WO 96/ 09403 1 ~ PCT/ FR95/ 01196 . ENZYMATI C

HYDRCLYSI S OF 4- METHYLTH OBUTYRONI TRI LE ' The present

i iventi on r eVE9649408 t he use of a nitrilase as a cat al yBET/FRIS/01196
hydrolysing a nitrile group into a carboxylic group. The invention
rel ates nore 5 precisely to the use of theynitrilase chosen from
nitrilases of m croorgani sns of the genus Al caligenes, Rhodococcus or
Gor dona and nore preC|ser of Alcallgenes faecalls f|Ied under t he

nunmber ATCC 8750, H 2 0l : R
BP- 10 3857 or Gordona terrae NA—l fil ed under the nunber FERM

BP- 4535. La présente invention concerne lutilisation d'une nitrilase comme
catalyseur dhydrolyse d'un groupe nitrile en groupe carboxylique. Elle
concerne plus précisement l'utilisation de Ia nitrilase choisie parmi les

5 nitrilases des micro-organismes du genre Alcaligenes, Rhodococcus ou
Gordona et plus précisemment d'Alcaligenes faecalis déposée sous le
numéro ATCC 8750, de Rhodococcus sp. HT 29-7 déposée sous le numéro
FERM BP-38570u de Gordona terrae MA-1 déposée sous le numéro FERM
BP-4535.

10 La nitrilase d'ﬂgaﬁ'ggms_@_ec_aﬁs est décrite par exemple dans les
brevets européens et japonais publiés sous les numéros respectifs
EP 348 901 et JP 03 224 496, tous deux appartenant & la société ASAHI.
Dans ces brevets, et particuliérement dans le brevet européen, la nitrilase est
utilisée pour produire & partir de nitriles racémiques des acides optiquement
15  actifs. Les nitriles préférés de départ sont a substitués et comportent une
chaine alkyle contenant de préférence'1 a4 3 atomes de carbone ou un
radical aromatique. L'exemple, 11 du brevet européen sus mentionné décrit
~ I'hydrolyse du mandélonitrile racémique par Alcaligenes faecalis, I'acide
mandéliqgue R-(-) est obtenu avec un excés énantiomérique de 91 %. Le
20 brevet européen 486 289 et son équivalent américain le brevet US 5§ 326 702
de la société NITTO CHEMICAL décrivent lutilisation d'Alcaligenes sp
BC35-2 (FERM No 11265 ou FERM-BP-3318) pour hydrolyser le
mandélonitrile en présence d'un sulfite, l'acide mandélique est obtenu dans
ce cas avec un excés énantiomérique d'environ 98%.

25 Le brevet JP 04 341 185 de la société ASAHI décrit encore la
préparation et l'utilisation de la nitrilase d'Alcaligenes faecalis ATCC 8750
pour résoudre les problémes de préparation de composés optiquement purs '
a partir de leur nitrile racémique. La nitrilase énantiosélective décrite dans le

, brevet japonais ci-dessus référencé est capable plus préférentiellement

30 d'hydrolyser les 2-hydroxynitrile de formule générale (I) suivante en acide 2-
hydroxycarboxylique de formule () suivante : '



The nitrilase of Alcaligenes faecalis is descri bed, for exanple, in
-the European and Japanese patents published under the nunbers EP
348,901 aM{P 96103403 jp 03 224 496 respectively, both bel ongi RETIFRSHBIASai
conpany. In these patents, and nore partlcularly in the - Eur opean
patent, the nitrilase is used to produce 2 optically active acids from
racemc nitriles. The . preferred starting nitriles are
[err]-substituted and 20 contain an al kyl chain preferably containing 1
to 3 carbon atons or an aromaticQthdical. Exanple 11 of the

abovenenti oned European patent descrp;bgsctme Qydrol ysis of racemc
mandel onitrile with Al caligenes faecal . the R (-)-mandelic acid is
obtained in an enantionmeric 25 exce s of 91% Eur opean patent 486, 289
and its equi val ent Anerican pat 't_| US 5, 326,702 fromthe

conpany Nitto Chemi cal describe the usg 'of Alcaligenes

R—C—COOH (1)
~H

dans lesquelles R représente un groupe arwe éventUellem’eht substitué ou un
groupe hétérocyclidue éventuellement substitué. Il est indiqué _dahs' ce brevet

- 5 que I'hydrolyse du nitrile de I'acide mandélique par ladite nitrilase permet
d'obtenir 100 % d'excés énantiomérique en acide: R-(-) mandélique. Il est
indiqué dans I'exemple 5 que ladite nitrilase peut étre utilisée pour hydrolyser
des nitriles aliphatiques. comme le: valéronitrile, l'acrylonitrile, les
2-halogénopropionitriles, le chloroacétonitrile: Rien n'est précisé en ce qui

10 concerne I'énantiosélectivité de’ cette hy.drolyse:sur les nitriles -aliphatiques
ayant un centre d'asymétne |

Ce. texte précise auss: que Ia mtrllase dALQMQQQ&_&Q@!_I& présente
un optimum dactlvxté 4 un pH compris entre 6.5 et 8.0, la température de
mise en oeuvre de la dite enzyme doit _t_ou;ours, selon cette référence, étre

15 située en-dessous de 45°C.

Il est apparu de fagon tout & fait étonnante que ladite enzyme
dﬂ&ﬂu{g@gﬂs ATCC 8750, lorsqu' elle était utlllsée pour hydrolyser le
4-méthylthio 2-hydroxy butyronitrile, réalisait cette hydrolyse sans aucune
sélectivité du point de vue de la pureté optique. Cette enzyme hydrolyse ledit

20 nitrile en produisant un mélange racémique des deux acldes sans aucune
prépondérance de I'un ou de l'autre des lsoméres

La nitrilase de Rhodococcus sp. HT 29-7 déposée sous le numéro
FERM BP-3857 est décrite par exemple dans les brevets européen et
américain publiés sous’les numéro respectifs EP 810 049 et US 5 296 373 |

25 tous deux appartenant a la société NlTTO '

Dans ces brevets, et partlcuhérement dans le brevet amérlcam la
nitrilase est utilisée pour produire & partir de nitriles racéemiques porteur d'un
groupe phényl des acides optiquement actifs. Les nitriles de départ



3

2 - sp. BC35-2 (FERM.No. 11265 or FERM BP-3318) to hydr ol yse
mandel onitrile in the presence of a sul phite; In this case, mandelic
acid i s obt 3¥0860943 an enantioneri c excess of .about 98%PCIFR95/01196
Patent JP 04 341 185 fromthe conpany Asabhi al so descri bes the
preparation and use of the nitril ase fBom Al cal i genes faecalis ATCC
8750 to solve the. probl ens of preparation of optically pure conpounds
fromtheir racemc nitrile. The enantioselective 10 nitrilase described

in the Japaneseghabshbnt RUBUrtfhdical aromafiqiRy & 4'8gifB5SeritichbRicHt ¢ 1h9BAN S Of
hydr ol ysi ng t he e tet . 2 . e
du mandélonitrile ou de ses dérivés substitués sur le noyau aromatique.
L'exemple 1 du brevet américain sus mentionné décrit I'nydrolyse du
mandélonitrile racémique par Rhaodococcus sp. HT 29-7, l'acide mandélique
5 R-(-) est obtenu avec un excés énantiomérique de 100 %. L'exemple 2 décrit
I'hydrolyse des _dériVés substitués du mandélonitrile sur le noyau, l'excés’
énantiomérique en dérivé de l'acide mandélidue est aussi de 100 %, il en est
de méme lorsque I'hydrolyse est réalisée sur les nitriles du benzaldéhyde.

Le brevet européen 610 049 de la société NITTO CHEMICAL décrit
10 [lutilisation de ARhodococcus sp. HT 29-7 (FERM BP-3857),
 d'Alcaligenes sp.BC35-2 (FERM BP-3318) ou de Brevibacterium
IAM 1790 pour hydrolyser des a hydroxy nitriles substitués en position y par
un noyau aromatiqgue en acide a hydroxycarboxylique substitué par un
groupe phényle optiquement actif. Les acides obtenus avec Rhodococeus sp.
156 HT 29-7 présentent toujours un excés énantiomériques variable selon le
nitrile de départ et selon la présence ou I'absence d'acide phosphorique (pH
fixé aux environs de 8,2). | '

. Il est apparu de fagon tout & fait étonnante que ladite enzyme de
Bhodococeus sp. HT 29-7 (FERM BP-3318), lorsqu'elle était utilisée pour

20 hydrolyser le 4-méthyithio 2-hydroxy butyronitrile, réalisait cette hydrolyse
sans aucune sélectivité du point de vue énantiomérique. Cette enzyme
hydrolyse ledit nitrile en produisant un mélange racémique des deux-acides
sans aucune prépondérance de l'un ou de l'autre des isoméres.

La nitrilase de Gordona terrae MA-1 déposée sous le numéro FERM
25 BP-4535 est décrite dans le brevet européen 0 610 048 pour hydrolyser des
nitriles porteurs en y d'un groupe phényl et en a d'un groupe hydroxy en
acide correspondant opiiquemen't actif. L'excés énantiomérique varie dans

tous les exemples entre 92 et 100%.

. Il est apparu de fagon tout & fait étonnante que ladite enzyme de
30 Gordona terrae MA-1 déposée sous le numéro FERM BP-4535, lorsqu'elle
était utilisée pour hydrolyser le 4-méthylthio 2-hydroxy butyronitrile, réalisait

cette hydrolyse sans aucune sélectivité du point de vue énantiomérique.



2-hydroxynitrile of general formula (1) belowinto 2- hydr oxycar boxyl i c
~acid of formula (I1) below [err] In which R represents an
optional | yYY9M9P4%But ed aryl 15 group or an optionally subBETFBe1196

het erocycl i c group. It is mentioned in that patent that hydrolysis of
t he nitrile of mandelic acid by the shid nitrilase nmakes it

possi bl e to obtain a 100% enantioneri c excess of R-(-)-mandelic acid.
It is mentioned in Exanple 5 that 20 the said nitrilase may be used to

hydrol yse al i Qetfel énzyme hydrolyse:ledit nitrile en produisant un mélange racémique des
deux acides sans aucune prépondérance de l'un ou de lautre des lsoméres

La presente lnvennon concerne donc un procéde de preparatlon

d'acides 4-méthylth|o butyrlque a substltués racémlques par hydrolyse des

5 4-méthylth|o butyronltnle a substitués- racemlques par la mtrllase d'un des

: mncroorgamsmes sunvants Akza[gg_eLta_gQaLs déposé sous le numéro

ATCC 8750, B[zgd_o_go_qcum HT 29-7 déposée sous le numéro FERM

BP-38570ou de Gordona terrae MA-1 déposée sous le numéro FERM
BP- 4535.

