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., 

4.24 m'1YlLL~"'~nlnmtlULV1t1U~h~1~~nL'l!~;LL"'~ (n~l-J~'il~(;I)') ml-J1ru PHB .. 
(n~l-J~'il~(;I)') LL~:;~"'~,)l.! PHB ~'tl~1~~nL'l!~;LL"'~ (%) '"l1nnlm1.h~l.!ml-J1ru 

~ • I ~ 

i,)L~'tl~l-J~l.! 4.5x10
8 

3.2x1 09 LL~:; 1.5x1 0 10 CFU~'ilij~~~(;I)' L;j'tlL~m1rt'ill-J 

ULLl.!l.!l1 E. coli ~ijYl~1~ij", pBAD-phaCABA04 LUl.!L,)~1 48 -B'') Ll-J~ t"'t1m':;~l.! 
., 0 ",~.J':- ~ 

nI),LL~"'~'tl'iln",')t1 1 Yo 'il:;nu ~l.!~ VI 0 "ll,) ~l-J~ ........ ....... . . ..... . ... . . . . . ... . . . ......... . . .... . . 127 
, 

4.25 
.... ~ ~ r qq .q 

nI)'~n'" PHB 'il'iln'"l1nL'l!~~)'rt'ill-JULLl.!l.!VI E. coli Vll-JYl~1~l-J'" pBAD-phaCABAQ4 

" 
t"'t1 nI),L-D' rt~'il t)'Yl'tlfl-J LL~:;~ m~tru:;"lJ'il~~1),~~ (;In rusyf)':;w)1~il.!(;I'ill.!nI)'r11L '" 

.q .c(~ '" 
U),~Vlfi ~"'t1n1)'(;In(;l:;n'ill.!"'')mtlnL'l!l.! . . ..... ..... .. ... .. ... .. ... ....... ..... ..... ... ..... ...... .. ..... . 128 • 

5.1 1l1Yl~'tll-JLLn)'l-JLL~"'~~m~tru:;L'l!~;"1J'il~1rt'ill-JULLl.!l.!11 E. coli ~ij~l.!~,)l.! 
"lJ'il~ul.!~1.h:;l-J')~)'i~:n')~~Lrtn:;,r PHA '"l1n R. eutropha ~~(;I)'')'"l~'ilU 

1,"'''' tr 0., I 1l1t1 (;In~'il~'~VI)')'fi\l.! "1Jl.!1"'nI~~"1Jtl1t1 1 00 x 10 LVl1. ............ ... ........... ...... ........ 133 



d 
tJ'VI'VI 1 

Association of Plastic Manufacturers Europe, 2009) ~-l'tJ1hJ~m),~~~l-J"lI'B-l"llU~Yl~1~~n~-l 
LihJil'1l~1~1~'1l~'B~-lLL,)Vl~'Bl-J Lii'tl-l"1niJm~'tJ1Yl~1~~nl-J1~~[;1Lthm~[;1Jirusvl~1-l1iJ1nl-J1U 

