WD 2011/ 158970PCT/ JP2011/ 064334 1 DESCRI PTI ON PROCESS FOR PRODUCI NG
SULFUR- CONTAI NI NG a- AM NO ACI D COMPOUND 5 TECHNI CAL FI ELD The present
i nvent i onwoebat®se7mo a process for produci ng a sul fur-ceatrarmningssd3an no
aci d compound. 10BACKGROUND ART Hit hert o, net hi oni ne,which is one of sulfur-
containing a-ami no acid conpounds, has been used as an ani nal feed
additive.ln a process for producing nethionine, acrolein and nethyl
nmercaptan are reacted with 15 each other to produce
3- et hyl t hi opr opi onal dehyde, and then the 3-nethylthiopropional dehyde
obtained is reacted w th hydrogen &¥aRRdETI8Nnoni a and carbon dioxide to
produce 5- (2-nethyl-nmercaptoethyl)-hydantoin (that is, nethionine
hydant oi n). The resultant product is hydrol yzed under an 20 al kal i ne
condition to give alkali netal nethionate, followed by neutralization with
an aci d such EREHFIFUrFQR IR INGr POnT ER cONLTAIDING brer /8 BNGreh Bl Dni ne
(see, for exanple, JP 55-102557 A). WO 2011/158970PCT/JP2011/064334 2
The above-nenti oned process enpl oys @MKEKDIUNIpr C3- buil di ng bl ock hydrogen
cyani de and acrolein which require careful safety control in handling and
an eqei pnent adopted to such control. Accordingly, there has been demand
for a 5novel process for producing a sulfur-containing a-am no acid
conpound sggbHASCAEL RT@NDNeE.

The present invention relates to a process for

producing a sulfur-containing o-amino acid compound.

10 BACKGROUND ART
Hitherto, methionine, which is one of sulfur-
containing «@-amino acid compounds, has been used as an
animal feed additive. In a process for producing
methionine, acrolein and methyl mercaptan are reacted with
15 each other to produce 3-methylthiopropionaldehyde, and then
the 3-methylthiopropionaldehyde obtained 1is reacted with
hydrogen cyanide, ammonia and carbon dioxide to produce 5-
(2-methyl-mercaptoethyl)-hydantoin (that 1is, methionine
hydantoin) . The resultant product is hydrolyzed under an
20 alkaline <condition to give alkali metal methionate,
followed by neutralization with an acid such as sulfuric
acid or carbonic acid, to liberate methionine (see, for

example, JP 55-102557 A).

25 DISCLOSURE OF INVENTION



An object of the present invention is to provide a novel process for
produci ng sul fur-contai ning a-am no acid conpound such as nethionine. 10The
present iwoent/s97pr ovi des: [1] A process for produci ngCa/JP2011/064334

sul fur-containing a-am no acid conmpound represented by the fornmula (2):

(2) wherein R represents hydrogen, 4an al kyl group having 1 to 158
carbon atons, or an aryl group having 6 to 20 carbon atons; conprising a
step of reacting a sul fur-containing am no al cohol compound represented by
the formula (1): WO 2011/158970PCT/JP2011/064334 3 wherein R is the same
as defined abovBhewabovemerbbpagdcaliocnss gredeysedapr ddbict BF Che

m crobial cell of a m croorgani smcapable of converting the

sul f ur - conbal hil hganbhoake dlyslrogepoumndinitdsa arsd carrespondivhgch require

sul fur-containing a-am no acid conmpound (hereinafter, sonetines referred to
as "the progessudfsthetpresentoilnventeodl)ing pRH The egruopesstaecordienyg to
the item[1l] wherein the mcroorganismis capable of preferentially
oxi di zi ng tbestbhydpaxyblgr owzrcafrdineyisyl filke contas nbagn adenandl cohola
conpound; [3] The process according to the item[1] wherein the

M Crogrganhsiels piecds Neor Npbebaaegapi sas selRet-etbritim it @r e4pmino
consi sting of mcroorgani sns of the genus Al caligenes,
acid compound such as methionine.

An object of the present invention is to provide a
novel process for producing sulfur-containing o-amino acid
compound such as methionine.

10 The present invention provides:

[1] A process for producing a sulfur-containing «-amino

acid compound represented by the formula (2):
NH,

R1
S COOH

(2)
wherein R' represents hydrogen, an alkyl group having 1 to
15 8 carbon atoms, or an aryl group having 6 to 20 carbon
atoms;
comprising a step of reacting a sulfur-containing amino

alcohol compound represented by the formula (1):

NH,

(1



15 m croorgani sns of the genus Bacillus, mcroorgani sns of the genus
Pseudonobnas, m croorgani sns of the genus Rhodobacter and m croorgani sns of
t he genuswBhodasswous; [4] The process according t@CThedit/easdd]
wherein the m croorganismis one or nore mcroorgani sns selected froma
20group consi sting of Al caligenes denitrdficans, Alcaligenes eutrophus,

Al cal i genes faecalis, Alcaligenes sp. Alcallgenes xyl osoxydans, Bacill us
al vei, Bacillus badius Baci | | us brevis Baci |l us cereus, Bacillus
coagulans Baci | | us, flrnus Baci | | us Ilchenlfornls BaCI||US noritai,
25Baci | | usWpeRFLUsR' Bagi FhasSaphassi 6a§inBacRPPUS subtilis, WO

2011/ 158970PCT/ JP2011/ 064334 4 Bacillus vali dus, Pseudonnnas
denitrificahsh Pseutibromasali ctrskl ecte,a PRORTGRSIRES faragiuc tPs @ddofdsas
mendoci na, Pseudononas ol eovorans, Pseudononas ovalis, Pseudononas
pseudoal cahigenesal PselidlonbnasmpotrpdagaRsendorprasespdt cehaeirting the

ens, Pseudononasri bof | avi na, Pseudononas stram nea, Pseudononas

syri ngae, Pseutlopponastabatchg Psemdonpnastdethol ensoRgpeudcimnasvesi culari s,
Rhodobact er sphaer oi des, Rhodococcuser yt hropol i s,

Rhodosoccusgt ebepuhdsnRhodatiotoussdiogoichirots ardmlOBhodocot cugospound] 5]
The process according to any one of the itens [1] to [4] wherein R of the
sul fur-contabpenga 8t o 8behehecomRIWIGdds taN 28 kythgrpupcbayi Bg thko 8
carbon atons; [6] The process according to any one of the items [1] to
15[ 5] mher§£gsg%to§ngggt§ghﬁ?r contai ning am no al cohol conpound is a

met hyl group; and [7] Use of a mcrobial cell or a processed product of

the m crobi f cr a a f c ing
UL Ur - cont ai ni 16 a6 8 coho  sammaund” 201 spr 6ent el by The Formis (1):

microorganism is capable of preferentially oxidizing the
10 hydroxyl group of the sulfur-containing aminc alcohol
compound;
[3] The process according to the item [1] wherein the
microorganism is one or more microorganisms selected from a
group consisting of microorganisms of the genus Alcaligenes,
15 microorganisms of the genus Bacillus, microorganisms of the
genus Pseudomonas, microorganisms of the genus Rhodobacter
and microorganisms of the genus Rhodococcus;
[4] The process according to the item [1] wherein the
microorganism is one or more microorganisms selected from a
20 group consisting of Alcaligenes denitrificans, Alcaligenes
eutrophus, Alcaligenes faecalis, Alcaligenes sSp.,
Alcaligenes xylosoxydans, Bacillus alvei, Bacillus badius,
Bacillus  brevis, Bacillus cereus, Bacillus coagulans,
Bacillus firmus, Bacillus licheniformis, Bacillus moritai,

25 Bacillus pumilus, Bacillus sphaericus, Bacillus subtilis,



(1) WD 2011/158970PCT/JP2011/064334 5 8 carbon atons, or an aryl group
having 6 to 20 carbon atons; into the correspondi ng sul fur-containing

a- am no awocdoowispoand, wherei n the microorgani smis capalpca/jeto11/b64334
preferentially oxidizing the hydroxyl group of the sulfur-containing amno
al cohol conpound (hereinafter, sometines!referred to as "the use of the

present invention"). The present invention is capable of providing a
novel process for producing a sulfur-containing a-am no acid 10conpound
such as nethi oni ne. MODE FOR CARRYI NG OQUT THE | NVENTI ON It is

consi der edBehat lte Vvavedr§ onsPeredendeds hetasl it 41 imtn g /i miftsedday anee
particul ar net hodol ogi es, protocols, 15 and reagents descri bed herein and
t hat t hey ¢anubermudiki edPskudogocassi dered,t hdlsetidomoears usedidreamne,n ar e
meant only to describe a particul ar enbodi nent of the present invention,
and that smeebutiemprado nakolbmriatn st he Pseapemnohatshe opadsent  iAvwenidmma s
20Unl ess ot herwi se noted, all of the technical terns and chem cal terns
used her ei pshaveat be13asRefRani ngsasdohosa scomplty ddnder streedidaynonaper son
skilled in the technical field of the present invention. While the present

i nventi on payrbeaseaehked outpsengexamiaked by iusimgvieihods 25endwielzal s
simlar or equivalent to those described WO 2011/158970PCT/JP2011/064334 6

straminea, Pseudomonas syringae, Pseudomonas tabaci,

Pseudomonas taetrolens, Pseudomonas vesicularis,

Rhodcbhacter sphaeroides, Rhodococcus erythropolis,

Rhodococcus groberulus, Rhodococcus rhodochrous and
10 Rhodococcus sp.:

