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‘BIOLOGICAL PROCESS FOR PRODUCING
a-HYDROXYAMIDE OR «-HYDROXY ACID

FIELD OF THE INVENTION

- The invention relates to a biological process for

.producing an a-hydroxyamide or an a~hydroxy acid.

BACKGROUND OF THE INVENTION

Known biological processes for producing an a-

hydfoxyamide include a process comprising reacting lacto-

- nitrile, hydroxyacetonitrile, a-hydroxymethylthiobutyro—

nitrile etc. with a microorganism belonging to the genus

Bacillus, Bacteridium, Micrococcus or Brevibacterium to

obtain a corresponding amide as disclosed in JP-B—62-21519
(éorresponding to U.S. Patent 4,001,081) (the term "JP-B"

as used herein means an "examined published Japanese patent

,application"). It is also reported in Grant, D.J.W.,

Antonie van Leeuwenhoek; J. Microbiol. Serol, Vol. 39, p.

273 (1973) that hydrolysis of lactonitrile by the action of
a microorganisﬁ belonging to the genus Corynebacterium to
produce_lactic acid involves accumulation of lactamide as
an intermediate. |

Known biological processes for producing an .o~

hydroxy acid include a process for obtaining glycolic acid,

lactic acid, a-hydroxyisobutyric acid etc. from the corre-

sponding a-hydroxynitrile by the action of a microorganism

.of the.gehus_Corygebacterium (see JP-A-61-56086, the term

"JP-A" as used herein means an “"unexamined published
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- Japanese patentl application"), a process for obtaining

lactic acid, glycolic acid etc. from the corresponding a-

hydroxynitrile by using a microorganism of the genus

" Bacillus, Bacteridium, Micrococcus or Brevibacterium (see

JP-B-58~15120, corresponding to U.S. Patent 3,940,316), a

process for obtaining lactic acid, a-hydroxyisobutyric

‘acid, mandelic acid, a-hydroxybutyric acid, a«a-hydroxy-

valerid acid, a-hydroxy-a-phenylpropionic acid, a-hydroxy-
a- (p-isobutylphenyl)propionic acid etc. from the corre-
-spohding a—hydroxynitrile by using a microorganism of the
genus . Pseudomonas, Arthrobacter, Asper illus, Penicillium,
Cochliobolus or Fusarium (see JP-A-63-222696) and a process
for obtaining a~hydroxy-f,B-dimethyl-y-butyrolactone from
the corresponding a-hydroxynitrile by using a microorganism
of the genus Arthrobacter, Aspergillus, Bacillus,

Bacteridium, Brevibacterium, Cochliobolus, Cor ebacterium,

Micrococcus, Nocardia, Penicillium, Pseudomonas or Fusarium

(see JP-A-64-10996).
It is known, however, that an ca-hydroxynitrile
is, more or less, partially dissociated into the corre-

sponding aldehyde and hydrogen cyanide in a polar solvent

‘as taught in V. Okano et al., J. Am. Chem. Soc., Vol. 98,

p. 4201 (1976). Since an aldehyde generally is bound 'to

proteins to deactivate enzymes as described in G.E. Means

et al. (ed.), Chemical Modification of Proteins, p. 125,

Holden-Day (1971), enzymatic hydration or hydrolysis of an
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a-hydroxYnitriie is accompanied with the problem that the
enzyme is deactivated in a short time. It therefore has

been difficult to obtain an a-hydroxyamide or an a-hydroxy

acid in high concentration with high productivity.

SUMMARY OF THE INVENTION

To overcome the  above-described  problem

‘associated with conventional biological processes for

produéing 'an a-hydroxyamide or an a-hydroxy acid, the
inventors conducted extensive investigations and, as a

result, found * that the presence of a sulfite ion, a

‘disulfite ion or a dithionite ion in the reaction system

markedly improves activity and stability of enzymes and
solved the above-described .problem.

Thé present invention provides a biologicél
proééss for-producing an oa-hydroxyamide or an oa-hydroxy

acid represented by formula (III):

R~-C-X (III)

wherein R represents a substituted or unsubstituted alkyl

group, a substituted or unsubstituted alkenyl group,’ a
substituted or unsubstituted cycloalkyl - group, a
substituted or unsubstituted alkoxy group, a substituted or

unsubstituted aryl group, a substituted or unsubstituted
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aryloxy group or a substituted or unsubstituted and
saturated or unsaturated heterocycllc group; and X

represents an amido group or a carboxyl group,

. comprising reacting an a~-hydroxynitrile represented by

formula (I):'

OH

R-C-CN (1)

wherein R is as defined above,

or a mixture of an éldehyde represented by formula (II):
R - CHO (I1)

wherein R is.as defined above,

and hydrogen ,cyanide with a ﬁicroorganism capable of
producing such an amide or acid from thefcorresponding_a-
hydroxynitfile, in which the reaction system contains a
sulfite ion, a disulfite ion or a dithionite ion.

DETAILED DESCRIPTION OF THE INVENTION

A sulfite ion, a disulfite ion'or_a‘dithionite
ion added to the reaction system is supplied as, for
example, sodium sulfite, sodium bisulfite, sodium

dithionite, potassium sulfite, potassium Dbisulfite,

—_— B el
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pofassium dithionite, ammonium sulfite, ammonium bisulfite
or ammonium dithionite.

The following mechanism is suggested to account
for the acﬁion of those ions. A sulfite ion, a disulfite
ion or a dithionite ion has properties of forming a complex
with an aldehyde. That is, those ions rapidly react with
an aldehyde released by dissociation of an a-hydroxynitrile
in a polar"solvent to form a complex, thus serving to
maintain a low free aldehyde concentration in the reaction
system. | Tﬁe complex formed undergoes a nucleophilic
reaction with a proton or hydrogen cyanide to release
revérsibly_ an aldehyde or an c-hydroxynitrile, respec-
tively.

According to the present invention, hydration or
hydrdleis of a nitrile can be carried on while maintaining
a low aldehyde concentration in the reaction systém.by a
combinatioﬂ of those actions so that the enzyme inhibitory -
action of the aldehyde is minimized and the reaction can
last for an extended period of time, in a stable manner,
without causing drastic deactivation of the enzyme making
it possible to accumulate the produced amide or acid in
high_concéntrations. It is still obscure, however, whether
the enzyme stabilization mechani$n by a sulfite ionﬁ a
disulfite.ion or a dithionite ion is attributable only to
the reduction in free aldehyde concentration in the

reaction system.
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Considering the. above-stated . fact that an
aldéhyde genérally has properties of binding to proteins to
deadtivate'an enzyme, it appears that the inhibitory effect
on enzyme actiVity by a sulfite ion, a disulfite ion or a
dithionite ion applies to all biological reactions which
involve an aldehyde. In other words, the microorganism
which caﬁ'be used iﬁ the production of an amide or an acid
from an a~hydroxynitrile according to the present invention
is not particularly limited as long as the microorganism is
capable of producing such an amide or acid from the corre-
sponding a-hydroxynitrile. Likewise, the c-hydroxynitrile
substrate is not particularly limited as long as it reaches
a diSSociation equilibrium with an aldehyde in the reaction
systemi

| Microorganisms capable of hydrolyzing an o-
hydroxynitrile to .convert it to the corresponding acid

include  those belonging to the . genus Pseudomonas,

Alcaligenes, Acinetobacter, Caseobacter, Corynebacterium,

Brevibacterium, Nocardia, Rhodococcus, Arthrobacter,

Bacillus, - Aureobacterium, = Enterobacter, Escherichia,

Micrococcus, Streptomyces, [Flavobacterium, Aeromonas,

Mzcoglana, Cellulomonas, Erwinia, Candida, ‘Bacteridium{

Aspergillus, - Penicillium, Cochliobolus, Fusarium ‘or

Rhodogéeudomonas

SpeCific species of those microorganisms are

Pseudomonas sp. BC13—2 (FERM BP-3319), Pseudomonas sp.
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Medi um Conposi ti on: o~ pH=7. 2
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BC15-2 (FERM BP-3320), Pseudomonas sp. SK13 (FERM BP-3325),

Pseudomonas sp. SK31 (FERM P-11310), Pseudomonas sp. SK87

(FERM P-11311), Pseudomonas synxanta IAM 12356, Alcaligenes
sp. BC12-2 (FERM P-11263), Alcaligenes sp. BC20 (FERM P-
11264), Alcaligenes sp. BC35-2 (FERM BP-3318), Acineto-

bacter sp. BCY9-2 (FERM BP-3317), Caseobacter sp. BC4 (FERM

BP-3316), Caseobacter BC23 (FERM P-11261), Corynebacterium ®

nitrilophilus ATCC 21419, Brevibacterium acetylicum IAM ]

]

? 1790, Brevibacterium helvqlunl ATCC 11822, Nocardia sp.f
N-775 (FERM BP-961), Nocardia asteroides IFO 3384, Nocardia

calcarea KCC AQ0191, DNocardia polychromogenes IFM 19,

Rhodococcus sp. SK70 (FERM P-11304), Rhodococcus sp. SK92
(FERM BP-3324), Rhodococcus sp. HR11l (FERM P-11306),

Rhodococcus rhodochrous ATCC 12674, Rhodococcus rhodochrous

ATCC 19140;'Rh0dOCOCCus rhodochrous ATCC 33258, Rhodococcus
erythropolis IFM 155, IFO 12320, IFO 12538 and IFO 12540,

Arthrobacter sp. SK103 (FERM P-11300), Arthrobacter sp. HR1

(FERM BP-3323), Arthrobacter sp. HR4 (FERM P-11302),
Arthrobacter oxydans IFO 12138, Bacillus subtilis ATCC
21697, Bacillus licheniformis IFO 12197, Bacillus
megaterium ATCC 25833, Aureobacterium testaceum IAM 1561,

Enterobacter sp. SK12 (FERM BP-3322), Escherichia coli IFO

3301, Micrococcus luteus ATCC 383, Micrococcus varians Tam

1099, Micrococcus roseus IFO 3768, Streptomyces griseus IFO

3355,  Flavobacterium Sp. SK150 (FERM P-11645),

Flavobacterium flavescens ATCC 8315, Aeromonas punctata IFO
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To 10 ml of a 50 mM phosphoric acid buffer (pH=7) contai ni:Ag 10 mM of
pantoylonltrlle as a substrate and a o

13288, Mycoplana dimorpha ATCC 4297, Cellulomonas fimi IAM
12107, Erwinia herbicola IFO 12686 and Candida
guilliermondij IFO 0566. The details of the above-
enumerated microorganisms are set forth in Japanese Patent
Application Nos. Hei-2-80694, Hei-2-148723, Hei-2-148725,
Hei-2-214914, Hei-2-214915 and Hei-2-214916, and U.S.
Serial Nos. 07/677,175 (filed on March 29, 1991) and
07/745,297 (filed on August 15, 1991).

* In addition, the microorganisms disclosed in JP-
B-58-15120 (corresponding to U.S. Patent 3,940,316, JP-A-
61-56086, JP-A;63-222696, JP-A~64~10996), and JP-A-2-84198
(corresponding to EPO 0 348 901A2) also are suitable,

Microorganisms caéable of hydrating an o«-
hydroxynitrile to convert it to the corresponding amide

include those belonging to the genus Rhodococcus,

Corynebacterium, Pseudomonas, Arthrobacter, Alcaligenes,

Bacillus, Bacteridium, Micrococcus, Brevibacterium or

Nocardia.
Specific species of those microorganisms are
Rhodococcus rhodochrous ATCC 33278, Rhodococcus

erythropolis IF0O 12320, Corynebacterium nitrilophilus ATCC

21419, Pseudomonas sp. SK87 (FERM P-11311), Arthrobacter

sp. HR1 (FERM BP—3323) and Alcaligenes sp. BC1l6-2 (FERM BP-

3321). The details of those microorganisms are set forth
in Japanese Patent Application No. Hei-2-148724. In
\ T —— —
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prescribed anount of sodiumsulfite, sodiumdisulfite or sodiumdithionite
was added 0.15 ng/m of the above-prepared microbial celis and the system
was allowed to react at 30[err]C for 15 m nutes. After conpletion of the
reaction, the reaction

addition, the microorganisms disclosed in JP-B-62-21519
(corresponding to U.S. Patent 4,001,081) also are suitable.

Of the above-mentioned strains, Pseudomonas sp.

