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mm (p u o) a—[^00] 

°q,<$ 

av N a <2:4^^fi^2ISWFa)i^®0¥? !l°° B!MO|j©qos 

3 v?i >n £±$n#£ K%2.&?-2<2£m%Q)%<2-$-%m2m'5W%®P:ftw 
BjL|0jj©L|0S3 vl||ig[ sn| | joeg 4|seuoiuopn9s 

d vl||ig[ B6O;OUJJ91]_L vl||ig[ j©ioeqo}.©ov v ggf s n 

I | | 6 J © d s v V!HM snooooou j © Q X H ^CD% fyWM fi 

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

© l| O S 3 Q^j= j |00 BjL|OjJ©L|OS3 vl||ig[ s n I I J O B g 

G9||w n u © i B 6 ©iu sn| | joeg 'fssoAmojeijOO 

e S 09H ©BjSjA©j©o SQOALUOJ eqooes vMSBUO 

luopnQSd^^ssoujBnjQB SEuomopnasj vsu 

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

0 ! 0 COilw n 0 p 1 o o s 1 p lunj | 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] (i. u. B. ) mmm 
3. 1. 9K$HI;**U ^-tz^uco 

ibTiz b-yiz^juc o 

T&s OUX h'J^A • 7iz KX^'J^A 

(Clost rid i um acetobutyl icum)N ^7 P X h 'J 

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

i i ) IfCD ̂  p X h 'J VO ASIffljik X:> x 'J L T7 • P 'J (Escheri 

c h i a c o I i ) 'J L/'Slffljik 'J 0 AS (H a 

lobacterium sp. ) Iffljlk X—XP ~7 • ^ (Zoog 

loea ramigera) =fCD X— XP 'jVtf^Affi (R h 

izobium sp. ) Iffljlk ^77^ "Jl/tf^A • y~ A (Br 

adyrhizobium japonicum) 10^77^ 'J x/tf^7A 

Slffljik ~hyV*?- h P 'J X (Cand i da t rop i ca I i s 

) H© tl y V ySlfflSs • <7 \sizy 5>X (Cau I obac 

ter crescentus) =f (Dt) ̂ P/^^ — Slffljik X h b 7° h V 

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

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

occus faecal is) CDx >7^ p p y ̂  XSIffljiilil^CDt CD^ 

mtfbftZo 
[0037] -Hornet ±^L/c#a^ 

K-r^it^CD^SSB^J^W-r-SD N A 

o $?ig&t>©£ LTteu ^PX h'J^A • X"tz KX^'J^A, 

^PX h 'J y^7A • ^>>'1 'J >+|®^PX K 'J li/x 'J 

LX • P 'J^®xi>x IJ k7iit AP/^T 'J V Affl®|fflSN X-XP 

X • 7$^7f©X-yp X 'J V k?£ Affl®Iffla, 7 7T1 -r 'J V k? 

£ A • v>*°-±jA|f©XXT^ 'J Vt^AlifflE ±J>XX • hP t°±J 'J 

i 0 P/^ ̂  • 0 \s*a.y 9 9 — 
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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 xH®x>^pp >> 

SlB^U^W-r^DN J: ysfjg&t,©*: LT^ ^PXh'J 

AJgfflSXtex*/:L IJ 

ZZtifUx*. OUX h'J^A • Tiz h7>'J;bAX& 

X^IL'J L;7 • P 'Jfi3fc©mfc^a)±^g|fl^]£W-t£DN A^S, 

[0038] Vm^tDlt^is^-iztlZ, ( I 

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

T&s OUX h'J^A • Tiz K^'J^A 

(Clost rid i um acetobutyl icum)N ^PXh'J 

V ^7 A • ^ V x. 'J y (Clost rid i um bei jeri nek 

i i ) #©?PX MJ^ASfflSs (Ba c i I I 

us polymyxa) =f 0 A'-^JUXSIffljiifi^CD t (Dif^i b tl£0 

[0039] — t 

p- ®^SSB^l^#-ri) D N AX&^O&ftlOJ&gBB^yKg^ 

^T^£3*lfc£-/£D N $?ig&t»©£ LT 

^ p X K 'J V0 •?> t CO^i^l/'f & Z. 

WTL&tnZ K 'J V^> A • Tiz K 7> 'J tl A, A'^JUX • *° 'J < 

?v-m&(DTAfcT(Dikmm%:^tz>DNAmn^nz>0 mz&£L<& 
, OUX K 'J^A • ;p-tz S^'J^jAa^Oit^O^SSB^l^W-r-SD 
NAffe§o 

[0040] V7°PL°JU:PJUP-JU^L KP^—SP^^-fb 

^^(i. u. B. ) mm^rnm^izmmistcmmm^i. 1.1.8 
0 Tiz K 7 7°P £Jl/7Jl/P— 
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Clostridium beijerincki i) CD 0 • X h 'J V ̂  

btl&0 

[0041] 7 7°P tfJU^JUP-JU^'t: 

(DmfcTt LT^ 7 7°P tfJU^JUP-

Kp^--tz£p- K-T^mfe^CDJ^SlB^lJ^W-r^DN 

&ft]0:l£g|B^Cg^VTl^3ftfc^cD N ttfVZ 

So bm&bcDt urn, oux K i)isryAmmmzm$kt&*j(D%:mf& 
ZtifUx*. mxitonx K 'J S^A • ^>>*1 'J y*m&(DmfcT(Dikm 

D NAtiS, 
[0042] A\^^yX7±^-iztte, (\ . U 

. B. ) 8. 3. sicsnistu T 

-tz h^-tz^^uc o Afr^-tz z&ifczmmt zmmmmz 
la "To 

T&s OUX h'J^A • 7iz K^'J^A 

(Clost rid i um acetobutyl icum)N ^PXh'J 

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

i i ) m<D<P PX h <J y^ABIffla, P—-tz7"'J T7 • -f X (R 

oseburia intestinal is) =f CD P — iz 7" 'J /'Slffljllk 

7 7 t) 'J / ̂  ̂  ij ^ A • 7° ̂  ̂7 iz > 7 (Faeca I i bacte r i um 

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

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

panosoma brucei) =f CD K 'J 7 V — VN x:> x 'J t T7 • P 

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

t ^ ^ tl •& o 

[0043] *fgBJ^C;i3lNTffll^tl£C o A K =? >X7 x 7—tzCDitfe? t LTti, 

±^Lfc&fi3fc£^N,M#£>tl-g>C o A h^>X7x^ —-tz^P— Kt"Sit 

D N AX&^O&fcO^SBB^JKg^T^/SStl 

fc£j$D N $?ig&t»©£ LTfciU ^PXh 
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'J V7 A • 7-tz S 7"?- \) tl A#0 ̂ nxh'jy^ AJSIfflSs n-iz7"'J7 • 

-f xm<Da-ii7"'J TiSlfflg, 77^IJ/^TIJOA- 70=?7 
-&yy^(D7 rt ,Jy<^yL'J PT'PP Mj/\V 

V—"7 • Xiu-tz-f H© K 'JMV y —V% li/i 'J t T7 • P 'JlCii'x'J t 

z>DNA^j^ns,, <£yansfc 
%<Dt UT(is >y^7AliiX(iX'yx 'j t £ 

tazmfszttf-z^s ftlZ#?£L<&s OUT, V 'jy^A • Tiz h 7'> 

'J^AX&x^x'J tT7 • P A"e& 

§ o 

[0044] ?PXMJ SPASMS, 

Wii^xiJ £t> 1 ISJfcOt 

©-?&£> d S L < , 7iz KSFIgx 2UU 

<K3fs>7—tf&tM y7°p tf;i/T;up—;uxt: KP^±—-tz'A^ PX S >J V 

^x$/x 'J Ll\ 

[0045] Onx S 'J y-^A • 7 

-tz S 7"f M * As ^PXh 'J V 7 A • ^ <>*i U >dpXttx$/ x 'J t: 7 • P 
i;©^t*tL^a3fe©t,©-e$>sc:i:^g^/jg'it©ti^3&N^SfSu<x T-tzs 

PX K 'J V7 A • 7-tz h7"^'J t>A&£(DMB 

~^$>LJS C o A S7VT.7X7-'tfSUcf"^'7-i2^, ^"tl^'tl^PXKU 

y^A • r-tz sy^u *jAXtti*>x 'j bT7 • -<y 

7°u ktjuyjuzi—ju-rk. Fntfj—iztf, Onx h'J V7i± • S/x 'j > 

±B34mm(DmMu, mm%&(D 
II&frihs 7il hSirAil/^ir^?-"tzS'lW^ PX S 'J A • 7-tz S 

7^') ̂ Aa^-e^y, tuiB-r y^p tfjurjup-ju^'ti KP^--tfsi£ 
^/'PX S U V7 A • /><-f S/x 'J UN Co A h7>77i7_ 

^ —-tz'Stt^iN>X 'J L7 • P'J S^TfcSC £ 

IA\> 
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[0046] tl/ct 

%wmm^(D?u=E-o 
ikximvyn^-o - tm&t & z tiz& 
*><Dtt2>Z.ttf-e%2> o 

mmfc&vmMZs 
km? d £ti<-Zl*h 

TtlT'fe o T t ct lN0 At~'i>P!R^i&il&>y: ^ 

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

ain Reaction) N 7°^^T V — t 'J =f^ ^ KCOlxfh "nJ^c 

Sambrook, J., et aL, " Molecular Cloning A Laboratory 

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

&£f£§Bi63*lT^£>o 

[0047] *%mzis^rwm(D7&\^?k\kLtcM%mtte, T 

— Kt~ 5SIE?^ tuili L/ct CD t 

h'^ffi^tlAtSXB:, TsiAJlS^ 

f J A± tC f £ © 7° • ̂  - * -S'I4 £ 3irtbX &ffe© 7° • ̂  -

^ai-f 
[0048] *fgBJ^C£tt£mfc^©7°P^-^-(>:&, 

£ t£ ft t © "Tr £> tU£ ^if, tl^Wtz1*1 ZW,tb1" £ ft 7° P 

"E-0-X\ frnV)\,-1—< l^P^E —* 

-AUl\ UtTOc&^'J -tzJU^U^L K3 - 'J >11^11 b'u^-if (U 

TGAPDH^P?^Ct^§) 0 7° P^E-^-^-tz U > t 

h^>X7x^--tz®7°P;E-^ - £ Z.£1$-Z1*Z> 0 

R N A*°'J Iz 
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IJ £7 • p Ijm$k 

ffiGAPDH^Pt-0 — Gen Bank access i on num 

ber X 0 2 6 6 J^SS^ 3 9 7 - 4 4 0 tC 

EE 3 tlT lN §o 

[0049] AJjfjlifiJfcCOC o A h7>X7i7-(a t o DRXfa t o A) 

