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i ntended to provide a formate dehydrogenase which has a high specific
activity, a small Kmvalues to formc acid and NAD, a _
tenperature-stability qﬁ%%%ﬂggg&ng%ﬁghﬂﬁgéﬁbi ity over a wide range,
a wide function tenperature range and a w de unction pH range, is not

i nacti vated even in case of coexistiag in an enzymatic reduction system of
a hal oket ongormROMPEs & can efgrmEnnt | v regenerate a coenzyme. A
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enzyne having the above-describe :3‘1; erties and suitable for industrial
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reconbi narbo3AA Ad7tE (.04 2003pr and Pﬁtransfomgg,mﬁzech by using a
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< (57) Abstract: It is intended to provide a formate dehydrogenase which has a high specific activity, a smaf Km values to formic acid
and NAD, a temperature-stability over a wide range, a pH-stability over a wide range, a wide function temperature range and a wide
function pH range, is not inactivated even in case of coexisting in an enzymatic reduction system of a haloketone compound, and
can efficiently regenerate a coenzyme, A formate dehydrogenase-producing strain is searched for from soil and an enzyme having
e the above-described properties and suitable for industrial use is provided. Morcover, 2 DNA containing the gene of this enzyme,
¢r; arecombinant DNA with 2 vector and its transformant constructed by using a plasmid are provided. Furthermore, a process for
&= producing the formate dehydrogenase using a strain belonging to the genus Thiobacillus or a transformant constructed by using a

formate dehydrogenase gene originating in this strain, and a method of regenerating a coenzyme in an enzymatic reduction systermn
‘&= with the use of this enzyme are provided.
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~[err] 2 June 2006 1 NOVEL FORVATE DEHYDROGENASE TOLERANT TO

COMPOUNDS AND PROCESS FOR PRODUCI NG THE SAMVE TECHNI CAL FI ELBYY "%' resent
invention relates to a pol ypeptide tolerant to hal oketone conpounds and
~having formate dehydrogenase activity, a gene coding for it, a process for

produci ng a for mat e dey iDL LT .

t hereof, and a process for regenerating a coenzyne wi th good efficiency
whi ch conprises permtting said enzyne to be present in an enzymatic
reduction reaction system 15 BACKGROUND ART The enzyne formate
dehydrogenase (enzyne no.[ECl.2.1.2]) is an enzyne which catal yzes the
reaction giving rise to carbon dioxide and reduced ni coti ne adeni ne

di nucl eotide (hereinafter referred to as NADH) froma 20 formate and
oxi di zed nicoti ne adeni ne dinucleotide (hereinafter referred to as NAD)
For mat e dehydrogenase is a useful enzyne having advantages that when it is
used for coenzyne regeneration in a NADH dependent enzymatic reaction, an
i nexpensive formate can be utilized and the 25 byproduct is carbon dioxide
which is not .accunulated in the system Furthernore, as an enzyme having
smal |l Kmvalues for formate and NAD, this enzyne acts effectively at | ow

671 E#:
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TOMRERMT 5, . FBROBETFLELDNA, N7 ¥y —L oMz
DNARGIOZ7F AL FIC L2 WHEEREZRIT 2, SbIt, F41Y5%
(Thiobacillus) BEH D B\ ITAWIRBRO ¥BBEARBERERTFEHVER
HEREIC L oA PBMBARBER OB ik, RO\ MBBER 2 AV e BERA0E
TRICHIT D RRERF LS EE RT3, |




substrate concentrations and can be utilized for specific né%roa
formate, thus being an industrially useful 30 enzyme. For mat H@%é genase

is known to exist in higher plants, nethanol-utilizing yeasts, bacteria,
and the like.  The enzyne which has heretofore been purified and
characterized includes the enzynme derived fromthe higher 35 plant pea
(Pisum sativum J. Biochem, vol.77, 843, 1975) 2 June 2006 2 and the
enzymes derived from net hanol -utilizing yeast species, nanely Candi da

boi di ni i 5 976 Candi da nmethylica (Eur. J.
Bi ochem voI f?% F%%§@H%Pg§%¥%&8§ﬁgﬁﬁé i@? ﬁﬁgﬁ d® @ﬁ@ﬁ@ENIEQ%B@QND Lett.,
vol . 48, 139, 1987), Kl oR¢RePROGESS (FAR iRROIBICING Cwgin saM/ol . 38, 111, 1974),
Pichia pastoris (Agric. Biol. Chem, wvol.47, 2547, 1983), and Liponyces
met hanosi | viensis (JP-A- 60-241887), anong ot hers. However, these enzynes
invariably have sonme or other sHBEHEdERhgEIEDDbe overcone for ~ industria
appl i cagion, nangh¥ heWwssapec V. r alue or formate and
NAD, and/ or, b F éaﬁ %ﬁb@n@f%% #%¥ tégTﬁ Kgb é%veral enzymes
whi ch havetﬁiﬁﬁanﬁuth é&0#?6ﬁﬂ8a69@?®@n@ﬁdandaha&neguiedm@ue each has its

own dr a\/\,badlghydrbgduabél abtawtgpaal §éne F@édfﬁ%”@&ﬁ’ i %@%gan%' ved

fron1Pseud§ED E 1glr$ % | ochem seudo

nonas oxal gl? uf. age o IREKIrogenags wibh, t@@?@}dhaﬁéidﬁﬁﬁwﬂatlver

hi gh specoflmlacbovgaylbmtcap&bh@séfmﬁﬁbdﬁbiﬂ§ Qbﬁanﬁslféeﬁtl&g 4 zer.
170 3189 1988;

Th B |
JP?Afggyg§§g§%§¥8gm%ﬁ8niﬁg£§pet|?? céﬁ?ﬁ? S Sgkgﬁg%P?%ﬁE&PQQﬁvalue for

formate. Coenzyme with good efficiency whlch 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)




The énzyne derived from Hyphom crobi um sp. (JP-A-2000-78970, _ reported at
1999 Congress of Japan Society for Bioscience, Biotechnolog ,J“ ¢o06
Agrochem stry, Synopsis of Papers Read Before the same-Congress, p.234) is

low in specific activity and has a |ow pH range for activity. Mreover,
the enzyme derived from Paracoccus sp. (JP-A-03-61481) has a large Km
val ue for formate. A further problemis Rhat while the products (e.qg.

hal oal cohol g),qobtai e_by ,reducing hal oket one conpounds are very useful
conpounds as 9&?&%&?@?%&?% drrived ggomp‘ﬁ‘éF%%%hTW@alleﬁasitthe f or mat e

dehydr ogena8BSCifigr enafote Fepdidedbaidihnyaliwb] y7i macIdneat.ed dgl e
presence of 181pat okef One;£9HRY - t if added to.an enzymatic '
reduction rgggtifggfgste?n for gﬁl %?%ﬁe?%ngélérju 'e /. & &r?@,r none are
néf a e CHRMLIIEe ol i ¢aef BENS Migtrdbriodn defear,nat e

able to reg
dehydr ogenagel cépabl 20 of 198 EgenrRIsbds-4 hep CognAYTE With gdeqdefficiency in
5

the enzymajde f§@ductio ction system of a hal oKet'oné '5 conpéund.
Referring to orﬁh?@%e&y%f@den%s‘ggaoquwlb%t‘é’ﬂr&IC- 8iidi-nChemzymes whi ch

do not requi®¥e NAD %t Thel 4 Bot raonl Taigmeptass @eChatodiih)iensysh (gs-hhose
10

derived fr ago-tsa1dwEeni,chingrkpldtHels Bi vol . 250, 6693, 1975
O ostri di up past eur i anum r?o Bact eri o%ﬂ.c’f"e\%@l%é‘?s 7§,HZYT§§4}?V‘3€{L%%¥H di um
t her moacet i cum X g% °© mShogdicopdags t@rbe ©988Fomet forare al so known

but these dawheitriel apiplizedibe;, hAgedY DOEsBhok 9EN L hg, the coenzyme
NAD. ReferWgatlgersh%o(}xgg%ﬁlfsikgnagf Bg@?reri al ~NAD 158d§%€%%£%¥'f§?ﬂ%?e
dehydr ogenase .genes in transtfornmants, heanaéﬂésadﬁ?¥%‘eﬂ PH o Pge utiononas

sp. 101 (BP6t&YR&:. Appl

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




Bi ochem , vol .18, 201, 1993), Mycobacteriumvaccae (Appl. M crob&ol.-
Bi ot echnol ., vol.44, 479, 1995, JP-A-10-23896), Pyrococcus Repe 2006
(JP- A-2000-69971), Hyphomi crobium sp. (JP- 20 A-2000-78970, reported at the
1999 Congr.ess of Japan Society for Bioscience, Biotechnology, and

Agrochem stry, Synopsis of Papers Read Before the sanme Congress, p.234)

but there has been no knowi ng of a forneg e dehydrogenase gene derived from
any m croorgani smof the genus 25 Thiobacillus. It is known that bacteria
of the genus Thiobacillus .have fornmate dehydrogenase activity in the form
of crude &PRRAARINGG| MONEn@re] abBsctter insigenel3te 38 (CLehZymehut Thhsfe is
no report ahdihe iaC il nf 5C 3ty ' | f enzyme or on
the characteri zation thg?ggP,angﬁhﬁggg?gkﬁégk%%%g%g%tg%%Pﬁgf gﬁ}elevant
gene was evVé&ITESi . '35 SORREReONiThE JodERTIEONI Eheve iakhiee provi ded a

format e delydnagsiaseedictliion $ebic@q o @Psites aF0¥enABRiki-¢a8d 2 June 2006 4
disadvagta f._the hitherto-known formte dehydrogenases, nanely | ow

0
enzyme prog%%ﬁqﬁq , low specific activity, l|arge Kmvalues for formate
and NAD, narrow Refiperangr toafidrmpber depgsirotefhabi! bkythangapaer o pH

ne P gh 1 Sacay o Miavied B RS aORSE Fehiika IR, B LBl BLEShEBRu ng t he
sane. Ther @éc€grtpur {REL. Be2pi bYi dedch apr those florivededieoating the
coenzyTe ekheidgatathl LBLSTRY, SKER L TCHBAYITLAS SeUckyed, gagt) on syt ere.
woul d lichacFﬁ?étté”lfiﬁémcﬁﬂﬁéﬁtlréﬂaumf éFraBactienydt ogevatess59, 375, '

1984), Clostridium thermoaceticum (J. Biol. Chem., vol.259,

1826, 1983), etc. are also known 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 bacteria 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




In view of the above state of the art, the inventors of the Hr%@ﬁ&
i nvention did an extensive screening for soil nlcroorganlsn% é
format e dehydrogenase activity 15 and, as a result, firstly isolated a
strain of mcroorgani smof the genus Thiobacillus which is capabl e of

el aborating a formate dehydrogenase having | audabl e properties on a high
production scale. Fromthis strain of 4m croorganism the. inventors

i solated and purified the 20 formate dehydrogenase and further succeeded in
the isolation of a formate dehydrogenase gene and the expression of the

gene in hédsadvengaggsniofmi-herdritherivor&nownt fpamartey siehvsrodemasesr nat e

dehydr ogemwf 160 enlzPvRN HrdAuct ik ke, a%wt @p@@!ﬁiﬁ QRe:icAmQuUNds and

capabl e 23@& eneratln t he coenzyne with good efficiency even in the
enzymatic Gﬁ% erhOst QQq%%QSkéPGnEAanﬂS&W@W LeNptE BOFE 50Fhe

(p[) )esent )I Ip\I‘Iem‘lt‘mgﬁsl sfcemamrl&ctw ralmdanal.?@bw pﬁpfxiad@eOffdrh%d;]tﬁJdi\bgg (a) or
RA oQnpnLi,Si N no a uence .shown.under SEQ

10 o P of R HBE B R, ST o PRy B e A5 i A G S o acid

sequence t@éemae¢eftonhaﬂekambn@ aompoaaneaud shpmoassdefo3EQ ID NO | of

the sequepe8dlibshgNEndYsSHES Thetd Ohn | ABAIHd Ohe lRIAHLN ;and/ or addi tion
of one or several am no acids and having formate dehydrogenase activity.

The preseREOFAfenEPHNr¢geierd by cie exomte Wi widiDiwod edifiig ifemcyt he above

pol ypepti eeenTmﬁ Qﬁﬁﬁﬁhb”}ééﬂhbﬁﬁlohsrEHEEESﬁ 9999%%6%\54&*1@19&1& of the
follomnng asSe sequence shown under SEQ

risin
| D 6% %h éag@ﬂéEC|Fggpﬁ§10gpof ha?oketone compounds which
would inactivate the conventional formate dehydrogenases.

In view 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.




(d) a DNA having a base sequence derived froma base sequengg s@gﬁg under
SEQ ID NO 2 of the sequence listing by substitution, insertfoff etion
“and/or addition of one or several bases and coding for the pol ypeptide
havi ng formate dehydrogenase activity. The present invention is further
concerned with a DNA 2 June 2006 6 of the followng (e) or (f): (e) a DNA
conpri sing a base sequence shown under SEQ ID NO 3 of the sequence listing
(f) a DNA having a base sequence derived froma base sequence shown under
SEQ ID NO 3 of the sequence listing by. substitution, insertion, deletion
and/or addition of one or several basés and codinng for the polypeptide
having formate _dehydrogenase activity. The present invention is further
concerned with ARer B&&SERFaAnvEn&deind isont ai ni ng comice rbRA. wikk present

i nvent i onpod ypepthele &INeeengd 1WA ng (tar;a%zf qiJjent obtai ned by
transformn af:hOSt m croorganism with said reconbi nant plasm d. The
nti

present inv 6h R YRR SRurindrdiath aning el FesfueRasduci ng a
format e dehydnogedase SEGhITOhNOOAPHIES @heC Belgubdidend 13tghgai N of

m cr oor gani el the genus Thiobacillus sp.. KNK65VA ( FERN BP-
7671) to | e{%i)]i t té‘eIpg{g%'fpa@t&)gc‘lacpr‘?d “%’W’?ﬂ% ayi gy iSREUSHTS he resul ting
cul ture nBeFriwednéromr tbet amjnohecsdnseqlibacer eheh undept SBQ [P al so

concerneco) 1 os REOSESASLEL P 0Ly % AERLGdghydipganegg, uni ch

conprises cultjvating said transfor % accumul ate
t he fornﬁ?%ﬁ%ﬁ%ﬂ%k%@%ﬁ%Eeaﬁﬁlth@n efsomei oy savenad aeithanaehds hamdesting

the sanme.having formate dehydrogenase activity.
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




In a further aspect, the present invention is concerned with a process for
regenerating a coenzyne, which conprises permtting either s%.HFﬁﬁﬁQ@peptlde
or a strain of mcroorgani smcapabl e of producing said polypeptide or a

processed matter thereof to be present gin an enzymatic reduction reaction
system DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present invention i s now

described in detail. The polypeptide of the invention is described in the
first placef theure 12806197 (e blre (1 esent invention, the formate

dehydr ogena t t s | i ng the
I ncrease i nﬁggsg%b%%%egmﬁgﬁ%%ﬂ“f% ?‘%gso%tl n Sl-'r(%m e pro g?lggr?tg NADH at

30C or 408Q:3 D thavigsuaspiest diskahfler (pH 7) contai ning 500 mM sodi um
formate and &G )mVi Nolh hJ‘F@nqp}ie Al MR dite AREBVEN RN ol Haldle gl

perneation chromatography Kn1va|ue for formate is determ ned by

measur i ng SGBIERAG A mhl@@fert REQaBBvHO: dondi thensegrenEei H%pllags‘ay (30C,
NAlD 5 rr}vp st\i'l\ﬁljﬁti)ﬂtid’i%orﬁorl@%@tgltdngnd@%eS_QghU&hﬁ@bgﬁhddhﬁlﬁﬁrbﬁdonénﬂrt he Km
val ue or .S et erm en nder _t he ove.condjti.on actl vl assay
(306 SoaRRPAIHES B0 G I oM NG CPRe thEOHOANPPHELOR BRYNI® FRTURrS ed ~ The
t enper at udehfydirogeniacre activhéypH for action are determ ned by neasuring

Lhe activity Whide HOSSLATPSLGLHEFon Ofs PHUESRYR LECLUANES i, apove

condi tions of ac enpera are s Ity i s eval uated by
treating rﬁﬁ@mp@nyp§ppﬂd§mad cochalebpegraaideDFBr 10 ninutes and neasuring

the residual acgpyi %fesgﬁg PRy ShaRbh 11y Ferof¥Al S &ha Wed 119 the
polypeptldgaggfgggént obtalggésby transforming 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.




