WD 2012/ 005372PCT/ JP2011/ 065748 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 orwwoaebetoes3’to a process for produci ng a sul fur-cecrapmniingssa4san no
acid conmpound. 10BACKGROUND ART Hi t herto, nethionine, which is one of
sul fur-contai ning a-am no acid conpounds, has been used as an animal 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 gygorderrennoni a and carbon di oxide to
produce 5- (2-nethyl-nmercaptoethyl)-hydantoin (that is, nethionine
hydantoin). The resulting product is hydrolyzed under an 20 al kal i ne
condition to give alkali netal nethionate, followed by neutralization with

an acid such %o;dﬁsfjsgrﬁ"s@ ?gizcg;égr%@rmr&@%@mm& el Ak fydreAdt §ni ne

(see, for exa WO 2012/ 005372PCT/ JP2011/ 065748
COMPOUND

TECHNICAL FIELD
The present invention relates to a process for

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 is reacted with
hydrogen cyanide, ammonia and carbon dioxide to produce 5-
(2-methyl-mercaptoethyl)-hydantoin (that 1is, methionine
hydantoin) . The resulting 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



2 The above-nenti oned process enpl oys hydrogen cyanide as C -
bui I ding bl ock and acrolein as C3- building block, which require careful

saf ety cowmonrel2doss7Randl i ng and an equi prent adopted to PUTHPZONGSGIS

Accordi ngly, there has 5been demand for a novel process for producing a

sul fur- containing a-am no acid conpoung such as net hi oni ne. An

obj ect of the present invention is to provide a novel process for producing
a sul fur-containing a-am no acid conpound such as nethionine. 10 The
present invention provides: [1] A process for producing a

sul fur-cont ai ni NHe aa@BvRO-mRGtd GRPOPHIcE P RIPUBG byydhegénr Bilan i(dd)
(hereinafter, sonetines referred to as "the Conpound (2)"): NH2 R s",/"

COOH 15(2) swherei iyRh Ji8Ry asestis A¥dr ager1ean aKyt39r puR1AaKpN®ibdig 8
carbon atons, or an aryl group having 6 to 20 carbon atons; conprising 20a

step of regriing A&LHAMOURD LR eseisd, PEohR®o1 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 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) (hereinafter,
sometimes referred to as "the Compound (2)"):
NH,
R1
\\S COOH
15 (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
20 a step of reacting a compound represented by the
formula (1) (hereinafter, sometimes referred to as "the

Compound (1)"):



formula (1) (hereinafter,

defined aloweizoosi’h a m crobial cell or a processed proggeiypaiiiHéseas

m cr obi al

cell of any of the follow ng transformants 5 (hereinafter,

transformants will be sonetinmes referreg to as the "the present
transformants”, and the process of the item[1] will be sonetines referred
to as "the process of the present invention"): (a) both 10a transformant
whi ch has been introduced into a m croorgani smcell a polynucl eotide

conprising a nucl eotide sgguence encodi ng an am no acid sequence of an
enzyne that is capable of |cénverting the above sul fur-containing am no

al cohol conqound into a cqfrespondi ng sul fur-containing a-
R OH

10

15

20

s

(1)

wherein R' is the same as defined above;

with a microbial cell or a processed product of the
microbial cell of any of the following transformants
(hereinafter, the transformants will be sometimes referred
to as the "the present transformants"”, and the process of
the item [1] will be sometimes referred to as "the process
of the present invention"):

(a) both

a transformant in which has been introduced into a
microorganism cell a polynucleotide comprising a nucleotide
sequence encoding an amino acid sequence of an enzyme that
is capable of converting the above sulfur-containing amino
alcohol compound into a corresponding sulfur-containing o-
amino aldehyde compound (hereinafter, the enzyme will be
sometimes referred to as "the present enzyme (A)", and the
polynucleotide will be sometimes referred to as "the
present polynucleotide (A)", and the transformant will be
sometimes referred to as "the present transformant (A)")
and

a transformant in which has been introduced into a

microorganism cell a polynucleotide comprising a nucleotide

sonetines referred to as "the Conpound (1)"):
2012/ 005372PCT/ JP2011/ 065748 NH2 IRI,H S (1) wherein Rl is the sanme as

t he

WO

in



15 am no al dehyde conpound (hereinafter, the enzyne will be sonetines

referred to as "the present enzyne (A", and the polynucleotide will b
sonet i neswoebergssizt o as "the present pol ynucl eoti de (ApCr/Iatdi/bére4s
transformant will be sonetinmes referred to as "the present transfornman

(A)") 20and a transformant in which has4been introduced into a

m croorgani smcell a pol ynucl eotide conprising a nucleotide WO
2012/ 005372PCT/ JP2011/ 065748 4 sequence encodi ng an am no aci d sequence of
an enzyme that is capable of converting the above sul fur-containing a-
al dehyde coapeERdei Bheoaisgr heSRANHNGSIH fskqeontdi BENgnazadivie adiat
conpound (hereinafter, the enzyne 5 will be sonetines referred to as

present enzyne. (Bhye aR¢ tAsnpolypNg! 89ld dgpWik! e serEtimes: fehgr ed

as "the present "polynucleotide (B)"; and the transformant wll be  sone

referred tg,as"the qLesent LARSHAr MM B)o") co-10CRbnAs hhanslara

whi ch have

een | ced intd a mcroorgani smce oth a’pol ynu

compr i si ng-gn U] epk ! de SRRMeNGE: §neailanan AEAC AR b SPIUREC S Yy

enzyne t hat
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will be sometimes referred to as "the present enzyme (B)",
and the polynucleotide will be sometimes referred to as
"the present polynucleotide (B)", and the transformant will
be sometimes referred to as "the present transformant
(BY"):

(b) a transformant in which have been introduced into a
microorganism cell both

a polynucleotide comprising a nucleotide sequence encoding
an amino acid sequence of an enzyme that is capable of
converting the above sulfur-containing amino alcohol
compound into a corresponding sulfur-containing o-amino
aldehyde compound (i.e. the polynucleotide is "the present
polynucleotide (A)", and the enzyme is "the present enzyme
(A)") and

a polynucleotide comprising a nucleotide sequence encoding
an amino acid sequence of an enzyme that is capable of
converting the above sulfur-containing o-amino aldehyde
compound into a corresponding sulfur-containing o-amino
acid compound (i.e. the polynucleotide is "the present
polynucleotide (B)", and the enzyme is "the present enzyme

(B)™) (hereinafter, the transformant will be sometimes

e

t

am no

"t he
to
times
in
tide



converting the above sul fur-containing am no al cohol 15 conpound into a
correspondi ng sul fur-containing a-am no al dehyde conpound (i.e. the

pol ynucl ewbi20e/ios37it he present pol ynucl eotide (A", andpchgpsnzyesess s "t he
present enzynme (A)") and a pol ynucl eoti de conprising a nucl eoti de sequence
encoding 20 an amno acid sequence of gn enzyne that is capabl e of
converting the above sul fur-containing a-am no al dehyde conmpound into a
correspondi ng sul fur-contai ning a-am no acid conpound (i.e. the

pol ynucl eotide is "the present polynucleotide (B)", and the enzynme is "the
present enzypBr28§B}o) ahetgbngiigentt beahb@Bshantanhpwhl; be sonetines WO
2012/ 005372PCT/ JP2011/ 065748 5 referred to as "the present transfornmant
(AB)"); or(f) 2 transkQrABAL |ih WahGRnhagabeendht kadueadckBt Oidto a

m croorgani sm cell a polynucl eoti de conprising a nucl eoti de sequence
encodi ng AR 0P éﬁigmsggyfnge 91 yAlc?REY Re! RN §i's§n%ggalﬂlu%_l%fotide
converting the a ove sul ur-conFa|X|ng am no alcoﬁol compound into a

g “SUiTur-confai fing a |
Capabl 6 of “SORIATT i RGCERE ana0S aTPur T e, Sni A T AERS S 2 Smpound

i nt di | fur- t.ai ni -.anm i-d nd . 1 :
(her e naf t5f . BEREP LRz e ST d Ahruls a0 T B B P67 BORSE  RASpPELER

C" d th I | eoti d ill b ti f d t “th
enzyme (C 9%%€ e oeéguc eotide w e $one |§F?Pre erge 0 _as e

present pof PLofPEROERM 1040 & eI TRTRP P hadt S RGBT REs ¢~
referred to as "the present transformant (O "); 15[2]. The_process accordi ng
to the ite®inP RHEEEYIS HePTRAMRY offaMtedls a5t At CRMNRECH PRas

been introduced into a m croorganismcell a polynucl eotide conprising a
nucl eot | detBeqaba¥e SHAEHITGORTadmiing fianinquehdehvie afCBR2YAE ERAC is
capabl e of converting the above sul fur-
a corresponding sulfur-containing o«a-amino acid compound
10 (hereinafter, the enzyme will be sometimes referred to as
"the present enzyme (C)", and the polynucleotide will be
sometimes referred to as "the present polynucleotide (C)",
and the transformant will be sometimes referred to as "the
present transformant (C)");
15 [2] The process according to the item [1] wherein the
transformant is a transformant in which has been introduced
into a microorganism cell a polynucleotide comprising a
nucleotide sequence encoding an amino acid sequence of an
enzyme that 1is capable of converting the above sulfur-
20 containing amino alcohol compound into a corresponding
sulfur-containing o«o-amino aldehyde compound as well as
capable of converting the above sulfur-containing o-amino
aldehyde compound into a corresponding sulfur-containing o-

amino acid compound (i.e. the enzyme is "the present enzyme

25 (C)", and the polynucleotide is "the present polynucleotide



20 contai ning am no al cohol conpound into a correspondi ng sul fur-containing
a-am no al dehyde conpound as wel | as capable of converting the above

sul f ur - conDanrmg37a- am no al dehyde conpound i nto a corr @SpORZI1Ng65748

sul fur-containing a-am no acid conmpound (i.e. the enzyne is "the present
enzynme 25(C)", and the polynucleotide ig "the present polynucleotide WO
2012/ 005372PCT/ JP2011/ 065748 6 (C ", and the transformant is "the present
transformant (C)"), wherein said enzyne conprises any of the follow ng

am no aci d sequences: a) the am no acid sequence of SEQID NO 1, 5b) an

am no aci d(SpyuensRl Waheh t Saeie@deth by ia nueheotp ries sreguenes sgo raad¥A t hat
hybri di zes to a DNA consi sting of the nucleotide sequence of SEQ ID NO 2

or 5 under @ 8fi pgeptiaonRdild oty e WRbmBriSedn &Y NOr athd FequUeRGHE! an
enzynme that 1s capable of converting the above sulfur- 10 containing am no
al cohol cogpeynd, ingog ggﬁ&ggponding sul fur-containing a-am no al dehyde
conpound as well as capg l e of converting the above sul fur-containing

a- ani no aIgghgggrg@g@§u§gi&nggggeﬁgér8§pgggi@5_§5Lfgr-containing a- ani no

acid conmpound n-am no acid Sequefice in which one or a plurality
equence o) SEO FELRG SFLand SIS STHH hrt hoodePa S ehboRed Sn o5 oy me
compound | EE 8905 0r cRVBNArRG SUTUFTEUTE o fi Ao AUhnTRG" A GAFALT
conpound as_ wel |l as capable of converting the _abgye sul fur-containin
a-am no al Hefyd¥ isﬁﬁbleé‘ct‘?or?%sp%q“%i ﬁ& sﬁ%éf urZEJCSﬁt ar nilﬁbé%r- afi no
aci d conpound; [ 3] The process according to the item[1] or [2]
wher ei n R1Stringent condition and which 1s an amino acid seguence of

an enzyme that is capable of converting the above sulfur-

10 containing amino alcohol compound into a corresponding
sulfur-containing «o-amino aldehyde compound as well as
capable of converting the above sulfur-containing a-amino
aldehyde compound into a corresponding sulfur-containing o-
amino acid compound, or

15 c) an amino acid sequence in which one or a plurality of
amino acids have been deleted, substituted or added in the
amino acid sequence of SEQ ID NO: 1 and which is an amino
acid sequence of an enzyme that is capable of converting
the above sulfur-containing amino alcohol compound into a

20 corresponding sulfur-containing o-amino aldehyde compound
as well as capable of converting the above sulfur-
containing «a-amino aldehyde compound into a corresponding
sulfur-containing o-amino acid compound;

[3] The process according to the item [1l] or [2] wherein R?

25 of the sulfur-containing amino alcohol compound and the



250f the sul fur-containing am no al cohol conpound and the WO

2012/ 005372PCT/ JP2011/ 065748 7 sul fur-containing a-am no acid conpound is
an al kyl woaop/esszcng 1 to 5 carbon atons; [4] The prooeszsi/eeaey ding to
the item[1l] or [2] wherein Rl of the sulfur-containing am no al cohol
conmpound and the 5sul fur-containing a-am no acid conpound is a nethyl

group; [5] A reconbinant vector conprising a DNA in which a pronoter
functional in a mcroorganismcell is operably Iinked to a pol ynucl eoti de
conprising a nucl eoti de sequence encodi ng an am no acid sequence of an

enzyme thagulsudOcanediring ecawamnid ngcidecakpyanaulifsurawoal aiybi R ol No
al cohol conpound represented by the formula (1): (1) wherein RL

representshgygﬁ€g§ntoag ahkybnokedpshaving 1 to 8 carbon atons, or an aryl
group having 6 To 20 carbon 15atons; into a correspondi ng sul fur-containing

a-am no al gsryﬁﬁecsgpegeg a8 cWekhnds ceara! & tofy qanvesting ik Abayer?

sul fur-containing a-am no al dehyde conmpound into a correspondi ng

sul fur-congainiyng a5 28,9086k d:6QMROULG: £ &1 dB BN E¥ABOLRd and the

5 sulfur-containing a-amino acid compound is a methyl group:;

[5] A recombinant vector comprising a DNA in which a
promoter functional in a microorganism cell is operably
linked to a polynucleotide comprising a nucleotide sequence
encoding an amino acid sequence of an enzyme that is

10 capable of converting the above sulfur-containing amino

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

R1 OH

ey

wherein R* represents hydrogen, an alkyl group having 1 to
8 carbon atoms, or an aryl group having 6 to 20 carbon
15 atoms;
into a corresponding sulfur-containing o-amino aldehyde
compound as well as capable of converting the above sulfur-
containing o-amino aldehyde compound into a corresponding
sulfur-containing o-amino acid compound (i.e. the enzyme is
20 "the present enzyme (C)", and the polynucleotide is "the
present polynucleotide (C)");

[6] The véctor according to the item [5] wherein the



20"t he present enzyne (C)", and the polynucleotide is "the present

pol ynucl eotide (C)"); [6] The vector according to the item|[5] wherein the
WO 2012/ 08B362R03I7AP2011/ 065748 8 pol ynucl eoti de conpri pes/spha1/nescsseot i de
sequence of SEQ ID NO 5; [7] A transformant in which the reconbi nant
vector of the item[5] or [6] has been gntroduced into a m croorgani sm
5cell; [8] The transformant according to the item[7] wherein the

m croorganismcell is an E. coli cell; [9] A process for producing a
transformant conprising a step of introducing the vector of the item[5] or

[6] into 1081 ph&tPOs82AESBLRBI ses[ T0le Ausefide teqobheé 6€l SEQr @
processed product of the mcrobial cell of any of the follow ng
transformegds as a catalyst for converting a sul fur-containing am no
al cohol conpound represented by the forrmula (1):

[7] A transformant in which the recombinant vector of the

item [5] or [6] has been introduced into a microorganism
5 cell;

[8] The transformant according to the item [7] wherein the

microorganism cell is an E. coli cell;

[9] A process for producing a transformant comprising a

‘step of introducing the vector of the item [5] or [6] into
10 a microorganism cell;

[10] A use of a microbial cell or a processed product of

the microbial cell of any of the following transformants as

a catalyst for converting a sulfur-containing amino alcohol

compound represented by the formula (1):

NH,
R! OH
.\\S
15 (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
20 compound:

(a) both

a transformant in which has been introduced into a



15(1) wherein Rl represents hydrogen, an al kyl group having 1 to 8 carbon
or an aryl group having 6 to 20 carbon atons; into a

at ons,

cor r espongtongi2zmeksmar - cont ai ni ng a-am no aci d 20conpoundpctap2dobés7#s
transformant in which has been introduced into a WO

2012/ 005372PCT/ JP2011/ 065748 9 mi croorgani smcell a pol ynucl eoti de
conprising a nucl eoti de sequence encodi ng an am no aci d sequence of an
enzyme that is capable of converting the above sul fur-containing am no

al cohol

conpound into a corresponding sul fur-containing a- 5 am no

al dehyde cpipeypdghhibm EBE1CAZYBE yheclkbe ipkeseRb raRayige a( Aucland dde
pol ynucl eotide is "the present polynucleotide (A",

"the presept Lrapsf @nEBRLnGAL) ANGR J&ansiofIBAte | BrWAhcRnBYTMmebasL
introduced into a 10 mcroorganismcell a polynucleotide conprising a

nucl eoti de;
converting

ove sul fur-cont ing a-amno a

cor r espondi ngosub f ez EaILAT V1% 3 A0 PPe 5L Ha£RIPANAT Ll c8n e LR BY7 T

"the presen

5
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enzy

amino aldehyde compound (i.e. the enzyme is "the present
enzyme (A)", and the polynucleotide 1is "the present
polynucleotide (A)", and the transformant is "the present
transformant (A)") and

a transformant in which has been introduced into a
microorganism cell a polynucleotide comprising a nucleotide
sequence encoding an amino acid sequence of an enzyme
capable of converting the above sulfur-containing o-amino
aldehyde compound into a corresponding sulfur-containing o-
amino acid compound (i.e. the enzyme is "the present enzyme
(B)", and the polynucleotide is "the present polynucleotide
(B)", and the transformant 1is "the present transformant
(B)Y"),

{(b) a transformant in which have been introduced into a
microorganism cell both

a polynucleotide comprising a nucleotide sequence encoding
an amino acid sequence of an enzyme capable of converting
the above sulfur-containing amino alcohol compound into a
corresponding sulfur-containing o-amino aldehyde compound
(i.e. the polynucleotide 1is "the present polynucleotide

(A)", and the enzyme is "the present enzyme (A)") and

and the transfor mant

is

is

;1 56048068 eGOd NG, AN BE "o, &CLALFEAUEREE Ot AR 28 REVTE FARRN! € Of
%he g% gﬁ% Pgeﬁy

e conpound 1 nto a



15(B)", and the polynucleotide is "the present polynucleotide (B)", and the
transformant is "the present transformant (B)"), (b) a transformant in

whi ch hawsohesmossver oduced into a mcroorgani smcell botlhTd®2011/065748

pol ynucl eoti de conprising a nucl eoti de sequence encodi ng an am no acid
sequence of an enzyne capabl e of converig ng the above sul fur-containing

am no al cohol conpound into a correspondi ng sul fur-containing a-am no

al dehyde compound (i.e. the polynucleotide is "the present pol ynucl eotide
25(A)", and the enzyne is "the present enzyne (A)") and WO

2012/ 005373P§${1§}53Q1336Q_§5E4%0ﬁ%ﬂs{l@ig}’@%@@léd@i@@ﬁséh&bﬂgea antedalg de
sequence encodi ng an am no aci d sequence of an enzyne capabl e of converting

the above sHl B neOHAII SWhyderddd NG s akhde e O NPOYME1 & Nbe 2 k@ir@speNdi ng
sul fur-containing a-am no acid conpound 5(i.e. the polynucleotide is "the

present polygughegtl %%lfﬁ.l?)h—'bonacréqntil?l% QPZIEN & Saiaeﬁﬁjag;eéeg%o?gayg%t(&) "

and the transformant is e present transformant (A , )

transformpt Lo n%;g&@fﬁg begl HOLLosCeth 1 At 0 A R HOOTHAN SBGRd

pol ynucl eoti 1Sing”a nucl eotl guence encoding an amno acid

sequepce of.an e me _that i s capaple.of gonverting the .
sul qu- cont i R n&z%/?ﬁ 1 é’ln(l:loio oacclépr?poﬁ%d i%tl% aprceosrgernetsp %g&ngldeoude

sul fur-contajpin - am | dehyd d | | I f
conver i ng (Ehar aB50e S (A2 EEn 5F nt AHCa RS n TR CBhaouRac s

transformant is "the present transformant (AB)"), or
(c) a transformant in which has been introduced into a
microorganism cell a polynucleotide comprising a nucleotide
10 sequence encoding an amino acid sequence of an enzyme that
is capable of converting the above sulfur-containing amino
alcohol compound into a corresponding sulfur-containing oa-
amino aldehyde compound as well as capable of converting
the above sulfur-containing a-amino aldehyde compound into
15 a corresponding sulfur-containing o-amino acid compound
(i.e. the polynucleotide is "the present polynucleotide
(C)", and the enzyme is "the present enzyme (C)", and the
transformant is "the present transformant (C)");
[11] The use according to the item [10] wherein the
20 transformant is a transformant in which has been introduced
into a microorganism cell a polynucleotide comprising a
nucleotide sequence encoding an amino acid sequence of an
enzyme that is capable of converting the above sulfur-
containing amino alcohol compound into a corresponding

25 sulfur-containing o-amino aldehyde compound as well as



15a corres

pondi ng sul fur-containing a-amno acid conpound (i.e. the

pol ynucl eotide is "the present polynucleotide (C", and the enzyne is
present ewmowne/08372, and the transformant is "the preserCTiUPZNEHEH7HBANT

(©"); [11] The use according to the item[10] wherein the

is a trans

pol ynucl eoti de conprising a nucl eoti de sequence encoding an amno acid

"t he

20 transfor nant

formant in which has been intypduced into a mcroorganismcell a

sequence of an enzyne that is capable of converting the above

sul fur-con
25sul fur-c
2012/ 00537
sul fur-con
sul fur-con
enzynme (C
and the tr

tai ning am no al cohol conpound into a corresponding

88babDé NG fa- dnner &d ehyte coypaungudsunetbnasin¥¥y o-amino
2PCT/ JP2011/ 065748 11 capabl e of converting the above

LahBhPdeac8Rbhana! dabyde eorpPeuRdndihg 3 FUTeTRAHIMAng o-

taining a-amno acid conpound (i.e. the enzynme is "the present
amifdathe BOLYBURLEQLI e ke tea%y%ea%n?g@; PRl iy (O

ansformant is “"the present transformnt erein said
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I's encoded

b I ' 10 f h i di i gti
! The nuch bt 1 Shantec o ST T ROL D OF 16 Uhier = s (PP AG Ao IEaRdl £ on

and whi ch
converting
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(B2 22T S SSEREE D! BRI Lok o B2PR0E Slun
gggno acid sequences:

a) the amino acid sequence os SEQ ID NO: 1,

b) an amino acid sequence which is encoded by a nucleotide
sequence of a DNA that hybridizes to a DNA consisting of
the nucleotide sequence of SEQ ID NO: 2 or 5 under a
stringent condition and which is an amino acid sequence of
an enzyme that is capable of converting the above sulfur-
containing amino alcohol compound into a corresponding
sulfur-containing o«a-amino aldehyde compound as well as
capable of converting the above sulfur-containing o-amino
aldehyde compound into a corresponding sulfur-containing o-
amino acid compound, or

c) an amino acid sequence in which one or a plurality of
amino acids have been deleted, substituted or added in the
amino acid sequence of SEQ ID NO: 1 and which is an amino
acid sequence of an enzyme that 1is capable of converting
the above sulfur-containing amino alcohol compound into a

corresponding sulfur-containing o«a-amino aldehyde compound

as well as capable of converting the above sulfur-



15 sul fur-containing a-am no al dehyde conpound as well as capabl e of
converting the above sul fur-containing a-am no al dehyde conpound into a
cor r espongtongizieki7ar - cont ai ni ng a-ami no aci d conpound, eCTQP2@NE&ETINO0 aci d
sequence in which one or a plurality of 20 am no acids have been del et ed,
substituted or added in the am no acid gequence of SEQ ID NO 1 and which
is an am no acid sequence of an enzyne that is capable of converting the
above sul fur-containing am no al cohol conpound into a correspondi ng

sul fur-contai ni ng a-am no al dehyde conpound 25as wel |l as capabl e of

convertingcbheaahong sulahiiimo MQi20)R24 0853BIRET HRAN 14065¢4@ sk rexiniai ni ng
a-am no al dehyde conpound into a correspondi ng sul fur-containing a-am no

aci d conmpoypde,r[ddhtIbgiH§eaERORMI agieocbﬁgohham [10] or [11] wherein the
transformant is a transformant in which has been introduced 5 into a

M cr oor gani c o] i SN e spuaheat |
gani g5y cehl 8s8 Lypdeheqy gesgﬁgpgt%}& q%;bh o ﬁ%%? @%x&@%uemee

encodi ng an am no aclid sequence o Q he use according

to the it .GQLL&Qkf)g@?%1%&’9;&&&95@&@5@?8 Whi e ot %ie@ir{\%ﬁaapg@cﬁés@.gohol

conpound is”an"a 0gr olp “havi ng carbon atons;

[ he it. 10]_or_[11 in Rl of the sulfur-containi
am noCal QobBF oo BmIbLTRE TO% FE P br BugroL e ed i ErHEEEhE Ml

roduci ng a sul fur-containing a-am ho . .
P 9 nucleotide sequenc% encodlng an amino acid sequence of SEQ

ID NO: 1;

[13] The use according to the item [10] or [11] wherein R!
of the sulfur-containing amino alcohol compound is an alkyl

10 group having 1 to 5 carbon atoms;

[14] The use according to the item [10] or [11l] wherein R?
of the sulfur-containing amino alcohol compound is a methyl
group;

[15] A process for producing a sulfur-containing o-amino

15 acid compound represented by the formula (2):

NH,

R? ///\\\v//J\\\
g 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
20 (i.e. the compound is "the Compound (2)");
comprising

a step of reacting a sulfur-containing amino alcohol



15aci d conpound represented by the forrmula (2):

NH2 R1 COOH (2) wherein Rl

represents hydrogen, an alkyl group having 1 to 8 carbon atons, or an aryl

group hawvogofe/dos3720 carbon atons 20(i.e.
(2)")

NH2

10

15

compound represented by the formula (1):

NH,

(1)

wherein R' is the same as defined above

(i.e. the compound is "the Compound (1)");

with an enzyme that is capable of converting the above
sulfur-containing amino alcohol compound into a
corresponding sulfur-containing o-amino aldehyde compound
as well as capable of converting the above sulfur-
containing o-amino aldehyde compound into a corresponding
sulfur-containing o-amino acid compound (i.e. the enzyme is
"the present enzyme (C)");

[16] A process for producing a sulfur-containing oa-amino

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

R1
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

(i.e. the compound is "the Compound (2)");

comprising

t he conpound ipeT/JPha1/Gsammound
conprising a step of reacting a sulfur-containing am no al cohol
2012/ 005372PCT/ JP2011/ 065748 13 conpoungs represented by the formula (1):

)



R............ e " e /"0 ","0 HS (1) wherein
Rl is the sane as defined above (| e. t he corrpound |s “the Compound (1)");
5wi t h an wozymmosivat i s capabl e of converting the abovepsuwlibroii/6eniai ni ng
am no al cohol conpound into a correspondi ng sul fur-containing a-am no

al dehyde conpound as wel| as capabl e of; gonverting the above

sul fur-containing a-am no al dehyde conpound into a correspondi ng

10sul fur-contai ning a-am no acid conpound (i.e. the enzyne is "the present
enzynme (C)"); [16] A process for producing a sulfur-containing a-amno acid

conmpound represgnisedpbyo#t hge f OF MG aa( 2ul M- RN tREFFhd 2dmino alcohol

compound represented by the formula (1):

NH,

Q)

wherein R! is the same as defined above
5 (i.e. the compound is the above "the Compound (1)"):
with an enzyme capable of converting the above sulfur-

containing amino alcohol compound into a corresponding

sulfur-containing «-amino aldehyde compound (i.e. the
enzyme is "the present enzyme (A)"), and
10 a step of reacting the sulfur-containing o-amino

aldehyde compound obtained in the above step with an enzyme
capable of converting the above sulfur-containing a-amino
aldehyde compound into a corresponding sulfur-containing o-
amino acid compound (i.e. the enzyme is "the present enzyme
15 (B)™"):
[17] The process according to the item [15] or [16] wherein
R!' of the sulfur-containing amino alcohol compound and the
sulfur-containing o-amino acid compound is an alkyl group
having 1 to 5 carbon atoms; and
20 [18] The process according to the item [15] or [16] wherein
R! of the sulfur-containing amino alcohol compound and the

sulfur-containing o-amino acid compound is a methyl group.



15wherein Rl represents hydrogen, an al kyl group having 1 to 8 carbon

at ons,

or an aryl group having 6 to 20 carbon atons (i.e. the conmpound is

"t he ConpwondiA@yi?h; conprising WO 2012/ 005372PCT/ JP20 bi/rQ65l 4865t

step of

reacting a sul fur-containing am no al cohol

the formula (1): NH2 R1 OH 15

10

15

20

25

The present invention is capable of providing a novel
process for producing a sulfur-containing o«o-amino acid

compound such as methionine.

MODE FOR CARRYING OUT THE INVENTION

It will be understood that the inventions described is
not limited to the particular methodologies, 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.

Unless otherwise noted, all of the technical terms and
chemical terms used herein have the same meanings 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
or materials similar or equivalent to those described
herein, some of the preferred methods, equipments, and

materials are described in the following.

Hereinafter, the present invention is explained in

more detail.

conpound represented by

a



(1) wherein RI. is the sane as defined above 5(i.e. the conpound is the
above "the Conpound (1)"); with an enzyne capabl e of converting the above
sul f ur - conbanrag37am no al cohol conpound into a correspeadiJRe)11/065748

sul fur-contai ning a-am no al dehyde conpound (i.e. the enzynme is "the
present enzynme (A)"), and 10a step of regacting the sul fur-containing

a-am no al dehyde conpound obtained in the above step with an enzyne capabl e
of converting the above sul fur-containing a-am no al dehyde conpound into a
correspondi ng sul fur-contai ning a-am no acid conmpound (i.e. the enzynme is

"the present enzyaep:6(83s)of| e fhesphecesseatcondcbapraste item [ 15] or
[16] wherein R of the sul fur-containing am no al cohol conpound and the

sul fur-containi 99 s@=aMdw0 agkhd: £RFPAUNG I S1 A St n HPUBM DAY BA cbHA 5
carbon atons; and 20[ 18] The process according to the 1tem[15] or [16]

wherei n RlcgholhgasebreseanLal ByngnamtBonghgone) -compound and the

sul fur-containhing a-am no aci npound 1s a nethyl group. WO
2012/ 005372PCT/ JP2011/ 065748 15 The present invention is capabl e of
provi ding a novel processNﬁ@r produci ng a sul fur-containing a-amno acid
conpound such as net hi oni ne.

R! OH

s

ey

5 wherein R?! represents hydrogen, an alkyl group having 1 to
8 carbon atoms, or an aryl group having 6 to 20 carbon
atoms
(i.e. the compound is "the present Compound (1)"):;
with a microbial <cell or a processed product of the

10 microbial cell of any of the following transformants (i.e.
the transformant is "the present transformant"):
<Transformants>
(a) both a transformant in which has been introduced into a
microorganism cell a polynucleotide comprising a nucleotide

15 sequence encoding an amino acid sequence of an enzyme that
is capable of converting the above sulfur-containing amino
alcohol compound into a corresponding sulfur-containing o-

amino aldehyde compound (i.e. the enzyme is "the present

enzyme (A)", and the polynucleotide 1is "the present
20 polynucleotide (A)", and the transformant is "the present
transformant (A)") and a transformant in which has been

introduced into a microorganism cell a polynucleotide



5 MODE FOR CARRYI NG OUT THE | NVENTI ON It will be understood that the
i nventions described is not limted to the particul ar methodol ogi es,

pr ot ocol swoantk/sssgent s descri bed herein and that they eamibsminmosizis ed. 10
It will be understood that the ternms used herein are neant only to descri be
a particul ar enbodi nent of the present j-nvention, and that such terns do
not limt the scope of the present invention. Unless otherw se noted, all
of the technical terns and 15 chemical ternms used herein have the same
nmeani ngs as those conmonly understood by a person skilled in the technical
field of thempreseny ivantiest il gegliends eseiiodienbhonamiyo bacdar ri ed
out or exam ned by using nethods or materials simlar or equivalent to

those descgifedn2Ohesei fn <oNBmRf ther prief ecsesh 1Bt REFUSco e PIRG Theand

materials aré described in thé foll ow ng. Herei nafter, the present
i nventi on 15, £xplajingd iyl 6 98] ablami WO 2012400837 2BEP4R0114 065748 16
The process %‘? t he presentr{%]lvelgﬁ on gglrlrpri ses: aggoep of reacting a

sul fur-contai pipg.RAtRG 2Leehel -CATREHAH " ERLRS AR 6¢:BY bhpdfaumlia (1)
5 the enzyme is "the present enzyme (B)", and the
polynucleotide is "the present polynucleotide (B)", and the

transformant is "the present transformant (B)").

Examples of "an alkyl group having 1 to 8 carbon

10 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,

and an octyl group. Examples of "an aryl group having 6 to

15 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

1 to 8 carbon atoms. More preferred examples of R! include

an alkyl group having 1 to 5 carbon atoms. Further more

20 preferred examples of R! include a methyl group.