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

AJiT'Tl-^P LXl^&tctf) (Journal of Baceteriolog 

y Vol. 169 pp 42-52 Lauren Sal Lus Jenkins^) N at oDC^P^-^-

£> Z ht,Z ct o Ts Co A h7>7,7 x ̂  —^ —ifm 

Z.(DZ. tfrCbs Co A h7>X7x7~ -tz'SttS.t/51^^ — "tzStt^filiE 

AJtfe? J; y?#e>*lfct,©-e&£ii£\ 7 7°P LMU;7 

7°n^~ 

0 - £ffeCD 7°P ̂  - 0 -1 mgtt £ # £ J; o TMB^m^H£isf 

£ d £ TWI; IA\, CoAh7>X7i ̂  ^ —tzSte ©fg 

ii£i^~t£/ctf)tCffll^tl£70P;E-^-<>: LTteU fu^®xi>x "J tT7 

• P 'J fi^GAP D H -gZmfZ Z t&VZ Zo 

[0050] -f V7°P V7°P tf 

)l>7)l>=l-)l>±m*mm(Dfflt LT, WO 2 0 0 9/0 0 8 3 7 7 ^ClE® 

®p I PA/B&X&P I aaa/Bft»^, S/c, 

-f v7°Pbf;i/7;i/P-;i/©^tc^-ri)g^©9^s CoA h7>X7i 

7 — -tzS'I41 ̂ 7 — -tzS'I4COii^ti$%M§m (Dfj A±^0^51 

-f V7°P tfJU^JUP—KP^-f—tzS1f £ 7 

-tz K-e^ 

\k\stdfa (p I a/B : : at oDABft^P?/^^SS) £#&<> 

[0051] &s -f V7°p bf;i/7Jl/P—<J$]|I^C[p]±3-&£il 

^SfbSftfcG n t RS1ftf#£*l£C:£7Wi; IA\> 

fcG n t R£^C^Slb3tl/c^UP-X-6-'J >gH 7*^—tz (P g 
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i ) Stt^iHb^tl/c^JUP-X-6 - 'J >11- 1 KP^-if (Z 

W f ) S'IW#3;ti£> d S L < ^ ^S-fb^ti/cG n t RS'lt ^ 

Slb^ti/c^JUP-X- 6 - 'J 7gH V t1?—if (P g i ) Sit ^Slb3 

tl/c * X * P VIIT1' L K P *f ± - -tz (G n d ) S'I4 ̂  tStltz 0)1 P 

-X-6 - 'J >m~ 1 -=r\l KP>f^---tz (Zwf) S1ftf#£tl£C:£tf 

Ztib(DM.iz& y, £tiJ^0#H^X&l#Sl©fI 

^tot^tbLT^ V7°P t°;u77;up-;u®^tt^Ms^^fp]±^-&^c 

[0052] 77°P \f)l7)l^-)l^M±mm(DUt. LT 
_h§E p I PA/Bt, plaaa / B^Xti pla/B: : a t oDABft 

COG n t R;S'l?:^bLfctT^§o 

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

I a/B : : a t o DABi©G n t RM^^JbP-X- 6 - 'J 7gH 7* 

^-iz (P g i ) S14£^SlbU ^;UP-X- 6 - 'J >&- 1 -^'t KP 

fi—M (Zwf) 

[0053] ftlzVf£L^ffliWi£LZ&s ±IEp I PA/Bl p I aaa/BUXttp 

I a/B : : a t o DABi©G n t RM^^JbP-X- 6 - 'J 7gH 7^ 

7 —-tz (P g i ) S14£^Xtf\^0U P7l£Trt: KP-ift- -tz (Gnd) S14 

fc^Sfb U ^UP-X-6-'J 7I|- 1 -^'t KP>f^-^ (Zwf) S 

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

[0054] 77°P \ZXO U~X 

Mikmm%=i-FT&&fc:?L&%mAT&zttf-e$&o ztuzAv* xo 
n-xfrb<( 77°p tfJL/7^p-tS ^^Pli^^o 

XO n-xMikMMZ^- K"t£mfc^t LT^ ffli^fy(DXO u-xM 
<tm&<D?-iz>, PTsi^#PTsi«t§ii^p-K-raitfe? 
if "a S tl •?> o 

I^C7^P-7PTSCl^5il^P - LTti 

, ScrA (XO P-XOTU s Sc rY (X^P-X0'J7 
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s Sc rB ^ Sc r 

R (Sc rA, Y, , ScrK ( 

7JU^ h-X© 'J VlUb^T?) £P — £tl£o 

[0055] S/c, IftWC7^P-^PTS(:l^t§il^P - K"t£X?P 

-X#P T S CscB (X^P-Xitiil#^ : X^P-X0IX 

s CscA (X^ P-XJPTK^USI : P 

-X0^?^tT9) 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 : C s c B, A, K£P-

K-t£mfc^©fgii£»p-t£) £P-

[0056] V 7°P L0JU:PJUP-JU£jiAJ]fatCa#A~t£X^ P-X 

'jtlbBSlilfc^ LT^ C©9^#PTS^(:l^t§il^p- Kf 

^ttc s c A£'>&< 

0!la.^ cscA®^ 

CSC A^t/c S C CSC AJ&Zfc S C B^II^-n^tts 

C S C A AZf C S C R CDfl^n" fo"t±\ cscA% CSCR S-t/ C S C K CDfl 

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

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

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

ru, {<y 
^;u^--tz\ CscA) £p- K-r^mfe^CDJ^SlB^lJ^W-r^DN A, X 

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

SHi (Proteus) N tf7"'J ̂ SHi (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 ̂  ASUS (Bifidobacterium) N ls>i 

'J t:77SS (Escherichia) t Z. t 
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X 'J £7 • =1 'J 0 1 5 7 £ D 

tl£o ftizt&tz L< te, Ii/x 'J tT7 • =l <J 0 1 5 7^a^0itfe^O)±^S 

D N A T'fe'So Jfcc s c A(utt, c s c A ^rjUH^CD^ 'J 7°^ 

XA^fj;*•££>tclto®*>^-fJl/SB^l3tiT$? £ L 

[0058] fulE'J 7°b>yHt—SfiK (C s c R) (DlifcTt LT^ 

'J 7lsy-y—f>s<?n (CscR) £p-K"t£m 

D N A, Xtt?<D'£to<DlkgE5?!llZg^r'£f&3 

tlfc£j$DN A®mZ$mTZZttf?'$Z0 UW^OtL T&s 7-0 

•i ~7Mm (Erwinia) N tfjl/'r 0 Xla (Proteus) N £'7"'J?fMm (Vibri 

o) N 7/7'U/</? 7^ 'J 0 Ala (Agrobacter i um) N 'J£V£'O^MM (Rhizo 

bium) N X-57 7 -f • P '> tl Xla (Staphylococcus) , tf7 -f 

Ala (Bifidobacterium) N x:>x. 'J 177SM (Escherichia) 

£7 • =l'JO 1 5 

T(DJk£EmZ£TZDN mzti?£L<l& ii/x'Jk7 

• P 'J 0 1 5 7^a^0itfe^©±^SlB^^W-r^DN A-es>i)0 

[0059] fu§E7JU? K^r^—tz (C s c K) ©itfe?t LZte, Z<DmmZ&GT 

iz7ju? b*i—iz (CSCK) 

D N A, Xtt^©&&©^gBB^yiCg^T^£;**lfc^£ 

DN ABB^y£filffl-r£d£tf-e$£o friS&fc©*: LT^ 7 — 0 -i ~7M 

Hi (Erwinia) N TisJi/^rO XMM (Proteus) N ^MM (Vibrio) N 7 

fU/^9 T- 'J 0 Ala (Agrobacter i um) N 'J£V£'O^MM (Rhizobium) 

% X^7^fPP -ytlXMm (Staphylococcus) , t^7 < KA'^iJ^ASa 

(Bifidobacterium) N is>x U t7la (Escherichia) tC0& 

mfzzt&vz, 'j £7 • P 'j o 15 
gBB9y£#-r£ D NAtf'te^tl^o L < ^ x$/x 'J LT7 • P 'J 

0 1 5 7^fi3fc0iils^a)±^g|B^]£W-t£DN A^S, 

[0060] fulEX^P-XMBSl (CscB) d©gfil££# 

X^P-XMBU (CscB) £p-K"t£mfc 
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tc£rf$D N UW^OtL-Hi, ~7~0 -i 

-711 (Erwinia) N Tftjl/^r 0 Xla (Proteus) N tf 7"'J ^Ha (Vibrio 

) N 79*U/^9 7- 'J 0 Ala (Agrobacter i um) N 'J t VAla (Rhizob 

ium) N X-9 7 4 P P y £) Xla (Staphylococcus) , tf7 -f K^^-^'J^A 

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

CD^miZZtlfUx*, 0IJa.tfx*>i 'J tT7 • =1 'J 0 1 5 

(Dikmm%^tz>DN Atfwm-znzo X^X'JL:P-
=l 'J 0 1 5 7fom&(DmfcT(Dikmm%:^tZ>DN AUfoZ>0 

[0061] V7°n¥j\s7J\sZi-J\s£mMiim-?&, fulE^f V 7°P tf 
JfS L< &±§E^ 7 7°P tfJU^JUP-