BC13-~2, BC15-2, SK13, SK31 and SK87, Alcaligenes sp. BC

12-2, BC20, BC35-2 and BC16-2; Acinetobacter sp. BC9-2;

Caseobacter sp. BC4 and BC23; Rhodococcus sp. SK70, SKS92
and HR1l; - Arthrobacter sp. SK103, HR1l and HR4; Entero-
bacter sp. SK12; and Flavobacterium sp. SK150 are new
s strains isolated by the inventors from the soil and have
been deposited with Fermentation Research Institute, Agency
of Industrial Science & Technology, Tsukuba, Japan under
the respective deposit numbers (FEﬁM Nos.). Morphologic
and physiologic proﬁerties of those new strains are
described below. All the other microorganisms are known
and are available from American Type. Culture Collection,
Rockville, Md. USA (ATCC), Institute of Applied Micro-
biology, The University of Tokyo, Tokyo, Japan (IAM),
Fermentation Research Institute, Agency of Industrial
Science & Technology, Tsukuba, Japan (FRI), Kaken
Pharmaceutical Company, Ltd., Tokyo, Japan (KCC), Institute
for Fermentation, Osaka, Japan (IF0) or Research Institute
for Chemobiodynamics, The University of Chiba, Chiba, Japan
(IFM) under the above-enumerated respective depogit

numbers.
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systeh1mas'centrifuged to renove the mcrobial cells and t-he supernatant
| i quor was anal yzed by high performance |iquid chromatography using a
SHODEX COS F511 A columm. The results obtained are shown in Table 6 bel ow

Taxonomic Progertles'

BC13-2 and BC15-2 Strains:

Shape: bacillus
Gram’s stain: -
Spore: -
Mobility: +
Flagellum: polar
Oxidase: +

’ Catalase: +
O-F test: o

SK13, SK31, and SKB87 Strains:
Shape: bacillus
Grams’s stain: -
Spore: -
Mobility: +
Flagellum: polar
Oxidase: +
Catalase: +
O~F test: 0
BC12-2 and BC20 Strains:

Shape: bacillus
Gram’s stain: - .
Spore: - '
Mobility: +
Flagellum: peripheral
Oxidase: +

- 10 -
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TABLE 6

-

" Catalase:

O-F test:
3-Ketolactose production:

Existence of gquinone:

BC35-2 and BC16—2 Strains:

Shape:

Gram’s stain:

Spore:

Mobility:

Flagellum:

Oxidase:

Catalases

O-F test:

3-Ketolactose production:

Existence of gquinone:

BC9-2 Strain:

Shape:

- Grams’s stain:

Spore:
Mobility:
Oxidasé:
Catalase:

O-F test:

BC4 and BC23 Strains:

Shape:

Gram’s stain:

-~ 11 =

e lmiled

-+

alkalization

bacillus

+
peripheral
+

-+

. alkalization

Q-8

bacillus

polymorphic bacillus

4
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W
Additive - Ki nd Cancentration
Activity Specific Activity RIS

Spore: _ -
Mobility: -
Oxidase: -
Catalase: +
Rod-coccus cycle: +
Extension of perlphery not observed

of colony:

Growth under anaerobic -

condition:
’ Diamino acid of cell wall: meso-diaminopimelic acid
Glycolyl test: - (acetyl type)

Sugar composition of cell wall:

Arabinose: ' +
Galactose: +
Existence of gquinone: MK-8 (H;)

SK70, SX92, and HR11l Strains:

Shape: _ polymorphic bacillus
Gram’s étain: +
Spore: | -
Mobility: ' -
Oxidase: -
Catalase: +
Rod-coccus cycle: _ - . .
Extension of periphery not observed !

of colony:

Growth under anaerobic -
condition:

Diamino acid of cell wall: meso-diaminopimelic acid
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(mV (U ) (% None =
0i44 100 R =
Glycolyl test: + (glycolyl type)
Sugar composition of cell wall:
Arabinose: | +
Galactose: +
Existence of quinone: MK-8 (H,)
SK103, HR1, and HR4 Strains:-
Shape: polymorphic bacillus
Gram’s stain: +
g Spore: -
Mobility: -
Oxidase: -
Catalase: +
Rod-coccus cycle: +
Extension of periphery ‘'not observed
of colony:
Growth under anaerobic -
condition:
Diamino acid of cell wall: lysine
Glycolyl test: - (acetyl type)
Sugar composition of celi wall: |
Arabinose: -
Galactose: -
Existence of quinone: MK-9 (H;) . .
| SK12 Strain: )
- Shape: bacillus
Gram’s stain: -
Spore: -

- 13 -
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Sodiumsul fite -5 0.75 172 =

10 1.06 242 "
Mobility: +
Oxidase: -
CatélaSe: +
O-F test: F

Production of gas -
from glucose:

Indole production: -~
Methyl Red: N .+
V-P: ‘ -
Utilization of citric acid: +

Production of hydrogen -
sulfide:

Decomposition of urea: -

Deamination reaction of +
phenylalanine:

Decarboxylation reaction -
of lysine:

Arginine dihydrolase: -

Decarboxylation reaction -
of ornithine:

SK150 Strain:
Shape: ' bacillus

Grams’ stain: , -

Spore: -
Mobility: | - T \
Flagellum: - - |
Oxidase: +

Catalase: ' +
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Sodiun1hyd;ogensulfite 2 0. 68 155

5 0.91

-

2 05 g

O-F test: 0

Production of pigment: water-insoluble yellow
. pigment

Abbreviation

O~F test: Oxidation-Fermentation test

V-P test: Voges-Proskauer test

MK Menaquinone

Q: Quinone

The o-hydroxynitrile which can be used as a
substrate in the present invention is represented by
formula (I), wherein R represents a substituted or
unsubstituted alkyl group, a substituted or unsubstituted
alkenyl group, a substituted 6r unsubstituted cycloalkyl
group, a substituted or unsubstituted alkoxy group, a
substituted or unsubstituted aryl group, a substituted or
unsubstituted aryloxy group or a substituted or
unsubstituted and saturated or unsaturated heterocyclic
group. .The a~hydroxynitrile of formula (I) releases an
aldehyde and hydrogen cyanide in polar solvents such as
water and buffers and the thus released aldehyde forms a
complex with a sulfite ion, a disulfite ion or a dithionite
ion. |
In formula (I), the heterocyclic group inclu%és

those containing at least one of a nitrogen atom, an oxygen
atom, and a sulfur atom as a hetero atom. Substituents of

the heterocyclic group include an alkyl group, an alkoxy

[T e -
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1.21

275,

1.31 208 B

group, an acyl groﬁp, an aryl group, an aryloxy grbup, a
halogen atom, e.g., chlorine and bromine, a hydroxyl group,
an amino group, a nitro group and a thiol group.

Specific examples of a—hydroxynit;iles of formula
(I) are lactonitrile, a-hydroxy-n-propionitrile, a-hydroxy-
n-butyronitrile, a-hydroxyisobutyronitrile, a-hydroxy-n-
hexylonifrile, a~-hydroxy-n-heptylonitrile, a-hydroxy-n-
octylonitrile, «,y-dihydroxy-B,8-dimethylbutyronitrile,
acrolein cyanhydrin, methacrylaldehyde cyanhydrin, 3-
chlorolactonitrile, 4-methylthio-a-hydroxybutyronitrile, a-
hydroxy-a-phenylpropionitrile and substituted compounds
thereof. Examples of oa-hydroxynitriles of formula (I)
having an aromatic or heterocyclic group are
mandelonitrile, 2-thiophenecarboxyaldehyde cyanhydrin, 2-
pyridinecarboxyaldehyde cyanhydrin, 2-pyrrolecarboxy-
aldehyde cyanhydrin, 2-furaldehyde cyanhydrin, 2-
naphthylaldehyde cyanhydrin and substituted compounds
thereof.

When a microorganism having a stereospecific
nifrile hydratase or hydrolase is used in the biological
reaction, tﬁe whole product, an a-hydroxyamide or an o-
hydroxy acid, can be converted easily to either one of the
optically active compounds. In the preéent inventidn,
therefore, an a-hydroxyamide or an a-hydroxy acid can be

obtained stereospecifically with extreme advantage over the

—— : L e 3
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conventional processes involving optical resolution and/or
racemization.

The hydration or hydrolysis reaction of an a-

‘hydroxynitrile of formula (I) can be effected by contacting

the a-hydroxynitrile or a mixture of an aldehyde of formula
(II) and hydrogen cyanide with microbial cells or treated
microbial cells (e.g., ruptured microbial cells, a crude or
purified enzyme, immobilized microbial cells or immobilized
enzyme) of a microorganism in an aqueous medium, such as
water and a buffer. A sulfite ion, a disulfite ion or a
dithionite ion is added to the reaction system usually in
a concentration of from about 1 mM to about 1000 mM.

The substrate concentration in the reaction
system usually ranges f£from 0.1 to 10% by weight, and
preferably from 0.2 to 5.0% by weight, on concentration to
an a-hydroxynitrile. The concentrations of aldehyde and
hydrogen cyanide in the reaction system usually range from
0.1 to 10% by weight, preferablyl0.2 to 5.0% by weight and
0.1 to 1.0% by weight, preferably from 0.1 to 0.5% by
weight, respectively. A microorganism is used in an amount
of from 0.01 to 5.0% by weight on a dry basis based on the
substrate. The reaction is wusually performed at a
temperature of from the freezing point to 50°C, d&dnd
preferably from 10 to 305C, for a period of from 0.1 to

100 hours.

m
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Where the a-hydroxynitrile has considerably low
solubility in the aqueous medium used, it is recommended
for achieving efficient reaction to add from 0.1 to 5.0% by
weight of an appropriate surface active agent, e.g., Triton
X-100 (polyethylene glycol p-isooctylphenyl ether) and
Tween 60 (polyoxyethylene sorbitan monostearate), or an
auxiliary solvent, e.g., methanol, ethanol and dimethyl
sulfoxide, to the reaction system.

Thus, the a-hydroxynitrile is converted to the
corresponding amide or acid by the hydrating or hydrolytic
activity of the microorganism and the product accumulates
in the reaction system. After removing microbiai cells and
any other insoluble matter from the reaction system, the
product can be isolated by known means, such as
concentration, ion-exchange, electrical | dialysis,
extraction and crystallization.

The pfesent invention is now illustrated in
greater detail with reférence to Examples, but it should be
understood that the present invention is not deemed fo be
limited thereto. All the pércents are by weight unless
otherwise indicated. |

EXAMPLE 1 .

Alcaligenes sp.' BC35-2 (FERM No. 11265) &as

suspended in 0.8 ml of a 50 mM phosphoric acid buffer
(pH=7.5) containing 14 mM of " mandelonitrile and a

prescribed amount, as noted in Table 1 below, of sodium

_/- . e L
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sulfite to prepare a cell suspeﬁsion having an optical
density at 630 nm (ODgy) of 9. The cell suspension was
incubated at 30°C for 4 minutes follbwed by centrifugation
to remove the microbial cells. For comparison, the same
reaction was conducted except for using a substrate
solution containing no sodium sulfite.

The separated supernatant was analyzed by liquid
chromatography using a column "SHODEX ODS F511A produced by
Showadenko X.K., Japan" to determine mandelic acid
produced. Further, the opticél purity of the mandelic acid
was measured by using a column "CHIRALPAC WH produced by
Daicel Chemical Industries, Ltd., Japan". The results

obtained are shown in Table 1.

TABLE 1
Na,S04 Mandelic Acid Optical Purity
Concentration Produced of R(-) Compound
() () (3age)
0 4.8 98
20 . 7.5 98
50 8.0 98
100 8.4 98
200 6.2 98
600 5.5 . 97 _
1000 4.0 98 '
| EXAMPLE 2

The same procedures - as in Example 1 were

followed, except for replacing sodium sulfite by sodium

— . S - 19 -
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EXAMPLE 7

disulfite. The results obtained are shown in Table 2
below.
TABLE 2
NaHSO,3 Mandelic Acid Optical Purity
Concentration - Produced of R(-) Compound
(mM) (mM) . (%age)
0 4.4 ' 98
20 8.1 97
100 9.8 98
200 ' 6.9 97
600 5.1 ' 98
1000 4.1 . 98
EXAM?LE 3

Each of strains of Alcaligenes sp. BC35-2 (FERM

No. 11265), Pseudomonas sp. BCl13-~-2 (FERM No. 11266),

Caseobacter sp. BC4 (FERM No. 11260), Acinetobacter sp.

BC9-2 (FERM No. 11262), Nocardia asteroides IFO 3384,

Bacillus subtilis ATCC 21697, Brevibacterium acetvlicum IAM

1790, Aureobacterium testaceum IAM 1561 and Alcaligenes
fecalis ATCC 8750 was suspended in 0.8 ml of a 50 mM
phosphoric acid Dbuffer (pH=7.5) containing 14 mM
mandelonitrile or its derivative, shown in Table 3 below,

and 100 mM sodium sulfite to prepare a ceil suspension

!
having an ODg, of from 5 to 25. After incubation at 30°C

for a period of from 4 to 20 minutes, the microbial cells

were removed by centrifugation. The amount of mandelic
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Pseudormnas sp. BCl2-2 (FERM P-11263) was cul tured under the sane manner as
in Exanple 6, except the ngdium contained 0.3 g/[err] benzehitrile as an
i nducer instead of adding dlchloropantoylonltrlle Cell's were harvested

acid produced or a derivative thereof in the supernatant
was.determined in the same manner as in Example 1.

For comparison, the same procedures were
followed, except for no sodium sulfite was used.

The results obtained are shown in Table 3.
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m xture was allowed to reaet at 30[err]C for 6 hours. After. the reaction,
the mcrobial cells were renmoved and the super- natant analyzed as in

Exanpl e 1.

EXAMPLE 4

Alcaligenes sp. BC35-2 (FERM No. 11265) was
suspended in 200 ml of a 50 mM phosphoric acid buffer at a\
concentration of ODgo = 25. The cell suspension was divided
into two halves, and 100 mM sbdium_sulfite was added to one
half. To each half was added 0.48 g of mandelonitrile at
15°C while stirring. After confifming that mandelonitrile
was consumed and converted to mandelic acid, 0.48 g of
mandelic acid was added in the same manner. The operation
of the reaction and mandelonitrile replenishment was
repeated until the hydrolysis reaction ceased. Table 4

below shows. the amount of the finally produced mandelic

acid.
TABLE 4
ﬁgggb Mandelic Acid Produced
(g/1)
present 166
absent 39
EXAMPLElS

Microbial cells of Rhodococcus sp. HT40-6 (FERM
No. 11774) were suspended in i.5 ml of a 20 mM phosphoric
acid buffer (pH=7.5) containing 14 mM mandelonitrile in the
presence Er.absence of 100 mM sodium sulfite or sodium
disulfite to a concentration of ODgy = 15 and the suspensfon
was shaken at 30°C for 6 hours. After completion of the

reaction, the microbial cells were removed by centrifuga-

—— 23 -
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As a result,

it was found.that 13 nM mandelic acid was produced and the

oQticaI purlty of t he product was 98 %age. L

tion and the amount of mandelamide in the supernatant was
determined bf liquid chromatography (column: SHODEX ODS
F5112; carrier: 0.2 M H,PO,/acetonitrile=4:1; monitor:
208 nm). Further, the optical purity of mandelamide was
determined by using a column for optical resolution
(CHIRALCEL CA-1 produced by Daicel Chemical Industries,
Ltd., Japan; carrier: 100% ethanol). The results obtained

are shown in Table 5 below.