LL~~t1 n'tJ1l-J1L-n'BU1-l LL Yl1~~1UL tJ:n1 ~1.h~~1r)tJ L-rltJ u)'~"Ji rusvl'f)1~1 ~ 'iltJ,)WltJl"'I,)1l-J~'f)tJ .. . 
111'l!tJ~~1-l1 L~tJLU~-l'Vl'tl m~VJl-J d~JtJ~tJ Yl~1~~nLtltJ~1nh~LI1'VlYl'tl~Ll-J'Bf'l!'lVl~~-l~-lLtltJ 
~~~.nrusvl~Ul"1n~[;1~1~m),l-JiJL~),Ll"'liJ L-rltJ Yl'B~L'Bfi~tJ (polyethylene, PE) Yl'B~LYl)'Yi~tJ 

(polypropylene, PP) Yl'B~~l~~tJ (polystylene, PS) Yl'tl~l')'l~I"'I~'tlh(?) (polyvinylchloride, 

PVC) LL~~Yl'B~L'B'Vlfi~tJL'VlL~Yl'Vl1L~'Vl (polyethylene terephthalate, PET) (Zheng LL~~l"'Iru~, 
. ~ ~ 

2005) Yl~1~~n~-lLI"'I~1~'\h~~1ilnI"'l1t1n iJI"'I,)1l-J'VltJ'Vl1tJ 'tJ1~,rnLU1 LL~~iJ"lI'tlu"lhun1~L-n 
'" 

-l1tJUI'tlU1-lnr)1-l"ll')1-l u~~n'tlu nuil""utJ"1 n 1"'I,)1l-Jn1,)~U1'Vl1-l L'Vl 1"'1 L tJ L~~"r111 ~~1l-J1~t1 ~~ [;1 • 

Yl~1~~nL~iJfDlru~).J~~1-l1~1l-J~~'tl-lm~1~,ju1n LVlU~tJnumn~'Bn1-nr)~'l~u uBmu1Ll"'liJ 

"" ..r. 1 ' ~", ~....I 
m~u')tJm~~~ ~ LL~~n~~u')tJm),"lItJlu'VlN [;11-l1 ~Vl'BU1-ll-J1 nl-J1U tJ'Bn,,1 ntJU-l~1l-J1~t1ut-l 

LL~-lfDlru~iJ~1~~1U LVlUm~L~l-J~1),L~l-JLL~-l (Additives) LtltJ~tJ (Derraik, 2002) 'tlu1-lhn[;11l-J 

;r'tlL~U"lI'B-lYl~1~ ~n~-l LI"'I~1~i ii1'tl n14' Vl 1~u1 n L-nL,)~1LtJn1~U'BU~~1UtJ1tJ,rU~'Bui]~1'B 

l-J1nn~1 LL~~iJ n1~u~ VlU~'BU~1)'YiM1 tJ~~~~1-l n~~u')tJn1~n14' Vl"llU~Yl~1~ ~n~n ~')U ~-l 
, ~ 

ri'tlL~LnVlil'1l~1LtJ~-lLL,)Vl~'f)iJ (Gross LL~~ Kalra, 2002) ~-l,rtJ~-liJm~~nM1m~~~[;1Yl~1~~n 

:n,)111Yl~U'tlU~~1ul~ tJn11).J'l!1 ~ L~'tlL-n'Vl VlLL 'VltJYl~1~ ~ n~-l LI"'I11 ~i ~-l n ~1,) Yl~1~ ~n:n,)111Yl~ 

U'tlt1~~1t11tn tJn't1W1l1 ~"l!'lVl~~-l~l~fu 1"'1') 1 l-J ~tJL" LL~~iJ n1~~ nM114'U'tlU1-l ~'tl L ~'tl-l ii1'B 

Yl'tl~LilVl~'tln;hL'B~1"'I1LtJL'tl[;1 (Polyhydroxyalkanoate, PHA) LL~~'B~~tJfi"ll'tl-l PHA (Madison 

LL~~ Huisman, 1999) 

PHA LtltJYl'f)~ L'tl~ L 'Vl'tlf"ll'tl-l n1Vl Lil V'l1'tl n:n LL'B~1"'I1 L tJ~ n~~~1-l~tJ LVlU" ~tJ'Vl1U~~1U"l!'lVl • 
'i' 4 .,..,. ~ 'i' .,..,. "" 
~VlU1')).Jt1-lLLUI'l'VlL1mLn't).Ju')n LLn1).J~u LL~~ ~"l!U1 ~tJLLUI"'I'VlL1UU1-l"l!tJVl (Jendrossek LL~~ 

Handrick, 2002) ,~tJ'Vl1U~~-lLL~~~~~l-J PHA L~'tlHLtltJLL~~-l1"'l1fu'BtJ~11'B-l111ULtJL"li~; LVlU 



2 

"'l~~¥,)-:Jh.lJl')')~~4"lf1C;)~,)J''tlT\..nnJ1-:J'tlth-:J L-nkl LklLI?lJ'L"'lkl yj'tl~yj'tlf~ O]~Hyj'tlf ~1'tl 'tl'tln~L"'lkl 

LUkl~kl LL~~ilLL~~-:Jf'nfu'tlt.!~ . .nnLnklYl'il PHA "'l~~n~~~~'tl~Jl')ulklLLm\1~ (granule) LC;)U"1Ikl,)C;) 

LL~ ~4 ')t.!') klLLn J'kl~ ~'tl L"ii ~ ~ "'l ~ LLI?l n ~,)-:J Ii' kl 1 kl LL~ ~ ~"iiUc;)'lJ'tl-:J"'l ~ kl 'Y11tr (S tei n bOc hel LL~ ~ 
~ . 

Schlegel. 1991) 

"'l~kl'Y11u1 kln~~ LLU ~Yh1u~il~,),)~~,)~,)J'Cllt.!n')~~r,)-:J LL~~~~~~ PHA ilnm,)klm~ • • 

Ralstonia eutropha (-3'tlL~~ Alcaligenes eutrophus) Lti'il-:J"'l')n~')~')~Cl~~~~ PHA Jl')ulkl 
~ . 

LLn~t.!~L~~')nn-:J 80% "lJ'tl-:JUTvnrnL"ii~~LL,x-:J (Lee. 1996) 'tlrh-:Jhn(?],)lJ"'l~kl'Y11trY1I:J~1?l PHA L~ 
~ . 

~ ~ 

t1kl"'l~l-D'L')~')t.!,)kllkln~~u,)klm~I:J~1?l LL~~-Dkll?l'tlt.!m~~li'w''i'tl~L~'tlf'tl'iln'''l,)nL"lI~~vhL~mn~-:J 

LUklU 'Y~') ~') ~'Y'tlrh-:J~ti-:J~vh l,xn ~~U,)klm ~I:J~ I?lYl'tl~ L~'tlf~,)Jl,)Yl ~~~u~ I?l~')~n J'~lJLc;)U 
~ 

"'l~kl'Y11trL ~~')il il~kl'Y1kl~-:Jn~')Yl~,)~ ~ni-:J L~n~~"'l,) nilLI?lJ'L~il kl'tl nL ~tl'tl hh')n ~t.!'Y1t.!"lJ'tl-:J 
~ tj .. , 

L"'l1'Y ~-:J n~') LL~ ~n ~~u')t.!n')~~ Ii' c;) LLU n I:J ~ 1?l.t1 ru"Yl'tl'il nlOj ') n L"lI ~~Vi ') L~hj £.I,) n I?l~'fl c;)IOjklLUt.! 

"'l~kl'Y11tr~iln')~~mi,) tlfutlN LL~~Clnu')~') l-D'l kl~~~U'tlI?l~')~n~~~ LL~,) LC;) £.I t1n'l4'u ~,)-:J 
Ii fII tI " 

YlU')U') ~~"'l ~~ (ij,lkl,) 1 ,xlOj~t.!'Y11trL ~~')diltl~~~'Y1 flJl,)Yll kln,)J'1:J ~ I?lYl'tl~ L~'tlf~,)Jl,)Yl"'lkl~,)~,)~Cl • 

. 
Liu LL~~~ru~ (1998) ~n'l=t')m~l-iiL~~,)~LuklLL~~-:J~')fu'flklLL'Y1kln~ L~~ L~'tlI:J~j;) PHB .. 

Lc;)u1~'fl~ULLklkll1 Escherichia coli ~,)U~kl~ (HMS17 4/pTZ18u-PHB) It.!5-:J~,rn"1lkl,)C;) 5 ~j;)~ 
~ 

YlU~,)~,)~,)~ClI:J~j;) PHB Lvhli'u 80% "lJ'il-:Ju')~t1nL"lI~~LL,x-:J LL~~tl~~~'Y1flJl,)Ylm~I:J~j;) PHB 

LVi"lli'u 1 nf~~'tl~j;)~~'ili') L~-:J 

Jung LL~~~ru~ (2005) ~n'l=t')i11Oj4'u~ill:J~~'ilm~I:J~j;) PHB IOj')n1~'il~ULLklkll1 E. coli ~ 
cf": ~ .cI cJ .. I .... q ..y II" I cf 4 tr 
lJ"iikl~,)kl"lJ'fl-:JUkl'Y1u~~~')~~~~"ii,)~-:JLM,)~~ PHA IOj')n R. eutropha YlU')') ~~'tl~ULLklkl'Y1 E. coli 

" ... ..J ""'i' 'i' ""'1-!' <I " 'I " • ~klU~L,)ru'Y1~ ~~ ~~kl 1J.J~t.!,)LLklt.!Ukl'il')~')m"lJ-:J ~,)~,)~Cl~~~lJ PHB Jl,)U ~klLLm\1~ ~c;)~')nm') 

1~'il~ULLt.!t.!11 E. coli 1 t.!U1L')ru~ilL~ L~il~t.!,)LLtiklL~'flj;)n'"l~'iluJl')ul~n~'tl-:JIOj~'Y1~~fiI,rL~'ilC;) . ~ 



3 

L~m~:;~LJ'1J,)C;)L'1Jrh1tJ'el1\-11~m~') 2x LB ~l1n~L~~ 21 % fOl:;111h:;~'VlfiI1T'r'i1tJm~CJ~C;) PHB .. ., 
L'YhnLJ 85.2 n~~(;]'el~C;)~ LL~:;l1ic;)~')tJ'1J'el-l PHB (;]'elU1\-1~nL"l!~~LL'IX-l ~-ln-l 99% .. 

II '" I I 

~-l~tJ1tJ-l1tJ';)9ulll1t3'c;)'lu~:;~-lrlLYl'el L~~tJutJfOl1n R. eutropha ~1U~tJ~ A-04 ~-lLUtJ 

,~tJ'Vl1U~LLUnfOl1n~tJ1tJu~:;L'Vlf'lh1U (Chanprateep LL~:; Kulpreecha. 2006) LC;)u,~tJ'Vl1U~1U 
., . 

~tJ~1l~1~1~t;lCJ~C;)'el'4~tJfi"1l'el-l PHA 1~\-1~1U"l!UVl LL(;]tJ-lhjl1nm1tJm~~n'M'1utJViu~:;~')~~~~ 
~ ~ . 

:n')i-l L~~1:;,r PHA '1J'el-lfOl ~tJ'Vl1U~1u~tJfill fOl1n~tJLL~ Vl-l'el'el nutJViu~:;~')~ ~~~:n')i-l L~n:;,r"1l'tl-l • • 

., ., 
itJC;)'eltJm~L~mll.liLJ''eltJ Yh1'IXL"l!~~LLc;)nl~~1u 11-n'tl~~'Vl1-l~tJfif'l1~c;)fLL~:;l1L'Vl~LtJL~u1tJm~ .. . 
CJ~C;)~:;~LJ'tlC;)~1\-1m~~~~LJchtJ ~-l~1I"1ru~nu~:;m~\-1n-l~'el E. coli 1l.lCJ~C;)L'eltJl"l!,r PHA . ~ 

I I II I 

depolymerase ~-lYlLJ1tJfOl~tJ'Vl1u!XtJLLLJLJ'Vln~1U~tJfiVi~1~1~t;lCJ~C;) PHA LVlm'eltJl"l!,rll~1mJ1Vi • •• 
1tJm~rJ'tlU~~1U PHA ~~:;~~'elrJI11u1tJL"l!~~L~'tlU1n~LJ~11'ifLutJLL\-1~-l~1fLJ'tltJ ~-l~1Vl~1 .. 

oIICII .:::. ~ <l:1li. I .q ClI 1 '" ~ J' .c:tl _ ~ ..::Ii ... 
~~'tl~LJLLtJtJ'Vl E. coli fOl:;~u~:;~'VlfiI11Yl tJn1~CJ~1il PHA LYl~"1ItJ L~'tlLu~ULJL'VlULJnLJ R. 

.... .. 
eutropha ~1UYltJ~ A-04 

. 
L~~tJLL~ :;LL~ Vl-l'tl'tl n"1l'tl-lutJViu~:;~')~~~~:n') i-l L~ ~1 :;,rYl'el~le1 Vl ~'el nO; LL 'el ~ ~1 L tJL'tl IilfOl1 n 

R. eutropha ~1u~tJfi A-04 1tJ E. coli • 

., . 
1 . \-11=ntJ~')tJLL~:;';) L~~:;,r~1~LJU,)~~L'ell'Vl ~"1I'el-lutJViu~:;~')~~~~ L'eltJl "l!,rYl'tl~le1 l'w'tln 

:nLL'tl~~1LtJL'tlIil=ntJL'Vl~ (PHA synthase, phaC) r,nn R. eutropha ~1U~tJ~ A-04 
., , 

2. ';) L~~1:;,r~1 ~LJU') ~~L'tll'Vl C;)"1I'el-lutJ"'-l\-1~c;)Viu~:;~')~~~~:n')i-l L~~:;,r PHA ~,)U 

GenomeWalker™ Universal Kit 
, 

3. L~~tJutJViu~:;~')~~~~:n')i-lL~~1:;,r PHA LihL,)nLlil'elfLLMI-l'el'eln 

.... .... 1' •. 1" .. ..J... ... - 1 >-
4. ~VlL~'eln'Vl~1tJ~Y1'tl~LL~tJ'Vl'Vl~mnL~C;)-l'tl'eln"1l'el-lutJLL~:;CJ~C;) PHA Vl 

5. ';) L~~1:;,r"l!UVlLL~:;'el-l rlU~:;n'tlLJ"1I'tl-l PHA ~ CJ~ IillrJiLVlu';)fin1'jfLM~1 Lc;)m~1~ 

6. LmULJLViuLJU~:;~'VlfiI11Ylm~CJ~j;I PHA fOl1n1~'el~ihLlJtJl'l E. coli nLJ PHA ~CJ~c;) 

r,nn R. eutropha ~1U~tJ~ A-04 
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, , 
~l1LUL'tlj;]~1n R. eutropha ~1t1~ufi A-04 LL~:;~1~hJ~,:m~h'lhJLL~c;,~'tl'tln1u E. coli L~'tlLYil-J • 
th::~'VlfiJ11yj n1~~~ j;] PHA 



.d 
U'YI'YI 2 

-K.:JLrlJ'1:::~r.nnnJ':::u')'Wn1J'~'tlfiL2J'tlf1J'L'lIi'W (polymerization) ~.:JLU'Wmnn~ulJmtJ1'Vl1.:JLrliJ 

1Oj1nn1~U1~1J'UJ':::n'tlu"nl,)tJu'tltJ ~iJLrlN~~1.:J L'VIij'tl'Wn'WL~tJn~1 L2J L 'WL2J'tlf (monomer) 2J1 ~tJ.:J 
, ..."... .col .?l 'i' ' 0 'I '!'i' .col 'I ,J' • I..J 

j;)'tln'W~')tJ~'Wfi:::Lrl2JLu'W~1tJ ~'lIm,)Vl1 ~'VI ~2J L~n~2J"ll'W1~ b'VIru"ll'W LL~:::Lu~tJ'W~m'W:::Vl1.:JmtJJl1~ . ~ 

.c=. d I .".dI c:r .4 .c::II ~.CJ 
1Oj1 n L~2JVlmlOj'tltJ 1 'WJ'U"ll'tl.:J n 1'l1'V1J''tl"ll'tl.:J L 'VI~,) n ~1tJ LU'W"ll'tl.:J LL "ll.:J'lI.:J2J rl CU~ 2JlJ j;)Vl L 'VI2J1 :::~2J 1 'WmJ' 

" " . 
u11u~~'W1~'Wlt.ILU'Wt:.Jfij;)Jicu"[;]1.:J1 (f.:J~nl"1;J'WVl'tl.:J LL~:::~1";)j;)1 ~'lI1'W'W11, 2536) 

~~1~~n~1lJ1H1LLtl.:J'tl'tlmU'W 2 UJ':::LJlVl (~1n'Wm2JL~l 2548 ; f~MJ'1"1 ;J'WVl'tl~ LL~::: • 
~1";)j;)1 U"l!1'W'W11, 2536) l~LLri 

2.2.1 LVl'tlfi:lJ~~1~~n (Thermoplastic) LU'W~~1~~n~1-ifn'WLL~i'VI~1tJ2J1n~~~ LL~:::iJ 

rlCU~lJ~YiLjiljMflI'tl L~'tll~fUrl,)12J~'il'W5~1Oj ~'VIn~IOj:::'VI~'il2J L'VI~,) ~.:J LVl'ilfi:2J~~1~ ~mL[;]~:::'lIU~ 1-if • • 

rl')12J~'tl'W1 'WmJ''VI~'illJ L 'VI~,) hi Lvi1 n'W LL~,) LL[;]"l!~~"ll'tl~~ ~1~ ~mr'W1 ~.:JilL n'il.:J1Oj1 n LrlN~~1~ 
~~1~ ~n LL[;]~:::'lI~~ [;]1~ n'W rlCU~lJ~Yi LjiljM~~ n ~1,)Y]11 ,x~1lJ1~nU1 LVl'ilfi:2J~ ~1~ ~n n~lJ2J1 • 

"I " I 

'VI~'il2JLL~:::~'Wlu1m.iLYl'ilt:.Jfij;)LU'Wt:.Jfij;)Jlcu"~~1~~n~nrlf.:J 'VI1'il11'l1L~~ (Recycle) ;~~~1~~n 

5 PE) 

(Polypropylene, PP) ~'ilfi~lj;)~'W (Polystylene, PS) ~'ilfil,)~~rl~'ilh~ (Polyvinylchloride, 

PVC) LL~:::~Yh'il~ (Expandable polystylene, EPS) 

" , 
2.2.2 LVl'ilfi:2JL"l!j;)~.:J~~1~~n (Thermosetting plastic) dJ'W~~1~~n.yjiJ~CU~2J~YiLjiljM 

flI'il ~1lJ1~nVl'W[;]'il n1J'LU~tJ'WLLU~.:J"ll'il~'tJ CUVl1Jii LL~ :::ulJmmVl1~ LrliJl~ t:.Jfi j;)Jl CUayJ~Y]12J11Oj1 n 

~~1~~n~~n~1')~')'W1ml.h:::LU'WlJJ'J'IOjJi'Wr1m'VI1J' ~L~tJlJVli LU'W~'W LVl'ilfl2JL'lIj;)~.:J~~1~~n~ 
~. , 



6 

(Polyester) 
, ~ 

(Polyurethane) ~~~ :;PI-l :i'1J~ ~-l n1 ~cJl'WPI'lI~ ~'f)'W~1-'f) LLN ~'WL Vim Plf-l 
'" 

L~m Li1'f)LU'W~-l~:;LL~-l~nn Yl'WPI'lI~~'f)'WLL~:;PI'lI~~'W 12J'fl'f)'WrfI'l LL~:;Ltl~tJ'WnJrN12J1~ LL~nl .. 
~ ~, 

'f) CW,\Ulij ~-l~ :;mLL(;l n LL~:; 1 ~~ LU'W; Lnl~ ~1 Yi~1 ~ ~ ntl~:;L11Ylm~ L~ n~~:; L~'el~ LtJ-l ri'WLU'lJil~ 
~ ~ ~ ~ 

LL~4'Uri'WLL'll'W LLNUC;)L~titJ(n:;~~I-lL~L~n~LL~-lLLN~ln ~-l12J~I~I~mlln~U~I~~'f)~m~'lL~'el • 

;'Wltll~2J1~ 

, ~ 

~'WLn'WL U'f)~~1 nYi ~1 ~ ~ n iJ~1 Pll Cl n LL~:; 1 'lJn1 ~ 1-if~'eltJU1-l'f)th~Yi ~1 ~ ~ n Cln l-n-ll'WL VitJ-l PI f~ L~m '" .. 
~ ~ , 

L"ll'W Cl-l'ell~l~ "ll')c;)Ul LU'W~'W ~1-'f)H'LVim12J'Wl'WnClnul~lli-l"lltJ:; ~-lLL~~IYi~I~~mh'W~il-l . '" 
~nUl n~u~11 ii1ln 1 'W~ m~cw:;~1-l1ri'W LL~~'l'Wl~'1i~ nUl1tlnl4' C;)~-l Lc;)tJ';)fin1~{;\1-l1 n1~Ul'11tJ:; 
Yi~I~ ~n 1tlnl4'C;)~-l Lc;)tJ n1~l1-l n~u 'ell~ Lu'W';)fi~~:;c;)')n LL~iJ ~~ L~tJ ~'f)~-l LL,)C;)~'el~l'IJ~:;tJ:;m') 
~ ~ , 
~-lULYi~:;Yi~I~~n~:;Clmj'eltJ~~ltJ1~mnl'W~-lLL,)C;)~'el~Lc;)tJfi~~~"lIl~ ~-ll1umJ'eltll'W~'W LL~:; .. .. 
,ru.r'W~-liJm~lcw~ln;'Wt;n~m~ICWn1rl-nYi~I~~n n1rL~I'lItJ:;Yi~I~~nri'ell,xLnC;)~~~~LL~:; 

LU'W~'WIn~ltJ'f)tll-l~ln %n1mni1'1l~I"lltJ:;Yi~I~~n~ri'f)l,xLnc;)~~~~~~f.1'f) n1~U1Yi~I~~n 
, ~ 

n~ul-J11-ntl~:;LtJ"ll'W1~2J ~-liJ~~ltJ% ~-lU (1YiP\I~ 'W1P1~~W,J'\r, 2539) 

~, , 
2,3, 1 n1~Uln~u~11-n~1 (Reuse) ~-l~~lnncwoyfYi~I~~nVil-nLL~,)~I~I~ClUln~u~IYil 

I'" II '" t 

PI'lIl-J~:;'ell ~ LYl'f)1-n~11~~~ltJPlf-l LL~111"l1'IJ:;L ~fh,r'W~:;L~'f)l-J PlCWI11Yi~-l LL~:;PI,)Il-J~')tJ-lll-J • 
~ , 

~ c;)~~(;lI~~1 ~u'W'f)n~1 nUU-l ~'el-l ~lil-l~-l PI,)I~~:;'ell f'lLL~:;PI,)Il-Jtl~'elf'lntJ~'ltJ :J-l ri'f)l ,xLnf'l;r'f)~1 
~ 

ri~l'IJn1~H'tl~:;LtJ"lI,rUI-l~I'W L"ll'W Cl-l~'f)'Wl~!lI~I~12JPI'l~Uln~u~11-n1~!lI~I~~'el'W4'f'l~ILL{;\ • 
'tl1~Ul1tlYil PI,)I~~:;!l1 c;) L~!ll-n1~"ll!l-l H' ~1-l11Mln~~ltJ PI~-l ~1-!l1-n1 'lJnl~Lm~tlnr L"ll'IJ Q-lL Yil:; 

~1~'W1~ LU'W~'W 

J' tl - '" !'I ,<II ""'1 - 'i' -"" 0 1tl J' tl ~ 2,3,2 nl~~~~~'D'IJ~ ~~InI1CW"Vl ~~~~~~n1~~ "lILPI~ ~c;)mfi'IJl ~~~~LL~:;'D'Wr LlJ'W .. .. 
~~ Inn CW"Vl1 ~2J LL~:;LtI'W';)fi~iltJ~ ri'Wl-Jl n LL~ Li1~ L VitJu rium~ 1 CW'D!l-l'DtJ:;Yi ~1 ~ ~ n~-l~l-J~ nU-l 
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f'l¥'I )'lnJ~'I ~'el'l)j rh L-nr.i1U L~2-J;'WL 'Wn1),~ ~ LLU n"llil~YH~1~ ~ n 'W'eln~1 nnn1)'11"11 L~~~:;l~ 
Vi ~1~ ~ n~)j f'l ruJ11Vi ~ ~~'I1n12-J ~ 1 ~U LL~ :;~'el'l!:J ~ 2-J nUYl ~1 ~ ~ n L 'VIl-iL 'Wt[ 1n),1~'J'W~ L 'VI2-J1:;~ 2-J'Vl n • • 

" " I I I I 

f'lf'l .~ nor1'1 f'l ruJ11WlI'el'l!:J~ In.tl ruoy]Vil~~1 nVi~1~ ~nVi,J1 n ~U2-J 1L-n1 'VIl-i~:;~1 ntJ1!:J ~ In.tl ru'YlVil~ • 
" " ~1nVi~1~ ~ n L 'VIl-ii'l'VI2-J ~ LL~:;U1'1 f'lf'l hj~12-J1),Cl,J1 n~U2-J1L-n1.h:;LU"1I'WL 'WnhLUU L~2-J LVin:; .. 

2.3.3 m),LU~U'W'lIU:;Yl~1~ ~mu'W!:J~ In.tl ru'Yl'll'fl'l L 'VI~'J LL~ :;ri1"11 Lu'W'1fim),~"'1L m~~1), 

1!1L(;l),f'l1fU'el'W~ LU'W'lIU:;L 'VI~'J LL~:;ri1"11 'VI1'el LU'W~1 ),!:J~2-Jl!1L~),f'l1fU'el'W'VI~1U"llil~ ~'I'fl1~ L-n d1'W 

L~'flLVi~'1 L(;lU inN 'VI1'elni'WLLUn LU'W~1)'u1~'Vlt L~'elL-n LU'Wt) InCl ~u~1'V1fum),!:J~ In Vi ~1~ ~n L)'en'Wl~ • • . ". 
L 'li'WL~U'J n'Wnut) In Cl ~uVil~~1 ntlLIn),L~U2-J n ),:;U'J'Wn1 )'i1~ :;1~Yl~1 ~ ~ n L)'en'WVi iJ PI ruJ11Vi~'I . . .. . , " 
L'li'WL~U'Jn'W '1fin1),LU~U'W!:J~ In.tl ru'YlYl~1~ ~nViL-n LL~'JL,x LU'W'lI'el'lL 'VI~'JilL1UntJ1 ~ PI'1 LL -nni'W 

(Liquefaction) ~'I Lu'W'1fil Vi L), 1~ en ~ Lt'1tJ L-n fI'J12-J ~'el'W~'IJ11 U L~U),),U 1 m Pll'W LIn),L ~'W'VI1'fl ri1"l1 L ~'flU .. 
"1Iil(;l~'W 'W'fln~1 n'll'el'l L 'VI~'J LL~'JU'l)j!:J~ In.tl ruoy]ejf1'1 Lf.1m Lu'Wm n Pl1fu'el'W~'I LU'W'lI'fl'l LL -D'I ~1lJ1),Cl 

H\U'WL~'fl LYl~'Il~ ~1'V1furi1"l1~ Ln ~~'W~1 n n)':;u'J'Wn1)'1 YlL)'1~en~ iii'el ri1"l11e1L~),fl1fu'fl'W 
~1lJ1),ClL-nLu'WL~'elLYl~'Il~L"ll'Wn'W 'W'eln~1nn U'I'el1~)jri1"l1~'W1 Ln~;'W~'Ju L"ll'W ri1"l11!1L(;l)'L~'W 
f'l~'fl hc;f ~'IL-nU)':; LU"ll'WL 'W'flln ~1'V1 n),),2-JU1'1U),:; LJl'Vll~ • 

" 
2.3.4 m)' L-n LU'WL:n'elLYl~'I L~UInN Yl~1~ ~nu),:;LJ1'Vl L'Vl'elfl2-JYl~1~ ~n~'J'W2-J1 n)j~2-Jllii LU'W 

2.3.5 m),L-nLU'Wt)~~u)':;n'elu 'fl1~,J1Yl~1~~nL-nLL~'J!:J~lJnUt)~~'elri1'1~'W L~'el!:J~InLU'W • • 
, " 

!:J~In.tlru'Ylt)~(;lu)':;n'eluViHLu'Wu)'du"ll'W1~ L"ll'W 114'LViUlJ ~'W'ti'fl'WLYlU2-J LL~!:J~In.tlru'YlL'VIfhil'el1~ • 
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d:J~n1mni1 rywll~~'J~~u'l LYh'l1~ L~/tW"lln 

" , 
~'l'l1~~'lilnl~~r.rULL~:;~~~IYl~I~tinVi~I~I~()UtlU~~IUl~ 

" " 
ilil n~~ r11 ftJ'tlil~ d:J~'tl'l rhh:;n'tltJViil ml ~ 1 'J ~'tl LL~'l LiJ'tl ~~ ~ ~ ntJ LL~'l'"l:;Lii 1'101 ~LLIn n (;j''J'1I'tl'l , 

, " 
n~~ FlI ftJ'tlil~ ~'l'"l :;";11 ,"Yl~ 1~ ti n n~'tltJ LL~:; LLIn n LtJ~:n~L~ n1 LL~U'tlU ~ ~ lul~hl ~~tJ~nr , ~ 

L~'tl'l"'llnn1~U'tlU~~'tlUntJLM'l~~I'lYlI'lLFlil'1l'tl'lYl~I~tin i1'"l'"lU~Yl~I~tin~~I~I~()";I~IULC;)U 
~ , 

" , , 
~fiill~LLri PE PP PS LL~:; PVC LtJ~~~ ~'ll~~~l-J~I~tvn:lnLL'tlntiL'JLIn'tlf (photoactivator) Vi"ll'Ju 

m:;~~n1~U'tlU~~IU(;j''J Lc;)mL~'l~'lhJ (Harper LL~:; Kellar, 1972) 

2.4.2 Yl~I~tin~U'tlU~~IUl~tJl'l~'J~ ~'tl Yl~I~tin~Lti~~I~Yl'tl~L~'tlffi~nJ'1Ilti~'lti'tlU 

~~lul~c;)u'~~Yl1u1~fi~~~"lIlti l~LLri L"lI~~ L~~ ~nil~ LL~n LIn~ LLU'l"llilc;)(;j1'l1 L"ll~ LLU'l 
, '" 

.;t1'JLYlC;) LL~:;~lnti~LL(;j'l~~1 ~'l1~Yl~I~tin L"ll~ PE PP LL~:; PS LtJ~~~ ~'l'l1~'~~Yl1u1~~~~'l 

'tl~1~~1 ilf')'JIl-J~~ ~1'tl ~1 U'tlU~~IU'tl'tflIf')~I~~'ln~I'J ";11,"Yl~I~tin~Il-JI~()U'tlU~~IUl~ 
tJl'l~'J~ LL(;jU'lFl'lL~~'tl~~~'J~'1I'tl'lYl~I~tin~'"l~~Yl1u1~~Il-JI~()U'tlU~~IUl~ (~'J~~hl1"ll~I~ • 

2.4.3 Yl~I~tin~U'tlU~~IUl~c;)uH' 2 unmm fil'tl Yl~I~tin~iln1~ti'ilU~~IU 2 

i~In'il~Lc;)u~.h~unmUI1elLc;)~1~:n~ri'tl~ ~'lLtJ'WUnmmn1~U'tlU~~IU"1l'il'lYl'il~Ll-J'ilf~il~~L'il~ 
LYl'tlf ~1'tlL'tlll-JC;) L"ll~ LLU'l Yl'tl~L'tl~LYl'tlf LL~'l~'lLiiC;)n1~u'tltl~~IUYlI'l~'JJ11Yl (;j''J'tlUI'l'1l'il'l 

, " 
Yl~I~tinViu'ilU~fiIU~'Ju~fi\ll~LLri PBS (Aamer LL~:;Flru:;, 2008) 

2.4.4 Ylfil~tin~U'tlU~~IUl~YlI'l~'JJ11Yl (biodegradable plastics) LtJ~Ylfil~~n~Liic;) 

n1~U'ilU~ ~IUYlI'l~'JJ11Yl'tlUI'l~l-JtJ~nr '"l1 n n I~ViI'lI~'1I'il'l'"l~~Yl1u1 ~~'l LL 'J !Jl~'tll-J~il L 'il~ 1 'lIl-J1 ~ 
~ . 
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~1~'fI1~1~U1'l'ilrh'l L-DtJ LtJL(;]n'"ltJ w'il~w'ilf~ i~LW'ilf ~1'il'il'iln:nL'"ItJ LL~1'Wl1'):;~ihm~'l 

I'nfU'iltJlJ1mntJYl'il PHA ~~'lLf')n:;~tJ'"I:;nmnU~:;~lJL.ntJnJ"JJ'il'lLLn~tJ~ ~'ilrJJl1ultJL"J!L(;] 
" """ 

~~1u"J!ilVl L-DtJ R. eutropha Rhodococcus rubber LL~:; Pseudomonas sp. LtltJ~tJ ltJ~fl1Yl 

fi~~lJ"J!1~YlU~1ih~tJ'Viru~~1Un~lJ~~1lJ1~n~'lLM1:;,rLL~:;~:;~lJ PHA L~~'lLL~Vl'lltJ(;]1~1'l~ • • 
2.1 (Verlinden LL~:;f')ru:;, 2007) 

Aeromonas hydrophila Lauric acid, oleic acid 

Malt, soy waste, milk 
Alcaligenes latus 

waste, vinegar waste, 

sesame oil 

Glucose, 
Bacillus cereus 

e-caprolactone, 

sugarbeet molasses 

mcl- PHAs 

PHS 

PHS, 

terpolymer 

(Lee LL~:;f')ru:;, 2000; 

Han LL~:;f')ru:;, 2004) 

(Wong LL~:;f')ru:;, 

2004, 2005) 

(Labuzek LL~:; 

Radecka, 2001 ; 

Yilmaz LL~:; Seyatli, 

2005; Valappil LL~:; 

f')ru:;, 2007) 



Bacillus spp. 

Burkholderia 

sacchari sp. nov. 

Burkholderia 

cepacia 

Caulobacter 

crescentus 

E. coli mutants 

, tr 

LL~f>l"~1~Ufl'W 

Nutrient broth, 

glucose, alkanoates, 

e-caprolactone, soy 

molasses 

Adonitol, arabinose, 

