WO 98/ 18941 1 PCT/ FR97/ 01913
Process for the preparation of 2-hydroxy-4- met hyl t hi obutyric
acid using a nitril ase. The present invention relates to a

new proceos oggrLgiolaa preparation of 2 hydroxy-4- Sper/FR97/01913

(et hyl t hi o) butanoi ¢ acid (HMIBA) and/or its ammoni um salt (HMIBS).

2- Hydr oxy- 4- met hyl t lPxdndse ifomaihe prepdration ohl2-hydnexybaen used for a
|l ong tinme in animal nutrition as a replacenent for nethionine. It has
or 10 they have t heetigdthicnletoudic tdwd alging & nddinidase.a liquid
form which facilitates their use by feed produci ng conpani es.

It has been known for a long tine to prepare

2- hydr oxy-4- (et hyl t hi o) butanoic acid by a chem cal 15 route. There can
thus be mentioned Pat enThecpresenigdnventiongpeiategobonmi BRWdescribe the
hydrol ysis of 2-hydroxy- 4- et hyl t hi ghydroxybutyronitrile (HVIBN) by
a two-stage PT¥OCcS§S sFhFhQrFPP§Ft§P&gchéﬁ§W§¥§xV%45ringing t he

2- hydr oxy-4-net hyl t hi ohQutyroni trile i.nt ct _w,th a,_ 20 __ strong
i nor gani c 2aci qg@hflﬁ%‘ﬁb%?@@ﬁF&Fiécég gﬁﬁ%ﬁésienw7°r 158 gmmPRLIYD
subsequent st S § B ilution wth water, the hydrolysis is
conpl eted at a higher tenperature. The

2-hydroxy-4-(nethy|thiokp%%?ﬂgéﬁyqqggt' 1ReR u;%FiceéE&%P%ﬁﬁ Weh an

organi ¢ solvent which is sci ble th water, such as a

ketone, prefergiilts have Bl udedBdhyla Hehgn@idRd inhaRimag sol vent is

r enoved
nutrition as a replacement for methionine. It has or

10 they have the advantage over the latter of being in a
liquid form, which facilitates their use by feed
producing companies.

It has been known for a long time to prepare
2-hydroxy-4- (methylthio)butanocic acid by a chemical

15 route. There can thus be mentioned Patents EP-142 488,
EP-143 000 which describe the hydrolysis of 2-hydroxy-
4-~methylthiohydroxybutyronitrile (HMTIBN) by a two-stage
process. The first stage consists in bringing the
2-hydroxy-4-methylthiocbutyronitrile into contact with a

20 strong inorganic acid such as hydrochloric or sulphuric
acid. In a subsequent stage, after dilution with water,
the hydrolysis is completed at a higher temperature.
The 2-hydroxy-4- (methylthio)butanoic acid is then
extracted with an organic solvent which is not very

25 miscible with water, such as a ketone, preferably
methyl isobutyl ketone and then the solvent is removed

by evaporation. This type of process, which is used



by evaporation. This type of process, which is used

2 I ndustrially, neverthel ess conprises sone di sadvant ages. It
produces a nolar quantity of ammonium sul phate which is at |east equal
to the nolar quantity of nitrile intzoduced which has to be renoved,

thus 5 generating an industrial waste which runs counter to an

envi ronment al ixdusetotd kil olneyerthale gy congsrides some requires the use
of large quantities of solvent which nmust absol utely be recycl ed.

Qt her processedisadvantagens ol t guadumsas i ndlar duankity U Jupeusey and
4,353,924 consist in . hydrol ysing 2-hydroxy-4-nethylthiobutyronitrile
wi th hy cewkehake which ket Nerst edlerke dhagalrr mmmnkhty

with separation_of the anmmoni um ch]oride formed. The salt obtained is
as difficult tof hkilesintreduced yhichihap &a bakenewade e, the acid
obt ai ned has a strong gcolour., . A process for the

chen cal 15ar IgRTEatHng AF {ARtakiah o W Db TR [STESER P Bhsi st s,
as above, in carryi out, a hydralysis in.a sulphuric 0 nmedium is
2gai n desor| btPYIFPREITA B EprFecton Fafldy- s wRMeS atqe Ty
neutralized w [ Y- | 5 %ﬁgg{ ' ppears.
The organic t p aés]eﬂg%nltlsa? n%P%%%%%é%?%%% - el

met hyl t hi obut v £t aghsbBlceiPpeEqps1 iase contains 25 nost of the

anmoni um sul phate produced. "The organic solution, after evaporation
of the water which it other processes such as those described in
10 Patents US 3,773,927 and 4,353,924 consist in
hydrolysing 2-hydroxy-4-methylthiobutyronitrile with
hydrochloric acid and then in concentrating the medium
with separation of the ammonium chloride formed. The
salt obtained is as difficult to remove as the
15 preceding salt and furthermore, the acid obtained has a
strong colour.

A process for the chemical hydrolysis of
methylthiohydroxypropionitrile which consists, as
above, in carrying out a hydrolysis in a sulphuric

20 medium, is again described in Patent EP 330 521. The
mixture is partially neutralized with ammonium
hydroxide. A two-phase separation appears. The organic
phase contains most of the 2-hydroxy-4-
methylthiobutyric acid and the aqueous phase contains

25 most of the ammonium sulphate produced. The organic
solution, after evaporation of the water which it
contains, is filtered so as to recover the dissolved

ammonium sulphate. The 2-hydroxy-4-methylthiobutyric



contains, is filtered so as to recover the dissolved anmoni um

sul phate. The 2-hydroxy-4-net hyl thi obutyric

3 acid is then diluted with a small quantity of water and

stabilized with a small quantity of sul phgric acid. The aqueous
solution, after elimnation of the water, mnakes It possible to obtain
ammoni um sul phaéid whe ctheéers dblutied eeitly avsslbbdneantiity ¢f oeeser Emd | y
over cones the di sadvant ages of the prior art processes as regards the
use of organi cssabikited with doesmabl quantitwweyf sshlphuric adidsd pridie ens

| i nked to the discharge of the inorganic salts. 10 Anong
t he patents rechaueoystsolwbion) tafeer eliminagipnxgf shetwatenhi cakesic
acid, there may be _nmentioned Patents US 2, 745, 745; 2,938, 053 and
3,175, 000 it cpasPiple ote PRFUR AErrivAmE IR ko WRICH WS i xt ur e

obtai ned by hydrolysis of the 2-hydroxy-4- 15 nethylthiobutyronitrile is
treated w gh C ?'E?éﬁiy markebablsi JEhLS RELTRARARATHIE QUERGMRR Fhate i s

h L pi I ' h nmoNi hyd i de which f
o o oy S PRB7ASa g SESLER 1 2TIRE LU 80 MLy e O
again, the proflgmphieh ﬁi’@sééiée!\;l\gs, Lut &8&%"%&‘9 i:@eaz&?'&a{%"%ﬁ%’hat e
remal ns. i\ process ich consiSts in carr ng u a

hydrol ysis andegg ﬁ%éﬁi‘&ﬁé9?1:3%&?0?1905&533%%&1?&&@“& the aﬁa’;&;ﬁéz{bt he

first prior art docunment cited, a neutr on of the
organi c sol utiggiggth ammonium 25 hydroxide, is again described in Patent
Appl i cation ’

10 Among the patents relating to the salts of

2-hydroxy-4-methylthiobutyric acid, there may be
mentioned Patents US 2,745,745; 2,938,053 and 3,175,000
relating to calcium and/or ammonium salts. The mixture
obtained by hydrolysis of the 2-hydroxy-4-

15 methylthiobutyronitrile is treated with calcium
hydroxide or carbonate. The calcium sulphate is then
precipitated, releasing the ammonium hydroxide which
forms the ammonium salt of 2-hydroxy-4-methylthio-
butyric acid. Here again, the problem which consists in

20 removing the calcium sulphate remains.

A process which consists in carrying out a
hydrolysis and an extraction with an organic solvent
like in the first prior art document cited, followed by
a neutralization of the organic solution with ammonium

25 hydroxide, is again described in Patent Application
WO 96/01808. This process, as in the majority of the
processes previously described, leads to the formation

of at least one mole of ammonium sulphate or chloride



WO 96/ 01808. This process, as in the magjority of the processes

previously described, leads to the formation of at | east one nole of
anmoni um sul phate or chloride

-4- per nole of nitrile intgoduced and requires the recycling
of large quantities of organic solvent. It cannot nake it

possi bl e to obp@irNmeleodithdbrile aimOroditédl andf réquires the

hydr oxy- 4- met hyl t hi obutyric acid at an industrially advantageous cost.

The use of a nréeytastngasfalangal gsantbtiébeofiydrgante ssolventni tItl e group
5 into a carboxyl group is in addition described in W 96/ 09403. The

process cannot makeribepossibhestdochbaim asshbukeiem @bt capabl e of
bei ng used on an industri al scal e given the insufficient
activity of thammpunivergahtsaf Inhydroyyirdenethylbbiebutyric acid at
nitril ases. It has now been di scovered, by

virtue of Phe BRoiBAusErighdy| adeapFageous cost. 109 that by using several
specific stages, it was ssi ble to ob{ainp, 2-hydroxy-4-
met hyl t hi obutyric acid aﬁg?oPs?tggaﬁnBﬁFﬁﬁ}gﬁ?taﬁyaaﬁaﬁﬁ¥¥ﬁﬁt¥8rrﬁﬁ?e on an

ST ) SCohfackubhed HEOD 4 Ehth o UG 1h0S YFeshostl GRLTp 200

wi t hout the @bno

Th bj ect of s3hesisk i ' ' f 2-
e subj ect of 3f gF?E¥§§£'8st§iﬁe§r9ﬁeﬁé §8?0%E63Prfﬂéf 688

15 hydr oxy-4-neth utyric acrd and/or o e amonium salt of

2-hydroxy-4-  gegcribed inMhi¥! B8EAmBHEYEEChaGbYePYnEBZY¥aPAbENYEr Ol ySis
of 2-hydroxy-4- nmet hyl t hi obutyronitrile, characterized in

that: 10 being used on an indadstrihl 8chilesShivbad€nea bi ol ogical _
material having a nitrilase activity I's prepared by expressing

genetic informheaffeesiefdtngecdivityi b8S€heNmicho6tganisms wRich
m cr oor gani sm b) In a second stage, the
bi ol ogi cal nmat eyngheedzentbbski sétirilases. c) in a
third state, the 2-hydroxy-4- REPLACENMENT SHEET
It has now been discovered, by virtue of the
process of the invention, that by using several

15 specific stages, it was possible to obtain 2-hydroxy-4-
methylthiobutanocic acid and/or its ammonium salt by an
enzymatic route on an industrial scale, with a high
yield, without the use of solvents and without the
concomitant production of inorganic salts.

20 The subject of the invention is a process for
the preparation of 2-hydroxy-4-methylthiobutyric acid
and/or of the ammonium salt of 2-hydroxy-4-methylthio-
butyric acid by enzymatic hydrolysis of 2-hydroxy-4-
methylthiobutyronitrile, characterized in that:

25 a) in a first stage, a biological material
having a nitrilase activity is prepared,

b) in a second stage, it is immobilized,

c) in a third stage, the 2-hydroxy-4-
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net hyl t hi obutyronitrile is exposed to the biol ogical materi al thus

i mobilized, in order to obtain the ammoni um sal t of

2- hydr oxy-4- et hyl t hi obutyri c aci d, d) in a fourth stage,
optionally, the salt 5 obtained in stage c) is converted to the
correspondi ng acid, and e) inafifth stage, the
product obt ai methylthiobutytrand to)iler i) exposedc tot thecthiological

The invention will be explained in greater 10 detail in the follow ng
descri ption fmabﬂniﬂirdﬂnwénmvbilizeﬁ.lﬁnbordsdetpoObheiac@b#panying
figures in which: gure 1 represents a schematic

represent at i ofEFORde [sadity &f 3I'§Wﬂ§°€‘é’l 4 -pesdyilfbdebutyric ggidonal stage
d); Figure 1A represents_an 15 el ectrodi al ysis cel.ll. with a bipol ar
menbr ane having t KPedfc SmFQUFTen S$age g FpE 1PBaldyr o £ §a&

el ect r odi S cel | .t h a bipolar nenbran avin artnents.
- Fi gureI ? /e rsa&?(ﬁﬁ’gn t@[ﬂlggé’émizft ICORVEE §I& %8 %5‘1 ﬁPrFEFP(? ng out

t he process accq&yl tio t he i nventi on; - Figure 3
represents thé regtr i on map of t he pl asm ds pRPA—BCATl to 5;

- Figure 4 represents t%&&f@%&tﬁxostaé%(,céﬁ%q @u%g; b8 a mgyt of

1130 bp containing the sequenc Int I gure)
encoding the grage RO WieR]) 4% RRHIMmtRRH.LIi ] ase activity accordl ng to

The invention will be explained in greater
10 detail in the following description for which reference
will be made to the accompanying figures in which:

- Figure 1 represents a schematic
representation of an electrodialysis cell used in the
optional stage d); Figure 1A represents an

15 electrodialysis cell with a bipolar membrane having
three compartments; Figure 1B represents an
electrodialysis cell with a bipolar membrane having two
compartments.

- Figure 2 is a schematic representation of a

20 plant for carrying out the process according to the
invention;

- Figure 3 represents the restriction map of
the plasmids pRPA-BCAT1 to 5;

- Figure 4 represents the strategy for

25 sequencing the fragment of 1130 bp containing the DNA
sequence (called nitB in the figure) encoding the
polypeptide having the nitrilase activity according to

the invention. The numbers refer to the identity of the



the invention. The nunbers refer to the identity of the

6 prinmers used for the sequencing as well as the not ati ons ML3FWD
and ML3REV; - Figure 5 represents the restriction nap of

t he plasm ds pRPA-BCAT12 and pRPA-BCAT13; g5 - Figure 6
represents el ectrophoresis on a 10% SDS- PAGE gel show ng the

expression of P¥Amers uRdUEDECThaCseqlien¢ing hBcwellcaki @éhei n the E. coli
strains BL21(DE3)/ pRPA- BCAT12, BL21(DE3)/ pRPA- BCAT13,

BL21( DE3) / pRPANBEALLDnE MIBFRD] andl MIGREY);/ pRPA- BCAT13 10 + pXL2231.
Each | ane corresponds to a quantity of 10 [err]g of sol ubl e proteins
and an equi val ent vol une -offiguree 5 reprezestisntbleuplestiigtiopnmap of

- Figure 7 represents el ectrophoresis on a 10% SDS- PAGE gel show ng
t he expressi on tife p@smigls PRPABLATA 2DRNAs PREATBEATAB4r ding to the

I nvention in the E. coli strains DH5a/ pRPA- BCAT3, DH5a/ pRPA- BCAT6,
DH5a/ pRPA- BCAT6 + pXL2035, FREMNS GCAPRSeseRtS F&ﬁ&tmph”@&llﬁeeaoﬂds to a

050 S A 9 S W wcpe B IR, T LT
}:Pgu;gsgrlrgtplrce)gs % € ectarcgp or aos zn@hg ver %@‘1%%& gél cs?ﬁgvm ng 'Ehe
cxpr e o of Widhih sian ISR S, M tu (AT, e P
' BL21 (DE3) /pRPA-BCAT12 + pXL2231, BL21(DE3)/pRPA-BCAT13
10 + pXL2231. Each lane corresponds to a quantity of 10 ug
of soluble proteins and an equivalent volume of crude
and insoluble fraction;
- Figure 7 represents electrophoresis on a
10% SDS-PAGE gel showing the expression of the
15 reference DNA sequence according to the invention in
the E. coli strains DHS5a/pRPA-BCAT3, DH5c/pRPA-BCATS6,
DHS5a/pRPA-BCAT6 + pXL2035, RPA-BIOCAT76. Each lane
corresponds to a quantity of 10 ug of socluble proteins
and an equivalent volume of crude and insoluble
20 fraction;
- Figure 8 represents the restriction map of
the plasmid pRPA-BCAT14;
- Figure 9 represents electrophoresis on a
10% SDS-PA gel showing the expression of the DNA
25 sequences according to the invention in the P. putida
strains G2081 (pRPA-BCAT14), G2081 (pRPA-BCAT23), G2081
(pRPA-BCAT24), A. faecalis ATCC8750 (pRPA-BCAT14),

A. faecalis ATCC8750 (pRPA-BCAT23), A. faecalis



(pRPA- BCAT24), A. faecalis ATCC8750 (pRPA-BCAT14), A. faecalis
ATCC8750 (pRPA-BCAT23), A. faecalis

-7- ATCC8750 (pRPA-BCAT24). Each | ane corresponds to a quantity of 10
[err]g of sol ubl e proteins and an equival ent volunme of crude and
possi bly insoluble fraction; - Figure 10

represents t heATEC875¢t (pRPATRCAT24 e RaclsMlahe (fdrrespondd 0y ;a 5
- Figure 11 represents the restriction nmap of the plasmd

pOs48. 7. quantity of 10 ughef fseluble qproteins sand ian peapivalent he
bi ol ogi cal material having a nitrilase activity. .
The bi ol ogi cal vedeneiof evwde sand aroasibly i ingeluhles e%%qwgwrm

m croorgani sm The nitrilase may be derived especially froma m croorgani sm
of the genus Al car i GhgRxe F9oneRreReerty thy gRftrietir imap o~f

Al cal i genesfaecal i s . 0, ccus sp. HT 29-7, CGordona terrae,

preferablygthet ?rB}ﬁﬁmﬁéée?ggeggﬁﬂ’mo 96/ 09403.

The m croorgani sm expr essi a nitrilase activity is obtained b 1

transferring the genetic iﬁgg?ﬂ%ti nr%%E%Eﬁ?# t?éérﬁ??%%%@&?%ﬂ %ﬁ%é?%ntal

nicroorganisn1Lﬂéopfaggfﬁégagigggganisn1 In particular, in E. coli, it is
use t C

possible to 0- expressi on of the chaperon proteins G o ESL

to enhance the performngge first fEadlCcbfePEPsNBNpSipsing the
To this end, any appropriate expression 20

8 biological material having a nitrilase activity.

10 The biological material may consist of an
enzymatic solution as such or whole or broken cells
having a nitrilase activity.

Advantageously, a nitrilase-expressing
microorganism is used.

15 The nitrilase may be derived especially from
a microorganism, in particular a microorganism of the
genus Alcaligenes, Rhodococcus or Gordona, especially
Alcaligenes faecalis, Rhodococcus sp. HT 29-7, Gordona
terrae, preferably the strains described in

20 WO 96/09403.

A microorganism is advantageously used which
expresses a nitrilase activity obtained by transferring
the genetic information encoding the nitrilase of a
parental microorganism into a host microorganism. In

25 particular, in E. coli, it is possible to use the
coexpression of the chaperon proteins Gro ESL to
enhance the performance of the recombinant strain.