A method for obtaining a microbial cell or a processed
product of the microbial cell of the present transformant
as a catalyst to be used in the process of the present

25 invention is described.



(1) 5wherein Rl represents hydrogen, an al kyl group having 1 to 8 carbon
atons, or an aryl group having 6 to 20 carbon atons (i.e. the conpound is
"the pressotwQGmapoend (1)"); with a microbial cell or approesasess7y oduct
of the 10m crobial cell of any of the following transformants (i.e. the
transformant is "the present transformag"): <Transformants> (a) both a
transformant in which has been introduced into a mcroorganismcell a

pol ynucl eoti de conprising a nucleotide 15 sequence encoding an am no acid
sequence of an enzyne that is capable of converting the above

sul fur-contai ni pg anenesal gehabgagonpound into a correspondi ng

sul fur-contai ning a-am no al dehyde conpound (i.e. the enzyne is "the

present engyfre (A) o1 3RdciBBLRALYNBEERLLYR I Sa' t ReclkREelle 2Qquence
pol ynucl eotide (A)", and the transformant iS "the present transformant

(A 'l')aaggl ?}?1%{5:?213 OTgRNart fh Siaeh) N1ASBRRAEN bIUERT i fnd Hirfd00nGANT SM
capable of converting the sulfur-containing amino alcohol
5 compound to the corresponding sulfur-containing o-amino
aldehyde compound (i.e. the enzyme is "the present enzyme
(A)", and the polynucleotide is "the present polynucleotide
(B)") 1is introduced into a microorganism cell by using a
conventional genetic engineering procedure to produce the
10 present transformant (A), and also separately, a
polynucleotide comprising a nucleotide sequence encoding an
amino acid sequence of an enzyme that is capable of
converting the above sulfur-containing «-aldehyde compound
to the corresponding sulfur-containing o«o-amino acid
15 compound (i.e. the enzyme is "the present enzyme (B)" and
the polynucleotide is "the present polynucleotide (B)".) is
introduced into a microorganism cell by using a
conventional genetic engineering procedure to produce the
present transformant (B), which thus results in a

20 production of both transformants (1.e. "the present

transformant (A)" and "the present transformant (B)").

In a second method,
(b) a polynucleotide comprising a nucleotide sequence

25 encoding an amino acid sequence of an enzyme that is



WO 2012/ 005372PCT/ JP2011/ 065748 17 conprising a nucl eoti de sequence
encodi ng an am no aci d sequence of an enzyne that is capable of converting
t he aboveweubfawvszyent ai ni ng a-am no al dehyde conpound i pre/JR200006B8p0Ndi Ng
sul fur-containing a-am no acid conpound (i.e. 5 the enzyne is "the present
enzynme (B)", and the polynucleotide is {'¢ he present polynucleotide (B)",
and the transformant is "the present transformant (B)"). Exanples of "an
al kyl group having 1 to 8 carbon 10 atonms" represented by Rl in Conpound
(1) and Conpound (2) include a nethyl group, an ethyl group, a propyl
group, an LsPpkoRY|loHr QéRwved thitgy| tHEOUPphoRd | SO c A tlhi Ry t aRiinY
group, a pentyl group, a hexyl group, a heptyl group, and an octyl group.

Exanpl es of; (8Ro2" ¥bn@bauR NG 6c$9ré§$9n&9ﬁaogu§nsgga ohennasant ed by
Rl - include a pﬁeny group, a tolyl group, and a naphthyl group.

Vor e prof cPrs exa&‘%fhﬁ’% S (e hn ey g it et R bon
at ons. Furéggr gAﬁQpref(;,\lrreclch agg+f§ &@lggti@glugg an Ehy%g%rgﬁg

A et hod for~9b¥ ai

g’'a nlcrobl or a processed product
m cr opi al of .th res LLransformant as a catal yst to bhe used |n t he
procegs ofp?LgnB?%ggﬁfQESi ﬁ&e il oH'Fs HeRFIBRELE %3’ comprisin

2012/005372PCT/JP2 11/065748
nucleoti1 sequence encoding an amino acid sequence of an

enzyme that is capable of converting the above sulfur-
containing o-amino aldehyde compound into a corresponding
sulfur-containing o-amino acid compound (i.e. the enzyme is
10 "the present enzyme (B)", and the polynucleotide is "the
present polynucleotide (B)") are both introduced into a
microorganism cell by using a conventional genetic
engineering procedure to produce a transformant (i.e. "the

present transformant (AB)").

15
In a third method,
(c) a polynucleotide comprising a nucleotide sequence
encoding an amino acid sequence of an enzyme that is
capable of converting the above sulfur-containing amino
20 alcohol compound into a corresponding sulfur-containing o-

amino aldehyde compound as well as capable of converting
the above sulfur-containing o-amino aldehyde compound into
a corresponding sulfur-containing o-amino acid compound
(i.e. the enzyme is "the present enzyme (C)", and the

25 polynucleotide is "the present polynucleotide (C)") 1is



18 In a first nethod, (a) a polynucleotide conprising a nucleotide
sequence encodi ng an am no acid sequence of an enzyne that is capabl e of
converti ngot2oe/msd7bur - cont ai ni ng am no al cohol 5 conpowad/spmii/bes748
correspondi ng sul fur-containing a-am no al dehyde conpound (i.e. the enzyne
is "the present enzyme (A)", and the palgynucleotide is "the present

pol ynucleotide (A)") is introduced into a mcroorganismcell by using a
conventional genetic engineering procedure to produce the 10 present
transformant (A), and al so separately, a polynucl eotide conprising a

nucl eot i dej seayeNEEENCOEAY an apii ke cdGlgdnseauenee10f apy enzydind hata is
capabl e of converting the above sul fur-containing a-al dehyde conpound to

the correspgngiAg: SHAT Urg&nad Ak Nidhey 13T iRy aphd el reonpounsh-ddude the
enzynme is "the present enzynme (B)" "and the polynucleotide is "the present

pol ynucl eof LdekBimante! $11 01" 08Heed bOEALACHLGEIRLARALSTLGE) ! by using a

conventi onal genetic engineering ptocedure to produce the present
transformant (B), which thus results in a 20production of both
transformants(i.e. "the present transformant (A)" and "the present

Lranskorant (B ) baeReseoald TELNOG, oy o end DhaBuBELVRHCERL G
enzymne thaén%?mevgk 0%%AgogggggggégP%%&&%%%?@% fg%eferred to as "the
present enzyme". The polynucleotide (A), the
polynucleotide (B) and the polynucleotide (C) are sometimes
collectively-referred to as "the present polynucleotide™.
10 The transformant (A), the transformant (B) and the

transformant (C) are sometimes collectively-referred to as

"the present transformant".

A method for producing the present transformant
15 according to a foreign gene introduction technique 1is
described.

Examples of the present enzyme include an enzyme
capable of converting the above sulfur-containing amino
alcohol compound into a corresponding sulfur-containing o-

20 amino aldehyde compound (i.e. "the present enzyme (A)"), an
enzyme capable of converting the above sulfur-containing o-
amino aldehyde compound into a corresponding sulfur-
containing o-amino acid compound (i.e. "the present enzyme
(BY"), and an enzyme that is capable of converting the

25 above sulfur-containing amino alcohol compound into a



capabl e of converting the above sul fur-containing am no al cohol conpound
into a correspondi ng sul fur-containing a-am no al dehyde conpound (i.e. the
enzyme i swothe/qpszsent enzyne (A)", and the pol ynucl eot iPde/IP21i/hHése48r esent
5 polynucleotide (A)") and a pol ynucl eoti de conprising a nucl eotide
sequence encodi ng an am no acid sequencel of an enzynme that is capable of
converting the above sul fur-containing a-am no al dehyde conmpound into a
correspondi ng sul fur-containing a-am no acid conpound (i.e. the enzynme is
10 "the present enzyne (B)", and the polynucleotide is "the present

pol ynucl eotbeeeéBdnginge gt n-drachiGeichg Nte adifioCr KD gayids Megidoudyd usi ng
a conventional genetic engineering procedure to produce a transformant

(i.e. "theypregent tpansiqpymite (A" )codvettingt hthd NMebBed, stQ)fud-
pol ynucl eoti de conprising a nucl eoti de sequence encodi ng an am no acid

sequence Of,an, EAZYHE Ll s SRRAD) & OborBBYURHL It d hg aBR sponding
sul fur-containing amno 20 al cohol™ conpound into a correspondin

g
sul f ur - conf ai B, pdc 3, 201 19ng! delndccamennthSollil | (85 caPalke dfesent

converting e above su contai ning a- al dehyde conpou into a
correspondi ng _sul furscontai ning a-am no acid conmpound (i.e. the enzynme is
"t he %reseﬁ?ggﬁ%yﬁgg(gj", and the 25pol ynucl eotide is "the present

pol ynucl eotide (C") is WD 2012/ 005372PCT/JP2011/ 065748 20 introduced into
a mcroorganismcell by using a conventional genetic engineering procedure

to produce a transformant (i.e. "the present transfor t. (QO").

Srerei naf ter. | RESBRLS ao OEAEIE et SREY e SLBY T A Bnie £ eazame
sonetines collectively-referred to_as "the present enzyne". The

pol ynucl eof PHRI {2} It ABYpBEyhDEI 6L 1 AW1RE) 2aRAROt RE1F0SFRUEPESSI'de (C) are

sonetinmes collectively-referred to as "the Eresent pol ynucl eoti de".
a) an amino acid sequence of an alcohol dehydrogenase (i.e.

10 an enzyme that catalyzes a reaction of oxidizing an alcohol
to an aldehyde),
b) an amino acid sequence which is encoded by a nucleotide
sequence of a DNA that hybridizes to a DNA consisting of a
nucleotide sequence encoding an amino acid sequence of an

15 alcohol dehydrogenase under a stringent condition, and
which is an amino acid sequence of an enzyme capable of
converting the above sulfur-containing amino alcohol
compound into a corresponding sulfur-containing a-amino
aldehyde compound, or

20 c) an amino acid sequence in which one or a plurality of
amino acids have been deleted, substituted or added in an
amino acid sequence of an alcohol dehydrogenase, and which
is an amino acid sequence of an enzyme capable of
converting the above sulfur-containing amino alcohol

25 compound into a corresponding sulfur-containing o-amino



10 The transformant (A), the transformant (B) and the transformant (C) are
sonetines collectively-referred to as "the present transformant”.

A met hod worofesirei ng the present transfornmant 15accor ¢cmgpriai/essiey ei gn
gene introduction technique is described. Exanpl es of the present
enzynme include an enzyne capabl e of comverting the above sul fur-containing
am no al cohol conpound into a correspondi ng sul fur-containing a- 20 am no
al dehyde compound (i.e. "the present enzyne (A)"), an enzyne capabl e of
converting the above sul fur-containing a-am no al dehyde conpound into a
cor r espondi ngeBYbé UEomPBLAHNI Ng a-am no acid conmpound (i.e. "the present
enzyne (B)"), and an enzyne that is capable of converting the 25above

sul fur-contai ni ng am no al cohol conpound into a WD

2012/ 005372PCT/ JP2011/ 065748 21 correspondi ng sul fur-containi ng a-am no

al dehyde conpoupd.asuel |, :as. 1aPaPLseRf eABYRE! I (1Y (NecARQ¥Can enzyme

sul fur-contai ning a-am no al dehyde conpound”into a correspondi ng

sul fur-cont al ni . A= ani i i A | : o").
e oo of STRET S BCEhI0RE L0 SIRIUIAY, afting B818" SREMLARRLTE (o The

follognng gvlgﬂla%%gn%ﬁqggg e§§equence of an aldehyde dehydrogenase

(that is, an enzyme that catalyzes a reaction of oxidizing
an aldehyde to a carboxylic acid),
b) an amino acid sequence which is encoded by a nucleotide
sequence of a DNA that hybridizes to a DNA consisting of a
10 nucleotide sequence encoding an amino acid sequence of an
aldehyde dehydrogenase under a stringent condition, and
which is an amino acid sequence of an enzyme capable of
converting the above sulfur-containing a-amino aldehyde
compound into a corresponding sulfur-containing «-amino
15 acid compound, or
c) an amino acid sequence in which one or a plurality of
amino acids have been deleted, substituted or added in an
amino acid sequence of an aldehyde dehydrogenase, and which
is an amino acid sequence of an enzyme capable of
20 converting the above sulfur-containing «a-amino aldehyde
compound into a corresponding sulfur-containing o«o-amino

acid compound.

Examples of the present enzyme (C) include an enzyme

25 comprising any of the following amino acid seguences:



a) an am no acid sequence of an al cohol dehydrogenase (i.e. 10an enzyne
that catalyzes a reaction of oxidizing an al cohol to an al dehyde), b) an
am no aciwogepuessye which is encoded by a nucl eoti de seguenemi10bHesassDNA t hat
hybri di zes to a DNA consisting of a nucl eoti de sequence encodi ng an am no
acid sequence of an 15 al cohol dehydrogenase under a stringent condition,
and which is an am no acid sequence of an enzyne capabl e of converting the
above sul fur-containing am no al cohol conpound into a correspondi ng

sul fur-cont ai ni ng a-am no al dehyde conpound, or 20c) an am no acid sequence

in which oge oram plaiald tyael ankaguastds hewe haen delehde Asubsidut ed
or added in an am no acid sequence of an al cohol dehydrogenase, and which

i's an am nQeﬁE}&igoé@HHggceﬁtQ‘fa@nignZYJHa capghke ©facoRwREVRG st Boahowe
sul fur-confaini ng"am no al cohol ~25conpound”into a correspondi ng

Su'fur'conggﬁiﬁpgna' | 1195 M0 2(3905:;31725@1?]Pt%l)lyn06§2é§h§aeal591?@3’_%3_

conpound. es of the present enzynme (B) include an enzyne conprising

any of theréQéL?&%“QfagkggiQEhg 3f94¢8EHYde to a carboxylic acid),

5 b) an amino acid sequence which is encoded by a nucleotide
sequence of a DNA that hybridizes to a DNA consisting of a
nucleotide sequence encoding an amino acid sequence of an
aldehyde/alcohol dehydrogenase under a stringent condition,
and which is an amino acid sequence of an enzyme that is

10 capable of converting the above sulfur-containing amino
alcohol compound into a corresponding sulfur-containing o-
amino aldehyde compound as well as capable of converting
the above sulfur-containing o-amino aldehyde compound into
a corresponding sulfur-containing a-amino acid compound,

15 c) an amino acid sequence in which one or a plurality of
amino acids have been deleted, substituted or added in an
amino acid sequence of an aldehyde/alcohol dehydrogenase,
and which is an amino acid sequence of an enzyme that is
capable of converting the above sulfur-containing amino

20 alcohol compound into a corresponding sulfur-containing o-
amino aldehyde compound as well as capable of converting
the above sulfur-containing a-amino aldehyde compound into
a corresponding sulfur-containing oa-amino acid compound,

d) the amino acid sequence of SEQ ID NO: 1,

25 e) an amino acid sequence which is encoded by a nucleotide



5 a) an am no acid sequence of an al dehyde dehydrogenase (that is, an
enzyne that catalyzes a reaction of oxidizing an al dehyde to a carboxylic
aci d), byoananssve aci d sequence which is encoded by apowgbmatisesssequence
of a DNA that hybridizes to a DNA consisting of a 10 nucl eotide sequence
encodi ng an am no aci d sequence of an agehyde dehydrogenase under a
stringent condition, and which is an am no acid sequence of an enzyne
capabl e of converting the above sul fur-containing a-am no al dehyde conpound
into a correspondi ng sul fur-containing a-am no 15acid conmpound, or c¢) an

am no aci dssgquRREe ofN MHEA @RAOM B PIdH Add t ¥o0fa aimocaskdsthage dreen
del eted, substituted or added in an am no acid sequence of an al dehyde

dehydr ogengge, éé@éf&lei $ AN B0 RCT SEFeGULNRE : Of 2 aR LNy ey gapakl e of
20 converting the above sul fur-containing a-am no al dehyde conpound into a

Corr35p0nd%9gﬁﬁaéﬁgrb%ggﬁﬁﬁghngf%gQﬁ%%?h quaQOQHQHBdﬁgid sequence of

Exanpl es o e’ present enzyne e an enzyne 25conpri'si ng any of

the foll owi ng _am ha i.d sequ : 20 05837 P [0 23 a) an
am no aid %%qﬁgﬁggeoﬁﬁgﬁ:a %eﬁgégﬁéFzgﬁbfﬁﬁéﬁviggégﬁgé% %BégF ?%@ﬂgﬁzenzyne
t hat atal¥ze§ both a reaction ofhogidizinga algphol to an ald?ﬁqu and a
reactPon of°BkPHIZPAg FATRP dePY R0 & CW r>1<€I iTEC B, CBH)PR “Amtho
aci d sequence _which is encoded by, a nuci ol i de sequence of a t hat
hybridizessP5f5rER$PEGh§F§9inﬁ'%%lﬁonu% g%?y E s%éhﬁﬁ%%geﬁ¥%di Tan i no
aci d sequence of an al dehyde/ al cohol dehydrogenase under a stringent

condi ti on, CaRAPWAI & | CRTPEM MD S8Rd ARMirent 8l 6RLaROBRSYREREh&T I ROL0
capabl e of converting the above sul fur-contai ning am no al cohol conpound
into a corfedpbrErngOBRPHPDE- éBRPaRNICAE TESRANAE NEl Gehde ~COmIddRd "ds el | as
capabl e of converting the above sul fur-containing a-am no al dehyde conpound
into a corawmspondrhg samparndenPdi ni ng a-ami no acid conpound,

10 f) an amino acid sequence in which one or a plurality of
amino acids have been deleted, substituted or added in the
amino acid sequence of SEQ ID NO: 1 and which is an amino
acid sequence of an enzyme that 1s capable of converting
the above sulfur-containing amino alcohol compound into a

15 corresponding sulfur-containing «o-amino aldehyde compound
as well as capable of converting the above sulfur-
containing o-amino aldehyde compound into a corresponding

sulfur-containing o-amino acid compound.

20 Examples of the present polynucleotide include:
(a) a polynucleotide comprising a nucleotide sequence
encoding an amino acid sequence of an enzyme capable of
converting the above sulfur-containing amino alcohol
compound into a corresponding sulfur-containing o-amino

25 aldehyde compound (i.e. the enzyme is the present enzyme



15 c¢) an am no acid sequence in which one or a plurality of am no acids
have been del eted, substituted or added in an am no acid sequence of an

al dehyde/wbeotxlossiehydr ogenase, and which is an anm no aeicd/Jssaquessoes of an
enzynme that is capable of converting the above sul fur-containing am no

20al cohol conpound into a correspondi ngpsul fur-containing a- am no al dehyde
conpound as well as capable of converting the above sul fur-containing

a-am no al dehyde conpound into a correspondi ng sul fur-containing a-am no
acid conmpound, d) the amino acid sequence of SEQ ID NO 1, 25e) an am no

aci d sequepgg, WAhgh dife €p6P¢RA-P¥oiguCli@otirle pMWsent polynucleotide
2012/ 005372PCT/ JP2011/ 065748 24 sequence of a dﬁA that hybridizes to a DNA

consi sting g ;he nucl eoti de sequence of SEQ ID NGO 2 or 5 under a
stringent condition and which is an am no acid sequence of an enzyne that

st ri ngent ! 1o acid sequence of
compabnd | #Eb al0orrbeRaROPRG Taal 1 GriROACA I ng e aaiRe A Hehy S Conabund

25 el | 2558830 oy conYELt Lg I he. ahowe. Suld uls cQULal ng.agilng o

al dehyde c%%% 0 a Correspondi ng sSulfur-cont ai ni no aci

conpound, or 10f).an am no acid sequence in which one or .a plurality of
ani nogaci d%oﬂ%’égbﬁgn ?et%ﬁ‘?vesubsg‘llﬁi{%ﬁ_e%rbtram ioh_Wéldgn‘iarJf e&é%/d(f
sequence of SEQ ID NO 1 and which is an amn ci d sequence of an enzyne
that is capaBPUBE cthvertd nFXHeE IELIFTéLéaﬁﬂQQWﬁ &8 n& &Mool
conmpound into a 15 correspondi ng sul fur-caontaining a-anm no al dehyde
conpound a3Cih@| FoRRoEafablie of EoRVEREVRE tife HBoVRI ¢ tir SBBNTSI ritig
a-am no al dehyde conpound into a correspondi ng sul fur-containing a-am no
aci d conpoahd. theERarphasleptine preseit PBEFANE| PetvaEclaetdde: (B)),

and

10 (c) a polynucleotide comprising a nucleotide sequence
encoding an amino acid sequence of an enzyme that 1is
capable of converting the above sulfur-containing amino
alcohol compound into a corresponding sulfur-containing o-
amino aldehyde compound as well as capable of converting

15 the sulfur-containing oa-amino aldehyde compound 1into a
corresponding sulfur-containing o-amino acid compound (i.e.
the enzyme is the present enzyme (C), and the

polynucleotide is the present polynucleotide (C)).

20 Specific examples of the present polynucleotide (C)
include a DNA comprising the nucleotide sequence of SEQ ID
NO: 2 (a nucleotide sequence of a gene of an enzyme from
bovine liver) and a DNA comprising the nucleotide sequence
of SEQ ID NO: 5 (a nucleotide sequence designed by

25 selecting a codon that is frequently used in E. coli among



(a) a polynucl eotide conprising a nucl eotide sequence encodi ng an am no
aci d sequence of an enzyne capabl e of converting the above

sul f ur - conbanrag37am no al cohol conpound into a correspeadiJRe)11/065748

sul fur-cont ai ni ng a-am no 25al dehyde conpound (i.e. the enzyne is the
present enzyme WO 2012/ 005372PCT/ JP2011/§65748 25 (A), and the

pol ynucl eotide is the present polynucleotide (A)), (b) a polynucleotide
conprising a nucl eoti de sequence encodi ng an am no acid sequence of an
enzyne capable of 5 converting the above sul fur-containing a-am no

al dehyde copReNsddodliogd &0 aRSAENAIIEG Sth{tir i s0NhRIIKIdRG ar@ kA0 agEind
conpound (i.e. the enzyne is the present enzyne (B), and the pol ynucl eoti de

is the presepy pobyoHebegki dg EBLymeardokObeksa pakyxrycl eotide conprising a
nucl eoti de sequence encoding an aim no aci d sequence of an enzyne that is

capabl e of converting the above sul fur-containing am no al cohol conpound
into a correspondi ng sul fur-containing a-am no al dehyde conpound as well as

capabl e of convertjnge 13 dhe,Subtulafontahning aAMAO fldebyde ggmound
I'n conpound (I.e. the

into a correspon sul f'ur-contai ning a-amno aci

enzy isth resent enzyne (C), and th olynucl eot. is_th r.esent
pol yn cIeo??ggg?ED??nﬁosﬁécPfgg ngﬁﬁ 5§%SB %&e%%Fgggﬁ%§Bglfn§§€§ﬁ%oe (O
include a DNA conprisin he nucl eot.i.de sequence of SEQ ID NO 2 (a

nucl eot | delgE‘aue?lcen%tfu’gaJ‘gen%erb? é.’?%tekhzfr‘?g%_r eocof\ﬁcﬁe%uit\?egﬁneasﬁtf a Bna
conprising the nucl eoti de sequence of S a nucgl eoti de sequence

C ES ID NO 5 %
desi gned bYUdBEeReRiPrigra2EBABA £RGt OF8FPequiRePy SGLEETRIER &GIHUTanong

gene, it may be advantageous as a subject to Dbe
microorganisms capable of producing an enzyme capable of
10 converting the above sulfur-containing amino alcohol into a
corresponding sulfur-containing o-amino aldehyde compound
(i.e. the present enzyme (A)), a microorganism capable of
producing an enzyme capable of converting the above sulfur-
containing «a-amino aldehyde into a corresponding sulfur-
15 containing o-amino acid compound (i.e. the present enzyme
(B)), and a microorganism capable of producing an enzyme
that is capable of converting the above sulfur-containing
amino alcohol into a corresponding sulfur-containing o-
amino aldehyde compound as well as capable of converting
20 the above sulfur-containing o-amino aldehyde into a
corresponding sulfur-containing o-amino acid compound (i.e.

the present enzyme (C)).

Examples of the microorganism as a population for

25 screening a microorganism capable of producing the above



WO 2012/ 005372PCT/ JP2011/ 065748 26 codons coding an amno acid that is
included in an am no acid sequence of an enzyne from horse liver). Exanples
of the prweent2/qsi7gnucl eotide may include a 5 natural @emagp2mi/oe&7¢gene
generated by introducing a nutation into a natural gene with site-directed
mut agenesi s or nut agenesi s-treatnment angy ot hers. \Wen screening a natural
gene, it may be advantageous as a subject to be m croorgani sns capabl e of
produci ng an enzyme capable of 10 converting the above sul fur-containing
am no al cohol into a correspondi ng sul fur-containing a-am no al dehyde
conpound (éngyméhenpnesentorRNzyfembAr) midk Micygearigats Sse tapeblefebm a
produci ng an enzyne capabl e of converting the above sul fur-containing
a-amno al E?BMﬁecbﬁ'EQseiﬁ?r FESREBLLBE gaHE - oflBheolkaiull NU craigdeHCi d
conmpound (i.e. the present enzyme (B)), and a m croorgani sm capabl e of

produci ng an-epzyREntbat be capabbauaf seenvantd naitheale¥e sms of the
sul fur-contalning"am no al cohol into a correspondi ng sulfur-contai ni ng

a-amino_al dehyde Lanpound 2s Yald: 2% £ARAME Of £oDVEEHLIY rfiddie ahove

I
sul fur-contfai ning a-am no al' dehy a corresponding su - cont al ni ng

m o1 obr garf 4 SEC A ROBH AP SN OF of "CVB Db 2R UOEs FIPERFIPa0L L) 065748 27

enzyme include one or nore mcroorgani sns selected froma group consisting
of m croorgani snms of the genus Al caligenes, mcroorganisns of the genus
Baci | | us, nicroorganisns o% th genus Pseudanonas, m croor aq;sns q; t he
genus Rhodobact@F mples O the "microorganism as a population or

screening a microorganism capable of producing the above
enzyme also include one or more microorganisms selected
10 from a group consinting 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,
15 Bacillus moritai, Bacillus pumilus, Bacillus sphaericus,
Bacillus subtilis, Bacillus validus, Pseudomonas

denitrificans, Pseudomonas ficuserectae, Pseudomonas fragi,
Pseudomonas mendocina, Pseudomonas oleovorans, Pseudomonas
ovalis, Pseudomonas pseudoalcaligenes, Pseudomonas putida,
20 Pseudomonas 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..



5and m croorgani sms of the genus Rhodococcus. Exanpl es of the

m croorgani smas a popul ation for screening a m croorgani sm capabl e of
produci ngwbheizaossre enzyne al so i ncl ude one or nore m croeganisesisel ect ed
10 froma group consinting of Alcaligenes denitrificans, Al caligenes
eutrgphus, Al caligenes faecalis, Al caligenes sp., Alcaligenes xylosoxydans,
Bacillus al vei, Bacillus badius, Bacillus brevis, Bacillus cereus, Bacillus
coagul ans, Baci | l usfirnus, Bacilluslicheniforms, 15Bacillus noritai,
Baci |l l us pum lus, Bacillus sphaericus, Bacillus subtilis, Bacillus validus,
Pseudononas denitrificans, Pseudononas ficuserectae, Pseudononas fragi,
Pseudononas nendoci na, Pseudononas ol eovorans, Pseudononas ovali s,

Pseudononas psepé@@éﬁ@éage@am&@ydomas thuet i 0Ri crd0rBspuUgRNONES a
put ref aci ens, Pseudononas ri bofl avi na, Pseudononas stram nea, Pseudononas

syringae, Esgudomppas trapact s Peehidouongs RSOy it sbseudoBnes of

vesi cul ari odobact er sphaer ol des; Rhodococcus erythrqpolis, Rhodococcus
g ober ul oo BIAgecgecus FO0UORCAUS: AL ARENIOURORGIE Shne VB more

or oduti ng THE- ARBRER AT e ST TS ond oF ok e SECREer ooy Sany Chg” sel Gt ed
Lt T ophus. ATERIST9355 A Rar T GEREEETABoaTT o] $1 2650 = ] G4 porfel g s
Foteize RELHRPEL AL SRR R TR L3

IF014130, Alcaligenes xylosoxydans 1IF015125t, Alcaligenes
xylosoxydans IF015126t, Bacillus alvei IF03343t, Bacillus
10 badius ATCC14574¢t, Bacillus brevis JCM2503t, Bacillus
cereus JCM2152t, Bacillus coagulans JCM2257t, Bacillus
firmus JCM2512t, Bacillus licheniformis ATCC27811, Bacillus
licheniformis 1F012197, Bacillus licheniformis IF012200t,
Bacillus moritai ATCC21282, Bacillus pumilus IF012092t,
15 Bacillus sphaericus I1F03341, Bacillus sphaericus IF03526,
Bacillus subtilis ATCC14593, Bacillus subtilis ATCC15841,
Bacillus subtilis IF03108, Bacillus subtilis 1IF03132,
Bacillus subtilis 1IF03026, Bacillus subtilis IF03037,
Bacillus subtilis IF03108, Bacillus subtilis 1IF03134,
20 Bacillus validus IF013635, Pseudomonas denitrificans
IAM1426, Pseudomonas denitrificans IAM1923, Pseudomonas
ficuserectae JCM2400¢t, Pseudomonas fragi IAM12402,
Pseudomonas fragi IF03458t, Pseudomonas mendocina IF014162,
Pseudomonas oleovorans IF013583¢t, Pseudomonas ovalis

25 IF012688, Pseudomonas pseudoalcaligenes JCM5968¢t,



10 badi us ATCCl14574t, Bacillus brevis JCW503t, Bacillus cereus JCW152t,
Baci | | us coagul ans JCW257t, Bacillus firnmus JCM512t, Bacill us

| i cheni f owoi2812A065327811, Bacillus lichenifornis | FO12198cTBagiihbhess4s
licheniform s | F012200t, Bacillus noritai ATCC21282, Bacillus pum | us

| F012092t, 15 Bacillus sphaericus | FO334#1, Bacillus sphaericus | F03526,
Bacillus subtilis ATCC14593, Bacillus subtilis ATCC15841, Bacillus subtilis
| FO3108, Bacillus subtilis | F03132, Bacillus subtilis | F0O3026, Bacill us
subtilis I FO3037, Bacillus subtilis |IF03108, Bacillus subtilis |F03134, 20

Baci | | us vakidusmdF933 633 daPssudomyegs desiitibhbhganputAlk426,01Rseudgmonas
denitrificans | AML923, Pseudononas ficuserectae JCV2400t, Pseudonobnas fragi

| AML2402, E§8PQQHQHQ§ f5.891 g4 Fe3438t5,PseudonBRasRendeciag TFoh4ke%,
Pseudononas ol eovorans "I FO13583t, Pseudonpbnas ovalis

251 F012688 S i ge 968 : ;
2012/ 0053755%%1%%‘% Wﬁ%uggé‘é% ’ pu}tofedlé%%’iazsggélb&f eodomnas
utida | FO seu tjda P as j 653,
gseudonnna%§%3?$%?56ie%%gﬁgﬁaéﬁig P§§%Edﬁé%%% r?gggﬁgg?ﬁa ?%%%%%@ﬁgg&?
Pseudononas stramn 83t, Pseudonbna SYLi 014055, , Pseudononas
t abact |Fo§%6é99ﬁ§e§38i§5§§wxﬁﬁ%%é%%ﬁﬁ?ﬁF%%a%%% Eg§§8§§on S S L
JCML477t, Rhodobacter sphaeroi des ATCC17023, Rhodococcus, eryt pal. s
012550 EABGLBOGREes el e RPCETBRres rOts bR iar ] Ron e
ATCC15076, Rhodococcus rhodochrous_ ATCC15610, 10 Rhodococcus .r hodochr ous
ATCC19067, RRAGEBE6EE LS SPRBASERAETSPAFEEI 249, RRRGPSOSENFs ST

ATCC19150, Rhodococcus rhodochrous ATCC21197, Rhodococcus rhodochrous
ATCC21199, IFRb43éBecuBhpHBE6ERESUS IFChBZUZHS RAGHSEEEOI®s sFhoRReC A,

Rhodococcus sp. ATCC19071 and Rhodococcus sp. ATCC19148. 15 These
m cr oor gankBagomhyobe RHErS (5ol aRégdboconciiat urapdeehrees, AGICCdaHiliOy
gotten by purchasing fromculture collection. Exanpl es of culture

col | 88t i onRhedorwhiuoh tthedochrous ATCC19067, Rhodococcus rhodochrous
ATCC19149, Rhodococcus rhodochrous ATCC19150, Rhodococcus
rhodochrous ATCC21197, Rhodococcus rhodochrous ATCC21199,
Rhodococcus rhodochrous JCM3202t, Rhodococcus sp. ATCC19070,

Rhodococcus sp. ATCC19071 and Rhodococcus sp. ATCC19148.