10 -Selon_le p:rocé'dé de linvention, le micro-organisme peut étre utilisé ‘

tel quel ou immobilisé sur des supports bien connus de 'homme de I'art.

| Par ailleurs. .l'infOrthétion génétique qui code pour I'enzyme peut étre
transférée du micro-organisme pare’ntal (tel que A. faecalis ATCC8750...)
vers un mlcro-organlsme tel que Bac:llus subtllls

15 ' Une variante du procédé de Ilnventlon consiste a mettre en oeuvre
en quantité correspondante, & la place d'un micro-organisme, son enzyme
~ libre ou lmmoblhsée, celle-c: étant totalement ou partlellement purifiée.

On préfére parmi Ies_ 4-_méthylth|o b_utyronl_trlles o substitués utiliser le

4-méthyithio = 2-hydroxy . butyronitrile - qui permet de préparer

20 rhydroxyanalogue de la - méthionine racémique. Cette technologie de

préparation des dérivés de la méthionine permet d'éviter la formation de

produits secondaires minéraux en quantités importantes dont les rejets

posent de plus en plus de probldmes a cause ‘des contraintes en ce qui
concerne Ia protectlon de I'environnement.

25 : Ces enzymes présentent dans le. cadre de la présente mventlon une
activité nitrilase dans une zone de pH comprise. entre 4 et 11 et un optlmum _
d'activité a un pH compris entre 5 et 9. Leur température optimale de mise
en oeuvre est comprise entre 30 et 60°C, on préfére neanmoms les utiliser
entre 30 ot 50°C. : -

30 On préfere travalller avec une concentratton en nltnle dans la solution
de départ comprise entre 10 mmoles et 400 ‘mmoles par litre et de

i



hitriles such as valeronitrile, acrylonitrile, 2-hal opropionitriles .
and chl oroacetonitrile. Nothing is

spewbfds@dsods regards the enantioselectivity of this PCI/FR95/01196
hydronS|s on aliphatic nitriles having an asymetri.c centre.
The said text also specifies that the 5 wmitrilase of ‘Al caligenes
faecalis is of optinmm activity at a pH between 6.5 and 8.0; the
wor ki ng tenperature of the said enzyne shoul d, according to

that reference, a@ée@/qpatentpeeéa'v 12560 " foles par litre. La corlcenfBAGA" &4 §éi be

entirely surpriP§
d'ammonium de l'acide obtenu a peu d'influence sur l'activité de l'enzyme

lorsqu'elle est inférieure & 2 moles par litre et elle est de préferenc_e comprise
entre 0,1 et 1,5 mole par litre.

5 L'invention sera plus complétement décrite & l'aide des exemples
suivants qui ne doivent pas étre considérés comme limitatifs de [l'invention.



10 the said enzyne of Alcaligenes faecalis ATCC 8750, when used to

hydr ol yse 4-net hyl t hi o- 2- hydroxybutyronitrile, carried out this

hydr ol ysi WO#6t08403t any sel ectivity fromthe point of PCTERISIIIe
optical purity. This enzyne hydrol yses the said nitrile producing a
racemic 15 mxture of the two acids wit§ no preponderance of ei t her
of the isoners. The nitrilase of Rhodococcus sp. HT 29-7
filed under the nunmber FERM BP-3857 is described, for . exanple, in the

Eur opean and %Mﬁ@watents publ i shed 20 under the nunbers EP 610, 049
and US 5, 296, respectively, both belonging to the conpany Nitto.
In these patents, and particularly in the - _ Anmerican_patent, the
nitrilase is used tlé pliGyaRrganisme Ajgaliganes, fagaalis ATLcl &7 50 othquitivedans

nitriles bearlgmgili6u suivant :
Acétate d'ammonium 10 g/l

5 Extraitde levure  5g/l
Peptone 59/
KoHPO4 | 5 g/l
MgS0Oy4, 7H20 0.2 g/l
FeSO4,7HoO 30 mg/
10 NaCl 19/
' Benzonitrile ' 0,5 g/l _ . ‘ _
pH 7,2 ' ' '

La culture est réalisée a 30°C dans des fioles d'Erlenmeyer de 2

litres contenant 600 ml de milieu. Le tout est agité & 150 tours par minute.

15 durant 30 heures. Le culot cellulaire est récupéré, lavé avec une solution de
NaCl & 9¢g/l puis congelé.

Conditions opératoires bour I'hydrolyse du butyronitrile :
4-méthylthio 2-hydroxy butyronitriie 50 mM

Cellules 5 mg/ml
20 Tampon phosphate 200 mM
Température : 30°C

Durée 4 heures

L'étude cinétique d'hydrolyse du 4-méthylthio 2-hydroxy butyronitrile
montre une production linéaire de 2,8 pmoles d'hydroxy analogue de la
25 méthionine par heure st par mg de cellules séches. L'excés énantiomérique
de l'acide formé a été mesuré par chromatographie liquide, il est égal 2 0 %
" pour un rendement en acide de 80 %.

EXEMPLE 2

On a évalué la stabilité de l'enzyme en suivant la cinétique de
30 production de I'hydroxy analogue de la méthionine pendant 180 heures avec
des cellules libres.



" - - - - -
25 phenyl group. The starting nitriles all contain an aromatic

radi cal; this essentially involves hydrolysis of mandelonitrile or of
derivatives Wbhosea03substit ut ed on the aromatic ri.ng. BExempkes/oliosf

t he abovenenti oned 4 Aneri can
pat ent describes the hydrolysi $ of racemc mandel onitrile with
‘Rhodococcus sp. HT 29-7; the R-(-)-mandelic acid is obtained in an
enanti oneric excess of 100% Exanple 2 describes the hydrolysis of 5

substi tuted mandel oni f_ri | e a@r i vati enanti oneri c

9 |
“excess of mandelic acl#®§8R 89?\98é¥'a§°'5?§§°&e'es su%’@@gﬁsand this is |ikew se
t he case when the hydfAgnéthiyithio 2-hydroxy butyronitrile 100 mM

Cellules 10 mg/mi
Tampon phosphate 300 mM 5 mi
5 Température | 25°C

Le nitrile est ajouté séquentiellement par ajout de 100mmoles de
nitrile aprés épuisement. La formation de l'acide correspondant est mdlqué
dans le tableau | :

Acide Formé | Activité
TEMPS , -
: (mmoles/litrs) {umoles/h. mg de cell. s.

o 0 0 ‘
2h .39 | | 1,7

17h 230 | 1,3

24h | - 312 - 1,7

47h 466 1,2

70 h - 556 0,4

172h 860 06

180 h 940 | 0,6

L'activité initiale est de 2 'umoles/h.mg de cellules séches. Cet
10 exemple prouve la stabilité de l'enzyme malgré la présence de fortes
concentrations en acide (0,9 mole d'hydroxy analogue de la méthionine)

EXEMPLE 3

La stabilité de I'enzyme en fonction de la quantité de substrat et de la
quantité d'acide formé a aussi été mesurée dans les conditions suivantes :

15 Stabilité de I'enzyme en fonction de la quantité de substrat

Nitrile - ~ cf Tableau résuitats
Cellules - 10 mg/ mi

Tampon phosphate 300 mMpH 7,0 5ml
Température 25°C

20 Durée o 1 heure



Is carried out on benzal dehyde nitril es.

‘W th an aromatic ring into [err]-hydroxycarboxylic

Eur opean pat ent
610 049 fromthe conpany - 10 N tto Chem cal describes the use of
" Rhodococcl¥e 9682408 T 29-7 (FERM BP-3857), of Al cal i genBCT/ERISOBIN5- 2
( FERM BP-3318) or of Brevibacterium acetylicum|AM 1790 to
hydrol yse [err]-hydroxynitriles substituged in the [err]

15 aci d

posi tion

substituted

with an optically agtive phenvl qgroup. - The acids obtained with

Rhodococcus sp. ET EgCBn%bHﬁ'é(ﬁon ﬁ? mmr% Ve a VarlﬁE{ﬁ

dependi ng on the tart and on t

éenant e}
resence o

phosphoric acid (pH cot ar AT 8 2) >&umoles/h mj de gell.

entirely surpr|5|ngbthat sothe said gnzyne of REhodococcus
)

( FERM BP- 331
hydr oxybutyronitril g, carried“Out this hydrolysis

150
200 2

when Hﬁﬁd to hydrpl yse 4- rretéwl t hio-2-

500 ' 0

ric excess
absence of
ared to be
sp. HT 29-7

Stabilité de I'enzyme en fonction de la quantité_dfacide formé

Conditions opératoires; _
Nitrile - 50 mM

Cellules - ' 2,5 mg/ mi
5 Tampon phosphate 100 mMMpH 7,0  1mi
' Température - 380°C
Durée . 2 heures
Concentration en acide Activité
(mM) (umoles/ h. mg de cell. s.)
0 | 3,2
100 4,5
200 : 3,8
300 4,1
400 | 4
500 ' 4
600 - .34
700 |- 2,8
EXEMPLE 4

Purification de la ni'trua'se

10 Le's.'ce'llule's d'Alcalig faecalis sont cultivées 24 heures a 30°C

dans le milieu décrit & I'exemple 1.

Aprés centrifugation de la culture, le culot est repris dans le tampon
pH 7,5 (25mM trisHCI, 10 % (p/v) glycérol). La suspension cellulaire est



[ . :
Wi t hout any enantioneric selectivity. This enzyne 25 hydrolyses the said

nitrile producing a racemc mxture .~ of the two acids w thout any -

pk eponder anGgo®ko&ios her of the isoners. PCHERSY1ids! 2S€
of Gordona terrae MA-1 filed : . _ 5
under the nunber FERM BP-4535 is described in European pat ent
0,610,048 to hydrolyse nitriles bearing a 9 [err]-phenyl group and an
[err]-hydroxy group into the correspondi ng optically active acid. The

enanti omeric 5 excess ranges in all the exanpl es between 92 and 100%
traitée aux ultrasons puis centrifugée afin d'obtenir I'extrait brut. L'extrait brut

est ensuite traité avec du sulfate d'ammonium jusqu'a 30 % de la saturation.
Le précipité obtenu ‘est resuspendu dans le tampon pH 7,5 puis dialysé
contre 2 litres du méme tampon durant une nuit.

5 La soiution obtenue est ensuite déposée sur une colonne
échangeuse d'anions Q Sepharose Fast Flow HR 26/10® préalablement
équilibrée avec le tampon pH 7.5. L'activité est ensuite éluée avec un
gradient de 0 2 1 M de NaCl.