-f 7 7°P LMU^JUP-JU^'L KP^fi~ — iiRXfy-\z 

hiift: KP^--tz®'>&< t^j— 

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

^ W&s SMZ 
P KXD^c^M^JP;^ =!a§£p K>0<^c 

£ JP x/cJ^SlB^y £Stc3 ti£ T7 $ y ItlB^J iz &^W.if ft^ t (D^ 

s =!a§£70P ^-^-

^ £ Jp X /cJ^SlB^y £ S tc 3 ti £ T7 $ y ItlB^J iz &^W.if 

fs±tt©jHEra^tfe<j:<, mmm^. 
"efe o Tt ct i^o 

Htz4 V 7°P tfJU^JUP-JUT1'^ Kp^--tz£p-

hiifb KP^-lzBfSlii^©*^ mfc^^tiT^ 

Tt cfc < s Cti^liDBttCmfc^^tiT^TtcU^ 

[0062] mfe^B^©±IE^-rtl^0l#^itfe^^^-r^ 
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SfSKtts *JIS©P K>^#lJttCg-3VT^fflP 

K > % WiM. L -e £ o CCD <£ 9 B£^l* tt&Ztlz 

>fv7°PejuT^up-jucD^fi^tf£c£<> 
[0063] *fgBJ^C£^T 7$ y StlB^lJ^P-K2f 

£-t£±&Slfl^]±tC£^-C &7$ 3i&&(DmxfXfoZ>=\ K 

>%&&tz>zt%:mMtz>0 *%miz&^T TPKVB^J £&, y 

®mmtc^SSB^JCO^Z&&TZ ztzMR LTi\§o 

[0064] tuBB-r V^PtfJU^JUP-JUT^ KP>f±--tz®jlfe^B^ft<h UTtt, 

£?3;L<^ IB^US^4 O-e^^tLS^SSB^J^^-r-So tulE^-tz K 
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HI£J*J5JfcS£iix tcHI£ ffllNTJxJ^A^:fT9 *I£\ ftiilt 
fe^^-tz K>®0#^fe/cy (it) £M££* (fi») -esy^/c^ 
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tmWHSV^tt &?3;L<tiO. 1 ~ 2 0 0/ h N MtC&fS L < 

tiO. 2~ 1 0 O/h0|5g|-efei)o 

n ft @t ti it ̂ TKmmmumm. •. 
(ffMtb) il^ti 1 : 0. 0 1-1 : 10 0, L < ti 1 : 0. 

0 5-1 : 5 0 d LlN„ 1 : 

o. o m±-e&titi\ &y, 
ftgttJit : 7K;^M®0Mhktf 1 : 1 0 OUfoXfctiti, JjjkK&J&tf+tftcft 
t> tlX 7° • tl° l> y <D 1R ̂  if-+ % t & £ i® [p] 25 £ „ 

[0112] fu§EJ5^tf L tc £ l\TMi©;SfttflT-ri) ifl^tc ti, 

^fgEEtcfc^Tti, 

£fc, ZOMMO&m75tb T tis ^tc Rg^ti4s <, 0>JA ti\ 
mm%j$ftx$>Zs mmmnts ymmtt^y^-t-biw^xom 
m%L? ^ s<)\sX*mWt£: L fc t, © £ ^ tti^U £ M-fb L ;Fb-n L 
tc&lZ, MX-tzy^* - bJls+t'l XomMtLT^lftMLXb U 

ft^LT, ^©±tc@tt®S$iff£JSftLTJa\, S/c, HH« 

[0113] f#tc, 

i\ %>-£*=?4 btLxp—ex^j 

ttftktSL^o mti\ TK^M^ti, M*=?4 MciSftStiT^Tt,<U\ 
xti, cs£#;i$-£ 

s faf&tzufe-, cuz^mfemz-pimiztztcisb, mttt^&ti&^m 
u t^lS^tcmWtLX, #$H§^tCgs2JDU 

^^tc-tztf^'f h£#;t3-t^ ; 3 £tcigft(£>9 
tiS^T-emib-t£/ctf\ Mciift;* •££;££& 
tf e>ni>o 
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[0114] bUMmmzsmztix^x^^^o ?m 
ZUfat UTti, v'J*), 7)\/^1~s 

— 7s -?/f*is7s Ss 'J tl1? ̂ ?y7, V)\s^~7, MitM®. t)-tfy ( 

S'l4j^) , ltttS±s bti&o £ ti £> CD ^ "C t, :-y'J 

tls 7)\z$.i~, is 'J tl 7)\/$. i~s ^$ — 7, 7, */ 'J tl 

% V)vu~7, SHbffi£n\ ti-tsy ©^'M<iti9^ijR 

t&zt if, £ y i&Zf£ y L l^o 

[0115] LTti, 

tatifmibtizifs 
JxJ/£A§Eftf Ll\ 

*%wtc&ixT\ JSJ&Stc7K^M$Sfe&tfmmmnz%mt%> 

mwrntan.<D%i%izjRi&j&mtc±$t&wm^^-x^ztifh^0 tu 
J: 9 tc, *fgB^i7Kltib«7j<J^£ rf&mttiz&z ^X^Z> 
z>o tit?x, J5^©#i^btc^i;/c^^^^i^jiis^j5^tc^±i-r^ 

m%tk®]m&<{&mtz>t\J^mMx\ sfcgft^L&^iy&j&S: 
#p$y t z> 11^ 9 x & £ L -e & & <> 

[0116] ^tc£j&&j££±tf£fc#tc;!KiiJ±^J5J&^j££±^;*tt£>ii^ ffiivK 

SlJ±^£^J5J^Jt"etiJi, £ti&fr ̂  |3C £ £ £ ti, -

<£<%t>nz>^Wjx$>&o z(b&ot£$^izfc^x 
ti, ^tcM^©^±I^;itfJSJMfttc±$£ RTtgte&£<> 

[0117] ft?Xs S^^^l^tC^U/c^^^MM^JliStCS^tC^llLTt 

<£ <, TK^M^^Sftlt^K^cD^JzbtC'ftlM^^^TR^tc^llUTt 

<U\ LTti, 0ija.t£, 

Sf&ggtc, (1) 7jc^MmacfctfglftStt]K^)^UT^±I1'^^)^ (2 
) UMJBP^ APiij) t, mmmnfrbft&m ( 
"F);ti|IJlPt>, tUPiU) £ eMt £<£ 9 IZ^mt &J5&, (3) TK^MIS£ 
m.ftLtcmi*mmn*:iz&TziDfes (4) 7K;^M$tf b&^/i (±,MJBP 
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APiu) mmmmts£wmmmfrth• 
to (5) bte&m UMJ 

APiiy) t. zKmf&mmm(TSMP*. 
* ttPiliJ) (6) 

mnfrbtazm (±;J«P^S APID (TMJ 
£Pt>, fcHPiU) <£9^111-3^ (7) 7K;^M$£}S&L 

tc.mwma\nfrt>taz>m (±MJBP^ APIIJ) <hs mmmnfrbu&m 
CFMIBP^ HHPID & 

fc\ ±MI£«u RJ^fsOAPils 

£Jf£^U ~FMJ£tis ^jSf50riHPfIs f&fc>^difS$)ft 

•2>i§-a i,Zl£s tulE±)tilJ (APlUJ) £ tis T^-tz K > Jx£t\GDfu4^C 

jfi^-r-sji^^-r-so 
[0118] -7neisy<D£mw%m#t&tz8biz> Kfc%Z2?£tziZ3r>ft7i]izft 

1 ?<DJx.fc&ft<Di&Mtfm£.Lr^ZWZ, m?tc 1 ogjfcfi 2-DQ& 
fo%5X'jx.fcs%:^Mt Z> * <J-=f-^> b'Jj^££Z)Z£1)<?'5Z o 5 

tc[£.W\W,$}\/Zs —n|3^/cti 

ztizj:^js 

nmm 
[0119] UTIZ, ^fznRiDmMMZBmtztf* *§£m&zn*>iz£?T$mzti 

5fc©l?tt4Ni\ &&\ r%j 

•So 

(^ V7°P t0ju:pju=i-ju£ji*fc®fF$i) 
L/cAflia^(>:70^X$ K0-JtH£l|1 &t/ll2^L 
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tc o 

[^1] 

-?=7XZ K SsfcXfS:#^ 
pBRgapP pBR322. GAPDH^n^—j!— 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] 

*fSM 
B 
MG1655 

B::atoDAB 

BApgi 

B::atoDABApgi 

B::atoDABAgntR 

B: :atoDABApgiAgnlR 

B::atoDABAgnd 

B:: atoDABApg i Ag nd 

B: :atoDABAgnd AgntR 

B:: atoD ABApg i Ag nd Ag ntR 

wild type 

wild type 

B#, atoDABCO^P^E—^GAPDI-C/P 

Btt.Apgi 

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

Btt, atoDABCD^P^E—£GAPDH:7P 
^AgntR 

Btt, atoDABW^D^E—^GAPDH^P 
"E—irBtt, Apgi, AgntR 

Btt, atoDABCD^P^—^GAPDH^P 
"E—irlUI, 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] [^fife0!|l] 

< B : : a t o DABft©#|> 

ii/x <J • =l <J MG 1 6 5 5A D N A 

y (GenBank accession number U00096 

)N is>i lJb7,H'JMG1 65 5^©C o A h7>X7x7-1z aty 

7"ZL-K=&=l-atoD tmt & Z £1ffc&) (Dik 
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^ tlTl^o at oDliGenBank access 

ion number U00096 tClESCDxi/ x lJL77-Z||JMG1 65 

5^>fV 2 321469-2322131 lC§B*63*lT^£>o 

[0122] LT, 

GenBank accession number X02662 CDiUS 

3 9 7 -44 0 tC§E3 tiT^£x*>i 'J LT7 • =1 'J 

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

(D7°n^-$~mm%:&mtZ>Z£1f-T:-x*Z>0 GAPDH7°P 

'J tT7 • P 'J MG 1 6 5 5W;ADN A 

^7^>7°b — 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 Ls 

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

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

> S£?#fc0 ff»nfcDNA77^> h'pUCI 9 (Gen 

Bank accession number X02514) 

EcoR |-e>F=HtU 3 b\Z7)\s-h 'J 7 *X7 yt-ifmMLfctjOltZFt 

£-U x*>i'J £7 • P 'J DH 5 a*fcp>tf 

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

>50|xg/mL^tCL B^^7°b- hC4f fcc ?# 

p,tlfcpp-- 1 >5 O/ig/mL^t^L B& 

<*i£irC3 7°CT-teiL, 7°^X$ K£0i|XU «I#SIE coRIS 

t/Kpn l-e^'^L/cP^ GAPDH^P^-^-tf^yai^tL^^t,©^ 

«[U DNA|B^y^5SHLGAPDH7°P^-^-tfIEL<^A 

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

coRIWKpn I UmitLtc „ 

[0123] 3 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 gcggtaccttatttgctctcctgtg 

aaacg (IB^#^4) IZ y P C R U % b Htc D N A 7 ̂  <? 