[5] The process according to any one of the items [1l] to

[4] wherein R! of the sulfur-containing amino alcohol

compound is an alkyl group having 1 to 8 carbon atoms;

[6] The process according to any one of the items [1l] to
15 [5] wherein R! of the sulfur-containing amino alcohol

compound 1is a methyl group; and

[7] Use of a microbial cell or a processed product of the

microbial «cell of a microorganism as a catalyst for

converting a sulfur-containing amino alcohol compound

20 represented by the formula (1):

NH,

(1)

wherein R' represents hydrogen, an alkyl group having 1 to



herein, some of the preferred nmethods, equipnents, and materials are
described in the foll ow ng. Hereinafter, the present invention is
expl ai nedvonommissy7det ai | . 5The process of the present i pgenPranICOsPri ses a
step of reacting a sulfur-containing am no al cohol conmpound represented by
the formula (1): NH2 Rl s (1) wherein R - represents hydrogen, an al kyl
group having 1 to 10 8 carbon atons, or an aryl group having 6 to 20
carbon atons [hereinafter, sonetimes referred to as "Conmpound (1)"]; with a
m crobial cell or a processed product of the mcrobial cell of a
m cr oor ganPsmaddpabl etenscorter enngryls gheusulfawingonf aitsi ngl afiei®al cohol
conpound into a correspondi ng sul fur-containing a-am no acid conpound, i.e.
a conpoundatepesesented by the formula (2): NH2 R SCOCH (2) WO
2011/ 158970PCT/ JP2011/ 064334 7 sometines referred to as "Conmpound (2)"].
Exanpl es ofintan ahkyl grotgsdavding 1 $0l Bucacbonaabong” pepmésent ectilty R -
i n Compound (1) and Conpound (2) include a nethyl group, an ethyl group, a
propyl groupmpannd, wherein the microorganism is capable of
5 preferentially oxidizing the hydroxyl group of the sulfur-
containing amino alcohol compound (hereinafter, sometimes
referred to as "the use of the present invention").
The present invention is capable of providing a novel
process for producing a sulfur-containing «a-amino acid

10 compound such as methioconine.

MODE FOR CARRYING OUT THE INVENTION
It is considered that the inventions described herein
is not limited to the particular methodologies, protocols,

15 and reagents described herein and that they can be modified.
It is considered that the terms used herein are meant only
to describe a particular embodiment of the present
invention, and that such terms do not limit the scope of
the present invention.

20 Unless otherwise noted, all of the technical terms and
chemical terms used herein have the same meaning as those
commonly understood by a person skilled in the technical
field of the present invention. While the present
invention may be carried out or examined by using methods

25 or materials similar or equivalent to those described



5 i sopropyl group, a butyl group, an isobutyl group, a t-butyl group, a
pentyl group, a hexyl group, a heptyl group, and an octyl group. Exanples
of "an arwD 2grignsge7havi ng 6 to 20 carbon atons" represenPeu/Ip301RIe433ncl ude a
phenyl group, a tolyl group, and a naphthyl group. 10Preferred exanpl es of
R include an al kyl group having 1 to 8 arbon atoms. Mre preferred
exanpl es of Rl include a nethyl group. The mcrobial cell or the processed
product of the 15 microbial cell of a m croorgani smcapabl e of
preferentially oxidizing the hydroxyl group of the sulfur-containing am no
al cohol cohpsahd, asomecatfal yée tbroéeused imethedprocBsigienthe préskent

i nvention, has an ability to convert Conpound (1) into Conmpound (2). The
term "prefwrearialbyarg20desidiibet dsedhrefeildoméans that the oxidation of a
hydr oxyl group proceeds preferentially to the oxidation of a sulfide group
in the sul fur-cBatainbigeam nohal golederconpowedtion 1Exaamdesimddt he

m cr oor gani sm havi ng the above ability (hereinafter,sonetines referred to
as "the prmseat d2baiiar.oorgani snt') include one or nore mcroorgani sms

sel ected WD 2011/ 158970PCT/JP2011/064334 8 from a group consisting of

m crogrgani sms 0Ohet Beogerys oAl cald genesentTi Cf 0of gash Ssaemprikbe gemtsp
Baci | l us, m croorgani sns of the genus Pseudononas, m croorgani sns of the

genus Rhodgkactescandgm £ onr oah -Séen o 1 4 ey genmish SRradeseac Usompound
Exanpl es of the m croorgani smhaving the above ability (i.e. the present

m croor ganisAB)sahseqi BEl vde @Bgmgqanqq?:nicroorganisns sel ected froma
group consisting of Alcaligenes denitrificans, Al caligenes eutrophus, 10
Al cal i genes faecalis, Alcaljgenes sp., Al caligenes xylosoxydans, Bacillus
al vei, Bacillus badius, Bacl?l|lus brevis, Bacillus cereus, Bacillus

coagul ans, Bacillus firnu Bacillus licheniforms, Bacillus noritai,
Baci | | us puwn i sphaer@tdus, Bacillus subtilis, Bacillus 15
val i dus, Pseu I tri™N~Cans, Pseudononas ficuserectae, Pseudononas
fragi, Pseudonobnas nendoci na, Pseudononas ol eovorans, Pseudononas ovalis,
Pseudononas pseudoal c&llijgenes, Pseudononas putida, Pseudononas

put r ef aci ens, Pseudononasri bof | avi na, Pseudononas 20stram nea, Pseudononas
syri ngae, Pseudononast abaci , Pseudonpnast aetrol e sﬁfseudonogasvesi%ularis,
Rhodobact eVBph&&Forded SREGFSEGSe ieeryAdfiupdt s31kyl group having 1 to

Rhodococcusgr ober ul us, Rhodococcusr hodochr ousand Rhodococcus sg..
10 carbon atoms, or an aryl group having 6 to 2 carbon

atoms [hereinafter, sometimes referred to as "Compound

(L)"1:

with a microbial <cell or a processed product of the

microbial cell of a microorganism capable of converting
15 the sulfur-containing amino alcohol compound into a

corresponding sulfur-containing a-amino acid compound, i.e.

a compound represented by the formula (2):

NH,

R? ///«\\\///J\\\
\s COOH

(2)

wherein R' 1is the same as defined above [(hereinafter,



25Preferred exanpl es of the m croorgani smhaving the WO

2011/ 158970PCT/ JP2011/ 064334 9 above ability include one or nore

m cr oor gawmo=sl/15847@ect ed from a group consi sting of Al calPCHEOREE1/064334
denitrificans JCVb490, Al caligenes eutrophus ATCC43123, Al caligenes
faecalis 1 F012669, Al caligenes sp. |F014130, Al caligenes 5xyl osoxydans

| FO15125t, Al caligenes xyl osoxydans | F015126t, Bacillus al vei

| FO3343t, Baci | | us badi us ATCC14574t, Bacillus brevis JCV503t, Bacil |l us
cereus JCM2152t, Bacillus coagul ans JCM2257t, Bacillus firnmus JCM512t,
Baci | | us | PERERIFEFNTFS T ATEEI789125BaEPIPRE Fi dRenilf-ormis 10 | F012197,
Bacillus licheniforms | F012200t, Bacillus noritai ATCC21282, Bacill us
puni | us | FO1209BkamBaes| | @5 sptmeril&ys | 03341, haB&EIT | Us §phaer iceddon

| FO3526, Bacillus subtilis ATCC14593, Bacillus subtilis ATCC15841, Bacill us
subtilis | FOSMLOS, rBavidsansesuldey | RS 1 FOSe8RouUBACH (1)usand 5Coubpinds (2703026,
Bacillus subtilis IFO3037, Bacillus subtilis IF03108, Bacillus subtilis

| FO3134, Baoilhds waledby 11E0IR116355n Rsgudbnopnasp deai probiydans olugML 426,
Pseudononas denitrificans | AML923, Pseudononas ficuserectae JCV2400t,

PseudénonassbpagpbyLAME2AG?, Bseéudonbngsotipagiar20i £6B84681, Beeuggnoaas -
mendoci na | F014162, Pseudononas ol eovorans | FO13583t, Pseudonobnas ovalis

| FO12688, PBseuydogpnap, paepdaakcabirganes alGi¥a988y,roRpeudomenas, 1p diricd ,
| FO12996, Pseudononas putida | FO014164t, Pseudononas putida | F0O3738,

PseudonmonagnpubhdactF013653p . Psendapnaas o25puhr ei-gai grsubFB3%Li6g 6 to
Pseudononas ri bofl avina | F013584t, WD 2011/158970PCT/JP2011/064334 10

Pseudononas gst-hamnea oM 783, Reeudaumnas RYriN@88de a phenyl group,
IF014055,PseudonnnastabaC|IFO§%O8,PseudonDnas taetrol ens 1F0§468;

Pseudononag ¥g§%§ubgghglng@4g7kap39999bggggb_sphaeroides ATCC17023,
Rhodococcus erythropolis [ F012320, Rhodococcus groberul us ATCC15076,

Rhodoegoccus rho A , doc r hod u .0,
Mhodotoccus 1 hodochEonea TRKBIES ofnatotaete ] A0CaT I T ALt S a0
Rhodococcu hodochrous A 1915 Rhodococcus, rhodochr ous. ALl 1197,
Rhodococcuz % ogog Fous ﬂ$855119 Prfbﬁﬁg 5%%5%h§%%%§%%%?%%§2Sgéﬁi%gF
Rhodococcus Sp AICC19070, Rhodococcus sp. ATCC19071 and Rhodococcus sp.
ATCC19148, & methyl group.