TABLE 5
Mandelamide Optical Purity of
S0, _Ion Produced S-(+)-Mandelamide
- (mM) (%age)
absent ' 5.5 99
100 mM Na,SO, ~10.1 98
100 mM NaHSO, 11.2 98
EXAMPLE 6

Brevibacterium acetylicum IAM 1790 .was pre-
cultivated at 30°C for 24 hours in a test tube (diameter:
22 mm) containing 10 ml of a medium comprising 10 g/¢ of
glucose, 5 g/t of polypéptone, 5 g/t of yeast extract and
3 g/t of malt extract (pH=7). The seed culture was
inoculated into 100 ml of a medium having the following
composition in a 500 ml-volume Erlenmeyer flask to a final
concentration of 1% and cultured at 30°C for 72 hours. The
culture_was centrifuged and the microbial cells collected

were washed twice with a 5 mM phosphoric acid buffer (pH=7)

to obtain 0.3 g of the microbial cells per culture.

- 24 - e
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Medium Composition:

Glycerol 20 g
Yeast extract | _ 3 g
Dichloropantoylonitrile - 0.3 g
' K,HPO, 3 g
Mgélz | 0.2 g
cacCl, ' 40 mg
MnSO4-4sz 4 mg
FeCl,;+7H,0 0.7 mg
ZnS0,+ 7H,0 _ _ 0.1 mg
Distilled water | 1000 ml
pH=7.2

To 10 ml of a 50 mM phosphoric acid buffer (pH=7)
containing 10 mM of pantoylonitrile as a substrate and a
prescribed amount of sodium sulfite, sodium disulfite or
sodiuﬁ dithionite was added 0.15 mg/ml of the above-
prepared microbial cells and the 5ystem was allowed to
react at 30°C for 15 minutes. After completion of the
reaction, the reaction system was centrifuged to remove the
microbial cells and the supernatant liquor was analyzed by
high performance liquid chromatography using a SHODEX ODS
F511A column. The results obtained are shown in Table 6

below. ?
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TABLE 6

Additive

Concen- Specific.
Rind tration Activity Activity
(md ) (U/mg) (%)
None - 0.44 100
Sodium sulfite 5 0.75 172
10 1.06 242
Sodium hydrogen- 2 0.68 155
sulfite
5 0.91 206
10 1.21 275
20 1.31 298
50 1.59 362
100 2.00 454
Sodium dithionite 2 0.82 187
5 0.95 216
10 1.32 300
EXAMPLE 7

Pseudomonas sp. BC12-2 (FERM P-11263) was
- cultured under the same manner as in Example 6, except the
medium contained 0.3 g/ﬂ benzonitrile as an inducer instead
of adding dichloropantoylonitrile. Cells were harvested
and washed as described in Example 6. To the 20 ml of cell
suspension (ODg3=30) in a 50 mM phosphoric acid buffer (pH
7.0), hydrogen cyanide (15 mM), benzaldehyde (15 mM), énd

sodium bisulfite (100 mM) were added, and the mixture was

allowed to react at 30°C for 6 hours. AaAfter the reaction,
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the microbial cells were removed and the supernatant
analyzed as in Example 1.

As a result, it was found that 13 mM-mandelic
acid was produced and the optical purity of the product was
98 %age.

While the invention has been described in detail
and with reference to specific examples thereof, it will be
apparent to one skilled in the art that various changes and
modifications can be made therein without departing from

the spirit and scope thereof.
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WHAT IS CLAIMED IS:
1. A process for biologically producing an a-
hydroxyamide or an a-hydroxy acid represented by férmula

(III):
- X (III)

wherein R represents a substituted or unsubstituted alkyl
group, a substituted or unsubstituted alkenyl group, a
substituted = or unsubstituted cycloalkyl group, a
substituted or unsubstituted alkoxy group, a substituted or
unsubstituted aryl group, a substituted or unsubstituted
aryloxy group or a substituted ox unsubstituted and
saturated .or unsaturated heterocyclic group; and X
represents an amido group or é cafboxyl group,

comprising reacting an a-hydroxynitrile represented by

formula (I):

OH

R ~ C.~ CN (I)

wherein R is as defined above,

or a mixture of an aldehyde represented by formula (II):

~ 28 - e —
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R - CHO | 1)

wherein R is as defined above,
and hydrogen cyanide with a microorganism capable of
producing such an amide or acid from the corresponding o-
hydroxynitrile, in which the reaction system contains a
sulfite ion, a disulfite ion or a dithionite ion.

2. The process of Claim 1, wherein said a-
hydroxyamide or a-hydroxy acid is an optically active

compound.

—T 29 - .
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- ABSTRACT OF THE DISCLOSURE
A  process fer biologically producing an a-
‘hydroxyamide or an a-hydroxy acid represented by formula

(III):
- X | (III)

wherein R represents a substituted or unsubstituted alkyl
group, a substituted or ﬁnsubstituted alkenyl group, a
substituted or unsubstituted cycloalkyl group, a
substituted or unsubstituted alkoxy group, a substituted or
unsubstituted aryl group, a substituted or unsubstituted
aryloxy group. or a substituted or unsubstituted and
saturated or unsaturated heterbcyclic group; and X
represents an amido group or a carboxyl group,

comprising reacting an oa-hydroxynitrile represented by

formula (I):

CH

R -C - CN | | (1)

wherein R is as defined above,

or a mixture of an aldehyde represented by formula (II):

— This Sheet Has Been Replaced
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R - CHO I - (1)

whérein R is as defined above,

and hydrogen cyanide with a microorganism capable of
producing such an amide or acid from the corresﬁonding -
hydroxynitrile is disclosed, in which the reactibh.system
contains a sulfite ion, a disulfite ion or a dithionite
ion. The enzymatic activity of the microorganiém lasts for

an extended period of time.
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BIOLOGICAL PROCESS FOR PRODUCING
o~HYDROXYAMIDE OR a-HYDROXY ACID

EIELD OF THE INVENTION

The invention relates to a biological process for

producing an a-hydroxyamide or an a-hydroxy acid.
BACKGROUND OF THE INVENTION

Known biological processes for producing an o~
hydroxyamide include a process comprising reacting lacto-
nitrile, hydroxyacetonitrile, a-hydroxymethylthiobutyro-
nitrile etc. with a microorganism belonging to the genus
Bacillus, Bacteridium, Micrococcus or B.fevibacterium to
obtain a corresponding amide as disclosed in JP-B-62-21519
(correspohding to U.S. Patent 4,001,081) (the term "JpP-B"
as used herein means an “"examined published Japanese patent
application"). It is also reported in Grant, D.J.W.,
Antonie van Leeuwenhoek; J. Microbiol. Serol. Vol. 39, p.
273 (1973) that hydrolysis of lactonitrile by the action of
a microorganism belonging to the genus Corynebacterium to
produce lactic acid involves accumulation of 1actamide as
an intermediate.

Known biological processes for producing an a-
hydroxy acid include a process for obtaining glycolic acid,
lactic acid, o~hydroxyisobutyric acid etc. from the corre-
sponding a-hydroxynltrlle by the actlon of a microorganism
of the genus Co;zgebacterﬁum (ség JP-A-61§56086 Ehe term

"JP-A" as used herein means an "unexamined published

This is the raplacemsnt sheet S N
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1, A process for biologically producing an [err]-hydroxyam de or an
-hydroxy acid represented by fornmula (111):

¥

2

Japanese patent application"), a process for obtaining
lactic acid, glycolic acid etc. from the corresponding a-
hydroxynitrile by using a microorganism of the genus
Bacillus, Bacteridium, Micrococcus or Brevibacterium (see
JP-B-58-15120, corresponding to U.S. Patent 3,940,316), a
process .for obtaining lactic acid, a-hydroxyisobutyric
acid, mandelic acid, a-hydroxybutyrié acid, a-hydroxy-
valeric acid, a-hydroxy-o-phenylpropionic acid, a-hydroxy-
a-(p-isobutylphenyl )propionic acid etc. from the corre-
sponding a—hydroxynitrilé by using a microorganism of the
genus Pseudomonas, Arthrobacter, Aspergillus, Penicillium,
Cochliobolus or Fusarium (see JP;A-63-222696) and a process
for obtaining a-hYdrqu-B,B-dimethyl-y-butyrolactone from
the corresponding a-hydroxynitrile by using a microorganism
of the genus Arthrobécter, Aspergillus, Bacillus,
Bacteridium, Brevibacterium, Cochliobolus, Co ebacterium,
(see JP-A-64-10996).

It is known, however, that an a-hydroxynitrile
is, more or less, partially dissociated into the éorre—
sponding aldehyde and hydrogen cyénide in a polar solvent

as taught in V. Okano et al., J. Am. Chem. Soc., Vol. 98,

p.- 4201 (1976). Since an aldehyde generally is bound to

proteins to deactivate enzymes as described in G.E. Means

-

et al. (ed.), Chémical ModifiCatioﬁ of Pro%éiﬂsﬁ p. 125,

Holden~Day (1971), enzymatic hydration or hydrolysis of an
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a-hydroxynitrile is accompanied with the problem that the
enzyme is deactivated in é short time. It therefore has
been difficult to obtain an a-hydroxyamide or an a-hydroxy
acid in high concentration with high productivity.
| SUMMARY OF THE INVENTION

To overcome the above-described problem
associated with conventional biological pfocesses for
producing .an a-hydroxyamide or an a—hydroxy acid; the
inventors conducted extensive investigations and, as a
result, found that the preseﬁce of a sulfite ion, a
disulfite ion or a dithionite ion in the reaction system
markedly improves activity and stability of enzymes and
solved the above-described problem.

The pfesent invention providés a biological
process for producing an a-hydroxyamide or an a-hydroxy

acid represented by formula (III):
R-C-X ' (III)

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

unsubstituted aryl group, a substituted or unsubstituted

- — e e
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aryloxy group or a substituted or unsubstituted and
saturated or unsaturated heterocyclic group; and X
represents an amido group or a carboxyl group,

comprising_ reacting an a-hydroxynitrile represented by

formula (I):
|
R - ? - CN . (1)
H

wherein R is as defined above,

or a mixture of an aldehyde represented by formula (II):
R - CHO (11)

wherein R is as defined above,

and hydrogen cyanide with a microorganism capable of
producing such an amide or acid from the!corresponding -
hydroxynitrile, in which tﬁe reaction system contains a
sulfite ion, a disulfite ion or a dithionite ion.

DETAILED DESCRIPTION OF THE INVENTION

A sulfite ion, a disulfite ion or a dithionite
ion added to the reaction system is supplied as, for
example, sodium sulfite, sodium bisulfite, sodium

dithionite, potassium sulfite, potassium bisulfite,

This is the replacement sheet
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potassium dithionite, ammonium sulfite, ammonium bisulfite
or ammonium dithionite.

The following mechanism is suggested to account
for the action of those ions. A sulfite ion, a disﬁlfite
ion or a dithionite ion has properties of forming a complex
with an aldehyde. That is, those ions rapidly react with
an aldehyde released by dissociation of an a-hydroxynitrile
in a polar solvent to form a complex, thus serving to
maintain é low free aldehyde concentration in the reaction
system.  The complex formed undergoes a nucleophilic
reaction with a proton or hydrogen cyanide to release
reversibly an aldehyde or an o-hydroxynitrile, respec-
tively.

According to the present invention} hydration oxr
hydrolysis of a nitrile can be carried on while maintaining
a low aldehyde concentration in the reaction system by a
combination of those actions so that the enzyme inhibitory
action of the aldehyde is minimized and the reaction can
last for an extended period of time, in a stable manner,
without causing drastic deactivation of the enzyme making
it possible to accumulate the produced amide or acid in
high conéentrations. It is still obscure, however, whether
the enzyme stabilization mechanism by a sulfite ion, a
disulfite ion or a dithionite ion is attributable only to
the reduction in ffee aldehyde concentration in the

reaction system.
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Considering the above-stated fact that an
aldehyde generally has properties of binding to proteins to
deactivafe an enzyme, it appears that the inhibitory effect
on enzyme activity by a sulfite ion, a disulfite ion or a
dithionite ion applies to all biological reactions which
involve an aldehyde. In other words, the microorganism
which can be used in the production of an amide or an acid
from an a~-hydroxynitrile according to the present invention
is not particularly limited as long as the microorganism is
capable of producing such an amide or acid from the corre-
sponding a-hydroxynitrile. Likewise, the a-hydroxynitrile
substrate is not particularly limited as lonQ as it reaches
a dissociation equilibrium with an aldehyde in the reaction
system.

Microorganisms capable of hydrolyzing an o-
hydroxynitrile to convert it to the corresponding acid
inciude those belonging to the genus Pseudomonas,
Alcaligenes, Acinetobacter, Caseobacter, Co;ygebacterium,

Brevibacterium, Nocardia, Rhodococcus, Arthrobacter,

Bacillus, Aureobacterium, Enterobacter, Escherichia,

Micrococcus, Streptomyces, Flavobacterium, Aeromonas,

Mvcoplana, Cellulomonas, Erwinia, Candida, Bacteridium,
Aspergillus, Penicillium, Cochliobolus, FPusarium or
Rhodopseudomonas .

Specific species of those microorganisms are

Pseudomonas sp. BCl13-2 (FERM BP-3319), Pseudomonas sp.

