1 DESCRIPTION METHOD FOR PRODUCING L-AMINO ACID 5TECHNICAL FIELD [0001] The
present invention relates to a method for efficiently producing an L-amino acid from an enantiomeric
mixture of an N-succinyl amino acid by combining the 10 following reactions: 1) a reaction of
racemizing an Nsuccinyl amino acid with use of N-acylamino acid racemase; and 2) a reaction of
specifically hydrolyzing an Nsuccinyl-L-amino acid with use of L-succinylase. 15BACKGROUND ART
[0002] Optically active amino acids, particularly optically active unnatural amino acids, are
compounds useful as synthetic raw materials or intermediates for products such 20 as agricultural
chemicals and pharmaceutical products. Hence; howrtbrefficiently produce an optically active amino
acid, particularly an unnatural one, has been an industrially important problem. [0003] 25Patent

Document 1 discloses one methgc Iving, thi ich | v ically resolving a racemic
01 saiving (s prgblem which uolves ap]

N-acetylamino acid as a raw material with D-aminoacylase or L-aminoacylase to give the D-form or
L-form, whereby an amino acid having high optical purity is produced. With 30 this method, however,
the yield af an optically active amino acid is 5@%rat the highest,iwhich means that half of a racemate
goes to Waste.['Bt@Jegﬂ, @s disclosed in Patent Documents 2, 3, 4, and 5, N-acylamino acid racemase for

racemizing the residual N-acetylamino acid has been 35 proposed for use in combination with the
aminoacylase in 2 The present inventilon relates to a method for

efficiently producing an L-amino acid from an enantiomeric
mixture of an N-succinyl amino acid by combining the

10 following reactions: 1) a reaction of racemizing an N-
succinyl amino acid with use of N-acylamino acid racemase;
and 2) a reaction of specifically hydrolyzing an N-

succinyl-L-amino acid with use of L-succinylase.

15 BACKGROUND ART
[0002]

Cptically active amino acids, particularly optically
active unnatural amino acids, are compounds useful as
synthetic raw materials or intermediates for products such

20  as agricultural chemicals and pharmaceutical products.
Hence, how to efficiently produce an optically active amino
acid, particularly an unnatural one, has been an
industrially important problem.

[00C3]

25 Patent Document 1 discloses one method of solving
this problem which involves coptically resolving a racemic
N-acetylamino acld as a raw material with D-aminoacylase or
L-aminoacylase to give the D~form or L-form, whereby an
aminc acid having high optical purity is produced. With

30  this method, however, the yield of an optically active
aminc acid 1is 50% at the highest, which means that half of
a racemate goces te waste. Then, as disclosed in Patent
Documents 2, 3, 4, and 5, N~acylamino acid racemase for
racemizing the residual N-acetylaminc acid has been

35 proposed for use in combination with the aminoacylase in



order to improve the yield. However, the resolution with use of a combination of N-acylamino acid
racemase and aminoacylase has a low reactivity with an amino acid yield of only 70 to 75%. Further,
the N-acyl substrate remains 5 and thus a process for removing it is required. These problems have
been impediments to practical applications. [0004] Also, as described in Non-Patent Documents 1
and 2 and Patent Document 6, N-acylamino acid racetnase has been 10 found to have low reactivity to
N-acylamino acids. In recent years, reports have been made as described in Non- Patent Documents
1 and 2 and Patent Document 6 that Nacylamino acid racemase has a higher reactivity to Nsucciny!l
amino acids thahde N-beefatiinbacids andthat 15HesGctHmylade: acswirNsueeinyl foims of
natural L-amino=acids: Stillcnemethed is:knowr which efficiently preduces<an: k=anaine acid from an

erantomerio ME SLan N suecyLanins sl uitse ola somblnaon ] Nanlamine el

racemase and L-succinylase. 2 Also, an N-su amino aci represente y the
following form(ia (ﬂl)]'c%ﬁdgJ saff tﬂééof ViHiER 5fE ra\ﬁ}?’hatgnéf%i’épp%gﬁl*é%?ﬁe pFéseht production
method, Have aotibeén: knewp:25[0006fR1CO2kbliNiry" TOH D 0097} redwherkiwsR1 represents an

optionally subsfituted-05:10.G2Q alkyl groyp, an:optionally substituted. C3 to, 620,30, alkeny group, an
optionally substi %#e C2to C20 alkynyl 3 group, an optionally substituted indanyl group, an optionally

substituted na \ethyl group, a fluorobenzyl group, a chlorobenzyl group, or a bromobenzyl
group. [0008] Also, as described in Non-Patent Documents 1 and 2

and Patent Document 6, H-acylamino acid racemase has been

10 found to have low reactivity to N-acylaminc acids. In
recent years, reports have been made as described in Non-
Patent Documents 1 and 2 and Patent Document € that N-
acylamince acild racemase has a higher reactivity to N-
succinyl amino acids than to N-acetyvlamino acids, and that

15 L-succinylase acts on N-succinyl forms of natural L-amino
acids. Stlill, no method is known which efficiently
proeduces an L-amino acid from an enantiomeric mixture of an
N-succinyl amino acid with use of a combination of N-
acylamino acid racemase and L-succinylase.

20 [GOOD5]

Also, an N-succinyl amino acid represented by the

following feormula {(III}) and a salt therecf, which are raw
materials applicable to the present production method, have

not been known:

25 [0006]
R?«KX,,CQQE
ﬁ%w\ﬁ//m\xf,ﬁﬁzﬁ
0 (B
[0007]

wherein R1 represents an optionally substituted C5 to
C20 alkyl group, an opticnally substituted C5 to C20
30  alkenyl group, an optilonally substituted C2 to C20 alkynyl



SPatent Document 1: JP 2006-254789 A Patent Document 2: JP 2001-46088 A Patent Document 3:
JP 2001-314191 A Patent Document 4: JP 2002-238581 A Patent Document 5: JP 2007-82534 A
10Patent Document 6: JP 2008-61642 A [0009] Non-Patent Document 1: Biochemistry, 2004, Vol. 43,
p. 224 Non-Patent Document 2: Biochemistry, 2006, Vol. 45, p. 154455 SUMMARY OF THE
INVENTION [0010] The present invention aims to prowde a more 20 efficient method for producing an
L-amino acid than the conventional methods. [0011] As a result of eager examination to solve the
above problems, the present inventors have found that the 25 reactivity can be improved by
precipitating thexresotingramipolavic dutofthe seadtivresy stemaduyihgathe wourseiof the combined
reactions of ragemizing anN-suscinylamine acid with.N-asylaming agigyacemase and-spegifically
hydrolyzing the N-succigyl-c - Qi%%%%ig V\ii'[h IJ_:-slllJccinxlgsg. %(% ggggeebw}/i tile Eﬂesent invention has
been completec%f(fﬁlgﬂ] at IS, oneyaquec? of the presentinvention %' a method for producing an
L-amino acid by°f&&deting an enantiomeric mixture of an N-succinyl amino acid with L- 35 succinylase,
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SUMMARY OF THE INVENTION
[0010]

The present invention aims to provide a more
20  efficient method for producing an L-amino acid than the
conventional methods.
(0011}
As a result of eager examination to solve the above
problems, the present inventors have found that the
25 reactivity can be improved by precipitating the resulting
amino acid out of the reaction system during the course of
the combined reactions of racemizing an N-succinyl amino
acid with N-acylamino acld racemase and specifically
hydrolyzing the N-succinyl-L-amino acid with L-succinylase.
30 Thereby, the present invention has been completed.
(00127
That 1is, one aspect of the present invention is a
methed for producing an L-amino acid by reacting an
enantiomeric mixture of an N-succinyl amino acid with L~

35 succinylase, the reaction being performed in the presence



of N-acylamino acid racemase and with precipitating the produced L-amino acid. [0013] In the
production method according to the present 5 invention, the L-amino acid preferably has a dissolved
concentration of 1% by weight or lower. [0014] In the production method according to the
present invention, preferably, the N-succinyl amino acid serving as 10 a substrate is represented by
“formula (1): Him 02H (I) [0016] wherein R represents @n optionally substituted 01 to 15 C20 alkyl
group, an optionally substituted C2 to C20 alkenyl group, an optionally substituted C2 to C20 alkynyl
group, an optionally substituted C4 to C20 aryl group, or an optionally substituted 05 to C20 aralkyl
group; and thedlfaihine atitbse prodiiced isrepresantéd by formuladil 200017 RCO2H NH2
[0018] wherei;Rdg the:game:as: defingdiabove. [0019] 25In a more preferable embodiment of the
present [0013]

In the production method according to the present
5 invention, the L-amino acid preferably has a dissoclved
concentration of 1% by weight or lower.
[G014]
In the producticon method according to the present
invention, preferably, the N-succinyl amino acid serving as
10 a substrate is represented by formula (I):
[0015%]

t);

[0016]
wherein R represents an optionally substituted Cl to
15 CZ0 alkvyl group, an optiocnally substituted C2 to C20
alkenyl group, an optionally substituted C2 to C20 alkynyl
group, an optionally substituted C4 to CZ0 aryl group, oz
an optionally substituted C5 to C20 aralkyl group; and the

L-amino acid to be produced is represented by formula (II):

20 [0017]
RYG%H
HH,
(I
(00187
wherein R is the same as defined above.
[GO019]

25 In a more preferable embodiment of the present



5 invention, R in formula (I) and formula (ll) is a 4- bromobenzyl group, a 3-fluorobenzyl group, a
naphthylmethyl group, an indanyl group, or a 6-heptenyl group. [0020] 5In a preferable embodiment of
the present invention, a transformant transformed with a vector that contains DNA encoding the
N-acylamino acid racemase and DNA encoding the L-succinylase is used as a source of the
N-acylamino acid racemase and the L-succinylase. 13§0021] Another aspect of the present
invention is an Nsuccinyl amino acid represented by formula (11l) or a salt thereof: [0022] 15 [0023]
wherein R1 represents an optionally substituted C5 to C20 alkyl group, an optionally substituted CS to
C20 alkenyl grbupeai optienllylsubstitiied €2(tb) C20alkyny2a-groub! anidptionafty substituted
indanyl group, an-eptionally substitdted aaphthylimetbylgreyp, aHlueropenzylgraup.a eblosghenzyl
group, or a brorpﬁgbenzyé rau 4%0%4] Ir%a refecggblg gfmp%di@eennt ?f the present invention, 25 R in
formula (II1) is & 4-bromo enzy?grafu"p,% 3- uorobenzy grbLﬁ):), a inagﬁfﬁyﬁﬁethyl group, a 2-indanyl
group, or a 6-hieptenyl group.

5 In a preferable embodiment of the present invention,

a transformant transformed with a wvector that contains DNA
enceding the N-acylamino acid racemase and DNA encceding the
L~succinylase is used as a scurce of the N~acylamino acid
racemase and the L-succinvlase.

10 [0021]

Another aspect of the present invention is an N-
succinyl amino acid represented by formula (III) or a salt
thereof:

[00z22]

RT..
%;i%fflxkufxﬂﬂzﬁ

0

Co,H

i)
15

00231
wherein Rl represents an opticnally substituted C5 to
C20 alkyl group, an opticnally substituted €5 to C20
alkenyl group, an optionally substituted C2 to C20 alkynyl
20 group, an optionally substituted indanyl group, an
opticonally substituted naphthylmethyl group, a fluorcbenzyl
group, a chlercbenzyl group, or a bromobenzyl group.
[0024]
In a preferable embodiment of the present invention,
25 R in formula (IITI) is a 4-bromobenzyl group, a 3-
fluorobenzyl group, a Z2-naphthylmethyl group, a 2-indanyl
group, or & 6-heptenvyi group.
[Co25]
According to the present invention, it is possible to

30 precipitate the resulting L-amino acid out of the reaction



[0025] 6 system by using an N-succinyl amino acid whose dissolved concentration is low as a raw
material for reaction. Therefore, the present invention has been found to avoid the reaction inhibition
and thus enable efficient 5 production of an L-amino acid. BEST MODE FOR CARRYING OUT THE
INVENTION [0026] Hereinafter, the present invention is described in 10 detail based on
non-limiting embodiments. [0027] The "enantiomegic mixture" herein refers to a mixture of the
L-form and the D-form, with an amount of the D-form in the range of from more than 0% to less than
100%. An N- 15 succinyl amino acid, a raw material used in the present invention, is represented by
the following fétifil&T) ‘arndeantise syntiesized by varieus known iethods [0028FRCG2H 0())

20[0029] The amine-agcid may-be produced-py, forrexamples r i a 11) @ methog-efiteacting, in acetic
acid, an amina.acid with succinic anhydride in.an amount e%%i)slallgn'&[3 to ar greater Othag th%l of the
amino acid, distilling off the 25 solv%nt, and recrys?:ﬁﬁzing the resu?tlng product in etﬁyloécetate and /or
methanol; or Che2Y2#rdth6d of Féating ditamiitd &¢id it sucemie ARRydifdetin an amount
equivalentto osgreater than that an L-amino acid.

