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(57) Abstract: The invcntion pmvides an industrially advantageous process for biochemical production of glyoxylic acid from gly-
~. oxal, specifically, a process for the prodaction of glyoxylic acid, characterized by making an oxidoreductase (such as oxidase or
¥ dehydrogenase) having ability to convert glyoxal into glyoxylic acid act on glyaxal to thereby convest it into glyoxylic acid.
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of nitric acid used, has been problematic. Exanples of
a process for biochem cal production of glyoxylic
acid may include: a process for converting glycolic 2
acid into glyoxylic acid using glycol ate oxi dase
derived from plants (see National Publication of
International Patent Application Nos. 7-502895 and
8-508159); and a process for converting glycolic acid

“into glyoxylic acid usiRfgcRIefoOgani sns (see.
Japanese Patent Laid-Open Nos. 7-163380 and 8-322581)
However, a process for biochem cal synthesis of

gl yoxylic acid fromglyoxal, which is an inexpensively
avarkett&s corp ®RITEAIMICATS EeEIUGT T tdfe SIAEX FIZEMACID
et hyl ene glycol or acetal dehyde and which is used as
-a-material in the. .chem.cal. synthetic nethod.of

gl yoxylic acid, has not yet been reported. Moreover,
it has been confirnmedTekanieriiddselehat oxidizes an

al dehyde group exists in animals,

, pl ant s, or-éﬁg ,
|i ke. ThBWSAFSY LNHEETHBR TRIGTSebort BICERSE cRTgAuCcIng
enzyme _ exhihits activit o gl.yoxal . Furthernore, |
A etk . TERA TLATHRY Uy s SFERAT PE YT HRgH T
such as Phanerochaete chrysosporiump

roduce .an enzyng
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of Bacteriology, (1987), 169, 2195-2201; and Pro.

Nat £ heAG3d 1 gSGigr (8 90na 18 Ehe?93612940H Hhwewereuaicals.

product produced from glyoxal during the oxidization
reaction of the glyoxal with the enzyne that is
produced by the above
Background Art

As a process for producing glyoxylic acid, chemical
methods such as nitric acid oxidation of glyoxal has
conventionally been known. At present, almost all of
glyoxylic acids are produced by such chemical methods.
~ However, chemical methods such as nitric acid oxidation of
glyoxal are likely to generate by-products such as organic
acids other than glyoxylic acid. Suchby-products affect the
guality of the produced glyoxylic acid. In order to remove
these by-products, complicated steps are required. In
addition,thetreatmentofzalargeamountcﬁfsaltwaste,which
is produced during the neutralization step of a‘large amount
of nitric acid used, has been problematic.

Examples of a process for biochemical production of

glyoxylic acid may include: a process for converting glycolic



white-rot fungi has not yet been identified. Since the
enzyne derived fromthese wood-rotting fungi has
oxidization activity to glyoxylic acid, which is the
same level as that 3 to glyoxal, it is difficult that
gl yoxalis converted into -gldoxylic acid and it is
t hen accunul ated, using the above enzyne. O her than
the enzyne derived fromthe wood-rotting fungi, no
oxi dase der | | ik gan hatixddigesved from
gFy fﬁﬁxhggyégg%iég%%g%Q%Q&%%SQF%F?tFS an obj ect of
LignpLesent hoveshhonpdol pkavidle of TRGImOgaNiAmPatent
aving actrvity of converting glyoxal into glyoxylic
aphd:andigh ABs enzymE2dE gl 1Bhe 08lGwe ;aehiivatyyocesrl for
a process for efficient production of glyoxylic acid
_ushRgrtiRgsgliytemic peDisthosugkyofyihe aeientiei As a
result of intensive studies directed towards
devebopigag ianpr bses sTapemeskf Petent lnristhimgroNoss 7163380
gl yoxylic acid, the present inventors have found ,
rincr 03 2298 3In hdlsvsyeract PHOCR S6f Lo b RA&sHg < Liy%&% hesis
into glyoxylic acid. The_ present_inventors have :
Sfudilgexvi ige st tfﬁéms%mé@is BRich| poxti e e e ively
usi ng such a mcraqorgani,sm and/ or_a .sol utjo a
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Ry oedu%t ilon 8&8&8’%&’4%%@845%19/&4343&% Scthanad g6t 286t been
|9P'HPh§% the process conprises al’l ow ng oxi doreduct ase

t hat..6an; . convert glyoxal into glyoxylic acid, or at

|I'east one or a mxture consisting of two or nore

types ugekeeted fikomathBeen confirmed that oxidase that
oxidizes an aldehyde group exists in animals, plants, or the
1ike. However, it has not been reported that such an enzynme
exhibits activity to glyoxal. Furthermore, it has been known
that several types of white-rot fungi such as Phanerochaete
chrysosporium produce an enzyme having activity of reacting
with glyoxal to generate hydrogen peroxide (which is called
glyoxal oxidase) to outside of the microbial celis
(hereinafter referred to briefly as “cells”), thereof (see
Journal of BRacteriology, (1987}, 163, 2195-2201; and Pro.
Natl. Acad. Sci. (1990), 87, 2936-2940). However, a product
produced from glyoxal during the oxidization reaction of the
glyoxal with the enzyme that is produced by the above
white-rot fungi has not yet been identified. Since the enzyme
derived from these wood-rotting fungi has oxidization

activity to glyoxylic acid, which is the same level as that



group consisting of a culture broth, a supernatant of

the <culture broth, cells, and a processed product of
a 4 mcroorganismthat can produce the above

descri bed oxidoreductase, to act on glyoxal, so as to
convert glyoxal into glyoxybit acid. The

above- descri bed oxi doreductase is preferably oxidase.
The above-descri bed oxi doreductase is preferably an
£RZYIGo0b) al fed: d IR Alod18asha0ng L baRAOL ARSI ted into
sél écte fom the group consisting of the genus .

%}l ng&;&%h%@a@md%ﬂ% ANEEScchseuderdnassing the above
robacterium Achronobacter, Cellul ononas,

GalkHleQsi 0t 6& phinam taa dbmgadelrt sed THeoratsdpewood-rotting
descri bed m croorganismis preferably o,
_$terat, r apheahims spr iKEK2 8501 depoiar damigryhgl, oxidizes
National Institute of Advanced Industrial Science and
Tacloxallodgys caddr esporARST Tsukuba, Central 6, Higash
1-1-1, Tsukuba, Ibaraki, Japan (postal cod

305 8hbey) Hopbein OUAPET oRBBEGHIREE: 1002 4B SARFBHLIS
0 e 13002 85 SRLOIVEED PR IASES BOBRREE s
R SR SN g e AR e
é@%ﬁ%,potéfc%%fsa%%%?%igg%ggﬁ?ﬁﬁgu@ﬁeﬁﬁéﬁ%ﬁo 256y using
AT ET0 Aavanced | ndustrial  Sci ence and
Technol ogy; address: Al ST Tsukuba, Central 6, Higash

1-1-1, Tsukuba, Ibaraki, Japan (postal code: 305-
8566) ; deposit dateildecenbksf I3 20G2itiagcessi on No.

ok As a result of intensive studies directed towa;ds
developing a process for efficient production of glyoxylic
acid,thepresentinventorshavefoundeamicroorganimnhaving
activity of converting glyoxal into giyoxylic acid. The
present inventors have studied in detail the synthesis of
glyoxylic acid using such a microorganism and/or a solution
that contains enzyme obtained from the above microorganisn,
thereby completing the present invention.

That is to say, the present inventionrelates toaprocess
for production of glyoxylic acid, which is characterized in
that the process comprises allowing oxidoreductase that can
convert glyoxal intc glyoxylic acid, or at least one or a
mixture consisting of two or more types selected from the

group consisting of a culture broth, a supernatant of the

culture broth, cells, and & processed product of a



BP- 08555), Pseudonobnas sp. KNK254 (deposit
institution: National ‘Institute of Advanced

I ndustrial Science and 5- Technol ogy; address: AlIST
Tsukuba, Central 6, Hi gashi 1-1-1, Tsukuba, I baraki
Japan (postal code: 305-8566) ;- deposit date:

Sept enber 6, 2002; accession No. FERM P-19003),

M crobacterium sp. KNKO11l (deposit institution:

L e
%6%dé§8é§8%%9§ 'tdgﬁg?éh g%g%ﬁ@1!ﬂﬂ§%%|t@0ﬁﬁnvert glyoxal

eposi t enber 13, 2002; accession

toFE ?B§§19§5§éid Achr onobacter sp. | FO 13495
ep03| Institution: National Institute of

Technoh©gys @ns- vl rhiad d Dy x Bl codaalyictal s eRé so preed e r@drdtver
(NBRC) ; address: Kazusa Kamatari 2-5-8, Kisarazu,
ChitBaselapan (postal code: 292-0818)), Cellul ononas

sp. JCM 2471 (deposit institution: Ri ken Bioresource
Cent eFhe Jalpame-Gos ¢ B¢ G roofd M «FBragdn i smPiefeyebly an
address: Hrosawa 2-1, Wko, Saitama, Japan os%gkifrom
codame3It DI Y roma hPafbie MEGFBRF 3PP £EY FEoES T

deposit institution: Natjonal Instjtute
HGIC98y CaRE1EFAPGaPLoheBP B t?ngﬁg%ﬁ?%%o%%nter

B o aaan PoGLnatotahe. Fonsobaths fLuly R tobacter,
Lrata, | FQ, 18034, (dengsklohashi L uhnoiordaht onal

nol ogy val uation, Bi ol ogi ca

Resou&a% CEBLE" 0 MBRG) 1 AME £ gak@ahShs Kar@t @rdbly

2-5-8 sarazu, Chiba, Japan (postal code:

%&%@ﬁbom%alsu ls@TORAE2 8 §Ir hedod RO MR E utdeposNational
institution: National Institute of Technol ogy and

Bval tuahiten.of BidelsegicenlInBesturicd Centere( NBRCFechnology:
address: Kazusa Kamat ar i

address: ATST Tsukuba, Central 6, Higashi 1-1-1, Tsukuba,
Ibaraki, Japan (postal code: 305-8566); deposit date:
September 6, 2002; accession No. FERM P-19002), Streptomyces
sp. KNK269 (deposit institution: National Institute of

 Advanced Industrial Science and Technology; address: ALST
Tsukuba, Central 6, Higashi 1-1-1, Tsukuba, Ibaraki, Japan
(postal code: 305-8566); deposit date: September 6, 200Z;
accession No. FERM BP-08556) , Pseudomeonas sp. KNKO58 (deposit
institufion: National Institute of Advanced Industrial
Science and Technology; address: AIST Tsukuba, Central 6,
Higashi 1~1-1, Tsukuba, Ibaraki, Japan (postal code: 305-
8566); deposit date: December 13, 2002; accession No. FERM

BP-08555), Pseudomonas sp. KNK254 (deposit institution:

National Institute of Advanced Industrial Science and



2-5-8, Kisarazu, Chiba, Japan (postal code:

292-0818)), Cell wulosimcrobiumcellulans |IFO 15013
(deposit institution: 6 National Institute of
Technol ogy and Eval uati on, Biological Resource Center
(NBRC); address: Kazusa Kametari 2-5-8, Kisarazu,

Chi ba, Japan (postal code: 292-0818)), Cel

ul osi m crobi um cel | ul ansl FO 15516 (deposit
ipRshhbUbhon:agd¥atd Onal shnshikutzg OénTeahri| dggaahd 1-1-1,
Eval uati on, Biological Resource Center (NBRC); o
address, KpzushiKaoabani (BeSt8] caisar3Q, 86 ba,deposit
Japan (postal code: 292-0818)), Cell ul osi m crobi um
celtkyl apptafiMe626] LOBRoshtcenstOR P onEERR Keh?003) .

Bi oresource Center, Japan Collection of M croorgani sns

_ (MIECMppaaderdvs: SH.r B¥EAAL2{dervaib, 1T + Rl C) a%@%twnal

ostal code: 351-0198)), or Mrganell a norgani, )
:(igﬁz-‘ﬁ&i(c@éﬁoﬂft Adlvﬁﬁf:leﬁiu@%l)éﬁ?‘t KAET ORGH TSt FPUL @e%‘%mé’fc%y'

Technol o and Eval uatiqgn, , Biological sQur c
@N@R@Fng§&§Fe§§¥kR§?u;geRgﬁﬁha%rgh§9%§§$ Fga?égﬁgﬁﬁﬁba'
Chi ba, ,Japan ostal _code:.. 29 8 . : .
é%ﬁV@*ﬂésggﬁﬁ&g(Epggggscﬁé?'p%%%u%?%é%'o ebg?igxg?F%

cid, .catalase s .pr.ef er.abl l o tgpc [

A Ehd T e adReh e adet, Ron PRy Broogart

| et L S8l akes teoansabgehydsn s axidase werioned bt bonal

a mcroorgani smthat acts on glyoxal to generate

o P ite agl 'ﬂecﬁrﬁ@l@@* iavid yvelukbeonpdie desicrd b&dsource
al dehyde oxidase to glyoxylic acid is preferably
anardent nEre ) essidfe dshe Kahave Kaokiteirtly 2t0-§l y Exarrazi,
The above descri bed al dehyde oxi dase is preferably

prroidsicedappnatpbeast e mM20200838ni) sntSel BEPBANEF ot M
t he grou
2473 (dé;osit institution: Riken Bioresource Center, Japan

Collection of Microorganisms (JCM); address: Hirosawa 2-1,
Wako, Saitama, Japan (postal code: 351-0198)), Cellulomonas
turbata IFO 15012 {deposit institution: National Institute
of Technology and Evaluation, Biological Resource Center
~ {NBRC); address: Kazusa Kamatari 2-5-8, Kisarazu, Chiba,
Japan (postal code: 292-0818)), Cellulomonas turbata IFO
15014 (deposit institution: National Institute of Technology
and Evaluation, Biological Resource Center (NBRC); address:
Kazusa Kamatari 2-5-8, Kisarazu, Chiba, Japan (postal code:
292-0818)), Cellulomonas turbata IFO 15015 (deposit
institution:NationalInstituteofTechnologyandEvaluation,
Biclogical Resource Center (NBRC) ; address: Kazusa Kamatari
2-5-8, Kisarazu, Chiba, Japan (postal code: 292-0818)),

Cellulosimicrobium cellulans IFO 15013 (deposit institution:



consi sting of the genus Stenotrophononas, Streptonyces
7 Pseudononas, M crobacterium Achronobacter,

Cel | ul ononas, Cellul osim crobium and Mrganella. The
above described microorganismis preferably

St enot r ophononas sp_KNK235- (#ERM P-19002) ,

Streptonyces sp. KNK269 (FERM BP-08556), Pseudononas
sp. KNKO58 (FERM BP- 08555), Pseudononas sp. KNK254

RM P11 L 85 Shhd KNKQ LB +GBERM iological
@E%Edgﬁé‘%?g%ﬁ%%%fg?gghgg 5eS 13495 Cel LUl ononas

s ol @M248hi Gel(hpkompnasdtusbat BazhEO #5042ari 2-5-8,
Cel I ul ononas turbata | FO 15014, Cellul onbnas turbata .

IKHQ@akR0LH, cBebkyl gabahcrpbbtialceblal an82+F@LE5DA3,

Cel I ul osi m crobiumcel lulans | FO 15516, Cell . .

Wenlsiuticeriohicumb icel deil anka iECMW G 200 1 éofdepp Hanénphitution:

norganii | FO 3848. The above descri bed al dehyde_ . ,

dddaseli $nptetetan’ Teghoghesy »yd &R AT GanPsptogical

bel ongi ng to the genus Streptonyces anngre erab&y -8

Resaunres Slandwitnd NBRky si 668RERTC ak2FPEFeFPMaser ) 2t "

(3): (1) optijumpH. 6 to 9; (2) heat abihibty: the

AT 0 X dSe P@P&Pnépé?é?:rﬂ\(}i £y 5 2%3%%?}‘8%%

af t |t has been treate a f.or s e

b lelds Bt i FELLRTe ARt b2 8 nlo ity st ruton:
i.dase. ha l.ar. Y f Q& FBdi @y '

08 PR TR R Y ey R p R g pgamome

S |1 £ihs bbbl ecyl ajane] d ScOfa, Japan (postal
agﬁf@x’i rfag{e y 25, 060, aappr oxI nat el y 35,000, and

appiOXi Yt 8l 16680,,00Q MBr§PS=pokyRcrykani dEFQeI848 (deposit
el ect rophoresi s anal ysi s. ,
institution: National Institute of Technology and Evaluation,
Biological Resource Cehter (NBRC); address: Kazusa Kamatari
2-5-8, Kisarazu, Chiba, Japan (postal code: 292-0818)).

Tn the above-described process for production of
glyoxylic acid, catalase is preferably allowed to coexist
during the reaction.

Inaddition,thepresentinventionrelatestoanaldehyde
oxidase derived from a microorganism that acts on glyoxal to
generate glyoxylic acid.

The activity of the above described aldehyde oxidase to
glyoxylic acid is preferably one-tenth or less of the above
activity to glyoxal.

The above described aldehyde oxidase is preferably

producaﬂbyatleastonenﬁcroorganismselectedfrmnthegroup

consisting of the genus Stenotrophomonas, Streptomyces



- 8 The above described al dehyde oxi dase is
preferably produced by a m croorgani smbelonging to
t he genus Pseudononas and preferably has the
foll ow ng physi cochem cal properties (1) to (3): (1)
mol ecul ar wei ght: approxi mat'ely 150,000 in ge
filtration analysis; (2) optinmmreaction
tenperature 60C to 70C, and (3) optinumreaction pH:

dgmoggg aoue geses i bed, ahsehyashaxigiasedislulomonas,

pre erab generated by a n1croorgan|sn1belong|ng to

E:'&m&%%%ml%@b%ﬁctgﬁﬁumr@ém@mzand out si de of the
cells thereof, and preferably has the foll ow ng

physi ¢nehepbeal dpsepasdd astcramigoulsar iweirgiterably
single protein has a nol ecul ar wei ght of

SRt rmatemp nh E0smOBNKAS SOFEHM §ackQPah dergaitonyces sp-
el ectrophoresi s anal ysis. The above described al deh qg
GRIKPESe (FERPr BE68856Y  aPSArEPBERgaNFEM HEFOMYi %E%% B-

t he genus Cel | ul osi m crobi um |nS|de an? @8%g|de of
101 S8all /| Passiosenasafg - pFEREPAbIFERNsE~ A&7 bf | owi ng

O
99,000, 0 199,000 g S0S; o
%%%ﬁ%@rggﬁg gﬁggggﬁs otﬁﬁﬁréﬂfﬂn %%lg%logonas turbat

t The"above-'descri b

B‘#Eéé B s = e e
Theahoy %*E%ei%b&@?dcm%@%g@mbgabb@h aRgi Ng drts e 15013,
Cellulosimicrobium cellulans IFO 15516, Cellulosimicrobium
cellulans JCM 6201, or Morganella morganii IFO 3848.

The above described aldehyde oxidase is preferably
produced by a microorganism belonging te the genus
Streptomyces and preferably has the following
physicochemical properties (1) to (3):

(1) optimum pH: 6 to 9;
(2) heat stability: the aldehyde oxidase retains activity of

90% or more after it has been treated at pH 7.2 at 60°C for

20 minutes; and

(3) molecular weight: the aldehyde oxidase has a molecular
weight of approximately 110,000 in gel filtration analysis,
and has three subunit proteins with molecular weights of
approximately 25,000, approximately 35,000, and
approximately 80,000 in SDS-polyacrylamide gel

electrophoresis analysis.



genus Pseudononas is preferably Pseudonobnas sp. KNKO58

(FERM BP-08555). The above-described m croorgani sm
bel onging to the genus Mcrobacteriumis preferably
M crobacterium Sp. KNKO11 (FERM BP-08554). The
above- descri bed mi croor gani stnbel onging to the genus
Cellulosimcrobiumis preferably Cellul osimcrobium
cellul ans | FO 15516. The above descri bed al dehyde

oxi dapgs pieS&s aplachiased a ORI dasksicbad prefleeably
followng (a) or (b) as a subunit: (a) a protein
ngaageanbﬁnan@i@ﬁbdr@@ﬂﬂ@mcbeI@@gBm@nnEdﬂby gSEQ | D

r 1, 2, or 3; or (b) a protein conprising an am no
geckddsaquenced psafeiraglfrom tielfetlilowingubty$ i epfhgmnical
or addition of one or several amno acids in the
_ambperaded $éhuencé3{a). The above described al dehyde
oxi dase preferably has a protein encoded, by the. .
désarernliar Wﬁéqg’éF PeRTeE raredy 1) 041 gﬁ}bﬁhﬁ\lﬁ ation
(a) .DNA havi ng a nucl eoti de sequence represented by
SeolyBISKO 4, 5, or 6; or (b) DNA which hybridizes

wi th any one DNA consistin f a ¢l eoti se nce
LRt oPE O FERERL Ay CROPTRE BRA Bei St i T Cer A Re

| eaoti.de_se n .und tringent conditions.
%ﬁ 5%%&guge§%%?%g§ng?géhgdggoiFdasg pref erably has

the ?H’%”?pé‘@%%%@?f’fﬂ&& desenibedoiidde folhoniaembly
(a) or (b): 1 a) an amno aci d sequence represented
@kn%@@tb@ N@ a’miBroorganism belonging to the genus
Microbacterium inside and.outside of the cells thereof, and
preferably has the following physiccchemical properties:
molecular weight: a single protein has a molecular weight of
approximately 110,000 in SDS-polyacrylamide gel
electrophoresis analysis.

The above described aldehyde oxidase is produced by a
microcrganism belonging to the genus Cellulosimicrobium
inside and outside of the cells thereof, and preferably has
the following physicochemical properties:
molecular weight: a single protein has a molecular weight of
approximately 90,000 to 10C,000 in SDS-polyacrylamide gel
electrophoresis analysis.

The asbove-described microcrganism belonging to the
genus Streptomyces is preferably Streptomyces.sp. KNK269

(FERM BP-08556).



fromdeletion, substitution, or addition of one or -
several amno acids in the am no acid sequence (a).

The above descri bed al dehyde oxi dase is preferably
encoded by the DNA described®im the following (a) or

(b): (a) DNA consisting of a nucleotide sequence
represented by SEQ ID NO 9, 10, 13, or 14; or (b)

DNA whj € hs ihyds L gl 288 i d B[N GeRSIiskd B@lehgdng to the.
nucl eot1 de sequence that is conplenentary to the DNA

GRensiksShdngdhod e 1 snphed Botdisley Fequenmenga)spn@@K058 (FERM
stringent conditions. Mreover, the present invention
alpsoskrebates to DNA encodi ng the above descri bed

al dehyde oxi dase. Specifically, the above described

DNA i Sher abevabilys O ehgoidt Tap o aisuhike oM aiHg fsovde
descri bed al dehyde oxi dase, mhich,conBrises_the DNA
deseisi Bedr e ¢iRr Fuh Lo TRf P Lot M{ yobacEgy L pR&P - KNKO11
havi ng a nucl eoti de sequence represented by SEQ ID

NEERY BE-08P>8: -or (b) DNA whi ch hybridizes with any

one copsi sti.ng of, a, nucl eoti de. e that. |

conpl & nf‘gPVef’gegﬁﬁl% TLonsis %Ihlg&g?é%e%bgl%luc etodt |SC &
sequence .i-s ;(a)._under .string it ;
N R e T B e o
ggﬁpr' I oxi dase, which conprises the DNA
esgrﬂgg% ?ﬁ%fﬁégﬁgrlomﬁng (a) or (b): - 11 (a) DNA

R%VI ggh%ogysb@oaw@rmemwﬁw esant=ed by e$e@abDy has a

13, or 14; or

protein described in the following (a) or (b) as a subunit:
(a) a protein having an amino acid segquence represented by
SEQ ID NO: 1, 2, or 3; or

(b) aproteincomprisinganaminoacidsequenceresultingfrom
deletion, substitution, cor addition of one or several amino
acids in the amino acid seguence (a).

The above described aldehyde oxidase preferably has a

protein encoded by the DNA described in the following (a) or
{(b) as a subunit:

(a) DNA having a nucleotide sequence represented by SEQ 1D
NO: 4, 5, or 6; or

(b) DNA which hybridizes with any one DNA consisting of a
nucleotide sequence that is complementary to the DNA
consisting of the nucleotide sequence (a) under stringent
conditions.

The above described aldehyde oxidase preferably has the

amino acid sequence described in the following (a) or (b):



(b) DNA which hybridizes with any one DNA consi sting
of a nucleotide sequence that is conplenentary to the
DNA consisting of the nucl eotide sequence (a) under
stringent conditions. j The above described DNA is
preferably DNA encoding a~ d¥umit of the above

descri bed al dehyde oxi dase, which conprises an acid
sequence resulting fromdeletion, substitution, or

addi £EhoBr9ho0REL @l sSQYSI @ AP cagieds Hyn SEbheDandno/, .8, .
aci d sequence represented by SEQID NO 1, 2, or 3.

The abkove;described DNA is preferably DNA encoding the
above described al dehyde oxi dase, which conprises an
ai)nan aciitdosequienceauesokt ragultdnudekeni epletion,
substitution, or addition of one or several amino |, :

. aoinds iitmttile , arirnaddE t Hor sefj Ut €1 EFVESEt 81HY . 3EEHS 1N
IDNG 7, 8 11, or 12. Brief Description of the

Drreniaig s oFiagiice SEGUSDECyil8W- showi ng the principle of a
process for measurin ctivity.in an_ oxidase
react?Bﬁ.abpﬁﬁrgeﬁcFége @i%ﬁ?%ﬂ%m?%hd?ﬁ% oOpt TRiRrably
reactjon.pH, of enzyne.derived, .f NK269 b)
SRR HE o SR SR BRE f ReOER NP RBel 15T ne” )
buf.ferGx . fill i Lel ) M aphate tkehted b
(%) %N%ncgprsélsg n?’ é‘fo‘ﬂg Ifuﬁ%?lcﬁi\éne buf f er (IX{%lé d

tad AN Qo 9,0M @ Q.31 MGivici ge- HCL buffer (X) was

used as a buffer.” Figure 3 is a view show ng the heat
StAbipkiat ¥h 0 e enEyes dethveh Bdnsfistmnighef KNK26%eotide

strain of the present invention. Figure 4 is a view
shonidig-d R aept snuoi Bandhion: ¢ enpehat ONA ofngheting of the
enzyne derived fromthe KNKO58strain of the present
imvelgdtoide sequence (a) under stringent conditions.
Moreover, the present invention also relates to DNA
encoding the above described aldehyde oxidase.
Specifically, the above described DNA is preferably DNA
encoding a subunit of the above described aldehyde oxldase,
which comprises the DNA described in the following (a) or (b):
(a) DNA having a nucleotide sequence represented by SEQ ID
NO: 4, 5, or 6; or
{b) DNA which hybridizes with any one DNA consisting of a
nucleotide sequence that is complementary to the DNA
consisting of the nucleotide sequence is (a) under stringent
conditions.
The above described DNA is preferably DNA enccding the

above described aldehyde oxidase, which comprises the DNA

described in the following (a) or (b):



Figure 5 is a view showi ng the opti numreacti on pH of
the KNKO58 strain of the present invention. A0.1 M
Macl | vine buffer (S, filled circle) , a 0. 1 M
phosphate buffer (O open circle) , or a 0.1 M

Tricine buffer (x) was usedids a buffer. Best Mde for
Carrying Qut the Invention The conversion reaction of

gl yoxal into glyoxylic acid of the present invention
Ji{®)sbawnhihrihfea froldlewngld oramleaee epteandt2d EHGBEQ ID
CHO | Oxidase | CHO CO2H (Formula 1) @ yoxa
Boyo®yl 1€ ,adiBd 62 H2020HO Dehydr ogenase C HO CHO COzZH
(Formula 2) dyoxal Gyoxylic acid Oxidized coenzyne
Redubdid codnbyhwbThelreacvibh representdd eynshelbppvel @
formula 1 takes place when oxidase or a nicroorgani sm

_EHRLECHIIAG PREVUERFAaERR1315] APEPYVERBRLATREE? 6] |
represented hy the above fqrmula 2 takes place en

TR aRansd GheanRPLF bt ganF SR, bt hi Wy Ehes (¥ ihgent
deh¥§rog§nase intervenes. In the present

SHEEH A on, conversion of glyoxal into glyoxylic

reprolatt 2H0%R, AR I S R B SR BT 2
Yy e above fornula 1 and t'he conversion
dy@uta tt RS ReR&CLLBYe described aldehyde oxidase, which
comprises an acid sequence resulting from deletion,
substitution, or addition of one or several amino acids in
the amino acid sequence représented by SEQ ID NO: 1, 2, or
3.

The above described DNA is preferably DNA encoding the
above described aldehyde oxidase, which comprises an amino
acid sequence resulting from deletion, substitution, or

addition of one or several amino acids in the amino acid

seguence represented by SEQ ID NO: 7, 8, 11, or 12.

Brief Description of the Drawings

Figure 1 is a view showing the_principle of a process
for measuring activity in an oxidase reacticn. Figure 2 is
a view showing the optimum reaction pH of the enzyme derived
from the KNX269 strain of the present inventicn. A 0.1 M
 MacIlvine buffer(®, filled circle), a 0.1 M phosphate
buffer(C),opencircle),a[L].MITicinebuffer(Ah triangle),
or a 0.1 MGlycine-HCl buffer (X) was used as a buffer. Figure

3 is a view showing the heat stability of the enzyme derived



represented by the above fornula 2. Accordingly, the
term "oxidoreductase that can convert glyoxal into

gl yoxylic acid" is used to nmean oxi dase or

dehydr ogenase. Such oxi doreductase nay be either

oxi dase or dehydrogenase,‘a§~2 'ong as it is an enzyne
converting al dehyde into carboxylic acid. In terns of
accurmul ati on of glyoxylic acid, an enzynme that does

Folorhave ANKPEHtyt 041ihast oty droweadt iinvepttion. Figure 4

glyoxylic acid is particularly preferable. Moreover,

iits ias vdlesio shogshbl heoopbhment rgagbkal fenwerajiyemxydf cche
acid using at |east one or a mxture consistin%.of ,
tena yore Grieveskf son sief I thetgrbnp b pseragtdmvgnton.
culture broth, a supernatant of the culture bro

. h,
_ Falduge ang avioy 6heuisd PIOARELNER rRantd PR Rhi S VKOS

that can produce the @above oxi doreductase. en_t he
cSaetiroR T SPEaPBFYSRH BYYSHEehyr o&eﬁageﬂ( ﬁ%‘ﬁménﬁ) Jufter

cognzyne (for exanple, NAD, (nicotinam de eni.ne .

il o tey =G NAB (Y G RER e ke e CPeR cizole),
i_nucl-eaqt i h i g Re S I a

Sindt e G R ER P hE  r ) iR Trhe FRATren R

catal yzed by oxidase (forrmula 1), if oxygen exists as

wel | as glyoxal wused as a substrate, the reaction

progr essegesACEOR& FisH YoartPeEndgseuoftioxXi Hasmtion

advant ageous in ternms of cost reduction. 14 \Wen the
react ired tsneatal yzaedhdnt imd dadsglyorsl ainlto gdlypesiliiccacid

acid but al so hydrogen peroxide is produced. Oxidase

acft itwiet profbennt Brestt cam igasbloynbéndetedicdd awing formulae

detecting such hydrogen peroxide. As shown in Figure

1, dand Zthe present invention, detection and

guantification of the oxidase activity of interest

can be carried out by allow ng

CHO CHO
] Ozxidase |
CHO = CO,H
/ \ (Formula 1)
Glyoxal Glyoxylic acid
Oy H20,
GHO Dehydrogenase ?HO
v
CHO CO,H
(Formula 2)
Glyoxal Glyoxylic acid

Oxidized coenzyme Reduced coenzyme

The reaction represented by the above formula 1 takes

place when oxidase or a microorganism containing the oxidase




hydr ogen peroxi de produced as a result of an
oxidi zation reaction to react with 4-am noanti pyrine
(hereinafter referred to as 4-AA) and N-ethyl -
(2- hydroxy-3- sul fopropyl) -mtoluidine (hereinafter
referred to as TOOS), and LRen det ecti ng and
guantifying a qui nonei m ne pignment produced.
Specifically, 0.1 m of cell suspension or enzyne
sakutirencts addeddaztQod mkpetsantff b phosphate formula
buffer (pH 7) having the conposition indicated bel ow,
andaaesi ptaeasehen ndéhed absordsncer & Tl Gie/a] GRS of
555 nmis neasured at 30C. In the present invention,
enmyﬁenanglVheydébydr@@ﬁ@¢%@l¥@F@?Yﬁﬁﬁs+ﬂéﬂ 6@@ EFﬁé@ét
is defined as 1 unit. nP03|t|o qbé d
SOARIG16FLHNN, TEEENQr@QO Ptk s%ﬂ ?F¥%%ﬁna01
horseradish 2 WnlL (hereginafte erred to_as
atEr ot o LorbeLpnelLer st ecied g os flontoa
|ed out per f.ormance |i qui r
R %ﬁ%ﬁ%ﬁt&%h%@%%%m
L SI eXerm
ﬁﬁg%ﬁ%@colﬁﬁﬂ@% Pk ef”f%%q@h% R s
e a1 ahtd dil a_tcﬁ‘ac1d"
H%§gé %QHﬁeyéses&%{él{ !é%?.‘:g’ﬁ“’%f?odc’:ar r |aed out %yﬂﬂﬂ
Rasdelngcaksanhbansaaat 880d8RYVerosehaast i \ducH ndex.

Under the present conditions, glyoxal is eluted at 16
dhAdoesduandsel wayybeceathdri sxeintedoat débydiogergse, as
long as it is an enzyme converting aldehyde into carboxylic
acid. In terms of accumulation of glyoxylic acid, an enzyme
that does not have activity or has only low activity to
glyoxylic acid is particularly preferable.

Moreover, it is alsoc possible to convert glyoxal into
glyoxylic acid using at least one or a mixture consisting of
two or more selected from the group consisting of a culture
_”proth, a supernatant of the culture broth, cells, and a
~ processed product of a microorganism that can produce the
above oxidoreductase. When the reaction is catalyzed by
dehydrogenase {formula 2), a coenzyme (for example, NAD
(nicotinamide adenine dinucleotide) or NADP (nicotinamide
adenine dinucleotide phosphate)) is necessary, as well as a
substrate. On the other hand, when the reaction is catalyzed
by oxidase (formula 1), if oxygen exists as well as glyoxal
used as a substrate, the reaction progresses. Accordingly,

the use of oxidase is advantageous in terms of cost reduction.



M croor gani sns havi ng oxi dase activity of interest can
be obtained by the follow ng screening, for exanple.
0.2 m of a supernatant obtained by suspending 2 ¢
each of a soil sanple collected fromseveral regions
in Japan in 10 M of a salifie”solution was added to 5
m of an S medium (pH 7) that had been sterilized by
autocl aving (121C, 20 minutes), which consisted of 10
g of whyexehe eidvdidne igd yealalyeopylyene idglsgonotopnly
gl ycol al dehyde used as a carbon source, 2 g of
alyBRyUNCNatLdt But 1a gsof hgilpotas spemetidly ogerproduced.
phosphate, | g of sodium di hydi ogen phosphate, 0.1 %3
okiyleast aextivaty, o0. 2ntgrest nogmesi vl B U detected by
hept ahydrate, and 0.1 g of calcium chloride dih draie
__ Baltlecofingh BeAh ey dr egfsumes c¥dAtai n28 VR 11 £Fayre
was subjected to enrichpent culture at 2

Cfor. .3 to.7
dRpspPreseng 1ggeRtHPa @ﬁﬁ%ﬁﬁ@fbrﬂ&ﬁhﬁuﬁﬁ§6xﬁﬁgﬁt&8fl| é)f the
had , ded onto S nedi | i 00,
SHASDSE SCFEIREY Thar iR SPB Gt DHC Tor s By 1 Ming
. Th f1 i | onj i :
Iioa L PR Ils RICBULRE 68 TrELYE Br ol E1 k4 fon

%%%%th%4QQ9§% R Pk :Pn§miﬁgﬁnt9ﬁ9fiﬁeOﬁhéﬁéﬁﬂaﬁﬁgr

been confirnmed, were ined as assimlating strains
fQUr8aGh ¢ay han ssauncandThereafter (2-hhasexy-3-
assimlating strains were examned in terns of

asili Adgnboll ) -af-teanv en hien gh @t ot t et aegeyaeyl tc acTdOS) ,
Each strain was r subjected to culture in 5 m of S

e Wnay aketdting test qabelfging8€ wixihonediprecaigment
shaking for 3 to 5 days. Thereafter, cells were
coldadcteeld by centrifugati on, were washed with a

sal ine solution, and were then suspended {n 0.5 m of
100 nfpecifically, 0.1 ml of cell suspension ©r enzyme

solution is added to 0.9 ml of a 100 mM phosphate buffer (pH
7) having the composition indicated below, and an increase
in the absorbance at a wavelength of 555 nm is measured at
30°C. TIn the present invention, enzyme activity for

_generating 1 pmol H,0, per minute is defined as 1 unit.

(Composition)

Glyoxal 20 mM
4-AA C.67 mM
TOOS 1.09 mM
Peroxidase derived from horseradish 2 U/mL

(hereinafter referred to as POD)
Quantification of glyocxal and glyoxylic acid can be
carried out by high performance liquid chromatography.

Analysis by high performance liquid chromatography can be

¢ in



Tris-HC1 buffer (pH 8). 0.1 m of the cell suspension
was added to 0.2 m of 100 mM Tris-HC1 buffer (pH 8)
containing 50 mM glyoxal, and the m xture was shaken

at 28C for 6 to 12 hours. Thereafter, the reaction

sol ution was centrifuged, - &% the obtai ned

super nat ant was anal yzed by hi gh performance |I|iquid

chr omat ogr aphy, thereby confirm ng and quanti fying
%Q%&@H' 80+0f fgkyeﬁaﬁ%ye ac gi ny\hens Dyt rlha atrh e 0 fHPX~8 7H
gl yoxal is catalyzed by the aforenentioned oxidase,
retiuanl Y 79BYexy ki goachd) busl absesihyda ofent! paisOxi aigus ©1s
produced. Thus, oxi dase-producing strains can be

fsound iby ket escz:tJJv’tgaﬂ)y@It agEimwperbricdel pt odused - degliegtion
the reaction. That is to say, 0.1 m of cel

dsspansi en outbhairedubynguEiananca Ae PR E brREtive
S medium was added to 0.1 nml of 100 mv phoi phat e 4 at
Hufdesr. cOREar kg BREIANgISRRGItIons 34 mealaks 9lyged 2

mv TOOS, and 4 U ni erOX|da38 The gbtalge? n1x£g{
ibs TdRaiEEs - aB s @ K Y2 1R0aFLY FReFeUFEdr 2T 1240 |on

| ut the col or. of. which b | R
st o N CORRERARE RSO peroe e Heosy o Eﬁ?%of“ﬁt can
e peaction, wiihoglyoply Jergsel poed osmdre100.2 m

aV|ng gly oxl'dasSe activity.

Eﬁ?%p%%%eQBaQEﬁEOBBgQEhéHBb§h§ﬁs§éﬁ@£ﬁ@“@”é BHoyoxd a soil
Into

yoxyl1c acid may intlude those belonging to

tgﬁmﬂﬁp%%llécte%t%@@hrng@ﬂﬁmaﬁegfﬁﬁgpiﬁﬂﬁq&ﬁx1n 10 ml of
Pseudononas, M cr obact eri um Achronobacter,

Gekhulk apoaasut i &hlayl 9aHet crobi nmond Muegdmel (H 0f that
t hese, exanples of typical mcroorgani snms may include
$ianpkeaphaimiTasy sPby KNEISEERN1P11090@2)ninutes) , which
Streptonyces sp. KNK269 ( FERN BP-

consisted of 10 g of glyoxal, ethylene glycol, propylene
glycol, or glycolaldehyde used as a carbon source, 2 g of
ammonium nitrate, 1 g of dipotassium hydrogen phosphate, 1lg
of sodium dihydrogen phosphate, 0.1 g of yeast extract, 0.2
g of magnesium sulfate heptahydrate, and 0.1 g of calcium
chloride dihydrate (all of which were amounts contained in
1 liter). It was subjected to enrichment culture at 28°C for
3 to 7 days. 0.1 ml each of a culture broth, in which cells
hadgrown,wasspreadedontoSn@dimnplatecontainingZ%agar.
Tt was then inoculated at 28°C for 3 to 7 days. Thereafter,
growing colonies were subjected to static culture using S
medium plate containing 2% agar medium again. Strains, the
‘growth of which had been confirmed, were defined as

assimilating strains for each carbon source. Thereafter,

these assimilating strains were examined in terms of activity




08556), Pseudononas sp. KNKO58 (FERN BP-08555) ,
Pseudononas sp. KNK254 (FERN P-19003), M crobacterium
sp. KNKO1L1 (FERM BP-08554), Achronobacter sp. |IFO
13495, Cel lul onobnas sp. JCM 2471, Cell ul onponas
turbata | FO 15012, Cell ul emdfas turbata | FO 15014,
Cel | ul ononas turbata | FO 15015, Cell ul osim crobi um
cellul ans | FO 15013, Cel |l ul osim crobium cellulans |IFO

3 I JY:&0b #H,ans alGM 620%cn apdain was.
k%fégﬁggﬁgiﬁ%gggﬁ%§ﬁ1E%ﬁgggg&bc# t hese m croorgani sms,

@5 L3425, + & EQR115082in I5H 150 Ened FEh F30LRd 1K@ 18813cube
| FO" 15516, and | FO 3848 have al ready been known.

Ehesgodn, 6k aoF g 598 1268 a@aslgl FoaBatbabbaykronThereatfter,
National Institute of Technol ogy and Eval uati on,

Biedllagiveak Resbected Cant@mt(iNBROL1(MKaress Kafghedryith a
2-5-8, Kisarazu, Chiba, Japan (postal code:
202-10818p)ut IOM 2T varne JORN6POICIHRL 4RsB- O diy Sddy 00 mM
been known. These m croorgani sns are eashiy avai | abl e

firgm-BOde RUBTEF e 4Bkr 85+ Céhtleml PdpaRSCOPlécEREREBFIOD Was
M i J ' ) ko, Sai s
A LR Gl SRR G o ppinins

e L

et ani§E et e | rEQQSESH Uﬁ_o@x%b%ﬁ@rwifhged,

ional " Institute of vance I ndustrial Science an

f (8 Ts r JdBpyHiigpsbert
S e e et ohder apg, o mares

856A)id dHIdRatRGEEPEVON thereks casfdemntntbaddaboretifying
The” nycol ogi cal’ properties of the aforenentioned
Yamtaophoag ysry 1KNK235 d.her ei nafter sinply

referred to as KNK235 at tines), Pseudonobnas sp.
KNKO5&hehepeidakeeion of glyoxal is catalyzed by the
aforementioned oxidase, not only glyoxylic acid but also
hydrogen peroxide is produced. Thus, oxidase-producing
strains can be found by detecting hydrogen peroxide produced
during the reaction. That istosay, 0.1mlof cell suspension
obtained by culture in the aforementioned 5 medium was added
to 0.1 ml of 100 mM phosphate buffer containing 50 mM glyoxal,
1.34 mM 4-AA, 2.18 mM TOOS, and 4 U/ml peroxidase. The
obtained mixture was shaken at 28°C for 2 hours. Thereafter,
reaction solutions, the color of which became violet, namely,
strains generating hydrogen peroxide as a result of the
reaction with glyoxal, were selected, so as to obtain strains
having glyoxal oxidase activity.

