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1/ 38 Description POLYPEPTI DE HAVI NG AM DASE ACTI VI TY
AND GENE THEREOF 5 Technical Field The present
invention relates to a pol ypeptide having am dase
activity, a gene thereof, &8 croorganismor a
transformant that is able to produce the above
pol ypepti de thereof, and a nethod for producing
am dase using the above 10 nmicroorgani smor the
transformant thereof. Background Art Am dase (enzyne
No. [EC3.5.1.4]) is an enzynme, which hydrolyzes a
carboxylic am de to carboxylic acid and amonia. 15
It has been known that this enzynme has industrially
useful ‘activities. Forpexawppeiofhhis enzyne
stereosel ectively hydrolyzes a racem c a-anm no acid
anPoey PR YRIEe e NN A0RiDzeal [NeTTagY ANd VRO TagkEor
Such an optically active a-amno acid is a conpound
that is useful as a synthetic internediate of 20
pharmaceuticals or a sweetener. It has al so been
Tedr@estietrithgt am dase catal yzes hydrol ysis of an
ester as a substrate (Non-Patent Docunent 1). A |arge
nuwher peézagt h r j t I i ;
a-am n% aci ds ﬁlgg%ﬁ%[e%ng fﬁ%é\;\&néw Fﬁe%e@l%h%éﬁlads{eg having
amipkeeuettefriel, 2438eRearaal-8gsach dg; ¥4 tion
nmet hod has bgen c%nsideredeegar??§t¥%??€g%$¥?$2% t%
trahle¥srmbhtharabeen deskre i PERS| i
efficient synthetic nethgdbggagggeF%%E%. ForﬂS% é%&ﬁ%fe
the@®o@, "BhRO4 ﬁ@ﬁh@&nfaﬁsbf&)&ﬂcﬂ’lﬁ'Qfﬂ@&s@%giﬂ%at(}g’e above
ods, :

bi ol ogi cal neans, the follow ng synthetic net

micwbbehahnygl ¥8 thlerushsbrAafi CERQEGSAI SMor an enzyne
havi ng am dase activity and optical resolution of a

racem c a-am no acid am de, have been

Background Art

.Amidase (enzyme'No. [EC3.5.1.4])) is an enzyme, which
hydrolyzes a carboxylic amide to carboxylic acid and_ammonia.
Tt has been known that this enzyme has industrially useful
activities. For example, this enzyme stereoselectively
hydrolyzes a racemic a-amino acid amide to generate an opt';ically
active a-amino acid. Such an optically active a-amino acid is
a compound that is useful as a gynthetic intermediate.of

pharmaceuticals Oor a sweetenex. It has also been reported that

amidase catalyzes hydrolysis of an ester as a substrate

(Non-Patent Document 1).

A large number of methods for producing optically active

a-amino acids have been known. However, the mass production of
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known. (1) A nethod for producing a D-a-amno acid
froma racemic 10. a-amno acid amde, using activity
for specifically hydrolyzing the D-a-am no acid am de
of a microorgani sm bel ongi2A@8 o genus Rhodococcus
(Patent Docunent 1). (2) A nethod for producing a
D-a-amino acid froma racemc a-amno acid am de,

usi ng am nopepti dase produced by a 15 m croorgani sm
bel ongi ng to genus Achronobacter, Corynebacterium

FI avobacterium Bacillus, M crococcus, Cell ul ononas,

oPSeud t i
>-E3pudlraeas, U0 aThonIBELf Mgstie oo copasaere

paﬂt&):‘uéaﬂ‘@ﬁrh a‘iiffEQEuﬁ!EOduﬁng D-aliand ng deL Ce ::reﬁc % an

al ani ne am de, 20 using an1dase pro

:LneEE‘p‘éhQQKrGa@E%%Q@hEng%ﬂﬂhé@ §h?é\r159f&é>@&i§% ed Patent

. Docunents 3 and or produci a
o e P Ty o RDeaT a5 ar oy AT HE e i
bioPogiall MaaAtd dr B A8 10k;18 % GhORL 9D I ?)hp)@{l orlﬂ'}b\f@q {]_ﬁvalve

genus Achronpbacter (Patént” Docunent

thef @ée %5y g.”ﬁi@ﬁo@r&éﬂlé‘lm d¥0 23CkA Z%E r@lﬁvfﬁi%@ i¥as Qm: 991 ty

acid am de, usi ng a transforman avil ng am no

kg diser e, g el LB LRS00 S

nofh. However, in the case of the methods described in
(1) to (4) above since the hydrolytic activity of

(1) 8 el TR AR, 8 Dopltngrly S0 o Foereemic
o-oBERL M M 9 HE 8 e T SMreses
the 14 aHL ARNAGHALER Do ML Oon AR 131 AR EH" s
Rhodococcus (Patent Document 1) .

(2) A method for producing a D-a-amino acid from a racemic
o-amino acid amide, using aminopeptidase produced by a
microorganimnbelongingtx)genusAchromobacter,Corynebacterium,
Flavobacterium, Bacillus, Micrococcus, Cellulomonas,
Pseudomonas, Protaminobacter, Mycobacterium, Arthrobacter, or
Streptomyces (Patent Document 2} .

(3) Amethod for producingD-alanine froma racemic alanine amide,
using amidase produced by a microorganism belonging to genus
Arthrobacter (Patent Documents 3 and 4).

{(4) A method for producing a D-o-amino acid from a ré.cemic

¢-amino acid amide, using activity for specifically hydrolyzing
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Art hrobacter are not described at all. 15 It has been
generally known that bacteria belonging to genus

Art hrobacter produce am dase. The enzynme has been
purified and isolated, apd3she properties thereof
have been then clarified (Patent Documents 3 and 4
and Non-Patent Docunents 2 and 3). However, the am no
aci d sequence of the above enzyne and the 20

nucl eoti de sequence of a gene encodi ng the above
enzynme have not yet been reported. [Patent Docunent

o JOBAAS S AP O B0 R R s

c ] atent No. 5130240 [ Patent
AChEBQEﬁQEFQP wﬁsgén%eDéggh?E 12252470 5 [ Pat ent Docunent

5]Aﬂf@rf€%§be%efc§’ra SHALE SO ARG AT, T30 385984¢
a-ai8 Sl %Bff? 0 NGH. ParbRes TREGHRN: "’2‘1”@2 GoB-eteo acid
aml%gé S&Qﬁ% 8(8%}\‘%@ P%\Jtaaerﬁ f 4 gggc%%é%gaﬁ 95%9? i‘cul hﬁ r%aalsN%ﬁ g™
o ey G o1 TSN off T BT e ol ved

d h
%iév‘;e&rr%érﬁqy gﬂte%ﬁc Ic:;-g%éé?a%%ée (?ﬂe%(i‘ﬂftds %regtﬁ'lrggje%cfn O(fl t Eg (4)
D-
ab°‘§%ﬁ%§21%&'s§§8 Por bRy BELIS B i 15 T4 L S35 p Bl oo
t
is B n%@‘?d %% @Eh datﬁlg%em’lgsg hé8k %gge?egelf,:rﬁ%aéctory

anot her o jeCt e prese nven Ion

for t ﬂ‘ﬁiL?éEﬂ%l applications.

Inaddition, in the case of the method described in (5) above,
only D-amino acid amidase derived from bacteria belonging to
genus Ochrobactrum is described, and bacteria belonging to genus
Arthrobacter are not described at all.

Tt has been generally known that bacteria belonging to genus

Arthrobacter produce amidase. The enzyme has been purified and

isolated, and the properties thereof have been then clarified
(Patent Documents 3 and 4 and Non-Patent Docurﬁents 2 and 3).

However, the amino acid sequence of the above enzyme and the

- nucleotide sequence of a gene encoding the above enzyme have not

yet been reported.

[Patent Document 1] Japanese Patent Laid-Open No. 63-87998
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aci d sequence of the above D am dase and the
nucl eoti de sequence of the gene thereof to provide a
m croorganismor a transformant 5/38 that is able to
produce the above enzyne, 43¢ a nethod for producing
t he above enzynme using them Means for Sol ving the
Problenms 5 As a result of intensive studies directed
towards achi eving the aforenentioned objects, the
present inventors have separated fromthe soil
bacteri a bel onging to genus Arthrobacter, which
pr t I
pr984e602 PRUToR a1 aselud st aoseaRly, o
7_1g§5gP Thereafter, the 10 |nventors have isol ated and
purified the above am dase fromthe above bacteria,
S0rbhabat Nycliaus: aghieved daolal hon of 45,4 dase
gene and its expression |n m croorgani sns,

t h?ﬁgl?%nt COTR NG, ot Ef Pr eﬁec;“etr[ﬂ @%en%'z%ﬁfgghat Is to

say, e present 1 nvention re es to

§°p% (ol EcRiRtE Qﬁ%héﬁ‘ﬁ%% %%%Wa%%ﬁ a%%ue%%ké) hdane®
po ypé%ﬁ%gs 4%%(52%1 %u%%%%?%ﬁ% E@@nfgghed

2009Y25598prising a substltutlon |nsert!on, delet!on,
?or addition 20 of one or nore amno acids in the

el TRy PUERREE Tk S el bt YoLis

. Qg§§ent invention also relates to DNA encodi ng the

ove polypeptide. 6/38 The present invention also

oL RNBARRREDS] Bl M en2lS BhokBERLOhLEY 0
Biochemistry, 1992, Vol. 56, No. 12, p. 1980

[Non-Patent Document 3] Agricultural and Biological

Chemistry, 1982, Vol. 46', No. 5, p. 1175

Disclosure of the Invention
Problems to be Solved by the Invention

Taking into consideration the aforementioned circumstances,
it is an object of the present invention to provide a nével
D-amidase, which can be used for the optical resolutidn of a
racemic amino acid amide and a racemic afnino acid ester. It is
another obj.ect of the present invention to detefmine the amino
acid sequence of the above D-amidase and the nucleotide sequence

of the gene thereof to provide a microorganism or a transformant
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(c) DNA, which has the nucl eotide sequence shown in
SEQ ID NGO 3 of the sequence listing; 5 (d) DNA,

whi ch hybridi zes with DNA having a nucl eoti de sequence
that is conplenentary to thesnucl eoti de sequence shown
in SEQ ID NO 3 of the sequence listing under
stringent conditions, and which encodes a pol ypeptide
havi ng am dase activity; and (e) DNA, which has a

nucl eoti de sequence resulting from 10 substitution,
insertion, deletion, and/or addition of one or nor e

thaEUEé 99151@9@0 'ﬁr&@@cé‘uﬁﬁfoéﬁdiﬁe maﬁﬁf h%'c:iQf 2

of the sequence |st|ng, enc ot es a
pro@@&yﬁgepéﬁ@eaﬁwé NGy In addition, the
present 1 nvention re tes t a reconblnant 15
plasm d, which is obtained by insertion of the above
DNA into a vector. Mreover, the present invention

Meah§! B4LSsd B £ raﬁ;ﬂ{%@t@mrﬁ vahi ch is obtained by.

transformati o roorganismwth the above

DYA gr é&%ﬁ%ﬁfnﬂ% rg%ﬁﬁénsgud%gs':ﬂfé]&{é@ %Wargsv\%ch:he\rlng

present | nvention r at es m Cr oorgani sm

the 'a%o?g{ngntcgoﬂ q%%eei g,?g\ifr flgwtrelgﬁorg 8¥gﬁ%eopn Pated

to genus A«t

ol e e R s Fe Bt R %%%%4%@292 et %%Ehr%%%%%%ﬁ?@mch
B e e e Yt
Dl i, AL TR LS ROHS ROl e B, che
o ST 85511, oPACLETEI LADODs B LHE SR, AR 48RRPLES che

efficient productio

abovtehﬁa@ifgf‘fé?t Sb@’lﬁ‘m ltﬁgy%% géhfgréﬁll%% r:L(c)>(11j1l’loc !alolnamldase

gene and its expression in host microorganisms, thereby

completing the present invention.

That is to say, the present invention relates to a
polypeptide described in the following (a) or (b):
(a} a polypeptide, which has the amino acid sequence shown in
SEQ ID NO: 1 of the sequence listing; or
(b) "a polypeptide, which has an aminQ acid sequence formed by
comprising a substitution, insertion, deletion, and/or addition
of one or more Iamino acid_é in the amino acid sequence shown in
SEQ ID NO: 1 of the sequence listing, .and which has amidase
activity.

The present invention also relates to DNA encoding the above

polypeptide.
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of D-amno acid froman am no acid am de or an am no
acid ester, 10 using the above am dase, or

m croorgani snms that produce the above anidase. Brief
Description of the Drawi ngg3Bigure 1 is a view of a
reconbi nant plasm d pHAOO1 conprising 15 the am dase
gene of the present invention; and Figure 2 is a view
of a reconbi nant plasm d pHAO02 conprising the

am dase gene of the present invention. Best Mode for
Carrying Qut the Invention 20 The present invention

Wi e ?éﬁ%@&g F.B@%n't[loﬂeé J_t?ae.L V(y:s tgl ]5%‘-& %ég]&lbed in any

pol yp rese i nve ion W

onedB8eCE] Qegol Q@lﬁ%wﬁp#)d?e pf the present invention is

a po ypept| as am dase activity and enabl es

o e ant A B ERE e R pEbnBe Bypiiciyy S wo.

am no acl

3 Okngﬁgégggmﬁged 3 %ﬁ;ﬂiaactlw ty of th_e pol ypepti de

can tec sured by carrying out a 5

o (360 4 . A D S
0:
i Tt L T R
T.
o LSOO AIER 1 g T OS0!