BEST MCDE FOR CARRYING OUT THE INVENTION
[0026]
Hereinafter, the present invention ils described in
10  detazil based on non-limiting embodiments.
(00277
The “enantiomeric mixture” herein refers to a mixture
of the L-form and the D-form, with an amount of the D-form
in the range of from more than 0% to less than 100%. An N-
15 sucecinyl amine acid, a raw material used in the present
n, is represented by the following formula (1) and
can be synthesized by varicus known methods.
[0028]

20 [0029]

The aminc acid may be produced by, for example,

1) a method of reacting, in acetic acid, an amino
acid with succinic anhydride in an amount equivalent to or
greater than that of the amino acid, distilling off the

25  solvent, and recrystallizing the resulting product in ethyl
acetate and /or methanocl; or

2) a method of reacting an amino acid with succinic
anhydride in an amount equivalent to or greater than that
of the amino acid, in water while maintaining an alkaline

30 pH, and then adjusting the pH to acidic to crystallize the



of the amino acid, in water while maintaining an alkaline 30 pH, and then adjusting the pH to acidic to
crystallize the 7 resulting product. [0030] R in the formula (l) represents an optionally substituted
01 to C20 alkyl group, an optionally substituted 02 to 020 alkenyl group, an optionally substituted 04 to
020 aryl group, or an optionally substituted CS to 020 aralkyl group. [0031] The ClI to 020 alkyl group
may be a straight chain or 10 branched chain, and examples thereof include methyl, ethyl, n-propyl,
isopropyl, n-butyl, sec-butyl, tert-butyl, pentanyl, hexanyl, heptanyl, and octanyl. Examples of the 02 to
020 alkenyl group include ethenyl, propenyl, butenyl, pentenyl, hexenyl, heptenyl, and octenyl.
15[0032] Exanipsles bf thes02 020 alkkynyl group include ethynyl, propynyl, butynyl, pentynyl, hexynyl,
heptynyl, and oetynyl; [0033] 20Examples of the 04 to 020 aryl group include phenyl, naphthyl,
anthranyl, pyricyl pyrigidy), indanyl and indenyl, 10034] Exameles,of the 05 10,020 aralky| group
substituted C1 to C20 alkyl group, an optionally
5 substituted CZ to C20 alkenyl group, an optionally
substituted €4 to C20 aryl group, or an optionally
substituted C5 to C20 aralkyl group.
[O031]
The Cl to C20 alkyl group may be a straight chain or
16  branched chain, and examples thereof include methyl, ethyl,
n-propyl, ilsopropyl, n-butyl, sec-butyl, tert-butyl,
pentanyl, hexanvl, heptanyl, and cctanyl. Examples of the
C2 to C20 alkenvyl group incliude ethenyl, propenyl, butenyl,
pentenvl, hexenvyl, heptenyl, and octenyl.
15 [C032)]
Examples of the CZ tco CZ0 alkynyl group include
ethynyl, propynyl, butynyl, pentynyl, hexynyl, heptynyl,

and octynyl.

[0033]

20 Examples of the C4 to C20 aryl group include phenyl,
naphthyl, anthranyl, pyridyl, pyrimidyl, indanvi, and
indenyl.

[0034]

Examples of the C5 to C20 aralkyl group include
25  Dbenzyl, naphthylmethyl, anthranylmethvyl, pyridylmethyl,
pyrimidylmethyl, indanylmethyl, and indenylmethyl.
[0035]
Each of the alkyl group, alkenyl group, alkynyl group,
aryl group, and aralkyl group may optionally bhe substituted.
30 Examples of the substituent include a halogen atom,
hydroxyl, aminc, and nitro.
[0036]
Specific examples of the N-succinyl amino acid
represented by formula (I) include N-succinyl-DL-4-

35  bromophenylalanine, N-succinyl-DL-3-flucrophenvylalanine, N-



25 benzyl, naphthylmethyl, anthranylmethyl, pyridylmethyl, pyrimidylmethyl, indanylmethyl, and
indenylmethyl. [0035] Each of the alkyl group, alkenyl group, alkynyl group, aryl group, and aralkyl
group may optionally be substituted. 30 Examples of the substituent include a halogen atom, hydroxyl,
amino, and nitro. [0036] Specific examples of the N-succinyl amino acid represented by formula (1)
include N-succinyl-DL-4- 35 bromophenylalanine, N-séccinyl-DL-3-fluorophenylalanine, N- 8
succinyl-DL-2-naphthylalanine, N-succinyl-DL-2- indanylglycine, and N-succinyl-DL-6-heptenylglycine.
[0037] The L-succinylase used in the present invention is an 5 enzyme that hydrolyzes
(desuccinylate8) #elsuckiA grouprefan KL sucginyt amito agidreprésetited by formula (1) in an
L-form selectivenmanner; TheiN-acylaming-acitbracemaserused-iathe prasentvention is an enzyme
that racemizes[t(ly@ ntiomers of an N-succinyl amino acid represented by 10formula (1). [0038]

In the reaction of the present invention, only the L-form in an enantiomeric mixture of an N-succinyl
amino acid is specifically hybrolysed-esteinyiatet) by [LNs sicciiyiase, Bierthérsbyltheadesired
L-amino &eid isproducethAs awesult ] thesN-sudeiny=Diaminotacid becemesextess, anc:taen
N-acylamino agidl racemasg racemizes.the Nsyceinyl-Dsaming acid to the: Nxsyecinyl-pL-amino acid.

The N-succinyl-L-amino acid produced by N-acylaming acid 20 racemase is converted into the desired

. . -t nan . Th - 1
l:an"noacwi@yigudﬁﬁmbﬁffﬁﬁiﬁve manneér The N-acylamino acid racemase
used in the present invention is an enzyme that racemizes

the enantiomers of an N-succinyl amino acid represented by
10 formula (I}.
[oozgl
In the reaction of the present invention, only the IL-
form in an enantiomeric mixture of an N-succinyl amino acid
is specifically hydrolyzed (desuccinylated) by IL-

15  succinylase, and thereby the desired L-amino acid is
produced. As a result, the N-succinyl-D-amino acid beccomes
excess, and then N-acylamine acid racemase racemizes the N-
succinyl-D-amino acid to the N-succinyl-DL-amino acid. The
N-succinyl-L-amino acid produced by N-acylamino acid

20  racemase is converted into the desired L-amino acid by L-
succinvlase.

[0039]
As above, the combination of the reaction of
specifically hydrolyzing the L-form and the racemization

25 reaction enables conversion of an enantiomeric mixture of
an N-succinyl amino acild to an L-aminc acid comprising
substantially a single enantiomer. In a more preferable
embodiment of the present invention, the L-aminc acid is
precipitated out of the reaction system when the

30  concentration of the L-amino acid accumulated reaches and
exceeds the dissolved concentration thereof during the
course of the reaction or after completion of the reaction.
Thus, the reaction efficiently procesds.

[0C040]

35 It should be noted that an enantiomeric mixture of an



As above, the combination of the reaction of specifically hydrolyzing the L-form and the racemization
25 reaction enables conversion of an enantiomeric mixture of an N-succinyl amino acid to an L-amino
acid comprising substantially a single enantiomer. In a more preferable embodiment of the present
invention, the L--amino acid is precipitated out of the reaction system when the 30 concentration of the
L-amino acid accumulated reaches and exceeds the dissolved concentration thereof during the course
of the reaction or after completion of the reaction. Thus, the reaction efficiently proceeds. [0040] 35It
should be noted that an enantiomeric mixture of an 9 N-succinyl amino acid can be efficiently
converted to a'D-Setfb acid eBmiprisirgisubstantizly ef sihglessHahtiofier vetigrehighly dctive
D-succinylase gwhich performsdR:ferm selective desuecinylaton) is usqd aceerding taqthe 5 principle of
the present in ion, As.an enz for hydrolyzing, an N-stccin %amino cid in a D-form selective
manner, D-am\{lﬁgéa%y%%s%r?sp Kn%%ﬁ%fde@o%%% in _ gazso%s- ‘él%% Ap %ﬁa%r-g%ir?oafc?/f%ﬂsle has not
been demonstP&téd 16 hibe practical activity 2o[00AE] U s eferé MRETdikdoved cohcentration” refers
to percentage (%) by wdightdf arhamincaeidtdissohsable imthe reactionamixture aftercompletion of

the reaction, and eanbe, measyredioy the followingmethod. That is, the-L+13 aming acid;is added to

the reaction mixture after completion of the reaction until the L-amino acid is no Ion% dissolved. After

that, the mixtuP& & Centriftigelt-&avd the edtilihy supeifa@nt Raftered Srhel&mifio add present in the
filtrate is quanfitafi¢ely’andiyzedbyahigh20qerformanee liguid chremategraphy rarid:thetpercentage

(%) by weight ptthe amina-acid is ealeulated; [0042] On the other hand, the percentage (%) by
weight o{ 6he pf%t&(‘ﬁd amino acid (including the precipitated amino

£

Here, the “disseclved concentration” refers to
percentage {%) by welght of an amino acid dissolvable in
the reaction mixture after completion of the reaction, and
can be measured by the following method. That is, the L-

15  amino acid is added to the reaction mixture after
completion of the reaction until the L~amino acid is no
longer dissolved. After that, the mixture is centrifuged,
and the resulting supernatant is filtered. The aminoc acid
present in the filtrate is guantitatively analyzed by high

20  performance liguid chromatography, and the percentage (%)
by weight of the amino acid is calculated.

(00421

On the other hand, the percentage (%) by weight of
the produced amino acid (including the precipitated amino

25 acid and the disscolved amino acid} in the reaction mixture
after completion of the reaction can be measured by the
following method. That is, the reaction mixture, including
the precipitated amino acid, after completion of the
reaction is uniformly sampled. Then, the precipitated

30  aminc acid is solubilized with an appropriate solvent, the
aminc acid in the resulting solution is guantitatively
analyzed by high performance ligquid chromatography, and the
percentage (%) by welght of the amino acid is calculated.
[G043]

35 The disscolved concentration is preferably 3% by



25 acid and the dissolved amino acid) in the reaction mixture after completion of the reaction can be
measured by the following method. That is, the reaction mixture, including the precipitated amino acid,
after completion of the reaction is uniformly sampled. Then, the precipitated 30 amino acid is
solubilized with an appropriate solvent, the amino acid in the resulting solution is quantitatively
analyzed by high performance liquid chromatography;and the percentage (%) by weight of the amino
acid is calculated. [0043] 35The dissolved concentration is preferably 3% by 10 weight or lower, and
more preferably 1% by weight or lower. Since the L-amino acid is precipitated when the amount of the
produced L-amifddtid exceedscthe dissblvedeoncentration,lar higher perceintage (%) byweeight of the
5 produced aming acid-inthe reagtion mixtureiafter.completion afthereaction is-mors. suitable. The
percentage (%Qkpé/ Weng%l of the produced arcn{r&o gcid is géef%ably twice or more the dissolved

concentration, and fore p?eefgra Iyaﬁvlentci)méés of Nore the disso ve%lf§ concéntration. [00441 The

method for proghieiity ar &tamino dcid Asesrdingeteheiprasent fnverifionscam Be pérfodsed by putting,
in an appropriatecsolvent, amenantiomeric mixtuee etaniN: 5 suceinylamira agid serving as a

substrate, togelfibwib {succiniiase and N-agylaming.a9d ragerage. J004p] The solvent for the

reaction may be an agueous solvent, or may be a mixture of an aqueous solvent and an 20 organic
solvent. Exampfestthé dtgariie soivetifingltidetbluehe, Bifyfacatate-bityFadétates hexane,
isopropanol, diiseprepyledther, wiethanal, acetonehand dimethyksultoxide: The=reaction igearried out

at a temperatyre of, for example, J0€;t0.70G ;and preferaply 25 of 30C 1o 53C4 The pH of the reaction

mixture Es maintained at, for example, 4 to 10, and preferably at 6 to 9.
0] concentration.

r0044]

The method for producing an L-amino acid zccording to
the present invention can be performed by putting, in an
appropriate solvent, an enantiomeric mixture of an N-

15 succinyl amino acid serving as a substrate, together with
L-succinylase and N-acylamino acilid racemase.
[0045]
The scolvent for the reaction may be an agueocus
solvent, or may be a mixture of an agueous solvent and an
20  organic solvent. Examples of the organic solvent include
toluene, ethyl acetate, n-butyl acetate, hexane,
isopropancl, diiscpropyl ether, methanol, acetone, and
dimethyl sulfoxide. The reaction is carried out at a
temperature of, for example, 10°C to 70°C, and preferably
25 of 30°C to 55°C. The pH of the reaction mixture is
maintained at, for example, 4 to 10, and preferably at 6 to.
9.
[0C46]
The reacticn can be carried out by a batch method or
30 a continuous method. In the case of a batch method, the
initial concentration of the reaction substrate is, for
example, 0.1% to 70% (w/v), and preferably 3% to 50% (w/v).
[0047]
Bach of L-aminc acids that can be produced by the

35 reaction may be isolated and purified by a known method.



