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C. 1 DESCRIPTION METHOD FOR PRODUCTI ON OF L- AM NO
ACID 5 TECHNI CAL FI ELD [0001] The present invention
relates to a nethod for producing an L-am no acid
useful as an internediate such as a pharmaceutica

i nternediate. Mre specificagly, the present 10
invention relates to a nethod for producing an

L-ami no acid conprising reacting a keto acid

corresponding to a targ i cid with an am no
aci d dehydrogenase and §h5§ﬁ§3&§0 aving coenzyne

regenerating ability to convert to the target L-am no

acid, wh i
portlonserﬁt%ygDcﬁg&fégg ngi@%i%EégfﬁﬁgN%k%ﬁﬁFg002]

L-am no acids are useful as synthetic internedi ates

such 20 as phar maceutrzeahricht erredirat es. Vari ous
nmet hods for producing an L-am no acid are known such

[880an extraction method, a chenical synthesis
met ho@he%f@é@ﬁﬂtﬂﬁﬁ&ﬂti@i hed.atand tana ﬁew@atfcar producing

synthesi s net, T extract
Hralgeliddy & %£1 rﬁmﬁd1éﬁﬁnl |ca |on
pofa riatangdica2s 1ameMealaladief r olmape oteé i Ajda bl ysdiles present

1?&%61 z_gma@l%o aC' g:?e rpl Cgﬁd foq: ;dgg)cﬂﬁrﬂgcadn L-amino acid

mat es
cwttt@musam%yaahésng arﬁ@h@oﬁ@ﬂé@q@iqréﬁmné%ﬁéfn*é@\Petarget amino

r&%'ﬁ'ﬂﬂgr@g%{fﬁncﬁwtc{é Hy @ dntste Mnd Ry |éﬂ@ﬁyﬂfé3rhav1ng

producti o the optically active i
RERREAL PANREE RSBISHP bl bt C8s CBPORaL & 1o fgfoet L-amino

fONC e I9NS, core zie@uiseaddkdr ga- sval er more portions in
11pur|f|cat|on equi pnent |i ke the extraction nethod.

0 FFRIGGH the fermentation method is not suitable

for synthesis of nonnatural am no acids. The

enzymati c synthesis pbarysed to provide a
| ower - cost, efficientngégggggﬁgn 35%nethod t hat

[ErZomes these probl ens by using an inexpensive
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—scalepurificationequipmentforpurificationcﬁfatarget
amino acid from protein hydrolysates. Because amino acids
produced in the chemical synthesis method are typically
racemates, the chemical synthesis method requires an expensive
resolvingagent,asymmetriccatalystcnrthelikeforgmoduction
of the optically active isomers. The fermentation method
produces products at low concentrations, and requires
large~scalepurificationequipment1iketheextractionnmthod.
In addition, the fermentation method is not suitable for
synthesis of nonnatural amino acids. The enzymatic synthesis
methodcanbeusedtopmovidealowerwcost,efficientproduction

method that overcocmes these problems by using an inexpensive
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2 Dbiocatalyst. For exanple, a nmethod for producing
an L-amno acid in which a keto acid correspondi ng
to a target amno acid is reacted with an am no acid
dehydr ogenase and an enzyne having coenzyne
regenerating ability to produce the target L-amno 5
aci d (Non-Patent Docunent 1)%fs known as an enzynatic
synthesis method for producing an L-amno acid.

However, the _above t d th .
AL CorRoP CFRPIBZY nE SorTan S R Bir i @p Loamino
%?ﬂﬂﬂlﬁ nh@tﬁoig@ﬁkﬁ&bldndortsspnﬂdsngwtﬂ a useghisanino acid
een 0 O ;
SRR AT L5l 0Ol BEARA0 S0, B navin
dtmrfz;h&erragmmadmzej oty it iNAS—h e icdi 9y L~ amino
cﬁﬁNgﬂz¥g‘E§n§r]§o&Bﬁ&@9 1lﬂsi%‘gcrgﬁﬁlea5 eeﬁpgﬁb%ﬁ'tlc synthesis

I ques to obtain a transfor mant and
rmer’fein:si oFTRATIBIRE A1 U e%l“lmbrafe%énpﬁéweéf St OF

sy degt kinpywy in@t%dcfb@lﬁéﬁﬁ&fﬁmMﬁ@ﬂ:ba]mm:ﬁg ad enzyme

gene encodlggla cqﬁy me- dependent  ami no d 1
%ﬁ@d%a@ﬂ% Teiridt gfye'fr?éﬂ Brikbat wy” P iebah i 1ts industria
agenes aiddiy wrayremaisiprepared and cul tured, and

Eﬂﬁﬂ%ﬁ"OMEd to act on a keto acid to produce an
o acid (Patent Docunents 20 1 and 2) . Howev
t he réhnbmdardssamﬂbedSM@hPﬁr@hie@ﬁcGWEﬁtPrPdBﬁ§é9@é§eth°ds

8 800 1 AGLLL Aol COBCANLAALE Olle L1 @A 100 WM ich DNAS

i ndustri al roduction. In the nethod
fesei HbECED e 5P PR GRS PoetieAL09o0 45 Kaj FHRE ¢t pEoTohant

?%%%??%%@Sf' lhfo gﬂﬂ%ah(ﬂ Laeiraaltstft?ﬁj}r&@mﬂ:enhhal% tae thaAasformant is
uid of nat nore speci f.i ue,

BYL ety e I?é?aéfl d & M potd g‘r%spgjreecnoqil nuoals hich a
Poi et o Destrerdn tla i dfh @ Hejst(: z&&@@uﬁat entom@m;rendependent
%;3{,1\3%) a?égggg??%dro&eﬁ%%”én&bg“ ﬁl ra CS@EE haN:oenzyme

eSi's of I nt ef medi at es
f®9€ﬂha@’aimgleauzym 1sopaﬁpah§<éearncbﬁ§|1wrsﬁiugand then allowed

'%tl %@%ﬁ%@?&tﬁ&@ha M}%f‘gdugg% LNowidd aciB. (Bffent Documents

OF THE | NTION P
THId BVENTHONEVer, the reaction eLsEchS:LbTe% Bl% %OE\e/EQ Bocument

1 produces an L-amino 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 concentrationin a reaction fiuid of not more than a specific
value by adding the keto acid in portions or continuously.

Patent Document 1: JP-A Hell0-23896

Patent Document 2: WO 95/093081

Non-Patent Document 1: Ramesh N. Patel, “Enzymatic
synthesis of chiral intermediates for Omapatrilat, an
antihypertensive'drug”,BiomolecularEngineering,2001,DRL 17,
p. 1l67.

DISCLOSURE OF THE INVENTICN
PROBLEMS TO BE SCOLVED BY THE INVENTION
[0004]
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35 [0004] 3 The present inventors found out that use

of a keto acid with low purity as a substrate in a
reductive amnation may lead to |low productivity of

the reaction. [0005] 5 An object of the present

invention is to provide a method for efficiently
produci ng an L-am no acid |n&%pendent of the purity

of the substrate in the reductive am nati on. MEANS

FOR SOLVI NG THE PROBLEMS 10 [0006]. In view of
aboveThenprenedtpibBERRRT St HRURR d8bntth aFnV@ﬁtBFsaeketo acid

WARAYGH, e it eRs| é’%u%%%@'a@% 110 of teduoti ve hatidation may lead
reaction in which aC|ciés rresponding to a

toarigt Eﬁﬁ49§t%¥ﬁ§¥|9§ A -an anino acid

rogenase and an enzyne 15 havi ng coenzyne

[egfnn%aégap% ? %l}g tgegg ﬁVé ltcn’iaétsat[.cg%trov1de a method

e anlna i 'on) tion of
jnﬂemﬁ@ﬁﬁmﬂemtky[gamﬂuqqulam &-pnibaoasi dnbrdepererphol the

U.rl dpﬁfes ﬁﬂh? 10 aval dtﬂ@%é&@&@ﬁé Vi htieort 0 a

-amno acid and the |like, caused
by use of the keto acid with ow purity 20 as the

substrate. Accoidiagivr ShevaneserE PROBOENMSS have

cqggleted the present invention. [0007] Nanely, the
invention is characterized as follows. 25