SO A DL o

| d h d Ex |
?ﬁﬁha%ﬁhlﬂhﬁé%b%?g%ﬁﬁ?%Fﬁﬁpvggguﬁ¥g %%8§ﬁF%ﬂ§n?rgg
th bact
Sub@@i ro act%ﬁsggwé?é%r rtglrogglagﬂd/l%‘r gﬁg Eulf’ﬁroofb?x]&?é’F more
1 V\A | at
nucj?@orf @g%%e%%?\é\%%n eg%?/%%fg?%lnegnc ?’% S?’gf%éégﬁrﬂelqg 3 of

~ the sequence listing, and which encodes a polypeptide having

amidase activity.

In addition, .the present invention relates to a recombinant
plasmid, which is obtained by insertion of the above DNA into
a vector. | |

Moreover, the present invention relates to a transformant,
which is obtained by transformation of a host microorganism with
the above DNA or recombinant plavsm.id.

Furthermore, the present invention relates to a
microorganism, which is ablé to produce the above polypeptide
and belongs to genus Arthrobacter.

Still further, the present invention relates to a method

for producing amidase, which comprises culturing the above
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The af orenenti oned Arthrobacter sp. KNK1101J has been
deposited with the National Institute of Advanced

I ndustrial Science and Technol ogy, an | ndependent

Adm ni strative 20 Instituyyss under the Mnistry of
Econony, Trade and Industry, at the Al ST (Tsukuba
Central 6, Hi gashi 1-1-1, Tsukuba, I|baraki, Japan)
(accession No. FERM BP-10192: a national deposition on
Oct ober 22, 2003 has been transferred to an
international deposition under the provisions of the

i Gl o i S e ek %%Lfeeh%ﬁeﬁ%?v@uce
E . " . ‘£ | Tt
= PRty RS IR LR BT e P R e,
_ A Lo _ Vbt [ty 4
nd e s e B em no 1 10°6)
Col ony formon broth agar plate nedium round shape,
snooth entire fringe, |ow convex, lustrous, and |ight
oi'd) medium 15 Col or: no; | uster:
P . i,Qn: 2) Nutri broth, . :
(et PRt 5 4GreRl <HBar G SubPsce TgrateRE Laped
Ldit f ' . 3) Gelatin.stab_cult .
serodiitn A BT ot Rder b 0Bl S PV ] jamidase.

In ag%@ilo%t,l Pl ﬂ}oéséﬂtq%%crgﬁ 18R erllbies efficient production

Adv%%ﬁ%g‘?%%%‘gbﬁ&éﬁﬁ al properties 1) Nutrient agar

of D-amino acid from an amino acid amide or an amino acid ester,
using the above amidase, or microorganisms that produce the above

amidase.

Brief Description of the Drawings
Figure 1 is a view of a recombinant plasmid pHA0O1 comprising
the amidase gene of the present invention; and
| Figure 2 is a view of a recombinant plasmid pHA0O2 comprising

the amidase gene of the present invention.

Best Mode for Carrying Out the Invention
The present invention will be described in detail below.

First, the polypeptide of the present invention will be

described. The polypeptide of the present invention is a

- polypeptide, which has amidase activity and enables the
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3. Physiological test 1) Nitrate reduction: 10/38 2)
Denitrification reaction: - 3) MRtest: 4) VP test:
5) Indole generation: 5 6) Hydrogen sulfide
generation: - 7) Hydrolysiggzaf starch: + 8) Use of
citric acid Koser: +; Christensen: + 9) Use of
inorganic nitrogen Nitrate: +; ammoniumsalt: + 10)
Urease activity: 10 11) Oxidase activity: - 12)

Catal ase activity: + 13) (3-gal actosidase activity: +
14) Arginine di hydrol ase activity: - 15) Lysine

stegss%ﬁeéméw&wl% of 4B- %}Ln fs/é’{qun%edea&“a”ﬁsammo

Ivit atl nase ac

_aClgyéggégan1dase activity: + 19) Pyrrolldonyl al lyl

ase activity: + 20) Alkaline phosphatase activity:

N- acg%g%)ri]%% HSHEANARE 35 \él t%ﬁse Eg)thlty of the

ucosanlnl age act iV
polfpEbbrgs! 9&%65%&4& 4¥6a sl ndmfitd d ot el ios) 223k
reacglon a%vg 5"6 an e ?hydro;?ymethyl) aPmlnomethane (Tris) -HC1
buffer solution (pH 8.5) that containg a 50 mM D-phenylalanine
amide, and then quantifying the generated phenylalanine by high
performance liguid chromatography (HPLC) or the like.

The polypeptide of the present inveption can be obtained
from a microorganism having amidase activity. The type of such
a microorganism ié not particularly limited, asg long as it
produces the above polypeptide.. Examples of such a
microorganism include microorganisms belonging-to genus
Arthrobacter. Among others, Arthrobacter Sp. are preferable,
and Arthrobacter sp. KNK1101J, which has been newly isblated from
the soil by the preéent inventors, is more preferable.

The aforementioned Arthrobacter sp. KNK1101J has been

- deposited with the National Inmstitute of Advanced Industrial

Science and Technology, an Independent Administrative
Institution under the Ministry of Economy, Trade and Industry,
at the AIST (Tsukuba Central 6, Higashi 1-1-1, Tsukuba, Ibaraki,
Japan) (accession No. FERM BP—lOléz: a hational deposition on
October 22, 2003 has been transferred to an international

deposition under the provisions of the Budapest Treaty).




-

10

15

20

20C. +; 25C +; 40C. +W 45C. - 27) G owh conditions

5 Aerobic: +; Anaerobic: 28) O-F test .
(oxidation/fernentation): -/ 29) Generation of acid
and gas from sugars (acidhkgas) L-arabinose: -/
D-glucose: +/- 10 D-fructose: +/- Maltose: -/-

Lactose: -/- D-sorbitol: -/- Inositol: -/ 15 D xyl ose:

+/ - D-mannose: +/- D-gal actose: +/- Sucrose: +/-
Trehal ose: +W 20 D-mannitol: +/- dycerin: +/- 30)
Fernmentation test Qucose: - Ribose: 12/38 Xyl ose:

Mool o1 M cn b 08 5,9 o gpanons

will be described below.

1. Form

1) Bacillus having a diameter of approximately 0.7 to 0.8 um

and a length of approximately 1.0 to 1.5 um
2) Gram staining: positive

3) Motility: no

4) SPOrulation; no

5) Cell polymorphism: no

6) Colony form on broth agar plate medium: round shape, smooth

entire fringe, low convex, lustrous, and light yellow color

2{ Cultural properties
i) Nutrient agar (manufactured by Oxoid) medium
Color: no; luster: no; pigment production: no
2) Nutrient bréth (manufactured by Oxoid) medium
Surface growth: no;'purbidity of medium: yes
3)  Gelatin stab culture
Growth: no; gelatin change} no
4) Litmus milk

Coagulation: no; liquefaction: no -

3. .Physiological test

1) Nitrate reduction: -
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10)
11)
12)
13)
14)
15)
16)

17)

18)

19}

20)

21)

22)
23)
24)

25)

32) Fatty acid conposition in cell mass 10 Table 1
fatty acid C15 0 Cl150 Cl6 0 Cil7 0 Cl6 0 Ci14 0
Cl4 0 C17 O component ratio(-O ANTElI S060. 58

| SO11. 44 1 SO10. 63 ANTEI SCho 0% 4. 14 1S0C3.13 1.88 1. 14
The m croorgani smthat produces the polypeptide of the
present invention nmay be either the wild strain of the
af orementi oned m croorganism or a nmutant strain ,
obtai ned by 15 nmutation and i nprovenent. Such a nutant
strain can be obtained by nethods known to persons
skpihee-4 H dNe H tpe U AS W irradiation or -
treatment wth agents such as 13/ 38

I\I—I@%t@é@t-N_— ni tro-N-ni trosoguani di ne (NTG or ethyl

met hanesul f onate (EMS).

VP test: -

Indole generation: -~

Hydrogen sulfide generation: -
Hydrolysis of starch: +

Use of citric acid Xoser: +; Christensen: +

Use of inorganic nitrogen Nitrate: +; ammonium salt: +

Urease activity: -

Oxidase activity: -

Catalase activity: +

B-galactosidase activity: +

Arginine dihydrolase activity: -
Lysine decarboxylase activity: -
Tryptophan deaminase activity: -
Gelatinase activity: -

Pyrazinamidase activity: +
Pyrrolidonyl allyl amidase activity: +
Alkaline phosphatase activity: +
B-glucuronidase activity:. -
N-acetyl—ﬁ—gluéoéaminidase activity: -
a-glucosidase activity: +

Esculin (B-glucosidaée) activity: +

Gelatin hydrolytic activity: -
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The type of a nmediumused to culture the m croorgani sm
that produces the pol ypeptide of the present
invention is not 5 particularly limted, as |ong as

t he above m croorgani smcan/ggow therein. Odinary
liquid nediuns that contain the following nutrients
can be used. That .is, exanples of a carbon source may

i ncl ude: carbohydrates such as gl ucose or sucrose;

al cohols such as ethanol or glycerol; fatty acids
such as oleic acid or stearic 10 acid and the esters

h$£ @#gggils such as rapeseed oil or soybean

oi of a nitrogen source may include

aggg %§¢f@te |qp1n|trate pept one, casamni no
corh

eep ﬂlquor bran and yeast extract.
ST Bt 1S Gd i SRl Bl e WEalt ki 15 carbonate,
'27)c“¢?grogen 6ﬁ%sﬁﬁgfn pEﬁZﬁB?ég o?ngtﬁgﬁazﬁzggble
VGt T R of Slbetances Tor enhanci ng
t?an"%?ﬁdééﬁfog‘él.d&%fﬂf%?‘ B A ey doi d am do, or

d t tt
29) CXeElerlch B R A8, 35 5wl B (B 3ol cn

an roducti on- enhanci ng substance contained in
&‘%ﬂ%ﬁﬁﬁﬁﬁé% ‘bet'ween 0.001% by wei ght and 10% by

%E_ c%ﬂg eferably bet ween 0. 01% by wei ght and 1%
qw 14/38 The culture can be aerobically

c Id within a tenperature range between 10C
%{ é%%aﬁﬁéj p eferably between 20C and 50C, and a pH

r@@g& gg n pH 3 and 11, and preferably between pH
culture period is between approximtely 5
%%@ 2 day§ In addition, either a batch culture
met1iod or a’ continuous cul ture method may be appli ed.
ALt lletign of the culture, the cells are
h%r%es%gg%l -7

Inositol: -/-
D-xylose: +/-
D-mannose: +/-
D-galactose: +/-
Sucrose: +/-
Trehaloée: +W/—
D-mannitol: +/-
Glycerin: +/-

30) Fermentation test
Glucose: -

Ribose: -
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fromthe culture broth by centrifugation or the I|ike,
and the harvested cells are then disrupted by neans
such as ultrasonic 10 disruption to obtain a crude
enzyne solution. Thereaftgr/3ghis crude enzyne
solution is purified by salting-out, colum
chr omat ogr aphy, or the like to obtain the pol ypeptide
of the present invention. As stated above, the
pol ypepti de of the present invention 15 may be either
a natural enzyme obtained from m croorgani sns, or a
rg@gﬁgkganp enzynme produced utilizing genetic
reconbl nati on technology. An exanple of such a
ngfural. gnzyme is a polypeptide having the amno acid
sequernice shown in SEQ ID NO 1 of the sequence
Iiﬁgfew.e_ZQ In addition, the polypeptide of the
present” i'nvention nmay al so be a pol ypeptide, which
has an . amno acid sequence resulting from
subStituti on, insertion, deletion, and/or addition of
ong .9, ;ore. amno acids in the amno acid sequence
shown™1n §§Q ID NO 1 of the sequence listing, and
whj,ch has am dase activity. 15/38 An "am no acid
squgﬁggnresulting fromdel etion, addition,
31)i agrthpn and/ or substitu%[og of one or nore am no
alPdd "EERIAUSEEE SPRBRANEYE delBE Pnd2addi ng,

[ rting,. .and/or substituting. am no acid(s)
32)a§%%F§iﬁ 1o CRBPREAS T RRowWR ?39ﬁeW§8ﬁs skilled in 5 the
art, such as a site-directed nutagenesis. ‘

Specifically, such nethods are described in
l'ications such as Nucleic Acid Res. 10, 6487
82), and Methods in Enzynol ogy 100, 448 (1983).
Mor egsiety &Bedt er m " pol ypedugkhel Ch has ani dase
activity" is used to nmean ,&{3Q} pepepti de exhi-biting 10%

or Mpig I of T4 Iglageactigy 35 of a pol ypepti de
havknﬁ%%he—anip AR e | SEQ I D NO 1,
when“hRasuPed uUntR? the 4f or emeiti%hed activity
nmeasgreneny condida ons, preferal w¥A0%