Les fractions actives sont ensuite déposées sur une colonne

10 échangeuse d'anions Mono Q HR 5/5® préalablement équilibrée avec du

tampon pH 7,5. La nitrilase est éluée a l'aide d'un gradient de 0 &4 1 M de
NaCl. '

Pour finir, les fractions contenant l'activité¢ sont réunies, puis est

ajouté 1 M de sulfate d'ammonium. Cette. solution est déposée sur une

15 colonne d'intéractions hydrophobes Phényl sepharose HR . 5/5®

préalablement équilibrée avee le tampon pH 7,5 additioné de 1 M de

(NH4)2S04. L'activité est ensuite éluée avec un gradient de 1a0Men
sulfate d'ammonium. |

-Le poids maqléculaire de la protéine est déteminé par gel filtration. Il
20  est d'environ 260 kDa. Sur gel de SDS-PAGE, on observe une unique bande
de 43 kDa {(pureté de 95 %). ' '

La cinétique 'El-ihydrolyse du 4-méthylthio 2-hydroxy butyronitrile en
hydroxy analogue de la méthionine par la nitrilase d'A._faecalis est linéaire



I t appeared to be entirely surprising that

terrae MA-1 filed under the nunber FERM BP-4535, when used to

hydr ol ysavo 96/094034- net hyl t hi o- 2- hydr oxybutyronitrile, carr irl/FRIsnileés 10
hydrol ysis wi thout any enantionmeric selectivity. This enzyne

hydrol yses the sai-d nitrile producing a 1r031cem' o m xture of the two
acids without any preponderance of -~ -~ either of the isoners.-

The present invention thus relates to a 15 process for the preparation of

racem c a-s

~racemc
nitril ase

faecalis fi

filed under

under the
5
10

strruted Z-Ter Ny TNroNUL.YT ] C acl ds| by Nydrorysrs of
[err] ﬁ'gmm i tuted B nmethyl Sﬁp%’%t yronitfiles witHHBhe

one of (HdweeJ ol | owi Ny (uinvslest lwangdesprot.) Al cal i geses _
ed under fhe nunmber ATCC 8750, o 20  Rhodogoccus sp. 1HT 29- 7.
t he nunber” FERM BP- 3857 (9r Gordona terrae MA-1 filed -

nmber 0,5 . . 150 3

1 | . 171 _ 5

215 | 150 - | . 68

24,8 _ - 150 : 77

29 1 150 87

EXEMPLE 5 Influence du pH

Conditions opératoires : : : -
nitrile N - | 50mM
protéine 50 yg/ml
tampon acétate 100 MM depH 445

tampon phosphate 100 mMde pH6a7 1 mi
tampon TRIS-HC| 100 MM depH8a9

tampon borate 100 mM de pH 10 & 11

température ' | 30°C

Durée SR - 1 a2heures

.. pH - : Activité
S (umoles/ h. mg de prot.) -
0
42
232
272
405

. 412
10 . 158
14 0

©o~Noo |

EXEMPLE 6 Influence de la température

Conditions opératoires

. nitrile - 50 mM

the said enzyne of Gordona

t



A
FERM BP- 4535. According to the process of.the invention,
the m croorgani smmy be used as it is or immopbilized 25 ° on supports

_wWhich are waVDIRAMAB to t hose skilled in the art. . PCT/FR95/01196

Mor eover, the genetic information which codes for the enzyne may be
transferred fromthe parent R 11

m croorgani sm (such as A faecalis ATCC8750, etc.) into a

m croor gani sm such as Bacillus subtilis. One variant of the

process of the invention,. consi p,using, in place of a
mi cr oor gani sm_ a pr&éme Sé&ugf'ml
tampon phosphate100 mM de pH 7,0

températures variables de 4°C a 60°C

durée 1 heure
5 . Latempérature optimale de fonctionnement de I'enzyme est de 50°C.
Température Activité

en °C : (umoles/ h. mg de prot.)
4 | 45 |
10 67
20 - 140

- 30 - 272
40 419
50 570
60 ' 333

EXEMPLE COMPARATIF AVEC LE MANDELONITRILE

Conditions opératoires:

‘Mandélonitrile 7 mM
Protéine , 5 ug/mi
10 Tampon phosphate 100 mM pH 7,0 im
' Température _ 30°C
Temps Activité ee
{minute) - (umdles/ h. mg de prot.) |
15 1000 - - 1
60 | 1030 . 1

La nitrilase purifiée est donc énantiosélective sur le mandélonitrile
mais pas sur le 4-méthylthio 2-hydroxybutyronitrile.



5 correspondi ng amount of its free or immbilized enzyne, this
enzynme being totally or partially purified. Anong t he

a- subst-i t MO$09403  4- et hyl t hi obutyronitriles, it is pref CTFRIT19:

4- et hyl t hi o- 2- hydr oxybutyronitrile, which nakes it 10 possible to
prepare the hydroxy anal ogue of racemc 42 met hi oni ne. This technique
for the preparation of ' nmet hi oni ne derivatives nakes it possible to-
avoi d the formati on of |arge anmounts of inorganic side products
whose di spos sever - i ncreasing problenms on 15 account of :
enV|ronnenta?éX;§#§§?|on constralnts In the context of the
present inventi.on, enzynmes have a nitrilase:activity in a

range blévmeztdlaﬁumﬂhvamo vﬁmﬁyamtvmmtyﬂ%pa@ R;md@r:occus HTb%Q'\%s
5 and 9. Thei FERM BP.B85Pr ki ng t enper ature S

| Le micro-organisme Rhodococcus sp. HT 29-7 FERM BP-3857 est
5 cultivédansle mmeu suivant:

Glycérol 20 g/ 1

Extrait de levure (DIFCO) 3 ¢/ |

KHoPO4 19/l

NaoHPQ4.12H20 4449/l _ :
10 . NapSOg4 289/ | | Y |

- MgClo.6H20 0,85¢/1 : :
- CaCla.2H20 0,05 g/

MnS04.H20 0,033 g/ |

FeS04.7H20 0,013 ¢g/1
15 ZnS04.7H20 0,005 ¢/ |

Benzonitrile 0,5¢9/1

pH7,5

La culture est réalisée a4 30°C dans des fioles d'Erlenmeyer de 2

~ litres contenant 600 ml de milieu. Le tout est agité & 150 tours par minute

20 durant 140 heures. Le culot cellulaire est recupéré Iavé avec une solution
NaCl a 9 ¢/ | puis congelé '

Influence du pH pour 'hydrolyse -
Conditions opératoires:

: 4-méthyl thlo 2-hydroxy butyromtnle 100 mM
25 Densité Optique a 660nm- , 15
| Tamipon acétate 100 mM de pH 4 a5

Tampon phosphate 100 mM-de pH 6,047,0 1 ml
Tampon TRIS-HCI 100 mM de pH 8,02 9,0
Tampon Borate 100 mM de pH 10,04 11,0

30 _ Température 30°C .
Durée : 10 heures



3 ' .
20 between 30 and 60[err]C; it is preferred, however, to use t hem

bet ween 30 and 50[err]C. . - I't is preferred to work with a
netrile woYeiefpet ration in the starting solution of betwegdriRosini196
mol and 400 nmol per litre and preferably between 50 25 and 200 mol -
per litre. The concentration of ammonium salt of the acid obtained
has little influence on the - activity dB the enzyne when it is |ess
than 2 nol per - litre and-it is preferably betsween 0.1 and 1.5 nol per
7 litre. . - The jinvention will be described nore fully
oH Rendement en acide
4 0%
5 100%
6 100%
7 100%
8 100%
-9 100%
10 20%
11 0%

EXEMPLE 8 : Influence de la concentration en substrat.

La stabilité de I'enzyme en fonction de la quantité de substrat a aussi
été mesurée dans les conditions suivantes:

4-méthy| thio 2-hydroxy butyronitrile  cf Tableau résultats

5 Densité Optique a 660nm 20
Tampon phosphate 300 mM pH 7,0 5ml
Température 30°C
Durée 2 heures

- Rendement en acide
Concentration en nitrile :

(mM)

50 : 90%
100 44%

200 : 22%

300 C10%

400 . 0%

500 - 0%




with the aid of the exanples whi ch follow, which should. not be

L'étude cinétique d'hydrolyse du 4-méthylthio 2-hydroxy butyronitrile
15 montre une production linéaire d'hydroxy analogue de la méthionine par

considered as limting the invention. 5 EXAMPLE 1 . The
- microor gaWN@MWeB#Bal i genes faecalis ATCC 8750 i s cul t imcEFRosI0LIbE
foll owi ng nmedi um ammoni um acet at e 10 g/l
yeast extract 5 g/l 10 14 pept one 5 g/l
Klerr] HPQ err] : . 5 g/l MSO err].7H err] O
0.2 g/l : Fesqerr] 7Herr]O , 30I ng/ | "
Nad I’ll tri _
pH 7.2 EXEMPLE & %&qﬂmé qsf%d an2yeg on anvcae laamaatntq dacidedormér o
Conditions operatOIres |
- 4-méthyl thio 2-hydroxy butyronltrtle‘l 00 mM
Densité Optique & 660nm 15
5 - Tampon phosphate 100mMpH 7,0 1 mil-
Température | - 30°C
Durée 6 heures
' rendement en acide
Concentration en acide
(mM) -
0 | ~ 100%
200 100%
400 100%
- 600 100%
800 100%
1000 100%
EXEMPLE 10
Exces éhantiomériqﬁe. ..
10 4-méthylthio 2-hydroxy butyronitrile 140 mM
_ Densité Optique & 660nm 14
Tampon phosphate 100 mM pH 7,0 1 mi
Température 20°C
Temps d'incubation Rendement en acide Pureté optique
2h - 15% 0
6h. 50% 0.
24h 100% -0




coni cal flasks contai ni ng 600 m of rfedi um The whol e mxture is -
stirred at 150 revol utions per mnute for 30 20 hours. The cell pellet

igs recoveresvoveassaesd with 9 g/l "NaCl solution and:then FOER98/01196
Qperating conditions to hydrol yse-the butyronitrile: _
4- et hyl t hi 0- 2- hydr oxybutyronitrile 50 n1\/H525 cells

5 nmy/m phosphat e buffer 200 nv
t emperat ure B 30[err]C . duration

4 hours ' 8 - _
heure par mg de cellules séches. L'excés énantiomérique de l'acide formé a

été mesuré par chromatographie liquide, il est égal & 0% pour un rendement
en acide variant de 15% a 100%. '

EXEMPLE 11 Influence de la température.

