: WKYZe3e, R~661 T  V~1~911111s~~11 1 NOVEL FORVMATE DEHY RANT TO
HALOGEN COVPOUNDS AND PROCESS FOR PRODUCI NG THE SAME |11 |“||I||I||mnmlmﬂglsg*
PECHNI CAL FIELD 5 The present invention relates to a pol ypept o'o&j? t ol er ant

t o hal oket one conmpounds and havi ng formate dehydrogenase activity, a gene
coding for it, a process for producing a formate dehydrogenase with the aid
of a strain of m croor gani sm capabl e of pgroducing said pol ypeptide or a 10
transformant thereof, and a process for regenerating a coenzyne with good
ef ficiency which conprises permtting said enzyne to be present in an
enzynmati c r edICMEIOITORMEAIE QEHNWROSPNALE BACKEROINT CARR LOGENe TOMROUNDSTat e
dehydrogenase (enzyme no ] Sp i ataly

reaction giving rise to %%5%%8 %%% %%kanga Qﬁ%@?ﬁ?cg %e adeﬁmmmm"”wm,“m
di nucl eotide (hereinafter referred to as NADH) fr 20f on

oxi di zed ni cotine adeni ne di nucl ectddg(der etmald er ref erred to as I\Wﬂ)‘)
Format e dehydrogenase is a useful enzyne havr ng advantages that when it is
used for Scoenzyme Trey@r@santord nviend IRRDIdEt@rddm fePAIMRERE id8act i on, an

i nexpensi ve dOrdmdre: an el dibdddree dapbutes Znhdywidipted Sy bon di oxi de
which is not accunul ated in the system Furthernore, as an enzyne havi ng

smal | Km val Y FHRITHFhatas it NaD 2 1957 &PRME dd% 1t ecBRAdSP St
substrate caonesiidiaid wammmmdﬁddém fvirt 15 perod fd i mﬂ:ra)mrof
formate, thus;hein an i ndustri al Ily 0 en yre. For;gqgatde&é/ rogenase

i s known to xiSICTICHIYHeF™ giahiete ano Tis41% B ‘bacteria,
and t helli ke:rélitﬁcamzqme Wﬁmﬂwasambraetpmﬂeessbefmr ptﬂrqefnmlafa:lnw a

characteriz {%"IM% Y. I t ﬂg@g i pea
(Pi sum sati \%%Dn%é [ oc ﬁg/oéipf?%@légg J%ﬁ% &ﬁn#and t he enrrhz@{r]rler}sgoderr ved
f rom net hanotaid | $7 2y t'ye RERSSTHS | lma&ml%nm% RAWTHIQD (Eur. J.
Bi ochem , vodef2:ididlsyvdi®hp), Candida nethylica (Eur. J. Biochem vol. 152,
657, 1985) Candi da ¥hano| ica (FEMS Mcrobiol. Lett., vol.48, 139, 1987),
Kl oeckera sp. (Agric. Biol. Chem, vol.38, 111, 1974), Pichia pastoris
(Agric. 1Biol. Chem, vol.47, 2547, Bag&RouamdARTponyces met hanosil viensis
(JP- A60-241887) , ng .ot hers ve ese enz s i.nvari ably have sone
or ot her shortcomgﬂg%g?% gee om%ffe CF%TY(?%%GSQEH ea{bm tation, nanely | ow
speci fic actnwi {§C1l2arhe2 Km val aresed oymé ovlmitle aanblal\ms alrie ore zc e ow pH
range for ackiyidy. I0ereoalsn sl 6afeyeial 1 faZyaRsc i pldiante Dagi e | 11 ed
char a

from bacteri acterized but each has it ck in 1 ndustrial
appl i cati on. dfeacksabife, (hepeipaipes Hefeveed f o m PSR oRER™ sp. 101

(Eur. JooBI OﬁgﬁrﬁateVerd9cg%§§%ed1&7@&tﬁﬁ@ Fsengesvgasuexabetdeus (Eur. J.
av

H ochem , vol.83,.48 arat i veI y. spe C actr Vi ty but
ot o Unot abl o RACE HASbeB el oY Tad st anb | Sup) T i R st
Moraxel | a spa (defBacérzymot . haviig ld@vaisdes 191881: rJ}Pevi\-;BB Bﬂ%&&) fcsrl ow

in specific and h e . The enzyme
derived fron?ﬁé %%gcr%%?nﬁf%gloﬁJgp g%%€ﬁ7§%9% g?%% %?figgg Congr ess
of Japan Socreégtion, Bansthexpensive EwomethnoangW¢ ehﬁlﬂgeeche®1em¢y
Synopsi $=0f Egge&au agsBe£95en §§o§9a@ GRIGR eSS ndr 234 uhs1 4O¥AT Mhspeei fi c

activity and has a [ ow range for activity. Mreover, the enzyne derived
from Par acoce¥gtes: (quysnm%se)s s %4%@;@%%rw%rm ot A

further probkgm f§rﬁ15]@é &Hd'ﬂADhetHEQdelfiE?méeacﬂs @gteetw@pj/satop@\al nabl e
by reduci ng ha#ﬁ}é ne co g .are very useful ﬁ ?1 as_raw, gﬁterr al s
of such as pRIPRAEELE| ESRCRRbHAE SRSt RBCT GPRBPE HohyUFoUehasotPRoHEEof or o
reported aremioveasalyyofnactinyaéedthastbeipgesantadaétai aal pkesofiel
corrpoundjoso gg%mref added to an enzymatic reduction reaction systemfor a

hal oket one
Formate dehydrogenase is known to exist in higher

plants, methanol-utilizing yeasts, bacteria, 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)



conpound, none are able to regenerate the coenzyne. Thus, there is not
known a fornate dehydrogenase capabl e of regenerating the coenzyne with
good efficiency in the enzymatic reduction reaction system of a hal oketone
5 conmpound. Referring to formate dehydrogenases of the bacterial origin,
enzynmes which do not require NAD as the el ectron acceptor [ECL.2.2.1]),
such as those derived from Escherichia li (J. Biol. Chem, vol.250, 6693,
1975)., 10 d ostridi um pasteurianum (J. cteriol.,.vol. 159, 375, 1984),

Gl ostri di UghhRHIRE G EUTUeE 1Bl r o Bt 259111826, ,4988), etc. are
al so known but these cannot be util |zed f.or the pur pose of reg rating the

coenzyme NABECRESer MRG0 Gameidia POdG g Tof Bi&ct dri BEORREM™ 5 éf@geﬁaent
format e dehydr,ogenase gﬁmﬁ&dannidﬁiﬂ&fl@’mﬁm tthe Bjerkemderioved 56rom

Pseudonona p. (Bi ol . 1@99: 0 993)
Mycobact erl%t?% vélcj:ggée &%HI%Q‘J%I &% |ote IM\i%]rO%?bz{zl ]1:21/% 1995

JP- A- 10- 23898)- 48Pyr1@@ocdl9§7r{®1<l(omlwzaow eg@\m)lc HpgRd [ EhEBi-um sp. (JP
20 A-2000- 11%93@8 rqqqrtq@ﬂt) t e 9O JnW,e%s (@xfgrlepam%qm ehémfor

Bi osci ence, iln'g‘ ol ogy19 @d Agr o hem str E%, 5%27«%’ lof Paper %*f‘
Before the % g’r‘QSS 347 lﬂ?érfytf ad 55 GRS dF or mat e
dehydr ogena&de-2¢d8 7der mtenhgf fodmearsy. mMboweoreggnithmsel ehlzgngenasvariably
Thi obaci I | |t oWt ihat f (o] illus have
formate detﬁll%geogseolﬁn%slér}a\gtl \G/alr}f‘yshltg)?fcttqr%r“{l?l mttgp%eg &Ié%e:-r%tzyerrtgggol utions (J.
Bacteri ol . lnlislﬁtf-B@Q @PFAiCAtiem + mame livs Loy ﬁ@@@rltflé’natcﬁeva@ﬁ/uallarge
purificati g aad uesOlftr EdrafataN a3HA &Y, MRAnRT/ N at ke rebar aet eangat iroR
thereof, nor has. it been reported that a relevant gene was ever isolated.
SUMVARY OF 2fiiE VWENTI ON The present invention provides a formate 35
dehydr ogenase whi Titeress dY=e dreonsdverabourezymes iwhiett hafedbeadvant ages of

t he hithertg- f t 3 tivity,
| ow spect 1 RUbLPLS  BEOR 1 dERR s RET RS a i ded B RRER RSV SRS ' V! Y
t enper at ur eomddpwbm!gesnom@wlbtiﬂ yapxakmpaiaqurbw Epirrengepler tlee i on, but
5 al so has éﬂﬁ'&'ﬁéé'ééﬂ’vé@ef%mcﬁééé‘&&%héé'§;§ Suah @) gh b%‘éﬁéﬂce to

hal oket one conpounds 5$)rocess produci ng the sane. The i nvention
further proVPle29a 5?%0e%%7 ra‘F‘ég@‘ﬂ%‘l‘%‘?m?@aﬁ k%x%%ﬂlr?e W1<h dood

ef ficiency Byeshéem. eneyIB83 L 4@SUCLIOTE) reed | OngmmsitdvR 1 ypaighcul arly 10 in
the enzymat [ C_r ti ketone come nds ich,woul d inactivate the
conventi ona%ﬁ?%rfg% "g %tr%q%nas%ge \1m ‘%/l ew o]fn V‘%e abg\?g‘cgtg e%f the art,

the invent essabiliherprd&@ntenzrwmwtdmvmdd faome Mogngedéasgpeeldng for soil

mi cr oor gani §HECOAYLIY,  PIBY Fo Aehygs 00PHESE —tmLVdatm%%B%Wda ag0f Efsul L,

firstly isolated a strain of mcroorganismo ends Thi ob us which
i s capabl e 8Peelbbera¢thyl by fandeas d%h%‘?%éﬁ‘bﬁ%lfﬁg ifesnakee

properties ‘Pﬂeaeﬁk epaeewéaOflr&ﬁah hErﬁPcET}élE'ilﬁn %ﬂal(mpah Pi00009B980I, SM
the i nventors |s ted ﬁgéi rifi ed 0 formt.e detr}y enase and
tht?730 6’§e

further sucE‘é@‘a’e %‘E?B‘Flsfbfo PP I Qécdjgﬁﬁeand t he
expresm on Blothehgen@gyn @od t AqT et Dt v 1ES yriopd iie lofolPapers Readf ound

t hat the fog 8gedgﬂt;gdé%9§n@c§re eSéhe i f)ﬂtié)riovf toI %re%litf .t o hal oket one

conmpounds an capa ener’at?ng e"toenzyie jood effici ency
even in theaehzynhylcndemleta ohowysH eramge afmalacfktet‘urte' coMpnemﬂethe

present 1 nveRLi Ry hCAEL RIS FPofOBERLDSALILID, & PALPAALIIRghF! LaNt to

hal oket one conpountls an orrra enase activity
present |nv’eniﬁﬁﬁelKmfmllh%erEnE@rm‘dewth a pol ypepti de, Whl ch has the

follow ng physicoghgm@dr BSARSIAM EBs €pdt Afti QN tHeSipRdaliabsagecgenzyne, it
oxi di zes formates and. produces carbon dioxide 35 (2) Ml ecular weight: 9 x
104, approxhaloalcohols) obtainable by reducing haloketone compounds

are very useful compounds as raw materials of such as
pharmaceutical products, the formate dehydrogenases
heretofore reported are invariably inactivated in the
presence of a haloketone compound so that if added to an

enzymatic reduction reaction system for a haloketone



5 (3) Kmvalue for formate: 1.6 nM (4) Kmvalue for NAD: 0.048 nmM (5)
Tenperature range for action: 20C to 65C, optinmumtenperature 50C to 60C 5
(6) pHrange for action: 5.0 to 10.5, optimumpH 5.5 to 9.5 (7)
Tenperature range of stability: not over 50C (8) pH range of stability: 4.5
to 9.0 The above pol ypepti de according to the invention is 10 not only

hal oket one-tol erant but al so has high specific activity, small Km val ues
for formate and NAD, broad tenperature and pH ranges of stability, broad
tenperature and pH ranges for action, and characteristics suited for

i ndustrial appipaatd,omall dre aide I Teygreesdre tihw emtaroynies. f Fhtiber

concer ned Wil ROl YARPLETa (AGAA M(@lelod Dapde %P0l yhept | de

COprI’I Si ng an am no aci d sequence own un t he sequence
listing (b) rzaemeyrmetpmqjet%rqmrsam@ an i e g Tof isdlepieic el e Ochder i ved from
the am no acf, GRAUEN e AROWH NG SRR 14y N Of 4 heasgauence |isting by

substitution, i'nsertion, deletion and/or addition of one or several am no
aci ds an@ héﬁ@ﬁ??%ﬁﬂate dehydrogenase activity. The present invention is

further concerned pdfdy @i dPNAR Y ity dehydteyaaliaiess pot WIRPWdeerlika
present inventjon is further concerned with a L}Wgéthefollow (c) or

(d): (c) a DNATHhpristAT S %Jé%tcer%%e eSS 5 Ot the
sequence |i sat¢¢mo‘&ﬂ:(mcn.ﬂ%h]a)w ngnch beees et sepl edweel wed | f2eeh f rom a base

sequence shoul pofety SEQIP My 2 Blof Neauenss |3 at] Nedy, Suppdy tuti on,

i nsertion, on- amd/ oF ad ition of one or several’ bases and c¢ddi ng for
t he pol QpeptClj@.smaMdnlgnfMMIerMhWrb@er&@@tmwmva0335l5lﬂhe Present

i nvention Islwﬂheéwggffam mﬂn@a%&cuﬁ ey, té‘f‘oiméﬁé% ng &cfn) P9 (f):

