[err] [err] Titl e: NOVEL FORVATE DEHYDROGE Eggérozwm TO

HALOGEN COVPOUNDS AND PROCESS FOR PRO- DUCI NG THE SAVE Abst

i ntended to provide a formate dehydrogenase which has a high specific
activity, a small Kmvalues to formic acid and NAD, a
tenperature-stability over a wde range, a pHstability over a w de range,
a wide function tenperature range and alwi de function pH range, is not

i nactivated even in case of coexisting in an enzynatlc reduction system of

a hal oketon AR ok progﬁé@goﬁ:&éﬁhe{i‘@é ﬁ&ﬁf %t@ﬁogﬁﬁﬁ{eﬁ@@@aa an

formate dehy
enzyne having the abo\ANDeBROCERR FORBRODESINGITERI @i e for industri al

use i s provided. Mreover, a DNA containing the gene of this enzyne, a
reconbinant DNA with a vector and its transformant constructed by using a
plasm d are provided. Furthernmor BECENBEBLeESELDr O producing t he fornate

dehydr ogenase usiRg ﬁré%éﬁtnlﬁ%ﬁﬂ%ﬂgréfa{f-gg . gsgﬁg;g %‘ as or

t ransf or mant .cons cted % using a for e de fe orlglnatlng
in this st rQtRE2R d 2 helrsatener egepennds ngnd baﬁngnéormaba enzymatic

reductlon sghydrogehbbet Aetigetyf LNyen&n2YaBng" bl 9¥! d8dsrocess for -
producing a formate dehydrogenase with the aid of a strain
of microorganism capable of producing said polypeptide or a
10 transformant thereéf, and a process for regenerating a
coenzyme with'goqd efficiency which comprises permitting
. 8aid enzyme to be present in an enzymatic reduction
reaction system.

15  BACKGROUND ART
The enzyme formate dehydrogenase (enzyme

no.[EC1.2.1.2]) is an enzyme which catalyzes the feaction
giving rise to carbon dioxide and reduced nicotine adenine
dinucleotide (hereinafter referred to as NADH} from a

20 formate and oxidized nicotine adenine dinucleotide
(hereinafter referred to as NAD)} . Formate dehydrogenase is
a useful enzyme having advantages that when it is used for
coenzyme regeneration in a NADH-dependent enzymatic
reaction, an inexpensive formate can be utilized and the

25 Dbyproduct ‘is carbon dioxide which is not accumulated in the
system. Furthermore, as an enzyme having small Km values
for formate and NAD, this enzyme acts effectively at low
substrate concentrations and can be utilized for specific
microassay of formate, thus being an- 1ndustr1ally useful

30 enzyme.

Formate dehydrogenase is known to exist in higher

plants, methanol-utilizing yeasts, bactefia, and the like.
The enzyme which has heretofore been purified and
characterized includes the enzyme derived from the higher

35 :plant pea (Pisum sativum; J.'Biochem., vol.77, 845, 1975)




~[erfﬁ 2 June 2006 1 NOVEL FORMATE DEHYDROGENASE TOLERANT TO_ HALOGEN:
COVPOUNDS AND PROCESS FOR PRODUCI NG THE SAME TECHNI CAL FIEL%JH”Q%@xbresent
i nvention relates to a polypeptide tolerant to hal oketone conpounds and

having formate dehydrogenase activity, a gene coding for it, a process for

produci ng a formate dehydrogenase with the aid of a strain of

m croar gani sm capabl e 'of produci ng said ol ypeptide or a 10 transfornmant
' coenzynme with good efficiency -

thereof, an c for regenerating a it

whi ch corrprlgggs?%gr %ﬁgﬂngﬁ d%g%‘de%n {}‘H’g rethanpl adfeitidinavesstymat i c

reduction FREELPBN ByBEbIM CA6dBACKEROIND ARTEThE ENZABRHRN TBLR ] | 62,

dehydrogenasgi(engyse, 8onbiE- | S,.an_enzynge i.ch catalyzes the
Gfg tq car bonlg%tl}%i’li%jceéa ]f'edﬁ'cg%qvf\:ji%‘ce&'i Y& laderirne

reaction gjying. i s .
di nucl eot i dég?hejr é‘%’ib'r t SRR rebh 280 hEcNADHIMS Mimrabd 1f. oLeate ,and
to as NAD).

oxi di zed nivolif@, ated neosii NUCA RebdEera (481 eiafier gigher pad

Format e deh‘y(glip:géanalsﬁislgﬁ)us?éul enzyme hayi ng advantages that when it is
used for coenzyre Fedener at’‘or 1 HLE I%—F‘H%’p%n‘g’t%ﬁlcen?}ﬁét-i €hemacti on, an
i nexpensi ve"brhbt &%bh D8Rl iaratl Tizmbutshee 2 mdnHpmedual b scar hgp_gioxi de
whi ch i s nao-accigan)at eghd st Furthernore, as an enzyne havi ng
smal | _Km vg| ues for)a'for r!tbetd;:ﬁlgrﬁlyAD, @.{Bmes‘}éerﬁz%hssgcfagzg’f“?ﬁc%mf Fyally| ow
substrate concem?at i%né SRR Tbeomingisz &¢ ber ovpecohecfoni croassay of

formate, tHuslusdimglarppidesttiioal, | yawsehulow specific activity, large
Km values for formate and NAD, and/or a narrow pH range for
activity.

There also are several eniymes which have been
purified from bacteria and characterized but each haé its
own drawback in industrial application. For example, the
enzymes derived from Pseudomonas sp. 101 (Eur. J. Biochen.,

~ vol.93, 569, 1979) and Pseudomonas oxalaticus (Eur. J.
Biochem., vol.83, 485, 1978) have comparatively high

- Specific activity but are unstable in the absence of a
§tabilizer. The enzyme derived from Moraxella sp. ({(dJ.
Bacteriol., vol.170, 3189, 1988; JP-A-63-313580) is low in
specific activity and has a large Km value for formate.
The enzyme derived from Hyphomicrobium sp. {(JP-A-2000-78970,
reported at 1999 Congress of Japan Society for Bioscience,
Biotechnology, and Agrochemistfy, Synopsis of Papers Read
Before the same Congress, p.234) is low in specific |
activity and has a low pH range for activity. Moreover,

_the enzymelderived from Paracoccis sp. (JP-A-03-61481) has
a large Km.value for formate. |

A further problem is that while the products (e.g.

haloalcohols) obtainable by reducing haloketone compoﬁnds
-are very useful compounds as raw materials of such as

- pharmaceutical products, the formate dehydrogenases
heretofore reported are invariably inactivated in the

- bresence of a haloketone compound so that if added to an
enzymatic reduction reaction system for a haloketone




30 enzynme. Formate dehydrogenase is known to exist in higher Blaa@ﬁy-
met hanol -utilizing yeasts, bacteria, and the like. The enzyﬁé g has
her et of ore been purified and characterized includes the enzyne derived
fromthe higher 35 plant pea (Pisumsativum J. Biochem, vol.77, 845,
1975) 2 June 2006 2 and the enzynes derived from nmet hanol -utilizing yeast
species, nanely Candida boidinii (Eur. B Biochem, vol 62, 151, 1976),
Candi da nethylica (Eur. J. Biochem vol.152, 657, 1985), Candida
met hanol i ca (FEMS Mcrobiol. Lett., vol.48, 139, 1987), Kl oeckera sp.
(Agric. Bi SIORRHAEH,, nops azg, able tpozegenRimitien thas toeng vinkgr i Thusj ol .
Chem . g u0lthiEhe 23 fotl883m ANdohid cRhAEIARAS Waghghs (1P A

ZYIES b

60-241887), anong qthers, However, these e I nvari-abl'y ~ have sone or
ot her shor €8 9h&ENSy EPEBRY™EL W1 i iestdr iefif igpgnicyatinothenanel y | ow

speci fi c acnzyntarid aedactkonyalbuetiber shawwat @ raRdhMBK2050r a narrow pH
range fgr c%&lbyiky. There al so are several enzynmes which have been
purified from ACteria and characterized but each has its own drawback in

i ndustrial appli8afeoninfotoefammhee HhbydebgyfiRsegdeskVetel baprBegyonONas

. 101 (B odn B , .99, 569, 1979 P |at i
CBur 07 Crighe, e IREy ntBh- 300080 ketut ek BB ERVERS RiGRT-SPoci fic
activity baccgpEoundEghbl@.2nll he absbnee thoae deabivkizéromThe enzyne
derived f I+ ; ) i ol ., . , , .

erived Ir emcMararslibacsps (J. nPagtcehh. . Vol 248, g%ﬁgrgﬁﬁﬁ; val ue for

JP- A-63-313580) is . lowin. specific actrvify and

formatld ThEOEhFYHEUBePRGERUEE BRURY pHonBectbrlod sp. véIPLB92080578970,
reported aiog999 €0BStesa;oh JREAROSPEES gmf 5. BBPSE! ERfiEn ., Bi8L 85k 0l ogy,

and AQVOC“?H&%Er¥98§YP°8€é? giepg ggskﬁggn but these cannot be
utilized for the purpose of regenerating the coenzymé NAD,
Referring to the expression of bacterial NAD-

15 dependent @ormate dehydrogenase genes in transformants, the
-genes derived from Pseudomonas sp. 101 (Biotechnol. Appl. |
Biochenm., vol.18, 201, 1993), Mycobacterium vaccae (Appl.
Microbiol. Biotechnol., vol.44, 479, 1995, JP-A-10-23896),
Pyrococcus KOD1 (JP-A-2000-69971), Hyphomicrobium sp. (JP-

20 A-2000-78970, reported at the 1999 Congress of Japan
Society for Bioscience, Biotechnology, and Agrochemistry,
Synopsis of Papers Read Before the same Congress, p.234)
but there has been no knowing of a formate dehydrogehase
gene derived from any microorganism of the genus |

25 Thiobacillus.
It is known that bactepia of the genus Thiobacillus
-have formate dehydrogenase activity in the form of crude
- enzyme solutions (J. Bacteriol., 131, 389 (1977)) but there
is no report on the actual purification and isolation of an
"30 enzyme or on the characterization thereof, nor has it been
reported that a relevant gene was ever isolated.

SUMMARY OF THE INVENTION
There can be provided a formate dehydrogenase which

35 is free from the above-mentioned




Before the sane Congress, p.234) is lowin specific activity Q %ﬁ’ a |l ow
pH range for activity. Mreover, the enzyne derived fron1Pa?
(JP-A-03-61481) has a large Kmvalue for formate. A further problen1|s
that while the products (e.g. hal oal cohol s) obtainable by reducing

hal oket one conpounds are very useful conpounds as raw materials of such as
phar maceuti cal products, the formate dehydrogenases heretofore reported
are invariably inactivated in the presence of a hal oketone conpound so
that if added to an enzymatic reduction reaction systemfor a hal oketone 2

June 2006 Hseshvsaiagesnefe three hitherte-kagene faraatiee deduifispaenaprgs,

there is m@he&@owawaekgwﬂﬁi@nﬁﬁﬂ&ﬂﬁgg%gasqo%aey@dafmb dAagenangting the
in the énzymaticC reduction reaction syst em

coenzynmne th good eff|C|enc

of a hanﬁ%F@ﬁb BHHﬁ@ﬁnéo RePETEEg 20d ﬁgphaPéIHEwy&F€§€H§§@§eoﬁn9h

bact eri al pHomaglg@s eﬂﬁmsaﬁmhltqhhd@dngtar&:qupfne r%geanﬁirh%dﬁﬂl@mt,r mt(J
accept gr uch.as those.derived fraom Esc herichia.co

BT orP) okt B, ThngRE 35, WA CRaE R T B R i
BacterioltolembntﬁQﬁcBﬁﬁlokkﬁ&@p cofiposhdisdanm therwoaeset ifoum (J. Bi ol .

Chem , vobrdafcind8ehe J8R3). TREfe & AlSRLNYPN MHyilhese cannot be

utlllzed or the purpose of regenerating the coenzyne NAD. Referring to the
expr essi ORTBFeBACEeF | B INAEX d 51 rie Pl ernterf aymeatws e g géifdsd egees i n

transfor nggks, 1hh@nz?ﬁﬁ%icd%éﬂﬁ%@1BBOBbEEEEQﬂ”99§%eﬁB %Q%tﬁ@b@%%§9”0|
Appl Bi pchem , vol 201 93), Mycobacterfum vaécae

M cr&ﬂ]ol1“BFB?e%ﬂﬁﬁmat19oFe@HCtA?9 0@9@5103F¢%P§0929899Pd5 Pg#SBoccus KOD1
(JP- A- 2000062@ 7inactlphesl enebbupventiédft 20rMa808eh§dfBgenaBekted at the

1999 Congr ess O% Jaf%w of the above state of the art, the inventors
of the present invention did an extensive screening for
50il microorganisms having formate dehydrogenase activity

15 and, as a result, firstly isolated a strain of
microorganism of the genus Thiobacillus which is capable of
elaborating a formate dehydrogenase having laudable
properties on a high production scale. From this strain of
microorganism, the inventors isolated and purified the

20 formate dehydrogenase and further succeeded in the
isolation of 'a formate dehydrogenase gene and the
-eXpression of the gene in host microorganisms. Furthermore,
it was found that the formate dehydrogenase of the
invention is tolerant to haloketone comwpounds and capable'

25 of regenerating the coenzyme with good éfficiency even in
the enzymatic reduction system of a haloketone compound.




Soci ety for Bioscience, Biotechnology, and Agrochem stry, S%Q@ﬁ§%§m°f
Papers Read Before the sane Congress, p.234) but there has know ng
‘of <a formate dehydrogenase gene derived from any m croorgani smof the
genus 25 Thiobacillus. It is known that bacteria of the _genus Thiobacillus
. have formate dehydrogenase activity in the formof crude enzyne solutions
(J. Bacteriol., 131, 389 (1977)) but there 1is no report on the actual
purification and isolation of an 30 enzyne or on the characterization
t hereof, nor has it been reported tha% a relevant gene was ever isol ated.
35 SUMVARY OF THE | NVENTI ON- There can be provided a fornmate dehydrogenase
which is free fromthe above-nmentioned 2 June 2006 4 di sadvantages of the
hi t hert o- known FBPnREESEBydRFgaRASBS is nanel y | eeneeryed pitbustivity, | ow
speci fic pollypebyidd afgenimpsahves nkorsholgratgiand NAD, narrow tenperature
and pH ranggﬁ.of sggﬁ%&%%¥ and narrow pH range for action, but 5 also has
i ndust ri al | {2 lsét HOLRGRIHAS SARRIELShRG ars A aGIRr|mERas hal oket one
conpounds shadnaupdecesSEof AD Npradugi faet ReghdiRe Th@kengan further be
provi ded a (o e@%ﬂéﬁk:%%_ neratin%fthe coenzynme with good efficiency even
t

in enzymatic redu eacti GRS h AR 4947 $%he enzymatic
reduct i ondeFivadokeewnéheoapdundacili sbquenckd shoaat uwdee she Ttonventi onal

formate depydrege e ieys of - Lhe, ab te.of the ar t he
inventors, of 1heﬁ§§e§g%%QP%$e%%$%ﬁﬁgi%9a%M§§§%§§§§8néc%%@ﬁf%bo?br soi |
mi cr oor gatit sHel Mg/ e 5r add bt Hehyaf ogeease sevevalyad$nandcids andesul t,

firstly isotiieddrnied defdrdb&h Q08 920L 51 LY. the genus Thiobacillus which
IS capabl e of The present invention is further concerned with a DNA
coding for the above polypeptide. '
The present invention is further concerned with a DNA

of the following (c) or (d):

{(c) a DNA comprising a base sequence shown under SEQ ID
NO:2 of the sequence ‘listing

(d) a DNA having a base sequence derived from a base
sequence shown under SEQ ID NO:2 of the sequence listing by
substitution, inéertion, deletion and/or addition of one or
several bases and coding for the polypeptide having formate
dehydrogenase activity. |

The present invention is further concerned with a DNA




el aborating a formate dehydrogenase having | audabl e properties on a high
production scale. Fromthis strain of mcroorganism the. i

i solated and purified the 20 formate dehydrogenase and further succeeded in
the isolation of a formate dehydrogengse gene and the expression of the
gene in host mcroorganisns. Furthernore, it was found that the formate
dehydrogenase of the invention is tolerant to hal oketone conpounds and
capabl e 2 hfthreeganidraatingg (teheoaroe{rﬁyne wi t h good effici ency even in the

enzymatic r ct y I ane 6 The
pr esent invgg?|0%0$§§0%6 rne Qflﬁhﬁgﬁ%?yf pep %ﬁgﬂﬂ{lﬂhe fo om?hg (a) or
(b): (a) &Pal yeplicddsamgmdesildgtangan no aci d sequence shown under SEQ

ID NO | of 11§ SLapgRCRa¥isd DDA B RUNRERId A& LS aNpad am no aci d
sequence derl ved -fromthe am no acid sequence shown under SEQ ID _ NO | of

the sequeREMNERGS oy dusler SEQ 8R, NPasepdi he SﬁgpéﬂFﬁnlhﬁE%Bg BYdi tion

of one or sigArialutdn)o iaciedEiangd da&éltmgnf ahaybe daaydi@ge@ﬁsené%rw ty.
The present .invention is furt

f h b
o0l ybept| FEVORRL FABSsnEnch GBAEREnEPE  FiF RELYBERELPREBEAI PR SO BRAt ot “Che
f ol | owi ng dehlydoogethrse( ectdvDlg. conpri sing a base sequence shown under SEQ

1D NG 2 of thepeduensgati shidac(dl 2 OMPAKEGoA-bATE, Sesuenee der i ved

from a base sequen own™ un € sequence l1sting by
substi t ut iféﬁombngéiﬂttl pAasnéfieconhadningr satidi PNBn of one or several bases

and coding for &he BPLYBRP! i APeEV6MY% Oflmﬁerd&m&éﬂma&ec@%l vity. The

present Ig¥gggkggmggtfggggfgegoggeégggsﬁérmlng a host microorganism
with said recombinant plasmid.
The present invention is further concerned with a
process for producing a formate dehydrogenase,
which comprises cultivating a strain of microorganism
belongs to the genus Thiobacillus sp. KNK65MA (FERM BP-
7671) to let it elaborate and accumulate said polypeptide
in the resulting culture medium and harvesting the same.
The present invention is also concerned with a
process for producing a formate dehydroganase, which
comprises cultivating said transformant to let it

elaborate and accumulate the formate dehydrogenase in the

resulting culture medium and harvesting the same.

In a further aspect, the present invention is
concerned with a process for regenerating a ccenzyme,

which comprises permitting either said polypeptide or
a strain of microorganism capable of producing said
polypeptide or a processed matter thereof to be present in
an enzymatic reduction reaction system.

DETAILED DESCRIPTION OF THE INVENTION
The present invention is now described in detail.

The polypeptide of the invention is descrlhed in the
first place.




-2 June 2006 6 of the followng (e) or (f): (e) a DNA conpr|5|ng a_base
sequence shown under SEQ ID NO 3 of the sequence listing (f @“ﬁﬁmﬁhaV|ng
a base sequence derived froma base sequence shown under SEQ I D NO 3 of

t he sequence listing by substitution, insertion, deletion and/or addition
of one or several bases and coding for the polypeptide having formate
dehydrogenase activity. The present invention is further concerned with a
reconbi nant plasm d containing said The present invention is further
concerned with a transformant obtained by transform ng a host

m croorganism wth said reconbinant plasm d. The present invention is
further concernda wmmhpaes@mﬁceﬁ$ehQﬁoﬂf0%%%'&QrﬁaE@rH%h?dgeBEHéggenase

whi ch co ing.a stral qQf m croorgani sm bélongs to the genus
Th.obac.rﬁﬂ§§§§t$ﬁﬁﬁgé%ﬁ E%Eﬁﬁ %f)a§éaWE9 rY grapdisesingdthecunul ate
sai d pol yj&sregse iim Bh@om@@ubblag Gulot wine re’sdileingndrbar ¢ast i ng the sane.
The prese 0 +C r ned th a praocess for producing a
formate %tr%grﬁ})%g%gsg’fl gﬁp‘?lg’és'; gt v & ithd Shirhasphador nant "t o
let it eP¥ 5P5tépgna)a@@uﬁauaﬂegtﬁ@OfmMnabdldmhfdrngEaaadu5 fHMENAD.

resul ting cul t urkenkéi uguaag héi&ﬁ%taQE%Lﬂfnéé n 18 g%ngéiher aspect, the

present ipyention is . concerned Fating a coenzyne,
whi ch COFI%I’I 988 b%?nFPF‘P’ﬁ@t‘égFﬁE?YsalH‘%dﬁ?p‘éﬁﬂtu@ef@ formate i of

”1CFOOFga@EEﬂTMB@0@|Byaﬁeﬂﬁﬂﬁﬂﬁgnﬂhéaéét199£¥pﬁﬂééﬁet9é gppygcessed natter

t hereof t resen an_enzymatic reduction reaction system DETAILED
DESCRIPT]%??%#E EAffERity assay (30°C, NAD 5 mM) while the

concentratlon of sodium formate is varied, and the Km value
for NAD is determiend under the above conditions of
activity assay (30°C, sodium formate 500 il §) whiie the
concentration of NAD is varied.

