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PROCESS FOR PRODUCI NG SULFUR- CONTAI NI NG
HYDROXYCARBOXYLI C ACID TECHNI CAL FIELD 5 The present
invention relates to a process for producing a

sul fur-cont ai ni ng hydroxycarboxylic acid. BACKGROUND
ART Conventionally, as processes for producing a

sul fur- 10 contai ning hydroxycarboxylic acid, a
process for hydrol yzing cyanhydrin using sulfuric

Wfhass BBl ARG SN e ek fearmoxirc

m croorganismto convert-inkgIﬁ correspondi ng
hydr oxycar boxylic acid (e.g apanese Pat ent

Lai d- Open for 15 Opposition No. 58-15120, Japanese
Patent Application Laid- Open (JP-A) No. 2-84198,

P- A- 4- Og%gg, and the |like are known. However, in
ﬁ%ﬁéy} ng sulfuric acid as a catalyst, the
reaction between dr ox nltrlle conmpound 20
sulfuﬂnf'QEFﬁeEFbgﬂey é‘ Qﬁ '¥Lr
hydr oxycar boxyl i ¢ aci d, and an eqylnolar t of
REARHATRNA. % AL -RORE Al PR %@f”lyf

the process requires a step for collecting the
byproduct there is a problemthat the steps are nade

|icate and production
BAC GROUND AR

L4

Conventionally, as processes for producing a sulfur-

containing hydroxycarboxylic acid, a process for

" hydrolyzing cyanhydrin using sulfuric acld as a catalyst, a

process for hydrolyzing a hydroxynitrile compound through
action of a microorganism to convert -into a corresponding
hydroxycarboxylic acid (e.g., Japanese Patent Laid-Open for
Opposition No. 58-15120, Japanese Patent Application Laid-
Open (JP-A) No. 2-84198, JP-A-4-40898), and the like are
known.

However, in the process using sulfuric acid as a
catalyst, the reaction between a hydroxynitrile compound
and sulfuric acld produces the objective compound, a
hydroxycarboxylic acid, and an equimolar amount of ammonium
sulfate as a byproduct. Accordingly, since the process
regquires a step for collecting the byproduct, there is a
problem that the steps are made complicate and productlon

coste increase.
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25 costs increase. 1 Furthernore, the process for
produci ng a hydroxycarboxylic acid conpound from a
corresponding hydroxynitrile conpound using a

m cr oorgani sm has probl ens that cyanogen and the |ike
generated by degradation of the 5 hydroxynitrile
conpound inhibit the enzymatic activity of the

m croorgani sm and that the production costs increase
since the process requires desaltin&’treatnent of the

pr oduc P R st DERFEFR §INLTAMCINE Rnt

i nventors have jnvestjgated to find a 10 process for
PeSerrerbay i el S omprrnd (e &, atreRond g

that does_not_use a hydroxynitrile conpound as .a raw

Y areRynitnite rmpetnd tf#nq) 3 mqfr%wm 1t Prablems
a _sul fur-containing dihydroxy conpound can be
pteaereyanegey andthe chiks dpnsrpted Y dporadakinn £ the
fromtreated cell of 15 a m croorgani smthat can
mw%mmcww%#@i%%ﬁr%mwmcﬁwaiw of

correﬁfonding a- hydroxycarboxylic acid conpound,

rehe IieEPoTdansRy ARG AL Fhe REQUREIAN Goffhiingrease
20 DI SCLOSURE OF THE | NVENTI ON The obj ective of the
pHee it therrncess izeqiiregidRpalting treatment of the

produced ammonium salt, and the like.

The present inventors have investigated to find a
process for producing a sulfur-containing hydroxycarboxylic
acid that does not use a hydroxynitrile compound as a raw
material, and found that the primary hydroxyl group of a
sulfur-containing dihydroxy compound can be preferentially
oxidized by using a cell or a material from treated cell of
a microorganism that can convert a sulfur-containing
dihydroxy compound to a corresponding «a-hydroxycarboxylic
acid compound, resulting in the completion of the present

invention.

DISCLOSURE OF THE INVENTION
The objective of the present invention 1is providing a
process for production that enables efficient production of
a sulfur-containing hydroxycarboxylic acid compound.
Namely, the present invention provides the following

items [1] to [4]:
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process for production that enables efficient
production of a sulfur-containing hydroxycarboxylic
aci d conpound. Nanely, the present invention provides
the following 25 itens 111 to [41: 2 (1] A process
for producing (hereinafter sonmetines referred to as
the process of the present invention) a

sul fur-containing a- hydroxyoarboxylic acid compound
represented by the general fornula é 5 CH Rl (2)

wher ei nl R1A rRBPEREHt E0% PRRAVRRT Qﬁﬁe%ﬂﬁgﬁ%ﬁISQW?ﬁ&Pes
havi ng to 8 carbon atons or an aryl grou havi ng
tﬁeéereasibsﬂ ag othe JREOCOF Pf ctherpEeIent %\69‘?51-01’) a
reacting a sulfur- containing dlhydroxy conmpound
réplfuencentaining qehydzexycarboxylic)acty cempennd

1

(rgpresented by the general formula (2):

)

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 a step for reacting a sulfur-
containing dihydroxy compound represented by the general

formula (1):

OH

Rh\\ ///\\\v//l\\\//,OH
5~

(1)
wherein R, is as defined above,
with a cell or a material from treated cell of a
microorganism that has an ability to convert the sulfur-

containing dihydroxy compound to a corresponding a-

hydroxycarboxylic acid compound (hereinafter sometimes



10

15

20

15 wherein Rl is as defined above, with a cell or a
material fromtreated cell of a mcroorgani smthat

has an ability to convert the sul fur- containing

di hydroxy conpound to a correspondi ng a-

hydr oxycar boxylic acid conpound (hereinafter sonetines

3 referred to as the present m croorganisn); [21 The
process according to the item[1l], wherein the

m croorganismis at |east one kind of mcroorgani sm
sEPERYERCS EBnRF hERYr BIPSeRh IPAEFPTrarnyenlis

Al cal i genes, 5 genus Bacillus, genus Pseudononas,

genus Rh3loPaetRFocess ¥eerrdingdte otkesitem)[ife wherein
process according to the item[1] or. [2], wherein Rl

| Bhe hmisypenganbemaisi ay Heagtrong kba@oef gnicroorganism
represented by the general formula (1) is an al kyl
gfelectedhfyengthe t group seormlatbng  ofingepus Akeabigenes,
cell or a material fromtreated cell of a
ngenrverBaniltivas genus Pyeudonpnas of gervs | Bhogobacter and
oxidizing the primary hydroxyl group of a

sgenys - Bepdacoeews di hydroxy conpound represented by

the general fornula (1): 15 OH
[3] The process according to the item [1] or [2],

wherein R; in the sulfur-containing dihydroxy compound
represented by the general formula (1) is an alkyl group
having 1 to 8 carbon atoms; and

[4] Use of a cell or & material from treated cell of
a microorganism as a catalyst for preferentially oxidizing
the primary hydroxyl group of a sulfur-containing dihydroxy

compound represented by the general formula (1):

OH

R4 . /\/k/oH
s

(1)
wherein
R, represents a hydrogen atom, an alkyl group having
1l to 8 carbon atoms or an aryl group having 6 to 20 carbon

atoms.