Ci7 : 0 ANTEISO 7.086
Cle : 0 .14
Cl4 : 0 IS0 .13
0
0

Cl4a .88
- C17 .14

HR W

The microorganism that produces the polypeptide of the

present invention may be either the wild strain of the

aforementioned microorganism, or a mutant strain obtained by

mutation and improvement. Such a mutant strain can be obtained
by methods known to persons skilled in the art, such as UV

irradiation or treatment with agents such as
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or nore, nore preferably 60 % or nore, and further
nore preferably 80% or nore. 15 Next, the DNA of the
present invention will be described. The DNA of the
present. invention nmay be; DN encoding the
af orenenti oned pol ypepti de. An exanple is DNA having
the nucl eotide sequence shown in SEQ ID NGO 3 of the
sequence listing. In addition, the DNA of the present
invention may al so be 20 either DNA hybridizing with
DNA having a nucl eoti de sequence conplenentary to the
ofi,de. sequence shown in, SEQ I 1 3 of the
N O P R eEP R SRR c BT i Ui Dha
avin a_nucl | de sequence resulting from
mEtgﬁﬁggg%E?F%ﬁ? ?ﬁ%%}tion, del eti on, and/or addition of
0 or__nore_nucl eqgtides iin the_16/38 nucleotide
ceriR A s R A SRR RA NG CHLERRS FypaisTopNAangsm that
i-ncl ud in the DNA . of th resent invention, as |ong
Progucep Eﬁ%o%%ﬁyp?%l%? o?}ené?é) i RIrRRE ol YPEStSIRa Hav e
m dase. act,i vity. The expressi on "DNA hybridizing wth
Par%kﬁuﬂ%% l&lﬁﬁér B ﬁ&é‘g ap §§a@&&*@ RORHPEREREAFY Cos grow
t he nucl egti de sequence shown in SEQ ID NO 3 of_the,
the?%ﬁﬁené@“ﬁﬁ?ﬁ?hal mediifge ftagoRAPERSAS EhpsToydening

herein to an capabl e of specifically formng a
nut{EESER o PR EE haU PG hic| SRR S 68 /R farbon sotree may
. fo Iewe%t ry to the nucleotide sequence shown i n_SEQ
inc 8?1

. RBUSEGITIE 85 FELTIRE CFoSWHEPSE helesheny such
hybri di zati.on nmethod, the plague hybridization )
as er’%taﬁé’g OF |9 Y8 érgammcr@i%ﬁvsh aePREaC 31d RE Fhearic

.is carried out. The term"stringent conditions" is
"’lc“%tﬁsf*erbffl Het%iSs T SmtdR T e0dridPPPoRe LRh8RERna Ry BrPaFead | ORL or
i s carried_ out at 65C in an 15 agueous sol ution .
SOY%%?-?%ioétli-ngE%?ml% Tt 7SI R PPRAES, Mas A e iR um

léqioride. 0. 5% sodi um dodecyl sul fat,e, 0.1% bovi ne
SUL L85 %m S S BT B E e Ry | SSRBHNgoRE 1dan §OyN1 §-eep

. Ficol.l 400 . .
liquor,” bran, and yeast extract. Examples of inorganic salts

may include magnesium sulfate, sodium chloride, calcium
carbonate, dipotassium hydrogen phosphate, and potassium
dihydrogen phosphate. Examples of other suitable nutrients may
ineclude malt extract and meat extract.

Moreover, small quantities of substances for enhancing the
production of amidase, which include amides such as an amino acid

amide or a fatty acid amide, or esters such as an amino acid ester

or a fatty acid ester, can also be added. The concentration of

such an amidase prod'uction-enhancing substance contained in a
medium is between 0.001% by weight and 10% by weight, and

preferably between 0.01% by weight and 1% by weight.




10

15

20

(manuf actured by Anmersham Bi osci ences), and wherein
washing is then carried out at 60C with an aqueous
solution consisting of 20 15 mMtrisodiumcitrate, 150
mM sodi um chl ori de, and O.4dfssodi um dodecyl sulfate,
for exanple. Such stringent conditions are preferably
condi ti ons wherein after hybridization has been
carried out under the aforenentioned conditions,
washing is carried out at 65C with an aqueous
solution consisting of 15 17/38 mMtrisodiumcitrate,

1 ride, 1% sodi.u dodecyl .
aq? @%’M{P&t r?)ng%n ro?) cf'iqﬁyo ?rgllgg]nﬁ)}lg Hllﬁlépaﬁl y
repSOnditions wherein after, hybrydization has bee
oG @PEF S SR PEE VR LP3S G EP Sae Lo RARERSRBLY between
o FEI rried out ab 65C 5 with an aqueous
20°gF ?gné’cgﬂ i 3@hgagee %tWFrR%éd?%]&rt PROcpreferably
m.c Ior| 0. 10 sodi,um ecyl sulfate
ber M A L5001 Lie Al BaR ohaT HeLwRER APPRG R LY

I dit d/
* =7 iy o2t '%%%e%%%%éerf#@e”weﬁvatt%%%% Bhrk, brEhpce =

con?ﬁsg(?@%:g% L?#ﬁngr?e%tlr%ﬁ o IHﬁq d:jleglt |03es whi ch
rﬁ%%&%%ﬁﬁ%aﬁadd pEP'&cn)ﬁEﬁ%RFr-v bl ‘n)é%iug%ét Sfcgsted
frof%'k e 5’N§>¥| BBt gt ana Eryhgel et *fnd the
nar i Cf e oﬁ'r%e (Ao oy piengss gt as yigeRonic
aislofiah 1850 ”‘%Piﬁn%%ﬁ R safgnt Hod %&E'engi Vehsrantben this

i nvention m.dase ., ai,ned fromthe

CHUCT STERE | s&ﬂé’& T eng’)iﬁ%gﬁéib E)Xv Wil téﬁfgd 8&15 §Qlumn

. | h | I
et Gy S5t 4T BUkora APEPel: LhR| POLYPEREIaR A the

pres%%t Sgaygnece of the N t er m nus of am dase

As stated above, the polypeptide of the present invention
may be either a natural enzyme obtained.froﬁ.microorganisms, or
a recombinant enzyme produced utilizing genetic recombination
techno]__.ogy. An example of such a natural e.nzyme is a polypeptide
havingtheaminoacidsequenceshowninSEQIDDKh:Lofthesequence
listing.

In addition, the polypeptide of the present invention may
also be a polypeptide, which has an amino acid sequence resulting
from substitution, insertion, deletion, and/or addition of one

or more amino acids in the amino acid sequence shown in SEQ ID

NO: 1 of the sequence listing, and which has amidase activity.
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t hat has been purified from m croorgani sns havi ng

am dase activity is determ ned using a vapor-phase
protein sequencer or 18/ 38 the |ike. Further, protease
such as lysyl endopeptidasg/dss allowed to act on the
purified am dase, so that the am dase can be digested
into a polypeptide with a suitable size, and the
obt ai ned pol ypeptide is then purified by HPLC or the
like to 5 determne an internal am no acid sequence
according to the aforenentioned nethod. Based on the

S S )RS My e,

YO OR o miRe g8 a%n%r%.%eo}a?ﬂéh?g%gégs" can

om nicro ganls
ve M &%E‘Ijgxe??%ln% gl o oo %{’%91 #%%%mmmmng
ami R LR ceri o, R B ot depin 9 R eRpS Skilled in
chie TN R oY Hih 15 TR o 7 "5 eont SPFBLE FoY
suc LS Ao EUT 2D L0008 5, L0MBES UL T, BB ncia
Res iR G Dbt e e and Boaralvay oy Saht (1983).

R R L

cor S 8RR g&°@%$gza;%%@%e%%%;gmlmgg. 1ilee nore
or g@e?gs (hgier, e esie fo (et Bl s

hexe o ”%ﬁ%beofpsg@ Sred 28 Trercet el
aforpe %%%n%plle\él QI\,?_ Y g’ééueraeq]ne%t tc%%dl}_l-ttlgglg n_'é'llg’ei?erably 40%
or more, more preferably 60% or more, and further more preferably
80% or more.

Next, the DNA of the present invention will be described.
The DNA of the p:esent invention may be DNA encoding the
aforementioned polypeptide. An.example is DNA having the
nucleotide sequence shown in SEQ ID NO: 3 of the sequence listing.

In addition, the DNA of the present invention may also be
either DNA . hybridizing with DNA having a nucleotide sequence
complementary to the nucleotide seqﬁence'shown in SEQ ID NO: 3
ofthesequehce1istingunderstringentconditions,orlmﬂxhaving

a nucleotide sequence resulting from substitution, insertion,

deletion, and/or addition of one or more nucleotides in the
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t he nucl eotide sequence of a portion presumably

| ocated downstream of the C-term nus thereof, DNA
prinmers are prepared. 5 Using such DNA priners, PCR is
carried out with the obtajfegk chronosonal DNA as a
tenplate to obtain a DNA fragnent that contains the
full-length am dase gene of interest. Thereafter, the
obt ai ned DNA fragnment that contains an am dase gene
is allowed to bind to vector DNA using T4 DNA |igase,
10 thereby obtai ning a reconbi nant plasnid Usi ng this

| eotid f f
rucBBFTLE pLARaMLE, SRATCRRIEIEEARL L0 BV R b 1o
im%ﬂéééﬁﬂﬁrgt%%%ﬁm 05l o B e
ehe bR RRh g SR P SRR | G S S o Y
”f%%écb%gﬁéléﬂ 'a%@hh?]aaa@%i‘% e T Re i Rg S Rt LS5 ige
m.cr.oor sme_.are transformed with the thus obtained
& C%ﬂ %Efbfraafsymt& 5BEaPHEICBY . FRCHBUTUSG ROy LReSEQ
ID]%gp e gm?h 20 into tor to_obtain a transfaormant.
2 RESEhS PSS dLSLiAE WBLPT \RiCHiglay/s comli tions" is
h nbi
see e e SRR SEER Pty e e
ol SR B T o

nuc£ec?% can be use gs_of a host used herein may,

ies W@Pssr TR BRgTg® €F Bhnasatence 1aYing,
eri ghi pononas, Fl avobacterium Bacill us,

wheréeﬁ-xreatclo o pyﬁ:éb %?%F?_apnme%} i %B}pgﬁp hybridization
met R SRR T (e S P BRE Ot ot 4ot ML IS 6pE GpcLike Ag grried

vect or, plasn1d phage or derivative thereof

Ut deri ved from m croorgani sns, which is capable of

a nonmousl . C o .

Lilh% VIR "%trlngent conditions" is used herein to mean
conditions wherein hybridization is carried out at 65°C in an
agqueous solution consistiﬁg of 75 mM trisodium citrate, 750 mM

sodium chloride, 0.5% sodium dodecyl sulfate, 0.1% bovine serum

~albumin, 0.1% polyvinylpyrrolidone, and 0.1% Ficoll 400

“(manufactured by Amersham Biosciences), and wherein washing is

then carried out at 60°C with an aqueous sdllitioh consisting of
15 mM trisodium cit..ra.te, 150 mM sodium chloride, and 0.1% sodium
dodecyl sulfate, for example. Such stringent conditions are
p_referably conditions wherein after hybridization has been
carried out under the aforementioned conditions, Washing is

carried out at 65°C with an aqueous solution consisting of 15
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replicating in the aforenmentioned host, can be used.
Anmong others, Escherichia coli is preferably used as
a host 10 m croorganism and a vector capabl e of
autononously replicating 17 mguch a mcroorganismis
preferably used as a vector. Exanples of such a
vector may include pUC18, pUCl9, pBR322, pACYCl84,
pSC101, pT7Bl ue, andpUCNT. Mbreover, avector, whichis
nodi fied to have a strong constitutive pronoter for

i ncreasing 15 the production anount of enzyne, can

mM 8k$ o@fuﬁsggtr$§eig¥g% e éyuﬁi Hﬁ%ﬁ? rnﬁﬂé 0.1% sodium

Escherichia co rans or

ook PPN S e PR
conﬁ%@?bégé%@f St Bt AR B RARE ReTherERrd i phder
e SRl B e
R R e ow%%ﬁ’gpgew citrate,
15 %ﬁnégéigmo%%ﬁ& Eco(gg%,oTra . and dug ﬁggunder

accessron
st 1R B RS s e ﬁ&ﬁFSHé?n%%éﬁ%EF?ﬁgg%m
de1‘%“%%%%%??%?5%%#%5%3%3%@ o B Fﬁé IfRibhigeond br more
nuc AT 4 Rl badTif i ssiSeh BeavrRcRirhtniasa by
ae L R A, O e o pPRCUR SURRTIRBrAC0 BT
nucj%’c?éey H§§§gﬁgnsgbl Eigﬂ.%t%%@ P&%ﬁ%;ngggﬁ%gﬁg of’md/or

el A AR O B B ESA e wmr

are'described, for example, in Tanpaku Kakusan Koso Zokan
(Proteins, Nucleic acids, and Enzymes, Supplement), Idenshi

Zofuku PCR Ho (Gene Amplification PCR Method), 35 (17), 2951-3178

{1990), or PCR Technology (1990), edited by Henry A. Erlich,

translated by Ikunoshin Kato.

