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DESCRI PTI ON *159159* METHOD FOR PRODUCING- — -~ . - _ _ _
HYDROXYLATED ADAMANTANE USI NG CYTOCHROMVE P45

e P TS oo e NI

to a nmethod for produc&gﬁ? ] xyl ated ad
usi ng cytochrone P450. §§%Eg¥§5ﬁd art _[00021 "59Tkfe

hydr oxyl at ed adamantane i s known as a nononer of a

1etonROx PROSLEIST IR AT B SE 5 B
Document 1), or an i@NIGOGKROMEl Pbgo a- hydr oxysteroid

dehydrogenase type | (11[3HSD1l) in the field of
‘medi ci nes (Patent Docunent 2, page 27). In addition,

‘Techmicainfielshd havi ng an adamantyl group is known al so as

[OOOq]DPPIV i nhibitor. And, when these conpounds are
synt hesi zed, a conpound wherein a part of
suliBitd t pestesitofintviea thyrdr exipliad edo adanBREREE ¥Sr producing an

ted is useful .20 as a synthesis internediate
hyd§$pn§¥?3a?%%éPl%??fflfﬁﬁﬁgTﬁﬂonggéég'for produci ng a
hydr oxyl at ed adamant ane derivative using a
m _crogr gani sm has been previously known. For exanpl e,
Backgndu@8o3i ated adamant ane derivative protect ed wi th
[oooBénzam de can be produced using in 25 vivo convi;S|?n
auveria sul furescens (Non-patent Docunent 1). In
gg ' ee. gﬁ&?’@d&ﬁ%‘% ﬁ&aé%a%f@élf?am Eﬁ%wae%ﬁ ¢anpyemsy e fiepctional

di hyd f can he produced by in vivo conversio
(Patgp R en tohl it £ BR BLEEnST oA ApRY SHBOCEI e i rogenase

type[ DOOBHSBD) thtﬁ@'fﬁ@lmeofﬂn@(Qic(ilﬂ%EQPQ%ﬁteb’océhl%gtrZG,;plearrﬁeﬁ%). In

to as P450) is a generic name of protohene-cont
addigiogy & FemaRHPE bR hg s 28 prtappe bt iolnbamdalso as a DPPIV

inhibitor. And, when these compounds are synthesized, a compound wherein

resiiisibh phthahbtd @eusitibe Ras BAENhLaPRE i8dnt r})%totglithogrﬁphy field

a part of substituents of the hydroxylated adamantane is protected is useful
as a synthesis intermediate from its reactivity.
[0003]

A process for producing a hydroxylated adamantane derivative using a
microorganism has been previously known. For example, a hydroxylated
adamantane derivative protected with benzamide can be prodliced using in
vivo conversion of Beauveria sulfurescens (Non-patent Document 1). In
addition, regarding an adamantane derivative protected with phthalimide, it
has been reported that a dihydroxy form can be produced by in vivo conversion
of Sporotrichum sulfurescens (Non-patent Document 2).

[0004]

Cytochrome P450 (hereinafter, also referréd to as P450) is a generic

name of protoheme-containing proteins exhibiting a specific ab'sorption band

(Soret band) at around 450 nm when it is reduced and carbon monoxide is

bound thereto. P450 is bound to a microsome of many animal and plant

tissues, fungi, and yeasts, or an internal membrane of mitochondria of a part

of animal tissues. Additionally, it exists in a soluble form in certain bacteria
7 _7_“‘*900002*
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(Soret band) at around 450 nmwhen it is reduced and
carbon nonoxide is bound thereto. P450 is bound to a
m crosone of many ani mal and plant ~ tissues, fungi,
and yeasts or an internal- nmenbrane of mtochondria.
a part 35 of animal tissues. Additionally, it
Orf%&$%ts in asoluble formin certain bacteria
looobllllllllII'IIIIIIIIIIIII"IiII11111111 *GOOOOZ* or
ungi . #OOOS P450 has various substra
2@#?% 7 e¥rigny tHeHEaky esxéerfz%@ée&eﬁmib.tbpﬁ@ g yenzymes
exhﬂbﬁﬂ&h@ SHf‘)ﬁtHrah& &ﬂﬁ#&kﬁt&lsﬁ)}é(:lﬁmltﬁhw(}ﬁ% Wainl WiZfized a variety of

variety of 5 organic conpounds_ as a substrate. On the
OTEAFHRTOTRBIN % Rere SHPELEAISY nedn HAGI Pighaohand s dBeYq @regnzymes

havSUDE Jral R sBRe6df é@BJtYatéMQbQaffﬁﬁptwloﬁlhyre\@ctt Raoly with relatively
relatively |imted kinds of or ani ¢ conpounds. P450

limited j lipdisy B orRapicosymPREads - ofF 44 dackiveévqd ppdiosyekhesis of

bioa@d%iveQh ARt &I as SOt oNOKMRBEY hBFhEn@Chde AREH and active- type
active-type vitamn D, netabolism of bioactive |ipids

vitagijen Dhs rdaBolipm o Riolgtiand lirdde) tedarisi demet &bdyi smd and
e1009£n§?€pg§1@@é‘§ol§g}ﬁr@ﬁ@ko?é&hﬁl@%‘ﬁ%&lhgp |s'dgk%cqrsuﬂ§vludﬂ{kd drugs,
i specific function of P450, it is known
andttﬁathbasoAéa&p&lcafz@émacwamféf%ﬁ%flt AederronshauPh5Asagalyzes a
var1|3Y§“‘o‘P)f¥L@ttﬂ)19§]sﬁ@@QE 'aolmydﬁﬁngﬁ%hq%tahﬂgnr §ﬁqstp|09§]dat19n eaction,
deal kyl ation reaction,” a dénitrification reaction an nd
a degiley latken Bfactinfole SehidTificatien reactipn eadithy kike oPA5aobiotic in
ceu;@ FQQQQLg$gquEﬁ§OS derived from m croorgani sns such
: ungi or bacteria are known that they serve for
(Nxﬁﬂoductlon of industrially useful substances, and a
par &, fes £afs @Jﬁv@&ff%lnxlc%blgﬁqgmsmdcﬂdﬁmfﬂ'or Diogeria are
productlon of wuseful drugs. representative exa
knoywg ﬂrﬁme’YoSQnVatfer ar@ésctpgsuqﬁ iod uetrie bypastiith subshna;ns and a_
par@ph@lcetolfrﬁqua% %&Eﬁ%@ﬁ'&ﬁﬁﬁ g%?fpp A%%ionagguggguql(ﬂ'ugs A
pravastatin % is an antl y er em c agent
repygsegbgtive NocranpdteelﬁttODbEdlrremlase aPaift @nSItltDD@lﬁrmnIpa'&)tln Avith an

‘ f
actlﬁr %%%f §£re§&9gpgé§]gaﬁ%ﬂohﬁu§ ygx?dvg)ttg{n n{avast%%{gm which is an

atin osition and
antvnn@mhme@ecuaghn2|mg an pmnhumoﬁﬁoeneweﬁseﬁumnum@n|3 Patent

DocBW &t OQ)hI CaAhaE‘roQggp ?Llsopgg&u&rr]ltgo crt‘rfl\cr:et Itscr:gelz vgtSanlillsne Ds by
hydroxylatlng a la-position and a 25-position of vitamin D3 utilizing an
a¢tinomycete,-Pseudonocaria autotrophica has been also put into practical
use. | |

[0007]

With respect to hydroxylation of adamantane, Non-patent Document 4

- describes that adamantane is hydroxylated with P450cam, which is P450 of

Pseudomonas putida. In addition, Non-patent Document 5 describes that
five microorganisms hydroxylating adamantane were screened from 470
microorganisms, and suggests that P450 is involved in hydroxylation of
adamantane in Streptomyces griseoplanus, which is one of those

microorganisms.
[0008]

However, none of documents describe or suggest hydroxylation of a
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[0007] Wth respect to hydroxylation of adamantane,
Non- pat ent Docunent 4 describes that adamantane is
hydr oxyl ated with P450cam which is P450 of
Pseudononas putida. In addition, Non-patent Document 5

descri hes .t hat 30 five m croorgani sns hydr at i
com T TR ndHAP her Sbt BEARAE T ORI P kil Qo GrrefoY aframple,
hydsagdasion d&hai I\P45Qdiamairmyo}-\bedzhmihydlre@m{zﬁé ﬁairggf P450.

adamant ane i rept onyces gri seop| anus, . whi i.s_one
[Pawtmg%‘lmﬁ?griﬂ)rgﬁma&ﬁﬁ? tsat %@q%%rfiaﬁ%%ps? (JP-A)
No.glogaHsBoss descri be or suggest hydroxylation of a 2

co und havi n tane skel eton using B450, for
pagRr iy i Oy o S GPARRTS: an

[PadN-1(t2D aclaant Bl yPhaneaw vergeri vati ve us-: ng P450.

[ Pat ent cunent 11 Japanese Patent Application
[NOEé?BcFPQSe&GB‘PleA)t J960682630610881 P4t drite ¢ HRrentd%  vol.57,
p.7M0B04-056744 [ Patent Docunent 3] JP-A No.6-70780

Non- patent Docunent 11 Journal of Organic Chem str
[NO%MFH\‘} 9%‘7?1%?232%9@ THRFTANORL (HREERT RS -2198he vo1.33,
p.3gouspal of Organic Chemistry, 1968, vol.33, 10

p. 3201- 3207 [ Non-patent Docunent 31 Gene, 1995,

[Nomatfes,l)%us&ersfsfffﬁ@ﬁ@pét’gﬁt vPbdGReRt84P5 Ar chi ves of

[NoBHOLRem BLEYmand B m'@ﬁﬁie‘:‘ssO_flﬁ%henﬁglgrng%d B‘ié@ﬁy&@g, 1984,
%Non-patent Docunent 51 Applied M crobiology and -
vol 828t achhbPBgy, 2006, vo.71, - 15 p.502-504 Discl osure

[No@fp 4 R& ¢ TV & N5 1PE PRI eBI1Q 0B 180) UH WY tdd¥nology, 2006, vo.71,
i nvention [0009] 20 Qoject of the present invention

P.59% 504 provide a high-yield and stable process using

P450 for producing a hydroxylated formof a conpound

havi ng '
Disclosure of the invention
Problems to be solved by the invention
[0009]

Object of the present invention is to provide a high-yield and stable

process using P450 for producing a hydroxylated form of a compound having
an adamantane skeleton which is ' a raw material of

monohydroxy-2-adamantanamine useful as an intermediate of functional

resins and medicines (e.g. N-(5-hydroxy-2-adamantyl)-benzamide derivative).

Means to solve the problems
[0010]
The present inventors have intensively studied and, as a result, found

out a method for hydroxylating an adamantane part of a compound having an

.ada’mantane skeleton using CYP109B1 which is one of P450s. More

particularly, it was first found out that an

N-(5-hydroxy-2-adamantyl)-benzamide derivative can be produced from an

"N-(2-adamantyl)-benzamide derivative. In addition, it was found out that

‘productivity of an N-(5-hydroxy-2-adamantyl)-benzamide derivative can be

increased by using a CYP109B1 mutant, T09FK, or a 109FK mutant, obtained

3
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an adamant ane skeleton which is a raw material of
nmonohydr oxy- 2- adamant anam ne useful as an internedi ate
~of functional resins and nedicines (e.qg.
'N-(5- hydroxy-2-adamantyl ) - benza-m de derivative). 25
ans to | ve the_problenms [0010] The present ,
by gﬁe&m%&flﬁ%@}m EAsPIRINO Rt dHi By dAundagut, thak fjhe resulting
N-(5-04adox Pt a @a MRLBEY - § il zayidrcORRk BladtDE: 30 RYANBRLANG at 100 %
part of. a_conpound having an 30 adamant ane skel eton
whighiis prelavabdpes\af tHer@ediatopt pussinagor e
~ partheulhiarine ptdsewdsinfkhsionf AUBEe OUS thbhAE118Ring:
N- ( 5- hydr oxy- 2- adamant yl ) - benzam de derivative can_be '
(1) pAoderasEss r Shd arvmﬂwmgadaﬁanlt‘]y{%'bbéwn?wéamantyD'benzamlde
derid)%r’ciWeatdh\é_Qac!e'}i?éjﬂ| By oﬁ‘ydﬂotxy\l@ﬁn%md@)d WE'Jﬁ%antyl)'benzamide
productivity of an N}§5-hydroxy- -adamant yl ) - benzam de
1Htd-eased by using a CYP109E1
(2) THE P HocedO9FIG) or a 109FK mutant, obtained 3 1 | by

altering CYP 109B 1. In addition, it was found out
whergig cyHehramg Ppg is

a pi¥tbar BYREiQ¥Mp2o BAR MR :lc'i@eé"bzq?mn@% ASEYAD KR.1 § oA, ior
: 5 ere

i sonoer at 100 % which is pr rable as an _
a proje iy Aewsiatiameodl aedimintescidTeeguinse ithwhprhegentto several amino

acid N%ePLhOREE! alpstit QrddICorf Ald QW P8t Glind REQACESSuence, and
for producing an N (5-hydroxy-2-adamantyl)-benzam de

- havgeg hydrpyelaghay aetisrtivzed by hydroxyl ating an

3) Mh6 % .R¢a08pt ¥]) - benzam de  derivative using cytochrone
( )P45§? ?Z%yTag)process of (1), wherein cytochrone P450
whedrgin @yboqhrotei R480nsi sting of an amino aci d sequence

a quo_ter?‘%o- JonMiﬁg :I'oprar:?”au‘r.ﬁndr’l Qéi(at %ieauggpesi ﬁ%‘hg% %fnea@o several
h am no

am no acid sequence 1n which one to severa

‘muipdioss aekectied drew, thulgspip wtoadistng aefdBY B nL3HEP, aABAHBT, F41L,
7P PSRUERSEs. o oL INOrorsLold B Ao Abonc o
SEQ.ID No.: 1, or
a protein éonsisting of an amino acid sequence having one to several
mutations selected from the group consisting of I77F, I77TW, M1051, A196D,
F2321, F232L, F232M, T234A, T244A, V399E and K702E in the amino acid
sequence of SEQ ID No.: 3.

(4) The process of (1), wherein the N-(2-adamantyl)-benzamide derivative is a

compound of the formula:

(Formula 1]

g
Q N

@NH :

"wherein R is hydrogen or a hydrophilic group.

—+R

(56) The process of (1), wherein the N-(5-hyhdroxy-2-adamantyl)-benzamide

4
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a protein consisting of an am no acid sequence havi ng
one to several nutations selected fromthe group
consi sting of 177F, L357P, A362T, F41L, 177W MLO5I,
T234A, F2321, F232L and F232Min the am no acid
~ sequence of SEQ ID No.: 1, or 20 a protein consisting"
deripfitizn iami rronnerdd 9ddhefeEmMAYi ng one to several
[Forffij@tons selected fromthe group consisting of 177F,
17/7W MLO51, A196D, F2321, F232L, F232M T234A,
99F and K702E in the am no acid sequence of
I .. 3. (4) The process of (1), wherein the
-adamant yl ) - benzam de derivative is a 25 conpound
of the formula: [Formula 1] OR NH Z wherein Ris
Nbgen or a hydrophilic group. (5) The process of
, Wherein the N (5-hyhdroxy-2-adamantyl)-benzam de
erivative is a conmpound of the formula: [Fornula
Oﬁ OR C NH OH wherein Ris hydrogen or a
ydrophilic group. 5 (6) A process for producing a
conpound of the fornmula: [Formula 31 \\NH2 (1) HO
characteri zed by obtaining an
w heme {15 Ryphiy 40 £ 3~ 4o W?P?l-lbceﬁﬁ"a‘fﬁ'de derivative by
(6) ARG oREQCRSS Rfd vty @N@® founld of Oh¢ Fprmaia

[Formula 3]

«NHy
()

HO
characterized by obtaining " an N-(5-hyhdroxy-2-adamantyl)-benzamide

derivative by the process of any one of (1) to (5), and
deprotecting it.

(7D The process of  (6), characterized  in that the

N'(5'hyhdfoxy'2-adamanty1)'benzamide-derivativé is not isolated.
(8) A process for producing a compound of the formula (IID):
[Formula 4]

H
WN-R3-RZ—R'—A
‘ A

HO

characterized by obtaining a compound of (I) by the process of (6) or (7), and
reacting with a comp.ound of the formula (IT): A-R1-R2-R3-X

wherein A is an optionally substituted cyclic hydrocarbon -group or an
optionally substituted heterocyclic group, R! is a single bond, -C(=0)-, -O- or
NR4-, R2 is a single bond or optionally substituted a‘lkylene, R3 is a single
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20

10 deprotecting it. (7) The process of (6),
characterized in that the
N ( 5- hyhdroxy- 2- adamant yl ) - benzami de derivative is not
i solated. (8) A process for producing a conpound of
la (I'1]1): [Formula 41 [11)
bon@w&@—,@&&lﬁ f‘e}élyfbﬂpxéb%ré’luﬁl’ hglee %’bﬁﬁ&ﬁ%&vb’fg €§‘3“%)‘}ef1ﬁ'§d from
a hﬁ&&ﬁsg%o% @8N E)‘fls( K}drcagréeh of egeﬂomaglyvuﬁhtanﬁemupd
efmnma ). ARl -R2- X wherein Ais an
(9) dgpedhed for Kbt tins ae)yeﬁl?elawa%@gfwﬁ 2 §BApUBH Rpyine an
adafdt@nal ke 1shsth hpt-ednhatghecyclic gr ourJ R is a
single bond, -C(=0)-, -O .or 20 NR4-, S_a S|ngle
a PIRGALE BPDYBENER 4% a8liBe A fiteq UEPRY PESE Q r@ Ng-gl of 3, or
a prVtBH €onstsbRRDOfn Guti®hb-aci& de3u@nlY Gk OXNi B QWP o several amino

hal ogen or a | eavin oup derived from a hydroxy
acidiy oap, dshede R ShBS 1§ edgeR BRAGBURORRY | §mEsborait Lt aapence, and

_ hav@,llgyllydrg%)la@lorﬁegg}q@ltgor hydr oxyl ati ng an adanmant ane
par

of a conmpound having an adamantane skel eton,

' (10)cé‘{r|EFP%€i1ﬁgCQ}§|ahIgm5 ANpRBERY AEBnrIstensg Of vdrichnfif to several
_ amide! Sei3gAHENEa80ld, SEB R Mg orla@&ec?’qnqmeaaﬂ'h% @icld sequence of

_consisting of an am no acid sequence in which one to
SE@dVeNal’ hnimd hagergdydrexsdeterenctisifhsti t uted or added

(11) I’A tpl;lgteqm Ms‘?gﬂlggsﬁqgﬁn&ﬁln@%ld hayiuad c byl xy! @ﬁé QB several

activity. (10) A protein containing an -am no acid
mutdguenceldctedifren Ore srous epasiiting @fafiTho latids 42T, F41L,

I77%|1ﬁt18g1 @??é%EFE%%p'\]gé?)ﬂgQ%Q F ilﬁema%@gnﬂﬁlodamd sequence of

guence o and aving hydroxylation
SE@dﬂ)W&tyl (11) A protein consisting of an am no acid

[ n I n I or
a2 SEHEIRE DBLIRLANS B0, SAYE) oyt ARG SRigEHd o

a pt7AN ME0BininE28d AmER324id FO@R¢ncEnth W@EM q1re (uhg;everal amino
AL, FAASNER, 0Ly 10T B M a1 e, un
hawh.gl\]uydrozylaj;uon ac'?lvrcy a '
(13) A protein consisting of an amino acid sequence having one to several
mutations selected from the group consisting of I77F, I77TW, M1051I, A196D,
F2321, F232L,‘F232M, T234A, T244A, V399E and K702E in the amino acid
sequence of SEQ ID No.: 3

(14) A compound of the formula:

[Formula 5]

-
__——CcooH

o

a salt or a solvate thereof.

(15) A compound of the formula:
[Formula 6]




10

15

20

a protein containing an am no acid sequence in which
one to several amno acids are deleted, substituted
or added in the am no acid sequence, and having
hydroxyl ati on activity. 20 (13) A protein consisting
of an am no acid sequence having one to several :
mut at ifons) sej ected fromthe group consisting of 177F,
1, A196D, F2321, F232L, F232M T234A,
T244A, V399E and K702E in the am no acid sequence of
SEQ No.: 3. (14) A conpound of the formula: 25
la 51 COOH O ONH a salt or a solvate thereof.
) A compound of the fornula: [Fornula 6] 6 I. O
ZQ OH a salt or solvate thereof, wherein Ris
oydrogen or a hydrophilic group. Effect of the
Invention 5 [00111 The nethod for hydroxyl ati ng an
a sedareniane gareofhf a conpound havi ng an adamant ane
Wheﬂunqgon og Jh%<ﬁf§§?QL@ gy nt%ogvrealizes stabl e
Sroudets BRY5IRS B Y, TaRd endbled  effective, safe and
Iom#cost productlon of a hydroxylated formof a

nd. haV|n an adanmant ane skeleton 10 Best node
Eff?cgp&gt} WSEEEM the invention .
[oo11]

The method for hydroxylating an adamantane part of a compound
having an adamantane skeleton of the present invention realizes stable
production and supply, and enables effective, safe and low-cost production of a

hydroxylated form of a compound having an adamantane skeleton.

Best mode for carrying out the invention
[0012]
Terms used herein, unless otherwise indicated, are used in a sense

normally used in the art. Terms which are particularly used herein will be

-explained below.

[0013]

In th‘e present invention, “cytochrome P450” is utilized as a catalyst
for hydroxylating a compound having an adamantane skeleton. For example,
it  is ﬁtilized as a‘ catalyst in a process for producing an
N-(5-hydroxy-2-adamantyl)-benzamide derix}ative by hydroxylating an
N-(5-hydroxy-2-adamantyl)-benzamide derivative. Whether or not a protein
which is P450 can be utilized as a catalyst for hydroxylating a compound
having an adamantane skeletor} can be determined, for example, by whether
or not an N-(5-hydroxy-2-adamantyl)-benzamide derivative is obtained by
acting the protein, or the protein and a reducing system consisting of
ferredoxin and reductase supplying an electron to the protein on an
N'.(Z‘adamantyl)'benzémide derivative which 1s a substrate. Mdre

particularly, a method for culturing a microorganism capable of expressing

. P450 in a suitable medium, and detecting the preéence or absence of the

7
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[00121 Terns used herein, unless otherw se indicated,
are used in a.sense nornmally used in the art. Terns
whi ch are'parti'cul arly used herein will be 15

expl ai ned bel ow. [00131 In the present invention,

ytochrome P450" js utilized as a catal yst 0
N- %&drdaszwa?t ?ﬁ@m&n&s%bﬁmwé& %@fl&ﬁtlaaéﬁﬁhM@tedr in the medium
canslkee'u%tean 1FGfece¥sHW) &y nhﬁroki%.ciﬁé lai 288 ABgasAL Al ¥8hsisting of
in a process for producing_a

ferngd esim upRiyR R AddtamOP 5 Béﬁ%émddléedd@rtweatwea pyicroorganism,

" the LOXYd At i dMbedle Ml Be M EFOXYTedt RABTRIRL Y edbENIARLH8N of the

rivative. Wet her or not a protein which is P450
N- %mdb”éxm% paBgraED D et itet 4V AREF 0fpPat Phgpgriormed, for

exa&YTPOWNA hiBaVipRIrAM ANRMANARE cBKEhBEOIYa6HY EIPLC) using the
determ ned, for exanple, by whether or not an

N (N*’(YSUHWr?oﬁéa%aald&%‘?ﬁryqa)m'&énz’ém%wﬂ%rQWP% pg the present

invOPtighngd PY%t2rd AL .| ngpw@lcaw et'h"é n¥thbBed PEQYBId i8NHxamples
a reduci ng system consi sti (? ferredoxin and
latqregpe P sEedup gl sAmplear? eﬁ"é% r“@ﬁf‘tlomt hee proteditninggnipn include

cYMrdop adagyenioy] Jooergamade des ikt h¥e MesivaltSveBthereof.
substrate. More particularly, a method for cul turing

10034k croor gani sm capabl e of expressing P-450 in a

sui tﬁ'@kﬁ:a’l‘ﬁ@ ugt s delBGt i ngofﬁ)% Qf@%@%?n@%%%gﬂﬁ%lly the 7
of the 7 N (5-hydroxy-2-adamantyl)-benzam de

sampepivlagiond faactiom ar egtivatyt e thedi ofnP 468n that usesn the present
‘va?&%ﬁSé}{QﬁéoQ%at%{ %%Q;hﬂg %rfqg%ﬁgusc')é?tt%@ ﬁgl'}gleﬁhld%gmay be

erredoxi n suppl yi ng an ectron to P45 .
eithexdot ragebprylosroun .craobryaktitsnamidheorpesencExemples include a
fusBPSENLE; ReoRSe pEL {81 1oV eGh e ddi
e A o B 3P o o Ry iy i Yadine o
mo¢dnite gpend ornmedtahprobtaiedpbe, ddytinggs yetftotnee adding an
[ UL d g ( C) using the
am{éo( Eéll(wéy? oéi()y- 9 %gé)rglréte)} e!_benzam de derivative
obt diméathlsy rreee i’ esertt in thodustdmwraseia, st anakain.that the fused

'pro§g1 C%fﬂﬁq l yubsgxgt@y; g%%%rdrgrgg éupy (%{ma%%rnescqti\%ty as that

of H"tﬁﬁéht’lfgﬂlﬂm| p}deéeralboe CYE:@@QF_lei lnG\alﬁe11©4_50RjYPrad)BEase domain,

~P4€(¥M‘t3 € Juc%gée ?n%ﬁadaerd yat jyg thereof. [0014)

rivat neans a polypept|de havi ng
subéi%pkdsl ypfttthe modifying group of the modified entity include a

functional group exhibiting fluorescence property, a functional group which is
not involved in formation of a steric structure of a polypeptide, and the like.
Alternatively, it may be an.amino acid residue other than amino acid residues
constituting naturally occurring P450 (e.g. P-alanine and the like).
Examples of the functional group exhibi‘ting fluorescence property include
eosin, fluorescein isothiocyanafe (FITC) and the like. Examples of the
functional group which is not involved in formation of a steric structure of a
polypeptide include a spacer group, a representative of which is a B-alanine
residue and the like.. It is preferable that such a functional group is present
at a terminal.

Examples of the mutant include a protein consisting of -an amino acid

sequence in which one to several amino acids are deleted, substituted or
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.sane biological function or activity as that of ,P450,

that is, in the present invention, hydroxylation

activity. A Gtermnus of the ,polypeptide may be 15

‘either of a carboxyl group,. carboxylate, am de or

ester. Exanples include a fused protein with other _
addedt op dibg, 21D AECH] GAABARGE 9F SYOL, ARA By viRsithg fanction of P450,
and MRdiffyd ng group, a nutant obtained by del eting,

substituting or adding an amno acid residue(s), and
[00k%e |ike. As "other protein" used in the fused

prog el R leas Qf%l@' Q3 nh iRt adiBesdsatte A0 wWHiOh &nR &XBéRita$ amino
subst ant‘p same or nore h dro lation activity

amdasaxter%ﬁlete&f W@ltﬁyw asiadgers ipe | &0 apippgrcissequence in
Whlmghu%@ A%S(QRE b %,wecfg@asmydgmm 1 P@?\@f&%@mmd 1 to 10,
domai n and t 1 ke. Exa 1eso the no ylng roup
andofultthernmnfferel@llyemewyahﬁ | tpded)d amipet #0Aal in ghgupmino acid
seqlg%lucﬁaﬁti;wo rg%@é&e@n%) eaomrw,ac@d suRcLAQNal ngygne or two

i nvol ved |nformat|on of a steric »
or Isﬁlreljénllfrf%ffdﬂyaap@‘llly‘belpw @€, ruederatdy| ayqand 1 to 10, and further

pref%lrgﬁff]%de\fgk Y1 tb%) iP@a@f(‘lsam 0 Qﬁfllgo a%?ti gé{fueq;c@%’f P450 are
amno acid residues constituting natura

sub@b@merdl Wit bP4 Bife  emgno (e3idd, {§i) reen arm@utoheclri.aee)xence in which one
tgf@gplxﬁ&ew( I'J]f% gM@C rgﬂﬁli Pri8uPo eé?é&'r‘ébf}g around 1 to 10, and
f uorescence property inc eosin, fludresceln

furn@wtﬂneéegaéﬂatgveﬁﬂrg tarfd) tahleldq ReldSE&mrpﬁds@d of thhea®fno acid

sequ(le'lrQCt I Ppi\%??Lg?RD\eha gpot!(ﬁ’n Q?Lté&vg Vaergj nE QarcﬂPts!e Qex?(re which

eric 3 ure o ypeptide 1nclude a spacer
is grombuaatnelpreéemeam veW(hfenV\/mmhamsne fi@dalsaan¢mce is deleted,

subfsg%ugudeo ngd(ggea lplols(ﬁxorl Ef tl‘?’e RE ?thggbln?ostt“‘]%tt o%(glha?dn:lon is not

I Ona present

_, parofcuil:héynhtxamd,l pcbudedat}mtotaemutcaoﬂspétﬂw @fsethnnanhﬁ(present

35 se quenc |n h [
N A
conﬁniumdshqwerg:anoﬂdMEGrammGkhlm’omg ¢viee fhmeh en ahino acid(s) is
0, the |ik 00 f the,"amn
del%\%e%d Ssueb(fﬁ%ncggl%r %ldch oﬁj seesvé?%lu%am oOIY%e%tlge having at

leagtr QOdfeloetrﬁdre QLd))SdSlloem edeﬁarahtjsded ‘bolydpuiitee bAyien 80% or more
hox%ﬁpggeggéqV% 3 11&%18 3360 ece(?%%)lﬁvma%?‘[w% more homology
withOthe @t d ubtmeéqwxecfeedsfabhyOsever aI (1 to'H)) am no
[Oofilgi ds in the amno acid

Herein, “CYP109B1” means a protein consisting of the amino acid
sequence of SEQ ID No.: 1 ‘

“CYPIOQBI mutant” means a protein containing an amino acid
sequence 1in which one to several amino acids are deleted, substituted or
added in the amino acid sequence of SEQ 1D No.: 1, and havmg hydroxylation
activity. Examples include a protein consisting of an amino acid sequence
having one to several mutations selected from the group consisting of I77F,
L357P, A362T, F41L, I77W, M105I, T234A, F232I, F232L and F2S2M, in the
amino acid sequence of SEQ ID No.: 1. “One to sevéral mutations” means
around 1 to 5, preferably 1 to 3, and further preferably 1 or 2 mutations.

