
WO 2012/029819 1 PCT/JP2011/069680 

m m m 

[0001] (1S, 2S)-]~7 )[/Z\ tl J\y^-J\y~2- tf ~ JU:> ^P7°P/^>2J>'U 

y^on, Axftmmiz 
mtzibomfoz o 
ftil&Mr 

[0002] (1S,2S)-1-TJ\y=l^riytlJly^—Jly-2-^-)\yiy^U 7°US<ytU\stfyMtes 

Lzmm*<D&mucv nssyn^y-ummmvmmz^ 
3M$fF:£®U IZlZis^^Jls 2-^-)\yi/0 P7°PA>-1,1 

-VlDlftyU iP7K^^? Ls (1S, 2S)-1-p< b-^i/tJJU^—JU-2-

¥-)\,i/V uzfuj^y t>)\stfy$£%:'i%z>^}:kifl?,Wi,^tiz^z>if, U^(D% 

?#e>*ifc(is,2s)-i-* K^r^^;u^-;u-2-e-
)\y^O n7°n^y t) )\stfyM.(D%¥Ml£& 9 0%e.e. T\ 

LTti^fq]$-efe^/co 

[0003] ttz, • +t?ij X (Bacillus subtilis) ATCC238570>f J ABB?!] 

kK E^A'^X • X (Bacillus subtilis) ATCC23857*fc 

KP^>y;UxX^^--tz (J^T, rPNBE23857j tfotZlm'S 
o ) CD T7 $ 7 ItlB^lKi% GenBank Accession No. ZP 03593235 

tlTl^o 

[0004] IM^fF&SKl : C. FIicheffe Synth. Commun. 24(20), 2873-2876 (1994) 

mmoWiW 

[0005] VT)V^r)V 2-\l—)\/^OU^UJ^y-\l\-V-h)\ytsyM.1kM% 

LTtffltfci)(IS,2S) 
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-1 -7)\s =i ±> jujtf-;u-2- tf -JU:> o • 7°P A> ±>)\stf izm 

Ltc0 

[0006] ;<is^X-y-

51 'J X(Baci LLus subti Lis)h U^y is y'^0 

2JPZK##¥U (1S,2S)-1-x P70PA>;bJU/:K 

L/c0 S/c, S3E^®/^>^ 

X • V~3L 'J X(Baci LLus subti Lis)K W<yV)\/~h\]7kfrMMM5' > 

1^9 KCODNAIB^lJ'ft^g^TutC, £10/^77 • 'J X(Baci LLus subti Lis 

vu^yv)\sWk%mw-mm^*on--y?mm 
fii=f-1f-1- Kt~•g)/^— 

LtctZZ, KP^>y>»UiP7K^?i#^^>/^K^hb^Ti^ 

^±§EflP*##¥J5Jfc£ftM®t" £ £ lzj$#i Lfc 

o $>bizs j^-vu^yv^w^^mm^yj^on^motLwmtm 
$g^7t;tcs ±§E#T*JE*IEP ?©*"E P y-^7 >J y Tl\ Sftlp^fu 

£S©;p$y®saSKttt-£^#AgSifc£ftc>fc£c:3N ±iEiP7K^?s 

^ ̂  ̂  t" ̂ )iP7K^?i#^^ ^ K^^t" ̂) C «>: tc 

J$5b Ltco 

[0007] J^T©fgBJ^l#^tl£0 

[1] i3?us^2~5®iN-rtiAMc^-r77$sso) 

iB?y#-§-1 >'iiiB?yAN,^7^'2)'$7 u i^iN 

Dfbi] 
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[0008] [2] IB^]#-^1 ~ 5 7 $ J ItlB^HCfol^T, ^$711 

S§7 0S, 106#, 10 7#, 108#, 219#, 270#, 271 

#, 272#, 273#, 274#, 275#, 276#, RXf 3 1 3#® 

7 $ JII® 9 1 OJ$ 7 IttCtb^TiliJfl®#^ 

T7^ y it (1) 

iB^y#^ 1 ^m^m^xrnrnt 

[<fb2] 

US) 
<s>< 

HOOC COOEt (1) EtOOC COOEt 

[0009] [3] IB^y#-^-1 ~ 5 (D\j^~ftl'hslZ7jk~$~7 $ 7 ItlB^HCfol^T, ^$711 

#-§• 18 8#, 190#, 193#, 215#, 216#, 217#, 31 

4#, 3 5 8#, 3 6 2#, RX/3 6 3 #®^$ J It© 9 t> 1 © 

© T7 $ 7 Il^hb^Ti|iJII®#i^^ T7 $ J IttCM^3 tiT T7 $ 

it m 

yi^O 

[-fb3] 

'rsj 

EtOOC COOEt 
(S)X 

HOOC COOEt 5£ (l) 

[0010] [4] IB^y#-^-1 ~ 5 <D\j^~f tlt)s\tZ7F.~$~ 7 $ J ItlB^HCfol^T, ^$711 

#^7 0#, 106#, 107#, 108#, 219#, 270#, 271 

#, 272#, 273#, 274#, 275#, 276#, RXf 3 1 3#® 

7 $ JII® 9 t> 1 "3JT7 $ 7 I£tCtb^Ti|iJfI®#i^3 

T7^ yiltCM^^tlTl^T, 7 !£#-§-1 88#, 190#, 193 
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#, 2 15#, 2 16#, 2 17#, 3 14#, 3 5 8#, 3 6 2#, RXf 

3 6 3#®^$ 71109 t) 1 r>\>X±.h\ X 

^ z>7$ xWM^Wb^), st O) IZTF 

LitAl 

XX 
f(S) 

(S)) 

HOOC COOEt ^ (1) EtOOC COOEt 

[0011] [5] IB^y#^ 1 ~5©lN-ftl7!NC^-t:P$ yitlB^HCfc^T, '>&< t 

t, T7^ yp|#^7 0#, 2 7 0#, 2 7 3#, M'3 1 3#©7$;i© 

0% 1 -D£X±(D7$ [2] X& [4] ^IEi6©iP7K 

[0012] [6] iB^y#^ 1 xmmmz&^Ts '>&< £ 

yil#^7 o#®p^^>>^\ yx^^^y, -tz'j 

[0013] [7] IB?y#^3Xti4^^-r77$yillB?y^fc^T, 77$yil#^2 7 

o#©p>r -tz'jx 

xmizm.&ztiT^z>s [5] x& [6] izmmvMMm 

m$y^o%o 

[0014] [8] IB?y#-§-1 , 2Xl£5 j7^ 7T 

$ y !!#-§-2 7 O#<ZH yp>r -tz'jx 

, X&:P^>©l^tlfr£>:'7$ [5] X& [6] 

£§B<6©;!JDZK##¥®^* >/^1O 

[0015] [9] IB^y#-^-1 ~ 5 CD $ j ItlB^y 77$yit 

#§2 7 3#0P'fS/V^ TJU^~ys XlitZ^SsyO^ftlfrOT^ 

X I£tCit^3tlT^-g>, [5] frb [8] CQl\"ftl;6N 1 WzmM,(Dl]tt7kftM 
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[0016] [10] 1 ~ 5 tl£)s\tZ.7F.~$"7 $ J 7 $ J 

It#-§-3 1 3#©p^(i/yifs — y^ — y, X&7°P 'J y(D^t 

[5] [9] 

(DWK^mmm^yy^mo 

[0017] [11] lB?ys^4^c^-r77$yIllB?y^cfcNl^T, o#© 

• -r-yyifyx/^^^ymzs 2 7O#0P^»^7M$X 

>11^ xity^-y(D^tn^(Dy^ymz, 2 7 3#@©p^i/>^7jb 

dr->tc, ii^3 1 3m^(Dn^iyyif^^^-yizm^nxi^y<y 

&BB9yfre>&kK ^ (D 

'«?no 

[0018] [12] [1] [1 1] (DWkfiftmmt y^<pnoy^ JW^Mt 
9 0%JU±©4llHf«:#-ri)7$>'^SB^ Xtt [1 ] [1 1 ] MTK 

^ IB?y#^1 

[<ft6] 

[0019] [13] [1] ft* [12] (DfaMHztmowkfiffimmty^tn* 

litsi 

y^tnoy^ yitiB^ytc^LT 1 yit©M^ 
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=1- KtSDN A„ 

[0020] [14] [1 3] K§E*6©DN A„ 

x> h&^^bTvW 7"'J Atfc^T, it (1 

K-ra&s 
i3?y: Xtt 

(c) Ifl^yHi"^'7 1 0 tCHES©imSlB?y1 AN|3^'flII®imS© 

M&S ^ ̂/xtt^D^w-rs^ssB^y-efeoTs it d) 

m%t>;<<?nz^ - vtzikmm •. 