The microbial cell or the processed product of the

15 microbial cell of a microorganism capable of preferentially

oxidizing the hydroxyl group of the sulfur-containing amino

alcohol compound, as a catalyst to be used in the process

of the present invention, has an ability to convert

Compound (1) into Compound (2). The term "preferentially

20 oxidize" used herein means that the oxidation of a hydroxyl

group proceeds preferentially to the oxidation of a sulfide
group in the sulfur-containing amino alcohol compound.

Examples of the microorganism having the above ability

(hereinafter, sometimes referred to as "the present

25 microorganism") include one or more microorganisms selected



These m croorgani sns may be either isolated fromnatural sources, or easily
gotten by purchasing fromculture collection. 15Exanples of culture

col | ecti owe 201iois8avdi ch t he microorgani sns can be purchagedgrrnchesdss t he
following culture collections. 1. IFO (Institute of Fernentati on Gsaka)

cul ture collection At present, the cultute collection is transferred to 20
National Institute of Technol ogy and Eval uati on Bi ol ogi cal Resource Center
(NBRC). M croorgani sns can be purchased by filing an application to NBRC,
whi ch can be done by, for exanple, accessing the website of NBRC

(http:// wwhraBr i@ nidr@vgo. FpNNBRC2NNBRODI §3Se@cdieSerivdnst 2Pan RBy=jgsyus WO
2011/ 158970PCT/ JP2011/ 064334 11 2. ATCC (Anerican Type Culture Collection)
M cr oor ganAdms I¢grnbe, purchasedrgandagh Suedri t Phear mecewts calBecillus,

I nternational Corporation, ATCC Industry Division by, for exanple,
accessi ng misroebgihésms of the genus Pseudomonas, microorganisms of
5(http://ww. surnrnitpharma. co.jp/japanese/ service/ sATCC. html _ ).

Al ternativehy, gt6n60rgROHSHBCcEAn benPurchasesrghrtentd y £ ora&TCGendis JCM
(Japan Col l ection of M croorganisns) At present, the culture collection is
transgterrednbgotBcoNakional Institute of Physical and Chem cal Research

Bi ol ogi cal Resource Center (R KEN BRC), M crobe D vision. Mcroorgani sns

can be purchasegdyhypfikki Bg aRcanRpbireatbanita RukENGBRGe Witk &an 1he done
by, for exanple, accessing a site for the culture collection in the website

of RIKEN 15¢hEt pihWMid LMl i G0-d G abotd JOMJ1 $8E hhe br hiWe
Culture Collection At present, anong the 1AM Culture Coll ection,

bact er i 8, ¥eAZLSy oaNdshL ATRI AU Ungioar e L1 ansterS ed bon Mot ggal oc

Institute o and Research Bi ol"ogi cal 20 Resource Center,

M crobe Di X!lsia%gg%%%’ , an er{?utf ﬁ%'c%ar% are tgﬁg%ﬁ&éﬁ%? ce)SMFQNI[tEJé!F%IUSC,JJI ture

Col | ecti on”i'ii | nsti e for Ervironnen u

M croqrgani sns .can be purchased by fi% ng, an_application tag ., JCM.or N ES,

whi ¢ 8can ézcaéﬁgef}ﬁ? f or 4SAI%, ac Je%%h%e%ggi teFor thguf’%l\‘{llgenes
xylosoxydans, Bacillus alvei, Bacillus badius, Bacillus
brevis, Bacillus cereus, Bacillus <coagulans, Bacillus

firmus, Bacillus licheniformis, Bacillus moritai, Bacillus

pumilus, Bacillus sphaericus, Bacillus subtilis, Bacillus

15 validus, Pseudomonas denitrificans, Pseudomonas
ficuserectae, Pseudomonas fragi, Pseudomonas mendocina,
Pseudomonas oleovorans, Pseudomonas ovalis, Pseudomonas
pseudoalcaligenes, Pseudomonas putida, Pseudomonas
putrefaciens, Pseudomonas riboflavina, Pseudomonas

20 straminea, Pseudomonas syringae, Pseudomonas tabaci,
Pseudomonas taetrolens, Pseudomonas vesicularis,
Rhodobacter sphaeroides, Rhodococcus erythropolis,
Rhodococcus groberulus, Rhodococcus rhodochrous and

Rhodococcus sp..

25 Preferred examples of the microorganism having the



25cul turecol | ecti onsi nt hewebsiteof JCM WO 2011/ 158970PCT/ JP2011/ 064334 12
(http://ww. jcmriken.go.jp/JCM aboutJCM J.shtm) or in the website of N ES
(http:// mwo.20i1e5890. j p/ about Onl i neOr der . do) . The wcenemiiabessed | or

t he processed products of the mcrobial cell of a m croorgani smcapabl e of
preferentially 5 oxidizing the hydroxyl® group of the sul fur-containing
am no al cohol conpound, as a catalyst to be used in the process of the
present invention, may al so be obtai ned and prepared by screening

m croor gani sns capabl e of converting Conpound (1) into Conpound

(2) . Speci f peavey abfidd tex arptleads noae 10restotbBiFEopl gerdsBs nisegected
sterilized culture nmedium and thereto is inoculated with a m croorgani sm
obt ai ned byrpur chasiowpuor omarel sthiove- neht | hed lcgkbnase clelligatiifairagrs a

m croorgani smisolated fromsoils. The resultant is incubated with shaking
at 30 C under5aa0aer obl «a coyshds oneulsAphers t ARTCONMpl 231 on Adfcatlhgrenes

i ncubation, mcrobial cells are collected by centrifugation to obtain

vi abl e cel Fsebplasscreyel®fo t eHAl dauhedreespl aped 2ron41050,0. BiMalrigerglsyci ne
buffer (pH 10), and thereto are added the above-prepared viable cells, and

the ngxtureyiisssugpgndedrdost het20auspensiorsi syadded ydamg afrorstiieani nol ,
and the resultant m xture is shaken at 30 C for 3 to 7 days. Afterthe

conpl etionggtithgsr eactyon, 1rob308ct he gractien sphation ngceanplad., The
cells are renoved fromthe sanpling solution, and the anmount of the
produced nmpLhi;oniae is-2panal yeed syl i dubdoghnguat ok ARy . JemM2152t,
Bacillus coagulans JCM2257t, Bacillus firmus JCM2512t,
Bacillus Jlicheniformis ATCC27811, Bacillus Jlicheniformis
10 IF012197, Bacillus licheniformis IF012200t, Bacillus
moritai ATCC21282, Bacillus pumilus IF012092t, Bacillus
sphaericus IF03341, Bacillus sphaericus IF03526, Bacillus
subtilis ATCC14593, Bacillus subtilis ATCC15841, Bacillus
subtilis IF03108, Bacillus subtilis IF03132, Bacillus
15 subtilis IF03026, Bacillus subtilis IF03037, Bacillus
subtilis IF03108, Bacillus subtilis 1IF03134, Bacillus
validus IF013635, Pseudomonas denitrificans IAM1426,
Pseudomonas denitrificans IRM1923, Pseudomonas ficuserectae
JCM2400t, Pseudomonas fragi I1AM12402, Pseudomonas fragi
20 IF03458¢t, Pseudomonas mendocina IF0l14162, Pseudomonas
oleovorans IF013583t, Pseudomonas ovalis IF012688,
Pseudomonas pseudoalcaligenes JCM5968t, Pseudomonas putida
IF012996, Pseudomonas putida IF014164t, Pseudomonas putida

IF03738, Pseudomonas putida IF012653, Pseudomonas

25 putrefaciens 1IF03910, Pseudomonas riboflavina IF013584¢t,



WO 2011/ 158970PCT/ JP2011/ 064334 13

Thus, m cr oor gani snscapabl eof preferentially oxidi zi ng the hydroxyl group of
t he sul f Wweocont#s9TONng am no al cohol conpound are screen@dT/JBar/eédfter, a
met hod for the preparation of the present m croorganisns is explai ned.