One aspecti of dﬂ'letl‘psf esente-myent éroad i seeb sthodciorpresent

roduci n

R o A i €
18008l on Qn Rric®O2HKkELP aglﬁvm@squm ingfo a target amino
ggﬁ&bﬁ%r%ﬁ%%%dpﬁlﬁﬂbéﬂ'EHE&Qa@ldcgghy@igzéngé@Uﬁuiam.enzyme

unsubstituted or substituted C7 C20 al al r.ou
v BiRG LARRIVEMIS USSR ARG PR dd VOB c%y‘é? *Fq %H&) 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
a5 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 invention is a method for
producing an L-amino acid, which comprises reacting a keto acid
represented by the following formula (1):

[0008]
O

M

R™ TCOMH (1)

(wherein R is 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)

with an amino acid dehydrogenase and an enzyme having
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with an am no acid dehydrogenase and an enzymne havi ng

Va 4 coenzyne regenerating ability to convert to an
L-amino acid represented by the follow ng fornmul a

(2): [0009] NH2 R/\CO2H (2) 5 wherein Ris the sane

as descri bed above, wherein a coenzyne is added in

two or nore portions in t he % eacti on. [ 0010] Anot her
aspect of the present invention is the 10

above-nmentioned nmet hod for produci ng an L-am nq acid, 4
aslemzeine  regensuE thnofahild Ret'® £a S 5v0%t olr“eaé%l.no act

23%151 Fldd loaneidhersjasnectig dfordrig present i nvention
I% thgn'abovg?nentioned nmet hod for produci ng an

1004 1no acid, wherein 15 an anobunt of the coenzyne
adgfgd at the beginning of the reaction is not nore
than®3/4 of the total amount of the coenzyne added

t hfou hg%he reaction. [0012] Still another aspect of
RRh 6%% nt iny2htion is the 20 above-nentioned
et hod .f

f redud %@%a‘&@@@%&@ﬂbé@%%, t he

anount Oe(f)fretj_]']e coenzyne pe pOI‘tI on Is not nore thant. .
1/ 2 ofwheted it ¢t glosmPYR 16f 2CRECdBNEYAECAIRRES POrtioNs 1R

thy ough-ithe, reaction. [0013] Still another aspect of
the present invention is the 25 above-nmentioned

ht for producing an L-amino acid, wherein the
Coenz e tife 1€ (i partioust yr el deck s ERFECTVEFC IRHE 1is the

%ﬁ%§%§%ﬁp %1%% ?%?%gﬁggﬁgsé?ggﬁ ih@§%9§%%ﬁg#§kﬁf§d, wherein
heducei an ¢f anh@okatd dachdependehtobf Lehe-
[GC11]

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.
00121

Still another aspect of the present invention is the
above-mentioned method for producing an L-amino 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 1s the
above-mentioned method for producing an L-amino acid, wherein

the coenzyme is continuously added.

EFFECT OF THE INVENTION
[0014]
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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purity of the substrate keto acid. is 5 BEST MODE
FOR CARRYI NG OQUT THE | NVENTI ON [0015] Hereafter, the
present invention is described in detail based on an
enbodi nent. The scope of the present inventionis 5
not limted to the enbodlnent and t he exanpl es.

[0016] 1. Type of Keto Acid SUsed as Substrate in
Reductive am nation Exanples of the substrate used
in the reductive am nation of the fresent i_nvention

incI ude KBTDT ACOWE FOpreRBRY BHCG byt hBHE 15NYBIT 69 ng
rgudla (1): [0017] O R K CX®2H (1) wherein Ris an

unsu stituted or substituted Cl-C20 al kyl %JE ah yerail

unsubgeireatéeror LA TR ed CEIE S RGP 5% g,

b2 e o@NaH NSERe i ddHed Q*hesgbﬁpetm m&ﬁr%@narymventlon is

group [0018] The u s stltuted
net- aigridiag) It tdtf ST i hd pagf%céu][ arly
ﬂddngpd and exanples t her eof |nclude nmet hyl group

1g‘r %pf Op§£r %%ﬁ%&‘ suéé/lasg 5AUR r%t@EEHYﬂ{@&Q@Vhlr@%mlnat1on

car banoyl

groupExdnghmmqﬁﬁﬂhyBugﬁﬁﬁpteﬂuﬁyﬁﬁéﬂ§§%ﬁ?ﬂ“&FéUﬁamlnatlon
}é?ggéﬂwln r?t'r%n 2t tbieeidyds telisented by the

Y ethyl group, 4-amno butyl

EﬁkﬂﬂwlﬁﬂgﬁRﬁWQﬁ%o bropyl group, 4(5)-imnidazole

meihy] group, ethyl group, n-propyl group, 25 n-butyl

group, t-butyl group, 2,2-dinethyl propyl group,

chi®r onmet hyl  group, nethoxynethyl group

2- hydr oxyet hyl group, 3-am nopropyl group,

R<cyaposHhyl éggp, 3- cyanopropyl group,
4- (‘benzoyl am n butyl group, nethox% carbongl t%&%)alk 1
gr oup,whemelin Rel $ |aj@eun3@b§’ggmgy:ed or substitute Y
group, an unsubstituted or substituted C7-C20 alalkyl group,
or an unsubstituted or substituted C6-C20 aryl group.
foo181

The unsubstituted or substituted Cl1-C20 alkyl group as
theR@usnotparticularlylimited,andexamplesthereofinclude
methyl group, isopropyl group, isobutyl group, l-methylpropyl
group, carbamoyl methyl group, 2-carbamoyl ethyl group,
hydroxymethyl group, i-hydroxyethyl group, mercaptomethyl
group, 2-methylthioethyl group, (1-mercapto-l-methyl)ethyl
group, 4-amino butyl group, 3-guanidino propyl group,
4 (5)-imidazole methyl group, ethyl group, n-propyl group,
n-butyl group, t-butyl group, 2,2-dimethyl propyl droup,
chloromethyl group, methoxymethyl group, 2-hydroxyethyl group,
3-aminopropyl group, 2-cyancethyl group, 3-cyanopropyl group,
- {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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The unsubstituted or substituted C7-C20 al al kyl group
is not particularly Iimted, and exanpl es thereof

i ncl ude benzyl group, indolylmethyl group,

4- hydr oxybenzyl group, 6 2-fluorobenzyl group,
3-fluorobenzyl group, 4-fluorobenzyl group,

3, 4- net hyl enedi oxybenzyl groﬁb, and the like. [0020]
Exarples of the unsubstituted or substituted C6-C20
ary 5 group include phenyl group, 4-hydroxyphen
2gifaupyr obed zie gricre. 3[1‘;”@2131/>]r 1e§r t e‘]*ypluox—’Obenzyl

%t&}t ' t3“%‘iuet%‘i)l‘é%%ﬁ'8>d%&fz%ﬁ1p gy, 0>sy1|d tgreoUp ke .
ntrd group, cyano group, carboxyl group, alkyl
[¢0@%d, 10 aral kyl group, aryl group, alkanoyl group,

alt kenm&aglgqgﬁ, o?HEﬁ@Mhs%b@ufztuabldomyIsu@rsdtuptutleall 6gen20 aryl
atons,, and the | 022 he
SRR i G S %SL%{?UG%’ b‘qy-lil rlc{?% s %If xf(y?u&jponand £he

1pneduct i on of the keto acid and keto acid deconposed

ﬁﬁﬁgioducts Exanpl es of the inpurities include
aci ds such as hydrochloric _acid and sulfuric

aci d; Forgamilies afitds %@]@ﬁtlﬁéeﬁlbrlr?ﬂléld@n%fma%%ﬁreu&|lblydroxyl
chEechng s Laraty @:Q_*o%%d' H%n@%%}”ﬁarlﬂ@@legh:ump, alkyl group,

i ron, |th|un] man nese Zi nc

sl el 15 QDT QYL G © S “iiip A LORPET g roup,
£Hhanel ,q20uet vl keeet a_tneou;a,cemam@gem dduene, and the like.
chloroforn1 and n-hexane; and the |ike. [0023]

es of the keto acid deconposed products include
car boxyHd &ed:onnomadsay epnésemt duphyit hes foldlowisngy -products

