Description Title of Invention: Novel Hydrolase Protein Technical Field

[ 0001] The present invention relates to a novel hydrol ase protein
that can be used in the production of

(15, 25) - 1- al koxycar bony1- 2-vi nyl cycl opr opanecar boxylic acid, and a use

t hereof . Background Art [0002]

(15, 25) - 1- al koxycar bony1- 2-vi nyl cycl opr.opanecar boxylic acid is an
internediate that is useful for the?$FBR{R% i on of various types of HCV NS3
pr ot eFRR dfMHWRtibRSovel BlydlfePubteRNt | y under devel opment as therapeutic
agents for hepatitis C. "Non Patent Docunent 1 describes a nethod of

hydr ol§eimisgl Bielédet hyl  2- vi nyl cycl opr opane- 1, 1- di carboxyl ate with an enzyme

to ob[@ioql] (1 S, 2S)-1-nmethoxycarbonyl-2-vinyl cycl opropanecarboxylic acid. In

this nmethod, however, the optical selectivity of the enzynme has been
i nsuf fici enthe greserthmveplion: s¢laiss tpt § novel hrdighsaime@in that can be used in the

T e R A e A e S

90%. e. I's et en u e as am | ndustri

produci ng an internedi ate for nedi canents. [0003] The genone sequence
of BagilUsaultilis ATCC23857 has been known, and the ami no acid sequence
of para- robenzyl esterase derived fromthe Bacillus subtilis ATCC23857

(whi clW0RY be hereinafter referred to as "PNBE23857") has been registered

Docurent o | O0GAT AR RAPAM XA Fropropehccaos it iy TR T0SmbRlu b

24( 20)sefil §F3th2 Prealuci Qe vationsreypes of HOWNAS prmeashjirdribitdre tHaeadaiustentljoyndehe

| nventi 0005 ffici  ai N .
(15, 2o bR efs RS i Rebits .o o BalemRgramens d i sraetied
as anof miygrotpaigtdimbtyl @-othyhiyoigpidpanapdudicarbagdatt swithr afepadinki o Gbtdeans

for Sal v t he Object 006 As resul t, of intensiv tudi es

it ectS A SIraF Bo XKVl Ag TNy mSPRATERR PG 55} e, TSHBCPLs B Ve bR o s
have §miar sélbaivity fatha-dhiziine 1B kn hiystifidiate afd Sebpticie puMdof HRMRAGEY | US
subtillsﬁﬁydrolyzes di et hyl. 2-vinylc clogro ane1&,1-q;carboxylate at good
sel ectliSv )5},-m§@0§gca[lgpné(¥-ﬁv&uém4lgﬁ{fgg%§pqq oxylic acid has been 90%¢€.e. Thus, this

(15, 2mbthbd ehRORKERNRRAYabIL 241 BN | MUGHART QRIRKE FbP Pr¥dicing Gnd intbim AT topn,
the inventors have cloned a para-nitrobenzyl hydrol ase gene of a rel ated
Baci | mgdicaents| i s, based on the DNA sequence informati on of a known

Baci I!dgg3lsubti | i s-derived para-nitrobenzyl hydrolase protein, and they have
then confirmed the activity of a para-nitrobenzyl hydrol ase protein encoded
by the cl onBi¢ gruame saguepce of Barillus webhilinARCOR381Yahas begn kaevwadandithe mminmi ng
a novgl E%@B |_f: : = | i on at
hi ghe?dlcée c%‘%\%ﬂ% ﬁlgrr?ﬁt@r@% X%%%%é ﬁ%(}@ﬁg%é)gl} gi_pe%d[cr 0 gsrz{%flg ﬁggpg?ggs’g&glﬁlgl?ei n.
Ther emhy be hereirafier eefemed fonascTRNIBE2388VE) Inasrtfeon megisteted undemGegfjankndiedession of

t he aggwqugg€§3gonnlog based on the known three-di nensional structure

i nformation 0 %hé par a- ni trobenzyl hydrol ase protein, and have conducted a
test of introducing nutations into amno acid residues close to a

subst g at e; bindi n tsite. As a result, the inventors have succeeded in

pr od i ﬁﬁ@g?gse protein, which catalyzes the above-nenti oned

hydr oNgt Patentdaedunesntsat nmuch hi gher selectivity. The present invention has
been @@gﬂ et ed based on these findings. [0007] The present invention

provi he follow ng invention. [1] A hydrol ase protein, which consists
of t NeomPhtemt Deduehehe YUEEIRhS BOM Syhtha Cyneme:. Qﬂ?ﬁEQSU@ZW(l@@ o 5, and

whi ch has activity of catalyzing, at higher selectivity than the protein
consisting of the am no acid sequence shown in SEQ ID NO 1, the reaction

repr esghhes dPnvdiiohol | owing formula (1): [Fornula 1]
Object to be Solved by the Invention
[0005]
It is an object of the present invention to provide a novel hydrolase protein, which is used

when dialkyl 2-vinylcyclopropane-1,1-dicarboxylate is hydrolyzed with an enzyme, so as to

1



(S (s), HOOC VCOCEt Formula (1) Et OOC COCEt [0008] [2] A hydrol ase
protein, which consists of an am no acid sequence wherein, in the am no
acid sequence shown in any one of SEQID NOCS. 1 to 5, one or nore am ho
acids at amno acid nunbers 70, 106, 107, 108, 219, 270, 271, 272, 273,

274, Sfienfly %bta%{l@s""z@ RhRkoHRRdn! ?uﬁ%mﬁchbpr@ﬁdaeéar%ﬁym@ RE fhat whRse s de

chal ns have’ | ower "bul Ki ness than amno aci ds, and which
has aen infgrmpdigte fonpeadyeing gheraneutic gernts @éh@&“lﬂ\?ld/y than the protein
consisting of the am no acid sequence shown in SEQ ID NO 1, the reaction
represented by the following formula (1): [Fornula 2] [0009] [3] A
hydrol\@gmfwﬁpbﬂmgthﬂ@wtconm sts of an am no acid sequence wherein, in the
am no[(ﬁij%ﬁ sequence shown in any one of SEQID NOS. 1 to 5, one or nore

am no-acrds at am no acid nunmbers 188, 190, 193, 215, 216, 217, 314, 358,
362, and 368s aweukwwmtensinewudits dirastddgowards mchigeing shevformentideedodti¢atsthhiav e
hlgher bulklne s.tthan d vity
ot “capisrasi R PE AR 0B st R AT R Bl B AU ol BB

am nosideiis Iydeplpaes ei1sthyim-vmyl@l§l@prdipaﬁe)l }J:dlcwfbexylaacatl goodr sq}ﬂmftm,t s® abyot he

fol | owl . - [F | a,3 010 4 t h
consi SreRat Pl (157 bR RRb RS srclobloren@ MR ES Bt 2B o
s hownthierin@iyors have Eloftdd pBraN@Bobénzybhydrolane gate crfnar eelaed Bacities sightidls, basied o

i d 70, 106, 107, 108 9,,270, 271, 272, .273 . 274, 275 .276 d
IR W S N SOV LA TP WA RN T e e A
bul ki Redslabd protéilabnd theyl halet thee canfinfed diedactivity ofoa agi-nitobénzgimhpdrobse ds

at amno _ acid ers 188, 190, 93, 215,, 216, 217, 314, 358, .36 and 363
are swgqmtem 335& 641 f 8gRFn ae.ra@w%%@‘@ma@ a5 syecqederd i PRIAIDE 2

bul ki ﬂ@v%% hbﬂﬁﬂb%] Retticp Catddyz6s | mépﬁ)oazeﬂmmlaﬁw siydeRdiceh@lbnN@shighdr seldcyiving
cat al | gher sel ectivi ty than t protei n consi sting, of th§1 an no

acid 8 M JrmeWs napp-mtsobengyhaydrplase lﬁ@ot‘?@acth%fﬁaﬁt%pﬂiséﬁ?ﬁp@dmﬁwf’% ave
fol | ogdrfgnde@" fHél Rofnblogyl RURUNE A the above novel homolog based on the known

three-dimensional structure information of the para-nitrobenzyl hydrolase protein, and have
conducted a test of infroducing mutations into amino acid residues close to a substrate-binding
site. As a result, the inventors have succeeded in producing a hydrolase protein, which catalyzes
the above-mentioned hydrolytic reaction at much higher selectivity. The present invention has
been completed based on these findings.
[0007]

The present invention provides the following invention.
[1] A hydrolase protein, which consists of the amino acid sequence shown in any one of SEQ ID
NOS. 2 to 5, and which has activity of catalyzing, at higher selectivity than the protein consisting
of the amino acid sequence shown in SEQ ID NO. 1, the reaction represented by the following

formula (1):
[Formula 1]
Yﬂ\ (S)
—_ (S))
EtooC” 'COOEt HoOC® “COOEt  Formula (1)
[0008]

[2]1 A hydrolase protein, which consists of an amino acid sequence wherein, in the amino acid
sequence shown in any one of SEQ ID NOS. 1 to 5, one or more amino acids at amino acid
numbers 70, 106, 107, 108, 219, 270, 271, 272, 273, 274, 275, 276, and 313 are substituted with
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(5) (s), EtOOC COCEt HOOC COCOEt Formula (1) [0011] [5] The hydrol ase
protein according to [2] or [4], wherein, in the am no acid sequence shown
in any one of SEQID NOCS. 1 to 5, at |east one of am no acids at am no acid
nunbers 70, 270, 273, and 313 is substituted with another am no acid.

[ 0_0(:|j.2¢])thel[ ﬁ‘]linahlei';il@ yiiost side chuind lﬁiv? laﬁexotftgki%éﬁgtmall{ thht %ﬁmd -e_,:pa,a:ﬂim %é‘i&sl, afiino
acid s nce sno I n.apy one O .. . to.5, al .lea the | eyclne
20 antRehdEs aciimg comb e 8 Bekercslegivity DA e proin Sansispapt fre agnopcid
aspar ggudtoe shéwh MESEQIDENO! Nahe padteH dpiddented Bﬁ 2l follbwing Ehamil dr)e! ase
protejn according to [5] or [6], wherein, in the amno acid sequence shown
in sEormulk@] 3 or 4, the leucine at amino acid number 270 is substituted
with any one of serin@xuglutam ne, glutamc acid, al anine. [0014] [8]
The hydrol ase pron eﬁ:ordi ng to [5] or [6], , in the amno acid
sequence shown in gy one of SEQ+BMWOS. 1, 2(5Qnd 5, the isol eucine at
am no acid nusbetr’ 278oobst substituted with Hoocton mEtse%ﬂﬁu}anPt am ne,
glutam c acid, and al anine. [0015] [9] The hydrol ase proteln according to
any off@09F [5] to [8], wherein, in the anino acid sequence shown in any one

of SEQyI D -t j ' j Eﬁm% 4350 e SHES] hdigt ed
with i]ther arra%ﬁ‘% rg%élrl’ ‘ﬁ}lﬁgl'ltl ?%}%@o%%l QTC%%&F e hydﬁrr%lﬁ’alsnletﬁ%rot el ‘J?]él&l

ha &) SEQ IDNOShetep d é
accor gtignencecshawn inranyodne] | tebnond ar pivge aminmacids dt swingeand
Showy b s RS, ATy, 314058 380! 08 SALRILE ATk SRS
313 i'sTsubstrtut’ed w'th any ’one’o} et hi"ofine,” al ani ne, and proline. 017]
[ 11] aidsyethodeaside ghrantsdiame higherbulkmess thas thet ofwildrypoamiochcsisgamhwhichihes ei n,

in the amn ci.d. sequence shown in SEO | D NO, 4, .the.l.euci.ne at, am no acid
numberct9gy B <Rl s thBREGPHoL L Per TR Pl voreisphe B HE-Sg i AR
nunb eshoRdAniSEG DO tlythedeaition repryseated byfthgfalloaihgfyrmglautam ¢ acid and
al ani ﬁe t@§ | eucine at am no acid nunber 273 is substituted with arginine,
and tH&™M¥8A]ne at amino acid number 313 is substituted with nethionine,
and which has activi f catalyzing, at higher s tivity than the
gn in SEQID NO 1, the

¥ [ Formul a 5] Et 0C
bpdr ol ase protein, wWHAIC COPGOGELS Fbrafadny no acid
sequence havi ng honol ogy of 90% or nore with the am no acid sequence of the
hydr ol ase protein according to [1] to [11], or an am no acid seguence
conprijggi@@ a substitution, deletion, and/or addition of one or several
am no acids with respect to the am pno acid sequence of the hydrol ase

pr ot eidh adclydiplase protain,|whigh pamsists ehan sminoracithseqnendeywhepeiss incthe amjng apid  at
hi ghe Sho Bné B¢ SEPIBINOSONSH St LAY me&ré‘%nﬁ#ﬂ NQdeGt Qm?i% ce
shomgeiqﬁégg% ﬁl%@ HF ?%e r ez?c)tllgon represented by the fol I ow ng o(r:]érrbg a
(1): fureberse, ¥)6, 10008] 219, 270, 271, 272, 273, 274, 275, 276, and 313 are substituted with
other amino acids whose side chains have lower bulkiness than that of wild-type amino acids, and
one or more amino acids at amino acid numbers 188, 190, 193, 215, 216, 217, 314, 358, 362, and

363 are substituted with other amino acids whose side chains have higher bulkiness than that of

wild-type amino acids, and which has activity of catalyzing, at higher selectivity than the protein
consisting of the amino acid sequence shown in SEQ ID NO. 1, the reaction represented by the

following formula (1):

[Formula 4]
Yﬂ“\
()
—_— { Sz\.,

EtOOC COOEt HOOC COOEt Formula ¢y
[0011]

[5] The hydrolase protein according to [2] or [4], wherein, in the amino acid sequence shown
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[ 13] A DNA encoding the hydrol ase protein according to any one of [1] to
[12]. [0020] [14] The DNA according to [13], which consists of the
foll owi ng nucl eoti de sequence: (a) the nucl eotide sequence shown in any
one of SEQID NOS. 7 to 10; (b) a nucleotide sequence of a DNA capabl e of
hybri ¢i Ziyend!GUSEQIDY NOSe Mito Goatlichitans ofidntiné AeidDdPaminosicid hingb&rs 70270,
nucl eqt | uence, sh mn in agny one of SEQ ID NOS. 7 to 10, wherein the
nucle3?3d@d§égﬁ%W@g“EW Sgthsanothes amineadld-nr ot ei n having activity of

catal ygginy, at higher selectivity than the protein consisting of the am no
aci d sequence shown in SEQ | D NO 1 the reaction represented hy the

f ol | olftlng Fhsrhwdrelasemrotesy acce@n%tqﬁ | BRI Pigelnslas GRIRQ 2EH AFIUCETS Oam In any
subst phdbi 9P THENESS 9N SaRdeR: tRdRitihe At ﬁﬁm@%@ﬁmﬁs&emk sibAGhREd Wilgsnyi t h
respect to the nucl eoti de sequence shown in any one of SEQ ID NGS. 7 to 10,
wher epre efasparticlagids pparaginguigiing, brropinssand glyeindl ase protein having activity
of cahﬂjlg ing, at higher selectivity than the protein consisting of the
am no acid sequence shown in SEQ ID NO. 1, the reaction represented by t he
f ol I offlng Frerhmdrelaseryrotejrrancatdieg 1 [ 00 £4], Whersjin,in ke artmofasid saasenseishgvn
Came 2 sRQ3PIRAY S RARY feink ol UL EAAPRARAASTBSL AN tufedAGitk any Bt rine
conprisesTal’l ow ol ase protein according to any on 15]e

[ 12] ghltfﬂmlne,(giuldnm dopd, mndlahylinwcl opr opane- 1, 1- di car boxyl at et opr oduce

(1S, 2@0- %[] al koxycar bony1- 2-vi nyl cycl opr opanecar boxylic acid. Effects of

I nven 3 [0022] The hydrol ase protein of the present invention has
hi gh 88l eCIlievliydyolaﬂrpiotehumcoi-ding' to Efloe [6lo whesdigria tié aing a_c,immqaem:e shown

1S, 2S)-1-al ko i nyyl I b l.
15 23 b SRS, TSN £ 450 SIS SR o s
1- al kevitheay bas vl seting gluiaﬁﬁﬁé,tgpnmﬁazmﬁaab@xlﬁmne aci d Specifically,

- accorgéq% to the hydrol ase protein of the present invention,
(15,2 0131 5| koxycar bonyl- 2-vi nyl cycl opr opanecar boxylic acid, which is

usef u[9]asn@enhymbwserqﬁbtaineaédard|ggdLmaiyn@met beNSped 8] vigeshsif die hepat héids C,

can e Resdused, bt A LAUSLEN A X AP Loabhe \TELIO% 100 e 6f LGk, hon

(15, 2§)bsﬁﬁﬁéd<ﬂﬁﬂgﬁ]§éigf%ﬂ.mg1)YhQﬁwp| opr opanecar boxylic acid using the
hydr ol ase protein of e present invention can be used in production of a
t her a6l c agent for hepatitis C and an intermediate thereof The compound

prodﬁgﬁg bYrHeNgy &619@@&1@ aEr 1y g@far;yh&ld%pfﬂnﬁo f91V @bleRt) if 3o laﬁuﬁbssadas a

raw rial or an in nmedi at e r oduci ng t her apeutl C agent s for
hepat Baquenag, shgmom amynens ¢OBEQAD POy loter St the leupinsnet aninp coEbnumpsrel ldaist er

the e t nvention wi |l be described in
det ai Fﬁﬁﬁﬁ&; E‘@/g ase r%%tglg)rﬁlﬂ%f alt e%“gzgﬁ’:‘ éI nventi on The hydrol ase

prot e{1@t the present invention is characterized in that it consists of

the a0 A SELSIRS SIRICHRAINE AL SEQb RO R A, % e ipBacia

mut at anmi ho’ acl equéence as activit
cat al yajuange stiovii ghSEQsHD XD ¢ the tehane talnempn@taeidnnmnbm‘l :5 lmglhsﬁtutddeW'a;lﬂ no

aci d seguence :esent

f or rruf"%’%%{’f) amilie&l& ‘F‘nucniwhgI %Qaﬁe%&% ng%l(li’ 376 %%Sﬁ Bt‘{ﬂeo%@ a%g (fei‘% &y% 1%%“%% d
sequeplueandit apRl axdraldnind) elizlehicias beamie ad&r nmbhrmam Bastitutedswithi latglmne; and -
ATCC2 PNBE23857 nBank, Acces n_No...ZP 3593235

e Sl (OB Pt Sy melione Y arhior ng sl ofoza)
In t heat@ﬂy@ﬁxgpat hlgu@rsbleeﬁlmlmgsmhﬁme pilotein m’ﬁmgpiflthahmimi &id Baqubiyce sldnmhnl s a
proper r enti.a ener. at i ng ert rrer so as to generate an
opti c§f3m%a]3& iet?‘EB‘??ﬁH% Pr%ﬁ 11?3 ﬁ“a ‘T%t?) roperty of hydrol yzi ng
di al kygorgnud 51yl cycl opr opane- 1, 1- di car boxyl at e, so as to preferentially
generate (15,25)-1-alk Qcar bony1- 2-vi nyl cycl opr opgpecar boxyl i c aci d.

etooc” COOE HOOC™ YCOOEt  Formula (1)
[0018]



In order to hydrolyze dial kyl 2-vinylcycl opropane-1, 1-di carboxylate to
efficiently obtain (1S, 2S)-1-al koxycarbonyl-2-vi nyl cycl opropanecar boxylic
acid, the following selectivity points are required for the hydrol ase
protein. [0025] < 1R2S/1S2S Ratio > First of all, dialkyl

2- vi nylgy cliopydeRiepibieln, dilsion bonsydtabPar MalnedREl sequerceRsingfhosictsgodBIr S,
nanely, a (2R orm.andgglﬁ(ezs forrri1 Hnﬁllre;s t here areds%ciﬁtI cct itions in
whi Cho% EFS SithABP SFURS Geidyreauches ddhs Fdrolse BIRIFiBargrdtignioy [ g U Hspr By m
can bgmmo /M dRjuskdedonipisighesubstitution, deletion, and/or addition of one or several amino
(1S, 25) - 1-al koxycar bonyl-2-vi nyl cycl opropanecar bonyI i,c acigd of i rjt er?ft.
WWhent Aafs Bt rasnept 6 e smjee arig seqwsngs f the hydrolase protein according to [1] to [11],
(2S) - Zadivihaus h&m@wfagyzkgé nfRigha* ti ity ﬂfanmleeegfét&@ cHR%Eng OF @l dnyind Y
towards preferentially h rolﬁﬁm ng only a pro-R al ox%(car bong grou)p out of
t wo aam@ﬁmmﬁhwngnﬁég%bf d. the reachipn ssresgnted by pamfollowirgsformalg (1):

t here On%q_lﬁ{(ﬂrenti ally generating

(1S, 25)-1-al Koxycar bonyl1-2-vi nyl cycl opropanecarboxylic acid. It is to be
noted that "pro-R_ otation for distinguigshi Xs on CX2YZ. The
summary of this no{Ation is as follows. The priAgfPty of individual
substituents on CAs determ ned according to tdeNCI P rules. At the tine, it
is assuned t HdPO8ne EPOEhe two Xs has a hitfee pr¢@PF% y Fomanlat(hat of the
other X. The priority relationship with Y and Z is not changed. Based on
the provisional priority, whether the chirality of central carbon is Ror S
i s deft®f] ned according to the RS notation. Wen the chirality is an R

form e pr renti.al X .is, defined.as pro-R \Wen t {ality is an S
form []tt“ﬂe %‘@ icpeing e odrofase prg 1%%°°§¥d§9€§° anyoneo%”i(ig[fszgl ec%/i vity can
be sufogored to conparison, using, as an indicator, the ratio between the
(1S, 2 form 1R, 25) mjn. the, . . )

31 kb c sy sbeiiiglte fEllobkh shtiss oy followios dugenide LR o resul

of tE@)M@l@bﬁ?éswﬁ%niiﬂgﬁ@ﬁ?@nﬁbn& dilESB(UmDNOS’.L’i ﬁohe);(lg, 28)h fo_rrr} gener ath ed
to the anount of the orm generated. is decreased, the.yield of the
(. o8 M Dulacss ssisahy o 5 TINAHEYRE oo b, Bk, Fheg dphfidons apicbeq.
and t g chdsishing Ol Adtsvidegequieticd SHovwr MUy drdl fBHQ B0 NOOORR] 105 vidiréifial
Purity (%.e.) of 1S2S Form > When, a_racem ¢ form of dial kyl .