To this end, any appropriate expression

heet Has Been Replaced

o T




vector, especially a plasm d vector, is used. The

nucl eoti de sequence used in this case w Il then be placed under the
control of signals allowing its expression in a cell host. The cel
host 5 used may be chosen from prokaryotigc systens, such as

G am positive or G amnegative bacteria or eukaryotic systens, such
as for exanpl e yeésbr, f é8pfechaliPyaoplesmid vectys) el Jdd&dsi gnal s
controlling the expression of the pol ypepti des are chosen accordi ng
to the cell host 10 useTheTouthestidd, séfeedd eseddimgothisi ¢dséase nmay
be I nserted into autononously replicating vectors inside t he
chosen host, orwibdlegheribe piacedsunderhthehoomtrol of ébgmalsuch vectors
wi Il be prepared_according to met hods commonly used by persons
skilled in the atlowing ifadexpresaiontingaceell riest. nie reelhthosticed
Into an aﬂgropriate host by standard net hods such as

el ect r opor aPi oni8ed may be chosenpfromPEPRABEPLHT cAYBEERMI sHachtdRre may
be nmenti on ELLcuIar Alcaligenes faecalis 20 Pseudonpnas

d i \
puti da, EscherigﬁFégeggi 1¥P AF PEIPGRAFRREve bacteriaar eRlATrYotie) us,
el e o e R\ OB cor oPRREIE" PUNSES el Vo G Bener

Penicillium and

the expression E?s?gﬁ. Ehecgkéggfstanekgfglﬂng§Z¥%%ﬁ%???iongofh%he

The second stage” of the proce consists in _ Zi N
bi ol ogi cal nat epbypepbides are &HBREL! L&8LLAIngStEIVRY SGEPURLY PET f Or Med

' e
e 10 used. To this end, the DNA encoding a nitrilase may be
inserted into autonomously replicating vectors inside
the chosen host, or integrative vectors of the chosen
host. Such vectors will be prepared according to
methods commonly used by persons skilléd in the art,
15 and the resulting constructs may be introduced into an
appropriate host by standard methods such as
electroporation.
By way of host microorganisms, there may be
mentioned in particular Alcaligenes faecalis,
20 Pseudomonas putida, Escherichia coli, or microorganisms
of the genus Bacillus, Corynebacterium, Streptomyces,
Saccharomyces, Kluyveromyces, Penicillium and
Aspergillus.
A preferred vector for the expression in
25 E. coli is the plasmid pRPA-BCATS6.
The second stage of the process consists in
immobilizing the biological material. This

immobilization is advantageously performed in the



9 presence of a solid support, and nakes it possible to obtain
solid particles whose size, shape and nechani cal resi stance can be
controlled. It also allows the si mul t aneous use of pol yazetidi ne

pol ymer and other 5 cross-Ilinking agents9 Thi s

| mobi | i zation process may involve whol e cells or cells which have
been nmade per mezEencd tofitmy solid mippexdppland makeselilt forossidle/tmt i C

sol ution. The enzynes used for the imobilization are 10
the nitril asesbtain solid particfles iwhass |size.i cthape @t meshandjoal n

i mobi |izing the active biological material on a solid support,
especi al | y wi tipaighange |@aniba gmraldad, It alsp Eddaws &he 3 mm

preferably 10 [err]mand 2 mm by nmeans of 15 chemical agents which react

with the ani nes"(%l][fé’r'ﬁ°u§\||1l)se of po mlmwmﬁr&ﬁt%ﬁ , thiol

(SH) or arg de M funct I onal groups of the biological agent
tHeP R} ' '

and of en1ca| agents al so nmake it possi bl e

to insol u_b| [ ze t he bi ol J ca.InFFm’ zehtl tz%ces%f}\ea&siligﬁporltv \Q@lt er. The

mass obt ai ned |s very S o bt ai n

particles of J%%a\;‘l‘%é‘él{“‘:‘:%ﬁ‘ l?élqlueable. W%S of

t hese partlcles are fﬁen 0 talne dryin The
bi ol ogi cal matgysdlaggryperd miilﬁeg‘f’éhzymatld)mdm&dzy al so contain an

i nactive bi ol ogi cal nateri al present in an anmount of 0 to 200% by
wei ght. This | NactThe dnAHhdl GidedBicY | ttHe NBdndlsl TN A6 «xad buni n,
10 the nitrilases.

The immobilization process consists in
immobilizing the active biological material on a solid
support, especially with a particle size of between
1 ym and 3 mm, preferably 10 um and 2 mm, by means of

15 chemical agents which react with the amine (NH,, NH),
carboxyl (COOH), hydroxyl (OH), thiol (SH) or amide
(CONH,) functional groups of the biological agent and of
the support. These chemical agents also make it
possible to insolubilize the biological material and

20 the support in water. The mass obtained is very
malleable and may be shaped in order to obtain
particles of desired shape and size. The cohesion and
hardness of these particles are then obtained by
drying.

25 The biological material to be immobilized may
optionally also contain an inactive biological material
present in an amount of 0 to 200% by weight. This

inactive biological material may be proteins (albumin,



10 gel atin) or polysaccharides (Chitosan, k-carrageenan,

al gi nate). The inert support on which the bi ol ogical
material is deposited and the polynmer may be conposed 5 of hydrophilic
or. hydrophobi ¢, porous or nonporous, 10 organic or inorganic particles.
Anong t hese particl es, there may be nentioned, with no Iimtation
bei ng i gpélatin) or polysaccharides (Chitmasande gasraggendll)

- al um na, - synthetic silicas or diatomaceous earth
and silica gelalginate). - zeolites, -
charcoals, 15 - wat er -i nsol ubl e proteins such as gl uten

- polysacchari des sucHfke ineggigupport on which thgdigkggieabport may
be added in an anount of 0.01 to_500% by wei ght of biol ogical

material and Dateripakiis LAARratted andorhe pplymer may be garpepsd cal

agents used to pnsolubiljze the bi.oJ ogical material nay be polyners

e T unets oncpt JRbarennd I | o hedropholle SIRREQHE (0% PRRERE L oL ]

NH) , carboxyl . hydr oxyl thiol (S or am. de, (.CONH err

Funet | onal gt cRFEanh&Ts THSPHRA R et iidned S efors’ tnele FRARI T o1 D)

pol yazeti di ne Qﬂ%i(g%%y be mentioned, with n&%%ﬁﬂéfé}ﬁ' %pol ymers,
yner s, - e poly

- pol yam de po I Socyana rs,
implied:

- ion-exchange resins,

10 - alumina,
- synthetic silicas or diatomaceous earth

and silica gels,

- zeolites,
- charcoals,

15 - water-insoluble proteins such as gluten,

- polysaccharides such as starch.

The inert support may be added in an amount
of 0.01 to 500% by weight of biological material and
preferably 10 to 200%.

20 The chemical agents used to insclubilize the
biological material may be polymers or bifunctionalized
molecules which react with the amine (NH,, NH), carboxyl
(COOH) , hydroxyl (OH), thiol (SH) or amide (CONH,)
functional groups. There may be mentioned:

25 - polyazetidine polymers,

polyethyleneimine polymers,

polyamide polymers,

- isocyanate polymers,



al gi nate gels, k- carrageenan gel s,
am nes such as hexanet hyl enedi ami ne, al dehydes such as
gl ut ar al dehyde, 5 - carboxylic acids such as adipic acid,
and - i socyanat es. 11 The i mmobilization
process may involve one or nore of these chem cal agents. The chem cal
agent is 10 added i n a cordkfinstie areXy, bet ween 1 and 50% by wei ght
relative to the biological mterial and to the support. A quantity of
between 5 and 30% wi || be préf-srammhgeenan gekgler to obtain sufficiently
solid particles which conserve a high activity and which do not have
too many 15 problens of intamings ggughAprhexamethylenediaminghe duration
of a cross-linking treatnment is between 0.5 and 24 hours.
The process tenperature s genkdehvdepughms glutaraidehydenrjc A
tenperature of between 20 and 4Q[err]C wl] 20 b%ﬁgégéi
r

erred. The
tenperat ur® used during The ¢arbo 319348 | D Hﬁﬁ/%ﬂ%g; be highly
dependent on t he stabilit% of the biological material used.
The pH during the i mobilizat¥h phase is mai nt ai ned between 5 and

11. A pH of between 6 and 10 ; ] e preferred with a preference for
al kal i ne pH val ues. Therékx%ﬁéﬁzg'chosen as a function of the

resi stance of the biol 00igal ; ARYS] Bhatibh hibodbs may 1BATINY Slfd G5 ned
t.

by persons skilled in the ar
more of these chemical agents. The chemical agent is

10 added in a concentration of between 1 and 50% by weight
relative to the bioclogical material and to the support.
A quantity of between 5 and 30% will be preferred in
order to obtain sufficiently solid particles which
conserve a high activity and which do not have too many
15 problems of internal diffusion.
The duration of a cross-linking treatment is
between 0.5 and 24 hours.
The pfocess temperature is generally between
4 and 65°C. A temperature of between 20 and 40°C will
20 be preferred. The temperature used during the
immobilization process may also be highly dependent on
the stability of the biological material used.
The pH during the immobilization phase is
maintained between 5 and 11. A pH of between 6 and 10
25 will be preferred with a preference for alkaline pH
values. The pH is also chosen as a function of the
resistance of the biological material and will be

easily determined by persons skilled in the art.
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nmet hod may be

is preferred.
with a 10 di

4 The form ng of the biocatal yst should allow its use
I n any system especially in a fixed bed. A fornmul ati
extrusion. To do this, the biological material and the
support are 5 cross-linked by addi ng ond2r nore chem cal agents

After treatnent, the insoluble mass is recovered by centri fugat
after floccul ati on and fThe r&eiming f the drioonttakyst eahedulsd alildwast 10%

The nass is then extruded. Using this nethod, ver
Hhetese oin RAVSYE em, Brper R IAY d4nl & fisef rbed.

1 and 10 mm are preferably obtained. These vermcel li, may be
spheroni zed. The parti cl®sEFmalafeirn method maw bejrepirusion. To do

Anot her fornul
bi ol ogi cal
reacti on, éhe

on

ion or

mcelli
bet ween

LS TS BB et &P SR IM Gt ed? S5

] ' d h ' he f f
thin @ayers UsPRepPRienked don, S99 5 ot \fx ipor detiicidoal palpndy of
between 0.1 a“igf@e ALEe R ) B i%é’oluble ) J@%é’@é&é:ﬁéé%fbt ai ned

Ional 'y 0 uci g

may then be op

such as

functional groups forned during the cross-1inking.

particles obtagppdnatCesUliével et | ¥t SDdddt P6% i@ Prd B SERNITHS nldd i tion

to be used in

10

15

20

25

ImMmersead In a solutlon are

SOREHIERGE PLN bF Ca f PP BEdcd 14 CHE Cadd e i TR ion. A

agent

The

a fixed bed, a fluidized bed or a stirred reactor.
The third stagesothéheceptoi@ed. Wsinidli €igisé method, vermicelli with a

diameter of between 0.3 and 0.5 mm and a length of
between 1 and 10 mm are preferably obtained. These
vermicelli may be sphercnized. The particles §btained
are then dried.

Another formulation method may be spray
coating. To do thisg, the biological material is mixed
with one or more chemical agents. After reaction, the
mixture is sprayed onto the support in the form of a
thin layer. Using this method, granules with a mean

diameter of between 0.1 and 2 mm are obtained.

The particles obtained may then be optionally

immersed in a solution of a reducing agent such as
sodium borohydride in order to reduce the imine

functional groups formed during the cross-linking.

The particles obtained are sufficiently solid

and resistant to attrition to be used in a fixed bed, a

fluidized bed or a stirred reactor.
The third stage of the process according to

the invention consists in using the immobilized



the invention consists in using the i mobilized

13 bi ol ogical material in one or nore colums or reactors. The
aimof this stage is to be able to continuously produce the amoni um
salt of 2-hydroxy-4-methylthio- butyk3 ¢ acid from

2- hydr oxy-4-net hyl t hi obutyronitrile. 5 The col umm(s) or
reactor(s) is(bielogipplimaterial winhonre pow enere dtdlumns odxit FeACEIrs.

2- hydr oxy- 4- met hyl t hi obutyronitr-ile or a m xture containing

2- hydr oxy- 4- neThg| aimofit Yhbmi skage 19 dte Hee akdbmi ten continyeusby

2- hydr oxy-4-net hyl t hi obutyric acid. 10 The colunn(§% or
reactor (s) is/BFedpeerehappymoniun gatl of 2-hedrerurtrretrybERi®en 10 and
60[err] C and system

used may coas?’tevgwifemﬁg? ﬁ%?@eﬁ-fﬁgr%ﬁﬁb ; gé%vﬁ%%lafg%la"'f%r%%#%fmr n
d ey consi SR . . . . .
200Dl o WI{She a e o y%?%é%gﬁyhéiﬁy¥$ﬂe£g€g§?§)Oﬁ%k%?%){%ﬁig%gg%lhtson

supply of queous 2- I O-

at the top of fir o] . v LD a sl t supply of the

ot her col ums &??ﬁ 8 ﬁaégtégng%%§5?o§y-ﬁgﬁ§?h?f?%i%%%?yr h?trile sol ution
ina 20 qUaﬂ&tﬁyﬁkhﬂbﬁﬁéyféniéﬁifg|HP'&'ﬁYxeﬁréhéénEQﬂPQHQd I N the

reaction mxture; I's systemis called a staged system According to
a second efTbOdBUE?&rQiytbemeth¥lthﬂ&B&_Ey96ni@ﬁﬂl@raﬂ@rehéoéﬂﬂaﬁiﬁﬂnnec'f ed
e

to each ot her i n parall in a circulation loop is used. According to
25 t hi s pl ankalthef22hhgdpsyxy 44 rméblylthbbbayyobetacid.in agqueous
solution is continuously supplied to the | oop,

10 The column(s) or reactor(s) is/are preferably

used at a temperature of between 10 and 60°C and at a
pH of between 5 and 9.

The system used may consist of two or more
columns connected to each other in series, with,

15 according to a first embodiment of the invention, the
supply of the aqueous 2-hydroxy-4-methylthio-
butyronitrile solution at the top of the first column
with a simultaneous supply of the other columns with
the 2-hydroxy-4-methylthiobutyronitrile solution in a

20 quantity limited to the solubility of this compound in
the reaction mixture; this system is called a staged
system. According to a second embodiment of the
invention, one or more columns connected to each other
in parallel in a circulation loop is used. According to

25 this plant, the 2-hydroxy-4-methylthiobutyronitrile in
aqueous solution is continuously supplied to the loop,
and the reaction medium is continuously pumped so as to

conserve a constant volume in the loop; this system is



and the reaction nmediumis continuously punped so as to conserve a
constant volune in the loop; this systemis

14 called | oop system The type of reactor used in this
I nvention may be of the fixed bed, #Buidized bed or continuously
stirred bed type. The fixed bed-type reactors are 5 preferably used
because they rcadded tioeoppsystems of attrition which may be encountered
with the imobilized cell particles. If the mcrqorganismis used as
it is, a stirred r &R &¥PeoOF F@ackoxnugedr iR thig LBVeRSdoRe to

continuously separate the mcroaorgani sm.fraomthe 0 produgt of interest
W1 Do pr et emag pa,o the rixed Bod, > Prinidloih nedl oxhconimubust o

[ I . ' ' ' h ' I f
OPLIonal O Gesrren SRS b AL 110 LB SERRABEAL, O,
Thi's st i i ! ds; :
I o2 TS A L AERR U SR B b

electrodl @ YSQleerition which may e enRbulRUredl Walth LC UidhobiLdEea Whi ch

may be followed by a [ qui extraction. pendi ng on

the el ectrodi @eidl HaFiAGs .2 12Qhe WYV rdahii®er GRRAITRR! it is,
el ectrodi al yser will be used. "Conpartnent” is understood

to mean the spaGkirred riéllictdr TRIPIT Heelake Il traE ITRFatdReS maidullet ween a
bi pol ar and a honopol ar nmenbrane, or between two adj acent honopol ar
menbr anes. " Caid "corstimuabersdiyo Gépiarateb thiee arl carodigamfi smvErom tthiece
conpartnents. A stack

10 product of interest will be preferably used.

The fourth stage, which is an optional stage,
consists in converting the ammonium salt of 2-hydroxy-
4-methylthiobutyric acid to the corresponding acid.
This stage may be carried out according to two methods:

15 - either.by electrodialysis by means of a
two- or three-compartment electrodialyser,

- or by heating the aqueous solution which
may be followed by a liquid/liquid extraction.

Depending on the electrodialysis method, a

20 two- or three-compartment electrodialyser will be used.

"Compartment" is understood to mean the space
which is either between two membranes or between a
bipolar and a homopolar membrane, or between two
adjacent homopolar membranes. "Cell" is understood to

25 mean a set of two or three compartments. A stack
comprises between 5 and 300 cells. The electrodialyser
is composed of a stack and of course comprises an anode

and a cathode.



conprises between 5 and 300 cells. The el ectrodial yser I s conposed of
a stack and of course conprises an anode and a cat hode.

15 The honopol ar nmenbranes whi ch nay be used wi thin the
framewor k of the invention can be divided5 into two large famlies,
dependi ng on their node of manuf acture. 5 Thus,

het er ogeneous nenbr anes,The dpemanpXam membranesm -whitampy Resiuged ni xed with
a binder such as pol V|nyI chlorlde pol yet hyl ene and the |ike, may be
used. The set wiihin othe dg/ vﬁ?ﬁ mptezlso# stan be dipidad

pol yester or pol acrylonltrlle fabric. I s, al sp possible
to use honpgentRtR two Wﬂ)r%ﬂ%l’cﬂﬁ'alqﬁ&fawrfg]t%o‘i}?ﬁ’rﬁ o4&, R% i onal
group onto an |nert support, by chem cal or radi ochem cal

grafting. The PRREEJFERFS- used chemi cal net hod general ly consists in

as - C"oskyr anel divi nyl BRSS RS Bk a-rﬁ?r@qtéfei A 0
funct i onal i zed, éﬁyeim&ag%esi& ﬁ{em C‘;\f{éh 4 %nd% of"I

het er ogeneous Tenbr anes he ra generally conpri ses
the grafting, LOPRLiAPe cKforidd] | HETFEINf1énd AhRT LN 1 0fe AnAF &L C

conpound, such as styrene, onto an 1 nert support such as a
pol yet hyl ene oigedl yiré r 8ét Uehest Fytfa® ﬂ!@eéeaﬂ_f'@ weft swdWIEE iforing is
t hen functionalized as in the chem cal nmet hod.

example a polyester or polyacrylonitrile fabric.

10 It is also possible to use homogeneous
membranes obtained by introducing a functional group
onto an inert support, by chemical or radiochemical
grafting. The most widely used chemical method
generally consists in functionalizing a latex of a

15 polymer comprising aromatic rings, such as
styrene/divinylbenzene or styrene/butadiene. The latex
thus functionalized may then serve to coat a weft like
for the heterogeneous membranes. The radiochemical
method generally comprises the_grafting, under the

20 influence of a radiation, of an aromatic compound, such
as styrene, onto an inert support such as a
polyethylene or polytetrafluoroethylene sheet. The
aromatic ring is then functionalized as in the chemical
method.

25 The cation-exchange membranes comprise strong
acid groups, most often sulphonate groups, or weak acid
groups, often carboxylate groups. More rarely, the

acidic groups may be PO,*", HPO,”, As0,*", Se0, .



