WD 2012/ 002575PCT/ JP2011/ 065528 1 DESCRI PTI ON PROCESS FOR PRODUCI NG

SULFUR- CONTAI NI NG a- AM NO ACI D COVPOUND 5 TECHNI CAL FI ELD The present
i nventi orwoebetm®2s5750 a process for produci ng a sul f ur-cearapmilingesazsan no
acid conmpound. 10BACKGROUND ART Hilt hert o, mnethionine, which is one of

sul fur-contai ning a-am no acid conpounds, has been used as an aninmal feed
additive. In 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-nmnethylthi opropi onal dehyde
obtained is reacted with hydrogen gygpr@eriangnmoni a and carbon di oxide 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 acid such | furd j r ' i L ber toni ne
(see, for exa%%ﬁoe%fésfg#$ w&&a %%@mﬁﬁgﬁﬁ%ﬁgzs 2

The above-nenti oned process e”p|0y5(3%ﬂ&ﬂﬂﬁ9 cyanide as O - building block
and acrol ein as C3- building bl ock, ich require careful safety control in
handl i ng and an equi pnrent adopted to such control. Accordingly, there has
5been”demand for a novel process for producing a sulfur- containing a-am no
aci d conmpound such_ as_net hi oni ne. An obj ect of the present invention
is to provideRIrdbel IblkBcess for producing a sul fur-containing a-anino
aci d conmpound such as net hi onine. 10The present invention provides: [1] A
process for prot@i ngrasSsiFf urnNYERTdioR nfFetdfiho BRi d@ coRPBEREST efo&sent ed

by the formula (2):
producing a sulfur-containing a-amino acid compound.

10 BACKGROUND ART
Hitherto, methionine, which is one of sulfur-
containing o-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 is, 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



NH2 R1 s COCH (2) wherein Rl represents hydrogen, an al kyl group having
1 to 158 carbon atons, or an aryl group having 6 to 20 carbon atons;
conpri si ng0 2012/002575 a first step of culturing a mcroor gamismicaEatd e of
converting a sul fur-containing am no al @hol conpound 20represented by the

formula (1):

WD 2012/ 002575PCT/ JP2011/ 065528 3 NH2 RH S (1) wherein Rl is

the sane as defined above; into a correspondi ng sul fur-containing a-am no
acid conmpound (hereinafter, sonetines referred to as "the

The above-mentioned process employs hydrogen cyanide

as Cl- building block and acrolein as C3- building block,

which require careful safety control in handling and an

equipment adopted to such control. Accordingly, there has

5 been demand for a novel process for producing a sulfur-

containing a-amino acid compound such as methionine.

An object of the present invention is to provide a

novel process for producing a sulfur-containing a«a-amino

acid compound such as methionine.

10 The present invention provides:

[1] A process for producing a sulfur-containing o-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 first step of culturing a microorganism capable of

converting a sulfur-containing amino alcohol compound

20 represented by the formula (1):



5 present mcroorganism') in a culture nediumcontaining a |lower aliphatic
al cohol to prepare a mcrobial cell of the m croorgani sm (hereinafter,
sonet i nreswoebheymedst o as "the present catalytic cell"); pemdrisessszed step
of reacting the sulfur-containing am no 310 al cohol conmpound with the

m crobial cell of the m croorganismobtained in the first step or a
processed product of the mcrobial cell (hereinafter, the process of the
item[1] sonetimes referred to as "the process of the present invention");
15[ 2] The process according to the item[1l] wherein the mcroorganismis
capabl e of preferentiallyN i di zing the hydroxyl group of the

sul fur-cont ai ni ng am no al|c8hol conpound; [3] The process according to the
item[1] wherein the 20 mi|croorganismis one or nore nicroorgani sms
selected f a ksting @ mcroorgani sns of the genus

Al cal i genes, m t he genus Bacillus, mcroorganisns of the
WO 2012/ 002575PCT/ JP2011/ 065528 4 genus Pseudononas, m croorgani sns of the
genus Rhodobact er and (h) croorgani sns of the genus Rhodococcus; [4] The
process according to the item[1l] wherein the mcroorganismis one or nore
m croorgani sns_selected froma 59r0u8 onsi.sting of Al caligenes

denitrifi cEASTeARC Iibﬁnééeeﬁ?PSpﬁﬁs,e%FBSFiGbﬁg§7faecalis, Al cal i genes
sp., Alcaligenes xylosoxydans, Bacillus alvei, Bacillus badius, Bacillus
brevis, BatRFPus Ter ESTEBROPCLRY codYtfuhsCOBLELPLAS fiFTREBLINBacidTiss
licheniforms, Bacillus noritai, 10 Bacillus pumlus, Bacillus sphaericus,
Baci | | us se®fPPrBY Bdbpredgafieirdus,s madidtfonase fienredi f feangs Ps&ddononas
fi cuserectae, Pseudononas fragi, Pseudonobnas nendoci na, Pseudononas

ol eovor anspresentomirareadnism'Psebidorfonasl pseadowiaini gepesaipsaadenonas
puti da, Pseudononas 15putrefaci ens, Pseudononasri bof | avi na, Pseudononas
stram nea, Pseadoabhrbasyri adaehkdeudomres tabachni cPskudbnoradt adt rdie

ens, Pseudononasvesi cul ari s, Rhodobact er sphaer oi des, Rhodococcuser yt hropol i s,
Rhodococcusgeober gans sikhathecedors ttdrdostmeusmasd r2Ghradac oosuassp.the

present catalytic cell"); and
a second step of reacting the sulfur-containing amino

10 alcohol compound with the microbial cell of the
microorganism obtained in the first step or a processed
product of the microbial cell (hereinafter, the process of
the item [1l] sometimes referred to as "the process of the
present invention"):;

15 [2] The process according to the item [1] wherein the
microorganism 1is capable of preferentially oxidizing the
hydroxyl group of the sulfur-containing amino alcohol
compound;

[3] The process according to the item [1] wherein the

20 microorganism is one or more microorganisms selected from a
group consisting of microorganisms of the genus Alcaligenes,

microorganisms of the genus Bacillus, microorganisms of the



[5] The process according to any one of the itens [1] to [4] wherein R of
the sul fur-containing am no al cohol conpound and the sul fur-containi ng
a-anm no asodoanpend i s an al kyl group having 1 to 8 caclammi/essss 25[ 6]
The process according to any one of thedtens [1] to WO '
2012/ 002575PCT/ JP2011/ 065528 5 [4] wherein RI. of the sulfur-containing

am no al cohol conpound and the sul fur-containing a-am no acid conpound is a
met hyl group; [ 7] The process according to any one of the itenms [1] to
5[ 6] wherein the lower aliphatic alcohol is a linear or a branched

al i phatic ?éﬁ@goh?sgﬁ%ﬂzgnlast, 0 R GARYU AP o ANghe [ 8bnlRe RURLIST ter |
according To any one of the itens [1] to [6] wherein'the |ower aliphatic

al cohol 15,84 heas 09§$n§£ﬁ9h8k1§§%egéﬁ95f ROBLCRB AP consi Sting of

met hanol , anol , pr opano propanol, 1-butanol, tert-butanol,

2- ety - 1y py 0Bl 12 2L L 41 EOPBOOIerke 23 Bt 20ES Ol cne

1, 3- but ane he present “i nvention i's cap

novel process_for producing a sulfur-containi a-.anm_n i ound
b 02 L e e A e 2
understood that the inventio scribed herein.is _not limted to the

Al Sl o CHRHBONSGFEe Roa gl A bea] A0S Hea FEBQGHi L a8Esr | BUG HUEATE Sang
that they can be nodified. It will be understood that the terns used herein
are meant BRF§OPBUdescr b IFFISTul af 2€FBddiSment Bf CEheIpreSent SP -~
invention, and _that such terns do not_|imt the_scope of the present

i nvent i on. A25@hlge8est KELRISSS YRS Sd, Bagibiug el vethnPegr ldesndaghids,

Bacillus brevis, Bacillus cereus, Bacillus <coagulans,
Bacillus firmus, Bacillus licheniformis, Bacillus moritai,
10 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
15 putrefaciens, Pseudomonas riboflavina, Pseudomonas

sStraminea, Pseudomonas syringae, Pseudomonas tabaci,

Pseudomonas taetrolens, Pseudomonas vesicularis,

Rhodobacter sphaeroides, Rhodococcus erythropolis,

Rhodococcus groberulus, Rhodococcus rhodochrous and
20 Rhodococcus sp.;

[5] The process according to any one of the items [1l] to
[4] wherein R! of the sulfur-containing amino alcohol
compound and the sulfur-containing a-amino acid compound is
an alkyl group having 1 to 8 carbon atoms;

25 [6] The process according to any one of the items [1l] to



WO 2012/ 002575PCT/ JP2011/ 065528 6 chem cal terms used herein have the sanme
meani ngs as those commonly understood by a person skilled in the technical
field of wheoprmeswat i nvention. Wiile the present invenPCcoaPmayoéss2scarried
out or exam ned by using nethods 5 or materials simlar or equivalent to
t hose descri bed herein, sonme of the preferred nethods, equipnents, and
materials are described in the follow ng. Hereinafter, the present
invention is explained in nore detail. 10The process of the present

i nvention conpri ses: a first step of culturing a m croorgani sm

capabl e of | gnVﬁlﬁéi}@Qna gul fax - aont aigHig M dH: Aleiehp! HAMOUR cohol
represented by the forrmula (1): (1) 15wherein R represents hydrogen an

al kyl group,fig¥iAg dnhotBeCaLRENrALBRR iRl ndN oAY: Y %ledh%\Hn&%xﬁu&
carbon atons [hereinafter, sonetinmes referréd to as "Conpound (1)"], |nto

the corres @gkﬂglsgkgﬁ contalnlng a-am no acid conpound, i.e. a conpound
represente fa 20(2): WD 2012/ 002575PCT/ JP2011/ 065528 7 NH2 1

R SCOOH [7] The process according to any one of the items [1] to

5 [6] wherein the lower aliphatic alcohol is a linear or a
branched aliphatic alcohol having 1 to 5 carbon atoms; and

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

[6] wherein the lower aliphatic alcohol is at least one
alcohol selected from the group consisting of methanol,

10 ethanol, 1l-propanol, 2-propanol, 1l-butanol, tert-butanol,
2-methyl-1l-propanol, 2,2-dimethyl-1-propanol, 1,2-

butanediol and 1, 3-butanediol.
The present invention is capable of providing a novel
process for producing a sulfur-containing o-amino acid

15 compound such as methionine.

MODE FOR CARRYING OUT THE INVENTION
It will be understood that the inventions described
herein 1s not 1limited to the particular methodologies,
20 protocols, and reagents described herein and that they can
be modified. It will be understood 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.

25 Unless otherwise noted, all of the technical terms and



(2) wherein R1L is the sanme as defined above [hereinafter, sonetines
referred to as "Conmpound (2)"] in a culture nmediumcontaining a | ower

al i phat i cwal2efobs750 prepare a 5m crobial cell of the mpcroe2iganésszy and

a second step of reacting the sulfur-cortaining am no al cohol conpound with
the mcrobial cell of the mcroorganismobtained in the first step or a
processed product of the m croorganismcell. 10Exanples of "an al kyl group
having 1 to 8 carbon atons" represented by R in Conpound (1) and Conpound
(2) include a nethyl group, an ethyl group, a propyl group, an isopropyl
group, a buhyhiga0uUperAB uSeRBULHreOURvel thdusyhe ghedRingspast Whayeoup, a
hexyl group, a heptyl group, 15 and an octyl group. Exanples of "an aryl

group havi 8gmfoh 0y 2QrERIRABRE 08F " af g esent 8dibYeRl iMctHde ta phamdl

group, a tolyl group, and a naphthyl group. Preferred exanpl es of
I ncl udegan, gl kst greup haddngd to&carben at owmlybr%her effrd bt

exanples o? F% i ncl ude 20a nethyl group. Exanpl es of the "Il ower

al i phatic ; :%giﬁ? h S t f the

process ofg%ﬁ§99%ﬁy28% %Fég% gggg&%ﬂ%res% ﬁsﬁh eﬁfﬁgﬁﬁrﬁclude

a linegar or_a branche aI| hati¢ al ohoI |n 1to qqﬁ.