Thl's_'s the r eplacement sheet his Sheet Has Been Replaced
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wherein R represents a substituted or unsubstituted al kyl group, a
substituted or unsubstiluted al kenyl group, a

7

BC15-2 (FERM BP-3320), ggggggmgggg,sp. SK13 (FERM BP-3325),
Pseudomonas sp. SK31 (FERM P-11310), Pseudomonas sp. SK87
(FERM P-11311), Pseudomonas synxanta IAM 12356, Alcal;genes
sp. BCl12-2 (FERM P-11263), Alcaligenes ép. BC20 (FERM P-
11264), Alcaligenes sp. BC35-2 (FERM BP-3318), Acineto-
bacter sp. BC9-2 (FERM BP-3317), Casecbacter sp. BC4 (FERM
BP-3316), Caseobacter BC23 (FERM P-11261), Corvnebacterium )
nitrilophilus ATCC 21419, Brevibacterium acetylicum I;M‘;
1790, Brevibacterium helvolum ATCC 11822, Nocardia spﬂf
N-775 (FERM BP-961), Nocardia asteroides IFO 3384, Nocardia
calcarea KCC A0191, Nocardia polychromogenes IFM 19,
Rhodococcus sp. SK70 (FERM P-11304), Rhodococcus sp. SK92
(FERM BP-3324), Rhodococcus sp. HR1ll (FERM P-11306),
Rhodococcus rhodochrous ATCC 12674, Rhodococcus rhodochrous

ATCC 19140, Rhodococcus rhodochrous ATCC 33258, Rhodococcus

ervthropolis IFM 155, IFO 12320, IFO 12538 and IFO 12540,
Arthrobacter sp. SK103 (FERM P-11300), Arthrobacter sp. HR1
(FERM BP-3323), Arthrobacter-sp. HR4 (FERM P-11302),
Arthrobacter oxydans IFO 12138, Bacillus subtilis ATCC
21697, Bacillus licheniformis IFO 12197, Bacillus
megaterium ATCC 25833, Aurecbacterium testaceum IAM 1561,
Enterobacter sp. SK12 (FERM BP-3322), Escherichia coli IFO
3301, Micrococcus luteus ATCC 383, Micrococcus varians IAM
1099, Micrococcus roseus IF0O 3768, Streptomyces griseus IF0
3355, Flavobacterium sp. SK150 (FERM P-11645),

Flavobacterium flavescens ATCC 8315, Aeromonas punctata IFO
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substituted or unsubstituted cycloal kyl group, a substituted or
unsubstituted al koxy group, a substituted or unsub- stituted aryl

group,

a substituted or unsubstituted aryloxy group or a substituted or
unsubstituted and saturated or

8

13288, Mycoplana dimorpha ATCC 4297, Cellulomonas fimi IAM
12107, Erwinia herbicola IFO 12686 and Candida
guilliermondii IFO 0566. The details of the above-
enumerated microorganisms are set forth in Japanese Patent
Application Nos. Hei-2-80694, Hei-2-148723, Hei-2-148725,

Hei-2-214914, Hei-2-214915 and Hei-2-214916, and U.S.

. Serial Wos. 07/677,175 (filed on March 29, 1991) and

07/745,297 (filed on August 15, 1991).

In addition, the microérganisms disclosed in JP-
B-58-15120 (corresponding to U.S. Patent 3,940,316, JpP-a-
61-56086, JP-A-63-222696, JP-A-64-10996), and JP-A-2-84198
(corresponding tb EPO 0 348 901A2) also are suitable.

Microorganisms capable of hydrating an a-
hydroxynitrilg to convert it to the corresponding amide
include those belonging to the genus Rhodocéccus,
Corvnebacterium, Pseudomonas, Arthrobacter, Alcaligenes,

Bacillus, Bacteridium, Micrococcus, Brevibacterium or

Nocardia.
Specific species of those microorganisms are
Rhodococcus rhodochrous ATCC 33278, Rhodococcus

ervthropolis IFO 12320, Corynebacterium nitrilophilus ATCC

21419, Pseudomonas sp. SK87 (FERM P-11311), Arthrobacter
sp. HR1 (FERM BP-3323) and Alcaligenes sp. BC16-2 (FERM BP-
3321). The details of those microorganisms are set forth

in Japanese Patent Application No. Hei-2-148724. In

L heet
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unsat urated heterocyclic group, and X represents an am do group or a
car boxyl group. conprising reacting an [err]-hydroxynitrile represented
by formula (1): ‘

addition, the microorganisms disclosed in JP-B-62-21519
(corresponding to U.S. Patent 4,001,081) also are suitable.

0f the above-mentioned strains, Pseudomonas sp.
BC13-2, BC15-2, SK13, SK31 and SK87, Alcaligenes sp. BC
12-2, BC20, BC35-2 and BC16-2; Acinetobacter sp. BC9-2;
Caseobacter sp. BC4 and BC23; Rhodococcus sp. SK70, SK92
and HR1ll; Arthrobacter sp. SK103, HR1 and HR4; Entero-
bacter sp. SK12; and Flavobacterium sp. SK150 are new
strains isolated by the inventors from the soil and have
.been deposited with Fermentation Research Institute, Agency
of Industrial Science & Technology, Tsukuba, Japan under
the respective deposit numbers (FERM Nos.). Morphologic
and physiologic properties of those new  strains are
described below. All the other microorganisms are known
and are available from American Type Culture Collection,
Rockville, Md. USA (ATCC), Institute of Applied Micro-
biology, The University of Tokyo, Tokyo, Japan (IAM),
Fermentation Research Institute, Agency of Industrial
-Science & Technology, Tsukuba, Japan (FRI), Kaken
Pharmaceutical Company, Ltd., Tokyo, Japan (KCC), Institute
for Fermentation, Osaka, Japan (IF0Q) or Research Institute
for Chemobiodynamics, The University of Chiba, Chiba, Japan
(IFM) under the above-enumerated respective deposit

numbers.
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Taxonomic Properties:

10

BC13-2 and BC15-2 Strains:

SK13, SK31, and SKB7 Strains:

BC12-2 and BC20 Strains:

This is 1€

Qae:

Shape:

Gram’s stain:
Spore:
Mobility:
Flagellum:
Oxidase:
Catalase:

O-F test:

Shape:

Grams’s stain:
Spore:
Mobility:
Flagellum:
Oxidase:
Catalase:

O-F test:

Shape:

Gram’s stain:
Spore:
Mobility:
Flagellum:

Oxidase:

t
repmmeﬁm“tShee

\al\db

o

bacillus

bacillus

bacillus

+

peripheral

-+
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2 and BCl6~2 Strains:

BC35-

BC9-2

.11

Catalase:

O-F test:

3-Ketolactose production:

Existence of quinone:

Shape:

Gram’s stain:
Spore:
Mobility:
Flagellum:
Oxidase:
Catalase:

O-F test:

3-Ketolactose production:

Existence of quinone:
Strain:'

Shape:

Grams'’'s stain:

Spore:

Mobility:

Oxidase:

Catalase:

O-F test:

BC4 and BC23 Strains:

This

Dage:

Shape:

Gram’s stain:

5 iy igpacement shest

RO LI

+

alkalization

Q-8

bacillus

+

peripheral
+

+

alkalization

Q-8

bacillus

polymorphic bacillus

-+
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S12

Spore:

Mobility:
Oxidase:
Catalase:
Rod-coccus cycle:

Extension of periphery
of colony:

Growth under anaerobic
condition:

Diamino acid of cell wall:

Glycolyl test:

-+
-+

not observed

meso-diaminopimelic acid

(acetyl type)

Sugar composition of cell wall:

Arxabinose:
Galactose:

Existence of quinone:

SK70, SK92, and HR11 Strains:

Shape:

Gram’'s stain:
Spore:

Mobility:
Oxidase:
Catalase:
Rod-coccus cycle:

Extension of periphery
of colony:

Growth under anaerobic
condition:

Diamino acid of cell wall:

This is the rgplacemant shaet

DN\ ok ;

+

+

MK-8 (H,)

polymorphic bacillus

-+

+

not observed

meso-diaminopimelic acid
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Glycolyl test:

+ (glycolyl type)

Sugar composition of cell wall:

Arabinose:
Galactose:

Existence of gquinone:

SK103, HR1l, and HR4 Strains:

Shape:
Gram’s stain:
Spore:

Mobility:

- Oxidase:

"SK12

Catalase:
Rod-coccus cycle:

Extension of periphery
of colony:

Growth under anaerobic
condition:

Diamino acid of cell wall:

Glycolyl test:

+
<+

MK-8 (H,)

polymorphic bacillus

+

+

<+

not observed

lysine

(acetyl type)

Sugar composition of cell wall:

Arabinose:
Galactose:
Existence of quinone:
Strain:
Shape:
Gram’s stain:

Spore:

This is the. replacemant sheet
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wherein Ris as defined above.
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Mobility: +
Oxidase: -
Catalase: +
O-F test: F
Production of gas -
from glucose:

Indole production: -
Methyl Red: , +

V-P: -
Utilization of citric acid: +

Production of hydrogen . -
sulfide:

Decomposition of urea: -

Deamination reaction of +
phenylalanine:

Decarboxylation reaction -
of lysine:

Arginine dihydrolase: -

Decarboxylation reaction -
of ornithine:

SK150 Strain:

Shape: bacillus

Grams’ stain: ' -

Spore: : -
Mobility: -
Flagellum: -
Oxidase: ' +
Catalase: +

Tris is the replacement sheet
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or a mxture of an al dehyde ;epresented by formula (11):

15

O-F test: 0

Production of pigment: water-insoluble yellow
pigment

Abbreviation

O~F test: Oxidation-Fermentation test

v-P test: Voges-Proskauer test

MK: Menagquinone

Q: _ Quinone

The oa-hydroxynitrile which can be used as a
substrate in the present invention is represented by
formula (I), wherein R represents a substituted or
unsubstituted alkyl group, a substituted or unsubstituted
alkenyl group, a substituted or unsubstituted cycloalkyl
group, a substituted or unsubstituted alkoxy group, a
substituted or uhsubstituted aryl group, a substituted or
unsubstituted aryloxy group or a substituted or.
unsubstituted and saturated or unsaturated heterocyclic
group. The oa-hydroxynitrile of formula (I) releases an
aldehyde and hydrogen cyanide in polar solvents such as
water and buffers and the thus released aldehyde forms a
complex with a sulfite ion, a disulfite ion or a dithionite
ion.
In formula (I), the heterocyclic group includes

those containing at least sne of a nitrogen atom, an oxygen
atom, and a sulfur atom as a hetero atom. Substituents of

the heterocyclic group include an alkyl group, an alkoxy

Tris is tho ragplacement sheet
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group, an acyl group, an aryl group, an aryloxy group, a
halogen atom, e.g., chlorine and bromine, a hydroxyl group,
an amino group, a nitro group and a thiol group.

Specific examples of a-hydroxynitriles of formula
(I) are lactonitrile, a-hydroxy-n-propionitrile, a-hydroxy-
n-butyronitrile, oa-hydroxyisobutyronitrile, oa~hydroxy-n-
hexylonitrile, a-hydroxy-n-heptylonitrile; a-hydroxy-n-
octylonitrile, a,y-dihydroxy-$,8-dimethylbutyronitrile,
acrolein cyanhydrin, methacrylaldehyde cyanhydrin, 3-
chlorolactonitrile, 4-methylthio~c-hydroxybutyronitrile, o~
hydroxy-c-phenylpropionitrile and substituted compounds
thereof. Examples of o-hydroxynitriles of formula (I)
having an aromatic or heterocyclic group are
mandelonitrile, 2-thiophenecarboxyaldehyde cyanhydrin, 2-
pyridinecarboxyaldehyde cyanhydrin, 2-pyrrolecarboxy-

aldehyde cyanhydrin, 2-furaldehyde cyanhydrin, 2-

| naphthylaldehyde cyanhydrin and substituted compounds

thereof.

When a microorganism having a stereospecific
nitrile hydratase or hydrolase is used in the biological
reaction, the whole product, an a—hydroxyémide or én o-
hydroxy acid, can be converted easily to either one of the
optically active compounds . In the present invention,
therefore, an a-hydroxyamide or an a-hydroxy acid can be

obtained stereospecifically with extreme advantage over the

This is ihe rép!acemem sheet
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wherein Ris as defined above.
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conventional processes involving optical resolution and/or
racemization.

The hydration or hydrolysis reaction of an o-
hydroxynitrile of formula (I) can be effected by contacting
the a-hydroxynitrile or a mixture of an aldehyde of formula
(II) and hydrogen cyanide with microbial cells or treated
microbial cells (e.g., ruptured microbial cells, a crude or
purified enzyme, immobilized microbial cells or immobilized
enzyme) of a microorganism in an aqueous medium, such as
water and a buffer. A sulfite ion, a disulfite ion or a
dithionite ion is added to the reaction system ﬁsually in
a concentration of from about 1 mM to about 1000 mM.

The substrate concentration in the reaction
system usually ranges from 0.1 to 10% by weight, and
preferébly from 0.2 to 5.0% by weight, on concentration to
an o-hydroxynitrile. The concentrations of aldehyde and
hydrogen cyénide in the reaction system usually range from
0.1 to 10% by weight, preferably 0.2 to 5.0% by weight and
0.1 to 1.0% by weight, preferably from 0.1 to 0.5% by
weight, respectively. A microorganism is used in an amount
of from 0.01 to 5.0% by weight on a dry basis based on the
substrate. The reaction is usually performed at a
temperature of from the freezing point to 50°C, and
preferably from 10 to 30°C, for a period of from 0.1 to

100 hours.

This is the replacemsnt sheet
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and hydrogen cyanide with a m croorgani smcapabl e of producing such an
am de or acid fromthe correspondi ng [err]-hydroxynitrile, in which the
reaction systemcontains a sulfite ion, a disulfite ion or a dithionite

ion.
18

Where the a-hydroxynitrile has considerably low
solubility in the aqueous medium used, it is recommended
for achieving efficient reaction to add from 0.1 to 5.0% by
weight of an appropriate surface active agent, e.g., Triton
X-100 (polyethylene glycol p-isooctylphenyl ether) and
Tween 60 (polyoxyethylene sorbitan monostearate), or an
auxiliary solvent, e.g., methanol, ethanol and dimethyl
sulfoxide, to the reaction system.

