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1 DESCRI PTI ON PROCESS FOR THE PREPARATI ON OF

2- HYDROXY- 4- (ALKYLTHI O OR ARYLTHI O BUTANO C ACI D BY
M CROBI AL CONVERSI ON OF 2- 0X0- 4- (ALKYLTHI O OR
ARYLTHI O) 1- BUTANOL EMPLOYI NG BACTERI A OF THE GENUS
PSEUDOMONAS, RHODOCOCCUS, OR BACI LLUS S Techni ca

Field The present invention relates to a process
for producing a sul fur-containing hydroxycarboxylic
acid. 10 Background Art Hi therto, as a process

for producing a sulfur- L 0 hydr oxycar boxyl i c
acid, hydrolysis of a hy%?%é@inﬁ%e conpound

pRgsgfsgyn byd r%BIg) SRARREE0 SR Q¥%8Hxy LDAURE kA | aBUEM Guranorc
ac@bl gy | Rrckoside € doRar Srowalbal )ﬁSJX-o—i:-L{ frurol @R @XAMRYS, 1-BUTANOL
ed Y28 Bade 18 .or He2ern84 POBmAn@and, RRorbcdOB898 i sehase

hydrol ysis of a hydroxynitrile conpound by the action
of a microorganismto convert it into a correspondi ng
hydr oxycar boxylic acid. WO 2006/ 030698 di scl oses a
Teriotiassl fRare ok oduci ng a 20sul furi zed
a- hydroxycarboxylic acid conmpound which conprises the
st effhsf mnesEnitng raestiPor rgédt 88 hydr dxprevmpd Uil mroducing
causing either cells of a mcroorgani smhaving the
a Uy aptedmierst hyRECSYFREPP¥EHLai 75T oxy conpound
to the correspondi ng ahydroxycarboxylic acid conpound
or a product of processing of 25 the cells to act on

t he di hydroxy conmpound. In particular, it discloses a
Biﬁ%%%§§xfd¥“¥he preparation of 2-hydroxy-4-

(al Jélﬂ but anoi ¢c_aci d ?g m_crobi al conge{€$§U1égntainin

4- RSN i &) PBOESRE- 102- BF8PUE e g

enp?d%ing acteria

h§5r5£§%é¥%8§§lﬁig%% %9”%§dr899998085“§’h?&r£§§%1éf§&e compound
(cyanhydrin) has been employed. Industrially, sulfuric acid is

used as a catalyst. Further, for example, JP 58-15120 B, JP 2-

84198 A and JP 4-40898 disclose hydrolysis of a hydroxynitrile

compound by the action of a microorganism to convert it into a

corresponding hydroxycarboxylic acid.

WO 2006/030698 discloses a process for producing a
sulfurized o-hydroxycarboxylic acid compound which comprises
the step of treating a sulfurized dihydroxy compound by causing
either cells of a microorganism having the ability to convert
the sulfurized dihydroxy compound to the corresponding o-
hydroxycarboxylic acid compound or a product of processing of
the cells to act on the dihydroxy compound. In particular,
it discloses a process for the preparation of 2-hydroxy-4-

(alkylthio) butanoic acid by microbial conversion of 4-
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WO 02/ 33110 di scloses a nethod for the preparation of

a- hydroxy-carboxylic acids or salts thereof which

conpri ses 5oxidizing a correspondi ng

a- am no- carboxylic acid or salt thereof using an am no

aci d deam nase foll owed by reducing the correspondi ng

a- ket o-carboxylic acid or salt produced using a D or

L- lactate dehydrogenase in the conmbination with an

el ectron donor and an enzyne/ substrate system for

recycling 10the el ectron donor. It also discloses the
(398,18 h 12 aBuR@neCal BOXYbi CeSi Spind WHAAS.a @1 thRl Henus

thereof and a coupled enzyne systemin the production
pfudonitr@l-0x vheaobesylis¢ 8gi Bscilmds ates, and salts

thereof. In particular, W 02/33110 di scl oses a

pr oces 92f/GR 1tbedpsepaseti anmethad hih e preparation of

15(al kyl t hi 0) butanoic acid by enzynmatic deani nation
o-OfyPrcatyi-rarbéxfaliky bthis) obusahos ctlerebft ovhich comprises

2- 0x0-4- (al kyl thi o) butanoic acid and subsequent
oxinzyrniatd @ ceduesponddohg 2« exmide {chKydthily) asuitdamai salt

acid to 2-hydroxy-4-(alky|thioi but anoi ¢ aci d.
thgpwmferusiing anppodassagsingeanliage cfaldiavass ky reducing the

catal yst, 20 a hydroxynitrile conpound is reacted with
capFRandiag ¢-KetpreaueexyihC adend i on oLkt MRrhicest vgang a

hydr oxycar boxyl i c acid, an equi nol ar anount of ,
DarRtorhiukeSietgt 8ehydgoggrpradirt tha et giat10p giidh an

for recovering the by-product is required, i ch makes
SRR (RS 8PS BB PYar CHD R TerSy o B hebseegns

for _produci a_ WD 2008/ 038810PCT/ JP2007/ 069126 2 .
RS ORTPEe. &6 BLEBRORMPTForIE aLiT eupdiATgo"

fy G SEyCarbe EBrBbUnt T o _
TS Ao Gk pPUBTERE hatat A8 B E LIS} couptea

e enzyne ac

ed%%%g%égge%yikh hgi?Eggﬁgephgngﬁi%%ég%ggifﬁﬁé?ﬁoxylic acids,

on product rom nitr

hﬁﬂg{%léﬂd%anid Sa1tSY RRerbbE. - TANGatt £ALTEAL W @& 199

anount ‘'of an ammoni um salt produced is required,

dlf:%bgj{cfs@é ACCRRRARY 7 rABnENEEERSLat ok NSE DI Qoletd 8 4
(alkyithio) butanoic acid by enzymatic deamination of 2-amino-
4-(alkylthio) butanoic acid to 2-oxo-4-(alkylthio) butanoic
acid and subsequent enzymatic reduction of 2-oxo-4-(alkylthio)
butanoic acid to 2-hydroxy-4- (alkylthio) butanoic acid.
However, in a process using sulfuric acid as a catalyst,
a hydroxynitrile compound is reacted with sulfuric acid to
produce, in addition to the objective hydroxycarboxylic acid,
an equimolar amount of ammonium sulfate as a by-product.
Therefore, a step for recovering the by-product is required,

which makes production steps complicated. Further, in a

process for producing a
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Di scl osure of the Invention 10An object of the present
invention is to provide a process for producing a
sul fur-cont ai ni ng hydroxycar boxylic acid having no

@82508&)983&0 a large amount of a by-product is ﬁﬂz&gfgwm
and 't , the

e enzyne activity is inhibited. That is
present invention provides: 1351. A process for
produci ng a sul fur-containing a- hydroxycarboxylic
aci d conpound represented by the fornula (2): OH COOH
(2) wherein Rl represents a hydrogen atom an al kyl

grrgg&o%gaaybagyﬁié Q& dC abRPBuRd Offfom @ c3RrasybndiiyHP
havi ng to 20 carbon atoms, which conprises

SHRjdeekiyAgt i Béll ddmpot@at By Msithdk el alidrepkgaendéed dhere are

the formula (1): WD 20081038810PCT/ JP20071069126 3 0

REksfdH pipblems that the enzyme activity possessed by the
microorganism is inhibited by degradation products from the
hydroxynitrile compound, i.e., cyan, etc., and treatment of

a large amount of an ammonium salt produced is required,

thereby accompanying an increase in the production cost.

