndustrial Science and Technol ogy (Al ST), |Independent Adm nistrative
Institution (Previous Nanel The National Institute 35 of Bioscience and
M nistry of Internation e and Tndustry) WO 02/070717 PCT/ JP02/ 01912
10 Address: Chuo 6 , Higas™™ ukuba- shi, 05- 8566
osition ((}i i DepOS|t|on) nber, 8,
1998 5 (c) Acces n Nunber: FERM P trile hydr of the
present inventio® fs that can be ob odococcus sp. C4is a
(d) and (1) - (7 ) . The 10 structural feature is described above as the
phy§icochenical property (1); the enzyne is a hetero-dinmeric pol ypeptide
determ ne he am no acjd sequence of oc-subu IS sh wr i
SEQ I D RBbSElFEEGdarrPﬁo FAsp LS ‘aﬁ'e%‘% “hﬁk ‘ngan‘?hBuE(:i dsgg’&ﬁé
present invention provides the fo wi subst ntiaII ure. pr C ex
havi ng 9KeURirt FPPEtATHIEHaSE HEE S&ﬁ 8ﬁ¥ | i Oh rg%q%fkeé”gﬁ
aci d sequence_of 20 D NO:, .2 tid Q LSl d
sequence of SEEFFEFREE§ZH£&% ngFégsﬁ Eh %ﬁﬁﬁnc Q§eﬁ€188(§ﬁ{
honol oggetof thg pr cz-&iydwemé)ehyﬂs’emobvhwmi‘dmbenpr|@1|1dig t Ierefiem
in reference i['neangtwflie pn(ﬁlmtas@eiqm@pmydef tre prastsEnt dovehad omegas Rat
t he, orot ei ep r t 0 subsi-ant 13l bygbreeof 401
ot b8 (% Fg‘zﬁdy%ﬁ %8#0?‘é7§ul 2]&19 '%s sUbrm{ anti e E)?e lr otern,
2-hydroxy—4-methylthiobutyronitrile (HMBN) as the substrate.
Instead of the enzyme sample, microorganism cells and crude enzyme

Cr4 has been deposited un(le;lg accessi on nunber of FERM BP-6596 in the
I nternational Patent O gan§sm Depositary, National Tnstitute of Advanced
Hurman- Technol ogy, The Agengy of Industrial Science and Technol ogy, The
Japan (b) Date o
novel enzynme having the above- nentioned phy5|c em cal properties (a) -
consi st '(\ﬁg efk CR" %‘é%‘f@'s%n‘&fs 28upsBi kPBe@NbA SufiphibBich takedd alEykDaJr,oup,
(3- subughkubkR i SERed Sy EL NIk 1L (g&wu@mse@s&artdteesoﬂ mubsxian*ehyedtatﬂécoxy
Subsy anghatib¥tRgagenr Qhﬁzu&aftéﬂlpbﬁrx umrammai-mi yqeeqemoatqcriamprgmuw the anino
acid se e of SE and .pepti de conpri sing the am no acid
sequencg §H%§EéYr§ ﬁéﬁnggﬁé F%FW¥ eEbstantially pure" as used herein
ponpeled@mtmsaIUM(ﬂphaxphﬂEﬁ |BuﬁfereaéPH7566§¥ gcoﬂﬁﬁﬂﬂiﬁﬁ gps v/v
are also usable. After addition of enzyme, the solution is incubated



30 85, 95, or 99% pure by dry weight. Purity can be nmeasured by any
appropriate standard nethod known in the art, for exanple, by colum

chr omat ogpaplaye71pol yacryl ami de gel el ectrophoresis, or HRGI/ENAINERs. The
protein conplex of the present inventlion is a nitrite 35 hydratase that can
be expressed by genetic reconbination techniques using isol ated

pol ynucl eoti des encoding the nitrite hydratase of the WO 02/ 070717

PCT/ JP02/ 01912 11 present invention. The pol ynucl eot,i defx enco inrg éhe.
nitril ethyAratEee of mike tesesehie| FRanmEioh B 5 5Peg, ©F A by

the foghO@%QQSQEVQQQmeTB? 0'&%'k@/bydﬁﬁéééﬁaﬁéoybﬂﬂﬁlbﬂ tﬁﬁdﬁmm§emixture
i nvention consi sts of a-subunit encoded bg t he ﬁ}ﬁe@ucl eoti de

- any ondsoshphgn-vigyroughy YBsSQBURRE EFROHERN by Glamtta 8’6?1%‘&8%“%%%
in anybgn%n@‘ly(z@d ®) um@ig is a protein conplex having the followi ng

hysi cochem cal properties_ (i) and Ef f ect ct.in
: gl %/5: I e grouﬁc@Pgﬂﬂfnrg ftlé’ GBRIﬁoEﬁEaYhVG%HP&nz} ﬁ ﬁ IH’%Pef\ ﬂb’ﬁ‘gr%ﬁ $8%as
conver nda t9s lﬂéﬂ %%o%&upefa@hz(;{rhé Substyiat eoﬁpq;médxfditng Ihepxedsulzym3

uses 2- y r oxy- -rret hi obut yraoni tri as t e _substrate pro u

2- hydr @%@WW% h*F%b%?yFog dé. “'ELJS"-uﬁ?e 1ol %68?&%&%’& Qﬁ‘g\%ﬁl Fh an?gone
of the ghaldRWdeompbsiklopgni b!ﬁwlal%&ﬁ‘eﬁﬁnéd&&@lehe ancmott rE angyiencapable
constituting the protein conplex of the present invention

i nvent ic§npreREcaaigy hukrebEMIRIsAEWRO | & T4 LolePBFe(H) 2 rFEflcﬂ'gnu§%$m€'lf’8r
expoessiitt 20 dhndasdibidtipooftivnrile hydratase of the present invention:

A) a pol ynucl eot. ing the ucI eQ | de D

EB% a Bol gnuﬁp&ﬁ:‘lﬁé:agﬁggdlﬁ . 9de conpr?zgﬁlée{}t(ﬁegémﬁ g é(%h be

sequencs Ay EQy Bhal@ricedird 6)5 depokybed mtﬂmpélrﬁmdl Ryrpbeypeprpdein

conpri s t.he, am no acdse ece f .SE c e
"o aRRCA tF LR | £ 01 FOREL SHolu JR, s Wy SAR iR BRI 188 e

more ard 'Rs&rti ons and/ or a Itions;]
a pol y e ienin des sapabl e ﬁfoﬂnyﬁxrcbdkadng to a poI ynucl eotide conprising the

rclg.'eotl de sequ hee o ﬁ&’SngFygég?% L chlq,%r ¢QaditLangy ﬁ@ané

nucl eot i & aV|ng %o ef 1dentity to the
am no atiat senuencanef reEQinD ADE Qr m@cwérrlltmélym#m aetiyd thHRe"i n

any one ol {dle o1 @V& 19 3 @@}m%a@ b Hﬁé%?és% S 9919 RICEJRRAGde ion.

~3-sub thé "3 rotein conplex e present invention. In
the pr aas]em::nmmmn when@@%@MQWW@?GQFSOQBI‘PH? nife 146 hrdErEasede

shown i n ? aP"f: £ reaé@é 415 Pt Wod ¥o ?&S}?ﬁ% NG the pR=Seheel b0k
nitrilé ydra oF - t present 1 nvention: (a) pal ynucl eqti de g¢onpri sing

t h@Onuamnecnyatelcs@opmm@r cC8EGTELAGhat Bhy tsnzafrrpﬁ)wns&ﬁ@é?ﬁaéeéﬁéa’eﬂ#g
p0|yp6pt'de(¥H¥{ﬁéfpgthgeﬁ?@é&hémiﬁvéﬁgygﬂC%ﬁ@bfaag|ﬂ1££hlé hydratase

having the following physicochemical properties (1)-(7):
(1) Molecular weight:
The molecular weight is approximately 110,000 Da when
256 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:
Theactivityofhydratingnitrilegroupisnmximizedat40—45°c.
35 (5) pH stability:
' The enzyme is stable within pH 4-9.



(c) a polynucl eotide encodi ng pol ypeptide conprising the am no acid
sequence of SEQ ID NGO 4 , which contains one or nore am no acid
substi t Wyipanmyodel etions, insertions and/or additions; 10PQ#P0301912
pol ynucl eoti de capable of hybridizing to a pol ynucl eotide conprising the
nucl eoti de sequence of SEQ ID NO 3 under stringent conditions; (e) a
pol ynucl eoti de encodi ng pol ypeptide having 70% or higher identity to the
am no acid sequence of SEQ 1D NO 4. 15 The present invention relates to
i sol at etﬁ)pdﬂlgﬁrmalecﬂﬁadleslleﬁcodr ng subunits of the nitrite hydratase and
horl ogues t %Ezgﬁ% Eé‘figlﬁ@r?0’3ro@ﬂtor'esgb%he(1t®ohfiﬁé@| Beitdereated at
pol ynucl eot i ucture of which is not identical to that of any
: natural5@l“Cbcfi;m r3%gﬂlgm‘fy¢ﬁucl eotide or to that of any fragnent 20 of a

nat ur al OLGHY |1{1}g:.genorn ¢ pol ynucl eotide spanning nore than three
separ at genes termtherefore includes, for exanpl %QC%%?& %PnNA V\:hio__‘(_;h
has5bt he sequéﬂh@e enzyeet 16t Enhidiked 1BY o HeGe 1 ndBSoni Y& e°T n
t he. gegﬂ{@n d&aLigani smin which it naturally occurs; (b) a
pol ynucl eot’l cPe Incorporated into a vectaor, or into,the 25,%91%

prokaryot e orF i S0t BRE n DF Sf&Rter iR 4 Hat PFR¥IAEE U qua é not

' dfnt' fﬁévixﬁ’%a\fﬁ/e %M&kiﬂg%ﬁﬁéiéé@&ﬁé@l Propentias c (BNAand LY a(dbpanat e
nol ecul e su

as a CDNA genom.c fra fra nt Q

pol yreraddi eien rrqeéve.amvnswtweg i 8FP8H‘1$§9%§5’GM§Q E%" and
req@mbi pgnt spiclept (e, sequence 30 that is part of a hybrid gene, i.e
gene encodi ngré"5 fusion pol ¥§ gtr de. Specifically excluded fromthis
definitfeh SwesHeRLRUTPROLFYESt B! DNA nol ecul es present in nixtures of
dI fferent (i )Tr[é\lﬁeﬂwﬁguhees (2Hh)yd1foady&f4eﬂteeﬂ1ydﬂihnsqblmyl(anm‘9rld§ Ia$:| thes:

e.g. as these occur in rary s
| i br ar ySUBSTIRER 3 gﬁ”f/°dtlﬁeﬁn% 5%858%/1’ %Ihrger%ﬁt gﬁf‘%g ggr es an |soI at ed
pol ynuclept s€sbihdtathencdes a pol ypeptr de described herein or a WD
02/ Q70717 PCT/JP02/Ul1912, 13 t.her f y e isolated
pol¥Phucl eot i dEAT RS is nﬁ%?@gfe d %’gu(g%{':aél%ﬁ l'ﬁr{e‘gggtl égst 50 0
i dentical to tmeheipkestndeiseeuehce, shewaubstsEgel PaRifichy of nhtgile

f h | at ed | |
Bov, * pebydabase sgn BSATtEl Sl sy SRIBA TR ssiipg s dEbuvieh
i denti Cﬁhttmléhhydurettarster tes seégsientieed halpavien SE‘QITCIDGNG) as gised hereRse.

f | at P

Cength 8 FReLrAraroh e vaLEnETe e, YahSh igan SR HIBL Ryt a%%%géﬁ@son
i s 20de iwi nhttmﬂoémntiehlgy hreducdth ervemeweﬁeetbeq%ﬁ%@e WhereubRd

| | S e of,
I sol at e‘It, EO ‘)’/g f%hk%e :&?—é*}gé{ﬁ%léﬁl%wf@n{@éfién% s erfoe Jof

shorter e conparison is _nade to segnent, of the
refer endevaéqu@m@t@-‘i itare foana0| Banetes exdu@ RESERY TP PR ‘g’(ﬂ‘?‘éﬁ %y e

homl Ogé %%leﬁgl Ef't"}:'vgﬂ)c:mﬁac k.t;h%f n%‘%ﬂ%(:h?a frad@ sSe YFe RERS pifesealty Anvleentiicdes
encodi n subunii and (3-subunit of nitrite hydratase of..the present

i nvent i cAnamawskRias 1LRE &F W IRETd aSEATdNTe SPEFTodAF 35 T Eot i de
Seqhgnces. areﬁﬂotf £l - p BaSEA+ Ot &St i &4 OriFR iyoved—ridiet 16108 b aliiviel esem werteels

revealed in t resent i nventi on, t he enes of jntere n be t.ai.
formt heodlepaﬁ‘rlltl@lésnﬂéﬁﬁérlg&ﬁpsﬁt‘gscﬂlé@g?| bR a fﬁ’e ag% gg:%clan%glds

obt al ne%nli%ncGRtﬁé 8L 9RAIAG %tmvmyprmﬂrﬁmmneuemm?m? ofl'rtéla‘ mnes@r?h h
I S ur e

genes can al sg be obtained by chem cal BNA é‘élptj]h r]1
i nfor nathnﬁ@“&iophétalé‘o@@nrﬁfd}té@ﬁl@é‘ &&q e i S r?ossr]b to 0 tar n the
nitrite JPpudHabasq 9ene gar.i ved from ot her organi sms. For exanple, the
n|tr te hydratase gene erived f vario

érfor ni ngIh Gn’abFr%f?ﬁ?%‘g’Fﬁ‘t%%(ﬂﬁ f‘)g]ﬁspr% g"rggﬁ | oﬁ Sal 56 pi Sl
pol ynuclﬁq,t,ﬂ ﬁlggpeepgaﬁdsﬁn‘sompmhﬁe off gandsnnngutshagenﬁwneabtweorrmmbbm%@ |
sequence or g parti uence ther n e e
capabl eRﬁoqﬁ}BtrEﬁ”E?'ﬂ ﬁa8P &R rit 3 con%r(?)&%on&sw&&g&gén%y Uantaie
pol ynucleotiie c apab| st aafddwb baditeirig 1t cu htpoe yrediwot | fomenApEPORRds gfor
nucl eotide se en]%% sel ect ed fr?nltr%1%“19%8?5’:9%%ﬁé‘%‘ﬁ%e‘&ftﬁéQe'rﬁé&th

(oc- subuiftqyc i~subu ~"as a probe, for_ exanple
Wi t B5an 3 edangilte nu:ﬂeeraadmmn abeld gl il @l ez e ound s9s t &P G rRIEpRIRd

Phar maci a Bi ot ech nder. S i b 11y,
(wash: V§¥h < ‘n@n%%we%%eP‘fﬁﬁﬁt%?t%.@na%‘r% &8 arobB grefEneatly
included in the invention is a WO 02/070717 PCT/JP02/01912 14

pol ynucl eoti de that hybridi zes under high stringency conditions to the
nucleotide sequence of SEQ ID NO: 1 or a segnment thereof as . described

herein. "Hi gh stringency conditions” refers to hybridization in 6x SSC at
about 45 C foIIowed by one or nore washes 5in 0.2x SSC, 0. 1 o SDS at

~ o~ o, o o T L T T




t he probe pol ynucl eoti de can be prepared as one or nore sequences
consisting of arbitrary but at |east consecutive 20 nucl eoti des, preferably
at | eastw@@®re@rsecuti ve nucl eoti des, for exanple, conseclrGVB02019180 or 100
nucl eoti des selected fromthe 10 abowe-nenti oned nucl eoti de sequences.
Further, based on the information on the above nucl eoti de sequences, PCR
primers can be designed fromregi ons exhi bi ti ng hi gh honol ogy. The gene

encodin n|tr| I e hydrat ses .can Iate from,vari us or ani s CR
usi ng §88ﬁ OBAitHErE ARG EAPDABS % BERA 23 X lr}fdubc{%lP
met hod of thmlpreseghniem(erdamle beIﬂ:q]bESIIfg‘ Ehe@nmmarecmif;fnim@nﬂmr al
enzyrre but als

ap enz ri_sing the id ueng at.ur al
. enzynme9F A% @i éﬂd ﬂ]ee%r l?ﬁ)rcee g’iad:sver’ﬁ%é{]begﬁ sﬁ% |t3f§df (Feltﬂe]
and/ or appseph:edtewhmrfftelre ‘amzm‘@a:m @8llefneéhexpratein d?hepbefﬂeawcmgx t he

e ment i oned cochem_cal an b t Y/

I ef® Pﬁiatlﬁe 3Irot]yef:c<11 Pt AP gF ﬁ?e(f)meﬁcdaé) %%/1%([3%;[(' de, %x(o‘t'?eas
exarrpl énhvibd tomt r sdlclei rag rrphahyihmethbnappﬂcﬁpmyat ef Subside ut (W) del d@theons,
insertions. nd/or addi tions site- i fd e Nucl el ' es
10 PaREaRa P ) o (e nBE L ERSE Aol 08 OET S5 CH Rt B
Mol ecufarcEioniando2ndbdsikd , ofol ﬂhSperrrgtém b@lolub)ledna;tyorgn@r ePPRN8Pte
PCR A P 0 (s Such. Further, amno

Pﬁ@ﬁglﬁ‘%ggg%pg’% @(eé%lrogs hec%ﬁ‘aQ L?r?’%h‘ﬁg’]‘)")c not onI t he enzyne
ha:m ng arti fAsuaalfmm@n@ml@meahpdnbabed et $het neoeﬁzyne%mhiwngfcao

t d, of t
Thvent CEaipiA BReRTbecTuIBh B0Tn Al BEqHaEE A R e T ey
rest ri dimgthyd sndifgxdsiet s eaakymgcqnt fioreh Erneopisme sy léaiksl @é%nhla%ﬂrﬂfcl he
above- pﬁ”t aed BhysE copla ca'kn%eperéhféméea%eeghie) Rk thblis35 1t 1fde -
Nor mal Is wthin 50 amno acids, prefera hin 30 am no aci ds,
nor e ppefcepabeyzoham.encheoeﬁtﬁeraehas aahene%eh%ge chxgmabogranhy, gel
F’CiE! JP@%&%%J&ORS a&e&ebﬁemcwcmoﬂla%o@e fyz‘%!sd%ellﬂb% Hdy YrdBLdldan

be any site, ' ong as the enzyne can rmthe protejn conplex having

the ab@ﬁe@féﬁtﬂloﬁecpwmmﬁlbamsb?@péh’?lre§n(‘3&}°°5’1¥da("’@} Phgns - t 3M1qTA

An am aee%lch%qwl EHE'lQI'ti::?l@rI%F@f&@éyeM aredpirekenti Lhoeatlioh ashnee
acids) In which the properties_of the am no aci d side-chai.n are conserved.