5 Conditions opératoires:

4-méthyl thio 2-hydroxy butyronitrile100 mM

Densité Optique & 660nm 15
Tampon phosphate 100 mM pH 7,0 1 mi
Température voir tableau
10 . Durée - 6 heures
T °0) rendement en acide
10 | | 70%
20 100%
< C 100%
40 ' 100%
50 31%
60 15%

EXEMPLE 12 Hydrolyse du 4 méthylthio 2-aminobutyronitrile.
Conditions opératoil_'es:

4-méthyl thio 2-hydroxy butyronitrile 23 mM
. Densité Optique a 660nm 15
15 ‘Tampon phosphate 100 mM pH 7,0 1 mi
Température . 30°C



Y

Study of the kinetics of hydrolysis of

4- met hyl t hi 0- 2- hydroxybutyronjtrile shows a I|near ' production of 2.8 _
[err] nol WIO9%¢08403xy anal ogue of met hi oni ne per hour =aow/FResomss of dry i
cells. The - 5 enanti onmeri c excess of the acid fornmed was neasured by '
i quid chromat ography; it is equal to 0% f6or a yield of acid of 80%
EXAVPLE 2 : The stability off the enzyne was eval uated. 10
according to the kinetics of productlon of the hydroxy anal ogue of
met hi oni ne over ]m"[ﬂ frec—Ttets: Hre—opegr at | ng
conditions are ay fdlgngys: | rendementen acide | exces enantvomén?l]:e
4- et hyl t hi o- 2- hydr ?ﬁ(é/bus'yr onitrile 100 mM- | :
10 mg/ M 15 ure phiosphat e buffer 304 mM de l'acide 5 nl
tenperature ' 254 '
0,5 | 40% ' - n.d.
1 . 51% 0,12
2 _ 62% N n. d.
-5 78% . 0,15
EXEMPLE 13

Les condltlons de - cultures.. utlllsees pour Gordgna _terrae MA-1 ‘
(FERM BP-4535) sont Ies sunvantes

_ Glycérol - - - '; 10 g/l
- 5 ' Extrait de levure 0,49/l
" KoHPO4 . 88¢l
NaoHPO4.12H20 7191
NasS0O4 . 289/l
- MgClo. 6H20 _ - 0,49/l
10 CaCla. 2H20 . 40 mg/|
- MnSO4. HoO 4 mg/ ml
FeClg. ' 0,6 mg/|
ZnSOy4 | 0.3 mg/ |
Benzonitrile . 059/1
15 pH 7,2

Activité de I'enzyme

Les cellules cultivées sont ensuite lavées puis mises en présence de
I'hydroxy méthyithio butyronitrile pour le dosage de I'activité

Conditions opératoires :-
20 [nitrile] = 23 mM;
| [cellules] = 86,8 ¢/ I; |
tampon phosphate 100 mM
pH 7,0; 35°C



The nitrile is added sequentially by addition of 100 mmol of nitrile

after depletion. The formation of the corresponding acid is indicated
in Table | wo 96/09403 o 9 PCT/FR9S01104VE
“Acid formed Activity . (mol /1Titre)
([err]rml/hrrgof cell.s) 0 17' 0
2 h 39 1.7 17 h
230 o : 1.3 5 - 24 h - 312
1.7. o 47 h 100 - 466, Figure 3: Hydfolyse de la cyanhydrine de
. - I'AMTP par Gordona terrae MA-1.
. 1 / Lo :
£ 4
E 4()j /
5 /f
20
Y A N S N S

0 1 2 3 4 5 6
Temps (heures)

La cinétique d'hydrolyse de I'hydroxy méthyithio butyro nitrile est
linéaire. La vitesse initiale est estimée ai3mmol/h.gCS.

EXEMPLE 14 Influence de la concentratlon en cyanhydrine de I'AMTP sur
I'activité nitrilase.

5 Linfluence de la concentration initiale en hydroxy méthylthio
butyronitrile sur I'activité nitrilase a été déterminée, les résultats sont indiqués
dans le tableau suivant.

Conditions opératoires:
' [cellules)=5,1 ol '

10 Tampon phosphate 100 mM
pH 7,0; 35°C.
La cinétique est réalisée sur 0,5, 1, 2 et 3 heures.
Concentration en nitrile|. Activité
(mM) (mmol/ h. g CS)
50 | 14
100 13 4
200 : 15
300 - 0
400 0

Jusqu'a 200 mM, l'activité varie peu avec la concentration en
substrat. ' '



-70 h
0.6

556
180 h

0.4
940

The initivP9s/040%ity is 2 [err]nol/hng of dry

proves the stability of the enzyne

.concentratio
EXAMPLE 3 1

ns of acid (0.
5 The st

9 nol of
ability o

t he amount of substrate and of the amount of acid _

nmeasur ed und
the enzyne a

EXEVBLE S it Bes, o

condi ti,ons:

eolg cog%nﬁﬁ@ ICH} %’hﬂ‘s)’tqr%’% analogue db

méthlomne sur l'activité nitrilase.

5

10

15

20

172 h
0.6

_ 860
10 '

cel | s. pdirFRosmimap| e

despite the presence of high

ydroxy anal ogue of nethionine).
the enzyne as a function of

f or med vvas aI SO
|ty of

Dans cet essai, nous avons étudié l‘ihfluence de la concentration.en
hydroxy-4 méthylthio-2 butanoate d'ammonium sur l'activité nitrilase.

Condition opératoire:

[cellules] =5 ¢/ I;
[nitrile] = 100 mM;

tampon phosphate 100 mM pH 7,0;

35°C. |
La concentration en carboxylate d'ammonium varie entre 0 et 1,5 M.
Concentration en acide Activité
(mole/ 1) (umol/ h. mg de CS) - |

0 ' 9,4
05 14

1 19
1,5 15

La concentration en hydroxy-4 méthylthio-2 butanoate d'ammonium
ne modifie en rien l'activité initiale de la souche Gordona terrae HT29-7.

EXEMPLE 16 Influence du pH et de la température.

Conditions opératoires:
[nitrile]=100 mM;
[cellules]=7,5 ¢/ |;

- Tampon acétate 1

00mMpH4a5;

tampon phosphate 100 mM pH 6 & 7;

tampon Tris-HCI 1

0O0OmMpHB82a9

~ tampon Borate 100 mM pH 10 a.11; 3
30°C; cinétique sur 1, 2, 4 et 6 heures.



5nitri|-e cf table of results cells
10 nmg/ m phosphat e buffer 300 mM pH 7.0
b WO 96/09403 tenperature 25[err]C PCT/FRI5/01196
10 duration 1 hour Nitrile
concentration Activity (M)
([err]mol /h. ng of cell.s) - 19 59 2
1100 : 2 P ,
| pH Activité
(mmol/ h. g CS)

4 ’ 0,6

5 2,5

6 7,8 .

7 9,6

8 15,3

9' 18

10 57

11 11

Le pH optimum se situe aux alentours de 8-9 dans nos conditions
opératoires. ' '

Influence de la température sur l'activité nitrilase de Gordona terrae MA-1.

Conditions opératoires:
[nitrile]=100 mM;
[cellules)=7,5 g/ |; _
Tampon phosphate 100 mM pH 7,0;
cinétique sur 1 heure. |

T (°C) Activité
(mmol/ h. g CS)
10 0,6
30 | 3,2
40 0 3,4
50 | 3,5
80 | 1,9

La température optimale se situe vers 40-50°C.



150
500

amount of WPHB ned
- nitrile

mg/ m
1nm

durati on

10

15

20

25

2 200 2

Stability of the enzyme as a function of the 10
operating conditi ons: PCT/FRI5/01196

50 MM cells
phosphate buffer 1GjHnmM 15 ' pH 7.0
t enperat ure _ 30[err]C '
2 hours
REVENDICATIONS

2.

- 1 - Procédé de préparation d'acides 4-méthylthio butyrique « -

 substitués racémiques caractérisé en ce qu'on hydrolyse les 4-méthyithio

butyronitrile « SUbstitu_és racémiques par une nitrilase choisie parmi celles
d'Alcaligenes faecalis, Rhodococcus sp. HT 29-7 ou de Gordona terrae.

.- 2 - Procédé selon la revendication 1 caractérisé en ce que le
4-méthylth|o butyronltnle o substitués racémiques est le 4-méthylth|o
2-hydroxy butyronitrile

- 3 - Procédé selon la revendication 1 caractérisé en ce que le pH du
milieu est compris entre 4 et 11 et de préférence entre S et 9.

- 4 - Procédé selon la revendication 1 caractérisé en ce qué la
température d’hydrolyse est compnse entre 30 et 60°C et de préférence 30
et 50°C.

- 5 - Procédé selon la revendication 1 caractérisé en ce que la

concentration en 4-méthylthio butyronltnle o substitué dans la solution de
départ est comprise entre 10 et 400 mmoles et de préférence entre 50 et 200
mmoles par litre.

- 6 - Procédé selon la revendication 1 caractérisé en ce que la
concentration en acide 4 méthylthio butyrique o substitué dans la solution est

comprise entre 10 et 2000 mmoles par litre et de préférence entre 100 et -

1500 mmoles par litre..

- 7 - Procédé selon la revendication 1 caractérisé en ce que l'on
utilise une nitrilase appartenant & un micro-organisme du genre Alcaligenes.

- 8 - Procédé selon la revendication 1 caractérisé en ce que Fon

utilise une nitrilase appartenant a un mlcro-orgamsme du genre

Rhodococcus.

- 9 Procédé selon la revendlcatlon 1 caractérisé en ce que I'on
utilise une nitrilase appartenant & un micro-organisme du genre Gordona.

e

R

5
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The cells of Al caligenes faecalis are cultured for 24 hours at
30[err]Cin the-nmedi umdescribed 15 I n Exanple 1. After
centrifuging the culture, the pellet is taken up in pH 7.5 buffer (25
mMtrisHO, 10% (w v) glycerol). The cell suspension is.treated with
ul trasound and then centrifuged in order to obtain the 20 crude extract.
The crude extract is then treated with anmoni um sul phate up to 30% of
saturation. The preci pitate obtained is resuspended in pH 7.5 buffer
and then dial ysed against 2 |itres of the same buffer overnight. 25
The solution obtained is then | ocaded onto a Q Sephar ose Fast Fl ow HR
26/ 10 ani on- exchange col um. pre-
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12 - equilibrated with the pH 7.5 buffer. The activity is ‘then
eluted with a gradient of -0 to 1 M Nad . The active
ffactions are then | oaded onto a Mono Q HR 5/ 5[ err] ani on- exchange
col umm pre-equilibrated 5 wth pH 7.5 .buffer. The nitrilase is eluted
using a - wyasAgE40¥ O to 1 MNaCl. 1 PCIT(FR9E,/ 01119 6
fractions containing the activity ' are conblned and 1 M anmoni um

sul phate is. then ENzyMATIC HYDROLYSIS| QF &1 afil Ot REDE
Sepharose HR 5/5[err] 10 hydrophoblc |nteract|on col um pre eqU|I|brated
“wi-th the pH 7.5 buffer, to which is added 1 M (NH err])[err]SOerr].

The ractivity is then eIuted with a gradient of 1 to 0 M
' The present invention relates to the use of a

nitrilase as a_catalyst for hydrolysing a nitrile group
into-e_carboxylic group. fhe invention relates more
5 precisely to the use of'the nitrilase chosen.from
nitrilases of microorganisms of the genus Alcaligehes,
Rhodococcus or Gordona and ‘more precisely of
: Alcaligenes faecal;s filed under the number ATCC 8750,
Rhodococcus sp. HT 29-7 filed under the number FERM BP-
'_10 3857 or Gor&ona terrae MA-1 filed under the number FERM
BP-4535. |
'The:nitrilase of Alcaiigenes faecalis is
:described} for example,. in the European and Japanese
' patents.published undertthe nuﬁbers EP 348,901 and
15 - JP 03 224 456 respectively, botﬁ belonging'to the Asahi
company . In these patents, and more partlcularly in the
European patent, the nltrllase is used to produce
:optlcally active acids from racemic nitriles. The'
preferred stertingnnitriies are a;substituted and
20 contain an'alkyl'chain preferably conteining 1 to 3
carbonfatoms or an aromatie radical. Exaqple 11 of the
abovementioned European patent describes the hydrolysis
of racemic mandelonitrile with Alcaligenes faecalis;
.the R- (-) -mandelic acid'is.obtained in ar enantiomeric
25  excess of 91%. European patent 486,289 and its.
. equivalent American patent US 5,326,702 from the

company Nitto Chemical describe the use of Alcaligenes



<

amoni um sul phat e. ' The nol ecul ar wei ght of the protein is

A5 determ ned by gel. filtration. "It is about 260 kDa. A si ngl e band
of 43 kDa is observed on SDS-PAGE (purity of 95% .