2- vi nifecyedlenside pamecuee kngpdesr doygrodase pretelis baviag a5tdioh of catalyzings et (WeYers or m
IS hy%géﬂtﬁ@ﬁ%%éﬁ! {12 PrORin s RHAS 8f BAiinG ackPsediedR HBHATIAISEQR IDJI@O.ZR%thEW m
and a (1R'2R) form At this tine, the anount of the generated (1R 2R) form
whi chraagtiemrepresentedbipthedpllowimgfomnuls(1)X oF m of interest, is preferably
[ educhy of Rudidifidd BB oIRlisih of QibS@tiod, BRI AASLadliBLE bR oHEEH Sevef NaVE
sel ectrvity towar preferentially hydrol'yzing only a pro-R al koxycarbonyl
gr oupnuai¢otsies wikh rebpeck tocthe mualgptidg sﬂsapgnqw}l/mwntln agy pne OhiSEA) 112 NPy 4 10,

0Si t] [ 2 =11 1-di c -her.eb
ot epvgg,iegnaﬁ{ey&%cgéﬁg@g tslé@nc@ ehbdHek &Y fif RBIOP BRfsit Hav HigCARAY Yo radatuly AR DY
(1S, 2Rehdr sldctixiyy thab dinygroRiv consisting lob tremmsine acikiseguence staovrdin SEQIBMNO. 1,

sel ect,ivity. towards. prefer ially hydrelyzing dialkyl
(29) - -e\fF?‘f%‘f’Bfi%Hr%ﬁ&u%:ua]{Wetﬁelf PB‘EHE%?%@%@%, rather than dial kyl
(2R) - PForinndd ycl opr opane- 1, 1-di car boxyl ate. Both of the aforenentioned

sel ectivities can be bj ected to conparison, using.the enantioner excess
(%e.e.) of the (1 rmto the (1R 2R) for '()t

1- al koxycar bonyl- 2y4i nyl cycl oprapanegar boxyl i ¢gs\ci'd generated as a result
of the hydrolysi I gher the enantio XC f e (15,25) form
the | ower théﬁébggiblﬁp V" of af fecting thgﬁéﬁgiedégﬁﬁ p&gﬁ@ééﬂa process or
t he physiological activity of the produced nedi cament. Thus, it is

advant ageous for industrialization. [0027] < 1S2R/1S2S Ratio > As
descr [®24] above, the hydrol ase protein hydrol yzes the pro-R al koxycar bonyl
groupr eyt Rfméhsd 9P piddie Cg@?ZS)VI!-al%@}hﬁ?oo%?llﬁl@iﬁy%f@lcﬂﬁ%béa%oﬁﬁb hew, at
positron 1 of the dial kyl (2R)-2-vin [cyclqgropane- , 1-di carboxylate, so

t hat whichagprpusises atlewingethe hydrolase protein according to any one of [1] to [12] to act on
(1S, 2R al koxycar b¢ = ' vl - QRGARS rboxylic g@cid that

diastg%é %Er of theé?%%ﬁgé?ﬁ¢g¥%$6$i?g{eregﬁggln order-?o reduce gﬁgﬁwe

i nfluence on the subsequent production_process, the mxing of this (1S, 2R)
formis preferably reduced to the m ni fum This selectivity can be
subj ected to conparison, based on the ratio between the anount of the
(1S,2S) formand the anount of the (1S,2R) formin the generated

1- al koxycar bonyl- 2-vi nyl cycl opr opanecar boxylic acid. The |ower the ratio of
t he amount of the (I S, 2R) formto the ambunt of the (15,25) form the

| ower the possibility of affecting the subsequent production process or the




Wth regard to the term "bul ki ness"” used in the description "am no acids
whose si de chains have | ower bul ki ness than that of wld-type am no acids”
or "am no aci ds whose side chains have hi gher bul ki ness than that of

wi | d-type am no acids,” the value indicated as "Bul kiness" in Table 3 of J.

Theor gts 2§ RhikoxyBEdnyR-vinkT8 clopoesBSdylic aaill y used as an indicator. The
val ue_of bul ki ness of each afmino acid is Specifically as follows. [0031]

Al a (Effsets gEinventionso vy (arginine): 14.28 Asp (aspartic acid): 11.68 Asn
(aspa[@g'g]we): 12.82 Cys (cysteine): 13.46 Gu (glutamc acid): 13.57 An
(glutamne): 14.45 Ay (glycine): 3.40 H's (histidine): 13.69 Leu

(I'euci ne) : Phe hyirplage protem efldiemsysenpmvagianhas highsseleesivity, sind thyg it is able to

t hi. omi Mol i ok i iy 5 :
I S e e e T R
(t yr obydrelyzesi 8. 03 dialkyl( val i Reyinyleyclegropagsh]l-dicarboxylathat i stot o sayroduge
e ds TS %;%ﬁ@l%ﬁgﬁﬂéf@%iﬁi@%cﬁ% ?fﬁ%g%ﬂmﬁ *?Jf% 3§fem%’f no

i dsprotein wddbke presersdnvirtian, -allozyn -@-vi dproppdevarbdx yém acil,
gg: d: p awrl\. havi I;t a?ﬁggge%aqg i a"ml{ﬂ nag&t.v%# e gglah wrg yI (Eﬂealr(1 éhan
t hat ‘ovﬁlc i 1d- e;"geasa Ao AcT 05 %&p‘ﬁeco here%anclf ‘#‘es sc?ﬁ‘%ﬁﬁ or@ aonng or
nor e prodnceddisy ais industrially applivablet methdd wnbie effibientlyathancoaeemmnafhmsthods. deA
hai hi gher.b ' han t.hat. of .wi,l d:t ' i dsy . dt
roan BROEA: b 1A A2 et et Ry By o k1 PR P R AR naertBE e
abovehytizslasd prtkib Wi Khe presentdhuemtiohatan ibe dsad G prdduetion bah thérapdultid-doyitefoani no

aci ds .. I articylar, th drol ase protein,of the present |nyention
O honapitin Cyond ] AmadioRhetenf , Ui asount st BY 4t BroBnc e Sehown
i N anheGResehf inSBEAdnRaN@3. uséd 8 aYawahgeRil or M iftchBediate FoOprodaeihe tedriiRutic
residues at anm nag acid nunbers 70, 270, 273, and 313 are substituted with

am no?Ssafsder BRI Gyi ng the above-described bul ki ness val ue that is smaller
than their bul ki ness val ues.

Embodiments for Carrying out the Invention
[0023]

Hereinafter, the embodiments for carrying out the present invention will be described in
detail.
(1) Hydrolase Protein of the Present Invention

The hydrolase protein of the present invention is characterized in that it consists of the
amino acid sequence shown in any one of SEQ ID NOS. 2 to 5, or a mutated amino acid sequence
thereof, and in that it has activity of catalyzing, at higher selectivity than the protein consisting of
the amino acid sequence shown in SEQ ID NO. 1, the reaction represented by the formula (1).
Herein, the sequence shown in SEQ ID NO. 1 is the amino acid sequence of para-nitrobenzyl
esterase derived from Bacillus subtilis ATCC23857 (PNBE23857, GenBank Accession No.

ZP_03593235).
—_— (S

[Formula 8]
EtOOC" COOEt HOOC™ 'COOEt Formula (1)

It is to be noted that Et in the formula (1) represents an ethyl group.
[0024]



[ 0033] Exanples of such a hydrol ase protein include the followng (e), (f),
(g), (h), and (i): (e) the hydrol ase protein described in (d) above,
wherein, in the am no acid sequence shown in any one of SEQID NCS. 1 to 5,
at least the |leucine at am no acid nunber 70 is substituted with any one of
asparti ¢ acintiheBahftiveftion elatdvity Micaasioptcal asetbegliyg i witich (d)a proferty of
hydr ol ase protein described in, é%) or éfg)t above, V\/nerei?r] in.the am no acid
sequePCETSNE gehemsting | b oREFIN3IsgMen SOt #e 19 SGRTTA 2 RAFHY 2EHYP FemBRING70

is s y%ﬁdﬂl?’dtth}ﬁ‘ékhm BloYerdNBf B droBizinpedialtyl t@ﬁﬁﬂ@czﬁﬁw@eﬁ 1G] -afchtbox FBE, so

al ani ne; ( ) ydrol ase protein descrjbed in ) or (e) ahove, wherein,
in t hes lamrefsreatiplly senaendsS Zhdwlkpxycarpnghé vawleye mebwﬁg acidng 5, the

i sol euci ne @t oLy P hydfdifeARAr 2 -2itQ1dyeloptipahé-i Ut @earbbiNa@ny effen®lly obRiiA NE,
glutam ne, glutamc acid, and alaniné; ~(h) the %gr ol'ase protein described
i n an§l Sai- loalkpxpjcarhonylgd-vinytsyelopirepegapboxyhc tasid, dhe fellawing selegtidiy PodMEwn
in an f MS@P :£0 5, the leucine at am no acid nunber 273 is
subst%&te(l%1 e\?\/if?ﬁﬁgh#ﬁgr a rgﬂijcer#l;l'ne or histidine; and (i) the hydrol ase

pr ot ef0828kscri bed in any one of (d) to (h) above, wherein, in the amino
acid in any one of SEQID NCS. 1 to 5, the |eucine at am no
aci d %3%§ﬂ§§$%$substi tuted with any one of nethionine, alanine, and
proline. [OFigs#]of all, dialkiyk hryuyliyeberqpane-¢ilndiodrboxdater swhiddes | twoertypesn of s

particul arl referably, r ol ase ofein, i i - of 10!

el o SliBlsntha, RaPEn /R BRI BO7kRE, VLS e ot Shaufl cotfieRl 3

t he | eticheredinention camirdatmositien 27 Oasisallyubsy itheu28y forint tandwprarawm mamdaldfor t he
| euci pe ing aci d numher. 270 .i s substituted wt ny,.one of gl utam ne,
o ut e B ARt 2 iR d G b RS bR el o BB o 75 P
substitut edWiehh argithene, anBydrblsé euci neprateimm no doideblyaesber 318ialkyl
substituted with nethionjine, .and, which has acti vi of catalyzing the
eact PR 2rapy cxdapBiisy R tRY, of Ars torfavs sqitegiy Bk irE R any.
the PrRirElyRingEy alproR afkokPeurbstiyd @raj sutsetimansikosftaronyngdafd bbulo 4.

[ 0035] ) The hydrol ase protein of the present inyentjqn further .

i ncl uP@shigalhy drebte pr ok ei nPOSNR:h cdnsi sﬂ%r an Ty s egftietates

havi ng S'}ZSTDI!-&%xﬂ%rb%ﬁ%k%iﬂ%y@ldﬁéﬂén&&?bcﬁdﬁi@ QcRICT Ok i5 €6 BB MoRdGhatt HRo-R” is
above-descri bed 'hydrol ase protein of the present invention, or, an_am no
aci d saqasine dor disprguishing BVe Hssen C¥elén, ﬁﬂw oh iRfe detaligniis @dAiFWhne
or se 0B BLINMK; ' O i Afihg 16 apuenc el tAian
above)rgée?igﬁ ﬁe@ﬂmﬁﬁ%&\ggﬁﬂ%@gﬁgg‘{Stckll%;aﬁlrngésneﬁ%o i n%énti on, and whi che has
act i viimy, Bfis m@zthﬁgmer@%h@éw iX%mhasep h@gémp@wtwh@mﬂmt of thel ether1X. ailhe

hi ghey. . YA | NSkt : T i ce
chonrPrORGEERfithenh WY, ot ¥tk Ghihel7S BRida (B ploVRICIE PRoRS) ARaRgise

" honothirplitp of @estrali carbdneisdR sur$ ps idetermingd saetordingciodths &% aetationay Whgn the
honol f . 90% ' . ] o u e - i bed
hydr o&ggaéﬁyp}so%egﬁﬁggo ‘?’ﬁé’%ﬁ‘%‘%{éﬂfx ?%%/len e?o r?ﬁbr;é-gguse Si% gien‘gehgﬁh hl(agt;éﬁt gﬁﬁ{’
concethegtcfarential X4 ¢ defmedjaepoeS.has honol ogy or identity of 90% or nore,
preferably % Qr .nore re. preferably 95% or re, . i

Dt of o abl 5 Haseretiaaan TR eRoBRE 6 Pnbaritos Bindah & iBPCuhRbis Ao Pitben

.. prot eihg (08,28hforpt &xxP (1R, 2$vEondi iarthe [1 GllBoAlycarbonyl-2-Vinylchelopropamrarborylénadidn,
the term"ope or several" .in the descripti "a substitutyon, . del etion

and ofSTRHIF RhTeSH: B Be Y AIa  ASHE Ao e e alo BTty H ARl gt efperiia

ex aﬁg‘zoe, ﬂld%b]?&ho%tt @f4Ghe pr(ﬁ,%)agfomﬁbgeﬁeraited 0 iQOdearea;ed,pE%égrﬁéiuy afbathie hl
to 1 an urther prefera out 1 to 5 .am no acids. . The
ori gi HSAS) helkpspeionsls ingtSyelppampansiar b ig A i a6ty 7 by it becomes
parti gaafao¥olsi o} n@GstrihlizafBY. be a natural enzyme derived from

m cr ooroganl sns and the |ike, or a genetically reconbinant protein. [0039]
Such E0g8l ur al enzynme can be preferably obtained fromBacillus subtilis.
Speci £i chypm{t?@%@égroqllg‘s_gpgﬁﬁ;ei n of the present invention can be
obtained fromstrains such as Bacillus subtilis NBRC3026, Bacillus subtilis
NBRC3108, BWdien|a sacsmis iforps ofgiekph2-vineycpuepangd . kdisarboxylaipiscusedaas py
ordin t I i1y kd 4 TBHeS Of
he o B R b R A SR WS o SRERIA 210

di sruption, such as fragnmentation, honpgenization, a sonic treatnent, an
osnoti c shock procedure and a freezi ng-7t hawi ng process; extraction with a
surfactant; and a conbi nation of these nethods. Specific exanples of the
purification nethod include salting-out using ammonium sul fate, sodium
sulfate, etc., centrifugation, dialysis, ultrafiltration, adsorption

chr omat ogr aphy, ion exchange chromat ography, hydrophobi c chromat ography,
reversed phase chromatography, gel filtration, gel perneation



(b) a nucl eotide sequence of a DNA capabl e of hybridizing under stringent
conditions with the DNA consisting of the nucleotide sequence shown in any
one of SEQ ID NOS. 7 to 10, wherein the nucl eoti de sequence encodes a
hydr ol ase protein having activity of catalyzing the reaction represented by

e, 4 eTaIOgm &  ton btk e e
seq u'e?R?é‘ﬁE’é'ﬁf)?f@F lﬁb&gs)s{‘}%tq%tiq}?ie%g Rigﬁ%’f{bgbﬁ “%F#&P gﬂe @Héﬁ%lpgn nlg"lgt ’(%r?ié Is%f?
e o B R B o e
hydr otlkexycsrhong] gronperref taerallkaxygarhenyd grenns houpd toeproshizalicarbopab pedtion Ld by
of Ctnel L0 ORI o GHromnG T ARERR it XohBa) PRECGIGLS! MychehaGinp ) O

(s), . (I8GR-Caberyrehanyl-3-vinyleycloprprmer lic  aqi¢hosgd/or SeleC]fiTﬁ)é (bRpards

encodj 1 FyenOf i 1 QY ' | s

ol onel e lEUR SR Eaf FRRyPUS BB E0gR R L1ERRANILE i ek Bkl

Baci | (R-Zvipyloyrloprpresdd diearbaatdate uBobuef the sforprentions! selectivitipsacathbeh i s
nuct eyt leroanatibn Gofte e BidnlnlP plol (B0 BT (3IRY oK B R AR e
i nvenfdmnninFtheDNAllqoaylcaalbmyl-ﬁefim;lcadkasblzmcarh@adicoﬂtﬂid lgenetated rasi meculiud] thot i de
sequepce., Furt her non . r . g.
SeaveReRonEi TG o8 PRRIGAT, SRS Ok Tpb a8 edd 90 RN bty 8
Baci | hffictimgbthiel subsguehy Iprodiictiat i procass i orgtheaphysi@ogioa, activiyl bfche giredicede

D i e iR IgN o QD L RSB BCEIGIOT he. det er nf ned nucl 6ot1 e
sequefope7] Still thither, the DNA of the hydrolase protei-n of the present

I nvent.i %n t.only be separated from natural m croorganisns, but may

al so bd g{‘?ﬁé@?‘f@é’f by a known DNA synthesis nethod, such as the nethod

: IdestCF\i bed i As desribEataBbie, %Heh h$dréiade %ﬁﬂei%lfhjdr(?yﬁdggh_ed@ko-@alk&xyﬁfboaﬁpgroh@043]
n e present Invention, the " capabl e I di zI ng.under, str.l nt

condi PRoptgi e alkoxycabaind %‘)ENE!}IA‘?}B}%% 3 prghirahRzbarb B@g%%hﬂaﬁéﬁe fiali¥tg

horol gy nin§RRPbrdPRAE 1, 1P1iBE:8RAtY, 90%0r nmite, and neime Pr&nefatd! y @8% or

nore, wth the havi ng .t he nucl eoti de sequence shown i any one qf SEQ

| D NOES,ZR) bralioxpsarponybrpiinsierrlenrgpaseriamedics ede Bt ipya liastercomen % the

Mor eogg%sggfaﬁn *&)fli}ﬁbfégt.z alph BRiek RARKuSE the HikncS 8AHhd §uBBRIEA P BBuERA Pr&@sQut

by a nef , Which conprises performng a reaction at a tenperature from

40C t theroigingzfdhis (£3.8Rafsmn is peaterably redncsd to the MG nary hybri di zati on

DuTter: SnOTHRSAIRAY 0 SRR R PSSl ORIBY
‘mM t ooB0theM (18,28) form and the amount of the (IS,2R) form in the generated
1-alkoxycarbonyl-2-vinyleyclopropanecarboxylic acid. The lower the ratio of the amount of the
(18,2R) form to the amount of the (VIS,ZS) form, the lower the possibility of affecting the
subsequent production process or the physiological activity of the produced medicament. Thus,
it is advantageous for industrialization.
[0028]

Accordingly, the selectivity in the present invention is based on the indicator that is the
“]R2S/1828S ratio,” “optical purity (%e.e.) of the 1828 form,” or “IS2R/182S ratio” in the
1-alkoxycarbonyl-2-vinylcyclopropanecarboxylic acid.

That is, the “activity of catalyzing the reaction represented by the formula (1) at higher
selectivity than the protein consisting of the amino acid sequence shown in SEQ ID NO. 1” of the
present invention can be determined using, as an indicator, the “IR28/152S ratio,” “optical purity
(%e.e.) of the 1828 form,” or “1S2R/1828 ratio” in the



[ 0044] In the present invention, the term"one or several" in the
description "a substitution, deletion, and/or addition of one or several
nucl eoti des" is used to nean, for exanple, about 1 to 30, preferably about
1 to 20, nore preferably about 1 to 10, and further preferably about 1 to 5
nucl e lvinvieveio eefBoSHicldcRIasidprbh@ctart can readily select a
subst?%ﬂg?g%ar&ggﬁgtwg%cyanlg?gﬁf addl}?{ion of aarn? no aci ds, which does not
subst BRPhI |y affect enzyme activity. In addition, the DNA encoding the
hydrol ase P@leticl GhbddifcRE STARE HyRNARE! S0 Gk B Bresulsinatdromchdel i on,
and/ or addition am no aci ds, which does not substantially affect enzyne
actlvfdilpwl@@)t(b) é@namdw@d froma natural nutant strain or a variety, for
exanp#a? lgygﬂélgl rotein, olﬂg’igfs - AHmbeRld d8uRRGUGRERIE GAhd amid acid
subst ¥ §t on, deP et on, and/ or a ition of one or several nucl eotides with
respesﬁquelmetdinewnwulammweO%SEQem:éTQﬁ Ity Sofre OF TEERAMINNeHds 2t #RINNALd, pe
produced 0 ki on
i R A e e R T

r eadi bihecaninoextidswhosé side ehzanphaare lowembplioessshan thet of wildiypgmung peids, g0dh as

P Mut
S t 0. BPREMB AN gt ealn Lt (e ﬁ%‘%ﬁ‘gcﬁ’&%§t°8”&sﬁ§?a§$he?“£o§3 i higher
Reconmlémmty et the pﬁmedn Tomsistingrofint amino acidAequmdé slypwroint $Q

h d f
o RS eSS 5 R M S, IR0
gener gdquehdiesHabify B artyhendpo£ SEQ ID Mtl o Sapoe ar pnmrcrmnmno gciids ab Iamlricoamdost

" St 0 DS Sl o556 50 e S 90 0495

downshéigaihede didechyieymive highth belkitiks thah Yhat & wibkdptyps amino acdds, and evhithahasi ng

a pronoter nmay be used, an resent

i nser ﬂ@ﬁﬂWrﬁfCFaﬁallﬁéﬂ%(@Fég%‘i“BH r%@?"BFedq{yo% nge Fom“‘?f@yé%ﬁg%rsﬁn%énvgé{hﬁl i's
not pget rStHiIPJan){ls!mg'bittﬁgarrﬁfi) 4 Seqasndetsh6af il SBQIIDENG. and proliferate in
host m roorglanl sns. Exanpl es of such, an cgﬁ&ggsm on vect.or. i ncl ude,

pl ast (1)@ hydralese prefeinn whichecopuisis of an aminos CRASCY elnggélgq PO Ynpl es of
t he & g 8cid pTVW228,
p%@g}é%ﬁ}%ﬁ Fnérppérﬁese ROPYG 8, ot 5RO anPhlAdi8s atRENG &id P

and asm d vectors are available fr L@)m faor

exanp hembéﬁalﬁ’ar 13068|167 1108, 319, 3 8 W12 13 g7 2 oR! Vadb.andsSd B iags substutrd 3t ed
by No t t
y é@%?ﬁ}e E‘f&as i p%ﬂ@ 4he Lﬁve\ﬁgﬁf dﬂliuli‘q%ss théh fiat SOLild-6REvRBACEAIDARY er i a

inclu descri Pat ent Publ i cation_( Kokai ). No.