Disclosure of the Invention

An object of the present invention is to provide a
process for producing a suifur—contaiﬁing hydroxycarboxylic
acid having no fear that a large amount of a by-product is
produced, and the enzyme activity is inhibited.

That is, the present invention provides:

1. A process for producing a sulfur-containing o-
hydroxycarboxylic acid compound represented by the formula

(2):

OH

.R1 /\)\
\s COOH

@
wherein R; represents a hydrogen atom, an alkyl group
having 1 to 8 carbon atoms, or an aryl group having 6 to 20
carbon atoms, which comprises subjecting a sulfur-

containing ketol represented by the formula (1):
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wherein Rl is the same as defined above, to the action
of mcrobial cells of a m croorgani smbelonging to the
genus Pseudonobnas, Rhodococcus or Bacillus capabl e of
Wo¥&Ihdsi® Sthe sul fur-containing ketol int oP(gl‘/JPZ 07/069126
correspondi ng sul fur- containi ng a-hydroxycarboXxyli'c
acid conpound, or a treated erial thereof;

2. The process according to the above 1, wherein the

m croorgani smis that belonging to the genus
Pseudononas, 10or Rhodococcus whi ch has been cul tured
in the presence Qf a primary or secondary al cohol;

3. The process afijcording to the above 1 or 2, wherein
the m croorganisipis that bel onging to Pseudononas
pulRida, do diAPut a, Pseudornpnas nendoci na,
15Rhod®coccus”gl obertl us, Rhodococcus erythropolis,
Rhodococcus rhodochrous, or Rhodococcus sp; 4.
The process 4t ording to the above 1, wherein the

m croorganismis that belonging to Bacillus alvei;
5.whHreipr Beeiss thec sanengs tdefimedonreoot, t e tdmwetion of
20to 3, wherein the mcroorgani smis Pseudononas
putilcdbliB0144 614 o fPsemdomonagapism deelloAli886to the genus
Pseudononas di m nuta JCM2788t, Pseudononas nendoci na

| Fesiettsmon &R p dRvadmres-cu\dDo 20B8¢ DBB S @RGEDIL20D 7¢ 1 68126.ng

4 gl oberul us ATCC15076, Rhodococcus erythropolis
| ROE2 320 fur-containing ketol into a corresponding sulfur-

containing a-hydroxycarboxylic acid compound, or a treated
material thereof;

2. The process according to the above 1, wherein the
microorganism is that belonging to the genus Pseudomonas,
or Rhodococcus which has been cultured in the presence of a
primary or secondary alcohol;

3. The process according to the above 1 or 2,
wherein the microorganism is that belonging to Pseudomonas
putida, Pseudomonas diminuta, Pseudomonas mendocina,
Rhodococcus globerulus, Rhodococcus erythropolis,
Rhodococcus rhodochrous, or Rhodococcus sp;

4. The process according to the above 1, wherein the
microorganism is that belonging to Bacillus alvei;

5. The process according to any one of the above 1
to 3, wherein the microorganism is Pseudomonas putida
IF014164t, Pseudomonas putida IAM1236, Pseudomonas diminuta

JCM2788t, Pseudomonas mendocina IF014162, Rhodococcus
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Rhodococcus rhodochrous ATCC15610, or Rhodococcus sp.
ATCC19148; 6. The process according to the
above 1 or 4, 5wherein the microorganismis Bacillus

%%968{05%§2§343t; 7. The process accor dié’ﬁ.ﬂ%ﬁﬂ&‘(m

one O e above 1 to 6, wherein Rl in the

sul fur-containing ketol repregented by the formula (1)
is an al kyl group having 1 to 8 carbon atons; 108. The
process according to the above 2, wherein the primary
or the secondary alcohol is a primary or secondary

al el rhay%i A8cd1307 e RABBRoBESS e riitoPol i PFELeS,
according to the above 8, wherein the primary or the

S eRHbR O cals C OhSdo 1S okrsP L@ PEN961 0 1 TAC FdloBB cEDs tie

present invention, a sulfur- containing
hyraapaagboxyl i ¢ aci d conpound can be efficiently
produced without any fear that a | arge anount of a

by- product The psosttnad acabddihe Bnzhee adovievityr ik,

i nhi bited. 20 Best Mdde for Perform ng the Invention
Hesteimedht ehe mberqume@dsmol st Bechl bsertl viedvEROB DABUH | |
be expl ai ned. In the sul fur-containing

ket ol r7epr eSkatmxbdnsst hec@bfibngnia@ arly) onandftbiee above 1
sul fur-contai ni ng hydroxycarboxylic WO

2038/60 3882007/ RiP2007he 6948115 canitd ipdnpokefbl represented
represented by the fornula (2), exanples of the alkyl
gruprhef fhamiuby (1)X ds8avamrbbnl agxour dlavRegi Actede carbon
nmet hyl group, an ethyl group, a propyl group, an

i FwmSpyl group, a butyl group, an isobutyl group, a
{-- ‘

8. The process according to the above 2, wherein the
primary or the secondary alcohol is a primary or secondary
alcohol having 1 to 5 carbon atoms; and

9. The process according to the above 8, wherein the
primary or the secondary alcohol is l-propanol.

Aécording to the present invention, a sulfur-
containing hydroxycarboxylic acid compound can be
efficiently produced without any fear that a large amount
of a by-product is produced, and the enzyme activity is

inhibited.

Best Mode for Performing the Invention

Hereinafter, the process of the present invention will
be explained.

In the sulfur-containing ketol represented by the

formula (1), and the sulfur-containing hydroxycarboxylic
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5butyl group, a pentyl group, a hexyl group, a heptyl

group, and an octyl group. Further, exanples of the

aryl group having 6 to 20 carbon atons of Rl include a
up, a tolyl group, a xylyl group

glpggégl,m%%@ the like. RL in the sulfur-cont ail?l(flzga té}?‘??}‘“

conmpound represented 10by theformula (1) is

preferably an al kyl group having 1 to 8 carbon atons.

The sul fur-containi ng hydroxycarboxylic acid conpound

represented by the fornula (2) which is produced by

t Neci ReaPOuRl F&Srdy TRt bl WERAt f Hnf10NM2Y Neexamples of

correspondi ng 15sul fur-containing ketol conpound :

I eftieeakyedgbyud her fiivimga1(2d, 8 atkyecaeenedof rMiaciude

reaction mxture may be in the formof a salt.

The meKgaugdoad, tdre dtiyilubao(d) £ axdpsr1pgedupedan f or

exanpl e, by a coupling reaction of ‘

3-1migrpbi/hi gpsapi an-butldl debysde and spbuakor gabaehyde -

using a thiazoliniumsalt and a base as catal ysts (for

exarpile greep, Japaeresd Babept Appdxvdatgronp, a heptyl group,

No. 2006- 199127) or a simlar reaction. M cr obi al

cands aof oatyi cgommmaniFsmtber a ¢xaatles wit €headryhamop

to be used as a catalyst in the process of 25the

priesdmg nten2? orarion leeomayofii Rur dbrcalideed Ighanyl group, a

treated WD 2008/ 038810PCTUP20071069126 6 material s

t Nexledf gaoupara axyiegrape, ni craitdlylcerbypofard the like.

m cr oor gani sm bel ongi ng to the genus Pseudononas,

RhodocBeccins e BadifHrusortaidbing &rtednoerPeyng gepresented

sul fur-containing ketol into a correspondi ng )

s\ (khecdAFar IR ngl Ja 1S5 RY8EB%FREY Bk Plky lagFraup dying 1 to

treated materi al s thereof.
carbon atoms.