The temperature for action and the pH for action are
determined by measuring the activity while the temperature
or pH is varied under the above conditions of activity
assay. The temperature stability is evaluated by treating
the polypeptide at each temperature for 10 minutes and
measuring the residual activity. The pH stability is
evaluated by treating the polypeptide at 30°C for 22 hours
at each pH level and measuring the residual activity.

The polypeptide of the invention is tolerant to
haloketone compounds. The term “tolerant to haloketone




The present invention is now described in detail. The polypeptide of the

I nvention is described in the first place. 2 June 2006 7 | n2 H@aﬁmﬁkent
invention, the formate dehydrogenase activity of the polypeptide is
assayed by quantitating the increase in absorbance at 340 rimresulting
fromthe production of NADH at 30C or 40C in a 0.1 M phosphate buffer (pH
7) containing 500 MM sodiumformate and  mM NAD. The nol ecul ar wei ght
determnation is by gel perneation chronmatography. - The Kmvalue for formate

is determ ned bérggsuri ng the activity under the above conditions of
activity asSSPPPIBES" N2D BSAM) ihthés t $eecidinedrionatieansofthaedicna f or mat e

is varied, aerdithalKsryoy APEe PAD r der the aboye
condi ti ons of acti%it 'aﬁggédgé%c“ égﬁFﬂﬁ%?og?§9%a§38“nﬁf ﬁhFFBX?he
concent r at i GRZEFCNEDF1619Mr2d30°Fhd nt $leepaesercé oo fartimm @iyt e pH for

action are chéoroatebrhdytabasiy imer thesAGhiaw byswhil e the tenmperature or

pHis varied undgﬂ“%ggﬂg&pvq:gfndi ions of activity assay. The tenperature
stability is_eval uat e Hests 153EPhepR| gan abe cactinivepaimur e f or
10 mi nut es BhErowRgaRiny hawi ne diaineltadehyiiygedhge P61 @by ity is

eval uat ed bynhéregdidlg 4h6i I.de at. 30C.for 22 hours at” each pH | evel
and measuring the LeSidugﬁRgt[I$1§v% h&°hol§Pedt i RUEFeE Hef | thent ion i s
tol erant tPOLYREJLORE dhepdmventiThe metharis Dheraniz1igy halakatigne 2 June

AP TR A Ly DL R
e presenca"y h§p #. 18 not exclusive choices, :
- microorganisms belonging to the genus Thiobacillus, for
instance, can be used. 1In particular, Thiobacillus sSp. are
preferred and Thiobacillus sp. KNK65MA is especially.
preferred.
The Thiobacillus sp. KNK65MA mentioned above is the
_ strain of microorganism which was isolated and obtained by
the inventors of the present invention and has been
‘deposited with the National Institute of Advanced
Industrial Science and Technology International Patent
Organism Depositary, Central 6, 1-1-1 Higashi, Tsukuba,
Ibaraki, Japan as of July 19, 2001 under the accession
number of‘FERM BP-7671. The bacteriological
characteristics of Thiobacillus Sp. KNK6SMA are shown below.
1. Morphology
1) Bacilli ca 0.6 pm dia. x 1.5 to 2.0 m
| 2)7 Gram stain: negative
3) Motility: non-motile
4) Sporogenesis: non-sporulating
35) Colonies on broth agar plate: round, smooth entire
margin, low convex, lustrous, light yellow (translucent)
2. Cultural characteristics
1) Broth liquid culture: suspended
2) Litmuth milk: unchanged
3. Physiological characteristics
1) cCatalase: +




chl oroacet oacetate is not |ess than 25% The pol ypepti de of ne i hvention
can be acquired from mcroorgani sns having fornate dehydrog ivity.
Therefore, as mcroorgani sns for use as sources of the polypeptide of the
i nvention, nethanol-utilizing bacteria and formate-utilizing bacteria can
be used with advantage. Thus, although this is not exclusive choices,.

m cr oor gani sns bel onging to the genus THi obacillus, for instance, can be
used. In particular, Thiobacillus sp. are preferred and Thi obacillus sp.
KNK6SMA i s ewec&ﬂégs _pr+ef erred. The Thiobacillus sp. KNK65MA nentioned
above is the“ straimn or m cr oor gani sm whi ch was i sol ated and obt ai ned by

t he i nvent or 8) ofOAetgatessent i nvention and has been deposited with the

National |nsyhtuig, of .;Advanced . I,ndustrial Science and Technol ogy
InternationaIbPateﬁtlﬂéﬁganléﬁyDébositary, Central 6, 1-1-1 Higashi,
Tsukuba, |balta®fR tRsgan tas of July 19, 2001 under the accession nunber of

FERM BP57671¢) TRep haciteriol ogi cal characteristics of Thiobacillus sp.
KNK65MVA ar e zfomm bel ow. 1.¥%é§?ology Bacilli ca 0.6 pmdia. x 1.5to0 2.0
pm 2) Gr am st &f n:H¥iEpgan, sud) Innoguatdentoti | e 4) Spor ogenesi s:

non- spor ul at 8ng Ua)idal-eriieh &F RNeth Agas gl ate: round, snooth entire mar gi n,
| ow convex, |ustrous, |ight yeIJOM/(tranglucent) 2. Cultural

characteristics ?S%$btﬁ liquid culture: suspended 2) Litrmuth mlKk:
unchanged 3. PhyGhoisgewséncharacteristics 1) Catal ase: + 9

10 9) Utilization of inorganic nitrogen sources
- NaNQs: -
(NH4) 2S04 -
10) Starch hydrolysis: -
11} Nitrate reduction: -
15 12) 1Indole production: -
- 13)  Glucose acidification: -
14) Arginine dihydrolase: -
15) Urease: -
16) B~galactosidasef +
20 17) Esculin hydrolysis: +
18) Gelatin hydroiysis: -
19} Range for growth
pH
3.0: -
25 5.0: -
8.0: +
Temperature (°C)
' 30: +
50: -
30 20) Biotin requirement: +
21) BAnaerobic growth: +
22) Utilization of sulfur compounds
Elemental sulfur: -
7 Sodium thiosulfate: +
35 23) _Ethanol oxidation: +,




2) xidase: + 3) OF test: 4) Denitrification: + 5) M teit: +(i@F) VP
test: 7) Hydrogen sulfide production: - 8) Utilization of cf P2 g
Koser: Christensen: 10 .9) Utilization of inorganic nitrogen sources
NaNO3: ((NH4) 2SO4:  10) Starch hydrolysis:. - 11) Nitrate reduction: 15
~12) Indole production: - 13) ducose acidification: 14) Arginine

di hydrol ase: - 15) Urease: 16) (3-galagosidase: + 20 17) Esculin

hydrol ysis: + 18) Gelatin hydrolysis: - 19) Range for growh pH 3.0: - 25
5.0: 8.0: + Tenperature (G 30: + 50: 30 20) Biotin requirenment: + 21)
Anaeroblc g?édﬁhac 224 93§ i pradwet igfn strdn rcadomiodhest esEliamerEal  sul f ur:

medium (ac1d/gas)
L-arablnose. -/~
D~-glucose: ~/-
-5‘ : D-fructose: -/-
Maltose: -/~
Lactosse: ~/-
D-sorbitol: -/-
Inositol: -/~
10 Starch: -/-
D-xylose: -/- -
D-mannose: -/- ‘ O
D-galactose: -/~
Sucrose: -/~
15 Trehalose: -/-
' D-mannitol: +/-
~Glycerol: -/-
25} Substrate utilization
Glucose: +
20 L-arabinose: -
D-mannose: -
D-mannitol: +
N-acetyl-D-glucosamine: -
Maltose: - | 0
25 Potassium gluconate: + o
n-Capric acid: -
Adipic acid: -
dl-Malic acid: -
_ Sodium citrate: -~
30 Phenyl acetae: -
As the medium for cultivating a microorganism
producing the polypeptide of the invention, -an aqueous
medium containing methanol as a major carbon source
together with nitrogen sources and nutrients such as
35 inorganic salts is used. Satisfactory results are obtained




Sodirum t hiosul fate: + 35 23) Ethanol oxidation: +F, 2 June 2006 10 24)
Acid and gas production from carbohydrates in-OF nedium (a€i %EP
L- arabi nose: -/- D-glucose: -/- 5 D-fructose: -/ Maltose: -/- Lactosse: -/-
D-sorbitol: -/- Inositol: -/ 10 Starch: -/- D xylose: -/- D mannose: -/-
D-gal actose: -/- Sucrose: -/ 15 Trehalose: -/- D-mannitol: +/- Qdycerol: -/
25) Substrate utilization ducose: + 20,L-arabinose: - D nannose: -
D-mannitol: + N-acetyl-D- gl ucosani ne: | tose: 25 Potassium gluconate: +
n- Caprlc acid: - Adipic acid: - dl-Milic acid: - Sodiumcitrate:

in many cases when organic trace nutrients such as vitamins

and amino acids are added. As the nitrogen sources,
ammonium salts, aqueous ammonia, ammonia gas, urea, yeast
extract, peptones, corn steep liquor, etc. can be used. As

5 the inorganic salts, phosphates, magnesium salts, potassium

salts, sodium salts, calcium salts, iron salts, sulfates,

and chlorides can be used.
Culture can be made generally within the temperature
range of 20°C to 40°C, preferably at 20°C to 30°C. The.

10 cultivation PH may range from 6.0 to 9.0, and is preferably
from 7.0 to 9.0. The cultural process may be continuous or
batch-wise.

Regarding the separation and purification from-the
culture medium, the cells are harvested, for example by

15 centrifuging the culture medium, at completion of culture
-and disrupted, for example by sonication, to recover a
crude enzyme solution. The polypeptide of the invention
can be obtained by purifying the crude enzyme solutlon by
salting-out or column chromatography, for instance.

20 The polypeptide of the invention may be a natlve
enzyme acquired from a microorganism as above or a
recombinant enzyme as produced by utilizing the recombinant
gene technology.

As the native enzyme, the polypeptide shown under SEQ

25 ID NO:1 of the sequence listing can be mentioned.

The polypeptide of the invention may also be a
polypeptide comprising an amino acid sequence derived from
the amino acid sequence shown under SEQ ID NO:1 by
substitution, insertion, deletion and/or addition of one or

30 several amino acids and having formate dehydrogenase
activity.

The “amino acid seduence derived by substitution,
insertion, deletion and/or addition of one or several amino
acids” can be acquired by the technology well known to

35 those skilled in the art, such as the method of site-




. 30:Phenyl acetae: As the mediumfor cultivating a m croorgani sm
produci ng .t he pol ypepti de of the invention, an aqueous nedi dyne 2006

cont ai ni ng. met hanol as a nmj or carbon source together with nitrogen
sources and nutrients such as 35 inorganic salts is used. Satisfactory
results are obtained 2 June 2006 11 in many cases when organic trace
nutrients such as vitamns and am no gﬁids are added. As the nitrogen
sources, anmonium salts, aqueous ammoni'a, anmoni a gas, urea, yeast
extract, peptones, corn steep liquor, etc. can be used. As 5 the i norganic

salts, phospeaiéic magngenssisal tﬁroﬁghasaua%u‘é@tiﬁutﬁeﬂ' Uih S8kt $on Cal Ci um
nd chl.ori des can be used, Culture can’ be

| t f
salts, Iroae?%E%Pthﬁh ﬁkeégﬂﬁg}gPu?g OP&ngE SevepElt aniDe agidserabl y at

made genera
20C to 30C5P$ﬁéfl§0reﬁhvanatpnutpbbhayarang@s&fgnb@ OntRub18icandigs

pref er abl yrekr, ofng?. Q4E9 ?1982 eg&Hﬂ&HraL 5$$%§§§}$g% f&% ?%én?§§$¥ﬁ;e

bat ch-w se. Regardlng I on and
nmedi um® t hBMeBpP| ethek haFQEQ @ﬂe for exanple by 15 centrlfuglng t he

cul ture nmedi um ahecg@@meﬁp E}&éLﬁg% ? f%fh I Ie by

sonlcatlona g cgver crude enzyne so i ‘on. ‘%% ?ﬁ the

i nvention € ﬁvi) yob‘i“eol??r‘édalbﬁfl rrRAYRSPHide h@lwm éetnzlﬁms’sol(tﬁ,l on by

sal ti ng- ouprefecablymnetir DEdd OHAPWGS f Qo d F%fg} tide of
a native 0 25 rom i]L{ncroorgan:atts}lI};l

the invent me acqul
above or 6@?econﬁpﬁalﬁ?r%r&’§ﬁ1%e?}%¥ gbeftﬁ/ than i84%g ahehreconbi nant
gene: &8chnatohyitasof Hﬂmqﬁdl@@ﬁd@ comsr olnpatd dgnshpwrypder SEQ 25

ID NO 1 of 5d iifers€IUaNGS, lisid ngsé&\rkﬁ)% lntv\lrh(t)enneddetermlned under the -
above conditions of activity assay. i:j
Now, the DNA according to the invention is deséribed.
The DNA of the invention may be any DNA that codes for a
15 polypeptide such as the one described above. Tt may for
‘example be a DNA comprising the base sequence shown under
SEQ ID NO:2 or SEQ ID NO:3 of the sequence listing.
Farthermore, it may be any DNA having a base sequence
derived from the base sequence shown under SEQ ID NO:2 or
20 'SEQ ID NO:3 by substitution, insertion, deletion and/or
addition of one or several bases and coding for a
polypeptide having formate dehydrogenase activity.
The “base sequence derived by substitution, insertion,
deletion, and/or addition of one or several bases” means é

L—

25 Dbase sequence derived by substitution, insertion, deletion
and/or addition of such a number of bases as can be
'substltuted, inserted, deleted and/or added by the
technology well known to those skilled in the art as
described in, inter alia, Supplemental Issue, Tanpakushitsu,

30 Kakusan, Koso (Protein, Nucleic Acid and Enzyme), PCR
Method for Gene Amplification, TAKKAJ; 35 (17}, 2951-3178
(1990) or Henry A. Erlich {ed.), translated into Japanese
under the supervision_of Tkunoshin Kato: PCR Technolagy
(1990).

35 Furthermore, it may be a DNA which hybridizes with a




The pol ypeptide of the invention nmay al so be a pol ypeptide g r|5|ng an
am no aci d sequence derived from the am no acid sequence sh LHRRC SEQ
ID NO| by substitution, insertion, deletion and/or addition of one or 30
several am no acids and having fornmate dehydrogenase activity. The "am no
aci d sequence derived by substitution, - insertion, deletion and/or addition
of one or several am no acids" can be prquired by the technol ogy well
known to 35 those skilled in the art, such as the 'nmethod of site 2 June

2006 12 spﬁ@%olc nut . agenesi s, through sai d substitution, insertion,
del etion a FOURAIiSIAY Sheokaser seavenge showo ubilds. SEQ@E@lNGrQr&&evant

protocol s 8EQ desHDi: bednkil&rN@%EQhﬁeﬁ\E' fonBeRionl 2R458L041E %o, Pt hods Tn

Enzynology 0. 448 (1 anong I'ITterature

"pol ypept i 8 égﬁgspﬁéd% gﬁaﬁggd%H§HPB@eﬁﬁ@ﬁdragﬁnaﬁﬁyﬂcﬁ@ﬁhtyany pol ypepti de

showi ng at | east Th8%'DNpr ehechbhybnodi €5 Sw FRNa 400 SRS BiEraRl v not

| ess than bggébsgéhehcgn goareferabL¥ not _less _than 80% of the 10 activity

of the polygeptl cofpr roPhg PAESEN?PRY 4R HO:2eftiePE@ SRR LintndersEQ 1 D
when 8eréngepbdcandétiohe” mbave &ODKA!WRDSh OfaRChé vaé BEsBby Now,

%25 be. any RS o BUBE HEEREL SR SIAGIE iR aidafihy r%%hberaéé‘ﬁff‘héﬁ“
above. It ﬂ¥9r¥6%z§§aﬁﬁkeOEetheE%Mk@oh@mhnlqwetm91m@8£Iﬂ@ﬁuﬁnQanh@mp undgr
§E§’- %a;‘ﬁ;bigf *%%ﬁ%ﬁ%%‘wﬁem. e TR AT HOR of LA F sun inder
'SEQ | bre axparay iraohly i emery ian; sshetion and/ or
addi tion dmymmmdiuasﬁwﬁrpio&é@ﬁﬁéé”ﬁh(éEHdEBJﬁEeEhlth the protocols
described in Molecular Cloning 2nd Edt. (Cold Sprlng Harbor
Laboratory Press, 1989) to acquire the objective DNA.
The DNA (formate dehydrogenase gene) according to the
15 invention can be acquired from said microorganism having
-formate dehydrogenase activity. The objective DNA may be
acquired by, inter alia, the following method.
In the first place, the amino acid sequence at the |
amino- termlnus of a formate dehydrogenase purified from a
20 strain of microorganism having formate dehydrogenase
~activity is determined by means of a gas—-phase protein
‘sequencer, for instance. The DNA primér designed on the
basis of this amino acid sequence and the DNA primer
designed on the basis of the sequence‘of high homology
25 among the base sequences of known formate dehydrogenase
genes are synthesized.
Then, from the source microorganism fér fdrmate
dehydrogenase, the chromosomal DNA is isolated. The
chromosomal DNA can be acquired by lysing and extracting
30 cultured cells with a surfactant, CTAB, chloroform, phenol
and the like, causing the extracted DNA to be precipitated
from isopropyl alcohol, centrlfuglng the same, and washing
the resulting DNA pellet with ethanol (e.qg. Current
Protocols in Molecular Biology (Greene Publishing
35 Associates and Wiley~Interscience}).




pol ypeptide having formate dehydrogenase activity, The "base sequgnce
derived by substitution, insertion, deletion, and/or addi ti &Y

several bases" nmeans a 25 base sequence deri ved by substitution,

i nsertion, deletion and/or addition of such a nunber of bases as can be
substituted, inserted, deleted and/or added by the technol ogy well known
to those skilled in the art as describgd in, inter alia, Supplenental

| ssue, Tanpakushitsu, 30 Kakusan, Koso (Protein, Nucleic Acid and Enzyne),
PCR Met hod for gpllflcatlon TAKKAJ, 35 (17), 2951-3178 (1990) or
Henry A. Erlich E%d' P&ﬂé&tﬂﬁEog@@panemebeunﬁealhbe Bypervi sion of

| kunoshi n mmwryﬂﬂa?dﬁﬁcmmwdQﬁﬁn 1299 ¢ B%%m@ %&Qﬁrgﬁé Pﬁeabgaépgéﬁﬁence

whi ch hybrlggé %I %@5 2 June 2006 13 risin
shown undef % “DNEYS BringEd.| (Fhers btadarquire ngentfwlondidrigs @nd
coding for the pbbﬁmlamw@ehaw BBef ehEBhBSORANIRACBATE; ACHT dhbye he * DNA AT

whi ch hybr h risin ase sequence s
| D NO 2 orldg ?Sﬁhéﬁg HéFaggngﬁﬁggﬁcééﬁﬂl?Péﬁ@esnéemh as DAtndbITh can
be acqu,regngyEcPRé @oﬂoaybngbtedltatagarogbagmgchygﬁhgfggqé(MLU§i§ hern

R e Tt B

sequence s
art my ea g? hyd E&ﬁ??aéﬁtggnehobhquedlhgtPon 8508 efEBIeS, | TmAGrORdance mnth

t he pr ot oclvs: dﬁﬁg{j@ﬁd Fat-Ooring 2 ~ I-d—SpringHarbor—
e 18 nedbheey ggfgg%sgg%ﬁig ﬁ#ﬁPqJVA (f or mat e

