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DESCRIPTION METHOD FOR PRODUCTION OF L-AMINO ACID
5TECHNICAL FIELD [0001] The present invention relates to a
method for producing an L-amino acid useful as an intermediate such as a
pharmaceutical intermediate. More specifically, the present 10 invention
relates to a method for producing an L-§mino acid comprising reacting a
keto acid corresponding to a target amino acid with an amino acid
dehydrogenase and an enzyme having coenzyme regenerating ability to

convert to the target L-amino acigl; whefein a-gpenzyme is added in two or
more portions in 15 the reaction. BACKGROUND ART [0002] L-amino
acids are useful as synthetic intermediates such 20 as pharmaceutical
intermediates. Maridus niéthod& foriprodubing Bnli--4HIn® adid are known
such as an extraction method, a chemical synthesis method, a
fermentation method, and an en ﬂﬁ?ﬂ%ﬁy@@%ﬂﬁ method. The extraction
method requires large-scale purification equipment for purification of a

5 amino acid from protein hydrolysates. Because amino acids
producéth i the=chemicahsynthesis methodesaretypically racemates theducing

Lhemigal;synthesisimethod requires anexpensive resolving agent, .
asymmetric catalyst or the like for production of the optically active
HEOMBRS e fomentalioR THEHOA ™30 phSt S TG ctS at fo the Present
igoieehirationss batlvequites|large-scdlefiwurificatish:equipment likethenc acid
@iﬁ@ﬁﬂ@_m@em@aa@dgimﬂb%@@%@m@sﬁmi% ROt suitablefory mi o
syn %SISCgf g%nnazgtiraéagnéQ%agldﬁ. EQ% egz;grggtl%syntaess method}g:an,

‘e used to provid% 4 fowet-cost, etficient rcl’roauctlon 35 nidthod thats "eving
G\ETEOBstRESE Bioblems BPudingart ihegpensive o the target L-amino

acld, wherein a coenzyme is added in two or more portions in

the reaction.

BACKGROUND ART
[0002]

L-amino acids are useful as synthetic intermediates such
as pharmaceutical intermediates. Various methods for
producing an L-amino acid are known such as an extraction method,
a chemical synthesis method, a fermentation method, and an
enzymatic synthesis method. The extraction method requires
large-scale purification eguipment for purification of a target
amino acid from protein hydrolysates. Because amino acids
produced in the chemical synthesis method are typically
racemates, the chemical synthesis method requires an expensive
resolving agent, asymmetric catalyst or the like for production
of the optically active isomers. The fermentation method
produces products at low concentrations, and requires
large-scale purificaticn equipment like the extracticn methed.
In addition, the fermsntation method is not suitable for
synthesis of nonnatural amino acids. The enzymatic synthesis
method can be used to provide a lewer~cost, efficient production

method that overcomes these problems by using an inexpensive
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biocatalyst. For example, a method for producing an L-amino acid in
which a keto acid corresponding to a target amino acid is reacted with an
amino acid dehydrogenase and an enzyme having coenzyme
regenerating ability to produce the target L-amino 5 acid (Non-Patent
Document 1) is known as an enzymatic,synthesis method for producing
an L-amino acid. However, the above-mentioned method requires an
expensive commercial enzyme or an enzyme purified from a

pnigkeergaism, andits industrial use has-been problematic. 10{Q0Q3] 1-2mino
In .oCEder to .solve su%h Qroblem&, hiqﬁh groduct'on meﬁtI ods, of the%e . .
acid 1 a . targe minoe aclid

enzyméls‘ﬁ%%/g een ﬁnge‘f’laé’vef&%men??r?\% I%rl}lgD %\saen%oéﬁng t%ese

IehF§ines afecioed usifg Here ict oinbiifant tEohakpies: b obtaiieame having
deansfermeantcaae thestransformantiis 1 5:eultpred: kos example, aymethodinino
a*l%b?ﬁe#fﬂ]%’{‘éﬁMB%?Q&%%@?W”“%Z&S%%‘%‘an% 9§NE %%%0;9&? Athesis
coenzyme-dependent amino aC|dee%1y rogenase and a ge¥|e enco |Kg a
MESEnyme e gehefating Ehzyhe s Prepared ard-cultiivdd Vard tHeie
adlloweedrtoract ancalketa hoid teeproduee an leapina acid (Rateatcial enzyme
OQOQH%§T@Q %@PE‘@e'd%éﬁ%%%%%@@éi%%@e%@ Patent , qustrial

Doc meno&%%)roduces an L-amino acid at a concentration of about 10 mM,
HwficH TS | ot iﬁ&ﬁﬁ&éﬁ“b%&ﬁcﬂon. In the method described in Patent

[B8&uhhent 2, a keto acid is needed to be controlled at a concentration in a

reaction fluid 9F Rot mereithansa spegiis2bvaluerbyadding dhe ketagid hoas
in portions or continuously, Patent Document 1: JP-A Heil0-23896 Pate
Botiam SN0 GH0b306 Eo Non Pt DS aBAEL eatath ot D
epgef *ERzymaic symhEsRof thitaFihteiftedistes forGmapatitaian 3ot
tantihyperiensive drug's Biomotecitariongineering; 2004, Na; Adn priéhant is

RIRCLQRUREOF THEINVENTIQN RRQBLEMS, IO BE SQLVED BY; -, 4

THE INVENTION The present inventors found out that use of a keto
Caéia Wit T durity W54 Bt atedR A redtichive amikafitit iy igad iy endent
alpwnprodactivitycdfthe reactione [0005] & gene encoding a coenzyme
regenerating enzyme is prepared and cultured, and then allowed
Toactonaketocacidtoproduce anl-amino acid {Patent Documents
1 and 2). However, the reaction described in Patent Document
1 produces an L-aminc acid at a concentration of about 10 mM,
which is low for industrial production. Inthemethod described
in Patent Document 2, a keto acid is needed to be controlled
at a concentraticninareaction fluidof not more than a specific
value by adding the keto acid in portions or continuocusly.

Patent Document 1: JP-A Hell0~2389¢

Patent Document 2: WO 95/093081

Non-Patent Document 1: Ramesh N. Patel, “Enzymatic
synthesis of chiral intermediates for Omapatrilat, an
antihypertensive drug”, Biomolecular Engineering, 2001, No. 17,
p. 167.

DISCLOSURE OF THE INVENTION
PROBLEMS TO BE SCLVED BY THE INVENTION
[0004]
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5An object of the present invention is to provide a method for efficiently

producing an L-amino acid independent of the purity of the substrate in

the reductive amination. summary 10 In one aspect, there is provided a

method for producing an L-amino acid, which comprises reacting a

keto acid represented by the following formula (1): 150 RO02H(1)

wherein R is an unsubstituted or substiuted CI-C20 alkyl group, an

unsubstituted or substituted C7-C20 alalkyl group, or an unsubstituted

20or substituted C6-C20 aryl group; with an amino acid dehydrogenase .

and aff BRZyFRIMVIng-BOEHEy e e atiiy abify o Sohve f%rkﬁ to acid
wiramiea acid iepresentestinsthefokowing fortiulat@yeNiRi 26 CigzH{RY Lead
rwherein R 5%%3%%93 gdeserhed.above; o, wherein a coenzyme is

added ih two or more portions in the reaction and wherein an amount of
[Ql%)%enzyme added at the beginning of the reaction is not more than 3/4
of the Xotabairatintof the egeneypeetadded throagh e teaetioi i dg a method

for efficiently producing an L-amino acid independent of the

purity of the substrate in the reductive amination.

sumnmary

In one aspect, there is provided a methed for producing an
L—amino acid,

which comprises reacting a keto acid represented by the following
formula (1):

G

PR

R TGO H (1)

wherein R 1s an unsubstituted c¢r substituted C1-C20 aikyl group, an
unsubstituted or substituted C7-C20 alalkyl group, or an unsubstituted
or substituted C6-CZ0 arvyl group;

with an amino acid dehydrogenase and an enzyme having coenzyme
regenerating ability to convert to an L-amino acid represented by the

following formula (2):

N,

N
wherein R 1s the same as described above,
wherein a cocenzyme 1s added in two or more portions in the
reaction and wherein an amount of the coenzyme added at the beginning
of the reaction is not more than 3/4 of the total amount of the

coenzyme added through the reaction.