Speci fic e?lérrprfla e](:ﬁafﬁ %%A%ar‘fal |%haﬁ ¢ a ceo ol "tc? nc o e meehc ed

et hanol , r ppanol - prop ut an rt butanol 2-net hyl - i -

Spr opanol 79795 rrre?ci’ﬂ}? Sy SBEnoPEo o5 R AR TS AR andii b

Preferred exa iﬁOf th% "l ower aliphati Icohol" i ncl ude 1-propanol,

1- but anol , m?t t AYP- $pPEPARGA, 1R, 3D6uERNERMPI and 1, 3- but anedi ol .

Any of t hese Iomer aliphatic alcohols may be nlxed in 10the cu]ture medi um
at” an appropri afl@rPaPpEter, They RHARERY of NEEPLEPPNgt BheP Hridtntd 1n
m croorgani sns in a culture nediumcontaining a |ower aliphatic alcohol in
the first ®8pep @etehé-process of the present invention will be described
| ater. 15 The m crobial cell or the processed product of the
m croBi al cell Bheapnpeessr gintbm papabné shvpnéfienesorBiriyesxi di zi ng t he
hydr oxyl group of the sulfur-containing amno al cohol conpound, as a
catal yst to be asddrist tteprofessl20ofinghe presermrgavesmi oppahde af
ability to convert

converting a sulfur-containing amino alcohol compound

represented by the formula (1):

NH,

1
R\\\s///N\\\///l\\\///OH

(1

15 wherein R!' represents hydrogen, an alkyl group having 1 to
8 carbon atoms, or an aryl group having 6 to 20 carbon
atoms [hereinafter, sometimes referred to as "Compound

1)"], into the corresponding sulfur-containing o-amino
acid compound, i.e. a compound represented by the formula

20 (2):



Compound (1) into Conpound (2). The activity of preferentially oxidizing

t he hydroxyl group can be inproved by culturing the mcroorganismin a

cul ture meodizaryesysai ning a | ower aliphatic al cohol. 25Phe/Jpanmess2s
"preferentially oxidize" used herein means WO 2012/002575PCT/ JP2011/ 065528
9 that the oxidation of a hydroxyl group proceeds preferentially to the

oxi dation of a sulfide group in the sulfur-containing am no al cohol
conmpound. Exanpl es of the m croorgani smhaving the above ability 5 (i.e.
"the present mcroorganisni) include one or nore mcroorgani sns sel ected
froma group consisting oanicroorganisns of the genus Al caligenes,

m croorgani sms of the genys?Bacillus, microorgani snms of the genus
Pseudononas, nicroorgani s of the genus Rhodobacter and m croorgani sns
10of the g s Rh COCCUSBS Exanpl es of the m croorgani smhaving the
above abilityYg . e. t pr eseoboni cr oor gani sm) al so i nclude one or nore

m cr oorgani sns sel ected froma group consisting of Alcaligenes
denitrificans, Alcalid@phes eutrophus, 15 Alcaligenes faecalis, Alcaligenes
sp., Al caligenes xylosoxydans, Bacillus alvei, Bacillus badius, Bacillus

brevis, Bacjl!|lus cereus, Bacillus coagul ans,. Bacillus firnous, .Bacill us
i cheni f or #*8TSBRci Iu§‘hn?%@ai?aﬁﬁcigfuéﬂﬁaﬁFVﬁséqﬁﬁﬁIl[g§r§&W§$#F6Us,
Bacillus subtilis, Bacillus 20 validug Pseudonnngs"ﬂenitrificans,
PseudomnaSCFt EHEeF ect aeS T BRGuddhoAds | FRRPOUPSeudbhDhast frefdo&idure
Pseudononas ol eovor ans,, Pseudonpnas ovalis, Pseudononas pseudoal cal i genes,
PSeudonDn&@eﬁthd§Pn¢§éﬁﬂéﬁbﬂéslower aliphatic alcohol to prepare a
put ref aci ens, Pseudononasr i bof | avi na, Pseudononas 25str ani nea, Pseudononas
syri ngae, F8toHeRbadscehbael, thpOon2012,002875RCTARF2011/ 065528 10
Pseudononast aetrol ens, Pseudononasvesi cul ari s,
Rhodobact er sphaar sedesdRisdedc odc ussagt inopohé ssulfur-containing amino
Rhodococcusgr ober ul us, Rhodococcus rhodochr ousand Rhodococcus sp..
alcohol compound with the microbial cell of the

microorganism obtained in the first step or a processed
product of the microorganism cell.

10 Examples of "an alkyl group having 1 to 8 carbon
atoms" represented by R' in Compound (1) and Compound (2)
include a 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,

15 and an octyl group. Examples of "an aryl group having 6 to
20 carbon atoms" represented by R! include a phenyl group,
a tolyl group, and a naphthyl group.

Preferred examples of R! include an alkyl group having
1l to 8 carbon atoms. More preferred examples of R' include

20 a methyl group.

Examples of the "lower aliphatic alcohol" contained in

the culture medium in the first step of the process of the



S5Preferred exanples of the m croorgani smhaving the above ability include
one or nore mcroorganisns selected froma group consisting of Alcaligenes
deni tri fiwens12d0b&490, Al cal i genes eutrophus ATCC43123, palraatdlgesrsess
faecalis 1 F012669, Alcaligenes sp. |F014130, Alcaligenes 10 xyl osoxydans

| FO15125t, Al caligenes xyl osoxydans | F015126t, Bacillus alvei |1F03343t,
Baci | | us badi us ATCC14574t, Bacillus brevis JCOW503t, Bacillus cereus
JCVR152t, Bacillus coagul ans JCM257t, Bacillus firmus JCV512t, Bacillus

|l icheniform s ATCC27811, Bacillus licheniforms 15 |IF012197, Bacillus

l'i cheni f orpgtssbkP1220@ht i BACIinlcU$dadrd tain @A 282p rBachklus 1RWH U

| F012092t, Bacil |l us sphaericus |1 F03341, Bacillus sphaericus |F03526,

Baci | | us SgP&HM ATGEAE593. c Bagi bLupoaubtidss ATSCISBAL, Baghbhug gybtilis
| FO3108, Bacillus subtilis 1F03132, Bacillus 20 subtilis IFO3026, Bacill us
subtilis | 03 Cl unt Lk Q3 ; Ci btillis |F03134,

Baci | | us vgﬁgdugovgglé%ggﬁagggué%hgﬁgg dég?%P??i@%%§%P§Eﬁ4fgbﬁafédd§hnnas
denitrificans | AMI923, P nas .fi.cuserec J 4 , Bs nas fragi
VL2402, PRGREAbhas FE B o FOSALH Bk b A ha. FERdvLi A e AV

1F014162, Pseudononas 2012/ 002575PCT/ JP2011/ Q65528 11 .

ol eov rans??%ﬁ%%%gt,%sg%%bﬁﬁﬁé¥ngTP§PﬁﬁT§§88}’g§gﬁg8ﬁﬁéé§l' and 1,3~
pseudoalcaligenes,JCA6968t, Pseugononas utida | F012996, Pse%gg nas putida
| FO14164t , PPERUBOHBhas pAERdSTFES3 78 IR orasPht i ded A2 é,g’%éé&d'grmnas
S5putrefaci ens |1 F0O3910, Pseudononas ri bofl avina | F013584t, Pseudompnas
strani nea 3tRRR83Y, PABGHBABNas “BYyPPARRE, 1-butanol, 2,2-dimethyl-1-

| FO14055, Pseudononast abaci | FO3508, Pseudononas t aetr ol ens

| FO3460, Psetedpabpds Vedreurarpdigbmandt 1, Rnbuspaedéplsphaer oi des
ATCC17023, Rhodococcus erythropolis 10 |1F012320, Rhodococcus groberul us
ATCC15076, Rhodbduwcels thiRsgodiomeurs sATEEESNRS, a Rivkiokdcoay Photdskdous
ATCC15610, Rhodococcus rhodochrous ATCC19067, Rhodococcus rhodochrous
ATCCL19149, tiRaodotbucasmetibdnchtoas APLCLPLI56eRmetdoeccus rhodochr ous
ATCC21197, Rhodococcus rhodochrous ATCC21199, 15Rhodococcus rhodochrous
JCVB202t, RhodorometisodpfoATEC180YngRhhdopoesuatspicASCEAATIEmaNdn a
Rhodococcus sp. ATCC19148.

culture medium containing a lower aliphatic alcohol in the
first step of the process of the present invention will be

described later.

15
The microbial cell or the processed product of the
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
20 of the present invention, has an ability to convert

Compound (1) into Compound (2). The activity of
preferentially oxidizing the hydroxyl group can be improved
by culturing the microorganism in a culture medium
containing a lower aliphatic alcohol.

25 The term "preferentially oxidize" used herein means



More preferred exanples of the m croorgani smhaving the above ability

i ncl ude one or nore m croorgani snms sel ected froma group consisting of
Rhodococowe 202Moes7gt hr opol i s |1 F012320, Rhodococcus gr obecwlies 1063635076,
Rhodococcus rhodochrous ATCC15076, Rhoddaroccus rhodochrous ATCC15610,
Rhodococcus rhodochrous ATCC19067, Rhodococcus rhodochrous ATCC19149,
Rhodococcus rhodochrous ATCC19150, Rhodococcus rhodochrous ATCC21197,
Rhodococcus rhodochrous 25ATCC21199, Rhodococcus rhodochrous JCM3202t,
Rhodococcus sp. WD 2012/ 002575PCT/ JP2011/ 065528 12 ATCC19070, Rhodococcus

sp. ATCCl9f0{itand HhodesaGisi P BECCLQ148hydroxyl  ghRES MoHRGRNI SE
may be either isolated fromnatural sources, or easily gotten by purchasing

froma 50%1‘:&5&&9&3@&%0% the oiEX@aPLEs BF Ui £ &0 Lesh)onnf rgm which
the m croorgani snms can be purchased i1 nclude the follow ng culture

CO"ECti°”§u1%urL§S%£%EEEhb“5ﬁFRE ggeggg&akgggfgggka) culture collection

10 At present, the culture collection is tranSterred to National Institute

f pr & q | ) ol oqi | . s
of Technol ogy apg. %ge%aEkOQhQ'nggkﬁgﬁﬁgﬁé%”%%%ﬁsgn%%% %yggﬁgﬁal%h%%ﬁncan

M cr oor gani sns can urchased an application

be dope by, . for ex | e, accessing_the website of N

T5(ht Sp: /] hhoPnbr T t S7EE NERESPRERED Sdar CRELPIFet M oin U BPE2.
ATCC (American Type Culture |l ection) M croorgani sns can be purchased
Chr ough SUHEEooLEanTSBhar RERRT Sl o FAer (At | SARECor PO 317 bS AT

| ndustry 20D vi si onby, f orexanpl e, accessingi tswebsite ,
(http:// wiiSEARTIPRAPRE. O4. |11 HrMesefdendigeneATCRIFERPTIapisms of