25 The cati on-exchange nenbranes conprise strong acid
groups, nost often sul phonate groups, or weak acid groups, often
carboxyl ate groups. More rarely, the acidic groups nay be PJerr],

HP err], As(err], Sederr]. 16

The ani on- exchange nenbranes conprise strong basi ¢ groups, nost often
quat ernary amoni um gr olfiss aovion-exchaaigeh arsimb xpnms Sompysits e fttarengni ne
groups. Mbore rarely, the basic groups may be quaternary phosphonium 5
groups or sul fRsiagrpuRsps most often quaternary REMENEdEhIRNURSS ST t he
cationic menbranes preferably conprise strong acidic_groups and

anong t hese, presieRafic ITPRAamOsf QFFEN RN grouprsMafe menbr anes

preferably conprise strong basic 10 groups and anong these, quaternary
b iR SHRATY, 2

anmoni um gr oupearely, the ‘basic grgups,may ke osp ly of
t wo r‘%nbranes one cati.onic, the other anionic. Wen the nmenbr ane
i s subj ect®d tFFEHPH R BHPHRANT (GFQYRE - the water of solvation at

the interface of the mar’g}[ aﬁ'fe%e‘;%esf qlts?%;cagsess iﬁ{eo %&rgd.cand OH err] ions

whi ch m grate towards at hod Yy crdssing € cationic face and

t g . CTe _ S
ho i pol ar merbranERp pe DA Gt Al Wofeal Soft SEFRAHNTSY e
nenbr anes mar kgh&ly bbhd 4, %:f@@&my 241 pibid 8 | rfoupd ldhingheS0da or

FuMaTech. e anode of the electrodial yser may consi st
of materials camicdid anahyanss Cordf Stally WbnPise , strong Bayiexanpl e

graphite, nickel or titaniumcoated with
10 groups and among these, quaternary ammonium groups.

The bipolar membranes are an assembly of two
membranes, one cationic, the other anionic. When the
membrane is subjected to an adequate electric field,
the water of solvation at the interface of the membrane

15 dissociates into H' and OH ions which migrate towards
the cathode by crossing the cationic face and towards
the anode by crossing the anionic face, respectively.
As bipolar membranes, there may be mentioned, by way of
example, the membranes marketed by the companies

20 Aqualytics, Tokuyama Soda or FuMaTech.

The anode of the electrodialyser may consist
of materials conventionally used in electrodialysis,
for example graphite, nickel or titanium coated with
precious metals or precious metal oxides, especially

25 platinized titanium. The cathode may also consist of
materials conventionally used in electrodialysis, for

example graphite, stainless steel or nickel.

The electrodialyser is supplied with the



preci ous netals or precious netal oxides, especially 25 platinized
titanium The cathode may al so consi st of mat eri al s conventional ly
used in electrodialysis, for exanpl e graphite, stainless steel or
ni.ckel . The electrodial yddr is supplied with the

17 aqueous solution to be treated. It is also necessary to

circulate to t3UeARASAWHIR (% ke wpaked ytiE dftl also necesfaxmiitode a
solution of a catholyte A single electrolyte solution may al so be

used. In the Feegpate Eﬁo@&san%d%.%gﬁ%lt&%mﬁre anlxhe 4nd A t e

suitable. The role of. t el ectrol yte qut| s to ensure a
suf fici ent con%?:t??ﬁli‘?);l ﬁeﬁ‘é’r%‘r‘é‘ j% cat °l%rtﬁ|'d&tﬁ’sﬂqu vm |l be equal
to or greater IJ|S|enen centl t t hout
this 10 éﬁg&’fﬁjfy%elén)ogin Tondt anéa}%aas"[ k}’e Cr11d a]{ fo %\M'ar ryi ng
out the prg ce ) |on|zable
conpound Sﬁ%%% s%’s % sa g{le a?]léz}%’%%ﬁé Otlbase e%l‘? olyte is
preferabl y chogepedypd neRel 214 GELNE OBOMIIe é&qu,lé Qg exanpl e,
it is preferable to use neutral salts such as sul phates, acids such
as sul phuric aghdure a suPBE@Serst! (dorRdudsIi iy NVEkord b1y, this
The applied current densities are generally between 0.2 and 1.5

KA/ nferr], andeguidhetivlyy beiledare Ceduallto o dyredtNdar] thdr .
The tenperature at which the process of the invention is carried out

is situated i n2@ mihljbsiemens per centimetre (mS/cm), without this

10 lower limit being considered to.be critical for
carrying out the process.

The electrolyte used is an ionizable compound
such as a salt, an acid or a base. The electrolyte is
preferably chosen from nonelectroactive compounds.

15 Thus, for example, it is preferable to use neutral
salts such as sulphates, acids such as sulphuric acid,
bases such as sodium hydroxide.

The applied current densities are generally
between 0.2 and 1.5 kA/m?, and preferably between 0.4

20 and 1 kA/m?.

The temperature at which the process of the
invention is carried out is situated in a range
compatible with the stability of the membranes. The
procedure will be preferably carried out at a

25 temperature of between 30 and 60°C.

The electrodialyser can work in different
ways. It can first of all work continuously, the

solution to be treated continuously crossing the stack;



conpatible with the stability of the nenbranes. The procedure will be
preferably carried out at a 25 tenperature of between 30 and 60[err]C.

The el ectrodial yser can work in different ways. It can first of all
wor k continuously, the solution to B8 treated continuously crossing

t he stack; 18 several stages are
t hen pl aced in ssorezsl isftades laeeithen pleiced da mevieso iife thiet dieved
requires it. It can also wor k bat chwi se, the solution to be treated
recircul ati ng efertreatmentuha be ipbtedniede Fequdmererit - FY &a8 alsopbt ai ned.
Finally, it can work by direct passage wth partial, recircul ation.

According to avWankbarghwige.oithe,solution, ko he Freatedy; SSOCI ation of the
| t t d t, but d
20 hyeir oxi de Lr%e":aeceeraw PR e . e fared” e st
nb t h t ted
menbr anes h_._'aw rigeveh_lr 8 G r%ffrbﬁr%nﬁéﬁagyyg sghenn |c% )q £sente in

Figure 1A ctr appara us ab e for

carrying out t%%ﬁeegﬁl %ﬂﬁ:’.sal()fréuzf:tcﬁ{rh)WJ.m}S conmpartnents,

respectively d onic ranes (M), bipol ar nenbranes

(MB) and anionic rﬁ&m@@o ol NESS € AARAIEYS tdevi de into a salt
compartnent (S) which is depleted of compounds to be separated, into a
base conpart neninvéhtfoil, Ahedibscdiat L HE lanin iWhe I Iithanme d and

t he base regenerated fromthe salt are concentrated respectively.

2-hydroxy-4- (methylthio)butanoic acid and ammonium
10 hydroxide can occur in an electrodialysis cell with

bipolar membranes having three compartments, as

schematically represeﬁted in Figure 1A.

An electrodialysis apparatus suitable for
carrying out the process consists of different

15 compartments, respectively delimited by cationic
membranes (MC), bipolar membranes (MB) and anionic
membranes (MA). These compartments divide into a salt
compartment (S) which is depleted of compounds to be
separated, into a base compartment (B) and an acid

20 compartment (A) where the acid and the base regenerated
from the salt are concentrated respectively.

The ammonium salt is introduced into the salt
compartment. Under the action of the electric field,
the ammonium ion migrates towards the cathode, leaving

25 the compartment (S) where it is present, across a
cation-exchange membrane (cationic membrane) and
combines with the OH™ ions from the anionic face of the

bipolar membrane, in which the dissociation of the



The ammonium salt is introduced into the salt conpartnment. Under the

action of the electric field, the anmoniumion mgrates towards the
cat hode, leaving 25 the conpartnment (S) where it is present, across a
cati on- exchange nenbrane (cationic nmenbrase) and conbines with the
OH ions fromthe anionic face of the bi pol ar nmenbrane, in which the

di ssoci ati on ofattdmr occurs under the effect of the electric Kield. water
occurs under the effect of the electric field.

Si nul t aneousl y, the car Fhmulhangousiptyr bhe sarboxylateet (Bhvdaopindmoat e)

lons mgrate towards the anode, | eavi ng the conpartnent (S), where

they are presefftethylthiq)butanoate),-ionsh Mg ke ds fitshianadsbr ane) .
After passing jnto, the next conpartnent (A)., they are r ot onat ed
Chr ough he SUMASLRS R GqRE e b S aitere Tha GHie. BERASH | ho
bi pol ar rane. The thr aqlacent conpa (S) form

nents., (B A
an 10 el ectIRIER A 2 ee‘?’f'.e""ha ge membra ‘*Hia n‘;ég’t‘i() y %ﬁf’%ﬁh' of the
an 10 dec . RenS RS e, e i
iold chn t ake e RAFEENE Bl TRl A0k Tdiftierdt (08 Mangh BT 0070

acid can take ﬁ? ce YySI's C I ' pol ar” menbr anes

having two conpastdmdted Anrdih KPS AL bE NrFiguse sty FheSe two

conpartnents are del i mted by cationic nenbranes and bi pol ar

nenbr anes cat ESPEEt £308 Yo f THIES o LA (e Farth v ifice | tH e _
salt/acid (S/A) and base (B) conpartnent. The ammoni um sal t

I's introduced adjdcéne cdifiparcmentaAC(BY COMME) t (@Ntfokdidai the action of the
electric 10 electrodialysis cell.

In a second variant of the invention, the
regeneration of the 2-hydroxy-4- (methylthio)butanocic
acid can take place in an electrodialysis cell with
bipolar membranes having two compartments as

15 represented in Figure 1B. These two compartments are
delimited by cationic membranes and bipolar membranes
respectively. These compartments divide into a
salt/acid (S/A) and base (B) compartment.

The ammonium salt is introduced into the

20 salt/acid compartment. Under the action of the electric
field, the ammonium ion migrates towards the cathode by
leaving the compartment (S/A) where it is present,
across a cation-exchange membrane (cationic membrane)
and combines with the OH  ions from the anionic face of

25 the bipolar membrane, in which the dissociation of the
water occurs under the effect of the electric field.

Simultaneously, the compartment S/A becomes

acidified through the supply of H' ions from the



field, the ammoniumion mgrates towards the cathode by | eavi ng t he
conpartnment (S/A) where it is present, across a cation-exchange
menbrane (cationi c nmenbrane) and conbines with the CH err] ions from
the anionic face of 25 t he bi pol ar nmerdy ane, in which the dissociation
of the wat er occurs under the effect of the electric field.

Si nul t aneous| yecathentenpasé neht tivé Shpchar smembranaci Thé i o tdd pagdnt he
supply of Herr] ions fromthe 20
cationic fase cbtmphrtibepbsalBheambd ab@/AhEormoamd¢bectrodialysbspart nent s
(B) and (S/A) forman el ectrodialysis cell. Thi s
configuration @@dlthe advantage of a 5 |ower energy consunption and makes
it possible to vary the desired salt/acid ratio. To
obtain a good operatlon Bhl?h%°nf19ur%Fh%¥r%%$aF%%e?dV§%%a%$e%€r?cal
conduct i vi

%y £ se co tnené-égg as t of the acid 10
conpartnen? i ?ﬁsrcagsrgr ?ﬂ%s?ﬂ? OR oI T 1t POS&HRT R gb? aY2N)

shoul d be adeq te.and_can ted by addition of a support
el ectrol yte. Eﬁ? d?ﬁ%reg afEZﬁéﬁ%t?@Ff@ of the annnniunlhydroxide
sol ution may be I ngLe y.a g ggrgP such as
anmoni um 15 sul phate. 6 8§€glﬂ a 89&8 ﬁ. preferre varlant of the

invention; . eleBEFBALMNTY e f:.ﬂéyefegewaéiheeﬂaﬁaw@{aﬁ%k' Re used.
n a specific enbodi nent I ch can envi saged w thin t e framewor k
of the presentpage compartment (as well as that of the acid
10 compartment in the case of the three-compartment
configuration) should be adequate and can be adjusted
by addition of a support electrolyte. Thus, the
conductivity of the ammonium hydroxide solution may be
increased by adding an ammonium salt, such ags ammonium
15 sulphate.
In a preferred variant of the invention,
ammonium 2-hydroxy-4-methylthiocbutanocate will be used.
In a specific embodiment which can be
envisaged within the framework of the present
20 invention, a mixture of ammonium salt of 2-hydroxy-4-
methylthiobutyric acid and 2-hydroxy-4-
methylthiobutyronitrile is introduced into the salt
compartment of a three-compartment electrodialysis
cell. The salt will be dissociated as above into
25 2-hydroxy-4-methylthiobutyrate and will migrate towards
the aﬁode where it will be converted to 2-hydroxy-4-
methylthiobutyric acid, the ammonium ion will migrate

towards the cathode where it will be converted to



20 I nvention, a m xture of ammonium salt of 2-hydroxy-4-

met hyl t hi obutyric acid and 2-hydroxy- 4- nmet hyl t hi obutyronitrile is

i ntroduced into the salt conpartnment of a three-conpart nent

el.ectrodi al ysi s cell. The salt will2be dissociated as above into 25
2- hydr oxy-4- et hyl t hi obutyrate and will mgrate towards t he anode
where it will hemeahusr hegdrboridehydfidXxyhdre will f@mdiht bhobhéysattaci d,
the ammoniumion will mgrate towards the cathode where it will be
converted to compartment the water and the unconverféd 2-hydrnoew+ém
hydroxi de, and there will remain in the salt conpartment the water and
t he unconvert emeghirihagbutiyronitridehyhithowiilyrbei recyeledi towards be
recycl ed towards the hydrolysis colum. 5 Usi ng the
heati ng met hodthenbydepdypas columpecovered by shifting the amoni um salt,
free acid equi libriumby heating,the HUIBS-ri ch aqueous sol ution

and by witRdraw ng the aHﬁﬁﬂguﬁPﬁyBPBgFﬁg pRKRed, therégégséﬂ This can be
achi eved by heatin or at atno ressyre with or

wthout a stri 55Fﬁ§eregef°vtv?ﬁa??éﬁéoﬂi*ﬁeaﬂg‘snwmcfﬁ?Figﬁﬁae? ifcssure may

ggui|ibr|32¥'2a%Pq9&g528% hwwﬁga ﬂngﬁéeHhQEs Pa?%;gaug th°lgﬁlgﬁnunt of
5 Lo 99. 9% MMIBhy 89dwakakebabhy Hie' Guméai R siIBR:ae! ghhue Lo the sum of

HMIBA and HMIB VI sScOsity o ese s trons are between 1200

and 30 ”EEQ@%EeSLeTth(éagobénﬂcﬁ@e9§h)b?“ﬂeﬂ%@h&rﬁhhﬁrbehﬁﬁﬁﬂ 200
and 50 mmjerr] s[err] (200 and 50 cSt) at 25[err]

10 or at atmospheric pressure with or w1thout a stripping

treatment. The use of CO, under pressure may be
envisaged in order to facilitate the shifting of the
equilibrium. A mixture of HMTBS and HMTBA is obtained
in an amount of 5 to 99.9% HMTBA, and preferably 10 to
15 50% HMTBA relative to the sum of HMTBA and HMTBS. The
vigcogity of these solutions are between 1200 and
30 mm*-s"* (1200 and 30 cSt) and preferably between 200
and 50 mm?’-s™* (200 and 50 cSt) at 25°C.
The aqueous solutions may be decomposed by
20 extraction of the acid with the use of partially water-
miscible or water immiscible solvent products. A large
number of possible solvents exist for the separation.
The preferred solvents are C, to C, ketones, in
particular methyl isobutyl ketone, esters such as
25 isopropylether, alcohols such as isopropanol, esters,
tertiary amines such as trioctylamine. Within the
framework of thé invention, the preferred solvents are:

acetone, MIBK, isopropanol, isopropyl acetate, isobutyl



The aqueous solutions may be deconposed by 20 extraction of the acid

with the use of partially water- m sci bl e or water imm scible sol vent
products. A large nunber of possible solvents exist for the

separati on. The preferred solvents age Cerr] to (Jerr] ketones, in
particul ar nmethyl isobutyl ketone, esters such as 25 | sopr opyl et her,

al cohol s such &z propydpeatbler ost JHF, trioctydaminey Fhenwetiochfathe
trioctylamne. Wthin the framework of the invention, the preferred
sol vents are: aqueougcphese to khe prgpndgapbrse dspropyrriticale, i sobutyl
22 or propyl ether or THF, trioctylamne. The ratio of the

aqueous phase EHoweNeTor fom &ep9ade of Asoresi ofcgfficacy, HokesbPulflor

ot o of 1/ 1° e daltehedme s mglag, Fatin Ok 3/ ARhERITREEOPFee above
2x¥322?gSL%qayFﬁié%?ﬁﬁﬁg§%3gf5ﬁaﬁégﬁﬁgéh% 5%t8%%%§%%$%88u§|§?tﬁﬁ 8y tygge
Contracurrent AfAnd dding ooy 200, FRELS 3R prkiRLLRRCAM O B0 Dors.

packed or plate colums apd &Q%fgkﬁggggép_ be carrE%%FEBQC ak@hwisanpl e.

The aqueous sol ution deplete . My again be treated, and
as many times ¥ (RYi%fhoubly,Ulk !anavdq:%ral e 1deplieiing hh the ammoni um

hydr oxi de is obtained if desired. e organi c phase
i s subjected t@xtractdloeHechnology. The cascade of co- or
10 contracurrent mixing-decanting devices, centrifugal
extractors, packed or plate columns and the like may be
mentioned for example.

The agqueous solution depleted of free acid
may again be treated, and as many times as desired

15 until a complete depletion of the ammonium hydroxide is
cbtained if desired.

The organic phase is subjected to a treatment
in order to isolate the HMTBS. This is preferably
carried out by vaporization of the solvent or by an

20 extraction with hot water. To avoid a possible
deterioration of the HMTBA, the heat treatment can be
maintained as low as possible by application of a
vacuum,

In these two ammonium salt dissociation

25 processes, an agueous ammonium hydroxide solution is
generated. The latter may be treated in order to

concentrate the ammonium hydroxide. Distillation and

concentration of the ammonium hydroxide in one or more



in order to isolate the HKTBS. This is preferably carried out by
vapori zation of the solvent or by an 20 extraction with hot water. To
avoi d a possible deterioration of the HMIBA, the heat treatnent can
be mai nt ai ned as | ow as possi bl e bgsapplication of a vacuum
In these two ammoni um salt dissociation 25 processes, an agqueous anmoni um
hydr oxi de sol Wtaifesd with or gRttHAitebredmideatvwidl Ry preflarmadd A n or der
to concentrate the ammni um hydroxi de. Distillation and

concent r at i on pxfelinei ey rs trhppiche e tthge magndeorenwirsaged. The

23 stages with or without pressure will be preferred. A

prelin nary stedngrnfrated anmonim dndmgaie sration mohdent rat ed

anmoni um hydr oxi de sol ution may be returned into the synthesis of the

hydrocyani ¢ acfefuzneshite sthﬁmﬂ'étﬁﬁ% tfe thmtrednecysmiz prddbxy- 4-

met hyl t hi obutyronitrile, In.a fifth st t he aqueous
solution o  whighpiss inwplyedrin the mmrhesis Rt ﬁg{ S s

preferably carri evao atji.on of the water. The
subj ect of thé“?ﬁ?ﬁéﬁ#f’o‘ﬂy‘f "é’{)t 18 it ant f or carry| ng out the process

according to the Ayent t, 1 y.dllustrated

I n Figure 2 and corrpralps% ﬂf}h% %ﬁ] chge %]eg%t‘idﬁf%rl °£

i nt roduci ng t%@%ﬁy%py&lf | frdd L d 1€ :‘é@tc”tfnce atdESPaLd Wely, into the
e

reactor 3. The reactor 'S fIx bed with recirculation which is
packed with trﬁ&eferably carrled out by evaporation of the water.