MEANS FOR SOLVING THE PROBLEMS [0006] In view of the
above-mentioned problems, the present inventors conducted intensive
studies to find out that in a reaction in which a keto acid corresponding to
a target amino acid is reacted with an amino acid dehydrogenase and an
enzyme having coenzyme regenerating ability to convert to the target
L-amino acid (reductive amination), addition of a coenzyme to a reaction
fluid in two or more portions makes it possible to avoid low productivity
due to a low yield of the L-amino acid antkthe like, caused by use of the
keto acid with low purity as the substrate. Accordingly, the present
inventors have completed the present invention. [0007] Namely, the
present invention is characterized as follows. One aspect of the

present inventioMiPa! fhethd f5r prodiging &n E St ¥eid, which

[ 0 coaiprises reacting a keto acid represented by the following formula (1):

[0008] 0 D02H(1) (wherein R is.an upsubsiitiited ansubstitutedA1-920sent
alkyl group, an unsubstituted or substituted 07-020 al%lkxldgrggg,_ §rh%r% in a
[

InYfRbbStufe S SUbRtEd 85:528%r H3uS with ah'aming ac

reatehydrogenadeiaid ankerizynachaling T4 esenAfia fegenérating Edilitgmino
ac 40 converttoanL;aming acikhrenresenied byithe follpwing fomndlaa(@)en z yme
having coenzyme regenerating ability to convert to the target
L-amino acid (reductive amination), addition of a coenzyme to
a reaction fluid in two or more portions makes it possible to
avoid low productivity due to a low yield of the L-amino acid

and the like, caused by use of the keto acid with low purity

as the substrate.

completed the present invention.
[0007]

Namely, the present invention is characterized as

follows.

producing an L-amino acid, which comprises reacting a keto acid

One aspect of the present invention is a method for

represented by the following formula (1):
[00068]

R

alkyl group, an unsubstituted or substituted C7-C20 alalkyl
group, or an unsubstituted or substituted C6~C20 aryl group)

with an amine acid dehydrogenase and an enzyme having

O

N

COzH (1)

(wherein R is an unsubstituted or substituted C1-C290

Accordingly, the present inventors have
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[0009] NH2 (2) Swherein R is the same as described above, wherein
a coenzyme is added in two or more portions in the reaction. [0010]

Another aspect of the present invention is the 10 above-mentioned

method for producing an L-amino acid, wherein the purity of the keto acid
is 95% or less. [0011] Still another aspect of the present invention is
the above-mentioned method for producing an L-amino acid, wherein 15
an amount of the coenzyme added at the beginning of the reaction is not

dneiethan 3/4 gk thetotal amaunt of the eoenzyme.added thrgugh the: ;14
Jeaction, %%]e;?]ﬁc’“” K né)tnerlais(g)ect 0 tpg frg;?ﬁ?t érzwentlon is the 20

above-mentioned method for prc‘i‘fdlu%%g an L rarfiin a{c:id,wherein the

ERdunt of the coenzyme per portion is not more than 1/2 of the total
amgunt of the coenzyme added through the reaction. [0013] Still
anather aspect of the present invention is the 25 above-mentioned
F@ne‘[hog(f)% producing an L-amino acid, wherein the coenzyme is
continuously added. 2FFECT OF THE INVENTION [0014] 30The present

inventiomisdesigriedias déscribedabovesdandribed above,

wherein a coenzyme is added in two or more portions in
the reaction.
[0010]

Another aspect of the present invention is the
above-mentioned method for producing an L-amino acid, wherein
the purity of the keto acid is 95% or less.

[00117]

Still another aspect of the present invention is the
above-mentioned method for producing an L-amino acid, wherein
an amount of the coenzyme added at the beginning of the reaction
is not more than 3/4 of the total amount of the coenzyme added
through the reaction.

(00123

Still another aspect of the present invention is the
above-mentioned method for producing an L-aminc acid, wherein
the amount of the coenzyme per portion is not more than 1/2 of
the total amount of the coenzyme added through the reaction.
(0013]

Still another aspect of the present invention is the
above-mentioned method for producing an L-aminc acid, wherein

the coenzyme is continucusly added.

EFFECT OF THE INVENTION
(00147
The present invention is designed as described above, and
can efficiently produce an L-amino acid independent of the

purity of the substrate keto acid.
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can efficiently produce an L-amino acid independent of the purity of the
substrate keto acid. 5 BEST MODE FOR CARRYING OUT THE
INVENTION [0015] Hereafter, the present invention is described in
detail based on an embodiment, The scope of the present invention is 5
not limited to the embodiment and the e@xamples, [0016] 1. Type of Keto
Acid Used as Substrate in Reductive amination Examples of the substrate
used in the reductive amination of the present invention include keto acids

represented iy she 1iOfollowing formula (B): 091 71 0:-CERH{Invherein R

[ig @p#nsubstituted or substituted 01-020 alkyl  group, an unsubstituted

or substituted 07-020 alalkyl group, 15 or an unsubstituted or substituted
06-020PA%F6HE [O0LBE Premdiindubstidted brisubktitisdoaco2g detail
kalkyl @roupeas the-Rds met:partictharly. imitedo andrexamplesiiheteofention is

Ainelude methyl group,isoprapyligroup. isabytyl groun, 1-methylpropyl 20
roup, carbamoyl methyl group, 2-carbamoyl ethyl group, hydroxymethyl

ol ,} 1-hydroxyetnyl group, mercaptomethyl group, 2-methylthioethyl
Igralipp €l -nferéapto-damethidethyl group s4-amiro but@agtoup,ive amination
3-guanighing,propyl grotpe 4(8)simidazale methyloroup, ethyhgrovR, aminat ion
c34¥8%y5¥8¥£ht inventicn include keto acids represented by the
following formula (1):
[0017]

i
R//L\CO§4 (1)

wherein R 1s an unsubstituted or substituted C1-C20 alkyl
group, an unsubstituted or substituted C7-C20 alalkyl group,
or an unsubstituted or substituted C6-C20 aryl group.

[0018]

The unsubstituted or substituted C1-C20 alkyl group as
the R is not particularly limited, and examples thereof include
methyl group, iscpropyl group, isobutyl group, l-methylpropyl
group, carbamoyl methyl group, Z-carbamoyl ethyl group,
hydroxymethyl group, l-hydroxyethyl group, mercaptomethyl
group, Z-methylthicethyl group, (l-mercapto-l-methyl)ethyl
group, 4-amino butyl group, 2~guanidino propyl group,
4(5)-imidazole methyl group, ethyl group, n-propyl group,
n-butyl group, t-butyl group, 2,2-dimethyl propyl group,
chloromethyl group, methoxymethyl group, 2-hydroxyethyl group,
3-aminopropyl group, 2-cyancethyl group, 3-cyanopropyl group,
4~ (benzoylamino) butyl group, 2-methoxy carbonylethyl group,
and the like.

[0019]

The unsubstituted or substituted C7-C20 alalkyl group is

not particularly limited, and examples thereof include benzyl

group, indolylmethyl group, 4-hydroxybenzyl group,
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25 n-butyl group, t-butyl group, 2,2-dimethyl propyl group, chloromethyl
group, methoxymethyl group, 2-hydroxyethyl group, 3-aminopropyl group,
2-cyanoethyl group, 3-cyanopropyl group, 4-(benzoylamino) butyl group,
2-methoxy carbonylethyl group, and the like. 30[0019] The
unsubstituted or substituted 07-020 alalkyl group is not particularly limited,
and examples thereof include benzyl group, indolylmethyl group,
4-hydroxybenzyl group, 6 2-fluorobenzyl group, 3-fluorobenzyl group,

A-fluorebenayl graup;3.4;methylenedioxybenzyl group, and the fike. ohenz 1
0020 Eggq plges of the unsubstituted r(1)Z$“>;ubstitutﬁe§ld C6-C20 a%?l 561’12y

IESHﬁJ include egrll?ﬁ @?ﬁp@ﬁﬁ)}%%%g erf §idup, aRd the fike [6621]
Bi¥amples of the substituent include amino group, hydroxyl group, nitro
group, eyane-greyps carbexyhgroup: alkylaraupy 10.arsikyl groUpcaIvE2 0 aryi