Particularly, a protein consisting of an amino acid sequence having 1 to 5, and
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sequence of P450 are deleted, (B) an am no acid
sequence in which one or two or nore (preferably,
around 1 to 30, preferably around 1 to 10, and further -
10 preferably several (1 to 5)).amno acids in the

.am no acid sequence of P450 are substituted with

prefexaidy latd Rovacpbions(C)leetsdafromp theisdospfeantding o7 ¢l 177F

and %%%7130&79}5\01\@{03’1’051@(1 (’IpfﬁlfAerﬁ%W77@qu‘2%2ﬁ\/p #0the amino acid
abl'y’ around 0, further preferably
sequssverOéISEQ HoNg) ) 1am ntﬁfam‘m@ are added in the am no
001§?|d sequence of P450, and (D) a protein containing
an am no acid sequence which 15 is a conbination of
t heflY RVETF Kh nernroa ach thiseqpreneid ngpfddleetmtno acid sequence of
SEQZHg |t yted or added, a position of the deletion,
stltutlon or addltlon is not particularly I|n1ted
pr SO YROG At nau rantAnmeafn sP450p tedeth | Wrtthenlp\rgesaehtammo acid

.sequlegx;/cgrillzsng Elyargmqy ?\Péraqe?ng négmﬂgt Jn‘clje' ‘ﬂ)éleq substituted or

oxyl atiron o conpoun aV|ng an
add el amaht ameinsketidt ey ueacenf HHQAJH alo. ad mrui devei{shyfdgoxylation

act1?513|yde| t?rgpelefs%ulkr)lsc u(& Uta prc?trmad%)d%mtgé §1aoln§]%0ug§1dasequence

aviing at® Pl'eas o of

‘haviprgebae abl e va rpbInypeyitoce sbizeiody £8@81H thre BDrE Chmmal:ugyof I77F,

177\&8&{5(@2@{3"385 f{%{b 3é3§Lp%123é%E’t’1‘9?4&%&291&9?%%%@ and K702E

he am no aci d sequence
in the0d@fino 2bidHereguanct CYPADABID Nean§. a“@neﬂ®|WeralxnutamOns
consi st i the. a d uence ofe SEQ LD No. < 4ot
’ne?ﬁsaﬁfVﬁdggaéglpﬁﬂ? %bﬂ'neaﬁsagﬁggb?%ﬁﬁ??ﬁn1é% Habgﬁnutamon&
Parﬁlarh[wclg,chdpro&eqruemelsltmg/\hfdn (amemtooaesxdveaf(aienam Inoving 1 to 5,
[ ted i tut

. pre%glfiglsysgq&?e && agtéalfaﬁﬁmre?ef’a% %&%%dnelgxt%tr}o;[lh%leacmegofrom the “

grofy @baxistBig 61’113’05‘ ALTTW] MyL0 SEX Am9lees H‘itﬁﬂlu(ﬂ‘@SﬁLer@tS@M T234A,

oG0S 00 B AR RS ORC g DR £, e o

preffrab¥dF, L357P, A362T, F41L, 177W I\/[L051 T234A,
[OOF 321, F232L and F232M in the amino acid sequence of
QID No.: 1. "One to several nutations" neans .
ar ougdmbou@dShayngfar abhyahthae 3kea’€’d’tdnf tmidllh@es any compound as
preferably 1 or ﬁ nutatlo 35 Particul arl v
far e ot of A B figY OTE SR “AATHY BOeC 0 é‘nc)elprﬁz‘%ﬁaﬁ’éefxamples
1nchﬂk5pnﬁ@@ed92Qﬁﬁﬁﬁﬁﬂbﬁﬁnﬂm&@ 3 varlatlons sel ect ed

fromthe group consistin N .77 77F and L357P,
177D hOb SremToeadema e LB ABBP TRy pen s far as it is

a caﬁEinQn@C.{V@ereln an amino group of adamantanamine is protected. In
this respect, a part other than a part to be hydroxyla-ted, of an adamantane
part may have a substituent. Thé substituent is not particularly limited, but
examples thereolf include halogén such as F, Cl, Br, I and-the like, optionally
substituted alkyl (e.g. unsubstituted alkyl and carbamoyl alkyl), hydroxy,
alkoxy, nitro, aryl, arylalkyl, carboxy, ester (e.g. alkoxycarbonyl and the like),

.carbamoyl, alkenyl, alkynyl, carbamoyloxy, prétected hydroxy (e.g.

alkylhydroxy and the like) and the like. Preferable examples include an
N-(2-adamantyl)-benzamide - derivative, N-(2-adamantyl)-benzamide,
N-(adamanan-2-yl)-phthalamic ) acid,

N‘(2‘adamanty1)'p'methoxybenzyloxycarbonylamine and the like_:.

10
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20

sequence of SEQ ID No.: 1, is preferable. [00171 5

"CYP109FK" neans a protein consisting of the am no

acid sequence of SEQ ID No.: 3.. "CYPL09FK mutant"”

means a protein containing an anmno acid sequence in

whi ch one to several am no acids are del eted, _
[001dbstituted or added in the am no acid sequence of

SEQ,| 'Q?Naodzimsﬁt El‘{l‘é,e'g%}{i, qge hydr oxyl atde@?vzi"&v@’m bvity. means

Exarpl ‘és* THel lide” a pro{nel n consisting of an am no acid
N-(Zeduenoeylhavzagidnerto deevertare hu¢pfond heefedvetive includes

fromthe group consisting of 177F 7
. hal , alkyl,
a comBRts P aS80TE e, Bhebabt fe v plte UHdBE nalogen. alky
hyd K792 B 1kbRry, thier @nirgd, - @i ldlisdg e nibecyo s BEQckBb N oyl 8r the like, a
"One to several nutations" , neans ar oyl

58 NGy XY an
comBoandr FHFI 1D B aRE T ur W it ér a%:jli/e 11%%%1502‘3'1“9‘1’ of

adamHmdyl ansup s Revdtitcitkarvith aaprgeneialkgbnbydtoxyy adkoan nitro,

m n cid sequence having 1 to 5, eferably 1 to 3 . .
aryL ayyvhy yilcfﬁrgglxy eiﬁ,%gf,ecragg)lgmo 1 orsthe lﬁée, am?a yom%o%nr(gvr%hereln

y one nmutation selecte

a bleR@engr oing ¢ansimid non ofddmabktadd NrtVEOS1sulddt96Ded with the

afortFeﬁgezéﬁ.}.ng 2%1"’&%3%& %Iéﬁgé’eéégeﬁ%éﬁgl\é g%%ngslgdeKéo%gmip%und of

the@oefanabl e. 20 [00181 " Conpound havi ng an adamant ane

skel etgn" i ncludes any conpound as far as it is a
EBHpdUNd havi ng an adamant ane skel eton. Preferabl e
exanpl es_ include protected 2-am noadanant ane.’
" Prot ected 2y an noadamant ane” incl udes any conpound as
- faRaslit’is 25 a conpound wherein an am no group of
ntanam ne is protected. In this respect, a part
than a part to be hydroxyl ated, of an adamant ane
‘p-‘ Niay have a substituent. The substituent is not

[Fo

D icularly limted, but exanples thereof include

hal/ogen such as F, d, Br, | and-the like, optionally

substituted al kyl (e.g. unsubstituted al kyl and

car bamoyl al kyl), -hydroxy, 30 al koxy, nitro, aryl,
wherainaR Ky hydeagtiory 2 kedewhibicgrodPkoxycar bonyl and the
[ookbke), carbanoyl, alkenyl, alkynyl, carbamoyl oxy,

protected hydroxy (e.g. alkylhydroxy and_ the |]ike) »

and ‘tHedfoplkalic PrefT Hhi @reRBrRAa8e ShEqnjatiapity for water. That

is, Nf(x%'fégsar{@rgryla)cdxg%qé@%gewgﬁm ¥aL i /8m a weak bond with a water
N (2- adanantyl ) - benzam de, X :

molecule by electrostatic interaction, a hydrogen bond or the like. Examples

include -OH, -COOH, -NH:, -0SOsH, -SO3H, -OPOs3H: and the like.

Particularly, -COOH is preferable.

[0021]

“N-(5-hydroxy-2-adamantyl)-benzamide | derivative” means
N'(monohydroxy-Z-adamantyl)'benzémide or a derivative thereof. Examples
of the derivative also include a compound wherein a benzene ring 1s
substituted with halogen, alkyl, hydroxy, alkoxy, nitro, aryl, arylalkyl,
carboxy, alkoxycarbonyl, carbamoyl or the like. Preferable examples include

a compound of the formula:

[Formula 8l

11
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10

15

N-(adananan 2-yl)-phthalam c acid, 35
N- (2- adamant yl ) - p- nethoxybenzyloxycarbonylan1ne and
the like. 10 [0019] "N (2-adamantyl)-benzam de
derivative" nmeans' N-(2-adamantyl)benzam de or a
derlvat've thereof. The derivative includes a
ein a benzene ring part is substituted
al kyl, 5 hydroxy, al koxy, nitro, aryl,
car boxy, ester, carbamoyl or the like, a
nd mherein a part other than a part to be
yl ated, of an adamantyl group is substituted
h hal ogen, alkyl, hydroxy, alkoxy, nitro, aryl,
aryl al kyl , carboxy, ester, carbanoyl or the |like, and
.o compound wherein a benzene ring part and an
adamant ane part are. substituted with the 10
af orenenti oned substituents. Preferable exanples

i ncl yde 0 ound f _th ornula ormula 71 R . O
whegin iy By %ﬁg%ﬁreor? lcaﬁrﬁyaroﬁF Hnther gretfgablo sxamples
1nd@@©20pombWQn®pﬁhkbdbghnup? is a group having strong
Faff %for water. That 1is, it refers to an atom c

ormu

grotih “whi ch can forma weak bond with a water
nDIec by electrostatlc i nteraction, a hydrogen bond
or g h eR Exanpl es include -OH, -COOH, -NH2,

- 0SB -S03H, -OPBH2 and the like. 20 Particularly,
is preferable. [0021] -
" N- 43 hydr oxy- 2- adamant yl ) - benzani de derivative" means

nmonohydr oxy- 2- adanant yl ) -benzam de or a derivative

reof . Exanples of the derivative also include a
conmpound wherein a benzene ring is 25 substituted with
Halogen, al kyl, hydroxy, al koxy, nitro, aryl,

aryl al kyl, rcarboxy, al koxycarbonyl, carbanoyl or the

l'ike. Preferable exanpl es i ncl ude
wherein R is hydrogen or a hydrophilic group.

[0022]

A compound having an adamantane skeleton obtained by the present
invention such as the N'(5'hydroxy-2-adamantyl)'bebn'zamide derix}ative can
be easily converted into monohydroxy-2-adamantanamine, that is, a
compound of the formula®

[Formula 10]
“\\\NH2
(r

HO

by removing a protecting group.
[0023]
In addition, in the present invention, the

N-(5-hydroxy-2-adamantyl)-benzamide derivative ‘may or may not be isolated

.in_.a step of producing an N'(5'hy_droxy'2-adamantyl)"benzamide derivative

“from an N-(2-adamantyl)-benzamide derivative ‘and obtaining

12



a conpound of the formula: [Formula 81 11 R O NH OH
wherein R is hydrogen or a hydrophilic group. Further
pref erabl e exanples include a conpound of the
formula: [Formula 91 R O NH ‘OH 5 wherein Ris

d h hI 0022],.A
o B R o R s O B g o o

N-(§- hyéﬂdi)tsoﬂ z&imhaﬁﬁylﬁhﬁenzamlde derlvatlve the derlvatlve can be once

2-a la nt de deyivative '
SRR LR i e R Sz Bheie afarwnote 8,
'montohatlrd)Sy 2aada;‘1ﬁﬁ’nﬂa,hmjmﬂxfe the Hdem&laed[H'_yOﬁéﬂfbﬂmllQé deprotection

S e T TN T N

N- (M@Brbmdﬂea(d/arﬂaﬁdﬂmtmtb)xriben:Ze&mrﬂﬁvéi.erI vative may or
(00 y not be isolated in a step of producing an
%@(S-hydroxy-z-adanantyl)Jbenzanide derivative from

an Raf{Zreaddpadiayt Jrdb 8NA3 Y 080 Lei- ¥ @4 ¥ e t AEmObd 3bPANGd above
with a compound of the formula (II): A-R!-R2-R3-X ‘

10 wherein A 'is an optionally substituted cyclic hydrocarbon group or an
optionally substituted heterocyclic group, R! is a single bond, -C(=0)-, -O- or
NR+4-, R2 is a single bond or optionally substituted alkyléne, R3 is a single
bond or C(=0)-, X is a hydroxy group, halogen or a leaving group derived from _
a hydroxy group, -ahd R4 is hydrogen or optionally substituted alkyl,

15 a -compound of the‘ formula (I11):

[Formula 11]

H
WN-R3-R?—R'—A
‘ (1)

HO

can be produced.
[0025]
20 [Formula 12]
NH,

H
_R5_p4_p3_
A—R3-RI-R5—Xx (i) N=RT-RT=R™—A

HOII:,,. o HO Hu,,

(N (D)

This is a step of reacting a compound of the formula (I) and a compound

of the formula (IT) to produce a compound of the formula (ITI).
Examples of a solvent include 'N-dimethylformamide, dimethyl
25  sulfoxide, aromatic hydrocarbon‘s‘(e,,g. toluene, benzene, xylene and the like),

saturated hydrocarbons (e.g. cyclohexane, hexane and the like), halogenated
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12 nonohydr oxy- 2- ad' amant anam ne by deprotection.
Upon production of the

N- ( 5- hydr oxy- 2- adamant yl ) - benzan1de der|vat|ve t he
derivative can be once purified and deprotected.

: Al ternatively, as described anpl 8, .
‘hydrﬁﬁﬁBWtﬁ - 8 -1%1@:9%%?5%?1? naf*@’arn?f( oﬁt?arihfé&%gﬁthane and the

likeper f efwdrRg deprot ecwtemhﬁdmlr@nsterduleitz_v;ati Ol thSr, dioxane,
conducted mntho i SO

L2 qimathesieihaneay asmnvisa% 'eosgﬁzaﬁwe pethw dgedate. (Ghzhpeetate

and ERE LR, k@n\bnreeagtgl @gefmmhﬂdfmyet%yamm AR@ThBQike), nitriles
obt ai ned above ugd of the fornula (rn):

(e.g.p2 RREORITIRS. %i@he«Hé?eér aloghads 4p. HpPPe bR aly eshaagh dEprsgrancl,

tert@ahh61 MM akar b&@>grmrora afix P50 PR ¥h§i=82>$t hhat el like.

- heterocyclic group is a single bond C(=0)-, -0-

Prefepabl,qp@fre hgéogeg}aéeé }P@TQCBW% e.@ptqléhfaﬂrpylethane chloroform

1,2- §;¢ﬁa$$ﬂ4e%sgeairkylmehﬁ3 IS #4184 nol§ aBONGi 01 Ce@ 'the like),
Xis hydroxy roup, halogen or eaV|Qg group

ethedér(F\Sedle redpdraltipdy dxgthgl iperahi@xrae; 4. higHpetuxygthane and

the mteb oslﬁeloklmsswogt infdthad ol éoﬂanowl@);ﬁ@gggyndce@{ bfuka@nol and the
formula (111): [Fornula 111 H ,,, R2-R1-A ( 11

like), wagrcHtt bbe pilsduced. [0025] - 20 [Formula 12] H

NI - W2 1ufR3- :Bf]y R thdibh, N‘p%fe‘%ﬁbm Are H@N”dimethy(lfox)mamlde

(I1l) This is a step of reacting a conpound of

t he
dime Qs wd fqaise anpleae, éew@aﬁ@etbﬁn@héhmpfﬁﬁna {ﬂr(}wbéoroethane

dletHEngUl?@r %189&'}9@“?‘3 &’i éﬁ%x%@EMé‘ z(c!e'tb)ntrﬁ’éa%tﬁéngf &hanol,
sol vent "i ncl ude di met hyl f or mani 'de, di et hyl
isopropanol, tert- butanol toluene, tetrahydrofuran and water.

Further preferable are dichloromethane, methanol, and ethanol.

When R5 is -C(=0)- and X is a hydroxy group, a condensing agent and a
base can be used in the step. As the condensing agent, for example,
1,1-carbonyldiimidazole, dicyclohexylcarbodiimide, water-soluble
carbodiimide (1-ethyl-3-(3’-dimethylaminopropyl)carbodiimide) or /the like
can be used. Examples of the base include metal hydrides (e.g. sodium
hydride and the like), metal hydroxides (e.g. sodium hydroxide, potassium
hydroxide, lithium hydroxide, barium hydroxide and the like), metal
carbonates (e.g. sodium carbonate, calcium carbonate, cesium carbonate and

the like), metal alkoxides (e.g. sodium methoxide, sodium ethoxide, potassium

tert-butoxide and the 1ike), sodium bicarbonate, metal sodium, organic amines

(e.g. triethylamine, diisopropylethylamine, DBU, 2,6-lutidine and the like)
and the like. ‘ ‘

When R5 is -C(=0)- and X is halogen, the above base can be used in the
step.

When R3 is -C(=0)-, R4 is optionally substituted alkylene, R% is a single
bond and X is halogen or a leaving group derived from a hydroxy group, the
above base can be used in the step.

Reaction conditions are not particularly limited, but the substaoces

may be stirred at about -20 to 100°C, and preferably about -10 to 80°C for
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.25 sul foxi de,. aromati c hydrocarbons (e.g. tol uene,
benzene, xylene and the like), saturated hydrocarbons
(e.g. cycl ohexane, hexane and the like), hal ogenated
13 I 1 hydrocarbons (e.qg. dichloronéthane chloroforn1

-di chl or get hane and t he % ethers (e.g.
usualér Aok 6F 3P dpurd; érlﬂylrreéfr?éry PEYEse 24 hours.

1, 2pyl @EEQ%Y@IM”%%{%JMG(HW%) ,useﬁnerss a(nergrs N rmstermd

acet at e, eth])tg)y acetate and the lik eton

dehydvogsnase mph roreﬁr@rpq@étddﬁep%mdd%rre YiR&P I trrhlbé@rsa Jak3

mhl()@tog orogetpRietrile and the Iike), alcohols (e.g.
net hanol , et hanol, isopropanol, tert-butanol and the

»[00?{61 ke), water, a mxed sol vent thereof and the Iike.

Pr 9*}?;{1%913& @rauB@L Qﬁﬁmhgdcﬁ%q{@&q{&%%e(zﬁn&mdme
di chl or onet hane, chloroform 1, 2-di chl oroet hane and

t he'Alkyd) megny i Postq eCh0 waeidhi tori beanpked h%“qyrke)Examples
in e g r ur r h er ; n u
A LA R S gt
tertriatﬂyémrpenétf dnepentydopp ool D thaylpipedssyl.an ePhsé n-octyl,
e) e n i k u i ARt aticon
oA IR T R ROV L O 0 04 ik
Exampleoximdndgy meatdyldi etihlydr ometrhenk, ietnmopof ormputyl, isobutyl,

‘sec% Eyldltgpt! ﬁ@ﬁt a[)‘@ntyﬂh?&d@ﬂtg? e#g%rﬁangﬁ%xy d 1s?hexy1.

di rret oxyet hane,” acetonitrii Rano

15 Aso@kmbanoﬂ of f@lrlqoxmloaﬁ@llwcty@hubwes{l”thetsr@rw@hrr@é wreaning as

the ggg ?3'; Further preferabl e are di chl oronet hane,
{han ‘and ethanol. Wen R5 is -C(=0- and X is a
hydE@xylpgrrs)wé aary&:oriadelnlsiiengloatgemliamioalatbfashe'dcamlben groups
th n nt, r

(e. ge)?a enly an% ?Bg%rybony% S?%n& azo(?llollgr 9f gtroupg (e.g. 1-naphthyl,
2'n@hwmloﬁea(yt}crafﬁb@dannhdé, Wateneydol ubhen20thryl, 2-phenanthryl,

carbo )
3-pRanagyl W{ng(@engn lelga%l%%%?tohﬁ%l)aélair Bt st de) or

t he“ArskdalksdannMstled abExaraqbkglssmtﬁsmhecekiassetln ticd sldeve aryl.

et ?y(ﬂggdr A czgr% gl 5%92335@1%hh%r8|rde aqk%gfeé‘lsl klo)alkenyl" and
“aryiydr oxi de, I | th| um hydr oxi de, barium hydr oxi de and t he

) "‘5‘321’ 0a me%%'ébe@a&?%fo ch%ogatlillmag roc rhon group.

cal cirum car onat €, ceésium car bonate d l}

Exanmbkals iakkobe dedop mpyl, smdbblmytek:holxpdetylsmdbmnexyl cycloheptyl,

tert t d d.th
ey oSO RLT 4 P &1 B80T Pod g & A RGEbon eroup and

the (l&keg. triethyl am ne, diisopropyl ethylam ne, DBU,

2, 67‘13u1td|g%|dn%yc ﬁh(?rocarggn group” includes a group obtained by
removing one hydrogen from C5 to C8 aliphatic ring in which two or more
rings share 2 or ‘more atoms. Examples include bicyclo[2.1.0lpentyl,
bicyclof2.2.1]heptyl, bicyclo[2.2.2]Joctyl ~  and bicyclol3.2.1]octyl,
tricyclo[2.2.1.0lheptyl and the like.

“Spiro hydrocarbon group” includes a group obtained by removing one
hydrogen from a ring in whlch two hydrocarbon rings are constructed by
sharlng one carbon atom. Examples include spiro[3.4Joctyl and the like.

“Cycloalkenyl” means C3 to C7 cyclic unsaturated aliphatic

hydrocarbon group. Examples include cyclopropenyl, cyclobutenyl,
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and the like. Wen RS is -C(=0 - and X is hal ogen, the
above base can be used in the 30 step. Wen R3 is
-C(=0) -, R4 is optionally substituted al kylene, R5 is
a single bond and X is halogen or a |leaving group
derived from a hydr oxy group, the above base can be

cyelgeeptenylt hecxtlepexqudet i 8Ad corfdrtahnpsenrk not Preferable are

a : b IRy o
oD A€y I FLELENGER 30 B

mClt“éeSCPbe@rgedlqu“dscuéb’FlyOCPrh%rgltoelpsenﬁofurS@eralhddrocarbon group
hanI{§Eﬁrlﬁma¥uiLanBQ{uBOﬁ(p ig4 heyrs. The thus obtained
Conmpound (111) is useful as an 113-hydroxysteroid
dehyideisgered e erhimi ingiudes mfepwwlarmappmmecuev
(Dpﬁi(!:t\éroémt brhtegfls a?‘n} Cllrah&li.ltHI}lQElcoflegquC}L 11c rou and a’
[ 0026] "Hal'ogen" includes Pl ['uori ne,- chlorine, ﬁl ne’
fusegh @ roaditite hetardoyleticngens . C1The @b@loswphcgmonmtlc heterocyclic
I ngl yde hy r ie ri
grolpjg g&ggg? QI g%clpurpogc{/@np%‘fsfroixﬁ ?a :'15306{)]?%/ ’Ilngxé% (% '11 omat ¢ ring
OPtltoélailbePthmlﬁgp]em VACH q%’@pemsylfurr@uﬁenwtrognnm@is in a ring,
X e c , abl1d dec
op RIS Hhvidlk & g%{%l*’e{]iag‘ e A AL T aP’i% ohe fused
arOIEﬁathefserPﬂmludern'ephylleanetdnygroun proqzﬂin,h lasmprt@pﬁyl membered
aronﬂapl%t yln’g (&I?tqpﬁléﬁif COD%&PH Egtyltb Jg% %ﬁ%xl supf pentCK/OF nltrogen

i sopentyl,” neopentyl, exyl .

“atompanp 3Of1ng"1§|fkl®§(§’ Wwioh 1"H1| koﬁyc@rﬁ@o&ytﬂbMeﬁmOm carbocycle

s of " "
or o?ﬁ@{ﬁggo ?Tts)lg]n()e‘éxgl)e rl%(? aarroglnaéctlé/heheré)r Sclgef &r)lﬁi (éprtéﬂfb%ﬁyblgvglg a bond

at qrhmhgraamdepéhmbdblp:osatlonat |Eb<ahyplreecarddoﬂe gﬂrupre g. 2-furyl
(&. h- na W a ant h hryl
andggaf%%jﬁlr)yp?l%?ggh(g an hirqy ytlfy %gn%\hnt ﬁ?’))y pyifof Q' tpyrroly
2- p)&rpbelnanﬂhB}&iyrrdlyphemmmmlyl (e @ phemardthb i, amdnt&lagcolyl and
Y Ar I (rean t he Above al k ubst i
& m!ud&%))l 1 aféjg\%léyrl 250 RS pﬁhyér%é?zbz%l gt pA yrazolyl),
trlalznbflluéies, " ¢chI4ctaidqoll"l, yl,cyck datdienyl-3-ydndind" ar, |4 triazol-4-yl),

tetrl;:l% logglr kglnl tgi?raalgglycl:s .&‘%etcr]éSzo?})ﬁClalncd Sf%gtrrgtzoelyl) oxazolyl (e.g.

oxazolyl 4oxazoly1 and 5-oxazolyl), isoxazolyl (e.g. 8-isoxazolyl,

rh[\')

'isoxazolyl and 5-isoxazolyl), thiazolyl (e.g. 2-thiazolyl, 4-thiazolyl and -

(o4

-thiazolyl), thiadiazolyl, isothiazolyl (e.g. 3-isothiazolyl, 4-isothiazolyl and
5-isothiazolyl), pyridyl (e.g. 2-pyridyl, 3-pyridyl and 4'pyridyl), pyridazinyl
(e.g. 3-pyridazinyl and 4-pyridazynyl), pyrimidinyl (e.g. 2-pyrimidinyl,
4-pyrimidinyl and 5-pyrimidinyl), furazanyl (e.g. 3-furazanyl), pyraziny!l (e.g.
2-pyrazinyl), oxadiazolyl (e.g. 1,3,4-oxadiazol-2-yl), benzofuryl (e.g.
2-benzolblfuryl, 3-benzo[b]furyl, 4-benzo[blfuryl, 5-benzo[blfuryl,
6-benzol[blfuryl and 7-benzolblfuryl), benzothienyl. (e.g. .2'be‘nzo[b]thieny1,
3-benzolblthienyl, 4-benzolblthienyl, 5-benzolblthienyl, 6-benzolblthienyl
and 7-benzolblthienyl), benzimidazolyl (e.g. 1-bemzimidazolyl,
2-bemzimidazolyl, 4-benzimidazolyl and 5-benzimidazolyl), dibenzofuryl,
benzoxazolyl, quinoxalyl (e.g. 2-quinoxalyl, 5-quinoxalyl and 6-quinoxalyl),
cinnolinyl (e.g. 3-cinnolinyl, 4-cinnolinyl, 5-cinnolinyl, 6-cinnolinyl,

7-cinnolinyl and 8-cinnolinyl), quinazolyl (e.g. 2-quinazolyl, 4-quinazolyl,
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Exanpl es i ncl ude cycl opropyl, cyclobutyl, cycl opentyl,
cycl ohexyl, cycl oheptyl, cyclooctyl, a bridged cycli-c
hydrocarbon group, a spiro hydrocarbon group and 25
the like. "Bridged cyclic hydrocarbon group" includes
a group obtained b r enpvi one hydrogen fromGC5 to
5 Q‘e@a&PIJ ha?.%ﬂ??ﬁfleI/n MPH}MC\%& Lotngpf@uipppglyl %haﬂenqul (e.g.
2- q&hrnollrpf e3aﬁ@ﬁﬁlylEX@m1ﬁ§1§1nCB 1nk%|1§31yck30<{121n131§)1] pen({d/npolyl and
clo[2.2.1] heptyl, bicyclo[2.2.2]octyl and
8 qweiﬂ)o[ spb“ﬂlaétrwl (8t rikpdtbpizonyl, 0] Repbihalantnyl and
6- pltl‘nﬂillahhgﬁl) S;I%Iqlh@nJle(@anf bR, gL Ry, '%Lé&ﬁ%oﬁylgr@%qumolyl
obt ai n renpvi ng one hydrogen from a ring
5-isgAPERC 1o rﬁ‘ywsew%h r|7n’g3§qa‘r1é°]é’énsﬂ’@|ctédsb‘yumdyl) puryl,

k pteﬁ'ﬂ%ﬂlane%:e2cﬂebmn§t Om?éﬁMﬁS Gli)(fleﬂqqn l and 7- p(t:%rldmyl)
e

splro[3 octyl .and the Cycloal eny nmeans
carpgpotyl.cyehpeanihyadine edaetidphel i de-g35 hWFUbaVbonZ acridinyl,

3-a QL QUR 1 EX3EPLSSy I Q%hug%&Y&irﬂHIOPﬁé‘Mkd ﬁ%y% belﬁtd%Pyyll 2-indolyl,
15 ¢ cfopentenyI cycl ohexenyl,” and cycl ohept eny

3-inmiody brdgip dolgk&>- indadl b dpeelil, and Erisdabdhyisoindolyl, phenazinyl

cy(C I I
e g P e S Y s P AR LEDE, Jiphenothisainyl,
2 plsiﬁil?fdnhy’dwécérpﬂwmwghwmyhavdr@phnngﬂya@mw @etdbfdmhnkn _

a ri te lic 0 I r OaLY!

nd RaraRsE ] S L aTE e mh G NS0 AEV BT optionally
conpgippmgi t teetterooyetéc g\akfup; and/a nﬁUQednaac@maet iig a ring, and
optfb%%?f;p%égkﬂgc a%&watmeappﬂgﬁ¥§lrle8dﬂ" ?s1t1on In addition,

het erocyclic group neans a group derived froma to
sucB-a pentreroath tag darioey ¢lingroeptmandkel furtoert bridigag vmthoC1 to C4
alkf{l Qflapﬁ(ygﬁp’ g'ﬁéﬂfu%@/vﬁ'&g”E%&QQ% Al @3"%!) - Ghemh e d ring is
optionall aving a bon an arbitrary

prefes'plbée)ealbhéoepl@sn@ iromg. THetérwodle araonbe |set1hlettedauy@h$atjcurated
as 94OUL qgalgsngnga{r%ﬂ&th \Aﬁlxgl?n&leé u;cq‘jl&% O{T%yr]g{m%yggn;’)yrohnyl,

aromatic ring optionally containin

3-pyulinyl, anti/porohdimdger-paranidinyl, a 3 prgoligifylsed -wnidazolinyl,

ere arona iC er oc
4-ipptd zpdadinyl hbeypgzditpdn@- nﬁreaiolarylarzlbmtn'aapymyl 1-pyrazolidinyl,

It ncI e .fur .
3- p%??éoq?(ﬁ%gandg%:vfr%élgﬁ nyﬁxawﬁgﬁ ug 1P%rler1]19§lea%dplperldlnyl,
4-pRdarhid sl ) 1 -ppyeraaligyl, ( é: ngpelapyrryrlol S}Imorpzmpyryrlol §imancholinyl, .

mo GIRATEE! Mden FILIRRIN o £1fe el m dazoly1.