The sulfur-containing hydroxycarboxylic acid compound
represented by the formula (2) which is.produced by the
process of the present invention from the corresponding
sulfur-containing ketol compound represented by the formula
(1), and recovered from a reaction mixture may be in the
form of a salt.

The compound of the formula (1) can be produced, for
example, by a coupling reaction of 3-methylthiopropion-
aldehyde and paraformaldehyde using a thiazolinium salt and
a base as catalysts (for example, see Japanese Patent
Application No.2006-199127) or a similar reaction.

Microbial cells of a microorganism or a treated
material thereof to be used as a catalyst in the process of

the present invention may be any microbial cells or treated
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Exanpl es thereof include mcrobial cells or treated
materials of a m croorgani sm belonging to the genus
Pseudononas such as Pseudonobnas putida, Pseudonobnas
Q%ﬂ% or Pseudononas nendocina, a mcro j

1 beﬁ%%g?%g to the genus Rhodococcus such ag&gﬂﬂbﬁﬁ}oﬁu26
Rhodococcus gl oberul us, Rhodogoccus erythropolis,
Rhodococcus rhodochrous, or Rhodococcus sp., and a

m croor gani sm bel onging to the genus Bacillus such as
Bacillus alvei. Preferred exanpl es include m crobial
ceddterdhalkl enéesbflmtrari abSsthéy aard eiieebpasl stells of a
bel ongi ng to the genus Rhodococcus such as Rhodococcus
gl olhafodirgani B askicortng ebythe opaiiss ,PsBnddnonssus
rhodochrous, or Rhodococcus sp. Further preferred
exsprie®cicne| ofleBag crials abpskblé Sodrednveat édg natarlfalrs
of a m croorgani sm bel onging to the genus
20Radcadogukeselc hirda® BRhodocespusiingodod finouseontgining a-
Rhodococcus Sp. Speci fic exanpl es thereof

i Mylddeyerchokybic aalilds endt tredtsfl materials Ufexeof.

m croor gani sm of Pseudononas putida | F014164t,
Pgmadwpiesathered o ncAvte3gicrgiglomedds dentreated
25JCWMR788t, Pseudononas nendoci na | FO14162,

Rwderded 8sof \iD MigeReg9s8ioPd IPrioy Geothe genus

gl oberul us ATCC15076, Rhodococcus erythropolis
1FGE%G@@PHRHdﬁéébéﬁué@ﬁﬁééﬁéﬂﬁﬁnﬁy9@&%@1?@99?0m°nas
Rhodococcus sp. ATCC19148, or Bacillus alvei 1F03343t,
widH nugae Pt UFERP9darorRe Bredenttd ot WACEPOT TR 1 ed
exanpl es include 5mcrobial cells or treated naterials

ofPed RPePEoF Yt rﬂeé‘PsRHBBG%%Q%? FuGHepf| fRodococcus

RS dite ARG RRCASETOL %, KefgAbtet s
rhodochrous, or Rhodococcus sp., and a microorganism
belonging to the genus Bacillus such as Bacillus alvei.
Preferred examples include microbial cells or treated
materials of a microorganism belonging to the genus
Rhodococcus such as Rhodococcus globerulus, Rhodococcus
erythropolis, Rhodococcus rhodochrous, or Rhodococcus sp.
Further preferred examples include microbial cells or
treated materials of a microorganism belonging to the genus
Rhodococcus such as Rhodococcus rhodochrous, or Rhodococcus
sp. |

Specific examples thereof include microbial cells or

treated materials of a microorganism of Pseudomonas putida
IF014164t, Pseudomonas putida IBAM1236, Pseudomonas diminuta

JCM2788t, Pseudomonas mendocina 1F014162, Rhodococcus
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sp. ATCC19148, and further preferred exanpl es include

m crobial cells or treated materials of a

m croor gani sm of 10Rhodococcus rhodochrous ATCC15610

Wb 26MRsRePCccUs sp. ATCC19148, which is cul t Walpbidbdde
presence of water. According to the process o?

the present invention, the cagboxyl group of

sul fur-containing ketol represented by the formula (1)
can be reduced, and the hydroxyl group can 15be
preferentially oxidized. The "preferentially oxidized"
UsgidHaenehs ARENS ATt RhBAo8XEsla 10 tBirobbei HITHAENB20,
hydroxyl group preferentially progresses as conpared

WRHbdRbEELS PiddtdH o sOATEEES 610, f WhoetleBbatns N ket ol .

The m croorgani sm bel onging to t he genus Pseudonobnas
2(ech 9288 Pset R eilduspHl e a, I F33udeoRRsSclli 18 mildnred in
Pseudononas nendoci na, the m croorgani sm bel onging to.

t hegphaseibo GOl oGties . SUBHhe fsr idbdxanptas thadbeieul us,
Rhodococcus erythropolis, Rhodococcus rhodochrous, or
Rimid@obielscslls cor tirketad onaorgaiissod dehirmpargyandsm of

t he 25genus Bacillus such as Bacillus alvei, which is
ustidonothes JOLHNME1EG3BBICHED /2 RhpH066428s Sqytdgepblis,
i nvention, can be cultured using a culture nedium for
CUFOd2BAY, vRrddnmariusr cbededhsans ARREEho2)praphhadeyccus
contain a carbon source, a nitrogen source, an organic
s&pt-, ARRC1 WA &yaming §arthearquﬂ¢ernedkéxawr@§uslﬁ

the carbon source contained in the culture nmedium

[ mépﬁeélglLﬁﬁk%§ Q§uéF8§Eed@ﬂ%Rﬁﬁ%ﬂls Sf af CRLCRAQTPRASM of
or ani ¢ acid and nol asses. ohol s, particularly,

REPFOBFUS IAAPEIF OHP C%W%S%Pﬁg RROGQCECGU 58N

tons are preferred, and exanples thereof include
W@Fﬁgﬁgi , which is cultured in the presence of water.

According to the process of the present invention, the
carboxyl group of sulfur-containing ketol represénted by
the'formula (1) can be reduced, and the hydroxyl group can
be preferentially oxidized. The "preferentially oxidized”
used herein means that the oxidation of the primary
hydroxyl group prefereﬁtially progresses as compared with
sulfide oxidation of the sulfur-containing ketol.

The microorganism belonging to the genus Pseudomonas
such as Pseudomonas putida, Pseudomonas diminuta, or
Pseudomonas mendocina, the microorganism belonging to the
genus Rhodococcus such as Rhodococcus globerulus,
Rhodococcus erythropolis, Rhodococcus rhodochrous, or
Rhodococcus sp., or the microorganisms belonging to the

genus Bacillus such as Bacillus alvei, which is used in the
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10et hanol , 1-propanol, 2-propanol, 1-butanol,
2-nmet hyl -1 - propanol, and 2, 2-di net hyl - 1- propanol . By
culturing the above mcroorganismin a culture nedi um