Laboqupry Pr 1989) to acquire
dehydrogen% %Jelma’? at %r%‘?ﬁ@aﬁ% Ciwdu@gq:mmtgmmcam hetaeQudwd from

said m cr@ym@mmwldﬁré@ﬁn@%ﬂgﬂﬁnﬁg A5k t'nty The objective. .
DNA may b%el?}?d’ﬂ!"dgreezgasbg gelrpé[ elrs acielt%acted on tlzl?e\:M ngl et {)
ge -
This DNA fragment is recovered from the gel and
cyclized with e.g, T4 DNA ligase and using the resulting
15 DNA as a template and synthetic DNA primers based on the
base sequences corresponding to enzyme N-terminal and C-
terminal regions of the partial formate dehydrogenase gene
obtained by PCR as above and directed outwardly of said
) enzyme gene, PCR is carried out to construct DNA fragments
-‘20 coding for the further N-terminal and C- terminal sides of
the partial gene already acquired with above primers.
After sequenéing of the DNA fragments, DNA prlmefs are
constructed based on the base sequences of the DNAs deduced
. to be present upstream of the DNA coding for the N- termlnus 4“}
25 and downstream of the DNA coding for the C-terminus of the b
. enzyme and ﬁhe DNA between these sequences is amplified to
acquire a DNA fragment containing the full-length formate
dehydrogenase gene. The acquired DNA fragment can be
confirmed to contain the full length of the objective
30 formate dehydrogenase gene by determination of molecular
weight and partial base Sequence analysis.

or

Then, the DNA fragment containing the formate
dehydrogenase gene as obtained above can be ‘integrated into
a vector DNA with e.g. T4 DNA ligase to construct a
35 recombinant plasmid. Using this plasmid, the DNA fragment




In the.first place, the am no acid sequence at the amno-term nus of a

f ormat e dehydrogenase purified froma 20 strain of m croorgant I ng
formate dehydrogenase activity is determ ned by nmeans of a gas-phase
protein sequencer, for instance. The DNA priner designed on the basis of
this am no acid sequence and the DNA prinmer designed on the basis of the

sequence of high honol ogy 25 anong the hase sequences of known formate
dehydr ogenase genes are synthesized. Then, fromthe source nicroorgahi sm

for fornmat eCBﬁlﬁh¥drogenase t he chronosomal DNA is isolated. The
chr onmbsonal arpn et]a‘?:qﬁPF’é@It%ydﬁflyzédinggambee@eﬁm:tﬂmﬁ&cﬁLﬂﬂw ggecel l's

with a surfuethat, iE€TABquehto8 of O &n PHSH 35]% the |ike, causing the
extracted D%lg«ﬁtghgegpéeci E‘IE'J‘% ted, frrtl)m | sgépl}eo y S£%co%£kf t@esrﬂsri 9y t he
sane, and washi hg- t he®t® | LN P | srquende etthae feecngteCur rent

Prot ocol s idehpdieeyenasdi ollogndd@raene Rubl kshings ﬁ?aﬁgig‘%ii tes and
|

Wl ey-1ngersg] ) June 2006 14 Part of ‘the objective g Re can be
i RLEMEIIn £ té’%&w% a1} isdmco iibeo pelqueieasloarnt éppkake and

obt ai ned by carryrng ou

the above pkf¥eIRRtINErcodan acyuin oPdie fdiddiderghheof it he %jn%ﬂ,{uvg gene,
t he chromosemsd VA qblal rkeeg;%l}]oc\llﬁe i_S 5§§i %ested wi th suitabl'e res Pticti on
enzymes suc‘g_ﬁas Hondill ~ and Eeor 6ivd tedGtdvedy héghghemedogy with

el ect r ophor'g¥ SN fprmate Diehydragenatsewicab, i shpabhcobelihgrabeyg formte
dehydr ogenaser @St aoned, a.pr , 2Sout hern bridization is
~carriegdgout,and thg@DNA ;fragbn?ahr?{ig?ﬂﬁ%gn %llﬁgﬁgd?ﬁgr’%?ﬁﬁt Eglfdehydrogenase

gene and nétt SR T3\ Ssafd or eshiesebyntbazpredust t bsnidbati o1 sat €

dehydr ogenéd=e thenebijectéveciyedeQn the gel. This DNA fragment is recovered

fromthe gel and : .
e 9 By transforming a host strain of microorganism with

the DNA thus acquired or a recombinant plasmid constructed
_ by integrating this DNA into a vector, a transformant can
15 be obtained.

As the host and vector, the host-vector systems
described in “Recombinant DNA Experimentation Guidelines”
(edited by Life Science Section, Research and Development
Bureau of Sciencg and Technology Agency, Japan, as amended

20 March 22, 1996) can be utilized. For example, the host
which can be used includes microorganisms belonging to any
of the following genera: Escherichia, Pseudomonas,
Flavobacterium, Baqillus, Serratia, Corynebacterium,
Brevibacterium, Agrobacterium, Acetobacter, Gluconobacter,

25 Lactobacillus, Strqptocoécus, and Streptomyces, among
others. As the vector, plasmids and phages of the
microbial origin, inclusive of derivatives thereof, which
are capable of autonomous replication within these hosts
can be employed. The particularly preferred host

30 microorganism is Escherichia coli and the suitable vector
1s one capable of autonomous replication in this
microorganism. Among such vectors are pUCl8, pUC19, pBR322,
PACYC184, pSC101, and pUCNT. |

Referring to said transformant, the recombinant

35 plasmid PFT001 constructed by integrating the above-




cyclized with e.g. T4 DNA |ligase and using the resulting 15 SNAgs a
tenpl ate and synthetic DNA primers based on the base sequencégune 2006
‘corresponding to enzynme N-terminal and C termnal regions of the parti al
format e dehydrogenase gene obtained by PCR as above and directed outwardly
of said enzyne gene, PCR is carried out to construct DNA fragnents 20
coding for the further N-terninal and &5termi nal sides of the partial gene
al ready acquired with above prinmers.  After sequencing of the DNA

fragment s,adA qid BRIES it 1HRSHTMG Cﬁ%%%'%&o%&fﬁh%ge%%gﬁ%%g‘ ences of the

DNAs deduced ta be present upstreamof t erm nus
25 and doﬂﬁﬁ“ﬁ&ﬁmp 00 qog tadwitieg bor itteoCattdmu rike afantehdntenzyme and

cont al i NG e b engn o wars BeaRedt 88 kEantidtel BedanAdn oua

cont ai ni ng, t |-l engt.h fornmate

f ragment %ﬁﬁgg§%§8hfFPn§&VFbt@6ht @ sthieampinlt] Bsehgirt obfi at e ldbpdddiive 30
formate ddpFd00dé¢nase Fgehe tIy-hdet %fomin%ilgmg b9§u! ageWei ght and
parti al [ _fragmént containing the

baseosBIHEREELRN I's @I{a n, the
formte dehy%rsggeﬁgsggaghé%agfg gi hEdSEBYReiBafiBel PRde§hgted into a
vect or DNAe@PEhinagt plapmAdl p§ae62t dsCensinUsh &i3d52f ecombi nant pl asni d.
Using this plaspgd; 356 DNA nt, 2 Jun 2081?'1 containing the formate
dehydrdgegﬁe}se ene | neert &d Ilff%lf(ggfelﬁ%ts TERPIFShLRgehe BBl confirm the
presence OPFBALEL awrdi Bgchesichhe MoiérHBhal @oFMO0RLI dceegaengetdf the
formatoe dehydiweamessh Aiv@ddhdlh Ofend hte.qf translation. 5 initiation is
determn %gdt qL_[si ncgfi}gﬁ sequence %%\Agﬁf%atvﬁjé&t ??nnﬁ%ﬁ%ﬂa%odon as an open
readi ng f ttge faneed Industrink Jeianoeq@macBedasotedati vel y high
honol ogy MEérnaﬂimriqlomﬁ&EM&&?Mrﬁg%& AP N N8, £NE0dEd, Dy otei n
correspo%ésqﬁt her nq{ILﬁ)culaE wei ght dete mng%x%& ¢ a 'dfdlpf
¢ Isu a, lbaraki, Japan as of July 19, 2001 under
: the accession number of FERM BP-7672 and as of July 19,
15 2001 under the accession number of FERM BP-7673,
respectively.
For increasing the enzyme output, a vector modified
to have a potent structural promoter can be employed.
The recombinant DNA technology used in the present
20 invention is well-known in the art and has been described,
~inter alia, in Molecular Cloning 2nd Edition (Cold Spring
Harbor Laboratory Press, 1989), Current Protocols in
Molecular Biology (Greene Publishing Associates and Wiley-
Interscience) .
25 The process for producing a formate dehydrogenase
according to the invention is characterized in that a strain
of microorganism belongs to the genus Thiobacillus sp.
KNK65MA (FERM BP-7671) is cultivated to let it elaborate and
accumulate said polypeptide in the resulting culture medium

30 and the polypeptide so accumulated is harvested.

| The process for producing a formate dehydrogenase
according to the invention is characterized in that said
transformant is cultivated to let it elaborate and

accumulate a formate dehydrogenase in the resulting culture
3% medium and the formate dehydrogenase so accumulated is




10 el ectrophoresis, etc.;, whereby the product is identified to be the
obj-ective gene. By transforn1ng a host strain of n1croorgan|§HPOﬁ?¢p t he
DNA t hus acquired or a reconbinant plasmd constructed by integrating this
DNA into a vector, a transformant can 15 be obtained. As the host and
vector, the host-vector systens described in "Reconbi nant DNA
_Experlnentatlon CQui delines" (edited byqkife Science Section, Research and
Devel opnent Bureau of Science and Technol ogy Agency, Japan, as amended 20
March 22, 1996) can be utilized. For exanple, the host which can be used
i ncl udes nik?PHRYerdsns bel onging to any of the fol | owing genera:

Escheri chi a, Pseqﬂggqngﬁi v t Serratia,
Mﬁ&%ﬁgm @ﬁ%ﬁﬁ%& €t 451ng the

Corynebacterium _ Brévi bacteri um
G uconobact gransipimantorgqnding $io éqblteoawcanﬂ;mmwd:ﬁ tepicaryEes, oaﬁmng

others. As iheowlachart i astd dsAkkalages sof o R crobial, or
e o0

i ncl usi ye onﬁferlv tives thereaqf, whic are cap
replicafion Thdss sl Qﬁt@eméﬂpb@y@dCdﬁheupamﬁuumlarIy preferred

host 30 n1annﬂnxgunngnsamrEsphﬂikﬁﬁﬁy@ncogbu§gg e 54y ?%he pgect or hs one
nDng suc

capabl e of u plication in th m croorgan

vectors are Eﬁ%%&% %Bfﬁ' B§§§fganﬁﬁcﬁéi§§ pmerionndepUONT atRef er ri ng

Lo said t 1 dHEDemAY, Obmalnedomhenaatga35cpt@&&bdnaEIQgﬁtﬁogﬁéﬁU&éed by
into the pUCL9 vector or

'ntegratln@lkgﬁlﬁgogﬁd28$EE$O§%998ﬁ§F$3gFEEES§ FREBYLatrHg ﬂﬁ%‘%ﬁhe into

the -reconbi nant - pl asm
pUCNT t%0 @éfré‘gelapur@an perbebatdratesassénr asEgtheckehhad §QbiodB101 to

gi ve ?SFtT ggg)sif&naa&dgss’ﬂe&' 681 3060kl EBI04:R(PEIOQL) Or Esgherichia coli
judiciously used. As the nltrogen source, ammonlum
salts, aqueous ammonia, ammonia dgas, urea, vyeast extract
peptones, corn steep liquor, etc. can be utilized. As said
15 inorganic salts, various phosphates, magne51um salts,
.‘pota531um salts, sodium salts, calcium salts, iron salts,
sulfates, and chlorides can be used,
Culture can be made within the temperature range of
25°C to 40°C, although the range of 25°C to 37°C is
20 particularly preferred. The cultivation pH may range from
4 to 8 and is preferably from 5 to 7.5. The cultural
process may be continuous or batch-wise.
‘ Where necessary, an enzyme induction treatment such
as addition of methanol, formic acid, isopropyl-i-thio-p~ D-
25 galactoside (IPTG), lactose, or the like may be carried out.

Regeneration of the coenzyme can be achieved by
permitting either said polypeptide or a strain of
microorganism capable of producing-the polypeptide or a
processed matter thereof to be present in the enzymatic

30 reduction reaction system,

Thus, by permitting the formate dehydrogenase of the
invention to be present in an enzymatic reduction reaction
system, the coenzyme can be regenerated Wlth good
efficiency. Particularly, the coenzyme can be efficiently

_35_ regenerated in the presence of this enzyme even in the




reconbi nant plasmid pFT001 is. shown in Fig.1 and the reconginan | asm
pFT002 is shown in Fig.2. The above transformants Escheri chi Jugg 20483101

(pFTO01) and Escherichia coli HB101 (pFT002) according to 10 the inventi
have been deposited with the National ‘Institute of Advanced Industri al
Sci ence and. Technol ogy International Patent O gani sm Depositary, Central

d

on
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d oni ng 2n§QB¥qHQﬁ?n@@GLd Spring 25 30 Harbor Laboratory Press, 1989),
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Wl ey- dnterscience). The process
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MA ( FERN BP- 7671)

m cr oor ganitemmadleo Aigh yHOotilRa §&N kobachLkb
ganife conighvHOohBRa §ENYE Egb QQGEhkﬁﬁnS?or.§®%§?¥%%ptide Tn the

is cultiva let. 1t elaporate an accunu
Eggeh%raﬁéapuﬁ?na 9 tAErb8Hypupt pdefableweunul ated is harvested.
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2006 chloroform or n—hexane,_or a biphasic system consisting of
such an organic solvent and an aqueous medium. The
reaction can be achieved by adding to such a solvent.a
substrate haloketone, the coenzyme NAD, and either a

15 haloketone reductase or a microorganism having such
‘reductive activity Oor a processed matter thereof, and
either the polypeptide (i.e. haloketone-tolerant formate
dehydrogenase) of the invention or a microorganism capable
of producing this polypeptide or a processed matter thereof

20 and stirring the mixture under judicious pH control with
formic acid. '

The haloketone compound is not particularly
restricted provided that it can be a substrate for the
reductase and microorganism to be used, thus including

25 ethyl 4~chloroacetoacetate, ethyl 4-bromoacetoacetate,
ethyl 4-iodoacetoacetate, methyl 4-chloroacetoacetate,
ethyl 2~chloroacet0acetate, 2-chloro-1-(3-
pyridinyl)ethanone, 1,1~dimethylethyl [(1S)-3~chloro-2-oxo~
1~(phenylmethyl)propyl]carbamate, 2-chloroacetophenone,

30 2,3'—dichloroacetophenone, chloroacetone, 1-{benzoyloxy) -3-
chloro-2-propanone, and 1~chloro~3—hydroxy—2—propanone,
among others. The preferred substrates are o~haloketones
such as ethyl 4—chloroacetoacetate, methyl 4-
chloroacetoécetate, ethyl 2~chloroacetoacetate, 1,1-

35 dimethylethyl [(1S)-3-chloro-2-oxo-1-

O




17 harvested. The production of a formate dehydrogenase using the
transformant according to the invention can be carried out 83“@%?@%Nating

the transformant in a comon nmedium The 5 nediumfor use to cultivate may
be a common medi um containing source of carbon, source of nitrogen and
nutrients such as inorganic salts. Superior results are frequently
obt ai ned when organic trace nutrients sgeh as vitamns and am no acids are
further fornmulated. As the 10 carbon source, carbohydrates such as gl ucose

and sucrose organi ¢ aci ds such as acetic and other acids, and al cohol s
can be j udi @W&%ﬁ“%@w)g@ﬁﬂd gRnhrasgEre s A e d iatiotiowBe tHHehionag ueous

amoni a, anamdiB- gash zd 1%y ) eRh 19 J-8Lt gnes, corn steep |iquor,
etc. can be utilized. . sgid 15 inof%gﬁﬁgmggﬁ%ff various phosphates,
magnesi um sal t s, Pot*AdS Fedsitese eadimleroairganicnl capabial b€, iron salts,

sul fates, aretiudimy iades 1eae e e)sS ehe %&%%ﬁéﬁ?aﬁ’%gﬂ%ﬁfg .taPigrAéE};gei s 20

t enper atur ge t o 40C al t hough t _
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batchfmdsecamhgkge&ﬁggg%%ry,Tan enz¥ | nducti on treatment such "as '
addi tion of nefhanel, formc %ﬁ'd’fe'g@ﬁ}%ﬁﬁ:-%ﬁﬁ# (HRISIL 26pNRF WEklosi de
(I1PTO, |aéltdddn wast peibikelbnydbposdtetediekt the RRgeDshali BRSO tihe

. coenzynme caf bavasbkavedqd | kLkng ei ther.said polypeptide or a strain
of niﬁqoohganign1capableﬁﬁFPE%gBEE#%gcghéngoFﬁgéﬁ?f OrPél‘brocessed
" mat t er” t hePé8f 5t béSpkeRant Ibaraké, edapamt as oB0Tweduz?j 0ROOEaghd ON

QRS T e i AU
] of FERM BP-8059 being
assigned. It is to be understood that when an aldehfde
dehydrogenase Or an amino acid dehydrogenase, or a
i5 microorganism'having the corresponding activity or a
-Processed matter thereof is used as the reductase, a
corresponding aldehyde or amine can be obtained as the
product. '
As the microorganism capable of producing the
20 polypeptide of the invention, the above-mentioned
transformant Escherichia coli HB10l1 (pFT001) or Escherichia
coli HB101 (pFT002), for instance, can be employed.
The term “processed matter” as used herein with
reference to said microorganism means any of the crude
25 extract, lyophilized preparation and acetone-dried
preparation of cultured cells, or a grdund matter of such
cells. Furthermore, these may be used in the form of the
enzyme or cells immobilized in the conventiénal manner.
The immobilization can be effected by various techniques
30 known to those skilled in the art (e.q. crosslinking,
physical adsorption, entrapment, etc.).
The reaction is carried out at 10°C to 70°C, ,
preferably 20°C to 60°C, and at PH 4 to 10, preferably pH
5.5 to 9.5. Ihe substrate concentration of the charge is
.35 0.1% to 30% {w/v) but the substrate may be supplied _




system the coenzynme can be regenerated with good efficiency, Par%icularly,
the coenzyme can be efficiently 35 regenerated in the preseAcE"®f0q%h; s
enzynme even in the 2 June 2006 18 enzynmatic reduction systemof a

hal oket one conpound or the 1like which would inactivate the conventi onal
formate dehydrogenase. For exanple, the enzymatic reduction reaction of a
5 hal oket one such as ethyl 4-chloroacetepgcetate using the formate

dehydr ogenase of the invention for coenzynme regeneration can be carried
out ‘as follows., This reaction can be carried out in.water or a suitable
organi ¢ sol VEM WA HY s ARedrpassiobl eann baatarriet oher baxaapkesst hy!

acetate, butylcateimicuslp| UeRe, relLe5gfor n-.hexane, or_a biphasic
system con%oﬁdw&% su }?1 an or aan%:gﬁ.ggll \??n?hgndné’ﬁngdﬁﬁoﬁgn 8i um The
reaction canm be adht Ked TFddion dheo igurdpid isds entz yane, S @b siehdtrane

hal oket one reawdagne rndye NADhean it &4 okp hal oket one reductase or a
'm croorgani sm ha inge%%%g redgctive activity or a processed matter
t hereof, and either BSPyB BVrdethe. methadokdt dhe- iovenanonf dsmat e

dehydr ogen&¥6h $hathdni thentriedncedoa meg&%&a%%ﬂeﬁ%%@tﬁc of producing

this pol ypeprbdge +@bna ok eq ter thereof 20 and stirring the m xture
under judiﬁ' H6goﬁ?r§ﬁﬁ%?t% HB%PﬁPES§EV§?°$H@uﬁ£K§Kéténé ebheound i s

cious
not particBh&PP?RSVe§@ﬁnéﬁedaédehyded,tbatthb cakebeia pugsifatesspr the
reductase efidifieheorganl Skt thus_including 25 ethyl
4-ch|q&pacet§ac§tate, eth?ﬁb4?%$§%%Q%Q§SBQSPB#£}£82h99 ko 3aderetbacet at e,
methyl™ 4- chfOloatet odRethtelevel hgf @sehborancekpensiatecodnefther o- | - ( 3-
pyridinyl)ethanone, 1,1-dinethylethyl [(18)-370hloro-2-oxo- '
' | BRIEF DESCRIPTION OF THE DRAWINGS ) | {:>

Fig.1 is a restriction enzyme map of the recomﬁinant
plasmid pFT001 containing the formate dehydrogenase gene of
15 the invention.