[0046] The reaction can be carried out by a batch method or 30 a continuous method. In the case of a
batch method, the initial concentration of the reaction substrate is, for example, 0.1% to 70% (w/v),
and preferably 3% to 50% (w/v). [0047] Each of L-amino acids that can be produced by the 35
reaction may be isolated and purified by a known method. 11 For example, the L-amino acid may be
isolated and purified by performing a treatment such ag chromatography on the reaction mixture
containing the produced L-amino acid, or alternatively by removing microbial cells from the reaction 5
mixture through filtration, neutralizing the filtrate with, for example, hydrochloric acid for crystallization,
and filtering thé precipitated desired conipoiind. The diltrate dbtained by removing micrdbiakcells from
the reaction mgurednay be used-directly far-the subsequentygaction vk the next pregess. [0048]
The N-Acylamirneoa%c;cig facemase u%ecglj innﬁwg;rg{esentti \éent;og dtlwlacse bi!gy il .rg%emge -sg:gcinyl
amino acids representeg by the above formula (1) "Such an enzyme to be 15 USed is it particularly
limited, and spetifie Exanipies thdt@ofiftkide sh A Hfes deriedTfoht icfoofganisms ot thd génera
Geobacillas and Xhenraus: fiheenzymd isrpreferablyr-one deriviedifremanmictoorgaanism sueh as

Geobacilus kaustophilys.of. Theliys theimepilus, apd mereproterably,2h.ege deryedom
Geobacillus kaustophilus NBRC 102445 or Thermus thermophilus HBS. Thekjg\ene encoding the amino

acid sequence-ofth& N-38yIahfin& heid acsmase difived $onT C¥dBAL Hus Katgtdphtihs NBRC

102445 is showntyiSEQ IDyNoe2o25[0049] croFhe 1-suctinylasecusedhia the present invention has
ability to hydralyzerthed -form ofN-suceinylamino,acids reprgsented by forpula ). Such,angnzyme
to be us?g is ”COEE articularly limited, and typical examples thereof 30 include enzymes derived from

. . T Soo I .
microorganisms 0 tﬂgxge §G&6bacillus. The enzyme is preferably one derived from a

microorganisml 84éFfas Geobacillus kaustophilus. The enzyme is more preferably one derived from
Geobacillus The N-Acylamino acild racemase used in the present

invention has ability to racemize N-succinyl amino acids

represented by the above formula (I). Such an enzyme to be
15  used is not particularly limited, and specific examples

thereof include enzymes derived from microorganisms of the

genera Geobacillus and Thermus. The enzyme 1z preferably

one derived from a micrcorganism such as Geobacillus

kaustophilus or Thermus thermophilus, and more preferably
20 ocne derived from Geobacillus kaustophilus NBRC 102445 or

Thermus thermophilus HB8. The gene encoding the amino acid

segquence of the N-acylamino acid racemase derived from
Gecbacillus kaustophilus NBRC 102445 is shown by SEQ ID No.
2.

25 [00£9]

The L-succinylase used in the present invention has

ability te hydrolyze the L-form ¢f N-succinyl amino acids
represented by formula (I). Such an enzyme to be used is
not particularly limited, and tvpical examples thereof

30 include enzymes derived from microorganisms of the genus

Geobacillus. The enzyme 1s preferably one derived from a

microorganism such as Gecbacillus kaustophilus. The enzyme

is more preferably one derived from Geobacillus

kaustophilus NBRC 102445, and the gene encoding its amino

35 acid sequence is shown by SEQ ID No. 1.



kaustophilus NBRC 102445, and the gene encoding its amino 35 acid sequence is shown by SEQ ID
No. 1. 12 [0050] These microorganisms are available from various depositories to persons skilled
in the art. Examples of the depositories include those which correspond to the 5 accession numbers
referring to the microorganisms. Specifically, the microorganisms referred by the NERO numbers are
available from NITE Biological Resource Center, Natippal Institute of Technology and Evaluation
located at 2-5-8 Kazusakamatari, Kisarazu-shi, Chiba, Japan. The 10 microorganisms can alternatively
be isolated from nature sources. Here, the microorganisms can be mutated to generate strains having
properties that i&ré Midre advantageous in the-present reaction. Also, enzyme genes isolated from the
microorganisms can be inteaduged iato- b various host-vector systemsbya cammendnethod, and the
resulting transﬁ%masr}lt can be uggd irﬁl2 ;hseo%esggg ini/ggtig@. [Qggl]alg ghe pgggentlig\éergi?n, a liquid
microbial culture 20 ob alneg%y cultﬁrlﬁg such a mféroorgaﬁism‘or transformant in an appropriate
culture mediurfi6r & freatedtsrodaet ofthéEdftuid may ba'dse & asdtrceof the én¥yme. Examples
of the treated produekinclude culture suparaatants; obtained:by. harvesting celsiFom a liquid 25
microbial cultugiggg mg%ucpﬁ%s ﬁg@gg@pg%igﬂgog@fgg@ gis&ggptggéng\%g@al cells, cell-free

extracts obtained from the disrupted cells, immobilized cells, purified enz¥mes, and immobilized
enzymes. [0052130TRE gehe mifibbftioR, S as' DNA Rbttioh: v8ctoresource Center,

National Institute of Technology and Evaluation located at
2-5-8 Kazusakamatari, Kisarazu-shi, Chiba, Japan. The

160 microorganisms can alternatively be isclated from nature

[

scources. Here, the microcorganisms can be mutated to
generate strains having properties that are more
advantageous in the present reaction. Alsco, enzyme genes
isolated from the microorganisms can ke introduced into

15 various host-vector systems by a common method, and the
resulting transformants can be used in the present
inventicn.

0051}
In the present invention, a liguid microbial culture

20  obtained by culturing such a microorganism or transformant
in an appropriate culture medium, or a treated product of
the culture may be used as a source of the enzyme.
Examples of the freated product include culture
supernatants obtained by harvesting cells from a ligquid

25 microkial culture by a method such as centrifugation,
microbkial cells, disrupted microbial cells, cell~free
extracts obtained from the disrupted cells, immobilized
cells, purified enzymes, and immcbilized enzymes.

(0052}

30 The gene manipulation, such as DNA isolation, vector
preparation, and transformation, described herein can be
performed, unless otherwise noted, by a method described in
literature such as Molecular Cloning Znd Edition (Cold
Spring Harbor Laboratory Press, 1989) and Current Protocoels

35 in Molecular Biology (Greene Publishing Asscciates and



preparation, and transformation, described herein can be performed, unless otherwise noted, by a
method described in literature such as Molecular Cloning 2nd Edition (Cold Spring Harbor Laboratory
Press, 1989) and Current Protocols 35 in Molecular Biology (Greene Publishing Associates and 13
Wiley-Interscience). [0053] Examples of the "host" described herein include bacteria, yeast,
filamentous fungi, plant cells, and animal 5 cells. Amargy these, bacteria are preferable, and
Escherichia coli is particularly preferable in terms of the efficiency of introduction and expression. A
vector containing DNA can be introduced into a host cell by a known method. In the case of using
Escherichia cdfilds:ther0-kastcell:for example, the vector can be introduced into the host of
commercially availabte Escherichia coli HB101 Competent Cells (produced by Takara Bio Inc.). [0054]
The "vector" describedEh%rei g, noot fafftril%maﬁ% 15 ij(%teesdca§ilog Seiﬁg can express a gene encoded
by DNA in an appropriafé AGSE: Examp es of sUch a vector inciude P asmldqvé'cr%ors, pﬁage vectors, and
cosmid vector§ 3186 Lshuttle’ Yeétors fiay Bie G WhicH erable gehetic exdifange et ehcdifferent
host strains. 20[0055] rnGuch aveetor usualeedniamssa pgetaternnfastor sugh as a lacUVs
promoter, a trp; DIOMQIEL.. C Promoter, @136 promater. anlpppromoter, atufB.promoter, 3 recA

promoter, or & be suitably used as'an 25 expression vector containing an

expression unit frf WhicHthe re§uitory Ia8or i©8peraByaHREA TS DNA. For 8k&hple, pUCN18 can be
suitably used. Jhetplasmid;p DEN 18:8 ayplasmid-obtaired by substitbtireg-thes185th pase T of pUC18

(produced by Takara Bie #ng,sGenBank-Accessiondyo,,39 £99E36)-ky-A through RCR for destruction
of the Ngsl site, aSr]Ed tgeeflfurt?er substitutineg the 471-472nd aééﬁGC“b“TG”fg@r”‘lﬁtTod,uc on of a new

ti
Ndel site. [00 or examp the vector can be l%txo uced into

the host of commercially available Escherichia coli HRB101

Competent Cells (produced by Takara Bio Inc.).
[0054]
The “vector” described herein is not particularly
15 limited as long as 1t can express a gene encoded by DNA in
an apprepriate host. Examples of such a vector include
plasmid vectors, phage vectors, and cosmid vectors. Also,
shuttle vectors may be used which enable genetic exchange
between different host strains.
20 (06557
Such a vector usually contains a regulatory factor
such as a lacUV5 promoter, a trp promoter, a trc promoter,
a tac promoter, an lpp promoter, a tufB promoter, a rech
premoter, or a plL promoter, and can be suitably used as an
25 expression vectcr containing an expression unit in which
the regulatory factor is operably linked to DNA. For
example, pUCN18 can be suitably used. The plasmid pUCN1g
is a plasmid obtained by substituting the 185th bhase T of
pUC18 {produced by Takara Bio Inc., GenBank Accession No.
30 L09213¢) by A through PCR for destruction of the Ndel site,
ana then further substituting the 471-472nd bases GC by TG
for introduction of a new Ndel site.
[0056]
The regulatory factor refers to a base seguence that

35 includes a functional promoter and an arbitrary related



The regulatory factor refers to a base sequence that 35 includes a functional promoter and an arbitrary
related 14 transcription element(s) (e.g., enhancer, CCAAT box, TATA box, SPI site). The phrase
"operably linked" means that various regulatory elements for regulating gene expression, such as a
promoter and an enhancer, are linked to a gene in 5 such a manner that they can operate in host cells.
It is well known to those skilled in the art that the typetand kind of the regulatory factor may vary
depending on the host. [0057] 10The "transformant” described herein can be prepared by
incorporating DNA encoding a polypeptide into a vector, and then introducing the vector into a host
cell. The "transfoEnamt descrivecchereiménicompasses. nctiony: arcrobidl Saluressbut Tedted

products theregh .Examples 15.0f the-traated prodiicts includercells treated witha surfactant or an
organic solvent c_idrrgeglucelI% dis %89 cegi,e%gg]g Sce%e%(tra%tsuilgq Eheir immgbili}z{eq: Qg%d.uocrgs :
prepared by known mesfhoczf ' “The transformant described herein can be cuitured in an or&nafy liquid
nutrient 20 medlitfit cofitainiRg eBRfpdheRtsisich &5 aTaRSoN séuree, a hitFoher scuré& ifiorganic
salts, andorganicnuttients; asdong as the franstoimaptgeoves inrthesredigen [G058]At the time of

canying out the predustionmethod-of 2> thepresent pvention, atranslamant gy be yizgd which has

both DNA encoding N-acylamino acid racemase and DNA encoding L-succinylasé introduced therein
and thus has d&i@%e@ of bbth NEYIahMbYadid racemdse ard LY stESATISE-USE of Sich a
transformant etimirrates the 30 need for separate preparation of N-acylamino acid racemase and
L-succinylase, angkthereby makes it easier to carry out the production method of the present invention.
[0059]

10 The “transformant” described herein can be prepared
by incorporating DNA encoding a polypeptide into a vector,
and then introducing the vector into a host cell. The
“transformant” described herein encompasses not only
microbial cultures but treated products thereof. Examples

15  of the treated products include cells treated with a
surfactant or an organic solvent, dried cells, disrupted
cells, crude cell extracts, and their lmmcobilized products
prepared by known methceds. The transfiormant described
herein can be cultured in an ordinary liguid nutrient

20  medium containing compcnents such as a carbon source, a
nitrogen source, inorganic salts, and crganic nutrients, as
long as the transformant grows in the medium.