' n al cohol is added, reactivity ca qgig
‘gﬁﬁgﬁgggypExanples of the nitrogen source iH% u gmwmwns
yeast extract, neat extract, 3}5peptone, casam no acid,
malt extract, soybean powder, corn steep |iquor,
cotton seed powder, dry yeast, amoni um sul fate and
sodiumnitrate, and exanples of the organic salt and
t - dsRakganiénsadd, icagl ydecsDeirel G¥iagi decu POl@s siddum
chl ori de, sodium carbonate, nonopotassi um 20phosphat e,
difeat 283 UM P GRS, mEakebtgacaignahe chasp@vpdDately
acetate, magnesium sul fate, copper sulfate, zinc
sWdntbén &ecd o Sdhifrake andicodpdrd sohiree| den organic salt,
Exanpl es of the culture nethod include solid culture,
angh linggdntcldalrte @heasthéubikeul ture, flask cul ture,
jar 25fermentor culture, etc.). WO
2008/ OBB8APRET /P27 £a6PdR6s@urce conthéned| inurtthe culture
tenperature and a pH of a liquid culture nedium are
natedpamt inoledd ylucwiseedsasrésa, as videaplar stérclsucicghol,
range that the m croorganismto be used in the present
i rganionachth drel grodwmseFor Axasiobolshepentienlarly,
S5tenperature is usually in a range of about 15 to 45C,
ampd impey per otecpndagyi dleahels ehateididurh £8 bserAIg iaroms
range of about 4 to 8. The culture time can be
aFpFopreiearsd s dnsc eggmadpentheis o ieglpde gnethanol,
conditions, and is _usually about 1 to 7 days. 10The
c@thaped: m RERaRcleeRrBreRNYe IsOMtaROLuch TS e 1-
process of thezgresent i nvention. Faor using m cr obi al
c&rRaaels R F/ddRghpy el RYORENOY -t uPBICH A9 the
medi um can be used as such or (2) m.,crobial, cells are
COPPEEL BUCEY TN 3ot OhL Ut S ML B YR{fH @ 21conol

n%%iggheQPILégg¥iJ$%y can be enhanced. Examples of the
nitrogen source include yeast extract, meat extract,
peptone, casamino acid, malt extract, soybéan powder, corn
steep liquor, cotton seed powder, dry yeast, ammonium
sulfate and sodium nitrate, and examples of the organic
salt and the inorganic salt include sodium chloride,
potassium chloride, sodium carbonate, monopotassium
phosphate, dipotassium phosphate, calcium carbonate,
ammonium acetate, magnesium sulfate, copper sulfate, zinc
sulfate, ferrous sulfate and cobalt chloride.

Examples of the culture method include solid culture,

and liquid culture (test tube culture, flask culture, jar

fermentor culture, etc.).



10

15

20

25

15using the collected cells (if necessary, as wet
cells after washing with buffer or water).
Alternatively, in the process of the present

%@;ﬁg&;&%% a treated material of the mcr Obiﬁépﬁfjg’§$ﬂg@69l26

al ned as descri bed above can be used. Exa
the treated 20material includg mcrobial cells treated
with an organic solvent (e.g., acetone, ethanol, etc.)
after culture thereof, mcrobial cells subjected to
| yophilization treatnment or alkali treatnent,

physi cahly -0l t 8P Yi@igerak b e dhsd UPtd o1 ar ebgdl 4 Calllthre
or crude enzynes separated and 25extracted fromthese

t reaieeth GRtenbal SartiiRenly 11Ritdas far as they are in
2008/ 038810PCT/ JP2007/ 069126 10 treated nateri al

| nlandes rafge NPRdE |ireechiepberdahi ol dheecahiseenemtimned
treated naterial prepared by a known nethod. The
Prexeeentofinv8et Péresehii bengeaih On For wSkaablly, petid ayulrdire
in the presence of water. In this case, water 5may be

| empebiued as buddany Exagptasgofom dpsiutelsngo aggrol and
used in the buffer include alkali metal salts of
phospipdr o€ aci tosid tuds ugsedineddi ywhdsphatuallpoi assitenge of
phosphate, etc., and alkali netal salts of acetic acid
swtouds 4pdbbadsi Urhaacetldues time ddAbecrparppeistelhe
process of the present invention can be perforned in
t e lprcssdndepofiding en gndtardycergpidleing, and is usually
about 1 to 7 days.

The cultured microbial cells can be used as such in
the process of the present invention. For using microbial
cells as such, for example, (1) a cultured liquid medium
can be used as such or {(2) microbial cells are collected
by centrifugation of a cultured liquid medium, followed by
using the collected cells (if necessary, as wet cells after
washing with buffer or water).

Alternatively, in the process of the present invention,
a treated material of the microbial cells obtained as
described above can be used. Examples of the treated
material include microbial cells treated with an organic
solvent (e.g., acetone, ethanol, etc.) after culture
thereof, microbial cells subjected to lyophilization
treatment or alkali treatment, physically or enzymatically

disrupted microbial cells, or crude enzymes separated and

extracted from these treated materials. Further, the
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organi ¢ solvent. Exanples of the hydrophobic organic

sol vent to be used include esters such as ethyl

formate, ethyl acetate, propyl acetate, butyl acetate,
opi onate, butyl propionate, etc.

*&é?%ﬁg&%ﬁ{ butyl al cohol, n-anyl al cohol, njg%@§%8%&9u6

al cohol, etc., aromatic hydroggrbons such as benzene,

tol uene, xylene, etc., ethers such as diethyl ether,

di i sopropyl ether, nethyl-t-butyl ether, etc., and

hal ogenat ed hydr ocarbons 20such as chl orof orm

1,t3-cdicehl RaOSt NG NnALGes &8 WRIJDiAS z@dMhXt&FFal of the
t her eof .. Further, the process of the present

i RMRREheAt Canedl 5@ e dprat 6 1ed griephRedpbese netowdf method.
wat er and a hydrophilic organic solvent. Exanples of

t he hydnepbiddesDricgFanhe gbesénmerinvieathenusedusudlyde

al cohol s such as nethanol, WO
22103884 ORCHIR? @ &sea84 26f Mdatetrhanah, this.cadest onaesr
such as acetone, etc., and ethers such as
dimatyhbry et & afveym toeft kabydfef ur #Hxamgilexant, a ébwf ferdng

well as a mxture thereof. The process of the present

i ;genti osed sinusire lbpfSper fnchmit iadl kaldamgbabf sal tpHodf

t he aqueous |l ayer of 3 to 10, but the pH may be
apposphoat el acichawpbd asnssdicim phogpetehapotdrsium
reacti on proceeds. The process of the present

i pherphabei sstisualang pékebt metdln saltangé atetipb@cig such
to 60C, but the 10tenperature may be appropriately
clkgngetaspiwyciretatgngetc.

Alternatively, the process of the present invention
can be performed in the presence of water and a hydrophobic
organic solvent. Examples of the hydrophobic organic
solvent to be used include esters such as ethyl formate,
ethyl acetate, propyl acetate, butyl acetate, ethyl
propionate, butyl propionate, etc., alcohols such as n-
butyl alcohol, n-amyl alcohol, n-octyl alcohol, etc.,
aromatic hydrocarbons such as benzene, toluene, xylene,
etc., ethers such as diethyl ether, diisopropyl ether,
methyl-t-butyl ether, etc., and halogenated hydrocarbons
such as chloroform, 1,2-dichloroethane; etc., as well as a
mixture thereof.

