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Thepresentinventionalsorelates1x>anovelenzymewhich

‘can be used in the production method mentioned above, a DNA

15 coding for said enzyme, a recombinant vector having said DNA,
and a transformant having said recombinant DNA. _

The invention further relates to a method of producing

an optically active polycycllc pyrldlneethanol derivative by

causing the above novel enzyme or the above transformant to act

20 on an optically inactive polycyclic pyridineethanol
derivative.

BACKGROUND ART
Optically active pyridineethanol derivatives are
25 compounds useful as starting materials and intermediates of the
synthesis of medicinals, agrochemicals and.the like, which are
required to be optically active. |
As for the production of an optically active monocyclic
pyridineethanol derivative, a method is known which comprises
30 converting an acetylpyridine to the simplest optically active
pyridineethanol derivative, namely hydroxyethylpyridine,
using baker's yeast or like microorganisms (Japanese Kokai
Publication Sho-61-22791), for instance.
~ As for the production of an optically active pdlycyclic
35 pyridineethanol derivative, some methods are known: the method
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acetyl pyridine derivative and S .convertin to an , optically actlve
pyri di neet hanol ? t%‘aﬁr vé 5‘5’& i d5f KReW ﬁ’g"gﬂ'é’é‘ FEPREF &S R 6h of
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thereby obtain (8)-7-chloro-5-(1-hydroxyethyl)-3-
15 methylfuro[2,3 clpyridine (Journal of Organic Chemistry, 63,
7851 (1998)). Since, however, the expensive reducing agent is
used in large amounts, it is difficult to put the method into

practical use.

20 DISCLOSURE OF THE INVENTION
As a result of intensive investigations made by the
present inventors to develop an efficient method of producing
an optically active polycyclic'pyridineethanol derivative,
they discovered an enzyme source which has not been reported
25 as yet but which is capable of stereoselectively reducing an
acetylpyridine derivative and thus converting it to an
optically active pyridineethanol derivative and this finding
has now led to completion of the present invention.
Thus, the present invention is concerned with a method
30 of producing an optically active pyridineethanol derivative
represented by the general formula [2]:



R3~N OH - Wherein Rl and R2 are bound to each other to forma 5- to
8- nenbered 'nDnocycllc heterocycle contalnlng at- | east. one .hetero atom:

& : may: Optlonally have a - rert 3
het er oty resultlng fromthe condensasi on of such nmonocyeél i
“with another ring, which polycyclic heterocycle may optlonalty hat
. substituent(s), 10 R3 and R4 are the sane or different and each rep
a hydrogen atom Ra hal ogen atom a hydroxyl group, -an al kyl “group
i contai ni ng to 12 cargon atons, which may optionally have a ‘
osubstituent%z > afkoxy group containing 1 to 12 carbon atons, which
may optionally ave fja substltuehﬁds) 15 and * indicates that the
¢ asterisked an asymretric one, which nethod conprises
stereosel ectivel y redufing an acetyl pyridine derivative represented by the
general formula [1]: &% R2/ R4 ~1 RI N[1] O 20 wherein Rl, R2, R3
and R4 are as defined above, by causing an enzyne or enzyme source capable
of asymretrically reducing the sane to act thereon. In a preferred node of

% embodi ment ,wlﬁ@gem\nqratdd)m ded Bbasd t%‘Se&eh%t'H%tzh@Q £ofrm?4 8dugd Bgmgﬂbei}[ebca' ly

5 ive ri di neet hanol derivative re resent ed t he general ormu
ath ppéS nacycfgc heterocyc e containing at lgast one hetero atom

selected from the group consisting of oxygen, sulfur and

5 nitrogen atoms, which heterocycle may optionally have a
substituent(s), or a polycyclic heterocycle resulting from the
condensation of such monocyclic heterocycle with another ring,
which polycyclic heterocycle may optionally have a
substituent(s),

10 R, andR, are the same or different and each represents a hydrogen
atom, a halogen atom, -a hydroxyl group, an alkyl group
containing 1 to 12 carbon atoms, which may optionally have a
Substituent(s), or an alkoxy group containing 1 to 12 carbon
atoms, which may optionally have a substituent(s),

15 and * indicates that the asterisked carbon atom is an asymmetric
one,

which method comprises stereoselectively reducing dn
acetylpyridine derivative represented by the general formula

[1]:

Ry
R2 e R4
Ry N (1]

20
wherein R,;, R,, R, and R, are as defined above,
by causing an enzyme or enzyme source capable of asymmetrlcally
reducing the same to act thereon. _
In a preferred mode of embodiment, the invention relates

25 = to a method of producing an optically active pyridineethanol
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QR4 [4 R3IN. OH wherein Q represents an oxygen or sulfur atomor a
group of the . 5 general formula -N(D)-, in mhrch Nis a nrtrogen atonrand D
SEciituny i Bl Rt o
R6% esgame or different and’ each rébn, sem
-hal ogeh‘ om a hydr oxyl group, an al-kyl 4group. cont aini ng 3
" atoms, which may optionally have a 10 substituent(s), or an ‘al koxy
containing 1 to 12 carbon atonms, which may optionally have a

substi t uent aa%[ Kk bop,atomis an
asymetric decs)%lev I C f%%@éﬁ% Ws@ggs lrr‘%%é%l ggfﬁ@%?y%iducr ng an 15
acetyl pyridi ne derivative represented by the general formula [3l: .RE Rs.
Q/ Ralrs] R3 NOpwherein Q R3, R RS and R6 are as defined above by
causi ng an enzy o] %anyrre source capabl e of asymretrically 20 reducing
the same to act reon. The invention further relates to an enzyne having
the foll ow ngQphys)cal nd chem cal properties (1) to (3): (1) Activity:
It stereoselecti y utes 5- ﬂetylfuro[z,s-c]pyridine, in the presence
of reduced form |nicofli nam de aderni ne di nucl eoti de .as a coenzyne, to give
5- (1- (R -hydra [2,3-c]pyridine; 5 (2) Specificity: It has
reduci.ng abrLRSy adai nst| ketones and al dehydes but is very low in reducing
acti vi ty agai nst OH ‘ - . :

wherein Q represents an oxygen or sulfur atom or a group of the
5 general formula -N(D)-, in which N is a nitrogen atom and D
represents a hydrogen atom or a monovalent protective gfoup,
R,, R,, Ry, and R, are the same or different and each represents
a hydrogen atom, a halogen atom, a hydroxyl group, an alkyl group
containing 1 to 12 carbon atoms, which may optionally have a
10 substitnent(s), or an alkoxy group containing 1 to 12 carbon
atoms, which may optionally have a substituent(s), -
and * indicates that the asterisked carbon atom is an asymmetric
one, i ' '
which method comprises stereoselectively reducing an
15 acetylpyridine derivative represented by the general formula

[3]:

wherein Q, R?, R‘, R’ and R® are as defined above,
"by causing an enzyme or enzyme source capable of asymmetrically
20 reducing the same to act thereon.
. The invention further relates to an enzyme having the
following physical and chemical properties (1) to (3):



car bo'cycl-i c ketones and the a-position keto group of a-keto aci ds; (3)
Mol ecul ar- wei-ght: 1t shows a nol ecul ar wei ght of about 10 60, 000 in gel
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sequence shown under 15 SEQID ND:1 in T he sequence |isting; (b) _
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shown under SEQ ID NGO 1 in_the sequence |isting by deletion, substit
and/ or addi ttbn?AGtigAeysr ltesberecaninetivedy andunesi hg an activity by
s whi ch 5 20 anetyl furra]2, B-Elgyridime, i s Stied \%Jﬁ@é@rﬁ?éé V&t Yrd AHUEE % d A
en
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pyri di neet HalnolR Jdry draxyes Hyal) i d [Fee, Rmmp}mme:%i gu(rjat ion 25 is,

' o th ' t] lates to. a codin or suc
enzyme o & DA PoREriSted n PadaseetkIhsabit fanier 8y RebSRes 20 ¢ ne
sequence | ixidelydas Huk tiservemy dtass o reduaiow atanti tye dtgrrioint ai ni ng

such DNA anshilidydHANHAGHRY oR RAKI AL SUE 1636 G ector, _Yhen this
transformant .. cl;}’sedl as a sourge of said enz;ltrjlé&{:l n .Cﬁyyzioﬁ%ygfgrdodg&(‘f on
met hod, an qssc;al |y active pyridineethanol derivative having th._e R

absol ute cdm¥)i gMpatcobari sefbhak nett Fovns IA:rTcﬁlééﬁL&Ir vl’ré@léﬁw&f‘%a{hwhtl
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The invention also relates to an enzyme specified below
under (a) or (b):

(a) An enzyme comprising an amino acid sequence shown under
15 :SEQ ID NO:1 in the sequence listing;
(b) An enzyme comprisihg an amino acid sequence derived from
the amino acid sequence shown under SEQ ID NO:1 in the sequence
“listing by deletion, substitution and/or addition of one or
several amino acids and having an activity by which 5—' '
20 acetylfuro[2,3-c]pyridine is stereoselectively reduced to
5-(1-(R)-hydroxyethyl)furo[2,3-c]lpyridine.

When these enzymes are used as the enzyme in the
production method mentioned above, an optically active
pyridineethanolderivativehavingtheI2absoluteconfiguration

25 is obtained. '

Furthermore, the invention relates to a DNA coding for
such enzyme or a-DNA comprising a base sequence shown under SEQ
ID NO:2 in the sequence listing. It further relates to a
recombinant vector containing such DNA and to a transformant

30 having such recombinant vector.

When this transformant is used as a source of said enzyme
in the above production method,'an optically active
pyridineethanolderivativehavingtheIiabsoluteconfiguration
is obtained. |

35 Still further, the invention relates to a method of



| RS. N [s] "OH '5 wherein RL and R2 are bound-to each other to forma 5-
to 8- nmenbered.. nonocyclic heterocycl e cont al ni ng at | east one hetero atom

-.-S ’,.- 7 L : ‘ : oL :
polycy ocycl e resultlng fromthe co

heterocycle with another ring, which polﬁycycl e heterocycl e may op!
have a substituent(s), R3 and R, are the sane or different and ea
represents a_hydroge 15 atom _a hal ogen atom a hydroxyl group, an alkyl
group contBFﬂﬁHﬁiggtBn1993éthﬂYaP6ﬁ§VQMHXﬂ1QﬁQPQﬁ&ﬁ&ﬂkﬂdQ¢Mﬂ§p;W§ .
substi tuenthayingr tha alKbsﬁlgt@uaoﬁﬁﬂb@kﬁk&@nlah@.E% PRI e @Y TRL VNI Ch
may optlonn$éxepgyefg |%?ent(s) and * indicates that t he asterisked
carbon ato an asy i L8130 one, which nethod conprises causing the
enzyme and/ or transfornant menti oned above to act on a pyridi neet hanol
derivative represquted by the general formula [5]: Rl R2 ~ R4 [5] R3 N OH
-fir kr": whereinf Rl, R2, R3 and R4 are as defined above, ~o to thereby
preferentlaJR he R form of the pyri di neet hanol derivative and
recovering the ing S formof the pyridineethanol 5 derivative. In a

preferred node, epRQg went , the[ ention relates to a nethod of
_ produ0| ng aRPpti &bl | yYactive pyri eet hanol - :
OH '
5

wherein R, and R, are bound to each other to form a 5- to 8-membered
monocyclic heterocycle containing at least one hetero atom
selected from the group consisting of oxygen, sulfur and
nitrogen atoms, which heterocycle may optionally have a
10 substituent(s), or a polycyclic heterocycle resulting from the
condensation of such monocyclic heterocycle with another ring,
which polycyclic heterocycle may optionally have a
substituent(s), '
R, and R, are the same or different and each represents a hydrogen
15 atom, a halogen atom, a hydroxyl group, an alkyl group
containing 1 to 12 carbon atoms, which may optionally have a
substituent(s), or an élkoxy group containing 1 to 12 carbon
atoms, which may optionally have a substituent(s),
and * indicates that the asterisked carbon atom is an asymmetric
20 one,
which method comprises causing the enzyme and/or
transformant mentioned above to act on a pyridineethanol
derivative represented by'the general formula [5]:

[5]




derivative havi ng, the S absol ute confi gUrat i on .and represented by the
general fornul.a [_-_8] g 10 R5 Q R4 R3 > N OH wherei n-Q represents an. .-

0, n-n,
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repr esent
protectlve gr 15 R3 R4, R5 and R6 ate
represents a hydrogen atom a hal ogen atom a hydr oxyl group,- an*i
group containing.1 to 12 carbon atons, which may optionally have:: :
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causing th nt rentioned above to act on a
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preferenti addyivxtiv@e the R formof the pyridineethanol derivative 5 and
recovering the re]grwgi ni ng S formof the Byrl di neet hanol derivative. In the
fol l owi ng, the presénPTPhGEREAJICIS odesBPPAdlens . the dnventdor relatese
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to act on an. \g%te]?{/? %y%ﬁi gle% %\%39?\‘7’%6[%])“ bg'tlﬂ%'lf' ?%BE%?%EF?‘%I y
by the general formula [8]:

EREPRET-Sn

10

(8]

wherein Q represents an 6xygen or sulfur atom or a group of the
general formula -N(D)-, in whidh N is a nitrogen atom and D
represents a hydrogen atom or a monovalent protective group,
15 R,;, R;, R; and R, are the same or different and each represents
a hydrogen atom, a halogen atom, a hydroxyl group, an alkyl group
containing 1 to 12 carbon atoms, which may optionally have a
substituent(s), or an alkoxy group containing 1 to 12 carbon
atoms, which may optionally have a sﬁbstituent(s),
20 and * indicates that the asterisked carbon atom is an asymmetric
one,
which method comprises causing the enzyme and/or
transformant mentioned'above to act on a pyridineethanol
derivative represented by the general formula [7]:



reduce the same is described in detail. 15 The acetyl pyridine derivative to
be used as the substrate inrthe productiOn nmet hod of the i.nvention is. -

other t o 8- nenbered nDnocycllc
| east  one hetero atom sel ected from the roup consisting of oxyge
and nitrogen atons, which heterocycle may optionally have a substit:ue
or a polycydlic heterocycle resulting fromthe condensation of such
nmonocyclic h roc e with another ring, which polycyclic a heterocycle
may optionally e a substituent(s). Specifically, the 5-nenbered
nonocyclic hegerodycl e j ncl udes, among others, the furan, dihydrofuran,
pyrrole, 5 pyr Eghydrodloxolane, pyrazol e, pyrazoline, imdazole,
oxazol e, . i soxaz xadi azol e, tifi7kol e, thiazole, thioophene,
dlhydrothlophe I ke rings. The 6-nenbered nonocyclic heterocycle

i ncl udes, ﬁﬁng othersY the pyran, dihydropyran, pyridine,
dihydropyrldlne tetr ropyridine, 10 dehydrodi oxane, dehydronnrphollne
pyridazine, dihydropyridazine, pyrimdine, dihydropyrimdine,

t et rrahydr opyri m di ne, pyrazine, dihydropyrazine and like rings. The
7-menber ed wiaseye! 9¢ Ret R,QCRg! £nd Ng) t&%,asar&mgtnéa hJovse the

cyclohepta pt adiene Qheptatriene rings each
substituted %ygggﬁg$¥oﬁﬁﬁ%e5§9§éﬁllgr éﬁPFﬁF 538n30f°5?0 , tBRd t he
t hi azepi ne pndidikeethagsl dheiv8tdeasber ed nonocyclic heterocycle includes,
e S Ll apndVEe oL Elfe £XE PORLANNRACSARELRYSLOPRLE! o1 F acne Tl ngs

each substituted by a nitroge oxygen or-s ur &l om or "t oms and
pyridineéthanol derivative.

In the following, the present invention is described in
detail.

10 First, the method of producing an optlcally active
pyrldlneethanol derivative [2] by causing an enzyme or enzyme -
source having asymmetrically reducing activity to act on an
acetylpyridine derivative [1] to thereby stereoselectively
reduce the same is described in detail.

15 The acetylpyridine derivative to be used as the substrate
in the production method of the invention is represented.by the
following general formula [1]:

Ry
R2 v R4
Ry N (1]

In the above general formula [1], R, and R, are bound to
20 each other to form a 5- to 8-membered monocycllc heterocycle -
containing at least one hetero atom selected from the group
consisting of oxygen, sulfur and nitrogen atoms, which
hetérocycle may optionally have a substituent(s), or a

polycyclic heterocycle resulting from the condensation of such
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20 the like rings. The polycyclic heterocycle includes, among others, the

benzof ur.an, i soi ndol e, .

- i.sobenzof ur an, chronene;-indolidrne- indole,

ersions of the
- réach have a substituent(s). :
may be nenti oned, for exanpl e, a hal oge atom a hydroxyl group,
group contalnlng 1 to 12 carbon atoms and an al koxy group contai ning
12 carbon at om gt het erocycl es specifically nentioned above, 30

5- nenber ed %‘ﬁ’gé’f | c PERSRF S ¥ i g5odthes é‘d-ngvhé’hflﬁpaﬁmlﬁfpﬁglié‘i ther
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optiona | Yp?@i'glinélmééh)}&h%‘&l&félangr p%’l‘a%l ﬁ@f ﬁ\'iﬁ to 12
carbon atons, mﬁ onal Iy have uen peci |ca
there may BEAAR Fwﬁﬁﬂﬁ%ﬁ#@%rBﬁéﬁléFS%ﬁ<ﬂﬂ%ﬁﬁqkﬁeﬁbh@z %nﬁhéo@b@ﬂp
fluori ne atnhydrbthydpheyle gﬁﬂuu;g@e&hhbsgromﬂe etﬂg?EQfQ%nnO@@% %ycgrgup
and et hox C e substitu I C e ve. a an
al koxy groﬁ%géﬁge g%eln ere “raf" 28I ¢ %edﬁg ﬁ?ﬁ?ﬁkya g§P58§Y¥‘5‘nhalogen
atom and aRYBLR&RE. gd@hwdgonwandung 1temrhhyd¢apbmndahens, anong ot hers. R3
and Rﬁoeacaehﬁd%aiskahby aeikga%ﬁlw%%lg Chhg ihgm and -nor e

ove- renfione

preferably_a drogen atom acetyl pyridine
derlvatlvengY TPRET AL - fBVﬁ&m&dEBF dabydrepyrémédiag. by the fol | owi ng

general fotevtahydropyeimpadtineyl ayruzahel eaiedarBpyRasin® An§93ixB3 N O
rings. The 7-membered monocyclic heterocycle includes, among
others, the cycloheptane,; cycloheptadiene and

15 cycloheptatriene rings each substituted by a nitrogen, oxygen
or sulfur atom or atoms, and the thiazepine and like rings. The
8-membered monocyclic heterocycle includes, among others, the
cyclooctene, cyclooctadiene and cyclooctatetraene rings each
substituted by a nitrogen, oxygen or sulfur atom or atoms and

20 the like rings. The polycyclic heterocycle includes, among
others, the benzofuran, isobenzofuran, chromene, indolidine,
indole, isoindole, isoquinoline, phthalazine, naphthyridine,
quinoxaline and benzothiophene rings, hydrogenated versions of
these rings, and so forth.

25 These heterocycles may each have a substituent(s). As
such substituent, there may be mentioned, for example, a halogen
atom, a hydroxyl group, an alkyl group containing 1 to 12 carbon
atoms and an alkoxy group containing 1 to 12 carbon atom.

Among the heterocycles specifically mentioned above,
30 5-membered monocyclic heterocycles are preferred. The furan
ring, either substituted or unsubstituted, is more preferred _
and the furan ring is most preferred.
In the above general formula [1], R, and R, are the same
ordifferent and each represents a hydrogen atom, a haldgen atom,

35 a hydroxyl group, an alkyl group containing 1 to 12 carbon atoms,



Q represents an oxygen, sul fur atom:
|n Wmch Nis a nitrogen atom -

15 In the éboVé'generaI formula [3],
or a group of. the general formula - N D) -

Preferred as le an oxygen atom RS3, R4 R5 and R6 are the same 0
dlfferent and each represents a hydrogen atom a hal ogen atom a M
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In the above general formula [3], Q represents an oxygen,
sulfur atom or a group of the general formula -N(D)- (in which
N is a nitrogen atom and D represents a hydrogen atom or a
monovalent protective group). The monovalent protective group
20 is generally well known for protecting the amino group, and
includes for example, acetyl, methoxycarbonyl or benzyl.
Preferred as Q is an oxygen atom.
R,;, R,, R; and R; are the same or different and each
represents a hydrogen atom, a halogen atom, a hydroxyl group,
25 an alkyl group containing 1 to 12 carbon atoms, which may
optionally have a substituent(s), or an alkoxy group containing
1l to 12 carbon atoms, whichmay optionally have a substituent(s).
More: specifically, there may be mentioned the same species as
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short),

clpyridine can be synthesized by the method described in EP
911335. 5-Acetyl-7-chlorofuro[2, 3- c]pyridlnecanlxaprepared
by synthe5121ng 7-chloro-5-(1- hydroxyethyl)furo[z 3-. .
c]pyrldlne by the method described in J. Org. Chem., 63,

20 7851(1998) and oxidizing the hydroxyl groups thereof.