[0058]
At the time of carrying out the production method of

25 the present invention, a transformant may be used which has
both DNA encoding N-acylamino acid racemase and DNA
enceding Le~succinylase introduced therein and thus has
activities of both N-acylamino aclid racemase and L-
succinylase. Use of such a transformant eliminates the

30 need for separate preparation cof N-acylamino acid racemase
and L-succinylase, and thereby makes it easier tfo carry out
the production method of the present invention.

[0059]
The transformant containing beth DNA encoding N-

35  acylaminc acid racemase and DNA encoding L-succinyvlase



The transformant containing both DNA encoding N35 acylamino acid racemase and DNA encoding
L-succinylase 15 according to the present invention can be prepared by incorporating both DNA
encoding N-acylamino acid racemase and DNA encoding L-succinylase into one and the same vector
and then introducing the vector into a host cell, or by 5 incorporating the two pieces of DNA into two
vectors of different incompatibility groups, respectivelysand then introducing the two vectors into one
and the same host cell. Examples of the transformant containing both DNA encoding N-acylamino acid
racemase and DNA encoding L-succinylase 10 according to the present invention include
later-describedECEGIFHBIOL {pNIGHKF cEXAMPLES [0060] 15Heréinafter the present invention will
be described iﬂﬂf&i@ﬂ;b@f&%@@@ E@@mplgfwr@%m\myb enrﬁr@ﬁ}o&&rﬂﬁed%i@limgé?%%gggg (])f the
present invention, | ollowing, "% refers to "% by weight" unless otherwise noted. lf 1
(Reference Exglrrlnd I@%P?é}ﬁjﬁgt% g%“ L:Sslﬁ%cc:f?\ryl/ fs%g/e l%tC?R Wwas C%I}?feé %%t With Us& 0 2 DNA
polymerase PRMESTAR(ptoducesd by TakarasSHELs-Ch., Lid-y to prspare asdene intwligh an EcoRl
recognitiob site anda-Bamtti 25 renegnition site ase added e, an:l+succinylase gene (SEQ ID No. 1)
derived from Gex il at lus. B 102 is r tprepare be;thCR was
inserted into tﬁgo;lfllggr%#c? %(U%ﬁiﬂg%@égﬁlgglrﬁg ggta?r?egduég éu%%%étﬁg{?h%l%ﬁhab%%e of puC18
(produced by TAKArABIG RS, GeRBAHK 3654CCes8ioh ™6, 10 38Y By Athrdagi PER fordestruction
of the Ndel sit&xandthen fathéhsubstitutingethea4l -472nd: basesyGiGoloy: TG for antradiiction of a new
Ndel site) at betweemthe ECoR] recognition site apd theyBamidl. , 4 recognition site downstream from

the lac p{gmoter WheJeb 35a r%:ombinant vector pNHK was, constructed. With use of the
adcor 1né to the present invention ilnclude later-described

E. coli HBL0L (pNIGHK).
EXAMPLES
[0060]

15 Hereinafter, the present invention will be described

r

in detall based on Examples which, however, are no
intended to limit the scope of the present invention. In
the following, “%” refers to “% by weight” unless otherwise
noted.

20 [C061]

(Reference Example 1) Preparation of L-succinylase

PCR was carried out with use of a DNA polymerase
PrimeSTAR (produced by Takara Shuzo Co., Ltd.) to prepare a
gene in which an EcoRI recognition site and a BamHI
25 recognition site are added to an L-succinylase gene (SEQ ID
No. 1) derived from Geobacillus kaustophilus NBRC 102445,

This DNA fragment prepared by PCR was inserted into the
plasmid pUCN1E (a plasmid obtained by substituting the
185th base T of pUC18 (produced by Takara Bio Inc., GenBank
30 Accession No. L09136) by A through PCR for destruction of
the NdeI site, and then further substituting the 471-472nd
bases GC by TG for introduction of a new Ndel site) at
between the EcoRI recognition site and the BamHI
recognition site downstream from the lac promoter, whereby

35 a recombinant vector pNHK was constructed. With use of the



16 recombinant vector pNHK, E. coli HB101 Competent Cells (produced by Takara Rio Inc.) were
transformed to provide E. coli HB101 (pNHK). The obtained transformant was inoculated into 5 ml of a
2xXYT medium (1.6% tryptone, 1.0% 5yeast extract, 0.5% NaC1, pH 7.0) containing 200 g/ml of
ampicillin and shake-cultured at 37C for 24 hours. Cells were collected from the culture by
centrifugation and then suspended in 5 ml of a 100 mi phosphate buffer (pH 7.0). The cells in the
suspension were disrupted using a model 10 UH-50 ultrasonic homogenizer (produced by SMT Co.,
Ltd.) and cell debris was then removed by centrifugation to provide a cell-free extract. The cell-free
extract was assayediforithe suecinylase pigtivity, indthélassayéd sticeimpase acfivitylwas 5 U.
15[0062] I(Refe@@@@nﬁa@mntﬁ)@ Zﬁ?h?%llﬁginyﬁeﬁﬁégﬂt%@éw tz:?ﬂ_ ?e&t&g@y@e@%ww@f E.
L-succinylase was a t owing me . First, %50 vil of a substrate -
NsuccinyI-DL-pCﬁg#ylsaﬁgﬁlﬁnqe s¥&f§f?£on (Tina?%%ngtgr%riét%enaﬁ ?dﬁ?ﬁ%ﬁ% 01t Tris-HC1 (0.5 M/pH
7.5) were mixed: T thistfiktie: 207 of dnenzymediquitlaastatded; ahd the réaction waddllowed to
proceed & 30G-After an apprapriate periag of timssithe, (eaction was-teryinated hy addition of 1 N
HC1. The prodyced | phenyiglaning s 25 duantifigd by high perfomance Jguid chiomafogranhy,
and the enzyme gctlwty Was Calculated. One anit (U) of the enzyme activity was défined as"1 mole of
L-phenylalanid&pfodticed pek fiindte o N sGEmIBL P heffalhine 10663 30t Refdrafce
Example 3) Preparation=of N-acylamin@ acid facemasehospPERwWas Taened ptit with use of a DNA
polymerase PrimeSIAR (produge.by. Takara:Shuzq,Co. Lid-) 1o;preparg a:9ene.inyuhich an EcoRl
recognitiap sitg, gnd A 3L 32 segoanition site are added to.an Nsagylamine acid ragemase

and cell debris was then removed by centrifugation to

provide a cell-free extract. The cell-free extract was

assayed for the succinylase activity, and the assaved

succinylase activity was 5 U.

15 [G0e2]

(Reference Example Z) L-succinylase activity assay

The succinylase activity of L-succinylase was assayed
by the following method. First, 250 pl of a substrate N-
succinyl-DL-phenyvlalanine sclution (final concentration: 50
20 mM) and 230 pl of Tris-HC1 (0.5 M/pH 7.5) were mixed. To
this mixture, 20 ul of an enzyme liguid was added, and the
reaction was allowed to proceed at 30°C. After an
appropriate period of time, the reaction was terminated by
addition cof 1 N HCi. The produced L-phenylalanine was
25 quantified by high performance liguid chromatography, and
the enzyme activity was calculated. One unit (U) of the
enzyme activity was defined as 1 umcle of L-phenylalanine
produced per minute from N-succinyl-DL-phenylalanine.
[0063]

30 {Reference Example 3) Preparation of N-acylaminoc acid

racemase

PCR was carried out with use of a DNA polymerase
PrimeSTAR (produced by Takara Shuzo Co., Ltd.) to prepare a
gene in which an EcoRI reccgnition site and a SacT

35  recognitlion site are added to an N-acylaminc acid racemase



17 gene (SEQ ID No. 2) derived from Geobacillus kaustophilus NBRC 102445. This DNA fragment
prepared by PCR was inserted into the plasmid pUCN18 at between the EcoRi recognition site and the
Sad | recognition site downstream 5 from the lac promoter, whereby a recombinant vector pNIG was
constructed. With use of the recombinant vector pNIG, E. coli HB101 Competent Cells (produced by
Takara Rio Inc.) were transformed to provide E. coli 35101 (pNIG). The obtained transformant was
inoculated into 5 ml of a 2xYT medium (1.6% tryptone, 1.0% yeast extract, 0.5% NaCl1, pH 7.0)
containing 200 mg/m1 of ampicillin and shake-cultured at 37C for 24 hours. Cells were collected from
the culture by @&fififugdtion’ahd'thensSuspeRdad th 5 AFof EEtiE MM phdsiaate Hiifet {58 7.0). The
cells in the 15ispspension were disruptedigsing acmedel YNSQndttaganie hrmegenizer (produced by
SMT Co., Ltd.) and gell debris was {pen removad by cenyrifugation toprovide.a gell free extract. The

cell-free extract was assayed for the Nacylamino acid racemase activity, and the assayed N- 20

acylamino acid FACemase adtivity Va3 U. A€o BER WES eatiet Gt V\ﬁﬂwtﬁséij’“é“W@%Iymerase
PrimeSTAR (pfoducethby TakararShwzeCp. Wid ) ¢ prepare @cgenemnihich @ndddeliegognition site

and an EcoRI fecognifion site-are;added {@ an N-acylagiino @%@Jﬁﬁ%‘éﬁ% 9e0e{SEQIR @5 No. 3)
derived from Thermus thermophilus H38. This D fra ment g}é%% %PCR was. inserted jnto the
ﬁ%%t ite HoWhistream from

plasmid pUCN18 e NA&F Fecdgnition ﬁ&ﬁ% ghftion s

the lac promoﬁé@,mhéﬂe@y%ﬁ@mﬁmmmﬁ@ewmlﬁf waseanstrictdd. Wik @se ofIthé 30
recor]pbinarét vg@@%&azﬁ Erg@ﬁgﬁaﬁﬁér@o;na%ten%@miaé@r@aufgeﬁ@yér akar@ﬁi@lrm;é)were o
transfor to provide E. col, HB101 .(pNIT Lobtained trapsformant was.inocylated into 5 ml of a
VT A L Bk fyplone: 10 eat XA 0 6 NACE. DF7 0} contaiing 200 figma of 35
ampicillin and %hﬁke-@@ﬁ&@@?ﬁt@@ﬂﬁ mﬁmsoéeﬁﬁpﬁsi\ﬁvéﬁé@ol%@@bﬁﬁ@#ﬁh@»&tﬂdf@ﬁy
centrifugation and then spspended.in% ml of-a 108 mM:phosphatehuffer {phv.0):. he cells in the

suspension W%r&dawgt%q/us'ggtarm@gsglét'o?ﬁo gﬁ@ﬁ@@&h%gg%mé%(pmd%g@ by, 8E]J Co., Ltd.)