Further, the process of the present invention can also
be performed in the presence of water and a hydrophilic
organic solvent. Examples of the hydrophilic organic

solvent to be used include alcohols such as methanol,
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that the reaction proceeds. The process of the
present invention is usually perfornmed in a range of
for about 0.5 hour to about 10 days. The endpoi nt of

e jon can be confirmed by, after 15c '
%‘P)zggsglﬁgsltlgn of the starting material, i.e., Qﬂglléﬁ%o%smzs
sul fur-containing ketol, neasyring the anount of the
sul fur-containing ketol in théreaction m xture by,
for exanple, |iquid chromatography, gas chromatography
or the Iike. 20The concentration of the starting
el gid A1, kt.,; tdt@ndld BUERCRRt Abdtidne ketel, i dnd Nehers
process of the present invention is usually not higher

-t haep Q% QibYhox @Rt Han@ , SubtHan AIRNNJdkekHhe CALNE as

continuously or sequentially added to a reaction

SYisd BMAsh s0nElfutd tRreb&i.n a 25concentration of the
sul fur-containing ketol in the 12 reaction system

al nost THeNpLaséss I0Y the presess nivdntaopr esemsually
invention, if necessary, for exanple, a sugar such as

0! pxfrme8UEH 05 exarfgalofoaepHEs £ . thea asukbast bayes uch 3aso
Triton X-100 (regi stered trade 5nmark), Tween 60
(rem $her edet pdeayiek pppebprigialpehadded im such a range
reaction system After conpletion of the
I etgedt aohe thectdgregiroeceedsl f ur - cont ai ni ng
hydr oxycar boxyl i ¢ aci d conpound corresponding to the
sul f ur Thenpaoce sy dfettble paaseet lihveadaver & fiswly
reaction m xture by perform ng
performed in a range of about 0 to 60°C, but the
temperature may be appropriately changed in such a range
that the reaction proceeds.

The process of the present invention is usually
performed in a range of for about 0.5 hour to about 10 days.
The endpoint of the reaction can be confirmed by, after
completion of addition of the starting material, i.e., the
sulfur-containing ketol, measuring the amount of the
sulfur-containing ketol in the reaction mixture by, for
example, liquid chromatography, gas chromatography or the
like.

‘The concentration of the starting material, i.e., the
sulfur-containing ketol in the process of the present
invention is usually not higher than 50% (w/v), and the
sulfur-containing ketol can be continuously or sequentially

added to a reaction system in order to maintain a

concentration of the sulfur-containing ketol in the
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conventional post-treatnent such as extraction with an
organi ¢ sol vent and concentration. The recovered

sul fur-cont ai ni ng hydroxycar boxylic acid conpound can
be further purified by colum chromat ography,
distillation or the |like, 15if necessary. The
process of the present invention will be explained in
more detail bel ow by way of BExanples. Reference

Exanpl e 1 Synt hesis of 4-nethylthio-2-o0xo-I-butanol
2200 My sfrleasklagui ppedsant. a magnetic stirrer was
charged with 23.7 g of 3-nethylthiopropi onal dehyde,

17. 7 1n aofheparaicessnbdebydeprdsgnofinvention, if necessary,
3- et hyl benzot hi azol i nyl brom de and 100 g of

f&F xR0l aakugakOgitheabegalieb e, afltbidiRe Mt se,
was stirred. To this m xture was added 1.3 g of WO
2008/ Q38810RETLAR2Q0Z4069126; d3n t £ i RIMY| A MRerdd trade
tenperature was raised to an internal tenperature of

$80Ge) andidhe 66 X(%%@Es‘é@§e§t LrLgd flrikhe sqme carhé)e added

tenperature for ours. After conpletion of t

ct.i 100 et hyl acetate was added, the
t%$31 fégbti£ ﬁggﬁég.

ure was twice with 20 g of water, and the

resul.ting organic.layer s concentrated. The . .
Fesultitg S insEianser FBE ERter rha ressive, 15

of 3-nethyl thi oprqpi oal dehyde. was rgecover ed a
S 0 L AP By BACP b ey o OB s0C
(0.5 to 0.6 kPa), and 15g of a fraction 10
IHSTSRAIET, O &BEi SHLANT aFORERHRTY | KRGV can be
tenmperature of 85 to 95C (0.3 kPa) was obtained. Wen
reroverad ifgivmAangsaghaPPzeExbyra ascehfamingyr aphy
area percentage nethod, 4-
qaorstdn itdnad) pRstxbreabuenhobudhsas ofrttarasdicat with an
concentration of 40% The fraction A was further
qugarficddiyentsiandcachbgetrgol anm. THE teecdwavegblsarl fur-
impurities were expelled by elution with ethyl acetate
coredimdane ydkoxyéarbox{lethytifi Odmpowxd-darbBeaaFalrther
was eluted with ethyl acetate : n-hexane = 2 : 4. The

Sk MEg W3S d1shinl kagdoRbto@aphy Al @ide #1 Gatoford or the like,
fraction of 4-(nethylthio)-2-o0xo0-1-
if necessary.

The process of the present invention will be explained
in more detail below by way of Examples.
Reference Example 1
Synthesis of 4-methylthio-2-oxo-1-butanol

A 200 mL flask equipped with a magnetic stirrer was
charged with 23.7 g of 3-methylthiopropionaldehyde, 17.7 g
of paraformaldehyde, 4 g of 3-ethylbenzothiazolinyl bromide

and 100 g of tert-butanol at a room temperature, and the

mixture was stirred. To this mixture was added 1.3 g of
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20but anol having a purity of 91% (gas chromat ography
area percentage nethod) and 2.0 g of a fraction having

a purity of 82% (gas chronmat ography area percentage
Woloahhssidhese fractions were all solidified,@t 8005086
tenperature. Spectral data of

4- (et hyl t hi o) - 2- oxo- 1- but anol; 52518- NVR (oppm

OMSO- d6, TMs standard): 2.05 (s, 3H), 2.62 (m WO
20081038810PCT/ JP20071069126 14 2H), 2.70 (m 211),

4.06 (s, 2H), 5.13 (bs, 111) M5, mz (relative

| NEenSinyihini 384 4 3org¥batutB6us20aiskiB o1, iSekB)

75 (55), 61 (100) Exanple 1 5Production of

sl difer@@t-al 8 Ngodty daRYYERE Rexdtire @8k dseormeuRd khem
sul fur-containing ketol according to the process of

t heany @eepbratventfan 2ddnhoudst eAfddbheonwpsepl as ask T ha

of a sterilized nedium (obtained by adding 20 g of
1-pwaapdoal , 160 gg 3 EIpglly pept ote,wads Gddedyetlbé mixture was
extract, 3 g of neet extract, 0.2 g of ammoni um

Sutdsatee, trige obitpotZzs g oh dahydr cgeh theosphal eimndiyanic
g of magnesium sul fate heptahydrate to 1 L of -water,

an elremaadfostemgrgitdd.o Thé) resanid imige ofddwaisn dvesstilled

i nocul ated with ATCC15610 strain belonging to
15Rsedoceduaed rprsissinegud s Jhef | hrowmrhatlstipdopinadaishyde
shaki ng-cul tured at 30C under aerobic conditions.