(e)aDNAco resin ase sequence shown under QID NO:3 q
sequence | i s¥ o (¥98%) DI\?XtCF\a\ﬁIF‘I%; aal%s]én%‘@é]d%‘h‘éetlb%?? V%F“?‘?%rﬁ’% base

sequence shoydi Ungled 50 the D&ﬁ:@éet@ﬂ W@tim@ttm Eyersiyand iNAD ] on,
insertion, deleti %ﬁnd/ or

t.ion of one, or ver base d coding for
e pol ypept | de. bt F T oaie SRS dof | ATSET Th WiBsent
inventi am® i sdépehdent cﬁ@n&a&mddawdﬂr@gézea:@@bgmm b alsramls Eorntaat thé Ngtlsai d
obt ai ned by TTARST SVt Kot arhuk L AP ERBRsaan: Shi v ih LaratERBE ek
pl asm d. Biochem., 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 dehydrogenase
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
The present invention provides a formate

35 dehydrogenase which is free from the above-mentioned



The present invention is further concerned with a process for producing a
format e dehydrogenase, which conprises cultivating either a strain of

m croor gani sm capabl e of produci ng said pol ypeptide or said transformant to
let it elaborate and accunul ate said pol ypeptide in the resulting culture
medi um and harvesting the sanme. In a further aspect, the present invention
is concerned with a process for regeneratqng a coenzynme, which conprises
permtting either said pol ypeptide or a strain of m croorgani smcapabl e of
produci ng said polypeptide or a processed nmatter thereof to be present in
an enzynatiodi$ﬁmmnmtﬁge%amfitme§W$tmﬂmthRﬁbwmIf¢IﬁﬁﬁéFﬁéMYdmﬁgéﬂ&Ses,

| NVENTI N Thearé 25 Sfty | VAR O dd dotty fepe T e et @l ot e pol ypept | de

of the |nvent|on 1 s descri pepti de according
to the |nven3&@3€)%e|%mt‘6$blﬁ%ﬁ1tf®b wrwé@omdcwoum@r%dtﬁmemﬁm eand

dehydr Ogﬁnasyﬁﬁaﬁéﬂu}{éé}’ef Faif AET 1% £, aﬁ@%&@fd@%'ﬂ@n@é fdsu.e AOVEIH | But s a
polypeptlde format e deh%frq? g ct|V|tg characteri zed
by the f IIo #y st %ﬁ%ﬁ&% Wt gRaraqy %&??bﬁs i%??mf HY
coenzyne, i tt@keﬂmes t@rmm@lsetadsnde pc@dpmmdgaaﬂv@na dpmc@les (J2c)r Mbl ecul ar
weight: 9 x 109, appro Km,val.ue faqr. for , Knlvalue
For NAD: 0 CAEOSRA LT T ret i ur A T A (B0 KOS opt | mum
tenperat ure prof&ss of@f)c}:eé@e)n@rhtmmgetmarcaemzme Bbithtgodd. 5ffmniérmun pH:

5.5 to 10 9. évélz) JQS@E}S&]&HI? f@c@@@t%n%@@é{ s;??%eﬂ%’er%af&é@amrange

of stability pr esent |nven |on
dehydrod@nasbnabh¢v¢@?Y®¢t¥%er%@W9tm@m|@é h@lgh%bg@@ pympeands teiely the 15

increase in @@épabﬁﬁgstﬁeaééotw é@ﬁvéﬁtﬂanﬂ Offa)ﬂh@t@r@éll‘a'%&f& Heiof s NADH at
30C or 40Cin a 0.1 hosphate buffer (pH 7) containin mM sodi um

formate and 5 mM I\MD.V % @E%Iaal?o‘ﬁ%lﬁ‘f‘ﬂt%le‘?%r?ﬁ%a%?%n FRe pynyrptors

per meat i on Cthﬁnéogra@éwt ﬂhﬁeﬁbidﬁl@ﬁdf@m &Rt oMt Eve Ss@Begivg nEced by
measuring the ag |V|t%ﬂunder t he_above ond|% of activity a

WY Skttt HE SR E Lt yett gt R ST B e nad vl

val ue fdr5 NAEndls det ernesndt unflersthe aboletednsi stoasnodfactivity assay
(30C, sodium{ oL gBEGaRO0n 0 ML! §eAlE #R:SBREERE [ALLRDRT 1 NADpSp YT 4 £U-
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 compounds and capable
25 of regenerating the coenzyme with good efficiency even in
the enzymatic reduction system of a haloketone compound.

The present invention, therefore, is concerned with a
polypeptide tolerant to haloketone compounds and having
formate dehydrogenase activity.

30 The present invention is further concerned with a
polypeptide,

which has the following physicochemical properties.

(1) Action: Using NAD as coenzyme, it oxidizes formates
and produces carbon dioxide

35 (2) Molecular weight: 9 x 10*, approx.



The t.enperature for action and the pH for action are determ ned by
nmeasuring the activity while the tenperature or pHis varied under the
above conditions of activity assay. The tenperature stability is eval uated
by treating 30 the pol ypeptide at each tenperature for 10 m nutes and
measuring the residual activity. The pH stability is evaluated by treating
the pol ypeptide at 30C for 22 hours at eagh pH | evel and neasuring the
residual activity. The pol ypeptide of the invention is tolerant to 35

hal oket one conpounds. The term "tol erant to hal oketone 8 conpounds" as
used in this($pedinf ivedtiorfarediogrmatat: tlhes mesi dual activity after 5

m nut es’ incrp)at i wf1 & c:froLtdqu%zm@I“Mi on at 30C in the presence of 10

mM et hyl 4chl oroacet oacetate i s not less an 25~. The pol ypepti de of the
i nventi on cahdbe Teswpsinaddife aranmiec rfmor gartiisms: OPCngof 66H@L eoplehwatt ogenase

activity. Th@ér@ﬁﬁf&uf‘é B QY gappsnms for use as sources of the

pol ypepti_de é the 1 nvention, nethanol -utilizing bacteria and

f or mat e- Ot i |? | n@hdars £ Used W 1P ddrant AREIHRUPH 'al%-Hodgh t hi s
is not exclusi¥ye choices, mcroorgani sns bel onging to the genus

Thi obacillus,_for_instance, can be used. In particular, Thiobacillus sp.

are preferrel’ hnd SANTEHUE F&NGs adnedsid it s G avieF m%€Eerred. The
Thi obaci | | us{8p. pE\NKGEMe mehtstadd igtyavel .i5 el Lt rain of m croorgani sm

whi ch was isol ate i i of the present.invention
and has been depog?l{?é;gal\?\n&%% ﬁ%‘ﬁéﬁ%ﬁ%l&ﬁﬁﬁrﬁ et%ftn%%vﬁrh‘{:eerbtjlor{ﬂdﬁri al
Sci ence 1&nd ek henl vgyaleketere T onbérfat dmt Cehani sas Deposi speyifBentral 6,
1-1-1 H gashjet ffepkubagyd bargki n 1 t he
accession nurr%e% ofytERIII\l/I BP—%?YL#%% Eglgtgélrrg#%%i%iz? %%g’r aﬂé?g%élisti cs of
Thi obaci | | ustSPPERAKEERLERE LB hosnd D2 | @fv. S 1abibi phol begad) t@ereratura 0.6
gun dia. x hﬁdtpHZrQn@iéfsfﬁoﬁéé@tﬁc%l@j nan@eaﬁé%a@%ﬁz}ié@iéé:&%(it@@nfcs&gti le 4)
por ogenesi s;_Ron-sporul atin ies on broth agar plate: round,
smoot h ent | rlen%§aﬁéilW%b&%@i?nlﬁgfrb%s?n?i ght yellow (translucent) 2.
Cul tur allSchar act erTis¢ i wsedgnBr dven t o di € ufdiles r sespeadesd 2)1 41 tarut h

ik unchangseyPepEDdS! 8F 0BhE Ao FIB AL CTLPILES (B, Catalase: + 9 510

(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
20 derived from the amino acid sequence shown under SEQ ID
NO:1 of the sequence listing by substitution, insertion,
deletion and/or addition of one or several amino acids and
having formate dehydrogenase activity.
The present invention is further concerned with a DNA
25 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
30 (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.

35 The present invention is further concerned with a DNA



2) 3) 4) 5) 6) 7) 8 9) 10) 11) 12) 13) 14) 15)" 16) 17) 18) 19) 20) 21) 22)

35 23) Oxidase: + O/F test: Denitrification: + MRtest: + VP test:

.Hydrogen sul fide production: Utilization of citric acid Koser:

Christensen: Utilization of inorganic nitrogen sources NaN03: (NHQ ) 2S09
Starch hydrolysis: N trate reduction: Indole production: G ucose

acidification: Arginine dihydrol ase: Urease (i-gal actosidase: + Esculin

hydrol ysis: + Celatin hydrol ysis: Range for growth pH 3.0: 5.0: 8.0: +

Tenperature (C) 30: + 50: Biotin requi renent: + Anaerobic growh: +

Ut|I|zat|oggokhgukggﬁoggggoggg Sg?ntal sul fur: Sodiumthiosulfate: +

Et hanol oxi dati on: and gas productlon from car bohydrat es
in 0-F medi ubelad d?hg’agompra}r%mm@s ase Beguedese shows pnfdegcfEQeID- /

Mal t ose: -@bagtggs%he-S@qﬁ@hgbt9h5t155n03|toI -/ 10 Starch: -/D-xyl ose:
-/ D- mannose: -/D-ga actose: -/Sucrose’” -/ 15 Trehal ose: -/D- pannitol
+/ d ycerol : {f) DNA hav1ng a base sequence derived from a base

sequence shown under SEQ ID NO:3 of the sequence listing by
substitution, insertion, deletion and/or addition of one or
several bases and coding for the polypeptide having formate
dehydrogenase activity.

The present invention is further concerned with a
recombinant plasmid containing said DNA.

The present invention is further concerned with a
transformant obtained by 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 either a strain of
microorganism capable of producing said polypeptide or said
transformant to let it elaborate and accumulate said
polypeptide in the resulting culture medium and harvesting
the same.

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

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 described in the
first place. The polypeptide according to the invention is
tolerant to haloketone compounds and has formate
dehydrogenase activity.

Furthermore, the polypeptide of the invention is a
polypeptide having formate dehydrogenase activity which is



25) Substrate utilization G ucose: + 20 L-arabinose: D mannose: D -mannitol:
+ N-acetyl-D-glucosam ne: Maltose: 25 Potassium gluconate: + n-Capric
acid: Adipic acid: dl-Malic acid: Sodiumcitrate: 30 Phenyl acetae: As
the medium for cultivating a m croorgani smproduci ng the pol ypeptide of the
i nvention, an aqueous nedi um contai ni ng net hanol as a major carbon source
together with nitrogen sources and nutrients such as 35 inorganic salts is
used. Satisfactory results are obtai ned 11 in many cases when organic
trace nutrients such as vitamns and am no acids are added. As the nitrogen
sour ces, anmavEnan st izsd dguddus foinion g g e gesyi arleropeadtieaxt ract
peptones, corf) Sheen . 05 ing! fap oag Betizgile Ao Soklgi 100" Saph G SRl LS,
phosphat es, nesi um sal ts otassium sa sodiumsalts, calciumsalts,
iron salts, as'u?ﬂ%ancéiblc%‘?@&bﬁﬁ@rl@@m be used. Culture can be made
general Iy wi thi n%ﬁ@chqggemtl%% raggg b 2%%1;1%}400 preferably at 20C to
30C. The 10 cul tivatiaon e from’d to 9.0, and is preferably
from7.0%0 0. K@hgaéﬁﬁt§P§IfﬁF & fmy BY continuous or batch-wi se.

Regar di ng t hpd)separ atailoe dod NAD: floc;@t4|80m»1frorr1 the culture medium the
cells are ha’;é/ested for exanple by 15 centrlfugl ,ng _the_cul ture nmedium at
conpl etion of?ulMEMPETATY LG $PBFCedOTF G tdLRiplkl by teofP &t iREIMWR r ecover
a crude enzytempsatagurs: Sife pol ywoepti de of the |nvent|on can be obt ai ned
by purifying he n l.uti,o al g- o

chr omat o%r aphé %"JE%% a?lf)é)ge a% #%1 %o%&e%ptlltddg o] ﬁgﬁjfnm?)entl on may be a
native éRzyng: %ch|red froma m croorgani smas above or a reconbi nant
enzyne as prpguc i) h i hnRebegy. As the
native enzymswj tﬁ% rlétt Ijezﬁglgﬁ %fr%ct%@q%ééf %%QD k%%l%gfet he sequence
listing canb%nﬂliltléﬁ’&? OtF?eanentlon may al so be a
pol ypepti dﬁ Corrpr:jfn rt%m?-fblaé'@ém: alcmdars@lcmeb I ?thhéjeﬁdx\(ﬂiéc[dﬁﬂﬁcﬁ%gléﬁf}[d’gé aci d
sequence shown_under stitution, insertion el eti

and/ or addi tToh ¥ *t%n%gqfh%do%]e%?%ﬁ i Ho AT ALY AN TR &

dehydr ogénasinactase tin diheotlzan oo amcmjtl@aqmermmlitexmg/eﬂrdw tSubstitution,

i nsertion, dele L on, and/ i O Qne sever d can be
acquired by Rhe %%%HH%I gi“@®$| %%ﬁ;t§'§§ 6§e sglﬁagbpﬁﬂsPhggﬁr such
as the met hoeubfesi (i 71 2xcepeziting r@@%g@ﬁe‘s@@lumhfmt%aardds@b@ﬂlMMJ on,
insertion, deleti of,angH 0L g t\bé’l’brPE @é‘@eﬂﬁlﬁﬂlﬂﬁ| §r}3§1%§@ci ds. Specific

rel evant protocols are described 1 n Nuclelc Acid Res. 487 (1982),
Met hods i n ERSYRR bHRR 190er omRo g Ry . Fhendiy Vel G0t doaM@te IPhe ter m

" pol ypeptoi ded@’@é’hﬁgné@fwtxﬁeéjﬁhﬂﬂrﬁ@gﬂﬂ@sﬁc@ﬂrit@t\YndéYEatfﬁe adyowo! ypepti de
show ng at Ieasé 0% prgf eraply not |ess than 40% nore preferably not
| ess than 609%™ %?+?nﬁn9 et et by IS FRY f%%éLtﬁHﬂgéb@@doF’lﬂﬁ Cactivity

of the polypeptéert canpen séhgsedeumnt oomate di segaehed, shodnthmden 8EQ4 D
NO: 1 when depgr My d; UNGet e FREARNEIELNERL | DSy O 81 Vi dYs aSEaY-

activity assay (30°C, sodium formate 500 mM) while the
25 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