, alk I | | , al I lkoxyl ,
o iy Akenanp SpLan SRS o o

Jiﬁ“ﬂb%rities such as by-products formed upon production of the keto acid
[@anPketo acid decomposed 15 products. Examples of the impurities

include smineral acids such asydrachloric acid and sylfuric %?gﬁ%r,g%%igroxyl
acids such as formate and acetic acid; metals such as sodium, potassium,
ThaYResiim: TaIdGMY fonCRhitimd hidngaredé “ARe ‘afd Coppef dhd! 9roup,
sgaits thereof,corganie solventsspch as meethariolgetranol, 20kethyll group,

acefate; agetong, tollene. shlosoform, and nhexangiand thelike. {0Q23]; .
les of the keto acid decomposed products include carboxylic
Lcomch)?unds represented by the following formula (3): 25[0024] R -002H(3)
whereir Reisthesamé asrdesenbéd aboverThe. carboxglickompbindgs cduct s

rarerpradused by decarboxylation of the ket acid :[0828]tc acid decomposed
products. Examples of the impurities include mineral acids
such as hydrochloric acid and sulfuric acid; crganic acids such
as formate and acetic acid; metals such as sodium, potassium,
magnesium, calcium, iron, lithium, manganese, zinc, and copper,
and salts thereof; organic solvents such as methanol, ethancl,
ethyl acetate, acetone, toluene, chloroform, and n-hexane; and
the like.
[0023]

Examples of the keto acid decomposed products include
carboxylic compounds represented by the following formula (3):
[0Gz4]

R— CO,H (3)

wherein R 1s the same as described above. The carboxylic
compounds are produced by decarboxylaticon of the keto acid.
[0025]

Use of a keto acid with low purity due to such impurities
as a substrate in a later-described reductive aminationmay lead
to low productivity of the reaction (see Reference Example 1
and Comparative Example 1). The productivity of the reaction

is determined to be low in cases such as a low yield of a target
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30Use of a keto acid with low purity due to such impurities as a substrate
in a later-described reductive amination may lead to low productivity of the
reaction (see Reference Example 1 and Comparative Example 1). The
productivity of the reaction is determined to be low in cases such as a low
yield of a target 7 L-amino acid, and a{ong reaction time. [0026] The
purity of the keto acid described here is represented by a ratio of the
weight of the keto acid contained in a keto 5 acid product to the weight of

therlried keta acidpraduct: 00271 2= Enzyme tsed.in Reductive
ination Next, an enzyme used in the reductive amination is described.
Amino acid dehydrogenases have activity to 10 reductively aminate a keto

acid or A& &lictimine Cantlekaifpre s thetedeimeliitlepheryigldmineepresented
dehydragenase, leueinedeliydrogendse, land pysrolines2cathipylften a keto

g@@ﬁd@%@@@é the,like, [0026] 15T h8§e%n%9£@od%95°%%§es roduct .

%%re a reduced coenzyme such as NADH in the reaction, and the
. me NADH is converted to the oxidized form in a process of the
%eacn@rymﬁélam@ummﬂhém*emfememmum can be significantly

reduceg byallowing.the reaction of an epzymehaving: akility.20,to.converts
dthe om%z%d cogmz me to t?f déjcgd form herelrﬁlfter referr%d to
coenzymeregenera |ng abi ityyand a's %tra?eegomﬁgﬁnﬁ%f %ﬁz;}rﬁe

RaVING EBERZY M regérerating ability foproeeedUnderithélpresendessfamples
tthe:aminoiacid debydregendse.anine dehydrogenase, leucine

dehydrogenase, and pyrroline-Z-carboxylate reductase, and the
like.
[C0Z28]

These amino acid dehydrogenases reguire a reduced
coenzyme such as NADH in the reaction, and the coenzyme NADH
is converted to the oxidized form in a process of the reaction.
The amount of the coenzyme to be used can be significantly
reduced by allowing the reaction of an enzyme having ability
to convert the oxidized coenzyme to the reduced form
(hereinafter, referred to coenzyme regenerating ability) and
a substrate compound of the enzyme having coenzyme regenerating
ability to proceed under the presence of the amino acid
dehydrogenase.

[0029]

Examples of the enzyme having coenzyme regenerating
abllity include hydrogenases, formate dehydrogenase, alcohol
dehydrogenases, aldehyde dehydrogenases, glucose-6é-phosphate
dehydrogenase, glucose dehydrogenases, and the like. Formate
dehydrogenase is suitably used.

[C030]

The amino acid dehydrogenase and enzyme having coenzyme
regenerating ability used in the present invention may be
animal-derived, plant-derived, or microorganism-derived.

However, microorganism-derived enzymes are desirable for
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25[0029] Examples of the enzyme having coenzyme regenerating

ability include hydrogenases, formate dehydrogenase, alcohol
dehydrogenases, aldehyde dehydrogenases, glucose-6-phosphate
dehydrogenase, glucose dehydrogenases, and the like. Formate 30
dehydrogenase is suitably used. [0030]8 The amino acid

dehydrogenase and enzyme having coenzyme regenerating ability used in

the present invention may be animal-derived, plant-derived, or
inicrearganismderived. 35 However, microorganism-derived enzymes are
[%q%rg le for 8 industrial use. [0031] Examples of microorganisms
capabfe of producing the amino acid dehydrogenase include known
microofanisms: Eapabie of Bptedidiaf thecdrzyate belohgifigtonhe e amino
geineracBrevibagteriie, RhodecescuscSpoiosaeidgani sms capable of
ereeimoatinonyeas, Micrabacteriym,  iplomeaas Glosidum, BAclp, o un,
Neurospora, Escherichia, and Aerobacter, and other microorganisms.

0035 HEENA/mEs dBfived froRfmicrobrgaifisind belortmty & ife gergserium,
FBacillus are, d€sirabte: hienzynie defived fromeBacilusbadius scherichia,

HAMBEL0S9, or ap.enzyme dgrived from Bagillus sphaericus NBRC3341 is
{rﬁ%%l?eswably used. [0033] 15The microorganism Bacillus badius
I

059 produces
Enzymes derived from micrcorganisms belonging to the

genus Bacillus are desirable. An enzyme derived from Bacillius
badius IAM11059, or an enzyme derived from Bacillus sphaericus
NEBRC3341 is more desirably used.

[C033]

The microorganism Bacillus badius IAM11059 produces
phenylalanine dehydrogenase, and is described in EP 256514 and
Biosci. Biotechnol. Biochem., 1995, Volume 59, No. 10, p. 1994.
[0034]

The microorganism Bacillus sphaericus NBRC 3341 produces
leucine dehydrogenase. Leucine dehydrogenase from Bacillus
sphaericus NBRC 3341 has the same number of aminge acid residues
and exactly the same amino acid sequence as those of the known
enzyme leucine dehydrogenase from Bacillus subtilis, but has
14 different bases among 1085 bases in the gene sequence.
[0035]

The gene sequence of Bacillus subtilis is available in
Nature, 1997 volume 390, p. 249 and at NCBI database (accession
number CAB14339). The following document discloses that
microorganisms belonging to the genera Neurospora, Escherichia,
or Aerobacter produce pyrroline-2-carboxylate reductase
{(Methods Enzymol., 1962, volume 5, p. 882).