A " conBBriddiede aa?n AB &éie&te@@&qrﬁmw ¥ shomogeneRRseRO 1PeBRd B nPSci d

resi dugxh ﬁ%ﬂ%gl NByt i pHolite Eﬁ&b&\éﬂt@@x@mypswmgngaraemﬁem@mpmm
simlar si chain with anot her am no acid i n_the sage % (’a'ou s .of
aritho AEROT EHRFDI o TR EAgTaPhy ¢& iRy REMISSRRDET BREN " ot 991G he

Ftrt Tbﬁ&%nﬁk@'@i%p#@ﬁ@gﬂgamm—alaﬂmwm la&@mmydehfhmamgtephg us:(.jng
ysi ne ar gini ne i stidi.n aci di ¢ side chains rtlcaC|

gl ut anPFUESISEP alfr?(ﬁ‘?ar g&d ?&%rrasﬁld)é"‘ dﬁ’a{'lrf‘%l’? rd}e’bl%m ne o ne,

gl ut am ne, snlibﬁteorbbheemsnehatydmﬁlm usae/dstfe:lxne)usnpuppbae sncl]auddaaifrsr(e.
g., alanine, Ieucln I ucin al i ne n n|ne

met hi ofFREP1Ey nyJJ[-‘SBﬁEﬁﬁ -OT %Pajﬁﬁﬁe%e%q%%hgﬁr RS ?%O&Pﬁ?go Pred

vl neMolrfeobpe@lllf&)caaﬂgb aRapEbroceudesphacnd {e. agsultqbbsmmec;roorganlsm
phenyl Ianl ne han i 4 ddi i yethad of; 4.be
presen 9 nv%’ﬁ?d%ﬁ 9h3’h enrébjﬁgi%%cgl drirg 1{31}15%0I bkeg{i‘f de’R %glg'ng hono rg%/&?b
t he arrRh@chmod:csmqmcé:nﬂf h@@crbeﬁlblﬂaposﬁted turidex Hyhir saeses shon arwbée
used T Qi e EESeHod NYEAHONy 16 D G LA SO TR e 0L ELEY
conpl ex haV| ng the aboveé- nentione yS| cochem cal properties (a (b)
or (1)-(7). The genes can be obtai ned by using protein honol ogy search.

Sugdl 25 honnl&g%r %klggaﬁa@e %sﬁ%rgﬂﬂﬁfmﬁhoééy odtARLE, dwya using the

foll ow ng publicly known dat abases: Am no aci sequence dat abases for
pr ot ei fajdudlames 3\ SSIPREP Afd DErR s BEIWA RREHBHE®s such as DNA Dat abank

of  JAPANMIDB I e ¥Rl 0339 Patent Organism Depositary, National Institute
of Advanced Industrial Science and Technolbgy (AIST), Independent
Administrative Institution (Previous Name: The National Institute

35 of Bioscience and Human-Technology, The Agency of Industrial Science
and Technology, The Ministry of International Trade and Industry)



GenBank, Dat abases of am no acid sequences deduced from DNA sequences, and,
Prograns for honol ogy search such as FASTA program and BLAST 35 program
WO 02/ 0 éldoRGT?s JP021 01912 16 Further, database search SRETRJRIYE1912i ng t he
prograns for searching the above dat #hases axe al so avail able on Internet.
The nitrile hydratase to be used in the present invention can be found by
using this type of service. 5 A pol ypeptide having at |east 85% preferably
90% or higher, nore preferably 95% or higher identity to the am no acid
sequences of ASE@ebD NChud @3- SefiynitigashiSHO glome; TsykushatBimhi t)bagaki
preferrgg @@Iﬁp SF of the present invention constituting the nltrlle
hydraté F&&d i n the present invention. As used herein, 10 "percent
+ identityb)npans fomsp@ﬂzwqwma(Onﬂu;nﬂﬂlﬁaﬁﬂ=Oﬁepéﬁﬁﬁltdéﬁﬂlt?ePﬁmbP63|§rve
usi ng ?é?%T program Specifically, "percent identity" of two amno acid
sequen or of two nucleic acids is determ ned using the al gorithm of
*Karbin ged AbbeshdoqﬂmumberNaEERMwﬁﬁT65§§ USA 87: 2264-2268, 1990)
nodified as in Karlin and Altschul (Proc. 15 Natl. Acad. Sci. USA
90: 5873-5877, 1993). Such an algorithmis incorporated intq the NBLAST and
XBLAST progr Tie uﬁtmﬂgchmdrétaae 0% Jthevpresgnt inventden 460thego6Pn REAST
nucl eot | e a th e LAS I OBnhe
‘{n 3R ffgmmfzﬁogs%% ddie NBLASHoREag eamym%:q@rmé

wor dI erf searc Eroteln can readll¥ be pirfo %gr
exanpl @,boz&ﬂmerm\wrwiﬁ a’ﬁRCQthEF\PAN OORB L tiss &) nd % rRPEA TA(B?ogrg

BLAGT snd’r%ﬁmafgga }Ts are%fc%hﬁea%&@%safﬁe Eﬂfyfsqrd&ﬂléfdﬂd&lt BEoYBEAGT
progr am “scor e engt . \Were gaps exi st gtween t\/\,Qcél que ces

( Gappe(d)BLAsnrel ENAYNE 74§ B 6€§@FP5éf}mieﬁlﬁa tROEHPERELGR CY
Res. &ﬁ%ﬁé‘g%ﬁé%i}aa aAf&gﬂsHﬁhm'on_gz@Ls\%aande@ér@aead;ﬁsﬁ@rme

prograns e de t parameters of the respective pr.ograns & ngk g
and NBUMET)amzime wwd] §eauenceads Smsubwdit iich shateh ith b9 & eNR cOmpréL i s

| ntendegd, §,0, g5 r%%%&@ﬁe%ééﬁa%emﬁﬁﬁb £61 & WadtidneoBErf-séuigni he, am BEO
aci d seguence o

and ant. (3-subunit rising t he 30
2CHB Sequaiice bf (24759 N 254 s L aml-chNRBSE Y LBE! BRESPAL hEVP o Kot
aci d seHMANLESs thRl EBeN oRfingodlbotan el Ipyphee pubast npebyphet ihdesing the
Further, the subunits of different origins can be conbined with each ot her

to forrﬁ%?k#%ﬁoﬁ%@ﬁaE%ﬁﬁlQthYlF%e present invention. Wien one of the two
subunits is lmee@i@ibh drix Q@zv@n@ib&ntela;esﬂbﬁl a mmmmxs@m brotepabl e
of constituting the protein co i ch, has t
phy3|cdﬁﬂﬁﬁ4%%. Prepert P8 Y???ggﬂﬁ ??Tprﬁf%ﬁgth a@gﬁé ngg %gaﬁgnce of
PCRJ POﬁ@lﬂisz7 z)tahﬁi ;ﬁiﬂb}pﬁﬁtld@rddn@’rl,smmhmtdml@@ sufighiseqaegice of
Chor P, A figl M S H R PR L3letn 0T B VI AR, 1 2c E0M0LTE HMAIDIE of

ot her, co stlt e proteln co ex that” has the
above nfmlélpﬁeﬁeln5cpﬂnpiexobEEWeeal ppwpepttnels (:p)npemél@ig )thér amdape &dd as

. In this cas SSeSamahe Rerid t
gl ves tfad ?%ﬁﬁ?r%’g %%gm 2 Iherf c%rg 5?’?5@3 elséel nc ist'nlgﬁaon V\n'%ttrh the ot her
subunltséqwengethﬁ BEQdibyNe: aﬁlno aci d sequence. when the result is
posjdive, an an r aGheiredentd t

pi OFE " Jh Ak 6L 21 1 ik Fpd e IRl SH iy aah o 0

pr rties, IS r subunit that is used in corrblntlon
with tha blwsﬂn tpncstrm,n.t hpslypeptident srape atedd |gomplexigppas that t
The~ des e 'rmé%fh 1@3; EQV%Egﬁaﬁﬁﬂaﬁlﬂeﬂﬁé@fmbm
physi co g?nggglm% P%geﬁﬁéég( an l as well

above- nenhennbdopmysp@écn@ﬁr@auol@c@ |e§' Ei fugﬁ&aﬁlﬁ%lyapuﬁﬁefpﬁé}ﬂ’é‘
enzymat ?gi}k{)gg?ﬁﬁbve pabebtain OdordieePrias el licawantysen (engl Ydes reast 80,

transfo ogous or heterogonous host, expres rgf’ét he Jepe,
enc¥i n§5ni BBirt exh§BkAht RYES RMi ERY NBE1GREN p‘?‘é’b’a?%ocmstbee y any
reconbi Qg%mgr&ﬁ%l%ngﬂ&ﬁaaﬁa%ém@a Qtdlcﬁfrpdﬂctﬁe?@rﬁ hefro&oéxaiﬁbeée by cwlumn
limtati e organismto be used, for

l {_1 gat |eon to exp éhe
ni trit echyamatagsagsie ofPAHR G AS &Rt i ofi: & Eﬁp R&SSH§ani sm cair:f)
transf ogpged \éll h the reconbi nant vector containing poI ynucl eoti des encodi ng
the respectl vghgugliiygeszl.n complex of the present invention is a nitrile
85 hydratase that can be expressed by genetic recombination techniques

using isolated polynucleotides encoding the nitrile hydratase of the



25 constituting the protein conplex having the nitrite hydratase activity
and can express the nitrite hydratase activity. The pol ynucl eoti des
encodi ngwighpre€apecti ve subunits can be retaining in a sikPEgl/8REt1dr. The
pol ynucl eoti des fox the respective stbunits can also inserted separately in
two types of vectors; the protein 30 conplex of the present invention can
be expressed by the co-transformation of the vectors. Further, it is
possible to obtain the protein conplex of interest in éi.tro bﬁ/ cQ inilneg
the traFsSenkaniBVeREROBF whill¥® cRpLEBUELeqtifiRg| eSREBUAE o ¢ hé Wi
Avai | agilryﬁr ' %@.@%Ea@ﬁé@r@é@né haseerfOfonMiiaghbROSEoTatkd!, Systetample, 35
avai | abl'e and i ncl ude, for_ exanpl e: WO 02/ 070717 PCT/JP02/ 01912 18

- bact er ithes §oB lawingemgéh@s -Escheri chi a, the genus Bacillus, the genus
Pseudononas, pjhe genus) Setyiidfoadd1epaetuae8r ayy batieer puasehbe jgaratstion
Corynebacterium the genus Streptococcus, and the genus Lactobacillus; 5
act® nompreties ssof izsuburl janeode dyc st e 120 bt ¢ heo e Shey Ao ¥ sdne

yeasts Q%Ugﬁé 3K b%wpu%xﬁﬁﬁﬁf@%a%%& b¥ Reh & YA, il AN 1Y €8Swnt e HepuS

; f .
Schi zosac ronyces, the genusZygosaccharonyces, the genus_ Yarr . t he
genus mech%pcrsr%bﬁ(@t'he"‘rg‘%n% %oﬂﬁ%ﬁ%’rﬁ‘d%ﬁﬁpi%%%ﬁﬁggl(ﬁﬁ cﬁﬂaﬁo"&ln%gt he
genus EaRdiiddcheand calluptiogeieiiears (e grnug iNeur ospora, the genus
Aspergil l'us, the nus Cephal osporium and the genus Trichoderma, etc.
Procedure for(lﬁrgggfegiti:on of a transformant and construction of a 15
r emcr);m_)i nant ﬁ@%ﬁ.ﬁ@ 61l1|iﬂl'i9eb|n|ﬁ.‘d°xd.l‘legg!ﬁﬁﬁp @ﬂ]rcm_iltladid&r ::ioeqbomstdl .btlyﬁpp}:b;zgﬁi;he
t echni ques that are co n used in the fields, u i ol ogy,
bi oengi(:}’r?é:err‘lilf?g,gré’ﬁé’ t9YHE 1i':'r1"('=§%'rli1f‘|Ig}'o(faonr %@(ﬁ%%l%?égé a%brookg)e/t al .,
"Ml ecul ar C(@ai) ngubsCalad eSpigetg fHarigr: Laboratories). In order to express

the gene encoding nitrile hydratase of the : ' [ [

m cr oor gani sﬁ?‘ei %Vé‘”‘?ﬁac‘é%%%r ?_E’é’%irﬁf{yo u@ggpﬁz%g%loé%% ‘ég{l:t" gﬂ'ien':él os'aathe
pl asm dsukaeirert 0 faneh age dvsmd 12 -tingd r oxsy-st-ai Ehy hith hebutyroangddi sm and to
| et .the genetic information transcribed and translated. To do so, a

pr ter, a unit for regulating transcription and translation, is placed
upstream of tihe polgmdcdfecdidehehvoiryinchoyt pre of the peiieringn{RhriBh,

and preferably a terminator is plac o) r f ;

ol yhudBbHeIES e AR AP ThI O by e tol o nd phpeein, | o
ni cr oorayamp kaw taf beheit prezedtad nyendson . Avan dhiee BRI, IRpYOMbt AR s, ThRd
term nat r ot - t L,ane £ O T If$ITE fakeeBPrdesehgbed
in det aﬁgfl}llj&l?uorﬁgdneg%?lé%@&r ?g&i ﬁn aﬁ o@ﬁo@yq%%?ﬂ@(%ngfi c Eﬁgi neer i %g
Ky 20i t sthéShumpasynispest fathtiyefbydyatsse, of nthadprespbEhdnverkgonas,
75-102 (1990) " anqp)Ygast1fnudzdofdle (d@PMisind Unenamledtilier sbhgegenaus
Escherichia, in particul@ar,” for Escherichi'a coli , avail able plasmds

i ncl udeoHBFER ¥ @8 :ankk pUC series 35 plasnids; avail able pronoters include
pronoters derjpjed S0k afebdeqs b ddi gaigéb?%tia%l daspr geDrYy thd apino
(derived fromthe trypérgghan WO 02/ 070717 PCT/JP02/01912 19 operon), tac
and trcagivhi eeausnceRhePB8 6P Q¢ and trp), PL and PR of ~, phage, etc.
Avgigl abl e t er iynats By i€l detiuekidamiiy pAlypeagasie comBrisbogama amiap
etc. Anong _these, "a vector [rI)SE42_OD (d scgzbedti n Unexaélrri ned £ lmii%%egcid
JapanesecPatsamuenss rdatEOn 1RO Ao BP1§To688 2888701 Thi'tHh S § construct ed
by part%@béﬁf@@i&;fé,?gdénegmvhtsi,;:Iiﬁséjlagishsganﬂ/onmﬂdditabm;avai | abl e
pSE420 (I nvitrogen can, be, preferably u Foy. t.he nu ' .

avai | abl e vectrg %ﬁjeyrﬁiﬁﬁiﬂtg‘é?i‘:@? ?)%%Q'X’rslechZ&?%&%%%&??%%ggégéggr s
can be ohggisigs tHd miebéoddde hs egmanee. o ABEQ df Qr dnuineley s ingent
term natora, are derived fromapr (alkaline protease), npr (neutral

pr teas€P9ihyR%i anyl ase), etc. For the genus Pseudononas, there are

host -vect or syst @olynucleotide 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
835 protein complex of the present invention. In the present invention,



devel oped fox Pseudononas putida and Pseudonbnas cepacia. A

br oad- host -range vector, pKT240, (containing RSF1010-derived genes 15
requi r edwigarastignonous replication) based on TOL pl asm deCT#R02161913
.involved in deconposition of toluen& conpounds, is available; a pronoter
and a termnator derived fromthe |ipase gene (JP-A Hei 5-284973) are
avai l abl e. For the genus Brevibacterium in particular, for Brevibacterium
20 lactofermentum available plasmd vectors include pAJ43 (Gene 39, 281
(1985) the pﬂm@@tmsh@wmm@@w%@é 20 @ch%MSﬁaﬁ% Eoriexpreging
ooy neEer bl B oE0dlikLiaL! Ay di MO AL It BarO L A RIS
Coryne acterlun1 in or ryne acterium Iutan1cun1 pl asm d

. vectors such(atipﬁglynpﬁﬁﬂﬂtsﬁ@ ogmp¥isd3gotly edﬁﬂﬂﬁG%' FﬁHPeneénOfdﬁﬁ%t.
196, 143 ﬁé98§) are avail able. For the genus Streptococcus, plasnld

vectors such as pHv1301 (FEMS Mcrobiol. Lett. 26, 239 (1985)) ag Lfg“
(ABbl . Envi r éh) aPelypusiecsddeoaneedany)PokyPaRt ide gompsl SiRg FRR Anino

Lact obggi Kl ggqug[n@%moq w@et ghs neuch .as pAM 31 (J. 30 Bacteriol. 137, 614
(1979)? whi ch was devel gped for t he genus Streptococcus, ,can be utiljzed;

and pronot er 4} HaPcdyaugdegtise E%Eﬁ@llp@rﬁ’%lﬂ&ﬁ tide corpgigdg thempinge

genus Begéoseaﬁéﬁcep&@ssn@ YERLOT 8, | 904 ah esbrf 01 RedoerchtSer LN el
are avai | abl e . Gen._ M cr.obiol. 138, 1003 35 1992 Fox the genus

St r ept §HpEES U l&élrﬁ dgeéﬁﬁleélscoﬁé‘ﬁﬂﬁi'twfi RRAARE 0PI iPCT/ JP02/ 01912

20y@ccordancqqyi4 botlbau&&tebaddaswks&me kedhiypr i Eepehd VBB qlshaid tsoofde
Streptonyces: A Laboratory

Col d Spr abo atorl es 1 5)
) by HEPMBEE Sdmdalthe Huﬁ&fef’ltﬂ'gf’a?eq &1C& ng%gﬁyl{j@ IQ(?I rl{g
CGen. Cepelitd@ns 468-478, 1986) ( pKCl1064 (Cene 103, J97 99 5 (1991) ) and