Al ternatively, mcroorgani sns can be purchased directly from ATCC.
the genus Bacillus, microorganisms of the genus Pseudomonas,

microorganisms of the genus Rhodobacter and microorganisms

10 of the genus Rhodococcus.
Examples of the microorganism having the above ability
(i.e. the present microorganism) also include one or more
microorganisms selected from a group <consisting of
Alcaligenes denitrificans, Alcaligenes eutrophus,
15 Alcaligenes faecalis, Alcaligenes SpP., Alcaligenes
xylosoxydans, Bacillus alvei, Bacillus badius, Bacillus
brevis, Bacillus cereus, Bacillus coagulans, Bacillus
firmus, Bacillus licheniformis, Bacillus moritai, Bacillus
pumilus, Bacillus sphaericus, Bacillus subtilis, Bacillus
20 validus, Pseudomonas denitrificans, Pseudomonas
ficuserectae, Pseudomonas fragi, Pseudomonas mendocina,
Pseudomonas oleovorans, Pseudomonas ovalis, Pseudomonas
pseudoalcaligenes, Pseudomonas putida, Pseudomonas
putrefaciens, Pseudomonas riboflavina, Pseudomonas

25 straminea, Pseudomonas syringae, Pseudomonas tabaci,



3. JCM (Japan Col |l ection of M croorganisns) 25At present, the culture
collection is transferred to WD 2012/ 002575PCT/JP2011/ 065528 13 Nati onal

I nstitut ewof20Ppei7zsal and Chemi cal Research Biol ogi cal ReTOB2IL0636I8 er
(RIKEN BRC), M crobe Division. Mcroorgadr snms can be purchased by filing an
application to RIKEN BRC, which can be done by, for exanple, accessing a
5site for culture collection in the website of Rl KEN

(http://www. jcmriken.go.jp/JCM aboutJCM J.shtm ). 4. 1AM Cul ture

Col I ection At present, anong the IAM Culture Coll ection, bacteria,

yeasts, anfséi:hamBALOUS fungbtAsBehsAanst ersetddmdyald onal veld dulstddgyt e of
Physi cal and Chem cal Research Biol ogical Resource Center, M crobe Division

(JCV, andrpigppglkgae areshhabBshbehesd 10 MuekpbiogleuGul t ue &olderdien in
National Institute for Environmental Studies (NIES). M cro0Organi sns can be

pur chased RogbLbng,an agpbigethan to JEMALNES 1ouchcande dane by.

for exanple, accessing a’ si or the culture collectfions in the site of

JCM (http: j i ken. go.jp/JCM aboutJCM J.shtnml) or in the website of

NI ES (httpéé%gb%?}éé gg.'j'p/ about Onl i neOrder.do). The microbial cell or the
processed products.of the 20 mcrobial cell of_a mcroorganism capabl e of

pr ef e?enti ally g%g?ﬁléeahee}h?fwn%&l ogt?oﬁgeofm%%ﬁogﬁ??ﬁﬁ%on aa‘flnrll%g% T no

al cohol congggund, ai.g cat al ys%eto be used in the grocess of thsL pr esent

i nvent i on, AV aPSG & Yot i HEF aRl® pPépdt¥d by SEPRERFRGSES nitE 66T GShi sm

whi ch is capable of converting 25Conpound (1% i nt o Conpound (2), and which

i s capabl efBP™ WO 20FSME02SAFEE D 119 H658282449BRFFovIARG it fdGEAA ty to
preferentiallgﬂoxidize t he hydr oxyl group when it is cultured in a culture

nedi um conf @M af G- a 1%AEEL LSt | BUAEEBRYS. SHESCctI bedr as AlGaldwenss a

procedure for screening a
faecalis 1F0l12669, Alcaligenes sp. 1IF014130, Alcaligenes

10 xylosoxydans IF015125t, Alcaligenes xylosoxydans IF015126t,
Bacillus alvei IF03343t, Bacillus badius ATCC14574«t,
Bacillus brevis JCM2503¢t, Bacillus cereus JCM2152¢t,
Bacillus coagulans JCM2257t, Bacillus firmus JCM2512t,
Bacillus licheniformis ATCC27811, Bacillus licheniformis

15 IF012197, Bacillus licheniformis IF012200¢t, Bacillus
moritai ATCC21282, Bacillus pumilus IF012092t, Bacillus
sphaericus IF03341, Bacillus sphaericus IF03526, Bacillus
subtilis ATCC14593, Bacillus subtilis ATCC15841, Bacillus
subtilis IF03108, Bacillus subtilis 1IF03132, Bacillus

20 subtilis IF03026, Bacillus subtilis IFO3037, Bacillus
subtilis IF03108, Bacillus subtilis IF03134, Bacillus
validus IF013635, Pseudomonas denitrificans IAM1426,
Pseudomonas denitrificans IAM1923, Pseudomonas ficuserectae
JCM2400t, Pseudomonas fragi IAM12402, Pseudomonas fragi

25 IFO3458¢t, Pseudomonas mendocina 1IF014162, Pseudomonas



m cr oor gani sm capabl e of converting Conpound (1) into Conpound (2).
Specifically, for exanple, in a test tube is placed 5 m of sterilized

cul ture regi2ory00237d thereto is inoculated 10with a m cr @orgaM1ENesSR ai ned
by purchasing froma culture collectionldr a m croorgani smisolated from
soil. The resultant is incubated with shaking at 30 C under an aerobic
condition. After the conpletion of the incubation, the mcrobial cells are
coll ected by centrifugation to 15 obtain viable cells. In a screwtop test
tube is placed 2 M of 0.1 MTris-glycine buffer (pH 10), and thereto are
added the ghg¥erprgparedroiablsstcel | spsandbhbga s Xt yie1iis sugpendess.s, To the
suspension is added 2 ng of nethioninol, and the resultant m xture is

shaken at BQ.LibRbn3st B sbiAIANS: 1 genes AdRS e, COBBLEbRBRAST Jt8ida

reaction, 1 m of the reaction solution is sanpled. The cells are renoved

from the Sekyt80eSamlbadaR Jche ANt b1 Npa BT OdUesdoRHLOpAG .2

anal yzed by Ti1quid chromatograph a m croorgani sm capa

convertinglgggpggnd V¥%3554%§¥%%§75P5§§%5%011/Pﬁ§§§§5§§ (1gﬁ%£k§g§9ﬂgpund

(2) may be  ScCFeenéd. scri bed | lows I's a proce
screeping a _mcroargani s &Ie f ipproving i1s tivity
prefe enth@FF§65§Fﬂg95 tﬂ%5§€§ bxyég%ﬁﬁﬁhpﬁﬁﬁn1ﬁﬁb?€?:%ﬁﬂ%ﬂJFe L8 %ul ture
medi um contai ning a | ower aliphatic iﬁ éﬁgi. Speci ficall for
exampl &, | RoSUEERPREgbe TEEBRLERE 5 THNof] Sieri IFLRRRURTAN o MEFAS
containing_a |ower aliphatic al cohol, which is reg red by addipg a | ower
10 al i phat FECAfBoRol (FIHUARARBRpt 0réPES Lg) | i/)% O%xtra@tse(@ogﬁo,n%at
extract (3 g), ammoniumsulfate (0.2 g), potassium di hydrogen phosphate (1
g) and naghestam sapf atld FARGhydPseadegonag) t6edlicubRr it eﬁﬂ‘ﬁwﬁ%n
adjusting the pHto 7.0, and thereto is inoculated with a m croorgani sm
150bt ai nedRbydpbechasi AgheesmidesuPrGle 788P1r e &hioge corc Cal SmedVddy sl Isif
isolated fromsoils. The resultant is incubated with shaking at 30 C under
an aePobi cIEGhABEDpn. RAbtHerorkescogplodeirad ust PRECILAOU®Bat i dhoddw arwst obi a
cells are collected by centrifugation to obtain viable cells. In 20 a
screwtop restiothbeuss FIGED 76 M Rébddchciubr | shgliych neubuATECIGEHE 01,0) ,
and thereto is added the above-prepared viable cells, and the m xture is
suspended. REedbbecsuspensidarhrowmddert @ e vf RBbHbebcrak, rardiddirous
resultant mxture is shaken at 30 C for 3 to 7 days. 25After the conpletion
of the reagttonpidom mHoddwoccus rhodochrous ATCC19150, Rhodococcus
rhodochrous ATCC21197, Rhodococcus rhodochrous ATCC21199,
15 Rhodococcus rhodochrous JCM3202t, Rhodococcus sp. ATCC19070,
Rhodococcus sp. ATCC19071 and Rhodococcus sp. ATCC19148.
More preferred examples of the microorganism having
the above ability include one or more microorganisms
selected from a group consisting of Rhodococcus
20 erythropolis 1IF012320, Rhodococcus groberulus ATCC1l5076,
Rhodococcus rhodochrous ATCC15076, Rhodococcus rhodochrous
ATCC15610, Rhodococcus rhodochrous ATCC19067, Rhodococcus
rhodochrous ATCC19149%, Rhodococcus rhodochrous ATCC19150,

Rhodococcus rhodochrous ATCC21197, Rhodococcus rhodochrous

25 ATCC21199, Rhodococcus rhodochrous JCM3202t, Rhodococcus sp.



WO 2012/ 002575PCT/ JP2011/ 065528 16 reaction solution is sanpled. The cells
are renoved fromthe solution sanple, and the anount of the produced

met hi oni nwoi281220287%zed by |iqui d chromat ography. Meanwhipcegrtheoa@seunt of
the produced nethionine is 5 also analyZed in a reaction solution obtained
by conducting the sane procedure as the above except that the m croorgani sm
has been cultured in a culture nediumnot containing a | ower aliphatic

al cohol and, the "anount of the produced nethionine" obtained is conpared
wi th the 10above "anmount of the produced nethionine". Thus, screened
My be a MEEEPIGRAD| SREARAMI @ EPPRr vt $d7EL aghidvi R¥od&chEeher ept.i al Iy
oxi di ze the hydroxyi group when it 1s cultured in a culture nmedi um

cont ai ni ngafctpyeggal i phatic al cohol. 15 Descri bed as follows is a
met hod for the preparation of the present m croorgani sns. The present

m croor gani sm ”ﬁé{ be C#rli&k'&@?géﬂcijémgu' Pna;,e pedi gmchen cylsbyni-ng V%rﬂoavs

nlcroorgan|sns Fe culture 2 |un1app opriately containing a carbon

sour ce, g§%9gfn UGS A0:07 0301 6, S e AT LAOTGABLESENG Anch S on.

Exanples o car’bon source’i nc ars such ucose
sucrogse; coh % uch as glycerol organic aC|ds such as fumaric
c.tr?@féﬁf% Shhach

aci d, §?BV|C aci d; anlnal oils; vegetable oils; and
mol asses. 12/ 002575PCT/ JP2 %1/06552 17 These garbon our ces are
added to the cu XErR ?@di i nCHACHABUNtCRF SRURT y 458 0711 6R (WP to 30
% (wv) of the culture. | es of the nitrogen rce incluyde _nat.ural
organi ¢ niT+oHeAr B0+ BBE sﬁ@ aBeneRbrERerSE: lB&EPg t§§as& g%PW&@ﬁ, mal t

extract, soy flour, Corn Steep Liquor, cot t onseed rour dri ed yeast and
casam no a%Pb%ur%nFﬁblﬁﬁFagnssodlun1sa|ts of inorganic aci ds such as sodi um

nitrate; ammonium salts of inorganic acids such as amoni um _
1. IFO (Institute of Fermentation Osaka) culture collection

10 At present, the culture collection 1is transferred to
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
15 (http://www.nbrc.nite.go.jp/NBRC2/NBRCDispSearchServlet?lan
g=jp) .