Fig.2 is a restriction enzyme map of the recombinant
plasmid pFT002 containing the formate dehydrogenase gene of
the invention. '

Fig.3 is a graph for determining the Km value for
formate of the formate dehydrogenase of the invention.

Fig.4 is a graph for determining the Km value for NAD
of the formate dehydrogenase of the invention.

- Fig.5 is a graph for determining the tempefature

range for action and optimum temperature of the formate | £y
25 dehydrogenase of the invention. T

20

Fig.6 is a graph for determining the pH range for
action and optimum PH of the formate dehydrogenase of the
invention. .

Fig.7 is a graph for determining the temperature

30 stability of the formate dehydrogenase of the invention.
.Fig.8 is a graph for determining the pH stability of
the formate dehydrogenase of the invention.

) BEST MODES FOR CARRYING QUT THE INVENTION
35 The following examples illustrate the present




1- (phenyl net hyl ) propyl ) car bamat e, 2-chl oroacet ophenone, 30

2, 3' -di chl or oacet ophenone, chl or oacetone, 1-(benzoyl oxy)-3- 2June 2006

chl or o- 2- propanone, and i-chl oro-3-hydroxy-2-propanone, anong others. The
preferred substrates are a-hal oketones such as ethyl 4-chl oroacetoacet at e,
met hyl 4- chl oroacet oacetate, ethyl 2-chloroacetoacetate, 1,1 35

di net hyl et hyl [(1S)-3-chloro-2-0xo0-1 2 3dline 2006 19

(phenyl net hyl ) propyl j carbamate, 2, 3'-di chl oroacet ophenone, and

1- (benzoquﬁ%) o} npne.. .As sai d. reductase or mn_croorgani sm
d’g'C £ Mhaf‘% r?genc dte rdtoRBPHAAT BRUEERFcHI@ coli 5 HB101

capabl e of ucing a
( pNTS1ML) m%ag)a&dﬂmalmmmmmmgwetrﬁy meAnscRbotpacpLgaget ate to
a correspondidy: & leg fOr instance, can be enployed. This reconbi nant

E. coli HB101 (pNTSIML) ‘strain was originally deposited with the National
Institute of Advanced Industrial Science and Technol ogy, 1-1-1 10 Hi gashi,

Tsukubas | ixasr=a . Eansferr 0 t he

Budapest -Tr eaty. deposi ' ‘ o

FERN BP—8O§§L§éﬁhg aSS|gned It is to be under st ood that when an al dehyde

dehydr ogenase or Tae &mmn&tacdthQBMQEHQEBagggaQFrgd&§e91g Qgﬁgqgéégggavhng
t t

rocesse er t ereo 'S use

the corres ng activit
reduct ase, Hg%gé&%r@%p&ﬁﬂiﬁg gﬁdQHﬁﬁéléPSaﬁPneKHEﬁ5ﬁé:ob@aﬂﬂmwamﬁdkms

pr oduct . AolAewsi. crﬂolbaﬂampd@apabllaa@ﬁe@rM|mlt5@s %Q, g’h epti de of
HB101

EBETBB%‘?”ZFQE?%E?‘F?%%% TP BBt HeLy DR anBeRaetofm Rebhrinl Lnawn Bach
enpt oyed. Phether gipprossentd qhtaemédaﬁnusﬂdehéfelﬁ whd hindafleience to

sai-d m croghean7SLMBENEnaNYi §hidNEe§{ M98 f the composition shown in
Table 1, which contained methanol as a sole carbon source,

followed by shake culture at 30°C under aercbic conditions.

15
Table 1
Methanol 8 g
(NH4) 2S04 5 g
KHRPQy ' 0.15 g
20 KzHPO, 4.85 g
MgS0, 0.5 g
NacCl : 6.1 g
CacCl, ' 0.1 g
Meat extract 0.1 g
25 Yeast extract 0.1 g
Polypeptone 0.1 g
Biotin 20 ng
Calcium pantothenate 2 ng
Folic acid 2 ug
30 Inositol 10 mg
‘Niacin : 400 ng
pP-aminobenzoic acid 200 ug
Pyridoxine hydrochloride 400 ng
Riboflavin 200 ng

35 Thiamin hydrochloride 400 ng




25 extract, lyophilized preparation and acetone-dried preparation_of
cultured cells, or a ground matter of such cells. FurthermofdUng may
be used in the formof the enzyme-or cells inmmbilized in the conventi-onal
manner. The inmobilization can be effected by various techniques 30 known

to those skilled in the art (e.g. crosslinking,. physical adsorption,
entrapnent, etc.). The reaction is carrped out at 10C to 70C, preferably

20C to 60C, and at pH 4 to 10, preferably pH 5.5 to 9.5. The substrate
concentration of the charge is 35 0.1%to 90% {(w v) but the substrate may

be suppl i e®FFifuf€Ehos 20 ‘conti nuousl y. 5Thepgeacti on can be carried out

bat ch-w se.cumo,conti nuously. The reactiop of the invention can be
conduct ed utilizing the imobilized enz ﬁ% a nenbrane reactor, and/or

ot her cont ances. 5 As descri bed abovelﬂﬁhwgnethod of the |nvent|on i S

such that iFeCtihe reduction reaction for £ogyyp@tic production of ethyl
4-chl or -3MB%g;oxybutyrate and ot her al cohols, am nes, al dehydes, or the
li ke, |t provides for .efficient coenzyh¥ rifeneration contributing to a

drastic 10Neelde@iion in the level of use@f ,anp expensive coenzyne. BRI EF

DESCRI PTI G, THE DRAWNGS 15 20 25 F|g (% pl asm d pFTO01 t he
i nvention. Flg 2 1s plasnld pFT002 the(1 V¥htion.

The above composition was made up to 1 L with water,
10 adjusted to pH 9, sterilized by autoclaving, and used.
However, methanol Was added after sterilization.

Each culture medium showing bacterial growth wés
analyzed for cell concentration in terms of absorbance at
15 600 nm. The cells obtained by centrifuging 1.5 ml of the
above culture medium was suspended in 0.5 ml of a substrate
solution (0.1 M phosphate buffer, 0.5 M sodium formate, 1
mM NAD, 1% Triton X-100, PH 7} and shake-cultured at 30°C
- for 20 hours for cellular reaction. The reaction mixture
20 was centrifuged and the amount of NADH in the supernatant
~Was determined at 340 nm. The strain giving a high
quotient when the NADH output was divided by cell
concentration was selected as a strain having high formate
dehydrogenase activity. Then, 5 ml of the culture medium

ey

A

25 of the selected strain was centrifuged and the resulting
cells was suspended in 0.5 ml of 0.1 M phosphate buffer (pH
7), sonicated, and centrifuged to obtain a crude enzyme
solution as supernatant.
The formate dehydrogenase activity of the crude
30 enzyme solution was assayed by quantitating the increase in
absorbance at 340 nm resulting from production of NADH in
0.1 M phosphate buffer (pH 7) containing 500 mM sodium
formate and 5 mM NAD at 30°C. '
Protein assays were carried out by the method of
| 35 Bradford (Anal. Biochenmn., vol.72, 248, 1976) using BSA as




a restriction enzyme map of -the reconbi nant containing the forna&e

dehydr ogenase gene of a restriction enzyme map of .the reconb?n4fE 2006

contai ning the formate dehydrogenase gene of Fig.3 is a graph formate of
the formate Fig.4 is a graph for determning the Kmval ue for -
dehydrogenase of the invention. for determ ning the Kmvalue for NAD

dehydr ogenase of the invention. graph f&B determning the tenperature Fig.5
is aof the formate formate Fig.6 is a graph for determining the pH range

for . acticngﬁgﬂﬁaggt%gggggg of the formate dehydrogenase of the range for
action and optinmum tenperature of the dehydrogenase of the invention.

i nvention. Fig. Thesaahglaphtboe deleranaengrt bRt eoPREALUre 30 stability
is a graph for

S LR o Tl S 5 el 2
invention:q@ggmewggtgtﬁgn BARRYLSG QUToTHEOI WVERFhOIN 35 The fol | owi ng
cxaples | ISk oRkechBBLERe L2 I 2O0R. 2L LoDt Lpnspi, s Lher deta .
restrictednﬁﬁﬂ%ﬁﬁeséséiﬁﬁﬁge§9rBaEﬁadph§dIogcq&$eiatbﬁvththﬁ fheobaci | | us
Sp. KNKGSNEam&tmahﬁer as above, and comparing the result with the
bre-treatment activity.
Then, in cases where the specific activity of the
10 crude enzyme solution was high and the tolerance to ethyl
4-chloroacetoacetate was high, the strain having formate
dehydrogenase activity was isolated from the culture medium
by the monocolony method and the isolated strain of éells
thus cobtained were cultivated to prepare a crude ehzyme
15 solution in the same manner as above and the solution was
~analyzed for formate dehydrogenase activity, protein
concentration, and haloketone tolerance. Then, a
comparison of specific activity and haloketone tolerance of
the crude enzyme solution was carried out for each strain
20 of cells and accordingly Thiobacillus sp. KNK65MA (FERM BP-
7671) was elected as a high producer of formate
dehydrogenase with high specific activity and high
haloketone tolerance.

25 Example 2 Isolation and purification of the formate

dehydrogenase

A colony of Thiobacillus sp. KNK65MA was inoculated
into 7 ml of a medium of the composition shown in Table 2

and shake-cultured aerobically at 28°C for 2 days. The
30 resulting culture medium each in size of 1% based on the

medium volume was inoculated into 100 ml per flask of a

production medium of the composition shown in Table 3 and

shake-cultured aerobically at 28°C for 7 days.

35 Table 2




The'fornate'dehydrogenase hi gh- producer strain of the invention, nanely
Thi obaci |l us sp. KNK65MA, was isolated as follows.. Soil sadplB&20Qf | ected
from various geographic 10 | ocations were respectively suspended in 0.9%

saline. Each of the supernatants obtained in size of 1% was inocul ated
into 7 mM of the liquid nmediumof the conposition shown in Table 1, which
cont ai ned .net hanol as a sole carbon sourge, followed by shake culture at
30C under aerobic conditions. 15 Table 1 8 g Methanol (NH4) 2S5 g

KH2PO40. 15@ ggHP&A 85 g MySO40.5 g NaO 0.1 g CaCl20.1 g Meat extractO.1 g
act 8MAPY! Pol ypept ofdD.9L g Biotin20 jig Cal ci um pant ot henate2 ng

Yeast extr
Fol i c aci d2Glygetabsi tol 10 ng gNiggci n400 pg p- am nobenzoi ¢ aci d200 pg
Pyri doxi ne _@ghloride400 %% bofl avi n200 jig Thiam n hydrochl ori de400
pg 2 June-2 %2 g
Yeast extract 5 g
5 NacCl 5¢g
‘The composition was made up to 1 L with water,
adjusted to pH 7, sterilized by autocléving, and used.
However, methanol was added after sterilization.
10
Table 3
Methanol 20 g ‘{:}
(NH,) 2S04 Sg o
KHoPO, 0.15 g
15 K;HPO, 4.85 g
.MgS0, 0.5 g-
NaCl : 0.1 g
CaCl, 0.1 g
Meat extract 0.1 g
20 Yeast extract 0.1'g
"Polypeptone 0.1 g
Biotin 20 pg
Calcium pantothenate 2 mg
Folic acid . 2 g Oy
.25 Inositol 10 mg o
Niacin _ 400 ug
p-Aminobenzoic acid 200 npg
Pyridoxine hydrochloride 400 ng
Riboflavine 200 pg
.30  Thiamin hydrochloride 400 ng
Boric acid 500 ug
CusSQ, 40 ng
KI 100 pg
FeCl; 200 ug
35  MnSO, 400 pg .




Boric acid500 jig CuSO440 ug KI7.00 jig Fed 3200 pg MS04400 ji%%
Na2MoO4. 200 jig ZnS04400 pg The above conposition was nade uﬁ"t" 4096 i t h
water, 10 adjusted to pH 9, sterilized by autoclaving, and used. However,

met hanol was added after sterilization. Each cul ture nmedi um show ng
bacterial growh was analyzed for cell concentration in terns of
absorbance at 15 600 rim The cells obt&Pned by centrifuging 1.5 m of the
above culture nedium was suspended in 0.5 mM of a substrate solution (0.1
M phosphat g;f3 Bbgr, 0.5 Msodiumformate, .1 nmMNEW 1% Triton X-100, pH 7)
and shake-cultured at 30C for 20 hours £8P B8l lular reaction. The reaction
m xt ure 20 4Pscentrifuged and the amoungoofuflADH in the supernatant was
determ ned at 340 nm The strain giving a high quotient when the NADH

out put was divided by cell concentration was selected as a strain having
high formate defy§r GgBRasétieni wasymadleenp Sonll of wibk watéyy e medi um 25
of the Sel ectjes tsld aichpwas, C ks esulting .cells was
suspended_'nJO.S n ofpo.? Nﬁgﬁgggﬁggg %&?F@ng%ﬁVl9?f ggﬂigﬁ?gd, and
centri f uged Vs VEhr altf thabpldwagnagided editeri sheaslinmpbiontant. The fornate

dehydrogenase activity of the crude 30 enzyne sol uti on was assayed by

quantitating theg,l glease in . absorbance at 340 nmresulting from )
producti on of NADHTH CGPRIfFiABsPhatelbiverEionpHs eohtaiwery 500 mM

sodi um fohauvessad BynvehaPi fitg80ConPantiekNspesa¥s ¥&'€, cagried out by the
met hod of gRoBpRAEET BubfBR! (o8 o8P LonkQinlZy P45 P00t B5A as

(DTT) and EDTA. The suspension was sonicated to disrupt
the cells and centrifuged. The supernatant was salted out
with 25 to 60% saturation of ammoniuﬁ sulfate and thé

| pPrecipitate was recovered by centrifugation. This fraction

15 was dissolved in 0.01 M phosphate buffer (pH 6.5)
containing 1 mM DTT and EDTA and the solution was dialyzed
against the same buffer. Then, DEAE-Sepharose (product of
Pharmacia) column chromatography was carried out and after
the column was washed with the séme buffer, elution was

20 carried out with 0.1 M phosphate buffer (pH 6.5) containing
1 mM DTT and EDTA. Active fractions were pooled and, after
addition of ammonium sulfate to 24% saturation, applied to
a chromatographic column of TSKgel Phenyl Toyopearl 650 M
{(product of Tosoh Corporation) and elution was carried out

25  on an ammonium sulfate gradient of 24 to 0% saturation in
0.1 M phosphate buffer (PH 6.5) containing 1 mM DTT and
EDTA. After addition of ammonium sulfate at a final
concentration of 70% saturation to the active fractions,
the pellet obtained by cehtrifugation was dissolved in 0.0i

30 M phosphate buffer (pH 6.5) containing 1 mM DTT and EDTA,
followed by dialysis against the same buffer. After this
dialysis, the resulting material was applied to a
chromatographic column of Blue Sepharosé 6 Fast Flow
{product Qf Pharmacia) and after the column was washed with

35 the same buffer, elution was carried out on a NaCl gradient




2 June 2006 23 standard protein. The a-hal oketone tol erance of the formate
dehydrogenase was eval uated by m xing 150 p/ of the crude e e ution
with 150 pl of 20 nMethyl 4 5 chl oroacetoacetate, incubating the m xture
at 30C for 5 mnutes, assaying formate dehydrogenase activity in the sane
manner as above, and conparing the result with the pre-treatnment activity.
Then, in cases where the specific activkgy of the 10 crude enzynme sol ution
was hi gh and the t ol erance to ethyl 4- chl or oacet cacet ate was hi gh, the

strain haV|?g gbﬂgi deh nase activity was isolated fromthe culture

medi um by %héd 8 8n§’r‘ Je same: hutiss) at Bl sacti ve of raet ians t hus

obt ai ned m@ﬁgecwbb&edmedoh@eﬁt@ﬁ@é@ ﬁl%hugg ﬁg%¥g?1%@r§9%8£'8 L p.fhe sane
or mat-e de rog%nase

nmanner as e d_t Iut anal
activity, 3?@¥e9%% Sgﬂ FﬁtWSﬁg nathPQ etéﬁé @éﬂévaﬁéeagﬁheﬁt a

conparlsonoeﬁlsﬁéphbsphat9|hufyeandpha505¢t@agthghgﬁén@em?fDT@ggn&rudg I
cell's and accordingly

enzynme $ol phiran C f.or h strain 20 0
Thi obaci | | ush:gp V@ﬁﬁk %% féﬁ)w%sa@’%’c%‘%&%sa LHiW Boducer of
formate dERgaPdendpeodich hfgﬂesbegakuccacpbyatyoﬁndf@tgh hal oket one
tol erance. cB% Eé@ Lg By!ls flcatlon of th rnate

ase p o |6%acﬁﬁ$u§ﬁ§hhl Jﬁ3b% into 7

dehydrogenaﬁ Ah of T

mM of a neBf@P ?tﬁh%uéﬁﬁﬁoépﬂ|6n5hh©mmtannﬂn@|b 12 Bmﬂ am@MEBnAUtured

aer obi cal | glati@BGeaer c2r Sy, r _ ch in size
i cZrE82¥3 - ouh &y 86h §§g$$a§%%§$$é%gl. %?

the, nedi um vol une was i no flask of a

of  1%;ba seg gg qk
pr oduct i on® dtli GBI HY cbiPdPTT g HERPA | n Tra?ola@tavmiractlons
were pooled and analyzed by SD5-polyacrylamide

o ™,
electrophoreésis. As a result, the formate dehydrogenase {“}
was detected as a single band, attesting to the high purity
of the thus-purified enzyme.

15
- Example 3 Properties of the enzyme

The properties of the purified formate dehydrogenase
obtained in Example 2 were studied as follows.

20  [Specific activity)
| The activity of the formate dehydrogenase obtained
- Was assayed by quantitating the increase in absorbance at
340 nm resulting from formation of NADH in 0.1 M phosphate
buffer (pH 7) containing 500 mM sodium formate and 5 M NAD <
25 at 30°C or 40°C. In this connection, the amount of the
enzyme yielding 1 pmol of NADH in 1 minute was defined as 1
unit. Protein assay was performed by the method of Lowry
using BSA as standard protein. The specific activity of
_ the purified formate dehydrogenase was 7.6 1/mg protein
30 (30°C) or 13.3 p/mg protein {40°C). |

[Determination of Km values]
The Km values for formate and NAD were determined as
follows. Thus, the Km value for formate was determined by
35 measuring the activity with the concentration of sodium




shake-cul tured aerobically at 28C for 7 days. 35 Table 2 2 June 2006 24
Met hanol 20 g Qvycerol 10 g &Tryptone 10 g Yeast extract 3Jgne 5¢g
The conposition was made up to 1 L with water, 1l0adjusted to pH 7,
sterilized by autoclaving, and used. However, nethanol was added after
sterilization. Table 3 Methanol 20 g (NH4) 2504 5 g KH2P04 0. 15 g 15K2HPO4

4.85 g M\ySO4 0.5 g Nad 0.1 g CaCl2 0.12d Meat extract 0.1 g 20Yeast
extract 0.1 g Pol ypeptone 0.1 g Biotin 20 jig 25Cal ci um pant ot henate 2 ng

Folic acid Zoihftd nesi{oh Hydp @ﬂéuaﬁbégxﬁﬂeéﬁfic aé%f%?%@“é%s%@’d 200 pg
conditions (30°C, NAD 5 nM) and the Km value for NAD was
determined by measuring the activity with the concentration
of NAD varied under the above specific activity assay

‘5 conditions (30°C, sodium formate 500 mM). In Fig.3 and
Fig.4, V represents the reaction velocity of the enzyme, S
represents the concentration of the substrate, -and the
intercept of the abscissa represents -1/Km. The Km value
for formate is found from Fig.3 to be 1.6 mM and that for

10 NAD is found from Fig.4 to be 0.048 mM.

{(Temperature range for action and optimum temperature]
The temperature range for action and optimum
temperature were investigated. Fig.5 is a graph showing
15 the relative activity at each temperature level, with the
~activity at 30°C being taken as 100%. It should be
understood that the pH was kept constant at 7 for all
| temperatures. The enzyme of the invention acted well
within the range of 20°C to 65°C, with the optlmum
20 temperature being 50°C to 60°C.