arabitol, cellobiose, 

fructose, fucose, 

lactose, maltose, 

melibiose, raffinose, 

rhamnose, sorbitol, 

sucrose, trehalose, 

xylitol 

Palm olein, palm 

stearin, crude palm 

oil, xylose, 

palm kernel oil, oleic 

acid, evulinic acid 

Caulobacter medium, 

glucose 

Glucose, glycerol, 

palm oil, ethanol, 

sucrose, molasses 

10 

(Katircioglu LLf>l:;~ru:;, 

2003; Shamala LLf>l:;~ru:;, 

PHB, PHBV, 2003; Tajima LLf>l:;~ru:;, 

copolymers 2003; Yilmaz LLf>l:;~ru:; 

,2005; Full LLf>l:;~ru:;, 

2006) 

PHB, PHBV (Bramer LLf>l:;~ru:;, 2001) 

PHB, PHBV 

(Keenan LLf>l:;filru:;, 2004; 

Nakas LLf>l:;filru:;, 2004; 

Alias LLf>l:; Tan, 2005; 

Celik LLf>l:;filru:;, 2005) 

PHB (Qi LLf'l:; Rehm, 2001) 

(UHMW)PHB 

(Mahishi LLf>l:;filru:;, 2003; 

Kahar LLf>l:;filru:;, 2005; 

Park LLf>l:;filru:;, 2005a; 

Nikel LLf>l:;filru:;, 2006; 

Sujatha LLf>l:; 

Shenbagarathai, 2006) 



Halomonas 

boliviensis 

Legionella 

pneumophila 

Methylocystis sp. 

Microlunatus 

phosphovorus 

Pseudomonas 

aeruginosa 

Pseudomonas 

oleovorans 

Pseudomonas 

putida 

P. putida 

P. fluorescens 

P. jessenii 

P. stutzeri 

Starch hydolysate, 

maltose, 

maltotetraose and 

maltohexaose 

Nutrient broth 

Methane 

Glucose, acetate 

Glucose, technical 

oleic acid, waste 

free fatty acids, 

waste free frying oil 

Octanoic acid 

Glucose, octanoic 

acid, undecenoic 

acid 

Glucose, aromatic 

monomers 

Glucose, soybean 

oil, alcohols, 

alkanoates 

PHB 

PHB 

PHB 

PHB 

mcl-PHAs 

mcl-PHAs 

mcl-PHAs 

aromatic 

polymers 

mcl-PHAs 

11 

(Quillaguaman LLfi::Flru:: 

, 2005, 2006) 

(Wendlandt LLfi::Flru::, 

2005) 

(Akar LLfi::Flru::, 2006) 

(Hoffmann LLfi:: Rehm, 

2004; Fernandez LLfi:: 

Flru::, 2005) 

(Durner LLfi::Flru::, 2000; 

Foster LLfi::Flru::, 2005) 

(Tobin LLfi:: O'Connor, 

2005; Hartmann LLfi:: 

(Tobin LLfi:: O'Connor, 

2005; Ward LLfi:: 

O'Connor, 2005; Ward 

LLfi::Flru::, 2005) 

(Xu LLfi::Flru::, 2005) 



Rhizobium melilot, 

R. viciae 

Bradyrhizobium 

japonicum 

Rhodopseudomonas 

palustris 

Spirulina platehsis 

(cyanobacterium) 

Staphylococcus 

epidermidis 

Glucose, sucrose, 

galactose, 

mannitol, 

trehalose, xylose, 

raffinose, maltose, 

dextrose, lactose, 

pyruvate, sugar 

beet molasses, 

whey 

Acetate, malate, 

fumarate, 

succinate, 

propionate, 

malonate, 

gluconate, 

butyrate, glycerol, 

citrate 

Carbon dioxide 

Malt, soy waste, 

milk waste, 

vinegar waste, 

sesame oil 

PHB 

PHB, PHBV 

PHB 

PHB 

(Mercan LLfl~ Beyatli, 

2005) 

(Mukhopadhyay LLfl~ 

r1ru~, 2005) 

(Jau LLfl~r1ru~, 2005) 

12 

(Wong LLfl~r1ru~, 2004, 

2005) 
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.,.. ..... , .. .,.. .. t- .,.. 

'"lrl'WVI~tJ LL 'VIrl-:j rl1~lJ'a'W ~'arllJJ'a~ L'an~1~m-:j'a-:j • 
(Kim LLrl:;rlru:;, 1995; 

Kichise LLrl:;rlru:;, 1999; 

Taguchi LLrl:;rlru:;, 
Glucose, sucrose, 

R. eutropha 2003; Kahar LL'Cl:;rlru:;, 
fructose, valerate, PHB, 

(Cupriavidus necator) 2004; Khanna LLrl:; 
octanoate, lactic copolymers 

Srivastava, 2005; 
acid, soybean oil 

Volova LLrl:; Kalacheva, 

2005; 

Volova LLrl:;rlru:;, 2005) 

R. eutropha H16 
Hydrogen, carbon (Pohlmann LLrl:;rlru:;, 

(Cupriavidus necator PHB 
dioxide 2006) 

H16) 

... 
Vltl1: Verlinden LLrl:;rlCU:; (2007) 

, ... , 

Ballard LLrl:;rlCU:; (1987) ntJ~1'W~1Lij'aL~m"l~'WVl1u1'W~111'l:;YiL'VItl1:;~tI • 
r;l'an1~~:;~tI PHA ~1'W'l'WLLm'Wrlr;l'aL'lIrl;"l:;'tltJL'W-n'l-:j 8-12 LLn~'W"rl LLrl:;vh L~L'lIrl;i1 

'II 'II 

L~'WehP1'Wunrl1-:jL~tI"l1n 0.24 LtI'W 0.50 lt1rl~'au nHl-:j"lJ'a-:jL'lIrl;Ln'a~:;~tI PHA "l:;Ltl~tJ'WLtI\J 
'II ., 

, ... 

Fl'a'W;I1-:jnrltl LLrl:::~lJ~1n1~~:;~tI PHA "l:;'VItJ(;lLij'ai1mtl1CU PHA tl~:;)J1CU 80% r;l'aUl • 
. " " I 

'VIum 'lIrl; LL ~-:j ~-:j L~~1"l:;i1 L 'a'W 1 'lIarLLrl :;~1~~-:j !1IuYi LntJ'l-if'a-:j nlJ n1~i-:j Lrl~1:;\f PHA LLr;l L U'a-:j"l1 n 
... , 

PHA lJl)J1nn~1\1n1tJL!1Im)J1rue.nr-:jL'lIrl;Yi~1n(;l 111uL'WLLm\jrl"l:; 
" . " I 

tl~:;n'alJJl'ltJ PHA tl~:;)J1CU 98 %L~UU1'V1,rn 'hh~'W 2 %L~ltJU1'V1,rn YiL'VI~'aLtI'Wl"lJlT'W~l~'ln 

m(;lvl'a~vh~~n (phosphatidic) LLrl:;~1~tl~:;n'a'lJ~rl:;rl1tJL'W'a:;;L(;l'W m)J1CUL~m7'au 
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Chanprateep LLrl:;FlCW:; (2008) 

Ralstonia eutropha ~lrJ~'Wfi A-04 LLrl:;~lml'W~I'"l~'W'Vi~u.n~I~I~n~~Lml:;\f'el'W~'Wfi"1l'el~ • • • 
PHA l~~rllrJ"lIU", LLrl :;Lflu~:;~~lr)l 'WnJ"l.I'el~ LLm''Wrl~'elrJJ11rJ L 'Wl"l1t[;lYirll~;~"l.I'el~ L"lIrl; LL~ "'~~~ 

" "" 
nJ~ 2.1 .. 

l1..l~ 2.1 J11Yi~"'''1I'el~L"lIrl; R. eutropha ~lrJ~'Wf A-04 '"llnn~'el~"rl'Vl~~f'\~LrlFl(;l~'el'WLLUU~'el~ 
~1'W (Transmission Electron Microscopy, TEM) LL~"'~ PHB J11rJL'WLLm''ljrl"l.l'el~L"lIrl; ~~lrJ 

mffJ L~'W~~"'LL~"'~"1I'WI'" 200 'Wlt'WL~(;l~ (Chanprateep LLrl:;Fln.!:;, 2008) 

"~'W'Vl1U~~I~I~n~~LFl~I:;\fLLrl:;~:;~~ PHA L'WUm''ljrl ;~LLn~'ljrlLU'W~I~1..l~:;LJ1'Vl 

l"11,r'W"lIU",~~~ ~~~'W':lfin11(;l1,)'"l~'elud1'el~t1i''W'"l:;HL'VlFlUFln1~U'el~~''1I'el~~111..l~:;LJ1'Vll''11,r'W~'el~ 
111rJL'WL"lIrl; ~,)'elrJl~L'll'W n11U'el~L"lIrl;~,)rJ~"lI"'I'W LLUrlFl u (Zudan black B) (Schlegel LLrl:; 

" 
Flru:;, 1970) ~1'W; Url L'el (Nile blue A) (OsUe LLrl:; Holt, 1982) ~1'el ~1'W; L~'" (Nile red) 

. " 
. .t "'"'::/ "" ~-.I "I"" .I'i' (Splekermann LLrl:;FlCW:;, 1999) "lI~LLm'\frl'"l:;[;l"'t'lLLrl:;L~'el~LL~~L~'elt'f'el~J11rJ ~[;lnrl'el~~Lun ~(;l1 

~tfiltl~ijLL~~yj~'el'elL~~L"lI'W(;\ (fluorescence spectroscopy) LU'Wt1i''W 'elrJl~hn[;lI~%n11 
, ~ 

(;l1,)iOl~'elU'"l~'W'Vl1uYi~I~11n~~LFl11:;\f PHA t"'rJ n1~U'el~ ~,)rJ~ m~hij hJ~1 L YiI:;nULLm''Wrl''1l'el~ . " " ,~ 

PHA 'elrJl~L~rJ,)L·l'hw'W LL(;\~I~I~nU'el~LLn1\frll"11,r'W~'W11~ ~~t!'Wn11~lml'Wn1~(;l~')'"lYiU PHA 
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2000) 

i:iJ'lt1'll'Wn1J'~m~nn1J'tJrenJL"l!~'H~·~'JtJ~ri~,~t?i'Cl 1'J l'fl L'Cl [;] (crystal violet) ~1l-J1J'(I 

L~'WLLnJ'~'Cl PHA ~'fl~[ntJL'WL"l!'Cl~"!Itl~~~'W'Vl1tJl~ '"lln ,.:n'W~~tJ"lI'fl'l Jung LL'Cl::rlru:: (2005) 

~1l-J1J'(ltJ'fll-J L"l!'Cl~"!I'fl'l1rl'fll-JULL'W'WY) E. coli ~i:i~'W~b'W"lI'fl'l~'W~i.h::l-J'J 'ClJ'tr~~'J~'1 LrlJ'l::lf PHA 

'"lIn R. eutropha ~'JtJ~rl1~~'Cl 1'Jl'flL'Cl[;] [;]J''J'"l~'fluJlltJhin~'fl'l'"l'Cl'VlJ'J'P\l! Leica DMLB • 

microscope LL'Cl::riltJJ'Ul(;)tJn~'fl'l Leica DC 300F ;'1i:in1J'UJ'::l-J'J'ClJllYll(;)tJL-ilLumnJ'l-J DC 
" 

..J 
'Vl 2.2 

" n~'fl'l~'Cl'VlJ'J'P\l! Leica DMLB microscope "lI'Wl(;)nl~'1"l1tJ1tJ 1000 LVl1 l(;)m~tJ~dj'WL'J'Cl1 60 

-B''JUJ'I ~l-Jlm~[;] L~'W~;j(;) LL~(;)'1"l1'Wl(;) 51l-JlrlJ'Ll-J[;]J' • 



16 

PHA mrW'l~~1'HiltlYl'il~L'il~L'Vl'ilf~1t1(;]N (linear polyesters) th-::n'ilU~'ltl 

rnfu'iltl 'il'iln:nL~tI LL~::l!]L(;l~L~tI ~(;]~Lf1IN~h'l~'lhJLL~C;)'1~'1~tJ~ 2.3 'U.JLtlLl.J'ilf~'fl'l~1t1Yl'il~ 
~ ~ 

iJ~hrnfu'fltl~::Liltllf11~~f1I1fU'fltl (chiral carbon) LL~(;l'lLf1IN~h'lLiltI R-configulation 

(Madison LL~:: Huisman, 1999) 

\\ \1\ \j\ , 
I " 

* I II I 
CH3 0 R 0 CH) 

n 

o I 011:IIII '" ,. 

*C LL~C;)'1(;]1Lmtl'lU(;]1f111~U'fltl 

" ",1'il P(3HP) n = 1 R = 1!]LC;)~L~tI (H) 
." .... 

Yl'fl~ (3-1!]C;)~'iln;LYl~YiL'ilLtI(;]) ~1~tlf1I'il 

" ",1'il P(3HB) R = Ll.J'Vlfi~ (CH3) 
." .... 

Yl'fl~ (3-1!lC;)~'iln;ih~L~(;]) ~1~tlf1I'il 

" ",1'il P(3HV) R = L'fl'Vlfi~ (C2H5) 
." .... 

Yl'fl~ (3-1!l C;)~'iln;'l1 L~'fl L~(;]) ~1~tlf1I'il 
.. 

",1'il P(3HHx) R = LYl~Yi~ (C3Hg) 
." .... 

Yl'fl~ (3-1!]M'iln;L!]n"1l::LtlL'fl(;]) ~1~tlf1I'il 

" ",1'fl P(3HH) R = U'l~~ (C4Hg) 
." .... 

Yl'il~ (3-1!lC;)~'iln;L!]tJ(;]::LtlL'il(;]) ~1~tlf1I'il .. 
",1'il P(3HO) R = LYltl~~ (C5H 11) 

." .... 
Yl'fl~ (3-1!]C;)~'iln;'il'iln(;]::L'WL'il(;]) ~1~tlf1I'il .. 

",1'il P(3HN) R = L!]n:n~ (CSH13) 
." .... 

Yl'fl~ (3-1!lC;)~'iln;LtI'W1L'WL'fl(;]) ~1~'Wf1I'fl 

" ",1'il P(3HD) R = L!]tJ~~ (C7H15) 
." .... 

Yl'fl~ (3-1!lC;)~'fln;LC;)f1I::L'WL'il(;]) ~1~'Wf1I'il 

" .... 
R = 'il'iln~~ (CaH17) 

." .... 
Yl'fl~ (3-1!lC;)~'iln;~'WLC;)f1I::LtlL'il(;]) ~1~tlf1I'il "'~'il P(3HUD) 

" ",1'il P(3HDD) R = L'W~~ (C9H19) 
." .... 

Yl'fl~ (3-1!lC;)~'fln;L(;lL(;lf1l::L'WL'il(;]) ~1~'Wf1I'il .. 
n=2 R = 1!]LC;)~L~tI (H) 

." .... 
Yl'fl~ (4-1!]C;)~'iln;U'l~L~(;]) ",1'fl P(4HB) ~1~'Wf1I'il 

" ",1'fl P(5HV) n=3 R = 1!]LC;)~L~'W (H) 
." .... 

Yl'fl~ (5-1!lC;)~'fln;'l1L~'flL~(;]) ~1~tlf1I'il 

nr' L" ." -1 ." L .. 'Vl 2.3 ~(;]~ f1INM1'1'Vl1'1Lf1Il.J~'fl'lYl'fl~ !]C;)~'iln"1lLL'fl~f1I1 'WL'fl(;] 

(Khanna LL~:: Srivastava, 2005) 
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0-

~1tJYi'tl~h).J'tlf LLtl~LUt! 2 th::\J1'Vl~~i1 (~'lI1~1 4't!'Vlfur::vitJ, 2539) • 
2.5.4.1 .1 LtlL).JYi'tl~L).J'tlf (homopolymer) LUt!Yi'tl~L).J'tlf~ur::n'tlU~'JtJ 

L).JLt!L).J'tlfL~tJ~'lIUl'lL~m).J1~'tlnt! L-Dt! Yi'tl~-3-Ltl~r'tln:nu'J~iLrlPl (poly-3-hydroxybutyrate) LL~:: 

Yi'tl~-3-Ltl ~r'tln:n'J1L~'tlLrlPl (poly-3-hydroxyvarelate) LUt!vlt! 

2.5.4.1.2 Ltl'Vl L 'Vl'tl LrYi'tl~ L).J'tlf (heteropolymer) LUt!Yi'tl~ L).J'tlf~ur::n'tlU 
~'JtJ L).J L t!L).J'tlf).J1n n~1 1 'lIU~).J1 ~'tlnt! L~tJ LitJ n~'tl1Pl1).J~1t!'Jt!'lI'tl~ L).J L t!L).J'tlf~ LUt!'tl~ l"fur::n'tlU 

~'J'tlth~ L-Dt! Lf'1Yi'tl~ L).J'tlf (copolymer) ur::n'tlU~'JtJ L).JLt!L).J'tlf 2 'lIU~).J1 ~'tlnt!LUt!~1tJYi'tl~ L).J'tlf 

L-Dt! Yi'tl~ (3-Ltl ~r'tln:nu'J~ LrlPl-Lf'1-3-Ltl M'tl n;i'J 1 L~'tl LrlPl) [poly (3-hydroxybutyrate-co-3-

hydroxyvalerate) ~1'tl PHBV] Yi'tl~(3-Ltl;r'tln;U'J~LrlPl-Lf'1-4-Ltl~r'tln;U'J~LrlPl) [poly (3-

hydroxybutyrate-co-4-hydroxybutyrate) ~1'tl P(3HB-co-4HB)] LUt!vlt! ~1~fUYi'tl~L2-itlf~ 
ur::n'tlU~'JtJL).JLt!L).J'tlf 3 'lIUl'l).J1~'tlnt! LitJn~1 L'Vl'tlfYi'tl~L).J'tlf (terpolymer) ~'J'tlth~L-Dt! Yi'tl~ 

(3-Ltll'l r'tl n:n U 'J ~ L rlPl-Lf'1-3-Ltl ~ r'tl n; 'J 1 L~ 'tl L r IPI-Lf'1-4-Ltl ~ r'tl n; u'J ~ LrlPl) [poly (3-

hydroxybutyrate-co-3-hydroxyvalerate-co-4-hydroxybutyrate) 

4HB)] Ltlt!vlt! 

., 
'tl'tlmut! 2 ur::\J1'Vl~~i1 (U LL~::f'1nJ::, 2007) 

.... 
~ r'tl P(3HB-co-3HV-co--

., .... 
2.5.4.2.1 PHAs ~1tJit! (short chain length, SCl) ~~'tl scl-PHAs 

.... 
2.5.4.2.2 PHAs ~1tJn~1~ (medium chain length, MCl) ~r'tl mcl-

, 
~ cloCiI r 

PHAs Lut! PHA 'Vl).Jf'11rU'tlt! 6-14 'tl::IPI'tl).J 
.... 

2.5.4.2.3 PHAs ~1tJtJ1'J (long chain length, lCl) ~r'tl Icl-PHAs 

.JcI.. ::. I -t ~ 
LUt! PHA 'Vl).Jf'11rU'tlt!lPI~LLIPI 14 'tl::IPI'tl).J"lIt! LU 



--- ...:' ~ 2.5.5 ')(1"11')O'l~Lrl~'l:;VI PHA 

Chen (201 0) 1~~,)1J~,)2-J~~~ L~m.;r!l~n1J~~~,)~~ Lrln:;'lf PHA r;nn~~'W'Vl1-u~'l!.l~'W~~'l~1 LLf~:;~'l!.l~'l'W~'l!l:;LenYi~ LrlL!l (Acetyl-CoA) 

:rJ ::."., "I --- % ~ - ~ ~ - ..1..1 " ~ ~" "I -- "1..1 L1.J'W~'l~(;1~(;1'WVI~n ~'WVI~'lm(1"11')O'l~ Lrl~'l:;VI PHA LL~:;2-J L!l'W ~en2-JVI~'l!.l"1l'W(;l'VlLnm'1l!l~ ~(;l!.l (;1NLL~:; ~(;l!.l!l!l2-J ~'Wm:;1J,)'Wn'l~e.J~(;1 PHA LL~(;l~ ~'W(;1'ln~'Vl 2.2 

, , , - -_....t'''' ~ r. q '" 
(;1'l~'l~'Vl 2.2 ')(1"11')O'l~Ll"ln:;VI PHA LL~:;L!l'W~en2-J'VlLnm'1l!l~ 

~'l~1J~ ca....... i- ... ov , 
L!l'WLen~ 

.... r _ 41::11 r " ... ')(1"11'l ~Lrl~'l:;VI !ln~~!.l!l ~'l!.ly/'Wfi'"l~'W'Vl~!.l !l'l~!l~ •• 

1 ... -- ~ '['~ ')(1"11') ~Lrl~'l:;VI'Vl 1 PhaA ~-Ketothiolase R. eutropha (Sudesh LL~:;rlru:;, 2000) 

2 PhaB NADPH dependent 

acetoacetyl-CoA reductase 

3 PhaC PHA synthase (Sudesh LL~:;rlru:;, 2000) 

4 1 ..I..J " n~ n'VlLnm'1l!l~ PhaZ PHA depolymerase A. hydrophila 4AK4 

5 Dimer hydrolase P. stutzeri 1317 

6 (R)-3-Hydroxybutyrate R. eutropha 

dehydrogenase 

7 Acetoacetyl-CoA synthetase P. oleovorans 

8 ... -- ~ ~..I ')(1"11') ~LI"l~'l:;VI'Vl 2 FabG 3-Ketoacyl-CoA reductase P. putida KT2442, (Sudesh LL~:;rlru:;, 2000; 

9 Epimerase A. hydrophila 4AK4, Mittendorf LL~:;rlru:;, 1998) -" 
00 ----
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..J _...... %.. ~ .. .J..J" , 
IW11'NVl 2.2 'JCl"ll'J0'l~LM1~~ PHA LL~~L'eltH"lllJVlLnm'1l'el~ (11I'el) . -' ... --- i- .. -' , 

L'el\.!1"ll~ ... .. - .:=I .. " ... ~1(;)UVl 'JCl"ll'J ~LI"l11~~ 'eln~1tI'el ~1!.JYl\,!~'~\'!Vl1!.J 'el1~'el~ 

10 ~~~'Ji~LI"l11~\f~ 2 PhaJ (R)-Enoyl-CoA hydratase/enoyl-CoA P. aeruginosa 

hydratase I 

11 Acyl-CoA oxidase, putative 

12 Enoyl-CoA hydratase I, putative 

13 
_ ...... ~ .. .I 
'JCl"ll'J ~LI"l11~~Vl 3 PhaG 3-Hyd roxyacyl-AC P-CoA P. mendocina, (Sudesh LL~~l"lru~, 2000; 

FabD transferaseMalonyl-CoA-ACP recombinant E. coli Zheng LL~~l"lru~, 2005; 

transacylase Taguchi LL~~l"lru~, 1999) 

14 
, 

QQ_ ~ rei 
'JCl"ll'J ~ LI"l11~~Vl 4 NADH-dependent acetoacetyl-CoA Rhizobium (Cicer) sp. CC (Chohan LL~~ Copeland, 

reductase 1192 1998) 

15 SucD Succinic semialdehyde dehydrogenase Clostridium kluyveri (Valentin LL~~ 

16 
......... ~ .. ..J 
'J Cl'll'J ~ LI"l11~~Vl 5 4hbD 4-Hydroxybutyrate dehydrogenase Dennis,1997) 

17 OrfZ 4-Hyd roxybutyrate-CoA: CoA tra nsferase 

18 
, --- ~ ...... 'JCl'll'J ~LI"l11~~Vl 6 Lactonase, putative Mutants and recombinant (Valentin LL~~ I 

19 Hydroxyacyl-CoA synthase, putative of R. eutropha Steinbuchel, 1995) 

20 
....... ~ .. ..J 
'JCl'll'J ~LI"l11~~Vl 7 Alcohol dehydrogenase, putative A. hydrophila 4AK4 (Xie LL~~ Chen, 2008) 

~ 

<0 

nkam
Typewritten Text
19



..I .. __ %.. ~ .. ..I..J" , 
[;1'W1~Vl 2.2 ,)Cl"]j,)~~L~11~~ PHA LLi'l~L'tllH"]ja.JVlLmJ,)'lJ'tl~ ([;1'tl) 

o ... _ 

i'l1(;)tJVl 

21 

22 

23 

24 

25 

26 

27 

28 

1~:n')l~ L~11~i 
........ % .. ..I 
,)Cl"]j,)~~L~11~W(1 8 

~ 
Vla.J1: Chen (2010) 

'tln~nJ'tl 

ChnA 

ChnB 

ChnC 

ChnD 

ChnE 

L'tllJ1"]j~ 

Cyclohexanol dehydrogenase 

Cyclohexanone monooxygenases 

Caprolactone hydrolase 

6-Hydroxyhexanoate dehydrogenase 

6-0xohexanoate dehydrogenase 

Semialdehyde dehydrogenase, putative 

6-Hydroxyhexanoate dehydrogenase, 

putative 

Hydroxyacyl-CoA synthase, putative 

tV trQ ., 

~1tJ~lJ~"i'llJVl1tJ " ... 'tl1~'tl~ 

Acinetobacter sp. SE19, (Brzostowicz LLi'l~ 

Brevibacterium epidermidis HCU I ~ru~, 2002) 

f'0 
o 

nkam
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I I " '" 

ijL'il~1·nr~~nvhnm.jf'il~lw';)()\h'~'\uJ~ 3 L'il~1"ll,r Hi'LLri 

LtJ~1~L~1'VlL'ilL~~ (p-ketothiolase) L.a~L'il~ViL'il"ll ~L~~L~~v1 'il~:nL~'il~L"lll1~ LflL'il 1~m'Vl~ 

(NADPH-dependent acetoacetyl-CoA reductase) LL~~~'il~1e1C;)~'tln:nLL'il~fl1L~L'tl~:j~L'Vl~ 

(PHA synthase) ~~lh~~')~~,r~~1nu~ phaA pha8 LL~~ phaC m~~h~tJ ~1~1nmtJ';)():n') 
" 0 0 

~~Lfl~1~lf PHA ill~ R. eutropha ~1~ftJn~1nvhnm.jf'il~~')~~~mnj'iltl~~It1 PHA Lc;)t1 

L'tl~1'l1,r~'il~1e1C;)~'tln;LL'tl~fl1L~L'tl~ ~~'il~L~'ilfL~~ (PHA depolymerase) 1~L~'ilf 1e1LC;)~L~~ 

(dimer hydrolase) 3-1e1C;)~'iln;{hl1L~~ ~1e1LC;)~~L~~ (3-hydroxybutyrate dehydrogenase) 
o " 

LL~~'tl~:jL~'tl~L'lIl1~ LflL'tl:j~L'Vl~ (acetoacetyl-CoA synthase) ~~ L'~~1"ll,rLm:hil~~"li')t1fl'ltJ~~ 

m~~~LfI~1~lfLL~~U'tltl~~It1''tl~ PHA LL~~n~1n~L~m.jf'il~~llJlnl~tJl~~ A. hydrophila 

P. stutzeri R. eutropha LL~~ P. oleovorans (Sudesh LL~~flrn~ o 2000) 

';)():n'l~~Lfl~l~lf~ 2 ijfl'l1~~~~~fintJm~1,lJ~~~~~'Vl1thJl~J1H' ~~~~ln~ , 

I I I " 

m~tJ'lUn1~~~Lfl~1~~1~L~L~'ilf,'il~ PHA ~~L'tl~1'l1,rvhntl').jf'il~1~';)()il1~LLri 3-~L~L'il:j~LflL'tl 

1~nL'Y1~ (3-ketoacyl-CoA reductase) ~~LlJ'ilL~~ (epimerase) ~L~~~LflL'il1e1c;)nL'Y1~ffiL~~~Lfl 

L'tl1e1C;)~1L'Y1~t)~ ((R)-enoyl-CoA hydratase/enoyl-CoA hydratase I) L'il:n~LflL'tl'il'tln:jLC;)~ (acyl

COA oxidase) (putative) LL~~~L~~~LflL'tl1e1c;)nL'Y1~t)~ (enoyl-CoA hydratase I) (putative) 

" LL~~~tJ~lij fl'lI~~~~~fil~m~L~1t1~~1~~~~~ 3-1e1C;)~'tln; L'il:n~ Lfl L'il (3-hydroxyacyl-CoA) 

L~'ill-n~n~~tJ'l~m~~~Lfln~lf PHA ~llJ1~cmtJ,;)()~1~ P. putida P. aeruginosa LL~~ 
0 " " 

A. hydrophila ~~"~~'Vl1u~~1fr)()ill~m~~~Lfln~lfdj~ PHA ~1t1~~ ~1'ilLfl~'tl~~'tlf ~'tl~ 3-

1 e1 c;) ~ 'tl n; ij 'll1 L ~ ~ L fl 3-1 e1 c;) ~ 'tl n; L e1 n 'lI1 L ~ L 'il ~ (poly(R)-3 -hydroxybutyrate-co-(R)-3-

hydroxyhexanoate) (Sudesh LL~~flru~ o 2000; Mittendorf LL~~flru~o 1998) 
I It" 

';)():n,)~~Lfl~1~lfVl 3 ijL'il~1'l1,rVlLntl').jf'il~1~';)()il l~LLri 3-1e1~~'iln;L'tl:j~ L'tl;Vi 

LflL'tl 'Y1~I~LyJ'ilL~~ (3-hydroxyacyl-ACP-CoA transferase) LL~~ lJ1L~U~LflL'tl L'tl;Vi 'Y1~1~L'tl:j~ 

L~~ (malonyl-CoA-ACP transacylase) ~~lh~~'l~~,r~~lnu~ phaG LL~~ (abO ~1~~I~tJ 

Lc;)m~~l'l1,r~~~'tl~~~~LtI~t1~ 3-1e1C;)~'iln:nL'tl:j~ L'il;Vi (3-hydroxyacyl-ACP) l,x'tl~l~ltl''tl~~I~ 
" 0 