BEST MODE FOR CARRYING OUT THE INVENTION
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Rl OH (1) wherein R represents a hydrogen atom an
al kyl group having 1 to 8 carbon atons or an aryl
group having 6 to 20 carbon 20 atonms. BEST MODE FOR
CARRYI NG QUT THE | NVENTION 4 The process for

produci ng a sul fur-containing a- hydroxycarboxylic
aci d conpound according to the present invention
(hereinafter sonetinmes referred to as the process of
the present invention) conprises a step for reacting a
5 sul f The HRogess§oX RFedsey8ofp & sprataindRg -

he, above-nentioned general fqrnula Wi, th cel
S AF R oY 1A AT FOIPOR SEOTaing 35t JAie SFesent
HRANIRR dTRITREter 200G iBego@inyred to as the Brocess
a- hydroxycarboxylic acid conpound 10 (hereinafter i
St easnt: [ayent 190 ), ROMBEdSss & MESRodATaREARELng @
In the sul fur-containing dihydroxy conpound

PSRBT ddéﬁ'é?“&’ixyf SompoRnd; represented, by the

cont ai ni ng hydroxycarboxylic acid compound reqfesented
@yove-men ioned general formula (1) with a cell or a

material from treated cell of a microorganism that has an
ability to convert the sulfur-containing dihydroxy compound
to a corresponding a-hydroxycarboxylic acid compound
(hereinafter sometimes referred to as the present
microorganism}).

In the sulfur-containing dihydroxy compound
represented by the general formula (1} and the sulfur-
containing hydroxycarboxylic acid compound represented by
the general formula (2), examples of the alkyl group having
1 to 8 carbon atoms represented by R; may include a methyl
group, an ethyl group, a propyl group, an 1sopropyl group,
a butyl group, an isobutyl group, a t-butyl group, a pentyl
group, a hexyl group, a heptyl group, an octyl group, and
the like.

Examples of the aryl group having 6 to 20 carbon
atoms represented by R; may include a phenyl group, a tolyl
group, a naphthyl group, and the like.

R, for the sulfur-containing dihydroxy compound

represented by the general formula (1) is preferably an
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15 the general fornula (2), exanples of the alkyl
group having 1 to 8 carbon atons represented by Rl
may i nclude a nethyl group, an ethyl group, a propyl
group, an isopropyl group, a butyl group, an isobutyl
group, a t-butyl group, a pentyl group, a hexyl

group, a heptyl group, an octyl group, and 20 the

i ke. Exanples of the aryl group having 6 to 20 carbon

& &1 Rlo "8Vcdaisdd/de gmPhenyl group, a
toly %fr%up%%%phlt%? gr%up, and the like. R1L for

th | b ﬁgﬂg J%“q CRERUF by

regrzgent e ‘ﬁ;e gener a or mula“(1) 1spr ec% (frczaibdl ycompound
af??:.seééﬁ(é’éd% %%Aﬂ&al t ¥ Pinedd SErom the

S r

ur-conta| oxycar oxy IC a0|3;conpoun

rﬁ&f %}% espo%dé I Ng Suﬁrﬁaﬁ%ﬁ ni ng??adnﬁ%aé Jr{d)m
CHURALh od ) SBR0 bt Vo RIS o3| O () proauces
B K ded e i PR R %r%i?%##ia ed from
(R ARl o M pelf dE SV B o1 Ll

uSed ‘as a resent i on,
acell or a naterlal fron1treated cell of

The cell or material from treated cell of the
microorganism, which is used as a catalyst for the present
invention, may be a cell or a material from treated cell of
a microorganism that has an ability to convert a sulfur-
containing hydroxycarboxylic acid compound to a
corresponding o-hydroxycarboxylic acild.

Examples of such a cell or material from treated cell
of the microorganism include a cell or material from
treated cell of:

microorganisms belonging to genus Alcaligenes such as
Alcaligenes faecalis, Alcaligenes denitrificans,
Alcaligenes eutrophus, Alcaligenes sp., Alcaligenes
xylosoxydans, and the like:;

microorganisms belonging to genus Bacillus such as
Bacillus alvei, Bacillus badius, Bacillus brevis, Bacillus
cereus, Bacillus circulans, Bacillus coagulans, Bacillus

firmus, Bacillus lentus, Bacillus licheniformis, Bacillus
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a mcroorganismthat has an ability to convert a

sul fur- containing hydroxycarboxylic acid conpound to

a correspondi ng a-hydroxycarboxylic acid. 15 Exanpl es
of such a cell or material fromtreated cell of the

m croorgani sminclude a cell or material from treated
cell of: mcroorgani sns bel onging to genus Al caligenes
such as Al caligenes faecalis, Alcaligenes

et i 0of SRR s I e
T EA4ED, P LS A Bl OSRNSERGE DAL, st
oSS o O LS P B U Engencsta,
Bah e e P RS i, o B
s AR Sl 450 Bl s g o
CEPORAPTRNED TS Pt io RASICIIPE 2L T
%%WIIF;B Pseudom)nas' %z#)%?f or nan%s:chngfggggl?fgf,
Pseudomonas denitrificans, Pseudomonas diminuta,
Pseudomonas fluorescens, Pseudomonas fragi, Pseudomonas
fulva, Pseudomonas mendocina, Pseudomonas mutabilis,
Pseudomonas nitroreducens, Pseudomonas oleovorans,
Pseudomonas ovalils, Pseudomonas oxalaticus, Pssudomonas
plantarii, Pseudomonas pseudoalcaligenes, Pseudomonas
putida, Pseudomonas putrefaciens, Pseudomonas riboflavina,
Pseudomonas sp. , Pseudomonas straminea, Pseudomonas
synxantha, Pseudomonas syringae, Pseudomonas tabaci,
Pseudomonas taetrolens, Pseudomonas vesicularis, and the
like;

microorganisms belonging to genus Rhodobacter such as
Rhodobacter sphaeroides; and

microorganisms belonging to genus Rhodococcus such as
Rhodococcus erythropolis, Rhodococcus groberulus,
Rhodococcus rhodochrous, Rhodococcus sp., and the like.