Aftasy regapeeed ors of firlactéant av ea diistridBiahlioret¢mpayatare
separated by centrifugation to obtain Iive m crobi al

cedl 45 Ent B0 JOr-dwtopend ntPalesandubbaved Pplfaeedionn

“of a 0.1 M

(hereinafter, fraction A) at a distillation temperature of
85 to 95°C (0.3 kPa) was obtained. When the fraction A was
analyzed by a gas chromatography area percentage method, 4-
(methylthio) -2-oxo-1-butanol was contained at concentration
of 40%. The fraction A was further purified by a silica
gel column. After low polar impurities were expelled by
elution with ethyl acetate : n-hexane = 1 : 4, 4-
(methylthio)-2-oxo-1-butanol was eluted with ethyl

acetate : n-hexane = 2 : 4. The solvent was distilled off
to obtain 1.4 g of a fraction of 4-(methylthio)-2-oxo-1-
butanol having a purity of 91% (gas chromatography area
percentage method) and 2.0 g of a fraction having a purity
of 82% (gas chromatography area percentage method). These
fractions were all solidified at a room temperature.
Spectral data of 4-(methylthio)-2-oxo-l1-butanol

'H-NMR (8ppm, DMSO-d¢, TMS standard): 2.05 (s, 3H), 2.62 (m,



10

15

20

25

20pot assi um phosphate buffer (pH 7), the live
m crobial cells were added thereto to prepare a
suspensi on. To the suspension was added 1 ng of a

,?ﬁgﬁk@ 1omaterial (4- nethylthio-2-oxo-|-bué§$@#iyw&5g6

e resulting mxture was shaken at 30
days. 25After conpletion of tﬁg reaction, 0.5 m of
the WD 2008/ 038810PCT/JP2007/069126 15 reaction
m xture was sanpled. After mcrobial cells were
renmoved fromthe sanple m xture, the anount of

2-2yqr oxYo4m ety thiogbytyr o) A0 d predyces) was
anal yzed by I|qU|d chromat ography. As a result, the

concenyratrola®fvd hgtdnsdbyff oxys 43wt Ry) | hi@bugam)i,c 103
acid produced was 0.75 g/L. Content analysis

conad)ti ewss (&p) urn: (sGagepza(CiHC18 (4.6 mmf x 15 cm 3

gm (manufactured by I ntakt) Mobi | e phase: 0.1%

aqxeapdet 1i fl uoroacetic acid as A 10sol ution, nethano

as B solution Time (mn)A solution (% : B solution

( Brodda? Dol 080 20, 1Fx086ntaining hydroxycarboxylic acid
compound from sulfur-containing ketol according to the
process of the present invention

Into a test tube was placed 5 ml of a sterilized

medium (obtained by adding 20 g of l-propanol, 5 g of
polypeptone, 3 g of yeast extract, 3 g of meet extract, 0.2
g of ammonium sulfate, 1 g of potassium dihydrogen
phosphate and 0.5 g of magnesium sulfate heptahydrate to 1
L of water, and then adjusting pH to 7.0), and the medium
waé inoculated with ATCClSGlQ strain belonging to
Rhodococcus rhodochrous. The inoculated medium was
shaking—-cultured at 30°C under aerobic conditions. After
completion of the culture, microbial cells were separated
by centrifugation to obtain live microbial cells. Into a
screw-opening test tube was placed 1 ml of a 0.1 M
potassium phosphate buffer (pH 7), the live microbial cells
were added thereto to prepare a suspension. To the
suspension was added 1 mg of a starting material (4-
methylthio-2-oxo-1-butanol), and then the resulting mixture
was shaken at 30°C for 7 days.

After completion of the reaction, 0.5 ml of the
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15305050 30.18020 Flow rate: 0.5 m/mn Col um

tenperature: 40C Detection: 220 nm 20Exanpl e 2

Production of sul fur-containing hydroxycarboxylic acid
rom sul fur-containing ketol accordj

%?’gg@é@&é‘; the present invention Into a tes?i’%‘gé&)\;’é%?%

placed 5 nl of a sterilized 25redi um (obtai ned by

adding 20 g of 1-propanol, 5 g of WO

2008/ 038810PCT1JP20071069126 16 pol ypeptone, 3g of

yeast extract, 3 g of neat extract, 0.2 g of amoni um

sutd A8 onl md x0hr OB Hampn duhy di peen phaephat ecaits Qe
g of nmagnesium sul fate heptahydrate to 1 L of water,

angeridveid &eomSthadsdiplleO mi xOhre ANthd heno@@i BM SWagdroxy-4-

i nocul ated with ATCC19148 strain belonging to ,
RhnetosQetisbapyrideadimdpubatiedd megh WharsSed by liquid
shaki ng-cul tured at 30C under the aerobic condition.
Af ¢refomaaplraphen s taheesull t pr €he aichitabtieh| 6f Wiee 2-
separated by centrifugation to obtain Iive m crobi al
c diydroxlyrtiemat APt mbutyehcngci@ shrdduredvaaspd atedy /L.
m of a 0.1 M potassium phosphate buffer (pH 7), the
| iGentmntr ebadysteldandigienadded thereto to prepare a
suspensi on. To the

Column: Cadenza CD-C18 (4.6 mmf x 15 cm, 3 pm)

(manufactured by Imtakt)
Mobile phase: 0.1% aqueous trifluoroacetic acid as A

solution, methanol as B solution

Time (min) A solution (%) : B solution (%)
0 80 : 20
10 80 : 20
20 | 50 : 50
30 50 : - 50
30.1 80 : 20

Flow rate: 0.5 ml/min
Column temperature: 40°C
Detection: 220 nm
Example 2
Production of sulfur-containing hydroxycarboxylic acid
compound from sulfur—containing ketol according to the
-process of the present invention
Into a test tube was placed 5 ml of a sterilized

medium (obtained by adding 20 g of l-propancl, 5 g of
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suspensi on was added 1 ng of a starting material (4-
nmet hyl t hi o- 2- oxo-1-butanol), and then the resulting
m xture 15was shaken at 30C for 7 days. Aﬁter

ﬁ&g@hﬁ}&ag of the reaction, 0.5 m of the reaction
' &8s sanpled. After microbial cells we biHurmes 126

renmoved fromthe sanple m xtur t he anmount of

2- hydr oxy- 4- nethylthlobutyrlé‘a0|d produced was

anal yzed by liquid 20chromat ography. As a result, the
concentration of the 2- hydroxy-4- nethylthiobutyric

Cﬂr)]cgl){H qléﬁgd opc\é%éy lext?Q@EGnﬁ f@#ﬁé'a)ﬁ( ?_xtract 3O .2

ns Cblu enza CD- Ci8 cm
ognd faRnbashmr Seh Ayt d Malt )af%&@é%éﬁnpfa@% dr9gd®

aqueous trifluoroacetic acid solution as

20&%%%%1305’63/@%@U@@%&%@d&m%@ﬁwﬂé %ptgﬁwm to 1

as B solution Tine {mn)A'solution (% : sol ution

(%A chBQJ%Qe%QSQ&@ &2&5%11%@5&50913&018;(225@, and the medium

was inoculated with ATCC19148 strain belonging to
Rhodococcus sp. The inoculated medium was shaking-cultured
at 30°C under the aérobic condition. After completion of
the culture, microbial cells were separated by
centrifugation to obtain live microbial cells. 1Into a
screw-opening test tube was placed 1 ml of a 0.1 M
potassium phosphate buffer (pH 7), the live microbial cells
were added thereto to prepare a suspension. To the
suspension was added 1 mg of a starting material (4-
methylthio~-2-oxo-1l-butanol), and then the resulting mixture
was shaken at 30°C for 7 days.