The kinetics of hydrolysis of the 4- et hyl t hi o- 2- hydr oxybutyronitrile
i nto the hydroxy 20 anal ogue of nethi@nine with the nitrilase of A
faecalis is linear. ' 13

Ti me . sp. BC3A&c( WRERM No. 11265 orRFERM-BP-3318) to

hydrolyse mandelonitrile in the preéence of a'sulphite;
in this case, mandelic acid is obtained in an
enantiameric'exééss.oﬁ about 98%. _

.5 ' . patent JP 04 341 185 from the company Asahi
‘also describeé'the preparation énd ﬁse of the nitrilase
from Alcaligenes féecalis ATCC 8750 to solve the |
'problems bf preparation of 6bti§ally pure coﬁpounds-
from their racemic nitriie. The enaﬁﬁioselecﬁive

10 nitﬁilase described in Ehé Japanese patenf referred to
above is-more'preferably'capabie of hfdrblySing the
2-hydroxynitrile of generai.formula (I) below into
2?hydroxycarboxylic acid of_formula (IT) below:

o
R—C-CN ()
H -

OH

R-lcl:--co_OH (an

; # o
in which R_represénts an 6ptionally.substituted aryl

15 group or an Qﬁtioﬁaily substituted hetefocyélic grcﬁp.
It is mentioned in that.patent that hydroiysis of the .
nitrile of mandelic acid by the said nitrilase makes it
possible to obtain a 106%'enantiomeric exéess of
Ré(-)fmandelic acid. Itlis.ﬁehfioned_in Example 5 that

20 the said nitrilaée ma& be uséd to hydrolyse aliphatic

- mitriles sﬁch-aS'valerdnitrile, acrylonitrile,

2-halopropionitriles and chloroacetonitrile. Nothing is’



(hour) ' ([err]nol/h.nmy of prot.) ' (% . | 0
5 ' . 150 ' 3

: 5 1
171 : _ 5 21.5
150 68 24.8 150
77 29 _ 150 3 87 :
EXAMPLE 5 | nfluence of the pH- 10 Qperating conditions:
nitrile . specified as regards the Shamiioselectivity of phdtsei n
50 [err]g/m acetate buffer.100 MM of pH 4 to 5

phosphat e buffhydraﬂyﬁwhobnpulﬁphaticlnmkril&s having an aﬁmmmqﬁgidnﬁfer

100 mMM.of pH 8 to 9
centre.

‘The seid text also specifies that the
5 nitrilase of Alcaligenes faecalis is of optimum
activity at a pH between 6.5 and 8;0; the working
temperature of the said enzyme should, according to
that reference, always be below 45°c.
It appeared to be entirely surprising that
| 10 the said enzyme of Alcaligenes faecalis_ATCC 8750, when
‘used to hydrolyse 4-methy1thio-2-hydroxybutyronitrile,
carried out this hydrolysis without any selectivity
from the point of view of the optical purity. Tnis
enzyme hydrolyses the said nitrile producing a racemic
15 mixture of tne two ecids with no preponderance of
either of the isomers. |
The nitrilase of Rhodococcus sp. HT 29-7
filed under the number FERM BP-3857 is described, for-
example, in the European and American patents published
20 ' under the numbers EP 610,049 and US 5,296,373
| respectively, both belonging to the company Nitto.
| In theee'patents, and particularly in the
American patent, the nitrilase is used to produce
optically-active'acids from racemic-nitriles bearing a
25 phenyl group. The starting nitriles all contain an
aromatic radical this .essentially involves hydrolys;s
- of mandelonitrile or of derivatives thereof substituted

on the aromatic ring. Example 1 of the abovementioned



borate buffer

30[err]C
14

100 mM of pH 10 fo 11 ‘tenperature

duration _ 1 to 2 hours

. pH ; Activity

([err]nnl/h ng of prot. ) ' 4

5
405-

20

10

15

25

. 4 6
7 ' 272 :
American patent describes the hydrolys:s of racemic

. mandelonltrlle with Rhodococcus sp. HT 29-7; the

R- (-) -mandelic ac1d 15 obta;ned in an enanthmerlc
excess of 100% Example 2 describes the hydrolysis of
substituted mandelonitrlle'derxvatlves on the ring; the
enantiomeric excess of mandelic acid derivative is also
100% and thistis likewise the case when the hydrolysis
is cerried'out'en benzaldehyde nitriles. |

European patent 610 049 from the company

 Nitto Chemical describes the use of Rhodococcus sp. HT

29-7 (fERM BP-3857), of Alcaligenes sp. BC35-2 (FERM
BP 3318) or. of Brev1bacter1um acetyizcum IAM 1790 to |
hydrolyse a- hydroxynitrlles substltuted in the ¥
position with an aromatic ring into a- hydroxycarboxyllc

acid substztuted with an optically active phenyl group

The acids obtained with_Rhodococcus sp. HT 29-7 always

have a variable enahtiemerie excess depending on the

starting nitrile and on the presence oOr absence'of_

'phosphorlc acid (pH set at about 8.2).

It appeared to be entlrely surprising that

.the said enzyme of Rhodococcus sp. HT 29-7 (FERM BP-

3318), when used to hydrolyse 4-methylthie-2-

' hydroxybutyronitrile, carried out this hydrolysis
without any enantiomerie'selectivity;'This enzyhe _

" hydrolyses the said nitrile producing a racemic mixture

of the two acids without any preponderance'of either of
the,isomers-

The nitrilase of Gordona terrae MA-1 filed’

0
232

8



9 | 412 10 158
11 10 EXAMPLE 6 | nfluence of the tenperature :

Operating conditions: nitrile 50 nmv
protein 50 [err]g/m , phosphat e buffer
100 nM 15 _ of pH 5 7:0

vari abl e tenperatures - from 4[err]Cto -
60[err]C . under the nufibed! FERM BP-4535 is describkdutin Europeafhe '

optlnunlmorklng tenperature of the enzynme is 50[err]C
patent 0,610,048 to hydrolyse nitriles bearing a

73phenyl group and an a-hydroxy group into the
corresponding oéeically aetive acid. The enagtiomeric
5 eieess ranges in all the examples between 92 and 100%.
It appeared to be entirely surprising that
the eaid enzyme of Gordona terrae MA 1 filed under the
number FERM BP-4535, when used to hydrolyse
4-methylthio-z-hYdroxybutyronitrile, cerried out this
10 hydrolysis Withoﬁﬁ any enantiomeric selectivity. This
enzyme hydrolyses the said nitrile'producing e racemic
mixture of the two acids without any preponderance'ef'
either of the isomers.
| The present'invention thus relates to a
15 | proeess for the preparation.of racemic a-substituted
4-methylthiobu£yrie acids by hydrolysis of racemic
a-substituted 4-methylthiobutyronit:iles with the
nitrilase of one of the'fellewing microorganisms:
| Alcaligenes faecalis filed under the number ATCC.87SO,
200 Rhodococcus sp. HT 29-7 filed under the number FER&II
' BP-3857 or Gordoma terrae MA-i-filed under the number
FERM BP-4535. | '
According to the piocess of the invention, -
the microorganism may be'used as it is or immobilized
25 on supports which_ere well known to those skilled.in
the art. | |
| Moreover, the genetic information which codes

- for the-enzyme may be transferred from the parent



Tenper ature
([err]mol/h.

30
50

10

15

20

25

Activity _ in[err]C

ng of '-prot.)' 4
67 5 . . 20
272 . ' 40

570 . 6 60
microorganigm (such as A,'faecalis ATCC8750, étc.)_into
a microorganism such as Bacillus subtilis.

One varianﬁ of the prbcess.of the iﬁvention
consists in usiﬁé,'in plaée of a microorganiém; a

correspondiﬁg amount of its free or immobilized enéyme,

this enzyme being totally or partially purified.

_ Among the a-substituted

4-methylthidbutyronitriles) it is preferred to use

.4-methy1thio¥2—hydroxybutyronit:ile, which makes it

possible to prepare.the hydroxy'analogue 6f raéemic

methionine. This technigque for the preparation of

methionine derivatives makes it possible to avoid the

formation of large_ambunts of inorganic side products
whose disposél causes_ever;increasing problems on
account  of environmentai profection conétraints.
| In the context of the present invention,

these enzymes ha#é'a nitrilasé activity in a pH range
between 4 and 11 and'optimhm activity at a pH of
between 5 and 9;'Their optimum working temperature is
between 30 and 60°C; it is préfer:ed, however, to use
them between 30 and 50°C. |

It is preferred to work with a nitrile
concentration in the starting sdlution of between 10
mmol and 400-mm01 per litre éhd prefefably between.SO
and 200 mmol per iit:e. The concentration of ammonium

salt 6f the acid obtained has litﬁle influence on the

‘activity of the enzyme when it is less than 2 mol per

litre and it is preferably between 0.1 and 1.5 mol pér

45
140
419
333



10 COVPARATI VE EXAMPLE W TH MANDELONI TRI LE Oper ati ng

- conditions: - : mandel onitrile —
grotein 5 [err]g/m phosphat e
buffer 100 MM pH 7.0 . 1m 15 . tenperature- - '
30[err]C o - Tinme 7 Activity ee
(mnute) -~ ([err]nol/h.ng of prot.) _ 15
1000 . litre.l 60 . . 1030
1 20 The purified nitrilase is thus enanti osel ecti ve

on mandel onitrile but noheodnventiof miflilybehideszriipedompret uddit ri | e.
| | with the aid of the examples which follow, which should
not be consider;d.as'limiting ihe invention. '
5 EXAMPLE 1 |
The.microorganismJAlcaligenes faecalis ATCC 

8750 is cultured in the following medium: -

ammonium acetate 10 g/1
'.yeast extract - 5 g/l
10 | _peﬁtone L 5 g/l
: i;ﬁPO4 - | 5 g/l
MgSO,-7H,0 0.2 g/1
FeSO,* 7ﬁ,o_ 30 mg/1
NaCl e 1 g/l
is .'Senzonitrile ' . 0.5 g/1
pH 7.2

.Cultufing is.cgrried out at 30°C in 2 litre
conical flasks contai#ing 600 ml of medium. The whole
‘ mixture is stirred at 150 revolutions per miﬁuté'fOr 30
'20  hours. The cell pellet is ?ecoveréd, washed with 9 g/1
NaCl-solution.ﬁnd.then frozen..  ' |
lOperating conditions to hydrolyse the
butyronitrile; " | | |

4-methylthio-Z-hydroxybutyronitfile_ 50 mM

25 - cells _ - mg/ﬁl
phosphate buffer | | 200 mM
temperature o 30°C

duration ' _ _ 4 hours



16 EXAMVPLE 7 : Hydrol ysis of 4-methylthio-2-.
hﬁdroxybutyronitrile w t h Rhodococcus HT 29-7 FERM BP- 3857 5
The m croor gani sm Rhodococcus sp. HT 29-7 : FERM BP- 3857 is cultured in
the followi ng medium - ~ glycerol 20 ¢/ |
yeast extract (D FCO 3ag/l 8 ' KH err] PJ err]
1 g/l 10 Na[err]HPO err].12H err] O 4.4 g/l
' . Study of the kinetics of hydrolysis of
4-methylthio-2-hydroxybutyronitrile shows a linear
pfoduction éf 2.8 umol of hydroxy analogue of
methionine per hour and per mg of dry_cells.'The
5 enantiomeric excess of thé acid formed was'meASured'by '
liqﬁid chromatography; it is equal to 0% for a yield of
acid of 80%. ' | |
EXAMPLE 2 .
' The stability of the enzyme was evaluated _
10 according to the kinetics of production-of the hydroxy
analogue of methiqnine_dver 180 hours with free cells.