UWL- KS (Gene 165 49- 150 e usa m’d c SO
Be utili ged (&0 ?Stproééirﬁ’rﬁiceé’s SPFO%WAE??KBW gﬁl a‘ﬁll -'553’%(11%313/%.
$or thg_dgelrtlia-_ySemﬁftaareOlmﬁem adid)aaréqurlcaé off BEGAUT NP oM/ces cerevi si ae,

seri es, series series eri;
aﬁ:ﬁ | abl e; i ggr "T’%?Fi?/ei?’gg?g‘gf?gf ér ql?&qé%? ((g'%l%(&eg) %Sﬁveﬂfu%i&tldes
i nt egr aneddiry suboriesonE tha hd)ﬁnhd:gohgdretaablwadlmnwm‘ues thereof.
mul ti copy-ri osorral en allo o] | a i st i
mul ti copy an&®t he %% F’ﬁgéﬁpdr a\t%elrcii is stog R &f%}%%l%%&fﬁ% it a
m cr oopgalylrmulewuiddnﬂq,e tmm$ﬁfwm 01% rm‘e MwiycilhethlthQ’é of

/(A\\ellfilcl)ﬁ%:nedg{?y roge asreb) urm%(oq]@}:era (ea%f{cﬁ ate (?%drogenase)

PHED ( acifd ap hatphraﬂage):pc@ampge,ggabmpospausgylepu(de pﬁngpmggy@@r@t ghan
Ki nase)y, B ségg%gge% C THY +hb, ¢ 20 HSrELUVHRIAIBEES £ oRBREIEY! 95)

for Kl uyverony avai | asm ds ‘are those such
pl asmi @sDNArwiviech fhamitsac@mmw%sf @@rretvpg |@@atweilyeppegrﬁftagn%%%ac

Bact er ‘ggll T t]ﬁé&:tﬁfézlr?’%é 1984dme Kzprtﬁ%mo‘Ega%Eirs'ran(iﬁ frome Qe | n@ﬂ@rally

i nvol v l'er activi tg S (Kl uyver gnyces aut ononous reg_Pl cgtl on
sequen@@)cumsa,s nitds 2 BAYYPRESAP édFréF‘éPrEPrSE?QSJG“t%tac Ve)Ct(?é:pQEI e

%&&9&@& A O aCRHBIREYFR Vb RAKBLYDRUS ihegomRhNak! Sich thathﬁhe
oso Prormtgrg and ig}err% nat or s C]i:gl‘gl ved fro ;@DH PGK,. and sg

are avaqelsaﬁl@nwplﬁﬁelgem§°§chﬁi<2’a§é€eﬁa%ﬁf}¥e%aﬂ?1ia OESETHLRS ¥ehs
pl asm ¢V UCOBNA Si (19) Aﬁ%éﬁé&@t@mﬁeéﬁml @@&}noms S&qtBRA e} adgehumdc

from 30 Schi zosaccharorryces and auxo h | erent i n sel | e
mar ker <IPEMSAE, 13 o’?ﬁ%‘ér&%ﬁ% @gtﬂév}?% B ’( 1. reB?S ?géﬁ?
(1986) )or Br Qg'gf;gﬁ_é:—éﬁ/g%ha ;|ora(i>1ra10t8(%))@Iejlfeldtj:i:fcb:J‘rrammI Bublleoﬁdehaeqapnee
poghe are usable n particul ar

gBrer(?thétF ylavéialrébl%ff?o% Hre9MTz01 -85 FSt RS g grl?cégéy%z a' fusion

-Zygosam%;&ygme pl asﬁhdsfﬁ)bagmateﬂglﬁdem tthose s:unats adlef$B3 t(iNmc| eire
Actds oS re1aatiads 98P pla G851 &5 LL 0Pk e s I O2h O Q4L (- EE T 2PALERL LA 21

(i) DNAmolecules, (ii) transfected cells, or (iii) cell clones; e.g.,

as these occur in a DNA library such as a cDNA or genomic DNA library.

35 Accordingly, in one aspect, the invention provides an isolated

polynucleotide that encodes a polypeptide described herein or a



Zygosaccharomyces rouxii are available; it is possible to use pronoters

such as PHO5 pronoter derived from Saccharomyces cerevisiae and GAP-Zr

(4 ycer alygapwdend- phosphat e dehydrogenase) pronoter (AgriPCBIRIROITRem 54,

2521 (1990)) derived from Zygosacchatdmyces 5 rouxii. For the genus Pichia,

host vector system where Pichia-derived genes involved in autononous

replication (PARS1 and PAR52) are used in Pichia pastoris and such has been

devel oped (Mol . Cell. Biol. 5, 3376 (1985) and t hus ensi

cul ti vArpemeakdtie¥enl- prsffianad o %G@hlégl?r*éﬁﬁ%ylﬁﬁﬂ%‘?fb’icge

gsab: ea(ﬂghgi&%&éﬁ 's@auB%et %ﬁ?t 3858« (1%%%7& )slorﬁ%lcht;lﬁé{;w@rtt@r tlsysmenelmdmen
evel oped for Pichia ‘angusta (previous calle nsen pal.ymarp apong

. the geRBYUPNERI ahoWwBabR SKRADAY i dcPtidé - PileFS %’ﬁ%f%‘fa}@érlqéd @H@é‘ v

(HARS1ap6lHARSR: & heVOYEd id) adUL 888RDEISS | R4 £at5n 80Byt ss%lew(m,e 91%,

rel atively 15 unstable. Therefore, multi-copy inte ratlon of ne.into
a chrofBSonB3fhs CffecPPle OP&ast ¥ 2§f-'42§°(1§§1)"9 5}33 %19 %(15)?

(al cohghc0¥bdase) saptienlPd thewii enaskd dehNdr 0geBass) mvhumeh qrse iofuaed
by net hanol and such, are al so av(g_ul abL ) t her host yee o%\dsgi/atemewere
Pi chi algelpted @%&H&UF%%H@@ Y Gutén ﬁﬁgg ? &h P8H1§6 B P
EAR|82) Eer ggggedfsagfibehsa pasteris. gnd SEQhIlbalscl)be:erb:deB/,elmmabo@ﬂ}ﬂalris@ail
io ) sity.cultivation and s
001 a0 WARoLL. andCoue nLOh: denst v, CULLLXALL 8000 SRR sne
g8§@| (l%%i)za)é:efdﬁ@dslyﬂ@cge@ﬂSdélanadsldertzhdﬂi&r?/ghtam'eﬂe&mslaquenbeere -
evel ope a ndi,da al bi cans t r.opi g
Candi d& 81r|t|e|r %%éﬁ%%&n%&% ﬁm?f epltl%catcfodnr'tr) asrelqsuoen%igsd dr% ?dgl At i ¢ ef%%
Candi defmahed s dwendeeseghanesl ¢Agthe. sBinel lengdm (&L ludihg 587 Yod® 87
) ) and a vector ysi t he se ne een devel oped for Candi da
mal t os&SIEFHESHBY T‘i‘ R’?’Sﬁ&o Cﬁaﬁ.[ hct ﬁ vector with a highly efficient
30 pronoter Bach b&stheenudbeetb@ecbéqmemaeshdﬁ lemlst(e]@twdéklencodlng
73170). For th s Aspe rqillus er |I
or}%ae%as\}‘?"i%teﬁgg\ﬁ Li:t’}?e'é]n sja?“résﬁé P&r?gse fnc r% asm ve%: ors

and chraemwsbhesi me@nanooa\cu@eEquenaee eved ded by, tla% nmﬂeoggdggs %ﬁltﬁm%fﬁ S

Bi ot ochicl by 25y T obaf) Phe8REe 8308 80 RS R T S S0 e

genus Treiveladdet ren nbstpveeteort symeamomavetrteegeaeeepépé@tﬁéesn b de? ma
reesei er, a nfik n qugal HhatecCeltpd ase
gene are avalﬁg% ot ec r?%lvjf):tgeB %llg%)'g\f (llsggla%) dgétc here are Sarl ous
ho20- v esners systbambaeveedﬁedPﬂBroqosaneenaﬁe et §réfiﬁéﬁttlﬁﬁntechnlque
m cr oo ﬂlaenﬁa 15%%% & frdh Aan Ebgo%'éb%%m%d Hiechdiosd obransPetnsich. as

si | kworm ( 92--594 (1985) and plants_such as rapeseed,

mai ze, pot at 6%@%&@%‘5 pPBf &hgblin flompenc fheuradb e trﬂ‘h?ljs?%?%ﬁt

and pu déefdlfeal-ldé%“ ok 1 b&bk%bh}édiébﬁﬁslh%ﬁé eiha d ﬁf@ﬁi@é@@@bn@adlebfved
carrie nmet hods known to one skilled ip the ar L{:aleotldes

out b
encodi g a® t?%%‘ér hpdearasesto BOTUSHPIRLS nsEREs Mt rdte \}&C{r@r

Pr ogentqd kA ifQidm %'rﬁ@%s B afixafB! €4n BY oA fed by pbo¥erming, under
pol ynucl eoti des shown i.n 5 nd a

n el
pol ynuclEotIRis SRHAA tLAT a)h t’p%‘r 38&?’2%‘??8@%0%‘?%% PRGPRTSTHERPT
and (3-siftumidrgdndéms | t@sﬂy@rﬂﬁ@&ﬂow‘et:inecyectbdeoéeqhenpeesena pavehnailon
are preferably |nked#n tandem The term "preferably linked in tandent
means t?@q?%g@%{l“c 132 PTYon regul atory region directs the

expr essi on OfTHéﬂﬁéEm%cﬂl&hﬂiﬂl@tﬁﬁ:baﬁﬂb%mﬁgghﬁmdlzingxpstaresltrnngaabl e

efficjient expression of t un and re ef ti f
th@ procf%ri‘#ll 'gxmﬁﬁ%?fsngatﬂg %Wif/ ?ch%agctl % k%?:islé 19& 2
pol ynuapenfiilebed ©1dé hewh bspekd s ve mmd:)lmotsdeaﬂeqhencbesehsete@dfselpatla%I y

in tw types of vectors; the o | ex ,can expre d ywhhe
co- t r arfolsREF & %?q‘t"ﬁ%c?%° e%f‘@ gD e gr ddeRPOR |H\J/g?1t Fgﬁl g 0 Jrae}qgt ed to
transf orfreguisuef t i heisoaqsmlbe; rf\o&ﬂb,xampﬂ.et, ewrrthngm BeLvéttect inmcdreic ac1d
expressj hl e. panner 0 i1 QNg £, thRest epee
into ani%%lrw%taﬁl%gg c\\/%fe%%1 %%&t' q can ret alhﬁ\'ét gtgl\%g%t ore‘igﬁ) a functl onal
f 035  Swahd B0iendast désat ibed usauhemfaorlatlh(%a%r p@@ét 3 pERDaEy Iy bukaRpl e,
E. co3i, The nitri ygleat ase, pf o f he paresqnf.1i 10 RhdMiGke8GRRI §T)

pr oduci R THED H?rétsegh%(?a aseé) pr otern conpl ex o# he present T nventi on,
transformant produci ng the protein conplex and treat ed products thereof are
useful for the nmethod to produce am des using 35 nitrite conpounds as the
substrates. Nanely, the present invention provides a nmethod for producing
am des, the nethod conprising the



WO 02/ 07U717 PCTI JP02/ 01912 23 step of recovering the am des by contacting
nitrile conpounds with the enzymatically active naterial selected fromthe
group cowsigwremy7of nitrile hydratase of the present invelfi§/892/01912

m croorgani sm producing the nitrile Mydratase, protein conplex of the
present 5 invention, transformant producing the protein conplex and
processed products thereof. As used herein, the term"nitrile hydratase"

nmeans an_enzyne having the above;nentioned physicochenm cal properties (a)
and (bPOéYnEﬁ%?ﬁﬁlﬂﬁvglhgtthﬁiébab‘é%e?re‘h‘?‘il%’héﬁl%h aﬂp ’ﬁﬁotﬁéﬂ"t &g’
(1) thé AukleockibEh@equddie b£rowEgani RO capay eaof.segmeducmngrtabe eezyrre
i ncl udes the strain Rhodococcus, %g Cr4 fromwhich erivyed,

- i cr oofgERFIREIeEXSiRg t o t HetFen &t mcugoﬂabg%f‘ﬁ ﬁg%t?ﬁfym;

the pr E?BBEd&B&mehQ[h @3 seraasfaismd 4B50st, LI owedasy N op i e msthree
polynucl eot | de encoding_the e m 15 "transf.ar d host

i & oot-Bahi $RiSSHeafs 13 ﬁB§ta1?n6ér¥&Jrggﬁﬁs?ﬁ%]a%%gi'%ed?ecé&%?%%ﬁoﬁ yting
pol ynugheobirdes pALyhErlesesdienganh®eapepaied! aenethed Grs uinimwi tsefmré/lmes

pol ynucl eoti des (a)-(e) .encodi 3-su un| The abhove- t|on

m cr ooFGANLEM-E4n °5r %d%ft?é’- eth g e(iOBF’eFH lBFe ﬁ\?é’r}t dé?r'?
consi Sbh@ﬁe@%baysué)umleﬁl@l ¥ () (&oslubumtﬁvef mheleoeséae i nf/@:nt ieotample,
Furt her, thetreate ro ¢Jt of m roor alsn,%s eC|f|c ﬁlnckges th
m cr 0oFGRAPSHtIT Suhi nBfbr a2 ég’rﬁreha%‘i 1S hat® PRy 5% he
t rigat mabbve-mnt idatear gela:ue@mmregasmmemaﬂe\sent such as toI uene, cell-free

extract obtalne sing the 1S n h ds
or enzyne an ﬁg{lghaﬁ %{?IffﬁSurllg 5‘%&% r;dg}tgvte AR LAY

Al t er nakequehyest, hecnrpnimdr@rmmdcte diestigaeenZyom ragiqdesexlhﬂeb?ehméulgmked
wi th inpsol blec [ier or W|t .ear o zed
enzynepll%‘f’ é’ﬁﬁesaé %&%‘3 eﬁlco r:r%’g’gg??;]éign #ﬂa@égggjta? B %Qfa e present

| nvent vam;iotise cegayiramisc byl 9cacuswegnaueh|1atlm¢m$um@ el:mmwnahwmm ng

enz* |c actl V|t tef nitrite hydratase of the present invention.

or di° g?‘y Ion " material has the desired enzymatic activity, it
| s included [[n the rm’rtzlqumf:aihe/ etsers dmvenitdlon r dfai gl pessdpletgo use

enzymat i t I t t t
am do- BeGaRiLyohd p AR iyt oy VLN SnsgG (SpE 0thy AL dhin
i nvent eeidcargbencaref e!ch@dtawaclommnﬁngntwiel%fbw@ ﬁéfnt“Pé‘ﬁe%F“lHO acids

enzy”&h' QR bx Ach e Bl eLd a'dé/:ﬂetﬁw 5%3955:%§@J:Héé10%k§é}9tt&'enéﬁgyﬁer&a{r{l le
oun as e Su St rate. SpeCI | cal %ﬁ he enzy rTB.tI cal | active materij al

c be fosmm abe@wqw Zqnl esty Bavidage t %Pp\émae%%l%?éémysaﬁwbew%nt

consi 5?%(39:](1:1%“?9}1%&9'(}‘5?@1- n§l MAL ey - sAbkRi 0N 8AN € thel a/f«‘tE\E:anQﬁodlfy
t wo- phase " systemw th a water-insoluble solvent. The_aqueous sol ve

i ncl uddheh BtBRGties i A tHe bRPLYPPRGIERY | FPTat SFRMPLEr YHSS UHIHEER icing
phosggﬁ%@:a@&{dﬂoﬁ p?dpﬁ%l:ﬁje QHBEQgtuﬁhbﬁéRﬁél@&ﬂonﬂh&ﬁhs@&tlbkiscimm g
can e wthin a desira erane urin ac i an
al kal i 2964 themreby isd teseReFLEAR BFaaﬁPEg%&&Eﬁel ’rﬁ‘r?’f&%b]f‘ wﬁgh '?@f&

i ngs udego efzgr BXAABLS, nelmwynﬁf.letmce,, pbutyb a0Es Ry eMdchdiﬂrE&, ctbhangf Dmdn

n- hexane an SJ@SCt ane, etc beacgcl on an be Egﬁg g mxedc

sol venEdtshi GPICORBFLRY BLPrQHr i‘ﬁ‘ QG885 v H?SSﬁ, g R soﬁ/%h% 3tich
as et h@ﬂﬁinoa&ﬁetm]@ peiset pyl 200f qriode ) andnaic et t r |FILe:tHen:,t hegmi v - phid e

system the enz cal | e nat rial i reg
i L Grp e petetahe i BatiERy g RSPy SRE SR TIRsC
vat er eirtd fid far . afliwo s wlusity atet20icospbund Llare behei sswwed ¢ontaintpaous
solyent such as water. buffe and. et ha o) | § ed eact

é emSRIP AU AENG ¢ ({ Tlht?hﬁo%nz‘%/%% écja %/)‘Ea%:l'?l F/Iegn%%@??glgf 1-:'198
-substrqmesmﬂstiﬂmmcm& ngI e- phase reaction system In addition, the

reaction of esent c ' g{r?‘h L.zed
enzynme, 25 raH eac r%ﬁr}}% %%@Fﬁgﬁ:n%%ée Hﬁf#]ée}&lé't? ?r%s#%tt:g%}f‘ uhfzﬁ

pr esentrdstveindt ted, aanlctmgmdthmenhgmé a¥an 6brmh‘ehem1tqﬁ%1n colpd exehay nad
fromt cul.ture p9at t I r I'ls
resuspgtn edahf%vebu 1%@%’&1{}&{@%%19&1\ 'IE %J’er th%%ga?%)sgggr I(B? OPy(f?
ceBbri fumdtziyon Hndmwhékledlt'lltﬂa meqmmﬁédaxeemcpsa@aiﬁ b@l:ﬁfqeaéalm Wlé;hepa% as
they arg J COA’@I@Q rﬁré fﬁféf&'féﬁ t§it@6nt{FaRINYI LBi86Ct ANG QGehOhyLEe,
or as Iyop 7 13% en the enzy Is extracellularly produced t he
culture nmedium of the transformant can al so be used after it is separated
fromthe transformant by the usual nethods. Forns of contacting the
enzymatically active material with 35 the reaction solution are not limted
to these Exanples . The reaction solution nmeans a sol ution consisting of

t he substrate dissolved in



WO 02/ 070717 PCT/JP02/01912 25 an appropriate sol vent that provides

sui tabl e environnent for the expression of enzymatic activity. There is no
| i mtatiwooon7d7e type of nitrite conpound to be used i n ROTAIPGIAY f ox
produci ng am des using the nitrite hiddratase 5 of the present invention.
For exanple, the following nitrite conpounds can be used in the nethod of
the present invention. Saturated nononitriles; acetonitrile, propionitrile,
butyronitrile, isobutyronitrile, 10 valeronitri i sqval eronitrile

, e, | .
capr onPERERE by L Eht R S AR RRALS | elhe ﬁ%?%ﬂqt@%%@ﬁ&ﬁ pPYIE e,
gl utargit nidiy adi RYA tdhd Pne bEn o xin aBhEORIrRIEieS ; campllénOpaoangnithé | e,

oG am nonet hyl t hi obutyronitrile, a-am nobutyronitrile, I, noacetonityile,
Cetc. NPPPVESREREORG TRRBBAGPCLIBIGRL XPRAEER 4P ik ) 8% (1) to (7).