10 The subject of the invention is also a plant
for carrying out the process according to the
invention. Such a plant is schematically illustrated in
Figure 2 and comprises the conduits 1, 2 intended for
introducing the MTPA cyanhydrin and the water,

15 respectively, into the reactor 3. The reactor 3 is a
fixed bed with recirculation which is packed with the
immobilized enzymes or strains. Part of the solution is
withdrawn from the reactor 3 and sent into a finishing
reactor 4. The finishing reactor 4 is of the fixed bed

20 type packed with the immobilized enzymes or strains. A
concentrated HMTBS solution is then recovered at the
outlet of the reactor 4 via the conduit 5.

This concentrated HMTBS solution may be
subjected to two completely independent treatments

25 according to the type of final product desired.

If it is desired to recover a product
containing a high proportion of HMTBS, the solution

from the conduit 5 is conveyed into an evaporator 6



I mobi | i zed enzynes or strains. Part of the solution is w t hdr awn
fromthe reactor 3 and sent into a finishing reactor 4. The finishing
reactor 4 is of the fixed bed 20 type packed with the i mmbilized
enzynes or strains. A concentrat ed2BMIBS sol ution is then recovered
at the outlet of the reactor 4 via the conduit 5.

Thi s concent r athdccbHufER® ss dltutpomsibdye e concentrjtecttbe poodmotcamd et el y

i ndependent treatnments 25 according to the type of final product

desi red. a concentratied jgolud idwsiconwosed aadpdy & EYIRS and
containing a high proportion of HMIBS, the solution _ fromthe conduit
5 is conveyed qq“t@igﬁqg,agmld.r guantity of free acid is recovered 24

whi ch nakes it, possible tq concentrate the product an a concentrated
sol ution conpddbdhfaiganAvdt Evrdde, fxcess “%é'ﬁzaiarﬁ #Fd &Fa® quantity of

free acid js rgecovered in the conquitf 8., The excess t as Il as a
5 et 1B A O e ARG BYAFoRAAR ey P REed Y Elgiui b7
If it is desi rceo(%é\ﬁt{ ecover a pr oduct contai ning a high proportion of
free acid, the concentrated HMIBS solution fromthe conduit 5 is 10

conveyed into a bipolar g gt ri%did%ﬁ?g% %bstxgago%ell Y rgd ddhi s apparat us,

t he anmoni um hydroxi de i s separate greate r I'esser degree

fromthe acid dphtainind!LUHiPHighopdrtio & fTigHdd adan emd of anmmoniumis
recovered in the conduit 11 and then concentrated in 15 t he evaporat or
12 in order tadt¥ettrated MBS aicAdition from the conduit 5 is
10 conveyed into a bipolar electrodialysis system 9. In
this apparatus, the ammonium hydroxide is separated to
a greater or lesser degree from the acid by
electrodialysis. The mixture depleted of ammonium is
recovered in the conduit 11 and then concentrated in
15 the evaporator 12 in order to obtain a concentrated
solution composed mainly of free acid and containing
little or no HMTBS. The ammonium hydroxide-rich
solution is withdrawn via the conduit 10. The ammonium
hydroxide is recovered by stripping 15.
20 This ammonium hydroxide effluent may be
concentrated by distillation 16, the water is recovered
in 18. The concentrated ammonium hydroxide solution 17
may be returned to the synthesis of HCN.
The following examples illustrate the

25 invention.



sol ution conposed mainly of free acid and cont ai ni ng little or no

HMIBS. The ammoni um hydr oxi de-rich solution is wthdrawn via the
conduit 10. The amoni um hydroxi de is recovered by stripping 15. 20
Thi s ammoni um hydroxi de effluent may be 25 concentrated by distillation
16, the water is recovered in 18. The concentrated ammoni um hydr oxi de
solution 17 ExaMpERSgbe returned to the synthesis of HCN

The followi ng exanples illustrate the 25 i nventi on.

25 EXAVPLEfample IXaPgtifilcation famdiN-oterntsddqiaicimeqinci ng of
nitril ase The nitrilase was purified in four stages. 5 The
sunmary of thenjptrilaseation is given in Table 1. The

Al cal i genes faecalis cells are cultured for 24 hours, at 30[err]C, in

a mninmal nediumin the The nipribase was panidied rin £qur Brpges. After
centrifugation of the culture, the pellet is taken up 10 in TG buffer (25

m Tris-HP, 1T06 (3rApagy ek the purifipation imgiven |in Fakimpension is
e peht oBR 00 et sepl s [pged L o1 ef 4 gt the
sulpIate U OgOIAMEL! oty FDECH ESL PRk Bug  palg g, PR
overnight. ThepregencdObt!heRzRIELIFE (5.5 N5/ ) O3lede Nt 0 a Q Sepharose
centrifugation of the culture, the pellet is taken up
10 in TG buffer (25 mM Tris-HCl, 10% (w/v) glycerol,
PH 7.5). The cellular suspension is treated with
ultrasound and then centrifuged in order to obtain the
crude extract. The crude extract is then treated with
ammonium sulphate up to 30% saturation. The precipitate
15 obtained is resuspended in TG buffer and then dialysed
against 2 litres of the same buffer overnight. The
solution obtained is then loaded onto a Q Sepharose
Fast Flow HR 26/10 anion-exchange column previously
equilibrated with TG buffer. The activity is then
20 eluted with a gradient from 0 to 1 M NaCl. The active
fractions are then loaded onto a Mono Q HR 5/5 anion-
exchange column previously equilibrated with TG buffer.
The nitrilase is eluted by means of a gradient from 0
to 1 M NaCl. To finish, the fractions containing the
25 activity are combined, the ammonium sulphate
concentration is then adjusted to 1 M. This solution is
then loaded onto a Phenyl Superose HR 5/5 hydrophobic

interaction column previously equilibrated with TG



Fast Flow HR 26/ 10 ani on-exchange col umm previously equilibrated with
TG buffer. The activity is then 20 eluted with a gradient from0O to 1 M
NaCl . The active fractions are then | oaded onto a Mbono Q HR 5/5

ani on- exchange col um previously gguilibrated with TG buffer.

The nitrilase is eluted by neans of a gradient fromO to 1 MNad . To
finish, the fbaffeansuppliemented wieh 25M (NH|)., SO,y Zhe aotbviey, ishe
anmoni um sul phat e concentration is then adjusted to 1 M This
solution is then elatedowi¢h angradibPhsnfiroBup¥r toc OMRasmeniiwar ophobi ¢

I nteraction colum previously equilibrated with TG

26 buf f esudpbeiterented with 1 M (NH err])[err]SOerr]. The activity is
then eluted with a gradient from1Mto OM anmoni um sul phat e.
Table 1: Summary of the purification of nitril ase 5 Fraction Tot al
Tot al Speci fi Protein Purificatio activity
activity vyiet@ble gj.Symmary of the pur:.f;ce,gé?n [fef’ll]tﬁﬁllgﬁ?
([err] nole/h.ng) (% Whol e cells 955 4300 100
Crude extract 2400 Ammp. sul phate 650 QSHL
26/ 10 3 s 360, ction 1£0a1 Totd: 3 SPecigz Btein mﬁgfmtﬁé5 1.5
(2)42 %20 OSé[SJhar o §1éo%5 activity P erlxtivity 1yield 120£ac1:ot 110
' wg) | (uor/m) | (umole/b.mg) %)
Whole cells 955 4300 4.5 100 1
Crude extract 2400
aAmmo. sulphate 650
QSHL 26/10 3 360 120 0.3 27
10 MonoQ HR 5/5 1.5 240 160 0.15 35
Phenyl 1 120 110 0.1 24
sepharose

Operating conditions: [nitrile] = 50 mM; phosphate
15  buffer 100 mM pH 7.0; 30°C.

The molecular weight of the protein is
determined by gel filtration. It is about 260 kDa. On
an SDS-PAGE gel, a single band of 43 kDa is observed
(95% purity). It is therefore probably a protein of o

20 structure with o weighing 43 kDa.

Example 2: Cloning of the Alcaligenes faecalis ATCCS8750

nitrilase
The NH,-terminal sequence presented in Example

1 exhibits complete identity with the sequence of the



OQperating conditions: [nitrile] = 50 mW phosphate 15 buffer 100 mM pH

7.0; 30[err]C. The nol ecul ar wei ght of the protein is
determ ned by gel filtration. It is about 260 kDa. On an SDS- PAGE
gel, a single band of 43 kDa is observed27 (95% purity). It is

therefore probably a prote| n of ‘_é[krr] 20 structure with a weighing 43
kDa. Bhprminal Grt#]m‘g e the fReoALig @B mudalliaseATCC8750

nitril ase he, NH2-term nal sequence presented in Exanpl e

1 exhibits conﬁﬁ%‘?%@‘ﬂb\ﬂt?‘i it 3% Rxpfendirtdf- Bigad. Sci. USA 9
2., 1093 prctSTIEED - RBREeak thedk wppninal g o Pacharlak the

N-term nal ends, of. acterl

i.b 3 57%id
14 resi daes, %1% PR et 1 P 97 R g g SeEaer | Loy O
f the i t t hat
gescr ?begvl ; I ayas éﬂ@% I‘Eg‘m(é‘n%?d }E%%;po%ovefisn‘[%@&cltol%ﬁ rfglt[s% rg{ eégg thgn
consisted in r?éTPJF Jéﬂmnf %ﬁ\%@wé&weﬂ&% the
nt or this nitri

10 ATCC8750 stra| e gene ase, wth the of two
nucl eotide probag: tiod ekd fiegk fdddBLied by KESHAAINIGL W/ QY Dy(dohayashi et
al. (cited above). The tvvo probes were synthesi zed, one
bei ng cogloddre) DITHY hilshimd) Ostitd ttedhectien rtadrtsiﬁtédleusequence 15

gi ven by Kobayashi et al. (cited above) and the other
amplifying by a PCR reaction on the genomic DNA of the

10 ATCC8750 strain the gene for this nitrilase, with the
aid of two nucleotide probes determined f£rom the
sequence given by Kobayashi et al. (cited above).

The two probes were synthesized, one being
capable of hybridizing with the 5’ part of the sequence

15 given by Kobayashi et al. (cited above) and the other

with the 3’ part:

57 Part (PCRAFl): CCGGGAATTCATATGCAGACAAGAAAAATCGTCC

3’ Part (PCRAF2): TCCTTCTGCGTCCCCGATCCCGCAT

The primer PCRAF1l comprises 12 nucleotides in
20 5’ which make it possible to introduce upstream of the
ATG initiation codon the restriction sites of the
enzymes EcoRI and NdeI. The primer PCRAF2 makes it
possible to introduce the restriction site of the
enzyme BamHI. The genomic DNA of the A. faecalis
25 ATCC8750 strain was extracted according to the CTAB

procedure described by Ausubel et al. (Current



with the 3" part: 5" Part (PCRAF1):

CCGGGAATTCATATGCAGACAAGAAAAATCGTCC 3" Part (PCRAF2):

TCCTTCTGCGT CCCCGATCCCGCAT The primer PCRAF1 conprises 12
nucleotides in 20 5 which make it po28ible to introduce upstream of the
ATG initiation codon the restriction sites of the enzynes EcoRlI and
Ndel . The pri PeotRcRAB? imaMed.ecular Biojegyi,bPehnoWiddeydé&cSonme Inc.
restriction site of the enzyme BanmHl . The genomic DNA of the A

faecalis 25 Ed$GCQ7ﬂols@ﬁélﬁ)wagdeipﬁaaseueaec@FG?néOFoeﬁﬁb EFRB
procedure descri bed by Ausubel et al. (Current

28 Pr ot o &§ias Gienyp | I8 FreerBite) U@f? \Fbl?n specidych t¥oRs | nc Ed.
2.4.1-2.4.5) and 100 ng were used for feaction. In order to

PCR
vary the specﬁﬂﬁ% Lifjcgtion, V&ﬁﬂPuPlygF en°°%%??6ﬁ§tk@%f[¥$FT teste
trat A b b
inatotal® & m@%ﬁﬁ%ﬁ%l%“&f‘bfgo SFofd AT BT b s tBFR g DA
| P E| di, t | d t
Rt hT 8 MR Podne, PIDARA ' 398 WitR°E W tnice of"3al BRAL C O
9600t her D0y Gl bty iihmel A perRiR0 ARTERY Mirkld Wa3LA Rao3eIURRCS: § Min

at 95[err]C, 30 cycles (30 see at 95[err|C, 30 sec at S5[err]C, 45
see at W rda@n%ai cutTwied 172 e L@c1£hsndl Séepred apps4fication
products were analysed on a 0.8% agarose gel predom nant band,

whose si ze corfexagaiidie. @ Hexkin Elmer 9600 thermocycler was

10 programmed with the following sequence: 5 min at 95°C,
30 cycles (30 sec at 95°C, 30 sec at 55°C, 45 sec at
72°C) and 4 min at 72°C., The different amplification
products were analysed on a 0.8% agarose gel. A
predominant band, whose size corresponds to the

15 expected size of 1.15 kb, were amplified in all the
reactions but more specifically with 1.5 mM MgCl, and 5%
DMSO. The reaction products under these conditions were
therefore retained for subsequent stages. The sample
was treated with proteinase K, ethanol-precipitated

20 after a phenol-chloroform extraction. The pellet taken
up in suspension was incubated for 2 h at 37°C with 40
units of EcoRI enzyme and 40 units of BamHI enzyme.
After running on a 0.7% agarose gel, the 1.15 kb band
was cut out and extracted so as to be cloned into the

25 vector pBSK™ (Stratagene, La Jolla, USA) opened [lacunal
EcoRI-BamHI using conventional methods. Five
independent clones, called pRPA-BCAT1 to 5, were

analysed by enzymatic digestion of the plasmid DNA with



15 expected size of 1.15 kb, were anplified in all the reactions

but nore specifically with 1.5 nM Myl [err] and 5% DVBO. The reaction
products under these conditions were therefore retained for
subsequent stages. The sanple was 2peated wi th proteinase K,

et hanol -preci pitated 20 after a phenol -chl orof orm extracti on. The pell et
t aken uphien enzypess Nde Iva&coRdubBasHIf oBspMA and3BgddT]| C with 40
units of EcoRl enzyme and 40 units of BanH enzyne. After running on

a 0. 7% agar osdFdgure: Bd .1 The ppthemn obtaingdsceprespendsd &2t théted so as
to be cloned into the 25 vector pBSK gStratagene La Jall a, USA) opened

[ acuna] hmﬂsa%w%&gteememt s¥al IREt RoRlaspigeobtained
i ndependent c " caII d pRPA:-BCAT1 to 5, were apal
enzynat i c di gi’é’t 8, e/ dppﬂa.§|'lh & Hce described g gaya\éhl

29 e en Ba S I re 3).
The patte n o ?ﬁl éd &FFE%S%HHE& ggfhg%r% ?ﬂggigf'égﬁppégégbg?ion
pattern for a d gﬁ%@ h eggequence
descri bed by 3%5%'?% St crs Qt $B oae sRR ST

( pRPA- BCAT3) was dep05|ted at CBS under t he nunber CBS 998- 96.
Exanpl e 3: Sequencing of a 1130 bp fragnment containing t he DNA

encodi ng the palawAl iFie dediieh@ inde o & 11139 bp frad@lent bntaiBin
The insert cloned into the plasm d pRPA- BCAT3 P was sequenced bg t he

conpany GCenomahieX [DNAS enzoding thel Podydeiptide datdnguthed nd thiilAagecpar ati on
produced in

activity.

10 The insert cloned into the plasmid pRPA-BCAT3
was sequenced by the company Génome Express S.A.
(Grenocble, France) using a DNA preparation produced in
the laboratory (Wizzard Midi-prep kit, Promega). The
strategy for sequencing this fragment, carried out

15 according to conventional methods known to persons
skilled in the art, is indicated in Figure 4. The ten
internal nucleotide primers (identified by the numbers
623 to 629 and 681 to 682 in Figure 4) were synthesized
based on the sequence of the A. faecalis JM3 nitrilase

20 (Kobayashi et al., cited above). This set was
supplemented with the universal primers "Reverse" and
"M12 Forward". Each region was read at least once on
each DNA strand.

The DNA sequence obtained has two differences

25 relative to the published sequence: one in the

structure which is supposed to serve as transcription

terminator and the other in the nitrilase gene, called



the | aboratory (Wzzard Mdi-prep kit, Pronmega). The strategy for
sequencing this fragnent, carried out 15 according to conventi onal

nmet hods known to persons skilled in the art, is indicated in Figure
4.. The ten i nternal nucleotide pri@®s (identified by the nunbers
623 to 629 and 681 to 682 in Figure 4) were synt heg'k)szed based on the
sequence of t LR, {krading tosthe tubsiitution ASHpay2dPP -oTh@se cited
above). This set was suppl.emented with the yniversal prinmers

"Rever se" and tWo regigms vwpxe then meauengad) i & APOR3YIF %nce on
each DNA strangd. \ S nce .obt ai ned has, two
differences 2% RI3smidR ?%Pﬁﬁ%%eﬁqufkﬂt&w%r%?%aﬁﬁe

tructure which_ i e o) r aS. L ranscry pta0 ermnator and
f he other in t?%in?ﬁ’?érji a@e%%nse?fcg%é}‘lg‘@e 4 Pland! cor charhée L

30 B, ! all e - i
nign é}&é‘f’é{%tf4ﬁ‘e(§ﬁ'ﬁ%é+aéx9&%§ﬂh€réﬂ r?t : gfbgs e two

regi ons were then sequenced In oratory on

PRPA- BCAT1, 2,gdpayashi) ¢1QedPRSEder in thd'ddBisndtdr Ak 68 fin Figure
4). The Cerr]T change at 5 position 1412 (in accordance with the

nunbering by all #edayBsShés. CfhEs PO utdtidic Weidh N Hfev@se il i n
all the clones. This is a nmutation which differentiates the two A.

faecalis straithe the A\ efdddalivnger®ingOSTHée R»C chardastht pagsks only
in the plasm d pRPA-BCAT3. This is 10 therefore a nutation introduced
during the PCRLBY8tie presenfaoopINAimothereplasnid pRPA-BCAT3. This is

10 therefore a mutation introduced during the PCR by the

Taq DNA polymerase.