The DNA of the present invention (amidase gene) can be
obtained from the aforementioned microorganisms having amidase

activity. For example, the following method can be applied to

obtain DNA of interest.

First, the amino acid sequence of the N-terminus of amidase
that has been purified from microorganisms having amidase

activity is determined using a vapor-phase protein sequencer or
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useédg% lc%lns O %pro%Y
d resent |nvent|on |s used for
by %)T'F&]a‘%%ﬁaer egze th]ﬁ cr%}glrsollfslas SYELRRTAREN0 acid

the aforementioned transformant, etc.) is cultured to
produce the above enzyme at a high Ievel. Thus, this
techni que can be 15 used for production of D-am no
acid. Such a m croorgani ssgrsy be cultured in a comon
medium As a nediumused for the culture, a conmmon
medi um t hat contains nutrients such as a carbon
source, a hitrogen source, and inorganic salts, my
be used. Wen a trace anount of organic 20 nutrient
such as vitamn or amno acid is added preferred

ene] SRS 2GR SN O U0 YOS OB R0L00 1.
SRR g7 2%%& 145, BB 855 Mg con
e SBRRIET,OSEAe P R e
o PR AN AR A SRS o
ccoBIRS M PALLS1a POLEER) YR 30 50 30 LS, s e

' d h t t
arofbfef LS N D BLcel oW NI Bl SmEaUe

hl b 25C and _37C.
acifpifle onCU%ﬁrg' Dt P Ay o 8oL, T BUeReR Wb FECER are

4 and : Such a pHrange is preferably
des %@é%%% reover, either a batch culture

| od be
apr%{éert gl%q_‘ﬁ éacf rﬁ??ror?ésé]%%? f"ﬁgudcsit ﬁég}%%tagct o:?dzg?lgqg%%nlsms
gﬁFg'gHrﬁﬂ?soﬁﬁ h%%%s%%r%btalnea

D

cor A I 2T RSl | I8R5 b SoP Bt ne Sy o

" the E?kgl, lt@@%%lh% &ller %%EL&% Cetretlr}lerjge)rera]01p1tatlng the extracted

DNA with iso?ropanol, and then washing wif;h ethanol the
precipitate obtained by centrifugation (refer to Current
Protocols in Molecular Biology (Greene Publishing Associates and
Wiley-Interscience), for example).

‘Such chromosomal DNA is used ag a template, and PCR is. carried
out using the aforementioned DNA primers to obtain a portion of
the gene of interesﬁ.

Subsequently, a DNA fragment encoding the N- and C-termini
of the obtained partial gene can be obtained by the inverse PCR
method (refer toNucleic Acids Res.16, 8186 (1988), for example) .

The nucleotide sequence of the above DNA fragment is determined.
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O herw se, am dase may be isolated and purified from
the culture before use. 20 Exanples specific

exanpl es of the present invention will be given bel ow
However, these exanples ar®/3mt intended to limt the
scope of the present invention. 23/38 (Exanple 1)
“Isolation and purification of am dase The Arthrobacter
sp. KNK1101J (accession No. FERM BP-10192) was

i noculated into 6 mM of nmediumA (produced by m xing
10 g 5 of neat extract, 5 g of yeast extract, 10 g of

. ThePBhYPEP! Oﬁgse@% itk qflu P&%&E%{%@%Af rbrfgei %rq:%%n

wat er to total L|nv

preéﬁﬁébﬁ_ Zadd )y up\é\"e E‘égmhgg HeeR %teg ec?ecgfit & ﬁtn%%e and

tube. Thereafter; e strain was su

theSELODL G 208Gl f%gt%% 34?%?13’%85%4 KIS 1ocated
o A B & i S e By 6 ﬁhSZ%trsSP%f%p%ed
USl%%:T%FetI on @ﬂgrheq}g ure c%h qfég \I'I]\glr”%hg’lﬁ{?tee{bgalned
chrQioESHT hupald o ftfe?@ oo, it %%%%Pﬁ%s%%%%?ﬂ%ﬁhgaﬁit
con S%L%%éét%{%ﬁ‘%ﬂs&al?mlcd‘#%v e o ep et -

331%5 R e PRSP EREL D P IRO A SR EL EolBRing an
amidie bRLEL S A thuoR A Pﬁg%f g %@%’ﬁ%b%eﬂvea%a
theﬂ?%%ﬁ&l’i‘%s%?% |€%Q§ffﬁrthe'%ﬁu¢? Pihthdia,
the $cidcide %Ei%ﬁg%%‘{&eﬁ 1raBRtpE Pt Ll Whcaining
an a%ra%%reage%@, WA EANAUG 12U Rserted into the vector, is

analyzed to confirm the presence of nucleotides that encode the
N-terminal amino acid sequence and internal amino acid sequence

of an amidase enzyme. Moreover, a translation initiation site

~and a termination codon are confirmed to determine an open reading

frame.
Host microorganisms are transformed with the thus obtained
DNA or with a plasmid obtained by incorporation of the above DNA

into a vector to obtain a transformant.

As a host and a vector, the host-vector system described

in "Kumikae DNA Jikken Shishin (Recombinant DNA Experimental

Guideline)" (edited by Science and Technology Agency, Research

and Development Bureau, Life Sciences Division; revised on March
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chromat ogr aphy. After washing with the sane above
buffer 24/38 solution, fractions with activity were
collected by elution via concentration gradient from
0 Mto 0.5 Msodiumchlordigesgvth the above buffer
sol ution. Ammoni um sul fate was di ssolved in such
active fractions to a final concentration of 0.8 M
and the 5 resultant was then applied to

Phenyl - TOYOPEAL (manufactured by Tosoh Corporation)
to conduct colum chromatography. Thus, fractions

22, IHRICE TG B0 ditina ofi4 BPEC MR 48 Bp ey Mioluae
\ is-HC1L buff | ut.i H 8.0) that contained 1 mM
micffh S5 LB et s Bty Lon (REL SOy ety por gt nog Lt
r1al0R0G tR00R, BRI | S i o oA
hi ith 50, MM Trj s- HC1 buf f | ut.i H 8.0
preRRetidnlbn ! BaPdbii i £ At oe bt e QARG tisy
|.ut via .concentration adient fromO Mto.0.5 M

Lacg%%%%%[%ﬁ br%%’ée%?%ﬁ%’st'hé%%bc&féep&ﬂ“ﬁ@essol ution. The

ot}%ai ned active frac.t'onlg,1 wer e oncentrated with an .

O AT BrP IR e 90T LUPSFLIVRE Yt thegeodtderived
10,000). Thereafter,, the concentrate was applied to

fro‘%d%‘%%?&f%blﬁﬂﬁ?qdf% e (PRARH e @ Eo  URRBOBRAMLY

har,maci a, i,ot ec t o canduc el filtration via
- ep R 3 R K Bt S ke PENDE Befly. Among

Tris- buf fer soluti.on H 8.0) that -contained 1 nmM
othegsy a’%%c A St AImIeh RS TEE 2 e UsSBEaRfed DREEI ve

micxf roalptianswer anal yzed by SDS- pol yacryl am de , .
ST et T opibr 8872 VE§{: I GREFPLIC 41 GHEQNRNSUELY ckRH-G3t1ng
in shhﬁ form 25/ 38 of a si ngl e bggd, and thus the purity

oF " t*hB* pEPPF FEH L ERAMBT COGF aPLE U5 #F fetieCERX anpietnnles

rolysis of amno acid ampde with am dase 5 0.1 ni

of ¥ IR T IPedEet. B8 ot BanbBBs 2R nenAeRC1 4,
pSCl01, pT7Blue, and pUCNT. Moreover, a vector, which is
modified to have a strong constitutive promoter for increasing
the production amount of enzyme, can alsoc be used.

As an example of a transformant, Escherichia coli HB101 is

transformed with a recombinant plasmid pHA002 obtained by

- incorporation of the DNA as obtained above into PUCNT (refer to

W0924/03613) to obtain a transformant, Escherichia coli HB101
(PHA002) .

The transformant Escherichia coli HB101 (pHA002) obtained

'by the present invention has been deposited with the Nationmal

Institute of Advanced Industrial Science and Technology, an

TIndependent Administrative Institution under the Ministry of
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Exanple 1 was mxed with 0.1 m of a 0.2 M Tris-HCL
buffer solution (pH 8.5) that contained 0.5% of the
compound shown in Table 2. The m xture was shaken at
30C for 15 hours. After conpigtion of the reaction,
solids were elimnated by centrifugation. The 10 yield
and optical purity of the generated am no acid were
anal yzed by high performance |iquid chromatography.
The results are shown in Table 2. Conditions for

anal ysis by high performance liquid 15 chromatography

Bt S T L e e SLEY
= ngG R SRRt 5008 kB BF 1 55 e Bl b B
7558 Bt RO0S 1B b L ARar SReE BT esbt Tt piR Frgpagpional
e B o e LB BT By P 1k (P O AR

il far ErahbLannE b ecBaPles Y BRaR fnEbe presany Appenbion
is FRIUTDLLEIPEr Al oo f0C o MRS eTRL, Wavel S0t 254
tecfiBRLEF FY AN LA POORE L £ 8 B ad Yo ld Rk o ®Fo1a
Spring Harbor Laboratory Preés, 1989), and Current Protocols in
Molecular Biology (Greene Publishing Associates and
Wiley-Interscience) .

The miclzroorganlism capable of producing the amidase of the
present invention '(Arthrobacter gp. KNK1101J, a mutant thereof,
the aforemeﬁtioned transformant, étc.) is cultured to produce
the above enzyme at a high level. Thus, this technique can be

used for production of D-amino acid.

Such a microorganism may be cultured in a common medium.

As a medium used for the culture, a common medium that contains

nutrients such as a carbon source, a nitrogen source, and

inorganic salts, may be usedl. When a trace amount of organiq
nutrient such as vitamin or amino acid is added, preferred resuits
can often be obtained. Examples of a.. carbon source, which is
appropriately used, may include: carbohydrates such as glucose
Or sucrose; organic acids such as acetic acid; and alcohols. |

Examples of a nitrogen source used herein may include ammonium
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betvgy

phenyl al ani ne am de47.2D98.5 hydrochl ori de DL- | eucine
am de3. 1D88. 9 hydrochl oride 10 (Exanple 3) Hydrolysis
of amino acid ester with purified amdase 0.1 nl of
the purified am dase actixg/fg action obtained in
Exanple 1 was mxed with 0.1 m of a 0.2 M

2- ( N- nor phol i no) et hanosul f oni ¢ aci d- NaOH buf f er
solution (pH 6.5) that contained a racemc

phenyl al ani ne ethyl ester with a 15 concentration of
0.5% The m xture was shaken at 30C for 15 hours.

21| EmnEPR 5o Rl guffah i Gents afbacgry eptone.
naqih MR L s At LR 9en ¥ gl rpapa neretn
may T B o eGP BRI P eae e g B Soatum
salidy PRERd iy od) e g ees, At GbABEoes-

S K 01J according to the sane nmethod as that
dg%lc(:ar f'gbﬁééulrﬁ BRADT & %‘?Ae W LoPed AnteHpgrature range

chl orof orm and, phenol, and were then treated '
2 A Rdr e ar tRICE fheCTRS¥F EefRFPRR hagarticularly

recipitated with isopropanol, and the 10 precipitate
Pre%%ﬁag? egf’eﬁff’e@é‘n?‘?icf' gt i3gﬁcwash't ﬁ&@lﬁ&@ﬁedghptwlture may

ve o DEBBLL0 LSBT £ e MBS L Lol 8 (2, QU el

. ' _and /ley- | [ ... Sub ly,
1 pfR RO Pl BN hent i 0 o1 “MORECHRT n B HOSTBN digure

15 det erm ned_using

mec:f, 4956 RALHGLGS, o Drammle L oves 4, determped,

Treatments for inducing the enzyme[ such as addition of
isoproiayl—1—thio-—[3-D~galactoside (IPTG) or lactose, cén also be
carried out, as necessary.

When the amidase of the present invention is used fér the
stereoselective hydrolysis of an amino acid amide or amino acid
ester, the culture as obtained above (a culture broth, cellsg of
microorganisms) may be allowed to directly act thereon.
Otherwise, amidase may be isolated and purified from the culture

before use.