After completion of the reaction, 0.5 ml of the
reaction mixture was sampled. After microbial cells were
removed from the sample mixture, the amount of 2-hydroxy-4-
methylthiobutyric acid produced was analyzed by liquid
chromatography. As a result, the concentration of the 2-
hydroxy-4-methylthiobutyric acid produced was 0.43 g/L.
Content analysis conditions
Column: Cadenza CD-C18 (4.6 mmf x 15 cm, 3 pm)
(manufactured by Imtakt)

Mobile phase: 0.1% aqueous trifluoroacetic acid solution as
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Flow rate: 0.5 m/mn Columm tenperature: 40C
10Det ecti on: 220 nm Exanpl e 3 Producti on of
sul fur-cont ai ni ng hydroxycar boxylic acid conpound from
- tai ning ketol according to the pro
Weioghyoesgégﬂt i nvention 15Into a test tube mspg‘f@"@g‘g"’%"m
m of a sterilized nmedium (obtgj ned by adding 20 g of
gl ucose, 5 g of polypeptone, 3 g of yeast extract, 3 g
of neat extract, 0.2 g of ammonium sulfate, 1 g of
pot assi um di hydr ogen phosphate and 0.5 g of nagnesi um
SUAf adradiept, ahydhahel tas B 231kt@bnwat er, and then
adjusting pHto 7.0), and the nedium was inocul ated -
W Timd F@3343t st Rasslbelangisng:t B Banididss (@hvei . The
i nocul at ed nmedi um was shaki ng-cul tured at 30C under
aedobic conditions. Afader conpketion 2df the culture,
m crobial cells were separated by centrifugation to
obit@in 25live mcrobigll cells.:Into &Gcrew openi ng
test tube was WO 20081038810PCT/ R2007/ 069126 18
pla&ed 1 m of a 0.1 3 pot assi um phosygghat e buffer (pH
7), the live mcrobial cells were added thereto to
pr¥pare a suspensi on.50To t he suspensidh was added 1 ng
of a starting material (4-nethylthio-2-oxo-1-butanol),
anPthen the Sresul ti%y mi xture was SAtaken at 30C for
10 days. After conpletion of the reaction, 0.5 m
of Fkave negget Pon M 4Ry e was sanpl ed. After microbial
cells were renoved fromthe sanple m xture, the anount
ofClumpd terperdatyee YA Hi obut yric aci d produced was
anal yzed by |iquid 10chromat ography. As a result, the
c IHFRESRTRPF 0420 he 2-

Example 3
Production of sulfur-containing hydroxycarboxylic acid
compound from sulfur-containing ketol according to the
process of the present invention

Into a test tube was placed 5 ml of a sterilized
medium (obtained by adding 20 g of glucose, 5 g of
polypeptone, 3 g of yeast extract, 3 g of meat extract, 0.2
g of ammonium sulfate, 1 g of potassium dihydrogen
phosphate and 0.5 g of magnesium sulfate heptéhydrate to 1
L of water, and then adjusting pH to 7.0), and the medium
was inoculated with IF03343t strain belonging to Bacillus
alvei. The inoculated medium was shaking-cultured at 30°C
under aerobic conditions. After completion of the culture,
microbial cells were separated by centrifugation to obtain

live microbial cells. Into a screw-opening test tube was
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hydr oxy- 4- et hyl t hi obutyric acid produced was 0. 03
g/ L. Content analysis conditions Columm: Cadenza
CD-C18 (4. 6mf x 15 cm 3 n) (manufactured by I ntakt)

%W&imggsuphase: 0. 1% aqueous trifluoroaceti %&9&%0}7{869126

solution as A solution, nethanol as 13 sol ution
(mn)A solution (% : B soluti;gn (% 08020 108020
20205050 305050 30.18020 Flowrate: 0.5 m/mn Col umm
tenperature: 40C 25Detection: 220 nm WO

2008/ 038810PCTLI P2007/ 069126 19 Exanple 4

placed 1 ml of a 0.1 M potassium phosphate buffer (pH 7),
the live microbial cells were added thereto to prepare a
suspension. To the suspension was added 1 mg of a starting
material (4-methylthio-2-oxo-1l-butanol), and then the
resulting mixture was shaken at 30°C for 10 days.

After completion of the reaction, 0.5 ml of the
reaction mixture was sampled. After microbial cells were
removed from the sample mixture, the amount of 2-hydroxy-4-
methylthiocbutyric acid produced was analyzed by liquid
chromatography. As a reéult, the concentration of the 2-
hydroxy-4-methylthiobutyric acid produced was 0.03 g/L.
Content analysis conditions
Column: Cadenza CD-C18 (4. émmf x 15 cm, 3 um)
(manufactured by Imtakt)

Mobile phase:.O.l% aqueous trifluorocacetic acid solutiqn as

A solution, methanol as B solution

Time (min) A solution (%) : B solution (%)
0 80 : 20
10 80 : 20
20 50 : 50
30 50 : 50
30.1 80 : 20

Flow rate: 0.5 ml/min

Column temperature: 40°C

Detection: 220 nm
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Producti on of sul fur-containing hydroxycarboxylic acid

conpound from sul fur-containing ketol according to the

process of the present invention 5Into a test tube was

%%Fs% of a sterilized nedi um (obtai nedp&m%%@g%
g o? 1 propanol, 5 g of pol ypeptone,

extract, 3 g of meat extract, ;@.2 ¢ of anmoni um

sulfate, 1 g of potassium di hy rogen phosphate and 0.5

g of magnesium sul fate heptahydrate to 1 10L of water,

and then adjusting pHto 7.0), and the nedi um was

| nBciAked Wi th each of Pseudonpnas putida | FO14164t,

Pseudononas putida | AML236, Pseudononas di m nuta

J MRt i oRS 8 UORNDANAS- JHRRE ORI NG Nkl roBRETDE QLGS

gl oberul us ATCC15076, and Rhodococcus erythropolis

| REbkp220 ds EEah NSu 1 fhbEaeh th NACHY atath IMTRdCYRHYAS to the

shaki ng-cul tured at 30C under aerobic conditions.

Afgicesenplethorpdsdrite iavkhtit@n mcrobial cells were

separated by centrifugation to obtain Iive m crobial

cel | s. Theboa at et emtbepeasngliesd 1 wle ofaa ptacert Zked

of a 0.1 M potassi um phosphate buffer (pH 7), 20the

| imeelimimc (obtalnext|dys adeliegazidlegl dthdr-egtrophoopr epay efa

suspensi on. To the suspension was added 1 ng of a

strltypegtoneerd af (A -yeeshyetrtract?- kg dfbmeanoditraatd 0.2

then the resulting m xture was shaken at 30C for 5

dayof emmoéivmysilfafteer 1conpf epdt@rssdfumt déhydeedéron,

0.5 m of the 25reaction m xture was sanpled. After

mirhosiphate cand 0 vierge of\Wnagnesi @B SB8MGRCE hFptalyydedr260o 1

20 renoved fromthe sanple mixture, the anmount of

2-Ihypdr oryes. ard merhpredbusyineg RILit® gr-8ducend vie medium

anal yzed by liquid chromatography. The results are

shH&@n inpcrhptred withggpehiof Pseu omonas putida IF014164t,

Pseudomonas putida IARM1236, Pseudomonas diminuta JCM2788t,
Pseudomonas mendocina IF014162, Rhodococcus globerulus
ATCC15076, and Rhodococcus erythropolis IF012320 strains.
Each inoculated medium was shaking-cultured at 30°C under
aerobic conditions. After completion of the culture,
microbial cells were separated by centrifugation to obtain
live microbial cells. Into a screw-opening test tube was
placed 1 ml of a 0.1 M potassium phosphate buffer (pH 7),
the live microbial cells were added thereto to prepare a
suspension. To the suspension was added 1 mg of a starting
material (4-methylthio-2-oxo-l-butanol), and then the
resulting mixture was shaken at 30°C for 5 days, or 10 days.
After completion of the reaction, 0.5 ml of the

reaction mixture was sampled. After microbial cells were



Strain Reaction tinme (days) Concentration of
2- hydroxy-4- nethylthiobutyric acid produced (g/L)
Pseudononas putida |1 F014164t 10 0. 43 Pseudononas

@5%&&348@]\/&236 5 0. 27 Pseudononas di m nuta J@{%@&%g&%

Seudononas nendoci na | F014162 10 0. 25
Rhodococcus gl oberul us ATCClSQ%p

removed from the sample mixture, the amount of 2-hydroxy-4-
methylthiobutyric acid produced was analyzed by liquid

chromatography. The results are shown in Table 1.