15
These microorganisms may be either isolated from
natural sources, or easily gotten by purchasing from
culture collection.
Examples of culture <collection from which the
20 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

25 National Institute of Technology and Evaluation Biological



20m croorgani sns can be purchased, include the follow ng culture
collections. 1. IFO (Institute of Fernentation Osaka) culture collection
At presenwo 2bixositbt ure col lection is transferred to 25Natrijorakodsngd i t ute
of Technol ogy and Eval uation Biol ogical WD 2012/005372PCT/JP2011/ 065748 30
Resource Center (NBRC). M croorgani snms g@n be purchased by filing an
application to NBRC, which can be done by, for exanple, accessing the
website of NBRC(http://ww. nbrc.nite.go.jp/ NBRC2/ NBRCDi spSear chSer vl et

5?1 ang=jp). 2. ATCC (Anerican Type Culture Col |l ection) M cr oor gani snms

can be purghasedcLhtongbr SYRBRE) Phauieeerligeal Smsnttahndll plidlch@e@omat i on,
ATCC I ndustry D vision by, for exanple, accessing its website

10
http:// vk i . O i | i ool 5. AT
(http %ﬁ%&%&p%ﬂﬁ&%&u apanese’, sefvi &8/ s ATEG hicmae)b&_ for

Al t er nat y, M croorgani sns can be purchased directly from AT

gf:ggpe??L%Q%%ﬁgg’ of Mcr %cg&aggist{gs) At present, the gultyrge collectjon is
NBRC (http://www.nbrc.nite.go.jp/NBRC2/NBRCDispSearchServlet
5 ?lang=jp) .
2. ATCC (American Type Culture Collection)

Microorganisms can be purchased through Summit
Pharmaceuticals International Corporation, ATCC Industry
Division by, for example, accessing its website

10 (http://www.summitpharma.co.jp/japanese/service/s ATCC.html
). Alternatively, microorganisms can be purchased directly
from ATCC.

3. JCM (Japan Collection of Microorganisms)

At present, the culture collection is transferred to

15 National Institute of Physical and Chemical Research
Biological Resource Center (RIKEN BRC), Microbe Division.
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

20 RIKEN (http://www.jcm.riken.go.jp/JCM/aboutJCM J.shtml).

4. IAM Culture Collection
At present, among the IAM Culture Collection, bacteria,
yeasts, and filamentous fungl are transferred to National

Institute of Physical and Chemical Research Biological

25 Resource Center, Microbe Division (JCM), and microalgae are



15 National Institute of Physical and Chem cal Research Biol ogi cal Resource
Center (RIKEN BRC), M crobe Division. Mcroorganisnms can be purchased by
filing arweppiwai7zon to RI KEN BRC, which can be done bycTiproienam e,

accessing a site for the culture collection in the website of
20RI KEN(http://www. jcm ri ken. go. j p/ ICMzpbout JCM J. shtm ). 4.
Col I ection At present, anong the 1AM Culture Coll ection,

| AM Cul ture
bacteri a,

yeasts, and filamentous fungi are transferred to National Institute of

Physi cal and Chem cal Research Bi ol ogi cal 25Resource Center,

M cr obe

Di vi si on (d£Msfapdedi ci®ahgae oriel WOu20h2£0063Y 2P0 P20kl / MaTd4Hhadl
transferred to Mcrobial Culture Collection in National Institute for

Envi ronment ak+ St ydi eso £ NEES) rolhnehean garigse sCanTpg ) pur chasediparfiidnigng an
application to JCMor N ES, which can be done by, for exanple, accessing a

site for t Sgul tyur | ty .onj it _ .
JCM httpiﬁﬁwﬁ%c%ﬁrﬁ%ﬁ%ﬁ%@%%ﬁ%ﬁ%a lication to JCM

or

_ NIES,
I"J.shtml ) orinthewebsiteof Nl ES

(http:// ”B&%g&g;%grg- ho/ abaut £yl i reOr debndel, LOAISREGI\ iaC SXRATHES t9fe

screening t

5 culture collection in the website of

JCM (http://www.jcm.riken.go.jp/JCM/aboutICM J.shtml)

or in the website of NIES
(http://mcc.nies.go.jp/aboutOnlineOrder.do).
10 As specific examples of screening the above

microorganism capable of producing the above enzyme, in a

test tube is placed 5 ml of sterilized culture medium, and

thereto 1is inoculated with a microorganism obtained by

purchasing from a culture collection or a microorganism

15 isolated from soil. 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 a viable cells. 1In a

screw-top test tube is placed 2 ml of 0.1 M Tris-glycine

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

viable <cells, and the mixture 1is suspended.

prepared

To the

suspension 1is added 2 mg of a sulfur-containing amino

alcohol compound such as methioninol and/or a

containing «-amino aldehyde compound such as 1-

sulfur-

amino-3-

25 (methylthio)propylaldehyde, and the resulting mixture is



m cr oor gani sm capabl e of produci ng the above enzyne, in a test tube is
placed 5 m of sterilized culture nedium and thereto is inoculated with a
m cr oor gawo2sazned by purchasing froma cul ture col lpectypzini 065748

m cr oor gani sm 15i sol ated fromsoil.The resultant is incubated wi th shaking
at 30C under an aerobic condition. Afteyp the conpletion of the incubation,
the mcrobial cells are collected by centrifugation to obtain a viable
cells. In a screwtop test tube is placed 2 mM of 0.1 M Tris-glycine
20buffer (pH 10), and thereto are added t he above-prepared viable cells,

and the m ghakeni stspspended. 3Teot hedsyspension is added 2 ng of a
sul fur-contai ning am no al cohol conpound such as nethi oni nol and/or a

sul fur-containi Rgc@zardo abAph¥decaoNPPURGSUER86:dnAMNOMI- of the
25( et hyl t hi o) propyl al dehyde, and the resulting m xture is WO

2012/ 005372BCTL J5Z0LLN0P3E48 <32 shakepyat 30C 111 (8d dakued cxoffter

the conpletion of the reaction, 1 m of the reaction solution is sanpl ed.

The cells ghe remyatd r QLR SOLHL! AhSANDE &or ANAHNCLABLLET o2 MR TOUN

ermy,
of the 5 produéggla sulgur-coﬁtalnlng a-am no al dehyde conpound such as
1-am po-3-(nethylthio | al deh nd/ ar .a_sulf.ur- contai ni - anm,no

aci d gonp ﬁ%&%§%ﬁ %sgﬁégﬁ¥6§?%ga¥g$g a?§§gé%8ygﬁﬁéhpggchggﬁﬁggﬁféi#%?
Thus, m cr oor gani snscapabl eof preferenti al | 0, oxi di zi t he hydr. | group
of the abo%® s T‘?rﬂl’rq%_o%t Lﬂ"?ﬁ %‘%&%gpﬁ?%%%%%%%%}%%un%“‘gﬂ or® céq'b%%% of
preferentially oxidizing the al dehyde %rou% of thg sul fur- Qntaininq

a-ami no al SRRy EBAPRIRIV R n&gipound  such ~as methionine s

analyzed by liquid chromatography.
Thus, microorganisms capable of preferentially
10 oxidizing the hydroxyl group of the above sulfur-containing
amino alcohol compound and/or capable of preferentially
oxidizing the aldehyde group of the sulfur-containing o-
amino aldehyde compound are screened.
Then, from the screened microorganism, a
15 polynucleotide comprising a nucleotide sequence encoding an
amino acid sequence of microorganism that catalyzes a
desired reaction, that 1is, the polynucleotide comprising
the nucleotide sequence encoding the amino acid sequence of
the enzyme capable of converting the above sulfur-
20 containing amino alcohol compound into a corresponding
sulfur-containing o-amino aldehyde compound (i.e. the
enzyme is the present enzyme (A), and the polynucleotide is
the present polynucleotide (A)), the polynucleotide
comprising the nucleotide sequence encoding the amino acid

25 sequence of the enzyme capable of converting the above



Then, front hescr eenedm croorgani sma 15 pol ynucl eoti de conprising a

nucl eoti de sequence encodi ng an am no aci d sequence of m croorgani smthat
cat al yzeswe 20egios®d reaction, that is, the polynucl eoti deTgerprismy t he
nucl eoti de sequence encoding the am no acid sequence of the enzyne capabl e
of converting the above sulfur- 20 comsining am no al cohol conpound into
a correspondi ng sul fur-containing a-am no al dehyde conpound (i.e. the
enzyme is the present enzynme (A), and the polynucleotide is the present

pol ynucl eotide (A)), the pol ynucl eotide conprising the nucl eotide sequence

encodi ng t@@lﬁmn@oﬁ%ﬂngﬁgeqw&ﬁ@é t hel @wyde cappeurd canmeyting the
above WD 2012/ 005372PCT/JP2011/ 065748 33 sul fur-contai ning a-am no

al dehyde cogppungd.hal fyasGPELesPORdLNE: sy hUEMEAB! AlcRiNGoRpAMin0 @cied
conpound (1.e. the enzyne is the present "enzyne (B), and the pol ynucl eotide

is the presgnt QghéﬂgﬁLegkgdetﬁg);thgsggg 5eﬂg§mguclﬁgfjdeagggprkggng t he

nucl eot i de sequenc oding t no aci d sequence of the enzyne that is

Capab  orpSEyELiLag e (0RE, SWELLLACORLARIAG BRSO qeoTRALN

into a cor?8spo sulf ar-cont ar nir ng e conpound as well as
capable of converting.the 10 _above | fur-containin -am no al e
conpound iﬂ?gyﬁuﬁ ??gééﬁnﬁpﬁgr§ﬁﬂpgri%ﬁhf&%%%ﬁf%ﬁ%n?ﬁ uggf é§%§§£é (i.e.
the enzyne is the present enzynme (C), d the polynucleotide_is the esent
ponnucIeoF?ﬁea@éPf.?ﬁ#%nﬁ@qgﬁ%c ré e%&ﬁxﬁ?ﬁg@?e '@ﬁalﬁhgaBSP;ﬁuéﬁiotide
(A) conprises a nucl eotide sequence encodi ng an .ami no acid squ;nc f an
enzyme capﬁ%P%eBFlE6nv§Pﬁluf??%@abéﬁéﬁ&ﬂ?&%ﬂgﬁhﬂ%HQHn@m%ﬂ?no 1<
conmpound into a correspondi ng sulfur-cqntainiqg@e-anino.aLdehyde conmpound.
20 The pol §eERPEeRE| deNTB) & oFRHEEP AR HIY e SULIN LSERISTIE L 0 FiRFE?P ani no
aci d sequence of an enzyne capabl e of converting the above _
sul f ur - conadfiehyde a-caminmiingd delsydeetbnprungapabs ea ebr reypeidi irg  the
sul fur-containing a-am no acid conpound. The pol ynucl eotide (C) conprises a
25nutDeot i dieogequerida ermodiaig iy an-aniaci kit e cofipgund into a
corresponding sulfur-containing a-amino acid compound (i.e.
the enzyme is the present enzyme (C), and the

polynucleotide is the present polynucleotide (C)).

15 Among the present polynucleotide, the polynucleotide
(A) comprises a nucleotide sequence encoding an amino acid
sequence of an enzyme capable of converting the above
sulfur-containing amino alcohol compound into a
corresponding sulfur-containing a-amino aldehyde compound.

20 The polynucleotide (B) comprises a nucleotide sequence
encoding an amino acid sequence of an enzyme capable of
converting the above sulfur-containing o-amino aldehyde
compound into a corresponding sulfur-containing o-amino
acid compound. The polynucleotide (C) comprises a

25 nucleotide sequence encoding an amino acid sequence of an



WO 2012/ 005372PCT/ JP2011/ 065748 34 enzyme that is capable of converting the
above sul fur-containing am no al cohol conpound into a correspondi ng

sul f ur - conbavgs7a- am no al dehyde conpound as wel | as eapabir1/08574s
converting the above sul fur-containing a-am no 5al dehyde conpound into a
correspondi ng sul fur-containing a- am ng acid conpound. "The DNA t hat
hybri di zes to a DNA consi sting of a nucl eotide sequence encodi ng an ani no
aci d sequence of 10 al cohol dehydrogenase under a stringent condition" in

t he present polynucleotide (A), "the DNA that hybridizes to a DNA

consi stingeREyRe NUA LOt iide S8EHBNEE SNCRENIEG raN Y1 BReACAbBE ] ERINGE: 1Of
al dehyde dehydrogenase under a stringent condition" in the present

pol ynucl eofLdea (Bl ngOramifg DN:-dRbhatc bl Zesm v thy a JWA oRsiBigng of

a nucl eoti de sequence encodi ng an am no aci d sequence of al dehyde/ al cohol
dehydr ogen d - .pgept itiontyih.th t I ¢l eqtd de
(O denotegﬁgﬁg?tﬁé?g?§§gpgrn§ %ﬁ%ﬂ%-ﬁa£§%§ Q?d §f§%85§§ éﬂ%NA éVi%%ga
nucl eoti de u e ' a m_RQ _aci e ohal._ .
dehydrogenﬁégégﬁg)%gpﬁﬁﬁﬁﬁggégggagﬁgcf%%‘%ﬁegggﬁggﬁgéﬁggggg#ﬁg%gﬁngﬁﬂu)
aci d sequen f .al dehyde dehydr ogenase, or (C) a havi ng a _nucl eoti de
sequenice eﬂggaﬁﬁaeaﬁoﬂﬁ?HBQaéxgos qaehceSEP" ﬂﬁghfggégf65ﬁggadéﬁﬁﬁﬁ6ﬁénase
by 25hybridi zi ng at ,65C under, high ion concentration condition WD

2012/ 005372PETP IB36%1FOBBI4B -

"The DNA that hybridizes to a DNA consisting of a

nucleotide sequence encoding an amino acid sequence of

10 alcohol dehydrogenase under a stringent condition" in the
present polynucleotide (A), "the DNA that hybridizes to a

DNA consisting of a nucleotide sequence encoding an amino

acid sequence of aldehyde dehydrogenase under a stringent
condition” in the present polynucleotide (B), or "the DNA

15 that hybridizes with a DNA consisting of a nucleotide
sequence encoding an amino acid sequence of
aldehyde/alcohol dehydrogenase under a stringent condition”

in the present polynucleotide (C) denotes DNA that (1)

forms a DNA-DNA hybrid with (A) a DNA having a nucleotide

20 sequence encoding an amino acid sequence of alcohol
dehydrogenase, (B) a DNA having a nucleotide sequence
encoding an amino acid sequence of aldehyde dehydrogenase,

or (C) a DNA having a nucleotide sequence encoding an amino

acid sequence of aldehyde/alcohol dehydrogenase by

25 hybridizing at 65°C under high ion concentration condition



35 [for exanple, 6XSSC (900nM sodi um chl oride, 90nM sodiumcitrate)], and
(2) the resulting hybrid can be mai ntained even after tenperature

i nsul at i omoab1%p&37Ror 30 mi nutes under | ow i on concentr gtirgrmooskig on [ for
exanple, 0.1XSSC 5 (15mM sodiumchloride, 1.5nmM sodiumcitrate)], in the
Sout hern Hybridization techni ques, for gxanple, described in "C oning and
Sequence" (Iltaru WAt anabe supervi sed, Masahiro Sugiura edited, 1989,
publ i shed by Noson Bunka sha), "Mbdlecular Coning, A Laboratory Manual 2nd
ed.” 10 (Cold Spring Harbor Laboratory Press (1989)), "Current Protocols
in Ml ecul aesBi o001, JolRsBEl eyogomansddi9fy - ch98 ) HegndoGbMersvdispeci fic
exanpl es include (a) DNA conprising a 15 nucl eotide sequence encodi ng an

am no aci d-seqyepse, ohndl cohol « dehydsadenage nydhi PG £ OBBN i A ned
nucl eoti de sequence encodi ng an am no aci d sequence of al dehyde

dehydrogengsgs G oNA- ohi.cha COPPT iSesg el ol d8-c cor 30 minuces

sequenceencodi nganam noaci dsequence 0 al de 0 rogenase,

the nucl eotl,ge, Segyence hauLg:a.SeAUeREaNRTBLOg ol HOKAT My 8. 30% or

nore, 95% oOr nore, 9 % OF oI 6 With t he nacl ot guence

of SEQ ID No. 2; (d).DNA whjch. conprjs a nucl eotide s nce .encqdi ng an
ani no acid?gaﬂéen%%&b m25%$%%ﬂ§§%7al bﬁ§¥ d%ﬁ%ﬂ?%géﬁ§§§$&$ﬁd aﬁfhoqggid
sequence WO 2012/ 005372PCT/ JP2011/ 065748 36 havi ng a sequence honml ogy of
80% or nor 8°U8B84 Br g IGn nbF e §8YE By e, S¥7MB595 o SSTe ‘fh t he
am no acid sequence of SEQ 1D No: 1, or DNA conprising a nucleotide
sequence coft al htAGLAEI eBfEn, SEABSPFEUL | IR taF YadHRERPORPST  SERSHTSRd,

nucl eoti de bases, and others. Such DNA may be DNA cloned from DNAs present
in the nat¥paphirel SudNEordditsidng 4P8PFi AUl iphad r Bauces erel &SR
substitution or addition of partial nucleotide bases in a nucleotide
sequence ofhehis 'NMeoleeuDNA, Gromsimdfi & akpposghphysiMagual 2nd ed.”

10 (Cold Spring Harbor Laboratory Press (1989)), "Current
Protocols in Mclecular Biology"™ (John Wiley & Sons (1987-

1997)) and others.

Specific examples include (a) DNA comprising a
15 nucleotide sequence encoding an amino acid sequence of
alcohol dehydrogenase; (b) DNA comprising a nucleotide

sequence encoding an amino acid sequence of aldehyde

dehydrogenase; (c) DNA which comprises a nucleotide
sequence encoding an amino acid sequence of
20 aldehyde/alcohol dehydrogenase, the nucleotide sequence

having a sequence homology of 80% or more, 90% or more, 95%
or more, 98% or more, or 99% or more with the nucleotide
sequence of SEQ ID No: 2; (d) DNA which comprises a
nucleotide sequence encoding an amino acid sequence of

25 aldehyde/alcohol dehydrogenase, the amino acid sequence



10DNA. More specific exanples of a nucl eotide sequence in which one
or a plurality of am no acids have been del eted, substituted or added in

t he nucl ewDi2de/®szfaence of SEQ ID 15 NGO 2 or 5 incl udecT@grioiaossaed eot i de
sequence wherein 1 to 10 (for exanple, 1 to 5, preferably 1 to 3, nore
preferably 1 to 2) nucleotide base(s) iséare deleted in the nucleotide
sequence of SEQID No: 2 or 5, (ii) a nucleotide sequence wherein 1 to 10
(for exanple, 1 to 5, preferably 1 to 3, 20 nore preferably 1 to 2)

nucl eoti de base(s) is/are substituted with other nucl eotide base(s) in the

nucl eoti denhseaHgnsesefuSEQe! RoNe10gy0b£5806 bir) md riyclodat icde neagyenss
wherein 1 to 10 (for exanple, 1 to 5, preferably 1 to 3, nore preferably 1

to 2) nucl got dechaswdss) ot Shake,addeddn 35t he rauGliiaal i gee sSaa¥anCce Afd SEQ
ID No: 2 or 5 or (iv) a W 2012/°005372PCT/ JP2011/ 065748 37 nucl eot i de

sequence of.a,cRDI Nat i g Of pt ke .abpyesLi b0 Amol youes eqt inde 1cmrdesi ng a

nucl eoti de séquence in 5 which one or a plurality of am no acids have been

del et ed, Sgggagag&eggg&ggggg}%ei@ew&g{f,ﬁgg%isqgtﬁ%g%ncgr oLaSEQI LR M@ 2 or

5 can be preépare , accor to site-directed nutagenesis
described in_!Mlecul ar Cl.ani ng, A Laboyat.qry Mnual 2n d " (Cal ring
Har bo Pre%%rtiai(T&ﬁgff%E%&uE%SSF'PFbC%é%q¥%Fh Mo %%%IgygBPSVogy'q?ﬁghn
Wley & Son 1987-.1997) Kunkel (1985). Proc. Natl, Acad. .Sci..., USA 82:
18807 KUMRBPCRTOREPMAINEE BAARIC B 9983, ePARH tnerLe s n fler to
i ntroduce nutation into a polynucleotide, it can be carried_ out, according
to a knomnCﬁBPﬁlegﬁcW%ﬁ%é%ﬁﬂ&i&%EﬂﬁaaogﬁﬁeéamﬁikE&@WexsMQﬁ%ﬁfWﬁ}Qﬁnng a
nmut agenesis Kit_ for site-directed nutagenesis such as Qui kChangeTM.

Si t e- Di r ecPEd MftidgetiesP Waristy apagésetide bases in a nucleotide

sequence of this cloned DNA, or artificially synthesized

10 DNA.

More specific examples of a nucleotide sequence in
which one or a plurality of amino acids have been deleted,
substituted or added in the nucleotide sequence of SEQ ID

15 NO: 2 or 5 include: (i) a nucleotide sequence wherein 1 to
10 (for example, 1 to 5, preferably 1 to 3, more preferably
1 to 2) nucleotide base(s) is/are deleted in the nucleotide
sequence of SEQ ID No: 2 or 5, (ii) a nucleotide seguence
wherein 1 to 10 (for example, 1 to 5, preferably 1 to 3,
20 more preferably 1 to 2) nucleotide base(s) is/are
substituted with other nucleotide base(s) in the nucleotide
sequence of SEQ ID No: 2 or 5, (iii) a nucleotide sequence
wherein 1 to 10 {(for example, 1 to 5, preferably 1 to 3,
more preferably 1 to 2) nucleotide base(s) is/are added in

25 the nucleotide sequence of SEQ ID No: 2 or 5, or (iv) a



20 Corp.) GeneTailorTM Site-Directed Mitagenesis System (I nvitrogen.
Corp.), or TaKaRa Site-Directed Mutagenesis System (Takara Bio Inc.:

Mut an- K, wbtardesgrer Express Kmand the like). WO PCT/JP2011/065748

2012/ 005372PCT/ JP2011/ 065748 38 exanple, as foll ows. A cDNA library
can be prepared according to a conventinal genetic engi neering technique
(for exanple, a 5 nethod described in "Shin Sai bokogaku Ji kken Protocol ™"
(edited by Tokyo University, Medical Science Laboratoty, Oncol ogy Research
Department; Shunjunsha, 1993) fromfresh horse liver and others, and PCR
can be perf@&redt bieUsiei@ichie Epar breNAdiidy as§ abea diitper @i g and
using 10 appropriate priners, thereby anplifying DNA conprising a

nucl eoti de sggpence encodi ng the am no acid sequence of SEQ ID NO 1; DNA
conprising a nucl eoti de sequence encodi ng an am no acid sequence in which
one or a plurality of am no acids have been del eted, substituted or added
in the amno 15 acid sequence of SEQ ID NO 1 and/or DNA having the

nucl eot i de Sequﬁggﬁl?gugﬁgﬁ@d@gc&n P{‘Qir? her %uél%oofi%rge%ﬁhpﬁg the

present pol ynucl can be perfornmed by using, as a ate, the
uch oot | de~Bbahenee S SEOTBHG S Sl Tobttclaari GoRaviAs T
ucl cot | de® SBARERKE=01 SSEGTBNG™ 250t 0 B ORaT SCBNA L RRE Zopr BEBnTD
ponnucIeo&égez o¥[%28%§/gQSSZéggIéé?Zg%%/ggg%ﬁ?e, according to site-
directed mutagenesis described in "Molecular Cloning, A
Laboratory Manual 2nd ed." (Cold Spring Harbor Press
10 (1989)), "Current Protocols in Molecular Biology" (John
Wiley & Sons (1987-1997)), Kunkel (1985) Proc. Natl. Acad.

Sci. USA 82: 488-92, Kunkel (1988) Method. Enzymol. 85:

2763-6 and others.

15 In order to introduce mutation into a polynucleotide,
it can be carried out according to a known method such as
Kunkel method and Gapped duplex method by wusing a
mutagenesis Kit for site-directed mutagenesis such as
QuikChangeTM Site-Directed Mutagenesis Kit (Stratagene

20 Corp.) GeneTailorTM Site-Directed Mutagenesis System
(Invitrogen. Corp.), or TaKaRa Site-Directed Mutagenesis
System (Takara Bio Inc.: Mutan-K, Mutan-Super Express Km

and the like).

25 The present polynucleotide (C) can be prepared, for



39 Exanpl es of the condition of the PCR include a condition in which
a reaction solution obtained by mxing 4 kinds of dNTPs each in anount of
20 pM 2 wonds/wE3725 ol i gonucl eotide priners each in ampamtypafii/d&7mol , Taqg
pol ynerase in an anount of 1.3 U and a cDNA |library as a tenplate is heated
at 97C (for 2 mnutes), then, a cycle ofg 97C (for 0.25 m nutes) -50C (for
0.5 mnutes) -72C (for 1.5 mnutes) is repeated 10 tines, then, a cycle of
10 97C (for 0.25 mnutes) -55C (for 0.5 mnutes) -72C (for 2.5 mnutes) is
repeated 20 tinmes, further, the reaction solution is kept at 72C for 7
mnutes. eoxample, as fol€8kEiction enzyme recognition sequence or the like
15may be added to the 5 end of a prinmer used for the PCR It is also
possible to perform PCR using, as a tenplate, the above-nenti oned cDNA
library and using, as a prinmer, an oligonucleotide having a parti al

nucl eotide 20 gqugﬁgeszgkﬁéﬁﬁgzt%9p1qﬂpng% %f@@idgcgggggggestgodgng an

am no aci d sequence o (for e ol i gonucl eot'i de

comp | o . 4L ol o apauence gl Aol 4 uel cgll dochaogs oy Ior e 2

the 5 quence co am no aci glence of

SEQ 251D NO . 1) ;and an ali gonucl i.de about 14 nucleotid "
2012/ 0537‘2%%1%%2%%%%%3%%8 D g%ﬁs‘br%ﬁ%’&ﬁ??ﬁﬁj’%i né‘c c,elneO?ir(?gg&?&ence
conpl ementary to _a _nucl eoti de sequence near a insertion site of a

vect or use&e%bﬁ’e@eﬁ’éfr af PRYOt HEIOTNS 4 5% al'§ 1 CREr By ST | £5PRG 2BREYhavi ng

a nucl eoti de sequence ,
Oncology Research Department; Shunjunsha, 1993) from fresh

horse liver and others, and PCR can be performed by using
the prepared cDNA 1library as a temperate and using
10 appropriate primers, thereby amplifying DNA comprising a
nucleotide sequence encoding the amino acid sequence of SEQ
ID NO: 1; DNA comprising a nucleotide sequence encoding an
amino acid sequence in which one or a plurality of amino
acids have been deleted, substituted or added in the amino
15 acid sequence of SEQ ID NO: 1 and/or DNA having the
nucleotide sequence of SEQ ID NO: 2, and others, to prepare

DNA of the present polynucleotide.

PCR can be performed by using, as a template, the

20 above cDNA library and using, as primers, an
oligonucleotide having the nucleotide sequence of SEQ ID

NO: 3 and an oligonucleotide having the nucleotide sequence

of SEQ ID NO: 4, thereby amplifying DNA comprising the
nucleotide sequence of SEQ ID NO: 2, to prepare DNA of the

25 present polynucleotide.



5 encoding the am no acid sequence of SEQ ID NO 1, DNA conprising a

nucl eoti de sequence encodi ng an am no acid sequence in which one or a

pl ural i t ywofommossr2zaci ds have been del et ed, substitut edpor/gasidedssias t he

am no acid sequence of SEQID NO 1, and the like, to prepare DNA of 10t he
present pol ynucl eoti de. DNA anplifd4 ed as described above can be
cloned to a vector according to a nethod described in "Mlecular Coning: A
Laborat ory Manual 2nd edition" (1989), Cold 15 Spring Harbor Laboratory
Press, "Current Protocols in Ml ecular Biology" (1987), John WIley & Sons,
Inc. | SBNO471-50338-X, and the like, to obtain a reconbi nant vector.

Speci fic exanples of the vector to be used include pUC119 (Takara Shuzo

Co., Ltd.), pTV ka S o] Lt , €S Gnpt I obgqg, Co.
Ltd.), pC£2.E-T%%%®%F%§itéggeﬁy% p%?ggéka B%a?%ggﬁg%, %£E22§b§ﬁ}gﬁér%%cia)

and the i . : NA, 0 .ese l.yau .0 I

obt ai ned b%gﬂgﬁFfaszﬂgV uﬁae% %gﬁ ?P?gnggéggéﬁgb%%%%gﬂga,%igngxggngbe,
DNA of abog%%%S nu%Ie i de b%§ S qr, mre % vin? aZOV\DM 5 kind £
2012/ 00537 FIP2011 48T parti AMORUCI eSti de”sefjuence se1'ect edF rom
anong_nucl eoti de sequenges codi ng an am no_acid sequence.pf SEQ ID_NO 1,
o On S CONALH PGP UE SHERCR HECBEEn AC (28 | HRTAE Mot obpodiiam JAd
phage-derived vector, and detecting DNA 5to_whi ch the probe binds

speci fi cal PglymerasepianflesaBpuihe Ofetlhod Bf 2RY0Ri FiPthgl 17 bhedfo @
chronosomal DNA or c¢cDNA include col gny hybridization and pl aque

hybri di zat FemPlakd e hfsthrst tandPeCsdfest g minutes), then, a cycle

of 97°C (for 0.25 minutes) -50°C (for 0.5 minutes) -72°C
(for 1.5 minutes) 1s repeated 10 times, then, a cycle of
10 97°C (for 0.25 minutes) -55°C (for 0.5 minutes) -72°C (for
2.5 minutes) is repeated 20 times, further, the reaction

solution is kept at 72°C for 7 minutes.

A restriction enzyme recognition sequence or the like

15 may be added to the 5' end of a primer used for the PCR.

It is also possible to perform PCR wusing, as a

template, the above-mentioned cDNA library and using, as a
primer, an oligonucleotide having a partial nucleotide

20 sequence selected from among nucleotide sequences coding an
amino acid sequence of SEQ ID NO: 1 (for example,
oligonucleotide comprising a nucleotide sequence of about

14 nucleotide bases or more at the 5' end side of a
nucleotide sequence coding the amino acid sequence of SEQ

25 ID NO: 1) and an oligonucleotide of about 14 nucleotide



10dependi ng on the kind of a vector used for preparing a library.

Wien a library to be used is prepared using a plasmd vector, it is

r econmendwbl2e1dmsirse col ony hybridi zation. 15 Specifi caclryp20didssois a
library is introduced into a host mcroorganismto obtain transformants,
the resulting transformants are dilutedygthen, the diluted product is

i nocul ated on an agar nedium and culturing is perfornmed until appearance
of a colony. 20 When a library to be used is prepared using a phage
vector, it is recommendable to use plaque hybridization. Specifically, a

host i crogsgasi smeand adReage cczimgekilsib{gary are ghxedounder i Rkeelaliee
condition, further mxed with a 25soft agar nedium then, the mxture is

i nocul at ed;9f, 8me ML 20126005342PE L 1§04 L6068R 48 143 ragaDNAEdind@r t3R%

culturing 1s perfornmed until appearance of "a plaque. Then, in any

hybri di zat | pp. cages, SR ARSI BbACSA AN dde . Agarc edi umon,hi ch

t he above-nenti one turing has been a transformant “or

phage is a sogggd aﬁ?ﬂptlriaf&?%ﬁ%{;%?io Eggigﬁlg\braanenugfé§%[r§gte)r%% deSi e eat ed

with an al kKalrT; Yhen, neu t hen, is fixed rane. As

nor e ecific exanples of plaque .10 hybridization itrocel lulo
menbrglrcl)e o?nﬁ??b’ﬂgpne aﬁglgflf’gra%&%n’pﬁeyeq,uel%fbeon&fms%ﬁegl)stg?éd f’r az)g%ark of
Anersham)) is placed on the_above-nenti oned agar di um and allowed to
stand stil FoTPbf1abldet & ﬁPﬁ&F@tﬂgecaﬂ%%u%ﬂg%rg¥i W EParfiiErC of Pfage

particles to a nenbrane. Then, the _ , ,
sequence in which one or a plurality of amino acids have

been deleted, substituted or added in the amino acid
sequence of SEQ ID NO: 1, and the like, to prepare DNA of

10 the present polynucleotide.

DNA amplified as described above can be cloned to a
vector according to a method described in "Molecular
Cloning: A Laboratory Manual 2nd edition”™ (1989), Cold

15 Spring Harbor Laboratory Press, "Current Protocols in
Molecular Biology" (1987), John Wiley & Sons, Inc. ISBNO-
471-50338-X, and the like, to obtain a recombinant vector.
Specific examples of the vector to be used include pUCI119
(Takara Shuzo Co., Ltd.), pTV118N (Takara Shuzo Co., Ltd.),

20 pBluescriptII (Toyobo Co., Ltd.), pCR2.1-TOPO (Invitrogen),

pTrc99A (Pharmacia), pKK223-3 (Pharmacia) and the like.