[0021] [15] [1] frb [1 2] GOlN-ftlfr 1 IItC|Ei6©iP7K^?i#^^ >'< 

2 - P7°P^>-1 

T (1 S, 2 S) - 1 -7)\sZ\*i/tl)\stf—)\s-2 - tf-JU:>^ P7°P^> 

(1S, 2S) -1-7;i/3 + i/^l/<K 

-ju-2 - P70pA>^;u^>ll®ii^;io 

#M<D$]Jil 
[0022] ^%VR(D1)VT)\y^r)\y l-^—iWsO P7°P^> 

-1, i-y^;u^>Il^jP7K^?LT i-77;up^ri>^>'U/K->'U-2-e->;ui>^ p 

7°PA>^;U^>II^^-r-?)P^^, (1S, 2S)-1-^>IU=I >»U-2-^ 

~)iis 0 n^nj^yti z> 

( a ) IB^y#^ 7 £ 1 0 tClEi^^SlB^y ; 

(b) IB?y#^7^^1 0lC§E*6©i&SBB?yfr'3&.SDNA£N X h 'J >$/ 

[-fb7] 
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LT^mXfoZ>0S,2S)-]-7)\sZ\*i/ti)\s7n=)\s-2-£=. 

JU0 • 7°• /< y tl JU>II£Iiw IZit Rlt£ T:\ GOJ5&IZ 

m^tc0S,2S)-]-TJ\yZi^ri/tlJ\yts — J\y-2-\d—J\yiy<PU7oUy<ytlJ\ytsyM. 

IZ £ £LT%m?Z>Z.£1f-Zl*Z>0 

z>tz.&><DMM 
[0023] uTs *m%<DMM<DMmiz^-cmMizmwtZo 

d) 
yj^omt, iB?y#^2~ 5 <o^?ntHz^t7 

& d) iz^ 

o IB^yS^Hi, J<*s 

(BaciLLus subti Lis) ATCC23857^fi^0/^ - K WOi? 

Ji/JLX^r^ — if (PNBE23857% GenBank Accession No. ZP 03593235) (07$. 

j |||g^y-^^)^)o 

fp|, it (1) *P(DE t tei^Jl/g^fo 

[0024] 

tz3 •££ Z £ tz J: y ftfb^£^jSf £>14 If£S&f £° 
2-^-;ui>^P7°PA>-I,i-i/tuutfyMZhniK 

L T (1S, 2S)-1 -7)\y =1 ̂ */ tl —)\y-2- tf-0 • 7°P A > tl > 

VT)V^r)V 2-^—)WsO P7°PA>-1,1-y^;U/K>II;&iP7K^?LT(1S 

[-fb8] 
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[0025] <1R2S/1 S2Shb> 

i/7)\s*J\s 2-£—J\si/<7 P7°P/\°>-1, l-S/tiJbtfyWZ&s (2R) 

{kRXf(2S){b<D2m.$&<D±LibMfe.fotf&&t & tfs 2{sLX(DtL>faK%TktfUZ.Z> 
m^mzit(2s)W0^<m^tt^os,2s)-]-Tju 

3lr*>t)Jlstf-Jls-2-1f-)Uiy<P n^n^ytl)\stfyM(DWiPr£ & lJ ?# 5C 

i/yju^ju (2S)-2-tf-ji/i/? • 7°ns<y-i, i-istui/TFyMttlNt 
•5^ AnfcftM&Mf }\iL(DZ?n*:?)\/t£$imz1fatiLtc-'3(D 
7JI/ZI JUS® 9 pro-R&^JUP^r^JU/l?— 

W tc JpU (1S, 2S)-1 -7)U =1 V tl JU-JU-2- fcf ~ JU ? P 7P P A > 

tUUrfyB%iM9dMlZ£j$tZ>MlRlt£%%t£!&Wfi<fo&0 &fc\ pro-R£l£ 
, CX2YZ ±tz&z> 2ma> x IZ-D^X, mm 
tiJ^TcoiU v$>&o c±cotc-9IN•xciPiytcj; y ® ft jiife£a&£ 
o 2m<D x ®9£©®ftjin££ffe;£j:y 
§o Y% Z <K©®ftJIftlcg^$N RS^IE/i 

'J^-r R s 

tCfEftt* t£/c X £ pro-R t UN S|fcCDi| niipro-S 

0 P 7° • J \° > tl JU# y It (D (1S, 2S) fo t (1R, 2S) W(Dim * <bLt i±$$ Ri 

tg-e&y, (is,2S)^©^MtctbLr(iR,2S)^©^jSM©tk^^i£^t,® 

(5<£(is, 2S)-i-77;n]^i>^;u/if-;u-2-e-;u^>^ p7°p>^>^;u^>lt® 
jR^tfiqLtU iJ£ffc££iNT*rfl]-c&£o 

[0026] <1S2S^^MJt(% e. e. )> 

2-if-juv^ P7°P^>-1 J-^JU^St 

^SK^T-S^C, (2R)fr^JP7K^?i#*^>A/7RtCd;yiP7K^?LT^ ( 

1S,2R)tt&tf(1R,2R)tt££j$M#£^ @ ft£ f •& (IS, 2S)^©x^-
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V — tZ h tc Z> (1R, 2R) fa & •^ % & tl <£ < JCP X Z> Z 1TW £ L HP% 

N VT)\s5r)\s (2R)-2-^-;Ui>^ P 7°PA>-1, 

\-Vtli±L(D7°• ̂ Ltc~0(D7)1 U * >bJUtf 

~JUS(Dvi>s pro-R&TJl,=llr*/tjJl,#=Jl,g<Dfr%&fttfllZlin7i<.ftfflL. 

(1S, 2R)-1 -T)\y P ^ V tl J\yi^—)\y-2- 0 • 7°P A > tl Jlstf 

0^:4jStSIjRt( AXf/XttV 7)^)1 (2R)-2-^-;U^^P7°P/\°>-

1,\-iyt}Jlt<ymzltLXi/7)\y^)\y (2S)-2-[f ~;U^ P 7°P A>-1,\-V 

ts ijptz<fcy-;u-2-tf - ;u ^ • 70 

p/\°>£;b/1?>S£©(is, 2S)tt©(iR, 2R)mzMt^^i->^^-Mm^(% 

e. e.) tZ J: y RTfg-C& s (1S, 2S) W<0 x ̂  ^ V -}1§IJ WiS UtO 

<£<s 

[0027] <1S2R/1S2Shb> 

ttcs ±1 BL/cJ;?^ %%$y/^0%.ttV7)\/*)\/ (2R)-2-tf 

- JU > 0 P -f P J N° >-1,1 - V tl Jlstf y m© Hi© 7° p * =7 &ZM tZL tc 

Z9©7JL/3^^^M'ZJH©9^V pro-R&^jUP^^JU/^-JUS^AP 

gft^"r^(1S,2S)fr©y>Xxb^V-tCfe/c^(1S,2R)-1-T>iU 
P =*•>tiJUrf—JU-2-<pny°n^ytJl/#U#£ ftlx 

©IBilfM^ (DBS tt&tcsb, Z © (1S, 2R) WO)% At 3 •£ £ 
Ll\ 

JU*K—ju-2-hf-;u*/?P7°• /\°> 

;i/<K>$©(is, 2SM* ©£/&*<!: (is, 2R)W(D^j&m.(DVGmz&ytb&prtg-e 

fey, (1S, 2S) ft © K ft 1" £ (1S, 2R) ft © AMS ̂  t> © © £ & © 

LJ £ RTfBtetf <£ < , X 
Mi biz&^mfijv&zo 

[0028] Ltcij^X, 1-TJU3**>t}JUtf=JU-2-e=Jl, 

*/? ay°ny^ytu^t<ymtz^ti^s r 1 R2s/is2sjzbj , r 1 S2S^TIC^MJS( 
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% e. e.)J , riS2R/1S2SJ;bJ 

x \^%-i/±))[/tf—)[/-2-¥-)[/i/V n7ns<yt}Jl/7ttyWZ&tt2>s r 1R2S/1 

S2SJ;bJ , riS2Sl«^MJt(% e.e.)j , r 1S2R/1 S2SJzbJ 

[0029] J^T©*.©# 

rnf^tis,, 
(a) 1 ~5:p$yit# 

^7 0#, 106#, 10 7#, 108#, 219#, 270#, 271# 

, 272#, 273#, 274#, 275#, 276#, RXf 3 1 3#©:P 

$ yII©91) 1 ^J*Lttf, £?£M©:P$ yiltchb^TiiyiI©#i^^«i^ 

$ J IltCM^^ tiTl^'g) T7^ J IISB^y 7bN ^ ̂  U, ±§Eit (1) 

, |B?y#^1 

(b) IB^y#-^-1 ~ 5 <D\j^~f tlt)s\tZ.7F.~$"7 $ J IIIB^y ^$711# 

^ ^ 8 8#, 190#, 193#, 215#, 216#, 217#, 314 

#, 3 5 8#, 3 6 2#, RX/3 6 3#©^$ yi£©9*> 1 oJ*Lttf, 

M(D7$ ygHcM^tiTi^;7^ J 

±§Est (D iB?y#^i ^-t^yitiB 

$ yj\9%o 

(c) iB^y#^ 1 ~5©iN-ftiAMc^-rT7^yitiB^ytcfciNT, ^^yit# 

^7 0#, 106#, 107#, 108#, 219#, 270#, 271# 

, 272#, 273#, 274#, 275#, 276#, RXf 3 1 3#©^ 

$ y II©91) 1 -Dix±t\ yiltchb^TiiyiI©#i^^«i^ 

$ yittCM^3tlWC, ^9 7$ 711#^ 1 8 8#, 190#, 193# 

, 2 15#, 2 16#, 2 17#, 3 14#, 3 5 8#, 3 6 2#, RXf3 
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6 3#®^$ % 1 ymztt^xmmoMrn 
y , ±§Eit (1 ) tc 