The enzyme or enzyme source which can be used in the
production method of the invention is derived from a
microorganism capable of converting an acetylpyridine
derivative [1] to the corresponding optically active

25 pyridineethaﬁol derivative [2]. For instance, cells or a
culture of such microorganism, or a material derived therefrom,
or the enzyme obtained from such microorganism can be used.
These may be used alone or in combination of two or more.

The microorganism capable of converting an

30 acetylpyridine derivative [1] to the corresponding optically
active pyridineethanol derivative [2] can be screened out by
the method described below. When the acetylpyridiné
derivative [1] is 5-acetylfuro[2,3-c]lpyridine, the screening
is carried out as followed. A liquid broth (pH 7; 5 ml;

35 compbsition, per liter: 40 g of glucose, 3 g of yeast extract,
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when the cog¥geeai 90 hOqdsP¥ELHbLPeSENGNPL acetone. Further, in reacting

'such microorganism or a material derived therefrom with 5-

acetylfuro[2,3-c]pyridine, oxidized form nicotinamide adenine
dinucleotide (hereinafter referred to as "NAD'" for short),
reduced form nicotinamide adenine dinucledtide (hereinafter

20 referred to as "NADH" for short), oxidized form nicqtinamide
adenine dinucleotide phosphate (hereinafter referred to as
"NADP'" for short),.reduced form nicotinamide adenine
dinucleotide phosphate (hereinafter referred to as "NADPH" for
short) or the like and a glucose dehydrogenase or formate

25 dehydrogenase may be added. After the conversion reaction, 5
volumes of ethyl acetate is added to the reaction mixture for
product extraction. The extract is analyzed by high
performance liquid chromatography (column: Chiralpak AS,
product of Daicel Chemical Industries; eluate:

30 hexane/ethanol/diethylamine = 92/8/0.1; flow rate: 1 ml/min;
detection: 254 nm, column temperature: room temperature;
elution time: 5-acetylfuro[2,3-clpyridine 8.8 min, 5-(1-
(R)-hydroxyethyl)furo[2,3-c]pyridine 11.7 min, 5-(1-(S)-
hydroxyethyl)furo[2,3-clpyridine 17.5 min). '

35 " The microorganism to be used in the practice of the
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In particular when the conversion to a pyrldlneethanol

- derivative having the S absolute configuration is intended;
microorganismsbelongingtothefbllowinggéneraarepréferred:
20 Ashbya, Candida, Cryptococcus, Clavispora, Debaryomyces,
25 Saccharomycopsis, Schwanniomyces, Sporidiobolus,
30 Pseudomonas., Rhodococcus and Isukamurella.

When the conversion to a pyridineethanol derivative
havingtheI2absoluteconfigurationiéintended,microorgéniéms
belonging to the ﬁollowiﬁg genera are preferred: Candida,
QOgataea, Pichia, Yamadazyma, Brevibacterium and

35 Corynebacterium.
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35 Rhodotorula glutinis var. dairenensis IFO 0415, Rhodotorula
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For obtaining a pyridineethanol derivative having the R
absolute configuration, there can be mentioned Candida
etchellsii IFO 1942, Candida lactiscondensi IFO 1286, Candida

25 maris IFO 10003, Qgataea wickerhamii IFO 1706, Pichia farinosa
IFO 0602, Pichia membranaefaciens IFO 0460, Pichia naganishii
IFO 1670, Yamadazyma farinosa IFO 0534, Brevibacterium iodinam
IFO 3558 and Corynebacterium acetoacidophilum ATCC 21476, among

others.

30 These:nicroorganisms can be obtained from stock cultures
readily available or purchasable or can be isolated from the
natural world. It is also possible to obtain strains having
favorable properties for this reaction by causing mutation of
these microorganisms. |

35  In culturing these microorganisms, any of the media
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microorgahism with an acetylpyridine derivative [1],-the

20 culture broth containing cells of the microorganism can
generally be used as it is. The culture broth may also be used
in a concentrated form. In cases a certain component in the
culture broth adversely affects the reaction, cells or a
material derived therefromas obtained by centrifugation and/or

25 other treatments of the culture broth may also be used.

The material derived from cells of the microorganism is
not particularly restricted but includes, among others, dried
cells obtained by dehydration treatment with acetone or
diphosphorus pentoxide or by drying utilizing a desiccator or

30 electric fan, materials derived by surfactant treatment,
materials derived by lysozyme treatment, immobilized cells and
cell-fi‘ee extract preparations derived from disruption of cells.
It is also possible to purify an enzyme catalyzing the
asymmetric reduction reaction from the culture and use the same.

35 - In carrying out the reduction reaction in accordance with



15 Gener al’l "-y,_f:'f itis pref erred to sel ect such reaction conditions so that
SCrCEew v 9 ; o109 b gr pronoting the reduction

Sher gy souréé éls gl Ucose, B COrTERS O pT Opane
20 acta xture is preferred since lle,ttef _ Its are obtained.
reaction can al so be pronoted by addi ng™a coenzyne generally required"
-bi ochem cal reduction reactions, such as NADH and NADPH. In this case,
speci ficall such coenzy 25 is directly added to the reactant m xture.:
Further , 1 FShABNEPIAG L HE1e SHRSETATS BSEEVIRYTHAIRG dpFLyative id Bavry

out the redssiaied ahke gr esmrxaatoftlan lmgiyxmingedﬂctnﬁ f@&dtﬁaﬂl or MDP
to the res i r J a or the reductiqn, since
bet t er resmlde/lérae Iogt af\cﬁ.lesr'd%%n%‘ gor eé%é éeé,é a&gl %s@e?i%fﬂﬂ?Ogerﬁé e can be
caused to eempergtunehadwningetferredet ¥eriucs i @ene¢valhy teduce6ofBr,m and

| t | t 1 . ;
Por mt Z%E%‘*ﬁ%ﬁ%@ﬁ@gaﬁﬁé’ T ng' te DIPRANG, L6 JEE 4 1s Plefn

reduction t0*% Y Pfed -Porf dnd PESESFTAPAS & &&n e ThAsemoust o8 ERest as

t he subst r atreyinor crxechmztyinmkscidﬁcé &'rﬁlﬂ§e efd@ctane rﬁ.@xﬁﬁiﬂef &néﬁ[ﬁéCt ant S:J;m
Trit. : lal T ue) an oduct. o nt o em ca

oo Tion, ey ol RNl TEsmE) BB S BN e el

wat er - i nsoltlisl ewrgaifite sofrensubstivage eomyiendoettziton ibutthe frexsetatte,
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acetyl pyri daponé(’&er(i"(/é&)ive“-‘ €] TEAGLSPD At earrpldst iGprTHRd ditdtestifdnol
derivati ve ghlkinfprori mft(ha&ieliﬁltﬁ.%iﬁ &ﬁhuhit!itr&“iniéf. t*ﬁﬁeaﬁeﬁtétwhl tﬁ'%ﬂﬂé Iis
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cthanol | AdsRreh P lRE e A e e T aRhd ot e pUBHE FalFeoRg  Br b BB
added. | n teheymd oawengyme heownze ramourite abiAotheirmngehotisai donditions.
15 Generally, it is preferred to select such reaction conditions

so that the reaction may be complete in 2 to 168 hours.

For promoting the reduction reaction according to the
invention, the addition, in an amount of 0.5 to 30%, of such
an energy source as glucosé, ethanol or isopropanol to the

20 reactant mixture is preferred since better results are
obtained.

The reaction can also be promoted by adding a coenzyme
generally required for biochemical reduction reactions, such
as NADH and NADPH. In this case, specifically, such coenzyme

25 is directly added to the reactant mixture.

Further, for promoting the reduction reaction, it is
preferred to carry out the reaction in the presence of an enzyme
reducing NAD' and/or NADP' to the respective reduced forms and
a substrate for the reduction, since better results are obtained.

30 For example, a glucose dehydrogenase can be caused to exist as
the enzyme for the reduction to the reduced form and glucose
can be caused to exist as the substrate for reduction, or a
. formate dehydrogenase can be caused to exist as the enzyme for
the reduction to the reduced form and formic acid can be caused

35 to exist as the substrate for reduction.



enzyne, the reconbi nant vect or contalnlng sald 'DNA and the 15 transformant
haV|no e T R =Y PGV =Yal Mal o s he |nvent|on are described in

‘ t (1) Activity regsel 3
520 acetylfurod['2,3-c]pyridine, in the pjgsence of - 'NADH as a coenzy
give 5-(1-(R) - hydroxyethyl)furo[z 3-c]pyridine; (2) Specificity: It
reducing ability agai nst ketones and al dehydes but is very lowin reduq g

activity against C nes nd t.he 03|t|on ket o group -
a- ket o y259a0| ds; E?Sggl\%]fc % tisﬁo?f\)é LanbRrRELTUGh S &'Hftlt@f“

¢about 60, oworpdugél OfmatkaaltanorTeamiey)S| §pand(§rnﬁhecud>ﬁrKamﬂlcg|ﬂﬂheﬂﬁcaa.b0Ut
20.000 10 B2 pobyactuidilise ol Rekadnnoneshee ) PLS! Alalac LIS e has

the following physica en1ca| /i F8s ddi®i on
to the physfcétt dﬁnﬁﬂkﬁﬁ¥ﬁuoq@@@ﬁé#ﬁpégepi)sm@h@ﬂ»etnz; qqnuauﬂ butyl
tenpeLaEureacéﬁatﬁt0155ptopyl(5&hé¥tlﬂ@%uéﬁt 5h§?ﬂék%?@{mﬁﬁ%ﬁig%nga%r e
t t ry ion n the practice
reducing actlo TSR E Bk EF Rt YS HhE BFFPABE Y ¥l AHPAG RANPAB AR | on
in 3.0 c nbfotha reactaqn hyxtheeacenyapyrmglﬁenﬁhgﬂbatﬁ&be[1@ aﬁﬁvyk
oenzymne ( I _ |fo e.and_an solution in
100 1 phosBReL e Bt SOt ¥R b f?{"gébhéﬂ S 8 A R (8T8 Fomen
measuri ng thECFééﬁéWGﬁlq $1°1a‘b§ b the mtmmyrﬂdanteedeuriwyvé dwli,n

r educi N acki whtus é@iﬂblén6r§9nieeso§9€ﬁtf'EhEK ?§?ﬁ§t§§ﬁ%%mgﬁggéﬁg&oqb

reduci ng activity ag acetyl furo[ r
t he reduci ng® Tg éﬁt g?? %ﬁgFﬂg?r ﬂea§9b§%W8FLYi syhéekiids maynaidsaobe t han
10% The teddedcarbocycllc ket ones” neans ketones, such as cycl ohexanone

and _cycl opent anong,, gaf i ysfh Ly o, al 1y cLigymngO TPRUNGA DY, 3URSt kLUt LG,
-C(=0 - for a ring constituent - -
enzyme, the recombinant vector containing said DNA and the
15 transformant having said recombinant vector according to the
invention are described in detail.
i The enzyme of the invention has the following physical
and chemical properties (1) to (3):
'(l) Activity: It stereoselectively reduces 5-
20 acetylfuro{2,3-c]pyridine, in the presence of NADH as a
coenzyme, to give 5-(1-(R)-hydroxyethyl)furo[2,3-clpyridine;
(2) Specificity: It has reducing ability against ketones and
aldehydes but is very low in reducing activity against
carbocyclic ketones and the @ -position keto group of a-keto
25 acids;
(3) Molecular weight: It shows a molecular weight of about
60,000 in gel filtration analysis and a molecular weight of
about 29,000 in SDS polyacrylamide electrophoresis.
Preferably, the enzyme has the following physical and
30 chemical properties (4) to (6) in addition to the physical and
chemical properties (1) to (3):
(4) Optimal temperature: 50 T to 55 TC;
(5) Optimal pH: 5.0 to 6.0;
(6) Inhibitor: It is inhibited by the mercury ion.

35 ~ In the practice of the invention, the reducing activity
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havi ng an Seﬂzyﬁmm:apabl(w alﬁMsmlmsmlszetecbuﬂﬁéy (pHuei By at 30 T for 3
acet yl eroﬁralrﬁIﬁ@)érrﬂdj'tﬁ%nt ﬂeSbelﬁ ('Ehé duct1 n in absorbance at 340

o

hydr oxyet hyl ) fur o[ 2, 3-c] pyri1 di ne. e a wid species of a nufant
and, further,: a reconbi nant mcr oor gam sm derived by 35 a genetic

engi neering techmweesm’mwy Qe 1h Uit Big ﬁ@ﬁl@.v:.%y@ refeFRMHQUWALLEN.

Pr ef er abl Yog qzsyqanl sm b q@}‘?‘ét oht he Jg_;enus Candida 1S used. The
speci es Cant rjt i arfbsreqlﬁ b gt %nﬂe@‘ﬁ% RYrafHiehhvi @gatraks | FO

10003 s @araqmlaﬁqu[meamrmlﬁna thetdlobh oits NYOOBRN EnaNPEEusinghe
met hod, gf g&ﬂﬂfﬂﬁﬂagﬁﬂn@@%s {)sttp.gé: y r%le%[&lfor oL 3P £6281 9N gy havi .ng

the enzyne capabl'e oOf stereosePectlv
acet yl f ur o["Re3-49T8 r'| GATRO Q¥ Ligh ke tpras | Ryeans ketones such as

Nocost™ Taeanins e S dgerbassidre gt dbiened |
Pg\\ll\g\rﬁﬂonF %t"}ﬁ' d‘d‘? eﬁi’;%ébg%ﬁ‘tl]\{bﬂgcar& %%) '£or a ring constituent - H,-
thereof. '
15 The molecular weight is determined by gel filtration
anaiysis using a TSK-G 3000 SW column (7.8 mm I.D. x 30 cm)
(product of Tosoh Corp.). It is calculated based on the
relative elution times Qf.standard proteins. The éubunit
molecular weight is éalculated based on the relative mobilitiés
20 of standard proteins as determined by 20% SDS-polyacrylamide
' gel electrophoresis.

The optimal pH and optimal temperature for the enzYme are
determined, for example, by measuring the reducing activity
while varying the reaction pH and reaction temperature of the

25 reducing activity measuring system.

The inhibitor is found out, for example, by measuring the
reducing activities of various compounds added to the reducing
activity measuring system. |

The microorganism to be used as a source of the enzyme

30 of the invention may be any of the microorganisms having an
enzyme capable of stereoselectively reducing 5-
acetylfuro[z,3—c]pyridine to givé 5-(1-(R)- .

. hydroxyethyl)furo[2,3-clpyridine. It may be a wild species or
a mutant and, further, a recombinant microorganism derived by
35 a gehetic engineering technique such as cell fusion or gene



obt ai ne.d _by cultivating, i n an approprl ate nedium a m croorgam sm havi ng
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& il e o h SE ammoni um suI ate d§a

the art, for_ exa recipitation wt | ysis and
chr onat ogr Bt ‘{E‘e%‘ﬁ‘ftﬂ’f”eer fexrefyi y or in conbination. The chronatography
includes hydrophﬁbltm&hbmmgﬂgﬁaphﬁ ex%ﬁpﬁéﬁ(ﬁﬁﬂﬂ% metacat Qﬂrﬁapéﬁyaﬁﬂgg. gel
filtration and t hese techni be used y or in
conbi nat i onﬁﬁ{% enzh%e € oMY TR OB rf&’yc%% OTIF SR a{‘Pa‘é\—g@/n@‘
obt ai ned fr@mm%@mlgamﬁmfa@remlmm@lmweedmuag §-econbi nant enzyne.
Asa naturalg ShiEird Er£ 1ROt nig > conprising the amno -
rd e d;%gﬂﬁi[) NOﬁlé)l ?‘le sequ

-aci d sequence shovvn under hce |isting. 35 The

enzyne of tHETIRASHGN <t PP LG ks dascridgfby i ditnd sarkcamieno

aci d sequenagreaier hmvfemntnae 6§ @i gl O 1§eﬁy%ﬁle%B%“@1ME98E1§EQ)f D
NO1in thethseqsuence | i t| n%a{h")c/F del eti on, bstitution and/ or addi t ion of

one or several —amHo ° Ry erF EGLIMEC SOHELY e F3C B§ 5 5
acetyl fur o[@tﬁ:a]q@rbxdlmelttjoraglm,S il -rR)appysfs manm/ hnéajfu(,jm,?[a’g

3-C ridi | r 1 tio0 or
sev!alrogl amrl“r?ocram sﬁlrér’&enarﬁlﬁ{aﬁ Odghu c%%% %@Abﬁ{' :én%dnse%eaxgel sela%&cj; of
bei ng del eti@fucif\gstiaaatad fany [ Irdulknly hHid neretdh ozl weel 3 - (dnol@) 4 n the art,

for 15 hydroxyethyl)furo[2,3-clpyridine, collecting cells from the

culture broth by centrifugation, suspending the cells in an
appropriate buffer solution, disrupting or lysing the cells by
physical means such as glass beads or by biochemical means such
as an enzyme and, further, removing the solid matter from the

20 solution by centrifugation. Alternately, a crude enzyme
solution can also be obtained from the culture broth by the same
purification procedure as mentioned above. Further, this
crude enzyme solution can be purified by techniques generally
used by those skilled in the art, for example preeipitation with

25 ammonium sulfate, dialysis and chromatography, used either
singly or in combination. The chromatography includes |
hydrophobic chromatography, ion exchange chromatography and
gel filtration chromatography and these techniques may be used
singly or in combination.

30 The enzyme of the invention may be a natural enzyme

' obtained from a microorganism as mentioned above, or a
reCombinantenzyme; A561natura1enzyme theremayben@htioned
an enzyme comprising the amino acid sequence shown under SEQ
ID NO:1 in the sequence listing.

35 ~ The enzyme of the invention may also be an enzyme
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per f or manc & elgugmiag HiravmitwylepSEQ sID us@dl ﬂnc’eh@ns@@ﬂ%ilee hB:Ssbbﬂ@%\ by d :
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production i nventjon in | unts. In the follow ng, an
exanpl e of ?ﬁ & o[g{] Ja‘? c ngoHE anled®AiR of the
i nvention sgbdéwmﬂwm aﬂi/oﬁ(hdmwm of@@bf&@ﬁenalvaﬁimdadmsﬂ%ean

restricted+y@+t B;8nP4 f?ﬁn %hgcgaé ura{bflleed)fl gy&?]g‘?/%‘? th an

appropriate endopeptidase, %‘g Fa ma re purlf
phase HPLCSHREtgdritiesl andy as d@ldsmqaem@’elsoml h@rleloknawa imje:tlmr arrnedfduy

means 0§ aeREMpien s&%u%@fé‘%ﬁflaﬁm&ﬁbﬁaﬁs’% P 14 o 4R n%@cﬁéﬁﬁ%nces
PCR ( pol ymer%?& chain reaction) | mers are synthesi zed

chr onosonmaf™ Syar Lhe EeFF‘ﬁm"Fﬁé’aﬁ’ll@r 86r §ARTEASOHECEEVied ¥t he sour ce
of the enzyasducangodl ageDVA fune [2 Oyvitdialiale NS hpidy0fs ONA- sl ation, for

| h 61, (1979))., Part of 5 the .
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chain tern‘inggl than 10%, preferably not less than 40%, particularly

preferably not less than 60%, of the yield obtained with the
enzyme comprising the amino acid sequence shown under SEQ ID
NO:1 in the sequence listing. For determining such yield, the

20 above-mentioned high performance liquid chromatography is
used.
Once an enzyme has been obtained in a purified form, a
DNA coding for the enzyme can be obtained by a method well known
in the art. By introducing this DNA into another microorganism
25 and cultivating the resulting recombinant microorganism, it is
possible to produce the relevant enzyme source usable in the
production method of the invention in large amounts.
In the following, an example of the process for obtaining
a DNA coding for an enzyme of the invention is described. Of
30 course, the present invention is not restricted to this process.
First, the enzyme purified is digested with an appropriate
endopéptidase, digested fragments are purified by reversed
phase HPLC and partial amino acid sequences thereof are
determined by means of a protein sequencer. Based on the

35 partial amino acid sequences, PCR (polymerase chain reaction)




sequence and the resulting DNA fragnentai s’ al lowed to self-circulize
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enzyne genehuzamaronybPidsag g ﬁemﬁéatﬁes@@ |tr1i’g71ttla@tﬁ§f1cﬁ saauencad. veBier to

be used forsdfiien PP BE e«:@yrp@dw 9?, ﬁﬁ@iﬁdﬂd%ﬂﬁlhh&ﬁ%ﬂﬁ%ﬁé&n of

the enzyme gene t
ment i oned TEGH :EPn ﬂgl‘gr"g 8‘8?-982?16‘?@%3736%%5988{38%]: %%‘bf%‘? hers.
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promoter, ﬁqeég)Pecﬁﬁﬁarybased on the core sequence, primers to serve
as the initiation points for DNA synthesis toward the outsides
of the core sequence are synthesized, and the regions '
neighboring the core sequence are amplified by inverse PCR. By
20 revealing the base sequences of the thus-obtained DNAs, it is
possible to reveal the DNA sequence of the whole coding region'
for the desired enzyme. Once the DNA sequence in question has
been revealed, the DNA coding for the enzyme of the invention
can be obtained from that microbial chromosomal DNA by PCR, for
25 instance.