3-210 bﬂéovﬂm()ﬂfﬁﬁﬂi)lp atide apdraisuriadis! erdersi| 88y ERIRE, 2 IHcRIGI 24X, 3 BO2prdy3KE

d Jp
(1500y53 e Briadich 6 bk HihGh A whU SEAHaER Haleliihyr Micnésstihtan &
(Ko kalw)llngpe AmidIEaE, And WHieh has mm@fdasb/zmaéhle tqacmn neamxted:bbbﬂxe@é@% n

0 e 80 MRS Pt i R i o

Pat entsEeuin Noatlt el (Kokai ) No. 58- 192900 pCd descrl bed in JP Patent

Ul | z‘i‘mﬁymﬁsp%m dess bR o o) FBSF, wsﬁﬁﬁ%a%ﬁg S8 oot 3ob Gl
IPﬁt : Q?{Hti’?ﬁg‘iguseg% blg(gf(dﬁﬁhabdldﬁ\@t anBifio a&amwrs(mazo,,mnmdt H8iis substituset witks .

e of .the s _a kFixl]| ctor abl e
from snothetaaing peid; P“’I‘ has act “‘5%% g’?‘m&}b‘%?g‘été?fl fﬁyfeﬁ%‘ﬁ?&ﬁ!(%]&é‘é?&éanl sns
can bg, @( Blak Hl@i@@ééle%ﬁvﬁ% Haf TR @otiwéorsReing vp e Imiing acill sequehe shoemdnng
t he hydrol asé prot ein of the present invention. However, the pronoter used
her ei SBGIMBO.[Limited thereto. The promoter is not partl cularly linited, as
long as it 'ﬁ?ﬁwggr&%ﬁﬂ i20Ldtn, ARAYERERC g%tem%scfﬂ&mwrae&s\aerwmcﬁmw
initiating transcription of the 'DNA of the hydrol ase protein of the
pr esemreferablent i on. Specific exanples of such a pronoter include a |actose
operort noter, a tryptophan operon pronoter, a A phage-derived PL

pr onot'e and a tryptophan-| actose hybrl d (tac) pronoter [H A Bose e
al ., Pr oc Némh regavhtn tRciermUbutkingss” usest in the, q@mmtaqnl@e@}l? aclgoMepse

pr ormt I r I S & ide
rpr ovige dle (RHCh B R BER (Gl GEBIE AR REIICRAIS r MG RRIMAE o

af orenmentioned | actose operon pronoter, gene expression can be induced by
addi ng | actose or isopropyl-13-D-thi ogaq actoside (IPTG. [0050]

According to the present invention, there is further provided a
transformant, which is obtained by introducing the DNA of the present

i nvention or a reconbinant vector into host cells. The host, into which the
DNA of the present invention or a reconbinant vector is to be introduced,
is not particularly limted. Hosts, which have activity of hydrolyzing




[ 0053] In addition to the above-described gene expression nethod
usi ng an expression vector, the gene nmay also be allowed to express by a
honol ogous reconbi nati on techni que whereby the DNA encodi ng the hydrol ase
protein of the present invention ligated to a pronoter is directly

i nt r ogheied hatd Qigtee fikiaessstnr thht af hwild-typec mmatogacids,™ ther vdlye andiestéxhiague

of introduci ny e in .an on, inserti equence ar .the
e el g bl HBeaRo Mg o8 Tha g culBitideially A Fandidbrtr ent
as | omge a8lut bEbERMEEFORECH RRindrREER spédifieilllias folisvsexpr essed therein. The
nethoﬂ%of introducing the gene into a host is not limted. [0054] (4)
Produéid3dh of Hydr ol ase Protein of the Present Invention Using Transfornmant
Accor diingildnd)hEl .50 esent invention, the transformant obtained as described
above may be cultured, and the hydrol ase protein of the present invention
may bAIg FEFNEEYA4YSd fromthe culture. [0055] The transfornant can be
CP|tU@Sﬁ(&£a@EaBM§Hﬂ§QV nutritive medi umcontaining a carbon source, a

ni trogeh source, inorganic salts, various types of vitam ns, etc. Exanples
of thése&spyaciwelinéd2used herein include: sugars such as gl ucose, sucrose,
fruct Rl 1t ; al cohols such as ethanol and nethanol; organic acids
such g?ggﬁ?gfgﬁggf , malic acid, succinic acid, maleic acid and fumaric

aci d; Gln(zlwrmikadid)ap3.Adl asses. As a nitrogen source, ammoni a, anmmoni um
sulfa ﬂgﬂR ' oride, amoniumnitrate, urea and the |like are used
singlgﬁ%f I'n ?gﬁgyﬁé§i<an. Exanpl es of the inorganic salts used herein

i ncl uGdy (gyas®i ik nonohydr ogen phosphat e, pot assi um di hydrogen phosphate,
and ng@n si%qkzqﬂéyea O her than these substances, nutritive substances
such Sé%%ﬁbn Y at extract, yeast extract, corn steep |liquor, casam no
aci d, Lam{ewdne)oRE4® ypes of vitam ns such as biotin, may be added to.the
medi u 056] .. The culture is generally carried out under aerobic
condiﬁ%é%@eWﬂb@r3Pﬁ8 aeration stirring, shaking, or the |ike. The culture

t enpelLgs dy€nd)S1HPt particularly limted, as long as it allows host

mcro ni sns. t . In addition, theapplied during the culture is not
partighgﬁpﬂi“F? iﬁ%2¥;ither, as long as it allows host mcroorganisns to
gr ow. phel{ghegylhlagine}|1oigoe, the pH val ue can be adjusted by addition of acid
or alkali. [00%%] An enzyme can be collected fromthe culture

accor 8rn@reigey Wdan col | ection nethod, using the activity of the enzyme as
an i ndkC@kie): 9.471 s not always necessary to purify the collected enzyme to
- a honbgeneousS state. The enzynme nay be purified up to a purification degree
t hat dapdhgenige):ilp/dnded use. [0058] As a roughly purified fraction
or a Egygﬁ@&%h§2g2ﬂ37used in the present invention, there nmay be used a

cel | ss"separdted fromcell broth obtained as a result of the cultivation
of a HUyutwpeineadB.03a di srupted product obtained by disrupting the cel
broth\gfo%ﬂ§ﬂ9§¢g7nass by neans such as ultrasonic wave or friction under
pressure; an‘extract containing the hydrolase protein of the present

i nvenfd03@}] which is obtained by extracting the disrupted product wth water
or the |l kerug €hdids, BRERAALLGN <Ble bifholY SlPREAP! bRl Qi diewRh SRER"

i nventi on, I'ch i sdbtalne y furt Rer pertformng a treatnent such as
amoneminosadidsawboskrsidet ¢hairstliave lorerdnilkiness chanothat ogwiHiypeoaminheicids” is used

above-descri,b extract: or_a rified,enzyme e i e a
o oauis Tt AR duy Byl e SRR SBCTE ek HRR RURR MR o
pr odubtilkine¥d walat ,thatoisgévhallep uhaf iled dfraiditype aminpuadids. e e tizey otheorthand,cther i er
may al,so .be used. [0059] . . The -described cell .nmas cell ,mass
3 | BECHDRYbSAEior TOSRE ALNARO aGidS o A SHBARY YAE LR B DS eSS

- sui t a@hw lﬁglﬁerribﬁﬂdﬁdgsﬂxaﬁshaalbf&fﬂrdydypm' dﬁ]_ ormmnwlhseak@?iemﬂagﬂald_aﬁﬁno acids ae
carrageenan,. according to a_known ordjnary ne | ilizi su ce
s SHSIE] 1B Bno s £y vy fﬁ@ﬂéﬂ*&%@%ﬁ%ﬁ%‘ﬁ@@%ﬁ%ﬂ%@é&Isiqgfgef than

| Mobiat sERi1@RyPnigakEider . the cell mass, which has just been recovered
fromthe culture or has_been washed with a suitable buyffer, such as an

appr oxi mat elnypgtigglag, she) hydolase gupiri el Bigr pispent dnyestipn 13 @;P;fer@E by deeiage

[ 0060} oteth wHeRIH Cinl tAS affino acid secﬂuence shown in any one of SEQ ID NOS. 1 to 5, one or
(18, 25) - 1- Al koxycar bony1- 2- Vi nyl cycl opr opanecar boxylic Acid Using

Hydrol ase Protein of the Present Inveni'on According to the present
invention, there is provided a productton nethod represented by

t hef ol | owi ngf or nul a(2), nanmel y, anet hodf or pr oduci ng

(1S, 2S) - 1- al koxycar bony1- 2-vi nyl cycl opr opanecar boxylic acid, which
conprises allow ng the hydrol ase protein of the present invention to act on
di al kyl 2-vinyl cycl opropane-1, 1-di carboxyl ate, so as to produce the



In the formula (2), R represents an al kyl group containing 1 to 10 carbon
atons, an arallcyl group containing 7 to 20 carbon atons or an aryl group
containing 6 to 12 carbon atons, each of which nay be optionally
substituted. [0061] An exanpl e of the alkyl group containing 1 to 10
car bomoa¢ feusinetur dGivlemrinelresidpdsi v aatihy add matiberst 2 27001 78h ands 3 T 3 preessibstitedd by
R, 1s_a.substituted or. unsuhstitute l.i near.,. branche r. cyclic .al kyl.

or oup VEB eI #0ST e e i RPN gieborite SRR LTONE Shet i SHRUET ¢ oMo

| i neabulkkbessredigst. or cyclic al kyl group containing 1 to 6 carbon atons is
nor e P(S(gf?rabl e. Anong these groups, preferred exanples include a nethyl
group! A et hyl group, an isopropyl group, a normal propyl group, a nornal
butyl gr oupExafiplesefduch b haRilke peotsiaGndlide/the G6ltuwing )t @, (gh W)y nduipup, a

normal pentyl group, .an isqpentyl group, a tert-pentyl group, a neopentyl
1 oup (©) 1R Gy ARaleh BRI dleesatbeddn gL RspPoBYSTely e am acgﬁiﬂqwmgrsglaw 8
cycl openbyd oPSPOAD RO, 2 16 ¥ChaBSX e 18HEAHP at AMindlakdd mBAIRY OGS BEERLRItEDwWkht 0 4
carbon atons_is particularly preferable, [0062] The aral kyl group

cont aRRY PRF Of ASPATHO agid, BDArAEINE ST tRIFOREY, B &iM%nal |y substituted, which
Is T e?ﬂgom i afprBeir esBisdaah ) & @) MRS WAMERinGhe BRSPS (ddhbtteahahkY!

group ning 7/ to 12 carbon ‘atons, Anbng these groups, preferred

exanpieS8EQAPI NQe3 ar hdhe leucige ghipming agidveunlar P 25 subgiitytad, with anyhenerdysgthenizy |

gr oup u?au%' %fb@ (Jc ) .a 4-bronobenzyl group, a 2-phenyl et hyl

gr oup,gl a -ng’[#elny ectef%ﬁy’ aaggtt}%%eénd a 3- phenyl propyl group. [0063]
Exanpl(@dhohydrblesaprpieindesapbabint(d) o (ehal®veowhareimamibe amimmacidvdquenagesiiotyn
optio u i e i jSe T . I: . up,
271 pmt RSB NS, 2’ UGB TSRREE S Wi pesfbRe: 270 Bk

m et wythging one ofjsaving, glatapring ghytdpivecid, and slapinean  o- met hoxyphenyl group, a

m et henyl aroup, - et hoxyphen r.Q 2, 3-di pet.hyl phenyl qgroup,
o o 2D AR At B, BroBrb DORUEPRCHL (PR Ay By, St b UG a8

2, 6- dbdirietnd ghoamyin aiyostie, ofaSBQADINGS. Hytophethy lewgineugt, aming , abiddhurebdryd 78hisny |
group, ,a.2, 3, 5-trimet hyl.phenyl .group,, a 2,3, 6-trinethyl phenyl group, a
2,4, 6§‘El?spﬁ\5‘°tq1‘% ﬁ’émlar%?lgﬁﬁf%ﬁﬂgil}g’rﬁ%tdrophenyl group, a mnitrophenyl group,
and a(ipid hydrphenploth lepcribed in anyRoreSofbfdgfte (Bphbbva, mbklei, ifrthel Amimnacdhyl

.group, a tert-butyl group, b | group, and is nore preferably_an

ot hy! SeRES, Shopei) any one of JHQIY NS 8o 18 einecetAs ek e 13 s

| nventiRitdd with aeehd 6F Méhiodedalahiky | and proline. o
2-V|nflcyclopropane-l,1-d|carboxylate, a purified or roughly purified
hydr ol¥S&] protein of the present invention, a microorganismthat generates
the hydrol agg. By@ogisd éﬂnf)tefnhgf H{ee?&géntl AV&HONOR faftichlarly bFAabIgr Adlirdlayi ng
a DNA encoding the hydrol ase protein of the present invention, etcC.), or a
t r eat BEPteiRONRIER copisibaf an aming qciwaguensesvhergn, infhe amingqid sequence shown in
2-vin aoine A M S08S : ie acid. the leucine
18, 28 e B R 203, ARy aspartic acidy g Jeucine
Ther eatcaniion aeidimydiben3T(hisrsubssivntad with anytang obighitayine, glutamic acid and alanine, the
2-vin yel - -0 b. . u te. i )

7 qui G £ RRRS Gt S S Bl St ARifind T U] Bucche BCUAMY B,
r eact manberahl s substitutedr with dnethioniste, and aplpelo pas actavityead) extalyming the reaction

APPr OKTELREY bY O 118 ¢ WL 1 20 RinB S RRRURP e BloRR Ui Br o G
(18, 28&jid sequchoxshoankin SEQ ID Wiyl cycl opr opanecar boxylic acid can be
pr Odu@gﬁl [ 0066] Thenet hodof fracti onati ngt he

(18,2 al koxycar bonyl- 2-vi nyl cycl opr opanecar boxylic acid of interest
fromthe refhd hodrotdsxtptotein of i ppediti ivkmidny frthet tiecluded & digdroddse qstrotein,

urification nethod that i.s known to.a person skilled in the art can b
Dbl | BREhSRRsE of fbamibacd srehth bvi BFeIRE, 35 PO e e patpbae s
[ gcl uge?luemt oiagﬁ dbﬁve-klbm{ﬁe&i hy&mllase r]iﬁoteiﬁ gﬁcﬁ;ﬂ Prasent ﬁﬂﬁ%ﬁbh,i @g&ﬁ l@ﬁhind @au? _
adsorption, and cohurin chromatogra [ e rol as rotein
of t hg?qﬁ?'@éiﬂnﬂfﬁ%rﬁ ?‘g’ﬁtlﬁlé‘ﬁnb‘iﬂ?%éﬂnf f%{‘{ P£ﬁ$‘§t1 of erepr Vvﬁ@gémi“‘ﬁ’ - o ‘Ep"Hgd of
hydr of4géddGo dhetdvho Zcid BXuen&d 8P tRP ABSveldebebsia Rtk tpRottid f ﬂiiuf&sent
(18, 28) - 1- et hoxycar bony1- 2-vi nyl cycl opr opanecar boxylic acid. [0068
Mor eover, the dial kyl 2-vinyIcyclopropﬁye-l,1-dicarboxy|ate of the present

invention can be produced by the reaction represented by the follow ng
formula (3): [Fornula 11]



ROOC COOR Formul a (3) Specifically, the raw material conpound of the
formula (3) is allowed to react with a malonic ester in the presence of an
al kali metal al koxide or alkali netal hydride, so as to produce the dial kyl
2-vi nyl cycl opropane-1, 1-di car boxyl ate of the present invention. [0069]

| n t hawkofien)|sad (Which Wae ketivityRof EaNemeNths radttiah thsrosdntsdyby ﬂieommﬁﬁngqiaai ng
6 to 12 car ?on atgons, an alk Isul.fonﬁ %TQU cgnt aining 1 to 10 carbon

at ons Pighe egrlawﬁaagmwﬂwn {5Hng ghihgi lﬁga‘# eAuspcPRBAL SEGHD NBadh of
whi ch[o“(gjq be optionally substituted. Exanples of R3 include a

benzenesul fonyl group, a p-tol uenesul fonyl roup, a 1- napht hal enesul f onyl
group, a 2-HeBaPFacEationniie termy hpmelo@eehd0res i thedescriptionp an gmino acid

et hangskd QMbAVIiY RMDIod B SUOABEHSE QK thORAHS ach Mu&d&%%&ﬂm@gggrgﬂfbe@yl

group, and a benzyl sultonyl group. R3 is ‘gref erably a net hanesul f¢ ]
gr ouphydgolsss peotesuek Bieypregens Upveniien” ds pised to aneanuftibile cgresied anipagadidese

group - R HERE QY o, i ) r e énﬁ“, S
t he sie u&adeaflitlér%i ti oniévaép%gtslg esc); %gﬁsébg%iitgogdff& e, Here nfe%dgg raw
mat er e @romptay med grartidutarfyoprefdrably $8% an nywre pwish tbe dmine oridi sequense afkthown
met ho . : ribed in Frederic Dolle et al., Bioorg. Med.
Chem H%d&gtég&i%&lﬁ%g%&%gale c% herw se, the raw material conpound of the
f or ru[G@37B) can al so be produced by the reaction represented by the
foll owi ng fyorpmul : “ | I zati on [t Itz 0. X -s-R30-
m%m&@#@f’%ﬁ% 5&}{5@%@ tehfd %é‘i ?‘%‘ief:agl 1y, ela%*-C%‘HP%‘he%iSB\’S“i“é“‘m’

al | ondgletian, madlot additidn dhenecampoermbaminpraeiishiieased to RRXn, fodkkaugld, dbout 1 to
crystallization, s s 40 _produce the.raw nmaterial . c oupd .of the forpmula
(37" R0 wub R ey 138 200 e PHTFTg DI Ao b e | Pt B B LSO Ao 4 © 5
hydr odminedicitist h an acid or a base to obtain 1,4-butenediol, and the

obt ai @@ﬂ ﬁ,4- butenediol is then allowed to react with the conpound

repre §Ed by R3X, followed by crystallization, so as to produce the raw

material conpooigin O thé) Bydroladd lppotéid)of the present invértionlie nb@ pardcalafl¢ Nimitdd.
repr and X2 represents rogen atomor R2,

esents a hydrogen atom or, Rl hy,
wher MY Bind cewzmae%éwaénﬁw Pdgpereapisms pang %ﬂ ilg?»beﬁy’a ggnesigplly
cont ajeBbfiBindnt gotkin. Car bon atons, an aral kyl carbonyl group containing 8 to
21 carhon atonms or an aryl carbonyl group containing 7 to 13 carbon atons,
each B03%hi ch may be optionally substituted, provided that XI and X2 do not

si nmul t aneousjcy J%ﬁ&%ﬁy&h%eﬁ}ﬁﬁ}éﬂ%@ obfalfel St 'Blzcill?k skl gg&qﬁeﬁlyi, S

R2. More preferably R and R2 each represent an acetyl group,

et hy| barhydrglasegproteyn of the prespuit ipveatianoedn bgobtinedofrom Heaimso yichgaso Bacilius
Furt Wbﬁm %Rgg?% Be 'zﬁl}dsﬁ%gsear@QRggPésES?&&nzfs”sz%%YNBRtgbﬁ’i' A0 Badipus
g the ) -1-et onyl-2- cycl opropanecar Cl

Usin oxycar Vi Ry y carboxylic a
obt ai swdliy INBRE3BI B sl tordingrynmetheds t foe rextrieeimg engrputifyingd enzymes.  Specific

 nt erarks e prAtiBR na R REeS ARRMrolhan BNELAR CTPREL IR AE B case

i nhi biragmentativg, t hembgekizatiomi @h sanie ¢igatnmant,| yanunsaoticlestekbpprredas and a

t her apeutic,agents for hepat.itis.,C._  an sal t ,t herepf...[ 00 The

br e e scRP TR S BERReh Figtn Bfenl” she A FORRmasay phtlessmighods
exanSpesifichixamiplas of tHegaeifiexidorpinethod fimscludet saithigend @sing @minotiitim stiléats, copRnof

the present inventjon. | es 074 anple 1. Cl oning of

par a-sﬁf%reoﬁé%’z Wm%@g@}l‘?i Ei%é'nﬁé’ t‘%‘i‘?‘%‘&fﬂté{)‘%ﬁ% %%mfn(ﬁ‘?%‘}p%(’l)‘oneéﬁcé‘a@%ni ng
Baci | dhusmatopiaphy, hydbpeaE8 ehronBacirhphiys réehied Iphsse BRI GapiBa ¢t filuationlpe] | 1 s
NBRC3108, Baci |l us subtilis NBRC3027, and .Bacillus subtilis NBRC3013 were
each REFPEHWY %mﬂ%rﬁvhxsnﬂﬁ}"&m GRIRRATOETARIY, o FISFIERPhERPIS naYRog APy @nd 2

col | ephitmationoifikiadé astholiher eafter, a chronosonal DNA was prepared from each
of th @ﬁﬁ;ai ned cell nmasses, using DNeasy Bl ood & Tissue Kit (manufactured
by Q . [ 0075] Based on a gene sequence (hereinafter referred to

as pnbA238% ggéﬁs? thP%ggagé? p\%;htéaﬁdifmﬂe PRE& HhchAbie IZalbndSicb @t Q& kioweh from

Bacillus subtilis AT ] 10se_genone sequence had_been known )

( her angthed.and by elopedigens is thenNprodigsd ,lntG@rﬁggﬁlkle hestde iley it express 3i596in35,
SEQ | . ' : AV f 2 IL,ax i

st er S by dr o o e o o e b 2 Bl R

nucl eoti de sequences of the two priners are shown in SEQ ID NO 11 (pnbA F)
and SEQ ID NO. 12 (pnbA R) in the seq&%nce l'isting, respectively.

Using, as a tenplate, each of the chronpbsonmal DNAs prepared fromthe

i ndi vidual strains, and al so using pnbA F and pnbA R as priners, a DNA
fragnent with a size of approximately 1.5 kbp was anplified by a pol ynerase
chain reaction (PCR).



In this PCR the reaction was carried out using Easy-A High Fidelity PCR

G oni ng Enzyne (manufactured by Agilent Technol ogi es) under the conditions
described in instruction nmanuals included with the kit. As for tenperature
conditions, after retention at 94C for 2 mnutes, a cycle (94C, 30 seconds;

50C, @Bteslec OFdtScxamiple, 68 Ge Bﬂ;lsSQfaﬂllf@l‘&)atﬂbﬁ&egz@cﬁﬁgtﬂ@@in&ﬁedﬂdﬁ%&?ueﬁﬁd of Bene
ret ation

reaction then retained at 72C for m nyt es rm

of thecpeﬁetﬁeﬁydr%wmofeey Predpeient rnaﬁntarn E&@&P%egplaweveﬂertcﬂre S specific tolsgr ng,
as a géﬁ@RJf @leehydtrdslﬁsepéra&m &F tREYRerit | afentias m*é@:l%ﬁigﬁé@péw ﬁﬁ%ﬂ&%ﬁbs log Rﬁﬂleishe

met hod_descri bed i n JP Patent PubI ication (Kokai) . 05- 34025

al so a5 ep Pr@ngﬁ thechydrolpspxprgtatmp! dheopisseny inyentip IfNeo lafesd %anph@edpfrpm

( DWWAR\{% Og?:n&ﬁQ DRMra%Da BDNA %‘Bf@?teté’\b BPB@czﬂbszﬁJHh%s m%%ﬁt ely

4 kbp was arrpllfre nplified fragneht was gested with

r est r Peaillensubiiiy %BB@%IOS agﬂf’lf”ﬁe‘i“éﬁm @}BR@@MQ Borigus |sabrlleoNBB£i3@rL% @r kghe
(manuggct l‘IFI"EELI ¥ ﬂﬂhf@@ﬁl Q%%@m a ve fndb)) nge re?f@ﬁblﬁb%ne(:thféretaﬂels ehd véci&% ron
to obtain a asm e t

al ned was naned as

this mmduqeﬁenﬁoemt padls, Waélat:&xerﬁ)lga is gxpigssed ghecem, men@lyvé:rtamm‘g(thehmrabsmr ed
by To 99?} ) the conditions described in instruction nmanual s
i ncl Phésglﬁtm%ggﬁfor tenperature conditions, after retention at
94C f{@ﬂ42] m nutes, a cycle (94C, 15 seconds; 58C, 30 seconds; and 68C, 4
m nut |rres and the reaction product was then retained
at 68@?%}1&’}??{%@2’3?%3{&&9 {'0fe termination of the reaction. [0077] (3)

Pr epar at i onrAgdordiagr t&s sthenpfiseigmivention, thdisi iy progdtd oa- DNA eoncedog Khé

(rranufact r ed. the DNA fragnents obtained in (1)
bovertirdession! RuBRE a R s Ris o B PR B or pkoB2. pr epar ed 1 n-(2)
above. Her e§praificesxamiphes oflfthaimed off Ithes pit edmtmv@ubﬁflmlﬁwt}ioee asnsixinp AIIRG 7,
ppnb A A 0 ppnbA3013. [ 0078] Wth regard
to t%ﬁﬁwﬁ%ﬁg ?Jé £ B %ﬁ’gﬁﬁ‘%&é ppnbA3027, and ppnbA3013, the DNA
sequeay the rdubRbtiflostqhane shmﬂﬁﬁﬂﬁrdﬂ%tdeE@mm$7&6abyZEd and as a result,
rhe "B oMo s O UK a5 AL Do S SR sl he
PNbAIGNA, cInSRREE bf ﬁelﬂadel;hee %ﬁ&%@%ﬁlﬁ aﬁ§' o @5 SECENE NO® 760 axs) SheMAh | N
SEQ I D NOS. 7.(pnbA3026), 8 (pnbA3108), nbA3027), and 10 nbA3013) ,

r es pehe inpglegtid erﬁeluamenelcaé%aéi@ §é§0’§ﬁ’c é@g Bgtivi e@%cmﬂ@eq FRagtomer e
namedegesMREBO 2 fdﬂﬂ%?gl%nuﬂ\ﬁﬁ%‘@ %thef“@gea ﬂr?’ther %Ebﬁéﬂtﬁﬁg offiRse

an no gr%l d seq uences were as shown in SEQ | [\ﬁ@ﬁ BE3026
(PNBEBlllGQ)aCIdzBeﬂ‘FﬂQBE@M%m SHHAIB N®NBEBD13) , respect i veI y. These am no acid

R Soushes ssS by i E Rih, 386 UogspRepely

Exanpiusleptidgowphrespeet tofthsandeatidei sequasice rsbwm ipamaond of SBQIBY/NOSs 7do d8e

Usi n d MLO9
(mancrafinr g SRl BB BBl Rtdlite THAIR Saing SORIET O Bl w0
met hadactibhe‘epﬂesmtﬂ’ew ﬂed‘oﬂdmvingrfbrrﬁﬁa liEx atdtigher selectiviiyrtbarethetpreteh) ensisting o a
shaki cul ture. Al 30C i di um cont ai ni ng 20 ng/1 kananycin
and d’qghwr’ﬁﬁ& BIETHE S g‘bw‘h %ﬂﬂgrh\%t)ng culture, cells were coll ected.