~~~~ 3-te1C;)~'iln;L'il:j~LflL'tl LY;'tll-n~n~~tJ'l~m~~~Lfl~l~lf PHA L~t1'illf1im'il~1'l1,r~'tl~ 
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le1r;)1'eln.hL'a'tlmb'WL'el(;l~'WLYI~ (Sudesh LL'tl:::filru:::, 2000; Zheng LL'tl:::filru:::, 2005; Taguchi 

LL'tl:::filru::: , 1999) 

';j~:n'J~-:JLfiln:::,x~ 4 m~m'el'Wh~ L~'WL'el~YiL'el"l! ~L'Yi'WLr;)'W"I1 'el:::~b(;l'el:::L"l!Vi'tlbfil 

~;(mYl~ 1'WuDm-m'el'el n~ Lr;)-D'W (oxidation) L~'el1 ,x'el~1 'WlU 3-1e1r;)1'el n:nu'Jln'tl bfilL'el (3-

hydroxybutyryl-CoA) LL'tl:::L~'flLnr;)Jl'l'J:::~ijn1nu~tJ'W NADPH dj'W NADP+ L'Wre1(;l1'l',h'W 

L~~~'W '"l:::-rl'JtJL'WUDm-tJ'l~;(n-D'W (reduction) ~'el'l'el:::~b(;l'fl:::L"JIVi'tlbfilL'el (acetoacetyl-CoA)~-:J 
dj'WhJb'WL~'elfL'Wn1:::U'J'Wn11~-:JLfiln:::,x PHB (Chohan LL'tl::: Copeland, 1998) 

~~:n'J~-:JLfil1'l:::,x~ 5 m~m'el'Wl"J1~ -Dfil~UfilL"JIijLL'el'tl~le]'\r ~1e1br;)1~L'W~ (succinic 

semialdehyde dehydrogenase) 4-1e1r;)1'eln;u'JViL1(;l ~1e1Lr;)1~L'W~ (4-hydroxybutyrate 

dehydrogenase) LL'tl::: 4-1~r;)1'eln;u'JViL1(;lLfilL'el : bfilL'el Y1n'WL~'elL1~ (4-hydroxybutyrate

CoACoA transferase) ~-:JU1:::~'J'tl1~~'"l'ln~'W SucD 4hbD LL'tl::: OrfZ m~~'l;(u L~'el 

~'l Lfiln:::,x 4-1e1r;)1'tln;u'Jm'tl bfil L'el (4-hydroxybutyryl-CoA) ~-:J LtI'WhJb'WL~'flfL 'Wm:::U'J'Wn11 

" ~'lLfiln:::,xLtI'W 4HB (;]'fllu ~'l~'ln'l'Yiu';j~ilL'W C. kluyveri (Valentin LL'tl::: Dennis,1997) 

';j~:n'J~-:JLfil1'l:::,x~ 6 'fl'l~m'fl\l1"J1~LL'tlfilb(;lL'W~ (Iactonase) LL'tl:::le1r;)1'fln;L'tl~'tl 

Lfil L'el ;'WLYI~ (hydroxyacyl-CoA synthase) br;)tILU~tJ'W bfilN~h-:JtJ'el'Wn~u 4,5-LL'el'tl fil'l b 'WLL'tl fil 

b(;l'W (4,5-alkanolactone) L,x'el~L\llU"lI'fl-:J 4,5-1e1r;)1'tln;L'fl~'tlLfilL'fl (4,5-hydroxyacyl-CoA) L~'tl 

H1.'Wn11~-:JLfiln:::,x PHA (Valentin LL'tl::: Steinbuchel, 1995) 
I , I '" 

';j~:n'J~-:J Lfiln:::,xVl 7 ij L'el'W1"J1~Vl LntJ'J.jJ'el'lL 'W';j~ill~LLfi LL'el'tl n'ele1'el; ~1e1br;)1~ L'W~ 

(alcohol dehydrogenase) (putative) LU~tJ\l 1.4-u'JLYI'Wlr;)'el'tl'tl (1.4-butanediol) br;)tJuDm-m 

'el'fln;Lr;)-D'W L,x'el~L'WlU~'fl-:J 4-1e1r;)1'eln;u'JViL1(;l (4-hydroxybutyrate) LL'tl::: 4-1e:Jr;)1'eln;u'Jln'tlbfil 

L'el (;l'l~~'l~U L~'flL.ifl\.Jn'l1~'lLM'l:::,x 4HB LL'tl:::~'l~'l1r1'YiU';j~~L'W A. hydrophila 4AK4 (Xie 

LL'tl::: Chen, 2008) 

';j~:n'J~-:JLfiln:::,x~ 8 LU~tJ'WbfilN~h'ltJ'el'Wn~u 6-1e:Jr;)1'eln:nLe:Jn"JI'lb'WL'tl(;l (6-

hydroxyhexanoate) L,x'fl~L\llU 6-1e:Jr;)1'fln:nLe1n"JI'lb'W~'tlbr1L'a (6-hydroxyhexanoyl-CoA) L~'tl 

1.ifL\ln11~'lLfil1'l:::,x 6HHx br;)tJm~m'el'Wl"J1~ 8 "JIur;) (Brzostowicz LL'tl:::rlru::: , 2002) (LL~r;)-:JL'W 
, 

"" j;l'l1'l-:JYI 2.2) 



i)n~'l~-l LPI1'l:;\f 5 
i)n~'l~-lLFl1'l:;\f 1 

BIgIII' 

t 
~ 

Aartrl.caA SIaGty~~ 

Blllanb J~.tlah)'da \,ft .. S.a.tydl'llqbUJI)1.caA. 

AalbEUjIGJA;::;::: AarlDaarlJlltllad t 
l,nI' b Z) qj t ..... % .. • - .- ® 2-bulanqol-CaA. 'lCl'l!'l'(i-lLFln:;Vl 4 

............ - ~"'" ........ ''''>'.'''.. I !O . ~ y"" ...... ,...:"'(""' ..... _ ........ . 
i)n~'l~-lLPI1'l:;\f 8 ~ruqtlulW')'l-CM @o . , (111 /' YN 

' '', , B~rrxyru;j..CaA. ADI~ 
~ w , • , .. ..,.,-_.>:_· .... · .... ·•· ... 7 7 ~ I"" II» \... Ji. + R..a.Hyd/alfBll)4.Qa. Blq4.ca4 11J ~l1yBddB 

'411 ~-- ~ , ..... 0 I 
I . " ... . ~ I 
I . •••• T 

.....-.:Ilab __ t:IIt?JdII 04-l+fC*'aI'Pu~ o4l5-1+EIm,'P'I~~ . . ~-.. "d ............ + ,~ . <P wn_~ .......... 

:tl p'I.P. I 
, " 

Ad 1 PJ)'i-CuA 4-Hp'CIl~1Ia o4.5HJd'OII'J!IJkIIl'ICItII 

t'~B t . t 
1't!I' I"': , " H8landcb old 1. o4-B Utalll d Id 4 ~ .1In:I1IICrIIc:rw 

+ I-, B-0Ictwan:.1II 

t 

... ~ % .. 
'lClll'lr;-lLFln:;Vl 7 i)iiii'l~-l LFl1'l:;\f 6 

I- .' 
B-~.ncal:ll....!!... .. OIpc1adu111 .....!.. CYCIl:'lIuBnana ~ CYclallllCllnal 

R-a.I-tp'DI~K:;P 

f\ 
8.katlll'¥:lCP enq4-ACP 

-r-+~ t Mllt~-ACP 

.uHllr MIIlcJ1f1Cl:lA 

i)iiii'l~-l LFl1'l:;\f 2 

i)n;'l~-lLFl1'l:;\f 3 

ltl~ 2.4 ~C1~')i..:JL~n~\f PHA \UJ'lmVl~ ~,)L~'jJ LL~(;1..:JntJ~~L~tJ(;1'jJ'el..:JL'ellJL'l!~ Vl1'el~lJ~L~mo]'el..:Jrium~i..:JL~n~\f PHA Hl'elfiu1tJL.nlJ~1n..:J~ 2.2 

I\.) 

c..u 
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, 
1'{]r.t m'LL~ I?),m1 ~lUPJL';)t1lJ'fl-l Fl1.J~~n'fl1J~t.lyi~cl'"1I'fl-l PHA Ch.J91n n1nJ~ ~ PHA 

91n1'~n~1JYl1-ln1~Ln,};,~~LI?)t1n~~1J'llJn1nnrn 9~lJYl1cl'9~~~1-lLL~~~~~lJLLn~lJ~"1l'fl-l PHA . . ~ 

~ ~ 

91mrlJ~nl?) PHA 'fl'fln91m'l!~;LL~~yJ11~1J1qYlfi U1lJ1LL1.J~l1.JLillJ~~~.nruoyJ'Y'I~1~~mh-l1 

~~-l91n tJ1lJm~ H-l1lJLL~'l PHA nn ihr.t "'L"lilJL~t1'l n'lJ"1ltl~1.J~~LfIYl"1l'fl-l LL ~-l-i'l11.J Lrl'fl Ln I?)n1~ .. 

.. 
fj'l! 

o ... ..r 
m1.J1~Y1fj , 

~---.......... 

..... ~--_/ 

~1.J~ 2 . 51'fl4'nm~"'-lm~~lJlJL';)t1t.l'il-lFl1.J~~n'il1J~lJYl1cl''1I'fl-l PHA LL~~'Y'I~1~~n:n'l111'Y'11lJ .. ~ . 
fi~~lJ"li1~ (~"'LL1.J~-l91n Verlinden LL~~rlru~. 2007) 
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., , 
2.5.7 fI'J1~~Yl'W~1'WLnmnlJ PHB .. ... 

, ., 
1,xLLfiL"l!~~ PHB YiLLunL~"'1nL"l!~~LLlJflYi~uijll1,",rnt~L~n~~~ 105 

- 106 LL~~ijtflN~~1~LU'W . .. 
tJ~n (crystalline) ij~~~lJf'l'J1~LU'Wt.J~n (degree of crystallinity) ~~ (~1nn~1 50 LU'tlfLo'i'W[;i) 

LL~~mflN~~1~111U1 'WLU'W fibril ~tl !?Imi'W L~ PHB LU'W te]t~Y4'il~ L~'tlf~u~~n'tllJ ~'JU t~L~ n~"1l'il~ , . 
n~!?I 3-Le]!?I~'tln~u'Jmn ~1'W'J'W 23,000 - 25,000 ~L~n~ ij"'c;J'"~'tl~m~'JU~~~1ru 180°"l! • • ., 
ll1,",rnt~L~fJ~"1l'tl~ PHB "'::LL(;lm;h~n'W (;l1~"l!U!?l"1l'tl~,~'W'Vi1u ';)fin1~~n!?l ·li'J~n1~L,..1-'1i"1l'tl~ 

, I " I 

L"l!~~Yill1~1~n!?l LL~::~n1'J::YiH'L~mL"l!~~ L"ll'W rhYiL'tl"l! 'tlru,"ni3 m~1ru~1~Yi~1LU'W LU'W~'W . .. 
(Anderson LL~::flru::, 1990) 

~" " , 
t1~~,"~!?1 3 L'tl'WL'UJ LL~::Uljmm"1l'tl~L'tl'WL"l!,J,..::ijn~ Lnn1~~1~1'W~~il i3-~"'1n'tl::L"l!Yi~ tflL'tl 2 

., 
t~ L~n~fl'JlJLL'l.i'WLULU'W'il::~t(;l'tl~L"l!Yi~ tflL'tl t!?lU L'tl'WL"l!,JLlJ~1 fit(;lL'VI t'il L~~ "'1n,r'Wt1n1~'J"l!1ud:I'W . " , 
3-Le]!?I~'iln~U'Jm~tflL'tl t!?lUL'il'WL"l!,J Lil'WL'tl~YiL'il"l! ~LY4'WL!?I'Wi 'il~~t(;l'tl::L'lIYi~tflL'tl1~nL'VI~ ~~ 3-

Le]!?I~'tln~u'Jm~tflL'tlLU'Wt~t'WL~'tlfl'Wuljmu1Y4'tl~L~'tlfl~iL"l!.n'W LL~::L'il'WL"l!,JY4'il~Le]!?I~'tln~LL'il~ 

f'l1t'WL'il(;l~'WL'VI~ "'~Y4'tl~~'ilfl~ (polymerize) 1,x'il~1'Wlute]t~Y4'il~L~'ilf PHB (Verl inden LL~:: 

flru::,2007) LL~!?I~~~~U~ 2.6 
" 

~1,"flJ';)i1n1~ti'tlU~~1U PHB (PHB depolymerization) "'::'il1~uuljmU1 

'il'tln~L!?I.n'W ;~t1nfl'JlJf'l~t!?lm'tl'WL"l!,J 3-Le]!?I~'iln~U'JYiL~(;l ~L!1t!?l~~L'W~ ~11,x 3-L!1c;J~'iln~u'J " . 
Tricarboxylic acid (TeA) cycle [;J'tlLU (Byrom, 1987) LL~!?I~~~lU~ 2.6 



~ TCA . ~_"~"! citrate synthase 

NADH OM _ =p"" citrate 

7 ~CoA 
Acetyl CoA \.#e I ru1[ , tit Acetyl-CoA aeyltransferase 

Acetoacetyl eoA 

/: 
I 
I 
I 
I 
I 
I 

~ '''''loocetylCoA 
\ reductase 

3-hydroxybutyryl eoA 

3-hydroxybutyrate I 

"': 
NAD+ 

PHS synthetase 

poIY-I3-hydroxybutyrate 

I 
Depolymerization I Polym erization 
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2.5.9.1 U'W phaA ~1\nJI~tJ~:;~'lfi~\i~LtI'WLtl'Wl"l1~LtJ~l~t(;ll."t'tlL~H~ ~,utl'W 

L'tl'Wl"l1~~'lLLm~l~ftJtJnnhJ1m~f"I'ltJLL-J'W 
d 0 t.I .J .. 1 .... .?1., .. " 4l:lloIC:III q r ~ 

2.5.9.2 tI'W pha8 "'1~'WI"'u~:;~'lfi~~~Lu'WL'tl'W~"lI~Ltl'WLtl~'YH'tl"ll ~LYi'WL(;l'W'" 'tl:;"lI 

t(;l'tl:;L"lI~fi tf"lLtl1~m.,,~ ~~LtI'WL'tl'Wl"l1~~I~ftJtJnmm1~n-n'W 

2.5.9.3 U'W phaC ~1~UI~tJ~:;~'lfirn~LtI'WL'tl'Wl"l1~Yitl~llJ(;l~tln;LL'tlfif"llt'W 

Ltl(;l;'WL"'~ ~~LtI'WL'tl'Wl"l1~~I~ftJtJ5mmYitl~L~tlfl~L"lI-n'W 
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trlN~h'l"ll'e) ,m~'e)um~lthw phaCAB ~mU~~m~~'lLrl~1 :;lf PHB l.h:;n'e)u~'l£.1 

hht~L~'e)f (promoter) LL~:;~'W~rl'lurl~lw~()~'l~'lLrln:;lf l~LLri phaC phaA LL~:; phaB • 

~1~ih~u (Reddy LL~ :; rlru :; . 2003) LL~IPl'l~'llU~ 2.7 

.,.-.. .-.; ... , ". 
>'<.. / ....... . ........ 

-".,. ............... ,.,.1 

-' •... / ./':;>.~-.-, ..... ,., 
........ . .... .'-.~- ...... 

1r--p..-ketoIh-j-olasc---'11 Acetoacetyl CoA Reductase I'-I -P-HB-PO-Iymerue---', 

1 1 l 
Acetyl CoA ----i.~ Acetoacetyl -~ .. ~ Poly 3-OH butyIyl---I.~ Poly 3-OH butyrate 

CoA CoA 

• 1..1 ~" • .J % r 
luYl 2.7 ~rlNM1'l"ll'e)'lm'e)um~'e)1'W phaCAB Ylrl'lu~~m~0'i'lLm1:;~ PHB (Reddy LL~:;rlru:;. 

2003) 

PH B d1'WYi'e)~ L~'ilf~lh~'W1""]j'l';mli'l LL~:;~1~1~(),j11u1 fl 'W'l1'Wl~~~l£.1U~:;LJlYl 

L n'il'l"l n rl'l1~~1).J1~() 1 'Wm ~rJ'e)£.1~ ~ 1£.1 1~IPl£.1fi~~).J"]j1 ~ LL~:;l'1 rl ru~ ~u~1n~ Lfii£.1'l nuYi'e)~ L~'ilf~ • 

~~ ~1~"1nm~~'l Lrl~1:;lfYl1'l Lrll'1 L"lI'W PP LLI'll'1 rlru~~~Yl1'lmW)1Yi LL~:;Yl1'l Lrll'1u1'lU~:;m~~ • 
~n~1 (LLM\'l~'l~ln'l~ 2.3) L"lI'Wrl'l1~Yl'WYl1'WI'l'ilLL~'l UV rl'l1).J~'W1LLti'W "~~~'il).JL~~'l ~:;~u • 

1990) 

...... 
~~u~ PP PHB 

'~~~'il).JL~~'l (0"11) 171-186 171-182 

rl'l1).J~1~11mtl'W~~n (%) 65-70 65-80 

rl'l1).J~'W1LLtiU (g/cm3) 0.95-0.94 1.23-1.25 .. 
,j1~~n UJL~fl~ (X10

5
) 2.2-7 1-8 



28 

, 
1'l,),,)..:IVl 2.3 ~tl~'Vl,)..:ILflnLL'~:;mUJlTYi"1l'el..:l PP LL~:; PHB ((;j'el) 

~tlu'1i PP PHB 

m)'n),:;IOl,)u"1I'el..:l~,)VI,rn Ltl L~n~ 5-12 2.2-3 • 

(molecular eight distribution) 1.7 3.5-4 

fl')')tlLL-i..:l (flexural modulus) (GPa) 39 40 

1 I.< .oS fl')')tl~')tl')nl 1.Jn,),I'l,)~LLN I'l..:l 

(tensile strength) (MPa) 400 6-8 

fl')')tl~,)tl,),Cl1 ~m),"1Iu,)u ~') 

(extension to break) (%) 1.1.1m 
..". 

~ 

fl')')tl'Vl~'Vl')~(;j'elLL~..:I'il~l'ln 1.') L'ilL~ I'l 

(UV resistance) 
..". 

1.1.1m ~ 

fl')')tl~')tl,),Cl1 ,"'el'eln:nLIOl~~.h~ 1700 45 

(Oxygen permeability) (cm-
1
m-2atm-1d-1) 

..". 

'Vltl') : Evans LL~:; Sikdar (1990) 

1~tJ fl.PI. 1982 u1-M"Vl~tl~!SU~ Lflih~~ ~~~~I'li (Imperial Chemical Industries, ICI) 

1.cJ)";(;J.J~')m)'r.J~1'l PHB l~),:;~u~I'l~,)Vln)')'tl ~..:Ir.J~1'l PHB IOl')n R. eutropha H 16 LC;1U1~'ilYl,)..:I 

m),FI11,) Biopol® (Reddy LL~:;f'lru:;, 2003) (;j'eltl')1.cJ)nm)''';(;iJ~')m)'r.J~1'l PHA 1~)':;~u 

~1'l~,)Vln)')'tltl')n~~ Lcnuu1-M"Vl)':;~uL~n~i1~'ilL~U..:I1~m)''';(;J.J~,)LL~:;r.J~1'l PHA LL~~..:I~..:II'l,),,)..:I~ 

2.4 (Chen, 2009) 



29 

~ ., ~ , 
"lI'W!?l'll'fl..:J 1:;!?lUm1tJ~~ "lI'),,:! 

~ ., .. ~ ., ., 
U1MVI ~nMru:;tJ~~l1ru"Yl 

PHA (~'W~'fltl) 1:;U:;L'l~'l 

., .. 
U11'"ll1ru"Yl LL~:; 

Chemie Linz, Austria PHB 20-100 1980s • 

LLfiltl'1i~~'l1-1fUU11'"lU'l 
~ . 

., .. 
U~1'"ll1ru"Yl LL~:; 

BTF, Austria PHB 20-100 1990s • 
LLfiltl'1i~~'l1-1fuU1~'"lm 

~ • 

1990s 
., .. 

U11'"ll1ru"Yl LL~:; 
Biomers, Germany PHB • -

tl..:JU'"l'"lU'W LLfiltl'1i~~'l1-1fUU1NU1 • ~ . 
PHA 1980 .. 

Metabolix, USA 
., 

- U~1'"ll1ru"Yl ... 
tl..:JU'"l'"lU'W • 

1-1~1U'1i'Wc;, • 

PHA 1990 1·]fLiI'Wrl~L1I~'WLtl~'fl..:J1'W 
Tepha, USA • -... 

tl..:JU'"l'"lU'W ..:J'l'W~~un11t1 1-1~1U'1i'Wc;, · . 
ADM, USA (i'ltlr1U PHA 2005 

u1';'" Metabolix) 
... 50,000 

tl..:JU'"l'"lU'W 
H'LiI'Wrl~tJ~u 

1-1~1U'1i'Wc;, • 
PHA 2007 

Meredian, USA 10,000 H\i1'Wrl~tl~U ... 
tl..:JU'"l'"lU'W 

• 
1-1~1U'1i'Wc;, • 

Mitsubishi, Japan PHB 10 1990s 
., .. 

