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I | | 6 J © d s v V|I snooooou j © Q K^X1^0% fi 

? 02H:£^[i£M£V N a <2-Hh^temW^CD^mCD^mMWv ! M ° ! J 

© l| O S 3 Q^j= j |OG BjL|OjJ©L|OS3 vl||ig[ s n I I J O B g 

G9||w n u © 1 E 6 ©in sn| | joeg 'fssoAmojeijOO 

B s 09H ©BjSjAQJQO S©OAIUOJBL|OOBS 'I S E U O 

mopnss^lESO J 1 6n j ©E SBuomopnasd vsu 

©ossjonij. SBuoLuopnssd vl|||g[w n j | e j soA } 

0 ! 0 G^ilw nepjoosjp oinj | 0 i s o A i o i Q vl||ig[ s n 

Z0t890/n0Z<IfAL3d SI- ££80Z0/ZI0Z OAV 
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[0036] d. u. B. ) mmm 
3. 1. 9K$HI;**U 7TOC0A^ 

f)7t hXiz^JUC o 

LTti, 7 px K 'J A • X*tz K X> 'J * A 

(Clostridium acetobutyl icum)N 7 P X h 'J 

y 7 A • ^ y x 'J 7 (Clost rid i urn bei jeri nek 

i i ) IfCD 7 • X h 'J VO ASIffljik x:> x 'J L X • P 'J (Escheri 

c h i a c o I i ) 'J L XSIffljik 'J 7 AS (H a 

lobacterium sp. ) Iffljlk X—7*P X • ^ (Zoog 

loea ramigera) =fCD X— 7*P XSIffljik 'jVtf^Affi (R h 

izobium sp. ) Iffljlk ^77^ 'J Vtf7A • (Br 

adyrhizobium japonicum) 10^77^ 'J 7 tf7A 

Slffljik ~hyV*?- hPtf^D'JX (Cand i da t rop i ca I i s 

) H© ;& 7 $/ ̂ iil, 2] 7 P A'7 7 — • 7 b "tz 7 7 X (Cau I obac 

ter crescentus) =|CQ;fr — Mitffljik X h U 7° h7 

-f izX • P 'J XX (St reptomyces co I I i nus) =f CDX 

h b 7° h izXSitffljlk i>7PP V 2JX • 7 7 'J X (Enteroc 

occus faecal is) CDx >7^ P P y ±) XSIffljiilil^CDt 

Ptf £*l£o 

[0037] 
^^^t#^tl^)51^^--tz^P- K-r^mfe?©±^Sl3^lJ^W-r^D N A 

UW^Ot LT^ ^PX h'J^7A • Tiz KX^'J^A, 

^PX K 'J ^77 A • ^>>'1 'J y+lffi^px K 'J ii/x 'J 

tx • P 'j^®xi>x 'j k7ilt AP/^T'J ̂ Al®|fflaN X-XP 

X • 7$^7f©X-yp 7111, >J 7tf -7 Affi(M@s 7"^T1'-r 'J 7 k? 

-7 A • y>/1x°- £ A|0^77-V 'J Vt'^Alli, ±J7/X • h P k°t) 'J 

x^o-hyWmMm, ^7PA'77- • 7 — 
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SlfflSs X h U7° Kv-r-tzX • =l 'J K b 7° h V-f-tzXSIfflS, x 

>^PPy;kX • 7? tl 'J X=f©x>^p =l ^XSIfflSa^CDmfe^CDi^ 
SIB^W-T^DN^PXMJ 

£d«>:^-e3\ tnzb'JWA • T-tz 
iS/m'J kT • P 'Jfi3fc©mfc?a)±^g|B^]£W-t£DN AT^S, 

[0038] ( I 

. u. B. ) mm^rnm^izmm[.tcmmm^4. 1.1. iizftmzn 
s 7t h>££i&T&fclfo£MMT&mm<DMfo£mTo 

^(D^ot^CDtL T&s OUX h'J^A • Tiz K^'J^A 

(Clostridium acetobutyl icum)N ^PXK'J 

• ^-f i/x'J>^ (Clost rid i urn bei jeri nek 

i i ) |0/;px h 'jy^ASfflSN /<7)lsX • jtf'J (B a c i I I 

us polymyxa) =f ©A'^JUXSIffljiifi^CDt (Dif^hf £> tl£0 

[0039] iz(DmfcT1 
LTti, ±&Ltc&&&m'y}-frb%bnz>Tiz 
=i- ®^ssB^i^#-ri) D N Axti^©^^®±^siB^^s^ 
lNTn"j5c3tl/c'nJ55cD N A IB^O £ fij t Z> z t ifu $ £ o $?jg&t>©£ LT 

0 • X K 'J V^ •?> t co•?> il 

PX K 'J A • Tiz h 7> 'J tl A, A'^JUX • *° 'J $ 

^•tl-a^Oit^O^SSB^J^W-r^DN Atfl^^tlSo ftlZft£L<l± 

s OUX K 'jy^A • Tiz h7>'J 

NAffe§o 

[0040] 77°P L°JU:PJU=I-JU^L KP^—gp^b 

(i. u. B. ) mm^rnm^izmmistcmmm^i. 1.1.8 
0 Tiz h 7 7°P 

LTti, 0 PX K 'J A • ^ <>(i 'J ( 
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Clostridium beijerincki i) CD 0 • X h 'J V ^ 

ASIfflSfi^CDtCD^^tf btl&0 

[0041] 7 7°P ¥)\s7)\sZ\-)l7k. KPy±-"tz 

CDmfe?t LT^ 7 7°P tfJU^JUP-

Kp^--tz£p- AX&^© 

^•0±^Sl3^lJ^S^^T^3tl/c-^J55cD N 

£<> xti, ^PXKu 
K 'J S^A • ^>>'i 'J 

D NAtis, 

[0042] *fgBJ^C;i3tt£C o A \^^yX7 ( I . U 

. B. ) 8. 3. sicsnistu 7 
-tz h^-tz^uc o A^^^-tz 

la "To 

LTti, ? px h 'J A • 7-tz K 7> 'J £ A 

(Clostridium acetobutyl icum)N ^PXh'J 

V ^7 A • ^ ^ x 'J > (Clost rid i urn bei jeri nek 

i i ) m<D<P OX h <J i/OAMBM, P-"tz7°'J 7 • J y^XTJ-'J X (R 

oseburia intestinal is) =f CD P — "tz 7" 'J T'Slffljllk 

7 7 ft 'J 7 'J 0 A • 7° ̂  ̂  iz > y (Faeca I i bacte r i urn 

p rausn i t z i i) i77^)lJ/^TlJ') ASIffljik P 7° P P y 

X (Coprococcus) Slffljik K 'J V — ~? • 7'jHz^f (Try 

panosoma brucei) =f CD K 'J / ̂  7 V — VN x:> x 'J tl J7 • P 

'J (Escherichia coli: AJjfljii) ^ls>x 'J t 7'SlfflMfi 

(D ij (D if^ I •& o 

[0043] *fgBJ^C;i3^Tffll^tl£C o A K ^ >X 7 x ̂ --tz®mfe? ̂  LTti, 

±^Lfc&fi3fc£^N,M#£>tl-g>C o A h^>X7x^--tz£p- K1"-g>m 

D N AX&^©&ft]©:l£gie^Hcg-3VT£-J$3tl 

/c^D N ABBfl]£fi]ffl-r£>c:£tf-e$£o LTtts ?PXh 
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'J V 0 A • 7iz h y"7 'J tl AH® 0 • X h 'J V 0 ASIfflSs P—-tz7"'J 7 • 

-f XiOP-tz^'J 77^) U W=rx) • 7°^ 

-tz>7^0)7 7*3 'J ^AjUffl®, P7°P=I K'JAy 

V —V • 7"JU-tz^0 K 'J Ay V —V, x->i 'J L 7 • P 'J ^®x->i 'J t 

7mmrnm&(DTAfcT(Dikmm%:^tz> D NA^j^tis,, £ y$?>g& 

i><Dt LTteU ^ PX h 'J AJSfflSXttxS/x U t 

=&©£ptf£C:£tf-e^ ^PX h 'jy^A • 7-tz K7> 

<Jtl AXtixi/iiJ t7 • P 'Jfi^CDmfe^CDJ^SlB^lJ^W-r^DN Atfe 

§ o 

[0044] ±§E4ffl|l0i#||&^tl^tl, ?PX h'J^ASIffl^ /^l/Xiii 

&tfx*>:L'J Ltt 1 

L < ^ 7-tz KMIT^U 

<K3f *> =7 — izRXfj V 7°P t°;u7;uP -JUT1' t K P f"f — -tz£ p X K 'J V 

•5As«fflaa3fe-es>ys COA h7>x7x7-izMMf^7-izm 

^X^i'j H7SfflME3fc"C&£iic3tfillCfcF£ IA\> 

[0045] ^PXh 'jy-^A • 7 

-tz h 7> 'J * A, ^PXh 'J y-^A • 'J V^rXttXi/x'J t 7 • P 
lJ©^fftfrfi3fe©:fc©'e&£>d£tfg^S1f©t^fr£$?£L<N 7-tz K 

—1z*tf ? P3. h 'J A • 7-tz 'J tl Afi3fc©l#^ 

"Trfe1^ C o A K;7>X7X;7 — "tzS.t/51^^ — "tZ7^\ PX K 'J 

y^A • 7-tz s^'j ̂ AXttx$/x 'j t? • P u fi&og^-e&kK -f v 

7°P tfJU^JUP-JU^'t: KP^--tZ7^\ ^PX h'Ji'^A • > 

*G3fe©Bfrc&£c£AUy^L<( ±§E4fflii0i#n&N gustt© 

7-tz hSl7^iil'<t"^N>7-"tz'SIW^ P7 K 'J A • 7-tz K 

7'>'J ̂  Afi^T-fey^ fu§E^ 7 7°P tfJU^UP-JUT1'^ K P ̂ --tzS'14 

A^P^ h 'J A • ^ <yi 'J CoA h7>X7i7" 

u t7 • p u 
IA\> 
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[0046] CI tl £ tl/ct 

- tmmt & z tiz& 
*><0£?Z>Z.£1fZl*Z>o 

mmfc&vmMZs 
ytr-p ZtifZ^h 

o fe±MmizttLzmmx.&mm<D^ 
~ftiZfc> -o Z t ct lN0 ^ 

AD N A©li^N D NA©t]]iM^ 11$^ PCR (Polymerase Ch 

ain Reaction) N 7°^^T V — t 'J =f^ 0 \s^3~ KCDlxfh "nJ^c 

tl^CDjj/£l&^ Sambrook, J., et aL, " Molecular Cloning A Laboratory 

Manual, Second Edition" , Cold Spring Harbor Laboratory Press,(1989) 

&£f£§Bi63*lT^£>o 

[0047] ^mmizio^zwmv^^ikLttwmtiz, ^bt^oumz^^z 

— Kt~ 5SIE?^ iuiii L/ct CD t 
m^ZmWftfrbmWftlzy^x^ K£ffl^T#A-f£Xfciu TsxAJlS^ 
?SA±iZt z> Ulimfc?CD 7°• ̂  - * -S'I4£ SitfbX teffe © 7 P ̂  -

^ai-r-sci^A^-e^So 
[0048] *fgBJ^C£tt£mfc?©7°P^-^-(>:&, ±§E^-ftlfr0jtfc?©fgil 

£ t£ ft 10 T- £> tU£ ^if, tl^Wtz%&£.$)ftZW,W.1" £ ft 7° P 
"E-^-Z\ frO^UP-X^feTT-tfgiiCDM^mc < l^P^E —* 
-AUl\ Mfomztt?*) iz)\s7)\s7k K3 - 'J b*u<f±-if (U 
TGAPDH^P?^Ct^§) ©^P^-^-^-tz 'J >t KP^^^JU 
h^>X7x^--tz®7°P;E-^ - Z> Zt1fZ^Z> o 

£ R N A*°'J p<^--tz 
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IJ ty • =l 'J 

©GAPDH^/Pf-^-ttGe n Ba n k access i on num 

ber XO 2 6 6 2 M#^3 9 7- 4 4 0C 

EE3 tlT lN §o 

[0049] AJjfjlifiJfcCQC o A h7>X7i7-"tzmfc? (a t o DM'a t o A) 

£: ^y — izmfe-f (a t o B) tt, a t o D% a t o A% ato B0JII1# 

LTl^&fcdt) (Journal of Baceteriolog 

y Vol. 169 pp 42-52 Lauren Sal Lus Jenkins^) N a t o 

£> Z. ht,Z<£ oT\ C o A h7>X7 x^ —^ —ifm 

Z.(DZ. tfrCbs Co A h7>X7x7~ — "tzStt^filiE 

Aills? J: V7°P 

JUP—MI#Slmfc?®fgii£Jl9 70P^-

^ - £ffe0 7°P ^ ^ - £ Mgt1" £ H tc J: ̂  TMB^mfc?0fgii£igf 

UlNo C o A h7>X7x7-ii;SttM,51^7-ii;Stt©l 

ii;&±^^t"^/cto^ffllM^tl^70P;E-^-^ LTIt iu£&©!$/1 'J k7 

• P 'J fi^GAP D H -gZmfZ Z ttfVZ Zo 

[0050] -f V7°P V7°P tf 

JUTJU=l-Jl'£g*;mM<Dfflt LT, WO 2 0 0 9/0 0 8 3 7 7 ^£§5*6 

(Dp I PA/B&X&P I aaa/Bft»^, S/c, 

-f V 7°P C o A h7>X7i 

^ — -tz S'I4 £ 7 X =? — -tz ;S'I4 0 ±s ̂  & $%M§m (DfSA± CD^S-mfc ? 0^51 

-f V7°P tfJU^JUP-JUT1'^ KP^-f—tzS1f £ 7 

-tz K-C& 

lbL/c*fc (p I a/B : : at oDABfcK^i)^^) 

[0051] *3gB/j-eteU -f V7°P b?JUTJU=l—JU£g&% J: U $]H^HC[q]±3 "&&H 

^fSfcZtlfcGn t RjS&tf-$£tlZZttf$f£L^o 

tcG n t RtniZ^)%{kZtltc<?)\sZ\-X-6-iJ >gH V^y-iz (P g 
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i ) Stt^iHb^tl/c^JUP-X-6 - 'J >11- 1 ~7k KP^-if (Z 

w f ) tl£ d £ tfHKSfi: b < ^ ^S-fb^tl/cG n t RS'lt ^ 

;m£tl/c^;U=l-X-6-'J>iH7^-iz (Pg i) Stt ^Slb£ 

ti/c * x * P >M7 k K P *f ± - -tz (G n d) t ̂ {b ̂  ti/c P 

-X-6 - 'J >11— 1 -7k KP^--tz (Zwf) 