Specific examples may include a cell or material from

treated cell of:



Pseudonmonas denitrificans, Pseudononas di m nuta,
Pseudononas fl uorescens, Pseudononas fragi,
Pseudonmonas 10 ful va, Pseudonbnas nendoci na,
Pseudonmonas nutabilis, Pseudonbnas nitroreducens,
Pseudonmonas ol eovorans, Pseudononas ovali s,
Pseudononas oxal ati cus, Pseudononas plantarii
Pseudononas pseudoal cal i genes, Pseudonnnas puti da,

R ESAOTERSSe PAALSL B S RO AR (I OB i P cone
RGNS Alodti s S&%ﬁ?@% £t fidnes =»-
LT, ALEEEOLRS SR SEL SO0 S BEIS pecpius

m croo anl s&s@fel%ﬁ l(lgsto genus Rh dﬁ_f)ccum%l‘;f{ius brevis

Rhodococcus rhodochr ous, Rhodococcus and éik
|Wé1 P ci BaclLlugrereym IHRY dlaps

rom 25 treated cell of: Alcal enes f aec
Mﬁ%&m m%%ﬁ%&oww Qs cr?sﬁ@%l us flrmus
Al cal i genes eutr hus ATCC43123, Alcali es
[ ORETRE . B DA SIGNABHE + Rogiiouts “Higheniformis

IF012195, Bacillus macerans JCM2500t, Bacillus megaterium

IF012108, Bacillus moritai ATCC21282, Bacillus mycoides
IF03039, Bacillus polymyxa IFO3020, Bacillus pumilus
IF012092t, Bacillus sphaericus IF03341, Bacillus subtilis
JCM1465t, Bacillus thuringenesis ATCC13366, Bacillus
validus IFO13635, Pseudomonas auricularis IF013334t,
Pseudomonas azotoformans JCM2777t, Pseudomonas caryophylli
IF013591, Pseudomonas chlororaphis IF03121t, Pseudomonas
denitrificans IAM1923, Pseudomonas diminuta JCM2788t,
Pseudomonas fluorescens IF014160t, Pseudomonas fragil
IF03458t, Pseudomonas fulva JCM2780t, Pseudomonas mendocina
IFQ14162, Pseudomonas mutabilis ATCC31014, Pseudomonas
nitroreducens JCM2782t, Pseudomonas cleovorans IF0135835,
Pseudomonas ovalis IF012688, Pseudomonas oxalaticus
iF013593t. Pseudomonas plantarii JCM5492t, Pseudomonas
pseudoalcaligenes JCM5968t., Pseudomonas putida IF03738,
Pseudomonas putida IAM1002, Pseudomonas putida IAM1090,

Pseudomonas putida IAM1236, Pseudomonas putida ATCC39213,
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al vei 1 FO3343t, Bacillus badius ATCC14574t, Bacill us

brevis 5 I F012334, Bacillus cereus JCWM2503t, Bacillus
circul ans ATCC13403, Bacillus coagul ans JCVR257t,

Bacillus firmus JCW512t, Bacillus |lentus JCW511t,
Bacillus licheniforms |[|FOL2195, Bacillus nmacerans
JCWMR500t, Bacillus nmegaterium 1F012108, Bacill us

noritai ATCC21282, Bacillus mycoi des 10 | F03039,

Baci | | us pol ymyxa | FO3020, Bacillus pum | us

| Renvdopenagpatrefaciens r IRQR9 100 Peudopenas Kilboflavina
subtilis JCML465t, Bacillus thuringenesis ATCCLl3366,
BEEP13E84t v P Fendomman sy, ALGCRAfMbhaFI/RJININAS sstraminea
| FO13334t, Pseudononas azot of ormans JCMR777t,

PieiZ 83t asPeaRdmeRAs | SYREankhm SIF03 B3, d Rgsdomonas

chl ororaphis | FO8121t, Pseudononas denitrificans

| f¥AIpgae FEEQHMha P eRvLonRnay dbrsst | IFQIRfioFeidomonas
fluorescens | FOL4160t, Pseudononas fragi | FOB458t

PeettrrbeRg ITPI46 Q.ONRDTapiongmas Rk otGMA 7 7L,

| FOL4162, Pseudonopnas nutabilis ATCC31014, Pseudonobnas
Rhofobas tem cephagennie? ATCEEI Ao fthr dnersaia ery thropolis
| FO135835, Pseudononas ovalis | F012688, Pseudononas
oEPE2I2Qs Rhimapoais guaheisrm ATIGHEN] i Riodeeogcus
Pseudononas pseudoal cal i genes JCVb968t, Pseudonobnas
Fehedreh oy 35CM3 2034 . dthadesqaausi Fhodadigous ATCC15610,
Pseudononas putida | AMLO90, 25 Pseudonobnas puti da

| B see cqis BRAREGC A4 Bla anrCddm fdtke.

The microorganism is preferably at least one kind of
microorganism selected from the group consisting of genus
Alcaligenes, genus Bacillus, genus Pseudomonas, genus
Rhodobacter and genus Rhodococcus. The microorganism is
more preferably at least one kind of microorganism selected
from the group consisting of genus Bacillus, genus
Pseudomonas and genus Rhodococcus, even more preferably at
least one kind of microorganism selected from the group
consisting of genus Pseudomonas and genus Rhodococcus, and
speclfically preferably a microorganism of genus

Rhodococous.

Using a cell or a material from treated cell of such
a microorganism as a catalyst, the primary hydroxyl group

of the sulfur-containing dihydroxy compound represented by
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8 Pseudononas putrefaciens | FO3910, Pseudonobnas

ri boflavina |FOL3584t, Pseudonpbnas sp. ATCC53617,
Pseudononas stram nea JCM2783t, Pseudonbnas synxant ha

| FO3913t, Pseudononas syripgae | F014055, Pseudonobnas
tabaci |P03508, Pseudononas 5 taetrolens |F03460,
Pseudononas vesicularis JCML477t, Rhodobact er

sphaer oi des ATCC17023, Rhodococcus erythropolis

| £0d 2gefle x &Y OLSERELAIS( ﬂf%%é‘? fédaPdln11y oxidized. As

Rhodococcus rhodochrous JCM320 Rhodococcus

r£6@ Clhe paien ATEld Sheiin ™ E0 AOE 5k ifeSdh t X IIF otfla 1 Ao

the like. 10 The microorganismis preferably at | east

afi€ats NEhHE tHd CoROI LR £60 SGF SEn e b SydF GHPL group of
consi sting of genus Al caligenes, genus Bacill us,
O SsIrEAEOBBIESE n ) 491 hyiasiap ds in

o)
Rhodococcus. The microorganism’is 15 nore preferably

Préfa@sdncdCrd itk UYx AL QN L SR Sﬂ@&{cﬁﬁg iR d:RAL group

group consisting of genus Bacillus, genus seudononas

adlil GRS d) QS0 CAGE Usin 1 AMENe IV 8 Y i B dcBly ddifsduna.

one kind of m croorgani sm sel ected from the group
consi sting of genus Pseudononas and genus Rhodococcus,
and 20 specifically preferably a m croorgani sm of

genus  GHKUIRPRFCYhe method for preparing the microorganism
used for the present invention is explained.