K EcoRIWKpn I umitt Z> z t um 6 9 0 b p (D 

at OD77^> :©DNA77^> h£^C«l#SlE c 

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

x 'J 17 • =l 'J D H 5 ajfczi > fcf^> K"tzJU 

D N A - 9 0 3 ) ICMfffeE! U T7> fcf*> 'J > 5 0 ^ g /m L 

1 biz£WT&Bn&&to%mfc0 
K^:[°]i]XLN a t o D if IE L < JfA^ tlTlN£> Zl £ £f?ISil Ls <1 © 7°T7 X $ 

K^rpGAPat oDt -pp^S U tc0 

'J L77 • =1 'J MG 1 6 5 5*fc&:Pp< 'J 

u^>a ><£ 

[0124] ±^L/c®y, li/x 'J L77 • =1 'J MG 1 6 5 5^®>fV AD N A^£tt 

£ a t o DcDj^glB^Jt^^tlTl^o li'x 'J bn T7 • P 'J M G 1 6 5 5 

l®at oD©5' g c t c 

tagatgctgaaatccactagtcttgtc (IB^]#"^ 5) 

it act gcagcgt tccagcacct tatcaacc (IB^OS 

^6) li/i'J tn T7 • Zl 'J M G 1 6 5 5 1fa<D? j A D N A 

£ LT PC R£*T9 z: tCcfc y^ 1 . 1 k b p®D N A8fr^r£i^§L/c0 

[0125] titz, li/i'J \17 • P'JMG 1 6 5 5G A P D H 7°P—©IB 

tl/c ggtctagagcaatgattgaca 

cgattccg (IB^!]#-§- 7 ) £;x:>:LlJt:/'-PlJMG1655 a 

t o D0|B?yif^Cg-3VTfFi^ftfclB^#^4 0 7o^ 7 — 

»llfc»^^-pGAPa t oD^$mtLXPCR^^\ G 

APDH^Pt-^-iat o Dfr£&£Jto7 9 0 bp®DNA77^> 

[0126] ±mz£yt#^ti/c7^^p<>musiPst i^xba 



IZMWm [8210] 

2-£#Yri I= -4-^irc£0£ fi 

• • Eifflncpi (sos L LOOIV) ^arii=-^^ n 
°-yn ^$^ava o i 

B: :a Vi i= • n 

H a d vo#£fM&-£-ia/:a o i e 

q o 6 o i H a d vo fi Triy o 
d^?VN a#^<2><-• £<2><* 1*2*11:1 <* £ °?yyM^<-a £01'^ 

i^-czx^v^a^ -ic£¥^a i uj/6ryo 

nr-iz-x^v^n^^H -i0£¥^a K%u^u 

i2l^^^^5--Dcoo L [z.210] 

°^t^--nc?^$aa3 unti:H -i0£¥^a 
vn#^a#0saOoO samian^i^l 

--IIIIZ§* °^t^--ni=n#^aOoS 17 4nti:H-

i0£¥^a i w/6 n o L ir-i=-T^v^n 

ti °-yn#^-aOoOS vnffi¥Pnw5f^a i uj/6ry0 Mr 

^mmw-
aOoO s-H -ic£¥^a i UJ/6 ry o L ir-i=-T^v^n o v 

n^?$M^f-i (sos i looiv) iafic - zq r, i^.n 

02 °^nxtr[g]^.H vn#^-aOoO saw 

ty$a ~UT>|^ I UJ/6 ry 0 L If— 1= ~ x £ y ̂  • £ 3: — - • 1= -J-H 9 M ° 

S2H-1c£¥^a 1^? I uj/6ry0 

nr-iz-x^v^n^ vfpyn^x^a^.fi-

-# f, vn H < *6 ̂  c #*i1 q>^a I ud^i i s d ^ [ 

(0002) 16 L—38 L ' IPZ '8U80 ' "1 'qoioo-oiounqseH] (0 L9 6 103V 

j 0 q LU n u uojsseooe >juegu©0) I s o 8 l H 1 ̂ d 

< *6t=CCD-2 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 VO AMMmOyiz bW-W.-T~h lifter is — izti G e n B a n 

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

—— "tztiG enBank accession number 

A F 1 5 7 3 0 7 tC§Ei63tlT^-g>o 

±§E<Dmzz •£ z tc&> iz& 7°p ̂ - * -oikmm t L T 
N GenBank accession number X02662 (Dim. 

3 9 7 -44 OlCBEStlT^aiS/i 'J • P 'J fi 

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

/SN Z t if h &) (D 7°P ̂ E- * —SB91J 

[0129] GAPDH7°P;E-^-^IXt#"r-?)/ctox^xiJ t7 - P'JMGI 6 5 5 

%k(Df J ADNA^7^>7°b — c g a g c t acat at gca 

atgattgacacgattccg (IB^lJ#-§-18), $.£/ c g c g c 

gcatgctatttgttagtgaataaaagg (IB^lJ#-§-1 9 

) tCcfc y PC R;£-ei^§U %bntcD N A77^> h£«l#SlN d e 

U S p h I T?5t^b-r £££•?#] 1 1 0 b p (D G A P D H 7°P ~IZ& 

tcZ> DNA77^> K^tf/co ff»nfcDNA77^> 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> Z t T?f# £ tl£ 7 ̂  

V* y K£;!b"n U 'J ff—I*>I 'J L77 • p 'J D H 

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

% 7>^>'J>50/Ag/mL^tt)sL B^7°b- h 

?#£*lfcP P--£:P> fcf*> 'J >5 0/ig/mL^L B$ft 

JgJft-e 3 7 °C-e-0^±M U ?# £>7°^X$KpBRgapP£ 

HJiRLfco 

[0130] -f V7°P tfJU^JUP—CI 

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

ADNA^7^>7°b — aat at gcat get ggt gga 
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acatatgaaaggttttgcaatgctagg 8) 

% Jktf gcggatccttataatataactactgctttaa 

ttaagtc (I3^US^9) IZ J; y P C R;£Ti^§ U f^>tl/cDNA7 

h£«l#SlS p h I N BamH 1 kb 

P®^ V7°P t°;u77>;u=i->;u7:1't KP^f^---tz7^^p< > ?#£*i 

/c D N A 7 ̂  > h 7°^ X $ KpBRg a pP S p h I $.£/ 

BamH I umitt £ d £ Tl# ̂  tl£ 7 ̂  > h U 'J ff— 

^T^L/c^ L77 • =1 'J DH 5 h"tzJU (^¥16 

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

#frl_ B^^7°b-

>5 0^ g/m B$tti£jfe-e3 7 1C^-^iU 

ti/cMfttf ̂ 7°^X$ K£0J|XL I PAd h tflELUiA^tiTl^C^ 

5611 U :07°^X$ K^pGAP-l PAd ht^Lfco 

[0131] 7-tz C I o s t r i 

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

7^>7°b— caggatccgctggtggaacatat 

gt taaaggat gaagtaat taaacaaat tagc (Ifl^J 

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

tcatatataacttcagc 1 1 ) tCcfc lJ P C R&Tift 

it§ U f^>tlfcDNA77 y K %%mwm BamH I N EcoRltl 

{ktZ>ZtXlfa7 0 0 b p(D7iz hM£^'£ JU/1^>^-"tz7 ̂  > h £ 

?#fco ?#£*lfcD N A7?^> h£^CfFJ3cL/c70^X$ K p G A P- I P 

A d h £*|#SlB a m H IRtfEcoR I T?5t^bf £ d £ Tl# £ *l£ 7 ̂  

> h£;Fb1^U 'J ff—ii/x 'J bnT7 • Zl 'J D H 

5 a^y^y h-tz;u DNA-9 0 3) IcMfffeEl L 

% >5 0|ig/mL^L B^^7°b- hC^tTSflist 

?# btltc Zl U— — ̂ yy kfis 'J y 5 0|ig/mL^ttfL B$ft 

i£iTC3 7°CT-iiSiU £>7°^X$ K£0i|XU a d c 
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if IE L < JfA^ Zl £ ttWni LN Z.(D7°Z7X$. K£ P I a £-& 

o 

[0132] 7')\sZ\-x6 'J >I|- 1 KP^—tzitfe? (zwf) 

fcdblZJiS/Ji'JklT-ZI'JBffiCDfJADNA (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) , J&Zf cgtctagat tactcaa 

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

Ti^§ U % b tltc D N A 7 =7 > K ^UWMWk B a m H I N X b a I T 

>mttZ> z txm 15 0 0 b P0^;u=l-X6 'J >111 
7 ̂  ?';< > h %:%tc o ?# £ tlfc DNA77^7>h £: % L /c 7°^ X $ 

Kp I aMiiBamH IStfXba I 'Mitt Z> Z t Tl# ̂  tl£ 7 ̂  <? 