The present m croorgani sns nmay be culturdd in a culture medium for

cul turing various m croorgani snms which appropriately contain a carbon
source, a nitrogen source, 10an organic salt, an inorganic salt, and so on.
Exanpl es of the carbon source include sqgars such as gl ucose, dextrln and
sucrose; s@gardamesnél s stcamasegl ycibl 18 o gani RSRIWCTARh & TS ¢
acid, citric acid and pyruvic acid,; anlnal oils; vegetable oils; and

mol asses. 1BO17RBSe carborudowrees ar daddded t ol FBRSQU t ur radiomanas an
anount of usually about 0.1 % (wv) to 30 % (wv) of the culture.

Exanpl es otatheohehsogelFGihTe | Fokudempatur al vos ganl rnst r ogen 450ur,ces
such as neat extract, peptone, 20 yeast extract, malt extract, soy flour,
Corn St eeprhbgubtcteont sphseed bkeeuURTCANed 3y e &diodand ccasa e aeipds i sam no
acids; sodiumsalts of inorganic acids such as sodiumnitrate; amoni um
sal tssof | nppyanpo, acrASISUGRCcas agrepiutmIGhl onrde,1 S@amepni wNRosiddaatesand
anmoni um phosphat e; amoni um 25salts of organi c acids such as amoni um

fumarate apdogWEn204%/ HH8AYORGH JP281LL064334 1AhS8¥BRLLNE Cintricat1 & 1and

urea. Anong these nitrogen sources, amoni um salts of organic acids,

nat ural  or gARKE cBLELUGT SPIGES:s ANEL@MM NO) ACKHS BB 0L BerS, gy Al be
used as carbon sources in many cases. The above nitrogen sources 5 are

added to theceubiyse MRMiHRIl AN SHBUBL 0L USURIEN BDOY! Qurbdhd s to 30

% (wv) of the cultire. Exanpl es of the organic salt and inorganic

salt incl “gﬁogg'c b Be: SHd ALy acghate, car, '%O”PA d?é‘ﬁ'r&i%sﬁ%‘c‘%ﬁf(?

pot assi um “so gnesi um | ron manganese, Zl nc

h her eof hl orid
bl ot By P REHREPEERTD R ebYR ?é?lfoJ%Eﬁ?aso%% ol g dyesstosiiey

chlo us 'sa manganese s cobal't

chl ori de, nc, sul fate at e, d m acet at e, ar bonat e,
potas;iun1ﬁbag8§8ﬁc5ﬁo§8haggggﬁggéﬁp8Pgs ﬁhEHQEngeﬁp 1§%6ﬁ3§ghg These
organi ¢ salts and/ or |nor%an|c salts are ad ed to the cult%re nedlun1|n an
anount of usual FYe8BourR 66669294 ERPv) "F8 5 Q)(ﬁﬂ5}65f R8I rtur £rom

Exanpl es of the culture nethod |nclude solid culture and liquid culture
(e.g. a teBEtuhPé ciPVGFES-a PFasgasily gotten by purchasing from

culture collection.

15 Examples of culture collections from which the
microorganisms can be purchased, include the following
culture collections.

1. IFO (Institute of Fermentation Osaka) culture collection
At present, the culture collection is transferred to

20 National Institute of Technology and Evaluation Biological
Resource Center (NBRC). Microorganisms can be purchased by
filing an application to NBRC, which can be done by, for
example, accessing the website of NBRC

(http://www.nbrc.nite.go.jp/NBRC2/NBRCDispSearchServlet?lan

25 g=jp) -



20cul ture, or a jar fernmenter culture). Culture tenperature and pH of
the culture are not particularly limted as |ong as the present

m cr oor gamo=s/A@80abl e to grow in the range thereof. FeCcTarRzpb&334 he
culture tenperature may be in a range of about 15 C to 25about 45 C, and
the pH of the culture may be in a range:5k WO 2011/ 158970PCT/ JP2011/ 064334
15 about 4 to about 8. The culture tinme may be appropriately sel ected
depending on the culture conditions, and is usually about 1 day to about 7
days. The microbial cells of the present m croorganisns can 5 be directly
used as a éat &l'ySt (RBRTERENPT YEESSUSL UErRe CRAESERt OPRvent i on. Ampng met hods
for using the mcrobial cells of the present m croorganisns, exanples of a
met hod for dirediktyoaspagicne nieznbi de ceppgcbﬁsﬁﬁe|ﬁhﬁﬁﬁﬂ m SPEdYiGani sns

i nclude: 10(1) a nethod for directly using culture, and (2) a nethod
for using Rherobialitéekls cbmtecmedibyateniwiﬁwmﬁtgpmb(nHﬁQﬁwaIQWQﬁtry
m crobial cells washed as needed with buffer or water). The

processed ptodacbs of byyhe mforobi akaoellks of athessihgpredenst mwetbedtgani sns
may al so be used as a catalyst for the process of the present invention.
Exanpkes ofihtbpe:praaessaesdmpepdueis . eb.jb¢ jabanebidkeeeolikce /isnelrade hiiar obi al
cells obtained by culturing followed by treating with an organi c sol vent
(e.g. acetone andeehhamok)y, ! MQ@IﬂbblrglaﬁﬁlsmSZQaﬂr bler F@Trichgs\&idt ki 1aldeal1iy;
physically or enzymatically disrupted mcrobial cells; and crude enzynes
separ ated er.gxhraeted fromthe these mcrobial cells. Furthernore,

exanpl esoft he processed productsincl udet hose i mobilized by a known net hod

after the gboggmnqggbggegog§gE@gggeggsMlc@gbggg%/;ﬁg??OPCT/JP2011/064334 16
Speci fic enbodi ments include the nlcro ral cel'ls of the present

m croorgani sns and %%e‘?{toce@?eeo' g&‘%t Mgl & 9. Efﬁhéf%'&?@de@or acts,

partially purlfled protelﬁs pur| proteins and i mMmo Ized materials 5
ther egf). ol e pivessed Blpducts of,hecraiabyal (ealds gncl ude
Iyop rize nlcroor anlsns organi c sol'vent-treated mcroorganisns, dried

m cr oor ganj dis ted mcrogQrganis t at es . Of nlcroor anlsns
soni cat ed '§E88F§8E %ﬁ?o%ﬁﬁﬂw§%§& RPEF%@ gg%ﬁgns ighgoe Drvision.
Microorganisms can be purchased by filing an application to
RIKEN BRC, which can be done by, for example, accessing a
site for the culture collection in the website of RIKEN
15 (http://www.jcm.riken.go.jp/JCM/aboutJCM J.shtml).
4. TAM Culture Collection
At present, among the IAM Culture Collection, bacteria,
yeasts, and filamentous fungi are transferred to National
Institute of Physical and Chemical Research Biological
20 Resource Center, Microbe Division (JCM), and microalgae are
transferred to Microbial Culture Collection in National
Institute for Environmental Studies (NIES). Microorganisms
can be purchased by filing an application to JCM or NIES,
which can be done by, for example, accessing a site for the

25 culture collections in the website of JCM



10 al kali-treated m croorgani sns. Exanples of a nethod of obtaining the

i mmobilized materials include carrier binding nethods (e.g. a nethod of

adsor bi ngwpnoteisggoand ot hers onto inorganic carriers sechiamnisvdizea gel

and ceram cs, cellulose, or ion-exchanged resin) and encapsul ating 15

met hods [e.g. a nethod of trapping protelfs and others in a network

structure of macronol ecul es such as pol yacryl am de, sul fur-containing

pol ysaccharide gel (e.g. carrageenan gel), alginate gel, and agar gel]. In

the event that the present mcroorganisns are used 20 in the industrial

product i on (pE6EeddWwiha cpir sdlfens 96f- i/ IICed akioaitdeMganissvi Ini ghit e the

preferred to unprocessed m croorgani sns fromthe point of view of

| i mitationwebsikarubdcNIESNd hédwi: greeics nde sogiver] pf/adcortOn 1Bxaides .ofo)a

met hod for killing the m croorganisns include physical 25sterilization

(e.g. heating, @hgi my,chakeiezli ngellr rcadidte oproc¥Osed products of the

2011/ 158970PCT/ JP2011/ 064334 17 sonication, filtration, and electric

sterilizat manyoandlstelil bzxati ancwicbl gaherinc alapagdrt © f( @rg.fealdealiiad,1aci ds,

hal ogens, oxidi zing agents, sulfur, boron, arsenic, netals, alcohols,

phenoks, asknaszisyl thdesydebhens grahgebydese shikefronestaGydmg adno

anti biotics). Anong these killing nethods, generally, it is preferable to

sel ect a methedowhictermd, owey i heaagoyst eb nesigues ofF eant s in

t he reaction systemand can mnimze inactivation of the above-descri bed

abi lity of jkhenpr gseabnfi ¢hoRHYARBKS ML LGRLeher entiadlley eXdizedNeq

hydr oxyl group of the sulfur- containing am no al cohol conpound. The

process of .t h r i nv i |+ rrie ik th e of

R S e b A el

Exampl es of .bufferin used in e .huffer, inc e li. metal salts
np (12 undﬂ 8o Eggké gggﬁgggxgﬁdgg kgg.éya le %9 a

of phosphori ¢ acid suc Sodi'um ph ot assi um phosphate, and

al kal i, metal salts of acetic i d such as sodium,acetate and potassiu

Scot Mo ERED SUDST oGS e’ HUE 19r £RGT Dab T SOMEE TBunraR tng ord
Tris-citrate buffer, . The process of the present {nvention nm | so be
carri ed ou%gﬁeaadi Jn°’ori’aﬂ‘ﬁ}lr}l?sfiD &ydr 8pHBb$EO%’F%%Wr§msé?ki/téarﬁn,e(¥. Z)_y in
the presence of water and the hédrophobic 250r gani ¢ sol vent. Exanpl es of the
hydr ophobi BU6F§aRi-Ed WEPBR0E1F188976PEF IR0 65438421 8°4RFEAC USE & n
this case include esters such as ethyl fornmate, ethék@acetate, propyl

acetat e, bUtgroggepaien etRglLapeepi 6Kale &RdLBut yl pi §R&1e tagitc oS s

such as n-butyl al cohol, n-anyl alcohol and n-octyl al cohol, aromatic
incubated with shaking at 30 °C under an aerobic condition.