2. ATCC (American Type Culture Collection)
Microorganisms can be purchased through Summit
Pharmaceuticals International Corporation, ATCC Industry
20 Division by, for example, accessing its website
(http://www.summitpharma.co.jp/japanese/service/s ATCC.html
). Alternatively, microorganisms can be purchased directly
from ATCC.
3. JCM (Japan Collection of Microorganisms)

25 At present, the culture collection is transferred to



10 chl oride, ammoni um sul fate and anmoni um phosphat e; anmoni um sal ts of
organi ¢ acids such as ammoni um fumarate and ammonium citrate; and urea.
Anong t hewe 2niaoegyeén sources, amoni um salts of organi c PaTIJEHN11/pE528 al
organi ¢ nitrogen sources, and am no aci ds3 and others nmay al so be used as 15
carbon sources in many cases. The above nitrogen sources are added to the
culture nediumin an anount of usually about 0.1 % (wWv) to 30 % (wv) of
the cul ture. Exanpl es of the organic salt and inorganic salt

i ncl udechl ori de, sul f ate, acet at e, carbonat e, and 20 phosphate of potassium

sodi um megResbHM | £AQciRRRgane¥e, ®mOAPaldal angndi nenempeahf i ReReaRINES
t hereof include sodium chloride, potassiumchloride, nagnesiumsulfate,

ferrous subfaisy; SRNIARSIE 3 f@l L o £ORRNKERNIKNG e, MZERSHEUIDiRL® SHOPPer
sul f at e, sodlun?acetate, cal cium carbonate, 25potassi um hydrogen phosphate

and di pot agsly bydr ogen W 2012(003575RCT( I 2914/ 06552813 hasphale.

These organi ¢ Sa I'norgani ¢ sa dto e culture nmedi um

in an ano al |y .about_ 0.,0001 % (wW.v) to 5 % ) of the.culture.
Exanpl es 3?£¥§% g%ﬁfu {Tet hot i%%léages§MHj€ﬁﬁt%ﬁ%§§%%ﬂ gFﬁ%F§l§§IFUre
(e.g._a test tube culture, a flask culture, or jar fernmenter. culture).

Cul ture teﬁb@?atg?ﬁ aﬁHEEPFﬁf FHZESE?%BPe aPe ﬁ%? pdFPEEGFar OF 1 %#@H as

| ong as the Eres?nt m ¢roor gani sns arz able to grOM/in t he range thereof.
For exanpl &0CERe//WHWcifPuf LkEBnBer APAPEMAAYOBE FM-Q'FEH&i)of about 15 Cto
about 45 C, and the pH of the culture may be in a range of about 4 to about
8. The cul fur BAY| gRlEByebeChpBFbpPRat el y sel ect ed depending on the cul ture
conditions, and is usually about 1 dax to about 7 days. 15The present

m cr oor gani sm dbtBragentn a”pPBInhhAefANs Culltrgeedoila egtd@ny ube Gredil@m
containing a |ower aliphatic alcohol in the first step of the present

i nvention yeaptevi dadt el Isngroined €ehiokrehet s borrdi sm Natd.onghe
present catalytic cell). The mcrobial cell of the 20 m croorganism
obtaifed i Inshetfitestost efhysiaal t hendr €8emti azdlt alRetsea el | Biol ogigradcessed
product of the mcrobial cell is used as "a catal yst of the process of the
present i nrResbuoBE Centée, secondbst epvatibhe (pru¢essnaf ntikeocplesentare

i nvention. WD 2012/002575PCT/ JP2011/ 065528 19 Descri bed as foll ows
is a nethogdripsreubédr ity Mieprasant cailenger gool s8tt oA Cid t Wae ir@dilum

containing a |ower aliphatic alcohol in the first step of the process of
the presentnipyeRtEORor Environmental Studies (NIES). Microorganisms
can be purchased by filing an application to JCM or NIES,
15 which can be done by, for example, accessing a site for the
culture collections in the website of JCM
(http://www.jcm.riken.go.jp/JCM/aboutJCM J.shtml) or in the
website of NIES (http://mcc.nies.go.jp/aboutOnlineOrder.do).
The microbial cell or the processed products of the
20 microbial cell of a microorganism capable of preferentially
oxidize the hydroxyl group of the sulfur-containing amino
alcohol compound, as a catalyst to be used in the process
of the present invention, may also be obtained and prepared

by screening a microorganism which is capable of converting

25 Compound (1) into Compound (2) and which 1is capable of



5The present m croorganismmay be cultured in a culture nediumfor

cul turing various mcroorganisns, the culture medi um appropriately

cont ai ni goaopanks source, a nitrogen source, an or ganiPCTIRRAE11/065528
inorganic salt, and so on. As the carbori4source contained in the culture
medium 10 a lower aliphatic al cohol alone nmay be used or a m xture of
sugars, hydrocarbons, organic acids, sugar alcohols and others may be used.
As previously nmentioned, exanples of the "lower aliphatic alcohol”
contained in the culture nediumused in 15 the first step of the process

of the presgptoiDNgNt iR i Rttty | inearppsrarbnenghed abikphatiec aneoho
having 1 to carbon atons. Specific exanples of the "Tower aliphatic

al cohol f,a Zﬁyﬂetw,wﬁgmnﬂ, le, PEQPARLLd 2T QPARY 1y ds PN m

tert- butano pr opanol 2, 2-di net hyl - 1- pr opano

1, 2- butanea% %lﬁfg?ﬁc ggg?ngghghatFge%ggggglexanples of the "Iomer

allphatlc - propano utanol, 2, 2-di met hyl - 1- pr opanol ,
1, 2- butanediol, and 1, 3-butanediol. Any of these | ower
al i phatic alcohols may be m xed in 25the culture nedlun1at an appropriate

ratio. WD 2012 OOZS?QPET/JPzg%f£O65528 20 % ment i oned,
the carbon sour R85TRYPHE &9 o %W?pﬁitﬁ% 8F88ﬁ8PreT (E% %ﬁf oh*88urfces
are added to the culture medi U n amount  of usuyally about 1.% (wWvV)

to 30 @6(m%%§r6?r9ﬁﬁlﬁﬂltﬁﬁ8ab Exa |e§°8FeFﬁénﬁ|tF8@8ﬁu§8urd&9|n&PG&b
natural organic nitrogen sources such as neat extract, peptone, yeast
extract, PrPeRYRfatt] -soy flour, Corn Steep Liquor, cot t onseed flour,

dried yeast and casam no_acids; am no acids; sodiumsalts of inorganic

aci ds such as sSEPGRE1021hVir APE; exmfBicumidhla stoFt i hePgahFcraares such as
ammoni um chl ori de, ammoni um sul fate and amoni um phosphat e; ammoni um sal ts
of organi cmacpds sseeh lag edmenritomel urediare aaved arfeRRbm 6Bt Aaosulatedur ea.
Anong these nitrogen sources, amonium salts of organic acids, natura
orgahfc nivibgea t5croougeas smamd tammed duy dsunndaviher §romy aaksad tlweeused
as carbon sources in many cases. The above nitrogen sources are added to
the cul tureochkdttubonn aan anbmintrodrgsnabhy admldtdd 1 %o/ ¥pilo 30 Te( W V)
of the culture. Exanples of the organic salt and inorganic salt 20 include
chloride, sgshatentaced atiecubarteenaketandsphiospdata: oBopot@ssindgr saei um
magnesi um iron, manganese, cobalt, and zinc. Specific exanples thereof

i ncl ude soglédsbehl e6hdet i pAt asaEdarchher teRpl1B8RABAS bEMEsEl fiatapaftabhqus
sul fat e, manganese sul fate, cobalt chloride, zinc sulfate,
25copper sulfat gy Soinie Acelale cakel URHLERAEBOBAt &y centrifugation to
15 obtain viable cells. 1In 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 is
suspended. To the suspension is added 2 mg of methioninol,
and the resultant mixture is shaken at 30 °C for 3 to 7
20 days.
After the completion of the reaction, 1 ml of the
reaction solution is sampled. The cells are removed from
the solution sample, and the amount of the produced

methionine is analyzed by liquid chromatography.

25 Thus, a microorganism capable of converting Compound



WD 2012/ 002575PCT/ JP2011/ 065528 21 pot assi um hydrogen phosphate and

di pot assi um hydr ogen phosphate. These organic salts and/or inorganic salts
are addedwoaotdm2s7al t ure nedi umin an anmount of usual | yPaboB20100S&8RL %
(Wv) to 5 % (wv) of the culture. 5Exarid es of the culture nethod include
solid culture and liquid culture (e.g. a test tube culture, a flask
culture, or a jar fernmenter culture). Culture tenperature and pH of
the culture are not particularly limted as long as the present

m croorgani sns 10 are able to grow in the range thereof. For exanple, the
cul ture tepperahtbecdByoledl N28 hapgBeobcabedkdl5 C to about 45 C, and the
pH of the culture may be in a range of about 4 to about 8. The culture tine

nmay be appropriptelyiselecisedrsdepensi ng on phgcedbiur eondett8Asngand is
15usual |y about 1 day to about 7 days. The present catalytic cell can

be di r'ect'a{iy§§gra§nﬂsﬁat aapipfor bhe pracess: of thespreseptyipyentdon.

Anmong net hods r-using the present catalytic ce exanpl es of a nethod

¥
for di reCtﬂ>¥ef‘é£$ﬁ9§£9fl%eéﬁ%hﬁét aLyLi gh§8|1:|0x§9i( g;&g@gﬂ wnen il) 13

met hod for direc usi a culture, an for using

m crobial cel]ls_coll.ected by centrifugin cul t.ure m.crqhial_.cells
vvasheg as Léje%iléﬁe%i th ﬁuf?%ir/t%rrewlén 81rE o té—’uﬁlrg1 esés\gggvﬁ?gdﬁggg%&t e
pr esent catil Xtif cell WD 2012/ 002575PCT/JP2011/ 065528 22 may al so be used
as a catal y5E°F8f "t he process of the present invention. Exanples of the

processed product i ngl udf m cr.obi al celll s obtained by cul turi ng foldl %wed by
treating with aPP®FyRAFellisr vERE 3P 1gcet’dhe® antS bt hdRSI }S Pdace
| yophilizing, or treating with alkali; physically or enzymatically
di srupt ed B cr 66i alSt@Hiktzethd erUERT BNz iREd U pfR REBINExt Factl@ S om
the these mcrobial cells. Furthernore, exanples of the processed products
i ncl ude t hasérhabbbi 13N DYy avkichn #Bt HOtPRAERE e ageiBI 1DnEfMhed
treatments. ~ Specific enbodinments include the present catalytic cell
and tbe pratésketipredgoholt her edf, (BogyPepltbner e exk r aresstpgrttiraldty
purified proteins, purified proteins and imobilized materials thereof).
Exanpl es of3t he) 15mrezaessed narodadudBs ghel uaremdydphi | $wzethte cridoryami)sns,
potassium dihydrogen phosphate (1 g) and magnesium sulfate
heptahydrate (0.5 g) to 1 L of water and then adjusting the
pH to 7.0, and thereto is inoculated with a microorganism
15 obtained by purchasing from a culture collection or a
microorganism isolated from soils. The resultant 1is
incubated with shaking at 30 °C under an aerobic condition.
After the completion of the incubation, the microbial cells
are collected by centrifugation to obtain viable cells. 1In
20 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 the mixture 1is suspended. To the
suspension is added 2 mg of methioninol, and the resultant

mixture is shaken at 30 °C for 3 to 7 days.