The DNA encoding the enzyme of the invention is inserted
intoeavectorandtheIesultingrecombinantvectorisintroduced
into a host, whereupon the enzyme gene can be expressed in the
resulting transformant. The vector to be used for this purpose

30 may be any of those allowing the expression of the enzyme gene
in an appropriate host. As such vector, there may be mentioned
plasmidvectors,phagevectorsandcosmidvectors,amqngothefs.
Shuttle vectors capable of gene exchange with some other host
may also be used. Such vectors each contain operatively'joined

35 regulator elements such as a promoter (lac UV5 promoter, trp




CCAAT box, TATA box, SP
nean t- ' th and o
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rel ated transcri ption elenments (e.g. “enhancer,
site, etc.). 10 The term "operatively b obned:
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2y can operate in a h

_ "in the art that the regylato ements may vary in typEEE
and species - according to 15 the host. host into which the reconbi na*?f?-_:r-
vector containing.the DNA of the invention includes bacteria, yeasts,

filament ous fungi" p\L]ant cells, animal cells, etc. Escherichia coli is
most  pref TR THEneYEF. PFRBOBRA - of 2Ch BTCRPERE. of PRPaRTBBOLRL Y 04UEBd 20
into the hostomatéehe reakeptﬁmaabrnapnepromhegrﬁsﬁharbghi@gCQEEd 5§taﬁgd as
t he host ce invention_can_be introdug t her ei.nt o by
the cal ci urﬁl’ ’E‘E’f%%.gg‘é%?%a% E’ 8?@¥|lﬂépgn€3. eﬁBFeéSFéPBoé’@F‘chPVEW1?’8330i ng
an acetyl pykinke@ 05 e iDNK iofe theliogengivhe efayse for tenamgfler, MpUCNT! t he
inventign (wodyLeosHe3§0hH8SPARM Qgepgghd%(}ggépggglbgeﬁ%g&q i ve having the

R absolute configuration, particularly. prefera or stereosel ectively
reduci ng 5- acet yl tRf dfeXm-"qegpliakiaiy factgnge §s(useR)hersid qepgshPrELUr of 2
, 3-c] py'rgoﬁe@ewdgﬁcsﬁdmguargdgaaiana?epfwﬂ%ﬁ&é?l b?ﬁt he h@téHEEhES} fan
-.-be carrie by .addi nq .a required anou 0 0 e_reaction_system

t he anountlpe:#a’f%% t_erfﬁ?n%wet%ogbﬁéﬂ?gnéﬁn Be¥ MRS TeHGRAT BRX - E‘é‘lﬁ(‘yi ng
out the redvXorSREi sgteheetazyme of the invention in conbination with a
coenzy regener apy te ggﬁl, Sk " y a I f
conver{risng t he, o?%?%%yrﬁor%b%? t a%!lgnggrg}%égfﬁﬁéﬁé ?ﬁ?g ?ﬁg ?Ig u%lé% form
( NADH ) (HEFetas C&IYIStan efengnhs. sU@vafA pEONegeReretiaceaibi ECy)

toget her widie tftg rdbsogiithert Ber eRht A%ed NEarL BPLFRHRAYhNE KRN 2R to
regenerati on abil e of hydrogenase,

dehydrogenacsaelfsedli%ﬁ‘%)lG”?BUDS’S%mal ‘gge%dé::s d‘let}cloé‘é‘-oé"-npﬁé’sﬁ'—]lcli‘%: g%%gﬁpé?;oﬁgﬁase
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15 the host.
The host into which the recombinant vector containing the
DNA of the invention includes bacteria, yeasts, filamentous
fungi, plant cells, animal cells, etc. E_S_QhﬁrighiaC_Qli.is_most
préferred, however. "The DNA of the inventioh ‘can be introdﬁced
20 into thehost in the conventional manner. When Escherichia coli
is used as the host cells, the DNA of the invention can be
introduced thereinto by the calcium chloride method, for -
instance.
For stereoselectively reducing an acetylpyridine
25 derivative [1] using the enzyme or transformant of the invention
to give the corresponding pyridineethanol derivative having the
R absolute configuration, particularly preferably for
stereoselectively reducing 5-acetylfuro(2,3-clpyridine to
give 5-(1-(R)-hydroxyethyl)furo[2,3-c]lpyridine, NADH is
30 required as a coenzyme. While the reduction can be carried out
by adding a required amount of NADH to the reaction system, the
amount of the expensive coenzyme can be markedly reduced by
carrying out the reaction using the enzyme of the invention in
combination with a coenzyme regeneration system, nam'ely using
35 an erizyme capable of converting the oxidized form of that enzyme



wEE

formate _de‘hy'd'ro_ge‘nase_ are judiciously used, however. Such reaction can be
carried out by adding the coenzyme —regenerati

AT "‘::é"-;;";*-}}%- e

Sedgk

#th both the DNA codi ng for tHe
or glucose dehydrogenase 2i45 used,
carried out w thout addi'ng any enzyne having coenzyne
regeneration ability as separately prepared. Such 15 transformant can be

duced by, | rting. a DNA coding for the enzynme of the invention and a
EFNZ godi nng‘Wél %80239 B%ﬂ%?gg@%e( NARY dhersidafitersapteraetofoand

i nt roduci ng-dérezyme coapenanat vest il ntp) atdﬂ@@thergﬁriwh ifﬁ@réﬁﬁlgtﬁéi@%] Ff 20
two DNAs i \Y; iffering in_ inconpatibilit oup separately
and int roduﬂ(:}?ér)ﬁ:]éetﬁﬁ'esg‘cél (r%?% %}ﬁ%;rgélcfquﬁén%éﬁ? e r?ﬂﬁgfgrgh?gﬁgfﬁ%nt

havi ng a r etshBiaYahe Nade ©f bydregenagea fmatzodehydtogenheeenayoshol t he
i nventi gn qqh v FdN e Q8 NGy iy, @@(ﬁﬁfsﬁmy r a nt
having a fi tﬁdreconbi na%[ veocst or_contai ni négdgwgggglg%ge ?%Iriaél%%g%%?yne_
of 25 the i‘#&@fﬂ‘?%e’%%ea YRR P TREGFhi (FAMCAse: Cehvdamusngiseg adDNA

codi ng for fimcose dehydrogerase o Nedusesusly GasEs mb\gail_t,he enrz]yrre or
transformant of t | nvent.i.on has, coenzyne.regeneration ability, the
reaction for reg%ﬁce}# %telao%r#l@fn- RABHP &R bt e it P80 fiﬁ{}?t%% FR2 e
addi ng 30 Feaanrralticd systhatta themsyammedn ifcoredwect Bac reant$ypatsyn e,

thus, ibe AL OfaddeoSXRENSLY 1607471 etrtﬂeb@r—m S0 0%, WTREKSSLY

reduced w thout supplenmentary addi ng enzyne avl ng coenzyne
regener at i d*&aBNR £9d1irgriQ ks enzyme ek k&e tnyonbien andasP¥Aeeding t he
i nvention g jsapbepadely Sfoguisid iBULisEd | ¥heYreddt REFOHRSNOSSIdN €14 O
carry out the 2 rSiécia%]eurgtera.tion of DH PF}/ add{%ﬁq i §%£r,_o anol to the
reduction & Syatemo The pFodtyl Qi & HoHiRR GRAMfeet hanol
deri vati ve rfegjerfexnat iaon adet M oy ra<di sepalertedat ipredaidedisi 8gchhe
15 transformant can be produced by inserting a DNA coding for the
enzyme of the invention and a DNA coding for glucose
dehydrogenase into one and the same vector and introducing the
recombinant véctor into a host, or by inserting eééh of two DNAs
into two vectors differing in incompatibility group separately
20 and introducing these into one and the same host. Thus, a
transformant having a recombinant vector containing a DNA
coding for the enzyme of the invention and a DNA coding for
glucose dehydrogenase, or a transformant'having a first
recombinant vector containing a DNA coding for the enzyme of
25 the invention and a second recombinant vector containing a DNA
coding for glucose dehydrogenase can be used.

In cases where the enzyme or transformant of the invention
has coenzyme regeneration ability, the reaction for
regeneration of NADH can be conducted simultaneously by adding

30 a substrate for that regeneration to the reaction system and,
thus, the amount of the expensive coenzyme to be used can be
markedly reduced without supplementary adding another ehzyme
having coenzyme regeneration ability. For example, when the
enzyme or transformant of the invention has isopropanol '

35 oxidizing activity, it becomes possible to carry out the



ansformant of the invention, in particular.the production of |
ne from5 acetylfuro[2,3-c]pyridine.
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OW ng process. - : ack

‘a coenzyme such as NAD' d: ture t he transf
or a material derived therefromor the |tke are added to an appr.opri at
solvent, and the reaction is all ovved to proceed at an adjusted pH w th
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addi tion arr%‘ahiowéflgcm?ﬁ@?ﬁﬁ cafibst rratllx@d$yb$EUQ|t@d5bE;Cétnrlmo bﬁdﬁkﬂg
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pyri di neet han derivative having the S absolute configuration by reacting

the above ehz3Ret OEWGPBrOFr%dg‘?B‘?% dexhved pihe s e pandheddikeatiree to
thereby presddeattaldy axpribgiigtd heo Pysnel] nael awiredz tden Yat h¥eokawi ng

t he R absol uration and.recover he rema meethanol
derivative ﬁé E&E‘ &] @a%&‘ﬁt vgteg nY’llaﬂr 5{:?‘551?% dg[lg\b’%’l Eé rjroa‘efLﬁl .
The pyri di r@@rhaedlodt-rat/aammnp@rdnmrsecdfamtﬂte 70 C and the pH of the

15 reaction mixture is maintained at 4 to 10 during the reaction.

The reaction can be conducted either batchwise or continuously.
In the case of batchwise reaction, the reaction substrate can
be added in a charge concentration of '.0.1% to 70% (W/v) . The
| material derived from the transfdrmant, so referred to herein,
20 includes, among others, crude enzyme solutions, cultured
microbial cells, lyophilized microbial cells, acetone-dried
microbial cells, triturated modifications thereof, and
mixtures of these. Furthermore, the enzyme itself or microbial
cells themselves may be used in a form immobilized by
25 conventional means. Further, when, in carrying out the
reaction, the transformant employed can produce both the enzyme
of the invention and glucose dehydrogenase, the addition amount
of coenzyme can be markedly reduced by further adding glucose
to the reaction system.
30
Now, the method of producing a pyridineethanol derivative
having the S absolute configuration by reacting the above enzyme
and/or transformant with a pyridineethanol derivative to
thereby preferentially oxidizing the pyridineethanol
35 derivative having the R absolute configuration and recovering



substrate in the productlon met hod accordlng to the |nvent|on 51is

: ener al forrrula [1]. F| ve- Mefs B :
het s are preferred anong otherszga su or unsubstitut
furan ring is nore preferred and a furan ring is particularly preferre
R3 and R, are also as defined as above referrl ng to the general formul a

1 A hyd e om ref rred a ag h en atom
|[s] nor e pre:?%r ?8@59%85%%5%@%? an%?i §§ I:Lyg Y 1t‘%trl y
restrict ed asmfigradi aptiisc dleguudihed dgin I@d:altlhan 100% It may be entirely
- a racemate or ha‘l@xeapfi&rifd’sl'déecﬁﬁrn%q %‘eﬁ%t&%‘e t%U?)I ol Yrsed? 4G t he

.pyri di neet hanol der| vatives ‘%’H_ﬂ: particul arl erreg speC| es are

r epr esent eFURF Wy dReFAP PordFELeryme thed aCQOR@iPQ(W_P the inyentiam t he
above genera fegprrademted Hy ,tH |g@nee:aiefﬁdmd11a1bqw§. in reference to the
general formula [3]. An oxygen atomis c preferred as Q R3, R4, R5 and R6
are also as defined above referring to the general fornula [3]. In a
preferred embodi nentRythe substrate to be used in 5 the production nmethod
of the inventi ' ound represented by the general fornmula [7] in
which Qis an R3 is a hydrogen atomor chlorine atom R, is a

[5]

OH

In the above general formula [5], R, and R, are as defined

above in relation to the general formula [1]. Five-membered

10 monocyclic heterocycles are preferred among others, a
substituted or unsubstituted furan ring is more preferred and
a furan ring is particularly preferred.

R; and R -are also as defined as above referring to the'
general formula [1]. A hydrogen atom or chlorine atom is

15 preferred and a hydrogen atom is more preferred.

The pyridineethanol derivative [5] is not particularly
restricted but has an optical purity of less than 100%. It may.
be entirely a racemate or have a certain degree of optical
purity. _

20 Among the pyridineethanol derivatives [5], particularly
preferred species are represented by the general formula [7]:

(7]

In the above general formula [7], Q is as defined above



drogen atom or a nethyl group.

o T o d
- Qi s an oxygen R d

is a hydrogen atom nanely 5- (1-hydroxyethyl)furo[2,3-c]pyridine. The 3
pyri di neet hanol derivatives represented by the 15 general fornula [5] c
be readily obtained by production nethods known in the art. For exanple,

5-(1- hydr |)furol.2. 3-c]pyridine can he synt hesi zed by the  nethod
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t he enzyne aohydiregenvatbmoor ¢hhoxim®ragasm SR, als & Mgdebigan adami,vggldis |

t herefrom _whi taj y e 0 _caonverti the reduce

f orm of thngglé@r%zo?%g‘ %ﬁ?‘h%%gi{kéig%dg%o%% agﬁosmo Je aué“ Bgiyl}segﬁﬂupa’sthe
enzynme capabl e oftc@martiqylanlieprefeczddfenedimarte. tbensymetrate Heo

oxi di zggl f ¢eMaae8, id ¥he praaRbeiohARY A @%S@hé&%&%%o%ehﬂédﬁ%%@%ﬁm In

cases where the enzyne. or transformant of the invention 3

regener at i GFPI5SSEEA PRoRASCHIFhEOFMUGR f 2Actt oish Ochs He BNt ed
si mul t aneoatloyn ,bwr,adH| NR,aandb® redch o8 4 hatdrodagenaimat itdind Oy the

reaction syst the, amount. ..of the expensive coenzyne can be
mar kedl y rgéuglg)gljv?ﬁ ﬁ%@‘b’lc)gfzﬁq[cznﬁaﬁq%yg&&lﬁﬁ'anot her enzynme havi ng NAD+

regenerati on 5 affhlei pyrigdmegtamplod, detrdivattheesnrepeesentedndiortiment of t he

invention base3eat FoeARGisNg AG e eadils 38¢h4heR 8% production
methods known in the art. For example, 5-(1-
hydroxyethyl)furo[2,3-c]pyridine can be synthesized by the
method described in EP 911335. '

For preferentially oxidizing an'R-configuration

20 pyridineethanol derivative by reacting the pyridineethanol
derivative [5] with the enzyme or transformant of the invention,
NAD® is required as a coenzyme. While the reaction can be
carried out by adding a required amount of NAD® to the reaction
system, the required amount of the expensive coenzyme can be

25 . markedly reduced by carrying out the reaction by using an enzyme
capable of converting the reduced form of the coenzyme to the
oxidized form and a substrate for that enzyme in combination
with the enzyme of the invention. A microorganismor amaterial
derived therefrom, which contains an enzyme capable of

30 converting the reduced form of the coenzyme to the oxidized form
may also be used. Useful as the enzyme capable of converting
the reduced form of the coenzyme to the oxidized form are, for
example, NADH oxidase and NADH dehydrogenase.

. Incases where the enzyme or transformant of the invention
35 has NAD' regeneration ability, the NAD' regeneration reaction
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2— optically active pyridinee
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The method of recovering the optically active
15 pyridineethanol derivative obtained by any of the above-
mentioned methods is not particularly restricted but the
optically active pyridineethanol derivative can be readily
obtained, in a highly pure form, by extracting the product from
the reaction mixture, directly or after sepa'ration. of microbial
20 cells, with a solvent such as ethyl acetate, toluene, tert-
butyl methyl ether and hexane, dehydrating the extract and
purifying the product by distillation, crystallization, silica
gel column chromatography, etc.

25 BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 shows the DNA base sequence determined in Example
21 and the amino acid sequence deduced therefrom.
Fig. 2 shows a method of constructing the recombinant
vector pNTFP of Example 22 and the recombinant vector pNTFPG
30 of Example 23 and the structures of these.

BEST MODES FOR CARRYING OUT THE INVENTION _

The following examples illustrate the present invention

in further detail. These examples are, however, by no means

35 liﬁitative of the scope of the invention. In the following
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These liquid broth portions were each aseptically inoculated
15 with one loopful of one of the microorganisms listed in Table
1 and Table 2, and shake Culture was carried out at 30 C for
24 to 72 hours. After cultivation, 0.5 ml of each culture was
centrifuged and the,celis cdllected were_sdspended-in 0.5 ml
of 100 mM phosphate buffer (pH'6.5) containing 8% of dlucose.
20 This cell Suspension was added to a test tube containing 5 mg
of 5—acetylfuro[2,3—c]pyridine placed therein in advance, and
] ' the reaction was allowed to proceed at 30 C for 26 hours. After
reaction, 5 ml of ethyl acetate was added to each reaction
mixture and, after mixing up, a portion of the organic phase
25 was analyzed under the following HPLC conditions.

[HPLC analysis conditions]

Column: Chiralpak AsS, product of Daicel Chemical Industries;

eluent: hexane/ethanol/diethylamine = 92/8/0,1; flow rate: 1
30 ml/min; detection: 254 nm; column temperature: room

temperature; elution time: 5-acetylfur0[2,3-c]pyridine 8.8

minutes, 5-(1-(R)-hydroxyethyl)furo[Z,3-c]pyridine 11.7

minutes, 5—(1—(S)—hydroxyethyl)furo[z,3-c]pyridine 17.5
; m;nutes.