~3-am noni t r phesmi Beaead3sus Opi Bt 16h i, peéferabl Ynhaiatieal edtoidiffessnt
acrylonitrile, nethagryl oni hri%e, C anosl I %I C{)ﬁtoni fril ed.dat Cr . rorrlgtt I C
- ni t7it 8BingeAssAi | L8 vBichpFhg R BPERFLPELRRZERT (3T 3T RIGHSF
p- fl uopebRernZoOnséFivé€., OA WeoRsdrpaditeokanizoni btile,sybsin nobssbniisride,
4- cyanophenol , o-, and p-tolunitri] ,4-di chl orobenzonitri .
2 6t eRParesETs R T PR e SaiP i bt BE P RiRe L RTe . FPRI&STlowing
0G naphtemist kb €ng(d chaphichoniyt sihelaphiive ehbtinibieth isseitsraboinpra¢ed 35
terephthalonitrile, cyanofhenzyl, phenyl acetgnitrile s s .
06 hyanBGAF IS rothg BPENE P SBeHe RERROTS A FRViRY phuidar side
i NY@Nt chR,ingahhve Weast jepfirédriabkherdtt i t &hemwpguodss include amino acids
I ncl udeQ~- hydr oxyni.trile_conpound. Tn_t¢ ani der ugl 0,
pr esenf”litﬁvéﬁ‘tsil%?lfjﬁeéaf‘?snge rPmt £¥?gﬁebr@’?§leg{§%é%f%?{§£—€§gf O%(?l%](?%?l | e
conpouid deMatha igpecid.ig.a! laspafmiri exanl e,ghhmionpoind) + epralssrged pylahe
above faorynula (1) can be_used. | f Qr.nul e : Lt ged or
unsubstsiltdl%u%laaéﬁl%y(le '&r'du%?y‘glurb%t ?P%?%&ggﬁ“%n :{-.I %lﬁﬁij’% ’eggglt'%g.ﬁy g%%up,g'
subst i thytreds iove urcgtdistina)t e chooyed leat keddeyrahpins ubsid + ut@RRIN@ASTBEIRe ut ed
15 leucine, isoleucine, proline, 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
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25 homology search can be 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 sequences,
and,
Programs for homology search such as FASTA program and BLAST
36 program.
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For the genus Rhodococcus, plasmid vectors isolated from
Rhodococcus rhodochrous are available (J. Gen. Microbiol. 138, 1003
35 (1992)).

For the genus Streptomyces, plasmids can be constructed in



30 Figure 10 shows the effect of pH on the activity of nitrite hydratase of
the present invention. Figure 11 shows the pH stability of the nitrite
hydr at asew@d2/a7bA7pr esent invention. Figure 12 shows the oPGEHIR02419183n of
gene cluster in Rhodococcus 35 sp. Cedé. The nucl eoti de sequences i ndicated
by capital letters correspond to the ORFs. The nanes of subunits encoded
the ORFs are WO 02/ 070717 PCT/JP02/ 01912 3a shown at the ri ght. of the
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reaction s used I1n the reaction, 30 0O of the reaction
sol ut i ohPHvas( i1t Od@hgd,aﬁo%fna@ej% (G:AP?thb%blﬁ%?FélﬁEthSna Phesrhter e

was sh i Th reagl t S
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(v/iv) HVBN was added to initiate the reaction. --~ The m xture was

i n@@bat dacti sh avaklaplaromids ape mhnaesuch ap 2oy PERsmAPs49884vadded
to stoprihf $£89d Umyces cerevisiae, pKDl series plasmids (J. Bacteriol.

145, 382-390(1981)), plasmids derived from pGKll 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 (1986)). 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.
36 For the genus Zygosaccharomyces, plasmids originating from
those such as pSB3 (Nucleic Acids Res. 13, 4267 (1985)) derived from



5 --i Centrifugation . -~ HPLC analysis . Table 2 0.3 M 3-cyanopridine 1.D0
m 0.1 MKPB (pH 7.0) 0.50 ml Enzyne solution 0.10 m 0.85% (w v) Nad aq
0.90 M Wwat@ombune 2.00 Ml -> 0.3 M 3-cyanopyri di ne wasPGH#RA/01Y2i nitiate
the reaction. -> The mi xture was inc@bated with shaking at 20C for 3
mnutes. --> 2 N HCl was added to stop the reaction. -> Centrifugation. 15
-~ HPLC anal ysis. The conditions used in HPLC analysis of the reaction
solution: The conditions used in HPLC analysis for HVBN are as_follows: 20
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The_conditions of HPLC assay HVBAM wer e the sane as that HVBN. 1 U was
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auagdiﬂgé%ﬁble. Therefore, multi-copy integration of the gene into a
chromosome is effective (Yeast 7, 431—443 (1991)). Promoters of AOX
(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 methanol-inducible AOX are
usable (Nucleic Acids Res. 15, 3859 (1287)).
For the genus Candida, host-vector systems have been developed
256 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 Candidamaltosa.
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 availlable, as well

356 as promoters derived from an extracellular protease gene and amylase

gene (Trends in Biotechnology 7, 283-287 (1989)).



After the tube was cool ed, a bacterial strain was inoculated wth a

pl ati num | oop, and then cultured with shaking at 28 C for two days .

Pr e- cul twom2meatiitum 30 Pol ypept one Meat extract NaCl (pH ROyIR201425 0 ¢
2.0 g Yeast extract 0.5 g Distilled ¥ater 1.0 L 35 Then, the pre-culture
was transferred into 20-m nmain-culture WO 02/ 070717 PCT/JP02/01912 37
medi um aut ocl aved in a 500-m Sakaguchi flask. In the main culture, 0. 75%
(v/v) acetonitrile was added with a feedi nggneedl e after 24-hour culture ,
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into the supernatant and precipitating fractions by centrifuging at 13,000
rpm fors@%%&%gm%%BI um sul fate was added to the supernatant fraction
at 60% sat ur #dlgmucltidésir ennadingutriciiiZes hydphtise Oto bad usash as

stirred, at 4 Cf three hou T ti f ti edbRLo
t he sup’e’}%ea?ésntmaﬁéeﬁe%g%]éiop# tsr' A ﬁgesgggt%ﬁ%&g%}égﬁﬁlﬁﬁ% Eg?a%u%tn%er ;
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Af ter 02/ Q70717 : irre t sol ution was
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agai nst € Sane buffer. en the activity 5 was assayed. .
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 expressible manner. 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

80 a host 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



5. DEAF- Sephacel colum chromat ography The enzyne sol uti on, which had been
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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



Finally, with respect to the nitrite hydratase of Rhodococcus WO

02/ 070717 PCT/JP02/01912 40 5 sp. G4, the total protein content was 5.32

ng; specwbiw/aehrvity, 477 U ng; yield, 44% specific actPGI/ARI2/0129 ti nes
(Table 3) . The purified enzyne was &bsessed to be honbgeneous by SDS- PAGE.
The specific activity of finally purified enzyne was 880 U ng for HWVBN and
477 Ung for 3-cyanopyridine used as the substrate under t he standard

conditions. Table 3 10 z~ 20 gtop ToI d protsf Tot aet I Vi t i fl
aot i vi thye ppTeseRt t ol weRt kPR U UPe rrFﬁrlegf O?H gvpf(f’ the
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. DEAESaphecel 18. 74080215 25 704, t1utyl - Toyoper 1850 92254 477 3.B 44
1 U ofSQDh‘étéﬁilyné:qnstadé’fllnrged &s RhETAABUNCAW 'Itvggepr(? Sf 1

) | mol g9k é@kheaﬁmgb ﬁﬁ@gh%yﬁmmeamyoa@elwd@metrhalsemcb@rdomadtédmsth
duri ng m nut e out 2. | .g of rifjed enz zed
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nol ecukghe¥Bkghiclvidi nh@CHbBervweblblefl divmranz yselvent heonatml\rca-lpl"aﬁ e

vas dediced o be Sboul 1125 Bh, METLLL o cabeu gLt based Sp it
b% HPngquEQscaadnthﬁﬁe UseEE §0ing e tHRIIC aan akeysira lopHNstch | as pfdysptestee f ox
o [PheFdbELatS Flle RTINS har g L e R e
Detect beny 26h IHKa gl s {000 rSW4e dutigKPBe (pdadtion by Osingl Ani alc5d~é}11d 280
C?I fjg) g?kélgg (1:1@ bquerr I\{Iuscl]'ee edThe %fef %%tga%fics %%S.LVe?xtte :L%ﬂ.%%ﬂfé ivP:ptl‘( Km
water includes, for example, ethyl acetate, butyl acetate, toluene,
chloroform, n-hexane and isooctane, etc. The reaction can be
conducted in a mixed solvent, which consists of an agueous solvent,

15 and organic solvent such as ethanol, acetone, dimethylsulfoxide 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 combined with water or a buffer. The substrate

20 compound can be dissolved in an aqueous 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,

925 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

80 used in a state as they are recovered, as their disrupts, as treated
with acetone or toluene, or as lyophilizate. When the enzyme is -
extracellularly 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

85 the reaction solution are not limited to these Examples. The reaction

solution means a solution consisting of the substrate dissolved in



WO 02/ 070717 PCT/JP02/01912 :1 | The Km value for HVBN was determ ned from
the S-V plot (Figure 4) and Li neweaver-Burk plot (Figure 5). 0.0585 U of

t he enzywe oamsoradded to sol utions contai ni ng HVBN at var iRGCBJRIAEHRAL rati ons
and the reactions were incubated at 20 C for 15 minutes . The reactions
were 5 anal yzed by HPLC. The Km val ue for HVBN was determ ned to be 1.43 mM
fromthe Lineweaver-Burk plot, and this indicates that the enzyne has high

affinity for HVBN. In addition, the Kmval ue for 3-cyanopyridi ne was
det 1 nPRAPPFORFERESSSQLHHT (HAgUEEOR) daTd T HARA GIVBRAETSIG, 407 dhe

7). 10e2bpbkaibi: o8 @269mdalc e ienzyTe was added to sol utions containing
3-cyanopyridi ne at vari ous concentrations and the reactjons were |ncuhated

~at 20 C forTherai 48tBe limhEatéart PRt aref ikt bie rpmpoung, & Re

val ue {;9bq31 £ YO MELrbDE R rdERIMgaRibesPAsingBthid Ai oM Iddydratase
Li neweaver-Burk plot, and this indicates that_the enzyne ilso 15 ha%ﬁﬂhgh
- af fPni OF fidre 3PEGERBSy r Y PREL9D: Tt?é’ref%élppéﬁvtetﬁt?eréf’& BYHRE bt

t enper abpeuand thar mrl usleabiiln ttheOmeithedPwi filrd erweare: iasseamsaildat ed.
Wth the standard conposition of reaction 20 solution as shown in Table 1,
2.92 U~-enzynme was incubated at each tenperature (10, 20, 30, 35, 40, 45,

50, 55, 60, gathb&EretiomohonItAilles ;t 0 assess the optinmal tenperature
(Figure 8). The tenpperature, at which the reactipon rate wth_.the enzyne was
maxi m zed, wASSESRITEG hePF°E.1§§1lPF6iLetﬁ%“%%bgwa@ehe‘ﬁ"- YA n%%&r%%th
t enper ahleeoR3trile ,2Q 5033 1eMbnit}tiler, @@PrdmirtBleny rettees, and then the
thermal stability was assessed under thestandard reaction conditions. After
the enzyne treated at 50C, the remaining activity was 77a (Figure 9) . 30
11. The effeghtatapHdTiBdndptringls ;pH and pH stability of the purified enzyne
was evaluated. .Wth the standard conposition, o i S | QN .as. shown
M Table 1 3edgnttEidere SAeHRRlREreher n ShLrebaf Fh I iR AR D)
citrateter. Tris-HCL at a final concentration of 50 mV), 35 instead of
phfgphate buffer, at ,20C.for 15 minutes to determ ne the optimal pH The
optPral pH WASEBLBOPAHESr0). WD 02/ 070717 PCT/ JP02/ 01912 42 Furt her,
2. 92 U enzyna-wminopeidpdiosd trilegch buf f e—arhiddmstiofl sobmyaidnateile,
phosphate huffer. Tris-HCL, G vcine/ . NaZHP04/ NaOH at a fi nal

concenf ARHPLHEYLE réiéQ %Qﬁaﬁéﬁgﬁ¥ﬁﬁ%£$?§$ then the renaining

activity was assayed under the standard 5 reaction conditions to assess the
pH stabilityy:Aft t e 4 . 0-9. 0 for 30 mnutes ,

t he renaininglg%ﬁgéft?%xggi%g%?%ﬁﬁﬁgbq?%%gﬁﬁe 11). 12. Substrate
spBBificity k@amhecefist egtid spdeficity of the enzyne was exanmined. Wth

t he standard conposition reaction solution shown in table 2, 2.92 U enzyne
was i ncubated with various types of substrates, instead of 3-cyanopyri dine;
t he gener at i Brnanfinemided lies;t he reacti on sol uti on was anal yzed by HPLC.
Thus, the reLatiuesaghiofilohiwasi idet eyl ned. 15 The types of substrate
conpounds added, final concentrations thereof, reaction tines, and HPLC
conditions used for the anal yses of products corresponding to the

regpgective syhshiab@ta qishoMned;,n Table 6. The HPLC conditions (1)-(9) are
indicated next to Tahle 6. The purifjied nitrile hydr se showed substrate
specificity 2GT¥AeRifd Mrer Y&k QEﬁlQQ}qqkietﬁCY%%?g%gyﬁel?r¥%%%% Bﬁie'

mal onorddg.il e, n-butyronitrile and - 2-cyanopyridi ne were suitable

substrates. The rel.ative qgégvjty for HVBN was 154% when the activity for
3- cyanopyr i dPFEMREL G A HL5100% (Tabl e 5). 25

benzonitrile, o—, m—- and p-chlorobenzonitrile, o—, m- and
30 p-fluorobenzonitrile, o-, m— and p-nitrobenzonitrile,

p-aminobenzonitrile, 4-cyanophenol, o—-, m- and p-tolunitrile,

2,4-dichlorobenzonitrile, 2,6—-dichlorobenzonitrile,
2,6-difluorobenzonitrile, anisonitrile, o-naphthonitrile,
B-naphthonitrile, phthalonitrile, isophthalonitrile,

35 terephthalonitrile, cyanobenzyl, phenylacetonitrile, etc.
o~hydroxynitriles.