30 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

35 haloketone compounds. The term “tolerant to haloketone



Now, the DNA according to the invention is described. The DNA of the

i nvention nmay be any DNA that codes for a 15 pol ypeptide such as the one
descri bed above. It may for exanple be a DNA conprising the base sequence
shown under SEQ ID NO:2 or SEQ ID NO:3 of the sequence |isting.
Furthernore, it may be any DNA having a base sequence derived fromthe base
sequence shown under SEQ ID NO:2 or 20 SEQ I D NO: 3 by substitution,

i nsertion, deletion and/or addition of 8ne or several bases and codlng for
a polypeptrde havi ng formate dehydrogenase activity. The "base sequence
derived by §Hﬁﬁ£lt g i d o] one or
several bases neé#g gﬂbé&%%ge sggﬁgngkggé??Ségggﬁ ﬁe%ﬁgltu ?ogﬂ i nsertion,
del etion amﬂairdlmdratqtdnrlctw aftlera Snovibutes! basebakionanfba subdeit ut ed,

i nserted, Zg;]ed | e C I t hpse
skilled |ndeth rt as escr |CEbG’I{(9}aéf m tﬁ'g BP%%%\?%H&( ¥ ‘?Etﬁgl h&
Tanpakushi t@t teods Ppﬁoﬂ@ﬁﬁ thas| 868 -Aci d and Enzyne) PCR
Met hod for Cene ﬁm i1 AdeTHKARe §avemon2@5@r B278c4d990) Brodienty
A. Erlich &gﬁag translat i,nto Ja anese nder t he supervyi sion of

| kunoshi n RSRSESxge MM, aa@rlg(feg%)a SehYHFPAERASPeACFLYAEY - be a DNA
whi ch hybr ithessfovd h a8 mit3dodgandmps SorgukkeabaseusequeatetsBown: under

SEQ 110 ND: S 12 Ml Sy S0l N LLe9T 187 Hacpdpg Lo

pol ypepti d or ma ro enase acti vi

hybri di zes asd rf@rnm%-omﬂirlrzsmqg btah?et;eﬂ”llaasensbqwﬁee whbhnadvideta®EQ | D
. NO:2 or SEQyR NO% qg,emtotcmms@% cHBRas2 DNA which can be

acquired by t he col ony br| I zati on, aque hybridizafion, Southern

hybri di zat |wrmrqwama<@qlé&mn®50u§hﬁg genpRAThéabarilhgst hEobase

sequence Shﬁ’{%’taﬂﬁﬂ@r SERUDP WNEE. 0in3past fcRILPE THPoBRYi Pes 3 | lad in the
art may easil carnyﬁgg} S%Ng?h brrdrzatron procedures in, ac of dance with
t he protocd? i Lits @PonENEeSMR kgt espesidg g%rlng Har bor

Labor at ory pretsrrdd®39) to acquire the objectrve DNA. The DNA (formate
dehydr ogenase ge cordr o]} t he nti o gujre fromsaid
nrcroorganrsnrha@ﬁ%bqﬁgfﬁﬁ d%h ngggggggﬁgc Fggfgge? %ﬁ i?r@% DNA may
be ach|rexﬁtﬁﬂlnrﬂﬁnmkﬂﬁQQIQ&ﬂiﬂmﬂwhymhnyaﬁeﬂﬁeéatﬁﬁ @hé @bk%%ngﬂabh t he

am no aci d geaualeen@ird x %Hé‘%rte"sre'ﬂtmi%v‘éht%oﬁoﬁf{&t Radehyghogenase
purified fr8n1q%$0 train m Cr.oor gani sm avrngg or.nmat e gehydrogenase
t

activity is bt By netdonglgdastituteppht BiKaResdencer, for
i nst ance. Timﬂdﬁﬁkiﬁlrﬁﬂlehﬂﬁ @neﬁ'mytwﬂm&obqsE&teinthSnanlH@teﬁtd sequence

and the rrner d on the .basi s of th h honol ogy
25 anong th% %%%les% ncet'sa SOV orSGr’ratletleh%a ﬁas s‘dg'ﬁlg ‘are

synt hesi zedIbatvwhi , fJ&pﬁnr&§snﬁuﬂniyﬂl§no@ﬁ@anusdetothéoaqaeesdehydrogenase,
the chronpsongle PNEE | ﬂﬁxgﬁuf%#l'Th@ hﬁggp p@ioéiggfan be acquired by

| ysi ng and extractrng 0 cultured ce s mnt a su ctant, CTAB,

chl or of or m Chyereriat ke aff Ehichamildas ve - e XNKSEMAJapRAShewn ebelow.
precipitateq, fm@ypn@qg@gpyl al cohol, centrifuging the sane, and washi ng the
esulting DNA pelle !Ath eéhgnol e. g. Cu rent Protocols in Ml ecul ar

Bi ol ogy (G eére Eﬁﬁrr hi v 85 tar et b -ﬂ¥&erscrence)) 14
Part of the @) eGthmesgeir: Cadgdei edt ai ned by carryrng out PCR using this
chr onosomal I he above priners. Then, to acquire the

a,tenpl ate
full length o tﬁ@tbﬁrEervangﬁﬁg i?he chronmosomal DNA obt ai ned above is 5
di gest ed vwtrﬂ)suSpabbgenesiStcmmmﬁspmmgdntnngu:h as Hindlll and EcoR and

subj ected to gga S th f t is part
of the abovefgorggigngéﬁ rgggﬁégeég dingaggé'P%ﬁgggﬂa %?%%Q

Sout hern hw@&t%ﬁ&gulQW1¢anﬁxﬁ|ku$hnmu8andlgh§ PRALPwadheans lgcewhl ai ni ng
the format deQxﬂ&gg%ﬂa%gagggeeeggtggg cleaved by said restriction enzynes
wi thin the fornate dehydrogenase gene is detected on the gel. This DNA
fragnent is ridcoPEpPEl X%@%%@h@ubﬁmr%hdﬁ%ﬁﬁﬁﬂ¢Rﬁj\M th e.g. T4 DNA |igase and

using the resylt LRgmdbnONI RS @ndieimyade and synthetic DNA priners based on

t he
3. Physiological characteristics

1) Catalase: +



base. sequences corresponding to enzyne N-term nal and Cterm nal regions of
the partial formate dehydrogenase gene obtai ned by PCR as above and

di rected outwardly of said enzynme gene, PCR is carried out to construct DNA
fragments 20 coding for the further NNtermnal and C-termnal sides of the
partial gene already acquired with above prinmers. After sequencing of the
DNA fragnments, DNA priners are constructed based on the base sequences of

t he DNAs deduced to be present upstream of the DNA coding for the

N-term nus 25 and downstream of the DNA coding for the C-term nus of the
enzynme and the)DNfxiddseent+t hese sequences is anplified to acquire a DNA

f ragnent cont?ini@gFt@géEull-length format e dehydr ogenase gene. The

acqui red DNA ?agnent canh be confirned to contain the full length of the
obj ective 30 for nkerltehiiicagberaset gene by determ nation of nol ecul ar

wei ght and paiti ahr basgr sequence anal ysis. Then, the DNA fragnment

contai ning the formate dehydrogenase gene as obtai ned above can be
integratéd i nd a’Feked¥F:DNA with e.g. T4 DNA |igase to construct a 35
reconbi nant phasniigdréséndstDi sa®! gsodetime: DNA fragment 15 cont ai ni ng
the formate dghydrogfnase,gene inserted into the vector is sequenced to
confirmthe pPésefttlbFabheRsCEobt MGt o?Stfe N-terminal amino acid sequence
of the formate deludreagenrase. In addition, the site of translation 5
initiation is detQﬁﬂigﬁgi%Qgrugjng t he sequence down to the term nation
codon as an open readingr¥raﬁe, it is confirmed that this base sequence has
rel ativéPy hi §h hohbl bgyt ivwn hof henkngami ¢ onivbregeehyovogesase gene, the
encoded protein cq&ﬁgﬁponds to the nol ecul ar wei ght determ ned by 10

el ectrophoresis, etc., whereby the product is identified to be the

obj ective gene. BylNtham3®orm ng a host strain of microorganismw th the DNA
thus acquired@r atheepnhiAaBlyRiasm-d constructed by integrating this DNA
into a vector, a transformant can 15 be obtained. As the host and vector,
the host-vect’dr sid EﬁEed€§gPFgé8nFn'"Reconbinant DNA Experi ment ati on

CGui del i nés" (1edi t edddbyelptedbetenae Section, Research and Devel opnent

Bur eau of SCH%pceGﬁndogechgohgg Agency, Japan, as amended 20 March 22,
1996) can be U i | "z€G°Fof éxan%Fg, PRé host which can be used incl udes

m cr oor gani snigd )beRoggnnget dihgy@rofiaske fol | owi ng genera: Escherichia,
Pseudonnnas,]Ehavggg%gggiunl Bacillus, Serratia, Corynebacterium
Brevibacteriqu Agrobacterium Acetobacter, G uconobacter, 25

Lact obaci | | ust®)st Pegadastesddaghrd $treptomyces, ampng others. As the

vector, 2pl asnmids ardubhageyqaebiti/kesni grobial origin, inclusive of
derivatives ggﬁreof [ re_capabl e of autononous replication within

mhlcg are )

t hese hosts b&CeAbi Oy BT PRESESFt Tcul arly preferred host 30

m cr oor gani sm%)s Racker ifolti groaith and the suitable vector is one capabl e of
aut ononmous replication in this mcroorganism Anong such vectors are puUd 8,
puCl 9, pBR322, pACYC184, pSCl01, and pUCNT. Referring to said transformant,
t he reconbi nant 35 plasm P pFT001 constructed by integrating the above 16
acquiregsDNA into the pUC @ vector or the reconbi nant plasmd pFT002
constructed by integrating the same into pUCNT (WO 94/03613), can be used
to transform Escherichi & ¢bl it HB101 to give the trnasformant Escherichia
coli HB10O1l 5 (pFTOQ%g erd-ghi a coli HB101 (pFT002). The reconbi nant

pl asm d pFTO01l is s éﬁ%:gﬁ%%?gyfgand t he reconbi nant plasm d pFT002 is
shown in Fig.2. The abo trfansformants Escherichia coli HB101 (pFTO01) and
Escherichia coli HB101 (50T002) according to 10 the invention have been

deposi t w th,t he.Nat.ional . I. i tut,e of Advanced | ndustrial Science and
Technolggy In an§¥¥%%a g?é%%%ﬁbgdnﬁsnlDepositary, Central 6, 1-1-1

Hi gashi, Tsukbla, Anesrabic Jaeatthas tof July 19, 2001~under the accession
nunber of FERM BP£642 ,and 25 o sduldhrl Sorboua@@l under the accession
23 : ;

nunber of FERM BP-7673, respectively. For I'ncreasing the enzyne output, a
vector nodified toEheRenBapotehtustructural pronoter can be enpl oyed.

Sodium thiosulfate: +
35 23) Ethanol oxidation: +y



The reconbi nant DNA technol ogy used in the present 20 invention is
wel | -known in the art and has been described, inter alia, in Mlecular
Cloning 2nd Edition (Cold Spring Harbor Laboratory Press, 1989), Current
Protocols in Ml ecul ar Biology (G eene Publishing Associ ates and

Wl eylnterscience). 25 The process for producing a fornmate dehydrogenase
according to the invention is characterized in that a strain of

m croor gani sm capabl e of produci ng t he abovedescri bed pol ypeptide is
cultivated to let it elaborate and accunul ate said pol ypeptide in the

resul ting cul2dr eApedi and30aandrobHecpobypépbindeasbohyduntibat éd OsF

har vest ed. ar.oc : roduci ng a formate dehydrogenase according to
the inventi gﬁﬁ?@@hgarséalc%ga}@ed in that said transformant is cultivated to
let it el aborate drmBrEddiuradst e/a formate dehydrogenase in the resulting
cul ture 35 medi umpungh jdsdormat e dehydrogenase so accunul ated is 17
harvested. The praoduction of a formate dehydrogenase using the transfornmant
according to the iMVEMGAPCarr be carried out by cultivating the
transformant in aomedemedium The 5 nediumfor use to cultivate may be a
conmon nediun1conH§iqiqgsquI_p of carbon, source of nitrogen and nutrients
such as inorganic Y %Mp rior results are frequently obtai ned when
organi c trace nut rh-esupisuch: as/-vi tam ns and am no acids are further

formul ated. As the;J0 f@&ppn_ﬁpurcez carbohydrates such as glucose and
sucrose, organic acids such ds acetic and ot her aci ds, and al cohols can be
judicioddly used. Haxde: mi4Togen source, ammonium salts, aqueous ammoni a,
ammoni a gas, urea,pYepsisextract, peptones, corn steep i quor, etc. can be
utilized. As said 157 norganic salts, various phosphates, magnesium salts,
pot assi um sal ts, SEdMaRR*Es;/Talciumsalts, iron salts, sulfates, and
chlorides can be useghld{addss e cah be nmade within the tenperature range of
25C to 40C, although the range of 25C to 37Cis 20 particularly preferred.
The cultivation p @p?%hgéﬂTron14 to 8 and is preferably from5 to 7.5.
The cul tlér al proceBsemmlode: conti nuous or batch-w se. Where necessary, an
enzyne i nduction the nt fucnﬁas addi ti on of methanol, form c acid,

i sopropyl -1-thio-~I- géfabtoside (PTG, lactose, or the like nay be
carried out. Regerfel¥eéeml of-£fhe coenzyme can be achieved by pernitting

ei ther said ppdypeptdsde e dt3hi3lak i@ M croorgani sm capabl e of producing

t he pol ypeptide or_a processed matter thereof to be present in the
enzymatic 30 reductterPF®acti on system Thus, by permitting the formate
dehydr ogenase of theariwemdson o be present in an enzymatic reduction
reaction system the coenzyne_can be regenerated with good efficiency.
Particularly, the &8%%%%% tan be efficiently 35 regenerated in the
presence of this ebzyaeneveh: it the 18 enzymatic reduction systemof a
hal oket one conpoung.9k. f;ﬁiéﬁh¥@ggg-xgplﬂ i nactivate the conventiona
format e dehydr ogenase. r exanpl e, the enzymatic reduction reaction of a 5
hal oket one such asMat®9$e4-thl or oacet oacetate using the formate
dehydrogenase of thgthsyemhi @MuESRa€OENZYME regeneration can be carried out
as follows. This reactionp can, be carried out in water or a suitable organic
sol vent which is NArdfBrLoI 3B in water, 10 for exanple ethyl acetate,
butyl acetate, tolueneiccatddoform or n-hexane, or a biphasic system

consi sting of suchdgg%o% anj c, sol vent and an aqueous nedi um The reaction
can be achi eved by s gct%cé th™a solvent a substrate hal oketone, the
coenzynme NAD, and &odhenm aitibabat oket one reductase or a m croorgani sm
havi ng sygh reductﬁﬂgngftgééﬁgepr_a processed matter thereof, and either

t he pol ypeptide (i.e. hal oketone-tol erant formate dehydrogenase) of the

i nvention or a mi cheoFBanPedi eRphBT eCot LhyYELRY NG PhFEOPBIFHEPR i de or a

processed maptgHuUENBEEBhe 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



20 and stirring the m xture under judicious pH control with form c acid.
The hal oket one conpound is not particularly restricted provided that it can
be a substrate for the reductase and m croorganismto be used, thus

i ncluding 25 ethyl 4-chloroacetoacetate, ethyl 4-bronopacetoacetate, ethyl
4-i odoacet oacetate, nethyl 4-chloroacetoacetate, ethyl