U~1'"ll1ru"Yl • 

Biocycles, Brazil PHB 100 
1990 

tl..:JU'"l'"lU'W 
1.jfLiI'Wrl~tJ~u 

• 
Zhejiang Tian An, 1990 

PHBV 2,000 H'LtI'Wrl~tl~U 
China tl..:JU'"l'"lU'W • 

• 
PHA 2008 

Bio-On, Italy 10,000 1-ifLiI'Wrl~tl~U 
(hlm.i-ic;,) tl..:JU'"l'"lU'W • 

• 
.,j 

VltI'l: Chen (2009) 
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ronmLU-.1 LL~:;Yl'el~L~'elf~l'l')'.nnt)~"lm'~~']j'1~~'W1 Ld'el-.1'"1'1nil~'W'VJ'Wm~(:J~(;l~~-.1 L"Ji'W nrl'l 

t)(;l()~U~~-.1;'W (Kosior LL~:;rln.l:;, 2006) m~~'"I:;U'1 PHB hJL·if1J~:;t£J']j'W1~'elth-.1n~'1-.1"11'l'1-.1 . " 
'VI1'elhj~'W~'W'elunu~'W'Vl'Wm~(:J~(;l tl?l£J~'W'Vl'W"1I'el-.1m~(:J~(;l PHB L'WU'"I'"IU'W (2010) il~'1m()n~-.1 "'I 'I 'I " 

, , II , 

L~'el-.1'"1'1nilL'Vlrl t'Wt~uViilm~~[;JJ'W'1~'1n~'W LL~:;il'VI~'1£Ju11i''VlVi~'1~'1~()(:J~(;l PHA ']jUI?l(;j'1-.111~ 

L"Ji'W u11i''Vl Telles Lu'Wu11i"Vli'l~'Vl'W~:;'VI';h-.1 Metabolix LL~:; Archer Daniels Midland , 

Company (ADM) ~'1~'1~()(:J~(;l PHB tl?l£J1~'el'Vl'1-.1m~Fl'1~'1 Mirel™ tl?l£Jil~(;l~'1m~(:J~(;l 

50,000 ~'W(;j'eltJ LL~:;ilnm"1l'1£J1'Wu'"I'"Iu'W 1.50 £Jt~(;jt)nt~nf~ u11i"Vl P&G ~'1~'1~()(:J~(;l , " 
PHBH tl?l£J1~t)'Vl'1-.1n'1~r1'1~'1 Nodax™ tl?l£Jil~(;l~'1m~(:J~(;l 20,000-50,000 ~'W(;jt)t1 LL~:;il 

nrl'1"11'1£JL'WU'"I'"IU'W 2.50 £Jh(;j'elnt~nf~ LU'W~'W LL~:;ilLL'W'ltu~~'"I:;"1Imm:;~um~(:J~(;l1'W . " 
'el'W'1 rl(;l(;jt) hJ (Kosior LL~:;rln.l:;, 2006; Plastics news, 2010) 

(:J~(;lLU'WLLrlU'1l~~'1'V1fuu~~'"I£J'1"Jht)'1lYl']j m"J.hLL~~-.1 'VI1t)(:J~(;lLU'WLLrlU'1l~~'1'V1fu .., .. 
~ r .I..J.... ~ ~ 

u~~'£J'1fn'rn ~~rl"1l'el-.1i(;l'l LL~:;U~~'£J'1u~:;L!l'Vl'Vl~n~ ~nm~t)'elml'Vlfi'W'1'W (Reddy LL~:;rln.l:;, 

2003) 

., 
L.jfLU'Wt)~"l~'WLU~t)-.11'W-.1'1'W~~£Jnn~ L"Ji'W 1.jfl'l'1'V1~'elI?lL~'elI?lLVi£J~ m:;r:1mVi£J~ L;i2J 

LUU~'1 ~'1iUL~t)1?l LU'W~'W (Chen LL~:; WU, 2005) L.jf(:J~(;lLU'WLLrlU'1l~U~N£J'1L~t)l~~'lm()n .., .. 
U~'el£Jt)t)n2J'1t)U'1-.1.jf'11 Vi~:;ut)£J (Gould LL~:;rln.l:;" 1987) 

m'VI'1~ LL~:;t)~"l~'W1 L"Ji'W t)~"lL~'Wl£J ~'1~Lrl~'eltJ~h LLe.I'Wvhf2J LU'W~'W (Clarinval LL~:; Halleux, 

2005) 
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, ., ., 
~~ LL~~Lij'fl'W'l1th~tI~ hHl~~~ nfOl~ H' L ,)~'1'1..1T1J 1 'Jn1~iJ')um1~~ ~ iU~'tlUm1~nc;!Yl'tl~ Ll.J'tlf 
'" 
'tl'flnfOl'lm'n~~hl'11~tI'In (Lee LL~~flru~, 1999) ~~iJ~'1U1~tI~h~1 Yltl'ltl'll.J~fOl~~(ijJU'Il,x 

fOl~u'Vl1uL~rh~~'1l.J'I1n~~Lfl~~,xYl'tl~Ll.J'tlfli,)Jl'lYllU1~~iJ'tl~~'1~n11l.JLc;!tliJ~U'VlU~~C;!~~ L"lIU • •• 
Lee LL~~ Choi (1998) ~m~nm1~~~ PHB fOl'ln Alcaligenes latus Lc;!tll-n~Lfl1~Lilu 

Lm~~fl'lfiJ'tlU LL~~lmfim1~nC;!LLtln~~~.nruay]'tl'tlnfOl'lm'n~; ~')tI~'11~C;!LLN~~tj')1!'lLUfil~'tll1'" 

(surfactant-hypochlorite) LC;![Jm1U'tltl~\!~L'n~; LL~~~'11U1~n'tliJ~U1 ~hll"l1 PHA YliJ~'1 L~'il 
., , 
L~tI~L'n~~1U1~~iJ5~~~n llil.J'Iru'1l'tl~ PHB V1~~~l~LVhniJ 98.7 nfl.J~'il~~1 LL~~ 88.3% ~'il 
., , 
\J'I~\!m'n~;LL,x~ LL~~iJu1~~'VlfiJl'lYllum1~~~ PHB 4.94 nfl.J~'il~~1~'tli')Ll.J~ n'lL~~'1fOl~~~~ 

, ., 
1~ullil.J'Irul.J'InLL~Lij'il~fOl'l~ru'l~u'Vlulum1~~~U'lfil'l~'1'tlU ~'1\!u~'1iJm1th~tln~1-nL'Vlfililfil 

~ " " .. 

'Vl'l'l~'1U~U~1P1m1l.JL~'ilufiJU~'1~'1t1~U~'~U'Vl1U 1,xiJu1~~'VlfiJl'lYllum1~~~ PHA l.J'In;u 

LL~~~'1l.J'I1n~nc;! PHA 'tl'tlnfOl'lm'n~~1~~'1[J Lc;!tlLfil~UUU~1.h~l.J,)~1i~~')i'lLfil1'1~,x PHA ~'11u 
, , 

fOl~U'Vl1U~'1t1~uwauYiiJ~~1'1mrLfOl1ru~'1n~'1 LL~~~'1l.J'I1n~nC;!LL[Jn~~~.nruay]'tl'ilnfOl'lnL'n~~1~ 
"II "II .. " 

~'1t1 ~,)'tlU'l'lL"lIU 

Choi LL~~filru~ (1998) ~nH1LL~~~(ijJU'I~'1t1~ufi"~U'Vl1t11,x~'1l.J'I~n~~~ PHB lu •• 

fOl'ln Alcaligenes latus ~'11u E. coli L~[J'Ilu5'1~2l'n~iJ1~iJiJm~L~mLLiJiJLyJC;!LLiJ'n pH ~LL~'Vl 
., ., 

(pH-stat fed-batch) YliJ~'11fl'tll.JihLUU'" E. coli \l ~'1l.J'I~n~~~ PHB Lc;!tliJ\J'I~\!m'n~; 

LL,x'lLL~~ml.J'Iru PHB ~~~~l~LvhniJ 194.1 LL~~ 141.6 nfl.J~'tl~~~ ~'1l.J~'1~iJLL~~iJ 

U~~~'VlfiJl'lYllum~~~ ~ PHB 4.63 nfl.J~'il~~~~'il-B'') Ll..l'l LL~C;!'11,xLi~U~'1LLu,)'Vl'l'llum1~(ijJu'l 

L~'il~~~ PHB lU~~~iJ'tl~~'1~m~l.J LC;!tll-nfOl~u'Vl1u~iJm1~C;!LLU~'1~Ufim~l.JL~~'1~ ~'1l.J'I~n • • • 
~~~ PHB l~uml.J'Irul.J'In~u LL~~U'l~'1l.J'I~n~Vl~u'Vlulu~,)u'1I'il'lm~~nVlLLtln~~~.nruor1'il'iln • 

." , 
fOl'lm'n~; U'tlnfOl'ln\lu'liJm1LU~tlULLU~'1i1fOl~tI~'1'11 LYi'tl~c;!~u'YJulum~~~~ ~,)'ilU'I~L"lIU 

Ahn LL~~filru~ (2000) Ullfil~uUU~U~~l.J')~rn~:lh~'1Lfil1'1~,x PHA fOl'ln A. latus ~'11u 

E. coli ~'1t1~U~ CGSC 4401 ~'ilL~tI'Ilu5'1~~nLc;!tll-n~'1'1Ul.J (whey) LilULL~~'1fil'lfiJ'ilU ~'1 
, , ., 

LtlU'1l'il'l L~[J~i nYil~fOl'l n~ ~~'1~n1~l.Jmn1'1~~ ~1'il Lfil;U"'1nUl.J ;'1~'1'1Ul.JiJ\J'I ~'1~LL~ fil L~~ 
., 

LtlU~,)UU1~n'iliJ 280 nfl.J~'il~~~ YliJ~'11fil'ill.JULLUU'" E. coli \l ~'1l.J'I1n~~~ PHB 1.~ LVltliJ 

~'1~\!m'n~;LL,x'lLL~~ml.J'Iru PHB ~~~~1.~ 119.5 LL~~ 96.2 nfl.J~'il~~~ ~'1l.J~'1~iJ L~'ilL~tI'I 
LtlUL,)~'1 37.5 -B'')Ll..l'l LL~~iJtI~~~'VlfiJl'lYllum~~~~ PHB 2.57 nfl.J~'tl~~~~'il-B'')Ll.J'I m~l-n'1l'il'l 
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, ., 
L~t1"'11n'tl ~~1~ m'nJ'lJlJ LYl'eHth..lLL'H:i~ rnfu'tl'IJ 1 'lJn1n~t1 ,:ijrl'tllJuLL'IJ'lJi E. coli LU'lJn1),fl '" • 

~~'lJ1 [;]'tl111d-'tltl1 L ~'tl1 "''''I~'lJVi~UL mhnij t1Intlll1'Yi LY;t1~'Yi'tl1 'lJn1nJ~ ~),:;~U'tl ~~1~ m'),lJ [;]'tl111 • • 
Lee (1996b) 1~rlfl'IJU'IJ~11),:;lJ'Jfl),."r~~'J~~ Lrl),1:;i PHA "'I1n R. eutropha fl~1'IJ E. 

coli 'YiU~1L~'tlijn1),LL~C;)~'tl'tln'1l'tl~u'IJ~~mh'J ~1lJ1),()~~Lrln:;iLLfl:;tJ~~ PHS 1~ 11),:;lJ1C'l..! 80-
., , , 

90% [;]'tl,j1wt1m"J!fl;LL"'~ (LL~c;)~~~)'l1Vi 2.8) mlJ1C'l..! PHS VitJ~~1~ 80 nflJ[;]'tl~~), LLfl:;ij 
" , ,., 

lh:;~."fiI11'Yi1'IJn1)'tJ~~ PHS LVl1riu 2 nflJ[;]'tl~~),[;]'tli'JLlJ~ Lij'tlL~m1rl'tllJULL'IJ'Wi E. coli 1'IJ 
I" " I 

ti~~2!nViij),:;UUn1n~mLLUULyJ"'LLU"l! pH ~LL~'" 'IJ'tln"'l1ni1u~'YiU~1ijtl"'l9t1~fl1t1'tl[h~Vi~~tJfl 

(;]'tln1),LL~ C;)~'tl'tln"lJ'tl~U'lJL~'tl tJ~ ~ PH S 1 'lJ1rl'tllJULL 'IJ'IJi E. coli 1 "'ijll)':;~."fil11"r"lJ1 n~~;'IJ L-D'IJ 

)'11~ 2.8 111'Yi~"''1I'tl~L"J!flfl1rl'tllJULL'W'IJ~ E. coli ~ijn1),~:;~lJ PHS 'tlUI11t11'WLLm'U fl L"'t1n~'tl'l .. .. "ott 

'1fl"'),),f'\~Lflrl~),'tl'WLLUU~fl~th'W (Lee, 1996b) 

., ., , 
~~,r'IJ~~ LU'lJlJfl L~ ~'Ol~ 1"'11 'lJn1)'Vi1~9t1i1 Lc;)t1 Lrlfl'IJLLfl:;LL~ C;)'1fl'tlnu'lJVill),:;lJ'Jfl),."r~;'J .. • oJ 

~~Lrl),1:;i PHA "'I1n R. eutropha ~1t1~'lJf A-04 ~'1Lu'W'1~'W.,,1tJ~1t1~'lJfl~~~r1C;)LLtln1~"'I1n 

~'lJ1'IJlh:;L"'f'\1."t1 (Chanprateep LLfl:; Kulpreecha, 2006; Chanprateep LLfl:;rlC'l..!:;, 2008) 1'IJ 
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E. coli '"l1n~'W~mj'1US':;~'VlfiIl1Ym1S'eJ~1?l PHB L~tlmnbUS'cr'W~Il1'J:;[;h'l1 ~~eJ~~'tln1S' 

~'lb~n:;,xbb~:;~:;~l-J PHB 

1I t ", I 

U'"l'"lU'W~ mS'~ [;J,J'W1-n'WI?l'el'Wbb~:;'1fiYi~ ~'J1l-JS''J ~ b~'J bb~ :;~:;~'J nl-J1 n;'W 1 'Wn1S'~'WVl1u'WYi , 
I 11 I I 

~'el'l n1S'bYi'el'1 bm1 :;,x~1 ~uil'J ~~L'ell 'Vl v1~'ltUJ ~Yi'tlU n ~'"l1 nu1'b 'JruYi'Vlnuih ~uil'J ~~L'ell 'Vl v1bb~'J 
'" 

L~tI~[;J,J'W1bU'W"1l~~1b~'"l b"J!'W U1'M'Vl Clontech laboratories ~[;J,J'W1"1l~ GenomeWalker™ • • 

Natsch bb~:;~ru:; (2002) L~~'Wbb~:;'1 b~n:;,x~1 ~uil'J~~L'ell'Vlv1~'el'lu'W agaA uS':;l-J'J~ 

S',r~b'el'Wl"1l,r'tldjL'Wb'elen~b~~ (aminoacylase) '"l1n Corynebacterium striatum ~1t1~'WfAx20 

L~tlH'"1l~ GenomeWalker™ Universal kit (Clontech Laboratories, Palo Alto , CA) 
q 

Yang bb~:;~ru:; (2002) L~~'Wbb~:;'1b~S'1:;,x~1~uil'J ~~L'ell'Vlv1'lJ'el'l LUS'Ll-J bl?l'el~'el'lU'W~ 

US':;l-J'J~S',r~b'el'Wl"1ll-J1"1lLI?l1~il'W 'el'tlnenb~~ ~b'el~:nb~b'tlni.r'W (cytokinin oxidase OSCKX1) '"l1n 

Oendrobium Sonia ~'lbU'W~1t1~'WlfeJ~l-JS':;vd1'l Oendrobium Caesar nu Oendrobium • 

Tomie Drake L~tlHf"1l~ GenomeWalker™ Universal kit (Clontech Laboratories, Palo Alto , • 
CA) 

Dombrink-Kurtzman (2008) Hf"1l~ GenomeWalker™ Universal Kit (Clontech • 

Laboratories, Mountain View, CA) b~'el'1b~n:;,x~1~uil'J~~L'el1'Vlv1vY'lVll-J~'lJ'el'lU'W~US':;l-J'J~ 

S',r~ b'tl'W1'1Il-J1'el L"lfb'eln~ bb'el~ nml'el; 'el'elnenb~~ (isoamyl alcohol oxidase) 1 'Wu1'b'Jru~h'W 3' 'lJ'el'l 

"" tI'Widh 

2. 7 'VI~ nn1~"L 1J n1~fi'1J'VI1!i1Jvl v1'el·m1~ L~!I~ihJDm!l1~ n LozI'Vi'el~ UJ'el L ~~ i'UJflt1 n1~"L,r1! ~ 
-i1L;tQj GenomeWalker™ Universal Kit (Clontech laboratories Inc., USA) ij~~~'el1tlif 

, , 
}1 '\ ., TM ... ...., "" """ 

bu1V1l-J1t1'lJ'el'lmS' ~"1l"1l~ GenomeWalker Universal Kit ~'el bYi'el~'WVl1t1'W'Vl[;}'el'lmS' • 
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"11 'tl'l U~~ Ilf'tl'l n 1 ~ ~ n M1 'lJ1- LIJ ru~VI ~1'lJ LL~ IJ~ 'tl'tl n LL'lJ 'lJ t'tl ~tn UIJ rl ~t'tll VI ",1 Yi ~ LlJ 'tl f~ ij 
rlIJ1lJ~1LYi1::ri'lJu~~Ilf'tl'ln1~~nM1 t",u'tl'tlnLL'lJ'lJ1YinlJ'tlf~'tlu~h~~'tln (outer gene-specific .. 
primer1 (GSP1)) LL~:: lYi~LlJ'tlf~'tl~~1~1~ (nested gene-specific primer2 (GSP2)) ~'1ICl:: 

,j1lJ1H'1IJlJri'lJ1YinlJ'tlf~~1LYi1::ri'lJ'tl::LL~'lJL"''tlf~1~~'tln (outer adaptor primer1 (AP1)) LL~:: 

lYinlJ'ilf~~1LYi1::ri'lJ'il::LL~'lJLI1I'tlf~h~1~ (nested adaptor primer2 (AP2)) 1Cl1n"lJ'" 
, 

GenomeWalker™ Universal Kit (Clontech laboratories Inc., USA) L~'tl1-n~n1~yhtJnmu1 
., , , 

~nt'llYi'tl~LlJ'ilL~~ t",uiji~I1I'tl~1~n1~";1LL~"''11~nJYi 2.10 L1-lJICl1nn1~";1,x'tl'l~lJ"'~L~~L'il 
" ". 

, ., , 
L'tl~hlf 4 "l1U", U1LLn Oral EcoR\/ Pvull LL~:: Stull ;'11Cl::1M~~L~~L'ilYiijtl~1m1-u'lJ (blunt 

., , 
end) ,j1~~~iL~~L'tl L;'tllJ j;j'tl ri'lJ'tl::LL~'lJ LI1I'tlf GenomeWalker t",utrl~'1~~1'1'J1'tl'l'tl::LL~'lJ LI1I'tlf 

LL~ "''11 ~~t1~ 2.9 1Cl1n~~";1t1nmu1~ n t'llYi'tl~ LlJ'il L~~ rl¥'1~ 1 t",u1-D1. Yi~LlJ'ilf~~1 L Yi1::ri'lJU~ 
" OJ" 

~1~~'tln (GSP1) 1IJlJri'lJ1YinlJ'tlf~~1LYi1::ri'lJ'il::LL~'lJLI1I'tlf~1~~'tln (AP1) ~~'11Cl1nC;;1LU~ .. , , 
t1nmu1~n t'llYi'tl~~'tlL~~rlf'lYi 1 LL~IJ ,j1~~I1I.nru"t1nmu1~n t'llYi'tl~ LlJ'tlL~~Yil~dj~mJLL'lJ'lJ1~ 

~ I I t ~ 

n1~";1t1nmU1~n t'llYi'tl~ LlJ'tl L~~ rlf'lYi 2 L~'ilLYilJmlJ1ru~~~IJ~"1I'il'l ~~ l1I.nru"Yl1,xij m1lJ~1 LYi1:: 

lJ1n~~ t",u1-D1.Yi~LlJ'ilf~~1 L.,.n::ri'lJu~~1~1 ~ (GSP2) 1IJlJ ri'lJl YinlJ'tlf~~1 LYi1::ri'lJ'tl::LL~'lJLI1I'ilf 
~1~1~ (AP2) t",u~1~'lJUlJrl~t'illV1C;)'JI'il'l AP1 LL~:: AP2 LL~"''11~~t1~ 2.9 ~~'11Cl1n~1L\l~ 

" 
" , II I 

tJnmu1~n t'liYi'tl~LlJ'tlL~~rlf'lYi 2 LL~IJ ~1lJ1~t1,j1~~I1I.riru"t1nmu1~n t'liYi'tl~ LlJ'tlL~~rlf'lYi 2 
, II I II 

"1I'il'lu~YiIlf'tl'ln1~~nM1\l1t1H'L~'iln1~trl~~LL~::n1~~1~1~'lJUlJrl~t'illV1",1~i~11I'il~j;j'tllt1 

GenomeWalker Adaptor Srf I 
Mlu I Sail Sma IIXma I 

S'-GTAATACGACTCACTATAGGGCACGCGTGGTCGACGGCCCGGGCTGGT -3' 

Adaptor Primer 1 (AP 1; 22-mer) Nested Adaptor Primer 2 (AP2; 19-mer) 

S'-GTAATACGACTCACTATAGGGC-3' S'-ACTATAGGGCACGCGTGGT -: 

, 
IV CI' "'11 '1..-q 0 a .. ", , 
n'lJ'il::LL"''lJLI1I'tl~'''1~~'iln (AP1) LL~:: ~Yi~~'tl~VlICl1 LYi1::'tl::LL"''lJLI1I'tl~'''1~ ~~ (AP2) LL~::LL~"''1 

~1LL~tJ'I'Jl'il'lL~~Vl1-ni'~L'il~l"l1lfj;j1'11 (Clontech laboratories Inc., USA) 
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" , 
LLft::,j1~'W~ L fi'WL tl L :ntllJ I?1tl ntJtl::LL~tJ Llntlf GenomeWa Iker 

.. GSP2 

5,_ ... ~~==~"~GS~P~1 == 
-5' 

APl • 
AP2 .. 

APl I tl::LL~tJLlntlf GenomeWalker 

GSP1~ 

AP2--......1 
GSP2 .. 

• 
tJ~lnnru'F1tl!jmtJ1~n L-rl;,tl~ LlJtl L'1~f'lf-3~ 2 '!Itl-3u'W~~tl-3n11~nM1 

,j1LtlLf'lft'WLLft:;;S Lf'l'11::,xft1~tJij'l f'lftLtlL'Ylj;)1'W,r'Wlntl'W~tlLtl 

,., , 
nJVi 2.1 0 itlj;]tltl1t1n1~A'tllnUtlVi~tl .. m1~~mi1~'ltl"]j(;l GenomeWalker™ Universal Kit 
~ . 

.dI '1 ... .Jo ., G 

(Clontech laboratories Inc., USA) lUJ1t1L~j;] AP1 LL~:: AP2 f'ltl LYi~L~tl~'Yl'"l1LYn::mJtl::LLlntJ • 
L[;1tlf~1t1t1tln LL~::'tYi~~tlf~~1LYi1::ritJtl::LL~tJLj;]tlf~1t11t1 j;]1~~1~tJ GSP1 LL~:: GSP2 ~tl 

'tYin~tlf~~1LYi1::ritJUtl~1t1t1tln LL~::lYi~L~tlf~~1LYi1::ritJutl~1iJ1t1 j;]1~~1~tJ (Clontech 

laboratories Inc., USA) 
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ThioFusion ™ vector system 

, ," 
~'W1'"l LYl'tln1nL~ (;l'l'tl'tl n"lJ'tl'lu'W"lItJ(;l [;J 1'1 1 LU'tl'l'"l1 nL'JnL(;]'tlf"lltJ(;luil-if'tl ~~~1rJU~~n1~ L-n'W il 