Cg#}gg(liglp rg 11%99 ]ofREﬂ?@ét%séci\@%&%i EeBalaS:ltchﬁecomposed

ove arboxyllc coppounds
larcedm’oﬂucéd:ayypld@: Erpiatetsii ATRI 5 S hel el Eérludneral acids

199%%35 l?fgdpégh@gr@cke?éﬂj agids i £lhr1 @wcpdr:i o ygaectaaids such
as forlmrtrP’l:uer Ianlde%cetlc acid; metals such as sodium, potassium,
magnesium, calciun, iron, lithium, manganese, zinc, and copper,
and salts thereof; organic solvents such as methanol, ethanol,
ethyl acetate, acetone, toluene, chioroform, and n-hexane; and
the like.
[0023]

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

[0024]

wherein R is the same as described above. The carboxylic
compounds are produced by decarboxylation 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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as a substrate in a | ater-described reductive
am nation nmay lead to |low productivity of the
reaction (see Reference Exanple 1 and Conparative
Exanple 1) . The productivity of the reaction is
determned to be lowin cases such as a low yield of
atarget 7 L-amino acid, and a | ong reaction tine.
[0026] The purity of the keto acid described here is
represented by a ratio of the weight of the keto
TaGind reortcdidne@dnidn aa Jeatdo TeRGEdiod pridduct to the
Q§H t of the dried keto acid product. [0027] 2.

nzZy

Used i n Reductive am nation X an e
used iThet prer Hed o Foe ]‘%ﬁﬁ%éﬂlgnd?%cr'\%é%‘%H%@dlsﬁﬁﬁpresentEd

rQ%tﬂ}ﬁdﬁﬁgﬁt@é‘S#%u_ﬂ%/%ﬁﬁihe\/ﬂdey:ot acia ceduefihwdl yn a keto
n1nate a keto acid or. a cy '
aHet efodud dde e ﬁ’}’ff Chr%s tg‘é%ydrr 0genase, %ﬁre()du(:t

rogenase and pyrrollne 2- car boxyl at e reduct ase,

and t he ke 8 T aci d

d&% gz %%Féﬁ#%gﬁiedﬁﬂhggnzyne such as
NADH |Ne>¢the areartiiore Rl tie WoeRARE NADH 2 idation 1s
escf{lgee&j t%r{ltltﬂl Qd il %Jﬁd@éﬂés@@ﬂ@@%cﬁlﬁm to

nmount of the coegv¥ne to be use

et 41 S La BRI 2B o) GuERGL e T Bbe PBi gfereles
B BOZY Bn FRYEN Qo0 |1 4 YaR0n ¢ odelondesgehhiee pxl eilzbue

coenzynme to the reduced.f or e My d
Ao EOESRET oGBPHE Y BT P EgT PaR o s L5 and the
compound of the enzyne havi ng coenzyne regenerating

g@b%g ty to proceed under the presence of the am no
dehydrogenase. 25 [0029] Exanples of the enzyme
havi ngrivesn zymene egehérdehgroaprisey Fadrihe @ reduced

g %ﬁg?@gagﬁéh formate dehywls agenasen aleehehe coenzyme NADH

genases, al dehyde dehydrogenase

gEmsg:@iq;h&gp’ﬁ}agé)x é@’éﬁ'a B a 8F85’8§3 of the reaction.
dehydregepasesthandotheyviickeo Bermatd can be significantly

reduced by allowing the reaction of an enzyme having ability
+o convert the oxidized cocenzyme to the reduced form
(hereinafter, referred to ccenzynme regenerating ability) and
asubstratecompoundcﬂftheenzymehavingcoenzymeregenerating
ability to proceed under the presence of the amino acid
dehydrogenase.

[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
dehydrogenase is suitably used.

[0030]

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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30 dehydrogenase is suitably used. [0030] The am no
aci d dehydrogenase and enzyne havi ng coenzyne
regenerating ability used in the present invention
may be ani mal -derived, plant-derived, or

m cr oor gani smderived. 35 However,

m cr oor gani smderi ved enzyne§ are desirable for 8

i ndustrial use. [0031] Exanpl es of m croorgani sns
capabl e of producing the amno acid dehydrogenase
iimitladde Knaowvere -m cr oor gani sns capabl e of 5 producing

éﬂfggnzyne bel onging to the genera: Brevibacterium
coccus, Sporosarcina, Thernp ac
M cr oﬂaf@ﬂ@rlle@r@f mlllﬁl‘—’@%r%éllsﬁso%???a%i n%%%C?LF?lng the amino

alr\né‘a::t; g%%}g}; flroded Io 1%2&]@1%e0&g€bvﬁermhgﬂicargamrﬁinmt¢mable of
n f
RﬁQﬁQﬁﬁQﬁ“§h§n§n5%p %%%ng%ng§¥y%%gn§éhéggll%{%&éﬁ%sterlum,

ﬁkﬁdééﬂ&éﬁs¢N5p63b$mﬁcdmmhv@HetmoﬁcBaoDmvggs P& ebacterium,

1059
Q%%S%ﬁﬁggaggi%ﬂf d§£évfpuér?ﬂ%ly éﬁéf@ Escherlchla,

I'’s nore desi used. [0033]
drod m@rmmm,gam@ ne Baet | P ieT PREV R ML 1059

B es phenyl al ani ne dehydrogenase, and is
escr bed in EP 256514 and Biosci. Biote

Bi ochainzvmeDsie njgl el 5o %crci‘hrg%lsf%ftbgﬂlf%%ﬁ? to the

JO8u B Q0ngank s B &agi Faise sphaeeheyseNBRO @34 From Bacillus
produces 20 | euci ne dehydro enasgd_fﬁﬂg

BrAVE?F dfeHdde Fr 8 BAGHIOY “Spnaericus ﬁé&é%ﬁls Sﬁhaerlcus
tibecsane nunbereofleaimrablaciidedesi dues and exactly

iﬁg 3$ne am no acid sequence as those of the known
9 | euci ne dehydrogenase_ from Bacil | us

but ~haBhe 14i didé egent sBaBesl AkbhgPadyss bé%%ﬁ%% pedduces
gﬁ@ﬁﬁgﬂaﬁﬂg e@ﬁi@&é@isé hergene s@sguensel ah Ep 256514 and

acl Fl'us su I's avallabl ture
Bobars - FRLaEn rgzﬂg S Bement o0 1 élé“e(%%cg\gsu oRr P 1994
[0034]

ThendcroorganimnBacillussphaericusNBRC3341produces
leucine.dehydrogenase. Leucine dehydrogenase from Bacillus
sphaericus NBRC 3341 has the same number of amino acid residues
and exactly the same amino acid sequence as those of the known
enzyme lsucine dehydrogenase from Bacillus subtilis, but has
14 different bases among 1095 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
microorganismsbelonging1x)thegeneraNeurospora,Escherichia,
or Aerobacter produce pyrroline-Z-carboxylate reductase
(Methods Enzymol., 1962, volume 5, p. 882).

[0036]

Examples of the microorganisms capable of producing

formate dehydrogenase include known microorganisms capable of

producing the enzyme belonging to the genera: Candida,
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nunber CAB14339). The foll ow ng docunent discl oses
that m croorgani sns belonging to the genera

Neur ospora, Escherichia, 30 or Aerobacter produce
pyrroline-2-carboxyl ate reductase, (Methods Enzynol.
1962, volunme 5, p. 882). [0036] Exanples of the

m cr oor gani sns capabl e of préﬁu0|ng formate

dehydr ogenase i ncl ude known m croorgani sns capabl e of
35 producing the enzyne beIon%)ng to the genera
KQardikeaa 9 Pikihdeok dridormicetisa, Moraxella,

%‘é‘i’n‘l 25 VDRl d e S Bhomrslobi 148, l%afoa@omwmbacter,

obacl I I'us, ‘and Ancyl obacter, and the |ike. [ 0037]
d@dTmhébdéﬂﬁius- or Ancyl obact er-derived enzymes are

gfﬁ%Ssgle FégNegzyne derived from Thi obacillus sp.