2-chl oroacet oacetate, 2-chloro-1-(3pyridinyl)ethanone, 1, 1-dinethyl ethyl

[ (1S) - 3-chl oro- 2- oxol- ( phenyl net hyl ) propyl ] car banat e, 2-chl or oacet ophenone,
30 2, 3" -di chl oroacet ophenone, chl oroacet one,

1- (benzoyl oxiy) 18u arase® miwpammg@,nm¢mmlmrtcr13}rmajrmqh 2 VoG me,
among ot her sndhHEAR0 SDSIdAles ase achal ‘EESF%Heéoﬁ%Qs‘,is et hyl

4-chl or oacet oacet ate, mnet oroacet oacet ate

2- chl or oacetaFEE it Saﬂtls /3?%%%3@1“@%31[ (aﬂg)OIQ-&:m&ﬁro-@%oo-YPaStw
(phenyl ”Et h%)&tﬂ!&ﬁiﬁ" ]pﬁﬁftbﬁf@é e.cchn’ st ghliorpapet epheng Wthsed. As

1-(benzo ég 3- chl or 0- 2- propanone. As said reduct ase or m cr oor gani sm

capabl e CiNRF SR THA cﬂ@étt(ﬁ?e Phasphadsinn iMphte Hadh &1 1t ra RANFS S5 UMB101
(PNTSI ML) (FﬁiMﬁP-saﬂﬁajm madﬁ e @afl dirRAUE NG St htorf il 1arpacrilcRaRigt e to a
correspondi n for instance, can be errpl oyed. This reconbi nant E,
coli HB101 ( §Cr}c\§ﬂc)msdter 35 nal Iy deposited with the National

I nstitute of Advarmactdrrujlﬁmr kel nBeiee Emearad Tfechindliogythel -tenbel@ tdirgashi ,

Tsukuba, Ib rakl June 22_. 2001 an fer 0.t he Budapest
Treaty depog"l- F & g%'ﬂdl I-{OﬁO gOOQr\eAf?ﬁal?i% 3 c%éicing% :{Joﬁ’ger Bt FERM
BP- 80591Bei r@lld'sns\r@tﬂem AR may tiprisee dider st dbda HatO mirer dirs aiuediamedly

dehydrogenas@rff A &b M, @ci dndelbydi0genaseoc@ssAmhy MeCkeaitdanbss B%Vl ng

the corresponding activity or a processed rmatter thereof is used as th
reduct ase, T EEGThdi ng al dehyde or anine can be obtained as the

p[loduct As the E‘nme"ggnmam ajné:wﬁﬂm‘%rpr@dy@iuég%ﬂma%rp@mel Qtﬁiﬁglof

t he i nvention eaoemat|one t ransf qr nant Escheri chi a i

(PETO0L) or BELH dreat i i PR 1T i 5 e t e X AR D Yorml oyed.
The ter " prwﬁssaﬂlgmtg e:rhe acsu]Usuada hm‘d?.ll.[m,WI dth caiErenicm tef saildure

m cr oor gani C op i aration
and acetonesag%r g @%ratlon o?g{ ﬁg%@g%gﬁéatia&l t.%roIlZJncg)‘pé{a!toaer of such
cel | s. Furt HefGRR eenm@%escrﬂaytlbmus@@a potliveebdrideotdo ft rt@eenzw@t@pncel | s

i mobi i zed d4n the Qoryvaidd W'px{@iﬁf’sﬁfn THhee | i 'ériz%ﬁé’rb&ﬁ&l% EHJ ected

by vari ous tecgm ques 30 known to those skilled in the art (e.

crossl i nki ngS2bRT Tt K5 FPEFHH, CRFRTEREMPL Yt £9T Jﬂf}%t%ré%ﬁ:ti on is

carri ed20out at 10@H® ﬁ&l@pd})’tﬂl‘ﬁ abt WG dverfOGn andy e pHrhtiarelO,
preferably pHn 51t0 Cérugrssubstrate concentrat| orbof the charge is 35
0.1g to 900 TwW e b‘ﬁqlflrﬁae Tt YIR PP i B 2PV Untd nuously. The
reaction carnréxeowmareld en yibat - mrcscmmd domtthtmbusiryg e reszmibiorerdf t he
i nvention c conduected, by utilizing the i mobilized enzyme, a menbrane
reactor, and/o r ot er conttivances. 5 As described above, the nmethod of the

i nvention is such Ahdihe matHere enmmion frlé%dm]drpﬁnﬁl@]z‘%)mﬂ dnghedt EE#Q on

of et hybsd- chb ate: 8- MdEIQé(YMNé@é@ Bk thesal O seiades, al dehydes,
or the like, it pr i des, for JHLeIC%fjnt coenzyne, regeneration contrlbutlng

to a drastic 10 re tl?%]nY}?erPft et IR gy Anask \RE Genzyne.
BRI EF DESCRI 1 e 0¥ ddiEc kN SNy Fhg . dmi o %émtiemém efeyiteedrefr@d t he
nbi t FT00 t ai ni t he f f 15

[ﬁgol n{/gﬁ[‘l Oxﬁi%é‘sé‘i%ung 2904 contgining the [ofrpte dehydrogenase gene o

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

30 several amino acids and having formate dehydrogenase
activity.

The “amino acid sequence 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-



Fig.2 is a restriction enzyne map of the reconbi nant plasm d pFT002
contai ning the formate dehydrogenase gene of the invention. Fig.3 is a
graph for determning the Kmvalue for 20 fornate of the fornate

dehydr ogenase of the invention. Fig.4 is a graph for determ ning the Km
val ue for NAD of the formate dehydrogenase of the invention. Fig.5is a
graph for determ ning the tenperature rapge for action and optinmum
tenperature of the formate 25 dehydrogenase of the invention. Fig.6 is a
graph for determ ning the pH range for action and optinmum pH of the formate
dehydr ogenasmpafi fihe mubeegdnen. s Fitthrbugh asgrdphudori et ieymi nimgetthieon,

t enperat ure ahi 1.4 .. f.0 Y. hy | hvention.
Fig.8is a gdroéglp#J?ohA(;r éd{e(%l/egméncé.&glgg]t%% ngé;b%i %y o%ﬁlﬁgem]fﬁgfnéa({heﬂ[

dehydr ogenas¥estifie Fehasin o r BRI MODES FER @ARRd NG OV IHE IAQUENTI ON

35 The fol | qudg examdes i1daistraide Hdies PHESBM ymo Wlgy MVENT i 448 | 1 SaH)t her
detail. |t should, however, be understood that the invention is by no neans
restricted HRPIMERERSGEMHAT2S ESanpl e 1 Acquisition of the Thiobacillus

sp. KNK65MR strai nrhlder draf Madcl yiprdraRg enasin i e ted Uiy stddina s t he
i nvention, nanmely, Thiobacillus sp. KNKGSJ\QA vhas I sol a\é d astfo %ows. Soi |
sanpl es col | &t W FY¥ orfSRRT G JEOYRPRT 394 5P SERT A & rehectivel y
suspended i rnpxkefearsal y neot Ebeds ofhdhed Gupeandwed gt sf atdlsl matbtt nNlesszetldn t o
was i nocul at into. /7, of the ligud medium of .the osi ti,on shown in
Tabl e 1, whiéi ‘con %}%elrépfreeté%en% ragbgi I%c%)tsrjeirjecsasr b%rha%o%dr)%g,c’# ot}}feowed by

shake cdlot uractaiv3oC ahdere der bipep thdeli compisi s IbF atie daMndaroid g(NHI )

25095 9KH2P0éQqY&ém9e.2 QHP0M e r S0 IMYFOI0: 3,100 QO - 9GALH Zhgerd WAL
extract0.1 g25Yeast extractO.1 gPol ypeptone0O.1 gBi otin20 ugCal ci um

pant ot henat eZPeRFotrPRA bl s LRYBM FlokY Y 1S $FKi aci n400 ugp- ani nobenzoi ¢
aci d200 ugPyri doximgw hyieh & Cchvzrd ckeshldi g Rt & of i @ vi 2 U85 B dr ibed.

hydr ochl ori de400 22 Boric acjd500 ugCuS0940 1.100 ugFed 3200 ug5
TS06400_ uonEBREBNB 00T o IRRC LR ThaY S5 et CPReH RS br s ride p Lo 1
L wi th aét erpollPpeadi e estidlo pdH She shes | déezedibyd astbeoed aviltg maandorsed.
However, nethanol s ad after steriljization. Each culture | um

Shoui ng’ bact SPRSp1 &R BLCGEn ALetr SAERG FRE b0 Rilentt | iSSI
absor bance a$EQ5IBOEOnZn oThIEQelD sNODL3 ad fiethdyseguencé ubi sigings nml of the
above cul tur | S ' ion (0.1 M
phosphat e buﬁgﬁ?éﬁ% sggﬁgﬁ?gggn%?%%@A%%%é %E@%%%ﬁq@(@ﬁﬁ% pH 7)

and shake- cufetiteedafranctherbeoe hoedderes soPYR| WpderaRER ofD N@ie2 r@¥ct i on
m xture 220 wesgceptnotgaed smest ey BNt i 0Ee NADEh | Naéhetr seesn@f ant was

determ ned at ,340, nm The strain givi a_hi gh_quoti ent ¥hen t he NADH
out put was d?gghﬁﬂo yoge?Pec%ﬁcﬁﬁ ?5??8Raaa§ %%&e%?%ﬂn%s A strain having
hi gh fornatepdbhydpbgeeahavangiﬂbtmat&h&ehy&ru@eméséhectﬂﬁiﬂye nedi um 25 of
oS o o ot 1y aboosiEr S hGREe MErt el R LAk R el ont 2eopERAY:
obtain a crudelehigne sbfileroaddsttopepfiapmator several bases” means a
25 Dbase sequence derived by substitution, insertion, deletion
and/or addition of such a number of bases as can be
substituted, inserted, deleted and/or added by the
technology well known to those skilled in the art as
described in, iInter 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 Ikunoshin Kato: PCR Technology
(1990) .
35 Furthermore, it may be a DNA which hybridizes with a



The formate dehydrogenase activity of the crude 30 enzyne sol ution was
assayed by quantitating the increase in absorbance at 340 nmresulting from
production of NADH in 0.1 M phosphate buffer (pH 7) containing 500 mV
sodium formate and 5 nM NAD at 30C. Protein assays were carried out by the
met hod of 35 Bradford (Anal. Biochem, vol.72, 248, 1976) using BSA as 23
standard protein. The a-hal oketone tol eragce of the formate dehydrogenase
was eval uated by m xing 150 ul of the crude enzyne solution with 150 ul of
20 MM ethyl 4 5 chl oroacetoacetate, incubating the m xture at 30C for 5

m nut es, as$ANA rprfporirsitney detey drace rsspieactd \dHown mirtder sdige ItaNer? as
above, and i I I i.th. the pre-f.r ctivity.. Then, in
cases V\herec‘ﬁgalgdpgg)l f%qglrgcg%?v%ﬁf#n# ry'{:eco%ﬁlelc%luogg ggﬁmﬁ/n% C%lorf tflyoorn “was hi gh
and t he t ol eydiaeentdda AV iha famsdee tdedoatragevese el vitthe strain havi ng

formate dehydrogenase gl Wi d S iated Jiigmd ftﬁm%&&ﬂﬁé[‘?%f YRy the

nonocol ony method and the isolated strain of cells thus obtai wer e

ne
cul tivated tREF eRgEenre i enidtr SEQANOR i9F tHLQ sEd Grehigrdess
above and tf‘@chiQic}éﬂtorbd@ﬁ’ﬁitﬁﬂfﬂsm%bafrﬁH %mt%@mmgﬁlaé@qlﬁpﬁéd/iﬂ%h
protein concentration, .and hal oket one tol erance. .Then, a conparison o
specific acttﬁ}ﬁ tSP LR ﬁb}fwlozr?lé“to&}’er%‘?ccﬁmof %%%%z%“%ﬁﬂl on was
carried out Hyrishicdetstorg ro20id ciddd steatith impoorul gl ya THNRO baadd 4 ilssi rsp.
KNK65MVA XFE R7671) el ecl.e ' r I~ of  formte

dehydr ogenag\aﬂé\?\jq%g%isg%@gep%cel fgi%oq"argﬁfr\%li%g%ncg ﬁ?gﬁ&hzaléo&efogn%at reorbaen'ce. 25
Exanpl el2 | sutwatdmn sieid Jrd i i dad arofmahedsrinteadehyatogamdse A col ony
of Thi obaci I} W 88 NS {.at i ; dregli 14 he
conposition shown iZn Ta Ie'\éArZ andd%ﬁﬁ%er?cu tdu{kie%l%eeﬁjbﬂa b%at&%%%;for 2

days. The 3(eestikRethgledfelr@iiad Gandeh $nd Fdte- ofCald e pilammher
nedi um vol unesy&sa tt S1Of Ubad £, 119801108 el rd | ask & acpiadusid on nedi um

For 7 days, 35 Tabiee SUR L U SIS0 YA G L SO Ve

extract 3595 NafRiot PordOcdd 29 5oqBirSd 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 dehydrogenase
activity is determined by means of a gas-phase protein
sequencer, for instance. The DNA primer 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 for formate
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, centrifuging the same, and washing
the resulting DNA pellet with ethanol (e.g. Current
Protocols in Molecular Biology (Greene Publishing

35 Associates and Wiley-Interscience)).



The conposition was made up to 1 L with water, adjusted to pH 7, sterilized
by autocl aving, and used. However, nethanol was added after sterilization.
Tabl e 3 Methanol 20 g(NH9 ) 2S095 gKH2P090. 15 gK2HP094 . 8 5 gMWyS090.5

gNaCl 0.1 gCaC 20 . 1 gMeat extract0.1l gYeast extract0O.1 gPol ypeptone0O. 1

gBi ot i n20 ugCal ci um pant ot henat e2 ngFol i ¢ aci d2 ugl nositol 10 ngN aci n400
ugp- Am nobenzoi ¢ aci d200 ugPyri doxi ne hydgochl ori de400 ugRi bofl avi ne200
ugThi ami n hydrochl ori de400 ugBoric aci d500 ugCuS0940 ugKIl 100 ugFed 3200
ugvnS09400 ug Na2Mb09 ZnS09 25 200 ug 400 ug The conposition was nmade up
to 1 L wth water ,Pradjfustted dlo) qait i97e sjeare |dazebdolkasitiodddawyng, and used.

