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WO 96/09403 1 |  PCT/FR95/01196

ENZYMATIC HYDROLYSIS OF 4 METHYLTHIOBUTYRONITRILE

The present invention relates to the use of a
nitrilase as a_ostalyst for hydrolysing a nitrile group
into-e_carboxylic group. fhe invention relates more
precisely to the use of'the nitrilase chosen.from
nitrilases of microorganisms of the genus Alcaligenes,

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-

3857 or Gordona terrae MA-1l filed under the number FERM

BP-4535.

"The nitrilase of Alcaligenes faecalis is

fdescribed} for example,. in the European and Japanese
' patents publlshed under the numbers EP 348 901 and

. JP 03 224 496 respectxvely, both belonglng to the Asahi

company . In'these patents, and more'partioularly in the

EBuropean patent, the nitrilase is used to produce

optically active acids from racemic nitriles. The |

preferred stsrting'nitriles are a-substituted and

contain an alkyl chain preferably containing 1 to 3
carbonfatoms or an aromatic radical. Example 11 of the
abovementioned European patent describes the hydrolysis

of racemic mandelonitrile with Alcaligenes faecalis;

the R-(-)-mandelic acid'is.obtained in an enantiomeric
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
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sp. 5C35-2 (FERM No. 11265 or_FERM-BP-3318) to

hydrolyse mandelonitrile in the preéence of a'sulphite;

in this case, mandelic acid is obtained in an

enanticmeric'exéess_oﬁ about 98%.

Patent JP 04 341 185 from the company Asahi

‘also describeé'the preparation and use of the nitrilase

from Alcaligenes féecalis ATCC 8750 to solve the

'problems of preparation of 6btica11y pure coﬁpounds-

from their racemic nitriie. The enaﬁﬁioselective
nitﬁilase described in ﬁhé 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:
OH

R—C-CN ()

H -
OH
R-lcl:--co_OH (an
in which R_represénts an 6ptionally.substituted aryl
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

the said nitrilase ma& be used to hydrolyse aliphatic

- nitriles such as valeronitrile, acrylonitrile,

2-halopropionitriles and chloroacetonitrile. Nothing is’
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specified as regards the enantiose;ectivity of this
hydrolfsis on aliphatic nitriles having an asymmetric
centre;

‘The s;id téxt also specifies that thé
nitrilasé of Alcaligenés faecalis is of optimum
activity at a pH betweeﬁ 6.5 and 8.0; the working
temperature of the said enzyme should, according to
thét referencé,.aiways be below 45°C. |

It appeared to be entirely surprising that

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. Tﬁis
enzyme hydrolyses the said nitrile producing a racemic
mixture of the two acids 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

" under the numbers EP 610,045 and US 5,296,373

respectively, both bélonging Eo the company Nitto.

| In theée'patents, and particularly in the
Amefican patent, the nitrilase is used to produce
optically-aétivé'acidslfrom iacemic-nitriles bearing a
phenyl group. The starting nitriles all contain an

aromatic :adi¢a1; this-essentially involves hydrolysis

- of mandelonitrile or of derivatives thereof substituted

on the aromatic ring. Example 1 of the abovementioned
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American patent describes the hydrolysis of racemic

. mandelonitrile 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 cgrried'out'on 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-hydroxycarboxylic

acid”substituted with an optically active phenyl grbup.

The acids obtained with_Rhodococcus sp. HT 29-7 always

have a variable enahtiamerie 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’
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under the number FERM_BP—4535 is described in European
patent 6,610,048 to hydrolyse nitriles bearing a
vy-phenyl group and an «a-hydroxy group into the
corresponding oéeically aetive acid. The enagtiomeric
eicess ranges in all the examples between 92 and 100%.

It appeared to be entlrely 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
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

| process 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,

Rhodococcus sp. HT 29-7 filed under the number FERM

' BP-3857 or Gordoma terrae MA-1 filed under the number

FERM BP-4535.
According to the p#ocess of the invention, -

the microorganism may be used as it is or immobilized

‘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
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microorganism (such as A,'faecalis ATCC8750, etc.)_into
a microorganism such as Bacillus subtzlis.
One variant of the process of the invention
consists in uSing, in place of a microorganism; a

corresponding amount of its free or immobilized ensyme,

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 nydroxy'analogue of racemic

methionine. This technigque for the preparation of

methionine derivatives makes it possible to avoid the

formation of large_amounts of inorganic side products
whose dispossl causes_ever;increasing problems on
account  of environmentai protection constraints.
| In the context of the present invention,

these enzymes naﬁe'a nitrilase activity in a pH range
between 4 snd 11 and'optimnm activity at a pH of
between 5 and 9t'Their optimum working temperature is
between 30 and 60°C; it is prefer:ed, however, to use
them between 30 and 50°C. |

It is preferred to work with a nitrile
concentration in the starting solntion of between 10
mmol and 400-nm01 per litre And prefetably between.SO
and 200 mmol per iit:e. The concentration of ammonium

salt of the acid obtained has little 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 per



10

15

20

25

litre.