The dbvanwled]jcel | mass was reacted in a 100 nmM pot assi um phosphat e buffer
containing a 5 g/1 ragemc formof 1, 1-diethoxycarlonyl-2-vinylcyclopropane
(hereinafter ref as "VCPDE") and 5% di ul foxi de at 30C at pH
7 for 21 hours. rrpletlo t he reaction t he

t I I d by high : t h
reaction so alyzed by hig pe qu ogr aphy
(HPLO) underléﬁdrj](g f ol %qfn g condi tions. W 'p ‘3?62 6 x 250
nm nmanuf actured by Dai cel Corporation) EI uent . hexane : et hanol :
trifluorgacetic acid =95 : 5: 0.1 Flowrate. 0 8 m/mn Tenperature: 30C
Det edPPHH: LV 210 rim [ 0081] As a result of the analysis, generation
of 1-ethox mﬁﬁﬂq%cc?dﬂg helpuedise W&éﬁ%ﬂﬁ@ﬁ’éyédt i‘nv%ﬁﬁdl @&q_f)ﬁw’rﬁitt@f:loned

referred to as was confirned. Based t he obt ai ned resul t he

1R2§rqrsz9ycrléw|sabﬂlrm G0 6.Becillyseudyibis |I\H31?s@%110§eﬁaﬂlles ea@leé)lBRGéﬂ%ﬁa t he
(1R 28)ciih" ﬁ}ﬂtﬂ}s tBRESOES, resl IERMrhich 1§ oblared Bg?rlmr@cmch%ah Iﬁa't%h&%/

i ndi cates the enantioner "excess of the (1S,2S) formto t t?orm
and the "1S2R/ 1S2S rati 0" that i ndi catgs t he ratlo bet ween the (1S,2S) form
and the (1S,2R) form which were to bddused as indicators of sel ectivity,
were obtained. The results are sunmarized in Table 1. Mreover, the

hydrol ytic activity of the concerned substrate was not observed in a cell
mass that had been transfornmed with only the plasmd pKWB2. Al of the
enzynmes exhibited a sufficiently | ow value of the "1R2S/1S2S ratio." [0082]
The three types of enzymes, PNBE3026, PNBE3108, and PNBE3027, exhibited a




Enzyme Nane 1R2S/1S2S Ratio 1525 Form Optical Purity (%.e.) 1S2R/ 1S2S

Rati o Remarks PNBE23857 0.0222 93.1 0.953 Reference Exanpl e PNBE3026

0.0263 94.2 0.970 The present | nventi on
aforementioned DNA. Since the nucleotide sequence of the concerned DNA has been
determined by the present invention, a DNA can also be synthesized based on the determined
nucleotide sequence. Furthermore, a DNA can also be isolated from a DNA library (e.g. a
genomic DNA library, a ¢DNA library, etc.) of microorganisms such as Bacillus subtilis by
hybridization using, as a probe, an oligonucleotide produced based on the determined nucleotide
sequence, or by PCR using, as a primer, an oligonucleotide produced based on the determined
nucleotide sequence. Still further, the DNA of the hydrolase protein of the present invention
may not only be separated from natural microorganisms, but may also be synthesized by a known
DNA synthesis method, such as the method described in U.S. Patent No. 6,472,184 or U.S. Patent
No. 5,750,380.
[0043]

In the present invention, the “DNA capable of hybridizing under stringent conditions
with ...” means a DNA comprising a nucleotide sequence having homology of 80% or more,
preferably 90% or more, and more preferably 95% or more, with the DNA having the nucleotide
sequence shown in any one of SEQ ID NOS. 7 to 10 or a complementary sequence thereof, by
BLAST analysis. Moreover, the hybridization under stringent conditions can be carried out by a
method, which comprises performing a reaction at a temperature from 40°C to 70°C, and
preferably from 60°C to 65°C in an ordinary hybridization buffer, and then washing the reaction
product in a washing solution having a salt concentration of, for example, 15 mM to 300 mM, and
preferably 15 mM to 60 mM.

[0044]

In the present invention, the term “one or several” in the description “a substitution,
deletion, and/or addition of one or several nucleotides™” is used to mean, for example, about 1 to
30, preferably about 1 to 20, more preferably about 1 to 10, and further preferably about 1 to 5
nucleotides.

[0045] _

A person skilled in the art can readily select a substitution, deletion, and/or addition of
amino acids, which does not substantially affect enzyme activity. In addition, the DNA encoding
the hydrolase protein of the present invention having a substitution, deletion, and/or addition of
amino acids, which does not substantially affect enzyme activity, can be obtained from a natural
mutant strain or a variety, for example.

[0046]

A DNA having a nucleotide sequence comprising a substitution, deletion, and/or addition

of one or several nucleotides with respect to the nucleotide sequence of any one of SEQ ID NOS.

7 10 10 can be produced by ordinary mutation operations such as a method using a mutation

14



PNBE3108 0. 0504 97.0 1.01 The present I nventi on PNBE3027 0.0404 97.4
0.998 The present I nvention PNBE3013 0.0433 89.2 0.863 The present

inducer or site-directed mutagenesis. These mutation operations can be readily carried out, for
| example, using commercially available kits such as PrimeSTAR Mutagenesis Basal Kit (Takara

Bio Inc.) or QuikChange Site-Directed Mutagenesis Kit (manufactured by Stratagene).

[0047] |

(3) Recombinant Vector and Transformant

According to the present invention, there is further provided a recombinant vector having
the DNA of the present invention. In order to prepare a recombinant vector, in general, the DNA
of the present invention and a promoter suitable for host microorganisms are inserted into a vector,
so that the 5’-terminal side of the coding region of the DNA of the present invention can be
ligated to the downstream of the promoter. Alternatively, an expression vector containing a
promoter may be used, and the DNA of the present invention may be inserted into the expression
vector. '

[0048]

The expression vector is not particularly limited, as long as it can replicate and
proliferate in host microorganisms. Examples of such an expression vector include a plasmid
vector, a shuttle vector, and a phage vector. Specific examples of the plasmid vector include
pBR322, pUCI18, pHSG298, pUC118, pSTV28, pTWV228, and pHY300PLK (all of these
plasmid vectors are available from, for example, Takara Bio Inc.), and pET Expression Vector
Series (manufactured by Novagen). Examples of shuttle vector for the E. coli/coryneform
bacteria include: the plasmid pCRY30 described in JP Patent Publication (Kokai) No. 3-210184 A
(1991); the plasmids pCRY21, pCRY2KE, pCRY2KX, pCRY31, pCRY3KE and pCRY3KX
described in JP Patent Publication (Kokai) No. 2-276575 A (1990); the plasmids pCRY2 and
pCRY3 described in JP Patent Publication (Kokai) No. 1-191686 A (1989); pAM330 described in
JP Patent Publication (Kokai) No. 58-67679 A (1983); pHMI1519 described in JP Patent
Publication (Kokai) No. 58-77895 A (1983); pAJ655, pAJ611 and pAJ1844 described in JP Patent
Publication (Kokai) No. 58-192900; pCG1 described in JP Patent Publication (Kokai) No.
57-134500 A (1982); pCG2 described in JP Patent Publication (Kokai) No. 58-35197 A (1983);
pCG4 and pCG11 described in JP Patent Publication (Kokai)'No. 57-183799 A (1982), and their
derivatives. In addition, an example of the phage vector is a AFixII vector (available from
Stratagene).

[0049]

A promoter possessed by host microorganisms can be generally used as a promoter for
the expression of a DNA encoding the hydrolase protein of the present invention. However, the
promoter used herein is not limited thereto. The promoter is not particularly limited, as long as

it has a nucleotide sequence derived from a prokaryote for initiating transcription of the DNA of
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[0091] [Table 2] Table 2 Am no Acid Residue Position 1S2S For m Model

D stanceTarget Atom (A) 1R2R Form Mbdel Di stanceTarget Atom (A) GY 106

7.11 C 7.43 C ALA 107 5.05 CB 5.76 CB PHE 108 6.39 CE2
hydrolyzing dialkyl 2-vinylcyclopropane-1,1-dicarboxylate to compounds other than
(18,28)-1-alkoxycarbonyl-2-vinylcyclopropanecarboxylic acid or the activity of converting the
generated (18,2S)-1-alkoxycarbonyl-2-vinylcyclopropanecarboxylic acid to another compound,
can be used as hosts, into which the DNA of the present invention or a recombinant vector is to be
introduced, by disrupting a gene encoding the enzyme protein having the aforementioned activity
by the existing method.
[0052]

Examples of a method of introducing a gene into the above-described host microorganisms,
which can be applied herein, include: transformation methods such as a competent cell method
[Journal of Molecular Biology, Vol. 53, p. 159 (1970)] and a pulse wave clectrification method [J.
Indust. Microbiol., Vol. 5, p. 159 (1990)]; a transduction method using phage [E. Ohtsubo,
Genetics, Vol. 64, p. 189 (1970)]; a conjugal transfer method [J. G. C. Ottow, Ann. Rev. Microbiol,,
Vol. 29, p. 80 (1975)]; and a cell fusion method [M. H. Gabor, J. Bacteriol., Vol. 137, p. 1346
(1979)]. From these methods, a method suitable for host microorganisms may be selected, as
appropriate.

[0053] .

In addition to the above-described gene expression method using an expression vector, the
gene may also be allowed to express by a homologous recombination technique whereby the DNA
encoding the hydrolase protein of the present invention ligated to a promoter is directly introduced
into the chromosome of a host microorganism, or by a technique of introducing the gene using
transposon, an insertion sequence or the like. Accordingly, the transformant of the present
invention is sufficient, as long as the enzyme of the present invention is expressed therein. The
method of introducing the gene into a host is not limited.

[0054]
(4) Production of Hydrolase Protein of the Present Invention Using Transformant

According to the present invention, the transformant obtained as described above may be
cultured, and the hydrolase protein of the present invention may be then obtained from the
culture.

[0055] .

The transformant can be cultured in an ordinary nutritive medium containing a carbon
source, a nitrogen source, inorganic salts, various types of vitamins, etc. Examples of the carbon
source used herein include: sugars such as glucose, sucrose, fructose and maltose; alcohols such as
ethanol and methanol; organic acids such as citric acid, malic acid, succinic acid, maleic acid and
fumaric acid; and blackstrap molasses. As a nifrogen source, ammonia, ammonium sulfate,

ammonium chloride, ammonium nitrate, urea and the like are used singly or in combination.
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7.44 CE2 ARG 219 6.44 CG 7.16 NE LEU 270 7.98 O PHE 271 4.13 0 4.66 0 GLN
272 5.57 0 6.48 OEl LEU 273 3. 35

Examples of the inorganic salts used herein include potassium monohydrogen phosphate,
potassium dihydrogen phosphate, and magnesium sulfate. Other than these substances, nutritive
substances such as peptone, meat extract, yeast extract, corn steep liquor, casamino acid, and
various types of vitamins such as biotin, may be added to the medium.

[0056]

The culture is generally carried out under aerobic conditions involving aeration stirring,
shaking, or the like. The culture temperature is not particularly limited, as long as it allows host
microorganisms to grow. In addition, the pH applied during the culture is not particularly limited,
either, as long as it allows host microorganisms to grow. During the culture, the pH value can be
adjusted by addition of acid or alkali.

[0057]

An enzyme can be collected from the culture according to a known collection method,
using the activity of the enzyme as an indicator. It is not always necessary to purify the collected
enzyme to a homogeneous state. The enzyme may be purified up to a purification degree that
depends on intended use.

[0058]

As a roughly purified fraction or a purified enzyme used in the present invention, there
may be used a cell mass separated from cell broth obtained as a result of the cultivation of a
transformant; a disrupted product obtained by disrupting the cell broth or the cell mass by means
such as ultrasonic wave or friction under pressure; an extract containing the hydrolase protein of
the present invention, which is obtained by extracting the disrupted product with water or the like; a
crude preparation of the hydrolase protein of the present invention, which is obtained by further
performing a treatment such as ammonium sulfate fractionation or column chromatography on the
above-described extract; or a purified enzyme preparation. Furthermore, a product obtained by
immobilizing the above-described cell mass, disrupted product, extract, roughly purified fraction or
purified enzyme on a carrier may also be used.

[0059]

The above-described cell mass, cell mass disrupted product, extract, or purified enzyme
can be immobilized on a suitable carrier such as an acrylamide monomer, alginic acid or
carrageenan, according to a known ordinary method of immobilizing such cell mass or the like ona
carrier. For example, when the cell mass is immobilized on the carrier, the cell mass, which has
just been recovered from the culture or has been washed with a suitable buffer such as an
approximately 0.02 to 0.2 M phosphate buffer (pH 6 to 10), can be used.

[0060]
(5) Production of (18,28)-1-Alkoxycarbonyil-2-Vinylcyclopropanecarboxylic Acid Using
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CD2 4.70 CD2 LEU 274 7.46 N PHE 275 7.47 O GLN 276 7.38 OEl1l [ 0092]
[ Table 3] Table 3 Am no Acid Residue Position

Hydrolase Protein of the Present Invention

According to the present invention, there is provided a production method represented by
the following formula (2), namely, a method for producing
(18,28)-1-alkoxycarbonyl-2-vinylcyclopropanecarboxylic acid, which comprises allowing the
hydrolase protein of the present invention to act on dialkyl 2-vinylcyclopropane-1,1-dicarboxylate,

so as to produce the (18,25)-1-alkoxycarbonyl-2-vinylcyclopropanecarboxylic acid.

[Formula 10]
-
{S)
N (8)3
ROOC” 'COOR HOOC® “COOR  Formula (2)

In the formula (2), R represents an alkyl group containing 1 to 10 carbon atoms, an
aralkyl group containing 7 to 20 carbon atoms or an aryl group containing 6 to 12 carbon atoms,
each of which may be optionally substituted.

[0061]

An example of the alkyl group containing 1 to 10 carbon atoms which may be optionally
substituted, which is represented by R, is a substituted or unsubstituted, linear, branched or cyclic
alkyl group containing 1 to 10 carbon atoms. A substituted or unsubstituted, linear, branched or
cyclic alkyl group containing 1 to 6 carbon atoms is more preferable. Among these groups,
preferred examples include a methyl group, an ethyl group, an isopropyl group, a normal propyl
group, a normal butyl group, an isobutyl group, a sec-butyl group, a tert-butyl group, a normal
pentyl group, an isopentyl group, a tert-pentyl group, a neopentyl group, a normal hexyl group, a
cyclopropyl group, a cyclobutyl group, a cyclopentyl group, and a cyclohexyl group. An alkyl
group containing 1 to 4 carbon atoms is particularly preferable.

[0062] |

The aralkyl group containing 7 to 20 carbon atoms which may be optionally substituted,
which is represented by R, is preferably a substituted or unsubstituted aralkyl group containing 7
to 12 carbon atoms. Among these groups, preferred examples include a benzyl group, a
4-methylbenzyl group, a 4-methoxybenzyl group, a 4-chlorobenzyl group, a 4-bromobenzyl group,
a 2-phenylethyl group, a 1-phenylethyl group, and a 3-phenylpropyl group.

[0063]

Examples of the aryl group containing 6 to 12 carbon atoms which may be optionally
substituted, which is represented by R, include a phenyl group, a 1-naphthyl group, a 2-naphthyl
group, an o-methylphenyl group, a m-methylphenyl group, a p-methylphenyl group, an
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1S2S Form Model Di stanceTarget Atom (A) 1R2R Form Model Di stanceTarget Atom
(A) GLU 188 7.48 OE2 ALA 190 6.12 N 6.09 N MET 193 3.75 CE 3.61 CE SER
215 7.15 0 6.03
o-methoxyphenyl group, a m-methoxypheny! group, a p-methoxyphenyl group, a
2,3-dimethylphenyl group, a 2,4-dimethylphenyl group, a 2,5-dimethylphenyl group, a
2,6-dimethylf3henyl group, a 3,4-dimethylphenyl group, a 3,5-dimethylphenyl group, a
2,3,5-trimethylphenyl group, a 2,3,6-trimethylphenyl group, a 2,4,6-trimethylphenyl group, an
o-nitrophenyl group, a m-nitrophenyl group, and a p-nitrophenyl group.

R is preferably a methyl group, an ethyl group, a tert-butyl group, or a benzy! group, and

is more preferably an ethyl group.
[0064]

When the hydrolase protein of the present invention is allowed to act on dialkyl
2-vinylcyclopropane-1,1-dicarboxylate, a purified or roughly purified hydrolase protein of the
present invention, a microorganism that generates the hydrolase protein of the present invention
(e.g. a transformant having a DNA encoding the hydrolase protein of the present invention, etc.),
or a ftreated product thereof, is allowed to act on the dialkyl
2-vinylcyclopropane-1,1-dicarboxylate, SO as to produce
(18,28)-1-alkoxycarbonyl-2-vinylcyclopropanecarboxylic acid.

[0065]

The  reaction method is not  particularly  limited. Dialkyl
2-vinyleyclopropane-1,1-dicarboxylate used as a substrate is added to a liquid contéining the
hydrolase protein of the present invention, and the reaction can be then carried out at an
appropriate temperature (e.g. approximately 10°C to 40°C) or under an appropriate pressure (e.g.
around atmospheric pressure). Thereby,
(18,28)-1-alkoxycarbonyl-2-vinylcyclopropanecarboxylic acid can be produced.

[0066]

The method of fractionating the
(18,28)-1-alkoxycarbonyl-2-vinylcyclopropanecarboxylic acid of interest from the reaction
mixture is not particularly limited. A separation or purification method that is known to a person
skilled in the art can be applied. Examples of the applicable separation or purification method
include, but are not limited, solvent extraction, crystallization, resin adsorption, and column
chromatography.

[0067]

The hydrolase protein of the present invention can be particularly preferably used in a
method of hydrolyzing diethyl 2-vinylcyclopropane-1,1-dicarboxylate to produce
(18,28)-1-ethoxycarbonyl-2-vinylcyclopropanecarboxylic acid.

[0068]
Moreover, the dialkyl 2-vinylcyclopropane-1,1-dicarboxylate of the present invention
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0 GY 216 7.33 CA 6.67 CA ALA 217 7.90 N 7.62 N PHE 314 4.95 CZ 3.94 CZ MET

358

7.40 0 LEU 362 3.64 CD2

can be produced by the reaction represented by the following formula (3):
[Formula 11]

RO,C” “CO,R

3
R3O\/\/\O R3 —_—

ROOC” "COOR  Formula (3)

Specifically, the raw material compound of the formula (3) is allowed to reacf with a
malonic ester in the presence of an alkali metal alkoxide or alkali metal hydride, so as to produce
the dialkyl 2-vinylcyclopropane-1,1-dicarboxylate of the present invention.

[0069]

In the formula (3), wherein R represents an arylsulfonyl group containing 6 to 12 carbon
atoms, an alkylsulfonyl group containing 1 to 10 carbon atoms or an aralkylsulfonyl group
containing 7 to 20 carbon atoms, each of which may be optionally substituted. Examples of R’
include a benzenesulfonyl group, a p-toluenesulfonyl group, a 1-naphthalenesulfonyl group, a
2-naphthalenesulfonyl group, a methanesulfonyl group, an ethanesulfonyl group, a
propanesulfonyl group, a trifluoromethanesulfonyl group, and a benzylsulfonyl group. R? is
preferably a methanesulfonyl group, a benzenesulfonyl group, and a p-toluenesulfonyl group.
Among these groups, a p-toluenesulfonyl group is particularly preferable. And, R has the same
definitions as those described above.

[0070]

Herein, the raw material compound of the formula (3) can be produced according to a
known method, such as the method described in Frederic Dolle et al., Bioorg. Med. Chem. 2006,
14, 1115-1125, ete. Otherwise, the raw material compound of the formula (3) can also be
produced by the reaction represented by the following formula (4):

[Formula 12]

Crystallization
)OS X = HO ooy — RO Swgre — RO ~Nop g ormula (4)
[0071]

Specifically, 1,4-butenediol is allowed to react with the compound represented by R*X,
followed by crystallization, so as to produce the raw material compound of the formula (3).
Alternatively, a commercially available raw material compound is hydrolyzed with an acid or a
base to obtain 1,4-butenediol, and the obtained 1,4-butenediol is then allowed to react with the
compound represented by R3X, followed by crystallization, so as to produce the raw material

compound of the formula (3).’
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3.18 CD2 PHE 363 4.71 CZ 3.36 CZ [0093] In Table 2 and Table 3, the
abbrevi ations of the target atons (the atons in the am no acid residues)
are described according to the method determ ned by the Protei n Data Bank
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i nM | #RY1gaen the 20th hour of the culture, cells were collected.
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ab5g/lor 30 racem c_form of VCPDE % di. net byl .
sul f oxi de aUSIBQ@Qa(ﬂS@s)'ﬂ ﬁg xygarbppylrZsvinyleyclopropgp y i¢ aeid ngtaé‘{?ﬂ'éntrb&y
usrng aigkgi N SEQ I D NO. 15 in the sequence listing
theg&rt!%ryee?ﬁi g“‘%@/@‘%@‘&n in SEQID NO 16 in the sequence | isting,

r ando(ﬂ:m‘smlsm viasminet I-ooxrcarbonyb2-vimiercienrorase dint sihigtermediate seiis
resi dys 5&‘& I%Hh&i)onao%@nﬁgs’?gﬁ ﬁgﬁeggqésrﬁr fbta%ﬁmtsoiﬁﬁ%@hﬁeg Ritfleh #8d t he

obt ai he pr oX1 nat e en reacted e sanme nethod as
t hat chﬁwltlyhenieladnwhapment as therBpeuticagemss £or HepatitiseC.omda Sﬂé erepfi ng the primer
(L270@}§E\V/\{ shown in SEQ ID NO 17 in the sequence Ilstl ng and the priner
(L270 shown in SEQ ID NO. 18 in the sequence listin random

mutati on waShé presentianentiont ovitiuied detcribed reorcoidi defail e theufsillnwing: skatuples. at

appr okeraten oo pmorrecouBrat bl T ARy BB B en "2 T "

descri bed above. [0095] After conpletion of the reaction, the reaction

sol utr}f gs anal yzed by HPLC, applying the sane nethod and conditions as
t hosel Ie 2. The results regarding the reaction of each mutant
strai pomMien the concentration of VCPDE as a substrate was set at 5 g/ 1,

are shown in Table 4 Th resuIt regar t o) h nmut ant
strai Fxamplen: ClenippAtere i 25#515%3‘19:8 Qﬁb@f‘ﬁi‘bﬁ@é@ efar 30 g/,
are spoWereTIdAIRLE S Wth regard to the obtained clones, a plasm d DNA was
extract'ed from each ¢l one according. to n .or
oo oo cate AL R St BRI s T B BRI
aci d pesjgy %ﬁbﬂg& NB%CZ%W MﬂB&&Hﬁﬁﬂwmﬁl NBRESOES Wefe &RAutited ov@inigiicin
mutation are own I n . g 096
liquid media designated by thetr culture collec jon institutes. Thereafter, a chromosomal DNA
was prepared from each of the obtained cell masses, using DNeasy Blood & Tissue Kit
(manufactured by QIAGEN).