25 After the completion of the reaction, 1 ml of the



or gani csol vent -tr eat edm cr oorgani sns, dri ed m croorgani sns, disrupted
m cr oor gani sns, autol ysates of m croorgani sns, soni cated m croor gani sns,
ext ract s Wb 2ni20eysgani sis, andal kal i -t reat edm cr oor gani #agJP2@00&Ezpl es of
a nmet hod of obtaining the inmobilized mdtterials include carrier binding
met hods (e.g. a nethod of adsorbing proteins and others onto inorganic
carriers such as silica gel and ceramcs, cellulose, or ion-exchanged
resin) and encapsul ating nmethods [e.g. a nmethod of trapping proteins 25and
others in a network structure of macronol ecul es such as WO
2012/ 00257pE5 3¢t IFR0LL1 083948 43 Pahypedy! anhde,csuld Usr§o0RbAbREAY from
pol ysaccharide gel (e.g. carrageenan gel), alginate gel, and agar gel].
In the evephethat1tpeoRresgpbicat abybi crpel | ahpunsedden the | RdutddeRd
production process, the product of killed 5 m croorganisns m ght be
preferred ssed_m gapl $uR..k KO [ vi ew of
limtati on&l%fH%’g%gggc?gr?%gggg?pg n?gagéaoghgpﬁfggpg%gwy&anpl es of a
met hod for Kkillj t iCr ganj i p i terili ion.(e.q.
heati ng, dryi ng@gg?“ég;l%]g, t?l%: a%?gﬁﬁ%n?ﬁl l1Jg§%o i%eg{h?!oer?,s rﬁ%ﬂf%é %}5% le?nd
electric stfri i za1[i onﬁ and_steri %i.zati o? \é/iitp1 ckg%raﬁicgld ents {&+9,
al kal?s, atrd%, 2R3 %6% stmofi §F2F éogg(gﬁ §-1801 POrth6ron? &rdénicc Nfet al s,
al cohol s, ghenols, am nes, aulfides, et hers, .al dehydes, keto es, c% and
anti bi oti csh® ATEMS t hBERRAPFPng 2515 MBEhod® YeneFACRPE i tH13t pr abl e
to select a nethod which _can | ower the amount of residues or contamn nants
in the red®iFoRCEgReMMattfaReRPNiTH A TSt Pvat | GHLSHIENaBOYR- d&cr i bed
ability of the present microorganismto preferentially oxidize the hydroxyl
group of t®eNEFLRLRY Z0cHPVRF nPAGPRATAS kML c8Rfourtdie "amoughe cfecond
step of the process of the present invention is usually carried out in the
presence otheatmrodutrd watedhignddngh ohitgisgse #ay pemparete Widiim dhea
buf fer. 25Exanpl es of buffering agents used in the buffer include WO
20121002578PCTe JP200uh066528h24pabRakedneeshisaline”ef phosphoric acid such
as sodi um phosphate and potassi um phosphate, and alkali netal salts of
acetic aci d suchhas, sosicteeaedt atey arlte pat assiamncacetrdtsen Begyilles off
al kal i ne buffer include Tris-HC1 buffer, Tris-

improving the activity to preferentially oxidize the

hydroxyl group when it 1is cultured in a culture medium

containing a lower aliphatic alcohol.

15
Described as follows is a method for the preparation
of the present microorganisms.
The present microorganism may be cultured in a culture
medium for culturing various microorganisms, the culture
20 medium appropriately containing a carbon source, a nitrogen

source, an organic salt, an inorganic salt, and so on.
Examples of the carbon source include sugars such as

glucose, dextrin and sucrose; sugar alcohols such as

glycerol; organic acids such as fumaric acid, citric acid

25 and pyruvic acid; animal oils; vegetable oils; and molasses.



S5citrate buffer, and Tris-glycine buffer. The second step of the
process of the present invention may al so be carried out by additionally
usi ng a hyoropmobizs organic solvent, i.e. in the preseneergb2uaves2sand t he
hydr ophobi ¢ organi ¢ sol vent. Exanples ofilthe 10 hydrophobic organic
solvent used in this case include esters such as ethyl formate, ethyl
acetate, propyl acetate, butyl acetate, ethyl propionate and butyl

propi onate, al cohols such as n-butyl al cohol, n-anyl alcohol and noctyl

al cohol, aromatic hydrocarbons such as benzene, 15tol ueneand

xyl ene, et hepssychasdbat Byhethar ardl iRPPYd et her candu et A¥kitnbuthylet her,
hal ogenat ed hydr ocarbons such as chl orof orm and 1, 2-di chl oroet hane, and

m xtures thecerf. oEhe second st&p: 0b.1he PrpLesst8f 3oNe PEpeNt o£2Qhe
invention may al so be carri"ed out by additionally using a hydrophilic
organic SO#Mfﬂﬁr i.e. in the presence of water and an aqueous medi um
Exanpl es of the ﬁydrophilic organi ¢ solvent used in this case include

al cohol s such ol _and et hanol tone a ne S such
as 25dinethoxy2€ﬁ%ﬁé?%gtr§ de%?hrgﬁgﬁa§%3§ane?§y 1n896h8 hg%dy%l
2012/902575PCT/JP201%{065528 25 di met hyl sul f oxi de, and m xtures thereof.
Whi | et he SBEDRLC st 6195 he SEHEEESs BFTE hé Sor BE8Rt THVERHT T on DEP TelFAl | v
carried out in a range of pH of aquequs layer of 3 to 11, the pH may be
appropri at ¥PYSC SeEhAnGEd PR LSUGH & Farnge That LOWE: r GRED] SHEBPoCeGHOT 11 | s
preferable that the process of the present invention be carried out in the
al kal i ne rapgeonanedi tfihvpr 8rprEf eYedPe NSt FRE2PLBLeRCHES tafid® out
in a range of pH of aqueous |ayer of 8 to 10. 10Wiile the second step of

t he procesacdist heSprEgentSalifentifoninerdanar y2eadsi ettt a5 £o%mge of
about 0 Cto about 60 C, the tenperature may be appropriately changed in
such a rangetrabe:t Aenppiuni 8alpproeedsoryhaiseasadsssaghop st kamenseess of
the present 15 invention is usually carried out in a range of for about
0.5 hours thlabbdé, 1omdaysumAstéfatheavdnphabnénmophadgiadg et h@mmonium

sul fur-contai ning am no al cohol conpound represented by the fornmula (1)
[i.e. Conpsabhts(19f, adganics ddiedst ardding econpoundhiunhe femdpeitd ehd he
reaction can be checked, for 20 exanple, by neasuring the anount of the
sul f ur - condmnohDgmanineagkcohod aamaaundaméng hehéoenibiarbdkni Boiedsgact i on
solution by |iquid chromatography or gas chromat ography and the ot hers.
The concenimmbh 0imofsalihe sid f dFgeRDNE albkiikg , aridtu bRl 68§8hi 60Mp@HIGen
represented by the fornmula (1) [i.e.

sources, and amino acids and others may also be used as
15 carbon sources in many cases. The above nitrogen 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 organic salt and inorganic salt
include chloride, sulfate, acetate, carbonate, and
20 phosphate of potassium, sodium, magnesium, iron, manganese,
cobalt, and zinc. Specific examples thereof include sodium
chloride, potassium chloride, magnesium sulfate, ferrous
sulfate, manganese sulfate, cobalt chloride, zinc sulfate,
copper sulfate, sodium acetate, calcium carbonate,

25 potassium hydrogen phosphate and dipotassium hydrogen



WO 2012/ 002575PCT/ JP2011/ 065528 26 Conpound (1)], which is the starting
conpound used in the second step of the process of the present invention is
usual | y 590%(2wby37sor | ess and the sul fur-containi ng anpoe/Jataobess2econpound
of the formula (1) [i.e. Conpound (1)] reey 5 be continuously or
successively added to a reaction systemin order to maintain the
concentration of the sulfur-containing am no al cohol conpound of the
formula (1) in the reaction systemnearly constant. During the second step
of the process of the present 10 invention, for exanple, a sugar such as

gl ucose, SYREOSRAPL.T T BGR3€ .01 arfi SWIRCE ahqpYehi 88 rfEhEEN s%X11@0 are
(registered trade mark) or Tween 60 (registered trade mark)) nay be added

Lo the reaghibon $YSLGD iéufﬁ?ﬁésﬁéﬁiggﬁhﬁﬁé% Va%ﬁ?Lg%—( t2§§ 84LGYn L C AN Ng

a-an no aci onpound represente ormu fromt reaction

sol ution %88810 r&%ggb??% gygag%/qgtggd nknaywn Jin the art. Exanpl e

of the net rnclu i cation’ by pérformng post-treatment of the
reaction sol utign_such_as organic | vent tracti concentrati.qn, ion
exchange 20met B2 ERACEr V&t AT ZSFEGRY S Petea skt ST 19° CBRBE Rati o 1A% h
colu chromat ogr aphy, and distillation and others. The

sul f ur- con®&fni ‘%r#nc?u;{&iud:ecor(rﬁoﬂnd Te eesstenfcélgfebycP%EuFSrmﬁ‘af(l?)Sk
prepared in the second step of the process of the present invention may be

p
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Hereinafter, the present invention is explained in nore detail with sonme
exanpl es. 5Exan5pgtqre 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

10 culture temperature may be in a range of about 15 °C to
about 45 °C, and the pH of the culture may be in a range of
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.

15 The present microorganism obtained in this manner is
cultured in a culture medium containing a lower aliphatic
alcohol in the first step of the present invention to
provide the microbial cell of the microorganism (i.e. the
present catalytic cell). The microbial «cell of the

20 microorganism obtained in the first step (i.e. the present
catalytic cell) or a processed product of the microbial
cell is used as "a catalyst of the process of the present
invention" in the second step of the process of the present
invention.

25



Production of the sulfur-containing a-amno acid conpound fromthe

sul fur-contai ning am no al cohol conpound according to the process of the
present iwoentyopsssn a test tube was placed 5 m of stercrijeadiessstsure 10
medi um whi ch was prepared by addi ng eacl® of |ower aliphatic al cohols shown
in Tables 2 to 4 (5 g), polypeptone (5 g), yeast extract (3 g), neat
extract (3 g), ammonium sul fate (0.2 g), potassium di hydrogen phosphate (1
g) and magnesi um sul fate heptahydrate (0.5 g) to 1 L of 15 water and
adjusting the pHto 7.0, and thereto was inoculated with each cells of

Rhodococcus rhogoghoysqARLI49okEabie 1) .mdhosecarausch hodochy ouse
ATCC19150 (Table 2), Rhodococcus sp. ATCC19070 (Table 3), or Rhodococcus

sp. ATCCLO148.L1ablgs &)oJhgak esh! tiant wasy1 20 rbncHbal 6d Wdde skl At 30
C under an aerobic condition. After the conpletion of the i1ncubation, the

m cr obi al L |.e zent g . f Lo i i c S. In
a screwtogg%%agtg\?%glég%é %FngBgXZE% E(E)l:? gg%ts':\tﬂ %rtlte g%}l/%:laclr}]% :ffza):‘yeeress(gcJ 10),
and t heretp,was_added the above- 25prepared viable cells, dth 1 Xt

was suspeng%%.p?%se9£>é6¥§P86§§75PC$/JE2011/065528 28 t he 2Bspen§ighxm;ge

added_2 ng of stgrti ng_m erials <r'i _e. nmethi o%i nal . and t.he res Itt ant

m xtuPe was shakBhi BFESBRE POFI9OCd2145HaTEY RPt SFHHE SCorpl &t iS5 WF S he
reaction, 0.5 m of the _5 reaction solutign was sanpled. The cells were
removed frBRILHB A%t FBATEANBEe, V3Pt he TANGORE 968 15HE / pr bdtic &P HFYIR oni ne
was anal yzed by liquid chromatography. The results are shown in Tables 1 to
4. 10Condi PFORSMf BPPEBRE AL CaNaFPRE§1BIPANR: CCIRERz & BB E18C4 16 THAISE 15
cm 3 pm (manufactured by Intakt Corp.) Mbile phase: 0.1 % aqueous
trifluoroagewrecachtd as98pidt FoAtA 2and RECRAAG| Sadtsokadi 68 BRE5TI e

(mnutes)Solution A (% : Solution B (% 0100 : 0 10100 : O 2050 : 50
As the carbon source contained in the culture medium,

10 a lower aliphatic alcohol alone may be used or a mixture of
sugars, hydrocarbons, organic acids, sugar alcohols and
others may be used.

