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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 hydrolyzing cyanhydrin using sul phuric
FRQCERS F'QRt BROBUCIHGPEULEYR - CONTANNANG HWYDROXYCARBOXYLIC
hydroxynitril e conmpound through action of a

m croorgani smto convert intaggy correspondi ng

hydr oxycar boxylic acid (e.g., Japanese Patent

Lai d- Open for 15 Opposition No. 58-15120, Japanese
PHGE@MIApp| FEBLPon Lai d- Open (JP-A) No. 2-84198,

JP- A-4-40898), and the |ike are known. However, in

t he progesspusisegtsul piwentciaci dradatescattab yst, tgwocess for
reacti on between a hydroxynitrile conpound and 20
PR £g as 1 SuPreduesstERiAB] ﬁyawg?/ca@mstymdc acid.

hydr oxycar boxyl i ¢c acid, and an equi nol ar anmount of
ammoni um sul phate as a byproduct. Accordingly, since

the process requires a step for collecting the

3%%%&%@%@@3;&§fe is a problemthat the steps are nade
production 25 costs increase.

Conventionally, as processes for producing a sulfur-
containing hydroxycarboxylic acid, a process forhhydrolyzing
cyanhydrin using sulphuric acid as a catalyst, a process for
hydrolyzing a hydroxynitrile compougd 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 sulphuric acid as a
catalyst, the reaction between a hydroxynitrile compound and

gulphuric acid produces the objective. compound, a

hydroxycarboxylic acid, and an equimolar amount of ammonium

sulphate as a byproduct. Accordingly, since the process
requires a step for collecting the byproduct, there is a
problem that the steps are made complicate and production

costg increase.
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1 Furthernore, the process for producing a

hydr oxycar boxyl i ¢ acid conpound from a correspondi ng
hydroxynitrile conmpound using a m croorgani sm has
probl enms that cyanogen and the |ike generated by
degradation of the 5 hydroxynitrile conpound inhibit
the enzymatic activity of the mcroorganism and that
the production costs increase since the process

requi r esieadrindiSs | 1A Prcdds ¥ gERRIKAGHY FTONI um

salt, and the like. The present inventors have

lm&eﬂdmﬁbdﬁiwﬁa&%ﬁwﬁﬁﬁ f1Um [ WS b chding

sul fur-cont ai ni ng hydroxycarboxylic acid that "does

nQi Aicicyrh TR I e iinig durfa Gﬂﬁi@l@ nﬁ%:%&:@’éﬁni’?ﬂ #HdPlproblems

found that the prlnar y roxyl group of

SQHHH i r
ec%gn A iﬁ&qa el i Ragradation of the

prefer oxi di zed by u3|ng a ce%ﬁ- a mat er1 al

fw&ﬂdﬁaﬁ%ﬂ‘é lootfpolma? :L'Hh&gﬂﬁr %?fo?é zéﬁn%tti%a%cuvity of

convert "a sul fur-containing und to

C Qhlef FRAIY Y araizndr Q:.FI'LQQ:XX: s gﬁ@u@t&%ﬁp%@‘i’s increase

resulting inthe conpletion of present inventi

23 B0 e L EGANET LTI Y RSt W ene

present i nvéntion |

D Red" alithaGABLES *bbiic LUl 1&5;%%0“0” of a
Su

ur-contalnlng roxycar oxyI aci d conpound.
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
materizal, 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 objJective 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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Nanmely, the present invention provides the follow ng
25 itenms [1] to [4]: 2 (1] A process for producing
(hereinafter sonetinmes referred to as the process of
the present invention) a sulfur-containing a-

hydr oxycar boxylic acid conpound represented by the
general fornmula (2): 5 OH R (2) wherein Rl
represents a hydrogen atom an al kyl group having 1 to

8 carbongfj ﬂsﬁfécégsafai I@% Befeifaffef 2EHRE 0 ines

10 atons wh
su nggi QN [ S
ribsiesbanta, £ e ey, SEIRY AR R By

| Sg @ffgfzgﬁﬁéafﬁfﬂﬁ amﬁ§$E5&§@gfb&§yfigaéglﬁa&o&ﬁgﬂﬁd

treat

conprises a ste reacting a

represented by the general formula (2):

wherein

R, represents a hydrogen atom, an alkyl group having
1 to 8 carbon atoms or am 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 a-

hydroxycarboxylic acid compound (hereinafter sometimes



10

15

20

m croorgani smthat has an ability to convert the

sul fur- containing dihydroxy conpound to a
correspondi ng a- hydroxycarboxylic acid conmpound
(hereinafter sonmetinmes 3 referred to as the present

m croorgani snm; [2] The process according to the item
[1], wherein the mcroorganismis at |east one kind
of m croorgani sm sel ected fron1the group consisting

& &l dd

eu ononas, genus Rf?% acter andd enus RI’]OdOCOCCUS

[3] e % in the su %U%CI %di Ittoe?‘%lh-éy’m [%] yheyein

mherein r-contal r oxy conpoun

gr oup%{&‘%&% q‘%geartal kY (’g’?é‘rﬁids"[@]q“‘?‘!ls@‘lﬁgaé‘“‘“
C,’ﬂél edtdh .r@o%( t&He Zd;l{)a ys %fs%%té.r%é S5, 98 g\'ﬁ Alcallgenes,

m CTOOT ganl Smas a

e?’ I-con ﬁﬁ%s?fg'%d% ogngﬁ;gaguﬁ%e?f:él ?ggxé:rgtob&q[}:er and
tl&%n%esnﬁfh%do orJg‘qa (1): 15 OH R OH (1) wherein

[3] The process according to the item [1l] oxr [2],
whereln 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 a 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):

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.