^"STJXJ^A^N 1 JWM7?]\£)sbt£.Z>$ >/^Kct lJ ifEl^il 

(d) ±§E (a) Xtt (c) (DWkfimmmtyj^OnXfo-oT, '>&<£ 
T7^ Jimm 0#N 2 7 0#, 2 7 3S, M'3 1 3S©7$;i© 

9 t> 1 -D£JS±(D7<. J II^M^^tiTl^T7^ 7±§Eit ( 

[0030] m&(D7$ jmztt^Tmmonrnzifi&^T^ ^IIJ x& 
v>7$ ;mizbk^Tmmo)Mm$ifrn^7$ ^IlJ 
N J. Theoret. Biol., 1968, 21, 170 

©Table 3tCBu I k i n e s s £: L T ̂  £ tl •& 'fit £: IB£! £: t" •& Z1 £: 7^T' $ £ 

o &:P$yit©B u I k i n e s s 

[0031] A I a (T^-y) : 1 1 • 5 0 

A r 9 (yju^-y) •. 1 4 . 2 8 

A s P ) 11.68 

A s n {TTsJ^^y) 1 2. 8 2 

C y s (^>XTM>) : 1 3 . 4 6 

G I u $ >11) 1 3. 5 7 

G I n (?'JU^$>) : 1 4 . 4 5 

G I y (Vjisy) : 3 • 4 0 

H i s (tx^isy) : 1 3 . 6 9 

L e u (U-fisy) : 2 1 • 4 0 

I I e (^ vu^S/y) 2 1.40 

L y s CJisy) : 1 5 • 7 1 

M e t » : 1 6 . 2 5 
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Phe (7XZ^?7->) : 1 9. 80 

P r o (7°P 'J y) : 1 7. 4 3 

S e r (-tz 'J y) : 9.4 7 

T h r (Xly^-y) : 1 5. 7 7 

Trp ( h 'J 7°h7 : 21. 67 

T y r (^nSsy) : 1 8. 03 

V a I (/<>J y) : 2 1 . 5 7 

[0032] ip-ts, 

J yi|tChb^T±IEB u I k i ness (Difetf 

hb^TiiyfI®#iiE£ T^ifE^;7 $ j J 

J I|tCj;b/^T±IE B u I k i n e s s $ ̂ l7 $ J tlT 

&t tXfo&o 

ftiz, *%BR<Dii\MftMmm*y'V7miLTte, IB^OS^I 
77$yil#^7 0#, 2 7 0#, 273 

#, X&3 1 3#©i=K SyyXli^f VP-T 1 r»ZX±.h\ Ztib 

ct lJ t _t§E B u I k i ness \J^~7 $ J tlT & i> (D 

if%?£ IA\> 
[0033] VLTObOtfm-fbtlZo 

(e) ±|E (d) (DMfimmmtysttnXfo^Ts SB^J#^1~5©IN 
'>&< 11,y $ J!£#-§•I os©p^ 

*/y-h\ -tz'jx xbTf-x 
>©^1* tifr© j7^ yy<<7Mo 

(f) ±IE (d) x& (e) (DMfimmmtysttn-zfo^Ts BB?y#^ 
3Xti4 tC^-rT7^ 77$yilS^2 7 OS©P^^>^ 

, -tz'jx <?)\s$$y, <?)\s$$yit, yil 

(g) ±IE (d) Xtt (e) (DMfiffiMm$ys<<7m:-fo^T, IB^S^ 
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1, 2 Xti 5 $ J 77$yilS^2 7 0 

#<ZHVP-T*syti\ -iz'Jx <?)\/5>$yit, xtty^-yo 
^ttits07$ JI£tCit^3tiT^-g>AP7K:fr$?l#^ 

(h) ±§E (d) frb (g) 

\ 1 ~ 5 (D\j^~ftl'hslZ7jk~$"J7 $ X 77$yilS^2 

7 3#®p^i/>^ yju^-ys xiihiz^isyo^ttifroyssWz 
wmtir^zwkftmmmty^tMo 
(i) ±§E (d) frib (h) 

% iB?y#-§-1 ~ 5 coi^~ftifrilz7F~$~7 $ J itiB^y :p$yit#^3 

1 3#®p^»^ 7=j —y^ xti7°p 'J y(D\j^~fti1?'(D~7 

[0034] IB?y#^4 tC^-rT7^ yillB^ytCfclNT^ 

m O^(DW( ^y-tf-yxj^^ymz, 2 7 o#®p^ ̂ yiffiit $ y 

, <?j\s$$ym., xity^~y(D^tM^oy $ xmz, 2 7 3#@©p^ 

^yif7)\y^~ >tc, ft-D 3 1 ssgcDP^y^^-vtcM^tiT 

iN'i)77$yitiB?yAN£>&|'jN -tiEst (1) iB?y#-§-1 tc^t-

y $ JHiB^y ftbt^tyi^i? ft <fc <J i%-cM&fz>Ste£Mtz>JP 
7k%mmm^>y^ommzu£ LI\ 

[0035] *%BR<Dl}\ifrftMmm*>'V7n£LTte, ±§EL/c*fgBS©JP 
TK^?I#SI* >J«7ft<Dy $ JniB^y^9 0%u(±©®Mt§7$y 
IIIB^ ^z±mLtc*%Bmwkftmw-m$y^on(Dy$jmmiztt 
LT 1 frt>&m<D7$. J&COW&S iK^s Rxf/x^mu^t^y$xm. 

t£z>*yjwn&v\% ̂  m M£-£«£?- £ w t £ t t s ti £ <> 
[0036] &%Bfuz&^T, r±iEL/c^^0^®jP7K^?i#^^ y^^n<Dy$ yil 

iB^y^9 o%u±(Dmm'\^^t^>y$ymmi tce^a r9 O%JU±© 
*%Bmwkfimwm$yj^t>n(Dy$jmmt(Dmm>}!± 

X&m-fetf 9 O %u±, Sf S L < ti 9 3 %JU±, 3 e> tC&f 3; L < ti 9 5 % 
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L < ti 9 8 Z t ZMRtZo 

[0037] ri ^ W/XtittJP 
j iz&tfs ruL<tttij tix, mti\ 1 o^jt^ltp^u 
$?£ L < I* 1 e> 2 omm&zMmu £ y $?£ L < ti 1 ^e> 1 o£ 
SGfcU 3 L< ti 1 

[0038] 

"et <£l\ 
[0039] LTtis &fi£L<tiN J^i/^X • 'J X (Baci LLus subti L 

is)fre>®tf#-r£d£tf'c$.5o spt), *m8(DMfimmm$y;«?ntes 
$ij;^.ti\ J^i/^X • "tf^1 'J X (BaciLLus subti Lis) NBRC3026% J^i/^X • V~ 

f'JX (BaciLLus subti Lis) NBRC3108% s^is ̂  X • V'^' 'J X (BaciLLus sub 

tiLis) NBRC3027, Rtf/i^^X • +t ̂  'J X (BaciLLus subtiLis) NBRC3013 

tzzvmifcfrbs 
m^imfribs ^vt^x; ^»n, mm 

is3>> 0;is <£ SttHHs £ 

timibti^>0 ttcs LTIIW 
tctiN Mpi^tM-yy^ — 0A (fift£) K 'J ^A^tCctji 

^7 7-f -s SfoK'14? p?h^77^-, 3£*@ ^P7h^77^-, y>/U;S 

p-7 VV=7-J -r —s 7 7< — x< —Ou^ 

i^^cSi^ +f •f ^ ̂  7 -f -iF^\ £ ti e> 

tf btl£o 

[0040] ttcs *fSTOJP7K:fr®l#?l^ 

• ig^ftTsitC^ALT, ^I^-t^CcbtCJ;^ *fge£0jP 

* > A /? g % ills? fi&&z.tywntLTmzz.ttf-ezz 
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-7"X&7°^ V-£!£ft U /<*/ 

ZfX • (BaciLLus subti Lis) NBRC3026% (Baci 

LLus subt i Lis) NBRC3108% 7 X • "tf-31 'J X (BaciLLus subt i Lis) NBRC3 

027% z> X • "tf-31 'J X (BaciLLus subti Lis) NBRC3013&£f® D N A 

^ 7"^ 'J - (m&\ >fJ A D N A ^ 7"^ 'J -Xtt cDNA7-f7 7'J 

— &£f) £*3gB/j©;!JDzK##¥B^* >A^7ff£=|- Kt~& D NA^flX 

&i^§U 7s±«tc®A 

ZttfVZZo 

[0041] (2) ffl®DNA 

±§E £=1— Kt~£> 

D N A^l^^tl^o 

&%BB<DDNA<DMtofflt LZtts MTOi&mmfrbtZZ D N AtfPtf 

£*l£>o 

( a) ^-frb^ 0 tClEi^i^glB^y ; 