Ztib(DM.iz& y, CtiJ^O&H^XttBfSlOSfi 

^tot^tbLT^ V7°p t0;U7>iUP->iu®^tt^Ms^^fp]±^-&^c 
£-e$£0 

[0052] V7°p ¥)l~7)l^-)l^.M±Wm(DUt. L^SI*§<>: LT 

_h§E p I PA/Bt, plaaa / B^Xti pla/B: : a t oDABft 

COG n t 

L^SI*§<>: LTti, ±§Ep I PA/Bl p I aaa/BUXttp 

I a/B : : a t o DABi©G n t 6 - 'J >gH 7* 

(P g i ) S14£^SlbU ?'JUP-X- 6 - 'J >I|- 1 -^'L KP 

If (Zwf) stt£3iHbL/c*fc-e&£o 
[0053] L^SI*§<>: LTti, ±§Ep I PA/Bl p I aaa/BUXttp 

I a/B : : a t o DABi©G n t 6 - 'J >gH 7* 

7 —-tz (P g i ) >117^11 KP-ift- "tz (G n d) S'I4 

£^SlbU ^OU P — X — 6 — 'J >It — 1 — T1- tl K P — "tz (Zwf) S 

tt^r^'fb L/c^T'fe'So 

[0054] miz^m^izis^^^ V7°Uk°J\yTJ\yZi-)\y^mM§mlis izxtu-x 
Mikmm%=i-FT&&fc:?L&%mAT&zttf-e$&o cway, x? 
p-xfr^ V7°p 

XO ^ LT^ p-x^t 

<bm&<D?iZ>, PTSI^#PTS^:l^t5Si^P -

7^# S tl •?> o 

I^C7^P-7PTSCl^tSii^P - LTti 

, ScrA (x<7 P-X0IXU ^ Sc rY (X^P-X0'J> 
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s Sc rB ^ Sc r 

R (Sc rA, Y, B£p-K"t ©fgii£»p-t £) ^ Sc rK ( 

7JU? K-XCD'J V^b^frd) £=l-£tl£>0 

[0055] ttz, IftWC7^P-7#PTSCl^t§iI^^-Kt§X^P 

-X^PTSitfe^tt, CscB (X^P-XlIiI:X^P-X0®( 

y&^£fr-?K CscA (x^ P-XJPTK^USI : • 

— X©##¥£fr9) s CscK (7>/U^ K^r^---tf : 7>/U^ K-X®'J >11 

lt£*T9) s C s c R ('J 7°\svV—Wi&n : Cs cB, A, &t/K£p-

K-t£mfc^©fgii£»p-t£) £P-

[0056] V7°P tfJU^JUP-JU^jiAJiatca# Af £ X 0 • -x 

MimmrnfeTt LT^ c©9^#PTS^:l^tSii^P- Kf 
^ttC s c A£'>&< 

0!la.^ cscA®^ 

c s c A^t/c s c KCDfl^-nfot^ c s c AM'c s c BCDfI<7^"nfot±\ 

c s c A $.£/ c s c R CDfl^n" fot±\ cscA% CSCR J&Zf c s c K CDfl 

c s c A% csc RSt/c s c B©fl<^"n£>tl£0 

tpr-bs -1 V 7° Uk°)\sT)\s =l-)\y %$]>$:<}: <±mtzm&frt>s CscA£ 

[0057] fu§EX^P-XjP7K^?l#Sl (J ><<Jl>$-1z\ CscA) ^ L 

-a^ {<y 

^;u^--tz\ CscA) £p- K-r^mfe^CDJ^SlB^lJ^W-r^DN A, X 
N A%m%$mtZ>Zt 

^-e$^)o LT^ 7-^^-711 (Erwinia) N tf)\s^OX 

SHi (Proteus) N k'y'lJtMm (Vibrio) N T^UJ^O "T 'J 0 ASM (Agro 

bacterium) N 'J klVkf'J AMM (Rhizobium) N X *? 7 -f P P '> 7,1a (S 

taphy Lococcus) , tf7 -f KA^7 ̂  'J >7 Ala (Bifidobacterium) N ls>i 

'J t77SS (Escherichia) t Z. tifX't* s 
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X IJ • =1 'J 0 1 5 7 £ D 

tl£o ftizt&tz L< te, Ii/x 'J t7 • =l <J 0 1 5 7*fcfi3fc0iils^a)±^g 

D N A T?tfo&0 j£/c cscAH&% c s c A 'J 7°^ 

XA^fj;* •££>TcSb(D*> 3 tiT$? £ L 

[0058] fulE'J 7°\svV—Wi&n (C s c R) (DlifcTt LT^ 
'J 7°\sV+)—t>y^<7n (CscR) £=I-K"t£m 

D N A, 

tl/c^D N $?ig&t»©£ LTfciU 7-^7 

z7l@ (Erwinia) N ^)\y^rrt> Xla (Proteus) N tf 7"'J ^Ha (Vibri 

o) N TfUJ^O 7 'J 0 Ala (Agrobacter i um) N U tl V tf ̂  AMa (Rhizo 

bium) N 7^7^ PHy^XlI (Staphylococcus) , tf7 -f 

Ala (Bifidobacterium) N x:>x. 'J 17MM (Escherichia) 

bazmfzzt&vz, flUtfiS/x'J L7 • =1 U 0 1 5 7^a^0ilfe 
^©^SSB^J^W-r-SDNAA^J^^tLSo x$/x'Jt7 

• n 'j o 1 5 7^a^0itfe^0±^siB^^W"r^DN A-c&a0 

[0059] K^r^---tz (CscK) ©Ifef £ LT&, 

h^--tz (CscK) £=|-

SlB^^t^ D N A, Xtt^©&&©^gBB^JKS^T^£;**lfc^£ 

m (Erwinia) N *5 XSa (Proteus) N 11*7*^11 (Vibrio) N 7 

fU/^9 T- 'J 0 Ala (Agrobacter i um) N 'J L x/tf ̂ 7 AS® (Rhizobium) 

% X^ 7 -f • =1 V ^XII (Staphylococcus) , KA'^iJ^AS® 

(Bifidobacterium) N is>i U t7la (Escherichia) t(Dft 

mfZZt&VZ, H7 • =I 'J 0 1 5 

SlB^^^-r^) D NAtf'fe^tl^o L<tes i^>x 'J t7 • =l 'J 

0 1 5 7fom$k(DmfcT(D)&mm%:^tZ>DN A-?£>£>„ 
[0060] fulEX^P-XMBSl (CscB) (D'Afc^t LT&s d©Bfil££# 

xon-xmmwm (CSCB) £=i-K-t£mfc 
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tc£rl$D N UW^OtL-Hi, ~7~^ -f 

— (Erwinia) N tf\JU7lr)Xli (Proteus) N tf 7'J ̂ MiH (Vibrio 

) N 79*U/^9 7- 'J 0 AMM (Agrobacter i um) N 'J t VAM® (Rhizob 

ium) N 7^7^ PHy^XlI (Staphylococcus) , tf7 -f 

la (Bifidobacterium) N xi>xlJtl77Sa (Escherichia) t 

0IJa.tfx*>i 'J t7 • =1 'J O 1 5 

(Dikmm%^tz>DNAtfwm-znzo x^xut^-
=1 U 0 1 5 7fom&(Dm^(Dikmm%:^tZ>DN AUfoZ>0 

[0061] 77°P tfJU^JUP-JU^jtAJla'e^ fulE^f V 7°P tf 

ju:pjup-ju£jt^cfrfr££-i#Si, SfS L< &±§E>r V7°P LMU^JUP-

-f V7°P Fn^f±-izRXfyiz 

LT^A^ti/c^Amfc^Cfi^LTtcU^ 

^ M#u SMZ 
P KXD^C^M^JP;^ ^i^P K>0<^C 

£ jp ̂  tcikmm % s K -^j5jc 3 ti £ 7 $ y niB^y ̂  ^ t ^ 

£ JpXtcikmm £Stc3 tl£ 7 $ y IlIB^y tc &^W.if 

tz. ̂  10 & if If £ tl £ o 

"efe o Tt ct i^o 

£fc>f V 7°P tfJU^JUP-JUT1'^ Kp^--tz£p- K"t £> 

hiifb KP^^—mfc^^tiT^ 

Tt ct < s Ctl^liDBttCmfc^^tlT^Tt <U\ 

[0062] LTfciU mfe^B^©±IE^-rtl^0l#^mfe^^^-r^ 
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£?£L<^ MfcT&gmis ^na©=i 

K > £L tz$M.WmfcTT?&£0 d ©<fc 9 ^ f £ d t iZ 

J; ^ -f V7°P I^Jl/7Jl/=i-Jl/©£j^1££±tf£c:£tf"e$£o 

[0063] ^fgej^cfc^T h">^® yitiB^y^P-K*I 

£-r£^g@B^]±^35^"C #7$ y@£lCftj£s"tS 3^S©MtJc"eS)i)=l K 

Zt%Mmt&o ^fPJ^CfclNT TPKVB^J 7 < J 

1113 ̂ y %£XT tci^SlB^J (D & £ EP* L T IN 3 0 

[0064] fulfil 77°P ¥)\,7)\,=\-)\,T\I LT&, 

SftL<^ i3^y#^4ox^n^mm^t^>0 %tc, tuiE^th 

m&Tk Fn?i—i£(D&te=?&&fa£ UTti, U< fciu @3^y#^4 3 

-e^-znzik&mmziitzo ztiboMfcT&gteZR^&ztizj: y% 

-f V7°P tfJU^JUP-JU^t: KP^-f—tz&tf^-tz KfFll^b KP^--tz 
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— hJU't'i' L Z 

^0±OK^M$£fI&LTtJ;INU *SSM&£JS 

^©±K@ftMlM£iiftLTJaN0 S/c, Hlftlt 

[0113] mzs i^-it frfawuzm 
IN, tfosft 
tm^^\ fc&t&mzs Ktcs^^tiTiNTt 

ft=f%:Cutmt;iS^:tcmWtLT, #&}§&* ICgsflD U 
; 3 <btcigft09 t© 

tf £tl£o 
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[0114] ymmmz, -ex 7m 

LT^ *>'J ft* 7JU$j~. isiJJjyjUSJ-, 

-7> -?</**>7, i'>JtiW*i'7s V)V^~7, iHbffifp\ t)-tfy ( 

* S£(£fi±, iSQ S/'J 

tls 7Jls$.j-s *> 'J t)7Jls<j~s — 7s -??'*Ss7s is'J t>*"?*i/7 

% V)\y^~7, mkm§&s t-my omj^) tt 1 ?%MIR 
t&Zt t>\ J: V iJkZf£ U sliRtt ©j^-eif S L l\ 

[0115] LT^ MbJfcJSJ&gff 

Ll\ 

-fc%m tc a IN T, tC7K^M££fc <fc t/Hlftlt^ft £ S 

<£ 9 K, ^0|-eti7K^b^S^7KJSJ^^7J)Web^tC|BC ^TINS <^ti 

So lot, 

S/cg^ L&lNgijj^^ 

JCpf!lf s <h IN 9 •T?Sf £ L IN T? h S o 

[0116] f#tCJ5^3IS^±tfS/ctotC7K*J±JPS^^^±#^-&Sii^ <fglN7.k 

Pj|3Z1 S Z1 £: ti, — 

^^4-fb^SJ^t-fclNXd; < II^tiS^ft-e&So iI©^9 4iI-&HfclNT 

JSJMimc A $ &52§£-£a. S qTt^tf fo SD 

[0117] 

<UN0 LTti, 

(1) 7mftm&&t?mwmm%:Wt'£LT3tmtz>j5}ik, (2 
) 7K;«®tf^4s)i UMJBP^ APiij) t, mmmnfrbtazm ( 

ttiPIIJ) (3) 
(4) b^sn UMJSP 
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APiU) <hs "bftSU ftp 

IIIJ) (5) 7K;^M£Stf b&Sli (±MJ 

m*>s APIIJ) t. 7j<mmmm(T»JIP*, 
s fcbPiU) £%Mf£?Z£?lzftmT&J3%s (6) 

$ifftfe>&sji UMJBP^ APiiy) t, mmmmfrbte&m (T»J 
ipt,. ftpij) tzM&tzxtjizjzmt&jjfe. (7) 

tcmmmnfrbtz&m UMJBP^ APIU) t, 
("FMIBP^s thpmy) <h S <£ 9 S7^£tfW'bftSo 4 

fc\ ±MJ£tis JSJ&SOAPfllk 

JxJ^0HhPlt!k 

tfj5js£j$^&£tfj5jfc©^¥£®®-rsjl£^-r0 &fc\ £bfg^St£«:, 
T7 -tz b > £ <£ £/7kH£^ifcf S tf\ 7-tz h > £ £ t/TKH£ 
tc#t^-ts*li^c&, fu§E±MJ (APtJ) tit, 7"tz h>tfJxJS©fmc 
ifij/iir S H ̂ riUn^lT So 

[0118] 7°P t°U>0^M^H^"rS/ctoH, £J^£2og:/c&3-9M?!KC3l/ 

1 1&l^tc'\ -D^tclZZ-DOlK 

Z * 'J-lf-^V PTj^ZtZZttfT^S o £ bfC£ 

J^tf 3-?£>Sii£iC&, ti!j©J5J^2-3£iS^HC-2&3\ 

'>& < f s^}£^ h s ii h tf-e$ So sfc, 

£$<DMM%i&$liiLT4B%TZ>ft%fflftT&ZtlZtl: yN 

^"TSC^tf RTt^-efeSo 

^1»J 
[0119] i^Ttc, 

st»©"Cte&i/\> 4fc\ r%j sii$-efe 
S o 

« V7°P t°;uz;u=i-;u4^0#i^) 

K©-R||£||1 &t/H2^L 
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tCo 

[^1] 

3^X5 R im 
pBRgapP pBR322. GAPDH^P^—£— mmmz 
pi a pBRgapP-IPAdh-ade mmm2 
plaz pBRgapP-IPAdh-adc-zwf mmmz 
plaaa pBRgapP-IPAdh-adc-atoB-atoD-atoA mmm* 
pTH18cs1 jaa«att^5^5F GanBank ABQT9610 

[0120] [H2] 

#is 
B 

MG1655 

B::atoDAB 

BApgi 

B:: atoDABApg i 

B::atoDABAgntR 

B: : atoDABApg iAgnlR 

B::atoDABAgnd 

B:: atoDABApg i Ag nd 

B: :atoDABAgnd AgntR 

B:: atoDABApg i Ag nd Ag ntR 

wild type 

wild type 

B#, atoDABCO^P^E—£GAPDH:/P 

Btt.Apgi 

B&, atoDABCD'/P^—•£—^GAPDH^P 
"E—Apgi 

Btt, atoDABCD^P^E—£GAPDH:7P 
AgntR 

Btt, atoDABcXC/P^E—£GAPDH^P 
"E—tSft, Apgi, AgntR 

Btt, atoDABCD^P^—^GAPDH^P 
"E—£—irfiSl, Agnd 

Btt, atoDAB^P^E—^GAPDH^P 
^E—irfijft, Apgi, Agnd 

Btt, atoDABCD^P^E—£—^GAPDH^P 
^E—tB#l, Agnd, AgntR, 

B&, atoDAB<D~JP^E—$>—^GAPDH^'P 
"E—Apgi, Agnd, AgntR, 

ATCC11303 

ATCC 

SS-16W1 

3l!ffi«3 

S460IJ9 

H*£0i]12 

3US01J15 

fUteW-S 

[0121] [^»IJ1] 