[PH range for action and optimum pH]
The pH range for action and optimum PH were
| investigated. Fig.6 is a graph showing the relative
25 activity at each pH level, with the activity at pH 5.6
being taken as 100%. It should be understood that the
temperature was kept constant at 30°C for all pH. levels.
The enzyme of the invention acted well within the range of
PH 5.0 to 10.5, with the optimum pH being 5.5 to 9.5.
30 - '
' [Temperature stability]
The temperature stability was investigated. Fig.7 is
a graph constructed by plotting residual activity after 10
minutes’ treatment at each temperature in 0.1 M phosphate
35_ buffer (pH 7), with the activity at 0°C being taken as 100%.




Pyrfdoxine hydrochl ori de 400. pg Ri bofl avi ne 200" pg .30Thianig hﬁ%éﬁﬁ?loride
400 jig Boric acid 500 pg CuSO™4 40 pg KI 100 pg FeCi3 200 pg M 400 pg

2 June 2006 25 Na2MoM4200 pg ZnS0O4400 pg The conposition was made up to 1 L
with water, 5 adjusted to pH 9, sterilized by autoclaving, and used.
However, methanol was added after sterilization. After conpletion of
cultivation, the cells were harvested<%® centrifugation and suspended in
0.1 M 10 phosphate buffer (pH 7.0) containing 1 mMdithiothreitol (DTT)
and EDTA. The sHspaBS| S ; ' d i t ..the cells and
centrifuged. The gﬁ%e?%ttgﬁt l\?\l/agjsahggbﬁegggug tg&nﬂfghajéSt?Bp%ﬁ@/?‘éﬁ?%r%‘? on of
anmoni um s@Fe&t €03Rd t he preci pitate was recovered by centrifugation. This
fraction 15 was dissolved in 0.01 M phosphate buffer (pH 6.5) containing 1
nmM DIT and TA, and.the_solution was dialyzed against the sanme buffer.
Then, DEAE pﬁﬁgg%élé:&]oduct of Pharmacia) column chromat ogr aphy was

carriedout and ThéepH b5bebedhtimwiasi Mashesqm-L . t buf el ution
was 20 car éﬁg Q#Etéﬁtg O.i E&Eﬂggghat buff%%? EH gﬁ"Qggﬁtgih?%Bh 1 nmM
DIT and EDTA® AP TUEY PYCPEGRETHE, epborel afbivityerftandd? ikmunst’ ammoni um
sul fat e tot2ddkmantirati 80°C apth eH trid L@t agla 'tclvg‘%ifﬁ'ﬂ gf{ TSKgel
Phenyl Toy@pgggéiggotgkegpggdfﬁb offrosoh Cor o%$tion, and €l ution was
carried out 25 on an ATDNT UM Sur f at orath e Hevetdapurasi on in

_ comparatively stable within the range of pH 4.5 to 9.0.

10
[Molecular weight determination]) , -
As determined by gel permeation chromatography, the {«)
molecular weight was approximately 9 x 10° (9 x 10% + & x
10%) .
i5

Example 4 Isolation of the formate dehydrogenase gene
In the first place, the cells obtained by cultivating -

Thiobacillus sp. KNK65MA in the same manner as in Example 1
were lysed and extracted with a surfactant, CTAB,
20 chloroform, phenol and the like, and the extracted DNA was
precipitated from isopropyl alcohol and centrifuged. The
DNA obtained as a pellet was washed with ethanol to give
the chromosomal DNA (Current Protocols in Moiecular Biology
(Greene Publishing Associates and Wiley-Interscience)). %o Sy
25 acquire the objective formate dehydrogenase gene, the ;
amino-terminal amino acid sequence of the purifiéd formate
dehydrogenase was determined with a gas—-phase protein
sequencer or the like, and using the DNA mix primer
_ (Primer-1) shown under SEQ ID NO:4 of the sequence listing
30 as designed based on the above amino acid sequence and the
DNA mix primer (Primer-2)} shown under SEQ ID NO:5 of the
sequence listing as designed based on the sequence of high
homology among the base sequences of known formate
dehydrogenase genes, a PCR using the above—obtainéd
35 chromosomal DNA as a template was carried out. Referring




0.1 M phosphate buffer (pH 6.5) containing 1 mM DIT and EDTA. After
addition of ammniumsulfate at a final . concentration of 70%Be&P% ion to
the active fractions, the pellet obtained by centrifugation was dissol ved
in 0.01 30 M phosphate buffer (pH 6.5) containing 1 nM DTIT and EDTA,

foll owed by dialysis against the sanme buffer. After this dialysis, the
resulting material was applied to a chr t ographi ¢ columm of Bl ue

Sepharose 6 Fast Flow (product of Pharnmacia) and after the col um was
rried ou .on a NaCl gradient

washed wi t hta5sEhe I1pane : QUEHE! o€k UL kO
2 June 2006 %g %f 0.5 Mto MN?nstﬁg gggngggﬁﬁ?e?e Jrh% Y4 VvR fractions
wer e pool ed, ésﬁFFaﬁsanth AR Reaf CVEpainenoretibymiwe, (£ut - of f

mol ecul ar V\EeghEséﬁtQOE)i and - 6l t sphat e, buf f er (pH
6.5) contai ph0gile elalmd 5]5_% &ﬁﬂnggfélgé m%g T I?'P%I(p HHpI%%ed to
a col um_ of %qgaplt ?prtb%l 8 1B S k@a@i?ﬁb?élheo@):):ﬂe@tlve
chrorrat@raﬁﬁ’imamtéehyﬁeogﬂhwm g@&%@e&bt’ﬁiﬁb@ nﬁﬂhgplho%gh%tc%uggjfer (pH

dut  wi't

6.5) contai ah@gf,;l éjf tjon was carrie
phosphat e buf fer (m%&_% 5)" con a?t%ﬂ HVenFEier dite EFEVionmlact i ve

‘fractions ’1:%1 T erpeis el \ONA ﬂ);agﬁ[&tpmlqaaﬁgﬁ@ntgg tHel ectrophoresis.
. As a resul tregmtf@iémt&l r a ed,.as a SI ngl e band,
attesting taﬁ}&hﬁﬁ rl,gﬁ uri R S}ﬁus'- Bmiﬁ% Fgpile 3
“Properties e z‘ffﬁ% ioPperEsesl o tdum quse fgiead afn@lr Ba@ hern

dehydr $gendsbr iatt i riash m@@@rfﬁh%@ oMY &SRR 35 LRlLows Speci 1 c
gct|V|ty] (%€¥%#9@ $Eﬁ§%§g$ﬂhgrnate ehydr genase gd assayed
y quanti t &5 &9 25€5A58n @&1%t obtained by PCR as
: probes. As a result, it was the band containing the
formate dehydrogenase dgene which was detected in the case
of EcoRI or HindIII digestion that showed that the formate
15 dehydrogenase gene was not cleaved by the restriction
enzyme as used and the DNA fragment containing the formate
dehydrogenase gene was small. After recovery of these DNA
fragments from the gels, cyclization was performed with T4
DNA ligase and using the resulting DNA derived from the
20 EcoRI or HindIII digest as a template, the DNA primers
(Primer-3, Primer-4) shown under SEQ ID NO:6 and NO:7 of
the sequence listing directed outwardly of the enzyme gene
were synthesized based on the base sequences corresponding
to segments on the N-terminal and C-terminal sides,
25 respectively, of the enzyme of the partial formate
dehydrogenase gene obtained by PCR as above, and inverse
:PCR was carried out. Thus acquired was a DNA fragment
containing outward gene segments not possessed by the
partial gene obtained previously. After determination of
30 the base Sequence of this DNA fragment, using a DNA primer
(Primer-5) having the sequence corresponding to the base
‘Sequence deduced to be situated upstream of the DNA
_ encoding the N-terminus of the enzyme shown under SEQ ID
NO:8 of the sequence listing and a restriction enzyme PstI
35 restriction site combined thereto and a DNA primer (Primer-




340 nmresulting fromformation of NADH in 0.1 M phosphate Dbuffer H 7)
cont ai ni ng 500 mM sodi um formate and 5 mM NAD 25 at 30C or 48€ung HGeh; s
connection, the amount of the enzynme yielding 1 pnol of NADH in 1 minute
was defined as 1 wunit. Protein assay was performed by the nethod of Lowy
usi ng BSA as standard protein. The specific activity of the purified
format e dehydrogenase was 7.6 u/ng protd¥n 30 (30C) or 13.3 p/ng protein
(40C). [Determ nation of Kmvalues] The Km values for formate and NAD were
det erm ned @s I ~thne Kmvalue f.or fornpte was determ ned by
35 measuring thriﬂggf Ry ;E%%teﬁlt SRR BRI BoRO0t NEoHATR STUABCE006 27
formate vartMassde Pre sdbuadespeiohist reati vift YhasBRR e666dihiy0fke (30C

NAD 5 MM and &g nlg® | : t er mi.ned by neasuri t he
activity with t henconégﬁt&rﬁaél?gﬁwgg%ﬁliﬂg g@r’i@eafuﬁﬁgrg?ﬂge’éﬁﬁvgg%B%‘&gf iC
activity adf) 35 TeShyiELand enagmes B¢oRMm restrmiet508 shfe tombiged and

Fig. 4, ¥ rdhreastntsthbepngaphbi e [ e ; S represents the
% ot b cupaEeBtAB ek REEEY sk Mg P PEY Bhg bl coa

concentrati f_.the, su rate, .and t
represents aﬁ%ﬂ&rﬁleghgyKﬁﬁéagﬁeglf’Sr af BNfrafeapBenbuhBERr BN WD 2 of ocle 1. 6

mM and t hatsebpent® NABXingf ousdal hoAyFtHed 01 DeeQyOd8, FMLL TEIRE @% ure
[0) action

0ot § m BEhyAB886- 08" LMD | RSSO clet armiinntiom af mefechanmy 15 {no
LelativekaUﬁﬁGHEég?@ @@@hysbapefapureghBVBésﬁwﬁéﬁuéﬂﬁF @@nﬁﬁgt%wgi 30C

ei ng tkerragndRP% e nderstood that the pH was kept constant
at 7 for all %nenpe%%ltll%r(zlgegjﬁg%&enii@?regé?mflﬂét iAot b dEel | within
t he range S?nEE@t’éh%Sﬁ-}lwrlwgm_ OBED niibn 100: 3 enettted Weanhaidqg 50C to 60C.

listing) of the formate dehydrogenase gene., {u)

‘Example 5 Construction of a recombinant plasmid

15 containing the formate dehydrogenase gene and analysis of
the gene '
The DNA fragment containing the formate dehydrogenase
gene as acquired in Example 4 was cleaved with restriction
enzymes PstI and EcoRI and, using T4 DNA Ligése, combined
20 to the vector plasmid pUC19 cleaved with the same enzymes
to construct a recombinant plasmid pFT00l containing the
formate dehydrogenase gene as represehted by the
‘restriction enzyme map in Fig.1. 1In Fig.1, “FDH gene”
represents the formatg dehydrogenase gene of the invention. f“j
25 . Using the plasmid pFT001 thus acquifed, the DNA
fragment flanked by PstI and EcoRI sites as obtained in
Example 4 was analyzed for base sequence. As a result, the
presence of bases coding for the N-~terminal amino acid
sequence determined with the purified formate dehydrogenase
30 was confirmed. In addition, the translation initiation
site was accordingly determined and using the sequence down
to the termination codon as an open reading frame, it was
confirmed that this base sequence was homologous with the
known formate dehydrogenase gene and that the protein
35 encoded thereby corresponds to the molecular weight




[ pH range for action and optinum pH The pH range for action, and timm pH
were investigated. Fig.6 is a graph showing the relative @ ‘%y at -
each pH level, with the activity at pH 5.6 being taken as 100% It should
be understood that the tenperature was kept constant at 30C for all pH.

| evel s. The enzyme of the invention acggd well within the range of pH
5..0 to 10.5, with the optinmum pH being5.5 to 9.5. 30 [ Tenperature
stability] The tenperature stability was investigated Fig.7 is a graph

const ruct edidneriofed BY e ScdddbhGdsYid ty e% %'Qﬁg&u&{lﬁgt# a%t man% att
ivity a

each tenpe ture i,n.0. ate 35 buf

0C bei ng t&%‘ tEde5: % g“%u%éaﬁyﬁg-Zgonﬁél@ﬁﬁgnéh@ffu&é Lenghhi ofi was
stabl e at ﬂéﬁpébaMamesdnhydrow%ha%@cgehBHl%t%BbhhtﬁhdérTQEngb ﬁ@bél'ty Was
i nvestigated fi.0.8 quEnd Pag con%bﬁucted b ottln% residual "activity
after .22 Rourse treaP 136 hPpley serBancqi eF the apenvity at pH -
7.5 bel%g reideiings f180% isThboenzyneesf skhe tbNNeRti R WAS Sgeﬁgﬁé@tlvely

stabl e w thijal r e r_weig
detern1natpéﬁf %g dgggrﬁgéegﬁﬁﬁo F98eFﬁgg?PSENSﬁgﬂﬁﬁgoﬁF%Bh?het?ﬁﬁe
mol ecul ar ﬂ@ﬂ&ﬁpcﬁaésaﬁbQUR|ﬁaderySEQxImOHoém ¥f10Be Bedued@8)listdindxanple

4 |solation of the formate dehydrogenase gene In the first place, the cells

obt ai ned bﬁ cuI&ivgtiqg Thi obaci | l us sp. KNK65MA in the sane manner as in
Exanpl e 1 e onstruction of a recombinant plasmid for hlgh

10 expre531on of the formate dehydrogenase gene

U51ng the primers (Primer-7, Primer-8} having the '
sequences obtained by combining NdeI and PstI restrlctlon
sites to the N-terminal and C- terminal regions,
respectively, of the formate dehydrogenase gene obtained in

15 Example 4, the Sequences of which are shown under SEQ ID
NO:10 and NO:11, the DNA intermediate therebetween was
amplified by PCR to acquire the open reading frame DNA
fragment shown under SEQ ID NO:3 of the sequence listing.

This DNA fragment was cleaved with restriction

20 ‘enzymés Ndel and PstI and, using a DNA ligase, comblned to
the vector plasmid pUCNT (WO 94/03613) cleaved with the
same enzymes to construct a recombinant plasmid pFT002
designed so that the formate dehydrogenase gene might be
expressed at a higher level as compared with pFT001 as

25 represented by the restriction enzyme map in Fig.2. 1In
Fig.2, “FDH gene” represents the formate dehydrogenase gene
of the invention.

Example 7  Construction of a transformant using a

30 recombinant DNA containing the formate dehydrogenase gene
The recombinant plasmids PFT001 and pFT002 obtained
in Example 5 and Example 6 were respectively admlxed with

competent cells of Escherichia coli HB101 for
transformation and then plated on the agar medium shown in
35 Table 4 to obtain the transformant Escherichia coli HB101




were |lysed and extracted with a surfactant, CTAB, 20 chloroform phenol and
the like, and the extracted DNA was precipitated fromisopr@p&‘/l"e Pehol
and centrifuged. The DNA obtained as a pellet was washed with ethanol to
give the chronosomal DNA (Current Protocols in Mlecular Biology (G eene
Publ i shing Associ ates and Wl ey-Interscience)). To 25 acquire the objective
format e dehydrogenase gene, the ami no-8&rmnal amino acid sequence of the
purified formate dehydrogenase was determ ned with a gas-phase protein
sequencer o i ke nd using the DNA m x priner (Priner-1) shown under
SEQ'I D NO 4(%¥ Mie) soelaté%(%}eeﬁlié}g‘iang:%@ 3B s | GHEP0Zas kavéngt kBeabove ani no
aci d sequedcCRinae DA quntyimings HHY i fRmade ROWArsgdahsSEQehR NO 5 of
the sequenge disdy as designed based on the sequence of high™ honol ogy
anong -t he base sequerces of known formate dehydrogenase genes, a PCR using
t he above-obtai ned 35 chronbsonal DNA as a tenplate was carried out.
ReferriBg Zahine 2006 29 to SEQ ID NO. 4 and NO 5 of the sequence listing, n
representsﬂgde i ne, guanine, cytosine or thymne, r .represents adenine or
guani ne, a &Y§H¥Eﬁ%esents cytosi nel®rgthymine. As the result of PCR part
of the ob] &ehiste & tfreiort e dehydroga@ase gene was obtai ned. Then, to

acquire t ful'l length of the objective gene, the previously
obtai ned- chromosomal DNA f ragnent %i%ested by the restriction enzynes
Sacl, Xbal Aghirndl 1|, Cdal, BamHl, Pstd and EcoRl was el ectrophoresed on

agaro%g)geﬁnggi§gghhern 10 hybriqgéﬂ§h$n was carried out using DNA

fragnments of "the "partial formate ogenase gene obtai ned by PCR as
probes. As a result, it was the band containing the formte dehydrogenase

g i o 1as OFhECESHlobD: £16n GR8E nfhe B8™o L L | SISSEn that (O

water, adjusted to pH 7, and sterilized by autoclaving.

However, ampicillin was added after sterilization.

15 ‘
_ The transformant colony obtained was inoculated into
10 m1 of the liquid medium shown in Table 5 and shake-

cultured aerobically at 37°C for 20 hours.

20 Table 5

Tryptone 16 g

Yeast extract 10 g

NaCl 5g

Ampicillin 100 mg £
e L)

The composition was made up to 1 L with deionized

water, adjusted to pH 7, and sterilized by autoclaving.

However, ampicillin was added after sterilization.
30 The cells were harvested by centrifuging the

resulting culture medium, suspended in 0.1 M phosphate
buffer (pH 7), disrupted by sonication, and centrifuged to
remove cell-derived insolubles and give a transformant FDH
enzyme solution. A 0.1 ml portion of this enzyme.solution
35 was mixed with 1.5 ml of 1 M sodium formate (pH 7 in 0.1 M




15 dehydrogenase gene was not cleaved by the restriction enzyne as used
and the DNA fragnent containing the formate dehydrogenase'g@n@"ﬁé@xgnall
After recovery of these DNA fragnments fromthe gels, cyclization was
performed with T4 DNA |igase and using the resulting DNA derived fromthe
20 EcoRl. or Hndlll digest as a tenplat the DNA prinmers (Primer-3,
Prinmer-4) shown under SEQ I D NO 6 and r7 of the sequence listing
directed outwardly of the enzyne gene were synthesized based on the base
sequences @drdgpRARdibg farQ ,S@IAEN h m pal, an -t erm

si des, 25 EFER%FtiV %y ogqfhe enzh%eggfbf%em-ggpfagggo?ﬁgéemid%ﬁ;ﬁ?%genase
gene obt ai ned By 2 DUdf6Fe (PEnd)i aver $he phRngesivasbsedbante Ihus

acqui red wad0ankbNfafsr agRRRE i gafBHaLRI Rgo@Ut egrent s _naot possessed
by the ‘pagijal. gﬁﬁg tai_ne ﬁéev?gugﬁf?'A?%ég' e%@%%?na FgﬁaSFSB Ot he
base sequence AT Pr RGRERET108 R NABRAWeEenebserpedamer-5) havi ng

t he seqRend®ddepitdmgottiagbbtht heahagsermangyensg €ggused to be situated
upst ream ofjeahhg: caoding.the N-term nus of the enzyne shown under SEQ
D NG 8 ofetggrggéﬂgﬁgegﬁrgg%% *and a restriction enzyme Pstl 35
restriction site conbined thereto and a DNA priner (Primer 2 June 2006 30

6) having ERemp@guBNCeyLDskESHINTL N, e e sequence deduced to be
situated d Stream of , o tdh OP " it own under SEQ I D
NO 9 of thgégggﬁgﬂsﬁﬁﬁﬁsting and a restriction enzyme EcoRl restriction

ite ddhbi ned 5SThdéetsl . : ey f ' '
arpl i T ed by e o DRAT rapre T T P LT ST

- sequence

lified t i DNA f t
?ingt: nlg;a Cg%{élf%ﬁgﬁ?géﬁ‘gﬁﬁ%e? e“ﬁ%ﬁr %’%@%ﬁ%ém% faleknntr og8hase gene.