(b) BB9y#^7fr£1 OtClEi^i^SlB^Jfr^ft^DN A£N X K 'J y*j 

h&^^bTvW 7"'J XtSilt^tSDN Atfc^T, it (1 

K-r-s^S 
SB^l : x& 
(c) IB^IS"^ 7 1 O tCHE®6©imSlB?y 1 l3^'f|I|®imS© 

M&S ^ ̂ /xtt^D^w-rs^ssB^y-efeoTs it d) 
iB^ys^i 

m%t>;<<?nz^ - K-T-S^SSB^I = 
[-fb9] 
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[0042] KT^DNA&% 

'J X (BaciLLus subt i Lis) NBRC3026% /<:> "y X • 'J X (BaciLLus subti 

Lis) NBRC3108N /i/ z> X • V~ 'J X (BaciLLus subt i Lis) NBRC3027% 

/^>7X • tf'JX (Baci LLus subti Lis) NBRC3013?bNb 0 • — — > V^ tl/c 

DNA% Xtt^DNAi:^IAUct©tifeSo 

(DVMMSB91J 3 tl/c(DX\ d tCS^?I vT£j£f £ £ £ t» ̂  

'J =f2? K£ 

7°P —7"hf 7"U y-r-tz-S/ a yic<fc^>Ts XtiitillBlB^Kcg^VT 

W$tLtc* 'J 3*9 U*?1 K£7°^T-<>:f £ PC FUC^T, rtis^X 

• U (Baci LLus subti L i s) 4 £f CO^^t^CD D N A7^ 7" "7 'J — (^Ux. 

*fj ADNA7-f 7^7 'J -Xtt c D N A ^ -f 7"^ U -4 if) frbmtIf 

Ate, ^ 

t) AN £ $ tl/c fc © 0^4s £ f\ gt5B (D D N A $J X It, 

^mm^m6,472, 750,38tm&mzmm®i5%%:m 
^ X3 titz =fc CD trh o X =fc J: 

[0043] *fgBJ3fc:£V,N-C\ rx K 'J >yi > h 4&#rt;-e/W 7"'J V4 Xt £ Z. t 
jfX $§DN Aj tits frb ^ Olzmm(D^MM¥\foZ>^lZ:tO 

a DNA^BLAS i%mx s 0 %u±, u s L < it 9 0 % 
JJUis 3£lC$fi:L<tt9 5%W±©||^tt^tf A 

mifmfbtlZo %tcs XK'JvyxVK^^T^M^yuyy-tz-^a 

a^0/\^ 7" 'J yy-tz-i/a ;»4 0~7 0°C, 

#?£ L<ti60~65 <C^-CJ5Jfc£fTl\ &}§j£tf 1 5 m M~ 3 0 0 m M% 

fcFS L<t±1 5mM~60m TtT9 

ZttfX^&o 

[0044] ^fgBJ^Cfc^Ts r 1 ^f>||©lSi0lfe &tf/X lifting 
f-g^siB^yj icatts ri^biij ifr£>3oe&jt£ 
MR U jgfiL<(iU^20 <i^Jt £EGfc U 3 £ L < 1 £ 1 

omifijt^ttftu ^ biztfrt L < it 1 e> 5iigj££Sifcf £o 
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[0045] ^ Rtf/xitmm, 

ftMmmtywnz^-FtzDNA!,^ 
ffi 7bN £> %> Z t. ifX $ •?> o 

[0046] i3?y#^7^^ 1 oizmmo)i&&mmz£>^Ts 1 
s &$is 

ifXx*£> o Ztl b&s M7Ll£Pr imeSTAR Mutagenesis BasaL Kit (•$? t) y 

ftt) -Y v 0 yV^^i h yy b 0 T- v K 

Uh7^y-vttS) #©mi5^r'> \*-e&miz?7?z.ttfi*$Zo 

[0047] (3) II 

*fP£i;:J:*U£;* *^0 D N A ^ - ̂  

mn, MCDNA^I 
fiS^lCiSLfc^P^E —* —£ £=&IC:N CO^P^E —*—©"FSfclCI^B/j© 

D N A GOP - K^Iii© 5 ' ̂ mi|ij7^^3 *l£> <fc 9 tC LT, s<9 $ — tCjfAt" 

&0 ——£tUC*fgBE©D N 

[0048] LTti, 

£>tl£0 IW«C^77$ p B R 3 2 

2 N p U C 1 8 N p H SG 2 9 8, pUCI 1 8, pSTV28, p TWV 

2 2 8, pHY300PLK (JJLt© 7°^X $ *-ti, 

A-< f ttANibIiA"^$i>) , P E $ — */ 'J — X (NovagenftzHO iF 

ZmfZZt&VZZo AJ1S-P 'J KJU^^^-^LTti 

s mti\ f#M¥3 - 2 10 1 8 4^^$gtC|Ei6©7°^X$ K p C R Y 3 0 

; ilf2-2 7 6 5 7 5^A$aZBBm0)7°yX< KpCRY21, pCR 

Y2KE, p C R Y 2 KX, pCRY31, p C R Y 3 K E RZf p C R Y 3 
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KX ; W1 - 1 9 1 6 8 6 ̂ SgtClE**© 7°^ X $ K p C R Y 2 RXf p 

C R Y 3 ; 58-67679 ̂ SgtClE*lO p A M 3 3 0 ; 5 

8- 7 7 8 9 5 ^£^tC§Ei6(£> p H M 1 5 1 9 ; 58-1 92900 

p A J 6 5 5 N pAJ61 IM'pAJ 1 844 ; 5 

7 -1 3 4 5 0 0 p C G 1 ; 5 8 - 3 5 1 9 7 

tClEic© p C G 2 ; 57-1 83799 ̂ £^tC§Ei6(£> p C G 4 RXf 

PCGI %tc, 7 

7 — $ — h LT l&s (A F i x 11^^ $ — (St ratagenett 

[0049] yK-T^DN A^^ii^-tt&tctbo 

7° • =E - $ - ti, 7s -IS IZ IN £ £ 11f 

^)7°P;E-^--efe^T:fcSl\ flr^tCti, =yO K-Xf ̂ P >®7°P;E 

— $—s K'J 7°K7 7>f ̂ P>0 7°P;E-^-^ A7 7-^fi^0PL^ 

P^-^-N K'J70K77>^^ (t a c) -fu^-f- [H. A. 

Bose et aL, Proc. NatL. Acad. Sci. U. S. A., VoL.80, p.21 (1983)] 

Ctl^07°P;E-^-®9 %s 

T\ £*>-?% 2>o mti\ -hfE y 0 

h-Xf^P XZ^P^-^-CDil^tCt^ =?0 h-XW 7 7°P tfJU-/3 

K (I PTG) 

[0050] *fgBEtC<£tlti\ 3 blZ*%n%<DD N AXtifl^X^^-£?0±«tC 

®A M0DN AXIii^M^^^-4 

a#A~t£70±<>: LTti^ f#tc^3ft£t®-etifti^\ y>;u^;u 2-^-

JU:> ^ p 7°p A >-1,1 -z? tl )\stt>!££ (1S, 2S)-1 -7)1 P ̂ */ tl —JV-2-

tf - ju :> o P 7° P A > ti Ju y IItc Jp ?KftM t £ M t £ t (D ti U 
}gtCtiffllM^tl&l\ %tc, tl/c(1S, 2S)-1-77JUP ̂ riyti )\y^—)\/-2-
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tf -)u :> 7 • 7° • A > t)uyIt £ 3 b tc SO (Dtc ̂b 3 £M 

^ L < &l\0 

2-tf-,/u:>7 P7°P^> 

-1,i-y^;u/^>il, fe^Wigft^T-fe^Os^sH-^juzi^^jU/if-ju 

-2-^-;ui>^ •7°pA>^;U/if>i|(>:gM^'&s t#£>ti£{b^ 

"T£ c «>: iz £ y a c £ -e $ So 

*fP£'^ £ d ̂  tf-c $ £7s±^«) «>: LTti, mwftiz tiN X*> X 'J 
\17 (Escherichia) Blffl® ($Uxti\ AHHi) Ifmibtl, £tc, W$>£Hi ( 

Actinomycetes) Slfflllk A'-^JUX (BaciLLus) Slfflllk izy^T (Serratia 

) Slffljik is a.— K^E^X (Pseudomonas) Slffljik =1 'J T-A'7 T~ 'J 7 A (Co 

rynebacter i um) MlfflHlk 7" b tfA'7 T~ 'J 7 A (Brev i bacter i um) MlfflHlk • 

KPy^JX (Rhodococcus) Slffljik ^ 7 h A'-^JUX (Lactobac i L Lus) Mlffl 

Wis 7> h b 7° h iz7> (Streptomyces) Slffljik t-77, (Thermus) Slffl 

Wis 7,KU^hH'>^7, (Streptococcus) )H$[|jii=f ̂  t 

GOti, ^0|0DN AXti$&^&x.'<?*-£#At~ 

o 

[0051] J|f£fttCtiN Xs>x 'J L77 • m 'J (Escherichia coLi) N A'-^JUX • 

'J X (BaciLLus subti Lis) N A'-^JUX • 7'btfTv (BaciLLus brev is) N A" 