< B : : a t o DABft©#|> 

ii/x <J • =l <J MG 1 6 5 5A D N A 

y (GenBank accession number U00096 

) s x •>< x 'J t T7 • Z| 'J M G 1 6 5 5 ^CD C o A K ^ > X 7 x ̂  — -tz a "t 

7"ZL~ y h£=l-KtSlfef (JU"F. atoD tB&TZZttf&Z) (Dik 
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^ tlTlN^)0 a t oDIJGe n Ba n k access 

ion number U00096 tClESCDxi/ x 'J tl J7 • P 'J M G 1 65 

5*fc>fV A1B^]©2 321469-2322131 lZBmZtlZ^Z>0 

[0122] LT, 

GenBank accession number X02662 CDiUS 

BB^yifSgKfc^-C 3 9 7 -44 0 tC§E3tlTl^xS/x 'J L77 • P 'J 

(D V 'J 1ZJIS7JIST t K 3 - 'J yWcr kh'P fi—tz (JU~F GAPDHih P?/SN 

(D7°n^-9~%m%:&mtZ>Zt1f-T:-x*Z>0 GAPDH7°P 

'J L T7 • P 'J M G 1 6 5 5W;ADN A 

^7^>7°b — hiCSl^T cgct caat t gcaat gat t gacac 

g a t t c c g (IB^y#-§-1 ) , JkTf acagaattcgctatttg 

ttagtgaataaaagg (IB^y#-§- 2 ) iZ cfc lJ P C R jiTittflS L, 

f^n/cDNA77^ > h£«l#SlM f e I RXfE c o R I zmittZ 

1 OOb p©GAPDH ̂ P^E —* —£=l— Kt~£> D N A77^ 

> h^ti/co ff)tlfcDNA77^> h'pUCI 9 (Gen 

Bank accession number X02514) 

EcoR 3 b\Z7)\s-h 'J 7 *X7 yt-ifmMLfctjOltZFt 

-a U 'Jff—tz£ffl^"Cffi-SLfcm, x*>i'J L77 • P 'J DH 5 a*fcp>tf 

T>htJb DNA-9 0 3) U 7>^>'J 

>50|xg/mL^tCL - ?# 

f^tl/cPPx- 1 OM g/m L£#frl_ B& 

ft^Jft*e3 7°Ct-teiL, 7°^X$ K£0i|XU «I#SIE coRIS 

t/Kpn \ umitLtc^ GAPDH^P^-^-tf^yai^tL^^t,©^ 

«[U ZiblZ, DNA|B^y^5SHLGAPDH7°P^-^-tfIEL<^A 

3*lfct,©£ p UC g a p PtLtca fWcpUCg a p P£«|#S|E 

coRIWKpn I -e^'^L/co 

[0123] 3 %IZ a t o x->x 'J tT7 • P 'J MG 1 6 5 5 

^rVADN A^j>^b- h(Cil\T c g a a t t cgct ggt ggaa 
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catatgaaaacaaaattgatgacattacaagac ( 

IB^#^ 3 ) N J&lf gcggtaccttatttgctctcctgtg 

aaacg (SB?!l#^4) IZ J: U P C R U f f>tl/cDN 

K EcoRIWKpn I feS69Obp0 

at OD77^> :®DNA77^> h£^C«l#SlE c 

o R I RXfK p n I zmitLtc p U C g a p P 'J X-izZm^T 

JLi/ x 'J L 7 • =l 'J D H 5 ajfczi > LT > K izJU (MPtfamtt 

D N A - 9 0 3 ) IZBM&& U 7 > fcf*> 'J > 5 0 ju, g /m L 

L B^7°b- ?#£*lfcStttf £>7°^X$ 

K^HHJlXL, a t o D tf IE L < tlTlN£> z. £ ^rSSSH L, <1 © 7°^ X $ 

K^pGAPat oDt -pp^S U tc0 

&£i*>x 'J tT7 • =l 'J MG 1 6 5 

ls?*>3 i-JAftSC^tf-e^So 

[0124] ±^L/c®<<J, li/x 'J £7 • =1 'J MG 1 6 5 5^©>fV AD N AKfctt 

5ato DOJ&gBB^Jti^StlT^So x x 'J b7 • H 'J MG 1 6 5 5 

l®at o D©5' ^^©mfc^lt^Cg^VTfFJ^ft/c, g c t c 

tagatgctgaaatccactagtcttgtc (IB^l]#"^ 5) 

it act gcagcgt tccagcacct tatcaacc (IB^U# 

^6) li/xU £7 • =1 'J MG 1 6 5 5 y A D N A 

£ LT PC R£*T9 Z1 tCcfc 1 . 1 k b p © D N A Iff ft-£ iff iH Lfc0 

[0125] titz, li/xU \17 • -I'JMG 1 6 5 5*fc©G A P D H 7°P—©IB 

tl/c ggtctagagcaatgattgaca 

cgattccg (IB^O#-^ 7) £;x:>xlJt:7'-PlJMG1655 ̂ © a 

t o D©|B^lJ1f$^cS^lNT^^tl/clB^lJS^4©70^^ 7-^ffl^T, 

^CfFiiL/cfgii^^-pGA P a t o D£tiM£ LTPCR^TI\ G 

APDH^Pt-^-iat o Dtf 9 0 bp©DNA77^> 

[0126] ±mz£ vmt>ntc7^<?*y MBfSlPst I^Xba 



IZMWm [8310] 

2-£#Yri £<*£11= -4-^irc£0£ fi 

• • Eifflncpi (sos L LOOIV) $*a n c • ^ n 
°-yn ^$^ava o i 

e: :g Vi 1= • (\ 

H a d vo^PFM^-^-ia0^a o i e "d-zm 

q 0 6 o i e zz-z-^ujl H a d vo (i Triy o 

d <5^v N a^^iax-n £ °?yyM^<-a ̂ 01-g 

pir-i=-T£v^n£ -ic£¥^a i w/6-ryo 

nr-iz-x^v^n^^H -i0£¥^a 

il^^^'oq^-rDCOO L -DlZ^niiW [Z.2L0] 

°^t^--D i=<2:4M^aOoS unti:H -ic£¥^a 
vng^H#02aOoO samiaio^?#^! 

0^tB-rDCli^ia3 17 vn^p2H-
i0£¥^a i w/6 ri o L ir-i=-T£v^n 

#* °-nSM-aaos vnB^nw^^a i uj/6ry0 Lir 

^mmw-
iOoO s -H -i0£¥^a i w/B n Q L ir-i=-T^v^n ̂  v 

(sos L LOOIV) ^a n i= • ^ n 

02 °^nxtr[g]^.H vn#^-aOoO saw 
ty$a ~UT>|^ I w/6 ri o L 1f—1=- — ° 

srH-i0£¥^a i w/sn0 

Lir-i=-x£v^in4 4llf?$M:m»SHa vfpyn^x^a^.fi-

-# r, vn °Wi ̂  H < *6 ̂  c #*ii q>$a. i ud^i i s d ^ [ 

(0002) L6L-58L 'IPZ '8U80 '1 'qoioQ-cnounqseH] (0 L96 L03V 

jeqiunu uojsseooe >juegu©0) L s 3 8 L H 1 ̂ d 

< ̂ ^£02 vnq>^<a |ud^|Eqx v I 

Z0t890/n0Z<IfAL3d 317 ££80Z0/ZI0Z OAV 
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< 7°^ X $ K p I a z (DWM> 

0 UX h 'J AMMmOyiz — izti G e n B a n 

k accession number M 5 5 3 9 2 -f V 7°P tfJU/'JUP 

— "tztiG enBank accession number 

A F 1 5 7 3 0 7 tClEic^tlTlNSo 

±§E<Dmz z •£ a tz&> iz& 7° p ̂ - * - oikmm t L T 
, GenBank accession number X02662 (Dim. 

SlB^'lt^C^T, 3 9 7 -44 0 tC§E3 tlTl^x^x 'J L T7 • P 'J fi 

3fe©?'J-tzJU^JUT1'^ K3-'J>I£^'L KP>f^---tz (JJITG APDH^Pf 

/SNd £ tf £>£>) 07°P "E-9 —SB91JTSC^tft^So 

[0129] GAPDH7°P;E-^-£IXt#"t-2>/ctf)X^:L'J t T7 • P >J M G 1 6 5 5 

%fc(D'f J ADNA^TV^U- c g a g c t acat at gca 

atgattgacacgattccg (IB^!]#-§-18), $.£/ C g C g C 

gcatgctatttgttagtgaataaaagg (IB^O#-^1 9 

) tC<t <J PCR&Ti^lU fe»tlfcDN A77^> d e 

I , S p h I Zymtt Z> Z tzm 1 1 0 b pQGAPDH^Pf-^-Cfc 

fc5DNA77^> K^tf/co ff>n/cDNA77^> K«^7°^X$ K 

p B R 3 2 2 (GenBank accession number JO 

17 4 9) £«|#SlNde I MS p h I umitt Z> d t Tl# £ tlS 7 ̂  

V* y K £;Fb"n U 'J ff—Xi/I 'J L77 • P 'J D H 

5 a*fcp > > K "tz;U (HC#«&!lf D N A - 9 0 3 ) IZMM&& L 

, >5 0|ig/mL^L B^^7°b-

?#£*lfcP fcf*> 'J y 5 0/xg/mL^L B$ft 

i&JfeT 3 7 °CT-0fti£S U ?# tf £>7°^X$KpBRgapP£ 

0J|XLfco 

[0130] -f V7°P tfJUTJUl—JUTk Pn?J---t?mfcT%M§T£tz&)lZ, CI 

ostridium beijerincki i NRRL B- 5 9 3 0^7 

ADNA^TV^U- aat at gcat get ggt gga 
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acatatgaaaggttttgcaatgctagg 8) 

% JkXf gcggatccttataatataactactgctttaa 

ttaagtc (1B^]§^9) IZJ: U P C R&Tiifli U f^/cDNA7 

h£«l#SlS p h I N BamH I 1kb 

p<ZH V7°P Ji/T-*t: KP^f^---tf7^yp< > h£t#/c0 ?#£*i 

fcDNA77^>h^77$h'pBRgapP S p h I J&Zf 

BamH I T5^bf Z> d £ Tl# £ tlS 7 ̂  <7*y h U 'J ff— 

INT^L/C^, ii/x 'J L77 • =1 'J D H 5 a&zi > hizJU 

D N A - 9 0 3 ) ICMfffegl U T7> 'J > 5 0 ju, g /m L £ 

B^^7°b- t#^tl/c=IP--^77 

>5 0^ g/m BiMifet3 7°Ct"teiL, t#^> 

ti/cSfrfr £>7°^X$ K£0iJXL I PAd h^IEL<JiA3tiTlN 

56SSU Z(D7°^X< K^pGAP-l PAd htfir£Lfc0 

[0131] ^iz —izmfe-?£:IX:f#t~'i>/c#)t;iN C I o s t r i 

dium acetobutyl icum ATCC 8 2 4©-!fy AD N A^; 

7^>7°b— htCffllNX, caggatccgctggtggaacatat 

gt taaaggat gaagtaat taaacaaat tagc (IB^J 

S"^" 1 0) N J&Zf ggaat tcggtacct tact taagataa 

tcatatataact tcagc (IB^lJ#-§-1 1 ) tCcfc lJ P C R;£Titt 

Iti U ff>tlfcDNA77 y h %%mwm BamHK EcoRltl 

OOb p(D7iz hM£^JU/1^>^--tz7^?'p< > h£ 

%tc o ?# £ tlfc DNA77^7>h 7t L /c 7°^ X$KpGAP-l P 

A d h £«|#S|B a m H I^EcoR I T5^bf Z> Z t Tl# ̂  tlS 7 ̂  

> K£;!b"n U 'J ff—li/x'J L77 - =l 'J D H 

5 a*fc=l > > h "tz;U D N A - 9 0 3 ) IcMfffeE! b 

% 7>^>lJ>50/Ag/mL^tt)sL B^7°b- h iZ^tZMMSm 

W*k%tc o t#^tl/cP • ~-£:P> fcf*> 'J >5 O/xg/mL^L B^fr 

i£jfeT3 7°CT-iiSiU ^7°^X$ K£0J|XU a d c 
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7^'IE L < JfA^ tlTlN£> z. £ ttWni L, <1 CD7°^X $ K>;& p I a £-& 

o 

[0132] ^3-7 6 'J >I|- 1 KP^±—tzJtfe? (zwf) ZWmtZ 

/c#) tC x :> i 'J tl J7 • P 'J B ^ y A D N A (GenBank acce 

ss i on No. CP00081 9) 7^ > 7° b — c a g g a 

tcccggagaaagtcttatggcggtaacgcaaaca 

g c c c a g g (IB^lJ#-§-1 2) , $.£/ cgtctagat tactcaa 

actcat tccaggaacgac (IB^lJ#-§-1 3) PC R/^ 

Ti^§ U % b tltc D N A 7 7 V* y V B a m H I N X b a I T 

tzztzm 15 0 0 b p0?'jup-x6 'J >m 1 KP^--tz 

77^ > K £t#/c0 ?# £ tlfc DNA77^7>h ̂  7*5 tC'fW L /c 7°^ X $ 

Kp I aMiiBamH IStfXba I >F=Hb"t & ^ £ Tl# ̂  tl£ 7 ̂  V 

^>h^U 'Jff—ii/x'Jt7^lJDH5 

a*fcp > > K -tz)\y (HC#«&!lf D N A - 9 0 3 ) IZMM&& U 

>5 0M,g/mL^#t?L B^^7°U- h 

£t#/c0 t#£tl/cP P--%7y fcf*> 'J >5 O/xg/mL^L 

±t!3tCT3 7°CT-iiSiU t# btltc 7°^ X $ K £ p I az^Lfc. 