Examples of microorganisms that can convert glyoxal into

glyoxylic acid may include those belonging to the genus



sinmply referred to as KNKO58 at tines) , Pseudonobnas
sp. KNK254 (hereinafter sinply referred to as KNK254 -
at tines), and M crobacteriumsp. KNKOL1l (hereinafter
sinply referred to as KNKO11l at tinmes) are shown in
Table 1. 19 - Table 1 KNK2337KNK 554 KNKO5 KKNKO11
3acillus Bacillus 3acillus Bacillus Formof cells
(0.8 x (0.7 to 0.8 x (0.8 x (0.7t0o0.8x 2.0to 3.0

gl:%ngtt:Qpﬁoﬁong 58%9@8‘59{11@43 0 tddctndBas, G am

pore ormatlon

N@Ekbbbﬁtériuﬁ AE@HBﬂoﬁﬁéﬁér,Qwﬂﬂhﬁﬂmﬂmaspund shape,
ound shape, smooth entire snmooth entire snooth entire

s 0t o8k Eeobf tinngend Sat darfalilnge, OEmahkséy i agepples of
small fringe, small Form of col ony degree of degree of
gdegiealofhiegpeegahisnenmey, icohvéx, StORYEROLERYRXS SP-

| ustrous, lustrous, |ustrous, |ustrous,

JAELOW | EERBWPellPOR2) @Bﬁaeﬁt@méﬁ afmy e@%%fr%:) (ERBYGF-
+(37C) +(37C) -(450 45C 450) - (450 tal gse
05655+ bemlpmanesan. KNKOGR (60t FB0BSES) NPT RRRGROnas
2%9“%&%3@4'(%ERM PEY9gg£P? :ﬂ%?%mcterlum sp. KNKO011l (FERM
BP-08554), Achromobacter sp. IFO 13495, Cellulomonas sp. JCM
2471, Cellulomonas turbata IFO 15012, Cellulomonas turbata
IFO 15014, Cellulomonas turbata IFO 15015,
Cellulosimicrobium cellulans IFO 15013, Cellulosimicrobium
cellulans IFO 15516, Cellulosimicrobium cellulans JCM 6201,
and Morganella morganii IFO 3848. Of these micrcorganisms,
TFO 13495, IFO 15012, IFO 15014, IFO 15015, IFO 15013, IFO
15516, and IFO 3848 have already been known. These
microorganisms are easily available from National Institute
of Technology and Evaluation, Biological Resource Center
(NBRC), (Kazusa Kamatari 2-5-8, Kisarazu, Chiba, Japan
(postal code: 292-0818)). JCM 2471 and JCM 6201 have also
- already been known. These microorganisms are easily
~available from Riken Bicresource Center, Japan Collection of
Microorganisms (JCM) (Hirosawa 2-1, Wako, Saitama, Japan
(postal code: 351-0198)). Other microorganisms were newly
separated from the scil and identified by the present
inventors. The thus identified microorganisms were then
independently depositéd.with.National Institute of Advanced

Industrial Science and Technology (AIST Tsukuba, Central 6,



Pyrrolidonyl allyl - am dase O-gl ucuroni dase

p- gal act osi dase + + + a-glucosidase + N-acetyl-(3

gl ucosam nidase + Esculin ((3- + glucosidase)

1rgi ni ne di hydrase - - - Cytochrone oxidase - +

Urease - - - - Gelatin hydrdfysis + + + + Generation

of indole - - - Fernentability Qucose + + + Ribose 4
ylose + F annitol - + altose + + - + D-mannose + +
#Hibaanabilrose, - Tsukubd; nEbEdlol, -Japan {@oetyl -dddet -305-
- glucosam ne Potassium gluconate - - + n-capric acid
8566+) under accession numbers as described above. The

mycological properties of the aforementioned

 Stenotrophomonas sp. KNK235 (hereinafter simply referred to

as KNK235 at times), Pseudomonas sp. KNK058 (hereinafter
simply referred to as KNK058 at times), Pseudomonas sp. KNK254
(hereinafter simply referred to as KNK254 at times), and
Microbacterium sp. XKNKO11 (hereinafter simply referred to as

KNKO11l at times) are shown in Table 1.



Phenyl acetate

dipic acid -

- 4dalic acid + +
- - - actose Saccharose +

Sodiumcitrate + + +

d ycogen 20

Streptonyces sp. KNK269 (hereinafter sinply referred
to as KNK269 at tines) has been identified by the
foll owing publicly knownnBfhod. An approxi mately

500-bp region on the
ri bosomal RNA gene (16Sr
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approxi mately 25,000, approxi mately 35,000, and
approxi mately 80, 000 in SDS-pol yacryl am de ge

el ectrophoresi s anal ysis. Anbng m croor gani snms

bel onging to the genus Streptonyces, Streptonyces sp
KNK269 ( FERM BP-08556) is-— pPeferable. 21 Wien the

af orenenti oned al dehyde oxi dase is produced by

m croorgani sms bel onging to the genus Pseudonobnas, the

al dehydp-oxipases ppefarabdy (hagethert ekl omigly referred to.
physi cochem cal properties (1) to (3): (1) nolecul ar

wei ghk? 6appt oxinas el ¥adS0eeN00démt g&led ibit ridte ofpllowing
anal ysis; (2) optinumreaction tenperature: 60C to

%061 iang kiBin mpthaum rAeasppooxpiat&ly & 0P -bRrpeglon on the
m croorgani snms bel onging to the genus Pseudononas,
_Bdetidominad spde KNKOSE {FERMcBRIGISBER penpr ¢ BPALPRA) Of
Wien the aforenentioned al dehyde oxi dase is rodugfd .
byenebPT6r §aRRSAEHE| BRBLAGIEY PHefgan@nd the nucleotide
M crobacterium i nside and outside gf e ceLgs

EReresce thersPeligaetBRId9EESTBrET rab%fﬁ%ﬂs%ﬁﬁ!

|l qw hysi cochemi cal ties: ,
BRSSP HaF G Yo of i WS & T Sod B Ul gRt Brocueins

[ t | 1 0 0 i . - 5 X | ! ra
B R T R e 000 Library

e e e T
af or effgBhianed ral-debyde cpxbdasehwdpoaddesd by produced by
microorganisms belonging to the genus Streptomyces, the
aldehyde oxidase preferably has the following
physicochemical properties (1) to (3):
(1) optimum pH: 6 to 9;
(2) heat stability: the aldehyde oxidase retains activity of
90% or more after it has been treated at pH 7.2 at 60°C for
20 minutes; and
(3) molecular weight: the aldehyde oxidase has a molecular
weight of approximately 110,000 in gel filtration analysis,
and has three subunit proteins with molecular weights of
approximately 25,000, approximately 35,000, and
approximately 80,000 in SDS-pelyacrylamide gel
electrophoresis analysis.

Among microorganisms belonging to the genus
Streptomyces, Streptomyces sp. KNK269 (FERM BP-08556} is

preferable.



m croor gani snms bel onging to the genus
Cel l ul osi m crobi um inside and outside of the cells

t hereof, the al dehyde oxi dase preferably has the
fol |l ow ng physi cochem cal pr%perties: nol ecul ar

wei ght: a single protein Fa€1a nol ecul ar wei ght of
approxi mately 90,000 to 100, 000 in SDS-pol yacryl am de
gel electrophoresis analysis. 22 Anong

m cr ogliganihsens fbetnagt hgnéod atlbiehgerusxidase is produced by
Cel I ul osi m crobi um Cel | ul osi m crobium cellulans | FO
156160rgsnpeeéebabbegihm thetlpr exemis iBpayddsmasy the
medi um used for culturing mcroorgani snms that can
plogbrvdeorkddpadupraserahhy kan thonektowiibxal into
glyoxylic acid_is not particularly _limted, as |ong
Q@Yﬁﬁéoﬁbévécﬁ#cPBBP@éEF%ﬁB(%hnt%r6¥ﬁ?erate t herein.

B AT L LSRR MR, DL B8 B cacion

incIu%Lng sugars such as glucose or sucrose, alcohols
g&gﬁy 38" et hanol , gl ycerol, ethylene glycol, or

';((rg?p%% ne.gl yeal., s Al 98@%%1?&1:@%’8!‘ é‘§°c9'tyo°x7%|°g;I ﬁ{élay

i‘ds¥such as "ol'ei ¢ aci earic acid an

ashepctiReheobacaBdnobks sueh as rapeseed oil or
soybean oil; nitrogen sources such as ambni um

sul f apReong 50 dirddriahi 8ne, baleg@neg; t 6 asanidimapsdudomonas,
yeast extract, neat extract, or corn st eep li quor ;

IDzeignonasalstbs SNEh5a8s (FERYNBB+085 S f &t eprsheraim.e.
chloride, calciumcarbonate, dipotassium hydrogen
phospliate, thor afpoeasstamdimididyate ophdsphate praggced by
ot her conponents such as malt extract or neat = |
aicraergaThensr bebsrding e sBaIRIY M EcgIObecagid vgy 1nside
- the present ‘ .

and outside of the cells thereof, the aldehyde oxidase
preferably has the following physicochemical properties:
molecular weight: a single protein has a molecular weight of
approximately 110,000 in SDS-polyacrylamide gel
electrophoresis analysis.

Among microorganisms belonging to the genus
Micrcbacterium, Microbacterium sp. KNKO11l (FERM BP-08554) is
preferable.

When the aforementioned aldehyde oxidase is produced by
microorganisms belonging to the genus Cellulosimicrobium
inside and outside of the cells thereof, the aldehyde oxidase
preferably has the following physicochemical properties:
molecular weight: a single protein has a molecular weight of

approximately 90,000 to 100,000 in SDS-polyacrylamide gel

electrophoresis analysis.



invention is characterized in that it conprises
allowi ng any one selected fromthe group consisting
of the aforenmentioned oxidoreductase, a culture broth
contai ning a mcroorgani sm that can produce the above
descri bed oxi doreduct ase, ¢ s separated fromthe
culture broth, a processed product thereof, and a
supernatant of a culture broth in a case where the
aboveA@38ngori daser gsn psosl vcelbreyieny dut silde ginus

m croorganism, to react wth glyoxal, so as to
Eervarlosiimiicmob igmy kgl Ll agiml anelblwe cigid wlag s 50 15516
Herein, the term™ processed product of m croorgani sm
il$ predfordPdBan a freeze-dried cells, an acetone-dried
cells di srupt ed froduqt of such ,cells, a_crude

enzyn@ns BtPOR S b r i T HE 4 i W, OTHE élF‘nwu‘S@fiu&Sreﬁ%/Wéring
| uti " i.ncl | uti bt ai d.by. di ti
St Rargarien s phbuehe S AP e R Re SR N
p Pip? o
ARE AU Q01 Ml 5%, 8Ly RY e BLOANED 8. BRLDOMRIarly

QHEQE%§9_9¥J&%ﬁ?&%mﬁu§gﬁo@%1518?&&P&a§@9ﬁ§c§ﬁﬂﬂkb?ﬂferate
by centrifugation or the |like, and So on. Moreover,

tche regiim Aﬁr@fa&ngnéycs@ S arqifd ked heekddesadnbe a
enzyne obt ai ned y partially purifying the

afoameme Nticaied neelilnf r et iekt canprisgst ngadbahysosrces
amoni um sul fate precipitation, or chromatography,
sineghydiog isngeosbenabi @n.gRwrddwramsecrogeh adcohols such
processed product of m croorgani smmay be i mobilized

By ekhenalreahscebet ocdhydenesudrcy moby [Hrepvilenecahycol,
be carried out by methods publicly known to persons,
Siehydissnsialk af 910G - ekakpy e CEFDSHGNRE iyl et R ©F

hysi cal absorption netho encapsul.ation net hod
%tt)éa)r%_c ach anrc)i the esters t%ereo?,pand olils sucg as rapeseed

0il or soybean ¢il; nitrogen sources such as ammonium sulfate,
sodium nitrate, peptone, casamino acid, yeast extract, meat
extract, or corn steep liquor; inorganic salts such as
magnesium sulfate, sodium chloride, calcium carbonate,
dipotassium hydrogen phosphate, or.potassium dihydrogen
phosphate; and other components such as malt extract or meat
extract.

The process for producing glycolic acid of the present
invention is characterized in that it comprises allowing any
one selected from the group consisting of the aforementioned
oxidoreductase, a culture broth containing a microorganism
that can produce the above described oxldoreductase, cells
separatedfrmntheculturebroth,agmocessedproductthereof,

and a supernatant of a culture broth in a case where the above



enzyne used, a m croorgani smused, or a processed
product thereof. Optinmumreaction conditions are as
follows. The tenperature is_between 10C and 80C, and
preferably between 20C and 4#6C™ fromthe vi ewpoi nt of
heat stability. The pHis between pH 4 and 12, and
preferably between pH 6 and 10 fromthe vi ewpoint 24
.okipHsstiabpkbtivced keeneact $ Die oS préfcevalbbygndanr €d react
out under conditions consisting of shaking and
agithapilgnzalhenot e feactponri sitatalyzedy iy lodd desiel and
hydrogen peroxide is generated in the reaction
gpstamlate, 1fydrogen. ... ... per oxi de may inactivate
enzynes _or may deconpgse glyoxylic acid into formc
—.aci d.H%ﬁ%WhyﬂTeog}'&%mbgr BXPEES§EHePEPEHCsOT Mt e Iypism
t,he reaction can be deconposed d renoved b .
b R R R b ok s TR RISRES
n c OS|ict | 0 oxy! | Cj :
S e SR R b L R s e
60! ynbowsget i iy (gl woxyd Cag iH1desidndbligc1udes a
particular, the activity of the énzynme of the present
sBYaRE bANoH 02 Ghy@ ¥y Hes2ehdihg HFef wiah] Y-eane- bty ofcal
or less than, nore preferably one-twentieth of or
bessubhasn aBdhofisir temg pget ef abd ydoner htinslreditd of oy

| ess than the activity thereof to glyoxal. If the
adbckemycel oxtdade Usnigd woxgpmies cacittleeXtkedsa cell-free
one-tenth of the activity thereof to glyoxal, glyoxa

extorictdi ootk ined yhaecgenméngt edl gily okgdn ¢hecklove solution
further oxidized. As a result, it is likely that
GrYORYT FEfugai ip1 8rridte dékgnupRE &P PR -t HEFaa  ofhe ternm

NEEiAE Sratt o et eRe o Higs Lippided o ehizyme obtained

by partially purifying the aforementioned cell-free extract,
using dialysis, ammonium sulfate precipitation, or
chromatography, singly or in combination. Furthermore, such
a processed product of micrcorganism may be immobilized by
known means, before use. Such immobilization can be carried
out by methods publicly known to persons skilled in the art
(for example, crosslinking method, physical absorption
methed, encapsulation method, etc.).

Reaction cenditiong are different depending on an enzyme
used, a microorganism used, or a processed product thereof.
Optimum reaction conditions are as follows. The temperature
is between 10°C and 80°C, and preferably between 20°C and 40°C
from the viewpoint of heat stability. The pE is between pH

4 and 12, and preferably between pH 6 and 10 from the viewpoint




oxi dase of the present invention is characterized in
that it does not only convert glyoxal into glyoxylic
acid, but also its activity to glyoxylic acid is |ow

A yoxal oxidase generated by wood-rotting fungi
whi ch reportedly exhibit aciwity to gl yoxal

exhibits high activity also to glyoxylic acid. Table
2 shows the activities of the enzynes of the 25

resent _Lnyeptio ¥ =6 Qe e
B S Dol e F R R Y TR e e 0
Wy 1tN3hs 2BhkY5bYnb0o8! ¥RXREng tAed e @Siof . t he
present invention exhibit extrenmely Iow activity to
gl yoxyhbs 86kdredablén2is Red@di oty Uiy, hydrogen
Substrate P. chrysosporium KNK KNK KNK KNK | FO 235
269-P880ils ohibatedydxakhd00ed60id00s 1H0eh 00 Hyrogen
G yoxylic 60 5 0.1 0.1 0.5 1 acid Mreover, the ‘
weasenidd magnihantiektt esntyudNareneydidagorphee glyoxylic
af orenmenti oned al dehyde oxi dase, which can be used for
efdfiiccilent poodictd o .of Suse RYSre¥RnFged 48 gekgdeted as
oxi dase wusing genetic reconbination. Sge ificall bved b
thegadde st they EFEICEA CPeFafe 8t GSBREPR %@dﬁﬂ traoves by
subunit of al dehyde oxi dase, mhich.hastthe nuclqp

PESPESLREEd Ty 23EQ PTDY Ros "4t Y2608 ©

Furt her, DNA hybridi zi.ng w.th a having a
ﬁﬂiﬁggﬁWﬁ?S dﬁ%hég% Y4 CoE%bPenent ary to the DNA
havi ng e c t] u r r b NEERL
condi%ﬁo%g F§99§$S§Ei%§§ugg§s§§9t e %&E?%?'tﬁ% %?esent
| MENT 100y BR1LONSw activity to glyoxylic acid is desirable.

Lh9%nes

In particular, the activity of the enzyme of the present
invention to glyoxylic acid is preferably one-tenth of or less
than, more preferably one-twentieth of or less than, and
further preferably one-hundredth of or less than the activity
thereof to glyoxal. If the éctivity of oxidase to glyoxylic

acid exceeds one-tenth of the activity thereof to glyoxal,

_glyoxal is oxidized, and the generated glyoxylic acid is

further oxidized. As a result, it is likely that glyoxylic
acid is not accumulated in the reaction system or that the
amount of glyoxylic acid accumulated is decreased. Thus, the
oxidase of the present invention is characterized in that it
does not only convert glyoxal into glyoxylic acid, but also
its activity to glyoxylic acid is low. Glyoxal oxidase

generated by wood-rotting fungi, which reportedly exhibit
activity to glyoxal, exhibits high activity also to glyoxylic

acid. Table 2 shows the activities of the enzymes of the



as a protein having a protein encoded by the above DNA
as a subunit has activity of converting glyoxal into

gl yoxylic acid. Furthernore, the present invention

also relates to DNA encodln% al dehyde oxi dase, which
has the nucl eotide sequence?>r &presented by SEQ | D NO

9, 10, 13, or 14. Further, DNA 26 hybridizing with a
DNA consi sting of a nucleotide sequence that is
eeBRLarE ANt Ich bhe NAeOBshskkagddly Whedalioveing fungi
nucl eoti de sequence under stringent conditions is al so
itachlcdedhbt had DINA @f ydhel jor esent. | Weent compaasd| whigh dhat
a protein encoded by the above DNA has activity of
eonyeitiyngo glyoxal,ihhe ghyvxysiefache. pBesept invention
further, DNA encoding a protein conprising any,  am no
_@@hdbséqaﬁﬁéémﬁé§uﬂPanc twhtdeFet 9o¥ox¥Lbst3¢14i on,

or addition of one or several amino acids in the amno
acid sequence represented by SEQID NO 1, 2, or 3,

Is also included in the ﬁ»ﬁiof t he present i nvention,

as long as a protein having 8 protei n encoded by

he above &@g§§laesg@ggvitﬁa§oﬁctlV|ty of converting
gl yoxal i ntro—ghyogytic acid; ﬁglllﬂkurtﬂ IFO
IR G A (P Oteh s CaPmF il s an E%I Dggﬁuenig?%

resul ting flromdel etion, su% ?ltugﬁgn 8 ion

e, f-1Sevekgh am no aci ds i 9ot hei1gpi no1gei d 1sequence

(ﬁiresgdfec by SEQID NGO 7, 8, 11, or 12, is also
ebhe DNA of the bresenD ﬂnveﬂtﬂon 0a$ | ong

ACHdhe prdtei n encoded by the-above-DNA-has—aectivity

of convertlng gl yoxal |nto gl yoxylic acid. The
present invention also relates to al dehyde oxi dase
Moreover, the present invention relates to DNA encoding

the aforementioned aldehyde oxidase, which can be used for
efficient production of the aforementioned aldehyde oxidase
‘using genetic recombination. Specifically, the present
invention relates to DNA encoding the subunit of aldehyde
oxidase, which has the nucleotide sequence represented by SEQ
IDNOS: 4, 5, or 6. Further, DNA hybridizing with a DNA having
. anucleotide sequences that is complementary to the DNA having
the above nucleotide sequence under stringent conditions is
also included in the DNA of the present invention, as long
as a protein having a protein encoded by the above DNA as a
subunit has activity of converting glyoxal into glyoxylic
acid.

Furthermore, the present invention also relates to DNA
encoding aldehyde oxidase, which has the nucleotide sequence

represented by SEQ ID NO: 9, 10, 13, or 1l4. Further, DNA



havi ng a protein encoded by DNA having the nucl eotide
sequence represented by SEQID NO 4, 5, or 6 as a
subunit, and to al dehyde oxi dase encoded by DNA
havi ng the nucl eoti de sequence represented by SEQ ID
NO 9, 10, 13, or 14. Moreovdr ,- al dehyde oxi dase that
has, as a subunit, a protein encoded by DNA
hybri di zing with any one DNA consisting of a

Wﬁ%fﬂ%galtﬁeggﬁﬁgg%ér@sﬂﬁl yhermplaryilie $dguence

consi st ng of nucl eoti de sequence represented

h3EQd R M enntAryOt o6t heUDSRI c8hABLBEENY of the above
condi tions, and al dehyde oxi dase encoded by DNA

itz g sednaey uade rDiArcagenst cogdbtians is also
nucl eoti de sequence that is conplenentary to the DNA
conslistddg rofc hisheNAnof | et | phee sEguemcentdmnes @5t égnpyas a
SEQ I D NCS: 9, 10, 13, or 14, under stringent ,
qandiairomsicoded bl sithe mdlayvde 8NRnhe heaClokiidas @ ToFoRHET 1 nY
present invention, as long as they have activity of
corxastat nignigl yoweizvildco agifoxyl i ¢ aci d. Hybri di zati on

can be carried out by operations that have ublic

boon Biidut £956rSon N kenaatra patarers oBPrLEldy any

SR P AP ERLET RO L s i,
bt ai ned .b - j | e- st Tded: . o
B g, ) 60 bt oot D D acsc

. h P1,a5co/dNd <t @1 éHencluded
Se%?r%e }lggfégﬁn%?h%ézdsﬁ? b R8P 1,a8c @3 na st 91 nclude

nic rans or exanple (refer to

Vbl @l Bin SF UHeNGre sorfe EAVEhONon2QR11okHEE Sprbbgin having
Har bor Laboratory Press, Cold Spring Harbor, New

Yo prdtBi end®lled by, tKhapiose BYA 36-5BubuCitonas @raElivity
DNA, genomi ¢ DNA, or plasmd DNA, which is produced

fo DT aiye ot inem @rgedIsmrdre gl wraorigarsasid -

artificially produced vector DNA, or a DNA | | .

Stili further, DNA encoding a proteiln comprising an amnino
acid sequence resulting from deletion, substitution, or
addition of one or several amino acids in the amino acid
sequence represented by SEQ ID NO: 7, 8, 11, or 12, is also
‘included in the DNA of the present invention, as long as the
protein encoded by the above DNA has activity of converting
glyoxal into glyoxylic acid.

The present invention also relates to aldehyde oxidase
having a protein encoded by DNA having the nucleotide sequence
represented by SEQ ID NO: 4, 5, or 6 as a subunit, and to
aldehyde oxidase encoded by DNA having the nucleotide
sequence represented by SEQ IDNO: 9, 10, 13, or 14. Moreover,

aldehyde oxidase that has, as a subunit, a protein encoded

by DNA hybridizing with any one DNA consisting of a nucleotide



fragnment obtained by digesting the above DNAs with
appropriate restriction enzynes, is isolated by

agarose gel electrophoresis. Thereafter, the isol ated
DNA is imobilized onto a nitrocellulose filter, and
DNA binding to the above “dédcri bed probe DNA is then
detected by autoradi ography, thereby detecting a gene
of al dehyde oxi dase 28 that can be used in the

- pe@8entel fiventisonomPleimegeatry condid ilddscapplieedngoof the
the hybridization mean that the DNA inmmobilized onto
thhelrbtideebéqgtesee fidprersdsaal lonwsdEX 6D HOBri 8i 22, or 6,
with the | abel ed probe DNA at 68C in a buffer

woAsicss Engnednis corgstionsy Pedrrdelydegydfgsepesopded by

38 bERLERBENY HeL Ut o901 PARCOYE GaTOCT MG Biat HirF ot ide
core st ol 2% SSC.ane. D S SEE Lel Loved Bt
BHAFErOE FHETRIHES rire st el TR b0 W g P ©F
33 4en” 8l LpleED T SR T £Eo PRTSL STASMELA 1 the
g%g%%%% %@lHEEOBIeEQHEaEHVQHtQO§§ Q@SPQﬁgné§hi@é§d@ave

0.015 Msodrumcitrate. 1 Denhart™s reagent
contiaiing 0r02%hkeekhnd0g1(prAuf agtar gllyokylic acid.
Si gma- Al drich Corporation), 0.02%
pol yviipyk pyi s ot icoren barthrdicdRP8tbdw opesat lonalthet have
(manufactured by Sigma-Aldrich Corporation; Fraction
YublREulivheernr énowhe tpr pseatnenvbhlled ahsbheeptites to
al dehyde oxi dase having a protein consisting of the
Sriavd fdcied 1 ysehubnidirapiesente oy BEG9DONG Py, Sguthern

or 3 as a subunit, and al dehyde_oxi dase gavlng tge
&MQQi@§§@§L§@quéﬁé§g' as probe DNA, DNA obtaingd by end-

labeling double-stranded DNA having the nucleotide sequence
represented by SEQ ID NO: 4, 5, 6, 9, 10, 13, or 14, with 3p
according to the nick translation method, for example (refer
to Molecular Cloning, 3™ edition, 2001, Cold Spring Harbor
_Laboratory Press, Cold Spring Harbor, New York, U.S.A., Vol.
1, Chapter 6, 50-55). Chromosomal DNA, genomic DNA, or
plasmid DNA, which is produced from any given organism ar
microorganism, artificially produced vector DNA, or a DNA
fragment cbtained by digesting the above DNAs with
appropriate restriction enzymes, is isolated by agarcse gel
electrophoresis. Thereafter, the isolated DNA is
immobilized onto a nitrocellulose filter, and DNA binding to
the above described probe DNA is then detected by

autoradiography,therebydetectingeagenecxfaldehydeoxidase



represented by SEQID NGO 7, 8, 11, or 12. Still

further, a protein having an am no acid sequence
resulting from deletion, substitution, or addition of
one or several amno acids in any one of the am no

aci d sequences of the subuniZBs~ y, 1, and a of

al dehyde oxi dase represented by SEQ ID NOS: 1, 2, and

3, is also included in the oxidase of the present 29
itRLeNthANL a8 sb@NYn ashs Ushe 8ot Of @i dhiiaok Ng Strhre nafeaire
protein as a subunit has activity of converting

aoyexak ohiet apghyexytbcthachyor 58itdt fon toean ehar otled PNA
having an am no aci d sequence resulting from
delrebiionzesubstbt theonitoecattiitben Sflore by akbverd@lto
am no acids in any one of the am no acid sequences
neprdsdntediby SE® LEOAMDSE ProBe ONA apded’E dins aalydfer
included in the oxidase of the present invention %g
lcomg iz ing GES %3G vhty Denhashy Erisaip iy OxaP Fhto + Ha/m
gl yoxylic acid. As a nethod of del etion, %gp%%?tukho@’th
Mo laddPe ik oAndf10Q Hedar premam ABSERI Yy | en that the

ti [Ty.k th [ : I f hy
SUATLISNSLT v known, T ot e, uSsd, EXAIDL g8 21 o
TPrGotich s ey SSAUEDREs, SAIRE 5120 o dbeuion Bt scing

Cc%oﬁﬂ ns SgEa%Jlﬁr 18 o agciéj% fﬁf thhe8s of ndors r9hgent
(0] er a 0 0

afino acids: and a met T gating an enzyne

QeNRLITRAUC B 1 BYe kReWh @i heds tSuucCibase washemigchs cBNALed
synthesis nethod to a gene expression vector, and

 aldtow Bgmbt W DteXpbesTerncankbstinguch las E8CHerd ¢hité SDS
coli by genetic reconbination. These nethods can
easidyPcbeoeanni adnautsby per SIAG iskidn ediigpushesolarttion

In the case of an enzyne secreted outside of the cells
containing 0.15 M sodium chloride and 0.015 M sodium citrate.
1 x Denhart's reagent contains 0.02% Ficoll 400 (manufactured
by Sigma-Aldrich Corporation), 0.02% polyvinylpyrrolidone,
and 0.02% bovine serum albumin (manufacturedby Sigma-Aldrich
Corporation; Fraction V).

Furthermore, the present invention also relates to
aldehyde oxidase having a protein consisting of the amino acid
sequence represented by SEQ.ID NO: 1, 2, or 3 as a2 subunit,
and aldehyde oxidase having the amino acid sequence
represented by SEQ ID NO: 7, 8, 11, or 1Z. 5till further,
a protein having an amino acid sequence resulting from
deletion, substitution, or addition of one or several amino
acids in any one of the amino acid seguences of the subunits

v, B, and o of aldehyde oxidase represented by SEQ ID NOS:

1, 2, and 3, is also included in the oxidase of the present
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of m croorganism a secretory signal sequence is
generally encoded in a portion corresponding to
several tens of amino acids fromthe initiation codon
of the gene. It has been known that such a secretory
signal sequence is cleaved ¢8 as to become a mature
enzynme during a step in which an enzyne protein
synthesized in the cells is secreted to outside of the
gakbstion3Gis hBnghes case ofpreeednahaenzynes dosteitmedein
in the present invention, the active enzynes are
sect stibdnat $@st acoltstdef amvdrrice gEyokal ttheo glyocxylic
production of these enzynes by genetic reconbination,
anidnzydel bt dueithegans beopedductinhendenvio achd saIyeqice
of a_m croorgani smused as a host, using a gepe from
WRiSEA tANG bY@t ghoy edilghal Saledieelel Has Odr BRFT B AR IQF One or
been renoved. The present inve t%%n al so proyide
d

d
Sry9RELgEMETO RGEES | TP KK OIF RAd C%) ANFPnTRkf creauences
t ' b . .
REPCR St B USED £ 0N TabBye Hedlr bt it ggsscysed
t. her.. , El duci .
GHoe SFERES et et PRy S R 088 o it bas
SRIEIRL 08 F g_t)ntrg§tgﬂég?gy9¥ajﬂef§\t:bCgl{/@fé?ﬂ@(’: nation,

genes conprising sec ry signal sequences (SEQ ID

NOS: RsafthdBlodadr HsSRtike Useds thunthen, archiigetien of
gene, the original secretory signal sequence of which
haspbeefiisubft hbubedd ¥4 I h aneidvent iseeldiokyoghgnathod is
sequence that is suitable for a host m croorgani sm
carche Epaspiastefl anch usetkflord tiey abovieidete SEIH bed ng
pur pose by persons skilled in the art according to | |
lsryovn erps chiolgs prive rgemev big ancép2yAde A BIEG9f eapPrising
present invention can be obtained by the follomﬁn% .
@@tl}ﬁ(j__onmgth@ntsoogwgc&ﬁlc aminc acids, substitution with

codons of other amino acids, or addition of codons of other

amino acids; and a method of ligating an enzyme gene produced
by known methods such as a chemical DNA synthesis method to
a gene expression vector, and allowing it to express in a host
.such as Escherichia coll by genetic recombinatipn. These
methods can easily be carried out by persons skilled in the
art.

In the case of an enzyme secreted outside of the cells
of microorganism, a secretory signal sequence is generally
encoded in a portion corresponding to several tens of amino
acids fromthe initiation codon of the gene. It has been known
that such a secretory signal sequence is cleaved so as to
become a mature enzyme during a step in which an enzyme protein

synthesized in the cells is secreted to outside of the cells.



enzynme protein is purified froma m croorgani smthat
produces an enzynme converting glyoxal into glyoxylic
acid, or froma culture broth thereof. Thereafter,

usi ng a peptide obtai ned b% di gesting the enzyne
protein with protease, partifdl "anino acid sequences

are determ ned. Subsequently, using priners

synt hesi zed based on these partial am no acid

- gequencesscPER 8dvei sl camiieds odits ot ihed el i reDIWA et
tenpl ate according to publicly known nethods. By such
RERena ipart thé 4die enzyprymegeasei sseampitidd edsoahd dHeside
nucl eoti de sequence of the inside ofthegene can be ,
dét ehei grd.s Al o, thavercsmpdry efchrese@nmesubygenetic
DNA primers synthesized froman N-terninal anigo. aci,d .
 YEGUEREEARAGT AN ANTREYTRR | RE Rt e RPolRAERES 1nStae ©
C-terminus, so as to deterning a ségna% sequence, an...
et halC fafi e LRI F e Sguehte, 2 HactErm nal Yamno

aci,d sequence, etc. .(Cell Science 9 ;

S0 S P T oo L aPAANGHES BAFdabEL D parL LY been
nucl eoty de f. i.Gh : ' eC@Bnes
FET e DR F HeEH) BT Eavar B oAl caoimecd
PASS) {.0 i u hydee¥i-daseyeneehuontes
t he cﬁ?gﬁggoﬁg%héﬁgifbggggﬁgﬁ%%gDNA of agnigioorgaﬁisn1

BYE HI9MEL FRRQES Ai1sd RHicB dRaf bk alscsefuiente dfotddescribed
gene. An enzyne used in the present invention may be

ultRse .a oatthidloterzynend; for edzyperpbsai megrpducing an
reconbi nant technol ogy. As such reconbi nant .
teachned ofy;haceiibodt af hosnseraiany gan iemy yefeREPrAEELON
a plasmd vector or a phage vector, and transfornjngin
aD_ﬂ‘ldé'te S Y iy @@@eéﬂ—lca.r§l§@ﬁ1b&§atE§@hegie?}ﬁ?aC@@PF? g
AT SIS B0 IpPRALSPUART KSERTABRUS! Vbl 135 2an aloo
be used. Further, a chimeric gene, the original secretory
signal sequence of which has been substituted with another
secretory signal sequence that is suitable for a host
microorganism, can be constructed and used for the above
described purpose by persons skilled in the art according to
known methods.

The gene of an enzyme usable in the present invention
can be obtained by the following method. That is to say, an
enzyme protein is purified from a microorganism that produces
an enzyme converting glyoxal into glyoxylic acid, or from a
culture broth thereof. Thereafter, using a peptide obtained
by digesting the enzyme protein with protease, partial amino

acid sequences are determined. Subsequently, using primers

synthesized based on these partial amino acid sequences, PCR



effective, for exanple. The present invention will be
described nore in detail in the follow ng exanples.
However, these exanples are not intended to limt the
present invention. 32 - (Exanple 1) 5 m of liquid

medi um (EG NB nedi um (pH 7) Blwirth the conposition
consisting of 10 g of ethylene glycol, 1 g of yeast
extract, 8 g of NUTRI ENT BROTH (manufactured by

f i 8d9%uPfi ' iphird L 898 N: teccardhil to
?So?%%%?a%%‘?uwrﬁp&%%?ﬁemfgﬁﬁsEhate (all of which =
Welhe 1 2IURhSySoRt eh&@sl. | By Euldht @CR, , awesrpouf ethé rarzyne
a large“test tube, and it was then sterilized by
auihect aving iati el 16nfiorh2Bunileutése ddsqurnaem of the inside
i nocul ating | oop, each of the m croorgani sns shown in
Fabtre Genvasaaskeptdetaldnyiatbcuhated iner 2hiPERBEi gAgried
It was then cultured at 28C for 2 days, so as to ,
@mmauﬁiangﬁbL@Iimqﬁ$n&ﬁﬂtheﬂéﬂﬁ§béﬁéﬁtﬁ?,Nitﬁ¥m%$a%r%Plno
obtai ned preculture broth was inocul ated 'n%oé}ﬁf m,
Gicitthee Guerdq pRd@PEONP ﬁﬁaﬁm%ﬁ%&@oﬂqwi’c GO e RUS,

Sakaguchi fl ask, and |t s then cultured at.2 f.or -
a5 T 108t T | SEEBRRPR O IDO T bR o Rl dold
obt ai ned cul ture broth by.centrifu [ Th el
RNt o O ERRA 00 A ot FEPCTOBURTSs (B B, byt

%C‘?lfe\é\‘ﬁlree 1%5@[‘ 03031“.5%”%9 30 3 91378 .t hensye,aBeVE1dehyde

FF{p e cel suspensi on was di srupted

\f’é%{j{aal\.gen i %ﬁ@ ahicPesl ehe CRMIRE & Q61 chN-Bl KB tafthined,

owed by centrifugation, so as to obtain a

SUREERat aptnd 8pe8khehNee pext r agbreoded, it D& A su0Posblible
gl yoxal aqueous solution and 0. 1 m of a solution

GQNbaiAli Ags u &Y 20081 WER de adal s wene Gdoted teocbremppomal
of the obtained .
DNA or genomic DNA of a microorganism Dy known methods using
a partial sequence of the gene.

An enzyme used in the present invention may be elther
a natural enzyme or an enzyme obtained by recombinant
technology. As such recombinant technolegy, a method of
inserting an enzyme gene into a plasmid vector or a phage
vector, and transforming a host including bacteria such as
Escherichia coli, microorganisms such as yeast or fungi, or
cells of such animals or plants, with the above.vector, is
effective, for example.

The present invention will be described more in detail

in the following examples. However, these examples are not

intended to limit the present invention.



cell-free extract, and the obtained m xture was
subjected to a shaking reaction in a test tube at 28C
for 4 hours. The obtained reaction solution was

anal yzed by high performance 33 I|iquid

chromat ogr aphy. The anount- 8£ gl yoxylic acid produced
is summari zed in Table 3. Table 3 Amount of Strain

gl yoxylic acid produced (mV) Stenotrophononas sp

KNG3S12 §reptonyces sp. KNK269 5 Pseudomnas sp.
0 " Pseudononas sp. KNK 058 12 M crobacterium

sp. KNKQiL1, 24 i Aehy anmbact e(EeB feQil349p2 7)) with the
Cel | ul ononas sp. JCM 2471 32 Cellul ononas turbata | FO
3mpd5012c8alddd irminasof Wibabd 4FQ lkne §59ddl, 1 g of yeast
Cel ['ul onobnas turbata I FO 20 15015 Cel | ul osi m crobi um
_eeltlrakanss 1d off ROTRIENT BBOTH| teamibrobired ¢ Difgas . 3 9
23 |1 FO 15516 ,
of potassium dihydrogen phosphate, and 7 g of dipotassium
hydrogen phosphate (all of which were amounts contained in
1 liter), was poured into a large test tube, and it was then
sterilized by autoclaving at 121°C for 20 minutes. Using an
inoculating loop, each of the microorganisms shown in Table
3 was aseptically inoculated into this medium. It was then
cultured at 28°C for 2 days, so as to obtain a preculture broth.
Subsequently, 1 ml of the obtained preculture broth was
inoculated into 100 ml of the sterilized EG-NB medium placed
in a 500-ml Sakaguchiflask, and it was then cultured at 28°C
for 3 days. The cells were collected from 100 ml of the
obtained culture broth by centrifugation. The celis were
washed with a 100 mM Tris-HCl buffer (pH 8.0) and were then
_ suspended in 5 ml of the same above buffer {pH 8.0). The cell
suspension was disrupted with Minl Beat-Beater {manufactured
by BIOSPEC) and followed by centrifugation, so as to cbtain
a supernatant (a celli-free extract}. 0.1 ml of a 500 mM
glyoxal agueous solution and 0.1 ml of a solution containing
50,000 U/ml catalase were added to 0.8 ml of the obtained
cell-free extract, and the obtained mixture was subjected to

a shaking reaction in a test tube at 28°C for 4 hours. The

obtained reaction solution was analyzed by high performance



oxi di 2t tegdcronast sghy BNER35F

E

Cel | ul osi m crobi umcellulans 21 JCM 6201 Morganel | a
nmorganii | FO 3848 7 (Exanple 2) 0.05 m of 0.1 M
phosphate buffer (pH 7) containing 1.34 nmM 4-AA 2.19
mM TOOS, and 6 Um POD was added to 0.1 m of the
cel | -free extract of each of33he m croorgani sms shown
in Table 3, which had been prepared in Exanple 1, in
a test tube. Thereafter, 0.05 m of 100 mM gl yoxal

-61%?&@8 IR raphyateie Wasoaddest tdieretyd, i cand ithe
m Xtu

re was shaken at 28C for 2 mnutes. Thereafter,
raRgel it thereelieedoint ieble34. reaction sol ution
was observed. The results are shown in Table 4. In
all the reactions of using any one of the
above-descri bed m croorgani snms, the reaction solution

_obt.ai.ned when agl yoxal aquéshsesél ution had been added

exhi bi ted—astrong vi ol et —cotor.
i nst ea% of. such a gl yoxal aqueous
reacti prrdoffuti on did not change ¢4
t hat hvdrogen . -peroxide i aene

LWL &fF was added
Ay
T ounhd

i L R0

%om this fact, i
was folnd.-4hat, an Lngy Mygakal yzi ngs the  oxi di zati on
reacti pn of gl yoxal %fbg oxl dase. Table 4 Col oration of
react i rFsIaRangs sor-r §NK28foxal  agfded
St enot [ BphIBINES: S o . KNKK2858St r epjomyces sp. KNK 269

Pseudoffpnas, spr. K254 Pagyigronas, pp. KK 058 +

Achromobacter sp. IFO 13495 |2

Cellulomonas sp. JCM 2471 32
Cellulomonas turbata IFO

13
15012
Cellulomonas turbata IFO 15
15014
Cellulomecnas turbata IFO 20
15015
Cellulosimicrobium cellulans14
IFO 15013
Cellulosimicrobium cellulansz3
IFC 15516
Cellulosimicrobium cellulan321
JCM 6201

Morganella morganii IFO 3848|7

(Example 2)

0.05 ml of 0.1 M phosphate buffer (pH 7) containing 1.34
mM 4-AA, 2.19 mM TOOS, and 6 U/ml POD was added to 0.1 ml of
the cell-free extract of each of the microorganisms shown in
Table 3, which had been prepared in Example 1, in a test tube.
Thereafter, 0.05 ml of 100 mM glyoxal aqueous solution or

water was added thereto, and the mixture was shaken at 28°C

for 2 minutes. Thereafter, a change in the color of the



M crobact erium sp. KNKOL1 + - Achronobacter.sp. |FO
13495 + Cellul onobnas sp. JCM 2471 + - Cel |l ul ononas
turbata | FO 15012 + - Cel |l ul ononas turbata | FO 15014 +
- Cellul onronas turbata | FO 15015 + - :
Cel | ul osi m crobi um cel | ul ans4l EO 15013 + -

Cel I ul osi m crobi um cel | ul ans | FO 15516 + -

Cel | ul osi m crobi um cel l ul ans JCM 6201 + - Morganella

: g%%ggﬁbho%gghggég Fas Bbset @M 3)r-Autiikt Hi-e BrOth in

each Pseudononas sp. KNK254,7 M crobacterium sp.
KNK1Q1L, Cehlal pronas-daddiaias |FFOuEEGLS anyande of the
Cel | ul ononas sp. JCVMR471 was prepared by the sane
mpbheddeasrdpsear nbedobngixaapt g tihe Thezeafdrersothision
cells were collected from 100 m of the obtained
. oltttinedbwbeh byglgertti fggadiisnsobwelokerkad Hearmeadite
with a 0. 1 nmM phosphate buffer (pH 7) Thereafter,
telxd ipeltlesl aveEEoBUIPERGEECP IO nfThegiwa Hy Wagedgdss anstead
buffer. Thereafter, 0.05 m of 500 nM %I oxal eoUS, . 4
of sefbr dh¥ciadedues s, 28wt ier. (the pf %%h‘i’n Sc?ée)H tondi

susperson B 1 Lest L4y, S0 e AL s <
| et f th ti.on, .th '. fant py

com et ons oL LG eseon Che, ool ned eupcchatant oo

ﬁ%ﬁ%b%%% ucgg ﬁ%% %%h%ﬁlQBQQ'aﬁsenéyhgsHEEalyiiM@Sthe

at’ gl'yoxylic acid was™produced from

R Na% $R=KMEH284 g4ombhglyoxylibgsaci d was
6§§§ﬁbe fron1ﬁfcﬁogacte?i§§1sp. KNKO11, 30mM
gl yoxylic acid

Table 4

Coloration of
reaction solution

Strain Glyoxal |Glyoxal

added not added

Stenotrophomonas sp. KNK 235

Streptomyces sp. KNK 269
Pseudomonas sp. KNK 254 -
Pseudomonas sp. KNK 058

Microbacterium sp. KNKO11
Achromobacter sp. IFO 134895
Cellulomonas sp. JCM 2471

Cellulomonas turbata IFO 15012
Cellulomonas turbata IFC 15014
Cellulomonas turbata IFO 15015
Cellulosimicrobium cellulans IFO 15013
Cellulosimicrobium cellulans IFO 15516
Cellulosimicrobium cellulans JCM 6201

Morganella morganii IFO 3848

T ¥+ F + + + + + + + + + -+ +
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was produced from Cel | ul ononas turbata I FO 15015, and
33 MM glyoxylic acid was produced from Cel | ul ononas
sp. JCM 2471. (Exanple 4) Al dehyde oxi dase having
activity of converting glyoxal into glyoxylic acid
was purified from Streptonyces sp. KNK 269 by the
followng nmethod. 50 Ml of a nedium (pH 7) with the
conmposition consisting of 10 g of ethylene glycol, 3
grehnry@asyextract, 8 g of Nutrient Broth, 3 g of

di pot assi um hydr ogen phosphate, and 7 g of

di pot assulbuhy dsogen @hosphatet (2d¢udsdmagtd < Frve FdK254,
anounts 36 contained in 1 liter), was poured into a
B0Q-nbaSdleaguahip - fHHE K1 landel { uhasorpe it stkata LFedl pyLo-
aut ocl aving. Using an inoculating |oop,, St

rept onyces
gnd RRK12E0meRas|isfocdCdRddl Yot QsPsssd .lamtf}ef Spge method

t hen subjected to shake culture at__ 28C for 3 .days 0
a8 e soBtiReR 4npFEetPLGr 'brﬁﬁe%%nghet Iiﬁlqgﬂde‘?se

h di ith b L .