[003¢]

Examples of the microorganisms capable of pxodué}ng

formate dehydrogenase include known microorganisms capable of

producing the enzyme belonging to the genera: Candida,
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phenylalanine dehydrogenase, and is described in EP 256514 and Biosci.
Biotechnol, Biochem., 1995, Volume 59, No. 10, p. 1994. [0034] The
microorganism. Bacillus sphaericus NBRC 3341 produces 20 leucine
dehydrogenase. Leucine dehydrogenase from Bacillus sphaericus NBRC
3341 has the same number of amino agjd residues and exactly the same
amino acid sequence as those of the known enzyme leucine
dehydrogenase from Bacillus subtilis, but has 14 different bases among

KL095-hases, inthe gene sequencs:25[0030] , « orlhiesgene sequance of
ﬁacgillusigubggﬁg_i,% avajlable in Nature, 1997 volu$§ 390, 5\/ §4% and at

EBY Hatabasé (Accesaion umiber 0ABTA339) - The Tollowing dBcdmeRe S e
&distlb$6s thatnicroorganisms belonging to the genera Neurospora,
[Escherichia, 30 or Aerobacter produce pyrroline-2-carboxylate reductase

(Meth_ogﬁE%gg]fkiglgz@z’?\/@l%%glBbgg%)éLQQ?GG i ved %)ﬁazm Ieess%f e

the microorganisms capable of pr ucmgaformate ehydrogenase include
Yriowrt mictoorganiSms Fapable of 35 prottiRing the ehgyrhe el Griging 66 SMA
thisjenera: Candidan @ KloeekergriRichiar LipotnytesnPseuddmbnas,e

MoraxellaHyphomiciobiwmg fracacoeeys, Thiobagillys, and Ancylohacter,
3}rbd3tg1e like. [0037] 5Thiobacillus- or Ancylobacter-derived enzymes are

: esirable. An enzyme derived from Thiobacillus sp. KNK65MA (FERM
BP-7671) andlan érizymeé derivedfrarnlAneylobacter hguaticusKNKG07Nbab le

AFERM: BR=r33)-are mere-desirables [0038L10In-rden to,ebtainabighla« s on
active, microorganism capable of efficient production of the resgective

0L d CYralsSior e?znlc OOIG%ﬁlSHﬁlS. varn ageausgms Fown%thhose

enzymes, preparation of a trarisformed microorganismis advantageous as

SKriowh? tb thod& skilled in AftaTHE trafsfoffmed AficrodryaiishsiP prapared,, for
cforexample; asfollaws: cloning aleycine vebydrogenase gepgenase gene

obtained from a strain having leucine dehydrogenase activity;
generating a recombinant plasmid using a suitable vector; and
transforming a host microorganism such as, but not particularly
limited to, Escherichia coli using the recombinant plasmid to
prepare a transfcrmant.

[0039]

As the vector, a plasmid or phage derived from a
microorganism that can automatically replicate in the host, or
a derivative thereof can be used. Especially, for example,
Escherichia coli for transformation, whose bactericlegical
characteristics are known to these skilled in art, is desirably
used as the host organism, and a vector that can automatically
replicate in the organism is desirably used as the vector.
[0040]

Examples of such vectors include vectors easily available
to those skilled in the art or commercially available vectors,
such as pUCL8 (Takara Bio, Inc.), pUCLS (Takara Bilo, Inc.),
pBR322 (Takara Bio, Inc.}, pACYCLl84 (NIPPON GENE Co., Ltd.),
pSTVZE8 (Takara Bilo, Inc.}, pS8TV29 {(Takara Bic, Inc.), pSClOlZ
(Funakoshi Corp.), pT7Blue (Takara Bio, Inc.), and pUCNT that
can be prepared by those skilled in the art based on the
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15 obtained from a strain having leucine dehydrogenase activity;
generating a recombinant plasmid using a suitable vector; and
transforming a host microorganism such as, but not particularly limited to,
Escherichia coli using the recombinant plasmid to prepare a transformant.
20[0039] As the vector, a plasmid of, phage derived from a
microorganism that can automatically replicate in the host, or a derivative
thereof can be used. Especially, for example, Escherichia coli for

deanstormation, whoge bagteriglogical 25 characiersticsare known te
t i(illed in art, is desirably used as the host organism, and a vector
hat can automatically replicate in the organism is desirably used as the
vector. [0} Exaiipled 6Fsuchvedisrsineludevektoreteasily avaitableter, a

3rteithase skilled intheratter, commercialiy-avadablevecters: sCh@st izt ion
1 ara Bjo, | . pUC Takara Pie, Inc,), pBR322 (Takara Bio,
he3, PACTE 151 (NIPPON GENE Co. 1113, P12 (Takera P Ity <72
EERPFG r dkara Pie SR, pSed0t (FGRakosh Corp) zpTesive (T akarpilize
Pie, ntdsand pUCNT that-36-can bewrepared by thpse=skilleckindbe gt =, or

Jased:on:the; 10 description:of-NO:94/03613, and:derivatives thereafs. = 4.
[t[ . The derivatives include vectors in which a promoter, a

ermlnétor, an enhancer, SD sequence, a replication initiation 5 site (ori),

or anoth&risguiatoryigenesis medified forthé purposesdbtincrease include

mreductionrofitheanzymes and:stabilize the-plasnyid.-and yectors inwhichy e
f%ggy&rgsstanc f%en% ora restrlctlgn enzyme site |n”=1; ec Onln,gl]hﬁclte IS
modified. [0042] 10Exampies of the rgﬁéf%%r%arﬁtsot%ué;%ﬁ?a!l? ed inciide®® *
FEdcheltenie eSH HETO1(pFTO01S tRERN-BPY 672) chtaihing EHELfoRmate FERM
Bdetiyaiagenase: gene derived kameT hiobacilis sp/KNKE5MA (EERNhe Tike.
BR4$y1), Escherichia coli HB101 (pFT002) (FERN BP-7673) containing

the same (see, NO 03/031626), and the like. 15[0043] ~ The

recombinant DNATBMiGTeLtsed mthe srESEntiRGéhtion dréknBRmsSANT
ithedfietd, and described ihp fohexamyple,,Maolecdlas Ctariag 2md Editioaxample,
M&ald SpringHarbop Laborateryi Rress, 1889)y and, CutentReolocals in, o v oy
=Moleculay %%'gogy 20 *Ggeenzeaﬁ’l%b'@é”@ A8gorAes AN cular Biol
Wﬁey-’lntersm rfce‘:)l. 044f ©¢ veoLs dn Holecular BioLogy
(Greene Publishing Associates and Wiley-Interscience).
[0044]

Culturing of the transformant and the like enables
large-scale production of the enzymes, and the enzymes can be
used for production of L~amino acids. A microorganism may be
cultured using a general culture medium. A general culture
medium containing nutrients such as carbon sources, nitrogen
sources, and inorganic salts can be used for the culturing.
Addition of trace organic nutrients such as vitamins and amino
acids in many cases produces a favorable result. Examples of
the suitable carbon sources include carbohydrates such as
glucose and sucrose, organic acids such as acetic acid, and
alcohols, and the like. Examples of the nitrogen sources
include ammonium salts, ammonia sclution, ammonia gas, urea,
yeast extract, peptone, corn steep liguors, and the like.
Examples of the inorganic salts include phosphates, magnesium
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Culturing of the transformant and the like enables large-scale production
of the enzymes, and the enzymes can be used for production of L-amino
acids. A microorganism may be 25 cultured using a general culture
medium. A general culture medium containing nutrients such as carbon
sources, nitrogen sources, and inorgaqig salts can be used for the
culturing. Addition of trace organic nutrients such as vitamins and amino
acids in many cases produces a favorable result. Examples of 30 the

sulitable sarhonssqurcesinelude-carbphydrates such-as glucoseand +on sa1ts,

SUCEOS eégrgaqgigciggesucgnag %%eéiclac}i{de, and alcohols, and the like.

SIélxamp €s of the nl%rogeﬁ sources includé ammonium salts, ammonia

Kofiftion, ammonia gas, urea, yeast extract, peptone, corn steep liquors,

and thetlike. 3b1Examnaplesbthe:inorganie salis include phasphates.srom 25°C
a ium SSi t ium salts, calcium, salts, J _

el altae ot e b i T0aSE e surte emperature may “1e

Belind Farge of ot 25€ % 7 46€, andpatticdiaty desitaistydfom 25t £rom

BC: Thebcultlretptd may be irca range of-from 4utoc8cahddesirabhynfromeous

uto-(.2: Eithgra bateh.culturing method or a continuous culturing method
rH(?y %e used. [0046] 10A treatment for inducing the enzymes such as
addit

n of isopropy1-1-thio-3-D-galactoside (IPTG), lactose or the like

may aldo begserformied; ifnécessary.J004Z] SrRedactivelaminatiendition of
ke g methed for-produeing an:l-amino agidiitom a keto-addby ane 1:ike
reduct'ivseoa@ination fi% g%g%ribe.d In the reductive amination, the keto acid,

"theé above-mentioned amlno’acjig d%ﬁf/:gr%sg%ﬁgs"e, the enzyme having

%%ﬁﬂ/me regenerating ability and a substrate compound of the enzyme
sareradlpresenttogethes:ion

Next, a method for producing an L-amino acid from a keto
cid by a reductive amination is described. In the reductive
amination, the keto acid, the above-mentioned amino acid
dehydrogenase, the enzyme having coenzyme regenerating ability
and a substrate compound of the enzyme are all present together,
and allowed to react in an agueocus medium.
[0048]

The amino acid dehydrogenase and the enzyme having
coenzyme regenerating ability used in the present inventionmay
be produced by culturing microcrganisms each having activity
of either enzyme, or preparing transformants intc each of which
either of the enzyme genes is introduced, and culturing the
transformants. Alternatively, the amino acid dehydrogenase
and the enzyme having coenzyme regenerating ability used in the
present invention may be produced by preparing a transformant
intowhich the plural enzyme genes are introduced, and culturing
the transformant.