[0133] Z(D7°yX$ K p I a z 1 TMLfdi/i 'J £7 • P 'J B : : 

at o D A BH >tfrV K"tz MZMM^U 7>^>U > 5 0/A g/m 

#frl_B Broth, Mi I I e r ^7°b— KT3 7 °CT-0fti£S"t-g> 

l^x'J t;7 • H 'J p I a z/B : : at oDAB £t#/c0 

[0134] [^»J3] 

<i^>x 'J £7 • P 'J B^A p g i fa(DWm> 

li/x 'J L77 • P <J MG 1 6 5 5(D?J AD N A 

U (GenBank accession number U00096) 

% li/xU L77- P 'J 0/INX/IN^UP— X-r VP< ^ — -tz (WT P g i 

Zt-tffoZ) £P-(GenBa 

nk accession number X 1 5 1 9 6) „ p g i ^P-
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(1, 6 5 0 b p) 

&)s caggaattcgctatatctggctctgcacg (13^0 

11 14) N cagtctagagcaatactcttctgatttt 

gag (IB^lJ#-§-1 5) , cagtctagatcatcgtcgatat 

g t a g g c c (IB^lJ#-§-1 6) gacctgcagatcatccg 

tcagctgtacgc (IB^lJ#-§-1 7 ) 'J 

-f V-£4ffl^j5£L/c0 I3^#^1 4©y7^7-(J5' ̂ iliJtCEcoR 

I 13^#^ 1 5 £1 6 ©^7^ 5 ' b a 

170^7^7-^5' ^iiy^Pst \mm%m 

[0135] li/x 'J LT7 • =1 'J MG 1 6 5 5i (ATCC 7 0 0 9 2 6) ©>fV A D 

NA^ij^U ?#£*lfc4VADNA££|M£U 13^0#^ 1 4 £13^#^ 

1 5 0 7°^^ PC R£*T9 1 . 0 k b CD D N A Iff 

^i^SL/c (JUTpg i - LmfrtWXZ t1?foZ>) 0 13^0#^ 1 

6^13^|JS^1 7 07°^^T-^7T\ PC R£*T9 1 . Ok 

b 0 D N Alfjft-^i^itig L/c (WTpg i - t1ffoZ>) 0 

N axis pg i-L!fr^r£ 

E c o R I &tfX b a I T\ p g i - RlfrJ^X b a I RXfP s t I Tttl 

?tl%1kLfco Z(Dmm&2.mt, KpTHI 8 C S 
1 (GenBank accession number AB01961 

0) ©EcoRIRtfPst I m{KM t %)tbn U T 4 D N A 'J 

itLfc^ li/x 'J £7 • =l 'J DH 5 h"tzJU (^IJftttii) 

^P7A7i-P-iH O^g/m I L B^7°b-

hiz3 ov?£WT&Mn&&fa£mrco 
K£0i|XU pg i ^=l-Kt-^mfe^©5' ±3fc5E£»Ttt£ 3' "FSfciM 
mfrO) Z-DOmfrifp j H 1 8 c s 1 lZJE[s<m\ZtlT^Z)Zt%:Wm[, 
tco t#£>tl/c7°^X$ K£X b a I UmitLtcm, T 4 D N A *° 'J p< ^--tz 

(aiJ¥)MttI?:lT^/co ^DNAIfr^ pUC4K7°^X$K ( 



°-.n§^ 6dvaiKD 
Wj 6 d^g^^c,#* vn^l£^^<2r^9^^S^TO)^^cl q >j e •£ 

! 6d ViTri 

y Od <5^v N Qt^mvx-n ^0 
-i0£¥^a 

A-AQ: 1 uj/6ryo Mf-iz-x^v 
V^H -i0£¥^a 1 w/6 r/ 0 g<<^>A-(iQ:^^.ar^i 

11^^^^^-rDcoo L [z.ei0] 
°^t^--DI= 

l7in^prn -10£¥^a 1^? I uj/6ry0 g<<. > 
A-f.¥2iii vn#^a#ai7 2iao s sa^^a i w/B TI 0 

g/:^>A-(i¥^--ni=^^(5ti °^§^--nc?^$aa3 * vn 
WiH -10£¥^a 1 UJ/ 6 r/ 0 g y±+q:%$°—(DWL^I 

coz!2iX( °-/ii^-aaos vne$mi£T^a i uj/ery 
0 q<<+ y±+c(.%ty^MmwbM °-m^*\m%m& ^mmw-z. 
0,0 s -H -i0£¥^a 1 uj/6ry0g<^>A-(i¥^ 1 w/6ry 

0 Lir-i=-T^v^n^ (sos 1 LOOIV) ^afic 

• fi ! 6 d — i. s o 8 LHld-H £2 [9£L0] 

Zf j 6 d — L s o 

8 L HId >n3r^i^®i.a<^>A-(i¥ 

ULU ,s^4l^3^T (g0±^l?4.H-i:^! 6d * 

nXtr[g]^.H ^V£:£<bW^MMWbM 

Oo 0 S -H -10£¥^a 1^? I Uj/Br/Q g<<s>A-f-¥^ I uj/6ry 

o Lir-czx^v^D$ <^<c» g Ha fi c • 
10^ vNai7i^^?^^vN 

a ̂  ̂  u % if w«¥#<iir fi t -1 .3— ̂  * r, # v N a v i n <5 £ 3 
lyoog^ (E | OEOJJEH 

d) (17 0 17 9 0 X J © q UJ n u uojsssooe >juegu©o 

Z0t890/n0Z<IfAL3d ££80Z0/ZI0Z OAV 
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[0138] &£x*>i 'J • P 'J MG 1 6 5 5#fci> 'J • =l 'J BifeMi 

T* <J %>*<{ 7°tlJly^^-=l 

[0139] [^»J4] 

<p I aaa/B&pg i #fcCDfE®!j> 

X->x 'J L T7 • =1 'J CD^^ —-tz&^t/x^i 'J tl T7 • =1 'J CDC o A h7 

>X7i7-tz 0 T7 $ y ©^SSB9!l ttBE 3 tiT ̂  £» 

— "tz P — Kt"•SiHfe-ftiGenBank access i 

on number U00096 tClESCD is>x 'J tl T7 • P 'J M G 1 655 

^>fV AIB^U® 2 3241 31-232531 5 *lT^£0 S^cC 

0 A h7>^7i7-1z'43- tt±iflx$/x 'J tl;7 • =1 'J MG 

1 6 5 5^>fV AIB^O® 2 321469-2322781 tlTl^ 

o ZtiZtXlz* imtZtnz K 'JWASMm&%(DTiz 

—izmfe-fs -f V 7°P tfJU/'JUP — JU^tl K • f~J~ — 

V7°P tf;u:pjup-ju©£jiAMt£Tfe£o 

[0140] -f V7°P tlMl/^l/P-Jl/xtl CI 

ostridium beijerincki i NRRL B- 5 9 3 0^7 

ADNA^TV^U- aat at gcat get ggt gga 

acatatgaaaggttttgcaatgctagg (15^]#-^- 2 0 

) % JkXf gcggatccggtacct tataatataactact 

gctttaattaagtc (IB^y#-§-2 1 ) tCcfcU P C R & TiffiH L, 

%bntcD N A77^> h£«l#SlS p h u BamH ItMn: 

£-e$]i. 1 k b p®-r 7 7°P tfju^jup-ju^'ti Kp^--tz7^^p< > 

h £?#*:„ mbtltcDH A77^> K^^WiJ2-e^L/c7°^X$ Kp 

B R g a p P£«|#SlS p h I RtfB a m H I T^bf •& d t Tl# £ tl£ 

77^ > h£;Fbi^U 'J ff—x>>i'j tnT7 • =n U 

D H 5 a*fcp > tiT> h"tzJU D N A - 9 0 3 ) 

&U T>bf*>'J >5 0|ig/mL^L B^7°b- K £>Mff 

?#£*lfcP tl%> 'J >5 O/ig/mL^L B 
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3 7 °c-e-^±Mu %bntcmWfrb~fz>x$ K P G A P-1 p 

A d h %miLtc0 

[0141] IS'X 'J L7 • =1 'J —'J £7 

• =l 'J MG 1 6 5 5tt©^VADNA^T>^U- a t g g a t 

ccgctggtggaacatatgaaaaattgtgtcatcg 

t c a g (IB^lJ#-§- 2 2) N j&Zf gcagaagcttgtctagatt 

aat tcaaccgt tcaatcaccatc 2 3) t,Z cfc lJ 

PCRMiU m^ntcD N A77^> h£Ml#SlB a m H I N H 

i nd I I I -zmitt Z> Z tUft) 1 . 2 k b p(D^^y-izy^</^y h£t# 

fco mbtltcDH A7?^> K^^tC^J55cL/c7°^X$ KpGAP - I PA 

d hMSiBamH I H i nd I I I umitt Z> Z t Tl# ̂  tl£ 7 

^p<>h£;Fbi=rU 'J 13—tz£ffl^T^i=rL/c^, x*>i 'J b7 • =i 'J D 

H 5 a*fc=l > > h"tz;U D N A - 9 0 3 ) ICMfffegl 

U >5 0|ig/mL^L BSS^7°U — K tCjfcWt" Sills 

&<* £t#/c0 t# e> tl/c =1 • X - £ y y 'J > 5 0 IL g / m L £ L B 

ftiStfeT 3 7 °CT— Iftjgm Us %b tltcmWfr 7°^ X $ K p G A P - I PA 

d h-a t o B£[g]lKL7co 

[0142] xi/i ij\i7 • ~I 'J o A h7>77i7-£IXt#1"-2>/c 

a&x^/x'Jb^-^'JMGI 65 5|0^;AD NA^7^>7°b — 

Tgctctagagctggtggaacatatgaaaacaaaa 

ttgatgacattacaagac 24) N $.£/1 a g c a 

agcttctactcgagttatttgctctcctgtgaaa 

eg (BB?!1#^2 5) tCcfc y PC R;£Ti^§U fWcDNA77^> 

h^SPMiXba I, Hindi I I T>F=Hb"t£ Z tZ'ffi 6 0 0 b p (D C 

oA h7>X7i7 —If a "It ~?=L-V h77^>h £?#£«, ?# £ tlfc D N 

A77^> h£^CfFJ3cL/c70^X$ KpGAP- I PAdh-atoB£ 

»l#SlXba l&tfH i nd I I I T>F=Hb~$T £ Z t Tt# £ tl£> 7 7 > 

'Jff—ii/x'J ^'J DH 5 al 
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hizju DNA-9 0 3) izmnm&u yy 
tfis'J >5 0|ig/mL^L B^7°b- K 

fco t#£>tl/c=l 'J >5 O/xg/mL^tCL B$fti£jfe-C 

3 7°C-e-iiSiL, K p G A P-I PAdh-a 

t o B — at o D £ [g]J]X L 7c „ 

[0143] 3 f^CX^x 'J tT7 • =1 'J MG 1 6 5 5*f J A D N A >7°b- K 

a a g t ct cgagct ggt ggaacat at ggat gc 

gaaacaacgtattg (IB^lJ#-§- 2 6) N ggccaagct 

tcataaatcaccccgttgc 2 7) tC ct lJ P C R ;£ 

Ti^SU %bUtzD N A7?^> K£*l#SlX h o lN Hindi I 

I T)F=Ht-t£££-e^6 OOb p©Co A K^>X7x^--tf/SHt7"zL-«> 

h77^^ > K £t#/c0 ?# tl/c DNA77^>h <>: 7*5 L tz 7°^ X 

$ KpGAP- I PAdh-atoB-ato D£*1#HX h o I &tfH i 

nd i i i-emibTzzt-emt>n&7:7?*>\*%m'&u vx-nzm 
lNT^L/c^ I^I'J t7 • =1 U DH 5 a^=l>t0x> K-tzJU (HC^«6 

DNA-9 0 3) Cllljjl U 7'J > 5 0 ju, g /m L £ 

B^^7°b- ?#£tlfc=IP=-£;P 

>5 0^ g/m B^i^T 3 7°C-e-0ft±MU ?#£ 

tltzmWIS" b 7° ̂  X $ KpGAP — I PAd h — at o B — at o D — at 

o A£0JKLfco 

[0144] /'-tz — C I o s t r i 

dium acetobutyl icum A TCC 8 2 4©^V AD N A^; 

7^>7°b— caggtaccgctggtggaacatat 

gt taaaggat gaagtaat taaacaaat tagc (IB^lJ 

S"^- 2 8), gcggatcct tact taagataatcata 

tataacttcagc (BB9!J#^2 9) IZ£ y PCRMISL, %b 

tlfcDNA77 y K £«I#SI Kpn I, B a m H I £ T? 

#57 0 0 b p^^-tz KMlT1'^>'U^>i>^--tz7^yp< > K^tf/co ?#£tl 
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tc DNA77^> K£^CfFJ$L/c7°^X$ KpGAP-I PAdh-at 

oB-at oD-at o A£*1#HK p n I &tfB a m H I 

t"eff>n577^ > K£;Fb£-U U iS'i 

'JUT7 - =l 'J D H 5 a&=l > t°7^ > K "tzJU (HC^«&!lt&5S£*t DNA-90 

3) ICMfffeglU >5 O/xg/mL^L B^7°b-K tC 

„ ?# e> ti/c =i • - •- £ y y t^> >j > 5 o ». g / m 

L£#frl_ B^JgJft-e3 7°Ct-teiU K 

pGAP — I PAd h-Adc — at o B — at o D — at oA ^:[°]i]X L, p 

I aaaHfco 

[0145] £©7°^X$Kp I a a a Jk^MM 3 T'fEl^ L/cX^i'J L T7 • m U BA 

pg i =l>t°7^> HzJUCMfflE&U >5 0|ig/mL^ 

LB Broth, Mi lie r^7°b- KT3 7°Ct-^StSe^ 

tCctUs x^x'JL^-n'Jp I aaa/BApg i 0 

[0146] [^MJ5] 

<B: : atoDABApg i $fcCDfE§!j> 

1 -CWmttc B : : a t o D A B 3 Ltc P T H 1 8 

c s 1 — p g i L, ^P7A7 x. ~ =l —)[/ 1 0 AJ, g / m I ttli~ 

V^>>5 O^g/m I £#frl_ B^7°b- KtC3 M 

LBM^iClSlU 3 O'CTr-^ipSLfco 

O^g/m I £#frl_ B^7°b- MC^frU 4 2°Ce^W 

f-g>P p--£t#/c0 t#£>tl/cP :>> 5 OAtg/m I 

tL BiSMitet, 3 0°C-e2 4^iU IC^]t7^i/>50^g/ 

m I £#frl_ B^^7°b- KtC^LT4 2£ =l • = -£?#fc0 

[0147] ftiiL/cP P--®Ef 1 0 0=IP- —^t°>>^77>>7°LT, 

O^g/m I £#frl_ B^7°b- K£, ?P^ 

A7x-P-JU O^g/m I L B ̂ 7° ̂  - K t!\ tl±^ 

-f B^^7°b- hC©^tt§^P7A7i-^-Jl,igtt 
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—>£i/u/c0 N PC R 

pg i 

3. 3 k b p ®TJ=T"(ZDisf^ra^£>L, tl/c^^: B^fca t o D *f 

yA^b, P g i (JU"F B : : a t o DABAp g i fl^WSf 

•S Z. £.1ffo%>) £.^&Ltc0 

[0148] 'J £T • P 'J MG 1 6 5 5#fci>'J £T • P 'J BifeMi 

T* <J %>*<{ 7°tlJly^^-=l I,? is B >£ V^TZZttfVZZo 

[0149] [^»IJ6] 

< B : : atoDABAgnt R fa(Dftgl> 

ii/x >J £7 • P >J BlfatoVJ AD N A ©^SlB^Ki^-efe U (G e 

nBank accession No. C P 0 0 0 8 1 9) , GntR^; 

P — K•§>imSlB^lJliGenBank accession No. CPO 

0 0 8 19 K§B*6©X*>I 'J £T • P 'J BfafS AIB^J® 3 5 0 91 84-

3 5 10 17 9 £C§E1#6^ tlTl^o G n t R£p- K"t £1^ SIB (gnt 

R) CQjfrf^PP ——yVT&tctiby ggaattcgggtcaat 

tttcaccctctatc (IB^]#"^3 0), gtgggccgtcc 

tgaaggtacaaaagagatagattctc (IB^yS"^3 1 ) 

, ctcttttgtaccttcaggacggcccacaaattt 

g a a g (IB^y#-§- 32), ggaattcccagccccgcaagg 

ccgatggc (IB^y#-§-3 3 ) 'J 9 b^-51 K7°^^T V — % 

4 Lfc o IB^y 3 0 33 J: tf 3 3 (D 7°^ -f V- 5 ' ^^{lij CEco 

[0150] xi> x 'J L T7 • P 'J B^fcCD *f J ADNA (GenBank access 

ion No. CP000819) t# btitcf 7 A D N A 

£: L, IB^S^3 0 £BB?y#^3 1 ©^7^ PCR^IT?^^: 