Table 1

Strain Reaction |Concentration of
time 2-hydroxy-4-
(days) methylthiobutyric

acid produced
, (g/L)

Pseudomonas putida IF014164t 10 0.43

Pseudomonas putida IAM1236 5 0.27

Pseudomonas diminuta JCM2788t |10 0.45

Pseudomonas mendocina 10 0.25

IF014162

Rhodococcus globerulus 5 0.02

ATCC15076

Rhodococcus erythropolis 5 0.05

I1F012320

Content analysis conditions

Column: Cadenza CD-C18 (4.6 mmf x 15 cm, 3 um)
(manufactured by Imtakt)

Mobile phase: 0.1% aqueous trifluoroacetic acid solution as
A solution, methanol as B solution

Time (min) A solution (%) : B solution (%)

0 80 : 20
10 80 : 20
20 50 : 50
30 50 : 50
30.1 80 : 20

Flow rate: 0.5 ml/min

Column temperature: 40°C



5 0. 02 Rhodococcus erythropolis [ F012320 5 0. 05
5Cont ent anal ysis conditions Colum: Cadenza CD- Cl18
(4.6 mf x 15 cm 3 gin) (manufactured by I ntakt)

[ hase: 0.1% aqueous trifluoroacetic '
%Ibzﬁ(#sﬁ%%las A sol ution, nmethanol as B sol ut ?1%#9\11)60&7/&@126
(mn)A solution (%9 : B sol ut izqn (% 08020 108020
205050 305050 1530.1BO20 Flowrate: 0.5 m/mn Col umm

tenperature: 40C

Detection: 220 nm

Industrial Applicability
According to the present invention, a sulfur-
5 containing hydroxycarboxylic acid compound can be

efficiently produced.
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21 Detection: 220 nmIndustrial Applicability
According to the present invention, a

sul fur-5cont ai ni ng hydroxycarboxylic acid conmpound can
be efficiently produced. 22 CLAIMS 1. A process for
produci ng a sul fur-containing hydr oxycar boxyl i c
acid conpound represented by the formula (2): OH SCOON
(2) wherein Rl represents a M#drogen atom an al kyl
group having 1 to 8 carbon atoms, or an aryl group

having 6 to 20 carbon atons h conpri ses
subj ecting a sulfur- cont ai et ol represented by
t he fornula (1): (1) 10

A process for producing a sulfur-containing
a- hydroxycarboxylic acid compound represented by the

formula (2):

OH

R1 /\)\
s COOH

@

wherein R; represents a hydrogen atom, an alkyl group having
1 to 8 carbon atoms, or an aryl group having 6 to 20 carbon
atoms, which comprises subjecting a sulfur- containing ketol

represented by the formula (1):

0

Rh\\ ///\\\v//JL\\///OH
S

)

wherein R; 1s the same as defined above, to the action of
microbial cells of a microorganism belonging to the genus
Pseudomonas, Rhodococcus or Bacillus capable of converting
the sulfur-containing ketol into a corresponding sulfur-
containing oa-hydroxycarboxylic acid compound, or a treated
material thereof, wherein the treated material is selected

from microbial cells treated with an organic solvent after
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wherein Rl is the same as defined above, to the action
of mcrobial cells of a m croorgani smbelonging to the
genus Pseudonobnas, Rhodococcus or Bacillus capabl e of
converting the sulfur-containing ketol into a
correspondi ng sul fur- 15 contai ning

a- hydr oxycar boxylic acid conpound, or a treated

mat eri al thereof, wherein thé3treated material is

sel ected frommicrobial cells treated with an organic
solvent after 23 culture t eof m cropi al

SEet éaleffsoﬁyoﬁah?r?%ﬂoﬁg} Seriithei stappphilization
treat ment, sically or enzymatical ly disrupted

CHEGBISA OFe Fi%l@alér b2 BASY e PREDHTA 80 G FreNTREd cad LY
fromthese treated materials, and i mobilized 5

dimrariteld ofickrrbsalt ebied %ﬁw@ﬁu%n%quﬁ'ﬁﬁ?ﬁﬁ%&@ésénd
according to claim1, wherein the mcroorganismis
dﬂuﬂadmadoﬁgpmgthesehergeh@@ Pslegrforohasindrimmobilized
Rhodococcus whi ch has been cultured in the presence of

ra tarisdr yfotheseohdaayedl vabetriall®3. The process

according to claim1 or 2, wherein the m croorgani sm

I's that bahenghbgekd Bsevdatmdgaso peldida,l Pséedeimnade

di m nuta, Pseudononas nendoci na, Rhodococcus

il QR Y S smRRiedeBaECHE 1 8hY 1 G 0PSO | tise dNMDGREAPMONas, or
rhodochrous, or Rhodococcus sp. 154.The process

ﬂﬁg&%&é Qrabai AL, b@@ﬁr 8i1 Nt LREG M £1OY GRARISIAIS of a

bel onging to Bacillus alvei. 5. The process

Qﬂ;%%cgg&agg gEoﬁbﬁ'”B 1 to 3, wherein the

n1cro rganismis onbnas putida | F014164t,

Pseudonon utrl da IAI\/llzggn éeygo?%jﬁfgl& rbu,t Qherein the

JCMVR 788t , §é8&8ﬁ8n%§cne i ha

Rhod |.ober ul TCC15076
“é’r%%‘?ﬂr@&d}ococc%13%‘9|1|%o%‘§§3%e§ﬁ8868%c%s§$‘ﬁ% L id,

ATCC15610, or, Rhodococcus B ATCtlgé
Pseudomonas diminuta, Pseudomonas mendocina, Rhodococcus

globerulus, Rhodococcus erythropolis, Rhodococcus
rhodochrous, or Rhodococcus sp.

4. The process according to claim 1, wherein the
microorganism is that belonging to Bacillus alvei.

5. The process according to any one of claims 1 to 3,
wherein the microorganism is Pseudomonas putida IF014164t,
Pseudomonas putida IAM1236, Pseudomonas diminuta JCM2788t,
Pseudomonas mendocina I1F014162, Rhodococcus globerulus
ATCC15076, Rhodococcus erythropolis IF012320, Rhodococcus

rhodochrous ATCC15610, or Rhodococcus sp. ATCC19148.
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24 6. The process according to claim1l1 or 4,
wherein the mcroorganismis Bacillus alvei |F03343t.
7. The process according to any one of clains 1 to 6,
wherein Rl in the sul fur-containing ketol represented
by the 5fornmula (1) is an alkyl group having 1 to 8
carbon atons. 8. The process according to claim
2, wherein the primary or theé4secondary al cohol is a
primary or secondary al cohol having 1 to 5 carbon

ato

rr11-cpropanol.

icroorganism is Bacillus alvei IF03343t.

7. The process according to any one of claims 1 to 6,

wherein R; in the sulfur-containing ketol represented by the

formula (1) is an alkyl group having 1 to 8 carbon atoms.

8. The process according to claim 2, wherein the

primary or the secondary alcohol is a primary or secondary

alcohol having 1 to 5 carbon atoms.
9. The process according to claim 8, wherein the

primary or the secondary alcohol is 1-propanol.

9. Th ; t i m,
B, “wiker i FENETE6FFI REFG O e seeomal v al'ColfbRgn the