Ponever | TeSAN MRS, GCd: ALY Slq SUBT | beA 0on A 86 co 0 A

cul tivation, | s"were harve n ugation an susngge}ln ed in
0.1 M 10 phosphdike mbdee gpEnar®) dbenai iongcbuiiviedithiel diideilepigthDPT) and

EDTA. The Suspensipil e SN LAt AL Lo HbRd diitha 1 NeL & €2 Ak CaIE¥d fuged.

The supernatant was salted out wth 25 to 60~ saturation qof amoni um

sul fate and HEEPreLi i Harn b e drat el birr 48 at4Oh. 2Tt 4 bkt i on
and EDTA and 1 8e S0l i1 on e o Bl Yool St re L he Sane barter. Thene |
an an e sol ution was djalyzed again e .sanme buffer. en,
DEAF- 5ephar o9& (%?%dﬂ%?g% r\{\gh"g?lrébije%)p%’gtf e R bYr EpHE Was carri ed
out and aft edelipdrecodnade \gen sasthiegi méd oy heCBaae dubfave, eSaitiosrmas 20
carried out w.th. 0.1 M phosph butfer. (pH,6..5 t alni mM DTT and
EDTA. Acti vehﬁré&:%%%%lﬁrérlegp(g%ﬁg%he%n%ﬁt a??%rt%%dﬁéﬂio%%qrp%ngmni um sul fate
to 24~ 3&t ureenominbpyl tlee formatardeydyeepise codnemand TSKgel ePhedy |
Joyopear| 650, M4 s oduiet ol 95 olky CRLL0NALERNY AR £bufdon was carried out

25 on an ammonhi um sul fate gradi ent 24 to 0% saturation in 0.1 M
phosphat e budekYIYpFeRESs FME al hi ARLACHREDIT B TBYA After addition of

ammoni um sul f at e atnh g finral £ €REENE ol | B e Yt BRI BHd 1 aartdne active
fractions, the pellet obtained b cent{m%ti on was dissolved jn, 0.01 30 M

phosphat e bufYet1 {9 B15} Tont at hi WP 1 TASRESTA, tRol Towkat 1YY

di al ysi 4 5agapmatas he sempldté fend SNhefet he SDNA apyHnsrs tihes @ soth t ting
material was_applied to a_chromatographic_col um of E‘I:ue Se faro e.6 Fast
Flow (productatf PRAPHALFBsTOSHE BT LoF Y hES oo A v ELHEE WFTR 95 ¢ he
sanme buffer,tetninah negicasrofdtibetpant iaNathrygatei daliydrogénase (géné to 0
Min the sa wah ctiv cil9nNS 00| cept d wth
an ultrafil '??%??%é}gﬁe%rgﬂg %%:u%b{)) ?%r%?e;é:t a(?'@?/\gi glﬁ?‘gﬁﬁgggﬁﬁ éa%%:l&di alyzed
agai nst 0. 018V YRDsPRAGe BORfbF ERFFESS)OBbntai APAGEIVAH BYF BRgBeEE A

The resyld i ngodehgrtal vae appthed NotaraohdiManl & gephifalpsodestodl
Sei kagaku CO{: oratlgng1 for chrfmatggragh . After the col unm. Was washed with
2 M phosphatB€ bff &t 2t pfPBe 57 EBATE A ﬂélEeWbﬁ’ki’ aRAVECAIMET Biti on was
carried out mftérSfeqdbpbosphatfethaf bR (pélyiénbsp) D¥ANprimeng dreM DIT and
EDTA. The actiyecffacLhopssugr s, poplef and gnalyzed by SDS- pghyactylamide
el ECtI'OphOI’ESI S. a I’ESUF ) %e orna 8 ‘ae ydrogenase was detecC e. as a
si ngl e band, tatbespragend upethegh phrthg DNAt hedihdgsfipuorihé el-earyimus 15
25 and downstream of the DNA coding for the C-terminus of the
enzyme and the 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



Exanpl e 3 Properties of the enzyme The properties of the purified formate
dehydr ogenase obtained in Exanple 2 were studied as follows. 20 [Specific
activity] The activity of the formate dehydrogenase obtai ned was assayed by
guantitating the increase in absorbance at 340 nmresulting fromformation
of NADH in 0.1 M phosphate buffer (pH 7) containing 500 nM sodi um f ormat e
and 5 mM NAD 25 at 30C or 40C. In this cqmnection, the anount of the enzyne
yielding 1 unol of NADH in 1 mnute was defined as 1 unit. Protein assay
was performed by the method of Lowy using BSA as standard protein. The
speci fic actcontyininghehpufotimete f dehpd eodehyse ogenasenvast €d6intagthe

protein 30 ( r.13 / r ot ej 400C) [ Def ernnat i Ki ues]
The Km val uegg ocr)Pf %)%msa %B%ﬁge(ﬁm%&v%?%%ﬁg?egﬁ? de%%%glég\%gég%ﬂug%g%% Km
val ue for fofanttheal-tetreintheagmbyo 35chdasaquaegcehefathevioymateh t he

concentrati o i 27 it ri ; f%HEﬁ necific
activity assgiﬂ%gﬁgg%#gﬁg' é%%?&%%ﬁﬁéﬁﬂwfgg%gggﬁ%Ckﬂﬁba ueq¥§$ﬁﬁAD was

det erni ned by #wEh3hEPAgLEhECheTRIREY aRehushedcbheehtAaeRen BPWNAEP vERe ed
under the abe¥em$REEibhCcag8bhValYadssgynSreaadhyi epsmé 306 sodiuntisnaat e

500 . In Flg,3 and Fig.4, V represents the.reactjon velocity of . the
onoyme s 1 ebhatorRLS RadeosedntRRe TBRS Fel AR i EDE: hoPh RaRalofe Vakhr cept
gf tge ab;ciihg ﬁﬁ?WﬁSEOfﬁaté/ﬁﬁ?y&h@g&hh§?|q@né?rthééﬁﬂtedéd %ﬁugdéggomw
ig.3 to be 1, and that, for is fou romFig. 0 be
[Tgnperaturec?ﬁﬁagp?gasag?iBﬁeaﬂ898%$£%ﬁnV?éﬁggrg?gFﬁTlgﬁé %gnperature
range f dr0 acelentaoghopesiram etaoperaherebwetkei pvedticgaiedidéngibied wo

graph show ng_.1 he,. & L ye ivity at each tenperature level, with the
activity at %8c£B%i§85§gE%¥¥agg§%o. It should be understood that the pH was

kept constant at 7BYokranifermpedatuhest TheabnzghembErepeIanientvohlact ed
wel I within the prRAgJeEhAE 20GuiPec856r W LBcbhBiARhENHIML M1 HeABREaFUEEeQEI NY
50C to 60C. H,rgnge %or a éton and, o tlnun1pkg The EH ragge fot action
and opti muim B WBFEIFAGERE; BAL8ADNE 4REO| 8 HEGFSBh ShbRFAGOFE2REI Sefve 25
activitylst bacbbphlihedel, with the activity at pH 5.6 being taken as 100.
It should be understo that, the . te ratu s _kept constant _at 30C for
all pH | evels. Theﬁanggﬁegg?ttﬁﬁdi%ggﬁ?an£§grgas€éP?c fh?%sfﬁ%srange of
pH 5.0 to 10dBscwiibhdt he YBecombipbinbeDNg BxbPerdm@nbat3on| Tenpelanhasé
stability] T : erat ur e _s LLRLY LavestLi . sFkO | ph
constructed Egd%ﬁgpt%ggﬂﬁggigggkhg%t?é??zbgftggg%ggﬁﬁnatgsDZYFgg ng%? at
each tenper aBureapnof. ¥ciepresphdt EegBnplpoyr AgBRCY), JaPRA,t RE aBendpdy at

0C bei nd akgRrag b080%$199628can be utilized. For example, the host

which can be used includes microorganisms belonging to any
of the following genera: Escherichia, Pseudomonas,
Flavobacterium, Bacillus, Serratia, Corynebacterium,
Brevibacterium, Agrobacterium, Acetobacter, Gluconobacter,

25 Lactobacillus, Streptococcus, 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
is one capable of autonomous replication in this
microorganism. Among such vectors are pUC18, pUCl9, pBR322,
PACYC184, pSCl0l, and pUCNT.

Referring to said transformant, the recombinant
35 plasmid pFTO001l constructed by integrating the above-



The enzyne of the invention was stable at tenperatures not over 50C . [pH
stability] 5 The pH stability was investigated. Fig.8 is a graph
constructed by plotting residual activity after 22 hours' treatnent at 30C
with pH varied, with the activity at pH 7.5 being taken as 100. The enzyne
of the invention was conparatively stable within the range of pH 4.5 to
9.0. 10 [ Mol ecul ar wei ght determ nation] 1A determ ned by gel perneation
chromat ogr aphy, the nol ecul ar wei ght was approximately 9 x 10q (9 x 109 5
x 103) . 15 Exanple 4 Isolation of the formate dehydrogenase gene In the
first place,actielred| BNbbintnetheypétl 2ivactoy dhi thacretosbipankKNK65MA in
the sanme ma i y56d; t factant,
CTAB, 20 chi by ol by P obeony ~Snat FRatre i2f “LARS FEELAY £ SoPiRALTES
preC|pltatedpwg%ﬁtK@@p?@b936hﬁboh©anahd weedr L6 utjeens Toem DREcherachéd as a
pel l et was washedqid b eéhgnet tﬂegtfﬁaéberﬁgﬁenﬁeeﬂetlE%%a(EHtteﬁﬁlol

Protocols in Ml ecular Bio & eene | 1shing_Assocl ates and
W | ey- | ntter s¢PERERY ) . °¢0E§§h§€ﬁﬁbté Fﬁelo%?e@tl&EFTQQ%htetHEhydrogenase
geﬂed t he aanOGMBaﬂhﬂﬁ|paﬂgmﬂdaﬁFﬂOSEQUgﬂgﬁoQﬁ iherpylifard t@énateh

ehydr ogenas ed wit S: e prote guencer or the

i ke, and us?ﬁé@ E%ﬁ; ?S%%PH%F??ggihgrgﬁ?wghbﬂn ﬁﬁdgr SEQ I D NO: 4 of
t he sequence |i st i Tige 3dbese desagstarhasesl Bachbeiaboyecali ndBhHel d sequence
and the DNA P o] n E eguence
listing as dg%fTﬁg%pﬁégédﬁggﬁéﬁ%EQ%Quéﬁ%% %§£R§ ﬁ%ﬁ%b&?b a8é%%§fn hggbase
sequenced oftRﬁo%hveﬁthﬁﬂehdéﬁybeegeﬁaﬁesgéﬁészéhPCFEugahgoﬂhb

above- Obtaln@ﬂs§§tGBéOB?SR89£nQNé @ﬁd@s%?ﬂ&haééléﬁéecéﬁa'?QcHHéloE?ferrlng
29 to SEQ ID _NO: 4 and :5_of the sequence listing, nrep resents adeni ne,

guani ne, cth@FﬁénéFl?ﬂ§%1ﬁ%teﬁtr@59@§Eﬁ@sDEH@ﬁFHérBr %ﬁ%ﬁ?ﬁe and~y~1
gefresentsdcmgssne o'rsﬁhunhnetbé\sakme UepuhtaefoPCallpatg OQODDeuﬂ@é_lf?Cti Vﬁ
ormate de rogenase gene was obt to ac engt
of the objecgﬁve %ﬁ851? n Wgefoﬂg gﬁgﬁtanzgggh?Bﬂn§ % 6N£ i gment s
di gest ed Sy EaelreBdercthenaeqeyaeenSﬁuMbeKbaf FERMdBP+76TBal , BanHl, Pstl
and EcoRl wa§egbggtigg resed on agarose gel and Southern 10 hybrldlzatlon
was carried out” using fragments of the partial formate dehydrogenase
gene obtai ned by PR atnpresesngAthe eerzvine outpPwhs 2heepbor BoRibliedng t he

formate dehydporgpasg ﬁeeenthsebu&eﬁrget595ﬁgte9 EBﬁ Bésemeto§€9R| or
Hi ndl Il digestion that showed that_the formate 15 genase gene was

not cleaved by the P%s???%??b%a%FZQN% E%Cﬁ§%aoaﬁdu§ﬁ% he JpreFent

contai nia t havéathehei dehymegﬂaaﬁelgeanev\@stsarﬁtil hadf beenr e o¥ei¥eqf
t hese DNA fragnents,f.romth

izatio rforned. w h T4 DNA
| i gase and u%ﬁﬁsrtﬁel?ésbptﬁﬂgeﬁﬁﬁﬁﬁ hééanbrgﬂgaﬁgggboﬁcgg?lgr AN
di gest as a Henbbat babohatOkp BreaerslePBDneCusreﬁtlBeot4¢o$homn under SEQ
D N0: 6 and 33 401 oL NB: Seqyenee LAkl Banditaehadagubuasdly ohqtfe) gpzyme
gene were synt esi zed bas t ase sequencés corresponding to segnents
on the N terAhRarsahancel erminal sides, 25 respectively, of the enzyne of

the partisl fornat@héeﬁyeeegeneée ﬁeaeuebﬁalQe@OPMaEEFaeﬁyapeaenaeed
inverse PCR was carrie qui red was Q gnent cont ai ni ng

outward gene®SEGREHPY Btgbﬁs%3¥§85189 %ﬁeCBQFPFEFrQéﬁ Bt &Akg2
previously. Attenndefethnabrganmtm36aphblbase seqdanérgotheéhaBo A

f t 2), th di

to the base SBSsEABEC.BRATBRPE S Ba S Flibayanna: PEatelr onE BRAEER oAy
t he N—tern1nascumutheeenaydepehgmﬁpumder1SEchEDrNeu8tmhgthelquaemedlum
listing snd snaeE%é'thgﬁeﬁgé&ge Esghcﬁﬁu%§§EB'9%'35r§b§€e80”b'ned thereto

and a DNA pri ner e seggence corresponding to the
base sequence dedu&kf Péoﬁes§|§9§tédod@ﬁh§gréa shatpedeNAdEREDERAG t he