Thus, the a~hydroxynitrile 'is converted to the
corresponding amide or acid by the hydrating or hydrolytic
activity of the microorganism and the product accumulates
in the reaction system. After removing microbial cells and
any other insoluble matter from the reaction system, the
product can be isolated by known means, such as
concentration, ion~exchange, electrical dialysis,
extraction and crystallization.

The present invention is now illustrated in
greater detail with reference to Examples, but it should be
understood that the present invention is not deemed to be
limited thereto. All the percents are by weight unless
otherwise indicated.

EXAMPLE 1

Alcaligenes 'sp. BC35-2 (FERM No. 11265) was
suspended in 0.8 ml of a 56 mM phosphoric acid buffer
(pH=7.5) containing 14 mM of mandelonitrile and a

prescribed amount, as noted in Table 1 below, of sodium

This is the raplacemsnt sheet
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2. The process of Caim1, -wherein said [err]-hydroxyani de or [err]-hydroxy
acid is an optically active conpound.

19

sulfite to prepare a cell suspension having an optical
density at 630 nm (ODg,) of 9. The cell suspension was
incubated at 30°C for 4 minufes followed by centrifugation
to remove the microbial cells. For comparison, the same
reaction was conducted except for using a substrate
solution containing no sodium sulfite.

The separated supernatant was analyzed by liquid
chromatography using a column "SHODEX ODS F511A produced by
Showadenko K.K., Japan" to determine mandelic -acid
produced. Further, the optical purity of the mandelic acid
was measured by using a column "CHIRALPAC WH produced by
Daicel Chemical Industries, Ltd., Japan". The results

obtained are shown in Table 1.

TABLE 1
Na,S0, Mandelic Acid Optical Purity
Concentration Produced of R(-) Compound
(mM) - () (%age)
0 4.8 98
20 7.5 98
50 8.0 98
100 8.4 98
200 6.2 98
600 5.5 97
1000 4.0 98
EXAMPLE 2

The same procedures as in Example 1 were

followed, except for replacing sodium sulfite by sodium

This is the. replacement sheet
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3. The process of claim1 or 2, for producing an [err]-hydroxy acid,
wherein the mcroorganismis selected fromm cro-

20
-disulfite. The results obtained are shown in Table 2
below.
TABLE 2
NaHSO, Mandelic Acid Optical Purity
Concentration Produced of R(-) Compound
(M) () (®age)
0 4.4 - 98
20 8.1 97
100 9.8 98
200 6.9 97
600 5.1 98
1000 4.1 98

EXAMPLE 3

Each of strains of Alcaligenes sp. BC35-2 (FERM

No. 11265), Pseudomonas sp. BCl1l3-2 (FERM No. 11266),
Caseobacter sp. BC4 (FERM No. 11260), Acinetobacter sp.
BC9-2 (FERM No. 11262), Nocardia asteroides IFO 3384,
Bacillus subtilis ATCC 21697, Brevibacterium acetvlicum IAM
1790, Aureobacterium testaceum IAM 1561 and Alcaligenes
fecalis ATCC 8750 was suspended in 0.8 ml of a 50 mM
phosphoric acid buffer (pH=7.5) containing 14 mM
- mandelonitrile or its derivative, shown in Table 3 below,
and 100 mM sodium sulfite to prepare a cell suspension

having an ODgy of from 5 to 25. After incubation at 30°C

for a period of from 4 to 20 minutes, the microbial cells

were removed by centrifugation. The amount of mandelic
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organi snms bel onging to the genus pseudononas, Al caligenes, Acinetobacter,

Caseobacter, Corynebacterium Brevi bacterium Nocardi a, Rhodococcus,
Art hrobacter, Bacillus, Aureobacterium Enterobacter, Escherichia, M-
. 21

acid produced or a derivative thereof in the supernatant
was determined in the same manner as in Example 1.

For comparison, the same procedures ' were
followed, except'for no sodium sulfite was used.

The results obtained are shown in Table 3.
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4. The process of claim3, wherein the m croorganismis sel'ected from
m croorgani sms having the charcteristics of

23
EXAMPLE 4

Alcaligenes sp. BC35-2 (FERM No. 11265) was
suspended in 200 ml of a 50 mM phosphoric acid buffer at a

concentration of ODg, = 25. The cell suspension was divided

into two halves, and 100 mM sodium sulfite was added to one
half. To each half was added 0.48 g of mandelonitrile at
15°C while stirring. After confirming that mandelonitrile
was consumed and converted to mandelic acid, 0.48 g of
mandelic acid was added in the same manner. The operation
of the reaction and mandelonitrile replenishment was
repeated until the hydrolysis reaction ceased. Table 4

below shows the amount of the finally produced mandelic

acid.
TABLE 4
Na,S0, Mandelic Acid Produced
(g/1)
present 166
absent 39
EXAMPLE 5

Microbial cells of Rhodococcus sp. HT40-6 (FERM

No. 11774) were suspended in 1.5 ml of a 20 mM phosphoric
acid buffer (pH=7.5) containing 14 mM mandelonitrile in the
presence or absence of 100 mM sodium sulfite or sodium
disulfite to a concentration of ODge = 15 and the suspension
was shaken at 30°C fo; 6 hours. After completion of the

reaction, the microbial cells were removed by centrifuga-
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Pseudonmonas sp. BCl13-2 (FERM 8P-3319). Pseudonobnas sp. BCl5-2( FESM

BP- 3320), Pseudonobnas sp. SK13( FERM BP- 3325), Pseudononas synxanta | AM
12356, Al caligenes sp. BC35-2(FERM BP-3318). Aci neto-
24

tion and the amount of mandelamide in the supernatant was
determined by liquid chromatography (column: SHODEX ODS
F511A; carrier: 0.2 M H,PO,/acetonitrile=4:1; monitor:
208 nm). Further, the optical purity of mandelamidg was
determined by using a column for optical. resolution
(CHIRALCEL CA-1 produced by Daicel Chemical Industries,
Ltd., Japan; carrier: 100% ethanol). The results obtained

are shown in Table 5 below.

TABLE 5
Mandelamide Optical Purity_of
SO, Ion Produced S-(+)-Mandelamide
' (mM ) (%age)
absent 5.5 99
100 mM Na,SO, 10.1 98
100 mM NaHSO, 11.2 98
EXAMPLE 6

-Brevibacterium acetylicum IAM 1790 was pre-
cultivated at 30°C for 24 hours in a test tube (diametex:
22 mm) containing 10 ml of a medium comprising 10 g/¢ of
glucose, . 5 g/t of polypeptone, 5 g/{ of yeast extract and
3 g/t of malt extract (pH=7). The seed culture was
inoculated into 100 ml of a medium having the following
composition in a 500 ml-volume Erlenmeyer flask to a final
concentration of 1% and cultured at 30°C for 72 hours. The
culture was centrifuged and the microbial cells collected
were washed twice with a 5 mM phosphoric acid buffer (pH=7)

to obtain 0.3 g of the microbial cells per culture.
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bacter sp. BC9-2( FERM BP-3317), Caseobacter sp. BC4 (FERM BP-316).

Cbrynebactgriun1nitriophiPus ATCC 21419. Brevibacteriun1acety|idun1IAM
1790. Brevibacterium hel vol um ATCC 11822, Nocardia sp N-775 (FERM
25

Medium Composition:

Glycerol 20 g
Yeast extract | 3g
Dichloropantoylonitrile 0.3 g
K,HPO, 349
MgCl, 0.2 g
CaCl, : 40 mg
MnSO,+4H,0 o 4 mg
FeCl;+7H,0 0.7 mg
ZnS0,+ 7H,0 ‘ 0. .1 mg
Distilled water 1000 ml
pH=7.2

To 10 ml of a 50 mM phosphoric acid buffer (pH=7)
containing 10 mM of pantoylonitrile as a substrate and a
prescribed amount of sodium sulfite, sodium disulfite or
sodium dithionite was added 0.15 mg/ml of the above-
prepared microbial cells and the system was allowed to
react at 30°C for 15 minutes. After completion of the
reaction, the reaction system was centrifuged to remove the
microbial cells and the supernatant liquor was analyzed by
high performance liguid chromatography usihg a SHODEX ODS
F511A column. The results obtained are shown in Table 6

below.
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BP-961). Nocardi a asteroi des | FO 3364, Nocardia cal carea KCC A0191,

Rhodococcus sp. SK92( FERM BP- 3324). Rhodococcus rhodochrous ATCC 12674,
Rhodococcus rhodochrous ATCC 19140, Rhodococcus rhodochrous
26
TABLE 6
Additive .
' Concen- Specific
Kind tration Activity Activity
(mM) (U/mg) (%)
None - 0.44 100
Sodium sulfite 5 0.75 172
10 1.06 242
Sodium hydrogen- 2 0.68 155
sulfite
5 0.91 206
10 1.21 275
20 1.31 298
50 1.59 362
100 2.00 454
Sodium dithionite 2 0.82 187
5 0.95 216
10 1.32 300
EXAMPLE 7

Pseudomonas sp. BCl2-2 (FERM P-11263) was
cultured under the same manner as in Example 6, except the
medium contained 0.3 g/{ benzonitrile as an inducer instead
of adding dichloropantoylonitrile. Cells were harvested
and washed as described in Example 6. To the 20 ml of cell
suspension (0ODg3p=30) in a 50 mM phosphoric acid buffer (pH
7.0), hydrogen cyanide (15 mM), benzaldehyde (15 mM), and
sodium bisulfite (100 mM) were added, and the mixture was

allowed to react at 30°C for 6 hours. After the reaction,
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ATCC 33253, Rhodococcus arythropolis I FO 12320, |FO 12538 and | FO 12540,

Atrobacter sp. HRL (FERM BP- 3323). Arthrobacteroxydans | FO 12138,
Bacillus subtilis ATCC 21697. Bacillus licheniforms |IFO 12197. Bacill us
. 27

the microbial cells were removed and the supernatant
analyzed as in Example 1. |

As a result, it was found that 13 mM mandelic
acid was produced and the optical purity of the product was
98 %age.

While the invention has been described in detail
and with reference to specific examples thereof, it will be
apparent to one skilled in the art that various changes and
modifications can be made therein without departing from

the spirit and scope thereof.
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megat eri um ATCC 25833, Aureobacteriumtestaceum | AM 1561. Ent erobacter sp.
SK12 (FERM BP-3322). Es- ~ cherichia coli I FO 3301, Mcroccus Tuteus ATCC

363, Merococeus varians 1AM 1099, M erococeus rosqumrbfii NI
. 28 é' * € L M s x

WHAT IS CLAIMED IS:

1. A process for biologically producing an a-
hydroxyamide or an a-hydroxy acid represented by formula

(III):
R-C-X (III)

wherein R represents a substituted or unsubstituted .alkyl
group, a substituted or unsubstituted alkenyl group, a
substituted or unsubstituted <cycloalkyl group, a
substituted or unsubstituted alkoxy group, a substituted or
unsubstituted aryl group, a substituted or unsubstituted
aryloxy group or a substituted or unsubstituted and
saturated or unsaturated heterocyclic group; and X
represents an amido group or a carboxyl group,

comprising reacting an a-hydroxynitrile' represented by

formula (I):
OH

R -C - CN (1)

wherein R is as defined above,

or a mixture of an aldehyde represented by formula (II):

This is the replacenient sheet
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3768, St rept onycas griseus.+FO 3355, Flavobacteriumfl avescens ATCC-8315.
Aer ononas gunctata | FO 13288. Mycopl ana di nor ph
Cel | ul oronas Finmi | AM 12107, Erwi ni a herbicola | FO "Hﬂ"ﬂ, qui | -

R - CHO (II)

wherein R is as defined above,
and hydrogen cyanide with a microorganism capable of
producing such an amide or acid from the corresponding a-
hydroxynitrile, in which the reaction system contains a
sulfite ion, a disulfite ion or a dithionite ion.

