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[0044] 1 6) 

i^r-^^-7 1 fb^tK^ou F©i^^N fb^tp^icfc 
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$JAti\ -fk^A0UF 

ft "o itaty B 0 U F L 7c lit ft^7©U Fto^ftXhZo &£ 

, 6tCti, {bSty*7\Z&tt%&{bSty<D%M\Z'&XX 

, ib-&yi)'<7tZ£ttZ&<b'&yt}<DVFZ&Mi[sX*,£\,\ 

[0045] 6 D F(Dftj&> 

liP®2 1 UFr-^-^1 5lZ&m-Z*iX^2>-£X<DibSyMZr> 

l^T^7^MU ^LtcitSty*T<DUF0m^^WtHt^>o 

MX'tis 1t,a'ty*yC0 U F CD^fr&s DF (Difference Feature) t 

§ o 

[0046] $y«2 Hi, u Fi 5 izt&MZtix^s^xolbSM^T 

XJx0ft£UZ£{Jx£bXs UFf-^^-Zl 5 

0iRti\ UFT-^-^1 5tC<fk£-t)A 

, 9JW2 Hi, 1bStyAt1bStyBt(D 

*Ts ibStyA tibStyCt(D*Ts ibS^B tlbS^C t(D*7% ftJ&t 

Zo ttzs 0!IAf£ 4b&W)At<b'&M)Bt(D*7lZZ>\,\X<DDFZBtiiT& 

mSs mm 2 Hi, 1bS^A(D\JFftb\bS%B(D\JF^MW-\,tc\^t, 
{tS^B(D\JFfrh\bStyA(DUF%rmW-\,tc{$.tlkn&tZ>o fit, U 
MJ2 Hi, D F £ib&ty*7lZ&ttZ>&itGty<D2lfo}l%:M&ttttX£ft 
•x — $ * — 7, 1 6 tcl&ilrtf'&o 

[0047] 1 7) 

7icti, I«^7©UF(Di^^, imk^ti 

o i^T-^-7 1 7icti, SEftHb^$K:Plc£W-£>&<b^$i0£ 

SBIk^^71:u F L11, J;^o 

[0048] <i^f-^^-7l 7KteM3*l£DF©ffr£> 

2 Hi, UFf-^^-Xl 

<b-&^:p©u F©^#£3£air£o BEftHk^ti^anJ 

F(D^ft£, SJEfcJD F £^|g3-t£o ^J^-tis <k£^ A fr^fk^B ££/£?" 
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MSP 2 Hi, ftptl B CD U F ft <oA 

EEftlDF£|£aif £o fit, IM2 Hi 

, smDFts gmjxfcmmt 
7tc*£^T&o MSP 2 1 ti, tiVtmb-SM 

*7iz£tf2>&ik&w!}<D&fa mn&ifcmmz'D^zte, 

[0049] 

m 6 £#BS LTs ^Rjfc&icj: £4k^^J$Mi&<Z)fNc<B7 P-£1£SB 

t£0 ®6cD7P-ti, &fESPi 0£^UTzL-Hf7^«J5j^;£lc<££<fk 

SCI tied; yHS&^tlSo d©P§, }i 

fESP 1 0 £ ̂  L T ZL - +f £> til S B^k^ (Dffi £ £ g tt ft tt £ 

J; 9 tc LTt <fclN0 

[0050] H60S 6 0 1 (D^mzte^Ts IJW2 1 ti, {k^^'-^^-X 1 1 

tC^3ftT^<Mk-n4^ltf)U F ^MtSo MSP 2 Hi, lk£-

Hf-J'^-Xl 1 tC^3ftT^Slk^®lk^iii^tC^StlTlNi>SP 

SP^i^roffiimc^v StS-h^tac, lk^)®lk^ 

svtmmmmiztivy t*tzz.£iz&v. it^mit^m^zmmz^. 
t"Ti)o S/c, 160S6O1 CD SPItC fc^T, MSP2 1 ti, fFJ^LfcU 

F£, F^-^-XI 5tC^-TS0 @6 

©S601 ©&S£^fr-r£MSP2 1 tf, ^&SP£ 

[0051] ;^tc, H6©S 6 0 2cDMHtC£lN-r, MSP 2 Hi, UFj-^-7 

1 5tCteHto3ftT^££T©fk^atC^^T^7£fEj$U fEJ$L/"dk^] 

^7©DF^ItHt§0 MSP 2 Hi, UihLtc D F h, <kl^]^ ;7^C;l3^:^• 

[0052] S/c, i6©S 6 0 2©MHtCS5UT, MSP2 Hi, UFf-^^-X 
15 izmmznz^&{ts^*7(Dvt>%m{t£iy!)*7iz'D^T(D%mD F 

MSP2 Hi, gaiUfcgEftlD F£, ^ftHk^^tcjms 
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mt&o mQos 6 o 20^ii^^T"rsfyw211>\ ^SP^LT^ 

ts0 

[0053] fUT, HI60S 6 0 3©fttSJC33^T, MSP 2 Hi, 

X1 6tC*§^£tlTlN£D F h, i^r-^-7 1 7 lCte$;**lT^£gE 

ft]D F h^J;b$J"rSo 

[0054] HI60S 6 0 MSP 2 Hi, 

XI 6 D F09 t>, 7tC^^tlTlN 

5SES1DF ^-gcT^D 

LT^tSo S3E^0D F £-grf £ D F lZr>^T<Dfc%\{bSyt}*7 

ice# a Bz. vmztmznzv &&, ii[^2 i it 
f-^-X1 6tC^^tlT^SD F®^s i^f-^-7 1 7tC*§ 

^tltl^l^D F £-%Lt2>DFlZ'D^T<Dffi%\<bSW}'<7lZ&tt2>ffi 

LT^SL4SIN0 

[0055] HI60S 6 0 40MHtC£lNT, MSP2 1ttN 

1 6 D F 1 7 KteMStlT INSIST D 

F-mtzzmoF 
£, LT^t^o MSP2 Hi, ZmDFt 

LT>££-f So HI 6 0S 6 0 3MS 6 0 4 COM 

*>MSP211\ >^^sph Lzmttrzo 
[0056] $UC, 13 6 CD S 6 0 5 CD&LIltC&lNT, $y$PSP 2 Hi, {Jx^UxJ/SUClH LT 

(D\bs%*7<Dsibs®<D&mt, JSJ&izm^znzmmtzm&tttt 
T, 1 8tC*§$ft-f30 

[0057] ^LT, HI60S 6 0 6®MHtCfclNT, MSP2 Hi, 
^-7 1 2%.ZfifoWi&fcT-9'<-7> 1 8tCg-3VT, 

MtSo zomSs MSP2 Hi, KftHb^^;p©&<b£$i;&rJMK^J5 

Jfc£|IILT©<b^^7©&<b£-$]£^:tV- K (TI£) £, HftlJSJfc&tf 
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V (S) htCctoT, Z>0 t~ 

(D&itntyftik J — K\ JvEftJJxJ^&tMJx^JJxJ^^x >;/ V t. LT, it 

T0SS^tt^7 7 ^ fb^tl©^ 

J$HE&£fFJ$-t3o $y«2 1 ti, 

1 2£#B§U 

MJSJ^T1'-^-* 1 8£# 

BS-r-So HI 6 0S 6 0 6 0MH£^Tl-3$yM2 1 tfN fFJ^h LT$ltb 

t^o 

[0058] K0i^V^, y-K^±^^i'ry©i^E 

fr£&£JlllJ?ttG = (V, E) £LT£«3tl30 JliJ^MGtt, 

&J5J^£®LT£,0J;9^P$JgLTlNSfr 

^JFMLTlN-g)^) Vz>Z>[£, HIM^d: oT^ii L 

T =fc J; lN LN K£ Lct o Ti^i! LT t cfc lN 

o 

[0059] IZjUto M7Xtes S3EftHb 

S^*7(D&4bStyRt?{1z$MJRlfolzm LT(D\tSW}*7(D&\ttity}t>\ J ~ 

K 2 0 1 —207tCctoT^^tls x ^ 3 0 1 

-3 0 7 tCj;^T^3tlTlNSo S/c, H|7-eti. ^©xy 

^ L T & l,U iMICD x >> ^ J& ^ L T lN £ 0 

[0060] ;^INT\ HI60S 6 0 70MHtCfclNT, »H£P2HiN d^b£^fr£> 

HI60S 6 0 6®MH"e^J55c^ti/cjb^© 

^£&E&fre>&5H-r£o iynsp21 ttN 

&yn£-e<D&f&m&*, @6©s 6 0 6©ntM^ 
ntc\ts%(DSfom&frbmmLxib&\J\ $yw2mN 

@6 
®s6o§(Dm^xftfcisntc\ts%(DSfcm&frbW.$kLxib<UNQ #m 
SP2 1 it B#i<b&Mzm&£tzi5 
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(^fq]S^) ^SLTUU0 mn 
itsmz. m 

\W5faum^r&^faum£(Dmn(D?5fe^M 
Wmib&MKDmfetes ^SP1 OZftLT=L—*f 

ytroTt,<U\ 

[0061] ftlZs HI60S 6 0 8<D®.mztS^Zs $yM2m, ^IbS^frb^ 

N1bS^:£Z(DSj&Wi'$i%:, @6©S 6 0 § 

(#jim) 0 meoseosom^iz^^z, #JHIHC 
ItiT, liB^2 1 (t 

@6©s 6 o 6®MH"e^j55c^ti/cjb^© 

Sj&mmfrbmiRLZ1b£^ (#J12) „ ^6©S 6 0 8©4MI;:£IN-C 
#JHI 1 KTCPLT, $y«2 1&, 

@6©S 6 0 6 0^1 

(#11113) o @6©S 6 

0 8 0MlI^^Tt"SfyW2 1 tfN LT^tbt"§o 

[0062] HI7 tC^T, y-K2 0 1^{b^i y-K2 0 3£tiifg 

ib-SMis ;-P20 5%:mM{bS^£tZ>mS, y-K2 03, 2 04, 2 

05t i>r>'3 0 3, 3 0 4 £ 7-K2 

03, 2 0 7, 205 i>r>*3 0 6, 3 0 7 £«/£;* ft ££-J$li&E& 

LTil^^ti^o y-K2 

04^20 7 &, tpmibS^ZfoZo 

[0063] fUT, HI60S 6 0 9©MHtC£lNT, ft|$|l£B2H£N @6©S608 

ftfcd^biir^fre> gftibiir^sT?©^HE&© 

«> 70=&#fr tli^b^^ ̂  @ ^^b^ S-e0^r^ 

(#JHMA) 0 m6(DS 6 0 #J1A KftAT 

, gi®2 1 tt M6(DS 6 o 8(D^mzm^ntc\^%\bs^b^mb 
T'©-nj5c^^©9 P/r^CDi^Xtip/r^CDl5Eli^®'fS^ISJ^A7v7z y 7° 
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£#&aifgfcbgtxosi&mmtu L T t <UN (#JIB 
) o 

[0064] :X^X\ HI60S 6 1 0®MHtCfcNlNT, ft|$|l£B2H£N @6©S609 
(DaiSftfc1? b g tX(D£-J$HE£tZ-D INT, m 

[0065] @6©s6o9 0Mn-eaai^ti/cai^ 
its1®) ft b g toitsyn 3.XCD iz # £ ti & & K jfc iz ts li z> g m x * ;u 
^r-^b£, Biophys. J. VoL.92, No. 7, pp1792-1805(2007) tClES 

tcofc utT^bti^o HI 60s 6 o Q (Dm^x^isntc\^%\ts^b^mt 
^ ^ ic # £ ti a & JS jfc iE^fp]®j5j^s.t/qr^J5j^"efes 

ms, fyw2 m, @6©s 6 o 9©^s^aai3ftfcaifg<b^$ifre>g 
mts^xcDs^mmz-D^xm^^m^m^ifh^tm^t^o 
ttz, HI 6 0S 6 0 $(Dm^X^&lsntc&%{tS^frb&mtti^X(D 

$yW2Hi, HI 6 ® 
s 6 o $(Dm^x^&i$ntz&%\ts^frbm^\ts^x(DS&m.mz'D 
IN T t£'IW& IN £ S o 

[0066] HI 6 0S 6 1 1 0MlItC£lN-c, $yM2m, HI60S6O90 
Mn-eaais ntz&mtstfaft e> g £T?©^HE&© 9*>, 
mzmftpim&fD&zGi&m&zteihtZo HI60S61 OM'S6 1 1 <D 