‘Alkylene includes a divalent group in which 1 to 6 methylenes are

2-1%%¢1agzro‘1ggf1tg gfl-i'ir%gl%g'zol ered "J} EH 1°d1%3gfg°y§'1audazohdmy1

continuous. Examples include methylene, ethylene, trimethylene,
tetramethylene, pentamethylene, hexamethylene and the like.

Examples of “leaving group derived from a hydroxy group” include
-Oms, -OTs, -OTf, -ONs and the Ilike. Herein, “Ms” represents a
methanesulfonyl group, “Ts” represents a paratoluenesulfonyl group, “T{”
represents a trifluoromethanesulfonyl group, and “Ns” represents an
orthonitrobenéenesulfonyl_ group.

[0027] _ . :
"‘A»in the formula (II) and the formula (iII) 1s prefefably aﬁ optionally.

substituted heterocyclic group. Further preferable examples include
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_perPPBQEF’h‘?I 2éV{t§°@t 3n§yr]|16’a1£’f“i"r9p aRAT4cY

4-i m dazolyl), pyrazolyl (e.g. 1-pyrazolyl,
3-pyrazolyl and 4-pyrazolyl), triazolyl (e.g.
1,2,4-triazol-1-yl, 1,2,4-triazol-3-yl and

1 2 4-triazol-4-yl), 20 tetrazolyl (e.g. 1-tetrazolyl,

traz 5- tetra l) oxaz I e.d.
optigng iy arprtity PSS pranar e atinly sb8iditeq heterocyele.
‘Moré€. pgefé.’mlwaaza{nx)hes ﬂrdlﬁ@é(a&'@{'a/ﬂ amdo&hérseoxwme) pyrazole,

- thlazolyl .. 2-thiazolyl, 4- thlazolyl and.
triagokenj 933t F) qtlﬁF%\ldr a‘fBF 1azol%otﬂ¥”é‘%‘6’ieyl m(oépb‘)hne piperidine,
plpe?r'a|z$@é hb@mhwme4tbﬁaml9uaammbhaﬁ@l b5n!z§;9£ﬂ'ih@z%|ey1|z}>furan and
yridyl yridyl, 3-pyridyl and 4-p |d
i)/arx'lﬁazvﬁgwaole and

pyr:pi/dlb e g @))‘lefe(r%bge ZEQXﬁllpmééjldIYA, ln&uwe/rax{nogwﬂlamncéubsntuted
yrimdinyl), furazanyl furazany

cyclps/?laémwbeé grouprp- dyreay P)ls headilazol yi (e. g.
1, 3g4a di 3zehe %ulﬂgaltu@ﬁﬂ"ﬁgﬁk{ﬁ}él O(}S@f gdSRs, optlonally substituted
2-benzo ]fur I benzo[b]furyl benzo[b]fur¥
Ikl peows b([n(ﬂ Uyr s}l,libstltgteélengg[ebt}yf uryﬁqp wlly substituted alkynyl,
optlz)nka@l@fzoggigﬂifxyde)d Peng oty en¥p t{dhadly substituted cycloalkenyl,
benzo[ b] t hi enyl ,” 30 3- benzo[blthlenyl
optwnlgé],yz ]sfﬁiuéﬁ(s}”aryj b@?ﬁ@lﬂ‘bll[&’hﬁéhﬂltu'ﬁed heteroaryl optionally

. sub@f@@f@p[h@&m&@l/e' aaéq&i)u% BenaRl l?(lxtrﬂhlﬁlnyjdﬂ CH-C(RaRb)-Rc-Rd, a

benzi m dazol yI' (e - benzi m dazo

gropp @éﬁbﬁrfpaﬁlﬂéﬂyrcmﬂt&)@n@ﬂﬁf@é’z&;R" dad the Like.
5- b‘RQZém df@’lzoargl éachdllgg%é:ﬁ&‘&ydl% hpm%gﬁa%%lt%nally substituted

qui noxal yl g I noxal yl qui noxal yl
alkpl %hﬂb@@lnyloy @Pf"lgﬂ’l may|bg éalgen BO@tﬁﬁolwlﬁblan adjacent carbon
atm% & ) aﬂyn'iptlg?n&l'l?%'b%ﬂ%tecﬁrPAé“”O' inyl, 35

7-cinnoliny 8- ci nnol 1 nyl) U|nazolyl (e.q.

2. - QuiinafGHyln -, &ﬂqupHHZUByi1nﬂmﬁw5ﬂdhtm§zolyl

6- gignazol r QUi a 5Ll ) e ol Mtiona

(o donag0 Kparfey! 100k, RGaBod \AREMG.L: P Prionaniy
subgtiguierbl gdlkyl? Qpplmlyjf almbjstlgutqqgﬂj nadlkyhyl optlonally substltuted
lkggéﬂ%l Fdaz ?bgﬁlts%tegnyzfdﬁ%%’w‘l tl?_iplh§ Qﬁb%:t@%@ld Mqoalkenyl,
opthaébquwttsltyﬂuted rsOquPPEbyhR]lyS 851b|831®qmd1dhqkleroaryl optionally
sub@tltﬁggé“hrl%ayocgc?e Ias%gyug fytheapcgéull SO%VLBSJll\Yﬂ{QRh or a group of

nyI 4-pteri

theiﬁrpméa|dNHy$Jand 7- pter|d|nyl) carbazolyl

phe@{@n I ny]alf n%rle egghll%ld ﬁggngl -K?/? %‘ednI nMangen or optionally

2-acri acridi nyI acrrd

- subBiaotéedliahyyl) |ndonI (e.g. 1- |ndonI 2-indol yl ,

3 :%Oflyﬁ) |%r2a|d%| }Ix ln%egngﬁlaglhﬁ g (_ilbd()ln),/lo r1](()jnally substituted
alkilphemaznmyb andmZthemamﬂhyhyl phﬁn@ﬁhﬂazmmwhtﬁemgn alkynyl,
oo IO DSEIL o gF AT L7l s SSBSIBARL B ¥l ariennt
optmaeaii;y aswlgrti@artedatirgl, hep eipaaypl |smbgmupecbpmeumahwl optionally
subs’c1tuted heterocycle, optionally substituted alkylsulfonyl, optionally
substituted cycloalkylsulfonyl, optionally substituted arylsulfonyl, optionally
substituted heterocarylsulfonyl, optibnal‘ly substituted heterocyclesulfonyl,
optionally substituted alkyloxy, or op’cionally-sub.stituted -carbamoyl, or Rs -
and Rt may be taken together with an adjacent nitrogen. atom to form an

optionally substituted ring,
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containing 1 to 4 of oxygen, sulfur and/or nitrogen

atons in aring, and optionally having a bond at an
arbitrary repl aceable position. In addition, 15 such .

a non-aromatic heterocyclic group may be further )
bridged with CI to C4 al kyl chain, and may be fused

wi t Ri cyod o&F kame @B<ht onGepmmndbertdy mivdgogen, carboxy, hydroxy,

.opt1%rt%fllsz;?21§)e)clt Led B b nzlengp‘; o%gglg)_ieéﬂs?c?é/lﬁlseﬁ @Ke@ﬁ', optionally

YGhSat'urat e
subﬁlﬂﬂu’azrdomktyln&l Exdnphés sq’usltudleed-cpyykqﬁlikmwqptionally substituted

rol.inyl, 3:pyr ro .
cyc]é) g% Imlr 6%51)}122&5?%9?0% % ed Prgl?/[ Atlggg%% snuyqs,tltél(ged heteroaryl,
optﬂnﬂ_am_yd&ﬁblstmyted 4re|tmdaz2(od i nytgonﬁ&l]ymsdl@goilthd@dq.)acyl, optionally
AT ol TSRS TRYEPIAIA.. cpsiontt
sub3t1ﬁ!)&(fﬁi0| zkl(]ldymsllhl,foﬂypyr Z)®|t100hlaﬂy5| ﬁ)ub@mtldieldo c’ycloalkylsulfonyl,

optgo pll S%llét%ltg%tedza ﬁp@?%n?ll n?f)tioilaﬁv}p EEFU llxline\(ll heteroarylsulfonyl,

'optﬁnﬁnnphohuhyhxutmmrphﬂkenaychﬂnﬂﬁhwdropynanykﬂand mh@stﬁuted

o S R SO AR R S BBy ion e

sub@ﬁtm{é(ﬁﬂﬁ',yl&iﬁyﬂreﬂﬁyl t 6p ﬂ‘Eh]i]MlyEQ&bstltﬁterdaﬂiﬁtkh)daemmxycarbonyl

~ pent.anet hyl d.th :
o DR se BRI ST IO BF s B Satinuces

alk'y[’&irl}ddﬁyl - Oﬂi),tmrgﬁSy gﬂ-f)stltlﬂ\dﬁ andycﬂhelklyll&a'bolnlgr ei mptionally
Ms" represents a 30 nethan ulfo ,
suqsébwé%%m arylcgrbonyy ueﬂg%‘ar‘?g‘ﬁ r%ﬁbt% ‘#f hetSroarylearbonyl,
op th&RX 185 e NduP sBithuk éd | Lﬂ@ét@@'&éﬁa@@ﬁﬂbbﬁgnw ogr Odiftio meldly " Naibstituted
represents an orthogltr benzen sul fon r.ou

sulAaﬁnﬁyJ( g Rcﬂ,%ﬁéntam Tﬁgg? er’Fu‘f’ét 7111|1 %d]ziupent nlgroéen atom

to Rraf ﬁﬁ&*ﬂt}/orﬁﬂlﬁl@ﬁb@ﬁ@ﬁﬁe}d ring> Substituted,
het er ocycli ¢ grqup. Further, preferable e

i ncl®igds TW”BE?F&néFPV”QUﬁgt@95¥%d°ﬂ@€8?®§rﬁﬁgéﬂﬁuted alkenyl,

| opQQﬁéQF‘als{leﬁb’th%@ teyt o 1ket, eb@ﬁi}b@ﬂa@ly Museitpred eiahl eoptionally

exanpl es ‘i nclude furan,. thiophene, pyrrole, razpl e,
substi e dietproptgile0r PRFRPAIIE, S p‘%twtﬁgc}r%erwf%

nor pﬂo:lﬂe%chpirﬂﬁzrp'e@'d@ﬁtly Pi RREAZIN, 1 pYrr ol i di ne,

tetrahydrothio hene benzoxazi ne, benzofuran, and 5

pyr r B &pyreiarakl WW?h%ﬁ’b%H§ limtation, partlcularly,

|soxgzglgr@@dabnyﬁélﬁéﬁ,@&ﬁipreferable Exanpl es of A
i ncl ude an optlonaldy substituted cyclic hydrocarbon
gr ouB® iPPEsferablve:Ci=O)pnheny! .

X is preferably a hydroxy group.

Details of compounds of the formula (II) and the formula (IID), and a
process for preparing them are collectlvel_y described in W02006/132197,
W02007/05834_6, PCT/JP2007/0566538, and dJapanese Patent Application
No0.2007-132259.

[0028]

A method for hydroxylating a compound having an adamantane
skeleton of the present invention, for example, a process for producing an
N-(5-hydroxy-adamantan-2-yl)-benzamide derivative by hydroxylating an
N-(2-adamantyl)-benzamide derivative (hereinafter, referred to as “present .

process” in some cases) characterized by using P450 having hydroxylation
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Exanpl es of the substituent include -ORS, -SRS,
optionally substituted alkyl, optionally substituted
al kenyl, optionally substituted al kynyl, 10 '
opti onal 'y substituted cycloal kyl, opti onal 'y
‘substituted cycl oal kenyl, opt| onal |y substituted aryl,

”acti@pyi@whmafsmstdfeme@d theas cpoesyt, Projsinbrial byme cases) as a

cata%ak_%]:tcé %gﬁb?t e{hocég(l)se’ntalr&r QE? 9&131%5?% SFT(‘%H I;ﬁ’”a@tlng at least

oneoC(EeRf)n+C(RaRb) Re-Rd and the like. Ra and Rb are
ach i ndependently hydrogen, optionally substituted
(a) ¢ %Tfyp§§F E POgén yor %a andpr may %e t aken
the trogeéherproi¢in amdadj acéuntticar ortemtcomsisdiforaf arredoxin and
ionally .substi ed r CH2) n-, wherein n

redchaae CHPRYEPEST § {etcttr%n t?—?égé§rﬁt%ilr ogg Lal ogen,
ﬂﬁzhﬁdbaxwgaﬂahha%mab¢yaﬂ©xpﬂﬁmumgahbmnmsabspwéumed

al kyl , qgélona substlﬁut al |onal
on annhiRit%amas ﬁ?ﬁ%&F“ optloné1 y subs ttﬁ
selec¥i®kbDahkytoxydpte anaddamsnizsid pated cycl oaI kenyl ,
tooﬁﬁtionally substituted aryl, optionally substituted

teroaryl, optionally substituted heterocycle, a

(a) ?f@émtqfrot&el formula: -C(=0 -NRgRh or a group of t he
or

and Rf. a endent
ny B oAr M ogBA O R dial T90C 28" SUBLERLOF oaod) Ryflizin @
poliRth A8sk iRy eﬁ&@dﬁ@Cﬁhd ﬁﬁﬁpﬁﬂdﬁé’ﬁehyafmdrﬁg‘eﬂ;edwmasoﬁﬁ'lebg’nt gene”
substitu al k tional ly ubstltuted al ke eny yl,
in sgpts 6AEYy éuﬁgett%f’ﬂtfgg tﬁwg h%é’fF%‘?fh ggne and a’process for

pro&&l&ql%fgl tltlilftlﬁdals@)iﬂp(iatéﬁw (a }Oxmclegﬂabﬂ ynaHihgtdd et @tkssion vector or a

cl oal keny y su d aryl ti onal

trangfpepppiEel 2&62 ?1 L%ﬁ?%ﬁ aﬁt}]’ dergibed peltved

[oob@lt er ocycl e, optlonally substi tuted alkylsulfonyl,
optionally substituted cycl oal kyl sul fonyl, optionally

(1) %’Eﬂd%lf’ﬁtfaf QBRI PE HIESAD gg‘b‘i)t ional 'y substituted

het ereadl sddd oy be ARbEQMAFIoM BHRSEIUE WBdilis by making a cDNA

heterocyclesulfoni , .optionally substituted al kyl oxy,
librgry dist # SRRV PYLISBBS M4 HCEd carbanmoyl, or Ry and Rh may
[ooBg) t aken together wi th an adjacent nitrogen atomto

forman 35 optionally substltuted ring 18 R and

ar e Fsaarple s depeitdemrrie iy dpoges k ”(E&rbo%? VERIGEY, m"l“de the
me HdsOn@ktMbebsh i MuechiakkylionaRti analdprabhist iMak €41, Second

aIkenY optionally
Edition (1989) Cold Spring Harbor Laboratory Press), Current Protocols in

¥ubstrate to

Molecular Biology (,1994) (Wiley- Intersc1ence), DNA Cloning 1I: Core
Techniques, A Practical Approa(,;h, Second Edition (1995) (Oxford University
_Pfess) and the like, and a method using a commercially available kit such as
SuperScript Plasmid System for ¢DNA Synthesis and Plasmid Cloning
(Invitrogen), ZAP-cDNA Synthesis Kits (Stratagene) and the like.
[0032] o ‘

Examples of a cDNA obtained by the methods include a DNA encoding a
protein con31st1ng of an amino acid sequence.of SEQ ID No.: 1, specifically, a
DNA consisting of a base sequence of SEQ ID No.: 2 and the like. The ¢cDNA

can be used for making an expression plasmld in which the present gene is

- incorporated into a suitable expression vector. = The expression vector, a
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substituted al kynyl, optionally substituted
cycl oal kyl, optionally substituted cycloalkenyl
optionally substituted aryl, optionally substi t ut ed
heteroaryl, 5 optionally substituted heterocycle,
‘optionally substituted acyl, optionally substituted

methe¢ Hanoydingopts @ﬁate}s}ssl@mhéasmme@ind Hiheclakbawmiy|be described in

“ProdBLL A0AbLYa, AHP B LI ytleg{a! Kb sdonyl, optionally

ituted cy fonyl, optlonally

'[003§dbst|tuted arylsulfonyl optional Iy substituted

het&ft%@ﬁéql%gdf,g caqué an *Jgepalfgﬁt Li}e%glcibly synthesmmé a

het erocycl es ony , optiona substit

DN4al kyd:myeartb@nykése@m |pana¢1Iny sadedt iomutaed amino acid sequence.
carb n tiopal | substitute

Che% }}Kéé}g%(;%’%yl%g %p ona a}y gub%%/rlf?u % t) %NA synthesizer
mam:efaettualdyby)@narahiany{lprpwttnmaxltilyzmgbsttmm}arbphue method, a

eferocycl eox b onaII substit N
DNA~I f(g/ t%e\éb n | odel %?I ot yaS?lSBSP’[ bdfte Pkif %}qmer utilizing a
phouﬁuﬁaahhyém&ﬁbodybrtbpﬂﬂcnalIy substi tuted
[Ooigylcarbonyl, optionally substituted

éteroarylcarbonyl 15 optionally substituted

het Enoﬁynl etmabbmmy:lve DINADmtalnobal dlgo suephirédittsdperforming PCR
us1nagdoa en rdgaeaﬁaag %I%ﬁe 0 egrfelar%lglr(?eng%t ﬁta%]eie{/)rlvx\élet:rhbased on an
amlsubﬁ:ﬁdtslﬂtleelnm agd sRED NS\ ppép oredll fry s ubhsRNAUbdeldb kexbressing a

nﬂi§8%§¥?$k¥% §%$§F$%Fﬁ@Fsegggﬁ%ﬁﬁi?Eg?@ %%:Luted aryl ,

[ooxgjtional Iy 20 substituted heteroaryl, or optlonally
(2)§ubst|t ted het.erocycle in are each i ndependent |y

FO9eRE B PT8E UG PEP SenhfrP‘”ﬁreferably a single
bon@he ;R%sleﬁtﬂfreféiﬁlabdxy B progh@dobfitexprB8sing a polynucleotide

ef er abl -C(=0) -. 25.X| ref a hydro
ene R R Ph et st o Bl L R S Pl methods
deséhibed arl:rmbaac@nzlhl Eéoﬁﬁx@ EA gﬁ%@@@ﬁg‘ygglﬁriggﬁmdoﬂ@l Ehefivn (1989)
e.Cca e ely SCri pe I N
‘CO%z%RﬁP@s é PeThos06Y ) 85%%%@ 4HE 3 a 5&&6@%&%%018“1“
Bio Rl (10@t4) QWﬂd\}lOIIZtQQZcé&z@ﬁQnd?ﬂxe[1@9(2,8215 Pelovet hod for '

hydr ox I ng conpound  havi ng. an_adamant ane
skel*§ g‘ﬁ%ﬁ tcﬁgll ﬁP@é)éﬁit Py glﬁrﬁenﬁ gleaégqaadbﬁgfmal cell, a plant

cellpﬁﬁCiQS§ctchﬂl RhOAHEIING &M be used as far as it can express an objective

N- ( 5- hydr oxy- adamant an- 2- yI)-benzan1de derivative b
genﬁydr&@|%?|ﬁ§préq§31on vector, expression vector which can be

autonomously replicated in the above host cell, or can be incorporated into a

chromosome, and contains a promoter at a position suitable for transcription

~ of the present protéi_n is used.

[0036]
(i) Case where prokaryote is used as host

It is p-referable that the expression vector of the present protein can be
autonomously replicated in a prokaryolte and, is composed of a promoter, a
ribosome binding sequence, a DNA encoding the present polypeptide and a

transcription terminator sequence. A gene for controlling a-promoter may be

- contained.

[0037]
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N- (2- adamantyl ) - benzam de derivative (hereinafter

referred to as "present 35 process" in sone cases)
characterized by using P450 havi ng hydroxylation 19
activity (hereinafter, referred to as "present

“protein” in sone cases). as a catalyst. gpe0|f|cally,

t hel' prESds} Oﬁrté’c?e%P]FWP%ésecéO%tléBh@fe aBflirng. atBTadstpBTac2

(RoNEDRh gk Mtid NEBPEESENS ¢ TPERE @Jr)n p By e@c} E? I@rseéqn)t (Stratagene),
rotein and a reduction system consi st

PSENVZE add&ki 8. andC1p ddakans 6T S’L?[Ql[ﬂj@/l, ﬁ{gddnp&l@cﬁ& 8 GiEoHeeladthcare),
vaE@"SQteﬂ@uﬁx (buea e CJ@PSQ%%?JHZ gg%ﬁ*& F V‘beresfh TREMEX-1

pr esent pr oteln on an amant
(Prqa@¢ga)ath/% SvhReFe s, w%@lﬁswﬁtgeamcaw mﬂTva@lsyem (Novagen),

pMAYAROXNlat & ANa AFaRRNLALE B@&%Fl%qubﬂgzgﬂ 5@%18%88?npKYP200
protein The present protein can obt ai nrng

(Agrigultuepl | Elodgglaal pehgmigiraot 48le Géﬁcédﬁ)fh@)l el A Dt é&gﬁrlcultural

Bml()Q?JaQ' 'ﬁﬁgtryr ei?&"??d(fﬁ%fﬁ§ &leﬁﬁ?n&’x%en%edlnélngfst%be g\latlonal

cases). d f'or obtali resen

, Acaé?’@é’ésfsS@ePCQ%U@eroﬁ?cl 4P h@&ﬁ)é,seﬁﬂélﬁﬂdﬂeunn(ihof Bacteriology,

172?229?%9()6’)’) %%Li&(ﬁﬁﬁ%ﬁﬁ%ﬁﬁq‘w %ﬂlﬂfﬁg@f RP-5408), pGHA2

nsfor mant “and B §pet
(FEBAE YR H66) beG&A2 (PBBOL B @I))SMEpHAd @I®r AOKb 3R BY798), pTerm?2

r et e g e obt

(JP rAaCI% quZgggbtU%M%%%qbl [%g]l\eé%)gf3§?f%t}ée like.
[00%dnvent i onal net hod. [00311 Exanpl es of the pr ocess

for i brary. inc eth

R D L ST A —
in ﬁelc@'@dcelEquloras( mse)ar(c@m dccﬁpramg tiHar bike . Labﬁﬁaltpmés/ include

rLpe Pr col 25 Mol ecul ar

i R e R T T N —
(Ptr'ﬁéclvm pprrasoteA (Priact IEh|prAﬁfH‘cO&,ChR eetdr RIS Eixdmoter and the

1 Oxf Uni it Press) and the |i ke, and a
hke%et%%g%jl ggrogl%gercgmég(?% éﬂyf)i}mtﬁﬁl |2bte Rremoteh gad  the like.

Altesmpen@dwmlﬁmsm deSyskemidral DA pRyRidiesd suahds a promoter
in wp}luac%mt CE’trp(ggare connected in series (Ptrpx2), tac promoter, lacT7
promoter, and let] promoter can be also used.

[0039]

It is preferable. to use a plasmid in which a length between a
Shine-Dalgarno sequence being a ribosome binding sequence and an initiation
codon is adjusted at a suitable distance, for example, 6 to 18 bases. A
transcription tefminator sequence is not necessarily required for expression
of the present gene, but it is preferable to arrange a transcriptibn terminator
sequence immediately downstream of a structural gene.

[0040] |

Examples of the host cell include prokaryotes such as genus
Escherichia, Serratia, Bacillus, Brevibacterium, Corynebacterium,
Microbacterium, Pseudomonas and the like. Examples of genus Escherichia

includ.e strains of E. coli XL1-Blue, XL2-Blue, DH1, MC1000, KY3276, W1485,

JM109, HB101, NO.’49, W3110, NY49, BL21, BL21 (DE3), BL21 (DE3) pLysS,
HMS174 (DE3), HMS174 (DE3) pLysS and the like. Examples of genus
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(I'nvitrogen), ZAP-cDNA Synthesis Kits (Stratagene) and
the like. 30 [00321 Exanples of a cDNA obtained by the
nmet hods i nclude a DNA encoding a protei n conS| sting
of an amino acid sequence, of SEQID No.: 1,

sor ARG PR bl B PIRLRRPEL S 1B O RS BETRLS reccens

and vhki hgeanE@){ﬁfpﬂﬁsl(ﬁngephﬂéSa@ﬂllﬁs Wailctldd BeraiRE &3eMt subtilis, B.
35 inc [ swtl abl e expression
uefsélc f%

a_mygoqc? or RS B%Pr eﬁ obrge bt K@ Vic ey include
stratre e»fprBSS|m:nplna§g’réxdesandBt hemhmlaeldwlluxhe descciberbs), B.

"p t protein" |ater.
s SO Tl s 1y zenus

Coryatwbiiceatihyn S%r[tﬂhﬂsl ZdtRgind 5f5>NA %m&pﬂhnﬁuﬁmh%@g??@égz C.
tein on_an_am no aci uence em
s RSt ST BRSFTBE AN 200,201, Dedienes o e Cal - ephitun
(ATCSQZIDBS\EG) Zald tﬁ@nm{ql@Ct Umtﬁiﬁnbylteﬁhbﬁaggﬂumpaﬁ?%g%?iuerp include
I t 0S e net ho Sy
stra?fbﬁh%%%@%ﬁﬁﬁté@@% SHVBGC PER A dndrkhe biteel | B vegpeles of genus
selphasphoamdutie Smlhl@dof prmkbﬁldlbg%ndlgqi f@341 Further,

I repared b erformn
'[004|;,?:R0bj ective DNA can be al so prep y p g

using, oligonucleotides as a sense prinmer and an

antAsensetyyd f@hrﬁﬁ%&dc% Qr}'ecambnﬁaﬁ@'vgct%%qgﬁg;crﬁe%% can be
prepared froma nmRNA of cells expressing a
“Sednﬁﬁlg\moﬁallfeh%ﬁt Peyho tier tinesed wNpg ad MAL Jenphataé)ov_&_shost cell.

Exa!&lQ@é’élné@depﬁﬁc@ﬁa%tt&forﬁ%qup%gﬁloqr Qﬁ%@ielprg{tﬁl nRIQearch 16

pr seni) protei n can be produced % expr essing
6125 YRGS et F e iuenddisng at neMgsitbe nqu@lcgﬁ@lnrgm nf dhhodtational -

>

d
»Acad?eﬁhif ofqrm@%@brsplwsAbyed he 178t bafis)) glswgg(gpqaapége%hod (JP-A

cul ar. Cloning: A Laboratory Manu
No. 6(31%@?9% APPSR srgitasr boiG drebokTat By (Fe@sind Molecular &

GenMIr@Bhe 6Ot QAP 181 1 ﬂ97MD|a%Q}JL@J il 0l ogy (1994)
ley-Interscience) and the Iike, as below. As the
[004%\2

t cell, any of a prokaryotic cell, yeast, an ani nal

(ii) C&d w}ﬁzrply%wst 1§%|sled Amddsect cell and the like can:
be used as far as it can express an objective
When yeast is used as a host, examples of an expression vector include

Yep13 (ATCC: 37115), Yep24 (ATCC: 37051), ch5o (ATCC: 37419), pHS19,
pHS15 and the like.

As the pronﬁo_ter, any promoter can be used as far as it can be expressed.
in yeast. Examples include ADH1 (alcohol dehydrogena'se)‘ promoter, PHO5
(acidic phosphatase) promoter, PGK1 (phosphoglycerate kinase) promoter,
GAPDH (glyceraldehyde 3'phosphate'Vdehydrogenase) promoter, GAL1
(galactose kinase) promoter, GAL10 (UDP galactose 4-epimerase) promoter,
MFal (o pheromone) promoter, CUP1 (metallothionein) promoter and the like.

Examples of the host include Saccharomyces cerevisiae,
Schizosaccharomyces pombe, Kluyveromyces lactis, Trichosporon pullulans,
Schw_ann’iorﬁyces alluvius P»icvhia pastoris ahd_ the like. .

As the method for introducing a recombinant vector, any method can be |

used as far as it is a method for introducing a DNA into a host. Examples

include an electroporation method (Methods in Enzymology, 194, 182 (1990)),
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gene. As an expression vector, an expression vector
whi ch can be 25 autononously replicated in the above
host cell, or can be incorporated into a chronosone,
and contains a pronoter at a position suitable for

. rans n t he,.pres rotein i s used. 0361
« SoieOREek MR frskaryGee ord isolatethdsedpyial §ences USA.
84, praf erens)e 4 mathltulmeAexwtesmelmOd/e@&@Jnaqfoftmté)ﬁ%&fg@t 153, 163

COBBE TS o B L b o

Sc1e|ﬁb6]ﬁU’&}\ mqummelgfae)mdeumom{eg t he present
[ ?Iypeptlde and a transcription term nator sequence.
094% gene for controlling a-pronoter may be contained.
(iii) 3 deOWBAde 2hidxanpllas @edthenexpressi on vector include
pBTr p2, pBTacl pBTac2 _ (Roche Di agnostics),
E&E(ﬁﬁaﬁta?’lm%kce( 1}ys upp) aeadtagst examaeg ofjan expression vector

incl{ &g aﬁ@m&n&)AmmSWE&ApU@ﬁﬁMSJU%@E Iakﬁ{v@u%lgei{?o pAGE107
are), pSE280, pSupex,

(CytﬁUB"f’fc?tld%)‘zrﬁﬁ 1%%2&%“%?&%@%& Uhe Jegeny! of Biniemissry, 101,
1301 P(ega) , pz@m' 8 p(P@’Iaﬂem))Al\mS(A& (ifgal tﬂ%@flgﬁ ' opEﬁlologlcal

syst em 9 MA (New Engl and Bi ol abs),
Cheﬁkﬁmﬁio%%p?% o’ 2%8? 8@@» Pél@fb@ P-ARYP 2628 1AW aind the like.
Bi Q&@glpﬁf(}'mc@la@”h§§' rp)fom‘@)%er 699 He1Q84d hs fQL-%A]? can ks expressed
. ( gr tural] Biolog |ca£ Chemi stry, 53,277 39 3
n a Rlsdi Hglede dHellmmp dinte- e%@ahéﬁyeaﬂOSmWen@ééunnan
3 85 oP I
Cyt°§§§?é‘§‘.2‘é?§gg*§cm1 \S)V 235%%9%%‘?{){5&3Tr 3l B Rinal repeat
promppien 40f7MolgTe s 3M yrpERN BEeBAES Vi pGHAZ e tf PERNE BP-otQ@er, HSP
5%%Q P R 3- 7 Ter
prom N Ngg%%g@umagsé%é%ﬁ RS AL ARICLEe tike.
A“eaﬁat%bf |a|nk%nhafm3é]am£Etgﬁ@epcrfolmmem CMWHdermtxeesd together
withCahrBgdsed as far as it can be expressed 15 in a
host cell such as Escherichia coli and the |ike.-
[004¢} appl es i nclude pronoters derived fron1Escher|ch|a

COlExaﬁﬁgle@hQQ%nSHﬁnngﬁ cteflpu@gcp tgrhosQ Ptnr pl)d uman-derived
Pl

pr onot er H) rom) er, rom)te
strapt giebt e%rucanSt @széhu@@@l fpr@m@ney SRIR AT 6ROt ERL-1573),

NanQﬁQrP QEQQPR@* thgﬁlal, IK’FCC- CRL-1432), HeLa (uterine cervical
cancer cell, ATCC: CCL-2), HBT5637 (leukemia cell, JP-A No.63-299), BALL-1

(leukemia cell) and HCT-15 (large intestine cancer cell), a mouse-derived

“strain cell such as Sp2/0 Ag14 (mouse myeloma cell, ATCC: CRL-1581) and

NSO (mouse myeloma cell), a monkey-derived strain cell such as COS 1
(African Green Monkey kidney cell (SV40 transformant cell), ATCC:
CRL-1650) and COS-7 (African Green Monkey kidney cell (SV40 transformant
cell), ATCC: CRL-1651), a hamste»r'derived stfain cell such as CHO"KI
(Chinese hamster ovary cell, ATCC: CCL-61) and BHK-21 (C-13) (Sicilian
hamster young kidney cell, ATCC: CCL-10), a rat-derived strain such as cell

-PC12 (adrenal melanocytoma, ATCC: CRL-1721) and YB2/0 (rat myeloma cell,

ATCC: CRL-1662) and the like.