BEST MODE FOR CARRYING OUT THE INVENTION
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Rl represents a hydrogen atom an al kyl group having
1 to 8 carbon atons or an aryl group having 6 to 20
carbon 20 atoms. BEST MODE FOR CARRYI NG OQUT THE

I NVENTION 4 The process for producing a

sul fur-containing a- hydroxycarboxylic acid conpound
according to the present invention (hereinafter
sonetines referred to as the process of the present

inventi@pd pPBBELECEOR ﬁfs&uéﬂﬁgr&asﬁlfaracéntaining a-
sul fur-containing di hydroxy conpound represented by

t Rgarakg¥arbBRYL8Cdcl@nebMbotiR@NEEBotdinyl tb ehéeplesent
or a material fromtreated cell of a m croorganism

t haveh@SoAn (habbhhbytep soM¥LLnesNLefutied- €6Nasi Bh8gprocess
di hydroxy conpound to a corresponding

apRydhexyeasbaxythGeAtidn §o8bRPPAIsds hhetepndbiefeacting a
sonmetines referred to as the present mcroorganisn).

| Bui BGrs y Yus@"B8PPEsented by th
rg%reggn?ggﬂgiﬁ?ﬂgageng§§a*¥o€ﬁﬁ?a#(1) g%d ?ﬁg gulf%r- ©

CQBB@& Ohagt ﬂ&ﬂé&xyfﬁéi?gi yfbfméﬂx degy Wﬂtﬁ dar 8RLESEAt £d

by 15 the general "formul a , exanpl es of the al kyl
gﬁQHQrféi'fﬂomltfﬂa?e&aégff @foﬂsmiéfésfﬁﬂﬁfgmbihﬁﬂ has an
may I nclude a net group, an ethyl group, a propyl

9&9&21t§”tb$89£?8¥£ Qﬁgugulfﬁkt#ﬁﬂ{aﬂﬁﬂﬂﬁ dfRy8E6RY ¥émpound

group, a group, a
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 & methyl
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
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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group, a hexyl group, a heptyl group, an octyl group,
and 20 the like. Exanples of the aryl group having 6
to 20 carbon atons represented by Rl may include a
phenyl group, a tolyl group, a naphthyl group, and
the like. Rl for the sulfur-containing di hydroxy
conpound 25 represented by the general fornmula (1) is
preferably an 5 al kyl group having 1 to 8 carbon
ateekieyl ErouniHawing it diaigh panhbnoatemsboxylic acid
conpound represented by the general formula (2)
obt ai ne&hier @mlifivr - contiadaimgd iydroxyicarbosnidionianjd compound
di hydroxy conpound 5 represented by the genera
f grenpesenibed Wy dihe gepregulc ddrmwla He )proddssined fixiosn the
present invention and collected from the reaction
s @axtrempomin g sulfurhedndrahndinga didiyidroitye coatpoumd
material fromtreated cell of the 10 m croorgani sm
whiegiresentedd bas thec gemlepsll fformulla [{ldsemhich is produced
invention, may be a cell or a material fromtreated
céy thfe parotiestso@f)dhies priesenthdavention and icwllected from
convert a sul fur- containing hydroxycarboxylic acid
C o neactdion selurtdsmgnediayg be Awdthey Eaido X iac saditd.
15 Exanpl es of such a cell or material fromtreated
cell of the mcroorganisminclude a cell or materi al
from

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 a-hydroxycarboxylic acid.

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
Baclllus alvel, Bacillus badius, Bacillus brevis, Bacillus
cereus, Baclillus circulans, Bacillus coagulans, Bacillus

firmus, Bacillus lentus, Bacillus licheniformis, Bacillus
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treated cell of: mcroorgani snms bel onging to genus

Al cal i genes such as Alcaligenes faecalis, Alcaligenes
denitrificans, 20 Alcaligenes eutrophus, Alcaligenes

sp., Alcaligenes xylosoxydans, and the |ike;

m cr oor gani sns bel ongi ng to genus Bacillus such as
Baci | lus al vei, Bacillus badius, Bacillus brevis,
Bacillus cereus, Bacillus circulans, Bacillus
cougcernans , Bacillss Jhedatewtum BeBadilbad andxtstal, Bacillus
Bacillus licheniforms, Bacillus 6 macerans, Bacillus
negyeetdes; HBarillus palyryss, Becdllss pomilykes,Bacillus
Baci | | us pol ynyxa, Bacillus pum lus, Bacillus
spépleaeximys BRAcI1ls Biibtilsis BaEdillug hurafstdsis,
Baci | lus validus, and the like; 5 m croorganisns

beBamil s tvalgirhits, Raslidh@idkesuch as  Pseudononas
auricul ari s, Pseudononas azotof ormans, Pseudonobnas

car yophyiildrod2aniem de 1oNedny dhigenus"Tai&Hdtitias such as

denitrificans, Pseudonpnas di m nut a, Pseudononas

f | REEERI®iths RAAVANTNGGS [ Ma@udorfoRlsdo Byvtofdinans/a,

Pseudonmonas nendoci na, Pseudonpnas nutabilis,

Praiedaionmtaa s idar@iophiyaans, PReiadainmaas ch1etaphis,

Pseudonmonas ovali s, Pseudononas oxal ati cus, _
Puptidononas dediftaiiificalissUPasidomopady ddaliadtajenes,

Pseudononas
Pseudomonas fluorescens, Pseudomonas fragi, Pseudomonas
fulva, Pseudomonas mendocina, Pseudomonas mutabilis,
Pseudomonas nitroreducens, Pseudomonas oleovorans,
Pseudomonas ovalils, Pseudomonas oxalaticus, Pseudomonas
plantarii, Pseudomonas pseudoalcaligenes, Pseudomonas
putida, Pseudomonas putrefaciens, Pseudomonas riboflavina,
Pseudomonas sp. , Pseudomonas straminea, Pseudomonas
synxantha, Pseudomonas syringae, Pseudomonas tabaci,
Pseudomonas taetrolens, Pseudomonas vesicularig, and the
like;
microorganisms belonging to genus Rhodobacter such as
Rhodobacter sphaeroides; and
microorganisms belonging to genus Rhodococcus such as
Rhodococcus erythropeolis, Rhodococcus groberulus,
Rhodococcus rhodochrous, Rhodococcus sp., and the like.