[0049]

In the present invention, the produced aminc acid

dehydrogenase and the produced enzyme having coenzyme

regenerating ability can be used per se, or may be contained
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20 and allowed to react in an aqueous medium. [0048] The amino
acid dehydrogenase and the enzyme having
coenzymeregeneratingabilityusedinthepresent invention may be produced
by culturing microorganisms each having activity 25 of either enzyme, or
preparing transformants into each of wﬂch either of the enzyme genes is
introduced, and culturing the transformants. Alternatively, the amino acid
dehydrogenase and the enzyme having coenzyme regenerating ability

used inthe present invention may: Be-produced RY-PreparNgRcssed product.
I}éanesfor@aeent 3Pégtoovr\/h§h the plulrgl:eréz me E%%%S are Ttrogg ei%,ea d
cu{tufing]%he ﬂansf%rmgnﬁ(?&é] nthe p 8sent invention, the as @
Fprodtced siind BéiddeRyaroE srias e Ehd the. pioduced erizyrhe Waviag t ract,
coenzyme 35:tegenesating-ability candbe-usethpes:se, of may:bene-dried

soptained 12 in the micraorganisy (s ) or in.a microorganism processed

product. Here, the microorganism processed product is defined as a
[p%é9éthavingthetargetenzymeactivitysuchascrudeextract, cultured cells,
a lyophilizeg arganism, ansatetoneztdeed 5 ongarfismrandndisrupted edllsn z yme

Jdbereofl9030] : o dihey:may beyseddn the form, of ap immobilized, s o 1 ves
; enzymeﬁkg_t%med b%lmﬁpoblllzmg]the enzymes or the cel!s themselves_byd,

A Vel Khowh MESo SUtH a8 Erossinking “Covaldt BirdingY phydicaP 17ding,
radsorptidn, oF anaritrapmestimethodn[00st e © Additioncof a coenzyme
rsuctias NAD to the above-mentioned reductive amination is expected to

improve the efficiency of the reaction. The co me such as NAD is _
cklod HEaraDly St 18 3 ComenATon ST o O00BDT Syaalents (55 +07e0
LEqUIFAIeNts With Fespeeltd- the sisstiaté! mord dasiratsty fofn ©idobpiency of

teguivaleotsitor().1 aquivaleats; furtherunbre deskablyrem:Q00k sirably at
sequivalents 10.0.01 equivalents, Theupperimit ot the amopnt of e, 7o« o
@%5?%&&%&%&?%%9%%53gﬂ%ﬁ%ﬂ%ﬁ%ﬂyHggggﬁesirably from 0.00001
eguivalents te 0.1 equivalents, further more desirably from
0.0001 eguivalents to 0.01 equivalents. The upper limit of the
amount of the coenzyme to be added is not particularly limited,
but typically is 2 eguivalents or less, desirably C.1
equivalents or less, more desirably 0.01 eguivalents or less
for economical reasons.

[0052]

In the case where a keto acid with low purity that leads
to low productivity of the reaction as described in the
preceding section 1 is used as the substrate, addition of the
coenzyme such as NAD in two or more portions can improve the
productivity of the reaction (addition in portions), compared
toadditionecfall inone portionat the beginning of the reaction
(addition inone portion) (see Example 1 and Comparative Example
1). The productivity is determined to be improved in cases such
as an improved yieldof a target L-amino acid and a shert reaction
time. Even in the case where such a keto acid with low purity
iz used as the substrate and the entire amount of the coenzyme

is added in one portion at the beginning of the reaction, the
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20 but typically is 2 equivalents or less, desirably 0.1 equivalents or less,
more desirably 0.01 equivalents or less for economical reasons. [0052] In
the case where a keto acid with low purity that leads 25 to low productivity
of the reaction as described in the preceding section 1 is used as the
substrate, addition of the coenzyme s as NAD in two or more portions
can improve the productivity of the reaction (addition in portions),
compared to addition of a 11 in one portion at the beginning of the

peaetion 3¢ (addiendn one-pertion),(see Example land Gamparaivey 5 1arge
a%xoa{%@eojg. Q’Qe %rodrq%ti%%/ is %&%E@@Ed to §4|rtnproveci in cases such i
as an improved yisfd of & target L-amino dcid ahd a short reaction-ime=¥™me 17
EenlintAe s Shere $Uch aketd adidwith Jowtparisrisrusateas thee addead.
Kubsgate and the entire amount of the coenzyme 35 is added in one

portion gt the broiniag of ihe [eation.dhe, 13 RIodit RLING IeActiofs tne
can be improved by adding a large amount of the coenz;'/mle.ehqwevert,’ .

fditfor "6t thecenzymiein pritfions eaf redude the'totat ahrsunt of dse 1 rably
Toknzymeaehecddded: [0053] bWhenthe cdenzymesissaddead:n portionsz dded

ﬂﬂ%c%%?lu RLQf the-coenzyme,added at {he peginning of the reaction is, ... e

esira 113/1 3/410}£ess or%the total amaount of the coenzyme to be adde

bé added
Rrough 51, moredesiFably 213611888, flirther Afore desirably/t2 1/4

thé reactic,
Gt less; stift further rhoteadesirabiy:1/3, 1/4 10 or less of the total amount.
[0054] In addition, when the coenzyme is added in portions, the

amount.of the .coenzyme added.in each portion is desitahly. 2/3 or less of

the tota %n%(o%lr%?t of thé c%%%?yrlh}leetocgee %1%&@8 throdg GTE the féaktionr 15 the
SoE  Besitablyl/2 i lesd furREmfore desifably 23 drless Sstlpfukthep Ly 2/3
omare dlesirabiy. &/4 ot less:afthetotal ameunt {005adMhemadgdeddn through

t@}%”%cgleoﬁoe%xné%&%%&?ﬁ?'f%b@é ZPeig éw% 85: mole Rl%r}' Mo rably
moredesirablythreeormoreportions, further more desirably four or more

Tortidhs 1A, tiie toényhé Cah 4185 Be LoRtimadUsty Qééeéfﬂuﬁﬁé thet the
treaetionr{0056)-
[0055]

When added in porticns, the coenzyme is added desirably
in two or more portions, more desirably three or more portions,
further more desirably four or more portions. Here, the
coenzyme can also be continucusly added during the reaction.
[0056]

The additiocon of the coenzyme in portions is effective in
improving productivity of the reaction when using a substrate
with a purity of not mere than 95%, more effective when using
a substrate with a purity of not more than 90%, further more
effective when a substrate with a purity of not more than 85%.
[0057]

The ketc acid serving as the substrate of the reductive
amination is dissolved or suspended at & loading concentration
of from C.1% (w/v) te 90% {w/v), desirably from 1% (w/v) to 60%
(w/v), and then the reaction is allowed to proceed with a
temperature kept in a sultable range of from 10°C te 80°C,
desirably from 20°C to 60°C, while the reaction fluid is allowed
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The addition of the coenzyme in portions is effective in 25 improving
productivity of the reaction when using a substrate with a purity of not
more than 95%, more effective when using a substrate with a purity of not
more than 90%, further more effective when a substrate with a purity of
not more than 85%. [0057] 30The ketol%cid serving as the substrate of the
reductive amination is dissolved or suspended at a loading concentration
of from 0.1% (w/v) to 90% (w/v), desirably from 1% (w/v) to 60% (w/v),

@ndsthendhe reagtion;is allewed 10 proceedwith-a fempsraturg-kept in a
@J&tg@f range of from 10C to 80C, 35 desirably from 20C to 60C, while

e redction fluid is allowed 19 to stand or stirred for a certain period of
time. [00B8] Déirifig the fesctibRNthe-pi i desitably adjistedima ] urdige in &
woffrpm ditork2nmare-desirgbly dira range of from 6405 1hnthe pH a6 to

be adjusied b adeing an.add or abase. 100591, The subsyrate of e,

reaction maybe added in onie portion of in two or more portions, or may

%i%ously added. Either a batch method or a continuous method can
be usedfaer $0itlse abave miehtienedxeductiveramihatienc@060} oneMAtorticn

Jdmmobilized enzyme.-a membraneg reactop ot the Jike can:be used in thes. 4
_reductive aglnat\%l)n of tg§ T$)resent invention. Examples of the aqueous

“meditn (& watst -Blffer Solftione 15 AN a4Ueons Hedid tontainmgd for

&
medium e
Whatei'op e betfdrisohaibnrastawater solibletorganic solvent such as
retbanol. Other examples of the aqueous medium include media consisting

of two phases of the.above-mentioned aqueous medium and an anic
colvent Nt S B walos GUgh 25 sl Ao iaee BT Acelatd 50 = o2
P lusie] chiorbfs?mt afd H-hegarfe divitdther Sditdblé selventsiininvention.