• 7r7PHt-:E7-f 77, (Bac i L Lus stearothermoph i Lus) N 

T7 • "7 — "tz y "tz > X (Serratia marcescens) N i/n— K^E^X • 7°517> (Ps 

eudomonas putida) N i/n— K^E^X • /'xjUdrV+J" (Pseudomonas aerugin 

osa) N Z| 'J ^A'7 T~ 'J 7 A • (Corynebacter i um gLutamicum) 

N 7'b 'J 7 A • 7^/^A (Brev i bacter i um fLavum) N 7'btf''^7"7: 

'J "7 A • "y 0 K 7 y — ^ y *9 A (Brev i bacter i um Lactofermentum) N P KP 

y t) X • X 'J X • 'J X (Rhodococcus erythropo Lis) N ~lt — ̂ ?X-~lt — zE 

l^yX (Thermus thermophi Lus) N X h b 7° K =1 y X • ^ 7 7^ -f X (Str 

eptococcus Lactis) N ^7 KA'-^JUTv • (Lactobaci L Lus casei) N 

7vhb7°hV^fiz7v- 'J bf^'yx (Streptomyces Lividans) _h 
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lEttff £Mt £ t» (D £IN £ d t tfV $ So 

S/c, 2-tf-JU:>^ P7°P^>-1,1-$/ 

fiJlstfyMttOS, 2S)-]-7)[/Z\3cist})\stf-)\s-2-¥—)[,i/$ U~fUJ^yti)\/ 

;u-2-tf~ Ju*> ? • 70• /•?> t JuyII£ 3 b izsycoits1®)iz^{k$-£Z> 
£#t" afcOteu yrt<?ff£P-
(OT;£tcJ; yfigirraci^KJ: y, *»DN 
a#A~tS70±<>: LTi^5Ct^-et5o 

[0052] ±§fl^±fi&£$|^©ii£?©#A££ LTfciU P > LT > h-tzJU;£ [Journ 

aL of Molecular Biology, Vol.53, p. 159 (1970)] N [J. I 

ndust. Microbiol., Vol.5, p. 159 (1990)] =ftCcUilisHSN 7?-^^: 

l\/cM1K^!A/£ [E. Ohtsubo, Genetics, Vol. 64, p. 189 (1970)] N }§£"• 

[J. G. C. Ottow, Ann. Rev. Microbiol., Vol. 29, p. 80 (1975)] N 

[M.H. Gabor, J. Bacterid., Vol.137, p. 1346 (1979)] 

f tltf <fc^o 

[0053] $-*k^tc%i%-h)ii(Dmz, 

Ltc*%m(Dl] >/^ff£P- K"t£ DNA^ 

m&w * iz mm At & *@ m m.& x $> £ w* K ^ > x *° v y^mxmm 

[0054] (4) 
±§E©<£ 9 tc ^C0i£ 

[0055] Mmmwvmm&s MHIU mmtk* $ym*<a&m. 
T9 LTtis 0!lx.tf 7" val 
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'jy~fits 

ik 

itT^E-OA, L< izm&ls 

Tffl^£tl£0 S/c, ym-7mt) 'J OAs 'J> 

'J 0 A, A#^lM^tl-g)o Z(Difetc^7°h>s 

gfl + X, P->X5M-7°M ±)-^ 

® tf ^ $ > m o mmm % tz ̂  o t % z t #•t? $ £ „ 
[0056] mm&s mn, ®m*m ?S 

±IS£ti©£W < % £tc, mm&tpa) P H 

P Hiinii, i%xi£7Ji<ti ]j %muLr?j?z£tf-e$&o 
[0057] mmovmttmmt 

S£ tc jfc i; /c*ts^jt £ -e^ti^-r ti J; i\ 

[0058] ^0^-ffl^f>ti§IIi»XttiSgi^ LT(t 

<3^11 L/cjUi'tfcti t % ?>k>(D Z hs ipS/^N EE 

MM^7K^"eaai LTtf^tiS 

s £>&Hi$k §£&&$] iCEKfifeS 

J&#T\ t)y A? PV hi/77^ -^©M^T^Ttf^tl&^fgBEcDjQTK^ 

±BB®^ mm, attics 
L tz t (D t "T £ £ ^ A^-e $ Z>o 

[0059] alMMk ttHh^xti*ti^Si0@:£lbte, ^tIg^mn 
©®;^i^tiT^£;£;£tc^i\ T7^ IUU:P$ Kfy v-N :pjudr>gt 

X ti ti y ¥—i- y rn (D jg m & JStt iz Ml*rn * HI feik 3 •£ £ tc <£ y ft 9 c 
mw?kmmzmfeibtz>m'giz&s ^JIX^ 

tl fcSt m&'O. 0 2 M~ 0. 2M^0'J> 

IMM ( p H 6 ~ 1 0) 
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[0060] (5) 

7$-;u-2- tf -)\si; 0 • 7°Py t;U/1t 

ss (2) ipt,. 
$2-tf-jU:>^P7°p^>-1, 

3 ttT (1S, 2S)-1 -7)iz\ %-i; tl —JV-2- tf-)USs 0 • 7°PA > tl >11 

(IS^SJ-l-^Jl/Zl^rS/^Jl/d?—Jl/-2-t^-;i/$/^ • 7° 

• A > ti ;u/it >H0i3 ti & o 

Dfbi0] 

5f* 
ROOC COOR 

it (2) t£N RtiTl^Ttct1 ~ 1 OOWU^JUg, ^ 

mW,~I ~2-0(D7Z>)\S*)\S^ 2(D7')-)\y^^to 

[0061] R-eH^tl^M^tlWTt 1 ~ 1 0(D7)\s*)\s&t LT& 

s vtmm i~io u < L < ttam© 
^ju^ug^W^tu y $?£ L < 1 ~ 6 ©M&X&&M&©it 
ittSK lifting L< £ti£0 Cti^0 9t> 
s X^JUSS -f V7°p tf;uSs y;UV;U7°P t°;uSs y 

JUVJUy^JUSs s e c-^Jl/g, t e r t -7^)[/&s 

jju^ju^y^juSs -fv^y^juSs t e r t JH, T^^y^-

JUS, J gN :>^ P7°P tfJUg, ^>^P7*fJH, :>^P^ 

>^;USs *>?P^**>Jl/g#7WigKptf£tU ftizjfcm&l -407J1/ 

3fJl/gtffcF£ IA\> 

[0062] R^StiaM&StlT^Tfc ~2 0 0T^JU^JUg,*: LT 

^ L< &j^Sl$(7~ 1 2©M&Xtt&M&©;p7Jl/*Jl/g-C&.So d 

tl^©9"^)N 4 — p< ^JU^V'VJUgs 4-^ 

% 4-^PP^VS/Jl/i, 4-^P:E^>^l/i, 2-7xzJHfJ[/i, 

1 -7xzJHfjH, 3 -7x-;U7°P fcfJl/g^TWigldplf £>tl£0 

HOOC COOR it (2) 
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[0063] 1 2 (D7 'J -JUSt LT& 

% 7x-JbS, 1 -i-y^JUSs 2-i-y^juMs o-^jb7x 

-JUS, p-yfJb7xZjHN o-p<h^:>7x 

~JUgN m — >< K^">7 x— JUSN P — ^ K^r"^7 x~ )US^ 2, 3—5/;* 

fJb7xz;H, 2, 4 ^-JUSs 2, 5-^7f^7xzib 

#N 2, 6 -is *^)U7 JL~)USS 3, 4-S//51>IU7x-JUttN 3, 5-

is*J-)U7x~;uSs 2, 3, 5 - K 'J ^fJb7xzjH, 2, 3, 6-K 

'J ^Jb7i —JUS, 2, 4, 6 — K g ^f^7x_;USs o-~SP7x 

-JUSs m — ^ K • 7 i —JUSs P -— SP7x-;i/S^A<Sf5Stc;Ptf btl 

^ o 

R^LTtis SfS L < te^^JUS, JL^JUSs te r t -7"fJ^ J&Zf 

^yisjuSXfoVs L < &x^;ug-e&£0 

[0064] l-^d—JUisO • 7°P/\°>-1 

gli^>A/7ffN (m 

y/^ff£p- Kt~5 D 

!*&<>:) "Jyju^rju i-\i-juisOu^uj^y-\,\-v-h 

(1S,2S)-'\-7JUz\*is±uutf-JU-2-kf 

- JUis o • 7°P A > ±) JUttz> z t tf-C $ £0 

[0065] 

t^c, SMt%:Z>is7)U*)U 1-^—JUisO P7°PA>-1,>!££ 

JQX, 1 o°c^b4o°c^) *?j±ti mxu±nj± 
flJt) zmz&v, (]S,2S)-]-7juz\*isti)u 

<K—; u •- 2 •- £ -; u is $ a 7° • / \° > ti J u <K > St % M iH t & z t ft*X $ 3 0 