'J ff—P'JDH5 

a^=l > > h "tz)\y (HC#«&!lf D N A - 9 0 3 ) IZMM&& U 

?>^>lJ>50/ig/mL^L B^7°b- K iZ^t 

£t#/c0 t#^tl/c=l • ~-^yy fcf*> 'J >5 0M,g/ml_£#frL 

itei:T3 7°CT-teSU t#£>tl/c7°^X$ K£ p I az tLtc0 

[0133] C07°^X$ K p I a z 1 T^lL/cXi/i 'J £7 • =1 'J B : : 

at o DAB=I>LT> h-tzJl4CMff$E^ U T7 > tf*> 'J > 5 0 y. g /m L £ 

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

Zl £: cfc lJ N li'x'J t7 • 3'J p I a z/B : : a t oDAB £t#/c0 

[0134] [^»J3] 

<l^>x 'J tT • ZI'J B^A p g i fa(DWm> 

li/x <J • =1 <J MG 1 6 5 5©>fV AD N A 0£i*g|B^Ki£^[]Tfe 

U (GenBank accession number U00096) 

% li/i'J L77- =l 'J 0/1-NX/IN^UZI— X-r VP< ^ — -tz (WT P g i tP?/SN 

ZtiffoZ) £=l-(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 (13^1 

S"^" 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 K^7 

-f V-£4ffl^j5£L/c0 IB^OS^I 407°^V-&5' ̂HIJCECOR 

I 13^#^ 1 5 £1 6 ©^7^ 5 ' b a 

170^7^7-^5' p s t \mm%m 

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

N A LN ?#£*lfc4VADNA££|M£U 1 4 £13^#^ 

1 5(D7°^^^-^<7r\ PC R£*T9 ZtlZj: U ^ 1 . Okb®DNA|ff 

^i^SL/c (J^Tpg i - t1ffoZ>) 0 13^#^ 1 

6,>:l3^yS^1 7©y7^7-^7t\ PC R^tT9 1 . Ok 

b®D N A!fr^r£i^sL/c (WTpg i - Rlfr^P?/^ £ if foZ>) 0 Cti 

£>0D N 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 

-?'tl>F=Hb Ltco Z(Dmm&2.mt, KpTHI 8 C S 
1 (GenBank accession number AB01961 

0) ©EcoRIRtfPst I miWfa t %)tbn U T 4 D N A "J —IfCS 

IfcLtc&s ii/x 'J L77 • =l 'J DH 5 h"tzJU (^IJftttii) 

^P7A7i-P-ib 1 0 ix g/m I B^7°b-

MC3 ^7°^X$ 

K£0J|XU pg \ ±3fc5M»Ttt£ 3' "FSfciM 

mfrO) Z-DOmfrif P T H 1 8 c s 1 tCIEL<JiA3tlTl^;:££56SgL 
fco t#£>tl/c7°^X$ K£X b a l-e^'^L/c^ T 4 D N A *° 'J * 

*DNABfrtt£N pUC4K7°^X$K ( 



°-.n§^ 6dvaiKD 

w! vnM^^£^"^i^T0^4ld q >i e -s 

y^+v-tu-^m \ 6d v(irri 

y Od <5^v N Qt^mvx-n ̂ @091*2 nM ^0 

-i0£¥^a 

±+q: I uj/6ryo Lir-c = T£v 

QUO V^H -i0£¥^a 1 w/6 r/ 0 g<<^>A-(iQ:^^.ar^i 

1^^^,^^-rDcoo L [z.ei0] 
°^m^--n c 

l7in^prn -10£¥^a I uj/6ry0 g<<. > 

A-(iQ:riM vn#^a#0i7 zXDoO s sa^^a i w/6 * 0 
g<^>A-(iQ:^--ni=^^9ti °^m^--n\z^^^xo0Z v vn 

WiH -i0£¥^a 1 w/6ry 0 g >A-(1Q:^^—0^#§J 

0221^ °^i#w-aaos vnB^nw^^a \ ^/sn 

os^^y±+ct^\^%^^v(.<i% °-m^*\m%m& ^mmm-x 
0,0 s -H -i0£¥^a 1 uj/6ry0g/:^>A-(iQ:^ 1 uj/6ry 

0 Mr-1=-X£V^IH£ vn^?$M^f-i (sos L LOOIV) ^afic 

• fi ! 6 d — i. s o 8 L H ± d .H £2 [9£L0] 
°^/n ^ ! 6 d — L s o 

8 L Hi d vn 1114^2 <2:O XU £ Y£{ > H > A-fi C£ 

21^0^41^3^ ,S^^3^T ,g0i?H?4,H-l=3! 6 d * 

nXtr[g]^.H 

Ooo s-H -i0£¥^a i uj/6ry0g/:^>A-(iQ:^ i yu/6n 

o Lir-i=-T^v^n£ <^<i=» g Ha fi c • 

a -i ^ y 3fi ri T n.s— ̂  ̂  n 0* v N a * 1119 
y^+V^n^MX^ZlV-i^UiX lyoog^ (E ! OEaiJEq 

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°tu\y^^-=i is?*> B 

[0139] [^»IJ4] 

<p I aaa/B&pg i 

x->x >J £7 • p 'J (D?-#? — -tz&^t/x^x 'J tT7 • zi "J ©C o A h7 

>X7i7-tz 0 T7 $ y ©±^Sl3^y ti 11 izms 3 tiT ̂  £ o 

— "tzZl — Kt"•SiHfe-ftiGenBank access i 

on number U00096 tC BB®6CD zc x. 'J tl J7 • P 'J M G 1 655 

t^fVA IB^y® 2 3241 31-232531 5 lC§B*63*lT^£>o 

0 A h7>^7i7-1z'43- tt±iBx$/x 'J L77 • P 'J MG 

1 6 5 5^>fV AlB^y® 2 321469-2322781 lC§B*63*lT^£ 

o zn^tmz, imtztux K 

—izmfe-fs -f V 7°P tfJU/'JUP — K • —izmfe-f^:^ 

V7°P t°;u77;up->iu®^^prt^"efe^o 

[0140] -f V7°P tfJU^JUZi—KP^-t:mfc^;&IXt#1~£/ctf)^ CI 

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

ADNA^7^>7°b — aat at gcat get ggt gga 

acatatgaaaggttttgcaatgctagg (IB^I#-^ 2 0 

) % JkXf gcggatccggtacct tataatataactact 

gctttaattaagtc (IB^y#-§-2 1 ) tCcfcU P C R^TiiilS LN 

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

^-e^1. 1 k b p<ZH V7°P tfJU^JUZl-JU^L K P ̂ -"tz 7 ̂  > 

h£t#/c0 ?#£*lfcDN A77^> K^^WiJ2-e^L/c7°^X$ Kp 

B R g a p P£«|#SlS p h I RtfB a m H I umitt Z> d £ Tl# £tl£ 

77^ > K£;Fb"n U 'J ff—Xi/x 'J • p 'J 

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

^ U T>tf^'J>5 0/xg/mL^^L B^7°b- h 

$i$kW%:%tc0 ?#£*lfcP U--^yy 'J >5 Oiig/mL^ttL B 
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3 7 °c-e-^±Mu %bntcmWfrb7°^x$ K P G A P-1 p 

A d h %miLtc0 

[0141] Ii/I "J \17 • =1 'J &5fc(D3LJ^--tzmfcT%M§T£tcdbJ:i/ji 'J L77 

• =1 'J MG 1 6 5 5|0^;AD NA^7^>7°b—KtCffll^Ta t g g a t 

ccgctggtggaacatatgaaaaattgtgtcatcg 

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

aat tcaaccgt tcaatcaccatc (IB^]#"^ 2 3) t,Z cfc lJ 

PCR;£-ei^§U f^tl/cDNA77^>hM®iBamH I, H 

i nd I I I -eSS-fbt" £>££"£$] 1 . 2 k b p ^ — -\z7 ̂  * > h£t# 

fco f^tl/cDNA77^> h£^CfFJ3cL/c70^X$ KpGAP - I PA 

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

y VU 'J ff—li/x 'J t: T7 • m U D 

H 5 ajfczi > > K "tz)U D N A - 9 0 3 ) IZMM&& 

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

^fr£t#/c0 t#^tl/c=l • - —^T7^ fcf*> 'J >5 0 ju,g/ml_£#ifrL B$ 

fti&JfeT 3 7 °CT-0fti£S U ?# tltcmWfr ^77$h'pGAP-l PA 

d h-a t o B£[g]lKL7co 

[0142] li/i "J L77 • =1 'J fi3fc£>C o A h7>77i7 — iz'mfe^£t"Stc 

'J L77 • =l 'J MG 1 65 5t©^rVAD NA^7^>7°b — 

Tgctctagagctggtggaacatatgaaaacaaaa 

ttgatgacattacaagac (IB^]#"^ 24) N $.£/ t a g c a 

agcttctactcgagttatttgctctcctgtgaaa 

eg (IB^#^2 5) JCj;y PCRMiU iWcDNA77^> 

h^SPMiXba I, Hindi I I T>F=Hb"t£ Z £T$] 6 0 0 b p (D C 

o A h7>77 x^--tzaHt7"^-->> h77^ > h£t#/c0 %btltc D N 

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

*l#SlXba l&tfH i nd I I I T>F=Hb~$T •?>££: Tt# £ tl£> 7 7 > 

K £;Fb"n U 'Jff—x*>i'J L77 • =l 'J DH 5 ocfo 
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hizju DNA-9 0 3) izmnm&u yy 
>5 o^g/mL^L 

tc o % btltc z\n~ — ̂ yy L°:> 'J >5 Oiig/mL^ttL B^i^T 

3 7°Ct-teiL, t# btltcmW£)s £> 7°^ X $ KpGAP-I PAdh-a 

t o B — at o D £ [g]J]X L tcQ 

[0143] 3 blZJiisjL 'J £7 • =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 

mbUtcD N A7?^> K£*l#SlX h o lN Hindi I 

I tMtSZ^l!l)6 OOb p©Co A K^>X7x^--tf/SHt7"zL-

h77^^ > K £t#/c0 ?# £ tlfc DNA77^7>h £: % L /c 7°^ X 

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

nd i i i -zmikt&zt-zmbn&y^fty K^F^U vx-nzm 
l^T^Ltcfes li'x 'J £7 • =l 'J D H 5 a&zi > KizJU 

DNA-9 0 3) ICMfffegl U 7> bf*> 'J > 5 0 ix g /m L £ 

B^^7°b- t#^tl/c=IP--^77 

>5 0^ g/m B^i^T3 7oC-e-0ft±MU 

tl/cSft75)N b 7° ̂  X $ KpGAP — I PAd h — at o B — at o D — at 

oA^@KU/co 

[0144] 7~\z — Clost 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 (BB?!l#^2 9) IZ£ y PCRMiL, %b 

tltc D N A 7 =5 V* y K %%mWm Kpn I, B a m H I t V 

#57 0 0 b p^^-tz KMt7^JU/1^>^--tz7^?'p< > K^tf/co ?#£*l 
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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 X'f&itt&Z 

> K£;Fb£"U 'J xvx 

'J£7 • =1 'J D H 5 aflfczi > \f.=r y K "tzJU (HC^«&!lf D N A - 9 0 

3) >5 0|ig/mL^L B^7°b-K tC 

„ ?# £ tl/c =1 • - •- £ 7 y t^> >J y 5 0 M 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 LN p 

I aaaHfco 

[0145] Z(D 7°^X$Kp I a a a Jk^MM 3 T'fEl^ Lfd^i'J \17 • •'J BA 

pg i HzJUCMfflE&U >5 0|ig/mL^ 

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

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

[0146] [^MJ5] 

<B: : a t oDAB&p g i $fcCDfEi^> 

1 -CWmLtc B : : a t o D A B 3 Ltc p T H 1 8 

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

V^>>5 O^g/m I B^7°b- KtC3 M 

LBM^iClSlU 3 O'CTr-^ipSLfco frlZZ. 