Examples

| Specific examples of the present invention will be given
below. However, these examples are not intended to limit the

scope of the present invention.
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| ysyl endopepti dase was all owed to act on the am dase
purified in Exanple 1 in the presence of 4 M urea.
The generated pol ypeptide fragnment was purified by
reverse phase HPLC. Thergafier, the internal am no
aci d sequence of the am dase was 20 determ ned by the
sane above nethod. Using a DNA prinmer (Prinmer-1; SEQ
ID NO 4 of the sequence listing) designed based on
the N-termnal amno acid sequence and a DNA pri ner
(Prinmer-2; SEQID NO 5 of the sequence listing)

desi gned based on the internal amno acid sequence,
PCR was carried out with the 28/ 38 preV| ously obtai ned

b Sub Iy,
aflﬁ%%rﬁg %%%Fgf“e?i%% @k@fﬁm i el”c%no%o;@wa 1h292)
wasf Hh!)cufggég zclnnoe 69 nr%i o) trlrges B%ged oglulq_ eggﬁcrlﬂgg&hgela g

sequences correspo
or AL LR, © Lo L egiian o e YT AT
> o FROLARA B IEL B F S, 0L NG, Bt Bl S0 e,
e L SR S g ol e
o A TR 0 e G P

nent obt ai ned deconpositi on of

cullf‘h]ée p?r’%\?' 085%93:0%{‘ 2119 Wth?@ﬁﬁ?@ﬁf&lew Wit @f 18he culture

| brot'fl’?st}uaré %ﬁoocrhleq:ze%ﬁm Sito PV@:PS g@%@ﬁl ag%h)fpl}o‘.\.laaﬁ:gnpeeh

sceli GhE T & REe s?ev%aﬂsﬁy’““ Ihesisoharerar ber agEobic
o2 e il S ssuence or s OB
cull{{Le sgcg%e%ceg%iél g%rﬁr ;qamﬁfsﬁaéingy céntJI:EleugDat:LN%nS a(t)rfld they
were then suspended in a 50 mM Tris-HCl buffer solution (pH 8.0)
contained 1 mM diﬁhiothreitol (DTT) . The cells were then
di‘sruptéd with ultrasconic wave, followed by centrifugation.
Thereafter, ammonium sulfate was added to the supernatant,
resulting in a 45% of the saturated solution, and the generated
precipitate was then obtained by centrifugation. This fraction
was dissolved in a 50 mM Tris-HCl buffer solution (pH 8.0)
containing 1 mM DTT and dialyzed in the buffer solution.
Thereafter, the resultant solution was applied to DEAE-TOYOPEAL

(manufactured by Tosoh Corporation) to conduct column

chromatography. After washing with the same above buffer
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a sequence obtained by binding the restriction site of
BanmH to the nucl eoti de sequence of a portion
presumably | ocated upstream of the N-term nus of the
enzynme, and a DNA priner fPrigrer 6, SEQ ID NO 9 of
the sequence |isting) having a sequence obtained by
29/ 38 binding the restriction site of Sacl to the

nucl eoti de sequence of a portion presunmably | ocated
downstream of the C-term nus of the enzyne. Lbing
such DNA priners, DNA between the sequences

corf AL LA PO LD, A L Lagrenl (D10, .,

BN BRI o, ) PSS

S cg@ze%%%@@mde%gtgf Sefedisgaied 1o
10 (Ex | e
swls SARR 87 SRR S AR ) . e

resﬁ gagge %gsfe]nc an g {:otvg—;eny rﬁ)aqr&}ep&%sﬂ Rg*nanufactured by

I Ien ase e obtajned in Exanple 4 was
rospll Lok ) 5 ooy dh e, ARG P
As a result, pl asm d

fraa%%gs‘,%%g & RS R By f@ﬁ%s}f a 58ﬁsen5§a§ﬁ8%ng¥%dlent

exobf L5 RNk Fudia®ax %%rt%t%@tﬁ’f%i@ﬁm%%ﬂgqaeac@ffer

SOllgitﬁ]atnggg)?\lA Aé a,ghrre t?(%g%ﬁjtr{]ecfﬁem%r%%%ncgqﬁ OPE@FLE%@%%%ZLV‘E

BB S e A B g

I n_addition,

Pha é;a(%lsar eﬁijl on q} Ci ﬁcf § n‘%! trcé’ Ehffé’mtﬁéftm@ﬁycod%%ter
was%ﬂege rgg)d n@@&;&% /%qurt%%%l n%Hf 5%0Y that
contained 1 mM DTT, fractions were collected by elution via
concentration gradient from 0 M tc 0.5 M sodium chloride with
the above buffer solution. The obtained active fractions were
concentrated with an ultrafiltration membrane (molecular weight
cut off: 10,000). Thereaftér, the concentrate was anplied to
Superdex 200 HR 10/30 (manufactured by Amersham Pnarmacia
Biotech) to conduct gel filtration via FPLC. Fract'ions‘Were then
eluted with a 50 mM Tris-HCl buffer solution (pH 8.0) that
contained 1 mM DTT and 0.15 M sodium chloride. The obtained
active fractions were analyzed by SDS-polyacrylamide |

electrophoresis. As a result, amidase was detected in the form
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t hus obtai ned DNA fragnent that contained the
full-length am dase gene is shown in SEQ ID NO 2 of
the sequence listing. The nucleotide sequence of the
open reading frame is show/3isn SEQ ID NO 3 of the
sequence listing. The ami no acid sequence 5 esti mated
fromthe nucl eotide sequence is shown in SEQ ID NO 1
of the sequence |isting. (Exanple 6) Production of
reconmbi nant plasm d that expresses amidase gene in
hi gh volunme 10 Priners (Prinmer-7 Shown in SEQ I D NO

P 8.sh SE
S S R DRI

be BLALED he restriction sites of Ndel and Sacl to the
© Nt ern?ﬁér and C-termnal portions of the am dase
gene obtained in Exanple 5, respectively, were used.
DNA between 15 them was anplified by PCR to obtain the

(Exg%@léfggn§9é¥£iyéq§ open .reaqxgg %Q%we ngfm |%H£EQ

”%%”??f P, g%ﬁj%ﬁﬁ %ﬁ@égéer%e%%f‘%%“ S Eﬁsﬁmefi n
meafBPed Vi 556is t“la}#ﬁ i Boa BPLhvalt i spesTucton

| t h HAQO02 sh
o D rﬁ%ﬁ&%ﬂmg LN

The de5| ned to e ess a Ia.ggr anDunt of am dase gene
enas 3Btai iy 13 iesg s ExdRpre Fympletion
f t f nbi t. DNA .t hat '
of tcon%‘%&%é?an? as%fd”sw%ﬁ-’%ﬁéibﬁi'@%?%é FRACOD SbEHPREUORn The
d Esch h I B101
yiefd BB ol X “""‘%ﬂ*—“?@v #“am? SEREERLCEAMIEs 261 S e arahyzed
by i B R o e o Y o L TS PSS LR e
shoﬁﬁ"iﬂ“ﬁ q_lqglde 15 g of agar, and 100 ng of
anpi c ﬁ i'n 1 L of

Conditions for analysis by high performance liguid
chromatography

[Analysis of yield of amino acid]

Column: COSMOSIL 5C18-AR (4.6 mmp x 250 mm; manufactured by
Nacalai Tesque, Inc.)

Eluent: 10 mM potassium phosphate buffer solution (pH

- 2)/acetonitrile = 19/1

Flow rate: 0.5 ml/min.
Column temperature: 40°C
Measurement wavelength: 210 nm

[Analysis of optical purity of amino acid]
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dei oni zed water; pH 7.0 before sterilization;
anpicillin was added after conpletion of the
sterilization) to obtain a 10 transfornmant,
Escherichia coli HB101 (pRAQRZ), which contained
reconbi nant DNA that contained an am dase gene, in the
formof a colony. The obtained transfornmant col ony
was inoculated into 6 mM of medium C (produced by

m xing 10 g of trypton, 5 g of yeast 15 extract, 10 g
of sodiumchloride, and 100 ng anpicillin, in 1 L of

corfiih? IhPRFHEREL oftado &y (¢ E%w%féiﬂ 7By PRBuEactured by
i ' h db I d
sunfhe Ehigath ot WLEL bad been rebefil1zed Tn a test
h f Th ft [1s 20
s1uge 1° ;rvié?éﬁe?f%ﬁme A RIS 0T S T by
Floﬁe:':]é{ ugaéfqel / JSand it was then suspended in a 50 mM

'l ution (pH 8.0) that contained 1 nM
d|th| othreitol (DIT). The cells were then disrupted

COLYPE N"EeMRF RO e vEVE, and i nsol ubl e products deri ved

mithe cells were then elimnated by centrifugation
Mea%&f%%e?% K& f?F%W & sol ution of the

transformant. 0.1 m of the obtained enzyne sol ution
was mxed with 0.1 m of a 0.2 M Tris-HCL buffer

Tabl obutl on (pH 8.5) that contained 50 .mM D-phenyl al ani ne
m de hydrochl oride. The obtained m xture was 5

react ed at 30C for| 15 hotdgerdBed RS Tacdd Was
ganfugdweg-d hat D-p | T |
tlhat the transfor rrart %jé& Bbﬂgagg]?gg?lag %ﬁﬂﬁﬂ l%rlty
IL llUl CU lllal t IIC Ul &t IICU -+ aIIDI of IIuIIL, :or‘hg
s (pHA002 , has bgen deposited Wth the
I\ fgc st tjut evob Avancedpl ndust rji al Sgjgensce
a hnol o , an | ndepepdent Admi ni strjative
e E Tl AN the Mniktry of FEcononty, Trade and
Il%rst]ﬁlw(l@l%er accessi on No. FERM BP-10193;
amide 3.1 D 88 .9
hydrochloride

(Example 3) Hydrolysis of amino acid ester with purified amidase

0.1 ml of the purified amidase active fréction obtaineci in
Example 1 was mixed with 0.1 ml of a 0.2 M
2-(N- morphollno)ethanosulfonlc acid-NaCH buffer solutlon {pH
6.5) that contained a racemic phenylalanlne ethyl ester with a
concentrationof 0.5%. The mixture was shaken at 30°C for 15 hours.
After completion of the reaction, solids were eliminated by
centrifugation. The generated amino acid was analyzed by the

same method as that described in Example 2. As a result, it was
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a national deposition with the original deposition
date of January 22, 2004 has been transferred to an
i nternational 15 deposition under the provisions of

t he Budapest Treaty). (Exanfde 8) Hydrolysis of am no
acid ester using reconbinant bacteria 0.1 m of the
culture broth of Escherichia coif HB101 20 (pHA002)
obtained in Exanple 7 was mxed with 0.1 m of a 0.2
M 2- ( N- nor phol i no) et hanesul foni ¢ aci d- NaOH buf fer
solution (pH 6.5) that contained 1% of racemc

fouﬂa%ﬂi@baﬁgggyggﬁg%gﬁ%tﬁcrls o%in%%lt Lned rgéL %f e%%\qaf mol %

shaken at ours. er corrp

and' S@%ho%t%@éi dgug%gf &fiyinaged by 33/ 38

centrifugation he" gener a Hied anino acid was
anal yzed by the sane nethod as that described in
Exanple 2. As a result, it was found that

n i ne. was_.obt atayleldof347m)I%
(Exgﬁgfg 4/’ a‘l%‘ié@fé’i@gf a)r_&%ag%rﬁeg 34/38 CLAIME 1. A

e
ek S50 ok by CREMENEEL) 1 M O 282

kg BTSSR B 1,

Phe@qﬂg%lﬁéé"fﬂ%?f’cn%%?fetﬁ i cﬁh?gsgéhgdaggﬁaﬂeﬁ%?w i
ext er| ve rom ?r%%laco(raggl g’r}\tt%lellgﬁﬁffﬁééfi\é\ﬁég%ﬁésthe
eI LM STl T0e AAASRLAS ARG, B.Chal 2o
ethmljcglﬂréggw E?rc}rﬁ)&gor?lal ]D':_NA {refer to Current Protocols
in Molecular Biology (Greene Publishing Associates and
Wiley-Ipterscience) ) . Subsequently, the amino acid sequence of
the amino terminus of the amidase purified in Example 1 was
determined using a vapor-phase protein sequencer. Thereafter,

lysyl endopeptidase was allowed to act on the amidase purified

in Example 1 in the presence of 4 M urea. The ‘generated

polypeptide fragment was purified by reverse phase HPﬁC. |
Thereafter, the interné.l amino acid sequence of the amidase was
determined by t‘he same above method. Using a DNA.primer
‘_(Primer—l; SEQ ID NO: 4 of ti’le' sequence listing) designed based

on the N-terminal amino acid sequence and a DNA primer (Primer-2;

. SEQ ID NO: 5 of the sequence listing) designed based on the

internal amino acid segquence, PCR was carried out with the
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4. DNA, which encodes the pol ypeptide according to any
one of clains 1 to 3. 5. DNA described in any one of
the following (c) to (e): 20 (c) DNA, which has the
nucl eotide sequence showr8/8&SEQ ID NGO 3 of the
sequence listing; (d) DNA, which hybridizes with DNA
havi ng a nucl eoti de sequence that is conplenentary to
t he nucl eoti de sequence shown in SEQ 35/38 ID NO 3 of
the sequence |isting under stringent conditions, and
whi ch encodes a pol ypepti de having am dase activity;

pre@ﬂguéﬁj)f dPNA 1 nedy Gﬁrgﬁésamgf%l\ﬁpéel etéﬁﬁ%ﬂggge rfsslél %éQ@lt

. from substitution, 1nsertion Q
dick OF @ 5oL 9%5%9 1
a‘”ﬁﬁb eotldeegggﬁgﬁ%% sﬁoﬁﬁﬁfﬂ #éggﬁﬁk?E& c%ﬁzzapartla
C g, and whi ch encodes a pol ypeptide
genﬁggﬁﬁg §%%$ 5%2 activity. 6. A reconb|nant pl asm d,