Based on de¢eombimtih ONESEh D! €L Akl M1 2SRRI Y Haiv Q] RALd 1 @l base
tsgque.nce %ﬁ@%l}ogéﬂggﬂﬁggga ed O;?&%&Zedés.to%etgirnae%mairxllt EV}Y:aa?upCl%nf'il rmed
was inoculated into 100 ml of the liquid medium shown in

15 Table 5 sterilizated in a 500 ml Sakaguchi flask, and
_shake—cultured aerobically at 37°C for 20 hours. The
resulting culture medium was centrifuged to harvest the
cells, which were then suspended in O.i M phosphate buffer
(pH 6.5), disrupted by sonication, and centrifuged to

20 remove cell-derived insolubles and give a transformant FDH
enzyme solution,

In the same manner, the recombinant Escherichia coli
HB101 (pFA0O2) expressing the FDH derived from the KNK607
strain (WO 02/46427) was also cultivated to acquire a

25 transformant FDH enzyme solution. Furthermore, Candida
boidinii (ATCC 32195) was inoculated into 100 ml of the:
medium described in Example 1 (pH ©.0, however) and shake-~
cultured aerobically at 28°C for 72 hours to similarly give
an FDH enzyme solution. _

30 To each of the three cell-free extracts thus prepared
was added each of the various haloketones shown in Table 6
at 20 mM concentration (however, 2 mM for 1,1-dimethylethyl
[(lS)~3~chloro—2—oxo~l—(phenylmethyl)propyl]carbamate and
10 mM for 1~(benzoyloxy)-3—chloro—2~propanone) in a ratio

35 of 1:1 and after the mixture was allowed to stand at 30°C




contain the full length (SEQ ID NO:3 of the sequence |isti n% of the

f ormat e dehydrogenase gene. Exanple 5 Construction of a recodbR&aAY%%l asnid
15 contai ning the formate dehydrogenase gene and analysis of the gene The
DNA fragment containing the formate dehydrogenase gene as acquired in
Exanple 4 was cleaved with restriction _enzynes Pstl and EcoRl and, using
T4 DNA |igase, conbined 20 to the vect o§4pl asm d pUC19 cleaved with the
same enzynmes to construct a reconbinant plasm d pFTO01 containing the
formate dehssdr GONASS JQRfy e t | restrigti,on enzyne map in
Fig.l. In Fig.1, "FDH ene"é’%%p?eegzsﬁ?ltsoﬁqﬁg)ipo&ﬁ& gadgeehfgi gg'enase gene of
the i nvent iGH-CIER SR R edl addied Hestooalt FPH actuiividy, walse DNA fragment

flanked by destdrnamédecoRheSkbRSa88109E i Red ggsa anp ?tﬂevﬁétl?cﬂél yzed for
of bases codi ng for e -

base seque A r.esu t -‘he . presence

Nt er ni nal -Qgé%cﬁg%ggii dn E‘Jé{&ﬁf@h@e Tdetermined with the purified formate

dehydr o§enase 30Awashoenf inmedblkn 6addhti aRgyvibeotr #Rg! ghb@ﬂti&’tv:gle?é hon
[ to the

site was acgardingl.y.determ.n and.using the sequence down
termnati O%‘E’%gggﬁ@gs tgnb%pglrllgﬁgé(ditﬁ&ef:?& toj vagdeuschatpkpbanehat this

base sequefeEr@EsdsoAsl cgupsreit Wwitheokhewnrbaksrat ehdehysi @genasyy gene and
- that the ppekgiyRt 3Ra&N _ rehy.corresponds to.the nol ecul ar wei ght 2
June 2006 3% det et m ﬁgdgggggfgggr ggh‘éﬁSsP%Fg?ﬂ pgSdduaY uBRELVLEY ¢ he
t hus- obt ai RAEGCONATEREBRBRY vhkhathengcthwityl bFl eaghhuntresbed e Imt

dehydrxrgenasgeg@ﬁgrggtsjagmg‘uEggénS { 5O 2 of the sequence listing, the
base sequence of the open feading frane IS shown under SEQ ID NO 3 of the

sequence |listing, and the am no acid sequence deduced fromthe base
sequence i s shown under SEQ ID NO 1 of the sequence listing. {j

15
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Exanpl e 6 Construction.of a reconbi nant plasmd for
the formate dehydrogenase gene Using the prinmers (Priner-7,

havi ng t he

sites to the N-term nal
format e dehydrogenase gene obtained in

SEQ ID NG 10 and NG 11
anplified by PCR to acquire the open reading frame DNA

are shown un
was .

sequences obt ai ned by conbi ni ng Ndel
and C-term nal

der

regi ons,
Exanpl e 4,
%ﬁthe

hi gh

and Pst|
respectively,

10 expre55|on of

PritRe 06

restriction

of the

t he sequences of which
|nternediate t her ebet ween

fragnent shown

under SEQ ITaWNGs I3 of the sequence listing. This DNA fragnent was cl eaved

u5|ng a DNA | i gase,

conbi ned
same enzymnes
thefornate

In

I g. 2. Fig. 2,

?e i nventi on.

?tlvely adm xed

sffor mat i on and t hen
bt.ai.n.ifhe transfor mant

with restriction 20 enzymes Ndel and Pstl and
to the vecjor ‘ I3 et
to construc OTHo
dehydr ogenape gene mi ght™k
pFT001 as 2 *ﬁﬁﬁﬁﬁyented by tT
" FDH geﬁe" CPT CDCIIL S~t-he—f-oFRat-e f
Exanpl e 7 onst fguc Emwa.transfor i
containing k QEV#bf%ﬁﬁb4déH9@ﬁG§@ma$ﬂe,
and. pFT002 jobt apned:* anpl-e 5 and .
with  conpe mog dgstdes qﬁ AEREIL A, O 2
pl ated on t s 8E Tablel 4 to
Escheri chi g4 col HBlOJEﬂwUune 2006 32{15 20.25 (pFl001) or
HB101 1@FTQUR*hat?qf |Anbdoacetasntatean N aBnTng e i
dehydr ogengse gene Methy :
i s 2 .
A oo 4_Gh,mmtoacetate 100.0f 131 149
3] ' :
coor: | Fthy _ : X
_ /l!\g o 2-chlumacatuac;etate 100. ¢ 2.8 5.4
N 2-Chloro-1—
. @ (Supyridinyl)ethanone 90. ¢t 6.1 1.5
N (e
loro-2-oxo-1- oy ;
_ 6 carbamate
20 ; g ‘ )
| ‘Chlomacetophenane 100.7  100.0 29.4
[+
Q/\ 2’3J_ .
¥ e Dichloroacetophenone 9.9 g 7.4
i '
25 | X9 |ohomacetons 00,0, 46.2 382
B 0
_ Y v 1-(Elenzo oxy>-3~ '
: O} «gﬁ chlom-z—gugannne 100.7 1.6 4.5
| HNYN0 | —Chioro—4-
o 2—pmgargonehmmxy- 80, 1 1.7 14. 7]
30

Example 9

Escheri chi a col
f or mat e

Process for regenerating a coenzyme by

permitting an FDH gene-integrated recombinant Escherichia

35

coli to be present in the enzymatic reduction system of
ethyl 4-chloroacetoacetate '




as a colony. Table 4 10 g Tryptone Yeast extract5 g NaCl10 \gar15 g -
Ampi ci I 11 n100 .mg The conposition was made up to 1 L with deigﬁﬁg%é&OQMﬂeﬁ,

adjusted to
added after sterilization.

into 10 m of the liquid nediumshown in Table 5 and shake- cul tured

aerobically at 37C for 20 hours. Table 3616 g Tryptone Yeast extract10 g

pH 7, and sterilized by autoclaving. However, anpicillin was
The transformant col ony obtai ned was inocul at ed-

NaCl5 g Anpicillinl00 ng The conposition was made up to 1 L with deionized

ter, adjusted t A ie1%8d o QYA HO ;
wat er, adj uste ,éb&ﬂéfﬁcﬁyyjég r?%%%ﬁbdp%gﬁﬁ%ﬁgegﬁkggswgﬂe%ﬁéfaested by

anpicillinﬁé?S' dded after steri

centrifug

buf f er (pH B3chabsenipt @b 1Y HAYICAhoANd

e § ¥ 1asu s avddiasm ins Bxaepded 7 mand 1 M phosphat e

e e A N

cell-deriv i n | es d give atransfor
%g?ﬂ‘ tﬁ&'tb%&ﬁr@%ol Ricorespandd vietilyed naicu at el rintof 60 Mlsodi um

m portion
(plf7 titre QiR mbdiem? @0Gwe3 iPhaepiat ¢ Bybieh) .0 17 41 s 0-1 M

f ormat €5
NAD, and
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1na5§@k§ghéﬁilflask and shake-cultured at 37°C for 9 hours.
The resulting culture medium was inoculated into 100 ml of
the liquid medium shown in Table 5 sterilized in a 500 ml
Sakaguchi flask in size of 1% and shake-cultured at 37°C
for 46 hours. The resulting culture medium was
centrifugally concentrated 5-fold and sonicated to give an
FDH enzyme solution. On the other hand, for use as the
reductase enzyme for reducing a 4~haloacetoacetate, Ehe
recombinant Escherichia coli HB10O1 {PNTS1IM1) (FERM BP-8059)
was inoculated into 100 ml of the medium shown in Table 5
~sterilized in a 500 ml Sakaguchi flask, shake~cultured at
37°C for 23 hours, and concentrated 10-fold and the cells
were disrupted. To 6 ml of the above 5~fbld concentrate of
the FDH enzyme solution were added 9.25 ml of disrupted
HB101 (pNTSIM1), 25 mg of NAD*, 1 g of sodium formate, and
6 g of ethyl 4-chloroacetoacetate, followed by addition of
14.75 ml of ion-exchange water and 30 ml of butyl acetate
to make a total of 60 ml. With the pH being controlled at
6.5 with 5 M aqueousfformic acid solution, the reaction was
~carried out at 30°C for 3.5 hours with stirring. After
completion of the reaction, the reaction mixture was
extracted with butyl acetate and the extract Was analyzed.
In the system where the coenzyme was regenerated by
utilizing the FDH derived from KNK65MA according to the
invention, ethyl 4~chloro-3-hydroxybutyrate was formed at a
conversion rate of 100%. On the other hand, in the system
utilizing the FDH derived from KNK607, ethyl 4-chloro-3-
hydroxybutyrate was formed at a conversion rate of 26%.
The quantitation of ethyl 4—chloro—3—hydroxybutyrate
was carried out by gas chromatography. Thus, using'a glass

o)




M phosphate buffer (pH 7) and the change in absorbance at 3§0 nnk&ﬁg
i nvestigated at 30C. As a result, increases in absorbance dag“td :
producti on of NADH were observed, indicating that both transformants had
formate . dehydrogenase activity. Exanple 8 Hal oketone tol erance of the
formate dehydrogenase 10 The tol erance. of this enzyme and .other FDHs to
vari ous hal oket ones was investigated as3¥oll ows. The reconbi nant
Escherichia coli HB101 (pFT002) having the KNK65MA FDH gene-i ntegrated
pFT002 as- aled ¢ | e 7.was inoculated into 100 mM of the liquid
medi um sho&% e 1‘4’:’%55@‘ g‘t&‘ﬂi PRFLAEEY Witkha PEGO 2R ShkeBoshrbf WaEK, and
shake- cul t JME ddobibdl0P aesd7Cpirodu® loGucs. sEhenckeskhting cul ture
medi um was Gl o harvest .the cells, which were then suspended in
0.1 M p'hosphaatceg alﬁi?r%%g‘g’hs’( b‘h SGF%fFlSEsPH& 8% ByOsoni dhe getestdovenesi f uged”
to 20 renov@deRY. §dh-ved insol ubl es and give a transformant FDH enzyne
solutioh. In the sane manner, the reconbinant Escherichia coli HB101 '
(pFA002) expressing the FDH derived fromthe KNK607 strain (WO 02/46427)
was al so cultivated to acquiPPUSTRIAL ARBIFGABRLIIDH enzyne sol uti on.
Fur t her nor e, CanmhdapréeéﬂtnihVé£€£§h§§§Q5ld%@55ifgfﬁg@ged into 100 m of
t he nediugbﬂgggriged'in Example. 1l (pH 6.0, however) and shake- cultured
- aerobical |y at 288 §Pe 78K L igh sFREFAFLY artivity ReasabhAme sol ution.

- 30 To eachvaﬂuehefohréermeté-én@emmmlraﬁbﬁdthg%pggé%ﬁgéxgnamﬁﬁiqgg?ﬂﬂgach of

the vayrg ougrhalokeiopes ghown in Table 6 ~at .20 mM concentration (‘however,
2 M for 1,1-dinEt% nghy a emperature and pH ranges for action,
[ ((15) - 3- CPﬁﬁﬁghmbxéole?mytmi%k@tm%) Cﬂliwffﬁé%@%it]égi rﬂf‘ﬂxf or
1- (benzoyl ox¥hs h9s 2- i n ratio 35 of 1:1 and after the
m xture was a |§§£§i%gifaﬁr§%3?%§%?“‘m afur%ther provides a DNA.
containing the gene coding for the above enzyme, a

recombinant DNA constructed using a vector, and a
15 transformant obtained by using this plasmid. The inventioﬁ
further provides an efficient process for producing said

enzyme which is meritorious and has novel properties, and a
- brocess for regenerating a coenzyme with good efficiency
which comprises permitting saild enzyme to be present in the
20 enzymatic reduction system of a haloketone or other
compound. '




34 for 5 hours (however, 28.5 hours in the case of 2- chl oroacet ophenone),
the residual FDH activity was determined. The FDH activity E“%E@%%ed by
t he met hod - described in Exanple 7. 5 As shown in Table 6, the enzyme of
the invention was confirmed to be highly tolerant to various hal oketone
conpounds as conpared with other FDHs. The residual FDH activity was
expressed in the percent residual actividgy after treatnent, with the
activity of each untreated cell 10 free extract being taken as 100% 15 20
25 30 x,35 2 June 2006 35 10 15 20 25 30 Table 6 Residual FDH activity W
Hal oket oneJNNt (fi 5X. i 4Ws07C. andzrfa Heldi¥$i O 4-

chl or oacet oacet at e100. 720. 114. 3 ct p 1sr~,It~coa> thb
noacetoacetate24110.00. 0 Eth

A po ypeptlﬁg of the following (a) or (b):
{a) a polypeptide comprising an amino acid sequence
shown under SEQ ID NO:1 of the sequence listing
{b) a polypeptide comprising an amino acid sequence
derived from the amino acid sequence shown under SEQ ID
NG:1 of the sequence listing by substitution, insertion,
deletion and/or addition of one.or several amino acids and

having formate dehydrogenase activity.
2. The polypeptide according to Claim 1, which is

tolerant to haloketone compounds.

3. The polypeptide according to Claim 1 or 2,

which is derived from a microorganism belonging to

the genus Thiobacillus.




12.10.00.0 |y 000ru4-i doacetoacetate d ~~coot USMeth 100. 013, % 8
4-chbroacet oacetate n i Ethyl r2-chloroacetoacetatel00.02. 5y 2 Jing 2006
"X"ra2-0 hloro-1- 90.1t.-11.5 (3-pyridi nyCet hanone 0 1. 1-D nethyl et hyl
Boot-IN x "dI (1S)-3-chbro-2-o0xo-1- 100, 0%$1.631: 3 (phenyl net hyOpropyf]
carbamate 2 100 1{00 29 Chl 704 oroaceto none... 2,3 -97 9

"aDl chl or oacet ophenone. 27. 07.4 Cl Chl 100 or oacet one. 046. 238. 2

4. The polypeptide according to Claim 3,
wherein the microorganism is Thiobacillus sp. KNK65MA
(FERM BP-7671).

5. A DNA coding for the polypeptide according to any

cne of claims 1 to 4.

6. A DNA of the following (c) or (d):

{c) a DNA comprising a base sequence shown under SEQ ID
NO:2 of the sequence listing

(d) a DNA having a base sequence derived from a base
sequence shown under SEQ ID NO:2 of the sequence listing by
substitution, insertion, deletion and/or addition of one or
several bases and coding for the polypeptide having formate

dehydrogenase activity.

7. A DNA of the following (e) or (f):

(e} a DNA comprising a base sequence shown under SEQ ID
NO:3 of the sequence listing

(f) a DNA having a base sequence derived. from a base

, sequence shown under SEQ ID NO:3 of the sequence listing by

substitution, insertion, deletion and/or addition of one or
several bases and coding for the polypeptlde having formate
dehydrogenase activity.

8. A recombinant plasmid containing the DNA

according to any one of Claims 5 to 7.

9. The recombinant plasmid according to Claim 8,
wherein a vector is pUC18, pUC19, pBR322, pACYC184
pPSC101 or pUCNT.

10. The recombinant plasmid according to Claim 8 or




a ol 100 1 4 2 y765 pm panon one ... chloro- 110 C~lo AClrﬁ a%groxy- o]
Opa 80.111.71 7 2-p Exanple 9 Process for regenerating a coe £9 QR?
permtting an FDH gene-integrated reconbi nant Escherichia coli to be
present in the enzymatic reduction systemof 35 ethyl 4-chloroacetoacetate

2 June 2006 36 Escherichia coll. HB101 BFTOOZ) expressing the
KNK65MA- deri ved FDH as acquired in Exa e 7 and Escherichia coli HB101
(pFA002) expressing KNK607-derived FDH (WO 02/46427) were respectively

i nocul ated into 6Gidh 3sobrio@l.i qui d medium shown in Table 5 sterilized in
a 500

11. The recombinant plasmid according to Claim 8 or

9
which is pFT002.

12. A transformant obtained by transforming a host
microorganism with the recombinant plasmid according to

any one of Claims 8 to 11.

13. The transformant according to Claim 12,

wherein the host microorganism is selected from among
microorganisms belonging to the following genera:
Escherichia, Pseudomonas, Flavobacterium, Bacillus,
Serratia, Corynebacterium, Brevibacterium, Agrobacterium,
Acetobacter, Gluconobacter, Lactobacillus, Streptococcus
and Streptomyces.

14. The transformant accoraing to Claim 12,

wherein the host microorganism is Escherichia coli.

15. The transformant according to Claim 12,
wherein the host microorganism is Escherichia coli
HB101.

16. The transformant according to Claim 12,
which is Escherichia coli HB101l (pFT001) (FERM BP-
-?672) or Escherichia coli HB101 (pFT002) (FERM BP-7673).

17. A process for producing a formate dehydrogenase,
which comprises cultivating a strain of microorganism
'rbelongs to the genus Thiobacillus sp. KNK65MA (FERM BP-
7671) to let it elaborate and accumulate the polypeptide
according to any one of Claims 1 to 4 in the resulting

culture medium and harvesting the same.




m Sakaguchi flask and shake-cultured at 37C for 9 hours. The resulting
culture mediumwas inocul ated into 100 m of the Iiquid nmedfdHis in
Table 5 sterilized in a 500 M Sakaguchi flask in size of 1% and
shake-cultured at 37C 10 for 46 hours. The resulting culture nedi um was
centrifugally concentrated 5-fold and sgflcated to give an FDH enzyne
solution. On the other hand, for use as reduct ase enzyne for reducing
a 4- hal oacetoacetate, the reconbinant Escherichia coli HB101
(pNTS1IML) ( FERM BP- 8059) 15 was inoculated into 100 ml of the medi um shown
in Table 5 sterilized in a 500 mM Sakaguchi flask, shake-cultured at 37C
for 23 hours, and concentrated 10-fold and the cells were disrupted. To 6
m of the above 5-fold concentrate of the FDH enzyne sol uti on were added
9.25 m of disrupted 20 HB101 (pNTS1IML), 25 ng of NAD+, 1 g of sodium
formate, and 6 g of ethyl 4-chloroacetoacetate, followed by addition of
14.75 m of ion-exchange water and 30 m of butyl acetate to nake a total
of 60 M. Wth the pH being controlled at 6.5 with 5 Maqueous formc acid
solution, the reaction was 25 carried out at 30C for 3.5 hours with
stirring. After conpletion of the reaction, the reaction m xture was
extracted with butyl acetate and the extract was analyzed. |In the system
where the coenzynme was regenerated by utilizing the FDH derived from
KNK65MA according to the 30 invention, ethyl 4-chloro-3- hydroxybutyrate was
formed at a comer 9 gréadss Ofoxlqg’%d@h{&% %J&%ﬁa’&’@r@eh Sstem
utilizing the FQﬁdﬂﬁ{' ed from KNK607, ethyl 4-chloro-3- %ydroxybutyrate
was formed at a 'conver<TUrtice Iilokmtine t(ﬁl?arﬁqatrh‘-tf%ﬁnaé?t et hyl

4-chl or o- aactt;cdrdmxgbmbyuaayeona%wasmmglmd it Dy gasechromegaply. Thus,

| | h PEG 20M
glr (r)]?mgo?béﬁvg Vz\%ccliﬁﬂﬁglpé)atlﬁz FOLATL (c{e[f)\ydrogenase id a%eeq:emsnl}ltlnge 0

culture medium and harvesting the same.