WD 02/ 070717 ~3 Table 5 PCT/JP02/01912 SubstrateRel ative

Substrat eRel ati veactivityactivityl9~ca3(9al3- Cyan~pyri di nel

~3- Cyanawyrd2@heva’ 78_2- Cyanopyri di ne22gn- But yronl tri | ef37PCTHRYOPR | di n~127
| sobutyronitrile ~dO_~~cr~rlonitrile264n-V~leronitrile' ~118Me#hacryl

onitril a~3_ 7lsova leranitrile*2_71Erotonanitri le .g7.4r~ Cpr~, itri

| e*18 1~lcetonitril~14,63-1ndolytacetnnitrile 2.33Propiuriitri

| el7gBerr~on it

rill  138H~~H1540- ~hl orr~benzonitril e~"58. 6KCNOm ~hl or ~benzonitril e"7. 16hlta

lorronitrll egf~Ruehl 9rd sbepaaniveniti®nd8. patic?td¥By preferable nitrile
noacet an~i d~~yanopyrazir~194 5 The reaction was carried out, at 20 _C and
t he anmoemposhdenizyeldss B hysly oxyod tylleneomreerd sk In The ARidgRr gL ng

net hangl twas addele tor &adr@nCenddier S titaie 3@ nbi Liiny tetinal onotite ty@do
V/ﬁ%. WO 02/ 070717 PCT/JP02/ 01912 -14 Table 6_' ~LIbStL3te F“ﬁg&
- corenpfafir-byREaEYRéHTELfe CAPRPOUDGY | (MOTRNSRe ¢ HeaL &Y anb DY r FRATRIS - 1519

J') 2‘ C~a&%&¥foiu§‘ﬂdﬂg"é§)§§”sﬁﬁ"ltbg“bﬂtadl WpovdiferhudEl (1 can be used.
-~yanop~-rri—~in ~ACr~~l onitri e~ . .
5-g—) Mot hacEPl Ght rOmSEay. 1§ -FOPBRORPERY i STPSLARRERSAT fReyRgi tuted
pt ~§ Pr %hﬂ.:k@fll %fbﬁﬁleé mnﬁ:ﬁsﬂaetiﬁraedaagmgm grrbhg*, .sulistituted
~t ~) ~- oro nz~nltrile~~55~ rc-~ni oronenzon L lLe t =33 ani
tril e~O35(Wsy Sfr’a%?ﬁck r Fvsigéé%y&mﬁ%ﬁuﬁ‘%‘??f@‘i{é@y%‘ okl O QREDE
}*1?é|%%&%&@rbkbhbef&ﬁbitit?kﬁgo?aga?s?bstitutéajarylﬂgne?pa.$ub$ﬂitmt¢d
e~1o~1U~y~r r~ziri -1 —— -1 nd— ace -~ ons
for PPPE wEnSURE TGRSR . SFVORH (AP Yhas oy oepher el ioE S {RBRtSA T,
m) ; %a39neeRid o204 KIPP044 it PeB)dpekri ©rirdoud .e (vhy)dr®xyamiddOcan be
02/ 070717 PCT/JPOZ/Ol%}Z QREg%OM/raIe%%ﬂ.O m/mn, Detection: 230 nm | nj
¥ TRt et

ecti onRFQdRRed fFom £ PR 5 ~ 0DS2 (4.6 x 150
m); 5 Sol vemmhe: haBermtKel POgtpip Anclgided sbet ondups| kayingjat=deast; oxpow

raig: %é)ﬂq{fgégn, 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
o-hydroxy-n-butyronitrile
o~hydroxy—-isobutyronitrile
o-hydroxy-n-hexyronitrile
o~-hydroxy—-n—heptyronitrile

30 o-hydroxy-n—-octyronitrile
o,y-dihydroxy—B,B-dimethylbutyronitrile
Acroleincyanochydrin
Methacrylaldehyde cyanohydrin
3—chlorolaétonitrile

35 4-methylthio~ O~hydroxybutyronitrile
o-hydroxy- O0-phenylpropionyl



Detection: 230 nm Injection volune:5 ~, 1. (3) Colum: Waters Spherisorb 5
~.0DS2 (4.6 x 150 mm) ; 10 Solvent: 5 nM KH2P04 (pH 2 . 8 ) /acetonitrile
(v/iv) =1Roodyoftow rate: 1.0 m/mn; Detection: 230 nm RGH/BOLPA2 vol une:
5 ~1. (4) Columm: Waters Spherisorb % ~0DS2 (4.6 x 150 mm); 15 Solvent: 10
mM KH2PO~(pH 2. 5)/acetonitrile (v/v)=99:1;, Flowrate: 1.0 m/mn;

Detection: 210 nm Inj ection volume : 5 ~ 1. (5) Columm: Waters Spherisorb
5 [~0DS2 (4.6 x 150 mm) ; 20 Solvent: 10 mM KH2PO4(pH 2.5)/acetonitrile
(v/v)=99:1; Flowrate: 1.0 nml/min; Detection: 230 nm Injection volune: 5
~ 1. (6) Col mrmadSphdaonsotheSSﬁDSﬁr@te6cmnn6mlma12bn§oavem¢tl© nwcwa/r)d

| phosph?l 3 /acet nIII’Ii %é%\é)fgf](%‘? %%wefngtlégxé? é@%ﬁ%\%&g@e&?&éﬁ 3 150

;- B@r&allu\ams_t th(érh‘&i(fv/ v) phosphate/acetonitrile (v/v)=9:1; Flowrate: 1.0
m/gmn; Detection: 210 nm Inj ection volume : 5 ~. I, ; Terrperat ure: 40C
+3548) Colum: Spherisorb S50D52 (4.6 x 150 mm); Solvent: 0.1%vVv/v)

phosphat e/ ac®odeflonitrfiveyv) =9: 1; 5 10 15 20 WO 02/070717 Flow rate:

Detect i on: 2-thiophenecarboxyaldehyde cyanohydrin

2-pyridinecarboxyaldehyde cyanohydrin

2-pyrrolecarboxyaldehyde cyanohydrin
10 2-furaldehyde cyanohydrin

2-naphthylaldehyde cyanohydrin

Many of the nitrile compounds represented by the

o~hydroxynitrile compound of formula (1) are decomposed into aldehyde
15 and hydrocyanic acid in a polar solvent. For example, the

o-hydroxynitrile compound of formula (1) is converted to the aldehyde

and hydrocyanic acid of the above formula (2). Since a state of

equilibrium is established among these compounds, the consumption

of d-hydroxynitrile compound by enzyme reaction shifts the
20 equilibrium toward the O-hydroxynitrile compound.

On the other hand, cyanide and aldehyde derived formhydrocyanic
acid may give some damages to the enzyme polypeptide. Accordingly,
previouslyknownnitrilehydratasescannothydratesufficientamounts
of o-hydroxynitrile compound due to their decreased enzymatic

25 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 enzyme can utilize nitrile compounds generated from aldehydes
and hydrocyanic acids as the substrate. Accordingly, by the

80 inventive method for producing O-hydroxyamide, the compound of
formula (1) can be supplied from the aldehyde compound and hydrocyanic
acid represented by the above formula (2).

The amide—-producing method of the present invention is
preferably conducted in the presence of a divalent metal ion. The

35 divalent metal ion contributes to the activity of nitrile hydratase'

of the present invention. The preferable divalent metal ions include



1.0 M/mn; 230 nm 46 PCT/JPU2/01912 Injection volunme: 5 ~I; Tenperature:
40C. (9) Col um: Spherisorb S50DS2 (4.6 x 150 mm) ; Solvent: 5 nM KH2P04
(pH 2 . ¥bomeeuonitrile (v/iv) =12 : 7 ; Flowrate: 1.0 rRQTARZ/0Dd2ect i on:
210 nm Injection volume: 5 ~1; Tenpegature: 40C. 13. The effect of

i nhibitors on the enzymatic act|V|ty Inhibitors to the enzyne wer e studi ed.
Wth the standard conposition of reaction solution shown in Table 1,

various inhibitors were added at a_ final concentrati .0 or 0.1.nMMto
the sohbekehsiepmad FoRREE 9PNy eRRFRE; 1aPFeFaPh en?‘g‘i??#e%o\%reﬁeﬁc ated

at Zo%éﬂﬁtignn&élta&sapﬁz&%ﬁ bofaMaS @Al edspetifdealby i thi eson Hen
enzyne activity was mark I nhi bited by carbonyl reagents such as phenyl
: hydrazbﬁeadﬁﬁdh?ér éx?h&ﬁ’f’-’ﬁé‘e( #8be 7). Table 7 The effects of various

ggtrrlperltnSS( g)nxﬁft@lerwéséﬁthwe@ttam 2Ehé Hyldk 3000 p hydroQyst)s KElrHttinicle

- Fr o 100PBEEHERE! 4360 PONEERASYRAI BY i SRMAGE I oFBRe PREYIMBEASRAIY0 AT - b

E{‘/‘)gg'ﬁaﬁgflaﬂl of théa2p1r§sent invention with a substrate compound, or a

01 T SRETSLp B IRl idr GOl BUIER GE9nSC 2GSt CELRFFTT oy PR IRELR 0

\l/JMr fﬁ 321;1}8518&%}11& I‘éﬁg&&&d th & duih ot Faieé tadmpBurk 'Elmeaanaqmmom&slolmert ed

was as§#yBdas v?ggggno:? betl;;[f eor C ey reacg]:l.g%t gglugggnt&efgfm%o@ﬁiﬂéty
10 divalent metal 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 solution. Inorder toprevent the inhibition
of enzymatic activity by the substrate compound, the concentration

920 can correspond to, for example, 0.1-10 w/w% in general, preferably
0.2-5.0 w/w%, in the case of O-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 oxganic solvent canbe used effectively. Specifically,

80 for example, the reaction efficiency can be improved by adding
methanol, ethanol, 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 insoluble with water. The organic solvent

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

acetate, butyl acetate, toluene, chloroform, n-hexane, cyclohexane,



14. The effect of netal ion on the enzymatic activity The effect of netal

i on the enzyne reaction was studied. Wth the standard conposition of
reacti onwgal2zoam shown in Table 1, various netal ions wePEI/IROAOtP12t a
final concentration 1.0 mMto the sokutions containing 2. 92 U enzyne;
after the mxtures were incubated at 20 C for 10 mnutes , the reaction
was carried out for 15 mnutes . The enzyne activity was markedly inhibited
by heavy netal ions such as Age and Hg++ ions capable of specifically

i nt er acictagewiotrh 1SHogtanpd ,. e@e.t he contrary, the addition of N ++ or Co++
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i ncubat a netal ioh at m nut es, and the enzyngtic
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coexi stgnop Nyh e, an@u‘i%eﬂ ONghén &1{1%1@&@{@ iisgn aBblYbt Yard Weed r akeaties

that the addition of Ni~~ or Co++ ion to the reaction S)éstem enhapced tge
enzynmatEneyaaihgahly sethvedeasehirthr FReoRPRERE i MéFrPRETRRIANIA REi BFC

shown iy Ealhe o Phat &F @R éhﬂ&&a&e@ﬁeﬂéﬂ&ﬂlgt r@n@@@cmzﬁ at.oantefs 09 8. 0
mMto a solution containing 2. ; its effect e enzynatic
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1.902. QrM cd es eRanMid Cecafta¥téd w@herﬂwcgﬂbéwﬁeeouoyl digsdliviREy . oAS
the nmetal ions were added at higher, conce ration t&gg?above nt|0 ed, one,

the 10 ‘BriRgFeeient thel iifpafr &FI A9 HF&OTO) EORCATRINS f &t bF
cobal t doyxidd ke ﬁléé riHee eh&q;mtta%%mqt adtiyeeﬁﬁé’rimmﬁiaimml\moabyl vhéy
(0/() 0 100 0.5 129 1.0 150 ?635 0 143 6.0 136 8;%1&[ 5, The enzyne.
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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

ranging from the freezing point to -50°C, preferably at 10-30°C, for

20 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 reaction solution within this
range. .

25 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 solution by appropriate
methods. Specifically, for example, the amide can be recovered and

30 purified by the combined use of typical methods such as
ultrafiltration, concentration, column chromatography, extraction,
treatment with activated charcoal, distillation, etc.

The pi:esent invention provides a method for stabilizing the
activity of nitrile hydratase in the presence of the nitrile compound,

35 where the method is characterized by coexistence of divalent metal

ions. 'Further, the present invention provides a method for producing



7.0 15 The enzyne incubated with nickel ion at 20 C for five mnutes , and
the enzymatic activity was assayed. 16. The effect of coexisting N ++ ion '
As shownwior2daishe 10, the enzymatic activity of nitrile HRGWIRIZAVIdf t he
present invention was enhanced tw ce3by adding Ni ++ ion to the reaction
system at a concentration of 1.0 MM Then, with the standard conposition of
reaction solution shown in table 2, various types of substrates, instead of
3-cyanopyridine, were added to {he solutions containi ng 2. 92§§Jl enzijéﬂs.%o
study @HBide ef EBet MGHAheCHBPTIFEPT T aBFPRi OF vES2ERhhAdcdd S W EEEDhFY

when HVBNitdBae) @Rt Aiteivascemeduids imelsdpiesainte ofhaiadiehicometil
Ni ++ 1 on was assunmed to specifically enhance the reaction efficiency when
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(3-subynit WO 02/ 070717 _PCT/JP02/ 0191 Q of nitrite e

Rhodoc st 2 AVitY fh %Féngné’lny?&%i %Y%alj}rl&q s%hesgé:ﬁ'[éﬁ%gé ?/%é‘gg] 9%0A

f r oon Appl el Bcospsiad, ik coageetdagothélntisanmmilealrdsp testHaesisle group.

OG subunit was TAHNPVOQGTFPRSNE (. SEQO | .5 ) ., that of - subunj t

MDG H&’I@A@é@l(les@%meG )Q”h.l‘gs EKEQFESBec‘?T%&E%‘&%%%gE%E%x%%i. e o

0 i dentddyréspdhdisgamedes of tNetigrefiewted Bnzgpeduethefpresrmuhhvenndor00%

identity to that_ of .a-su it |_owy. oml | ar [ ltrite ase

from Rhodococc scar%(?c?o%ﬁlr%gﬁ‘gd\] %fhsattt:]gtlhr? ?t%llg}}l\l??ﬁg\-ggug&h tla’lf %‘g%l Eg%g%ﬂ'

(3- subumvéntiom Fabievd? SheapfAfect-of tsampprsssdmohoheidesteaapcen the

581y (B TGRS, 18 AT B SR o
}AgNPtLiAFSR%N& 226hel bitakilrey TE Stertdiln int donithel CHﬁfﬂﬁbYd@ié-gl §é§g@g@éﬁ ofS
1 %ﬁ%ﬁf?ﬂ%@%@%?&%ﬂ%@a Jgsiwlgh"Od@ ochéléﬂl&we%qgl DR
. VDG HINGBUNGY GP 5Pe bait ohem asay UP ¥ e VNG rBTeEARYER P 3B TP e GHBRPANET N -
chl or Orlﬁsgh%f) &Qgﬁlf%wqg:@@o%:éﬁ:ﬁgﬁﬁ? db é?anIB@ abheGls ofe@@€Xd SLhN@he

NiCl 2 a In‘resting cell reaction The precul ture medi umof the
f oRPowi yrpebhppsieiwiiaims 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



aliquoted in 5 mM into each test tube (25 x 200 nm ; a silicone plug ~20

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

Pr e- cul t wigeoreetilam (pH 7. 0): Pol ypeptone 5.0 g WO 02/ 07071/ FP02/01912

PCT/ JP02/ 01912 51 ro 10 15 Meat extrdtt 5.0 g NaCl 2.0 g Yeast extract 0.5
g Dstilled water 1.0 L After the tube was cool ed, Rhodococcus sp. Cr4 or

Rhodococcus rhodochrous ATCC 332878 strain was inoculated with a platinum
| oop into the pre-culture medium and then cultured with shaking at 28 C
for two daysThehegnushBasdelldidl t ure of Rhodococcus sp. Cr4 was transferred

into main- culphdr g iRA WAdGe AfiAtunPf Rnodococcus rhodochrous ATCC 332878 was
transferred into main-cul ture medium 2. Both were cultured with shaking at
- 33 C for twdh@a@PenusThE FRI59U8 cel |s were harvested and washed, and

then the reaahicOReThVBAV iRt lidmvas carried out to study the effect of
Ni CL2 and CoCl 2 added. When NiClz or CoClz was added to the reaction system

“at 8 final c@RCedEOMMS PGS as seen Table 15 ( the coexisting Ni.d2
or CoC 2 enhanced the nitrile hydratase activity, and thus the addition of
the ions had_positive effec 20_Mai n-cul ture nmedi um 1 (.f or Rhodococc sp.
Acet ani de7. 5§E5Fc FRAY- by -y 16‘?’69?§5§‘P5'8Xt PGP FFes+sms AR HRe

My S0a 7 HQ.dagike#P04 1. 0' gCoC126H2010. OngFeS047H2010. OngDi sti |l | ed water 1. 0L30
Cr4) (pH 7.0): Main-culture nmedium 2 (for Rhodococcus rhodochrous ATCC
332878) (pH 7.0) 8-caprolactam5.0 g Gucose 10.0 g 35 C S.L. 10.0 g Yeast
extipact 1.0 ®Rhod¥edbuy GHoddshrous ATCC 33278

MyS047H200. 5gK2HP041. 0gCoC126H2020. 0 j, St wat er 1. OL 5 PCT/JP02/ 01912
Each nedi um %é’?l%q SFIHt Rﬂ%ﬁ%@##&Sakaguchi flasks, and then
used after stoumyrietacteyrauk ocd tav Tuph labd ATCE1Q%AQ9/ v) HVBN in 0.1 MKPB
(pH 6.5)0.36r 0. 1. M KPB (pH ceﬁ.‘}?% : 1 ended sol ution(final:0.05
fol d) 0. 10m o?@%d(qﬁ%a adth %&%&Wﬁ a2 or

Codl 20. 00, 0. Hrhkatta c et uste2 . HRIN (KBERM- BIVBNBZ2VAS added (reactionstart ed)
.-~z The m xt,ure was | ncuhat i t @{%h K forl5 mnutes.-->0 . 1%
(v/1§) H3P04 sca&dloéedﬁ%e&?'eé;(g]tvg oi]n opper% a$§250ent rifugation.15 -~ HPLC
anal ysi s. TablRhdthRedatis/ espCtHTA QY6 (((ERMJOCDECUS) sp. Cr 4ATCC

332878Fr ee10Q:;,10Q0 5 M Q| A6 190G vdB 712 3rp-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 Tokyo; 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 O~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,



* 0 118 Nnmol /m/mn 20 ** | f0.5 unol/m/mn In resting cell reaction, the
enzymatic activity was al so enhanced by NNd 2 or Cod 2 added. WO

021 07071wORGIRD2/ 01912 53 20. The effect of cyani de i onPQHEPRMIHEL of
cyanide ion on the nitrite hydratase3df the present invention derived form
Rhodococcus sp. Cr4, and known nitrite hydratase derived from Rhodococcus
rhodochrous J1 (Biochimca et 5 Biophysics Acta. 1129 (1991) : 23-33) was

studied. Wth the foll ow ng_ standard conpositjon of reaction solutjon, 0O
A 20 R TR PRt HRRAP T A L LE Gy A EPS0 T gL fAind

reacti gy 0 Utd afr VRSnieYbRESH1ER Lhatabaenge tak swhsiMatis used in the
(3-cyanopyridine) at 20C for 30 m nut es,é%é]e ubstrate was added ther&',tlo to
. start tHREGHARMe 18hugacthvn thar i BRthAE yiBer REITOAC art YEETHER 1051

m nut esge O Jo dle Of £ 2% N-RYURGNAliide 8¢1d-Mpsraefied idhenative abdatihedmuenr e
was _shaken vidorously to stop?ré'_{\e eaction. The [e ction,sol utl.t%gtl\él\fs

- anaPyz &wp s aAP2etagerHE Ly athAmbihbhe R oy BedRPAS REPTRRIEY 4 2R d
react i opy S0kt W &h15i dd B-aeDpyibli o Pademiz&tloM phosphate buffer (pH
7.5) 0.25 m Enzyme sol ution O.