W Bk d i 3, n@ﬂeb%oiﬁgfﬁ%%g) 1 oL i stvpeege Carried out to

aCCOYdI ng to ¢larm VEC

S T I S,
A e

c-c4 0SSkt Lo S idh £B5 ot RS cheh was
gendDRASL - IhEE o0 9RRk Sl %@&%Q%Bﬂegg%gb%ﬂg RRNG, of tne

accor ng to any one

parﬁfﬂn%féi{Mrl%‘ioEgLEx%u&o ¢ & Egﬁ; I%D g' tl,g$ﬁ sequence

m croorganismis erichia
l:LStt erl C{w_w_r{%@c‘:(&r %h%%n n lS%'QmI%’ NW?I 9ho|fsthe sequence

listlng) were synthesized. Using such primers, inverse PCR was
carried out. As a template, DNA, which had been obtained by
cyclization with T4 DNA ligase of a fragment obtained by
decomposition of the previously obtained chromosome.l DNA with
restriction enzymes, SacII, Pvul, SalI, and XhoI, was used. As
a result of the inverse PCR, a DNA fragment, which contained a
gene portion located further outside of the previoﬁsly obtained
pai:tial gene, was obtained. The nucleotide sequence of this DNA
fragment was determined. Thereafter, there were prepared a DNA
primer (Primer 5; SEQ Ib NO: 8 of the sequence listing) having
a seqﬁence obta.ined.by binding the restriction site of BamHI to
the nucleotide sequence of a portion presumably located upstream
of the N-terminus of the enzyme, and a DNA primer (Primer 6; SEQ

ID NO: 9 of the sequence listing) having a sequence obtained by
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coli HB10l1 (pHA®O2) (FERN BP-10193). 5 12. A

m croorgani sm which is able to produce the

pol ypeptide according to claim1l and belongs to genus
Arthrobacter. 13. The m cegprgani sm according to claim
12, which is Arthrobacter sp. KNK1101J (FERN
BP-10192) or a nutant thereof. 10 14. A nethod for
produci ng am dase, conprising culturing a _

m croorganismthat is able to produce the pol ypeptide
according to any one of clains 1 to 3, accumul ating

bin?%h% BRé Ml‘lg:sc ildh sﬁﬁgt ﬁﬁ C#a{gf'toagﬁje (uc!lecott! |Ef%ligtequemce

The producti on accordin

A T S R S S ra”SEO%”@% toppinus of
thep_éﬁg Lionydy $%%tcﬁlcﬁﬁﬁd$9%négsdﬁl\ﬂnbe%w %r Inétfeg}lﬁ,pces

m cr organit sm € m Croor ganf sm accor

w2s 398L BRI OE AT VP AR ““E%ﬁ%%@ 2 of

the%%ﬁ% Fotoh TR i T 0 am g e
%re S%%‘&E]E E: élp?(’a%:tAJ{_oltnhg %Its t ?eqipi%@yagment

wasAéﬂai-fﬁ'e@, and as a result, it was confirmed that the

full-length amidase gene (SEQ ID NO: 3 of the sequence listing)

was contained therein.

(Example 5) Production of recombinant plasmid that contains

amidase gene and analysis of the gene

Using T4 DNA 1igaé.e, the DNA fragment that contained the
full-length amidase gene robtained in Example 4 was ligated to
a vector plasmid pT7Blue cleaved with the restriction enzyme
EcCoRV. As a result, a plasmid PHAOCI that contained the amidase
gene, as shown in the restriction map of Figure 1, was obtained.

Using the obtained plasmid pHAOOl, the nucleotide sequence
of the DNA fragment obtained in Example 4 was analyzed. As a
result, the presence of nucleotides encoding the N-terjmihal amino
acid sequence and internal amino acid sequence determined with
the rpurified amidase was confirmed. In addition, a translation
initiation site and a termination codon were confirmed to

determine an open reading frame. The nucleotide sequence of the




R

10

15

20

1510 90 Pro Ay Ser Lou Asn Thr Ile Ala 2sp Val Al a
Ay Val Arg Val Ay 20 Ser 45e Ay H's Gy Pro Val

Arg Thr Gy Val Thr Ala lle Ile Pro H's .50 55 60 Trp
GQu GQu Pro Arg Phe Ala Ao/3dal Phe Ser Lou 65 70 75

GQu Trp Ser Ay Thr Ser Phe Val Arg Gu Thr Ay 85 Pro
Ile Met Thr Thr Asn Ser H's Ser Ile Ay Ser 100 105
Val Ile Lys Arg Gu Val Ala Arg Arg Gy Ser Leu 115
120 Lou Val Gy Gu Thr Phe A3p Gy Leu Lou Asn Asp
140 His Val Lys Asp Qu His Val Ala Qu Ala Ile Asp

thué%té@%e&%ﬁﬁfa%ﬁ@niy %lha'%s SirEHS t% %u?@— I%E%tk@émi dase

Gy Gy Ay Thr dy Asn v
gentg ¥s G ¥odd eeré‘E(% gori ZI%QE ;t%% ?ﬁlrcﬁu léelgis{ﬂl Thr

Lou Arg Asp G n Val
nucl@tid@Baitnee of the open reading frame is shown in SEQ

ID NO: 3 of the sequence listing. The amino acid sequence
estimated from the nucleotide sequence is shown in SEQ ID NO:

1 of the sequence listing.

(Example 6) Production of recombinant plasmid that expresses

amlidase gene in high volume

_Primers (Primer-7 shown in SEQ ID NO: 10 of the sequence
listing; and Primer-8 shown in SEQ ID NO: 11 thereof) having
sequences obtained by binding the restriction sites of NdeI and

Sacl to the N-terminal and C-terminal portions of the amidase

 gene obtained in Example 5, respectively, were used. DNA between

them was amplified by PCR to obtain the DNA fragment of the open
reading frame shown in SEQ ID NO: 3 of the sequence listing.

The obtained DNA fragment was cleaved with the restriction

- enzymes Ndel and SacI. Using T4 DNA ligase, the cleaved portion

was allowed to bind to a vector plasmid pUCNT (refer to

WO094/03613), which had been cleaved with the same above enzymes.

- As a result, the pHA0O02 shown in the restriction map of Figure

2, which had been designed to express a larger amount of amidase

gene than pHA001 does, was obtained.
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Pro H's Lys Asn Ser 245 Lou Pro Ay Gn Lou 260 Ala
Arg Asn Gy Ala 275 Ala Phe Ser Thr Cys 20 Gy Val

Lou Val Gn Ala 200 Thr Ay Val Pro Val Q0 Gy Pro
Ser Gy Phe Asp 235 Ile diotggval Val Val Ala Thr 250
Gu Arg Val Ala H's Arg Ser 26 Tyr Ala H s Asn Leu

Ser Ay 280 15 Gu Ay Asp lle Asn Ay Ser dy 80

Cys Leu 9yr Gy Val Arg Asn Ala 110 &5 Arg Leu Pro
l11le Ser Ay Met Ser Ala Ser Al a

{(Example 7} Production of transformant using recombinant DNA that

contains amidase gene

The plasmid pHA002 obtained in Example 6 was mixed with
Escherichia col_i HB10l competent cells to transform the cells.
Thereafter, the cells were plateci on agar medium B (produced by
mixing 10 g of trypton, 5 g of yeast extract, 10 g of sbdium
chloride, 15 g of agar, and 100 mg of ampicillin, in 1 L of
deionized water; pH 7.0 before .sterilization; ampicillin was
added after completion of the sterilization} to obtain a
transformant; Escherichia coli HBlél (pHAQQ2}, which contained |
recoubinant DNA that contained an amidase gene, in the form of
a colony.

The obtained transformant colony was inoculated iﬁto 6 ml
of medium C (produced by mixing 10 g of tryptoﬁ, 5 g of yeast
extract, 10 g of sodium chloride, and 100 mg ampicillin, in 1
L of deionized water; pH 7.0 before sterilization; ampicillin
was added after completion of the sterilization), which had been
sterilized in a test tube. Thereafter, the resultant was shaken
at 37°C for 24 hour for an aerobic culture. Thereafter, cells

were harvested from the obtained culture broth by centrifugation,

.and it was then suspended in a 50 mM Tris-HCl buffer solution

(PH 8.0) that contained 1 mM dithiothreitol (DTT). The cells

were then disrupted with ultrasonic wave, and inscluble products

derived from the cells were then eliminated by centrifugation
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160 Leu Gn Lou Ay Asn Hs Gy Leu 205 Arg Leu Ile
Ser Arg Arg Ser Ser 240 Asp Ala Pro Lou 255 Thr Lou
Ay Ile 270 Asp Leu Ala Leu 285 Pro Gn Pro Val Ser
Gy TT yr r Asp Phe Gy Vg ,/dg45 Asp Thr Ser Pro Gy

Thr 1le Arg Ala Leu Pro Asn Ala Ala Thr Ala 305 310
315 320 Ay Leu Phe Au Ala Ala Val Gu Ala Thr Gu

GQu Ala lle Val Ser 325 330 335 Ala Leu Val His Al a
Asp Thr Cys Thr Gy Ile Asp Asp Arg Val Ala 340 345
350 Tyr Ay Leu u Ala Ala Arg Lau Ala Arg Ser lle

to éﬁ&ag ua{%%.m%%s%?%oégglc%?S %ﬁ/ gl %g]orléﬂ%gltg%gogégml of
theA%gtglneg;Qngggésggiag&on was mixed with 0.1 ml of a 0.2 M
Tris-HC1 buffer solution (pH 8.5) that contained 50 mM
D-phenylalanine amide hydrochloride. The obtained mixture was
reacted at 30°C for 15 hours. As a result, it was confirmed that
D-phenylalanine was generated, and that the transformant had
amidase activity.

ﬂ:istobenotedthatﬁheobtainedtransformant,Escherichia
coli HB101l (pHACO02), has been deposited with the National
Institute of Advanced Industrial Science and Technology, an
Independent Administrative Institution under the Ministry of
Economy, Trade and Industry (under accession No. FERM BP-10193;
a national deposition with the original deposition date of

January 22, 2004 has been transferred to an international

deposition under the provisions of the Budapest Treaty) .

(Example 8} Hydrolysis of amino acid ester using recombinant

“bacteria

0.1 ml of the culture broth of Escherichia coli HBR101

(PHA002) obtained in Example 7 was mixed with 0.1 ml of a 0.2

M 2- (N-morpholino}ethanesulfonic acid-NaOH buffer solution (pH

6.5) that contained 1% of racemic phenylalanine ethyl ester. The

obtained mixture was shaken at 30°C for 15 hours. After

completion of the reaction, solids were eliminated by




<211> 1290 <212> DNA <213> Arthrohacter sp. <220>
<221> CDS <222> (53).. (1219) <223> <400> 2
agcgcgt cgt ggact gggt g cagaaat aca caggcgagcc cgaggacgaa
as atg agc 58 Met Ser i 3f@gig Ctg ctc cgt gag cac gga
atc gtc atc ggt cgt ctc caa ccg ggt 106 Arg Leu 5eu
Arg Qu Hs Ay die Val Ile dy Arg 15u Gn Pro dy O
tct ctg aac acc att gca gac gtc gca ggc gtt cgc gta
ggc cat tca 154 Ser Leu Asn Thr Ile Ala Asp Val Al a
Gy val Arg Val Ay H's Ser 20 25 30 aca atc atg cgc

cenffehfiBeiet gt eh§ e spRRii8 Al vheeda jr#pd by the

_ @y Pro.Val 35 40 45 R0 _cgc_aca gta aca gcc atc
sang, fetiod @fctéas %@%c 4 B§gEAY PI0ASA ORI yt was
Val, Thr Ala || le,Pro Hs AQu Ay Asp Ile Trp Au - .
fould it B pheny e BG e A D O BF 8 FIELE eF gt ol ¥
ggc agc, aa, tgg 298 du Pro Arg Phhe Ala Ay Val
and pig ‘?&Fl%&t &éﬁl WiSet3 &®fS8Qu Trp 5 agc gga acc
tcg ttc gtc agg gag acc ggg tgt ctt tat ggc cct atc
. 346 Ser Ay Thr Ser Phe Val Arg Qu Thr Gy Cys Leu
Tyr Ay Pro lle 85 90 95 atg acg acg aat tcg cac agc
att gga tcg gtc agg aac gcc gtc atc 394 Met Thr Thr
Asn Ser H's Ser Ile Gy Ser Val Arg Asn Ala Val Ile
100 105 110
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aag cgt gaa gta gCC cgg cgg gga agc ctg gag agg ctc
cct ctc gtg 442 Lys Arg GQu Val Ala Arg Arg Ay Ser
Leu Qu Arg Leu Pro Lau Val 115 120 125 130 gga gaa
acc ttt gat ggc cta ctc aat/3gac atc agc ggc atg cac
gtc 490 Gy Gu Thr Phe 135 Asp Gy Lev Lev Asn ;sspp
Ile Ser Ay Met His Val 1 aag gac gaa cac gtg gcc gag
gcc atc gac tcc gcc tcc gca aat gtt 538 Lys Asp Qu
Hs Val Ala Qu Ala Ile Asp Ser Ala Ser Ala Asn Val
150 155 160 acc gaaggcaat gtt ggc ggt ggg acc gga aat
gtt tgt cac ggt ttc 586 Tﬁﬁ\&gu Gy Asn Val Ay Qy
GIy Thr dy Asn Val Cys y Phe 165 170 175 aaa

T gag ngl?p%%)} %%;‘g%%ﬁqué%dt ﬁ?‘e‘&%%ygéglt txggcaz? fb\g]g“g@g] :
{2) Leay pglE/pE?ﬂlg y %Hcg Ha&%:%el%%ﬁlgga%ﬁf% %gﬁuﬁgge(s%lgown in

t¢ Caa geé aac cac

(b) 9 pgagpghglggy FAP-ANE 81 ta%tm%fg PaCsfipends gttt ing
RN T A T
or 58 B I8 SR AR B AR e o
o: 3 berhe Rl Ll ot B abae6 R asiavity.

ctg gaa cgc gtt get cac cgt tct ace eta ggc att gcc
cgt 874 dy Gin Leu GQu Arg Val Ala H's Arg Ser Thr

2- tg?é e%%ﬁ@egp 4ge ga“gcc Oé‘%gn%? Szl%l%{aﬁ‘ 3@@%3%@%9‘9 da £rom

a microorganism belonging to genus Arthrobacter.