Example 4: Expression of the nitrilase in E. coli
BL21 (DE3) .
In order to confirm the identification of the

15 DNA sequence cloned with the purified nitrilase gene,

the nitB gene was placed under the control of the T7

phage (PT7) €10 gene promoter according to the

procedure described below: the 1.13 kb Ndel-BamHI

inserts of the plasmids pRPA-BCAT3 and pRPA-BCAT4 were
20 cloned into the vector pXL2432 to give respectively the

vectors pRPA-BCAT12 and pRPA-BCAT13 described in

Figure 5. The parent vector pXL2432 is a hybrid between

the region of the plasmid pETY9 (Studier et al., 1990,

Methods in Enzymol. 185, 60-89), between the AccI and
25 EcoRI sites, which includes the replication origin

(ORI) and the selectable marker during the kanamycin

(Kan) resistance, and the region between the EcoRI and



Exanpl e 4: Expression of the nitrilase in E coli BL21( DE3).
In order to confirmthe identification of the 15 DNA sequence cloned with

the purified nitrilase gene, the nitB gene was placed under the
control of the T7 phage (PT7) [errB%0 gene prompter according to the
procedure described below_the 1.13 kb Ndel - BanH I nserts of the

pl asmi ds pRPAABCATSi%e® MP&W&SW&%PEEéla dNeagern£BCr-ne MpSdEoP

pXL2432 to gi ve res ct y .t vect ors pRPA- BCAT12 and RPA— BCAT13
described in 555 L‘!’llhé"%‘ g‘“&%’e e\/@&‘PEFsﬁ)’(E%??ss?%&eny d bet ween

t he regi on of the Iasmd pET9 (Stu et al Vet hods _in
Enzynol . 185, rbq?ré)s T &REe cﬁ Rg ngenfSi'e i@ﬁf‘ngi F@?Y\W‘g’

i ncludes the ication origin (ORI) and the sel ectabl e nmarker
during the kanamycin (Kan) resistance, and the region between the

ECORI_andE Cultures were carried out #hder induclidnie€s of the
pl asm d pET1lla ( Novagen In Madi son W, USA) which includes the

expression casaiﬁidﬁu&ﬂ%e accord:.@il_’{ %%S%egmdewreamw;ﬂ @l ste@uhat i ng
copy nunber Cultures were carried out under

i nducti on Bz.mnhat)l oomwagaar dintg ,! Maldiedn KIsdwsR)bopiainimgst rain
BL21(DE3) (Novagen Inc., Mdison W, USA) contai ning the plasmd
pRPA- BCAT12, tthee YilasmiBIpREADEOATI2, theostaaimn@LRgDE33sm d pRPA- BCAT13
as well as the 10 strain BL21(DE3) containing the plasm d pXL2432 were
cul tured for X®rntaining e phasmidl [pREA-GCANL3 @s wed22 as the

10 strain BL21(DE3) containing the plasmid pXL2432 were
cultured for 16 h in LB medium at 37°C (Miller, 1872,
Experiments in Molecular Genetics - Cold Spring Harbor
Laboratory, Cold Spring Harbor, N.Y.) containing
50 ug/ml of kanamycin, and then diluted 1/100 in the

15 same medium and at the same temperature. When the
cultures reach an 0Dy, of between 0.5 and 1, IPTG, at
the final concentration of 1 mM, was added. After
culturing for 6 hours, the bacteria were collected. A
similar procedure wﬁs adopted to culture the strain

20 BL21 (DE3) containing the plasmids pRPA-BCAT12 and
pXL2231, the strain BL21(DE3) containing the plasmids
PRPA-BCAT13 and pXL2231 as well as the strain BL21(DE3)
containing the plasmids pXL2432 and pXL2231 by adding
to the culture medium tetracycline in an amount of

25 12 ug/ml of medium. The plasmid pXL2231, which is
derived from the vector pXL1l635 (Application
FR 90/05185 of 24/04/1990), belongs to the IncP

incompatability group and is therefore compatible with



Experiments in Ml ecular CGenetics - Cold Spring Harbor Labor at ory,
Cold Spring Harbor, N Y.) containing 50 [err]g/mM of kananycin, and
then diluted 1/100 in the 15 same nedi um and at the sane tenperature.
When t he cultures reach an O err]3%f betmeen 0.5 and 1, IPTG at

the final concentration_of 1 was_ added. Aft culturlng for 6
hours, the batherPiafBids BRPRACBEHT1A and 13SVH+?%JP?ﬁ%E%%uF§¢mas adopt ed

hnd U o BeB i Efliol priaia 0% The BEOARI ERbEE not R aafelERRIE T2
RPA- BCAT13 d_pXL2231. a h BL2 I ni
?he plasmdsan 3§2§3nﬁegﬁi§§§i§%§tﬁgﬁféggﬁge an%(QFh%aEﬁ urgogégzzh?g
o ooy Cl e "2 R BURE MnadPy £1EohEAE] OLfta bl IHE) cdbes PLAS T O

pXL2231, whic erirve e vec I on
FR 90/ 05185 O&rgﬁﬂoééﬁggoéncgaiﬂggEhLQEth@oiﬂcﬁbleculafn&ﬂgpéﬁéﬂé|'ty group

and is therefore conpatib

the plasmds mBEﬁeBCéilalapdléssy\husb PEERESehBE. 202:M£P5LLA%) ON Ori gi n
of the plasmd ColEl. Its selectable marker is tetracycline resistance

and it carries a 2TRekbxpeeRbibhndE| thérajteilagenivas nanglysed G oES
and 5 G oEL genes encoding the E. coli nol ecul ar chaperons (Fayet
et al., 1986, ohbh. 1G&NSDEcRAt ge202n #B6-d#bde fraction after The
expression of the nitrilase was anal ysed on a 10% SDS-PA gel in the
crude fracti osonfication of theicelisn andt After| tentuhfugation in

centrifugation in 10 the pellet and in the supernatant. The results are
the pellet and in the supernatant. The results are

presented in Figure 6 and show a high nitrilase (NitB)
expression level in the extracts of cells in which at
least one of the plasmids contains the nitB insert;
however, this protein is essentially in insoluble form
15 although the presence of the plasmid pXL2231 makes it
poesible to increase the quantity of nitrilase
polypeptide in the soluble fraction.
In Figure 6, M represents the meclecular
weight marker; these are indicated in kDa. Moreover,
20 the lanes have the meanings below:
- A, D, G represent the crude fractions of
BL21(DE3) + p/RPA-BCAT12/RPA-BCAT13/XL2432
respectively:
- B, E, H represent the supernatants obtained
25 respectively from these same strains;
- C, F, I represent the pellets obtained
respectively from these same strains;

- Jd, N, Q represent the crude fractions



presented in Figure 6 and show a high nitrilase (NitB) expression

| evel in the extracts of cells in which at | east one of the plasm ds
contains the nitB insert; however, this protein is essentially in
insoluble form 15 although the presenc3of the plasnid pXL2231 makes it
possi ble to incpease the quantity_of _nitril ase pol ypeptide in the
sol ubl e fractiBEFalned respectively ££pR, o 6 Mrepresents the nol ecul ar

el gt v ket ob93R6a3)° . BHkoabE.! B/RRR plRESSYRER plieratREskgge have

the neanings b resen g'crude”fractions

of BL21(DE3) + p/ RPAgBCQAT1g/ Bgéi:ggéy:?’g’ﬁgzéagernatan{:gsB?g&?.ﬁgliy;

- B, E, Hrepresent the supérnétants” obtalne 2 respective romthese

same strains; regpectively from thebe btk@Rh85ent the pellets obtained
respectively fronithese sgﬁe strailns; - J, N, Qrepresent

the crude fsractions - L, P, S represent the pellets obtd3ned Obtained
respectively from BL21(DE3) + pXL2231 +

p/ RPA- BCAT12/ RRespBeatively?42dm these strains. - K O R represent the
super nat ant s obt ai ned respectively fromthese strains; 5

- L, P, Srepresent the The etxadnt BL.2A(DE3) /pRPAPBCAILE| v PKDARBRese
strains. The strain BL21(DE3)/pRPA- BCAT12 + pXL2231

was cal | ed RPAWBISOCATLL2E RPAe BIOCATA 26l.2 ThBESHrpRRABL21 (DEBTAPRBA+ pXL2231

was cal | ed RPA-BI OCAT127. The
BCAT13 4+ pXL2231 was called RPA-BIOCAT127. The

10 nitrilase activities of the cultures of RPA-BIOCAT126,
RPA-BIOCAT127, and RPA-BIOCAT66 which corresponds to
BL21 (DE3) /pXL2432, were determined as follows: the
cultures were carried out according to the procedure
described above, with modification of the culture

15 volume (50 ml) and the final concentration of IPTG
(0.1 mM). The cultures were centrifuged and the
cellular pellets taken up in 10 ml of 100 mM potassium
phosphate buffer pH 7. The hydrolysis of HMTBN was
carried out with 500 ul of this suspension added to

20 500 ul of 200 mM HMTBN solution pH7. A kinetic of
hydrolysis is obtained by mixing 100 gl of this mixture
with S00 ul of 0.1 N phosphoric acid at regular
intervals for 1 to 4 hours. The quantities of HMTBA
produced are analysed by HPLC as described in

25 Application WO 96/09403. The results are assembled in
Table 2.



10 nitrilase activities of the cultures of RPA-BI OCAT126,
RPA- Bl OCAT127, and RPA- BI OCAT66 whi ch corresponds to
BL21( DE3) / pXL2432, were determ ned as follows: the cultures were
carried out according to the procedure 34 described above, with

nodi fication of ulture ,15 u 50 mM) and the fin concentration
ot pra ! " bkl &' AGEEA{Ten ok the Seratds kP tanaten, THE

cel lul ar peIIetth nup in 10 mM of 100 mM pot assi um phosphat e

buffer pH 7. T h¥4if ol ysis of HMIBN was carried out with-500 [err]l

of this suspension added to 20 500 [err]l of 200 nmM HMIBN sol ution pH7.

A kinetic of hydrol ysis is obtained by mxing 100 [err]| of this

m xture W I 900 rr‘HP of P. L l\r‘ﬁoﬁosp oric acl i at re&%ar

intervals for [1®PH B : TIONof| GRHEBRE | OPseepf ate

anal ysed by HHLC as descrl bed in |25 Applicdti a0 P6/ 094p3. he results

are assenbl ed |in Tgdbl e 2. 34

Table 2: ActiVitiesof the r.al np - Bl 1nal26 and 127

RPA- BI OCAT  MEDI UM®S | N[}LUC% B T ek er2r4] RS R

TI VE 5 (1% 319 CB KM O. I nVMTPTG [ 24 N 2.5

0 5 126~ EB km(T 9.7 WaniashiZ ke h 24 5 15 127

LB Km Tc 0.1 mvt+PFe—24h 4= 16 —ABBREVHAF-ENG—K

Kanamycin 50 [jerr] hl ; TckB KatTaap bR me IPTG 24 b 1.9 10
ABBREVIATIONS: Km: Kanamycin 50 ug/ml; Tec: tetracycline

12 pg/ml; h: hours; U: kg of HMTBA formed per

10 hour and per kg of dry weight.

In order to enhance the solubilization of the
nitrilase polypeptide expressed, the plasmid pRPA-
BCAT37 was constructed as below. The plasmid pXL2391
was obtained by ligating the 5.9 kb EcoRI-PvuIl

15 fragment of the plasmid pDSK519 (Keen et al., 1988,
Gene 70: 191-197), treated with Klenow polymerase, with
the 2056 bp HindIII fragment extracted from the plasmid
pHP45QSp (Prentki and Krisch, 1984, Gene 29: 303-313)
treated with Mung Bean nuclease. The plasmid pXL2391

20 was then digested with SmaI and SacI and the 2.3 kb
insert carrying the GroESL operon, extracted from the
plasmid pXL2231 digested with HindIII, treated with
Klenow and digested with SacI, was introduced therein.
The plasmid pRPA-BCAT37 is therefore a derivative of

25 the plasmid RSF1010 with a higher copy number than the



12 [err]g/mM; h: hours; U kg of HMIBA forned per 10 hour

and per kg of dry weight. In order to enhance the
sol ubili zati on of the nitril ase poléafptide expressed, the plasm d
PRPA- BCAT37 was constructed as bePéw. The plasmid pXL2391 was

obtained by ligating.the 5.9 kb EcoRI-Pvull, .15  fragnent of the plasmd
pDSK519 ( Keen Rgltasﬂ‘:%, ,3%" c°wlﬁ:w%ﬂ-%ﬁla%ﬁgse(?%rtyﬁ'% enow
pol ynmer ase, with < 2t 56 H ndl.l fra nt. tracted.fromthe
Do i prigte el Sl ddiyiine & BHEREy P T

Gl gosted w th S EaRp AR G DS Gt intrbacla M8 RN L
0per on, ext 1 acheh ff GRATE3) /pREN LI U2 Sk e ki om0 11

treated with Kl enow an gested wth Sacl, was introduced therein.

The plasmgl pRYodXFAFAY, itThd iahalg, Y idAliue Farrded ddte plasmd
RSF1010 w th a hi gher copy nunber than the

35 pl asmdbgoddihyg , t& AMpddddurd dintilaap|tas it Qugerited t he
origin Col El and carrying a marker for resistance to streptonycin.
This plasm d vetsoveyl rlokicssplading tthe tetrstaydineBWAMIDER YaptidtyidGAI12 t 0
give the strain RPA- 5 BIOCAT171. The activity of a culture carried out
according to atpribdglmki masrdetenined eust i keportediiove, but
replacing the tetracyline with streptonycin at 100 [err]g/ M, was
det erm ned and*3Rle ehorted in Tabl e 3.

10 Table 3: Activity of the strain RPA-BIOCAT171

RPA-BIOCAT MEDIUM INDUCTION CULTURRE OD(o ACTIVITY
TIME (v)
171 LB Km Sm 0.1 mM IPTG 24 h 3.2 14
ABBREVIATIONS: Km: Ranamycin 50 pg/ml; Sm: Streptomycin
15 100 pg/ml; h: hours; U: kg of HMTBA formed per

hour and per kg of dry weight.

Example 5: Expression of the nitrilase in E. coli
DHSalpha.
The plasmid pRPA-BCAT6 was constructed by
20 cloning into pBCAT3 (cf. Figure 3) the 0.6 kb ScaI-NdeI

fragment of pXL2158 containing the Ptrp promoter and
the ribosome-binding site RBScII (Levy-Schill et al.,
1595, Gene 161: 15-20). The expression was performed
with the strain DH5alpha containing the plasmid pRPA-

25 BCAT6 and/or the plasmid pXL2035 (Levy-Schill et al.,



10 Tabl e 3: Activity of the strain RPA-BI OCAT171 RPA- Bl OCAT

VEDI UM | NDUCTI ON CULTURE ODjerr] ACTIVITY
TI ME (Y 171 LB KmMmSm 0.1 mMIPTG 24 h 3.2
14 ABBREVI ATl ONS: Km Kanamyci 8650 [err]g/m; Sm Streptomycin 15

100 [err]g/m; h: hours; U. kg of HVIBA formed per

hour and per Gi§esk alpoyelewdith the follomizgppEosedprfiedBfon of the

NS const r UCEERTREuRS 16 i3TuRg e GOPBRRTE At 3780 aPoa Bhe 0 6 Kb
the. 11 bosomes SRR Rk e R s, 7 Bl il ERpe TRl IR SC 700 o 161,
contal i ng.  RELSERRAY) iEALE, ORI fpxingyEatrite Libe AR RS ISRAR
bove) vih CRE TS FARRSE o dduFRtaRing 0-8%,of cassminciacide, Gl {07

16 h at 37[ eryiddC igynAl J¥ tryptdPnd®ds a0t Jig/mi( Me lcdirbehildi 11342
Experinments in HeY Mol eculre%rrp Geneti cs. Ogﬁg{ngpri ng Harbor Laboratory, Cold

5 Spring Har iz theY gtraitsalidintaiity PXIRVIF] kanatiydin is addbao
[err]g/mM of tryptophan, 100 [err]g/m of carbenicillin. For the
strai ns cont airnidiy B3 f Enag/di.n The adgression doeuvas afext of 50
mg/ 1. The expression occurs after 1/100 dilution of the saturated
culture in art/ldhtdidaition of the saturated culture in an identical
10 medium but without tryptophan and incubation for 8 to
16 h at 37°C.
SDS-PAGE analysis of the extracts of the
different strains is performed as described in.the
preceding example and is represented in Figure 7.
15 In this figure, M represents the molecular
weight marker; these are indicated in kDa. Moreover,
the lanes have the meanings below:
- L, I, F, C represent the crude fractions
cbtained respectively from the strains DHSalpha + pPRPA-
20 BCAT/3,/6,/6 + pXL2035, RPA-BIOCAT76;
- K, H, E, B represent the supernatants
obtained respectively from these same strains;
- J, G, D, A represent the pellets obtained
respectively from these same strains.
25 The plasmid pRPA-BCAT6 makes it possible to
ocbtain a small accumulation of a predominantly

insoluble 43 kDa polypeptide. The coexpression of GroE

from the plasmid pXL2035 reduces the overexpression,



10 medi um but wi thout tryptophan and incubation for 8 to 16 h at
37[err] C SDS- PAGE anal ysis of the extracts of the
different strains is perforned as described in the precedi ng exanpl e
and is represented in Figure 7. 15 37 In this figure, M
represents th% nol ecul ar wei ght, marker; these ar %fi rtlgl cated .in kDa.

Nor eover ut @fher &haeg, FYRS 4l i tgings e stfra:.n_ h |,
, d ' i ned [ |

i ne bres SRR PRI BAE ¢ prrad¥B’ M RASR R o0 |

- K H E B . i i | f
Chose same o PUGRETE ddfedtif AN to_an, SIS LRIPRE | V0 Y 11O

obt ai ned {1 it N%e. 0 £t The
pl asm d pRPA- BCATG T deﬂs{ec%ét/ %%és)rsﬂlb‘{}git%oﬁ%ly%%% N 'a small accunul ation
of a predogni nasd ot i ORI GorhB ddB, RRIBARS ] e THBa50HY €ssi on of
G oE from tﬁr%a ppzfaasn% d p>¥|lj_203gir educes the overexpression,

37 but afdediviviess SOE Qais i Ml it | dadddigt cift tadtRcididig) to the

DH5al pha ( pRPA- BCAT6 + pXL2035), the strain RPA- Bl OCAT76 sel ected
returns to an prodediirdse\ddscfibed abexm easl dm athd hreavddinga sxample

pol ypeptide, the latter 5 being practically conpletely sol uble. The

assays of are@resentesd dgin tTabloeul4ures carried out according to the
procedures descri bed above and in the precedi ng exanpl e are presented
i n Table 4.

Table 4: Activity of the strains DH5alpha (pRPA-BCAT3),
10 DHS5alpha (pRPA-BCAT6), DH5alpha (pRPA-BCAT6 + pXL2035),

RPA-BIOCAT76

STRAIN MEDIUM CULTURE ODgp ACTIVITY
TIME (4]
DHS5alpha (pRPA-BCAT3) M9 Cb 24 h 4 0
DHSalpha (pRPA-BCATS) M9 Cb 24 h 4 0.6
15 DH5alpha (pRPA-BCAT6 | M9 Cb Km 24 h 3 1.6
+ PpXL2035)
RPA-BIQCAT76 M9 Cb Km 24 h 3.8 5

ABBREVIATIONS: Km: Kanamycin 50 pg/ml; Cb: Carbenicillin
20 100 ug/ml; h: hours; U: kg of HMTBA formed per

hour and per kg of dry weight.