P-7671), an
Ancy! dbd 6‘&3@1’311&&%“ EﬁWﬂé’%’ﬂﬁeﬁ E%%S;é%%zf are °re
duyie #4688 I abhe enfz0@8Heri®eln foote T tiobalstidiliisa sp. KNK6SMA
&lﬁgﬁtéﬁon L {’Qhr&i il g&mﬁﬁ%c@@lﬁp\l’@d plo®fdh S BMacter

e respect enzymes, preparation of
st artEiTs fo (B O r bﬁ@érﬁ%ﬂ ?r%5)aoaf%t%@%%£e%%r%%
chggwlose skilled in art. The t ransf or ned
M croorgani smis prepared, exanpl e,
cl oni Ag erdéﬁci"—?ré’%ﬁfﬂlaoﬁje g% Bgécr?'gpeigllgﬁf’gftﬁgallfs%(r:ﬁpable
@fetfealtcr_iemvw@dtﬁ%ﬁmefdehwmmma@wm preparation
gener at i a reconbi nant i
et e TR P BP RPAE arigb e e P agEg S Amratup to those
#isi 1 bed incdripar mmtaamyformmme@nqprmm femigepared, for

C£gﬁ g'ngstpga%§€303%?§ﬂ£n§|Qsﬂégciﬂe @éﬁ?éf@g@nase gene

o mant he vector asm d or
@ﬂﬂ’a@E’l@érﬁM@d af poRpAn PR CHodrigali iR draydggyenase activity;

(?%Ier A 1£@ld Y SR iGRirR b'latshlﬁdhﬁsinqoaﬁ s el ateicter; and

can be used., E [
tg%%%ﬁ9%%¥%gébb?SF5PQ£g§¥§éa%€ﬁ foE exaggkrkﬂ:partlcularly
bagi esd dl ©gimaln 25 gthiar actlar usnngstlaee e denovrirtan it pdgemid to

Skipled inart,  Le,dgsirably
{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 exanple,
Escherichia coli for transformation, whose bacteriological
characteristics are known to those 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]

Examplesofsuchvectorsincludevectorseasilyavailable
to those skilled in the art or commercially available vectors,
such as pUCl8 (Takara Bio, Inc.), pUCILS (Takara Bio, Inc.},
pBR322 (Takara Bio, Inc.), pACYCIl84 (NIPPON GENE Co., Ltd.).,
pSTV28 (Takara Bio, Inc.), pSTV29 (Takara Bio, Inc.), pSClol
(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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used as the host organism and a vector that can
automatically replicate in the organismis desirably
used as the vector. [0040] Exanples of such vectors
include vectors easily available 30 to those skilled
in the art or comercially aX ilabl e vectors, such
as pUC1l8 (Takara Bio, Inc.), §U019 (Takara Bi o,
Inc.), pBR322 (Takara Bio, Inc.), pACYC184 (N PPON
GENE Co., Ltd.) E;)STV’ZS (Takara Bi o, Inc kPSTV
deFakainz $Rito,0 ﬁ@) L5EE, qehiadosT ‘jtiereo
Hﬁﬁﬁ‘ued(gakaaa Blok :Pc ), and pUCNT that 35 can be
prepare ose skil.led in the, art base
descr iT5 @ér&ﬁaﬁﬂv§ﬁ76 i@deaﬁac&8fﬁvéP.v gﬁh p@ %QOter’ 2
1094k 2 the, derénviashyes, iISIckadeeneet v sepﬁ;lwarcgﬁnalnltlatlon
a _termnator, nc SEgH
éiﬁﬁ {ﬁﬁ%(ﬂ1?¥n??%f#on $Q§€% ?e§¥ganotﬁg%@a for the

gt St ryo gmHaafsamOdeé@lmlr ofh&hsurpyesst gnd stabilize
%$§r dﬁncioqﬂﬁi'égh rd R& %@ﬁﬁ%ﬁ% @@@gskéhhbtéﬁcetbéne, or

aﬁd vectors 1 n which [esi st ance
@rre%tf€@¢l¢%t¢@ﬁY%%z§h%es%?et?% ?hgnﬁpgn?h estte™f gifled'
Pﬁ@ i ed.. [0042] 10 Exanpl es of the transfornants

us obtalned I Esch hi

(PFTOCETFERN ‘B 65723 COM AT AGY L RS (o paf e tnetude
ﬂ@@yawgﬁnas&mmm| (ped 0brom FRRG BRI 16 18 syntaining the
KNKERN SEERN BERIBTL) oRscheck chharephl hEdBlci1lug sp.

containin e sane WQ
wemzwzmmm%ew)u,k@schﬁsl[c@easyoirhé{ﬁje%n@FMZ (FERM

N, 960l e HSed ch §fige AIBSE RO JINNIAN) abad the 1ike.

and descri bed in, for exanple,
BPédll ar C oning 2nd Edition (Cold Sprlng Fb?gor

Labora@@éyre5$ﬁ§§naﬂ989ﬁk,ﬁédhﬁMQﬁeﬁtuEEdtmnotheipresent
APbSEt 3y kTl - Bt kL 00 (358531 £5r cxample,
Mbae&ﬁmaﬁamoamﬂgt hed| Tdet eoabl@sld |Sgeis ddor Laboratory
BE%%%?th8§99t Lhe enzyIes. pand ihe sensy el tanheBiology
{(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 ammenium salis, ammonia solution, ammonia dgas, urea,
yeast extract, peptone, corn steep liquors, and the like.

Examples of the inorganic salts include phosphates, magnesium
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used for production of L-am no acids. A mcroorgani sm
may be 25 cultured using a general culture nedium A
general culture mediumcontaining nutrients such as
carbon sources, nitrogen sources, and inorganic
salts can be used for the culturing. Addition of
trace organic nutrients such*is vitanins and anino
acids in many cases produces a favorable result.
Exanpl es of 30 the suitable carbon sources include
searbohydt at esus weh tas Sefl tiebse i ST 048 Sgrigunt Eon S21tS,
sR4irds 3UCR1A, A58, | Gralidhe Ande al cohol's, and i he

I'i ke. Exanpl es of 'the nitrogen sources include
[&%%6ri um sal ts, anmoni a sol uti on, anmoni a gas, urea,

Y?EStngtgggkufﬁe@b?peratumﬁ steepel iguarsanaad  Harom 25°C
i ke., s, of. the_ inor. ' j o ;
St G RGeS Y o T Hor sk i sal'te, o e
csadiute sl hay waliol anrgage L ifrom 4ate $, a8d gapegably from
5:: g%gw ' %E‘Eh)%gg gl ;bﬁ%ch[ 0043 1he aekh¥beor a continuous

erature ma a range of from25C 5 to 40C,

canld yamd qudtdrddy Tesiratisedrom 25C to 37C. The

4éyglpkknay be in a range of from4 to 8, and

esirably from 5 to 7.5. Either a batch cul.turing.:.:

met hod 6FeatBEAtI AeBu T T HerRca TRy 58 ﬁ%gaFlon'Of
ﬂ%@c}q}{ﬂ-@l-ﬁtgi@ﬂl%aiﬁtémi Plihe érpess suchhe like
as addition o i sopropyl-l-thio-(3-D gal act osi de
RA%p ?Ol%ﬁtQﬁﬁﬁ%ﬁm$%@ ¥%Q%eé%%§aé 50 be perforned,
ido4iecessary. [0047] 3. Reductive am nation 15 Next,

%Cif%et%%)&{gédggﬁg%i&g an L-amno acid froma keto

a reductive amnation js described. In,éﬁ;
r eductiysset , @mnﬁghpén’fo¥ @:‘Cg{:@%%l%laal’ Lt—ﬁ]@ll’lo aci rom a keto

% 23‘93}7%!19;3@%%@1%@ aﬁiﬁgit;dondggy?&szgﬂm, tTe tBRzyeguctive
_ _coenzymne_regenerati abj lity _and a su te..
bR of T %ek%ﬁgyﬁﬁl repg?la%?gge%?ngﬁag?ﬁegﬁiéﬁ Scid
dﬁﬁ&@ié@@ﬁﬂséptﬂﬁﬁéhz?meanﬂaquﬁoqenﬂguemmgquﬂpﬂﬂngability
and a substrate compound of the enzyme are all present together,

and allowed to react in an aqueous medium.
[0048]

The amino acid dehydrogenase and the enzyme having
coenzymeregeneratingabilityusedszthepresentinventimnmay
be produced by culturing microorganisms each having activity
of either enzyme, or preparing transformants into 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
intowhichthepluralenzymegenesareintroduced,andculturing
the transformant.