15 After the completion of the incubation, microbial cells are
collected by centrifugation to obtain viable cells. In a
screw-top test tube is placed 2 ml of 0.1 M Tris-glycine

buffer (pH 10), and thereto are added the above-prepared

viable <cells, and the mixture 1is suspended. To the
20 suspension is added 2 mg of methionincl, and the resultant
mixture is shaken at 30 °C for 3 to 7 days. After the

completion of the reaction, 1 ml of the reaction solution
is sampled. The cells are removed from the sampling
solution, and the amount of the produced methionine is

25 analyzed by liquid chromatography.



5 hydrocarbons such as benzene, toluene and xyl ene, ethers such as

di et hyl et her, diisopropyl ether and nethyl -tbutyl et her, hal ogenated

hydr ocar bwo=0swisBI7as chl or of orm and 1, 2-di chl or oet hane, PamdPHi1XDaIBRs
thereof . The process of the present invention may also be 10 carried out
by additionally using a hydrophilic organic solvent, i.e. in the presence
of water and an aqueous nedi um Exanples of the hydrophilic organic sol vent
used in this case include al cohols such as nethanol and ethanol, ketones
such as acetone, ethers such as dinethoxyethane, 15 tetrahydrofuran and

di oxane, d|neth?heabfoxmderoeﬁéaﬁﬂﬁmﬁrescﬁﬁebé@f of  pukiflee einfie agrlotess
of the present invention is usually carried out in a range of pH of agueous
| ayer of 3okodiiinghéhpHhmdyobelappropr pdt éhy chadged contsudch ng range t hat
20 the reaction proceeds. It is preferable that the process of the present

i nvention bécobpili edmpotindnathesalkkahede range, and it is nore preferable
that the process be carried out in a range of pH of aqueous |ayer of 8 to
10. Wiile the process of the present invention is usually 25carried out in
a range of about 0 C to about 60 C, the WD 2011/158970PCT/JP2011/064334 19
tenpesat ure mayHbecapprepri, at gl yméhppgedron sued prangadihat tdre nearction
pr oceeds. The process of the present invention is usually carried out

in arange QEsEQE ﬁ@e%o%énl@%gslgoeepqatmég 5 days. After the conpletion
of addi ng ?he sul fur-contai ni ng am no al cohol conpound represented by the

formula (1) [i -@heCOFPQQQQt(l)n]lcrwekﬁanhémghem%glar %ngceq%%ed, ithe 4
endpoi nt of the reaction can be checked, for exanple, by neasuring the

amount of fhe. suLf ‘Heqfi‘?f?&af #“Quﬁghﬁ?g gmat A2l ”H?HPS‘oE-Q%{]] ithe fenm a (1)

in the reaction solution i qui y or gas r omat ogr aphy and

t he ot hers, tlé'gg% O%r%;al%tl on, %%?EF s%‘[ﬁ' %r con%gk%?gnar&) C%I cohol

conpound reBP or mul a IS the
starﬁbng conmpound use rocess present invention, is

usuat Py 50?9 ﬁﬁ@?lSrSngs 3Rdip8€8§UFFuFa§5ht3PH i§ &fi'no al cohol conpound
of the formula e. be conti nuously or suc e55|vely
added 1o a reactFOAPLSt 6 [ tor Gerovh RAPRCE: o THE Forteittat FUREoRS ha
sul f ur-cont ai ni ng am no 20a|coho| conpound of the formula (1) in_the
reaction s§ystefvRear A§XEBABt aRPY SUCIOSEyr | SYSPRe Br6EBSESSof SHAE pldsent

i nvention, for exanple a sugar such as glucose, sucrose or fructose, or a

sur f act ant 9SUERTAS TOLEER 1% F0L 4T e3iSk eREd ft¥Ede e %) or C2ETEe RSB0

(registered trade mark) may be added to the
and pyruvic acid; animal oils; vegetable oils; and molasses.

15 These carbon sources are added to the culture medium in an
amount of usually about 0.1 % (w/v) to 30 % (w/v) of the
culture.

Examples of the nitrogen source include natural
organic nitrogen sources such as meat extract, peptone,

20 yeast extract, malt extract, soy flour, Corn Steep Liquor,
cottonseed flour, dried yeast and casamino acids; amino
acids; sodium salts of 1inorganic acids such as sodium
nitrate; ammonium salts of inorganic acids such as ammonium

chloride, ammonium sulfate and ammonium phosphate; ammonium

25 salts of organic acids such as ammonium fumarate and



WO 2011/ 158970PCT/ JP2011/ 064334 20 reaction systemif necessary. The
recover of the sulfur-containing a-am no acid conpound represented by the
formul a (P 2hriois847he reacti on solution nay be carried oBRCTHY20an96438L hods
known in the art. 5 Exanple of the nethod include purification by
perform ng post-treatment of the reactioff solution such as organic sol vent
extraction, concentration, ion exchange nethod and crystallization, if
necessary i n conbination with colum chromat ography, and distillation and
others. 10 The sulfur-containing am no acid conpound represented by the
formul a (2pmppeparedibyatie prstesscaf tAROPYeSBABST AVEROLER PR ISES/n t he
formof a salt. EXAMPLES 15Herei nafter, the present invention is explained
in nore detminpnwiitnh ssdives ex@inpkesniwvhiagh dshoutaktwotl bergenstr med oy e

limted thereto. Exanple 1 Production of the sul fur-containing a-am no
aci d conpoundrz26t; omridheasuhd ura-cdaist aamd ng tawirso red xohdkocdmpounddaccor di ng
to the process of the present invention In a test tube was placed 5

m of stertchiped cuhirdee nadinamywhbkebswas Mrepabede by iaddorg palutpept one
(5 g), yeast extract (3 g), nmeat extract (3 g), ammonium sulfate 25(0.2 g),

pot assi um dirBy rREeN pbosphateul(dug) aedimmonasi M MBunt of usually
2011/ 158970PCT/ JP2011/ 064334 21 sul fate heptahydrate (0.5 g) to 1 L of

wat er and aghyst bng theypk)t @730, 2and Lhepet enwasuiireewl.ated with each
cells of the m croorgani sns shown in Table 1. The resultant was incubated

wi th shaking at£39,Gunder rancger oBi-g eqrdi KhaR.  oh AT gl 1he icomlatd on of
the incubation, the mcrobial cells were collected by centrifugation to

1 Sl yel e BaRer CUAPLLOS Ban G oty has “adbed Che ShavS. BrCsA Sl i abl e

Trisglycin _ thereto was e above-
b E N S S B o el
10 zinc, and others. Specific examples thereof include sodium
chloride, potassium chloride, magnesium sulfate, ferrous
sulfate, manganese sulfate, cobalt chloride, zinc sulfate,
copper sulfate, sodium acetate, calcium carbonate,
potassium hydrogen phosphate and dipotassium hydrogen
15 phosphate. These organic salts and/or inorganic salts are
added to the culture medium in an amount of usually about
0.0001 % (w/v) to 5 % (w/v) of the culture.
Examples of the culture method include solid culture
and liquid culture (e.g. a test tube culture, a flask
20 culture, or a jar fermenter culture).
Culture temperature and pH of the culture are not
particularly limited as long as the present microorganisms
are able to grow in the range thereof. For example, the

culture temperature may be in a range of about 15 °C to

25 about 45 °C, and the pH of the culture may be in a range of



After the conpletion of the reaction, 1 ml of the reaction solution was
sanpl ed. The cells were renoved fromthe sanpling solution, and the anount
of the prworeadss®net hi oni ne was anal yzed by |iquid chr @ecatezmapéag3dThe
results are shown in Table 1. Conditions for content analysis

Col urm: Cadenza CD- C18(4.6 mp x15 cm 3 pm 20(nmanufactured by |ntakt Corp.)
Mobi | e phase: 0.1 % aqueous trifluoroacetic acid as Solution A and

nmet hanol as Solution B Time (m nutes)Solution A (% : Solution B (% 0100 :

0 2510100 : 0 WD 2011/158970PCT/JP2011/064334 22 20 50 : 50 25 50 : 50
25.1 about 4 to about 8. The culture time may be appropriately

selected depending on the culture conditions, and 1is
usually about 1 day to about 7 days.
The microbial cells of the present microorganisms can
5 be directly used as a catalyst for the process of the
present invention. Among methods for using the microbial
cells of the present microorganisms, examples of a method
for directly using the microbial cells of the present
microorganisms include:
10 (1) a method for directly using culture, and
(2) a method for using microbial cells collected by
centrifuging a culture (wet microbial cells washed as
needed with buffer or water).
The processed products of the microbial cells of the
15 present microorganisms may also be used as a catalyst for
the process of the present invention. Examples of the
processed products of the microbial cells include microbial
cells obtained by culturing followed by treating with an
organic solvent (e.g. acetone and ethanol), lyophilizing,
20 or treating with alkali; physically or enzymatically
disrupted microbial cells; and crude enzymes separated or
extracted from the these microbial cells. Furthermore,
examples of the processed products include those
immobilized by a known method after the above-mentioned

25 treatments.