[0075]
Based on a gene sequence (hereinafter referred to as pnbA23857, SEQ ID NO. 6)

encoding para-nitrobenzyl esterase derived from Bacillus subtilis ATCC23857 whose genome
sequence had been known (hereinafter referred to as PNBE23857, GenBank Accession No.
ZP 03593235, SEQ ID NO. 1), primers for amplifying a full-length para-nitrobenzyl esterase
gene, pnbA F and pnbA R were designed and synthesized. The nucleotide sequences of the two
primers are shown in SEQ ID NO. 11 (pnbA F) and SEQ ID NO. 12 (pnbA R} in the sequence

listing, respectively.
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(PKVXmalFW) shown in SEQ ID NO. 19 and the primer (pKVXmalRV) shown in SEQ ID NO. 20,
a fragment with a size of approximately 4 kbp was amplified by PCR. The amplified fragment
was digested with the restriction enzyme Xmal, and thereafter, using LigatiOn-Convenience Kit
(manufactured by Nippon Gene Co., Ltd.), it was subjected to self ligation to obtain a plasmid.
The obtained plasmid was named as pKW32.
In this PCR, the reaction was carried out using KOD-plus-Ver. 2 (manufactured by
Toyobo Co., Ltd.) under the conditions described in instruction manuals included with the kit.
As for temperature conditions, after retention at 94°C for 2 minutes, a cycle (94°C, 15 seconds;
58°C, 30 seconds; and 68°C, 4 minutes) was repeated 30 times, and the reaction product was then
retained at 68°C for 5 minutes, before termination of the reaction.
[0077]
(3) Preparation of Expression Plasmid
Using Ligation-Convenience Kit (manufactured by Nippon Gene Co., Ltd.), the DNA
fragments obtained in (1) above were each inserted into the cloning vector pK W32 prepared in (2)
above. Hereinafter, the obtained plasmids were referred to as ppnbA23857, ppnbA3026,
ppnbA3108, ppnbA3027, and ppnbA3013.
[0078]
With regard to the plasmids ppnbA3026, ppnbA3108, ppnbA3027, and ppnbA3013, the
DNA sequences that had been inserted into them were analyzed, and as a result, it was confirmed
that they each contained a gene consisting of 1467-bp ORF. The obtained genes were named as
pnbA3026, pnbA3108, pnbA3027, and pnbA3013, respectively. The DNA sequences of these
genes were as shown in SEQ ID NOS. 7 (pnbA3026), 8 (pnbA3108), 9 (pnbA3027), and 10
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No. L70 L270 L273 L313 Ratio Purity Ratio (%.e.) 1

{pnbA3013), respectively. The amino acid sequences encoded by these DNA sequences were
named as PNBE3026, PNBE3108, PNBE3027, and PNBE3013, respectively. These amino acid
sequences were as shown in SEQ ID NOS. 2 (PNBE3026), 3 (PNBE3108), 4 (PNBE3027), and 5
(PNBE3013), respectively. These amino acid sequences showed sequence identity of 97%, 91%,
90%, and 98%, respectively, with the amino acid sequence (SEQ ID NO. 1) of the known
PNBE23857.

[0079]

Example 2: Comparison of Selectivity of Novel para-Nitrobenzyl Esterase

Using the 5 types of plasmids obtained in Example 1, Escherichia coli IM109
(manufactured by Takara Bio Inc.) was transformed according to an ordinary method. The
obtained recombinant Escherichia coli were each subjected to a shaking culture at 30°C in a
liquid LB medium containing 20 mg/l kanamycin and 0.2 mM IPTG. On the 20™ hour of the
culture, cells were collected.

The obtained cell mass was reacted in a 100 mM potassium phosphate buffer containing
a 5 g/l racemic form of 1,1-diethoxycarbonyl-2-vinylcyclopropane (hereinafter referred to as
“VCPDE”) and 5% dimethyl sulfoxide at 30°C at pH 7 for 21 hours.

[0080] _

After completion of the reaction, the reaction solution was analyzed by high performance
liquid chromatography (HPLC) under the following conditions.

Column: CHIRALPAK AD-3 (4.6 x 250 mm, manufactured by Daicel Corporation)
Eluent: hexane : ethanol : trifluoroacetic acid=95:5: 0.1

Flow rate: 0.8 mi/min

Temperature: 30°C

Detection: UV 210 nm

[0081]

As a result of the analysis, generation of 1-ethoxycarbonyl-2-vinylcyclopropanecarboxylic
acid (hereinafter referred to as “VCPME”) was confirmed. Based on the obtained results, the
“1R28/1S2S ratio” that indicates the ratio between the (15,25) form and the (1R,2S) form in the
generated VCPME, the “1S2S form optical purity” that indicates the enantiomer excess of the
(18,28) form to the (1R,2R) form, and the “1S2R/182S ratio™ that indicates the ratio between the
(18,28) form and the (1S,2R) form, which were to be used as indicators of selectivity, were
obtained. The results are summarized in Table 1. Moreover, the hydrolytic activity of the
concerned substrate was not observed in a cell mass that had been transformed with only the
plasmid pKW32. All of the enzymes exhibited a sufficiently low value of the “1R2S5/1828 ratio.”
[0082]
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The three types of enzymes, PNBE3026, PNBE3108, and PNBE3027, exhibited a higher
value of the “1S2S form optical purity” than that of the enzyme PNBE23857 whose sequence had
been known.

Moreover, the enzyme PNBE3013 exhibited a lower value of the “1S2R/182S ratio” than
that of the enzyme PNBE23857 whose sequence had been known.

[0083]
[Table 1]
Table 1
Enzyme Name 1R2S/1S2S Ratio 1528 Form 1S2R/1828 Ratio Remarks
Optical Purity
(%ee.e.)
PNBE23857 0.0222 93.1 0.953 Reference
Example
PNBE3026 0.0263 94,2 0.970 The present
Invention
PNBE3108 0.0504 97.0 1.01 The present
_ Invention
PNBE3027 0.0404 974 0.998 The present
~ Invention
PNBE3013 0.0433 89.2 0.863 The present
Invention
[0084]
Synthesis Example

The VCPDE used in Example 1 was synthesized as follows.

93.4 g (583 mmol) of malonic acid diethyl ester and 1000 mL of toluene were added into
a four-necked flask (2 L), and thereafter, 223 mL (569 mmol) of a 20% sodium ethoxide ethanol
solution was added thereto as a base. The obtained mixture was stirred at room temperature for
1.5 hours, and 59.4 g of trans-1,4-dibromo-2-butene (278 mmol; a reagent manufactured by
Sigma-Aldrich) was then added to the reaction solution. The obtained mixture was stirred at
room temperature for 2 hours, and 109 mL (278 mmol) of a 20% sodium ethoxide ethanol
solution was then added to the reaction solution. The obtained mixture was stirred at room
temperature for 1 hour, and 29.1 g of trans-1,4-dibromo-2-butene (136 mmol; a reagent
manufactured by Sigma-Aldrich) was then added to the reaction solution. The mixture was
stirred at room temperature for 4 hours, and 347 mL of a 1 M sodium hydroxide aqueous solution

was then added to the reaction solution. The mixture was stirred for 14 hours, and an organic
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layer was then separated. Subsequently, the organic layer was washed with 132 mL of water
twice, and was then dried over anhydrous sodium sulfate. The resultant was filtrated, and the
obtained filtrate was concentrated at 40°C under reduced pressure, so as to obtain 99.3 g of
1,1-di-ethoxycarbonyl-2-vinylcyclopropane in the form of a crude product of a light yellow oily
substance. This crude product contained 83.2 g of 1,1-di-ethoxycarbonyl-2-vinyleyclopropane
(vield: 94.9%). However, this crude product did not contain a malonic diethyl ester.

{0085]

Example 3: Three-Dimensional Structure Modeling of Hydrolase Protein of the Present Invention
(SEQ IDNO. 4)

A BLAST search was performed against Protein Data Bank (PDB) for the amino acid
sequence of PNBE3027. Three types of crystal structures as described below were selected as
reference structures. It is to be noted that the notation “A56V” indicates that the amino acid
residue at position 56, alanine (A), is substituted with valine (V).

e para-Nitrobenzyl esterase Mutation: A56V, 160V, T73K, L144M, L313F, H322Y, A343V,
M358V, Y370F, A400T, G412E, 1437T, T459S (PDB id: 1C7]); sequence identity: 89%

e para-Nitrobenzyl esterase Mutation: 160V, L144M, P317S, H322R, L334S, M358V, Y370F
(PDB id: 1C71); sequence identity: 90%

e para-Nitrobenzyl esterase (PDB id: 1QE3); sequence identity: 1%

[0086] ' ,
A homology model was produced using Discovery Studio Modeling (hereinafter
abbreviated as DS Modeling) Ver. 2.5. With regard to the obtained initial modeling structure,
CHARMM (Chemistry at Harvard Macromolecular Mechanics) force yield was assigned to each
atom, and structural optimization was then performed based on molecular mechanics calculation.
For such structural optimization, 1000 steps of calculation were performed by the Steepest Decent
method, and then, 5000 steps of calculation were performed by the Adapted Basis
Newton-Raphson method.

[0087]

A substrate complex model was produced by coordinating an S form and an R form of
VCPDE, which served as a substrate, in the direction of generating (18,2S)-VCPME and in the
direction of generating (1R,2R)-VCPME, respectively, with respect to the obtained homology
model, thereby creating an initial structure, and then performing energy minimization. When such
energy minimization was performed, the following distance constraint conditions were determined,
while taking into consideration the hydrolytic reaction mechanism of esterase.

[0088]
¢ The distance between the nitrogen atoms of three amides (Gly106, Alal07, Alal190) which forms
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an oxyanion hole and the carbonyl oxygen of an ester bond to be hydrolyzed, , is set not less than
2.0A and not more than 3.0A.

e The distance between the alcohol oxygen atom of the active site Ser189 and the carbonyl carbon
of an ester bond to be hydrolyzed is set not less than 2.0A and not more than 3.0A.

The structures obtained by the aforementioned treatments were defined as a “182S model”
and a “1R2R model.”

[0089]
Example 4: Assumption of Amino Acid Residues Associated with Recognition of Substrates in
para-Nitrobenzyl Esterase

First, all of amino acid residues that were partially or entirely present within 8A from the
carbon atom at position 2 of a vinyl group of VCPDE were extracted from each of the “1S2S
model” and the “1R2R model,” obtained in Example 3. Discovery Studio Visualizer v2.5.5.9350
was used to calculate the distance. The distance from an atom other than a hydrogen atom which
was closest to the carbon atom at position of the vinyl group of VCPDE in each model in the
extracted each amino acid residue, was defined as the distance from each amino acid residue.
With regard to each of the extracted amino acid residues, the above-defined distance in the “1528
model” was compared with the above-defined distance in the “1R2R model.” As a result, amino
acid residues, in which the distance in the “182S model” is closer than the distance in the “1R2R
model,” are shown in Table 2, and amino acid residues, in which the distance in the “1R2R model”
is closer than the distance in the “1S28 model,” are shown in Table 3.

[0090]

From the aforementioned results, it is assumed that, in the case of the amino acid residues
shown in Table 2, the modified amino acid residues whose side chains have lower bulkiness than
that of wild-type amino acids are able to exhibit advantageous selectivity towards generation of the
(1S,28) form of VCPME, and that in the case of the amino acid residues shown in Table 3, the
modified amino acid residues whose side chains have higher bulkiness than that of wild-type amino

acids are able to exhibit such advantageous selectivity.
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[0091]
[Table 2]
Table 2
Amino Acid  Position 1828 Form Model 1R2R Form Model
Residue
Distance  Target Atom  Distance  Target Atom
(A) (A)

GLY 106 711 C 743 C
ALA 107 505 CB 576 CB
PHE 108 639 CE2 744 CE2
ARG 219 644 CG 7.16 NE
LEU 270 798 O
PHE 271 413 O 466 O
GLN 272 557 O 6.48 OEl
LEU 273 335 CD2 470 CD2
LEU 274 746 N
PHE 275 747 O
GLN 276 7.38 OEIl

[0092] |

[Table 3]

Table 3
Amino Acid  Position 1828 Form Model 1R2R Form Model
Residue |
Distance = Target Atom  Distance  Target Atom
(&) A)

GLU 188 7.48 OE2
ALA 190 6.12 N 6.09 N
MET 193 375 CE 3.61 CE
SER 215 715 O 603 O
GLY 216 733 CA 6.67 CA
ALA 217 790 N 762 N
PHE 314 495 CZ 394 CZ
MET 358 740 O
LEU 362 364 CD2 3.18 CD2
PHE 363 471 CZ 336 CZ
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[0099] [Table 5] Table 5 No.L70 L270 L273 L313 1R2S/1S2S Ratio 1S2S Form
Optical Purity (%.e.) 1S2R/1S2S Ratio 16 0.0391 95.5 0.944 17 M

[0093]
In Table 2 and Table 3, the abbreviations of the target atoms (the atoms in the amino acid

residues) are described according to the method determined by the Protein Data Bank (PDDB).
Several examples will be given below.
CA = Carbon, Alpha
CB = Carbon, Beta
CG = Oxygen, Gamma
CD = Carbon, Delta
CE = Carbon, Epsilon
CZ = Carbon, Zeta
OE = Oxygen, Epsilon
[0094]
Example 5: Modification of para-Nitrobenzyl Esterase Gene by Mutation Introduction

Using the plasmid ppnbA3027 obtained in Example 1 as a template, and also using the
primer (L70FW) shown in SEQ ID NO. 13 in the sequence listing and the primer (L70RV) shown
in SEQ ID NO. 14 in the sequence listing, QuikChange Multi Site-Directed Mutagenesis Kit
(manufactured by Stratagene) was employed to iniroduce random mutation into a nucleotide
encoding the leucine at amino acid position 70 in the aforementioned plasmid. The obtained
approximately 200 colonies were each subjected to a shaking culture at 30°C in a liquid LB
medium containing 20 mg/l kanamycin and 0.2 mM IPTG, and on the 20" hour of the culture,
cells were collected.

The obtained cell mass was reacted in a 100 mM potassium phosphate buffer containing
a 5 g/l or 30 g/l racemic form of VCPDE and 5% dimethy! sulfoxide at 30°C at pH 7 for 21 hours.

Moreover, in the same way, using the primer (L313FW) shown in SEQ ID NO. 15 in the
sequence listing and the primer (L313RV) shown in SEQ ID NO. 16 in the sequence listing,
random mutation was introduced into a nucleotide encoding the leucine residue at amino acid
number 313 in the aforementioned plasmid, and the obtained approximately 200 colonies were
then reacted by the same method as that described above.

Furthermore, in the same way, using the primer (L270L273FW) shown in SEQ ID NO.
17 in the sequence listing and the primer (L270L273RV) shown in SEQ ID NO. 18 in the
sequence listing, random mutation was introduced into nucleotides encoding the leucine residues
at amino acid numbers 270 and 273 in the aforementioned plasmid. The obtained approximately
400 colonies were then reacted by the same method as that described above.
[0095]

After completion of the reaction, the reaction solution was analyzed by HPLC, applying
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the same method and conditions as those in Example 2. The results regarding the reaction of
each mutant strain, when the concentration of VCPDE as a substrate was set at 5 g/l, are shown in
Table 4. The results regarding the reaction of each mutant strain, when the concentration of
VCPDE as a substrate was set at 30 g/, are shown in Table 5. With regard to the obtained
clones, a plasmid DNA was extracted from each clone according to an ordinary method, and the
DNA sequence thereof was then analyzed.  As a result of the analysis, the amino acid residues in
the mutation-introduced sites after completion of the mutation are shown in Table 4 and 5.

[0096]

As a result of a comparison made among No. 1 and Nos. 3 to 6 and 11 in Table 4, it was
found that, when the leucine at amino abid number 70 was substituted with any one of aspartic
acid, asparagine, serine, threonine, and glycine, the optical purity of the (18,2S) form of the
generated VCPME was improved. In addition, as a result of a comparison made between No. 1
as a wild type and Nos. 2, 7 and 13, it was also found that, when the leucine at amino acid number
313 was substituted with any one of methionine, alanine, and proline, the optical purity of the
(18,28) form of the generated VCPME was improved. Moreover, it was found that in the case of
Nos. 8, 10 and 15, the 1R28/1S2S ratio in the generated VCPME was improved rather than that of
a wild type by simultaneously substituting the leucine residues at amino acid numbers 70 and 313.
[0097]

Subsequently, as a result of a comparison between No. 1 of Table 4 and No. 16 of Table 5,
it was confirmed that the 1828 form optical purity was decreased by increasing the concentration
of VCPDE as a substrate from 5 g/l to 30 g/l.  Accordingly, it was clarified that the effect of the
introduced mutation needs to be observed in the same substrate concentration. Moreover, as a
result of a comparison between Nos. 19, 21 to 25 and No. 16 as a wild type in Table 5, it was
confirmed that all of the 1R2S/1S2S ratio, 182S form optical purity, and 1S2R/182S ratio were
improved by substituting the leucine at amino acid number 270 and the leucine at amino acid

number 273 with other amino acid residues.
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[0098]
[Table 4]
Table 4
1828 Form
1R2S/1828 Optical 1S2R/1828
No. L70 L270 L1273 L313 } . .
Ratio Purity Ratio
(%oe.e.)

1 0.0404 974 1.00
2 p 0.0315 97.7 1.0t
3 G 0.0302 97.8 0.992
4 T 0.0298 97.8 0.995
5 S 0.0296 97.8 1.00
6 N 0.0293 97.9 1.00
7 A 0.0379 97.9 1.00
8 N M 0.0213 97.9 1.00
9 D A 0.0279 98.0 1.01
10 S M 0.0224 98.0 1.00
11 D 0.0260 98.0 0.993
12 N A 0.0307 98.0 1.01
13 M 0.0262 98.0 0.986
14 S A 0.0309 98.2 1.01
15 M 0.0211 98.2 1.00
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[0099]
[Table 5]
Table 5
1828 Form
1R28/1828 Optical 1S2R/1828
No. L70 L1270 L1273 L313 . . ]
Ratio Purity Ratio
(%eoe.e.)
16 0.0391 95.5 0.944
17 M 0.0373 96.1 1.02
18 D 0.0395 96.6 1.01
19 F H | 0.00436 96.7 0.704
20 D M 0.0247 97.0 1.07
21 T R 0.00458 97.1 0.692
22 G R 0.00536 97.8 0.748
23 S R 0.00503 98.3 0.420
24 A R 0.00518 98.4 0.473
25 E R 0.00375 98.8 0.310
26 D Q R M 0.0973 98.9 0.461
[0100]
Individual symbols used in Table 4 and Table 5 represent the following.
P: Proline
G: Glycine
T: Threonine
S: Serine

N: Asparagine
A: Alanine

M: Methionine
D: Aspartic acid
F: Phenylalanine
H: Histidine

R: Arginine

E: Glutamic acid
Q: Glutamine
[0101]
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Moreover, SEQID NOS. 1 to 20 in the present specification are defined as
follows. SEQ ID NO. 1: the am no acid sequence_of the para-nitrobenzyl
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Baci | {,as7:sMBREI033NBRC3027 SEQ ID NO. 10: the nucl eotide sequence pnbA3013
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derived from Bacillus subtilis NBRC3026

SEQ ID NO. 8: the nucleotide sequence pnbA3108 of a DNA encoding the hydrolase protein
derived from Bacillus subtilis NBRC3108

SEQ ID NO. 9: the nucleotide sequence pnbA3027 of a DNA encoding the hydrolase protein
derived from Bacillus subtilis NBRC3027

SEQ ID NO. 10: the nucleotide sequence pnbA3013 of a DNA encoding the hydrolase protein
derived from Bacillus subtilis NBRC3013

SEQ ID NO. 11: the primer pnbA F used to amplify a full-length para-nitrobenzyl esterase gene
SEQ ID NO. 12: the primer pnbA R used to amplify a full-length para-nitrobenzyl esterase gene
SEQ ID NO. 13: primer (L70FW)

SEQ ID NO. 14: primer (L70RV)

SEQ ID NO. 15: primer (L313FW)

SEQ ID NO. 16: primer (L313RV)

SEQ ID NO. 17: primer (L270L273FW)

SEQ ID NO. 18: primer (L270L273RV)

SEQ ID NO. 19: primer (pKVXmalFW)

SEQ ID NO. 20: primer (pKVXmalRV)
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SEQ ID NO. 18: priner (L270L273RV) SEQ ID NO. 19: priner (pKvXmal FW SEQ I D
NO. 20: primer (pKVXmalRV) dains [Claim1l1l A hydrol ase protein, which
consists of the am no acid sequence shown in any one of SEQ ID NOS. 2 to 5,
and which has activity of catalyzing, at higher selectivity than the
protein consisting of the am no aci degggyence shown in SEQ ID NO 1, the
reaction represented by the followng formula (1): [Formula 1] [ aim 2]
A hydrol ase protein, which consists of an am no acid sequence wherein, i

In
th ' i d ' f : (
ot nolCn 37 CAGRAIRE SroBl Inich SRR E al sl blinecspiniin s Enbe o7 ©
273, 3RQIDNGS. 2763, aaddvlsqlsl_wesraeu@@bgf Gatalyzing, ot hl_tgh@t Jelactinity thanals proteihose
si de chalfife BAME JaNPh:l YdteRGSdholdaan Skb;ﬂfn Rio, W 1!hg.’r5e§69§n ?éf%%%{lﬁg *bg%he and

whi ch has  attivity of catatyzing, at hignher sel ecti vi rotein
consi &tliomangformbk @)1 no aci d sequence shown in SEQ ID NO. 1, the reaction

repreﬁnte y the followng formula (1): [Fornmula 2] (S (s),
HOOC rmula (1) Et COC COOEt
QAN
(s}
E— (szc‘
EtOOC”  COOEt HOOC™ “COOEt Formula (1)

[Claim 2] A hydrolase protein, which consists of an amino acid sequence wherein, in the
amino acid sequence shown in any one of SEQ ID NOS. 1 to 5, one or more amino acids at amino
acid numbers 70, 106, 107, 108, 219, 270, 271, 272, 273, 274, 275, 276, and 313 are substituted
with other amino acids whose side chains have lower bulkiness than that of wild-type amino acids,
and which has activity of catalyzing, at higher selectivity than the protein consisting of the amino

acid sequence shown in SEQ ID NO. 1, the reaction represented by the following formula (1):

[Formula 2]
Yﬂ\
(S
i (S

EtOOC COOEt Hooc® YCOOEt Formula (1)

[Claim 3] A hydrolase protein, which consists of an amino acid sequence wherein, in the
amino acid sequence shown in any one of SEQ ID NOS. 1 to 5, one or more amino acids at amino
acid numbers 188, 190, 193, 215, 216, 217, 314, 358, 362, and 363 are substituted with other
amino acids whose side chains have higher bulkiness than that of wild-type amino acids, and
which has activity of catalyzing, at higher selectivity than the protein consisting of the amino acid

sequence shown in SEQ ID NO. 1, the reaction represented by the following formula (1):

[Formula 3]
-
(S)
e (S

EtOOC COOEt HOOC COOEt  Formula (1)

[Claim 4] A hydrolase protein, which consists of an amino acid sequence wherein, in the

amino acid sequences shown in any one of SEQ ID NOS. 1 to 5, one or more amino acids at
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[Claim3] A hydrolase protein, which consists of an am no acid sequence
wherein, in the am no acid sequence shown in any one of SEQID NOS. 1 to 5,
one or nore amno acids at am no acid nunbers 188, 190, 193, 215, 216, 217,
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whi ChBP@,FIBSSﬁ Bsz,%@mﬁmer@ba?hgg%eﬁmm A0k1B6 abigs whbsé RRleadhaiie 1a&t (highe_rd
sequences snQgwn | n any.qQne 0O . R , Qnhne or, nbre_.am nQ_ qcCl ds
at q aﬁvlﬁweé%ﬁ@nﬁh%%ﬁ ?ladyp%@;n%efgss T% Wfilféf)hag AUV pf catadyzing, it %@wr
275, Qd&tivﬁgdhﬁﬂ&eqfr&eﬁfmgiisimg 8fl the 4rhindtRRT seqiibite sA6WHSn WP DN e1,chai ns

have | ower Dbul ki ness than that of w ld-type anmi no acids, and one or nore
ani notegelieisrepteseiedby Heifollowimgdornlggl): 190, 193, 215, 216, 217, 314, 358,

362, af3nare substituted with other am no aci ds whose side chains have
hi gher bul ki ness than that of wld-type am no acids, and which has activity
of catal yzing, at_ hi selectivity than the e consi sting of the

am no acid sequen shown in SEQ ID NO 1, thF d¥ction represented by the

followi ng fornul a : 3
EtOOC OOEt HOOC

=t

&

4,

COOEt  Formula (1)

[Claim 5] The hydrolase protein according to claim 2 or 4, wherein, in the amino acid
sequence shown in any one of SEQ ID NOS. 1 to 5, at least one of amino acids at amino acid
humbers 70, 270, 273, and 313 is substituted with another amino acid.