1 if, Ltiit^o 

[0067] fUT, HI60S 6 1 20MHtCfclNX, $yM2m, HI60S6 1 1 
©*ra-caai s iz j;^T£-j5£3ti3@ mts^o^)\sm^w¥ 
(%) ^wai-tSo d©*§£\ $y«2 1 &, Hi6®s6 1 1 ©$ra-caai 

3 titztc J; o T SJ& 3 ft 3 g o IN •T, Jim£ 0 

(%) ^wai LTt J:lNo $y»2 1 &N HI60S6 1 1 ©M 

s-eaai^tL^^E&tCcfcoT^^tLSg^b^ti^oiN-c, n^b^ 
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mMLXs ^LX, 

Iii^2 1 6 1 

1 @6©s6 1 1 

miw (%) zwmtZo O^LTZL-

zoms. W2nt im 

mMLXs ^ 

JUIlf$|J|X^CDftJfHiN $y^Ji\ Biotechnology and Bioengineering, Volume 

42, p. 59-73 (1993KC§Ei6(OT;£tCJ; V gjfcTZ Z £&V$ ZQ 

[0068] )X^X\ @6©S 6 1 3®MHtCfcNlNT. »PSP2 Hi, @6©S6 1 2 

(Dm^xUih^ntc'E^mmw (%) i?m\&tx±.xfoz>-fr (xiimit^y 
o%^i oo%^2oo%f 

^> z ttf-^mxh&o 
[0069] @6©S 6 1 4 0MHtC£lN-C »P^2 Hi, @6©S6 1 1 GO 

MHTffldi3ft/c£-J5£llE&©9 %s @6©S 6 1 2(Dm^X%^tltc=E)\y 

iiitw (%) tmm±x&z> (xtiPM^j*^) 
@6©S 6 1 2N S 6 1 3M'S 6 1 4 0MH£ 

^tT"rsfy^P^21 #N ^;niiiW¥y^h Lxmmtz>o 

[0070] fUT, HI60S 6 1 5©MHtC£lN-C ftlftPSB 2 Hi, @6®S6 1 4 

(D±>\^wmtz>zt, {mmmsKimmwmvwwj&tez^mLx 
fj -O X & ct lNo 

[0071] S/c, *2 1 (i, MQ(DS 6 0 8 0MlIT«R3ftfcd^bl^]fr£> 

@ B^-fb-n ̂  ST© "n J5£HE£ tC & S {Jx£l Jx J& £ % •til f§ <o tl S fi^lf £ # 

LT, M 

IZ, $JW2 Hi, H60S 6 0 80MllT«R3ftfcd^bl^]fr£>@ft 
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£ T? tC 33 ̂  ^ x, £ 
Z(Di§£\ \tS^<0^Wt<0)3c,^^) Atl 

T, <fc^o 

[0072] £33, ft|$p±B 2 Hi, ^6 CDS 6 0 9 LT t <UN U M 6 0 

S 6 1 ORXfS 6 1 1 GDMH^B&LTtcUN L, @6©S6 1 2frP>S6 

1 4 0MlI£^B&LT:fc J:IN L, @6©S 6 1 5 GDMII£^B&LTt, J;INO 

»p£B2 Hi, @6©S 6 0 9 (Dt&mt. MQ(DS 6 1 O&tfS 6 1 

1 ©11^:, @6©S 6 1 2frbS6 1 4©ilh, g|6®S 6 1 5©il 

£, £JIII#£^II LTt><UN0 0iJa.t£, $yM2 Hi, @6©S 6 

1 0 St/S 6 1 1 CDMH^^fr L/c^tC, HI 6 CD S 6 0 9 

cfc *MC LT t cfc INO 

[0073] ;^tC, @6©S 6 1 6©MlItC£lNT, »P^2 Hi, 06OS61 5© 

Jkxf @ t, £-j$HE£tc33tts£•&*&;-? IN ^tisHHh £ 

, •afr'lt^d^-tSo d©*§£\ »P^2 1 ti, @6©S 6 1 50MIIT 

a ai s ntcSi&Wi'$t tc 33 w- s IZ-D IN T , n j® JS jfc"c S> S rasus 
@6©S 6 1 5©^S^ttai3ftfc^J$&E&©1f*g 

^ai^"TSo fyW2 Hi, i^|£^tC33tt3&J^Tm^ft3l#Si<>: L 

T, E C#-J§-^;^|INxt <£ lNo 

[0074] myites »p£B2 Hi, 8 1 ICioT, M 6 

© S 6 1 5®MH"efflai^ti/c^J55cM®1f$^ai^l LTt J:lNo g|8tc^ 

tj^tc, ai^b^ ab^tiA) ^*p^bi§^ ab^tiB) 

*P^biir^ Ub^tiB) fr^gtfrtb 

SMi Ub^-tic) 

S/c, 118-eti, B^sy 

T £*ITIN£0 

[0075] »p£B2 1 ti, @6©S6 1 4 0MH"efflai^tl/c^J55cMtCOlNX, in 
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6 CD S 6 1 (%) 

J:IN0 MtC, »P£P2 Hi, @6©S 6 1 6 tlS 
mmz, m6 0S 6 1 2 (%) 

<UN0 

[0076] MPSP2 1 li, m 6 CDS 6 1 6 x-*"<-;*{b 

L TlE'lH PP 2 0 JCiEitf S 9 £ 1/ T t» £ fcs HI 6 (D S 6 1 6 (D%M 

"eai^J L/cft^£, ^SP2 2tc^1"SJ:9tCLT:fc <fclN0 

[0077] *^»$-eii, $»2i^ <tsm<D<t¥mikzmi£<Dgmizii£?z 
u F izg.&tzt£*,iz, {k£yQ*T(D-75(D{kS^Z'D^T(DU F 
-fiOikS^Z-D^ZOlU Ftkmnt&Z-tlZ&y D FtkU&t&o 

$U$lSP2 1tf, H^\kS%*7 (Dll^D F ts ^itS%*T<DD 
F t%kt&U gEftHb^P^CDJKfclD F t—%iTZDFiz-D^r<D£%Hk 
sm*T<Dttu&ifc$:mMKifct>&fctZo 9jM2i^ 
, [,X(DikS^Q*7(D^ikS^Q 

J — K<h, Vt\rZ<k ikS^dCD 
o #jOTS2itf, ttj^b^A^sw 

<b^tiST-©^^je&£, ux 
(DikntyQ^T(D&ikSWQlkTjk'f' J — K£, y 

y h ̂  e,*1$$ ti&\ks^(Dsmmm^ bmiRtho *$mrMiz&n«, 
J — K, y 5/lzJ: o TfFj5$c£ti 

tc\ks^(DS^m.m^s ajinb^tifr e> s ̂ burtisT?©^©^ti© 
^cl£S§ £ jgftt" £ c: £ AMIS <h & £> „ 

[0078] ftHSPSP2itf, nmikS^o*ymmDF t, jfcfcHb^-
m*7(DD F U BM/?7©DF 
©SEfclD 
mtL T^tSo jliR^ ti/ctti^-fb-n^^^ g^-fb 

£•$) S T? ©fb^-tl K # £ ti £ Jfc JgIN 5 £ 

£tfPlffitti:Z> o 
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[0079] 

m 9 UT, ItMs&tC J; Slb^^J&$IS§0fEJ&<£>7 P-^IftB^f 

So @9 07P-ti, 0£ttLTiL-+Ffr££jg<b&KJ;£><b'&t] 

c:©^ }##£& 

£ LTt <fcv,\, 
[0080] @9©S 9 0 1 ft!]«2 1 ti, 1 1 

lZ^W^StlXl^itS^(DU F MM^2Uts itS 

if-^^-xi 1 tc^^tiTiNS^b^a^b^I^^tc-aStiTiNSSP 

swmvmmmztioy^tzztiz^v, itsyvoit^m^zmmz^ 
Ht5o IH 9 CD S 9 0 1 (DMiltCfcUT, ftUM2 1 ti, MLfcU 

F£, MC^S^MtnU F^-^-X 1 5tC^"TSo HI 9 

OS901 ©&1^^7t5iW2 1 t>\ &&&£ {.rmmtZo 

[0081] %lZs 09©S 9 0 2CDMiItCfcN^T, $!JM2 1ti, UFf-^^-X 

1 5 tC^^tlTlNSib^^T7©-? %ffitil{bS!t%l*77lZ'3^T(DB%tt]D F 

zMtatZo fy»2iti, MttibfcBmD F ts mn{ksm*-7iz&ij& 

mt&0 i9©s902cD^ii;&mTt-s^!jW211\ nm&^tir 
^itbt" So 

[0082] ^UT, IH9 0S 9 0 30^LIltC33lNT, $J«2 1ti, 

INT0U Ffr£>tiJfiHb-&^tCO^T(Z)U F £}JiW"t S d £ tC <£ y, iii^b^ 

ya£mftibsy[i£<D{b&Wi'<7<DUF<omft%:W&t2>o *^»M-eti, 

^ffiitS'W}£(DibSl$}*7(D u F CDl^^£:, Difference Total 

h^iBTSo a^b^tj&tfgftMb£ti©ffi£ti, JSMWI o^frUT^-
•+fA^s:^^^sd«htcj:y^^ns0 in9CDs 9 o 3 (Dm^mfitZ>M 
«2 1 tf, LT^fg-TSo 
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[0083] HI90S 9 0 SIM2 1 tt, 

lNT, F©£-fHit£Difference Tot a LCD-fit£A*—±£t~ S cfc 9 tC 

, 7frt>&&<D$%%iDFzm&tzo d©*§£\ fyw 
2 Hi, ffi»]DF0i^PS^LT, 1 7fr£^&©I!Efc] 
D F^atli"rSJ:9^LT:fcJ:lNo mti\ $JW2 Hi, 
X 1 F^atti-tSJ^CLTtcUNo 

fcfcu $y«2 1 

ti, SI££ft®;£tcft;LT, 

[0084] $y« 2 Hi, @9©S 9 04 ©II^p^0tl y jgf d £ tc J; y, *f 

m<D&ti\D F {?){,-7°) ^Mt5o ^«MM-eti, 

ft]DF4ttjvffl^, D H§E"t SQ $yM 2 Hi, @9©S90 

ACDm^WkV'MtZlt^ 7^^, ^©S3E^DF^ 

^ > y A tc a ̂  f s c ̂  tc j; y, 1 anx ti*t GD D F £ fEj$ 

t~ So 

[0085] HI90S 9 0 40MHtCfclNT, »p£B2Hi, i^j-^-^1 7fr 

£>, mmimDF^atnu adiLfc*f££0j[3Eft]DF£ffliNTDF£ii^ 

^^^"TS^e'tCLTt^lNo tLT, $y»2 1 (i, 09OS9O4© 

y St d t tz£ y, 1 ffl!IXti*t$MI© D F 

fEJ$1~S J; 9 tC LTt <£l\ £©*§•&, $ytW 2 Hi, g|9®S 9 04®M 

mzmv&tztiz* 7^^, M®nftiDF^7>y 

AtCttttit" S ct 9 tC LTt <£l\ 

[0086] 1I90S 9 0 5®MHtCfcNlNT, $yM2Hi, 09OS9O4© 

MH-e^^ti/cD Fms-itmz-D^r, &f%itD 

FD F ttz* ?T, 

tSo ftlftPSB 2 Hi, @9©S 9 04 D F W 

J$3*lT^St§£\ #D FH^-tt^tCOlNT, {bSl®}(DSf&Wi'$t%:Wf&tZ> 

o M9(DS 9 0 4M'S 9 0 5ffi^l^^TtSfyW2 1 tf. 
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xmtfetZo 
[0087] DFms^mz^zn&mmzmDFt 

fisbt£Z>1bS^0)'nJ&$&'$!0)W%:s i1 OlZTisto M 1 OiZ^t^OiZ, D 

F iz # s ti s D F mi^-t* & 6 ® y -e & s „ 
[0088] fUT, 1I90S 9 0 2 Hi, @9©S905 

So W2 1lt ^1M©UF^ JU"F©#Jli^J;oTWai-ri)o 

[0089] 0J£LT, i1 0©D Fffi&-&mz£V& im DF1, 11 

®DF2, im DF3, gftHb^tl" (Dib&MKD&I&mmz^-cmWtZ 
o ^r^b^tiAA^^r^b 

&yoB# Sti, *P^BAN|3@tsnz^siz-D^T 

mntZo tts i it gft<b^©uFfre>nfc]DF3£}mwr 

sc^tc^y, ^riMB©uF^miht^o mz, 1 tt tpm 

\kS1fa&<0UFfrt>Wi'8\VF 2*WMtZ>Z.£\,Z&Vs ^IMA©UF 

^Wtti"TSo £0^9^, $y«2 Hi, gftHb^ZlOU Ffr^ll^D F 

£>££££ y, @9©S 9 0 5©ftLS"e^jS^tL^c^b^©^ 

F^waif^o 

[0090] M9(DS 9 0 6®MHtCfcNlNT, 2 Hi, HI 9 0 S 9 0 4 ©ilt 

^js^n^cDFmsvmz^zn&mKDmDFo^msviz-D^z, m 
90S 9 0 5 ®MllT^J$3ft/db^©^J$l£^C#StlS^P^b^© 