DNA of the present polynucleotide can also be obtained
by hybridizing, wunder conditions described below, as a

25 probe, DNA of about 15 nucleotide bases or more having a



15 menbrane is imersed in an alkali solution (for exanple, 1.5 M sodi um
chloride, 0.5 M sodium hydroxi de) for about 3 mnutes to cause dissol ution
of phage wenvixloss2 t hereby, eluting phage DNA on a nenpcaneo1i/benss
imrersed in a neutralization solution (for exanple, 1.5 M sodium chl ori de,
20 0.5 M Tris-HCL buffer, pH 7.5) for apput 5 m nutes. Then, the nenbrane
is washed with a washing solution (for exanple, 0.3 M sodiumchloride, 30
mMcitric acid, 0.2 MTris-HCL buffer, pH 7.5) for about 5 m nutes, then,
for exanple, heated at about 80C for about 90 m nutes, to fix phage DNA

250n the neabtagne. nuWbe301360Q23(RACYH IR0 Q657 A8m48mong nuldlied itdrus

prepared nmenbrane, hybridization is carried out using the above-nentioned

DNA as a pgobfenldricdiiaaly oih canike cenducdsshed BXample, 1eQOEdilng to
5descriptions of J. Sanbrooke, E. F. Frisch, T. Maniatis, "Mblecular

d oni ng: Awt@}teorélt OEMNA/B”E?%:E?Q eght ban g;%89i>'ée803|i9&s§9rtielag hahor 5

Laboratory Press, and the DNA use S a probe nay be one

alrerd W hDe ol adt 8ho 0P Son oo L ARE) BAHLLD ild UBLESCERhy oAl | N0

matter. met ho 'ng used as a

radi oL sotope, there is, for exanple, a nethod.of perform ng PCR using, as a
tenplgte, ERMWB%%% Séeapﬁ?%ﬁe§l$§5|58?83¥lf§9&éTp in the PCR reaction
solution with (a-32P)dCTP, by utilizing Random Priner Labeling Kit (Takara
Shuzo Co., Ltd.) and the liKke.

Examples of the method of hybridizing a probe to
chromosomal DNA or c¢DNA include colony hybridization and
plagque hybridization, and the method can be selected

10 depending on the kind of a vector used for preparing a

library.

When a library to be used is prepared using a plasmid
vector, it is recommendable to use colony hybridization.
15 Specifically, DNA of a library is introduced into a host
microorganism to obtain transformants, the resulting
transformants are diluted, then, the diluted product is
inoculated on an agar medium, and culturing is performed
until appearance of a colony.
20
When a library to be used is prepared using a phage
vector, it is recommendable to use plaque hybridization.
Specifically, a host microorganism and a phage of a library
are mixed under infectable condition, further mixed with a

25 soft agar medium, then, the mixture is inoculated on an



When DNA used as a probe is |abeled with a fluorescent coloring matter,
there can be used, for exanple, ECL Direct 20Nucleic Acid Labeling and

Det ect i orw8ystxawssmanuf act ured by Amersham and the | i kePCT/JP2011/065748
Hybri di zati on can be perfornmed, for exanple, as described bel ow. 25A
prehybridi zation solution containing 4%»to 900 MM WO

2012/ 005372PCT/ JP2011/ 065748 44 sodi um chloride and 45 to 90 mM sodi um
citrate, containing sodi umdodecyl sulfate (SDS) in a concentration of 0.1
to 1.0 wt % containing denatured non-specific DNA in a concentration of O
to 200 pl/gharandddensndhagcantubiagndst persoropd analily appribaiamicag of

al bumn, ficoll, polyvinylpyrrolidone and the |Iike each in a concentration
of 0to 0.2 %’épreferably, prehybri di zati on sol uti on containing 900 mV
sodiun1ch|or|de, 90 MM sodiumcitrate, 1.0 wt % SDS and 100 pl/m denatured
Calf-thynus DNA) is 10 prepared in a proportion of 50 to 200 pl per 1 cn®
of a nenbrane produced as descri bed above, and the above-nenti oned nenbrane

| s immersed in %Hsnprfnygﬁgdh@&agez pih! 80:800 keRlndlate LQ 83Gdy 1 1o

4 hours. Next,for eka |zat|on sol'uti cont ai ni ng 450 to
concent rat PontBF %réfdfoa%@n? 58, ¥ 9com R i e D S W
cont ai i nghaF DARFR, SEEBGERS " 259 YA HA DY TENT dSheoandSt e HCORESen Lya
ﬁgﬂfi.”hfﬁ;ééé‘so?%wﬁg%ée:%ﬁpcﬁpo?éh&ﬁr%g%i Lol G &1 PPEPEARE. 6 5al “APS88 and

100 pg/mM denatured Calf- th¥nus DNA) is mxed with a probe prepared by t he
above- ment VohBd apetoep 1L/ hen, neutrallzed then, DNA is fixed

the membrane. As more specific examples of plaque
10 hybridization, a nitrocellulose membrane or nylon membrane
(for example, Hybond-N' (registered trademark of Amersham))
is placed on the above-mentioned agar medium, and allowed
to stand still for about 1 minute to cause adsorption and
transfer of phage particles to a membrane. Then, the
15 membrane is immersed in an alkali solution (for example,
1.5 M sodium chloride, 0.5 M sodium hydroxide) for about 3
minutes to cause dissolution of phage particles, thereby,
eluting phage DNA on a membrane, then, immersed in a
neutralization solution (for example, 1.5 M sodium chloride,
20 0.5 M Tris-HCl buffer, pH 7.5) for about 5 minutes. Then,
the membrane is washed with a washing solution (for example,
0.3 M sodium chloride, 30 mM citric acid, 0.2 M Tris-HCl
buffer, pH 7.5) for about 5 minutes, then, for example,
heated at about 80°C for about 90 minutes, to fix phage DNA

25 on the membrane.



25(amount corresponding to 1.0x 104 to 2.0x106 cpmper 1 cn2 of WO

2012/ 005372PCT/ JP2011/ 065748 45 nenbrane) to give a solution which is

pr epar ed wo 2a1zm08gerti on of 50 to 200 pl per 1 cnR of tipeTerianassess and t he
menbrane is inrersed in the hybridization solution and kept at 42 to 65C
for 12 to 20 hours. 5 After the hybridization, the nenbrane is taken
out, and washed using a washing solution of 42 to 65C containing 15 to 300
mM sodi um chloride, 1.5 to 30 mMMsodiumcitrate and 0.1 to 1.0 wt % SDS and
the Iike 10 (preferably, washing solution of 65C containing 15 mM sodi um
chloride, 1.5 mMsodiumcitrate and 1.0 wt % SDS). The washed nenbrane is
rinsed slightly with 2xSSC (300 mM sodi um chl oride, 30 mM sodiumcitrate),

then, dried. Thb§ingmeﬁasepké pa¥bhertrg rhae, f 8beXATRLR 1 0RUL @r 2dir@dleaPhy
and 15 the like to detect a position of a probé on the menbrane, thereby

spect fyi ndoyuen {ResfG! o Ak a0gholBdhulL i8pebionephial s hylri dizegaui th a

pr obe used and corresSponds to a position of he nenbrane, and this

is picked I

polynucletiltllgkeng]gi%flrﬁ%%?é%g %§%e rg§¥ggga%?0rg§éhlcro |5? ce P?o?%?ﬁ?neg by

Cultuglng éQEér?B%?EHEdo qy?'SamggooﬁécOQ§?7%PC%G%E%9}1/965&an1a is,
"Molecular Cloning: A Laboratory Manual 2nd edition (1989)",

Cold Spring Harbor Laboratory Press, and the like.

DNA used as a probe may be one labeled with a
10 radioisotope, or one labeled with a fluorescent coloring
matter.
As the method of labeling DNA used as a probe with a
radioisotope, there is, for example, a method of performing
PCR using, as a template, DNA used as a probe, replacing
15 dCTP in the PCR reaction solution with (o-32P)dCTP, by
utilizing Random Primer Labeling Kit (Takara Shuzo Co.,
Ltd.) and the like.
When DNA used as a probe is labeled with a fluorescent
coloring matter, there can be used, for example, ECL Direct
20 Nucleic Acid Labeling and Detection System manufactured by

Amersham, and the like.

Hybridization <can be performed, for example, as
described below.

25 A prehybridization solution containing 450 to 900 mM



artificially. A design and synthesis of an artificial- synthetic gene can be
carried out by referring to a nethod described in Cell Technol ogy

addi ti onalvovwolamss72pl ant cell technol ogy series 7, "PCRpexpetilvess &
protocol of plant”, 5page 95- 100, Takum Shimanoto and Takuji Sasak
supervi sed, Shujunsha published, issuedjpn July 1, 1997.

Specifically, for exanple, a nucleotide sequence of the present

pol ynucl eotide is designed by creating the 10 am no acid sequence of SEQ
ID NO 1 and selecting, as a codon corresponding to each am no acid

included igothgnaphngraged $QAUBNCGS 60 CAAOBLREE 08 thhequenridnt Msathd n a

m croorganismcell (for exanple, E. Coli.) which will be used to express
the codon. i nf i&%{ 199, 1Gpdegp s a 5 bR EntGaki; AN, Pt hers ds, for
exanpl e, a3§?§3§|éﬁﬁro JgﬂbNAtggtg Baieqakl%-ﬁnoﬁgnto tﬁgﬁe skilled 1n the

art (CenBank, EBL,, DDB) andl ot her s)on Al 50, when, BagiLLitp; SUBAT 5 1 £ he

m croor gani Sm ce and a signa quence 1S a above am no acid

sequence to transport it extracel]ula , 20an .am no_aci d _sequence of the
whol e protg?ﬂc?ﬂggﬁéfﬁa tﬁgtsﬁgna OseghéncéHVﬁﬂdrea?%%. $ﬁ8eggéﬁgl seguence
is preferably one derived from the m croorganjsm cel and exanpl es .t her eof
may i cIudﬁoédéFbﬁﬁF'seqﬁg§6€n89 -any?%ﬂﬁéﬁﬁ”‘ﬁéciIFE§u§68tili 1:fﬁ’g']tjthers,
which is an extracellul ar 25transfer signal. WO . ,

2012/ 00537RPEYT 3PPORYF585348ng7 and thepldrRafdGh Sheli GOREHTEA TR al

procedures are described. o . ,
of 0 to 0.2 wt % (preferably, prehybridization solution

containing 900 mM sodium chloride, 90 mM sodium citrate,

1.0 wt % SDS and 100 upl/ml denatured Calf-thymus DNA) is

10 prepared in a proportion of 50 to 200 ul per 1 cm?® of a

membrane produced as described above, and the above-

mentioned membrane is immersed in the prehybridization
solution and kept at 42 to 65°C for 1 to 4 hours.

Next, for example, a prehybridization solution

15 containing 450 to 900 mM sodium chloride and 45 to 90 mM

sodium citrate, containing SDS in a concentration of 0.1 to

1.0 wt %, containing denatured non-specific DNA in a

concentration of 0 to 200 ul/ml, and depending on

conditions, optionally containing albumin, ficoll,

20 polyvinylpyrrolidone and the like each in a concentration

of 0 to 0.2 wt % (preferably, prehybridization solution

containing 900 mM sodium chloride, 90 mM sodium citrate,

4

1.0 wt % SDS and 100 ug/ml denatured Calf-thymus DNA) 1is
mixed with a probe prepared by the above-mentioned method

25 (amount corresponding to 1.0x10* to 2.0x10° cpm per 1 cm? of



First, the nunber of each amno acid included in the 5 created am no acid
sequence is calculated. To becone the nearest an average appearance

f r equencywofoidmeszzedon of a m croorgani smcell that w | lpclrgprraedssties expr ess
t he pol ynucl eoti de, codons for am no acids of the nunber cal cul ated above
are allocated. The order of using each jgfcodon is applied so that the sane
codon will be not consecutive as nuch as possible. It is selected
sequentially fromamno acids on Ntermnal side in the order of the codons
deci ded on each amino acid, then the codon of the each am no-acid residue
i's tenporapbhyrdgel degde 1&idde £odumsutfon! lwBmo @aci ¢srdguddte Grl eram nus
are tenporarily decided by repeating these procedures, and finally the
term natiop 69depiba 8k anged Apothe ki fi i@ genengopppsednel e

deci ded codons, i1t 1s checked that neither the nucl eotide sequence that

[N DTLS 20nL NRekb0RG! LR LA ddS 00N% | AybDeq M GE08L0RBI BMIGE lasder the
nucl eoti de sequence that the restriction enz%ne used I n the operation
descri bed W_regogni zesoeXxists n,su nucl eoti de sequence exi sts,

t he codon ?%é? ?é g?lg%agédeigg%h%%vggcﬁgo ?agséequence i s exchanged for a
codon_used 25in another part.Wen the gene is designed, it is WO

2012/ ®05372PCT/ JP2011/ 065748 48 preferable to add nucl eoti de sequences

whi ch are recognized by restriction_enzy suitabl e for, the operation
descri bed belomﬁFBQS'JﬁﬁH %ﬁﬁrééééﬁHlB?'nﬁ%“he%%ﬁbﬁﬂBﬁt}Sth%aﬁgﬁecﬂQVing

t he nucl eoti de sequence desi gned above can be synt hesi zed gsin | ang | ength
chai n DNA 3yt h¥&rheret H§dEhat ué@sﬂpa:s(s&‘rﬁhﬁ%b%, et af<, 't%CRGS C
experiment protocol of plant", refer to the above)_é%greinafter, this

net hod nayc%@tébﬂéﬂgnégfréPEr$%@ ! a§oduRs s@rbP L Retthod®) .39 nMhe

met hod, DNA is synthesized
sodium citrate and 0.1 to 1.0 wt % SDS and the 1like

10 (preferably, washing solution of 65°C containing 15 mM
sodium chloride, 1.5 mM sodium citrate and 1.0 wt % SDS).
The washed membrane is rinsed slightly with 2xSSC (300 mM
sodium chloride, 30 mM sodium citrate), then, dried. This
membrane is subjected to, for example, autoradiography and
15 the like to detect a position of a probe on the membrane,
thereby specifying, on the original agar medium, a clone
that is hybridized with a probe used and corresponds to a
position of DNA on the membrane, and this is picked up to
isolate a clone having the DNA.
20
The present polynucletide can be prepared from a
cultured microbial cell obtained by culturing thus obtained

clone.

25 The present polynucleotide can be synthesized



using long synthetic oligonucleotide priners only. The pair of the priner
is synthesized so that the conplenentary strand or the overlap of about 10
to 12 bp wbl2b12dmeszreesent at each 3'-end, and priners eaelhTaPhai/o&@’€ used as
a 15 tenplate, then, DNA is synthesized. The total |ength of the priner
may be, for exanple, about 60 to 100 mefg Preferably, it may be, for
exanpl e, about 80 to 100 ner. First, based on the designed
nucl eoti de sequence, for 20exanple, DNA oligonmers that nade a prinmer every
about 90 nucl eoti de bases are designed and synthesized. The synthesis of

DNA ol i gongetcancheicarri ed adsgd habtA symthesi geofbyan artificial-
P- cyanoet hyl phosphoram dite nmet hod. For exanple, a first DNA oligoner is

desi gned a@?nﬁM@%Bés};éﬁé 23usiyeg dde-idasi gnedoyiugt eetkdggseguanes thicam t he
vicinity of© WD 2012/ 005372PCT/ JP2011/ 065748 49 the center part to about 90

residues upstreapLanihheed - koYY ada COIDLLIRRL /e St HaRd toldgarrer
that contains a nucl eotide sequence of" 12 residues on the 3"-side of the

first DNA i | : i t th
Irs eé&gﬁgggggpgfmsamon%dﬂ Z@%ﬁﬁ%{g@?gg oadownst Laam.on the

3'-side from are synt hesi as the second DNA

ol igoper. Also,,a c |l e tary i L...kha .ali | eoti de
sequegge of24% ?gsigggé g%EFﬁé §35§?§§t§fa?§g%ﬁﬁpég Bﬁ§%%Fi§§%§%Vg% as a
| ong of abqut .90 residues treamoo 10 .the 5' -si fromthis part, are
synthesizeghﬁﬁHnF ad@?ﬁﬁéaHg ’tﬁésPﬁEranDﬁﬂﬁgl?goiggs’Further, a

conpl enmentary strand oligoner, that contains a nucleotide sequence of 12

residues on the 5 -side (the 3'-site fromthe view of the gene site) of the
second DNA ol i goner and has a |long of 15 about 9Q resi dues upstreamon the
3'-side from t hPReBAFECaALE  syifthe8K2BB18nd § s MHEEEREd I8 FRIUFRFEN TNA

ol i goner. Subsequently, in the sanme way, an appropriate amount of DNA

ol i goners Bke sgFRFRET zaPl WheH erisided 5ol REEPEEE dRY hazr srtimeerthe

covered, the oligomers are further synthesized
10 amino acid sequence of SEQ ID NO: 1 and selecting, as a

codon corresponding to each amino acid included in the
amino acid sequence, a codon that is frequently used in a
microorganism cell (for example, E. Coli.) which will be
used to express the codon. The information on codon usage
15 in E. Coli and others is, for example, available from a DNA
data base well-known to those skilled in the art (GenBank,
EMBIL, DDBJ and others). Also when Bacillus subtilis is the
microorganism cell and a signal sequence is added to the
above amino acid sequence to transport it extracellularly,
20 an amino acid sequence of the whole protein including the
signal sequence 1is created. The signal sequence 1is
preferably one derived from the microorganism cell, and
examples thereof may include a signal sequence of a-amylase
of Bacillus subtilis and others, which is an extracellular

25 transfer signal.



20until it is covered. Next, these oligonmers are sequentially bound
by the PCR reaction. First, PCR reaction is carried out using the first DNA
ol i goner woaotdmeszecond DNA ol i gomer as priners. 25PCR Ppeagrroanoésg4scarri ed
out by meking the obtained PCR WD 2012/ 005372PCT/ JP2011/ 065748 50 products
a tenplate and using the third DNA ol i gonmer and the fourth DNA ol i gonmer as
primers. The PCR reaction is, for exanple, 5 cycles of one set of
denaturation tenperature 94C (for 1 mnutes), anneal 5 tenperature 51C (1
m nutes), extension tenperature 72C (for 2 mnutes) and thereafter, 20
cycles of one set of denaturation tenperature 94C (1 m nutes), anneal
tenperature 60C (1 m nutes), extension tenperature 72C (2 mnutes). It is
preferabl e thatyDNes RQEYEB! as@pdsediicn tdgidieactd PN YseseaireBzy@eni th

| ow i ncorporating error rate OP t he nucl eoti de base. Subsequently, the
nucleotidedégﬁygggﬁ_is extended by repeating the above operation, to obtain
a desired nucleotide sequence. The restriction enzyne site is installed at
poth ends of a geslfed 1o M0t flee EHURIRAS Nieedalr ddy! Ll Mfcoduces
into a cloning vectof according to a conmon procedure, {fien a suBcIonlng is
done. . The nucl eoti de.sequence of the obtai I S fj Wi DNA
seque%cer,cﬁﬁﬁg?%ugmﬁpoi§c€6ﬁf??$éﬁpﬁ% %%vggggﬁé%%§3°a g§$y%%§$g8tfﬁg
having a 20 desgred nucl eoti de se uence.fThus for al | e émm o% t he
oresent polSALER Bobldé Ean B TRRTHT U By CAFAREREVally it HRLr2i G BNA
havi ng themgggéggéggfsgquggie %ggtfoaggllnngngngO%OS'express the

polynucleotide, codons for amino acids of the number

calculated above are allocated. The order of using each
10 codon 1is applied so that the same codon will be not
consecutive as much as possible. It is selected

sequentially from amino acids on N—tefminal side 1in the
order of the codons decided on each amino acid, then the
codon of the each amino-acid residue is temporarily decided.
15 The codons of all amino acids to the C-terminus are
temporarily decided by repeating these procedures, and
finally the termination codon 1is arranged. On the
artificial gene composed of the decided codons, it is
checked that neither the nucleotide sequence that inhibits
20 the transcription of the gene in the microorganism cell nor
the nucleotide sequence that the restriction enzyme used in
the operation described below recognizes exists. When such
a nucleotide sequence exists, the codon that is allocated
in this nucleotide sequence is exchanged for a codon used

25 in another part. When the gene 1s designed, it 1is



WO 2012/ 005372PCT/ JP2011/ 065748 51 to express in a mcroorganismcell, for

exanple, a DNA in which a pronoter functional in the mcroorganismcell is
oper abl y wonkegoss2t he present pol ynucl eotide is introdecedproi/osstie

m croorganismcell. 5 Here, "operablylinked" nmeanst hat whena m cr oor gani sm
cell is transformed by introducing the ghpove DNA into the m croorgani sm
cell, the present polynucleotide is under condition of bonding to a
pronoter so as to be 10 expressed under control of the pronoter. Exanples
of the pronoter includes a |ac pronoter of |actose operon of E. coli, a trp

pronot er O%réf&?&@p@aaoOQQHOHu@ieEtiaelgegaén&é@tmaﬁbﬁ BreMeleeicyriikaid ar e
uni quel y-al tered and designed to be functionable in E. coli such as tac

promoter, fyC dot  PLOMBhELnaPHe0t BGESabALS@oPL tReOIRESE tQbnPR SRR Of
Lanbda Phage origin, gluconaie synthase pronoter of Bacillus subtilis

origin (g glo@IFgIgngegaoggas?éﬁégggﬁgrtggpﬁgneqeutraI pr ot ease pronoter

(npr), and a-anylase pronoter ot hers are included. 20 I n
general, DNA operably linked to a pronoter functional in a m croorgani sm
cell can be cloned to a vector according to a nethod described in

LAl ogul a1 G onkagy, Ackebgialoby,Mamuel ndcodrtian” LtiRke SRR n0
above can be synthesized wusing 1long 1length chain DNA
synthesis method that wuses PCR (Shimamoto, et al., "PCR
experiment protocol of plant”, refer to the above)
(hereinafter, this method may be sometimes referred to as

10 "Assembly PCR method”). In the method, DNA is synthesized
using long synthetic oligonucleotide primers only. The
pair of the primer is synthesized so that the complementary
strand or the overlap of about 10 to 12 bp will be present
at each 3'-end, and primers each other are used as a

15 template, then, DNA is synthesized. The total length of

the primer may be, for example, about 60 to 100 mer.

Preferably, it may be, for example, about 80 to 100 mer.

First, based on the designed nucleotide sequence, for

20 example, DNA oligomers that made a primer every about 90
nucleotide bases are designed and synthesized. The
synthesis of DNA oligomer can be carried out with DNA
synthesizer by p-cyanoethylphosphoramidite method. For
example, a first DNA oligomer is designed and synthesized

25 using the designed nucleotide sequence from the vicinity of



WO 2012/ 005372PCT/ JP2011/ 065748 52 Mbl ecul ar Bi ol ogy" (1987), John Wley &
Sons, Inc. | SBNO471-50338-X, to obtain a reconbi nant vector. The vector to
be used slWwoubt/ooeirzbe linmted as long as 5 it can nmai nairnpPitheoEesent

pol ynucl eotide and is replicable (for exanple, a vector containing DNA
sequence, pronoter, ribosone binding seggience, transcription term nator
(transcription term nation sequence), selective marker gene, which is
necessary for plasmd to growin 10mcrobial cell), and the vector that is
appropriate for each host can be used. For exanple, plasnmd DNA and

bact eri ophage aedteirhgisriatob@pdid WiedresiduesExpateandfom! angi ¢ 'DNA
include plasmd of E. coli. origin (ColE plasm d such as pBR322, pUC18,

pUCLY, pUCLige 1§e9901;9c6%é%é%n%'a@émQQandLB@ll;onMVHe%ut( HARA n3HUZO
CO., LTD.), pBIuescrlptI TOPO (InV|trogen) pTr c99A

(Phar maci a% 4§gt§g§§§ (F’%@;m] ¢ )Qfafhdzf 0{{%:{&&%%1@59}(\9 gh _AGHLNQRY GEfes

origin (pl ers) plasmd st origin (YEpl3, YEp 24, Ycp50

d oth 0 h d
Char onpaa. HEREES %i‘f%@sfo fo e fsah%%?%‘é §<P %%%?%ﬁraﬁé%%é’é S
artificial ,chroppsone an qi r to_a_vec &%
vect or confQIRFhEealséfe }Fﬁe na?kg? GERE ( %tﬁ%ﬁ?c Fesi § sﬁﬁf%ted

ene 25such as,  dehydrofol ate reduct ase ne ananyci n-r esi st.ant
9 and 'is efine as the seco % DNE ongomer. iﬁso,

a
complementary strand oligomer, that contains a nucleotide
sequence of 12 residues on the 5'-side of the first DNA
oligomer and has a long of about 90 residues upstream on

10 the 5'-side from this part, are synthesized and is defined
as the third DNA oligomer. Further, a complementary strand
oligomer, that contains a nucleotide sequence of 12
residues on the 5'-side (the 3'-site from the view of the
gene site) of the second DNA oligomer and has a long of

15 about 90 residues upstream on the 3'-side from this part,
are synthesized and is defined as the firth DNA oligomer.
Subsequently, in the same way, an appropriate amount of DNA
oligomers are synthesized. When desired polynucleotide has

not been covered, the oligomers are further synthesized

20 until it is covered.

Next, these oligomers are sequentially bound by the
PCR reaction. First, PCR reaction is carried out using the
first DNA oligomer and the second DNA oligomer as primers.

25 PCR reaction is carried out by making the obtained PCR



WO 2012/ 005372PCT/ JP2011/ 065748 53 gene, anpicillin-resistant gene,

neonyci n-resi stant gene, blasticidin-resistant gene and others) is used as
t he vect owo 28120008373f or mant cont ai ni ng the vector introdecedpeoanosessel ect ed
utilizing the phenotype of the selective marker 5 gene and the like as an
i ndex. Also, the SD sequence and the Kogsk sequence are known as a ribosone
bi ndi ng sequence, and these sequences can be inserted into the upstream of
the nutation gene. Utilizing the PCR nethod and others, the SD sequence nay
be added when prokaryote is used as a 10 host and the the Kozak sequence

may be addsgoMbepseukaileats Hﬁ_@d_@ir%hh@ﬁé- tBxaepime 0b11§emSP se@uence
i ncl ude a sequence of E. coli. origin, odococcus bacteria origin, or

Baci | lus sulptikbg PRl BiR 80dgBhber 85 BYimghqul d not be linmited as |ong as
t he nucl eotide sequence is one that can 15 function in the desired

m crobial cell . pfQr pexarBles consensus, sequanoe. | N whichod Byckeatidle

sequence conpl enentary to term fal” region 0 osone

ti t han .f. ' b i
Cynthesi & Wbt RoB= Al BEREPHHOEs 0T oReBh0 Y TERRYe [T pithea

term pation sequenpce | cessarily necessary, p factor_independent one
such as |i %%?%f%?ﬂr?eﬁwgﬁ%tg éﬁﬁ“ﬁ?ﬁybpeF&%ePS%ﬁPnaE%WP%E%{%f%e?QEEgy be
utilized. ¥[)2%&é§005372PCT/JP2 11/0@8748 5? such a vector can bg c%rried
out by cuttfff TOht S hi AGS N Predentr poFPni €ts d8iwitif afict ©
appropriate restriction enzyme and if necessary, adding an appropriate
li nker to fRRADRE2ERENt heEBRPBERTURS bi Adi Ag t Heé DNRIPHLERE rvecPdiReR Lt hat
is cut with an appropriate restriction enzynme. Al so another nethqd can be
carri ed outempesabpeet PAGCt hé DRNAUESH! ai AKRGNERENPEETRRE 2/HINEnUE otlidde to
PCR anplification using a priner containing an appropriate restriction
enzyne recogniteédh.si fe, ishpnefprabéssithgtt RE¥Aappliyiiegd sgr v¢ect 110 thieth t he
restriction enzynme and thereafter, by binding the DNA to the vector that is
cut Whth ancappionr usee regstenzynenwehbyn®w | inedheporezonhy nantovegtade t hus
produced is introduced
of the nucleotide base. Subsequently, the nucleotide
sequence 1s extended by repeating the above operation, to
obtain a desired nucleotide sequence. The restriction
enzyme site 1is installed at both ends of a desired
15 nucleotide sequence as needed, and it introduces into a
cloning vector according to a common procedure, then a
subcloning 1is done. The nucleotide sequence of the
obtained clone is confirmed with DNA seguencer, and thus it
is confirmed to have obtained a polynucleotide having a
20 desired nucleotide sequence. Thus, for example, DNA of the
present polynucleotide can be prepared by artificially

synthesizing DNA having the nucleotide sequence set forth

in SEQ ID NO: 5.

25 For allowing the present polynucleotide thus obtained



15 in the mcroorganismcell, the transformant that expresses the present
enzyne highly can be obtained. It is possible to express the present enzyne
by cul t urwogoidwesimansf ormant. The net hod of i ntroduci ngctriyexqi/esen

pol ynucl eoti de 20 operably linked to a pronoter functional in a

m croorgani smcell or the reconbi nant wector retaining the pol ynucl eoti de,
into a mcroorganismcell, may be a DNA introduction nethod conventionally
used depending on the m croorganismcell to be used, and exanpl es thereof

i nclude a cal ciumchloride 25net hod described in "Ml ecular Coning: A

Labor at or yr dBBugke sWO12012/ R06B43P§dA IER0ELAAGS T S Ansli€di &1 oNA (11989),
Col d Spring Harbor Laboratory Press, "Current Protocols in Ml ecular

Bi ol 0gy" (498Z). 2) QoM &Y &uSeRSonknC.id SBNO 4l 2033 srandelhe ild ke, a

Heat - Shock net hod, a Spheroplast nethod, a lithiumacetate nethod, or 5 an

el ect r opor %?Qbﬂ?t hody dgseri bed 'b@e"sé/ﬁfth%ag,mpﬁle%%ti@%pqrsatiin%'odﬁ%&
Pul ser/E. coli1 Pufser Systent Bio-Rad Laborafories (1993) and ot hers.

Exanpl es oInEgigﬁgo%ggpkggbgghgalQgiﬁin i nclude 10 m croorgani sns such as

E. coli (spécifrcal or “exanpl e 12 strain, B strain, JMLO9 strain,
XL1-Blue strain, G600 strain, w3110 strain), Bacillus subtilis, yeast,
fungus, Rhodococcus genus. Preferably, m croorganisns belonging to
Escherichi a genys, Bacil,l us us, rynehact eri um gen 15

St aphyl ococcus g%ﬁﬁs, StPBSFgﬁgges ggﬁﬁ§¥PSac6H%?%%ycegﬁégnusWhen a
(specifically, for exanple,  Saccharo es cerevisiae), Schizosaccharonyces
genus (spé%?%FeaFgﬁ?l?BrC@%énﬂFef‘@HE? HﬁYoﬁ?EEédﬁﬁﬁﬁg)FEEi@ﬁF@egenus
(specificallx,,for exanpl e, Pichia pastoris), Kl uyveromyces genus, .
Asper gi | | uBNADpngRntiEe aRECRABHSEBA STis C§ehus thepeErricddl Pelvndicleptisice,
Rhodococcus rhodochr ousATCC 12674 strain, Rhodococcus rhodochrous J-1
strain (FERN BRIRA78I9nGHe @t hefs kandingt| hged promoter so as to be

10 expressed under control of the promoter. Examples of the
promoter includes a lac promoter of lactose operon of E.
coli, a trp promoter of tryptophan operon of E. coli, or
synthetic promoters that are uniquely-altered and designed
to be functionable in E. coli such as tac promoter, trc

15 promoter and others. Also PL promoter or PR promoter of
Lambda Phage origin, gluconate synthase promoter of
Bacillus subtilis origin (gnt), alkaline protease promoter
(apr), neutral protease promoter (npr), and «a-amylase
promoter (amy) and others are included.

20

In general, DNA operably 1linked to a promoter
functional in a microorganism cell can be cloned to a
vector according to a method described in "Molecular
Cloning: A Laboratory Manual 2nd edition" (1989), Cold

25 Spring Harbor Laboratory Press, "Current Protocols in



WO 2012/ 005372PCT/ JP2011/ 065748 56 pol ynucl eoti de operably linked to a
pronoter functional in a mcroorganismcell or the reconbinant vector

r et ai ni ngwohei1znekymucl eoti de and ot hers has been i ntrodecedp20ionssexanpl e,
it is recoomendable to select the transformant 5utilizing the phenotype of
a selective marker gene contained in asector as descri bed above as an

i ndi cat or.
pol ynucl eoti de can be checked, for exanple, by perform ng recognition of a

A fact that the transformant obtained retains the present

restriction enzyne site, 10 analysis of a nucleotide sequence, Southern
Hybri di zatyionec¥est eBh olivliindi zadgon apshihailliele,s ases di ngct o Iepuml-

nmet hods described in "Ml ecular Coning: A Laboratory Manual
(1989), Cokl Sppsng-Kiar bgr obab9hakor¥cBnBSBandnNderibers. 15

2nd edition"
For

exanple, a mcrobial cell of the present transformant is reacted with a

sul fur-contai ning am no al cohol conpound. Then a fact that t

he obt ai ned DNA

encodes an am no acid sequence of an enzyne which has the 20

above-ment i oned,abi [LL| &8 9§3bgeagascéﬁgu9§ g/ Y&l 9rdl amaunt oy Lhe

sul fur-contai ning a-amno a e conpoun or the sulfur- contalnlng
a-am po acid caonpound |n reaction 0 é%rn Iy, the
fact Tan bégchéfked %@l %h%ncﬁ%b a.ggn%% eot| equeo 0 ausmg a
conventlonal fecggfe (¥[22%£%£% 5372F{¥Z§€291éé0§gZ§§ng DNA sequence,
promoter, ribosome binding sequence, transcription

terminator (transcription termination sequence),

marker gene, which 1s necessary for plasmid to

selective

grow in

10 microbial cell), and the vector that 1s appropriate for

each host can be used. For example, plasmid
bacteriophage and others can be included.