The invention will be described more fully

not be considered as limiting the invention.

EXAMPLE 1

8750 is cultured in the following medium: -

ammonium acetate 10 g/1
'.yeast extract - 5 g/l
_peﬁtone L 5 g/l

i;ﬁPO4 - | 5 g/l

MgSO,-7H,0 0.2 g/1

FeSO,* 7ﬁ,o_ 30 mg/1

NaCl o . 1g/l

Benzonitrile ' . 0.5 g/1

pH 7.2

Culturing is carried out at 30°C in 2

| with the aid of the examples which follow, which should

The microorganism Alcaligenes faecalis ATCC

litre

conical flasks containing 600 ml of medium. The whole

mixture is stirred at 150 revolutions per miﬁute'fOr 30

NaCl-solution.and.then frozen. . -
lOperating conditions to hydrolyse the
butyronitrile; " | | _ |
4-methylthio-z-hydroxybutyronitfile_
cells |
phosphate buffer
temperéture'...

duration

- hours. The cell pellet is recovered, washed with 9 g/1

50 mM

5 mg/ﬁl
200 mM.
30fC

4 hoﬁrs
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Study of the kinetics of hydrolysis of

4-methylthio-2-hydroxybutyronitrile shows a linear

pfoduction of 2.8 umol of hydroxy analogue of

methionine per hour and per mg of dry_cells.'The

enantiomeric excess of thé acid férmed was'meASured'by
liqﬁid chromatography; it is equai to 0% for a yield of
acid of 80%. | | |
EXAMPLE 2 .

The stability of the enzyﬁé was evaluated
according to the kinetics of production-of the hydroxy
anaiogue'bf methiqniné_dver 180 hours with freé cells.

The operating conditions are as féllows:

4-methylthio-2-hydroxybutyronitrile 100 mM

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

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

of the corresponding acid is indicated in Table I
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‘TIME Acid formed _ Activity
'_(mm01/1itré) (umol/h-mg of cell-s)

0 0 0

2 h 39 1.7

17 h 230 1.3

24 h 312 1.7

47 b 466 1.2

70 h 556 0.4

172 b 860 0.6

180 h 940 0.6

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).

EXAMPLE 3

The stability 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:

amount of

Stability of the enzyme

substrate

nitrile

cells

phosphate buffer 300 mM

pH 7.0

temperature

as a function of the

cf table of results

10 mg/ml

5 ml

- 25°C




10

duration 1 hour

Nitrile concentration Activity

(M) | (umol/hemg of cell-s)

50

5 | 100

2

2

150 o 2
1200 | 2
0

500

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
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Acid concentration | . Activity

(M) ' (pmol/h-mg of cell-s)

0 3.2
160 ' _ | 4.5
200 ' 3.8
300 | | 4.1
400, - | 4
‘s00 - | 4
600 ' o 3.4
700 | . 2.8

EXAMPLE 4

Purification of ﬁhe nitrilase-

The cells_of'Alca;igenesifaecalis are
cultured for 24 hours at 30°C in the medium described
in Example 1. .
| After ceptrifuging the duiture, the peilét is
taken up.in PH 7.5 buffer (25 mM trisHC1, 10% (w/v)
glycerol)..The'céll suséension is treated with_'
ultrasouhd and then.centrifuged:in order to obtain the-

crude extract. The,c:ude extract is then treated with

 ammonium sulphate up to 30% of saturation. The

precipitate obtaiﬁed.isireéuspendedvin_pH 7.5 buffer
and then dialysed agaiﬁst 2 1itre§ of the same.buffef -
6#erpight. | |

The solution obtained is then loaded onto a Q

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

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 combined and 1 M ammonium sulphate is then added.

This solution is loaded onto a Phenyl Sepharose HR 5/5‘
hydrophobic-interaetion oolumn prefequilibrated 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 eulphete.