These data show that the coexpression of GroE
makes it possible to enhance the expression of the

nitrilase and that a conventional strain selection by



Table 4: Activity of the strains DH5al pha (pRPA-BCAT3), 10 DH5al pha

(pRPA- BCAT6), DH5al pha ( pRPA-BCAT6 + pXL2035), RPA - Bl OCAT76
STRAI' N MEDIUM CULTURE OD[err] ACTIVITY

TI VE (V) DH5al pha ( pRPA3SBCAT?3) |v9 Cb 24 h 4
0 DH5al pha ( pRPA-BCAT6) M) Cb 24 h 0.6 15

DE5al pha (pRpgqgggﬁglvpgsepcﬁ%tupggghalso gontrlbutESGtowards the
pXL2035) RPA- BI_OCAT76

ABBREVI ATI ONS:eRhaggement, of FP?%G"F&P’FF&/ . r'T%ﬁ: re&mé’ﬁpaﬂ%ﬁ-n . 20

100 [err]g/m; h: hours; U kg of HMIBA formed per

hour and per kg of dry vvei ght . These data show that the

coexpression gf a%;ﬁ t i_b ance si on of
t he nitrilase and' t giﬁiag%?gﬁvg%??%nakq ?‘%lg%%sg P%I on g b2E
38 succe?yﬁ-gasmhilgalﬁ%e?egofq,@g.tarhgut es towards the

t

enhancenent o he activity of “the recombi nants. Exanpl e 6:
Expressions of the nitrilase dxprReMi¢Iten deseibed ARd Eaamphiedsnes

faecalis. 5 The expression system described in Exanple 5

was used to pwaliasddiadigrdduree the Mdaiiddasendin) Pseddomonas putida
and A. faecalis. The 1.14 kb NdelI-Xbal fragment of
PRPA-BCAT6é containing the nitB gene was introduced into
the NdeI-Xbal sites of the vector pXL1289. The vector

10 pXL1289 is a derivative of pKT230 (Bagdasarian et al.,
1981, Gene 15: 237-247) carrying the multihost
replicatioin origin (oriV) in Gram-negative bacteria
and which contains a 120 bp EcoRI-Ndel £fragment
carrying the P, , promoter and RBScII of pXL534 (Latta

15 et al., 1990, DNA and Cell Biology, 9: 129-137), an
NdeI-Xbal insert encoding the cobA gene (Crouzet et
al., 1990, J. Bacteriol. 172: 5968-5979) and a 500 bp
XbaI~-BamHI insert containing the T,,; terminator of
pXL534 (Latta et al., 1990, DNA and Cell Biology., 9:

20 129-137) . The plasmid obtained pRPA-BCAT14 is therefore
a derivative of pKT230 containing a gene which confers
resistance to kanamycin (Kan) and the nitB gene under
the control of Ptrp:RBScII (Figure 8).

During the introduction of this plasmid into

25 the E. coli DH5alpha strain, a specific clone was
selected: it expressed a nitrilase whose molecular

weight on an SDS-PA gel is 44 kDa instead of 43 kDa.



and A faecalis. The 1.14 kb Ndel - Xbal fragnent of pRPA- BCAT6

containing the nitB gene was introduced into t he Ndel - Xbal sites of
the vector pXL1289. The vector 10 pXL1289 is a derivative of pKT230
(Bagdasarian et al ., 1981, Gene 1539237-247) carrying the nul ti host

replicatioin qrigin (orjV), in Grantnegative hacteria,. ., nd whi ch
contains a 12(F‘b% %ﬁﬁ*%rrlﬁ‘ggﬁraeﬁiy tnds "lérﬂ‘“reyieﬁg‘%sP[ t 53 Moot er
120-137), an TOCCRERALGhHeSSR A% A AT oA et zer et
al., 1990, J. e 172 -5979) - BarmH

I nsert contai M ng ﬁ%ﬁ#ﬁ%’rr Ifag"?lﬁ?’na or pof{gniad %S%L%%ﬂ?a:"t 'i&aaaéet al ., 1990,
DNA and Cel | BiGhSee 412:% z Jehe N ] [ HYZPA- BCAT14
is therefore et a ca%c‘i\/%%c\:/re 0 %Zt?fbe cont aﬁgr%dg%ﬁrf\%i ch confers

resistancest o HEAPTY GriktK el BN dwithd intda OB LHWEEY the 134 IBp control of
Ptrp: RBScll (Figure 8). During the introduction of this

plasmd into Sfur-s4eT EErdghdntDHRIGRPR-BEXTE) was IRSlidded Byorcheras
selected: it expressed a nitrilase whose nol ecul ar wei ght on an

SDS- PA gel i s S#ukiBsmIsfrsginerit 43f KIRPA-BCAT4. The plasmid pRPA-

39 The plasm d harboured by this clone exhibits the sane

restriction paBCAT23 asheRFPCRC/Sipresres\as whttikhse Ni gFRRWBCATR Asn
Finally, the plasm d pRPA-BCAT23 was constructed according to the sane
procedure as prEidug gogasiviem 31 fol | owi ng nodification: the 136 bp

Stul -Bsm _fragnment of pRPA-BCAT6 was repl aced by the
10 The plasmids pRPA-BCAT14, 23 and 24 were

introduced by electroporation into the Pseudomonas
putida G2081 strain. The strain G2081 is derived from
the strain KT2440 (Bagdasarian and Timmis, 1981, in
Hofschneid and Goebel, Topics in Microbiology and
15 Immunclogy., 47, Springer Verlag, Berlin) by selection
of the spontapeous resigtance to nalidixic acid and to
rifampycin. The vector pKT230 was used as control
plasmid.
The plasmids pRPA-BCAT14, pRPA-BCAT23, pRPA-
20 BCAT24 and pKT230 were then extracted from the P.
putida strains so as to be introduced by
electroporation into the A. faecalis ATCC8750 strain (=
RPA-BIOCAT1) .
The strains G2081 (pRPA-BCAT14), G2081 (pRPA-
25 BCAT23), G2081 (pRPA-BCAT24), G2081 (pKT230) with RPA-
BIOCAT1 (pRPA-BCAT14), RPA-BIOCAT1 (pRPA-BCAT23), RPA-
BIOCAT1 (pRPA-BCAT24), RPA-BIOCAT1 (pKT230) were

cultured overnight at 30°C in LB medium containing



Stul-Bsm fragnent of pRPA-BCAT4. The plasm d pRPA- BCAT23 therefore
expresses a nitrilase NNtB with an Asn resi due at position 279. 10
The pl asm ds pRPA- BCAT14, 23 and 24 Were i ntroduced by

el ectroporation into the Pseudononas 0 putida G081 strain. The strain

X081 is derived from the strai n KT2440 (Ba dasari an Tijm s,
1981, in 5Q—|6‘F9.=/@hrﬂ-§ danAINSide Thers RESGH B‘Yet}leoéf?lﬂé‘rﬁ?dm“

| rmunol ogy, 47, r|n er. Ver , Berli elec of, the

spont anegﬁs r & Qari'é’g % qﬁf*’l‘& ﬁ%‘%’é“’%&%ﬁ } Wf&nnan%e
vector pKT230 was .used C r,ol | asm d. The

pl asni ds pRPA-meq)% P2t FPL- P 30 BCAT24 and pKT230 were t hen
extracted fromthe P. | qg&%%%

el ectroporation into the A %%ﬁ%%ﬁ#%l%e( vHd BE%SCATl)
The St ai o G281 Yl ST hyad 2o 25 0BG, 4208

( pRPA- BCAT24), G081 (pKT230) W th RPA- Bl OCATL ( pRPA-BCAT14),

RPA- Bl OCAT1 ( piiief-efie Hrad¥¥on after BddAbl (R REAT 2411 43PAmd OCAT1
(pKT230) were cul tured overnight at 300C in LB medi um cont ai ni ng

40 50 ny/dfedr keamtpiiuya tiws eLpridesl Igalase weid i [tieed 1/ 100 in
M2 nedi um contai ning 50 ng/l of kananycin and I ncubated for 20 h at
30[err]C. supernatant AfThe mesulid iaare @rdadentes |in Rigpnmx@edimon 5
of the nitrilase was nmeasured on a 10% SDS- PA gel in
the strains RPA-BIOCAT1 (pKT230) and G2081 (pKT230),
10 only the crude extracts were loaded (lanes A and I
respectively). In this figure, M represents the
molecular weight marker; these are indicated in kDa.
Moreover, the lanes have the meaning below:
- B, D, F represent the crude fractions
is obtained respectively from the strains RPA-BIOCATI1
(pRPA-BCAT14), RPA-BIOCAT1 (pRPA-BCAT23), RPA-BIOCAT1
(pPRPA-BCAT24) ;
- C, E, G represent the supernatants obtained
respectively from these same strains;
20 - H represents the pellet obtained from RPA-
BIOCAT1l (pRPA-BCAT24);
- J, L, O represent the crude fractions
cbtained respectively from the strains G2081 (pRPA-
BCAT14), G2081 (pRPA-BCAT23), G2081 (pRPA-BCAT24);
25 - K, N, P represent the supernatants obtained
respectively from these same strains;

- Q represents the pellet obtained from G2081

(PRPA-BCAT24) .



the crude fraction after sonication of the cells, and after
centrifugation in the pellet and in the supernatant. The results are
presented in Figure 9. For t he strains RPA-BI OCAT1 (pKT230) and (2081
(pKT230), 10 only the crude extracts wire | oaded (lanes A and |

marker: thedt are | ndi A (HEBLReRt Bhoys BAS R &l HiERave (he

bt ai ned oo p SRS, PREeRY, dangy, Rafp YL e R 2 0

BP é BE%T%eéﬁeﬂgﬁﬁgﬁoulﬁﬁgﬁﬁ -go dt z;:lhnaetd wﬂpﬁ-&%-s;%?&iilfesley fromthese
3T Toren BEpReice et a6 Mbd S SAGpigRLlg, e, | [om P8

fractions 5 a. ofieudlRib raaRaei) vile/ édsap’st e HdtaiviTyCHI8 EHgePA-

BCAT14), (081 (pRPA-BCAT23), (081 (pRPA-BCAT24); 25 - K, N,
P represent theaktipsssnateadsiabiaithatcording axpartie \patocddurre t hese sane
strains; - Qrepresents the pellet obtained from Q081
( pRPA- BCAT24) .described in Example 4 show that the str#lins G2081 Thi s
experinent shows that the P. putida strains express |large quantities
of the three s(PRRABCAT23)y tG398k(RRAARGATIS eﬂﬂﬁt&%‘m%ﬁhe
nitril ase polg/peé)t i de at 44 kDa, i s, overexpressed by the

(PRPA-BCAT24) have a nitrilase activity on HMTBN.

10 Example 7: Expression of the nitrilase in
Corynebacterium glutamicum.

The expression of the nitrilase was performed
in the strain CGL1010 (= ATCC 14752) with the aid of
the P cspB promoter (Peyret et al., 1993, Molecular

15 Microbiol. 9: 57-109). A 530 bp fragment containing the
P cspB promoter was amplified from the plasmid pCGL81l5
(Peyret et al., cited above) with the aid of the

following primers KS1 and KS2:

KSl: 5’-ACGCGTCGACCAGATCGTCAAGTTGTGG-3’

20 KS2: 5’ -CATAGAGGCGAAGGCTCCTTG-3*

After digestion with SalI, the 530 bp
fragment amplified was cloned into the plasmid pBSK
(Statagene, La Jolla, USA) opened by Sall and EcoRV to
give the plasmid pCGL1084. An EcoNI/NdeIl adaptor was

25 prepared by hybridizing the following two



5 A faecalis strain. The assays of activity of these cul tures,
carried out according to the procedure descri bed in Exanple 4 show
that the strains G081 (pRPA- BCAT23), (X081 (pRPA-BCAT24), and

RPA- Bl OCAT1 ( pRPA- BCAT24) have a ni i | ase activity on HWIBN. 10
Exanpl e 7: Expression of the nitrilase i Cor ynebact eri um gl ut am cum
The expr essi OWHQQW%QF%qe%%@%?%ﬁ%‘md in the strain CGL1010
(= ATCC 14752) with the aid of the P cspB pronoter (Peyret et al.,
1993, Mol ecular 15 Mecrobiol. 9: 97-109). A 530 bp fragment contai ning

t he P cspB pronoter was anplified fromthe plasm d pCG.815 '
(Peyret et al., cited above) with the aid of the follow ng priners

KS1 and KS2: . B %Aé@ UL EAGATCGTCAAGTTGTGG- 3 20 KS2:
S8: = Al . . .
5' - CATAGA GEC%%CT After digestion with Sall

the 530 bp  gggf rewEteidRteiAeCr@sredared into the plasmd pBSK
(Statagene, La Jolla, USA) opened by Sall and EcoRV to gi ve the

pl asm d pCGE.1084. An EcoNl/Ndel adaptor was 25 prepared by hybridi zing
the foll owi ng two 42
ol i gonucl eoti des KS8 andrikétitrilase gene was extracted from the
5 plasmid pRPA-BCAT6 in the form of a 1.1 kb NdeI-Xbal
fragment. It was introduced into pCGL1084 opened with
EcoNI and XbaI using the EcoNI/NdeI adaptor described
above, to give the plasmid pCGL1086. The Sall-BamHI
fragment of pCGL1086 containing PcspB::nitB was then
10 cloned into the vector pCGL482 (Peyret et al., cited
above) at the Sall and BamHI sites, giving the plasmid
pCGL1087. The plasmid pCGL1087 (Figure 10) is therefore
a shuttle vector based on pBIl (Santamaria et al.,
1984, J. Gen. Microbiol., 130: 2237-2246) containing the
15 replication origin of pACYC 184 recognized in E. coli,
a gene conferring chloramphenicol (Cm) resistance and
the PcspB::nitB fusion.
The plasmids pCGL1087 and pCGL482 were
introduced by electroporation into CGL1010 as described
20 by Bonnamy et al., 1990 (FEMS Microbiol. Lett. 66: 263-
270) . After culturing for 20 hours at 30°C in a 3.7%
Brain Heart Infusion medium (Difco Laboratories,
Detroit, USA) supplemented with 5 mg/l of
chloramphenicol, assays of nitrilase activities were

25 carried out on culture samples as described in



KS8: 5' - TCAAGGAGCCTTCGCCTCA- 3 KS9: 5' - TATGAGGCGAAGCCTCCTTG 3!
The nitrilase gene was extracted fromthe 5 plasm d pRPA-BCAT6 in the form

of a 1.1 kb Ndel - Xbal fragnent. It was introduced into pCA.1084 opened
Wi.t h EcoNl and Xbal using the EcoN /4#¥el adaptor descri bed above,
to give the plasm d_pCGE.1086. The_ Sal | - BanHl ragment of pCGE.1086

cont ai ni ng PcsEEPmH1?B4ma§h?hﬁﬂsulBS SEPUnEBaFnFBetﬁEr%h%t%FL% 482
Peyret et al., cit the Sall, 6 and BanH sites ng the
|(o| agm d gg?” Thas pFa’%ﬁ%Hliﬁii168‘?11’?—1‘15&!”%3’{6?5 the h%Fg?%?

hut t | t t t al. 1984, J. Gen.
%Iirgbiof.vﬁgoeaaggig éﬁg?ggé% ( %$n€n$%ga ES : replication origin op pACYC

184 recognized in E. coli, a gene conferring chl oranpheni col (Cm
resi stance and t he PcspB nitB fusion. The pl asm ds

pCCL1087 and pgﬁ%ﬁgiemﬁteE ressi?ﬁr8ggsgg(Qéwgﬁﬁfééogﬂ ?&fﬁ?t&ﬂ}@ £3.1010

as descri bed y Bonna cro ett 263-
270). Aftes cuhivgypasfor 20 hours at 30[err]Cin a 3. 7% Brai n Heart
I nfusi on medium (Di fco Laboratories, Detroit, USA) supplenented with

5 ng/| of chl or anpirRei éfpredssoiSosf thet hitastadet wist besfobhed 25
carried out on culture sanples as described in
43 Exanpl énd4théhs.r 2duilanshvr24hatrabr $HopwoodG#04D., 198§5pCA.1087)
has a nitrilase activity whereas the strain
Genetic Manipulation of Streptomyces; A laboratory
Manual, The John Innes Foundation, Norwich) with the
10 aid of the plasmid pIJ6021 (Takano et al., 1995, Gene
166: 133-137) using the PtipA promoter (Holmes et al.,
1993, EMBO J. 12: 3183-3191).
The plasmid pUCl1lS (Yanisch-Perron et al.,
1985, Gene 33: 103-119) was modified by deleting the
15 140 bp Tfil fragment by TfilI digestion, treatment with
Klenow and self-ligation of the vector. The plasmid
obtained was opened with EcoRI and BamHI so as to clone
the 1.15 kb EcoRI-BamHI fragment of pRPA-BCAT3
containing the nitB gene. The plasmid p0S48.4 thus
20 obtained has a unique TfiIl site situated between the
nitB gene and the BamHI site. This site was used to
insert a 2.3 kb Qhyg fragment extracted from the
plasmid pHP450hyg (Blondelet-Rouault et al., Gene,
submitted) after digestion with BamHI and treatment
25 with Klenow. The Qhyg fragment contains the hygromycin
phosphotransferase (hyg) gene of Streptomyces

hygroscopicus (Zalacain et al., 1986, Nucl. Acids Res.,



CGL1010 (pCA.482) has none. Exanpl e 8: Expression of the nitrilase

in Streptonyces 5 |ividans. The expression of the
nitrilase was perforned in the S. lividans TK24 strain (Hopwood et
al ., 1985, Geneti ¢ Mani pul ati.on of Sf*r eptonyces; A |aboratory
Manual , The John Lnnes _Foundation, Norw wth the 10 aid of the

pl asni d pl J6021f 3 {02581 g @nd f§’§'§erée gr°mY°"1‘66'esi'§§aI‘§?) ©fsi ng t he

Pti pA t = 3183-3191

The ol hsri d pEcL 48 ch% Plpemidpobes I¥B@hi’§8§%téérﬁ8 vaR fsedio) s
di fied by del et, ' 0 11 gs n

FE?;F Irrggt \>/lm tet ¢ I% anéw an(? :}éﬂ P&%l gaBJtaltntlif;]]: 0 lnl%y c-gfnlta:%ﬁ. t:h%? gb

obt ai ned was on e

EcoRI - BamHl fr agrrent Vgoetf %egfgz@g&i%gle@w cont %ﬁfﬁt e?; eglrrﬁltcg g‘:]vréa%e The

pl asm d p@548..4 drlues n39> L B e L S pa:a‘érb'zq_UQT-Efldahos fee 31,1, Ualigdgbet ween

t he nitB gene and the BamH site. This site was used to I nsert a

2.3 kb [err] hypdvedgropineX Wit iy aiid BamnI. cihvanrithagHeds] err]hyg
(Bl ondel et - Rouault et al., Gene, submtted) after digestion wth BanH

and treat nent pldsmid tgI 60210 wtepllicgtars jdnly fimadienis teepitamyeelishe
hygr omyci n phosphot ransferase (hyg) gene of Streptonyces
hygr oscopi cus théalldgetion milxturkD8Gs Nurens fhomed Res S. lividans
4 11 5’1'.?1(52 41 5b8yl )c oanrlrdenc tO:Lnofn?arls nPeyt%xoodr;y C(IHr;prweo%ds te?:n Ca?l .O " cited
P
10 above) by selecting the clones resistant to 200 mg/l of
‘hygromycin (Boehringer Manheim). The plasmid DNAs of
these clones were extracted by conventional methods
(Hopwood et al., cited above) and their restriction
patterns indeed corresponded to the expected construct
15 which was called p0S48.7 (Figure 11).