The microorganism can be cultured using various media
for culturing microcrganisms that sultably comprise a
carbon source, a nitrogen source, organic salts, inorganic

salts, and the like.

Examples of the carbon source included in the medium
may include glucose, sucrose, glycerol, starch, organic
acids, molasses, and the like. Examples of the nitrogen
source may include yeast extracts, meat extracts, peptone,
casamino acid, malt extracts, soybean powder, corn steep
liquor, cottonseed powder, dry yeast, ammonium sulfide,
sodium nitrate, and the like. Examples of the organic acid
salt and inorganic acid salt may include sodium chlorigde,
potassium chloride, sodium carbonate, potassium phosphate,
dipotassium phosphate, calcium carbonate, ammonium acetate,

magnesium sulfate, copper sulfate, zinc sulfate, ferrous

10
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Using a cell or a material fromtreated cell of such

a mcroorganismas a catalyst, the primry hydroxyl
group 25 of the sul fur-containing dihydroxy conpound
represented by 9 the general formula (1) can be
preferentially oxidized. As wused herein, the termcan
be preferentially oxidized" neans that the

oxi di zation of the primary hydroxyl group of the

SUilgd e, 1 CHldMHL X arfe@ HHEINd Ky oceeds in 5
preference to the oxidation of the secondary hydroxyl

group and sulfide of the sul fur-containing dihydroxy
conmpound. Secondly, the nethod for preparing the

M Cr 00 IsE@pAB s T Methodae £ Tt urivg ag" intlude solid
expl ai ned. 10 The m croorgani sm can be cul tured using

IS AP 13 qd 1 Sl ain (BFO PR icuTedridly, £lask
swtably conprise a car bon source, a nltrogen source,

UL Har Ifidniiter Altubing)d die theQ1xk), and the

Exanpl es "of ‘the carbon source included in the nedi um
MRYd ncl ude gl ucose, sucrose, glycerol, starch,
organic acids, nolasses, and the |ike. Exanples of

the ni tHEIGRAMpRHGEe b %'ﬂﬁ%gmaa%de%h%aﬁﬁ ofMehle

extracts, peptone, casam no acid, ‘malt extracts,

%"?J)Vf\l.g:‘%ﬁ:ré fHlot EYee1FiRA 150 J{i'fvdlg:% WAUH19" %8R0 range where
powder, dry yeast, ammoni um sul fi de,

the present microorganism grows. For example, the culture
temperature may be in the range of from about 15°C to about
45°C, and the pH of the culture may be in the range of from
about 4 to about 8. The culture time can be suitably

selected according to the condition for culturing, and

generally in the range from about 1 day to 7 days.

The cell of the micrcorganism can be directly used as
a catalyst for the process of the present invention.
Examples of the method comprising directly using a cell of
a microorganism meay include (1) a method comprising
directly using a culture, (2) a method comprising
collecting cells by such as centrifugation of a culture and
using the collected cells (where necessary, wet cells

washed with buffer or water), and the like.
Alternatively, a material from treated cell of the

11
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sodiumnitrate, and the |ike. Exanples of the organic
acid salt and inorganic acid salt may include sodi um
chl oride, potassium chloride, sodium carbonate,

pot assi um phosphate. di potassi um phosphate, cal ci um
car bonat e, ammoni um acetate, 25 magnesi um sul fate,
copper sulfate, zinc sulfate, ferrous 10 sulfate,
cobalt chl ori de, and the |ike. Exanples of nmethods for

f ‘%%‘F‘!?’ﬁgﬂﬁ%gt deec'?ﬁjelf‘t[?sh:g:autﬁm tlclltﬁqﬁu‘t:rj‘f?:é tl}eﬁr
T

tvi#,%%?%? HEvenfLon; REELER o Ehis MiterBL €5PR, 2 Satea

eeli;?'éai EEGAT TR ttga?ﬂswé Uh ST, il fovea by
Uinnd o AL 4T fg@w& ARAEE, AthP g oo

4 The

Sfﬁ }é“fm&%liw%w T (SR Lgh RS ot iﬁbe-toor

e condjtion for culturln and ener al in the

JHEH o e Y o1 1 o

m AERS RE I VR A AR AT yrsotm ft%ose

cells, or purified enzymes obtained by purifying the crude
enzymes, or the like. Furthermore, examples of the
material from treated cell may also include cells subjected
to the above-mentioned treatment and fixed by a publicly

known method.

The present invention is generally carried out in the
presence of water. In this case, water may be in the form
of a buffer. Examples of buffer agents used for the buffer
include alkali metal salts of phosphoric acid such as
sodium phosphate and potassium phosphate, alkali metal
salts of acetic acid such as sodium acetate and potassium
acetate, and the like,

Alternatively, the present invention can be carried
out in the presence of water and a hydrophobic organic

solvent by additionally using a hydrophobic organic solvent.
Examples of the hydrophobic organic solvent used 1n this

case may include esters such as ethyl formate, ethyl

12
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Exanpl es of the nmethod conprising directly using a
cell of a mcroorganismnmay include (1) a nethod
conprising 20 directly using a culture, (2) a method
conprising collecting cells by such as centrifugation
of a culture and wusing the collected cells (where
necessary, wet cells washed with buffer or water),
and the like. 25 Alternatively, a naterial from

(S8 e ol dipuler WSHAL AR o i ftafpdhce.
%'? afﬁ%ﬁv%ypw e floaftld 48 % h'tféa*? %ﬂfﬁ%j“hnﬂ' n-
dfed %62%“5 ?liié?ﬁél%&eﬁ%'a'ﬁﬁ 32080 {18 Rydddirons sucn
% C‘?Z'% o tehieE, S gﬁﬂ%ﬁ%”“'@?ﬁé@%@% 4g ity
y { %Rﬁlfled enz T ﬁi& t ny
p%'f ?’3-/1 n‘gi ‘ﬁ%"% ‘Epg't a#-}}glty ether,
U SR B Bt A
R TR e Eﬁa@fﬁ R AmeEptY oeporn F'yy

carrie u 15 esence of, water.. In thi
case. aﬁﬁgpr %}wﬁi nt invention can be carried

out in the presence of water and an agueous medlum, by
additionally using a hydrophilic organic solvent. Examples
of the hydrophilic organic solvent used in this case may
include alcohols such as methanol and ethanol, ketones such
as acetone, ethers such as dimethoxyethane, tetrahydrofuran,

and dioxane, and mixtures thereof.