Examples of plasmid DNA include plasmid of

origin (ColE plasmid such as pBR322, pUCl8, pUC19,

DNA and

E. coli.

pUC118,

15 pUC119 (TAKARA SHUZO CO., LTD.), pTV118N (TAKARA SHUZO CO.,

LTD.), pBluescriptII (TOYOBO), pCR2.1-TOPO (Invitrogen),

pTrc992 (Pharmacia), pKK223-3 (Pharmacia) and

plasmid of Actinomycetes origin (pIJ486 and

others),

others),

plasmid of Yeast origin (YEpl3, YEp 24, Ycp50 and others).

20 Examples of phage DNA includes Apharge (CharoniA,

Charon2lA,

EMBL3, EMBL4, Agtl0, Agtll and others), retrotransposon DNA,

artificial chromosome and others.

Also as to a vector, when a vector containing a

selective marker gene (antibiotic resistance-impa

25 such as, dehydrofolate reductase gene, kanamycin-

rted gene

resistant



57 For exanple, sequencing is carried out by D deoxy Chain Term nation

Met hod (see, for exanple, F. Sanger, S. Nicklen, A R Coul so, Proceeding
of Nat ur avoAoaa®syr2of Science U S. A (1977) 74: pages 54#63ubp#AaGT)es7dhe
sanpl e preparation 5for a nucl eoti de sequence anal ysis may be used
commerci al reagents such as ABI PRI SM Dy¢ Term nator Cycle Sequenci ng Ready
Reaction Kit (Perkin-El nmer Corp.).Al so the nucl eoti desequence can be

anal yzed utilizing an appropriate DNA sequencer. 10 Hereinafter, a
met hod for the preparation of the present transformant by a culturing

method is explai ngghicillin-Ehesyesant gbhansi L smpti ABYe HEs€atht UrRehd,N a
culture nedlun1forcultur|ng vari ous nlcroorganlsnsmhlch 15appropr|ately

contain a BE‘%QQ?&Q%C?%’i‘s@éfd‘:ogggnéouéﬁé SO PANi £5 Salded amd NAfgANI C

salt, and others t he carbon source include sugars such

as gl ucose, Q%E”Q fPdnsHEEASA gBﬁ%lﬁlﬁ%h‘Elﬁ% ghlo%s i n?Q HNRY Uary

organi ¢ acl S suth as funaric aci citric-ac pyruvi c acid, ani mal

O i o SR SR RS TEAPSEe, FUERBOEEY B AR B R O
the Cglturgene and the like as an index. Also, the SD sequence and
the Kozak sequence are known as a ribosome binding sequence,
and these sequences can be inserted into the upstream of
the mutation gene. Utilizing the PCR method and others,
the SD sequence may be added when prokaryote is used as a
10 host and the the Kozak sequence may be added when eukaryote
is used as a host. Examples of the SD sequence include a
sequence of E. coli. origin, Rhodococcus bacteria origin,
or Bacillus subtilis origin and others, but should not be
limited as long as the nucleotide sequence is one that can
15 function in the desired microbial cell. For example,
consensus sequence in which a nucleotide sequence
complementary to 3' terminal region of 16S ribosome RNA is
consecutive more than four nucleotide bases is produced by
the DNA synthesis method, then may be utilized. Though
20 transcription termination sequence is not necessarily
necessary, p factor independent one such as lipoprotein

terminator and trp operon terminator and others may be

utilized.

25 An incorporation of the present polynucleotide into



WO 2012/ 005372PCT/ JP2011/ 065748 58 Exanpl es of the nitrogen source
i ncl ude natural organic nitrogen sources such as neat extract, peptone,
yeast extweebiowsi’e extract, soy flour, Corn Steep Liquecy/yestii/ossesd
flour, dried yeast and casamino acid; amno 5 acids; sodiumsalts of

i norgani ¢ acids such as sodiumnitrate;gamoni umsalts of inorganic acids
such as ammoni um chl ori de, ammoni um sul fate and ammoni um phosphat e;

anmoni um sal ts of organic acids such as amoni um funarate and ammoni um
citrate; and urea. Anong these nitrogen sources, 10 anmmonium salts of

organi ¢ acidsy Batdeabrokganige NidFO0eN @@yrﬁyscueaﬁnamum 2Gnds idich Pt her s
may al so be used as carbon sources in many cases. The above nitrogen

sour ces ar hg g Wgsregtt he l&éire%ﬂ%@ Lw@m 27 QBBE‘Berfat'éSli%lslt)il%t{q}Hn 0.1 %
0

(wv) to 3 v) of "thé culture. Exanpl es of the organic salt

and i nor gag#lgﬁﬁ?atandnciydg glsgr n&énem ufr@é eana%%rgrtogjrlcaagé)%g ﬁiei‘”dco

phosphat e o SSI um SO I ron anese Zl nc,

d oth fi I h 20_ ch

pot ass! um EAF 0P e, 1 ﬂééﬁ%%f%%féﬁ? oty HE R S T e Bk Bt e,
bal hi d | f.at f at di t at al

Car hohat 6, CPBt ad8 Wiyt Upeh™ pRECRRRES S oL el i Ry BGen gHokbhat e.

These organic salts and/or inorganic salts are 25add d to the cult
medi um i n RCERBHENTGRALUGPTY BihotR T VP 2608 0B FMlFB%S%@ 59

0. 0001 %(w/v% to 5 %(wv) of the culture. . o )
containing the present polynucleotide to PCR amplification

using a primer containing an appropriate restriction enzyme
recognition site, then, processing the amplified product
10 with the restriction enzyme and thereafter, by binding the
DNA to the vector that 1is cut with an appropriate

restriction enzyme.

If the recombinant vector thus produced is introduced
15 in the microorganism cell, the transformant that expresses
the present enzyme highly can be obtained. It is possible

to express the present enzyme by culturing the transformant.

The method of introducing the present polynucleotide

20 operably linked to a promoter functional in a microorganism
cell or the recombinant vector retaining the polynucleotide,

into a microorganism cell, may be a DNA introduction method
conventionally used depending on the microorganism cell to

be used, and examples thereof include a calcium chloride

25 method described in "Molecular Cloning: A Laboratory Manual



In culturing a transformant in which has been introduced DNA in which the
present polynucleotide is 5 operably linked to an inducible pronoter as a
pronot er ,wenoizudssrer may be added into cul ture nmedi um agcmgesadocsFo
exanple, in culturing a transformant that is introduced with DNA in which
the present polynucleotide is operably d4 nked to an all ol act ose-i nduced
type pronoter such as tac 10 pronoter, trc pronoter and |ac pronoter, an
i nduci bl e agent for inducing a production of the present enzyne such as

i sopropyl thio-p-D-galactoside (PTG can be added in a small amount into

culture neghydmegAlksen™ N(1C3ES)Ur i 0818 SHRslOrHBNot hakpbsat BEyodueed Wi th
DNA in which the 15 present polynucleotide is operably linked to an

i ndol eacetig,achde (PAGoLBIYCEH M¥RECRNAFDEEL1BUGP a3 JshR , PIRRL Gil AN
i nduci bl e agent for inducing a production of thé present enzyne such as | AA

can be addedqin.a | 1 1ty 40t tr dj Exang) of
t he cul turg rsr%'lt:lﬁbd%l?%él mﬁj& cslcjblﬁgr g@,aﬁaﬁi J(C:Elgndlf:z'sl%iefuraeH(ee. g. é)%t%(est

t ub | t fl |t , i f .

o ture t ohgerdit &° trBYsiblBs e, L TEPhSin HELREEL methodsi 0% o s
| th tt fo t 2012/ 005372PCT/,JP201.1/ 065748 6Q

agrg ?2 gr%ﬂP{%igﬁgﬁéﬁ%ﬁ?éﬁ%?goggﬁgghexa T 15 cmqtuéﬁ?%%%%?atdfbaagy

be in a range of about 15C to abgqut 45 preferably between 10C.and apout
57C and 1t ELRREGPEOREL SNE uPE B UbERAE S Fhde SO SEBoy o oG SO 5
The culture time my be a Bropriatelé sel ected depending on the culture
conditionsPaEﬁHaFgra§ﬁaKF§ dbo8Pd1°88§TFo about 7 days.

Examples of "microorganism cell™ Therein include

10 microorganisms such as E. coli (specifically, for example,
K12 strain, B strain, JM109 strain, XL1l-Blue strain, C600
strain, w3110 strain), Bacillus subtilis, yeast, fungus,
Rhodococcus genus. Preferably, microorganisms belonging to
Escherichia genus, Bacillus genus, Corynebacterium genus,

15 Staphylococcus genus, Streptomyces denus, Saccharomyces
genus (specifically, for example, Saccharomyces cerevisiae),
Schizosaccharomyces genus (specifically, for example,
Schizosaccharomyces pombe), Pichia genus (specifically, for
example, Pichia pastoris), Kluyveromyces genus, Aspergillus

20 genus and Rhodococcus genus (specifically, for example,
Rhodococcus rhodochrousATCC 12674 strain, Rhodococcus
rhodochrous J-1 strain (FERM BP-1478)) and others are

included.

25 For selecting the transformant into which the present



The cul tured product of the present transformants can 10be directly used as
a catalyst for the process of the present invention. Exanples of a nethod

f or usi ngwohe120537ar ed product of the present transformeatr/Jpmal/oese4st he
following (1) and (2): (1) a nethod for directly using culture, and 15(2) a
met hod for using mcrobial cells colleciged by centrifuging a culture (wet

m crobial cells washed as needed with buffer water). The
processed products of the cultured product of the 20present transformants
may al so be used as a catalyst for the process of the present invention.

Exanpl es ofot bguplesesaed opeeduatys 10K 8 & opkahoeek! Funrelivde 1miicr obi al
cells obtained by culturing followed by treating with an organi c sol vent

(e.g. acetgne,;and, SINANAUN . cémpmﬂ | 2089 r 22 itd8at | f8c¥bih @ldealiing he
physically or enzynatlcally WO 2012/ 005372PCT/ JP2011/ 065748 61 di srupted

m crobi al ¢cg ' ]e_)(] ﬁw&l@l&@wm %%m&%t eﬁagr B3Lkacted- 44,004 he ddiese

m cr obi al ce ernore, exanples of the processed products’ include

those '”“DQ&Lhﬁfg,bﬁj? Kgompeggﬁﬂggdgﬂigr1&PGSQQQE% n@ﬁ%'(yy§$sformant

5 utilizing the phenotype of a selective marker gene
contained in a vector as described above as an indicator.

A fact that the transformant obtained retains the
present polynucleotide can be checked, for example, by
performing recognition of a restriction enzyme site,

10 analysis of a nucleotide sequence, Southern Hybridization,
Western Hybridization and the 1like, according to wusual
methods described in "Molecular Cloning: A Laboratory
Manual 2nd edition™ (1989), Cold Spring Harbor Laboratory

Press, and others.

15
For example, a microbial «cell of the present
transformant 1s reacted with a sulfur-containing amino
alcohol compound. Then a fact that the obtained DNA
encodes an amino acid sequence of an enzyme which has the
20 above-mentioned abilities can be checked by analyzing an

amount of the sulfur-containing o-amino aldehyde compound
and/or the sulfur-containing o«o-amino acid compound in a
reaction product.

Similarly, the fact can be checked by sequencing a

25 nucleotide sequence of DNA using a conventional method.



S5treat nents. As the nmethod of purifying the present enzyne froma

cul tured product of the present transformant, nethods used in usual protein
puri fi catworrorasize applied, and for 10exanple, the fol PoRiJRZY1IVR¢SIERIS are
ment i oned. First, mcrobial cells are collected froma cul tured
product of the present transformant by sentrifugal separation and the |ike,
thereafter, these are disrupted by 15 physical crushing nethods such as
ultrasonic treatnent, dynom || treatnent, French press treatnent and the

| i ke or chem cal crushing nethods using a surfactant or a bacteriolysis
enzyme suchoas é)éé‘ir%méfte sadutheihpke.s | BRYEL Edesowt e biyenDy@sh £y omhiaie
resulting disrupted liquid 20 by centrifugal separation, nenbrane filter
filtrationrapgdihheibhk@etRoBr ¢BaES €6k! okbRB1€%! FACkangRd,tBi.SNigklen,
fractioned appropriately using separation and purification nethods such as
cation exchange CRLQRRLOON BPHYe8DHGN SXCRANYE AN REBLEALARNY . SRideRrhobi ¢

chromat ography, gel 25filtration chronmatography, netal chel ate

prcsont  endyatt SantRL bur i Baee oee et o B BerasR o
Chr OB oot £B0Y TR AL (LUSOhUD! £ B8\ YTE" 3] g1 3 gichetel 0se.
and the |1 KESPSRF RcPUGEd > Caor B Y 4o Al T OBt B2 Ay FF LA FegoCoriiths can
al so be used, and_exampl es of, such_co ally va&L%QIe cagiggr-fgﬂg ed

col unmms i nRPadE QR&ESHarPEse BE Pﬁgﬁ§PE§%§h§?Bse

nucleotide sequence can be analyzed utilizing an

appropriate DNA sequencer.
10
Hereinafter, a method for the preparation of the
present transformant by a culturing method is explained.
The present transformant may be cultured in a culture
medium for culturing various microorganisms which
15 appropriately contain a carbon source, a nitrogen source,

an organic salt, an inorganic salt, and others.

Examples of the carbon source include sugars such as

glucose, dextrin and sucrose; sugar alcohols such as

20 glycerol; organic acids such as fumaric acid, citric acid

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

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.

25



10 ((registered trade mark) which are both manufactured by Amersham

Phar maci a Bi otech), TSK-gel G3000SW ((registered trade mark) Toso Co.,
Ltd.), anslot2be/dosive. For selecting a fraction containi ngctrheqniess

enzynme, 15 it is recommendable to select a fraction dependi ng on exi stence
or nonexi stence or a degree of "capabildgy of converting a

sul fur-contai ning am no al cohol conpound into a correspondi ng

sul fur-contai ni ng a-am no al dehyde conpound”, "capability of converting a
sul fur-containing a- 20 am no al dehyde conmpound into a correspondi ng

sul fur-cont ai ni Pga@p@8E N0 c&CI & HEO MO KL ger@Ndé&hircdot Anefl uaapabiatidna 10f
converting a sul fur-containing am no al cohol conpound into a correspondi ng

sul fur-containhng aramipefl deliyde scosponnd angegapabid #d o Of eRitrid,i ng a
sul fur- 25contai ning a-am no al dehyde conmpound into a corresponding WO

2012/ 005374ECTL IBR011005448 63, 3ul fau - couy 2k g, achngcaend igompound” in

the present nvention. Specifi ments 1 nclude the mcrobial cel'ls of

5,1 he, present (Lranshor pRls, andube, pragessed.ir odieladbersala (e tin

cell-free extrac rirally pur proteins, purified proteins and
imobilized materials. thereaf). | es _of .the_processed products, .of the
cul tured p?%gﬁéts ?%‘i}%e Eﬁglo%sni El)%?ggnﬁirg%%fzga%?% , %L%Cgrzlaniacs Soditm
solvent-treated 10 nicroorganiﬁgs, dried m'croorggnismsh di srupt ed

m cr oor ganPSHE2 it BTPSRLBE R FPcPbor§aRPEREC &6AREatEE  niEer G8F YA W,
extracts of mcrqorgani sns, and_al kali-treated m croorganisns. Furthernore,
exanpl es ofP&CHRER0JABNOBAERI APk FRe 2PANBRMPRZ &8 HgPé%$€F§;iﬁEWTﬁﬁ%qghrrier
15 binding nmethods (e.g. a nmethod of adsorbing proteins and others on to

i norgani c eatEPerefsueboarici |13ckdyel SHFY &F afiEwnicw | flugeeats and

i on-exchanged resin) and encapsul ating nethods [e.g. a nethod of trapping
prot ei ns agumenhemscifratret Wk Wtgauct LARORY HREFONBLEEQPEE SEH CGES,

20pol yacryl am de, sul fur-containing pol ysaccharide gel (e.g.
10 ammonium salts of organic acids, natural organic nitrogen

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.

15
Examples of the organic salt and inorganic salt
include chloride, sulfate, acetate, carbonate and phosphate
of potassium, sodium, magnesium, iron, manganese, cobalt,
zinc, and others. Specific examples thereof include sodium
20 chloride,v potassium chloride, magnesium sulfate, ferrous

sulfate, manganese sulfate, cobalt chloride, zinc sulfate,
copper sulfate, sodium acetate, calcium carbonate,
potassium hydrogen phosphate and dipotassium hydrogen
phosphate. These organic salts and/or inorganic salts are

25 added to the culture medium in an amount of usually about



carrageenan gel), alginate gel, and agar gel]. In the event that
the present transformants are used in the industrial production process,

t he prodwsbopfoodEki | | ed m croorgani sms m ght be preferpedspmivogacessed
WO 2012/ 005372PCT/ JP2011/ 065748 64 mi croorgani sns fromthe point of view of
limtation of manufacturing equi pments ©¢§ other factors. Exanples of a

met hod for killing the m croorgani sns i nclude physical sterilization (e.g.
heating, drying, freezing, irradiation, 5 sonication, filtration, and
electric sterilization) and sterilization with chem cal agents (e.g.

al kalis, agidgso1hal ogens, texbdizingvagent $heskhfieirehoron, arsenic, netals,
al cohol s, phenols, am nes, sulfides, ethers, al dehydes, ketones, cyan, and
antibiotics). Among these killing 10 nethods, generally, it is preferable
to select a nethod which can | ower the amount of residues or contam nants

| the reacti onraystemiand can 1 niuhae hoachivation of; dhe aboveseseri bed

"capability of converting a “sulfur-containing am no al cohol conpoun nto a
correspondin | f Ut cont ai ni a-amn yd 0 ‘L hica ility
of convert%nggégﬁgaurﬂﬁ%ntgéniﬁ%fgéa&ﬁg% 3?%%%§§é ?gﬁ'oun Q%%Jék% gk
corresponding sulfur-containing a-amng acid conpound”, and/or "bhoth
capab?lityOBgréghye}ﬂP%Sdaﬁﬂﬂ r%Qéﬁﬁéhﬁkrﬁf%ﬂ$€ * af2oRoP O8RS IHd 3%t o a
correspondlng 20 sul f r-cogtainLn a-anj no al dehyde conpoun gnd
capabi | i t y*BFUEBRVERY a2 SAPAUATES SR HT WG aPERTHE ASdersed®Sonpditd i nt o
a correspondi ng_sul fur-contai ning a-am no acid conpound”, WO

2012/ 005379PETPIPP0 14T 065 2AG§HY @ transformant that 1s introduced

with DNA in which the present polynucleotide 1s operably
linked to an allolactose-induced type promoter such as tac
10 promoter, trc promoter and lac promoter, an inducible agent
for inducing a production of the present enzyme such as
isopropyl thio-pB-D-galactoside (IPTG) can be added in a
small amount into culture medium. Also, in culturing a
transformant that is introduced with DNA in which the
15 present polynucleotide is operably linked to an
indoleacetic acid (IAA)-induced type promoter such as trp
promoter, an inducible agent for inducing a production of
the present enzyme such as IAA can be added in a small
amount into culture medium.
20
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

25 particularly limited as long as the present transformants



specifically. 1.A processed product of cultured products (first enbodi nent)
The centrifuge separation nethod and the film 5 filtration nmethod can be
used to cwbl2ertoosite m crobial cell fromthe cul ture proaatus2mi/oédies present
transformant. While the condition of the centrifuge separation shoul d not
be limted, the nethod can be carried oy, for exanple, under the condition
of 3,000 to 4,500xg at 4C for 5 to 20 10 mnutes. The coll ected present
transformant can be, as needed, washed wi th nonosodi um phosphate buffer,
phosphat e buffer and others, then suspended. The suspension of the

m crobial gebl abset hus @bbRi RAD.LIAS Parkdd heHeoEodi. ST upd i Nngxainpl 6bi ahecel |,
ultrasonic 15 treatnent, high-pressure treatnent with French press

treat nent of1 PQPRIGNUMERIna@ldddihlg tWeat pen! wahBedl &8s abeads, 1enzymetic
treatment wth lysozyne, cellul ase and pectinase, freeze-thaw treatnent,

treat ment &%égth¥8659n%%§gkgﬁ 1yl WdtGrd UG IO A €2 5BAL 3P EN 2pR2GE AN

ot hers can be util The di sruption treatnent Is carried out under

| ce-cool i ngyagenegded,;  For examphe, fhe, suspensien.gh,the mpcrghial el l
I ng o)

may be di stupted under i cé-cooling for m nutes, preterably for 3
mnutes wih ultrasoni¢c.vibratoy VP-15S (Taitec, .J i h (]
congigioﬁnﬁ eg%E£€55?|gbﬁ%rgﬁy4,eD6E9r&9 gkﬁg%,sséﬁg?ééi@Ehgédﬁﬁgé%%%s_

WO 2012/ 005372PCT/ JP2011/ Q65748 66 Al so, f t [ f th
T Crobi al CeF| CHAGUBE GPaRapt S anaBR T80 RPALTeBear s ddSndrt POR M th a

honngenize; gANDAZK type manufactured by Niro Soavi.
ays.

The cultured product of the present transformants can
10 be directly used as a catalyst for the process of the
present invention. Examples of a method for using the
cultured product of the present transformant include the
following (1) and (2):
(1) a method for directly using culture, and
15 (2) a method for using microbial cells collected by
centrifuging a culture (wet microbial cells washed as

needed with buffer water).

The processed products of the cultured product of the

20 present transformants 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,

25 or treating with alkali; the physically or enzymatically



After crushing, the disrupted residue of the mcrobial 5 cell can be
renoved fromthe disrupted products of the present transformant as needed.
Exanpl es wb 20twosasehod of renovi ng the residue include eemrPriiuges748
separation nmethod and filtration and others. As needed, residue renoval
efficiency can be raised using an aggregmti ng agent or 10 filter aid and
ot hers. Though the condition of the centrifuge separation should not be
limted, the nethod can be carried out, for exanple, under the condition of
4,000 to 25,000xg at 4C for 3 to 45 mnutes. The residue may be thus
renoved fr@usthptdisHiRreBliRNOMKESs; 18nd. A riifdec essephnegs odephrateauldwur ed
products (second enbodi nent) A |l ot of proteins other than the present
enzyne caneperdepaiuredby theatingsér eatdmi Of thelghove mpithiconrde,20

di srupted products of the present transformant or cell-free extracts. Thus,

the sol UtiQQaﬁ%lEQe presenthenzyie, cads e ofained as aralidd e firald on by

heating-treatnent of the disrupted products of the present transformant or

cell-free h res z inel t ol_uti.Qn af .t
25pr esent %ﬁééﬁgigﬁ?giﬁgg gsegégggibe }g ng§€§ﬁ£ﬂ§u§ 2t ci¥hed
2012/90537%PC§¥%P%Q%1/065748 67 "Heating-treatnent” herein referred
to as”a therFartdeéactivation procedure to denature the protein other than
the present enzynme derived fromthe present transformant and a tenperature
of heating-treatnent is preferably 5 between 50C or nore and 75C or |ess,

nore preferably_between 6QC or re and,70C or | ess. Though the _period of
heati ng-treat meff SHEUIRE dtﬁf??ﬁf% H}nptﬁﬂ?[ﬂﬁﬁﬁﬁﬁﬂﬂ ?%m%efgﬁmnﬁnutes

or nore after the disrupted products of the present transforpant or the
cell-free cultured product of the present transformant, methods used

in wusual protein purification can be applied, and for

10 example, the following methods are mentioned.

First, microbial cells are collected from a cultured
product of the ©present transformant by centrifugal
separation and the like, thereafter, these are disrupted by

15 physical crushing methods such as ultrasonic treatment,
dynomill treatment, French press treatment and the like or
chemical crushing methods using a surfactant or a
bacteriolysis enzyme such as lysozyme and the 1like.
Impurities are removed from the resulting disrupted liquid

20 by centrifugal separation, membrane filter filtration and
the 1like to prepare cell-free extract, and this 1is
fractioned appropriately using separation and purification
methods such as cation exchange chromatography, anion
exchange chromatography, hydrophobic chromatography, gel

25 filtration chromatography, metal chelate chromatography and



l0extracts reaches at a preset tenperature. More preferred period is
between 1 hour or nore and 5 hours or |ess. For exanple, the

heat i ng- tweabimoss7zean be carried out by placing the di spaptieshipossdasct s of
the present transformant and others in a test tube, and then incubating
15the test tube in water bath that set 4o a given tenperature for a given
period. Also the heating-treatnent can be carried out by placing the

di srupted products of the present transformant and others in three-neck
flask with a thernoneter, and then heating the flask until the given

20t enper at the fOkep gh¥ep prei pdesent enkimtheapr Bsepurifvedti on, it may be
carried out by heat-treating the disrupted products of the present

transformant (iag. fHehealingrs ard bBenyuseaovimg diveond tggipimd, r egicdue and
thereafter, heat-treating it again. 25At reheating, zinc salt may be

exi sted. W 2012/ 005342PGT1 d P20JI{ Q6P 748, B8 ers sUtaMLS Rf 1he st hod

of renoving an insoluble nmaterial Tornmed by heat-treating include

centrifugedggp?h’gt %BB. rggfa%%ea Jéalitr{iéﬁag op 2Qd,0%hRLenyaNdcas Reedsd,

resi due renpval  effici eficy can be rai sed using an -5 aggregati ng agént or

Lo 5 S 0oLy STSPRRL b e o Lot

various chronatographres (gel on, -excha r ona
A sl SBROBERLEPNY AN OLRE")ridOTNE ProfesRudlal MO RIAREYLATYEN ! On
avéilable carrier-filled columns can also be used, and
examples of such commercially available carrier-filled
columns include Q-Sepharose FF, Phenyl-Sepharose HP
10 ((registered trade mark) which are both manufactured by

Amersham Pharmacia Biotech), TSK-gel G3000SW ((registered

trade mark) Toso Co., Ltd.), and the like.

For selecting a fraction containing the present enzyme,

15 it is recommendable to select a fraction depending on
existence or nonexistence or a degree of "capability of
converting a sulfur-containing amino alcohol compound into

a corresponding sulfur-containing a—amino aldehyde
compound”, "capability of converting a sulfur-containing o-

20 amino aldehyde compound into a corresponding sulfur-
containing o-amino acid compound”, and/or "both of
capability of converting a sulfur-containing amino alcohol
compound into a corresponding sulfur-containing o-amino
aldehyde compound and capability of converting a sulfur-

25 containing a-amino aldehyde compound into a corresponding



carried out in the presence of water, preferably, in an additive system

wi th coenzyne such as oxi di zed nicoti nam de adeni ne di nucl eoti de

(herei nafwerpiymbznred to as NAD+). The water used in tlpcs/Jeaaeossys be in
the formof a buffer. 15 Exanples of buffer agents used in the buffer
include alkali netal salts of phosphorigzacid such as sodi um phosphate and
pot assi um phosphate, and alkali netal salts of acetic acid such as sodi um
acetate and potassium acetate. Exanples of al kaline buffer include Tris-HCL

buffer, Tris-citrate 20buffer, and Tris-glycine buffer. The process
of the pre§@Dfut“&6H£é9ﬂ1ﬂ§¥'&d§£h@@ GRIild edofpbubyaddht iwanal bressintg a
hydr ophobi ¢ organic solvent, i.e. in the presence of water and the

hydr ophobi ¢, 9£gapig. sol vent. Exanpl es of the hydrophobi c organic 25sol vent
used in this case include esters such as ethyl WO

2012/ 005372PCT/ JP2011/ 065748 69 formate, ethyl acetate, propyl acetate,
butyl acetate, ethyl propionate and butyl propionate, alcohols such as

n- butyl al cohol p%o?uene anéﬂﬁmfene %gﬁﬁxheaL&%pohic§r qgﬁlc ﬁgog%rbons

such as benzene, ers 5 suc |eth

diiso ropﬁ#ether and tbut Ieth r,.halo genat hydr.oc rb ns .su as

chlorgfor %ﬁdpieﬁeHFgﬁ ¥8£?ﬁ§ﬁ § ﬁpﬁtﬁr %%e %OduC% egeﬁ?ocess

of the pre ent |nvefi gn may a% e carrlﬁ ﬁt bﬁ ad% onally using a

v ophi || ESoF ganPeL L 187E8] YEREESFLE: | Rarhe2gius cREe ot ofar &F fo

aqueous nedi um  Exanpl es of the | ¢, organi c sol vent used thIS

case i ncl udleraf £8Rol BTOHEANSs ﬁﬁF% dﬁﬁQﬁ&F%ﬁ% nomatﬁéﬁaﬁés & ﬁ%?

acetone, ethers such _as dinmet hoxyet hane, tetrahydrofuran and di oxane,

di net hyl sUEX@RPYes aAdthsnPXPEPESCEhBEEERCTS Of tyg ColtHESFr BEOSHES t he

present invention is usually carried out in a range of pH of aqueous |ayer

of 3 to 1linchedpHlwaphbéliapPr BHErarsppnéhagge@roaNdGelfCd Veakgd nagded

10 microorganisms, dried microorganisms, disrupted
microorganisms, autolysates of microorganisms, sonicated
microorganisms, extracts of microorganisms, and alkali-
treated microorganisms. Furthermore, examples of a method
of obtaining the immobilized materials include carrier
15 binding methods (e.g. a method of adsorbing proteins and

others on to inorganic carriers such as silica gel and
ceramics, cellulose, or ion-exchanged resin) and
encapsulating methods [e.g. a method of trapping proteins
and others in a network structure of macromolecules such as

20 polyacrylamide, sulfur-containing polysaccharide gel (e.g.

carrageenan gel), alginate gel, and agar gel].

In the event that the present transformants are used
in the industrial production process, the products of

25 killed microorganisms might Dbe preferred to unprocessed



20 the reaction proceeds. It is preferable that the process of the present
invention be carried out in the alkaline range, and it is nore preferable

that the woeoesmsiye carried out in a range of pH of aguecwsrtayess7é to 10.
WO 2012/ 005372PCT/ JP2011/ 065748 70 carried out in a range of about 0OC to
about 60C, but the tenperature may be agpropriately changed in such a range
that the reaction proceeds. 5The process of the present invention is
usually carried out in a range of for about 0.5 hours to about 10 days.
After the conpletion of adding the sul fur-containing am no al cohol conpound

represent egdi b¥obPgah05RY! A A [thee. pSRARPOWE (el Whi chimStdtweost et i ng
conpound, the endpoint 10 of the reaction can be checked, for exanple, by

measuring phe,a HHEiH% LR i pHlehitls CoNt 3i N PY AR BR sal coedmspapoyRd of the
formula (1) 1n the reaCttion Ssolution by liquid chromatography or gas

chr omat ogrlﬁgPMogndﬂgpe eihersy 15L ﬁﬁ%@é{ﬁl{% Ofi“féil?lf'cg’%[?ﬁ%ﬁ‘tlai ni ng

am no al cohol conpound represente mula (1) (D],

whi ch s theestariLng.gonRoyndyUsednbn LG RGOCESE.0L Lhe Bresant ;o

i nvention, s usua S t heé “sul fur-containing arfi no
cont | uoUSTY b EhEReast Vo SHORY 1575 AT TN SySeem i Bt 87
L 1 {OE SONEENL I 90 O LhenRe (Ui eonan g oripe. 2l gonal. spound
2012/ 005372PCT/ JP2011/ 065748 71 ,
halogens, oxidizing agents, sulfur, boron, arsenic, metals,
alcohols, phenols, amines, sulfides, ethers, aldehydes,
ketones, cyan, and antibiotics). Among these killing
10 methods, generally, it 1is 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 "capability of converting a sulfur-
containing amino alcohol compound 1into a corresponding
15 sulfur-containing o«a-amino aldehyde compound"”, "capability
of converting a sulfur-containing o-amino aldehyde compound
into a corresponding sulfur-containing o-amino acid
compound", and/or "both capability of converting a sulfur-
containing amino alcohol compound into a corresponding
20 sulfur-containing o-amino aldehyde compound and capability
of converting a sulfur-containing a-amino aldehyde compound

into a corresponding sulfur-containing «-amino acid

compound”.

25 Hereinafter, the present invention is explained more



During the process of the present invention, for exanple, a sugar such as
gl ucose, sucrose or fructose, or a surfactant such as Triton X-100

(regi st erwd 20r2ads37oar k) or Tween 60 (registered trade meckprayodssssdded to
the 5Sreaction systemif necessary. In the process described in the
specification, as aforenentioned, the pgopcess of the present invention and
the enzymatic nethod of the present invention are usually 10 carried out
in the presence of water, preferably, in a system added by coenzyne such as
oxi di zed ni cotinam de adeni ne dinucl eotide (hereinafter, sonmetimes referred
to as NAD+ypebRrihglabove additive system the NAD+ is converted into
reduced p- nlcotlnanlde adeni ne di nucleotide 15 (hereinafter, sonetines
referred to as NADH) Mokl Rl OYRRfQf adr Oxbgath¥8qar eachbliar taf Afirsc

sul fur-contai ning am no al cohdl conpound or an oxidative reaction of

sul fur- congﬂbgagﬂ cfram no al dehyde conpound. The NADH generated by
conversion can be returned into the original NAD+ by a 20 proteln capable

of cpnvertl ngI :\l@v%;lt hgéeprta&{]leﬂr{;d d| zggpggr lgl&llADQl tﬁggreﬁ%rde Jdg ﬂlﬁno

possible to a capa conver nto

coexi t action temof the above- n met.haod
2012/ B05375bERTS 8&1?8%% 5295 Peallged ponreatramids Sienchdd Ridleot  de
| e. NADH% or NADPH i nto oxidized P—nlcg qgnlde adeni ne din cIeotlde

I8P NABP+ GHhdiUifes PFREPSEE dehydrdgeRESHHY eSS omgant -
V%en the protein capable of converting NADH or NADPH i nt o NAD+ or NADP+ i s
a lactate Wehy@rbhenasBIithenati they C6f trhé UgfoSERR Has 108 #hGM el 13t sone
cases by coexi stence of sodium pyruvate and the like in the reaction
system anBe10fidH t&canptee MfedOLofpBURE FAyrbedadied t 5OF heXe@dtS on

sol uti on.

under the condition of 3,000 to 4,500xg at 4°C for 5 to 20

10 minutes. The collected present transformant can be, as

needed, washed with monosodium phosphate buffer, phosphate

buffer and others, then suspended. The suspension of the
microbial cell is thus obtained.