Two S. lividans strains containing p0S48.7 as
well as a clone containing the plasmid pIJ6021 were
cultured in 50 ml of TSB medium (Tryptic Soy Broth,
Difco) at 30°C for 72 h with a 5 mg/l kanamycin

20 selection, and then thiostrepton was added at the
concentration of 5 mg/l and the culture was continued
for another 18 h according to the conditions described
(Hopwood et al., cited above). The culture was
harvested and the activity assay, carried out under the

25 conditions described in Example 4, shows that the

S. lividans TK24 strain (p0S48.7) expresses a nitrilase

activity contrary to the TK24 strain (pIJ6021).



S. lividans. The plasm d pOS48.5 thus obtai ned was used to isolate a
3.45 kb Ndel -BanH fragnent containing the nitrilase gene foll owed by
t he hyg gene, which was 5 cloned into the plasm d plJ6021 (Takano et
al., cited above) opened with Ndel 4hd BanH . G ven that the

plasmd plJ6021 reglicates only in the _Streptonyces . the ligation
mxture was t EZAEPdEnEd ANABOl¥sipqefisEMTEN with gther pikridages et hods

(Hopwood et al., cited 0 above) by sel ecting.the clones resistant to
200 o/ | of hyor onJEPnRFABBKY) AGEHSHERBE nEBeTRERRRARARY DA of

h I .ed b ' | . d | .,
LTTLS Sho SRREORACHL PR e AR e ket BRUEE O L 1
ted t ' : 8 ' 1
RS PR, 00, O BRI St e e
o 211 g | NGALASP SoBulfifElcHELeg s crtybLY! aiRuBaria0Lad30 medl um

kananycin 20 jnve@it@ehl.0FhedRdcbl®inkhitostr-aRhoB VRS agdedral t he
concentration of 5 ng/l and the culture was conti nued for another 18

h accordi ng t pXi2168ndipKL20s 506s whiilkhd expresseBopheod. etesdtosterbad
above). The culture was harvested and the activity assay, carried out
under the 25nitediddisei,omasdesdtured undexratheccéndibdonst Aascriibed S.
lividans TK24 strain (pOS48.7) expresses a nitril ase activity
contrary to tMhy T€¥¥-Schilnetprl60Atjited above) and a cellular
45 Exanpl e 9: Hydrolysis of HMIBN with other nitril ases
10 pellet was incubated in 100 mM phosphate buffer at pH 7
with 50 mM HMTBN, at 30°C. The measured activity was
2.3 kg/h.kg CS. Like the nitrilase of the invention,
the C. testosteroni nitrilase is capable of hydrolysing
HMTBN.
15 Furthermore, the data presented in Example 4
with the plasmids pBCAT12 and pBCAT13 show that the
Asn279-»Asp279 substitution on the A. faecalis ATCC8750

nitrilase makes it possible to conserve the activity on

HMTBN.

20 Example 10: Supply of the support
5 g of dry cells were added to 20 g of water
adjusted to pH 7.0. The quantity of support (CELITE
545, Prolabo, France) indicated is then added and after
a perfect homogenization, the suspension is cross-
25 linked by addition of 15% glutaraldehyde based on the
total dry mass followed by 10% polyethyleneimine

(SEDIPUR, BASF, Germany). The suspension is stirred for



The primary sequence of the Comanonas testosteroni sp., nitrilase

described in Levy-Schil et al., 1995 (cited above) exhibits 31%
identity with the 5 primary sequence of the nitrilase described in this
i nvention. The reconbinant strain of E. &fi TGL (pXL2158, pXL2035),
whi ch expresses the C testosteronl nitrilase, was cultured under the

condi tions destrPpRf 2t TOOR LEWRETALYEE- ot al. (cited above) and a

cellular 10 pellet wasg, ncubated in 100 h uf f.er at pH 7
with 50 mv HMTBN, at 30[35 il Bl o H%s%%sh?e‘gﬁé'gtﬁ‘?%@&f“b& By 2.-3 kg/ h. kg

s capabl e of RSO 4G 8 G0l L nionic Hodout LAY & "the data
presented in %79‘? 00. Mid ¢ASs Pl OIS RELAN Tl Pé@o‘wh%smw

that the err Asp279 substitution on the A faecalis CC8750
nitrilase gakegiitrPesshbl € to conserve the activity on HMTBN. 20
Exanpl e 10: Supply of the support 5 g of dry cells were
added to 20 g of water This mdssiSiedthén phbadi®. cddbss QUibdked Vbl support
(CELI TE 545, Prol abo, France) indicated is then added and after

a perfect honvagdditidnoof 10% pobpenmetbidine (KYMENE 257, Hexdeledy addition
of 15% gl ut ar al dehyde based on the total dry mass foll owed by 10%

pol yet hyl enei nU/8a) based(&I}WRtOmBFdrmmwThqma%ﬂsp%hslbnmt. stirred

for
is then extruded through an or;flce of 0.5 mm in

10 diameter and dried.
The activity of the particles obtained is
then determined according to a procedure described in

Patent WO 96/09403.

g of support activity (in%)
15 0 100
2.5 g 215
5g¢g 250

The addition of a support for the cells
considerably enhances the activity.
20 The experiment was repeated by replacing the
CELITE with wheat.gluten (Roquette, France) partially
soluble in water or gelatin (SBI, France) completely

soluble in water.



1 hour at
fl occul ated by

Super fl oc A100.

This mass is t

roomtenperature.

The suspension is then

addition of 0.001% of an anionic flocculating agent,

The cross-linked mass is recovered by 5 filtration.

hen agai n cross-linked by 47

addition of 10% pol yazeti di ne

(KYMENE 557, Hercules USA) based Qnéthegiotal dry,nass The mms

still wet, I's then d through an orific in 10

di aneter and dri ed. gﬁbbBQ% The a tivity o? Q%e par i cl es obtgi ned
S t hen jdeterntmred abburdiug to—= pIUbCUUTC ucobllbcu T at ent
WO 96/ 09403. @ of support Beeivity (in® |15

0 100 2.5 d

215 250 The
addition of a supportgf%fofhglggfps consi der abl y"enhances the
activity. 20 ' ' <

CELI TE wi th whHeat gl usem ¢Rogebatin Francg¢) partially nd* sol uble ip

wat er or gelatfin (SBlI, France) conpletely soluble in water.

47 Support % activity

0

160 5
10
15
20
25

100 5 g of gluten
The cellular suspension does not flocculate and

is not filterable.

This example shows that the gluten may be
replaced by CELITE. On the other hand, if gelatin
(completely soluble) is added, the forming of the
catalyst is impossible by the technique described above

(extrusion).

Example 11

10 g of Escherichia coli BIOCAT171 of
Example 4 prepared by aerobic culture in an Lb medium
were mixed with 10 g of CLARCEL 78 (CECA, France) in
500 g of 100 mM phosphate buffer pH 7.0. After
homogenization, 6 g of 25% glutaraldehyde were added
and the suspension was stirred for 15 minutes at room
temperature. 2 g of polyethylenimine were then added as
well as 6 g of 25% glutaraldehyde. The whole was
stirred for one hour at room temperature. The mixture
was flocculated by the additional of 5 ml of a solution
of SUPERFLOC Al00 at 0.2% (CYTEC, France). The mass was
filtered and the paste obtained was mixed with 16 g of

polyazetidine at 12.5% (KYMENE 557, Hercules) and then



5 g of gelatin nd* 5 * The cel | ul ar suspensi on
does not floccul ate and Is not filterable. Thi s exanpl e
shows that the gluten may be repl aced by CELITE. On the other hand, if
gelatin (conpletely soluble) is add4® the formng of the 10

catal yst is inpossible by the techni que described above | (extrusion).
Exanpl e 11  extruded through gmfomEfdas iafhila cam im Giameterof The

Exanpl e 4 prepared by aergbic culture in an Lb medium 15 were nmixed with
10 g of CLARCMermiqeidda ohtained were dried@fy i€ féb%ﬂx/l%@?ﬁe buf f er
pH 7.0. After . honogepi zation, 6 g of ,25% gl.utaral dehyde wer e _added
and the susperfi€h ’:M%erﬁq‘?‘fr 3% W‘ﬁi%t"@s ad?"gﬁ' g@fﬁ%h gaxgtgﬁﬁg?ﬁf re. 2
g of polyethyl enim e then.added a 0 I 6 f 259

(?%ﬁé}e bé¥¥%ﬁ-éﬁ¢§§w%#@%ﬁ%%ﬁ°°éﬁﬁiyé% @as

gl ut ar al dehyde™™ the i our room

tenperaturge. T ' . f4 | o | of 5 m of
a sol uti on'r’e é&eﬂ;}%ﬂ% é% la]tf%f%ﬁeg%%éé %a%g' )%tl r% mass was
filtered and the,nastH add@idehyaSodh g ddtuk® %Pf5002 %M Pol yazeti dine
at 12. 5% (KYMENE 557, Hercul es) and then

48 ext r udsb el ey igg @, @f 0.5 mmin dianeter. The

vermcelli obtained were dried at 35[err]C in an oven and t hen

i mer sed for 30 m nutes A ntkedodNad®rddivied witepal ethner diameter
of 3 cm and a height of 45 cm was filled with 100 g of

10 biocatalyst. This column is connected to a pump via a
recirculation loop. The total volume of the reactor is
430 ml. The loop is filled with a 25% solution of
ammonium salt of hydroxymethylthiobutyric acid. The
sclution is fed through the top of the column downwards

15 at an hourly flow rate of 20 1/h. The water which
circulates in the jacket of the column and in the heat
exchanger makes it possible to maintain the temperature
at 35°C. Demineralized water is added to the loop at a
flow rate of 80 g/h. The 2-hydroxy-4-methylthio-

20 butyronitrile at 20 g/h. The excess volume of the
reaction medium is evaporated through the bottom of the
column such that the volume of the loop remains
constant. Thus, a continuous flow is obtained with a
nitrile conversion rate of 95%. Furthermore, the

25 concentration of the agqueous solution of ammonium salt
of 2-hydroxy-4-methylthiobutyric acid obtained at the

outlet of the reactor is 25%.



in a 50 mM borate buffer pH 10.0. The biocatalyst was 5 then washed with

distilled water. The catalyst is stored at 5[err]C or at room
tenperature in 500 niV phosphat e buffer pH 8.0. A
t hernostated colum with an inner di anet &9 of 3 cmand a height of 45

cmwas filled with 100 g of 10 biocatalyst. This colum is connected to a
punp via a Example (k4| ati on | oop. The total volume of the reactor is
430 M. The loop is filled with a 25% sol uti on of . amoni um sal t of
hydr oxynet hyl t hi obut yri Ehgtiekectredialysay uped consimss f udiFadte top of

t he col um downwar ds 5 ,at an hourly flow rate of 1/ h., The ter
whi ch OIPEN ey wifh S atkivd q4Rrads ARFR AT (% e ABSE OF
exchanger nmakes it possible t i ntain the tenperatuye at 351C.
Deni neral i zed GREBCPoel £ A [GarRrimelits, dosidhied as flichs o iy,
The 2-hyd -4-met hyl t hi o t [ L] t T I
Sihe Yt on toniand Cractl A fardt £ladiiall cbg BIE REENS VOl UM

of the reaction nediumi’s evapor roug t he
colum such t Nadehdido Vol adopla (e SRR ABUGS membradd WcHUpea Uity 2
continuous flowis obtained Wth a nitrile conversion rate of 95%
Furthernore, tfifom2Pokupsis esdd£) | HH4 WBn e aiieiSs S Wy Ahef amoni um
sal t of 2-hydroxy-4-nethylthiobutyric acid obtained at the

outl et of the éeeidmici Badd%f an Aqualytic bipolar membrane, 49
Exanpl e 12 The el ectrodi al yser used consists of a stack

of 9 cells wth an acti ve basé¢ avenpaxtneait 2 defimited eachthd anode

10 side by the cationic membrane, and on the cathode side
by the anionic face of the bipolar membrane.

The anode consists of platinized titanium.
The cathode is made of stainless steel.
The electrolyte consists of an aqueous sodium

15 sulphate solution having a conductivity of 100 mS/cm at
40°C. The circulation rate at the electrodes is 2 x
100 1/h. The volume is 5 1.

The "base" compartment is initially filled
with 5 litres of a 1% ammonium sulphate solution.

20 The “salt/acid" compartment is initially
filled with 5 litres of a solution at 1.44 mol/l of the
ammonium salt of 2-hydroxy-4- (methylthio)butanoic acid.

The recirculation rate of the solutions is
initially fixed at 130 1/h for the salt/acid

25 compartment and at 190 1/h for the base compartment.

The electrodialysis is performed in a batch
mode (operation with recirulation), at a mean

temperature of 40°C. The intensity is set at 9A, that



t hem conposed of 2 conpartnents designed as follows: 5 -

salt/acid conpartnent: delinmited on the cat hode side by a
cati on- exchange nenbrane Neosepta CMB from Tokuyama Soda, and on the
anode side by the cationic face of BO Aqual ytic bipolar nmenbrane,

- base compartnment: delimted on the anode 10 side by the cationic

menbr ane, and dm the sayt Rodursiedé densiby bfie 0anBokAZmf ace of the bipol ar
menbr ane. The anode consists of platinized titanium

The cat hode is made of sdfitercdSSsminutes of operation, the electrol yte
consi sts of an aqueous sodium 15 sul phat e sol uti on having a conductivity
of 100 nS/ cm aconductiydty, ofcthensadt/agid: corpastuent pPresefc&tPBdes is 2
X 100 1/h. The volunme is 5 1. The "base" conpart nment
isinitially fPo & 7-8 5 litres of a 1% ammoni um sul phate sol uti on.

20 The "salt/acid" t toi initially. il ith 5
litres of & squt?onSZt ?%%Lsﬁ&%?gggh gﬁgpaE gg&nﬁ%ﬁFéﬁPgaFt3g;m°i9lw
2- hyd -4- thyl t hi but ' i \ . .5 1O i | at i
Y e iR s E e A b B dni o) pucanode poda, [AE 1B0M T4 21100

25 conpart menf. ;3¢ 190 1/ h for the base conpartnent.
The electrodiagygis f?kberforned in a batch node (operation with

recirulation), at a meanthe farh@iReVAlEe idf eEmatl@ LR! 998 bugl ghaet at
9A, that 50 is to say a current

dﬁnsi ty of 0.4%de¥gyl ¥onlsumption at 0.53 kith! perlky Gfndced Ebreanation,
t he '

10 Example 13
The electrodialyser used consists of a stack
of 8 cells with a configuration identical to that of
Example 12.
The "base" compartment is initially filled

15 with 5.27 litres of a 1% ammonium sulphate solution.

The "salt/acid” compartment is initially
filled with 4.85 litres of a solution at 1.39 mol/l of
the ammonium salt of 2-hydroxy-4- (methylthio)butanoic
acid.

20 The recirculation rate of the solutions is
initially fixed at 60 1/h for the salt/acid compartment
and at 150 1/h for the base compartment.

The electrodialysis is performed in a batch
mode (operation with recirulation), at a mean

25 temperature of 40°C. The intensity is set at 9a, that
is to say a current density of 0.45 ka/m’.

After 172 minutes of operation, the



conductivity of the salt/acid conpartnment passed from 59 to 7.8 nS/cm
5 The salt/acid conpartnment contains 1.35 nol/| of

2- hydr oxy-4- (met hyl t hi o) butanoic acid, at 100%in acid form

The faradic yield is estimated at 71% andi he energy consunption at
0.53 kWh per kg of acid formned. 10 Exanpl e 13 The

el ectrodi al yserondwet aitsy ¢ tlie ssxsltafdcid compHritnerdt Imassded) from
configuration identical to that of Exanpl e 12. The
"base" conpart®®ntoi®.FmBfemiy filled 15 wth 5.27 litres of .a 1%

ammoni um sul phate sol ution. | The "salt/acid" conpartnent is
initially filled e #lnml |velume #f Lthe|3altagid coampapfmentyf

t he ammoni um salt of_2- hydroxy-4- (et hyl t hi o) but anoi c acid. 20
The recircul at}®r? r&T el H¥T¢%e sol utions is initially fixed at 60 1/h

for the salt/acid conpargjnent ,.and at 150 for the base
corrpartrre?]}Lf. 13 °°|‘P%°%’r%’c?‘?o’o?a‘1'?}§/§ié W9 drmed in a batch

/

o
node (operation with recirulation), at a nmean 25 t enper at ure of
40[err]C. The intensity is set at 9A, that is to say a current

density of 0-@-ﬁﬁé?&ﬂll*(methylthio)buta%é;{é &lcdd? M NULES, Piy, /tf’{]gtion’

t he conductivity o
salt/acid conpartnment passed from

ammonium 2-hydroxy-4- (methylthio)butancate: 0.148 mol/1l

The conversion rate is 86%. The final product
10 is 89% in acid form.
The faradic yield is 74%. The energy
consumption is estimated at 0.58 kWh per kg of acid

formed.

Example 14
15 A device similar to that of Example 13 is
used.
The "base" compartment is initially filled
with 5.46 litres of a 1% ammonium sulphate solution.
The "salt/acid" compartment is initially
20 filled with 5.23 litres of a solution at 1.24 mol/l of
the ammonium salt of 2-hydroxy-4- (methylthio)butanoic
acid.
The recirculation rate of the solutions is
initially fixed at 90 1/h for the salt/acid compartment

25 and at 150 1/h for the base compartment.



59 to 9.5 nB/cm The final volune of the salt/acid

conpart ment Is 4.67 litres. b5 The conposition is the

fol | ow ng: 2- hydr oxy-4- (et hyl t hi o) but anoi ¢ aci d: 1.24 nol /|
ammoni um 2- hydr oxy- 4- (et hyl t hi 0) but anoat es2 0. 148 nol /|

The conversion rate is 86% The final product 10 Is 89%in acid form
The faradic yield is 74% THéecekeettydialysis ohes et foumed fxsta risdtechat 0. 58
kWh per kg of acid f or med. Exanple 14 15 A
device sinilar modehéoperatiampvitidregirulaticel., at a mean ~ The
"base" conmpartnent is initially filled with 5.46 litres of a 1%

amoni um sul phatemperatupe of 40°C. The intenmmitysistsekiat Tbrdarthabt is
initially 20 filled with 5.23 litres of a_solution at 1.24 nol/| of

t he amoni um sat® B¢ Ealﬁyilr%%’irﬁn%n%?%?ﬁ!ﬁl%fb%t'bn’&?ém aci d.

The recirculation rate of _the soluti initially fixed at 90 1/h
for the sal P/acid conpartfeher 365 m ﬁﬁﬂtﬁﬁ 3§0°E?ﬁa?bﬁnth Base

conpart nent.

conductivity of the salt/acid campartéént passed from
57.6 to 9.8 mS/cm.
The final composition of the salt/acid

compartment is the following:
10 2-hydroxy-4- (methylthio)butanocic acid: 1.28 mol/1
ammonium 2-hydroxy-4- (methylthio)butanoate: 0.14 mol/l
The product is therefore 90% in acid form.