Specific examples may include a cell or material from

treated cell of:
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putida, Pseudononas putrefaciens, Pseudonobnas

ri bofl avi na, 15 Pseudononas sp. , Pseudonobnas

stram nea, Pseudonobnas synxantha, Pseudonobnas
syringae, Pseudononas tabaci, Pseudononas taetrol ens,
Pseudononas vesicularis, and the |I|ike; mcroorganisns

bel ongi ng to genus Rhodobacter such as 20 Rhodobact er
sphaer oi des; and m croorgani sns bel ongi ng to genus

Rizacecioingaife s el 1 RIFHAGIAQUHS, alWalligRelesS denitrificans

Rhodococcus groberulus, Rhodococcus rhodochrous,

RICMSIRICU A galigends et trdphusSpaociizd 28 amlcad igenes sp.
include a cell or material from 25 treated cell of: 7

ATFRO1gates HiaradlgendsGd bbby dinealIFgasaes5t, Bacillus
denitrificans JCMb490, Al caligenes eutrophus

AR AF0A A, BRE3 193 baldiubd Adec14k9akl, 0PaRI 11us brevis
xyl osoxydans | FO15125t, Bacillus alvei |F03343t,

B@@dﬂzgsJMMbdaimiEGC%éé%ﬁb Jeeishhes Beevhiv® circulans
| FO12334, Bacillus cereus JCW503t, Bacillus circul ans

ARFSEISAD3 ,BaaidihisisC eRgigudans) @M&&%ht Baakhhiss fimus
firnmus JCMQSth Baci Il us | entus JCW5{1t, Bacillu

| iyepeRizher, ”h%cih.'i%z1%5tu§a§t:hb§.§1EHC§EEE§1&§N&§Qﬁbn1fomis

Baci | | us megaterium ~| F012108, Baci 'l us norit ai

A1Pe43393, Bacihhus E&GQEQE§ 39”5Ega@393agiiihhuﬁegaterium
pol ynmyxa I"'F03020, Baci | | us pum
IF012108, Bacillus moritai ATCC21282, Bacillus mycolides
IFO3039%, Bacillus polymyxa IF03020, Bacillus pumilus
IF012092t, Bacillus sphaericus IF03341, Bacillus subtilis
JCMiq465t, Bacillus thuringenesis ATCC13366, Bacillus
validus IF013635, Pseudomonas auricularis IF013334t,
Pseudomonas azotoformans JCM2777t, Pseudomonas caryophylli
IF013591, Pseudomonas chlororaphis IF03121t, Pseudomonas
denitrificans IAM1923, Pseudomonas diminuta JCM2788t,
Pseudomonas fluorescens IF014160t, Pseudomonas fragi
IF03458t, Pseudomonas fulva JCM2780t, Pseudomonas mendocina
IFO14162, Pseudomonas mutabilis ATCC31014, Pseudomonas
nitroreducens JCM2782t, Pseudomonas oleovorans IF0135835,
Pseudomonas ovalis IF012688, Pseudomonas oxalaticus
IFO13593t, 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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| F012092t, Bacillus sphaericus |1 F03341, Bacillus
subtilis JCML465t, Bacillus thuringenesis ATCCLl3366,
Baci | lus vaiidus | F013635, Pseudononas auricularis

| FO13334t, Pseudononas azot of ormans JCMR777t,
Pseudononas caryophylli 15 1 F013591, Pseudononas

chl ororaphi s I FO3121t, Pseudononas denitrificans

| AML923, Pseudononas di mi nuta JCM788t, Pseudononas

f|FQ&S&&ﬁQﬁa%Fgéggggiﬁ$§%€ f@ﬁ?@f& fﬁ@@ﬁdaﬁ%@é&%@lboflavina

Pseudononas eudohonas men

| FP3d1588 4 gs ePQQH@M égpseu dégm #4701 01d e f GRS IR "2 raminea

20 nitroreducens €eovor ans

oxgﬁﬁgus %&—%ﬂ%ﬁ O%D%%%%’E? :3;:1.1 as
ﬁ%ﬁ{%ﬂ%?’%@fw sequ’aé ONDNAS pu%%@?%\mwmseud°m°“as

IW Seu fﬁsaéA;’\)él 90 orfh PS%%{;[‘“}%%%{#%%

i %!ﬁé%% gp%% I %&fs 3 lhd%%@j}e{[ %ﬁﬁﬁ}}% erythropolis

:Dlie orronasJﬁg/scil gd uF;IS% j{nﬁg‘?‘ Wd: Yo Jdoccus

vexg‘l%% 1A s W %ﬁ? a?ens é’g’r rd’i’%u%%ﬂo.

BT AR S 5, SR

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
congisting of genus Pseudomonas and genus Rhodococous, and
speclfically preferably a microorganism of genus

Rhodococcus.

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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rhodochrous JCMB202t, Rhodococcus rhodochrous

ATCC15610, Rhodococcus sp. ATCC19148, and the |ike.