[0045]

As a method for introducing a recombinant vector, any method can be
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Al ternatively, artificially designed and altered

pronoters such as a pronoter 20 in which two Ptrp(s)

are connected in series (Ptrpx2), tac pronoter, lacT7

pronoter, and letl pronoter can be also used. [0039]

It is preferable to use a plasnmid in which a |ength
usedhepvigsrsalt ShineeBudyaehen geduenve abBNdy inta bgsdne Examples
1nc19&@ql ngle%%‘ﬁ%ggﬁoﬁr}qe%d %&f&%kﬂﬂoloé?xgﬁggg (|1§90)) a calcium

. adjusted at a suitable distance, for

phogrdwds. nﬂetﬂwénéél’rfth@rﬁ tzéﬁﬂﬁhataorh}s@qg@nee Psomﬂmgs of the

Natfb%%?%éc%ﬁeh% §LGHERE @&Prﬁﬁ%' Q8s79f thpc‘?logir%fnzls)e (1973)).

gene, is pre era ‘e to arrange ‘a transcrip
[0046dr i nator sequence i mmedi ately downstream of a
(iv) %as‘é%ﬂéxae' G€ell PSOQQJ%Q%O'?&"J‘”D' es of thehost cell
cl ude pro aryotes such as genus Escherichia,
SerWéptelnaa pBadii ¢dlusr aBrlewit badiediuaiis @eﬁojfra@b?abbetr jaupglypeptide

can Mecﬁ%%gfte réé%:%hdﬁ?’ge%cﬁpggﬁa? @H%&ﬂ?odf kié%su?@m%h?& 9b (1994),

eric stralns

, TlsS)siI@lGBltmlee 20 2 985UeTreds, inVBlOGOhnKNE2765, WE48897)). Examples

o B R0 O B BB B

the &irkd . t Yes 4 plemoExanpd e sn géngenusess2@n lany esmatémacan be used as
i.ncl ude r >, f ] f ' , .
far gs it °cC 1 % e%l q‘% %Jd %fl alg)qg}l@ ceﬁ q%%?{el%?li%el?dgg(%rﬁp|cglslhﬂower

quer acl e mar cescens and

" mosafc gm(CBdVﬁVI)I&fES praxhoiche, at riak nstof 1B)romd;tkairlairﬁi, th: like. In

IoI faC|en and the |i.ke. Exa es of genu
add c encyiof gem expr?ssmn can eB ncreased 1nsert1)ég intron
reV| efiuminclu rains of anmohi agenes

1 ofi mfdodlphdth(o%'E@@Sd@@ﬁS)o,f dBrnrsdaedhke beywecumpromoter and
%ﬁ 14066%. nd the |ike. Exanples of genus

a8 B&EPEYISiM i ncl ude strains of C. glutam cum

004ﬂTCC 13032), C. gl utam cum (ATCC 14067), C.

?k#é%?g%%% <0AT 1g8$$lk1éle éﬁ‘p CI d 23%%' gotato tobacco, corn,
rlceMxﬁllp@ba@i esrdylbremnn@bmdeo Sﬁfra)ltnSv}ﬂafathaa]'ﬁ‘yoﬂlyapbﬂﬂal]lfﬁl flax and
the ?gCC 15354) and the |ike. Exanples of genus 10

|5 fudononas i ncl ude strains of P. nmephitica and the

li ka,s z[(afbéth})dﬁear annﬁidhmdni ar rddebdidddat V@ ceor, @@gMielRsd can be
useg any .nmet hod, c

ar as 1t is a me hog for 1ntroduc1ng a DNA 1nto a host. Examples
include a method using Agrobacterium (JP-A No.09'140885, JP-A No.60'70080\
and WO 94/00977), an electroporation method (JP-AN0.60-251887), a particle

gun (gene gun) method (Japanese Patent No0.2606856 and dJapanese Patent

"No0.2517813) and the like.

[0048]
(v) Case where insect cell is used as host

When an insect cell is used as a host, examples of a transfer vector
include pVL1392, pVL1393, pBlueB_acIII (Invitrogen) and the like. Examples
of a virus for infection include baculovirus which infects Hadeninae insects,
Autographa californ'i_'a nuclear polyhedrosis virus (AcMNPY) Bac-N-Blue DNA
and the like. Examples of a method for transfofming an insect cell include
the methods described in Baculovirus Expression Vector: A Laboratory

Manual (1992) (W. H. Freeman and Company), Molecular Cloning: A
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used as far .as it is a nethod for introducing a DNA in

t he above host cell. Exanples include an

el ectroporati on nethod (Nucl eic Acids Research, 16, 15

6127 (1988)), a Cal ci um Phosphate Method. (Pr oceedi ngs

of the National Acadeny of Sciences USA, 69, 2110 :
Lab{rk932) Mamu#, o%mlndsEdI\/Bpho(jlf*(S@P’ (Nolmmngﬁagh@) Laboratory

.Presﬁl & uq'?ergtezcrogﬁgsré Ul.%lg B%gég( ¥?§§}1S% ey- Iraterﬁmer.lce?

BioTeick@oldgy042]47 (2088} |a)nd0afsaeh\lvlaere yeast is used as host
[00‘4\é)\ien yeast is used as a host, exanples of an
pression vector include, Yepl3.(ATCC. 37115), Yep24
(AT:CQSolﬁYeQﬁide céﬁC[bEOe}(;A’E@é,‘ed 3?%@1pgp§—lﬁﬂ£zsfeph{8@_ﬁ>ra@d1ta1mng
an (fbdFCtége gten ) nbe expr etgglrer saﬁ§1§Prf(9rrr?tFer {Pnagg)a(lplen#s%gg c@ﬁ to an

eas

inselcﬂ@blldﬁﬂﬁﬂfdlsdlakmhtﬁ 11dféh§/dhe)gﬂ$mse:)ellpwm’fnhenru§’blx@ess1ng an

i dic phat ase not PGK1 (phosphogl ycerate
ObJe&?IrYﬁs%%nep? r%’t’eir% @Bﬂc—lf ?ycer al dehyde 3-phosphate
dehpds oagénast)hpionet er]l @H_dlas @glmadmseid(hrms@n cell derived
te L act ose ter.,
trorf AR P BB TGRS, T BU ISP et al Tt Bl SISk Afy (nettle).
and priyToiker &xhdhpe sl d)kehe %IE)daﬂmeﬁSfﬂbﬁn thefrh@speddacindede S9
C es cerev Schlz acc ces ponbe
TR o8 P et b SR REEDo N T EOF AT BeamBles of the
cellsf}tli'ﬂﬂnfalle@meﬁeﬁroa{ |'IUV1|11U$n(FYIuGhI nglﬁfﬁhﬁél B'I‘&FfﬂNt hB114 Kevary cell,

I As th hod for introducing a reconbi nant vector,
n“éﬁglg t‘h‘b thah¥e used as far as it is a method for

| Int neduGidigod f%tﬁ&d&c&n@@ﬁiecoﬁ%ﬁﬁphe&ecﬁﬁ, iamgl d€h@d can be
e ectroporatl on netho t.hods in Enzynmol ogy, .194,
ased g5 (4550) 3¢ 1 2375 S MU nar L OB PrBeeki asingp o host
E xalni§l 9;5')351&1@@5 Aﬁaegrﬂiuﬁf §Ebﬁﬂ€€ﬁ$dUﬁ@thod84(JH:9\29No.2"22705), a
a Lithium Aceta 0 Jourpal of _ |
lip dSae e 1A g4, (CToc e 4B8* o TOB3)AT oA ATBYS  deiiiiendisd. B4
741N (Pogepedidmgstef ke Natlhoraaldlﬁsladem/ of . theSCh@NELE cell, an
USA, 75, 1929 (1978)) and thellke &1[9\% 31 (iij)

aéxﬁi gﬁ? rlrthe can be

als&@lkdgi s used as a host, exanples of -an expression
0o%5F
(vi) Culturing method

When a _transformant harboring a recombinant vector with a DNA
encod‘ing the present protein incorporated therein is a cell such as
Escherichia coli, yeast, an animal cell a plant cell or the like, a cell is cultured
according to a conventional culturing method suitable for various hosts, the
protein is made to be produced and accumulated, and the protein is recovered
from a transfofmant or a culture solution, thereby, the protein can be
produced. When a transformant is an animal or plant individual, an

individual is reared or cultivated according to a conventional growing method

suitable for various ho.sts, the protein 'i:s made to. be produced and

accumulated, and the protein is recovered from the animal or plant individual,

thereby, the protein can be produced.

When a host is an animal individual, for example, a non-human
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i ncl udes pcDNA1l/ Anp, pcDNAl, pCDMVB, pREP4 _ -
(I'nvitrogen), pAGE107 (Cytotechnology, 3, 133
(1990)), pAGEL103 (The Journal of Biochem stry, 101, 10
1307 (1987)), pAMd, pAMbA (pAMPRSA) (The Journal of
Bi ol ogi cal str 268, 22782 22787 (1993)
transges] %aesfpahg%a 1?57%) PEHRF AP HES 1 ksereavéﬂ &iﬁrwwr protein
enc@dBA pqut@eoﬁ@mnm Ded iasnd & t@fbelﬁro@l@rde@%r@(@&@ﬁﬁﬁﬂxted in
in_a host. Exanples include |IE_(Inediate-early)

the ﬁr“b’i’l‘étlae?n%fthﬁlPrFﬁFch’}?tr&ﬁB&%\Ted\/frP&% tbﬁ@wylalsvzowéaﬁi Jthereby,

the Pres@ieprotdin QRY HeCpFididled! e mp e & QP04 &S opfproductmn and
- Mol oney Murine Leukemi a. Virus, a retrovirus pronote

accyRplBRBE &, 2GR pndibidern) 1ackseami bt pbine: Aepr %%tthﬁ like of
the aRGmiaie |ike. Alternatively, an enhancer of an |E.

gene_of human CW may be uséd together wth a

proWotear 2 howas 2 pAExandIvdsual T antmale.cal fragsegnic plant

harbslma hgSkend NGlcHdE A tRUNBRs A8 ¥e8keiSt {2 R11GRAedSUGR present
I% (human fatal kidney cell, ATCC. CRL--1573

prowaﬁmemmt%r%i ties regRmphbRt ARG 1€RE1“111&325’ ‘bpepgoduced and
acc%ﬂh@“e@elrﬁﬁlghgalnt lﬁamqma@elihd Al 0 3%@;512&@ i BIafR ed from

| eukem a cel | 63-299), BA | eukem a
the gdpny iagiyigorl f@e{eﬁafr géemeégtlr REC AR CEn ‘efzelprr?du%d

_ ”UU%QPE'%%@ 123 plofi@h t“e%&cﬁ%'ks%%e?f&%/&)céﬂla%& EfPé“Eﬁze or a
AT S

nmyel oma cel | and NSO (nouse nyel ona
eukaaypte sqaphrmwe%/std@rd f/}é%lhé(ter é@heé@emmlary@hraassf%a&t harboring a

genQAEB&&(ﬁB%Qﬁ@%JXQé‘%@énMQ'&eXS C&hkuﬁe%V‘RQ LI ﬁf&%f QEMBMe present
, ATCC. "CRL-16 COS-7 (African Green

PTOWﬁk@VlCR@ﬁhe‘W cidlel r@sw@manahs%%mﬁt mage| |tp, baTEEpduced and
acc%l'u'l;@!’iil)in 2 Jlﬁf@tte sogﬁré)ﬁ/eQn%t rtﬁé r}ir%ec‘ja §y%é%_ered) from the

CHO Ki 30 (Chi nese hanster ovary ce
culynd BHKLRL, (1), (S eirksent phatgsn eanymmgowcﬁdey

cel l Iﬂ&i {%ultllg ng gr@hs%rﬂy@h%gﬁjﬁﬁ gg ?%ncodlng the

ceI PC12 (adrenal mel anocytona
preyB2y Orotein imyel mraiwel ¢an bATEOO:foORed186ydard to e conventional

medidCusdf0 phieudmn e hoyet hod Tor I nfrodycing a

reconbi hant vecto any method can be 24 used as far
as s asmediemhéer Tokturing adciragulaimNAransformamgseobtained by

us1%g?atn‘g OKar 8?%%}%}9?3@%%{%@1 %&g}bg) goeﬁ Igg@a Ct [l}%g or a eukaryote such
as yeast and the like as a host, any of a natural medium and a synthetic
medium may be used as far as it is a medium containing a carbon source, a
nitrogen source, inorganic salts or the like which can be utilized by the
organism, and which can effectively perform cuituring of the transformant.
[0051]

When a transformant is a prokaryote such as Escherichia coli and the
like or a eukaryote such as yeast and the like, as a medium for culturing the
resulting transformant, any of a natural medium \and a synthetic medium may
be used as far as it 1s a medium containing a carbon source, a nitrogen source,
inorganic salts or the like which can be utilized by a host, and which can
effectively perform culturing of the transformant. As a medium for culturing
a transformant when a host is Escherichia coli, for example, a YT medium

containing Bacto triptone, yeast extract and sodium chloride is preferable.
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- phosphate method ' (JP-A No. 2-22705), ' a |ipofection |
(Proceedings of the National Acadeny of Sciences USA
84, 7413 (1987)); Virology, 52, 456 (1973)). 5 [0046]

- (iv) Case where plant cell is used as host Wen a

- plant cell or a plant individual is used as a host,

L g@olypeptlde can be produced according to the knomn
WEtNQC{h@Téan%lé% QHUCHV% %Q)o(nl%gﬁ}ce w-lr-xl él%%%g%% tul% 112ed1 by each
(1995), Trends in Biotechnol ogy,

mlc%ﬁﬁpé@l r@ndfe BWdeXpEE%@IPéﬁS wedtumlre hmlourdﬂndﬁls such as glucose,

fru&h?érglpcroéet%‘?&: n&%ﬁﬁhﬁu eg{(ltlﬁe%e ha s ar ch ?Txa/dr Fysate and
As pronoter used in gene pr essi on, t

the é&ﬁf b gased agids faeh as atetcanmdia, @prlessedcld’laadpﬂamﬂlke and

I f | r nosaic virus

almﬁﬁ waggggahﬁgﬁggéh%%% ?%%e%ac ?%% pronoter and the

I|k@sthﬂnl@@@ﬁnummrcannemhmoaeneyumﬁzgﬂﬂ@nﬁhﬁﬁ&ﬁ&i@nnungank

e, LinNGr&ase i nserti Jon 15 1 of .
OrOg?%%ﬁb?égéﬁ§lrog%%éggoﬁgﬁg(6 Orl T OPREU gﬂﬁg%wggﬁu””“m
acetgter ormpemizmg phosgéweet @nb!e E}qu)r éksedote@04itrogen-containing
sub@éﬂ@g efﬂ gtor?e hI?l%gt e?(%l};%cqz nct )gterlsllégngéjr?ngﬁ,gseé)’ 1tqauto(% casein
hydcdysmte,, stybabn bakd eyqybreye, cakéaﬂlyfcﬁ‘olfdaax aBeioud0fdrit@entation
et R e DR st B S Eh Pt O | F g nghe wsea.

neth@dth@rlmwmmmMUCBm@ apEMMarmtpoauhQ&&.pﬁbaﬁﬂbﬁﬁ secondary
i ncl ude ,a t hod usi ng act rlun1 JP- A, _
S Vi ﬂ’@égg DJP’%‘%Q éb‘% Phaify YUropY7 FPlfags, sodium
chloeid;ct rfeporedt i G)Ii]lfﬁ&t hOﬂaﬁé&é\seNO36%2518&@@%3;%82481:';0| Ralcium
t ho nese Patent No
Carboné‘ Sapg%tglse éﬂt ¢ %2 t:%‘)“’é%ls PREOFRRE udsaddye aerobic
conc(M)odZ&Sl@th’EGilﬁahlﬁ%&ﬂﬂt@ﬁhh HSeﬁ&ﬁﬁbb&ﬁlghM§r1M@Qﬁllﬁﬁ1ng and the
like insect cell is used as a host, exanples of a transfer
®Vector 30 incl ude, pVL1392, pVL1393 pBl ueBacl |
[o0g3lnvi fTogen) and the like. Exanples of a virus for

f ect | ude bacul ovi r.us ich i nfects Hadeni nae
:2§§gﬁggﬂ”ﬁﬁ385?§ﬁﬁ‘”@dﬁﬁ?ﬁ?ﬁpgbﬁﬁéPéﬁr Cpdr§iethtibariag time is

usu¥lly UshwediPY)d dgac- N—I-BHHEUQ\IAuItﬁﬁ@né herdtakfed BXB3WLED 0. pH

. . d for. transform ng an insect cell _include
18 a%gugteqew1gh an inorganic or organlc acid, an alkaline solution, urea,

calcium carbonate, ammonia or the hke. And, if necessary, an antibiotic such

as ampicillin, tetracycline, kanamycin and the like may be added to a medium
during culturing. k |

When a microorganism transformed with an expression vector using an
inducible promoter as a promoter is cultured, if necessary, an inducer may be
added to a medium. For exaniple, when a transformant transformed with an
expression vector using a lac promoter is  cultured,

isopropyl-B-D-thiogalactopyranoside or the like may be added to a medium.

"When a transformant transformed with an expression vector using a trp

promoter is cultured, indoleacrylic acid or the like may be added to a medium.
A cell or organ of a plant with a gene introduced therein can be cultured at a
large scale using a jar fermenter. As a medium for cultufing, a medium

generally used such as a Murashige and Skoog (MS) medium, a White medium,
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t he nmet hods described in Bacul ovirus Expression
Vector: A Laboratory 35 Manual (1992) (W H. Freenan
and Conpany), Mol ecular Coning: A 25 Laboratory
~-Manual , Second Edition (1989). (Cold Spring Harbor
Labor ator Pr ess) Current Protocols-in Mlecular

2 megigmy gy "(%1/@@43 PLoR| SPrRImSr Stiene &uxinBrpTddhDRogythe like is
adddd t&?héé‘eg&%)dléﬂld otrrk@xel 1|1K§ cd 9949 sed® A pol ypeptide can

be expressed by adding a transfer vector containing

[0054h obj ective gene, and a bacul ovirus DNA for infecting
an W'B%ﬁcat t?@ﬁéfo&ﬁa@ﬂ forn;?x%(atuc‘;x?gl; |thg%1tel§£ﬁt %qloyélhoﬁ 519 animal
infect the insect cel h a virus ‘expressing

cell,op§ acmiedéugelps @blttarmdﬂwcr:ble@mmerdaumoaene@eémnesd @fuch as a

- RPMIH%4bn§1%§§u&et"fhéi§l%qr§§1 arhest A'rr[b%éﬁg{? 1\&%&%%9%%8? laltion, 199,

derived 10 from Spodoptera frugi per
519 ALAGRDr 1) MEMTmasiopt (Skwnee, (1964 t439) (198Nd, ®hB-MEKé. mdium
lce f el | r r f. da
(Vir R S 2 PR EC L YD o (O SbedpploRGiSsociery for he
BlOl?W&#yMeélquleaﬁé thd1ppie. aE)(lafr#JIue,!s iof wihfieh hm'llhe fetal serum
i ve
(FOFhPPIRe BB Hofaddo Tuefl ol QLS LEL WE0m 2o yse.
15 Aeltarivet frodsdaty mﬁrfomdw@ fug lata @cleuybivahir thectoadition such
as pﬂng tg%t hé%dt&ﬂﬁ e’che %jse%%e 35 "/a%(b anéé&%e llt{eh.OdIn adgltlon if
can introduce t evetor ntoahs% €s
necejspglycen ancdilgtlumlphosplkamammhhode(xﬂd?lmn I\btrz-pﬁcﬁ;i@&)n, and the
. iLROf £EL edi s of the National
hke%&%%é“%f{“g’? ds%?eﬁge&;q%%k ﬁg‘”‘h/ 3"%¥1987)) and the
| i K&¥hephna gddnsfogmandsisi nntllmeeanlcaﬁl, aged Imediur?@or culturing, a

lggt roporati met hod (Cyto 3(1 Ogj
TNl\gn t e qouf(ne gﬁa}h aEgn) 24 USEE%EES&%‘M(\WS Atpogen).
ExCHﬁﬂﬁ@dﬂﬁﬁ@lﬂ@&feﬂ:tﬁf]brommchar@maenzgIﬂsdo@dﬂﬁ&imr{Nature 195,
788 Y%é?)r) avr\th thde %lh tar geencgdl ng the present protein

i’ncor’porat e eréim°Fs'°§%el I such as Escherichia
[005&d] i , yeast an an| mal cell a plant cell or the |ike,
(Vn)aP cuI t u according to a conventi onal

cﬁrslsr?g prlft(e)f1 o swtable for various hosts, the

pr of k¢ présemmple ten benrlreoﬂtmhnbeankdy aﬁRmMgahaﬂanQMmant and
1solat1ngppru0111 yllgglt%erper%%\elg{' protein from a culture solution. ‘A method for
isolating/purifying the present protein can be performed by a conventional
method well-known in the art. For example, a method for isolating/purifying
an enzyme or a method for purifying glucotransferase of Sandler et al.
(Methods in Enzymology, 83, 458) can be used.

When the present protein is produced/accumulated as a soluble
polypeptide, a culture solution in which a transformant has been cultured as
described above is separated into cells or bacterial cells and a medium, for
example, by a method such as centrifugation and the like. When the present
protein is’in a host cell, gfter collected cells or bacterial cells are washed with
a suitable buffer such as a STE solution and the like, cells or bacterial cells
are lysed with sonication, a French press, a Manton-Gaulin homogen'izer,/ a
Dynomill or the like, and the present protein can be obtained as a cell-free

solution by centrifugation or filtration.
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from.a transformant or a culture solution, thereby,

the protein can be 30 produced. Wien a transformant is

an animal or plant individual, an . individual is '

reared or cultivated according to a conventional

growm ng nmethod suitable for various hosts, the

pr o diudfdrsiseddier tsg pardié npfrotitade dhd pragsenhuratesn m@heontam
a ullggbl%r:?ﬁlg*xgt o3 o rgﬁgi\é%rtz?ﬂ firogrgxtal?r?pl@mslgﬁlmﬂrlaQJr@mulf%te (SDS),

ndi vi du z/ﬁ rotein can be produced
N- laNt@mlarh@sme|®damma ambsulhdr vheldidde. for exanple, a .
-nong .api mal he . .
COOAHTR, 55 o aAUBIEIAR BRI PALROL AL pnpained in
the bysmhmg enwirp nedu ctDNG bs md@rm@ be qemokivded thadknown per se
varf%%%ugy at ng/%ufﬁg&a%%gﬁ%odsan%xt&%lgr oé}f“'tﬁeké knovven methods

recov I 'ndi vi er eby,

.inclprciesemblxpmmteeqtmactann beepircaidLmedltlEgalml exstbpd aagphapenmonium

f 1 5 |

suh%r%ea guq kleloﬂac 1%2 s1saxﬁ§%n]éaaﬁa?% e%ll!’elgca?l%aﬁ% ?ﬁ(l)d uSJkng a? organic

solvtelne, anluﬂmlafllwwmra thegtod; s2 aepl fakiratiodi wWaduels chgpmatography
b

&ﬁg ruége:%t&16?%8%{1]{11%5@1&6]%91\3/%?5 ds%E)lthﬁgoéae QEPOTS{})%?Q{)H? anion

resen

_chr@m@t@glﬂipenyc(DdedorbyéXHﬂEngeEC@deImngrﬂ\]ﬁy|leﬂ@d&l treshe such as
‘ accunmul at ed. | i ndi,vi duaj. .
oL B 2R A P LT PR BT e cavion

chrbmditygchipaly, ufsh&t‘ @j&}d;ﬂet hec}plaes%rﬁepmrambee I’FE&(Iﬁ’hlaEmacia) and the

.. produyc When a r. ok e .

hk‘%sgﬁgfci P &&ff’mﬁ?iagf%f’}%. é?g%‘}/tgtl aarrfg eorsﬁc(}:1 like, and

affiﬁ&@ﬁ&hﬂfiﬂaﬁo@@aﬂ)hkeqaxﬁﬁ)ﬁs ekanpdpthorasdy @m&f as g -polyacrylamide
rbori ene e i.ng the pres rotein is

gelc?i?‘itlﬁf’%g‘g’ieﬁls gﬂ@d?%?l}] ?rt’i‘ég%‘?‘éséggTaﬁ‘gq%‘Fof fn encoded

[oobg] t he reconbi nant DNA is nmade to be produced and

acc lated in a culture sol ut dth t [
r ecOVBF Bt Py BRESORE PEACRIrS g’éclf e Qccuﬁéﬁé’grg f%gm tnsoluble

polpf)[ﬁﬁﬁﬁé @éHE &rnbeafe ripel Béﬂdtﬁ@dsep“&rﬁ&éﬂloﬁs fd@rscrlbed above, and
culturing,

: ransf t h di the, . .
A A N A A

recBGe@dcogMQé’Wé&Uf%'red Zﬁnﬂ@lfeh@dsd.lﬁedlidﬁ GUtH W kslgbalibOStuch as a
a medium- for culturi t r ansf or mant

surgpt el By 2usrHy ™ 3HSk g SR o et lSfrane sodium
(SaGebéilpnddtine likke mheasaukaﬁyai €olitedh is diluted or dialyzed to a
concentration at which little or no solubilizer is contained, the polypeptide is

reconstituted into a normal steric structure, thereafter, a purified specimen

can be obtained by a separating/purifying method similar to that described’

above.

[0057]

. Alternatively, the present protein is produced as a fused protein with
other protein, and this can be also purified utilizing affinity chromatography
using a substance having affinity.Afor the fused protein (Akio Yamakawa,

Experimental Medicine, 13, 469-474 (1995)). -Examples of an addition

protein to be used in a fused protein include Protein A, FLAG and the like

(Proceedings of the National Academy of Sciences USA, 86, 8227 (1989), Genes
Development, 4, 1288 (1990), JP-A No0.5-336963, and JP-A No.6-82302 1.
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as yeast and the |like as a host, any of a natura
medi um and a syntheti.c nediummay be used as far as
it i's a medium containing a carbon source, a 25
ni.trogen source, inorganic salts or the Iike which can
be utilized by the organism and which can

- Wheef Pegtinvaliy ysedf arfmsedlIptrutdimgofoﬁhethbnapsémnmmtd Protein A is

a transf or r okar such
produglarmint B oI B ATES) PRe gr S B I IBY Sheimaseraphy
usm)geaﬁtnuanm@ldmalhl(ke W&SerﬁanEﬂAlﬂ}Tpéptld@uﬂst usdd)ga tFlhaged Beotem of

resul t|n tra an a ur al di um
the ARG SHEdt U KA. bbPORL ol il VA8 TP TSP BTG bk rmity

- chrdi@dModir A AP vA i £ QMMOIN SOPLAE, adtiboilyogen source,

organic salts or the |liké which.can be utilized by a

'[OOW% and which can effectively. perforn1cu|tur|ng of

therl;f ar}&fe(ééﬁﬁv\pltpro%&hrﬂ e Ufﬂefgler&ltéeLﬂfi n?;mgf an in vitro

t r anst or mant en a ost IS scheri | col 1, or

trangeoipiion/trangta Bag; iRt e s &6%&1"5&?1% g BrcEBOPP Beb (Journal of

Blomemhlmmmm @ndzsqdaziumsﬁmorscdenus, pief erabliess @D8S), The
OOS%J As the carbon source ]ggPon source which can

Jougpal gf Biordgmgtiaadhl; ﬁ?ér%%ﬁ&ﬁﬁ1 can be used.

Exanp esrdsaak Uge tBydr QGAMN0RS e 5UEH118S s Gh 11Q8Ad by a chemical

fructose, sucrose, nol asses contaln|R them. starch
synihesit hmyBPd| gusk e28nd 5 PAE PIHECd0 §aﬁr%n5&ered§yé%marbonyl

metBSdACLIBS adtlod Pt OR 19Mb 6y AGbIn ANch dthed) iak@, t®Ndike, or with a
al cohol's such as ethanol, propanol and the |ike, As

commpprcig iy o@éfﬁl%ﬁ?cepepéh#fbnﬁantb/%ﬁ%ﬁs oot amP al t peptide

‘synﬁ}teshﬂg‘r gante L APEBHIL aCAQ$a§éJ&h ThedTTRA) UM 43A (Applied

chlori de, _ammoni um sul fate, amoni um acetate
Bioggatemistm BlséspFPa’%oéeth ’I{eﬁénp}qgées ot F50 (Perceptlve) PSSM-8

(Shithh 8 PO@NTEORL LM BEd kB eSubsSt ances, peptone, neat
extract, yeast extract, corn steep |liquor, casein

hydPBIYSuTe, aseybuanctdibe, PEbTIEanTeERE PARIrRA peafermed by a

mettRR QHSH & QERLAL Qb d b&‘%&@’félﬁ' clﬁﬁhlér?%rdéﬁ%%l%d the method

subst ances thereof and the |i ke can be used.

desgribpgani Bratglin Stﬁrlrzhbmf«s} porbisss den &ﬂ;sepﬁ?éwngs@éwehrﬁlrano

pub@%%%%%me&m@%% D gl’@,§l llmdDhPMat q{ymgtg)%lyﬁnactwwy of
fate, sodium 15 chloride, ferrous sulfate,

thenanwéser@ﬁﬂlflaﬁ@n b@p@)@tﬁcgﬁﬂﬂaﬁ en capeRnm eapedugtdon of an

N- <§r1®dtrt1§ylzl KGa AR DD -BSeLm QY L YEHiDG¢ilve ngrfggemg YREerpresent
he aerobic condition, such as shaking cul turing, o

proﬁ@@pObubmegoswrhawglgcalnt gdiampgaaet peeleton, for example, an

N-(2-adamantyl)-benzamide derivative which 1is a substrate. More
particularly, a method for culturing a microorganism capable of expressing
the present protein in a suitable medium, and detecting an accumulation
amount of an N-(5-hydroxy-2-adamantyl)-benzamide derivative accumulated
in a medium. can be used. Detection = of an
N-(5-hydroxy-2-adamantyl)-benzamide derivative can be performed, for
example, by HPLC using an N-(5-hydroxy-2-adamantyl)-benzamide derivative
obtained by the present invention, as a standard product. Specifically, the
method described in Example described later can be used.