‘The molecular weight of the protein is

determlned by gel flltratlon. It is about 260 kDa. A

.single band of 43 kDa is observed on SDS-PAGE (purzty

of 95%).

he klnetlcs of hydrolys;s of the

4—methylthlo 2-hydroxybutyron1tr11e lnto the hydroxy

analogue of methionine w1th the nitrilase of F

faecalis is linear;
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Time Activity RY
(hour). (uﬁol/h-mg_of prot.) (%)
0 0 1
0.5 - 150 3
i 171 5
21.5 150 68
24.8 150 77
29 150 87
EXAMPLE 5 Influence of thé'pH
Operatihg éonditibqg;
nitrile. b So'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
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PH | Activity
(pmél/h-mg of prot.)
Co 0
5 42
6 232
S 7 272
8 405
L) '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.
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Temperature . . Activity
in °C .(ymbl/h-mg of prot.)
4 ' . 45
10 o - 67
20 ' , 140
30 | o 272
40 | 419
50 | 570
60 _'” 333

10 COMPARATIVE EXAMPLE WITH MANDELONITRILE

Operating conditions:

7 mM

mandelonitrile

protein 5 ug/ml
phosphate buffer 100 mM, pPH 7.0 1ml
-Eemperature o 30°C
Time = . : Activity ee

{minute) (umbl/h-mg of prot.)
15 b - 1000 1
60. | 1030 1

The purified pitri1ase is thus

enantioselective on mandelonitrile but not on

4-methylthio-z-hydioxybutyronitrile.
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EﬁAMPLE 7 |
Hydrolysis of 4-methylthio-2-
hydroxybutyfqnitrile'with Rhodococcus HT 29-7 FERM BP-
3857 - |
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
IéHzP_°4 o ‘ - 1g/1
Na,HPO, - 12H,0 | 4.4 g/1
Na,80, 2.8 g/1
' MgCl,- 6H,0 . . 0.85 g/1
€aCl,-2H,0 - 0.05 g/1
MnSO,*H,0. . ~0.033 g/1
'-Feso,-7s;o - - 0.013 §/1
ZnsO,-7H,0 . 0.005 g/1
benzénitrilé C _ . 0.5 g/1 |
. pE 7.5

The*culturing is performed at 30°C in 2 litre

conical flasks containing 600 ml of medium. The whole

 mixture is stirred at 150 revolutions per minute for

140 hours. The cell pellet is recovered, washed with '_

9 g/1 NacCl soiution aﬁa tbén_frozeﬁ.

Influence of the PH on the'hydrol?sis:

Operating éonditions:
4-methylthio-2-hydroxybutyronitrile 100 P
‘optical density'at $60 nm | : ' 15

acetate buffer 100 mM of pH 4 to 5
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phosphate buffer 100 mM of pH 6.0

to 7.0 1 ml
Tris-HCl buffer 100 mM of pH 8.0
to 9.3 | | | |
_bbrate buffer 100 mM of pH 10.0
" to 11.0 |
temperature. . 30°C
.Zduration | 10 hours_
pH Yield of acid
4 - 0%
5 100%
6. 100%
7 100% -
8 100%
9 100%
10 208
a1 0%

EXAMPLE 8 Ipfluence of the

concentration of subst:ate

The stability of the.enzyme ag a function of

the amount of substrate was alsoc measured under the

- following conditions:

4-methylthio-z-hydroxybutyronitrile

‘optical density at 660 nm

phosphate buffer 300 mM, pE 7.0

cf Table

of results

20

-5 ml -
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femperature - _ | 30°C .
duration - ' 2 hours
| Nitrile concentration - Yield of.acid
{mM)
5 | 50 N 90%
100 o 44%
200 . - - | | 22%
00 | 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
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Acid concentration Yield of acid

()

70 100%

200 100%

400 100%
600 100%

800 100%
1000 1ooéuv

EXAMPLE 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

Incubation time

Yield of acid

._Optical purity

100%

2 h 15% 0
6 h 50% 0.
24 h 0

Study of the kinetics of hydrolysis of the

-4-methy1thio-2;hydrbxybutyronitrile shows a linear 

production of hydroxy analogue of methionine per hour

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

acid formed was measured by liquid chromatography; iﬁ
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is equal to 0% for a yield of acid rangihg from 15% to

100%.

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

. 4-methylthio-2-hydroxybutyronitrile 100 mM

optical density at 660 nm 15
. phosphate buffer 100 mM, pﬂ 7.0 1 ml
" temperature : see table
ldpration S _.-- 6 hours
T(°C) | Yield of acid
10 o 70%
20 e 100%
 3O | o 100%
40 | . - 100%
50 - 31%
so | - 15%

EXAMPLE 12 Hydrolysis of.4;me£hylthio—2--

aminobut&ronitrile )

Operating conditions:
4-me£hylthioJ2-hyaroxybutyronitrile 23 mM
optical denéity at 660 mnm . ' 15
phosphate buffer 100 mM, pH 7.0 1 ml

temperature : ' 30°C
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Time Yield of acid Enantiomeric excess
(hours) of the-aqid -
0.5 © 40% n.d.
1 '. 5'1% 0.12
2 62% n.d.
5 78% 0.15