~at each pH level and neasuring the residual activity. The polypeptide of
the invention is tolerant to. hal oketone conpounds. The t er SR Wbant to

hal oket one 2 June 2006 8 conpounds” as used in this specification neans
that the residual activity after 5 mnutes' incubation of a crude enzyne
solution at 30C in the presence of 10 mM ethyl 4- chl oroacetoacetate is not
| ess than 25% The pol ypeptide of the invention can be acquired from

m croorgani snms having fornmate dehydrog%nase activity. Therefore, as

m croorgani sns for use as sources of the polypeptide of the invention,

met hanol -utilizing bacteria and formate-utilizing bacteria can be used

Wi th advanpage.InThhszp&b?b@?ﬁhnwﬁh%ibgﬁUQEee§?FM§EE$d%ﬂ9H98 enase b
M croor ganj %4 [ 0.t he genus ,Thi obacillus, for " insfance, can be
used. In partléﬁﬁg%&gfﬁéogﬁ$“ﬂe glgﬁ.léréssﬁﬁ@ﬂepﬁé&uéﬁﬁlﬁﬁﬁéﬁgcFhﬁus sp.
KNK6SMA i $nedgasiealiny absoabeniced atThd 0Thio hesiull ltisgs FroiNEEEMVA nent i oned
above is rain _of .nieroorgapismwhich was isal ated and obtai ned by
. d NADH & . .
t he |nven;orsu§ l?heogrese§[?%03§d¢l%ﬁ NE HEs e FepdasRb@ b th the
Nati onal PHEEPEUHBHOT) AgeRteéningn808t mMakoB8durn EormateTantinsl mEyNAD .
| nternational Pehenikol EFARALSH: PSRPS - { l;6,,d-d=14 Hi gashi,
Tsukuba, l?ﬁéaﬁlb Jaﬁan as of gﬁﬁy ?%?é§%b§§g% erlghgﬁa%%%ssipn nunber of
FERM BP- 7871 3h&OBatREPPBFograrhy e hatfhe thin i walus fsfr Tomirde 1ius sp.
KNK65MA adetehmhmeﬁebpMMeésﬁbiﬂ@OtHQYaéiE@ft*|ﬁn&@rotﬁepgﬁgﬁé- x 1.5to0 2.0
pn12)C?aq&363jn: negati ve thbtility: non- notil e
itions “of activity assay (30°C, NAD 5 mM)} while the

concentration 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 mM} while 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




Col oni es on broth agar plate:round,
P oot 5)Iustrous | i ght yellomh(ér§g$WTE%ﬂﬁ%|1
aracteristics 1) Broth liquid cyltpre suspende : i tnu

S?:L?rSLcﬁgnged 3. Physiolégical characteristics 1) Catala;e. ; g pr
Oxidase:* + 3) OF test: 4) Denitrification: + 5) MRtest: + ! ;cid
test:. 7) Hydrogen sulfide production: -g8) Wilization of citric act d
Koser: Christensen: 10 .9) Uilization of inorganic nltroggn foun 15
NaNO3: (NH4) 2SO4: 10) Starch. hégroly3|s - 11) Nitrate reductio

12) Indol e SPBRGER{SN: a5 uagddmcbhis aspetifficattion mebé)s AhgitntRe

dihydrolasere51aﬁhlLh@aﬁﬁlt%lﬁftéﬁ QQLﬂﬁBQ%#dﬁi%UbaF 3% %%WPESEU|In

[ + Gelatin drol ysis
hydrol ysi s en zy%g)solutlon a 30°C in the presence of 10 mM ethyl 4-

chloroacetoacetate is not less than 25%.

4) Spor ogenesi s:
snooth entire margin, |ow convex

The polypeptide of the 1nventlon can be acquired from
microorganisms having formate dehydrogenase activity.
Therefore, as microorganisms for use as sources of the
polypeptide of the invention, methanol- —utilizing bacteria
and formate-utilizing bacterla can be used with advantage
Thus, although this is not exclusive choices,
- microorganisms belonging to the genus Thlobac1llus, for
instance, can be used. 1In particular, Thiobacillus sSp. are
preferred and Thiobacillus Sp. KNK6SMA 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. KNK65MA are shown below.
1. Morphology
1) Bacilli ca 0.6 pm dia. x 1.5 to 2.0 ym
'2) Gram stain: negative
" 3) Motility: non-motile
4) Sporogenesis: non-sporulating
5) 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 milkf unchanged

3. Physiological characteristics
1) cCatalase: +

2.




3.0 -7255.0: 8.0: + Tenperature (C) 30: + 50: 30 20) Bjagtin o
requirenent: + 21) Anaeroch grom h: + 22) Utilization of 5%3?@ﬁ3¥@npounds
El emental sulfur: Sodiumthiosulfate: + 35 23) Ethanol oxidation: +F 2
June 2006 10 24) Acid and gas production from carbohydrates in O F nedium
(aci d/ gas) L-arabinose: -/- D-glucose: -/- 5 D-fructose: -/ Mltose: -/-
Lactosse: -/- D-sorbitol: -/- Inositol: 9/ 10 Starch: -/- D-xylose: -/-

D mannose: -/- D-gal actose: -/- Sucrose: -/ 15 Trehal ose: -/- D-nmannitol:

+/ - CJyC6f0|Qy40§§§a§§P$Erate utilization
3) O/F test: -
4) Denitrification: +
5) MR test: +
5 6) VP test: -
7) Hydrogen sulfide production: -
8) Utilization of citric acid
Koser: - -
Christensén:.—_
10 9) Utiliiation of inorganic nitrogen sources
NaNQ;: -
(NH4) 2S04 -
10) Starch hydrolysis: -
11} Nitrate reduction: -
15 12) 1Indole production: -
13) Glucose acidification: -
14) Arginine dihydrolase: -
15) Urease: - _
16} pPB-galactosidase: +
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: +,




G ucose: + 20 L-arabinose: - D nmannose: - D-mannitol: + o
N acetyl - D-gl ucosam ne: Maltose: 25 Potassium gluconate: + %WQ%&W%C

acid: - Adipic acid: - dl-Malic acid: - Sodiumcitrate: .30 Phenyl acetae:
As the nmediumfor cultivating a mcroorgani sm producing the polypeptide of
“the invention, an aqueous nedi um contai ning. methanol- as a nmajor carbon
source together with nitrogen sources pnd nutrients such as 35 inorganic
salts is used. Satisfactory results are obtained 2 June 2006 11 in nany
cases when %r anic trace nutrfients such as vitamns and am no acids are
added. As t Ké1nid¢Hdeand dint exroduginion Uinmaldearbdguhmiesaimo-& amoni a
gas, urea, m¢edsim (extitdghs)peptones, corn steep |liquor, etc. can be used.
As 5 the inorganic salts, phosphates, magnesium salts, potassium salts,
sodi um sal ts, cal"cPh %BPFgf TPﬁn salts, sulfates, and chlorides can be
used. Culture cab-beuoagde:geperally within the tenperature range of 20C to
40C, pr§ferably ﬁgf20C£to 30C, The, 10 cultivation pH may range from6.0 to
9.0, and is preferaﬁ?? OF¢om 470 to 9.0. The cul tural process may be
continuous or . bdathesese-/Regarding the separation and purification from

the . Lactosse: -/-
D-sorbitol: -/-
Inositol: -/~

10 ’ Starch: -/-
D-xylose: —/- )
D-mannose: -/- : ‘ %;)

D-galactose: -/~
Sucrose: -/~
15 Trehalose: -/-
' D-mannitol: +/-
~Glycerol: -/-
25} Substrate utilization
Glucose: +
20 L-arabinose: -

D-mannose: -

D-mannitol: +

N-acetyl-D-glucosamine: -

Maltose: - | )

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




cul ture nedium the cells are harvested, for exanple by Eentrlfuglng
the culture nmedium at conpletion of culture and dlsrupted Ie by
sonication, to recover a crude enzyne solution. The pol ypeptide of the

i nvention can be obtained by purifying the crude enzyne sol ution by

sal ting-out or columm chromat ography, for instance. 20 The pol ypepti de of
the invention may be a native enzynme agfuired froma m croorgani smas
above or a reconbinant enzyne as produced by util.izing the reconbi nant
gene technol ogy. As the native enzyne, the pol ypeptide shown under SEQ 25
| D NO 1- of ivh@ageqgeses Whenloggaadcb&rﬁ&@thQﬂQdenEBesﬁ@hyagpﬁiﬁﬁmﬁﬁsthe

i nvention pgRY ahks@cP p p L.de cpnpyd Sing an am no aci d sequence
derived from the gn?ﬁgdgc?ggsggégﬁée gﬁo@% OEHD JPNKET/ by
subst it ut i GAMONAEEr SRdKS, defiaepus anobod aaddinnboha ofaspeupea 30ysever al

am no aci dexamddiavibe t h e It The "am,no _acid
sequenc gglveg g bsggégﬁgﬁtﬁggﬂ gﬁ%gg ?ﬁgﬁor %t |o%a%n%?o?s%%dlg}on of
one or 8| 1BprABnigcFasts canhpephatasy erabyes hemt szhbs) opytaesiuknown

Lo 35 thoseasks, | sddiont B816¢}  cANERUASSHIESTOL ol 1) pL1 osdh Jing, 2006 12
speci fic mut eHESIS throug@ sai d substitution, Insert
and/ or addftfof ?rbﬂgso?a% &riafedmi no aci ds. SpeC|f|c relevant protocols

are descri bed |nCuwthEecc$mlmb ede déneb4Bily (W82 YRS fﬁgﬁbéfbﬁ%}%ynology

100, 448 ( 8 literature. The term pepti de havi ng

f or mat e de% g%%g@ﬁa%@Qngl Ey"PF§§ﬁ§a§ﬂY ﬁ&l?ﬁébﬂﬁaéf‘ﬁbmnﬁgeat | east

10% 1% ef @\ahmyahmnlleﬁsmawaramw frones pd eferaldy aed 1£95cd fdwably
from 7.0 to 9.0. The cultural pProcess 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-




60% still nore preferably not | ess than 80% of the 10 activity of the
pol ypeptide conprising the amno acid sequence shown under 9800 |

when determ ned under the above conditions of activity assay. Now, the DNA
according to the invention is described. The DNA of the invention nay be
any DNA that codes for a 15 polypeptide such as the one described above. -
It may for exanple be a DNA conpri sing @e base sequence shown under SEQ
ID NO2 or SEQID NG 3 of the sequence Tisting. Furthernore, it-may be any
DNA havi ng a base sequence derived fromthe base sequence shown under SEQ

1D NO 2 or specs$EQc mumganbmsubahrbuzghoaalanmgweutﬂshet iflepofofl
addi tion Oheg@%l?)h gﬁ&ZB? agasg§ andfcodl ng for a pepti de having
formate deh enase i YTy -t e paRE SEqEeHRER e?‘i‘%ﬂé@l %91§§|bst|tut|on
i nsertion, SPG@Il tllcoﬁElaﬁdnbrpadtlotobs afeodesoribeycinl Nhasesc ABpHS a 25

b q d/ dd
e ho8s 0oLy ony (2obe], MELRLns PR LI LISk 108 lPCiEReEnd) b "

of suc%a number Of bases  as can
added tﬁ’@onﬂeéﬁHGFobthtukﬁom to those skilled in the art as

described in, intgé @ét@,\\@gp&ﬁp@m I { i t 30 Kakusan
Koso (Prote J,eic_Acid and Enzyél };Aé.;’{_'i fﬁ(}g}?#g r}} (i%c?ﬁa

Anpllflcat?8ﬁi %ﬁkKﬁﬁea%% 1Y) po bgxap tige skawboy atr Heasly FO%Eﬁllch (ed ),

trans| at edpreferdapanese 1awwlernihes

‘Technol ogyg ﬁ%19%&3& 35 Furthernore, %pﬁﬁa&é %ﬁwqﬁ%%rl di zeglwlth a

2 June 2008°1% taPrs sF?’FF‘ngErr?eP]@és%O“s c@lasrhcﬁzﬁ%urm%rtt&(g ID NO 2 or

fSEQ | @PONdO @ctmmtys‘bflﬁ@mom@ﬁﬂdﬁl%@i&%d\&ﬁé%ﬁn@Qé’ﬂfpt i de having
ormat e defygr Q9EeDaAC, de i d?Y"SEQ ID NO:1. when determined under the O

above conditions of activity assay.

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 "DNA which hybridizes with a DNA conprising the 5 base Ee uence shown
under SEQ ID NO. 2 or SEQ ID NGO 3 under stringent conditions Jesf06; DA
whi ch can be acquired by the colony hybridization, plaque hybridization,
Sout hern hybridization, or the |like technique using a DNA conprising the
base sequence shown under SEQ ID NO 2 or 3 as a probe. 10 Any one skilled
in the art may easily carry out such hybridization procedures in
accordance with the protocols described in Ml ecular O oning 2nd Edt.