[0048]

In the present invention, the produced amino acid

dehydrogenase and the produced enzyme having coenzyme

regenerating ability can be used per se, or may be contained
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The am no acid dehydrogenase and the enzyne havi ng
coenzyme regenerating ability used in the present
invention may be produced by cul turing
m croorgani sns each having activity 25 of either
enzyme, or preparing transforpmants into each of which
either of the enzyne genes i 52i ntroduced, and
culturing the transformants. Alternatively, the
am no acid dehydrogenase and the enzyne havin
icoEine e roegeRerEm (% @bﬂﬂi@W%E£99HQ?Q%%FPB?Sg§ﬁ?dprOduCt'
z%%%ﬁ”%ﬂﬁﬁ Y- RE IRAUE 8 e S RP YT R tiranEf Oirmantas a
i'nto ich the plural enzyne genes are introggge%
PEREUG B EY PG TIENERE 9B SPERREM C T DbOP IR THET oS SEract,
ogfl;tst%@d e, | @d,l%djﬂljﬂfw&df(ﬁﬁmfa@im acetone-dried
ehydr ogenase and the, produc enzy, havi ng coenzyne
%%@@@héﬁlqﬁ%‘iﬁﬁ?q yCééglnS gﬁgleuse per se, or may be
e ned 12 in the microorganisn(s) or in a
mcro ani s ro . t; 5 14
m crlog{h%éfnim_s_a:g %rqulg’zez‘)ggrgr 0 ug%oﬁmslé’éﬁg%nnelgﬁgg?lzed ShEYne
qrieduetd ey ol itzdmge tthen 2pAaTsSt PYi Festrhlasthemselves
g&ﬁ?giﬁﬁgﬁ&%&?&ﬂg&%@@hﬁgglCaﬁos'gl!jmhid,i zeétalent binding,
| tone-drie or gani sm angd,_di srupt ed
Rl $5cahA Tt Po507 " %ye%?g%%e%geW%]O?he fpor m
?%quql nnoblllzeﬂ enzyme obtained by immbilizing
e enzynes, or the cells th Y S KDOMO +
netho&“égSHiﬁkogr%§§¥¥ﬁ%@ﬁbggggégfgﬁp '?né¥ﬁ%%05€0 cioned

phystcave agsoipt i on, i oresaredmd dondAbresehsae pobseiency of

| Qg%i tion of a g%%p?%féﬁzgﬁh%h sAEhNAR 1120 the added desirably at

above-Tmentione eductive amnation is expected to.
& npronan et et i Ewep 8+ OOPABL AL TBHED Thd T GeRgfinga ents
%#E]Frg%s Oob%%igﬁsdgﬁﬁﬁtfabéy Abrd5dasceabent FabmoA. 00001
f . equi val ents to 2 equival ents , W

e@spERicrbSt he SubsPAEL &2 ﬁBFE'dﬁ%F?a%FymPF8n98g%%%8iy Fron
ggﬂwﬁgelﬁﬁii&atl@rﬁaslteqm Vakentivalkmttsher Therawper limit of the
esir rom 0.0001 equi . . : .
CeSin el e IR PR YL 10, Bty dumiea,
paenzypechbdlbeiaddeeiid vadenssr prcheasky Jeparebdy 0-1
equivalents or less, more desirably 0.0 equivalents or less
for econcmical 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 1in two or more portions can improve the
productivity of the reaction (addition in portions), compared
to addition of all in one portion at the beginning of the reaction
(additicn in one portion) (seeExamplel and Comparative Example
1) . The productivity is determined to be improved in cases such
as an improved yield of a target L-amino acid and a short reaction
time. Even in the case where such a keto acid with low purity
is used as the substrate and the entire amcunt 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, nore desirably 0.01

equi valents or less for econom cal reasons. [0052]
In the case where a keto acid with |low purity that

| eads 25 to | ow productivity_of the reaction as
described in the preceding i%ction 1 is used as the
substrate, addition of the coenzyne such as NAD in

two or nore portions can inprove the tIVItX

privelucgdctiiton o € afde t1 R+ § ¥ 6RF %ﬁsamp%g‘ﬁ%cg g a large

a@[ﬁaq‘{ﬁﬂ F Qﬁeaé:&ehﬁyﬁ@e Refvdedr ataddi&;mﬁgblfnthg ﬁenzyme in
e reaction 30 add|t|%£%| n one %rtlon

SRS 2R RE iR aiAE XA b O 11y 2heb3Sfe to be added.

pmpﬁﬂct|V|ty Is determned to be |nproved I n cases

suc s _ap. inproved vi.eld a

and angr%)r Eh?e QF% oyﬁmé/ i fa8ka Ven 59% 8}15&?%19&9 agtﬁaﬁt of the
dnﬁﬂzymé«adﬂaﬁnai\nhﬁwﬂamwnpummtyf Fbeugéﬂcﬁéoﬁhés desirably

3;)(;43%&[ af & angde the, entiLe g &f the @@&DZ})&E@ B35 b added

i'n" one ortlon at the beginnin

ez glorkhet h%aQBlOBr JeRAER ﬂﬁStlfaé?r % HZ%%%&%% Euptpgr more

A1 oved, by addi ng & | arga 1 aetherohorbedesenayig. 1/3, 1/4
However,~ addi tion of the coenzynme in portions can

PRdtRES tHe iRt AICEMDFHCW Tt he coenzyne to be added.
[OOSB] 5 V%en the coenzyne is added in portions, the

anmount_ of coen e.b
r eact i Bh a]dg %égnr,agﬁggegl?% riazém( i §<%c'éé‘c§.”oﬁgip%ﬁ:tﬁgﬁs, the
amoumt  of UmheCO@@mﬂyﬁeaddeﬁelgd@%Qh,gqﬁﬁﬁﬂﬂ1q§hée51rably 2/3

céf %_Ctéig’f ec ] raﬂx%lu)ﬁtzég He |c%%§1,zyfn@r thefe I&@H@d through
esira ess, still further n% esirab

uns re@/czq:lom I@qua @@glg]abtlwel{%pa Sffu Gégmre' %ﬁes&rably

adgi §§ oo shedt 11 BoefZyMend 1% atideid s ypartd oms leskeof the
anount of the coenzynme added in each portion is
BekR+aBPYUBFS or less of the total anount of the

¢coepgyne to be added through 15 the reaction, nore

oL b M LSt LIS Sty bl gtseany
fotiato amrooote portions, more de51rably three or more portlons,
further more desirably four or more portions. Here, the
coenzyme can also be continuously added during the reaction.
[0056]

The addition of the coenzyme in portions is effective in
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]

The keto acid 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), and then the reaction is allowed to proceed with a
temperature kept in a suitable range of from 10°C to 80°C,
desirably from 20°C to 60°C, while the reaction fluid is allowed
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[ 0055] When added in portions, the coenzyne is added
desirably 20 in two or nore portions, nore desirably
three or nore portions, further nore desirably four
or nore portions. Here, the coenzynme can al so be
conti nuously added during the reaction. [0056] The
addition of the coenzyne in gértions is effective in

25 inmproving productivity of the reaction when using
a substrate wth a purity of not nnre(% an 95% nore
RGP Opﬂ

§I8F -of
Misdpre than 90% further nore effective when a
substrate with a purit ot ot e t,han :

30 Thé“%@ﬁ515@@d1?3F5lﬁ §g? B suﬁs??a%r§§¥gt%%99§€gd tnoa
ﬂa&dj@tdweroamnabl oR, lmonles@@sismeﬂoby isuspeatee af from 6 to
| .oadi cent atl f 0

%kaT%% SIP&b % us é&dﬂ%%gﬁ %Mfk§o% % pbase.