~~~lJn1~LL~ (;l'l'tl'tln"lJ'tl'lu'W1 'WuhJ1ru~'l iln1~(;]'tlU~'W'tl'l~~'J (;l L~'J ~1:J.J1~Cl rl'JUrl:J.J.r'W(;]'tl'Wn1~ " . 
LL~(;l'l'tl'tlnL~'tlU1'lJ'Wrl'l LL~~1.jfnUL"lI~~L~1U1'WL~~~1rJ~1rJ~'Wf (Guzman LL~~rlru~, 1995; 

Newman LL~~ Fuqua, 1999) ~'l~'J'tlU1'l'l1'W';j4'rJ L-n'W 

Leow LL~~rlru~ (2004) Lrl~'WLL~~LL~(;l'l'tl'tln"lJ'tl'lu'W~u~~:J.J'J~~~~ L'tl'WL"ll:J.JLf'l LU~~Yl'W[;J'tl 

TJru~.1Jij~'l (thermostable lipase) '"l1n Geobacillus sp. ~1rJ~'Wf T1 f'l'l1'W E. coli Top1 0 L(;lrJ 

1.jfL'JnL(;]'tlfLL~(;l'l'tl'tln pBADITOPO® TA (Invitrogen, Gronin-gen, Netherlands) yjU~1 

~1:J.J1~mL~(;l'l'tl'tlnu'W~u~~:J.J'J~~tr~ L'tl'W1"ll:J.J1~ LU~~Yl'W[;J'tl'tlru~l1ij~'l'"l1n Geobacillus sp. ~1rJ . "" 
~'Wfi T11'Wm:J.J1ru~'lL~~1L~'"l . " 

Narayanan LLf'l~rlru~ (2006) Lrlf'l'WLLf'l~LL~(;l'l'tl'tln"lJ'tl'lu'W pac ~U~~:J.J'Jf'l~tr~L'tl'WL"lllf 

Lyj'WtJ~~~'W L'tl~~L~~ (penicillin acylase (PAC)) 1'W E. coli L(;lrJn1~LL~(;l'l'tl'tlnLn'W1J'tl'lu'W pac 
, " 

'tluI11rJ1~n1~r1'Jurl:J.J"lJ'tl'l LU~L:J.J L(;]'tlf araBAD yjU~1 LiJ'tliln1~L~:J.J-W1 (;]1~'tl~nUL'W~'"l~il " . , , " 
n1nL~ (;l'l'tl'tl n"lJ'tl'lu'WVi~'J (;l L~'J LL~~ilm:J.J1 ru~'l ;'l~~~Un1nL~ (;l'l'tl'tl n"lJ'tl'lu'W;'W'tlUnum:J.J1 ru 

" " 
" 1J'tl'l-W1(;]1~'tl~~1UL'W~ 

," , 
L U'tl'l'"l1 n-W1 (;]1 ~'tl ~~1 m 'W~ dJ'W ~1 ~Vi-n 'JrJ n ~~~'W n1 ~LL~ (;l'l'tl'tl n"lJ'tl'lu'W 1 'WL 'J n L(;]'tlfLL~ (;l'l • 

" " 
'tl'tl n p BAD/TO PO® Th io Fusion ™ ~'lt1'Wrl 'J 1:J.J L -if:J.J-if'W"lJ'tl'l-W1 (;]1 ~9'lil~Yl flyjf'l [;J'tl n 1~LL~ (;l'l 

, " 
'tl'tln"lJ'tl'lu'W ;'lilnf'lLn 1 'Wn1~~1'l1'W~'lU U1L'Jru LU~ L:J.J L(;]'tlf araBAD Cl n rl'JUrl:J.JL(;lrJ c.J~ (;]11 rusrl " . 
"lJ'tl'lU'W araC (Ogden LL~~rlru~, 1980; Schleif,1992) AraC dJ'W~'Jrl'Jul"J:J.Jn~~U'J'Wn1~ 

l.l'tl(;l~tr~ L(;lrJ4'1JnU~1(;]1~'tl~~1m'W~~'l,r'W1'Wnnn~hJiln1n~:J.J~1(;]1~'tl~~1UL'W~ AraC dimer 

'"l~91J1J1L'Jru O2 LLf'l~ 11 ~11llirlN~¥1'l"lJ'tl'l~L~'WL'tl1J1L'Jrum'tl1Jn1~!l1'W araBAD Ln(;l~U (loop) 
," " 

9'lhJLn(;lm~1J'J'Wn1~Cl'tl(;l~tr~ LiJ'tliln1~L~:J.Jij1(;]1~'tl~~1UL'W~1'W'tl1~1~ ij1(;]1~'"l~LU9uu1L'Jru 

AraC dimer 9'lLn(;ln1~rl~1rJ~U L(;lrJ AraC dimer '"l~LU~rJ'WLu4'1J1J1L'Jru 12 LLYl'W vi11lX 

Q.;' .c:::. .x cv .. Id 
n~~1J'J'Wn1nl'tl(;l~~~Ln(;l"lJ'W LL~(;l'l(;l'l~lJYl 2.11 

" 
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AraC dlmer 

ltJ~ 2.11 n'C11nn1~m:::~'Wn1~LL~"'-l'el'eln"1J'el-l~'W1'WL')nblWeJfLL~"'-l'el'fln pBADITOPO® 
... 

ThioFusion ™ t"'~U1(;]1'C1'el:::~1m'W~ (Invitrogen, USA) 



" ., 

..,j 

'll'VI'VI 3 

1. Lf'l1'El'lil'l'El'll~hL~'tl~~U'Vl~tJ (autoclave) iu SS-325 LL~::iu ES-315 "ll'El'l'll1,;'Y1 Tomy • • • 
Seiko, Ltd., Japan lU MLS 3020 "ll'El'l'll1,;'Y1 Sanyo Co., Ltd., Japan LL~::lU HV-25 "lI'El'l 

i.J1,;'Y1 Hirayama, Co., Ltd., Japan 
., 

2. ~'El'll~1L~'tl (hot air oven) "lI'El'l'll1~ Memmert Co., Ltd., Germany 

tI, .l' . I 4 ... 

3. ~'ll~L"lI'El (Incubator) tu INE 500 "lI'tl'l'll~~Y1 Memmert Co. , Ltd., Germany 

1I.J.l' . I Ao.... . . . 
4. (;]L"lItlL"lI'tl laminar flow ISSCO ~u BV-124 "ll'tl'l'll~~Y1 International SCientific Supply Co., 

~ . 
Ltd., Thailand, iu Clear iu V3-4 "lI'El'l'll1~ Triwork 2000 Co., Ltd., Thailand LL~:: • • 

Bosstech iu HVB 120S "lI'El'l'll1~ Boss Scientific Associate L.P., Thailand • , , 
.:::t ..... , I f .Q ... 

5. Lf'l~'El'l"ll'l ~u PG 2002-S, ~u PB 3002 LL~::~U AG 285 "lI'tl'l'llntYi Mettler Toledo Co., Ltd., • • • 
Switzerland 

6. Lf'li'El'lt)",Fi1f'l'l1~Lijun~"lL'll~ (pH meter) lU SevenEasy "lI'tl'l'll1,;'Y1 Mettler Toledo Co., 

Ltd., Switzerland 
, 

.dI .... • 4 I .clit. .... 

7. Lf'l~'El'l,)"'f'l1n1~~"'n~ULL~'l (spectrophotometer) tU Spectronic 20 Genesys "lI'tl'l'll~'I:t'Vl 

Spectronic Unicam, USA, tU Gensys 20 "lI'tl'l'll1,;'Y1 Thermo Spectronic, USA LL~::lU 

Perkin Elmer instruments Lamda 25 UVNIS Spectrometer "lI'tl'l'll1';Y1 PerkinElmer, Inc., 

USA 
, 

.dI I .Q I ..ca. ..., • 

8. Lf'l~'El'lL"lIU1f'l,)'llFJ~~ru~JJ2J (shaker) tu Innova 4330 "lI'El'l'll~'I:t'Vl New Brunwlck 

Scientific Co., Inc., Edison, N.J ., USA LL~::lU Gyromax 707R "lI'tl'l.'ll1,;'Y1 Amerex 

Instruments, Inc., USA 

9. Lf'li'El'l~~~~1~ (vortex mixer) iu G-560E "lI'tl'l'll1~ Scientific Industries, USA • , 
.:::t I U • • I A,., 

10. Lf'l~'tl'lmULL2JL~~n (magnetic stirrer) tU 502P-2 "lI'El'l'll~'l:!tYl PMC, USA 

11 . Lf'li'tl'lliUL~~U'l"llU"'f'l,)'llFJ2J~ru~JJij (refrigirated centrifuge) tu 1920, tu 6500 "lI'tl'l 

'llmYi Kubota, Japan LL~::lu Avanti J-301 "lI'tl'l'll1,;'Y1 Beckman Coulter, Germany 



12. LfOi~!l~~'lJm~m"l!U~~~L~:; (bench-top centrifuge) l'IJ Mikro20 "l!!l~u1';'Y1 Hattich 

Zentrifugen, Germany 

13. LfOl~!l~ fOl'lU fOJlJ'f.l ru'VIJJij LLrl:;~:;L'VImL "'~ LLUUL '" fOl'l1lJ~!l'IJ (thermo-block) l'IJ Mylab Ih 

Thermo-block SL TDB-120 "lI!l~u1';'Y1 Seoulin Bioscience, Korea 

14. LfOl~!l~L"'fOl'l1lJ~!l'IJ (stirring hot plate) l'IJ OS 201 HS "lI!l~u1';'Y1 OMS, Japan 

15. LfOl~!l~ri1"l!LmlJ1LLfln~1~ (Gas Chromatography) l'IJ 3400C "lI!l~u1';'Y1 Varian, USA 

16. LfOl~!l~~~Lflri1"11111Lr;wL"'IJ (hydrogen generator) l'IJ 9200 "lI!l~u1m, Packard, USA 
, 

17. LfOl1!l~tJ~Lflri1"11!l!ln;L"'IJ (air compressor) i'IJ WL 505000AJ "lI!l~U1M'Y1 Campbell • 
Hausfeld, USA 

~ , 
18. th~tl1fOl'lUfOllJ!lru'VIl1ij'Yi~!llJLfOl1!l~L"1I[h (waterbath shaker) "lI!l~U1M'Y1 Memmert, .. .. 

Germany 
~ 

19. 'tl1~tl1fOl'lUfOllJ!lru'VIl1ij i'IJ WB 14, i'IJ W760 "1I!l~u1';'Y1 Memmert, Germany 
III III "" " 

LLrl:;"l!U(;l~lh:;n!lUL.jhnULfOl~!l~~:;L'VImL"'~LLUU~CYCY1n1fi\ l'IJ digital water bath SB-

1 000 "lI!l~u1m, Eyela, Japan ~~l'i!lL.jhnu (LfOl~!l~ ligation 16°'11) 

oJ 0 Cli .c:a. .... 

- LfOl~!l~'Y11fOl'l1lJL[J'IJ t'IJ CCA-11 0 "1I!l~U~'M'Y1 Eyela, Japan 

.J I ~ .., 

- LfOl~'fl~~(;l!l1n1fi\ t'IJ A-3S "1I!l~U~'M'Y1 Eyela, Japan 
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20. ~LL"J!LL;~'(;lLU'flmL;~~1 (deep freezer) ~ru'VIJJij -70°"11 "lI!l~U1M'Y1 Forma Scientific, USA 

21. !1i'LL"liLL;~"(;lLU'flmL;~~1 (deep freezer) ?lru'VIl1ij -20°"11 '1I!l~u1';'Y1 Sanyo Electric, Japan 
" III "'" " 

22. LfOl~~L~lJmlJ1ru;h.a'IJL!l (DNA thermal cycle) l'IJ 2400 '1I'fl~U1M'Y1 Perkin Elmer, USA 

23. '(;lLFI~!l~~'fl";1'fl:;n1h~L"rl~L~nL'Y1~LYh~~ (agarose gel electrophoresis) 

- Mini gel electrophoresis system "1I!l~U1M'Y1 Bio-Rad, USA 

- Electrophoresis complete system '1I'fl~U1M'Y1 Bio-Rad, USA 

24. ~un~nr~1'V1fud1[J111'Yi 

- Gel Documentation LLrl:;LU1LLml-l Quantity One Version 4.4.1 "lI'fl~u1m, Bio-

Rad, USA 

25. n~'fl~'rl'Y1~~fi\U (microscope) t'IJ CH30RF200 '1I!l~u1';'Y1 Olympus, Japan 

26. 1l-ILFI~ilLULflf;] (micropipette) l'IJ P2, P20, P200, P1000 LLrl:; P5000 "lI'fl~U1M'Y1 Gilson, 

France 

27. n~:;U'fln~(;l[J1'Yirl1~~n "lI'lJ1(;l 1 LL~:; 5 ijrl~~LfI~ "1I'fl~u1';'Y1 Nissho Nipro, Japan 
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28. m':::~)')'rtm''El..:l Whatman Lll'Elf 1 LL~::: 2 ~'El..:lll1-1i'Y1 Whatman International Ltd., England 
, 0-

29. m':::1?)1'rtm''El..:li..:l~1\nrm"J!~~ (filter paper) ~'El..:lll1-,;'Y1 Gibthai , Thailand 
0-

30. ~~'ElI?)LrillL~'ElLL'lILL;..:I (cryotube) ~'El..:lll1-1i'Y1 Bioadvance, Thailand 

1. m'l?)i~WnL"iflJ.;ru (H2S04) "lI'tl..:lll1-,;'Y1 Merck, Germany 

2. n~I?)LlluL"J!~n (C7H60 2) "lI'tl..:lll1-,;'Y1 Nacalai tesque, Japan 

3. n~I?)'El:::;~m.;rlJ.;ru (glacial CH3COOH) "lI'tl..:lll1-,;'Y1 Merck, Germany 

4. m'1?)1t1LI?)11'1~'El1-n (HCI) "lI'tl..:lll1-1iYI Merck, Germany 
... ....., 

5. n~L'1i'El~'tl~ "lI'tl..:lllmYl Merck, Germany 

6. 1'11ijij;~~u (carbinicillin) "lI'tl..:lll1-,;'Y1 Nacalai tesque, Japan 

7. LLl'lm:nm.Jl'l~'Elh{;) (CaCI2) "lI'tl..:lll1-,;'Y1 Carlo ERBA, France 

8. LLI'I~L:ntllJl'I~'tlhI?)11?)1ml?)~~ (CaCI2• 2H20) "lI'tl..:lll1-,;'Y1 Carlo ERBA, France 

9. 1'I~'tlL~~'ElflJ (CHCI3) "lI'El..:lll1-,;'Y1 Labscan Asia, Co., Ltd., Ireland 

10. 1(;1 LI'I~U~~~nru" pBADITOPO® ThioFusion ™ Expression Kit "lI'tl..:lll1-,;'Y1 Invitrogen, 

USA 

11 . 1(;1LI'I~U~~~nru" pCR4-TOPO TA Cloning® Kit for Sequencing "lI'tl..:lll1-,;'Y1 Invitrogen, 

USA 

12. '(;ILI'I~\.I~~~nru" pGEM®-T Easy Vector Systems "lI'tl..:lll1-,;'Y1 Promega, USA 

13. "J!(;I~n(;l~L~\.IL'tl'"l1n'tl:::n1L1~L'"I~ '1i1?)~n(;l Wizard SV Gel and PCR Clean-Up System Kit .. . 
"lI'El..:lll1-,;'Y1 Promega, USA 

14. '(;I~n(;lVi~1~nl?) High Pure Plasmid Isolation Kit "lI'El..:lll1-,;'Y1 Roche Applied Science, 

Germany 

15. '11(;1 GenomeWalker™ Universal Kit "lI'tl..:lll1-'li'Y1 Clontech laboratories Inc., USA • 
16. L'1iL~tllJl'I~'tlhr;l (NaCI) "lI'tl..:lll1-,;'Y1 Merck, Germany 

17. L"J!L~tllJlt1(;1~'tlnl'1ir;l (NaOH) "lI'tl..:lll1-MYI Merck, Germany 

18. l(;1LViLLYI~L;tllJlt1LI?)~L'"I\.I~'tl~L~~ (~HP04) U1-MYI Merck, Germany 

19. Y11-t1L~U (tryptone) "lI'tl..:lll1-1iYI Difco Laboratories, USA 

20. LVit1L~\.I (peptone) "lI'tl..:lll1-MYI Merck, Germany 



41 

21 . 2-L~~Yn'Wtl~ (2-propanol) "1Itl~u1-';'Vl Merck, Germany 

22. L~LL'Vl~L~tJ~l~le:1L~J'L'"l'W~tl~L~j;J (KH2P04) U1-M'Vl Merck, Germany 

23. L~LL'Vl~L~tJ~tl:::~L'Vlj;J (CH3COOK) "IItl~U1-M'Vl Merck, Germany 

24. ~tl~le:1~J'tln~u')YiLJ'j;J (PHB) "IItl~u1-m, Sigma, USA 

25. 2J~n:::i1~f1I~tlhc;l (MnCI2) "1Itl~u1-';'Vl Carlo ERBA, France 

26. L~'Vl1'Wtl~ (CH30H) "IItl~u1-M'Vl Merck, Germany 

27. LL~ni1L~tJ~im~j;JLe:ltlj;J:::lm~J'j;J (MgS04- 7H20) "1Itl~u1-';'Vl Merck, Germany 

28. lUL~tJ~f1I~tlhc;l (RbCI) "1Itl~u1-';'Vl Sigma, USA 

29. ~1J'~:::~1tJY1'Wtl~~~~') (equilibrated phenol, ultrapure) "1Itl~U1-M'Vl USB, USA 

30. ~1J'~n~'"l1nU~[;] (Yeast extract) "1Itl~U1-M'VI Difco Laboratories, USA 

... J' .... ... . 
31. ~1J'~n~'"l1m'Wtl (beef extract) "1Itl~um'Vl Difco Laboratories, USA 

32. ~U~tl~Y1'Wtl~U~ (bromphenol blue) "1Itl~'lJ1-';'Vl Fluka, Germany 

33. tl:::mh~L'"l~ (agarose gel) "1Itl~u1-';'Vl ABgene, UK 

34. tl:::nm'W~ (arabinose) "1Itl~u1-';'Vl Sigma, USA 

35. tl:::~Lj;J'W (Acetone) U1-M'Vl Merck, Germany 

36. Ltl'Vl1'Wtl~ (C2 HsOH) "1Itl~u1-';'Vl Merck, Germany 

37. Ltl'Wl'lIlr~~~1L~1::: EcoRI "1Itl~u1-';'Vl Fermentas, USA 

38. Ltl'Wl'11,rT4-~Lil'WLtll~Ln~ (T4- DNA ligase) "1Itl~u1-';'Vl BioLabs, USA 

39. lysozyme "1Itl~u1-';'Vl Sigma, USA 

40. proteinase K "1Itl~U1-M'Vl Fermentas, USA 

41. LLtl~Yi;~~'W (ampicillin) "IItl~u1-';'Vl Nacalai tesque, Japan 

42. LLtl~L~Li1tJ~L~tlfi~L~j;J ((NH4) 2S04 ) "1Itl~u1-';'Vl Merck, Germany 

43. Le:lm'1l'W (Hexane) "1Itl~u1-';'Vl Merck, Germany 

44. CTAB "IJtl~u1-';'Vl Sigma, USA 

45. dNTP "IJtl~u1-';'Vl Fermentas, USA 

46. DreamTaqTM DNA Polymerase "1Itl~u1-';'VI Fermentas, USA 

47. EDTA (ethylenediaminetetraacetic acid), (C1OH,4N20aNa2.2H20) "1Itl~u1-';'Vl Sigma, 

USA 

TM ........ 
48. GeneRuler 1 kb DNA Ladder "II'MUJ'li'VI Fermentas, USA 
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49. IPTG (Isopropyl thio-~-D-galactoside) "ll'el'lu1,;'." Promega, USA 

50. Long PCR enzyme mix "ll'el'lu1,;'." Fermentas, USA 

51 . Ribonuclease A (RNase A) "ll'el'lu1,;'." Sigma, USA 

TM ,Qj ..., . • 

52. TaKaRa Ex Taq "ll'el'lUJ'M." Takara Biotechnology (Dallan) CO.,L TO. 

53. Taq DNA polymerase "ll'el'lu1';." BioLabs, USA 

54. Trizma base (tris [hydroxymethyl] aminomethane) , (C4H11N03
) "ll'el'lu1';." Sigma USA 

55. X-gal (5-Bromo-4-Chloro-3-lndolyl-~-D-galactoside) "ll'el'lu1';." Fermentas, USA 

.... .... .. 
3.3 r.t~'l.I'VI'i!l • 

,~'W.,,1u~H1'W'l1'W':j4'rJ ~'el R. eutropha ~1rJ~'W{ A-04 dj'WLLUI"1YiiSrJ~~~LLrJntvm 

'el~ru "Jl1 'lJ-nm "Jl1751' 1?J.J1.J (2536) n 1"1'J1~~1~1J'n 1 'Wn1J'~~1'l LL~:;~:;~~'Yi'tl~1.e! ~J''tln;LL'tl~ 1"11 t 'W 