^<<,1^1. 0 k b®D N A!fr^r£i^sL/c (J^Tg n t R-

Z.£ti<1b%) o S/c, IB^S^3 2 £BB?y#^3 3 ©7°^ P 

C R£*T9 y$] 1 . Okb©DN A8fr^r£i^§ Ltc (JU~F g n t R 



WO 2012/020833 53 PCT/JP2011/068402 

— t-tfifoh) o D N A®r^£:P;tf P — 

T#£k 0JRU g n t R-L^g n t 0^: 

1B^US^3 3 0 7°^ 7-^7T\ PCR%'{j?Z.£lZ£Vm2. OkbCD 

DNA|fr^r£i^§L/c (KTgntR-LR^^Pf^^m) 0 Z(D 

g n t R - L Rlfrft-^: T7# P — Xltf^SHCT^H, E c o R I T' 

)&{k L, $ K p T H 1 8 c s 1 (GenBank acc 

ess ion number AB019610)CDEcoRI /^Hb^ ̂  % 

Ma U T 4 D N A 'J X—izVJxJiSLm li/x^ b7 • P'J DH 5 aP 

(^!£it*±ii) ^P7A7i-P-iH 0 

|ig/m I MC3 O'C-e^Wf 

K£0i|XU g n t LRffi^'pTH 1 8 

c s 1 tC IE L < Jif A^ tlTl^ Z. £: £ frill L, C©^7X$ K^pTH 1 8 

cs1— g n t RtL/co 

[0151] C9 LTt#^tl/c7°^X$ K p T H 1 8cs1—gnt R£^MJ 1 UW 

1L/CX^>X'J L7 • P U, B : : a t o D A U ?P^A 

7 i —P—;U 1 0 fx g/m I B^7°b- MC 3 O°C-e-0fti£SL 

s P7A7XZP-JU 0/xg 

/m I ^ttfLBM^iClSlU 3 0°Ct-teiL/co tfacdCDigg 

/fftCD- p|3^r t) j~ ~? 4 s>>^P7A7xzp-jU O/i g/m I tjN L B| 

^7°b-htCil^ U 4 2°C-e£W1"-2>P P--£t#/c0 t#^tl/cPP--

£ L B&ttJ&Jfe-e, 3 0 °C-e 2 4 0#r^±M U Hie L B^7°b- h 

LT4 2°C-e£W~t£P P- —£t#/c0 

[0152] ftiiL/cP P= —1 0 0PP--^t°>>^7>>7°LT, 

^tl^tl^L B^7°b-^7P7A7xzp-jU O^g/m I 

frL B^^7°b- ^P7A7xzp-jbig'|0^P->^ 

MA,tco ICCtl^©ge^P->©iMDNA^f)PCR(:<J:U^ gn 

t Rmfc^^LTl^C^-e^. 0 k b vmft(D^1?7LbtlZ>fo%: 
jStfeL, % £> B^fca t oD^r J A^-fb, gnt Rjlfe?^^ (J^T 
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B: : atoDABAgnt £ Z1 Zilffoh) t-pp^i Ltc0 

[0153] immmn 
<pGAP — I a/B : :atoDABAgnt R*fc£>fFJ$> 

6 tfFlLfcii/ x 'J L T7 • P 'J N B: : atoDABAgntR 

h-tz)lslzmMM2?ftmLfc7°^Z< Kp I aWStU 
Ty £°is'J >5 0 fx g/m L£#frl_ B Broth, Mi lie r^7°b 

- KT3 7°CU-m%mtZ>ZtlZ£ yN li/x 'J HT7 • P 'J p I a/B : 
: atoDABAgnt R^^t#/c0 

[0154] [^»J8] 

<p I a z/B : : atoDABAgntR fFJ^c> 

6 tfFlLfcii/ x 'J L T7 • P 'J N B: : atoDABAgntR 

*fc=l>L0^> K-tz;U^^»iJ2-e^L/c7°^X$ Kp I aze«L 
, >5 0 ix g/m L£#frl_ B Broth, Mi lie r^7° 

b- KT3 y, li/x'J LT7 • =1 'J p I a z/ 

B: : atoDABAgnt R^3:t#/co 

[0155] [^MJ9] 

< B : : atoDABApg iAgntR fE®i> 

5 tfFllfcii/ x 'J L T7 • P 'J B : : atoDABApg i 

^»J6-e^L/c7°^X$ K p T H 1 8cs1—gnt R^III^L, 

^•7A7xzp-Jb 1 0 ix g/m I B^7°b- K tC 3 0°Ce-

P7A7xzp-jb 

1 O^g/m I ^ttfLBM^iClSlU 3 0 °Ce-^±M Ltc0 %IZ 

Z — ,y>^P7A7xzii-jH Ojag/m I 

frL B^^7°b-KtC^U 4 2°C-e£WTZ=ll=l=-Zmc0 %btltc 

=IP"-^LBmti&M-Z's 3 0°CT'2 4 liflipS L, M^LB^7°b-

KtCil^ LT4 2°C-e^Wt"-?)P U— — ^:%tco 

[0156] ftiiL/cP P= —1 0 0PP--^t°>>^77>>7°LT, 

B^^7°b-K£, ^7P7A7xzp-jU O^g/m I 



WO 2012/020833 55 PCT/JP2011/068402 

frl_ B^7°b- ^P7A7xzp-jHgtt0^p->§ 

MA,tco M^£tl£>0@^P->0|fefel*DN Afr£> PC FUCJ; <<J, gn 

t 0 k b p A £tl£>&£ 

S^LN % b B^fca t oD^r y A^-fbs p g i g n t R 

(JU"F B : : atoDABApg iAgnt R 

[0157] tefcJiisjL 'J £T • p 'J MG 1 6 5 5^fed:t/x^>x 'J tT • P <J BifeMi 

T* 'J tiytJ ytUls^v-Pl/^>a>J; Hi A#-f 

[0158] [^MJ10] 

<p I a/B: : atoDABApg iAgntRfEj5c> 

9 tfFllfcii/ x'Jt^-P'J, B: : atoDABApg i A 

g n t R^P > t°7^> Kp I a &J&M 

U 7>^>ljy50/xg/mL LB Broth, Miller 

m^7°u-ht'3 7"c-e—sc:^tc<fcy, ^>x u t7- PU P i 
a/B: : atoDABApg iAgntR 3rt#/c0 

[0159] [^»J11] 

<p I az/B: : atoDABApg iAgntR%fc(DfE$C> 

9 tfFllfcii/ x'Jt^-P'J, B: : atoDABApg i A 

gnt R^P Kiz;UtC^ite'f^J2T'f/FiiL/c70^X$ Kp I az^ 

?>¥*/*) >5 0 ix g/m L£#frL B Broth, Mi lie 

r*^7°b- ht'3 7 0C-e-^±M"r^C«>:^J: y, x$/x 'J t: T7 • P 'J P 

I az/B: : atoDABApg iAgnt R#fc£rf#7c0 

[0160] [^»IJ12] 

< B : : a t o DABAg n d fa<Dft$k> 

/INX/IN^JUP KP^—lz£p- K"t£mfc^ (gnd) GQi^S 

^ p — - ys?-$~Z>tctsbs cgccatatgaatggcg 

cggcggggccggtgg (IB^lJ#-§-34) N tggagctctg 

tttactcctgtcaggggg (IB^lJ#-§- 3 5) N tggagct 
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ctct gat t taatcaacaataaaat t g 3 6) 

N cgggatccaccaccataaccaaacgacgg (IB^OS 

^37) iB^ys^3 

4 07°^V-&5' d e I IB^S^3 5 fed: 

tflB^3 6 0 7°^ V - & 5 ' ^1|IJCSac I mm&tiL£M LT^£ 

o £ tzs IB^y#^ 3 7 (D 7°^ -f 5 ' B a m H I 

LTl^o 

[0161] xi> x 'J t T7 • P 'J B^fcCD tf j ADNA (GenBank access 

ion No. CP000819) IB^J#^3 4 £IB^J#^3 5 

®7°TK V-^:PT\ PCR^fi? . Okb®DNA|fr^r£ 

m^Ltc (WTgnd-Llfr^Pf^^^i,) 0 ttcs IB^y#-§-3 6 t 

IB^y#^3 70^7^ -?-s<7T:\ PCR^fi? . Okb® 

DNA|fr^r£i^§L/c (OTg n d - £#&£>) 0 Ztlb® 

DN 0JRU g n d — L Iff ft- ^N d 

e I $.£/ S a c I T', g n d — R®Tft- £ S a c I $.£/B a m H I 

/^'fbL/C„ zvmimxzmt, ;MS^7X$KPTHI8CSI ( 
GenBank accession number ABO 1 9 6 1 0) 

0 N d e IMBamH I >£'«] tZMGLs T 4 D N A 'J —-tz ~e JS! Jf& L 

tcm, x 'J 17 • P 'J D H 5 a P > fcf^ > h "tzJU (HC#«&*f *t§!D KM 

^P7A7x-P-Jb 1 0 At g/m I B^7°b- h IZ 

3 o°c^-nt^m%mw^mtc0 %bntc^m%mwfrb7z>x< 
0JRU gnd?:P-Kt5l<Ef©5' ±3fc5MlfTtt£ 3' 

CD 2 ^CDlff Jn7^ p T H 1 8 c s 1 tCIE L < iff A£ tlTlN£ d t &WM Ls p 

TH1 8 c s 1 -g n d h Lfco 

[0162] d 9 LTt#^tl/c70^X$ K p T H 1 8 c s 1 — g n d 1 TfE§^ 

L/cli/x "J tT7 • P 'J, B: : at oDABlCiMU ^P7A7 

x - P—JU 1 0 At g/m I B^^7°b- hC3 O°C-e-0fti£SU 

P7A7XZP-JU 0 At- g / 
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m I Bfofoi&mzmmLs 3 0°Ct-^SLfco 

(D — p|3 tk t) ~y V -Y i/y 9 P^A^x^Zl—JU1 0 jx g/m I tjN L B 

7°U-KK^U 4 2°C-e^Wt"^)P Px-^tf/co t#£>ft/cP P--£ 

L B&ttJ&Jfe-e, 3 0 °CU 2 4 U IC L B ̂ 7° b - K L 

T 4 2°C"e^Wt"'g)P U— — ^r%tc0 

[0163] ftiiL/cP 1 OOppz-^e-^7-^Lt, 

^tl^tl^L B^7°b-K<^ ^7P7A7I-P-JU O^g/m I 

frL B^^7°b- KK£W3t^ ^P7A7xzp-jbig'|0^P->^ 

m/vtco ii:^ne>©@w^p->®»DNA^^pcR(a^ gn 

d IWMLTl\|)Ch^2. 0 k b p|fr^(Di^§^;L£>tl£*fc£5ii 

t£U ?#£*l/Mfc£B : : at oDABAg n d fatfiiZLtco 

[0164] 'J £7 • P 'J B^^T7^ >J ft y 9-f 7° Jo )\/3- t-Pl/^x>a > 

J: 

[0165] [^MJ13] 

<p I a/B : : atoDABAgnd $fcCDfE§!j> 

1 2 tfFlLfcli/ xUt7- P'J, B: : atoDABAgnd 

^P>L°^> KizJU^»J2TfF^L/c7°^X$ Kp I aWStU 

>5 0 M g/m L£#frl_ B Broth, Mi lie r^7°b 

- KT3 7°CU-m%mtZ>ZtlZ£ yN li/x 'J £7 • P 'J p I a/B : 

: atoDABAgnd 

[0166] [^»IJ14] 

<p I az/B : : atoDABAgnd $fcCDfEiy> 

1 2 tfFlLfcii/ xUt7- P'J, B: : atoDABAgnd 

*fcP>L°^> h-tzJUlzmMM2?ftmLfc7°yX< Kp I az«^L 

, 7 > tf •> U >5 0 ix g/m L£#frl_ B Broth, Mi lie r^7° 

b- KT3 7 0C-e-^±M"r^d«>:KJ: y, li/x'J t;7 • P 'J p I az/ 

B: : atoDABAgnd *k%tc0 

[0167] [^MJ15] 
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< B : : atoDABApg iAgnd 

5 tfFllfcii/ x 'J L7 • P 'J B*fcN B: : atoDABApg 

i mzmMM 1 2-efF^L/c7°^X$ KpTH18cs1-gnd ZMMfa 
&U ^P7A7i-3-ib 1 0 ix g/m I B^^7°b — hC30 

f^tl/cMI»^^P7A7xz 

P-JU 0 ix g/m I U 3 0°Ct-teSL/c 

o ^Kd©inll/SCD — P7A7I — P — )l> 1 0 ix g/m 

I B^^7°b— MC^frU 4 2 °C-e^W"T^ =!•--=& t#/co ?# 

<itl/c=lp--^L B>Sl*i£it!2T\ 3 0°CT'2 4 0#P^±PS LN IC LB|^ 

7°b- hCi$LT4 2°C-e^Wt"-?)=l P--£t#/c0 

[0168] ftiiL/cP 1 00PPz-^e-^7'^Lt, 

^tl^tl^L B^7°b-K<^ ^7P7A7I-P-JU O^g/m I 

frL B^^7°b- KK£W3t^ ^P7A7xzp-jbig'|0^P->^ 

m/vtco ii:^ne>©@w^p->®»DNA^^pcR(a^ gn 

dIWMLTl>SC^T^2. 0 k b p|frtt©i^|7^;L£>tl£*fc£® 

Ls B: : atoDABApg iAgnd L/C0 

[0169] [^MJ16] 

<p I a/B: : atoDABApg iAgnd $fcCDfEi^> 

1 5 tfFllfcii/ xU t7- P'J, B: : atoDABApg i 

Ag n d^P > t°7^> K-tz;UK^^iJ2-e^L/c7°^X$ Kp I a^II 

U 7>tf>>ljy50/xg/mL LB Broth, Miller 

m^7°\s-KT3 7°CU-m%mtZ>ZtlZ£ yN li/xij £7 • P 'J p I 
a/B: : atoDABApg iAgnd ̂ %tc0 

[0170] [^»J17] 

<p I az/B: : atoDABApg i, Agnd #fcCDfE§!j> 

1 5 tfFllfcii/ xU t7- P'J, B: : atoDABApg i 

A g n d^P >L°^> KizJUK^ijte$iJ2TfE§i L/c70:7 7v$ K p I az^® 

yy £is'J >5 0 IX g/m L£#frL B Broth, Mi lie 
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r^7°b- KT3 x$/x 'J £7 • =1 'J p 

I az/B: : atoDABApg iAgnd 

[0171] [^»IJ18] 