(Col d Spri @g Har bor , Laboratory Press, 1989) to acquire the objective DNA
The DNA (f SMftafemREPdRgydhesbagenepauenoedshgwhnountier SBQi HiveNiDroxan be

acquired-fSEQ]SaiNOHBCh@@k&a@ESHh§@%§ng?ﬁ§gFﬁg&?agﬁgﬁgéﬁgﬁggﬁf%gfhgrLgé' n

The obj ect'?ﬁ DINA ngé Efea .acq%i re T
the first B adBePEAEe heNdNg farealfefebydrogarasanaabivety nus of a |
formate dehydrog®hes®Diarwhiied hybaiaiz29 §LeRi 8 BitaNE&HO0r SaRY SRNavi ng

f or mat e; de o] ctivity ig defernm ned by neans- of a gas-phase
protei(rai5 sgégéngggagﬁgg %h&PSnBBSE?héﬁ%m%P 9hér°ﬁe§$%n%@ '3 hindegasi s of
this ani noshEingssguenvdismndnsiiendbits pai DRA wHechoset 98 ddguhasi Lyf the
sequence Oofphi : 45 t S equences, of known formate
dehydr ogenase ?géﬁgg?g?g¥%ég%ﬁggggédgﬁTﬁgﬁﬁhf?gﬁg%ﬁ%&%%%ﬂé%’ i rgani sm
for fornat BYPBER)ERbEERaseT Fhe Ehkenbsomal qbiNAussng so| BN konpe sing

W Th B Surfactane TR SR ey S E O TS (e A e
‘extracted P0° bR bt bRl pt R abtleRl 2Xt grAY seipy bly | caohmit, syt ri f ugi ng t he
same, - and lngishi ditiza t hen resotédinge SNN ReddStqamdd v?flhg'\%lse %& occdlsr ent
protocol s ddsdPlised! A 1 PLOH ok AL g Pnd Hard (Gold i G pand
VVIey-InterSCIGHG% )t oning 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—terminus of a formate dehydrogenase purified from a

20 strain of microorganism having formate dehydrogenasé
~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, céntrifuging the same, and washing
the resulting DNA pellet with ethanol (e.qg. Current
Protocols in Molecular Biology (Greene Publishing

35 Associates and Wiley~Interscience}).




2 June 2006 14 Part of the objective gene can be obtained by_ carrying out
PCR using this chronbsonmal DNA as a tenplate and the above %HFW%?Q@G'Then,
to acquire the full length of ‘the objective gene, the chronpbsonal DNA

obt ai ned above is 5 digested with suitable restriction enzynes such as

H ndill and EcoRl and subjected to agarose el ectrophoresis. Using 'the DNA
fragment which is part of the above forgmte dehydrogenase gene obtai ned '
by. PCR as a probe, Southern hybridization is carried out and the DNA

fragnent 10 cont%i ni nﬁgtshe format e dehydrogenase gene and not cleaved by
said restriction é’ﬁ’fy tHier wbd echd veo gemtee caahehyedbbgalli]ﬁee_ ggne is detected
on the gel cabxys g\ @QRERs iin v from.the gel and_ cycljzed wth
e.g. T4 lrQﬁEﬁé&Pd usin%@thg Fggﬁlﬁﬁﬁgmof%EBﬁA%gg ﬁstanﬁ?ﬁggagﬁd

synt hetic pi e VEaPEATER St heTheRe Seqgaenvise cone efpondiegyitlo @nzyne
N-t er mi nal thedobjetimenakneegith8s cBtohlBgoRant itk gpgg%gddglﬁggéo enase
gene thahﬂggsggdngtﬁssabgvg and directed outwardly of “Sal en §ﬁe gene,
PCR is carri out £ ConstrARLeDRRSEFAGHdRPs epgyredi agch oas t iEndIE T her

NAterninala&ﬁdEGDBérﬁhdaBUbﬁdesedftothgapagbi@hegg9§p§$fg@gy aQﬂHE&Fd Wt h
DNA pri nmers -are

oot B ok ol sqaaheeua o e O LTl 0 R
st o oe s ey 25 o RO epsalagam of (he DVA
Ceauenoes 15 anpt 1o “Stei AR ek B G 1
ful'l - Hng 0P GPHRERY Uty B G steleeog dhesacapie csh DN 1AgTBAd can be
confirmed by saidaresthectibd dpngids qffriE)F'ﬁn Qt%lljleecféf{fatseo formate ‘l
dehydr Oge%&e@g%z?gsed eg}gr[em insatcieotnecogedmor? Ct?h: r 1 { )
. gel. -
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
_ egzyme 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 sequencing of the DNA fragments, DNA primefs are
constructed based on the base sequences of the DNAs deduced
. to be present upstream of the DNA‘coding for the N—terminﬁs 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.
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




wei ght .and partial base sequence analysis. Then, the DNA fragnent
containing the formate dehydrogenase gene as obtai ned above Jupe 2006
be."integrated into a vector DNA with e.g. T4 DNA |igase to construct a 35
recombi nant plasmd. Using this plasm d, the DNA fragnent 2 June 2006 15
containing the formate dehydrogenase gene inserted into the vector is
sequenced to confirmthe presence of bages coding for the N-term nal am no
aci d sequence of the formate dehydrogenase. In addition, the site of

transl ationC§ 'Eni.tlatiogu I's determ ned and using the sequence down to the

t er mi nat i on“CBUBA"ABYahhepEArrakei dehydraresnade igemoniigambd thal e base
sequence haverebat iyesy¥qliie8BeHor®! OGYF W : known f ormat e dehydrogenase
gene, the efggdgg p_br.drg‘g_ei n, corresponds‘il!tr%rlﬁl}léerbﬁroeiseeéiﬁearo‘{/\%ﬂagﬁﬂs FECERG ned
by 10 el ectrophorast scoErtnal \#ategaekdt spathne iof itdentidimetd 0 be the

obj ective geakydBygemansf ormm R thost, $heakh +af oF Eggﬁrsgg@iiﬁ{rp Wi tth_ t hteh'
y egrating is

DNA t hug; acgud . reconbi nant plasm d constructe i
DNA into a glgic‘%g?tf)%n RER L b EERE R dbeajseatients Koemhast taed
vector, thet®BBInalanrcadmt ens ardesndi heddihg Reaarbi 1ant; DNA ¢4,
Experi nent aghon @hidelddess L{e%@et %% b%/}' 'c')Li fe Science Section, I3e§ea?51h and
Devel oprrent, , Bur eau of Sciente and PREchtdrddyeAyeRégh hepedogaswatbnded 20
Mar ch 22, f@y%)IE%WPtﬁ?qﬂqqq:ﬂﬁmYdﬁmgeamaﬁpbene;hehaoghcoaahcgrgggige used
i ncl udes marMEPVNETEP ' ny .of .the, follow,ng genera:

| Escher%ghi%ﬂif eu%%gpnas, h%?%%%%ﬁ%?&?iéﬁ%gégcpﬁFﬁ§?¥§$gr§¥ia,
Cor ynebact eri U O PBLEFSHSet &ticum whgiebactbei prodAcet bbattentified to

G.uconobac&Erﬁh250b§etmb&@ibbugh Streptococcus, and Streptomyces, anong

By transforming a host strain of microorganism with
the DNA thus acquired or a recombinant plasmid constfucted

_ 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-




others. As the vector, plasm ds and phages of the mcrobial_origin
I nclusive of derivatives thereof, which are capable of auto%dHB%épdﬁ
‘replication within these hosts can be enployed. The particularly preferred
host 30 mi croorganismis Escherichia coli and the suitable vector is one
capabl e of autononous replication in this mcroorganism Anpbng such
vectors are pUCL8, pUCLl9, pBR322, pAC¥€184, pSCl01, and pUCNT. Referring
to said transformant, the reconbinant 35 plasm d pFTO01 constructed by

i ntegrati ngedig-eaab g 3 i & 10 ired DNA into the pUC19 vector or
t he recombinant, . pl asm d pFTOOZQggﬁgisﬁ%%gﬁ'8? §%$%&@£9“%} sane into

PUCNT (VORI 64 BF L0070 deasigartes! fvarisftegmats nige tihehisamec dnitoHB101 t 0
gi ve the tpUtasf quoagy /osehei, chig i 1 ET001) .or ,Escher.i chia col
HB101 (pFT Oqéi) m recorrbi’nant pl(bf%l_srlrll %p%%’ogf(ﬂ?‘\éf‘ggﬁ%_m%qhﬁf&ic *f and the
reconbi nant Pl A5MYd FRTEGY S Lhendpmasiormgnt. Eriedestiohe at cadsf HBYORL S
Escheg?chH@FE@Dﬂ)HETOEsch@EIQgih %@ggEggﬁg&iq k§0§95L Eﬁ} 1 &QFTOOZ?
accor di ng 4Qq; nt.i,on een_deposSited wWith the Nationa
Institute o Oﬂﬁggécgdbiégﬁgprpgﬁ%éiiéﬁcéhﬁﬁﬂ.¥§cﬁh8bégﬁndlﬁb@rnational
?atent Cx5?ﬁg@?iﬂngspﬂaiyidcpﬁﬂﬂaﬁ Gs $hdwd ihl gaghp. :sgégﬁaéplgg;gki,d
apan as of Julyy t he,_acgessi on punber q - an
as of JU|iP1 5 15 fﬂ%%ggnﬁggggﬁgrgﬁggﬁsﬁﬁﬁgﬁﬁﬁﬁg+aoFO#EFRP%ﬁi7673,
respgf‘glt1 |t v m?‘?m%} @I’i’i‘é’r?;ggzgl{:heaeqayﬂe}mhmpu(pf_}ﬁoﬂzﬂ@ﬁ%&di{lggﬁ\g to have
a po sheé UDh vt i o SBHe&lNg y.ed. e recpnbi nan
technorogééqied I n Hpe(;resen? 20 %€£ﬁ @dﬁéi% €E$I§§ﬁ5%ﬂa n the art and
has been H&% %ﬁqﬁﬁto 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-7672 and as of July 19,
15 2001 under the accession nimber 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
35 medium and the formate dehydrogenase so accumulated is




inter alia, in Mlecular- Coning 2nd Edition (Cold Spring 25 30 Harbor
Laboratory Press, 1989), Current Protocols in Molecular Blo?dﬂvaggykene
Publ i shi ng Associ ates and Wl ey- Interscience). The process for producing a
format e dehydrogenase according to the invention is characterized in that
a strain of mcroorgani smbelongs to the genus Thiobacillus sp. KNK65MA

-(FERN BP-7671) is cultivated to let it g khaborate and accunulate said
pol ypeptide in the resulting culture medium and the pol ypeptide so

accunul ated is harvested. The process for producing a formate dehydrogenase
accordi ng t%ﬁ%Y@ﬁt?@entlon I's characterized in that said transformant is

cultivated to | etpHd ate r mat e dehydrogenase I n
35 e |un1and%ﬁﬁ%%F8rﬂ§ﬁ¥4% SRS Fe N5dBIsbhe

t he resultln culture
accumul at ed T PSRN Y Fyording s ttde, inTentpcoduein Ge @araibar gate

dehydr ogendse ¢umﬂmyaﬂﬁh reafes frQr 3R e, rding t he invention_can be
carried out |vaf%ng t he tranrﬁ%%%agb %hé?@ﬁﬁ%n) 4%@% :#h ®he 5
medi um Por T gﬂﬁtW%ﬁuQ? qayaﬁec@@WDben@dKmmmmunmmdunmng source of

car bon, scnﬂqntaﬂhMMQIsmmﬁteawi d@ﬂUbhen%§u§H%h0§snl@ggg@gl aaltsh Superi or
FeRts such as

resul ts arqliﬂg%gH%ptl obt ai.ned_when organic trace nu
vitam ns and amno -ad ?'gﬁelpﬁFﬁﬁgﬁcféﬁ Fat edUPAEieherasukis bare sour ce,
Ca& bo PKS : atfé??i%@clltrll-afs O?Itaﬁnsd arhéﬁs gggaﬁﬁc tQE&én h&é:g%ﬁ%gstyﬁgh ﬁ;é? ?g ete'nc
i S i I e i are Sl S
. ch as glucose and sucrose,
organic ac1ds such as acetic and other acids, and alcohols
can be judiciously used. B2As the'nitrogen source, ammonium
salts, aqueous ammonia, ammonia gas, urea, yeast extfact,
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




peptones, corn steep liquor, etc. can be utilized. As said 15 ingrﬁanic
salts, various phosphates, magnesium salts, potassiunlsalts,zéHHﬁ alts,

calciumsalts, iron salts, sulfates, and chlorides can be used. Culture
can be made within the tenperature range of 25C to 40C, al though the range
of 25C-to 37Cis 20 particularly preferred. The cultivation pH may range
from 4 to 8 and is preferably fromb5 tgg7.5.. The cultural process may be
conti nuous -or batch-w se. Wiere necessary, an enzyne induction treatnent
such as addition of nmethanol, formc acid, isopropyl-Il-thio-(3-D 25

gal act osi dERAMEGLC |ngchuctd onosysiten idfe aTi 1b&ctahb edmpdlind nggﬂgr ation

i e or a

of the coenzawee [ rmtting either said pol ypeptl
strain of u"cr3§?ggﬁ5§%§§ag§§ﬂgg§PQ%r ci NG VER lBBPjpSBFﬁaéégrpa

processed Yragedasst to be present in the enzymatic 30 reduction
reacti on system rFbRUSxaRY¥1RBer phit ] .f.ormat ehydrogenase of the
xaly187 | Eh LA §%1£ E%?F%Eg?%aﬁ??%ﬁlogyg e the

I nvention Q%lb}e&resent I n an enzymatic tedu

coenzyme caft H&SehengrshedswethydobdcbiibirorentyacPhatecubanyyrhihe
coenzyne céinrhatef Hebiyanbl¥nas3é 6EIEREr Lo L he npr nce of this enzyme
even in th§e§ %%9$t2036 1% enzymati c ?e%%gnggoé §?2n§§§H%§%gloketone
conpound of “Phe T FREMWRFR HPGoGR AT L RdcPfape fablewsvent i onal formate

dehydrogenase. FBhiexeepteion heawrBynghi-sisQ@dyet i D yoaction of a 5
B T Y E K R S
out a%ofolf%ﬁs?xqﬁpéerﬁéhylomcebmtéﬁrhﬁtyieﬁcétﬁtéi‘ﬁﬁgﬁﬁnéy a
chloroform or n—hexane,_or a biphasic system consisting of e
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, 7
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-




sui tabl e organic solvent which is hardly soluble in water, 10 for exanple
ethyl acetate, butyl acetate, toluene, chloroformor n- hexan% ugg 2006

bi phasi ¢ system consisting of such an organic sol vent and an aqueous
medium The reaction can be achi eved by adding to such a solvent a
substrat e hal oketone, the coenzyne NAD, and either a 15 hal oketone

reduct ase or a mcroorgani sm having suchg reductive activity or a processed
matt er thereof and either the polypeptide (i.e. hal oketone-tol erant

f or nmat e Hg enase) of the invention or a mcroorgani smcapable of
produci ng t ‘Bg)f llarapyld gardeessog rﬁa,ti'efdltjmm@fao%&o@ih@n%hbr ring

t he n1xtL”eﬁnuuky(beﬁhdyxagy”ﬂj43yydgg MAN QW ¢ acid. The hal oket one
conmpound i s not ertlcular restricted prébl ed ‘that it can be a

substrate for thés @€ & u&ﬁ&5@|@Kb@ﬂgﬁ@mgmﬁmosmecagabletbms i ncl udi ng
25 et hyl 4-mdwrioreet @m%ﬂ@tt%neet e 4R %ﬁttoi?%%%%#':?chﬁt Yo