The operating conditions are as follows:

4-methylthio-2-hydroxybutyronitrile 100 mM

cells S ‘ 10 mg/ml "
‘15 - phosphate bufférHBOO_mM - 5 ml
| temperature , 25°C

The nitrile is added seguentially by addition
of 100 mﬁol_bf nitrile after'déplefipn. The formatiocn

of the corresponding acid is indicated in Table I



I\.la[err]SCIerr]

2.8 g/l NgCI[err] 6H err] O
0.85 g/l CaCl[err].2H err]O. 0.05 g/l
NSO err].Herr]O 0.033 g/l 15
FeSO err].7Herr] O 0.013 g/l _
ZnSq err].7Herr]O - 0. 005 g/ | benzonitrile
0.5 g/l ' pH 7.5 _ The cul turing i's perfornmed
at 30Cin 21| conl cal T, contarping 600 ni .of, medium The
whol e i xture'-"?l‘gE stirrle %5% g‘lutlons per AREAYEEYF or 140
hours. The ce|l pellet is rgcovere shed w t | jut i on
and then frozgn. I nfl uencgm?ﬁdl{#zt % ﬂém‘-ﬁ%/c}?cﬁ'%g?é Na% SP .
Qper ating conplitions. —— mih\id—t—h%—%—h*dﬁ*@hb&ﬂ%hile
100 mM . 0 0 : , :
| ‘2 h 39 1.7
17 h - 230 1.3
5 24 h 312 1.7
47 h 466 1.2
70 h 556 0.4
172 b 860 0.6
180 h 940 0.6
10 The initial activity is 2 pmol/h-mg of dry

- cells. This example proﬁes.the stability of the enzyme

despite the;bfesence of high concentrations of acid

(0.9 mol of hydroxy analogue of methionine).

cf table of results

EXAMPLE 3
.15 The stab111ty of the enzyme as a function of
the amount of substrate and of the amount of acid
formed was also measured under the following
conditions: |
Stabzllty of the enzyme as a functlan of the
20 amount of substrate
| nitrile
celis 10 mg/ml
phosphate buftei 300 mM |
pH 7.0 5 ml
25

temperature

- 25°C



optical density at 660 nm 15 acetate

buffer 100 MM of pH 4 to 5 17
phosphate buffer 100 mMof pH 6.0 - ) to 7.0
1mn : Tris-HA buffer 100 mM of pH 8.0 - to
9.0 5 borate buffer 100 mMiqf pH 10.0 _ . ' to 11.0 -
tenperature. . _ ' 30[err]C : duration '
10 hours = duration 1 hour .
Nitrile concentration Activity _
© (mM) - (pmolfh-mg of cell-s)
50 2
5 | 100 2
150 . 2
1200 | 2
500 0

Stabilify of the enzyme as a fuhction of the -
10 amount of acid formed |

operating conditiéns:

nitrile o _ . 50 oM

cells - _ 2.5 mg/ml

phosfhaﬁé'buffer'ioo mM
15 ~ pH 7.0 _ .._" 1 ml

' temperature T .30°C

duration _ - 2 hours



pH Yield of acid 10 4 0%
5 100% _ ' 6 ) " 100% .
7 100% ' 8 100% 15
9 100%- _ 10 20%
11 0% EXANPLE 81llhnfl uence of the concentration of
substrate The stability of the enzyne as a function of 20
t he anmbunt of - subst S sotne sured funder t fol | ow ng
" condi tions: cd °°ﬁ‘cﬁ§‘t i ﬁ’f‘o 2- hydr oxy u'iyror?rtrl le ¢f Table
(M) (pmol/h-mg of cell-s)
0 3.2
100 - _ 4.5
5 1 200 ' 3.8
- 300 s
400, - 4
's00 | 4
. 600 ' o 3.4
10 | - - 700 . 2.8
EXAMPLE 4

Purification of the nitrilase-
The cells of Alcaligenes faecalis are
cultured for 24 hours at 30°C in the medium described
- 15 in.Example 1. .

l After centrifuging the culture, the pellet is
" taken up in pH 7. 5 buffer (25 mM trisHCl, 10% (w/v)
glycerol). The cell suspension is treated with_'

ultrascuud and then.centrifuged:in order to obtain the-
20 - crude extract. The, crude extract is then treated with
B ammonium sulphate up to 30% of saturation. The
precipitate obtained.is-reeuspended'in_pH 7.5 buffer
and then dialyeed agaiust 2 1itree of the same.buffer -
cueruight. | |
25 . The solution obtained is then loaded onto a Q

Sepharose Fast'Flow HR 26/10° anion-exchange column pre-



of results | optlcal density at 660 nm 20 25

phosphate buffer 300 nM pH 7 5m _
t'enperature : 30[err]C : duration
2 hours L Ni'trile concentration Yield of acid

(mv) 50 12 -90%

100 : - 44%

equilibrated with the pH 7.5 buffer. The activity is

then eluted with a gradient of 0 to 1 M NaCl.

| Tﬁe active fractions are then loaded onto a

Mono Q HR 5/5° anion- exchange column pre equ;l;brated
5 with pH 7.5 buffer. The nitrllase is eluted uszng a

.gradlent of 0 to 1 M NacCl.

. Lastly, the fractions containing the activity
are combined3and 1 M ammonium aulphate is then added.
This solution is loaded onto a Phenyl Sepharose HR 5/5‘

10 hydrophobic-interaetion oolumn pre-equilibrated with
the pH 7.5 buffer, to which is added 1 M (NH,),SO,. The
activity is- then eluted with a gradient of 1 to 0 M
ammonium eulphate. '

‘The molecular weight of the protein is

;5. determlned by gel flltratlon. It is about 260 kDa. A
.single band of 43 kDa is observed on SDS-PAGE (purzty
of 95%). o |

_ -The kihetics.ofihyd:olysis of the
4Qmethylthio-z-hydroxybutyronitrile into.the hydroxy

20 | analogue of methionine ﬁith the nitrilase of'A.'

faecalis is linear.




200

400
f or med
4- et hyl t hi o-
at 660 nm
1m
durati on
5
10

15.

22%
0% 10

300
500

EXAVPLE 9 Stability of the enzyme as a functi on of the
q)er ating conditions:

10%
0%
anount of acid

optical density

2- hydroxybutyronitrile 100 Iﬁ\/l 15
15- phosphate buffer 100 MM pH 7.0
E‘gggef ature ] %%‘Eﬁ‘gi_ty - SOI'RPYrr] C
(hour) (uniol/h-m'g_ of prot.) (%)
0 0 1
0.5 - 150 3
1 171 5
21.5 150 68
24.8 150 77
29 150 87
ﬁXAMPLE 5 _Influenc;e of thé pH
Operatihg éon'ditibn_s:_
nitrile | 50 mM |
protein. 50 ug/ml |

‘acetate buffer 100 mM of pH 4 to 5

phosphate buffer 100 mM of pH 6 to 7 1 ml

Tris-HCl buffer 100 mM of pH 8 to 9

'borate buffer 100 mM of pH 10 to 11

temperature |

duration

30°C

1l to 2 hours



- 19 Aci d concentration Yield of acid

(mv) : 0 : 100% _
200 : - 100% 5400 100%
600 - 100% _ ' .~ 800 ' 100%
1000 100% ' EXANPL:!i 10 10 Enanti oneric excess
4- et hyl t hi o- 2- hydroxybutyronltrlle 140 mM : "optical density
at 660 nm . Iz ..
' pPH : Activity
(pmél/h-mg of prot.)
1 0
5 42
6 232
5 7 272
8 405 -
9 ‘412
10 . . 158
11 0

10 EXAMfﬁE_6:Influgnce_of'thé"ﬁemperaturé
‘Operating éopditions:
ﬁitrile . - | 50 mM
é:otein o ' _ -  SO_FQ/ml
phosphate.buffer_lob ﬁM.

15 ' ;.of PH : o 7.0

. | .variable Eempératﬁréé' _ |

from _" : - 4°C to 60°é

~duration _ '_ - 1 hour

The optimum working temperature of ﬁhe enzyme is 50°C.



phosphate buffer 100 mM pH 7.0 1m . tenperature

20[err] C 15 | ncubation tine Yield of acid f Optical purity
2 h - : 15% : 0 6 h 50%
0 24 h 100% 0 :
Study of the kinetics of hydrolysis of the 20 4-nethylthio-2
- hydr oxybutyronitrile shows a |inear producti on of hydroxy anal ogue of
met hi oni-ne per hour per—1g of _dry Eelrs. The enantionerl c fexcess of
the acid formefl wasTeR@¥RE®y |ihuid chr BREESGEEphy; it
| in °C (ymol/h-mg of prot.)
4 ' . 45
10 o - 67
5 : 20 ' , 140
30 | | 272
40 419
50 | | 570
60 333

.10 COMPARATIVE EXAMPLE WITH MANDELONITRILE

Operating conditions:
mandelonitrile ' , : 7 mM
protein _ B 5 pg/ml

phosphate buffer 100 mM, pPH 7.0 1ml

15 ' temperature ;'_' . 30°C
Time = . : Activity ee
{minute) (umbl/h-mg of prot.)
15 b - 1000 . 1
60. | 1030 1
20 The purified pitri1ase is thus

enantioselective on mandelonitrile but not on

4-meﬁhylthio-z-hydioxybutyronitrile.