ST R SRR L, st
ay] 1ol f . osphate

S IG5 0Tl I8 aDAt e snospnar

| j t uktur w286 3tispenatioih 5 ml
W \;g%dyt ag?%ﬁ%?r?eolg ISE’%% é‘(?lplianéfor 2 dgss. "This "

M+ HAls 604 LR Nas, frepeat eHer89f886r, tO. ObtmAi NOGA0 mM
of a culture broth. Subsequently, the cells were

Pl satedqheems950 Ludf ot hexsobtidedetb culdsumé &f othte byesent
centrifugation, and they were then suspended in 3 L of
acdl1 Ghuspdrphaesphdisediufiera (eidt7 kubThe aobt ahgegbEained
suspensi on was disrupted with Dyno MII (rmanufactured,
byi sByuos Wek| eacimt bel $halenalfes heperepenpiter completion

of the reaction, the obtained supernatant was analyzed by HPLC,
and the amount of glyoxylic acid produced was calculated. As
a result, it was found that 20 mM glyoxylic acid was produced
from Pseudomonas sp. KNK 254, 14 mM glyoxylic acid was
produced from Microbacterium sp. KNKO11, 30 mM glyoxylic acid
was produced from Cellulomonas turbata IFO 15015, and 33 mM
glyoxylic acid was produced from Cellulomonas sp. JCM 2471.
(Example 4)

Aldehyde oxidase having activity of converting giyoxal
into glyoxylic acid was purified from Streptomyces sp. KNK
269 by the following method.

50 ml of a medium (pH 7) with the composition consisting
of 10 g of ethylene glycol, 3 g of yeast extract, 8 g of Nutrient
Broth, 3 g of dipotassium hydrogen phosphate, and 7 g of

 dipotassium hydrogen phosphate (all of which were amounts



removed by centrifugation, so as to obtain 2. 5 L of a
cell-free extract. Wile stirring with a stirrer
under cooling on ice, a predeterni ned anount of
amoni um sul fate was added to 2.5 L of the obtained
cell-free extract. Thereaft &6, -proteins precipitated
with 30%to 55% saturation of ammonium sulfate were
coll ected by centrifugation. The obtai ned proteins

gﬁ@%a%aaohxe@ i pear), Opa M pphasphate wff@r-plakaguchi

ialysis was carried out with the sane buffer.

g shesyhtant &0 whicansyasi thas@ed; tataclaving., Using an
DEAE- TOYOPEARL 650 M col utm (nanufact ured by Tosoh 37

Cokenatiag) 16330 okrephanybad gpevikiKis2§9 been inoculated
equilibrated wth the sane buffer, and fractions that

. passethby ridwiwol uit waerthel snbpacedd Thehedfa epltvhe at

remai ning protein was eluted with a 0.05 M phosphate
aPterot pH dxyspnsai as mgo CBtaivi sodingawdhivers dgotdo as

to collect active fractions, Thereafter, ammonium . .
Sulbsgmenad vad@el 05 e festidithed tonFpRe2PR8FuEPBROS It LOD

such that the caoncentration of oni um, sul fate i 1ized b
BEEaRBAGE AR RO Tedl shin FOR wasvEhdr et Lo A Y
Phenyl - TOYOP 650 col ac
CORSHAIS (S005RTS Fhat hal RPeviBusty by Desetare
i,librated i buf f : s
Ehc APlothosthe Bedom O, ML HPEPEhEREIL, Bing 3¢ as then

. 1 1 ion o
Scﬁlgl%hng:net‘@gfteb'ét’@da’é""ate'}:a]%fl&nng Mo, SOPGENY aldiont £ 300

anmoni um sul ate fromO. 6.to 0.1 M so as
tQnf Hdreot qaGki.verhi 8GhiONSjar ka1 lohirdi Red erppaed, so as

solution was dialyzed with a 0.05 M phosphate buffer
(HRHoBtainThe r.estild anfi tsakubirothwasSwiweqethitlyy a the cells
DEAE- TOYOPEARL 650 M columm (130 m) that had

preend ausl e dieeh fogumi 9% Iatedd tivet lpbtained culture broth by
centrifugation, and they were then suspended in 3 L of a 0.05
M phosphate buffer (pH 7).

The obtained cell suspension was disruptedwith Dyno Mill
(manufactured by Dyno-Mill), and cell residues were then
removed by centrifugation, soas toobtain2.5Lofa cell-free
extract. While stirring with a stirrer under cooling on ice,
a predetermined amount of ammconium sulfate was added to 2.5
L of the obtained ceil-free extract. Thereafter, proteins
precipitated with 30% to 55% saturation of ammonium sulfate
were collected by centrifugation.

The obtained proteins were dissclved in a 0.05 M

‘phosphate buffer (pH 7), and dialysis was carried out with

the same buffer. The resultant solution was charged to a

DEAE-TOYOPEARL 650 M column (manufactured by Tosoh



the sane above buffer. Thereafter, the enzynme was

eluted with a linear concentration gradi ent of sodi um
chloride from0O to 0.25 M so as to collect active
fractions. Thereafter, ammnium sulfate was added
thereto until it became 60% ’satur at ed. Preci pitated
proteins were collected by centrifugation and were
then dissolved in a 0.05 M phosphate buffer (pH 7),
Colrpowad iby ) df BBy sils whth Hdd peane duglfebeen equilibrated
Subsequently, the enzynme solution obtained after the
diighyehe sammsbuhfegedndof aaBeheanidiaierSephdrimsgéhe column
colum (manufactured by Amersham Pharnmaci a Bi ot ech)
Fegenel imiastRdd pPledoiisisr 3gheemmadduing Hrated wies
a_0.05 M phosphate buffer (pH . 7)._ Thereafter, the,

ShEfE HaSTer 1atp Wi PRoSPRR A £ERE erRiF Ui BARTALNing 0.5
g{adient of .sodi,um chl ori de fr§f10 to 0.1 N% SO_as to

OIFPE™ SELPTEFr atPi BRs O THP ST BRLyABT LB ut T ot 1S -

ed ultrafiltratio c r
S R S e LR
f:act h of! FO '

S e A s S R S S
RRespRalke shuf f efnd ol 40q GNhA M Grad. dm MeodidR
chloride. Thereafter, the solution was eluted wth
rhenyareogborarbubbery Aplehbt (BAnpeakturtd bHersade
activity as that of protein absorption at 280 nm was
Gotrpiomad ioh) ofB @l fmlgcthan kad espoindigigy beca aghecibanted
wei ght of 170, 000. Wen this active fraction was
wilyheet 8d CboMnahigphapel yatfgranpdbageling 0.6 M ammonium
el ectrophoresis, it forned a single band. On the other

raAdatehenTheee pfesenttien A svat g Beied witdh a linear
SDS- pol yacryl am de gel el ectrophoresis, it forned

BRPEEN L5 AGHEIN IBARUSRE o7 F CSIURIUR HE 18 3701 o ioay D+ 6 to 0.1
pﬁi%gt%sogo colliect active fractions. The obtained enzyme
solution was dialyzed with a 0.05 M phosphate buffer (pH 7).
The resultant solution was charged to a DEAE-~-TOYOPEARL 650
M column (130 mi) that had previously been equilibrated with
the same above buffer. Thereafter,theenzymewaselutédwith
a linear concentration gradient of sodium chloride from O to
0.25 M, so as to collect active fractions. Thereafter,.
ammonium sulfate was added thereto until it became 60%
saturated. Precipitated proteins were collected by
centrifugation and were then dissolved in a 0.05 M phosphate
buffer (pH 7), followed by dialysis with the same buffer.
Subsequently, the enzyme soluticn obiained after the dialysis
was charged to a Benzamidine Sepharocse column (manufactured

by Amersham Pharmacia Biotech) (10 ml) that had previously



approxi mately 25,000, 35,000, and 80, 000. Fromthese
results, it was found that the present enzyne has a
structure consisting of subunits with nol ecul ar

wei ghts of approxi mately 25,000, 35,000, and 80, 000.
(Exanpl e 5) Al dehyde oxi daseshaving activity of
converting glyoxal into glyoxylic acid was purified
fron1NIcrobacteriun1sp KNK 011 by the follow ng

g%ﬁ& sﬁuﬁ lgg?gf%dn\?d#ﬁlné(@Fbg)M\rlg%%ﬁkg?Eé:%MIt Q- 7)

easSt “ext of ammoni um

I y&rnogen rphasehat eat i
er%%%teéluﬁ%%?ﬁygﬁoégﬁpgi gg%ﬁﬁ?EL%ihydrgte 0. 2g oflon

?&%‘&%‘n%%%l—gcfd%ﬁl Eﬁ@&@h&gr@cﬁa 0 88d Q. ¥, s®fascabetainect
| oride dihydrate (all of which were amount s

- GRHiglnedabRidnd i t @his enagmposs bl iov waz 560cmghtrated by .
flask, and it was then sterilized by autocl aving.
WUSitig: fdn t ranaeul, atTing ¢oopenidarobect driammadisr gk 11 B
was inoculated into this nedium It was then

Sufyjesciced 206 H8haké 66utblnunatmapgtaebrrad d%ysm%%sla%m

to obtain a preculture broth. Subsequent]|y i éﬁ

tHie nvedi igmBAiotis chhie éB@v@léoﬁﬁé§|FP@an%&%o%? ¥edPrh a

0 18 SRR By v
| t |

L ot conae R en TRtT o Gaf i st IORIE yas gluted

IJHIITE% %ﬁvgﬁﬁeu%e Lat ESEfQE 4 JIRm;f oy g%%kh%ﬁﬁ:% tEE' Same

was repeaf ed, so as obt ai n

S IS L SO e o ptain
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When this active fraction was subjected to native

polyacrylamide gel electrophoresis, it formed a single band.

On the other hand, when the present enzyme was subjected
to SDS-polyacrylamide gel electrophoresis, it formed three
protein bands corresponding to molecular weights of
approximately 25,000, 35,000, and 80,000. From these
results, it was found that the present enzyme has a structure
consisting of subunits with molecular weights of
approximately 25,000, 35,000, and 80,000.

(Example 5)

Aldehyde oxidase having activity of converting glyoxal
into glyoxylic acid was purified from Microbacterium sp. KNK
011 by the following method.

50 ml of medium (pH 7) with the composition consisting

of 5 g of yeast extract, 2 g of ammonium nitrate, 2 g of



phosphate buffer (pH 7) . The obtained cells

suspension was disrupted with Dyno M|l (manufactured
by Dyno-MIIl), and cell residues were then renoved by
centrifugation, so as to obtain 2 L of a cell-free
extract. Wile stirring witR%~ stirrer under cooling

on ice, a predeterm ned anobunt of ammonium sulfate

was added to 2 L of the obtained cell-free extract.
Fheneakketm RLQteh8s. pheshRitaf ed gvidh 20%iro dlildpdrogen
saturation of ammonium sulfate were coll ected by
eebkbhitgatirpnrad®, The gobf akgeds puntseilfsbegreptahydrate,
di ssolved in a 0.05 M phosphate buffer (pH 7), and

dingl Psilsgwas cafeiwd cutondiaeh dihlydrease (BUlLf of . WiThen were
resul tant solution was charged to a DEAE- TOYOPEARL

B5OMRES| et 43081 411 LAEEThadiasy BORBER iy tperp 00 -m1 Tlask,

equi librated with the sane buffer. Thereaftedr,. t he
eRgy At Wads tBPOt 88SRitAZ8Y PHedF teohRBHEF at iGHRY 2n
gradi ent of sodium . chloride fromO SO
SEOCELE 4381 HROPr Al ST S LTI AP Y e‘%ﬁf{ 3’1& S r e
amount., of ammni um_sul f at tp,t hRede at
B
nLum sul.fate becane, 0. 7 . T ] I was
?:;ég?gtartg %a%én&f/ %Y%ﬁ%{g]éégfl\%‘%o yn%lﬁ%lggofoq{r?ﬂi')
thshadnpnoyvi gusl yrbegs Rauidd Rriattedne bBogeOcOpdbition
phosphate buffer (pH 7) containing 0.7 M anmoni um
sl atlgcedThergadtemidingaenzyne Wasved utted wicklhiaized by
l'inear concentration gradient of ammonium sulfate
fauwadQating .0 Mheseafitetp 20Inmkectt thet obéafinedt poasulture
The obtai ned enzynme solution was dialyzed wth a 0.05
Matadphaseihothibat¢gH o thrhebeaft Bedivhe @MFyiewWas then

solution obtained after the dialysis was charged to a
Resldmresl at 28°C at aeration of 0.5 vvm at agitation of 400

rpm for 28 hours. This mini jar culture was repeated, so as
to obtain 69 L of a culture broth. Subsequently, the cells
were collected from 69 L of the obtained culture broth by

centrifugation, and they were then suspended in 0.05 M

phosphate buffer (pH 7). The obtained cells suspension was

- disrupted with Dyno Mill (manufactured by Dyne-Mill), and’

cell residues were then removed by centrifugatiqn, so as to
obtain 2 L of a cell-free extract. While stirring with a
stirrer under cooling on ice, a predetermined amount of
ammonium sulfate was added to 2 L of the obtained cell-free
extract. Thereafter, proteins precipitated with 20% to 40%
saturation of ammonium sulfate were collected by

centrifugation.



Q colum (manufactured by Amersham Pharmaci a Bi ot ech)
(6 mM) that had previously been equilibrated with a
0. 05 M phosphate buffer. Thereafter, the solution was
eluted with linear concentration gradient of sodium
chloride from0.15 to 0.45 40 —so as to collect active
fractions. The obtai ned enzyne solution was
concentrated by ultrafiltration. Thereafter, anmoni um

sul f atge Waist added gheretos such thiatsdived dencert.0&t Mon
t hereof becane 0.3 M The obtai ned nm xed solution was

%ggrs%@tb%af Resoype7 Phearebldinn yeimnwkactareded loupywith
rsham Phar maci a Bi otech) (6 ml) that had previously

heen saequblifiieat edrivé tte s 108 Mphdsiphate sorpegecphMC 2
7) containing 0.3 Mamonium sul fate. Thereafter, tqg
 OTAFFFONEPEARNt @20 Mate huren |(i3R8drl & sheént@birGyiously been

gradi ent of ammoniumsulfate from 0.3 to g M sp_as
teoddlibget-ede il FhRactFBnLUTRY obt arREGT ﬁfyn% & enzyme

solution was subjected to SDS- pol yacryl am.de_ge :
slasc erlaseet #sitd badigense GPPFePgrP%F%éGrﬁd%?%% %f sodium
prat ei.n. band corresp ing tQ r [ ; .
B ttmeary 816 068 iy g Bom Hefhas s frgbeions
Vi n ctivit f ;N ' [
RS Pelip SRR R, el Y aRe v
foldMng iRt hed.- 130 ok iRedicum-tpbné) swchhthhe the

conposition consisting of 10 g of ethylene glycol, 8

O M dHityd8n RIFfObRmoA i8mobul dh pet assiten hytrnogefhe mixed
phosphate, and 3 g of potassium dihydrogen phosphate

(2 1 utoforvaENc MEF §e @R At Bh oyt I OEePEARL 550 Hergluymn (160
was sterilized by autoclaving in a |arge test tube.

ml) that had previously been equilibrated with a 0.05 M
phosphate buffer (pH 7) containing 0.7 M ammonium sulfate.
Thereafter, the enzyme was elutéd with a linear concentration
gradient of ammonium sulfate from 0.7 to 0 M, so as to collect
active fractions. The obtained enzyme solution was dialyzed
with a 0.05 M phosphate buffer (pH 7). Thereafter, the enzyme
solution obtained after the dialysis was charged tQ a Resource
0 column (manufactured by Amersham Pharmacia Biotech) (6 ml)
that had previously been equilibrated with a 0.05 M phosphate
buffer. Thereafter, the solution was eluted with linear
concentration gradient of sodium chloride from 0.15 to 0.45
M, so as to collect active fractions. The obtained enzyme
solution was concentrated by ultrafiltration. Thereafter,
ammonium sulfate was added thereto such that the

concentration thereof became 0.3 M. The obtained mixed

solution was charged to a Resource Phe column (manufactured



Usi ng an inocul ating | oop, Pseudonbnas Sp. KNKO58 was
i noculated into this nmedium and it was cultured at
28C for 2 days. Subsequently, the obtained culture
broth was inoculated into 500 m of the
above-sterilized medium plraddd~ in a 2-L shake fl ask,
and thus, it was subjected to shake <culture at 28C

. for 18 hours, so as to obtain a preculture broth. '
- BYbsRaueNtn Phathgc ObEabRedhpr eEml ) wistbhatipreasously been
i hocul ated into 60 L of the above-sterilized medium
phacedpriafed yarh bel NENMeshospithtid buds errh&pH dul centeining
at 28C at aeration 42 of 1 vvmat agitation of 200

Op® MoemAOnhour sul Ties eaflhereatfdeld, s ther enepneetdegeluted
from60 L of the obtained culture broth by

_wenty & fligeeiromneant tafehorwaract Aeh AuaPBAREE™ S 1 3¢ spbrom
M phosphate buffer (pH.7) . The, obtained cells
Suspénsioft-uas =di SPUBPEUCHE ACEAVPREBASEHII201M

It i c_disint ti ' f.act _
Kubos TaBoPhbraEForeRrarS ce T e R B TR & o s

t h d- b ' ion, kg,
oS er iR P R ASge e ag e Bmmed
ext “%‘é&eyﬁ% déirﬁ %%%tdm%@g%sg&ﬁa{ﬁé ﬂwgexaofgah1ghg,weaght of

d S
preée er anoun nium sul fate was added

theretg -+diy TRer @after, proteins precipitated with
f@%to &%@S%Lﬂ&ﬂ(ﬂl of ammoni um sul fate were
caldpgiied Ay centrifugation. The obtained proteins

were dissolved in a 0.02 M phosphate buffer (pH 7),

and dpakgsiyBenasidass iredriow awitityhef seoreduifingr glyoxal
Thereafter, 1.5 L of DEAE-Sephacel resin was added to
tivet e p2yorya dkbud ¢ oh wasnou t heied xinare AsgadenppRa 8P afk &0 58
for 1 hour. Thereafter, an unadsorbed protein solution

by the following method.

5 ml of medium (pH 7) with the composition consisting
of 10 g of ethylene glyccl, 8 g of nutrient broth, 7 g of
dipotassium hydrogen phosphate, and 3 g of potassium
dihydrogen phosphate (all of which were amounts contained in
1 liter), was sterilized by autoclaving in a large test tube.
Using an inoculating loop, Pseudomeonas sp. KNK058 was
inoculated into this medium, and it was cultured at 28°C for
2 days. Subsequently, the obtained culture broth was
inoculated into 500 ml of the above-sterilized medium placed
in a 2-1 shake flask, and thus, it was subjected to shake
culture at 28°C for 18 hours, so as to obtain a preculture
broth. Subsequently, the obtained preculture broth was

inoculated into 60 L of the above-sterilized medium placed

in a jar fermenter, and it was then cultured at 28°C at aeration



was renmoved by filtration, and an enzyne protein
adsorbed onto the resin was eluted with 1 M sodi um
chl ori de. The obtai ned enzyne sol ution was dial yzed
wth a 0.02 M phosphate buffer (pH7) , and it was
then charged to a Hi Prep -16£16-Q XL col um
(manuf actured by Anmersham Pharnacia Bioscience) (16
m ) that had previously been equilibrated with a O.
- Q2 M phosphals dhwfiter o€rtb)rpm and: @buhbens WasTioardd Bk,
out wth a li'near concentration gradi ent of sodi um
GhhoLi fere fdamQ i@ trbh 60 (a8t the obitadhedctieure broth
fractions. A predeterm ned anmount of anmoni um sul fate
was caddedrigathen; 431 taety verbraoeh ensmucted Rat at el2 M
concentration thereof becane 1.2 M The m xed ,
. phlostphan ewast Eaar g8t o aTPherlytaQigsbiceéde s HRSRONIHON Was
col um (manufactured by Anersham Pharmacia _, |, .
Biisscipgrceyithoam Inadiatdad el sGapynbeehi sintegration
equilibrated with a 0.02 M phosphate buff .
Ssigieni(mgneL 2C R BAFON FRPosal RSy O R EEE

luted with [ t.r atd .
GERUPEhL 15 SRR AP B TACE ISR 1Y 7 b 0 Mo e s 5° 29
to collect acti fractions. Thereaf , t aLned
I SR L PO SAe T T Wi L8 (p s PR penedrree
buf.f er e |_t.ant .solLut.i Sy o , ManoQ
A e T e B e g T

?I%ﬁgt%ﬁﬁheﬁlgmﬂh%ttmtamﬂ&ﬁﬁuﬁ{ M e4st Wwadreemded thereto.
qui

I brated wwth the sane above buffer. Thereafter,

thes S0 fld ONp e Be eh 8 1a@ alidih dtgteat tie aiGens reltd eaturation
gradi ent of sodiumchloride, so as to collect active

f& Acdnnsiun ASGatichecatt aiolédcerdy by sehtiringatgon.
charged to a H Prep Sephacryl S-200 16/60 col um

( manufthet wbedibgpdApepshans PRaendésacBredcientey- P60M

m) that had previousl¥ been , , .
phosphate buffer (pH 7}, and dialysis was carried out with

the same buffer. Thereafter, 1.5 L of DEAE-Sephacel resin
was added to the enzyme solution, and the mixture was stirred
at 4°C for 1 hour. Thereafter, an unadsorbedprotein solution
was removed by filtration, and an enzyme protein adsorbed onto
the resin was eluted with 1 M sodium chloride.

The obtained enzyme solution was dialyzed with a 0.02
M phosphate buffer (pH 7), and it was then charged to a HiPrep
16/10-0-XL, column (manufactured by Amersham Pharmacia
Bioscience) (16 ml) that had previously been equilibrated'
with a 0.02 M phosphate buffer (pH 7), and elution was carried
out with a linear concentration gradient of sodium chloride
from 0 to 1 M, so as to collect active fractions. A

predetermined amount of ammonium sulfate was added to the



equilibrated with a 0.02 M phosphate buffer containing

0.02 M sodiumchloride, and the solution was el uted
wth the sane above buffer. Active fractions were

coll ected, and they were then dialyzed with a 0.005 M
phosphate buffer (pH 7). TFhé3 resultant solution was
charged to a Hydroxyapatite colum (nmanufactured by

Sei kagaku Corporation) (10 m) that had previously

heen veapLL LB st 8 & Wi hrbhersamralone fufdretheasdf Bdmme
enzynme was eluted with a |inear concentration gradi ent

af, ;amphosphatiecdfsbenthioam8s 0t t@ed.to M PAehileSuperose
fractions were collected, and they were then dialyzed
WiR 10 10. @05 urld -(mddufphasphdt by bihéeshahBhaesatiant
solution was charged to a Bio-Scale CHI5-1 colum

_(Eimsufiantce) ed 10y mBi) o Rad) he. pravioushuit bagg equilibrated

previously been equilibrated with the same_above ,
bufther, Cai@ thehenpyms onky tERUt BNHRALRIRI| [ néal! amumonium

concentration ~l gradient of a phos te ffer fr.am
Gk OTBORPaS6oRe Tt BOFVBRITAR T L TT ALt it 1 ot
Wien the active fractions were , subject i o

SO AR S F B ECT T ARBPLIG SUnt =Chof Rel & 2 o O M
si ngl e band. ample 7). A.d de j [ :
é%fg§ﬂF§C ﬂléggi%gﬁ%%% %ﬁ%ﬁ%éﬁﬂé-in?ﬁég?§§§5 ?gﬂnggtalned

uas A b1 AE 5 BRAmL A OUlAdY 61 eHpepnabaltondiohate buffer.

osim crobi um ce ans | FO 15516 by the
fald owing+ aAet 10+ £ Wa sOEnaBsk & tfo( 8 oo MWHRNL G /180 column

conposition consisting of 10 g of yeast extract, 2 ¢
Of mATRIH R sUb e r h 4 @harflbpob asisism drydylogén ml) that

phosphate, 1 g of sodi um di hydrogen _

had previously been equilibrated with the same above buffer.
Thereafter, the solutionwas eluted with linear concentration
gradient of sodium chloride, soas tocollect active fractions.
Also, the cbtained enzyme solution was charged to a HiPrep
Sephacryl $§-200 16/60 column (manufactured by Amersham

Pharmacia Bioscience) (60 ml) that had previously been

equilibrated with a 0.02 M phosphate buffer containing 0.02

‘M sodium chloride, and the solution was eluted with the same

above buffer. Active fractions were collected, and they were
then dialyzed with a 0.005 M phosphate buffer (pH 7). The
resultant solution was charged to a Hydroxyapatite column
(manufactured by Seikagaku Corporation) (10 ml) that had

previously been equilibrated with the same above buffer, and
the enzyme was eluted with a linear concentration gradient
of a phosphate buffer from 0.005 to 0.5 M. Active fractions

were collected, and they were then dialyzed with a 0,005 mM



phosphate, 0.2 g of magnesium sul fate heptahydrate,

and 0.1 g of calciumchloride dihydrate (all of which
were anounts contained in 1 liter), was poured into a
500-m Sakaguchi flask, and it was then sterilized by
autocl aving. Thereafter, -udidng an inocul ating | oop,
Cel I ul osi m crobi um cel |l ulans NBRC 15516 was
inoculated into this medium It was then subjected to
%IP@:‘& nekt Hﬁ%f@t_ﬁ 286G oz s2143¥%, 590 u@S ohowabt ahéirged to a
rectulture broth. Subsequently, 3 L of the medium
wiith sthe cabave - 1cespasi t iremuksthlmeethyi Bia-Bal) ni6i4 ml)
jar, and it was then treated by autoclaving.
thereakiepreflonk 19f bebr ebtial hedatpdeeitt utle bfuh above
was i noculated into the above nedium and - 45 it was

_theAfeayl 4nd edheaen 28@ aesaetatedmwich 8 limeameapcentration

agitation of 400 rpmfor 27 hours. The sanme culture
e diepgaréde mwspisteobebEarntasm 0 0% é’uPtE‘:rl‘@ 50 as to

broth. The obtained culture_broth mas aqéu te re
13l cin @ ot iRad reréAoBEnt TRty e & b Jac?r}? Af%e

L of, a culture supernatant. The. btalne I
sﬁ}wﬁ%e&nt%aet& ROEm AR T AT & ugeﬁ%%w‘ﬁes”'
|ta on- 1, U, tra Hol der UHP150 (nanufactured by

(£ S&ﬂ%% 'ﬂ? eafter, while the concentrate was
¢égﬁéh) lﬁi cooling on ice, a predeterm ned anount
ni u

sul fate was added thereto. Thereafter,

prot ehﬁﬂeﬁ@%‘é' pkialed h\Mvtﬂhg Q%tﬁ.@l@?%ﬁ&idﬂﬁﬂtdm@fglyoxal
anmmoni um sul fate were coll ected by centrifugation.

The: ©Bt abred i pratiel RSs \Wer-a fdiesisDtyed iencal t 2k sipernatant
pot asSi um phosphate buffer (pH 7), and dial ysis was

Cff rGeerll 100 s i Fdrceb isif EiediledtnandB0t 19%16 Hey ddvee following
buffer. The resultant solution was charged to a

DA OYOPEARL 650 M col umm (300 ml) that had

previously been equilibrated with
60 ml of medium (pH 7) with the compositiocn consisting

of 10 g of yeast extract, 2 g of ammonium sulfate, 1 g of
dipotassium hydrocgen phosphate, 1 g of sodium dihydrogen
phosphate, 0.2 g of magnesium sulfate heptahydrate, and 0.1
g of calcium chloride dihydrate (all of which were amocunts
contained in 1 liter), was poured into a 500-ml Sakaguchi
flask, and it was then sterilized by autoclaving. Thereafter,
using an inoculating loop, Cellulosimicrobium cellulans NBRC
15516 was inocu.lated into this medium. It was then subjected
to shake culture at 28°C for 2 days, so as toobtainapreculture
broth. Subsequently, 3 L of the medium with the above
composition was pliaced in a 5-L mini jar, and it was then
treated by autoclaving. Théreafter, 60 ml of the cobtained

preculture broth was inoculated into the above medi_um, and



the sane above buffer. Thereafter, the enzynme was
eluted with a linear concentration gradi ent of sodium
chloride fromO to 0.5 M so as to collect active
fractions. Thereafter, a predeterm ned anount of
amoni um sul fate was addecr th9 the obtained active
fractions to a final concentration of 1 M The m xed
sol ution was charged to a Phenyl - TOYOPEARL 650 M

| E@M@tﬁég dDedrat a had PrLevi oust Yorbee .edeh abragiatht ion
mM pot assi um phosphate buffer (pH 7)

@(fnt:laDnrlmg floM2 Tabmnmisum Siud fsdtres  cieneaf wes, reheated, so
enzyme was eluted with a linear concentration
gsadienbt oin abminicdnasail atee flyomil. t@heOObBaWegoCLb]sture

to collect active fractions. The obtained enzyne
_baloihi waswad) @t bey Aeu bE P A 200 hoess Eh e %%Eﬁw%lt‘%ed

buffer (pH 7) . Thereafter, the resultant so
Wes 28hke gaFaia 48 Redodr eelblé%|%}+ﬁ*?1’(r}?afrﬁﬂtact EE q% ined

Y e

-

TR Sl s R ML Do
37 %nzy% @@ﬁf{:gfncvﬁlrl%ee%h‘@ LBnachipees LrNGenttaki @Rder

ent sod|urri ori from0.35 to 0.5 M so as

'tc%oclq'rlge%h ;ael i Yo fE @6t & ARsned NEnARIAICTEEmRBAY IR sulfate
sol ution was concentrated by ultrafiltration.

They ealdear ththetoConnentsat e yapeharigedprecapSupeedexnith
200HR col umm (manuf actured by Anmersham Phar maci a

Bisottec B 2( 24tutkhtibat ohastupsevio usi M deeweeguickilbeated by
w th a20mM pot assi um phosphate buffer (pH 7d) '
cEttai ifiuyg t0.ob5 Ms Bl uob thi ned dero tRiiere afarer disgigdved in a
solution was eluted with the sanme above buffer. The.

Gt anth e s e ohesphare werfdegudplctéd fpdspgalysis was

carried out with a sufficient amount of the same buffer. The
resultant solution was charged to a DERE-TOYOPEARL 650 M
column (300 ml) that had previously been equilibrated with
the same above buffer. Thereafter, the enzyme was elutedwith
a linear concentration gradient of sodium chloride from 0 to
0.5 M, so as to collect active fractions. Thereafter, a
predetermined amount of ammonium sulfate was added to the
obtained active fractions to a final concentration of 1 M.
The mixed soluticn was charged to a Phenyl-TOYOPEARL 650 M.
column (60 ml) that had previously been equilibrated with a
20 mM potassium phosphate buffer (pH 7) containing 1 M
ammonium sulfate. Thereafter, the enzyme was eluted with a
linear concentration gradient of ammonium sulfate from 1 to

0.5M, so as to collect active fractions. The obtained enzyme



pol yacryl am de gel el ectrophoresis. As a result, it
formed a single band with a nol ecul ar wei ght between
90, 000 and 100, 000. (Exanple 8) The cell-free extract
of each of KNK235 and KNKO58 obtained by the nethod
described in Exanple 1 was cltarged to a Resource Q
colum (6 m) that had previously been equilibrated
with a 0.05 M phosphate buffer (pH 7), and the enzyne
wag el ut ed wif 'i'-\gf‘r{ CORNEGaRt Lot 1 00k G 3Mic@pha®k buffer. .
§8§iu3r:hogh ot f%'glgrzgr% %%Og Mﬁso as to%col ?)ect

' fRctd 0RS - Raughlye Sirifitedoenzy e sekuthanged to
3§kﬁﬁ2ée i%g- KNﬁ?@B and KNKO58 and purified enzynes

Qb tAisRed ckr OMeoBhie Pl ARY6ES c8Rre KNKZ68ne MitanbRict enacia
sp. KNKO11l, and Cellul osi m crobiumcellulans |IFO

- IB%k8.chobt(ai ney thatxeapl@evihusy aeenr egpedtipvetpd with

were neasured in ternms of their oxidase activity to
ginoxaheanisoto gl fmneyl | Chackedftekbasie ermnttish wRe washed
enzyme activity was carried out by the follomﬁng (g
meitthiothe Feate abpve e ntoatreathe dh SoMrqdm chloride,
conprising 10 mM gl yoxal or glyoxylic_agcid, 0.67 .
@Hr?dr&,thp. egzyw 7 % ,hgnwwt-%{ltﬁhdi &W&&&h%’nce%atwn
purified enzyme from KNK23 or 058, a purifi
HAFFETHR %iSﬁéduF‘r%Wf\%gF O%IQK@%lKC,O %o Y ey %§5tf§s c?% lect
Exanple 4, 5,. or 7, S acte ' : 400,
i | pEhS, obRaFRSH, ST Pt
t he absorhbance at VaN Iqﬁgp of 5ha.8RF¥Yas Negsured.
AFOQﬁﬁﬁ%ﬁ%£§gﬁ%ﬁg&gﬂghnngji ejg%iivitigs.of t he above
%g%%%?ﬁ?ﬁé%eﬁuéé”ﬁﬂafaéh oy QX e rdeixd 2io® Heh@w ulnh
(manufacturedknrAmershmnPharmaciaBiotech)(24IMJ that had
previously been equilibrated with a 20 mM potassium phosphate
buffer (pE 7) containing 0.15 M sodium chlioride. Thereafter,
the solution was eluted with the same above buffer. The

obtained active fractions were subjected to SDS-

polyacrylamide gel electrophoresis. As a result, it formed

- a single band with a molecular weight between 90,000 and

100,000.
(Example 8)

The cell-free extract of each of KNK235 and KNKO058
obtained by the method described in Example 1 was charged to
a Resource O column (6 ml) that had previously been
equilibrated with a 0.05 M phosphate buffer (pH 7), and the
enzyme was eluted with a linear concentration gradient of
.sodium chloride from 0 to 0.5 M, so as to collect active

fractions. Roughly purified enzyme solutions of these



Table 5 Activity to glyoxal/activity to glyoxylic
acid KNK235-derived enzyne 19 KNKO58-derived enzyne
1, 100 KNK269-derived enzynme 1,710 KNKO1l1-derived
enzyme 183 | F015516-derived enzynme 100 The activity
of each enzyne to gl yoxylic4dcird was | ower than that
to glyoxal. (Exanple 9) - 48 The physi cochem ca
properties of the enzyne obtained from Streptonyces

x2KNKZ09 KRikBXamRhe AuleESc8XaMk RRss oheasheeerdm of
the enzyne activity was basically carried out by the

MRLRRA HA8sEd hed kAxEX8MMec8obs OpEEMM Pb) KCKOVI f yand
was heasured using glyoxal as a substrate within a
rcRdIge: IRetineenopHulm @Al @l antheFO S 1tds abea fhewnin Pramples
Figure 2. It was found that the opti num pH i s between

_8,and 9nd (Heatsstabitély,) vkhe preesemtedenzyferpgsof their

treated in a 0.05 M phosphate buffer (pH 7.2) at each
teeriplersat woe ifiem 30CoLyoReC Rof 20 JhVAuYEsC acid.
Thereafter, the remaining activity of the ent

ieayave aes tredfs (hed cuEYRg gFyoXaFYa¥2a Sib L5dr gut Ty the
Ml T, e BT e, T ound et 000s o
%&ﬁg%%sing101m4glyoxalorglyoxylicacid,O.67mM4~AA,1.09
mM TOOS, 2 U/ml POD, and a roughly purified enzyme from KNKZ35
or KNK058, or a purified enzyme obtained from NKN269, KNKO11,
or IFO 15516 in Example 4, 5, or 7, was reacted at 30°C in
a 100 mM phosphate buffer (pH 7). Thereafter, an increase
in the absorbance at a wavelength of 555 nm was measured. A

comparison made among the activities of the above enzymes to

glyoxal and glyoxylic acid is shown in Table 5.

Table 5

Activity to
glyoxal/activity to
glyoxylic acid

KNK235-derived enzyme 19

KNKO58-derived enzyme 1,100
KNK269-derived enzyme 1,710
KNKO01ll-derived enzyme 183
IF015516-derived enzyme [100

The activity of each enzyme to glyoxylic acid was lower
than that to glyoxal.

(Example 9)



(Exanpl e 10) The physi cochem cal properties of the
enzyne obtained from Pseudononas sp. KNKO58 in

Exanpl e 6 were exam ned. Measurenent of the enzyne
activity was basically carried out by the nethod
described in Exanple 8. (Ml4écdl ar wei ght) The

nmol ecul ar wei ght of the present enzyne was neasured
usi ng TSK--G3000SW col unm (manuf act ured by Tosoh

~ Cor poraé i gy s i cshehil@sillprodetrtdes bauhbet enbgne obtained
approxi mately 150,000. (Optinmumtenperature) Activity
vasnTsasepednyseagsgl yENEL 68sia Bxdusplate weihigramined.
tenperature range between 25C and 75C. The results are
H@ a sshews nicno Fitguer enaymd e tevZyirvewas hids el 1 grrried out
activity in a tenperature range_ between 60C and 70C.
bepttheumesHpduseRgrabRe| £0i BEaBRtEef; a phosphat e

buffer, or _a Tricine buffer as a buffer, activity was
rOR&GFEE WP h gl yoxal as a substrate within a pH
range_bet ween

H4 and 9, Th K i s
Fi gur BB VR B Zri CXRT Bt BB AR ety Ty s I e 7

: ' igure -
éﬁg%ﬁgge%%ﬁgeg Psalda o (@ﬁ%ﬁpgsuiégK%gggw he Fig

erived rept omyces sp

geﬂ gp%sr Eg%épthnlﬂ\l%%’ %151%'9@%9@@% B £ OB, arand .

oslI m cr obi um cel 15516, which were

okfaitned oJin iExgnples 4, 5, 6, and 7, respectively,
was reacted using glyoxal as a substrate. That is, 1
m  of 1hQ0privkEht Seime bk § et reanpdi shng 0. W rghosphate

enzyne derived fromeach of the

buffer {(pH 7.2) at each temperature from 30°C to 70°C for 20
minutes. Thereafter, the remaining activity of the present
enzymewasnmasuredusingglyox&lasésubstrate. The results
are shown in Figure 3. Tt was found that 90% or more of the
activity remained after the treatment at 70°C.

(Example 10)

The physicochemical properties of the enzyme obtained
from Pseudomonas sp. KNK058 in Example & were examined.
Measurement of the enzyme activity was basically carried out
by the method described in Example 8.

(Molecular weight)

The molecular weight of the present enzyme was measured

usingTSK—GBOOOSWcolumn(manufacturedbyibsohCorporation).

As a result, it was found to be approximately 150,000.
(Optimum temperature)
Activity was measured using glyoxal as a substrate within

a temperature range between 25°C and 75°C. The results are



above strains, 50 nM glyoxal, and 5,000 U mnl catal ase,
were placed in a test tube. It was then subjected to
a shake reaction at 30C for 3 hours. After conpletion
of the reaction, the reactign solution was anal yzed
by high performance liquid 4g’hr_oma\t ography. As a
result, it was found that 7.6 mM glyoxylic acid was
generated fromthe enzyne derived from KNK269, 25 nM

- ghyexylihcragick Was Geaeent gue fegmitiiedchigheactevivedin a

from KNKO11, 5.7 nM glyoxylic acid was generated from

thmpemajzneedeangedbétmﬁem\m arghd 026. mM gl yoxyl i c
aci d was enerated fromthe enzyne derived fromlFO
@S’IGmu(ﬂEEgr}rple 12) so The activity of al dehyde

d tained in t | t ur ed
| Chl 1 D SHSRASE bl b PPRER S BN ERR o oS PATLLELRe

P e T SR 2 0
lélu%%lt'%'ﬁ& QiHﬂlﬁeal lﬂl' Qgﬁ%g%\égﬁ&ér% EM& rgabaﬁhgrfélgﬁlts

asur e OVVI ng net

a%%pgﬁbkv‘ﬁeh_}{ riguih of 'ﬁ@ lé'iﬁ‘z@;&lé @(h\_ﬂ’bﬁﬁeﬁhﬁlgh activity
conposition condisting of 2 g of anmoniumnitrate, 1 g

qf, di pet Qc%ﬁk;@”b@f%@ﬁegﬂ phasghate, 1.3 g of sodium
di hydrogen phosphat e, g of yeast extract, 0.2 g of

magaesilemisyl fate heptahydrate, and 0.1 g of cal cium
chloride (all of which were anpunts contained in 1

li t er Fachwefstpoenegmentde @ deat feom &€ eptbay candr + KWEE62,
then sterilized by autoclaving. The af orenenti oned
stircgiobagds riumocm- ak¥HOL At o PERIFOREARANFHs| AYKARS, and

i nocul ating | oop, and_ _preculture was then carried out

éielzleéorsefmzfr@&ylém sabedentity 135kP, ofhtdHe W&&teaPHEalned

recul ture brot S
%_n Examples 4 §1 VE\'? and 7, respectively, was reacted using

glyoxal as a substrate. That is, 1 ml of 100 mM Tris-HCIl
buffer comprising 0.2 U/ml enzyme derived from each of the
above strains, 50 mM glyoxal, and 5,000 U/ml catalase, were
placed in a test tube. It was then subjected to a shake
reaction at 30°C for 3hours. After completion of the reaction,
the {eaction solution was analyzed by high performance liquid
chromatography. As a resulit, it was found that 7.6 mM
glyoxylic acid was generated from the enzyme derived from
KNK269, 25 mM glyoxylic acid was generated from the enzyme
derived from KNKO11, 5.7 mM glyoxylic acid was generated from
the enzyme derived from KNK058, and 26 mM glyoxylic acid was
generated from the enzyme derived from IFC 15516.

(Example 12)



i nocul ated into 60 m of the sane above nedi um pl aced
in a 500-m Sakaguchi flask, and it was then cul tured
at 28C for 2 days. Thereafter, the cells were
collected fromthe obtained culture broth by
centrifugation, and they werP® then washed with 100 nmiv
pot assi um phosphate buffer (pH 7) twice, and then
suspended in 5.0 mM of the same above buffer. 0.45 n
of a 383 AM D Moxadf aguesusdes Atildagr antt@ibsdrinotha
50, 000 U m catal ase solution were added to 1.0 i
efulthee=pr esents ocelkliudprnsisntuangta hEF@bt 20 hed

m xture was subjected to a shake reaction in a test
t0elid 1Hon@BE sf mrrkk toUFS15Thér ez itlarlos ifHe roltiarnesgl lulans
reaction solution was anal yzed by_high 51 performnce
 |TEQuild 0d B, oﬁaﬂégﬂapﬁwc.;x@baumegah?lws WeEC f bt t hat

| | i d d f | in all :

AL R A R R N A S S
dded to 0.1 f a 100, ;M . i

e B T ST S pvER T okl D TRt hasBgR fvely.

™ T 4 U i i stin

Mhen orkonf deglh ASE oK) 4ARG: cpBnfohBaTbXbH! Eoiesting

e . | :
200 IOZ\rHa(i %ﬁ%ﬁ@%ﬁ%hﬁahg(Erg¥e\f' ﬁugt iog%%?: 5¥ 855 98mOohyihEgen

e reaction sol he sane above

réﬁ%ﬁgtes;oi Ut i PR A Souh Ghyeralyenasnoshiai d asegud yeast
Xam ne

as a control test. aresult, in all types

Qfx 1St 0abNg, o PAghenTy sy xat eiasptaldedrate, and 0.1 g
coloration due to oxidase activity was observed. Thus,

idf kecane ehearidfibatapl yokathiwhswexe dieethiyy coxitddsed in
These results are sunmarized in Table 6. Table 6

1 liter), was poured into a large test tube, and it was then
sterilized by autoclax}ing. The aforementioned strain was
inoculated into this medium using an inoculating loop, and
preculture was then carried out at 28°C for 2 days.
Subsequently, 1 ml of the obtained preculture broth was
inoculated into 60 ml of the same above medium placed in a
500-ml Sakaguchi fliask, and it was then cultured at 28°C for
2 days. Thereafter, the cells were collected from the
obtained culture broth by centrifugation, and they were then
washed with 100 mM potassium phosphate buffer (pH 7) twice,
and then suspended in 5.0 ml of the same above buffer. 0.45
ml of a 133 mM glyoxal aqueous solution and 0.05ml of a 50,000
U/ml catalase solution were added to 1.0 ml of the present
cell suspension, and the obtained mixture was subjected to

a shake reaction in a test tube at 28°C for 4 hours. Thereafter,

the obtained reaction solution was analyzed by high



Col oration of Anount of reaction glyoxylic solution
Strain acid produced dyoxal dyoxal (m\) added not
added Cellul onpbnas turbata | FO 15012 5.1 +++++ -

Cel l ul osi m crobi umcellulans 8.2 ++++ |FO 15013

Cel | ul ononas turbata | FO 15014 4.1 +++ -

Cel | ul osi m crobi um cel lul ans 22.6 ++++ - | FO 15516

Cel | ul osi m crobi um cel lul ans 20.1 ++++ - JCM 6201
McsrreRaeheld YRt cKkNKRAEodrOpigt s BZresIixafplaslByund
Usi ng the supernatants of the culture broths of
Mrerobagberilum sPid KNeObknardtEel Fubmsghyexabiimmall types
cellul'ans | FO 15516 prepared in Exanple 12, the

setrgid gitrefinal.dehyde oxidase to outside of the cells
thereof was confirmed. The culture broth was

cent r Mbugetterand. t d cfiltther eehpraangnmion vesoRddpft & 0.1

cel | s had been renoved, was concentrated by .. 50 mM
uth odff il P4t MYnPAERAGL WA RIIE TSRS ipHiferygerprising
(manufactured by MLLIPORE). The buffgr VE?/S excggngggse
WPz 1106 -7l ™Yot 2884 (im Bha¥pRaPE . bafFet YPH P08 ’
as to prepare a 12- tines oncentra; o U%i ng Ot.Fl of
e (Hiks W@%dﬂ%%ﬂﬁ%ﬂfﬁ& Rit ARC conb et %#;%-
(¥%é¥3§%€g¥)\GQQGSg%Sé%%yv%%§e%agyevaluated by wvisual
observation of the coloration of the reaction solution. The
same above reaction solution without glyoxal was
simultaneously examined as a control test. As a result, in
all types of the strains, only when glyoxal was added,
coloration due to oxidase activity was observed. Thus, it

became clear that glyoxal was oxidized by oxidase. These

results are summarized in Table 6.