10 The m croorganismis preferably at |east one kind

of m croorgani smselected fromthe group consisting

of genus Al caligenes, genus Bacillus, genus
Pseudononas, genus Rhodobacter and genus Rhodococcus.
The m croorganismis 15 nore preferably at | east one

ki Fi® oFeRPERL of 9EMNLM, L) cermbeipEaferentialpy oxidized. As
consi sting of genus Bacillus, genus Pseudonobnas and
geﬂﬁ%dFaﬁgﬁiﬁccEE? ®an 1RrR B hreferentiallyaexl@hed”
ki nd of 'crogéganisn1selected fromthe group

cdMEFRE i Habrt fRE thel ReHRrrendeeerlsgroup of

and 20 specificall {;;ferably a m croorgani sm of

gethR rerrtaining filhydroxy oromponn @ procéeds in
treated cell of such a mcroorganismas a catalyst,

t HErYferrnge ntelrthe loxkdaiplor pHithdesecondary hydroxyl group
sul fur-cont ai ni ng di hydroxy conpound represented by 9

t G kLA dd orinthe (sM1fan dm rietiore dihgdoxy compound.
oxi di zed. As wused herein, the termcan be

preferentially oxidized" neans that the oxidization

of the primary hydroxyl group of the

sul f ur - &&ecEdivhg thehpethod Corppneparing:dde micxoorganism
preference to the oxidation of the secondary hydroxyl

gt®fsl for the present invention 1s explained.

The microorganism can be cultured using variocus media
for culturing microorganisms that suitably 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
gource 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 chloride,
potassium chloride, sodium carbonate, potassium phosphate,
dipotassium phosphate, calcium carbonate, ammonium acetate,

magnesium sulfate, copper sulfate, zinc sulfate, ferrous

10
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and sul fide of the sulfur-containing di hydroxy
conpound. Secondly, the nethod for preparing the

m croorgani smused for the present invention is
expl ai ned. 10 The m croorgani sm can be cul tured using
various nedia for culturing mcroorganisns that

sui tably conprise a carbon source, a nitrogen source,

organic salts, inorganic salts, and the |ike. 15
E&H%"?ofcqtfﬂel‘bé? ideyr @nd dhaudedken t he nmedi um

may i nclude glucose, sucrose, glycerol, starch,
organic acids, nolasses, and the |ike. Exanples of
the nitrogen source may include yeast extracts, mneat

ext r act Exampdiednh@f metbodisn & oxc iyl twringe mayadmelude solid

soybean powder, corn steep 20 |iquor, cottonseed
p&ddruring, Jdeald swidmndmgs (Iteate tubsodiukhuriingt £lask
and the |ike. Exanples of the organic acid salt and

i fdamingacilers derment em culdardod umandhtive ddke), and the
pot assi um chl ori de, sodi um carbonate, potassi um

pAd&ehat e, di potassi um phosphate, cal ci um carbonat e,
amoni um acet ate, 25 magnesi um sul fate, copper

sul f at eThei temperaiure Fforr cud tuilngubhdt ¢hec pHabf the
chloride, and the |ike. Exanples of nethods for

c ghilnreg amey npfic specifdcrdlyc diimitiedgwilthdni ¢he range where
culturing (test tube culturing, flask 5 culturing, jar

f Ehpepresept micrngrgandismhgrbivke) , Femdexdmeple, 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 microorganism can be directly used as
& catalyst for the process of the present invention.
Examples of the method comprising directly using a cell of
a microorganism may 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, & material from treated cell of the

11
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i ke. The tenperature for culturing and the pH of the
culture are not specifically limted within the range

where the present mcroorgani smgrows. For exanpl e,

the culture 10 tenperature may be in the range of from

about 15C to about 45C, and the pH of the culture may

be in the range of from about 4 to about 8. The

culture tinme can be suitably selected according to

t heicooargamtsid may bd wWeed) asard capiyfst lusdd) £ the

range fromabout 1 day to 7 days. 15 The cell of the

m prexemanisverctaionne Bramplby ofcdhasmagesdbal ¥ebmf @reated
the process of the present invention. Exanples of the
meteildd neEgnpinclude daldet loptadned dycadltirim, followed by
m croorgani smmay include (1) a nmethod conprising 20
ditmeattiingiswitth aarc Wrigamic Sl vantet(aed teme) iethagol, and the
collecting cells by such as centrifugation of a '

cUulitker)e, drybphidiing nighiCereattiad dlths anVaakdline: or
necessary, wet cells washed with buffer or water),

aphytsiedlile or? endiynitiehil1§! Wi stufted icelllls”,0dr crude

treated cell of the 11 m croorganismmy be used as a

Cainziyptels Whahin@d bye sepafatibni ByeRikiteactieaBkem ¢hose

the material fromtreated cell may include cells

Olledilmg d oty puitiitftiedN@nzibsO¥Btalkied 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 hydrophoblc organic solvent.
Examples of the hydrophob;c organic solvent used in this

case may include esters such as ethyl formate, ethyl

12



treating with an organic solvent (acetone, ethanol

and the 5 like), lyophilizing or treating with an

al kaline; or physically or enzymatically disrupted

cells, or crude enzynes obtained by separation or
extraction fromthose cells, or purified enzynes

obt ai ned by purifying the crude enzynes, or the |ike.