5 O^g/m I B^7°b- KtC^ftU 4 2°Ce^W 

t"-g)=l p--^t#/c0 t#^tl/c=l :>> 5 OAtg/m I 

^LB^JgJft-e, 3 0°C-e2 4^iU K:At?^i/>50|ig/ 

m I B^^7°b- KtC^LT4 2 S =1 •--£t#/c0 

[0147] tJHi!L/c=l •1 OO^Pz-^t°'>77'>yUT, 

O^g/m I B^7°b- K£, 0 

A7i-P-iH O^g/m I L B ̂ 7° b - K t!\ 

B^^7°b- K^0^^W"r^^P^A7x-=|->iU{igtt 
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—>£i/u/c0 N PC R 

JCcfcy, pg i 

3. 3 k b p <o L>^ *o B^fca t o D 

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

•S Z £.1ffo%>) t-pp£)[stc0 

[0148] <J £T • =I'J MG 1 6 5 5#fci>'J £T • =l 'J B*fcti 

T* <J %>*<{ 7°tlJ\y^^-=l Is? *> 3 >£ VX^TZZttfVZZo 

[0149] [^»IJ6] 

< B : : atoDABAgnt R fa(Dftgl> 

li/x >J £7 • =1 >J B*fc0>rV AD N A0£i*g|B^]ti^Tfe U (G e 

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

Zl — K •§> imSlB^y ti GenBank accession No. CPO 

0 0 8 19 K§E*6©X*>I 'J £T • =l <J B1fa*f J AIB^J® 3 5 0 9 1 84-

3 5 10 17 9 tC§E1#6^ tlTl^So G n t R£zi- Kt~-S^SlB^y (gnt 

R) 0 •— — y/T ggaattcgggtcaat 

tttcaccctctatc (IB^yS^3 0), gtgggccgtcc 

tgaaggtacaaaagagatagattctc (IB^yS"^3 1 ) 

N ctcttttgtaccttcaggacggcccacaaattt 

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

ccgatggc (IB^y#-§-3 3 ) 'J 0 \s^3~ K77^7-^: 

4 Ltc o IB^y 3 0 33 J: Xf 3 3 0 7°^ -f V- ti 5 ' ^^{lij CEco 

R I 

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

ion No. CP000819) ?# £ tltcf J A D N A 

£: L, IB^S^3 0 £IB?y#^3 1 0 7°^ PCR^T?^ 

tC^J^I. 0 k b©D N A!fr^r£i^sL/c (J^Tg n t R-

Zttf&Z) o S/c, IB^S^3 2 £IB?y#^3 3 07°^ P 

c R^tT9 <J$] 1 . Okb©DN A!fr^r£i^S Ltc (JU~F g n t R 
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— t-lffoh) o Z.tlb(D D N Alfr^^r^tfp — 

m%Ls gntR-LtgntR-Rmfrzmmzmmm^sot 
IB^US^3 3©7°5K PC R£*T9 ZtlZ£ U^2. Okb® 

DNA|fr^r£i^§L/c (J^TgntR-LRffi^^Pf^^«) 0 Z(D 

g n t R - L RBTJ^T7#• — Xltf^SHCT^Hs 0JJXU E c o R I T' 

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

ess ion number ABO 1 96 1 0) ©EcoR I /F^Hb^ £. ̂ k. 

Ma U T 4 D N A ij tf—Iz-eJSJfc Ltc&s li/x U • P U D H 5 aP 

JU ^P7A7i-P-iH 0 

|ig/m I B^^7°u-htC3 0°Ct^f/c„ 

K£0i|XU g n t LRffi^'pTH 1 8 

c s 1 tc IE L < }if Zl £: Ls K^: p T H 1 8 

cs 1 - g n t RH/c„ 

[0151] £9 LTt#^tl/c7°^X$ K p T H 1 8cs1—gnt R£^»iJ 1 UW 

iLfcxi/i 'J £7 • P 'JN B: : atoDABtCllislU ?P^A 

7x-p-;u 1 0 ix g/m I B^7°b- h iZ 3 O°C-e-0fti£SL 

s P7A71-P-JU 0 ix g 

/m I ^ttfLBM^iClSlU 3 O'CTr-^ipSLfco ^tCC0±M 

%&(D — p|3^r "7-Y •y>7P7A7x-H-JU 0 ja g/m I tjN L B| 

^7°b-htCil^ U 4 2°C-e^Wt"-?)=l P--£t#/c0 t#£>tl/c=l P--

£ L B^±S±teT\ 3 0 °CU 2 4 0|^±M U MtC L B^7°b- h tC^ 

LT4 2°Ct4tTSP u--^mtc0 

[0152] ftiiL/cP 1 0 Oz\u~-%:¥v OTv^LT, 

^tl^tl^L B^7°b-h<^ ^7P7A7XZ = -JU O^g/m I 

frl_ B^^7°b- ^P7A7i-P-^igtt©^P->^: 

5S/u/c0 AA^PCRJCcfcy, gn 

t RmlE^^LTl^C^-e^. 0 k b p a. 

HI£LN t# £> B^fca t oD^ry A^-fbs gnt Rjlfe?^^ (J^T 
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B: : atoDABAgnt S Zl ZilffoZ)) t-pp^i Ltc0 

[0153] immmn 
<pGAP — I a/B: : atoDABAgntRfE$C> 

6 tfFlLfcii/ ±'J£7 • =I'JS B: : atoDABAgntR 

h-tz)lslzmMM2?ftmLfc7°^Z< Kp I aWStU 

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

- KT3 7°C-e-^±M-r^C«>:tCj: y, li/x 'J £7 • =1 'J p I a/B : 

: atoDABAgnt R#fc£f#7c0 

[0154] [^»J8] 

<p I a z/B : : atoDABAgntR $fcCDfE$C> 

6 tfFlLfcii/ ±'J£7 • =I'JS B: : atoDABAgntR 

h-tzJUlzmMM2?ftmLfc7°^X< Kp I aze«L 
, 7>£°is>J >5 0 M g/m L£#frl_ B Broth, Mi lie r^7° 

b- KT3 7°C r—ffimmtZZtlZj: yN ii/x 'J t7- PU P I az/ 
B: : atoDABAgnt Rtffc%:%tc0 

[0155] [^MJ9] 

< B : : atoDABApg iAgntR 

5 tfFllfcii/ x 'J L T7 • =1 'J B : : atoDABApg i^tC 

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

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

MtSiL, P^A7X-=I->IU 

1 O^g/m I ^ttfLBM^iClSlU 3 0oCt-^SL/co 

Zl ©ip§i/S© —p|3£r ^ ,y>7P7A7xzi|-jH Ojag/m I 

frl_ B^^7°b-KtC^U 4 20C-e^W"TS =!•--=&t#/co %btltc 

=IP"-^LB3 0°CT'2 4 liflipS LN W.IZ L B^7°b-

KtCil^ LT4 2°C-e^Wt"-?)=l P--£t#/c0 

[0156] ftiiL/cP P= —1 0 Oz\u~-%:¥v 

B^^7°b-K^ ^7P7A7XZ = -JU O^g/m I 
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frl_ B^7°b- ^P7A7x-P-Jl/i»^P->^ 

MA,tco IElC£ft£©gft?P->©lkfettDN Afr£> PC FUCJ; <<J, gn 

t RmlE^^LTl^C^-e^. 0 k b p a. 

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 • =l'J MG 1 6 5 5^fed:t/x^x <J ty • p <J BifeMi 

T* <J %>*<{ 7°tlJ\y^^-=l Is? *> 3 ><£ VX^TZZttfVZZo 

[0158] [^MJ10] 

<p I a/B: : atoDABApg iAgntR%fc(DfEj5c> 

9 tfFllfcii/ ̂ 'JtT • =I'J, B: : atoDABApg i A 

g n t R*fc=l > b?T> bizJUiZ^M^]2r'^MLfc7°^X< Kp I a &J&M 

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

m^7°\s-ht'3 7°CU-m%mtZ>ZtlZ£ yN 'J ty • P 'J p I 
a/B: : atoDABApg iAgntR *k%tc0 

[0159] [^»J11] 

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

9 tfFllfcxi/ B: : atoDABApg i A 

gnt R^P >L°^> KizJUtC^ijte$iJ2TfE§i L/c70:7 7v$ Kp I az^ 

yy t°Ss'J >5 0 fj, g/m L£#frL B Broth, Mi lie 

r*^7°b- ht'3 7°C-e-^±M-r^C«>:tCJ: xi/x "J tT7 • P 'J p 

I az/B: : atoDABApg iAgnt R#fc£f#7c0 

[0160] [^MJ12] 

< B : : a t o DABAg n d 

fczfc?jls=l>W.Tt KP^—lz£p- Ktslfef (g n d) GOi^S 
^ p— —ytft&tclsb^ 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^S§3 

4 07°^V-ti5' «HlJjtCN d e I IB^S§3 5 fed: 

t/IB^3 6 0 7°^ V - ti 5 ' ^^{lij tc S a c I 

o £ tc, IB^S§ 3 7 (D 7°^ -f V —ti 5 ' ^miliJtC B a m H I 

LT^&o 

[0161] xi> x 'J L 7 • Zl 'J B tffcCDf J ADNA (GenBank access 

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

©7°5K V-^:PT\ PC R£*T9 C^tCJ: y$] 1 . Okb©DNA!fr^r£ 

m^Ltc (WTgnd-Lffi^^Pf^^^S) 0 ttcs BB?y#^3 6£ 

iB^y#§3 7©^^ PC R£*T9 ztiz£ vm 1. okb® 

DNA|fr^r£i^§L/c (J^"Fg n d - R0frtt£n¥/*c: £#&£>) 0 ZtlbO 

DN 0JRU gnd-Llff^r^Nd 

e I S.t/S a c I T', g n d — RBT^^: S a c I S.t/B a m H I T^tl^'tl 

mtLtc„ I©)i'm2I^N S®i^7X^KpTH18cs1 ( 

GenBank accession number ABO 1 9 6 1 0) 