[0059]

(vii) Process for making variant polypeptide
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like. [00531 20 A culturing tenmperature is suitably
15 to 40C, and a culturing tinme is wusually 5 hours to
7 days. pHduring culturing is retained at 3.0 to
.9.0. pH is adjusted-with an inorganic or organic
acid, an al kaline solution, urea, calciumcarbonate,
anmBeledior ot kebiiketiodnd,an ﬁnrieoeesaroy themrasdndp Bitietn can be

| perfﬁyﬁllad @g %ngt 1Lécr%édt1%turt%g¥0| I nemgurgranxgmqi Sndebe technlque

det m '35
wellvheowa hiforedilgani sMete¢tnsfar. rsablswtnhoanofemas asSédreral amino

egLor, usin i nduci bl e pronoter  a v
amd\é F%gr e% b %aﬁggegg(ﬁﬁg}}n (P tgl cé’?etr}i’ﬁg bg? %‘%‘g lf‘o%g"lecular
Clorng@ LAnLd-‘b@rraeoqa’nMamuaM‘léi’ecanﬁr EﬂSﬂ‘lﬁ)ﬁ N9l naosd Cﬂ'}ﬂﬁﬂg Harbor

an pexpression vector using a | ter
Lﬂ)g\%Itor?"edP 93% |s?ﬁlrr5%1§/‘f Ip lf}f?]llsog’aﬂ a?ﬁ%&ﬂl 03|Bd8f9ﬁy (1994)
(Wllteheldtlekﬁ:lﬁﬂg/e)béh&dd&dAtﬁlsaR%dziﬂﬂm 10M6£87 #1982), Proceedings of

ene Lkt BPSLOLTRS AN B0 SHPTESE OTCSENST oo 08,

NucbrictAradk iRegeamyh, b3 ad:ejledm&)s)a H@db&ﬂﬂngsAf&ﬁHNQfloﬁﬁg@&ademy

f I h trod d therein :
of iy 40" 05l S SRR R B ol SERR1 awndemy of
Sc1emeds uﬁSonrsnulst;am mgs4a) nmedidive322genersal kyogoedwsads /00817,

00 M5) nedium a White nedi um
Nat‘ige aBMJ | um | n h’é g’Ik%nt hor none such as auxi n,
[00 60 - tok| nin and the like is added to these nmedium or
(b) the |ike;. can be used. [0054] Wen a transformant for

I\ﬁ[?%rd)ﬁégﬁﬁlsﬁéab?lé@e?ﬁGWSF%JIIH; PEesgRtaioh®® 5 cel |, as

a I’mdmlﬂmofo@ganﬁ;hﬁ twikichg chhebeehdad annmekh %g@@@rﬁlolcé’ss is not
h as.a RPM 1640 nedium (The Journal of the

'Pa“Aﬁ‘é\% i%ﬁ IREAR &) T2AsRDE i F GRICTROREanISTocaPERdT)0f e xR rRENDE the
v pred8RdipHat € iBCinel L5 taldXh 433t A5k )witd a[)smgfedhb'@ﬁ acting with

I 6 ((1959)), a 199 nmedi um (Proceedi ngs
2 shpslpuce yc%wpfeo% b BATCAP TR CVHE, ths, present gene

intrb6dQb&y )her&nﬂ&dﬂduinnlalﬁumlﬁtbr@@&‘ﬁ@xﬁsﬁr@kﬁbw%etrouempégs the present
r the like is added' to these nmedium _or

t
prc’tgﬁ’i’(eg“ RS 8ar s AP P iPRGOPSIngs (Al E?n‘b%r$'t‘)?lﬁb{f f preferably

Bacilld ©sdb daiks gohdeP sk higosendit %gﬁu§lsqhept%§ay%ls@ Ot 112, The
to, 40C, the presence of 5% C02 and the Iike.
mlc%m)d'gfipbsﬁn 1§fpreferab1y a transformant in that an amount of the present

protein contained in a microorganism can be artificially increased.
[0061]
A host cell which can be used for making various transformants usable

in the present process is not particularly limited as far as it can express the

"present protein in the state where it can act with a substrate. Examples

include the known 'microorganisms which are usually used such as
Escherichia coli or Saccharomyces cerevisiae, and the known cultured cell
such as vertebrate cell (e.g. CHO cell or COS cell) and an insect cell.
Escherichia coli is preferable in that a proliferation rate is great, and
handling is easy. In addition, an expression vector usable for making the
transformant is not particulvarly limited as far as it can express the present
protein in the state where it can act with a substrate, and can be arbifrarily

selected depending on a kind of a host cell used.
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knowgmpihoke

necessary, -an antibiotic such as kananyC|n

penicillin, streptonycin and the I|ike may be added to

a medi um during cul turing.: 15 When a transformant is
-.an insect cell, as a nediumfor culturing, a TNM-FH

nedlun1(Pharn1ngen) a Sf-90011 SFM nmedium ' o

(I rivhé mgen;n tiex Eepidddlon BeCedd, 405 t(rd REFBnOsCt, Qh@&)lethod for

cunh B Ret AR e DBE] S A R B SERE R Lo o

Proqseduetpiroduding preasantprptahei n can be produced by

_[ooéﬁﬂtur'ng a transformant, and isolating/purifying the

esent protein froma culture solution. A nethod for
I solathagrpsyrtl priodgsd, heh o as&mﬁstﬁﬁﬁﬁﬁhﬂl aCﬁll’ichﬁ)rgamsm capable
erformedté é a conventlonal t hod well -known _in_th
of expresspg ths BRpIeE ! PICHECHYE 19 % §o'1€asﬂ%g*)1ﬁhem.0ﬁ& rpgction or
growih e BAYIERiOF céll RblBodnf BfaypbEi d3ddNg WAUCQE AR RhaSetilize the
of Sandl er %t al (Met hods. i n_Enzynol ogy, 83, 458)
dl W‘éﬁ“flﬁé’aﬁfeeté%]nfelﬁlrs?%qlﬂn jga 'method for'culturing a
micPiodduaedh acLpiBleab ede Bfredsity Uhle prp@dntP@Rbidla, then stopping
culture solution in which a transformant has heen
prolifgrefiosgohe baesetalpedl apbt e Eingep aiisber tient & CepFample, the

met®bd eI edl i €6t s5m NG~ 1 oMU aWBri 1§@rea<ﬁrrmeeumbwea The
nmet hod such as centrlfugatlon and the |ike.

EToR g dAC LR LEHNTIACE AR 35 Rodtetder! Oraﬁf‘@rné’c& Fekitgate while »

micf&dreS n®m b&GI A1 ade 65?}“9%8%@ t‘%spﬁéjse\fﬂtt@rot@1§qht@ﬂlt§red For
b Fer such as a STE solution and the |like, cells or

exappleethy methed degeeibegsiy %%Iﬁp%rﬂ Cat § ofescaibmdehetpr can be
utilPF&SS, - a Manton- Gaul i n honogeni zer, a Dynom || or the
like, and the present protein can be obtained as a
[006& | -free 35 sol ution by centrifugation or
fil1xahleOfhesdRt Mol dSla USEL; 619%0%@9@6@%1@&4 I%Uéhfaé/t!rﬁge and at
the present protein may contain a suitable amount of
leay ang phctant, for, exanple, sodiumlaurylsulfate

(a)gﬁgﬁawsewiﬁﬁﬂggyg§ar003|ne sodi um (Sarcosil) or the

ke. A nethod for separating/purifying an objective
theppmseeunﬁ eopteannedd | o ralychesr agtflent myrervdes prlodertedoxin and

redﬁéﬁsg%lﬂﬁilgf%é@g &Xct@gﬂmoryﬂ’égp;&% Ill(n%\{m per se
various ‘separating/ purifying methods. Exanples of
(b) @riésceforahmmsa%tzmegsle ofj erpradeing Sl PEARe NS PTOARIN on

are%talapéii, i@ p%%lféxlarﬂ)gy QU MRtR0d using ammoni um

A reaction temperature can be arbitrarily determined by considering
an opfimal temperature for the present protein, a temperature for stabilizing
a substrate and product, and the like. For éxample, the reactioh can be
performed at 10 to 45°C, preferably 15 to 40°C, further preferably 20 to 40°C,
and particularly preferably 25 to 35°C. _

A reaction pH can be arbitrarily determined by considering an optimal -

pH for the pi‘esent protein, pH for stabilizing a substrate and product, and the

‘like. For example, the reaction can be performed at 4 to 10, preferably 5 to 9,

further preferably 6 to 9, and particularly preferably 7 to 8.
A reaction time can be arbitrarily determined depending on the above

various conditions (i.e. a solvent used, a reaction temperature or a reaction

pH), or a-kind of a substrate, the present protein or a microorganism used.
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sulfate or the like, a dialysis nethod, a

preci pitation nethod using an organic solvent, a
ultrafiftration nethod, a gel filtration, various

- chromat ogr aphy 10 net hods such as di et hyl am noet hyl

"( DEAE) - sepharose chronmat ography,; ani.on' chronmat-ogr aphy -

 For O%amphe axchangel @hhound, qlieéipinbli D 1194 8 hoass Andutbreagretferably .

12tDIAION HPA- 75 (M t subi shi Chemi cal Corporation) and - :
P& PYKE; cation chromatography using lysine such-as . - -
S;] Ephatase ﬁfﬂ(@ba&m‘ potand ukhe islddtepamydieploindted, but
chromat ogr aphy usi ng butyl sepharose or ;the Iike, and_
the ygaciney r?iaflyg%fﬂed ’B@i?aaﬁh?,c"\?éi?%‘i?s“%‘r &t ?%“pﬁﬁ?’é‘?ées’ 6.5 o 20 .
pnmo¥Mdch as SDS-pol yacryl am de gel el ectrophoresi s and
|ﬁoelectric focusing, and the like. [0056] Wen the
[OO%ﬁesent protein is produced/accunul ated as an |
I NSS! WBliRioPOlY PRPHrdEentChld & s0r WGt erdudlst£ftle| SndERe present
separ ated as descri bed a%gve, and 20 lysed by a ,
protein t bR Bt INGE 2 PIHRICEP ¥ 8 cth SAP DI ARty Prhgent protein are
acteR0l ¥PaREIEEoh SadBROUAIEBe JhROLLNOVEL @6 SAURkMILS stability or
solubilized with a solubilizer such as a surfactaq} .
soludbibfy &€ asoth iR teatit Wagﬁﬁca{lebe( gsgpased, or substrate inhibition on
an il AHE O SRELRSh RGO BL {Saeaosd ! ) EaachJ1B8 Jfi #R. inclusion
The sol ubilized solution is diluted or dialyzed to a )
agepbriesHtdeativemoaYP VY H rY tieRex i nng* s8rlagertzer A-gvelodextrin,
y-cy@gﬂie@c'tﬁ%g’an_tdhfﬁe@HbVFWc'l&Feﬂt%irZ@M'éeﬁmii tut _ed into a
normal steric structure, thereafter, a purified
[Oo%ﬂecinen. can be obtained by a separating/purifying
et hodysigFekant bPoddal wirschihedir AR0YLd thOQREkent protein or a
~Alternatively, the present protein is produced as a
mictegrgd npyot €RRabla ot Foraetripeptbeeipieseid RIfitsicATeparcted, 2
coe ) yiRe PW & f inespwtsr | h2i RA At figtebdr 6y ONRIPSHRAPOM, WSidpdionally
a 'substance having affinity for the fused . protein
coeYiak¢mt Venvak etherExperdarantationedreiame, off Fheqgoenppme can be
coe£ﬁs%9§%.)-InE&mkgéeI&fpmeégdd R0 o DEQLEL L §105 BRI USRI coenzyme
In a fused protein include Protein A FLAG and the
depepRéng (Prade@di n§dhef prarenNatiobnil uaedderpciaritsciharees can be
impﬁg‘é 86, 8227 (1989), Cenes 35 Devel opnent, 4, 1288
%) , JP-A No.5-336963, and JP-A No. 6-823021). 30
[009Bken Protein Ais used, a fused protein of the present
Profei RgAgh O Qi fdd) A doSp, PhRAUCedn ARk d W31 CBRogrR8sion of
puri ie%@by ﬁer%orn1ng(%?%f%it chfgnatogpg%% BlogrdSsion of »
reaction (e.g. NAD(P)H is consumed, and converted into NAD(P)+), reactivity

thereof can be improved by the coexistence of a'degeneration system of the
coenzyme. As the coenzyme regenerétion system, various regeneration
systems are known for each coenzyme. Examples of a regeneration system of

NAAD(P)H include a combination of glucose and glucose dehydrogenase; formic

-acid and formic acid dehydrogenase; and propanol and alcohol dehydrogenase;

and the like.
[0067]

An addition amount of these coenzymes or the coenzyme regeneration
system which can be coexistent in the p.resent ‘process can be arbitrarily

determined depending on a kind of a substrate and the present protein or a

microorganism used.
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usi ng i mmunogl obulin G When a FLAG peptide is used, a

fused protein of the present protein and FLAG is

produced, and this can be purified by affinity 5 :

chromat ogr aphy using an anti-FLAG anti body. [0058] The

present protein can be produced using an in vitro
[OOGBIanscrlptlon/translatlon systen1accord|ng to the

ournal o u

R Dot 085 IR Bl o BB oy g fompguna havine

an ddhnd@btayad sktldoackhedd Sisr yn N- ﬂ@hyﬁﬁﬁxﬁ@&({a’hﬁgﬁﬁﬁl) bER@amide

resent protein can be chen1 |y synthesi
deriBRRF crd 85 AeRkIPE REieRIE don & ehgtt (ot Tollecting a
fern{efdtgﬁlro@:’kyﬂd&ﬁlfchghﬁiﬂtﬁarﬂéﬁﬁlen pwidhetl) , SpeBzalgt AAddroxylated
t - but yl ox rbonyl nmeth and th
forn, girfof waprylg}gawﬂn&b% mtea%eyﬁgﬁ%é?’zeﬁan ppricolated from a
med BXBANPY &0l Re PERk AR LD, Mru)twﬂg@rclsuﬁﬂaﬁmwﬁ%sg&we carbon
Advanced Chentech), 443A (Applied  Biosy itg , PS3
“eagﬁeé‘feF?FrTéEEl‘}H&IaB’g’“eéﬁ‘embb%’@e CRRRTHPET V8 CPEEM 8
[006@$hi madzu Corporation) and the like. Structural
anal ysis of the present prg gln can be perforned b¥
met hb# RAPRAPL siySaaIany WSeddeh pPotAA Mhek Yty yutiltped for

perf@i(ﬁri@é Qhetrtéﬁcfmhhodﬂxazlopl@@Sﬁ”chbﬁdth@ fEMOk Bigdproteins.
Structural  Analysis for GEne Cl oni ng ( |sash| Hi r ano,

A PEAHAIPSHI 2B TEORY G RAGaRE IR T 4P G5, 12 Phch 0pggg)severhl amino

 acididyeleoxylead d 0N RG  tuk & Yo rOfd d eldin pﬁ@%ﬁnhom&a QeQubdde BESEQ ID

detected as an anount of production of an
No.iNL( 50 fpavarg by dgepaviaiian 3ctB8Hsam de deri vative by |
‘A BRIeDY dNRipigsent aroheln &Qdasg@m&ndxa%f{é Ngh@MNo several
. adamant ane skel-eton, for exanple, an
mu Rt {oRsa sRlRATRY FIOh dhZafT U@ Ger§isatney af M7Eh113§7§ A362T, F41L,
177WURBE 6t epo ML e 2 PAT tH ool AL hY F 3 oNBt B0 f O 1 CHL LA Edtence of
a m croorgani sm capabl e of expressing the present
SEQIBt¥Pn §-n a suitable medium and detecting an
ApQG%Mo%%H&Qn 3PRHOL nBhodRid sequence of SEQ ID No.: 3, or a protein _
N- ( 5- hydr oxy- 5 adamant yl ) -benzam de derivative
confpdpimelaat edinp rread fediugRrean BEIUseH DetBErRbRtHMOgpcids are

| deléQdNé&éam{te&yoz Q&’@é"@nitrb"t)heb%'?ﬁﬁm dei@desd Malicve £A0 having

performed, for exanple, by HPLC using an .
hydmpfﬁbhyuw@&WV@yadanantyI) benzami de derivative

A 8?8 IHegoxpéllshlﬁ Brfe§§n£m1ﬁweg&ldo@eq§§n@e Sﬂmggr One to several

product. Specifically, the nmethod described In
m u e ee]daege@( ifad thet sroupapopaistiggdof 177F, 177W, M105I A196D,

F2321, F232L, F232M, T234A, T244A, V399E and K702E in the amino acid
sequence of SEQ ID No.:

These proteins can be obtained by the method described in the above
“Process for producing present protein”.
[0070] |

In addition, the present invention includes the following compounds.
These compounds are useful for producing an
N-(5-hydroxy-2-adamantyl)-benzamide derivative which is a raw material of .
monohydroxy'2-adamantaﬁamine useful as an intermediate of functional
resins or medicines.

A compound of the formula:
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[0059] 35 (vii) Process for making variant
- pol ypeptide 31 Deletion or substitution of an am no
~acid of the present protein can be perfornmed by a
site directed nutagenesis nethod which is the
‘technique well-known before filing. Deletion -
[Fommuhks&bstltutlon of one to several amno -acids can
‘be prepared accordi-ng to the nmethods described in
5 d.oning: A Laboratory -Manual, Second
9) (Cold Spring Harbor Laboratory Press),
rotocols in Ml ecular Biology (1994)
(W lley- I nterscience), Nuclelc Aci ds Research, 10 6487
B®) , Proceedi ngs of - the National Acadeny of.
ences USA, 79, 6409 (1982)), Gene 34, 315 (1985)
Nag| ei ¢ Aci ds Research, 13 4431 (1985), Proceedings of
He National Acadeny 10 of Sciences USA, 82, 488
(1985)), Proceedings of the National Acadeny of
a sad€lo@NeesatdIher8df, 5662 (1984)), Science 224, 1431
f%984), WO 85/00817, Nature,. 316, 601 (1985) and the
1007 e, [ 00601 (b) M croorgani smcapabl e of expressing
pr e§1ﬁrﬁtddﬁ’f1@heitﬂe edbe i cﬁmrtgaﬂiiammsf:thecmlmlngsedmpounds.
in the present Process s not articu
Thege popPgEnfi 4% &S ‘Hr58?g%ﬁ%gﬁgaﬁpgﬁngoéxQYb?&gthantamlne
usetllCas RHESEEm PARLLIoN fiActibaasratidsWiemedidinean act
with a substrate upon acting with a substrate.
A cepappré<tithefgg@uld transformant with the present gene
[Fotmtnoduged therein and a natural m croorgani smknown
to express the present 20 protein such as
m crogrgani s jpel onging to 'genus Bacillus,
acillus subtilis, genus Pseudononas,
, Streptornyces and the Ilke. The - m croorgani sm
i's p eferably a transformant in that an anount of the
t protein contained in a m croorgani smcan be
|f|crally i ncreased. [{0061] 25 A host cell which
cafi be used for making various transformants. usabl e
?n the present process is not particularly limted as
ar as it can express the present protein in the
state where it can act with a substrate. Exanples .
asﬁg:%rs tge Kggﬂﬁ.ntcroorganisns whi ch are usually

[oo72]

Examples of “salt” include salts of inorganic acids such as hydrochloric
acid, sulfuric acid, nitric acid, phosphoric acid and the like; salts of organic
acids such as paratoluenesulfonic acid, methanesulfonic acid, oxalic acid,
citric acid a-nti the like; salts of organic bases such as ammonium,
trimethylammonium, tribethylammonium and the like; salts of alkali nlietals‘
such as sodium, potassium and the like; and salts of alkaline earth metals
such as calcium, magnesium and the like. * .

[0073]

“Solvate” is such that the aforementioned compound may be
coordinated with an arbitrarily number of solvent molecules. Preferable is a

hydrate.
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Escherichia coli or Saccharonyces cerevisiae, and the
known cultured cell 30 such as vertebrate cell (e.g.
CHO cell or COS cell) and an insect cell. Escherichia
coli is preferable in that a proliferation rate is
great, and handling is easy. tn addition, an

- [oompression vector usable for making the transfornantt

is not particularly lim_ted as far as it can express .

t hel B¢ syighent plﬂldﬁé?/wni With&esexpRippL i@ Moreafesetl by way. of
Exaﬁiﬁlgs,ab§ﬂ»lb§é§ea£ﬁ, néNGinGianhkep ARht ATéAdMon35 sel ected

dependi ng on a kind of a host cell used. 32 The host '

cel fs 3 HEPEX BragdBR TR RGCedERe LRiTTSf BF Tt set Hidicated, the

 metBBENQ i iGUWIbIYCLIG: 814438 TOLAB A 18P MAud i R cBRE Edition

described in detail .in the. above "(2) Process for
(Coldr Bptidiend e pr &sbaboTAtar ) Has Y0621 5 In the present

process, when a substrate and a m croorgani sm capabl e

of expressing the present protein are acted, a resting
Exagydeerial cell reaction or growing bacterial cel
joof:Haction-may be used. Each of themcan utilize the

known nethod. The resting bacterial cell reactionis a
Hydpernbsdidor obuddaippptpze by cresriganibenteraphbtedl oreaction using

CYEXRYEssSi ng - the present protein, then stopping 10
proliferation of a bacterial cell, and adding a
[Seediputtmaek. For. exanple, the nethod described in

Examﬁl %r%sé1%n@e@%§§(ﬂ}§@dld9q; P@a&@ﬁ'dlﬁnﬂ?wiwliitﬁeadCYm%9Bl gene
rowi ng bacterial cell reaction is a nmethod for adding
(SEQ didbsNpat 8 wirisested thieepor yani srhrodagablimtof Escherichia coli

(BLE%PHESY) &g%ﬁmn te[]tggﬁg%om €i npis txcé‘ﬂstfi)‘érﬁgng 5%8 inoculated in 2

i
exanpl e, the me described in Exanp '
ml efexsdB peditmt endoartiyated 5t &7 Cionetkcip 0063ing phaker at 300 rpm

foraﬁgﬁﬁﬂ% qu&g§§%_§*;e§;gk8p condi ti on when a substrate
and at ﬁ

east one of: (a) the present protein or 20
[Matiheewdteént protein and a reduci ng system consisting

o ISR by SRR A 8B AL o s
KHeRkQre8si o Ne€lplesénNHu(dt ¢i o/l ecrsemigaca@d, 109 pM CaClz) was
st,eﬁﬁl%feﬁraanbé,WOQ%ig\welrgvsﬁ'ded 100 pl of 100 mM FeSOy4 and 1 ml of 2 mg/ml
thymine. " To this v&;as added Overnight Auto Indﬁction System manufactured
by Merck (Solution I 2 ml, Solution II 5ml, Solution IIT 100 ul) and, further,
100 pl of 50 mg/ml carbenicillin, and 100 pl of 80 mg/ml 5-aminolevulicic acid
were added to obtain a main culture mediuﬁ. 500 pl of.a seed starter was
seeded in a 500 m]l wide-mouthed Erlenmeyer flask containing 50 ml of a main
culture medium, and this was cultured at 25°C and 120 rpm fof 24 hours.
[Biocatalytic. reaction]

The culture solution was centfifuged to remove the supernatant to
obtain bacterial cells. The bacterial cells were diluted with 25 ml of a
potassium phosphate buffer (50 mM potassium phosphate (pH 7.4), 10%
glycerol, 1mM EDTA, 2. mM DTT, 1 mM D-glucose) so that a bacterial cell
concentration in terms of a culture solution became 1-fold, 2.5-fold, and 5-fold,
respectively, and placed into a 500 m] Erlenmeyer flask with baffles to obtain

a reaction solution. " To this reaction solution was added
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A reaction tenperature can be arbitrarily determ ned
~ by considering 25 an optinal tenperature for the
" present protein, a tenperature for stabilizing a
~-substrate and-product,. and-the |ike. ‘For exanple, the.
reaction can be performed at -10 to 45C, preferably 15 -
N-(adpmprtay gy harhtheds midisl a¢i @G ot o FUGQ, congrdtration of 5000 pg/ml,

' pH pad kb GHl@aty apfeeafc%foqp! YrRe rb R3S W'g‘se:pse%g(ngn?gd %{t_ﬂ%p and 180

be arbitrarily determ ned, by consi an o
rpm3fprpdil thomure hanprasispte gr oneint qfthdedpnstvadi bildbdgand this was
anaBHRAK L& 306 JHQAUEP T, cANG, ke .  fQr . example, the ..
react iygn can gg{aperf or med aSE Qzef%i?l@,sup?rsgaetrean%/c%n‘fecf%ed nto

N-(ghydrert ndpmpndhar 2yl pBthal adyidand guadt i ol ar | gonversion rate

des®iB£nARLY 14 10 8. Areaction time can be arbitrarily

“det erm ned depending.. on the above various
[TakgnHi t i ons (i.e. a solvent used, a reaction

Bat REDA QUHESn QIn3aEiBACT | PPo1a3>] B¢ AT ?;5;%10:1&%{ S?n
o GERY P45 palFalanpi (019 < 1 dgotoo  hotdosy

preferably 5to 48 hours and nore preferably 12 to 36
Ex hOﬁr%Z An anount of the present protein used is not
*Bd¥ficularly limted, but the reaction can be
[oomdErfornmed at a concentration of, for exanple, 0.5 to
20 5 p.mol /L. [00641 In addition, in the present
Hydﬁ?’é%léégﬁn V\H[erﬁ%‘%%é%lreat‘é‘/ afestinge peetent! ¢ulbt méavtom  using
CYPa 09F oor gani sm capabl e of expressing the present

' i an inclusion agent may be
,lMagroteln are. acted, g y

bT$BE§FVVr5ddeq. Chenical stability or 10 solubility

of Re_ﬁlﬂ_bﬁxtgr@&%ﬂ)ﬂig\@tﬁﬁcr‘égﬁlggy'MJ_%%?gchnoorlogggbzc‘(Séba,t Gol. 71

Inhibition on _an enzyme or m Croorgani sm can Be. ’
P-42%et oot aXP EBERADE #8Ciir aftfeltardl Rimitom (HQEK) bHAENFIOIB1 and a
P450bRdr opeMRE SR dt)‘gl'aQMCLngeﬁ(lterI)'aQ'ed.a' CSY;PeI Qf‘igﬁ(ltl;,l Bsr constructing a
: ﬁgfcycl?dextrln y-cyclodextrin, and '
109%E: mgme (BEQ EPolext 1 nat Muarl ap)Ex{0666] PAB hatkdie was used.
PCRprvﬁﬁseBbrﬂagﬁl%ﬁsgmp%ﬁ%gapﬁq‘bfégﬁi%ﬁgg-&g%ﬂ)raessgntte late, and

_protein or a n1croor%an|sn1capab e of expressfng thé&'®

vusmpgr%@éﬁflerpﬂdfsgi%narl‘éo-é ? edtd smproven2yBEQ EDGNo NEDPHh®PCR was
per NG W@&E[@nhﬁ A\Mé_ﬁle %@Eegﬁs%é@o%%ké%mg%gmgi/%gtrain as

and, -further, a regeneration systemo
a templatss and using a primer 3 (SEQ ID No.: 9) and a primer 4 (SEQ ID No.:

| 10). Then, PCR was performed by employing each PCR product as a template,

and using primers 1 and 4, and the PCR product was inserted into a cloning
vector (pCR-BluntII-TOPO) (pCR-109FK). A fragment containing'é 109FK
gene was excised with Xbal and BamHI from the pCR-109FK vector, and
inserted into an expression vector pET21a to prepare an expression vector of
109FK (pET-109FK). |
[Seed culture]

Into Escherichia coli.(BL21(DES3)) was introduced pET-109FK, to
obtain a transformant. The transformant was seeded into a 96-well deep well

plate containing 500 pl of a LB medium per well, and cultured at 900 rpm and

37°C for 24 hours to obtain a seed starter.

[Main culture]
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coexi stent. In the present process, by the coexistence

of a suitable coenzyne 20 depending on a kind of the
present protein used, reactivity thereof can be

i nproved. [00661 In addition, since a coenzyne is ‘
consuned_with progression of a reaction (e.g. NN%F%Pi_

i s COMSurBE, DAAY CHAVET tBEdIHR od R d)in Egagnlei {y the seed

"' st_argg{ thar ﬁﬁfcu“)@ﬁdbﬁn s Qvad e pt Q%llcg%ieséoqﬁggnﬁfg 500 ul of the

.degeneration systemof the coenzyne. As the coenzyne .
maip gydteieattie 8 it Byktretre lval P alsP ¢efehlerand biis wyscahmradat 25°C

and Yo 4 Gb - @aCho genzyme. Exanpl es of a regeneration
system of NAD(P)H include a conbi nati on of gl ucose

 [Biogatplgkiscisgst ity dr ogenase; fornic acid and formc

aci gl cdﬁthf&f Qgﬁﬂfi‘&@;ofm Qéovp@ﬁoéew%eQH %QQQJ w '_-cehtrifuged to
dehydrogenase; 30 and the "like. [0067) An aéélplon , g
remglpihe VP rRasenboken2hies brctentalcerdhyy nBhe dgeheriat icols were
dilut¥S T §TPnhioph (¢aps ke p%@%éiﬁhle'ﬁh%é} HRE PLASENs0PY eg?tassium
can be arbitrarily ‘determ ned depending on a kin
phogp lafsstpthtletant? % Hdy pried e itmpF GHIRTA. §rmdl IYBT, 1 mM D-glucose)
I i SiMyU . 66. A} . Lon i $:S10 , L
conth AP SINGRm A.000 V8 MSAEL PN 10 0BET reacion
A regghivanvane egketeedrtsifcl asdd0 rpm for 24 hours. An equivalent
NL(E. o5 k) ) : |y y
o o ! SR ERTLR R E st W lFYHPLC an
as cot | ectesudt.a . 38%er modt atd on pulodmete f r omag he coeaettiedn into
. ) i f. 1Yy, roxylated  formof a
N “gﬁﬁggﬁ%%aﬁgsﬁﬁ%agﬁééﬁéﬁgﬁgéﬁﬁgs %?%?%h can be isol ated
froma nediumby solvent extraction, ‘i on-exchange
t ography, active carbon treatnent, re
Exaggggggllization, menbr ane separation or the |ike.
[0071069] 10 The present invention includes an enzyne
I tiljize r erform ng .t he .react.i on, anpl es .
Hydlgﬁg#l%égor{ Ya Q(ﬁ%xgantgne Q}; resti bac?%na %Iﬁég%ith‘bn using

he foll'om ng pro ei nS"EA protein ¢

CYR) 94K moutagitd sequence in which one to several am no

[hnggaggjgg%fq§hg%$g§E§#F%ﬁﬂtuted or added in the am no
acl d sequence 0 _

For introducing a - random mutation into a 109FK gene, an Error Prone
PCR method was used. Specifically, the Error Prone PCR was performed
employing pET-109FK as a template, using primers 1 and 4, and usiﬁg
GeneMorphIl Random Mutagenesis Kit manufactured by Stratagene,
according to the protocol, so that a mutation frequenéy became 0 to 4.5/kb.