5 and cell debris was then“removed by centrifu £tlon to provide a cell-free extract. The cell-free extract
was assayed fof th&'N-B&pamio-aci@ racsma Qct?v‘lfg/ andthg as8dyéd Nladyi&mino acid racemase

activity was 1 Bif@@64}ion were disrupted using a medel UH-50 ultrasonic

homogenizer {produced by SMT Co., Ltd.) and cell debris was
then remcoved by centrifugaticon To provide a celli-free
extract. The cell-free extract was assayed for The N-
acylamino acid racemase activity, and the assayed N-

20 acylamino acid racemase activity was 2 U. Also, PCR was
carried out with use of a DNA polymerase PrimeSTAR
(produced by Takara Shuzo Co., Ltd.) to prepare a gene in
which an Ndel recognition site and an EcoRI recognition
site are added to an N-acylamino acid racemase genes (SEQ ID

25 No. 3) derived from Thermus thermophilus HB8. This DNA

fragment prepared by PCR was inserted into the plasmid
pUCN1I8 at between the Ndel recognition site and the EcoRI
recognition site downstream from the lac promoter, whereby
a recombinant vector pNIT was constructed. With use of the

30 recombinant vector pNIT, E. coli HBIC1 Competent Cells

(produced by Takara Bic Inc.) were transformed to provide E.
coli HB1O1 (pNIT). The obtained transformant was
inoculated intc 5 ml of a 2xYT medium (1.6% tryptcone, 1.0%
yeast extract, 0.5% NaCl, pH 7.0) containing 200 pg/ml of

35 ampicillin and shake-cultured at 37°C for 24 hours. Cells



10(Reference Example 4) N-Acylamino acid racemase activity assay The racemase activity of
N-acylamino acid racemase was assayed by the following method. First, 100 il of a substrate
N-acetyl-D-methionine solution (final 15 concentration: 20 mM), 5 [0. of a cobalt chloride agqueous
solution (final concentration: 1 mM), 50 pi of Tris-HC1 (0.5 M/pH 7.5) (final concentration: 50 mM), and
245 W_ of sterile distilled water were mixed. To this mixture, 50 [t1 of an L-aminoacylase solution (20
mg/ml, for deacylating N- 20 acetyl-L-methionine produced by racemase so as to produce
L-methionine) and 50 j.ii of an enzyme liquid were added, and the reaction was allowed to proceed at
30C. After an appropfiatelgericdiofitime, thegeastionwaskerminatediBy addition ok 2N HCI: The
produced L-methigning was 2o guantified by high perfopmanee liguidichromatogsaphy, @nd the
enzyme activi%%ascgililélagerg. 8{136 ‘éﬂi}s [ léJ:)n%fithe enzyme d%%tivgé was defined as 1 {5nd%l of
N-acetyl-Lmethiohine produced per minute from <f\]il-acet'yia-D-me%:n| nine. ff)%%gj%@(l&amp el)
Production of PH=Brombphenyfalafing 0mo S AR arfisuntrof 242 g6t DL 4Dbidnfephenyiafanine, 0.99 g of
succinic anhydride, and 20mbef aceticsacit were anixed and yeaeted :at 55€:fot fourthours. The
reaction mitufe, was goncenifated andihe fesidue was ystalizedom aethylacelaie to give 219

of N-succinyl-DL-4- 19 bromophenylalanine. A substrate solution (pH o
Nsuccinyl-DL-A576/dphéfylalaiind WAS préparet, &fd A doba ehisTide dduebug sotitibras added
thereto to give=s finglssdngentratiemof:& navl 1 Fo the resultingzsalution;, ya liquid 5 dulture of E. coli
HB101 (pNHK) and & liquid culture of E. coli HB101 (pNIG), which were respectively obtained by

culture as.in Reference Example 1 and Reference Example 3, were added (final substrate
concontidlion: 896 05 EIGRe ARTFORIA0  AAy A S g R PHE B Vs 20
precipitated inZRé #&action mixture. The reaction mixture was stirred for 18 hours, and then the
substrate and the produgt in-thedeastion: mixture-wereranalyzed by high perfermaneediguid

chromatography for the conversion (mol%).and the optical purity (%e.e,). T onyersjon was 98.0 15
mol%, and the‘%‘ﬁtic%?[S)ﬁﬁ]t?/dofkf_ﬁr}b@?gméé a%r?ﬂé%%ilr{%evgj‘gg OO?SE)/el.]é.S#hei%ﬁcé%tréjﬁonaof
L-4-bromophefijlafdniire- gcélmmtrited, wWhitlt Wastaléiitated fridm e ¢érivetsion, was 5.5% by weight.
Also, the dissalved-eoncentration of ®-4ndromopienylalanine wastdetemained Hy:-quantitative analysis

solution (final concentration: 1 mM), 50 pi of Tris-HCL

(0.5 M/pH 7.5} (final concentration: 50 mM), and 245 pl of

sterile distilled water were mixed. To this mixture, 50 ul
of an L-aminocacylase sclution (20 mg/ml, for deacylating N-

20 acetyl-~L~methionine produced by racemase so as Lo produce
L-methiconine) and 50 pl of an enzyme liguid were added, and
the reaction was allowed fto proceed at 30°C. After an
appropriate period of time, the reacticn was terminated by
addition of 1 N HC1l. The produced L-methiconine was

25  guantified by high performance liguid chromatography, and
the enzyme activity was calculated. One unit (U) of the
enzyme activity was defined as 1 pumole of N-acetyl-L-
methionine produced per minute from N-acetyl-D-methionine.
[0065]

30 (Example 1) Production of L-4-bromophenylalanine

An amount of 2.2 g of Di-4-bromophenylalanine, 0.99 g
of succinic anhydride, and 20 ml of acetic acid were mixed
and reacted at 53%°C for four hours. The reaction mixture
was concentrated and tThe residue was crystallized from

35  ethyl acetate to give 2.1 g of N-succinyl-DL-4-



20 using high performance liquid chromatography. The dissolved concentration was 0.5% by weight or
lower. [0066] Conversion (mol%) = amount of product! (amount of residual substrate + amount of
product) x 100 250ptical purity (%e.e.) = (A-B)/(A+B) x 100 (A is the amount of the target enantiomer,
and B is the amount of the opposite enantiomer) <High performance liquid chromatography analysis
condition> [Analysis of conversion] 30Column: COSM@®SIL 5018-AR-1l (4.6 mm4) x 250 mm, produced
by Nacalai Tesque, Inc.) Fluent: 20 mM phosphoric acid aqueous solution (pH 2.5)/acetonitrlie =
8/2 Flow rate: 1.0 ml/min. 35Column temperature: 30C 20 Measuring wavelength: 210 nm [Analysis of
optical purity] LT oCalimaYEROWNPAC GR $¥PE:6 aif(IFR 1507 mm, produteddy Daicel Chemical
Industries, Ltdg):bFtuent: perchloric-agid agugous saltian (pid <. p)methase| - 86/ 5:Flewyate: 1.0

mi/min. COIumcpf}.?cr)anfé%tuga%usé)&lQ;/Iesagflg@:gﬁﬂlavv?gesnggz%:dzelcp e reto to give a final
concentration of 1 mM. To the resulting solution, a liquid

™

5  culture of E. coli HB101 (pNHK) and 2 liguid culture of E.

colli HB101 (pNIG), which were respectively cbtained by

culture as in Reference Example 1 and Reference Example 3,
were added (final substrate concentration: 8% by weight),
and reacted at 45°C. BAs a result, 4-bromophenvialanine was
10 precipitated in the reaction mixture. The reactlon mixture
was atirred for 18 hours, and then the substrate and the

product in the reaction mixture were analyzed by high

a\®

performance liquid chromatography for the conversicn {(mol%)
and the optical purity (%e.e.)}. The conversion was 98.0

15 mol%, and the cptical purity of L-4-bromophenylalanine was
100%e.e. The concentratiocn of L-4-bromophenylalanine
accumulated, which was calculated from the conversion, was
5.5% by weight. Also, the dissolved concentration of L-4-
bromophenylalanine was determined by gquantitative analysis

20  using high performance liquid chromatography. The
dissolved concentration was 0.5% by weight or lower.
[0066]

Conversion {(mol%) = amount of product/ (amount of

residual substrate + amount of product) x 100

25 Optical purity (%e.e.) = (A-B)/(A+B) x 100 (A is the
amount of the target enantiomer, and B i1s the amount of the
opposite enantiomer)
<High performance liguid chromatography analysis condition>»
[Analvygis of conversion]

30 Column: COSMOSIL 5C18-AR-IT (4.6 mmd x 250 mm,
produced by Nacalai Tesqgue, Inc.)

Eluent: Z0 mM phosphoric acid agueous soclution (pH

2.5)/acetonitrile = 8/2

Flow rate: 1.0 mi/min.

35 Column temperature: 30°C



10[0067] N-Succinyl-DL-4-bromophenylalanine 1 -NMR (400 MHz, CD30D) 8 ppm: 2.44-2.56 (4H,
m), 2.94 (1H, dd, J - 8.6 Hz, J - 13.9 Hz), 3.14 (1H, dd, J - 5.4 Hz, J = 13.9 Hz), 4.62- 4.66 (1H, m),
7.14-7.19 (2H, m), 7.39-7.43 (2H, m). [0068] (Example 2) Production of L-3-fluorophenylalanine An
amount of 2.0 g of DL-3-fluorophenylalanine, 0.99 g of succinic anhydride, and 20 ml of acetic acid
were mixed and reacted at 55C for four hours. The reagtion 20 mixture was concentrated and the
residue was crystallized from ethyl acetate to give 1.9 g of N-succinyl-DL-3- fluorophenylalanine. A
substrate solution (pH 8) of Nsuccinyl-DL-3-fluorophenylalanine was prepared, and a cobalt chloride
aqueous solution was ¥edeéd tHerstovivgive 25t final ‘contentration of 1 mM. To the resulting solution,
a liquid culture[ofifz. codi;HB1O1 (NHK) angaliquid culture of E. coli HB101 (pNIG), which were
respectively obtained hy culture as in, Referen xample 1 and Reference Example 3, were added
(final substrate concen rOaJti}"ﬁIFflﬂzl80/6(:Cs l%? EJRBE\?V%? h(é,gaErﬂaasregé?tég a €Eé ,&s“’g rremsntﬂt,%goguce&
fluorophenylalBHinB3nasprecipitatedin thedéactiormixthre! The reaction mixture was stirred for 20
hours, and then the substratetand the-productindhe deactiorcmixturelweresanalyzed by high
performance Iigygj) 35 chromategraphly fotthe conversion (mol%) and the optical 21 purity (%e.e.).
The conversion was 97.5 mol%, and the optical purity of L-3-fluorophenylalanine was 100%e.e. The
concentration of L-3-fliordph&ayiglanine’adcurtiated, which was calculated from the conversion, was
5.1% by weight. 5 Alsd;themsissolredsconcentratiGi of L-3- fluorophenylalanine was determined by

quantitative analysis usinghigh perferpance, liguid chiomategraphy. The dissolved concentration was
0.5% bylvgeighf(%éo] er.
N-Succinyl~DL-4-bromophenylalanine 'H-NMR (400 MHz,
CDsOD} & ppm: 2.44-2.56 (4H, m), 2.94 (14, dd, J = 8.6 Hz,
J = 13.9 Hz), 3.14 (lH, dd, J = 5.4 Hz, J = 13.9 Hz), 4.62-
4.66 {1H, my, 7.14-7.19 {(2H, m), 7.39~7.43 (2ZH, m}.
i5 [0CGE]

(Example 2) Producticn of L-3-{flucrophenylalanine

An amount of 2.0 g of DL-3-fluorophenylalanine, (.%9

g of succinic anhydride, and 20 ml of acetic acid were
mixed and reacted at 55°C for four hours. The reaction

20  mixture was concentrated and the residue was crystallized
from ethyl acetate to give 1.9 g cf N-succinyl-DL-3-
fluorophenylalanine. A substrate solution (pH 8) of N-
succinyl-DL~-3-fluorophenylalanine was prepared, and a
cobalt chloride agueous solution was added thereto to give

25 a final concentration of 1 mM. To the resulting seclution,
a liguid culture of E. coli HB101 (pNHK} and a liquid
culture of E. coli HB1Ol (pNIG), which were respectively
obtained by culture as in Reference Example 1 and Reference
Example 3, were added (final substrate concentration: 8% by

30 welght), and reacted at 45°C. As a result, 3-
fluorophenylalanine was precipitated in the reaction
mixture. The reactlicon mixture was stirred for 20 hours,
and then the substrate and the product in the reaction
mixture were analyzed by high performance liguid 4

35 chromatography for the cenversion (mol%) and the optical



[0069] 10Conversion (mol%) - amount of product/ (amount of residual substrate + amount of product) x
100 Optical purity (%e.e.) = (A-B)/(A+B) x 100 (A is the amount of the target enantiomer, and B is
the amount of the opposite enantiomer) 15 <High performance liquid chromatography analysis
condition> [Analysis of conversion] Column: COSMOSIL 5C18-AR-1l (4.6 mrc4 x 250 mm,
produced by Nacalai Tesque, Inc.) Eluent: 2emM phosphoric acid aqueous solution (pH
202.5)/acetonitrile = 8/2 Flow rate: 1.0 ml/min. Column temperature: 30C Measuring wavelength: 210
nm [Analysis of optical purity] 25Column: CROWNPAC CR (+) (4.6 mm ik x 150 mm, produced by
Daicel Chemicalindistriesc Lil) -  Flgemtopsrchiorigacid agtiéous selution {pH 1t5)¥methanol =

85/15 Flow ratept Odalimin::30Gelwnntemperatyre: 306 Measuring wayelengtiy210-nm [@070]
Coamle 2 I LTy laie o AN S 200Dl e gpganine
was calculated from the conversion, was 5.1% by weight.