Fadditidrs, san antioxidaniza surfastanimaimetal dethe ke maysalsebeclutions
a@gg%%dggﬁgg%%%%a.containing water or the buffer solution and
awater soluble crganic solvent such as ethancl. Other examples
of the aqueous medium include media consisting of two phases
of the above-mentioned agqueous medium and an organic solvent
hardly scluble in water such as ethyl acetate, butyl acetate,
toluene, chlcoroform, and n~hexane, and other suitable solvents.
In addition, an antioxidant, a surfactant, a metal or the like
may also be added, if necessary.

(G061}

The L-amino acid produced through the reductive amination
can be isclated, or separated and purified by a conventiocnal
separation method such as extraction, concentration,
crystallization or column chromatography, or a combination

thereof.

Example
(0062}

The following examples illustrate the present invention
in detail. However, the present invention is not limited to
these examples.

[0063]
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[0061] The L-amino acid produced through the reductive amination 25 can
be isolated, or separated and purified by a conventional separation
method such as extraction, concentration, crystallization or column
chromatography, or a combination thereof. 30Example [0062] The
following examples illustrate the preseqtinvention in detail. However, the
present invention is not limited to these examples. 35[0063] 15
(Comparative Example 1) Synthesis of L-tert-Leucine by Reductive

armination {Addition ehcoenzyme jn OnesRartign) 1, A-transformant 1y,

faying leycine dehydrogenase acfivity and formate delydrogenase, | .

Referedcé BXanilé B3 The fanstormant Was mebildtstinte s stefiliZzed ty and
ﬁnedju@Ad@ﬂpy@ﬁ@@@%,sy_ea@t extractyl.0%s sp@‘i@@agl@l@ri@@ D12%iand -he
Preiclin g 04 disslvadyin. dsionizechwater (npichinyps adsed after

sterilization), pH prior to sterilization: 7.0), 10 and then aerobically cultured

SEith SHAGRG Fdr 48 Fotrd AT 838E F60641°° 2 TRE Bhidinéd Suliire fiiid 2
Was. péntrifugedto, coltert tells, tan-thel célts, wereisusperidesrindteionized and

awater 1o obtain accell concentrate; 15[0965% 1 5 - 48 96 %My %k%iMQXIi n was
I

a@ﬂ‘é\c’fcaaﬂd with 8,pur ty Zog ggo.iZ\% va)%{e added the cell concentrate and

ammonium Tormate in an amoant of £4 Mo equivalerts withraspettto’ - ¢ -
athé trinsethiyt pyruliceacid. dnvadditien, BM anfnehiarsplitiorwascadded to33°C .
2@ adjust the pH of the fluid to 8.0, and deionized water was added to
prepar%gé'nl %ftagreﬁg ion fluid. To tié reaction fluid, ADf'n an rppunt f
0.0009 mola?equi%ale%ts% VI\J/EF%trl(g;:sepeciL to %ewt%?ne(fﬁﬁl\%p%uv%g %%ﬁld Was Alect

Caddet, ZAFthE FeaRtidiF WAL 8IBWEETE HrdceBd o 21 7 R6Ure 483060 cbtain
awhite beingrstignetirate.

[0065]

To 96.2mg of trimethyl pyruvic acidwith a purity of 83.2%
were added the cell concentrate and ammonium formate in an
amount of 1.4 molar eguivalents with respect to the trimethyl
pyruvic acid. In addition, 5M ammonia solution was added to
adjust the pH of the fluid to 8.0, and deionized water was added
to prepare 2 ml of a reaction fluid. To the reaction fluid,
NAD in an amount of 0.000% molar equivalents with respect to
the trimethyl pyruvic acid was added, and the reaction was
allowed to proceed for 21.5 hours at 30°C while being stirred.
[00066]

Remaining trimethyl pyruvic acid and produced
L~tert-leucine were analyzed using high performance liquid
chromatography (HPLC) for the residual ratio, and the optical
purity and the yield, respectively. The results reveal that
the residual ratio of trimethyl pyruvic acid was 18.8 mol%,
while the yield and the optical purity of L-tert-leucine were
81.1 mel% and 9S9% e.e. or more, regpectively.

[0067]
The yleld of L-tert-leucine was lower and the residual

ratio of trimethyl pyruvic acid was higher compared to the case
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6] Remaining trimethyl pyruvic acid and produced

L-tert-leucine were analyzed using high performance liquid
chromatography (HPLC) for the residual ratio, and the optical purity and
the yield, respectively. The results reveal that 30 the residual ratio of

trimeth

yl pyruvic acid was 18.8 mol%, while the yield and the optical purity

of L-tert-leucine were 81.1 mol% and 99% e.e. or more, respectively.

[0067]

16 where trimethyl pyruvic acid with nigh purity was used

WRefereneefmample ;1}&@9@%] (#HPLC AnalysisiGanditien of Trimethyd e o
Pyrgglg%!é%) %8'4{ Ci SMOSIL 5C18-AR (4.6 mm x 250 mm,

[g{%auc

e acalai esque Inc.), Mobile phase: 10 mM potassium
ate buffer solution (pH 2.0)/acetonitrile = 95/5, Flow rate: 1

mminugteCeleinn ternperature: é&CTBétﬁ@U@@Q]EQ/m‘mVIiQQ@Qd:i@QHPLC

Analys

is Gopdition-gkhtertlerpine) » . - Golgmn, SUMIGHIRAL QA dQQd by

(4.6 mm z 250 mm, produced by Sumika Chemlcal Analysis Service, Lt

%88&&%&%@%% Edpper Siiifate SoRItORmetitaibl285/55 Blow rafe i@hate
miidnute oColuhem tefppleratuie /35€ tDetettion: <254 fm/ A5[0070F rate: 1

n@mmmeté-) Synthasis fdsiert-Leucine by Redugtive amina jon {Addifion

pur%%

nzyme in Portions) To 96.2 mg of trimethyl pyruvic acid with a
f 83 . 2% used in Comparative Example 1 were added the cell

(Ebcentrafel 20 bf theotrahistermantthavirigleticihedehyeiogenase activity
and formatedehydrogenase Activity 5y the same amourt®s #seditoduced by

SGamparaty, ’é%“ﬂp';%i'afg

molar equivalents with res

f1.4
9%"‘%2%1%’12%% A

ec pyruvic adld

“ainkiohia sotatioh wras ddded t%@atd]‘ﬁéici e pf%ﬁo”f%he?low rate: Iml/minute,

Column temperature: 35°C, Detection: 254 nm.

00701

(Example 1) Synthesis of L-tert-Leucine by Reductive amination

(Addition of Coenzyme in Portions)

used i
of the

To 96.2mgof trimethyl pyruvic acidwith a purity of 8§3.2%
n Comparative Example 1 were added the cell concentrate

transformant having leucine dehydrogenase activity and

formate dehydrogenase activity in the same amount as used in

Comparative Example 1, and ammonium formate in an amount of 1.4

molar

eguivalents with respect to trimethyl pyruvic acid. In

addition, 5M ammonia solution was added to adjust the pH of the

fluid

to 8.0, and deicnized water was added to prepare 2 ml of

a reaction fluid. "o the reaction fluid, NAD in an amount of

0.0003 molar equivalents with respect to trimethyl pyruvic acid

was added, and stirred at 30°C.