19. A process for regenerating a coenzyme,

which comprises permitting either the polypeptide
according to any one of Claims l] to 4 or a strain of
microorganism capable.of producing said polypeptide or a
processed matter thereof to be present in an enzymatic
reduction reaction system.

20, The process according to Claim 19,
wherein the enzymatic reduction reaction is the
enzymatic reduction reaction of a haloketone compound.

21. The process according to Claim 20,

wherein the haloketone compound is an a-haloketone
. compound.




DMCS 10% 80/ 100 nesh (product of G Sciences Inc.), chronzégﬁrqgﬂy was
carried out at 150C. The detection Wwas made by FID. | NDUST ne 2006 .
APPLI CABI LI TY The preseht invention provides a fornmate dehydrogenase
havi ng hi gh specific activity, small Km values for formate and NAD, broad
tenperature and pH ranges 10: of stability, broad tenperature and pH ranges
for action, and high tolerance to hal okétones, thus being suited for
industrial use. The invention further provides a DNA containing the gene
coding for the above enzyne, a recogﬁ%ggg# DNA constructed using a vector,
and a 15 transformant obtai ned by usi'ng S pl asm d. The invention

further provides an efficient process for producing said enzyne which is

neritorious and Mags Q I I8 S and C f.or regenerating a
coenzyne wit.h.good ef?ﬁ?#ﬁﬁé@?%ﬁﬁﬁgﬁego%pF?§8§%§e§§§¥P?ﬁae§§F8 éﬂ¥§ﬂ& to be
present in Jrﬂ%? f@e&ﬁ{h?aﬁcd:]f"é&l’czt isHyaldy e vadfues Halrolfetrmateonndt NAD,
conmpound.  drbunb ZHGrAt NI bi dRYUNFR! sEaRTNiERe bobuaW nd () of

(b): (a) I tide co ising an am no aci d sequence shown under SEQ
| D NO 1 of qﬁ%@’%@%ﬁ‘éﬁc@nﬁ E’H r§rd égﬁolafﬁéﬁpirdé_ndoﬁfppiabilﬁgOén am no acid
sequence dEderedation theosmzymeasiiths godanee rBYVAYNGRr «26Q LP NO: 1 of
t he sequen%%ihgﬁgk%geg¥ §Hb%_i%ution .Lnsertion, deléetion and/or addition
of one. or sevéral .am no dcids LgymakiGi hgIPEEiaReTR_RY APBgENASE act i Vi ty.
2. The pol ¥pé&pouge inecdivmtigdtio Caim 1, which is tolerant to hal oketone
conpoungls. 3. Thengok ¥peRtids 3989£8é§gt58 g%gﬁﬁélmggtgéned above
which has characteristicS $uited for industrial application
- by screening for soil formate dehydrogenase-producing
microorganisms. The invention further provides a DNA
containing the gene coding for the enzyme of the invention,
15 a recombinant DNA constructed using a vector, and a
Ttransformant obtained by using this plasmid. The invention
further provides a process for producing the formate
dehydrogenase of the invention by using any microorganism
of the genus Thiobacillus or a transformant constructed by
20  using a formate dehydrogenase gene derived from above
strain of microorganism, and a process for regenerating a

coenzyme by using said enzyme in an enzymatic reduction
system.




which is derived froma m croorgani smbel onging to the genus Eﬂ:ﬁoﬁ c6i | 1 us.

2 June 2006 39 4. The pol ypeptide according to Claim3, wher
m croorgani smis Thiobacillus sp. KNK65MA (FERN BP-7671). 5. A DNA coding

for the polypeptide according to any one of clains 1 to 4. 6. A DNA of the
following (c) or (d): (c) a DNA conprlAiSng a base sequence shown under SEQ
I D NO 2 Uﬁmﬁiiﬂ yance listing (d) a DNA having a base sequence derived
froma base sequence shown under SEQ ID NO 2 of the sequence listing by
substitution, insertion, deletion and/or addition of one or several bases
and -codi ng for the pol ypeptide having formate dehydrogenase activity. 7. A
DNA of wheos ANRYA f): (e) a DNA conprising a base sequence shown
under SEQ ID hKF%mgyﬁ?Egﬁg%guence listing (f) a DNA having a base sequence
derived.froma base sequence shown under SEQ I D NO 3 of the sequence

listing by substitution, insertion, deletion and/or addition of one or

| <b26eNOXBD ECRMA ey | h
et vty AT RNDROCEINSEY RORLLAR 3 AR RS L By “one
wher ei n

of C ai 06ESS FOR7PREDUCTING THECQARE nant pl asm d according to C aim 8,
a vector is pUCl8, pUCLl9, pBR322, pACYCl184, pSCl01 or pUCNT. 10. The

reconbi nant plasmd according to Claim8 or 91 2 June 2006

<130> T696/FDH~2

<150> JP2001-312043
<151> 2001-10-9

<160> 11
- <170> PatentIn Ver. 2.1

210> 1
211> 401
<212> PRT
<213> Thiobacillus sp.

<400> 1
Met Ala Lys Ile Leu Cys Val Leu Tyr Asp Asp Pro Val Asp Gly Tyr
1 | 5 10 15
Pro Lys Thr Tyr Ala Arg Asp Asp Leu Pro Lys Ile Asp His Tyr Pro
20 25 | 30
Gly Gly Gln Thr Leu Pro Thr Pro Lys Ala Ile Asp Phe Thr Pro Giy
| 35 40 - .45

Gln Leu Leu Gly Ser Val Ser Gly Glu Leu Gly Leu Arg Lys Tyr Leu




40 91 which is pFT001. 11. The reconbinant plasnm d according_to Claim8 or
which is pFT002. 12. A transformant obtained by transform ngZdUR®éedve
m croorganismwi th the reconbi nant plasm d according to any one of C ains
8 to 11. 13. The transformant according to Caim 12, wherein the host
m croorganismis sel ected from anong2/n$croorgani sms bel onging to the,
foll ow ng gngra: Escherichig@.Pseudonnnas, Fl avobact eri um  Baci |l | us,

[

Serrati a, ynebacterium Br bacterium Agrobkcterium Acetobacter,
a ucoanﬂpt L, obgci I Jus, Streptococcus and Streptonyces. 14. The
fransf of et aaéégg(r?édiynal?o Ty fha QEP ‘?%Jhéi pekt Herhbys AdrcGdor Bami smi s
Eschericig a coli. 15. The.ﬂ{ansfornant according to Claim1l1l2, wherein the

host m croorganismis Escherichia coli HB10%® 16. The transf o¥mant

accor di 5@ i 2; ichds Escherichia coli HBL01(pFTO01) (FERN BP-

7672) ﬁEscﬁg@cﬁé %]bq\/irLYﬁBf&E(E?—H}O\@) iEFEﬁN IﬁPDYE?b)‘?allﬂeAg?i”r ocess for
conprises cultivating a strain of

producing a formate defgydrogenase, whic
m cr oor gani sm bel ongs to the genus Thi obatillus sp. KNKGSNKS(FERN BP- 7671)
ing to any one of

to |let glh BF@b@ealp u ol ypept i de . accor
‘Caims 1to 4in th%a{glg)saqt%i ﬁ¥ai§:éj‘fw Pre nﬁﬁﬁdl%r‘q\iésgmg“t%e sane. 2
June 2006.41 18. Agprocess for prodq%an a formate deq¥8roganase, whi ch

conprises cultivating the transfornan
Lys Asn Leu Lys Leu Ala Leu Thr Ala Gly Ile Gly Ser Asp His Val

7 115 120 125
Asp Leu Gln Ser Ala Ile Asp Arg Gly Ile Thr Val Ala Glu Val Thr
130 135 140 |
Tyr Cys Asn Ser Ile Ser Val Ala Glu His Val Val Met Met Ile Leu
145 150 155 160
‘Gly Leu Val Arg Asn Tyr Ile Pro Ser His Asp Trp Ala Arg Lys Gly
165 _ 170 175
~ Gly Trp Asn Ile Ala Asp Cys Val Glu His Ser Tyr Asp Leu Glu Gly
180 185 190
Met Thr Val Gly Ser Val Ala Ala Gly Arg Ile Gly Leu Ala Val Leu
- 195 200 205
Arg Arg Leu Ala Pro.Phe Asp Val Lys Leu His Tyr Thr Asp Arg His
210 215 : 220
| Arg Leu Pro Glu Ala Val Glu Lys Glu Leu Gly Leu Val Trp His Asp
225 230 235 ' 240
Thr Arg Glu Asp Met Tyr Pro His Cys Asp Val Val Thr Leu Asn Val
| 245 250 255
Pro Leu His Pro Glu Thr Glu His Met Ile Asn Asp Glu Thr Leu Lys
260 ' 265 270
Leu Phe Lys Arg Gly Ala Tyr Ile Val -Asn Thr Ala Arg Gly Lys Leu
275 280 285




according to any one of Clains 12 to 16 to let it el aborate gnd cumul ate
the formate dehydrogenase in the resulting culture medi um afndYi ting
the sane. 19. A process for regenerating a coenzyme, which conprises
permtting either the polypeptide according to any one of Clains 1, to 4
or a strain of nicroorgani smcapabl®'1& producing said pol ypeptide or a

processg t ther epf 4,0 be,present i enzymati reduct.ion reaction
system Oggffhéﬂgpr%gegga altcl(?o%} né)r% (31@1 ﬁ?nadl}é‘ gﬁ%g&éﬁ ﬁ;lf‘h el gt i ¢
reduction rggction is the e mati c reduction 68action of a hal oket one
conpound. 21. The process according to Clain128, wherei n the hal oket one

conpounflyi §yAN B 0 unrd. " 2y June 2006, . 3% ABSTRACT The
inventioglpyovggkgﬁg %%%2% eT%§ﬁ§1rgggnég%%ﬁgv?ﬁﬁqWﬂ Ss @%ﬁﬁﬁc activity,
smal | Kmpsval ues for formgge and NAD, 5 br o?iisterrper ature and3id: ranges of
stability, broad tenperature and pH ranges tor action, and capabl e of

[ egeNeIahi Tp AuGOTREVMEL Wk APt LB HAN G PrFABS e S5 RGyPresSENt i

an enzymatic reduction reaction system w thout 1nactivate The
invention provides tlgsenzyne nentionedggfove which has ?Qgracteristics
suited for indystrial application by screening for soil formate

dehydr Ggendee-IpuodeciAla Glh CAROIMAGENTEABA)aTAal EMEMHirORr§ Uslh gl ¢ Pr OVi des a
‘DNA containing the gene coding for the enzyne of the invention, 15 a
reconbi nant DNA c@d48tructed using a3ggctor, and a trgseformant obtai ned by
using this plasm d. The invention further provides a process for producing
t he folewt@u Cys Phe Phe Glu Gly Arg Pro Ile Arg Asp Glu Tyr Leu Ile
355 ‘ 360 365 _
Val Gln Gly Gly Ala Leu Ala Gly Thr Gly Ala His Ser Tyr Ser Lys
370 | 375 380 _
Gly Asn Ala Thr Gly Gly Ser Glu Glu Ala Ala Lys Phe Lys Lys Ala
385 : 390 395 400

. Gly

<2105 2

211> 1264

212> DNA

<213> Thiobacillus sp.

<400> 2
atacgcgcga gaggagatce cggaa atg geg aaa ata ctt tge gtt cte tat 52
Met Ala Lys Ile Leu Cys Val Leu Tyr
1 5

~gat gal ccg gitc gac gge tat ccg aag .acc tat geg cge gac gat ctg 100

Asp Asp Pro Val Asp Gly Tyr Pro Lys Thr Tyr Ala Arg Asp Asp Leu




dehydr ogenase of the invention by using any m croorgani sm O%rdt he gghus .
Thi obaci | lus or a transformant constructed by 20 using a for AdPee2

dehydr ogenase gene derived from above strain of mcroorganism and a
process for regenerating a coenzyne by using said enzynme in an enzymatic
reduction system 2 June 2006 SEQUEMGOE LI STI NG <110> KANEKA CORPORATI ON

<120> L FORVATE DEHY! NASE TORELANT TOQ HALOGEN COVPOUNDS AND PR
OCESS F PRODUCI NG THE SAVE. <130> T696/ FDH% <150> JP2001- 388043 <151>
<210> 1 <211> 401 <212> PRT

2001-10-9 <160> 11 <170> Patentln Ver. 2. 1
<213> Thi obacillus sp. <400> 1 Met Ala Lys Ile Leu Cys Val Lou Tyr Asp Asp

[ve 11 &Remeiydherfhe e 1560k pdckgelPos don Y tcdu=phooab a8 o 1S Al a

Il e AspyrBheyd riePnhe Gah, L u er val,Ser, Gy Gu Leu
dy Lou Arg LyS eTyrpgia%S 395 o Ry56dy 16th B B 578 TN BrSs y H's Thr
Phe Val Val Thr Ser Asgy Lys Asp Gy Pro3565 70 75 80 . 40 '

geg atc gac ttec acc ccc gge cag ctt cte gge teg gte tec gge gag 196
Ala Ile Asp Phe Thr Pro Gly Gln Leu Leu Gly Ser Val Ser Gly Glu
45 50 55

ctg ggc ctg cge aaa tat ctc gaa gec aac gge cac acc ttc gte gtc 944
Leu Gly Leu Arg Lys Tyr Leu Glu Ala Asn Gly His Thr Phe Val Val
60 65 | 70

-acc tce gac aag gac gge ceg gat tcg gtg tte gag aag gag‘ctc gte 292
Thr Ser Asp Lys Asp Gly Pro Asp Ser Val Phe Glu Lys Glu Leu Val
75 80 85

gac gec gac gtg gtg ate tec cag cec tte tgg ceg gee tat ctg aca 340
Asp Ala Asp Val Val Ile Ser Gln Pro Phe Trp Pro Ala Tyr Leu Thr
90 95 160 105

cct gag cge atc gee aag geg aag aac ctg aag ctg geg ctc ace gcee 388
Pro Glu Arg Ile Ala Lys Ala Lys Asn Leu Lys Leu Ala Leu Thr Ala
110 115 120

ggc atc gge tce gat cac gtc gat ctt cag tcg geg atc gac cge gge 436
Gly Ile Gly Ser Asp His_Val Asp Leu.Gln Ser Ala Ile Asp Arg Gly
125 130 - 135




Ser Val Phe Qu Lys Gu Lou Val Asp Ala Asp Val Val Ile er 90 95
Pro Phe Trp Pro Ala Tyr Lou Thr Pro Gu Arg Ile Ala Lys Hﬂe M 105
Lys Asn Lou Lys Lou Ala Lou Thr Ala Ay Ile Ay Ser Asp Hs.Val 115
125 Asp Leu G n Ser Ala lle Asp Arg Ay Ile Thr vVal Ala Gu Val Thr
135 140 - Tyr Cys Asn Ser Ile Ser5Mfi Ala Qu Hs Val Val Met Met lle
145 150 155 160 Gy Lou Val Arg Asn Tyr Ile Pro Ser His Asp Trp Al a
Lys Gy 165 170 175 dy Trp Asn |le AIa Asp Cys Val @u His Ser Tyr

Lo 0 Thr, Val Ser  Val AIaAIaGIyAr Ile
Lou%% gcs\?a %_(jag%g %%’g g}g a StaCArt ¢ AfY {céuaﬁfaaﬁfr Ften&casgrevatdtys Lou

DTS Y HE ST S Rt 03 O L

Lou Val Trp H's Asp
Asp .Val Va1I40Thr Lou Asn Val 21%5 250 255 Pro Lo; b—h S Pro Gu Thr Gu Hi's
Ile Asn Asp Gu Thr Lou Lys 280 265 270 Lou PR&%Lys Arg Gy Ala Tyr

Val Asn Thr Ala Arg Ay Lys Lou 275 280 285 2 June 2006 3/15 Ala Asp
Asp Ala Ile Val Arg Ala lle Qu Ser Ay G n Leu Ala 290 295

~cat gtg gtg atg atg ate cte gge ctg gtg cge aac tac att cec tcg 532
His Val Val Met Met Ile Leu Gly Leu_Val Arg Asn Tyr Ile Pro Ser
155 | 160 - 165 |

cat gac tgg geg cge aag gge gge tgg aac ata gec gac tge gtg gag 580
His Asp Trp Ala Arg Lys Gly Gly Trp Asn Ile Ala Asp Cys Yal Glu
170 175 180 185

cac tee tac gac ctc gag gge atg ace gtc gge tece gtt gee gee gge 628
- His Ser Tyr Asp Leu Glu Gly Met Thr Val Gly Ser Val Ala Ala Gly
190 195 200

cge atc gge ctc gee gtg ctg cge cge cte geg ccc ttc gac gtg aag 676
Arg Ile Gly Leu Ala Val Leu Arg Arg Leu Ala Pro Phe Asp Val Lys
205 210 215

ctg cac tac acc gac cgc cac cge ctg ccg gaa geg gtc gag aag gag 724
Leu His Tyr Thr Asp Arg His Arg Leu Pro Glu Ala Val Glu Lys Glu
220 225 230

ttglggc ctg gte tgg cac gac acc cge gag gac atg tac cca cat tge 7172
~Leu Gly Leu Val Trp His Asp Thr Arg Glu Asp Met Tyr Pro His Cys
235 240 . 245




300 Ay Tyr Ala Gy Asp Val Trp Phe Pro Gn Pro Ala Pro Lys Asp H.s. 305
310 315 320 Pro Trp Arg Thr Met Lys Trp Gn Gy Met Thr. Pro-zﬂﬁge?qq,ﬁ Ser
Ay 325 330 335 Thr Ser LeuSer Ala Gn Ala Arg Tyr Ala Ala Ay Thr Arg Qu
Ile 340 345 350 Leu u Cys Phe Phe u Gy Arg. Pro Ile Arg Asp Au Tyr

Leu Ile 355 360 365 Val Gn Ay Gg/$a Leu Ala Gy Thr Gy Ala Hi s Ser
s 370 375 380 Ay Asn Ala Thr Ay Gy Ser Qu GQu Ala Ala Lys Phe

Tyr Ser L
Lys Lysgﬁ/eﬁtgsé‘scs@tg 35 8280 sl@ goe i@ cat «@dlgagl264 gatae DIWA <E2IB>

Thi obacj | | sp., 400> 2 ataggcgcga gaggagatcc cggaa atg gcg aaa ata ctt
tgc gttAStp[ gfsatla?a]szﬁrwéﬁu %‘cl:vgfg Pre h_%‘u%@?stlalG]LUeJhﬂ"yGll{LHSngt gat cog gtc
' egc gac gat ctg 100 Asp Asp Pro Val Asp

gac gg t cog aag ace t gcg
Ay Tyr*Pro Lys Thr Tyr Arg Asp Asp Leu 280June 2006 4/15 269 15 20 25

ccg aag ate gac cac tat ccg ggc ggg cag ace ctg ccg aeg c.cg aag 148 Pro
Lys Ile Asp H's Tyr Pro Gy Ay Gn Thr Leu Pro Thr Pro Lys 30 35 40 geg

ate ga t ce CCGC _ggc C ctt etc c teg gtc tee gge gag 196 Ala lle
Asp Phe%t%ehragrgacelg%gegﬁg ch% Fag &y tggr?‘agfa‘i’gcs@rgc@?c diak ate gtc 868
Ile Asn Asp Glu Thr Leu Lys Leu Phe Lys Arg Gly Ala Tyr Ile Val
270 275 280

‘aac acc gcc cgc ggc aag ctc gee gac cge gac gee ate gtg cgt gcgr 916
Asn Thr Ala Arg Gly Lys Leu Ala Asp Arg Asp Ala Ile Val Arg Ala
285 290 295

atcrgag agc ggg cag ctc gee gge tat gct'ggc gac gtg tgg ttc ceg 964
Ile Glu Ser Gly Gin Leu Ala Gly T?r Ala Gly Asp Val Trp Phe Pro
300 305 310

cag ccg geg ccg aag gal cac ccec tgg cge ace atg aag tgg gaa ggc 1012
Gln Pro Ala Pro Lys Asp His Pro Trp Arg Thr Met Lys Trp Glu Gly
315 320 325

atg acg ccg cac att tecc gge ace tecg cte tce gec cag geg cge tat 1060
“Met Thr Pro His Ile Ser Gly Thr Ser Leu Ser Ala Gln Ala Arg Tyf

330 335 340 345

ECE ECE ggec acg cgc gag ate ctc gaa tge tte ttc gaa ggt cgg ccg 1108
Ala Ala Gly Thr Arg Glu Ile Leu Glu Cys Phe Phe Glu Gly Arg Pro

350 365 360

atc cge gac gag tac ctg atc gtg cag gge gge gea ctc gee gge acg 1156




45 50 55 ctg ggc ctg cgc aaa tat etc gaa gee aac gge cac ace,tfc %qcs gtc
244 Leu Gy Leu Arg Lys Tyr Leu Gu Ala Asn Gy Hi s Thr Phe2vine 60 65

70 ace tee gae aag gac ggc ccg gat tcg gtg ttc gag aag gag etc gtc 292 Thr
Ser Asp Lys Asp Gy Pro Asp Ser Val Phe Gu Lys Gu Lou Val 75 80 85 gac
gee gac gtg gtg ate tee cag ccc tte t/d§5Sceg gee tat ctg aca 340 Asp A a

Asp Val I Pfo P | Thr_90_.95 100 105 Cct
gag CSCIX‘?eAﬂggjegsggg;tge raggu agige }%8 g&g @YSG %E}At‘f ie!icélagé;élfs'ﬁ]@‘ Pro Gu
Arg Ile Ala Lys Al ggtys Asn Leu Lys %g(g Al a Leu Thr Aléal 120 ggc ate ggc tee
gat cac gte gat Ot cag tcg geg ate cgc gge 436 >5 Ile Ay Ser Asp
H's Val Asp Leu.dn Ser Ala Ile Asp Arg Ay 125 130 135 2 June 2006 5/15

ate act gtg gee gaa gtc ace tat tge aac teg ate age gtc gee gag 484 |lle
Thr Val g @cd BaVadccThbe TVE: Q4 r lle Ser Val Ala Gu 140 150 cat
o SRR Lot el O (e b ge B
a i3-8erCryr Ley [ n r r _ cat gac
tgg geg cgc aag gge ggc tgg agc atg geeAgétT]{“lggGlgt gl’b?ge%ggu ]Igius Asp Trp
Ala Arg Lys G380Gy Trp Asn Ileglsa Asp Cys Val d 70 175 180 185 cat tee
tat gee etc gag gge atg ace gte gge tee gtt gee gee gge 628 :
gec geg aag tte aag aag gcc gge tga teccetceega gacacagace 1251
~ Ala-Ala Lys Phe Lys Lys Ala Gly-

395 400

gaccaggega acg 1264

- 210> 3

<211) 1206

<212> DNA

<213> Thiobacillus sp.