EhErL T he reactlon |s allomed to proceed with a

t enper eiba ofe £808% H0Cohe porti
oTPeIgI Kophro8 il abke; iy ol Lnamiicte porton

G T 90 0T GURER 1m0r*%ib0%% andt dFa%th? r e grues

E%%ﬂé&thBﬂﬂéﬂjﬁgtHddﬂbr a[@@ﬁﬁhnabmsngethedreantbenused for
the %%@IS deS|rabI¥ uste in a %an e of from4 to

e TReh t LpRS |’ﬁe Urbhge 3FFPonTs to 5 11. The
p&b@@p be adjusted by adding an acid or a base.
[ 00591, Theraibeinatecl e o Jﬁ@ﬁbk%e@é’a@&@é?%é Nike can

one p portions, or be
hze)rmwrdlousl’gheadmhlctlﬁrq @érlr@ﬁdatrbl@fnﬁbﬁoareﬁeat invention.

ﬁ%ﬁ%\/ﬂéﬂé@%ﬁ RLhog, £ahs R dised 1henude ﬂ';ah@er, buffer solutions

nmenti oned reducti,ve am nati on. k{ % %# y d
ARAOHIYS Qe MaskyATE Ok 3Bt Bdale LREaR ot O P UHE T PREVEOR 2R
saRtdresysegel 6@&&1@@611:%% sanehrzast bbnapnblt hedther examples

BLCPEL STt 20 AR, 8, Sle e QA0S TPUIL pnases
60Nt ad nilngv evat et bondd e diddss r@im andaadg organlc solvent
hardly soluble in water such as ethyl acetate, butyl acetate,
toluene,chloroform,andnrhexane,andothersuitablesolvents.
In addition, an antioxidant, a surfactant, a metal or the like
may also be added, if necessary.

[0061] _

The L—amino acid produced through the reductive amination
can be isolated, or separated and purified by a conventional
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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a water sol uble organic solvent such as ethanol

G her exanples of the aqueous nediuminclude nedia
consi sting of two phases of the above-nentioned
aqueous nedi um and an organi c solvent hardly soluble

in water such as ethyl acetaig butyl acetate, 20

t ol uene, chlorofoynl and n-hexXane, and other suitable
solvenfs. In addi tion, an ant|OX|dant a surfactant,

a metal or the like nay al so be added, if necessar
(QOeHraTHe 6 e el PAHRDE (He dGHi e -e UCLAE By

%ﬁﬁ?ﬁ%ﬁ?%i%ﬂ?ﬂﬁﬂldﬁ1 ﬁgﬂ%ﬁﬂbﬂfbﬂfﬂﬂéﬂzyhe(thﬂﬂﬁuﬁﬂmnhon)
P ¢} ventl onal .
Cuich d<CERLFBELPOR. TEhLPrABR CoT YAt AT Tyt v €Y 2nd

f&rﬁéﬂéﬂﬂbﬂyﬁ ﬂHHéﬂﬂBthﬂt}lWﬂﬂﬂpﬂﬁﬂaxﬂﬂ falek@oing the

SR B e T T YELO R HBtATFe SR Blag iS4 althe
asﬁttrmemxtenﬂa&)nlm@cmbatetd mrteel 2 cStenhkkbresdamplibsn A
gat»ieggo@gg 113 <g%q%g gkwscﬁxmge P iunidhasirs gef 0.5%, and

euci nd Uuctive am nati Addi t f
Caiay b o OIS HFEPGPILbrdmtior HRinFHRn B i1 1in was

égﬁ%%p%gQQPXQﬁﬁﬂfﬂﬁﬁfxﬁﬁ{|Vﬁﬂypﬁﬂdg-torﬁﬁé61llzatlon 7.0),
enase activity was r f.ol
RO GE¢lr 2cHeREFT Y BN PR Péﬁ@%’cﬁéﬁﬁ Rur?haet 33°C.
EPa?ffornant was i nocul ated into a sterlllzed medi um

ri.pto 1. 6% X W
chl o”@g q%./al%e gﬁ%ﬁ%& fi@fﬁ% % &%ll*?iglgol Ve%dlao collect
del bsj zed! Wae @rel(lamec.emusfpambed afdied ogFi7ed water to obtain
gtgg%% E@ﬁ&@ﬂ%ragg prior to sterilization: 7.0), 10

en aerobrcally cultured with shaking for 48
hedpslat 33C. [0064] The obtained culture fluid was
centrifyaed sty ed t eChetiel byruand ddid edlths: peréty of 83.2%

gg%g:ggsgggn geéggizggnggh E %o gggahﬂmoﬁiﬁﬁlkormate in an

amount of 1.4 molar equivalents 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 0.0009 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.
[0066]

Remaining trimethyl pyruvic acid and produced
I—~tert-leucine were analyzed using high performance liguid
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 mols,
while the yield and the optical purity of L-tert-leucine were
81.1 mol% and 99% e.e. or more, respectively.

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

ratioc of trimethyl pyruvic acid was higher compared to the case
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15 [0065] To 96.2 ng of trinmethyl pyruvic acid with a
purity of 83.2% were added the cell concentrate and
amonium formate in an anount of 1.4 nol ar

equi valents with respect to the trinmethyl pyruvic
acid. In addition, SM annoniﬁGSolution was added to
20 adjust the pH of the fluid'to 8.0, and dei oni zed
wat er was added to prepare 2 nl of a reaction fluid.
To the reaction fluid, NAD in an a unt af 0.0009
winslrar taguierayenPYTHVR Pedsk et o Mide AT i 1sed
@@f@@éhdgng%dmggeaned and the reaction was all owed

roceed for 21.5 hours at 30C while being stirred.

[é%”f 8J066] Remmi ning trinethyl pyruvic acid and

pradu et 1 dsitse oricdudione o rle: lareihpzle P usiwig Higgid)
perfornﬁnce_!gggh glghgeggt%qughg ﬁffifa5écﬁmtfﬁ%oduced by

resi din he “opt i cal purlg%r
Nacel i1 ﬂ?esgeetll/red:y M@@lﬂ&ﬁhﬁ§er‘e1/% Pﬁé@sgeumr@osphate

i of,i 1 Bt Ui O ek hayes, 8.l rate: 1
bueflséo?druaé!vawl‘fém }%ezi drma/r%é%%:g@tl cal purity of ranes
/tnemtuﬂeaucﬁqﬂelmmrteemmqtm 2% Ehé 9@%@6&10&- HoPe P

ctively. [0067] The yi eId of L-tert-Ieucine was

ower and t he resi o of trine hyI pyruvi c
ge e Vi q:‘lfﬂlg%]r% CE% h% Thse 1i%mév\,here
tri rrethumyr ewMG:caaRdL\Amthgh pu iy *vigs0 rgedproduced by

Ref.erence Ex H al .
Sk @h%lfca?'%?%ﬁ OQ%%%%C%I%&AP ¥SbSle phase: 2 m
dﬁ@ﬁwﬁsbhlﬁéls:ﬁWl%Ml@nﬁm¢&hqg@lnn$5b$oéué@5r%?e 1 ml/minute,

al ai C.)so potassi um
(gigv a%eﬁ%%%%gso%%tqvg?é(&% 0) J acet (;m%ﬁl trile =
BIFlowrate: 1 m/minute, Columm tenperature:
OGmPes agt PR 24 0s A 1L-[8869]Lelid i fHRbCRANAIcYSive amination
condrtron of L-iert- Leu0|ge Cblu : SUM CHI RAL
B EHeO? 08 PRFREY by Sumika

Cheni cad 9Analysb$ (Semettey] byduyichsbid eiphaseur 2tiat 83 .25
used in Comparative Example 1 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 amount of 1.4
molar equivalents with respect to trimethyl pyruvic acid. 1In
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
a4 reaction fluid. To the reaction fluid, NAD in an amount of
0.0003nmlarequivalentswithrespecttotrimethylpyruvicacid
was added, and stirred at 30°C.
[C071]