[0071]

NAD in an amount of 0.0003 molar equivalents with respect

to the substrate was added 3 and 6 hours after the beginning

of the

reaction, respectively, and the reaction was allowed to

proceed for 21.5 hours.

[0072]

Remaining trimethyl pyruvic acid and produced
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25 fluid to 8.0, and deionized water was added to prepare 2 ml of a
reaction fluid. To the reaction fluid, MAD in an amount of 0.0003 molar
equivalents with respect to trimethyl pyruvic acid was added, and stirred at
30C. [0071] 30MAD in an amount of 0.0003 molar equivalents with
respect to the substrate was added 3 and 6 hours after the beginning of
the reaction, respectively, and the reaction was allowed to proceed for
21.5 hours. [0072] Remaining trimethyl pyruvic acid and produced 17

1l-tert-leucine-wete a@&lefzgehﬁqrga@@eﬁdhuakn@éiolc@@qag@qutj@aﬂwri%nd the
and. the.yield, respectively, by following the same.procedure as.in .
D atatva Exampla 1 Fha fesits retesithat the fodtualrato g " 118 <o
Sty PRYTUVIESEIE Was-0ARAGA, 157 the YTt afdlthe dpticadltitity freveal
ti-tertdeucineanere=104 3:mol%and 99%: el grymnare; respectively. [0073]c1%,
<He yelld gr L gricleucine was higher and the residual ratio of;timethyl, 14, 5
pyruvic acid was lower compared to the case 10 where the coenzyme was
NedePiibne porfiofl (CBMpaTative EXample 1) 074] (Reference

[Exatiple 1) Synthesis of L-tert-Leucine by Reductive amination 15To 81

. 2 mg etimethylpwevic acid withea purity of:28:5% mere added-the.cell; 4,51
rcqcnwcent@tg rof tg Wgagsfor@&pt t!agié‘g %?#gineldgh)édro%%n@e gci'givitgh
“and formate &&ydréfg“eﬁé/se ac?tl“\’/ity in the sameé amodnt a5 used in- — = ©#5%
wEERparativecExaiipe 12 aranmhenigmdcraate inaCanbantefilg Exanple
1molar equivalents with 20 respect to trimethyl pyruvic acid. In addition, 5M
[gmrp _ la solution was added to adjust the pH of the fluid to 8.0, and

eioniz

ed water was added to prepare 2 ml of a reaction fluid. [0075] To
i 0 = ggcine by Reductive

FAD fEarr dmotint 650 06

amination

To 81l.Z2mg of trimethyl pyruvic acid with a purity of 98.5%
were added the cell concentrate of the transformant having
leucine dehydrogenase activity and formate dehydrogenase
activity in the same amount as used in Comparative Example 1,
and ammonium formate in an amcount of 1.4 molar eguivalents with
respect fo trimethyl pyruvic acid. TIn additicn, 5M ammonia
solution was added to adjust the pH of the fliuid to 8.0, and
deilonized water was added to prepare 2 ml of a reaction fluid.
[0075]

To the reaction fluid was added NAD in an amount of 0.0009
molar equivalents with respect to the substrate, and the
reaction was allowed to proceed for 22 hours at 30°C while being
stirred.

[0CT70]

Analysis was performed by following the same procedure
as in Comparative Example 1, and the results reveal that
trimethyl pyruvic acid had disappeared and L-tert-leucine was
produced at & ceonversion ratio of 96.4 mol% with an optical
purity of 99% e.e. or more.

[0077]

(Reference Example 2) Preparation of Transformant Having
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25 molar equivalents with respect to the substrate, and the reaction was
allowed to proceed for 22 hours at 30C while being stirred. [0076] Analysis
was performed by following the same procedure 30 as in Comparative
Example 1, and the results reveal that trimethyl pyruvic acid had
disappeared and L-tert-leucine was prqduced at a conversion ratio of 96.4
mol% with an optical purity of 99% e.e. or more. [0077] 35(Reference
Example 2) Preparation of Transformant Having 18 Formate

ehiregenaseAetivity s s RER was.carried out using a genome of
“Thiobacillus sp. KNK65MA.(FERN BP-7671) as a template, and .

DN ApriEre (BAme? 1- SEQ B NG T e Sl IRTe IR AR 15% o8-
Plirketid: SEGYTRO! 5/2 Intheiskylierce fstingy [0078]r LmepeR fasmer-1:
Sapried out aslfollows: d o: 200 ag©f the template DNAmwereadded 25 Up no:

A0.25 ply, of g}é@pgﬁggNﬁgglymﬁa}se (produced by Takara Bic, Inc.), 5 pl
of 10xPyrobest Buffer 1l 10(produced by Takara Bic, Inc.), 4 pl of a dNTP

fltioh (2.5 mM each dNTP), 2 pl each of 20 pM primer solutions. Sterile
water wsralsesadded: tozobtairt 50spkofld reactiofcfltidtntotalf Heat template
rdenatyation{(96€, 39 seconds), anaealing (58C; 30secopdelyand &N e rase
extension ere%cti%n gﬁzc, %0 sec%nds) wer reé)ea eqéor 25 cycles, aBndff g

&h the reaction filid Was's56ledts 4C. [0079] The DRANfagnTent SLuffer 11
Qﬂﬁ@ﬁ@@@@,p@Rﬂﬁgggmd@@@bYUu;), 4 ul of a dNTP sclution (2.E&

mM each dNTP}, 2 ul each of 20 uM primer solutions. Sterile
water was also added teobtain 50 ul of a reaction fluid in total.
Heat denaturation (96°C, 30 seconds), annealing (50°C, 30
seconds), and an extension reaction (72°C, 90 seconds) wers
repeated for 25 cycles, and then the reaction fluid was cooled
to 4°C.

[0G79]

The DNA fragment obtained by PCR was cleaved by
restriction enzymes Ndel and EcoRI, and ligated using T4 DNA
ligase tc a vector plasmid pUCNT (those skilled in the art can
produce based on Description of WO 94/03613) cleaved by the
enzymes. Thus, a plasmid designed to express a large amount
of formate dehydrogenase was prepared.

[0080]

The cbtained plasmid was transformed into competent cells
of Escherichiacclli HB101. Thus, a transformant having formate
dehydrogenase activity was prepared.

[0081]

The obtained transformant was inoculated intec 6 ml of a
sterilized medium A in a test tube, and aerobically cultured
with shaking for 24 hours at 37°C.

[6082]

The obtained culture fluid was centrifuged to collect
cells, and the plasmid was extracted using a QIAprep Spin
Miniprep Kit {produced by QIAGEN). Thus, plasmids designed to
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restriction enzymes Ndel and EcoRI, and ligated using T4 DNA 20 ligase
to a vector plasmid pUCNT (those skilled in the art can produce based on
Description of WO 94/03613) cleaved by the enzymes. Thus, a plasmid
designed to express a large amount of formate dehydrogenase was
prepared. [0080] 25The obtained plasrygj was transformed into competent
cells of Escherichia cli HB 101. Thus, a transformant having formate
dehydrogenase activity was prepared. [0081] The obtained
dransfermant wasdnoesiated,inte 6-mk eta:30, sterilized mediym-A inatest o4 .
&B%,Band aerobically cultured with shaking for 24 hours at 37C. [0082]

he obtained culture fluid was centrifuged to collect cells, and the plasmid
\i&d BXRACEd B O Apréfr SR 3E Miniprep Kif (areducakby having

LQIAGEN).IEhusd plasmids designed 1@ 19 express a large amount of
formate,genydiogenaseayete ieliieved: 10083 (Relerenoe Example Al . 5 o
Preparation of Transformant havm% Leucine De ygro enase ACtIVIR/

R'was cafried 'diltusing"a gerone' 6f Batiis $phaeiitas NBREFR41D NO:
Jasa téh@laste,qamaDNAlpﬁm'ens;(P@mér-BrSE@c@ N@@imﬁhemqu@nﬁ:ﬁ the
sistngrand:Rrimend; SEQJD NQ. 44 the sequence listing)underthe co o oo
Same con itions as used in Reference Example 2. 10[0084] The DNA
f}fagr%ent obtained by PCR was cleaved by restriction enzymes EcoRI and

[88d ,%dnd ligated using T4 DNA ligase to a vector plasmid pUCT (a
plasmid vectorabtained:by destroying the Ndekregognition seguence, of

T _(those 15 skilled in.the.art can produce based on Description of,
G OH/8b15) B Ul piet Coatit o) Sestetrby T Ersmes Tis’4 O
LpId8miTd Besfynedte expressaiargelamolifit B RetiEiHe derdrsgeRasened by
cdwas ptepargdthe Ndel recognition sequence of pUCNT (those

skilled in the art can produce based on Description of WO
94/03613) by one base substitution) cleaved by the enzymes.
Thus, a plasmid designed to express a large amount of leucine
dehydrogenase was prepared.