? 35 ) The yield, optical purity and absolute configuration of
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Geottichum  candidum CBS 187.67| 026 | 642 s
Guillietmondell selenospora IFO 1850 | 034 | 55
(Hanseniaspora valbyensis IFO 0115 0.36 92.3 g
Hansemia — polymomba DLI  AKU 4752 038 | 952 S
Hyphapichia  bastanii IFO 0844 625 | 967 S
Lssatchenkia mmm FO 1279 | 020 | 975 5
.mmmmthmmmu s IFO 1090 0.15 | 830 S
IFO 0662 | 098 | o043 S
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3 IPOO799016 94. 7. S

Qgataca niauta var.- ninu | FO 0975 0.59 98.4 S

i 19 S PuIJaAIaf012820 3 98. :

s 0, 47 98.0 S Rodspori di urn >um | FO 0688 O. #2 100.0 S~ Rhodspori diii ;
.__snhaeroc r'n,n I FO 1438 4.13 100.0 S Rhndtor i di nmtawlQ dc~ | EO 0559 6. 45
#.99.9 S Rhodot or uk.a any ra | FO 10053 2.52 74.6 S R iodotoruja 1 utinic | EO

'210'99 2.54 100p4h1S St detornla 8hnit var ireneni | EO 0415 >~fdotonla 1.34

¥ 100.0 S gra.minj s IFO 0190 1.95 99.5 S Saccharrnny sifihuligcr | EO 0104
4 oA ann. N C‘ Cnfi-\nnnm

tv1.28 100.0 S [Sacehammycnps Ny Laniag (1Y U- 01 ——IT00™ 0
4 occidcntalj ]1Qdi, nccidental irml]cr{pégnbﬁl S"ari di obol ve gil Dptmi ( ngﬁ
94 3 S iFO 69 8—99—2—S5—S—oAmH-ces—s—-Lmmmoni cal ](2‘249 2209
£97.4 S smnm% rns‘”““‘E‘E“| EO 1106 0. 34168 0726 £chi&opl #8Bogpasi pn
£ icthayasii | E( ifhid® 7 rnhanna" - sIE@ ¢ ‘r5r715“ 3.05 185493. 5 95(2 S
{ Tornlaonnra glaRaga, ]k 00 Y 4225 Tri g@, § JED D67280. p5S48. 7
. S Iron aquat i 310,095 70.3 S cL n . Hif| 9 11be.28 16 500. 0| S pTOC
10675 2.45 85 ' WIlapzh X SR D ens FEOBBD9 D.0439 83. 98.8 spfinps
. rat, nrakii TRELA895 3. 05 HD J478 s Q-agnsw@ﬁhrorﬁ/ces-
~ 7xttosarr har nfpyge. s hail i i A8 0.10 61. 6FQ P38 | EQ.tud3 84.17 UB g S
Ada ctchel | si [pEO 1942 0. Al R Caadj ~a JEg8 1100% d*er%#ﬁ I|Ecs1286( = 28
96 5 R chl : : IFO 0.26 97.9 S
Emh.la._ : IEhalthJla IFO 1282 0.63 98.7 S
Pichia o stknrha.mu IFO 1278 0.47 98.0 S
Rhndsnnqdpxm diobovatum IFO 0688 0.42 100.0 S
B-hndmnngnm mhaﬂmamnm IFO 1438 4.13 100.0 S
|Rhodsporidium toruloides IFO 0559 6.45 99.9 S
|Rbodotorula araucariac IFO 10053 2.52 74.6 S
Rhodotorula zhmm: - IFO 1099 2.54 100.0 S
Rhodotornla glutinis var gaitenepsis  IFO 0415 1.34 100.0 S
Rhodotonila ,  Emminis IFO 0190 1.95 99.5 S
mm: fbuligera IFO 0104 1.28 100.0 S
Saccharomycopsis malanga . IFO 1710 0.61 | 1000 | S
Schwanniomyces  occidentalis var, occidentalis TFO 0371 0.26 94.3 S
Sparidioholus mhn.mnu IFO 6903 - 5.58 99.2° S
Sparcbolomyces  salmonicalor IAM 12245 | 2.99 974 S
Sparcholomyces  rosens IFO 1106 0.34 85.1
Schizoblastosporion kebayasii FO 1644 | 046 | 794 | &
Stephanoascus siferrii ' IFO 1854 0.50 952 S
Inmlaxnnm _ zlnhnsa IFO 0016 0.95 42.2 S
Ir!gnnnpsxs ma.hxhs IFO 0671 0.95 48.7 S
Ix?nhnspnmn aquatilc ATCC 22310( 0.25 70.3 S
anhmnnmn tutanenm _ IFO 1198 0.16 100.0 S
Inc{msngmn femmentans ATCC 10675] 2.45 85.2 S
Eﬁnmnsm saturnus var. suaveolens  IFO 0809 0.11 83.3 )
{Willopsig samumus yar meakii IFO. 0895 3.05 98.5 S
Yamadazyma haplophila IFO 0947 1.19 96.8 S
memmnmumﬁ IFO 0488 0.10 61.6 S
Zygasaccharomyces IFO 0493 0.17 47.0
Ca.ndfda clnh:ﬂm ' IFO 1942 0.24 87.0 lsl
Cmd;da la.cna:cnnd:nn IFO 1286 1.28 96.5 R
Candida | mans . IFO 10003 7.08 93 4 R
anxa:a msk:rha.mu ' IFO 1706 768 (- 776 R
Emhm_ . fannosa . IFQ 0602 7.15 39.2 R
l Embn. I mnmhmmnfamm IFO 0460 0.11 713 R
[Pichia nasamshu IFO 1670 0.33 223 R
Xama.d.a.zxma farinosa IFO 0534 3.12 97.4 R




ndrda | Dall S IEO 10003 7 08 98.4 R Ogat aca’ w ckerhaml ITO 1706. 7 68 77 6

vari ous mcroorganlsms) A liquid broth (;pj—l 7) onpri si ng 10 g neat extrac
10 g peptone, 5 g of yeast extract and 3 g sodiumchloride, per 5 liter,
was distributed in 5-m portions into |large size test t ubes and

steamsteri | 'EZ:%SLp@Je 120 gsg,% glgl PLb étl% egg 5l (gu%¥l$r ot rtions wer e

each aseptlcally I nocul ate one oorganlsns
¢listed in T&Blpé’r3dl§ﬁdu§ﬁallgevaél}loﬁl§r éll\m@oc'alanrledlsdut at 30 °C for 24 to 72

hours. After 10 cul tiwatgo f the
yakig Bro@h”tpﬁ 7§%M§M 18 %%te 90

cells collected vvereggen ded in O of 10 fer (pH
| Hc

6.5) contai fi RGPEILEr B5eYeqRt LXBIICT Kb ik % S afdam jJtd@:apﬁéi’st
t ube corg ai dinegr2. ﬁasgdmétﬁiau%yl inr il Pord furd dintd RlaaeRd siby @it n

d 15 all eed at 30 C for 26 hours.
. 2f¥2pcseag??gkgg ggC%Leth er]ﬁl;(?ﬁfgweﬁg Tlgﬂ 8& i?R MHEutese nRRRER as in
Exanpl e 1. 13Fﬁéi§1| kieth @pﬂriteansamq yaahcam@lqablmmnbcgmaaeumui ohlke
product . 5- (10615%92%5&1&'&5 ¥h 8 nd: 3-oliya '1%h&el:9§£$iefngfgc§£@c A b ©

shown in Table 3. . Table 3 e M cCroorgani sm
(mg/ m puri t(juétT}'e( V&‘é é‘fa}-"rééﬁf Pyti akaBPok for 24 to 72 hours. After

10 cultivation, 2 ml of each culture was centrlfuged and the 'cells
collected were suspended in 0.5 ml of 100 mM phosphate buffer
(pH 6.5) containing 8% of glucoSe. This cell suspension was
added to a test tube containing 2.5 mg of 5-acetylfuro{2,3-
clpyridine placed therein in advance, and the reaction was

15 allowed to proceed at 30 C for 26 hours. After reaction, the
reaction mixture was analyzed in the same manner as in Example
1. The yield, optical purity and absolute configuration of the
product 5-(1- hydroxyethyl)furo[z 3- c]pyrldlne per. reaction
mixture are shown in Table 3.

20
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0'9“8.’48 OeIIqu nasflm 367 1.1 ' ' :
Corynebacten um sp. ATCC 21245 0. 26 57.§ . Jensenl a cam crur| a lFO'1 Z
4.91 98.6 S Cchrobactrumsp. | FO 12950 6 68 98.9 S Pseudonobnas stutzeri
| FO 13596 3.99 99.9 S Pseudononas chlororaphis I FO 3904 0.21 95.9 S
Pseudonnnasli?gﬁ%d%ci na | FO 14162 0.65 99.2 S Rhodococcus erythronolis I FO
12320 0. 13 Rhadacoccus rhodochrous | FO 3338 0.10 85.8 S

¢ Tsukanur el |Migrasngetisdol a' | FO 12160 0. 16 98. 7| $SieRBdeyPbuicak i pabsalditnam
| FO 3558 (.15 42.3 R Corvnebacterium acet oaci dg¢pli/muprpOri®y 40(® R AT(CC
21476 (Corpparative Exanple 1: Asymmetric reduc{ngn of | 5% e.e.) | configu
acetylfura[2,3-clpyridine using various mcroofganisns) 5 A |ipoatdidir of h

(pH 7) corflicaligenesy aylofloxidans IR df34psas| OeRBrpct936l5 g of s

| AN’

di ammoni urpAdyadrldgrem esh aeydlveoxi dang @&fubgpnt assi unodilBy(dr ogen3 phpsphake, | 0. 8
g of magnesianmbrsiflifering IFeptidesdr ate, 60 ng of | zi nc syl fate hept ahydrat e,
90 ng of i|marilould afeydtentialydrate, 5 ng of cpppeissbl fad eg pent ahydrate,
10 10 "y ¢fpAmnaane shaliahe fRiEHRY dre & oa 1@0169 ofgofli um chkor | de,
per liter, Bmlga%tréﬂlﬁﬂﬁd | 1 I@@r hiQns; i nto 699 { zp tlest tybes and
st eam st erfi ' oRut es. Th=s§ gli thi portions '
ver e each | @S8R SalJNL 440 at«i c ztlt}4 ne Iooafblf gf on§7 ojj he.
m cr oor gani SNy | <ted gg shake ;:# grr \éﬁes?c] rried Qut|at
30 C for Qm% ion, 2 each” cul tjure s
centrifuge 15Ps 5 5 é(? vvere susp=n9e68 of 100 M
phosphat e | BRgUdamonas GUptzedds gl icds@? Th|%9c%ll suspens| on
Pseudomonas chlororaphis I O 3904 0.21 95. S
Pseudomonas mendQ_QJ.na IFO 14162 0.65 99.2 S
Rhodococcus erythropolis IFO 12320 0.13 | 68.5 S
Rhodococcus rhodochrous IFO 3338 0.10 85.8 S
Tsukamurella paurometabola IFO 12160| 0.16 98.7 S
Brevibacterium iodinam IFO 3558 0.15 42.3 R
Corynebacterium acetoacidophilum 0 9 R

.12 | 40,
ATCC 21476 -

(Comparative Example 1: Asymmetric reduction of 5-
acetylfuro[2,3-clpyridine using various microorganisms)
5 A liquid broth (pH 7) comprising 40 g of glucose, 3 g of-yeast
' extract, 6.5 g of diammonium hydrogen phosphate, 1 g of
potassium dihydrogen-phosphate, 0.8 g of magnesium sulfate
heptahydrate, 60 mg of zinc sulfate heptahydrate, 90 mg of iron
sulfate heptahydrate, 5 mg of copper sulfate pentahydrate, 10
10 mg of manganese sulfate tetrahydrate and 100 mg of sodium
chloride, per liter, was distributed in 5-ml portions into large
size test tubes and steam-sterilized at 120 C for 20 minutes.
These liquid broth portions were each aseptically inoculated
with one loopful of one of the microorganisms listed in Table
15 4, and shake culture was carried out at 30 C for 24 to 72 hours.
After cultivation, 2 ml of each culture was centrifuged and the
cells collected were suspended in 0.5 ml of 100 mM phosphate
buffer (pH 6.5) containing 8% of glucose. This cell suspension



advance; t reaction was aI I ovved to pri - _
Af t'er reactlon the reaction m xture anal yzed in- the same manner 5
in Exanpl e 1. The yield, optical purity and absolute configuration of t he
product 5- (1-hydroxyethyl)furo[2, 3- c]pyridine peh reaction n1xEur?n?re
shown in Table Ie 4 Yield Optic Absol ut e croorgani sm (nyg
purity config ‘E@P‘gg a T bnt c%%R g cerevPgi %k $F0 0258 0.00 - -
:Saccharonycesetyhf@r@[EJIKbEmMﬁ&dhﬂH.placéﬂ)ﬁﬁeraﬂﬂuinabdvanbésuhha thé is

ident th l e of co ting
The monocy i Eonrard EReRd B BeRReS St 4B, 8 528, Bebhsr pyit Hrhe
hardly reackea@kFiPn¢ ﬁ@%reyétw@na@@swwma@ apadyeedatin vide safenpaehgr
5-acel yaf Ured 2.3 Bdaisidli ne. rhBXyIRIA SopMMCSt Gy ana ap
j tﬁr#uro[sflél ce] pyri di ne

5-(1-(R) - hyd t h f dlne rom5-ac
usfng(cénd?/‘béf(‘) e > %0@5 PE%P g |Hl‘ﬂ?36‘i1FP’(YF!5tW1))@b¥ﬁ) 268ng 3 g of

yeast ext ramlpyrﬁdﬁn@ mdr dt@amnmmmnhywﬁtga{repmwtatﬁ fawn £F4 pot assi um

di hydr ogen- phosphate, 0.8 g of nmagnesium sul fate heptahydrate, 60 ng of -
zinc sulfate heptahydrate, 90 ng of iron sulfate heptahydrate, 5 ng of
copper sul fRakleeht ahydrate, 10 ng of 25 manganese sul fate tetrahydrate - and
100 ng of [sodiumchloride, per 900 mTTITItTéRS,e1@d ggglge{pp B s Sdgkanol

were placegd in a 50@18fopdagiahi flask and 7edri 8bnfigu-
sterilized 40% aqueous solution of glucose ! hﬁfﬁﬂéi(%ag herghghg Was

asepticall*ﬁhﬂﬂﬁﬁﬂﬁhﬁﬂﬂ¥"ﬁ” é m—of fﬁa:d?géU|c UbO AR tH-ta—rans .

Saccharomyces cerevisiage ATCC 9017 0.01 - -

10
From the above results, it is évident that Saccharomyces
cerevisige known to be capable of converting the monocyclic
acetylpyridine to optically active hydroxyethylpyridine
hardly reacts with the bicyclic acetylpyridine derivative,
15 namely 5-acetylfuro[2;3-c]pyridine.

(Example 3: Synthesis of 5-(1-(R)-hydroxyethyl)furo[2, 3-
clpyridine from 5-acetylfuro[2,3-c]lpyridine using Candida
maris IFO 10003)

20 A liquid broth (45 ml) comprising 3 g of yeast extract,
6.5 g of diammonium hydrogen phosphate, 1 g of potassium
dihydrogen-phosphate, 0.8 g of magnesium sulfate heptahydrate,
60 mg of zinc sulfate heptahydrate, 90 mg of iron sulfate
heptahydrate, 5 mg of copper sulfate pentahydrate, 10 mg of

25 manganese sulfate tetrahydrate and 100 mg of sodium chloride,
per 900 milliliters, and one drop of Adekanbl were placed in
a 500-ml Sakaguchi flask and sterilized, 5 ml of a sterilized
40% aqueous solution of glucose was added, and the whole was
aseptically inoculated with 1 ml of the culture of Candida maris

30 IFO 10003 as obtained by the culture method described in Example

1, and shake culture was carried out at 30 C for 24 hours. The



-' shake cul ture wa Pk o VU

(=3

drops of Adekanol and, after sterilizatggon,
~aqueous solution of 5 glucose was added, and the whole was aseptically

30 I FO 10003 as obt ai ned by the culture met: hod descrl bed in Exarrpl e 1, and

Tters of the I|qU|d broth haV| ng

p
250 m of a sterilized 40%

i noculated with 50.m of the seed. Cultivation was carried out under the

foll ow I tion.tenperat rate of
st)i r(r)\iMnSQS‘é'gg%irﬁl' a ra'?i%lh %h%és élé g Ie‘aﬂrYﬁ st u%{ R Jr%‘?tr i#e pH
was found t#erymertéecire ¢harged h:antls 5, 25101iherpl—bfva3hedﬂ.mqued boobh5 by
adding 5 N ﬁ’é%'ﬁ?%&:h%oQbH% MﬂPB@.ﬂﬁon Ahkes ﬂgﬁjﬁt%@%a& tg@gggl ture

containing micropjal cells 5-acet pyridine an

of gl ucose SEFEILIIFALRP i (£50 B Ptfeﬁ1 ﬁ%ﬁrJFJeﬂt%‘?tt age e spdyirdomopt
rﬁact i 0B VgBuceEd wad andehcnt aRf thewhblatidy aegptméazzy&dwﬂsatéalma 15
the reacti the.re |on Xture was main usi ng
5 N aqueouggbsod{]um h%yloero 3G i% JOFs Y&ty AL \.g: 3t rt‘hte start
of the reactobimwibiy gonﬂlglmnest‘eaxamd nBirsg oflyiuvavsenwenpeadiee 30T,
respectivelys+ Afd €550 Q? h 7 el act m was
extract.ed Wlath 1 |Ist er neézo eth fnta%gtlrgt%g'%té{n?t?eazn{lglous*m a éh}!ﬁ_ﬁg
further ext9ucteeRW N tj_nq iRtewast foumd té?cétaé(teebe?ﬁéleoﬁgblﬁlrctbﬁasés5were

conbi ned anthe gahydy aagds@a@rtoas\hydycwdﬁo@smaub&ab%o@mn faiﬂ&réﬁh&ént was
t hen di Stl| d off ndeglred(#:]e essu he residue we added 30 ni

of ethyl adhseeCHiGLEs PR BB E st comtn DR A B AE PRl LS

stirred at TOgndafe ppecattyl € ufror 22 Bh«njtpgrlﬂtime anid 6® gaovliogluesseewaxred by

filtrati | '
The 1 osi dud et ary a3 THog JebEbriliier (St Be A IgHoFeaPRIPa" ©
acetate arwRsEERdiefk buleatind0 6 Wik Stirying fHif R2.M) hedrs. Durlng

hydr oxyet hwWnd wedlo2i3mG] pMei sh s @ﬁe%&eﬁahlrﬁllxe@ﬁé $aShintaRhleGaht

purity: 98. 7%ee rreltln%pomt 5t ) ,
H 6 using 5 eous sodlum hydrox1de At 4.5 hours and 7.5

hours after the start of the reaction, 60 g of glucose and 80
g _o'f glucose were added, respectively. After completion of the
reaction, the reaction mixture was extracted with 1 liter of

20 ethyl acetate and the aqueous phase was further extracted with
1 liter of ethyl acetate. The organic phases were combined and
dehydrated over anhydrous sodium sulfate, and the solvent was
then distilled off under reduced pressure. To the residue were
added 30 ml of ethyl acetate and 500 mg of active carbon, and

25 the mixture was stirred at room temperature for 2 hours. The
active carbon was removed by filtration and the solvent was then
distilled off under reduced pressure. The residue was
crystallized from a mixed solution composed of ethyl acetafe
and methylcyclohexane to give 8.1 g of 5-(1-(R)-

30 hydroxyethyl)furo[2,3-clpyridine as white solid. Yield: 81%,
optical purity: 98.7% e.e., melting point: 59.5 to 60.5 C,
specific rotation [a],® = +37.0° (CHCl,, ¢ = 0.56). 'H-NMR
0 (CDCL,): 1.56 (3H, 4, J = 6.35 Hz), 4.12 (1H, s), 5.00 (1H,
q, J = 6.35 Hz), 6.80 (1H, d, J = 1.95 Hz), 7.54 (1H, s), 7.77

'35 (1H, d, J = 1.95 Hz), 8.80 (lH, s).



specific rot atlon [ a ]p20 = +37 0 (CHC13 .O'.,56). 1H NVR b(CDC13):

1. 56 (3H d T N 6. 35Hz) 6. 80 _—
(1H s) . ; [ EdT oxyethy uro[2,3
c] pyridi ne from 5-acetyl furo[ 2, 3-c] pyridine usi ng Candi da tropicalis I FO
0006) 5 Aliquid broth (225 nm) corrpr|5|:?17g 3 g of yeast extract, 6.5 g of
di anmoni um hydr ogen phosphate, 1 g of potassium di hydrogen-phosphate, 0.8
g of magnesi um sul fate heptahydrate, 60 ng of zinc sul fate heptahydrate,
90 ng of iron sulfate heptahydrate, 5 ng of copper sul fate pentahydrate,
¢10 ng of 10(rRRagpmese: s@im@&gﬁ, r@@yﬁr@ie(gpdhdggo@eﬂflyf%m§h§or| de,
per 900 mII|I|tersh g ngrogslof A%kanol were placed I n liter
Sakaguchi fFAB¥FARENE EF PP 22QCCSELANTBS 2a35PdPYFidéne Hé@@&q%@géﬂéol ution

of glucose uwmepadddis and obeéwhol e was . aseptically inoculated with 2.5 nl

f th 'ture of FOOOOGa obt ai ned .b he culture
(r)ret hog ascribed i nr%ﬂiab#%tT ?82 jﬁgk SR R &: \SA’/a gryreiaé(f éﬁ%rQF%SO C
for 24 houfPs>® &f Pérdeamwaumohydsggem pbpsphateul fugeofiapotasat.ninf uged,
and the cel hihyakbg h%hd@bﬁaﬁé%ﬁ@@%ﬂ ﬂaéQQsﬁhm Qf1 A0Q MPH??@PQE%

buf f H -acety
pyrl glrn(epango 1)“8 8 ﬁﬂﬁﬁo§%f§£§%8%?BE%BYdFﬁg80589 R Sﬁkaﬁaﬁhﬁuifa‘éﬁ and

t he reactlohewaahgdrated bung af SOppait Busfatei pgnf:anyaraear si10DWgi 6 t he

reacti t re S I nt al sing 5
N aqugl(r)bus lﬂg %édér"g%%igé %h@&a % :Nd%n gﬁ e E&‘ggrf‘ﬁ
reaction mi R?Hr%OQvafsﬂéﬂlrleﬁﬁre?d \mhldht?mh@iroaee@ﬁtlbddmhdhevemqpéaaedplhase

was further a@dfle\?ézega%gﬁcﬁikyiasq{;%tnﬁt § ;Eflzgdg @f%egt&fﬁfigﬁgﬁi ned

and dehydrated over anhydrous sodium su ate and vent
distilled off® u"h%i‘é‘l"ou? s gla1cogfe "‘f"’@s@d’lﬂ@%@n@l $bel vhalenwasl uene

at room 30 &sepei@ALIE ﬂf@bﬁi@t@@lwmﬁmmmsnlcw thel Buh€BrWaber chRd¢ayse
15 fropicalis IFO 0006 as obtained by the culture method described

in Example 1, and shake culture was carried out at 30 C for
24 hours After cultivation, 300 ml of the culture was

a centrlfuged and the cells collected were suspended in 100 ml
"of 100 mM phosphate buffer (pH 6.5). The cell suspen51on 1
20 g of 5-acetylfuro[2,3-clpyridine and 3 g of glucose were placed
in a 500-ml Sakaguchi flask, and the reaction was carried out
at 30 C with stirring for 5 hours. During.the reaction, the
PH of the reaction mixture was maintained at pH 6.5 using 5 N
) aqueous sodium hydroxide. After completion of the reaction,
25 the reaction mixture was extracted with ethyl.acetate and the
aqueous phase was further extracted with ethyl acetate. The
organic phases were combined and dehydrated over anhydrous
sodium sulfate, and the solvent was then distilled off under
reduced pressure. The residue was dissolved in toluene at room
30 temperature and the solution was cooled in ice water to cause
crystallization, whereby 750 mg of 5-(1-(S)-
hydroxyethyl)furo[2,3-c]pyridine was obtained.aS'White solid.
Yield 75%, optical purity 100% e.e.