As previously mentioned, examples of the "lower
aliphatic alcohol"™ contained in the culture medium used in

15 the first step of the process of the present invention
include a linear or a branched aliphatic alcohol having 1
to 5 carbon atoms. Specific examples of the "lower
aliphatic alcohol"™ include methanol, ethanol, l-propanol,
2-propanol, 1l-butanol, tert-butanol, 2-methyl-l-propanol,

20 2,2-dimethyl-1-propanol, 1,2-butanediol, and 1,3-butanediol.
Preferred examples of the "lower aliphatic alcohol™ include
l-propanol, l-butanol, 2,2-dimethyl-1l-propanol, 1,2-
butanediocl, and 1,3-butanediol.

Any of these lower aliphatic alcohols may be mixed in

25 the culture medium at an appropriate ratio.



2550 : 50 2025.1100 : O Flowrate: 0.5 m/mn. Colum tenperature: 40 C
Detection: 220 nm Table 1 The added | ower ali phatic al cohol Methionine
yield (%Qwo2pPrapasysl 51.6 WO 2012/ 002575PCT/ JP2011/ 069623P2Q1/d65828 anol
32.0 1, 2-But anedi ol 44.3 2, 2-Di net hyl - 1-30 opanol 76. 4

As previously mentioned, the carbon source may be a

lower aliphatic alcohol. These carbon sources are added to

oo

the culture medium in an amount of usually about 0.1
(w/v) to 30 % (w/v) of the culture.

5 Examples of the nitrogen source include natural
organic nitrogen sources such as meat extract, peptone,
_yeast extract, malt extract, soy flour, Corn Steep Liquor,
cottonseed flour, dried yeast, and  casamino acids; amino
acids; sodium salts of inorganic acids such as sodium

10 nitrate; ammonium salts of inorganic acids such as ammonium
chloride, ammonium sulfate and ammonium phosphate; ammonium
salts of organic acids such as ammonium fumarate and
ammonium citrate; and urea. Among these nitrogen sources,
ammonium salts of organic acids, natural organic nitrogen

15 sources, and amino acids and others may also be used as
carbon sources in many cases. The above nitrogen 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 organic salt and inorganic salt

20 include chloride, sulfate, acetate, carbonate and phosphate
of potassium, sodium, magnesium, iron, manganese, cobalt,
and zinc. Specific examples thereof include sodium
chloride, potassium chloride, magnesium sulfate, ferrous
sulfate, manganese sulfate, cobalt chloride, zinc sulfate,

25 copper sulfate, sodium acetate, calcium carbonate,



1, 3-Butanediol 54.0 No addition 31.6 Table 2 The added | ower aliphatic

al cohol Methionine yield(% 1-Propanol 38.8 1-Butanol 32.7 1, 2-Butanedi ol

46. 6 2, 2-\WormetAnpks75- propanol 52.8 1, 3- Butanedi ol 51. 0 Necad#zaii/o65530. 0
21

potassium hydrogen phosphate and dipotassium hydrogen
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.

5 Examples of the culture method include solid culture
and liquid culture (e.g. a test tube culture, a flask
culture, or a jar fermenter culture).

Culture temperature and pH of the culture are not
particularly limited asvlong as the present microorganisms

10 are able to grow in the range thereof. For example, the
culture temperature may be in a range of about 15 °C to
about 45 °C, and the pH of the culture may be in a range of
about 4 to about 8. The culture time may be appropriately
selected depending on the culture conditions, and 1is

15 usually about 1 day to about 7 days.

The present catalytic cell can be directly used as a
catalyst for the process of the present invention. Among
methods for using the present catalytic cell, examples of a
method for directly wusing the present catalytic cell

20 include:

(1) a method for directly using a culture, and

(2) a method for using microbial cells collected by
centrifuging a culture (wet microbial cells washed as
needed with buffer or water).

25 The processed products of the present catalytic cell



Tabl e 3 The added | ower aliphatic al cohol Methionine yield(% 1-Propanol
48.4 1-Butanol 55.7 1,2-Butanediol 49.0 2,2-D nethyl-1-propanol 77.2

1, 3- But arw0i2012/82573 No addition 35.3 5 Table 4 The addedtiear/oesszghatic
al cohol Methionine yield(% 1-Propanol 22

may also be used as a catalyst for the process of the
present invention. Examples of the processed product
include microbial cells obtained by culturing followed by
treating with an organic solvent (e.g. acetone and ethanol),
5 lyophilizing, 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-

10 mentioned treatments.
Specific embodiments include the present catalytic
cell and the processed products thereof (e.g. cell-free

extracts, partially purified proteins, purified proteins

and immobilized materials thereof). Examples of the
15 processed products include 1lyophilized microorganisms,
organic solvent-treated microorganisms, dried

microorganisms, disrupted microorganisms, autolysates of
microorganisms, sonicated microorganisms, extracts of
microorganisms, and alkali-treated microorganisms.
20 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 methods [e.g. a method of trapping proteins

25 and others in a network structure of macromolecules such as



61.9 1-Butanol 56.3 1, 2-Butanediol 40.3 2,2-D nethyl-1-propanol 54.3

1, 3-Butanediol 35.7 No addition 32.1 Exanple 2 Production of the

sul f ur - conbabr/mgs7a- am no aci d conmpound 10from t he sul f ecTQRTMIAN6EESZEY an no
al cohol conpound according to the process3 of the present invention In a
test tube was placed 5 ml of sterilized culture WO

2012/ 002575PCT/ JP2011/ 065528 30 nedi um whi ch was prepared by addi ng each
of | ower aliphatic alcohols shown in Table 5 (5 g), pol ypeptone (5 g) yeast
extract (3 g), neat extract (3 g), ammoniumsulfate (0.2 g), potassium

di hydr ogen, phosehat gmfde 9) sandurS JHRGRATIIHY ﬁi%&&eﬁﬁ@ad@aue @ g) to

1 L of water and adjusting the pHto 7.0, an hereto was inoculated with
Rhodococcus, gr QbeE L HSgATCCLR946n aThegeeSULhant g4as gkAqubat ed with shaking

at 30 C under anh aerobic condifion. After the conpl étion of the incubation,
the microbial Cfﬁ'%he event that the present catalytic cell is used
in the industrial production process, the product of killed
5 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 microorganism include physical
sterilization (e.g. heating, drying, freezing, irradiation,
10 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,
ketones, cyan, and antibiotics). Among these killing
15 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

preferentially oxidize the hydroxyl group of the sulfur-

20 containing amino alcohol compound.

The second step of the process of the present
invention is usually carried out in the presence of water.
The water used in this case may be in the form of a buffer.

25 Examples of buffering agents used in the buffer include



10 were collected by centrifugation to obtain viable cells. In a screwtop
test tube was placed 2 ml of 0.1 MTrisglycine buffer (pH 10), and thereto
was addedwohe12loeize- prepared viable cells, and the m xt eCce/Jrzd1/8efspended.
To the suspension was added 2 ng of starZd ng materials (i.e
15nmethioninol), and the resultant m xture was shaken at 30 C for 4 days.
After the conpletion of the reaction, 0.5 mM of the reaction solution was
sanpl ed. The cells were renmoved fromthe sanpling solution, and the anount
of the produced 20net hi oni ne was anal yzed by |iquid chromat ography. The

resul ts arg;ghpwn Ihé‘ta-ﬁb|§a§tsc%ﬂ' tprsphOF i SO @M andysiass  sodium
Col umm: Cadenza CD-C18(4.6 mmp x 15 cm 3 pm 25(manufactured by I ntakt

Corp. ) V%ﬁQ;ﬁﬂQQé%% o]é:‘a@éa_]drﬁméﬁ%pﬁ&th/bb'érﬁi PREgLs i mét%@a%q%

trifluoroacetic acid as Solution A ~and nethanol as Solution B T

:(m nut es) g%u£&§9#€ogﬁd s§85 ékf’ngfﬁl(m@ fg%ggte %n n%%(%%ss&lmz%%%gatio. 2550

50 25.11 W rate: ['umm t enper at ur e:

Examples of alkaline buffer include Tris-HCl buffer, Tris-
5 citrate buffer, and Tris-glycine buffer.
The second step of 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 organic solvent. Examples of the
10 hydrophobic organic solvent wused 1in 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 alcohoi and n-
octyl alcohol, aromatic hydrocarbons such as benzene,
15 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 second step of the process of the present
20 invention may also be carried out by additionally using a
hydrophilic organic solvent, i.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

25 dimethoxyethane, tetrahydrofuran and dioxane,



Detection: 220 nm Table 5 The added | ower aliphatic al cohol Methionine
yield(% Methanol 29.3 Ethanol 30.4 1-Propanol 48.1 2-Propanol 36.8

1- But anolw®@2o®/002375- but anol 52.5 2- Met hyl - 1- propanol 48PLT/JP2011/065528
2,2-Dinet hyl -1 -propanol 56.2 1, 2-ButanedDl

dimethylsulfoxide, and mixtures thereof.

While the second step of the process of the present
invention is wusually carried out in a range of pH of
aqueous layer of 3 to 11, the pH may be appropriately

5 changed in such a range that the reaction proceeds. It is
preferable that the process of the present invention be
carried out in the alkaline range, and it 1s more
preferable that the process be carried out in a range of pH
of aqueous layer of 8 to 10.

10 While the second step of the process of the present
invention is usually carried out in a range of about 0 °C
to about 60 °C, the temperature may be appropriately
changed in such a range that the reaction proceeds.

The second step of the process of the present

15 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

20 example, by measuring the amount of the sulfur-containing
amino alcohol compound of the formula (1) in the reaction
solution by ligquid chromatography or gas chromatography and
the others.

The concentration of the sulfur-containing amino

25 alcohol compound represented by the formula (1) [i.e.



35.9 1, 3-Butanediol 31.3 No addition 23.5 Reference exanple 1 15Production
of the sulfur-containing a-am no acid conpound fromthe sul fur-containing
am no al cwbabixmepgrsund by using the present nicroorgani OT/JP2011/043828 t est
tube was placed 5 m of sterilized cultuWée nedium which was prepared by
addi ng pol ypeptone (5 g), WD 2012/002575PCT/JP2011/ 065528 32 yeast extract
(3 g), neat extract (3 g), anmmoniumsul fate (0.2 g), potassium di hydrogen
phosphate (1 g) and nagnesi um sul fate heptahydrate (0.5 g) to 1 L of water
and adjusting the pHto 7.0, and thereto was inoculated with each cells 5

of the m ceopGanEsSNE)Fhowhiidh Tadl ené. sthethiaguldapowas hosaybahedhs th
shaking at 30 C under an aerobic condition. After the conpletion of the

i ncubat i ongethga M Qhi 8k cald s pwei-e &0l bectiad byresahki fﬂg@éﬂa@ﬂ)ﬁo igbt ai n
viable cells. In a screwtop test tube was placed 2 ml of 0.1 MTris- 10

gl ycine buﬂ;éﬁél%fHSéo)% )t her et o was, @ddrd the rabovenky %% d 2viiay e

cells, and t xture was suspended To the suspensi on was added 2 ng of

O ok 18N8y | BEmpERN BE! AL EUELR,NES (372K 8N AL CHALBRALN (13 1! ol days.