<B: : atoDABAgndAgntR$fcCDfEi^> 

1 2 tfFlLfcxi/ B: : atoDABAgnd 

*fc=l>L0^> K-tz;UK^»iJ6-e^L/c7°^X$ KpTHI 8cs1-g 

n t R£Mff$s^U ^P7A7x-3-ib 1 0 ix g/m I B^ 

7°b-MC3 0°C-e—0^±ML, 

^•7A7i-P-iH O^g/m I L U 3 0°C 

T U tco /fck <— ^ S/y^P7A7i — P 

;H 0 ix g/m I B^7°b- KK^U 4 2£ =l • 

= ?#£*lfc=IP=-£L B&ttJ&Jfe-e, 3 O°C-e2 40|^±ML 

, ICLBi^yL/-ht:i$LT4 2°C-e^W"T^ =!•--=&t#/co 

[0172] ftiiLfcP 1 OOPPz-^b°'>^7l>yLT, 

B^^7°U-K^ ^P7A7I-3-JU O^g/m I 

frl_ B^^7°b- KK£W3t^ ^P7A7xzp-jHgtt0^p->§ 

®/u/c0 I(:Ctie)©lW^P->©^MDNA^f,PCR(aU, gn 

t Rmfc^^LTl^d^-el^. 0 k b p0fttt©igilitfa.£*i.S&£ 

3U£ LN t# titzM.'t B: : atoDABAgndAgnt Ltc 

o 

[0173] [^MJ19] 

<p I a/B : : atoDABAgndAgntR %fc(D fEi^> 

1 8 tfFlLfcxi/ B: : atoDABAgnd 

Ag n t R^=l>t°^> K-tz;Uk^»iJ2-e^L/c7°^X$ Kp I a 

>5 0 ix g/m L£#frl_ B Broth, Mi lie 

r*^7°b- KT3 7 0C-e-^±M"r^d«>:kJ: xi/x "J tT7 • =l 'J p 

I a/B: : atoDABAgndAgnt R^^t#/c0 

[0174] [^»J2 0] 
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<p I a z/B : : atoDABAgndAgntR 

1 8 tfFlLfcii/ • =I'JS B: : atoDABAgnd 

A g n t R$fcp y t'l^r > K 2 TfFH L/c^7T, $ K p I a z £ 

>5 0|ig/mL^L B Broth, Mi I I 

e r^7°b- KT3 7 °CU-m%mt Z> Z t IZ £ ^ li/i'J £7 • =I'J 

pi az/B: : atoDABAgndAgnt R^^t#/c0 

[0175] 

< B : : atoDABApg iAgndAgntR fE®i> 

1 5 tfFllfcii/ x'JL^-ZI'J, B: : atoDABApg i 

Ag n d*fcp>LT> K-tz;Uk^»iJ6-e^L/c7°^X$ KpTHI 8 c 

s 1 - g n t R£Mff$s^U ^P7A7i-3-ib 1 0 fx g/m I 

LBi^^L/-ht:3 0°Ct-^iU 

W^^P7A7I-3-JU O^g/m I L L 

% 3 0 CT U tc0 /Ki"- Z ©tpSX5.CZ) V P 7 A 7 

x - =|—;U 1 0 M, g/m I B^7°U- 4 2°CT^W 

1-£=IP--£f#fc„ P--=& L B^fr±p±teT\ 3 0 °C T 2 4 0# 

liSiL, ICLBi^yL/-ht:i$LT4 2 °CU^t £ P P =-£?# 

tCo 

[0176] ftiiL/cP P= —1 00^Pz-^tf'^7yyLT, 

B^7°b-h<^ ^P^A7X-P-;H O^g/m I 

frL B^^7°b- ^P7A7xz^-jbig'|0^P->^ 

®/u/c0 Ii:^ne>®@W^P->0»DNA^^PCR(a^ gn 

t Rmfc^^LTl^d^Tl^. 0 k b vmft(D^1?7LbtlZ>fo%: 
3U£ LN % <o titzM.'t B: : atoDABApg i Ag n dAg n t R|ih 

•pp^S Ltc0 

[0177] [^»J2 2] 

<p I a/B: : atoDABApg iAgndAgntR%fc(DfEi^> 

2 1 tfFllfcii/ iU t7- P'J, B: : atoDABApg i 
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AgndAgnt >LV> K iz)\ylZ^MM 2 Ltc 7°^ X $ K p 

I >5 O/xg/mL^CL B Broth, M 

i I I e r 11^7° U — K T 3 7 °CT—£ <£ lJ N X^X'JL;7 

•ZI'Jp I a/B: : atoDABApg iAgndAgnt R^^t#/c0 

[0178] [^»J2 3] 

<p I az/B: : atoDABApg iAgndAgntRfEi^> 

2 1 tfFllfcii/ x 'J L 7 • =l 'J N B: : atoDABApg i 

AgndAgnt R^fczi >tf-r> K 2 TrfE§i Lfc 7°^ X $ K p 

I a z^fllEtU >5 0/xg/mL^L B Broth, 

Mi I I e r^^7°b— KT3 7 Z> Z tlZ£ ^ 

/'•ZI'Jp I az/B: : atoDABApg iAgndAgnt R^^rt# 

tc o 

[0179] [^»J2 4] 

<p I a/B : : a t o DABft©#|> 

1 x 'J L 7 • =l 'J N B : : atoDAB^ybj 

> K-tz;Uk^WiJ2-e^L/c7°^X$ Kp I ae«U 7>^>'J 

>5 0 M g/m L£#frl_ B Broth, Mi lie r^7°b- KT3 7 

°CTi—m%9:tZ>ZtlZ£ yN li/i'J LT7 • =l 'J p I a/B : : a t o D 

A 

[0180] [^»J2 5] 

<p I az/B: : atoDABApg i $fcCDfEiy> 

5 tfFllfcii/ x 'J L 7 • =1 'J N B: :atoDAB|tApgi 

=l>t°^> K-tz;Uk^»J2-e^L/c7°^X$ Kp I aze«U 

77>t%>'J >5 0 M g/m L£#frl_ B Broth, Mi lie r^7° 

b- KT3 7°CU-m%mtZ>ZtlZ£ yN li/i'J t7- P'J P I az/ 

B: : atoDABApg i 

[0181] [I^IMIJI] 

V 7°P L°JU:PJU=l-JU®£ji) 
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WO 2 0 0 9/0 0 8 3 7 7^>7l/'^ KHI 1 

7 7°P tfJU:PJU=l-JU®£ji£tT^;/co i£^t&3 'J 

y U 0 L 'J 7°P tf U 

L/co h ̂  '> 7°llktiN K =7 v 7°}^£: LTCDTK (K;^,>'70 

7jo £ 1 i&fcy 9 L0i-e>iAU 2^MuttfflLfc0 &fc\ ±M*i 

L/co 

-f V7°P ^7J^-Mr^ttCffll^cH0-|^i3 £ LT^Lfc0 

[0182] [H3] 

pIa/B::atoDAB IPA^jg&^lr mmm* 

pIaz/B::atoDAB IPA^jg&^lr zwf&#£51 Hte#ij2 

plaaa/BApgi IPA^g^#^, Apgi HJS#IJ4 

pIaz/B::atoDAB A pgi IPA^jS^#^, zwf^i^S, Apgi HJS#IJ25 

pIa/B::atoDAB A gntR IPA^jt^#^, AgntR HJS#IJ7 

pIaz/B::atoDAB A gntR IPA^jS^la'^, zwf3ii5=3H, AgntR HffifiJS 

pIa/B::atoDABApgiAgntR IPA^S^'t^, Apgi, AgntR Hitefijio 

pIaz/B::atoDAB A pgi A gntR IPA^jS^la'^, zwf?|i^H, Apgi, AgntR Hite#lj11 

pIa/B::atoDAB A pgi A gnd IPA^jS^#^, Apgi, Agnd HJS#IJ16 

pIa/B::atoDAB A gndA gntR IPA^jS^#^, Agnd, AgntR HJS#IJ19 

pIaz/B::atoDAB A gnd A gntR IPA^jS^la'^.zwfiSii^iS, Agnd, AgntR Hte#iJ20 

pIa/B::atoDAB A pgi A gnd A gntR IPA^jg^la'^, Apgi, Agnd, AgntR Hifc#iJ22 

pIaz/B::atoDAB A pgi A gnd A gntR IPA^jS^la'^.zwfiSii^H, Apgi, Agnd, 
AgntR HJS#IJ23 

I PA = I' V7P tfj V7 J L-3—J L-

[0183] fuipS (hLT7>t!,s>lJ>50|xg/mL £: # L B Broth, M 

i I I e r i^m^. (Difco244620) 50mL £ Atlfc 5 0 0 m L 

•&—^ 7 "7 X P t<_:§-p^F'fffi^^:'1:iSlsl U% 0$U 3 0 CN 1 2 0 r p m 

tco tu±pS4 5 m L J^Tk^t"llJ5cC0ip±te 8 5 5 g® 

A^/c3L§0igilt (ABLEttliSSSiBMS-P I) U 

ItiO. 9 L/m i n( 5 5 0 r p 

mN ±M;^3 0°C, pH7. 0 (N H 37K/#/STiMlM) gilfe 
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8 0$HfM££-e©iak 5 0 w t /w t %(D<?)\y-I—1 o g/L 

Ltc o 50wt/wt %© ̂ ;u=i 

2 0 g / L /Bir^GQ;j^T\ l*l IZ <?)\y H - X & £> ^ < E# L ft^ J: 

9k^si:^ipL/co 7 2 0irP^-ek^[s], 

y 7°7K^©^ 7 7°P tfJU^JUP-JUfc^t/^-tz h>©Sii^H P LCT'^ 

T)UJ^ L/co &fc\ %m&<D)&mfe£ K^>>7°®2^^ 

©-^•^'fitT'fe^o L/co 

<i£JM/£> 

P->X^-T-70|J^- (S*&nQn<bI§!D : 2 0 g/L 

F e 2S 04 • 7 H20 : 0. 1 g/L 

K 2 H P O 4 : 2 g/L 

KH2 P04 : 2 g/L 

M g S 04 • 7 H 2 O : 2 g/L 

(N H4) 2S04 : 2 g/L 

7f^y-JbLG 1 2 6 (H^iADEKA) 0. 1 g/L 

(SISB : 7K) 
[0184] 
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[^4] 

m IPA&SS(g/L/72h) 7-tJh>£0S(g/L/72h) 

pIa/B::atoDAB(&14**fiS) 48.7 27.6 

pIaz/B;:atoDAB 39.4 20.2 

plaaa/BApgi 0.0 0.0 

pIaz/B::atoDAB A pgi 41.1 3.0 

pIa/B::atoDAB A gritR 57.3 23.7 

pIaz/B::atoDAB AgntR 33.3 25.0 

pIa/B::atoDAB A p^i AgntR 9.6 0.8 

pIaz/B::atoDAB A pgi A gntR 70.2 10.6 

pIa/B::atoDAB A pgi A gnd 2.6 0.2 

pIa/B::atoDAB A gnd A gntR 28.6 28.4 

pIaz/B;:atoDAB A gnd A gn tR 33.9 25.3 

pIa/B::atoOAB A pgi A gnd A gntR 0.8 0.0 

plaz/B::atoDAB A pgi A gnd A gntR 75.6 14.1 

[0185] PittM (pi a/B: : at o D A B) 0M 7 7° U\f)\,7 

JU=|—JU£jM&4 8. 7 g/L/7 2 h-efeyN g n t R^®lL/cft ( 

pi a/B: : atoDABAgntR) CD zfejttUtt 57. 3 g/L/7 2 

h-efe^/co dtUCJ:^ g n t R ^^±11" ̂  

7^1. 

gntRiipg i Llo zwf (p I a 

z/B: : atoDABApg iAgntR) CD zfejttUti 7 0. 2 g / L / 

7 2 . 4^7^/CO Z(DZtfr 

bs gnt R CD<^£:fij£iJ| L/c^J^Utig n t R^pg i LlO 

[0186] —2j\ pg i L/ciin- (p I aaa/BApg i) Tii^V7° 

• t0;u77;u=i-;uti^< zwf ^bLfcfc'W0J|^ (pia 

z/B: : atoDAB) 3 9. 4 g/L/7 2 htife^T, £ 

Kfr L 5iTL/c0 

gntR ̂ ^±1 LJ=L"3 zwf L/ci§-n (pi az/B: :ato 

DABAg n t R) , pgi ££$±11 LJ=L"3 zwf L/cil-n (p I a 
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z / B : : atoDABApg i) p g i^gntR Ltdsk 

-n (p I a/B: : atoDABApg iAgntR) T't 3 

3. 3 g/L/7 2 hN 41. 1g/L/72h% 9. 6g/L/72hh 

fty, -f V7°p 

[0187] g n t R 

p I az/B: : atoDABApg iAgnt 

14[p]±0$]Jil&, g n t Rip g i LJ=L"3> z w f 

j£j*t'l4CD[q]±7^JI!, tl/c p I az/B: : atoDABApg i A 

gnt RftCIC gnd L/c:t§n\ IP"£> pg i i:g n t Rhg nd 

^ILIO z w f (pi az/B: : at o D A B A 

pg iAgndAgntR) (ZM 7 7°P tfJU/'JUP — 7 5. 6 g 

/L/7 2 h P I az/B: : atoDABApg i Ag n t Rft 

Ltco 

[0188] g n d 7 7°P t^l/T^l/P-JU^m^ 

J: Ui^4 5. 5g/L/72h-e«>yN gnd V 

7°P t0;U77>;UP->;U^ttfp]±®^]^ti^^tl^^^/co S/c, gntRh 

gnd L /c^in" (pi a/B: : atoDABAgndAgntR) 

s pg i iig nd L/ciin- (p I a/B: : atoDABApg i A 

gnd) Rtf pg i i:g n t Rhg nd LtcMa ( p I a / B : : a 

toDABApg iAgndAgntR) 28. 6 g / L / 

7 2 h N 2. 6 g/L/7 2 hN 0. 8g/L/7 2h^lJ, 

v7°P L5lTL/c0 i;:ii 

gnd LlD zwf tt/cii-n (pi az/B: :atoD 

ABAgnd) , gntRiignd LlD zwf tt/cii-n 

(pi az/B: : atoDABAgndAgntR) J&Xf p g i t. g n d 

^ILIO z w f (pi az/B: : at o D A B A 

p g iAgnd) t -f V 7°P tfJU^JUPK 
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40. 7g/L/72h, 33. 9g 

/ L / 7 2 h N 34. 9g/L/7 2h^^c)0 

p I az/B: : atoDABApg iAgndAgnt 

&l^T<^£>tl£j£j*t'l4[q]±CD$]:^te:s g n t Riipg i^ignd ̂ rlH0#k® 

s/c, -(V7°n£)\s7)\sZ\-)\s£_m 

(DWMt 
[0189] CP-tzh>®i^i) 

[^MJ 2 6 ] 

V7°P K >coixy tJH L> 

_h§E P I az/B: : atoDABApg iAgndAgntR^ (^lijfe 

0IJ 2 3 ) OiSiittli® K 7 >> 7°TK ^GCML T7 "tz h > 1f 1 . 2 

g/U -f 77°P fcfJl/^l/P—J14£4. 3 g/L##3*iT^£> d tlf-fofr 

itzo ±§E^ V7°P L^U^JUP-JUfc^t/^-tz K >£#fr7K;#>S (tSilfe 

7 2mW<k(D V=7V 7°7J0 kK -f V 7°P LMl/^Jl/P-JI/W7 

-tz h>£i^;fJtltLlX1'Jdi L/co 

>A-'J XK31WET) 250ml £^±1 L/c£ =7 AK;t3l5 0 0ml/ 

h-e®>su Ltc0 L 
tco M5 3-8 1. 6°C0g^£IX1'JdiU GCML/cISI, ^-tzhV 

18. 7111 -f V7°P L°JU:PJUP-JU6 2. 6111 ̂ BM^O. 