UF^Wlht&o fOM 2 Hi, @9©S 9 04 D FII 

&D FaH^-t^CO^T, lb^©£-J$HE£ 

tc#stis^rP^b^©uF^wa^-rso m9®s906®MH£^T-ts 

liP^2 1 tf, fs3Hd^«>: LT^fg-rSo 

[0091] HI90S 9 0 7 ©MUtCfclNT, ftlftPSB 2 Hi, @9©S905 

ti/clb^©£-j$HE£IZ-DiNT, tJHfglb^fre> gmtSty 

%z(DSj$mmtLzj$±Ltz>fr:gfr%:mfetz>0 $m^21«, 1190s 
9 0 5©^S^&©fb^©^J$&j&tffEj$3*lTlN£ji£-, 
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tc^T, LTf$±LtZ>£is:gfr 

[0092] d^ti§r^fr£>@^timmxvsj&mmt LT 
mzmntzo 

c^j^y 1 ] @9©s9o5®&mxwi&-ztitz<b&yii<D&f&mmz^£ 
Flf^j i~X(Di\£%:^tZ>^S, »P^2 Hi, 

tes difglb^fr£>@e<Hb^S 
X(DSJ&Wi'$it LTJ^iZL&l^^J^tSo tpmibS$t(D\J F £)<^"(1-X(D 

LXJ&±LLK^(DX\ 
1 ti, ^(D^mitS^l^^itS^KDSl^WlZ'D^Xtes 

@ St© £ L T iz L ft ^ ¥y £ "t S o 

[0093] C^iJ^y 2 ] $y« 2 Hi, @9©S 9 0 5 (Dm^XWf&tStltzlbS^O) 

sj$mmz^%nz*m4ts*mu FvmTiiimttzimtzo 
tLT, @9©S 9 0 5 (DmMXftj$$tlfzit,SW(DSJ$m$&lZ^£tlZtp 
mts^(Dv F(DWs^mitmsmitvmx^miffo^s, $y«2 ^ 
ti, ^(D*mibS^tk<a&{tS^(DSf$mmZ'D^Xtes 

fo4bS^%X0)SJ$$&'$!t LTj^izL&i^iJ^-tSo tpmibS 

fyW2 1 

ti, ^©^^^ti^^Mb^tio^ME&tcoiNTti, ti^bi=r^fr£>@ 

^b^ST®lb^©£-j$llE£<>: LTj^izL&i^iJ^-tSo 

[0094] ;^tc, H9©s 9 0 8©MHtC£lNT, $yM2 1ti, @9©S 9 0 5© 

MllT^J$3ft/db^©^J$l£E£©9 t>, @9©S 9 0 7 0MH"eai^^b 

^b @St©tisXJ&iLt&t^feZtltz(DS 

J^cHSS^rlStiit" So 

[0095] tLT, 1I90S 9 0 9®MHtCfcNlNT, ft|$p£B 2 Hi, @9©S908 

®MH"efflai^tl/cjb^©^®tC^lNT, -fb^©^®tCaStl 

s^b^©^-effliN^tiSi#^^^^-rSo zoims, $JW2 Hi, ^ 
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7£#B§UT, 4kS$tQ(DSl$$&'$ilZ^3inZ>4kS^(DSl$ 

Ltcif^X, 1 tes 

1 7 F 

in 9 0S 9 0 S(Dm^X^lStltc\tS%(DS^m.mz^ 
nz>&%mDFizttLzmv^zz>ztiz£v, its^osj&mmiz^zn 
2><bGyt}<DGf&-cm^t>ti2>&m$:5kfet2>o W2 1lt @9©S 9 0 
8<Dm£z^&zntc4bs^o)Sj&$&mz^;%tiz>&%mD FC^LT, m 

tC LTt <£l\ 

[0096] )X^?\ 1I90S 9 1 0®MHtCfcNlNT, »p£B2HiN @9©S908 

om^z^&isntcits^os&m&o^n^niz'D^z, 
$&lZli%tlZ)tpmik'g^CDU FlZ&-3^Ts 1kS^CD'nJ&$&'$ilZli%tlZ)tp 

zvms, $yw2 uiN UFT-^^-XI 

iii^2 1 ttN ^t)©^ns&^#stLi)^r^b^ti©u F uFf-

*^-3.1 5 KteM3*lT^£<b£-$l©U F £tf-grr£*§£\ UFf-^ 

1 5 tC^3tlTl^b£^©U F 

m<DU FlZttLT&$k<DlkSM}<D£fo&M£tfVt>tlTU F ?-$*-* 1 

$y«2 Hi, lbl^©1^l£E&tC#StlS^ 

[0097] $y«2 Hi, -fb^©^®tc#stis^rP^b^©u F UFJ 

5KteM3*lT^£<b^$l©U F itS®} 
(DSf$mmz^%n&*mits^(D&m%:}kfej£tizs zo^mtsmzpR 
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[0098] MZ, KEGG(D?-$*-XlZ^mzn 

ZlCDi§n\ U Fj-^-7 1 5tCti% K E G GCDT1'— $> << — 

F UFf-^^-Xl 5 

K E GG(D?-$*-XlZ^B$nZ^Z>4bS^(D[J F0<^*£^3tl 

zm&s it&yan&i&mmz^tnz^mb&yiKDUFt, UFJ-^-

[0099] S/c, 1I90S 9 1 0®MHtCfcNlNT. $yM2Hi, @9©S 9 0 8© 

$)©£•$&£&iz#£ ti£ J^\ Hj® J5£> £ frMJS ti, 

[0100] $y«2 Hi, i^r-^^-Xl 1I90S 9 0 

^ti/-cfb^©^®tc#stis^rP^b^©s^[]D F 

^£HfcHb^^:p£&ai-r£o *21 u, ^Ltcimits^yo) 

@9©S 9 0 8®MllTttdi3ft/db^©£-J$llE£tC 
^%n&4bs^*7(D&4bsty(D&mtti<-$Ltz>ms, 
7(DKlfo%:%mjRlfot)kfetZ>0 %m^2. Hi, (D 

@9©S 9 0 8®MllTttdi3ft/db^©£-J$llE£tC 

ll^7©S[S^iW^}^t§o S/c, fyW2 Hi, @9©S 9 0 8 

Rtfs iKM1tS$fy%Sl$-$~ & Jx.Jib> 

£ flx^IJxJ^A t t~ S o 

[0101] @9©S 9 1 1 ©MlItCfc^T, $y« 2 Hi, @9©S 9 0 8© 

[0102] @9©S 9 0 8 0MH-eatli^tl/c'fb^ 
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$1 ©K # i; ft £ &J5J& K £ £ g G x * -£<b £ ftW U ftW 
$p^£g^T&J5Jfc©lR]$£^t" £>££££ yfrfc>ft£>0 @9©S 9 0 

8 © MII t a di 3 ft fcib ^ © ̂  ® tc # s ft s & s IE ;£ IR] © JS jfc 
Atf-Rl&KJfcZfc&mS, $yM2 Hi, IH9©S 9 0 8©MH-effltii3ti 

%tz 
, @9©S 9 0 8©MlItffldi3ft/dbl^©1^l£^tC#SftS#J^4C 

»PSP2 Hi, m9©S 9 0 8©MH"eaai^tl/c 

[0103] fUT, II 9 ©S 9 1 2©MlItC£lNT, $yM2Hi, @9©S908 

©MllTffldi^ft/dbl^©^®©?^ 
^^s&^aai-rso @9©s9i IMS9 1 2©Mn^^T-rsfyw 
2 1 tf, LTlitSo 

[0104] @9©s908 (Dm^x^isntz\ts%(Ds^m.mz\m^\ts%if^ 
ftT^S*!^ *2 1 tt, &mtSty<0%M*5k'fcLtzmz.s 1I9©S 
9 1 1 RXfS 9 1 2 0MII^^T"TSO $JW2 1 ti, K7-^± 

LTt) $ij.3.ti\ U Fj-^-7 1 5 tC, KEGG (D?— 5> * — XlZ 

g&3ftT^£<b£-$l©U F©^tf$&M3ft£*§£\ $y«2 Hi, Pub 

C h e m, B R E N D A, Met aCycftd: ©ttHt^T1'— $ X ̂ r#,^ 

S/c, *2 1 (i, 

^SB2 2^^LTM^b^©^^^ZL-+fHcPp%N^^ ^SP1 0£ 

^LTn —tfMlbi^]© £ fft© A^i £ ̂  s;: <>: tc j; y, {jx^j-fb 
^tl©M^}^LTt <£ l\ 

[0105] ibi=r^©lb^Mi£ 

£IB}Ji~tSi&^£>So ^(Dtzisbs »PSP2 Hi, @9©S 9 0 8©iIl! 

ttai3ftfc<b^$l©^£&i&tC#£ft£><b^$l©£^£^U <b^$l©£ 

fftfr^bl=r^©lb^££}eiiLT, $^fttC^Rrtg1f©&£^£&j£& 

©^J/E^fToTlN^)0 fy^pS|32 1 ti, 'fb'n^T1-— — X 1 1 £#,0,flt~S d 



WO 2012/081723 30 PCT/JP2011/079378 

$y«2 1 &, K 

itsynaxt^ 
LTt ct lNo fjty$pSR2 1 tiN 1^PB2 2 LZikSWKDik^M 

EgLTtJ:^ 

o 

[0106] :X^X\ @9©S 9 1 3<D®MIZ&^T, »PSP2 Hi, @9©S9 1 2 

©jra-eaai s ntcSj&$&mz j: o na g mts^ot JUIUM 
(%) zw&tzo zomSs $y«21^, @9©s9 12 0Mii"eaai 

£ tl/c-nJ^clISStCcfc O T "n J5c ^ tl S H5|8Ub^$l £ © 

(%) LTt J:lN0 $y«2 Hi, @9©S91 2©i 

S-eaai^tL^^E&JCcfcoT^^tLSg^b^ti^oiNT, Jimibiir 
iiiw (%) *\ 2% 

mMLXs 
iyn^2 1 ti, j^^b^^^ai^b^s-e0^Mst/iii9 0s 9 1 
2 @9©S 9 1 1 
/c^Mtc^^T^^tiSg^^b^tc-^iNT, mWbS^-frbO^^ 
HfiW (%) ^Wtli-rSo Jimibi=r^a)l^i, }#fFSB 1 O^^LTZL-

d©Ji^ *2 1 (i, S3E^ 

#S0LT, ^ 
JUIlf$|J|X^CDftJfHiN ^Jxti\ Biotechnology and Bioengineering, Volume 

42, p. 59-73 (1993KC§Ei6(OT;£tCJ; 

[0107] H90S 9 1 4 0MHtC£lN-C $yM2Hi, @9©S9 1 3© 

$i^) s^^^y^-rso mmzs o%^i OO%JP2OO%I© 
EaMi!£lx^"T S C £ ifrUffiZJb So 

[0108] fUT, II 9 0S 9 1 5©MHtC£lN-C $yM2Hi, 09OS9 1 2 
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@9©S 9 1 

;niiiw (%) r 
/£r£<b^©^£i&E&£&air£o @9®S 9 1 3, S91 S 9 1 

5 0tt^^TtSfyW2 1 t>\ HI 

90s 9 o 

»PSB2 Hi, @9©S 9 1 3, S91 4&£/S 9 1 

5<DtQ.m%mftTzzttePiffi-e$>z0 £to<DfaM4k£yi}%£n£tcte£m 
MHbi=r^a)U FK^MK 

(if) vmnm^znztcisb, 
#9^b (^ft&oJ^M) 