Table 6
Coleoration of
Amount ?f reaction
glyoxyllc sclution
Strain acid
produced |Glyoxal|Glyoxal
(M) added |not added
Cellulomonas turbata IFQO 15012 5.1 +++++ -
ICellulosimicrobium cellulans 8.2 . _
IFO 15013
Cellulomonas turbata IF0O 15014 4.1 +4+ -
Cellulosimicrobium cellulans 0o 6 g B
IFO 15516
Cellulosimicrobium cellulans 20.1 et _
JCM 6201
Microbacterium sp. KNKO11 4.0 +4++ |-




col oration using glyoxal as a substrate in the sane
manner as in Exanple 12. As a result, as shown in
Table 7, the culture supernatant al so exhibited
enzyne activity that was equjvalent to that of the
cel | suspension. Table 7 Coltrati on of reaction
solution Strain Cell Concentrated culture suspension
supernat ant Cel | ul osi mi crobium cellulans |FO 15013
MEsreodpdet drd)um sp. KNKOL1 +++ +++ (Exanple 14) The .
am no acid sequence of al dehyde oxi dase purified from
St r eptieapgeshepsukAKRE9a 1 Bis ExAnphe wm@éx@trh%@é by
the 53 follow ng nethod. Reverse phase HPLC wa

Aok AtE e pRt eKNK(PﬂcJe@rtdyE@sllélrl%&@&ﬁrf@lflﬁa{;@llulaﬂs

constitute the enzyne. As | u YMC- Pack
_ PROTEPRL ﬁPPEGPﬁﬁﬁd(lzB@Xﬁm&S@ iﬁy R RS g Fpgl dehyde.

P et a5 T eIl popgigmed. e
pur%%%&s%rOQ% %“%{ﬁ?if?@ﬁgéafghﬁgté$9m&t%. tgﬁFeﬁnatant

I"ed " enzyne utin
entyrat i | a 0 o 990
SRERONIC R 1 DEpdl SBhoydl, %SEUFSE)%#@%E[]. Y

‘Mﬂﬂkéﬁﬂﬂ%f%ﬂi&Hu&@h@h&mgﬂngéengggp%@§TﬁwaEQmaﬂﬁfactured
retention tinme of approximately 85 m nutes

theneimafiere) r efBer dfEor agasubchinygd . w0t her0 LumiMd
with a nol ecul ar

potassium phosphate buffer (pH 7), so as to prepare a 12-
times concentrate. Using 0.1 ml of the thus obtained culture
supernatant concentrate, oxidase activity was evaluated by
coloration using glyoxal as a substrate in the same mannex
as in Example 12. As a result, as shown in Table 7, the culture

supernatant alsoc exhibited enzyme activity that was

equivalent to that of the cell suspension.

Table 7
Coloration of reaction
solution
i ated
Strain Cell Concentr
.on_culture
Suspeinst supernatant
Cellulosimicrobium cellulans gt e
IFO 15013
Microbacterium sp. KNKO11 +4 44+
(Example 14)

The amino acid sequence of aldehyde oxidase purified from

Streptomyces sp. KNK269 in Example 4 was determined by the



wei ght of 35,000 was eluted at a retention tinme of
approximately 90 mnutes (hereinafter referred to as
subunit R) . Another unit with a nol ecul ar wei ght of

80, 000 was eluted at a retention time of

approximately 92 m nutes (hé%l nafter referred to as
subunit (x). Using one-tenth of each of the separated
subunits, the N-terminal am no acid sequence thereof
viasl dstieignhaedody tReecEdeprhadey HRdaWaonapel hed tyssagarate
{ Protein Sequencing System 490 Procise (manufactured

biyh r A pilviced Bifosybuaitp ShbsegaeatiyutehbhentREWag. AsS a
am no acid sequence of each subunit protein_was

Y Ier nGAC-FRe k. EESTAGH RATSAALTH! (23Bh%s AbGrE)

rotein as a whol e vvas denat ur ed th re The
Do A e o S R Ao60s f&%“ﬁuggbriéﬁ o (e

drclgpas AR 16 S308 107 P rourBS SRTegY Ak gRparaced
e
%ﬁb%lﬁ%'?tm@§t§4 }¥ﬁ¥£fﬁbdﬁdgﬂ%ﬂd%1%ﬁa§gad1ent

df e
dlpeptl es were-eluted with a Iinear concentraftion

%@%ﬁﬁoﬁtﬁQ% Gided igse o eplQeted8eateach npgakn.; 110
el uted was separated, and the am no acid sequence of

toienu i 1) deaainitheisHbuRbl cvaSadelerghimet 25y ODersarButed
met hod. O the obtained am no acid sequences,

represendat 1 ve texanpf epp are naprles At eihiye SEQerPinafter
NOS: 15 to 20. (Exanple 15) Based on the obtained
pastemtedinaacubisEquancesinat xed WDNA pirtier siqISEglar
ID NOS: 21 to 26) were synthesized. Using the genomc
DAL Bt S Pt ensspluaubed & rétteé\%%& &mecRL
approximately 90 minutes (hereinafter referred to as subunit
B). Anotherunitwiﬂ1anmlecularweightof80,OOOwaseluted
at a retention time of approximately 92 minutes (hereinafter
referred to as subunit a). Using one-tenth of each of the
separated subunits, the N-terminal amino acid sequence
thereof was determined by the Edman degradation method using
Protein Sequencing System 490 Procise (manufactured by
Applied Biosystems). Subsequently, the internal amino acid
sequence of each subunit protein was determined. The
residual amount of each subunit protein as a whole was
denatured with 9M urea. The buffer was exchanged with a 0.3
M Tris-HCl buffer (pH 9.0), and it was then digested with lysyl
endopeptidase at 30°C for 19 hours. The degradation products

were purified by the reverse phase HPLC method using an

YMC-Pack PROTEIN-RP coliumn. 0.1% trifluorcacetic acid was



was carried out wth the above m xed DNA prinmers in a
GC buffer (manufactured by Takara Shuzo Co., Ltd.)
with TAKARA LA Taqg DNA pol ynerase (manufactured by
TakaraShuzo Co., Ltd.). The_ obtained anplified DNA
was subjected to agarose geﬁ4erectrophoresis, and DNA
that fornmed a band was extracted wusing Q Aquick GCe
Extraction kit (manufactured by Q AGEN). The obtai ned
RNAGVES didiectd phaegyentedeptl Heswiese eltitwdsiithia linear
cloned into pT7Blue-2 (manufactured by Novagen), and
BNAcesegaenoh ng avdsnithed acatonedrolie fUsimg0d sl 48%i d Each
so as to determne a nucleotide sequence. PCR was

papki etited wasi sepatdiee dr imer she épriasent bd aAuSEo pt the
NOS: 21 to 26 in the conbination wth (1) and g%%bd of

- (Bpigdgdof Hhe arbupsy v dedernisgdasytidivFEH™

anplified DNA sequences. The thus obtai ned ﬁﬁﬁuences les
WBFeobbAVRPE AT (A G UEPFES  ahBPt ARSREANTHE “*4P

aci ds were checked I nst e 1.n0 I d sequences
@é@eFﬁpﬁgaepﬁeéxgﬁpsgslﬂs ﬁégy 3£}%pt%£h aligned. As a
'Q ul t, ig Was found that genes encoding the three
t?%@gm%F Q subunits were adjacent to one another on

the gﬁQQ&EJﬂ%ﬁ@Sbt8£H§&€%&ﬂ&aﬁ%mfﬂ@aﬁ§dEf d® s, mixed

upstream or a portion thereof overlapped. The

MGl Bt hdesseqteneesicel; bhersi xed wyrdmentpestizeds Using
wer e determ ned by the same above nethod using

Refd ?@ﬁélﬁic nuel g6td e seauencespakyHidees. a Truplatee PCR
tota nucl eoti de sequences of genom c regions
acodi ngi @ lbutthel tlgehesalmfvd héxsdiNA psigpera imad@Rouifer
were determ ned, except for the sequence around the
Nrteenafiangsiret] bl sunmShuy.oa@d-  AEd.dequéhbeT MFARM AR Tad
the Gtermnus of the subunit a. The am no_ aci_d

FeHUpatEse bhER (ReaufreivirRe Wbl akAsd HHAeoPr ddtd-) - The

obtained amplified DNA was subjected to agarose gel
electrophoresis, and DNA that formed a band was extracted
using QIAquick Gel Extraction kit (manufactured by QIAGEN) .
The obtained DNA was directly sequenced. Ctherwise, it was
~ TA cloned into pT7Blue-2 (manufactured by Novagen), and DNA
sequeﬁcing was then carried out using a plasmid, so as to
determine a nucleotide sequence. PCR was carried out using
the primers represented by SEQ ID NOS: 21 to 26 in the
combination with (1) and (2), (3} and (4), and (5) and (&),
so as to obtain amplified DNA sequences. The thus obtained
sequences were converted into amino acids, and these amino
acids were checked against the amino acid sequences
determined in Example 14. They were then aligned. As a

result, it was found that genes encoding the three types of



sequences conpletely matched with the partial am no

acid sequences of the subunits obtained in Exanple

14. The determ ned am no acid sequences of the

subunits y, a, and Q are r esented by SEQ ID NCS: 1
to 3. The nucl eotide sequerices thereof are

represented by SEQID NOS: 4 to 6. SEQ ID NOCS: 1 and

4 indicate an amino acid sequence fromthe N-term nus
cfuktuhng. tpu micfrice d dgpoeetnt of ond earsfthey tory téwed ggnome in the
nucl eoti de sequence from d ul2 to the term nation

codmr offher ebf andeB p&otm vdley upSEQE D, NOS:2 2ogitdop thereof
indicate the entire_am no acid sequeq&g of the

SHATRiAPRFnd TEReMBALPPEL RSP U ¢fe° seyUet i YmAHE ST

YD Bl 1 T SRR MR o
i.d . Vet t . th i

AR R e Rt Rl en e SRS agin ot

00, D168 tg%%%%?{chesr %%g%% bugly Fe§ﬁ%n§" Lerayaal. fﬁmé the

acl sequence e su it ao e enzyne purirtl

f b t i 3N eor
e L A TR

SEQ IR NGnR Lhalinwashe deted M nad fgownkheusaRe: v and the
arrangenent. (Exanple 16) The ami no acid sequence of

ddaiume edddasetper t+ieeningmotMcaeobaptiel.t wm sThe amino
KNKO1li n Exanple 5 was determ ned. Using 10 g of the
priid | ssnernare dbitainead feon tdes abtted nadt Rugheotide
ultrafilter nmenbrane, the N-term nal amno acid |, .
SERIFEREE S tIeHEsTt sdas mpdtched wadhbihenhpagida lngtpbge asid
applied in Exanple 14. Subsequently, in or erlto N
RABIGRGRS (He A s Ge 16f FpRERLRside of e
the protein, the amno acid .

determined amino acid sequences of the subunits vy, o, and B
are represented by SEQ ID NOS: 1 to 3. The nucleotide
sequences thereof are represented by SEQ ID NOS: 4 to 6. SEQ
ID NOS: 1 and 4 indicate an amino acid sequence from the

N-terminus of the purified protein of the subunit Yy and a
nuclectide seguence from Glul2 to the termination codon
.fhereof, respectively. SEQ ID NOS: 2 and 5 indicate the
entire amino acid sequence of the subunit B and the entire
nucleotide sequence from the initiation codon to the
termination codon thereof, respectively. SEQ ID NOS: 3 and
6 indicate an amino acid sequence from Met 1 to Thr 693 of
the subunit a and a nucleotide sequehce from the initiation

codon to Arg 685 thereof, respectively. The N-terminal amino

acid sequence of the subunit o of the enzyme purified from

KNK269 represented by SEQ ID-NO: 18 started with Ala 5 of the



sequence of the protease-di gested peptide of the
purified enzynme was determ ned. 100 g of the purified
enzyme was denatured with 9 Murea. The buffer was
exchanged with a 0.2 M Tris-HCL buffer (pH 9. 0) ,
and it was then digested w 3P I'ysyl endopepti dase at
30C for 16 hours. The thus obtained digested peptide
m xture was separated by the reverse phase HPLC
retimed adsidng eaneXE- Papke PROTEHNo RPSEQ| UPMNQ 259 thatt 67as
mm) by the sanme nethod as in Exanple 14. Each peak
elaiteeuhingadls fsepathtedenandrrhega@meENG- aci d sequence was
determined by the sane nmethod, so as to determ ne the
pdEmpleadiono aci d  sequence of the inside of the
enzynme_protein. O the obtaine

_repr e3BAtAARINRAekAFEABENGRS T ?%?E&%@éﬁ%%&%ﬁ%%%?ﬂ om
D Pird i m s AR a0 BRI RES ot
M HObaCL EFE (o RS TR bR R S e EeR s B =o
T A B AR o rcnc

agal08er qfls AU ARRE 89 $he aBdeDNAthBat aborppUiad in
band was extracted using Q Aquick Gel Extraction kit

Betiur edshysQEAGEN v, The obdeat ned ddNArmime the amino
directly sequenced. Oherwise, it was TA cloned into
ARl uedienard oBNAhsefinehdée ngf wekse tivert adarr itég emiposgcid
as to determne a nucleotide sequence. PCR was o
carqietoutt Udiegrdtee serdines tesh Pepdided opy tReQpppified
NOS: 30 to 33 in the conbination with (1) and (2),
a8 vared det)erThaeachus106brgi Aédthacpesifaed enzyme was

sequences were checked agai nst the am no , :
deqnatured with 9 M urea. gThe buffer was exchanged with a 0.2

M Tris-HC1 buffer (pH 9.0), and it was then digestedwith lysyl
endopeptidase at 30°C for 16 hours. The thus obtained
digested peptide mixture was separated by the reverse phase
HPLC method using an YMC-Pack PROTEIN-RP column (250 x 4.6
mm) by the same method as in Example 14. Each peak eluted
was separated, and the amino acid sequence was determined by
the same method, so as to determine the partial amino acid
sequence of the inside of the enzyme protein. Of the obtained
amino acid sequences, representative examples are
represented by SEQ ID NOS: 27 to 29.
(Example 17)

Based on the determined partial amino acids, mixed DNA
primers (SEQ ID NOS: 30 to 33) were synthesized. The genomic

DNA of Microbacterium. sp. KNKO11 was used as a template, and



aci d sequences. The approxi mately 2.8-kb nucl eotide
sequence of the purified enzyne was determ ned by the
same nethod as in Exanple 15, except for the

sequences around the N and Ctermni thereof. The

nucl eoti de sequences arourmd?%the N and C-termini of

the purified enzyne were determ ned by the inverse

PCR nethod (refer to Cell Science, 1990, Vol. 6, No.
»cr3% s 3B .o dTBEL ISP GIHC s DA W@shdd eat &6l Radatrip heal BousThe
types of restriction enzynmes, and self-ligation was _
t=hen i faanr hel wid sabjactiesato cormerde geilonleft2oBhoresis,
ng/m . Using primers synthesized fromthe nucleotide
sequeNaeshat ofnwhdche babdveas exxirdGtRCRsWAS @aRgRégk Gel
out. The obtained anplified DNA was ligated to, |

_ PRIBlage-i2n b (henntetEoredeos QRATD - t hBPeBPtadRed DNA
deternmined in the sane manner. A sequence from

(st HresTE 1th & SRNPRFAE orC ERRoN. 30 dowl& ddmdrontire 170
T 2 M SEOHETSET g oF SETT SR AaE8 Y b5 0 12 o
| eot.id t hat b [ by.. i .
SRS AV 9Ret SE T e SGRote S TN ntRe o1
Q5E§&ub%ﬁg% %f%&%%%%%kgebge%ﬁéng% N@BQU§§ E8e33_in the

termimation codon was det erm ried from an anplified

Q%mg-qgggi 3G 1Of 1aPRLEXI (BBt elaydl.(9) KhnAugh got iTes thus
t atjha cﬁtgﬁ&bbéa?ned b¢@?nverse(P%R ﬁsing t he Apal

dirgesinf nhbecofenegUdNesThert it deidcagahrdt the amino
full-length gene fromthe initiation codon to the

tefid niquaheadonTaensbskedinkt3]1 348. 8 nkicl motl eesidand

al so consisted of 1,115 residues in ternms of am no
asiqlesndn cdirithe acicd f$edueneemebyas st Frvmathdy dbsyeame
nucl eoti de sequence conpleteIX mat ched with the am no

ans th sk quee ho 3601 48 - be X ERBT aff 1h & NEcF BAdRYTRR GFound the

anal ysi s .
N- g%d C-termini thereof. The nuclectide sequences around

the N- and C-termini of the purified enzyme were determined
by the inverse PCR method (refer to Cell Science, 1990, Vol.
6, No. 5, 370-376) . The genomic DNA was treated with various
types of restriction enzymes, and self-ligation was then
carried out at a final concentration of 2.5 ng/ml. Using
primers synthesized from the nucleotide sequences around the
above termini, PCR was carried out. The obtained amplified
DNA was ligated to pT7Blue-2, and the nuclectide sequence
thereof was defermined in the same manner. A seguence from
upsteam of the initiation codon to downstream of the N-
terminus of the purified enzyme was determined from an
amplified band consisting of approximately 650 nucleotides

that had been cbtained by inverse PCR using the Pvul digest



of the purified enzyne. The N-term nus of the enzyne
purified fromthe cells was Val at position 47 from

the initiation codon Mt 1. Since M crobacteriumsp.
KNKO11 produced the same enzyne in the supernatant of
the culture broth thereof,” i%® Twas t hereby found that

a portion fromMet 1 to Ala 46 is cleaved as a
secretory signal sequence during the secretion

RIOERS yencltie: Ot er rimedeeanit e e hanidnce acicd eseddenseqotnce
the enzyme protein and the determ ned entire o
ruchent tde teeqiente cofcadmn werzate nyamedaf som an anplified
represented by SEQ ID NOS: 7 and 9, respectively. The
érarid eonsi poingiod sppuentsabely He dmibureclepbises dbpd had
secretion and the nucl eoti de sequence encodi

- - 4% LD s the
. dlsere dniaimecaby iegessenfed Byisgg-Pe ferl 8TaRatit the

tively. (Ex le 18) Th f. al dehyd
GRS B e iR S ErORaehors b ahS NGRS FRgR the
had b, d i I 17 I .'
e o aarort GRE Wbk ehdn SR0el! CQITLLRLE N3, 348
t h . es | r
R et SiSe  PlafR0eR 5 LA belftes in temms

RI4 NBY; j<Ch anregipheLl B2y ER-Ndeht & ELOYNF BNt he
sgefq%lcneg %a Sb'ee%T1 glg%gg %g%% igDéNQCM), and a

SHHNESIS 1R6ERBE 88 gden 66 HIMGNRIHANY maegHedcei vhestes amino
a restriction enzyne EcoRl recognition sequence had .
heem adde@nice 63than6d bycteetimiso aowhstacpmmasf ahhdysis
term nation codon (SEQ ID NO: 35) , were used. Using |,
tdetpenamic iBNfeof yié cr dihac et ¢ umimsps oKNK@1@nagng purified
tenplate, PCR was carried out with the above priners,
stras thecadbtsavas de lagp Piosiléd obahd fﬁpmﬁf?@pbﬁé%%%%lﬂfo“n
3.7 kb. DNA

Met 1. Since Microbacterium sp. KNKO1l produced the same

enzyme in the supernatant of the culture broth thereof, it
was thereby found that a portion fromMet 1 to Ala 46 is cleaved
as a secretory signal sequence during the secretion process.

The determined entire amino acid sequence of the enzyme

protein and the determined entire nucleotide sequence of the

‘enzyme gene are represented by SEQ ID NOS: 7 and 9,
respectively. The entire amino acid sequence of the mature
enzyme after secretion and the nucleotide sequence encoding
the above enzyme are represented by SEQ ID NOS: 8 and 10,
respectively.
(Example 18)

The gene of aldehyde oxidase obtained from
Microbacterium sp. KNKO11 that had been sequenced in Example

17 was cloned into an expression vector, and an expression



that fornmed this band was subjected to agarose ge

el ectrophoresis, and then extracted with Q Aquick Ge
Extraction kit (manufactured by Q AGEN), followed by
digestion wth Ndel and EcoRlI. The di gested DNA was

subj ected to agarose gel el®ctrophoresis, and
extraction was then carried out in the sane above
manner. The obtained extract was ligated to an
RUPLIHOR VeGt ohpUCKT-( dapanese Tal eddorl @l 2Qren6 was
No.” 2003-116552) that had been digested with Ndel and
ReoRlki tTheweaf tiebn fnitcioliidoHbadwa s tigr.ans fsymriee svist r imer
the resultant product. The obtained transfornmant was

ald tvhied aowerintightidmeanyhB Néel umcontidiisimgegoenge had
of anpicillin. Thereafter, the culture was

_ thregeams feeieeld. ((SEQR I &6k Bddi uandfa shetbasbstppiieqdnet 2

then cultured. Two hours later, 1 nMIPTG was added
tdverrdiesierdiad vt Feaveincar eheasisapr FeatELEL IR SMRBEFSTCORT

Thereafter, the cultured cells were treated with SDS
RN LI PPEVETGPeR O VRRST RERSSUBPEtt &P £ hlcPsStides

A e )
Jti f ,OXI I \ lLe 1
S 208 BRBL R Sl b R LorapLe, 1ohebe oo
B MRl oL LUh a5 LEQHIBRLSA 0 Dol oo as

that,had PgaNamgesal tedbWid ian ubbrakihbeslyemnbr ang, DNA

the am no acid "~ sequence thereof was determ ned using
Rirpdtel b reeql et N b andy siemsMpdel- t4d9@ oPageirsee gel

(manuf actured by Applied Biosystens) [ Subsequently,

0 @ fpdee iy i fared ey rx twas teen atigihe @ Twiguh c ko GRIL
urea. The buffer was exchanged with a 0.2 M Tris-HCL
Extraction kit (manufactured by QIAGEN), followed by
digestion with Ndel and EﬁoRI . The digested DNA was subjected
to agarose gel electrophoresis, and extraction was then
carried out in the same above manner. The obtained extract
was ligated to an expression vector pUCNT (Japanese Patent
Laid-Open No. 2003-116552) that had been digested with Ndel
and EcoRI. Thereafter, E. coli DH50 was transformed with the
resultant product. The obtained transformant was cultured
overnight in an LB medium containing 100 pg of ampicillin.
Thereafter, the culture was transferred to a fresh medium of
the same type, and then cultured. Two hours later, 1 mM IPTG
was added thereto, and the culture was carried out for 5 hours.

 Thereafter, the cultured cells were treated with SDS, and the

entire protein was then subjected to SDS-polyacrylamide gel



buffer (pH 9.0), and it was then digested with |ysyl

endopepti dase at 30C for 16 hours. The |ysate was
purified by the reverse phase HPLC net hod using an
YMC- Pack PROTEIN-RP colum (manufactured by YMO). As
a nobil e phase, 0.1% trif1Udtoacetic acid was used,
and peptides were eluted with a linear concentration
gradi ent of acetonitrile from10%to 55% Each peak
aiwed pasreaparat g, ; arduile ambasdast dnzseguenoeedh was
the inside of the protein was determined in the sane
rnErnsd dthe obisdicned afi nppacikdmsegligntéskba.
representative exanples are represented by SEQ | D NCS:
3 Hamp138.1Y)Exanpl e 20) M xed DNA prinmers (SEQ I D NGCS:
39 to 41) synthesized based on the partial am no

_aci ds THetasririnadi¢ meBuanpee 81 dghnda Oxkdese P fied from

primer (SEQ I D NO 42) of the _conpl errent,ar}é strﬂnd7
IR Isohad idrd rplormp 52l 1ud apsA S FRy Ped i dB8sEgRMPhe | Was
al dehyde 61 oxi dase gene of M crobacteriums

KiRerningste Uséag \BHEPET (he Gehbhi e NEYSE Phat nad been
Il ul.osjm, bi | 1 ul | E 6 3 -
Lo T selners Rt s, sgmiets
L dded . . . uenci
ARl s Y B 3e s g R s s asneing
\égg\}&ér}ﬂ’loélggél(@ pré@fse (RinaRdctdleqaisnsl €ebedsotens) .

ted
ar ose ge ectrophoresis, and DNA'that formed a

t@\ﬁ?sé@?ex%ﬂ agh @%g%f RY QA £ka ERE ymBXIdResh QU kdd with
(manuf act ured by AGEN) .” The obtai ned DNA was
di necitea sequeneed et heswesehantedagiTA el On2dvi Htrbs—HCL
pT7Bl ue-2, and thereafter, DNA sequencing was carried
duiffeso(ws 3 A )detardriite wanudleotdide ssequeticd 1Tre L
t hus obt ai ned o
endopeptidase at 30°C for 16 hours. The lysate was purified
by the reverse phase HPLC method using an YMC-Pack PROTEIN-RP
column {manufactured by ¥YMC). As a mobile phase, 0.1%
trifluorcacetic acid was used, and peptides were eluted with
a linear concentration gradient of acetonitrile from 10% to
55%. Each peak eluted was separated, and the amino acid
sequence of the inside of the protein was determined in the
same manner. Of the cobtained amino acid seguences,
representative examples are represented by SEQ ID NOS: 36 to
38.
{(Example 20)

Mixed DNA primers (SEQ IDNOS: 39 to 41) synthesized based
on the partial amino acids determined in Example 19, and a

mixed DNA primer (SEQ ID NO: 42) of the complementary strand

DNA consisting of 2521 to 2545 nucleotides of the aldehyde



nucl eoti de sequence was checked agai nst the amno acid
sequence. The approxi mately 2.5-kb nucl eoti de sequence

of the purified enzyne was determ ned by the sane

met hod as in Exanple 15, except for the sequences
around the N- and C ternimni6lt rereof. The nucl eoti de
sequences around the N and C-termni of the purified
enzyme were determ ned by the same inverse PCR nethod
3% 148 sEX & £lii cFhBa 8L8LILE JNAKMRS11] heateedsidt h Using
various types of restriction enzynes, and

self gbhgat & ORaNes ¢hEN: ey i itk ahtturateal filaak IFO 15516 as
concentration of 2.5 ng/m . Using priners synthesized

& eamphet ayccowiadeca seteé mes watbune tdwvghbpyémers. The
termni, PCR was carried out. The obtained anplified

_ BNA 1S eldi iR eabtal kY BIyUBCR, usibel tthe DRGBRESt Feleresented

sequence thereof was determined in the sane manner A

oy GBACED MU BsteatR om CRELIARELRR BhtRolon 3pg (2}, and

downstream of the N-term nus of the pu&jf%edtenzgngesis
dedel ) neda s r YR I ST AT ABFEnGSwi EHSCTTOPHC ’

vies
i 1 kb th d_been 62 i .
R BYe BOR T o RBE! BT GEAT o7 The e Rt TUARK o1
t he at her .hand | et T
CB T on oo ABs e B AL T AES 2be S rarary >

J(ﬁasl'dﬁbceﬁ%g@uis’sifei%%ngéﬂq t Bet o Padsbeen: aptaied-hed into

i nverse the Ncol digest of the genom c DNA

e gihus detemnedea Fobl; | emmtde gane: fipmashearried out,
initiation codon to the term nati on codon consi sted

ofo 36324 qutd reaticdesnudnshal &0 seaneihsted Die thiuk0dbtained
residues in terms of am no acids. An amno acid .
sagtlence debtsaigquech dor emst lnheatkede agadhett ke seguenseld
conpletely matched with the am no acid sequence

obtq@iares: .byThBhePHWNMQbeQYS%qW@WCgﬂ%e sequssce of

purified enzyne. The , .
the purified enzyme was determined by the same method as 1n

Example 15, except for the sequences around the N- and C-
termini thereof. The nucleotide sequences around the N- and
C-termini of the purified enzyme were determined by the same
inverse PCR method as in Example 17. The genomic DNA was
treated with various types of restriction enzymes, and
self-ligation was then carried out at a final concentration
of 2.5 ng/ml. Using primers synthesized from the nucleotide
sequences around the above termini, PCR was carried out. The
obtained amplified DNA was ligated to pT7Blue-2, and the
nucleotide sequence thereof was determined in the same manner.
A sequence from upsteam of the initiation codon to dewnstream
of the N-terminus of the purified enzyme was determined from

an amplified band with approximately 1 kb that had been



N-term nus of the enzyme purified fromthe cells was

Asp at position 39 fromthe initiation codon Met 1.

In the case of enzyne secreted into the nedium a

portion fromMet 1 to Ala 38 was cleaved as a

secretory signal sequence d¥4d mg the secretion

process. The determ ned entire amno acid sequence of

the enzyne protein and the determ ned entire

%%laﬁ%ad%y SGEMENGE POR | HEn @AM geNns (U e beptRSepdathic
NOS: 11 and 13, respectively. The entire

BNRNO @ﬁlﬂheS@m@ﬁqaam ti1amfa31e¢rte_cmwzs¢meafdeeraround the

secretion and the nucleotide sequence encodi ng the

albee nanz paecaten wepesenind o edofr SEQ [BPpNOSimBE egiydl - 1-kb

14, respectively. Industrial Applicability The process

,_,,famplprfoedcband thatl yaxywéen adi ik itesnbyl yayar%ug(ﬂ%gusmg
‘m croor ganl SnB OrF enzynes of the resent invention

ahsblewIpdédesti ef sheghgbRPLFcDE: d %&h%@&tﬁr@i@@d
conditions. It enabl es productlon of yoxg:lcta0| tion
vitdfodenagbresng feRTot % tRAFJatARD Tt TR

has b bl |

§$%¥ﬁ§§g§ ﬁ@? e Eg&%%pggcﬁﬁgg %?}LIggﬁ'%giglﬁ lsted of
d. S L

T o %fl TEbRRD oF S iBacRER | & a%%“é‘%m

Moo/ S%%t%%' dos %ggﬁn%ﬁeogbw@%&l&ét@ae agg@am@e

Am no acid sequence of subunit a

Qfon@a'l@%@i@emagéh@@LS#J.@EQH@aH@noAra@H\ Sefiueiee bitained by
subltnit y of al dehyde oxi dase

the amino acid sequence analysis of the purified enzyme. The
N-terminus of the enzyme purified from the cells was Asp at
position 39 from the initiation codon Met 1. 1In the case of
enzyme secreted into the medium, a portion from Met 1 to Ala
38 was cleaved as a secretory signal sequence during the

secretion process. The determined entire amino acid

sequence of the enzyme protein and the determined entire

nucleotide sequence of the enzyme gene are represented by SEQ

ID NOS: 11 and 13, respectively. The entire amino acid
sequence of the mature enzyme after secretion and the
nucleotidesequenceencodingtheaboveenzymearerepresented

by SEQ ID NOS: 12 and 14, respectively.

Industrial Appliicability

The process for production of glyoxylicacid fromglyoxal

. using microorganisms or enzymes of the present invention

enables production of glyoxylic acid under moderate



SEQ I D NO 5 DNA sequence of subunit 43 of al dehyde

oxi dase SEQ ID NO 6 DNA sequence of subunit a of

al dehyde oxidase SEQ ID NO 7 Am no acid sequence of

al dehyde oxi dase containing signal peptide SEQ ID NO

8 Amino acid sequence of al dehyde oxidase SEQ ID NO

9 DNA sequence of al dehyde oxi dase containing signal
peptide SEQ ID NO 10 DNA sequence of al dehyde oxi dase
SRR iNGs . 11T A 1asi frseauense off gal dehytle aoxiddesehout
contai ning signal peptide SEQID NGO 12 Am no acid
sequencd oof ofl dehypdeecoxindase oSEQLDsNOrhi1ghDNas been

sequence of al dehyde oxi dase cont ai nin si gnal
peptildeaSEQ LD Mo ddnDNAL SEthle rdemic @é@%@@séﬁi ashods
64 SEQID NO 15 N-termnal am no acid sequence of
_suisimias theofnidirdehypdd coprddat 1SEQREBNRE: 16

N-term nal am no acid sequence of subunit (3 of

al dehyde oxidase SEQ ID NO 17 Ami no acid sequence of

subunit (3 ,of ald de ,h oxidase (Ala 231 to Al a 266)
SEIIPH WO 151G “dl®*Ani no aci d sequence of

subunj t f al dehyde oxi dase SEQ | ]

atid @d\ﬁ)engle ofmkld%hﬁfztléas ?u%?%ghoyggmggﬁji%a@g]{]Eégehyde
Zogéi&aoseG u 298) SEQ ID NO 20 Ami no acid sequence of

su

e

unit” a of al dehyde oxidase (Ay 659 to Thr 693)
I NG. 21 Mpted, PNA;RridBieddd SOLSIRQRABNME Badbhyde

oxidase
SEQ ID NO: 3 Amino acid sequence of subunit « of aldehyde
oxidése
SEQ ID NO: 4 DNA sequence of subunit y of aldehyde oxidase
SEQ ID NO: 5 DNA sequence of subunit p of aldehyde oxidase
- SEQ ID NO: 6 DNA sequence of subunit o of aldehyde oxidase
SEQ ID NO: 7 Amino acid sequence of aldehyde oxidase
containing signal peptide
~SEQ ID NO: 8 Amino acid sequence of aldehyde oxidase
SEQ ID NO: 9 DNA sequence of aldehyde oxidasg containing
signal peptide
SEQ ID NO: 10 DNA seguence of aldehyde oxidase
SEQ ID NO: 11 Amino acid sequence of aldehyde oxidase
containing signal peptide
SEQ ID NO: 12 Amino acid sequence of aldehyde oxidase
SEQ ID NO: 13 DNA seguence of aldehyde oxidase containing
signal peptide

SEQ ID NO: 14 DNA sequende.of aldehyde oxidase



term nal am no acid sequence of subunit y of al dehyde
oxi dase derived from Streptonyces sp. KNK269 SEQ I D
NO 22 Conpl enentary m xed DNA primer (2)
corresponding to am no acid sequence (Asp 251 to Ala
258) of subunit (3 of al dethfde oxi dase derived from
Streptonyces sp. KNK269 SEQ I D NO 23 M xed DNA
primer (3) corresponding to anino acid sequence (Asp

t 8) 0 i takBnof @i@@% @Xicgasepbunit v
e i\}g)dﬁlfoﬁo%%\%t Pie%?gﬂnyplggg %%?DKNaK%Q S InD N(% 24 :

GrRl1emRiGR YhxAxed DNA primer (4) corresponding to
am no acid sequence (Leu 274 to Qu 281) of subunit a
efecalidehyde 16xi daserdenhvesdninon Std eptqmyees ofpsubunit B
KNK269 65 SEQ ID NO 25 M xed DNA prinmer (5)

ot redsjEindiengxtidagei no - aci d sequence (Leu 274 to Gu .
281) of subunit a of al dehyde oxidase derived from

St D Recesl s p ANKNKOBO1 SEGIUB NG 0Z65 Tawpi kb pfapydehyde
m xed DNA pri ner (:6) corresponding to am no acid
BHERTRE (Alsu %686 CoP&Pu2683) of subunit a of

al dehyde oxi dase derivyed_from Streptonyces sp. - K _
SEQ 1Y N 2P Nm—éﬁmaﬁlamﬂhaoa%?gés%r%%’e%%& &t SBaRT:
al@-gﬁ{%gj’* xi das 2 d [ SEQID NO 28 Internal am no acid

S e%eacix&eye oxi dase SEQ ID NO 29 Internal

M, SRS L P S 0 0auSER d DAL e
oxidase (Leu 261 to Glu 298)

SEQ ID NO: 20 Amino acid sequence of subunit o of aldehyde
oxidase (Gly 659 to Thr 693)

SEQ ID NO: 21 Mixed DNA primer (1) corresponding to N-
terminal amino acid sequence of subunit y of aldehyde oxidase
derived from Streptomyces sp. KNK269

SEQ ID NO: 22 Complementary mixed DNA primer (2)
corresponding to amino acid sequence (Asp 251 to Ala 258) of
subunit P of aldehyde oxidase derived from Streptomyces Sp.
KNK269

SEQ ID NO: 23 Mixed DNA primer (3) corresponding to amino
acid seguence (Asp 251 to Ala 258) of subunit P of aldehydé
oxidase derived from Streptomyces sp. KNK269

SEQ ID NO: 24 Complementary mixed DNA primer (4)
corresponding to amino acid sequence (Leu 274 to Elu 281) of
subunit o of aldehyde oxidase derived from Streptomyces Sp.

KNK269



term nal am no acid sequence of al dehyde oxi dase
derived from Mcrobacterium Sp. KNKOL1 SEQ I D NO 31
Conpl erentary nmi xed DNA priner (2) corresponding to

am no acid sequence (Asp 513 to Phe 521) of al dehyde

oxi dase derived from M crob&et eri um sp. KNKO11 SEQ ID
NO. 32 M xed DNA prinmer (3) corresponding to am no

aci d sequence (Asp 513 to Phe 521) of al dehyde oxi dase

- gen vedyof r om Mickebapti®ritimesp. (SKNKOt te SEQnEDaNCLo 38uino.
Conmpl emrentary m xed DNA prinmer (4) corresponding to
aridosaghénsequenc e (4Phe 859 291 Thif 36@undfc cabdehidehyde
oxi dase derived from M crobacteriumsp. KNKO11l 66 SEQ
loRiN@se34ebitkepr Emen S6meri-alEgeNder. rgdk262tion site,
which is used for cloning of al dehyde oxidaseDﬁirived
 BEEMI MO 0BAct EPRRAREENTRKKCTL: ¥ SEQPIH NeF 11837 DA -

primer containing ECORl restriction site i is

(RS SEBOTERBHT HY T AHESBYTHES ol if 596aLe T B93) of
M crobacterium sp. KNKO11 SEQ.ID, NO, 36 N_term

VS 1dc Pdo § et P*AraeRy dBT + B%1 di%%“ §r§éef’§°ﬁigce§fp '
I al am no acid sequence of al dehyde oxidase SEQ

I 1 38 Internal amino acid sequence of al dehyde

Qi Aa%E 1 EQokD Ngh?§%iMﬁﬁegm@Hé_@Eﬁﬂeéeﬁéénce of aldehyde

cortrespondi ng to term nal am no acid sequence of

al oxi dase derived from Cellul osim crobium
cellulans | FO 15516 SEQ I D NO. 40 Conpl enmentary m xed
A pip Me:; 03) Internal amino acid sequence of aldehyde

oxidase

SEQ ID NO: 29 Internal amino acid seguence of aldehyde
oxidase

SEQ ID NO: 30 Mixed DNA primer (1) corresponding to N-
termiﬁalaminoacidsequenmaofaldehydeoxidaéederivedfrom
Microbacterium sp. KNKO011

SEQ ID NO: 31 Complementary mixed DNA primer (2)
corresponding to amino acid sequence (Asp 513 to Fhe 521) of
aldehyde oxidase derived from Microbacterium sp. KNKO011
SEQ ID NO: 32 Mixed DNA primer ({3) corresponding to amino
acidsequence(Asp5131anhe521)ofaldehydeoxidasederived
from Microbacterium sp. KNKO11l

SEQ ID NO: 33 Complementary mixed DNA primer (4)
corresponding to amino acid sequence (Phe 959 to Thr 969) of

aldehyde oxidase derived from Microbacterium sp. KNKO11



corresponding to am no acid sequence (Ile 350 to Val

358) of al dehyde oxi dase derived from
Cellulosimcrobiumcellulans |FO 15516 SEQ I D NO. 41

M xed DNA priner (3) corresponding to amno acid
sequence (Thr 176 to Thr I8§¥56T al dehyde oxi dase
derived from Cellul osim crobiumcellulans | FO 15516

SEQ I D NO 42 Conplenentary m xed DNA primer (4)

ay espandi g t oNENAY seeuente a( 2528 VdeR545)rafction site,
al dehyde oxi dase derived from M crobacterium sp.

K@ 167 usedCEAr MBlodind @f edesdyvider opiddget Henigpd from
gl yoxylic acid, which conprises allow ng

d¥ clorbeductrase: tsmat K&&R1ldonvert glyoxal into

gl yoxylic acid, or at |least one or a mxture

 CHRSIER Ny 35 ONG RFLRRF E0BERERERY HGGrh 1RE G Tuipn Stter

consisting of a culture broth, supernatant of .th
Sty & sprseR, ekl Fi?n-awa O%raglc‘%%&" 5’%&%&&% dg 1ved £rom
1 Croar gani sm t hat roduce the oxidoreductase, to
_2%%6Qé#%ﬁ%ﬁ£&ﬂ? %0 %§ﬁ¥@Jconvert gl yoxal into
ihG..aci d. 2. (o) far..pr ' 1dehvd
U DS s R e, AL SEHELPR PF atdenyde
QXL A€

uctase is oxidase. 3. The process for
production of glyoxylic acid according to claim1l or

Fryhes aidy the oxiddereduchase keiabkaignedckr o aatichyde
| east one m croorgani smselected fromthe group

coisdsdd ng  of the genus Stenotrophononas,

Streptonyces, Pseudononas, M crobacterium

fefy armhert 8§ Celtdednaipmas noCeldidl ssiaweocebicdmpldpiyde
Mor ganel | a.

oxidase

SEQ ID NO: 39 Mixed DNA primer (1) corresponding to N-
terminal amino acid sequence of aldehyde oxidase derived from
Cellulosimicrobium cellulans IFO 15516

SEQ ID NO: 40 Complementary mixed DNA primer (2)
corresponding to amino acid sequence {Ile 350 to Val 358) of
aldehyde ozxidase derived from Cellulosimicrobium cellulans
I¥0 15516

SEQ ID NO: 41 Mixed DNA primer (3) corresponding to amino.
acid sequence (Thr 176 to Thr 183) of aldehyde oxidase derived
from Cellulosimicrobium cellulans IFO 15516

SEQ ID NO: 42 Complementary mixed DNA primer (4)
corresponding to DNA sequence (2521 to 2545) of aidehyde

oxidase derived from Microbacterium sp. KNKC11l



4. The process for production of glyoxylic acid
according to claim3, wherein the mcroorganismis

St enot rophononas sp.  KNK235 (FERM P-19002),
Streptonyces sp. KNK269 (FERM BP- 08556), Pseudononas
sp. KNKO58 (FERM BP-08555)7 #%eudonobnas sp. KNK254
(FERM P-19003), M crobacterium sp. KNKO1ll ( FERM

BP- 08554), Achronobacter sp. |FO 13495, Cell ul ononas
-sp.. JCM 2471, Cell ul ononagriumbata | FO 15012, :
Cel | ul omonas turbata |FO 15014, Cellul ononas turbata
| FO 15015, Cel |l ul-osi m crobium cellulans | FO 15013,

Cel I ul osi microbium 68 cellulans |IFO 15516,

Cel | ulzosiricessebifum geblkdukanen) Gl 620txyvlor Midanmehiah
norganii | FO 3848. 5. The process for production of

_ gtonpayd s&s acl bwdicupodiingretivctbaentlat weeh anvesttapdyexal

is allowed to coexist during the reactiopn. 6. An = |
al nfehydey awwildas acddr | ve @ tf L6APH PR CS0RGRRT SIS RRPSisting
acts on glyoxal to generate gl yoxylic acjd..7. }he +

2P EIEFPdRr ardasel acter ity Foe AU 8O ShoEEN RO iy ture
to glyoxylic acid is one-tenth aor less of its tivity
tkbrgbllz/yo%a@?p%?naﬁ%nﬁl Hytfe i R B cog%’r'dicr?gﬁt%é bht
claim6 or 7 erein. the aldeh ' '
rouEeeth P RS o A S ST SR Ragpeg e
t%@i@%?&@u&?@§ sting @f of l),%%@é‘f S£nat £8PLOIRNAS glyoxal
Streptomnyces, Pseudononas, crobact eri um

Pgﬁﬁgngpﬁggyiiccgéi@jonDnas, Cel | ul osi m crobi um and

Mor ganel 9. The al dehyde oxi dase according to claim
82 . wherad mlhe ssEe koo gandt Sian S iSherekytphoavhdssmrding

KNK235 ( FERM P- 19002),

to claim 1, wherein the oxidoreductase is oxidase.