Example 15
A device similar to that of Example 13 is
15 used.
The trial is carried out with the content of
the base compartment obtained at the end of Example 14.
The "salt/acid" compartment is initially
filled with 5.2 litres of a solution at 1.44 mol/l of
20 the ammonium salt of 2-hydroxy-4- (methylthio)butanoic
acid.
The recirculation rate of the solutions is
initially fixed at 50 1/h for the salt/acid compartment

and at 150 1/h for the base compartment.



The electrodialysis is perfornmed in a batch node (operation with
recirulation), at a nean tenperature of 40[err]C. The intensity is set
at 14 A that is to say a current density of 0.7 kA/lnferr]. 5

After 105 m nutes of operation, the gnductivity of the salt/acid
conpartment passed from 57.6 to 9.8 nS/cm The fi nal

conposi tion of the salt/Tité delectrodidPpid el peérfdndd|iwvd ngiteh 10
2- hydr oxy- 4- (et hyl t hi 0) but anoi ¢ aci d: 1.28 nol /| anmoni um

2- hydr oxy- 4- ( nebdey | {dpepdtiemoedtth fediruldttion), at a mean ~The product
Is therefore 90%in acid form Exanpl e 15 A devi ce
simlar to thatemperxtumpe cofl 3#2%C. IBhe imtehsity is set at 19 The thatal is
carried out with the content of the base conpart ment obtai ned at the
end of Exanpl elg4to say a current dempity0f /i "kAdBWpartnent is initially
filled with 5.2 litres of _a solution at 1.44 nol/| of 20 the ammoni um
salt of 2-Pydroxy-4- (meth§Fehi DS finpess of opexatipn, the The
recirculation rate of ,the solutions js . initially fixed at_50 1/h for
the sal t/aci d EOPREFHHEREY Of the Bplt/actd GepRartRert RARRed FEFR mont

59 to 27 mS/cm.

The final volume of the salt/acid compartment
is 4.85 litres.

10 The composition is the following:
2-hydroxy-4- (methylthio)butanoic acid: 0.87 mol/l
ammonium 2-hydroxy-4- (methylthio)butanocate: 0.56 mol/l

The conversion rate is 56%. The final product
15 is 61% in acid form.
The faradic yield is 83%. The energy
consumption is estimated at 0.7 kWh per kg of acid

formed.

Example 16

20 200.1 g of HMTBS solution at about 1.5 M are
concentrated batchwise in a rotary evaporator. The
temperature of the bath is 45+/-5°C. The pressure is
regulated at around 2.5 x 10 Pa (25 mbar). The
temperature in the distiller varies from 25°C at the

25 start of distillation up to 40°C at the end. After



53 The electrodialysis is perfornmed in a batch node

(operation with recirulation), at a nean tenperature of 42[err]C. The
intensity is set at 19 A that is to say a current density of 0.95
KA/ merr]. 5 After 53 m nutggs of operation, the

conductivity of the salt/acid conpartnment passed from 59 to 27 nBS/cm
The final vol weneirshesFad tg asf th CGRSIEGW FRiEcous medium.die litres. 10
The conposition is the follow ng: 2- hydr oxy-4- (et hyl t hi o) but anoi c
aci d: 0. Bécowéréd whose clunmartend vyl rawe -the nidIhowirigr) but anoat e:
0.56 nol /| The conversion rate is 56% The final product

15 is 61%in acid form \ The dic . ylieldis 83% The
ener gy consunption is est|i r’?&%‘if’%ittlb.a& I&I/%I(ge Q‘é‘sﬁf aci d

f or med. Example 16 20 ( ,__szs)_o. 1 g ¢f HMIBY sol ution at
about 1.5 Mare concentrdted bat'thw Se’in a r tary evpporator. The
tenperature of the bath is 45+/|-5ferrfc—FHre—presstie—s regul at ed at

around 2.55x 10[err] Pa (25 nb3rj HWIBA (Br/Bro3pdrjt ®3e 3 njthe distiller
varies from25[err]C at the 2§ start of distillatfion up o 40[err]C at
the end. After

After adjusting the titre (dilution with H,0),
a product is obtained whose characteristics are the

following:

10 Viscosity at 25°C 396

(rrm? - 572)

% HMTBA (Br/Br03-) 78.5

The following mass distribution is obtained

by potentiometry:

15 % HMTBS 8l.6

% HMTBA 6.0

The ratio of the areas monomer or

dimers/ (monomer+dimers) is measured by HPLC

monomer/ (monomer+dimers) 100

20 dimers/ (monomer+dimers) (*) 0

() no dimers are detected



54 3 hours, 41.9 g of a yellow viscous nedium are recovered
whose characteristics are the foll ow ng:

Viscosity at 25[err]C 1150 (m err]
s[err]) 5 % HMIBA ( Bs/ Br O3-) 83.3

After adjusting the titre (dilution with Herr]O, a product is

obt ai ned whose Bxampde &7 stics are the follow ng: 10

Viscosity at 25[err]C 396 (mj err]

s[err]) 200.0 g of HMUBS ERluticn pt appuy 1.5 M are

The follow ng mass distribution_is obtained by potentionetry: 15

% HMIBS 81. g concentrated batchwise in @ yotaxy eyaporator. The The

ng'It_iCo of the artee%sper;par}:%rn%z&oér ﬁi rr}_e%m_%qréerE ierregrfé)ss%%enﬁassured by
di mer s/ (mononeridl o)y G ardind 9.5 x 100 Pa. The(bnPSrJHIEL 18"
distiller varies from 100°C at the start of
distillation up to 113°C at the end. After 3 hours,
41.5 g of a brown viscous medium are recovered whose

characteristics are the following:

10 Viscosity at 25°C -

(xm? - 8°1)

% HMTBA (Br/Bro03-) 90.7

After adjusting the titre (dilution with H,0),

15 a product is obtained whose characteristics are the

following:
Viscosity at 25°C 117
(nm? - g7%)
% HMTBA (Br/Br03-) 78.8
20 The following mass distribution is obtained

by potentiometry:

% HMTBS 52.2

% HMTBA 28.7

The ratio of the areas monomer or



Exampl e 17 200.0 g of HMIBS solution at about 1.5 Mare

concentrated batchwise in a rotary evaporator. The tenperature of the
bath is 121/-5[err]C. The pressure is 5 regul ated at around 9.5 x

1Q[ err] Pa. The tenperature in the S8 stiller varies from 100[err] C at
the start of distillation up to 113[err]C at the end. After 3 hours,

41.5 g of a brdimervsiidimensehomonmesr) rbegoveasyreddey HPLC characteristics

are the foll ow ng: 10 Viscosity at 25[err]C -
(mierr] .sl[err]) % HMIBA ( Br/ Br G3-). 90.7

After adjusting the titre (dilution with Herr]O, 15 a product is
obt ai ned whose char act er ReRPRBEr 4 (poppmer+dimery) | opj ng®5-0

Viscosity at 25[err]C 17 \ (merr]
s[err]) diners/ (moppmpRtdivershr o3-) %808 20
The follow ng mass distribution is obtained by potentionetry:
% HMIBS  52.2 % HMITBA  28.7
The ratio of t S nomer or
i 84a8p58°18°

5 40.0 g of H,0 are added to 100.0 g of the

medium described in Example No. 17. The medium is
extracted with 75.0 g of isopropyl ether. After
separation of the phases, 25.6 g of HMTBA, whose
characteristics are the following, are recovered in the

10 organic phase after evaporation:

Determination
Monomer/ (monomer+dimers) 97.0
{% area)
Dimers/ (monomer+dimers) 3.0
15 (% area)
Viscosity at 25°C (mm*-s7?) 55




di mers/ (di ners+nmononer) is nmeasured by HPLC

nmononer / ( mononer +di mer s) 95.0 di mer s/ (nmononer +di ner s)
5.0 Exanple 18 5 40.0 g of H20 are added to 100.0 g of
t he medi um descri bed in Exanple No.517. The nmediumis extracted
with 75.0 g of isopropyl ether. After separation of the phases, 25.6 g
of HMIBA, whoEzample 3Bar AgeéngsbEcther golhbibnbl| desagibedeinetbeered in
the 10 organi c phase after evaporation: Det er m nati on
Mononer / ( nonopeeegdingspxamples 97, 0 (% ar ea).
Di mer s/ (nmonomner +di ner s) 3.0 15 (% area)
Viscosity at 25[err]C (nmferr].s[err]) 55
57 Exanple 19: Ageing of the solutions described in the precedi ng
exanpl es aLExampfgadbgfampfganpgfhm £xampl e
No. 16 No. | 17 No. 18 Dur at i on of stjorage at 40 cP 40 d
100 d P50C 5 Vi scosity (nﬂ{Fﬁﬁl §gerrhﬁb. 17 NI, 18 116
66

Duration of storage at 40 4 40 4 100 4

25°C

5 Viscosity (mm?-s71) 387 116 66
Monomer/ (monomer+dimer) | 100.0 85.0 82
Dimers/ (monomer+dimers) | 0.0 5.0 18

The solutions of Examples 16 and 17 did not
vary in their content of dimers after 40 days of

10 storage.



Mononer / (nononer +di mer) 100.0 95.0 82

D ners/ (nmonomner +diners) 0.0 5.0 18 The

sol utions of Exanples 16 and 17 did not vary in their content of
di.-nrers after 480d9941894110  storage. 58 PCT/FR97/01913

CLAI M5 1. Conti nuous process for the preparation of
2- hydr oxy- 4- met hyl t hi obut yri ¢ aciQLAEME or of the anmoni um salt of

2- hydr oxy- 4- met hyl t hi obutyric acid by enzymatic hydrol ysis of
2-hydroxy-4- 5 nethylthtebutBresessifer therpxerzratirn ref hat: .

a) ina first stage, a biological material having a nitrilase activity

i s prepared by2eﬁ%ﬂ%@%Yh@'ﬁﬁﬁkyf%h+?h%ﬁﬁﬁi?oﬁckﬁ fRF 19k ¥herilase in a

host m cr oor gani sm

bi ol ogi cal mat imm satkbpefi %é‘ewdr‘i’si"‘*'methit’)ith“'igugeﬁsieg O"'P‘(Fjirff fﬁ?ﬁ. r fjhe

st age, the52-h dr ox -4-n§t I%Piobut ronitrile i xposed to the

bi ol ogi cal " mat ??%TgFﬁﬁs Y ?%%eﬁ? ?ﬂh¥éf@¥YT§‘TﬁﬁEW+ﬁﬁiéf ammoni um
f 2-hyd =4 hi ' Ld, . d [

PaL L O 2 Gt D SO A8 e oot e

fourth stage, he™s alned 1n stage c) is converted

to the corresponding acig) £d; #Prgt stage, a biolo§ical mdeéridith stage,
the product obtained in stage c) or d) 1Is concentr at ed.

2. Process R§¢ohgi 80nierilakd detLPPEPCISIbSEFatéaf hat the nitrilase
activity is obtained froman Alcaligenes, preferably faecalis, nitrilase.
3. Process accordi ng bp £haasdcofidCétade . i€ his athtsbSEIzéd, t hat

10 c) in a third stage, the 2-hydroxy-4-

methylthiobutyronitrile is exposed to the bioclogical
material thus immobilized, in order to obtain the
ammonium salt of 2-hydroxy-4-methylthiobutyriec acid,
d) in a fourth stage, optionally, the salt
15 obtained in stage c) is converted to the corresponding
acid, and
e) in a fifth stage, the product'obtained in
stage c) or d) is concentrated. S
2. Process according to claim 1, _- ”!,'"c””'l! '"n” ”,l, ” I!'I
20 characterized in that the nitrilase activity is
obtained from an Alcaligenes, preferably faecalis,
nitrilase.
3. Process according to claim 1 or eclaim 2,
characterized in that the genetic information encoding
25 a nitrilase is used which is expressed in a host
microorganism.
4. Process according to any one of claims 1

to 3, characterized in that the host microorganism is
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~t-he host m croorganl smis chosen fromEsherichia coli or a nenber of

the g Corynebacterium Streptonyces, Saccharonyces,
K vaﬁmﬂu(!l“l mn enici | ium and Aspergil | us. 4,

Process accordimngsto*claim 1, characteriggd in that the nitril ase
- 59- activity is obtained fromthe nitrilase encoded by the

gene cl oned i nélfosgde it Escherichia coli ¥ /x Bieibbr ctﬂpq&ié gfbriis CBS
under the nunmber CBS 998- 96. Pr ocess

according to aBgchllusf CoryweEbdcteariium it omesss | I'Saccharomyces, t hat
the nitrilase is co-expressed with a chaperon protein. 5

6. Process Blupvelionycees c| Remd &iling andrdspargil iumt the

chaperon protein is GoESL in E. coli. 7.
Process according to any5one RB¥ogers p?%‘t%’tﬂﬁgi ctaighaim 1,

characterised in that the biological material_ of the stage a) I S

i mobi | i se¥ onchaxachepized in that the pitrilase actipity 8.

cupport has a pareiged &ron e el etiaes [eneqind iy f%sé%'}%fﬁ%@ 10
suppor as a

d 2 0.01
'EgrrS%)(r)q%;anpref g&%‘?yt&ﬁ E’h%‘%%g"i%m I&eﬁos'ﬁg&ﬁ %:‘Eﬁe oglécal

mat eri al . 998-96. 9. Process accordi ng to cI aim 8,
characterised 1'h tﬁat e sol1d 15 support is chosen from

- i on-exchange resing, process according to any omne of d¢IHif#.1
- synthetic silicas or diatonaceous earth and silica gels,

- zeoplpt eSto 5, charZfterized in that the nit#{Bd£eals,
- partially water-sol uble proteins, and -

pol ysacchari deGoexpressed with a chaperon profi€in. Process according to
claim9, characterised in that the solid
7. Process according to claim 5,
characterized in that the chaperon protein is GroESL in
E. coli.

15 8. Process according to any one of the
preceding claims, characterized in that the biological
material of the stage a) is immobilized on a solid
support.

S. Process according to claim 8,

20 characterized in that the solid support has a particle
size of between 1 ym and 3 mm, preferably 10 um and
2 mm, and in that it is added in an amount of 0.01 teo
500%, preferably 10 to 200% by weight of the biological
material.

25 10. Process according to claim 9, [lacunal
in that the solid support is chosen from:

- ion-exchange resins,

- alumina,

This Sheet Has Been Replaced
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T . - 60- support is
gl ut en. 11. Process according to claim7,
characterised in that one or nore chem cal agents are used to
cr.oss-1ink and/ or insolubili se t he bi ol ogiocal material and t he
support Process according to claim 11,

ﬂjﬁﬂ}@ilmilﬁum T e et

and siliqgelgedid.de pol yners, 10

| socyanat e pol yners, al gi nate gel s,
- k- carrageenan gel s; zeolites, - am nes,
- al dehydes, 15 - carboxylic acids, and
- i socyanat es. - charcoals, 13 Process according to clains 9
to 12, characterised in that the bi ol o al naterlal and the support
are mxed In the presence of RHSHTAY Mkt gﬁcﬁl tRme o ain a
paste which is extruded and th dri é% 14. Process
according to clains 9 to 12, Eﬁik%ﬂﬁéﬁﬁ%ﬁa Fh that the bi ol ogi ca

mat erial and the chem Czijfﬁ ﬁi&fécé’é& J,E&%?x.ddﬁ@ gye&éﬁp%ted on the

support in the form of

Pr ocess

according to agaPiec&fitdle ﬂ{e&?ﬂ Nh& ! S48 support is gluten.

10

15

20

25

12. Process according to claim 8,
characterized in that one or more chemical agents are
used to cross-link and/or insolubilize the biological
material and the support.

13. Process according to claim 12,
characterized in that the chemical agents are chosen
from:

- polyazetidine polymers,

- polyethyleneimine polymers,

- polyamide polymers,

- isocyanate polymers,

- alginate gels,

- k-carrageenan gels,

_ amines, This Sheet Has Been Rep

- cenyaen, T

- carboxylic acids, and

- isocyanates.

l14. Process according to claims 10 to 13,
characterized in that the bioclogical material and the

support are mixed in the presence of chemical agents in

THIS SHEET HAS BEEN
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nwcharacteri sed in that a m xture of HMIBS and HMIBA

C t 60% HMIBA, and preferably at |east 80%
Hmmmwmmmm bei ng HMIBS, is obt ai ned by electrolytic
di ¢sofi ati dh of t'he corresponding amoni wn sal t.

16. Process according to claim15, characterised in that the 5
di ssoci ati on icrder rtedtiin m Pasteoriivh aly setrruddd kg | thHermrenbr anes
havi ng three conpartnents. 17.

Process accorddxiedo claim 15, characterised in that the _

di ssociation is performed in an el ectrodial yser with bipolar nmenbranes
havi ng two cohparBreeras according (ko claims 10 to ¥,

Process according to any one of claims 1 to 14, characterised

in that a ni xteherapteniens in thasAhe Rinlkegikrepbyalanialy and dhfoni um

sal t sol ution. ) 19. Process

accordi ng To cthfPicak agenws aye mixed and then figpefited on the

| i berat ed anmoni um h détgﬁ)xélge ‘L_s di sjl::i | | et(xji c](_)ncent rated and recycled in the
HCN 1 BURDQT P Sthe form of a thinm layer. — 55  aqueous sol ution

obt ai ned according to cl.ains 8 . | St ] a mxture
of HMIBA and HMIBS MOseﬁMﬁ?%Aﬁc°°rdln§ to a% ‘%I\%?‘blﬁ% ratio is 5
to 99.9% and p%fé?ﬁ&ﬂé‘ éPaiﬂs?ogﬁa acterized in that a mixtur?é-'oz% Pl ant

for carrying o e process according to the 1nvention
conpri sing: HMTBS and HMTBA containing at DPé£s©l60P BMiEectsis (3, 4)

packed with i nmobilised host M cr oor gani sns expressi ng an
enzyrm(\évi)ih nipref@babBet at i lyast OPOS GOETBY, €W m1me61§éﬁc§ regires ySi s
nmeans : -62-

- means forigoobeainediloy é¢becti?ylytid hdidsoedapianust . the
corresponding ammonium salt.

17. Process according to claim 16,
characterized in that the dissociation is carried out

15 in an electrodialyser with bipoclar membranes having
three compartments.

18. Process according to claim 16,
characterized in that the dissociation is performed in
an electrodialyser with bipolar membranes having two

20 compartments.

19. Process according to any one of claims 1
to 15, characterized in that a mixture of HMTBS and
HMTBA is obtained by heating an ammonium salt solution.

20. Process according to claims 16 to 19,

25 characterized in that the liberated ammonium hydroxide
is distilled, concentrated and recycled in the HCN
synthesis.

21. Agueous solution obtained according to
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15

62
claims 16 to 19, consisting of a mixture of EMTBA and
HMTBS whose HMTBA/ (HMTBA+HMTBS) weight ratio is 5 to
99.9% and preferably 10 to 50%.

22. Plant for carrying out the process
according to the invention comprising:

- one or more reactors (3, 4) packed with
immobilized enzymes having a nitrilase activity, or
with immobilized host microorganisms expressing an
enzyme with nitrilase activity,

- optionally, one or more electrodialysis
means (9),

- means for concentratioh.(s, 12) of the
final product.

23. Plasmid pRPA-BCAT3, deposited at CBS

under the number CBS 998-96. [
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