After the conplétion e reaction 615 reaction solutl n was

sanmpl gd. The cells ver e r emoved fron1th sol ution_sanpl th unt of
t he p?oduc%% bR BRP Hal%ag ana%ﬁﬁﬁfﬁy X(ﬁﬁg %h?%natggﬁgg %n 5%F3§ults

are shown in tn%ge 6. 20C0ndkt|ons E conéen Si s l.u SC%%er_
CD- C18( 4. 6XAmP3E%%5 & 3™y ternuF BEt ur @ACBYF Cq’) u
containing amino alcohol compound of the formula (1) in the
reaction system nearly constant.
During the second step of the process of the present
10 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 reaction system if necessary.
The recover of the sulfur-containing o-amino acid
15 compound represented by the formula (2) from the reaction
solution may be carried out by any methods known in the art.
Example of the method include ©purification by
performing post-treatment of the reaction solution such as
organic solvent extraction, concentration, ion exchange
20 method and crystallization, if necessary 1in combination
with column chromatography, and distillation and others.
The sulfur-containing amino acid compound represented
by the formula (2) prepared in the second step of the
process of the present invention may be in the form of a

25 salt.



Mobi | e phase: 0.1 % aqueous trifluoroacetic acid as Solution A, and

nmet hanol as Sol ution B 25Tine (m nutes)Solution A (% : Solution B (%9 WO
2012/ 0025v6RGR/0dE2611/ 065528 5 0 10 20 25 25.1 33 100 »0@IBL1D06eSEE0 @ @
. 0050500 27

EXAMPLES
Hereinafter, the present invention is explained in
more detail with some examples.
5 Example 1
Production of the sulfur-containing o-amino acid compound
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
10 medium, which was prepared by adding each of lower
aliphatic alcohols shown in Tables 2 to 4 (5 qg),
polypeptone (5 g), yeast extract (3 g), meat extract (3 g),
ammonium sulfate (0.2 g), potassium dihydrogen phosphate (1
g) and magnesium sulfate heptahydrate (0.5 g) to 1 L of
15 water and adjusting the pH to 7.0, and thereto was
inoculated with each <cells of Rhodococcus rhodochrous
ATCC19149 (Table 1), Rhodococcus rhodochrous ATCC19150
(Table 2), Rhodococcus sp. ATCC19070 (Table 3), or
Rhodococcus sp. ATCC19148 (Table 4). The resultant was
20 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-

25 prepared viable cells, and the mixture was suspended. To



Flow rate: 0.5 m/mn. Colum tenperature: 40 C Detection: 220 nm Table 6
Nanme of strain Methionine yield(% Alcaligenes denitrificans JCM 5490 15.9
Al cal i gernwe 2e1rqoeprius ATCC 43123 18.2 Al cal i genes f aecalpcs/pk@/aed6e0 13. 7
Al cal i genes sp. |l FO 14130 16.5 Al cal i geness xyl osoxydans | FO15125t
denitrificans 16.8 Al caligenes xyl osoxydans | F015126t xyl osoxydans 15.8
Bacillus alvei |IFO 3343t 14.3 Bacillus badi us ATCC 14574t 15.6 Bacill us
brevis JCM 2503t
the suspension was added 2 mg of starting materials (i.e.
methioninol), and the resultant mixture was shaken at 30 °C
for 7 to 10 days.
After the completion of the reaction, 0.5 ml of the
5 reaction solution was sampled. The cells were removed from
the solution sample, and the amount of the produced

methionine was analyzed by liquid chromatography. The

results are shown in Tables 1 to 4.

10 Conditions for content analysis
Column: Cadenza CD-C18 (4.6 mmo x 15 cm, 3 um)
(manufactured by Imtakt Corp.)
Mobile phase: 0.1 % aqueous trifluorocacetic acid as

Solution A, and methanol as Solution B

15 Time (minutes) Solution A (%) : Solution B (%)
0 100 : O
10 100 = O
20 50 : 50
25 50 : 50
20 25.1 100 : O

Flow rate: 0.5 ml/min.
Column temperature: 40 °C
Detection: 220 nm

Table 1

The added lower aliphatic alcohol Methionine yield (%)
1-Propanol 51.6




15.0 Bacillus cereus JCM 2152t 17.0 Bacillus coagul ans JCM 2257t 10.7
Bacillus firnmus JCM 2512t 18.3 Bacillus licheniforms ATCC 27811 16.6
Baci | | us wochemiotsrsm s | FO 12197 17.0 Bacil l us |i cheni f ecmiyp2d1F@s532200t
10.5 Bacillus noritai ATCC 21282 16.7 Ba&d |l us pum lus | FO 12092t 16.2
Baci | | us sphaericus | FO 3341 17.2 Bacillus sphaericus | FO 3526 18.3

1-Butanol 32.0
1,2-Butanediol 44.3
2,2-Dimethyl-l-propanol 76.4
1,3-Butanediol 54.0
No addition 31.6
Table 2
The added lower aliphatic alcohol Methionine yield (%)
1-Propanol 38.8
1-Butanol 32.7
1,2-Butanediol 46.6
2,2-Dimethyl-l-propanol 52.8
1,3-Butanediol 51.0
No addition 30.0
Table 3
The added lower aliphatic alcohol Methionine yield (%)
1-Propanol 48.4
1-Butanol 55.7
1,2-Butanediol 49.0
2,2-Dimethyl-~1-propanol 77.2
1, 3-Butanediol 61.3
No addition 35.3
5
Table 4
The added lower aliphatic alcohol Methionine yield (%)
l1-Propanol 61.9
1-Butanol 56.3
1,2-Butanediol 40.3
2,2-Dimethyl-1l-propanol 54.3
1,3-Butanediol 35.7
No addition 32.1
Example 2
Production of the sulfur-containing o-amino acid compound
10 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



Bacillus subtilis ATCC 14593 13.9 Bacillus subtilis ATCC15841 12.1 Bacill us
subtilis I FO 03108 14.0 Bacillus subtilis |IFO 03134 15.0 Bacillus subtilis
| FO 3026 wB.2012Bmei751 us subtilis | FO 3037 14. 3 Bacil | us ®abtirRiisodsFis 3108
13.3 Bacillus subtilis IFO 3134 12.6 Badd |l us validus | FO 13635 14.4
Pseudononas denitrificans | AM 1426 17.2 Pseudononas denitrificans | AM 1923

medium, which was prepared by adding each of lower
aliphatic alcohols shown in Table 5 (5 g), polypeptone (5
g), yeast extract (3 g), meat extract (3 g), ammonium
sulfate (0.2 g), potassium dihydrogen phosphate (1 g) and

5 magnesium sulfate heptahydrate (0.5 g) to 1 L of water and
adjusting the pH to 7.0, and thereto was inoculated with
Rhodococcus groberulus ATCC15076. The resultant was
incubated with shaking at 30 °C under an aerobic condition.
After the completion of the incubation, the microbial cells

10 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 starting materials (i.e.

15 methioninol), and the resultant mixture was shaken at 30 °C
for 4 days.

After the completion of the reaction, 0.5 ml of the
reaction solution was sampled. The cells were removed from
the sampling solution, and the amount of the produced

20 methionine was analyzed by 1liquid chromatography. The

results are shown in Table 5.

Conditions for content analysis
Column: Cadenza CD-C18 (4.6 mme x 15 c¢m, 3  um)

25 (manufactured by Imtakt Corp.)



36.5 WO 2012/ 002575PCT/ JP2011/ 065528 34 Pseudonpnas ficuserectae JCM 2400t
19. 3 Pseudononas fragi | AN 12402 16. 0 Pseudononas fragi | FO 3458t 34.3
Pseudonomnaie 20exmes7sna | FO 14162 26. 8 Pseudonpnas ol eovoramgPEQE3E83t 19. 6
Pseudononas ovalis | FO 12688 31

Mobile phase: 0.1 % aqueous trifluoroacetic acid as

Solution A, and methanol as Solution B

Time (minutes) Solution A (%) : Solution B (%)
0 100 : O
5 10 100 = O
20 50 : 50
25 50 : 50
25.1 100 : O

Flow rate: 0.5 ml/min.
10 Column temperature: 40 °C

Detection: 220 nm

Table 5

The added lower aliphatic alcohol Methionine yield (%)
Methanol 29.3
Ethanol 30.4
1-Propanol 48.1
2-Propanol 36.8
1-Butanol 31.5
Tert-butanol 52.5
2-Methyl-1l-propanol 48.1
2,2-Dimethyl-1l~propanol 56.2
1,2-Butanediol 35.9
1,3-Butanediol 31.3
No addition 23.5

Reference example 1
15 Production of the sulfur-containing o-amino acid compound
from the sulfur-containing amino alcohol compound by using
the present microorganism
In a test tube was placed 5 ml of sterilized culture

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



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 Pseuwstommam2at i da | F012653 12. 8 Pseudonobnas put r efPatijerna 1/hé362$3910
16. 4 Pseudononas ri boflavina | FO 13584t 32

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

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

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

the pH to 7.0, and thereto was inoculated with each cells

5 of the microorganisms shown in Table 6. 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-

10 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

15 reaction solution was sampled. The cells were removed from

the solution sample, and the amount of the produced

methionine was analyzed by liquid chromatography. The

results are shown in Table 6.

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
Solution A, and methanol as Solution B

25 Time (minutes) Solution A (%) : Solution B (%)



11.9 Pseudononas stram nea JCM 2783t 23.7 Pseudononas syringae

subsp. syri ngae 1F014055 23. 7 Pseudononas tabaci |FO 3508 12.5 Pseudonobnas

t aet r ol enwol2b(2/8468 18. 1 Pseudononas vesicul ari s JCM 14P¢tuaknadoddsmdobact er
sphaer oi des ATCC 17023 15. 7 Rhodococcus & ythropolis | FO 12320

0 100 : O
10 100 : O
20 50 : 50
25 50 : 50
5 25.1 100 : O

Flow rate: 0.5 ml/min.

Column temperature: 40 °C

Detection: 220 nm
Table 6
Name of strain Methionine
yield (%)
Alcaligenes denitrificans JCM 5450 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 14593 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
5

Pseudomonas denitrificans IAM 1923

36.




12. 4 Rhodococcus gl oberul us ATCC 15076 28.9 Rhodococcus rhodochrous ATCC
15610 22. 3 Rhodococcus rhodochrous ATCC 19067 25.4 Rhodococcus rhodochrous
ATCC 1914802812808 16dococcus r hodochrous ATCC 19150 24. 9PRIGHZI 0063
rhodochrous ATCC 21197 26.5 Rhodococcus I¥hodochrous ATCC 21199

Pseudomonas

ficuserectae JCM 2400t

19.

Pseudomonas

fragi IAM 12402

16.

Pseudomonas

fragi IFO 3458t

34.

Pseudomonas mendocina IFO 14162 26.
Pseudomonas oleovorans IFO 13583t 19.
Pseudomonas ovalis IFO 12688 12.
Pseudomonas pseudoalcaligenes JCM 5968t 15.
Pseudomonas putida IFO 12996 14.
Pseudomonas putida IFO 14164t 14.

Pseudomonas

putida IFO 3738

29.

Pseudomonas putida IF012653 12.
Pseudomonas putrefaciens IFO 3910 16.
Pseudomonas riboflavina IFO 13584t 11.
Pseudomonas straminea JCM 2783t 23.
Pseudomonas syringae subsp.syringae IF014055 23.
Pseudomonas tabaci IFO 3508 12.
Pseudomonas taetrolens IFO 3460 18.
Pseudomonas vesicularis JCM 1477t 15.
Rhodobacter sphaeroides ATCC 17023 15.
Rhodococcus erythropolis IFO 12320 12.
Rhodococcus globerulus ATCC 15076 28.
Rhodococcus rhodochrous ATCC 15610 22.
Rhodococcus rhodochrous ATCC 19067 25.
Rhodococcus rhodochrous ATCC 19149 22.
Rhodococcus rhodochrous ATCC 19150 24.
Rhodococcus rhodochrous ATCC 21197 26.
Rhodococcus rhodochrous ATCC 21199 27.
Rhodococcus rhodochrous JCM 3202t 38.