35 (Example 5: Preparation of a cell-free extract from Candida



crystallization,
-~ hydr oxy
--optT car - :
from Ca a3 n rnedia | FO 0761 and sy A
hydr oxyet hyl ) furo[ 2, 3-c] pyridine from5-geetyl furo[2,3- c¢]pyridine usi ng _
the sane) Candida internedia | FO 0761 was cultured by the same 5 nethod of
cultivation as described in Exanple 3 except that the 5- I iter j ar

fermenter %fé’%ﬁdﬁ n dified_as ,foll rate of
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After cuIt|M4Wet§ml}ﬁum[Zh&-cmyrudenebfaomed aestgephfbfoged, the
cells coll gt f@}m&%mh@%t ®&) W th 400-ml portions of 100 mM

fe
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- 13- nercaptoethanol to 5 suspensi on-vwa
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product were determn e sang nanner %rsi on
was 60. 7% &nBeffleBeptrEal PHOAREY QBBISIPOD. Pi%(hlca;s )30 Cheaople debris
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5-acetyl furql2, r.idi ne using a cel
y 8% atuL 1on and tﬁ% supernatant was removed by

centrifugation. The sediment obtained was suspended in 15 ml
of 100 mM phosphate buffer (pH 6.5) supplemented with B-
mercaptoethanol to 5 mM and the suspension was dialyzed

20 overnlghtagalnst100rm4phosphatebuffer(pH6.5)supplemented
with B -mercaptoethanol to 1 mM to give 64.5 ml of a cell-free
extract. The cell-free extract (0.75 ml) was added to a test
tube containing 15 mg of S-acetylfuro[z, 3-clpyridine and 104.3
mg of NADH, and the reaction was allowed to proceed at 30 C

25 for 4 hours. After completion of the reaction, the conversion
to the product and the optical purity of the product were
determined in the same manner as in Example 1. The conversion
was 60.7% and the optical purity was (S) 99.5% e.e.

wher eby 750-.ng of 5-(1-(S)-.

30 (Example 6: Synthesis of 5-(1-(S)-hydroxyethyl)furo[2, 3-
elpyridine from 5—acetylfuro[2,3—c]pyr1dine'usingeicell-free
extract from Candida intermedia IFO 0761) ' |

The cell-free extract (0.75 ml) from Candida intermedia
_ IFOHO761 as obtained in Example 5 was added to a test tube
'35 containing 15 mg of 5-acetylfuro[2,3-c]pyridine and 126.4 mg -
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- the optical purity of the product were .determned in the sanme manner as in-
Exanple 1. The conversion 5 was 51.1% and the optical purity vvas (S) 99.4% -
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15 heptahydrate, 5 mg of copper sulfate pentahydrate, 10 mg of
manganese sulfate tetrahydrate and 100 mg of sodium chloride,
per 900 milliliters, and one drop of Adekanol were placed in
a 500-ml Sakaguchi flask and sterilized, 5 ml of a sterilized
40% aqueous solution of glucose was added, and the whole was

20 aseptically inoculatedwith 1 ml of the culture of Candida maris
IFO 10003 as obtained by the culture method described in Example '_
1, and shake culture was carried out at 30 C for 48 hours. After
cultivation, 40 ml of the culture was centrifuged, and the cells
collected were washed twice with deionized water and suspended

25 in 40 ml of deionized water. Acetone (1.2 L) was added thereto
with ice cooling and stirring, and the mixture was stirred on
ice for 30 minutes. After filtration, the cells on the filter
paper were washed with cooled acetone and then dried under
reduced pressure to give 1.3 g of acetone-dried cells. The

30 acetone-dried cells (10 mg), 5 mg of 5-acetylfuro[2,3-
~clpyridine, 0.275mg of NAD*, 0.275 mg of NADP*, 5.5 mg of glugose,
30 U of glucose dehydrog_enase. (GLUCDH "Amano" II, trademark,
product of Amano Pharmaceutical) and 0.5 ml of 100 mM phosphate
buffer were added to a test tube, and the reduction reaction

' 35 was carried out at 30 C for 24 hours. After completion of the
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and the optical purity of the product  were determned in the sanme manner

as in Exanple 1. .The conversion was 90.8% and the optical purity was (R
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Exanpl e 3 except that the 5- liter jar fermenter cultivation conditions
were nodifi€d®as follows: rate of stirring: 300 rpm aeration: 0.75 L/min,
cultivatson tinme: 76 hours. Cells were centrifugally 15 coIIected from2 ,
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Phar maceuti cal ), uction’reaction was carrred ou réaction
was cul 1vat10n tlme 76 hours. Cells were centrifugally

15 collected from 2,150 ml of the culture obtained and washed with
500 ml of 100 mM phosphate buffer (pH 6.5), and the wet cells
were suspended in 430 ml of 100 mM phosphate buffer (pH 6.5)
supplemented with f - mercaptoethanol to a concentration of 5

mM, and the cells were disrupted using a Bead-Beater (product
20 of BloSpec Products). The cell debris was removed by -
centrifugation, and the supernatant was dialyzed overnight
against 100 mM phosphate buffer (pH 6.5) supplemented with B
-mercaptoethanol to 5 mM to give 289 ml of a cell-free extract.
The cell-free extract (24 ml) was added to a three-necked flask
25 containing 0.25 g of 5-acetylfuro[2,3-clpyridine, 30 mg of NAD",
2.5 g of glucose and 300 U of glucose dehydrogenase (GLUCDH
"Amano" II, trademark, product of Amano Pharmaceutical), and
the reduction reaction was carried out. The reaction was
allowed to proceed at 30 C with stirring while adjusting the
30 pH of the reaction mixture to 6.5 using 5 N aqueous sodium
hydroxide. Portions of the reaction mixture were analyzed at
intervals by HPLC and, each time when the substrate was found
exhausted, 0.25 g of the substrate was added, and the reaction
was'allowed to proceed continuedly. While repeating this

' 35 procedure, the reaction broth was carried out for about 72 hours.
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C)trhe substrate was found exhausted, 0.25 g of the
substrate was added and the reaction was allowed to proceed
continuedly. While repeating this procedure, the reactlon was
carried out for about 93 hours. After completion of the

20 reaction, the yield of 5-(1l-hydroxyethyl)furo[2,3-c]pyridine
was 1.8 g. Yield: 72%, optical purity: (R) 100% e.e.

(Example 10: Synthesis of 5-(1-(R)-hydroxyethyl)furo[2,3-
clpyridine from 5-acetylfuro[2,3-clpyridine using acetone-
25 dried cells of Candida maris IFO 10003)
The acetone-dried cells (20 mg) of Candidamaris IFO 10003
as obtained in Example 7, 25 mg of 5-acetylfuro[2,3-clpyridine,
2.2 mg of NAD', 0.4 ml of 100 mM phosphate buffer (pH 6.5) and
0.1 ml of isopropanol were added to a test tube and the reduction
30 reaction was carried out at 30 C for 39.5 hours. After
completion of the reaction, the conversion to the product and
the .opt'ical purity of the product were determined by the same |
analytical methods as in Example 1. The conversion was 47.2%
and"the optical purity was (R) 100% e.e.
35 ’
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an aqueous $ol®ution of sodium hypochlorite saturated with sodi um _
" bi carbonate in advance, and the m xture was stirred on ice for 30 m nutes.

dded, and 10 ml of
After conpl of the reaction, ethyl acetate was a
10% aquegﬁs?%se%(%r&lﬂ%meslﬂ if | B¥nkhesddded \'En—hbesy[u-m-ng After phase

chlorofuro[2, 3- ~c]pyridine from 7-chloro-5- (1-
hydroxyethyl)furo[2, 3- -clpyridine)
7-Chloro-5-(1- -hydroxyethyl)furo(2, 3- c]pyrldlne (1.0 g)
obtained by the method described in J. Org. Chem., 63, 7851
(1998) was dissolved in 4.0 ml of methylene chlorlde.' Thereto
20 were added 3 ml of a saturated aqueous solution of sodium

bicarbonate, 0.62ml of a 1 M aqueous solution of sodium bromide
and 0.62 ml of a 1 M solution of 2,2,6,6-tetramethyl-1-
piperidinyloxy radical in methylene chloride, and the resulting
mixture was vigorously stirred on ice. Thereto was added
25 portionwise 5.74 ml of an aqueous solution of sodium
hypochlorite saturated with sodium bicarbonate in advance, and
the mixture was stirred on ice for 30 m1nutes After completion
of the reaction, ethyl acetate was added, and 10 ml of 10% aqueous
sodium hydrogen sulfite was added with stirring. After phase
30 separation,theorganicphasewastaken,washedwith21saturated
solution of sodium chloride, and dried over anhydrous sodium
sulfate. The solvent was distilled off under reduced pressure
and the residue was crystallized from toluene-:
methylcyclohexane to give 0.43 g of 5-acetyl-7-

35 chlorofuro[2,3-clpyridine. 'H-NMR 0 (CDC1,): 2.77 (3H, s),
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reaction m thoeméolpleavxbﬂtéry max;ldlgsﬂﬁlblmteélﬁosIthBo@tlBHsSer\ffc?ég?glayzed
i ral pak Al 28yt Binss ARACH oA e tar T hagd ot dpd Toiam déneinutes. |
Chiral pak AS, product
hexane/ethaﬁ%??ﬁl%%QH4QNﬁHﬂ$h:Rﬁyﬁﬂdhslwe&bowabhtaseptlcally inoculated
15 with one loopful of one of the microorganisms listed in Table
5, and shake culture was carried out at 30 C for 24 to 72 hours.
Then, 0.5 ml of each culture was centrifuged and the cells
.collected were suspended in 0.5 ml of 100 mM phosphate buffer
' (pH 6.5) containing 8% of glucose This cell suspen51on was'
20 added to a test tube containing 5 mg of 5-acetyl-7-
chlorofuro{2,3-c]pyridine obtained in Reference Example 1
placed therein in advance, and the reaction was allowed to
proceed at 30 C for 26 hours. After reaction, 5 ml of ethyl
acetate was added to each reaction mixture, followed by mixing

25 up. A portion of this was analyzed under the following HPLC
conditions. '

[HPLC analysis conditions]
Column: Chiralpak AS, product of Daicel Chemical Industries;

30 eluent: hexane/ethanol/diethylamine = 92/8/0.1; flow rate: 1
ml/min; detection: 254 nm; column temperature: room
temperature;'elution time: 5-acetyl-7-chlorofuro[2,3-
clpyridine 7.6 minutes, 5—(1—(R)-hydroxyethyl)—7—
chlorofuro[2,3-c]pyridine 10.3 minutes, 5-(1-(S)-

' 35 hydrbxyethyl)-7-chlorofuro[2,3—c]pyridine 15.7 minutes.
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toruloid GI1FO 0559 1.90 98,7 S Sporidi obol u Johnson. |FO 1706 5. 85 18. 0

003 5.10 90,5 R (Oga a a wickerham
cand da “ﬁnsThEiblg a—+FO-0534-0.46 78 8 R (Exanple 13: Asynnetrlc

?edzgg?gﬁzglygb 8F9Fn%seh|orofuro[2 3- c]pyrldlrﬁieﬁﬁrm OyanbaffiAfsoﬁ%t 10
m croorgani sns) A liquid broth (pH 7) CO”DV'S'”EXﬂdym%J???rlfx ;‘Eehf- ‘
eptone, b g of yeast extract and 3 g sodlunlthorl ¢.(¥pece. .1&@~
gp p'b fad opprons_intolarge size tgst _tubes and ration _
- SLZ;LLS?EEI dil B3LEOSE 0B S6daut es. Thesd Ri.33i d booth ppriioms yere
cach asept i (RS O%%pypy§{m44,%ﬁggosss. 0.32 70.3 S :
_ 15 albidus var. albidus 0.62 96.5 S
IFO 0378
Dipodascus ovetensis IFO 1201 2.07 97.2 S
Geotrichum candidum CBS 178.71 3.35 98.2 S
Hyphopichia burtopnii IFO 0844 1.61 81.4 S
Lodderomyces elongisporus IFO 1676 1.45 95.8 S
Rhodosporidium toruloides IFO 0559 1.90 98.7 S
Sporidiobolus johnsonii IFO 6903 4.24 98.3 S
Candida maris IFO 10003 5.10 90.5 R
Ogataea wickerhamii IFO 1706 5.85 18.0 R
Xamadazyma farinosa IFO 0534 0.46 78.8 R

(Example 13: Asymmetric reduction of §- ~acetyl-7-
chlorofuro{2, 3- clpyridine using various microorganlsms)
A liquid broth (pH 7) comprising 10 g meat extract, 10
10 g peptone, 5 g of yeast extract and 3 g sodium chloride, per
liter, was distributed in 5-ml portions into large size test
tubes and steam-sterilized at 120 C for 20 minutes. These
liquid broth portions were each aseptically inoculated with one
loopful of one of the microorganisms listed in Table § . and shake
15 culture was carried out at 30 C for 24 to 72 hours. Then, 2
ml of each culture was centrifuged and the cells collected were
suspended in 0.5 ml of 100 mM phosphate buffer (pH 6.5)
containing 8% of glucose. This cell suspension was added to
a test tube containing 2.5 mg of 5- acetyl 7-chlorofuro[2, 3-
20 clpyridine obtained in Reference Example 1 pPlaced thereln in
advance, and the reaction was allowed to proceed at 30 C for
26 HOurs. After reaction, the reaction mixture was analyzed
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oxi di zi ng 1AT%012d4d6 NADH to NAD+ in one minlte under these freaction
conditions was defined as 1 unit. Aliquid broth (45 m) conprising 3 g of

yeast extraGeyample 14: Enzyme purification)

Hereafter, the reducing activity was measured by allowing
10 the reaction to proceed at 30 T for 3 minutes in 3.0 ml of a.
reaction mixture containing 1 mM 5-acetylfuro[2,3-clpyridine
(substrate), 0.25 mM NADH, 0.3% (vol/vol) dimethyl sulfoxide
_and'0.05 ml'of the enzyme solution in 100 mM phosphate buffer
(pH 6.5) and measuring the decrease in absorbance at the
15 wavelength 340 nm. These conditions were employed as standard
reaction conditions for reducing activity measurement. The
enzyme activity oxidizing 1 umole of NADH to NAD' in one minute
under these reaction conditions was defined as 1 unit.
A liquid broth (45 ml) comprising 3 g of yeast extract,
20 6.5 g of diammonium hydrogen phosphate, 1 g of potassium
dihydrogen-phosphate, 0.8 g of magnesium sulfate heptahydrate,
60 mg of zinc sulfate heptahydrate, 90 mg of iron sulfate
heptahydrate, 5 mg of copper sulfate pentahydrate, 10 mg of
manganese sulfate tetrahydrate and 100 mg of sodium chloride,
25 per 900 milliliters, and one drop of Adekanol were placed in
a 500-ml Sakaguchi flask and sterilized, 5 ml of a sterilized
.40% aqueous solution of glucose was added, and the whole was
aseptically inoculated with 1 ml of the culture of Candida maris
IFO 10003 as obtained by preculturing in the same medium, and

30 shake culture was carried out at 30 C for 24 hours. The culture
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15 wet cells were suspended in 1,200 ml of 100 mM Tris-
hydrochloride buffer (pH 7.5) containing 5 mM 8-
mercaptoethanol and 0.1 mM PMSF and the cells were disrupted

- using a Dyno-mill (product of Dyno Mill). The cell debris was
'-removed-by centrifugation and 1,760 ml of a cell-free extract
20 was obtained.

Protamine sulfate (3 g) was added to this cell-free
extract and, after overnight stirring at 4 T, the resulting
precipitate was removed by centrifugation. Ammonium sulfate
was added to the supernatant to 35% saturation and, after 1 hour

25 of stirring at 0 C, the resulting precipitate was removed by
centrifugation. Ammonium sulfate was added to the supernatant
to 65% saturation and, after 1 hour of stirring at OCC, the
resulting precipitate was collected by centrifugation and
suspended in 200 ml of 20 mM Tris-hydrochloride buffer(pH 7.5)

30 containing 5 mM B -mercaptoethanol, and the suspension was
dialyzed against 30 L of the same buffer. :

The dlalyzate was applled to a DEAE- TOYOPEARL 650M
(product of Tosoh) column (340 ml) equilibrated beforehand with
20 mM Tris-hydrochloride buffer(pH 7.5) containing 5 mM -

- 35 mercaptoethanol to thereby allow the enzyme to be adsorbed, and
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15 SW (product of Tosoh) column (7.8 mm I.D. x 30 cm) and 0.1 M
phosphate buffer (pH 7.0) containing.o.l M sodium sulfate as
theeluent,themolecularweightwasaboutﬁ0,000. Hereinafter,

- this enzyme is referred to as FPDH. o

20 (Example 15: Optimal temperature for the activity of FPDH)
Activity'measurements weére conducted under the standard

Teaction conditions for reducing activity measurement as
described in Example 14 €Xcept that the temperatufe alone was

_ varied from 20 to 80C. As a result, the optimal temperature
25 was found to be 50 to 55 T.

(Example 16: Optimal pH for the activity of FPDH)
Activitylneasurements were conducted under the standard
reaction conditions for reducing activity measurement as
30 described in Example 14 while varying the pH within the range
of 3.5 to 9.0 using acetate buffer,_phosphate buffer and
Tris —hydrochloride buffer as the buffer solution. As aresult ,
the optimal PH was found to be 5.0-6.0.