5 Alsc, the dissolved concentration of L-3-
fluocrophenyvlalanine was determined by guantitative analysis
using high performance liquid chromatography. The
dissolved concentration was 0.5% by welght or lower.

[GOBY]
10 Conversion (mol%) = amount of product/(amount of
residual substrate + amount of product) x 100
Optical purity (%e.e.) = (A-B)/(A+B) x 100 (A is the
amount of the target enantiomer, and B is the amount of the
opposite enantiomer)
15 <High performance liguid chromatography analysis conditions>
[Analysis of conversion]
Column: COSMOSIL S5CLE8-AR-II (4.6 mmd x 250 mm,
produced by Nacalai Tesgue, Inc.)
Eluent: 20 mM phosphoric acid agueocus solution (pH
20 2.5)/acetonitrile = 8/2
Flow rate: 1.0 ml/min.
Column temperature: 30°C
Measuring wavelength: 210 nm
{Analysis of optical purity]
25 Column: CROWNPAC CR (+) (4.6 mm$ x 150 mm, produced
by Daicel Chemical Industries, Ltd.)
Eluent: perchloric acid aguecus solution (pH
1.5) /methancl = 85/15
Flow rate: 1.0 ml/min.
30 Column temperature: 30°C
Measuring wavelength: 210 nm
[06070]
(Example 3) Production of L-Z-naphthyvlalanine

An amount of 2.0 g of DL-Z-naphthylalanine, 1.02 g of

35 succinic anhydride, and 25 ml of acetic acid were mixed and



22 reacted at 55C for four hours. The reaction mixture was concentrated and the residue was
crystallized from ethyl acetate to give 2.3 g of N-succinyl-DL-2-naphthylalanine. A substrate solution
(pH 8) of N-succinyl-DL-2- 5 naphthylalanine was prepared, and a cobalt chloride agueous solution
was added thereto to give a final concentration of 1 mM. To the resulting solution, a liquid culture of E.
coli HB101 (pNHK) and a liquid culture of E. coli HB1@Z (pNIG), which were respectively obtained by
culture as in 10 Reference Example 1 and Reference Example 3, were added (final suhAtrAte
roncentration: 2% by weight), And reacted at 45C. As a result, 2-naphthylalanine was precipitated in
the reaction mistiretFHe #6adtiory mixtare'was stirredsfor 20iHours 2ard thentha isabstratesand the

product in the &b teaction=mixiurerwerehanalyzediby: highsperformance ligeid ehromatography for the
conversion (mgld6).and the.opticpl purity (3oe,0.), The canyersionugs 99,8 ol and fhe. optica

purity of L-2-naphthylalanine was 100%e.e. The concentration o ,L-2-n35> nine accumulated,
which was 20 CalEbfated from the'conversion Wwis 625 by Weight? Alsd tie dissolved concentration
of L-2-napghthyted ghink was determined=byqeantitative analysis usinglhighipestornianee liguids

chromatography, 1ihe; dissqlyed coneentrafionwas 0.2%-byweight or.lower 2510071} ; ,,Copversion
(mol%) - amount of product/ (amount aof residual substrate + amaunt of product) x 100 Optical

purity (%e.e.) = (K%)/(Efs)téioé TR e Emount of thertarhet Jeﬁﬁﬁﬁor%‘éd%%B% tHeramount of
the 30 oppositeehantiomer) <REighperformance liquidictirofiatography Bnalysisicaiidhtion> [Analysis
of conversion] (pr 1Golump: COSMOSIL ACIE-AR: 46 miadx 286 ny, produced byNacalai
Tesque,jInc.) 3aFluent: 20 mM.phosphorig acid.agueous solution (OH 28 o re added
(final substrate concentration: 9% by weight), and reacted
at 45°C. As a result, Z-naphthvialanine was precipitated
in the reaction mixture. The reaction mixture was stirred
for 2C hours, and then the substrate and the product in the
15 reaction mixture were analyzed by high performance liguid
chromatography for the conversion {(mol%) and the optical
purity {(%e.e.). The conversion was 99.8 mol%, and the
optical purity of L=Z-naphthylalanine was 100%e.e. The
concentration of L-2Z-naphthylalanine accumulated, which was
20 calculated from the conversion, was 6.2% by weight. Also,
the dissclved concentration of L-Z-naphthyvlalanine was
determined by guantitative analysis using high performance
liguid chromatography. The dissclved concentration was
G.2% by weight or lower.
25 [0071]
Conversicn {mol%) = amount of product/(amount of
residual substrate + amount cf product) x 100
Optical purity (%e.e.) = (A~B)/(A+B) x 100 (A is the
amount of the target enantiomer, and B is the amount of the
30 opposite enantiomer)
<High performance liquid chromatography analysis condition>
[Analyesis of conversion]
Column: COSMOSIL 5CLlE8-AR-II (4.6 mmd x 250 mm,
produced by Nacalail Tesgue, Inc.)
35 Eluent: 20 mM phosphoric acid agueous solution (pH



2.5)/acetonitrile - 8/2 Flow rate: 1.0 ml/min. Column temperature: 30C Measuring wavelength: 210 nm
5[Analysis of optical purity] Column: CHIROBIOTIC T (4.6 mm4) x 250 mm, produced by Astec)
Fluent: water/ethanol - 3/7 Flow rate: 0.5 ml/min. 10Column temperature: 40C Measuring wavelength:
210 nm [0072] N-Succinyl-DL-2-naphthylalanine 1H-NMR (400 MHz, CD30D) 6 ppm: 2.38-2.50
(4H, m), 3.14 (21-1, dd, J - 8.5 Hz, 15J - 13.9 Hz), 4.%44.87 (111, m), 7.36-7.45 (3H, m), 7,05- 7.15
(4H, m). [0073] (Example 4) Production of L-2-indanylglycine An amount of 2.5 g of
DL-2-indanylglycine, 1.44 g of 20 succinic anhydride, and 30 ml of acetic acid were mixed and reacted
at 55C for fourthduirg 2Thee redctiohImixturé Aas concentrated and the residue was crystallized from

ethyl acetate to give 32:¢,Qf Nysuccinyl-PLx2-mdanylalycine. A substrate solution (pH 8) of

N-succinyI-DL-2-indan¥IegC|ne %5 wag,rpa{rgg?éed and a cobalt chloride aqueous solution was
Slumn emp

Measuring wavelength: 210 nm
5 {Analysis of optical purity]
Column: CHIROBICTIC T (4.6 mm$ x 250 mm, produced by
Astec)
Eluent: water/ethanol = 3/7
Flow rate: 0.5 ml/min
10 Column temperature: 40°C
Measuring wavelength: 210 nm
[0072]
N-Succinyl-DL~-2-naphthylalanine ‘H-NMR (400 MHz,
CDs0D) & ppm: 2.38-2.50 (4H, m), 3.14 (2H, 4d, J = 8.5 Hz,
15 J = 13.9 Hz), 4.74-4.87 (IH, m), 7.36-7.45 (3H, m), 7.05-
7.15 (4H, m).
(0073
(Example 4} Production of L-Z-indanvylglycine

An amount of 2.5 g of DL~2-indanylglycine, 1.44 g of
20 succinic anhydride, and 30 ml of acetic acid were mixed and
reacted at 55°C for four hours. The reaction mixture was
concentrated and the residue was crystallized from ethyl
acetate to give 3.2 g of N-succinyl-DL-2-indanviglycine. A
substrate solution (pH 8) of N-succinyl-DL-2-indanylglycine
25  was prepared, and a cobalt chioride aguecus solution was
added theretc to give a final concentration of 1 mM. To
the resulting solution, a liguid culture of E. coli HB101
(pNHK)} and a liguid culture of E. coli HB101l (pNIG), which

were respectively obtained by culture as in Reference

30  Example 1 and Reference Example 3, were added {final
substrate concentration: 8% by weight), and reacted at 45°C,
As a result, Z2-indanyiglycine was precipitated in the
reaction mixture. The reaction mixture was stirred for 20
hours, and then the substrate and the product in the

35 reaction mixture were analyzed by high performance liguid



added thereto to give a final concentration of 1 mM. To the resulting solution, a liquid culture of E. coli
HI8101 (pNHK) and a liquid culture of E. coli HB101 (pNIG), which were respectively obtained by
culture as in Reference 30 Example 1 and Reference Example 3, were added (final substrate
concentration: 8% by weight), and reacted at 45C. As a result, 2-indanylglycine was precipitated in the
reaction mixture. The reaction mixture was stirred for 2 hours, and then the substrate and the product
in the 35 reaction mixture were analyzed by high performance liquid 24 chromatography for the
conversion (mol%) and the optical purity (%e.e.). The conversion was 100 mol%, and the optical purity
of L-2-indanyIglycinE wasE00%e. ef The Concentratisipofi-2{mdanylglytihetacecunmilated] which was 5

calculated fromythe egnversion. was 5.8% by meight: Also, the dissolved £ongentration of
L-2- mdanylgly%ln% v\éa%L %%rmmedobfy %uajwtltat X rlalxss u&gwgwhl% P(?prrmance iquid
isSolved Lo =0.5% t

chromatograph ncentration was weight or lower.”10[0074]

Conversion (nﬁu@%}ie%ﬁ@&ﬁt% PrOdUGHE (arheuntof Fesi aaﬁies@%ﬁaw% HnFstmt'of pFeduet)Ex 100
Optical purity (%6€.e1) = #eB)(A+B) x1O0(Aris¢he amount of the. tazget.enantiomer, and B is the

amount of the 15 .opposite, gvéatlwﬁe)eﬂélggtp@m@@nﬁe ygwﬁ@ﬁ@gggm@v agg,'ysis condition>
[Analysis of conversion] Column: COSMOSIL 5C18-AR-1I (4.6 mm, produced by Nacalai

Tesque, Inc.) éi(ﬁflﬁ&rﬂl?6%HYpWBﬁE%Efdvgqﬁé&l&yﬂﬁtldWWZ%ﬁ%efb?ﬂ&ﬁ%mg&Oﬁow rate:
1.0 ml/min. Columr iemperatuve: 30C:Mewsurifig svavitengthc2l G-nmc25{Analysisofvaptical purity]
Column: CROWNREAG CRe(t){4.65micd-x%,450 mm, produced by Daicel Chemical Industries, Ltd.)