[0109] @9®S 9 1 6®MHtCfcNlNT. ftl$p£B2 Hi, @9®S9 1 5 

ft&^s&E&oaauis Sf$mmz^%n&&Ki&(Di%mm(Dmk>p®imm 

fj -O X & ct lNo 

[0110] &fc\ 2 Hi, @9®S 9 1 1 RZfS 9 1 2©iI^MLt:fc <£ 

U II90S9 1 3A^S9 1 5 ©fttSfc^WSLTti U @9®S9 

1 60)mM^^mLri <U\ S/c, »p£B2 Hi, @9®S 9 1 1 M'S 

9 1 2(D$Jimts @9®S 9 1 3frbS9 1 5 ®I1^N 1I90S 9 1 6® 

^^T-rsjiiS^^MLTt^iNo mti\ WSP2 1 (i, M9(D 

S9 1 3^f,S9 1 ®9®S91 1 RXfS 9 1 2 

©$M£^frt £ ct 9 LT t ct lN0 

[0111] 1I90S 9 1 7 ©ftLSlCfc^T, ftlftPSB 2 Hi, @9®S9 1 6® 

Miitaa^n/c-^iisg^ *p^bi§r^ 
St/ § &^'fb'n'^(Di§";:§f^S.'t/i§" U F 'n'/S$?£§•£<- tS ̂  SI&JXJ/CA"?? b ft 

zmmts z<a&m&ziiitiTz0 zvms, $JW2 Hi, 1190s 91 
6 ai 3 ti/c£-J5£HE& IZ is li Z> OI^TN S3E^J5J^"efe S 

@9®S 9 1 6©MH"efflai3ti/c£-J5£ 
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texts* $y«2mN 

HHE <U\ HI90S9 1 6®MHTffltJH 
liP^2 1 (t tpmibS 

WKD^mZ'KTLTS 4^b^$KC#yy^T£ftfcm^©#^£s @9©S9 
1 7 0Mn-eai^i^tisi*$^cjiip-rso 

[0112] myites W^2 Hi, m 1 2 1 &OM 2 2lZ£^Ts M 9 
®s9i 6©«is-eaai^tL^^E&i:N si&mmz^tt 

LTt<UNQ nn iau 2o®MWii 
^3tl/ciI£-®$ijTfeSo 

[0113] ^12 1^12 27tt, -fb^A, BN CRXfDmtS^(D&mZfo 
yN vc0000i^M^b^tcSiJ1'J^T^ti/cm^a)S^-efeSo m 2 1 
INT. &o\ tpmitsynkfr 
b FsKb^tl B £t S J5J^S3Eft]JSJ^Tfe S £ £ 7^#^ 3 tlT IN so S 

/c, ^1 2 1 tCfclNT, 

J5J^TfeS££7^#£3tlTlN£0 H1 2 2tCfcNlNX, tJHfglb^fr^c^ 

^b^A^^j55c-rsJ5J^^S3E^J5J^TfeSCh^#^^tiTlN^0 %fCs H 

1 2 2tcfeiNT, ^r^b^tiAAN^^r^b^tic^^-ri)^ im, * 
mits^ c ̂  t> g mtstfa 
TlN^)0 

[0114] H1 2 1 &OM 2 2 0g^[]J5^i#^A^t/BtiN U F 3 IZ J; o Tf#£3 tl 
Slb^h U F 4lZ&^T^fetsnZ>{kSV!)t(D*7(DKJfclzm^bnZ>m 
HTfeSo ^12 1 S.t/1 2 1 U F 5 tCct o T 

^3*l£fb£-$]£U F 6lZ^^X^tStl^{tS^}t(D*y(DK!tlzm^ 

bnzmm-e&zo m 2 1 &m 2 20^0 F m, uF3fre>uF4 
&t/\ U F 5 i)Nf> U F 6 ?:II L/ct® 2 9®/^ 

5o UF3ANf)UF4^HL/ct^, U F 5AN£U F 6£<®W 

m-(DiitTfeSo L/cAf9T, H1 2 1 &OM 2 2T&, tiifg 
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mm&, BN c^t/D^syy^T^tiTiNSo 
[0115] mi 2 1 (DZm&lfcMmERXfFte, U F 7 K o T^3*l£<b^$l£ 

U F 8lZ&^T^fetsnZ>{kSV!)t(D*7lZ]ntf&KJfclzm^bnZ>mmZ 
feSo m 2 1 (D%mD F 2ttN UF7^f,UF8^HLfcitfe5o L 
tcif-oXs m 2 1 

LT, S^S^g^E^t/F^SiJi'J^T^tlTlNSo 

[0116] mi 2 1 ©EEfclJSJfcBfSlG&tf HttN U F 9 tCct o tlS'fb'n^d: 

UF 1 otc^Tf#£3ftsib^£©^:p©J5j£4cffli^ftsi#S|--e£>s 

0 EEfcl&J&gfil I Rtf J tis U F 1 1 IZA^TftfcZtl&lk&WltUF 1 2 

iz&^T^fetsn&iksvQt&^T&Kjfcizm^bn&mmzfc&o m 2 
1 ®g3E^ DF3&, UF9A^UF1 0 &0\ UF1 1 fr b 

U F 1 2^;IlLfcfiO2o0/^->^^o UF9A^UF 

1 U F 1 1^^UF1 2^1fL/cffitlt H-CCHTe 

feSo L/c^T, ^1 21tli, ^r^b^tlBA^g^b^tl^^-ri) 

LT, BEfcl&J&BfilG, H% I J tftyy^T^ 

tlT^So 

[0117] ||1 2 20ll3Eft]J^I#SlK&t/UiN U F 1 5 K J: o T^3*l£<b£-$l 

ihu F i 

HTfeSo H1 2 20gESlDF4tt, U F 1 5fr£U F 1 6^;IfU/ctt 

feSo L/c^T, ^1 2 2-m, 

LT, S^SJ^g^K^t/L^Syi'J^T^tlTlN 

§ o 

[0118] m 2 2©Hfc]J5JfcgfiM;&tf Ntt, U F 1 7 K J: o T^3*l£<b£-$l 

hUF 1 8tc^Tf#£3ftsib^£©^:p©J5j£4cffli^tisi#S|--efe 

So BEfcl&J&BfilO&tf Ptt, U F 1 9 tCcfc o tlS'fb'n^d: U F 2 

oiz&^T^fetsn&iksvQt&^T&Kjfcizm^bn&mmzfc&o n 1 
2 2 0S3Eft] D F 5 &N UF1 7j&^UF1 8 ^IlL/cffi, &0\ U F 1 9 
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i)^UF2O^ifL/cfi02^0/^->^^o U F 1 7fr 

£>UF18 UF1 9i)^UF20§;llLfcffi^tt, |WJ — 

©ffi-efeSo Ltcif-o Xs ^1 2 2-eti, 

LT, ufci&j&BfiiM, N, o&tfptftyy 

^T^tlTlNSo 

[0119] $y«2 Hi, 1I90S 9 1 5©MHTffldi3ftfc^J5£|£E&tC-3lNT, M 

90S 9 1 3®Mil"eWai^ti/c^;niiiW (%) 

J:lN0 UK, $y«2 Hi, @9©S 9 1 7 tiS 

It^c, @9©s 9 1 3®Mii"ewai^ti/c^;niiiW (%) 

iZJlitett ft £ ft ^ {Z-D^X(DIf $g£ it JQ LT t & l\ 

[0120] $y«2 Hi% @9®S 9 1 7 0MH"eai^lL/c1f$^, ?-^*-Mb 

L TIE'lltnIS 2 0 tClE'Ht" S cfc *MC L T t cfc lNo S/c, fy^P^2Hi, HI 9 0 

S 9 1 7 L/c'l*#£, H^SR2 2tc^-TSJ:9^LT:fcJ:lN 

o 

[0121] $yw2i^\ <b&M<D<b¥mm.zpftfe<Dmmizij£?x 
U F {bSVQ*7(D-j5(D{bSlV!QlZ'D^X(D\J F 

^OMbl^KC "3^X011 D F (f§1^Mt) £Wai 

t^o $yw2i^\ &mbs%/uzr>^x<»u F^aifg 

fb^ti iz -D \jyx (D u F zmut z> z £ iz £ y aifUb^ti h S h 

7®DF (fs2^Mt) $yw2i^\ aifg 

\bstyfrb&mbstyi?.z<»si&m&iz&u%m'\ M2 

&s &m<b&MRzfE#i<b&M£. &m<D%i mttmtfrbmj&ztizo 
[0122] *mMMmiz£n&, &m<b&MRzfE#i<b&M£. 

frt>mj&ztiz<b&M<D&i&m&zw]&tzz.£iz&i>), ai%\bs%&*> @ 
WbSty S xv>m%v>1bS^GOt&zt AM 
MMmz&s ft&isntz&%{bs%frbmwbs^x(DS&mmz^iiin 
zibSWi-s ^*m\bs%hxfo^xibu ®M\bS%h (^ftUbSW x$> 
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^TtcUNo Ltzif^X, 

w&zntz 
@ G<Hb£^SX(DSJ&^lz^StiSits'®}*7iz£ttS, S3E^[]J5J^ 

tfeoTt J:IN U (^ft]J5J£0 "efe^Tt^lNo L/cA^T, * 

Kj;tites imjRjtztt&i&m&zwi&tzz.ttf-ezz„ 
[0123] 

#Sti£f§1 ̂ ^LltC^LTIl3E^J5J^i#^^SiJ1'J^T^tiTlNSo 

Miz&tii^ &mtsm^mwts*mz(D{bs^(DS!$,mmz^;i£nz> 

[0124] <3-t KP^r^7°P 1 > 

M®3-t KP^>7°Pt°i->m(Dm&j5}£(Dn-(D?Mmzs x*v-
PM££M7U^Cj$j^I£LT3 - t KP^>7°P tt>WZ&&t 

#fr0 PM££M7U^Cj$j^I£LT 3 - L KP^>7°P 

t^-y^ic^-rag^ £tzimrnm<D%m<4E&£fc£&*zmtot>ti 
tzmm^m iNTtT^o 

[0125] lit, PM££M7U^Cj$j^I£LT 3 - t KP^>7°P 

LTti, EC 1.1.1.92£ LTM^^tlTlN^^^r+fP^'J P 

—JUlt b y^ $ — -ti (oxaLogLycoLate reductase) 7^ ̂  tf £> tl S <> CICD!#^ 

MlN-ni, LT^^P^'J P-JHI^^^+fP 

Mt^APU M^J^4C#9NADH0NAD^0l£lbtCg^X P»Jt (^340nm 

) vmtzmmz LTsit£>u=t Lxm^ttrnwit 
LT, m?Ll£s J. BioL. Chem. VoL. 243, No. 10, pp2486-2493 (1968) IZ 

§Ei63tl/c<£9&;fr}£t\ ^a-h,:Et7SiE xi/i ij k7ilt /< 

p'j^Miia, &*>\ 

[0126] **+rn?'J 3-JUMls??*—tz<D%1£%tiT&fflL£mis 

(DEZfuzttizmmmzi-K-TSDNA£ix*§u >j 
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&vm\tz>ztz%z>zt.ifzi*z>o s/c, 
Zl-JHtby^--tz£P- K1"Smfef 0 7°P;E-^-£<&;>:&7oP;E-

* - IZ W& t SI h tz J: ^ T1Mil 0 ;£'I4 £ # "T S I&£$1 £ ?# S £ h 1f t? 

fcfc\ 
[0127] (x$/x u urmmw > p 

'J ^M&EBiiK :>^—K^E^XJlllfflili.. /^'f JMlla 'J Vtfv' AjBlffljik 

^ 0 b-s'$3L)l'XMMMs V~0 i/ J 7i~3i P tf 'J ^ A 

jS&ffllik y<7 ?yy<?juxM&^itk IfSiFWJ^^tiSo &fc\ 3& 

<n\ mmntLz&s 7-tzsx s;ux 

s/c, ;t;£tc<£ y}Sl*tc@:^bU/c@l*s Ittti 

[0128] p— ;ntuy^ -tzSfc&^+fp y u P—;niuy^ *> 

i#20~4 y 3-LKP + 

^>7°P t°^>II^^J55c^-&SCh^-e$So /c/cU C01#^tilSi#^NADH 

£t?z>(DZKj&ikiznm%#£3 -£s7^& so tc JS J£; £ at 

tf) £ tC , NAD+fr <b NADH £ ̂  t s BUfsJSJS £ t) V 7°JU3 tt 5 £ <h J? S LlN 

o ^^+fpyj p-;u@tuy^y— 

Ll^0 

[0129] Sfc, 3-t KP^7°Ptf:*>St£j^t££WU ^+fpy'j P-JUit 

b y^ ̂7 --tz0*£<££Mt s3&£$)£B^s 

g&tc^y 3-L KP^>7P101§i=r 

Sim 
0*fe 0 t Z> 3.^ 0 tstfe £ ^ £ - £ tf 7? $ S o i£8 ti 
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s T^btiSo mn, ±M;^i O°C~4 

5°c-e 1 2-9 601^^-TSo &fc\ r3-t 
rnzGLJ ^im*zmmLtztsizmmttzimwrnz 3 
- t KP^>7°P kfJymZWInL? 