[Claim 6] The hydrolase protein according to claim 5, wherein, in the amino acid sequence
shown in any one of SEQ ID NOS. 1 to 5, at least the leucine at amino acid number 70 is

substituted with any one of aspartic acid, asparagine, serine, threonine, and glycine.

[Claim 7] The hydrolase protein according to claim 5 or 6, wherein, in the amino acid
sequence shown in SEQ ID NO. 3 or 4, the leucine at amino acid number 270 is substituted with

any one of serine, glutamine, glutamic acid, and alanine.

[Claim 8] The hydrolase protein according to claim 5 or 6, wherein, in the amino acid
sequence shown in any one of SEQ ID NOS. 1, 2, and 5, the isoleucine at amino acid number 270

is substituted with any one of serine, glutamine, glutamic acid, and alanine,

[Claim 9] The hydrolase protein according to any one of claims 5 to 8, wherein, in the amino
acid sequence shown in any one of SEQ ID NOS. 1 to 5, the leucine at amino acid number 273 is

substituted with either arginine or histidine.

[Claim 10]  The hydrolase protein according to any one of claims 5 to 9, wherein, in the amino
acid sequence shown in any one of SEQ ID NOS. 1 to 5, the leucine at amino acid number 313 is

substituted with any one of methionine, alanine, and proline.
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[ Formul a 4] (S HOOC GOOD Fornmula (1) Et GOC GOCD [Claim5] The
hydr ol ase protein according to claim2 or 4, wherein, in the amno acid
sequence shown in any one of SEQID NOS. 1 to 5, at |east one of am no
acids at amno acid nunbers 70, 270, 273, and 313 is substituted with

anot her amno acid. [Caim®6] The hydrol ase protein according to claimb5,
V\/nerei n, in the amno acid sequence shown in any one of SEQID NOS. 1 to 5,

felranﬁ heré | euchyoRbe protln, waicl {Uﬁ@i@@ of7&h b.ﬁllrgﬂ&iﬂls'&qﬁe@ide wﬁekelﬁ,nm tqaee of
aspar | C acl aspar agl ng, seri ne, reqQni ne, an | he

hydr oPRE %?#‘Bﬁ“éiuﬁm& waith FEQILE NG th ﬂlegs%u%ne %werle‘? ﬁéflﬁ ﬁ{f@ SU&E‘F
Sequens® SPANE abid ﬁEQcheM@m%l@am&nth@f ply lsﬁt%naitecamm @nﬁ@h@of‘glﬁﬁﬁﬁn@m

is substituted Wlil ny one of serine, | ut am ne | utam c_ acj d,

al ani sbtamiciagidgng] almenfhyleﬁ lspeige ab%meuaﬁldae%bf‘du% ig wbév%}r% with argeﬂnweiieu n,
in the, A} 00 apaﬂl@%mﬁlﬁba@ms sﬂbﬁﬁﬂte@ NGt e PESRAD aNPhidh hds adRsly Df t he
i sol eucine at am no aci @ IS substituted with any one of serl ne,
gl ut aratakyzing) ait kighes sal@p@vﬂsathan ahtamomn couising of [therpraingyasih pegiienqs: own

accor RY, mﬁ{ he am no acid sequence
shomgtagﬁgn@(%n’ethg?&gﬁ%félg?ﬁ@?é?&toearg,u t &eq()%léllhxe} at am no acid nunber
273 i fFemukt it uted with either arginine or histidine. [Caim10] The
hydr ol ase protein acc ing to any one of clains 540 9, wherein, in the
am no acid sequen ho in any one of SEQ | to 5, the Ieum ne at
am no aci d nunber 3 is substitutedswith any9ge of rret hi oni ne, al ani ne,
and proline. A hydrol ase prot \Wn an am no
aci d sequence wherein, |rt1 the ami no acid gje(?}aence ovvn |°§IE@§% D NO. 4,
the | eucine at am no acid nunber 70 is substituted vvlth aspartlc acid, the

| euci nunber 270.is s ituted w t am.ne,
of e R 280 DR 1R et miotey Gl ErRds B b i abid Shafiies BR%iod hofhotded Ve
subst bput @dmedet witle{@i 4mine acidndqidhee betiRi lyerelhseqitotein atxz:bﬂimgmi)ﬁmn&l&d Bl,
substituted . wi th_nethionine, . and V\htI)Ch has alctl Vit ‘i}?t al yzi n%

hi ghePT 82 EBHAq 35id $equence eqmapriving & sHOStGHONS fflFtion antior aﬁ oL g £ &% &&ﬂce

Shown ginthoHefld Withispdot té (R dnEas htidkeRRee S£Heas dRilaseirotbidl dcovdding beﬂarimlsa

1 Fornul a, 5
(1) [1 to 11, and ]I'uch has activity of catalyzing, at higher selectivity than the protein consisting of

the amino acid sequence shown in SEQ ID NO. 1, the reaction represented by the following

formula (1):
yﬂ\ (S
—_— (S

[Formula 6]
EtoOC” COOEt Hooc® YCOOE Formula (1)

[Claim 13] A DNA encoding the hydrolase protein according to any one of claims 1 to 12.

[Claim 14] The DNA according to claim 13, which consists of the following nucleotide
sequence:

(a) the nucleotide sequence shown in any one of SEQ ID NOS. 7 to 10;

(b) a nucleotide sequence of a DNA capable of hybridizing under stringent conditions with the
DNA consisting of the nucleotide sequence shown in any one of SEQ ID NOS. 7 to 10, wherein
the nucleotide sequence encodes a hydrolase protein having activity of catalyzing, at higher
selectivity than the protein consisting of the amino acid sequence shown in SEQ 1D NO. 1, the

reaction represented by the following formula (1); or
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(S HOOC COOEt Formula (1) Et QOC COOEt [Claim12] A hydrol ase protein,
whi ch consists of an am no acid sequence havi ng honol ogy of 90% or nore
with the am no acid sequence of the hydrol ase protein according to clains 1
to 11, or an am no acid sequence conprising a substitution, deletion,

and/ o ddi & I I ' LS. Wi e ]

ci a2 s ShrpRUEE 3 osBRMRE TR bUSERRRE (P0G ALRE

whi ¢ hnixdeotiles mitht rgspett watha nyelicotide sejudricglsbows éh @oy oué pff SERQAID NGS. Friot 16, n

consi stin f th 1N ci.d seaguence wn_in. 1D -1, the,reaction
- epr e Sbiedy s, Mitieots PaRFk PERE AT AN plsfi iR il e AR e
COCEt highermaelertivity thHafltlad profed] cohsistifg efithecdintigo hdid strtned stwevnin GHEE) ID akx.dr, di ng
to any one .of cl ai t . A aim _The DNA according to claim13,

whi Chﬁu&;f:gcitlgpgep(g Se{q%gjb%ﬁff %@loﬁ%“grﬁgpg%ﬁhe sequence: (a) the nucleotide
sequeffeemalaoMn in any one of SEQ ID NOS. 7 to 10; (b) a nucleotide
sequence of a DNA capafl e of hybridi zi ng under stringent conditions with

t he DNA consistin t e nucl eoti de sequence any one of SEQ ID
NCS. 7 to 10, whergin the nucl eolide,.sequence & d8des a hydr ol ase protein
havi ng acti vi zing, at higher AN than the protein

consi sting ofét{sﬂg a h@lE?;m d sequence shomq? Ség(?’{% N@;"mi‘,ﬂat( reaction

represented by the following formula (1); or (c) a nucleotide seguence
conprising a substitution, deletion, and/or addition of one or several

nucl eBilpaed Shi dhmethodelor presuckig (el Ddralkexysathorrct vVirdsusloproranscaghmxyle  SEQ
I D NORiid, 7whigh +8m ng%r?ﬁioravil;@ﬁleng@maéei tehEAUBRSiRg 8RR B MOt 92 to

protein having activity of catalyzindg, at higher selectivity than th
prot eddi cons¢st i ng ddlktlhe an?rendeictppsenpierdcledisabanylale SEQ oD NO. producee

react | Qg aPERS AR AP MR R aRGeal b Beif D) [ For mula 7]
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[ aim15] A nethod for producing

(1S, 25) - 1- al koxycar bony1- 2-vi nyl cycl opr opanecar boxylic acid, which
conprises allow ng the hydrol ase protein according to any one of clains 1
to 12 to act on dial kyl 2-vinylcycl opropane-1, 1-di carboxyl ate to produce

(15,2§%®é@ghigéé§arbonyl-2-vinyIcycIopropanecarboxyIic acid. SEQUENCE

LI STI Cor poration <120> Novel hydrol ase <130> 11423A <160> 20
<170>¢Ra} entl Dory&aican 3.1 <210> 1 <211> 489 <212> PRT <213> Bacill us
subtilis <400> 1 Met Thr Hs An lle Val Thr Thr Gn Tyr Ay Lys Val Lys
Ay TR sN¥eres Frteleasey Asn Gy Val His Lys Trp Lys Gy Ile Pro Tyr Ala Lys
Pro 2029301pes Val Gy G n Trp Arg Phe Lys Ala Pro Qu Pro Pro Gu Val Trp
354045 G u Asp Val Leu Asp Ala Thr Ala Tyr Ay Ser Ile Cys Pro G n Pro
50556068er 2hsp Leu Leu Ser Leu Ser Tyr Thr Gu Leu Pro Arg G n Ser Qu 65
70 75.6@> ApP oM JeSMod)r 1 Val Asn Val Phe Ala Pro Asp Thr Pro Ser Lys Asn
859095 Leu Pro Val Met VvVal Trp Ile Hs Ay Gy Ala Phe Tyr Leu Ay Al a
10010%%18d» &y Ser Gu Pro Leu Tyr Asp Gy Ser Lys Leu Ala Ala Gn Ay Qu
11512025 Y@ I1le Val Val Thr Leu Asn Tyr Arg Leu Gy Pro Phe Gy Phe Leu

<212> PRT

<213> Bacillus subtilis

<400> 1 .

Met Thr His Gln Ile Val Thr Thr Gln Tyr Gly Lys Val Lys Gly Thr

1 5 10 15

Thr Glu Asn Gly Val His Lys Trp Lys Gly Ile Pro Tyr Ala Lys-Pré
20 25 30

Pro Val Gly Gin Trp Arg Phe Lys Ala Pro Glu Pro Pro Glu Val Trp

35 40 45
Glu Asp Val Leu Asp Ala Thr Ala Tyr Gly Ser Ile Cys Pro Gln Pro
50 bb 60

Ser Asp Leu Leu Ser Leu Ser Tyr Thr Glu Leu Pro Arg Gln Ser Glu

65 70 75 80

Asp Cys Leu Tyr Val Asn Val Phe Ala Pro Asp Thr Pro Ser Lys Asn

85 90 95

Leu Pro Val Met Val Trp Ile His Gly Gly Ala Phe Tyr Leu Gly Ala
100 106 110 _

Gly Ser Glu Pro Leu Tyr Asp Gly Ser Lys Leu Ala Ala Gln Gly Glu

115 120 125
Val Ile Val Val Thr Leu Asn Tyr Arg Leu Gly Pro Phe Gly Phe Leu
130 135 140

His Leu Ser Ser Phe Asn Glu Ala Tyr Ser Asp Asn Leu Gly Leu Leu

145 150 155 160

Asp Gln Ala Ala Ala Leu Lys Trp Val Arg Glu Asn Tle Ser Ala Phe

165 170 175

Gly Gly Asp Pro Asp Asn Val Thr Val Phe Gly Glu Ser Ala Gly Gly

180 185 ' 190



130135140 Hi s Leu Ser Ser Phe Asn u Ala Tyr Ser Asp Asn Leu Gy Leu Leu
145150155160 Asp G n Ala Ala Ala Leu Lys Trp Val Arg Qu Asn Ile Ser Ala

Phe
Ay
Phe
Au
Asn
Leu
Phe
Au
Leu
Ser
Leu
Ser
Pro

165170175 Ay Ay Asp Pro Asp Asn Val Thr Val Phe Gy GQu Ser Ala Ay
180185190 I\/bt Ser IIe Ala Ala Leu Leu Ala Met Pro Ala Ala Lys Gy Leu

195200205 G n _Lys a |l t u Se Ser Arg Thr Met Thr Lys
Mas o508 Adeflalau A %Agaeﬁeé\l'/ﬁ’f" gearmﬁ’l QYSS?%( Qﬂzphﬁeu a g Val Leu Gy | I>/e
52523021?@%30 Au d y @bm Leu Asp Lysadseu Hi's Thr Val Ser Ala G u Asp

eu 245250255 Lys Gn Leu Arg Ile Ala u Lys Qu Asn Ile
Gl ]2’60’2165121?04%&“ Isﬁ%thél"GS?if i TR %\etLgﬁ lasflpr o Lys TKr Leu Pro Qu
Pro £$5280285 Gu ltys Ala Ile Alaggdu Gy Ala Ala Ser Ay Ile Pro Leu
Il e 290295300 Gy Thr Thr Arg Asp Gu Gy Tyr Leu Phe Phe Thr Pro Asp
A@lpi Besde031obpFevala PlS%Pe‘GGH‘ YﬂluLthﬁ;lYLIelﬁ A%8p Ala Ala Leu G u Tyr

Ay 32533033f3;Lys Pro Leu A¢sn G u Lys Valoshl a Asp Leu Tyr Pro Arg

Leu G u 340345350 Ser An Ile Hs Met Met Thr Asp Leu Leu Phe Trp Arg
Abla §l4] Gln Leu Asp Lys Leu His Thr Val Ser Ala Glu Asp Leu Leu

245 250 255
Lys Ala Ala Asp Gln Leu Arg Ile Ala Glu Lys Glu Asn Ile Phe Gln
260 265 270
Leu Phe Phe Gln Pro Ala Leu Asp Pro Lys Thr Leu Pro Glu Glu Pro
275 280 285
Glu Lys Ala Ile Ala Glu Gly Ala Ala Ser Gly Ile Pro Leu Leu Ile
290 205 300
Gly Thr Thr Arg Asp Glu Gly Tyr Leu Phe Phe Thr Pro Asp Ser Asp
305 310 315 320
Val His Ser Gln Glu Thr Leu Asp Ala Ala Leu Glu Tyr Leu Leu Gly
325 330 335
Lys Pro Leu Ala Glu Lys Val Ala Asp Leu Tyr Pro Arg Ser Leu Glu
340 345 350
Ser Gln Ile His Met Met Thr Asp Leu Leu Phe Trp Arg Pro Ala Val
355 360 365
Ala Tyr Ala Ser Ala Gln Ser His Tyr Ala Pro Val Trp Met Tyr Arg
370 375 380
Phe Asp Trp His Pro Lys Lys Pro Pro Tyr Asn Lys Ala Phe His Ala
385 390 395 400
Leu Glu Leu Pro Phe Val Phe Gly Asn Leu Asp Gly Leu Glu Arg Met
405 410 415
Ala Lys Ala Glu Ile Thr Asp Glu Val Lys Gln Leu Ser His Thr Ile
420 425 430
Gln Ser Ala Trp Ile Thr Phe Ala Lys Thr Gly Asn Pro Ser Thr Glu
435 440 445
Ala Val Asn Trp Pro Ala Tyr His Glu Glu Thr Arg Glu Thr Leu Ile
450 455 460
Leu Asp Ser Glu Ile Thr Ile Glu Asn Asp Pro Glu Ser Glu Lys Arg

2



355360365 Ala Tyr Ala Ser Ala Gn Ser Hs Tyr Ala Pro Val Trp Met Tyr Arg
370375380 Phe Asp Trp His Pro Lys Lys Pro Pro Tyr Asn Lys Ala Phe H s Al a
385390395400 Leu A u Leu Pro Phe Val Phe Ay Asn Leu Asp Gy Leu Qu Arg
Met 405410415 Ala Lys Ala Gu Ile Thr Asp Au Val Lys Gn Leu Ser His Thr
Ile 420425430 A n SefzpAla Trp Ile Thy Phe Ala Lys;gfhr Gy Asn Pro Ser Thr
G u 435440445 Ala Val Asn Trp Pro Ala Tyr Hs Qu GQu Thr Arg Au Thr Leu
|l e 46465460 PheoB4791 78480y Glyn Lys Leu Phe Pro Ser Lys Ay G u 485 <210> 2
<211> 489 <212> gg'g <213> Bacillus subtilis <400> 2 Met Thr Hs Gn Ile Val
Thr Thr G n Tyr y Lys Val Lys @y Thr 151015 Thr Ju Asn Ay Val Hs Lys
Trp Ly30d ¢ Ile Pro Tyr Ala Lys Pro 202530 Pro Val Gy Gn Trp Arg Phe Lys
Al a Pgﬁlg Yofr o Pro Gu Val Trp 354045 A u Asp Val Leu Asp Ala Thr Ala Tyr
Gy Pro Val "Cys Pro Gn Pro

<212> PRT

<213> Bacillus subtilis
<400> 2 _
Met Thr His Gln Ile Val Thr Thr Gln Tyr Gly Lys Val Lys Gly Thr
1 5 10 15
Thr Glu Asn Gly Val His Lys Trp Lys Gly Ile Pro Tyr Ala Lys Pro
20 25 30
Pro Val Gly Gln Trp Arg Phe Lys Ala Pro Glu Pro Pro Glu Val Trp
35 40 45
Glu Asp Val Leu Asp Ala Thr Ala Tyr Gly Pro Val Cys Pro Gln Pro
50 55 60
Ser Asp Leu Leu Ser Leu Ser Tyr Thr Glu Leu Pro Arg Gin Ser Glu
65 70 75 80
Asp Cys Leu Phe Val Asn Val Phe Ala Pro Asp Thr Pro Ser Gln Asn
85 90 95
Leu Pro Val Met Val Trp Ile His Gly Gly Ala Phe Tyr Leu Gly Ala
100 105 110
Gly Ser Glu Pro Leu Tyr Asp Gly Ser Lys Leu Ala Ala Gln Gly Glu
115 120 125
Val Tle Val Val Thr Leu Asn Tyr Arg Leu Gly Pro Phe Gly Phe Leu
130 135 140
His Leu Ser Ser Phe Asp Glu Ala Tyr Ser Asp Asn Leu Gly Leu Leu
145 150 155 160
Asp Gln Val Ala Ala Leu Lys Trp Val Arg Glu Asn Ile Ser Ala Phe
165 170 175 ‘
Gly Gly Asp Pro Asp Asn Val Thr Val Phe Gly Glu Ser Ala Gly Gly
180 185 190
Met Ser Ile Ala Ala Leu Leu Ala Met Pro Ala Ala Lys Gly Leu Phe
195 200 205
Gln Lys Ala Val Met Glu Ser Gly Ala Ser Arg Thr Met Thr Lys Glu



505560 Ser Asp Leu Leu Ser Leu Ser Tyr Thr Qu Leu Pro Arg Gn Ser Qu 65
70 75 80 Asp Cys Leu Phe Val Asn Val Phe Ala Pro Asp Thr Pro Ser G n Asn
859095 Leu Pro Val Met Val Trp Ille Hs Ay Ay Ala Phe Tyr Leu Ay Al a
100105110 Gy Ser Gu Pro Leu Tyr Asp Ay Ser Lys Leu Ala Ala Gn dy Gu
115120125,val Ile Val E Thr Leu Asn2%7/r Arg Leu Ay Pro Phe Qy Phe Leu
130135140 Hi's Leu Ser Ser Phe Asp Qu a Tyr Ser Asp Asn Leu Gy Leu Leu
14515006560 aASyy ThrrSevaila Mla PA det &ln Mgk Lay plwale fgng G u Asn Ile Ser Al a
Phe 1 70175 Ay Gy,Asp Pro Asp Agh Val Thr Val,phe Ay Gu Ser Ala Ay
Gy 180185190 Met Ser Ile Ala Ala Leu Leu Ala Met Pro Ala Ala Lys Ay Leu
Phe 10Bb20G20: aunAshyiysAlea IWalThivBtl Geu ABe61uGhsp Pdualdser Arg Thr Met Thr Lys
Gu 210215220 G%5AI a Ala Ser 'El% Ser Ala Al a fshe Leu Gn Val Leu Ay Ile
Asn 225230235240 u @y Gn Led"Asp Lys Leu H'S Thr Val Ser Ala Gu Asp
Leu Legs 2ASRR0LHSGIhYISuMra TAE &l Sy Gy GLedstAlly PleeGldl a G u Lys Qu Asn Ile
Phe G n 260265%0 Leu Phe Phges? n Pro Ala Iég Asp Pro Lys TimLeu Pro Al a
G u Pro 275280285 A u Lys A le Ala GQu Ala Ala Ser Ay Ile Pro Leu
Leu |i®& Phe Phe Gln Pro Ala Leu Asp Pro Lys Thr Leu Pro Ala Glu Pro

275 280 285
Glu Lys Ala Ile Ala Glu Gly Ala Ala Ser Gly Ile Pro Leu Leu Ile
290 295 300
Gly Thr Thr Arg Asp Glu Gly Tyr Leu Phe Phe Thr Pro Asp Ser Asp
305 310 315 320
Val His Ser Gln Glu Thr Leu Asp Ala Ala Leu Glu Tyr Leu Leu Gly
325 330 335
Lys Pro Leu Ala Glu Lys Ala Ala Asp Leu Tyr Pro Arg Ser Leu Glu
340 345 350
Ser Gln Ile His Met Met Thr Asp Leu Leu Phe Trp Arg Pro Ala Val
355 360 365
Ala Tyr Ala Ser Ala His Ser His Tyr Ala Pro Val Trp Met Tyr Arg
370 37h 380
Phe Asp Trp His Pro Glu Lys Pro Pro Tvr Asn Lys Ala Phe His Ala
385 390 395 400
Leu Glu Leu Pro Phe Val Phe Gly Asn Leu Asp Gly Leu Glu Arg Met
405 410 415
Ala Lys Ala Glu Val Thr Asp Glu Val Lys Gln Leu Ser His Ser lle
420 425 430
Gln Ser Ala Trp Ile Thr Phe Ala Lys Thr Gly Asn Pro Ser Thr Glu
435 440 445
Ala Val Asn Trp Pro Ala Tyr Gln Glu Glu Thr Arg Glu Thr Leu Ile
450 455 460
Leu Asp Ser Glu Ile Thr Ile Glu Asn Asp Pro Glu Ser Glu Lys Arg
465 470 475 480
Gln Lys Leu Phe Pro Ser Lys Gly Glu
485



290295300 Ay Thr Thr Arg Asp u Ay Tyr Leu Phe Phe Thr Pro Asp Ser Asp
305310315320 Val His Ser Gn Qu Thr Leu Asp Ala Ala Leu Qu Tyr Leu Leu

Ay
Au
Val
Arg
Al a
Arg
Ser
Thr
Leu
Lys A

325330335 Lys Pro Leu Ala Qu Lys Ala Ala Asp Leu Tyr Pro Arg Ser Leu
340345350 Ser Gn Ile H's Met Met Thr Asp Leu Leu Phe Trp Arg Pro Al a
329360365 Ala Tyr Ala Ser Ala H's Ser H's Tyr Ala Pro Val Trp Met Tyr
370375380 Phe Asp Trp His Pro Qu Lys Pro Pro Tyr Asn Lys Ala Phe H s
3885390385400 Leu A u Leu Pro Phe Val Phe Ay Asn Leu Asp Ay Leu Gu
Me4;,40 0415 Ala Lys Ala Qu Val Thr Asp Qu Val Lys G n Leu Ser His
| I'e 420425430 G n Ser Ala Trp Ile Thr Phe Ala Lys Thr Gy Asn Pro Ser
3134 38440U455uptidis/al Asn Trp Pro Ala Tyr Gn Gu GQu Thr Arg Au Thr
lhﬁ)ofw’ 455460 Leu Asp Ser Qu Ile Thr Ile Au Asn Asp Pro Qu Ser Qu