3. The polypeptide according to claim 2, wherein the

microorganism is Arthrobacter sp. KNK1101J (FERM BP-10192).

4. DNA, which encodes the polypeptide according to any one of

claims 1 to 3.‘

5. DNA described in any one of the following (c) ‘to (e) :

{e) DNA, which has the nucleotide sequence shown in SEQ ID NO:

3 of the sequence listing;

(d) DNA, which hybridizes with DNA having a nucleotide sequence

that is complementary to the nucleotide sequence shown in SEQ
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Asn Gy Ala Tyr Ala H's Asn Leu Ser Ay Asp Leu Al a
Leu Ala Phe 275 280 285 290 tee ace tgC CCg cag CCt
gta age ggt tat gat tte gga gtg gat aca 970 Ser Thr
Cys Pro Gn Pro Val Ser @Qy/3Jyr Asp Phe Ay Val Asp
Thr 295 300 305 agt cct ggg ace att cgc gcc Ctg ccc
aac gcc gca acg get ggc etc 1018 Ser Pro Ay Thr Ile
Arg Ala Leu Pro Asn Ala Ala Thr Ala Gy Leu 310 315
320 ttc gag gcg gee gtt gag gee act gag gaa gcg att
gtt tee gCg ctt 1066 Phe Gu Ala Ala Val GQu Al a Thr

PR St B B R
whi889eh A48 VQ Eli i ] idise 'Ive't[y,-p P

Ubirtar rgr g i ny o e fu
OG0 Ll BRIt

; 3 tg.tat ag aaa
~AEEER R e
e 58S o8 Sag Bl s PRI Chpd et getudgonta s o o
n 0 C aacqgg . .

ene EBELARCEC J00CRRTTHE, 00y U0 B0 VIR e maving
ami§§&§>a%it<1;.l3> Art hr obacter sp.

6. A recombinant plasmid, which is obtained by insertion of

the DNA according to claim 4 or 5 into a vector.

7. The recombinant plasmid according to claim 6, wherein the

vector is pUC18, pUCl9, pBR322, pACYC184, pSClOl, pT7Blue, or

PUCNT.

8. The recombinant plasmid according to c¢laim 6 or 7, which

is pHAOO2 specified in the restriction map shown in Figure 2.
9. A transformant, which is obtained by transformation of a
host microorganism with the recombinant plasmid according to any

one Qf claims 6 to 8.

10. The transformant according to claim 9, wherein the host

microorganism is Escherichia coli.




10

15

20

<220> <221> CDS <222> (1).. (1167) <223> <400> 3
atg age cgt ctg etc cgt gag cac gga ate gtc ate ggt
Cgt etc caa48 Met Ser Arg Leu Leu Arg Au Hs Ay lle
Val Ile Gy Arg Leu Gn /B 15 ccg ggt tct ctg aac
ace att gca gac gte gea ggC gtt cge gta ggc96 Pro Ay
Ser Lou Asn Thr Ile Ala Asp Val Ala Qy Val Arg Val
@y 20 30 cat tca aca ate atg cgc ggt tct ggg ccc ctg
tcc ate ggc cat ggcld4d His Ser Thr lie Met Arg Ay
SSeor Ay Pro Leu Ser lie Ay Hs Gy 45 tea gtt cgc
aca ggg gta aca gcc ate ate cct cac gaa gga gac atel92
Pro Val Arg Thr Ay Val Thr Ala lle Ile Pro Hs Qu

11. G%l@%%ahgforégné @&o%&%ﬁ@g c?%dr? %a W cl’tlté‘es g%?%g%l,c ia

tee ct
h P GlySer @y 65 70 75
colE ﬁBﬂ)f %ﬁa%/@)gg U%?Sﬁ’gtc agg gag ace ggg tgt

ctt tat ggC288

12. 2 microorganism, which is able to produce the polypeptide

according to claim 1 and belongs to genus Arthrobacter.

13. The microorganism according to claim 12, which is

Arthrobacter sp. KNK1101J (FERM BP-10192) or a mutant thereof.

14. A method for producing amidase, comprising culturing a
microorganism that is able to produce the polypeptide according
to any one of claims 1 to 3, accumulating said polypeptide in

the culture, and collecting it.

15. The production method according to claim 14, wherein the

‘microorganism is the transformant according to any one of claims

9 to 11.

16. The production method according to claim 14, wherein the

microorganism is the microorganism according to claim 12 or 13.




I

400 1

GQu Trp Ser Ay Thr Ser Phe Val Arg Au Thr @Ay Cys
Leu Tyr Gly 85 90 95 cct atc atg acg acg aat tcg cac
age atte tc agg aac gcc336 .Pro Ile Met Thr
Thr Asn er Ile @y Ser Val Arg Asn Ala 100

KA"!E@BCUREDWQ(We atc aag cgt gaa gta gcc egg egg gga age

| pomaeng@mmgmm A@ﬁ@l?\sﬁqn\@k ﬂH#FgEOF'- ys Arg Gu Val Ala Arg

115 120 125 ctc gtg

B“@E}’gm&ba ace ttt gat ggc cta ctc aat gac atc age ggc
Jpadlagr8id1 Leu Val Ay A u Thr Phe Asp Gy Leu Leu Asn Asp
2002ed Ser Ay Met 130 135 140 cac gtc aag gac gaa cac
“gtg gcc gag gcc atc gac tcc gee tcc gcad480 His Val Lys
p Gu Hs Val Ala u Ala lle Asp Ser Ala Ser Al a
Pati’%‘ 1gonds 160 aat gtt ace gaa ggc aat gtt ggc ggt
1 ggg ace gga eat gtt tgt cac528 Asn Val Thr Qu Ay Asn
ggET?\/aI Ay Ay Ay Thr Ay Asn Val Cys His CéGS 170 175
aaa ggc ggt att gga agt gee teg c gtg ttg
Artgggacﬁeﬁgpggwm Ay Phe Lys Ay Ay Ile Ay Ser Al a Ser

Ar VaI

85 190 gag gaa ace tac
et Ser Arg L érgggg‘j O F‘ ;‘E"c"a tz %Iég lfljgé'%é lhc cac ggc ctt624 Gu

Leu Val dn Ala Asn.Hi s

Pro Gly SeE;Lsy &f&{jhr }Ge Ala Agp Vai Ala G}; Val Arg Val Gly

His Ser Thr Ile Met Arg Gly Ser Gly Pro Leu Ser lle Giy His Gly
35 11} 45

"Pro Val Arg Thr Giy Val Thr Ala 11e ile Pro His Glu Gly Asp lle
50 55 60

Trp Glu Glu Pro Arg Phe Ala Gly Val Phe Ser Leu Asn Gly Ser Gly
65 ‘ 70 75 80
Glu Trp Ser Gly Thr Ser Phe Val Arg Glu Thr Gly Cys Leu Tyr Gly
85 90 95
Pro 1le Met Thr Thr Asn Ser His Ser lle Gly Ser Val Arg Asn Ala
100 105 110
Val Ile Lys Arg Glu Val Afa Are Arg Gly Ser Leu Glu Arg Leu Pro
115 120 : 125
Leu Val Gly Glu Thr Phe Asp Gly Leu Leu Asn Asp lle Ser Gly Met
130 135 140
His Val Lys Asp Glu His Val Ala Glu Ala |le Asp Ser Ala Ser Ala
145 © 150 : 158 _ 160
Asn Val Thr Glu Gly Asn Val Giy Gly Gly Thr Gly Asn Val Cys His
_ ‘165 170 175
Gly Phe Lys Gly Gly Ile Gly Ser Ala Ser Arg Val Leu Gln Leu Gly
180 185 1980
Giu Glu Thr Tyr Thr Leu Gly Val Leu Val Gin Ala Asn His Gly Leu
195 200 205

Arg Asp Glu Phe GIn Vai Thr Gly Val Pro Val Glvy Arg Leu |le Ser
210 215 220

Thr Asp Git |ie Pro Leu Gly Pro Sef Gly Phe Asp Are Arg Ser Ser
- 225 230 235 240

Pro His Lys Asn Ser lie Leu Val Val Val Ala Thr Asp Ala Pro Leu
' 245 : 250 255

Leu Pro Gly GIn Leu Glu Arg Val Ala His Arg Ser Thr Leu Gly Ile
: 260 ] 265 270

Ala Arg Asn Gly Ala Tyr Ala His Asn Leu Ser Gly Asp Leu Ala Leu

275 280 285 _ ‘
Ala Phe Ser Thr Cys Pro Gln Pro Yal Ser Gly Tyr Asp Phe Gly Val
290 295 : 300

Asp Thr Ser Pro Gly Thr Ile Arg Ala Leu Pro Asn Ala Ala Thr Ala
305 310 o 315 320




l
i

195 200 205 cgt gac gaa ttt cag gtg acg gga gta ccc
gtg gga agg ctc ata tct672 Arg Asp Au Phe G n Val Thr
@y Val Pro vVal Ay Arg Leu Ile Ser 210 215 220 acg

Gly Leu PRESIuGROAIQNE QIGQIA The cOOQuQAGL |1QA g9t Tttt gat cga agg
" tct 8720 Thr AsBlG u Ile Pr@bSlou Gy Pro Ser Ay Phe

Ala Leu VESIRs ATOshNTRE (788 116280 1ok 9341240 CCa cac aaa aac
agiddatt ctt gted4sgte gtg gcasmace gac gcg cct ctars68 Pro

' S .l Le al .Val Val Ala Thr Asp Al a
Tyr Gly Ie'.g‘r%u E)éumﬁ%éﬁéﬁ Aégéercﬁg\;&gccdugﬂggaﬁ ct% gafélSI cgé gtf_
et cac cgt tc ce cta ggc att eu Pro Gy n Leu
Giy Thr G%l llﬁ”i\’frdar gi)g PAl E"adasﬂf 8seh %ell”“ Hirfrfeu Qy I1e 260 gee
cgt aat ggt gee tac gcg cac eat etc age ggc gac ctt
fre Ser Ggcao ct 1864 Ala Arg 275 Gy Ala Tyr Ala H's Asn Leu Ser
Gy Asp Leu Ala Leu 280 285 gcg tte tee ace tgC ccg
cag cct gta age ggt tac gat ttc gga gtg912 Al a Phhee
310 ;‘\29‘§er Thr Cys Pro G Pro Val Ser dy Tyr Asp Phe 3y Val
<212> DN2 in 300 gat aca agt Celt ggg ace att cgc gee ctg cec
Q213 Arigegbacgesbgca acg get 960 Asp Thr Ser Pro Gy Thr Iie Arg
<20 AaLeu Pro Asn Ala Ala Thr Ala 305 310 315 320 ggc