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.
(00721

Remaining trimethyl pyruvic acid and produced
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copper sulfate solution/nmethanol = 95/5, Flowrate: 1
m/mnute, Colum tenperature: 35C, Detection: 254
nm 15 [0070] (Exanple 1) Synthesis of L-tert-Leucine
by Reductive am nation (Addition of Coenzyne in
Portions) To 96.2 ng of tri hyl pyruvic acid with a
purity of 83.2% used in Co rati ve Exanple 1 were
added the cell concentrate 20 of the transfornmant

havi ng | euci ne dehydrogenase activity and formate
Igdleydrdgaisdse werpvahg Wﬁe@héogaﬁﬁeaﬁ%ﬁh u%ﬁ {%P%JOO’I (fnd the
ogi'l%rlabifu\fc%t aﬂa: @hé,yﬁéﬂd?mﬁb@m%@éhﬁl &y nfalowing the
amount 0 : mpl ar _equi val ent.s W t espect
SPRICTBEAGPARF (A o AR T FL L ST R e SM s gu £ reveal
spltuthen-awisdadded ttiio afljtusima ey pHyohvihea 251 flag 8- 4 mols,

0, 8.0, and.dei oni zed ; e —PLEPRLE et 104.3
%ﬁe x&e}ga%PFdﬁh?fjﬁ%¥x¥%&$ﬁ€' eggfﬁogegﬁuggs NAD i n
marl arouhtd 9 e .(: 0003 mofer ERRRSETEMRSY with respect
gﬂ%?gfnethyl pyruvic acid was added, and stirred at

OC. 70071] A 30 NAD in an_anmount of g@%&%%‘nnla£  dual
equi valtentreinidt A rlestREt ~Letel tRd'EU e 2Rbs A detf T
2 o E@Fﬁétﬁ?%%ﬁ}{qﬁ@@i@%@iﬂmm@ lOilf\rclet hemreactd dm, the case
respectively, and the yeaction was -
Broreher st Roarddabr e Bir fhad Eingdrative Exanple
tyj met hyl pyruvic acid and produced 17
tgﬁf%i-leucine were anal yzed for the residual ratio,

d

e optical purity and the yield, respectively, .
Be fot v Fearipd e Bhfynitmssdpé st Rt Copakag Dyeleductive

Eg@gg&f%&. The results reveal that the residua

trimethyl pyruvic acid was 0.4 npl %_5_the

yi el d Eméle ﬁ@%ﬁ%i AT & PYSHVELStasE ng%ia%%uﬁépg of 98.5%

WOfe 3348k % 180 d-99% €okcentraveepir espettanefyrmant having
0073] The ild of L-tert-Ieuci L gh

Feet i S FreSerase: nebhyt Chyrig: Soaur b BEn fbtRase

govpat g 1w e seaseamdOntheseusté Yo &ivrpas aldy addegrle 1/

égdgﬁgxﬂgﬁﬁlggr&gQgpﬁ£%ﬁfgﬁoﬁﬁ@@?&ﬁ.4:molar equivalents with

respect to 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 fiuid.
[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.

[GGT76]

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 a conversion ratio of 96.4 mol% with an optical
purity of 29% e.e. or more.

[0077]

(Reference Example 2) Preparation of Transformant Having
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1). [0074] (Reference Exanple 1) Synthesis of
L-tert-Leuci ne by Reductive amnation 15 To 81.2 ng
of trimethyl pyruvic acid with a purity of 98.5%
were added the cell concentrate of the transfornmant
havi ng | euci ne dehydrogenase_activity and formate
dehydrogenase activity in tﬁg sane anount as used in
Corrparatitve Exarrlpl e 1, and ammoniumformate in an
amount of 1.4 nolar equivalents with 2

Honmpdteh e WA RE S 3RS 3%0 Y7 dddi ti on, 5|c\)/| ;ﬁ?rﬁﬁ.‘:; £

sol ut izem was addedctiocad] ustnthe @éh@ﬁet@é Thinlhdebilus sp.

8.0, an i ni wat er_was. adde .
WK%S%QEF?@# Lﬁe’g ) 2P GosTP o{:jl‘?h(%ll react %ﬁgfg g@rlmer L
sgs Iadded NAD: ithcaseamoooe bis01000%Rn@Prpleg2: SEQ ID NO:

£ Ul IR eenm%%lygr#% dé)tteﬁ{%to the substrate, and the

Feact i on roceed for 22 hours at 30C
MHiT®! being stirred. [0076] Analysis was perforned

by foldawi,ng Lhe same @%eﬂélwowé‘;i) B 100 CYmEAL Venplate
Exanple 1, and the results rev tx@a tr|

I
BV uvied Cadicgienad -dics Sppdared AoHes O LAG pgd vmerase
Mﬁ»‘@éﬁdiy @a&@maeBsbonIﬁat b prB@ner@mlP%mbebtaﬁuffer 11

uri 9% e. 3
&%ech %?‘%QD % Pr eISar gtl on of ‘Foans g?n%)lutlon (2.5
nigave axch kBITHor rﬁatpsl RBetydredg@fase! Actimein popoRipas. Sterile

%%ﬁ O%E‘ﬁk/l%l g%;a%&%ggﬁn%o ;g'%gcﬂéaalnétsmﬁpfluld in total.

Hert n@waturesEQ)mD 5N@)Cr1 3R %ﬁ@ogéaben%ﬁ??%w&g E‘@in%, 30

%%%?%&s%cﬁgﬁgﬁﬁ)éﬁ%e%§18nlﬁe§6€1§ﬁquB$§ |gstsag¢nds were
S carried ou 1

¥Piee 2 BRP| '@Te 2 SDRECHET & ) %‘eur%c’ég%&%ﬂf% was cooled
Pyrobest DNA pol ynerase

[0079]

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

[CO80]

The obtained plasmid was transformed into competent cells
of Escherichia coli HB101l. Thus, atransformant having formate
dehydrogenase activity was prepared.

[ocsl]

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

[0082]

The obtained culture fluid was centrifuged to collect

cells, and the plasmid was extracted using a QIAprep 3Spin

Miniprep Kit (produced by QIAGEN). Thus, plasmids designed to
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(produced by Takara Bio, Inc.), 5 pl of 10xpyrobest
Buffer 11 10 (produced by Takara Bio, Inc.), 4 pl of
a dNTP solution (2.5 mnM each dNTP), 2 pl each of 20
pM prinmer solutions. Sterile water was al so added to
obtain 50 pl of a reaction flyid in total. Heat
denaturation (96C, 30 seconds%, anneal i ng (50C, 30
seconds), and an extension reaction (72C, 90 seconds)

were 15 repeated for 25 _c nd,then the Jsac
i e s 4501 S0 cz@fo% o1 TR i S e L Feved.
p@w@3ped by PCR was cleaved by restrlct|on enzynes
and E%Q
[SE=] X b
h@mcxm®deEﬂba83@n@ﬁeD@@t¥Vthon of VO 94/03613)
cl eaV%Fp%FEr@arleféd%% u%ﬂ;ﬂé a éeﬁbﬁérﬂﬂ B@%illgﬁh%dslb@aerlcus

exXpr ess anount (0] or mat e e enas; %
WRRG . aFO@smmplz%t%@%PéTﬁnea%Pﬁ% %r Q ID NO:
@fﬁﬁsiﬂgfﬁﬁhgéﬂdb(mﬂﬁkﬂﬁﬁu 08l Ipg imefr-Esclsad am qO: 4 in the

| i HB10 h
SRRy B LI aSe e T e %}?%%85 a“?&f&%ﬁ B3fg in Reference

ohsmbhed2t ransf ormant was i nocul ated into m of a
ﬁ %frlllzed medium A in a test tube, and

erobically cultured wth shaking for 24 hours at
37C. [TOSZINAher aptenheebtuined & | RFY was cleaved by

f§§£fi599§g éﬁk§ﬁé£e§éoRfeéﬂ§ Séﬁﬁjtéﬂﬁlﬂﬁ§aﬁe@.W%§ng T4 DNA

extract ed usi M n

n 5 e
tpredaced abyeagtﬁaefﬂ)la?ﬁlag pﬁﬁgsm d%l%%%f%ﬁpeeﬁo& pgtained by
§é9t§§§1ﬁg|@EQeNaamuﬂbcaﬁnﬁﬁﬁﬁﬁtEedﬁhmdéogéanGNmBKEhose

t 0083 Refere l.e 3) n
SEL I ofs TRt SRkyRG DESUArRED BRRYaP RyRRSERTEELbAE wo
Ay 09BLY) Sb?GEnmabasarEubdto@utmsnthéegﬁﬁdnbyothe enzymes.
|II [ o3 a,t t
prﬁnérs (%%%ﬁﬁﬁ é?gagggaﬁ% N%#ér@%s 2t ePh@tEno#d JPNBeucine
dehydrogenase was prepared.
[0085]
The obtained plasmid was transformed into competent cells

of Escherichia coli HB10l. Thus, atransformant having leucine
dehydrogenase activity was prepared.