©N d e IMBamH I )£'Ml £ £ U T 4 D N A 'J U-ifVKfc L 

tcm, li/ X 'J L T7 • P 'J D H 5 a P > fcf^ > h "tzJU (HC#«&*f *t§Sl) tCM 

ff$E^U ^P7A7x-P-Jb 1 0 At g/m I B^7°b- K td 

3 0t:-e4ft5fMSM^ffc„ K£ 

0JRU gnd^P-Kt§HE?05' ±3fc5M»Ttt£ 3' 

0 2o0ffi^'pT H 1 8 c s 1 tCIELUiA^tiTl^C^SSSgU p 

TH1 8 c s 1 -g n d h Lfco 

[0162] d9 LTt#^tl/c7°^X$ K p T H 1 8 c s 1 — g n d £^5$] 1 TfE§^ 

L/:ls>x 'J L77 • P 'J, B: : a t o D A BtttClIfe^U ^P7A7 
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2. 6ffM°A ^BM#0. 2KM°A SlUti*) £1. 5 0 g/h r CDflJ 

5 X 0 P?h ̂ 7 7-f L/ci|^ i5C 

^L/cJ^ki^lJt-e^-tz K >7^J£J5£ LTl^/co 

[0195] [^»J2 9] 

4 0 0 °C £ L/cJ^ti^»J 2 8 ih |W|*§tCtT^ fcG i^Jilti^ 5 

k^L/co HBtC^L/cJ^tCi^fJfe^-tz K >7^J£J5£ LTl^/co 

[0196] [H5] 

SJE IPA 
mtm 

(%) 

IPAiy*1-(75£l&t](Dffll& 
(^E;u%/-r *j~fu tfjuyju^—jn&ft) SJE IPA 

mtm 
(%) 

T-th> ^PtfU> t^>K 
J*?VU 

-rv^vu 
"Th> 

Hfisflij 
26 

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

Hfisflij 
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>m{:z;T(DZ\ S>fi£^) 
*fgBG0M 7 7°P tfJU:PJUP-JU£ji;UfatC#3;tl£^ 7 7°P ¥)17)1 

P-il/ft: KP^f^---tfmfe^^T'-tz hftift: KP^f^---tfmfe^©P S 

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

k5SIIL/co 

[^IMJ 3 0 ] 

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

^ P7 h 'J isO l±MMm(D7iz —izmfci1 ( a d c 

) ti GenBank accession number M55392C, -f 
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77°P t?Jls7Jls=l-JlsThl (I PAdh) liGenBa 

nk accession number AF157307 klEHI^ tlTlN£> 

o 

±§E <D m z z •£ a tz to iz^- * - oikmm t L T 
N GenBank accession number X02662 CDiH 

SBB^JIfSgKfc^Ts 3 9 7 -44 0 KBES tlTl^x^iL 'J L77 • P 'J fi 

S3-'J>I£^L KP^^" —"tz (JiiTGAPDH^Pf 

&Z. £1f1bZ>) (D7°P "E-9 —SB91JtZZttf-ZZZo 

[0198] GAPDH7°P;E-^-£IXt#"t-2>/ctf)X^;L'J L77 • P'JMG 1 6 5 5 

%fc(D'f J ADN A^r>^b- h(CffllNTc g a g c t acat at gca 

atgattgacacgattccg (IB^lJ#-§- 3 8), $.£/ c g c g c 

gcatgctatttgttagtgaataaaagg (IB^lJ#-§-3 9 

) PCR£-eigiliU %btltz DN A77 ft y K N d e 

U S p h I Ti-mibt Z> Z fTi-m 1 1 0 b p®GAPDH^Pf-^-CJ) 

fc5DNA77^> K^tf/co ff»nfcDNA77^> 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 £ Tl# b tlZ 7 ̂  

v* > K^F^U 'j x—tzzm^T$£&Ltcm* x>>i'j LT7 • p u D H 

5 a*fcP > > h "tzJU (HC#«&!lf D N A - 9 0 3 ) CfUst L 

% 7>^>'J>50/Ag/mL^tt)sL BSS^7°b — K SIIIEI 

t#^tl/cP Px-^^> U >5 0 ju,g/ml_£#ifrL B$ft 

JgJft-e 3 7 °C-e-0^±M U ?# b tltzmW fr £>7°^X$SpBRgapP£ 

mjLtz0 

p S>fi£^L/c^ V7°P tfJl/7JbP-Jbft: KP^f^---tzmfe^ (IPA 

d h *) Z>tzto\iZ. Clostridium beijerinck 

i i NRRL B- 5 9 3®^ 7 7°P SP^--tzmfc 

^©j7^ £kP S>fi£^L/c-f V 7°P tfJU^JUP-JUxt: KP 

>f^-iz}Ifc^£§£ftU DNAM(aiJWDNA77^>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] LfcD N A77^^ > - acat gcat 

gcatgaaaggttttgcaatgctg 1 ) N J&lf 

acgcgtcgacttataatataactactgctttaa ( 

BB?!l#^4 2) k <£ P C R TiffiH LN %bntcD N A7?^> S£$y 

mmms P h i N sai i -zmittzzt-zm ̂ . 1k b p^p K>B&^ 
7 7°P K P —*tz 7 7 V ̂  y S£t#/c0 ?#£*lfcD N 

A7?^> K^7°^X$ Kp UC 1 1 9£«|#||S p h I RXfS a I I 

ybzm&L, 'J tf—tz^^-r^L 

tz&s x*>i 'J t y • P 'J D H 5 a*fcp > h-tzJU 

DNA-9 0 3) CiSI^L, fcf*> 'J > 5 0 y. g/m L 

^7°b— S %btl/cH P — — •&T7> tf'V 'J > 

5 0 M g /m L L B^i^T 3 7 "Ce-BftiM U ?# bntcmWfr 

£>7°^X$ K^@1KLTP K>fi£^L/c I PAd h *^IE L < JfA£ 

:0 7°^X$ K£ p UC- I * <^-pp^i L/co 

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

UmbtlZ I PAd h*£#fr7^?'p<> K, t7°^X$ KpBRgapP^ 

mens p h i RxfE c o R i -zmttzzt-zmbty s£ 
Wtn U 'Jff—Xi/x'j \1T • P 'J DH 5 a*fcp> 

tfx>K-tz;U DNA-9 0 3) lzMM&&Ls Ty&> 

'J>50Mg/mL^L B^^7°b- hC^tTSf /c0 

P--^77> 'J >5 0/ig/mL^L B®Mift"e3 7 

°Ct-iiSSL, K£0i|XLP K>B^L/c I P 

A d h *7^IE L < }if Zl £: £f?ISil Ls <1 CD 7° T7 7 $ K^pGAP-
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[0201] Zl L/c77iz — izmfe-f (adc*) 

^tciSbiZ^ Clostridium acetobutyl icum ATC 

C 8 2 4(D7iz — CDT7^ 7 t tlZZI 

KVB^L/c^-tz DNAMC 

iU«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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AT AT ACGATT ATCTCAAGT AA 

[0202] fEJ5£L/cD N A77^^ > h£:-r>70b — hkffll^Ts acgcgtcg 

acgctggttggtggaacatatgctgaaagatgaa 

g t g a t t a 44) , J&Xf gctctagattacttga 

gataatcgtatatga (IB^lJ#-§-4 5 ) kcfc lJ P C R& TiffiH L 

, ?#£*lJcD N A7?^> h£«l#SlS a I I, Xba I d 

£T#]7 0 0 b p®P KVB^L/c^-tz JU/1^>^-"tz7 ̂  

> K %:%tc o ?# £ tlfc DNA77^7>h <>: 7*5 L 7°^ X $ KpGA 

P- I *£*I#SIB a m H I^EcoR I T5^bf £ £ £: Tl# b tl£ 7 ̂  

> bzm&L, 'J tr • =I>JDH 
5 a^P > LT> K -tz;u (HC#«&!lf DNA-9 0 3) L 

% 7>^>lJ>50/Ag/mL^tt)sL BSS^7°b — K SIIIEI 

t#^tl/c=l • --^kyy fcf*> 'J >5 0/ig/mL^L 

igjfeT 3 7 °CT-^±M U ?# £ ^ 7°^ X $ S£0JIX U a d c * 

7^'IE L < tlTlN£> Zl £ frill! Ls ^©^77$ K^p I *a * <^-PP^I L 

tc0 

[0203] ?\/UP-X 6 "J >I|— 1 - jb KP^f^---tzmfe^ (zwf) 

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

ss i on No. CP00081 9) - h(CffllNT g c t c t 

agacggagaaagtcttatggcggtaacgcaaaca 

g c c c a g g (IB^lJ#-§- 4 6) , $.£/ cgggatcct tactcaa 

actcat tccaggaacgac (IB^lJ#-§-4 7) PC R/^ 

Ti^§ U % b tltc D N A 7 =7 V * > K £*l#Sl BamH I N X b a I T 

15 0 0 b p©^l/P-76 'J >I| 1 - jb SP^--tz 

7 7 V* y h £t#/c0 ?# £ tlfc DNA77^7>h ̂  7*5 L /c 7°^ X $ 

K p I * a*£«i#||X b a I B a m H I mitt Z> Z £ Tl# b tl£ 7 7 

> K £;Fb"n U 'J X-izZm^T li/i'J L77 • P 'J D H 

5 a*fcp > bfr y h "tz;U (HC#«&!lf DNA-9 0 3) CfUst L 
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% yy\f^\)y 50/xg/mL^tCL B^7°b- S CittSfilEt 

t#£>tl/c=l • _-£:P>L%>'J >5 0M,g/ml_£#frL B^fr 

i*T3 7°Ct-^iU % btltcmWfc 7°^ X $ K p l*a*z£[g] 