The resulting PCR fragment was restriction enzyme-treated with Xbal and
HindIII, and inserted into pET2la to prepare an expression vector
(pET-109FKm).

[Screenihg]'

Into Escherichia coli (BL21(DE3)) was introduced pET-109FKm, to
obtai‘n a transformant. 2296 colonies were collected as the transformant,
each colony was inoculated in ’a 96-well dell well plate containing 500 pl of a
LB medium per well, and this was cultu_red at 900 rpm and 37°C for 24 hours
to obtain a seed starter. . ‘

,Using. the main culture medium described in Ex’ample 1, the seed
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No.: 1, and having hydroxylation activity. 15 -A
- protein consisting of an am no aci d sequence havi ng
. one to several -‘mutations. select ed fromthe group
. consisting of 177F, L357P, A362T, F41L,  177W M051,
T234A,; F2321, F232L and F232Min the ami no acid ,
star§%m§1qﬂulatggqq B B well deepy pebt Blaﬁemrms;agtumggSQﬁ ul of the
malﬁrb%lﬁmg]ﬁeﬂqu psequgﬁcgt%fplsggr Lvlglf\band g‘n sorfhsac t%trg!i at 25 C

contai ning an am no acid equence In

fand%?)eﬂam fami2dohewisds are del eted, substituted or added

in Ah&lm@g\ ﬁﬁk& %?%%nsg wand egw%% Hjﬂ yar Qs 9etr{t9{¥uged to

activit pr ot el consi st ng
remseqdéﬁcwnman@nfon@ bbtasevleaaierlahﬁedts OI’fEhS@laeCetI&dl cells were

dﬂ“fié‘pl:zgz Py he 2‘1302“ Q‘%’i’gm&%‘ zr’g%k??b\‘)ﬁfglé éd“@oﬁﬁtassmm

phosmhatee(hid), abl% glseqwén@emm FSFETA | B mdl DT, ]]'hleMeD glucose)
Re.9 [ned .b hod,.descri bed

conb%hmr?%ove A o(gggigr? %tran Olt) ehrflsggéarnélsdelﬁtacb o1io tﬁ.rt a reaction.

A reag0ipe] wad® drfio ek taltoth"Q hed Eseptn forvahthioans | nAInudqaLvaalent

I h d fu
sl LELLRURG SEIPRUES 00 TRCSRsCOIPOURIR A St o

revedeerrx/l&tsevéilv\h(}ch As a E'alelmatSEIIca)llomifes had act1v1ty which was
ohydr oxVyr 2- adamant anam ne (US f ul nin di

mmﬁ? (punlc:%?)gﬁla orrlélsoirﬁsabr ey CIF tr%%s "08 oﬁh é“?':tqelogFK

1ntrbﬂecéd)rthui-ean 35A p[d:&ﬁnfﬂ,llwaisl&ﬂ.traaelﬂl-lfro@ cal@dké, Ohd a mutation
vate t 0071] 5 1n additio pr esent

pOSL%hovnenvf’?%nl i nc 1edle llyt he WP F B ng "ESAP ’li’r"f{dg@7 ‘?‘ﬁésng among

res@@l’l‘{g)llﬂﬂﬂ&t&h&,uﬁﬂfslﬂituftm’n i@HUEiHRG amino acid was performed by

_site%@gptye%r %’%ég{o‘ﬁdggﬁfg 1(r:]kChange IT Site-Directed Mutagenesxs Kit

manufactured by Stratagene. Activity of each mutant was confirmed by the

same method as that of screening and, as a result, it was found out that

- mutations described in Table 2 improved activity as compared with other

mutations (e.g. mutations described in Table 3).

[Table 2] _
_ ‘Conversion rate | Relative ratio relative to 109FK

109FK - 12.9 . | 1.00

I77F 67.8 5.26
T77TW 67.8 5.27
M1051 28.0 2.17
A196D 21.2 1.64
F2321 31.7 2.47
F232L 38.7 3.01
F232M 0 31.7 2.46
T234A 26.3 2.04
T244A 21.8 1.70
"V399E 19.0 1.48
K702E 21.9 1.70
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useful as an intérnediafe of functional resins or ‘
medi ci nes. A conpound ‘of the formula: [Fornula 14]
-OOOH O' NH OH 10'a salt or solvate thereof.

.',[0072] Exanpl es of "salt" include salts of inorganic

aci ds-'such as- hydrochloric acid, sulfuric acid,

5ITah¥%? c acid, phosphoric acid.and the like; salts of-

‘organic J%m&@@%&%ﬂ‘ﬁg@%@w ya%f%fetﬂll{l%'t% n
methanesutfonic—aet-d—oxalic—aed u, eH-ric _ e
1¥R2Tsal tis_of dPehanic bases such as Oaffroni -
trpgekhyl anmoni wny trletwylannonlun1@nglthe Ilke
L. r [ PPN B I ch—as—sodi-um-potassium -and
Sdl 1S Ul I RKdar1 nmerar s tHeA—aS—Soe-tn Poteaoo+—itH

the like; and salts of alkaline earth netals such as
Exagghglyn] magnesi um and the |ike. 20 [0073] "Sol vate"

is such that the aforenenti oned conpound may be
[00%¥or di nated with an arbltrarlly nunber of solvent

Hy(ﬂ@k?f}ﬂ Prﬁirﬁﬁggkﬁé SerXp? %actema ce eac [i/n using

resent |nvent|on n nore
CYREROB himutmps byl eandamytmetsdsen are not |imt the present

g pul ati on procedure, unless
[h“ggxggafggffﬁﬁfgﬁfg %agﬁﬂﬂ 5 nmet hod described in

Mol Eenliatrodiuginh@: revdabonatariyn Matoa CYROMRI Edinki an Error
Proﬁg:ob@lis%bplgodwpgr é‘é?lporﬁ erc¥)1cm ngr%r nPﬁ(@ne PCR was

07 10 Hydroxyl ation adanmant’ ane by r est
%ﬂ?@blqyehg ere']adﬂBBn GsimfgCamB as a template using a primer 1

and a primer 5 (SEQ ID No.: 11), and using GeneMorphIl Random
Mutagenesis Kit manufactured by Stratagene, according to the protocol, so
that a mutation frequency became 0 to 4.5/kb. The resulting PCR fragmént
was restriction enzyme-treated with Xbal and Kp‘nI., and inserted into a 7kb
fragment of pET-109B1-CamA-CamB which had been restriction
enzyme-treated with Xbal and Kpnl to prepare an expression vector
(pET-109B1m-CamA-CamB).
[Screening] .

Into Escherichia coli ' (BLQ 1(DE3)) was introduced
pET-109B1m-CamA-CamB, to obtain a transformant. 880 colonies were

“collected as the transformant, each colony was inoculated in a 96-well deep

well plate containing 500 pl of a LB medium per well, and this was cultured at

- 900 rpm and 37°C for 24 hours to obtain a seed starter.

Using the main culture medium described in Example 1, the seed
starter was inoculated in a 96-well deep well plate containing 500 ul of the
main culture medium per well, at 5 pl per well, and this was cultured at 25°C "
and 900 rpm for 24 hours. .

A culture solution of the 96-well deep well plate was centrifuged to
remove the supernatant to obtain bacterial cells. /The' bacterial cells were
diluted with 500 pl of a potassium phosphate buffer.(50 ‘mM potassium |
phasphate (pH 7.4), 10% glycerol, 1 mM EDTA, 2 mM DTT, 1 mM D-glucose)

containing 1 mg/ml N’(adaman.’can'2'yl)-phthalamidic ac'id, to start a reaction.
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CYP 109B 1 [Seed culture] An expression vector
(PET-109B1- CamA- CanB) with a CYP109B1-gene (SEQ ID
No.:. 2) inserted therein was introduced into
Escherichia coli 15 (BL21(DE3)) to obtain a
transformant. The transformant was inoculated in 2 m

A r%%ctaOILBV%PeaPUﬁﬁrnmddab@BtG\patcbm@t rBMC N2 recirpr o@at bHGWalent' '

k usto obt ai.p ‘a. seed _
amoz{}gﬁr?;éfraéc[eﬁ/g?% cu ture?]n A (%1 X Aedl ({30 WS 6‘8""*738Zed by

revegse- W@Ppgpnhymso@s)res@tg/ 16 @oKR2P®Ad Quchivalyl wh1ch was
[ sam no acid, .100 M Ca

lmp\%lggd sltlczerglqoll&z\»a% cf% ?“_'f ht?lsa%v\é)?e % Aa8alPTIGe Y Wé?% JHT-109FK

intnepuFedOheagia- 1 Aviplasm Wsﬁéxtﬁalayéﬂ fom' colnileB] 8nWas mutatmn

d h [ nducti.on Sy mmanfactured by
posﬁ%’rﬁ % C{Ftrlgco%e Egms 151 Ut Eon ?‘Ic i ‘Ls%olefi\ﬂ1 oftutpfion was
recoj[g(f(grmgd dvdthef aamhetnﬁthoﬂ)ﬁ)s |th9ﬁ ﬂ&cﬂ@éxﬁﬂngCéiﬁtgegdsﬁlﬂéshmb it was
four@cpgu%‘qgaplx%t tée}tﬁon rr/g?gﬁﬂge bﬁég}: hﬁ%g%\%%l %ﬁtlw\;fgrsecompared
witk ophle s rartasronga® . g seededonn d&sSE)ﬂbem inWrgigtenm)ut hed
[Tatie! gneyer flask containing 50 M of a main culture

nd-this was cultured at 25C and 120 rpm for

24 hours. | ¢Biwoatal yitiec maatﬂv@nx]atw@epalﬂwewoelogm
sp(g jon was centrifuged To remove the Supe! mat-ant—to
o fnl n bact erl ] (‘Q! l§ The _bhact 9r|]ap Cel | S Wwere_~

dilf@Fed with 253815 of a pot assi um phosplmate buf f er
ot assi u osphat e H 7-4), gtycerot;
(2895 xM p gbgy p (p ) - 1§I]1a

HAM-EDFA—2—-M M D-gl ucose)
bAag¢&Fi al |cel | 2dohcentrati on in ternsl.of a culture
salyyfi on becane ol d, P.5-fold, and 5-fotd;
.Sﬁgg\,t. ey ﬁ i\' m‘ed into_a 500 mlb'é | enneyer
flask with baffles to obtain 35 a reaction sol ution.
T his reaction solution was added 37
[Tab}rg\g-}uanan_fan 2. \I| \-hhfh lam.dic acid to a final
concentr at |(bmwfrsﬁﬁﬂﬂatg/ m Reph-ltl‘{r.e4ratt0> b &llat i vat & ﬁ09B1
r@@g on. |' The r tion was perfornmed 28Cand—186
S3ai) ,IE, 31 hcurs?a%r} oqn¥aj_enf nrrnllnf(?;‘? acet one was
a 88 and this2@® anal yzed by reverseephase HPLC.
As a result, a substrate was converted into 5 .
N (5- hydroxy adamant an- 2. y1) - pht hal am dic acid at a

- Exaggr¢drsion rate

[0079] ,
Hydroxylation of adamantane by resting bacterial cell reaction using
CYP109B1 mutant with mutation of CYP109FK mutant introduced therein

A part of mutation of the 109FK gene found out in Example 3 was
1ntroduced into a CYP109B1 gene, and activity was measured by the method
for screening of Example 4. In this respect, bacterial cells were diluted with
1 ml of a potassium phosphate buffer (50 mM potassium phosphate (pH 7.4),
10% glycerol, 1 mM EDTA, 2‘ mM DTT, 1 mM D-glucose) containing 3 mg/ml
N-(adamantan-2-yl)-phthalamidic acid, and a reaction time was changed to 16

hours. As a result, it was found out that mutations described in Table 6 -
improved activity.

[Table 6]
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described in Table 1. [Table 1] Bacter| al cell

concentration 1-fold 2.5-fold 5-fold Substrate 5000
4g/ M 61% 100% 100% Exanple 2 10 [0076] Hydroxyl ati on
of adamantane by resting bacteri al cell react| on using

A

CYP 1O09FK [-Makinmgof—vect Referring—to—-Apptied

M crobi ol p&yPiyREsoB; l”d"ttéchn eégwez@@@ ralafive7tp, 109851

pLodThr 462 an ez;pr9e55| on vector of a fuged protein

o/DIAO Al PACARKf v ~ ||r-+| on r~|nn‘n| Tl

VA WaVYa¥ ul VAY
(LTUIrN) U \./II"J.UUL)J. ana ke s FWAVAR R} —Ccuotc \van

repafed. SPB@ fically, for constrlutdi ng a 109FK-

genmew( SEQ I D N061 A4), an Overl ap Exterls%)n PCR net hod

was, _used PER-—was—perforred—enptoying—pETF

883! canp- canB®39 a tenplate, and udidy a prinmer 1

(1SERQA D No. : 7)5argj a prlrrer 2 (SEQ 1@ Ne.: 8) and

PCR was—20 perforned—byenptoying—=a genofne of—genus
Rhodococcus NCIMB9784 strain as a tenplate, and using
On _ﬁ'xepf)t}{@r hanl S HiPmMion 9 a@@ﬂu@y R ¢ rﬂ%rC‘%P(l§§@1F%qu\pln which
Then, PCR was perforned %@ g each
m“tﬁFlaalR&%S HétrﬁdPéﬁ%F%ttOeF 23%%8@%@1’1}3?@ rtée Mgl daforgedeening

of EkRR pPCR: praductsyasid x@§§%1§ﬁ]d IOQlttQhat o2k (yees%&ﬁ{ed in Table
PCR-Bl unt |1 -TOPO (pCR- 109FK). fragnent containin

(
7 impropokRcYYilene was exci sed W th Xbal and BarH from

t he pCR-109FK vector, and inserted into an expression
vector pET2la to prepare an expression vector of
[Tabjggpk (PET-109FK). [Seed culture] Into Escherichia

col i (BLZ]-((RE?’\r)e)fsmsrdt@t rﬁgyzgtqge BEIlolga?ﬁ('vettg 109B 1FK

ht a1 =~
opntatrt—a r-ansftorant- ye—t+ransformant—was—seeded

i 9P b 96! vveII deép vveII pl ate contailm®hg 500 | of a

LB gmedi um per wellg and cul tured at 9q0§gpm and 37C

for —24—hoprs—to—obtatrn—a—seetd——starter—Ma-r—eu-ture]
1%t ng. |t he mafmM® cul ture medi um desdrébed in
‘H2gampl e I, thejgeed : 1.64
Example 6
[0080]

" Hydroxylation of adamantane by resting bacterial cell reaction using

CYP109B1 mutant (I77F)
[Sged culture] .

An expression vector (pET-109B1 (I77F)-CamA-CamB) with a
CYP109B1 mutant (I77F) gene (SEQ ID No.: 5) inserted therein was
introduced into Escherichia coli (BL21(DES3)) to obtain a transformant. - The

" transformant was inoculated in 2 ml of LB medium, and cultured with a 300

rpm reciprocating shaker at 37°C for 24 hours to obtain a seed starter.

[Main culture]

Main culture was performed as in Example 1.
[Biocatalytic reaction]

A Biocatalytic reaction was performed as in ‘Example 1. After t,he
reaction, an equivalent amount of acetone was- added, the resultant was

analyzed by reverse-phase HPLC and, as a result, a substrate was converted '
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starter was inoculated in a 96-well deep well plate
containing 500 | of the main culture medium per well
at 5 pl per well, and this was cultured at 25C and.-
900 rpmfor 24 hours. 5 [Biocatal ytic reaction] A
‘culture solution of the 96-wel | deep vel | pl ate was

' m“’c@n@r pf’@lffé‘d’ R MABHBY Vlr?epbmﬁellanatiamamd et @bt@iversion rate in

TabRAagterial cells. The bacterial cells were diluted
with 100 | of a potassium phosphate buffer (50 nM

[Talst8ssi um phosphate (pH 7.4), 10%glycerol, 1 nmM

BafRHy 21Ty OO Sluieoe) 40,6013 prgg |1 o n

mrehtan-2 ha_l_a_m{‘l tnqart a

Subsetaetq 6000 ug/méactl on weiss %per f onooek af 280%nd 900 rpm '

for 24 hours.  An equi val ent mount—of —acetone was
added, this was anal yzed by reverse-phase HPLC and,
[Puasicatioadul t, 18% of a substrate was converted into

N (5= dr ox amant an-2-yl) - haI am dic acid. 15
Exg%{ﬁ {eﬁﬁg YR GP At ™ | Ietv ez gAML SHee doyl 18 ml of the
sup ¢ gsttiang vbaascdﬂetrauaéd Cemher:ﬁqmtrlnalﬁahlﬁ(ﬂg ml@WQ@QEKom&iaJHto 5 ml

d ction ran mut.ati on] -For introducing
of R OIAEL 08 Syt ndo i o0, Flo A1 orution
andPﬂRtﬁ‘&t‘hCﬂﬂ VA Useehic Sp(ﬁﬁl fa ralal $0 %t BQuEBﬁQraicPrtQﬁ]@ sBff}ion to
was perf pET 109FK as a tenplate
obtaig, r?gl p H%er gfri“gﬁ'd rf‘g‘ﬁdalfi&’l"l‘?g fragthefoEn| IcoRasRisated, and
lyopMiIiag&_neSIﬁ) Ki t omuf act urasd by oSt r at agene, 425 powder of

‘ d tothe o so that a mutation
N RS h ey ABBERIEn B 05 R P KM @i b tREOPaR was analyzed

by NMEYHRA! adVaSek @R ki€dd NOERZErder0ad 8dtwebh BB #Nding H of
I11, and |{t]%er ed into EETZla to prepare an
n

L. 71e§ﬁgels§?0ﬁ et CPETLEOSPRMYIT U tSTe SBRT ATt eBOLLY A9 %.

1H Emnci(mmboad@)om 8. 1Bb 2t ) DE?)Q) w?m l(ﬂH{r Qqugggb gg?o(r%lHestd J=17.5,
tain a rranst or nmn

11y 300) [ Bt 66 40 $ne- VHBngr 67 bt b7 bah -8 0ng. ARG br. o),

3. 92 (g Uat eDs5i (2B 96-0eh lodeit, wel 1 oRl @tre. £9Nt aiinizig HOQ). 1.62

of _.a
(2H br. d, J=~12Hz), 1.61 (1H, br. s), 1.28 (2H, br. d, J=~12Hz)

Example 7
[0081]

Hydroxylatlon of adamantane by growmg bacterial cell reactlon using

'CYP109B1 mutant (I77F)

[Seed culturel

A expression vector (pET-109B1 (I77F)-CamA-CamB) with a CYP109B1
mutant (I77F) gene (SWQ ID No.: 5) inserted thérein was introduced into
Escherichia coli (BL21(DES3)) to obtain a transformant.

One platinum loop of | the transformant was seeded in a 500 ml
wide-mouthed Erlenmeyer flask containing 50 ml of LB medium, and cultured
at 37°C and 180 rpm for 5.5 hours to obtain a seed starter.

[Main culturé]

l1Lofal med1um (10 g/L tr1ptone 5 g/L yeast extract 5 g/L NaCl) was

_ sterilized, to thls were added- 1 ml of 100 mM FeSO4 20 g of glycerol, 30 g of
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35

LB nmedi um per well, and this was cultured at 900 rpm
and 37C for 24 hours to obtain a seed starter. 35
"Using the main culture medi um described in Exanple 1,
~the seed 39 starter was inoculated in a 96-well deep
wel | plate containing 500 | of the main culture

~ hydneggpaen el crelodexaring 10 per ofedd me(md ¢hibenigidlin, 10 ml of 80
_ mg/lﬁpbtéﬁxﬁgolétruﬁgg aﬂﬁdlgqgl gpgqrﬁmé/ﬁlflztﬁm%res 0.1 '@‘ o%%ééﬁ and 0.1

— solution of the 96-
ml of gxiqciapgéds 12l asndr éhba/@amhetsmﬂeyhamlamalanudabaaldnwhlch is a

subs@?&'{}e&/lagladqi%ldl §0’ T@Sapggﬁc% t?gtlggl(lfs%dﬁ élg Izlgl tu::,ﬁ%}?taln a main

a. pot assi ump OS hat e

: CUItEUt asliwm. pﬁ@sghatfert@prélfl(? IEQ) W&@W@@i%&:&l‘ 8| L~ ndi nijdlr contalnlng

1L -E{Aéﬂ m?a HMuRTTe tﬂl Fﬂ\{L %?lrln ng%gllqu{tn edtg}]controlhng at
) t ha am art a

adarmnt an- |c a to's
28° Q'e%{tQ irpm anA pga@tq onSwabomaér fanfterredu]a;mrﬁ&:m'rtdatﬁaﬁ) EPHG was
add{cﬁé%%gégxoagrchnc/_\lﬂt !rn\é‘ggul ag?lglﬂ; %El%g%g,n%ag\éarglno acid,

glycemilerngd- pha@etr}d@b@veﬁs aablrtesully adglladc(alndnaagaxhaﬂnt of a finally
: vt | C ved 0-fol d or. nore :
ndd B b P e YR e g s A et imitiation,

the teha@rtmnnwaAapllaaﬁmcbbmsvemerahhedmmaaﬂl ani £8¢s1@Dd6 B of the
tation ositio S | tified by, sequencin :
sub éager di ng g 2L Fggtf aI\rgrgﬁ hyldsmxgs%%lf’ﬁ g%tza&)oq%halamldlc

ac1dsubst|tut| on. W|th ot her am no acid was performsd by
site-directed nutation using QuickChange I1
Site-Directed Mitagenesis Kit manufactured by

ExaftpiatBagene. Activity - of each nutant was confirmed by

'[oostzz same nmethod as that of screening and, as a

sult, it was found out that nutations described in
Hyd’f@h}letﬁ:ni rqdr Q‘dadxacﬁain\éi thy @ro@ﬁﬂ'@arb&dtwmh &ilhef'eaCZQ)n using

tion i ons described in Table 3
CYP@%’%l 33 ’&E\% e .Pé?*i ﬁé?%tolf\}w%‘wdowﬁér%@#aélatnaanamme
[Pro]iﬁlfa’alén di0&FHodl2. 9 , 1.00 | 77F 67.8 5.26 | 77W67.8
E!vnégemc%la co? leO@]é%Panz&enved g%ycerol dehydrogenase gene

(SEQ ID No.: 6) was inserted into pCDFDuet to construct an expression vector

(pCDFD-GLD).

[Seed culture]

Into Escherichia coli (BL21(DE3)) were introduced pCDFD-GLD, and
pET-109B1 (I77F)-CamA-CamB described in Example 7, to obtain a
transformant. One platinum loop of the transformant was seeded> in a 500 ml
wide-mouthed Erlenmeyer flask containing 50 n;l of LB medium, and cultured
at 37°C and 180 rpm for 7 hours to obtain a seed starter.

[Main culture] -

1 L of a L medium/M9 (10 g/L triptone, 5 g/L yeast extract, 6.78 g/L
Naz:HPO. (anhydrous), 3 g/L KH:POs, 5.5 g/L NaCl, 1 g/L NH4CD was
sterilized, to this were added 1 ml of 100 mM FeSO4, 20 g of glycerol, 30 g of
hydroxypropyl-B-cyclodextrin, 1 ml of 50 mg/ml carbenicillin, 1.ml of 50 mg/ml
streptomycin, 1 ml of 80 mg/ml 5-aminolevric acid, and 10 mi of 2 mg/ml

thymine. Further, Overnight Auto Induction System manufactured by Merck
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F2321 31.7 2.47 F232L 38.7 3.01 F232M 31.7 2.46
T234A 26.3 2.04 T244A 21.8 1.70 V399E.19.0 1.48
" K702E 21.9 1.70 40 [Table 31 Conversion rate Relative
ratio relative to 109FK -~ M272T 10.1 0.78 F232K 2.7

.0.21 Exanple 4 [0078] 5 Hydroxyl ati on of adamantane B
(Solbyiomedt rzngmkb,a&oeautﬂlah Helsb neac$oloniasili 1 GVP #@9Badded, and

N- (g b2 N R o RS b Bp o OEES, adgp to a

flnalQQBcé.ng@I”ﬂﬁm aﬁ5E¢D(ﬁ @iz/mPr onebPGR ﬁTBhli]ﬁdcx\i\BﬁruSﬁéiﬂmm A seed

Spe Err Prone PCR er.forne '
“targRE8) R BT LUOHL Do O RSBV BIRE di b0 JaFng i culiure
med@ﬁmUBi'ncﬂ.cﬁndrﬁqQJWhﬁ'&ﬁlﬁa(eﬂEQy|c|3n|is|@olhn]glét; 281T(d &80 APm, and pH

phl 1 Random - Mit agenesi s Kit uf actured b
6.5.g¢ ﬁi‘f%ﬂj‘énéu YR dicAG2 T ?hécﬁfotg&?ﬁronsé‘n RatSupstrate were

arbitWh Al QadbaeqHenGyakeaarwfQ fi@aflyddkibd Jliesth@6Utdddh@d 30 g/L.

PCR fragpent was restriction enzy treated with Xb
Sevemty KPAI HO WY 4 i eF 446419t BIH2 PR e FEfH s ana WFyzed by

revepx%-é- ﬂl@@&lH@QJ(Aad ﬁ:&nﬁs We@hlﬂqaﬁfﬁ‘}bﬁflﬁhé 8abEirGké s converted into
nzyme-treated wit | and Kpnl to prepare an
N- %%Wéggv o apatign 2 phErhiboB Mifiest CanB) .
[pu{q%aem ng] Into Escherichia col | (BL21( DES)) vvas
i ntroduced 20 pET-109BI m CamA- Ca to obtain

Ctr aﬁs‘f‘ﬂr‘ﬁ%ﬁ‘n?‘)l“és’cﬁl ?faﬁaﬁip%gte\/eervéﬂtéwrié%&héaﬂasa%éo pH of 4, and
stedi{iaB&f OF MBOLC t62GH QOh ORY, Wasl bNEItkadifs driug W8s WRlplrotected.

A pIqusvas adJusted with an-aqueous sodium hydroxide solution to 7, and the
resultant was centrifuged to obtain 1.65 L of the supernatant. 1 L of the
supernatant was adsorbed on 300 ml of an ammonium ion-type Diaion PK208,
and this was elutéd-with 2 N aqueous ammonia to obtain an active fraction.
The active fraction was concentrated, lyophilized, dissolved in 100 ml of water,
and adsorbed onto 120 ml of hydroxide ion-type Amberlite IRA410. This was
eluted with water, and an active fraction was obtained, concentrated, and
lyophilized tb obtain 9.64 g of a powder of monohydroxy-2-adamantamine. A
purity was measured by the FDLA method and, as a result, a purity of

monohydroxy-2-adamantamine was 96.6%.

- Example 9

[0083]
[Formula 15]

o
o
S HO """'N»\/é"/
N~ =N
O e @ o
WSC :
: HOBT HO
TEA :
3 DMF, r.t,14hr 4

To a sohition of Compound 3 (150 mg) in dimethylformamide (DMF) (5
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wel |l plate cont ai ni ng 500 pI of a LB nmedi um per well,
and this was cultured at 900 rpm and 37C for 24 hours
to obtain a seed starter. Using the main culture

medi um described in Exanple 1, the seed 25 starter
was inoculated in a 96-wel| deep well plate containing

ml 500 Wergf t Hdldegni n manphydromdRum peanweldmiat 5 (1481  mg), |

1-h kybaRsbitfiSinas cul tured £pC and 900,y pm for 24 '
%%llj)rg A cul ture sol ution o@%e 96- wel | de(ep wel | mg),

1- (3p111a’t%thmé%me@mI‘rqptvlh)gédetmlcarréwdventdwe hsmae)rchatraﬂé HWSC) (174

"mg)Ok&tn@' fribaghigHiak @4)5(181-0%1}93‘&5(?&] ﬁ nﬁ xiogegu'flifrg?s;?%%re and

luted with 500 tassi um pho _
the mxp@f%g@,smﬁxmqég@hmoen (tpHp%rd)urelﬁ% g4 yoeral , AltefMompletion ‘
of tl@?éoactgomw-ﬁ dri]%slmyk &qu el)ll) v‘v:é)s'f‘t én@éﬂtwng{g; extraction - A

N- (adanmant an- | c ‘acid,
with etbi creetatel ATheao;tgch\}aasrepepvfa@r ﬁﬁ@hﬁtma’aﬁgz aath&i)meh an -
L f.Qk hQurs, /;;p 1Y unt f acetone. was
aquttpﬁé@n sg télgadt q % dlruesu g!ﬂ b %, et lélggq B)I} agueous saturated
SOdlrué‘t/élhé@uﬁ)ﬁégbumcanASh‘ae¢ @swlrtmagﬁemnhmnue&taadA solvent was

I ed. 1.2 nmor e )
rem@%d Vé]#(ygw?rrg%s Or%%:ﬂp ft/?tgl SETS i’ﬁ@ﬁ@qﬁﬁrﬁ%%%@“y to obtain
Contpt?elrﬂellﬁ(fz%lplgésm d was extract ed fromcolonies, and a -
NMEUIGDERD: POBIALPTY 6192 MTRLIALE3 0 SEBPTE B sithes o o
J= 6r€eﬂho@}ﬁ56t2faﬁ Hf (mciéRnirryl éndjHas a result, it was

found out that mutations described in Table 4 I mpr oved
activity as conpared wth other nutations (e.g.
Indwattrietli apdickéstity bed in Table 5). 10 [Table 41

' {Ooﬁgnversi on rate Relative ratio relative to 109B |

109B 1 23.2 1.00 177F 33.5 1.44 L357P 30.3 1.31. _
A36PHe 2rekefit IorocEdd lca26bé hitillbzed habhepbiceGanysr %‘r@@ucing a

[ 9B 1 E242K 14.
hyd%ﬁ%ﬁa%%ll trlmvgf gactolm%oru%ldaheltyi%gtgn% amantane skeleton useful as an
intermediate for functional resins and medicines, at low cost and with hlgh

yvield.