470 475 480 G n Lys Leu Phe Pro Ser Lys Gy Gu 485 <210> 3

<211>Mdt891r<lﬁk2(>1nF§R$ Va2 T8> TBaclit Tws Giubfd VilsLyeAGIG>Ths

1 5 10 15
Thr Glu Asn Gly Val His Ile Trp Lys Gly Ile Pro Tyr Ala Lys Pro
20 2b 30
Pro Ile Gly Gln Leu Arg Phe Lys Ala Pro Glu Pro Pro Glu Val Trp
35 40 45
Glu Asp Ile Leu Asp Ala Thr Ala Tyr Gly Pro Ile Cys Pro Gln Pro
50 55 60
Pro Asp Leu Leu Ser Leu Ser Tyr Ala Glu Leu Pro Gln Gln Ser Glu
65 70 75 30
Asp Cys Leu Tyr Val Asn Val Phe Ala Pro Asp Thr Pro Ser Gln Asn
85 90 95
Leu Pro Val Met Val Trp Ile His Gly Gly Ala Phe Tyr Leu Gly Ala
100 105 110
Gly Ser Glu Pro Leu Tyr Asp Gly Ser Arg Leu Ala Ala Gln Gly Glu
115 120 125
Val Ile Val Val Thr Leu Asn Tyr Arg Leu Gly Pro Phe Gly Phe Leu
130 135 140
His Leu Ser Ser Phe Asp Glu Ala Tyr Ser Asp Asn Leu Gly Leu Leu
145 150 155 160
Asp Gln Ala Ala Ala Leu Lys Trp Val Arg Asp Asn Ile Ser Ala Phe
165 170 - 175
Gly Gly Asp Pro Asp Asn Val Thr Val Phe Gly Glu Ser Ala Gly Gly
180 185 180
Met Ser Ile Ala Ala Leu Leu Ala Met Pro Ala Ala Lys Gly Leu Phe
195 200 205
Gln Lys Ala Ile Met Glu Ser Gly Ala Ser Arg Thr Mét Thr Lys Glu
210 215 220
Lys Ala Ala Ser Thr Ala Ala Ala Phe Leu Gln Val Leu Gly Ile Ser
225 230 235 240



Met
Au
Ay
Leu
Ser
Val
Trp
Tyr
Leu
Asp
Al a
Asp
Al a
Met
Asp

Thr Hs Gn lle Val Thr Thr Hs Tyr Ay Lys Val Lys Ay Thr 151015 Thr
Asn Ay Val Hs Ile Trp Lys Ay Ile Pro Tyr Ala Lys Pro 202530 Pro Il e
G@n Leu Arg Phe Lys Ala Pro Qu Pro Pro Qu Val Trp 354045 Gu Asp lle
Asp Ala Thr Ala Tyr Ay Pro lle Cys Pro G n Pro 505560 Pro Asp Leu Leu

L y s ; 6p..70 75 80 Asp Cys Leu Tyr
Agﬁl %G%h%euﬁsg @rg;t eﬁ% %irjvglr gelgeﬂr& éﬁ{1A%sHe“ I&%’é}b% Leu Pro Val Met Val

lle Hs Ay G4 A a Phe Tyr 2bku Gy Al a 10880805110 Ay Ser Qu Pro Leu
A Sl 8 s AR BTG fiigietizs v 1o Wl ) T
G u Al a Ty260Ser Asp Asn Léyw d y Leu Leu2"£045150155160 Asp Gn Ala Ala
Lok snT8oh 3050 8o, o Rpgsirons Sy Oy e o
Leu Leu27al a Met Pro Al2a0Al a Lys €] y lmu Phe 195200205 GnlLys Alalle
i o108 0 G 5 05 AT P pigzis220 v S G L
290 295 300
Gly Thr Asn Arg Asp Glu Gly Tyr Leu Phe Phe Thr Pro Asp Ser Asp
305 310 315 320
Val His Ser GIn Glu Thr Phe Asp Ala Ala Leu Glu Tyr Leu Leu Gly
325 330 335
GIn Pro Leu Ala Lys Lys Ala Ala Asp Leu Tyr Pro Arg Phe Leu Glu
340 345 350
Ser Gln Ile His Met Met Thr Asp Leu Leu Phe Trp Arg Pro Ala Val
368 360 365
Ala Tyr Ala Ser Ala Gln Ser His Tyr Ala Pro Val Trp Met Tyr Arg
370 375 380
Phe Asp Trp His Ser Asp Lys Pro Pro Tyr Asn Lys Ala Phe His Ala
388 390 395 400
Leu Glu Leu Pro Phe Val Phe Gly Asn Leu Asp Gly Leu Glu Leu Met
405 410 415
Ala Lys Ala Glu Val Thr Asp Glu Val Lys Gln Leu Phe His Thr Tle
420 425 430
Gln Ser Ala Trp Thr Thr Phe Ala Lys Thr Gly Asn Pro Ser Thr Glu
435 440 445
Asp Val Lys Trp Pro Ala Tyr His Glu Glu Thr Arg Glu Thr Leu Ile
450 455 460
Leu Glu Ser Glu Ile Trp Met Glu Asn Asp Pro Glu Cys Glu Lys Arg
465 470 475 480
Gln Lys Leu Phe Pro Ser Lys Gly Glu
485
<210> 4
<211> 489
<212> PRT



Asn Ala Ala Asp Gn Leu Arg Lys Ala A u Asn GQu Asn Leu Phe G n 260265270
Leu Leu Phe A n Pro Ala Leu Asp Pro Lys Thr Leu Pro Ala G u Pro 275280285
GQu Lys Ala lle Ala Qu Gy Thr Ala Ala Ay Ile Pro Leu Leu Ile 290295300
Gy Thr Asn Arg Asp Gu Gy Tyr Leu Phe Phe Thr Pro Asp Ser Asp

er An Gu Thr Phe Asp Ala Ala Leu Gu Tyr Leu Leu

30531 320.. | S
Ay 3g%§20§%%ygsn%?%§ieu Ala Lys Lys Ala Ala Asp Leu Tyr Pro Arg Phe Leu
G u 344845350 Ser Gn Ile Hs Met Met Thr Asp Leu Leu Phe Trp Arg Pro Al a

Val 355360365 Ty a.ser..Aa Gn, Se | S ro,Ala Pro Val Trp Met Tyr
308505 Snaiadlst Bp i b16af LSS ¢

Arg oThfyr Asn Lys Ala Phe H's
Al a 385390395400 4eu A u Leu PraoPhe Val Phe A% Asn Leu Asp Gy Leu Qu

Leu t 405410415 Al s Ala d | _Th Val Lys G n Leu Phe Hi s
Thr :\/’IFQ%r ﬁWS@ﬁg‘ra&aPﬁSéﬁ? @@Y%PEY ¥ﬂer Pﬁ‘hiyréﬁ]g‘ ‘%ggprlﬂ’ys Thr Ay Asn Pro Ser
G u 435440245 Asp Val LygsTrp Pro Ala Tg¢g Hs Gu Qu Thr Arg Qu Thr

Thr
Leu || e 450455460 Len Qu _Ser du lLle Tr

Lys

APy Vgl Ago e Mgdhey
5

3

40

Glu Asn Glu Leu Asp Ala Thr Ala

50
Ser Asp Leu
65

Asn Cys Leu

Leu Pro Val

Gly Ser Glu
115
Val 1lle Val
130
His Leu Ser
145
Asp Gln Ala

Gly Gly Asp

Met Ser Ile
195
Gln Lys Ala
210
Lys Ala Ala
225
Glu Ser Gln

Lys Ala Ala

Leu Ser

Tyr Val

85
Met Val
100
Pro Leu

Val

Ser Phe

Ala Ala
165
Pro Asp
180

Ala Ala

Jie Met

Ser Thr

Leu Asp

245

Asp Lys

Thr

55
Leu Ser Tyr
70
Asn Val Phe

Trp Ile His

Phe Asp Gly
120
Leu Asn Tyr
135
Asp Glu Ala
150
Leu Lys Trp

Asn Val Thr

Leu Leu Ala
200
Glu Ser Gly
215
Ala Ala Ala
230
Arg Leu His

Leu Arg Lys

Lys N Pre Glohe

4

%;Ol\/let Q@ u Asn Asp Pro Qu Cys GQu
o etla 8 @y @ u 485 <210> 4
5

Tyr Gly Pro Ile Cys Pro Gln Pro

Asn Glu Leu
75
Ala Pro Asp
90
Gly Gly Ala
105
Ser Arg Leu
Arg Leu Gly
Tyr Ser Asp
155
Val Arg Asp
170
Val Phe Gly
185
Met Pro Ala

Ala Ser Arg

Phe Leu Gln

235

Thr Val Ser
250

Ala Glu Asn

60

Pro Arg Gin
Thr Pro Ser
Phe Tvr Leu
110
Ala Ala Gln
125
Pro Phe Gly
140
Asn Leu Gly

Asn Ile Ser

Glu Ala
190
Gly

Ser
Ala Lys
205
Thr Met
220

Val

Thr

Gly

Leu

Ala Glu Asp

Glu Asn Leu

Ser Glu

80
Gln
95
Gly

Asn
Ala
Gly Glu
Phe Leu
Leu

160
Phe

Leu

Ala
175
Gly Gly

Leu Phe

Thr Glu

Tle Asn
240
Leu Leu

255
Phe Gln



<211> 489 <212> PRT <213> Bacillus subtilis <400> 4 Met Thr Hs Gn lle

Val
Lys
Lys
Tyr
Au
Pro
Al a
Leu
Ay
Asp
Arg
Phe
Pro

Thr Thr Gn Tyr Ay Lys Val Lys Ay Thr 151015 Thr Au Asn Ay Val H's
Trp Lys Ay Ile Pro Tyr Ala Arg Pro 202530 Pro Val Gy Pro Leu Arg Phe
Ala Pro Qu Pro Pro u Ala Trp 354045 A u Asn Gu Leu Asp Ala Thr Al a
Gy Prolleg Cys Pro Gn Pég 505560 Ser Leu Leu Ser Leu Ser Tyr Asn
Leu Pro Argﬁoc;‘i n Ser Gu €870 75 80 Asn s Leu Tyr Val Asn Val Phe Ala

Asdgu i PIRr @ nS86 ABh LeAREp $DO0HS ThieUelPPo Mal GIMeRroVal Trp Ile Hs Gy Gy
Phe Tyr lLeu Ay Ala 100105110 Gy Ser_u Pro Leu Phe Asp Ay Ser Arg
Ala Ala’@n dy du 18420125 val 11&Val val Thr Leu Asn Tyr Arg Leu

Per Bhreald MePhe diew1330d 394 40a s 1LeebroSedu GRr1iBhe Asp G u Ala Tyr Ser
Asn Leu Ay Leu Leu 145150155160 Asp G n Ala Ala Ala Leu Lys Trp Val

Asp #n Ile Ser Al #%he 1651701758y Ay Asp Pro Asp Asn Val Thr Val
%M fAIHrUAs%eKrgg}{sﬁ (ﬁbmgm 180 pRO PROTINEProSRYp ddrenasdl @ Ala Leu Leu Ala Met
a y

a a Lys 3']8“ he 195200%(1)55 390

Val His Ser Gln Glu Thr Phe Asn Ala Ala Leu Glu Tyr Leu Leu Glu
325 330 335

Gln Pro Leu Ala Lys Lys Ala Ala Asp Leu Tyr Pro Arg Ser Leu Glu

340 345 350
Ser Gln Ile His Met Met Thr Asp Leu Leu Phe Trp Arg Pro Ala Val
355 360 _ 365
Ala Tyr Ala Ser Ala Gln Ser Gln Tvr Ala Pro Val Trp Met Tyr Arg
370 375 380

Phe Asp Trp His Ser Asp Lys Pro Pro Tyr Asn Lys Ala Phe His Ala

385 390 395 400

-Leu Glu Leu Pro Phe Val Phe Gly Asn Leu Asp Gly Leu Glu Arg Met
405 410 415

Ala Lys Ala Glu Val Thr Asp Glu Val Lys Arg Leu Ser His Thr Ile

420 425 430
Gln Ser Ala Trp Ile Thr Phe Ala Lys:Thr Gly Asn Pro Ser Thr Glu
435 440 445
Asp Val Lys Trp Pro Ala Tyr His Glu Glu Thr Arg Gln Thr Leu Ile
450 455 460

Leu Asp Ser Glu Ile Thr Ile Glu Asn Asp Pro Glu Ser Glu Lys Arg

465 470 475 480

Gln Lys Leu Phe Pro Ser Lys Gly Glu
485

210> b

{211> 489

{212> PRT

213> Bacilius subtilis

400> b

Met Thr His Gln Ile Val Thr Thr Gln Tyr Gly Lys Val Lys Gly Thr

8



Gn
Lys

Lys Ala Ile Met Qu Ser Gy Ala Ser Arg Thr Met Thr Thr du 210215220
Ala Ala Ser Thr Ala Ala Ala Phe Leu Gn Val Leu Ay Ile Asn

225230235240 Gu Ser G n Leu Asp Arg Leu His Thr Val Ser Ala Qu Asp Leu

Leu
Pro
Pro
Pro
Au
Pro
Trp
Val

Lys
Asp
Arg
Ay

245250255 260265270 Leu Leu Phe G n Pro Ala Leu Asp Pro Lys Thr Leu
Ala Au Pro 275280285 du LyﬁAIa Ile Alagy Gy Ala Ala Ala Asp Ile
Léu Leu Ile 290295300 Ay THP Asn Arg Asp u dy Tyr Leu Phe Phe Thr

Aspr BRI AASBer3lI3Hi03IK2 3120 1Yalciiilse Bes T@ A1y My Phe Asn Ala Ala Leu
Tyr Leu Leu G u 325330335 G n Pro Leu Ala Lys Lys Ala Ala Asp Leu Tyr
Arg Ser Lef’ G u 340345350°Ser G n Ile H'$ Met Met Thr Asp Leu Leu Phe

Apgh, PL0GH! ainVady 22586036%14P0 Tyd PA @relu Mhiatid n Ser Gn Tyr Ala Pro
Trp Met Tyr Arg 370375380 Phe Asp Trp_ Hi s Ser Asp Lys Pro Pro Tyr Asn

Ala PhedHi s Al a 385390895400 Leu G u%teu Pro Phe Val Phe Ay Asn Leu

Cota kGHVA e NG A\i%tml%éhgfweiy%&@ 1hy8yAba HipMal Thr Asp Qu Val Lys
Leu Ser Hi's Thr Ile 420425430 G nGOSer Ala Trp Ile Thr Phe Ala Lys Thr

Asn P¥o Ser Thr d w®
Ser Asp Leu Leu Ser Leu Ser Tyr Thr Glu Leu Pro Arg Gln Ser Glu

65 70 75 80
Asp Cys Leu Phe Val Asn Val Phe Ala Pro Asp Thr Pro Ser Gln Asn
85 90 95
Leu Pro Val Met Val Trp Ile His Gly Gly Ala Phe Tyr Leu Gly Ala
160 105 110
Gly Ser Glu Pro Leu Tyr Asp Gly Ser Lys Leu Ala Ala Gln Gly Glu
115 120 125
Val Ile Val Val Thr Leu Asn Tyr Arg Leu Gly Pro Phe Gly Phe Leu
130 _ 135 140
His Leu Ser Ser Phe Asp Glu Ala Tyr Ser Asp Asn Leu Gly Leu Leu
145 150 155 160
Asp Gln Ala Ala Ala Leu Lys Trp Val Arg Glu Asn Ile Ser Ala Phe
165 170 175
Gly Gly Asp Pro Asp Asn Val Thr Val Phe Gly Glu Ser Ala Gly Gly
180 185 190
Met Ser Ile Ala Ala Leu Leu Ala Met Pro Ala Ala Lys Gly Leu Phe
195 200 205
Gln Lys Ala Ile Met Glu Ser Gly Ala Ser Arg Thr Met Thr Lys Glu
210 215 220
Gln Ala Ala Ser Thr Ala Ala Ala Phe Leu Gln Val Leu Gly Ile Asn
225 230 235 240
Glu Ser Gln Leu Asp Gln Leu His Thr Val Ser Ala Glu Asp Leu Leu
245 250 255
Lys Ala Ala Asp Gln Leu Arg Ile Ala Glu Lys Glu Asn Ile Phe Gln
260 265 270
Leu Phe Phe Gln Pro Ala Leu Asp Pro Lys Thr Leu Pro Glu Glu Pro
275 280 285



435440445 Asp Val Lys Trp Pro Ala Tyr Hs Qu GQu Thr Arg Gn Thr Leu lle
450455460 Leu Asp Ser Qu Ile Thr Ile Qu Asn Asp Pro Au Ser Qu Lys Arg
465 470 475 480 G n Lys Leu Phe Pro Ser Lys Ay G u 485 <210> 5 <211> 489
<212> PRT <213> Bacillus subtilis <400> 5 Met Thr H's Gn Ile Val Thr Thr

GnT VI | H L T L d
Ilg Mu %ﬁyAﬂE\‘Iyﬁeﬂ XSGI?O%% £e£|-@i %Pésgfus%lurygArgl Iiheyiysrg\layliro éu

Pro Pro @ Val Trp 3548985 G n Asp VaIBOCLeu Asp Ala Thr Ala Tyr Ay Pro lle
Cys P i n.Prp 5055 R Ser lLeu.Ser Tyr Thr Au Len Pro Arg
Gn éfr) g'r T%S&FOPS?S(Q KsTﬁAa?ulpﬁe Pk Lllhr grcl kﬁ’s%e\/gp Phe Ala Pro Asp Thr Pro
Ser (Bob Asn 859095 L@e Pro Val tS‘MaI Trp lle HH320Gdy Ay Ala Phe Tyr Leu
Ay 00105 T er Lys Leu Ala Ala G n
dy gkl‘%l l%’155 20 5("1\‘7aﬁ¥l ﬁieg AR 1?/:5‘1? # Gt%ﬁerﬁi& guyGﬁ(rg Len Gy Pro Phe Gy
Phe Len 130135140325 s Leu Ser See{) Phe Asp G n #sa Tyr Ser Asp Asn Len Gy

ggp 'I&e% 1451:!135110&1558111 Lys Val Ala Asp %eu Tyr élro All“_gerS]erL{esu Eli_lrup Val Arg Gu Asn lle

340 345 360
Ser Gln Ile His Met Met Thr Asp Leu Leu Phe Trp Arg Pro Ala Val
355 360 365
Ala Tyr Ala Ser Ala Gln Ser His Tyr Ala Pro Val Trp Met Tyr Arg
370 375 380
Phe Asp Trp His Pro Lys Lys Pro Pro Tyr Asn Lys Ala Phe His Ala
385 390 395 400
Leu Glu Let Pro Phe Val Phe Gly Asn Leu Asp Gly Leu Glu Arg Met
405 410 415
Ala Lys Ala Glu Ile Thr Asp Glu Val Lys Gln Leu Ser His Thr Ile
420 425 430
Gln Ser Ala Trp Ile Thr Phe Ala Lys Thr Gly Asn Pro Ser Thr Glu
435 44b 445
Ala Val Asn Trp Pro Thr Tyr His Glu Glu Thr Arg Glu Thr Leu Ile
450 455 460
Leu Asp Ser Glu Ile Thr Ile Glu Lys Asp Pro Glu Ser Glu Lys Arg
465 470 475 480
Gln Lys Leu Phe Pro Ser Lys Gly Glu
485
210> 6
<211> 1470
<212> DNA
<213> Bacillus subtilis
<400> 6
atgacicatc aaatagtaac gactcaatac ggcaaagtaa aaggcacaac ggaaaacggce 60
gtacataagt ggaaaggcat cccctatgee aagecgectg tcggacaatg gegttitaaa 120
gecaccigage cgectgaagt gtgggaagat gtgettgatg ccacagegta cggetctatt 130

tgeceegeage cgtctgattt getgtcactt tegtatactg agetgececeg ccagtcecegag 240
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165170175 Ay Ay Asp Pro Asp Asn Val

180185190 Met Ser

Thr Val

Phe Gy Qu Ser Ala Ay Gy

195200205 G n Lys Ala lle Met Qu Ser Ay Ala Ser Arg Tin-
210215220 G n Ala Ala Ser Thr Ala Ala Ala Phe Len G n Val

Len 20E32000h Thses Rl e R e g TG e T e Phe
Gn 2&@@@5@7@ atepacdele tma@tm eBragggiica gli_:mcdhsp gPrigadags Th360 Len Pro Gn Qu
[T 248538308 cefoeel Sefib®ao st e e B BeBeRE prift i Tero msp sor
Asp 3@5&&@31532@8&/@% it Bent Gepc@ant Thgatheut Aggeciiaa Al ad8ieu A u Ser Leu
Leu d XCCSZSSSOSSSCL ro Iaeg Aaat%e? ﬂ%stVa CAIt a@sg L OTyr Pro Arg Ser
Leu GPUC3AG53955%6 ALHBR LR of TRF SREE16U Leli’Phe Trp Arg Pro
Al a V@htﬁ&@%ﬁeaﬁﬁtﬂh@ agjpitcodkd ghpefilba gGiiedet ctigtibyt Al@@oPro Val Trp Met
Tyl’ Ara c%’Zg(t):gg %ge%ggggge gAScBag-I;Ira£ chgla%caI?:%g alég/g%ggl,_cgg tlgclz’t(?:gell?irc(g) Tyé’GOAsn Lys Ala Phe
Hs A

atgacgaaag aacaagcggc gagcacctcg geagectitt tacaggtcct tgggattaac 720

gagggccaac tggataaatt gecatacggtt tcigcggaag atttgetaaa ageggetgat 730

cagcttcgga ttgecagaaaa agaaaatatc titcagetgt tcttecagee cgeecttgat 840

ccgaaaacge tgectgaaga accagaaaaa gegatcgeag aaggggetge ttecggtatt 900

ccgetattaa ttggaacaac ccgtgatgaa ggatatttat ttttcacecce ggattcagac 960

gttecattctc aggaaacget tgatgcageg ctcgagtati tactagggaa gecgetggea 1020

gagaaagttg ccgatttgia tccgegtict ctggaaagee aaattcatat gatgactgat 1080

ttattatttt ggcgcectge cgtegectat geatccgecac agtetecatta cgeecetgte 1140

tgpatgtaca ggttcgattg gecacccgaag aagccgecgt acaataaage gtttcacgea 1200

ttagagette cttttgtett tggaaatctg gacggattigg aacgaatgge aaaageggag 1260

attacggatg aggtgaaaca gctttctcac acgatacaat cagcgtggat cacgttcgee 1320

aaaacaggaa acccaagcac cgaagetgtg aattggectg cgtatcatga agaaacgaga 1380

gagacgetga ttttagactc agagattacg atcgaaaacg atcccgaatc tgaaaaaagg 1440

cagaagctat teccticaaa aggagaataa 1470

<210> 7

<211> 1470

212> DNA

<213> Bacillus subtilis

400> 7

atgactcatc aaatagtaac gactcaatac ggcaaagtaa aaggcacaac ggaaaacgge 60

gtacataagt ggaaaggcat cccctatgee aagecgeetg teggacaatg gegitttaaa 120

geacctgage cgectgaagt gtgggaagat giccttgatg ccacagegta cggecetgtt 180

tgeeegeage cgtetgattt getgicactt tegtatactg agetgecccg ceagtecgag 240

gattgettgt ttgtcaatgt atttgegeet gacactccaa gecaaaacct gectgtcatg 300

gittgegattc acgpagpege tttttatcte ggegegegeca gtgagecatt gtatgacgga 360

tcaaaacttg cggegecaggg agaggicatt gtecgttacac tgaactateg getggggeeg 420

tttggetttt tgcacttgtc ttegtttgat gaggegtatt cegataacet tgggettita 480

gaccaagtcg ccgcacltgaa atgggtgegg gagaatatit cagegtttegg cggtgatece 540

11

Ile Ala Ala Leu Len Ala Met Pro Ala Ala Lys Ay Leu Phe
Met Thr

Lys G n

Leu Gy Ile Asn



385390395400 Leu Qu Leu Pro Phe Val Phe Ay Asn Leu Asp Gy Leu Qu Arg
Met 405410415 Ala Lys Ala Qu Ile Thr Asp Qu Val Lys Gn Leu Ser H's Thr
Il e 420425430 G n Ser Ala Trp Ile Thr Phe Ala Lys Thr Gy Asn Pro Ser Thr
G u 435440445 Ala Val Asn Trp Pro Thr Tyr HHs Gu GQu Thr Arg Gu Thr Leu
IIe450455460L u I Prand u Ser G u Lys
Arg ABERIFYGE ﬁ@ég%a%aaE“°§°ﬁ_é%cgﬁﬁwangb?“at ng‘i_ﬁi’%é@g 05 <210> 6 <2115
1470 s@t2tpcidNbeaa@dpdot Bamcdglaats gsightathd saagdf¥opc Giattgact catb0 aaat agt aac

gact caat ac caaa t aa aaggcacaac a c60 cat aagt,,ggaaaggcat
cccctﬁ'tg@‘c‘:g(?a BreutEt g?%%%i%%é%aéc ?E%?Cta aitzaggﬁcacc‘f gagc(gcgcct gaagt

gt g99gagaicagd ggfatgaty g@ﬁﬂd‘g@g&Q&@C%%Eﬁtm%%@g@gmﬁgcaﬁo cgtagattt
gctgtcactt tc tatactg a cccc cca tcc 240 ctt at gt caat gt

at t t gtEEceEa %ﬁ?@%f‘é‘%?aaij’g BcattE afoLE 6ftc,tg‘fag%ﬁg0§?§1‘g§‘gatt acggaggcgce