35 (Eiample 17: Behaviors of FPDH against inhibitors)
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i W thout inhi bhhebizddi biyORnhebaich S gQpds 100% As a result, t
activity was inh%bitedygy ﬁhe nepggfy Pon.'lo Tabl e 7 Inhibitor Conc.
Rel ati ve (mV) activity ($) DINB 0.01 98 |odoacetic acid 1.0 80

Di t hi ot Hi0ei t Bable0793 2- Mercaptoethanol 1.0 94 N-ethyl mal ei m de 1. O. 84

o
3
1
3
3
i
®

p- Chl or oner e hPERZ8ELC aci d 01— 100—EBTA 1\Lcdﬁb. Relative

(mM) activity
(%)
DTNB 0.01 98
Iodoacetic acid 1.0 80
Dithiothreitol _ 1.0 93
2-Mercaptoethanol 1.0 94
N-ethylmaleimide 1.0 84
P-Chloromercuribenzoic acid 0.1 100
EDTA 1.0 .98
1,10-Phenanthroline 1.0 98
Quercetin 0.01 78
Diphenylhydantoin 0.5 102
Mgso, 1.0 81
MnC1, 1.0 76
ZnS0O, 1.0 74
Cuso, 1.0 103
CoCl, 1.0 85
HgCl, 1.0 0

(Example 18: Specificity of FPDH) _
The reducing activity of FPDH was examined against

variouscompounds._Activitynmasurementswereconductedunder

15 the standard reaction conditions for reducing activity
measurement using various carbonyl cdmpounds shown_in Table 8

. - and Table 9 as substrates in lieu of 5-acetylfuro[2,3-
c]pyridine. In Table 8 and Table 9, the results are shown in

terms of relative activity with the reducing activity when

- 20 S-acetylfuro[2,3-clpyridine was used as the substrate being
taken as 100%. As a result, FPDHIhad.reducing'activity'against
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% ;S;?ng 22?b§£$??%g@%§?§ﬁéé‘gﬁﬁﬁ&he kgtone in position aoto a carboxyl
i group. i9 5 Table 8 Substrate (1 mM) Relative acf;vigfz(éac]pyrldlne
,% > A@etylﬁurd¥QbBEC§pyrldlne 100bc} Fh'?ff,fbaiggy AuArptvlnvrldlne 130
y 2-Acetyl 68 swyst£ABE (T L) SACEtyHpyr 2. Acet yl|iBRlHHae aotivity (%)
i Acetyl pyrazifiea d36,1 A FSES yéf’é]pir’fidiﬁé 100
;. 2-Acetyl furlagn 43 1o 5- acetylfuro[2 3-clpyridine - 66 °
: '2 -Acetylpyridine . _ ' 111
B 3-Acetylpyridine o 107
4-Acetylpyridine 130
Acetylpyrazine 133
2-Acetylpyrrole 100
2-Acetylthiophene 77
2-Acetylfuran 43
2-Acetylthiazole 86
Acetophenone 88
m-Nitroacetophenone 136
p-Nitroacetophenone 116
o-Chloroacetophenone 9
m-Chloroacetophenone 120
| p-Chloroacetophenone S 88
pP-Fluoroacetophenone ' ' 88
2-Hydroxyacetophenone 54
2,3'—Dichloroacetophenone 19
Benzylacetone 96
Acetone . 40
2-Butanone _ 94
2-Pentanone _ o 67
2-Hexanone 38
2-Octanone 38
Methyl isopropyl ketone 43
Methyl isobutyl ketone 14
Acetoin 43
Diacetyl 107
Acetylacetone _ 123
Diethyl ketone 22
Chloroacetone 99
l-Acetylcyclopentanone 86
1—Acetylcyclohexanone ' . : - 68
Methyl pyruvate l 132
Ethyl pyruvate ' 133




2 Acetylthlazole 86 Acetophenone 88 n}Nytroacetdphehdne 136

Tﬁ'2 3' - Di chloroacetophenone 19 Benzy]acetone'ga :
} 2-Pentanone 67 2-Hexanone 38 2- CbtanoDS 38 Mt yI |sopropyl ket one 43
' Met hyl 1sobutyl ketone 14 Acetoin 43 gcetyl 107 Acetylacetope 123
5' D et hyl ketone 22 Chl oroacetone 99 1-Acetyl cycl opentan0 ne 86

- anone 68 Met hyl ruvate 132 Ethyl pyruvate 133 50
: Acetylcyclaﬁﬁf %TP (1 _mv) Reyathe activity (~) Methyl acetoacetate 128

: Table 9 :a

i Substrate (1 mM) Relative activity (%)
Methyl acetoacetate 128
Ethyl acetoacetate 141
Ethyl 2-chloroacetoacetate 88

Pyruvic acid 3
2-Ketobutyric acid 5
2-Keto-n-valeric acid 7
Oxalacetic acid 4
Cyclopentanone 3
Cycloheptanone 4
1-Tetralone 2
2-Tetralone 0
Camphorquinone 3
Cyclohexanone 4
Pyridine-2-aldehyde 54
Pyridine-3-aldehyde 47
Pyridine-4-aldehyde 64
Benzaldehyde 94
o-Nitrobenzaldehyde 9
m-Nitrobenzaldehyde ' 103
p-Nitrobenzaldehyde ' 162
| ©-Chlorobenzaldehyde : 0
m-Chlorobenzaldehyde ' ' 111
p-Chlorobenzaldehyde 104
Acetaldehyde : 36
Propionaldehyde 70
n-Butyr aldehyde 123
n-Hexyl aldehyde 71

Further, FPDH was examined for oxidation activity against

various compounds. The oxidation activity was measured by

5 allowing the reaction to proceed at 30 T for 3 minutes in 3.0
ml of a reaction mixture containing 1 mM substrate, 0.25 mM NAD®,
0.3% (vol/vol) dimethyl sulfoxide and 0.05 ml of the enzyme
solution in 100 mM phosphate buffer (PH 8.0) and measuring the
increase in absorbance at the wavelength 340 nm. These

10 conditions were employed as standard reaction conditions for
oxidizing activity substrate measurement. Theenzyméactivity
reducing 1 Zmole of NAD' to NADH in one minute ﬁnder these
reaction conditions was defined as 1 unit. The data shown in

Table 10 are relative activities with the oxidation activity
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(R)-5-(1- Hydroxyethyl)furo[z 3- 100
clpyridine _
1-(2-Pyridyl)ethanol : 23
1-(3-Pyridyl)ethanol 110
1-(4-Pyridyl)ethanol 24
Isopropanol 226
1-Buten-3-01 : 261
4-Penten-2-o0l 172
4-Phenyl-2-butanol 219
(R)-1-Phenylethanol 225

(Example 19: Synthesis of 5-(1-(R)-hydroxyethyl)furo[2,3-
c]pyrldlne from 5- acetylfuro[z ,3- -clpyridine using FPDH)
Stirred was 0.5 ml of 0.1 M phosphate buffer (pH 6.5)

10 containing 0.5 unit of FPDH obtained in Example 14, 5 mg of
5-acetylfuro[2,3-c]pyridine, 20 mg of glucose, 0.5 mg of NAD"
and 4 units of glucose dehydrogenase (product of Amano
Pharmaceutical) at 30 C for 17 hours. After reaction, the

_ reaction mixture was analyzed in the same manner as in Example

15 1. As a result, the formation of 5-(1-(R)-
hydroxyethyl)furo[2,3-clpyridine with an optical purity of

100% e.e. with 100% conversion was confirmed.

(Example 20: Synthesis of 7-chloro-5-(1-(R)-
" 20 hydroxyethyl)furo[2,3-clpyridine from 5-acetyl-7-
chlorofuro([2,3- c]pyrldlne using FPDH)

Stirred was 0.5 ml of 0.1 M phosphate buffer (pH 6.5)
containing 0.5 unit of FPDH obtained in Example 14, 5 mg of
5-acetyl-7-chlorofuro[2,3-c]lpyridine, 20 mg of glucose, 0.5 mg

25 of'NAD*and.4 units of glucose dehydrogenase'(product of Amano
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I ne from
maris IFO 10003 by the method descrlbed by Hereford (Cell, 18,

1261 (1979)).
(FDPH gene cloning by PCR)

Purified FPDH obtained as described in Example 14 was
denatured in the presence of 8 M urea and then digested with
Achromobacter-derived lysyl endopeptidase (product of Wako
Pure Chemical Industries) and the peptide fragments obtained
were sequenced by the Edman method. Considering the DNA

sequences deduced from the amino acid sequences, two PCR primers

were synthesized (primer 1: 5'- GGNGCNATHGTNAAYATGGG 3,
primer 2: 5'- CCDATNGGRTGYTGNGTDAT-3") .

A buffer solution (100 11l) for ExTaqg containing the two
primers (primer 1 and primer 2, 100 picomoles each), 660 ng of
the chromosomal DNA, 20 nanomoles of each ANTP and 2.5 U of ExTaq
(product of Takara Shuzo) was prepared, and 40 cycles of thermal
denaturation (95 T, 1 min), annealing (40 C, 1 min) and
elongation reaction (65 T, 2 min) were conducted and, after
cooling to 4 C, an amplified DNA was. confirmed by agarose gel
electrophoresis.

(Subcloning of the PCR-amplified DNA)

The amplified DNA was subcloned into the pT7Blue vector
(product of Novagen) and the base sequence thereof was
determined. As a result, the amplified DNA was found to be
comprised of 230 bases including the primer segquences. The
sequence is the DNA sequence portion doubly underlined in the
DNA sequence shown in Fig. 1. Hereinafter, this sequence is

i
B

g?rﬂﬁﬁf and 4 units

17
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~contal ni ng

d_pri | h) ,.
560 ng of . Feapie, By TBkRel BraREhsgs A5 R IR Rk AT and 2. 5 U of
ExTaq (moduct of Fwam@ma)te/mlqmeeﬁammvemleE@Roytheylmomqwmall 25
denaturatlogN%C f ant were Conggblﬂgobgowgs kiBgp) dﬁ&ésﬁgdnﬂ¥¥ﬂ(¥he

reactlon(6 uct e after cool’l to 4 CC, an
anplified Dmsﬁé‘écéiéﬁﬂl eReYMByPabhraRe the digeth r%c?reésﬁgs"lrc‘llarlzed
using T4 DNA ligase. A buffer solution (100 11l) for ExTaq
containing 660 ng of the self-circularization product, the two
15 primers (primer 3 and primer 4, 100 picomoles each), 20
nanomoles of each dNTP and 2.5 U of ExTaq (product of Takara
Shuzo) was prepared, and40cyclesofthermaldenaturation(94TL
0.5 min), annealing (55 C, 0.5 min) and elongation reaction
(72 °C, 1 m1n) were conducted and, after cooling to 4 T, an
20 amplified DNA was confirmed by agarose gel electrophoresis.
The amplified DNA was subcloned into the pT7Blue vector
(product of Novagen) and the base sequence thereof was
determined. Based on this result and the core sequence data,
the whole base sequence of the DNA coding for FPDH was determined.
25 That whole base sequence and the deduced amino acid sequence
encoded by said DNA are shown in Fig. 1. 1In Fig. 1, the singly
underlined portions indicate those amino acid sequences which
could have been determined by the Edman method with the peptide
fragments formed upon digestion of purified FPDH with lysyl
30 endopeptidase. The amino acid sequence of FPDH derived from
Qﬁndldamﬁ:LsIF010003lsshownunderSEQIDI«)lenthesequence
listing. The base sequence of the DNA coding for that FPDH is
shown under SEQ ID NO:2 in the sequence listing. '

35 (Eiample 22: Construction of a recombinant vector containing




(Subcl oni- ng of the PCR— arrpl |f|ed DNA) 30 The arrpl |f|ed DNA was subcl oned
Ashha resulf the arrpll FTHEER g :»‘ T

conprlsed of 230 bases |nclud|ng the primer sequé&nces. The sequence S the

DNA sequence portion doubly underlined 64 the 35 DNA sequence shown in

Fig. 1. Hereinafter, this sequence is a~ 53 referred to as "core

sequence”". (Coning of sequences adjacent to the core sequence by inverse

(PCR) Based o1 tﬁp@m@aﬂee)rrent ary sequence 5 GGAGCGGCCACATACGAGTGAATGG

primer 3) of a port |on Q|OS the 5' .side o ore se nce and the

sequence AGACA EP%C&‘SP gremer 47 hﬁ@&éﬁﬁﬁ]c@% %0 the

3' side, tmd%ﬁ'ilblpranten&c(m ner b2 arsedporfiorert vinsfdgmatdan iwas sequence to

t hose sequ y zeqd. FOr s fY HRAYd a r
PCR, the cﬁgrbg‘er?;tso tIPEdSDI\Ig’bL(Eg LtCa%’ciil0(1}5'310lrféxajtrssﬂ:ilr FO ldogg]?é ‘\X/%gr%%s%r%& weﬂsjtmelgr\?\neth

the reBtrinad on /e it |added thee tdieggddd tiad ion cadar: fide thging T4

DNA | i pase.gA-Jififrel1 §eh8ticFPBR@nd a hiel f&¥mimahatbn eeabal andlanaﬁ&bm of
the sel f- C|rcular|zat|o roduct b§3‘l two 1 rlmersog_P r r|rrer
4, 100 pi c Ghidh a

gproduct offo'ﬁallwmg Simmfér vvasapedpanedheabdséosegubaseoﬁettleemttaled in . -
enaturati al A .1%& af i on
reaction Q”I‘}?(mpé m n% 5I%Nerr'&e}:‘)rcoéh r\S?ted cﬁﬁ‘(ﬁ eér)rAc%g‘or}% @l(ﬁ)? ;an' 20
anpl i fited wm@@ H@ﬁﬁu §heel atgdeaigapoeeegvemlfelm:leqrbm@@spertwnewén‘ﬁwf i ed
DNA was Subg:dﬂfadmamt Qdhe R Bpig ird o I(lpfréldtszt(swf Novagen) and the

base sequence thereof was determ ned. Based o result_and. the core
sequence d&ECAATRETHI EATEEE 308. DY L EEEA R

dEterﬁln6dcodonandeu1EcoRIsiteaddedimmediatelybehindthetermlnation

codon of the structural gene for FPDH were synthesized.

15 A buffer solution (100 1) for ExTaq containing the two
primers (primer 5 and primer 6, 100 picomoles each), 132 ng of
the Candida maris IFO 10003-derived chromosomal DNA, 20
nanomoles of each ANTP and 2.5 U of ExTaq (product of Takara
‘'Shuzo) was prepared, and300yclesofthermaldenaturatlon(94%3

20 0.5 min), annealing (60 T, 0.5 min) and elongation reaction
(72 T, 1 min) were conducted and, after cooling to 4 C, an
amplified DNA was confirmed by agarose gel electrophoresis.
This amplified fragment was digested with NdeI and EcoRI and
the digest was inserted into the plasmid pUCNT (WO 94/03613)

25 attheNdeI-EcoRIsitedownstremnfrmnthelacpromoter,whereby
a recombinant vector, pNTFP, was obtained. The construction
scheme for and the structure of pNTFP are shown in Fig. 2.

(Example 23: Construction of a recombinant vector containing
30 both the FPDH gene and the glucose dehydrogenase gene)
A double-stranded DNA comprising the Bacillus megaterium
IAM 1030-derived glucose dehydrogenase (hereinafter referred
to as GDH) gene wifh the ESQhQIitha coli Shine-Dalgarno
sequende (9 nucleotideS) added at 5 bases upstream of the
35 initiation codon of that gene and, further, with an EcoRI



25 That V\/nole base sequence and the deduced amino acid sequence encoded by

7 s SR Rae L 1 ned ortlon -

Giphete fino acid sequences whi P TS ST RO e

the Edman nethod with the pepti de . fragrrents for-med UpOﬂ"‘.\"dI gestion of -

purified FPDH with |lysyl 30 endopepti dass. The am no acid sequence of FPDH
~derived from Candida mans | FO 10003 is shown under SEQID NG 1 in the
sequence |isting. The base sequence of the DNA coding for that FPDH is

shown underdﬁf&téhl\&eelada@@ $ESHISHELo & SEALY.- S&%lél’@@rm{(? #f Sall

Construction of a I nant _vector_ containing t he FPDH gene) a For

causi ng FPOMH25PTe s?bﬁelﬁd‘?e‘%cﬂéﬂ rRefrind ofhe %rm%mfha‘?ﬁd%c‘fﬁ to be
used foa trmmm&mmmhmolmmg WAt Fi Eabedaoxdm@ Enﬁbgmadeéntm\f vvaﬁ
prepared whi.c o the initiati pdon site of the
structural heé]netss?géI i%%f—é\gn%l @(‘N S@ﬁ% 22T or® R and (ai EcoRl  site
added i m@%W%ﬂ&ﬁGAWTM%MTWWTAm%3‘beWJotvh ncheranner .
Based on t T 5

(5 - CooeaT ARSER R b A SRS P T seatiReCl & Bucleli BEG) Saagea

i niti at i on EoaRe$F PPSﬁrGPthffeth§t1r‘HcttJtﬂtalI°rg%‘n@°$@rf ProGPHt su gk ReE 6

(5" - GCGGA@FJr@ EAETAE@HIWA{MGGRI%J}[Q% tdd sitevad@drjasti weroLodon
and an Eco site added i nme |atelﬁ1ébeh Ihe term nation codon of the

" structural Ehte FETUEH WY 15 A buffer solution (100 /t 1)
for ExTaq MG@TWWTMECQGCGTWTG@T'Equ1 herith andSqrl rs&rte6addled'j1hsbrml es

e AR R TN R OR T

prepared, #XRYeeizedsinsthegopyeneienat amey 94Usipg Ghesg o
anneal i ng (;@.OJ.MerQ 2 abamlangtew@e@tumnwae@}mfésﬁz% by BCRUBX n¥efife

conduct ed a d, to_4t, an DNAz was conf i rned by

agar ose gelP ?‘R)‘? <Fs‘9r Thi sBJa‘?ﬁ)tF‘F"h edif?é'a WP fstdewith

Ndel anmd Ednﬁhpramb The DNA fragment obtained was dlgested with EcoRI
and SalI, and the digested fragment was inserted into pNTFP

,.t ¥ et o ya e

constructed in Example 22 at the EcoRI-Sall site thereof to give
a recombinant vector, pNTFPG. The construction scheme for and
the structure of pNTFPG are shown in Fig. 2. '
20
(Example 24: Constraction of recombinant Escherichia coli)
' Escherichia coli HB101l (product of Takara Shuzo) was
‘transformed with the recombinant vector pNTFP obtained in
_ Example 22 and the recombinant vector pNTFPG obtained in Example
25 23 to give recombinant Escherichia coli HB101l (pNTFP) and HB101
(pNTFPG) , respectiﬁely. The thus-obtained transformants,
namely Escherichia coli HB101l (pNTFP) and Escherichia coli
HB101l (pNTFPG), have been deposited with the Ministry of
International Trade and Industry National Institute of
30 Bioscience and Human Technology (address: 1-3 Higashi-1-chome,
Tsukuba City, Ibaraki Prefecture, Japan) under the accession
numbers FERM BP-7116 (depositec_i April 1_1_, 2000 )' and FERMBP-7117
(deposited April 11, 2000), respectively.
Further, a recombinant vector, pSTVG, was constructed by
35 inserting a DNA fragment of about 0.9 kb obtained by double
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t he. d| gest was ‘insertedinto the plasmd pUCNT (V\D 94/03613) 25 at the

"'s:«’a‘ R e - -0 0 - o8 ,‘,‘,l.. e
obt ai ned. The const r e ‘i""e-:."»"?;
of pNTFP ‘are shown in Fi g. 2. (Exanple 23:. Cucti offdt a reconbi nant
vector containing 30 both the FPDH gene g§d t he gI ucose dehydr ogenase gene)
A doubl e-stranded DNA conprising the Bacillus negaterium |AN 1030-derived
gl ucose dehydrogenase (hereinafter referred to as GDH) gene with the

Escheri chi ad@ﬁla'st§Bhn6fD%hgab&9sm§aq§§B§2a{<% ngghgot bﬂgﬁl) aggq0 fugy Dases

upst ream of SS initiation codon ene and urthé
EcoRl r 55 (4PH@d¢eli&ht gcﬁgéeénfiugﬁtge\aﬁﬂeCpﬁétiléléQGeﬁbé anal&iusal I

T o o T e
gene, a pri ?rer %?EQS%M?&AQ&#?@%WWMATTW with

the EschercehidiRIN1 (SNTHE®-)Da¢nde ned seqpeten t( On radiantd H?St)he'iddediuﬁtt 5

" bases upstrggﬂb?idéh{ﬁe'tgbh' ghion-5aden @Egt ?Eg%%%%%ﬁ 1tHengH§gg and

further, with an_EcoRl digested site a

a priner 8 %Btraéummmmmmhwsam (@NTFRdded
j ust - behi ngstve)t wapi pahienycedenigkat he GDH structural gene were

synt hesi zed in the conventional manner. Using these two priners, a

doubl e- stranded DNA was synthesized by PCR using the plasmd pGXK1l (Eur.
J. Bi odifem (EX188p18895¢ 19B3€p e msidineofl FF P rat e citei It fERgT@McIoid ai ned
was di gestedoygyh EcoRl and Sall, and the digested fragnent was inserted
into pNTFP ~ constructed in Exarrple 22 at the EcoRI-Sall site thereof to
give a reconbi nahite &eIURL1pNIFBecherd chdascolit tHRA0 ks ¢ pIFE P oobhaidinedhe

structure ofn NG @res SR UFed od: 220 YA %‘1 6@0%‘}"{7?01*35 goof

r econbi nant Escheri ch a COJ»; Escherichia coli HB101 goroduct Takar a
Shuzo) was Tryptone, /v) Bacto yeast extract, 0. (w/v) NaCl, pH

15 7.0) containing 120 £ g/ml of ampicillin. Cells were collected,
suspended in 100 mM Tris-hydrochloride buffer (pH 7) and
sonicated to give a cell-free extract. The FPDH activity of
this cell-free extract was determined by the method described
in Example 14. The result is shown in Table 11 in terms of

20 specific activity.