As a method of disrupting microbial cell, ultrasonic

15 treatment, high-pressure treatment with French press

treatment or homogenizer, grinding treatment with glass

beads, enzymatic treatment with 1lysozyme, cellulase and

pectinase, freeze-thaw treatment, treatment with hypotonic

fluid, lytic induction treatment with phage and others can

20 be utilized. The disruption treatment is carried out under

ice-cooling as needed. For example, the suspension of the

microbial cell may be disrupted under ice-cooling for 1 to

5 minutes, preferably for 3 minutes with wultrasonic

vibrator VP-15S (Taitec, Japan) in the setting condition of

25 Output control 4, DUTY CYCLE 40%, PULS., TIMER=B mode 10s.



The above protein may be an enzyme itself, or may coexist in the reaction
systemin the formof a mcrobial 15 cell having the enzyne or a processed
product oWbothe/mbsieobi al cell of the mcroorgani sm or &CIOPIAY/0ERE48a
transformant or its processed product of the mcrobial cell containing

pol ynucl eoti de having a nucl eoti de sequegnce coding an am no aci d sequence
of a protein capable of 20 converting NADH or NADPH i nto NAD+ or NADP+.
Such processed product of the mcrobial cell my be prepared according to
the simlar process to the aforenenti oned process of the processed product
of the pregess, t rapséQempnt, tMO 2032L0053R2BETAAR2Q1 063448 cE31 may The
process of the present invention can be utilized a transformant retaining
si mul t aneoys! Wi VA J1ay Ngndepucl@pt uflg Seauedee; £04i BBnaN taNNOwAEh d a
sequence of a protéin capable of converting NADH or NADPH into NAD+ or 5
NADP+ SUChhéﬁo%éﬁiééﬁ 9§ﬁ%§éﬁ9€9§éem§89fQEEﬁE?ﬁ Bychitbasstesmant may be

prepared according to the simlar process to e above-nenti oned process of

the present traﬂ§£8£n@FEah%§ahetﬁglE?EFEB?E?fFEQQdﬁgl%%rt%%DREEQb a3 am no

aci d conmpound represente fhe form romthe reaction solution can
be carried o by any nmet hods known in_the art. Ear npl g,

typi cal ma?%g% i%lana éﬁrilﬁx%%\ﬁ%n%rom tltle ﬁsrupted prgdug)é% S tRe
conposedof post-treat ment.s(e. g, organi cspl vent_ 15 extraction fr t.he
reaction, gﬁﬁ%@ﬂ{rgFFBH%8gm?ﬁE Fga@ﬁe A orF ¥R %@eoﬁe%ﬁSdTegghd of
crystallization nmethod), if, necessary .in conbination wth nethods ugp as
col um chrBﬁ%?BbP%pﬁP%nﬁF?ﬁ%H?lFBF#%H? pabgisia 9%N§%BﬁF%Fh?ﬂg”§ﬁ%ﬁ acid

conpound represented by the fornula (2) prepared by the process of the
present i n¥edt it IR i APEheCEBRRPof afSal peeded, residue removal

efficiency can be raised using an aggregating agent or
10 filter aid and others. Though the condition of the
centrifuge separation should not be limited, the method can
be carried out, for example, under the condition of 4,000
to 25,000xg at 4°C for 3 to 45 minutes. The residue may be

thus removed from the disrupted products.

15
2. A processed product of cultured products (second
embodiment)
A lot of proteins other than the present enzyme can be
denatured by heating-treatment of the above-mentioned
20 disrupted products of the present transformant or cell-free

extracts. Thus, the solution of the present enzyme can be
obtained as a soluble fraction by heating-treatment of the
disrupted products of the present transformant or cell-free
extracts. The present enzyme includes the solution of the

25 present enzyme obtained as described above.



The present invention includes a process for producing WO

2012/ 005372PCT/ JP2011/ 065748 74 the formula (2) (i.e. the Conpound (2))
conpri si ngoaostmps7@f reacting a sul fur-containi ng am nopeargetakosorpound
represented by the forrmula (1) (i.e. the Conmpound (1)) with an enzyne
capabl e of converting the above sul fur-gontaining 5 am no al cohol conpound
into a correspondi ng sul fur-containing a-am no al dehyde conpound (i.e. the
present enzynme (A)) (hereinafter, the above step will be sonetinmes referred
as to ADH step) and a step of reacting the correspondi ng sul fur-containing

a-amno al dehyde-m&?&ré&@@ﬁai nedeirBihhe cakovestep a6th aRcemaynme
capabl e of converting the above sul fur-containing a-am no al dehyde conpound

into a corfespondhfdesubbub-aartaity Ngefa 880 taG! §LABQUNGLhEr e thbhe
present enzynme (A)) (hereinafter, the above step will be sonetines referred

as to ADLH st eg)refs_;ﬁt(f@{ Al bk vhle abgyeraet Rod J@y: be  3QuRL-HRS ¢

referred as to a first enzymatic nethod of the present invention). Al so the
present inventign Li tho . DI € i sul fur-: iR Qg
a-ani no ac?@co%po%%%?g%‘?gg%n?g} b)c/l"%%elr%%% 523 (i%. P%ge%gr?%%gnd
(2)) conprising a step. 20 of reactin ul furscontaining am hol
conpound r%?ﬁ"é%%rht 3&9 g:y Phe r‘fooﬁ'ermﬁgd(%g‘?? et t?ﬁégﬁbrrpr%ournd Ff)e?%vrmg%%?'an
enzyme both capabl e 9f convertin he.akhove sul fur-cgontaini am no al cohol
conpound itV e‘&ogpeép{?ﬁdin}?d:euﬁq’?%r?%o t8Fni%‘r‘?§Sa-a R dgﬂ§d8e56 ound
and capabl e_of _25converting the above sgl fur-containi,n ,a-gﬂm’ no, al dehyde
WO 2012/ 005872PERLIPI0LELGEERES 755ROMpBundOtnt PR corfesFondi mgt S

sul fur-containing a-am no acid conpound (i.e. the present enzyne (

! / Q)
(her ei naf tR¥efeRebE®oFe 2@ p lRay bl GRhe Pt mdReTef 8EEEd adhe o TABHMRERA st ep)

(hereinafter, the above nethod may be sonetines
products of the present transformant or the cell-free

10 extracts reaches at a preset temperature. More preferred
period is between 1 hour or more and 5 hours or less.

For example, the heating-treatment can be carried out
by placing the disrupted products of the present
transformant and others in a test tube, and then incubating

15 the test tube in water bath that set to a given temperature
for a given period. Also the heating-treatment can be
carried out by placing the disrupted products of the
present transformant and others in three-neck flask with a
thermometer, and then heating the flask until the given

20 temperature for a given period.

In the present invention, it may be carried out by
heat-treating the disrupted products of the present
transformant (i.e. preheating), and then removing the
disrupted residue and thereafter, heat-treating it again.

25 At reheating, zinc salt may be existed.



Sreferred as to a second enzymatic nmet hod of the present invention).
(hereinafter, the first enzymatic nethod of the present invention and the
second enxpmai¥ws3vet hod of the present invention nmay bepeoetiimess748
collectively referred to as an 10enzymatic nethod of the present invention)
The sul fur-containing am no al cohol comgpund used in the enzymatic of the
present invention is, preferably, a sulfur-containing am no al cohol
conmpound wherein RL is an 15 alkyl group having 1 to 8 carbon atons.
Exanpl es of nore preferred conpound include a sul fur-containing am no

al cohol conpoungyxhgresn BE i shan akkybagredp RawioR@ndy tand GaskamiAtons.
Exanpl es of further nore preferred conpound include a sulfur-containing -

am no_al cofipl . £ogpOUNEL MhE] ei %foﬂlegﬁ-aragwxlg grPiude  cehRe i s
used in the enzymatic nethod of the present invention, that is, an €nzyne

capabl e Ofsgggysﬂiaﬂgm&@ﬁoanga ggfﬁ%tﬁeﬂt ghpi ggéli@mgr)oaﬂhc%%e%%@aow%nd

into a 25cort espondi ng a-ani no a € conpoun the present

conver L1 ng P UPove SR o S HER RECKomsind Bt atRed T h 1 Re SBovE st ep
and ah onsSRErBo b DBpABrE Cof lodrar i 4 HE SO BBBLE sl CoReA Ty
capabl o of LEofedr fihgt RENSboRE A arnd B Ny aE. DOt e TR Es

correspondi ng_a-am_no acid conpound (i.e. the present enzyne g&%} are
commer ci al (§€hvaifiabrétdrrmuy IR vhiGaae chromatography, inity

chromatography and others).

10 The process of the present invention is wusually
carried out in the presence of water, preferably, in an
additive system with coenzyme such as oxidized nicotinamide
adenine dinucleotide (hereinafter, referred to as NAD").
The water used in this case may be in the form of a buffer.

15 Examples of buffer 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
alkaline buffer include Tris-HCl1l Dbuffer, Tris-citrate

20 buffer, and Tris-glycine buffer.

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

25 solvent used in this case include esters such as ethyl



10 for exanple, by purifying these enzynmes from cul tured products of the
present transformants by applying a usual purification nethod of protein as
above- nenvpaoerhosiibe nore specific method for prepari ngpchasmiensyses nmay
be referred to the above-nentioned expl anations or 15descriptions herein.
The ADH step in the first enzymatic netdypd of the present invention is
usual ly carried out in the presence of water, preferably, in an additive
systemw th coenzynme such 20 as oxidized nicotinam de adeni ne di nucl eoti de
(hereinafter, referred to as NAD+). The water used in this case nmay be in

the form of,gnbulf ereriRxBM &sc Hfe puifid g agetad,n the Juf bekdarel, ude
al kali nmetal salts of phosphoric acid such as sodi um phosphate and

pot assi um h : i l,,1S ; ti i u S 2804i_um
acetate aﬁ%pﬁzg)g%?%fgéég%Z8%%??%%3%1%%%%?%%“@%£bdf%§§¢ﬁ%?aggfgtg?Eganples

of al kaling, bylTefodhbe. HELRYTT 81 collbh Safib! habeBul Lokondld Lisfngliyci ne

buf fer. step I rrst enzymati ¢ net t he present

or gani ¢ ol URRIC TogteF Fulie B ebenesor veraronha it T enobi ot aroan o
hcl e esTETE sdch b CERITS Torhat ol ot RIGPRTET propyl HErdts t but y
P butyl " alEoHEH St RERny ke bPEORBFS Aty HEOEF DA EoRHET FoRBiPE Ry aFocRbons

such as benzene, toluene and xylene, ethers such as diethylether,
di i sopr opy} ef het ahHorReRYRDE - haR§| BERERTRAI bHBRSPEd

The process of the present invention may also be

carried out by additionally using a hydrophilic organic

10 solvent, i.e. 1in the presence of water and an agueous
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,
tetrahydrofuran and dioxane, dimethylsulfoxide, and

15 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 8 to 10.

25 While the process of the present invention is usually



hydr ocar bons such as chl orof orm and 1, 2-di chl oroet hane, and 15m xtures

t her eof . The ADH step in the first enzymatic nethod of the present
i nvent i onwomy12aoszrzbe carried out by additionally usingpaThysnopsiis c
organic solvent, i.e. in the presence of water and an aqueous mnedi um

Exanpl es of the 20 hydrophilic organic;gol vent used in this case include
al cohol s such as nethanol and et hanol, ketones such as acetone, ethers such
as di net hoxyet hane, tetrahydrofuran and di oxane, di nethyl sul foxi de, and

m xtures thereof. WD 2012/005372PCT/JP2011/ 065748 78 the present invention

is usuall ycgar{é@doQut 1hNar 3G 0fo MHEuaquEoUso | ayent0603ct obht, thke pH
may be appropriately changed in such a range that the reaction proceeds. It

is preferaple,thatulbeRho0sss 8brbpeiBreINtcHAWRM | 9 heicrd §akiaing@ out
in the alkaline range, and it is nore preférable that the process be

carried ou{h%g @héagggcggogkhggﬁ@gagous | ayer of 8 to 10. Wile the ADH
t

step in the frrst enzynatic od of 10 the present invention is usually
carried out in a range of about OC to about 60C, the tenperature may be
appropriately changed in such a range that the reaction proceeds. 15The ADH

step in the first enzymatic nethod, of the _present invention_is_usuall
carried out in ﬁh?an§§°8?5F0r°§bogPeo_grﬁsuP t 6-about “To &gysgs Fﬁ&?ythe
conpl etion of adding the sul fur-containi ng am.n ohol conpound

repr esent ed®by ¢t eogBr m & (19795 . ‘é% éBﬁp%ﬁ’ﬁdlt( %)]ag Cl?l\?ﬁ”&% t%oagguf'héo
starting conmpound, the endpoint_of the reaction can be_checked, foe
exanpl e, b¥2¥easubfRETt hBSafBTRLS6fOPheLsaPFERIc bREaSHI GG T ARG A ddo

compound of the fornula (1) in the reaction solution by liquid ,
chr omat ogr aphyo ol gaBoEheoMBPBEPapRY L 8AENERE BYhéPe. formula (1) [i.e.

Compound (1)], which is the starting compound, the endpoint
10 of the reaction can be checked, for example, by measuring
the amount of the sulfur-containing amino alcohol compound
of the formula (1) in the reaction solution by 1liquid

chromatography or gas chromatography and the others.

15 The concentration of the sulfur-containing amino
alcohol compound represented by the formula (1) f[i.e.
Compound (1)], which is 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

20 the formula (1) [i.e. Compound (1l)] may be continuously or
successively added to a reaction system in order to
maintain the concentration of the sulfur-containing amino
alcohol compound of the formula (1) in the reaction system

nearly constant.

25



WO 2012/ 005372PCT/ JP2011/ 065748 79 The concentrati on of the

sul fur-contai ning am no al cohol

[i1.e. Compount2/o03j7k, which is the starting conpound use@CrrarPrheods74sst

enzymati c

met hod of the present invention, is usually 5 50 % (wv) or

conpound represented by the fornula (1)

| ess

and the sul fur-containing am no al coholyxonpound of the formula (1) [i.e.
Compound (1)] may be continuously or successively added to a reaction

systemin order to maintain the concentration of the sulfur-containing

anm no al cohol conpound of the formula (1) in the 1Oreaction systemnearly
_ DERHINGO the ARbSdep idf t hehd | ste Y MEnve nwEidigd dort he
present invention, for exanple, a sugar such as glucose, sucrose or

fructose, 9famposdlfactaghrsyebnagsThiheBs¥; 18dckakeegirstrened osegde dmar k) or
Tween 60 (registered trade mark)) may be added to the reaction systemif

surfactdh€ éhpﬁ_%%e@ﬂﬂtdﬂ“kjid§t(?@&ygﬁéfédngkggg Rk rikfje qr esent
I's usually carried out in the presence of 20 water, preferably,

constant .

necessary.
i nvention
in an addi
di nucl eot i

de eferred to as NAD+). The water used In

{nwﬁgg@gamf%@éi@g@g@y Stchpag xifasgaedb@i cd 4 o s act%inisne

case ggy be igtgge fog fig gg%gggﬁ6§$anples of agents used in the buffer

inclu al

k&7t netal Y25 T s  of phosp

and pot assi um phosphate, and al kali WD 2012/ 005372PCT/ JP2011/ 065748

10

15

20

25

In the process described in the specification, as
aforementioned, the process of the present invention and
the enzymatic method of the present invention are usually
carried out in the presence of water, preferably, in a
system added by coenzyme such as oxidized nicotinamide
adenine dinucleotide (hereinafter, sometimes referred to as
NAD'). In the above additive system, the NAD® is converted
into reduced B-nicotinamide adenine dinucleotide
(hereinafter, sometimes referred to as NADH) with progress
of an oxidative reaction of a sulfur-containing amino
alcohol compound or an oxidative reaction of a sulfur-
containing o-amino aldehyde compound. The NADH generated
by conversion can be returned into the original NAD" by a
protein capable of converting NADH into an oxidized form
(NAD"), therefore, it is also possible to allow the protein
capable of converting NADH into NAD' to coexist in the

reaction system of the above-mentioned method.

Specific example of the protein capable of converting

‘c acid such 25as sodi um phosphat e



80 netal salts of acetic acid sodium acetate and potassi um acet at e.
Exanpl es of al kaline buffer include Tris-HC1 buffer, Tris-citrate buffer,
and Tri s-wbyoizmmwsizaf fer. The ALDH step in the first enzyoatpmimvedied of the
5 present invention may al so be carried out by additionally using a

hydr ophobi ¢ organic solvent, i.e. in thg presence of water and the

hydr ophobi ¢ organi ¢ sol vent. Exanples of the hydrophobi c organic sol vent
used in this case include esters such as ethyl formate, ethyl acetate,
propyl acetate, 10 butyl acetate, ethyl propionate and butyl propionate,

al cohol s spghu@sdanpbut¥btaheahoe, ddedmie adcoldl edtidoct yé. akaohgl or
aromati ¢ hydrocarbons such as benzene, toluene and xyl ene, ethers such as

di et hyl et hegppdli | SOPS ORW &Y hatq angl ARt ndmiue ViLihEme haliogenaled de

15hydr ocarbons such as chl orof orm and 1, 2-di chl or oet hane, and m xtures

thereof. e.T%c@leyDH&t%dw thechLbst enzypRiic dmihmdbpindde prgsent

i nvention may al so carried out by additionally using a hydrophilic
organi ¢ so ¥§%£s i.e. in the presence 20 of water and an aqueous nedi um
Exanpl es of "the hydrophilic organic solvent used in this case include

al cohgl s such as nethanol and ethanol, ketones such as acetone, ethers such
as dinet hoxyet hane, tetrahydrofuran and di oxane, dinethyl sul foxi de, and

m xtures thereof. WD 2012/005372PCT/JP2011/ 065748 81 Wi | ALDH
step in the fir@?e%nf?ﬁaﬁﬁ?ﬁﬁﬁQKEPQﬁbi%eo ré§§WFﬁﬁﬁﬂﬂu¥%Pﬁi8ru§%§ﬂ§&
carried out in range of pH pf aqueous |ayer of 3 to 11, the pH may .be
appropriaté@?ocﬂéﬁgéﬂri%ggﬁchl%.?a%@%t?ﬁétd?ﬁ¥dF888PF8ﬁ'pF§8e€&§ﬁ%HFﬁ s

of the protein is reinforced in some cases by coexistence
of sodium pyruvate and the like in the reaction system, and
10 for example, these compounds may be added to the reaction

solution.

The above protein may be an enzyme .itself, or may

coexist in the reaction system in the form of a microbial

15 cell having the enzyme or a processed product of the

microbial cell of the microorganism, or also may be a

transformant or its processed product of the microbial cell

containing polynucleotide having a nucleotide sequence

coding an amino acid sequence of a protein capable of

20 converting NADH or NADPH into NAD* or NADP'. Such

processed product of the microbial cell may be prepared

according to the similar process to the aforementioned

process of the processed product of the present
transformant.

25



5 preferable that the process of the present invention be carried out in
the alkaline range, and it is nore preferable that the process be carried
out in awenge/méz’pH of aqueous |ayer of 8 to 10. 10Wi lpeTtyhm1Abd3rsst ep in
the first enzymatic nethod of the present invention is usually carried out
in a range of about OC to about 60C, thgytenperature nmay be appropriately
changed in such a range that the reaction proceeds. 15 The ALDH step
in the first enzymatic nmethod of the present invention is usually carried
out in a range of about 0.5 hours to about 10 days. After the conpletion of

addi ng the sul f@ﬁecégﬂé@éggngfaaheo abgehel igoapeyRd <20 bLRPLesented ky the
formula (1) [i.e. npound (1)], V\,ﬁich is the starting conpound, the

endpoi nt of L herbLACLEON £80, PR: gheckethufOinLxaED e, Hya MeaRyi DY the
anount of tﬁe above correspondi ng”sul fur-containing am no al cohol™ conpound

inthe re j ti | qui g - ognat r-aph
bnd ot her 2ot 085898 Rl Bhes Nehi T ORR, AR <A1 fan,EnEe TR0,
t he above correspondi ul fur- ini --am d d, i ch
AR 1 AL g IRl S A s e e L R
invention, js_usually 50 % (w.v) or_.less and the sulfur-.. 5 containin
a-anino al %ﬁ@de s&ﬁ%oﬁﬁd ?’ré§t8 ecoﬂ?gﬁaﬁﬁgﬂ}aﬁ? s%%%gs%ﬁ/eeﬁ/' addlesdllcthg a
reacti on systemin order to intain the concenth,ati on of thrh?e ahoyv,

cor r espondt PP SEPFHRREorftdY nir(aﬁ RLERHF D AFE L Ipdihd 5 t Fé €&t i on
system nearly constant. During the ALDH step in the first

10
enzymati c PEPRBHS of L? het iR eRAVE HIRMEI LD a RIREFSSu@E adhf u®F&SeLucr ose

or fructose, or a surfactant such as Triton X-100 (regi stered trade mark)
or Tween 6br@ngfpsmanrtd trade nmark) nmay be

10 The collection of the sulfur-containing a-amino acid
compound represented by the formula (2) from the reaction
solution can be carried out by any methods known in the art.

For example, a typical method 1is a purification
composed of post-treatments (e.qg. organic solvent

15 extraction from the reaction, concentration of the reaction,
ion exchange method, and crystallization method), 1if
necessary in combination with methods such as column

chromatography and distillation.

20 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.

The present invention includes a process for producing

25 a sulfur-containing o-amino acid compound represented by



15added to the reaction system as needed. The ADH ALDH step in the
second enzymatic nethod of the present invention is usually carried out in
t he presewoeonfoossber, preferably, in an additive systemwcwpivi/désrenenzyne
such as oxi di zed ni coti nam de adeni ne di nucl eotide (hereinafter, referred
to as NAD+). The water used in this casg my be in the formof a buffer.
Exanpl es of buffering agents used in the buffer include alkali netal salts
of phosphoric acid such as sodi um phosphat e and pot assi um 25phosphat e, and
al kali metal salts of acetic acid such as WO 2012/ 005372PCT/ JP2011/ 065748

83 sodi um @eet abenand RQHasEi W aeré atempbuarp! €8 )0f cahal & Ney buf fselep
include Tris-HCL buffer, Tris-citrate buffer, and Tris-glycine buffer. The

ADH ALDH st ep jdl, 1e, §eCoNd SNgwRid i B NRH Qimim t 8 RRIeNnipveiid on

may al so be carried out by additionally using a hydrophobic organic

solvent . 1 r&prdlofley gﬁgswgefezm&@ger(g?“qit ge_bydr ephekLa.0nEa)! Gigel vent.

Exanpl es ydr o brc organic solvent used in this case inclu

esters such_as_ethyl e, .e t r.opyl e -

acet at e, e?%y?n%¥%%i%%g%g?%nafb%?%*eg?g%?oﬁgfe%ggﬁgo%%ﬂgﬂgugﬁhgglﬁg% tyl

al cohol, n-anyl al.cohol .and n-oct al cohol, aromatic hydrocarbons such as
benzene, t%Wﬂ%%e 3&&0 _ﬂené?xgﬁﬁg%£ ste oasaﬁie?%§¥%?%%¥gl%?isgﬁazﬁﬁlether
and nethyl -t-buty| ether, hal oge %%ﬁg$%5hydrocarb ns such as chl orof orm and
1, 2- di chi of PR HHAERI arfy FXEQUr Qf .COmMPOUnGhe(ingy A'HE sPEFSER Y he

second enzymatic nethod of the present invention may al so be carried out by
addi ti onal $52YR¢ n§Pa) hyBesERPRLEeSr gdhicc AANRenttep 81l be sometimes

referred as to ADH step) and a step of reacting the
corresponding sulfur-containing o-amino aldehyde compound
10 obtained in the above step with an enzyme capable of
converting the above sulfur-containing o-amino aldehyde
compound into a corresponding sulfur-containing o-amino
acid compound (i.e. the present enzyme (A)) (hereinafter,
the above step will be sometimes referred as to ADLH step)
15 (hereinafter, the above method may be sometimes referred as
to a first enzymatic method of the present invention).
Also the present invention comprises a method for preparing
a sulfur-containing o-amino acid compound represented by
the formula (2) (i.e. the Compound (2)) comprising a step
20 of reacting a sulfur-containing amino alcohol compound
represented by the formula (1) (i.e. the Compound (1)) with
an enzyme both capable of converting the above sulfur-
containing amino alcohol compound into a corresponding
sulfur-containing o-amino aldehyde compound and capable of

25 converting the above sulfur-containing o-amino aldehyde



20 the presence of water and an aqueous nmedi um Exanples of the hydrophilic
organi c solvent used in this case include al cohols such as nethanol and

et hanol , wetomamssnch as acetone, ethers such as di net hpxygbhanessz4s

t etrahydrof uran and di oxane, dinethyl sul foxide, and m xtures thereof. WD
2012/ 005372PCT/ JP2011/ 065748 84 Wdle the ADH ALDH step in the second
enzymati c nethod of the present invention is usually carried out in range
of pH.of aqueous layer of 3 to 11, the pH may be appropriately changed in
such a range that the reaction proceeds. It is 5 preferable that the

process of ctREcRRESENM td NVENHANT R SFRIIH P RUtFUM ddif: aalkiald ne=angr, and
it is nore preferable that the process be carried out in a range of pH of

aqueous | aé(ﬁidofco%gfﬁtgnﬁo- (LM L gt he ARHALDE Shep (£D) t he360RG RzyMat i ¢

nmet hod of the pres invention i1s usually carried out in a range of about

000 to abop}. 646 Jheef SUPELAL Ure MRy ! OpELALELY shangedi)ssish a

range that the reaction The step in the second

of Tor abobrb!s Rt SfvBEERE: YBYIRASThy R Bl B0 Mk e g 0

of for aboU ours to abolt days: e conpl etion © ing the

sul fur - cont apni ng . am no_al cohol conpound Q represented by, the formula (1)
1 e S ConpBRRBETE9] ESuban s YRGSt SAEG OomBRReat FE eNdpOPRESGr T he
reaction can be checked, for exanple, by nmeasuring the anmount of the

sul fur - contBY&PhY°Rht no al cohol conmpound of the formula (1) in the reaction

solution or the amunt of the above 25correspondi ng sul fur-containin
a-am no acideEeiMdbRET WHIPD 1510653 7oPeiTabbe 1 fIFegot the presen

invention and the second enzymatic method of the present
invention may be sometimes collectively referred to as an

10 enzymatic method of the present invention)

The sulfur-containing amino alcohol compound used in

the enzymatic of the present invention is, preferably, a
sulfur-containing amino alcohol compound wherein R! is an

15 alkyl group having 1 to 8 carbon atoms. Examples of more
preferred compound include a sulfur-containing amino
alcohol compound wherein R! is an alkyl group having 1 to 5
carbon atoms. Examples of further more preferred compound
include a sulfur-containing amino alcohol compound wherein

20 R! is a methyl group.

The enzymes used 1in the enzymatic method of the
present invention, that is, an enzyme capable of converting
the above sulfur-containing amino alcohol compound into a

25 corresponding «a-amino aldehyde compound (i.e. the present



85 represented contained in the reaction solution by Iiquid chromatography
or gas chromat ography and the others. The concentration of the
sul f ur - combanrmgs7am no al cohol conpound represent ed bypchmartor/masres (1)
[i.e. 5 Conmpound (1)], which is the starting conmpound used in the second
enzymati c nethod of the present inventiph is usually 50 % (wv) or |ess and
t he sul fur-containing am no al cohol conpound of the fornula (1) [i.e.
Compound (1)] may be continuously or successively added to a reaction
systemin 10 order to mmintain the concentration of the sulfur-containing
ami no al cobekysemMayngd efn tde: fs mohpably oF tdnveactipntsysheovaear y
constant. During the ADH ALDH step in the second enzymatic 15 nethod of
the preseninifyenthaRydbOlcRIIE, ol SUIAH SHCRIRS LIEDSELepUEHRSE aNnd
fructose or a surfactant such as Triton X-100 (registered trade mark) and
Tween 60 (Eggkééﬁéﬁéiﬁéadé—gﬁ%b mpyiBe addeduha the keactiQn sysiemsas
needed. 20 In the enzymatic nethod of "the present invention, the
col l ection e \fur- i Qj - ani.no ' u n b

o hb2 (BY) T Ol BhROmE: BBIAC AEIL0TPELBALLERLERENLEL by

the formul a t he Conpoun romthe reaction solution may be

carrigd out, by an t hods_25commmonl y_known _i art. :

2012/ 60537 8Tt eesngaEa RS Xmﬁ?§npﬁég8%%?hecﬁgFﬁo 4 ndide @

purification b erformn ost-tre nt of the reaction soluti.on such as

or gani ¢ so?9€ﬁ¥s§9??éﬁ9id%?g%b%gen?f%€$¥éﬁ i?ﬁ?ﬁ§ﬁ¥ﬁgnj¥1 fﬁ%ﬁhﬁﬁa of

crystallization, i f necessary in conbinatiog_ ,
converting the above «a-amino aldehyde compound into a

corresponding o«-amino acid compound (i.e. the present
enzyme (C)) are commercially available or may be obtained,
10 for example, by purifying these enzymes from cultured

products of the present transformants by applying a usual
purification method of protein as above-mentioned. The
more specific method for preparing these enzymes may be
referred to the above-mentioned explanations or

15 descriptions herein.

The ADH step in the first enzymatic method of the
present invention is usually carried out in the presence of
water, preferably, in an additive system with coenzyme such

20 as oxidized nicotinamide adenine dinucleotide (hereinafter,
referred to as NAD*). The water used in this case may be
in the form of a buffer. Examples of buffering agents in
the buffer include alkali metal salts of phosphoric acid
such as sodium phosphate and potassium phosphate, alkali

25 metal salts of acetic acid such as sodium acetate and



5wi t h col um chromat ography, and distillation and others. The

sul fur-containing am no acid conpound represented by the fornmula (2)

pr epar ed W9 2bteops7ecess of the present invention nay bepcmiJartaihenrsm of a
salt. 10 EXAMPLES Hereinafter, the present invention is explained in
nore detail with some exanples, which shpuld not be construed to be imted
thereto. 15 Exanple 1 Production of the plasm d containing the present

pol ynucl eoti de DNA fragment conprising the nucl eotide sequence of SEQ 20
ID NO 5 to which Ncol site was added at its 5 -end and Xbal site was added

at its 3' -gpdaysing Aseaidile. PCRxamihed o8S aleguasiedoarféeti qrdls-gmie
manuf act ure (Hokkai do System Science Co., Ltd) to synthesize it. The

synt hesi zegy, BNAy f ragient s wes eedpybkerdi gaat ediwi-yh yowaekivhdgeef. restriction
25enzynmes (Ncol and Xbal), then the resulting double-digested WO

2012/005372PCT/%E20%ﬁﬁ96QZé§ 8 the first enzymatic method of the

present invention may also be carried out by additionally
5 using a hydrophobic organic solvent, i.e. in the presence
of water and the hydrophobic organic solvent. Examples of
the hydrophobic organic solvent used in this case include
esters such as ethyl formate, ethyl acetate, propyl acetate,
butyl acetate, ethyl propionate and butyl propionate,
10 alcohols such as n-butyl alcohol, n-amyl alcohol and n-
octyl alcohol, aromatic 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
15 mixtures thereof.

The ADH step in the first enzymatic method of the
present 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

20 hydrophilic organic solvent used in this case include
alcohols such as methanol and ethanol, ketones such as
acetone, ethers such as dimethoxyethane, tetrahydrofuran

and dioxane, dimethylsulfoxide, and mixtures thereof.

25 While the ADH step in the first enzymatic method of



DNA fragnment of about 1.1 kbp was purified. Separately, plasmd
vector pTrc99A (Pharnacia) was doubl e-digested with two kinds of
restrictiwo2emzss (Ncol and Xba), then the resulting dowlbPmidiogesds ed DNA
fragment 5was purified. The resulting two kinds of purified DNA
fragments obtained thus were m xed, and;g hen, were ligated with T4 DNA

| i gase, and thereafter, E. coli DH5a strain were transforned with the
resulting ligation liquid. 10The resulting transformants were cultured on a
LB agar medi um containing 50 pg/m ampicillin, and fromgrown colonies, 3

col oni es were seksehedinandenby. ithasaagehechedical onites ivaddnegulpted to
sterilized LB nedia (2 m) each containing 50 pg/m anpicillin, and then

cultured 4% iRRchestidye ¥hi ke ghaki ng¢hd7en heer%)ppr%ggmaec@fy of
the cultured mcrobial cell, plasmds were taken out using Q Aprep Spin

M ni pr ep K'&Lalﬁ%agﬁg) suc tamﬂ%kmeceﬂ%/@ PS5 QL 1 bR fzaékseeeagt. plasmids

wer e doubl e- sted wit I'nds of restriction enzynes o 20 Ncol and

o sk B4 oA Qe LSO SR SR g

el ectrophoresi’ s, an was confiirne t he  above-nentionée

of about 1.1 kbg was i nserte into:fhgkiaken out every .plasm ds
(herePnaft 87T thfls BPEsnit® may Sbe Aot Hes ?%?%?Tedagg ad “pl &Smi §°re
pTrcADH). WD_2012/005372PCI/JP2011/ 065748 88. Using the resulti
Do b TPERERE Bl OB RAC FBa BEPBFROURE CRaRirs: AUt e rangs iy o'

transformant was inoculated to sterilized LB nmedium (100 m ) containing 50
pg/ m anpi ef1 pARSCHAdLIBKBR €bl fuFedi®hil e shaking (37C., 5 24 hours). The
resulting culture liquid was centrifugally separated to obtain a m crobial
cell of the present transformnt.