- <400> 3
atg gcg aaa ata ctt tgc gtt ctc tat gat gat ccg gte gac ggc tat 48
Met Ala Lys Ile Leu Cys Val Leu Tyr Asp Asp Pro Val Asp Gly Tyr
1 5 10 16

ccg aag acc tat geg cge gac gat ctg ccg aag ate gac cac tat ccg 96
| P;o Lys Thr Tyr Ala Arg Asp Asp Leu Pro Lys Ile Asp His Tyr Pro

20 25 30

E8C. ggg cag acc ctg ccg acg ccg aag geg atc gac ttc ace cce gge 144




B#06 Ar g

H's Ser Tyr Asp Leu Gu Gly. Met Thr Val Gy Ser Val Ala Al a ?ajénl 0. 195 200

cgc ate ggc etc gee gtg ctg cgc cgc etc geg ccc ttc gac gtg
Ile Ay Lou Ala Val Leu Arg Arg Lou Ala Pro Phe Asp Val

Lys 205 210 215 ctg

cat tat ace gat cgc cat cgc ctg ccg gaa geg gtc gag aag gag 724 Leu His
Tyr Thr. Asp Arg Hs Arg Lou Pro Gu ArasVal Gu Lys Gu 220 225 230 ttg gge

Val

Asp
265
Ile
aac
Thr

gag
Ser
geg
Pro
cac

atg tat cca cat tge 772 Leu Ay Leu

ctg gte cat,.gat, ace cgc gag gat
Tr pGLI? 3?1As§1¢h¥hrArlg=ue8mAB;r %gp bys Ao e sAGy Ph235h24%0245y 2 June 2006
6/ 15 gae gtg ggg aeg etc aac gtg ccg ctg cat ccc gag acg gag cac atg 820
e

val Val Thr u Asn Val Pro L&% His Pro Gu Thr4&lu His Met 250 255 260

ate aat gac gag aeg ctg aag ctg tte aag. cgc ggc gee tat ate gtc 868
Asn Asp Qu Thr Leu Lys Lou Phe Lys Arg Ay Ala Tyr Ile Val 270 275 280

ace g c a et ee gac cgc gae gee ate gtg cgt geg 916 Asn

Al ac%?gtg ‘gt‘g%sg%gggﬁﬁc %é‘ﬁ gﬁfg Wpcg\gagﬁ echgalcsprgpantat 268 298 295 ate
ag t.G.gee.ogc tat t e.gac gtqg tgg ttc ccg 964 Ille Gu

Gyl e e eSS A en By Gl Lo ol eshdrerl sl dom 310 cag ccg
ccg aag ggat cac ccc tgg ace atg-aag tgg %fa gge 1012 Gn Pro Ala
Lys Asp H's Pro Trp Arg r Met Lys Trp GQu y 315 320 325 atg aeg ccg

att tee ggc ace teg etc tee gee cag-gcg cgc tat 1060

gaa gce aac gge cac acc ttc gtc gtc acc tee gac aag gac ggc ccg 240
Glu Ala Ash Gly His Thr Phe Val Val Thr Ser Asp Lys Asp Gly Pro
65 70 75 80

gat teg gtg ltc gag aag gag cte gtc gac gec gac gtg gtg atc tce 288
Asp Ser Val Phe Glu Lys Glu Leu Val Asp Ala Asp Val Val Ile Ser
85 90 ' 95

cag ccc ttc tgg ceg gee tat clg aca cct gag cge ate gee aag geg 336
GIn Pro Phe Trp Pro Ala Tyr Leu Thr Pro Glu Arg Ile Ala Lys Ala
160 105 110

aag aac ctg aag ctg geg ctc ace gee gge atc ggc tcc gat cac-gtc 384
Lys Asn Leu Lys Leu Ala Leu Thr Ala Gly Ile Gly Ser Asp His Val
115 120 | 125

gat ctt cag teg geg ate gac cge gge ate ace gtg gee gaa gtc ace 432
Asp Leu GIn Ser Ala Ile Asp Arg Gly Ile Thr Val Ala Glu Val'Thr
130 135 . 140

tac tge aac tcg atc age gtc gee gag-cat gtg gtg atg atg atc cte 480
Tyr Cys Asn Ser Ile Ser Val Ala Glu His Val Val Met Met Ile Leu




Met Thr Pro His Ile Ser Gy Thr Ser Leu Ser Ala G n Ala Arg Tyr 350 335 340
345 geg geg ggc acg cgc gag ate etc gaa tge ttc tte gaa ggt edy"e€dbr108

Ala Ala Ay Thr Arg Qu Ile Leu Gu Cys Phe Phe Au Ay Arg Pro 350 355 360
ate cgc gac gag tac ctg ate gtg cag ggc ggc gca etc gee ggc acg 1156 2 June
2006 7/15 Ile Arg Asp Qu Tyr Leu lygsval Gn Gy Ay Ala Leu Ala Ay Thr

365 370, 375 ggg gcg cat tee tac tee aag ggc aat gcg ace ggc gge teg gaa gag
1204 d% Ala Hs Ser Tyrl®er Lys Ay Asn All&5Thr Gy Gy Serlédu G u 380
385 390 goo geg aag ttc aag aag gee ggc tga tecetecega gacacagacc 1251 Ala
Al a Lys Phe Lys Lys Ala Ay 395 400 gaccaggcga aeg 1264 <210> 3 <211> 1206
3> Thi obacil ] us sp. <400> 3 atg gcg aaa ata ctt tgc gtt etc

<212> <21
tat -gat aP%%o%tggtcécgﬁﬂcg. c @4t o%F toetcb sacydgE| ecd wgcOyas \Gic 6B8 Tyr

Asp. P I, AS r 10 15 ccg aag ace tat geg cgc gac gat ctg
. ccg aggﬂgt féglé;%lcﬁgtg?lyc%é éée%osﬁysH%rASPyﬂ‘rN&laArﬂg‘g ¥s Adp Leu Pro Lys
Ile Asp H's Tyr Pro Z%EZS 30 ggc ggg cag,ace etg cog aeg cog aag gcg ate
gac ttc ace ccc ggc 1424 2 June 2006 811379Gy dy dn Thr1feu Pro Thr Pro

Lys Ala Ile Asp Phe Thr Pro Ay

ggc tgg aac ata gce gac tgc gtg gag cac tce tac gac cte gag gge H76
"Gly Trp Asn Ile Ala Asp Cys Val Glu His Ser Tyr Asp Leu Glu Gly
180 185 19

alg acc gtc gge tee gtt gee gee gge cge atc gge cte gee gtg ctg 624
Met Thr Val Gly Ser Val Ala Ala Gly Arg Ile Gly Leu Ala Val Leu
195 200 205

:cgc cge ctc geg cee ttc gac gtg aag ctg cac tac acc gac cgc cac 672
Arg Arg Leu Ala Pro Phe Asp Val Lys Leu His Tyr Thr Asp Arg His
210 215 220

cge ctg ceg gaa gecg gtc gag aag gag titg gge ctg gtc tgg cac gac 720
Arg Leu Pro Glu Ala Val Glu Lys Glu Leu Gly Leu Val Trp His Asp
225 230 235 ' 240

acc cgc gag gac atg tac cca cat tge gac gtg gte acg cte aac gtg 768
Thr Arg Glu Asp Met Tyr Pro His Cys Asp Val Val Thr Leu Asn Val
245 250 255

ccg ctg cat ccc gag acg gag cac atg atc aat gac gag acg ctg aag 816

Pro Leu His Pro Glu Thr Glu His Met -Ile Asn Asp Glu Thr Leu Lys
260 265 : 270




192
60 g
Al a
t og
Val
tte
Trp
aag
Len
gcg
I'le
age
Val

ggc
Leu

tgg
Asn
gtc
Ay

35 40 45 cag ctt etc gge tog gtc tee gge gag ctg gge ctg egoz_ar]gﬁ‘e%@? etc

Gn Lou Leu Ay Ser Val Ser Ay Qu Leu Ay Lou Arg Lys 50 55
aa gee aac gge cac ace tte gtc gtc ace tee gac aag.gac ggc cog 240 dQu
Ash Ay H's Thr Phe Val Vval Thr Ser Asp Lys Asp Ay Pro 65 70 75 80 gat
gtg ttc gag aag gag etc gte gac jgggsgac gtg gtg ate tee 288 Asp Ser
Phe Qu Lys Qu Leu Val Asp Ala Asp Val Vval Ile Ser 85 90 95 cag ccc
tgg cog gee tat ctg aca cot gag ege ate gee aag gcg 336 G n Pro Phe
Pro Ala Tyr Lou Thr Pro GQu Arg Ile Ala Lys Ala 100 105 110 aag aac ctg
ct flgedtetzagacecgege @ye 4ot aye grecagataagedt eg3%%c hys A s5euU Lys
AIiLOE Thr Al a G]éylle Gy Ser Asp Hs Val 115 120 125 gat ctt cag tog
at &e§abhedasgdse £ dde Gvy Ble VodaAst flacdld3rg Ay Les IQun Ser Al a
Asp Arg Ay _Ile Thr Val Ala Qu Val Thr 130 135 140 tac tge aac tog ate

gtc gee gad®cat gtg gtg atg280g ate etc 480 TEB5Cys Asn Ser Ile Ser
Ala GQu H's Val val Met Met Ile Lou 2 June 2006 9/15 145 150 155 160

ctg gtg ego aac tac att ccc tcg cat gac tgg gcg ego aag gge 528 Qdy
Ile Pro Ser H's Asp Trp Ala Arg Lys Gy 165 170 175 ggc

Val _Arg Asn Tyr
aagc%tgacgecécgéﬁc 8¢ Gty gy GlcseBatacagaseetaseyage guie 526 9y Trp

Il s Val u H.s Ser Tyr p.Leu Gu Ay 180 185 190 atg ace
ggglée% gt g;’%%p gﬂ@ gb‘é @o%ﬁeﬁkclﬁs@lge%ﬂgtc’dlfcﬁéﬂm Alpt Thr Val
Ser Vabggla Ala Ay Arg éébe Gy Leu Ala Va:IJ‘OOLeu _

gge tgt get gge gac gtg tgg tte ceg cag ccg gcg ccg aag gat cac 960
Gly Tyr Ala Gly Asp Val Trp Phe Pro Gln Pro Ala Pro Lys Asp His
305 310 315 320

cce tgg cge ace atg aag tgg gaa ggc atg acg ccg cac att tce gge 1008

~— Pro Trp Arg Thr Met Lys Trp Glu Gly Met Thr Pro His Ile Ser Gly

326 330 335

acc teg cte tee gee cag geg cge tat gcg geg gge acg cge gag ate 1056
Thr Ser Leu Ser Ala Gln Ala Arg Tyr Ala Ala Gly Thr Arg Glu Ile |
340 345 350

ctc gaa fgc ttec tic gaa ggt cgg ccg atc cgc gac gag tac ctg atc 1104
Leu Glu Cys Phe Phe Glu Gly Arg Pro Ile Arg Asp Glu Tyr Leu Ile
355 360 365

gtg cag ggc gge gea cte gee gge acg ggg geg cat tec tac tee aag 1152
Val Gln Gly Gly Ala Leu Ala Gly Thr Gly Ala His Ser Tyr Ser Lys
310 375 . 380 |




195 200 205 cgc ego etc gcg ccc ttc gac gtg aag ctg cac tac % €go cac
672 - Arg Arg Leu Ala Pro Phe Asp Val Lys Leu His Tyr Thr Asp Bg ®¥ 210
215 220 ego ctg ccg gaa geg gte gag aag gag ttg ggc ctg gtc tgg cac gac 720
Arg Leu Pro Gu Ala Val Ju Lys GQu Leu Ay Leu Val Trp H s Asp 225 230 235

240 ace ego gag gac atg tac cca cat fpggsgac gtg gte acg etc aac gtg 768

Thr Arg Gu Met Tyr Pro His Cys Asp Val Val Thr Leu Asn Val 245 250 255
cog ctggg‘étaac,tc@céa@"aégcgagc ctre geg gase grat ggpagadtacgagtapgagse SO Pro
Leu HIS gl hlgu_ g Met 1le Asn Asp Qu Thr Leu Lys 260 265 270 2
June 208 ﬁfl"l &g By o EY e¥d §4e Goo Alat Abe d.ygt Bhaakysadysgaba ego ggc aag
etc 8643§%eu Phe Lys Argdg%y Ala Tyr Ile Val Asn Thr Ala Arg Ay Lys Leu
275 2807285 gee gac ego gee ate gtg cgt3®gcg ate gag age gdfldcag etc gee
912 Ala Asp Arg Asp Ala lle Val Arg Ala lle Gu Ser Ay @ n Leu Ala 290

295 300 ggc tat get gge gao gtg tgg ttc cog cag ccg gcg ccg aag gat cac 960
Ay Tyr qg fy Asp Val Trp Phe Pro G n Pro Ala Pro Lys Asp His 305 310 315
320 ccc gg ego ace atg aag tgg gaa ggc atg aeg ccg cac att tee dgdé61008
-Pro TrgqyArg Thr Met Lys Trp Qu Gy Met Thr Pro Hs Ile Ser Ay 325 330

335 ace tcg etc too gee cag gcg cgc tat gcg gcg ggc -acg cgc gag ate 1056
Thr Ser Leu Ser Ala Gn Ala Arg Tyr Ala Ala Ay Thr Arg Qu Ile 340 345 350

etc gaa tgc ttc ttc gaa ggt egg cog ate cgc gac gag tac ctg ate 1104

<210> 4
211> 17
<212> DNA

<213> Artificial Sequence

<2205

- 223> Description of Artificial Sequence: primer-1

$220>
221> misc_feature
<222> (3)..43)

<223> n stands for. any base

220>
) {221> misc_feature
<222> (9)..(9)

<223> n stands for any base

<220>
221> misc_feature
<222> (12).. (12)




Leu Qu Cys Phe Phe Gu Ay Arg Pro lle Arg Asp Gu Tyr Leu Lle 3 360 365
a44"d Val

gtg cag ggc ggc gca etc gee ggc acg ggg gcg cat tee tac tee
Gn dy Ay Ala Leu Ala Gy Thr Ay Ala H's Ser Tyr Ser Lys 370 375 380 2
-June 2006 11/15 ggc aat gcg acc ggc ggc teg gaa gag gee gcg aag ttc aag

aag gee 1200 dy Asn Ala Thr Ay Glowligr Gu Gu Ala Ala Lys Phe Lys Lys
Ala 385 390 395 400 ggc tga Ay <210> <211> 17 <212> DNA <213>
Artificf@d3>Sagatands £8P0any<2232 Description of Artificial Sequence:

any

primer-1 <220> <221> misc_feature <222> (3).. (3) <223> n stands for.
(9) <223> n stands for any base

base <220> <221> m sc_feature <222> (9)..
<220> iéﬁ > msc_feature <222> (12).. (12) 1206 2 June 2006 12/15 <223> n
stands § aﬁy base

gcnaaratne tntgygt 17

<210> 5

<211> 20

<212> DNA

<213> Artificial Séquence

<2205

<223> Description of Artificial Sequence: primer—2

L2200
<221> misc_feature
<222> (6).. (6)

<223> n stands for any base -

<220

<2215 misc_feature

<222> (15).. (15)

<223> n stands for any base

<400> 5

ggytgngegra accanacrtc ' ' 20

<2105 6




<400> 4 gcnaaratnc tntgygt 17 <210> 5 <211> 20 <212> DNA <§ép> Artificial
jine 206,

Sequence <220> <223> Description of Artificial Sequence: pri 0>
<221> misc_feature <222> (6).. (6) <223> n stands for any base <220>

<221> m sc_feature <222> (15).. (15) <223> n stands for any base <400> 5

ggytgnggra accanacrtc 20 <210> 6 2 Jymgig006 13/15 <211> 25 <212> DNA
Sequence <220> <223> Description of Artificial Sequence:

<213> Arg,ificial ,
'priner-é&iibog?G tagtggtcga.tcttcggcag atcgt <210>7 <211> 20 <212> DNA
<213> AQ&EE&%M@Q Sequence :

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence: primer—3

<400> 6

tagtggtega. tetteggeag ategt 25

210> 7

<211> 20

<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence: primer—4
<400> 7

gagacgetga agetgttcaa — 20

<210> 8

211> 27

<212> DNA

<213> Artificial Sequence

<220>




<220> <223> Description of Artificial Sequence: priner-4 <40%> 7 25
gagacgctga agctgttcaa 20 <210> 8 <211> 27' <212> DNA <213>2A4upg £004 5
Sequence <220> 2 June 2006 14/15 <223> Description of Artificial Sequence:

prinmer-S <400> 8 acactgcaga tacgcgcgag aggagat 27 <210> 9 <211> 28 <212>
DNA <213> Artificial Sequence <220> 3%??@ Description of Artificial
Sequence: primer-6 <400> 9 tctgaattcg gcctggt cggtctgt 28 <210> 10

q
<211> 24222 TrsscPiptical3e Hﬁiifﬁbggplsegggggg_ceprﬁgp_% <223> Description of
Artificial Sequence: priner-7 <400> 10 acgcatatgg cgaaaatact ttgc 24 2 June

2006 15/15
<400> 8

acactgcaga tacgcgegag aggagat : 27

<210> 9
<211> 28
<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence: primer—6

- <400> 9

tctgaatteg ttegeetggt cggtetpt . 28

<2106> 10
<211> 24
<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence: primer-7

<400> 10

acgcatatgg cgaaaatact ttge . . 24




0 i fici 2203 <223>
0> 11 <211> 30 <212> DNA <213> Artificial Sequence < 5
Eéggription of Artificial Sequence: priner-8 <400> 11 agtctgggﬁ?aﬁg}cagccgg

ccttcttgaa 30
15/15

<2105 11
<211> 30
<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence: primer—8

<400> 11

agtctgcagt tatcagecgg ccttettgaa 30