L'el[;l (PHA) ("Jltr'lJ ~~lh:;1.'Yi, 2537; ~'lJ"Jl'W1 ~J'~"ll"'lJ', 2537; ~"Jl1~1 4''W."flh:;YilJ, 2539) 

"'l~'W.,,1u E. coli ~1rJ~'Wfi Top1 0 1'ifLu'WL"Jl~~L~1U1'WL~'tln1nL~~'l'tl'tln"ll'tl'lu'W;'Ji'lLf9J'1:;i • • 

PHA LL~:;"'l~'W.,,1u E. coli ~1rJ~'Wfi JM1 09 • • 

'Yi~1~ij~LL~:;t'tl~tn-w'J f9~t'tl1.." vi1'Yin~'tlf~H1'Wn1J'''' ~~'tl'l LL~~'l1'W[;l1J'1'l~ 3.1 LL~:; 

3.2 [;l1~~1~U 

.... 
"'~1~~UI 

cv ca..-
~m!tcu::~~'U1Pl 

e- .... 
L 'tI n~1'i'tl1.:J'tI.:J 

pBADfTOPO® ThioFusion ™ Apr, P
SAD u1,;'." Invitrogen, USA 

pCR4-TOPO T A Cloning 
® Apr, Kmr, P

1ac u1';." Invitrogen, USA 

® 
pGEM -T Easy Vector Apr, lacZ, P T7 u1';." Promega, USA 



pBAD-phaC A04 

pBAD-phaCAB A04 

t'2l~tn;hflM'2l 

1 'VI ~1 Vi 'i L3J'2l f 
T7 promoter 

SP6 Promoter 

FO 

R4 

Outer adaptor 

primer 1 (AP1) 

Nested adaptor 

primer 2 (AP2) 

r ... ® 
Ap, PSAD ' Ylf'l')~~1?1 pBADITOPO 

, " , 
qlC:ll~ ,J .::j cI 

ThioFusion ™ 'VI~']j'W'Ci'l'W"1J'el'lU'W'VI 

tl:i':;~'l f'l :i'~~ L'el'W t "1IlJYl'el~te1I?1:i''el n~ 

LL'el~f'l1 t 'WL'el(;l;n'WL 'VI~~'el1?l LL 'VIm'el~ 

, " , 
Q,Q.Q, ,J .::I .::::I 

ThioFusion ™ 'VI~']j'W\:'i'l'W"1J'el'lU'W'VI 

tl:i':;~'l~:i'~~~'l~'1Lf'ln:;~ PHA 

~'elI?lLL'VIm'elU 
" 

~1~tJ;hflM'2l1vwl (Tm) 

5'-ATT ATGCTGAGTG AT ATCCC-3' 

(56.3°"11) 

5'-T AAGATATCACAGTGGA TITA-3' 

(55.1 °"11) 

5'-TACATCCTGGACCTGCAGCC-3' 

(58.0°"11) 

5'-CGTAGTICCACACCAGGTCG-3' 

(57 .2°']j) 

5'-GT AA T ACGACTCACT ATAGGGC-3' 

(57.9°"11) 

5'-ACTA TAGGGCACGCGTGGT -3' 

(58.8°"11) 

43 

... ... 
L '2l n'lf1'i'2l1~'2l~ 

Promega, USA 

Promega, USA 

Chanprateep, 2009 

Chanprateep, 2009 

Clontech laboratories 

Inc. , USA 

Clontech laboratories 

Inc., USA 
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L 'el ~Ln;:11 Fl in: 'el 
~1~'U'il'JFlin:'el '1.'VI~ (T m) 

., -
'1. 'VI ~ 'W'iuJ'eli 

L 'el n~1'i'el1~'el~ 

F3 5'-TCACGCTGCTGACCACGCTGCTGGAC 
~ 

'e)'e)nLLuu'l'l.lm~Y1"'~'e)~'l.l 

TTTG-3' (60.7°"11) 

F4 5'-TIGAGCTGGCCAA TACCTICTCGTICT 'e)'e)nLLuu'l'l.lm~Y1"'~'e)~il 

TGC-3' (59.2°"11) 

R1 5'-CACGTTGATCTIGTCCTGGCCGCTGA T 'l ~ 'fl'flnLLUU 'l.lm~Y1"'~'fl~'l.l 

GTC-3' (61.3°"11) 

R2 5'-AAACACCGTATGTCCCTGCTCCACCAC 'l ~ 'e)'flnLLUU 'l.lm~Y1"'~'fl~'l.l 

ATG-3' (60.6°"11) 

F_phaCAB 5'-CACGTTGATCTIGTCCTGGCCGCTGAT 'l ~ 'fl'flnLLUU 'l.lm~Y1"'~'fl~'l.l 

GTC-3' (61.3°"11) 

R_phaCAB 5'-AAACACCGTATGTCCCTGCTCCACCAC 'l ~ 'e)'flnLLUU 'l.lm~Y1"'~'fl~'l.l 

ATG-3' (60.6°"11) 

Trx Forward 5'-TICCTCGACGCT AACCTG-3' Invitrogen, USA 

(50.3°"11) 

pBAD Reverse 5'-GATTI AA TCTGTATCAGG-3' Invitrogen, USA 

(52.7°"11) 

., 
3.5.1 m~LnufnM'1"~'l.lYl1[J1'l.l~~[J~~'l.l • 

, , ., 
L;][J'~'l.lYl1[J1"'[J1-if~lh;jm~'e)~1n (streak) U'l.l'e)1'Wl~LL.;j~L~[J~ LB (111f'1~'l.l'Jn n 

4) ~~LL'fltJ~:n~~'l.l 1 00 ltJLf'1~nftJlJl'fln~~~~~ (111f'1~'l.l'Jn "JI1) L~[J~~~ru~1Jn 3r"1l LiI'l.lL'J~1 
" ., 

16-18 -i'JLtJ~ LL~~U1hlLnufnM'1Yl'flru~l1n 4°'11 "'l.ln~1"~U1tJ1'l-if LL~~,hm~'fl~~'l'l.l'fl1~1~'l~~ 
• OJ 
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~ " '" I 

L~tJ~~~hlYi~tJ''W'elT\.nn~tJ'H;'elL~~,) LB (.n1~1:.J'W')n n3) VliJLL'el2-JYi:n~~'W 100 • 

12-JL~mf2-Jj;j'el5j~~~l'l~ (.n1~1:.J'W')n "111) u11tlL~tJ~1'WL~\J2-J~,)u~2-J'eln.mJl5j ~~,)12-JL~,) 200 ~'elU 
~ ~ ~ ~ 

, ", 
j;j'el'W1l1 'elru~Jl5j 3r"1l Lij'WL,)~1 16-18 i') L2-J~ mt~~1n,r'WU12-J1tl'WLLtJm"1l~;tl'eln~1n'el1~1~ . .. 

, " " 
m~,)l1~,)12-JL~,) 8,000 ~'elUj;j'el'W1l1 'elru~Jl5j 4°,» dj'WL,)~1 20 'W1l1 L'Vl~')'Wil11~~~ ~1~L"1I~;~')tJ . .. 

" , " 
~1~~::~1tJL"1IL~tJ2-J~~tlhr;lL.jf2-J.jf'W 0.85% ~1n,r'Wtl'WLLtJm'»~;LL~::Yh~1~n~'elU m::~1m,»~~1'W 

n~L"1I'el~'el~ 10% u11tlt)~rhn1~~~n~'WLL~~~ 600 'W1L'WL2-Jl'l~ LL~::tlfu1~'elU1'W-n')~ 8-10 un~ .. ... 
, " , 

~~1'W~~'el~LiiuLU'elmL;j~ (cyotube) Vltl~'el~L;'el Liiufm~nVl'f.Jru~1J5j -20°"11 LtI'WL,)~1 6 L~'el'W 

~1'elLiiU~'elru~.n5j -70°"11 LtI'WL,)~1 1 1:1 . .. 

u1~~'W'Vl1u~ Liiufm~1 H2-J1 L~tI~1n L~'el~~U'W'el1~1~LL;j~ L~tJ~~ V\~'el(;12-J (rich . .. . 
" , , 

medium agar slant) (Jl1~1:.J'W')n n6) L~tJ~Vl'elru~Jl5j 30°"11 LtI'WL,)~1 24 i,)L2-J~ ~~L~'eln 1 . .. 
"it II I 

L~L~n ,htJ~-l1'Wm~1~L~mL;'elL~~,) L~m1'W~hj2-JFl,)U~2-J'elru~Jl5j l1~,)12-JL~,) 200 ~'eluj;j'el'W1Vl " ~ ~ " 

~n~L~~L2-JL"1I2-J'el~~L~'WL'el~1n R. eutropha ~1tJ-w'Wf A-04 L(;1tJ1m'1l'el~ 

Sambrook LL~:: Russell (2001) ~~e ti1m~'el~1n.jf'el 3.6.1 m2-J1l'l~ 5 5j~~~l'l~ 1~1'W~~'el(;1 
12-JL~~Yhr.f il11tlD'WL~~m~~,)12-JL~ 8,000 ffiur;i'el'W1l1 ~'elru~Jl5j~'el~ LtI'WL,)~1 2 'W1Vl L'Vl~,)'W . .. 

" 0-

u11~~~ L~2-JUYh~'elf TE (Jl1~1:.J'W')n '1115) m2-J1l'l~ 517 12-JL~~~l'l~ 1:.J~2-J1~dhn'W~')tJn1~L'1IU1 
" ~1n,r'WLti2-J'1.~L"1I'1."1I~ (lysozyme) ~,)12-JL.jf2-J.jf'W 60 5j~~nf2-Jj;j'el5j~~~l'l~ (Jl1~1:.J'W')n '117) m2-J1l'l1 

50 '1.2-JLm~l'l~~~ltll:.J~2-J1~L.jf1n'W~')tJn1m~u~~'el~'1.tl2-J1 U2-J~'elru~Jl5j 3r"1l LtI'WL,)~1 30 'W1l1 . .. 
0-

r,nn,r'WLti2-J~1~~::~1tJ 10% SOS (Jl1~1:.J'W')n "111 0) m2-J1v\~ 30 '1.2-JLm~v\1 1:.J~2-J1,xdhn'W L~2-J 

proteinase K m2-J1l'l1 1 0 5j~~~l'l~ 1:.J~2-J1,xL'1n'W~')tJn1m~U~~'elCil'1.tJ2-J1 U2-J~'f.Jru~1J5j 3r"1l 
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., ., ., 
LtI'lJL'H'n 30 'lJ1Vl l'lJi'lJ[;l'il'lJ~~:::L~'lJ~lijam~ru:::l~ LL~:::Vft1~ ~lmr'lJL~lJ~lJ'~:::~lt1L"l!L~m.J 

1"l~'ilh~I"l'J1lJL;rlJ;r'lJ 5 LlJ~lf (111I"leJ'lJ'Jn "115) mlJ1[;lJ' 120 llJLI"lJ'~[;lJ' Ll~:::L~lJ~lJ'~:::~lt1 

eTAB l'lJL"l!L~tllJl"l~'ilh~ (111I"leJ'lJ'Jn "116) mlJ1[;lJ' 220 llJLm~[;lJ' eJ~lJl'IXL-n1n'lJ~'Jtln1ma'U 

Vf~'il~ hJlJ1 tllJ~'ilruVfl1ij 65°, LtI'lJL'J~l 10 'lJ1Vl ~ln~'lJL~lJ~lJ'~:::~lt1I"l~'il LJ'yJ'ilflJ mlJ1 [;lj 1 . " 
L'Y11 eJ~lJl"'\-n1n'lJ~'lJm':::~-ln~lt1LtI'lJ:a21~i'lJ tnhJ~'lJLVf~tI-l~1"l'J1lJLr'J 13,000 J''il'U~'il'lJ1Vl 

LtI'lJL'J~l 10 'lJ1Vl ci1t1L'U'Yi1:::~~h'lJl~~'ilriLVft1'il[;l:::n'il'lJLL~:::i'lJI"l~'il hyJ'ilflJltll~l 'lJVf~'ilen llJLl"lj 
" ., ., 

Yhr.fVf~'il~hnJ LL~:::~n~~'JtI~lJ'~:::~lt1~'lJ'il~/I"l~'ilhyJ'ilflJ (111I"leJ'lJ'Jn "1117) ~l~n 1 I"l~-l 
., , 

~lmr'lJ~l~'J'lJl~Vl'ilril 'lJVf~'il~ llJ Ll"ljYhr.fVf~'il en 1 mJlJ1 [;In [;l:::n'il'lJ~ L~'lJL'il 
" 

L''l!L~tllJ'il::::nL[;l'YlFl11"l'J1lJLtI'lJnJ'~-lPl1-l 5.2 1"l'J1lJL-nlJ-n'lJ 3 LlJ~lf (111I"leJ'lJ'Jn "1116) mlJ1[;lj 0.1 

Lvi1"11'il-l~'J'lJl~ LL~:::l'il L"l!L'YiJ''Yi1'lJ'il~~Ltj'lJm~1[;lj 1 Lvi1"11'il-l~'J'lJl~ na'UVf~'il~ ltllJ1~'lJnj:::~-l 
[;l:::n'il'lJ"1I1'J"1I'il-l ~L~'lJL'iltlJ'ln!J ~11tl~'lJLVf~m~I"l'J1lJLr'J 13,000 j'il'U~'il'lJ1Vl ~'f.JruVf'Jij 4°"l! 

I II '" I 

'lJ1Vl Vl'f.JruVf'Jij 4 0' LtI'lJL'J~l 5 'lJ1Vl F1'iltl1L'Yl~'J'lJ~11~Yi-l ~ ~.yhtl'\j1 [;l:::n'il'lJ~ L~'lJL'ilVlL~tl 

J':::LVftll'IXLL'IX-l~U'Yl LL~'J~:::~lt1[;l:::n'il'lJ~L~'lJL'ill'lJuyJLyJ'ilf TE (111 I"l eJ'lJ'J n "1115) L~tlmlJ1[;lJ'~L~lJ 

~'lJ'ilrin'UmlJ1ru[;l:::n'il'lJ~L~'lJL'il~~n(;)L~ ~ln~'lJL~lJ RNase A m1~L-nlJ;r'lJ 1 0 ij~~n~lJ~'il 
" 

ij~~~[;l~ (111I"leJ'lJ'Jn "119) mlJ1[;lj 0.01 Lvi1"11'il-l~'J'lJl~ ~lhJtllJ~'f.JruVf'Jij 3r"l! LiI'lJL'J~l 1 

-R''J LlJ-l L~lJ~lj~:::~lt1~'lJ'il~/I"l~'il LjyJ'ilflJl 'lJmlJ1 [;l~~ l'Yl1n'UmlJ1 [;l~~~V11t1 eJ~~ 1 'IX L-n1n'lJ~'JtI • 

n1~na'UVf~'il~ LtllJ1 ,j1Ltl~'lJLVf~tI-l~f')'J1~Lr'J 13,000 J''il'U~'il'lJ1Vl ~'ilruVfl1ij 4 0' LtI'lJL'J~l 10 
. . " 

'lJ1Vl ci1t1L'U'Yi1:::~'J'lJl~~'ilri LVft1'il-i'lJ~'lJ'il~/I"l~'il Ln'I'ilflJl~l 'lJVf~'il ~ LlJ Ll"ljYhr.fVf~'ilen 1 mJ LL~::: 
. " 

II II II • 

~n(;)~'JtI~lJ'~:::~lt1~'lJ'il~/I"l~'il Ln~'ilflJ.n1~n 1 I"l~-l Vfa-l~lmr'lJ~l~'J'lJl~Vl'il~l 'lJVf~'il(;) LlJLl"lj 
, ., , 

Yhr.fVf~tl ~ 1 Vf,j~l [;l n [;l:::n'il'lJ~ L~'lJL tl ~-lVi1 [;l1lJi'lJ[;l'il'lJVlL~ mh'J lJ1lL~'J-n1-l ~'lJ 
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~'~IJ''C'l:::'C'lIt1~ L~'lJL'fl hjtj ",~h n1J'''''''n~i.lLL~'l (absorbance, A) ~f'I'Jl~tI1'J 
~ . 

f'I~'IJ 260 LL'C'l::: 280 'lJlt'IJL~(;lJ' (A260 LL'C'l::: ~80) t"'tI~L~'lJL'fl~I~IJ'tl~"'n~'lJLL~'l1Jl~ln~~"'~ 

f'I'Jl~tll'Jf'I~'IJ 260 'lJ1 t'IJL~ (;lJ' ~'J'lJhh~'IJ"''''n~'lJLL~'l1Jl~~~ "'~ f'I'Jl~tI1'Jf'I~'IJ 280 'lJ1 t 'lJL~m 
~ . 

" 
L'IJ'li'J'l 1.8-2.0 (hfOhil'fltln~1 1.8 LL~"''l~liJhh~'lJU'IJLtJ'fl'IJ'M (hfOh~'ln~1 2.0 LL~"''l~liJ RNA 

'" " 

3.7 n1'i'lJl1:au'll'lU LL~~~ Lfl'i1~~~1 ~UU'l flm'2lL 'VI ~"lI'2l~!iU~'2liLU(;l'i'2l n:n LL'2l~ I'll L UL'2l (;l 

:aUL'VI~ (PHA synthase, phaC) r.nn R. eutropha ~1!l~ufi A-04 • 

t"'tln1J''fl'flnLLUlJ degenerate primer "'lln~I~Um'(;l'fl:::m'IJ~~I'l~'l"'lln 

~1'IJ-if'fl~'C'l GenBank LL'C'l::: H-if'fl~'C'l~' ~Um'''''fl:::m 'IJ"lJ'fl'l L'fl'IJ1"1!~Yl'fl~1fl (;lJ''fl n~LL'fl 'C'l m t 'lJL'fl (;lID'IJ 
~ ~ ~ 

. lid. . Go' ~ 1I.d: 
aCldovorans (~~lm'C'l"lJL"lJltl'l AB009273) Alcaligenes sp. ~1t1Yl'IJfi SH-69 (~~lm'C'l"lJL"lJltl'l • 

" ~ " ~ U78047) A. eutrophus (~~lm'C'l"lJL"lJltl'l J05003) Aeromonas caviae (~~lm'C'l"lJL"lJltl'l 

088825) Rhodococcus ruber (~~lm'C'l"lJL-ifI~'l X66407) LL'C'l::: Chromatium vinosum 

(~~lm'C'l"lJL-ifI~'l 01112) (Sudesh LL'C'l:::f'lru:::, 1998) t"'tI'fl'flnLLuu1Yln~'flf"'lln~'J'IJ'fl'IJ¥n'; • 

(LL~"''l~'llU~ 3.1) LL'C'l:::LLU'C'l~'~UU'Jf'I~t'fl1'Vl~ t"'tlH~'~UU'Jf'I~t'fl1'Vl~"lJ'fl'l~'IJ phaC "'l,n R. 

eutropha H16 (Peoples LL'C'l::: Sinskey, 1989) L1j'IJ~'IJ~'lJLLUU Lti'fl'l"'lln Chanprateep LL'C'l::: 

f'lru::: (2008) nml'IJ~' "'llnn1J'4' "'~'LL'lJn t"'tI'fl1~tI'fl'IJnJ'~~fil'IJJ':::~ut~ L'C'l n'C'lLL'C'l:::n1J'~ Lf'lJ'I:::-J • • 

1~t'C'l~n YlU~' R. eutropha ~1t1~'lJfi A-04 iJ~,~uU'Jf'I~t'fl1'Vl~"lJ'fl'l 16S rONA Ln~\fi)mnu • 
.c:::J ~ ..... !:d. 

~,~uU'Jf'I~t'fl1'Vl~"lJ'fl'l 16S rONA "lJ'fl'l R. eutropha H16 ~ln'Vl~'" f'I'fl 99.84% "''l'IJ'IJ'''l'l • 
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, ~ 

!l'elmL1J1J1Y;~L~!lfYl~1LYn:;~'el~'-l phaC r.nn R. eutropha ~1t1~'-lfi A-04 l~~-:JVI~f?I 2 L~'-l iii'el • 
~ , 

forward primer LL~:; reverse primer (;]-:J~'el~1 FO LL~:; R4 m~~1~1J tf?ltl~1~1Jil,)l"l~t'ellVlI?f 

ly;n~'elfLL~f?I-:J~-:Jm~1-:J~ 3.2 

3.7.21.J~mtl1~nt'1iY;'el~h~'elL~~ (Polymerase Chain Reaction , PCR) 

-w1tmt~t"l!~'el~~h~'-lL'el~'el-:J R. eutropha ~1t1~'-lf A-04 ~~nf?ll~'-li'el 3.6.2 

LU'-lL~LL1J1Jl'-l1.J~mtl1~n t'liY;'elih~'el L~~ tf?ltll-ii1y;n~!lf~'el!lmL1J1Jl '-li'el 3.7.1 l'-ln1~.yh 
, ~ 

1.J~mtl1~ n t'1iy;'el~ L~!l L~~ tf?ltl~1~~:;~1t1Yl1-ii' LU'-l~,)'-le.J~~l '-ln1J'.yh1.J~mtl1~ ~-:J ~!l11.J~ 

10X Taq DNA polymerase buffer 5 l~tl"l~~~~ 

(fil')1~Li~i'-l~f?I.yhtl 1X Taq DNA polymerase buffer) 

~1J'~:;~1t1 dNTP 1"l,)1~Li~i'-l 2 ~~~t~~1f 5 ~tl"lJ'~~~ 

(1"l,)1~Li~i'-l~c;1Yl1t1 0.2 ~~~t~~1f) • 
~1J'~:;~1t11Y;J'L~'elf FO (fil')1~Li~i'-l 50 1~tfO)J't~~1f) 1 l~trl~~~J' 

(rl,)1~Li~i'-l~c;1Yl1t1 1 ~tl"lJ'tl-J~1f) • 
~1J'~:;~1t11Y;J'L~'elf R4 (1"l,)1~Li~i'-l 50 1~trlJ't~~1f) l~tm~~J' 

(1"l,)1~Li~i'-l~f?lYl1t1 11~tl"l~t~~1f) • 

~1J'~:;~1t1 MgCI2 1"l,)1~Li~i'-l 25 ~~~t~~1f 5 l~tl"lJ'~~~ 

(fil')1~Li~i'-l~f?lYf1t1 2.5 ~~~t~~1f) • 

L'el'-lL"l!lf Taq DNA polymerase l~tm~~~ 

(fil')1~Li~i'-l~f?lYl1t1 2.5 VI'\,\')tI) • 
Q CI' I '" 

f?lL'el'-lL'elLL~LL1J1J'"l1n~'el 3.6.2 l~tm~~J' 

(1"l,)1~Li~;r'-l11~tmnfl-JLJi!l1l-JtrlJ'~~J') 
., ~ 

L~~-w11.J~'el f?l1.J~:;'"l1.J~'el f?I L~'ell ~~m~1 ~J'~ f?lYl1t1 LU'-l 50 l~tm~~J' • • 
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" 'l1JnLm'l-Jhm'1~l'i1uDiihJ1~nL"liYl'el~Ll-J'elL~~ dllJ~~\l 

Initial denaturation 
.J ... 