[0130] Wi£.yt}<D%miZ&tt2> p H&N AN^±M^A^3 

- t K P 7°P h $ ®P$S h ft £ LNTIi 

M"TSo P 'Jtetift mzyy^E 

o j^It^ h'J ^ A, ^h'J 

-7 A -f ^ >#^nlu 0!l x K 'J ^ A £ gs flp LTt ct INO ^ /-c% TKIt-fb 

-f K 'J 0 A7K;#^ zK@£{b±j U 7A7K;§}ts zKitlb T7 > ̂  - 7 ATR;#^ zK 

@£{b±)JUv7 ATR;#^ j^@£±j U 7A7K;§}ts ^11^-K'J "7ATK;#^ Ml 

£ 'J <U\ pHti 

, 5. O^Lt, tt?£L<l*5. 5£LtT\ 10. OJ^T, &?SL<&9. 7 

[0131] ±§E»4W'jtltLT3-t K P 7°P tftf •£ 

9 0!la.^ h-7^ =yO V-

xN y;up-xN 7JU7 h-7^ yj-tzp-Jk :>ZL-7P-T^ -tfy^p 

-X, T1 > 7°>N -tzJUP —XH©j^7KM) ; y 'J -tz 'J X V>-h-Jk ^r 

$/'J h-Jk ')¥\--)\s^(Dtf')7)\s^-)\sW^(D%Ml£^%1f^btlZ> 

o 

[0132] yy^-y, 

•7A, >j ymyy^-o^^yy^-o^^mis ^7°hx £IX^XN 

iSl^PX, P->X^-f-7°'J 

[0133] 'J 'J "7 A% 'J ymM-tl 'J ^A, 'J 

Vltvy^^A, i^-fb^ K 'J 0 

[0134] ttzs \f.-*?y, ^yv^yWk, -fy^> K-;k -p^vitu© $ > 
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[0135] 3 - t KP^>7°P lZ-&^Zm%}Z&Z> 

o I§M7A^P7h^77<-^^ 

iz <£ y, e> 3 - b K p 7p tr* >i££t#s i -? $ a (*§4# 
fF£5, 3 5 6, 8 1 2§) o feift^EiS^P7h^7 7'f- (HPL 

C) 3-t KPdr^7°Pt°^>I|^iSS|W|^-rS 

zttvzz o 
[0136] ±IS^;£tC<£^Tf#£ft£3-L KP^>7°Ptf;*>S£&, JWTSCh 

tCofc y T7^ 3-L KP^r^7°P to^>Il0S^7K 

US246970 

HCtlES^tlTlN-g) J; 9 tC, 3 - L KP^>7°P tt>W£* MM(Dfe1± 

TZMEEMmt £ Z t iz £ V&MalZT? 'J JUWZ&&T& Z & 0 

[0137] <3 -L KP^^7°Pto^>lt0M^;i~2> 

J^WR(D3-\i KP^rf>7°P *=*•+*-P 

M££M7u^Cj$j^I£LTVP >I£tC^1~SI^ fc^t/^P >!££ 3 -

t KP^>7°P 

7c^tC^HLTVP>I|tC^-rsi^^ 

MLZ^n^&lzg&TZ&M, 

sb bti fcm±W Z ffl ivT *T 9 o 

[0138] ZZZ\ ?T*yumM%M7LMlzR%0zmLr^u>miz£j$itZ>B$Mt L 
TfclU EC1.2.4.-h I 
©|#||&N x*>i 

mmtetffrbmmtzzt 

t^o £i\ 

[0139] tmmzp-K-tsDNA£ixt#u cti£ 
xi/i'J 

y^A-tSChTMfSC^-eS-So S/c, Tsilfefe 
fa±0MH£p- K"TSmfef (D7°n^-$-%:&tlti:J>n:£-$-lzm 
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Mtzttt-e$s0 & 

[0M0] ±&[stc&?tm£.yii*m^2>zttfx 

-tzhX hJUVftiiL/cifc 

titzs 

[0141] ±Bmm£tc&mmm<D%&$:Gtu < 
, It2 0~4 01C-eSJifi:^t5Ci: 
tCofc y /c/cu 

tf) S tC &, NAD+fr ^ NADH£H£"t S |#H J5Jfc£ £ >> 7°;u3 tt S £ £ TWS L IN 

o rf>^ NAD+^NADH^H: 

^-ratg^w-ra £ m ̂  s i d: tm s L I\ 
[0142] VP>It£3-L KP^>7°P SIfMtiECI. 2. 1. 15h L 

(Biochim. Biophys. Acta. 50 (1961) 

147-52.) S?ctO-ECI. 1.1.59£ LTMii^tlTINSJ^£M££"t £l#Si (J. 

BioL. Chem. 234 (1959) 1666-71.) Z tifX'^&0 ZtlbftW-

miz, 'MM'PmfcTmfr&z.&tfizj: zoxmz-D^ 
ttif2 o~4 o°c-etT9zttf?-$z0 &fc\ mmmo&jfczmnzfi 
9tt) J;IN0 

[0143] S/cN EC1.2.4.-£; maLonate-s 

emiaLdehyde dehydrogenase focfct/3-hydroxypropionate dehydrogenase^;^ 

3 - t KP 

^>7°PLIN0 Ltcif-?x, 

EC1.2.4.-£ 

£>tlN AN"3maLonate-semi aldehyde dehydrogenase focfct/3-hydroxypropiona 

te dehydrogenase;^^ ift#) d t if#? S LINQ 
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[0144] S/c, 3-L KP^>7°Pt°:*>I±§EI 

SfiS£$k 3-L KP^>7°Pt°:*>I££jit££WU EC1.2.4 

.-£ AN"3malonat 

e-semialdehyde dehydrogenase 33cfc£/3-hydroxypropionate dehydrogenase 

y 3-t KP^r^>70P 

&33\ 3 - L K P 7°P fcftf >M<Dmmm*±7&Ltz 133 y 

[0145] <3 —L KP^r^7°P 

«©3-1 KP^>7°P k?x>m<DWtmj3fe<D%=<DmmA. tfjutf 
33ctt/f!II^: 3 — L KP^>7°Ptf 

>IItCf SI*££#fro 

[0146] ¥)[s¥ym*mm%LTMmz^mtz>mmtLTte.s EC 4.1.1. 
71 h LTHii^ tlTlN^)N 2V JUlt^ (2-oxo 

gLutarate decarboxylase) b tlSQ Z. (DMMhZ~D l\"C #!lx.W^ FE 

BS Lett. 195 (1986) 43-47lZtm<Dj5feMit-3 TZ> Z ttfVZ 

So -t LT, #!lx.W^ Arch Biochem Biophys. 288 (199 

1) 22-28tC§Ei63tl/c<£9&;fr}£T\ i/a -h'ftXSil, xi/iijt7 

mmMs ;<?)\sxmmMs p mmtazfrbmrntzzttf-ei* 
So &33\ s 
/c, <U\ 

[0147] K-TSD 

NA£IXt#U Ctl^x^x 'J b7imii'©®^^?s±^ 

II m& a. & £ £ % y m L tC J: y £ At S d t TM# S d £ &T $ 

So S/c, !siM±©iii?:P-K"rsHEf©XPf-^-?:^ 
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& 7° • ̂  0 f £ I £ K O T t, §£l#Sl0;£'I4 £M t £ £ ?# 

zzttf-ettzo &fc\ <n\ 
[0148] &fc]©BB?!l£ ii/x 'J £ T • =1 'J © 2 -tf* 

vyju^jui£^ju/1^>^--tz£=i- KtslB^US-^-1 GQi^SlB^JWJ^ 

3*l£o fcfcU 2 

ai^3- ±IE±^SlB^©ffiMlB^^W-rSDNA,>:X K 'J yy'i 

> K ^#_e/N'T 7" 'J yy Xt~ SDNACDcfc 9 • y-efe oTt«t^0 £ d 

zb'j>*Sj:>btj:akfttLrte, ®^©+f+f>/\^7"'jyya-*>s 

><Dfo^<Dgkft-C&Z 6 0°CS 1XSSC, 0. 1 %S DS, fcfS L< 

0. 1XSSC, 0. 1 %SD Steffi^ tSi^fJtTvWy'jyyX-tS#: 

S/c, IB^lJS-§- 2 CDT7 $ y IIIB^lJ £80 %J^±N L < 

ti9 0%J^±, cfciJSft L< £9 5%U±, ftlZftt L< £9 9%U±(Dm-'\$. 

U 2 >y<?M 

£=l — KtSDNA-efe^Tt <£l\ 

[0M9] 

&*>\ vmmtL-T7 

-tzhX hJUVftiil/cifc mWmm, 

titzs 

fas 
[0150] ±Bmm£tc&mmm<D%&$:Gtzm^oimfai L < 

, t°jutf>i££#frj^>S4ncjp;L ®^2 0-4 

£ y 4i II £ £ 3 •£ s c h if t? $ a o 
[0151] filt^: 3 — t K• ̂ r'V7°P VlltC^^tSIfMtimaLonate semiaLdehy 

de decarboxylase (EC 1.2.1.18) Z t. Z 

(DMMte J Biol Chem. 2003 (49) 48674-48683 IZ IE® 3 tlT £ y N *ii^m 

yt#SCh^-e$So C0IfMtCOlNT:fc®^2 0 ~ 

4 o°cetT9 

[0152] /C/CLN 2=%-y'CfJl't')\/Wt?t) =7— i£ hmaionate semiaLdehy 
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de decarboxylase^:^#^t±-N T tfJUtf 

3 - L KP^:>7°P ttftfrt. Ll\ Ltctf 

^Xs !)$£!$] £ IN 2?){/$){/%&? 1})^ft— IzS 

tt^iftito £> tlN AN"3maLonate semi aldehyde decarboxyLase®;^14t iftto £>tl 

[0153] S/c, 3-L KP^>7°Pt°:*>I££jit££WU 

3-L KP^>7°Pt°:*>I££jit££WU 2-^ 

V — "tZ/St!feA*ii§to £>tU AN"3ma Lonate semiaLde 

hyde decarboxyLase^tttiftito i^tlTc $&£*$] £^INN y'JUP — X& £: CDj^^ 

<£ y 3 - t K P 7°p S d £ t T?$ SQ 

&fc\ 3 - t K P 7°P fcftf L/c £ 33 y 

[0154] <3-L KP^r^7°P 

M03-L KP^r^7°P C02107 

((S,S)-Tartaric acid) £:C00222 (3-0xopropanoate) 33 

ctt/C00222^: 3 — L KP^>7°P fcftf >MlZ&&t 

Z.Z.7i\ C02107 ((S,S)-Tartaric acid) C00222 (3-0xopropanoate) iZ 

C02107^C00222tC^-TSi#^ 

£ hb^T to ^ IN'T *T 9 o 

[0155] lit, C02107^C00222tC^-TSi#^h LTti, 4.2.1.411 Ltf®^ 

tlTlN^>% 5-dehydro-4-deoxygLucarate dehydrataseA^tf£>tlS0 ICOI# 

HtCOlN-ni, Biochem. J. 115 (1969) 977-83. tC§Ei6<OT;£^ 

tLTm&mttmmtLTs H&SUCIE 
i/2-h'ft7iiE xi>x 'J k7ilt s<? 