[C086]
The obtained transformant was inoculated into 6 ml of a

steriiized medium A in a test tube, and aerocbically cultured
with shaking for 24 hours at 37°C.
[0087]

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
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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3 in the sequence listing, and Priner-4: SEQ ID NO 4
in the sequence listing) under the sanme conditions
as used in Reference Exanple 2. 10 [0084] The DNA
fragnent obtained by PCR was cl eaved by restriction
enzymes EcoRI and Sacl, and Ljgated using T4 DNA
|igase to a vector plasmd p (a plasm d vector
obtai ned by destroying the Ndel recognition sequence

of pUCNT (those 15 skill in the art r :
based GIf &@EW&C?@O%%?G’C%\%O %ﬁ?]f)%%gf)l%%&%%é&g%giﬁ tencine
Satbsdtdgnany olegamred! Hy: RedconnyeeExanPhes3 Wwas cleaved by
| asm ddesi S e t Eeh e
%%%lr%%leonase sésgr%%%ggd?n?o%%%?' %%H)'I%hemgfﬁtgi ned )
P i vad her Anvtonsede e BOgBNPat sMN #l3SsTebfleved using
fﬁf@ﬁ;@é}kﬁb 9! |5 HRHQ e o ThyiSTa Bat4 asd Or 1@} ) havi ng
euci ne dehydrogenase activity was prepared. [0086]
He8%bt ai ned transfornmant was i noculated into 6 m of
a 25 siepihbred dedi g tionegptest 4 lbegeantbunt of formate
aer obi cal cultured ,wt haki ng .f
G Sor= The BREa el CoTT Pt Foihgsiss? WIS oo cleaved
genthié f LgeRlI tand ob$ettsites | sowantirede pf ache dioemate

; . . . :
EHAThEE 10l AR PP S coefts i e
exprissm ted Apgdambaie dieTdrsiak PR SRiHaseIkeie 1ng the
I?&éiﬁa edenydPO88L = fRefienengsi Eyampl exa) 1 Pyepar atitans, the
0

Transt or mant Hawngg Leuci ne Dethro%énage e
pee s gydandored nhf e® ﬁ?ﬁ?ob@ﬁg§ea e P i $51SH

Jbeyatagehdsdeshgnedrinatexpergdragknege aapuptrephred.
bﬁgghre dehydr ogenase prepared in Reference Exanple 3

eaved by restriction enzymes EcoRl and Pstl,
and a DNAcbtagmentplzont diwaisngramefoemed aato competent cells

dehydrogenase geNe pesn{ et riMed; ¥$hRE formant having leucine
dehydrogenase activity and formate dehydrogenase activity was

prepared.
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5 TaKaRaRECOCHI P (produced by Takara Bio, Inc.).
[0089] The plasm d designed to express a | arge anount
of formate dehydrogenase prepared in Reference
Exanple 2 was al so cl eaved at the EcoRl and Pstl
sites downstream of the fornmgte 10 dehydrogenase gene
to obtain a DNA fragnent. ﬂus[»%frammm was
ligated to the above-nmenti oned DNA fragment

contai ning the |[eucine degxggﬁgenase gene using T4
DNA | i gase. Thus, the plasm esi gned to express

| arge anobunts of |euci ne dehydrogenase and formate

dehydroggn ?n%eth\é@sF%r ﬁ%gro%c1n]g5 40090k, 1 The a%qii:la' ned

pl asm’d was trans into conpetent cel
Eschembdisibacenbr 1pBS1032CThDg, @ &atcansier ﬁﬁﬁteﬁ%tﬁﬁé by the

éﬂﬂﬁhﬂﬁn qﬁﬂﬁgfgge@@se activity and formate
e ydrogenase activity was prepared. 20 21 CLAI M

A met hod for producing an L-am no acid, which
co rises reactlng a keto acid represented by the 5
ROl | sig for (1): O R-CO2H (1) wherein Ris an
unsubstltuted substituted ad -C20 al kyl group, an
whesrtaoist Rtiut 2 umlrsmtts'ttitttlﬁdedr G620 taltaidkyl -G bap kydrgroup,

I{J':ﬂ%g;tc‘lﬂ&ﬁgc?doror ﬁﬁ%@%%%%ﬂﬂy@r%p, or an

n am no acl ggenase and an enzyne

tﬁsﬁubﬂgtﬂetBMr@r E‘rt@@%ﬁrﬂe@&t% QbFd§ 137 fo TRt to

v@ﬁ:ﬂ— a@t%ﬂ@n@cd@ld %@h adly ahlﬂearﬁ @ﬂz@ﬁﬂel’lﬂaﬁﬂhljl&c@enzyme
(2): wherein Ris

%%ets%tdl%e@é ity Chererie st é&&ﬂ%&n@ﬂt@ naed represented
Byt Fr Bowaid | Dhsnu e the: reacti on.
NH,
R O CopH (2)
wherein R 1s the same as described above,
wherein a coenzyme is added in two or more portions in

the reaction.

2. The method according to claim 1,

wherein the purity of the keto acid is 95% or less.

3. The method according to claim 1 or 2,
wherein an amount of the coenzyme added at the beginning
of the reaction is nct more than 3/4 of the total amcunt of the

coenzyme added through the reaction.

4. The method according to any one of claims 1 to 3,
wherein the amount of the coenzyme per porticn is not more
than 1/2 of the total amount of the coenzyme added through the

reaction.

5. The method according to any one of claims 1 to 4,
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2. The method according to claim1, wherein the
purity of the keto acid is 95% or less. 20 3. The
nmet hod according to claim1l or 2, wherein an anount
of the coenzyne added at the beginning of the
reaction is not nore than 3/4,o0f the total anount of
the coenzyne added through the reaction. 25 4. The
nmet hod according to any one of clains 1 to 3,

wherei n the _anount, of e [ I S not
nor e w%ﬁgﬁlf7 5t ThéH o%hﬁ%%%%%ﬁ?n%%%fESI%%g%§%ne
added through the reaction. 30 5. The nethod

accor gf NG {0 A, e 0f £1:3idR ol &8 dn2d s WGl 1 to 5,
the coenzyme 1's continuously added. 6. The nethod
accor diheyals &Me erereh™d dise¥Pto 5, wherein the
coenzyne is NAD. 5 7. The nethod according to any one

of clajms 1 to 6, ~wherein the L-amno acid i.s.

L-t ert-1 &5 ﬁ@¢§9dl§959ﬁ§hﬂﬂl é?ﬁ%pgﬁ)%fjcﬁﬁ§ms 1 to 6,
met hodvtaeandithg: tTo-anynhoneiof id direrk-tleugine or
wp_[euﬂlt >.,2m.no aci d dehydrogenase is |eucine

e ﬁ%?od%nase or “phenyl al ani ne dehydrogenase. 9. The

nmet hod according to any one of clains 1 to 8, 15

wher eign the, enaR) hAWIJWG h S ARNZUIE JrROEIAlE % 1 to 7,
ability 1Is ornate_dehydnggenase or gl ucose )
dehydﬁﬁg@ﬁﬁgéﬁhe amino ‘acid dehydrogenase is leucine

dehydrogenase or phenylalanine dehydrogenase.

9. The method according to any one of claims 1 to 8,
wherein the enzyme having a coenzyme regenerating ability

is formate dehydrogenase or glucose dehydrogenase.