2. The process of Claim 1, wherein said a-
hydroxyamide or a-hydroxy acid is an optically active

compound .
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ABSTRACT OF THE DISCLOSURE

A process for biologically producing an o-
hydroxyamide or an a-hydroxy acid represented by formula

(II1):
l
R - ? - X (III)
H

wherein R represents a substituted or unsubstituted alkyl

. group, a substituted orx unsubstituted alkenyl group, a

substituted or unsubstituted - cycloalkyl group, a
substituted or unsubstituted alkoxy'group, a substituted or
unsubstituted aryl group, a substituted or unsubstituted
aryloxy group or a substituted or unsubstituted and
saturated or unsaturated heterocyclic group; and X

represents an amido group or a carboxyl group,

. comprising reacting an o-hydroxynitrile represented by

formula (I):
- CN _ (1)

wherein R is as defined above,

or a mixture of an aldehyde represented by formula (II):

This is ihe replacement sheet
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5. The process of claim1 or 2, for producing an a-hydroxyan de, wherein
the mcroorganismis selected fromthose bel onging to the genus

Rhodococcus Corynebacterium Pseudononas, Arthrobacter, Al call genes,
Baci |l | us, Bac- 31

R - CHO | (I1)

wherein R is as defined above,

and hydrogen cyanide with a microorganism capable of
producing such an amide or acid from the corresponding o-
hydroxynitrile is disclosed, in which the reaction system
contains a suifite ion, a disulf_ité ion or a dithionite
ion. The enzymatic activity of the microorganism lasts for

an extended period of time.
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Biological process for producing alpha-hydroxyamide or alpﬁa-hydroxy acid

Description

EIELD OF THE INVENTION

Tha invantion relates to a biclogical procass lar producing an a-hydroxyamide ar an a-hydroxy acid,

BACKGAOUND OF THE INVENTION

Known biclagical pracesses for producing an e-hydroxyamids include a precass comprising reacting lactonitrile,
hydraxyacatanitrile, a-hydraxymeihyithicbutyranitrile atc. with a micraarganism bafonging to tha genus Sacillus, 8ac.
teridium, Micrecoccus or Sravibaclarium o obtain a corrasponding amide as disclosed in JP-8-62-21519 (corraspand-
ing to U.S. Patent 4,001,081) (the term *JP-8" as used herein means an *axamined pubtlished Japanesa patent appli-
cation”), it is also repartad in Grant, O.J.W., Antonie van Lasuwanhaek: J. Microbicl. Sargl. Vol. 39, p. 273 (1973) that
hydrolysis of lactonitrife by the action of 2 micrearganism belfonging to the genus Corynabactarium o produce lactic
acid involves accumuilation of lactamide as an intermediate,

Known biolegical precassas for praducing an a-hydroxy acid include a precass for abtaining glyeaolic acid, lactic
acid, a-hydrexyischutyric acid stc. from the corresponding a-hydroxynitrila by the action of a microorganism of the
genus Corvnabacterium (see JP-A-61-56086, tha tarm *JP-A* as used herain means an “‘unexaminad gublished Jap-
anese patent application®), a process for obtaining lactic acid, glycolic acid ete. from the carrasponding a-hydroxynitrile
by using a microarganism of the genus Bacillus, Bacteridium, Micrococcus or Brevibactarium (see JP-8-88-15120,
corresponding to U.S. Patant 3,840,3186), a procass lor abtaining lactic acid, a-hydroxyisebutyric acid, mandelic acid,
a-hydroxybutyric acid, e-hydraxyvaleric acid, a-hydroxy-a-phenylprapionic acid, a-hydroxy-a-(p-iscbutyighenyl)pra-
pianic acid atc. {rom the corrasponding a-hydroxynitrile by using a micreorganism of the genus Pseudomonas, Arthro-
bacter, Asgergillus, Penicillium, Cachllobalus or Fusarium (see JP-A-83-222696) and a process lor gbtaining a-hy-

- droxy-8.B-dimethyl-»butyrclactone from the corresponding a-hydroxynitrile by using a micreorganism of the ganus
Arthrobactar, Asgecaillus, Bacillus, Bacteridium, Sravibactadum, Cachiicholus, Corynebacterium, Micrococeus. No-
gardia, Paniciflium, Psaudomanas or Fusarium (see JP-A-84-10886).

itis known, howavar, that an c-hydroxynitrile is, mare or less, partially dissociated inta the correspending aidehyde
and hydrogen cyanide in a polar sclvent as taught in V. Okano et al., J. Am. Chem. Scc.. Vol. 88, p. 4201 (19786). Since
an aldehyde generally is bound 10 proteins to deactivate enzymes as described in G.E. Means et al. (ad.}, Chemical
Modification of Sroteins, p. 125, Holdan-Day (1971), enzymatic hydration or hydrolysis of an a-hydroxynitrile is accom-
panied with the problam that the anzyme is deactivatad in a short time. it thersfors has been difficult to cbtain an -
hydroxyamide or an e-hydroxy acid in high concentration with high preductivity.

SUMMARY OF THE INVENTICN

_ To overcomae the above-dascribed problem associated with conventional biclogical procasses for producing an a-
hydroxyamide or an a-hydroxy acid, the inventors conducted extensiva investigations and, as a result, found that the
prasence of a suifita ion, a disulfits ion or a dithionits ion in the reaction system markedly improves activity and stability

of enzymes and scived the above-described problem.
The prasant invention provides a biolagical process for producmg an a-hydroxyamiide or an e-hydraxy acid rep-

rasented by formula (Ill):
R=-C-X (LIr)

wharain R raprasents a substituted or unsubstituted aikyl group, a substituted or unsubstituted atkenyl groug, a sub-
stituted or unsubstitutad cycloalky! group, a substituted or unsubstituted alkoxy group, a substituted or unsubstituted
aryl group, a substituted or unsubstitutad aryloxy group or a substituted or unsubstituted and saturatad or unsaturated
hataracyclic group; and X reprasants an amldo group or a carboxyl graup, comprising reacting an a-hydroxynitriie
raprosemad by larmuia (1) :
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|

R-cl:-cu (L)
H

wharain R is as delfined above.I
or a mixture of an aldehyde reprassnted by formula (It):

A-CHO ‘ )]

wherein R is as defined above,
and hydrogen cyanide with a microorganism capable of producing such an amide or acid from the correspondmg -
hydroxynitrils, in which the reacnon system contains a sulfite ion, a disulfite ion or a d|th|omte ion. .

DETAILED DESCRIPTION OF THE INVENTION

A sulfite ion, a disulfite ion or a dithionite ion added to the reaction system is supplied as, for example, sodium
sulfite, sadium bisulfite, sodium dithionite, potassium sulfits, potassium bisulfite, potassium dithionite, ammonium
sulfite, ammonium bisulfite or ammonium dithionite.

The following mechanism is suggested to account for the actxon of those ions. A sulfite ion, a disulfite ion or a
dithionite ion has properties of forming a complex with an aldehyde. That is, those ions rapidly react with an aldehyde
‘released by dissociation of an a-hydroxynitrile in a polar solvent to form a complex, thus serving to maintain a low free
aldehyde concantration in the reaction system. The complex formed undergoes a nucleophilic reaction with a proton
or hydrogen cyanide to release reversibly an aldshyde or an a-hydroxynitrile, respectively.

According to the present invention, hydration or hydrolysis of a nitrils can be carried on while maintaining a low
aldehyde concentration in the reaction system by a combination of those actions so that the enzyme inhibitory action
of the aldehyde is minimized and the reaction can last for an extended period of tima, in a stable manner, without -
causing drastic deactivation of the enzyme making it possible to accumulate the produced amids or acid in high con-
centrations. It is still obscure, however, whether the enzyme stabilization mechanism by a sulfite ion, a disulfite ion or
a dithionita ion is attributable only to the reduction in free aidehyde concantration in the reaction system. .

. Considering the above-stated fact that an aldehyde generally has properties of binding to proteins to deactivate
an enzyme, it appears that the inhibitory effect on anzyme activity by a suffite ion, a disulfite ion ar a dithionite ion
applies to all biological reactions which involve an aidehyde. In other words, thie microorganism which can be used in
the production of an amide or an acid from an e-hydroxynitrile according to the present invention is not particularly
limited as long as tha microorganism is capable of preducing such an amide or acid from the corresponding c-hydrox-
ynitrile. Likewise, the a-hydroxynitrilé substrate is not particularly limited as long as it reaches a dissociation equilibrium
with an aldehyde in the reaction system.

Microorganisms capable of hydrolyzing an o-hydroxynitrile to convert it to the corresponding acid include those
belonging to the genus Pseudomonas, Alcaligenes. Acinetobacter, Caseobacter, Corynebactarium, Brevibacterium,
Neocardia, Hhodoooocus, Anthrobacter, Bacillus, Aureobactadum, Enterobacter Eschenchla. Mlcrococcus Stregtomx-

Cochlcobolus. Fusanum or Rhodogseudomna
Spacific species of those microorganisms are Pseudomonas ‘sp. BC13-2 (FERM BP-3318), Pseudomonas sp.

BC15-2 (FEAM BP-3320), Pseudomonas sp. SK13(FEHM BP-3325), Pseudomonas sp. SK31 (FERM P-11310), Pseu-
domonas sp. SK87 (FERM P-11311), Pseudomonas synxanta IAM 12356, Alcaliganas sp. BC12-2-(FERM P-11263),
Alcaligenes sp. BC20 (FERM P-11264), Alcaligenes sp. 8C35-2 (FERN BP-3318), Acinetobacter sp. BCS-2 (FERM
BP-3317), Casecbacter sp. BC4 (FERM BP-3316), Casecbacter BC23 (FERM P-11261), Corynsbacterium nitrilophilus
ATCC 21419, Brevibacterium acetylicum |AM 1790, Brevibacterium hslvolum ATCC 11822, Nocardia sp. N-775 (FERM
8P-961), Nocardia astercides IFO 3384, Nocardia calcarea KCC A0191, Nocardia gol;@hromogene g IFM 19, Bhodo-
coccus sp. p. SK70 ( (FERM P-11304), Rhodococcus sp. SK92 (FERM BP-3324), Ahodacoceus sp. HR11 (FERM ERM P-
11306), Bhodococcus thodochrous ATCC 12674, hodococcus rhodochrous ATCC 19140, MM‘EM—‘E .
ATCC 33258, Rhodacoccus erythropolis IFM 155, IFO 12320, IFO 12538 and IFO 12540, Arthrobacter sp. SK103
(FERM P-11300), Arthrobacter sp.-HR1 (FERM BP-3323), Athrobacter sp. HA4 (FERM P-11302), Arthrobacter g_y_;
dans IFO 12138, Baclllus sublilis ATCC 21687, Bacillug licheni{ormis IFO 12197, Bacllius magatarium ATCC 25833,
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Aurgobactarium lestaceum |AM 1561, Eatarcbacter sp. SK12 (FEAM BP-3322), Eschearichia coli IFO 3301, Microcoe-
cusg luteus ATCC 383, Micrococcus varians |AM 1099, Micrococcus roseus IFO 3768, Straptomyces griseus IFO 3355,
Flavobactarium sp. SK150 (FERM P-1164S), Flavabaclarium flavescens ATCC 8315, Aeromonas punctata IFO 13288,
Mycoplana dimorpha ATCC 4297, Cellulomonas fimi IAM 12107, Erwinia herbicola IFO 12686 and Candida quilliar-
mondii IFQO 0566, The details of the above-enumerated microorganisms are set lorth in JP-A-4-218 385, JP-A-4-4
0898, JP-A-4-4 0897, JP-A-4-99495, JP-A-4-99496 and JP-A-4-99497 and US-A-5 223 416 (corresponding 1o EP-A-
0449648) and US-A-5234826 [corrasponding to EP-A-0473328).

In addition, the microorganisms disclosed in JP-B-58-15120 (corresponding to U.S. Patent 3,940,316, JP-A-
61-56086, JP-A-83-222696, JP-A-64-10996), and JP-A-2-84198 {corresponding to EPO 0 348 901A2) also are suita-
ble.

Microorganisms capable of hydrating an e-hydroxynitrile to convert it to the correspanding amide include those
belonging to the genus Rhodococcus, Corynebacterium, Pseudomonas, Arthrobacter, Alcaligenes, Bacillus, Bacterid-
ium, Micrecoccus, Brevibacterium or Nocardia.

Specific species of thase microorganisms are Rhodococcus rhodochrous ATCC 33278, Bhodococcus erythropolis
IFO 12320, Corynebacterium nitrilophilus ATCC 21419, Pseudomonas sp. SK87 (FERM P-11311), Athrobacter sp.
HR1 (FERM BP-3323) and Alcaligenes sp. BC16-2 (FERM BP-3321). The details of those microorganisms are set
forth in Japanese Patent Appljcation No. Hei-2-148724. In-addition, the microorganisms disclosed in JP-8-62-21519
(corresponding to U.S. Patent 4,001,081) also are suitable. .

Of the above-mentioned strains, Pseudomonas sp. BC13-2, BC15-2, SK13, SK31 and SKB7, Alcaligenes sp. BC
12-2, BC20, BC35-2 and BC16-2; Acinetobacter sp. 8BC9-2; Caseobacter sp. BC4 and BC23; Bhodoccccus sp. SK70,
SK92 and HR11; Arthrobacter sp. SK103, HR1 and HR4; Enterobacter sp. SK12; and Flavobacterium sp. SK150 are
new strains isolated by the inventors from the soil and have been deposited with Fermentation Research Institute,
Agency of Industrial Science & Technology, Tsukuba, Japan under the respective deposit numbers (FERM Nos.). Mor-
phologic and physiologic properties of those new strains are described below. All the other microorganisms are known
and are available from American Type Culture Collaction, Rockville, Md. USA {ATCC), Institute of Applied Microbiology,
The University of Tokyo, Tokya, Japan (IAM), Fementation Research Institute, Agency of Industrial Science & Tech-
nology, Tsukuba, Japan (FRI), Kaken Pharmaceutical Company, Ltd., Tokyo, Japan (KCC), institute for Fermentation,
Osaka, Japan (IFO) or Research Institute for Chemobiodynamics, The University of Chiba, Chiba, Japan (IFM) under
the above-enumerated respective deposit numbers.

Taxonomic Properties:

B8C13-2 and BC15-2 Strains
Shape bacillus
Gram's stain -
Spore -
Mobility +
Flagellum polar
Oxidase +
Catalase +
- O-Flest o .
SK13, SK31, and SK87 Strains -
Shape bacillus
Grams's stain -
Spore -
Mobility K
Flageilum " | polar
Oxidase +
Calalase +
O-F test o
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BCl2-2 and BC2Q §tréins=

‘&

Shape: bacillus
Gram's stain: . -
Spore: ) -
Mobility: | *
Flagellum: _ peripheral
Oxidase: ) +
Catalase: . +
O-F test: : alkalization
3-Ketolactose production:, -
Existence of quinone: Q-8
BC35-2 and BC16-2 Strains
Shape bacillus
Gram'’s stain -
Spore -
Mobility ' +
Flagellum peripheral
Oxidass +
Catalase +
O-F test alkalization
3-Ketolactose production -
Existance of quinone Q-8
BCg-2 Strain
Shape bacillus
Grams's stain | -
Spore -
1 Mobility -
Oxidase .
Catalase +
O-F test




BC4 and BC2] sStralasg:

Shape: ' polymorphic bacillus
Gram's stain: ' +

Sp&:a -

Mobility: -

Oxidase: L -

Catalase: - - . +

Red-coccus cycle: . +

Extension of peripher§ not observed

of colony:

Growth under anaerobic -

condition:
Diamino acid of cell wall: meso-diaminopimelic acid
Glycolyl test: - (acetyl type)
Sugar composition of cell wall:
Arabinose: +
Galactose: +

Existence of guinone: MX-8 (H;)
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K70, SK92, and HR1l Strainsg:

;hape:

Gram's stain:
Spore:

Mobility:
Oxidase:
Catalase:
Rod-coccus cycle:

Extension of pertphefy
of colony:

Growth under anaerobic
condition: .