Furt hernore, exanples of the 10 material fromtreated
cebtetayeal pooppll adetate| shatpl eacetlatép étleyl propionate,
above-nentioned treatnment and fixed by a publicly

knanf betpddprdptopatsenaléohels | such saganebatyyalcohol, n-
carried out in the 15 presence of water. In this
ca3wylahtehokpyahé nfottiplaDeshoDf ardumd€ bt . hydregarisons such
of buffer agents used for the buffer include alkal

neas| beatése pf tphospdprand acyTeselc he tlsef® Budkh as diethyl
phosphat e and pot assi um phosphate, alkali netal salts

of etivet | CABLSOPBOISYL FSLIEN]] LR RS tHFL ah PO R SthER,
20 acetate, and the like. Alternatively, the present

| MeEldgatated Dpdeeddtisshs GiicH ad Eh Toasmnee dfa viater
and a hydrophobic organic solvent by additionally

usdigh o ysit ke i £n d it Cre | tifideof [Exanpl es of the
hydr ophobi ¢ organi c solvent used in this 25 case may

i ncl ude MiYeaffatiiedlyys e HrdsanBlivelitldn cbh be carried

acetate, propyl acetate, butyl acetate, ethyl

praaft ditftthe presence of water and an aguecus medium, by
additionally using a hydrophilic organic solvent. Examples
of the hydrophilic organic solvent used in this case may
include alcchols 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, it can be

sultably 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, 1t can be

suitably 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



and butyl propionate, alcohols such as n-butyl al cohol,

n- anyl al cohol, and n-outyl al cohol, aromatic

hydr ocar bons such as benzene, toluene, and xyl ene,

et hers such as diethyl 5 ether, diisopropyl ether, and

met hyl t-butyl ether, hal ogenated hydrocarbons such

as chloroformand 1, 2- dichloroethane, and m xtures
thereof| A ternatively, the present invention can be

cethie esnd Opbint $HEtips efeiEEidr il e Ao d B GhSasuring
medi um by 10 additionally using a hydrophilic organic

s otlve Ndmo B NG eEhe Gulffr BEH S DIHANEGP Wofiidund 1n
used in this case may include al cohols such as

ettt ned a b e t SNt 1 ork & FGS e oY ML ISIETSE the
such as di net hoxyet hane, tetrahydrofuran, and

di sndamer - st dind iy R HYyEF A6 cobipoirdlowiidas a raw
reaction pHin the present invention is generally pH

5 3 gt dI0rconouiitle Wi 11HAG dirdaiitdifraphy ! Ylsy
varied in the range in which the reaction proceeds. 20

AldHrsiit dd¥apiRAC tdn thAql@f,.ure in the present

invention 1s generally fromabout 0OCto 60C, it can be
suitably varied in the range in which the reaction
proceeds. The reaction tinme for the present invention

IS 25 genel donben? raltdohdBEe the0BLaRAY Bntalf¥hng A1hydroxy
about 10 days. 13
compound, which is a raw material compound for the present
10 invention, is 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 continucusly 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
system.
20

After the reaction is completed, the reaction
solution is subjected to a general post-treatment such as

organic solvent extraction and concentration, whereby the
sulfur-containing hydroxycarboxylic acid compound

25 oqrresponding to the sulfur-containing dihydroxy compound

14
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The end point of the reaction can be checked by
nmeasuring the anount of the sul fur-containing

di hydroxy conpound in the reaction solution after
conpl etion of addition of the sulfur-containing

di hydr oxy conmpound, which is a raw 5 materi al

conpound, by |iquid chromatography, gas
chromat ogr aphy, and the |ike. The concentration of the

su&éﬂrbgoamaee J:PM:FL%X E8UPEYY soﬂ@ LS fhd Vhus-

mat er i conpoun for resen 0O inve |on 'S

9e@@iﬁééfeéoéﬁi¥%¥lcgﬁt+ﬁur (##}uéﬁiféﬁbﬁfgfiéhgcid compound

concentration t he su rox

t
Syt tﬁ@“ﬂ# RRELLER By iy dé*?roxéfﬁ%‘%%%%lav
bqe e ys usly or
SUCCGSSI ve 1%“‘?%?‘%1;%}:%%% ri}ér:fgéegn %%’g', i f
necessary, a sugar such as glucose, sucrose, and
fructose, or a surfactant such as Triton X-100 and

TW%EH ?ﬂ y be added to the reaction system 20
After ég?eaction is conpleted, the reaction

1% T R S By B 0 o4 <o

\é\'{glﬁgprgéd %d tail %’Iallsfé'l({ xaal.nllqlzlafe% hyﬁ%%)é\/r%%r'b(i)éy lilsc naeceld ess 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 magnetioc stirrer was charged
with 3-butene-1,2-dicl (880 mg) and azobisisobutyronitrile
{10 mg). fhe mixture was bubbled with methanethiol for 1
hour under stirring while keeping the temperature at 25°C.
The mixture was stirred for additional 1 hour at the same
temperature and then bubbled with nitrogen for 0.5 hour to
purge the residual methanethiol, whereby colorless oil
(1245 mg) was finally obtained. The olil was analyzed by
gas chromatography area percentage method, which revealed
the yield of 4-{(methylthio)butane-1,2-diol to be 72.5%.

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

15
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25 corresponding to the sul fur-containing di hydroxy
conpound 14 can be collected fromthe reaction
solution. The thus- collected sul fur-containing

hydr oxycar boxylic acid conpound may be further
purified by colum chromatography, evaporation, and
the like, if necessary. 5 Exanples Hereinafter the
present invention is explained in nore detail based

8?&5’&?‘%%3%}%%@% $oe M IR RGO eihe

- (ot hyERE i Smeny S5 °r*f%f ARpis SR cqroptens
(SRS e L loctBRinRER o 6l %%%fﬂﬁﬂ%%-l-z-
uﬁ ggrstﬁgg}ggkﬁ% kégpﬁggmﬁﬁgigbegera %%OQ?VEsa-.
el Se S| Moy SURGER b i, B, v
ey B U SERITABY. Ty v e

sol QT o% axlmethylthio)butane-l,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.
Aftexr the culturing was completed, the cells were separated
by centrifugation to afford viable cells. A test tube with