20 Is equal to 096for a'yield of acid ranging from 15%to 100%

EXAMPLE 11 I nfluence of the tenperature. Operating conditions: 5

4- et hyl t hi o- 2- hydroxybutyronltr|le 100 v optical density
at 660 nm 15 : phosphate buffer 100 mM pH 7.0
1nm t enper at ure 16 : see table

duration . 6 hours 10

T([err]C . EXaM@L®E &7 of acid

Hydrolysis §f 4-methylthio-2-
hydroxybutyfqnitrile'with Rhodococcus HT 29-7 FERM BP-
3857 o |

l5 _ " The @icharganism Rhodococcus sp. HT 29-7

FERM BP-3857 is cultured in the following medium:

glycerol ' 20 g/1
yeast extract (DIFCO) 3 g/l
xg, 0, - 1gn
10 Na,HPO, - 12H,0 | 4.4 g/1
Na,80, 2.8 g/1
' MgCl,- 6H,0 o . 0.85 g/1
€aCl,-2H,0 - 0.05 g/1
MnSO,*H,0. . ~0.033 g/1
15 | | '-Feso,-7s;o - - o.013 §/1
ZnsO,-7H,0 . 0.005 g/1
benzénitrilé - | _ - 0.5 g/1 |
. pE 7.5 |

_ The*culturiné is performed at 30°C in 2 litre
20 ccnical'flésks containing 600 ml of medium. The whole
 mixture is stified.at'lso-revoiutions per minute for
140 hours. The cell pellet is recovered, washed wiﬁh.
9 g/1 NacCl soiution aﬁa tbén_frozeﬁ.
Influence of the PH on the'hydrol?sis:
25 Operating éonditions:
4-methylthio-2-hydroxybutyronitrile 100 P
‘optical density'at 660 nm o ' 15

acetate buffer 100 mM of pH 4 to 5



10
30
50

:70%
100%
31%

EXAWPLE 12 Hydrol ysis of 4-methylthio-2-

OQperating conditions: 20

23 MM optical density at 660 nm-. 15
phosphat e buffer.100 rmdphbéﬁhike bufférnioo mM of pH 6.0 tenperature
30[err]C '
to 7.0 1 ml
Tris- HCl buffer 100 mM of pH 8.0
to 8. 0 |
5 borate buffer 100 mM of pH 10.0
" to 11.0 |
temperature. . 30°C
~duration | 10 hours_
pH Yield of acid
10 4 0%
5 100%
6. 1008
7 . 100% _-.
8 100%
15 9 100%
10 ‘208
11 0%
EXAMPLE 8 Influence oflthe concentration.of subst:ate
The stabilityIOf.the.enzyme as a function of 
20 the amount of substrate was also measured under the
| - following conditions: _
4-methylthia-z-hydroxybutyronitrile cf Table
| | | ' of results
-optical-densiﬁy at 660 nm 20
phosphate buffer 300 mM, pH 7.0

- 25

20
40
60

100%
100%
15%

: anihobutyronitrile
4- et hyl t hi o- 2- hydr oxybutyronitrile

-5 ml -

15



21 . ‘Time Yield of acid Enanti onmeri c excess

(hours) . ' : E of the acid o 0.5
40% . . _ n. d. o 1 : 51%
0.12° 5 .2 o : . 62% n. d.
5 o 78% Qsls5 EXAMPLE 13
Culture condi-tions used-for Gordona terrae MA- 1 (FERM BP-4535) are as
follows: 10 temp¥inateire o 10 g/130°C .
yeast extract ' 0.4 g/l . ' g ' K[err]HPCEFrr]
6.8 g/l duration ours
| Nitrile concentration  Yield of acid
(mM)
5 | | . 50 S 90%
100 o 44%
200 - . 22%
300 - 10%
400 o 0%
10 _ ~ 500 - . 0%

EXAMPLE 9 Stability of the enzyme as a function of the
‘amount 6f acid formed
Operating conditions:

.4-methyithio-2-hydroxybutyronitrile 100 mM .

15 - . optical density at 660 mnm - 15
phosphate buffer 100 mM, pH 7.0 1 ml
température . S 30°C

_ duration . : ' L 6 hours



Na[errJHPO err].12H err] O - 7.1 g/l Na2SO4

2.8 g/l 15 - MyCl [err].6Herr]O 0.4 g/l
CaCl[err].2H err] O 40 no/ | _
‘MSJerr].Herr]O C 4 mg/m . - Fed[err]
0.6 ng/l ZnSg err] .19 0.3 mg/l 20
benzonitrile 0.5 g/l pH 7.2 Activity -
of the enzyne e cultureg celrs._are_next washed and then
pl aced in contact wthAeh@ coBcenkrAEdY et hyl EFARSHUCEr 8RAtril el in order to
assay the actijvity.
(mae)
"0 _ 100%
_ 200 N 100%
5 | 400 | 100%
e00 ~ 100%
goo 100%
1000 - 100%

EXAMPLE 10
10 Enantiomeric excess

4-methylthio-z-hdecxybutfronitrile 140 mM -

optical density at 660 nm 14
phosphate buffer 100 mM, pH 7.0 C1ml
temperature == | 20°C
15 Incubation time Yield of acid ._Optical purity
2h {1 - a1z . 0
6 b .~ s0% o
24 h . 100% 0

Study'of.ﬁhe.kinétics of hydrolysis éf.the

20 -4-methy1thio-2;hydrbxybutyronitrile shows a linear 
production 6f hydroxy analogue of methionine per hour

‘per mg of dry cells. The enanticméric.excess of the

acid formed was measured by liquid chromatography; iﬁ



22 ‘Operating conditions: [nitrile]': 23 mM

[cells] = 6.8 g/l; phosphate buffer 100 mM 5
7.0, 35C [err] Figure 3. Hydrolysis of the
cyanohydri n of ‘AMIP by - CGordona terrae MA-1

20

is equal to 0% for a yield of acid rangihg from 15% to

100%.

EXAMPLE 11 Influence of the temperature.
Operating conditions: | -

5 . 4-methylthio-2-hydroxybutyronitrile 100 mM

optical density at 660 nm 15
. phosphate buffer 100 mM, pﬂ 7.0 1 ml
" temperature : see table
lduration S _.-- 6 hours
10 | T(°C) | Yield of acid
10 o 70%
20 e 100%
 3O | o 100%
40 | . - 100%
15 ol so - 31%
so | - 15%

EXAMPLE 12 Hydrolysis of 4-methylthio-2-
aminobutyronitrile |

Operating conditions:

20 . : 4-methylthio-2-hydroxybutyronitrile 23 mM
optical density at 660 mnm ' 15

phosphate buffer 100 mM, pH 7.0 1 ml

temperature : ' 30°C

pH



Time (hours) 10 . The kinetics of hydrol ysis of the

hydroxymet hyl t hi obutyronitrile are linear. The initial rate i s
estimated at” 13 nmol/h g dry cells. EXAVPLE 14 | nfluence of the
concentration of cyanohydrin of AMIP on the nitril ase act|V|ty 15
The influence of the initial concentrati @i of _
hydr oxynet hyl t hi obutyronitrile on the n|tr|Iase activity was
determned, . affd The_fesults pre |n |ca% t he W)Flovmrg:tdﬁre
Oper ati ng conditionglmeZO Yie eFF%F 5. 1 gatiomeric excess
phosphat e buffier % ours) of the acid

0.5 _ - C40% . n.d.

1 . . 51% S 0.12

5 2 | 62% | n.d.
5 | 78% 0.15
EXAMPLE 13

Culture conditions used for Gordona terrae -

- - MA-1 (FERM BP-4535) are as follows:

10 ' glycerol _ 10 g/1
Yeast'extrgct { 0.4 g/l
K,HPO, = o 6.8 g/1 :
Na,QHPO,-12H,0 7.1 g/1
Na,SO, _ 2.8 g/l
15 . | Mgcl,-6mo0 - 0.4 g/1
' | cac1,-2m0 . 40 mg/1
MnSO,-H,0 4 mg/ml
FeCl, _ . 0;6 mg/l
Znso, - 0.3 mg/1
20 ' . benzonitrile - 0.5 g/1
| | pPH 7.2

_Actiﬁity of the enzyme
The'éultured celis are next washed and then
placed in contact with the
25 hydrqumethylthiobutyrénitrile in order to assay the

activity.



pH 7.0; 35[err]C

.10

15

20

~ The kinetics are effected over 0.5, 1, 2 and 3 hours.
Nitrile concentration Activity '
(mrol / hg dry cells) 5 50

- 100 _ 13 22 200
300 0 400

.Operating conditions:

[nitrile] = 23 mM;
. [cells] = 6.8 g/l;
phosﬁhate buffer 100 mM

. pH 7.0, 35°C

100

A,

TV {%)

8 8 8B §

=]
]
i
L

Time (hours)

The kinetics of hydrolysis of the

rate is'estimated.at.13 mmol/h-g dfy cells.

EXAMPLE 14 Influence of the concentration of

cyanohydrin of AMTP on the'nitrilase activity.

23

(my
14

” " Figure :3: Hydrolysis of the
i // - cyanthdrin of AMTP bf

'/ P i  Gordona terrae MA-1l.

'hydroxymethylthiobutyrbnitrile_are linear. The initial

The inflﬁence_oﬁ the initial concentration of

hydroxymethjlthiobutyronitrile on the nitrilase

in the following table.

Operating conditions: |
[cellsl=5.1 g/1;
phosphate buffer 100 mM

pH 7.0; 35°C.

‘activity was-determined,'and the results are indicated



10 Up to 200 mM the éctivity varies little with t he

concentration of substrate. EXAMPLE 15 Influence of the
concentration of hydroxy anal ogue of nethionine on the nitrilase
activity. In this test, we studied the influence of the 15
concentration of ammoni um 4- hydroxy-2- 23 methylthiobutanoate on the
nitrilase activity. Operating conditions: [cells] =5
gl l; . [ nthei kéheti@BO0anmbl eff@cted over 0.5phdspRamadpuffer
100 mM pH 7.0; S 35[err]C The concentrati on

of amoni um car bhorybat e

Nitrile concentration :' “Activity
(mM) (mmol/h-g dry celis)
5 | - 50 14
‘100 | 13
200 R 15
2300 | 0
400 A 0
10 Up to 200 mM, the activity varies little with

the concentration of substrate.:

EXAMPLE 15 Influence of ﬁhe concentration of hydroxy
analogue of methiqniﬁe on the'nitrilasé activity.
In this test, we studied-ﬁhe'influénce of the
15 ' concentration of ammpniﬁm 4 -hydroxy-2-
methylthiobﬁtanoate 6# tﬁe nitrilase activity.
Operating conditions: | |
 [cells] = 5 g/1;

100 mM;

[nitrile] =
20 _ phosphate-buffef 100 mM, pH 7.0; -
35°C.