)\sxmrnm, PU^MH^ &33\ SB 

fr&7Liz£^Twm$nz>$m7Lmm%:m^Tib <UNQ 
[0156] 
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NA£M#U 'J 

mmxti: if*$m u tcmn^fe^z £ <J mxtz zturnszt #-e $ 
So ttcs 

^ 7° • =E - * - iz mm t s 11 iz j: ? T t, mmm ©S& £ # f s ti & ?# 
hZtifU^So &fc\ 

[0157] ^^O0SB^O<h LTti^tCfOI®^ Bacillus subt i L isCQ5-dehydro-

4-deoxyglucarate dehydrataseA^tf <btlSQ ICDH^tCOlNTtiN 

.. 5-dehydro-4-deoxyglucarate dehydratase^: P — Kt"SIB^U#-^ 3 COimS 

tlSo ^C^CLN 5-dehydro-4-deoxyglucarate dehydratase;§'|4 

SSfiff^P- K-TS^y, ±IE^#l3^(DffiMlB^^W"rSDNA(>:X 

h 'J >yx> 7" 'J yy X1"SDNA®d:9 4/lN;EPy"efe^T:fc 

<U\ IIT\ X h <J >^x> LTti, m%<D+t-f>/\U'J ? 

-fiz-S/a >CD^lN0^^"e^)S 6 0°CN 1XSSC, 0. 1%SDS,£? 

suit 0. 1XSSC, 0. 1 %SDStC^^-rS±^;I^-e/\^7"ljy 

-fX"tSlHWW f^tlSo %tcs I3^y#^407$ yillB^Uh 8 0%£Lt 

, SfS L< £9 0%J^±, L< £9 5%J^±, 4$tCfcf S L < ti 9 9%J^ 

_hCD[H — L> 5-dehydro-4-deoxyglucarate dehydratase^tt^^fS 

y Kt"SDNAf^) 

[0158] fi&£^©ffi^tifttC|l£3*i-fs 

$s0 Mn^LTti, y 
-tzh>, hjuvf-ejuiiL/cift:, mfazm 
^L/cllMtljif^if^ti^o $;%izj:t>jmtoizmfeitLtcm 
fas £*>-?%z>o 

[0159] M±.%(Dmfa% L < [tznvmm* 

s C02107^#^^^tCjDA, S^2 0-4 0°C-ejgjS^-frSI^tCj: UC 

00222% ^ s I <h tfU $• S o 

[0160] C00222£: 3 — t KP^ri>70P SlfMtihydroxypropionate 

dehydrogenasehlN^H^^ffllNTfT^ I £ 7^T$S0 ICOKp^tiJ. Biol. 
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Chem. 234 (1959) 1666-71. £§B*63 ftT£ kK £IZ 

J: y o 0-4 0°CetT9 

-e$So fcfcU 

ZVZxj&Wlffo&o NADHA^NAD+^^-r-Se^ 
&jt%:t)v7o)\st!ii:z>z£mttL\J\ skmmofe 

fr-D, nrnt^nkd^^tsmti^tsWi^^m^sz. 
ttfVftZ IA\> 

[0161] tctcLs 5-dehydro-4-deoxygLucarate dehydratasehhydroxypropionate d 

ehydrogenase£^#£-t±\ TC02107AN^ 

iNS^n"5-dehydro-4-deoxygLucarate dehydrataseSttA^iiE#) 

£>tl% AN"3hydroxypropionate dehydrogenases^^ ifS#) 

S I £ iffc S IA\> 
[0162] S/c, 3-L KP^>7°Pt°:*>I££jit££WU 

3-L KP^>7°PL0;t>I££jit££WU 5-dehyd 

ro-4-deoxygLucarate dehydratase^!!!]#) b ft, AN"3hydroxypropionate dehy 

d rogenaseSttt ift&) b ft ^ f)\/ P — X 4 £COj^MW-.ts b 

a^y 3-t KP^T^7°P 

&*>\ 3 -1 Kp7°p >&<Dmmmz±7&Ltztfcy 

[0163] <^P K-;U77;UP->'UfcNJ:t/7"^yx>®ii^;i> 

*fgBE£>^P T7iz -^JU-CoA^;7iz K-^-tz 

^>/U-CoAtC^-rsi^ 7-tz h-^-tz^JU-CoA^ 3 - t KP y^JU-CoA 

3-t KP^>7>,iU-CoA£^ P K-JU-CoAtC^-rsi 

^ ? p h-JU-CoA£^7 p h-JUT^U^'H fc^t/^Ph 

lit, ̂-tz^JU-CoA^-tz K-^'tz^v'U-CoAtC^-rsi^ 71z K-77 

-tz^JU-CoA^ 3 - t: KP^y^U-CoAtC^I-SI^ 3-th*P^>^ 
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^JU-CoA^;0 • K —JU-CoAtC^^t"K— JU-CoA£^P h—JUT7 

Ktc^"tSl*M, £<£O^P h-JUT^U^'H K£?P h-JU^JUP 

fcfS L < ti, T7iz -^JU-CoA^;7iz K-^iz^JU-CoAtC^ 

7-tz h-^-tz^JU-CoA^S - t KP^r^y^JU-CoAtC^-r 

fcNJ:t/3-t KP^y^JU-CoA^ p K —JU-CoAtClg^t" S 

L, <?P h-JU-CoA£^p h-JUT^U^'H KtC^"tSI#SlS 

ttfc^t/^P h-JUT^U^'H K£^P K-JU:P,/UP-jutc^f§MA{# 

h hb^Ti^to £ ^INTtT 9 o 

[0164] ^-tz^JU-CoA^-tz K-^-tz^^U-CoAtC^-rsH^h LTtiAcetyl-CoA a 

cety Ltransferase (EC1. 3.1. 9)A^t:f £>tl, Til h-z'iz-^JU-CoA^; 3 — L K 

P ̂ Ss y^Jls-CoMZ^mitLTti3-hydroxybutyry L-CoA dehydrogen 

ase (1.1.1.157)tfptf £*l, 3 - t K P 7>JU-CoA£: 0 P h-JU-CoAtC 

LTtiEnoy L-CoA hydratase(EC4. 2.1.17)tfptf btlS0 

mt£\ 3-LKP^> 
7'>,/U-CoAti, o nx h 'J V7 AS®^£^ft<>:tCj; y, Acetyl-CoA acetyl 

transferasedctt/\ 3-hydroxybutyryL-CoA dehydrogenase 

S Z £:&%} btlXl^S (Young Leson S. at eL., J Bac. 171:6800-6807 (1989 

) ) o S/c, AJjfUlitCfolNTis AcetyL-CoA acetyLtransferase, 3-hydroxy 

butyryL-CoA dehydrogenase, EnoyL-CoA hydratase^;P — Kt'Smfe-fti 

tl^tl-kmm(D$k&W±lZfel± LT£ y, mWfcSB'CSIf S zt%] 
f^tlTlN-g) (Duncombe G et aL., Arch Biochem Biophys. 176:159-170 (197 

6); Yang S. and SchuLz H., J. BioL. Chem. 258:9780-9785(1983); Obrien 

W., J. Bac. 132:532-540 (1977) ) 0 

[0165] Ace t y L-CoA ti E (D tC £ T i <? JU P - X 3 tl S ftUt ^ ̂  WX' fo & 

tcSbs AJlSft^TsitCffllNT^ P h-JU^UP-JU^J^ttSil^, 

0 P K— JU-CoA £^P h—JUTJU?tl KtC^^t"Si#^"efe-g)CrotonyL-CoA 

reductase^, OU h — )\y7 )\y? t; K£^P h — JU^JUP — 
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^T'feSCrotony 1 alcohol hydrogenase^; Z| — KfSil 

t> K ^ T * JIW&iftofettWMMkthZil tf&WT?£> £o 

[0166] TIEtC, CrotonyL-CoA reductasefocfcO\ CrotonyL alcohol dehydrogenas 

eom.^ti^fufflL-rcrotonyi alcohol^mm^mt 

£ ftj&tZ t Z> o 

[0167] <Crotony L-CoA reductase (CU h — JU — CoAAN b 0 • hTJUirt! 

0 • K — JU — CoA®3M7uSJ^AtiN &0 CD 

Vif, i/±^^JUCoA'jy^^-iz(EC 1.2.1.44) (CCR 

) fffeMtbrmfbtiZo J\SCOMJ 

i) V-y<D£.s$Lizi&wtaztib<Dfety}iz&nMttiizft&.t& 
t^ZbtlZo isuj Zj-Xj-lZte2 -3<D<( Vf<( Atffc&L. AtCCRI&tfA 

tccR2tm£nz>0 Kwzm8 2%<Dfem(^>/^ffiB^iife/cy) 
\ tlTlN^ (Lauvergeat V Phytochemist 

ry. 2001 57(7): 1 187-95) 0 ZOffiMlZAZ t, AtCCRHi 7 JUCoA( 

feruloyl-CoA)Jpi>^-^\^r JUCoA(sinapoyl-CoA) tCLTAtCCR2tCj;b/^^5'(nS 

j®;-"If i% i •N 4 if't co S If j; y js j®;-tc s i\ if % b ti s 0 

m ffi iz *° 7°7 m 3fe(DCCR * > / ̂  ff ^Jia•t?fgii £ tlN =t (DSIff#Si4 IZ 

Li blZ&St, 7$7:7&&CCR$y/<9Mte*> 
-j-^E -Y )[/Coh(DJ315s 7iJb^/f >/UCoA(Feru loy L-CoA) 

(Li L et al, Plant Cell Physiol. 2005 46(7): 1073-82 

<N FeruloyL-CoA#feTTiiJx£t\7^|ffl.iS£ tlS0 ~^3- 5-hydroxyferuloyl-C 

oA&l\ USinapoyl-CoAtC^ LT&lllffittAMJi; < N I CDcfc 9 lZSy±^^f JUCoA'J 

$ -i?(D^(DgMmiRt£telA^:b(D(DK!fcmZ*$ < &4ttZZttft) 
fr&o ^^JUCoA'J W$-\z%z\ — IB^ll^n^tiTlN-g) 

iCDl&s 'fill iZ t 3 — • '> J ^ 7"K 7 (Vitis vinifera) N -f ^ (Oryza sativa 

japonica) N ^EPZI i/ (Sorghum bi color) N t ̂  SV 'J jjZ| *j (Physcomitr 
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ella patens) tHk 

[0168] [H1] 

GenBank 5t A#^ 

CCRl NC_003070. 9 Arabidopsis thaliana 
CCR2 NC_003070. 9 Arabidopsis thaliana 
CCR6 NCJ308467. 1 Populus trichocarpa 
CCR 7 NC_008469. 1 Populus trichocarpa 
LOC100251623 NW_002239841. 1 Vitis vinifera 
0s08g0441500 NP_001061909. 1 Oryza sativa japonica 
Sb07g021680 NC_012876. 1 Sorghum bicolor 
PHYPADRAFT_111821 NW_001865258.1 Physcomitrella patens subsp. patens 

[0169] J\sCokl) tmWz, 7)\ST£ 

Tiz h7Jbft ^-Iz^Jl/CoAi:© 

J5Jfc£fr9 7-lz m*mmm(EC 1.2.1.10)t^:zc^^U7^^U=i — 

S7iz b-7)\s?£. adhEmfcf 33J:tfmhpF 

tC=l— K3*lT^£0 9t>mhpFjlfef ti3-(3-t K • 7 i-JU) 7° 

• (3-HPP) H 

-> J. — F^j-7>7??&:b1g$k<DTiz b-7)[/?£. 

dmpFilfef S7iy-WM?^n p< > 

& Z. ZiifTjk^tLZ^&o PowLowski J.et aL, (J. BacterioL. 1993 175, 377 

-385)o 3 biZ ^^^PV^JFMLTlNSTodl 

(Lau P et aL, Gene, 146(1) 1994; 7-13) tlT^So 

ZblZ. KT1'^ KP^f^---tz(EC 1.2.1.18)£p-K 

V7 XALdh6A1 (ALnout i Y and KLaassen CD. ToxicoL Sci. 2008 101(1) 

:51-64)=fcteffl L9SO 

[0170] 
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im.21 

GenBank §t AUTTI" 

rahpF AAC73454. 1 Escherichia coli K~12 substr. MG1655 
adhE NP_415757. 1 Escherichia coli K~12 substr. MG1655 
dmpF X60835. 1 Pseudomonas sp. CF600 
todi U09250. 1 Pseudomonas putida F1 
adhE NC_001988. 2 Clostridium acetobutylicum ATCC 824 
Aldh6al NC_000078. 5 Mus musculus 