100 : 20 Flowrate: 0.5 m/mn. 5Colum tenperature: 40 C Detection: 220
nm Tabl e 1 Nanme of strain Methionine yield(% Aacaligenes denitrificans JCM
5490 15. w0 24 1ciEBY7genes eut r ophus ATCC 43123 18. 2 Al cal ipgenexii/e@ssd is | FO
12669 13.7 Alcaligenes sp. IFO 14130 16.5 Al cal i genes xyl osoxydans

| FO15125t denitrificans 16.8 Al cal i genes &yl osoxydans | F015126t

xyl osoxydans- 15.8

Specific embodiments include the microbial cells of
the present microorganisms and the processed products
thereof (e.qg. cell-free extracts, partially purified
proteins, purified proteins and immobilized materials

5 thereof). Examples of the processed products of the
microbial cells include lyophilized microorganisms, organic
solvent-treated microorganisms, dried microcorganisms,
disrupted microorganisms, autolysates of microorganisms,
sonicated microorganisms, extracts of microorganisms, and

10 alkali-treated microorganisms. Examples of a method of
obtaining the immobilized materials include carrier binding
methods (e.g. a method of adsorbing proteins and others
onto inorganic carriers such as silica gel and ceramics,
cellulose, or ion-exchanged resin) and encapsulating

15 methods [e.g. a method of trapping proteins and others in a
network structure of macromolecules such as polyacrylamide,
sulfur-containing polysaccharide gel (e.g. carrageenan gel),
alginate gel, and agar gel].

In the event that the present microorganisms are used

20 in the industrial production process, the products of
killed microorganisms might be preferred to unprocessed
microorganisms from the point of view of limitation of
manufacturing equipments or other factors. Examples of a
method for killing the microorganisms include physical

25 sterilization (e.g. heating, drying, freezing, irradiation,



Bacillus alvei | FO 3343t 14.3 Bacillus badius ATCC 14574t 15.6 Bacill us
brevis JCm 2503t 15.0 Bacillus cereus JCM 2152t 17.0 Bacillus coagul ans JCM
2257t 10.woBaci/dskars firmus JCM 2512t 18. 3 Baci | | us |i chegirfrezori/se4831CC 27811
16.6 Bacillus licheniforms I FO 12197 17.0 Bacillus licheniforms |IFO
12200t 10.5 Bacillus noritai ATCC 21282 1716.7 Bacillus pumlus | FO 12092t
16. 2

sonication, filtration, and electric sterilization) and
sterilization with chemical agents (e.g. alkalis, acids,
halogens, oxidizing agents, sulfur, boron, arsenic, metals,
alcohols, phenols, amines, sulfides, ethers, aldehydes,
5 ketones, cyan, and antibiotics). Among these killing
methods, generally, it is preferable to select a method
which can lower the amount of residues or contaminants in
the reaction system and can minimize inactivation of the
above-described ability of the present microorganism to
10 preferentially oxidize the hydroxyl group of the sulfur-

containing amino alcchol compound.

The process of the present invention 1is usually

carried out 1in the presence of water. The water used in

15 this case may be in the form of a buffer. Examples of
buffering agents used in the buffer include alkali metal

salts of phosphoric acid such as sodium phosphate and

potassium phosphate, and alkali metal salts of acetic acid

such as sodium acetate and potassium acetate. Examples of
20 alkaline buffer include Tris-HCl buffer and Tris-citrate
buffer.

The process of the present invention may also be
carried out by additionally using a hydrophobic organic
solvent, i.e. in the presence of water and the hydrophobic

25 organic solvent. Examples of the hydrophobic organic



Baci | | us sphaericus | FO 3341 17.2 Bacillus sphaericus | FO 3526 18. 3
Bacillus subtilis ATCC 14593 13.9 Bacillus subtilis ATCC15841 12.1 Bacill us
subtilis WB@OBEB014. 0 Bacillus subtilis | FO 03134 15. ecBaerdil/ost3subtili s
| FO 3026 18.9 Bacillus subtilis /FO 3037 14.3 Bacillus subtilis | FO 3108
13.3 Bacillus subtilis | FO 3134 12,6 Bacilus validus | FO 13635 14. 4

solvent used in this case include esters such as ethyl
formate, ethyl acetate, propyl acetate, butyl acetate,
ethyl propionate and butyl propionate, alcohols such as n-
butyl alcohol, n-amyl alcohol and n-octyl alcohol, aromatic
5 hydrocarbons such as benzene, toluene and xylene, ethers
such as diethylether, diisopropylether and methyl-t-
butylether, halogenated hydrocarbons such as chloroform and
1,2-dichloroethane, and mixtures thereof.
The process of the present invention may also be
10 carried out by additionally using a hydrophilic organic
solvent, 1.e. in the presence of water and an aqueous
medium. Examples of the hydrophilic organic solvent used
in this case include alcohols such as methanol and ethanol,
ketones such as acetone, ethers such as dimethoxyethane,
15 tetrahydrofuran and dioxane, dimethylsulfoxide, and
mixtures thereof.
While the process of the present invention is usually
carried out in a range of pH of aqueous layer of 3 to 11,
the pH may be appropriately changed in such a range that
20 the reaction proceeds. It is preferable that the process
of the present invention be carried out in the alkaline
range, and 1t 1is more preferable that the process be
carried out in a range of pH of aqueous layer of 8 to 10.
While the process of the present invention is usually

25 carried out in a range of about 0 °C to about 60 °C, the



Pseudononas denitrificans | AM 1426 17.2 Pseudononas denitrif

icans | AM 1923

36.5 Pseudononas ficuserectae JCM 2400t 19. 3 Pseudononas fragi | AN 12402
16.0 WO WwWORM11588¢0PCT/ JP2011/ 064334 23 Pseudononas fr agir/sptid1/86438t 34. 3

Pseudononas nendoci na | FO 14162 26.8 Pseudonnnas ol eovor ans
Pseudononas ovalis | FO 12688 19

| FO 13583t 19.6

10

15

20

25

temperature may be appropriately changed in such a range
that the reaction proceeds.

The process of the present invention 1s usually
carried out in a range of for about 0.5 hours to about 10
days. After the completion of adding the sulfur-containing
amino alcohol compound represented by the formula (1) [i.e.
Compound (1)], which is the starting compound, the endpoint
of the reaction can be checked, for example, by measuring
the amount of the sulfur-containing amino alcohcl compound
of the formula (1) in the reaction solution by liquid
chromatography or gas chromatography and the others.

The concentration of the sulfur-containing amino
alcohol compound represented by the formula (1) [i.e.
Compound (1)], which 1is the starting compound used in the
process of the present invention, is usually 50 % (w/v) or
less and the sulfur-containing amino alcohol compound of
the formula (1) [i.e. Compound (1)] may be continuously or
successively added to a reaction system 1in order to
maintain the concentration of the sulfur-containing amino
alcohol compound of the formula (1) in the reaction system
nearly constant.

During the process of the present invention, for
example, a sugar such as glucose, sucrose or fructose, or a
surfactant such as Triton X-100 (registered trade mark) or

Tween 60 (registered trade mark) may be added to the



12. 7 Pseudononas pseudoal cal i genes JCM 5968t 15.2 Pseudononas putida | FO
12996 14. 3 Pseudononas putida | FO 14164t 14.4 Pseudononas putida | FO 3738
29. 2 Psewstoronassyat i da | F012653. .- , 12. 8 Pseudononas p®CraPzai/esss3d FO 3910
16. 4 , Pseudononas ri bofl avi ne |1 FO 13584t2011. 9

reaction system if necessary.

The recover of the sulfur-containing «-amino acid
compound represented by the formula (2) from the reaction
solution may be carried out by any methods known in the art.