Sequence listing free text
[0085] | _
SEQ ID No.: 1 represents an amino acid sequence of CYP109B1.
[0086] | ' )
SEQ ID No.: 2 represents a base‘ sequence of a gene encoding
CYP109B1 used in Example 1.
[0087] .
- SEQ ID No.? 3 represents an amino acid seciuence_ of CYP109FK.

[0088] | |

| SEQ ID No.: 4- represents a base sequence of a gene encoding
CYP109FK. |
[0089]

SEQ ID No.: 5 represents a base sequencé of a gene .encoding a
CYP109B1 mutant (I77F).
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. O46R 23.2 1.00 Exanple ,5 15 [0079] Hydroxyl ation of
- adamant.ane by resting bacterial cell reaction using

CYP 109B 1 nutant with nmutation of CYP 109FK nut ant
i'ntroduced therein A part of nutation of the 109FK
gene found out ‘in Exanple 3 was introduced into a

-[OOEMP109Bl gene, and act|V|ty was nmeasured by the nethod

ﬁ?rﬁen 6nge t.hi respe

bac

10% gl ycerol, 1 nM EDTA, 2 nM DTT, 1 nM D- gl ucose)
containing 3 ng/ M. N (adamant an- 2-yl)-pht-hal am di c
acid, and a reaction-tine was changed to 16 hours. As
aresult, it was found out that nutations described in
Table 6 25 inproved activity. [Table 6] 42 Conversion
rate Relative ratio relative to. 109B 1 109B 1 47.9.
1.00 177F 70.9 1.48 " 177W61.2 1.28 ML051 57.5 1:20
T234A 55.8 1.17 On the other hand, confirmation of
activity of the CYP 109B 1 gene in which nutation was
i nt'roduced into F232 was perforned by the method for
screening of Exanple 4. As a result, it was found out
that nutations described in Table 5 7 inproved
activity. [Table 71 Conversion rate Relative ratio
relative to 109B 1FK 109B 1 9.6. 1.00 F2321 14.9 1.55
F232L 14.8 1.55 F232M 15.7 1.64
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Exanpl e 610 [ 0080] Hydroxyl ati on of adamant ane by
resting bacterial cell reaction using CYP 109B 1
mut ant (177F) [Seed culture] An . expression vector
(pET-109B1 . (177F) - CamA- CanB) mﬁth a 15 CYP109B1

mut ant (177F) gene: (SEQ ID No.: 5) . inserted therein
was introduced into Escherlchla coli (BL2 1(DE3)) to
obtain a transformant. ~ Tjginkransformant was

~inoculated in 2 mM of LB nedlun1 and cultured with a
300 rpmreciprocating shaker at 37C for 24 hours to
[1] ORt &idcAssSeesk SE)%(I@Jlng[ I\@i n N:l&)t (ﬁ“]ox?oﬁ %'aﬂla%&buge%zamlde

was perfornmed as in Exanp |oca

~ derivadiste; Ghpr2¢tBr st é>|Yythyclrpea@ttnm aas No€t ﬁéﬁn@@tals) henzamide

demﬁa@g@l@mgg(gﬁggﬁmﬁggp4%gactlon an equi val ent anount
of acetone was added, the resul tant was anal yzed by

(2] [ BhermsecssitagfeCHAMCland, "as a result, a substrate was
wheggﬁv%éo%grorﬂg pP;dN (5-hydroxy
adamant an- 2-yl )-phthalan1d|c acid at a conversion rate
a priofeinTegyisgs@ne [of 5 emgho Baid eeintneebf SEGhEBNNp atli on3, or
a p!‘%-télcﬁl gOI?S'l ltlgloq. a,':}l ;191 F &%%&Jké%gﬁg}lge ?IQQ’Q[II%{‘IM 98 O/SG;LVOE(%Z amirio
5 [Purrfication e reaction so as
aCN@ ﬂh@“bﬂeVES gerstiivtagedr ad@emhnoﬁhehemlsmpemhamambnce and
h hoRE A ed . n Thesupernatant (40 nml) was adsor bed
avﬂﬁ? y yn oPnHPZbSSP and this was 2CV-washed with a
[3] OTEQ&Hug@ﬁw@fﬂbamnd-aC|d solution, and eluted with
n.far nd a 50% aqueous acetone sol ution
Whe?8A3%§§b?g§%Qg%E%c Gve fraction. The active fraction
a pwakeiconeenistiaged! andanliypophicid zed temcebthaiving 2 enroofseveral
d - adamant an- 2- - phthal am di
mu i@ RRe e ol BN DORTR O Rk PpdP, M0 pans,
I77TWedl1Q51, 912346\, M@BZ/I@SF%I@QE&N@(FMMBGWHE! Ohido 92id &dtfhence of

SEGBMNG.: 1, or
a protein con51sting of an amino acid sequence having one to several

mutations selected from the group consisting of I77F, I77W, M105I, A196D,

~ F232I, F232L, F232M, T234A, T244A, V399E and K702E in the amino acid

sequence of SEQ ID No.: 3

[4] The process of Claim 1, wherein the N-(2-adamantyl)-benzamide derivative

is a compound of the formula:

[Formula 1]

wherein R is hydrogen or a hydrophilic group.
[5] ' Thev ’ process of Claim 1, wherein  the

N-(5-hyhdroxy-2-adamantyl)-benzamide derivative is a compound of the
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1.71 and 1.62, it was found out that the structure was
Anti entity 100% 15 1H NVR (DMSO-d6) 6 : 8.40(1H, br.
s), 7.74 (1H, br. s), 7.522 (IH td, J=7.5, 1.1Hz),
7.461 (1H, td, J=7.5, 1.1Hz), 7,40 (1H, br. d, J=
‘ -8Hz), 4.40 (1H, br. s), 3.92 (1H m, 2.05 (2H br.
;®r¥#¥*1.97 (2H m, 1.96 (1H, m, 1.71 (2H, br. d), 1.62
[Fornddta BT. d, J=-12Hz), 1.61 (1H br. s), 1.28 (2H br.
d, J=-12Hz) 20 Exanple 7 [0081] Hydroxylation of
adamamtane hy grow ng bacterial cell reaction using
» QB1 nutant (177F) [Seed culture] 25 A
expijessi on vector (pET-109B 1 (177F)-CamA-CanB) with a
CYP109B1 nutant (177F) gene (SWQ ID No.: 5)-inserted
hefEi n was introduced into Escherichia col
21(DE3)) to obtain a transformant. One platinum
gop of the transformant was seeded in a .500 n
oW de-nout hed Erlenneyer flask containing 50 ni of LB
medi um and cultured 30 at 37C and 180 rpmfor 5.5
hours to obtain a seed starter. [Main culture] 1 L of

a.. L_medium (10 g/L triptone, 5 g-/L. yeast extract, 5
‘wheggin ﬁd@%y%§e“§{r&-thFif%ﬂl}llf%gf‘h‘ils- were added-.1 m of
[6] %@@ofﬂ\éslzﬁs%od(agir& Qrcog{d’(ﬁﬁ_{cplofiggég%?lagg '

roxypropyl - (3-cycl odextrin, 0 mg/m.
{Fq%%f%%ﬁfcil1rn_'lo- m of 80 ng/nm 5-amnol evulicic
aci dptO M of 2 ng/m thymne, 0.1 g of MyCl2, and

~““ m? of Adecanol LGI21, and

adamaft An- 2-yl ) -pht hal anidic acid which is a

pbstrate was added to a final concentration of 5000

HO9/m, to obtain a main 5 culture medium, A seed
starter (40 .m) was seeded in 3 L-mnijar containing
1 L of the main culture nmedium and culturing was

j.ni.ti.ated cantrolling at . , .600 rpm and pH 6. 5. _
chaigll {OLEC B cVlfo g™ Y CPdinirony e st i zamide
derivetixeflinahe poncartdfatioinofo fICTVIN DUk BY agll t Ui Ng,
S ninotacid, gl ycerol, and a substrate were
BflPﬁfin added, and an amount of a finally 10 added
[7] suBser atjeraceachedf30 @laim Sewent Yehtaw@ctQWesl af £.€F  that  the

N-(s-Eagtion initiati t he nggf lgg%xeé?;gg¥¥éﬁg£3¥

C
d
rig

- - o _-
r 8V AREE LR a’ﬁﬁﬁ@qgr?&,nzé?l v
[8] A process for producing a compound of the formula (III):
[Formula 4] '

H L
WN-R3*-R?—R'—A
()

HO -

characterized by obtaining a compound of (I) by the process of Claim 6 or 7,
and _

reacting with a coinpound of the formula (II): A-R1-R2-R3-X

wherein A is an _optionally substitut.ed cyclic 'hydroca>rbon group or an

optionally substituted heterocyclic group, R! is a single bond, -C(=0)-, -O- or
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a probiidl odsistingnst A BNt 08 R 8%5?#”%'8%8&8 Bth he

.substrate was converted into ' ’
N- ( 5- hydr oxy- adamant an- 2-yl ) -pht hal am dic acid. 15
Exanple 8 [0082] Hydroxylation of adamant ane by
grow ng bacterial cell reaction usi ng CyP 1098
rru ant (177F) and production of
ShiPdR oRP &2 RaBfett apkienadly FPbe@u‘cteldomllvflevecBérl]s a single

’ bon@@r"@(@ﬁhﬁrﬂscﬁhﬁd S%rl)Mﬁao%a%é@ﬁ Rz dey aV?xgg %%gtg;?rde{lved from

dehydr ogenase %g was i nse
a hysleprpoupo agd tmbtdmeexpr esénoeﬁlkye@twwuted alkyl.
[9] A RO hyd S8SHh GHE Ly 84 iehia coli

(BL21( DEs)i }\’Ner e?| nt r%(?ucedahCDgﬁ)-E%%%%E o?g ccﬁgpound having an
adappnrapgpke elfP?lF)m@aﬁﬁJGanoBldescrl bed in Exanple 7, to

transformant was seeded in a Ufheg®r & or
a Prpf¢ignpeyseptipaafiac emiap micad 5Quehceofin thnkrhohnmto aederal amino
ac1d%ula}é'r@ecietér’g §Z§st§ﬂﬂ &Ser‘ ({Q% rli}?t}bours to ob al n ance, and

seed starter. [Main cul tur M RS

'haV’(nE)h@ﬂ{thrlﬁb‘tO@n@tl\Stg/L yeast extract 6.78 g/L

NS LRGIRND) 3y 8Ly S 308 R ot Ghfover

amlwapewrezﬁlgtedf sgllbyc@noéd OSOicgieoif in the amino acid sequence of

| SE¢YHYN5YHF Qﬁ%@ hg%rﬁc‘gyﬁ#&g)gétd 1mh act%vn:Of 50 ng/ m

car beni ci | 3t’)torrycln 1 m of
[11]g4 mytein Soarisiol el ian aammo andl 0qutnaf havimd Fﬂne35o several

n verni ght Aut Ind em
e o by s 8 PP el (36 PR RaeT. ParL
I77WI M:S@&ﬁ TQSdIAutE&ﬁEIl F|232Lnit)d\llk%32&(ﬂdﬁdheandlno acid sequence of

]g mant an- 2-yl ) - pht hal am dic acid which is a.
su strate was added to a final concentration of 5000

[12] lg) pirotetio cosadting offha aCIthlntouaiﬁleﬁd;iulémce AfSHBQ IIZSI\Q;H €l or

s seeded i.n L-m nijar contai ni ng of
a pr%gmnﬁzlﬁ%uf?% %mﬁ%cdlalf sgﬁdjegﬁ?tlﬂr‘i"ﬁ&}\/vﬁgelﬁ‘h £§ ey amino
ac1dbyaceonierlgtdd ngu}asttlﬁﬁﬁd 5f)01d’¢rml ianeh P mfnod acUrdeR@ence, and

h W?B LLN asan no acid, glycerol, and a substrate
3 y |?r13P|a}Ctl A¥¥ed, and an amount of a finall y

[13] addleubtsubstomatseur@a’cﬂmd a315)11gf licid sequence having one to several
mutattons selected from the group consisting of I77F, I77W, M105I, A196D

F232I F232L, F232M, T234A, T244A "'V399E and K702E in the amino ac1d
sequence of SEQ ID No.: |
[14] A compound of the formula:

[Formula 5]

~ CO
e \”T_’/ OH

" a salt or\avsorlvate thereof.

[15] A compound of the formula:
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Seventy-two hours after reaction initiation, the
reacti on was anal yzed by reverse-phase HPLC and, as a
result, 90% of the substrate was converted into 10

N (5- hydroxy adamant an- 2-yl ) - pht hal am di ¢ aci d. s
[Purlghcatlon] A culture solution was adjusted wth

i[FohWﬂ HEhloric acid to pH of 4, and sterilized at 120C -
for 15:mnpnutes, and a protecting group was
depr ot R A pH was adjusted with an aqueous sodi um
hy GRex solution to 7, and the 15 resultant was

centfri fuged to obtain 1.65 L of the supernatant. 1 L
f tN#e supernatant was adsorbed on 300 ml of an ]
niumion-type Diaion PK208, and this was eluted
h 2 N aqueous ammonia to obtain an active fraction.
e active fraction was concentrated, |yophilized,

Odhi ssolved |n 100 Ml of water, and adsorbed onto 120

dro on-type Amberlite | RA410. This was 20

as%? Gfé@ 1th Fg# and an active fraction was
wh@lahalmmjhy@ﬂrg@emw atdirophRdic kyophi | i zed to obtain

9.64 g of a powder of mnonohydroxy-2-adamantamine. A
purity was neasured by the FDLA nethod and, as a

- result, a purity of nonohydroxy-2-adamantam ne was

96.6% 25 Exanple 9 .  [0083] [Fornmula 15]-Z,,"NH2 OO
O/ HOH-N HON WC HO HOBT 3 TEA 4 DM, r.t, l4hr
To a solution of Conpound 3 (150 ng) in -

di met hyl formam de (DMF) (5 46 m) were .added

nonohydr oxy- 2- adamant anam ne (140. ng),

1- hydr oxybenzotri azol e (HOBT) (31 np)
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1- (3, -di met hyl-am nopr opyl ) - 3-et hyl car bodi i m de
hydrochl oride (WBC) (174 ngy) and triethylan ne (TEA)
(180 m ) - under the nitrogen atnosphere, and 5 the
m xture was stirred at roomtenperature for 14 hours.
After conpletion -of the reaction, 2N hydrochloric
acid (30 m) was added, followed by extraction wth
- ethyl acetate. The organic | ayer. was sequentially
washed with an aque%ﬁ@%%ﬁﬁ%tle@'%%@um bi car’bonat e
solution and an aqueous saturated sodium chloride
solution, and dried over magnesium sulfate. A solvent
<1Mhs Bhipeppy&lCoahddt he residue was purified by silica
gel chromatography to obtain Conpound 4 (226ng). NWVR
(CDC13); 1.06 (d,. J=6.6 Hz, 6H), 1.53-2.20 (m 14H),
<1272 0@P0MABWS. 98 (d, J=6.6 Hz, 2H), 6.25-6.30 (m -
1H), 7.71 (s, 1H) 15 Industrial applicability [0084]
The present process can be utilized as a process for
<1300duchigcess foydrhaxytaiadctiaf Bf afd aan L0116 Uit doavd ¢ gy 18
adanaq}age ske#gégn useful as an internediate for
f uncty 'GFar °Fés and nmedicines, at |ow cost and with
high 20 yield. Sequence listing free text . [0085]
SEQ ID No.: 1 represents an am no aci d sequence of CYP
<l . 25 [0086] SEQ ID No.: 2 represents a base
sequence of a gene encoding CYP109Bl1 used in Exanple
1. [0087] SEQ ID No., 3 represents an amno acid
<1%@qudhntentbr veyPioofie 30 [0088] SEQ ID No.: 4
represents a base sequence of a gene encoding CYP
109FK. [0089] SEQ ID No.: 5 represents a base sequence
<2pf>a Igene encoding a 35 CYP 109B 1 nutant (177F).

<211> 396
<212> PRT
<213> Bacillus subtilis

<220> ‘
<222> (2)..(2)

<223> Xaa is Asp or Asn residue. 7

<220>

<222> (113)..(113)
<223> Xaa is Arg or Gln residue.

<400> 1
Met Xaa Val Leu Asn Arg Arg Gln Ala Leu Gln Arg Ala Leu Leu Asn

1 5 ' ) 10 , 15

Gly Lys Asn Lys Gln Asp Ala Tyr His Pro Phe Pro Trp- Tyr Glu Ser
20 , 25 ' 30
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[T}

47 [00901 SEQ ID No.: 6.represents a gl ycerol _
dehydr ogenase gene derived from Escherichia coli J'M
109 strain. { .5 ~1! 48 Cains [1] A process for
produci ng an N-(5-hydroxy-2-adamantyl)-benzani de 5

- derivative characterized by hydroxylating an
N- (2-adamantyl ) - benzam de derivative using cytochrone
P450. [2] The process of Claim1l;, wherein cytochrone
PA50 is a protein consisting of an am no aci d sequence

| Mepkrgﬁgé st%l:a BrOKad . srrio KPRt et AOASESE Vag Tah

an amno acid. sequence in which one to several am no
aci ds3@re del eted, substdtuted, or added % the anino
aci d sequence, and having hydroxylation activity. [3]
The process of Caim1, wherein cytochrone P450 is 15
a protein consisting of an am no acid sequence having

one several , nmutat i I h

seroORb g RS o i At Eb RIS RIR5, PAL R P iy
T384A, F2321, F232L5&and F232Min the &fino acid
‘sequence of SEQ ID No.: 1, or a protein consisting of

an am no acid sequence having one to several 20
nmut ati ons selected fromthe group consisting of 177F,

A77W _MLO51, A196D, = F2321, F232L . F232 34
LeyFhenSe 3S§’9"qu%13getK$f)‘2 innGllﬂéﬁé?risﬁB%%i'\ﬂ&e E'szléfquéerﬁcseerof
65 SEQ I D No.: 3. [A] The process of @aim1l, wherein tdte

N- (2- adamant yl ) - benzam de derivative is a conpound of

the formula: 25 [Formula 1]

Ile Tle Asn Met Asp Pro Pro Lys His Thr Lys Ile Arg Ser Val Val
85 : 90 | 95

Asn Lys Ala Phe Thr Pro Arg Val Met Lys Gln Tx"p Glu Pro Arg Ile
100 105 ‘ 110

Xaa Glu Ile Thr Asp Glu Leu Ile Gln Lys Phe Gln Gly Arg Ser Glu~
115 11200 125

Phe Asp Leu Val His Asp Phe Ser Tyr Pro Leu Pro Val Ile Val Ile
130 135 _ 140

Ser Glu Leu Leu Gly Val Pro Ser Ala His Met Glu Gln Phe Lys Ala
145 150 o 155 160

Trp Ser Asp Leu Leu Val Ser Thr Pro Lys Asp Lys Ser Glu Glu Ala
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~OR NH wherein Ris hydrogen or a hydrophilic group.
[5] The process of Claim.|, wherein the :

N. - (5- h. yhdr oxy- 2- adam ant yl ) - benzam i de derivative is
a conmpound of the 49 .-fornmula [Formula 21 1'-R O
NH Z9 OH wherein Ris hydrogen or a , hydrophilic
group. 5 [6]1d%5 process for progusi ng a conpound pf5 t he
formula: [Formula 3] NH2 (1) HO characterized by :
obtai ning an N-(5-hyhdroxy-2-adamantyl)-benzam de
derivative by the process of any one of Clainms 1 to 5,
and 10 deprotecting it. [7] The process of C aim6,

Glu hap ddieeP heda v fFluHaku Ahg Asp Lys Cys Glu Glu Glu Leu Ala

N (5- hyhdiggxy- 2- adamant yl ) yhgnzam de deri vat i1§8 IS not-
isolated. | 8] A process for producing a conpound of
the formula (I1l1): [Formula 4] H \NR3-R2-R -A ( |11
) HO 15 ' : :

Ala Phe Phe Ala Gly Ile Tle Glu Glu Lys Arg Asn Lys Pro Glu Gln

195 200 - 2056

Asp Ile Ile Ser Ile Leu Val Glu Ala Glu Glu Thr Gly Glu Lys Leu
210 ' 215 220

Ser Gly Glu Glu Leu Ile Pro Phe Cys Thr Leu Leu Leu Val Ala Gly
225 | 230 v 235 240

Asn Glu Thr Thr Thr Asn Leu Ile Ser Asn Ala Met Tyr Ser lle Leu
| | 245 250 ‘ 255

Glu Thr Pro Gly Val Tyr Glu Glu Leu Arg Ser His Pro Glu Leu Met
© 260 + 265 270

Pro Gln Ala Val Glu Glu Ala Leu Arg Phe Arg Ala Pro Ala Pro Val
275 280 285

Leu Arg Arg Ile Ala Lys Arg Asp Thr Glu Ile Gly Gly- His Leu Ile
290 295 300
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characterized by obtaining a conpound of (1) by the

process of Claim6 or 7, and reacting with a conpound

of the fornmula (Il1): A-RL-R2-R3-X wherein Ais an
optional |y substituted cyclic hydrocarbon group or an
20 optlonally substituted heterocyclic group, Rl is a

-‘Ly% g.l 1 g@ Meg\@@)Leu A8 e V3P MRAser K2, A%n%xsé Rg{)e

or” optionally substituted al kyl en' g, is a
308ingle bond or YEO-, Xis a hydgb&y group, hal oget?0
~or a leaving group derived from a hydroxy group,
and-R4 is hydrogen or optionally substituted al kyl .
[9] A nethod for hydroxylatlng an adamantane part of a
co nd hav ng ,an n kel gt £l i
GIf §ﬁ%g 5 protelﬁph ﬁ%?% ng o%%gﬁ‘g gg?éxggguéike
of SEQ ID No3251 or 3, or a présein conS|st|ng o83an
am no acid sequence in which one to several amino
acids are deleted, substituted or added in the am no
aci d sequence, and having hydroxylation activity. 10

APy PRa%s 8180057 Ky M AT BT R0 GRS A

substltuteﬁ)or added in thegggn no aci d sequergs of
SEQ ID No.: 1, and having hydroxylation activity. [11]
A protein consistrng of an am no acid sequence having
one to several nutations selected fromthe group
consi sting of 177F, L357P, A362T, F41L, 15 177W
PrIV[LI@@lAlHT?@ngLer@leAlél:Z@zLﬂan%ﬂaFEBQI\Th”hSﬁhé%‘n{hqos%l d
sequengg of SEQ ID No. ggd. [12] A protelgﬁgon3|st|ng
of the am no acid sequence of SEQI1D No.: 3, or a
protein containing an am no acid sequence i n which one
to several amno acids are deleted, substituted or
added in the am no acid sequence, and 20 having
A]hyﬂheMoaHi@Meaclei(Iyw V4l1S¢r Alpibtrel ro ElenSi s tAismgS erf
Zﬁlno acid sequenge havi ng one to S&y ral
? ions selected fromthe group consisting of 177F,
177W MLO51, A196D, F2321, F232L, F232M T234A,
T244A, V399E and K702E in the am no acid sequence of
SEQ ID No.: 3. 25 [14] A conpound of the fornul a:
Val Ile Tyr Gly Leu Lys Ser Phe Arg Val Lys Met’

385 390 395
<210> 2

<211> 1191

<212> 'DNA

<213> Bacillus subtilis

<400> 2

atggatgtgt taaacegccg gcaagccttg cagegagege tgetcaatgg gaaaaacaaa
caggatgcgt atcatcegtt tccatggtat gaatcgatga gaaaggatge geetgtttee

tttgatgaag aaaaccaagt gtggagegtt tttctttatg atgatgtcaa aaaagttgtt

60

120

180
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[Formula 51 -r-COON O~ NH a salt or a solvate
thereof. [15] A conpound of the fornula: 51 [Fornula
6) OR NH OH a salt or solvate thereof, wherein. R
i s.-hydrogen or a hydrophilic group. 52 'I 1 SEQUENCE
LI STING <110> Shionogi & Co.,Ltd. 5 <120> 08P00078WD
<130> A process for the preparation of adamantine
hydr oxi de wi cytochronme P450 10 <160>' 11 <170>
SR e GHEL i S S RULBF SoRPAR oA KA TASE R s Ry 240
<213> Bacillus subtilis 20 <220> <222> (2)..(2)

atcattaaca tggacccgee gaagecataca aaaatcegtt c’agtégtgaa caaagccttt 300

actccgegeg tgatgaagea atgggaaccg agaattcgag aaatcacaga tgaactgatt 360

caaaaatttc aggggegeag tgagtttgac cttgttcacg atttttcata ccegetteeg 420

gttattgtga.tatctgagtt getgggagtg ccttecagege atatggaaca gtttaaagca 480

' tggtetgate ttetggtcag tacaccgaag gataaaagtg aagaagetga aaaagecttt 540

ttggaagaac gagataagtg tgaggaagaa c‘gggccgcgt tttttgecgg catgatagéa 600
gaaaagcgaa acaaaccgga acaggatatt atttctattt tagtggaage ggaagaaaca 660
ggegagaage tgtccggt?ga agagctgatt cegttttgea cgetgetget ggtggeegga 720
aatgaaacca ctagaéacct gatttcaaat gcgatgtaca gcata'ttaga aacgccagge 780
gtttacgagg aactgcgcaér ccatcctgaa ctgat%gcctc aggcagtgga ggaagccttg 840
cgtttc'agavg cgccggéccc ggttttgagg cgcattgccé agcgggata_é ggagatcggg 909
gggcacctga. ttaaagaagg tgatatggtt ttggegtttg tggcatcggq_aaatcgtgat 960
gaagcaaagt ttgacagacc gcécétgttt g'atat‘ccgcc_'gccatcccaa,tccgcat’att 1020
gc.gtttggcc acggcatcca tttttgectt ggggccccgcttgcccgfct tgaagcaaati 1080
atcgcgttaa cgtctttgat ttctgetttt cctcatatgg agtgegteag tatcac'tccg 1140

attgaaaaca gtgtgatata cggattaaag agcttccgtg tgaaaatgta a 1191
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<223> Xaa 1s-Asp or Asn residue. <220> 25 <22'2>

“(113)..(113) <223> Xaa is Arg or A n residue. <400> 1

30 Met Xaa Val Leu Asn Arg.Arg Gn Ala Leu A n Arg Ala

Leu Leu Asn 1 5 10 15 dy Lys Asn Lys'dn Asp Ala

Tyr H's Pro Phe Pro Trp-Tyr GQu Ser 35 20 25 30 |Ii

Met Arg Lys Asp Ala Pro Val Ser Phe Asp u G u Asn
Val Trp 35 40 45 5 Ser Val Phe Leu Tyr Asp Asp

- dn
<24@t ¥s Lys Val Val Gy Asp Lys Qu 50 55 60 10 Leu

<oPhe Sey; Ser Cys' Met Pro Gn Gn Thr Ser Ser Ile Ay
Asn Ser 65 70 75 80 15 1le Ile Asn Met Asp Pro Pro
<2L9Ys HPBTThr Lys Ile Arg Ser Val Val- 85 90 .95 Asn Lys

‘ Phe .Thr .Pro Arg Val Met Lys Gn Trp Gu Pro Arg
<2fpd gl

195 T10° 11 Xaa Qu Ile Thr Asp G u Leu

Ite Gn Lys Phe An @y Arg Ser Gu 115 120 125 25
<21§>F§ Asp Leu Val H's Asp Phe Ser Tyr Pro Leu Pro Val-
e Val Ile 130 135 140 30 Ser. Gu Leu Leu Ay Val

<2PBB SerprAtéintidn ththidd tuédd ICYNEOIR'S alldaand 454 5IH0h flbdd uctase

160

domain
<400> 3
Met Asp Val Leu Asn Arg Arg Gln Ala Leu Gln Arg Ala Leu Leu Asn

1 ' 5 10 15

Gly Lys Asn Lys Gln Asp Ala Tyr His Pro Phe Pro Trp Tyr Glu Ser
‘ 20 25 - 30

Met-Arg Lys Asp. A-la Pro Val Ser PhevA’sp Glu Glu Asn Gln Val Trp

35 , 40 o 45

Ser Val Phe Leu Tyr Asp Asp Val Lys Lys Val Val Gly Asp Lys Glu

50 55 60

Leu Phe Ser Ser Cys Met Pro Gln Gln Thr Ser Ser Ile Gly Asn Ser
65 70 75 80

Ile Ile Asn Met Asp Pro Pro Lys His Thr Lys Ile Arg Ser Val Val
85 | 90 : 95



35 Trp Ser Asp Leu Leu Val Ser Thr Pro Lys Asp Lys Ser
Au Qu Ala 2 u~ 165 170 175 du Lys Ala Phe Leu Qu
Gu Arg Asp Lys Cys Gu Gu Gu Leu Ala 5 180 185 190
Ala Phe Phe Ala. Gy llelle-G@u GQu Lys Arg Asn Lys
Pro Qu G n 195 200 205 10 Asp Ile lle Ser lle Leu
Val Qu Ala Gu Gu Thr Gy Qu Lys Leu 210 215 220
15.Ser Ay Au Qu Leu Ile Pro Phe Cys Thr Leu Leu Leu

" ~ Aswvals Al Rhy TiaoBrodge28sl Meg Lyp GAsnl'qy (rleHtroThre The
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A.sn Leuy l}he Ser. Asn Ala MghsTyr Ser 'Ile Leuq¥ 65 250 .
255 du Pro Ay Val Tyr Au GQu Leu Arg Ser His
Pro Gu Leu Met 25 260 265 2.70 Pro G n Ala Val Gu
GQu Ala Leu Arg Phe Arg Ala.Pro Ala Pro Val 275 280
285 30 Leu Arg Arg Ile Ala Lys Arg Asp Thr Gu Ile

Arddyu@ly THirsAbe Gl Beu296 @SLIOPha3618 GlysAG (Be@ GFluvAsp
Met Val_ Leu Al a Phe VaI a Ser Ala Asn Asp'- 305
310 34 320 5 @ u. ]L%ﬁs Phe Asp Arg PrdH s Met Phe
Asp Ile Arg Arg Hi s Pro 325 330 335 Asn, Pro His Ile
Ala Phe Ay Hs Ay Ile His Phe Cys Leu Ay Ala 10
340 345 350

Phe Asp Leu Val His Asp Phe Ser Tyr Pro Leu Pro Val Ile Val Ile
130 N - 135 140

Ser Glu Leu Leu Gly Val Pro Ser Ala His Met Glu Giln Phe Lys Ala
145 150 _ 155 160