Table 11

Strain Specific FPDH activity (U/mg)
HB101 (pUCNT) ' < 0.1
HB101 (pNTFP) 12.7

With Escherichia coli HB101l (pNTFP), a distinct increase

25 in FPDH activity was observed as compared with the transformant

obtained by using the vector plasmid alone, namely Escherichia
coli HB10l1 (pUCNT).

(Example 26: Simultaneous expression of FPDH and GDH in
30 recombinant Escherichia coli)
The recombinant Escherichia coli HB101l (pNTFPG) obtained
in E}:tample 24 and the recombinant Escherichiacoli HBlOl (pNTFP.,
PSTVG) were treated in the same manner as in Example 25, and



transforrred W|th t he reconbl nant ] vector | "'t ned in Exarrpl e 22 and

Escheri chla coI| HB101 (pNTFP) and HBlO joLi - '

t hus- obt ai ned transformants, namely Escheri chia coli . HBLO1 (pNTFP) and
Escherichia cola HBLO1 (pNTFPG), have Bken deposited with the Mnistry of
International Trade and Industry National Institute of 30 Bi osci ence and
Human Technol ogy (address: 1-3Hi gashi-1-chome, Tsukuba Cty, | baraki

Pr ef ect ur e theapeh} - fhele rextracis ebdiadnedndepe ras TERMBIPOT 1HRDH @aidsittan
Apri 111, 20@8y epd &R ER 71The édﬁpaétieﬁtMaé mlalasu%%%g dgeneglo el y-

Further, a_reconbi nhant vector &NV\BS constructed Inserting a

DNA f ragmaHt gb¥CcafBu S‘bb%t%t%bt aﬁ APPadpnenzyge )dﬁggs’é]il%r?rb?m‘héto

pl asm d pGhAM &'i‘lthQBrOGh&ﬂSh:;d%G%ufﬁé&l (p@ﬂ%@)))) anidt hxeﬁmlilln@ndhlast | and
cont ai ni ng.,t he Baci lg’%ter m er ve t%gsﬁol nt o t as%d
pSTV28 I pr 6885?615& ”f’a?%?%r B%% §*t4d % K&V, é‘c?ﬂlg PRt et eof .

Escheri chi angywmel acmmly(ww;er@mmmmm o falRBRC e o WADPE

cal cium chhoji HEnH@EhQHdéé@Stﬁééésié’éé??ﬁoW éé‘n&f@io@@’% Wd e dliad 1
~introduction percent ere g Escherichia coil HBLO1( pNTFP, pSTVG) was
readily obP&FLﬁedThEOFgEQaﬁﬁFéVQ Y ERpreeteprined FPpHhe s manReR as . -
Escherlchlangxﬁmﬁldhe remmﬂmhnanmeaﬁaraamﬂmmaeahvlﬂﬁumaGpﬂ@ﬁﬁhwﬂﬁﬁuned

i n Exa Ie ured on [ 1..6% cto ptone,
1 ovt (R v OBaBEaTy B ERPea G g o ALY BRYEE 1200 tetin o
120/ . tg/ n1 spfecarﬁpccabrtllwltﬁzel | swer e coI | ected, suspended in 100 nmM -
Tris-hydrochloride buffer (pH 7) and soni cat ed to give a cell-free

extract. The FPDH activity of this cell-free extract was determ ned by the
met hod descTabBé# 12n Exanple 14. The result is shown in Table 11 in terns

of 20 specific actdtwdin Tabl ¢ SEkedStAial IFPBPECI | Spe&EPBPicaGbHvity (U ng)
activity (U/mg) |activity (U/mg)
HB101 (pUCNT) < 0.1 <0.01
HB101 (pNTFP) 12.7 <0.01
HB101 (pNTFPG) . 7.5 86.7
HB101 (pNTFP, pSTVG) 11.3 _ 1.13
15 ~ Escherichia coli HB10l (pNTFPG) and Escherichia coli

HB101 (pNTFP, pSTVG) each showed evident increases in FPDH and
GDH activities as compared with the transformant obtained by
using the vector plasmid alone, namely Escherichia coli HB101
(pUCNT) .
20
(Example 27: Synthesis of 5-(1-(R)-hydroxyethyl)furo[2,3-
clpyridine from S5-acetylfuro[2,3-c]pyridine using the
recombinant Escherichia coli having the FPDH gene introduced
therein, under the conditions resulting from the addition of
25 isopropanol to the reaction system)

2 x YT medium (50 ml) placed in a 500-ml Sakaguchi flask
and sterilized was inoculated with the recombinant Escherichia
coli HB101 (pNTFP) obtained in Example 24, and shake culture
was carried out at 37 C for 18 hours. One milliliter of the

. 30 culture obtained was adjusted to pH 7.0, 50 mg of 5-
acetylfuro[2,3-c]lpyridine, 150 11 of isopropanol and 0.22 mg



HB101 (pUCNT) < 0 1 HBlOl (pNTFP) 12. 7 Wth Escherl ch| a coI| HBlOl (pNTFP)
a distinct-incre . 2Ert-Gdnin e e S hophie a d
transf or FEER-F 8btai ned by usi ng th’e \féct (it
Escherichia soli HB101 (pUCNT). (Exanple 267 “SFitH s

FPDH and GDH in 30 reconbi nant Escherictga coli) The reconbi nant _
Escherichia coli HB101(pNTFPG) obtained in Exanple 24 and the reconbi nant
Escherichia coli HBLO1(pNTFP, pSTVG were treated in the same manner as in

. Ex | e 25, * we¥e Yz h e f £ AGt ne, e
; asgggeg forOggﬂ[ﬁ)ﬁ??\?l?dd{é@%rﬁe%ﬁotactgfl&l Jt:llle rﬁljh%&l%ﬁ %t;§5|9?£3%stdr?‘£?ured

! oby addi ng of BPEEOSGA SPrRiefion MW%%Z?%FO@N@WH
enzynme to toMamdi $hbydpm¢bhmrpdelbyf beér theHp&oducand -maasuring the 5

40 yne
activity caBirexgREAgIREaLhe s Bie BUSh d RE BT o fprninad B thi Somtder
t hese réhctﬁaﬁlyﬁhaﬁﬂlmﬁthqés d@fma@@ B Hxamplé¢ . 1 Tha@hePBidnaedrisdicny waas

determ ned bB.yReafaMehEBHPLECcAS: pukit r}410pR€ el lUs- measured FPDH
activity and GDH gCtIVI ty ?o gf eggh cgrﬁggrge%extract gre shown in Table

12 in terns of specific activity. Table 12 Straln Specific FPDI-l;;é;gllflc
GDH acti vi (gx 2act isyrithdddsryr 4HB(
¥ (ainlbmg) Syt %F%y STVG

NTFP) 12. B NTEP 11.3 1.13
(12 Esc%eri chi co?illnEB%g‘}mgg %’ %Hﬁoggc ef: BP{Féd& Bi USF-IBQOF‘-E pNTFP |
pSTVG ﬂibacﬁe§ﬁ@hédaetiEﬁﬂhﬂlinmUEasasllrhd#lﬁgeﬂhh FEDH gehleviihitesdased

conpared W {Het8en! " @08hOEMRNEe PRT2LEEY B¥ded to the reaction system)
2 x YT medium (50 ml) placed in a 500-ml Sakaguchi flask
and sterilized was inoculated with the recombinant Escherichia
coli HB101l (pNTFP) obtained in Example 24, and shake culture
15 was carried out at 37 C for 18 hours. To 20 ml of the culture
obtained were added 540 units of glucose dehydrogenase (product
of Amano Pharmaceutical), 1.0 g of 5¥acetylfuro [2,3-c]pyridine,
3 mg of NAD" and 3 g of glucose and, while adjusting the PH to
6.5 by dropwise addition of 2.5 M aqueous sodium hydroxide, the
20 mixture was stirred at 30 C for 29 hours. After completion of
the reaction, the conversion to and the optical purity of the
product 5-(1l-hydroxyethyl)furo[2,3-c]lpyridine were
determined by the same analytical methods as used in Example
1. The conversion was 97.1% and the optical purity was (R) 100%
25 e.e.

(Example 29: Synthesis of 5-(1—(R)—hydroxyethyl)_furo[2,3—

clpyridine from 5-acetylfuro[2,3-c]lpyridine using the

recombinant Escherichia ¢oli under simultaneous expression of
- 30 FPDH and GDH)

2 x YT medium (50 ml) placed in a 500-ml Sakaguchi flask
and sterilized was inoculated with the recombinant Escherichia
coli HB10l (pNTFPG) obtained in Example 24, and shake culture
was carried out at 37 € for 18 hours. To 20 ml of the culture

'35 obtained were added 1.0 g of 5-acetylfuro[2,3-c]pyridine, 3 mg
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(50 m) plqg g in a 500-ml Sakaguchi flask and sterilized was inocul ated
with the reconbi nant Escherichia coli HB101 (pNTFP) obtai ned in Exanple
24, andOshake culture 15 was carried out at 37 t for 18 hours. To 20 m of

the culture @ﬁgﬁb r }@ggﬁg; E?QH¥QIﬁﬂﬁ&ﬂ§? ,product
of Amano Phsar maceﬂlfe|d:3:(<y51\lla 1%4% ace?lo(;uro r'i di ne 3
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15 of butyl acetate to the reaction system)

2 x YT medium (50 ml) placed in a 500-ml Sakaguchi flask
and sterilized was inoculated with the recombinant Escherichia
coli HB101l (pNTFPG) obtained in Example 24, and shake culture
was carried out at 37 C for 18 hours. To 20 ml of the cuiture

20 obtained were added 4.0 g of 5-acetylfuro[2,3-c]pyridine, 3 mg
of NAD', 6 g of glucose and 20 ml of butyl acetate and, while
adjusting the pH to 6.5 by dropwise addition of 5 M aqueous sodium
hydroxide, the mixture was stirred at 30 C. At 9 hour during

_ the reaction, 1.0 g of 5-acetylfuro[2,3-clpyridine and 1.5 g

25 of glucose were added. After 78 hours of stirring with timely
addition of NAD*, the yield and optical purity of the product
5-(l—hydroiyet_hyl)furo[z, 3-c]lpyridine were determined by the
same analytical methods as used in Example 1. The yield was
4.98 g and the optical purity was (R) 100% e.e.

30 .

(Example 31: Synthesis of 5-(1-(S)-hydroxyethyl)furo[2,3-
clpyridine from 5-(1l-hydroxyethyl)furo[2,3-clpyridine using
the recombinant Escherichia coli having the FPDH géne) -

2 x YT medium (50 ml) placed in a 500-ml Sakéguchi flask

- 35 and sterilized was inoculated with the recombinant Escherichia
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FPOH and GO RASrS T FERITA Ghe PRy Sl Recanfiien BPIESRAM0)

acet at @0t o Etrkle@eséfll dﬁﬁ@y@i%rﬁs ?S@WWW%%@ n Thel ¥dedd wa 5500- m

Bacheri chi o oog TATEAS L6 WARCH. LG8 Mid e restanaLEunt
ined jn sha ul t u
was carriePburr- Iioxf(i;c)f’rthff?‘ %o GZ]CPWl%fn’B? 1% sc&l ? r B9o@n bfké? negle

wer e added dpOigaDfpdriagetydfasd anSZ (SB 8z.2% pyredine , 3 ng of NAD, 6
g of glucose and 20 m of butyl acetate and, while
15 (Example 32: Synthesis of 5-(1-(S)-hydroxyethyl)furo[2,3-
clpyridine from 5-(1l-hydroxyethyl)furo([2,3-c]pyridine using
the recombinant ESQhﬁritha coli having the FPDH gene)
_ 2 x YT medium (50 ml) placed in a 500-ml Sakaguchi flask
and sterilized was inoculated with the recombinant Escherichia
20 coli HB10l (pNTFP) obtained in Example 24, and shake culture
was carried out at 37 T for 18 hours. One milliliter of the
culture obtained was adjusted to pH 6.5, 10 mg of 5-(1-
hydroxyethyl)furo[2,3-c]lpyridine (optical purity 0% e.e.) was
_ added thereto, and the mixture was stirred at 30 C for 7 hours.
25 After completion of the reaction, the yield of 5-
acetylfuro[2,3-clpyridine and the residual amount and optical
purity of 5-(l-hydroxyethyl)furo[2,3-c]lpyridine were
determined by the same analytical methods as used in Example
1. The yield of 5-acetylfuro[2,3-clpyridine was 4.98 mg and
- 30 the residual amount of 5-(1l-hydroxyethyl)furo[2,3-c]pyridine
was 5.02 mg and the optical purity thereof was (S) 99.2% e.e.

INDUSTRIAL APPLICABILITY
The invention makes it possible to produce an optically

- 35 active pyridineethanol derivative in high yields by



adjustlng the pH to 6 5 by dropmnse addltlon of-5 M aqueous-sod|un1
hydrox_g i ' %1 - 5 \ ¥ Y

.0 g of* yf BT T L P 14 : )
After 78 hours of stlrrlng W th tlnely addi t°o = NAD; e'yleld and
optical purity of the product 5- (1-hydfbxyethyl)furo[ 2; 3-c]pyridine
were determ ned by the sane analytical nethods as used in Exanple 1. The
yield was 4.98 g .and the optical purity was (R) 100% e.e. 30 (Exanple 31:

Synt hesi s okterebsedecitydredyy eedylcihgr ac2t$ipgikpdindi derfivamives by

hyd
ool i havi ngCandtEBoiP gufeic SR ALY Rl i Mo Fpiieachl 2
Sakaguchi fhatkivily 4&odastethkirzed . wakt i g pravidbs @ MeYede €HAIMPantd
ESCher'Ch'aDNAﬁgoﬁth ?@loéaiﬁ“gf fEEBdﬂlﬂ%ﬁﬂﬂﬂé%éé% R nghalea a

bt ai
" culture d was carriéd out at %mQ 3 hours. One mlliliter of the
culture 5btQﬂﬁedaW§baa&F@?ﬁ@@ﬁﬂ@“&HheyﬁﬁglGa%ﬂ gecempinant vector. By
hydrOXyethYEkH%©Ok%¢&-@bmymdﬂdma @Qﬂﬂi&&bn&&bbﬁﬁn@%)&teib pbesiblel tof
acetone and O. rre added theret n s stirred
at 30 t forP¥°#85% a@mﬁﬂng? %&Heopyrﬁﬁgthac |on Ekﬁb%tﬁv
5-acet yl-f ur efZig4dienpylivi.di ne and the residual anount and optlcal purlty of
5-(1 hydroxyethyl)furo[ 2, 3-c] pyridi.ne were determi ned by the same "10.
anal ytical nethods as used in Exanple 1. The yield of 5-
acetyl furo[2,3-c]pyridine was 4.71 ng and the residual anmount of
5-(1- hydroxyet hyl )furo[ 2, 3-c] pyridine was 5.29 ng and the optical purity
thereof was (S) 89.2%e.e. 15 (Exanple 32: Synthesis of
5-(1-(S)-hydroxyethyl)furo[2,3- c]pyridine from
5- (1- hydroxyet hyl ) furo[ 2, 3-c] pyri di ne using the reconbi nant Escherichia
coli having the FPDH gene) 2 x YT nmedium (50 m) placed in a 500-n
Sakaguchi flask and sterilized was inoculated with the reconbinant Fsch ri
h; a 20 coil HB101 (pNTFP) obtained in Exanple 24, and shake culture




was carrled out at 37 C for 18 hours. Cne ntlllllter of the cutture

: Btic .
t hereto, and the ntxture was stirred at 307t forg w
conpl etion of the reaction, the yield of ¢8- acetylfuro[2, 3 cfpyrldlne and
- the residual anobunt and optlcal purity of

5-.(1-hydroxyethyl ).furo[ 2, 3-c] pyri dine were detern ned by the same

anal ytical methods as used in Exanple CiAI&Be yi el d of

5-acetyl furo[ 2, 3-c] pyridi ne was 4. 98 30 the residual anmount of

5- (1- hydroxyet hyl )furo[ 2,3-c]pyridine was 5.02 ng and the optical purity

thereof was CS) 9912% & me€hod bHDyﬁgﬂhéanPEhlGﬁ@ié&iﬁ&TQEti yention makes
it possible to. odu% an o tical active pé di neet hanol derivative

in high yi efds 2}’3(5}9519 ECEV) \9&%9’ e EGREPAGN LR RY pPei gemerabfiormylas by
d causing ad2dnzyne or enzynme source having asymmetric reduction activity
to act thereon. It also provides a novel enzyne, a DNA coding for said
enzyme,. a reconbi nant vector having said 5 DNA, and a transformant havi ng
sai d reconbi nant vetor. By wusing said enzyne and said transformant, it is
possi ble to ﬁroduc .an tically active pyridineethanol derivative _ -
efficiently. 4G 1. A nethod of producing an optically active
pyridineethanol ive represéﬁi}d by the general fornmula 5 [2]: .R~

RZ | R4 . C%% *

[=3

OH

wherein R, and R, are bound to each other to forma 5- to 8-membered
monocyclic heterocycle containing at least one hetero atom
10 selected from the group consisting of oxygen, sulfur and
nitrogen atoms, which heterocycle may optionally have a
substituent(s), or a polycyclic heterocycle resulting from the
condensation of such mono'cyclic heterocycle with another ring,
which polycyclic heterocycle may optionally have a |
15 substituent(s),
R, and R, are the same or different and each represents a hydrogen
atom, a halogen atom, a hydroxyl group, an alkyl group
containing 1 to 12 carbon atoms, which may optionally have a
substituent(s), or an alkoxy group containing 1 to 12 carbon
20 atoms, which may optionally have a substituent(s),
and * indicates that the asterisked carbon atom is an asymmetric
one,
which method comprises stereoselectively reducing an
acetylpyridine derivative represented by the general formula
25 [1]:



H mhereln Rl and R2 ‘are bound to each ot her to forn1a 5- to 8- nenbered ;
T0CY ) aining at Leasplone he;ero_aton110'se_“

T e Ao

TSFSTNg of oxygen,

it BReTo I

heterocycle may optionally have a subst it uen (Sy¥or B
heterocycle resulting fromthe condensagdon of such mo clic heterocycle
with another ring, which polycyclic heterocycle may- optironally have a 15
substituent(s), R3 and R, are the sane or different and each represents a

hydrogen atom aRhangen atom a hydroxyl group, an al kyl group
containing 1 to 1 Tcar bon atons, which may optionally have a
¢ substituent Bukoxy group containing 1 to 12 carbon 20 atons,

whi ch nay optio all* have a substituent(s), and * indicates that the
asterisked carh mis an asyngﬁ one, which nethod conprises
st er eosel eciRy7el ng an YIpyrldlne derivative represented by the
general fornmula 25 [1&: 63 RlLa R2/ RA | R3 NJ[1l]] Owherein Rl, RZ
R3 and R are as defingd above, by causing an enzyne or enzyme source
capabl e of asymmetrically reducing the same to act thereon. 5 2. A nethod
of produci %@ﬁepﬂtncaldy @CtarY& RPWIC AN At ve represented by
the general fornula L R5

by cau51ng n enzyme or enzyme source capable of asymmetrlcally

reducing the same to act thereon.

2. A method of producing an optically active

pyridineethanol derivative represented by the general formula
[4]): .

10 wherein Q represents an oxygen or sulfur atom or a group of the
general formula -N(D)-, in which N is a nitrogen atom and D
represents a hydrogen atom or a monovalent protective group,
R;, R,, R; and R; are the same or different and each represents
a hydrogen atom, a halogen atom, a hydroxyl group, ah alkyl group

15 containing 1 to 12 carbon atoms, which may optionally have a
substituent(s), or an alkoxy group containing 1 to 12 carbon
atoms, which may optionally have a substituent(s),
and * indicates that the asterisked carbon atom is an asymmetric
one, _ .