While the ADH step in the first enzymatic method of

10 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.

15 The ADH step in the first enzymatic method of the
present invention is 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

20 is the starting compound, the endpoint of the reaction can
be checked, foe example, by measuring the amount of the
sulfur-containing amino alcohol compound of the formula (1)
in the reaction solution by liquid chromatography or gas
chromatography and the others.

25



Exanple 2 10Production of the sul fur-containing a-amno acid conpound from
the sul fur-containing am no al cohol conpound using the E. col

t ransf or neot2ofreesirei ng t he present enzyne Each of ptharpnesenis
transformant obtained in Exanple 1 (i.e. E. coli DH5a strain containing
plasmd pTrcADH) and E. 15 coli DHS5a str@in containing plasm d vector
pTrc99A (Pharnmacia) was inoculated to sterilized LB nedium (100 m)
containing 50 pg/m anpicillin and 0.1 mM I PTG and then each of these
medi um was cul tured whil e shaking (30C, 24 hours). Each of the resulting

culture liquid was 2QceeRtirfatgalnd y sepaties edshorabtabhtabatihgl. Grgrf each
of wet mcrobial cell. Each of the resulting wet mcrobial cell was

suspended LNtEnhdOM cohpQurdM Fepse 51 baf fiey (it 9)sommeh 4 hereaf tiar.e t he
m crobial cells in the suspension were disrupted with glass beads to obtain

about 6nL 2 cellyifLee; gxtpac 8 e SR&RS I figa f the
00 5015/ 6028958 TRIN 177 sLldiE e g Fggufsﬁa% 9 re%ly@tl?%?:? A e

obtain 2 kot Eﬁ@?@ﬁeﬁfgﬁg% Ber ehe masgﬁc&egn%eml% DL-gmethi-aniynol

(Sigma), Ing o of “sodi um pyruvate

Lia) Bnd t AEn® WRE el CIRF i 3€%g&§g§§§?¥§re§99?§§§&(9“1%%4%3@?@ =

After the conpl eti,on of eactjon, 6 of the reactign solutl n was
Sl e THOMBREREnGS bf ahSaEpbe (1) Crll et dApSERE 29155 B

continuously or successively added to a reaction system in
order to maintain the concentration o¢f the sulfur-
containing amino alcohol compound of the formula (1) in the

10 reaction system nearly constant.

During the ADH step in the first enzymatic method of
the present invention, for example, a sugar such as glucose,
sucrose or fructcse, or a surfactant such as Triton X-100

15 (registered trade mark) or Tween 60 (registered trade

mark)) may be added to the reaction system if necessary.

The ALDH step in the first enzymatic method of the

present invention is usually carried out in the presence of

20 water, preferably, in an additive system with coenzyme such
as oxidized nicotinamide adenine dinucleotide (hereinafter,
referred to as NADY). The water used in this case may be

in the form of a buffer. Examples of agents used in the
buffer include alkali metal salts of phosphoric acid such

25 as sodium phosphate and potassium phosphate, and alkali



10renoved fromthe sanpling solution, and then, the anount of
t hepr oducednet hi oni newasanal yzedbyl i qui d chromat ogr aphy. As the result, it
was confiwoediddosdz2met hi oni ne was produced in 14. 3% yi elpdThasrdos48N
amount of DL-nethioninol used in the reaction. The result of 15control
experiment was described in Exanple 3. gonditions for content analysis
Col um: Cadenza CD-C18(4.6 mmD x 15 cm 3 pm (nmanufactured |Intakt Corp.)
20Mobi | e phase: 0.1 % aqueous trifluoroacetic acid as Solution A-, and
met hanol as Solution B Tinme (mnutes)Solution A (% : Solution B (% 0100 :
0 10100 : Qetal salts of acetic acid sodium acetate and potassium
acetate. Examples of alkaline buffer include Tris-HCl
buffer, Tris-citrate buffer, and Tris-glycine buffer.

The ALDH step in the first enzymatic method of the

5 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 hydrophobic organic solvent used in this case include
esters such as ethyl formate, ethyl acetate, propyl acetate,

10 butyl acetate, ethyl propionate and butyl propionate,
alcohols such as n-butyl alcohol, n-amyl alcohol and n-
octyl alcohol, aromatic hydrocarbons such as benzene,
toluene and xylene, ethers such as diethylether,
diisopropylether and methyl-t-butylether), halogenated

15 hydrocarbons such as chloroform and 1,2-dichloroethane, and
mixtures thereof.

The ALDH step in the first enzymatic method of the
present invention may also be carried out by additionally
using a hydrophilic organic solvent, i.e. in the presence

20 of water and an agqueous medium. Examples of the
hydrophilic organic solvent wused in this case include
alcohols such as methanol and ethanol, ketones such as
acetone, ethers such as dimethoxyethane, tetrahydrofuran

and dioxane, dimethylsulfoxide, and mixtures thereof.

25



252050 : 50 WD 2012/005372PCT/JP2011/065748 90 2550 : 50 25.1100 : O Fl ow
rate: 0.5 mM/mn Colum tenperature: 40C 5Detection: 220 nm Exanple 3

Pr oduct i owobhi#doss7aul f ur - cont ai ni ng a-ami no aci d conpourdTiPRT/HEFE4S
sul fur-contai ni ng am no al cohol conpound using the 10E. coli transformnt
produci ng the present enzynme (Control @xperinent)

While the ALDH step in the first enzymatic method of
the present invention is usually carried out in range of pH
of aqueous layer of 3 to 11, the pH may be appropriately
changed in such a range that the reaction proceeds. If is

5 preferable that the process of the present invention be
carried out 1in the alkaline range, and it is more
preferable that the process be carried out in a range of pH

of aqueous layer of 8 to 10.

10 While the ALDH step in the first enzymatic method 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.
15
The ALDH step in the first enzymatic method of the
present invention is wusually carried out in a range of
about 0.5 hours to about 10 days. After the completion of
adding the sulfur-containing amino alcohol compound
20 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
above corresponding sulfur-containing amino alcohol
compound in the reaction solution by liquid chromatography

25 or gas chromatography and others.



E. coil DH5a strain containing plasmd vector pTrc99A (Pharmaci a) was
inoculated to sterilized LB nedium (100 m) containing 50 pg/nl anpicillin
and 0.1 nWohPR@Bosand then, 15 this medi um were cul t ur e¢dcwhipra1/sdésaks ng
(30C, 24 hours). The resulting culture liquid was centrifugally separated
to obtain about 0.6 g of wet microbial g¢ell. The resulting wet m crobi al
cell was suspended into 10niL of 0.2 M TrisHCL buffer (pH 9), and
thereafter, the mcrobial cell in 20 the suspension was disrupted with

gl ass beads to obtain about 6nL of cell-free extract. To 2 nmL of the

resul ting cell-fhee tideatiravasmadsied tBenhvdlcoet 8 pohavhg( Sugmajr- | g
of NAD+ (Oriental Yeast Co., Ltd), 4ng of sodium pyruvate (Nacal ai Tesque)

and 0. 25 ue&ﬁtginkﬁgtatgmzﬁeeayeéa g8as8mpOunant #hi¥east €de sltlad)tianrd
then, the WD 2012/005372PCT/JP2011/065748 91 resulting m xture was stirred

at 30C forcgﬂggﬁHasused in AfHereihe conpleii on ALt HeachiORrdehdn  of

the reaction ution was sanpl ed. The suspended solids were réenoved from

the sanpli .{'gv%fjjcr%hon" sarlgsﬁ tQ@ %noHpjv)of or5 l%@% %&@UEHQ @%%@u‘pj ne

was anal yze qli d “chr'ondt ogr aph As the result, 1t was confirned that

DLnet hi oni nol . used_in the.reacti S I .ned i %%0 %. .G I td or
cont ot ankPyEF £ 100 uA-CRaEn SR T BT Ch ey B8 gl TRy o
(rmanufactured b lntgkt %@rg.) Obilae hagg;oo.ls%%%%%gog% tgfgggor%%getic
acid as SoPUtFBRSAVCANd AEERSnoFCas®SofGfFGACE  SY
maintain the concentration of the above corresponding
sulfur-containing a-amino aldehyde compound in the reaction
system nearly constant.
10
During the ALDH step in the first enzymatic method of
the present invention, 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

15 added to the reaction system as needed.

The ADH/ALDH step in the second enzymatic method of
the present invention 1is usually carried out 1in the
presence of water, preferably, in an additive system with

20 coenzyme such as oxidized nicotinamide adenine dinucleotide
{hereinafter, referred to as NAD'). The water used in 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

25 phosphate, and alkali metal salts of acetic acid such as



Time (mnutes)Solution A (% : Solution B (% 150100 : O 10100 : 0O 2050 :
50 2550 : 50 25.1100 : 0 20Flow rate: 0.5 m/mn Colum tenperature: 40C
Det ect i onwo22f»/008372xanpl e 4 WO 2012/ 005372PCT/ JP2011/ ®@6%/464)19865748
Forward priners and Reverse priners that are correspond to an am no acid
sequence of SEQ ID NO 1, are cut, divigled in about 40 bp length to
synthesize thirty (30) priners thereof respectively. Assenbly PCR nethod is
sodium acetate and potassium acetate. Examples of alkaline
buffer include Tris-HCl buffer, Tris-citrate buffer, and
Tris—glycine buffer.
The ADH/ALDH step in the second enzymatic method of
5 the present invention may also be <carried out Dby
additionally using a hydrophobic organic solvent, i.e. in
the presence of water and the hydrophobic organic solvent.
EXamples of the hydrophobic organic solvent used in this
case include esters such as ethyl formate, ethyl acetate,

10 propyl acetate, butyl acetate, ethyl propionate and butyl
propionate, alcohols such as n-butyl alcohol, n-amyl
alcohol and n-octyl alcohol, aromatic hydrocarbons such as
benzene, toluene and xylene, ethers such as diethylether,
diisopropylether and methyl-t-butylether, halogenated

15 hydrocarbons such as chloroform and 1,2-dichloroethane, and
mixtures thereof.

The ADH/ALDH step in the second enzymatic method of
the present invention may also be <carried out by
additionally using a hydrophilic organic solvent, i.e. in

20 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, tetrahydrofuran

and dioxane, dimethylsulfoxide, and mixtures thereof.

25



S5performed with the synthesized prinmers under the foll ow ng condition.

[ Reaction Sol ution Conposition] dNTP (each 2.5mVm x) 1pL 10prinmer m X
(250pM Owbpbizwoxsbuf fer (with MyCLl) 10pL enz. expandH Fi pColbmi1)/0s5sl

ul trapure water38pl 15A vessel containing a reaction solution of the above-
mentioned conposition is set on PERKI Nd4 MER- GeneAnp PCR System 9700, and
then, a cycle of 94C (for 30 seconds) - 52C (for 30 seconds) -68C (for 30
seconds) is repeated 55 tinmes. 20 After conpletion of the reaction,
PCR reaction is carried out again with the reaction solution as a tenplate

under the foll ophder €AEt AOA/BAODHI iep. iAf tee Beabindg calkz y3dEilf aletBod
mnutes), a cycle of 94C (for 30 seconds) - 2553C (for 30 seconds) -68C

(for 1.5 njputgs)plestrPeahedntYOn2042(,Q03319PCtrdReQ1 HR63 A48 ange of

pH of aqueous layer of 3 to 11, the pH may be appropriately

changed in such a range that the reaction proceeds. It is

5 preferable that the process of the present invention be

carried out in the alkaline range, and it is more

preferable that the process be carried out in a range of pH

of aqueous layer of 8 to 10.

10 While the ADH/ALDH step in the second enzymatic method
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.

15

The ADH/ALDH step in the second enzymatic method of
the present invention is usually carried out in a rage of
for about 0.5 hours to about 10 days. After the completion
of adding the sulfur-containing amino alcohol compound

20 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 alcohol compound of the formula (1)
in the reaction solution or the amount of the above

25 corresponding sulfur-containing «o-amino acid compound



93 30 tines.In the reaction, oligonucleotide priner conprising the

nucl eoti de sequence set forth in SEQID NO 6 to which Ncol site is added
at 5' - endyoaoth/mbizgonucl eoti de prinmer conprising the nuekegbrdeosesience
5set forth in SEQID NO 7 to which Xbal site is added at 5 -end, are used.
[ Reaction Sol ution Conposition] tenplatg 1pL 10dNTP (each 2. 5nmM m Xx) 1pL
primer mx (250pM 0.5pL 5 x buffer (with MJCLl) 10pL enz. expandHi Fi
(5U pL) 0. 5p1 ultrapure water36.5pl 15 Thereafter, a part of the PCR
reaction solution is collected and purified on agarose gel to obtain a DNA

fragment, rLBeRELe icHrmaddetd Won Kihds pEakesbhl Cstdlcartiwyt_srr%s 1GNeala and
Xbal) to doubl e-di gested a DNA fragnent 20of about 1.1 kbp. en the
resul ting doubleedi88566doPNgas chromatography and the others.
The concentration of the sulfur-containing amino
alcohol compound represented by the formula (1) [i.e.
5 Compound (1)], which is the starting compound used in the
second enzymatic method 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 in
10 order to maintain the concentration of the sulfur-

containing amino alcohol compound of the formula (1) in the

reaction system nearly constant.

During the ADH/ALDH step in the second enzymatic
15 method of the present invention, for example, a sugar such
as glucose, sucrose and fructose or a surfactant such as
Triton X-100 (registered trade mark) and Tween 60
(registered trade mark) may be added to the reaction system
as needed.
20
In the enzymatic method of the present invention, the
collection of the sulfur-containing a-amino acid compound
represented by the formula (2) (i.e. the Compound (2)) from
the reaction solution may be carried out by any methods

25 commonly known in the art.



fragnent of about 1.1 kbp is purified. Separately, plasm d vector
pTrc99A (Pharnmacia) is double-digested with two kinds of restriction
enzynes (Woabizanss7xXba), then the resulting doubl e-di gested/sPhA1/Heagent
25is purified. WD 2012/005372PCT/JP2011/ 065748 94 The resulting two
ki nds of purified DNA fragnents thus olgagi ned are m xed, and are |igated
with T4 DNA |igase, and then E. Coli DH5a strain are transformed wth the
resulting ligation liquid. 5The resulting transformants are cultured on a
LB agar medi um containing 50 pg/m ampicillin, and fromgrown colonies, 3
colonies are sebgghgter angom yhe Thege: 15l ectigd16akoni wgr Bf Ecahosnl atgd to
sterilized LB nedium (2 m ) each containing 50 pg/m anpicillin, and then,

the nmedi umargordPfngupbyted rbitAcheshort Ul Wider shakiBgut 846 suéh heurs).

Fromthe each cultured mcrobial cell, plasm ds are taken out using Q Aprep

Spin M ni péie&%xg%%l g%zd?\g%g% édextract%P,eCtd- A LS An t he drakey Blhge

pl asm ds are wth two kinds of restriction enzynes of Ncol
and 15 Xb e h l.e-:di ed I j 0
electrophdﬁég?é? gﬁgxi?rgg%%&ﬁﬁgf%ggﬁyhagyﬁﬁiéggggg%ieﬁ?foﬁgﬁkﬁﬁkﬁﬂf%bnent
of abput 1.1 kbp is inserted into every the.tak ut _plasm
(here?naft%??ht%?%u%?agﬁfamﬁﬁ§gﬁgps3he¥?ﬁe§ng%ggFg °foas 8%§§§Fd
pTrcADH). 20 Using the resulting plasmd pTrcADH, E. coli DHba strain

is transfornmed. The resulting transformant is inoculated to sterilized LB

medi um (100 m ) contai ning 50 p%/n1 anpicillin, and then the nmedium are
cul tured whil e The sulfur=contalning amino acid compound represente

by the formula (2) prepared by the process of the present

invention may be in the form of a salt.

10
EXAMPLES
Hereinafter, the present invention 1is explained 1in
more detail with some examples, which should not be
construed to be limited thereto.
15
Example 1
Production of the plasmid containing the present
polynucleotide
DNA fragment comprising the nucleotide sequence of SEQ
20 ID NO: 5 to which Ncol site was added at its 5'-end and

Xbal site was added at its 3'-end using Assembly PCR method,
was requested artificial gene manufacture (Hokkaido System
Science Co., Ltd) to synthesize it. The synthesized DNA
fragment were double-digested with two kinds of restriction

25 enzymes (Ncol and Xbal), then the resulting double-digested



25shaking (37C., 24 hours). The resulting culture liquidis WO

2012/ 005372PCT/ JP2011/ 065748 95 centrifugally separated to obtain a

m cr obi alwoebizwésthe present transformant. Exanple 5 pergdratoensof the
sul fur-containing a-am no acid conmpound fromthe sul fur-containing am no

al cohol conpound according to the enzyngtic nmethod of the present invention
In a screwtop test tube is placed 2 mM of 0.1 M Trishydrochl oride buffer
(pH 9), and thereto was added a) 10 al cohol dehydrogenase (from horse
liver) (Sigma) and b) al dehyde dehydrogenase (fromyeast) (Sigm) as the

present enpyAerragelehdr bieapadded .4 rgpolvasoguumrpgauvat e (Nacal ai Tesque),
0. 6ng of NAD+ and 0.25 ng of | actate dehydrogenase (Wako Pure Chem cal s

I ndustries, Lt dsépaegt&mgo theashbdr 6Pt OF SOP A OH Wash J¥meRdha)TO Whe
m xture was added 2 ng of DL-nethioninol (Sigma) as a starting compound,

and then tasuf)féua&'gggtghchﬁ Wg%SwMﬁ&%po%t reQE ARk 122 RQUKSes (NcoTAfter

the conpletion of the reaction, of the reaction sol ution was

sanpled. T a t : : i oni i i
ons” anal y7ei o Bi u iy shEC duegl e 7l Bl A S feddbpRATILE S | on

. : : 0 S .
obtalged |Qaglghgi%§é%.Cbndltlons for content analysis

The resulting two kinds of purified DNA fragments
obtained thus were mixed, and then, were ligated with T4
DNA ligase, and thereafter, E. coli DH5a strain were
transformed with the resulting ligation ligquid.

10 The resulting transformants were cultured on a LB agar
medium containing 50 wpg/ml ampicillin, and from grown
colonies, 3 colonies were selected randomly. These
selected colonies were inoculated to sterilized LB media (2
ml) each containing 50 pg/ml ampicillin, and then cultured

15 in a test tube while shaking (37°C., 24 hours). From each
of the cultured microbial cell, plasmids were taken out
using QIAprep Spin Miniprep Kit (Qiagen).

Respective parts of the taken out plasmids were
double-digested with two kinds of restriction enzymes of

20 NcoI and XbaI, then, the double-digested DNA fragments were
subjected to electrophoresis, and it was confirmed that the
above-mentioned DNA fragment of about 1.1 kbp was inserted
into the taken out every plasmids (hereinafter, this
plasmid may be sometimes referred to as plasmid pTrcADH).

25



WO 2012/ 005372PCT/ JP2011/ 065748 96 (manufactured by Intakt Corp.) Mbile
phase: 0.1 %trifluoroacetic acid as Solution A, and nethanol as Solution B
Ti me (m mnwoeas)2Bokarzi on A (% : Solution B (% 50100 : OPL@metH11/06378050 : 50
2550 : 50 25.1100 : O 10Flow rate: 0.5 m/mn Columm tenperature: 40C
Detection: 220 nm 88

Using the resulting plasmid pTrcADH, E. coli DHb5«
strain was transformed. The resulting transformant was
inoculated to sterilized LB medium (100 ml) containing 50
pug/ml ampicillin, and then cultured while shaking (37°C.,

5 24 hours). The resulting culture liquid was centrifugally
separated to obtain a microbial <cell of the present

transformant.

Example 2

10 Production of the sulfur-containing a-amino acid compound

from the sulfur-containing amino alcohol compound using the

E. coli transformant producing the present enzyme

Each of the present transformant obtained in Example 1
(i.e. E. coli DH5x strain containing plasmid pTrcADH) and E.

15 coli DH5a strain containing plasmid vector pTrc99A
(Pharmacia) was inoculated to sterilized LB medium (100 ml)
containing 50 pg/ml ampicillin and 0.1 mM IPTG, and then

each of these medium was cultured while shaking (30°C, 24

hours) . Each of the resulting culture 1liquid was
20 centrifugally separated to obtain about 0.6 g of each of
wet microbial cell. Each of the resulting wet microbial

cell was suspended into 10mL of 0.2 M Tris-HCl buffer (pH
9), and thereafter, the microbial cells in the suspension
were disrupted with glass beads to obtain about émL of each

25 of cell-free extract. The respective 1lmL of each of the



Exanple 6 15Production of the sulfur-containing a-amno acid conpound
fromthe sul fur-containing am no al cohol conpound according to the
enzymat i cwoebteodszyk t he present invention In a secexrropossest tube
is placed 2 mM of 0.1 M Trishydrochl oride buffer (pH 9), and thereto was
added al cohol 20 dehydrogenase (from hpyse liver) (Sigma) as the present
enzynme, and further added 4ng of sodi um pyruvate (Nacal ai Tesque), 0.6 ny
of NAD+ and 0.25 ng of | actate dehydrogenase (Wako Pure Chem cal s

I ndustries, Ltd.) and then the reaction solution was m xed. To the m xture

was 25addeds 2,10 0f &hilEEhLontpeka(Ei §HB) mdked $habbikAGnCOMROURE, théO
2012/ 005372PCT/ JP2011/ 065748 97 and then the resulting m xture was shaken

at 30C formggthfgrs-and A8 t B scognheli o QQ%t'U% I @RCtHeQMi PRindl of

u . . .
the reaction solufion was sanpied. The anount of the produced 5 nethionine

in the sa %}Jl_e%ﬁ? utilql{;J \(/)vg% %y;qgrggf]gg%gj%de%%{ ot ogr g?g?(., Apnd he s

result, me e wa tained inyie ndi ti1ons content
anal ysi s 1958'11‘1‘:%'“@%%% 2 %%QﬁéiG 'Inergaqﬁ(e)lSaggl 32§mlmit of lactate

5 dehydrogenase (Oriental Yeast Co., Ltd) and then, the

resulting mixture was stirred at 30°C for 24 hours.

After the completion of the reaction, 0.6 ml of the

reaction solution was sampled. The suspended solids were

10 removed from the sampling solution, and then, the amount of
the produced methionine was analyzed by liquid
chromatography. As the result, it was confirmed that
methionine was produced in 14.3% yield based on an amount

of DL-methioninol used in the reaction. The result of

15 control experiment was described in Example 3.

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

20 Mobile phase: 0.1 % aqueous trifluoroacetic acid as

Solution A-, and methanol as Solution B

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

25 20 50 : 50



(manuf actured by Intakt Corp.) Mbile phase: 0.1 % aqueous trifluoroacetic
acid as Solution A, and nethanol as Solution B Tine (m nutes)Solution A (%

: Sol uti owoBo{Hos3420100 : 0 10100 : O 2050 : 50 2550 : POTAP2011/065748 O
20Flow rate: 0.5 m/mn Colum tenperature: 40C Detection: 220 nm Ref erence
example 1 WO 2012/ 005372PCT/ JP2011/ 06§y 48

25 50 : 50
25.1 100 : O
Flow rate: 0.5 ml/min
Column temperature: 40°C

5 Detection: 220 nm

Example 3

Production of the sulfur-containing a-amino acid compound

from the sulfur-containing amino alcohol compound using the

10 E. coli transformant producing the present enzyme (Control

experiment)

E. coli DH5a strain containing plasmid vector pTrc99A
(Pharmacia) was inoculated to sterilized LB medium (100 ml)
containing 50 upg/ml ampicillin and 0.1 mM IPTG, and then,

15 this medium were cultured while shaking (30°C, 24 hours).
The resulting culture liquid was centrifugally separated to
obtain about 0.6 g of wet microbial cell. The resulting
wet microbial cell was suspended into 10mL of 0.2 M Tris-
HCl buffer (pH 9), and thereafter, the microbial cell in

20 the suspension was disrupted with glass beads to obtain
about 6mL of cell-free extract. To 2 mL of the resulting
cell-free extract was added 2 mg of DL-methioninol (Sigma),
lmg of NAD' (Oriental Yeast Co., Ltd), 4mg of sodium
pyruvate (Nacalai Tesque) and 0.25 unit of lactate

25 dehydrogenase (Oriental Yeast Co., Ltd) and then, the



98 contai ning am no al cohol conpound into a correspondi ng

sul fur-contai ning a-am no al dehyde conpound In a test tube is placed
5 m of swennizwmsxfaculture nedium which is prepared byPpratdrrgi/pearygpept one
(5 9g), 5 yeast extracts (3 g), neat extracts (3 g), amoniumsulfate (0.2
g), potassium di hydrogen phosphate (1 @i and nmagnesi um sul f at e hept ahydrat e
(0.5 g) to 1 L of water, and then adjusting the pHto 7.0, and thereto is

i nocul ated with m croorgani sm obtained by purchasing fromthe previously
10nentioned culture collection or a mcroorganismisolated fromsoils. The
resul ting isshDevhgt Rdxwiitb Ghaksograkd38€ goder fam aer abuescondition.
After the conpletion of the incubation, the mcrobial cells are collected

by centrifugatigacrte @plaldbnb Bl fofeblS.tHd AeSEFEYMS OP. 61t €6k trle is
placed 2 mMl of 0.1 MTris-glycine buffer (pH 10), and thereto is added the

above- pr epggggt%aagglsglﬁ%h%? B hem dhe mipddir &, dSesaspesdedds Todhe

suspension Is a ny nmet hi oninol, and then the resulting mxture is
of the reattraroeoririos Fo Raratey Y BFroraRL el hOTeReaRE Ok 1 1
- ho_a. (et hy PERESY BFopi BaTdanyds i o "ol y i BYST qui HYchr dASHSS: aphy.
20121 0053 79PERT PIBLIP 085 a8 o LoNERF il h 4 el SOkbT “RORp5URE Po the

correspondi ng. sul fur-containing. a-am no . al dehyde conpound are _screened.
P methioninol used in ghe reaction wag remai eg in 1%0 %.

Conditions for content analysis

10 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

Time (minutes) Solution A (%) : Solution B (%)
15 0 100 : O
10 100 : O
20 50 ¢« 50
25 50 : 50
25.1 100 : O
20 Flow rate: 0.5 ml/min

Column temperature: 40°C

Detection: 220 nm

Example 4

25 Production of plasmid containing the present polynucleotide




Condi tions for content anal ysis 5Col um: Cadenza CD-C18(4.6 mmp x 15 cm 3
pm (manufactured by Intakt Corp.) Mbile phase: 0.1 % aqueous
trifluorosoebizmosszed as Sol ution A, and nethanol as Sol eCIraR2B1/0657E8
(mnutes)Solution A (% : Solution B (% 100100 : 0 10100 : O 2050 : 50
2550 : 50 25.1100 : O 15Flow rate: 0.5gd/mn Columm tenperature: 40C
Detection: 220 nm Reference exanple 2
Forward primers and Reverse primers that are

correspond to an amino acid sequence of SEQ ID NO: 1, are

cut, divided in about 40 bp length to synthesize thirty

(30) primers thereof respectively. Assembly PCR method is

5 performed with the synthesized primers under the following

condition.

[Reaction Solution Composition]

dNTP (each 2.5mM-mix) 1ulL
10 primer mix (250uM) 0.5pL

5 x buffer (with MgC1l) 10uL

enz.expandHiFi (5U/uL) 0.5ul

ultrapure water 38ul

15 A vessel containing a reaction solution of the above-
mentioned composition is set on PERKIN ELMER-GeneAmp PCR
System 9700, and then, a cycle of 94°C (for 30 seconds) -
52°C (for 30 seconds) -68°C (for 30 seconds) is repeated 55
times.

20

After completion of the reaction, PCR reaction is
carried out again with the reaction solution as a template
under the following reaction condition. After heating at
94°C (for 2 minutes), a cycle of 94°C (for 30 seconds) -

25 53°C (for 30 seconds) -68°C (for 1.5 minutes) is repeated



20Scr eeni ng m cr oor gani sns capabl e of converting the sul fur- containing
a-am no al dehyde conpound into a correspondi ng sul fur-containing a-am no
aci d conmpwondi2/005372 In a test tube is placed 5 M etraranibhészed
culture nmedium which is prepared by addi ng pol ypeptone (5 g), 25yeast
extracts (3 g), neat extracts (3 g), amwniumsulfate WO

2012/ 005372PCT/ JP2011/ 065748 100 (0.2 g), potassium di hydrogen phosphate (1
g) and magnesi um sul fate heptahydrate (0.5 g) to 1 L of water, and then
adjusting the pHto 7.0, and thereto is inoculated with a nicroorganism

obt ai ned bygpurghasi.ng from t heepr exdpusioh Smesligogdctebtuae celdiaedd on or
a mcroorganismisolated fromsoils. The resulting is incubated with

shaking at. ;%:&'E'?ﬁé @Heaﬂﬁgt?.'e%tq(a%d'sté#m;ncgt%ttf'@rGl"?”PheEEQnI@f Nde
|ncubat|on e mcrobial cells are collected by centrifugation to obtain a

vi abl e m cgobi cell; C I CO%O sg{]@é(\ft %teﬁggggbe Lg placed, @2 M @f3 0.1 M

Tris- egC|ne b fer and thereto I1s a t he above- prepared V|able

mi crobial ¢ M@egetgerf 28 Urspspl utLon des ,;eé@fQQ@ﬁd Tadience

suspenS|on |s %ﬁ%e m no- roplona deh

t hen resul m_,xt u 151 s, sha n at 30 days Af ter
t he ct%nple??t(—)ntf héj}eéﬁq gh ? d?otﬁg %é %@'gn §6Vﬂt+ n2fgegadt ed.
The cells are renoved frog1the sanpling solution, and then the anmount of

the produced #REhi BRFnBSFS-anal yzed by |iqui d chromat ography. 20Thus,
m croor gani sns capabl e of converting the sul fur-

[Reaction Solution Composition]
template 1luL
10 dNTP (each 2.5mM-mix) 1ul

primer mix (250uM) 0.5uL

5 x buffer (with MgCl) 10uL
enz.expandHiFi (5U/uL) 0.5ul
ultrapure water 36.5ul

15
Thereafter, a part of the PCR reaction solution is
collected and purified on agarose gel to obtain a DNA
fragment, and thereto is added two kinds of restriction
enzymes (Ncol and XbaI) to double-digested a DNA fragment
20 of about 1.1 kbp. Then the resulting double-digested DNA
fragment of about 1.1 kbp is purified.
Separately, plasmid vector pTrc99A (Pharmacia) 1is
double-digested with two kinds of restriction enzymes (Ncol
and Xba), then the resulting double-digested DNA fragment

25 is purified.



cont ai ni ng a-am no al dehyde conpound into the correspondi ng
sul fur-containing a-am no acid conpound are screened. Conditions for
content awalzyeim®s3700 2012/ 005372PCT/ JP2011/ 065748 101 ( mamuPzmai/o6ee by
| nt akt Corp.) Mobile phase: 0.1 % aqueous trifluoroacetic acid as Sol ution
A, and -nethanol as Solution B Tinme (mgytes)Solution A (% : Solution B
(% 50100 : O 10100 : 0O 2050 : 50 2550 : 50 25.1100 : O
The resulting two kinds of purified DNA fragments thus
obtained are mixed, and are ligated with T4 DNA ligase, and
then E. Coli DH5«a strain are transformed with the resulting
ligation liquid.

5 The resulting transformants are cultured on a LB agar
medium containing 50 wug/ml ampicillin, and from grown
colonies, 3 colonies are selected randomly. These selected
colonies are inoculated to sterilized LB medium (2 ml) each
containing 50 pg/ml ampicillin, and then, the medium are

10 cultured in a test tube while shaking (37°C., 24 hours).
From the each cultured microbial cell, plasmids are taken
out using QIAprep Spin Miniprep Kit (Qiagen).

Respective parts of the taken out plasmids are double-
digested with two kinds of restriction enzymes of Ncol and

15 XbaI, then, the double-digested DNA fragments are subjected
to electrophoresis, and it is confirmed that the above-
mentioned DNA fragment of about 1.1 kbp is inserted into
every the taken out plasmids (hereinafter, this plasmid may
be sometimes referred to as plasmid pTrcADH).