& screv cap was charged with 0.1 M Potassium phosphate

16
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gas chromat ography area percentage nethod, which
revealed the yield of 4-(nethylthio)butane-I1, 2-diol
to be 72.5% 25 The anmpunt of the unreacted residua
3-butene-1,2-diol was 15 26.6% of the anmpunt that was
initially charged. Water was then ‘added to the

t hus-obtained colorless oil so that the concentration
of 4-(methylthio)butane-1,2- diol becane 10t (w v). The

| muEsed! §pir 79t i(@Nml))., € anad tA&0RboveCREhY1BAkLEN i8ble cells
was renoved fromthe mxture by filtration to afford

awed¥ FIaRd Aherb?d awav)sugﬁaﬁaea SPhel/l+4W MAterial (0.2
4- (et hyl t hi 0) but ane-1, 2-diol), which was used for

Exanpbdtiinkd E&aﬁﬂbauétﬁehoﬁﬂﬁthE Exeipke (@fvy aqueous

sul fur-containing hydroxycarboxylic acid conpound

f seMuiowl b 4CQRbehPhBHicYbl¥HRBXY, @oaneygdwascaadsagto the
to the process of the present i nventi on 5 Test

tHbSEeWB&BnCQBV ¢RdtWth ﬁiﬁaﬁrebhésﬂtﬂséwm P a0l),
whi ch was prepared by addi ng gl ucose (20 g),

pgh&l&ﬁ?ﬁ.@ﬂgo@ﬁuﬂ.\.me)l?aﬁtdf&irﬁ&&aﬁé g0% [WAv) SXhhdCtne

( ., ammoni um sul fate ( 2 0), potaSS|um
1
7@E§§?§92”?%&§8@? ?aé ?QQE gg?§%§p;djustlg;¥$k

pH to 7A@te5h€hse£é§c§b%$é‘ dépfetled, 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
chromatocgraphy. The obtained results are shown in Tables 1

to 4.

{Condition of content analysis)

Column: Cadenza CD-Cl18 (4.6 mm$¢ x 15 cm, 3 um)
(manufactured by Imtakt Corporation)

Mobile phase: liquid A: 0.1% trifluoroacetic acid
agueous solution, liquid B: methancl

Time (min) liquid A (%):1liquid B (&)

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

17



were inocul ated into the nmedium Each nedi um was
subjected to shaking culturing at 30C under aerobic
condition. After the culturing was conpleted, 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 buffer (pH
7) (2 mM), and the above-nentioned viable cells were

added t g © oy meusEanded. The raw material (0.2
m ) obtai ned by Producti on Exanple 1 (108 (w v)

aqueous ¢ E?grggdfgﬂ hdgehi o) but ane- 1, 2-di ol )

was added to the suspensi on so that the fina

concent rdtdyc8n A-240migy! t hi 0) but ane-1, 2-di ol becane
108 (w/v), and the obtained m xture was shaken at 30C
for 2 or 3 days. After the reaction was conpleted, the
reaction solution (1 nm) was sanpled. The cells were
removed from 10 the sanpling solution, and the anount
of produced 2 hydroxy-4-nethylthiobutyric acid was
anal yzed by liquid chromatography. The obtai ned
results are shown in Tables 1 to 4. 15 (Condition of
content analysis) Columm: Cadenza CD-Cl18 (4.6 m$ x 15
cm 3 }an) (manufactured by Intakt Corporation)
Mobi | e phase: liquid A- 0.18 trifluoroacetic acid

18



aqueous solution, liquid B: nethanol 20 Tinme (m n)
liquid A (*):liquid B (8) 0 80:20 10 80:20 20 50:50
30 50:50 25 30.1 80:20 17 Flow. 0.5 mi/mn Col um
tenperature: 40C Detection: 220 nm5 18 Table 1
Production rate of 2-hydroxy-4-nethylthio- ame of
Beblenlbutyric acid (% |caligenes faecalis |FO

Icaligenés eut rophus ATCC 43123 0.1 .dqpttﬁn rate of
faecalis I FO 12669 0:2 | caligenes fagcalis | FO 14479
-hydroxy-4-methylthio-

0.1 Ilcaligenes faecalis JCM 5485t 2.

ame of strain butyric acid (%)
’Alcaligenes faecalis IFO 13111t 0.1
Alcaligenes denitrificans JCM 5490 0.4
Alcaligenes eutrophus ATCC 43123 0.1
Alcaligenes faecalis IFO 12669 0.2
P;caligenes faecaiis IFO 14479 0.1
.hldaligenes faecallis JCM 5485t 2.5
Alcaligenes sp. IFO 14130 0.1
blcaligenes xylosoxydans IF015125t | 0.2
denitrifioans

Alcaligenes xylosoxydans IFO15126t 0.5
xylosoxydans

'Bacillus alvei IFO 3343t 17.0
Pacillus badius ATCC 14574t 7.3
kfcillus brevis IFO 12334 - 4.7
Facillus brevis JCM 2503t 4.2
Facillus cereus JCM 2152t 11.2
kacillus cereus var.juroi ATCC 21281 10.3
kacillus cereus var.mycolides IFO 3039 2.6
Facillus ciroculans ATCC 13403 1.2
Facillus circulans IFO 3329 2.8

19



| cal i genes sp. I FO 14130 0.1 | caligenes xyl osoxydans
| FOL5125t 0.2 enitrificans |caligenes xyl osoxydans

| FO15126t 0.5 | osoxydans Bacillus alvei |FO 3343t
17.0 Bacillus badius ATCC 14574t 7.3 3acillus brevis
| FO 12334 4.7 acillus brevis JCM 2503t 4.2 Bacillus
cereus JCM 2152t 11.2 Bacillus cereus var.juroi ATCC