1.m Tot olupe 1.0 m. 20 In t cas f
Rhodococcus s TR PLesEN tRRGRFAP s é:?‘e[a{ﬂ%gﬁﬁgﬁﬂ‘ﬂf %Ydﬁﬁgyﬁés t?rs}glal@\/v]égl%%
Un; idohpeusd@sesotarhodacesays fhwdegsnpls, Jbyniddrtaactiydy atlesenithile
quantity of enzynme used was 61 U/ m . As,seen in Tab{_’e 1g %he n:LtriEF i
hydr at dedeataeR dbklde cthe ﬁh%ﬁ%ﬁﬁ?b’&?iﬁ TeRTeSAPFEePY fRATBFEed ] ntPhe
pr 8@encgn abutoa sy/andrttesti6h adbubtehombh ffée. hywheat dbe rof tRHlcdbydratsssp.
Crd retained 47%of the activity in the.pr n anj k
7% of ERGBEFYR 32 TR HEE B bobRobver el aid inahvasy w5 Tefr s 4l AR
(M) Cr#41d4 ¥ %ik00ut 48 €hé pFeferife Idf GChe WDIRNVIERORIE PERLOPP2NOEI12
5a 15 8 0,20 3 0 21. Detferm nation.qf erm am | d T
nitrite*fy ra‘feo%léespﬁﬂﬁef(# e r%%rﬁﬁ&%oczl%iﬂsmggﬂ%r ?%sqgéubj%?ggg%%g i
SDS- PACiEthhleOny@ie'ﬁmwas efBet roitrabsf drycach et aay PWBF arediysarie wofh a
Hor,i.z- Bl pt _El ect rophor esi s, ApPR 673~ TT, n
st&ﬁned“hffﬂo’éﬁ?lajeg%l SEQ?EE’Sr toﬁfg%éj%%%%g%oﬁg?négtz mgae'-o’\su ul'}\ciw? %_rrllé 8 or
(3- subuptbdduete chitaiofdd andmeabi ldizingetbebnaterpedsei 8 IRGiLiQmitectdg to
automatic E ati i gas- S i d er dghk 3A
e e i Ty
The N tmetahajommiaw keiatidsshuandése sfeastismb goilutded @3- SuSQRFENMERELON
anal yzed_.i n in ' rpvati al ek, 1204 bpplied
Bi osystgﬁja'$h§ﬁ&f@f n?%aﬁkglégge_gég \t/ngg %%I’-IN%%/%IEB%E%%S E (SEQ ID NGO 5) ,for
Oc26ubuni t; MDBHDLIGERAGLEML teSEQN prNChe7FYP8r oLIREBRLNT P17 Th& L 588 d8nce

of oG SEHE%Ee%&N Rited+33%, 48R £ie (lolcadNbBOc AL L {1 €61 fllemaintaining
the activity of nitrile hydratase. For example, cobalt ionand 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 properties of substrate
compounds to be used in combination with the nitrile hydratase, in
addition to the presence of divalentmetal ion. There isno limitation

80 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 conditions illustrated for the
method for producing the o-hydroxyamide using the above-mentioned
nitrile hydratase of the present invention.

35 Any patents, patent applications, and publications citedherein

are incorporated by reference.




10 in J1) .to the N-term nal sequence of a-subunit of | ow nolecul ar-wei ght
nitrite hydratase from Rhodococcus rhodochrous J1; the sequence of

( 3- subunyip dlodo7100% i dentity to that of the equival ent frReR/AYEBPddccus
rhodochrous J1. 20 Thus , the N-ternmBhal ami no acid sequences of nitrite
hydr at ase a-subunit and [ 3-subunit from Rhodococcus rhodochrous J1 are
nearly identical to those from Rhodococcus sp. Cr4. Further, it is known

t hat 06-subunits of previously reported nitrite hydratases share t he highly
horol ogous priegeiy, st{'ucburcemceriﬂinastl,orcd@ﬂpﬁgsowe%%t Refy Yo E19g 181
gene of Rhodoco%cus .SP. S carrl ed out using, as a probe DNA a gene
fragrrerllFFErnO§' SaHdRE SSFCI’]E\T%?H te hydratase of Rhadococcus rhodochrous J1.
- Further, a gene fragnment form (3-subunit of nitrite hydratase of
Rhodococcusf rhodochr Qus JJf :_h: W %gv.tn seval uate whether the entire region

of nitEEFEShyd PGB8 O—Rhodococcus sp. Cr4 was sycgesstul

‘¢l gped. 22. ?&gn&eal istiowef tipe oledeIn rEHdEen PR IpeRIdF WH ]tgiﬁ%t ‘%lrd]tja%es
Rh /.07 /s 2155 né, awsrei th

D RhogoSRagus Ic\éﬁ% T073dePCT: 1R AR 295 sthodaihr.ous T gsat he

| ow no and hrgh nolecul ar weight form There
firstlyndiegitans thet hrelprtlllmr ynobiskitiet apd dthe orfbratsl 4R %\?v&aa:ﬁ'ts ntR%ite
hydr at asiﬁ%eﬁe of v@ uences are different fromthose correspondi ng
regi on&e Thi%t Iar weight form in Rhodgcogcgs éhodocg S J1
, were sel ecm@uxﬁpécshowalaly e el oo Rt AR oA & TALPIR¥EEAEAESEs el ot ed
are.describe SIS ¥ wi €8t 1Q@‘BW:(JSEQ)MD
f08) Pﬁrﬁﬁe&d‘h n"gPFﬁg‘r’ %ﬁ?%%m“%%p%va L6 S5O D NO: 9) L3-subuni t: Sepse
pri ner Wrﬁgjeo@;qulalﬁlaYl(ﬂx)n(ﬁaeseDWODiﬁ)r ¢BoaRE; §Eﬁ§eep? r)reFePESF’SHtS ©

PNVVNHI_ D e N ,_l&s._@ls 5 hg\ua,m 80, aci d sequences
pri mer £ E"l()?:e’} usedl? el T a

seC|f|caII t_of e | | ar
wei ght i tri tRedwak étﬂs@%éﬁé d?\?é?’émh’é? h‘PPftgg‘s’?L&%E A htft o%gg%r?'?%er s
20 comy an t %Q%ﬁf @Heoph—@geﬂuciﬁ%hd%ﬁeﬁwej@lesfmematdem gneue absabanARt
fen

gene fr or a cation en r ITE ca t
(SEQ | [irNDx,caﬂze)s anetseﬁéeon;LﬁEr (18“5“15165’8 I gjrabbegt ‘9 %gg’g%%%%gg %ﬂe

13) 25 #{?ﬂ@ftwgf{;‘ﬁtf qﬁ;ggrpnt for anpl | f| cation: sense primer:
-cgcacgac cct gacc

Q | D, NO ant.i s
- cgat gt gat tRjeat e ¢t FEQQSBth? ey ?buﬁ@ t%erﬁgagagébg%e%gnqecpﬁﬁﬁents
pr epar ef, £ £.0Mm FROEgeORABR, ringder hwaysddteantard ngthoanh§— Nepﬁ@d; of Ausbel
et al. usbel, FMet al: UNIT ar at.i N r
Bacteria in Git9@Re Br &tscdits ‘f?ﬁ"kfbl%ﬁ F’é?réll%l oqy :g %rghn WT ey %n Sgr?snt
‘%OYOV v d 98T bn. FSHIHMBET, , wh iteh gesode te Phtnedsidilse Timgera i TN & Blotr-e

f Rhod 3 b h t ’ on
m)l eculoar mgléﬁ‘ggggts@ Sggwﬁyﬁp?ﬁ@sé gg%egf"}%.{?lf@%yd%ﬁﬁ”e 8k e Praent

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.
Figure 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



WO 02/ 070717 PCTIJP02/01912 56 Rhodococcus rhodochrous J1 was anplified by
PCR usi ng Tag DNA 30 (Takara Shuzo) and cycles of: denaturation at 94C for
1 m nut eq0 @weaki ng at 60C for 90 seconds, and extensi onPGrAIP2A191er 90
seconds using 10 ng of the genom c DBIA obtained as a tenplate. Anplified
DNA 5 fragnment was subjected to agarose gel electrophoresis and then
collected fromthe gel by using a RECOCH P (Takara Shuzo). PCR
anplification using the priners for the anplification of a-subunit gene

f r agmerghaad athéhgendighct DNAStEe i RRRIDEIR cIRAFPREBE hr ous J1 and

R0dococeus $gn: 438 nGIDLALESnIRNCaBIR! bohEREL 08n e B80S S buabe!

450 by from strains e genom c from Rhodococcus
- sp. Crépﬁ/vaslﬁgééleash&tdﬂ’ea’ft—ml frem tﬁ@%ﬁqqqg%cﬁpof Gk ans i RhedPFRRCHAS
| ower . |if t oS ENACeRH-o nd
Rhodococcus %oglosgﬁaoushggwééﬁ%?g&%% ﬁé{a?ée%\%aseﬁge asrﬂtathe pro ngDNA 7
- t hebsulRimmracang etiogmuisrous J1 Wv@tmptl pPRned ; DNA ?r%mhﬁeaé%wédaﬂaﬁ]
Rhodocogeisy rhedasdy @@eﬂﬂe&@%lﬁbe&%ﬂém &h@oxi genhot asaondi #gils hbe
random primng nethod with a G | abeling kit (Boehringer Manheim. The
di goxi GeaRTRIFAFALPIONA $PAGPeNt was used as the probe DNA in the

subsequent Sy szen 1kl %thcﬁ\flalt)lﬁ%' %m%@ 8@h.@n?éoﬂﬂiégEh.gbéabbﬁﬂeeﬂoﬁzé?rub'@ﬁh!tber n
bl ot anal ysi s asnom C of Rhodocgcoccus sp.

vari oust¥ e§‘€-FFéiL?o ¥R hese 5ﬁd’“‘an%’??ﬁ%°“b‘§/”%oﬁﬂ1erﬁmgl cﬁr’tqg é’gﬁg?ﬁﬁcﬂi@
prqge %Jaam&léuaum BeQ@ae@htRh&go@b’éjé@é%%ﬁ geuni vedpf;samﬂw@dmp@quanas

r hodochrous J1 of the genom c DNA from Rhodocgccus

conpl et Qe afes % ARHAPSRTS S hibcHOTRRRREL i( Ty S0y . LARAELREN 008G

al i quotscds tdiee thmé&mew ey esh r opbor £sle dand detBﬁ’cagamd)se geidsTheeDNA
was transferred o gl on nmenbrane NY13N (Schl ei cher & Schuel) in a
vacuum BRI eth 7%5 P®&FB: Rad) according to the 30 attached nanual. The
DNA was |rrm)b| lized on the nenbrane in an autocrosslinker CL-1000 (BM

Eq p N'll'hn r suléin menbr ape,_was.. hybr dé%ed with the probe DNA at 60

%—ﬁ%ﬂ—%\ﬁgq%%m%%# for 5 nminutes and then at
60 C for 15 Thenupessentheirhenttah lisn hesceatedi ght GytebP- Stedowawith
exposedotan r. Si dete isNGedn Pimited
det ect i OH P?r?nc(eBoe%rl nd“ggl%%ahhmé% SZCI%OQ:?I&-‘ %te Ero grg%étd:l%he © nﬁ a[u.n:L eV\D
021 0707eRETG JPO2/ 01912 57 The anal ysis of Sout hern blotting reveal ed

| 2 | f th DNA
From Rbaokbial e o 595 508, APt R P BT et | 2. Tepect vel y.
Th&0nitrile mamm@ﬁamém she BiAnide hygHaLREeHaCEIE:LY
singl e- $ORY 19°0fe E@ﬁ%%ﬁg'ﬁa{w@é %ef&fﬂswgf W%&%ﬁa&cﬁgzzﬂg&él\&%n

cloned froma genom c ry pregare fromthe Pstl digest
Pr epar aof oreatt boyepohi tiPnbEarythe shawBeoteastipn &p4ShRYncoPoApPles 1

hybri di zagion Jpﬂh Bgephoqfe%%tﬂ%ﬁprllspt.‘[.nl:l.ltlglﬁe(i"'by( Shuahagene)anepydigesiked

with Pstl, and sphoryl ated by bacterial_ al kaI i neéo osp tase

(TakaraOShl?Z“@)YC‘rO'HYe“lg'é‘Fﬁ)?ﬁ BNt IO RS Nor 42fasthf g8YPEF RN
Pstds ae&néml | gaf ed e %afs@eoﬁ @5{ %ﬁ_‘émmé |1nc§d‘ba(t':)orbyval$3b69t'[ﬁuENA
| i gase (Takara Shuzo) . Then

gwas transf or

above- ndht?®red aredt F‘lnﬁﬂ%n}rh%‘rel EIFEﬁt? VRN, Y 4t E%%c}gr BARYYES t he
net hod Wﬁeﬁaﬁm’c‘wﬁ rd.dnd Mhgculsyd Ci@nltm@ (£eb 6t Bpni, n® Harhbr of 2 N
Laboratory Press E]rl n $ia bor%h 19%%‘1 eC| f| aI I ta ni t roc%I l.ul ose
Frer Ridrorhlent emate PBoHteS FepstioneRg Hemiktlng 14 s Frakeso
and t hevi@@ﬁ@ﬁ@lyﬂtm Sty f]ﬂhlaaede%teoﬁprvﬂaéh tHMBNE Gfas ﬁbefipiﬂttf&le/va&almmat eg
Vernj g ter the co S were r repl i ca t repare
Ia ed ‘6:'1 ?Flet]éﬁaFeBF&tIQnaﬁHEBEF'Pﬂr H§St ﬁgg§§ t°A1‘0tf|§ “ﬁ‘h fll(g g‘r?l 2‘3 /5\3
f or med pnogﬁ(n)%fgel asﬂadfz lahtielthet hexfculrteefvawashaﬂcans fvdlgm@u@rnyo l;:ann sa:g:@rd tgieat g
containin ~. 5 chlora eni co T ubated at 37
fox 24 ﬁ%gFElS’nThghf‘? 1T EF " t ngg‘fgﬁ"m %° S%éag%%g g | yse the
colonies . Then, colony hybridization was carried out under t he sane
condi tions as used in the anal ysi s ofI, §9 ythern blotting. Thus, a positive
cl 03n5e was obt ai ned from about 2000 cofonres.



30 25. Anal yses of the positive clone After the positive clone was
cultured, the plasm d was prepared by the al kali-SDS nethod; the plasmd
was nanegoloéy4P. The pl asm d pNHCr 4P cont ai ned an i nserRCfPOahaz 3. 2- kb
DNA fragment. 35 .In order to confirsathat the insert DNA fragnent of
PNHCr 4P contai ns the ~i-subunit gene, a probe DNA was prepared by PCR using
WO 02/ 070717 PCT/JP02/ 01912 58 the priners for the anplification of the
~3-subunit gene agHERt—ae—i-Re~gereri-e—BNA—ef—RRedeeeeeas—rodochr ous J1
as a tenplate. W0 t(ni/y) pigBie iDNR,; 1 pNKEB 4APHalisS hinal yz&d 3 ™out her n
blotting. As a regujty ¢ i(élrgegt.f, ragment of about 3.2 kdy g@ntaining the
(3-subunit gene was gncon i rmed. The nucl eoti de sequence of ~i nsert DNA

- fragment (about 3ERkyYe | POPREHEPAP was anal yzed by the d%déb%@-chain

term nation nethog gisd Ngy Ay PO E€EYENCES nodel 377A (Appld@dyBi osysten) and
Taq prinmer cycl e—seguenecthrg—ki-t+—{Appted-Bioesystem—The—determ ned

*nucl eotide 10 seqlebek velehmewn in SEQ ID NO: 16. The Fedledthng result
showed that, the™stze of Pstl 1nsert DNA fragnent 1n pNHCr4P was 3205 by
and that an ORF was presence (Figure 12). The organi zati on of gene cluster
i n Rhodechogugvep) EMBNwaasveddesi rid dmittd atlee thegireaaddmrai ni ng t he | ow

mol ecul_ar ight nitrile hydratas i 0GCQC Al 1
(KonedégéFﬂglglﬁFBEehﬂ?F %58% CF%Ugﬁﬁgﬁé%fgﬁ%%;%%Qggfcgﬁgg?qﬁﬁa ySI s %ﬁ
pri mar y—=>sor &t UvévThE:B04 nersy sstdettww estap thesubemdétiemd ~i - subunit
dedgced_fromthe region of nucl eotides 245-2100 of the Pstl fragnment are
sho iﬁ'?ﬁn§%¢?FBS§E§nz and SEQ I D NO 4, respectively. The N-term nal

am no aci 4ps€gaerdgsief a-subunit and (3-subunit conpletely agreed with
those determned with the protein sequences. In addition, both a-subunit
and (3-subunit exhibited the nost honol ogies to those of nitrile hydratase
f rom Rhodococcus rhodochrous J1 (TabF@Pi%)2 25 Table 17 a R _rhodochrous J1
(1 ow nol ecul e typg) 294 % 3 LY us sp. 65% 45% Pseudgpapps putida 59%
37% Baci |l | us sp. ERBA %%ﬁg@@%&g&&% i zobi.umloti. 52%}0 38%% nor hi zobi um
neliloti 55% 39% Rhdd¥cBEBUdPEp7 -8 52% 37% Rr hodochr ou®- 34 Mhi gh nol ecul e
type) 52%37% W@ 02h079731£+RGH JP02/ 01912 59 R erythgop@lhs 50% 35%
Pseudononas chl ororaphis B23 50% 31% Br evi bacteri um sp. R312 50% ? Pat ent
No. W9504828 429938945 (¥¢visNa€lag so 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 at 20°C for 3 minutes.
2 N HCl was added to stop the reaction.

Centrifugation.