[0085]

The obtained plasmid was transformed into competent cells
of BEscherichia coli HB101. Thus, a transformant having leucine
dehydrogenase activity was prepared.
roceel]

The obtained transformant was inoculated inteo 6 ml of a
sterilized medium A in a test tube, and aercbically cultured
with shaking for 24 hours at 37°C.

[0087]

The obtalined culture fluid was centrifuged to collect
cells, and the plasmid was extracted using a QIAprep Spin
Miniprep Kit (produced by QIAGEN). Thus, plasmids designed to
express a large amount of leucine dehydrogenase were retrieved.
(0088]

(Reference Example 4) Preparation of Transformant Having

Leucine Dehydrogenase Activity and Formate Dehydrogenase

Activity
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[0085] 20The obtained plasmid was transformed into competent cells of

Escherichia coli HB 101. Thus, a transformant having leucine

dehydrogenase activity was prepared. [0086] The obtained

transformant was inoculated into 6 ml of a 25 sterilized medium A in a test

tube, and aerobically cultured with shaking for 24 hours at 37C. [0087]

The obtained culture fluid was centrifuged to collect cells, and the plasmid

was extracted using a QIAprep Spin 30 Miniprep Kit (produced by

QIAGEN).eThus. splasmids; ggzﬂgae@otqa@mr@§% %'@fQQ@T@ﬁ?BhQH%imgucine
0 were retrieved, [0088 Reference Example 4 ;

B i L 3Uche Do anasd ACulr & ¥

Formaté Dehydfdyerfasé 35 activiaf 208 St Irhe plastid e sighaanient

@xpressa fargeramouantdfleuckte,dehygtogenase-prepaiedin Referengen s ing

Example-was eleaved by restriction engymes £coRI and Bstl, and a

DNA fragment containing the leucine dehydrogenase gene was retrieved

[Lps(?rﬁgg9 5 TakaRaRECOCHIP (produced by Takara Bio, Inc.). [0089]

The plabhtidedesignet te: express & fargecarmount of dommatencunt of formate
HehydrogenasePrepared-in-Reference.Bxample.2 was.also.cleaved atthe . e 4
%CQE[I)RIea CPEIJAsLt%de%VSvQ?r%%rp of t e Jg%rg_gte 10 depyd%geﬁpase gene
%6 obtain a D f?'agment. his DNA ragrﬁentrv?/%nlié)ate the T
oI Aficicd TN fragiieht ebritaififgthe teirine dehydrogéRasaagment
wgane ugingetd-DNAigase: Thusctheiplasmid designeghio-express dargeng the

1meunls Qitedre dehiioogaase ARl fymale JRAYIPIE0R% Wikis, che
prepared. 15[0090
prlasmid designéd to express large amounts of leugine
cdehydrogenase and formate dehydrogenase was prepared.
(00907

The obtained plasmidwas transformed into competent cells
of Escherichiaceoli HBR101l. Thus, a transformant having leucine
dehydrogenase activity and formate dehydrogenase activity was

prepared.



The obtained plasmid was transformed into competent cells of Escherichia
coli HB 101. Thus, a transformanthavingleucine dehydrogenase activity
and formate dehydrogenase activity was prepared. 20 21 CLAIMS 1. A
method for producing an L-amino acid, which comprises reacting a
keto acid represented by the following_formula (1): 0 RCO2H( 1 ) wherein
R is an unsubstituted or substituted CI-C20 alkyl group, an unsubstituted
or substituted C7-C20 alalkyl group, or an unsubstituted or substituted
C6-020 aryl group; with an amindgeftidéhydrogenase and an enzyme
having coenzyme regenerating ability to convert to an L-amino acid
repreBentdd ¢y e fotiowingiPnidlal(23NH2 TOH(2) wherein R is the
Same-as dessribad abeyering Whesein agopnzymedsadded in twe Gkl lowing
(?)()ytions in the reaction and wherein an amount of the coenzyme

formila g PP! e NEr
Om%dadg at the beginning of the reaction is not more than 3/4 of the total

Oamount of the coenzyme added through the reaction. 2. The method
)l}according to claim 1, wherein the purity of the keto acid is 95% or less. 3.
R Kedgrethod ageoyding to any one of claims 1 to 2, wherein the
amount of the coenzyme per portion is not more than 1/2 of the total

“her eifolint bitfie CoRtizyme ddded thidtit the réaction; ¢ =Hkv+ grous, an

unsubstituted or substituted C7-C20 alalkyl group, or an unsubstituted
or substituted C6-C2Z0 aryl group;

with an amino acid dehydrogenase and an enzyme having coenzyme
regenerating ability to convert to an L-amino ac¢id represented by the

following formula (2):
NH,

R GO (2)

wherein R 18 the same as described above,

wherein a ccenzyme is added in two or more portions in the
reaction and wherein an amount of the coenrzyme added at the beginning
of the reaction is not more than 3/4 of the total amount of the

coenzyne added through the reaction.

2. The method according to claim 1,

wherein the purity of the keto acid is 25% or less.
3. The method according to any cne of claims 1 to 2,
wherein the amount of the coenzyme per portion is not more than

1/2 of the total amount of the coenzyme added through the reaction.

4. The method according to any one of claims 1 to 3,



4. The method according to any one of claims 1 to 3, 22 wherein the
coenzyme is continuously added. 5. The method according to any one of
claims 1 wherein the coenzyme is NAD. to 4, 6. The method according
wherein the L-amino acid methylleucine. 7. The method according to any
one of claims 1 is L-tert-leucine or to,any one of claims 1 to L-4- to 5,

wherein the coenzyme 1s continuously added.

5. The method according to any one of claims 1 to 4,

wherein the coenzyme is NAD,

6. The method according to any one of claims 1 to 5,
wherein the L-amino acid is L-tert-leucine or L-4-

methylleucine.

7. The methed according to any one of claims 1 to 6,

wherein the amino acid dehydrogenase is leucine dehvdrogenase

or phenylalanine dehvdrogenase.

8. The method according to any one of claims 1 toc 7,

wherein the enzyme having a coenzyme regenerating ability is

formate dehydrogenase or glucose dehydrogenase.



6,

wherein the amino acid dehydrogenase is leucine dehydrogenase

or phenylalanine dehydrogenase. 8. The method according to any one of
claims 1 to 7, wherein the enzyme having a coenzyme regenerating
ability is formate dehydrogenase or glucose dehydrogenase. 1/3
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1
27

DNA
Artificial

Pr imer—1

1

atcacgcata tggogaaaat actttec 27



<211> 27 <212> DNA <213> Artificial <220> <223> Primer-1 <400> 1
<210> 2 <211> 30 <212> DNA <213> Artificial <220> <223> Primer-2
<400> 2 atagaattct tatcagccgg ccttcttgaa30 <210> 3 <211> 43 <212>
DNA

2/3

<6 2

<> 30

<212> DNA
213 Artificial

{220
223> Primer-2

400> 2
atagaattct tatcagccge cottetteaa 30

Q10> 3

QI 43

212> DNA
<213 Artificial

Q200
223> Primer-3

400> 3

actgaattct aagpaggita acaatggaac ttittaaata tat 43

Q10> 4
Q1 32



<213> Artificial <220> <223> Primer-3 <400> 3 actgaattct aaggaggtta
acaatggaac tttttaaata tat4d3 <210> 4 3/3 <212> DNA <213> Atrtificial
<220> <223> Primer-4 <400> 4 gatgagctct tattaacgtc tgcttaatac ac32

3/3

212> DNA
213> Artificial

220>
223> Primer-4

A00> 4
gatgagotet tattaacgtc tgcttaatac ac 37