‘B

2 1 10,3 1amlé S var. nycd gfs I FO 3039 2.6
Eaﬁé‘éi"lsugifcpa‘ﬁpgn 8&@?@403 1.2 14 us circul ans
1 EQO_3329 2.8_ 19 Baclllus circul ans JCN[2504t 1.4
Bag. “I%?"E‘SH&&P&nQ Udﬁ%@%?t 5.0 Bdci?i%s firmus JCM
25121 U, BacilTUs Tentus JOM 2511t 3.6 BacilTuds

FGFHP§ PEEZ3YB%1 2.0 Bacil llJuP4® cheniform s

E [FO 17195 I8 BaciTTUs richeniformls T FO TZ2T95 173
agidilps deptufedtM A3 5t | FO 12197 12./9 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
acillus licheniformis IFO 12200t 1.3
acillus macerahs JCM 2500t 1.5
acillus megaterium IFO 12108 0.6
acillus megaterium JCM 2506t 1.2

20




Bacillus licheniforms |IFO 12200t 1.3 Bacillus
macerans JCM 2500t 1.5 Bacillus negaterium | FO 12108
0.6 3acillus negateriumJCM 2506t 1.2 20 Table 2
Production rate of 2-hydroxy-4-nmethylthio- ame of
strain butyric acid (% Bacillus noritai ATCC 21282
11.5 Bacillus nmycoides IFO 3039 6.0 Bacillus

loygyxa | FO 3020 3.5 Bacillus polynyxa JCM 2507t 2.8

T aclllus pumilus | FO 12092t 1.5 Bacill us sphaeri cus

| FO 3341 13.2 Bacillus sphaericus |
Baci |  us sphaericus IFO 3526 6.2 B c???ﬁéé%pﬂg:é?F%uosf

| FO 3527 4.0 3acillus sphaericus | RO 6,_ _
3aci [Tus subtilis JOM 1465 10.8  BieTFTGEOREEsTRpEhyLEnio

ATCC 14?%3 1.7 Bacillus subtilis A C&:tl}rS é'lac?ig (%)

2Be: PF §534Bti1is 1 FO 03026 2.8
lﬂacillus moritaili ATCC 21282 11.5.
lBacillus mycoldes IFO 3039 6.0
Bacillus polymyxa IFO 3020 3.5
Bacillus polymyxa JCM 2507t 2.8
acillus pumilus IFO 12092t 1..5
acillus sphaericus IFO 3341 13.2
'Pac:lllus sphaericus IFO 3525 0.6
IBac.i.J.lus sphaericus' IFO 3526 ' 6.2
Bacillus sphaericus IFO 3527 4.0
Bacillus sphaericus IFO 3528 1.6
Pacinus subtilis JCM 1465t 10.8
anc.‘Lllus subtilis ATCC 14593 1.7
IBac:l.llus subtilis ATCC 15841 5.6
IBacillus subtilis IFO 03026 2.8
lBac:Lllus subtilis IFO 03108 2.5
acillus subtilis IFO 03134 2.8
acillus subtilis IFO 3026 3.3
IBacillus subtlilis IFO 3037 , 2.7
IBuc:I.llus subtilis IFO 3108 : 1.7
Iiaacillus subtilis IFO 3134 1.5
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Bacillus subtilis I FO 03108 2.5 Bacillus subtilis |IFO
03134 2.8 Bacillus subtilis IFO 3026 3.3 Bacillus
subtilis IFO 3037 2.7 Bacillus subtilis |FO 3108 1.7
Bacillus subtilis IFO 3134 1.5 21 Bacillus

t huri ngensis ATCC 13366 10.4 Bacillus validus |IFO
13635 3.8 seudonpbnas auricularis |FO 13334t 1.9

Pseudononas azot of or mna /77t 8 Pseudononas
E%ﬁ%ﬁﬁyﬁ'wrf'ﬁf’i%’@fq&s%%ggg udonon agocﬁl oror aphi s

I'FO 3521t 1.1 sSeudononas chlfororaphip [FO 3904t 0.7

BastlHisorpki i ita F'Pé&?fs | AM 1923 2| 7°*8eudononas

v
dimnuta JUM 27681 So.9_ 272 lable &5 rgdéCtl on rate of
h ut

[PEUNRMORgs AT ATES) IFGE 33P4d: 1 a ric acid (4)

PSeudomnonas 11 uor escens BIOI%Q& F 7 pb. TCC 1/513
IPseudomonas azotoformans JCM 2777t 8.9

iPseudomonas caryophyllli IFO 13591 0.4
IPsaudomonas chlororaphis IFO 3521t 1.1
Fseudononas chloxroraphis IFO 3904t 0.7
lPseudomonas denitrificans IAM 1923 2.7
IPseudomonas diminuta JCM 2788t 38..9

22



Pseudonmonas fl uorescens | FO 14160t 0.3 Pseudononas
fragi | AN12402 0.1 Pseudononas fragi.|FO 3458t 0.4
Pseudonmonas ful va JCM 2780t 1.1 Pseudonpnas mendoci na
| FO 14162 34.1 Pseudononas nutabilis ATCC31014 13.5
Pseudonmonas nitroreducens JCM 2782t 8.4 Pseudononas
ol eovorans | FO 13583t 0.3 seudononas ovalis | FO 12688
1.4 Pseudononas oxal aticus | FO 13593t 0.2 seudononas
TsP&ﬁtarll JCM 5492t 1.3 Pseudonpbnas pseudoalcallgenes

ATCC39213 23.3

Nmm@%rmtmirputu da | FO 12996 5.6 seud

seudononas putlda IA 1002 20.5
Pseudononas putida | AN 1090 28.1 23 |ddhiitresest prethirlthlo-