AR

15 HPLC analysis.

The conditions used in HPLC analysis of the reaction 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



17 am no acid residues of 207 residues of OGsubunits of nitrite hydratase
were different between Rhodococcus sp. &4 (SEQ ID NGO 2) and Rhodococcus
rhodochr ewso2ko1SEQ | D NO 18). Further, 29 anmi no acid r eBCHIRIZ/04912227

resi dues of ~3-subunit of nitrite hydéatase were different between
Rhodococcus sp. G4 (SEQ ID NGO 4) and Rhodococcus rhodochrous J1 (SEQ ID
NO: 19) (Figures 13 and 14). Industrial Applicability The present invention

provides a nitrjte, hydratase capabl e, of odugci ng

2- hydr dﬁk%-m%ﬁi t eoa‘?ﬁ‘%émﬂjo?n §8ﬁ§7}ﬁ+5&y-4- net hyl t hi obutyronitrile
as a substratmhe Jehygdnosi-rik et hydmde it HMBANiIwhS gaaatisfdld by GiBIGundnds a
feed additive t hioni ne substitute). Not.on t he esent_Lhyention

. provi de<h¢ h%l#ﬁgﬁéy%ﬁ%ﬁ%s%cﬁéﬁéﬁea’ﬁf Sﬁiﬁﬂg%{lt?fgl‘l 5“515?08%%%%” s-of

2- hydr axynd-46s 4y [HMBARDWE Y EOBRE deamd Uts allsc: tfhe BMBNI N Wers desickdned in
the_present invention. The nitrite h dratgse,of he giesent lnvem&i on.%gn
‘be Bxprkeednayne; Gty SC?PP%%)ﬁrB%rPE? URLRY TelPl( PAASFLPARYYRI FAtPhe
gene engwsi Nigarideerdiidonpos injdinabds ecprtibdesobytibe pr Xkt fiorvénnionte;
Thus, the transformants. thepsel ves that can be obtained_according to th

pr esent®¥ MvEnvesfe etqwéseggﬁn%nﬂ’&? @ur?’%ﬁtté’i ﬁéé?a?’?&n??rﬁer? %%’s‘?%rlnﬁﬂ‘f’g,
ar e usefiMBAh oriten zheas taadd yd producs ngl Gr nfdreagtdomes byt hvnal VOSEitde.
Thoughnjgang o]f:, known nitrite hydratases produced by genetic reconbination
coul d rot™38hFe¥e high enzymatic activity, the nitrite hydratase of the
pré&fent invention is excellent retaining the high activity even when it is
a genetic reconpi . [, the nitrite hydratase of the present

i nventi%ﬁoﬁgf%ﬁggﬁﬁiefﬁgg iﬁ'zymati c activity in the presence of cyanide or
al dehyde. | n Eheoiwmidyerft pratieidr wepndetierained pecosdndate Bragford
02/ 070717 / 2,60 ou ' ecoapo QEMani=C kdiand
al dehycf'é‘.at&@qér gésjggaérﬁpéclgd;'cyg ‘i g*gggdvgfqtogge&é 'c%h?%gs, E%n?%%:/ﬁ)xof tenr ggglggéﬁt he
enzymatassagt kitt rom Biepryiedal so gi ves damages to the protein and reduces
th%enz%(gg%%ﬁtgctivity. One of the reasons why known nitrile hydratases 5
were not 1ndustrially applicable was that these cyani de and al dehyde

reduces the cPEAFmierhage} \and Buelilewereatl F5¢ fb usess&as PR&IGEGhPY
retai nsph hengpzY MehbGiae! isdiin €Y EPuhin | herBReTARCRL]; GHantEelof akdghrde.
Therefore, a- t%/ roxynitrile produced from al dehyde and hgdrq:ﬁ%an c ?%I d can
be 10 UseEkas RarSRETRAFE: §XOTHKRATIAGL A HOLes v e HERE SR TiRE FRESERC -

i nvent i ppshorsE{tH1 8Xst he Urldd of e rff @dush el Bl dle s theimfeagents used
oG hydroxynitrile as starting nmaterial. WO 02/070717 PCT/JP02/01912 61
CLAOVS wera mprmprelipldy ap¥adlallengPeréaforrairngSpaFSitEocheni cal
properties: 5 (a) acting on a nitrite group of a nitrite conpound,
hydrating the nitrite 2roug and converting it to an am de group; and (b)
bei ng rési SHAKETROCRPARFUBRS2. A nitrite hydratase having the fol | ow ng
physi cocheni cahe praRerdulasirel Omediuib| €F ultdie Wb yhdwhhgappempe st Bby was

110, 000 when det erm.ned by ge iltration and rabl e_int
subuni t§92ﬂu?§.e§ ?(’Eg éf‘rerl§§.°5egfé %?S“Lsﬁél%%lvgsc?‘yﬁgﬁi e)bge? 13 dete plug
el @8t r opher psesed( 2h Ahei hgben fodilbwetebyr stprdfl izamion by evmesdaying.
hydr at i the nitrite group and.converting.it api.de .qr ;
Opt i mal Rgﬁ?rmﬁgfe?:ﬁgfahgagc |°9|E §0 ﬁ?&?:g R tg(erﬂ%?rnl Epg%grlglt?%ldiagt#gxi(vﬁn)tzhed,
at pH Saplatinim lebp ,Cphdntien enplaratast ¢ithhshaking et 26t°iC/fey Bfo days.
hydrating a nitrite group is maxim zed, at 40 to 45C, (5) pH stability of
the enzyne within pH 4 to 9;

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



20 (6) Thermal stability, such that the enzynme retains 70~ or nore activity
after heat-treated at 50C for 30 mnutes. (7) Inhibition by HgC 2, AgNO3,
hydr oxyl wigioa@7@m7 phenyl hydrazine. 3 . The nitrite hydrat aE/IRIZOIURNg to
any one of clains 1 and 2 ( wherein 2b said nitrite hydratase further has
the foll ow ng physi cochem cal properties: (c) Substrate specificity,
wherein the enzynme uses 2-hydroxy-4-nethylthiobutyronitrile as a substrate
and produces 2-hydroxy-4-nethyl thi obutyroam.d 30 4 e nitrite

hydr at Ze6ia@c spEPRS2VE iy 250 05mlcPakHEuEnin G oSk m%%]&_?iﬁ waiy HiTITS-
hydr at @s& sfauri RAr abaschherfioklwad BadpBYwL tRGheataahgietld afser"24-thour
Stabilization, wherein the enzyne is stabilized Q}Iechl \%%lenEl Eet al L\(l)\ﬂz, 35
-5 . ThEUAE e BRPICRERSELE ARTFHIHG 2 VAT - ITIeT g $R&hgRg @ r&in
sai d nidgy gl ase i s derived from Rhodococcus sp. Cr4 strain WO

02/ 070717 PCT/JP02/01912 62 that has been deposited under the accession
“nun®er FERM BP-6596. 6. A nethod for producing the nitrite hydratase

accor di ng t opMANYKh-QRA tfres Ididimml (@i 72 0) :sai d nmet hod conprising the step of
cul turing Rhodococcus sp., Cr4 strai nA,(t%.?t has been deposited under the
accessi on 5 nunber AFEFWE:'BIQ-GGS%. 7. dlein conplex consisting of an

06- subunit encodeddiyucae one of theildodlew ng pol ynucl eotides (A) to (E)
and a (3-subunit e c%d&g by any one g@ @he foll owi ng pol ynucl eotides (a) to
(e) , wherein sai dr"]:p ot&i n conpl ex has’ he fol | owi ng physi cochem cal
progerties (i) andyEQsH iektdactacts an.@ anitrite group of a nitrite

conpound, hydrates ,txite group converts it to an am de group; and
(ii) Substrate spegfg%%é?hﬁ/é wher ei n t(ﬂ'géje%zyma uses

2- hydr oxy- 4- et hyl ®hhBpOyronitrile as . Gubpstrate and produces 15

2- hydr oxy- 4- et hyl t hi gb oam de; oLz spbyunit: (A) a pol ynucl eotide
conprising the nuclé;oézgggéequence o&SEdHQD NO: 1; (B) a pol ynucl eotide
encodi ng a pr ot ei n Ddarprlilsichgratee am hod 20 aci d sequence of SEQ I D NO: 2;
(C)lga pol ynucl eoti de encoding a protein conprising the am no acid sequence
of

EQID NO: 2 in which one or nore am no acids are substituted, deleted,
i nsert &3l. Awkparadied; of Dredl pbitgmuexeva¢te that hybridi zes under stringent

condi tions 25n{o 3 ROLYIWE! 601 decGRURLEShAAnENENUReRI dor SERyeBGerakeSEQ
ID NGO 1; an lrteE)knglél p%)%(ynucf':eotl dce encpgl ng ab rotein_having 700 or_higher
i dent i t}iquwid heenei suspendedeqie e 5 T LSER hDGRE)F zeldysienaityoin a0 oMM
pol y”“g;}r?&%érg&&o%g'f%'ﬁ%t Wt NHCheeLLEE SRAUENESHOR  BFQ | IMD: sdspehlied
pol ynucT eoti de encoding a protein conprising the amno _acid sequence of SEQ
| D2R0: brcteyial wsiliruresstherogamisty i e A et A0 N Kot Hdths
aci d S%@WQ'EOJ“CSEQ LR MEr ¢einPerlicaRe0nSr W0 ABLA taBL NOTREA TR Bulture
substituted, deleted, inserted and/or added; . . .
was separated into the supernatant and precipitating fractions by
centrifuge at 13,000 rpm for 20 minutes. The supernatant was used
as cell-free extract for the following 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
80 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 80% saturation. After



WO 021 070717 PCT/JP02101912 63 (d) a pol ynucl eoti de that hybridizes under
stringent conditions to a pol ynucl eotide conprising the nucl eoti de sequence
of SEQ I Wg\¥2w7dirzand (e) a pol ynucl eotide encodi ng a protRBCHIM2PENG 70% or
higher 5 identity to the am no acid sgquence of SEQ ID NO 4. 8. The
protein conplex according to claim?7, wherein the o~-subunit conprises the
am no acid sequence of SEQID NO 2. 9. The protein conplex according to

claim?7, wherein the (3-subunit conprises the anmino acid sequence of SEQ ID
NO 4. 2oinged A poeysgdnsdorderaschirabienate’ - 4nbanith e SYRRI R AR n2n

conpl e&?&&?é}ﬁ&é‘@i_ﬁé’ £¢haikAbhs WNEh eI sFRIH iRQ YRUEL BOLhHEsiwe et @EbeAdEaOM
the group consisting of (AQ to (E) below (A a,polynucleotide cogprlm ng
- the nuci@é@ilﬂépbéangﬁééh@f fepd 4 pNa-bptypd q a5id (é’é ikt ecti&ROLRELPRg a

pr ot ei N, &IP3 RSl PEr88HNNSS e 2 QBHEREE s@imeSBRF ERrNO TRéen (thle Activity

pol ynucl eoti de é€ncoding a protein conprising the am no acid sequence of SEQ
I D RO wasas®¥®lone or nore amino acids are substituted, deleted,

i nserted and/ or added; 20 (D) a polynucl eotide that hybridi zes under
stringent conditions to a ggl nucl eot | de co]ggri sing the nucl eoti de sequence

y
of SEQ P b ReRE-1Sepbrrel pyohups| GREEPREPPHRPRAcodi ng protein havi ng 70% or
hi gher i dentitye t 8ntPReaBoNA 8@ SALENCRaOf bIER |dh NI cPenthy 1diabyzed
pol ynucl eoti de encodi ng the a-subunit of the protein conplex c§rdi g %o
cl ai m 7agakesbi fheasamsoPPifGoot }RASSE QRFRCReFO-HHM t df8! sPing

of 10) bEA?Eé;e H QML (s?\jfﬂi@p%%ﬂwl eéquﬂleimmwl a(Ij Siwigett gdmumMeophdephate
sequence of SEQ ID NO; 1; 30 (b ynuc tide, encodin protein. .
conpri sPRETER 4%%’6"3‘6F8r§8cﬁ&#¢2p8g é&Q I %%ﬁcfojzlfm?&asaglﬁ%flywﬁu% eed(; RS
encodi Ngha Pamé ShiE ESRPT iTHeTY, iR AEIBMeaacicdrydquenns efi tBEQhEDEM1oRing
whi ch one or nore_am no acjds are_substituted. del et.ed, .Jns . /
added; ?,gu(tﬂ?na{’]ﬂg??ﬁuclaé‘é[i etﬁﬁ?”ﬂ?ﬁ?’?d?f %Vﬁ% erl%st?lﬁengg%gc%%?t %(%rgfs
to a pohy¥buskeati dme apriidienyytiretasel aotivety ewgseficendf iSRDe Dractions
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 each 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 KC1
10 mM phosphate buffexr/44 mM n-butyric acid (pH 7.0)/0.4 M KCl

6. Column chromatography with Butyl-Toyopearl 650 M
25 A column (611 x 89 mm) containing Butyl-Toyopearl was
sufficiently equilibrated with the buffer of 10 mM phosphate/44 mM
n-butyric acid (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
830 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
’ act;i.'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
85 of 15% saturation. The volume of each elution buffer used was

approximately 3 times as much as the volume of carrier.



WO 02/ 070717 PCT/JP02/01912 6=t 1; and, (e) a polynucl eotide encoding a
protein having 70% or higher identity to the am no acid sequence of SEQ ID
NO: 2. 1o dd/pomatei n encoded by the pol ynucl eoti de accor deCIIR02/0811¢ one of
5 clains 10 and 11. 13. A reconbinans9vector into which either or both of

t he pol ynucl eoti de according to claim 10 and the pol ynucl eoti de accordi ng
to claim 11l have been inserted. 14. A transformant obtai ned by transform ng
a host with the 10 reconbi nant vector according to claim13. 15. The
transformant according to claim 14, wherein the host is a mcroorganism 16

A method fap mﬁoﬂﬂgé@%@e M fed:€ AW dahase 9 id subuniput NS BLAmmonbEn ei n
sai d met hod conprises the step of culturing the transformant 15 according
-to cl aismlEatel PE A Sfetd@ sl oduci ng an ami de, wherein sai d net hod

conpri ses the ¢ShRRshHph LA bLAGHIY 42 PM ALDELELIBUEIH Wptin7 aD) ¢ranmahical |y
active material selected fromthe group consisting of: the nitrile 20
hyd? at &8d fadeoradi i % dadmradid®rof claims 1 and 2 ; a ni croorgani sm

produci ng t he ghjie bhEs BN AL AUASEr SELAL G-t 1y coBeiaf (shai N®) Aamiien 2um
the protein conplex according to claim7 ; the transformant according to
cl ai m B#lfate o S Widdif®t s thereof; and recovering the anide
produced. 25 18. The nethod according to claim 17, wherein the nitrile
conmpound is an oG hydroxynitrile conpound and the am de is an a- hydroxy
ani de. 71:9.SDfPAR%R hod according to claim 18, wherein the oG hydroxynitrile

coggound i s anONpavAdikapresephed dytiheed oldami npaligzed abyl) SREHPAGE.
prodet e Sl DS 85, OO el B Lls. AU o0y
' CN OHNRR, 02 ,(Sd68denei7n)R r Ramedent slacsubshotes ks was pesifiostiecduiad
alkyl groy, 2,3158030 5188 1SR ' HRY ALKEPY1ydERUP p@ LRSIt Hhed
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 out 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 d-subunit
(26.8 kDa) and B-subunit (29.5 kDa).
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 fractionated with ammonium
sulfate, and, as a result, the activity was contained in the fractions
of which ammonium sulfate concentration is 30-60% saturation. The
80 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



unsubstituted cycl oal kyl group, asubstituted or unsubstituted al koxy group, a
substituted or unsubstituted aryl oxy group, or a substituted or

unsubst iweg@mreatur at ed or unsaturated heterocyclic groupPCRgPO2/0TH2 et hod
according to claim19 , wherein sai d4oret hod conprises 10O the step of
produci ng the conpound represented by the above fornmula (1) in a mxture
conpri sing an al dehyde and a hydrocyanic acid represented by the foll ow ng

formula (2): R-CHO (2> wherein R represents a_substituted pr, unsupstjtuted
al kyl @Poufria thesiipdeilt prededp GRBLBBLI Fafed- APKBHYI SBFOLDC £Stb%t FY ut ed

or unsuyjs;t bga@edymwam; Wug BsuBstiibuied 0B . onsukesi (1HEd 3)koxyThe
group, a substituted or unsubstituted aryl oxy group, or. a substituted: WD

- 02/ 070 PUF IFGRY FOR YD 1928 628F8ASEDEP Ot APMOHIRSALY BY S P4t edThe
het er 0GyddiG iF Qi Aky DIe A1ehae peeardie ene vileaiisl 880WDAhgi Ao s aHMBN
enzgnaticalLy 3§Jive material is reacted with sabﬂlnitrile conpoq&d L£ t he
- pr e8enc@bé T VMgt EHEt Arc¥BRePYEigane ¥Sedndsh e RIS T RIST nF B¢,
wher ei nyddRdidvalgditedad. ion is nickel ions and/or cobalt ions. 23. A
met hod for stabilizing the activity of a nitrile hydratase in the presence
of nitrile conpounds, wherein said nmethod conprises the step of contacting
the nitrile hydratase with divalent Tead 3ons. 10 24. A nethod for
produci ng an am de, wherein said nethod conprises the steps of: reacting a
nitrile fygratase Wt I IITLE COnPQUid, i L.BR. peasenee ek udi val erts met al
ions and recovering the anudé,producedn 15 25. {he et hod-agcordi ng*b1 0
clai m 24— werer T THe mitrile conpoungd,ps an o~shwdroxynigrile andiéde

ani de i s, g, A3AYEt 0¥ VaHa de, igm The mathed accordirg to cl aism 23 or o4,
wherei n { ha A.vahwenrb metal isens are nieekel ions2'@nd/ or cobd&Ft ions.’20 . A
[1.A % A BAWATYvopARrRSOMN AHG.SA & Al 2880 A A 5 $7 A 138 aL

.A3H. A Al & A A& A A A A A5. A% A. AF. AF. A3. A3. AF. AF& A&&. A% AF. A& AY&. AE. AF. A
. A10AY. A3% AF. AY9. A 1 LA 2. A . A & A?. A& A&Y. A . A A& A&Y. Al . A&(. A3. A. A AY

-A-A&9319F2%59§@4%nzyme is defined as the amount to catalyze the production

of 1 pmol nicotinamide from 3-cyanopyridine under the standard

conditions during 1 minute.
BAbout 2.3 Hg of purified enzyme was analyzed by gel filtration
15 under the conditions as shown in Table 4 to determine the molecular
weight; 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:
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 60 cm)
Solvent : 0.1 M KPB (pH 7.5) + 0.2 M KCL
) Flow rate : 0.7 ml/min
Injection : 5 unl
Detection : 280 nm