Rhodococcus

sp ATCC 19070

22.

Rhodococcus

sp ATCC 19071

35.

Rhodococcus

sp ATCC 19148

24.

QIO OO|OR|WIOIBIIWIF|ON]DO]BOIN[TWIN]NYo|wlo|Ww

Reference example 2

Screening microorganisms capable of converting the sulfur-

containing

amino alcohol compound

sulfur-containing o-amino acid compound

In a test tube is placed 5 ml of sterilized culture

medium,

yeast extract

(0.2 g), potassium dihydrogen phosphate

which is

(3 g), meat extract

into

(3 9),

(1 g)

prepared by adding polypeptone

corresponding

ammonium sulfate

and magnesium




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
exanpl e 2wO0 208m02¥8i ng m croor gani sns capabl e of conver PCHYPLME065528

sul fur-contai ning am no al cohol conpound3 nto a corresponding

5sul fur-contai ning a-am no acid conpound In a test tube is placed 5
m of sterilized culture nmedium which is prepared, by addi ng pol ypeptone
(5 g), yeast extract (3 g), neat extract (3 g), ammoniumsulfate (0.2 g),
pot assi um di hydr ogen phosphate (1 g) and nmagnesi um WO

2012/ 002575PCHA P2 Kl 1D a& 35 qul.fBat §) heps ahydr ater (Rabe@) dwd 1 theof
wat er and then adjusting the pHto 7.0, and thereto is inoculated with a

M croor ganj g 9bt anedebypow e hasoNgahiomh redd WL cRbtethten Qhitd a
m croorgani smisolated fromsoils. The
microorganism obtained by purchasing from a culture
collection or a microorganism isolated from soils. The
5 resultant is incubated with shaking at 30 °C under an
aerobic condition. After the completion of the incubation,
the microbial cells are collected by centrifugation to
obtain viable cells. 1In a screw-top test tube is placed 2
ml of 0.1 M Tris-glycine buffer (pH 10), and thereto is
10 added the above-prepared viable cells, and 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
15 reaction solution is sampled. The cells are removed from
the solution sample, 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

20 sulfur-containing a-amino acid compound are screened.

Conditions for content analysis
Column: Cadenza CD-C18 (4.6 mme X 15 cm, 3 um)
(manufactured by Imtakt Corp.)

25 Mobile ©phase: 0.1 % aqueous trifluorocacetic acid as



5 resultant is incubated with shaking at 30 C under an aerobic condition.
After the conpletion of the incubation, the mcrobial cells are collected
by cent riwogatZes7s0 obtain viable cells. In a screwtopcrastoli/nss2s s
placed 2 Ml of 0.1 MTris-glycine buffer3gpH 10), and thereto is 10 added
t he above-prepared viable cells, and the m xture is suspended. To the
suspension is added 2 ng of nethioninol, and the resultant m xture is
shaken at 30 C for 3 to 7 days. After the conpletion of the reaction, 1 m
of the 15 reaction solution is sanpled. The cells are renoved fromthe

sol uti on sagpheioAand,t hedamreYAbnell tBespnoadyeadpnet hionine is anal yzed by
| i qui d chr omat ogr aphy. Thus, m croorgani sns capabl e of converting

the sul furrcgat ahbhfgeam no al gghgkieamroyrd i:niseithe eoR g3pondi ng

20sul fur-contai ni ng a-am no acid conmpound are screened. Conditions for

content anal ysi spCol um: Cadenza CD- Cl8(41fgmBox 15 cm 3 pm (manufactured

by Intakt Corp.) 25Mbile phase: 0.1 % aqueous trifluoroacetic acid as WO

2012/ 002575PCT/ 2011/ 065528 36 Sol ution é and ynet hanol as Sol ution B Time

(mnutes)Sol utidoh A (% : Solution B (% 0200 %0 10100 : 0 52050 : 50 2550
50 §5-1100 X QOFIOM/rate: 0.5 M/mn

50 : 50
25 50 : 50
25.1 100 : O

Flow rate: 0.5 ml/min
Column temperature: 40 °C

10 Detection: 220 nm

INDUSTRIAL APPLICABILITY
The present invention can provide a novel process for
producing a sulfur-containing a-amino acid compound such as

15 methionine.



Col um tenperature: 40 C 10Detection: 220 nm | NDUSTRI AL APPLI CABI LI TY
The present invention can provide a novel process for producing a

sul f ur - conbanmogs7a- am no aci d conmpound such as 15net hi eoirne2011/063528
2012/ 002575PCT/ JP2011/ 065528 37 CLAI M5 1B7A process for producing a

sul fur-contai ning a-am no acid conpound represented by the fornula (2):

NH2

RI, SCOOH 5 (2) wherein Rl represents hydrogen, an al kyl group having 1 to
8 carbon atons, or an aryl group having 6 to 20 carbon atons; conpri sing:
10a first step of culturing a mcroorgani smcapable of converting a

sul fur-contai ning am no al cohol

10

15

1. A process for producing a sulfur-containing o-amino

acid compound represented by the formula (2):

NH,

S COOH
(2)

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 first step of culturing a microorganism capable of
converting a sulfur-containing amino alcohol éompound

represented by the formula (1):
NH,

R1 OH

(1)

wherein R' is the same as defined above;

into the corresponding sulfur-containing «-amino acid
compound in a culture medium containing a lower aliphatic
alcohol to prepare a microbial cell of the microorganism;
and

a second step of reacting the sulfur-containing amino

conpaudrepresented by the fornmula (1):



NH2 Ri OH (1) wherein Rl is the same as defined above; 15into the
correspondi ng sul fur-containing a-am no acid conpound in a culture nmedi um
cont ai ni ngoaolamoees7sal i phatic al cohol to prepare a nicrolpcaliporibessis t he

m croorgani sm and WO 2012/ 002575PCT/ JE¥11/ 065528 38 al cohol conpound
with the mcrobial cell of the m croorganismobtained in the first step or
a processed product of the mcrobial cell. 52. The process according to
claiml1 wherein the mcroorganismis capable of preferentially oxidizing

t he hydroxyl group of the sul fur-containing am no al cohol conpound. 103. The

process acgprghfg t -Shdbid WREHE N khe M &FEeE8aRLSM és10N€ OF MR
m cr oorgani sns sel ected froma group consisting of m croorgani sns of the

genus Al Caéﬁigfgsg%amgﬁp%@@ﬂm_ of t«{)\fe tgﬁginf%tBag{éFé]g r M Crooganies of

t he genus Pseudonbnas, mn croorgani sns genus obact er

product of the microbial cell.

5 2. The ©process according to claim 1 wherein the
microorganism is capable of preferentially oxidizing the
hydroxyl group of the sulfur-containing amino alcochol

compound.

10 3. The ©process according to claim 1 wherein the
microorganism is one or more microorganisms selected from a
group consisting of microorganisms of the genus Alcaligenes,
microorganisms of the genus Bacillus, microorganisms of the
genus Pseudomonas, microorganisms of the genus Rhodobacter

15 and microorganisms of the genus Rhodococcus.

4. The process according to claim 1 wherein the
microorganism is one or more microorganisms selected from a
group consisting of Alcaligenes denitrificans, Alcaligenes
20 eutrophus, Alcaligenes faecalis, Alcaligenes Sp..,
Alcaligenes xylosoxydans, Bacillus alvei, Bacillus badius,
Bacillus  brevis, Bacillus cereus, Bacillus <coagulans,
Bacillus firmus, Bacillus licheniformis, Bacillus moritai,
Bacillus pumilus, Bacillus sphaericus, Bacillus subtilis,

25 Bacillus validus, Pseudomonas denitrificans, Pseudomonas



15and m croorgani sns of the genus Rhodococcus. 4. The process according to
claim1 wherein the mcroorganismis one or nore mcroorgani sns sel ected
from a grwoporanss7sti ng of Al caligenes denitrificans, Apcalipganess2$20

eut rophus, Al caligenes faecalis, Al calignes sp., Alcaligenes xylosoxydans,
Bacillus alvei, Bacillus badius, Bacillus brevis, Bacillus cereus, Bacillus
coagul ans, Bacillus firnus, Bacillus licheniforms, Bacillus noritai,
Baci |l us pum | us, Bacillus sphaericus, Bacillus subtilis, 25Bacillus
val i dus, Pseudononas denitrificans, Pseudononas WO

2012/ 00257pP15d PRO1A£065028,30mbhayserealds, Peeudemias f mbidocina,

Pseudonmonas nendoci na, Pseudonpbnas ol eovorans, Pseudonpbnas ovali s,

Pseudononag; psayflggl cal 59@@9@ aBseudenanas putisda,, BIgudomenas, gomonas
put r ef aci ens, Pseudononasri bo FaV|na,Pseu ononas 5stram nea, Pseudononas
syringae, P, : L., Pse trol ~2seudo | aris,
hodonact PSERATPERLiBHAC: ooc naSTUPRPLAs] [ o' PR CUIOTIARGR AL
RhodococcusgégggruLus Rhodo%occ sr hodochr ous agq Rhodococc%%éﬂ% .10 5.

0

The proces® PAERE5t 0 any > GRECBP Erai ms T 1°P5 24 “iREr ei n e

sul fug-cont ai ni ng am no_al cqhol conpound, and the sul fur-containi a-am no
acid %orrpoﬁﬁﬁa’i”égﬁﬁ' al K§TeYr ot fdvi ny A4y caﬁ%ﬁyms Tabhet, 6.
The process according to any one_of clainms_1 to 4 wherein RL of the

sul f ur - conP&FPRARGORATno al LdRoFotomPound FRFUIRFXAT ur - c HFEHMLFF 2ani no

acid compound is a nethyl group. A 7. The process according to any one of
clainsg 1 tBhgdobacter sphaeroides, Rhodococcus erythropolis,

Rhodococcus groberulus, Rhodococcus rhodochrous and

Rhodococcus sp..

10
5. The process according to any one of claims 1 to 4
wherein R! of the sulfur-containing amino alcohol compound
and the sulfur-containing o-amino acid compound is an alkyl
group having 1 to 8 carbon atoms.

15
6. The process according to any one of claims 1 to 4
wherein R! of the sulfur-containing amino alcohol compound
and the sulfur-containing o-amino acid compound is a methyl
group.

20
7. The process according to any one of claims 1 to 6

wherein the lower aliphatic alcohol 1is a linear or a

branched aliphatic alcohol having 1 to 5 carbon atoms.

25 8. The process according to any one of claims 1 to 6



wherein the |ower aliphatic alcohol is a linear or a branched aliphatic

al cohol having 1 to 5 carbon atons. WD 2012/ 002575PCT/ JP2011/ 065528 40
wher ei n twe 2bvees7al i phatic al cohol is at | east one al ceholpyal/eesszd from
t he group consisting of nethanol, ethanolqQ 1- propanol, 2-propanol

1- butanol, tert-butanol, 2-nethyl-Ipropanol, 2,2-dinethyl-I|-propanol,

1, 2- but anedi ol and 1, 3- 5but anedi ol .

wherein the lower aliphatic alcohol is at least one alcohol
selected from the group consisting of methanol, ethanol, 1-
propanol, 2-propanol, l-butanol, tert-butanol, 2-methyl-1-

propanol, 2,2-dimethyl-l-propanol, 1,2-butanediol and 1, 3-

5 butanediol.