Although the reaction pH in the present invention is
generally pH 3 to 10 for the agueous layer, 1t can be

suitably varied in the range in which the reaction proceeds.

Although the reaction temperature in the present

invention is generally from about 0°C to 60°C, it can be

sultably varied in the range in which the reaction proceeds.

The reaction time for the present invention is

generally in the range from about 0.5 hour to about 10 days.

13
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of a buffer. Exanples of buffer agents used for the
buffer include alkali netal salts of phosphoric acid
such as sodi um phosphate and pot assi um phosphat e,

al kali metal salts of acetic acid such as sodi um
acetate and potassium 20 acetate, and the |ike.
Alternatively, the present invention can be carried
out in the presence of water and a hydrophobic organic

vent . b ddi t al | ropt ObIC AN S curin
%@tZé?ﬁdtrﬁ%?gth%aZ&ﬁ %( :ﬁgﬁhdgﬁégrz c:gggggrﬁ % e

iesiotnt jof S Sl o ARG, AR geotna. 4
a?“*i%?%% e <SR Aen romeip o [ BB rop, pr tne
FefbhE e gt aits bRt e sﬁvt!f#asa% &R 5
it LSRR aﬁmﬁswgﬁeﬁcﬁﬁrt% TR ki 5.

di.chl oroet hane, and, m xtures thereofl Alternatively,
t‘ﬁbr?ﬂae%%ﬂﬁal?lmerﬂ‘?%rﬂtear} carried out in the
presence of water and an aqueous nedium by 10

addi tional Iy using a hydrophilic organic solvent

Exanpl es of the hydrophilic_organic solv sed
thigpcéy?lﬁﬂPcent ation of thegiulfur -con ain dfﬂydroxy

compound, which 1s a raw material compound for the present
invention, 1s generally 50% (w/v) or less. In order to

keep the concentration of the sulfur-containing dihydroxy
compound approximately constant in the reaction system, the
sulfur-containing dihydroxy compound may be added to the

reaction system continuously or successively.

In the present invention, if necessary, a sugar such
as glucose, sucrose, and fructose, or a surfactant such as
Triton X-100 and Tween 60 may be added to the reaction

system.

After the reaction is completed, the reaction
solution i1s subjected to a general post-treatment such as
organic solvent extraction and concentration, whereby the
sulfur-containing hydroxycarboxylic acid compound

corresponding to the sulfur-containing dihydroxy compound

14
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i ncl ude al cohol s such as nethanol and ethanol, ketones
such as acetone, ethers such as di net hoxyet hane,
tetrahydrofuran, and di oxane, and m xtures thereof.

15 Although the reaction pHin the present invention

iIs generally pH 3 to 10 for the aqueous |layer, it can
be suitably varied in the range in which the reaction
proceeds. 20 Although the reaction tenperature in the
present invention is generally fromabout 0C to 60C,
ican e rollreted| fromthe) tepdtion ARjdatieonhi dhe fbus-
reacti on proceeds. The reaction tine for the present
iepAlrstad  snEnRgantaining, hyfdroxyqarbormn p Arid epmpound
hour to about 10 days. 13 The end point of the

rTRese the rfuniheye Y aodsmn GRromatogRARRY of

the sul fur-containing di hydroxy conpound in the
&SRR on utansh Hie ditkeonpifemesiesMaratidi ti on of the
sul fur-contai ni ng di hydroxy conpound, which is a raw 5
mat eri al conpound, by |iquid chromatography, gas
chromat ography, and the |ike. The concentration of the
AxamplesHnt ai ni ng di hydroxy conpound, which is a raw
mat eri al conpound for the present 10 invention, is
gener alHeredgmiter ther present dnyeadlono is explained 1in

more detall based on Examples. However, it is needless to
say that the present invention is not limited by the

Examples.

Production Example 1
(Production of a raw material, 4-(methylthio)butane-1,2-
diol)

A 100 mL flask with a magnetic stirrer was charged
with 3-butene-1,2-diol (880 mg) and azobisisobutyronitrile
(10 mg). The mixture was bubbled with methanethiol for 1
hour under stirring while keeping the temperature at 25°C.
The mixture was stirred for additicnal 1 hour at the same
temperature and then bubbled with nitrogen fox 0.5 hour to
purge the residual methanethiol, whereby colorless oil
(1245 mg) was finally obtained. The oll was analyzed by
gas chromatography area percentage method, which revealed
the yield of 4-{methylthio)butane-1,2-diecl to bhe 72.5%.

The amount of the unreacted residual 3-butene-1l,2-diocl was

15
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keep the concentration of the sul fur-containing
di hydroxy conpound approxi mately constant in the
reaction system the sulfur-containing di hydroxy
conmpound may be added to the reaction system
conti nuously or successively. 15 In the present
invention, if necessary, a sugar such as glucose,
sucrose, and fructose, or a surfactant such as Triton
X-100 and Tween 60 may be added to the reaction
Rbs163m oD Fher Emounte wagn dnd tdadhdve cheraad:
reaction solution is subjected to a genera
post - t Mekare wass fheny @ddedy ia Eheothysrobtained Golgrdess
concentration, whereby the sulfur-containin
By B8 Ehatote CoRGeRtEERISM efzé-éwey&&ﬁ&%w&m- 1,2~
the sul fur-containing di hydroxy_conpound 14 can be
Ghale baspne JPA%IN VeacTRBN1REPHEPLR. EHRETERD(1-©- -
col | .ected sul fur-containi ng hydroxycar boxylic gcid
ohptynonitaided was remoyesy frgm e mixture by
chr omat ogr aphy, evaporation, and the like, if
n fo-af a raw material (10% (w/v) aqueous
solution of 4-{methylthio)butane-1,2-diol), which was used

for Example 1.