C-term nus shewBrHRdgr tSEHEDi NGBt 9bnt B spgvgReerhi8hi 1Y BAdtasaid
restriction enzxne ECORl restriction site conbi ned
sformant is cultivated to let it elaborate and
accumulate a formate dehydrogenase in the resulting culture

35 nmedium and the formate dehydrogenase so accumulated is



5 thereto, the DNA between these flanking regions was anplified by PCR to
give a DNA fragnent (SEQ ID NO:2 of the sequence listing) cotaining the
full length of the formate dehydrogenase gene. Based on determ nation of
nol ecul ar wei ght and anal ysis of partial base sequence of the DNA 10
fragnent thus obtained, the fragnent was confirmed to contain the ful

|l ength (SEQ ID NO: 3 of the sequence |isting) of the formate dehydrogenase
gene. Exanple 5 Construction of a reconbinant plasmd 15 containing the
format e dehydrogenase gene and anal ysis of the gene The DNA fragnent
contai ning therveshede dehydrogenase gene as acquired in Exanple 4 was

cleaved with restrdi t fg¥h i T4 4 | gase,
conbined 20 to the vec%%%%?dgﬁuid 9 c %gé\zgjeﬁrﬁomé%an%&n t!n}%aeg to
construct a FeRbFbPHaMt preGed ¢l pFToD 1tkent By e kiR hean obera%rﬁ@éd%@enase

gene as repriggeatBi Pyting fEst £ &hs PArBZY "Bn "RPcoinéh Gnediuh N Fing |1,
"FDH gene" rggresen s the formate deh droggnase gene of the invention. 25

Usi ng the plBSH Y pETH0MSEhtR GihtdYebke By PRee fCaghemt™¢EiMRed by Pstl
and EcoRl sitestabn by asoetcé no Exeapben 4 s@sravad §zede fogedased sequence. As

aresult, t e bases ding for.the termnal_am,no acid
sequence de?ﬁ?ﬁ#ﬁéﬁgﬁﬁ%ﬁé?hggph?$$g%%g?o?%%E%'d cﬁ%ﬁﬁﬁuﬁﬁ? €
confirmed. |fireddentby, obbainednsheniongami¢iataocn suteiemss asecon dangly
determ ned apd: tsing 17§ %ﬁﬂH&”&E'QQV‘Q é%%?ﬁaéf@%ﬂﬁ&ié’@e&?d% gGheh open
reading frame, 1t was confirned that thi s base Sequence was honol ogous with
t he know? f ofafPen depyEeegepateoyedratbes shelh 2hedprotes nand speoeleel

thereby corrgspands L8ibsbesuBhesy! abeWeiobtid oBledeleidt NeShBYalconols
el ectrophoresi s.. The base sequence of the thus-obtai ned DNA fragnent

cont ai ni ng t RREFREI IPEhGLAUSEY t heeor it &R MR SO WS (MO under
SEQ ID NO: 2 shlthe sequensecahnsShifng, atienbasgaspquessy péasheeopeacd,
readi ng frang ig shgmm under SEQ‘iD NO: 3 oé t he seguence lis%in , and(%he
ami no aci d sBGUERLEES HeGUERAS P thE BhseC58quehRePt st EhonAcdnddt® B9 b
NO: 1 of ltthhe sequegasicl| $sltag. vExhops epbofohstesct nagnes iamr ezbodj nant

pl asm d for fj X i0 h ma d as n Lng the
primers (Priﬁ%gg§%QE§i%%$?§ %%§§%g gﬁggééqég%gggMo ?g?%édfﬁggc%a |%ing
Ndel and Pstsuiéstesctpb@d chiesidestaenNoeensedal and C-termnal regions,

respectively, of thg1fer&vten debyHsQgeRasr: Qerge OPLALOL b Fe 1&%@"6& e 4,
the sequences of which are shown under SEQ I D NO: 10 and NO: 11, the DNA

i nt er nedi at e2BHerebet Ween akdsong ithicedapgePpeR 28°ackRi 2¢°G HeS open readi ng
frame DA frpgrebtushoin padeer SEQ. | IHND: G 10f i ddtel seqireneey | taaidanErohi s
DNA fragment I e ither ,.ction 20_enzypes el d, Pstl and,
usi ng a DNA ﬁrgésg,ggéng?ﬁ%%ef%ggééyvéﬁ %rgngsﬁfg?ptﬁﬁﬁ'?@%&%ﬁﬁ' 3613)

cl eaved wit hprheesansagnignesntbngonst pucbabchewdsabi nant pl asni d pFT002
designed so that t r QB dr oge e ! b e a

hi gher |evel as coﬁﬁgég mn?ﬁg§€¥boﬁgagﬁggmgegﬁgggg?%% E§g%ﬁ%§$§$€$?%tion
enzyne nap i ASFREIRLipR efghethappl, gépsmicepeédent soPHePYbr kntleio—p-D-

dehydrOgﬁﬁaséagﬁﬂﬁogidéh?IP@%ﬁPtlQEtoEé?”BketKeC@ﬂﬁérHS g8 Bhrfied out.
transformant "using_a 30 reconbl nant DNA contalnlng %he or mat e

dehydr ogenase geneRFRERFERLHBRn@ht PP aSHPELYRETERT BRIEFET®NS dBY ai ned in
Exanpl e 5 angeExanpliag6eiveherr espacpovgpypadaexed a sbraonpetent cells of

madi m shownt Re36cant atactBBEe bR bRa%e P aer B3R TBERER ot P2 E0
HB101 32 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 with good
efficiency. Particularly, the coenzyme can be efficiently

35 regenerated in the presence of this enzyme even in the



(pFTO01) or Escherichia coli HB101 (pFT002) having the reconbi nant DNA
containing the formate dehydrogenase gene as a colony. 5 Table 4 Tryptone
10 g Yeast extract 5 g NaCl 10 g Agar 15 g 10 Anpicillin 100 ng The
conposition was made up to 1 L with deionized water, adjusted to pH 7, and
sterilized by autoclaving. However, anpicillin was added after
sterilization. 15 The transformant col onygobt ai ned was i nocul ated into 10
m of the liquid nmedium shown in Table 5 and shake cul tured aerobically at
37C for 20 hours. 20 Table 5 Tryptone 16 g Yeast extract 10 g NaC 5 g
Anpi ci | 1in 1902 bhc Thedeekposi $Y ohemast nadea Lipke borle Lconpouniei oni el

wat er, adj usxeﬂet@hp&hmo@m ShEEt1vZ€d BYe AULRCLAVI NFa1 HOYEYLE. anpicillin

was added af Wﬁterl lization. 30 The cells were harvested by centrifuging
the resul tin e]% ¥RY@"%%8i um suspended in 0.1 M phosphate buffer (pH 7),

di srupted by soni ces# Oékaragnpb Ceﬁﬁé'ér\*ﬁﬁﬁ’aﬁﬂc r@é@l’@tf&“ré’@éﬁi’&d dnspl ubl es
portion of this

and give 2 t sformant ag fo ution.

enzyme sol ut FOMCEBTIRE FHRR P R %/%31 n@h%?r‘ia‘ﬁﬁg%ﬂ?%ﬁ'f‘%r%%%g(’b}#7 in0.1
M 33 phospﬁarreabelfdehydr@géﬂasré of ﬂhé MWl@mdf&Z&@ﬂxzﬁﬁeO 1M
phosphat e buflecn (pht #dn 20th Lhe ClAPAL, ! 8, APSOTpaNES a1 340 nm was

i nvestigated a I'NCreases in a sor‘%ahce due to production
of NADH wer e obserTieds J-S‘EEFCFf@ﬁQ:IatCMig hédacapoied touhsimrwates drad f or mat e

dehydr ogenasgy aeih vé t yr ﬁﬁapé@weﬂrﬁ'mfféﬂnfstﬂéfa §oP£D$F§ e d QL IBL £

dehydr ogenase 10 The to er ance of IS enz to various
hal oket offes 2% ?’ﬁ%‘é@%‘? Rty a%CGF’éﬂ%wstth eebabe nakelwskderi chia col i

HB101 (pFTO0Z)1bByiseEmtbe M@%F%‘k9&“@11!;19&@9&8%?%&{?@&259&% ahped in

Exanple 7 was inoculated jnto é he |iquid medi um shown in 15 Table
5 sterilizat @4t n?a SHHFMC Rk T’n aIP‘Fla%IR a%ﬁ‘\%lo‘éﬁafk%db‘ﬂmt ur®¥® aer obical | y
at 37C for 20ehoticsn dJdae hsesa.ld:hié‘lge@%j‘zwﬁ@dﬁegllt@ﬂ@éhC@nédShf'éhg@Cht0

harvest the i en_suspended i hos hat e buffer (pH
6.5), disru %&élég asonklg%hél oﬁorg%ndt%%n ?l?uﬁ%%n’\tug])’zoa? el - derived

i nsol ubllés abq@l@ke/*‘eolaetr@@mbammr F@Hnemcycmegamismllmawmg\ $theh same manner,
the recombi nagduEecherdchi & el dx tE @119110&@ £082ka LXDE CRRLAGO E N i H der] Ved

fromthe KNK607 strain (WD O was al so cu tlvate to acquire a 25
t ransf or rrante‘FBFP’én’%]Wrep%%YEﬁPWe F(JIF t erpdkeke tamelt Bal Porlt nf¢ryaieC

32195) was idekpdpb@shassp dH0twE pﬁvéﬁ@wf@%ﬂnad@ﬁ@fwﬂgawsﬁ%&é (pH
6.0, however%lgand hakecu) t ur ed ﬁ)}arobl g:%%l(%/_ﬁat 28C for hours to

similarly gi 2GS R BRICEFSTRS ThFERT cEI9X9 ke
extract 20t husngr spar ethqeishadoedt eae huedet hfudacious Rl oket eHESwStOW | n
Table 6 at 2p g%/lgogg%@trati on (however, 2 mMfor 1, 1-dinethyl ethyl

[ (1S) - 3-chl oro-2- 0x0 henyl met hyl ) propyl ] car bamat e and 10 mM for

1- (benzoyl oxy) - 3- C'HPQ)rI'Q)aED ket or@)pdund Fatiot Imofidullaniy after the

mxture was pbéemeetd® stanfied 8954 it can be a substrate for the
reductase and microorganism to be used, thus including

25 ethyl 4-chloroacetoacetate, ethyl 4-bromoacetoacetate,
ethyl 4-iodoacetoacetate, methyl 4-chloroacetoacetate,
ethyl 2-chloroacetoacetate, 2-chloro-1-(3-
pyridinyl)ethanone, 1,1l-dimethylethyl [(1S)-3-chloro-2-oxo-

- (phenylmethyl)propyllcarbamate, 2-chloroacetophenone,

30 2,3’ -dichloroacetophenone, chloroacetone, 1-(benzoyloxy)-3-
chloro-2-propanone, and l-chloro-3-hydroxy-2-propanone,
among others. The preferred substrates are a-haloketones
such as ethyl 4-chloroacetoacetate, methyl 4-
chloroacetoacetate, ethyl 2-chloroacetoacetate, 1,1-

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



34 for 5 hours (however, 28.5 hours in the case of 2chl oroacet ophenone),
the residual FDH activity was determ ned. The FDH activity was assayed by
the net hod described in Exanple 7. 5 As shown in Table 6, the enzyne of the
i nvention was confirned to be highly tolerant to various hal oketone
conpounds as conpared wth other FDHs. The residual FDH activity was
expressed in the percent residual activitgyg after treatnent, wth the
activity of each untreated cell 10 free extract being taken as 100. 15 20
25 30 35 35 10 15 20 25 30 Table 6 ~ ~-.Residual FDH acti~lty

(% Hal okst ongeheny bfi¢ iyl Axeopyl-DFarbanater~a2 r 3ot dii ol @roaecefophencne, 4~

chl or ~oacet ogeet ff @rdith o §148y) 1314 1370-2-propanone.
As sald reductase or microorganism capable of
reducing a haloketone, the recombinant Escherichia coli
5 HB10l1 (pNTS1Ml) (FERM BP-8059) capable of reducing ethyl 4-
chloroacetoacetate to a corresponding alcohol, for instance,
can be employed. This recombinant E. coli HB10l (pNTSI1M1)
strain was originally deposited with the National Institute
of Advanced Industrial Science and Technology, 1-1-1
10 Higashi, Tsukuba, Ibaraki, Japan as of June 22, 2001 and
transferred to the Budapest Treaty depositry as of May 27,
2002 with the accession number of FERM BP-8059 beingl
assigned. It is to be understood that when an aldehyde
dehydrogenase or an amino acid dehydrogenase, or a
15 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 HB10l (pFTO00l) or Escherichia
coli HB10l1l (pFTO002), 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 ground matter of such
cells. Furthermore, these may be used in the form of the
enzyme or cells immobilized in the conventional manner.
The immobilization can be effected by various techniques
30 known to those skilled in the art (e.g. 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 supplied



| 3r CuLyl . (Et hyl qg-br., onpacekoacetate "~" 1Ethyl 4-iodoacetoacetatel2. 10,
uwJ. of' ~~ ~~"~Methyl |~d~ ~ 13. 1 14.