Diamino acid of cell wall:

Glycolyl test:

polymorphic bacillus

+

+

not observed

meso-diaminopimelic acid

+ (glycolyl type)

Sugar composition of cell wall:

Arabinose:
Galactose:

Existence of quinone:

+
s

‘MK-8 (H;)

SK103, HR1, and HR4 Strains

Shape

Gram's stain

Spora

Mobility

Oxidase

Catalase

Rod-coccus cycle

Extension of periphery of colony

Diamino acid of cell wall
Glycolyi test

_not observed
Growth under anaerobic condition

polymorphic bacillus

lysine
- (acetyl type)

Sugar composition of cell wall

Arabinose
Galactose
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{continued)

SK1Q3, HR1, and HR4 Strains

Sugar composition of ¢cell wall

Existence of quinone MK-9 (H,)

SKl2 Strain:
Shape:
Gram’s stain:

Sgore:

Mobility:
Oxidase:
Catalase:
0-F test:

Production of gas
from glucose:

Indole production:

Methyl Red:

V-P:

Utilization of citric acid:

Producticon of hydrogen
sulfide:

Decomposition of urea:

Deamination reaction of
phenylalanine:

Decarboxylation reaction
of lysine:

Arginine dihydrolase:

Decarboxylation reaction
of ornithine:

bacillus



SK150 Strain:

Shape: bacillus
Grams' stain: -
Spore: ' -
Mobility: o -
Flagellum: .
Oxidase: +
Catalase: ) . +
" O=F test: 0o
Production of pigment: water-insoluble vyellow
: pigment

Abbreviation

O-Ftest: Oxidation-Fermentation test
V-P test: Voges-Proskauer test

MK: Menaquinone

Q: Quinone

The a-hydroxynitrile which can be used as a substrate in the present invention Is represented by formula (OR

wherein R represents a substituted or unsubstituted alkyl group, a substituted or unsubstituted alkenyl group, a sub-
stituted or unsubstituted cycloalkyl group, a substituted or unsubstituted alkoxy group, a substituted or unsubstituted
aryl group, a substituted or unsubstituted aryloxy group or a substituted or unsubstituted and saturated or unsaturated
heterocyclic group. The a-hydroxynitrile of formula (1) releases an aldehyde and hydrogen cyanide in polar solvents
such as water and buffers and the thus releasad aldehyda forms a complex with a suffite fon, a disulfite ion or a dithionite
ion. .
In formuia (1), the heterocyclic group includes those containing at least one of a nitrogen atom, an oxygen atom,
and a sulfur atom as a hetero atom. Substituents of the heterocyclic group include an alky! group, an alkoxy group, an
acyl group, an aryl group, an aryloxy group, a halogen atom, e.g., chlorine and bromine, a hydroxyl group, an-amino
group, a nitro group and a thiol group.

Specific examples of a-hydroxynitriles of formuta (l) are lactonitrile, a-hydroxy-n-proptomtnle, a-hydroxy-n-buty-
ronitrile, a-hydroxyisobutyronitrile, a-hydroxy-n-hexylonitrile, a-hydroxy-n-heptylonitrile, a-hydroxy-n-octylonitrile, ¢,y
dihydroxy-8,B-dimethylbutyronitrile, acrolein cyanhydrin, methacrylaldehyde cyanhydrin, 3-chlorolactonitrile.4-methyl-
thio-a--hydroxybutyronitrile, e-hydroxy-a-phenyipropionitrile and substituted compounds thereof. Examples of a-hy-
droxynitriles of formula (1) having an aromatic or heterocyclic group are mandelonitrile, 2-thiophenecarboxyaldehyde
cyanhydrin, 2-pyridinecarboxyaldehyde cyanhydrin, 2- pyrrolecarboxyaldehyde cyanhydnn. 2-furaldehyde cyanhydrin,
2-naphthylaldehyde cyanhydrin and substituted compounds thereof.

When a microorganism having a stereospacific nitrile hyaratase or hydroiase Is used In the biological reaction, the
whole product, an a-hydroxyamide or an a-hydroxy acid, can be converted easlly to either one of the optically active
compounds. In the prasent invantion, therelora, an a-hydroxyamida or an e-hydroxy acld can be obtained stereospe-
cifically with extreme advantage over the conventional processes involving optical resolution and/or racemization.

The hydration or hydrolysis reaction of .an a-hydroxynitrdle of formula (1) can be _alffected by contacling the c-
hydroxynitrile or a mixture of an aldehyde of formula (li) and hydragan cyanide with microblal cells or treated microblal
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calls (a.g.. rupturad micrebial calls, a cruda or purified anzyme, immaobilized microbial ceils or immobilized enzyme) of
a microorganism in an aqueous medium, such as water and a buifer. A sulfite ion, a disullite ion or a dithionite ion is
added lo tha reaction system usually in a concentration of from about 1 mM to about 1000 mM.

The subslrate concentration in the reaction system usually ranges from 0.1 to 10% by waight, and prafarably from
0.2 to 5.0% by weight, on concentration to an a-hydroxynitrile. The concentrations of aldehyde and hydrogen cyanide
in the reaction system usually range from 0.1 to 10% by weight, prefarably 0.2 to 5.0% by weight and 0.1 to 1.0% by
waight, preferably from 0.1 to 0.5% by waight, respectively. A microorganism is used in an amount of from 0.0110 5.0%
by weighl on a dry basis based on the substrate. The reaction is usually performed at a temperature of [rom the lreezing
point to 50°C, and praferably from 10 to 30°C, for a period of from 0.1 to 100 hours.

Whera the a-hydroxynitrile has considerably low solubility in the aqueous medium used, it is recommended for
achieving efficient reaction to add from 0.1 to 5.0% by weight of an appropriate surface active agent, e.g., Triton X-
100 (polyethylene glycol p-iscoctyiphenyl ether) and Tween 60 (polyoxyethylene sorbitan monostearate), or an auxiliary
solvent, e.g.. methanol, ethanol and dimethyl sulfoxide, to the reaction system,

Thus, the e-hydroxynitrile is converted to the corresponding amide or acid by the hydrating or hydrclytlc activity
of the microorganism and the product accumulates in the reaction system. After removing microbial cells and any other
insoluble matter from the reaction system, the product can be isolated by known means, such as concentration, ion-
exchange, electrical dialysis, extraction and crystallization.

The present invention is now illustrated in greater detail with reference to Examples, but it should be understood
that the present invention is not deemed to be limited therato. All the percents are by weight unless otherwise indicated.

EXAMPLE 1

Alcaligenes sp. BC35-2 (FERAM No. 11265) was suspended in 0.8 ml of a 50 mM phasphoric acid buffer (pH=7.5)
containing 14 mM of mandelonitrile and a prescribed amount, as noted in Table 1 below, of sodium sulfite to prepare
a cell suspension having an optical density at 630 nm (ODg3) of 9. The cell suspension was incubated at 30°C for 4
minutes followed by centrifugation to remove the microbial cells. For comparison, the same reaction was conducted
except for using a substrate solution containing no sodium sulfite.

The separated supernatant was analyzed by liquid chromatography using a column "SHODEX ODS F511A pro-
duced by Showadenko K.K., Japan” to determine mandelic acid produced. Further, the optical purity of the mandelic
acid was measured by using a column "CHIRALPAC WH produced by Daicel Chemical Industries, Ltd., Japan®. The
results obtained are shown in Table 1.

EXAMPLE 2

The same procedures as in Example 1 were followed, except for replacing sodium sulfite by sodium disulfite. The

TABLE 1
Na,SO,4 Concentration | Mandelic Acid Produced | Optical Purity of R(-) Compound
(mM) (mM) (%age)
0 4.8 gg

20 7.5 98
50 8.0 98
100 8.4 o8
200 6.2 98
600 5.5 87
1000 4.0 98

results obtained are shown in Table 2 below.

TABLE 2
NaHSO,; Concentration | Mandelic Acid Produced | Optical Purity of R(-) Compound
(mM) (mM) (%age)
0 4.4 98
20 8.1 97
100 .9.8 o8




6. The process of claimb5, wherein the mcroorganismis selected from
m cr oor gani sns having the characteristics of Rhodococcus rhodochrous

ATCC 33278, Rhodococcus erythropolis |1 FO 12320, Corynebacterium
ni t rol ophi | us
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TABLE2 (continuad)

NaHSQO, Concantration | Mandaslic Acid Produced | Optical Purity of A(-) Compaound
(mid) ' (mM) (%age)
200 6.9 97 )
600 5.1 98
1000 4.1 98

XAMPLE 3

Each of strains of Alcaligenes sp. BC35-2 (FERM No. 11265), Pseudomonas sp. BC13-2 (FERM No. 11266),
Casaobacter sp. BC4 (FERM No, 11260), Acinetobactar sp. BC9-2 (FEAM No. 11262), Nocardia asterides IFO 3384,
. Bacillus subtilis ATCC 21697, Brevibacterium acstylicum I1AM 1790, Aurecbacterium testaceum IAM 1561 and Alcali-
genes lacalis ATCC 8750 was suspended in 0.8 mi of 2 50 mM phosphoric acid butter (pH=7.5) containing 14 mM
mandelonitrils or its derivative, shown in Table 3 below, and 100 mM sodium suifite to prepare a cell suspension having
an ODggq of from § to 25, After incubation at 30°C for a period of from 4 to 20 minutes, the microbial cells ware removed
by centritugation. The armaount of mandelic acid produced or a derivative thereol in the supematant was determined in
the same manner as in Exampie 1.
For comparison, the same procedures were lollowaed, except for no sodium sulfite was used.
- The resuits obtained are shown in Table 3.
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7. The process of claim1 or 2, wherein the mcroorganismis selected from
m cr oor gani sns having the charactristics of Pseudonobnas sp. BC13-2,
BC15-2 and SK13, Alcalligenes sp. BC35-2 and BC 6-2: Acinetobacter sp.
BC9- 2:
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EXAMPLE 4

Alcaligenes sp. BC35-2 (FERN No. 11265) was suspanded in 200 mi of & 50 mM phosphoric acld buffar at a
concentration of ODgyq = 25. Tha cell suspension was divided into two halves, and 100 mM sodium suifita was added
to ane hall. To each half was added 0.48 g of mandslonitrila at 15°C whila stiering. Alter confirming that mandelanitrila
was consumed and convartad to mandelic acid, 0.48 g of mandelic acid was added in the same manner. The operation
of tha reaction and mandelonitrile replenishment was rapeated until the hydrolysis reaction ceased. Table 4 below
shows the amount of the finally produced mandelic acid.

TABLE 4
Na,SOy | Mandelic Acid Produced
{gM)
present 166
absent 39

EXAMPLE § -

Microbial cells of Bhodococcus sp, HT40-6 (FERN No. 11774) were suspended in 1.5 ml of a 20 mM phosphoric
acid buffer (pH=7.5) containing 14 mM mandelonitrile in the presence or absence of 100 mM sodium sulfite or sodium
disuffite to a concentration of ODg4q =15 and the suspension was shaken at 30°C for 6 hours. After completion of the
reaction, the microbial cells were removed by centrifugation and the amount of mandelamide in the supernatant was
determined by liquid chromatography (column: SHODEX ODS F511A; carrier: 0.2 M HyPQ /acetonitrile=4:1; monitor:
208 nm). Further, the optical purity of mandelamide was determined by using a column for optical resolution (CHIRAL-
CEL CA-1 produced by Daicel Chemical Industries, Ltd., Japan; carrier: 100% ethanol). The results obtained are shown
in Table S befow.

TABLE §
805~ lon Mandelamide Produced | Optical Purity of S-(+)-Mandelamide
' (mM) " 7 (%age)
absent 55 99
100 mM Nay,SO5 101 . 98 .
. 100 mM NaHSO; | 1.2 _ - o8 B

EXAMPLE 8§

Brevibacterium acetylicum IAM 1790 was precultivated at 30°C for 24 hours in a test tube (diameter; 22 mm)
containing 10 mi of a medium comprising 10 g/ of glucose, 5 g/€ of polypeptons, 5 g/€ of yeast extract and 3 g/€ of
malt ‘extract (pH=7). The seed culture was inoculated into 100 mi of a2 medium having the following composition in a
500, mi-volume Erlenmeyer flask to a final concentration of 1% and cultured at 30°C for 72 hours. The culture was
centrifuged and the microbial cells collected were washed twice with a 5 mM phosphoric acid buffer (pH=7) to obtain
0.3 g of the microbiat cells per culture,

Medium Composition:
Gilycerol 20g
Yeast extract 3g
Dichloropantoylonitrile 0.3g
KHPO, 3g
MgCl, : 0.2g
CaCly 40 mg
MnSQ,4-4H,0 . 4mg
.2 FaGlg:TH,0 - . 0.7mg
,.znso4 7H0 - 0.1 mg
> 7 Distilled water * - . |- ~1000ml




Caseobacter sp. BCA: Rhodococcus sp. SK92: Anhrobacter sp. HRL: and
Ent erobacter sp. SK12.

* c L M S *

(continued)

Meadium Compaosition;
pH=7.2

To 10 mi of a 50 mM phosphoric acid buffer (pH=7) containing 10 mM of pantoylonitrile as a substrate and a
prescribed amount of sodium sulfita, sodium disulfite or scdium dithionite was added 0.15 mg/ml of the above-prepared
microbial cells and the system was allowed to react at 30°C for 15 minutes. After completion of the reaction, the reaction
system was centrifuged to remove the microbial cells and the supernatant liquor was analyzed by high performance
liquid chromatography using 2 SHODEX ODS F511A column. The results obtained are shown in Table 6 below.