[0066] JxJ^>Ft^;6^ge^©(1S,2S)-1-7JUP^±)JU^JU-2-lf-jk>^ P7° 

p^>;bJU/1t>l££:fr®f 

It, i7A^P7 ^ICcfcyfj-? ££#•?$£>CtUdU^ 
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[0067] ^%VR(D1)P7°P^>-1 

, (1S,2S)-1-x 

is 0 n7°n/OtiJi/tf>M%:Mis:t&JD)£lzs f# t c fcf }S t c i 

§ o 

[0068] %tcs ^%VR(Dis7)\s*)l> 2-\^~)Uis^ P7°P^>-1, 

, UT(Dl& (3) ©JSJ^tCcfcy^-r^Cl^A^-e^So 

IPt>, it (3) (Dl^mik-S^Zs 7)\sti x)&m7)\s^*is KXtiT7^ 'J 

£M7KMfc!i:%)(Dfe1±T?-^ 1=1 -ktz Z t iz£ y^jtf 

[0069] it (3) cK R3ti, 1 2©7'J 

-;UX;U/1N-;USS j^Hin ~ 1 oawu^UTJU/lN^ug, Rxfj^m^7 
~2 0(D7y)\s*)\sX)\s7$s=)\s&tLTte, ^>-tz>X;U/1-N-;uS 

% p - hJUxvTJU/lN-JuSs 1 -±7$ uyxju^-juss 2-i-y^u 

yx)i/7is-)i/gN p< * >X;U/1N-;USS X^ >X;U/1N-;USS 7°P^>TJU 

/1N-;USS h 'J 7;uf PP< 9 VTJU/IN-JUSS ^ti^y^JUTJU/lN-Jugll 

^tf£>ti£0 R3&. L < ^ >X;U/1N-;USS 

Ss &tfp - K;ux>x;u/iN->'uS"efe|'Js L < ti P - h;ux>x 

JU^jN^JUST'fe •So ^/cN R £: IWI UT'fe§o 

[0070] lit, it (3) (DWmttiMZ, 0UtfFrederic DoLLeffe 

N Bioorg. Med. Chem. 2006, 14, 1115-1125 ^tClEic^ 

£tcs UT(Di& (4) ©jsj^tCcfcy^-rsd^A^-e 

Dfbn] 

ROOC COOR ^ (3) 
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Dfbi2] 

xi-a^5:^^0'x2 - *" R3°^^J-OR3 " (4) 

[0071] ipt,N nftf 

tz>ztiz£Vs 

4- 7*7 > *J*-)\,*:%s 3 £ tC R3X £&*&;*•£ 

it (4) cK XHi7.KSlJl^Xti R^^U xni^c^n^xttR2£^U 

R^t/RHi^ft^tl^ilLTM^tlT^Tt <U^H$(2~ 1 1 (D7)l* 

)\sti)\stf-)\s&, ~ 2 1 0 Xtij^H$(7 

~1 3 0T7 'J — JUtiJU^—JUS^r^fo ilLs X^l^X^IHBtOK^Jii-f^: 

&£>*§£•»<<, Xi^R'floX2^R2-eS)U, 

tiR1S.t/R2^77-tz5l>'USs x^;i/^j;i/df-;i/Ss t e r t - y^JU^JU/ltx 

;uSs s<ysJ<ji/g-e&kK 3 L < ti^-tz^jug-efe^o 

[0072] *fgB£ Tl# e> tl/c (1S, 2S)-1 -x K * *j JU^-JU-2-1fzjk> ? p 7°p A > 

CMJfflfc££*2££ LT^fg*©&ffiHCV NS3 

-fn^y-ammMmommz^m^mwx'h^OR, 2s)/as, 210-1-7$ 
y-1-x S^r$/^j;i/dfx;i/-2-t^x;i/->^ p 7°P^>;we©i^;&i^s1~-g> d 

o 

[0073] JU"F©^MJtcJ; 

^1»J 
[0074] 1 : hP^V^HXT7-1zlfef (pnbA ; SB^J#^6A^ 

1 0) (DO P— x 

( 1 ) p —->y 

J^isyX • (BaciLLus subti Lis) ATCC23857% J^isyX • "tf-31 'J 

X (BaciLLus subt i Lis) NBRC3026% A':> y X • 'J X (BaciLLus subt i L i 

s) NBRC3108% s^is y X • 'J X (BaciLLus subt i Lis) NBRC3027% 
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i/yX • X (BaciLLus subti Lis) NBRC3013£&SflM£#$||I|tfJi£f 

^ DNeasy BLood & Tiss 

ue Kit lfefe^DNA£ L/c0 

[0075] *f J • +t?'J X (BaciLLus subtiLis) ATCC23857fi 

K U^y is JUJLX^ry — if (PNBE23857% GenBank Accession No. ZP 

03593235. 1 ) £ =l- Kf (J^TpnbA23857N 

•^•6) ^7utCN K P^iyvJUxTvT^ — tt'i) 

tc$)(D Zfy-I V — pnbA F$.£/pnbA R£;§gf-|\ n"j5cL/c0 

Z. ^ ^ (pnbA F) RXf 1 2 (pnbA R) iz^sto 

mMLtc&mfom&om&fomhzmmt u pnbA FN PnbA R£7°^V-

t LT, *°'J (PCR) ^tl^tl^1.5kbp0DNA|ff^r 

£i^§L/c0 

C0^$0PCRtiN Easy-A/ \ 7 -f T1 'J 7^ -1" PCR 0 U—~y O'MM {TV\s 

RfcZmMLtz„ 940C-e2^^M$©^ (94°C% 30# 

; 50°C% 30#;72°C, 90#) £35^? JUtU S U 720C-e5^^M$ LT^ 

7 Ltco 

[0076] (2) 

f#M2005-34025^^$g|Ei6©^;itC^ DTPlt Ltc^yX $ KpKV32£^> 

7°b-K^Ls IB^!J#-§-1 9^"t7°5KV- (pKVXmalFW) £13^1]#^ 2 0 

^"t7°^V- (pKVXmalRV) PCRtCj; U ^4kbp®|fr^r£i^§ L 

fco IH^S^ tl/clfT^^fUPm^XmaHCct lJ >F=Hb L/c£tN Ligat ion-Convenienc 

e Kit(-«>/lN°>y->ttii)tCd:''JgBfflJi3-&T707X$ K£?#fc0 ?#£*l 

/c7°^X$ K £pKW32£;-pp^i L tcQ 

Z(Dtx*(DPCRte, KOD -pLus- Ver.2 (^IStti^) U 

^mmvm^z^TKtis^MLtco ^m&mz^-c94°c-e2^ 
(94°C% 15# ; 58°C% 30# ; 68°C, Aft) £30^ <? )\,Wk U & L 

, 68°CT5^£&L-m7L/co 
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[0077] (3) wmm 
-hIE (1) "CM# L igat i on-Conven i ence KitC"^ 

m)*m^Ts (2) -emMLtc<7 <7 0-Pm32iz 
#AL/co mt>ntc&7°yX$ K£^tl^tlppnbA23857N ppnbA3026, 

ppnbA3108% ppnbA3027% $.£/ppnbA3013£:f §o 

[0078] ZfyX $ KppnbA3026% ppnbA3108% ppnbA3027% S.£/ppnbA3013t;i'3l\Tti 

Ctl^0mfe^;&;etl;e,tlpnbA3026N pnbA3108, pnbA3 

027% $.£/pnbA3013£i'pp:g L/c0 ^-IB^lKilB^J#^ 7 (pnbA3026) N 8 (pnbA 

3108) N 9 (pnbA3027) &OM 0 (pnbA3013) tl£® U T?£>o fc0 ^ 

tl^tl®DNA|B^P-K-r-ST7^ ^itlB^U^PNBE3026. PNBE3108, PNBE3027 

N PNBE3013^^ L/co &BB?!KiBB?!]#^2 (PNBE3026) N 3 (PNBE3108) 

% 4 (PNBE3027) RZf 5 (PNBE3013) tl£® y ^ fc0 $7II 

IB^tiS3£^a)PNBE23857077$ yillB^U (IB^US^ 1 ) LT^tl^tl97% 

. 9ii 90i Rmmmm-^^Ltco 
[0079] h n<<y is JUJLX'ry — izCDjliRtthblx 

1 ~€'WibtLtc5W.(D70=7 (Escherichia coLi) 

JM109 (*a7/Wtf&5S£*t§!0 

20 mg/L IPTG 0. 2mM£#fr&ttLBi£i6 

£ffllNT30°C-eJIMiMU ±M200|^@tC^aL/co 

%btltcmW*k^sT, 5 g/LCO^-tz^fr 1 , 1 

2-tf-Jk>?P7°P(J^T, TVCPDEJ 

7JU*^> K£#fr100mM 'J 'J 3Q°CS pH 70)0kft?2 

wmKiti$-t±fc0 

[0080] P V h ^77 -f — (HPLC) 

L/co 

1)7A : CHIRALPAK AD-3 (4.6 x 250 mmN -tzJMb^4±ii) 

/§SI/& : : X^y—JU : h'J PMI = 95 : 5 : 0. 1 
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: 0. 8 mL/mi n 

JSJt : 30°C 

: UV 210 nm 

[0081] 1 -x 2 - \Z~)\,*/9 P7°PA>^;U/1f 

>11 (J^Ts rvCPMEj tfot&o ) ?#£tl?d£Jllfre> 

s £j$LfcVCPME0(1S,2SM*MlR,2SM*CDj;b>££^-t 

riR2S/1S2SJ;bJ , (1S,2S)^0(1R,2R)frtC^-r^x^>5lf 

f nS2Sl«^MJtJ s ^(1S,2S)^i:(1S,2R)^©ib$«:^f MS2R/1S2S 

hbj HCS ttbfco £tcs KpKW320^ 

tllist L/cSfrTii^§£Sfffc0 

(Dmm^ r 1R2S/1 S2SJzbJ 

[0082] PNBE3026, PNBE3108&t/PNBE302703ffl®|#||& 

T, IB^I!3Eft]©l#SlPNBE23857tCtb^Ti^lMLi£^ L/c0 

S/c, PNBE3013& riS2R/1S2SJ;bJ IB^]J13Eft]®l#SlPNBE23857tC 

hb^TlfilMil^:^ L/c0 

[0083] [H1] 

1 

1R2S/1S2Sit 1S2S 

(% e. e.) 