4-j odoaget Ioroacetoacetate :
2- chlorgace cet@?ﬂgﬁ%ﬁﬁhﬁéﬁ )lﬁ@@@bﬂ@th&n@ﬁéucing-dthgihy+ethy

[(1S)-3- chm@&px@amaxoate¢pmenybnatbbkk@@@@ﬁhhﬁaraﬁeahel for instance
henone, chl 6roacet one, ‘

2-chl or oacetQp di chl oroacet o
1- (benzoyl OXQS Ig%n (E:}ﬁllog’ 2- g?% ANORE m]%’aa’i‘gc’ﬁi oF @l B HRAR bx (PNTSREPanone,
anong otheﬁ§ra?ﬁewﬂﬁepﬁﬁgeuaémysdepbe&tadewathatﬁgeﬂﬂﬂﬁéna§U@Hs@§t@$@y|

:g gﬂloroacggggggnggd TBHB¥£r g Cgthﬁﬁﬁe%nﬁgﬁtaﬁ%¢%ﬂ9%r012lo%o 1 2 June
2006 1 eflgf th?F?bPBéylFbéﬁ@hhﬁtéap2n335d0ﬁhJ@m@aZEIOQG@DOWEd -and
ga(bgrzoy}UthsﬁeEbéQr@oZtHéOP@QQﬁéstA§r§§£9 &55%@%@5& g}qﬁgon?ﬁnism

pabl € of 5402 with the accession number of FERM BP-8059 being
a551gned It is to be understood that when an aldehyde
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. The substrate concentration of the charge is
.35 0.1% to 90% (w/v) but the substrate may be supplled




reduci ng a hal oketone, the reconbi nant Escherichia coli 5 HB%Ol (ghﬁSlNﬂ)
(FERN BP-8059) capabl e of reducing.ethyl 4- chloroacetoaceta Jup,2Q06
correspondi ng al cohol, for instance, can be enployed. This reconbi nant E.
coli HB101 (pNTS1IML) strain was originally deposited with the National
Institute of Advanced Industrial Science and Technol ogy, 1-1-1 10 Hi gashi,
Tsukuba, |baraki, Japan as of June 22, 2001 and transferred to the
Budapest - Treaty depositry as of May 27, 2002 with-the accession nunber of

FERN BP- 8059 bequﬂhgﬁ$igned. It is to be understood that when an al dehyde
dehydr ogenasd o no TR&i #eaehydnogenade, catrrd el olitCha@EHaRi M havi ng

the correspondiortianidudy. OThd reREPGESS tter thereof is used as the
reduct ase, g, £Or reecf@)ondi%%g%l_deﬁ?dgeggﬁar?#ng%ga nggn%ﬁf’ﬁi gl B8 the
product. As THe g 5ot g idrhiagh dbtee igmolyiddursich griziae, 2@ pehppape de of
the invent ite®c o, - abol/ermetheanednithdRgiid@nt Escherichia coli HB101

(pFTO01y- or Escheri chi .coli HB101 FT002), for instance, can be
enpl oyed. The te%ﬁlﬁpﬁggégfgda VFer&ﬁ&sm@§ dhefeithewiinient&bar éace to

;?Lgé?gf{gér@agwgggh; 'gaanygdhfgme?SFFﬁ%t§%§b3%%L%@'y@é%?ghigizgdground
matter of g ch ccelIsB%%u%Pﬁer%6?5?0Fﬂé§§h¥§§°H§bﬂ§§§a¢ﬁ &he obherof the
enzyne or EefP&olEmppmingsd phdehgdespvent theah iwRNNGE. prdPeabiNPR}! i zation
can be effecfedibyutvabbAYSmberhl) _known to: - those skilled in the art
(e.g. gyosglinking .. phgg?cafgg%ggf%F?gﬁhcgﬁgfégﬁ%ﬁPg Epca)dramiieeacti on
i s carti ed” BUECEICHoERL FoEsvebref enabl 9£ 2868 £opbALivandodhzpkk 4 to 10,
preferably pH 5.5 to 9.5. The substrate concentration of the charge is 35

’ 0, 0, i i . —
0.1% to. 90% {(w v) but éﬁfEE”@EsstéRaxtz?T{rg&’ (l)alg §§§p£ﬁ§vgxnss )

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
20 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 | 7y
25 dehydrogenase of the invention. -
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




2 June 2006 20 continuously. The reaction can be carried out_batch-w se or
continuously. The reaction of the invention can be conducteaJHQEERQQi Zi ng

the imobilized enzynme, a nenbrane reactor, and/or other contrivances. 5
As described above, the nethod of the invention is such that in the

reduction reaction for enzymatic production of ethyl
4- chl or o- 3- hydr oxybutyrate and other aPtohols, am nes, al dehydes, or the
like, it provides for .efficient coenzyme regeneration contributing to a

drastic 10 ' ' | eve] .of. .use_of an expensive coenzyne. BRI EF
DESCRI PTI ON{ %%ﬁ? f%‘*%lﬁi gltispeuld) shaveverTdm t he

i nventi on. WrEeEstaad pilesthi thep HFGRAL ildhe iishtaNtHc0hean s’ @8LELFEELRR S?Zyme
map of theﬂﬁgggﬂgggﬂgle§pntaining the formate dehydrogenase gene of a
restriction enzyne map of.the reconbinant ' containing the formate

dehydrogenase gene of Fig.3 is a graph formate of the formate Fig.4 is a
gg;ig:lmf ﬁ{-nﬁf:e fn!]lemlcg E&e!ﬁulf@l‘ﬁﬁbﬂeo%o{:hed%&gbgggﬂilszg gf; tl%&(égﬁlf?m hon. for
The formate dehydrogenase high-producer strain of the
invention, namely Thiobacillus sp. KNK65MA, was isolated as
follows. _Soil_samples collected from various geographic
10 }ocations were respectively suspended in 0.9% saline. Each
of the supernatants obtained in size of 1% was inoculated
into 7 ml of the liquid medium of the composition shown in

Table 1, which contained methanol as a sole carbon séurce,

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




dehydrogenase of the invention. graph for determning the tegperature Fig.5
is a of the formate formate Fig.6 is a graph for detern ni ng<t’Hg® ange
for action and opti mum pH of the formate dehydrogenase of the range for
action and optinum tenperature of the dehydrogenase of the invention.
invention. Fig.7 is a graph for determning the temperature 30 stability
of the formate dehydrogenase of the invgption. ,Fig.8 is a graph for
determning the pH stability of the fornate dehydrogenase of the -

i nvention. BEST MODES FOR CARRYI NG QUT THE | NVENTI ON 35 The fol |l ow ng
exaaneS|IﬁQE%?é¥§£¥he present 2 June 2906 @4 invention in further detai
It shoul d, Cuswgver, be understood that q %nventlon I's by no neans
restricted y these exanmples. 5 Exanple P qui sition of the Thiobacillus
sp. KNK65 strain The formate dehydr ogk®@sieg hi gh- producer strain of the

i nvention, Fe@dgl y Thi-obacillus sp. KNK65My s isolated as follows.. Soi
ed fromvarious geographic 1 ocations were respectively

sanpl es co g)t
suspended 1 nh 0:9% saline. Each of the siffériitants obtained in size of 1% -

was i nocul ¥eeldoOinto 7 m of the liquid 2eglium of the conposition shown in
Table 1, wgihgp,contained nethanol as a sq{e carbon source, followed by
shake culture 4t 30C under aerobic conditi®i¥ 15

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




Table 1 8 g Methanol (NH4) 2SO45 g KH2PO40. 15 g K2HPO44. 85 ¢ SA40. 5
NaCl 0.1 g CaCl20.1 g Meat extract0.1 g Yeast extract0.1 g Po?&ﬁ@b?gﬁbo 19
Bi otin20 jig Cal cium pantothenate2 ng Folic acid2 jig Inositol 10 ng

Ni aci n400 pg p-am nobenzoi ¢ aci d200 pg Pyri doxi ne hydrochl ori de400 pg

Ri bof I-avi n200 jig Thiam n hydrochl ori de400 pg 2 June 2006 5 22 Boric

aci d500 jig CuSO440 ug KI7.00 jig Fed 32B0 pg MhS04400 jig Na2MbO4. 200 jig

ZnS04400 pg The above conposition was nade up to 1 L with water,
standard protein.

The a-haloketone tolerance of the formate
dehydrogenase was evaluated by mixing 150 pl of the crude
enzyme solution with 150 pl of 20 mM ethyl 4-

5 chloroacetoacetate, incubating the mixture at 30°C for 5
minutes, asséying formate dehydrogenase activity in the
samé manner 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 medlum
by the monocolony method and the isolated strain of cells
thus obtained were cultivated to prepare a crude enzyme

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




10 adjusted to pH 9, sterilized by autoclaving, and used. However, nethanol
was added after sterilization. Each culture medi um show ng bgcjﬁ‘@‘??%% grow h

was analyzed for cell concentration in terns of absorbance at 15 600 rim

The cells obtained by centrifuging 1.5 mi of the above culture nedi umwas
suspended in 0.5 m of a substrate solution (0.1 M phosphate buffer, 0.5 M
sodiumformate, 1 nmM NEW 1% Triton X-2@0, pH 7) and shake-cultured at 30C
for 20 hours for cellular reaction. The reaction nixture 20 was centrifuged

and the a n‘g of {g\lADH in the supernatant was determ ned at 340 nm The
strain gi ving*2®®?hh quoti e®O when the NADH out put was divided by cell

concentrat i Ghy#esobel ected ag@gtrain having high formate dehydrogenase
5 m of the culture nedium 25 of the selected strain was

activity. T,
centrifugedljfllea%t?lhee resul ti ngl0 &l |ls was suspended in 0.5 mM of 0.1 M

phosphat e b{gdst dxftact), somi gated, and centrifuged to obtain a crude )
enzyme ssolgltd+pn as supernat %nt. The formate dehydrogenase activity of the

crude 30 enzyne sol ution was a@sayed by quantitating the increase in
absorbance at 340 nmresulting from production of NADH in 0.1 M phosphate

buffer (pH'7) comfl R . um, formate _and 5 oM NAD at 30C.
Protein assays vere cé’?‘?’i"gg%&ﬁ}{l E{/%%!t H‘gdﬁeflﬁgﬁoofl‘ §5weltgdf‘@ltﬁr€Anal .
Bi ochem , Jupred Ao pPHo76) sisinid iBSA by 2ulved a?006,23nst asdard protein.
The a- hal okRiweRe rt, Ot 8RES 10t;akN e G dehydrogenase was eval uated by
m xi ng, 150 pl of the crude er?zyrréids%glmétfﬁgr]i‘ \%it%%ligﬁ 98+ 20 MM ethyl 4 5
chl or oacet oacetate, incubating the m xture at 30C for 5

Table 3

Methanol 20 g ‘{:}
(NH,) 250, Sg
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 MnSQq ' 400 pg .




m nut es, assaying formate dehydrogenase activity in the sa manner as
above, and conparing the result with the pre-treatnent acti F?Q?zqﬁén, I n

cases where the specific activity of the 10 crude enzynme solution was high
and the tolerance to ethyl 4-chloroacetoacetate was high, the strain
havi ng formate dehydrogenase activity was isolated fromthe culture nmedi um
by the nonocol ony nmethod and the isolat@f strain of cells thus obtained
were cultivated to prepare a crude enzyne 15 solution.-in the sane manner as

above and thgmgel ution was anal yzed for f@rnate dehydr ogenase activity,
protein concentration, and hal oketone t6Perédice. Then, a conpari son of

specific adfiSfdt y and hal oket one tol erangeoofig the crude enzyne sol ution
was carried out for each strain 20 of cells and accordingly Thiobacill us

sp. KNK65MA (FERN BP- 7671) was el ected as a high producer of formate
dehydr ogenase wi thehcgRPepaEipncwast imadey uandohilgh whahoketeng tol erance.
25 Exanpl e adjustledt iten pANd, puk-ibhi §ati.gn orrnat e _dehydrqgenase A

col ony of hhpbacillu%p§a. KNKGSN%i%gg X oghﬁ§928leﬁfoa98n¥S% “a medi um of
the conposi ey SHolstPaPPdpes2added efsks- steralédationbical |y at 28C for

2 days. The 30 resulting culture mediumeach in size of 1% based on the

medi um vol une maifkgoculatﬁd lnto 100 ml per flask of a production nmedi um
of the conposition ShofiRPheFiBRes gHitivpbkencuthereel berebieal |y at 28C

for 7 dayshazgegsptebg edtnpf2986i34 Mathafdsher@ed in 0.1 M

10 phosphate buffer (pH 7.0) containing 1 mM dithiothreitol
(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




10 g 5Tryptone 10 g Yeast extract 5 g Nad 5 g The com?05|t|on
was made up to 1 L with water, 10adjusted to pH 7, sterilizedJgge2
aut ocl avi ng, and used. Fbwever, met hanol was added after sterilization.
Tabl e 3 Methanol 20 g (NH4) 2504 5 g KH2P04 0.15 g 15K2HPO4 4.85 g MySO4

0.5 g Nad 0.1 g CaCl2 0.1 g Meat extract 0.1 g 20Yeast extract 0.1 g
Pol ypeptone 0.1 g Biotin 20 jig 25Cal cizen pantothenate 2 ng Folic acid 2

jig Inositol 10 ng Niacin 400 jig p-Ani nobenzoic acid 200 pg Pyri doxi ne
30Thi ami n hydrochl oride 400 jig

hydrochlor g Mg% RlbofIaV|ne 200 %
Boric aCId g 80f 1Bgt e same buffer. The. active fractions
' were pooled, concentrated with an ultraflltratlon menmbrane
(cut-off molecular weight 10, 000), and dlalyzed against
0.01 M phosphate buffer (pH 6.5) containing 1 mM DTT and
S EDTA. - The resulting material was applied to a column of
Gigapite (product of Seikagaku Corporation) for
chromatography. After the column was washed with 2 M
phosphate buffer (pH 6.5) containing 1 mM DTT and EDTA,
elution was carried out with 50 mM phosphate buffer (pH
10 6.5) contalnlng 1 mM DTT and EDTA. The active fractions
were pooled and analyzed by SDS-polyacrylamide N
electrophoreésis. As a result, the formate dehydrogenase {
was detected as a single band, attesting to the high purity
of the thus-purified enzyme.

a yéerol

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 mM NAD i
25 at 30°C or 40°C. In this connection, the amount of the 7

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




KI 100 pg FeCl3.200 pg 35MhSOX4 400 pg 2 June 2006 25 Naz2Mpb0O4200 pg ZnSO4400
pg The conposition was made up.to 1 L with water, 5 adj ustedztjﬂnebgp@,
sterilized by autoclaving, and used. However, nethanol was added after
sterilization. After conpletion of cultivation, the cells were harvested
by centrifugation and suspended in 0.1 M 10 phosphate buffer (pH 7.0)
containing 1 mMdithiothreitol (DTT) aRd EDTA. The suspension was
sonicated to disrupt the cells and centrifuged. The supernatant was salted

out with 25, 9 i niumsul fate and the precipitate was
recovered by %&?‘?i@ﬁﬁ g‘%ﬁg%ﬁéh?a;g;%‘feorf‘%lvﬁs: (ﬂél‘s‘é'llx}té(d a5%ay. 01 M
phosphat e be@R&Ftigns 6(3H)°C,coBdaibnmdy AnaM:BETKandaEREAFaRANADE, S9! Ut i ON
was di al yzeget@@insd B8 Sade, fier. . -.Sephar ose roduct of
Phar naci a) Cﬂhﬂ{@ chr,orr%t ogr aphi;{gmtg{ecg;grﬁgfdl tgut“EeF?'dQ: &angﬁgrégllﬁﬂn was
washed wi t H aff Yt rEidete| the GboNes sPe@idiin ed-thoti by Blss@yl M
phosphate ksdrdirt ildHad 6 FpocCorbLak fin : EDTA. ,Actjve fractions
wer e pool eck.igémqh gft er‘( a((j:::ji t%?)grhlﬂ%)ﬂf Qgﬁ%]l’r%_ﬂyu%a_éuﬁ#gf e[irrb %A):"Isfﬂii ation,
applied to & cHr ondtEFEME dheumeast ivoKgel ortidiy o LTéhepenrime50S M

(product ofrefossiente fdreatdomenti@ tabat beN tHaS e8¢ 0ULnd5+RA an

anmoni um S%Jt%tr%egfta%ifen&ﬁ-ﬁ_?_f b24 to 0%saturation.in 0.4 Mé%;gfsﬁphat e buffer
(pH 6.5) containing FR8d S SBDFRPTRPRBLE Sagdi/Emon Bhre e sul fate
at a final Togodesmatet iden foluntD%reat Biat Bokot bet he cagtr wadf tRsti g9, the
pel I et10bt dinmed sbyoaaRt o300 WasLdi §Sghyed,i n 0- 01

(Temperature range for action and optimum temperature]
The temperaturé_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 optimum
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%.