25
9. The effect of substrate concentration (Km value)
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standard composition reaction solution shown in table 2, 2.92 U enzyme
was incubated ‘with various types of substrates, instead of
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 3).
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Substrate zztizi:; Substrate zz&:"ri:;
(%} (%)
3-Cyanopyridine 100 3-Cyangpyridine* 78.5
2-Cyanapyridine 293 n-Butyronitrile® 379
4-Cyanopyriding 127 Isobutyronitrile® 40.9
Acrylonitrle 114 n-Valeronitrile® 118
Methacrylonitrile 937 Isovaleronitrile® 2.71
Crotonanitri Ig 87.4 n-Capranitrile™ 18.1
Acetonitrile 14 .é 3-Indolylacetonitrile” 2.33
Propionitrile 173 Berzonitrilg*® 138
HMEN 154 o-Chlorgbenzonitrile® 58.6
KCN 0 m-Chlorobanzonitrie* 7.18
Malononitrle 573 p-Chlorabenzonitrile® 28.4
8.18
2-Cyanoacetamide 46.3
Cyanopyrazing 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).
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Crotononitrile 150 5 (1)
Acetoritrile 250 10 (4)
Propionitrile 150 5 {4)
n-Butyronitrile” 150 10 (2)
Benzonitrie* 50 10 (3)
o-Chlorobenzonitriie® o5 5 (3)
m-Chiorcbenzonitrile® 25 5 (3)
p-Chlorobenzonitrile* 55 5 (3)
Malononitrile 250 3 {6)
Isobutyronitrile* 150 10 (")
n-valeronitrile” 150 10 (7)
Isovaleronitrile® 150 10 {7}
n-Capronitrile® 150 10 (@)
Cyanepyrazine 150 10 (8)
3-Indolylacetonitrile” 50 5 (9)

The conditions for HPLC were as follows:

(1) Column: Waters Spherisorb 5 HODS2 (4.6 x 150 mm) ;
5 Solvent: 10 mM KH,POs(pH 2.8) /acetonitrile (v/v)=9:1;
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Injection volume:5 ul.
(3) Column: Waters Spherisorb 5 HODS2Z (4.6 x 150 mm);
10 Solvent: 5 mM KH,PO; (pH 2.8)/acetonitrile (v/v)=12:7;
Flow rate: 1.0 ml/min;
Detection: 230 nm;
Injection volume: 5 Hl.
(4) Column: Waters Spherisorb 5 MODS2 (4.6 x 150 mm);
15 Solvent: 10 mM KH;PO,(pH 2.5)/acetonitrile (v/v)=99:1;
Flow rate: 1.0 ml/min;
Detection: 210 nm;
Injection volume: 5 ul.
(5) Column: Waters Spherisorb 5 HODS2 (4.6 x 150 mm);
20 Solvent: 10 mM KH,PO,(pH 2.5)/acetonitrile (v/v)=99:1;
Flow rate: 1.0 ml/min;
Detection: 230 nm;
Injection volume: 5 ul.
(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 Mnl.
(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 HU1;
Temperature: 40°C.
35 (8) Column: Spherisorb S50DS2 (4.6 x 150 mm);
Solvent: 0.1%(v/v) phosphate/acetonitrile (v/v)=9:1;



\

V& ()-:117"10%\& ()-:!1"109%\& ()-:!! " 10%\& ()-:!1y 10%\& ()-:!!p ' 10%&
"()-: !} DovielldgROMOYB S () - ! aWk9' 109NEN5&' () - ! % &10965&' () - | RADIBBAIYIR- L& ! 10%
5& ()- 10 \ \ 10 \ \ 10 \ \ D$- warP1Ké pQM 10% 5] 5& () - 3%

"M 10965& ()-3% "M 10965& () - 3% aM 1098BN5& ()-3% k™ M 109658& () - 3% M 10965&

' () - 3% EFGHg~pQRK$1096& ()-L' ! 1096& ()- 1055 1055 1055! M 10965& () - 3%

"M 10985& ()-3% M 109658& () - 3% "WU3pQRK! ~ ' 10965& ()-#!1 "' 10%-5~5& ()-#! "

' 10%505@W JEate 'L BBl AN i — ' 100k5K5& ()-#!y ' 1096 5 5& () - #. z{ | zXJI<2K!

1055 petection: 230 nm;

1055!j 9/ 109%5& ()-!x9/"' 109%5u5& ()-! W0/ ' 10%5y5& ()--1096& ()-!e ' 109

v 5& () - Hi@aian grabomesy R WYL Fos y & 109% 5f5& () -F%B y" & 109% 5f 5& () - F%
109%6& (@ &) -JO€M 10%6& () - 1055aXl wu@2!* 10f5f5

10f5f 51y 95 ' 109 57 5& () ! pd95. ' 1094 5] 5& ()-11& 109& ()-F% & 109%5& () - F94
~ 10(%19%55%81(‘3@%/{&5%2%?‘?‘%@%‘3&. g?%(%lbéﬁ-@l“-y!} (10%-&'()-9!
(10%&' (Sol¥drBy:3% QMG PO, ¢PH! 2088atktonitrile (v/v)=12:7;

10

15

20

Flow rate: 1.0 ml/min;
Detection: 210 nm;

Injection volume: 5 HUl1;
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
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).

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 62.1
Phenylhydrazine 8.19
Cysteamine 106
D-Cycloserine 94.8
EDTA 101
Tiron 132

Diethyldithiocarbamate 97.7
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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 reaction 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 100
CaCl; 96.4
MnCl, 96.7
NiCl, 196
CoCl, 154
ZnsS0, ' 84.1
CuS0, 109
FeS0, 78.9
FeClj 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.
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Table 9
The effect of cobalt ion on the nitrile hydratase activity
CoClz (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

171

197

196

195

184

185
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10 to the solutions containing 2.92 U enzyme 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 O-hydroxynitrile (Table 11).

L)

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

17. Determination of N-terminal amino acid sequence

The N-terminal amino acid sequences of O-subunit and B-subunit
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L0 ( (VSRS 9 brsiatsn (rom Kiodofogbes, BBy CEALBRESCR. veht 1 RAGHEERS-
I &10%& {1 -a! 8HQUKSE) -seqh idFé#H#MeREL! 4710A from Applied Biosystem. The
sequence of N-terminal 15 residues of O—-subunit was TAHNPVQGTFPRSNE

(SEQ ID NO: 5); that of B~subunit was MDGIHDLGGRAGLGP (SEQ ID NO: 6).

5 The respective sequences exhibited 93% identity to the sequence

of N-terminal 15 residues of O-subunit and 100% identity to that of
o-subunit of the low molecular weight nitrile hydratase from
Rhodococcus rhodochrous Jl1 strain (Table 12/ o-subunit; Table

" 13/ B-subunit).

10
Table 12
Strain. : N-terminal amino acid sequence Identity (%)
Rhodococcus sp.Cré { TAHNPVQGTFPRSNE 1§ -
Rhodococcus rhodochrous J1 (low) 1 TAHNPVQGTLPRSNE 15 ' 93
Bacillus subtilis 211 VVSNPLAGSRPRSND 225 47
Table 13
Strain N-terminal amino acid sequence identity (%6)
Rhodococcus sp.Cr4 1 MDGIHDLGGRAGLGP 15 -
Rhodococcus rhodochrous J1 (low) 1 MDGIHDLGGRAGLIGP 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
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Meat extract 5.0 g
NacCl 2.0 g
Yeast extract 0.5 g

Distilled water 1.0 L

After the tube was cooled, Rhodococcus sp. Cré4 or 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. Créd was

10 +transferred into main-culture 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 NiCl, or CoCl, was added to the reaction system at a final
concentration of 1 mM, as seen Table 15, the coexisting NiCl; ox CoCl;
enhanced the nitrile hydratase activity, and thus the addition of

the ions had positive effect.

20 Main-culture medium 1 (for Rhodococcus sp. Cr4) (pH 7.0):

Acetamide 7.5 g
Glucose 10.0 g
C.S.L. 10.0 g
Yeast extract 1.0 g
25 MgS047H20 .5 g
KoHPO4 .0 g
CoCl26H0 10.0 mg
FeS047H20 10.0 mg
Distilled water 1.0 L
30
Main—-culture medium 2 (for Rhodococcus rhodochrous ATCC 332878) (pH
7.0):
g-caprolactam 5.0 g
Glucose 10.0 g
35 c.s.L. 10.0 g
Yeast extract 1.0 g
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* : 118 pmol/ml/min
20 ** : 30.5 pmol/ml/min

In resting cell reaction, the enzymatic activity was also enhanced

by NiCl, or CoCl; added.
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20. The effect of cyanide ion
The effect of cyanide ion on the nitrile hydratase of the present
invention derived form Rhodococcus sp. Cr4, and known nitrile
hydratase derived from Rhodococcus rhodochrous J1 (Biochimica et
5 Biophysica Acta. 1129(1991): 23-33) was studied. With the following
standard composition of reaction solution, 0 mM—20 mM cyanide ion
(KCN) was added to the reaction system. After the reaction solution
was incubated in the absence of substrate (3-cyanopyridine) at 20°C
for 30 minutes, the substrate was added thereto to start the enzyme
10 reaction. After the enzyme reaction at 20°C for 10 minutes, 0.1 ml
of 2 N hydrochloric acid was added thereto and the mixture was shaken
vigorously to stop the reaction. The reaction 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 mlL
Total volume 1.0 ml

20
In the case of Rhodococcus sp. Cr4d nitrile hydratase, the
quantity of enzyme used was 288 U/ml; in the case of Rhodococcus
rhodochrous J1 nitrile hydratase, the quantity of enzyme used was
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 J1l
0 100% 100%
47 0
17 0

10 11 0
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21. Determination of N-terminal amino acid sequence
The nitrile hydratase purified from Rhodococcus sp. Cr4 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
the 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 B-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 sequence of d-subunit exhibited 93% identity (L at amino acid residue
10 in J1) .to the N-terminal sequence of d-subunit of
low-molecular-weight nitrile hydratase from Rhodococcus rhodochrous
Jl; the sequence of PB-subunit did 100% identity to that of the
equivalent from Rhodococcus rhodochrous Jl.

20 Thus, the N-terminal amino acid sequences of nitrile hydratase
o-subunit and P-subunit from Rhodococcus rhodochrous Jl are nearly
identical to those from Rhodococcus sp. Crd4. Further, it is known
that O~subunits of previously reported nitrile hydratases share the
highly homologous primary structures. Thus, cloning of the nitrile

25 hydratase gene of Rhodococcus sp. Cr4 was carried out using, as a
probe DNA, a gene fragment from O-subunit of nitrile hydratase of
Rhodococcus rhodochrous J1. Further, a gene fragment form P-subunit
of nitrile hydratase of Rhodococcus rhodochrous J1 was used to
evaluate whether the entire region of nitrile hydratase gene of

30 Rhodococcus sp. Cr4 was successfully cloned.

22. Preparation of probe DNA

There two types of nitrile hydratases in Rhodococcus
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rhodochrous J1, namely, the low molecular weight form and high
molecular weight form. Therefore, firstly, regions of the primary
structure of low molecular weight nitrile hydratase gene, of which
sequences are different from those corresponding regions of the high
5 molecular weight form, in Rhodococcus rhodochrous J1, were selected.
Specifically, the respective amino acid sequences selected are

described below.

o—-subunit:
10 Sense primer region: QGTLPRSN (SEQ ID NO: 8)
Antisense primer region: PDPDVEIR (SEQ ID NO: -9)

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

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

20 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’-cggatctcgacgtcagggtcg-3’ (SEQ ID NO: 13)

25
B~subunit gene fragment for amplification:
sense primer: 5’-cgcacgactacctgacctege-3’ (SEQ ID NO: 14)
antisense primer: 5’-cgatgtgattgactacgttcgg-3’ (SEQ ID NO: 13)

30 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
35 sp. Cr4 by the same method.

A part of the low molecular weight nitrile hydratase gene of
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Rhodococcus rhodochrous J1 was amplified by PCR using Tag DNA 30
(Takara Shuzo) and cycles of: denaturation at 94°C for 1 minutes,
annealing at 60°C for 90 seconds, and extension at 72°C for 90 seconds
using 10 ng of the genomic DNA obtained as a template. Amplified DNA
5 fragment was subjected to agarose gel electrophoresis and then
collected from the gel by using a RECOCHIP (Takara Shuzo).

PCR amplification using the primers for the amplification of
o-subunit gene fragment and the genomic DNAs from Rhodococcus
rhodochrous J1 and Rhodococcus sp. Crd as templates 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 PCR amplification was lower. Thus, the amplified fragment by using
the genomic DNA of Rhodococcus rhodochrous Jl 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 using the probe
DNA from oO-subunit of nitrile hydratase derived from Rhodococcus

25 rhodochrous J1l. 10 pg of the genomic DNA from Rhodococcus sp. Cri
was completely digested with PstI, SphI and BanIIlI (Toyobo), and then
1-pg 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

80 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

85 film for signal detection by using a DIG detection kit (Boehringer

Manheim) according to the attached manual.
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The analysis of Southern blotting revealed single bands of 3.2
kb, 4.2 kb and 7.8 kb in the lanes of the genomic DNA from Rhodococcus
sp. Cr4 digested with PstI, Sphl and BanIIli, respectively. The
nitrile hydratase gene of Rhodococcus sp. Crd was found to be a

5 single-copy gene. The nitrile hydratase gene of Rhodococcus sp. Cr4
was cloned from a genomic library prepared from the PstI digest.

24 . Preparation of a genomic library of Rhodococcus sp. Cr4 and colony
hybridization
10 A plasmid pBluescript II SK (+) (Stratagene) was digested with
PstI, and then dephosphorylated by bacterial alkaline phosphatase
(Takara Shuzo). The genomic DNA of Rhodococcus sp. Cr4 was digested
with PstI, and then ligated to the above pBluescript II SK (+) by
using T4 DNA ligase (Takara Shuzo). Then, E. coli DH50 was transformed
15 Dby above-mentioned vector.
Colony hybridization was performed according to the method of
Sambrook et al. (Molecular cloning (Cold Spring Harbor Laboratory
Press, Cold Spring Harbor) 1989). Specifically, a nitrocellulose
filter was placed on an LB agar plate containing 50 pg/ml ampicillin,
920 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 filter, the
filter was transferred onto an agar plate containing 200 Hg/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, a 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 Pp-subunit gene, a probe DNA was prepared by PCR using
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the primers for the amplification of the B-subunit gene fragment and
the genomic DNA of Rhodococcus rhodochrous J1 as a template. With
this probe DNA, pNHCr4P was analyzed by Southern blotting. Asaresult,
the insert fragment of about 3.2 kb cohtaining‘the|B—subunit.gene was
confirmed.

The nucleotide sequence of insert DNA fragment (about 3.2kb)
in pNHCr4P was analyzed by the dideoxy chain termination method using
a DNA sequencer model 377A (Applied Biosystem) and Taq primer cycle
sequencing kit (Applied Biosystem). The determined nucleotide
sequence is shown in SEQ ID NO: 16. The sequencing result showed that
the size of PstI insert DNA fragment in pNHCr4P was 3205 bp and that
an ORF was presence (Figure 12). The organization of gene cluster
in Rhodococcus sp. Cr4 was very similar to the region containing the
low molecular weight nitrile hydratase gene in Rhodococcus
rhodochrous J1 (Komeda et al: Proc Natl Acad Sci USA 94: 36-41, 1997).

26. Analysis of primary structure

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

hydratase from Rhodococcus rhodochrous Jl (Table 17).

Table 17
o B
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. M8 52% 37%

R. rhodochrous J1 (high molecule type) 52% 37%
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R. erythropolis 50% 35%
Pseudomonas chlororaphis B23 50% 31%
Brevibacterium sp. R312 50% ?
Patent No. W09504828 42% 34%

17 amino acid residues of 207 residues of O—~subunits of nitrile

hydratase were different between Rhodococcus sp. Cr4 (SEQ ID NO: 2)

and Rhodococcus rhodochrous J1 (SEQ ID NO: 18). Further, 29 amino

5 acid residues of 227 residues of P-subunit of nitrile hydratase were

different between Rhodococcus sp. Cr4 (SEQ ID NO: 4) and Rhodococcus
rhodochrous J1 (SEQ ID NO: 19) (Figures 13 and 14).

Industrial Applicability

10 The present invention provides a nitrile hydratase capable of
producing 2-hydroxy-4-methylthiobutyroamide from
2-hydroxy-4-methylthiobutyronitrile as a substrate.

2-hydroxy-4-methylthiobutyroamide is a useful compound as a feed
additive (a methionine substitute).

15 Not only the present invention provides the nitrile hydratase
capable of enzymatically producing
2-hydroxy-4-methylthiobutyroamide, 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

20 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, oxr the enzyme
protein obtained from the transformants, are useful for enzymatically
producing 2-hydroxy-4-methylthiobutyroamide. 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
a genetic recombinant.

Further, the nitrile hydratase of the present invention

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

aldehyde. 1In a polar solvent, o-hydroxynitrile as the substrate
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properties:
5 (a) acting on a nitrile group of a nitrile compound, hydrating the
nitrile group and converting it to an amide group; and
(b) being resistant to cyanide.
2. A nitrile hydratase having the following physicochemical
properties:

10 (1) 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,, AgNOs, hydroxylamine or
phenylhydrazine. '

3. The nitrile hydratase according to any one of claims 1 and 2, whexein

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. Thenitrile 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. The nitrile hydratase according to any one of claims 1 and 2, wherein

said nitrile hydratase is derived from Rhodococcus sp. Cr4 strain
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(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) a polynucleotide that hybridizes under stringent conditions

25 to a polynucleotide comprising the nucleotide sequence of SEQ ID NO:
1; and
' (E) a polynucleotide encoding a protein having 70% oxr 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;
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(a) a polynucleotide comprising the nucleotide sequence of SEQ
ID NO: 1;

30 (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;

35 (d) a polynucleotide that hybridizes under stringent conditions

to a polynucleotide comprising the nucleotide sequence of SEQ ID NO:
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R CN (1)
OH

Formula (3):

R” CONH,

wherein R represents a substituted or unsubstituted alkyl group, a
5 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 cycloalkyl group, a substituted or unsubstituted alkoxy

group, a substituted or unsubstituted aryloxy group, or a substituted
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or unsubstituted saturated or unsaturated heterocyclic group.
21. The method according to claim 17, wherein said enzymatically
active material is reacted with said nitrile compound in the presence
of divalent metal ions.
22. The method according to claim 21, wherein the divalent metal ion
is nickel ions and/or cobalt ions.
23. A method for stabilizing the activity of a nitrile hydratase in
the presence of nitrile compounds, wherein said method comprises the
step of contacting the nitrile hydratase with divalent metal ions.
24. A method for producing an amide, wherein said method comprises
the steps of:

reacting a nitrile hydratase with a nitrile compound in the

presence of divalent metal ions and

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

ions are nickel ions and/or cobalt ions.