3. The process for production of glyoxylic acid according
o claim 1 or 2, wherein the oxidoreductase is obtained from
at least one microorganism selected from the group consisting
of the genus Stenctrophomonas, Streptomyces, Pseudomonas,
Microbacterium, Achromobacter, Cellulomonas,
Cellulosimicrobium, and Morganella. |

4, The process for production of glyoxylic acid according‘
to claim 3, wherein the microorganism is Stenotrophomonas sp.
KNK235 (FERM P-19002), Streptomyces sp. KNK269 (FERM BP-
08556), Pseudomonas sp. KNKO58 (FERM BP-08555), Pseudomonas
sp. KNK254 (FERM P-19003), Microbacterium sp. KNKO1l (FERM
BP-08554), Achromobacter sp. IFO 13495, Cellulomonas sp. JCM
2471, Cellulomonas turbata IFO 15012, Cellulomonas turbata
IFO 15014, Cellulomonas turbata IFO 15015,

Cellulosimicrobium cellulans IFO 15013, Cellulosimicrobium



Streptonyces sp. KNK269 (FERN BP-08556), Pseudonobnas

sp. KNKO58 (FERN BP-08555), Pseudonbnassp. KNK254
(FERMP- 19003), M crobacteriumsp. KNKO11l (FERM

BP- 08554), Achr onpbact er SP.¢q | FO 13495, Cel |l ul onbnas

sp. JCM 2471, Cellul ononas turbata |FO 15012,

Cel | ul ononas turbata | FO 15014, Cellul onobnas turbata

| FO 15015, Cel |l ul osim crobiumcellulans | FO 15013,

@l udags RFOCKHI6 ufedérlaband crrbi gB5a®l g s JCM 6201,
ulosim crobi um cellul ans_ JCM 6201, or Modrganella

5T dEHigansioa3gegoasgL 160 FRASal dehyde oxi dase

er o0p gg#é’ﬁ%%ilﬁwﬁ%é@ﬁhﬁ 9 ucediﬂé%?&ﬂrﬁcagcaﬁamg
' \% ?allfl )er%IOPIOéMtﬁ%glliﬁ[')?é/SI K g hea‘:fr‘}gf?e%ttﬁﬁfjﬁ:,th?

t]{é yde oxi dase retains act|V|ty of  90% or nor e
ter |t ‘has been treated at pH 7.2 at 60C for 20

g nut @s; a%Qh&é& 5@1@&%& e e} Gtsrdhg ﬁh@%’f}}ég’%anlsm that
oxi dase has a nol ecul ar wei ght of approxi mately

B0, igr @dalf itlt gahkeatanghyskylicandifas three

subunit proteins with nol ecular weights of

appr oxheetlelah 2l O00dasppraxsirgaheglys 35a 006, wdnske activity
approxi mately 80,000 in SDS-pol yacryl am de gel
dgleectlnephydriesiasidnalsy she-tehthThe dkdehyleibzi dasévity to
according to claim8, which is produced by a

idleicserlgani sm bel onging to the genus Pseudononas and

whi ch _has the foll ow ng physi cochem cal.  propertjes

©1) t dhe3dldehydeddass aergainIaphdaifabe?y yspherein

filtration
éL afdghydeox&dggeQHBProducedkufatleastonenucroorganlsm

selected from the group consisting of the genus
Stenotrophomonas, Streptomyces, Pseudomonas,
Microbacterium, Achromobacter, Cellulomcnas,
Cellulosimicrobium, and Morganella.

9._ The aldehyde oxidase according to claim 8, wherein the
microorganism is Stenotrophomonas sp. KNK235 (FERM P-12002),
Streptomyces sp. KNX269 (FERM BP-08556), Pseudomonas sp.
KNK058 (FERM BP-(08555), Pseudomonas sp. KNK254 (FERM P-19003),
Microbacterium sp. KNKO11 (FERM BP-08554), Achromobacter sp.
IFO 13495, Cellulomonas sp. JCM 2471, Cellulomonas turbata
IFO 15012, Cellulomonas turbata IFO 15014, Cellulomonas
turbata IFO 15015, Cellulosimicrobium cellulans IFO 15013,
Cellulosimicrobium cellulans IFO 15516, Cellulosimicrobium

.cellulans JCM 6201, or Morganella morganii IFO 3848.



anal ysis; (2) optinmumreaction tenperature: 60C to
70C, and (3) optimumreaction pH 5 to 7. 12. The

al dehyde oxi dase according to claim8, which is
generated by a m croorgani sm bel onging to the genus

M crobact eri uminside and ot%side of the cells thereof
and which has the foll ow ng physi cochem ca
properties: 70 nolecular weight: a single protein has

g g0l @Gu! A1 A¥R| A 0 2f da SO PL O FEle) Yol K000 &,n which is
SDS- pol yacryl am de gel el ectrophoresis analysis. 13.
B&%e@lo@@hbge@x mdaseoagaandnngelonglad nt8, thvbi gdnis
generated by a m croorgani sm bel onging to the genus
Galdagresiyiiesr abidumhiinki desahteofivsloeing phesteptiemical
t hereof, and which has the follow ng physi cochem ca

- poperttiies: {lolteculBar. weight: a . single protein. has a. .
nol ecul ar wei ght of approxi mately 90,000 to 100, 000

i (L )Spetgotyaeby| &ritée 9del el ect rophoresi s anal ysi s.

14. The al dehyde oxi dase_accordin

[ g to cla%n110, tivity of
wiéer BEAttHeab I ey bot§snt 9 bEte AFAG 5ot ¢ hat iy M Y
Streptonyces is Streptomyces sp. ,KNK269 (F °
BRLDg35EPre18fteRel ) %%@%ﬁ%ﬁg a@goPgi J(:_gpivlt“"ot G%Fnter
.éé) wher.ei n th%_ m cr oor gani sm bel onging to the genus
b (HHETEY %Y pseudononas sp. KNKO58 ( FERM

?(;%)O AR 118- wy?_%h%l:d‘éﬁ¥d§l&’§1i1 B diG tonehaktlar

erein the croorgani smbel onging to the genus

g&gigggg%feagg%%ﬁgag%ggpmm 4R §o1 MNKQ: I(FERNR1ysis,
- . . yde oxi dase according to claim
Ishg wWhey e@iHrdd@ubunit proteins with molecular weights of
approximately 25,000, approximately 35,000, and
approximately 80,000 in SDS-polyacrylamide gel
electrophoresis analysis.

11. The aldehyde oxidase according to claim 8, which is
produced by a microorganism belonging to the genus
Pseudomonas and which has the following.physicochemical

_ properties (1) to (3):

(1) molecular weight: approximately 150,000 in gel filtration
analysis;

(2) optimum reaction temperature: 60°C to 70°C; and

(3) optimum reaction pH: 5 to 7.

12. The aldehyde oxidase according to claim 8, which is
generated by a microorganism belonging to the genus

Microbacterium inside and outside of the cells thereof and

which has the following physicochemical properties:



m croorgani sm bel onging to the genus
Cellulosimcrobiumis Cellul osimcrobiumcellulans

| FO 15516. 18. The al dehyde oxi dase according to claim

6, which has a protein described in the follow ng (a)

or (b) as a subunit: (a) a’¥étein having an anino

aci d sequence represented by SEQID NGO 1, 2, or 3;

or 71 (b) a protein conprising an am no acid sequence
RSl 1ot 1 get etd @inglubstotedn ores ermalkiulanwefight of
one or several amno acids in the am no acid sequence
E@prokimsthd valldéhpdé dxi 62Sepatvercdiyhgmidectailm 6,

which has a protein encoded by the DNA described in
teledtoldedwineg iEapned ysisy as a subunit: (a) DNA having

a nucl eoti de sequence represented by SEQ 4, 5.
d3.6; The e%yie@m&emﬁ%ﬁaﬁyb@%%%nw ER. %@zl%ngom&ch s

f | hat
Cons'%fff'eq”/f? 5y ataat%%?@o%%fs'ﬁgaﬁ?%i??%gntaf %Phﬁlﬁugﬁag?i de
d t t Q
; Ce]é%&?%??%é%bi&%éﬁ%%% RS SRS Hae Fhereot
ankp0}?0|d Seqqﬁﬂquﬂﬁ_ % %%ﬁ%fégéh 1l-Q @Qob@kt@és

a an an1no aci represented by SEQ I D

'}Bl culgar hg %4 le(B):o@@lﬁn?laE@ LrblesUHENEE ght of
resul tlng % eletio substitution, or addition of

U x 5 65} sl ac) ds0,moot he %Dm@oa(gzlad:r@&qm&deegel
(a). 21 The aldehyde oxi dase according to claim®6,

Wi &t dSph e byl idies DNA described in the

followng (a) or (b):

14. The aldehyde oxidase according to claim 10, wherein the
microorganism belonging to the genus Streptomyces is
Streptomyces sp. KNK269 (FERM BP-08556).

15. The aldehyde oxidase according to claim 11, wherein the
microorganism belonging to the genus Pseudomonas is
Pseudomonas sp. KNK058 (FERM BP-0835533).

16. The aldehyde oxidase according to claim 12, wherein the
microorganism belonging to the genus Microbacterium is
Microbacterium sp. KNK011l (FERM BP-08554).

17. The aldehyde oxidase according to claim 13, wherein the
microorganism belonging to the genus Cellulosimicrobium is
Cellulosimicrobium cellulaﬁs IFO 15516.

18. The aldehyde oxidase according to claim 6, which has a
protein described in the following (a) or (b) as a subunit:

{a) a protein having an amino acid sequence represented by

SEQ ID NO: 1, 2, or 3; or



(a) DNA having a nucl eoti de sequence represented by
SEQID NO 9, 10, 13, or 14; or (b) DNA which

hybri di zes with DNA consisting of a nhucl eotide

sequence that is conplenentary to the DNA consisting

of the nucleotide sequendé'¥%f‘under stringent
conditions. 72 22. DNA encoding a subunit of the

al dehyde oxi dase according to claim®6, which

cpki sestébhe Ebdesierd bedainindhecidldawienge fapudk from
(b) : (a) DNA having a nucl eotide sequence represented,
ke 1ISEQd) sNOstdtubionr @ asidifionDNA o ¢ BgBeiralzaBlno
with any one DNA consisting of a nucleotide sequence
tefvaitds sircdiiys emémraegidosensepNA (@8dmsi sting of the

nucl eoti de_sequence (a) under stringent_ conditiagn

9. DNacentealrge (he IH R RAFFe T gats StRPfiny el has.a

claim6, which conprises the escribed in the

O RaThRERF O e PER ERRCHARE g o HBC SbTa T (@) o
S %uence rq&ﬁfs nted by SEQID NO 9, 10, 13, or 14,
or°(B)° DNE *hybri di zes with any one DNA

consisfa a ' %9&6&%@ tdtedshted by SEQ ID
c %’pl@r%s%%gg&gtg ﬁﬁgi%iﬁg\,?% t he n{t?leeoti dee Y

uence (@), undey,. stringent conditions. 24. DNA
Zﬁgogpng'a ghbuniflof t he al dehyde oxi dase accordi ng

t @ €1 BN 1 IMIHRIb G OITPRIISS 6 t3N 2y RO cACHA segeesteng of a
resulting fromdeletion, substitution, or addition of
aie- Dfotsekersd quaaiienahadi ds idoridieramitae yatiod tseqlidfce
represented by SEQID NO 1, 2, or 3. 25. DNA _
enwodt sigi rtdh e &l teh yaes lexitdake seopemdiend at) o uekgicmsg ringent
conditions. |
20. The aldehyde oxidase according to claim 6, which has the
amino acid sequence described in the following (a) or (b):
(a) an amino acid sequence represented by SEQ ID NO: 7, 8,
11, oxr 12; orx
(b) an amino acid sequence resulting from deletion,

substitution, or addition of one or several amino acids in

the amino acid sequence (a).

 21. The aldehyde oxidase according to claim 6, which is

encoded by the DNA described in the following (a) or (b}:
(a) DNA having a nucleotide sequence represented by SEQ ID
NO: 9, 10, 13, or 14; or

(b) DNA which hybridizes with DNA consisting of a nucleotide
sequence that is complementary to the DNA consisting of the

nucleotide sequence (a) under stringent conditions.



whi ch conprises an am no acid sequence resulting from
del etion, substitution, or addition of one or severa
amino acids in the am no aci d sequence represented by
SEQIDNO 7, 8 11, or 12. WD 2004/ 072281

PCT/ JP2004/ 001577 1/57 SEQUJNCE LI STING 010 Kaneka
Cor poration <120> Bi ochem cal process for producing

gl yoxylic acid <130> FP-8610PCT <150> JP 2003- 36303

$P91>pRAGI 2ty a skbfin 3P0 20t 3882Bdde skitase according . .

2003-09-26 <160> 42 <210> 1 <211> 189 <212> PRT

€213Pz §h I6e phoIgic esmpp i sKNK26O DRAZBss caniibreal &gitdhe following
sequence of subunit gamma of al dehyde oxi dase <400> 1
Qay Ara (BSp Leu Gu Pro Ju Pro Val Val Asp G n H's

Ser Thr val 1 5 10 15 Thr Leu Asn Val Asn Gy Asp

. Freo THA TAvingua Thucledtide $£EIeNGP 2@%8@@% by seQ ID
- 2004/ 072281 PCT/JP2004/ 001577 2/57 Thr Thr Val Leu

AU Fhr Le@tA®d Qu Ser Phe Ay Leu Thr Ay Al a
(b} DNA which hybridizes with any one DNA consisting of a

nucleotide sequence that is complementary to the DNA
consisting of the nucleotide sequence (a) under stringent
conditions.

23. DNA encoding the aldehyde oxidase according to claim 6,
which comprises the DNA described in the following (a) or (b):
(a) DNA having a nuclieotide sequence represented by SEQ ID
NO: 9, 10, 13, or 14; or

(b) DNA which hybridizes with any one DNA consisting of a
nucleotide sequence that is complementary to the DNA having
the nucleotide sequenée {a) under stringent conditions.
24. DNA encoding a subunit of the aldehyde oxidase according
to claim 6, which comprises an aminc acid sequence resulting
from deletion, substitution, or addition of one or several
‘amino acids in the amino acid sequence represented by SEQ ID
NO: 1, 2, or 3.

25. DNA encoding the aldehyde oxidase according to claim 6,
which comprises an aminoc acid sequence resulting from
deletion, substitution, or addition of one or several amino
acids in the amino acid sequence represenfed by SEQ ID NO:

7, 8, 11, or 12.



P

35 40 45 Lys.Lys GyCys Asp H's GIyGI n Cys@y Ala Cys

Thr Val Leu Val 50 55 60 Asp Ay Arg Arg Val Asn Ser
Cys Len Leu Len Ala Val Ala A n Asp 65 70 75 80 dy
WD ao0¥a72281 e Thr Thr Val Ju Gy Leu Al a Asp EETJIPEGM4/0601577
Asp Len 85 90 95 His Pro Val Gn Arg Ala Phe Val GQu
Arg Asp Ala Leu Gn Cys Ay 100 105 110 Phe Cys Thr
Pro Ay Gn lle Cys Ser AlalNdl dy Met Leu Arg Qu
115 120 125 Ala Ala Asp Ay His Pro Ser His Val Thr
Gy Pro Asp Thr Ala Ala 130 135 140 dy Pro Asp Ala
Ala Thr Ay Pro Ay GgroirmeEvBisTk@ Leu Asp Ala 145
150 155 160 Asp GQu Ile Arg Qu Arg Met Ser Ay Asn
Ile The Arg Cys Ay Ala 165 170 175 Tyr His Arg lle
Val Qu Ala lle Qu Asp Val Ile GQu 180 185 <210> 2
201 Kassdka CorpaPid iPRT. <213> Streptomyces sp. KNK269
<223> ami no aci d sequence of subunit beta of al dehyde
oxi dase WD 2004/ 072281 PCT/JP2004/ 001577 3/57 - <400>

| @&Riéﬁ@gﬁﬁpﬁcgs" £8Y priilcife 15614 AcPEr Pro Asp

<130> FP-8610PCT

<150> JP 2003-36303
151> 12003-02-14

150> 1P 2003-336234
<151> 2003-09-26

<160> 42

210> 1

<2117 189

<212> PRT
<{213> Streptomyces sp. ENK269

£293> amino acid sequence of subunit gamma of aldehyde oxidase

<400> 1
Gly Ala Asp Leu Glu Pro Glu Pro Val Val Asp Glu His Ser Thr Val
1 , 5 10 15

. Thr Leu Asn Val Asn Gly Asp Pro Thr Thr Leu Thr Val Asp His Arg
20 25 30




1510 15 Arg Leu Cys Ala u Ay Ser Gy Ala Arg Phe

Leu dy Ay Ay Thr 20 25 30 Asn Leu Val Asp Leu Met
Lys Leu Gy Val Qu Ala Pro Arg Val Leu 35 40 45 1le
WER0WAN7228a Gy Leu Pro Leu Asp Arg Val Thr ARCEAIFIN4/061577
Ala Asp. 50 55 60 Gy Gy Leu Alalle Gy Ala Thr Val
Arg An Ser Asp Leu Ala Ala 65 70 75 80 His Pro Asp

Val Thr Asp Arg Tyr Pro Val 80U Ser Gdn Ala Leu Leu 85
90 95 Ala Gy Ala Ser Gy Gn Leu Arg Asn Ser Al a Thr
Thr Gy Ay Asn 100 105 110 Leu Leu G n Arg Thr Arg

& S0 VRY Lo T S0P A 1gTer B BLE LR TRg O 0

Asp Ay Fhr 130 135 140 4m-ll s Arg Asp Leu45\| alle Leu
Gy Hs Ser Pro Gn Cys Val Ala Thr 145 150 155 160.-
Abys Pyo GherCyAskspMBts Blw GUmlCya GyLbla Bys Thr Valeleuabyl
AI a Thr Val 165 170 17 Val Leu Leu y Pro Au Ay
Ala Val Pro L84 Thr Gu Phe 980 185 190 His

i\\é% Y AT ooy st SSo b s Tucked BERVIEAA P,

4/ 7 Gy Glu Leu I4e Thr Gu Val Vg Leu Pro Pro P§p
Al a Pro Ay Ala
Gly Ala Thr Ile Thr Thr Val Glu Gly Leu Ala Asp Gly Glu Asp Leu

85 90 | 95
His Pro Val Gln Arg Ala Phe Val Glu Arg Asp Ala Leu €lu Cys 6ly
' 100 105 110
Phe Cys Thr Pro Gly Gin Ile Cys Ser Ala Val Gly Met Leu Arg Glu
115 120 | 125 |
Ala Ala Asp Gly His Pro Ser His Val Thr Gly Pro Asp Thr Ala Ala
130 : 135 140
Gly Pro Asp Ala Ala Thr Gly Pro Gly Gly Pro Val Ala Leu Asp Ala
145 150 155 160
Asp Glu Ile Arg Glu Arg Met Ser Gly Asn Ile Phe Arg (ys Gly Ala
) 165 1m 175
Tyr His Arg Ile Val Glu Ala Ile Glu Asp Val Ile Glu
180 185

210> 2

Q11> 333

<212> PRT

{213)> Sireptomyces sp. KNK269

{223> amino acid sequence of subunit beta of aldehyde oxidase

L]

H .’.a

o



210 215 220 Ala Thr Arg Tyr ArgLys AlaArg AspArg Al a
Ser Phe Ala Phe Ala 225 230 235 240 Leu Val Ser Val
Ala Ala Thr Leu Arg Val Asp Ala Gy Arg Val du 245
whoeReE281H s Ala Thr Leu Ala Phe Gy dy ValpCAlIaoel/e1577
Arg Pro Trp Arg Ala 260 265 270 Arg Arg Ala G n Ala
GQu Leu Arg Ay Ala Pro Ala Thr Pro Ala Val 275 280
285 Phe Gn Hs Ala Leu I1®5Al.a Gu Leu Ala Qu Al a
Arg Pro Leu Arg 290 295 300 Asp Asn Val Phe Lys Val
Asp Leu Ala Arg Arg Leu Ala Leu Asp Val 305 310 315
320 Leu Ay Qu Leu Thr Qu Arg G n Pro Thr Arg Thr

* Ay 325 330 <210> 3 <211> 693 <212> PRT <213>
@hpeptonyces sp. KNK269 <223> amino aci d sequence of

“ subuni t al pha of al dehyde oxi dase <400> 3 Met Thr Thr
. . .Métd.yAl BroPPie Gly TRheValbr ArgPro Ala SPr Rroahspvelu Aty Vaig. 1
510 15 WO 20 0. 4/0 72 28 1 PCI/JP2004/ 001577  5/57
Gh AaAg AspLys Val Thr ¥ Thr Ala Arg TYP® Al a

AR LR et B B YA g PRE L QO et 2

20 25 30

Asn Leu Val Asp Leu Mel Lys Leu Gly Val Glu Ala Pro Arg Val Leu

35 40 - ' 45
| Ile Asp Val Ala Gly Leu Pro Leu Asp Arg Val Thr Arg Thr Ala Asp
50 . bb 60

Gly Gly Leu Ala Ile Gly Ala Thr Val Arg Asn Ser Asp Leu Ala Ala

65 0 75 80

His Pro Asp Val Thr Asp Arg Tyr Pro Val Leu Ser Gim Ala Leu Lenu

35 %0 95

‘Ala le Ala Ser Gly Gln Leu Arg Asn Ser Ala Thr Thr Gly Giy Asn
100 106 110

Leu Leu Gln Arg Thr Arg Cys Arg Tyr Phe Gln Asp Val Ser Lys Pro

115 ' 120 _ 125
Cys Asn Lys Arg Leu Pro Glﬁ,Ser Gly Cys Pro Ala Arg Asp Gly Thr
130 : 135 140 _

His Arg Asp Leu Ala Ile Leu Gly His Ser Pro Glu Cys Val Ala Thr

145 150 155 160

Asn Pro Ser Asp Met Ala Val Ala Leu Ala Ala Leu Asp Ala Thr Val

o | 165 | 170 175

. ' Val Leu Leu Gly Pro Glu Gly Glu Arg Ala Val Pro Leu Thr Glu Phe

180 ' 185 190

His Arg Leu Pro Gly Glu Asn Pro Asp Gln Asp Thr Ala Ile Arg Thr
195 200 205




35 40 45 Aa @y Arg Val Thr Ala Val Arg Ala Val Asp
Ala Leu Ala vVal Pro 50 55 60 Ay Val H's Thr Val Leu
Thr Hi's Asp Asn Ala Pro Qu Leu Arg Gu 65 70 75 80
PY@2004872881p Pro lie Leu Ala Val Leu A n Asp ARGE/JRZQ4/001577
Val Pro Hs 85 90 95 His Ay Trp Pro He Ala Leu Val
Ile Ala Qu Ser Pro u Ala Ala 100 105 110 Arg Thr
Ay Ala Ay du Leu His Val &b Tyr Ala Arg Asp A u
Hs 115 120 125 Asp Val Thr Leu Thr Gu Asp His Pro
Gy Leu Tyr Thr Pro Gu Gu 130 135 140 Ala Asn Ay
Goyy @19 RoT R anvaliu Ay Wal LA prddpyo A Mal A 01yAA0a
145 150 155 160 Ala Leu Ala Ala Ser Pro Val G n Vval
Asp Al18 Thr Tyr Arg NBb Val 165 170 1228 Al a Leu His

Asn H's Pro Met Qu Pro Hs Ala Ala Thr Al a Val Ar?
_1d4d2 s ArgoTwn Ardps Aty MiesAsnedrgridla a7 RiesAles phesAla

S @n dy Ser TE Lys 195 200 %g? Val Arg Qu ggr
225Ala GE Ala P éOGIy Leu Ala A"a"Asp Arg lle 2%
2 .

Rl jolny e i BEILERdNRL Y5 AR U ML ST
PCT/JP2004/ OOl@Zﬁ 6/ 57 Thr Ar@sfPro G n Ay Valkbieu

Ala Ala Met Ala Ala Gn H's Thr d
His Ala Thr Leu Ala Phe Gly Gly Val Ala His Arg Pro Trp Arg Ala

260 265 270
Arg Arg Ala Glu Ala Glu Leu Arg Gly Ala Pro Ala Thr Pro Ala Val
275 280 . 28b
Phe GIn His Ala Leu Ile Ala Glu Leu Ala Glu Ala Arg Pro Leu Arg
290 , 295 300
Asp Asn Val Phe Lys Val Asp Leu Ala Arg Arg Leu Ala Leu Asp Val
305 30 315 320
Leu Gly Glu Leu Thr Glu Arg Gin Pro Thr Arg Thr Gly
325 | 330 |

]

b

<210> 3

Q21> 693

<212> PRT

213> Streptomyces sp. KNK269

<223> amino acid sequence of subunit alpha of aldehyde oxidase i
{400 3

Met Thr Thr Arg Ala Pro Gin Phe Pro Gly Ala Pro Val Val Arg Arg
| 5 10 15




r 245 250 255 Arg Pro Val Lys Leu Val Phe ProArg Al a
Gn Leu Ala Gn Val val r 260 265 270 Ay Hs Arg Al a
Pro Thr lie G@n Arg Val Arg Leu Gy Ala Asp Leu 275
weHaE3281Asp Ay Val Leu Thr Ala Val Ser Hi Q’C(EVJIjZﬂQ‘HWISW
Val Thr @n Thr Ser 290 295 300 Thr Val Lys G u Phe
Val du dn Ala Ala Val Pro Ala Arg Val Met 305 310
315 320 Tyr Ala Ser Pro Hi®Ber Arg Thr Ala His Arg
Val Thr Ala Leu Asp 325 330 335 Val Pro Ser Pro Ser
Trp Met Arg Ala Pro Ay GQu Ala Ser Ay Met 340 345

\ r u t I Ja A
gﬁgA %dﬁ rg ﬂ%pt@ﬁ ﬁ?}Sg]ﬁgg 3@9@&3?8%2‘%@\%%%@ u IEe‘ﬁ%rAr g
Leu Arg Asrg(}GI u Pro Qu Th5G@ u Pro Asp 3780375 380
Ser Ay Arg-Pro Phe Ser Ser Arg Ay Leu Ala Al a C%/
- ThuPre gtiasfly GasLapbyndda o Ttm ValAPao Alg AAagVﬂthé gy
Trp An Asp Arg Asp Pro Arg Pro Ala Al a, 405 410 415
AranéIuGI Arg Tr4euIIeGI ThrﬁSIyVaIAla

B ol R ot AR s W”ﬁ?ﬁ“ 18 W3

d ypAsp Leu Ser Il gsAla Val Asn Al agThr Asp Ile Ay
Thr Ay 450 455 460
‘Gly Val His Thr Val Leu Thr His Asp Asn Ala Pro Glu Leu Arg Glu

65 10 19 80
Pro Asp Asp Pro Ile Leu Ala Val Leu Gln Asp Asp Arg Val Pro His
85 90 95
His Gly Trp Pro Ile Ala Leu Val Ile Ala Glu Ser Pro Glu Ala Ala
100 105 110 '
Arg Thr Gly Ala Gly Glu Leu His Val Glu Tyr Ala Arg Asp Glu His
115 _ 120 125
Asp Val Thr Leu Thr Glu Asp His Pro Gly Leu Tyr Thr Pro Glu Glu
130 135 140
Alé Asn Gly-Gly Glu Pro Ala Val Arg Val Arg Gly Asp Val Glu Arg
145 | 150 155 160
Ala Leu Ala Ala Ser Pro Val Gln Val Asp Ala Thr Tyr Arg Met Val
165 170 175
'Ala Leu His Asn His Pro Met Glu Pro His Ala Ala Thr Ala-Val Arg
18 185 190
Ala Asp Gly His Leu Thr Val His Asp Ser Ser Gln Gly Ser Thr Lys
195 200 | 205
Val Arg Glu Ser Leu Ala Gin Ala Phe Gly Leu Ala Ala Asp Arg lle
210 215 220 _

Thr Vai Val Ser Glu His Val Gly Gly Gly Phe Gly Ser Lys Gly Thr
225 230 235 - - 240




WO 2004/ 072281 PCT/ JP2004/ 001577 7/57 Ala Arg Thr Val
Leu Ala Gn lle Ala Ala Asp Val Leu Ay Val Ala 465
470 475 480 Pro Gn Ala Len Arg Val Asp Ile dySer

™ 2084P7228Hu Pro Ala Ala 485 490 495 Pro. Leu WITAIRGHH/001577
Gy Ser Ser Ay Thr Ala Ser Trp Ay Trp Ser Val 500

505 510 His Lys Ala Ala Thr Ala Leu Ala Ala Arg Leu

Ala Gn Hs Arg Ay 515 5206625 Pro Leu Pro Ala Asp
Gy Ile Thr Thr Thr Ala Asp Thr Ay A n Gu 530 535

540 Thr Gy Gn Gu Ser Pro Tyr Ala Arg His Ala The

a S 55 25 1l I
adbr A8 Rjgrot BrgTiP en N2k ﬁ%ﬂﬁ%@% MRy :
575 Leu Leu G2¥5Val Tyr Al a Aﬁ@oGIy Arg IIe Legs Asn
GQu Arg Thr Ala 580 585 590 Arg Ser A n Phe Thr d
. GAyg Va0 Wil Ly LewVal IPhe FaoyAnged!anGan Len. Al3o6lwcTal 8@
Thr Gu Gy sGIyIIeAspProGIy PheGIy pBeThr
Ala Lys 610215 620 Asp Lethal a Ser Tyr H &Wal Pro

A0k S GEEA(R Bt 1R @i%égu@gé BRI

Met Ay 5 650 655 Serggdgys Gy lle Ayygglu lle Gy
Il e Val y Thr Ala Ala Ala Ile 660 665 670

Asp Gly Val Leu Thr Ala Val Ser His Glu Val Val Thr Gln Thr Ser
290 295 300
Thr Val Lys Glu Phe Val Glu Gln Ala Ala Val Pro Ala Arg Val Met
305 310 315 320
Tyr Ala Ser Pro His Ser Arg Thr Ala His Arg Val Thr Ala Leu Asp
325 330 335
Val Pro Ser Pro Ser Trp Met Arg Ala Pro Gly Glu Ala Ser Gly Met
340 345 380
Tyr Ala Leu Glu Ser Ala Met Asp Val Leu Asp Ser Ala Leu Gly Leu
355 360 365
Asp Pro Val Glu Leu Arg Leu Arg Asn Glu Pro Glu Thr Glu Pro Asp
370 - 375 380
Ser Gly Arg Pro Phe Ser Ser Afg Gly Leu Ala Ala Cys Leu Arg Asp
385 390 395 400
Gly Ala Ala Arg Phe Gly Trp Gln Asp Arg Asp Pro Arg Pro Ala Ala
405 , 410 - 415
Arg Gln Glu Gly Arg Trp Leu Ile Gly Thr Gly Val Ala Ser Ala Thr
420 425 : 430 i
Tyr Pro Val Leu Leu Ser Arg Ser Thr Ala Ser Ala His Ala Thr Arg s
435 440 445
Asp Gly Asp Leu Ser Ile Ala Val Asn Ala Thr Asp Ile Gly Thr Gly
450 455 460

‘Ir"




Gy Asn Ala Val Arg Hs Ala Thr Ay Ala Arg Leu Arg

A u Leu Pro 675 680 685 WD 2004/ 072281

PCT/ JP2004/ 001577 8157 Leu Thr Thr Asp Thr 690 r

WO I@HOR28211> 536 <212> DNA <213> Strept omyREEIP3|§4/001577
KNK269 <223> DNA sequence of subunit gamma of al dehyde
oxi dase <400> 4 gaa cac tcc ace gtg acc ctg aac gtc
aac ggc gac ceg acg acg ctg74 ace gte gac cac cgc

acc acg gtc ctg gag acg ctg cgc gag age ttc 96 ggg

etc ace ggg gee aag aag gge tgc gac cac ggc cag tgc

. 999 8L T 4] 196 AROGHH 11Chta Y€ MBOVAI0TeR By VA0 AbC
aac age tgc ctg ctg etc 192 gee gte gcc cag gac ggc

- o485 acg ate ace af gtg gaa ggg i§ gcc 240 gac 4fc

r gag gac ctg cac cc tg_cag egg geg tte gtc gag cgc
e g%t@alssAlq;éeu ArE Yﬂgggngékggév %@r?fgc mhewrgg‘gacﬁg -
ate tgc tcg ggg gtg 336 ggc gég etc cgc gag q@ geg
gac ggc cac c 5tcg cac gtc a gga 384 «ccg g ace

95 BEE AR1 30,996 962 CHPTLAGT, U8R FHO GHOTIHURIORY

gac geg gac gag a gg gaa egg atg
-age ggc aagpgte 480 ttc eggstgc ggg gee ta)cat egg
-ate gta gaa gcg ate gag gac gtg 528 ate gag tga 536
<PikObysS AR Al ThoOR! aThéws Apndéa ilsgdeu pla Glodis Arg Gly
515 520 525 '
Pro Leu Pro Ala Asp Gly Ile Thr Thr Thr Ala Asp Thr Gly Gln Glu
530 535 540
Thr Gly Giu Glu Ser Pro Tyr Ala Arg His Ala Phe Gly Ala His Phe
545 _ 950 655 560
| ~ Ala Glu Thr Ala Val Asp Ala Val Thr Gly Glu Val Arg Val Arg Arg
;, 865 ~ 570 575
Leu Leu Gly Val Tyr Ala Ala Gly Arg Ile Leu Asn Glu Arg Thr Ala
580 585 590
Arg Ser Gln Phe Thr Gly Gly Met Val Met Gly Ile Gly Met Ala Leu
o 595 600 _ 605
Thr Glu Gly Cys Gly Ile Asp Pro Gly Phe Gly Asp Phe Thr Als Lys
610 615 620
Asp Leu Ala Ser Tyr His Val Pro Val Cys Ala Asp Thr Ala Asp Ile
625 : 630 635 640
Gln Ala His Trp Ile Glu Glu Asp Asp Arg His Leu Asn Pro Met Gly
L 645 650 655
. ' ~ Ser Lys Gly Ile Gly Glu Ile Gly Ile ?al Gly Thr Ala Ala Ala Ile
| 660 665 670
- Gly Asn Ala Val Arg His Ala Thr Gly Ala Arg Leu Arg Glu Leun Pro

675 630 | 685

—_______—_‘




t he docunent! J P2004001577 / 2004-072281 2/2 Date:
Aug 26, 2004 Recipient: IBf Address: Bureau
international de I'OWIl 34, chem n des Col onbettes
QNAYL0T22811211 CH WD 2004/ 072281 PCT/ JP2004/ OBIBIPI004/001577
9/ 57 <212> DNA <213> Streptonyces sp. KNK269 <223>
DNA sequence of subunit beta of al dehyde oxi dase
<400> 5 gtg aaa ccg He ggc t&¥5ftg ege cec gee tee ccc
gac gag get gtc 48 cgg etc tgc gcg gaa ggc tee ggc
gee cgc ttc ctg ggc ggc gge ace 96 aat etg gtg gac
ctizualier ¥8E ABHCTHFIC gt C gag gcg ccc egg gtc etc 144
ate gac gte gca ggg ett ceg ctg gac egg gtg ace egg —
acg g&%) gac 192 ggc ggc etc gee ate ggc gee ace gtg
cgc aac agc gac etc gee gee 240 cac ccc gac gtg aeg 5
.gac. egg .tac ccc.gtg.ctg tee cag.gcg.ctg.ctg.288.  gee : :
ggg gee tee ggt cag etc cgc aac tee gee ace ace ggc
gge aac 336 ctg etc cag cge ace egg tgc cgc tae He
cenpyar gte tee aag ccc 384 tgc aac aaa egg ctt ccc
gge tee ggc tgc ccc gca cgc gac gge act 432 cac cge
gl 1ptE36geg ate etc ggg cac teg ccg gag tgc gtg gee
ace 480 aac ccg tee gac atg gee gtg gee etc gee gcg
4 baﬂNAgcg ace gtg 528 gtg ctg ctg ggg ccc gag ggc
g te ccg ace gag He 576 <cac egg ttg
@@383§ %@ é%chgégcag gac ace geg ate agg ace
624 ggc gag ctg ate ace gag gtg gtg etg ccg ccg ceg
gcg ccc ggg gcg 672 gee ace cgc tae cgc aag gee cgc
Oc23> DNAGSueae bP s it t Sande %/ 2Mehyde oxidase

<400> 4
gaa cac tcc acc gig acc cig aac gic aac ggc gac ceg acg acg ctg . 48
acc gic gac cac cge acc acg gic cig gag acg ctg cge gag age tte 96
geg cte ace g8g gcc aag aag gge tge gac cac ggc cag igc ggg gcc 144
tge acg gic cic gic gac ggg cgg cgg gic aac age itge cig cig cic 192
- gce gic gee cag gac gge gee acg atc ace acc gig gaa ggg cie gee 240
gac ggc gag gac cig cac ccg gfg_cag cgg geg tte gic gag cge gac 288
gee cic cag tge gge ttc tge acc ccg gge cag ate ige teg gee gig 336
gsc atglctc cgc gag gcc.gcg gac gge cac ccc teg cac gic ace gga 384
CCg gac acc get gee gga ccg gac gec get acc gga ccg gec ggg oce 432
gtc gea ctc gac geg gac gag ate cgg gaa cge atg age ggc aac ate - 480
tic cgg tge ggg gee tat cat cgg ate gta gaa geg ate gag gac gig 528
atc gag tga | | 536 o
210> 5
<211> 1002
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cge gtc gag 768 <cac gee ace etc gcg tte gge ggc gtc
gee cac egg ccg tgg egg gee 816 cgc agg gee gag gee
gag ctg cgc ggc gee ccg gee aeg ccc gee gtg 864 He
cag cac gee ctg ate gee gaa ctg gee gag gcg ega ceg
etg cgc 912 gac aac gtc He aag gtg gac etc gee cgc
egg etc gee etc gac gtg 960 etc gge gaa etc ace gag

ect/ 1p2p IG5, @?eg ‘%& ot P“%l;r%’of%‘igi

etc gtc tee gte gee gee acg etc egg gtc gac gee ggc |

\ DNA <213> Streptto NK269 <223> DNA sequence
& of subunit al pha of aldehyde oxi dase <400> 6 atg ace I
- ace ega gee ceg cag He ccc ggt gcg ccc gte gtc cgc aga
1 48 gag gee cgg gac aE§ gtc ace ggc ace gee cgc tac
U ..gee._gee .gac..cg ' : . etc.tac.gee...................J._.
tgg ace gtc c @@mgnﬁe gga cgc gte

ace gee gta egg gee gtc gac get etc gee gtc ccc 192
gge gte cac ace gtc etc ace cac gac aac gcg ccc gaa
etc egg gag 240 <ccc gac gac ccg ate etc gee gtg etc
cag gac gac egg gtc ccg cac 288 cac ggc tgg ccc ate.
gee etc gtg ate gcg gag tee ceg gag gee gee 336 eqg
aca ggg gee ggg gag etc cac gtc gaa tac gca cgc gac
gag cac 384 gac gtg ace etc ace gaa gac cat ccg.ggt
etc tac acg ccc gag gag 432 gee aac gge ggt gag ccc
gee gtc egg gtg cgc gge gac gtg gaa egg 480 gee ctg
gcg gee tcg ccc gtb cag gte gae gee act tac egg atg
gte 528 gcg céi cac aac cac ccc atg gaa ccg cac ge
g

4P2004001577°12004-072281

agt ctg gee cag gcg tte gga ctg geg geg gac egg ate

2/2

Date: Aug 26, 2004

-

Recipient: IB

Address: Bureau internationel de I’OMP! 34, chemin des Colombettes Geneve 20 1211 CH




ace gtg gte tee gag cac gtc ggc ggc ggc He gge tcg aag
ggc ace 720 ace cgc ccc cag gga gte ctg gcg gcg atg
gee gee cag cac ace ggg 768 egg ccg gtg aag ctg gig
WO 00488288gc gee cag ctg gee gag gtc gte 816 PCHFR208HW1STT
cgc gcc ccc ace ate cag cga gte agg etc ggc gcg gac
ctg 864 gac ggg gtg etc ace gcg gte age cac gag gtc
gtc ace cag ace tee 912 WO B4/ 072281

PCT/ JP2004/ 001577 11157 ace gig aag gag tic gte gag
cag gee gee gig ecc gee cgc gtc atg 960 tac gcc teg
€L95CHR adc egg ace gcg cac egg gig ace gee etc gac
1008 gteccc age ccc teetgg atg cgc geeccgggggag gee
{HS> o%ig eptpydddo>6p. KHE269ee ctg gag tee gee atg gac gig
ctg gac tee gca etc ggc ctg 1104 gac ccc gtc gag ctg
.egg. etc cgc aae gaa ccg.gag. ace gaa ccg gac 1152 .age.

ccc tic e a ee tgt ctg
%%& i%@ncegﬁg%é‘%‘ﬂgeﬁquggplallg hé[&% b‘gﬂ S€ag gac cgc
gac ccc egg ccc gca gee 1248 «cgc cag gaa ggc cgc tgg
etc ate ggt aeg ggc gig gee tcg gcg ace 1296 tac ccc
gip>ej c etc tee egg tee ace gcg age gee cac gee ace
egg 1344 gac ggt gac ctg age ate gee gte aac gee ace
gtraaa ecggdcagee byoglBeBe (geescegiccacer gie gaggEcdegiccag 48
ate gee gee gac gig etc ggc gte gee 1440 ccg gag gee
esggcg 4861282 B &8Ce 1oy €8t S8C B8 gt&cct& §5¢ EEC BE ke 96

e T Iy
8026018 R 408 OAYcERR 1LY AT dhBdcc o8 a%&ggc@%acgee 192

gac ggg ate ace ace acc gee gac ace gga cag gag

mg@fgmtg@ch geEegor@get @iggmme egygagagagedctges gg:c 240
cac tte 1680 ag .aeg gee gte gac geet%tc acg

wcc@caga@gégc@g %&Cac%gafcgﬁc Etggcietec 8a% L8 ¢ig ac 288
t t 7

B e 5ot ! B o Bt Saf Bog MR i S Ry gttty See 398

@igccﬂ-@%ﬁg C%E“ac%a@gggggcg%:ge 199Ct 1Rt LagdBke ©%9 199Cade €cc09IC 384

gac tic ace gee aag gac etc gée tee tac cac gig

‘.