5 Example of the method include ©purification Dby
performing post-treatment of the reaction solution such as
organic solvent extraction, concentration, 1ion exchange
method and crystallization, 1f necessary in combination
with column chromatography, and distillation and others.

10 The sulfur-containing amino acid compound represented
by the formula (2) prepared by the process of the present

invention may be in the form of a salt.

EXAMPLES
15 Hereinafter, the present invention 1is explained in
more detail with some examples, which should not be

construed to be limited thereto.

Example 1

Production of the sulfur-containing o-amino acid compound
20 from the sulfur-containing amino alcohol compound according

to the process of the present invention

In a test tube was placed 5 ml of sterilized culture
medium, which was prepared by adding polypeptone (5 g),
yeast extract (3 g), meat extract (3 g), ammonium sulfate

25 (0.2 g), potassium dihydrogen phosphate (1 g) and magnesium



Pseudononas stram nea JCM 2783t 23.7 Pseudononas syringae subsp.syringae
1F014055 23.7 Pseudononas tabaci | FO 3508 12.5 Pseudononas taetrol ens
3460 18. IwB=zeudissonas vesicularis JCM 1477t 15. 3 Rhodob&crar2Ephaasoi des
ATCC 17023 15. 7 Rhodococcus erythropoli Sle FO 12320 12. 4 Rhodococcus

10

15

20

25

sulfate heptahydrate (0.5 g) to 1 L of water and adjusting
the pH to 7.0, and thereto was inoculated with each cells
of the microorganisms shown in Table 1. The resultant was
incubated with shaking at 30 °C under an aerobic condition.
After the completion of the incubation, the microbial cells
were collected by centrifugation to obtain viable cells.
In a screw-top test tube was placed 2 ml of 0.1 M Tris-
glycine buffer (pH 10), and thereto was added the above-
prepared viable cells, and the mixture was suspended. To
the suspension was added 2 mg of methioninol, and the
resultant mixture was shaken at 30 °C for 3 to 7 days.
After the completion of the reaction, 1 ml of the
reaction solution was sampled. The cells were removed from
the sampling solution, and the amount of the produced
methionine was analyzed by liquid chromatography. The

results are shown in Table 1.

Conditions for content analysis

Column: Cadenza CD-C18 (4.6 mmo x 15 c¢m, 3 um)
(manufactured by Imtakt Corp.)

Mobile ©phase: 0.1 % aqgueous trifluoroacetic acid as

Solution A, and methanol as Solution B

Time (minutes) Solution A (%) : Soclution B (%)
0 100 : O
10 100 : O

| FO



gl oberul us ATCC 15076 28.9 Rhodococcus rhodochrous ATCC 15610 22.3

Rhodococcus rhodochrous ATCC 19067 25.4 Rhodococcus rhodochrous ATCC 19149
22. 5 Rhodwoaerwissy7nodochr ous ATCC 19150 24.9 Rhodococcu®cCriieziache4dsuss ATCC
21197 26.5 Rhodococcus rhodochrous ATCC

JCM 3202t

20

25

25.1

Flow rate

50 : 50
50 : 50
100 : 20

0.5 ml/min.

Column temperature: 40 °C

5}199 27. 2 Rhodococcus rhodochrous

Detection: 220 nm
Table 1
Name of strain Methionine
yield (%)
Alcaligenes denitrificans JCM 5490 15.9
Alcaligenes eutrophus ATCC 43123 18.2
Alcaligenes faecalis IFO 12669 13.7
Alcaligenes sp. IFO 14130 16.5
Alcaligenes xylosoxydans IF015125t denitrificans 16.8
Alcaligenes xylosoxydans IF015126t xylosoxydans 15.8
Bacillus alvei IFO 3343t 14.3
Bacillus badius ATCC 14574t 15.6
Bacillus brevis JCM 2503t 15.0
Bacillus cereus JCM 2152t 17.0
Bacillus coagulans JCM 2257t 10.7
Bacillus firmus JCM 2512t 18.3
Bacillus licheniformis ATCC 27811 16.6
Bacillus licheniformis IFO 12197 17.0
Bacillus licheniformis IFO 12200t 10.5
Bacillus moritai ATCC 21282 16.7
Bacillus pumilus IFO 12092t 16.2
Bacillus sphaericus IFO 3341 17.2
Bacillus sphaericus IFO 3526 18.3
Bacillus subtilis ATCC 14583 13.9
Bacillus subtilis ATCC15841 12.1
Bacillus subtilis IFO 03108 14.0
Bacillus subtilis IFO 03134 15.0
Bacillus subtilis IFO 3026 18.9
Bacillus subtilis IFO 3037 14.3
Bacillus subtilis IFO 3108 13.3
Bacillus subtilis IFO 3134 12.6
Bacillus validus IFO 13635 14.4
Pseudomonas denitrificans IAM 1426 17.2
Pseudomonas denitrificans IAM 19523 36.5
Pseudomonas ficuserectae JCM 2400t 19.3
Pseudomonas fragi IAM 12402 16.0




38.5 Rhodococcus sp ATCC 19070 22.5 Rhodococcus sp ATCC 19071 35. 8.
Rhodococcus sp ATCC 19148 24.8 Reference exanple 1 Scr eeni ng

m cr oor gamo=2el/K58978bl e of converting the sul fur-5cont ai RCRgPzTL/net33d cohol
conmpound into a correspondi ng sul fur-contai ning a-amno acid conpound

In a test tube is placed 5 nl of sterili%Zed culture nedium which is
prepared by addi ng pol ypeptone (5 g), yeast extract (3 g), neat extract (3

g), ammonium sul fate 10(0.2 g), potassium di hydrogen phosphate (1 g) and
magnesi um sul f at e heptahydrate (0.5 g) to 1 L of water and then WD
2011/ 15897(‘3_’5“:5’ 3EREAH Gfr’}‘lé‘?g’%“*.I% gg gt g the pHTO 7.0, and[BRERET0 1S |
i nocul ated —\glrg:é aBmah Lt REHTRET PPbal IEgs by pur chast ng fTom TAg.Br evi ous|
ment i oned §'$'sbn38m§¥éé‘féi'éo 6r}éh§qlt‘bt’i§$ﬁ‘$m smrsoratred Tro 190kl S Ihe
resul t ant g SISERBE e TS 796 196 530—Cumder —arm aer obi ¢ ;o0Rdi LT ON.
After the eoRRetrom Of . o idoailcaligenes JCM 5968t 15.2
Pseudomonas putida IFO 12896 14.3
Pseudomonas putida IFO 14164t 14.4
Pseudomonas putida IFO 3738 29.2
Pseudomonas putida IF012653 12.8
Pseudomonas putrefaciens IFO 3910 16.4
Pseudomonas riboflavina IFO 13584t 11.9
Pseudomonas straminea JCM 2783t 23.7
Pseudomonas syringae subsp.syringae IFQO14055 23.7
Pseudomonas tabaci IFO 3508 12.5
Pseudomonas taetrolens IFO 3460 18.1
Pseudomonas vesicularis JCM 1477t 15.3
Rhodobacter sphaeroides ATCC 17023 15.7
Rhodococcus erythropolis IFO 12320 12.4
Rhodococcus globerulus ATCC 15076 28.9
Rhodococcus rhodochrous ATCC 15610 22.3
Rhodococcus rhodochrous ATCC 19067 25.4
Rhodococcus rhodochrous ATCC 19149 22.5
Rhodococcus rhodochrous ATCC 132150 24.9
Rhodococcus rhodochrous ATCC 21197 26.5
Rhodococcus rhodochrous ATCC 21199 27.2
Rhodococcus rhodochrous JCM 3202t 38.5
Rhodococcus sp ATCC 19070 22.5
Rhodococcus sp ATCC 19071 35.8
Rhodococcus sp ATCC 19148 24.8

Reference example 1

Screening microorganisms capable of converting the sulfur-

5 containing amino alcohol compound into a corresponding
sulfur-containing ao-amino acid compound

In a test tube is placed 5 ml of sterilized culture

medium, which is prepared by adding polypeptone (5 g),

yeast extract (3 g), meat extract (3 g), ammonium sulfate

10 (0.2 g), potassium dihydrogen phosphate (1 g) and magnesium

sulfate heptahydrate (0.5 g) to 1 L of water and then




t he i ncubation, mcrobial cells are collected by centrifugation to obtain
viable cells. In a screwtop test tube is placed 2 mM of 0.1 MTris-glycine
buf fer (pMOR0)1/15897d t hereto i s added t he above- prepar edPeirabtil/oeBls, and
10 the m xture is suspended. To the suspension is added 2 ng of

met hi oni nol, and the resultant m xture i4! shaken at 30 C for 3 to 7 days.
After the conpletion of the reaction, 1 m of the reaction solution is
sanpl ed. The cells are renoved from 15t he sanpling solution, and the anount
of the produced nethionine is analyzed by liquid chronatography

Thus, m credipahi s téapatil et of 7 cBnverti rdetiedosul g u#ﬂ‘é@%f%ﬂiﬁijngléﬁl o)

al cohol conpound into the correspondi ng sul fur-containing a-amno acid
conpound amécsecpeegnedsm20iConidiad oby froerconteny dmwalystlse ColrngmicOadenza
CD-C18(4.6 mmqm) x15 cm 3 pn) (manufactured by Intakt Corp.) Mobi | e
phase: 0. lmé&nadueeds dultfdwmor catétict iaai domas a2560t ubd oyaiy smetisanielt eas
Solution B WD 2011/ 158970PCT/ JP2011/ 064334 25 Tine (m nutes)Solution A (%
. Sol uti onfBof%s0D : Thd0keGul t@n2050s: HO-B2E5) @ whBh shakbndl1@@ : 20
Flowrate: 0.5 m/mn Colum tenperature: 40 C

5 30 °C under an aerobic condition. After the completion of
the incubation, microbial cells are collected by
centrifugation to obtain viable cells. In a screw-top test

tube is placed 2 ml of 0.1 M Tris-glycine buffer (pH 10),
and thereto is added the above-prepared viable cells, and

10 the mixture is suspended. To the suspension is added 2 mg
of methioninol, and the resultant mixture is shaken at
30 °C for 3 to 7 days.