974- chl or ~oacet oacetatac. ~c~crrtEthyl 1 Q 0~ 25. ~2-chl oroacetoacetate..ofil
~01 ~1 ~(3 py dl nyl)ethanone' ~.01. 1-Di net hyl et hyl L(1
S7-3-chl aro- 2- oxo-1-1a(~, ~$1. i~;11. ~BooHN
~~Sphenyl net hyl ) propyl ] carbamatel C 10, D2¢ ' 10 ~?hl or oacet ophenone. . c~
A~ P D chl o r~oaceto phe no
ne..a~ci Chl oroacet onel01 O~a~oyl oxy)-3- nl100. 71. fi~. 5Q chloro -prn pa no
ne~1-p hl o reorBityekdky- gThel reagdd-opr g@andee carried out batch-wise

or continuously. The reaction of the invention can be
conducted by utilizing the immobilized enzyme, a membrane
reactor, and/or other contrivances.

5 As described above, the method of the invention is
such that in the reduction reaction for enzymatic
production of ethyl 4-chloro-3-hydroxybutyrate and other
alcohols, amines, aldehydes, or the like, it provides for
efficient coenzyme regeneration contributing to a drastic

10 reduction in the level of use of an expensive coenzyme.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig.l is a restriction enzyme map of the recombinant

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 temperature
range for action and optimum temperature of the formate

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 i1s 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 OUT THE INVENTION
35 The following examples illustrate the present



Exanpl e 9 Process for regenerating a coenzyne by permtting an FDH
gene-integrated reconbi nant Escherichia coli to be present in the enzymatic
reducti on system of 35 ethyl 4-chl oroacetoacetate 36 Escherichia coli
HB101 (pFTO002) expressing the KNK65MA-derived FDH as acquired in Exanple 7
and Escherichia coli HB101 (pFA002) expressing KNK607-derived FDH (WO

02/ 46427) were respectively inoculated ipto 60 mM 5 of the liquid nedium
shown in Table 5 sterilized in a 500 mM Sakaguchi flask and shake-cul tured
at 37C for 9 hours. The resulting culture medi umwas inoculated into 100 m
of the |i quiihvwasien shovkuythemablatsi st edit] ishethlidn aove¥erl, Bakaguchi
flask in si =~ = CUu ; h pun

resulting cu tﬁg&&ﬁﬁmﬁiméﬁﬁaﬁ yf%(%n%g}é S%?ale}% g%%lsrdlca'{l%j by

soni cated t o-RfSR LFAMDHEENzyne solution. On the other hand, for use as the
reduct ase enzyne for reducing a 4-hal oacetoacetate, the reconbi nant

Escherichia coli HB101 (pNTSI ML) (FERM BP-8059) 15 was i noculated into 100
m of the neKamRSholn ACIRER 1L o of ifhe Ihiebac ity sisosa MARASAIR | ask,

i)

shake- cul t ureglrain 37C for 23 hours, and concentrated 10-fold and the cells
wer e disrupted. Tq,,6 of .the, gboye 5-fold.concentrate of_ the F zyme
sol ution were addgr&%%mrﬁteofdeg?% ’i?pqeerba% %PR%%M%“%’ %} (;et?"%lAm,
1 g of sodi umventrbde, @arke By gTlofokddy! 1ds chd orKICEIMMC etad el sd Jd t edves by
addi tion of 44,y 0N t 0 .0f I .ate to
make a tot alé% éémm %fovl\"r't %at%ﬁg'%%r-l él’:/i%gcet(r:ecﬁﬁ}cﬂ ggrégué?#%‘ﬁgpr%%?lﬁ%ﬂ aqueous
formc &8 d botations wake reeereohl vaby 25 spended butl «2% 390 frr. 3E8dhour s

with stirrings Phéesusorpieined Sbtdifeliepstitfe dhe1faRes i DoMdtEL was
extracted with butyl acetate and the extract was anal yzed. In the system

where the coEhEyne MasCF ebefel bEetd edivri 9f nghe HeoeRs Helo® eI
KNK6SMA accorgibng 1p whecBOcoiveiié@Mme€hiydl 4a€hd 0501 8- byt Ox ydaliyeat € was
formed at a conversion rate of 100. On the other hand, in the system

Wi 112 ng thEO FBRVERr Py et KBnrkNKEDT, 26t FY1C ARSifTorSEai i GRFRyOR% vas
fornmed &dt5 a conversion rate of 26~. The quantitation of ethyl

4- chl or o- 3- hyglggéyputyrate 35 was carried out by gas chromatography. Thus,
usi ng a gl ass 7 colum (ID3 mx 1 m packed with PEG 20M Chronosorb
WAW DMCS 100MeBaned nesh (product of G $ci%nces Inc.), chromatography was
carried out agglh5@E, The detection was made py FID. 5 | NDUSTRI AL

APPLI CABI LI TY. The present invention provides a formate dehydrogenase having
hi gh speci f i BHeRQ vi ty, small Km val ues f & ¥odmte and NAD, broad

t enper atagr e RyHP@H ranges 10 of stability,4 @oad tenperature and pH ranges
for action, 1g}nglohi gh tol erance to hal oketgp?, t hus being suited for

i ndustrial uS& ~The invention further provi® ed a DNA cont ai ni ng the gene
codi ng for tKeCabove enzyne, a reconbi nant0.DNA constructed using a vector,
and a 15 tra@ﬂ;gzr mant obt ai ned by using thj.sl?asrri d. The invention further
provi des an efficient process for producing sald enzyne which is
meritorious ¥AAthastraGel properties, and & lprbcess for regenerating a
coenzynesn t heggedegtthetency which conpriges permtting said enzyne to be

present int e120 e%xmati c reduction system of a hal oket one or ot her
conmpound. 8- ¥PAPNRE 0.1 49

Biotin 20 ng
Calcium pantothenate 2 mg
Folic acid 2 ug
30 Inositol 10 mg
Niacin 400 nug
p-aminobenzoic acid 200 ng
Pyridoxine hydrochloride 400 ug
Riboflavin 200 ug

35 Thiamin hydrochloride 400 ng



1. A-polypeptide tolerant to hal oketone conpounds and having formate
dehydrogenase activity. 5 2. A polypeptide, which has the follow ng

physi cochem cal properties. (1) Action: Using NAD as coenzyne, it oxidizes
format es and produces carbon dioxide 10 (2) Ml ecular weight: 9 x 109,
approx. (3) Kmvalue for formate: 1.6 mM (4) Kmvalue for NAD: 0.048 nM (5)
Tenperature range for action: 20C to 65Cyoopti mum tenperature : 50C to 60C
15 (6) pH range for action: 5.0 to 10.5, optimumpH 5.5 to 9.5 (7)
Tenperature range of stability: not over 50C (8) pH range of stability: 4.5
to 9.0 20 3.Borpolapeptide of the fol lowi AGO(apy or (b): (a) a pol ypeptide
conpri si ng qﬂﬁﬁglno aci d sequence shown queggSEQ ID NO 1 of the sequence
l'isting (b) polypeptlde conpri sing an am aci d sequence derived from

t he am no aéKH sequence shown under SEQ | B995uR0: 1 of the sequence listing
by substitutfg&m, i nsertion, deletion and/gpoagdition of one or several

am no aci_ds and havi ng fornate dehydrogenase activity. 4. The pol ypeptide
according t3m3%% m 2 or 3, 30 which is tof&PaNg to hal oketone conmpounds. 5.
The polypeptmgﬁkﬁgcording to any one of Chaiompgl to 4, which is derived
froma nlcrqéa ni sm bel onging to 35 the gﬁﬁus Thi obaci I | us. 39 6. The
pol ypepti de ding to Cdaimb5, wherein i croorgani smis Thiobacillus
sp. KNK65MA ( FERM BP—7 671 ) . 5 7. A DNA codlng for the pol ypeptide

according to any 0 i tihe
(d): 10 (c) a DNAOI((:% a(rklx?gy:% érgsmpfljoast’slgclsden Sﬂeanég\e“%%é u%der %é%vgkg%t@zr ‘of the
sequencé 0 i sa@dhgs el ‘@0 DA $1av$¢@rbii)m ke qebeel afeiiyednd omsed base

sequence ShQM@w@@QEr mehd b Ny 2s of gddie seiengee1i piig by, substitution,
i nsertion, del etion and/or addition of one or

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
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. Biochem., vol.72, 248, 1976) using BSA as



15 several bases and coding for the polypeptide having formate
dehydrogenase activity. 9. A DNA of the followng (e) or (f): (e) a DNA
conprising a base sequence shown under SEQ ID 20 NO: 3 of the sequence
listing (f) a DNA having a base sequence derived froma base sequence shown
under SEQ I D NO: 3 of the sequence listing by substitution, insertion,

del etion and/or addition of one or severahk bases and coding for the

pol ypepti de having formate 25 dehydrogenase activity. 10. A reconbi nant

pl asm d contai ning the DNA according to any one of Clains 7 to 9. 30 11.
The reconbi rarndalras mrebtadeor ding to G aim 10, wherein a vector is pUd B,
pud 9, pBR322, pAGYG184, I -RYCNI 2. T r i-nant plasmd
according to Claigﬁ%bgopa§§§%%%n% E% whigﬁ%igfpg$ﬁo%§g%§F%The r econbi nant

pl asmi d accoldiveyagerass mar0 eoralptesl Wi ¥ inp Rl ™ the gisieor nant
obt ai ned by dfARS TG ch RASth M= QO gami st tdirhe 4-econbi nant pl asm d
according to any one of Clainms 10 to 13. 10 15. The transformant according
to d ai nP14,chimcaige tarcaicee miloyodradddis s Keitekied ¥ rdhCakdng >

rr: cr ogr gani mmﬁignﬁmﬁmq gﬁbrfncdﬂ@vumcgzmb rid s ESadtEniiohy an Resudononas,
Fl avobacteriu Bacillus, 1 erratia, rynebacteri.u revi.hact.eri um
Agr obact er i Lﬁﬁ%%étéa[rgbearctdesr @ ‘{ﬁfor?dﬁgcqoé? ,e‘yli_JabeO %i]ﬁr%}%l §H’tgbct31e

) coccus and
St r ept onycepre-@redmmdnrtarsdtarneng . according to C aim 14, 20 wherein the

host m croorgani smyi s Escherichia.caoli .. .17. T s rvr{qlrgt rding to
Claim 14, wherei nr’?thr?gl’hgigl[ ecrrﬁsce:yoglrhé%rﬁ Stl%jel sSplfrs%gh%rc?(%ﬁtg col’ o%itglf 25 18.

The traAdf orewire sycayTeld rep tuk Cimiwaslhighi and | Bhesthleetanta tolgthyl

ggl%ggﬁooﬂ—ér@\éaﬁ’c@@ig&e@étéﬁﬁwﬂﬂﬂ,a 90l T sHBLO (pfHA02) £ S ki
) dehydrogenase activity was isolated from the culturelmedium

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



30 19. A process for producing a formate dehydrogenase, which conprises
cultivating a strain of m croorgani sm capabl e of producing the pol ypeptide
according to any one of Clainms 1 to 6 to let it elaborate and accumul ate
sai d pol ypeptide in the resulting culture nmedium and harvesting 35 the
sane. 41 20. The process according to Caim 19, wherein the strain of
m cr oor gani sm bel ongs to the genus Thiobag |llus. 5 21. The process
according to Claim 20, wherein the strain of m croorgani smbelongs to the
genus Thi obacillus sp. KNK65MA (FERM BP-7671). 10 22. A process for
produci ng a Methaneldehydrogana®eg which conprises cultivating the
transfornantGQ?E%Eg?ng to any ppe,of Cainms 14 to 18 to let it elaborate
and accunul ate“the formate dehfdr%genase in the resulting culture nmedium
and harvesti A§YPRensane 15 23109 process for regenerating a coenzyme,
whi ch conpri gesspeeRtthi-Rg eithey the polypeptide according to any one of
Clains 1 to 6 or a strain of mcroorgani sm capable of producing said
pol ypept ide HPCQ 20 processed Pefter thereof to be present in an enzynmatic
reduction reaction system 24. The process according to Caim 23, wherein
t he enzymatic redughion reaction is the 25 enZﬁnaﬁif reduction reaction of
ofBi h§ to

a hal oket one conpouid. “98PCThe! PP ol@Es™agt & Yatehherein the
hal oket one cenpuoshnddi soapHa7haktkefibheedobpoandocBBving, and used.

PR TR o e PO G A E Y L A e g AL L LY S B

y 10

Table 3
Methanol 20 g
(NHg) 2S04 549
KH,PO, 0.15 g
15 K;HPO, 4.85 g
MgSOy 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 ng
Calcium pantothenate 2 mg
Folic acid 2 ug
.25 Inositol 10 mg
Niacin 400 ug
p-Aminobenzoic acid 200 ug
Pyridoxine hydrochloride 400 ug
Riboflavine 200 ug
30 Thiamin hydrochloride 400 ng
Boric acid 500 pg
CuS0q 40 ng
KI 100 ng
FeCl; 200 ug

35 MnSOq 400 ug
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followed by dialysis against the same buffer. After this
dialysis, the resulting material was applied to a
chromatographic column of Blue Sepharose 6 Fast Flow
(product of Pharmacia) and after the column was washed with

35 the same buffer, elution was carried out on a NaCl gradient
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of 0.5 M to 0 M in the same buffer. The active fractions

were pooled, concentrated with an ultrafiltration membrane
(cut-off molecular weight 10,000), and dialyzed against
0.01 M phosphate buffer (pH 6.5) containing 1 mM DTT and

5 EDTA. The resulting material was applied to a column of
Gigapite (product of Seikagaku Corporation) for
chromatography. After the column was washed with 2 mM
phosphate buffer (pH 6.5) containing 1 mM DTT and EDTA,
elution was carried out with 50 mM phosphate buffer (pH

10 6.5) containing 1 mM DTT and EDTA. The active fractions
were pooled and analyzed by SDS-polyacrylamide
electrophoresis. As a result, the formate dehydrogenase
was detected as a single band, attesting to the high purity
of the thus-purified enzyme.