(/L]

tercagl @al ggggHe gacgecdegeEcoEe edeegdd28e gac gee act 432

cac cge gac cle geg ate ctc geg cac teg ceg gag ige gig gee ace 480

aac ccg tec gac atg gee gig gee cic gee geg cie gac geg ace gig 528

gig ctg cig ggg ccc gag gec gaa cgg gee gic ceg cic ace gag ite 576

cac cgg tig ccg geg gag aac ccc gac cag gac acc geg atc agg ace 624

~ g8c gag cig atc acc gag gig gig cig ccg ceg ccg geg cce ggg gCg 672

| gec acc cge tac cge aag gee cge gac cge gec age tte gee tic geg 720

cic gtc tce gte gee gee acg cic cgg gie gac gee gge cec gic gag 768

cac gee acc cte ged tte gegc gge gic gee cac égg ccg tgg cgg gce 816

; cgc agg gcc gag gee gag cig cge gge gee ceg gee acg cce gee gig 864
ttc cag cac gee ctg atc gec gaa cig gee gag geg cga ceg ctg cge 912

‘ gac aac gic tic aag gtg gac cte gee cge cgg cte gee cic gac gig 960

cic ggc gaa cic acc gag cgg caa ccc acc cgg acc gege tga 1002




cag gcg cac tgg ate gag gag gac gac cgc cac etc aac
ceg atg gge 1968 age aag gge ate gge gag ate ggg ate

tc gge ace gee gcc gee att 2016 ggc aac gcg gtc cgc

@ 2¢8723e ggc gee egg ctg cgc 2055 <210> 7PGI2IPL004/001577
1115 WO 2004/ 072281 PCT/ JP2004/ 001577 12/57 <212>
PRT <213> M crobacteriumsp. KNKO 1 <223> am no acid
sequence of al dehyde oxi dase 188t ai ni ng si gnal peptide
<400> 7 Met Pro Val Pro Ala Val Len Ser Ay Pro Arg
Arg Arg Ser Thr Arg 1 5 10 15 Val Ala Arg Thr Leu
Ala Ala Gy Len Leu Gy Ay Ala Len Val Ala 20 25 30 .
Thr Ay Alalle Len Pro Ala Ay Ala Ala Val Ala Pro ‘
A(H0Vaé Asn 35 40 45 Thr Pro Ala Asp Leu Pro Lys G n
G@ gro Gy val Thr Len Arg Thr 50 55 60 Tyr Ser Thr
Pf Iprddpen Thr -G n Len Cys Thr Len Lys Ser. Ay Gn .
6?“5 80 Thr Pro Asn Val Asp Lys Leu Met Set Thr
I e rp-Arg Thr Asp 85 90 95 Gn Gn Phe Ay Ala

QM3f‘SS’fr fonk e H's Ala Leu Ala Asn 100 105
110 Leu %r H@a‘% gér rﬁgPro Gy Gn Tyr Ala Phe Arg
Leu Thr Ser Asp 115 120 125 Asp Gy Ser Arg Leu Thr

Lgu AS}_P @y Thr Gn Leu Ile Asp Asn Asp
223> DNA sequence of subunit alpha of aldehyde oxidase

<400> 6

atg acc acc cga gee ceg cag tte cce get geg cee gie gic cge aga 48

£8g gCC Cgg gac aag gic acc gsc acc gec cgé tac gec gee gac cge 96

acg ccc gee gge tge cic tac gee tgg ace gic ceg gee gee gie gcc 144

gcc gga cge gic acc gee gia cgg gee gic gac get cte gee gie cee 192

ggc gic cac ace gic cic acc cac gac aac geg cec gaa cie cgg gag 240

cCC gac gab ccg atc cte gee gtg cic cag gac gac cgg gic ccg cac 288

cac gec tgg cce atc gee c¢ic gig atc geg gag tee ceg gag gee goc 336

Cgg aca geg gcc ggg gag cte cac gic gaa tac gea csc gac gag cac 384

gac gig acc cic acc gaa gac cat ccg.ggt cic tac acg ccc gag gag 432

gee aac gge gt gag ccc gee gte ceg gig cgc gac gac gig gaa cgg 480

gee ctg geg gee feg cee gic cag gte gac gee act tac cgg atg gtc 028

geg clg cac aac cac ccc 2ig gaa ccg cac gCC gec ace geg gig ceg 976

gce gac ggg cac ctc acc gic cac gac icc age cag gge fce ace aag - 624

gtc cge gag agt cig gee cag geg tic gga cig geg geg gac cegg atce 672

acc gtg gte tee gag cac gic gec gec gec tie gge tcg aag gge ace 720 ¥
acc cge ccc cag gga gic cig geg geg atg gee gee cag cac ace ggg 768

cgg ccg gig aag ctg gig tic cce cge gec cag cig gee gag gic gic 316 ’
ggC cac cge gee cce ace atc cag cga gic agg ctc gge geg gac cig 864

gac gegg gig cic acc geg gic age cac gag gte gic ace cag ace fce 912



130 135 140 Gy Leu Hs Ay Ala Gn Ser Val Gn dy

Thr Val Thr Leu Asp Val 145 150 155 160 dvy Val His
Asp Len Phe Val G n Met Phe Qu Ala Thr Asn Ay Gn '
W@ 2001728175 WO 2004/ 072281 PCT/ JP2004/ 00157 PCTABEBF001577
Gn Leu Thr Val Qu Trp Lys Val Pro Ay Ser Ser Ser

Phe Thr Val 180 185 190 1Ile Pro Asn Ser Val Len

SerThr GuAla @yval Val Argi¥gd Thr 195 200 205 Al a
Pro Ay Thr Lys Tyr Cys Au @y Ser Thr Asp Ser Ala

Gy Asp 210 215 220 Gy Leu Arg Leu Asp Ala Val Asa

T u 2 Ar
ool ieie s ARelftad§ b AR Py s
mugc@ Yc;?%g&ﬁ@ &eScgghset @gf cédsekegtghher Yed ctewadhr 1008
Thr dy Ser Val Asn Ser Ay Ay 260 265 270 Trp Asp
giler cBergcTloce Pco  Heyalsysgovate ph@ | gageacwsc @ggf aAga . 1056
An 275 280 285 Ala Ala Asp
\R| €0%af 183888 Alcs 80CaaiE JaccRig 568 %@5{@0@& L% gﬁ%lff%\s " 104

oSk Sl 5 AP ke U B AR W DL, 1

r T Y 2P 326 #80gck3%gi Se# clyrgal U 1200
% 8 ygg%rrégcftag %c i gg%%c Tyr gElgr%ogSergGI yglf:\gn y Asn

gge geg gee cgg fic gge tgg cag gac Cgc gac ccc cgg cce gea goe 1248

J-

cgc cag gaa gec-cge tge cic atc get acg gge gig gee icg geg acc 1296
tac_ccc gtec cic cic tee cgg fcc acc gcg age gec cac gec acce Cgg 1344
gac ggf gac ctg age atc gee gic aac gec acc gac atc gge acc ggg 1392

| gee cge ace gic ctg gee cag aic gee gee gac gig cic gge gic gee 1440
ccg gag gec ctg cge gte gac atc gge tec acc gac c¢ig ccc gee gee 1488
ccg clg gee gga ggc tcc tcc gge acc'gcc tce tgg'ggc tgg tee gig 1536
cac aag geg geg ace gee cig gee gee cge cic geg gag cac cgg gsc 1584
cce ctg cec gee gac ggg atc acc acc acc gec gac acc gga cag gag 1632
acc ggc gag gag tce ceg tac gee cgg cac gee tte gge geg cac tic 1680
gee gag acg gee gte gac gee gie acg ggc gag gig cge gia cge cge 1728
~cte cte gge gig tac gee gee geg cgg atc cic aac gag cge acc gea 1776
cge tcc cag tic acc ggt gec atg gig alg gge ate ggc aig gee ctc 1824
acc gag gec tge gge atc gac ceg ggc tic gge gac ttc acc gee aag 1872
gac ctc gee tee tac cac gig cee gte tge gee gac acg-gcc'gac ate 1920
cag gcg cac tgg atc gag gag gac gac cge cac cic aac ccg atg gsc 1968
age 2ag gec atc gge gag atc ggg atc gte gge acc gee gee gee att 2016
@ - gge aac geg gic cgce cac'gcc acec gge gec cge cig cge 2055

Q10> 7
<211> 11156




340 345 350 Phe H's Gu Phe Ala Phe Ay Leu Ile His
‘Asp G u Lys Asn Phe Tyr 355 360 365 Val Asn Leu Ser
Val Ala lle Asp Asn Ay Ay Ala Thr Thr Asn Pro 370
WE2We07228 n Pro Ala Lys Asn Arg Ay Thr Ser PEIIIPL0P&001577
Ile Asp Arg Ala Thr 385 390 395 400 WD 2004/ 072281 |
PCT/ JP2004/ 001577 14/57 Ay Ala I'le Ser Tyr Val Al a
Ay Ay Leu Arg Thr Pro Asn @/87 val 405 410 . 415

Al aPhe dyPro u AsnG n Len Phe Ala Met Asp Asn G I |

G yAla 420 425 430 Trp Leu Pro Ala Asn Lys Leu Val
AgnayalptLys G n Asp Arg Phe Phe 435 440 445 Asn His
Tyr Thr Asn Pro Ala Gy Pro The Asp G n Asn Pro Val

T3> 460robabic46on sAl FNRODL Val Val Trp Ile Pro Gn Asn
GQulle Gy Asn Ser Pro Ser 465 470 475 480 Thr Pro
lle Mt Leu Lys Asp Gy Pro Phe Ala Gy.Gn. Mt Mt..

Ao i o (€ gewiente 3Py dsopr e Sabtsiafoecs Jma et 1de
Phe G n Gy Ala Val Phe Arg Hs Ser Ala Ay Phe Gn
515 520 525 Val dy Val Asn Arg Val Ile AQu Ay Pro
AspoYhr Ser Leu Tyr Ile 530 535 540 Gy Ay Thr Ay
Gn dy Ay Asn Trp Gy Gn Ala Ay Lys Leu Thr

Met Pro Val Pro Ala Val Leu Ser Gly Pro Arg Arg Arg Ser Thr Arg
1 5 | 10 15

Val Ala Arg Thr Leu Ala Ala Gly Leu Leu Gly Gly Ala Leu Val Ala

20 25 30
Thr Gly Ala Ile Leu Pro Ala Gly Ala Ala Val Ala Pro Ala Val Asn
35 40 | 4
Thr Pro Ala Asp Leu Pro Lys Gln Glu Pro Gly Val Thr Leu Arg Thr
00 55 60
Tyr Ser Thr Pro Pro Leu Thr Glu.Leu Cys Thr Leu Lys Ser Gly Gla
65 70 75 80
Thr Pro Asn Val Asp Lys Leu Met Ser Thr Ile Asp Trp Arg Thr Asp
85 90 95
Glu Gln Phe Gly Ala Gly Asp Asn Phe Ile Thr His Alz Leu Ala Asn
100 | 105 110
Leu Thr Val Ser Thr Pro Gly Gln Tyr Ala Phe Arg Leu Thr Ser Asp
115 ' 120 _ 125
Asp Gly Ser Arg Leu Thr Leu Asp Gly Thr Gln Leu Ile Asp Asn Asp
130 135 140

Gly Leu His Gly Ala Glu Ser Val Glu Gly Thr Val Thr Leu Asp Val

145 150 155 160

Gly Val His Asp Leu Phe Val Glu Met Phe Glu Ala Thr Asn Gly Gln

165 170 175



545 550 555 560 Tyr Gy Leu Gn Lys Leu Val Pro Asn
Thr Thr G n Asn Ala Phe Asp 565 570 575 Met Lys Ser
Met Lys Val Val Gn Ay Ay Phe Gn Ile Gn Tyr Thr
VEBD0E8R2690 G n Pro Len Ser Asp G u Thr Len PETAPR4001577
Leu Ala Ser Ala Tyr Arg 595 600 605 Ala Au Gn Trp
Arg Tyr Leu Pro Thr Ser Thr Tyr Ay Ay Pro Lys 610
615 620 WO 2004/ 072281 PCT/ 132004/ 001577 15/57 Val

Asp Qu Qu Ile Lea Ser Lea Thr Gy Ala Thr Al a Ser

Ala Asp 625 630 635 640 Arg Lys Thr Val Thr Val Ser

pPfd, Y v 1€ I S5Th{V: H s
OO AR GR LRI Bf Yab EYQELFReE S5y SRSl R
Thr 660 66§y 670 Lou Trp Segs Thr Gu Ala Trgg Tyr Thr
Lea Asn Ser Leu Pro Ay Tyr 675 680 685 Val Ser Pro
_Alla PaspAsE BerGVyl Tep SeyrThE GluAkks Gly Vel Wahl ArgaVyl Tbu
690 695 700 IIeGIyGIé/AIaLys Phe Asp Ala GQu His
Ser A yl%yr ser Ay A a%0l7o5 710 715 7285 Gy Phe Al a

WX tratutiSinr U T xS She WP SSRIF O M

Val Sgr Val Arg Tyr opgr 740 745 75Q9fsn Gy Pro Asn
Pro a Pro Ay Ser Lys Asp Val Asn Lea Tyr Val

Gly Leu Arg Leu Asp Ala Val Asn Pro Asn Tyr Thr Leu Val Asn Leu

225 230 235 240

Arg Pro Giu Gly Phe Thr Pro Lys Val Ser Gly Leu Ala Phe Leu Gly

245 250 255
Asn Gly Asp Leu Ala Val Leu Thr Thr Gly Ser Val Asn Ser Gly Gly
260 - 265 270
Trp Asp Thr Ser Thr Pro Gly Lys Val Phe Val Leu Lys Gly Ala Gln
275 280 285 _

Ala Ala Asp Gly Pro Glu Asp Val Thr Val Val Giu Ala Ala Gly Gly
290 295 300

Leu Leu Asn Pro Met Gly Ile Asp Val Ile Asp Asp Lys Ile Tyr Val

305 310 315 320

Ser Glu Arg Tyr Gln Leu Thr Glu Leu Ser Asp Thr Asn Gly Asp Gly

' 325 330 335

Ser Tyr Glu Thr Lys Arg Lys Val Ala Glu Tyr Pro Ser Gly Asn Asn
| 340 - 345 350

Phe His Glu Phe Ala Phe Gly Leu Ile His Asp Glu Lys Asn Phe Tyr

355 360 | 365

Val Asn Leu Ser Val Ala Ile Asp Asn Gly Gly Ala Thr Thr Asn Pro

370 375 380

~ Gln Pro Ala Lys Asn Arg Gly Thr Ser Val Lys Ile Asp Arg Ala Thr
385 390 395 | 400




755 760 765 Asn Gy Gn Asn Lea Gy Lys Trp Asp Phe

Ala Ser Thr Ay Asp Trp 770 775 780 Lys Thr Trp Al a

Thr Ile Thr Arg Asp Met Pro Leu Val Ala Gy Thr 785
PO020pP672830 Asn Thr Ile Ala Leu Lys Tyr G u POTIPEH0Y/001577
Asn Lys Ay Asn Ile Asa 805 810 815 Val Asp Val Lea

Ser Ile Gy Thr Ala Asp Ile Cys Ala Pro Ser Gn 820

825 830 Val Gu Asp Ay Tyr Wg7Pro Leu Phe Asp Ay

Thr Lea G u Ser Leu 835 840 845 WD 2004/ 072281
PCT/JP2004/ 001577 16/57 Asn Ala Ay Trp Arg Met Ala

g 5
e s dycts Y el ﬂwﬁ‘é ﬁ?ﬁfﬁ&f@f’v W
Lys 865 870 8%h; 880 Al a GI n q‘;ll Leu Asn G u Iyg‘ Ser
Leu Lys Leu Asp Trp Lys Leu lle 885 890 895 Ala Asp
HiAda Ahe ©yy P ¢lvasn e Déal Pi@ wlPMet Psp AsapGir 61 wda
Asn 900 905 910 Asp Pro Trp Ile Ala Val Asn Gn Ay
Tyr Gu lleddn I1e Asp Al ad2015 920 925 S0 Asp Al a

6330838 Balagl E@ﬁ&?ﬁ fadadn,Falflys b AR At Bp e ete

Lys Pro Ay Gn Trp 4945 950 955 960445Asn Al a Tyr
GQu lle Val val Lys Gy nThrIIeLysﬁePheLeu

Asn His Tyr Thr Asn Pro Ala Gly Pro Phe Asp Gln Asn Pro Val Thr
450 | 155 460

Ala Pro Val Val Trp Ile Pro Gln Asn Glu Ile Gly Asm Ser Pro Ser

465 470 475 : 480

Thr Pro Ile Met Leu Lys Asp Gly Pro Phe Ala Gly Gln Met Met Phe

485 490 ' 495
Gly Asp Val Thr Tyr Gly Gly Leu Gln Arg Ala Phe Leu Glu Lys Val
000 505 510
Asp Gly Glu Phe Gln Gly Ala Val Phe Arg His Ser Ala Gly Phe Glu
515 520 525

'Val Gly Val Asn Arg Val Ile Glu Gly Pro Asp Thr Ser Leu Tyr Ile
530 535 540

Gly Gly Thr Gly Giu Gly Gly Asn Trp Gly Glu Ala Gly Lys Leu Thr

545 550 555 560

Tyr Gly Leu GIn Lys Leu Val Pro Asn Thr Thr Gin Asn Ala Phe Asp

565 | 570 575
Met Lys Ser Met Lys Vil Val Glu Gly Gly Phe Glu Ile Glu Tyr Thr
| 580 585 590

Gin Pro Leu Ser Asp Glu Thr Leu Ala Asn Leu Ala Ser Ala Tyr Arg

505 | 600 605 |

| Ala Glu Gln Trp Arg Tyr Leu Pro- Thr Ser Thr Tyr Gly Gly Pro Lys
610 615 620



965 970 975 Asn Gy Thr Leu Val Asn Asp Phe Thr Ser

Thr Asp Pro Ala Arg Asp 980 985 990 Leu Ser Gn dvy
Phe Ile Gy Leu dn Asn Hs Ay Gy Ay Qu Ala 995
wWIOBO&/aRBD Val Ser Tyr Arg Asn Val Arg Val PBEE/IROp/QONE7
Asp Qu Pro Ala Pro 1010 1015 1020 Leu Ala Val Thr

Ala Ser Ala Qu Val Lys Cys Leu Ala Lys Lys Ala 1025
1030 1035 1040 Ser Val Thr1®pa& Arg Ala Thr Asn Thr

Asp Thr Val Pro Val Asp Val 1045 1050 1055 Thr Leu

Thr Thr Ala Trp Gy GQu Arg Val Ile Pro Ala Val Gn

' /
84000 96)3054, 40 B0 40 TR AP SRAISOYY T

A% Ser Val Pro 68075 1080 1085 @hkady d uAl a THgVal
Thr Ala Thrdy Arg Thr Ay Gly 1090 1095 1100
hlg fovs Thy Hakur TaT SeraPie A% gy Jen TassCha §1y B1odei110
1115 <210> 8 211> 1069 <21§ PRT <213>

M crobact eri urfit p. KNKO11l - < 58> ani no acid Q@auence

E@da%ﬁebﬁﬁr%’s'egg% @49% Pﬁ?/\‘él%# I'Ehng 68y AR ThEP
660 665 670
Leu Trp Ser Thr Glu Ala Trp Tyr Thr Leu Asn Ser Leu Pro Gly Tvr
675 680 685
Val Ser Pro Ala Asp Gln Gly Trp Tyr Glu Ala Glu Glu Ala Arg Leu
690 695 | 700
Ile Gly Gly Ala Lys Phe Asp Ala Glu His Ser Gly Tyr Ser Gly Ala
705 710 : 715 720
Gly Phe Ala Gly Gly Met Trp Gln Ala Gly Ser Ala Phe Glu Phe Thr
725 730 735
Val Asn Ala Glu Thr Ala Gly Thr Val Pro Val Ser Val Arg Tyr Ser
| 740 745 750
Asn Gly Pro Asn Pro Ala Pro Gly Ser Lys Asp Val Asn Leu Tyr Val
755 %0 165
- Asn Gly GIn Asn Leu Gly Lys Trp Asp Phe Ala Ser Thr Gly Asp TrD
770 | 775 780
Lys Thr Trp Ala Thr Ile Thr Arg Asp Met Pro Leu Val Ala Gly Thr
185 790 . 195 800
Asn Thr Ile Ala Leu Lys Tyr Glu Thr Gly Asn Lys Gly Asn Ile Asn
805 _ 810 815
Val Asp Val Leu Ser Ile Gly Thr Ala Asp Ile Cys Ala Pro Ser Gin
820 825 830
Val Glu Asp Gly Tyr Arg Pro Leu Phe Asp Gly Thr Leu Glu Ser Leu
835 840 845




1510 15 Arg Thr Tyr Ser Thr Pro Pro Leu Thr G u Leu
Cys Thr Leu Lys Ser 20 25 30 dy Gn Thr Pro Asn Val
Asp Lys Leu Met Ser Thr Ile Asp Trp Arg 35 40 45 Thr
A¥Q2@H07281n Phe Ay Ala Ay Asp Asn Phe || e TRCT/IHR2604/001577
Ala Leu 50 55 60 Ala Asn Len Thr Val Ser Thr Pro Qvy
Gn Tyr Ala The Arg Leu Thr 65 70 75 80 Ser Asp Asp
Ay Ser Arg Len Thr Leu Asp 837 Thr Gn Leu |Ile Asp 85
90 95 WD 20041072281 PCTI JP20041001577 18/57 Asn Asp
Gy Leu Hs Gy Ala Qu Ser. Val Au dy Thr Val Thr

' L
Lo ASCHIOR 0 S I 8yt SN 4
Leu T@®p Val GQu Trp Lgs§ Val Pro Ay B80 Ser Ser Phe
130 135 140 Thr Val Ile Pro Asn Ser Val Leu Ser Thr
GAsp Alva Sary [ \eaArav&ily Ay Glyaglvi¥et &4y LesolewArp Wby Lxsa
Ay Thr Lys Tyr. Cys Au Ay Ser_Thr Asp Ser Al
1685170 175 y AP Gy Leu Arg Be5, Asp Al a Val A2

e &) @%@LL%M@‘J Y@’g %fif??%é?%*gﬁ’ A8 B de i3

200 205 Leu GgysAsn Gy Asp Lggg Ala Val Leu TRgs Thr
Ay Ser Val Asn Ser
Ala Asp His Asn Gly Gly Val Phe Val Gly Phe Pro Asp Pro Lys Asn

| 900 - 905 910
Asp Pro Trp Ile Ala Val Asn Gln Gly Tyr 6lu Ile GIn Ile Asp Ala
815 920 925
Ser Asp Ala Ala Asp Arg Thr Thr Gly Ala lle Tyr Thf Phe Gln Gly
930 935 940

Ala Asp Ala Asp Ala Val Lys Ala Ser Leu Lys Pro Val Gly Gin Trp

945 950 955 960

Asn Ala Tyr Glu Ile Val Val Lys Gly Gln Thr Ile Lys Ile Phe Leu

| 965 970 975

Asn Gly Thr Leu Val Asn Asp Phe Thr Ser Thr Asp Pro Ala Arg Asp
980 985 990

Leu Ser Gln Gly Phe Ile Gly Leu Gln Asn His Gly Gly Gly Glu Ala

995 1000 _ 1005
Val.Ser Tyr Arg Asn Val Arg Val Lys Asp Ile Asp Glu Pro Ala Pro
1010 1015 1020

Leu Ala Val Thr Ala Ser Ala Glu Val Lys Cys Leu Ala Lys Lys Ala

1025 - . 1080 1035 1040

Ser Val Thr Ala Arg Ala Thr Asn Thr Asp Thr Val Pro Val Asp Val

1045 1056 10565

Thr Leu Thr Thr Ala Trp Gly Glu Arg Val Ile Pro Ala Val Gln Pro

1060 1065 1670



210 215 220 dy Gy Trp Asp Thr Ser Thr Pro Gy Lys
Val Phe Val Leu Lys Gy 225 230 235 240 Ala Gn Ala
Ala Asp Ay Pro Qu Asp Val Thr Val Val Au Ala Ala
wazsn855 dy Gy Leu Leu Asn Pro Met @ ypdniie2004/po1s77
Val 1le Asp Asp Lys Ile 260 265 270 Tyr Val Ser Qu
Arg Tyr G@n Lea Thr GQu Leu Ser Asp Thr Asn Gy 275
280 285 Asp Ay Ser Tyr AiW/dhr Lys Arg Lys Val Al a
GQu Tyr Pro Ser Ay 290 295 300 Asn Asn Phe Hs Qu
Phe Ala The Ay Leu Ile H's Asp Qu Lys Asn 305 310

%? Rar hﬂﬁl_%é@ st gfh]rpﬁ’%sé’%ﬁ@ as 3 Wl Phe

Thr Thig75325 330 335 fggp Pro G nPro /—\lmySAsnArg _
G yThr Set Val Lys Ile Asp Arg 340 345 350 Ala Thr
- Q@ly AyaGlul A1aSEhr Mgk Tal Alal Thickly &sy GlerAvgr GuThiy 6w
Asn 355 360 365 Ay Val Ala Phe G Ero Gn Asn du
LeullSBe Ala Met Aspll8&n G n 370 3780880 @y Ala Trp

n £ro n eu. Va Lys G n Asp Arg
é‘g% @é&@ggefﬁéﬂf lﬂéﬁe&lf\ﬁl&s&?ﬁf%g%r Thr Asn Pro Al a
' ggg Pro Phe Asp (Gijp Asn Pro 405 141§ 415 Val Thr Al a

ro Val Val Trp Ile Pro Gn Asn Qu Ile Ay Asn Ser

<210> 8

<211> 1063

<212> PRT

<213> Microbacterium sp. KNKO11

<223> amino acid sequence of aldehyde oxidase

<400> 8
- Yal Asn Thr Pro Ala Asp Leu Pro Lys Gln Glu Pro Gly Val Thr Leu
1 B : 10 15
Arg Thr Tyr Ser Thr Pro Pro Leu Thr Glu Leu Cys Thr Leu Lys Ser
_ 20 25 - 30
Gly Gln Thr Pro Asn Val Asp Lys Leu Met Ser Thr Ile Asp Trp Arg
35 40 45
 Thr Asp Glu Gin Phe Gly Ala Gly Asp Asn Phe Ile Thr His Ala Leu
50 55 60 |
Ala Asn Leu Thr Val Ser Thr Pro Gly Gla Tyr Ala Phe Arg Leu Thr
65 70 : 75 80
Ser Asp Asp Gly Ser Arg Leu Thr Leu Asp Gly Thr Gln Leu Ile Asp
85 850 : 95




420 425 430 Pro Ser Thr Pro Ile Met Leu Lys Asp Gy

Pro Phe Ala Ay G n Met 435 440 445 Met Phe Ay Asp
Val Thr Tyr Ay Gy Leu Gn Arg Ala Phe Len du 450
MX2008072281ys Val Asp Gy Gu Phe Gn Ay A a PAVIPHGE001577
Arg His Ser Ala Ay 465 470 475 480 Phe Qu Val Qy
Val Asn Arg Val Ile GQu Ay Pro Asp Thr Ser Leu 485

490 495 Tyr Ille Ay Ay Thrl8®% Au Ay Ay Asn Trp

Gy Gn Ala Ay Lys . 500 505 510 Leu Thr Tyr Gy Leu

G n Lys Len Val Pro Asn Thr.Thr G n Asn Ala 515 520

R LA R S S vl A

PCT/ JP2004/ OgpL577 20/ 57 TytpsThr G n Pro LeyjgSer Asp
A u Thr Leu Ala Asn Leu Ala Ser Ala 545 550 555 560
Tysp Ang HlivaVadl HisGAap Teep PhegValyGiu dat he Glw ABedhiidsn
TyrGIy(%Iy565570575 Pro Lys Val Asp. Qu Qu lle
Leu Ser Udu Thr @ y Al a W Aa ser 5801885 590 Ala

cohy 19 eoLban Sk Ol AVl e B el By

Gn BAp The Ala Ala Algg Ser Ay 610 6Ly 620 Asp Thr
~Leu Trp Ser Thr Gn Ala Trp Tyr Thr Leu Asn Ser Leu
Pbr Val Ile Pro Asn Ser Val Leu Ser Thr Glu Ala Gly Val Val Arg

145 150 155 160
Val Thr Ala Pro Gly Thr Lys Tyr Cys Glu Gly Ser Thr Asp Ser Ala
165 170 17%
Gly Asp Gly Leu Arg Leun Asp Ala Val Asn Pro Asn Tyr Thr Leu Val
180 ’ 185 190
Asn Leu Arg Pro Glu Gly Phe Thr Pro Lys Val Ser Gly Leu Ala Phe
195 200 205
Leu Gly Asn Gly Asp Leu Ala Val Leu Thr Thr Gly Ser Val Asn Ser
210 25 220
Gly Gly Trp Asp Thr Ser Thr Pro Gly Lys Val Phe Val Leu Lys Gly
225 230 235 240
Ala GIn Ala Ala Asp Gly Pro Glu Asp Val Thr Val Val Glu Ala Ala
. 245 250 255
Gly Gly Leu Leu Asn Pro Met Gily Ile Asp Val Ile Asp Asp Lys Ile
260 265 270
Tyr Val Ser_Glu'Arg Tyr Gla Leu Thr Glu Leu Ser Asp Thr Asn Gly
s 280 285

Asp Gly Ser Tyr Glu Thr Lys Arg Lys Val Ala Glu Tyr Pro Ser Gly
0 | 295 om0

Asn Asn Phe His Glu Phe Ala Phe Gly Leu Ile His Asp Glu Lys Asn
305 310 315 320



625 630 635 640 Gy Tyr Val Ser Pro Ala Asp Gn Gy

Trp Tyr Qu Ala Gu Qu Ala 645 650 655 Arg Leu lle
Gy Gy Ala Lys Phe Asp Ala Au H's Ser Gy Tyr Ser
wWab06632870 Gy Ala Ay Phe Ala Gy Ay Mt PCTFPIBI4M01S77
Ala Ay Ser Ala Phe Au 675 680 685 Phe Thr Val Asn
Ala Au Thr Ala Ay Thr Vval Pro Val Ser Val Arg 690
695 700 Tyr Ser Asn Gy Pruo/88n Pro Ala Pro Ay Ser
Lys Asp Val Asn Leu 705 710 715 720 Tyr Val Asn Gy
Gn An Leu Gy Lys Trp Asp Phe Ala Ser Thr Gy 725 730

0y r h t
B8 DT EE SRl B0 85 SRR MR T
Leu Lys Tyr GggsThr Gy Asn LggpG@y Asn 755 g 765
WO 2004/ 072281 PCT/ JP20041001577 21/ 57 Il e Asn Val
Asp Rl GledrSdia lLye ASnyArehGIyITar Aep ValelyGydlonAsp Brs
770 775 780 SerGn ValQu AspGI y TyrArg Pro Leu Phe
Asp GyThr 3¢&u G u 785 7984%95 800 Ser Légﬂ Asn Al a

8 B oRLA Aan Sel ey WISl A g Ry By
Met G ygken Len Trp 8285825 830 His LyggsAla G n G u
Len Asn u Tyr Ser Len Lys Leu Asp Trp Lys

Gly Val Ala Phe Gly Pro Glu Asn Glu Leu Phe Ala Met Asp Asn Gin
370 375 380

Gly Ala Trp Leu Pro Ala Asn Lys Leu Val Asn Val Lys GIn Asp Arg

385 390 395 400

-~ Phe Phe Asn His Tyr Thr Asn Pro Ala 6ly Pro Phe Asp Gln Asn Pro

405 410 415
Val Thr Ala Pro Val Val Trp Ile Pro Gln Asn Giu Ile Gly Asn Ser
420 425 430
Pro Ser Thr Pro Ile Met Leu Lys Asp Gly Pro Phe Ala Gly Gin Met
435 440 445
Met Phe Gly Asp Val Thr Tyr Gly Gly Leu 6ln Arg Ala Phe Leu Glu
450 455 . 460
Lys Val Asp Gly Glu Phe Gln Gly Ala Val Phe Arg His Ser Ala GIY
465 : 470 475 480
Phe Glu Val Gly Val Asn Arg Val Ile Glu Gly Pro Asp Thr Ser Leu
485 490 495
Tyr Ile Gly Gly Thr Gly Glu Gly Gly Ase Trp Gly Glu Ala Gly Lys
_ 500 505 510
Leu Thr Tyr Gly Leu Gln Lys Leu Val Pro Asn Thr Thr Gln Asn Ala
515 520 525
Phe Asp Met Lys Ser Met Lys Val Val Glu Gly Gly Phe Glu Ile Glu
530 635 540




835 840 845 Leu lle Ala Asp H's Asn Gy dvy Val Phe

Val Ay Phe Pro Asp Pro 850 855 860 Lys Asn Asp Pro
Trp Ile Ala Val Asn Gn Ay Tyr Qu lle @n Ile 865
0RH280 Asp Ala Ser Asp Ala Al a Asp Ar gPCHIPZPPH/601577
Gy Ala Ile Tyr Thr Phe 885 890 895 Gn Ay Ala Asp
Ala Asp Ala Val Lys Ala Ser Leu Lys Pro Val Ay 900
905 910 G n To Asn Ala Tyr G¥5T1e val val Lys Ay Gn
Thr 1le Lys Ile 915 920 925 Phe Leu Asn Gy Thr Leu
Val Asn Asp Phe Thr Ser Thr Asp Pro Ala 930 935 940
Aryr Aty EhuPfeleGSer Asy AlweTh ge@EiAlals [dunaRs JeHAda
Gy Ay Ay 945 950 955 960 G n Ala Val Ser Tyr Arg
Asﬁ\‘/ﬁVal Arg Val Ly80Asp Ile Asp GBEPro 965 970 9%

LR A% beloBin T Mot e dhedet i 1vr Sy 6y

PCT/ JP2004/ 001%57 22/ 57 Lys ALa, Ser Val Thr Aé?slArg
Ala Thr Asn Thr "Asp Thr Val Prg al , 995 1000'1005

AR var Vo SEIE I 036 Y R n gty AP A T B
Hi s Thr Pheb8thr Thr Arg Al ab% a Ser 1025 1910 1035
ig z? és\ylaéxggiy?mfillravﬁ yrh9 \}JalAlsgr -Il’-ltl]é 11\\s/|{:jol lGl;*r hfeuAII.ins ER{ G(lgvy
595 600 605
Arg Val Val His Leu Arg Ser Pro Gln Pro Phe Ala Ala Ala Ser Gly
610 615 620
Asp Thr Leu Trp Ser Thr Glu Ala Trp Tyr Thr Leu Asn Ser Leu Pro
625 630 635 - 640
Gly Tyr Val Ser Pro Ala Asp Gln Glﬁ Trp Tyr Glu Ala Glu Glu Ala
645 650 655
Arg Leu Ile Gly Gly Ala Lys Phe Asp Ala Glu His Ser Gly Tyr Ser
660 665 670
Gly Ala Gly Phe Ala Gly Gly Met Trp Gln Ala Gly Ser Ala Phe Glu
- B75 680 685
Phe Thr Val Asn Ala Glu Thr Ala Gly Thr Val Pro Val Ser Val Arg
- 690 695 700
Tyr Ser Asn Gly Pro Asn Pro Ala Pro Gly Ser Lys Asp Val Asn Leu
705 710 715 720
Tyr Val Asn Gly Gln Asn Leu Gly Lys Trp Asp Phe Ala Ser Thr Gly
o 25 730 735
Asp Trp Lys Thr Trp Ala Thr Ile Thr Arg Asp Met Pro Leu Val Ala
740 745 750
Gly Thr Asn Thr Ile Ala Leu Lys Tyr Glu Thr Gly Asn Lys Gly Asn
755 760 765



1045 1050 1055 dy dy Ala Thr Ala Ser Tyr Ala Al a
Lys Ser Cys @y 1060 1065 <210> 9 <211> 3348 <212>
DNA <213> M crobacterium sp. KNKO11l <223> DNA sequence
Vo 2084/8/BP81de oxi dase cont ai ni ng signal pepti ®ETIR00H001877
atg ccc gta ccc get gtc ttg tcc ggc ccc cgc egg cgc
age ace cgt 48 gte geg agg ace etc gcg gee ggt etc
ctgggc gga gca etc gtg gee ZHT7 aca gga gcg ate ctg ccc
gee ggt gcc gee gtc gee ccc gee gtc aac 144 ace ccg
gcg gac ctg ccc aag caa gaa ccg ggt gtg acg ctt cgc
qq@ AJsﬂZVatltEs‘b V?FL@&%Sgcﬂe‘?@@ ?ﬁxc AP AsPAYe Xy AGCPAFY
ctg aag tcg ggc ca 0 ac aac Qgte gac aag etc

atg'mog acg ate gac 7789 cgc ace gac72@8 gag cag ttc
gC geg ggc gac aac ttc ate aeg cac gee ctg gee aac

o 536 Glat WlaGlky 4sm Ghydyachyecko bet Phadsp &dvghe kawcbbyc. .

388 50 cag cro A ghc aac gac 488 Goa cto cactlba
360375k bty 300 M3 D B T el O

ctg tic gte gggs atg tic gag ggsy ace aac ggc cgpy 528
cag etc ace gtc gaa tgg aag gtc ccg ggc tee tcg age

tGln AsacAspt CysS36r [he crgddl vaGlu 6w Gy dleetE yalgm bee Tomg
geg ggt gtc gig cgc gtc ace 624 gee ccc ¢ acg aag
tac tgc ga@zoggc age ace ga#®dcc gcc ggc ga®Ue72  ggt

B8 Gl T S TS TRE TR Bhf

gge ctggggee tic etc ggcgsf68 aac ggc gafypetc gee gig
ctg ace ace ggc tcg gtc aac tee ggg gga 816

Leu Ile Ala Asp His Asn Gly Gly Val Phe Val Gly Phe Pro Asp Pro
850 855 360
Lys Asn Asp Pro Trp Ile Ala Val Asn Gln Gly Tyr Glu Ile Gla Ile
865 870 875 | 880
Asp Ala Ser Asp Ala Ala Asp Arg Thr Thr Gly'Ala Ile Tyr Thr Phe
885 890 895
Gln Gly Ala Asp Ala Asp Ala Val Lys Ala Ser Leu Lys Pro Val Gly
. 900 95 910
Gln Trp Asn Ala Tyr Glu Ile Val Val Lys Gly Gln Thr Ile Lys Ile
915 920 925
Phe Leu Asn Gly Thr Leu Val Asn Asp Phe Thr Ser Thr Asp Pro Ala
930 935 940
Arg Asp Leu Ser GIn Gly Phe Ile Gly Leu 6ln Asn His Gly Gly Gly
945 950 955 960
Glu Ala Val Ser Tyr Arg Asn Val Arg Val Lys Asp Ile Asp Glu Pro
| 1965 970 975
Ala Pro Leu Ala Val Thr Ala Ser Ala Glu Val Lys Cys Leu Ala Lys
980 985 990




tgg gac ace tcg ace ccc ggc aag gtc tic gig ctg aag
gge gee cag 864 (gcg gee gac gga ccc gag gac gte ace
gag gcg gee ggc ggt 912 <ctg ctg aac ccg atg

gtc
Q&Z%#/@n@%c gtc ate gac gac aag ate tac gtc IEO/IPLOYISTT

gag cgc tac cag etc acc gag etc age gac acg aac ggc
gac ggc 1008 tcg tac gag aeg aag cgc aag gtc gee gag
tac ccc teg gge aac aac 105622/6# cac gag tic gee tic
ggc ctg ate cac gac gag aag aac tic tac 1104 gtc aac
etc tcg gtc gcg ate gac aac gge ggg gcg ace ace aac
C%s%ﬁﬁﬁeﬁﬂi sy mggggmaagfé‘r Agh ’I‘ﬂ?cAsng?hlI Y81 96 vagd
ac cgc gee ‘ace tac gte gee

990 ggt 99@ €gg ace cccjp@r 99c 9'9 124300996 tic ggt
Ccc gag aac gaa etc tic geg atg gac aac cag ggt gee

128 Valgghrigu dhc Beohlmatrméty éle AggVaatlgPco ddg Vahg

gat f@ﬁ)tlc tic 1344 aac cac tac acg aac ccc gcg ggc
ccg gat cag aac Lo gtc acg 1392 O?Qet ccc gtc gig

acno SFEATFEENG A% BLS pEmERer fiF REafRde

afggsatg tic 1488 jgc gac gtc aceggac ggc ggc ct 01(ap9
cgc gee tic etc gag aag gig 1536 gac ggt gag tic cag

gdalduw i< Gly GlegdacHy VeleTedlgdhrtély 490 GlHpedg Thrc
ggc gtc aac cgc tc ate gag ggc ccc gac acg tcg ctg
tac ate 1632 ggc ace gga l§d& ggc ggc aac &@@ ggt

R E&%T@E%ﬂ Broi AlAddy BPnE 85e° 270 caa

tee atg aagggyc 9tc gag ggqogpa tic gag ate gag tac

ace 1776 cag ccc etc tee gac gag acg ctg gcg aac etc

gee tcg -gcg tac egg 1824 WD 2004/ 072281

PCT/ JP2004/ 001577 24/57 gee gag cag tgg cgc lac ctg
0ade tec ace tac ggc gga ccg aag 1872 gtc gac gag

g3869E§ tc teg etc ace ggc gcg acg gca tcc gee gac
6 aag aeggte acg gtc tca ttc gacggt ctg aag

qgﬂzgqm-cgc gte 1968 gtg cac ctg. cgc tcg ccg cag ccc
He gee gca gee agt ggc gac acg 2016 «ctg tgg age ace

093P ciedct @duaa®. NKOARC tcg ctg ceg ggc tac 2064

<223> DNA sequence of aldehyde oxidase containing signal peptide
<400> 9
atg ccc gia cec get gic tig tcc ggc.ccc cge cgg cge age acc cgt
~ gic geg age ace cte geg gee ggt cic ctg;ggc gga gea cic gig gee
aca gga geg ate ctg cce gee get gee gee gie gee cee gee gic aac
acc ccg geg gac ctg cce aag caa gaa ceg get gig acg ctt cge ace
tac tcc ace ccg ccé ctc acc gag cic tge acg cig asg tcg ggc cag
-acc ccg aac gic gac aag cic aig teg acg atc gac tgg cgc ace gac
gag cag ttc ggc ges gec gac aac itc ate écg cac gee ctg gee aac
ctc acc gie age acg ccc ggi cag tac gee ttc cge cig acg age gac
gac ggc ica cge cic acc cie gac gge acg cag cig atc gac aac gac

gea ctg cac gga geg gaa tce gie gag gee ace gic acg cic gac glg

48

96
144
192
240
288
336
384
432
430



gtc tcg ccg gee gac cag ggc tgg tac gag gee gag gag

gee cge ctg 2112 ate ggc ggc gee aag ttc gac gee gag
cac age ggt tac teg gga gee 2160 ggc ttc gee ggc ggc
VeQ Q00#/d1p28tag gee gga tcc gcg ttc gag tte acg ECAGB200¢/04f577
aac gee gag ace gcg ggc ace gtc ccc gtc teg gtg cgc

tat tcc 2256 aac ggc ccg aac ccc gcg ccc ggc tee aag
gac gtc aac etc tac gtc 23043/53ac ggt cag aac etc ggg
aag tgg gac ttc gee tcc acg ggc gac tgg 2352 aag ace
tgg gee acg ate acg egg gac atg ccg ctg gtc gee ggg

g8y g2el Qe gmCchceimite gad aGk ot iRagad @6c 430 ACELMWIaRaC 523
aag gge aac ate aac 2448 gtc gac gtc etg tcg ate gge

adp CgedcgRicatil tep it aicegetany tam (24 96c fdt cacgagtcgac 576
g e lac cgc ccg efc ttc gac gge aeg etc gag age ctg
38 50E aa Hpsosth E1G 85 def BAE EeGeR2igBEC GLE G5

BHIC cORGgl A0 g288 BECgARTaC le IR E&‘ga@é‘%?tg‘%ga&? 8@88 720
gdgag tcC C

gee gat cac aac ggc ggc gtc ttc gtc ccc g
egfgcemgangec 2id6accgess ey gtg o cat gacgcte @gte taacteaghcygc 768
tac égg ate cag ate gfc geg 2784 tee gac gee gee gat

e &ahCdCRC iRyt HR acq Aec A26 tecgtm@agydre ZRBBEagcy 816

Eﬁ%%é@é@é%ﬁ%@%ﬁ%ﬁgESatgﬁﬂtégés&agaé%%agécg?%%ggg 864
SRET ST HN TR LLel BICUE 1P 0 Q00 BRSL TG BT 2
cigge gpaat tecgadie gmealet gaccgyc ade ERCgNUEHAtc 440 HJ 960

cg 3024 gtg tcg tac cgc aac gte cgc gtc aag gac ate
'?ff&cgﬂggaﬁgfédgcgféé ¢leca@ogeE ¢t @ggcgacgleE atk ggedat eggcgee 1008

G0 8ol e 0 LOCECRE 0 BP0 Bt Sal e 1o
N e rie gt e Wi Al (HENE° 1100
gccadlk2tbe tgg@toemzaig gicoadd @t afzeasey e A6€ 236 cgIC 1152
gcc geg tee gtc ccc 3264 gcgggc gag gcgacg gtg. accgceg
@EctiFgEcY A8 Pt G&jceecercodes @lg MBl12ic gac cge gee ace 1200
ggg geg ate age tac gic gec gge ggt cig cgg ace cec aac gge gig - 1248
gce tic ggt cce gag aac gaa cte tic geg atg gac aac cag get goc 1296
tgg ctg cec geg aac aag cic gic aac gic aag cag gat cgc tic tic 1344
aac cac tac acg aac ccc geg gge ccg tic gat cag aac cce gic acg 1392
get cec gte gtg tgg ate ceg cag aaé_gag atc gge aac tcc ceg age 1440
acg ccc atc atg ctg aag gac ggt ccc ttc geg goa cag atg atg tic 1488
gec gac gic acc tac gge gge cig cag cgc gee tic cic gag aag gig 1536
gac ggi gag ttc cag gec geg gic tic cge cac tee geg gge tic gag 1584
gtc gec gic aac cge gic atc gag gge ccc gac acg ieg ctg fac atc 1632
gEC ggc acc gga gaa ggc gEc aac igg get gag geg gge aag cic aca 1680
tac ggc ctg cag aag cic gic ccg aac acc acg cag aac gec tic gac 1728
atg aaa fcc atg aag'gté gic gag ggc'gga-ttc gag atc gag tac acc 1776

cag ccc cfc tcc gac gag acg ctg geg aac cic gee teg geg tac cgg 1824

| §ceere 624 L.
S8, cC0Reb R 2R Bt oo, BRE b0 08 Gkl iEE Rl el o




&85 WGt ELRELY

gcc acg gcc tcg tac gea gcc aag age tge ggc tga 3348

<210> 10 <211> 3210 <212> DNA <213> M crobacterium
3@6 KNKOL1 <223> DNA sequence of al dehyde oxi dase

4TIt ¢ aac ace ccg gcg gac ctg ccc aag RETHPYA001STT

ccg ggt gtg acg ett 48 cgc ace tae tee ace ccg ccc:
etc ace gag etc tgc acg ctg aag tcg 96 ggc cag ace
ccg aac gtc gac aag etc atg 4 acg ate gac tgg egc
144 ace gac gag cag ttc gge gcg ggc gac aac ttc ate
acg cac gcc ctg 192 .gcc aac etc ace gtc age acg ccc
@6t SadcdP el taf 8CcE! Bcc?Gle 460 taR08cI36 98€ a88C
tea cgc etc ace etc gac ggc aeg cag ctg ate gac 28
#IAC gaceypeagage cdc iggac igcgcmasc geg wecemadcmyger Fae

te aeg etc 336 ac gtg gga gtc cac gac ctg ttc gte
3 cggc déa gtacc.gasagt §48 BECABagEeCLEC 32@ ..