30 M phosphate buffer (pH 6.5) containing 1 mM DTT and EDTA, _ fol %8 d by
dial ysis against the same buffer. After this dialysis, the Pe¥0f %%
material was ‘applied to a chromatographic colum- of Bl ue Sepharose 6 Fast
Fl ow (product of Pharmacia) and after the colum was washed with 35 the
sane buffer, elution was carried out on a NaC gradient 2 June 2006 26 of
0.5 Mto 0 Min the same buffer. The act8ve fractions were .pool ed,
concentrated with an ultrafiltration menbrane (cut-off nolecul ar wei ght
10, 000), amwdediakyaed haS t; hasph buf fer H 6.5) cont ai ni ng
L T DIT. ang o5 CRaYARC AR Ln tvlg ﬁg}ﬁgﬂt a3 t\%%geas& %881(@6&&“‘6% R of

G gapite (BV86u59°%f Sei kagaku Corporation) for chromatography. After the
colum was washed with 2 nM phosphate buffer (pH 6.5) containing 1 mM DTT

and EDTA, (el.utjon. arried out with 50 nM phosphate buffer (pH 10 6.5)
cont ai ni ng[ghnﬁkﬁg%ﬁ%ﬁEDTA. The active fractions were pooled and

anal yzew by SDS-PoéypHr gtapidetyewgst { QPESE §hBedAS 1B J 8SYldt BES horna;e
dehydrogen38§5t¥$ét§8tﬁctﬁg gﬁ.a sin lg band; attestlng to the |8 purity
of the thus-purrfred en¥yRe® %nﬁxﬁﬂ%% ual ppghévitgsabier m2 diwoamad The
properti estoéathenpuatf BetC fit it dePELINASE +1btAldIed ¢ afgx? le 2
were studi ¢dsase{Q lE%@enzgs[fﬁﬁgifi activi2¥] The activity o e formate
dehydr ogenase obtafnéd - was assayédT@Ve FRRES &5 s HevieRtieasuasn

absor banceC#tPaBablyied Yestivblagel tloin f Cieratange ob £ NADHL j 1 B .M.phosphat e
bufferro(pH 7) containing 500 MM sodium formate and 5 nM NAD 25 at 30C or

40C. In thbf connection, the anount of the
olecular weight determination)

As determined by gel permeation chromatography, the o
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




enzynme yielding 1 pnol of NADH in 1 mnute was defined as 1 unit. Protein
assay was perfornmed by the method of Lowy using BSA as stalddPe2pP%t ei n.
The specific activity of the purified formate dehydrogenase was 7.6 u/ng
protein 30 (30C) or 13.3 p/ng protein (40C). [Determ nation of Km val ues]
The Km values for formate and NAD were determned as follows. Thus, the Km
val ue for formate was determ ned by 35:ﬁ%asur|ng the activity with the
concentration of sodium 2 June 2006 27 formate varied under the above

speci fic actioviSEp asmsm 4candi ﬁoogsoﬁg &lgn?ﬁ th%gi:%% EP]|<tm V?I ue fo][
entration o

NAD was de&gg ged ggasurl ng the ac IVI
NAD vari ed FRESaBIGBIRBecTRRRIRE: | O¥E9ShBeagT Stiymitié] ons ( 30C,

sodi um f or naeereeenm adbfiiféGoB @A&hnifkd- 4naV rf@é‘fégéﬁée t%ﬁ%rgﬁ%{&gt
e,

Ion o

vel ocity of azy r ents t he concent
th ceﬁ O’E%s t%é a%% &% &fosamnt off ihe Dhdehiwal ue  for

and the _inte

formate 3 s fouma firdﬁh?dgo@ema)sé)egén@ Wi agwicd 1k f oy %91 NAR a%qqﬁ'i’:nd from

Fig.4 to bet9e0ﬁ§lﬂhﬁe£§€ﬂp§fagu e.range for action and Optimi

t enper at ur %b The tenperature Fang®Fs Ja‘é‘?l%ﬁ’P%fnoFf&ﬂ)tHWﬁQ@iﬁErature wer e
€

‘i nvest i gat €PtFRLG-¢hremepaemsl mmg@ﬁeeﬁf@ﬁéd@ﬁqﬁual ty at each
terrperaturerégemei £ ¥t Ned ! t- 3 t aken as 100% It shoul d
y esa é H ﬂ{:na‘ﬁf;lgf afis| Bamd{fpePsttdr es.

const’

| _ understaﬁ}cg E}tﬁha# t he IO
BNt e S
opt i mm PHipaThE PH 43 m e%t%grlo%rzn%se %%i%%%%:’f e
ned by PCR as
probes. BAs 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-




I nvestigated. 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 sRdUI®2E
understood that the tenperature was kept constant at 30C for all pH

| evel s. The enzyme of the invention acted well within the range of pH
5..0to 10.5, with the optinmum pH being 5.5 to 9.5. 30 [Tenperature
stability] The tenperature stability wadQinvestigated. Fig.7 is a graph

constructed by plotting residual activity after 10 mnutes' treatnment at
each tenper@t Wi ate 35 buffer (pH 7),-wth the activity at
0C bei ng t;?en aén%b%&% g% %%’ 06828 Shrnddngy E%etﬁé5?n§§ﬁﬂﬁbﬁemas
stabl e at Frebenst tugked So@nsitpdast alfi thbyDNA Eheogthgt kil ity was
I nvest i gat etht rinlnBisi Shawdl aRRe CRst Fucted by plotting residyal activity
after .22 hours' tfeatnent ape§b%@§%gﬁ gﬁ’gaﬁFehgemFFau?ﬂﬁea t701Ry at pH
7.5 being fﬁf@ﬁ'5?3£66%¥?°$h@néHE#nECQRIthestniehibnnsmhs colpasat i vel y

st abl e S t iheriche, r ahgepnh BEt§eSnt - egyl ar wel ght
deterninatg%ghiéﬁﬁgeger 'geg by?g?|%8§?%e§%98%%§hrg§é %ﬁ?a %@, the

mol ecul ar Wergh S ngb xtRalélg¢ 9 YNAQGragngntt00SEG XD NOS) of lthdxanpl e

4 1sol at i oseglienke 1bs5thhg) debyamgﬁgaﬁﬁeggﬁﬂlPeﬁ{;l@hzéﬁfsﬁh@'f&ﬁnaé he cells
n e Sahe nanne as I n

obt ai ned by gulit ' Thiobagi |l us sp., KNK6SMA
Exanpl e 1 ﬁe?é Fégééggn%e%ﬁtr ?%ﬁﬁxﬁqr@%F%ﬁﬂ#Qﬁﬁ%ﬂﬂ,OﬁijQECUlar
- weight and analysis of partial base sequence of the DNA

10  fragment thus obtained, the fragment was confirmed to
contain the fullrlength (SEQ ID NO:3 of the sequence —
listing) of the formate dehydrogenase gene., A

‘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 ligase, 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”
- Tepresents the formate 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




20 chloroform phenol and the like, and the extracted DNA wag rgci i tated
fromisopropyl al cohol and centrifuged. The DNA obtai ned as é“%% was -
washed with ethanol to give the chronbsomal DNA (Current Protocols in

Mol ecul ar Biology (G eene Publishing Associates and W ey-Interscience)).
To 25 acquire the objective formate dehydrogenase gene, the am no-term nal
am no acid sequence of the purified fortrate dehydrogenase was determ ned
Wi th a gas-phase protein sequencer or the like, and using the DNA m X

primer (Prdeteirnlineshoyn elrder ophQrel iNO 4¢QL BQQ@SE%&%&%%}?‘% 30 as

designed b d omn.the ab m no acid sequence and rimer
(Priner-Z)QQﬁEVﬁEﬁﬁd@P%S%%ﬁi rREMsGf copdaindggetbe Ifuddi Agngthdesi gned
based on t thesdguenate dehfdgbgehamel ganeaABNGHLIE gﬁagrsgggeegeﬁooﬁ known
format e d%tfycyh%gg\%gglgngenis 2 PCR&E? Bg t he above- obt ai néd 35 chronosonal
DNA as a tenplate 85Fr &g tane: ePAPRgSeaYeREC2086the PBESEQ ID NO 4 -
and NO B oﬂeﬁﬂéngeqmemeeibishbwg,undetesEQSQDtgo@geafnghegg@aﬁgﬁcecytosine

or thym nejilks+inkeP e I.n r, guani ne, an represents cytosine or
Chym e, | A PAnBEE R Ehe AREALD R, I8AeBER APtuted Pophmtes base
dehydr ogen&§8UgBRE hasShbvVai hader TABA, IDoNacqubFethéheefubhck engéiqf . t he

obj ective gene, the previously obtained-chronosonmal DNA fragnents di gested

by the reﬁtricaio enzynes Sacl, Xbal, Hndlll, dal, BanH , Pstl and
EcoRl was &FBEPI8pRor fsREiGemsef go| regomisnartie rpl dn iy bfdditziafh on was

carri & ouexpses i&NAofrﬂlg@éﬁéﬁmQEetath@ggééﬁéséOé%%e dehydr ogenase gene
obt ai ned by PCRIZS' ir es. are — . nd contai ning the
formate dehydr ogehad @E'%EPW{'W%IFF wEsr Hee et edPr e yre8lc dwaving tBeoRl or
Hindl 1| di gegeences havtshose by hadmb @i A@NM@EE and PstI restriction

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, combined to
the vector plasmid pUCNT (WO 94/03613) cleaved with thé.
same enzymes to construct a recombinant piasmid pPFT002
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 admixed 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




15 dehydrogenase gene was not cleaved by the restriction enzyne as used
and the DNA fragnent containing the formate dehydrogenase gé@ndneg90& gl | .
After recovery of these DNA fragnments fromthe gels, cyclization was
performed with T4 DNA |igase and using the resulting DNA derived fromthe
20 EcoRI or Hindlll digest as a tenplate, the DNA priners (Priner-3,
Primer-4) shown under SEQ ID NO 6 and N&27 of the sequence listing
directed outwardly of the enzyne gene were synthesized based on the base

sequences ¢ nding._ t,0 seqnents on the N-term nal and Cterm nal
si des, 25 r@spec Pvery ?ES h ﬂ’é’q‘elr‘?zﬁfbl%ff{ﬁ]l@ pdRL02)f bafang thehydr ogenase

gene obt ai HeRFAbIPERta DN et admd righ iHes e o MR Ve LG A biy8Ha8K! geRRUS
acquired wass 3 [NA Jfpgnent  contai ning outward gene segments not possessed
by the partial gene obtained previously. After determnation of 30 the
base sequence of this DNA fragnent, using a DNA priner (Priner-5) having
t he seqeenmea@ reesponding to the base sequence deduced to be situated
upstreanlo% thg DNA encoding the N-term nus of the enzyne shown under SEQ
ID NO 8 of "¥Wd%¥quence |isting ah® @ restriction enzyme Pstl 35
restricti o¥esistte eGrhigted thereto @ng a DNA priner (Prinmer 2 June 2006 30
6) havi ng hgﬁlsequence correspondi hg to the base sequence deduced to be
si tuated downstream of the DNA ench i%g the GC-termnus shown under SEQ ID
NO, 9 of thégsequence |isting and Bsrgstriction enzyme EcoRl restriction
site ¢ i . thereto, the DNA between these flanking regions was
anpiif?gg %@Bﬁezlggﬁgive a DNA frat erft9 (SEQ I D NO: 2 of the sequence
listing) cotaining the full length of the formate dehydrogenase gene.
cequence of the DA comBosTRLEE il ndGLAp £5% YN belodi¥ed ™ P70
water, adjusted to pH 7, and sterilized by autoclaving.

However, ampicillin was added after sterilization.