10 [0074]
Conversion (mol%) = amcunt of product/({amount of
residual substrate + amount of product) x 100
Optical purity {(%e.e.) = (A-B)/{(A+B) x 100 (A is the
amount of the target enantiomer, and B is the amount of the
15 opposite enantiomer)
<High performance liquid chromatography analysis condition>
[Analysis of conversion]
Column: COSMOSIL 5C18~AR-II (4.6 mmd x 250 mm,
produced by Nacalai Tesgue, Inc.)
20 Eiluent: 20 mM phosphoric acid aqueous solution {pH
2.5) facetonitrile = 8/2
Flow rate: 1.0 ml/min.
Column temperature: 306°C
Measuring wavelength: 210 nm
25 [Analysis of optical purity]
Column: CROWNPAC CR (+) (4.6 mmd x 150 mm, produced
by Daicel Chemical Industries, Ltd.)
Eluent: perchloric acid aquecus solution (pH
1.5) /methanol = 85/15
30 Flow rate: 1.0 ml/min.
Column temperature: 35°C
Measuring wavelehgth: 210 nm
[C075]
N-Succinyl-DL-2-indanylglycine "H-NMR (400 MHz,
35 CDsODR) & ppm: 2.47-2.61 (4H, m), 2.79%-3.31 (5H, m), 4.51



Fluent: perchloric acid aqueous solution (pH 1.5)/methanol - 85/15 30Flow rate: 1.0 ml/min. Column
temperature: 35C Measuring wavelength: 210 nm [0075] N-Succinyl-DL-2-indanylglycine 1H-NMR
(400 MHz, 35CD30D) 6 ppm: 2.47-2.61 (4H, m), 2.79-3.31 (5H, m), 4.51 25 (1H, d, J = 6.8 Hz),
7.05-7.15 (4H, m). [0076] (Example 5) Production of L-6-heptenylglycine An amount of 2.0 g of
DL-6-heptenylglycine, 1.29 g of 5 succinic anhydride,zd 20 ml of acetic acid were mixed and reacted
at 55C for four hours. The reaction mixture was concentrated and the residue was crystallized from
ethyl acetate to give 1.4 g of N-succinyl-DL-6-heptenyiglycine. A substrate solution (pH 8) of
N-succinyl-DL-61 10 tfeptényiglychetias prepared,-arid d €0baltthloride aqueous solution was added
thereto to give @final concentration of 1 mM. To the resulting solution, a liquid culture of E. coli HB101

(pPNHK) and a liquid culture.of E. coli HB101 (pNIG), which were respectively obtained by culture as in
15 Reference é%g%nﬁji}ei :%Sc)i Igé: e?lélﬁ%%@x‘afﬁp&—wefead%%#w el 5 18‘”})@@3@’ S i eItrate concentration: 9% by
weight), and reacted af25€T A H restilt26- heptehyIghycire Wassratipitatediiithe reaction raixture.
The reaction mixitke wias stirtegfor 24 haurs] and thendbe substtateandithegpreduct:in the 20
reaction mixture were n%l}éz%%bﬁx‘/ rygh: pggfggm%g%q:gquidﬁhéqmato rthy far t@e conversion (mol%).

; 0 T TY 75 :
The conversion was 99.6 o hen, the product was derivatized with di- trenrjtff)ultlﬁedlcwaarﬁonate to

form N-tert-butX§Eamoh§ e ieptenyiGly iR LatFtHE derialive Wds' &fdly ZecPBy Righy -

acetate to give 1.4 g of N-succinyl-DL-6-heptenvliglycine.
A substrate sclution (pH 8) of N-succinyl-DL-6-

1¢ heptenylglycine was prepared, and a cobalt chloride aguecus
solution was added thereto to give a final concentratiocn of
1 mM. To the resulting solution, a liguid culture of E.
coli HB10O1 (pNHK) and a liguid culture of E. coli HB1(0L

{pNIG), which were respeciively c¢btained by culture as in

15 Reference Example 1 and Reference Example 3, were added
(final substrate concentration: 9% by weight), and reacted
at 45°C. As a result, 6-heptenvlglycine was precipitated
in the reaction mixture. The reaction mixture was stirred
for 24 hours, and then the substrates and the product in the

20 reaction mixture were analyzed by high performance liquid
chromatography for the conversion (mol%). The conversion
was 99.6 mol%. Then, the product was derivatized with di-
tert-butyl dicarbonate to form N-tert-butoxycarbonyl-6-
heptenylglycine, and the derivative was analyzed by high

25 performance liguid chromatography for the optical purity
(%e.e.). The optical purity was 100%e.=2. The
concentration of L-6-heptenylglyvcine accumulated, which was
calculated from the cenversion, was 5.7% by weight. Also,
the dissclved concentration of L-6-heptenvylglycine was

30 determined by guantitative analysis using high performance
liguid chromatcegraphy. The dissolved concentration was
0.5% by weight or lower.
<High performance liquid chromatography analysis condition>
[Analysis of conversion]

35 Column: YMC-A303 (4.6 mm¢ x 250 mm, produced by YMC



25 performance liquid chromatography for the optical purity (%e.e.). The optical purity was 100%e.e.
The concentration of L-6-heptenylglycine accumulated, which was calculated from the conversion, was
5.7% by weight. Also, the dissolved concentration of L-6-heptenylglycine was 30 determined by
guantitative analysis using high performance liquid chromatography. The dissolved concentration was
0.5% by weight or lower. <High performance liquid chkematography analysis condition> [Analysis of
conversion] 35Column: YMC-A303 (4.6 mm4) x 250 mm, produced by YMC 26 Co., Ltd.) Fluent:
20 mM phosphoric acid aqueous solution (pH 2.5)/acetonitrile - 1/1 Flow rate: 1.0 ml/min. 5Column
temperature: 35C Mehsdring wavelength: 210 nm [Analysis of optical purity] Column:

CHIRALPAK AD-RH (4.6uam{.1) xcl5@mpm i peuced-by: Baicel Ghemisaldpdustries, Ltgn) 10Fluent:
0.02% phosph rig )agid aqueous soll%tio:n gp/l-ﬁz.S)/aretbnitrlie Flow rate: 0.7 ml/min. Column

acetoni T
temperature: 35C
Flow rate: 1.0 ml/min.

5 Column temperature: 35°C
Measuring wavelength: 210 nm
[Analysis of optical purity]
Column: CHIRALPAK AD-RH (4.6 mm¢ x 150 mm, produced
by Daicel Chemical Industries, Ltd.)
10 Eluent: 0.02% phosphoric acid aqueous solution (pH
2.5 /acetonitrile = 65/35
Flow rate: 0.7 ml/min.
Column temperature: 350°C
Measuring wavelength: 205 nm
15 [0077]
N-Succinyl-DL-6-~heptenylglycine 'H-NMR (400 MHz,
DMSO-dg) ¢ ppm: 1.25-1.38 (6H, m), 1.51-1.6% (2H, m), 2.01
(2, g, J =6 .6 Hz}, 2.32-2.44 {(4H, m), 4.16 (1H, dt, JT =
5.2 Hz, J = 8.6Hz), 4.93 (1H, d, J = 10.2 Hz), 4.99 (iH, d,
20 3 = 17.% Hz)y, 5.79 {(1H, m), 8.08 (I1H, 4, J = 7.1Hz).
[0078]

{Comparative Example) Production of L-phenylalanine

An amount cf 5.0 g of DL-phenylalanine, 3.0 g of

succinic anhydride, and 30 ml of acetic acid were mixed and

25 reacted at 55°C for four hours. The reaction mixture was
concentrated and the residue was crystallized from ethyl
acetate to give 4.5 g of N-succinyl-DL-phenylalanine. A
substrate solution (pH 8) of N-succinyl-Di-phenylalanine
was preparaed, and a cobalt chloride aguecus sclubion was

3¢  added thereto to give a final concentration of 1 mM. To
the resulting solution, a liquid culture of E. coli HBLO1
(pNHK) and a ligquid culture of E. coli HB101l (pNIG), which

were respectively obtained by culture as in Reference
Example 1 and Reference hxample 3, were added (final

35 substrate concentration: 6% by welght), and reacted at 45°C.



Measuring wavelength: 205 nm 15[0077] N-Succinyl-DL-6-heptenylglycine 1H-NMR (400 MHz,
DMSO-d6) 8 ppm: 1.25-1.38 (6H, m), 1.51-1.69 (2H, m), 2.01 (2H, q, J - 6 .6 Hz), 2.32-2.44 (4H, m),
4.16 (1H, dt, J =5.2 Hz, J = 8.6Hz), 4.93 (IH, d, J = 10.2 Hz), 4.99 (1H, d, 20J - 17.1 Hz), 5.79 (IH, m),
8.08 (1H, d, J = 7.1Hz). [0078] (Comparative Example) Production of L-phenylalanine An amount of
5.0 g of DL-phenylalanine, 3.0 g of succinic anhydridezand 30 ml of acetic acid were mixed and 25
reacted at 55C for four hours. The reaction mixture was concentrated and the residue was crystallized
from ethyl acetate to give 4.5 g of N-succinyl-DL-phenylalanine. A substrate solution (pH 8) of
N-succinyl-DLrenyidatine wasipreparedy and stdobatcchioridezaglievusssolatioh was80tadded
thereto to givesufinal copeentratiomel 1 mM: Te the rasultingsolution, a.liguid; cultyre.of E. coli HB101
(PNHK) and a liquid cultyre of E..coli HB1 1L(| NIG), which were respectively obtained by culture as in
Reference Exfr%&l%ylzgr%d%ﬁ%fgrjéﬁ%e%exh%ﬁp g‘ %I}%)vée\rl\g E%Hég (ﬁ:r%%ﬁ %%agtu%%)fér%%} c\foSlfgjerntr%}tli%n: 6% by
weight), and réaGte¢ 8EA5C. DTCTTe redetioh HixfUpé Was!stitiedifoy 21 %fours,)and e the substrate
and the pfoduetdn the reactionasixtse Were lanalyzed ynhighpetfesmapae ligyid-chromatography for

the conversion,(mol%).and.the opfical purity (%e e.)- The conuersion. was 86,3 mol%, and the optical

purity of Lphenylalanine was 100%e.e. The concentration of |,- phenylalanine accumulated, which was
calculated from TH& ESAVETSIIRC WAS BT3By Feight PAISB, tedissoived ebhckritrtidn dre
L-phenylalaninecwas determinediby 10 Guartitativesmnalysid Using high peiformaneet liquid
chromatograpby~the.disgelyed cancentrationwas 406 by weight 10079}, Gonversion (mol%) = amount
Ofmoduﬂﬂangﬁggggtative analysis using high performance liguid
chromatography. The dissolved concentration was 4% by
welght.
[c0791
Conversion (mol%} = amount of product/{(amount of
15 residual substrate + amount of product) x 100
Optical purity (%e.e.) = (A-B)/{(A+B) x 100 (A is the
amount of the target enantiomer, and B is the amount of the
opposite enantiomer)
<High performance liguid chromatography analysis condition>
20 [Analysis of conversion]
Column: COSMOSIL 5CI18-AR-IT (4.6 mm¢ x 250 mm,
produced by Nacalal Tesque, Inc.)
Eluent: 20 mM phosphoric acid agqueocus solution (pH
2.5} /acetonitrile = §/2
25 Flow rate: 1.0 ml/min.
Column temperature: 30°C
Measuring wavelength: 210 nm
[Analysis of optical purity]
Column: CROWNPAC CR (-) (4.6 mmd x 150 mm, produced
30 by Daicel Chemical Industries, Ltd.)
Eluent: perchloric acid agueous solution (pH 2.5)
Flow rate: 1.0 ml/min.
Column temperature: 35°C
Measuring wavelength: 254 nm

35 (00801



15 residual substrate + amount of product) x 100 Optical purity (%e.e.) = (A-B)/(A+B) x 100 (A is
the amount of the target enantiomer, and B is the amount of the opposite enantiomer) <High
performance liquid chromatography analysis condition> 20[Analysis of conversion] Column:
COSMOSIL 5018-AR-1l (4.6 mmsb x 250 mm, produced by Nacalai Tesque, Inc.) Fluent: 20 mM
phosphoric acid aqueous solution (pH 2.5)/acetonitrilé & 8/2 25Flow rate: 1.0 ml/min. Column
temperature: 30C Measuring wavelength: 210 nm [Analysis of optical purity] Column: CROWNPAC
CR (-) (4.6 mm4 x 150 mm, produced 30 by Daicel Chemlcal Industrles Ltd. ) Fluent perchloric acid
aqueous solutiohprr2.5) ¢FloRTARE 120 HilmiA L CHI THPE IgEaa g wavelength:
254 nm 28 (Ex(@mp&a»G):Bmﬁ&imﬂ@ﬁ@ﬂn@nuwsﬁymobwvm@t goataining Lesugcinylase
gene and N- acyé mino.acid racemase gene PCR was carried out with use of DNA polymerase 5
PrimeSTAR (pm%uceuétr%aiava Shuzo Co., Ltd.) to prepare a gene in which a Sad | recognition site
and a BamHI recognition’sité3ste Gfaed e APt sticdinylasé gene (8EQ D KBS I 8&rived from
Geobacillts kaustoptHilBEINBRC 102445 and Maving the6h5th hase, Clsubstituted by G alhis BNA

gene in which a Sacl recognition site and a BamHI

recognition site are added to an L~succinylase gene (SEQ ID
No. 1) derived from Geobacillus kaustophilus NBRC 102445
and having the 615th base C substituted by G. This DNA

10 fragment prepared by PCR was inserted into the plasmid pNIG

prepared in Refe ce Example 3 at between the SacT
recognition site and the BamHI reccgnition site, whereby a
recombinant vector pNIGHK was constructed. With use of the
recombinant vector pNIGHK, E. coli HB101l Competent Cells

15 (produced by Takara Bio Inc.) were transformed to provide E.
coli HB1IO1 (pNIGHK). The obtained transformant was
inoculated into 5 ml of a Z2x¥YT medium (1.6% tryptone, 1.0%
yveast extract, 0.5% NaCl, pH 7.0} containing 200 pg/mi of
ampicillin and shake-cultured at 37°C for 24 hours. Cells

20  were collected from the culture by centrifugation and then
suspended in 5 ml of a 100 mM phosphate buffer (pH 7.0}).
The cells in the suspension were disrupted using a model
UH-50 ultrasonic homogenizer (produced by SMT Co., Ltd.)
and cell debris was then removed by centrifugation to

25 provide a cell-free extract. The cell-free extract was
assayed for the succinylase activity and the N-acylamino
acid racemase activity, and the assaved succinylase
activity was 4 U and the N-acylamino acid racemase activity
was 10.