B o[0Tl 58 GRr i s GloaycBgste ofE
Sl fcadt o B8 REVACRTRE 300 AEAEI0N Pl B F

@dt igeccq@l gcagec ©ag gaacidmacan@le @t Dkdede/ e 38€ cCi O
cgc ccc gag ggc ttc ace ccc aag gtg tcg ggc ctg gcc
1@

¢ SERAZECeEC gaR tamcZagogregaas ea age eyt taceteg ge% gace
t t t 672 WD 2004/ Q72281
RS 1Bkt fit 86 ATE JGR SRRy G 1 E0RakticaBRE 1 188
720
GRE ALt JhE gL ARl A (EeeR 190 0E°

408 ge00e0haC COE g8z ARE ARIBEDABE gat @GaCaac cic tac gic
gt cat egacgacaag ate 816 tac gte Leg gag cgc tae cag

Q8¢ sEdecagagacctc @ge ggciggegamatc goe ®64acgyaec goe igeg
tae gag, acqg aag cgc aa te gee gag tac ccc tc C
3§48 a%cgtgg gcc agg a%c acggcggg gacg atg %cg cig gic gee g g%%g

 aac ace atc geg cig aag tac gag acg gec aac aag gec aac afc aac

gic gac gic ctg teg ate ggc ace gee gac atc ige goc ccg teg cag
gtc gag gac gge tac cge ceg cte tte gac ggc acg cic gag age cig
aac gee ggg igg cge atg goc gec cce goc gge tic ggt cga cag aac
gac tge age atc cge gge gaa gge gge atg gge cig cic tgg cac aag
geg cag gag cig aac gag fac age ctc aag ctg gac tgg aag cic atc
gee gat cac aac gge gge gic tic gte ggg tic cce gac ceg aag aac
gac ccg tgg atc geg gic aac cag gge tac gag atc cag atc gac geg
tcc gac gee gee gat cge ace ace ggt geg aic tac.acc ttc cag ggt
geg gat gee gac geg gig aag gee fcg cic aag ccc gic ggt cag tgg
aac geg tac gag aic gitc gtg aag ggg cag acc atc aag ate tfc cic
aac ggc acg cig gtg aac gac tfc acc age acc gat ccc get cge gac
cic teg cag gge tie atc gse cig cag aac cac gec ggt ggg gag geg
gig tcg fac cge aac gic cge gic aag gac ate gac gag ccg gee cec
cte geg gtg ace gee teg gee gag gtc éag tge ctg gee aag aag geg
tcg gitg acg gee cge geg ace aac acc gac acg gig ceg gic gac gig

1872
1920
1968
2016
2064
2112
2160
2208
2956
2304
2352
2400
7448
2496
2544
2592
2640
2688
2736
2784
2832
2880
2928
2076
3024
3072
3120

3168




aac aac ttc cac gag He gee He ggc ctg ate eac gac gag
aag aac 960 ttc tac gte aac etc tcg gtc gcg ate gac

aac gge ggg gcg ace ace 1008 aac ccg cag ccg gcg aag
Jac0e17223gc ace teg gtc aag ate gae cgc 1056PCTaR2084i081577
ggg gcg ate age tac gtc gee ggc ggt etg egg ace ccc

aac 1104 ggc gtg gee ttc ggt cce gag aac gaa etc He

gcg atg gac aac cag 1152 (@%5%ee tgg ctg ccc gcg aae
aag etc gtc aac gte aag cag gat.cgc 1200 tte He aae

cac tac aeg aac ccc gcg ggc ccg He gat cag aac ecc

%ggg%tc o fc%g%%eiggggc gg% Pk %98 AkE &8 gqg%a@a@ccgag 3216

gge dge  acg ccc ate afg etg aa

98¢ gBPlack CigHet (Oes: ae@ tQ@thGtaG:clé’g‘b‘lgc@tggg Hecogle gmc 3264

gtc ace tac ggc gge etg cag cgc gee ttc etc gag 1392

-gegy ggt gagagegas gty Ak gcagcgﬁt:gg@c §Eb CEE ACE RECCERE t ee 3312

gcg gge 1440 He gag gtc g tc aae cgc gte ate gag
fgi 3348

@@Q: g ECHalCBatlf 86k Bet Gag &caggca 88 gge gge ace gga
gaa gge gge aac tgg ggt gag gcg ggc aag 1536 etc aca

‘tac gge ctg cag aag etc gtc ccg aac ace aeg cag aae

gee 1584 ttc gac atg aaa tee atg aag gtc gtc gag ggc
gga ttc gag ate gag 1632 tae ace cag ccc etc tee gac
gapraply ctg gcg aac etc gee tcg geg 1680 tae egg gee
gag_cag tgg cgc tae ctg ccc ace tee ace tac ggc gga
£?%©* ﬁ@g aag gtc gac gag gag ate etc teg etc ace ggc
%Z§> gea tee 1776 (gee gae cgc aag acg gte aeg gte
gac ggt ctg aag caa gge 1824 «cgc gtc gtg cac
SUECHropePAnCEl RILLe 9o 902 goe agl ggc 1872
ac ‘acg et age ace gag gee tgg tac aeg etc aac
tcg ctg ccg 1920 gge tae gtc tcg ccg gee gac cag ggc
t tae gag gee gag gag gee 1968 cgc ctg ate ggc gge
gg?)a%‘\ seeuegae odedldghydecoxidas® ggt tac tcg 2016 WO
2004/ 072281 PCT/ JP2004/ 001577 27/57 gga gee ggc tte
gcc ggc ggc atg tgg cag gee gga tee geg He gag 2064
@ 9tg aac gee gag ace geg gge ace gtc ccc gtc
tcg g g ego 2112 tat tee aacgge ecg aac cccgcg ccc

QU¢ dabeaceageace ghe cdBCeott Lag2d&id gaa ceg ggt gig acg ctt 48

cge ace tac tcc acc ccg ccc cte acc gag ctc tgc acg cig aag tcg 96 |

gge cag acc ccg aac gic gac aag cic atg teg acg aic gac tgg cge 144
acc gac gag cag tic ggc geg ggc gac aac ftc aic acg cac gcc clg 192
gee aac cie acc gic age acg ccc ggt cag tac gee tte cge cig acg 240
agc gac gac gge tea csc étc'acc ctc gac gge acg cag ctg ate gac 288
aac.gac gga cig cac gga geg gaa tee gic gag gec ace gic acg cic 336
gac gtg gea gtc cac gac ctg ttc gic gag atg tic gag gcc acc aac 384
gge cag cag cic acc gic gaa tgg aag gtc ccg gec tee teg age tic 432
acc gic atc ccc aac age gig cic age acc gag geg ggt gte gig cgc 480
gic acc gec ccc ggg acg aag fac tgc gag gge age acc gac tec gec 528
gge gac ggt cig cge cig gat gee gtg aac ccc aac tac acg cic gig 576
aac cig cge ccc gag gge tic acc ccc aag gtg teg gec cig gee tic 624
cic gge aac gge gat cic gee gtg cig acc acc ggc tcg gic aac tcc 672




tac gtc aac ggt cag aac etc ggg aag tgg gac He gee tee
acg gge 2208 gac tgg aag ace tgg gee acg ate aeg egg
gac atg ccg etg gtc gee 2256 ggg acg aac ace ate gcg

YQ20#487228e gag acg ggc aac aag ggc aac 2304 PCAIRR200&001577

gtc gac gtc ctg teg ate ggc ace gee gac ate tgc gee
ccg 2352 teg cag gtc gag gac ggc tae cgc ccg etc ttc
gac ggc acg etc gag 2400 ad@e/sGtg aac gee ggg tgg cgc
atg gee gge ccc ggc ggc ttc ggt cga 2448 cag aac gac
tgc age ate cgc ggc gaa ggc ggc atg gge ctg etc tgg

c g g t ag
S5 e BRI LE PR R Eeaif R0 A7 GH0HH ReE00
@ee dig @pCe@9fadiges ¥ecung ERIgHPIec g20%1206a000s REQ
tgg ate gcg gtc aac cag gge tae gag ate cag ate 2640
. @gac ggt o tigeeiggaac ged ajeegagaticeger gte adegagggacgerg ate
tae ace ttc 2688 cag ggt gcg gat gee gac geg .gtg aag
dée &g gtcet Batatlr dae GecC g¥CCOTH CIE AGC 1T ek 2¥fc §5¢ ac

38 Ghofocdhdh 30 GEOETRGER BE ARG B (W gt

GEE fet:ie83R gz?@(itefg%ceﬂ% %%wct:gaqug%ct a8 AMLafPact 9
cag aac cac ggc ggt ggg 28 gag gcg gtg teg tac cgc
dac igtcgiegecgt v dag gdacgeat £icgpac gag geg LRI ageacccce
etc gcg gtg ace gee tog gee gag gtc aag tgc ctg gee

Aa% CLOTHE CEgZYE §IE AGC i) ZRSgatedcE §iC fig dlde Bt elice

ac ac tg cc tc ,3024 ac _qt cg etc acg ae cg
EOE BE APt et aE e et e gef le e sy cttaad g
gg@ c@@‘-’eicgt Bcl &t C8E AECadCeACE A6 @9F A8CaflCTad €8¢

2 gtc ccc geg gge gag gcg acg gtg ace€ geg ace ggc

@8 motigeocizacer JHGac GOE Ot eaaGYc ORg taysincggca
gee aag agc tgc ggc tga 3210 WO 2004/ 072281

&1/ P20 49880187 ACE 2L L BCB1GEC Tog J2q 1gat1qdEyaac cce
<%12>PRT <213€ C?Iiulosinicrobiun1cell%lans | FO,15516
gi¢ acg get ccc gie gig tgg atc CCg cag aac gag atc gge aac tcc
ccg age acg ccc ate atg ctg aag gac ggt cce tic geg gga cag atg
atg tic gge gac gic acc tac.ggc”ggc ctg cag cge gee tic cic gag
aag gtg. gac get gag ttc cag gge gcg gic tic cec cac ice geg gac
ttc gag gic gge gte aac cge gic ate gag ggc cce gac'acg tecg cig
tac aic gge gege acc gga gaa gge gee aac tge ggt gag geg ggc aag
ctc aca tac ggc ctg cag aag cic gic ccg aac ace acg cag aac gee
tic gac atg zaa tcc atg aag gic gtc gag gge gga tic gag aic gag
tac ace cag ccc ctc tce gac gag acg ctg geg aac cte gee tecg geg
tac cgg gee gag cag tgg cge tac ctg cce ace tce acc tac ggc gga
CcCcg aag gtc gac gag gag atc cte tcg cic ace gge geg acg gea tee
gee gac cge aag acg gic acg gic teca fic gac ggt ctg'aag caa ggc
cee gic gtg cac ctg cge tcg ccg cag cec tiec gee gea gee agt gge
gac acg cig tgg agé acc gag gee tgg tac acg cic aac tcg cig ceg
gge tac gte teg ccg gec gac cag ggc igg tac gag gec gag gag gec

cgc ctg atec gge gge gee aag tic gac gee gag cac age gegi tac teg

720

768
816

864

912

360
1008
1056
1104
1152
1200
1248
1296
1344
1392
140
1488
1536
1584
1632
1680
1728
1776

1824

1872
1920

- 1968

2016



<223> amino aci d sequence of al dehyde oxi dase
cont ai ni ng si gnal

Thr

Ala Gy Trp 20 25 30 Ala Vval
Lea Pro Qu Gn du Pro Ay Val
Thr

Leu

Al to@l ancAge: Asp 2@k \cePrgcgAstt A8p (Seraaghgacsgic vat ¢ u-
Ser Ala 130 135 140 Thr
ElcefAcABs! VaE 4Ag St

ok (A0 The BPL 1O ST, PO BB 1B cea s €3 okl
%@5&%9&“@“ R R s e

dy

138

Ser

Gu

G 8

Ile Asp

gt

pepti de
Leu Pro Val
VWG2008pTP28H y Ala Ala Ala Lea Thr
Val

<400> 11 Met

Leu Au Arg

Ser Arg Arg Ile Arg In Arg 1 5 10

Thr

Phe A n Leu Ala A n AsreTo Ay A a Val
50 55 60 Lys Ser Ay Gn Thr
Lea Met Pro Thr

Egthégbéﬁcp

tTWaC@ thPB@c At@ gad QRc 18 40 aMalgi dtuce Asie i’@ogﬂﬁmgﬁ y
Ala Leu Val Tyr

Pro Asn Va
65 70 75 80 Trp Ser Thr Ala

%g@L&e&W @@‘g?@%ghkﬁcsgég Go g§§ 90 2064

a Asn

Ile Asp Gy G n Lea Val

§\§E8THHE (28, EaF

Leu Thr Al a

e

115 120 125

Val

fosd edi et oo

2AL aadler gt (Geye Bye chigsicEyaicCyse @& gCh yeadl aicThee Sep ccg

tcg
aec
cag
cac

cte

aag

gac
cag
cag
tte
Cgc
gag
gcce
aag
gac
cag
-gte
gac

cag
cig
aac
aag
ate
aac
gcg
gt
teg
cic
gac
geg
cce
écg
gig
cce

coc

geg gee acg gec icg tac gea gee

gic gag gac
aac gee geg
gac tgc age
gCg cag gag
gee gat cac
gac ccg tgg
tec gac gec
geg gat gee
aac geg tac
aac gec acg
cic teg cag
gig tcg tac
ctc geg gtg
tcg gte acg
acg ctc acg

geg gCg acg

geg ggc gag geg acg gig

ggc
teg
atc
clg
aac
ate
gce
gac
gag
cig
88cC
cge
ace
gee
acg

gig

tac cge ccg
cge atg gee
cgc ggc gaa
aac gag tac
gec gtc
gcg

gat

ggac
gtc aac
CgC acc
gcg gig aag

aic gic gig
gig
tic

dac

aac gac

atc gge

gtc cge

gee teg gee

€C8C gCg acc

geg tgg

tte

gec
cac acc

acc

cte titc gac
gge cee gge

gge gge atg

age cte

ttc

aag
gtc ggg

cag gec tac
get

fcg

ace gcg

gce cic
aag

tic

geg

ace

cag
age
cig

cag dac

gic aag gac

gag gic

aac

aag
acc gac

gag cgg gic

ftc acc acc

gEC
tge

gcg acce

aag agc

g8C
ggd
ggC
ctg
tic
gag
atc
aag
ace
ace
cac
atc
tge
acg
ate
ege
gac
ggce

acg ctc gag
ttc ggt cga
ctg cic tgg
gac tgg aag
cce gac ccg
atc cag atc
tac acc tic
cee gic gat
atc aag aic
gat ccc get
get ggg
gag ccg

EgC
gac
ctg gec aag
gig ccg gic
cce gee gig
gee geg tee
get

tga

CgC atc

Leu Ay Al a MAlIPE001577
Pro Ala Ala Ala Asp
35 40 45 Leu Arg
Cys Thr
Asp Lys

2112

2160

2208
2256
2304
2352
2400
2448
9496
2544
9592
2640
2688
2736
2784
2832
2880
2928
2976
3024
3072
3120
3168
3210




195 200 205 Thr Ala Ay Asp Ay Leu Arg Leu Asp Ser
Val Asn Pro Asn Tyr Asp | 210 215 220 Leu Val Asp
Leu Arg Pro Gn Gy Phe Au Pro Lys Val Ser Ay Leu

WOR20080722835 240 Al a Phe Thr Pro Asp G u Lys PCEUPZ0H001577

Val Val Thr Thr Ay Gu Val 245 250 255 Ser Ser Qy
Gy Trp Arg Pro Asp Pro Val Ser Ay du Val Tyr Phe
260 265 270 Leu Asp Gy Val 2867 Asp Ala Asp Ay Pro
Gu Asp Val Thr Ala Thr 275 280 285 Lys Val Ala Asp
GQu Leu Leu Asn Pro Met Ay Ile Au Val vVal Gu 290
290300 Asp Ser Ile Phe Val Ser Qu Arg Tyr G n Leu
Thr "G n Leu Thr Asp 305 310 315 320 Pro Asp Ay Asp
QM>ThEITTYr Asp Thr His Thr Lys Ile Ala Gu Trp 325
330 335 Pro Asp Ay Ay Asn Phe His Qu Phe Ala Phe
CGVDIRRT |1 e His Asp 340 345 350 G.u Asp Tyr Phe Tyr

Leu Ser Val Ala lle Ay dy 355 360
40 BPuu T ot A, Cela s, TBE SR O o an e oty
Thr Ser Ile Lys 370 375 380 WD 2004/072281
PCT/ JP2004/ 001577 30/57 Ile Asp Arg Au Thr Ay Qu

23> Thiinbysic it echbie@ Y aGishyie xMitse o6h a8 30znd0@eptide

<400> 11
Met Leu Glu Arg Thr Ser Leu Pro Val Ser Arg Arg Ile Arg Tyr Arg
1 5 10 15
Arg Gly Ala Ala Ala Leu Thr Leu Gly Ala Val Val Val Ala Gly Trp
| 20 % 30
~Ala Val Pro Ala Ala Ala Asp Leu Pro Glu Gln Glu Pro Gly Val Thr
_ 3% ' 40 45
Leu Arg Thr Phe GIn Leu Ala Gln Asn Pro Gly Ala Val Cys Thr Leu
50 b5 60
Lys Ser Gly Gln Thr Pro Asn Val Asp Lys Leu Met Pro Thr Ile Asp
65 0 75 80
Trp Ser Thr Ala Glu Gln Phe Gly Ala Glu Asp Asn Phe ile Ser 6ln
85 _ 3 90 95
Val Ser Ala Asn Leu His Val Pro Ala Asp Gly Gln Tyr Gln Phe Arg
100 105 110
Val Thr Asn Asp Asp Gly Ala Leu Val Tyr Ile Asp Gly Gln Leu Val
115 120 125
Val Glu Asn Asp Gly Pro Asn Asp Ser Thr Ser Val Glu Gly Ser Ala
130 135 4o
Thr Leu Thr Ala Gly Val His Asp Leu Arg Val Asp Tyr Tyr Glu Gly
145 150 155 160



Thr Pro Asn@y Ile@y Phe@y Pro Qu AspGIu I | ePhe

Al aThr 405 410 415 Asp An Gn Gy Ala Trp Leu Pro Ser
Asn Lys Leu Ile His Ile Gn 420 425 430 G n Asp Lys
wnwogm2sasn H s Tyr Thr Asn Pro Ala Gy ProPRR@PAS{H001577
435 440 445 "Ala Asn Pro Val Thr Pro Pro Ala Val Trp
Leu Pro Gn Asn Qu Ile 450 455 460 Ala Asn Ser Pro
Ay Asn Pro Ile Leu Val A 29%8p Ay Au Phe Ala 465
470 475 480 dy Gn Met Leu Leu Ay Asp Val Thr Tyr
Gy Ay Ile Gn Arg Ala 485 490 495 Phe Leu G u Lys

ThPe Hiey séiOO
gg%A@ig‘yghrnAlllaé %T@éu gA)’laAf ]é%l Val r%(%YArg Val
Ile Tyr Gy Prgg Asp 515 520 B@5 GIyAIaLeulTByrAIa
dy Ay Thr Ay Gu Gy Ay Asn Trp A u 530 535

. BHD Phs@duday Ll;&PI_(ElThArSgI Wa I@tystreiihGGrl:u 1Al8 GlyuValal

Pro Val Asn GI u 545 550 5@% 560 Asp Ser fde Asp Met
Lys G u MkB0Arg val Val Ay Gy phe alii¥se5 570

M0 oy i A P 630 8 SR AT i VR M

Gn Trpgswvg Tyr Val Prggghr Gn Gn Tyr2p5595 600 605
WO 2004/ 072281 PCT/JP2004/ 001577 31/57
Thr Ala Gly Asp Gly Leu Arg Leu Asp Ser Val Asn Pro Asn Tyr Asp -

210 215 220
Leu Val Asp Leu Arg Pro Glu Gly Phe Glu Pro Lys Val Ser Gly Leu
225 230 | 235 240
Ala Phe Thr Pro Asp Glu Lys Leu Ala Val Val Thr Thr Gly Glu Val
245 | 250 255
Ser Ser Gly Gly Trp Arg Pro Asp Pro Val Ser Gly Glu Val Tyr Phe
260 265 270
Leu Asp Gly Val Leu Asp Ala Asp Gly Pro Glu Asp Val Thr Ala Thr
275 280 285
Lys Val Ala Asp Glu Leu Leu Asn Pro Met Gly Ile Glu Val Val Glu
290 | 295 300
Asp Ser Ile Phe Val Ser Glu Arg Tyr Gln Leu Thr Gln Leu Thr Asp
305 310 315 320
Pro Asp Gly Asp Gly Phe Tyr Asp Thr His Thr Lys Ile Ala Glu Trp
325 330 335
Pro Asp Gly Gly Asn Phe His Glu Phe Ala Phe Gly Leu Ile His Asp
340 345 350
Glu Asp Tyr Phe Tyr Val Asn Leu Ser Val Ala Ile Asn Asn Gly Gly
36 360 365
Ala Thr Thr Asn Pro Gln Pro Ala Ala Asn Arg Gly Thr Ser Ile Lys
370 375 380 '




Gy Gy Pro Lys Val Asp Qu du Pro Leu The Val Thr

Asp Ala Thr 610 615 620 Val Ser G u Asp Arg Thr Thr
Val Thr Leu Thr Ile Asp Ay Leu Lys 625 630 635 640 ,
MQ2004/p72p§1s Val Val Tyr Ile Arg Ser Pro Arg MCa/JPEoe+/001577
Ala Ser Ala 645 650 655 G u Ay Thr Au Leu Leu Ser
Thr Qu Ala Trp Tyr Thr Leu Asn Ser 660 665 670 Leu
Pro Ay Tyr Val Ala Pro Ala3ssfi Arg Ay Trp Tyr Qu

Ala GQu 675 680 685 Leu Ala Gn Pro Leu Ay Ser Ser
Ser Ile Ay Ser Asp H's Ser Asn 690 695 700 Tyr Ser

glye §%$A%XG&E%§AQ§O&£N% ﬁl%hTW e}fﬁ{]/g}@% %g 1gro

g Ala Ay Thr Ts9p Pro VaI Asn 798 730 735 Val

Tyr Ala Asn Ay Ile Hs Pro Tyr Thr Ser Leu Arg Ser

LYk Pradsz48y 786 GnPhalGledirol@u. MpsGhallePhe@lp Thm
Asp Leu Ay @n Trp Asn The ? 760 765 Pro Thr Thr
Gy Ser Trp L)/ﬂ]5As Trp Gy vaHla n Thr Arg As‘b1 Leu

T8 MR L s AT T

Asn Ile Asnphl e Asp Val LeysSer Ile Ay G ughsn Pro
805 810 815 Asp Ile Cys Ser Pro Gy Gu Val Gu Qu
GEln Byw LyhrPhal Byrl Asn His T820rh82%5n8B@ Ala Gly Pro Phe Asp

435 440 445
Ala Asn Pre Val Thr Pro Pro Ala Val Trp Leu Pro Gln Asm Glu Ile
450 455 460
Ala Asn Ser Pro Gly Asn Pro Ile Leu Val Glu Asp Gly Glu Phe Ala
465 470 475 480
Gly Gin Met Leu Leu Gly Asp Val Thr Tyr Gly Gly lle Gln Arg Ala
485 490 495
Phe Leu Glu Lys Val Asp Gly Glu Phe Gln Gly Ala Val Phe Arg His
. 200 b05 510
Thr Ala Gly Leu Glu Val Gly Val Asn Arg Val Ile Tyr Gly Pro Asp
515 520 825 o
Gly'Ala Leu Tyr Ala Gly Gly Thr Gly Glu Gly Gly Asn Trp Gly Glu
530 53 540
Ser Giy Lys Leu Arg Tyr Gly Leu Gln Lys Leu Val Pro Val Asn Glu
045 850 b5 560
Asp Ser Phe Asp Met Lys Glu Met Arg Val Val Glu Gly Gly Phe Glu
865 ' 570 575
Ile Glu Tyr Thr Asp Pro Val Ser Asp Glu Val Val Giu Lys Leu Ala
580 585 590
Asp Ala Tyr Gln Val Lys Gln Trp Arg Tyr Val Pro Thr Glm Gin Tyr
595 | 600 605 |



WD 2004/ 072281 PCT/ JP2004/ 001577 32/57 Asp Gy Thr

Len Ala Ser Len Gn QQu Ay Trp Arg Met Ala Gy Pro
835 840 845 dydy Phedy Arg Gn Gn Asp CysSer lle -
WO HWOHAY8A 2 Ay Ay 850 855 860 Met Ay LedCTdPRot4/g91577
Tyr Asp G n Gn Leu Ay Gn Asn Tyr Ser Leu 865 870
875 880 Lys Leu Asp Trp Lys Len Thr Lys Asp Asp Asn
Gy Ay Val Phe val 885 8931895 Qy Phe Pro Aso Pro
Ay Asp Asp Pro Trp Val Ala Val Asn Lys Ay 900 905
910 Tyr Gn lle Gn Ile Asp Ala Thr Asp Ala Asp Asp

A GTPritysAal ASDLEIOZIu 929 Lebl PheVadl Thr AEPrAlRhEhIG n
Gy Ala Asp Gn Ala Ala Arg Asp Ala Ala 930 935 940

Leublys Pro Val AyblGin Trp Asn Al abdr Asp Ile Arg

\L@ln S%_%I%%m&?[@ﬁ?%ﬁ/& ﬁAsIFﬁ.UP A%Fﬁ IAlég lg7 .ggléT_yr,

Thr Asp Pro Arg Len Val Ser Phe Val
e . Gn Asn 9807985 990 Hs Ay Ser Ay G n Mt Val

| MA%'HI@%W:H tye1fe Qr Ly G PrPPhe W2 ekORR
Len r Asp G n Pro Val u Gn Len Ala Ile Ser Thr

Thr Val G n 1§60 1015 1020 Tﬁﬁﬂ Arg Cys Len A dvy
Glnele gue Ciu Feu Leu S<\e/ralThr A’ A E}J 1oy Thr Lod AsnSer
660 665 670
Leu Pro Gly Tyr Val Ala Pro Ala Asp Arg Gly Trp Tyr Glu Ala Glu
675 680 685
Leu Ala Gln Pro Leu 6ly Ser Ser Ser Ile Gly Ser Asp His Ser Asn
690 695 700
Tyr Ser Gly Ser Gly Phe Ala Ala Gly Met Thr Asn Val Gly Ala Gly
705 710 715 120
Arg Thr Phe Ser Val Thr Val Pro Glu Ala Gly Thr Tyr Pro Val Asn
725 730 | 736
‘Yal Arg Tyr Ala Asn Gly Ile His Pro Tyr Thr Ser Leu Arg Ser Lys
| 740 . 145 , 750
Asn Val Ser Leu His Val Asn Gly Gln Asp Leu Gly Glu Trp Asn Phe
755 60 765
- Pro Thr Thr Gly Ser Trp Lys Asp Trp Gly Val Gln Thr Arg Asp Leu
e 775 780
Gln Leu Gin Ala Gly Thr Asn Thr Ile Thr Leu Ala Tyr Glu Ala Gly

785 790 795 800

Asp Glu Gly Asn Ile Asn Ile Asp Val Leu Ser [le Gly Glu Asn Pro
805 810 815
Asp Ile Cys Ser Pro G_ly Glu Val Glu Glu Gly Tyr Thr Ala Ile Tyr
820 825 _ 830




Asp Asp Thr Val Pro Ala Asp Ile Thr Len Thr Thr Pro

Phe Gy Thr 1045 1050 1055 WD 2004/ 072281 _

PCT/ JP2004/ 001577 33/57 Lys Thr Val Thr Gy Val Gn
Mh20@/872281a Ser Ala Tyr G n Ser Phe 1060 10@8TAPI04/001577
Al aSer Arg Ser Thr Ser Val Gu Ala Ay Thr Ala G n Val
Ser Ala 1075 1080 1085 Thr Gy Ay Asp Leu Thr Phe

Gn Ala Asp Val Ala Tyr Qu3Zba Ala 1090 1095 1100

Ser Cys Ay 1105 <210> 12 <211> 1069 <212> PRT

<213> Cel | ul osi mi crobi um cel lul ans |1 FO 15516 <223>

PR RATIE SEASE: o S T IEN iR

dn Lengga 510 15 A ag@n Asn Pro Aygasa Val Q/s
Thr Leu Lys Ser Gy Gn Thr Pro 20 25 30 Asn Val
LGk Go PRAGIprreThla £l Ase Sy rSor Bk A7 Ohy Al GGG
35 40_45 Phe GIyAIagi:lbuAspAsn Theéde Ser G n Val
Ser 8% Asn Len H's 8% 55 60 Vval PP Ala Asp Ay Gn

TSt E P LEDG el BrpVRr A ofF B4R SR B AsR Ay KefoLAO
865 870 875 880
Lys Leu Asp Trp Lys Leu Thr Lys Asp Asp Asn Gly Gly Val Phe Val

885 890 895
Gly Phe Pro Asn Pro Gly Asp Asp Pro Trp Val Ala Val Asn Lys Gly
900 905 910
Tyr Glu Ile Gln Ile Asp Ala Thr Asp Ala Asp Asp Arg Thr Thr Gly
915 920 925
Ala Val Tyr Thr Phe Gln Gly Ala Asp Glu Ala Ala Arg Asp Ala Ala
930 935 940
Leu Lys Pro Val Gly Gln Trp Asn Ala Tyr Asp Ile Arg Val Glu Gly
945 950 955 960
Asp Arg Ile Arg IIe Tyr Leu Asn Asp Val Leu Val Asn Asp Phe Thr
| 965 970 975
Ser Thr Asp Pro Ala Arg Leu Val Asn Ser Phe Val Gly Ile Gln Asn
980 985 1990 |
His Gly Ser Gly Glu Met Val Asn Tyr Arg Asn Ile Arg Phe Lys Glu
895 1000 1005
Len Thr Asp Glu Pro Val Glu Glu Leu Ala 1le Ser Thr Thr Val Gln
1000 1015 - 1020
Thr Arg Cys Leu Ala Gly Lys Val Tyr Val Ala Val Arg Ala Thr Asn

1025 1030 1035 , 1040

Asp Asp Thr Val Pro Ala Asp Ile Thr Leu Thr Thr Pro Phe Gly Thr
1045 1050 1055



WD 2004/ 072281 PCT/ JP2003/ 001577 34157 Al a Leu Val
Tyr Ile Asp Ay Gn Leu- Val Val Qu Asn Asp Ay Pro
- 85 90 95 Asn Asp Ser Thr Ser Val GQu Ay Ser Ala Thr
WoezeoHei2280 a Gy Val 100 105 110 Hi s Asp LeWrCAIRROWE01577
Asp Tyr Tyr Au Gy Ser Asp Lys Gn Arg Leu 115 120
125 Thr Leu Ala Trp Lys Thr Pro Ay Ser Ser Thr Phe
Gu Vval Ile Pro. 130 135 148/57Thr Ser Al a Leu Ser Thr
GQu Ala dy Vval Vval Arg vVal Thr Ala Pro 145 150 155
160 dy Tyr Lys Tyr Cys Au Ay-Ala Thr Asp Thr Al a
L T g | p

Ei TRE e, Tho gy FEO Ol Prd By ATOGCME0r 188 325G
Au Ay PIpmoGI u Pro Lys VBO658er Gy Leu Alg¥iPhe Thr
Pro Asp Gu 195 200 205 Lys Leu Ala Val Val Thr Thr
&l a Ser mrgafersérr Ser Vel ;Elu;@lawlpr RegAbaGlp1élodg AR o
Asp Pro Val Ser dy d al Tyr Phe Le p Gy Val
Leu AsHT79225 230 235 2'3’@2{ Ala Asp Gy @ﬁ@se n Asp Val

FE, oy Btflsntp fFL2 iR it Aféﬁ”ier TR e

Val1obgr 260 265 27@9sd u Arg Tyr Ginoteu Thr Gn Leu
Thr Asp Pro Asp Gy Asp Ay Phe 275 280 285
Ser Cys Gly

1105

210> 12

<211> 1069

212> PRT

<213> Cellulosimicrobium cellulans IFO 15516 -

<223> amino acid sequence of aldehyde oxidase

<4005 12 |
Asp Leu Pro Glu Gln Glu Pro Gly Val Thr Len Arg Thr Phe Gln Leu
1 B 10 15
Ala Gin Asm Pro Gly Ala Val Cys Thr Leu Lys Ser Gly Gln Thr Pro
| 20 25 30

Asn Val Asp Lys Leu Met Pro Thr Ile Asp Trp Ser Thr Ala Glu Gln
35 | 40 45
Phe Gly Ala Glu Asp Asn Phe Ile Ser Gin Val Ser Ala Asn Leu His
50 | 85 60
Val Pro Ala Asp Gly Gln Tyr Gln Phe Arg Val Thr Asn Asp Asp Gly
85 70 75 80




Tyr Asp Thr His Thr Lys Ile Ala Qu Trp Pro Asp Gy

Ay Asn Phe 290 295 300 WD 2004/ 072281

PCT/ JP2004/:001577 35/57 His du Phe Al a Phe GIy Leu
IW@204+87228p G u Asp Tyr Phe Tyr Val 305 310 BIUBPI@/001577
Asn Leu SerVaI Ala Ile Asn Asn Ay Gy Ala Thr Thr Aso
Pro Gn 325 330 335 Pro Ala Ala Asn Arg Ay Thr Ser

Ile Lys Ile Asp Arg Qu Thr 887 340 345 350 G n Val

Thr Tyr Val Ala Gy Ay Len Arg Thr Pro Asn Gy lle

Gy 355 360 365 Phe Gy Pro Gn Asp Qu Ile Phe Al a

Thila AeR v‘éfrnh@ ﬁ‘ieGA)!p @1@ éﬁhpf.e?WalSirﬁz fﬁ@ﬁ) Ash _PPGHJ pes
Asn Lys Leu Tl

385 390 395 40085 H| S Tyr Thr Assr[) Pro AI a GI y Prmi Phe
p Ala Asn Pro Val Thr Pro 405 410 415 Pro Al a Val
_TrApn \Asp Serolh@ heradal Gln GlyeSen Alaadhr $ei ThrAl@ Glnyal
420 425 430{ro Ile Leu Val (En Asp Ay du Phe Al a
Ay Gn Metleu Leu Gy 439%40 445 Asp VHOC Thr Tyr

4%8 A vetrifut e Yof B P Oy H%Eéﬂ\&%l’ﬁi&g“ Ry
Ala Gy igu Au Val 4652470 475 480 dpsVal Asn Arg

Val Ile Tyr Ay Pro Asp Ay Ala Leu Tyr Ala Gy 485
4906r 4% Ala Trp Lys Thr Pro Gly Ser Ser Thr Phe Giu Val Ile Pro

130 135 140
Thr Ser Ala Leu Ser Thr Glu Ala Gly Val Val Arg Val Thr Ala Pro
145 150 155 160
Gly Tyr Lys Tyr Cys Glu Gly Ala Thr Asp Thr Ala Gly Asp Gly Leu
165 ' 170 175
Arg Leu Asp Ser Val Asn Pro Asn Tyr Asp Leu Val Asp Leu Arg Pro
180 185 190
Giu Gly Phe Glu Pro Lys Val Ser Gly Leu Ala Phe Thr Pro Asp Glu
195 200 205
Lys Leu Ala Val Val Thr Thr Gly Glu Val Ser Ser Gly Gly Trp Arg
210 216 ' 220
Pro Asp Pro Val Ser Gly Glu Val Tyr Phe Leu Asp Gly Val Leu Asp
- 225 230 235 _ 240
Ala Asp 6ly Pro Glu Asp Val Thr Ala Thr Lys Val Ala Asp Glu Leu
245 250 , 255
Let Asn Pro Met Gly Ile Glu Val Val Glu Asp Ser Ile Phe Val Ser
260 265 270
Glu Arg Tyr Gln Leu Thr Gln Leu Thr Asp Pro Asp Gly Asp Gly Phe
275 | 280 285
Tyr Asp Thr His Thr Lys Ile Ala Glu Trp Pro Asp Gly Gly Asn Phe
290 295 300 |



Gy Thr dy Gn Ay Gy Asn Trp Ay Gn Ser Ay Lys

Leu Arg Tyr 500 505 510 Gy Leu G n Lys Leu Val Pro
Val Asn G u Asp Ser Phe Asp Met Lys 515 520 525 WO
WD/ @Z&H281 PCT/ JP20041001577 36/ 57 G u MetPCAdrRobI01577
Val Qu dy Ay Phe Qu Ile Qu Tyr Thr Asp Pro 530
535 540 Val Ser Asp u Val Val Qu Lys Leu Al.a Asp
Ala Tyr G n Val Lys 545 5895555 560 G n Trp Arg Tyr
Val Pro Thr G@n A@n Tyr Ay Ay Pro Lys Val Asp 565
570 575 du du Pro Leu The Val Thr Asp Ala Thr Val

R, o pnépl B I Lo 382 SBQUT gAY Phe ypuralhe

I's Val Val Tyr 95 60
$5 Ille Arg Ser3ipro Arg Pro The3ihl a Ser Ala d wB2d y
Thr d-u Leu Leu 610 615 620 Ser Thr du Ala Trp Tyr
Nt LeieSeA¥nl Sdn LleuAsy dsiGGyy Gy Aval Tha) Bir dse. Psgdilass, o
640 Pro Al a Asp Arg Ay Trpagér Au Al a Gu%gu Al a
Adn Pro Len é 645 650 655 r Ser Ser lle Ser

BEAR digdsn @E ot TREReCiate 455 ﬂeyf\%hﬁf%ﬁﬁ’@%?m

Ser Val Thig 675 680 685 gyal Pro Au AI agﬁ)y Thr Tyr
Pro Val Asn Val Arg Tyr Ala Asn Ay 690 695 700
Glu Val Thr Tyr Val Ala Gly Gly Leu Arg Thr Pro Asn Gly Ile Gly

308 360 365
Phe Gly Pro Glu Asp Glu Ile Phe Ala Thr Asp Asn Gln Gly Ala Trp
370 375 380
Leu Pro Ser Asn Lys Leu Ile His Ile Gln Gln Asp Lys Phe Tyr Asn
385 390 395 400
His Tyr Thr Asn Pro Ala Gly Pro Phe Asp Ala Asn Pro Val Thr Pro
409 410 _ 415
Pro Ala Val Trp Leu Pro Gla Asn Glu Ile Ala Asn Ser Pro Gly Asn
420 - ‘_ 425 - 430
Pro Ile Leu Val Glu Asp Gly Glu Phe Ala Gly Gin Met Leu Leu Gly
435 440 ‘ 445
Asp Val Thr Tyr Gly Gly Ile Gln Arg Ala Phe Leu Glu Lys Val Asp
450 455 460
Gly Glu Phe Gln Gly Ala Val Phe Arg His Thr Ala Gly Leu Glu Val
.465 : 470 - 475 480
Gly Val Asn Arg Val Ile Tyr Gly Pro Asp 6ly Ala Leu Tyr Ala Gly
| 485 490 495

Gly Thr Gly Glu Gly Gly Asn Trp Gly Glu Ser Gly Lys Leu Arg Tyr
500 505 510
Gly Leu Gln Lys Leu Val Pro Val Asn Glu Asp Ser Phe Asp Met Lys
515 520 525




Ile Hs Pro Tyr Thr Ser Leu Arg Ser Lys Asn Val Ser

Leu H's Val 705 710 715 720 Asn Ay Gn Asp Leu Ay
Adn Tr)o Asn Phe Pro Thr Thr Ay Ser Trp 725 730 735
V3204872781 Gy Val G n Thr Arg Asp Leu G n LRGI/IBRI§4/001577
Ala dy Thr 740 745 750 WD 2004/ 072281

PCT/ JP2004/ 001577 37/57 Asn Thr Ile Thr Leu Ala Tyr

Gu Ala Gy Asp Gu Ay Asn 368 Asn 755 760 765 Ile
Asp Val Len Ser Ile Gy GQu Asn Pro Asp Ile Cys Ser

Pro dy 770 775 780 du Val Gu Au dy Tyr Thr Al a

| Geu T81u & GI® 8 u
LoF Tmé{tJ %@Svﬁ YalAPIu ¢yl W@h@e@mp}'gé Qg%ﬁhg@(}%@

Arg G308 805 810 815 5BBGIu Asp Cys SéﬂOIIe Arg Ay Ala
GI%GIy Met GI{'&Leu Leu Trp Tyr. 820 825 830 Asp Gn
AVl Sen AspyGlg Feladwl Hiu IsérLeue&JlaLw 4 TxépGlTir}SalL{ﬂéS

VAP Gy Phe Pro AR pro Gy 850 855 s6b Asp Asp PG
o5B J3b Arenigher S, 7 rﬁ_‘f’%%‘ﬁﬂva%p SRy R
Ay Ala Val TypgsThr Phe G n 8887890 895 dvy AB% Asp
GQu Ala Ala Arg Asp Ala Ala Leu Lys Pro Val
Glu Glu Pro Leu Phe Val Thr Asp Ala Thr Val Ser Glu Asp Xrg Thr
580 585 | 090
Thr Val Thr Leu Thr Ile Asp Gly Leu Lys Pro Asp His Val Val Tyr
595 600 605 _
Ile Arg Ser Pro Arg Pro Phe Ala Ser Ala Glu Gly Thr Gin Leu Leu
610 615 620
Ser Thr Glu Ala Trp Tyr Thr Leu Asn Ser Leu Pro Gly Tyr Val Ala
625 630 : 635 640
Pro Ala Asp Arg Gly Trp Tyr Glu Ala Glﬁ Leu Ala Gln Pro Leu Gly
645 650 6565
Ser Ser Ser Ile Gly Ser Asp His Ser Asn Tyr Ser Gly Ser Gly Phe
660 665 B
Ala Ala Gly Met Thr Asn Val Gly Ala Gly Arg Thr Phe Ser Val Thr
675 630 685
Val Pro Glu Ala Gly Thr Tyr Pro Val Asn Val Arg Tyr Ala Asn Gly
690 695 700
Ile His Pro Tyr Thr Ser Leu Arg Ser Lys Asn Val Ser Leu His Val
705 710 715 - T20
Asn Gly Gln Asp Leu Gly Gln Trp Asn Phe Pro Thr Thr Gly Ser Trp
125 130 735
Lys Asp Trp Gly Val GIn Thr Arg Asp Leh_Gln Leu Gln Ala Gly Thr
40 _ 145 750



900 905 910 Trp Asn Ala Tyr Asp Ile Arg Val Qu Ay
Asp Arg Ile Arg Ile Tyr 915 920 925 Leu Asn Asp Val
Leu Val Asn Asp Phe Thr Ser Thr Asp Pro Ala Arg 930
wIBmg281Leu Val Asn Ser Phe Val Ay Il e G RCHIPRO$40§1577
Gy Ser Ay Gu Mt 945 950 955 960 Val Asn Tyr Arg
Asn Ile Arg Phe Lys GQu Leu Thr Asp AQu Pro Val 965
970 975 WD 2004/ 072251 PCTB3¥62004/ 001577 38/57 G n
Gn Leu Ala Ile Ser Thr Thr Val G n Thr Arg Cys Len
Ala Ay 980 985 990 Lys Vval Tyr Val Ala Val Arg Ala

T, 9 [
A A e X SR R S e ©

Val 1G§§ 1015 1020 o-768n Pro Ay Al aler Ala Tyr Gn
Ser The Ala Ser Arg Ser Thr Ser 1025 1030 1035 1040
Ukl Asp YalNIzuGSer Ther Gl &licAan\Boo &six Lg Aysreer &rg vy
Asp_Len Thr 1045 10? 1055 Phe G n @a Asp Val Ala
Tyr 6 n Ala Ala Ser &/s Gy 1060 108% <210> 13 <211>

Gty SHG0 010 B oML pmasl s [P0
¢gt ai ni ng si gnafggepti de 795 800
Leu Gln Glu Gly Trp Arg Met Ala.Gly Pro Gly Gly Phe Gly Arg Gln
805 810 815
Glu Asp Cys Ser Ile Arg Gly Ala Gly Gly Met Gly Leu Leu Trp Tyr
820 825 830
Asp Gln Glu Leu Gly Glu Asn Tyr Ser Leu Lys Leu Asp Trp Lys Leu
835 840 345
Thr Lys Asp Asp Asn Gly Gly Val Phe Val Gly Phe Pro Asn Pro Gly
850 855 860 _
Asp Asp Pro Trp Val Ala Val Aén Lys Gly Tyr Glu Ile Gln Ile Asp
865 - 870 875 880
Ala Thr Asp Ala Asp Asp Arg Thr Thr Gly Ala Val Tyr Thr Phe Gln
885 890 895
Gly Ala Asp Glu Ala Ala Arg Asp Ala Ala Leu Lys Pro Val Gly Gln
900 906 910
"Trp Asn Ala Tyr Asp Ile Arg Val Glu Gly Asp Arg Ile Arg Ile Tyr
915 920 925
Leu Asn Asp Val Leu Val Asn Asp Phe Thr Ser Thr Asp Pro Ala Arg
30 935 940
'Leﬁ Val Asn Ser Phe Val Gly Ile Gln Asn His Gly Ser Gly Giu Met
945 950 955 960
val Asn Tyr Arg Asn Ile Arg Phe Lys Glu Leu Thr Asp Glu Pro Val

965 970 975




<400> 13 atg ctc gaa cgc ace age ctg ceg gtg tcc cgc

egg ate agg tac ega 48 cgc gge geg gcc gee ctg ace

ctt ggc gcc gig gte gtc gcg ggc tgg 96 gec gtc ccc
MNQ208¥2Ec gac ctc ccc gag cag gag ccc ggc GCEIBRO0H/001577
144 ctg egg ace tic cag etc gcg cag aac ccc ggg gcg

gtc tgc ace ctg 192 aag tee ggc cag ace ccc aac gtc

gac aag etc atg ccg ace ate 3$&5 240 tgg tcg acg gcc

gag cag ti.c ggc gcg gag gac aac ttc ate tcg cag 288 WO
2004/ 072281 PCT/ JP2004/ 001577 39/57 gtg age gcg aac
ct;gu TG 1L CAIGCE1 956 98¢ me%qa@m | i feg c&k%ﬁ%ﬁ@ﬁ

tg ace aac gac gac tac ate gac
cag etc gt pghd4 gtc gag aagssgac ggc ceg aagypgae teg
ace tce gtc gag gge age gcg 432 aeg etc ace gcg gge
_glus dat TgacVagtglae ol dre MacThraksnt Asp dapy Thgcvadsixo g

gac aagségg cgc etc ae % C gcg tgg aa % g ceg gge
age teg acg ttc ggﬂlétg ate ccg ag§ Cg gcg etc
e
o H3E HRGHCRORE BLE g 1Ol ER TR Y3 el BEE
gclg@g ggc ctg cgtlgqg gac age gtc 19ag ccc aac tac
gac 672 etc gte gac ctg cgc ccc gag gge ttc gag ccc
afitn @re GlggilgosercAlp T2 GlgeSert P Akyg Secgirgalerghy ey

etc gee gtc gtg acg ace ggc gag gte 768 age tee C
tgg cgc ccc 488 ccg gtg tec g@@igag gtg tac tgg]

IR e IR VL RER R S R

ccg atg gge ajggoag gte gtc gagr9l2 gac teg @fm ttc
gtc tcg gag egg tac cag etc acg cag etc ace gac 960
eBhe Gan Adgdispavalgdta Tyr GlacAlgakliaaber Cas Glgg aag ate
gcg gag tgg 1008 ccc gac g C ggc aac He cac gag tte
- gcg He ggc %wg ate cac gac 56 gag gac tac ttc tac
gtc aac etc tee gtg gee ate aac aac ggc ggc 1104 gcg
aeg ace aac ccg cag ccg geg gee aac cgc ggc aeg tcg
ate aag 1152 ate gae cge gag aeg ggt gag gtc acg tac
gtc gcg ggc ggt etc cgc 1200

Q1> 13

211> 3324
<212> DNA
<213> Cellulosimicrobium cellulans IFQ 15516

<223> DNA sequence of aldehyde oxidase containing signal peptide

<400> 13

atg cte gaa cge acc age ctg ccg gig tee cge cgg atc agg tac cga 48
cgc gge geg gec gee ctg ace ¢t gge gee gtg.gtc gic geg gec igg 96
gee gic cec gec geg gee gac cic ccc gag cag gag cce gge gic acg 144
ctg cgg acc iic cag cic geg cag aac cec geg geg gic tge ace cig | 192
aag tce ggc cag acc ccc aac gic gac aag ctc atg ccg acc atc gac 240
igg tcg acg gee gag cag tic gec geg gag gac aac tic atc teg cag 288



acg ccg aac ggc ate gge ttc ggc.ccc gag gac gag ate
tte gcg acg 1248 gac aac cag ggt gee tgg etcccg teg
aac aag etc ate cac ate cag 1296 cag gac aag ttc tac

wWibWwo-Eee28t ac aeg aac ccg gee ggg ccg tte gacPCBARRO0GGEHT?