1S2R/1S2S 

PNBE23857 0. 0222 93. 1 0. 953 

PNBE3026 0. 0263 94.2 0. 970 

PNBE3108 0. 0504 97.0 1.01 *mw 
PNBE3027 0. 0404 97.4 0. 998 

PNBE3013 0. 0433 89.2 0. 863 

[0084] 

1 L/cVCPDEtiJ^T® ct 9 IZ LTl^c Ltc0 

2L4P7^XPtC, 7P>i^'i^HXf^9 3. 4g (5 8 3 mm 

o I) , K;ux> 1 0 0 0 m L J^S^: LT 2 0%i~ h 'J ^Ai K 
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2 3 (5 6 9 mm o I) £jQx.7c0 1ST, 1 

. t rans-1, 4-i/7Pf-2-yfV59. 4g ( 

2 7 8mmol, 7)1 K 'J v £ JPx/c0 2 0^if£M£ 

, ^ 2 0%t h 'J ^7 Al y -JbM 1 0 9 m L (2 7 8 m 

m o I ) £jQx.7c0 1ST, 1 0#re^i^^s t r a n s - 1 , 4 

— 2 —7" if > 2 9. 1 g (1 36mmo I, K 'J y £APx 

/c„ 1ST, 4 0|rP^im^ 1 K 'J '7A7K;m3 4 7 mL» 

LT1 4 0|rP^im^ til^ML/co 3 2 m LT2 

0&&U mMtWtl- h U 7 ATlg'Jf U t#^tifc;jI>S£4 0°Ctc 

TMJBflsU LT 1 , 1 -V-JL K 

-;U-2-^-;Ui>^P70P^>9 9. 3 g /cc ZCO^K^^CO^iZ 1 

, 1 -y-x h^T^JU/K—;u-2 - P7°PA>& 8 3. 2 g ( 

J|X^9 4. 9%) #StlTl^/c0 S/cs ?P Vltyx^UxXT^Ute-aStl 

[0085] ^»J3 : *fgB£0JP7K^BI#Sl^>^7ff (IB^S^4) 

'J > 7" 

PNBE3027®77$ y Protein Data Bank (PDB) tCLTBLAS 

iz&^TkbQvt^oM'd.&s s 6m^(Dy$ xm%&y^~y (A) 
(V) LTIN'S Z. t 

• para-nitrobenzyL esterase Mutation: A56V, I60V, T73K, L144M, L313F, 

H322Y, A343V, M358V, Y370F, A400T, G412E, I437T, T459S(PDB id: 1C7J) 

IB^-^89% 

• para-nitrobenzyL esterase Mutation: I60V, L144M, P317S, H322R, L334 

S, M358V, Y370F (PDB id: 1C7I) IB^]-$£Jt90% 

• para-ni trobenzyL esterase (PDB id: 1QE3) IB^J-±£j^91% 

[0086] P V — ^ET^UCDfEJ^ctiN Discovery Studio ModeLing (J^TDS ModeLin 

g) Ver. 2.5£ffll\ %bUtcm^^x) y VfflklZr>\,^T, CHARMM (Chemis 
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try at Harvard Macromo Lecu Lar Mechanics^iJl^r^Jji^CflJ 

/"Co Sf, Steepest Dece 

nt;i T'1000X7y 7\ Adapted Basis Newton-Raphson 

;iT50007v7 y 7\ Z1 £: tCcfc lJ fro 7c „ 

[0087] Sff ̂Jl ^tltc7t\• V — L% Sff "£:'$)•?> VCPDE 

(1S,2S)-VCPME^J55c-r^^fp]^t/(1R,2R)-VCPME 

ft&Ltco xX7 7--tz®JP7K^?J5M 

J^T©EEit^j»ft£§££L/c0 

[0088] • f (GLy106, ALa107, ALa190) 

GOMUJl^ t iP7K^?3 tl&x^ GQEEit £2. 0 A 

U±3.QA^mtt^0 

• )%'\^mSer]89(D7)[sZ\-MmWsTtMfiM^tlZ>JiX^M$£(D±> 
)uts-)ujnmmm^2.QAu±3.QA^mtt^0 

\x±(D^mz^^%btitcmt^ ns2s^7juj Jktf riR2R^^uj £ L 
tc O 

[0089] : /<y~ KP^>y>»UxX77--tz^a)SKIIii^^^-r^77$ J 

£ts ^fife0!l3 -zmbtltc riS2S^7>/UJ RX? riR2R^7>/UJ ttl^'tliz 
fc^T. VCPdE<D¥-)l/&<D2foO)j%mmTfrb8A];miZ-%\!>1b [s<te±%W 

£ T7^ 7 L/c0 E^H©ItW^tiDiscovery Studio Vi 

suaLizer v2. 5. 5. 9350^^^ LN l&tii 3 tltc&7 $ J It^SCD^T^'tl^tl 

GQ^T^KDVCPDE® 

$ yiiastc^iNT, *i£L/cEEH£ ris2s^7-;uj icfcttaEESli: riR2R 

^TJI^J tC£tt£EEit£TJ:b$$L/c^|l. riR2R^7>/UJ tChb^T T1S2S^ 

T^UJ yi£^g£||2 tCN r 1 S2S^E^^UJ tChb^T 

riR2R^7>»UJ yi£^g£||3 tC^L/co 
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[0090] £:2(D7 $ %T±M(DT $ J IttCtb 

B&iz-D^Ttes ^&(D7$ Jmztk^TMWioMmZ$ smz 

&$&ntzi5t><(\s,2sm<D\icpuE<D£.mzw}t£m%ife.*mn-et*z£&%. 
3*i£>0 

[0091] [g|2] 

1S2S 1R2R^7> 

*(A) nm^ »(A) nmm-
GLY 106 7.11 C 7. 43 C 

ALA 107 5. 05 CB 5. 76 CB 

PHE 108 6. 39 CE2 7.44 CE2 

ARG 219 6.44 CG 7. 16 NE 

LEU 270 7. 98 0 

PHE 271 4.13 0 4. 66 0 

GLN 272 5. 57 0 6. 48 OEl 

LEU 273 3. 35 CD2 4. 70 CD2 

LEU 274 7.46 N 

PHE 275 7.47 0 

GLN 276 7. 38 OEl 

[0092] 
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[^3] 

jig 1S2S 1R2R 

M(A) mm* J2BSKA) MPM* 
GLU 188 7.48 0E2 

ALA 190 6. 12 N 6. 09 N 

MET 193 3. 75 CE 3. 61 CE 

SER 215 7. 15 0 6. 03 0 

GLY 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 3. 18 CD2 

PHE 363 4.71 CZ 3. 36 CZ 

[0093] m2Rt?m3tp, (^yitas^jim ommzs w&nm 
m.T-*y<><7 (PDB) &LTIZZ 

*k7js~§~o 

CA = Carbon, Alpha 

CB = Carbon, Beta 

CG = Oxygen, Gamma 

CD = Carbon, Delta 

CE = Carbon, EpsiIon 

CZ = Carbon, Zeta 

OE = Oxygen, Eps iIon 

[0094] 5 : h — 

-emtc7°yX$ KppnbA3027££|M£ LT, 1 3 

^"t7°5KV- (L70FW) 1 4^"t7°5KV- (L70RV) 

QuikChange MuLti Site-Directed Mutagenesis Kit (7 h7^^'-> 
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*t§!D tCd; y 7$ yi£#^70#0l=K^>£=l- K"t 
S£a#AL/c0 t#^tl/c^200j®0P •20 mg/L 