TABLE 8
Additive
Kind - Concentration | Activity | Specific Activity
. (mM) (Uimg) (%)
None . _ - 0.44 100
Sodium sulfite ) ; 5 0.75 172
10 1.06 242
Sodium hydrogensulfite 2 0.68 155
5 0.91 206
10 1.21 275
20 131 298
50 1.59 362
100 2.00 454
Sodium dithionite 2 0.82 187
5 0.95 216
! 10 1.32 300

EXAMPLE 7

Pseudomonas sp. BC12-2 (FERM P-11263) was cultured under the same manner as in Example 6, except the
medium contained 0.3 g/¢ benzonitrile as an inducer instead of adding dichloropantoylonitrile. Cells were harvested
and washed as described in Example 6. To the 20 ml of cell suspension (ODg30=30) in 2 50 mM phosphoric acid butfer
(pH 7.0), hydrogen cyanide (15 mM), benzaldshyde (15 mM), and sodium bisulfite (100 mM) were added, and the
mixture was allowed to react at 30°C for 6 hours. After the reaction, the microbial cells were removed and the super-
natant analyzed as in Example 1.

As aresult, it was found that 13 mM mandelic acid was produced and the aptical purity of the product was 98 %age.

-

Claims " : ' -

1. A process for biologically producing an e-hydroxyamide or an a-hydroxy acid represented by formula (Ill):

OH

I .
R-C - X (III)

l
H

wherein R represents a substituted or unsubstituted alkyl group, a substituted or unsubstituted atkenyl group, a
substituted or unsubstituted cycloalkyl group, a substituted or unsubstituted alkoxy group, a substituted or unsub-
stituted aryl group, a substituted or unsubstitutad aryloxy group or a substituted or unsubstituted and saturated or

p\aced

- (1]

Date:
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unsaturated hateracyclic group; and X represents an amido group or a carboxyl group,
comprising reacting an a-hydroxynitrile raprasented by formuta (1):

OH

|
R -C-CN (L)

I
H

wherein R is as defined abovs,
or a mixture of an aldehyde represented by formula (li):

A - CHO . )

wherein Ris as deﬂned above.
and hydrogen cyanide with a microorganism capable of producing such an amide or acid from the correspondmg
a-hydroxynitrile, in which the reaction system contains a sulfite ion, a disulfite ion or a dithionite ion.

. The process of Claim 1, wherein said a-hydroxyamide or a-hydroxy acid is an optically active compound.

The process of claim 1 or 2, for producing an a-hydroxy acid, wherein the microorganism is selected from micro-
organisms belanging to the genus pssudomonas. Alcaligenes, Acinetobacter, Caseobactsr, Corynebacterium.
Brevibacterium, Nocardia, Rhodococcus, Arthrobacter, 8acillus, Auracbacterium, Entercbacter, Escherichia, Mi-
crococcus, Streptomyees, Flavobacterium, Aeromonas, Mycopiana, Cellulomonas, Erwinia. Candida. Bacterid-
ium, Asperaillus, Penicillium, Cochliobolus, Fusarium or Rhodopseudomonas.

. The process of claim 3, wherein the microorganism is selected from microorganisms having the characteristics of

Pseudomonas sp. BC13-2 (FERM BP-3319), Pseudomonas sp. BC15-2 (FERM BP-3320), Pseudomonas sp.
SK13 (FERM BP-3325), Pseudomonas synxanta IAM 12356, Alcaligenes sp. BC35-2 (FERM BP-3318), Acineto-
bacter sp. BC9-2 (FERM 8P-3317), Casecbacter sp. BC4 (FERM BP-33186), Carynebacterium nitrilophilus ATCC
21419, Brevibacterium acstvlicum IAM 1790, Brevibactedum helvolum ATCC 11822, Nocardia sp. N-775 (FERM
BP-961), Nocardia asterocides IFO 3384, Nocardia calearea KCC A0191, Rhodococcus sp. SK92 (FERM 8P-3324),
fhodococcus rhodochrous ATCC 12674, Rhodococcus rhedochrous ATCC 19140, Rhodogoccus thedochrous
- ATCC 33258, Rhodococcus erythropolis IFO 12320, IFO 12538 and {FO 12540, Arthrobacter sp. HR1 (FERM 8P-
3323), Arthrobacter oxydans IFO 12138, Bacillus subtilis ATCC 21697, Baciilus licheniformis IFO 12197, Bacilius
megaterium ATCC 25833, Auregbacterium testaceum |AM 1561, Enterobacter sp. SK12 (FERM.BP-3322), Es-
charichia coli (FO 3301, Micrococcus [uteus ATCC 383, Micrococcus varians IAM 10889, Micrococeus roseus IFO
3768, Streptomyces griseus IFO 3355, Flavobacterium flavescens ATCC 8315, Aeromonas punctata IFO 13288,
Myccplana dimorpha ATCC 4297, Cellulomonas fimi 1AM 12107, Erwinia herbicola IFO 12686 and Candida guil-
liermondii IFO 0566.

The process of claim 1 or 2, for producing an a-hydroxyamide, wherein the microorganism is selected from those
belonging to the genus Rhodococcus. Corynabacterium, Psaudomonas, Arthrobacter, Alcaligenes, Bacillus, Bac-
teridium, Micrococcus, Brevibacterium or Nocardia.

The process of claim 5, wherein the microorganism is selected from microofganisms having the characteristics of
Rhodococcus rhodochrous ATCC 33278, Ahodococcus erythropolis IFO 12320, Corynebacterium pitrilophilus
ATCC 214189, Arthrobacter sp. HR1 (FERM BP-3323) and Alcaligenes sp. 8C16-2 (FERM BP-3321).

The process of claim 1 or 2, whérein the rriicroorgani'sm_ is selected from microorganisms having the characteristics
of Pseudomaonas sp. 8C13-2, BC15-2 and SK13, Alcaligenes sp. BC35-2 and BC16-2; Acinatobacter sp. 8C9-2;
Casaabacter sp. BC4; Rhodococcus sp. SK92; Arthrobacter sp. HR1; and Enterabacter sp. SK12.
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"""" (conlinued)

.Madium Compasitian:
pH=7.2

To 10 mi of a S0 mM phosphoric acid buffer (pH=7) containing 10 mM of pantaylonitrile as a substrate and a
proascribad amount of sodium sulfite, sadium disullita or sodium dithionite was added 0.15 mg/ml of tha above-prapared
microbial cells and the systam was allowad to react at 30°C for 15 minutes. Alter complation of the reaction, the reaction
system was centrifuged to ramovae the microbial cells and the supematant liquor was analyzed by high perfarmanca
liquid chramatagraghy using a SHODEX O0S FS511A column. Tha results abtained are shown in Table 6 balow.

_ TABLES
Additive
Kind Concentration | Activity | Specific Activity
. (mM) (U/mg) (%)
Norne _ . 0.44 100
Scdium sulfite ) G ] ] 0.78 172
. 10 1.06. | 242
Scdium hydrogensulifita 2 | 068 155
: 5 0.91 208
10 1.21 = 275
20 1.31 298
50 1.59 - 362
100 200 454
Scdium dithionite 2 0.82 187
] ) 0.95 216
10 1.32 300

EXAMPLE 7

Pseudomonas sp. BC12-2 (FERM P-11263). was cuitured under the same manner as in Examplea 6, except the
medium contained 0.3 g/ benzonitrile as an inducer instead of adding dichloropantoylonitrile. Cells were harvasted
and washed as described in Example 8. To the 20 ml of ceil suspension {ODg34=30) in a SO mM phospheric acid buffer
(pH 7.0), hydrogen cyanide (15 mM), benzaldehyde (15 mM), and sodium bisulfite (100 mM) were added, and the
mixture was allowed to react at 30°C for 6 hours. After the reaction, the microbial cells ware removed and the super-
natant analyzed as in Example 1.

As a result, it was found that 13 mM mandelic acid was produced and the optical purity of the product was 98 %age.
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Claims

1. A process for biclogically producing an a-hydroxyamide or an a-hydroxy acid reprasanted by formula (ill):
_ (III)

wheraein R represents a substituted or unsubstituted alky! group, a substitutad or unsubstituted alkenyl group, a
substituted or unsubstituted cycloalky! group, a substituted or unsubstituted alkoxy group, a substituted or unsub-
stituted aryl group, a substituted or unsubstituted aryloxy group or a substituted or unsubstiluted and saturated or
unsaturatad hatarccyclic group; and X reprasents an amida group or a carbaxyl group,

comprising raacting an a-hydroxynitrile reprasented by larmuia (1)

R - (i: - cn (L)
H

wherein f is as defined above,
or a mixture of an aldehyds rapresentad by formula (II):

R -CHO an

wherein A is as defined above, _ '
and hydrcgen cyanide with a microorganism capable of preducing such an arnida or acid from the carrasponding
a-hydroxynitrile, in which the reaction systam contains a sulfits ion, a disulfita icn or a dithicnite ien.

2. The precass of Claim 1, wharein said a-hydroxyamide or a-hydroxy acid is an optically active campound,

3. The process of claim 1 or 2, for producing an a-hydroxy acid, wherein the micraorganism is selscted from micro-
erganisms belonging to the genus pseudemanas. Alcaligenes, Acinetobacter, Casecbacter, Corynebacterium,
Bravibacterium, Nocardia, Rhedecoccus. Athrobacter, Bacillus, Auracbacterium, Entercbacter, Escherichia, Mi-
crococcus, Stregtomvyces, Flavobacterdum, Aeromonas. Mycoolana, Cellulomonas, Erwinia, Candida, Bactarid:
ium. Asoeruillus, Penicillium, Cochlfiobolus, Fusarium or Ahedogssudomenas, '

4. The procass of claim 3, wherein the micrecrganism is sslectad lrom microgrganisms having the characteristics of
Pseudomonas sp. BC13-2 (FERM 8P-3318), Pseudomonas sp. BC15-2 (FERM BP-3320), Pseudomonas sp.
SK13 (FERM BP-3325), Pseudomonas synxanta IAM 12356, Alcaligenes sp. BC3S-2 (FERM BP-3318), Acinsto-
bactar sp. BCS-2 (FERM 8P-3317), Casachacter sp. BC4 (FERM BP-3318), Cowynabacterium nitriloshilus ATCC
21419, Bravibactedum acatviicur |AM 1790, Brevibactarium helvolum ATCC 11822, Nocardia sp. N-775 (FEAM
8P-961), Nocardia asteroicles IFO 3384, Nocardia calcarea KCC A0191, Bhodococcus sp. SK92 (FERM BP-3324),
Bhodococeus thodochrous ATCC 12674, Rhodococcus thodochrous ATCC 19140, Rhodococcus odochrous

. ATCC 33253, Rhodococeus erythrooolis IFO 12320, IFO 12538 and IFO 12540, Arthrobacter sp. HR1 (FERM BP-
3323), Athrobacter oxydans IFO 12138, Bacillus subtllis ATCC 21697, Sacillus lichenifoanis IFO 12197, Bacillus
megaterium ATCC 25833, Aurecbacterium testaceum 1AM 1561, Entarobacter sp. SK12 (FERM.BP-3322), E3-
gcherichia coil IFO 3301, Micrococeus luteus ATCC 383, Micrococcus varlans IAM 1098, Micrococcus roseus IFO
3788, Straptomycas griseus IFO 3355, Flavobacterium flavascens ATCC 8315, Agromonas gunctata {FO 13288,
Mycoplana dimoroha ATCC 4297, Cellulomanas fimi IAM 12107, Erwinia herbicolg IFO 12686 and Candida quil-

liarmondil IFQ 0568.

5. The process of claim 1 or 2, for producing an a-hydroxyamide, wherein the microorganism Is selected from those
balonging to the genus Rhodccoccus, Corynebacterium, Pseudomonas, Athrobacter, Alcallganes, Bacillus, Bac-
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taridium, Micwcoi:cug, @ravibactarium or No_cardia.

Tha procass of claim 5, ﬁhefeiﬁ the microarganiam is selected from microorganisms having the characteristics of
Rhodacoceus thodachmus ATCC 33278, Rhodococcus eqythropolls IFO 12320, Corynabactarium aitriioghfius
ATCC 21418, Anhrobacter sp. HR1 (FERM 8P-3323) and Alealigenas sp. BC16-2 (FERM BP-3321).

The process ol claim 1 or 2, wharsin the microorganism is selected from microorganisms having the characteristics
of Psaudomenas sp. BC13-2, BC15-2 and SK13, Alcaliganes sp. 8C35-2 and BC16-2; Acinatobacter sp, BC9-2
Caseobacter sp. BC4; Rhodocaccus sp. SK92; Anhrobacter sp. HR1; and Entercbactaer sp. SK12.
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BIOLOGY PRO_CESS FOR PRODUCING ALPHA-HYDROXYAMIDE OR ALPHA-
o - HYDROXY ACID

A }__process for biologically producing an o-
hydroxyamide or an a-hydroxy acid represented by formula

(III):
7

R - ? - X (III)
’

wheréin R reérésents a substituted or unsubstitﬁted alkyl
. group, a substituted or unsubstituted alkenyl group, a
substituted or unsubstituted cycloalkyl group, a
substituted or unsubstitgted alkoxy group, a substituted or
unsubstituted-aryl.group, a2 substituted or unsubstituted
aryloxy grou?' or a substituted or unsubétitﬁtgd and
saturated of. unséturated heterocyclic grbup; and X
represents an amido group or a carboxyl group,
.comprising reacting an ca-hydroxynitrile represented by

formula (I):
?H
R - ? - CN (I)
H

wherein R is as defined above,

or a mixture of an aldehyde represented by formula (II):
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R - CHO (1)

wherein R.',is .as defined above,

and hydrogen -cYanide wiﬁh a microorganism capable of
producing such an amide or acid from the corresponding o-
hydro_:__'_:_ynitrii.e' is disclosed, J.n which the reaction system
contains a isul:'fite ion, a2 disulfite ion or a dithionite
ion. 'The_ei;z_ymatic activity of the microorganism la;ts for

an extended period of time.