.aac ccc gte ace ccg ccg gee gtg tgg etc ceg cag aac
gag ate 1392 gee aac tee ccC gc aac ccg ate etc gtc
gag gac ggc gag ttc gee 144 5 gc cag atg ctg etc ggc
gac gtg ace tac ggc ggc ate cag cgc gcg 1488 He etc
g%ag aag.gte gac ggc gag ttc cag ggt gcg gtc tte cgc
dcagt5gée aaceigageggie efccgan@agisgegog Bicdc@RGiSGucat e
Eﬂte tac ggt cce gac 1584 ggc geg etc tac gee ggc ggc
Bl EEC §aB 866 Caatict gir do¢ gagtatere Wg cic gig
E5904%@072281 PCTIJP2004/OO%577 40/ 57 tee gge aag etc
cgF LatiG a0 &8L CAFUKACLCE §EE [6E B1G1478a88C 88 28830

a8coieehod bt 6 S SO0 108 A5 Ae0L 6 B0 0EC

igagzagt eagyt ez 9RY (A0GcBt GcUeE 14d Rag WRE @gYedd§ @jgg gtc
aag cag tgg cgc tac gtg ceg acg cag cag tac 1%2 gge

e

336
384
432
80
28

-5 RS

aggcttecenemate gte cgaacgalgegees céc agt ackkzagt gesmgee gac gee 576

gac ege acg ace gtc acg ctg aeg

ce 1873 tg tee ga
EB FEG R ggagc g?% Cﬁ%%gggtﬂé AL dag 8¢ B8 8B 2CR 8CQ &BC at e
CLL.C cg .t e 1968 a c ace
oeBot g BB oTE el 3%t B, W a8 e 7 180 B
c20Kdc fdcIcBCeg0WEe (288 HeCt GC0aE ¢Oc 388 g%ctc“ggggcgg,?gt 9¢
tac gag geg gag 2064 ctg gee cag ccQg etc ggé age teg
gagd tataregens eay ggmaag adcagre gbc g2d hag arcangcegamtzci g €9
ttc gee gc c atg aeg aac gte t gee c
B dC8 0 B 185 OB ORI AT BHE 150 gTbEss e How tia
t c,la ee_aac Cc_ate cac_ce
ofE 28 ety C o 300 00ed Sl TE P acBefetite cac
a6 @teagls BRYcHRCIC e 994G §RH cb09189Ge 1318 AP 8ag CCC
ace aeg gga age tgg aag gac tgg ggc gtg cag aeg éac

gyadcetadc2BE2giocdeg ghg cgagiageecamgte acy cagQ ti@CecRge acy
ee ggt 2400 gac gag gge aac ate aac

etc gcg tac gag
ok gagae%cgsa@ 830t Jatisac e erty 20828 GgC Brgseag teg
CCcC gac ggc gec aac iic cac gag ttc geg tic gec ctg ate cac gac
gag gac tac tic tac gic aac ctc tec gig gec atc aac aac gge gse
8Cg acg acc aac ccg cag ccg geg gee aac cge gec acg teg ate aag
atc gac cgc gag acg ggt gag gie ace tac gic geg ggc get cic cge
acg ccg aac gee atc gge tic ggC ccc gag gac gag atc tic geg acg
. 8¢ aac cag ggi gee tgg cic ceg tcg aac aag cte atc cac atc cag
Cag gac aag itc tac aac cac tac acg aac ccg gec ggg ceg tic gac
gcg aac cce gic ace ceg cog gee gig tgg cie cog cag aac gag atc
~gcc aac icc ccg gge aac ceg atc cte gte gag gac gge gag tic gec
ggc cag atg cig cte gge gac gig aec tac gee goc ate cag cge gog
ttc ctc gag aag gic gac gec gag tic cag get geg gic tic cge cac
ace geg gee cte gag gic gac gig aac cgt gic atc tac ggi cce gac

ggc geg cte tac gee gge gge ace ggi gag ggc gEe aac tgg goc gag

624
72
720
168
816
864
912
960
1003
1056
1104
1152
1200
1243
1296
1344
1392

<

1440

1488
1536
1084
1632




gac ate tgc tee ccg ggc gag gtc gag gag gge tac ace
geg ate tac 2496 gac ggc ace etc gcg age etc cag gag
ggc tgg cgc atg gee ggt ccg 2544 ggt ggc tte ggc cgc

N9 24B72ekc tgc tcg ate cgc ggt gcg ggt ggc INIZIP204/gp1577

gge ctg etc tgg tac gac cag gag etc ggc gag aac tac
age ctg 2640 aag etc gac tgg aag etc acg aag gac gac
aac ggc gge gtg ttc gtc 26880/6gg ttc ecg aac ccg ggc
gac gac ccg tgg gtg gee gtc aac aag ggc 2736 tac gag
ate cag ate gac geg aeg gac gee gac gac cgc ace ace
996 g2 Sfhg ORI c8E Aab APe206 H4CafR010% IR PRCaRGagCR
gcg cgc gac geé gee 2832 etc aag ccg gtc ggg cag tgg
aac tgeottcagagace ale 2agt 2igt ezcogir gYe gagadkc gaictbyeamt e
cgc ate tac etc aac gac gtg etc gtc,aac gac ttc acg

2

DFAZalPE ale SHRCCEREgHE gaggeast §loteicogiE dafeCls &Gt c

9 b Bl S T L R

e R R A S R
G (06 QMUCeANdgORe A GicCaCOiPheg Gl gregaCyinaag

3120 gac gac aeg gtg ceg gcg gac ate acg ctg acg acg
acy gatccagggicachc 3h68atcacdy tngyceg geadeeghic gtk temgcecy

t t t t tt 216 t t
K el ot G500 50§ P BEEE G oIt QR 1964

338 el gRo P ARg P W8 BT S G |,

1680
1728

1776

1824
1872
1920.

1968

2016
2064

2 S d7l j | FO 2112
icg%%gcﬁia% geMe et 3ancCrid %l%cogltdngﬁb ofdigugaccedd ub@nac

23> DNA sequence dehyde oxi dase <400>
lidc gzc ggictexeggagccey gapearaig@csgac RiLgLet gcedge ace

tgég ééggtf%t%cé4%tg acc gtc ccc gag geg gge acce tac ceg gic aac
gtg cge tac gee aac gge atc cac ccg tac acg teg ctg cgg teg aag
aac gtc tcg cte cac gig aae ggc cag gac cig gee cag tgg aac ttc
ccc acc acg gga age itgg aag gac 1gg gac gtg cag acg cge gac cic
cag ctec cag gee gge acg aac acc aic acg cic geg tac gag gee ggt
gac gag gec aac aftc aac atc gac gic ctg teg atc gge gag aac ccg
gac ate tge tcc ccg gge gag gic gag gag gec tac acc geg atc tac
gac gge acc ctc geg age ctc cag gag ggc tgg cge atg gee ggt ccg
ggt ggc ttc ggc cge cag gag gac tge tcg atc cge ggt geg gt gac
atg ggc cig cte tgg tac gac cag gag cic gge gag aac tac age ctg
aag cic gac tgg aag cic acg aag gac gac aac gge ggc gig tte gic
geg ttc ceg aac ccg gge gac gac ccg igg gtg gee gic aac aag gee
tac gag atc cag atc gac geg acg gac gec gac gac cge ace ace gec
geg gic tac acg ttc cag gec gec gac gag gea geg €ge gac gee gec
- ctc aag ccg gitc ggg cag tge aac geg tac gac alc cet gic gag gga
gac cge até cge atc tac ctc aae gac gig cic gic aac gac tic acg

age acc gac ccg gee cgg cig gig aac age tic gic ggc aic cag aac

2160
2208
2256
2304
2352
2400
2448
2496
2544
2592
2640
2688
2736
2784
2832
2880
2928
2976



gcg cag aac ccc ggg gcg gtc tgc ace ctg aag tee ggc
cag ace ccc 96 aac gtc gac aag etc atg ccg ace ate
gac tgg tcg acg gee gag cag 144 ttc ggc gcg gag gag

a0t e tcg cag gtg age gcg aac ctg cac PCIAP00L/@01577
CCC gcg gac ggc cag tac cag He cgc gtg ace aac gac gac

ggc 240 gcg etc gtc tac ate gag gge cag etc gtg gte
gag aac gac ggc ccg 288 add/5§ac tcg ace tee gtc gag
gge agc gcg acg etc ace gcg ggc gtg 336 cac gac ctg
egg gtc gag tac tac gag ggc agc gac aag cag cgc etc
g tc
ot cpest ot e gBE 18 30200 BOeAR T e el
cwcacltgac%& e68 cOt TagC@eofie gar ati8Qci\ac20il 82284
PCT/ JP2004/ 001577 42/ 57 ggc tac aag tac tgc gag ggc
ageggackecgate gcy ggeaagricgtas gyc g@g g 5XE! Bt ae daGac
age gte aac ccc aac tac gae efc ac CL@%E C cccC

g@,macg@‘@gg&g ££8 §58 LB AGatf et é &C& acg

3024
3072

3120

3168

o GO0 IR by A et B o B8 BROGAER AR 00 an1s

299 @It & WRC tehk il fasddE GEIC 208 Bebldhedste ?2@ gcgcg
gac ggc ccc gag gac gtc acg gcg acg aag gtc geg gae
agaQzeet gec/Bat ceg acgaldccey edgeypEiatgecghg gig ot €chag
gac tcg ate ttc gtc tcg 816 gag egg tac cag etc acg
teegtast €8cat®? gac cct gac ggc gac ggc He 864 tac gac

acg cac acg aag ate geg gag tgg ccc gac ggc ggec aac

3264
3312
3324

tte 912 cac gag He gcg He ggc ctg ate cac gac gag gac

tac ttc tac gte 960 aac etc tec gtg gee ate aac aac
gge ggc geg acg ace aac ceg cag 1008 ccg geg gee aac
Q00> gge acg tcg ate aag ate gac cgc gag acg ggt 1056

ag)g acg tac gte geg ggc ggt etc cgc . acg ccg aac
ég 280 ggc 1104 He ggc ccc gag gac gag ate tte gcg

@i% g@g aac cag ggt gee tgg 1152 etc ccg tcg aac aag
cac ate cag cag gae aag tte tac aac 1200 cac

878 2914861 ePoLIER &99«11%89 FhCi58@¢ 9cg aac ccc gtc

ace cog ceg gee gtg tgg etc ccg cag aac gag ate
gee aac tcc ccg ggc aac 1296

<223> DNA sequence of aldehyde oxidase

400> 14

gac ctc ccc gag cag g&g cee ggc gic acg cig ceg acc tic cag ctc
geg cag aac ccc ggg geg gte tge ace cig aag tce ggc cag acc ccc
aac gtc gac aag cic atg ccg acc atc gac igg tcg acg gec gag cag
ifc ggc gcg gag gac aac tic at¢ fcg cag gig age geg aac cig cac
gic ccc geg gac gge cag tac cag tic cgc gig acc aac gac gac ggc
geg ctc gic tac atc gac ggc cag cte gig gic gag aac gac ggc ccg
aac gac tcg acc tce gic gag ggc age geg acg cic acc geg gge gig
cac gac cig cgg gic gac tac fac gag ggc agc gac aag cag cgc gtc
acg cic gchtgg aag acg ccg ggc age teg acg tfc gag gig atc ceg
acg teg geg cte age acc gag geg gec gic gig cec gig acc geg cec

18
96
144
192

240 -

288
336
384
432
480




ccg ate etc gtc gag gac ggc gag He gee ggc cag atg ctg

etc gge 1344 gac gtg ace tac gge ggc ate cag cge gcg
ttc etc gag aag gtc gac 1392 ggc gag ttc cag ggt gcg

W200409228§c cac ace gcg ggc etc gag gtc 1440 PCHIR200/@1577

aac cgt gtc ate tac ggt ccc gac ggc gcg etc tac gee

ggc 1488 ggc ace ggt gag ggc ggc aac tgg ggc gag tee
gge aag etc egg tac 1536 gge/s8tc cag aag etc gte ccc
gtg aac gag gac tcc ttc gac atg aag 1584 gag atg cgc
gtg gtc gag gge ggc ttc gag ate gag tac ace gac ccg

ey ga C e cg
HES e B, B RBER it B ERE 8 dElnriEs
eaU0 ct a@al HpcOfie A0 ce@FablikcoRt dV28tc @9 @RdchCOeet C
ttc gtc ace gae gee ace gtg tce gag gac cgc aeg 1776

gt eat d taatpgetoy. samy it dcgaggcgoiE. 8T tda@eEeggear g3
gtc gtc tac 1824 WD 2004/ 072281 PCT/ JP2004/ 001577
3 £7C H0e BHEBCAL 6L BF6 6Lt A8GJEL 586 &58e Faft9gc

BEE ef0F B fectd BB 2e 395, BEGLE°UE50 olf ¢RceB]
?% gh®Gghk %c%?%g%@tg%g ﬁ%egﬁgaﬁé’%t@tgﬁg%% 68ig age

Cg age ate dggc gac cac age aac tac tee ggt tcg

gte ake ec2ilg cogestggag @dc giggacgamacg glic Yotgigeecygc
ego acg He tee gtg ace 2064 gtc ccc gag gcg ggc ace

23 cEDJagtiagatie MG cePcieALcyste etk 2ag@LLIgRE 80 dikac
C tac ac te ct tc a aacC te tc etc C
S5 e as? g At Rag Al dsk Begla 0T £8° dgh dscads (..
AE e 1R 208 892208 @RIeHAEad %g(‘zggﬁ gtcgt&agt@eg
€go gac etc cag elc cag gee ggc acy aac’ ace ate

200 cet Acgoget e PR aBCQadUgclodr g0 aggaclafacater aew
2304 ate gac gtc ctg tog ate gge gag aac cog gac ate

£OR BERECE OCoLEs 285 ACE g4g YrcaiagieyAac gge gagcack 88hcg
Pl A3 5eRge 06 36¢ Bbicdidf Ao nent MRl Bedl
SR oSl e B8 e 15005000 OB 109 e8! 1008 b8
6l ceRdcgtaacosy t 0O ad@%alt £ic2bdt cag gac aag tic tac aac
cac tac acg aac ccg gec ggg ccg tic gac gcg aac cec gic acc ccg
ccg gee gtg tegg cte ceg cag aac gag atc gec aac tcc ccg gge aac
ccg atc cic gic gag gac gge gag itc gec gee cag aig cig cic gsc
gac gtg acc tac gec gec atc cag cge geg tic cic gag aag gic gac
gge gag tie cag get geg gic tic cge cac acc geg gge cic gég gte
gge gtg aac cgt gic atc tac ggt ccc gac gge geg ctc tac gee gec
gge acc get gag ggc ggc aac igg gec gag icc gec aag ctc cgg tac
gge ctc cag aag ctc gic cce gig aac gag gac tce ttc gac atg aag
gag atg cge gig gic gag ggc gge tic gag aic gag tac acc gac ccg
gig tce gac gag gic gic gag aag cig gee gac geg tac cag gic aag
cag tgg cge tac gig ccg acg cag cag tac gec gec ccg aag gic gac
gag gag ccc ctc ttc gic acc gac gﬁc acc gtg tcec gag gac cge acg

acc gic acg cig acg aic gac gge cic aag cct: gac cac gic gtc tac
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acg aag gac gac aac gge ggc gtg ttc gtc ggg tte ccg

aac ccg ggc 2592 gac gac ccg tgg gtg gee gte aac aag
ggc tac gag ate cag ate gac 2640 gcg acg gac gee gac

- Wg0044g38hce ace ggc geg gte tac acg ttc cagP@BBR0IGQGT

gee gac gag gca gcg ego gac gee gee etc aag ccg gte
ggg cag 2736 tgg aac gcg tac gac ate cgt gtc gag gga
gac ego ate cgc ate tac 274457 etc aac gac gtg etc gte
aat gac He acg age ace gac ccg gee egg 2832 «ctg gtg
aac age tte gtc ggc ate cag aac cac gge age ggc gag

a B B2 B8P cePlege ARE tﬁcs@mc@@@c g ®@Jadd ga@adc gag C. t BT
ace gac gag cog gte 2928 gag gag etc gcg ate tog acg
agcacoyee gy tagetacgecg gee ang t0g g tgoeec2eas taaade gice t acld20

gte gcg gtc cgt gee acg aac gac gae acg gt cg gcg
&qce,cﬁgcgééc gg&g acgigss _

ot So §: S8 b otedofit of 3ul Mo B ek Tcf e AT Codh01s
eGeruR RS GT88E TR LEER 38 SR Ve 10 gtace 0O 2004

glA6ckiz @66 dedcCacgadaecs @t daceztigoegcgdec gge da2 1gkc 2112
<210> 15 <211> 27 <212> PRT <213> Streptomyces sp.

akNER60cE 228achH tog ol d4EE 408 ragaaicde e dt@ kde Bf &gbuni £160
gamma of al dehyde oxigas e <400> 15 C]g Al a ASP Leu-2208
agq GEPERE GAR CPERBPaF2E/ 488 ASh IGF Lo ACCSAPE FAP 845 'E81 5
a%g&éﬁ%gﬁig& E ot legf e Ft¥ ARPe Y Qad ke 02t de@y 202256
aac acc atc acg cic geg tac gag gec ggt gac gag gge aac ate aac 2304
atc gac gic ctg tcg atc gge gag aac ccg gac atc ige tcc ccg ggC 2352
gag gic gag gag ggc tac acc gog atc tac gac ggc acc cic geg age 2400
ctc cag gag gec tgg cge aig gee ggt ccg get gee ttc gge cge cag 2443
gag gac tgc fcg atec cge ggt geg ggt goc atg gec cig cic igg tac 2496
gac cag gag ctc ggc gag aac tac age ctg aag ctc gac igg aag cic 2544
acg aag gac gac aac ggc gge gig tic gic geg tic ccg aac ceg g8c 2592

gac gac ccg tgeg gtg gee gic aac aag gege tac gag atc cag atc gac 2640

. geg acg gac gec gac gac cge acc ace gge geg gie tac acg tic cag 2688

gec goC gac gag gca geg cge gac gee gec cic aag ceg gic gegg cag 2736
tgg aac geg tac gac atc cgt gie gag gea gac cge afe cge ate tac 2784
ctc aac gac gtg ctc gic aac gac ttc acg agc acc gac ccg gcc cgg 2832
ctg gtg aac age tte gic gge ate cag aac eac ggc age gec gag atg 2880
gic aac tac cgg aac afc cge tic aag gag cig acc gac gag ccg gic 2928
gag gag ctc geg atc tcg acg acg gic cag acce cgb tgc cig geg gec 2976

- aag gie tac gic gcg_gtc cgt gee acg aac gac gac acg gig ceg gog 3024

gac atc acg cig acg acg ccg tic ggg acg aag acg gig acc gge gic 3072
cag ccg gt gee tce geg tac cag teg tic geg icg cgc tcg ace icg 3120

gtc gag gre ggc acc gee cag gig tcc geg acg gec gec gac ctg acg 3168 |




<211> 40 <212> PRT <213> Streptonyces sp. KNK269

<223> N-term nal am no acid sequence of subunit beta

of al dehyde oxi dase <400> 16 Met Lys Pro Phe Ay Tyr
V4D 2004/8720%0 Ala Ser Pro Asp Gu Ala Val 1 5 MO/JIPHONDIST?
2004/ 072281 PCT/ JP2004/ 001577 45/57 Arg Leu Cys Al a
Gu dy Ser Ay Ala Arg Phe Leu Ay dy Gy Thr 20 25
30 AsnlLeu Val Asp Leu Met Ly4/57eu 35 40 <210> 17

<211> 36 <212> PRT <213> Streptomyces sp. KNK269

<223> am no acid sequence (from Ala231 to Ala266) of

$ t cdta@ ctgaAl a Arg 3210 .
A#sbbeﬂgr gcgeéaﬁsé’tfc he Al 'aéﬁg%c@ a Lenfg}g%gSeré Val Al a )
Ala 151015 Thr Len Arg Val Asp Ala Ay Arg Val _
AQu Hs Ala Thr LeuAIaPhe202530 GIyGIyVaIAIa
35..<210> 18 <211>.24. : e o
<210> 15

Q1> 27

<212> PRT

<213> Streptomyces sp. ENK269

{223> N-terminal amino acid seauence of subunit gamma of aldehyde oxidas

e

<400> 15
Gly Ala Asp Leu Glu Pro Glu Pro Val Val Asp Glu His Ser Thr Val
i b 10 15
Thr Leu Asa Val Asn Gly Asp Pro Thr Thr Leu
20 25

<210> 16

<Z1i> 40

<212> PRT

(21-3> Streptomyces sp. KNK269

<223> N-terminal amino acid sequence of subunii beta of aldehyde oxidase

<400> 16
Met Lys Pro Phe Gly Tyr Val Arg Pro Ala Ser Pro Asp Glu Ala Val
1 5 10 15



<212> PRT <213> Streptonyces sp. KNK269 WO 2004/ 072281
PCT/ JP2004/ 001577 46/57 <223> N-term nal am no acid
sequence of subunit al pha of al dehyde oxidas e <400>
WiB20M/e2810 G n Phe Pro Ay Ala Pro Val Val RETTRROGH/@IIT7
Ala Arg Asp 1 5 10 15 Lys Val Thr Ay Thr Ala Arg In
20 <210> 19 <211> 38 <212> PRT <213> Streptonmyces

sp. KNK269 <223> ami no aci 45/6@quence (from Leu261to

A u298) of subunit al pha of aid ehyde oxi dase <400>

19 Leu Val Phe Pro Arg Ala G n Leu Ala Ju Val Val Gy

| Sy Pa T leCLE&d 01 ThE 9
Herd 3"%1“33[@85%%83%%@3“ i BHic’Led DLLGG Ua TEQ
Val Ser H gpGn 35 <210> 29 WO 2004/ 0722830

PCT/ JP2004/ 001577 47/57 <211> 35
_Asn Leu Val Asp Leu Mei Lys Leu -

35 40

210> 17

211> 36

<212> PRT

<{213> Streptomyces sp. KNK269

<228) amino acid sequence (from Ala23t to Ala266) of subunit beta of ald

ehyde oxidase

<400y 17
Ala Arg Asp Arg Ala Ser Phe Ala Phe Ala Leu Val Ser Val Alaz Ala
| 5 10 15
Thr Leu Arg Val Asp Ala Gly Arg Val Glu His Ala Thr Leu Ala Phe
20 25 30
Gly Gly Val Ala
35

<210> 18 |
211 24 . I
<{212> PRT

<213> Strepiomyces sp. KNK269




<212> PRT <213> Streptonyces sp. KNK269 <223> am no
aci d sequence (from Gly659 to Thr693) of subunit al pha
of al dehyde oxidase <400> 20 Ay Ile Ay u lle Ay
M@200407281y Thr Ala Ala Ala Ile Ay Asn 1 5 POO/IRBO04/001577
Ala Val Arg His Ala Thr Ay Ala Arg Leu Arg G u Leu
Pro Leu Thr 20 25 30 Thr Asp Thr 35 <210> 21 <211>
29 <212> DNA <213> Artificdéb7Sequence <220> <223>
m xed DNA prinmer (1) corresponding to N-term nal am no
acid sequen ce of subunit gamm of al dehyde oxi dase
t ' iR 0 ' r idas .
Qa2 K prme Tl 8 o) SRR BT DB Lo s SO A elyte oxidas
PCT/ JP2004/ 001577 48/ 57 <210> 22 <211> 23 <212> DNA
<213> Artificial Sequence <220> <223> conplenentary
m.xed. DNA priner. (2) corresponding.to am.no acid.se..

<400)> 18
Ala Pro Gin Phe Pro Gly Ala Pro Val Val Arg Arg Glu Ala Arg Asp

1 b 10 15
Lys Val Thr Gly Thr Ala Arg Tyr
20
- <210> 1%
<211 38
<212> PRT

<213> Streptomyces sp. KNK269

<{223> amino acid sequence (from Leu261to G1u298) of subunit alpha of ald

ehyde oxidase

<400> 19
Leu Val Phe Pro Arg Ala Gln Leu Ala Glu Val Val Gly His Arg Ala
1 5 e 15
Pro Thr Ile Gln Arg Val Arg Leu Gly Ala Asp Leu Asp Gly Val Leu
20 25 30
Thr Ala Val Ser His Glu | u
35 |

<210> 20



guence (from Asp251 to Ala258) of subunit beta of
Streptonyces sp. KNK26 9 al dehyde oxi dase <400> 22
gcgt gytcsa cscgbcecsge gtc 23 <210> 23 <211> 23 <212>
VONRO&@2r Artificial Sequence <220> <223> mCTaezoDMA1ST?
primer (3) corresponding to amno acid sequence (from
A sp251 to Ala258) of subunit beta of Streptonyces
sp. KNK269 al dehyde oxi da$#®%400> 23 gacgcsggvc
gsgtsgarca cgc 23 WO 2004/ 072281 PCT/JP2004/ 001577

49/ 57 <210> 24 <211> 23 <212> DNA <213> Artificial
Saqpeysce  <220> <223> conpl enentary m xed DNA pri mer
ég) corresponding to am no acid seq uence (from

d2PRTt o Glu281) of subunit al pha of Streptonyces sp.

NK26., 9 al dehyde ogxi dase <400> 24 cgct ggat sg
@.%ﬁé%&@mw@m K58 25 <2115 23

223> amino acid sequence {from Gly659 te Thr693) of subunit alpha of al

dehyde oxidase

<400 20
Gly Ile Gly Glu Ile Gly Ile Val Gly Thr Ala Ala Ala Ile Gly Asn
1 5 10 | 15
Ala Val Arg His Ala Thr Gly Ala Arg Leu Arg Glu Leu Pro Leu Thr
20 25 30
Thr Asp Thr
35

<210> 21
1> 29
- <212> DNA
<213> Artificial Sequence

L2200
<223> mixed DNA primer (1) corresponding to N-terminal amino acid sequen

ce of subunit gamma of aldehyde oxidase of Streptomyces sp. ENK269

<400> 2t
gacctisgarc csgarcesgt sgisgacga 29




<212> DNA <213> Artificial Sequence <220> <223> m xed

DNA prinmer (5) corresponding to am no acid sequence

(fromlLe u274 to Glu281) of subunit al pha of

SYQ A94/6198es sp. KNK269 al dehyde oxi dase <4@TAPAB4001577

caccgsgcsc csacsatcca gcg 23 WO 2004/ 072281

PCT/ JP2004/ 001577 50/57 <210> 26 <211> 23 <212> DNA

<213> Artificial Sequence <«B#)> <223> conplenentary

m xed DNA prinmer (6) corresponding to am no acid se

guence (from Leu686 to Glu693) of subunit al pha of

Streptonyces sp. KNK2 69 al dehyde oxi dase <400> 26

gtgtcsgtsg tsagsggsag ytc 23 <210> 27 <211> 10 <212>

RRI0<223> M crobacterfum sp. KNKO1L1 <223> N-terni nal

A§1no aci d sequence of al dehyde oxi dase <400> 27 Val
hoTBR Pro Ala Asp Leu Pro Lys @n. 1.5 10 e

<212> DNA |
213> Artificial Sequence

220>

<223> complementary mixed DNA primer (2) corresponding to amino acid se
quence (from Asp251 to Ala258) of subunit beta of Streptomyces sp. KNK26
9 aldehyde oxidase |

<400> 22
gegigyvicsa cscghecsee gte 23

210> 23

211> 23

<212> DNA

<213 Artificial Sequence

220> _
<223> mixed DNA primer (3) corresponding to amino acid sequence (from A
sp251 to Ala258) of subunit beta of Streptomyces sp. KNK269 aldehyde oxi

dase

<400, 23 |
gacgesggve gsgisgarca cge 23



<210> 28 <211> 34 <212> PRT WD 2004/ 072281
PCT/ JP2004/ 001577 51/57 <213> M crobacterium sp.
KNKO11 <223> internal am no acid sequence of al dehyde
wixtodaer281<400> 28 Val Asp Ay du Phe G n Grgrabmodais??
Phe Arg Hs Ser Ala Gy Phe 1 5 10 15 Thr Val Gy
Val Asn Arg Val Ile Qu Ay Pro Asp Thr Ser Leu Tyr 20
25 30 lle Ay <210> 29 <249/H719 <212> PRT <213>
M crobacterium sp. KNKOL1l <223> internal am no acid
sequence of al dehyde oxi dase <400> 29 Ile Phe Leu Asn
@y Thr Leu Val Asn Asp Phe Thr Ser Val Asp Pro 1 5
10 15 Ala Arg G n <210> 30 <21U 29 <212> DNA WO
{002/ Bi72281 PCT/ JP2004/ 001577 52/57 <213> Artificial
Seguence '
> o
<212> DNA

2P Artificiﬁl Sequence

220>

<223> complementary mixed DNA primer (4) corresponding to amino acid seq
nence (from Leu274 to Glu281) of smbunit alpha of Streptomyces sp. KNK26
9 aldehyde oxidase

<400> 24

cgetggatse tsggsgcscg gtg 23

<210> 25

211> 23

<212> DNA

{213> Artificial Sequence

{2200
<223> mixed DNA primer (5) corresponding to amino acid sequence (from Le
u274 to Glu281) of subunit alpha of Streptomyces sp. KNK269 aldehyde oxi

dase

<400> 25

caccgsgese csacsalcca geg 23 | |




<220> <223> m xed DNA prinmer (1) corresponding to

N-term nal am no acid segue nee of al dehydeoxi dase

from M crobacteriumsp. KNKO | <400> 30 gtcaacacsc

YWYl bccsaarca 29 <210> 31 <211> 26 #21aP20DNN1577

<213> Artificial Sequence <220> <223> conplenentary

m xed DNA priner (2)corresponding to am no acid seq

uence (from Asp513 to Phe521$0/8Y al dehyde oxi dase from

M crobacterium sp KNKOL1l <400> 31 aasacbgcsc

cctgraaytc nccrtc 26 <210> 32 <211> 26 <212> DNA

<QM8> Wrtificial Sequence <220> WO 2004/072281 .

PCT/ JP2004/ 001577 53/57 <223> ni xed DNA primer (3) )

cetll2siBondi ng to anmino acid sequence (fromA sp513 to

Eﬁ&gﬁih of al dehydeoxi dase from M crobacterium sp. -
A400>.32ugacggsgart t.ccagggvgc. ngtntt 26 ..<210>. . -

381554 %1 A%1al Sequence

<220>

<223> complementary mixed DNA primer (6) corresponding to amino acid se
quence (from Leu686 to GIu693) of subunit alpha of Streptomyces sp. KNK2
69 aldehyde.oxidase

<400> 26

gigicsgtsg tsagsggsag vic 23

<210> 27

211> 10

<212> PRT

<213> Microbacterium sp. KNKOI11

<223)> N-terminal amino acid sequence of aldehyde oxidase

<400> 27
Val Asn Thr Pro Ala Asp Leu Pro Lys Gln
1 5 10

£210> 28
Q11 34
<212> PRT



<212> DNA <213> Artificial Sequence <220> <223>
conpl enmentary m xed DNA prinmer (4) corresponding to
amno acid se quence (from Phe959 to Thr969) of
VRO e Ge@81oxi dase from M crobacterium's p. RKRA@P2004/001577
<400> 33 gtgaagtcgt tsacsagsgt gccrttnagr as 32 <210>
34 <211> 32 <212> DNA <213> Artificial Sequence

<220> <223> DNA pri ner contéyﬁ7ng Nde | restriction
site for cloning of aldeh yde oxidase from .

M crobacterium sp. KNKOL1 WO 2004/ 072281

218> 206 OOTE 5p. FNKBTI <400> 34 gt gccgecegt
cgcccatatg gtcaacaccc cg 32 <210> 35 <211> 29 <212>
DNA <213> Artificial Sequence <220> <223> DNA pri ner

£7ae "tk o e Sebbie ot aldebte” ftefe. <doo> 35
ggagagcat g gggaattctg ggacatgag 29
400> 28
Val Asp Gly Glu Phe Gln Gly Ala Val Phe Arg His Ser Ala Gly Phe

1 B 10 | 15
Thr Val Gly Val Asn Arg Val Ile Glu Gly Pro Asp Thr Ser Leu Tyr

20 25 30

Ile Gly

<210> 29

211> 19

<212> PRT

<213> Microbacterium sp. KNKO11

- <223 internal amino acid sequence of aldehyde oxidase

<400> 29
Ile Phe Leu Asn Gly Thr Leu Val Asn Asp Phe Thr Ser Val Asp Pro
1 B 10 ’ 15
Ala Arg Glu

<210> 30
211> 29
<212> DNA




<210> 36 <211> 23 <212> PRT <213> Cel | ul osi m crobi um
cellul ans 1FO 15516 <223> N-term nal anino acid

sequence of al dehyde oxi dase <400> 36 Asp Leu Pro GQu
sazo@d/er2Bio Gy Val Thr Leu Arg Thr Phe G n lpeiriarhofoois77
10 15 WD 2004/ 072281 PCT/ JP2004/ 001577 55/57 Ala Gn
Aso Pro Thr Ala Val 20 <210> 37 <211> 31 <212> PRT
<213> Cel | ul osi mi crobi um cel PPAns | FO 15516 <223>
internal am no acid sequence of al dehyde oxi dase

<400> 37 Lys Thr Pro Ay Ser Thr Val Phe Gn Val Ile

PCI33MriPeicidl Seb@gncel 5 10 15 Ser Thr u Ala Ay
Val Val Tyr Val Thr Ala Pro Ay Val Lys 20 25 30

<210> 38 <211> 34 <212> PRT <213> Cel | ul osi m crobi um
ciﬂlglans | FO 15516 <223> internal am no acid sequence
ofé2 dehyde .oxi dase ..<400>.38. S B B

<223> mixed DNA primer (1) corresponding to therminal amino acid seque
nce of aldehydeoxidase from Microbacterium sp. KNKO11
<400> 30

gtcaacacsc csgengavet beesaarca 29

210> 31

211> 26

<212> DNA

<213> Artificial Sequence

<2200

<223> complementary mixed DNA primer (2)corresponding to amino acid seq
uence (from Asp513 to Phe521) of aldehyde oxidase from Microbacterium sp
. ENKO11

<400> 31

aasachgesc cctgraavic nceric 26

210> 32

<211> 26

<212> DNA

<213> Artificial Sequence

<2207



Lys Ile Ala GQu Trp Pro Asp Gy Gy Asn Phe Hs Qu
Ile Ala Phe 1 5 10 15 WD 2004/072281
PCT/ JP2004/ 001577 56/57 GQu Leu Ile His Asp Au Asp

W 2004%7328Tyr Val Asn Len Ser Val Ala 20 25 JCTAJPe483577
<210> 39 <211> 25 <212> DNA <213> Artificial
Sequence <220> <223> m xed DNA prinmer (1)
corresponding to N-t er ni nal 88@¥ no acid seque nee of
al dehydeoxi dase from Cel | ul osi m crobi um cel | ul ans | FO
15516 <400> 39 acctsccsga gcaggagccs ggsgt 25 <210>
42232 Mixe® ONA v2ir A core3pondiifi ftbcndho SRAHe*aBence (from A
<220> <223> conplenentary m xed DNA priner (2)
S5 B ek BRehiZibhy of oa ldahyteonidade sy om dlienetec { iviom spl MEO1 T o

%@ﬁ?%ﬁ) of al dehyde oxi dase from Cel | ul osi m crobi um
Fful%ans. 1. FO.15516. WD 2004/ 072281 . PCT/.JP2004/.001577.. ...

BB 0 ANeA gl Ao 20t cotogte gtggat 26

<2107 33

211> 32

<212> DNA

213> Artificial Sequence

<2207

<223> complementary mixed DNA primer (4) corresponding to amino acid se
quence (from Phe959 to Thr969) of aldehyde oxidase from Microbacterium s
p. KNKO11

<400> 33

gigaagicgl tsacsagsgt geeritnagr aa 32

210> 34

211> 32

<212> DNA

<213> Artificial Sequence

{220>
<223> DNA primer containing Nde I resiriction site for cloning of aldeh

~ yde oxidase from Microbacterium sp. -KNKO11




<210> 41 <211> 23 <212> DNA <213> Artificial Sequence
<220> (223> m xed DNA priner (3) corresponding to
am nho acid sequence (fromT hrl176 to Thrl 83) of
N EEXi dase from Cel | ul osi mi crobi um cel | RCAFB20p4001577
0 15516 <400> 41 acsgtstteg aggtsatccc sac 23 <210>
42 <211> 25 <212> DNA <213> ﬁ%iificial Sequence
<220> <223> conpl enent ary Dﬁa i mer (4) corresponding
t'o DNA sequence (2521- 2545) of al dehyde oxi dase from

[ acteriumsp. KNKO | <400> 42 tcaggctctc
3@8@%38ccg tcgaa 25

gtgcegeeet cgeccatatg gieaacacee cg 32

Q10> 35

1> 29

<212> DNA

213> Artificial Sequence

<2200
<223> DNA primer containing BcoR I restriction site for cloning of alde

hyde oxidase from Microbacterium sp. ENKO11

<400> 35
ggagagealg gggaaticig ggacatgag 29

<210> 36

<> 23

<212> PRT

<213> Cellulosimicrobium cellulans IFQ 15516

<223> N-terminal amino acid sequence of aldehyde oxidase

<400> 36
Asp Leu Pro Glu Gln Glu Pro Gly Val Thr Leu Arg Thr Phe Gln Leu
1 b 10 15



WO 2004/072281 - . PCT/IP2004/001577

65/57

Ala Gln Asn Pro Thr Ala Val
20

<210> 37

211> 31

<212> PRT

<213> Cellulosimicrobium cellulans IFG 15516

<223> internal amino acid sequence of aldehvde oxidase

<400> 37
Lys Thr Pro Gly Ser Thr Val Phe Glu Val Ile Pro Thr Ser Ala Leu
| 5 10 15
Ser Thr Glu Ala Gly Val Val Tyr Val Thr Ala Pro Gly Val Lys
. 20 25 30

210D 38

211> 34
<{212> PRT .
<213> Cellulosimicrobium cellulans IFQ 15518

<223 internal amino acid sequence of aldehyde oxidase

<400> 38

Lys Ile Ala Glu Trp Pro Asp Gly Gly Asn Phe His Glu Ile Ala Phe
1 5 10 - 15




WO 2004/072281 _ PCT/JP2004/001577

56/57

Glu Leu Ile His Asp Glu Asp Tyr Phe Tyr Val Asn Leu Ser Val Ala
0 25 30
Ile Asn

<210> 39

11> 25

<212> DNA

<213> Artificial Sequence

220>
<223> mixed DNA primer (1) corresponding to N-terminal amino acid seque

nce of aldehydeoxidase from Cellulosimicrobium cellulans IFC 15516

<400> 39
acctsccsga geaggagees ggsgt 25

<210> 40

211> 26

<212> DNA

<213> Artificial Sequence

<220>

223> complementary mixed DNA primer (2) corresponding to amino acid se
quence (from I1e350 to Val358) of aldehyde oxidase frem Cellulosimicrobi
ue cellulans IFQ 15516 |



WO 2004/072281 PCT/IP2004/001577

57/67

400> 40
acgtagaagt agicctcgic gitggat 26

210> 41

211> 23

<212> DNA

{218> Artificial Sequence

{220>

{223> mixed DNA primer (3) corresponding to amino acid sequence (from T
hr176 to Thri83) of aldehydeoxidase from Cellulosimicrobium cellulans IF
0 15516 |

<400> 41

acsgisttcg ageisatcee sac 23

210> 42

211> 25

212> DNA

<213> Artificial Sequence

<2205

<223> complementary DNA primer (4) corresponding to DNA sequence (2521-
2545) of aldehyde oxidase from MIicrobacierium sp. ENKOL1

oe> 42 |

tcaggcictc gagegigeeg tegaa 25