15

Example 3 Properties of the enzyme

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

20 [Specific activity]
The activity of the formate dehydrogenase obtained

was assayed by quantitating the increase in absorbance at
340 nm resulting from formation of NADH in 0.1 M phosphate
buffer (pH 7) containing 500 mM sodium formate and 5 mM NAD

25 at 30°C or 40°C. In this connection, the amount of the
enzyme yielding 1 pmol of NADH in 1 minute was defined as 1
unit. Protein assay was performed by the method of Lowry
using BSA as standard protein. The specific activity of
the purified formate dehydrogenase was 7.6 p/mg protein

30 (30°C) or 13.3 p/mg protein (40°C).

[Determination of Km wvalues]
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
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a intercept of the abscissa represents -1/Km. The Km value

for formate is found from Fig.3 to be 1.6 mM and that for

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

[Temperature range for action and optimum temperaturg]
The temperature range for action and optimum

temperature were investigated. Fig.5 is a graph showing

15 the relative activity at each temperature level, with the
activity at 30°C being taken as 100%. It should be
understood that the pH was kept constant at 7 for all
temperatures. The enzyme of the invention acted well
within the range of 20°C to 65°C, with the optimum

20 temperature being 50°C to 60°C.

[pPH 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 Dbuffer (pH 7), with the activity at 0°C being taken as 100%.
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7.5 being taken as 100%. The enzyme of the invention was
comparatively stable within the range of pH 4.5 to 9.0.

10
[Molecular weight determination]
As determined by gel permeation chromatography, the
molecular weight was approximately 9 x 10* (9 x 10* £+ 5 x
10%).
15

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 Molecular Biology
(Greene Publishing Associates and Wiley-Interscience)). To

25 acquire the objective formate dehydrogenase gene, the
amino-terminal amino acid sequence of the purified 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-obtained

35 chromosomal DNA as a template was carried out. Referring
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represents adenine, guanine, cytosine or thymine, r
represents adenine or guanine, and y represents cytosine or
thymine. As the result of PCR, part of the objective

5 formate dehydrogenase gene was obtained. Then, to acquire
the full length of the objective gene, the previously
obtained-chromosomal DNA fragments digested by the
restriction enzymes SacI, Xbal, HindIII, ClaI, BamHI, PstI
and EcoRI was electrophoresed on agarose gel and Southern

10 hybridization was carried out using DNA fragments of the
partial formate dehydrogenase gene obtained by PCR as
probes. As a result, it was the band containing the
formate dehydrogenase gene 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-
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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
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(gequences obtained by combining NdeI and PstI restrlctlon

sites to the N-terminal and C-terminal regions,

respectively, of the formate dehydrogenase gene obtained in

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

This DNA fragment was cleaved with restriction

20 enzymes NdeI and Pstl and, using a DNA ligase, combined to
the vector plasmid pUCNT (WO 94/03613) cleaved with the
same enzymes to construct a recombinant plasmid pFTO002
designed so that the formate dehydrogenase gene might be
expressed at a higher level as compared with pFT001l as

25 represented by the restriction enzyme map in Fig.2. In

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 pFT001l and pFT002 obtained
in Example 5 and Example 6 were respectively admixed with
competent cells of Escherichia coli HB10l for
transformation and then plated on the agar medium shown in
35 Table 4 to obtain the transformant Escherichia coli HB10l




109K & ()-9'9 109K & ()-9' 109X & ()-9'')?|!

& ()-9' 109X & ()-9' 109K & ()-9' 109K & ()-9' 109 & ()-9' 109
& ()-9' 34zZ>* 10% 109K & ()-9' 1 109K & ()-9' 109 & ()-9' 109X & ()-9'

& ()-9')?|14:; <=>D}aA* 10% 109 & ()-9' 109X & ()-9')?|!

& ()-9' 109 & ()-9' DW bghkU9* 10% 109 & ()-9')?|! 10%X & ()-9'

10

15

20

25

30

35

32

(pFT001l) or Escherichia coli HB101 (pFTO002) having the
recombinant DNA containing the formate dehydrogenase gene

as a colony.

Table 4

Tryptone 10 g
Yeast extract 5g¢g
NaCl 10 g
Agar 15 ¢g
Ampicillin 100 mg

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.

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.

Table 5

Tryptone 16 g
Yeast extract 10 g
NaCl 5g
Ampicillin 100 mg

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.

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
was mixed with 1.5 ml of 1 M sodium formate (pH 7 in 0.1 M

109 & ()-9'IL* 10% 1 109K

109X

109 & ()-9' 109
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phosphate buffer), 0.15 ml of 0.1 M NAD, and 1.25 ml of 0.1
M phosphate buffer (pH 7) and the change in absorbance at
340 nm was investigated at 30°C. As a result, increases in
absorbance due to production of NADH were observed,

5 indicating that both transformants had formate
dehydrogenase activity.

Example 8 Haloketone tolerance of the formate
dehydrogenase

10 The tolerance of this enzyme and other FDHs to
various haloketones was investigated as follows. The
recombinant Escherichia coli HB10l (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 0.1 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 (pFA002) 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 6.0, 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,l-dimethylethyl
[(1S)-3-chloro-2-oxo-1- (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
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for 5 hours (however, 28.5 hours in the case of 2-

chloroacetophenone), the residual FDH activity was

determined. The FDH activity was assayed by the method
described in Example 7.
As shown in Table 6, the enzyme of the invention was
confirmed to be highly tolerant to various haloketone
compounds as compared with other FDHs. The residual FDH
activity was expressed in the percent residual activity
after treatment, with the activity of each untreated cell-

free extract being taken as 100%.
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Table 6
\ Residual FDH activity (%)
~—_ [WKeowa [kgeoy |CRndide
: Halokatone ~—— - g boidinii
e 1Ethy ﬂ i ,
a A0k {4~ chioroacetoacetate 100. 7 20.1 14.3
@ Ethyl ,
B M covtit| 4-promoacetoacetate 24.1 0.0 0.0
o Ethyl
10 LA w00k | 4-iodoacetoacstate 12.1 0.0 0.0
1 Methyl
& A coone 4-chloroacetoacetate 100.0 13.1 14.9
)
coort | Ethyl
& 2=chlornacetoacetate 100.0 2.5 5.4
N 2-Chlom-1-
| @ | @-pyridinyDethanone 9.1 6.1 1.6
Ay |,
-3-chloro-2-oxo-1- ] 3 It
BooHN ~a | (phenylmethy Dpropyl] 100.0 8L.6 313
o carbamate
20 O\(\ -
u @ | Chloroacstophenone 100.7)  100.0 29.4
[&]
2,3- " "
ﬁ\re Dichloroacstophenane 97.9 27.0 .4
4]
Cl
25 \(‘J(\ Chloroacetone 100.0 46, 2 38.2
0
o~ | 1—<{Benzoyloxy)-3- 100. 7 1.6 4.5
0 chloro—2~-propanone
HO o} - —e
YO |jSbroesshox| gy g 4T
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
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Escherichia coli HB10l (pFT002) expressing the
KNK65MA~derived FDH as acquired in Example 7 and
Escherichia coli HB10l (pFA002) expressing KNK607-derived
FDH (WO 02/46427) were respectively inoculated into 60 ml
of the liquid medium shown in Table 5 sterilized in a 500
ml Sakaguchi flask and shake-cultured at 37°C for 9 hours.
The resulting culture medium was inoculated into 100 ml of
the liquid medium shown in Table 5 sterilized in a 500 ml
Sakaguchi flask in size of 1% and shake-cultured at 37°C
for 46 hours. The resulting culture medium was
centrifugally concentrated 5-fold and sonicated to give an
FDH enzyme solution. On the other hand, for use as the
reductase enzyme for reducing a 4-haloacetoacetate, the
recombinant Escherichia coli HB10l1l (pNTS1M1l) (FERM BP-8059)
was inoculated into 100 ml of the medium shown in Table 5
sterilized in a 500 ml Sakaguchi flask, shake-cultured at
37°C for 23 hours, and concentrated 10-fold and the cells
were disrupted. To 6 ml of the above 5-fold concentrate of
the FDH enzyme solution were added 9.25 ml of disrupted
HB101 (pNTS1M1l), 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 aqueous formic acid solution, the reaction was
carried out at 30°C for 3.5 hours with stirring. After
completion of the reaction, the reaction mixture was
extracted with butyl acetate and the extract was analyzed.
In the system where the coenzyme was regenerated by
utilizing the FDH derived from KNK65MA according to the
invention, ethyl 4-chloro-3-hydroxybutyrate was formed at a
conversion rate of 100%. On the other hand, in the system
utilizing the FDH derived from KNK607, ethyl 4-chloro-3-
hydroxybutyrate was formed at a conversion rate of 26%.

The quantitation of ethyl 4-chloro-3-hydroxybutyrate

was carried out by gas chromatography. Thus, using a glass
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column (ID 3 mm x 1 m) packed with PEG-20M Chromosorb WAW
DMCS 10%, 80/100 mesh (product of GL Sciences Inc.),

chromatography was carried out at 150°C. The detection was
made by FID.

INDUSTRIAL APPLICABILITY
The present invention provides a formate
dehydrogenase 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 being suited for
industrial use. The invention further provides a DNA
containing the gene coding for the above enzyme, a |
recombinant DNA constructed using a vector, and a
15 transformant obtained by using this plasmid. The invention
further provides an efficient process for producing said
enzyme which is meritorious and has novel properties, and a
process for regenerating a coenzyme with good efficiency
which comprises permitting said enzyme to be present in the

20 enzymatic reduction system of a haloketone or other
compound.
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CLAIMS

1. A polypeptide tolerant to haloketone compounds and
having formate dehydrogenase activity.

2. A polypeptide,
which has the following physicochemical properties.
(1) Action: Using NAD as coenzyme, it oxidizes formates
and produces carbon dioxide
10 (2) Molecular weight: 9 x 10!, approx.
(3) Km value for formate: 1.6 mM
(4) Km value for NAD: 0.048 mM
(5) Temperature range for action: 20°C to 65°C, optiﬁum
temperature: 50°C to 60°C
15 (6) pH range for action: 5.0 to 10.5, optimum pH: 5.5 to
9.5

(7) Temperature range of stability: not over 50°C
(8) pH range of stability: 4.5 to 9.0

20 3. A polypeptide of the following (a) or (b):
{a) a polypeptide comprising an amino acid sedquence
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
25 NO:1 of the sequence listing by substitution, insertion,
deletion and/or addition of one or several amino acids and
having formate dehydrogenase activity.

4, The polypeptide according to Claim 2 or 3,
30 which is tolerant to haloketone compounds.

5. The polypeptide according to any one of Claims 1
to 4,
which is derived from a microorganism belonging to
35 the genus Thiobacillus.
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7. A DNA coding for the polypeptide according to any
one of Claims 1 to 6.

8. A DNA of the following (c) or (d):
10 (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
15 several bases and coding for the polypeptide having formate
dehydrogenase activity.

9., A DNA of the following (e) or (f):
(e) a DNA comprising a base sequence shown under SEQ ID
20 NO:3 of the sequence listing
(f) a DNA having a base sequence derived from a base
sequence shown under SEQ ID NO:3 of the sequence listing by
substitution, insertion, deletion and/or addition of one or
several bases and coding for the polypeptide having formate
25 dehydrogenase activity.

10. A recombinant plasmid containing the DNA
according to any one of Claims 7 to 9.

30 11. The recombinant plasmid according to Claim 10,
wherein a vector is pUC1l8, pUCl9, pBR322, pACYCl84,
pSC101 or pUCNT.

12. The recombinant plasmid according to Claim 10 or
35 11,
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herein the host microorganism 1s selected from among

microorganisms belonging to the following dgenera:
Escherichia, Pseudomonas, Flavobacterium, Bacillus,

15 Serratia, Corynebacterium, Brevibacterium, Agrobacterium,
Acetobacter, Gluconobacter, Lactobacillus, Streptococcus
and Streptomyces.

16. The transformant according to Claim 14,

20 wherein the host microorganism is Escherichia coli.

17. The transformant according to Claim 14,

wherein the host microorganism is Escherichia coli

HB101.
25
18. The transformant according to Claim 14,
which is Escherichia coli HB10Ol (pFTO0l1) (FERM BP-
7672) or Escherichia coli HB10l (pFT002) (FERM BP-7673).
30 19. A process for producing a formate dehydrogenase,

which comprises cultivating a strain of microorganism
capable of producing the polypeptide according to any one
of Claims 1 to 6 to let it elaborate and accumulate said
polypeptide in the resulting culture medium and harvesting
35 the same.
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20. The process according to Claim 19,
wherein the strain of microorganism belongs to the
genus Thiobacillus.

21. The process according to Claim 20,
wherein the strain of microorganism belongs to the
genus Thiobacillus sp. KNK65MA (FERM BP-7671).

22. A process for producing a formate dehydroganase,
which comprises cultivating the transformant

according to any one of Claims 14 to 18 to let it elaborate

and accumulate the formate dehydrogenase in the resuiting
culture medium and harvesting the same.

23. A process for regenerating a coenzyme,

which comprises permitting either the polypeptide
according to any one of Claims 1 to 6 or a strain of
microorganism capable of producing said polypeptide or a
processed matter thereof to be present in an enzymatic
reduction reaction system.

24, The process according to Claim 23,
wherein the enzymatic reduction reaction is the

enzymatic reduction reaction of a haloketone compound.

25. The process according to Claim 24,

wherein the haloketone compound is an o-haloketone
compound.,