Example 1

(Production Example of a sulfur-containing
hydroxycarboxylic acid compound from a sulfur-containing
dihydroxy compound according to the process of the present
invention)

Test tubes were charged with a sterilized medium (5
ml), which was prepared by adding glucose (20 g).
polypeptone (5 g), yeast extract (3 g), meat extract (3 g).
ammonium sulfate (0.2 g), potassium dihydrogenphosphate (1
g) and magnesium sulfate 7-hydrate (0.5 g) to water (1 L}
and adjusting the pH to 7.0. The cells shown in Table 1
were inoculated into the medium. Each medium was subjected
to shaking culturing at 30°C under aerobic condition.
After the oulturing was completed, the cells were separated
by centrifugation to afford viable cells. A test tube with

a screw cap was charged with 0.1 M Potassium phosphate

16
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Herei nafter the present invention is explained in

nore detail based on Exanples. However, it is needless
to say that the present invention is not limted by
the 10 Exanples. Production Exanple | (Production of
a raw material, 4-(nmethylthio)butane-1,2- diol) 15 A
100 nL flask with a magnetic stirrer was charged wth
3-butane-1,2-diol (880 ng) and azobi si sobutyronitrile

bh2eaR) (aRad) k& ﬁﬁ?néﬁs ibru-ﬁb'kégg"ﬁ-'“?1'%‘?15@%29%%%%0’5“15
Re<En8adaf EoR-obity Apd; rabahfEse ind titi, iz el %8 . 2
wéﬁh ?‘Fﬂfﬂ%?‘ gxﬁs?ﬁﬁvcﬁgf’af#%%@%. "1 258 5Rhgy) aguecus

I kabpoPEafy (psPEEBie)bRERRRE{AS418Y) HES aadeg to the
s35pks g'}%ﬂ?ﬁ@ 5&6"53?*"8?9 fabikPhSetreafith be b€
(nethEiEpiofabtane Tazcfinhoornane . 0E  CPRVT ) AnE" c#ES

t hus-obtai ned colorless oil so_that_the concen ratlon
gbtalpeg: MEELHFS) ¥asafBeked at 30°C for 2 or 3 days

After the reaction was completed, the reaction
solution (1 ml) was sampled. The cells were removed from
the sampling solution, and the amount of produced 2-
hydroxy-4-methylthiobutyric acid was analyzed by liquid

chromatography. The obtained results are shown in Tables 1

to 4.

(Condition of content analysis)

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

Mobile phase: liquid A: 0.1% trifluorcacetic acid
agueous solution, ligquid B: methanol

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

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

17



di ol becanme 108(w/ v). The insoluble fraction (i.e., 5
azobi si sobutyronitrile) was renoved fromthe m xture
by filtration to afford a raw naterial (10% (w V)
aqueous solution of 4-(methylthio)butane-1,2-diol),
whi ch was used for Exanple 1. 10 Exanple 1
(Production Exanple of a sul fur-containing

hydr oxycar boxylic acid conpound from a

sul fur- cont a| ni n?’bvdl hydr oxy conmpound according to the
pr ocesd G i nvention) 15 Test tubes were
char ged vvlth a sterilized nedium (5 nl), which was

pr epar &P W, FEMRErFAtYESse 4026 ), pol ypeptone (5 g),
yeast extract (3 g),  neat extract (3 g), ammonium
sul f at PgHESLipn: %m)?(oagg\ um di hydr ogenphosphate (1 g)
and magnesium sul fate 7-hydrate (0.5 g) to water (1 L)
20 and adjusting the pHto 7.0. The cells shown in
Table 1 were inoculated into the nedium Each nmedi um
was subjected to shaking culturing at 30C under
aerobic condition. After the culturing was conpl eted,
the cells were separated by centrifugation to afford
viable cells. Atest tube with 25 a screw cap was
charged with 0.1 M Pot assi um phosphate 16

18



buffer (pH7) (2 m), and the above-nentioned viabl e
cells were added thereto and suspended. The raw
material (0.2 mnl) obtained by Production Exanple 1
(10t (wv) aqueous solution of -
4- (met hyl t hi 0) but ane-1, 2-diol) was added to the 5
T§Nf€epsion so that the final concentration of 4-
net hyl t hi o) but ane-1, 2-di ol becane 108 (wv), and the

obt ai ned mi xture was shaken at 30C f Rt 24, 13n03%%e of
After the reaction was conpleted, thg reaction
From 10 the Sanpiing Sol uti on. and PhE amoat GHe ylthio-
GG Sy 9T oKy 4Tty L obut v b Eg ()
Y e e R
oA APPSR S b P00 o)
aqueous solution, Tiquid B: t hanol | 2 ime (mn)
Aol 9LDeT U TERIF %T(Cé’) 133330: 20 1b 80120 20 50: 50
Alcaligenes faecalis IFO 12669 0.2
Alcaligenes faecalis IFO 14479 0.1
Alcaligenes faecalis JCM 5485t 2.5
Alcaligenes sp. IFO 14130 0.1
[Alcaligenes xylosoxydans IF015125t ] 0.2
denitrificans
Alcaligenes xylosoxydans IF015126t 0.5
xylosoxydans
Bacillus alvei IFO 3343t 17.0
Bacillus badius ATCC 14574t 7.3
Bacillus brevis IFO 12334 4.7
Bacillus brevis JCM 2503t 4.2
Baclllus cereus JCM 2152t 11.2
Bacillus cereus var.juroi ATCC 21281 10.3
Bacillus cereus var.mycoides IFO 3039 2.6
Bacillus circulans ATCC 13403 1.2
Encillus circulans IFO 3329 2.8

19



30 50:50 25 30.1 80:20 17 Flow. 0.5 mM/mn Col um
tenperature: 40C Detection: 220 nm5 18 Table 1

Producti on rate of

strain

2- hydr oxy- 4- net hyl t hi o- ane of

butyric acid (8) |caligenes faecalis |IFO
13111t 0.1 lcaligenes denitrificans JCM 5490 0. 4

| cal i genes eutrophus ATCC 43123 0.1 | caI i genes
aeeats—o—312669—0—2 e-at geres aecatis—1+FO-144+9
IBaBillﬂbcaifgehmsf-Kﬂt&ﬁtEt]CM 5485t P.3 .4l caligenes sp
H-014130—0—3—tcaltgenres—oH-osoxyaprs—Fo5125+—6—2
Baefllusfcoagslans| JCMER2E 2y | osoxydan$ BR@L5126t 0.5
Paclillus firmus JCM 2512t 0.6
Bacillus lentus JCM 2511t 3.6
Bacillus licheniformis ATCC 27811 2.0
Bacillus licheniformis IFO 12195 1.8
Bacillus licheniformis IFO 12195 1.3
Bacillus licheniformis IFO 12197 12.9
Bacillus licheniformis IFO 12200t 1.3
Bacillus macerans JCM 2500t 1.5
‘jBacillus megaterium IFO 12108 0.6
acillus megaterium JCM 2506t 1.2
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| osoxydans Bacillus alvei |1FO 3343t 17.0 Bacillus
badi us ATCC 14574t 7.3 Bacillus brevis | FO 12334 4.7
Bacillus brevls JCM 2503t 4.2 Bacillus cereus JCM
2152t 11.2 Bacillus cereus var.juroi ATCC 21281 10.3
Baci | | us cereus var.nycoides | FO 3039 2.6 Bacillus
circul ans ATCC 13403 1.2 Bacillus circulans | FO 3329
2.8 19 Bacillus circulars JCM 2504t 1.4 Bacillus
Takbeagul ans JCM 2257t 5.0 Bacillus firnus JCM 2512t 0.6