[0171] 

XbtlSo 7*>* K /<<7 9 -Mtedtey y <7 2> z ttfft 

btlX^Sifs Z.tl^c'DiT'lS if SMM(DZ>t'D£)<^:3rV~71't>i- — )\y?\l KP 

?i—\z (EC 1. 2.1.42) Z&y s p-K"Ti)Acr1itfef (Reiser 

S and SomerviLLe C J. BacterioL. 1997 179, 2969-2975) l&fU— ~y^ 

tStls ±mLT©S1ftfirgs£3ftT^£o 

[0172] [H3] 

GenBank iSA## 

acrl NC_010400. 1 Acinetobacter baumannii SDF 

acrl NC_010410.1 Acinetobacter baumannii AYE 

[0173] <CrotonyL alcohol dehydrogenase (CrotonyL-aLdehydeAN^CrotonyL aLcoh 

oL££$tS»Sll#Sl) 

Crotony L-aLdehyde®M7uSJ^Ati 7JU3 — K P f~y — if (EC 1.1.1.1) 

KJ: y ^$3 ft aHK 2—x> 1 -* 
myites ^^^P^-tzX-tzb^yx^ADHI-Sjlfeftcp-K^ft 

S^JUP-JUT-t: Pn?i~-izte7,))\s7)\sZ\-)\sZfoZ>4-i/?(3L)\s7$;-

h "y yx-is y-y 1*7)\y?\l K£:SK£: t~S I £: ^'IIP £ ftTlN£> (Leskovac 

V et aL, FEMS Yeast Res. 2002 2(4) :481-94)0 y Jl,di3 tltc7)U 

P -JU? t: K P >f i~ - "tz 0-iffi'T? & £ GEDH HiMMm IZ J; o T iiiijfgii 3 ft tc 

$thZ%mM fclp^ — — )\st£if(D'r)\/*y 
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7)\s^—)\s%<D\S.h\ 

s LtcOU V-)\s7)\s?\l K©M7uJ5J^»t$S(Iijima 

Y et aL, Arch Biochem Biophys.2006 448(1-2): 141—149)0 

±X±(D^i-^)\s7)\s=\-)\s?t. KP^-iz (EC 1.1.1.195) tfeSAtCAD 

5 a&tf AtCAD4£N *JIS"Cfg3a33tlT^S (You 

n B et aL, Org. BiomoL. Chem., 2006, 4, 1687-1697) 

[0174] ^ASfi3fc©ALcdh(Genbank AB084581.1)IZ =1 -

tlS T'JUP —JUT1 tl K P —iz (Kazuoka T et aL, Extremophi Les. 2 

007 11 (2): 257-67) XjjBS3fe©ZM01696it£f tC =1 — 

P — JUT1-t K• — iz (Kinoshita, S et aL, AppL. MicrobioL. Biotechn 

oL. 1985 22:249-254) t> 7'J 

^MSNo. KP^-izt^'JJU 

^FJUP — )[/t 70 • b-Y >CDJx£t\£:fT9y (Otsuka K, J. Gen. AppL 

. MicrobioL. 1958 4(4) :211-215). g 

#7^ -P 7)1 P - JUT1' t K • *f ± - if IZ <£ y tlS Z ttj £0# 

-e$s0 

CrotonyL-aLdehyde^:SK<^ Z 5&lN7^\ 'i'VEquus caba 

L LusCDfFSllil^/'JUP — )[/?£. K • f~y — iztiCrotony L aLcohoL^CrotonyL-

aLdehyde^I|'fbt"'2) Z t ifyjktS tlT& lJ (Fontai ne FR et aL, C 

hem. Res. ToxicoL., 2002, 15 (8) 1051—1058)% /'JUP — JU 

?\1 — iz^CrotonyL-aLdehyde^SK^: L7ci§7uSJ^A^qTtbtS Z1 

£ UTIN^)0 

[0175] 
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[^4] 

GenBank g A#"^" 

aldl NC_001147. 5 Saccharomyces cerevisiae S288c 
ZM01696 NC_006526. 2 Zymomonas mobilis subsp. mobilis ZM4 
alcdh AB084581. 1 Flavobacterium frigidimaris 
GEDH AY879284. 1 Ocimum basilicum 
GEDHl AY879285. 1 Ocimum basilicum 
yqhD AAC76047. 1 Escherichia coli K~12 substr. MG1655 
AtCAD4 NC_003074. 8 Arabidopsis thaliana 
AtCAD5 NCL003075. 7 Arabidopsis thaliana 

[0176] <0u 

(AusubeL et aL, Current ProtocoL in MoLecuLar BioLogy (200 

3); Sambrook et aL, MoLecuLar CLoning: A Laboratory ManuaL, 3rd Editio 

n (2001) tj:£) %m^Z>ZtlZ£V, ft(Dm\%~?Wl$tZ>Ztif-T:-x*Z>0 

$iJ^Ji'_h§ECDArabidopsis tha L i ana|i|5fcCCR1 GenbankjSAll"^": N 

C 003070. 9 )£: Ocimum basi LicumS5feGEDH1m'fs:?l(Genbank§:AS"^": AY8792 

85.1 )£^L/c±T\ 

1 9 (D\ a c 7°P — -S7 — T/jitil]tCfI<^jAA//c7°^ X 

$KpCCR1-GEDHUiit50 $ blZs Z (D 7°^ X $ K D N A T? 

*JISJ M 1 0 9^£Mff$E^tSl£tCc£yCCR1£GEDH1£M$tSfI<^ 

Z(D±l I1MJM1 09 / pCCR 1 —GEDH 1 

t-pp&t So 

[0177] JM1 09 / pCCR 1 —GEDH1 ti (0*£^I 

?ES, t:^)I^^li^#(2002); VogeL H. et aL, Fermentation and Biochem 

icaL Engineering Handbook, 2nd Ed. (2007) &£f) tC <£ lJ inSt" S Z b ifU 

$2>o ffl7L&s 20g/L ©yjUZI-X, 5 0 ju, g/m I T7 > fcf*> 'J X 0. 2 

mM I PTG (^ V7°P K K) L 

/clt/jN-£-J5£i£it!210 0ml tCAJISJ M 1 09/pCCR 1 -GEDH 1 ^ 

MU y^xz\^m^sztx\ 3 7°cu2 4-mmu±mmtsztifu 
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in P 

ztcs m, m 
-e$s0 

[0178] &W&*<D<7U i^i!M^n7K^77-f-

, fx^n?K77^- ^^P7h^77^-IiMii (GC-

M S) N M^P7h^7 7^-IiMg« (LC-MS) 

[0179] S/c, CCRia^t/GEDHlMfef J-*fy 7"P 

-?hl 'J APC R>£, ^7"P>y h)S^^0^^(C)l^OCD73}i 

[0180] —;K#/£ (AusubeL et al, Current Protocol in Molecu 

Lar Biology (2003); Sambrook et al, MoLecuLar CLoning: A Laboratory M 

anuaL, 3rd Edition (2001) t£tf) tC M 1 09/pCCR1 

-GEDH 1 yp h-JUT^UP-JU©^'^^# 

®la.f£> <?P K-;ur;ui]-;u£j^McD#3lJ^£& 
P P KVftillL £tc 

immfefe&GLftiRGiT$ jmw.mz&vm$ik?£fe.*mi}\\-z-&, tu K — 
tfcs 

£t S l#ll©£fi$±I t S I £ ft £'T'C rotony L a Lcoho L © tt £ 

S/c, N TG^^ifl^S^SMH^tTlN^P K 

- ;u^tt^iR]± L/c@ft£}i££-f s1 £ y M UT? 

fOEf* ££=&-?$£>„ 

[0181] <7"^yx>0M3t^)i> 

±13® £9 tC L*Cf#£tl7c£ P K-JUTJUP-JU^WRJ^tC'fit-rSI.h 

T\ 7 ̂  yiV^lsa $ So ^ 'J 7'^>Ith:'XvX^ 

J; y ^7 p hxjU^./Uzi—>7^±J5£f"S I ̂ £Adams b 7^$g^ L 
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TIN'S (Ind. Eng. Chem., 1969, 61 (6), pp 30-33) 0 y'JUZl — X&if 

ittWlzifcilX 
i£it LtcOU h —)\yT)\y =1 -JU^Adams £ ifX 0 ̂ i> iZ^^t & 

z 1x\ ?oyx>s z t&Riffi-e$>&0 

[0182] J^Ts fete Ls J*TF©^ 

1 

[0183] xmrnMrnizfazmi (Dmmm (JU~F. ^»JI <^9) £§^i-£0 ^ 
MJ1 tes ^£&E&ft/£SMl 

(DW&HDMfom-efoztfs 1 izm&m&te, m^xh-ox, 

[0184] KEGG(D?-0*-XlZ^mZtlT^Z>4kSty(D&mJk 
XfibSMKDib^mit&G)?-* t, KEGG(D?-0*-XiZ^UtsnX^ 

(Dib&MxD'' 
ffl LT, 1 753 2 1 3imitSM(D&mR 

t/'fb'n^CD'fb^^JSitCDT1-— 0 ^bn^T1-— 0 X 1 HC|&i|ftL/Co KE 

GGO^-y^-XO^b^KO^TKEGG ATOM TYPETi^lE^ tl/c K F C 

7*—"7 V hf-^^KEGGf-^^-7,/)^y^>P - Kt~£££lc:J: 

lJs -fb-n^T1-— 0* — X 1 1 tC^b'n^CDiS^S.t/'fb'n^CD'fb^+ijsitCDT1- — 

**&HtoLtco KEGG^-^-XKgS^ftT^&lMb^tlfciU Keg 

D r a w'^-Jl/^fl LTKFC7 — "7 y K iZL/c0 

[0185] ±lE^tcfciNT, aifHb^$)£ LTL°jutf>l£^££ti, gftrtb^Zl 
^ LT3 —Hydroxypropionate^JS^^tlTs iknWliCDnfi&M&rCDWfi&tkffltla 

Ltco »PSP 2 1 T^\ 060S6O1 I £ IZ <£ y N 1 75 3 2 1 

3<@©<b^©U FtffE/£3*U UFT-^^-7 1 5tC*£^3tl/c0 »P 

SP 2 1 if, 060S6O2 T9 d £ K J: y N #] Ml 7 4 0 0 ̂ @© 

DFtfWdiStU i^T-^^-7 1 6tC*£^3tl/c0 

[0186] »P£P2 1 7^1I6©S 6 0 3&t/S 6 0 40^11^9 y, ^1 
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3 754 0 0 LT&feZtls fyW2 1 tCofc 

6 CD S 6 0 5 CDMll^frfotl/co 2 1 7^\ HI 6 CD S 6 0 6 CDMH^fr 

J5jc^ tl/Co 

[0187] $y«2 1 ^11605 6 0 70^11^^91^^^^, ti^bl=r^£lll^ 

[0188] 

»p£B2 1tfl60S 6 0 8 Z £t,Z 

J: y s 4 J^TOJSJ&XT1 v 7°£#frttf^blir^fr £ g £ t©Mg 

^T0l^l£^£ffldit££lN9^TT\ $JW2 1 3il6©S6 09 

<D®.mz?7?z.tiz£v, sommts^(DS&m.m\ 
tifco 

[0189] $yM2 1 7^li|6©S 6 1 O&t/S 6 1 1 ©^11^9 y, 50 

imit2 4{m{t 
Piffi&O&Z&I&m&t tlfc„ WsUitS^t LX</J^-7,t<m 

$JW2 1tfl6©S6 1 2 0MH^tT9l^tCj;y, 

AN^ai^^b^S"e©^j55c®^j5c^ti/co z(Di%Ss mm21 &N m, 

1 2KtelM3*lT^£:*MS©ftlftJ5JfcKll|-f 

^#B0t5o fUT, $y«2 1^6®S6 1 2 0^11^9 y 

% @6©S 6 1 1 CQMllTtttfi3ftfc^j$l£^Cc£^T"£-J$3ti-g>@^'fb"£-

mz-DINT, I^b^^^0^;nifiW (%) tfgaiStifco Jimibiir 

LT^uzi-x^^^ti, Jimib^fr^©^juilitiM (%) if 2 

^ft"FT, »PSB2 1tfl6©S6 1 3&tfS6 1 4 ©$M£fT9 d J: 

y, 1 zmoits^os&m&if^&^ntco mm2 1 ^@6©s6 1 5 
<»9m*:iij?z.£\lz& y, L 
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TatJH3ti/co 