Trp Ser Asp Leu Leu Val Ser Thr Pro Lys Asp Lys Ser Glu Glu Ala
165 170 175

Glu Lys Ala Phe Leu Glu Glu Arg Asb Lys Cys Glu Glu Glu Leu Ala
180 185 | 190

Ala Phe Phe Ala Gly Ile Ile Glu Glu Lys Arg Asn Lys Pro Glu Gln
195 200 - 205

Asp Ile Ile Ser Ile Leu Val Glu Ala Glu Glu Thr Gly Glu Lys Leu
210 215 220 ‘

Ser Gly Glu Glu Leu Ile Pro Phe Cys Thr Leu Leu Leu-Val Ala Gly
225 ) 230° 235 240
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"Pro Leu Ala Arg Leu Gu Ala Asn Ile Ala Leu Thr Ser
Leu Ile Ser 355 360 365 15 Ala . Phe Pro His Met Qu
Cys "Val Ser Ile Thr Pro Ile @u Asn Ser 370 375 380
li -20 ' Val 1le Tyr Ay Leu Lys Ser Phe Arg Val 'Lys
Met' 385 390 395 25 <210> 2 <211> 1191 <212> ' DNA '
<213> Bacillus subtilis 30 <400> 2 atggat gtgt ‘

t aaaccgccg gcaagccttg cagcgagcgce tgctcaat gg gaaaaacaaa
60 caggatgcgt atcatccgtt tccatggtat gaatcgatga

As9RA29BRL 46,,986F W £6, 520 se35a Lt LAt H3RGRARACERANL |

gtggagcgtt tttctttatg atgatgtcaa aaaagttgtt 180 4 11
ggggat aaag agtdgttttccagttgcatgd@cgcagcaga caagcd®t at
t ggaaattcc 240. atcattaaca tggacccgcc gaagcataca

aaaat ccgtt cagtcgtgaa caaagccttt 300 5 actccgcgceg

t gat gaagca at gggaaccg agaattcgag aaat cacaga tgaactgatt

3 aaaaattt.ca cgcag tgagt . Cht c

c1 iy PRSP T B 960 %o %8 ST b Bt pret
gct gggagegocctt cagcgc at at ggadaca gttt aaagca 480
tggtctgatc ttctggtcag tacaccgaag gat aaaagtg aagaagctga
aaaagccttt 540 ttggaagaac gagat aagtg tgaggaagaa
ctggccgegt tttttgeccgg catcatagaa 600 15 gaaaagcgaa
acaaaccgga acaggatatt atttctattt tagfggaagc ggaagaaaca

Preédn @I@Cgabgdgcghgﬁéeg[getlgérag%@%f\ggtélgacﬁa? i cfzsgéal ;
cgctgevgct ggtggccgga 72§y 20 aat gaaacca ggmcaaacct
gatttcaaat gcgatgtaca gcatattaga aacgccaggc 780 :

‘Leu Arg Arg Ile Ala Lys Arg Asp Thr Glu Ile Gly Gly His Leur Ile

. 290 295 - 300

Lys Glu Gly Asp Met Val Leu Ala Phe Val Ala Ser Ala Asn Arg Asp

305 - .. 310 315 320

"Glu Ala Lys Phe Asp Arg Pro His Met Phe Asp Ile Arg Arg His Pro

325 : . 330 335

Asn Pro His Ile Ala Phe ‘Gly His Gly Ile His Phe Cys Leu Gly Ala
340 - 345 _ .350

Pro Leu Ala Arg Leu Glu Ala Asn Ile Ala Leu Thr Ser Leu Ile Ser
355 360 365

Ala Phe Pro His Met Glu Cys Val Ser Ile Thr Pro Ile Glu Asn Ser
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gtttacgagg aact gcgcag ccatcctgaa ctgatgcctc aggcagt gga
ggaagccttg 840 «cgtttcagag cgccggecccc ggttttgagg
cgcattgcca agcgggat ac ggagatcggg 900 25 gggcacctga
ttaaagaagg tgatatggtt.ttggcgtttg tggcatcggc aaat cgt gat
960 gaagcaaagt ttgacagacc gcacatgttt gatatccgce.
gorAt cccaa tccgcatatst;51020 30 gegttt ggec acggcatcca

‘tttttgectt ggggecccege ttgecccgtct tgaagcaaat 1080 -

- atcgcgttaa cgtctttgat ttctgctttt cctcatatgg agtgcgtcag
‘tatcactccg 1140 attgaaaaca gtgtgatata cggattaaag
agcttccgtg tgaaaatgta a 1191 35 5 <210> 3 © <211> 727

Vakgheziyp%rlysb%%xﬁ gmt Phedizd Vabdurendet Ga2Bke 32232

rot ei n-cont ai ni fused CYP109B1 and P450Rhf
38?educt ase donai %9010 <400> 3 Met A%ggVal Leu Asn Ar‘g400

“Arg Gn Ala Leu Gn Arg Ala Leu Leu Asn 1 5 10 15 15
@y Lys Asn Lys A n Asp Ala Tyr His Pro Phe Pro Trp
Tyr Au Ser 20 25 - 30 20 Met Arg Lys Asp Ala Pro Val

HisSérgPHés Adp IBlauVA ThAshe @ly Gaﬁ WﬂopAlﬁElﬁ&réSAlaZﬁaSer
Val Phe Leu ggé Asp Asp Val %bys Val Val Qy Asp
Lys Au 50 5 0 Leu Phe Ser &t Cys Met Pro ahy
Thr Ser Ser Ile Gy Asn Ser 30 65 70 75 80

Ser Arg Thr Val Thr Val Glu Arg Leu Asp Arg Ile Ala Asp Asp Val

420 ‘ 425 o 430

Leu Arg Leu Val Leu Arg Asp Ala Gly Gly Lys Thr Leu Pro Thr Trp
435 » 440 445

Thr Pro Gly Ala His _Ilé Asp Leu Asp Leu Gly Ala Leu Ser Arg Gln
450 , 455 - 460

"Tyr Ser Leu Cys Gly Ala Pro Asp Ala Pro Ser Tyr Glu Ile Ala Val _

465 ' 470 | 475 480

His Leu Asp Pro Glu Ser Arg Gly Gly Ser Arg Tyr Ile His Glu Gln
485 490 - 495

_Leu Glu Val Gly Ser Pro Leu Arg Met Arg Gly Pro Arg Asn His Phe

500 505 510
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Ile lle Asn Met- Asp Pro Pro Lys His Thr Lys Ile Arg

Ser Val val 85 90 95 356 [Ili . _ Asn Lys Ala Phe
Thr Pro..Arg Val Met Lys An Trp Qu-Pro Arg Ile 100
105" 110 5 Arg Au Ile Thr Asp Qu Leu Ile dn Lys -
Phe dn Gy Arg Ser u 115 120 125 10 Phe Asp Leu

A1 i, ASB %Aﬁﬁ@lﬁyﬁié?n‘?rh% Prho Walalll e1yvaiyllie

130 135 140 r Au Leu Leu Ay Val Pro Ser Ala H s
Met GPU5A n Phe Lys Al a®3% 145 150 155 16925 Trp Ser

Asp Leu Leu Val Ser Thr Pro Lys. Asp Lys Ser Qu Qu
Ala 165 170 175 20 Qu Lys Ala Phe Leu Qu Gu Arg
Asp Lys Cys Gu Gu GQu Leu Ala 180 185 190 25 Ala

P e a [1e S L

crfe G RO Gl My A, Sep ST AN A O,
GsBAla Au Gu Thr 585y G u Lys Leu 2b@0215 220 Ser
Gy Qu Qu Leu Ile Pro Phe Cys Thr Leu Leu Leu' Val
Ala Ay 35 225 230 235 240 7 11! Asn @u Thr Thr Thr
Asn Leu Ile Ser Asn Ala Met Tyr Ser Ile Leu 245 250

Tr;2)585er rlliyr Glu Leu His Tyr Cys Gly Arg Asn Arg Ser Gly Met Ala
545 _ 550 555 560

Tyr Leu Glu Arg Val Ala Gly His Gly Asp Arg Ala Ala Leu His Val
565 570 575

Ser Glu Glu Gly Thr Arg Ile Asp Leu Ala Ala Leu Leu Ala Glu Pro
| 580 585 590

Alé Pro Gly Val Gln Ile Tyr-Ala Cys Gly Pro Gly Arg Leu Leu Ala
595 | 600 605

. Gly Leu Glu Asp Ala Ser Arg Asn Trp Pro Asp Gly Ala Leu His Val

610 : 615 620

Glu His Phe Thr Ser Ser Leu Ala Ala Leu Asp Pro Asp Val Glu His
625 , 630 635 640

Ala Phe Asp Leu Glu Leu Arg Asp Ser Gly Leu Thr Val Arg Val Glu
645 650 ' 655

10
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GQu Thr Pro Gy Val Tyr Qu GQu Leu Arg Ser H's Pro
GQu Leu Met 260 265 270 10 Pro @n Ala Val Gu Qu
Ala Leu Arg Phe Arg Ala Pro Ala Pro Val 275 280 285
15 Leu Arg Arg Ile Ala Lys Arg Asp Thr Au lle Gy Gy
Hs Leu Ile .290 295 300 Lys Qu @y Asp Met Val Leu
Al a Phe VaI Ala Ser Ala Asn Arg Asp 20 30.5 310 315
Al a_Lys Phe As Pro H's Met Phe Asp |le

3%0 Ju Arg
Prodhr AL b e rattn 455 AE AMEARE dop BeAw KoL

Phe Gy gy Ay Ile H's Phgggys Leu Ay Ala g340 345
350 30 Pro.Leu Ala Arg Leu Gu Ala Asn Ile Ala Leu
Thr Ser Leu Ile Ser 355 360 365 35 Ala Phe Pro His
Met Qu Cys Val Ser Ile Thr Pro lle Qu Asn Ser 8 it
370 375 380 Val Ile Tyr Ay Leu Lys Ser Phe Arg-Val

Prmﬁgrmp Eve PheGlalGlyvelies @%C{;gcﬁageyms)m MabAde ol s
Gn ﬁg Val Thr Ile Ay, u Pro Ala Ala Arg. Al a Val
405 4 415 10 Ser Arg r Val Thr Val u Arg Leu
Asp Arg Ile Ala Asp Asp Val 420 425 430 15 Leu Arg
Leu Val Leu Arg Asp Ala Ay Ay Lys Thr Leu Pro Thr
Trp 435 440 445 ‘

Leu Asp Gly Glu Val Asp His Arg Asp Thr Val Leu Thr Lys Ala Glu

690 695 . 700

-Arg Ala Ala Asn Arg Gln Met Met Thr Cys Cys Ser Arg Ala Cys Gly

705 710 715 720

Asp Arg Leu Ala Leu Arg Leu
725

<210> 4
<211> 2184
<212> DNA

<213> Artificial sequence

<220>

-_ <223> A gene coding a protein containing fused CYP109B1 and P450Rhf

reductase domain

<400> 4

atggatgtgt taaaccgeeg ' gcaagecttg cagegagege tgetcaatgg gaaaaacaaa

caggatgegt atcatccgtt teccatggtat gaategatga gaaaggatge gectgtttee

11
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20 Thr Pro, Ay Ala Hs Ile Asp Leu Asp Leu Gy Al a

Leu Ser Arg A n 450 455 .460. Tyr. Ser Leu Cys Ay A a

Pro Asp Ala Pro Serr Tyr Au.lle-Ala Val 25 465 470 475

480 His Leu Asp Pro Qu Ser Arg Ay Ay Ser Arg Tyr

Ille Hs Qu A n 485 490 495 30 Leu Au Val Ay Ser
ttt EA tZala@Ua A L MBlst Atg g Ye Rt &N t@a fiS atﬂlﬁ_t%g 222@@tBA3 180
510 35 9 Ala Leu Asp Pro dy Ala Gu H's Tyr Val Phe

Val Ala dy. Gy Ile; 515 520 525 5 @y Ile Thr Pro '

I s g _

ceifiasfl ARl ARBRIEARAIASIR Blerhy 200

Arg Ser Ay Met Ala 10 545 550 555 560 Tyr Leu Qu

B N N TR T

+Ala Ala Leu Leu Ala u Pro 580 585 590 20 Ala.Pro

Ay Val.dnlle Tyr Ala Qs Ay Pro Ay Arg Leu Leu . ‘
actipdeeiGoisatdnnate Mherif d Ben o G PAG S oS o ek Akt 360
Trp Pro Asp Ay Ala Leu H's Val 610 615 620 du H's

o S S eSS SRR LR Ry ano
Asp Ser Ay Leu Thr val Arg Val Gu 645 650 655

gttattgtga tatctgagtt getgggagtg ccttcagege a.tatggaaca’ gtttaaagca 480
tggtetgate ttcfggtcag tacaccg.aag gataaaagtg aagaagctga aaaagccttt 540
ttggaagaac gagataagtg tgaggaagaa ctggeegegt tttttgeegg catcatagaa. 600
gaaaagcgaa acaaaccgga acaggatatt atttctattt tagtggaage ggaagaaaca 660
ggcgggaagc tgtccggtga agagetgatt cegttttgea cgetgetget ggtggeegga 720
aatgaaacca ctacaa'gcct gatttcaaat gcgatgtaca gcata.ttaga aacgccaggc 780.
gtttacgagg -aactgcgcag ccatcctgaé ctgatgceete aggéagtgga ggaagcctrtg ‘ 840
cgtttcagag cgccgécccc ggttttgagg cgecattgeca agqgggatac ggagétcggg _ 900
gggcacctga ttaaag»aagg tgatatggtt ttggegtttg tégcatcggc‘aaatcgtgat 960
gaagcaaa.gt ttgacagécc gcacatgt‘p't gatatccgee gecatcccaa tccgcatatt 1020
gegtttggee acggeateca tttttgectt ggggceccege ttgecegtet tgaageaaat 1080

atcgegttaa cgtetttgat ttetgetttt cecteatatgg agtgegtecag tatcactecg 1140

attgaaaaca gtgtgatata cggattaaag agettcegtg tgaaaatgga attegtgetg 1200

12
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35 10 u~ Pro Thr An Thr Val -Leu Asp’ Ala Leu Arg

Ala Asn Asn Ile Asp Val 660 665 670 5 Pro Ser Asp

Cys AQu Ju @y Leu Cys Ay Ser Cys Ju Val - Ala Vval

675 680 685 10 Leu Asp Gy Gu Val Asp His Arg  Asp .

Thr Val Leu Thr Lys Ala Au .690 695 700 Arg Ala Al a

Asn Arg A n Met Met Thr Cys Cys Ser Arg Ala Cys Ay

15 705 710 715 720 " Asp Arg Leu Ala Leu Arg Leu 725 : .
cac2PceittOractggt@loa 284 gas 22 céibc D gc2 Bt cArdgichtedtal 1260

sequence <220> <223> A gene coding a protein

cont ai ni ng fused CYP109B1 and P450Rhf reductase

accgooPd gr 86ctg400cy 4aadPBahgtgicet aapecHrtgarangegtdéfesce 1320
cagcgagcgc tgctcaa.tgg gaaaaacaaa 60 caggatgcgt
atcatccgtt tccatggtat gaatcgatga gaaaggatgc gcctgtttcc

ggckd@aadl chktiédcgatHaad caraascrrdta Gl 9ga¢edlda tdtkekidat 9 1380
atgatgtcaa aaaagttgtt 180 ggggataaag agttgttttc

cagttgcatg ccgcagcaga caagctctat tggaaattcc 240 5
ctg@d %a‘b%@c%&ﬂ@%@gggﬁ gg:%a&,(é%ta@é@gca@@@écqﬁgé& g%@%c%%t:@aa 1440

caaagccttt 300

ca;:ctggatc ccgagageceg ngcggttcg cgctacatce acgaacaget cgaggtggga 1500
ageccegetece .ggatgcgcgg cccteggaac catttcgcgc tcgacceegg cgccgagc;dc 1560
tacgtgttcg tegeeggegg catecggeate accccagtee tggeecatgge cgaccacgee 1620
cgcgcccggg. ggtggagcta cgaactgcac tactgcggcc gaaaccgtfc cggcatggcee 1680
tatctcgage gtgtegeegg geacggtgac cgggeegeee tgecacgtgte cgaggaaggc 1740
acccggatég acctcgc?gc cctcgt,cgcc gagccecegeee cecggegteca gat‘ctacgcg 180,0
tgegggeeeg ggeggetget cgecggacte gaggacgega gccggaagtg geceegacggg 18'60
gcgctgcacg tcgagcalctt cacctegtee c-tggcggcgc tcgatccgga (_:gt_cgggcac 19.20.
gcct‘tcgba'cc tcgaactgeg tgactegggg ctgagcgtgc gggtcga‘acc‘ cac‘ccégacc 1980
gtcctc}gaclg cgttgegege caacaacate gacgtgecca gegactgega ggaaggéc_tc 2040
tgcggctggf gcgaggtege cgtectegac ggegaggteg accategega cacggtgctg 2100

accaaggccg agegggegege gaaccggeag -atgatgacet getgetegeg tgectgtgge 2160

gaccggectgg ccctgegact ctga 2184

13
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actccgcgcg tgat gaagca atgggaaccg agaattcgag aaat cacaga
“tgaactgatt 360 caaaaatttc aggggcgcag tgagtttgac
cttgttcacg atttttcata cccgcttccg 420 10 gttattgtga

- tatctgagtt gctgggagtg ccttcagcgc atatggaaca gtttaaagca

480 tggtctgatc ttctggtcag tacaccgaag gataaaagtg
aagaagct ga aaaagccttt 540 15 ttggaagaac gagat aagtg

' aggaagaa ctggccgcgt tttttgccgg catcatagaa 600
<2L§%a£

cgaa acaaaccgga acaggatatt atttctattt tagtggaagc
<2EEﬁagg@qca 660 ggcgagaagc tgtccggtga agagctgatt
ccgttttgca cgctgcectget ggtggccgga 720 20 aat gaaacca
<2E¥ﬁcd%§' gatttcaaat gcgatgtaca gcatattaga aacgccaggc
<2789 @ml@ma&%u@@%gcgcag ccatcctgaa ctgatgectc
aggcagt gga ggaagccttg 840 25 cgtttcagag cgccggceccc
ggttttgagg cgcattgcca agcgggat ac ggagatcggg 900

_<o§@gcacctga ttaaagaagg tgatatggtt ttggegtttg tggcatcgge

aaatcgtgat 960 gaagcaaagt ttgacagacc gcacatgtt't

<233t atAegoe gdimt eceaeei w HERALA9B 1 300 173 gugttigycc.

acggcatcca tttttgcctt ggggccccgc ttgcccgtct tgaagcaaat
1080 atcgcgttaa cgtctttgat ttctgctttt cctcatatgg
<4a@rgdgtcag tatcactccg 1140 35 attgaaaaca gtgtgatata .

t agag agcttcc aaaat a attc ctg 1200 12
S B C AL C B ACEBUITAE A PR et et nacaaa 60
gggcggtgtc ccgcaccgtc 1260 accgtcgagc gcctggaccg

at cgc ac gac ctgc gcctcgtcct gcgcgacgcc 1320
ca%&fé&%& @%teas%ggﬂeeg%gfg%tg@aa%@seegaggegesw% sszfgg&féf%ga 120
cctcggcgeg 1380 .ctgtcgecgec agtactccct gtgcggcegceg
cccgat gcgc cgagctacga gattgccgtg 1440 10 cacctggatc
tttéé@%@%@éegaw@@gg&t@@ggegﬁttééa&téetﬂae@%\aaf@égw aegagytaegga 180
1500 agcccgcetcc ggatgcgcgg ccctcggaac catttcgcgce
t cgaccccgg cgccgagcac 1560 tacgtgttcg tcgccggcgg
gggerieggeargttatidte saeticcayg ceatagra segerneetyide tE620atirs 240
cgcgcccggg ggtggagcta cgaactgcac tactgcggcc gaaaccgttc
cggcatggcc 1680 tatctcgagc gtgtcgccgg gcacggt gac

ateggyecytesadegeac ghgeca bgagiprefges tt7dztegtgaa caaagecttt 300

actccgcg‘cg> tgatgaagca atgggaaccg agégttcgég 'aaat(.:aca‘ga tgaa‘ctgaft 360
caaaaatttc aggggcecgeag tgagtttgac cttgttcacg at@tttcata c‘ccgct’pccg - 420
gttattgf,ga tatctgagtt gctgggé_gté ccftcagégc Iatatggaaca gtt?aaagca 480
tggtcfcgatc ttectggtcag tacaccg?ég gatéa’aagtg aagaagctga aaaagcbcttt 54(}

ttggaagaac gagataagtg tgaggaagaa ctggeegegt tttttgeegg catcatagaa 600

. gaaaagcgaa acaaaccgga acaggatatt atttetattt ’cagtggaagc ggaagaaaca 660

ggcgagaage tgteecggtga agagetgatt cegttttgea cgetgetget ggtggecgga 720
aatgaaacca ctacaaacct ,gatttcavaat gegatgtaca geatattaga aacgecagge 780
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20. acccggatcg acctcgccgce cctcecctecgec ga gceccgecc
ccggcgtcca gatctacgcg 1800 tgcgggcccg ggcggcet get
cgccggact ¢ gaggacgcga gccggaactg gcccgacggg 1860
gcgctgcacg tcgagcactt. cacctcgtcc ctcgcggecgc tcgatccgga
cgtcgagcac 1920 25 gccttcgacc tcgaactgeg tgactcgggg
ct gaccgt gc. gggt cgaacc. cacccagacc 1980 gtcctcgacg _ ,
cgttgcgcgc caacaacatc gacgtgccca gcgact gcga ggaaggcctc '
gtHRoRAEE aBCieGEaRE CEftcGEYRGHERIRC CE PEEL B aggRARRAgtEy 840
accat cgcga cacggtgctg 2100 accaaggccg agcgggcggc
aaccggcag at gatgacct gctgctcgcg tgcctgtgge 2160
Cgtga‘&ﬁj’g}’cf@(‘g‘-géé@;ch@@té&tg&ﬁgg%Czlfsaccassgqgg@mxg@ga&@m 900
1191 <212> DNA 5 <213> Artificial -sequence  <220>
<223> A gene' -coding a protein -CYP109B1 with 177F
gemacgt g ontaaslgh a0 tht aftggaegt gttttadggcgeg cgoaatgetddty 960
cagcgagcgc tgctcaatgg gaaaaacaaa 60 caggat gcgt
atcatccgtt tccatggtat gaatcgatga gaaaggatgc gcctgtttcc

gad@Cadll b ged gaagraaadaidt aaghtgtggagegticchbt wegtatagt 1020

atgat gt caa aaaagttgtt 180 ggggataaag agttgttttc
cagttgcatg ccgcagcaga caagctcttt tggaaattcc 240

gc aitCgd dcad chggac R gt cgaagead @tgc a8aadcgEe tgaagcaaat 1080
cagtcg.tgaa caaagccttt 300 20 actccgcgcg tga.tgaagca
at gggaaccg agaattcgag aaat cacaga tgaactgatt 360 '

at et bt HQUYIeerRYtitOrgtd 08 £LdthlblicaChRbbidcdcat d140
cccgecttccg 420 25 gttattgtga tatctgagtt gctgggagtg
ccttcagcgc atatggaaca gtttaaagca 480 tggtctgatc

att,tsgfa%taggﬁ GAgtd AGRG Q&%%ta%@atgaégé‘&% 0o BAHRR001 IR, qaaagecttt 4599
40 ttggaagaac gagataagtg tgaggaagaa ctggccgcgt '
tttttgccgg catcatagaa 600 30 gaaaagcgaa acaaaccgga
acaggatatt atttctattt tagtggaagc ggaagaaaca 660

<210> 6
<211> 1104
<212> DNA

<213> Escherichia coli

<400> 6

atggaccgca ttattcaatc accgggtaaa tacatécagg gcgctg'a’cgt gattaatégt 60
ctgggecgaat acctgaagee getggeagaa cgetggttag tggtgggtga caaatttgtt 120
ttaggttttg ctcaatccac tgtcgagaaa agectttaaag atgetggact gg’cagtagaa' 180

attgcgeegt ftggcggtga atgttcgcaa aatgag‘atcg accgtetgeg tggc‘atcgcg 240
gagactgege agtgtggcgc éattctcggt aﬁcggtggcg gaaaaaccc.t cgatactgcce 300
aaagcactgg cacatttcat gggtgtteceg gtagegateg ca(;cgz;ctét 'cgﬁcfctaéc v 360
gatgcacegt gcag‘cgcatt gtctgttate tacaccgatg agggtgagtt tgacegetat 420
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ggcgagaagc tgtccggtga agagctgatt ccgttttgca cgctgctgcet
ggt ggccgga 720 35 aat gaaacca ctacaaacct gatttcaaat
gcgat gtaca gcat attaga aacgccaggc 780 14 |h gtttacgagg
aactgcgcag ccatcctgaa ctgatgcctc aggcagtgga ggaagccttg
840 cgtttcagag. cgccggeccec ggttttgagg cgcattgeca
agcgggat ac ggagat cggg 900 5 gggcacctga ttaaagaagg
tgatdtggtt ttggcgtttg tggcatcggc aaatcgtgat 960 . )
ctgyhageacagtath b gacagaet ggtasttgickhcgatat eTget geecagaeeaa 480 -
tccgcatatt 1020 10 gcgtttggcc acggcatcca tttttgectt
ggggccccge ttgecccgtct tgaagcaaat 1080 atcgcgttaa
cctgghcgtict getta téndcged dthitcgod gatadgygaghgeotpag thahgagdedcyg 540
1140 attgaaaaca gtgtgatata cggattaaag agcttccdgtg o
‘tgaaaatgta a 1191 15 <210> 6 <211> 1104 <212> DNA
gedQ@ctdtPtalgsgherd ghdcacefld gcsdPbbr B af@Qa6ETCagctgcgcty 600
ttattcaatc accgggtaaa tacatccagg gcgctgatgt gattaatcgt
60 25 ctgggcgaat acctgaagcc gctggcagaa cgctggttag
gcd @gL000hdar ©aard LhAtdcct2O it A0Oi4d tggg&lé?@@écc%@ggcttgct 660
t gt cgagaaa agctttaaag atgctggact ggtagtagaa 180 )
attgcgccgt ttggcggtga atgttcgcaa aat gagatcg accgtctgcg
gc&%ﬁ%@%&tgé&acs&cggtgﬁﬁ% g%%%%& ggé:a%:gc%@tat &—Ic%ggfttg 720
at cggtggcg gaaaaaccct cgatactgcc 300 aaagcactgg
cacatttcat gggtgttccg gtagcgatcg caccgactat cgcctctacc

e L T TR

gaat at ggt ¢ attgtcgaca ccaaaatcgt cgctggcgca 480

ocFERHEACH £ LALLRIRAAG, 901 1LA06 2L ARGELOD. CABGELONt 54

aagcgc gcc agcgg
‘gcgggcggcea agtgcaccca ggetgegetg 600

gacc

acgcagetgg ttctggaaaa tgegeeggtyg gaggaaateg aaacegtage tgecettage 900

catgeggtag gtttgecaat aactcteget caactggata ttaaagaaga tgteecggeg 960

' aaaatgcgaa ttgtggcaga agcggeatgt-gecagaaggtg aaaccattca caacatgeet . 1020

ggeggegega cgecagatea ggtttacgee getetgetgg tageegacca gtacggteag 1080
cgtttcctge aagagtggga ataa - o ’ ' , 1104
<210> 7

<211> 29
<212> DNA

" <213> Artificial sequence

<220>

_ <2.23>’ - Primer _lv(FW T7)

<400> 7
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gcactggctg aactgtgcta caacaccctg ctggaagaag gcgaaaaagc
gatgcttgct 660 10 gccgaacagc at gt agtgac tccggcgcetg
gagcgcgt ga ttgaagcgaa cacctatttg 720 agcggtgttg o ,
gttttgaaag tggtggtctg gctgcggcgc acgcagtgca taacggcctg'
780 .accgctatcc cggacgcgca tcactattat cacggtgaaa

. ccc?@%&sgagtc%z;tag &t,ag’zg&tagaééo 15 acgcagctgg ttctggaaaa 29

gccggatg g ggaaat cg aaaccgtagc tgcccttagc 900
.catgcggtag gtttgccaat aactctcgct caactggata ttaaagaaga
tgtcccggecg 960 20 aaaatgcgaa ttgtggcaga agcggcat gt
gcagaaggt g aaaccattca caacatgcct 1020 ggcggcgcga

<2ng£cagatca ggtttacgcc gctctgctgg tagccgacca gtacggtcag
cgtttcctgc aagagtggga ataa 1104 25 <210> 7
11>EE <212> DNA 30 <213> Artificial sequence
<2$2202DN223> Primer 1(FWT7) 35 <400> 7 16 cccgcgaaat
t aat acga ,%actata 29 <210> 8 5 <211> 55 <212> DNA
2L§13>A?9f%45(ﬁ%ﬂ“??gguence <220> 10 <223> Pri ner
2(RV—109 EcoRl -Rhf-2) <400> 8 cggttgatgg cggtgcagca
aattccat tttcacacgg. aagctcttta atccg 55 15 <210> 9
1> 55

’<223> Primer 2(RV-109-EcoRI-Rhf-2)

<400> 8
cggttgatgg cggtgecagea cgaattecat tttcacacgg aagetcttta ateeg 55

<210> 9
<211> 55
<212> DNA

. <2138> Artificial sequence

20 .

<2920> _ v
<223> Primer 3(FW Rhf-EcoRI-109-2)

<400> 9 7 »
cggattaaag agcttecegtg tgaaaatgga attcgtgetg caccgecate aaceg 55

<210> 10

<211> 34

<212> DNA

<213> Arti‘ficial‘ sequence

<220>

. <223> Primer 4(RV-Rhf-Link-Red-HindIII+EcoRV)

35
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<212> DNA <213> Artificial sequence 20 <220> <223>
Primer 3(FW Rhf-EcoRI-109-2) <400> 9 25 cggattaaag
agcttccgtg tgaaaatgga attcgtgctg caccgccatc aaccg 55

. <210> 10 <211> 34 30 <212> DNA <213> Artifici al

sequence <220> .<.223> Priner 4(RV-Rhf Link -Red

<4004 ndbl 'Ec. oRV) 35 17 <400> 10 aagatatcaa gctttcagag
tcgcagggcc agcc 34 5 <210> 11 <211> 33 <212> DNA

aagapqBeaangeitfFagad LQRAARBRCL 280 <220> <223> Prinmer 5(PCR 34
cypl 09B1 All) <400> 11 cctgcaggtt acattttcac .
acggaagctc ttt 33 15 18 | |

<210> 11
<211> 33
<212> DNA

<213> Artificial sequence

<220>"
<223> Primer 5(PCR cypl09B1 A11)

<400> 11
cctgcaggtt acattttcéc acggaagctce ttt : ’ 33

18