—Bactrttus—tentus—3EM25ttt—S—6—Bacritus—t T chenm forms

ATCC 27811 2.0 Bacillus licheniforfreductiepiggte, gf
Bacillus licheniforms |IFO 12195 1. Baci | | us
l'ichenifornis | FO 12197 12.9 Baci | Rubydremynii-sephylthio-
| FO 12200t 1.3 Bacillus macerans J 2500t 1.5

Narita off [stxrategat eri um | FO 12108 0.6 utyric acld (%)

[Bacillus moritai ATCC 21282 11.5_

Bacillus mycoldes IFC 3039 6.0

Bacillus polymyxa IFO 3020 3.5

Bacillus polymyxa JCM 2507t 2.8

Bacillus pumilus IFO 12092t 1.%

Pacillus sphaericus IFQO 3341 13.2

'hacillus sphaericus IF0O 3525 0.6

Bacillus sphaericus IFO 3526 - 6.2

Eacillus sphaericus IFO 3527 1 4.0

Bacillus sphaericus IFO 3528 1.6

Bacillus subtilis JCM 1465t 10.8

bacillus subtillis ATCC 14593 1.7

Baciilus subtilis ATCC 15841 5.6

[Bacillus subtilis IFO 03026 2.8

[facillus subtilis IFO 03108 2.5

Bacillus subtilis IFO 03134 2.8

acillus subtilis IFO 3026 3.3

Bacillus subtilis IFO 3037 , 2.7

[Bacillus subtilis IFO 3108 1.7

Pacillus subtilis IFO 3134 1.5

21



Baci | | us negateri um JCM 2506t 1.2

Production rate of 2-hydroxy-4-net
strain utyric acid (9) Bacillus nor
11.5 Bacillus mycoides |IFO 3039 6.

20 Table 2
hyl t hi o- ane of
itai ATCC 21282
0 Bacillus

pol ymyxa | FO 3020 3.5 Bacillus polynyxa JCM 2507t 2.8

Bacillus pum lus I FO 12092t 1.5 Ba

cillus sphaericus

L 2L oL 0N

cillice cnhanoei oL
. Co T 1T U \JPIILAL:I mMouUuo
badiacide U EfliRinisass AEC 353666. 2 B

LEQ 3527 4 QO Bac| | | us Sphaer: eHS ]

T o ogJzZJ U. U

Lol Bus sphaeri cus

CO 2020 1 o

BadElilgd Walsiddd ITFe 166688465t 10.8 B

Mo JJo0U 1. U

ac3l8us subtilis
TCC 15941 | el A

iPs&tittomdntss AiuridiladisOr#90263348 B

03108 2.5 Bacillus subtilis | EO.O:

L ATCC 14503 1.7 Bacillus—subtitis—A
T T Ad NUARLUT T J T

oo L JUST L J. U

illes subtilis |IFO

[Pseudomonas azotoformans JCM 2777t 8.9
Pseudomonas caryophylli IFO 13591 0.4
Pseudomonas chlororaphis IFO 3521t 1.1
Pseudomonas chlororaphis IFO 3904t 0.7
[Pseudomonas denitrificans IAM 1923 2.7
Pseudomonas diminuta JCM 2788t 38.;
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Bacillus subtilis IFO 3026 3.3 Bacillus subtilis IFO
3037 2.7 Bacillus subtilis IFO 3108 1.7 Bacillus
subtilis IFO 3134 1.5 21 Bacillus thuringensis ATCC
13366 10.4 Bacillus validus IFO 13635 3.8
Pseudononas auricularis | FO 13334t 1.9 Pseudonobnas
azot of ormans JCM 2777t 8.9 Pseudononas caryophyl |
| FO 13591 0.4 Pseudononas chl ororaphis | FO 3521t 1.1
prapggusiononas chl ororaphis | FO 3904t 0.7 seudonobnas

denitrificans | AM 1923 2 7

Pseudonpnas dim.nuta

1.CM

2788t 38.9 22 Table 3 Production r #diction rate of
2- hydr oxy-4-net hylthi o- ane of strajn butyric acid (4)
seudononas fl uorescens Biotype F 7. &-hifdrokipldd methylthio-
Pseudononas fl uorescens | FO 14160t .3

Name of strain utyric acid (%)

[Pseudomonas fluorescens Biotype F 7.6

ATCC 17513

Pseudomonas fluorescens IF0O 14160t 0.3

[Pseudomonas fragli IAM12402 0.1

Pseudomonas fragi IFO 3458t 0.;

Pseudomonas fulva JCM 2780t 1.1

' Pseudomonas mendocina IFO 14162 34.1

Pseudomonas mutabilis ATCC31014 13.5

[Pseudomonas nitroreducens JCM 2782t 8.4

Pseudomonas oleovorans IFO 13583t 0.3

bseudomonas ovalis IFO‘12688 1.4

Pseudomonas oxalaticus IFO 13593t 0.2

Psevdomonas plantarii JCM 5492t 1.3

Pseudomonas pseudoalcaligenes 36.2

JCM 5968t

Pseudomonas putida ATCC 17428 1.5

Pseudomonas putida ATCC 17484 9.9

Pseudomonas putida ATCC39213 23.3

Fseudomonas putida IAM 1002 20.5

Fseudomonas putida IAM 1090 28.1
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Pseudononas fragi | AML2402 0.1

Pseudononas fragi

| FO

3458t 0.4 Pseudononas fulva JCM 2780t 1.1
Pseudonmonas nendoci na | FO 14162 34.1 seudonobnas

nmut abi lis ATCC31014 13.5 Pseudonpnas nitroreducens
JCM 2782t 8.4 Pseudonpnas ol eovorans | FO 13583t 0.3
Pseudononas ovalis | FO 12688 1.4 Pseudormnas

f\’)

axalati cnic O 123593+ 0-—2—Psexdse
LTI IIT 1 OCUUUIIU

EsEﬂ&BﬁoﬁaB ptE’s:Bdniamnamqmseudoal cal i

&S pl aIIL Al 1 | \JLzIVJi

gemes 36.2 JCM

[y 1l
J 1 DCUUUIIUIIGD

5068t Pseudonpnhas put;nlg AFCC—17428

oI T TOrD L1 T

Pseudodlondd Gou iS4 XM 3 238seudononas
2

Jllt9| da ATCC39213

N b Do o da S

I I\I\I 1 ﬂﬂ’)
—

23, 3 Pseudonbhas—put-ida
Ps@uldbrlonbdNpdOOda AFd 12336Pseudononag
10— Pseudonpnas-