15

_ The transformant colony obtained was inoculated into
10 ml 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




10 fragnent thus obtained, the fragnent was confirmed to contain_the ful
length (SEQ ID NO: 3 of the sequence listing) of the fornate2d¥RsdP%yenase
gene. Exanple 5 Construction of a reconbinant plasmd 15 containing the
format e dehydrogenase gene and anal ysis of the gene The DNA fragnment
contai ning the formate dehydrogenase ggﬂe as acquired in Exanple 4 was
cleaved with restriction enzynes Pstl d EcoRl and, using T4 DNA |igase,
conbined 20 to the vector plasmd pUCl9 cleaved with the sane enzymes to
construct shiospoiiyebur Rhgsmod 16790, Nhayniis !t B8q AOBEBLE or 0.1
dehydrogenﬁﬁgﬁ_enﬁ@%§ &F resented by the restriction enzyie maP |%‘%lg.|.
In Fig.1, JENE e f&<edPY (heandr fhiee chehyger tpeabserhaneecitt he
i nvention. 329 W& m@st Ravielsas e FIQ0%bhus ui 15t he DNA_ fragnent
35aeeBr 18D 30rE LS R0 érxegs%té AnGEEa5851 9%ed f or

fl anked by I EcoRl ,sites .as, obtained In ]
base sequeﬁgg%rgggaeré § £° PR@UGEicRnpE HADH Weke cOHFAEVEdr t he
N-t er mial iasiieetasiod theégbethetdaheroirnadtwi hhat herastifi ed formate

dehydrogenagﬁyggowgﬁaﬁgnBEEggg LIn addition, the translation initiation
'site was accordingly eternlnegyénd usi ng the sequence down to the

term nation codon as-an open reading frame, it was confirmed that this
base sequeRgempAs bonnﬁgg@yét_I%hE fE%gEQQWBEQquf(qunygrogenase gene and

roﬁeln encoded by Cot-Fespont ol ecul ar wei ght 2

that the p

June 2006 S$RYIEQURRASA by el ectrophoresis. The base sequence of the

thus- dft ai ned DNthé BgI@RAncON LI NG gt dnd SAGHY Yppd s, Formate
D 2 of t

e sequence listing, the

base SequeRi o tRRTRRETOReE At hgl AT eFELFaLehowh LmemBEQThD NG 3 of ¢ he
‘sequence recombinant Escherichia coli HB101 (pFT002) having the

KNK65MA FDH gene-integrated pFT002 as.obtained in Exémple 7

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




listing, and the am no acid sequence deduced fromthe base seguence is
shown under SEQ ID NO 1 of the sequence |listing. Exanple- -6 c&@ﬂ?a@%ﬁ on of
a reconbinant plasmd for high 10 expression of the formate dehydrogenase
gene Using the primers (Primer-7, Prinmer-8) having the sequences obtained
by conbi ning Ndel and Pstl restriction _sites to the N-term nal and
C-termnal regions, respectively, of tAd formate dehydr ogenase gene
obtained in 15 Exanple 4, the sequences of which are shown under SEQ I D

NG 10 and %l]ﬁ}{(ﬁﬁ:@%d t ehet ween was Ilfledby PCR to
acquire the {pen reading f wgﬁfmcﬂsasehyﬁ%n?% Wg‘ clf’rﬁ?elpafr%() I D NO: 3 of the

sequence | it AHAPHSUR ) ag by r\ﬁaisld(tﬂaéa\li'@ﬁ wictth widgt miast i on 20 enzynes

Ndel and Ps:teltea:lminedﬁl ngha BHA htaﬁﬁty%?ﬁ?' ned, Nde hhecyechot cPA asmi d

pUCNT (WD 94/.03 ¢l eaved Sane enzy construc
r econbi nant%dé 3#9‘)81 ﬁf@s gned so t hat the format e dehydr ogenase gene

m ght b® expr esﬂsdshbwa hinglrablkewgl A EHEQﬁéeng'thQ @ﬁ%@ﬂﬂl@ﬁﬁﬁf

represent eq, rest i.Ccti;on . en gene"

represents t@f ;rﬁrgﬁal?% eh%t/1 gﬁégn%’feﬁéﬂg th Vtaﬁéoflﬁvéﬁtlpéiﬁtoﬁarrpl e 7

~ Construct i 68mgpuadsr asscompamedusiing etBOrr epaBDI NERE EAN @@t aigy ng t he
obtained  Lp e 80t et RO B8 BB Prba D Lanr kL W n

obt ai ned % | &6 We
conpet ent E&FPE BFGE§@ﬁ§Fr cHFthth #BLOTityrofr aashounttieabednse1hen

pl atedl®n fFheeagatraedi HALAHOVRKLA %5 g[ggl e 4 to obtain the transformnt
Escherichia coif HB101 2 Juhe 2006 %

15

20

25 o | 0
30

135




25 (pFT001) or Escherichia coli HB101 (pFT002) having the reconbinant DNA
containing the forimate dehydrogenase gene as a col ony. Tabl é Junq goae

Trypt one Yeast extract5 .g NaCll0 g Agarl1l5 g Anpicillinl00 ng The
conposition was made up to 1 L with deionized water, adjusted to pH 7, and
sterilized by autoclaving. However, HBIBCI I1in was added after
sterilization. The transformant .col ony tained was inoculated into 10 ml
of the liquid medium shown in Table 5 and shake- cultured aerobically at
37C for 20 Tahires.6 Table 5 16 g Tryptone Yeast extract1l0 g NaC 5 g

Anpi ci | 1in100 Ihe conposition was made up to 1 L with deionized water,
adjusted to . and steril zed py“arocrartr—Hotevrer< anpicil | in was
added after}steri i on. 30 The cellls Hm@akia?wesmmd(%?y entrifuging the
resulting cpl'ture nediu spended in 07T Mphosphgl puffer (pH 7), _
di srupt ed by Halrketaei on, and | f ugeuomis ey e T Tﬁ“ derived insol ubl es
and givé a '0 }-LitdQn Aﬂ1?ﬁ1’b‘6rionofthis
enzynme sol ugion _{Ethv
Y of] OO | 4-chloroacetoacetate |  100- 7] 20.1 14.3
o e -
Be M 008! | 4-prmmoscetoacetate .1 0.9 2. ﬁL
| 1. ¢ Ethv
10 1A\ C00B | 4~iodoacstoacetate 12.1 0.9 ¢. OL
_ P e _
A oo 4-chloroacetoacetate 100. o 13.1 14.9)
G ' :
coor: | Fthy _ : .
/l!\g o 2-chlumacatuac;etate 100. ¢ 2.8 5.4
H 2-Chloro—1—~
| . @ (Supyridinyl)ethanone 90. ¢t 6.1 1.5
% Hg;)_lmethylethy!
3-chloro-2-axa-1- " .
_ 6 carbamate
20 ; g ‘ )
| ‘Chloroacetophenone 100.7]  100.0 20.4
5 ,
23— '
«  [Dichloroacetophenane 97.90 214 1.4
<]
? i '
25 | X9 |ohomacetons 00,0, 46.2 382
. = _
_ Y v 1-(Elenzo oxy>-3~ '
: O} «gﬁ chlom-z—gugannne 100.7 1.6 4.5
HO A |1 —Chioro—i-h |
o 2-popanone velroxy= 80, 1 1.7 14. 7]

30

Example 9 Process for regenerating a coenzyme by

permitting an FDH gene-integrated recombinant Escherichia

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




35 was mixed with 1.5 m of 1 Msodiumformate (pH 7 in 0.1 ¥I2 %# e 2006
33 phosphate huffer), 0.15 m of 0.1 MNAD, and 1.25 ml of 0Pun @ﬁbsphate

buffer (pH 7) and the change in absorbance at 340 nmwas investigated at
30C. As a result, increases in absorbance due to production of NADH were -
observed, indicating that both transformants had formate- dehydrogenase
activity. Exanple 8 Hal oketone tol erancé®of the formate dehydrogenase 10
The tol erance. of this enzyne and other FDHs to various hal oket ones was

i nvestigated as fmllws;. pl; ijant richia cqli HB101 (pFT002)
i ng Che KR chtf cdie OB oS s RS iR etdnig KR annl o 7 was
i nocul at ed It PMorer1ivsd (B |asq@ctuiedicunns Exampile 71an8abl e 5

21 CTTC 1 or o hoo e ol AT ) s L e e R o

at 37C for h . The resultin

harvest the e@ﬁ?’%ﬁ%éﬁ%@rﬁwé@wﬂm iinoguiateghdsghate biffer
(pH 6. 59, difsriet dd dwi o5 ariciain ShowandrCaBbel Y08¢et9139HETRVE s00
cell -derived i qubIeségnd give a_transformant FDH enzynme solutron. In

the sane Kagychie fdaskn ad shafrericeditared pt BRIO1T¢PFAOEATS.

expr essi ng Thite rEBM1dénigv et Lituerm el i KEKGAZ iﬁbbalHtéMK&Q%64§637mlﬁ@§ al so
i Furt her nor e,

Candi da b AR aRa i, sHBRC A Bbkia: SasFhEsLi660ninor SRR Mhedi um
descri bed PakegawplieflapHib. 8izbovever) anadsalrkecutlibugediagyebical ly at
ZBC 1o 72 topuss bouELT! | afd e GhEe 1D ERELEPUEISRL 4o 90 T cach of
centrifugally concentrated 5-fold and sonicated to give an
FDH enzyme solution. On the other hand, for use as the {i}
reductase enzyme for reducing a 4-halocacetoacetate, Ehe
recombinant Escherichia coli HB101 {PNTS1IM1) (FERM BP-8059)
15 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~fold concentrate of
the FDH enzyme solution were added 9.25 ml of disrupted
20 HBI1O1 (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 ;o
25 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
.30 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

35 was carried out by gas chromatography. Thus, using a glass




was added each of the various hal oketones shown in Table 6 at 20(%%
concentration (homever 2 mM.for -1, 1-di net hyl et hyl :
[(1S)-3-chl oro-2- oxo-'1- (phenyl met hyl') propyl ) carbamate and 10 M for

1- (benzoyl oxy) - 3-chl oro-2-propanone) in a ratio 35 of 1:1 and after the

m xture was allowed to stand at 30C 34 for 5 hours (however, 28.5 hours in
the case of 2- chloroacetophenone), the37esidual FDH activity was

det er i ned. The FDH activity mas assayed by the nethod described in

Exampl e 7. h Tapl.e zynme of the invention was
confirned to ﬁ E E%Ty fo gﬁ gﬁﬁg tha PEEs£8He ChepmpsantsHAY

conpar ed VMQMF&nﬂﬂ%' ﬁ@H§OUTmeShe8pdudthDHf &Ll selibkcwasigxpyessed in the
percent resgd after tr with the activity of each

unt r eat ed cel %8 %ﬁk%*%i VRS FABELR g%eﬁta§5faé%>TP§ ggtestignxwas 2 June
2006 35 10“@5162 Y2530 Table 6 Residual FDH activity W _
Hal oket ®neJNNt (fi 5X. i 4Ws07C. andzrfa hol dl ni

INDUSTRIAL APPLICABILITY
The présent invention provides a formate
dehydrogen;ée-having high specific activity, small Km
, values for formate and NAD, broad temperature and pH ranges

10. of stability, broad temperature and pH ranges for action,
and high tolerance to haloketones, thus belng suited for
industrial use. The invention further provides a DNA
contalnlng 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 proﬁerties,-and a
process 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.




O 4- chl or oacet oacet at e100. 720. 114.3 ct p 1lsr~,lt~coa> thb
noacet oacet at €24. 10. 00.0 0 Ethyl 12.10.00.0 |y 000ru4-i doacét/daeét% e d
~~coot USMet h 100. 013. 114. 9 4-chbroacet oacetate n i Et hyl ,
r2- chl or oacet oacet at e100.02.5v. 4 ¢ e "X*a2-0 hloro-I- 90.1t.-11.5

(3-pyridinyCet hanone 0 1.1-Dinethylethyl Boot-IN X
“dl (1S) - 3-chbro-2- oxo-1- 100, 0%1.631: 38(phenyl met hyOpropyf] carbamate 2

100 1{00 29 Chl 704 oroacet ophenone...
CLAIMS

1. A polypeptide 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.




ol

2,3 -97 9 "aDl chl oroacet ophenone. 27.07.4 Cl Chl 100 or oacet one. 04 9<(§2f338.2 a
)

100 1 4 2 y765 pm panon one ... chloro- 110 C~-lo AClro 2Hyo¢

Opa 80.111.71 7 2-p Exanple 9 Process for regenerating a coenzyne by
permtting an FDH gene-integrated reconbi nant Escherichia coli to be
present in the enzymatic reduction systqﬂ;of

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

several bases and coding for the polypeptide 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 pUclg, pucClo, PBR322, pACYC184,
pPSC101 or pUCNT. |

10. The recombinant plasmid according to Claim 8 or




35 ethyl 4-chl oroacetoacetate 2 June 2006 36 Escherichia coll. %

(pFTO002) expressing the KNK65MA-derived FDH as acquired in EQHW% W7 and
Escherichia coli HB101 (pFA002) expressing KNK607-derived FDH (WO

02/ 46427) were respectively inoculated into 60 mM 5 of the liquid nmedium
shown in Tablée 5 sterilized in a 500 nl _Sakaguchi flask and shake-cul tured
at 37C for 9 hours. The resulting cul t iPe nedi um was inocul ated into 100
m of the liquid nediumshown in Table 5 sterilized in a 500 M Sakaguchi
flask in size of wibcand sshpakeoqul tured at 37C 10 for 46 hours. The
resulting culture nmediumwas centrifugally concentrated 5-fold and
sonicated to give an FDH enzyne solution. On the other hand, for use as

the reductase erdZymEheonenetiding ta pA-ahali en I3R! €0 Eﬁ%lm gcggblnant
Escherichiagoli HB101 (pNTS1IML) ( FERM BP-8059) 15 mas i nocul ated into 100

nm of the médi um shown in Table 5 sterilized in a 500 m Sakaguchi fl ask,

shake- cul tured awWwhigiCisopF280Bours, and concentrated 10-fold and the cells
were disrupted. To 6 ml of the above 5-fold concentrate of the FDH enzyne
solution were added 9.25 ml of disrupted 20 HB101 (pNTS1IML), 25 ng of NAD+,
1 g of sodium foféut el Eﬁ@nSEOQm@mte@thme@hbmrba@@sﬁtacremgea fhott owed by

addi tion of ;14, e a nd. 30 n1 of _but acetate to
make a tot aﬁn ? %gggnﬁil QI{NW &?héﬁgl-ip%g?%\%{%%rﬁ r%Jr?eIa ac%médi/n? E%
aqueous forang agedoSoCldimom, 8the Tkacti on was 25 carrled out at BOC for

3.5 hours with stirring. Aft er conpletion of the reaction, the reaction

mxture was exty ct d th but acetate and the extract was analyzed. In
t he system where héﬁ%og#ﬁﬂﬁi%%ééq bt e Qraimzidhg the FDH deri ved

from KNK65MA acodredieign tithe st 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.




30 invention, ethyl 4-chloro-3-hydroxybutyrate was forned at _.a conversion
rate of 100% On the other hand, in the system utilizing t hé JHeEHS i ved
from KNK607, ethyl 4-chloro-3- hydroxybutyrate was formed at a conversion
rate of 26% The quantitation of ethyl 4-chloro-3-hydroxybutyrate 35 was
carried out by gas chromatography. Thus, using a glass 2 June 2006 37
colum (ID3 mmx 1 n) packed with PEG;%bNIChronDsorb WAW DMCS 10% 80/100
mesh (product of G. Sciences Inc.), chromatography was carried out at

150C. The detection was nmade by FID. | NDUSTRI AL APPLI CABI LI TY The preseht
invention provides a formate dehydrogenase having high specific activity,
smal | Km values for formate and NAD, broad tenperature and pH ranges 10:

of stability, broad tenperature and pH ranges for action, and high

tol erance to hal oketones, thus being suited for industrial use. The
invention further provides a DNA containing the gene coding for the above
enzyne, a reconbinant DNA constructed using a vector, and a 15

transf ormant obtained by using this plasm d. The invention further

provi des an efficient process for producing said enzynme which is
meritorious and has novel properties, and a process for regenerating a
coenzynme with good efficiency which conprises permtting said enzyne to be
present in the 20 enzymatic reduction system of a hal oket one or other
conpound. 2 June 2006 38 CLAIMS 1. A polypeptide of the followi ng (a) or

(b): 18. A process for producing a formate dehydroganase,
which comprises cultivating the transformant
according to any one of Claims 12 to 16 to let it elaborate
and accumulate the formate dehydrogenase in the resulting
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.