T 20 . which method comprises stereoselectively reducing an
racetylpyridine derivative represented by the general formula

[3 ]..:



_Q R4 R3 N OH 10 whereln Q represents an oxygen or sul fur atontor a. group

hal ogen atom a hydroxyl group, an aIkyI group _ k to 12 car
atons, which may optionally have a substltuent(s) or " oxy group
containing 1 to 12 carbon atoms, which may optionally have a
substituent (s)y and * indicates that the asterisked carbon atomis an
asymmetric o 20 R&i ch nethod conprises stereosel ectively reducing an
acetyl pyridine Yvative represented by the general formula [3l: .R5 Re
R3 N O wherei , R5 and R6 are as defined above, . by causing an
enzyme or enzy apabhgzﬁi asymmetrically reducing the same to act
thereon. 5 3. The¢ prqgfuction t'hod according to Claim2, wherein Qis an
oxygen atom 4. e dyction nethod according to Claim2, 10 wherein Q
is an oxygen'%&(nn N3 iYa hydrogen atomor a chlorine atom R4 is a
hydrogen atom R5 is a hAydrogen atomand R6 is a hydrogen atom or a nethyl
group. 15 5. The production nmethod according to Claim2, wherein Qis an
‘oxygen atomand R3, R, R5 and R6 each is a hydrogen atom

whereln Q, R,, R,, R, and R, are as defined above,

by causing an enzyme or enzyme source capable of asymmetrlcally
reducing the same to act thereon.

5
3. The production method according to Claim 2,
wherein Q is an oxygen atom.
4. The production method according to Claim 2,
10 wherein Q is an oxygen atom,
R, is a hydrogen atom or a chlorine atom,
R, 1is a hydrogen atom, |
R, is a hydrogen atom
and R; is a hydrogen atom or a methyl group.
15 '
5. The production method according to Claim 2,
wherein Q is an'oxfgen atom
-and R,;, R,, R; and R; each is a hydrogen atom.
20 6. The production method according to any of Claims 1

to 5,
wherein the reaction is carried out in the presence of
. an enzyme capable of reducing the oxidized form nicotinamide
adenine dinucleotide and/or the oxidized form nicotinamide
25 adenine:dinUcleotide phosphate to the:respective:reduced;forms
as well as a substrate for the reduction.

7. The production method according to Claim 6,
wherein said enzyme for reduction to the reduced form is



dagmm -

forn1n|cot|nan1de 25 adeni ne dlnucleotld

to 5 mhereln the

e respectlve S
reduced forns as well as a substrate fe@gxf he reduction.” 7. The production
met hod according to Claim6, wherein said enzyne for rediction to the
reduced formis 6 5~ glucose dehydrogenase ~a and said substrate for
reduction |93uglo %O%Pehy%ro a%reoduct i on nethod according to Claim6, 5
wherei n sai"d enzy for reéduction to the reduced formjis formate

dehydr ogenase anén§a|561§ul§§tbrsé3tr@tfeorf°rlécﬁﬁq‘ﬁ)‘?ﬂ-9% FOrece®Red. 9. The
production nmethod according to any of Clains 1 10 to 8, wherein said
enzynme or enzyne sourge i s derived fro%a mcro§r. ani s eI ec%ed fromthe
group consisting of 2 rBEYYURHLRR BEtPRE geReFS: %?hfﬂ?a &afdPda,

Crypt oc®ccus, Clwaeirse[imr 8aiBedxaz yroendi axe e diiqrdaes t osth&ateabtamd) fosm 18
Geotri chu lelel & ’ﬂgﬂﬂ%l nseni aspora, Hansenul a, Hvhopi chi a,

| ssat chenki agﬂ{% uyver ec‘J E1%@& shia, Lodderonyces, Metschni kow a,

Qgat aea, PachysolP@f, Sﬁi@hlsﬁbsmiﬁlﬁﬁ%tmdﬁ ofermpic acid.

Sacchar onycopsis, Schwanni onyces, SpOI’I di obol us, Sporobol onyces, 20

- ‘Schi zobl astosporl on St ephanoascus rulg ora, Tri

Tri chosporon, W| opsq"%e REQARGL R dle s "c%qjo?@%é)go%%’Al"éaF}ﬁéﬂgs

Baci | | us, Rioew,bacterium Cellul ononas, Corynebacterium Jensenia,

Cchr obact rum Pse%d(%rg)lrrllagsaldt 8?1dOCOC%3‘S oan %‘Iésglé)%%reeglsadeg§vég. fIBﬁ a

production et hod*&&&or di ng
microorganism selected from the group consisting of

microorganisms of the genera Ashbya, Candida, Cryptococcus,
15 Geotrichum, Guilliermondella, Hanseniaspora, Hansenula,
20 Schizoblastosporion, Stephanoascus, Torulaspora, Trigonopsis.,
Rhodococcus and Tsukamurella.
25
10. The production method according to Claim 9,
wherein the product optically active pyridineethanol
derivative has the S absolute configuration
and said enzyme or enzyme source is derived from a
' 30 microorganism selected from the group consisting of
mlcroorganlsms of the genera Ashbya, Candida, Cryptococcus,
‘Clavispora, Debaryomyces, D.'LD_Qd.aS_CJ.lS. Galactomyces,
Geotrichum, Guilliermondella, Han.samasm:a Hanﬁenula.
35 Lodderomyces, Metschnikowia, QOgataea, Pachysolen, Pichia,



V\,herel n the prod_uct opt i cal I y act ive pyr| d|._neet hanol _derivative has the S
&b’s‘b“‘ o i Ta) l_ =¥a - ] s ‘_‘ .
™30 ntcrOerué.=§n13elected Tromith

Up:
t he genera Ash a, Candida, Oyptococcus, °° rSPE X yorryces -
D podascus, Gal actomyces, Geotrichum @al | 1 ; ermondel | a,” *Hanseni asp&ra
Hansenul a, Hvoopi chia, |ssatchenkia, Kl uyveronyces, Kuraishia, 35 *

~Lodder onyces, thschnlkomna Cgataea Pac sol en, Pichia, Rhodosporldlunt

Rhodot or ul &hcRGERAFMD, r&&ﬂfé‘ﬁmﬁ@ﬂ%pbol us,
Spor obol omyces BChI zobl astos or.i on, St ephanoascus, Torul asnor a, Tri gonopsi s,

Tr|chosporéﬂﬁn%WQQ*ﬂﬂ¥Q?ﬁ égeeﬁgﬂﬁiﬁﬁbﬂxﬂS'Alcal|genes

Baci | | us, f%

‘”“r°baCtrH#éfﬁ§§ﬂ§§%%+ F“°d°c°ﬁ¢@mu§%%q%i“Qﬁ%ﬂtﬁéaéwaéégpigé
producti on ’dﬁyﬂ‘d‘th&Sdﬁd tically
active pyr iddiasddidenssi .véﬂhHSUEthEdahsoHmtEhﬂhaMmmmsat|on and

sai d enzyn@dy&dﬁyaﬂﬂé§§%5 ?ﬂﬂﬁ#ﬁ%ﬁﬁ:ﬁﬁ éggé@éﬁg@&éelected from
the group consjistin m croor ganl 'S 0 e genera Candi Quat aea,
%@é’éﬂ%ﬁ%@a NS ESAERES 1A - |

Pichia, 15 -and Corynebacterium 12. An enzyne
having the fol  owi ng physical and chem cal properties (1) to (3): (1)

Act t It st t d 0 tyl f 2, di in
Poe b evence of CRaoooRRe! bYShYaE S8l RR a8 aRER NG AeokTaihy e oo
coenzyh®, to gi vehgredp- tRe- pydducite optijdaligf szho:jqomdeeet(r%)nol_ _
Speci fi ci tﬁeﬂlya%%er %%%Clt?l% §b| 'b'stoYL alﬂcﬁltarq @q} ol nd al dehydes but is

very low in reducing activity against c etones and the
a-position keto §hdusadd &nl@é!t“G Oé’cﬁ@:?rym(eS)SquﬂQﬁ:t}l&‘ardG@ﬂgﬁﬁ -fqm ghows a

nol ecul ar wﬂlc&tbfoxfgfana@ﬂutsel@@,t@ﬁo firdndahd ididd | h A id Soand a

mol ecul ar e %oorganlsms of the genera Candida, Ogataea, Pichia,
15 Yamadazyma., Brevibacterium and Corynebacterium.

12. An enzyme having the follow1ng phy51cal and chemical
- properties (1) to (3):
(1) Activity: It stereoselectively reduces 5-

20 acetylfuro[2,3-c]pyridine, in the presence of reduced form
nicotinamide adenine dinucleotide as a coenzyme, to give 5-
(1-(R)-hydroxyethyl)furo[2,3-clpyridine;

(2) Specificity: It has reducing ability against ketones and
aldehydes but is very low in reducing activity against

25 carbocyclic ketones and the ¢ -position keto group of «-keto
acids; |
(3) Molecular weight: It shows a molecular weight of about
60,000 in gel filtration analysis and a molecular weight of
about 29,000 in SDS polyacrylamide electrophoresis.

30

13. The enzyme accordlng to Claim 12
. which has the following physical and chemical propertles
(4) to (6):
(4) Optimal temperature: 50 C to 55 C;
'35 (5) ‘Optimal pH: 5.0 to 6.0;



o;.‘_ _ 9 000 | n SDS poI yacryl am de eI ect rophoresr s

'§ mercury ion. 10 Y 14. An enzyne speci fged bel"ow tinder "¢

b

C4) Ot _
67. EL. | nhi*bi t

pH 50 to 6.0 (6)

Cptlwm

or " (b): %(a) An
enzyme conprising an amno acid sequence shown under 5 SEQDFD NG 1 in the
sequence listing;-(b) An enzynme conprising an am no aci d sequence derived
from the apgpo ﬁmfblsmuenq% §ROWRAHYRG e g I n t.he sequence
listing by dePet i on, substitution an ?’o‘r% ?I t |t§nN%er(])cr111§y %everal anino
acids and having an activity by which 5 10 acetylfuro[2, 3-c]pyridine is

st ereosel ectivel y14 edlxredartzqrmé s(plgdl@léwq{éywtd}yde){ u(rapi %083 @l)oyrl di ne.
€

15. The enzgﬂa ap'conc& to ag:y qof C ains to ch is rived froma
ni cr oor gani $i bél ongi lsféiggéﬁuémégﬁdia&éd ?;un?ﬁ@eeﬁil?mi saderdi ng .
to any &f CPE@nED 1¥O0tD lﬂ-thﬂlsaqmsnderlyeﬂlﬁgpnlCandlda mans. 20 17. The

enzyme accor@i Nthd @n3PheOto §ig§né2axt1 n'hé\ WOl Gl slﬁs u?ag{c% %6;‘%0 %aﬁg,?,ilda

maxi s | FO 10003. 18. The productio QCori to

8, 25 wherefhe %@%ﬁ%}ﬁe‘i%ﬂ%% FE@vACEDAEr REQ dDaN9 dfirCithienseqhidnte 17

and t he pronhmlm@twackéyeapém vesm“ﬂw@féxha@&a %eeéa&f{ié!ﬁ Has LQe FO any

g?sg:gfﬁscqgglgyrfiéﬁqho ac1 S ané»%géﬁﬁgrgn actlvitﬁnggnﬁhfgﬁog-lng

10 acetylfuro{2,3-clpyridine is stereoselectively reduced to
5-(1-(R)-hydroxyethyl)furo[2,3-c]pyridine.

15. The enzyme according to any of Claims 12 to 14
which is derived from a microorganism belonging to the
15 genus Candida. |

16. The enzyme according to any of Claims 12 to 14
which is derived from Candida maris. ’

20 17. The enzyme according to any of Claims 12 to 14
which is derived from Candida maris IFO 10003.

18. The production method according to any of Claims 1
to 8,
25 wherein said enzyme is defined according to any of Claims
12 to 17
and the product optically active pyridineethanol
derivative has the R absolute configuration.

" 30 19. A DNA coding fdr the enzyme according to any of Claims
14 to 17.

20. A DNA comprlslng a base sequence shown under SEQ ID
NO: 2 in the sequence listing.
' 35 '
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14 to 17. 20 A DNA corrprl 5| ng a base sequence shown under SEQ I D NO 2 in
t ST ingd " . 0 QuLal |n the DNA
““Accor di' g ' el deus bl et Rt

RRREHEI T 10 “6”2(‘) bhi --Tﬁe-.--:- et

21 5 whichis pNTFP 23. The reconbi nant “vector
whi ch conprises a DNA coding for gl ucose(,gzlehydrogenase
reconbi nant vector according to Caim23, wherein said g
dehydrogenase. is derived from Bacillus nmegaterium 25. The reconbinant

vect or accordi ng Clali [ ' EP i havi ng
t he reconbi nant vieiétor@ I?c%%?b&%%ﬂﬁ&r#ﬁo acfnl 1tﬁ 9@2 §c§§ ‘e

t ransf or mant© det@+Bi hg 5 &Pai m 26, wherein the host i s Escherichia coli.
28. The transformant according to Caim?27 which is Escherichia coli HB101
(pNTFP). 25 29. T. nsf or mant accordlng to Caim?27 whichis

Escherichia coli 10in’(epl‘€‘ﬂ§lQ§) inght ¥eGtoRfagGREfINhEI ¢ laim 2k :
reconbi sant vect oyhi@® tonmpRTRAPNg t he DNA according to Claim19 or 20 and a
second reconbinant vector containing a DNA coding for glucose

dehydr ogenase. 31. The transformant according to Claim30, 35 wherein said
first reconbi nant2¥ectlre ireqotAmag 19 vant gaiataindiose tel@idrimgeiase i s

30 or 31, 5 wherein the host is Escheri

derived from Bacigntt$h &JmRAAL&Id WHNEZ0 %?%tfgcg{‘?j&BEgEQtdé’ﬁﬁ%g&QHaég. Claim

10 24. The recombinant vector according to Claim 23,
wherein said glucose dehydrogenase is derived from

25. The recombinant vector according to Claim 24
15 which is pNTFPG.

26. A transformant having the recombinant vector
according to any of Claims 21 to 25.

20 : 27. The transformant according to Claim 26,
wherein the host is Escherichia coli.

28. The transformaﬁt according to Claim 27
which is Escherichia coli HB10l1 (pNTFP).

25
29. The transformant according to Claim 27
which is Escherichia coli HB101l (pNTFPG).

30. A transformant having a first recombinant vector
30 containing the DNA according to Claim 19 or 20 and a second
recombinant vector containing a DNA coding for glucose
dehydrogenase.
i 31. The transformant according to Claim 30,
35 ° wherein said first recombinant vector is pNTFP.
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to 5, wherei n 'sai d

enz ' WE T s ryuemad it ut o Sl o iy
‘?product-. a 1 8 1T e
confi gur atlon 34. A net hod of pr odum ng op % ’
pyri di neet hanol derivative having the Sesbsol ute confi
represented by the general fornmula [6]: R R2/ R4 R3 N [6] OH

wherein Rl and RZ are bound to each other to forma 5- to 8 menbered 20

monocycl i ¢ het er agy€ s 1@ Bl aiceisadadhyieastnale Netel AOP-ohl BELEH1 fLom

the group consi sti of oxygen, sulfur and nitrogen atonms, which
heterocyclémﬁﬁymﬁﬁﬂﬁ%nalIy have a substituent(s), or a polycycllc

het erocycle resulting fromthe condensat ion of such m)nocycl i c heterocycle

w th another ri Ng;, ZSR?M% 3_}1_331 fyo etc arEectoerrélci-)/ﬁﬁ B ﬁptéé) | |33i have a

substituent (s), and are same or Sach r'epresents
a hydrbgen atomwwmrbg@ma}nm bs hpsichepichiaupelin al kyl group
containing 1 to 12 carbon atons, which may optionally have a 30
substituent(s), or_an al koxy group containing 1 to 12 carbon atomns, which
may optional |y haiR: a $pBrPOYERLes) me&ﬁﬂd*a?ﬁﬂFeé{’ﬁst? Y PkeCAai®Fi Lked
carbon atorgd s5 an asym"retrl c one, which nethod conprises cau3| ng the
enzyme accordi ng t.0 sf or mant

r sytglznaims.l(z)chto17ad/orije A '
according to any %ef edrél A DBIEEMEL SRS FEBRSEOPURP i GG e‘%rn eti¥ati ve
repr eséft ecphyClranbmgehered 32rnmula [5]: R~ Rz / R4

and said product optically active pyridineethanol

derivative has the R absolute configuration.
34. A method of producing an optically active

15 pyridineethanol derivative having the S absolute configuration
and represented by the general formula [6]:

(6]

wherein R, and R, are bound to each other to forma 5- to 8-membered
20 monocyclic heterocycle containing at least one hetero atom
selected from the group consisting of oxygen, sulfur and
nitrogen atoms, which heterocycle may optionally have a
substituent(s), or a polycyclic heterocycle resulting from the
condensation of such monocyclic heterocycle with another fing,
25 which polycyclic heterocyclé may optionally have a
substituent(s), _
and R, and R, are the same or different and each represents a
hydrogen atom, a halogen atom, a hydroxyl group, an alkyl group
containing 1 to 12 carbon atoms, which may optionally have a
30 subétituent(s), or an alkoxy group containing 1 to 12 carbon



51 R3NC]—| 10 V\/nerelan RZ, R3andR are as. deflned above to

CVRRE € “nrng
derivative. 15 35. A nethod of pr odum ng an opti Catty “athiry i
pyri di neet hanol derivative having the S7absol ute fi g"_ tion and
represented by the general fornmula [8]: RS Rs QR4 ~8] ° ’R3 N CH 20
wherein Q represents an oxygen or sulfur atomor a group of the general

fornula N(alabm,s uwmamm]aly lc&)taldﬁélfﬂg%\ﬁé %ﬂ@ﬂ%ﬁtﬁ&%@ﬁnts a hydrogen
at om or oy aI eg "tjﬁ g&; are the sarre or
- di fferent QH d‘@ﬁqu gﬁ?t ?}‘1 ag ﬁt? &Qric%lflb‘?ﬂ a&"ﬁ‘a’r%@é‘naw nic

hydr oxyl gpaep, an al kyI group containing 1 to 12 carbon atons, which may
optionally have L SHUb n [.a | [O tainin to 12
carbon atons, wﬁhlﬁﬁ El'élthgt(a %%a%)[rlgﬁa gaﬁsm stl ugﬁfz%ﬁg g%c%r(glag fo

i ndi cat®es epatof Hélm%rll%k@dl%zmﬁdmrattbm txansiapyametadaprding tarinh

met hod conmpi 285 iaRUINEd S ez E: At Y );}Qldﬂle@maml Q& {Fatliyd 0 17
and/ or the transforrg%at according to ?ﬁn%ﬂ“o Claims 26 to 32 to act on a

pyrRi4di geet RERGP SERLET O, &P qfé}f'r]?s]e thl general formula [7]: R5 ~
Q [7] R,

RZ //, I FQ

Ry N e

OH

10 wherein R,, R,, R, and R, are as defined above,
fo thereby preferentially oxidize the R form of the
pyridineethanol derivative
and'recovering the remaining S form of the:
pyridineethanol derivative.
15
35. A method of producing an optically active
pyridineethanol derivative having the S absolute configuration
and represented by the general formula [8]:

[8]

20 wheréin Q represents an oxygen or sulfur atom or a group of the
general formula -N(D)-, in which N is a nitrogen atom and D
represents a hydrogen atom or a monovalent protective group,
R,, R4,Ig and R, are the same or different and each represents



R3 \N O—l V\/nereln Q R3 R4 R5 and R6 are as deflned _above

producti onm rfét hod accor d| ng to CI él m' 35 :
37. The production method according to giaim 35,
~atom R3 is a hydrogen atomor a chlorine atom

to thereby _

n oxygen-atom’ -
y Qis an oxygen
i€ a hydrogen atom

SBIR

R5 is a hydrogen.atomand R6 is a hydrogen atom

10

15

20

25

a hydrogen atom, a halogen atom, a hydroxyl group, an alkyl group

' containing 1 to 12 carbon atoms, which may optionally have a

substituent(s), or an alkoxy group containing 1 to 12 carbon
atoms, which may optionally have a substituent(s),
and * indicates that the asterisked carbon atom is an asymmetric
one, '
which method comprises causing the enzyme according to
any of Claims 12 to 17 and/or the transformant according to any
of Claims 26 to 32 to act on a pyridineethanol derivative
represented by the general formula [7]:

{7]

wherein Q, R,, R,, R; and R, are as defined above,
- to thereby preferentially oxidize the R form of thé
pyridineethanol derivative '
and recovering the remaining S form of the pyridineethanol

derivative.

36. The production method according to Claim 35,

wherein Q is an oxygen atom.

37. The production method according to Claim 35,
wherein Q is an oxygen atom,

R, is a hydrogen atom or a chlorine atom,

‘R,-1s a hydrogen atom,.

R, is a hydrogen atom

and R¢ is a hydrogen atom.