[0190] Cargi LT 

s (WO / 2006/022664) tC§Ei63 tlTl^U- K (tf 

JUtf>ii£ (pyruvate) -^a77-> (a-alanine) ->(37^ —y (/3-alanin 

e) • >Itiz $ ~7 )\y? tl K (malonate semialdehyde) -»3 H P (3 —hydr 

oxypropionate) ) 7^#tlTlN/c (T§Ei£ 1 #1,1) 0 

Dfbi] 

BEflSJ® 

ME(S 

Cargi 11 IV— K 

[0191] a?7->£/3 y^~ x)Vy2, 37^ j AO-H 

(EC5.4.3.2) KEGGT-^^ 

^TIEit 2 — 5 

H2N: OH < > 
NH2 

H2N^\^Y'~vfP 

NH2 OH 
C01142 

H3C 
OH 

NH2 

a -alanine 

t 
pyruvate 

H2N" "OH 
/? -alanine 

malonate semialdehyde 

•31 

NADH 

NAD+ "" 

V2 glucose 3HP 
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[<ft2] 

OH OH 

oW 
O OH 

C034S9 

0 

»«VY 
O 0 

OH 

**vawi& 

EC 1.1.1.92 
HO"~Y"^OM + C02 

HO 

NADH NAD+ 

T 
+ C02 

NADH NAD+ 
•32 

Pyruvate V 7 V2 glucose 

ATP 

[<ft3] 

BSftjJxiS 
0 EC 1.2.4.-

+ H20 !JC 
C03087 

+ C02 

NADH NAD+ 

HO-JO^OH + H20 
o ^—* 

D XloH + I HO"^" OH + C02 
COC3B3 

NADH NAD+ 

3HP 
•3.3 

Pyruvate 1/4 glucose 
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[<ft4] 

EC 4.1.1.71 
HO' + C02 

H3C. 
U 

O 

pyruvate 

% glucose 

NADH 

NAD+ 

"V + C02 
o 

malonate semialdehyde 

3HP 

•5*4 

[<ft5] 

5-dehydro-4-deoxyglucarate dehydratase [EC:4.2.1.41] 

0 OH O \XA 
OH O 

SEPSIS HO VA" CS »W' 
V V C00433 

(S,S)-tartrate hydro-lyase 
4.2.1.81 

Pseudomonas putida 
^ H20 

V°H 

o^o 
r.nnn, =00011 

TT 
HN0--H O^O 

Pyuvate 

> CT~~^ "OH 
C00222 

3HP 

NAD+ NADH • iC 5 

V2 glucose 

2 
[0192] ^5002^9) ^ 

MMn2 izmsmites wmxfo-iTs mw^mmizu 
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ti £>=&©•? lift 

[0193] KEGGO)?-0*-XlZ^m$tlT^Z)4bS^O)&foR 

XfibSMKDib^mit&G)?-* t, KEGG(D?-0*-XiZ^UtsnX^ 

(Dib&MxD'' 

13 2 1 3m<D4tS^(D&mJkXf 

0 ^r'fb'n^T1-— 0 * — X 1 HCl&ilftL/co KEG 

G©^-^-X©^b£^C-3^TKEGG ATOM TYPET'i^lE^ tl/c K F C 7 

t— W hf-^^KEGG ?— 9 *—Xfr b V y U — y 

s -fb-n^T1-——X 1 1 tC^b'n^CDiS^S.t/'fb'n^CD'fb^+ijsitCDT1-— 0 

Z&HtoLtco KEGG^-^-;UCMii3tlT^&lMb^^ KegD 

r a LTKFC7 ̂  — v' y K L/c0 

[0194] ±|E^'f^tC33lNTs tti^'fb'n^^: LT4-hydroxybutyryL-CoA^:Ja^ Ls @ 

&*Hb"n ̂  L T1,4-butaned IOL^IBAE! LT, ita^](DaJ$IIE£CDfEJ$;;£lll£n 

L/co fOM 2 1 090S9O1 d t IZ J; y N 1 75 3 2 1 

3^©<b^$l©U FtffE/£3*U UFT-^^-7 1 5tC*£^3tl/c0 »P 

SP 2 1 090S9O2 ©$M£fT9 d td <fc y % ^ 7 0 0 OfSCDUfc] D 

FtfWdiStU i^T-^^-7 1 7KteM3*lfc0 

[0195] $yM2 1^\ ^9©S 9 0 3©$ra£fT9d£l;:J:yN @a<Hts^xfo 
•g) 1,4-butaned i o LCD U F £> tJH^'fb'n!t:^)"T:'fe'i)4-hydroxybutyry L-CoACD U F 

& Z b IZ ct lJ N 4-hydroxybutyry L-CoA£: 1,4-butaned i o L b COit 

*7iZ^l^X(DV '\ fference TotaL^^tJH^ titc0 

[0196] 2 1 tt\ M 9 (D S 9 0 4 Z. t. tC cfc y N Difference Tota 

^e> 2fsj^-FCDHfc] D F D F ms^m<DWM<nt>titc0 2 1 
^ i^T-^^-^1 i frbz>yy^izb o ofscDgifciD F^atnu a 
tti L7t 5 0 Oicua D F D F o fc0 »P^2 
His i^T-^^-7 1 1 frbz>yy^iZb 0 OfSCDUfclD F£JdaiU 

tH L fc 5 0 Oj®0S^[]D F^ffllNTD 
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1 0 0 6IH©DFl^t^MLfc„ 

[0197] W^2 1 ifs II 9 0S 9 0 5 9 ZtlZ£ y% 6ffl|I©DF|I 

tS©H351D F ^ tCct o Ts 6j®0{b^©^J$l£E£;&fFJ$L/co 

[0198] $yM2 1^\ 1I90S 9 0 6©$!LS£fT9 ZtlZ£ y% 

E&tCa^tl^P^b^CDU FtfgdiStlfco $y«2 1 1I90S 9 0 

1 Q\W\(D\tS^}(DSMtJHfglb^ 

fr^gfttfbLTJ&±Ltfy 

IB2 1#, in 9 0S 9 0 8(Dm^n^ ZtlZ^^J, 

{bSl®}£X(DSf&Wi'$t t LTj&±Lt&t LT, Q\W\(D4tS^(DS$LW&1f^ 

&Ztltc0 

[0199] »p£B2 1 if, 1I90S 9 0 ZtlZ£ y% 6f@CCHb£-$l© 

fyW2 1#, @9©S 9 1 CKDm^fr? ZtlZ£V 

s 6m<D{bSW}<DSl&m&<D:Ztl?tllZ'D^Z, 4bS^0)SJ$$&mz^;%tl 

mzttLTpir^©#^A^tiJ U ^T ̂ ti/co 

[0200] mwbsynt LT^UZI-X^^^tl, ftl$P£B2 1^9®S91 3 CD 

tl/co $y«2 Hi, 1 2 tC|§-i|rt^tlTlN 

^#0,i-r^o ®W2 i#^9 

CD S 9 1 kK @9©S 9 0 8 CDMH-effltJH3 titcS 

j$HE£IZ £ ^ x3 ti£ g toitsyniz-D^x, fr b CD t;ni 

W (%) ^'Wai^ti/Co fUT, n^b^-tli: LT^;u=i-X^^^ti 

, HSl^b^fr^O^SHJW (%) #0%J:y*$lNgtfrtb^$l£^£ 

-r^^b^©^®^aai-r^^^9^TT\ $yw2i^\ ^9©s 
9 1 4^tfS 9 1 5 el ^1 tCct lJ N 5 {®CD'fb'n!t:#)CD'n ̂ cUSS^'IS 

aiStifco s/c, LT^U=i-X^£3ti, 
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(%) 1 o 
$y«2 ^ t<s 1190s 9 1 4&t/s 

91 1 m(D4ts^(DSj$mmm&&tsntc0 

[0201] ii 2tc% lt^<HcatJH3 
tl/'cfb'n^CD-n J5Jc^£StiN 4 — t K • ̂r'>'i§II (4-hydroxybutyr ic acid) %: 

HfiLT, 3-DOmm (EC2. 8. 3. -N EC1.2.1.-N EC1.1.1.-) 

1~ £ £ T\ 1, 4 7"^>^-Jb (1,4- butanedioL) & Z tifZ 

*nb^^ uFf-^^-xi 5 izmmtsnx^sits^}(D\j Fomnt 
b-BLLta^tctoizmfeom^ (VC00002) mw^Tbtitc^mts^xfo 
§ o 

[0202] Genomatica Inc. (CA, USA) 

gtCJIdiU (WO/2 0 0 8/1 1 5 84 0) tClEi^tlTl^ 

HS§ (4-hydroxybutryL-CoA-» (EC 1.2. 1. —) -»4-hydroxybutyryLaLdehyde-* 

(EC 1. 2.1-) -»1,4-butaned ioL) tm~ZfoZ>0 ft^b;£^ it 

mmts 
ihtltStcSb, 4-hydroxybuty 

ryLaLdehydeti, K E G GCDT1-— 0 * — X tlT l^&lMb (#^^ 

mitSW ZfoSif, 
KEGG (D?-0*~X[Z Mil 3 tlZ ̂  ft ^£ # & Z t ifqT tg'Z Z> 

o ^J^ii His K E GG©^'-^-;UCM®3tlT 

^ t£lMb£^ £ £ t AM ffiZfoZo 

3 

[0203] *mmMmiz&z%3<Dmmm (JU~F. 3 ^ ̂  3) zmmtz>0 m 

wmzfo-iXs m&ms mmizm 
ti £>=&©•? lift i\, 

[0204] mmm3Z&, Zutadiene(DSf$m$&(DWj$(DmW®mmtZ>0 ^»J3 
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(D?-ots KEGG(D?-o*-xiz^utsnx^sitsmz 

2JDa.Tgftrtb£^ (DibStyHDZfoRXfiitStyHDib^ 

Mi£j£<DT-* £Z&mLX, 13 2 1 3m<DibS^(D^RtfibS^(Dib 

¥Mm.^,(D'r — 0%:1b'nl$)'r — 0* — X'] 1 IClS# L7c0 KEGGCj-^ 

^-XCD^b^tKCO^TKEGG ATOM TYPE-eH§E3 tltz K F C 7 X - W K 

ir — 0 ̂ KEG Gj-^-X^ b y • — K t~ & Z £ IZ cfc lJ N 'fb'n^T1' 

-^-X1 1 lZ\ba$ty(D&^JkXf\ba^(D\b¥W&s.r&(D?— 0 tktfltffli L/c 

o K E G Gj- 0* — XhZ^tMtS tlTl^lMbni#)^ KegDraw'V — 

i^SfflLTKFC7t-?7 K^^L/co 

[0205] ±B0kmz£^T, ih%ibS^tLXkcety[-Cok^m^L, gfttfbSMt 
LTButadiene^Ja^ LT, iba^J](DaJ$IIE£CDfEJ$;;£lll£n Ltc0 fO^Pp|321 

1I9 0S 9 0 1 Z1 tCcfc yN lb£^®U FtffE/£3*U U 

Ff-^-7 1 5tC*£^3tl/c0 $yM2 1^\ 1|9®S 9 0 20MH£ 

tT-pd^tCcfcy, Jfo7 0 0 0®©gEfc]D FtfWdiStU 

[0206] fyW2 1^\ IH90S 9 0 3©4M£fT9 ZtlZ* g^bl^Tfe 

•g>Butad i eneCD U F b \&%\ba'$}X lb & kce\y L-CoACD U F IkMWt & Z t. IZ 

ctUs AcetyL-CoA£:Butadiene£:CD'fb'n!t:#)/^7'tC'3l>'TCDDifference Totals 

W&ZtltCo 

[0207] $yw 2 1 H 9 (D S 9 0 4 Z t. tC cfc U % Difference Tota 

^e> 2fsj^-FCDHfc] D F D F ms^m<DWM<nt>titc0 $y« 2 1 

^ i^T-^^-^1 7 frb^yyixizs o oi®®g3Eft]D F^atnu a 

tti L7t 5 0 Oicua D F D F o fc0 $JW2 

1^ i^r-^^-7 1 7 frb^yyi±lZ5 0 0j®®H3£^D F^attiU 

tH L fc 5 0 Oj®®g^[]D F^ffllNTD 

IOOOyaS"Tc:^tc<fcy% DFH^H^ML/CO 
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