EXAMPLE 13

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

glycerol

yeast extract

K,HPO,

Na,HPO, - 12H,0

Na,sSO,

MgCl,- 6H,0

CaCl,-2H,0

MnSo, -H,0

FeCl,

ZnSO,

benzonitrile

pPH 7.2

Activity of the enzyme

Culture conditions used for Gordona terrae -

10 g/1

‘0.4 g/1

6.8 g/1

7.1 g/1

2.8 g/1
0.4 g/l
40 mg/1

4 mg/ml

0.6 mg/1

0.3 mg/l

0.5 g/1

The'cultured cells are next washed and then

placed in contact with the

hydroxymethylthiobutyronitrile in order to assay the

activity.
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.Operating conditions:

22

[nitrile]l = 23 mM;

. [cells] = 6.8 g/1;

phosﬁhate buffer 100 mM

. pH 7.0, 35°C

100

TV {%)

8 8 8B §

(=]
]
4

Time (hours)

" Figure :3: Hydrolysis of the
-cyanthdrin of AMTP bf

" Gordona terrae MA-1l.

The kinetics of hydrolysis of the

'hydroxymethylthlobutyronltrlle are llnear. The 1n1t1a1

rate is estlmated at 13 mmol/h g dry cells.

EXAMPLE 14 Influence of the concentration of

cyanohydrln of AMTP on the nltrllase act;v;ty.

The influence_oﬁ the initial concentration of

hydroxymethjlthiobutyronitrile on the nitrilase

in the following table.

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

pH 7.0; 35°C.

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

100 mM
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The kinetics are effected over 0.5, 1, 2 and

3 hours.
Nitrile concentration :' “Activity

(M) (mmol/h-g dry celis)
50 14

‘100 | 13

200 R 15

2300 | 0
400 i 0

Up to 200 mM, the activity varies little with

the concentration of substrate.:

EXAMPLE 15 Influence of the concentration of hydroxy
analogue of methiqniﬁe on the'nitrilasé activity.

In this test, we studied-ﬁhe'influénce of the
concentration of ammonium 4 -hydroxy-2-

methylthiobutanoate 6n the nitrilase activity.

Operating conditions:

[cells] = 5 g/1;

[nitrile] = 100 mM;

_ phosphate-buffef 100 mM, pH 7.0; -
35°C.
The concentration of ammonium carboxylate

varies between 0 and 1.5 M.
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Acid concentration Activity
(mol/1) .(uﬁol/h-mg of dry cells)
0 9.4
o5 -~ | 14 -
I o 19
1.5 '_ | - 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.

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;
phosphate buffer 100 mM, pH 6 to 7;
_?r;s-HCl buffer-lOO'mM, pH 8 to S
borate buffer 106 mM, pH 10 to 11; 3

'30°C; kinetics over 1, 2, 4 and 6 hours.
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PH o Activity
{mmol/h-g drylcells)

4 0.6
5 2.5
6 7.8
7 | 9.6
s | 15.3
s 18
10 ] 5.7
- 1 | 11

‘The optimnm pH is at about 8-9 under our
operating co#ditions. |
Influence of the temperature1on.the nitriiase'activity_
of Gordona Ferrae MA-1.
Operating conditions:

| [nitriie]=100_mM;
[cells]=7.5 g/1;
phosphate buffer 100 mM, pH 7.0;

kinetics over 1 hour.
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T(°e) . Activity
fmmol/h~g dry cells)

10 o 0.6

20 - 2.3

30 R P

a0 | 3.4

50 3.5

60 | 1.9

The optimum temperature is about 40-50°C.
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CLAIMS
1; 'Process for the preparation of racemic-

a-substituted 4-methylthiocbutyric acids, characterized

' in that the racemic a-substituted

4-methylthiobutYronitriles ane 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, °

:cha:acterized in that the hydrolysis temperature is

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

5..' Precess accerding to claim 1,
charasterized:in that the concentration of
a- substltuted 4-methylthlobutyronltrlle in the startlng
solution is between 10 and 400 mmol and preferably
between 50 and 200 mmol per 11tre.

6. Process.according 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
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characterzzed

microorganism

characterized

jmicrooréénism
| 9.

characterized

- microorganism
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in that a nltrllase belonglng to a
of the genus Alcaligenes is used.
Process according to claim 1,
i;chat a nitrilase belonging to a
of the genus Rhodococcus is used.
‘Proceses according to ¢laim 1,

in that a nitrilase belonging to a

of the genus Gordona is used.

A