30 [0081]
(Example 7) Production of L-&-heptenylglycine with use of

transformant transformed by vector containing L-succinylase

gene and N-acylamino acid racemase gene

A substrate solution (pH 8) of N-succinyli-DL-6-

35 heptenvlglvcine was prepared by the same procedure as tThat



10 fragment prepared by PCR was inserted into the plasmid pNIG prepared in P41-nnre Example 3 at
between the Sad% recognition site and the BamHI recognition site, whereby a recombinant vector
pPNIGHK was constructed. With use of the recombinant vector pNIGHK, E. coli HB101 Competent
Cells 15(produced by Takara Bio Inc.) were transformed to provide E. coli HB101 (pNIGHK). The
obtained transformant was inoculated into 5 ml of a 2x¥T medium (1.6% tryptone, 1.0% yeast extract,
0.5% NaCl, pH 7.0) containing 200 tg/ml of ampicillin and shake-cultured at 37C for 24 hours. Cells 20
were collected from the culture by centrifugation and then suspended in 5 ml of a 100 mM phosphate
buffer (pH 7.0) T he:cetls I the saspensicroweredistupted dsingcaimode| BH-60 udtrasonic

homf;genizelrl g&@@%%w %gf-,cﬁ% apd fﬁﬂgfb@@mﬁﬁb%@m@@? by mxrifttgatior;] to 25
provide a cell-free extract. The cell-free extract was, assayed for the succinylase activit the
%asfiﬁ@fan}é%tﬁg?

N-acylamino acit raceriase activity, aHd e  assayed Sticcinyrass ativity

N-acylamino atidifeéerasedctivity was 10.:30[0081 (Example: 7} Pagductioh:of-8-heptenylglycine
with use of tra&hﬁ@rémg%&ranﬁﬁclﬂmedsl%%%@?ﬁ:@om@iﬁmIasy@@'ua%lase%glage a@@@raq:ylaminodagid
racemase gene A substrate solutio H 8) of N-succiny|-DL-6- 35 hepte cine was prepared by
the same proceltire 88 that 28 in é%é iple’5, ahd'& éHg;ﬁf chiorde Sarﬁ@gésg g&ljuﬁgn Wa% added
thereto to givePd firdlkconeefiffation 6F.¢ nilM2 T6 tRe résyftingr SolutibhCa figdietciituré 6k ELE6li HB101
(PNIGHK), whichavas ebtainedrby calturecas-in Examplett; washadded-@inak substrate coacentration:

9% by weight),,and teacted af 45C, As 4 tesylt, 6-heptenylglycine was preginitgted; in the reaction

mixture. The reaction mixture was stirred for 24 hours, and then the substrate and the product in the

reaction HixtuRSWEFE ARy Zed by high T6 pefBRAEAEE fiquid ThrdMatdgrapy for e EBAvErsion
(mol%). The cBhversiomwas 99:6 moido 2Fhén mthé prodlictwas derdvatized with dixtert-butyl

dicarbonate toform-N-ert-butoxygarbqnyl-b-hepienylglycine, and.the derivative-wag analyzed by high
performance liguid chromatoqraphy for the 15optical purity (%e.e-)., The ptical purity was 100%e.e.
analyzed by high performance liguid chromatography for the
15 optical purity (%e.e.}. The optical purity was 100%e.e.
The concentration of L-6-heptenylglycine accumulated, which
was calculated from the conversion, was 5.7% by weight.
Also, the dissolved concentration of L-6-heptenylglycine
was determined by guantitative analysis using high
20  performance liguid chromatography. The dissolved
concentration was 0.5% by welght cr lower.
(6082}
<High performance liquid chromatography analysis condition>
[Analysis of conversion]
25 Column: YMC-A303 (4.6 mm¢ x 250 mm, produced by YMC
Co., Ltd.)
Eluent: 20 mM phosphceric acid agueocus solution (pH
2.5)/acetonitrile = 1/1
Flow rate: 1.0 ml/min.
30 Column temperature: 35°C
Measuring wavelength: 210 nm
[Analysis of optical purityl]
Column: CHIRALPAK AD-RH (4.6 mm$ x 150 mm, produced
by Daicel Chemical Industries, Ltd.)

35 Eluent: 0.02% phosphoric acid aquecus solution (pH



The concentration of L-6-heptenylglycine accumulated, which was calculated from the conversion, was

~ 5.7% by weight. Also, the dissolved concentration of L-6-heptenylglycine was determined by

guantitative analysis using high 20 performance liquid chromatography. The dissolved concentration
was 0.5% by weight or lower. [0082] <High performance liquid chromatography analysis condition>
[Analysis of conversion] 25Column: YMC-A303 (4.6 nyp0 x 250 mm, produced by YMC Co., Ltd.)
Fluent: 20 mM phosphoric acid aqueous solution (pH 2.5)/acetonitrile = 1/1 Flow rate: 1.0 ml/min.
30Column temperature: 35C Measuring wavelength: 210 nm [Analysis of optical purity] Column:
CHIRALPAK AD-RH/ &6 tam:4)xi150 mngspteduced by Daicel Chemical Industries, Ltd.) 35Fluent:

0.02% phosphoric acidaqyeous.solutipn-(pkh %Qi%@/acetonitrile = 65/35 Flow rate: 0.7 ml/mm.

Column temperature: 35C 31
Column temperature: 35°C



CLAIMS 1. A method for producing an L-amino acid by reacting an enantiomeric mixture of an
N-succinyl amino acid with L- 5succinylase, the reaction being performed in the presence of
Nacylamino acid racemase and with precipitating the produced L-amino acid. 102. The method
according to claim 1, wherein the L-amino acid has a dissolved concentration of 1% by weight or
lower 3. The method according to claim 1 or 2, 15whergin the N-succinyl amino acid is represented by
formula (I): 00211 0 (1) wherein R represents an optionally substituted C1 to C20 alkyl group, an
optionally substituted C2 to 020 20 alkenyl group, an optionally substituted 02 to C20 alkynyl group, an
optionally substituted 04 to 020 aryl group, or an optignafly substituted CS to 020 aralkyl group; and
the L-amino acid is represented by formula (11): 11 1,,CO2H NH2

1. A methed for producing an L-amino acid by reacting
an enantiomeric mixture of an N-succinvl aminc acid with L-
5 succinylase,
the reaction being performed in the presence of N-
acylamino acid racemase and with precipitating the produced

L—amino acid.

10 2. The method according to claim 1,
wherein the L-amino acid has a dissolwvead

concentration of 1% by weight or lower

3. The methed according to claim 1 or 2,
15 wherein the N-succinyl amino acid is represented by

formula (I):

14 Co,H
KWJW
ﬁ%\?rfﬁ\xffﬁﬁﬁﬂ
(D

wherein R represents an cpticnally substituted C1 to
Cz20 alkyl group, an optionally substituted CZ to CZ0
20 alkenyl group, an optionally substituted C2 to €20 alkynyl
group, an optionally substituted C4 fto C20 arvl group, or
an optionally substituted CbH to C20 aralkyl group; and

the L-amino acid is represented by formula (II):

RYGQEH

H,
an

25 wherein R 1s the same as defined above.



32 4. The method according to claim 3, wherein R in formula (1) and formula (11) is a 4-
bromobenzyl group, a 3-fluorobenzyl group, a naphthylmethyl 5 group, an indanyl group, or a
6-heptenyl group. 5. The method according to any one of claims 1 to 4, wherein the N-acylamino
acid racemase is derived from a microorganism of the genus Geobacillus or Thermus, and 10 the
L-succinylase is derived from a microorganism of the ggnus Geobaccillus. 6. The method according to
claim 5, wherein the N-acylamino acid racemase is derived from 15 Geobacillus kaustophilus
or Thermus thermophilus, and the L-succinylase is derived from Geobacillus kaustophilus. 7. The
method according to claim 6, wherein the N-acylamino acid racemase is derived from 20
Geobacillus kaustophilys NBRC::102448 orcthermusgthesmephilus EIB8, and the L-succinylase is
derived from GeobacilIulslel%alg%tr?pg,]ilu%1 NPORC &9{3241 .)8. H‘:F @g}%%qgﬁ?ﬁgi)ngitg any one of claims 1
to 4, 25wherein a transformant transformed By a vector that contains e'hcodlngathe N-acylamino
acid racemase-aidtDRE €HdodiAG te Lasustinyaseds téd hsE sotitce df T RAEY Ao Aeid
racemasesanddhe hrsuceinylases 309. AndNgsuceinyl:aminiosacie refreseated by formula (111) or a salt
thereof: 33

5. The method according te any one of claims 1 to 4,
wherein the N-acylamino acid racemase is derived from

a microorganism of The genus Geobacillus or Thermus, and

10  the L-succinylase is derived from a microorganism of the

genus Geobacillus.

6. The method according to claim 5,
wherein the N-acylamino acid racemase is derived from

15 Geobacillus kaustophilus or Thermus thermophilus, and the

L-succinvlase is derived from Gecbacillus kaustophilus.

7. The method according o claim &,
wherein the N-acylamino acid racemase is derived from
20  Geobacillus kaustophilus NBRC 102445 or Thermus
thermophilus HB8, and the L-succinylase is derived from
Geobacillus kaustophilus NBRC 102445.

8. The method according to any one of claims 1 to 4,
25 wherein a transformant transformed by a vector that
contains DNA encoding the N-acyvlamino acid racemase and DNA
encoding the L-succinylase 1s used as a source of the N-

acylamino acid racemase and the L-succinyvlase,

30 9. An N-succinyl amino acid represented by formula

{IT1) or & salt thereof:



RCO2H FIN y---,,,C0211 0 wherein R1 represents an optionally substituted C5 to C20 alkyl
group, an optionally substituted 05 to 020 alkenyl group, an optionally substituted 02 to 020 alkynyl 5
group, an optionally substituted indanyl group, an optionally substituted naphthylmethyl group, a
fluorobenzyl group, a chlorobenzyl group, or a bromobenzyl group. 10. The N-succinyl amino
acid or the salt thereof 10 according to claim 9, wheregg R in formula (111) is a 4-bromobenzyl group, a
3-fluorobenzyl group, a 2-naphthylmethyl group, a 2- indanyl group, or a 6-heptenyl group. 15

E0,H

(1

wherein Rl represents an optionally substituted C5 to
C20 alkyl group, an opticnally substituted C3 to C20
alkenyl group, an optionally substituted C2 to C20 alkynyl
5 group, an optionally substituted indanvl] group, an
optionally substituted naphthylmethyl group, a fluorobenzvl

group, a chlorobenzyl group, or a bromobenzyl group.

10. The WN=-succinyl amino acid or the salt thereof
10  according to claim 9,
wherein R in formula {(III) is a 4~bromobenzyl group,
a 3-fluorobenzyl group, a Z-naphthylmethyl group, a 2-

indanyl group, or a 6-heptenvl group.