L1t aluahac @000 H89ER 1 FaBREEL didat Gicad 9aGAGRBOO dcgaasact 900 cggcacaggg
agaagtcatt gtcgttacat t aactatc

C ccg420 tttggattt fgcacttgtc
t t cat Ft88ERT IefabFéancatt o %ﬁ%ﬁaé@t a%é g?fgf?céﬁ%égﬁé@%g%gcgaé ccgeget gaa
at 999t 9e8@ R gaahRkt{ 1£AgGYLd LOY090 9alteaGhAQcGotaaL gt @y cagt at tt gg
agaat ccgcc ggcgggat ga gcattgecge gct gett ct 600 at gcct gc& caaaaggcct
gt t ccerpaasctfc atRrEHE by tergad)dbig E brEataget agd ?fﬁB’Béa*éﬁﬁﬁébaa 8 aacaagcggc

12

gagc a@{éttgagtgt(: @&%chctcéct tétﬁg&ggﬂt %Eﬁiftcégggcg @%ﬁc@@a(%?a'z Qgcccctgtc 11490
tggatgtacc ggttegattg geacccggag aageegecgt acaataaage gtttcacgeca 1200
ttagagette cttttgtett tgegaaatctg gacggattag aacgaatgge aaaagcggag 1260
gttacggatg aggtgaaaca gecttictecac tcgatacaat cagecatggat cacattcgee 1320
aaaacaggaa acccaagcac ggaagcigtg aattggeegg cgtatcagga agaaacaaga 1380
gagacgciga ttttagattc agagattacg atcgaaaacg atcccgaatc tgaaaaaagg 1440
cagaagctat tcecttcaaa aggagaataa 1470
210> 8
211> 1470
<212> DNA
<213> Bacillus subtilis
<400> 8
atgactcatc aaatagtaac gacticattac ggcaaagtaa aaggcacaac agaaaacggc 60
gtacatatat ggaaaggcat tccttatgca aagccgecta teggacaatt gegititaaa 120
geaccggage ccecigaagt gigggaggac atactggatg caacagegta cggeecgatt 180
tgecegeage cgectgattt getgteactt tcatatgeeg agetteccea geagtecgag 240
gattgectgt atgtcaatgt atttgegecl gacactccga gtcaaaactt gectgtcatg 300
gtgtggatte acggeggege tttttatcte ggegegggea gtgageecatt atatgatggg 360
tcaagacttg cagcacaggg agaagtcatt. gicgttacac tgaattatcg fctggggcca 420
tttggatttt tacatttgitc ttcgtttgat gaggcgtatt ccgataacct tggeotgttg 480
gaccaagecg ccgecactgaa atgggtgega gacaatatet ctgegtttgg cggtgatcca 540
gataacgtaa cggtatttgg agaatccgea ggcggeatga geattgeecge actgeteget 600
atgcetgegg caaaaggeet tttccagaaa gegatcatgg aaagegeage ticccgaacg 660
atgacgaagg aaaaagcggc aageaccgeg geagectttt tacaggtect tgggatitee 720
gagagccaat tggacagatt gcatactgta tctacggaag atttgettaa tgeggecgat 780
cagcttcgega aagcagaaaa tgaaaatctc titecagetge tcttcecagee tgetettgat 840



gagggccaac
cagcttcgga
ccgaaaacgc
ccgctattaa

tggat aaatt gcatacggtt tctgcggaag atttgctaaa agcggct gat 780
ttgcagaaaa agaaaatatc tttcagctgt tcttccagcc cgcccttgat 840
t gcct gaaga accagaaaaa gcgatcgcag aaggggctgc ttccggtatt 900
tt ggaacaac ccgt gat gaa ggatatttat ttttcacccc ggattcagac960

gttcattetc a el .ig c 1.a t a gctggca 1020
gagaaaggtfl ng% %%Cq%a °t gaa %Qt Cé%ggg ccf:tg%gg%cg%%tggt gg gactgat 1080
ttatt actgt:tgtt@gcmmgac ccgggﬂg@ac’gaita‘gctatt d:t:igcaxcccagg@ttmm a &geccctgtc 1140
tggat gtac ttcg t acaat aaagc t cacgca 1200
ttagagtct %cgig?%gta ?05 t%%éf 5a9tg %%a%acgégﬁ ggc 1falt)gétagcggag 1260
attacg@aﬁa_gcmg&@mmcgﬁtgmcﬁ emaa@gﬁhmaﬁtat@gmg&tggat wacgttcgec 1320
aaaacaggdag,acccaagcac cf aat t ggcct t at cat aacgaga 1380
Gagach et Gt FRAGREEs CHORTITT e B Ly AERaTY AP EREUi ¢ 1ghannaagg 1440

cagaagghadtad L gt @A 0N caQ gagan bR cdoddD acedisbagd gridtdeped 4 7206212> DNA <213>
Bacillus subtilis <400> 7 atgactcatc aaatagtaac gactcaatac ggcaaagtaa
aaggc HEEHC g abd A d b 6@8@%%&%5%9&5&“%3%%5@%5% 2RREBeEea% gcé®hagecgect g

t cggagaatGage idikdaan il e ac 64 @ageat 95t gradtadt §¢eaag@bo gt cct t gat g
ccacagcgta eggccctgtt180 tgcccgcagec cgtctgattt gectgtcactt tcgtatactg

aget geREEAFERL AGFCRIEGHY DUrOLYAta AETEECRY CHPEHARY PRREELHE gcBP? gacact ccaa
gccaagpatdit S e113h&at 93080k i 908146 A6 0QAGHEH Cedabddal At Cilago g9CTCTggCa

gt gagccatt gtatgacgga360 tcaaaacttg cggcgcaggg agaggtcatt gtcgttacac

t gaactaeeytyctygigeeyamoeaatiyggattt tgcacttgtc ttcgttt gatt’@aggegtatt

ccgat aggst gt gggctttt a480 gaccaagtcg ccgcact gaa at gggtugg gagaatattt
cagcgtttgg eggtgatecc540 gataacgtaa cagtatttgg agaatccgcc atgcctgegg
caaaatfjéct 140t ccagaaa at gacgaaag aacaagcggc gagcaccteg gagggccaat

t ggat agai t pgcat acggtt cagettegga tcgcagaaaa agaaaatatc ccaaaaacgc
tgcctgctga accagaaaaa ccgctattaa tcggaacaac ccgtgatgaa gttcattctc
aggaaskigrt Baghlugcabigilgmgaaagect g ccgatttgta tccgegttct ttgttatttt ggcgccccgce
tgtcogeghat gt ggatgtacc ggttcgattg gcacccggag ttagagettc atttgtctt tggaaatctg
gttacggatg aggt gaaaca gctttctcac aaaacaggaa acccaagcac ggaagagtg gagacgct ga
ttttagta’aatucaagaagmgtamggmwgmaammeamgea:aafagmgmmaa <@10> 8 <211> 1470

% o | £ Leat t tcatt
ot acaF AP HP g RmatiicH CTELTEN BEETE I CUt e LT ARy dfbgoaggan e

t gccegraggasgeatgabid g@@éa&h@a@dabt@aéé vedcgdcged gtgbar&hgﬁ atlgt gcgcct gtgtggattc
acggcg&c%{% tratatetc tcaa%actt caca g tcatt tttggatttt tacatttgtc
t t cgt PEGHCFatEHGE g BT EaLY 3 ‘%ﬁ‘}% Jti&t%a 3%‘& atttgg
agaat &agcAtal getdige Qﬁaﬁ%g@ﬁgéta&ﬁc'b@eﬁ@gﬁ@@caﬁ gaggtadgd aae@agcggc aagcaccgcg
gagagccaat tggacagatt 1%cat actgta cagcttcgga aagcagaaaa tgaaaatctc
gcat t HELHFET FatEeeFEsC é@ﬁ%@%f%ﬁ@g&%&*%éﬁ‘ﬁ?%?gtgé ttaac atttgctaaa

auggct@atact &t t&eades: saesCchiUfcAROS00LEGitE 6OQPEALE t 4bd Cacccc ggattcagac
tact agggaa gccgctggca aaattcat at at gact attcccatta tgcccctgtc

at
acaat HAag¢t gt taceHidgatwatigaatt grrec ahtag‘cggg@gc*ca@%a%%t égQ:attcgcc
cgt at c AJAREARLA B PGEHAR] G2 (08288280 AAYLEACAAC BgRAaaacggc

tcggacaatt gcgttttaaa caacagcgta cggcccgatt agetteccca gcagtccgag
gt caagrdeacetafcedegridheegaggetrageic afcesaten geateRfgee galgctcasrg 0% ggggceca

ccgat ?&9&%c%g99a%9£gt%étggﬁfc&%9£a %c%gtc%g% galbesR. OealhOacHC @gd ut cgct aaagcggage
ttcccgaacg tacaggtcct "'tgggatttcc atttgcttaa tgcggccgat tcttccagec
t gct etlizgaacag aaaaagegge tagcactgea geagectttt tacaggtcet tgggattaac 720

gagagccaat tgpgacagact gecacactgta tctgeggaag atttgettaa ageggecgat 780

aagcitcgga aagcagaaaa tgaaaatctc tttcagetgt tattccagee cgecettgat 840

ccgaaaacge tgectgeiga accagaaaaa geaategeag gagetgetge tgecgacatt 900

ccgetgttaa teggaacaaa cegegatgaa ggatatttat ttttcacece ggactcagac 960

gttcattctc aagaaacgtt taatgeccgeg ctfgagtatt tattggaaca gcegetggea 1020

aagaaagccg ccgatetgta tcegegttea ctagaaagee aaattcatat gatgactgat 1080

ttgttatttt ggcgecegge cgtegectat gectecegetec agtctcaata cgegectgta 1140
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ccgaaaacgc tuctgctga accagaaaaa gcgatcgcag aaggcactgc tgccggcatt 900
ccgctgttaa tcggaacaaa ccgcgatgaa ggatatttat ttttcacccc ggactcagac960
gttcattctc aggaaacgtt tgatgctgcg cttgagtatt tattagggca gccgctggecc 1020
aagaaagctg ccgatctgta cccacgtttt cttgaaagcc aaattcatat gatgactgat 1080
ttattatttt ggcgcccggce cct ac cctcc cC a cccatta gcectgtt 1140
t ggat §¥RRLE %b %ﬁ@%&? & éﬁ R GRACoE: ﬁﬁﬁéaggﬁ?g% HE4E5Yc g@ﬁtcacgca 1200
tt agagalh&iad tigtdtitt toGanate ke 0anadghdcagcdaabgatgge amaagcggag 1260
gttacggat g aggt gaaaca gctttttcac accatacaat cagcat cacgttcgcc 1320
aaaac&tfgaseticé &ﬁﬁﬁ%gﬁﬁaﬁﬁﬁEQFﬁtﬁﬁﬁiﬁﬁﬁéﬂﬁaEﬁg%?Egﬁ 5% aacgaga 1380
gagacgidaGiehd biREARLE cAARBALY bG8 R hELheRRs  139@aaaaagy 1440

caaaarctat toccttcaaa aggagaataa 1470 <210> 9 <211> 1470 <212> DNA <213>

Baci | Papsceclien ithitasatipesasst taeg atasasnies st gt adBegarcet aat4® ggcaaagt aa
aaggcg&gg&tgggaggkgg§Q%mg&ﬁggtaaat ggaaaggcat cocct at gcggyagaccgcectg
t egggccatt gcgttttaaal?20 gcaccggaac ctccggaagc gt gggagaac gaactggacg
caaca§dl§t aléggcecctatt 180 tgcccgcage cgtagattt gectgtcactt tcgtataatg
agagcesq9 GpaOtctgag240 aattgettgt atgtcaatgt atttgcgcct gatactccaa
gt caaaacct gcctgtcatg300 gtgtggattc acggeggcgc tttttatctt ggagegggca
gt gagéeldbt D@t t cgat ggg360 t caagacttg cggcgcaggg agaagtcatt gtcgttacac
t gaat {4hLcgy qﬁgggg&gqjgo tttggatttt tacatttgtc ttcgtttgat gaggcgtatt
ccgat aacct ggtcttttg 0 gaccaagccg ccgcactgaa at gggtgcga gacaat at ct
cagcat40gg leggt gat ccg540 gat aacgt aa cggtatttgg agaatccgct guggcat ga
gcattgcc ct t cqgcab cetg C gaaa,gcgat cat gg
aaageg%%g% % Q[%ca %%cm%g aggga%ggggggég %%%% %tgcgogcagcctttt
tacaggﬁm@ﬁmggggahaﬁamZaﬁtgagagamaamtggg&aa@agmcgnana@tgﬂaotagcggaag
atttgcttaa agc cgat 780 a aa ca aa 1 tctgytttcagcetgt
tatt &%?58‘&?%&%%?%%% %gaag £a°é:gggc & §ect SR D ol

ctg§ ctagaaaaa gcaatcgcag
gaggtg@kg&a&geg@agﬂtﬁQa@t@mgc&gﬁhaatg@gg@amaaacaﬁg@gatg&ﬂOggatatttat
ttttcacccc ggactcagac960 ttcattctc aa aaacgt 15? gccg%g cttgagtatt
tattgéﬁﬁ%&tg 6U%fﬁ§€%aT6§ ool BAREERT BERGHIEL §04 et %G cgtPRa ct agaaagee

aaat t gpdtpdatfabemped@ad 1184 ctd aideaddetd cOQGEREEGHOgEGEEJCEBAL gcctccgetce
agt ctcaata cgcgcctgta 1140 tg tgﬁaoc gattt%at%%g%cactctgat ttagagettc

ctttta%ataﬁ%ct&&g@%ﬁaaﬁa@%a@gﬁacebb 8t &EaERy 8P FREcat £4hacaggaa

acccagpeaGtFoaausigta +fRAIAGHC kR cLiatl AgakiL 09343t 11A80 CBgaagct at
tcccttcaaa aggagaataa <210> 10 .<211> 1470

gaccaageeg ccgecactgaa alggglgegs gagaatatct cagegtttgg cggtgatcce 540
gataacgtaa cagtattigg agaatccgce ggeggeatga gecattgecege getgettget 600
atgcetgegg caaaaggect gticcagaaa gegatcatgg aaageggege ttcccgaaca 660
atgacaaaag aacaagcggc aagcactgeg getgectitt tacaagtceet tggaattaat 720
gagagccage tggatcaatt geatacggtt tctgeggaag atttgetaaa ageggetgat 780
cagcttegga tigcagaaaa agaaaatatc tttcagcigt tettecagee cgeccttgat 840
ccgaaaacge tgcctgaaga accagaaaaa gcgatcgcag aaggggctge ttccggeatt 900
cctetattga ttggaacaac ccgtgatgaa ggatatttat ttttcacecc ggattcagac 960
gttecattete aggaaacget tgatgeageg ctegaglcit tactagggaa gecgetggea 1020
gagaaagttg ccgatttgta tecgegtict ctggaaagce aaattcatat gatgactgat 1080
ttattatttt ggcgeecetge cgtegectat geatccgeac agtetecatta cgeccetgte 1140
tggatgtaca gettcgattg geacccgaag aagccgecgl acaataaage gtttcacgea 1200
ttagagettc cttttgtctt tggaaatctg gacggatigg aacgaatgge aaaageggag 1260
attacggatg aggigaaaca gectttctcac acgatacaat cagegtggat cacgttegec 1320
aaaacaggaa acccaagcac cgaagctgtg aattggeccga cgtatcatga agaaacgaga 1380
gagacgcetga tittagattc agagattacg atcgaaaaag atcccgaatlc ggaaaaaagg 1440
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<212> DNA <213> Bacillus subtilis <400> 10 atgactcatc aaat agtaac gactcaatac
gt acat aagt ggaaaggcat cccctat gcc gcacct gagc cgcct gaagt gt gggaagat
tgcccgcage cgtctgattt getgtcactt gattgettgt ttgtcaatgt atttgcgcect
gtttggattc acggaggcgc tttttatctc tcaaaacttg cggcgcaggg agaggtcatt tttggattt

tgcac%%%%%:ctgt(%gtc%cgat accaagccg ccgcactgaa atgggtugg ggfgacgtaa cagtatttgg

a3 &
agaat at uct'geqy Cadaaggcet gttccagaaa at gacaaaag aacaageggc aagcact gcg

gagageg@yc 1l ggat caatt gcatacggtt cauttegga ttgcagaaaa agaaaatatc ccgaaaacgc
tgcct g@ggas ccagaaaaa cctctattga ttggaacaac ccgtgatgaa gttcattctc

aggaa t Y gat gcaug gagaaagttg ccgatttgta tccgcgttct ttattatttt ggcgccctge
cgt cgegzat piggat gt aca ggttcgattg gcacccgaag ttagagettc cttttgtctt

t ggaagt Gt g attacggatg aggtgaaaca gattetcac aaaacaggaa acccaagcac cgaagagtg
gagacg%]lséa‘o‘f"tlﬂcdggttc agagattacg cagaagctat tccettcaaa aggagaataald70
<210>¢gb><211> 33 <212> DNA <213> Artificial <220> <223> PCR prinmer <400>
11 gcgaattcat gact cat caa atagtaacga ctc33 <210> 12 <211> 33 <212> DNA <213>
Artif fedPal POppmeo23> PCR primer <400> 12 getctagatt attaccttt tgaagggaat
agc33¢#331031 13 <211> 40 <212> DNA <213> Artificial <220> <223> PCR pri mer
<220> <221> misc_feature <222> (19).. (20) <223> n; A T, G or C <400> 13
ccgt ageesttegic eyrteatsre Rtagrageastc gagagecced0 33

210> 12

211> 33

<212> DNA

<213> Artificial
<220>

<223> PCR primer
<400> 12

getetagatt attctectit tgaagggaat age 33
<210> 13

<Z211> 40

<212> DNA

<213> Artificial
<220>

<223> PCR primer
<220>

<221> misc_feature
<222> (19).. (20)
223> n: AL T, GorC
400> 13

ccgtetgatt tgetgtecann kicgtataat gagetgecee 40
210> 14

211> 40

<212> DNA

<213> Artificial
220>

<223> PCR primer
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<210> 14 <211> 40 <212> DNA <213> Artificial <220> <223> PCR priner <220>
<221> msc_feature <222> (21)- (22) <223> n; A T, Gor C <400> 14
ggggcaget c attatacgam nntgacagca aat cagacgg40 <210> 15 <211> 32 <212> DNA
<213> Artificial <220> <223> PCR priner <220> <221> m sc_feature <223> n;
A T, Gor C<220> <221> m sc_feature <222> (17).. (18) <223> n; A T, Gor
C <406%015 ccgcgatgaa ggatatnnkt ttttcaccce gg32 <210> 16 <211> 32 <212>
DNA <2835 Ardcl fdatiral

<222> (21)..(22)
<223> n: A, T, Gor C
<400> 14

ggggeagete attatacgam nntgacagea aatcagacgg 40
210> 15

211> 32

<212> DNA

213> Artificial
<220>

223> PCR primer
220>

{221> misc_feature
223> ni A, T, Gor C
2207

221> misc_feature
<222> (17).. (18}
223 ni A T, Gor C
400> 15

ccgegatgaa ggatatunkt ttttcaccce gg 32
<210> 16

211> 32

212> DNA

(213> Artificial
<220>

<223> PCR primer
<220>

<221> misc_feature
<222> (15)..(16)
223> ni AL T, Gor C
<400> 16

ceggpegtgaa aaamnnatat ccttcatege gg 32
210> 17

<211> 83
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<220> <223> PCR prinmer <220> <221> m sc_feature <222> (15).. (16) <223> n;
A, T, Gor C <400> 16 ccggggt gaa aaammnat at cat categc gg32 <210> 17 <211>
53 <212> DNA <213> Artificial <220> <223> PCR prinmer <220> <221>

m sc_feature <222> (26).. (27) <223> n; A T, Gor C <220> <221>

m sc_featung, <222> (35).. (36) <223> n; A T, Gor C <400> 17 gcttcggaaa
gcagaaaat g aaaatnnktt tcagnnktta ttccagoccg ccc53 <210> 18 <211> 53 <212>
DNA <2213> Artiifidiel al <220>

€220>
<223> PCR primer

- 220>
221> misc_feature
222> (26).. @27
223> nm: A, T, Gor C
<2200
<221> misc_feature
<222> (35).. (36}
223> nmi A T, Gor C
<400> 17
gcttcggaaa geagaaaatg aaaastnnktt teagnnktta ttceageccg cee 53
<210> 18
<211> 53
<212> DNA
<213> Artificial
<220>
<223> PCR primer
<2200
<221> misc_feature
<222> (18).. (19
223> n: A T, Gor C
<220>
<221> misc_feature
222> (27)..1(28)
€223> n: A, T, Gor C
<400> 18
gggegggetg gaataamnnce tgaaamnnat titcatttic tgctttecga age h3
<210> 19 |
211> 32
<212> DNA
<213> Artificial
220>
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<223> PCR prinmer <220> <221> m sc_feature <222> (18).. (19) <223> n; A T,

G or C <220> <221> misc_feature <222> (27).. (28) <223>n; A T, Gor C

<400> 18 gggegggctg gaataanmnc tgaaammnat tttcattttc tgctttccga agc53 <210>

19 <211> 32 <212> DNA <213> Artificial <220> <223> PCR priner <400> 19

tecceccggg. f.caaggcgca cteccgttct gg32 <210> 20 <211> 35 <212> DNA <213>
(ERar P50

Artifi %223> PCR primer <400> 20 tccocceggg tggggtgcct aat gagt gag
ctaacdfo> 19

teeccceggg tcaaggegea clecegitet gg 32

<210> 20

211> 35

<212> DNA

<213> Artificial

<220>

<223> PCR primer

<400> 20

tceccceggg tggggtgeet aatgagtgag ctaac 35
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