2111 glU LTffll^c 

o 

[0190] <MSlM$ZnO :Zr 02 (9 4:6) (DM M> 

5 0 0 m I 0S#M$*JlE7^XPK, m&i- h 'J 1 5. 94 g ( 

0. 1 5 m o I ) RZ?7k 13 0ml £ itfc0 ?#btl/c7K)#)SkN 

mmwm7\7kmt 3 4. 36g (0. 11mol) 
^71. 3 0 g (0. 05mo I ) ^1 50m I ®7.KK;#$?3 tt/c 
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frfefoZs 1 f©SS50riM$tfcll 5iiL 
s L/CO 1 2 o°c-e2em 4 o o°c-e 1 mm& 
'J#U iii:6 0 0TC-e2HriM^c„ im«lZnO : Z r02 ( 

94 : 6) 5 0 g £?#fc„ 

[0191] <7t 

it^1 cm, J|£4Ocm0SUSi^J^K, fu§E©*tl=rgHt^M$ Z 

n 0 : Z r 0 2 (94:6) 1. Og (20MPa t'Ettil, 2 5 0-5 

00|xm^ML/ct©) £?5ilU lOml/mi n©Iit;lT, 3 5 

0°C-e±IE^^ (7-tz K> 1 8. 7111 -f V7°p L°JU:PJU=I-JU 6 2 

. 6KM°A ^BM#0. 2Hm%s SlkHi*) £1. 5 0 g / h r©| Ij-^r 

M£n 5 tf p?h^77< — "e##r H 5 

L/c^Ki^fjfe^-tz h>7^£j5£LT^;/co &fc\ H5E£ ri PAJ tej 

V7°U£0)\sT)\s=l-)\s$:£T OUTS H*§) o 

[0192] [SMU2 7] 

4 0 0 °C 26^: mmzft?fc0 5 

k^L/co ^K^L/cJ^Ki^lJt-e^-tz h>tf£l$Lr^fc0 

[0193] [^»J2 8] 

n0:Zr02 (8 8:1 2) (DWm> 

5 0 0 m I 0j|M^i7773(C, h 'J ^7 A 1 5. 94 g ( 

0. 1 5 m o I ) RZ?7k 13 0ml £ itfc0 {§ t>tlfc7k)&)fclZs 

5fe'II#fpxA7Kffi^ 3 2. 8 6 g (0. Ilmol) 

^7A-7Kffi^2. 66 g (0. 1 Omo I) ^1 5 0 m I ©7KCM^t/c 

TtmfcZs 1 irpW^ijT;iTL/c0 f©ss5BriM$tfdi ZML 
s L/CO mbtitz&Mb* 1 2 o°c-e2mms 4 0 o°c-e 1 mm& 
'JtU S^:6 0 0t)-e2l^riMLfc„ im«!ZnO : Z r 0 2 ( 

8 8:12) LT9. 9 4 g £?#fc„ 

[0194] CP-tz 
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it&1 cm, J|£4Ocm0SUSi^J^K, fu§E©*tl=rgHb^M$ Z 

nO : Z r 02 (88: 12) 1. Og (20MPa t'Elllil, 2 5 0-

5 0 0 [x L/c&CD) U 1 0 m I /m i n CDll^fUjitTN 3 

5 0°C-e±IE^^ (Tiz K> 1 8. 7111 -f 7 7°P tfJU^JUP-JU 6 

2. 6ffM°A ^BM#0. 2KM°A BVH]JO £1. 5 0g/h r 0flj 

5 tf X ̂  p?h^77< — "C##r i5C 

^L/cJ^Ki^fJfe^-tz K LTl^/co 

[0195] [^»J2 9] 

4 0 0 °C LtctX^Z^Mm 2. St mmz.ftitz0 5 
iZ^Ltco ^5k^L^cJ;9ki%}lJt'e71z K LTl^/co 

[0196] [H5] 

SJE IPA 
mtm 

(%) 

IPA£W<7>£6fc!&<7>$ai5fc 
(^E;u%/-r *j~fu tfjuyju^— SJE IPA 

mtm 
(%) 

T-th> Z?ntfL>> ^>K 
J*?VU 

-rvT^vu 
*rh> 

Hfisflij 
26 

ZnO: Zr02 (94:6) 350°C 97.8 78.3 8.4 3.9 0.2 9.2 

27 
ZnO: Zr02 (94: 6) 400°C 99.6 71.9 6.1 4.6 0.3 17.1 

Hfisflij 
28 

ZnO: Zr02 (88:12) 350°C 83.5 89.8 1.0 2.4 0.1 6.7 

HJWJ 
29 

ZnO: Zr02 (88:12) 400°C 99.0 80.0 1.3 3.5 0.1 15.1 

[0197] (j V7°n£)\s7)\sZ\-)\s^mMiimlZ^%nZ>mfcT(DZ\ K>fi£^) 
7 7°P tfJU:PJUP-JU£ji;UfaK#3;tl£^ 7 7°P £)17)1 

P-JU^'t: KP^f^---tfmfe^^T'-tz hiifb KP^f^---tfmfe^©P K 

-f V 7°P LMU^JUP-JU&t/^-tz h>©4itt^J^TC 

k5SIIL/co 

[^IMJ 3 0 ] 

<^77,^ Kp I *a*z CDfEi^> 

£ PX K 'J 2/"5 AMIfflSCD7-tz KM^^U#'^:^ —izmfc? ( a d c 

) tiGenBank accession number M55392C, ^ 
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77°P t?Jls7Jls=l-JlsThl KP^—tzitfe? (I PAdh) ttGenBa 

nk accession number AF157307 klEHI^ 

o 

±§E<Dm-oikmmt LT 
s GenBank accession number X02662 (Dim. 

SSB9!Ht$|k33^Ts 3 9 7 -44 0 KIE3 tLT^Sx$/x 'J LT7 • P <J fi 

%<D?'J iz JUT JUTk K3-'J>I£^'L KP^—tz (JJITG APDH^Pf 

&Z.£1f1bZ>) (D7°P^E-9 —SB9!J 

[0198] GAPDH70PzE-^-^IXt#t"-?)/ctox^xiJ t7 - P'JMGI 6 5 5 

%k(Df J ADNA^TV^U- h(C|UTc g a g c t acat at gca 

atgattgacacgattccg (IB^lJ#-§- 3 8), J&Zf c g c g c 

gcatgctatttgttagtgaataaaagg (IB^lJ#-§-3 9 

) (:J;UPCR;iti^U mbtltcD N A77^> K£«l#SlN d e 

U S p h I T?5t^b-r£££•?#] 1 1 0 b pQGAPDH^Pf-^-Cfc 

fc5DNA77^> K£t#/c0 ff)tlfcDNA77^> h^7°^X$ K 

p B R 3 2 2 (GenBank accession number JO 

17 4 9) £«|#SlNde I MS p h I umitt Z> d £ Tl# *l£ 7 ̂  

V* y K£;!b"n U 'J ff—xi/x'J L77 • P 'J D H 

5 a*fcP > t°7" > K -tzJU D N A - 9 0 3 ) IZBM&& L 

% Tytfis'jy 50/xg/mL^tCL B^^7°b-

?#£*lfcP P ~-^Ty kf*> 'J y 5 O/xg/mL^L B$ft 

JgJft-e 3 7 °C-e-0ft±£S U ?# ^7X$KpBRgapP4 

0JKLfco 

P K>fi£^L/c^ 77°P tfJU^JUP-JUT1'^ K P ̂ --tzmfci1 (IPA 

d h *) •i>/c#)kN Clostridium beijerinck 

i i NRRL B- 5 9 3 <ZH V7°P tfJU^JUPL KP^ —tzitfe 

T(DT< tCP K>fi£^L/c-f V 7°P tfJU^JUP-JU^'t: KP 

>f^-iz}Ifc^£§£ftU DNAMC<J:tJJ'»DNA77^>h (IB 
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^y#-§-4 o) fkW&Ltco mmzuTizmto 
ATGAAAGGTTTTGCAATGCTGGGT ATT A A T AAGC 

TGGGCTGGATCGAAAAAGAGCGCCCGGTTGCGGG 

TTCGT ATGATGCGATTGTGCGCCCACTGGCCGT A 

AGGGAGCTCTTGGCGACCGCAAGAATATGATTTT 

AGGGCATGAAGCGGTGGGTGAAGTTGTGGAGGTA 

GGCAGTGAAGTGAAGGATTTCAAACCTGGTGACC 

GTGTTATCGTCCCTTGCACAACCCCGGATTGGCG 

GTCTTTGGAAGTTCAGGCTGGTTTTCAACAGCAC 

TCAAACGGTATGCTCGCAGGATGGAAATTTTCCA 

ACTTCAAGGATGGCGTCTTTGGTGAGTATTTTCA 

TGTGAATGATGCGGATATGAATCTTGCGATTCTG 

CCT AAAGACATGCCCCTGGAAAACGCTGTT ATGA 

TCACAGAT ATGATGACT ACGGGCTTCCACGGAGC 

CGAACTTGCAGAT ATTCAGATGGGTTCAAGTGT A 

GTGGTCATTGGCATTGGCGCGGTTGGCCTGATGG 

GGAT AGCCGGTGCT AAATT ACGTGGAGCAGGTCG 

GATCATTGGCGTGGGGAGCCGCCCGATTTGTGTC 

GAGGCT GCCAAATTTT ACGGGGCCACCGACATTT 

TGAATT AT AAAAATGGTCAT ATCGTTGATCAAGT 

CAT GAAACT GACGAACGGAAAAGGCGTT GACCGC 

GTGATT ATGGCAGGCGGTGGT AGCGAAACACTGT 

CCCAGGCCGT ATCT ATGGTCAAACCAGGCGGGAT 

CATTTCGAAT AT AAATT ATCATGGAAGTGGCGAT 

GCGTTATTGATCCCGCGTGTGGAATGGGGGTGCG 

GAATGGCTCACAAGACTATCAAAGGCGGTCTTTG 

TCCCGGGGGACGTTTGAGAGCAGAGATGCTGCGA 
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GAT ATGGT AGTGT ACAACCGTGTTGATCTCAGCA 

AACTGGTCACGCATGT AT ATCATGGGTTCGATCA 

CATCGAAGAAGCCCTGTTACTGATGAAAGACAAG 

CCAAAAGACCTGATT AAAGCAGT AGTT AT ATT AT 

A A 

[0199] LfcDN A77^^> acat gcat 

gcatgaaaggttttgcaatgctg 1 ) N RXf 

acgcgtcgacttataatataactactgctttaa ( 

IB^#^4 2) PCR£-eigiliU mbtltcD N A77^> K£$y 

mmms P h i N sai i -zmittzzt-zm ̂ . 1k b p^p K>B&^ 
7 7°P tfJU^JUP-JU"r\l > K£t#/c0 ?#£*lfcD N 

A77^> K£7°^X$ Kp UC 1 1 9£«i#SlS p h I a I I 

1577^ > K£;Fb"n U U tf— 

li/x 'J L 7 • P 'J D H 5 ocfoP > K"tzJU 

DNA-9 0 3) H3M$K&U >5 0 ^ g/m L£#frl_ 

^7°b— K t#^tl/cP P — — •&T7> tf'V 'J > 

5 0 M g /m L L B^i^T 3 7 U ?# 

£>7°^X$ K^@®LTP K>fi£^L/c I PAd h *^IE L < JfA3 tlTl^ 

:07°^X$ K£ p UC- I L/co 

[0200] 7°^X$ Kp UC - I *£«1#SIS p h I RXfE c o R I umitt&Zt 

I PAd k t^$KpBRgapP4 

mens p h i RxfE c o R i -zmttzzt-zmbt> K^ 
Wtn U 'Jtf—Xi/x'j £7 • P 'J DH 5 a*fcp> 

L°7P>K-tzJU DNA-9 0 3) Us 7> 

'J>50M9/mL^L B^^7°b- hC^tTSf /c0 

% £> tl/c PPi-^7> kf $/ 'J >5 0/xg/mL^L B®Mift"e3 7 

°Ct-iiSSL, K£0J|XLP K>B^L/c I P 

A d h *7^IE L < Jif A^ d £: £f?ISil LN <1 CD 7° T7 X $ K^pGAP-
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[0201] zi L/c77iz — "tzmfe-f (adc*) 

&tclt)lZs Clostridium acetobutyl icum ATC 

C 8 2 4 (D7iz VWW.^r~h =7 — (D7 J £: k=l 

KVB^L/c^-tz tz}Ifc^£§£ftU DN A^Uc 

J:^»DNA77^>h (IB^S^4 3) £fFJ$L/c0 IB^£J^~RC 

•Bt" o 

ATGCTGAAAGATGAAGTGATT AAACAGATT AGCA 

CGCCATTAACTTCGCCTGCATTTCCGCGCGGTCC 

GT AT ACCGT ACCGAT ATGGACGCCCTGCGT AAAG 

TTGTGCCAGAGCCTCTGGAAATTGATGAGCCCTT 

AGTCCGGTTCGAAATCATGGCAATGCATGATACG 

AGTGGCCTGGGTTGCT AT ACAGAATCAGGTCAGG 

CT ATTCCCGTGAGCTTT AATGGTGTT AAGGGCGA 

CT ACCTTCACATGATGT ATCTGGAT AACGAGCCG 

GCAATTGCCGT AGGTCGGGAATT AAGTGCAT ACC 

CT AAAAAGCTCGGGT ATCCAAAGCTGTTTGTGGA 

TTCAGACACTCTGGTGGGCACGTT AGACT ATGGA 

AAACTGCGTGTTGCGACCGCGACAATGGGGTACA 

AACAT AAAGCCCTGGATGCT AATGAAGCAAAGGA 

TCAAATTTGTCGCCCGAACT AT ATGTTGAAAATC 

ATCCCCAATT ATGACGGCTCCCCTCGCAT ATGCG 

AGCTT ATCAACGCGAAAATCACCGATGTT ACCGT 

ACAT GAAGCTT GGACAGGACCGACT CGACT GCAG 

TT ATTCGATCACGCT ATGGCGCCACTGAATGACT 

TGCCGGTCAAAGAGATTGTTTCTAGCTCTCACAT 

TCTTGCCGAT AT AATCTTGCCGCGCGCGGAAGTC 
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73 