221> Gt ic gag gcg gcc gtt gag gcc act gag gaa gcg att
G oy drjd 0,958 |
400> 2
agcgcetest gractesete cagaaataca caggceagce cgaggacgaa aa ﬁtf ggc 58
' ] et Ser
1
cgt cte cte cet gag cac ega atc gte ate get cet cte caz cocg get 106
Arg Leu Leu Arg Glu His Gly |le Vai lle Giy Arg Leu Gln Pro Gly
5 10 15 .
tct cte aac ace att eca zac gtc gca gee gtt cec gta emc cat tca 154
-Ser Leu Asn Thr Ile Ala Asp Val Ala Gly Val Arg Val Giy His Ser
20 25 - 30
aca atc ate cgc ggt tct gee coe ctg tce ate gec cat eegc cca gtt 202
Thr [le Met Arg Giy Ser Gly Pro Leu Ser lle Gly His Gly Pro Val
35 40 45 50
€8C aca geg gta aca gee ate atc cct cac zaa gga gac ate teg gag 250
Arg Thr Gly Val Thr Ala [le lie Pro His Glu Gly Asp [le Trp Glu -
' 50 60 65
gag cca cge tte ecc gac gic ttc tcc ctg aat gee age get gaa teg 298
Glu Pro Arg Phe Ala Gly Val Phe Ser Leu Asn Gly Ser Gly Glu Trp
70 75 80
age gea ace {cg tic gic age gag acc ges tgt ctt tat gec cot ate 346
Ser Gly Thr Ser Phe Val Arg Glu Thr Gly Cys Leu Tyr Gly Pro lle
85 90 95
ate acg ace aat fce cac agc att gea tce gtc agg aac gec gic ate 394 -
Met Thr Thr Asn Ser His Ser Ile Gly Ser Val Arg Asn Ala Val Ile :
_ 100 105 : 110 _
aag cgt gaa gta gCC cgg €EE gea agc ctg gag agg cic cct ctc gtg 442
Lys Arg Glu Val Ala Are Are Gly Ser Leu §lu Are Leu Pro Leu Val
115 120 125 130 .
gea gaa acc ftt gat gec cta ctc aat gac atc age gec ate cac gic 490
Gly Glu Thr Phe Asp Gly Leu Leu Asn Asp |le Ser Gly Met His Val
: 135 140 145
aag gac gaa cac gte gcc gag goc aic gac too gcc toc gea aat gtt h3i8
Lys Asp Glu His Val Ala Glu Ala [le Asp Ser Ala Ser Ala Asn Val
’ 150 158 . 160
© acc gaa gec aat gtt gec eet geg acc g2a aat gtt tet cac sgt tic . 586
Thr Glu Gly Asn Val Gly Gly Gly Thr Giy Asn Val Cys His Gy Phe
165 170 175
aaa gec get att gea agt gec tce cec gie tig caa tie sec gag gaa 634
Lys ?éﬁ Gly Ile Gly Ser ?ég Ser Arg Val Leu ?éﬁ Leu Gly Glu Glu




.¥et Ser Arg Leu %eu Arg Gir His G

Gy Leu Phe Au Ala Ala Val Qu Ala Thr Au Gu A a
Ile Val Ser 325 330 335 gcg ctt gtc cac gcc gac ace

te_gat gac a tt 001058 Al a Leu Val
2

s e ahh R ASTAGl kel ey Ry A g val Aa

195 340 3452850 tat ggg 208 g gag gcg get Ega cgtt %Iet ,CAlgt

tit cheAbd o Gt AR %éﬂ* VeIt ?y GH oY ANa Na
fre b B e BT PRt al e 1Y a0 355 £ 360 365

ggc 4% cag ctg t# ccg gag ad# gtg tcg gat tee cat

gag atc ofd Itz GRACE AR D 1{FaY cdue GNtch @y LY Py G u Lys Val
Giu |le PRelreu AbpProder Hiy $he ksl ALl Arg AergSer 3rdHiIs75 380 agg agc cag
cc Otga Arg Sef¥Gn Pro 3880<210> 4 <211> 16 <212>

aaa aac afINAt $R18% el dtk fobaCiclacSREVENGE c2@> $223> Description
Lys Asn Segf | Id-eui Yo dtlafa) seqlheAvetia pra lpeloulPro <220> <221>
.2m' sc_f eat ur e’ <222> (2). % ) <223> n represents a, t,

gec caa cg g?qr e gt&B@A0cc <@2P ani <€ gfeeat weeecgt <2237 (11) .. (11)
Gi gé Lea Glu Arg Val éég His Arg Ser Thr %%g'ﬁly ile Ala Arg

éat gat gcc fac ecg cac aat ctc age gge gac ctt sca ctt mce ttc 922
Asn Gly Ala Tyr Ala His Asn Leu Ser Gly Asp Leu Ala Leu Ala Phe -
275 280 285 2490

fcc acc tec ccg cag cet gta agc get tac sat ttc gea gtg gzat aca 970
Ser Thr Cys Pro gég Pro Val Ser Gly gga Asp Phe Gly Val égg Thr

agt cct geg acc att cec ecc cte cec aac ecc 2ca acg get gec cic 1018
Ser Pro Gly g?ﬁ lle Arg Ala Leu g{g Asn Ala Ala Thr gég Gly Leu

tic gag gce gec gtt gag ecc act gag gaa gce atf git tee ece cit 1066
Phe Glu Ala Ala Val Glu Ala Thr Gle Giu Ata tle Val Ser Ala Leu

325 330 . 335 '
gtec cac gcc gac acc tge acc geg atc gat gac aee gtt gec tat =ee 1114
Yai gig Afa Asp Thr Cys ggg Gly 1le Asp Asp ggg Val Ala Tyr Gly

ttg gag gcg gct cea ctt gt cet tca att tcz gaa tat cga sec ace 1162
Leu Glu Ala Ala Arg %gg-kla Arg Ser lle ggg Glu Tyr Arg Giy T?r

355 370

cag cte tat ccg gag aaa gie tcg gat fcoc cat ctt gaa cea age agc 1210
Gin Lea Tyr Pro g}g Lys Val Ser Asp gga His Leu Glu Arg gég Ser

E?g gcg tga ccgeogeegca gccaagooaa graccacecc £gEcaaagec 1209
n Pro

cgggaaaceg tccaacctaa cacgcaacga t ' 1290

<2103

3
211> 1167

<212> DNA

© 213> Arthrobacter sp.

o CDS
-<222§' (1. (167

<400> 3

atg age cet cteg cic cgt =ag cac g?a 48
¥

tcg get tct cie aac ace att eca gac g 46

3
Pro Gly Ser Leu Asn Thr Ile Ala Asp Va
. 20 25

cal fca aca atc atg cac ggt tet geg coc cte tee ate eec cat gge . 144
His Ser ggr Ile Met Arg Gly igr Gly Pro Leu Ser Aée Gly His Gly :

cca gtt cec aca geg gia aca gee aic atc cct cac gaa ega mac atc 152




<223> n represents a, t, g or ¢ <400> 4 gngarcaygg
nat hgt <210> 5 <211> 17 <212> DNA <213> Artifici al
r of Artificial
Pro Yal & qﬂgﬁg\gl ?ﬁﬁqﬁé}e ﬁ@%r%ﬁg%& dﬁ%&p e e 0% feat e G oo
teg gag g %ﬁ i34 % IQ c o esent N gac ggt 240 <220>
Trp Glu g‘-ﬁ’rg f%%ﬂjr {,{é?% Ei& er Gly ( 15) <223> n
65 represdﬁts a, , oF Eﬁgtrtangtyt cytcncc
gaa teg ag%%ﬁaccaw é% gag a% tg% { 13> Ar fl cial Sequence
Glu Trp § b&@ WP R Ci aI Sequence
pri mér <400> 6 %gccattcag gBagaagac <210> 7 <211>
cct ate afkficg acg aat teg cac agc att gea teg gic age aac gee 336
Pro |le Met Thr Thr Asn Ser His Ser lie Gly Ser Val Arg Asn Ala
100 : 105 110
gic atc aag cat gaa gia goc ceg cse goa age cte gag age ctc oot 384
Val 1le Lys Arg Glu Yal Ala Arg Arg Gly Ser Leu-GIu Arg Leu Pro
115 120 : 125 _
cte gie gea gaa acc ttt zat egec cta ctc aat gac atc agc zec atm 432
Leu Val Gly Glu Thr Phe Asp Gly Leu Leu Asn Asp {le Ser Gly Met
130 135 140
cac gtc aag gac gaa cac gtz gec gag goe atc gac tec gec tec gca 480
His Yal Lys Asp Glu His Val Ala Glu Ala [le Asp Ser Ala Ser Ala
145 150 155 160
aat git acc gaa gge aat gt gec get meg acc gga aat gt tgt cac 528
Asn Val Thr Glu Gly Asn Val Giy Gly Gly Thr Gly Asn Val Cys His
16% 170 175
get tic aaa gec get att eea ast gce teg cec gtg tte caa tig goe 576
Gly Phe Lys Gly Gly lle Gly Ser Ala Ser Arg Val Leu Gin Leu Giy
180 185 130
gag gaa acc fac act ttg esg gtt cte gte ¢ ¢ aac cac ggc ctt 624
Giu Glu Thr Tyr Thr Leu Gly Val Leu Val Gln Aia Asn His Gly Leu
195 200 205
cet gac gaa tit cag gte ace esa gta ceoc gig eea age cte ata tet 672
Arg Asp Glu Phe GIn Val Thr Gly Val Pro Val Gly Arg Leu |le Ser
210 : 215 220
acg gac gag atc coc ttg gee cot tca get it eat cea agg tct tea 720
Thr Asp Glu Tie Pro Leu Gly Pro Ser Gly Phe Asp Arg Arg Ser Ser
225 ' 230 235 240
.tca cac aaa aac agt att ctt gtc gic ste sca acc zac zee cot cta 768
Pro His Lys Asn Ser |le Leu Val Val Vai Aia Thr Asp Ala Pro Leu
245 250 255
cta ccg ggc caa cie gaa cee git gct cac cgt tet ace cta gee att 816
Leu Pro Gly Gin Leu GluArz Val Ala His Arg Ser Thr Leu Gly e
260 265 270
gcc cet aat gst gcc tac sce cac aat ctc age egc gac ctt mea ctt 864
Ala Arg Asn Gly Afa Tyr Ala His Asn Leu Ser Gly Asp Leu Ala Leu
275 280 285
gcg tfc tcc acc fgc cceg cag cct gta asc egt tac gat ttc gea gig 912
Ala Phe Ser Thr Cys Pro Gln Pro Val Ser Giy Tyr Asp Phe Gly Val
290 295 300
gat aca agi cect eee acc att cgc zce ctg ccc aac gec gca ace gt 960
"~ Asp Thr Ser Pro Gly Thr |le Arg Ala Leu Pro Asn Ala Ala Thr Ala
305 310 R 315 320
~gge cfc tic eag gce goo gtt gaé gcc act gag gaa sce att gtt tee 1008
Gly Leu Phe Glu Ala Ala Val Glu Ala Thr Glu Glu Ala |le Val Ser
328 330 335
gee ctt gic cac gac acc tec acc gee atc gat gac age gttt gcc 1056
Ala Leu Yal ng AIa Asn Thr Cys Thg Gly 1le Asp Asp Arﬁ Val Ala
tat geg tte gag ecg ect cea ctt ect cgt feca att tce 2aa tat cea 1104
Tyr Gly Leu Glu Ala Afa Arg Leu Ala Arg Ser lle Ser Gla Tyr Are
35 - _ 360 365
gec ace cag cteg fat ccg gag aaa gte teg gat tcc cat cit gaa cea 1152




<212> DNA <213> Artificial Sequence <220> <223>
Description of Artificial Sequence: <400> 7

Gly Thr cGAGYY 16 .17 19 18 <210> 8
y375 <211>§,2 9?{%2_ 9’vl‘iEIDI\IﬁAﬁ gws L%% &ﬂll ¢t al Sequence <220>
Description of Artificial Sequence: prinmer-5
ﬁfg gg? E?%Azﬁégﬁg% taattaggat ccagcgcgtc gtggact@ <210> 9. <211>
385 31 <212> DNA <213> Artificial Sequence <220> <223>
Description of Artificial Sequence: prinmer-6 <400> 9

8}1115 ?Bat aaccggag ctcatcgttg cgtgttaggt t 28
€212> DNA
€213y Artificial Sequence

220>
<2237 Description of Artificial Sequence: primer—1

e

<221) misc_feature

222y 2).. (23 )

{2935 n represents a t. gore

220>

221> misc_feature

222> {i).. (1)

223> n represents 4 t, g or ¢

400> 4
gngarcayge nathgt 16

Q10> 5

Qi 17

<212> DNA

213> Artificial Sequence

220>
{223> Description of Artificial Seguence: primer-2

{2205

221> misc_feature

222> {6).. (6)

{2235 n represents a, t, g or ¢

220>

£221> misc_feature

222> (18).. {15)

<223> n represents a t, gor ¢

400> 5 )
gtriangtyt cytencc A7

b
19
DNA
Artificial Sequence

<223> Description of Artificial Seauence: pr;mer—3

400> 6
teccattcag gzagaagac 19

<212> DNA
<213> Artificial Sequence

220> .
<223 Description of Artificial Sequence: primer—4

400> 7
cacgtcaagg acgaacac o : _ 18

210> 8§

{211y 28

<212> DNA

213> Artificial Sequence




31 <210> 10 <211> 28 <212> DNA <213> Artificial

Sequence - <220> <223> Description of Artificial

Sequence: primer-7 <400> 10 tcctgctcat atgagccgtc
{220y tgctccgt 28 <210> 11 <211> 29 <212> DNA <213>
<2237 Desaripiipn efi AIifex femvense:<pd®s5 <223> Descri ption of
00> § Artificial Sequence: prinmer-8 <400> 11 attctatgag
taattageaictcemmenytpcategagget cctt cg 29 28

2100 9.

<11y 3

<212, DNA

213> Artificial Sequence

220>
- <223> Description of Artificial Sequence: primer-6

<400> 9
ataaccggag cicatcstfe cetettaget t 31

210> 10

<11> 28

<212> DNA

<213> Artificial Sequence

. <223)> Description of Artificial Sequence: primer-7

400> 10
tcctectcat ategasccste tectecet . 28

2100 1

211> 29

<212> DNA

<213> Artificial Sequence

223> Descrintion of Artificial Sequence: primer-8

<400> 11 : -
atictatgag ctcacegcte gctecttce | . 29