After the completion of the reaction, 1 ml of the
reaction solution is sampled. The cells are removed from

15 the sampling solution, and the amount of the produced
methionine is analyzed by liquid chromatography.

Thus, microorganisms capable of converting the sulfur-
containing amino alcohol compound into the corresponding
sulfur-containing a-amino acid compound are screened.

20
Conditions for content analysis
Column: Cadenza CD-C18 (4.6 mme x 15 c¢m, 3 um)
(manufactured by Imtakt Corp.)
Mobile ©phase: 0.1 % aqueous trifluorocacetic acid as

25 Sclution A, methanol as Solution B



Detection: 220 nm 10 | NDUSTRI AL APPLI CABI LI TY The present invention
can provide a novel process for producing a sulfur-containing u-amno acid
conpound wocht1zssemet hi oni ne. WO 2011/ 158970PCT/ JP2011/ @643B2012/664G34AI M5 1. A
process for producing a sulfur-containing a-am no acid conmpound represented
by the formula (2): NH2 5 (2) wherei1a¥ Rl represents hydrogen, an al kyl
group having 1 to 8 carbon atons, or an aryl group having 6 to 20 carbon

at ons; conprising a step of reacting a sul fur-containing am no
10al cohol conpound represented by the formula (1):
Time (minutes) Solution A (%) : Solution B (%)
0 100 : O
10 100 : O
20 50 : 50
5 25 50 : 50
25.1 100 : 20

Flow rate: 0.5 ml/min
Column temperature: 40 °C
Detection: 220 nm
10
INDUSTRIAL APPLICABILITY
The present invention can provide a novel process for
producing a sulfur-containing oa-amino acid compound such as

methionine.



(1) wherein R1 is the same as defined above, with a mcrobial cell or a
processed product of the m crobial cell of a m croorgani sm capabl e of
converti nyotbe/158al f ur - cont ai ni ngam noal cohol conpoundi rRCoAPZOL/P@SPONI NY
sul fur-containing a-am no acid conmpound. 2. The process according to claim1l
wherein the mcroorganismis capable of 4fteferentially oxidizing the

hydr oxyl group of the sulfur-containing am no al cohol WO

2011/ 158970PCT/ JP2011/ 064334 27 conpound. 3. The process according to
claiml1l wherein the mcroorganismis one or nore mcroorgani sns sel ected
froma group consisting of nicroorgarftigh®!df the genus Alcaligenes, 5

m cr oor gani sns of the genus Bacillus, mcroorgani sns of the genus
Pseudononas, microorgani sms of the genus Rhodobacter and m croorgani snms of
t he genus Rhodococcus. 4. The process according to claim1l wherein the
m croorganiismi 8 geoorsNDrfernm grotrgang sks sel £ct edofiram and Ogr-eup. no
consisting of Alcaligenes denitrificans, Alcaligenes eutrophus, Alcaligenes
faecal i s, Atcdl cgrpeansprephAkeahitgeney xykosoxydaas,2Bacillus al vei,
Baci |l us badius, Bacillus brevis, Bacillus cereus, Bacillus coagul ans,
Bacillus firnus, Bacillusjcheniforms, Bacillus noritai, 15 Bacillus
pum | us, Bacillus sphaeriqué, Bacillus subtilis, Bacillus validus,
Pseudononas denitrificans,| Pseudononas ficuserectae, Pseudononas fragi,
PseudononaR'wendoerna, P ononas ol eovorans, Pseudononas ovalis,
Pseudononas ps®&idoal cat1 genes¢cobsleudononas puti da, Pseudononas 20putref aci
ens, Pseudononasri bof | avi na, Pseudononas stram nea, Pseudononas

syringae, Pseudononast &Baci ,

wherein R' represents hydrogen, an alkyl group having 1 to
8 carbon atoms, or an aryl group having 6 to 20 carbon
atoms;

comprising a step of reacting a sulfur-containing amino

10 alcohol compound represented by the formula (1):
NH,

R! OH

(1)

wherein R' is the same as defined above,

with a microbial «cell or a processed product of the

microbial cell of a microorganism capable of converting the
15 sulfur-containing amino alcohol compound into a

corresponding sulfur-containing o-amino acid compound.

2. The process according to claim 1 wherein the

microorganism 1is capable of preferentially oxidizing the

hydroxyl group of the sulfur-containing amino alcohol



Pseudononast aet r ol ens, Pseudononasvesi cul ari s,
Rhodobact er sphaer oi des, Rhodococcuser yt hropol i s,
Rhodococoweanobegarbus, Rhodococcusr hodochr ousand 25Rhodoeotoesnispe43ss WO
2011/ 158970PCT/ JP2011/ 064334 28 5. The process according to any one of
clainms 1 to 4 wherein RI- of the sul fur-<bntaining anino al cohol conpound
is an al kyl group having 1 to 8 carbon atons. 6. The process according to
any one of claims 1 to 5 5wherein RI- of the sulfur-containing am no
al cohol conpound is a nmethyl group. 7. Use of a mcrobial cell or a
processed pPBHAERdef the microbial cell of a microorganismas a catalyst
for converting a sulfur-containing am no al cohol conpound 10represented by
the formul 3.(1)The (Eoaster ei AcCRPrdiepr edent schgiinogdn, @nentkyl dheup
having 1 to 8 carbon atons, or an aryl group having 6 to 20 carbon atons;
15into a coirespopdnngmsukf onecomt abmengiaravirgenacing cetpourd, fwiver @i n t he
m croorganismis capable of preferentially oxidizing the hydroxyl group of
t he sul f urgeonpacbhegsamhgoodl saheboegapadnd. of the genus Alcaligenes,
5 microorganisms of the genus Bacillus, microorganisms of the
genus Pseudomonas, microorganisms of the genus Rhodobacter
and microorganisms of the genus Rhodococcus.
4. The process according to c¢laim 1 wherein the
microorganism is one or more microorganisms selected from a
10 group consisting of Alcaligenes denitrificans, Alcaligenes
eutrophus, Alcaligenes faecalis, Alcaligenes Sp-,
Alcaligenes xylosoxydans, Bacillus alvei, Bacillus badius,
Bacillus  brevis, Bacillus cereus, Bacillus coagulans,
Bacillus firmus, Bacillus licheniformis, Bacillus moritai,
15 Bacillus pumilus, Bacillus sphaericus, Bacillus subtilis,
Bacillus validus, Pseudomonas denitrificans, Pseudomonas

ficuserectae, Pseudomonas fragi, Pseudomonas mendocina,

Pseudomonas oleovorans, Pseudomonas ovalis, Pseudomonas

pseudoalcaligenes, Pseudomonas putida, Pseudomonas
20 putrefaciens, Pseudomonas riboflavina, Pseudomonas
straminea, Pseudomonas syringae, Pseudomonas tabaci,
Pseudomonas taetrolens, Pseudomonas vesicularis,
Rhodobacter sphaeroides, Rhodococcus erythropolis,
Rhodococcus groberulus, Rhodococcus rhodochrous and

25 Rhodococcus sp..



WO 2011/158970 PCT/JP2011/064334
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5. The process according to any one of claims 1 to 4
wherein R! of the sulfur-containing amino alcohol compound
is an alkyl group having 1 to 8 carbon atoms.

6. The process according to any one of claims 1 to 5
wherein R! of the sulfur-containing amino alcohol compound
is a methyl group.

7. Use of a microbial cell or a processed product of the
microbial cell of a microorganism as a catalyst for
converting a sulfur-containing aminoc alcochol compound

represented by the formula (1):
NH,

R’ OH

(1)

wherein R' represents hydrogen, an alkyl group having 1 to
8 carbon atoms, or an aryl group having 6 to 20 carbon
atoms;

into a corresponding sulfur-containing o-amino acid
compound, wherein the microorganism is capable of
preferentially oxidizing the hydroxyl group of the sulfur-

containing amino alcohol compound.