PCT/JP2011/068402 

AT AT ACGATT AT CT CAAGT AA 

[0202] MLf:DNA77^V>h^f>^U—acgcgtcg 

acgctggttggtggaacatatgctgaaagatgaa 

g t g a t t a (SEJIJ## 4 4) „ JkXf g ctctagattacttga 

gataatcgtatatga (lE^1]#-^-4 5) Izj; LJ P C L 

, #btl/cDNA7^^V> a I I. X b a 

£V$J7 OOb p(D=i R>&^L/"-7-tz h^fAU^V7-t'77^^ 

> h£#fco tfbtifrDN A77^V > KpGA 

p-i*£«S$i§sa i i^xba i vyMkt&ztvmzti&y??* 
>K£;g£U 'J tf—Xvx 'J t7 • a 'J DH 5 a 

h-feJU DNA-903) Clff2!f$E&U 

7>t°V'J>5 0// g/mL^tLBl^b-

%%tz0 t#btl/c=lP-— £7>t°v'J >5 0 \± g/ml_£-£t;LB;&ftiS 

±tia~e 3 7°C-e-B^±g#L. ib^f:»b^7X? K£0i|XU a d c* 

A<IEL<^A£;hTl^::(b£5£|;SU Z(DZ??XS K£p I *a *<h^£L 

tZo 

[0203] ^U=l-X 6 'J >&- 1 -ft KPy^—(zwf) 

fcfclCIyi U t7 • =l U ADN A (GenBank acce 

ssion No. CP0008 1 9) MCffllvt g c t c t 

agacggagaaagtcttatggcggtaacgcaaaca 

g c c c a g g (IS^lJ#-^- 46) , ~BL IS- cgggatccttactcaa 

actcat tccaggaacgac (iB^|JS'^'4 7 ) P C R;£ 

TigiHU ffbftfcDN A77^> > h^flJPIH^B amH I % Xba It 

5 0 0 b P0^>3-X6 U>S£1 -ft K n f-jr—M 

Kp I *a b a I Sl/BamH I mitt&ZtVW 

Utf—t££m^T$££Ltz'&s x -> x 'J 17 • =iUDH 

5 > Kiz;U (m;¥^I^^± DNA-903) IZ^MIE^L 

tiiEZtitzmm (^i"j9D 



WO 2012/020833 74 PCT/JP2011/068402 

% yy£^\)y 50/xg/mL^tCL B^7°b- K CittSfilEt 

'J > 5 0/xg/mL^L B^fr 

t^CT3 7°C-e—0fti£#u Kp l*a*z£[g] 

i|X L/co 

[0204] [^»J3 1] 

< p I * a */ B: : atoDABAgnt R$fcCDfEJ5£> 

6 tfFlLfcii/ x'JL^-ZI'J, B: : atoDABAgntR 

> hizJUlzm&M3 Kp I *a*%mn$z& 
U yyt°Sy>J >5 0 fx g/m L£#frl_ B Broth, Mi lie r^ 

7°b — KT3 7°C-e-^±M-r^C^kJ: kK li/x'J t7 • =l 'J p I * a* 

/ B : : atoDABAgnt R^^t#/c0 

[0205] [^»J3 2] 

<p I * a * z / B : : atoDABApg iAgntR%fc(DfE$C> 

9 tfFlLfcii/ x'JL^-ZI'J, B: : atoDABApg iA 

g n t R^=l > t°x > K-tz;Uk^MJ3 0-e^L/c7°^X$ Kp I a*£B 

yy >5 0 IX g/m L£#frl_ B Broth, Mi lie 

r*^7°b- KT3 7 0C-e-^±M"r^C«>:kJ: li/i'J t7 • =l 'J p 

I * a * z / B : : atoDABApg iAgntR 

[0206] [^»J3 3] 

<p I * a * z / B : : atoDABApg iAgndAgnt R^CDfEl^ 

> 

2 1 tfFlLfcii/ x 'J L 7 • =l 'J N B: : atoDABApg i 

AgndAgnt R^fczi >Lf > K 3 0 TfE§^ Ltc7°yX $ K 

p I *a*z£Mff$s^U 7>^>lJ>50M9/mL?:ttLB B r o t 

h, Mi I I e r^^7°b-KT3 7 °Cl:—m%9:t Z> Z tlZ£ ^ li/x 

'J tl 7 • • 'J P I * a * z / B : : atoDABApg iAgndAgntR 

o 

[0207] [^»J3 4] 



WO 2012/020833 75 PCT/JP2011/068402 

< p I * a */B : : a t oDABft©#|> 

1 tfFlLfcli/ x 'J t 7 • P 'J , B : : a t o D A B jfcn > 

V K izJUlZ^MM 3 0 -efFii L /c 7°^ X $ K p I * a * U 7>tf 

•y'J>50|xg/mL L B Broth, Mi I I e ri^^l/-ht' 

3 7°C-e-0fti£S-t£££tCj; Vs Xi/iU t7 • =l >J p I * a*/B : : a 

t o D A B^fc^rfH/co 

[0208] mmn 2 ] 

V 7°P L°JU:PJUP-JU®£ji) 

±IE [I^IMiJI] 7 7°P tfJU^JUP-JUCD^jiM^T^/co 

—It £1^6 L/co £tcs 7 L/co 

[0209] [H6] 

mn% 
pra"7B::atoDAB !PA£ji ̂ (IPAdhi:adG05=lF>3S:S)^ HJS£^IJ34 

pTa'/B:: ato DABAg ntR |PAiES^<IPAdhtadc<7>=iK>aaE) $ 

1. « in.. 1 •* i„ I PAS® ̂  (I PAdh tadeCDzi R>c$;l£) 
pi a z/B..atoDABApgiAgntR zwf3$$8g> Apgi, AgntR *lfi#J32 

, ,n . „*•* A j« to IPA£j§;^CIPAdh£adc<7)ziK:>®;SE)'^ p I "az/B:: ato DABApg iAg n dAg ntR Apg|] Agnd| AgntR 

iPA=-<v7Pt^U7;un—;u 

[0210] [^7] 

tfc€ IPA£jt* 
(g/L/72h) (g/L/72h) 

pra*/B::atoDAB 64.1 36 3 

pl*a*/B:: ato DABAg ntR 75.5 31.2 

p l*a*z/B:: ato D A BApg iAg ntR 92.5 14.0 

pl"a"z/B::atoDA BApg iAg n dAg ntR 99.7 18.6 

[0211] i 7 ©ISl?:i4 L/c^: C 5, -f V 7°P tfJU^JUP-JUf t 

KP-ift-^ KfFltf t: KP-ift-CDP 

^ V7°P < fq]±"r^C(>:^^^/co 

[0212] [^»J3 5] 

(X9U-Xfr£>(ZM V 7°P tfJU^JUP-JU^jt) 

p I * a * z / B : : atoDABApg iAgndAgnt R/HlCl^T, 
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0 • —(cscA) ?;iAL 

% X?P —V:/P fcfJl/^l/P— 

/c^g)S^^7izK>Xti70PtfU>^ii^L/co 

<p l*a*z — c s cA/B : : atoDABApg iAgndAgnt 

Rfa(DWM> 

P'JOI 5 TlfatoVJ AD N A©£l&gBB?!Ki&ft]'e&<J 

(GenBank accession number AE005174 

) N xvx 'J L7 • P 'J 0 1 5 7#fc<ZH lz£p— Kt"-Sitfe? ( 

J^T, cscA^l§TSC^^§) T%-<b 

^ c s c A ttGenBank accession number AEO 

0 5 17 4 K§B*6©X->I 'J t7 • P 'J 0 1 5 7 y ABB?!]© 3 2 7 4 3 

8 3-3 2 7 5 81 6 K§B*63 tlTl^o 

[0213] c s c A%m§TZtcdblZs Xi/x ij t7 • P <J O 1 5 AD N 

A^7^>7°b — g c t ggt ggaacat at gacgcaa 

tctcgattgcatg (IB^lJ#-^- 4 8) N RZf ttaacccagt 

tgccagagtgc (IB^#^4 9) PCRMISL, ?#£*I 

/cDNA77^>h^T4^lJ^^l/^f K=^t-"tz "T? 7^ MM 'J >mttZ 

Z. t "£$] 1 4 7 0 bp©cscA77^>h £?#£«, I0DNA77^ 

> K t 3 0 -efFJ5£ Ltz p I * a * z £«|#SlBamH I T^b©^ T 4 

D N A/1N°'J 7 —U 'J 7*Z7 7?—1ZV£ 

mZRtt'J ^MlkLfctatZm&L* 'JX-izZm^Txvx 
'J 17 • P 'J D H 5 a^P > > K -tz;u DNA-9 

0 3) >5 0/xg/mL^L B^7°b-K 

K£0i|XU <f)l 

P-X6 'J >I|— 1 -f H KP^t-tzitfe? (zwf) ©3' ^MilJ^c 

s c A 0 5' c s c A A* IE L < tiT•& Z1 £: 

£ tl/c 7°^ X $ K p l*a*z — cscA£: -pp^S L /cQ 

^ii/x'jt7- P'JCM 5 ItofJ AtiiiilSt/ltiWi^lr 
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[0214] 2 1 tfFlLfcli/ JLVLT • =I'J, B : : atoDABApg i 

AgndAgnt R^fcp y y K -\zJ\ylzWM LtcZP°yX $ K p I * a * z — 

c s c A LN 7 > tf:> 'J > 5 0 AJ, g /m L LB Broth 

, Mi I I e r^7°b-KT3 7 Z> Z tlZ£ ^ x*>i'J 

L 7 • P 'J P l*a*z — c s c A/B : : atoDABApg iAgndA 

gnt 

[0215] [i^iMiJ3] 

(>r V7°P tfJU^JUP-JUfc^t/^-tz K>®^) 

xi>xlJtl77-PlJp l*a*z — c s c A/B : : atoDABApg i 

AgndAgnt R#fc£:ffll\/c.£(.^Hi±§E [t&iMU 1 ] LTN -Y V 

7°P tfJU^JUP-JUfc^tl^-tz K ycoMm-^fi^tco tctcLi^Mt 5 0 w t 

/w t %^;UP — UC4 0wt /w t %X ̂  P 

tS|7 20|^@-e8 2. 0 g/LOM V7°P tfJU 

7;UP-;U^ 2 3. 7g/L07th>tfML/co 1p@0h77 7°7K;& H 

PLCMLfc^, 7-tzK>^0. 1 411% -f V7°P 

ttO. 5 5 gf%t^ 5 nt ̂  5 C i: fc„ 

[0216] (>r V7°P tf;i/7;i/P-;k h HH L) 

±§E-f V 7°P tfJU^JUP-JUfc^tl^-tz h h ̂  y 7°7.Kfr tC 

ct lJ s -f V7°P ¥)\s7)\s=\-)\sJkXf71z K y ttmjm&ik LIXU tJH L/c0 

>A-'J XK31WET) 250ml ^ AIZ&5 0 0ml/ 

h"e®>SU i#1"S7>f-7t^:PliL/co ICM^SETIHL 

fc„ M5 3TC-8 1. 6°C0g^£IX1'JdiU GCML/:^, Tiz K 

>19. 111% -f V7°P £°)l>7)l>=l-)l>6 0. 511% ^BM#tf0 

. 5Ms%s £ft£J^T0^»J3 6~^»J3 9 0J& 

7KHJ^ &t/^»J4 O07°P Ltil^Co 

[0217] [^»J3 6] 
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Cp-tz 

<WiMiZnO :Zr 02 (9 4:6) mm> 
5OOml0HM?Ai77X3C, h'J ^7 A 1 5 . 94 g ( 

0. 1 5 m o I ) At?7K 13 0ml £Atl)#$?3i±tc0 ?#btl/c7K;#)S^N 

36g (o. iimoi) &«ib=M^up-

V A-7Kffi^ 1. 3 0 g (0. O5mo I ) ^1 50m I ©7.MC;#$?3 tt/c 

fcfefeZs 1 ftr^WCffiTLtzo f©SS5 0riM$tfcll 5iiL 
, < TK& L/CO 1 2 o°c-e 2 em 4 o o°c-e 1 mm& 

'JtU ft^^6OO°C-e20|rPTMj55cL/co im«!ZnO : Z r 0 2 ( 

94 : 6) ^fife©|»^LT9. 5 0 g £?#fc„ 

[0218] <7-tz 

it^1 cm, J|£4Ocm0SUSi^J^^ fu§E©*tl=rgHb^M$ Z 

n 0 : Z r 0 2 (94:6) 1. Og (20MPa t'Ettil, 2 5 0-

5 0 0Mm^»L/ct©) £?5ilU lOml/mi n©Iit;lT, 3 

5 0°C-e±IB^)t (7-tz h> 1 9. 1 111 -f V 7° • LMl/ 7^=1-^6 

0. 5 ft 1%, THM# 0. 5 11%N a "J 7K) £ 1 . 5 0 g/h r CDflJ 

J&HS& 5 tf X ̂ P7h ̂ 77 -f -T^/f L /c^H, ^ 8 K 

^L/CJ:9^A1©7K h>->M7 

7°P h>7^£j$LT^;/co ft 

fc\ H8* ri PAJ V7°ptf;u7;up-;u^^-r (JUT, H*§) 0 

[0219] [^»J3 7] 
J5J&^J££4 0 0°Ct LfcyLftli£MM3 6tmmzft?fco $£mii£8 

IZ^Lfc o HS^L/cJ^Ci^fJfe^-tz h LTl^Co 

[0220] [^»J3 8] 

<J«SlM$Z n0:Zr02 (8 8:1 2) (DWm> 

5 0 0 m I m&i- h 'J ^7 A 1 5. 94 g ( 

0. 1 5 m o I ) RZ?7k 13 0ml £ A*l/§$¥3itfc0 ?#<?*lfczK?§$lCN 
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mmwm7s7mwQ32. 8 6 g (0. 1 1 mo 1) 
66 g (0. 1 Omo I) ^ 1 5 Om I 

7j1 0tP^frtfT;&~FL/co 

s <7K&L/CO 1 2 ooc-e20m 4 o ooc-e 1 mm& 
'JtU ft^C6OO°CT20#PPTJ«L/co im«!ZnO : Z r02 ( 

8 8:12) LT9. 9 4 g £?#fc„ 

[0221] <7-tz 

it^1 cm, J|£4Ocm0SUSi^J^^ fu§E©*tl=rgHb^M$ Z 

n0:Zr02 (8 8: 1 2) 1. Og (20MPa 2 5 0-

5 0 0Mm^»L/ct©) £?5ilU lOml/mi n©Iit;lT, 3 

5 0°C-e±IE^^ (7-tz K> 1 9. 1111 -f 77°P tfJU^JUP-JU 6 

0. 5 ff M°A THM# 0. 5 ff M°A n "J 7JO £ 1 . 5 0 g / h r 0flj 

5 0tP^0£j^£ tf X ̂ P7h ̂ 77 -f L /c^H, ^ 8 K 

^L/cd;9Hi^}I^"e7-tz h>^)SLT^/co 

[0222] [^»J3 9] 

J5J&^J££4 0 0°Ct L/cJ^&^»J3 Qtmmz.ftitz0 ^tt^8 

[Z^sLtc o HS^L/cJ^Ci^fJfe^-tz K >7^J£J5£ LTl^/co 

[0223] [H8] 

Mil }m. jM. 

IPA 

W) 

4 Jffitl© fflj&(=EJl- S-6/IPA&® 

Mil }m. jM. 

IPA 

W) Tiz hV 7/PfbV ^ 4=v I1 -tcom 

is fite w 
36 

ZnO : Zr02 (94:6) 350°C 95.9 79.2 7.5 3.2 0.1 10.0 

i® fite w 
37 

Zn0:Zr02(94:6) 400 °C 99.9 72.0 5.2 4.4 0.1 18.3 

i® Ste #] 
38 

ZnO : Zr02 (88: 1 2) 350°C 81 1 90 0 0 8 2 0 0.1 7 1 

# Ste 0J 
39 

ZnO : Zr02 (88: 1 2) 400 °C 98 5 81 2 1.7 40 0.1 13 0 

[0224] [^»IJ4 0] 

(7°P tfb>®^) 
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5ommns u m 
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