The concentration of ammonium carboxylate

varies between 0 and 1.5 M.



varies between 0 and 1.5 M _ : ' : 24

Acid concentration . Activity (mol /1)
K[err]nDI/h ng of dry cells) ' S 0 9.4
0.5 14 5 ' 1. 19
1.5 15 | - The concantration of ammoni um 4- hydr oxy- 2-
et hyl t hi obut anoate does . not at all nodify the initial activity of the
strain Gordona tefrae _HIZ9- 7. .. :
Acid concentration Activity
(mol/1) (uﬁol/h-mg of dry cells)
0' .. | 904
5 S 19
1.5 N - 15

The concentrat;on of ammonlum 4- hydroxy-z--
:methylthlobutanoate does not at all modlfy the initial
act1v1ty of the strain Gordona terrae HT29-7.
10 EXAMPLE 16 Influence of the pH and ‘of the temperature. '
Operating conditions: |
'[nitrile]=100 mM}'
[cells]—7 5. g/lf
acetate buffer 100 mM, pH 4 to 5;
15 | ' '_. phosphate buffer 100 mM, pH 6 to 7;
_?r;s-HCl buffer-lOO'mM, pH 8 to.9
borate buffer 106 mM, pH 10 to 11; 3

'30°C; kinetics over 1, 2, 4 and 6 hours.



10 EXAMPLE 16 Influence of the pH and of the tenperature. Oper ati ng

conditions: - . [nitrile]=100 mv [cells]=7.5"
gll; acetate buffer 100 MM pH 4 to 5; 15
phosphate buffer 100 MM pH 6 to 7; . Tris-HA- buffer 100 MV
pH 8 to 9 - borate buffer 16 mM. pH 10 to 11; 3 '
30[err]C, kinetics over 1, 2, 4 and 6 hours.
25 _ pHt ACTTVITY .
o pH _ _ Activity
(mmol/h-g dry cells)
4 0.6
5 2.5
6 7.8
5 7 9.6
8 o ' 15.3
9 S 18
10 | 5.7
- 1 11
10 The optimum pH is at about 8-9 under our
operating copditions. |
Influence of the temperature:on the nitrilase activity
of Gordona terrae MA-1.
Operating conditions:
15 [nitrile] =100 mM;

[cellsl=7.5 g/l;
phosphate buffer 100 mM, pH 7.0;

kinetics over 1 hour.



(mol /h. g dry cells)
5 «

4
6
8 .
5.7

0.6
7.

8 5
15.3

2Bhe optinmum pH is at about 8-
| nfl uence of the tenperature on

2.5
7 _ 9.6
9 - 18 R
11 o 11 . 10
under our operating conditions.
the nitrilase activilty-

condi tions: '

T?Eégbraona'ierrae M%E%ivitY oper at

(mmol/h-g dry cells)

10

20
30
40
50

60

0.6

ng

The optimum temperature is about 40-50°C.



15 [n | e] =10th tHasBeenReplaced [cel | s]=7_5_gLl;
phosphat e buffer 100 mvi pH “ - kinetics pvaiisEHEEUITHAS BEEN
26 T([err]CD nol / REBLACED
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CLAIMS
1; 'Process for the preparation of racemic-

10

15

20

25

a-substituted 4-methylthiocbutyric acids, characterized

' in that the racemic a-substituted

4-methylthiobutYronitriles are hydrolysed by a
nitrilase chosen from those of:éigg;iégggg_;gggglig,
Rhodococcus sg.-HT 29-7 or Gordona terrae. |

2. Process according to claim 1,
characterized_in that the racemic d-substituted
4—methylthiobutyronitriie is 4-methylthio-2- |
hydroxybutyronitrlle. | |

3. Process accordzng to cla;m 1,
characterised in that the pH of the medium is between.é
and 11 and preferably between 5 and 9. |

4. Process accordlng to claim 1, °

:characterized in that the hydrolysis temperature is

between'BO'andd60°C_and preferably 30 and 50°C.

5..' Precess accbrding to claim 1,
characterized:in that the concentration of
a-substituted 4-methylthidbutyrbnitrile in the starting
solution is betﬁeen 10 and-400 mmnl and-preferably.
between 50 and 200 mmol per 11tre.

6. Process accordlng to claim 1,

characterized in that'the cbncentration of

a-gubstituted 4-methylthiobutyric acid in the solution

is between 10 and 2000 .mmol per litre and preferably
between 100 and 1500 mmol per litre. .

7. Process according to claim 1,

R




40 . — 50

1,9  The Optmmﬂmm’eﬁkéﬂaeedls about  40- 50C. " F 6/0940% BEEN
27 . PLACED

1. Process for n of racemc a- substltut

4- et hyl t hi: obutyrlc aC| racterized 28 in that the racem c
[err]-substituted - 4 nethylthlobutyronltrlles are hydrol ysed by a

nitril ase chos:ﬂta:fa@ntm i thatala ger@sﬂmabqebqnglng to a
microorganism of the genus Alcaligenes is used.
| 8. Process according to claim 1,
characterized i; that a nitrilase belonging to a
5 'jmlcroorganlsm of the genus 'Rhodococcus is used.
9. ‘Process according to cla;m 1,
characterized in that a nitrilase belonging to a

_ _micrborganism of the genus Gordona ies used.

A



Rhodococcus sp.- ET 29-7 or Gordona terrae.
according to claim1,

10

hydr oxybut yroni trile.

characteri zed

- 2. Process
in that the racem ¢ a-substituted

4-met hyl t hi obutyronitrile is 4-nmethylthio-2-

PCT- WORLD ORGANISATION FOR IWTELEQTUAL PROEER®BY di ng to cl ai mi 1,

characterized in txﬁ‘@&mﬁ&?ﬁ ﬂH.I@Afrmﬁ hﬂ‘d&iﬂﬁﬂ?@&é B WRRRurfo Teary p@fd 11 and

. pr ef er abl y bet ween 5 and

Process according to claim

1 0 g&a p%é.ﬁcmfsaf& the hydr ol yﬁiﬁ:n’ieﬁﬂﬂ%ﬁ&dﬂﬁ@aﬂoﬁ runber;_ wlbEjosen
30 ah lgpre era 30 and A0[je
Procpss & 6 ©F tY%; Fﬁzll 0. To0s) har clc‘(@rll“?é'ﬁ“?’ﬁ] P”I‘]Hfatpﬁéatéo??c’@m‘ 2l 2,
Q.f asubstTtoted—d=methyt throbutyrgmitrie 1m The StaTrrng
sol U- (ﬂ? TnPerREbAE S 11910%’%%490%?7%%/0?19&1 Fr(%f)%émaééd | States: M, AU, BB, BG., BR, BY. KZCA &
{22) Internatmna'l filing date: 19 September 1995 LR LT Ly, MD. MG, MK MN, MX, No NZ, PL, RO,
(19.09.95% RUSGSI SK, TJTMTTUA US. UZ, VN,
. Etropean Patent (AT. BE, CH, DE, DK, ES, FR, @B,
(30) Data relating to the pr1or1ty : . @R, IE, IT, LU, MC. NL. PT, SE). OAPI Patent (BF,
94/11301 22 September 1994 (22.09.94) FR " BJ, CF, CG, CI, CM, GA, GN ML. MR, NE, SN, TD,
95/02615 7 March 1995 (07.03.95) TR TG) ARIPO Patent (KE . 8D, SZ. UB).
(71) Applicant (for all designated States except US): PubTished

(72)
(75)

(74)

RHONE-POULENC NUTRITION ANIMALE [FR/FR]; 42,
avenue Aristide-Briand, F-92160 Antony. (FR)

Inventors: and

Inventors/App'l'icants (US only): Olivier FAVRE-BULLE .
[FR/FR]; 22, rue du Pére-Chevier, F-69007 Lyon - .
{FR). Marie-Claude BONTOUX [FR/FR]; “"Le Vﬂ'lage .
-F-38200 Luzinay (FR). Denis LARGEAU [FR/FR];
Résidence Les Conteaux, Route du Bitard, F- 69440
Taluyers (FR). André ARIAGNO [FR/FR]; 11, allée .

: c(is;)aardms -des-Hespérides, F-69340 Francheville -

Representative: Magali LE PENNEC; Rhdne-Poulenc
Rorer S.A., Patent Directorate, 20 avenue
Raymond-Aron, “F-92165 Antony Cédex (FR).

With the International Search.Report.
Before expiry of the period provided for amending

- the claims, will be republished if such amendments
are received -

As printed

(54) Title: ENZYMATIC HYDROLYSIS OF 4-METHYLTHIOBUTYRONITRILES
(54) Titre: HYDROLYSE ENZYMATIQUE DES 4 METHYLTHIOBUTYRONITRILE

1)) Abstrlct

A novel method for the enzymatic hydrolysis of‘-mexhylthsouuymunilesmneumc &mﬁyltmowtync acid using a mlnltse of
Alcaligenes faecalis, Rhodococeus sp. H'I‘ 29-T or Gordom tervae. _

(57) Abirégé

La présente invention conceme un nouvesu pmcede

'hydmlyse enzymatique des Lméﬁyldﬁohnymm’le en acide

4-méthylthiobutyrique ncémlque & I'aide d'une nmilne @’Alcaligenes jaecalis, Rhodococcus sp. HT 29-7 cu de Gordona terrae.




bet ween 50 and 200 mmol per litre. 6. Process accordi ng

to-claimi, characterized in that the concentration of 25
ferr]-subtituted 4-met hyl thiobutyric acid.in the solution i s between
10 and 2000 nmmol per litre and preferably bet ween 100 and 1500 mmol
per litre. 7. Process according to claim1,

characterized in that a nitrilase belonging to a n1croorgan|sn1of the
genus Al caliigenes is used. : 8. Process according to clalm 1,

characterlzed in that a nltrllase belonglng to a
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5 'niéroorganisn1of t he genus Rhodococcus is used. .9

«Process according to claim1l, characterized in that a nitrilase'
bel onging to a m croor gani sm of the genus Gordona is used.
| 27 |
CLAIMS
1. Process for the prepération of racemic

a-substituted 4-methy1£hi6butyric acids, characterized
in that the racémic arsubstituted- . |
5 4-methylthiobutyrdnitriles are hydrolysed by é
_ nitrilase chosep from those of Alcaligenes faecalis
ATCC-S?SO, Rhodococcus sp. HT 29-7'FEkM BP-3857 or
 Gordona terrae FERM-ﬁP-4535. |
.2. Procéss agcb:ding to.élaih 1,
' 10 characterized in that the'racemic_a-substituted
"4-methylthiobutyrbhitriie is 4-methy1£hio-_ |
' 2fhydroxybuﬁyrohitrile._ | |
3. Procgss accdrding fo claim i,
characterized in that the pH of the medium is between.4”
15 * and 11 and preferably between 5 and 9.
4. Process according to claim 1,
_ characterizéd'in that the hydrolysis temperature is
between 30 and.60°c_and_prefé:ably 30_and.50°c.
5. Process according to claim 1,

20 '_characterizea iﬁ that the concentration of
a-substituted 4;methylthiobutyronitrile in the starting
solution is between 10 and 400 mmol and preferably

'betwéen'SO and 200 mmol per litre. |
6. Proceés éccording to cléim 1,

25 chatacterized in that the concentration_of.

a-gubstituted 4-methyithiobufyric acid in the solution

is between 10 and 2000 hmol.per litre and preferably

" AMENDED SHEET
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. between 100 and 1500 mmol per litre.

AMENDED SHEET I —

1Ly

******