JRLfco 

[0204] [^MJ3 1] 

< p I * a */ B: : atoDABAgnt R$fcCDfE$C> 

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

*fc=l>L0^> h-tzJl4C^»J3 0-e^L/c7°^X$ Kp I *a^IM 

U yy t^>'J >5 0 M g/m L£#frl_ B Broth, Mi lie r ^ 

7°b — ST3 7°C-e-^±M-r^C^kJ: kK li/i'J L77 • =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 'J L T7 • =l 'J, B: : atoDABApg i A 

g n t R^ZI > t°7^> K-tz;Uk^MJ3 0 L/c7°^X $ Kp I a*£M 

7 >¥*/*) >5 0 M g/m L£#frl_ B Broth, Mi lie 

r^7°b- ht'3 7 0C-e-^±M"r^C«>:kJ: li/i'J £7 • =I'J p 

I * a * z / B : : atoDABApg iAgntR *k%tc0 

[0206] [^»J3 3] 

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

> 

2 1 tfFlLfcii/ x 'J L T7 • m U . B: : atoDABApg i 

AgndAgnt R^fczi >t°7^> K 3 0 TfE§^ Ltc7°^X $ K 

p I *a*z£Mff$s^U 7>^>lJ>5 0jag/mL^ttL B B r o t 

h, Mi I I e r^^7°b— KT3 7 Z> Z £IZ£ ^ li/i 

lJL77-Z||Jp I * a * z / B : : atoDABApg iAgndAgntR 

o 

[0207] [^»J3 4] 
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< p I * a */B : : a t oDABft©#|> 

1 tfFlLfcli/ x 'J £ 7 • P 'J % B : : atoDAB^ytfr 

> K lz)\slzmMn 3 0 L tc 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 7VC-ffi1$gTZZtlZ<l: kK li/i'J £7 • P 'J p I * a*/B : : a 

t o D A Bffi%1§tc0 

[0208] mmn 2 ] 
(>r v 7°P 

±IE [I^IMIJI] £|ID*§^ V7°P 

—It £1^6 Ltc0 £tcs 7 Ltc0 

[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) $ 

i. « in., i •* i„ I PAS® ̂  (I PAdh tadeCDzi R><&|£) 
pi a z/B..atoDABApgiAgntR Apgi, AgntR SJfi'(?lJ32 

i* * ;• . n»OA A MA to IPA^S?5(IPAdhi:adc(DziK>3l^)# p I "az/B:: ato DABApg iAg n dAg ntR ^zwfaj^[ Apg|] Agnd| AgntR ™33 

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 I *a*z/B:: atoD 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 L/c^: C 5, -f V 7°P tfJU^JUP-JUT1'L 

KP-ift-^ KP-ift-CDP 

-f v7°P < [q]±-t£££^:fr7^;/co 

[0212] [^»J3 5] 

(X^P-XA^©^ V 7°P tfJU^JUP-JU^jt) 

p I * a * z / B : : atoDABApg iAgndAgnt R^|(Ci(IX 
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0 • —(cscA) ?;iAL 

% TO P—V7°P 

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

Rfa(DWM> 
li/x >J £7 • P >J 0 1 5 7^0>fV AD N A0^SlB^Uti^^-efe1'J 

(GenBank accession number AE005174 

) N x vx 'J t T7 • P 'J 0 1 5 7 -tz^P— K1~-g>mfc^ ( 

J^T, cscA ^ tlTl^'So t&-<b 

^ c s c A ttGenBank accession number AEO 

0 5 17 4 izmm©IS'X'J t T7 • P 'J 0 1 5 7^>fV AlB^y® 3 2 7 4 3 

8 3-3 2 7 5 81 6 tlTl^o 

[0213] c s c AZm^t&tcSblZ, ii/xUt7- P'JOI 57H©>rVADN 

A^7^>7°b—KtCffll^Tgct ggt ggaacat at gacgcaa 

tctcgattgcatg (IB^]#"^ 4 8), J&Xf ttaacccagt 

tgccagagtgc (IB^S^4 9) PCRMiU ?#£*l 

/cDNA77^>h^T4^'J^^L/^f K + t- "tz "T? 7^ MM 'J >SHb"t £ 

£ ^ "£$] 1 4 7 0 bp©cscA77^>h 0 :®DNA77^ 

> h 3 0 Ltz p I * a * z £«|#SlBamH I T^b©^ T 4 

D N A/1N°'J p< 7 —U 3 b IZ7JUt) 'J 7 *X7 

mZRtt'j ymikLfctatzm&L* 'jx—tzzm^rffi-SLfcm, x*>x 
'J 17 • P 'J D H 5 a*fcp > > K -tz;U (HC^«&!lf DNA-9 

0 3) izmmmLs 7>&>l) >5 0|ig/mL^L B^7°b-K 

K£0i|XU <f)l 
P-X6 'J >I|- 1 ~^£ KP^t-tzitfe? (zwf) ©3' »H!JJ£c 

s c A 0 5 ' c s c A A*IE L < A£ tiT •?> Zl £: 

£ tl/c 7°^ X $ K p l*a*z — cscA£: -pp^S L tc0 

P'J01 5 70>fy AttiiilSt/ItiSWM 
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[0214] 2 1 tfFlLfcli/ JLVLT • =I'J, B : : atoDABApg i 

AgndAgnt R^fcp y fx- > K izJUiZWM $ K p I * a * z — 

c s c A LN T7 > tf:> 'J > 5 0 AJ, g /m L LB Broth 

, Mi I I e r^7°b-KT3 7 Z> Z tlZ£ ^ li/i'J 

L T7 • P 'J P l*a*z — c s c A/B : : atoDABApg iAgndA 

gnt 

[0215] [§itlMiJ3] 

7 7°P tfJU^JUP-JUfc^t/^-tz h>©i^i) 

JLi/ x. 'J L T7 • P 'J p l*a*z — c s c A/B : : atoDABApg i 

AgndAgnt R#fc£:ffll\/c.£(.^Hi±§E [t&iMU 1 ] LT, -Y V 

7°P tfJU^JUP-JUfc^t/^-tz K ^©i^s^T^/co /c/c 5 0 w t 

/w t %^;UP -XTK;^©-^ UC4 0wt /w t %x 0 P 

M7 20|^@-e8 2. 0 g / L ©^ V 7°P tfJU 

7J^-J^2 3. 7 g/L©:P-tz h>7^£j$L/c0 1 £ @ © h ̂  y 7°7K£ H 

P L C^/fL/c^H, ^"tzKV^O. 1 411% -f V7°P 

&o. 5 
[0216] 7 7°P L0JU:PJUP-Jk 71z ^©IXUtJHL) 

±§E-f V 7°P tfJU^JUP-JUfc^tl^-tz h 707KAN^^ra^ 

ct lJ, -f V7°p t°;U77;up-;us.t/77-tz h LIXU tJH Ltc0 

L£, UJUtfym, 7 

>A-'J XK31WET) 250ml £^±1 Ltctl =7 AK3fc5I5 0 0ml/ 

h-e®>SU Ltc0 L 

tc„ M5 3TC-8 1. 6°C©g^^IX1'JaiL, GCMLfc^ 7izh 

>19. 111% -f V7°P ¥)ls7)ls=\-)ls6 0. 511% ^BM^O 

. 5KM°A Ctl£J^T©^»J3 6~^»J3 9©J& 

TKSIJ^ &t/^»J4 0©7°P £!• >££©!!&£ Ltil^co 

[0217] [^»J3 6] 
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CP-tz 

<WlttlZnO :Zr 02 (9 4:6) 

5 0 0 m I m&i- K 'J 1 5. 94 g ( 

0. 1 5 mo I ) RTffr'\ 3 0ml £t/c0 #<Q*I7CTK/§>&£N 

3 4. 3 6 g (0. Ilmol) y>P-

A-7Kffi^ 1. 3 0 g (0. 05mol)£150ml t*/c 

1 B^^frtt-asTu/co 5ii 
s < 7K)$t L/CO ?#e>*ifcafe$]£ 1 2 o°c-e20m 4 o o°c-e 10irPm 
'JtU Jt^C6 0 O°C-e20|rPTMj55cL/co im«iZnO : Z r02 ( 

94:6) T9. 5 0g^|fco 

[0218] CP-tz 

it&l cm, SJ4 0cm©SUSlM:, tu!E©^IIttM^Z 

n O : Z r O 2 (94:6) 1. Og (20MPa 2 5 0-

5 00MmA^iL/ct©) ZltmU 10ml/mi n®II^T, 3 

5 0°C-e±IE^^ (7-tz K> 1 9. 1111 -f 77°P ¥)l/7)\sZ\-)l/6 

0. 5Ii%, ^FBM^O. 5Stm°A ggyfcfc*) £1. 5 0g/h r ®flj 

L/c0 J5 

J^M^P5L/dgn, ̂8iz 

^Ufc<fc9tc^M®7Xs fc<£t^W;*fi3fc©^M^£^7c:P-tz v 

7°P bf;U77>/UP->/U^ffll\/ciI^-e:fci^}I^"e77-tz h>7^£j5£LT^;/co ft 

fc\ H8* ri PAj V70nbfJUTJU=l-JU^mt OUT, H*§) o 

[0219] [»0IJ3 7] 

o o°ct Ltciym^mmms 6 tmmz^?tc0 

[Z^sLtco UStC^L/cJ^^i^lJt-er-tz h>^£j$LT^;/co 

[0220] [»$J3 8] 

<J«ilM$Z n0:Zr02 (8 8:1 2) ©i 

5 0 0 m I 0ffiM^i7773(C, m&i- K 'J 7 A 1 5. 94 g ( 

0. 1 5mo I) S.t^7Xl 3 0ml £ Atl)§#3 i±tc0 % b tl/c7K)§^^N 
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mm.wm7s7kmtQ32. 8 6 g (0. 1 1 mo 1) 
^7A-7Kffi^2. 66 g (0. 1 Omo I) ^ 1 5 Om I 

KfefeZs 1 ftr^wcffiTLtzo foss5 0rB»tm ZML 

s J: < MkLtzo %btltz&Mto* 1 2 0°C-e 2 0m 4 0 0°Ce 1 0tP^$£ 
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