20

Using the resulting plasmid pTrcADH, E. coli DHb«x
strain is transformed. The resulting transformant is
inoculated to sterilized LB medium (100 ml) containing 50

pg/ml ampicillin, and then the medium are cultured while

25 shaking (37°C., 24 hours). The resulting culture liquid is



10Flow rate: 0.5 m/mn Colum tenperature: 40C Detection: 220 nm Ref erence
exanple 3 15Screeni ng m croorgani sns capable of converting the sulfur-
cont ai ni ngoavizwsakcohol conpound into a correspondi ng pewlibroi1/66eniAi ni ng
a-am no acid conpound In a test tube is placed 5 m of sterilized
culture nmedium which is prepared by adgf ng pol ypeptone (5 g), 20 yeast
extracts (3 g), neat extracts (3 g), amoniumsulfate (0.2 g), potassium

di hydrogen phosphate (1 g) and magnesi um sul fate heptahydrate (0.5 g) to 1
L of .water, and then adjusting the pHto 7.0, and thereto is inocul ated
with a nicyopfgaph§a oht diepad ke W hast agnf aomitdieHiravi @bl yo25ment i oned
culture collection or a mcroorganismisolated W

2012/ 00537gPEdLAP20114068748n202 from soils. The resulting is incubated with
shaki ng at” 30C under an aerobic condition. After the conpletion of

Example 5

5 Production of the sulfur-containing o-amino acid compound

from the sulfur-containing amino alcohol compound according

to the enzymatic method of the present invention

In a screw-top test tube is placed 2 ml of 0.1 M Tris-
hydrochloride buffer (pH 9), and thereto was added a)
10 alcohol dehydrogenase (from horse 1liver) (Sigma) and b)
aldehyde dehydrogenase (from yeast) (Sigma) as the present
enzyme, and further added 4 mg of sodium pyruvate (Nacalai
Tesque), 0.6mg of NAD' and 0.25 mg of lactate dehydrogenase
(Wako Pure Chemicals Industries, Ltd.) and then the
15 reaction solution was mixed. To the mixture was added 2 mg
of DL-methioninol (Sigma) as a starting compound, and then

the resulting mixture was shaken at 30°C for 22 hours.
After the completion of the reaction, 0.5 ml of the
reaction solution was sampled. The amount of the produced
20 methionine in the sample solution was analyzed by liquid
chromatography. As the result, methionine was obtained in

yield 23%.

Conditions for content analysis

25 Column: Cadenza CD-C18 (4.6 mme x 15 cm, 3 pum)



the incubation, the mcrobial cells are collected by centrifugation to
obtain viable cells. In a screwtop test 5 tube is placed 2 ml of 0.1 M
Tris- gl yowoeotwmfoszze (pH 10), and thereto is added the alporaPpnepeared vi abl e
cells, and then the m xture is suspended. To the suspension is added 2 ny
of methioninol, and then the resulting gg xture is shaken at 30C for 3 to 7
days. 10After the conpletion of the reaction, 1 m of the reaction solution
is sanpled. The cells are renoved fromthe sanpling solution, and then the
amount of the produced nethionine is analyzed by |iquid chromatography.
Thus, m cr opsgansshereapedl emedkeoouept yng the sul fur- 15contai ning am no
al cohol conpound into the correspondi ng sul fur-containing a-am no acid
conpound augp StEesRgde: Condi 4i epsrigbreantent aealysiss scohidnCagensa
CD-C18(4.6 mmp x 15 cm 3 pm 20(manufactured by Intakt Corp.) Mbile phase:
0.1 % aqueusnifbil yoreacgtisnagid as Sol ution A, and nethanol as Sol ution
B Time (mnutes)Solution A (% : Solution B (% 0100 : O

Time (minutes) Solution A (%) : Solution B (%)
5 0 100 : O
10 100 : O
20 50 : 50
25 50 : 50
25.1 100 : O
10 Flow rate: 0.5 ml/min

Column temperature: 40°C

Detection: 220 nm

Example 6

15 Production of the sulfur-containing o-amino acid compound

from the sulfur-containing amino alcohol compound according

to the enzymatic method of the present invention

In a screw-top test tube is placed 2 ml of 0.1 M Tris-
hydrochloride buffer (pH 9), and thereto was added alcohol

20 dehydrogenase (from horse 1liver) (Sigma) as the present
enzyme, and further added 4mg of sodium pyruvate (Nacalai
Tesque), 0.6 mg of NAD" and 0.25 mg of lactate
dehydrogenase (Wako Pure Chemicals Industries, Ltd.) and

then the reaction solution was mixed. To the mixture was

25 added 2 mg of DL-methioninol (Sigma) as a starting compound,
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and then the resulting mixture was shaken at 30°C for 22
hours.

After the completion of the reaction, 0.5 ml of the

reaction solution was sampled. The amount of the produced

5 methionine in the sample solution was analyzed by liquid

chromatography. As the result, methionine was obtained in

yield 17%.

Conditions for content analysis

10 Column: Cadenza CD-C18 (4.6 mmep x 15 c¢m, 3  um)
(manufactured by Imtakt Corp.)
Mobile phase: 0.1 % aqueous trifluorcacetic acid as

Solution A, and methancl as Solution B

Time (minutes) Solution A (%) : Solution B (%)
15 0 100 : O
10 100 : O
20 50 : 50
25 50 : 50
25.1 100 : O
20 Flow rate: 0.5 ml/min

Column temperature: 40°C

Detection: 220 nm

Reference example 1

25 Screening microorganisms capable of converting the sulfur-




: 0 Flowrate: 0.5 m/mn 5Colum tenperature: 40C Detection: 220 nm
| NDUSTRI AL APPLI CABI LI TY The present invention can provide a novel

process fwo 2fosshaci ng a sul fur-contai ni ng a-am no aci ¢ceoerpaunss7such as
met hi oni ne. WO 2012/ 005372PCT/ JP2011/ 065748 104 CLAI M5
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containing amino alcohol compound into a corresponding

sulfur-containing a-amino aldehyde compound

In a test tube is placed 5 ml of sterilized culture

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

5 yeast extracts (3 g), meat extracts (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 then
adjusting the pH to 7.0, and thereto is inoculated with

microorganism obtained by purchasing from the previously

10 mentioned culture collection or a microorganism isolated
from soils. The resulting 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. In a screw-top

15 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 then the mixture is suspended. To the suspension 1is
added 2 mg of methioninol, and then the resulting mixture
is shaken at 30°C for 3 to 7 days.

20 After the completion of the reaction, 1 ml of the
reaction solution is sampled. The cells are removed from
the sampling solution, and then the amount of the produced
l-amino-3- (methylthio)propionaldehyde is analyzed by liquid
chromatography.

25 Thus, microorganisms capable of converting the sulfur-



1. A process for producing a sul fur-containing a-am no acid conpound

represented by the formula (2): NH2 RL COOH 5 (2) wherein R

represents

hydr ogen,wenoaldeyi72group having 1 to 8 carbon atomns, or pam/yezoil/oe@ip
having 6 to 20 carbon atons; conprising 10a step of reacting a conpound

represented by the fornula (1): 99

containing amino alcohol compound into the corresponding

sulfur-containing a-amino aldehyde compound are screened.

Conditions for content analysis

5 Column: Cadenza CD-C18 (4.6 mmoe x 15 c¢m,
{manufactured by Imtakt Corp.)
Mobile phase: 0.1 % aqueous trifluoroacetic

Solution A, and methanol as Solution B

Time (minutes) Solution A (%) : Solution B (%)
10 0 100 : O
10 100 : O
20 50 : 50
25 50 : 50
25.1 100 : O
15 Flow rate: 0.5 ml/min

Column temperature: 40°C

Detection: 220 nm

Reference example 2

acid as

20 Screening microorganisms capable of converting the sulfur-

containing o-amino aldehyde compound into a corresponding

sulfur-containing ao-amino acid compound

In a test tube is placed 5 ml of sterilized

medium, which 1is prepared by adding polypeptone

culture

(5 9,

25 yeast extracts (3 g), meat extracts (3 g), ammonium sulfate



(1) wherein 1=t1 is the same as defined above; with a mcrobial cell or a
processed product of the 15m crobial cell of any of the follow ng

t ransf or nwot2812/0068&2 both a transformant in which has beeotiptoiodssoesd i nto a
m croorgani smcell a polynucl eoti de conprising a nucl eoti de sequence
encodi ng an am no aci d sequence of an eggyne that is capable of converting
t he above sul fur-containing amno WD 2012/ 005372PCT/JP2011/ 065748 105

al cohol conpound into a correspondi ng sul fur-containing a-am no al dehyde
conpound and a transfornmant in which has been introduced into a

m croorganigmpcg) | gopakynusl @tha@o?@ﬁpbh@is@aa@enuql g0t Gl FRGuRIGaIm
encodi ng an am no acid 5 sequence of an enzyne that is capabl e of

converti nggt ne, above GAUHRERANI ng  sulfur ceont aitni §if F=ario ahdehyds
conmpound into a correspondi ng sul fur-contai ning a-amno acid conpound, (b)

a transforaihst faghice haye beens) nbhadysedday o & 5 A0-014£0a" kst bath

a pol ynucl eo conprising a nucl eotide sequence encoding an amino acid

sequence of; ap,ENZYRfaly, d 5 Lapaple Ql, GOIVAIL T 19 Jhe AhOYG oy ous1y
ol conpound Tnto 9

sul fur-contarnrng”am no al'co o] a” correspond

sul fug-contai pi.n -am.no._al dehyde conpound and_a_ pol ynucl eoti.de .c i sing
a 15gnucl@8?Fﬂ8g§§qJ@H@é“ghc88¥§8c§ﬁo ni 7o 3cfﬁl%g%%e oS Rke) éﬁcgﬁ§%%% t hat

is capable_of convertin he abov di |.fur.- t ai ni -
al dehyde CHRBBURPIIT0 & 1067 r ESPBRETRG Sul f HPCWBRLER niHy "o S0F FOPACI

conpound or . , o _
30°C under an aerobic condition. After the completion of

the incubation, the microbial cells are collected by

centrifugation to obtain a viable microbial cell. In a
10 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 microbial cell, and then the mixture solution is

suspended. To the suspension is added 2 mg of l-amino-3-

(methylthio)propionaldehyde, and then the resulting mixture
15 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 then the amount of the produced
methionine is analyzed by liquid chromatography.

20 Thus, microorganisms capable of converting the sulfur-
containing a-amino aldehyde compound into the corresponding

sulfur-containing o-amino acid compound are screened.

Conditions for content analysis

25 Column: Cadenza CD-C18 (4.6 mme x 15 cm, 3 um)



20(c) a transformant in which have been introduced into a m croorgani sma
pol ynucl eoti de conprising a nucl eoti de sequence encoding an amno acid
sequence wb 2ar/@sezgne that is capabl e of converting thepalgrsi1/065748

sul fur-contai ning am no al cohol conpound into a corresponding

sul fur-containing a- 25am no al dehyde g¢gapound as well as capabl e of
converting WO 2012/005372PCT/JP2011/ 065748 106 the above sul fur-containing
a-am no al dehyde conpound into a correspondi ng sul fur-containing a-am no
aci d conmpound. 2.The process according to claim1 wherein the 5

transf or mphahsrhbBeuteansiormankti gowpi.¢h has been introduced into a

m croorgani smcell a pol ynucl eoti de conprising a nucl eoti de seguence

encodi ng 3o 80 pehdesequence 0f anuenzymecthatubsosapabkbe akiconwgyting
t he above sul fur-containing am no al cohol conmpound into a 10 correspondi ng

sul fur-s:onga'}m]aw ndpaning ahdehydsicoapraundrasnvel | as capable of
converting the above sul fur-containing a-amno al dehyde conpound into a
cor r espondi nge Syl f urgant al ni ngod;aTLA0aaGkY coBBIUR]opwBergn sai d enzyme
conprises any o e tollow ng amno acid séquences: 15a) the am no acid
sequegce of SEQ éD NGO 1, b) an am no acigogequ%nce whi ch is encoded by a
nucl edti de sequence of a DNA that hybridizes to a DNA consisting of the
nucl eoti de sequiﬁce of SEQIDNO 2 or 5 H@ﬂe[ stringent condition and
which is an am acid sequence of 20 an zy that is capabl e of
converting the ggove sul fur-contai ni ng anigg qlg%hol conmpound into a
correspondi ng stiFfur-containi ng a-am no al dehyde-“conpound as wel |l as
capabl e of converting the above sul fur-contai ning a-am no al dehyde conpound
into a correspofdi ng sul fur-containing a- 58arii RY aci d conmpound, or

25.1 100 : O
10 Flow rate: 0.5 ml/min
Column temperature: 40°C

Detection: 220 nm

Reference example 3

15 Screening microorganisms capable of converting the sulfur-

containing amino alcohol compound into a corresponding

sulfur-containing o-amino acid compound

In a test tube is placed 5 ml of sterilized culture

medium, which 1is prepared by adding polypeptone (5 g),

20 yeast extracts (3 g), meat extracts (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 then
adjusting the pHvto 7.0, and thereto is inoculated with a
microorganism obtained by purchasing from the previously

25 mentioned culture collection or a microorganism isolated



WO 2012/ 005372PCT/ JP2011/ 065748 107 C) an am no aci d sequence in which one
or a plurality of am no acids have been del eted, substituted or added in

t he am nowecbt/msspence of SEQ ID NO 1 and which is anpamijemiacisssequence
of an enzyne that is capable of converting 5 the above sul fur-containing
am no al cohol conpound into a correspordbng sul fur-containi ng a-am no

al dehyde conpound as well as capable of converting the above

sul fur-cont ai ni ng a-am no al dehyde conpound into a correspondi ng

sul fur-containing a-am no acid conmpound. 10 3. The process according to

claim1 orf2omheygins Rl afhe hee Sl £ uhgcant ai Akaga 884 N idlc oAk cagpand and
the sul fur-containing a-am no acid conpound is an alkyl group having 1 to 5

carbon atoggeclangdr Hie MAGSSS 86AQ1EIBH. 1O @M dhor cdnphekebR Re of
t he sul fur-containing am no al cohol conpound and the sul fur-containing

a-ari no_aci(,compaUgd:isna MehBY! ngtouRi s205:8118C0MINARLMEEkYY by

conprising a "a pronoter functional in a mcroorganismcell is

D ainy neBAEd ka2 paLYBUCLBOLL e VEQBRE'%%@gﬁa i S e

encodi ng an anmn sequence © 'S capable of “converting
e above syl L con o g g 19 209 Sohol POIIPUTKLRREFSETIGH .
and thereto is added the above-prepared viable cells, and
then the mixture is suspended. To the suspension is added
2 mg of methioninol, and then the resulting mixture is
shaken at 30°C for 3 to 7 days.

10 After the completion of the reaction, 1 ml of the
reaction solution is sampled. The cells are removed from
the sampling solution, and then the amount of the produced
methionine is analyzed by liquid chromatography.

Thus, microorganisms capable of converting the sulfur-

15 containing amino alcohol compound into the corresponding

sulfur-containing o-amino acid compound are screened.

Conditions for content analysis
Column: Cadenza CD-C18 (4.6 mmo x 15 cm, 3 um)
20 (manufactured by Imtakt Corp.)
Mobile ©phase: 0.1 % aqueous trifluoroacetic acid as
Solution A, and methanol as Solution B
Time {(minutes) Solution A (%) : Solution B (%)
0 100 : O

25 10 1060 : 0O



NH2 R.1,/.,.0 HS (1) wherein Rl represents hydrogen, an al kyl group
having 1 to 8 carbon atons, or an aryl group having 6 to 20 carbon atons;
5into a oworesmesstong sul fur-contai ni ng a-am no al dehydectorpavoss7as wel |
as capabl e of converting the above sul fur-containing a-am no al dehyde
conmpound into a correspondi ng sul fur-cepgai ning a-am no aci d conmpound.
106. The vector according to claim5 wherein the pol ynucl eoti de conpri ses
t he nucl eotide sequence of SEQID NGO 5. 7. Atransformant in which the
reconbi nant vector 15according to claim5 or 6 has been introduced into a

m croorganismcghl. 8. The transformant aggordspg to claim 7 wherein the
m croorganismcell is an E. coli cell. 20

25 50 : 50

25.1 100 : O

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

Detection: 220 nm

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

methionine.



9. A process for producing a transformant conprising a WO

2012/ 005372PCT/ JP2011/ 065748 109 into a mcroorganismcell. 10. A use of a
m cr obi alwoebi2/ms37a processed product of the mcrobial eelrlypafiiassysof the
followi ng transformants as 5a catal yst for converting a sulfur-containing
am no al cohol compound represented by thg fornula (1): NH2 IRI,H S (1)
wherein R represents hydrogen, an al kyl group having 1 to 8 carbon atons,
or an aryl group having 6 to 20 carbon

CLAIMS

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

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

R1
S COOH

5 e)

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

8 carbon atoms, or an aryl group having 6 to 20 carbon

atoms;
comprising
10 a step of reacting a compound represented by the

formula (1):

NH,

(1)

wherein R!' is the same as defined above;

with a microbial cell or a processed product of the
15 microbial cell of any of the following transformants:

(a) both a transformant in which has been introduced into a

microorganism cell a polynucleotide comprising a nucleotide

sequence encoding an amino acid sequence of an enzyme that

is capable of converting the above sulfur-containing amino



10atons; into a correspondi ng sul fur-containing a-am no acid conmpound: (a)
both a transformant in which has been introduced into a m croorgani sm cel

a pol ynucweabixeszmonpri si ng a nucl eotide 15 sequence emrCOUPZIY1/865748M NO
aci d sequence of an enzyne that is capable of converting the above

sul fur-contai ning am no al cohol conpouggsi nto a correspondi ng

sul fur-contai ning a-am no al dehyde conpound and a transformant in which has
been introduced into a m croorganismcell a polynucleotide 20 conprising a
nucl eoti de sequence encoding an am no aci d sequence of an enzyne that is

capabl e of ;coANE1t EBEPbIBARMS GOrEesPOsEbRNE: 84! EUl faeRtahREAG iagad-No
al dehyde WO 2012/0053?2PCT/JP2011/065748 110 conpound into a correspondi ng

sul fur- cont @i Bl NG 1JAHYJP BEhHEAAP UMM, al N3 F8 £FOPE AlinCelh i ch (e s?
transformant 1 n whi ch have beéen introduced into a m croorganismcell both a

pol ynucl eolLdg ¢QURRLILAG dntd WHROLdLE ARIURNCE] ENGORAY AR 13T NQAC!

sequence o0 enzynmne i s capa converting t

sul fur-contai ni ng. am no al .conp into r espandi ng. .
sulfur-con?%T%Fﬁ%lﬁgaﬁ%ngugﬁgghﬁgg c%%%g%%géaﬁﬁmgg%gi n%glé%gﬁa% éﬁﬁﬁ%ising
a nuc%eotide seguence. encodi ng_an th am no acidlsegﬁgnce of €n enzyne t hat
is ca ablesﬁgu38ﬁ9efi'n@ntﬁﬁugﬂﬁVe DR r dSpoht AL S ulChur SEORT AT hifig “Aami no
al dehyde conmpound into a caorrespondi sul fur-cont ai ning.a-am no, acid
conpound, %QBV%C)CQrFF§H§Pgﬂﬁ§ht ?#ﬁéﬁ%?ﬁ?qﬁﬁﬁi”ﬁébn ?ﬁ?ﬂbaace&qﬁﬁﬁgdf 15

m croorgani smcell a polynucl eotide conprising a nucl eotide sequence

encodi ng afCERPAB act |yt 2 edtie fQF TSR BE) i WHATL TS9N o @Fiiér ti ng
t he above sul fur-containing am no al cohol conpound into a correspondi ng

sul fur-contdaidi agmacuRflno al dehyde compound as wel | as capabl e of

converting 20t he above sul fur-containing a-am no al dehyde conpound into
(b) a transformant in which have been introduced into a

10 microorganism both a polynucleotide comprising a nucleotide
sequence encoding an amino acid sequence of an enzyme that
is capable of converting the above sulfur-containing amino
alcohol compound into a corresponding sulfur-containing o-
amino aldehyde compound and a polynucleotide comprising a

15 nucleotide sequence encoding an amino acid sequence of an
enzyme that is capable of converting the above
corresponding sulfur-containing «a-amino aldehyde compound
into a corresponding sulfur-containing oa-amino acid
compound oOr

20 (c) a transformant in which have been introduced into a
microorganism a polynucleotide comprising a nucleotide
sequence encoding an amino acid sequence of an enzyme that
is capable of converting the above sulfur-containing amino
alcohol compound into a corresponding sulfur-containing o-

25 amino aldehyde compound as well as capable of converting



a correspondi ng sul fur-containing a-am no acid conpound. 11. The use
according to claim 10 wherein the transformant is a transformant in which
has been wotoes®zd into a 25m croorgani smcell a pol ynecirgetiitesseerpri si ng
a nucl eoti de WD 2012/ 005372PCT/ JP2011/ 065748 111 sequence encodi ng an am no
aci d sequence of an enzyne that is capabke of converting the above

sul fur-contai ning am no al cohol conpound into a correspondi ng

sul fur-cont ai ni ng a-am no al dehyde conpound as well as capabl e of
converting 5 the above sul fur-containing a-am no al dehyde conpound into a

corresponding sybbdr s@QFuai-Riohg 28 Mg -2 th € OAP@ERYde WaBHBbOngaiith tenzy me
conprises any of the followi ng am no acid sequences: a) the am no acid

sequence sgt bPELBpbRaBREQ bR MPr-Lontddnbhqan-amiRe aclid seayense . which is
encoded by a nucl eoti de Sequence of a DNA ?hat hybri di zes to a DNA

consi sting of the nucleotide sequence of SEQID NO 2 or 5 under a
stringent condition and which is an am no acid sequence of an enzyne that

is capablezof C@ngriﬂg%é e aQ9¥§r§H£%u“to;5c999&a!T'“%%E&é%%al%%ﬁo

conpound into a corresponding sulfur-containing a-am no al conmpound

as well as_capable of converting the_above sulfur.-contai ning,a-amna
aldehéde cBﬁ%@ﬁEﬂr?ﬁ?B algorHgggongfﬁasgﬁf?ﬁchoﬁpaiﬁﬁﬁﬁﬂé-aﬁgﬁo acia

conmpound, or, 20c¢) an am po aci d_sequence i.n _which_one or | ur,al i ty, of
e T IR M 3 Lot T ~ B oy g b SR
sequence of SEQ I D NO l.ang which is an am no aci d sequence of an enzyne
that is capaBPeldtneorRePPFR§OrAECapDIRUSRFT urt R di%i /Y dﬁ?ﬁ&’a@&&ﬁé

conmpound into a 25correspondi ng sulfur-qontaining a-am no al dehyde conpound
sequence of an enzyme that is capable of converting the

above sulfur-containing amino alcohol compound into a
10 corresponding sulfur-containing o-amino aldehyde compound
as well as capable of converting the above sulfur-
containing o-amino aldehyde compound into a corresponding
sulfur-containing «a-amino acid compound, wherein said
enzyme comprises any of the following amino acid sequences:
15 a) the amino acid sequence of SEQ ID NO: 1,
b) an amino acid sequence which is encoded by a nucleotide
sequence of a DNA that hybridizes to a DNA consisting of
the nucleotide sequence of SEQ ID NO: 2 or 5 under a
stringent condition and which is an amino acid sequence of
20 an enzyme that is capable of converting the above sulfur-
containing amino alcohol compound into a corresponding
sulfur-containing o-amino aldehyde compound as well as
capable of converting the above sulfur-containing «a-amino
aldehyde compound into a corresponding sulfur-containing o-

25 amino acid compound, or



WO 2012/ 005372PCT/ JP2011/ 065748 112 as wel | as capabl e of converting the
above sul fur-containing a-am no al dehyde conpound into a correspondi ng

sul f ur - conDanrmg37a- am no aci d conmpound. 512. The use aecordmgodsa4sc] ai m 10
or 11 wherein the transformant is a transformant in which has been

i ntroduced into a mcroorgani smcell aipelynucl eotide conprising a

nucl eoti de sequence encoding the amno acid sequence of SEQID NGO 1. 10
13. The use according to claim10 or 11 wherein R1 of the sul fur-containing
am no al cohol conpound is an al kyl group having 1 to 5 carbon atons. 1514.
The use aceprdnngintiqL! &t 1d 18equehteWier i &l - ofk tdie supiuratosyaioti ng
am no al cohol conpound is a nethyl group. 15. A process for producing a

sul f ur - confai Rb NGc 838 MhAGeaGied nC QIR | eRlSsE @t dYot healieamihathd) : NH2

R1 '\ SCOOH
amino acid sequence of SEQ ID NO: 1 and which is an amino
acid sequence of an enzyme that is capable of converting
5 the above sulfur-containing amino alcohol compound into a
corresponding sulfur-containing o-amino aldehyde compound
as well as capable of converting the above sulfur-

containing o-amino aldehyde compound into a corresponding

sulfur-containing ao—-amino acid compound.

10
3. The process according to claim 1 or 2 wherein R! of
the sulfur-containing amino alcohol compound and the
sulfur-containing o-amino acid compound is an alkyl group
having 1 to 5 carbon atoms.

15
4. The process according to claim 1 or 2 wherein R! of
the sulfur-containing amino alcohol compound and the
sulfur-containing a-amino acid compound is a methyl group.

20 5. A recombinant vector comprising a DNA in which a

promoter functional in a microorganism cell 1is operably
linked to a polynucleotide comprising a nucleotide sequence
encoding an amino acid sequence of an enzyme that is
capable of converting the above sulfur-containing amino

25 alcohol compound represented by the formula (1):



20 (2) wherein R - represents hydrogen, an al kyl group having 1 to WO
2012/ 005372PCT/ JP2011/ 065748 113 atons; conprising a step of reacting

a sul fur-wonvaes3syg am no al cohol conpound represented lpyTiksmiioesmd a (1):
5

108

NH,

R1 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;

5 into a corresponding sulfur-containing o-amino aldehyde
compound as well as capable of converting the above sulfur-
containing a—aminb aldehyde compound into a corresponding

sulfur-containing a-amino acid compound.

10 6. The vector according to claim 5 wherein the

polynucleotide comprises the nucleotide sequence of SEQ ID

NO: 5.
7. A transformant in which the recombinant vector
15 according to claim 5 or 6 has been introduced into a

microorganism cell.

8. The transformant according to claim 7 wherein the
microorganism cell is an E. coli cell.

20
9. A process for producing a transformant comprising a

step of introducing the vector according to claim 5 or 6



(1) wherein R is the same as defined above; with an enzyne that is
capabl e of converting the above sul fur-contai ni ngam noal cohol conpoundi nt oa
cor r espongtongiekiar - cont ai ni ng a- ani no al dehyde conpourdtiiP2@s0s3esd as
capabl e of converting t the above sul fur-containing a-am no al dehyde
conpound into a correspondi ng sul fur-cepbai ning a-am no aci d conpound.

16. A process for producing a sulfur-containing a-am no 15acid conpound
represented by the fornula (2): NH2 1 RN COOH (2) wherein R represents
hydr ogen, an al kyl group having 1 to 8 carbon atons, or an aryl group

having 6 toned ganbePogkgaBism cell.

10. A use of a microbial cell or a processed product of
the microbial cell of any of the following transformants as
5 a catalyst for converting a sulfur-containing amino alcohol

compound represented by the formula (1):

NH,

(1)

wherein R! represents hydrogen, an alkyl group having 1 to
8 carbon atoms, or an aryl group having 6 to 20 carbon
10 atoms;
into a corresponding sulfur-containing «-amino acid
compound:
(a) both a transformant in which has been introduced into a
microorganism cell a polynucleotide comprising a nucleotide
15 sequence encoding an amino acid sequence of an enzyme that
is capable of converting the above sulfur-containing amino
alcohol compound into a corresponding sulfur-containing o-
amino aldehyde compound and a 'transformant‘ in which has
been introduced into a microorganism cell a polynucleotide
20 comprising a nucleotide sequence encoding an amino acid
sequence of an enzyme that is capable of converting the

above corresponding sulfur-containing o-amino aldehyde



WO 2012/ 005372PCT/ JP2011/ 065748 114 conpri sing a step of reacting a
sul fur-contai ning am no al cohol conpound represented by the fornula (1):
NHZ2 Rl wo 20td/005372 PCT/JP2011/065748

110

compound into a corresponding sulfur-containing «o-amino
acid compound, into a microbial cell,
(b) a transformant in which have been introduced into a
microorganism cell both a polynucleotide comprising a
5 nucleotide sequence encoding an amino acid sequence of an
enzyme that 1s capable of converting the above sulfur-
containing amino alcochol compound into a corresponding
sulfur-containing a—amino aldehyde compound and a
polynucleotide comprising a nucleotide sequence encoding an
10 amino acid sequence of an enzyme that 1is capable of
converting the above corresponding sulfur-containing o-
amino aldehyde compound into a <corresponding sulfur-
containing o-amino acid compound, or
(c) a transformant in which have been introduced into a
15 microorganism cell a polynucleotide comprising a nucleotide
sequence encoding an amino acid sequence of an enzyme that
is capable of converting the above sulfur-containing amino
alcohol compound into a corresponding sulfur-containing o-
amino aldehyde compound as well as capable of converting
20 the above sulfur-containing o-amino aldehyde compound into

a corresponding sulfur-containing ao-—amino acid compound.

11. The use according to claim 10 wherein the transformant
is a transformant 1in which has been introduced into a

25 microorganism cell a polynucleotide comprising a nucleotide



(1) Swherein Rl is the sane as defined above; with an enzyne capabl e of
converting the above sul fur-containing am no al cohol conmpound into a

corr espomaipregizzeki7ar - cont ai ni ng a- am no al dehyde conpoumrdT/iazdi/ecssisep of
reacting the sulfur-containing a-amno 10 al dehyde conpound obtained in
the above step with an enzyne capabl e efijconverting the above

sul fur-contai ning a-am no al dehyde conpound into a correspondi ng

sul fur-containing a-am no acid conmpound. 1517. The process according to
claim15 or 16 wherein R of the sulfur-containing am no al cohol conpound

and the sukéygne£o8t anBbAING- A RMiae thEapHetenSe adf abkkykengiaep thad ng 1
to 5 carbon atons. 2018. The process according to claim1l5 or 16 wherein H

of the sul {ur-gabakLNICIY RHNL talkphole cCOPBPENduaRd rtBenslhihihgC @Rtiaioni ng
a-amno acid conpound is a nethyl ‘group.

alcohol compound into a corresponding sulfur-containing o-
amino aldehyde compound as well as capable of converting

5 the above sulfur-containing o-amino aldehyde compound into
a corresponding sulfur-containing o-amino acid compound,
wherein said enzyme comprises any of the following amino
acid sequences:
a) the amino acid seqguence set forth in SEQ ID NO: 1,

10 b) an amino acid sequence which is encoded by a nucleotide
sequence of a DNA that hybridizes to a DNA consisting of
the nucleotide sequence of SEQ ID NO: 2 or 5 under a
stringent condition and which is an amino acid sequence of
an enzyme that is capable of converting the above sulfur-

15 containing amino alcohol compound into a corresponding
sulfur-containing o-amino aldehyde compound as well as
capable of converting the above sulfur-containing a—amiho
aldehyde compound into a corresponding sulfur-containing o-
amino acid compound, or

20 c) an amino acid sequence in which one or a plurality of
amino acids have been deleted, substituted or added in the
amino acid sequence of SEQ ID NO: 1 and which is an amino
acid sequence of an enzyme that 1s capable of converting

the above sulfur-containing amino alcohol compound into a

25 corresponding sulfur-containing o-amino aldehyde compound
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as well as capable of converting the above sulfur-
containing oa-amino aldehyde compound into a corresponding

sulfur-containing o-amino acid compound.

12. The use according to claim 10 or 11 wherein the
transformant is a transformant in which has been introduced
into a microorganism cell a polynucleotide comprising a
nucleotide sequence encoding the amino acid sequence of SEQ

ID NO: 1.

13. The use according to claim 10 or 11 wherein R! of the
sulfur-containing amino alcohol compound is an alkyl group

having 1 to 5 carbon atoms.

14. The use according to claim 10 or 11 wherein R' of the

sulfur-containing amino alcohol compound is a methyl group.

15. A process for producing a sulfur-containing o«o-amino

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

R1
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
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atoms;
comprising
a step of reacting a sulfur-containing amino alcohol

compound represented by the formula (1):
NH,

R! OH

5 (1)

wherein R! is the same as defined above;

with an enzyme that is capable of converting the above

sulfur-containing amino alcohol compound into a

corresponding sulfur-containing o-amino aldehyde compound
10 as well as capable of converting t the above sulfur-

containing o-amino aldehyde compound into a corresponding

sulfur-containing a-amino acid compound.

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

15 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;
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comprising
a step of reacting a sulfur-containing amino alcohol

compound represented by the formula (1):
NH,

R1 OH

(1)

5 wherein R' is the same as defined above;
with an enzyme capable of converting the above sulfur-
containing amino alcohol compound into a corresponding
sulfur-containing o-amino aldehyde compound, and
a step of reacting the sulfur-containing o-amino
10 aldehyde compound obtained in the above step with an enzyme
capable of converting the above sulfur-containing o-amino
aldehyde compound into a corresponding sulfur-containing o-

amino acid compound.

15 17. The process according to claim 15 or 16 wherein R' of
the sulfur-containing amino alcohol compound and the
sulfur-containing o-amino acid compound is an alkyl group

having 1 to 5 carbon atoms.

20 18. The process according to claim 15 or 16 wherein R of
the sulfur-containing amino alcohol compound and the

sulfur-containing o-amino acid compound is a methyl group.