(a) a polypeptide conprising an amno acid sequence shown ungﬁr 55) | D NO 1
of the sequence listing (b) a pol ypéptide conprising an amn equence
derived fromthe am no acid sequence shown under SEQ ID NO:1 of the
sequence listing by substitution, insertion, deletion and/or addition of
one. or several amno acids and having formate dehydrogenase activity. 2.
The pol ypeptide according to Claim1, wARch is tolerant to hal oketone
conpounds. 3. The pol ypeptide according to Claim1 or 2, which is derived
froma mcroorgani smbelonging to tthgﬁggé Thi obaci | lus. 2 June 2006 39 4.
The pol ypeptide according to Claim3 fn the m croorgani smis

Thi obaci | lus sp. KNK65MA (FERN BP-7671). 5. A DNA coding for the

| ypepti d - 260 f1e a
Pglrgafnb ?Ji;;? (gngn%ga a DN%&ggﬁgi%5|ng gkgggeégggdgﬁggngﬁ8mﬂaﬁﬁﬂgr SEQ
ID NO 2 of & B Y Y d ST LN aieilig sa foas € ogeatieneeddNRDy ed
from a baséreet|tenpe rshouwe %@@BbHS@an@sNEEQEQBbEﬁgtgﬁqgggga listing by

substltuth%,m nse! rtion, deletion and/or e. or “several bases
and codi ng TOF T uﬁ@l?ﬁ@p & MIFSn G OoFo agkien, dengdeegehdseosictivity. 7. A
DNa of the brfgglelrmngrtgflej.@e)ﬁ eochizme ol th @%dcewﬁbibﬂaxalﬁaéﬁséggf'ence shown
under Q sequence listin é avi ng a base sequence
in
erived. from a base 2%qggn§§ ?H&%ﬂaﬁﬁﬁefgé 8 FﬁnN€ﬁ9C5#09h§Y§E ence
d d.f Hg
listing byw1thout inactivated. .
10 The invention provides the enzyme mentioned above
which has characteristics suited for industrial application
- by screening for soil formate dehydrogenase—produCLng
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 derlved from above
strain of microorganism, and a process for regenerating a

coenzyme by using said enzyme in an enzymatic reduction
system.




substitution, insertion, deletion and/or addition of one or _seve (?d bases
and coding for the pol ypeptide having formate dehydrogenasezéﬂ??é 8. 8. A
reconbi nant plasm d containing the DNA according to any one of - Clainms 5 to
7. 9. The reconbi nant- plasm d according to Caim8, wherein a vector is

pUC18, pUC19, pBR322, pACYCl184, pSCil¥lSor pUCNT. 10. The reconbi nant
&ﬂwplain18 or 91 2 June 2006 40 91 which is pFT001. 11.

pl asm d j
The recg%%?%gﬁiagﬁasnld according to Claim8 or which is pFT002. 12. A

transformant obtained by transformng a host mcroorganismwth the
reconbi nant plasm d according to any one of Clains 8 to 11. 13. The

transf okmpgs OERE dbdi@okRrg@l M 12, wherein the host mcroorganismis
sel ected from anong m croorgani sms belonging to the follow ng genera:

Escherichi a, Pseudononas, Flavobacterium Bacillus, -Serratia,
Corynebacterium Brevi bacterium Agrobacterium Acetobacter,

G uconokagemoVEBCRGRMATE ! ﬁ%R%E@E@O\?ﬁg@IﬁE ?ﬂ gﬂﬁ@gﬁﬁ W@f’@ﬁﬁ% mm-r[ﬁ 2

transformant according to Caiml12,
wherein the

Escher i 00ESS ®ORi PRODUCING eTHE &AgE or mant according to O aim 12,
host m croorganismis Escherichia coli HB101. 16. The transfornmant
according to Caim 12,

<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




mhiéh i s Escherichia coli HBlOi(pFTOOl).(FERN BP- 7672) or Ezcherichia col
HB101( pFT002) (FERN BP-7673). 17. A process for producing a Pobfae®0

dehydr ogenase, which conprises cultivating a strain of m croorgani sm
bel ongs to the genus Thiobacillus sp. KNK65MA (FERN BP- 7671) to let it

el aborate and accunul ate the pol ypepRitg according to any one of Cains 1
to 4 in theSQesuIting cul ture_nedi um and harvesting the sane. 2 June 2006

41 18. A process for producin 5a formate dehydr&@anase, which conprises
to any one of .Clains 12 to 16 to |et

cul tivaky h ranst,or ngnt .accqrdin

it el ag%lrd;%ga gﬁ% gcﬁi”rﬁlr@lre Pﬁﬁevﬁgr@ dhyebs rAsge has eAsm GliePresul ti ng
cul ture ggedi um and harvestdng the sane. 19. A process for regenerating a
coenzyme, which conpri ses %ernitting ei t her the pol ypeptide a¥ording to
m cr oor ganj sm_capabl e of

any. on f a qr sfrain .of
pr oduci%négi) ssgfdv%‘)é?ﬁe%ﬁf glgsorﬁg Ef)‘r‘ o@&sé@@ My dep Vabr\adr Ide $e¥ present in
0. The process according to Cl aim

an enzymatic reductigg reaction system
19, wherein the enzymatic reduction reacty on is the enzy i ¢ reduction

whorei 1 The Raley St B A1aTREN Teu Fhr P, Becighcl FX ol A2 Sune 2006 |
42 ABSTRACT Thg i nggntion provides qogornate dehydroggagse haying hi gh
specific activity, small Kmvalues for formate and NAD,
Lys Asn Leu Lys Leu Ala Leu Thr Ala Gly Ile Gly Ser Asp His Val
| 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




5 broad tenperature and pH ranges of stability, broad tenperature d pH
ranges for action, and capable of regenerating a coenzyne m?ﬂHnﬁgﬁﬁ%
efficiency in case of being present in an enzynatic reduction reaction
system wi thout inactivated. 10 The invention provides the enzynme nenti oned
above which has characteristics sui3dd for industrial application by

screenipng f i |, fogmmatys dehydro ases produci ng.. m cropr isms. The

i nvent i%l% ]Agi’t%gé Apsﬁjoéﬂage eaﬁﬁn&rgaq?aiﬁgn@“t %Erg@ﬁe Bdﬁﬁ‘gapfr}ﬁ‘r t he enzyme
of the invepjon, 15 a recon%bgant DNA construaé&d using a vector, and a
transformant obtained by using this plasmd. The”invention further

provid o) o] QG UB] he fo t lehydr ogenase qf. the
nvent (o 0 den g e PP b b I o, BER R A58 keh s or a
transf ggggant constructedglpy 20 using a forngig dehydr ogenase gene derived

from above strain of mcroorganism and a process for regenerating a

COENZY Py oDYrpISirRy THAI Mt NFY "B LI GEPZNIBYLG PESURL 2" June
2006 SEQUENCE LI STI NG <118> NEKA‘CI%g%g%%P%hrggggg g@ﬁé%ﬁé%ﬁ%kTE
DEHYDROGENASE TORELANP5TO HALOGEN COVPOghpS AND PR OCESS3§QR PRODUCI NG THE
SAME. <130> T696/ FDH 2 <150> JP2001-312043 <151> 2001-10-9 <160> 11 <170>

‘Pat ent IThr VBex L2u Ser MAB081A ARl Wred®ir AALATaPRY Thr Arg Glu Ile

340 345 350
Leu Glu Cys Phe Phe Glu Gly Arg Pro Ile Arg Asp Glu Tyr Leu Ile

355 ‘ 360 365

Val Gln Gly Gly Ala Lep Ala Gly Thr Gly Ala His Ser Tyr Ser Ly;

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




Pro
Lys
Ile
Ay
Phe
Lys
Al a
Lou
Ser
Asn
Ay
dy
190
200
210

Val Asp
Ile Asp
Asp Phe
Lou Arg
Val I
Au %gu
Tyr Lou
Al a Lou

Ay
H s
Thr
Lys
Thr
Val
Thr
Thr

Tyr

Tyr Pro 20 25 30 @Ay Ay dn Thr

Pro dy 35 40 45 @ n Leu Leu Ay Ser Val

<213> Thiobaci|lus sp. <400> 1 Met Ala Lys Ile Leu Cys VaI_L8ﬁ§I¥@%@§p Asp
15 10. 15 Pro Lys Thr Tyr Ala Arg Asp B Pro

Leu Pro Thr Pro Lys Ala
Ser Ay Gu Leu

Tyr Leu 2 June 2006 4/Ii%5 50 55 60 Gu Ala Asn Ay His Thr

Ser Asp L Asp Ay Pro
Asp Al a
Pro Qu Arg Ile Ala Lys Ala 100

Ala Ay Ile Gy Ser Asp H s Val

65 70 75 80 Asp Ser Val
Val Val Ile Ser %5 90°95 G n Pro %nhe Trp Pro

Al g
Ser

Lo a r Ty
Loty it

Met
205
215

o) So6afe 4 e I

Val Ala u Va

a Asp

Thr Val Ay Sey Val

Arg. Arg

Th
&RG B68) b2 ofubt 1998, 368 90 2ng

GE ChF A5, ok, Ped ol 1l A

e Ala Al a C]y:ﬁgg Ile Ay Lou AM@ Val
Lou Ala Pro Phe Asp Val Lys Lou H's Tyr Thr Asp Arg H's

Phe d u

105 110 Lys Asn Lou Lys
115 120 125 Asp Leu Gn
130 135 140 Cys
1%@ 160
165 170 175
180 185
Lou 195

geg atec gac tte acc
Ala Ile Asp Phe Thr
45

ctg gge ctg cge aaa
Leu Gly Leu Arg Lys
60

-acc tece gac aag gac
Thr Ser Asp Lys Asp
75

gac gcc gac gtg gig

ccc gge cag cti cte gge teg gte tec gge gag 196

Pro Gly Gln Leu Leu Gly Ser Val Ser Gly Glu

50 55

tat ctc gaa gec aac gge cac ace ttc gte gtc 244
Tyr Leu Glu Ala Asn Gly His Thr Phe Val Val

65 70

ggc ccg gat teg gtg tte gag aag gag‘ctc gte 292
Gly Pro Asp Ser Val Phe Glu Lys Glu Leu Val

80 85

ate tce cag ccc ttc tgg ccg gee tat ctg aca 340

Asp Ala Asp Val Val

90

Ile Ser Gln
95

aag geg aag

Pro

aac

Phe

ctg

cct gag cge atec gee
Pro Glu Arg Ile Ala Lys Ala Lys
110

ggc atc gge tee gat cac gte gat
Gly Ile Gly Ser Asp His Val Asp

o

125

Asn Leu

116

ctt cag

Leu.Gln

130

Trp
160

aag

Lys

tcg

Ser

Pro

Ala

Tyr

ctg geg cte

Leu

gCcg
Ala

Ala

atc

Iie

Leu

gac
Asp
135

Leu

acc
Thr
120

cge

Thr
1056

gece

Ala

ggc
Gly

388

436




220 Arg Lou Pro Qu Ala Val Qu Lys GQu Lou Gy Lou Val Trp Hi s A\%&? 225
230 235 240 Thr Arg Gu Asp Met Tyr Pro His Cys Asp Val Val 2PHpe: Asn
Val 245 250 255 Pro Lou His Pro Qu Thr Qu His Met Ile Asn Asp.d u Thr Lou
Lys 260 265 270 Lou Phe Lys Arg Ay Ala Tyr Ile Val Asn Thr Ala Arg Gy Lys
Lou 275 280 285 2 June 2006 3/15 Al &/Wsp Arg Asp Ala lle Val Arg Ala Ile
Au Ser Ay G'n Leu Ala 290 295 300 Gy Tyr Ala Ay Asp Val -Trp Phe Pro @ n

Pro Ala Pro Lys Asp His 305 310 315 320 Pro Trp Arg Thr Met Lys Trp G n
Ser LeuSer Ala Gn Ala Arg

Ay Met,(Ehe E i 5.l Le 25 330 335 Th
Ty)r/ Al ;a% %cgé)té?lﬁr%%%%’ %e‘lrﬁ ?Fé §%¢4§g§4§a%5'€?gLé&G GF8F @S Bfie % &t ay

~Arg. PrQel 355 0 S.Val, Gn Ay Gy Ala L
A2 ay i VAR P I T R I e Al Al T Gy
Ser Gu .Gu AlmigA a Lys Phe Lys Lyg Ala 385 390 3??0400 dy <210> 2

<211> 1264

~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




<212> DNA <213> Thi obacillus sp. <400> 2 atacgcgcga gaggagat %c c(%gaa atg
gcg aaa ata ctt tgc gtt cto tat 52 Mt Ala Lys Ile Lou Cys Apn QPGTyr 15
gat gat cog gtc gac ggc tat cog aag ace tat gcg ' egc gac gat ctg 100 Asp
Asp Pro Val Asp Ay Tyr Pro Lys Thr Tyr Ala Arg Asp Asp Leu 2 June 2006

4/15 10 15 20 25 ccg aag ate gac cag/tst ccg ggc ggg cag ace ctg ccg aeg
Pro Lys Ile Asp Hs Tyr Pro Ay Gy Gn Thr Leu Pro Thr Pro

c.cg aag 148
Lys 30 gﬁu“ ggEEf’ AE §ie pre giﬁecé&cc’fg!g@a@agcctgagetacggmg tcag gt t& gge
g Ser. Val Ser Ay Qu

gag 196, Al Phe Thr Pro Ay Gn Leu Leu G

45 50 5 ct‘%1 8%1Aﬁ§ dgt %‘};ét %QéeglaﬂlgeBr@diitgg rc@lu Hdée Met gtc gtc
244 Le%h y Leu Arg Lys Jyr Leu Gu Ala Asn Ay H s Thr Phe Val Val 60 65
70 ace T€ee gae aag gac ¢ ccg gat tcg gtg 1260 gag aag gag et&bytc.292 Thr
Ser Asp Lys Asp Ay Pro Asp Ser Val Phe Qu Lys Gu Lou Val 75 80 85 gac

gee gac gtg gtg ate tee cag ccc tte tgg ceg gee tat ctg aca 340 Asp Ala
Pro Ala Tyr Leu Thr 90 95 100 105 Cct

Asp Val_,\a le S GInPoPheTr
gag cgcatgt %age POE5EGRG8 HF 38K %gg t154°88 g%feg%gét gcqclatgate 3@e B68 G u