% IPTG 0.2mM^#^frLB±§±t!3^ffllNT30oC-eSM±MLs ±M200|^@tC 

mbntcrnW^m^X, 5g/L=fcL<&30 g/L® 7"tz $ frVCPDE, %(DV* 

100mM U >11^'J ^ A|iir^^T\ 30°C, pH 70^ 

^-e210|^J5^3-&/co 

s/c, ±§E£iwi*mcLT, i 5iz^ty°^^^~ (L313F 

W) £B3?!1#^1 6tc^-r7°^^v- (L313RV) 7$yi£#^313 

#®i=K:>>ag£ =I — K1~-g>i^Stc£tLT7>yA&^S£2#AU 1^)200 

^0 =i • -- £±§E £ tt/co 

±§E^iwi*mcLT, 7 (L27 
0L273FW) £l3^!J#-§-1 8^"t7°7^V- (L270L273RV) 

IIS^2701273#0 • -f *> > aS £ =l - K "T £ ±^S tC L T =7 > ̂  A 

%m\Ls ^400j®0=l •--^±=E^|W|^i®^;i-eJ5J^3'&/co 

[0095] mmm2tmm<oi5feRxf0kft-etiPLciz£zfttiTZ?7 
•otc0 SM*eS>i)VCPDE©}lJt5 g/L0|®#^a^®J5J^4^^olNTti^4 

tC, 30 g/L0|©i!^tC-3l\-ai^5 L/c0 %btltcO • — 

KDNA£;%;£^lNadi U DNA|3^^ 

fl?#r L/co yitaStC^ 

T^4^t/5 tC#|EL/co 

[0096] i4 0No.1h, No.3~6&OM1 t(Dtt,mz& y, 7 $ 71£#^70#0 l=K S/ 

-tz'jx x\s^~y, W^yoi^t 

n-fr(D7$ ygHC^3tlTl^iI£\ £j$1"£VCPME0(1S,2SM*®^M 

Jt^fqULTl^Co S/c, £?£l*No. 1£NO.2N 7&tf 13£©J£&l;:J; yN 

yilS^3i3#®p4 */y ftys 77-x 7°P u 

$ £j$1"£VCPME0(1S,2SM*®^MJt^ 

fq]± Ltl^/co %tc, No. 8, 10S.t/15tif#tC7$ 7IIS^70#S.t/313#® • 
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-f > if HD 0t IZ 3 tl £ Z. t IZ J: y N £j55cf £ VCPME (D1R2S/1S2Stb tfm£ 

frtChb^Tfq]±LTlN/co 

[0097] ^4 0No. 1^^5®No. 16®hb$J^J:y. gff-e&£VCPDE}I]£tf5 g 

/lfr£>30 g/UZ±g-tZZti*, 

fco tt "^TN ®A U[R] •§> il 

¥iJ0^L/co S/c, H5 0No. 19&tf21~25£^£ttNo. 16^0hb$J^J: y 7$ 

yilS^270S0P^i/>S.t/273#®P^^>^^-r^C(>:^J: y, 1R2S/ 

1S2Shb, 1S2Sl«^MJts ^t/1S2R/1S2Shb^T^fc^Tfp]±^5SII3tl/co 

[0098] [H4] 

4 

No. L70 L270 L273 L313 1R2S/1S2Sit 

1S2S flc 

(% e. e.) 

1S2R/1S2Sit 

1 0. 0404 97.4 1. 00 

2 P 0. 0315 97.7 1.01 

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 D M 0.0211 98.2 1. 00 
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[0099] [H5] 

No. L70 L270 L273 L313 1R2S/1S2Sit 

1S2S #: 

(% e. e.) 

1S2R/1S2Sit 

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] lit, UT(D^(D^to 

P : 7°P <J > 

G : ?' 'J v > 

T : XU^-y 

s: -tz <jy 

N : TXJ^y^y 

A:Ty~y 

M:y^^-y 

D : yx^y^yM. 

F : 7 JL—Ji/Ty — y 

H : \ix*vy 

R : TJU^-y 
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E : 

Q : $ y 

[0101] ttcs i ~2 

1 : **/=?X • +t?'J X (BaciLLus subtiLis) ATCC23857fi3fc/^ 

~ K U^y i/JUJLX^ry — if (PNBE23857, GenBank Accession No. ZP 03593 

235) CD 7 $ y 

13^#^ 2 : J^yX • +t*<jX (BaciLLus subtiLis) NBRC3026fi^JP7j<^ 

ys<0M(D7$ y IHB^yPNBE3026 

I3^S^3 : J^yX • +t?ij X (BaciLLus subtiLis) NBRC3108fi^jp7j<^ 

ys<0M(D7$ 71113^yPNBE3108 

I3^S^4 : /<*/=? X • -y-^'JX (BaciLLus subtiLis) NBRC3027fi^JP7j<^ 

ys<0M(D7$ J ItlB^yPNBE3027 

I3^S^5 : **/=yX • +t?ij X (BaciLLus subtiLis) NBRC3013fi3feiJP^ 

yy<0M(D7$ yi||B^yPNBE3013 

I3^y#^6 : **/=yX • y-^VX (BaciLLus subtiLis) ATCC23857fi3fc/^ 

~ h U^y i/JUJLX^ry — if (PNBE23857, GenBank Accession No. ZP 03593 

235, I3^y#^1) £=l- K-T^mfe^lB^y (pnbA23857) 

I3^y#^7 : /<*/=? X • +t?>J X (BaciLLus subtiLis) NBRC3026fi^JP7K^ 

ffimm* K"t •g>DNA0i*g|3^]pnbA3026 

IB?y#^8 : **/=yX • +t?ij X (BaciLLus subtiLis) NBRC3108fi3feiJP^ 

ffimm* =\- K-r£DNA©l&gB3?ypnbA3108 
I3^y#^9 : /<*/=? X • X (BaciLLus subtiLis) NBRC3027fi^JP7j<^ 

ffimm* K"t •g>DNA0i*g|3^]pnbA3027 

IB^y#^ 1 0 : **/=yX • y-^VX (BaciLLus subtiLis) NBRC3013fi^JP7K 

ys<?M%=l- K"T-g)DNA0J^g|B^ypnbA3013 

IB^y#^ 1 1 : K "£:•?> 

tz#)<D —pnbA F 

IB^y#^ 1 2 : — K "£:•?> 
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tctSbOZfy-l V — pnbA R 

1 3 : 7°^V- (L70FW) 

1 4 : 7°^V- (L70RV) 

5 : 7°^V- (L313FW) 

6 : 7°^V- (L313RV) 

1 7 : 7°^^V- (L270L273FW) 

IB^y#^ 1 8 : 7°^V- (L270L273RV) 

IB^y#^ 1 9 : 7°^V- (pKVXmalFW) 

IB^S^2 0 : 7°^V- (pKVXmalRV) 



WO 2012/029819 38 PCT/JP2011/069680 

3011] 

MW] 

IS^©S5H 
13^#^- 2 ~ 5 0$ J 

[<fbi] 

it ( 1 ) £ 

\$yj^O\ 

'fs; 
(s;„X 

HOOCv COOEt ^ (1) 

;&^T, 7$yg 

. 2 19#, 2 7 0#, 2 

2 7 5#, 2 7 6#, W 

EtOOC COOEt 

IB^y#^ 1 ~ 5 J 

^7 0#, 106#, 107#, 108 

71#, 272#, 273#, 274# 

3 1 3#®7$yit©9% 1 ^j*Lttf, yil^hb^Tiiy 

it (1) ^^"STJXJ^A^:, IB^y#-§- J WM7i]\£)sbt£.Z>0 y 

[<fb2] 

US) 
<S>X 

EtOOC COOEt HOOCN cooEt S; (i) 

MW1 IB^y#^ 1 ~ 5 7^711# 
^ ^ 8 8#, 19 0#, 19 3#, 2 15#, 2 16#, 2 17#, 
3 14#, 3 5 8#, 3 6 2#, RZf3 6 3 #07$ JII® 9 % 1 r> 
JU±tf, m&(D7$ ymztt^TMrnoMmZifm^T^ JWUzW. 

7$ yitiB^y^^^y, it d) IB^J# 
^ 1 JWMnfrbtaz* yon* vm^mtR^-zmrnt 
zfe&zGtziin&ttMmmty'Vpno 



WO 2012/029819 39 PCT/JP2011/069680 

[<ft3] 

Us) 
(S)X 

EtOOC COOEt HOOCN xx)OEt ^ (i) 

K 2 19#, 2 7 0#, 2 

2 7 5#, 2 7 6#, W 

IB^y#^ 1 ~ 5 CD 7 $ J j 

^7 0#, 106#, 107#, 108 

7 1#, 2 7 2#, 2 7 3#, 2 7 4#. 

3 1 3 #07$ yit©9 1 r>\>X±.h\ xmiZbk^XM 

ygHCM^3tlT^T, fro 7 $ 71£#^ 1 8 

8#, 19 0#, 19 3#, 2 15#, 2 16#, 2 17#, 314 

#, 3 5 8#, 3 6 2#, RX/3 6 3#®7$ 71109 1 r>VX±.1f 

X lN •?> ~7 $ X AN *b & U , it ( 1 ) Ifl^y#-*§- 1 tC 

7$ xitiB^y -£«£?- £Ste 
£Wt£JP7K^Bl#Si^>^ffo 
[<ft4] 
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