nllfl rla AN 1’)')52 10

amny oL UUVUTIUITAOS

5 Bubi da | AM 1094

a

ocnndoneanac
S5eHEa o ERasS

=4

J

Ps8uldbflenaE Qi LHSe £ 13636dononas puli @a3l FO 13696 9.3

|P seudomonas

Psaudomonas putida IFO 14164t 41.2
[Pseudomonas putida IFO 14671 0.9
Pseudomonas putida IFO 14796 1.0
{Pseudomonas putida IFO 3738 38.2
[Pseudomonas putlda IF012653 5.'7
IPseu(Elomonas putida JCM 6156 1.5
seudomonas putida JCM 6157 0.5
putida JCM 6158 1.2
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Pseudononas putida | FO 14164t 41.2 Pseudononas putida
| FO 14671 0.9 Pseudononas putida | FO 14796 1.0
Pseudononas putida | FO 3738 38.2 seudononas putida

| FO12653 5.7 Pseudononas putida JCM 6156 1.5
Pseudononas putida JCM 6157 0.5 Pseudononas putida
JCM 6158 1.2 24 Table 4 Production rate of

2- hydr oxy-4-net hylthi o- ane of strain butyric acid (4)
B, H%pqonas putrefaci ens |1 FO 3910 0.2 Pseudononas
ripoflavina 1 FO 13584t 0.1 Pseudononas sp. ATCC 53617

4.4 Pseudonpbnas strani nea JCM 2783t Br&hﬁ

SLEG YA of

synxantha | FO 3913t 0.4 seudononas {yringae
3505 1.7 Pecudomonas aetrol ens | FOBINEEPRr 4 dhétnylthio-
kame of strain putyric acld (%)
Egeudomonas putrefaciens IFO 3910 0.2
Eseudomonas riboflavina IFO 13584t 0.1
[Pseudomonas sp.ATCC 53617 4.4
Fseudomonas straminea JCM 2783t 1.0
Pgseudomonas synxantha IFO 3913t G.4
Pseudomonas syringae subsp.syringae 3.8
IF0140595

[Pseudomonas tabaci IFO 3508 1.7
bseudomonas taetrolens IFO 3460 0.3
[Pseudomonas. vesicularis JCM 1477t 8.4
[Rhodobactexr sphaeroldes ATCC 17023 3.0
Fhodococcus erythropolis IFO 12320 21.7
khodococcus globerulus ATCC 15076 22.7
Rhodococcus rhodochrous ATCC 15610 58.9
Rhodococcus rhodochrous ATCC 19067 16.0
Fhodococcus rhodochrous ATCC 19149 14.6
Fhodococcus rhodochrous ATCC 19150 12.3
Phodococcus rhodochrous ATCC 21197 2.7
Fhodacoccus rhodochrous ATCC 21199 7.9
Fhodococcus rhodochrous JCM 3202t 30.9
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seudononas. vesicularis JCM 1477t 8.4 Rhodobact er
sphaeroi des ATCC 17023 3.0 Rhodococcus erythropolls

| FO 12320 21.7 Rhodococcus gl oberul us ATCC 15076 22.7
Rhodococcus rhodochrous ATCC 15610 58.9 Rhodococcus
rhodochrous ATCC 19067 16.0 Rhodococcus rhodochrous
ATCC 19149 14.6 Rhodococcus rhodochrous ATCC 19150
WbUbbUb rtodochrous ATCC 25197 27

SPhATEEhEIIED ATCC 21199 7|93 -4IRhodococcus

T hodochrous—3Ev-3262t—309—25todoTtgrTus Sp ATCC
Rﬂ@ﬁﬁ@ogguy sndb@@@ch%ﬂ%h ATCC 19071 7. 7 -Rhodococcus sp

L TN\

tFY—Accor drmg—to

conpound eff|C|entIy 26 CLAINB 1 A process for
produci ng a sul fur-containing a

INDUSTRIAL APPLICABILITY
According to the present invention, 1t becomes
possible to produce a sulfur-containing hydroxycarboxylic

acid compound efficiently.
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10

15

hydr oxycar boxylic acid conpound represented by the
general formula (2): 5 OH (2) wherein Rl represents
a hydrogen atom an al kyl group having 1 to 8 carbon
atons or an aryl group having 6 to 20 carbon 10
atons, which conprises a step for reacting a sul fur-
cont ai ni ng di hydr oxy conpound represented by the
general formula (1): OH R, OH (1) 15 wherein Rl is
as defined above, with a cglirpps a material from
treated cell of a nicroorganlsn1that has an ability

h f
to o dor rhBERaRey H67 BEMEIMEh Wl G SoROTRAY -
n%%r%xyEQQbB&S&iiﬁa%&ﬁPEGhBGuha EEﬁbEh&ntWheb? Rhhgeneral

formula (2):

R4
™~
s

@)
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 a step for reacting a sulfur-
containing dihydroxy compound represented by the general

formula (1):

wherein R; is as defined above,

with a cell or a material from treated cell of a
microorganism that has an ability to convert the sulfur-
containing dihydroxy compound to a corresponding o-

hydroxycarboxylic acid compound.
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m croorganismis at |east one kind of mcroorgani sm
sel ected fromthe group consisting of genus

Al cal i genes, 5 genus Bacillus, genus Pseudononas,
genus Rhodobacter and genus Rhodococcus. 3. The
process according to claiml or 2, wherein RL in the
sul fur-containing di hydroxy conpound represented by

10 the general fornula (1) is an al kyl group having 1
to 8 carbon atons. 4. Use of a cell or a materia
fromtreated cell of a mcroorganismas a catalyst
for peef erkatprdtyssxaciarding 1to tdbaim i hnrwhépelinxtie
group of a sul fur-containing di hydroxy conpound
niirodsgandeémby st At geastabnkokimbaoc€linicOehorBand@em (1)
wherein 20 Rl represents a hydrogen atom an al kyl
s@lediteldarrom thet grdupacbasiatdng of genasyhlgeddgenes,
having 6 to 20 carbon atons. 28

genus Bacillus, genus Pseudomonas, genus Rhodobacter and

genus Rhodococcus.

3. The process according to claim 1 or 2, wherein R,
in the sulfur-containing dihydroxy compound represented by
the general formula (1) is an alkyl group having 1 to 8

carbon atoms.

4. Use of a cell or a materlial from treated cell of
a microorganism as a catalyst for preferentially oxidizing
the primary hydroxyl group of a sulfur-containing dihydroxy

compound represented by the general formula (1):

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.
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