Arg 1 ash YA ulyfr ASR LY 1ot phe LyAsl, a}\rl'ge'ﬁl-}l;hiléa\l 'I%rrlf?e 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




ggc ate ggc tee gat cac gte gat Ot cag tcg geg ate gac cgc 2@0
Il'e Ay Ser Asp His Val “Asp Leu.@n Ser Ala Ile Asp Arg Gly 9"‘1 6135 2

June 2006 5/15 ate act gtg gee gaa gtc ace tat tge aac teg ate age gtc gee
gag 484 Ile Thr Val Ala Gu Val Thr Tyr Cys Asn Ser Ile Ser Val Ala Gu
140 145 150 cat gtg gtg atg atg ate é¥tSggc ctg gtg cgc aac tat att cec teg

532 Hi Val Val Asn Tyr IIer Pro Ser 155
160 165§%:%/5Argga? glvgiugl\i?rcig%&aglﬁ ﬁygi&b%{lgg%&c '&eﬁegl &yt Jor gt g gag 580
Hs Asp Trp Ala Arggbys Gy Gy Trp ii(g Ile Ala Asp Q/s VaI AJu 170 175 180

185 cat tee tat gee etc gag gge atg gte gge tee gtq gee gee gge 628
Hs Ser Tyr Asp Leu Qu Ay Met Thr Val Ay Ser Val Ala Ala Ay 190 195 200

cgc ate ggc etc gee gtg ctg cgc cgc etc geg ccc ttc gac gtg aag 676 Arg
Ile G ygdOgehl dadvalecl Qe AL Aag a Pro_Phe Asp Val Lys 205 215 ctg
ok B kR £ f el Sigafecclyeglle w0k s

cat tat ace gat cgc cat cgc ctg ¢¢g gaa®g

Tyr ThrGiAs A14v Bi 4 SerATgr LSdt Bre & I 2 230 ttg gge
ctg gte tgg cat gat ace cgc ggg ga’tjkgtgﬁk?%tﬂcgc§l ?l}fgéejer gg 2(ﬁé'u dy Leu
Val Trp H's Asi80Thr Arg G u Asp gdgt Tyr Pro His Cys39435 240 245 2 June 2006
6/ 15 gae gtg gtc aeg etc aac gtg ccg ctg cat ccc gag acg gag cac atg 820

gee geg aag ttec aag aag gec gge tga tecetecega gacacagace 1251

| Ala ‘Ala Lys Phé 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

EEC 88E cag acc cig ccg acg ccg aag geg atc gac tic ace ccc gge 144




Asp
265
Ile
aac
Thr
gag
Ser
geg
Pro
cac
Ile
acg
Arg
tac
Arg
gcg
H s

Val Val Thr Leu Asn Val Pro Leu Hs Pro Gu Thr Gu Hi s yer 250 255 260
' ' aiee ¢996 ges

ate aat gac gag aeg ctg aag ctg tte aag. cgc ggc gee tat

Asn Asp Qu Thr Leu Lys Lou Phe Lys Arg Gy Ala Tyr Ile Val 270 275 280
ace gee ege ggc aag etc gee gac cgc gae gee ate gtg cgt geg 916 Asn
Ala Arg Gy Lys Leu Ala Asp Arg AgpsAla Ile Val Arg Ala 285 290 295 ate
age cag.etc gee ggc tat get gge gac gtg tgg ttc ccg 964 Ile Qu

€] yG%g%ﬂEeglN ThiglpuTyro AThy l%as:p Alal ITe pAsthé@her 6h8Q@030%y 310 cag ccg
ccg aag gat 1tgac ccc tgg cgc ace atg aag tgg gaa gge 1012 Gn Pro Ala
Lys Asp HisS®Pro Trp Arg Thr M@ Lys Trp Gu G y4815 320 325 atg aeg ccg
att tee ggc ace teg etc tee gee cag gcg cgc tat 1060 Met Thr Pro H s

Ser Gy Thr Ser Leu Ser Ala G n Ala Arg Tyr 330 335 340 345 geg geg ggc
gt egg ccg 1108 Ala Ala Ay Thr

cgc te etc gaa tge ttc tte gaa
a uc%agt?egt%%co%g#% PIfE &% €38 cAEgest Ftas0egsmaaatacts d§e gac gag

ct t t C.. O& a c gee c_acg 1156 2 June 2006 7/15 lle
ASSG% geq;yl?elfg%y?ggr %&‘ﬁ %Ceﬁ @X/ (%“y nga%éﬂaeﬂl Arey yysTyr 3681 370 375 ggg

cat tee c tee aag ggc gcg ace-ggc gge teg gaa gag 1204 dy A a

Ser Tyr Ser Lys Ay Asn a Thr dy Ay Ser QQU'GU 380 385 390

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




goo geg aag ttc aag aag gee ggc tga tecetecega gacacagacc 12%! Aé@OAI a Lys
Phe Lys Lys Ala @y 395 400 gaccaggcga aeg 1264 <210>. 3 <2143U124¢%6 <2125

DNA <213> Thiobacillus sp. <400> 3 atg gcg aaa ata ctt tgc gtt etc tat gat
gat cog gte gac ggc tat 48 Mt Ala Lys Ile Leu Cys Val Leu Tyr Asp. Asp

Pro Val Asp Ay Tyr 1 5 10 15 ccg aags@ace tat geg cgc gac gat ctg ccg aag
c tat ccg 96 Pro Lys Thr Tyr Ala Arg Asp Asp Leu Pro Lys Ile Asp

ate gacltg;i
Hs Tyr 0 20 25 30 ggc ¥¥g cag ace etg codbaeg cog aag gcg d6E gac ttc
ace ccc ggc 144 2 June 2006 8115 dy Ay G@n Thr Leu Pro Thr Pro Lys Al a

Ile Asp Phe Thr Pro Ay 35 40 45 cag ctt etc gge tog gtc tee gge gag ctg
tat etc 192 Gn Lou Leu Ay Ser vVal Ser Gy Qu Leu Ay

gge ct%%ggtaa LELe 1
Lou -Ar ¢&° 8 &§C5B2%5 90 afhatfedclatalygincc 468 ages toge gag ggec5aBe tee
Hi s Thr Phe Val Val Thr Ser Asp

Poe AeidEeBEaett 15 1l Yt Sar o] ogadrack v dgechis s gac gee. gac

. Lys As
gtg gtg ate tee 288 Ser Val Phe Gy Lys G u Leu Val ASBE Al a Asp Val

Val Ile Ser 85 90 95 cag ccc tte tgg cod Bee tat ctg aca gag ege ate
gee aag gcg 336 G n Pro Phe Trp Pro Ala Tyr Lou Thr Pro Gu Arg Ile Ala

Lys Ala 100 105 110
ggc tgg aac ata gce gac tgc gtg gag cac tce tac gac ctc gag gge H76

"Gly Trp Asn Ile Ala Asp Cys Val Glu His Ser Tyr Asp Leu Glu Gly
180 185 190

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

ceg ctg cat cec 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




aag
Asn
ctt

Adn
aac
Ser

150
528
170
Ay
atg
Thr
ego
Leu
ccg

Gu A chaIaGl uch
gaECatc &8

Mk VA Qe
gag acg gag

gag

cccC

— Pro Trp Arg Thr Met Lys Trp Glu Gly

aac
Leu
cag
Ser
t og
I'le
155

Gy

Tr

ac e&t

Val

ctg aag
Lys Len
tog gcg
Ala Ile
ate age
Ser Val
160 ggc
Leu Val

Ile Ala As

Gy Ser

etc gcg cced®
‘Ala Pro Phe Asp Val Lys Leu His Tyr Thr
gaa geg gte gag aag gag ttg ggc ctg gtc tgg cac gac 720 Arg Leu Pro

290

ctg
Al a
ate
Asp
gtc
Al a
ctg

geg etc ace gee ggc ate
Lou Thr Ala Ay Ile Ay
gac ego ggc ate ace gtg
Arg Gy Ile Thr Val A a
gee gag cat gtglgé 5atg
GQu H s Val Val t

gtg ego aac tac att ccc

Arg Asn Tyr Ile Pro Ser Hi

VaI
ttc

gge tee gat cac gtc 384. . Lys
Ser Asp Hi s Val ljg il 996125 gat
gee gaa gte ace 432 Asp Leu

G u Val Thr 130 135 140 tac tge
atg ate etc 480 Tyr Cys Asn
Ile Lou 2 June 2006 9/15 145
tcg cat gac tgg gcg ego aag gge
s Asp Trp Ala Arg Lys Ay 165

175’t§g@t? JRPeagecater gse at 44T gicgagagamagcet 06gd agcdasg it 384 Jge 576
Cys Val Qu H's Ser Tyr Asp Leu u @y 180 185 190

heyJerst ééggfify dde dee B VedoAsi ellgydlet krggedyglgs diegy 624  Met

Ala Ala Ay Arg Ile Gy Leu Ala Val- Leu 195 200 205 cgc
gac gtg aag?8fg cac tac ace ga@8&go cac 672 Arg Arg

S Qu Leu Ay Leu Val Trp
¢ & a4t @%ﬁ; ity 86€ el gast sgamEggLge 7618 gThr 91 g G u

Asp Arg His 210 215 220 ego ctg
H s Asp 225 230 235 240 ace ego

Leu Asn Val 245 250 255 cog ctg cat

AP R3 318 ‘Z& A acAlaglac b 10 e va6ln Lou Ale

300

gec tat get gge gac gtg tgg tte ceg cag ccg gcg ccg aag gat cac 960

Gly Tyr Ala Gly Asp Val Trp Phe Pro

305

cce tgg cge ace atg aag 1gg gaa ggc

acc teg cte tee gee cag geg cge tat

Thr Ser Leu Ser Ala Gln Ala Arg Tyr

ctc gaa tge tte tic gaa ggt cgg ceg
Leu Glu Cys Phe Phe Glu Gly Arg Pro

glg cag gge gge gea cte gee gge acg

365

340

310

326 330

345

360

Val Gln Gly Gly Ala Leu Ala Gly Thr Gly A

370

375

Gln Pro Ala Pro Lys Asp His

315 320

atg acg ccg cac att tee gge 1008

Met Thr Pro His Ile Ser Gly.

335

gcg geg gge acg cge gag ate 1056
Ala Ala Gly Thr Arg Glu Ile

350

atc cgc gac gag tac ctg atc 1104
Ile Arg Asp Glu Tyr Leu Ile

366

gegg geg cat tec tac tece aag 1152

la His Ser Tyr Ser Lys
380




Pro Leu H's Pro Gu Thr Gu H's Met Ile Asn Asp Gu Thr Leu éys 260 265 270
e Wfo ggc

2 June 2006 10/15 ctg tte aag ego gge goo tat ate gte aac ac
aag etc 864 Leu Phe Lys Arg Gy Ala Tyr Ile Val -Asn Thr Ala Arg Ay Lys

Leu 275 280 285 gee gac ego gac gee ate gtg cgt gcg ate gag age ggg cag etc
gee 912 Ala Asp Arg Asp Ala Ile Valifmg Ala lle Gu Ser Ay An Leu Ala
290 295 300 agcgc tat' get gge gao gtg tgg ttc cog cag ccg gcg ccg aag gat cac

960 d FEFVAA'ABEE AGF ASPp RE¢ tRE ePhegdl ®cl pePramgAliac Pasx lasg A6 1oy 305
aa ggc atg aeg ccg cac att tee ggc

310 315,320, cce.,t e a atg aag tgg

1008 -F’f% ‘H%“pﬁk? %hg?mﬁsfmﬁsen%ucﬁm @39 Mot Lyisr PReoLyd Lyl glfer Ay 325
330 335 gee tcg etc too %eé cag gcg cgc tat gcg gcg ggc acg cgc gag ate
1056 r Ser Leu Ser Al n Ala Arg Tyr A% Ala Gy Thr Arg4@®u |le 340

345 350 etc gaa tgc ttc ttc gaa ggt egg cog ate cgc gac gag tac ctg ate
1104 Leu Qu Cys Phe Phe Qu Gy Arg Pro lle Arg Asp Gu Tyr Leu Ile 355

360 365 %%ggag ggc ggc gca etc gee ggc acg ggg gcg cat tee tac tee aag
1152 \)ga n dy Ay Ala Leu Ala Ay Thr Ay Ala His Ser Tyr Serl20¢s 370

375 38313 June 2006 11/15 ggc aat gcg acc ggc ggc teg gaa gag gee gcg aag
ttc aag aag gee 1200 Ay Asn Ala Thr Ay Ay Ser Au Gu Ala Ala Lys Phe

Lys Lys Ala 385 390 395 400 ggc tga

<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)




Ay <210> 4 <211> 17 <212> DNA <213> Artificial Sequence < §0> <$ 3>
Description of Artificial Sequence: primer-1 <220> <221> ni $0UPe3%% e
<222> (3).. (3) <223> n stands for. any base <220> <221> mi sc_feature

- <222> (9).. (9) <223> n stands for any base <220> <221> m sc_feature
<222> (12).. (12) 1206 2 June 2006 %%h}g <223> n stands for any base <400>
4 gcnaaratnc tntgygt 17 <210> 5 <211>720 <212> DNA <213> Artificial
Sequenc®223?20>staRE> foesany paisen of Artificial Sequence: priner-2 <220>

<221> m sc_feature

<400> 4

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>
€221> misc_feature
<222> (15).. (15)

<223> n stands for any base

<400> 5

ggytgngegra accanacrte 20

<2105 6




' isc feature
> (6).. (6) <223> n stands for any base <220> <221> m s
:§§§> §1%)..((15) <223> n stands for any base <400> 5 ggytgné@@ﬁeg@@%nacrtc

20 <210> 6 2 June 2006 13/15 <211> 25 <212> DNA <213> Artificial Sequence

<220> <223> Description of Artificial Sequence: priner-3 <400> 6

<210> 7 14> 20 <212> DNA <213> Artificial
A SRt e e 194 Sequence: priner-4 <400> 7

, oo r i al
Sequence Op. <223> Description of Art|f|C|al , 400>
25 gagaé&iiéaﬁ%gctgttcaa 20 <210> 8 <211> 27 <212> DNA <213> ArP|f|C|aI
Sequencotay pNa

<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> 2 June 2006 14/15 <223> Description of Artificial Sequence;, priner-S
<400> 8 acactgcaga tacgcgcgag aggagat 27 <210> 9 <211> 28 £7lype 2 <213>
Artificial Sequence <220> <223> Description of Artificial Sequence:

<211> 24

prinmer-6 <400> 9 tctgaattcg ttcgcctggt cggtctgt 28 <210> 10
<223> Description of Artificial

<212> DNA <213> Artificial Sequence ;
Sequence: prinmer-7 <400> 10 acgcat at aaaatact ttgc 24 2 June 2006 15/15

q
<210> 11222 DescBipticAlas ONAr213P SWqgubhlsi Prjggoupnce <220> <223
Description of Artificial Sequence: primner-8 <2055 ©11 agtct gcagt tatcagccgg

ccttcttgaa 30
<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
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<2105 11
<211> 30
<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence: primer—8

<400> 11

agtctgcagt tatcagecgg ccttettgaa 30