AN 1094 1.0 Pseudononas putida | AM| 1236 19.6

ek maidid #)Fo

+3696—9—S
[Pseudomonas fluorescens Biotype F 7.6,
ATCC 17513
Pseudomonas fluorescens IF0O 14160t 0.3
Pseudomonas fragi IAM12402 0.1
Fseudomonas fragl IFO 3458t 0.;
#seudomonas fulva JCM 2780t 1.1
' Pseudomonas mendocina IFO 14162 34.1

seudomonas mutabilis ATCC31014 13.5
Fseudomonas nitroreducens JCM 2782t 8.4
Eseudomonas oleovorans IFO 13583t 0.3
bseudomonas ovalis IFO'IZGBB 1.4
[Pseudomonas oxalaticus IFO 13593t 0.2
Pseudomonas plantarii JCM 5492t 1.3
Fseudcmonas pseudoalcaligenes 36.2
JCM 5968t
Peseudomonas putida ATCC 17428 1.5

seudomonag putida ATCC 17484 9.9
bseudomonas putida ATCC39213 23.3
[Pseudomonas putida IAM 1002 20.5
Fseudamonas putida IAM 1090 28.1
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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 Pseudononas 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

P BRUABRORESP Hhl Rar LA &Pffﬁo"égibr? 2 o8 udononas
AR P N PR
PEdRARReEas, BRtIEE RS B9 K domonas ¢ hodcR | FO 3508 1. 7
- [[Pséydonobnas taetrolens |1FO 3460 0.3
PaeutieRenas RUETaR  IFG L3RG 1477t 64| 93
Fseudomonas putida IFO 14164t 41.2
Pseudomonas putida IFO 14671 0.9
Pseudomonas putida IFO 14796 1.0
bseudomonas putida IFO 3738 38.2
Pseudomonas putida IF012653 5.3
’Psgm}omonas putida JCM 6156 1.5
'kseudomonas putida JCM 6157 0.5
Fseudomonas putida JCM 6158 1.2
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Rhodobact er sphaeroi des ATCC 17023 3.0 Rhodococcus
erythropolis I FO 12320 21.7 Rhodocoocus 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 odococcus
rhodochrous ATCC 19150 12.3 odococcus rhodochrous
ATCC 21197 2.7 hodococcus rhodochrous ATCC 21199 7.9

admaecdus r hodoohrous JCM 3202t 30.9 25 hodococcus sp
AFCC-19070 131 Rhodococcus sp ATCC 19071 7 7

odococcus sp ATCC 19148 34.5 INDUS%ﬁiéauction rate of

PPLI CABI LI TY According to the present] invention, it
econes 5 possible to produce a suIfyr;quagbﬂ%ng-methylthio-
ydroxycarboxylic acid conmpound effidiently
B S e on Prooueii0, 2 ity aiat o
Qﬁﬁ@h\onfagr Hwtf'eéglziens IFO 3910 0.2
Pseudomonas rilboflavina IFO 13584t 0.1
iPseudomonas sp.ATCC 53617 4.4
Fseudomonas straminea JCM 2783t 1.0
&seudomonas synxantha IFC 3913t 0.4
#seudomonas syringae subsp.syringae 3.8
IF014055 |
[Pseudomonas tabaci IFO 3508 1.7
Pseudomonas taetrolens IFO 3460 0.3
seudomonas vesicularis JCM 1477t 8.4
Fhodobacter sphaeroides ATCC 17023 3.0
Phodococcus erythropolis IFO 12320 21.7
khodococcus globerulus ATCC 15076 22.7
Rhodococcus rhodoochrous ATCC 15610 58.9
odococous rhodochrous ATCC 19067 16.0
Rhodococous rhodochrous ATCC 19149 14.6
fm:odoooccus rhodochrous ATCC 19150 12.3
Fhodococcus rhodochrous ATCC 21197 2.7
khodococcus Thodochrous ATCC 21199 7.9
khodococcus rhodochrous JCM 3202t 30.9
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50H R %"% DOH (2) wherein Rl represents a

hydr ogen 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 hydroxy conpound represented by the
general forpula (1): O R1L CH (1) i5 wherein RL s

sEd sy Aol 1§oggce! | or a matlefja from

reated cell of a mcroorganismthat |has an ability

S8V ddud §§Eﬁu19g98ntaining dihydnpxy conpound
\'

0 a correspondi ng a- roxycar boxyl ijc ‘aci d conpound.

os el B ARG BB 0 e ki nd of [it4rbor gani om

sel ected fromthe group consisting of genus
Al cal i genes,

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

acid compound efficiently.
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5 genus Bacillus, genus Pseudononas, genus Rhodobacter
and genus Rhodococcus. 3. The process according to
claim1 or 2, wherein RL in the sulfur-containing

di hydr oxy compound represented by 10 the genera
formula (1) is an alkyl group having 1 to 8 carbon
atons. 4. Use of a cell or a material fromtreated

cell of a mcroorganismas a catalyst for
preferentially oxidizing X3LAIMS primary hydroxy

group of a sulfur-containing di hydroxy conpound

repr esgnt exl pyoddes gine rptoduring aa (sij1fud+ caiitalhing a-
(1) wherein 20 Rl represents a hydrogen atom an
hiybxgoavpokyiiagatitiocémpaubdnrepoasentednbyr $he general
group having 6 to 20 carbon atons. 28

formula (2):

5
OH
R e
)
wherein
R, represents a hydrogen atom, an alkyl group having
1 to 8 carbon atoms or an aryl group having 6 to 20 carbon
10 atoms,
which comprises a step for reacting a sulfur-
containing dihydroxy compound represented by the general
formula (1):
OH
Ry \s /\/J\/OH
¢y
15 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 Q-

hydroxycarboxylic acid compound.
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2. The process according to claim 1, wherein the
microorganism is at least one kind of microorganism
selected from the group consisting of genus Alcaligenes,
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 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):

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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