Lth..!L'J'Cl'1 
.,. 

'Vl'eltu,"l1l-J 95°"ll 3 'W1'Vl • .. 
, 

Denaturation 
.,. ... 

LU'WL'J'Cl1 
.,. 

'Vl'eltu,"l1l-J 95°"ll 1 'W1'Vl • " , 
Annealing 

.,. ... 
LU'WL'J'Cl'1 

.,. 
30 ~'el1J 'Vl'eltu,"l1l-J 56°"ll 1 'W1'Vl · .. , .,. 

Extention Vi'eltu,"l1i1 72°"ll LU'WL'J'Cl1 1 'W1'Vl • " , .,. 
Final extention 

.,. ... 
LU'WL'J'Cl1 10 'Vl'eltu,"l1l-J 72°"ll 'W1'Vl • " 

" Cycle) (Perkin Elmer, USA) '"l'1mr'WIn~'J'"l~'el1J~~InJitu.,r'"l1nUDiihJ1~nL"liYl'el~Ll-J'elL~~~'JU'el~ 

n1L~~L'"l'Cl~L~nL'Vl~L'Yh~:n~ 1n1l-J';)fi~mhllt)t'W;r'el 3.7.3 

LIn1ul-JL'"l'ClLmu.r~~~'el~n1L~~ 1 n~l-J 1~'Cl~1'W''Jm~1,"~1JLIn1Ul-JL'"l'Cl L~l-JUvJLvJ'elf 

1 X TAE (1111")~'W'Jn "1119) ml-J11n~ 1 00 i1'Cl~~In~'Cl~lu 'Cl~'Cl1m'"l'Cl~'Jull-JLI")~L'lvJ'"l'Wn~~~~~~L'"l'Cl 

'Cl~'Cl'1u,"l-Jm L'Vl'Cl~1'Wmm~1,"~1J;'W~UL'"l'Cl ~'el'"l'Wm'~~~L'"l'ClLL;~~'JU~~l-J1ru 30 'W1Vi '"l1m!'W 
" 

'J1~'el~n1L~~L'"l'Cl~Hl'Cl~1'WLL"lIl-JL1J'elfn'el~LI")~'el~~L~nL'Vl~LvJL~~ L'VlUvJLvJ'elf 1X TAE 1~yJ'Jl-J~~ 

n~1'el~n1L~~L'"l'ClL~mJ'elU '"l1mr'WL,"'Clm~~InJitu.,r~1~'"l'1nUDmu1~nL"liYl'el~Ll-J'elL~~'Cl~lU Lmu 

~~l-Jn1J 10X loading buffer (1111")~'W'Jn '20) 1~~1")'J1l-JL;rl-J;r'W~m~1u 1X LL'Cl~H' 
" 

GeneRuler™ 1 kb DNA Ladder (Fermentas, USA) LU'W~Ltl'WL'ell-J11n~.s1'W '"l1mr'Wl'i1~L~nL'Vl~ 

LvJL~:n~LmuH',ml'i1~L~nLYI~LvJL~en~ (Bio-Rad, USA) 1;rm'~LL~lvJYh 90 L'J'Cl~ LU'WL'J'Cl1 35 'W1Vi 

10 
'" "I I 

(1111")~'W'Jn '21) LU'WL'J'Cl1 10 'W1Vi '"l1mr'Wu1L'"l'CllULL"li1'Wu1n~'W L~'el"ll~L'elfiL~tmL1J~1l-J~ 

~'J'WLn'W'el'eln LU'WL'J'Cl1 5 'W1Vi LL'Cl~U11u,hu~u~'Ju Gel Documentation Lumm'l-J Quantity 
" 

One L'J'elM''W 4.4.1 (Bio-Rad, USA) 



50 

." ... cr Ii' Ii' 'I " 
3.7.4 n'W~n(9)(;lL'El'WL'Elf;j1n'El::n1L),~Lf;j~h(9)tI L"(9) Wizard SV Gel and PCR Clean-• 

Up System Kit (Promega, USA) (J11f"1~'W')n '22) 

" , 
ih;'W'El::n1 L),~Y1 ~'El~ n1),~ n (9) ~ Lil'WL~ 1~~~ 1 'W~~'El (;l1~ Lf"I),~,)r.f L~~ Membrane 

Binding Solution ~~1tJ 1,xij~l'l),1~,)'WLU'W 1 0 ~Lf"I),~l'l), ~'El 1 0 i1~~n;:~"lI'El~~1~,rmf;j~ ,j1 

1thJ~~~ru~.1Ji1 50-65
0

, LU'WL,)~1 10 'W1Yl L(;ltln~tJ~~~(;lhJ~1YJn1 1-2 'W1Y1 f;j'Wm::..r~Lf;j~ 
~::~1t1~~(9) L~~ Membrane Binding Solution ~~'b..Hin 1 Lvl1~,) ~~~1,xL';hn'WL(;ltln1)'n~tJ 

"" "" I ~~~ (;l hJ~1 f;j1 n,r'WLYl~1),~::~1t1li~~~ (;l1~1 'W SV Minicolumn ~~Vl~ HYl'El ru~J1i1,x'El~ LU'WL ,)~1 1 . " 
'W1Y1 f;j1n~'W,j11l.l~'WL~~m~f"I,)1~L~,) 13,000 )'~tJ~~'W1Y1 LU'WL,)~1 1 'W1Y1 LYl~')'W1~~~ L~~ 

"" , 
Membrane Wash Solution ~~1l.l 700 l~Lf"I),~l'l~ ~~Vl~HY1~ru~J1i1,x'El~LU'WL,)~1 1 'W1Y1 ,j11l.l . " 

I I I " 

i1'WL~~mY1f"1,)1l.JL~,) 13,000 )'~tJ~~'W1Y1 LU'WL,)~1 1 'W1Y1 LYl~')'W1~Vl~ LL~::L~~ Membrane 
"" I I I I 

Wash Solution ml.J1l'l), 500 l~Lf"I),~l'l), ~~Vl~HY1~ru~J1i1,x'El~Ltl'WL,)~1 1 'W1Y1 ,j11l.li1'WL~~tI~Y1 . " 
" I -=I cI ~ I.J-=I .J CI 

f"I')1~L),,) 13,000 ),'EltJl'l'El'W1Yl LU'WL,)~1 5 'W1Yl LYl~')'W1~Yl~ LL~::i1'WL~')tI~'Eln),'EltJYl f"I,)1~L),,) 

13,000 ),'EltJ~'El'W1Yl Ltl'WL,)~1 1 'W1Y1 U1t1f"1'El~~11~1'WtJ'W1~1'W~~'El(9)1~Lf"I)'~')r.f~~'El(9)1mJ L~l.J 
"" I I 

Nuclease-Free Water 50 l~LM~l'l), ~~Vl~HY1~ru~J1i1,x'El~LU'WL,)~1 1 'W1Y1 LL~'),j11l.li1'W . " 
I I " I 

L~~tI~Y1f"1')1~L~,)),'EltJ 13,000 ),'EltJ~'El'W1Y1 LU'WL,)~1 1 'W1Y1 ;'W~1Lil'WL~Y1~'El~n1)'f;j::~~1'W 

~1),~::~1t1 ,j11l.lLntJH~ -200
, 

3.7.5 n1),L~'El~~'El~~l'lnruoy]f;j1nl.lnmm~nL'llYi'El~L~~L),~L.jf1ntJL')ml'l'Elf pCR4 L(9)tlL-if 

o cr ® 
'(;l~1L)'f;j pCR4-TOPO TA Cloning (Invitrogen, USA) (J11f"1~'W')n "1123) 

,j1 ~~ l'lnruoy]f;j1nl.lnmtl1~n L'llYi~~L~~ L)'~~1~f;j1 nn1)'~n (;l'El'Elnf;j1n~::n1 h~ 

Lf;j~f;j1n.jf'El 3.7.4 l.J1L~~l.J~'ElntJL')ml'l'Elf pCR4 l'l1l.J'1fi~)'::tJL(;ltltJ1~YlcJ~~l'l L(;ltlij~')'W~~~"lI~~ . " ., 
l.lnmm ~~U 



tJ~(;l.nrueyf"1ntJ{jmm~nL"ll~'tl~L~'tlL~~ 

Salt Solution 

TOPO® vector 
~ ~ 

U1tJ~~ ",tJ~:;"tJ~~", L;~ • 

~l.l~TOp1 0 Ltnti:nl heat shock (Sambrook LL~::: Russell, 2001) 

Russell, 2001) 
, ~ 

2 

1 

1 

5 

L~Lf'W~(;l~ 

~Lrl~~(;l~ 

L~Lrl~~(;l~ 

~Lrl~~(;l~ 

L~Lrl~~(;l~ 
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't.if~tJL;Jm;~~1n E. coli Top10 ~-lUl.l'tl1~1~LLii-l 'Vb (111rltJl.l'Jn n2) 
~ , ,''' I t 

L~U-lVl'rlru~.1Jij 3r'1l Ltll.lL'J~1 16 i'J L~-l "1nUl.lL;JULrl L~ilL~u'J~-l'tl.lm~1~L~~'J 'Vb 
~ , 

(111rltJl.l'Jn n1) m~1(;l~ 5 ij~~~(;l~ L~m'tl.l~hj~rl'Jurl~~ru~l1ij Vlm1~L1'J 200 ~~Uj;J~l.l1Vl 
~ ~ ~ ~ 

'rlru~.1Jij 3r'1l "l.ln~:::vt-lL~~hn1~~"'n~l.lLL~-l~m1~u1'Jrl~l.l 550 l.l1Ll.lL~(;l~ (Asso) Lvhriu 0.3 

ti1m~'tlm~1(;l~ 5 ij~~~(;l~ ~-l'tl.l~1~1~L~~'J 'Vb m~1(;l~ 100 ij~~~(;l~ L~U-lL~~'tl.l~U~ 
rl'JUrl~~ru~l1ij ~rl'J1~L1'J 200 ~~Uj;J~l.l1Vl ~ru~l1ij 3r'1l "l.lm:::vt-lL~~hn1~tntnn~l.lLL~-l~ 

ill" " 'III .. " , ~ 

rl'J1~m'Jrl~l.l 550 l.l1Ll.lL~(;l~ (Asso) Lvhriu 0.48 U1LtJLL"ll'tl.lU1LLii-lLtll.lL'J~1 5 l.l1Vl ti1u'tfl 
I , ," I I I 

~~~tn~1~fui1l.lmrjm (Centifuge tube) Vltl1l.ln1~'JJ1L;~LL~'J LL~:::U1LtJi1l.lL~rjmVlrl'J1~L1'J 
~ , 

3000 ~~Uj;J~l.l1Vl 'rlru~.1Jij 4 0'11 Ltll.lL'J~1 5 l.l1Vl LVlfl'Jl.l't~Yi-lL~~~1~~:::~1U Tfbl VlLiil.l 
, ~ 

(111rltJl.l'Jn '1125) m~1(;l~ 40 ij~~~(;l~ n~:;"1m'1l~~Ltnu't.ifLrl1~-ltJ~~~1~ LL"ll'tl.lU1LLii-lLtll.lL'J~1 

~ 

l.l1Vl "1nUl.lLLtl-l'tfl~~~tn L~ Lrl~Yhr.f~~~tn~::: 50 L~ Lrl~~ (;l~ u1LtJvh 't '" Lu~mL ;-l~U1-l~'J tnL1'J 

LtnUU1~~~tn ltJLL"ll't l.lLl.l L(;l~L"l.lm~'J "1n,!l.lU1LtJ LliuH~'rlru~.1Jij -80°'11 "l.lm:;vt-lU1'tl~n~1 
HVl~1l.li~~f~ 



52 

o " J • .lr"-l <>I .. r 
tJ1~1),~::~1rJr.J~~'"l1n"ll'a 3.7.5 ~W1tJ~fn'a),~L"ll1'Ci~'a~YH'V1tJt;JL"1I~~ E. 

" 
. .J <>I ~"" " ",,<>I coli Top1 0 'V1Lt;J),rJ~ L~'"l1ml'a 3.7.6.1 ~(m'Jfi heat shock (Sam brook LL~:: Russell, 2001) 

~'1d 111~'il~YlL'V1tJr;lL"1I~; E. coli Top10 ~LnuH~'tlru'MJij -80°"11 ~Tvhl"'~::~1rJ'ath'l-n111tJ 
"" , " 
111LL;'1 '"l1m!tJl~~1),~::~1rJr.J~~Yilc1i''"l1n;J'il 3.7.5 -.1'1~~~~'11tJ~'emYlL'V1tJr;lL"1I~; E. coli Top10 

~ ~ 

m~1t;J)' 50 ~Lrt)'~t;J)' t.J~~Lu11LL~'J1l1hJLL"liltJ'eh'l1l1LL;'1LtJtJL'J~1 30 tJ1Yi '"l1m!tJ heat 
, ,~ 

shock Yi'tlruWJij 42°"11 LtJtJL'J~1 30 ';)tJ1Yi Lij'a~),uL'J~11"'LL"liltJ1l1LL;'1'ath'l),'J~L~'JLtJtJL'J~1 2 
~ ~ ~ 

tJ1Yi LL~'J~'1L~~'il1~1),L~rJ'IL;'aL~~'J LB (111~r.JtJ'Jn n3) m~1t;J)' 950 l~L~)'~t;J)' 111hJL~mltJ~ 

u~rt'Juf'J~~ru~1Jij ~~'J1~L~'J 2QO ),'ilU~'iltJ1V1 ~ru~1Jij 3r"1l LtJtJL'J~1 1 i'J~'1 '"l1n,!tJ1l1hJ 
I I " " I 

Ln~rJl"'-.1'J~'J~,j1m~1),L~rJ'IL;'ilLL;'1 LB (111rtr.JtJ'Jn n4) YiijLL'il~Yi:n~~tJ (111~r.JtJ'Jn "ll1) 100 

l~L~mf~~'ilij~~~t;J)' ~'1LLU'lm~1t;J),~'"l::1l1hJLn~rJutJm~1),LtJtJ 3 m~1t;J),~'JwitJ f:j'a 100 
" • I I 

200 LL~::m~1t;J)'-.1'1~~(;l t;J1~~1~U L~rJ1l1hJUtJm~rJ'IYirt'J1~L~'J 8000 ),'aU~'atJ1Yi LtJtJL'J~11 
~ ~ ~ 

tJ1Yi L'V1'il1~1),L~~'J~'1 LL~'JL~~m~1)'L~mL;'ilL~~'J LB m~1t;J)' 1 00 ll.JL~)'~t;J),~'1hJ n),::'"l1rJ 
I " • I 

L"1I~~1 "'-.1'Jm~1),L~~'J'"ltJLtJtJLil'il L~mntJ 111 hJLn~rJl "'-.1'J ~'J~,j1m~1),LL;'1 LB (111rtr.JtJ'Jn n4) 

~ijLL'ill.JYi:n~~tJ (111~r.JtJ'Jn "ll1) 1 00 ~L~mfl.J~'aij~~~t;J)' 111hJL~rJ'I~'tlru~1Jij 3r"1l LtJtJL'J~1 
~ CII.cJ.- J' 0 ., ... ....J.c::i.cl 

16-24 "1I'J ~'1 i'lLnt;JLrt L~tJ'V1Ln~"lltJLL~::tJ1 LUt;J),'J'"l~'au'V1)'1tJi~'aml.JtJ'V1'V1l.JrJtJ phaC ~'a~LL'V1m • 
'il~~'alu 

r)(;lL~'an'V1ntJi~'ilfLLl.JtJn~ijUtJ phaC L~rJm)'r)(;lL~'an L~ L~il~1'11 '"l1n,!tJ 

111l.J1v'h Lrt L~ilYl~'il1f (Sambrook LL~:: Russell, 2001) L~m~rJLrt L~ilutJ'il1~1m;'l~1~'"l1n;J'il 
3.7.6.2 l.J1 rti'l L~ L~ill~l tJ~~'il(;lll.J L~)'yh4Ylij~1),~::~1rJ~lif LtJtJ~'JtJr.J~l.Jl tJuDmm~n L"lil'f'il~ 

'I !i'I .. .J 'I" ~ <>I. F-: ,,~~ ~ "" ... .:; 
Ll.J'ilL),~ LL~::L"1ILl'f),L~'il),'V1'il'ilnLLUU LtJ"ll'il 3.7.1 L~rJ~u),l.J1t;J),~~'V11mutJ 25 Ll.JL~)'~t;J)' ~'1tJ • 



10X Ex Taq DNA polymerase buffer 

~1~~:;f'l'ltl dNTP F1,)1~L;)~;)'W 2.5 ii~~'UJ~1f 

~1~~:;~1t1 MgCI2 Fl')1~L;)~;)'W 25 ii~~t~~1f 

~1~~:;~1t11.V.~L~'tlf FO F1,)1lJL;)~;)'W 50 1.~tFl~t~~1f 

~1~~:;~1t11.V.~L~'tlf R4 F1')1lJL;)lJ;)'W 50 1.~tFl~t~~1f 

L'tl'W1.'1I2f Ex Taq DNA polymerase 

(FI,)1lJL;)~;)'W5 ~'l.btl~!l1.lJtFl~~(;]~) 

~Lil'WL!lLL~LLlJlJ (tFlt~U) 

"" ::. I • I • I ..t 'I " .... ~ ,,~ 
L(;]lJ'W1lJ~'tl f'llJ~:;'"llJ~'tlf;l L"l!!l ~~lJlJ~~1 (;]~~ f;l'V11t1 LlJ'W • • 

" tU~LLm~1'Wn1~Yi1t1~mtl1~nt"llv.'tl~L~!lL~~ LtJ'W~~U 
, 

2.5 

2 

2 

0.5 

0.5 

0.25 

25 

Initial denaturation 
... ... 
'V1~ruWJ~ 94°'11 LtJ'WL,)~1 2 
, 

Denaturation ... "" LtI'WL,)~1 10 'V1!lru~l1lJ 98°'11 • ... 

Annealing .J "" LtJ'WL,)~1 30 'V1'tlru~l1~ 50°'11 • 'II , 
Extention Yl'tlru~l1ii 72°'11 LtJ'WL,)~1 1 • 'IJ 

, 
Final extention Yl'tlru~l1ii 72°'11 LtJ'WL,)~1 10 • 'II 
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l~tFl~~(;]~ 

l~tFl~~(;]~ 

1.~tFl~~(;]~ 

1.~tFlr~(;]~ 

1.~tFl~~(;]1 

1.~tFl~~(;]1 

... 
'W1'V1 

'" ... 
,)'W1'V1 

"" ... 
30 ~!llJ ,)'W1'V1 

... 
'W1'V1 

... 
'W1'V1 

~1LQ'Wu~mtl1~nt"llv.'tl~LlJ!lL~~ ~')mFli'tl~L~lJm~1ru~Lil'WL!l (DNA Thermal 

Cycle) (Perkin Elmer, USA) LL~:;(;]n'"l~'tllJ~~(;].nru-n'"l1nU~mtl1~nt"llv.!l~L~!lL~~~,)tI!l:;n1 

t1~L'"l~~L~n t'V1~tYh~;n~ (;]1l.J';jfi~mh')1.t)l'W;)!l 3.7.3 

3.7.8 n1~~nf;lv.~1~iif;l"lJ!l~tFlt~U~~U'W phaC ~')tl1f;l~nf'lv.~1~iif;l High Pure 

Plasmid Isolation Kit (Roche Applied Science, Germany) (111F1~'W')n "lJ27) 

,j1tFlt~u~Lnf;l~~(;].nru-n'"l1nU~mtl1~nt"llv.'tl~L~'tlL~~1'W;)!l 3.7.7 ~~~~,)'W 

"lJ!l~u'W phaC LL'V1m'tl~1'W1F1!l~ULL'W'Wvlv.~1~iif'l l.J1~nf'lv.~1~iif'l~')tl1(;)~n(;)v.~1~ii(;) High 

Pure Plasmid Isolation Kit (Roche Applied Science, Germany) (;]1l.J';jfi~1:;tJtf'lti 
", , 

lJ1ti'VJ~~~(;] tf'lm~m E. coli Top1 0 YlmFl'tll.JULL'W'Wvlv.~1~iif'l1'W!l1~1~m~') LB :A~~LL!ll.J~ 
" , 

;n~~'W 1 00 1.l.Jt~wnf~~'tlii~~~(;]1 ml.J1(;]1 5 ii~~~m L~ml'lJ(~hjl.JFI,)lJFI~'tlru~l1ii YlFl,)1~L~,) 
~ 'III ill IU 
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., ., , 
'tlru~flij~'tl~ LVl~'J'Wl~Yi~ Vi1-n1 2 ~'tlU m::'"I1m'll~Hf~'JtI Suspension Buffer ViiJ~'J'W~MJ"1I'tl~ 

• 'II 

, ., 
RNase lJhJ1(;W 250 1l-JLI'I1~(;J~ ~~l-Jl~L;hn'WL"'t1HLI'I1'tl~~~l-J~1~ '"I1mr'WLtil-JLysis Buffer 

ml-J1(;J~ 250 ll-JLI'I~~(;J~ ~~l-JL"'t1mm~um~'tl",hJl-J11.11::l-J1ru 3-6 I'I~~ tll-J~'tlru~flij~'tl~LU'W . .. 

., " , 
tl~::l-J1ru 3-6 I'If~ LL"J!1'W':nu;~Li:I'WL'J~1 5 'W1Vi '"I::~~Ln(;JL~'W~1~1~LL"1I'J'W~tltl~l-J~\l(;JLL~::Ln'" 

LU'W(;J::n'tl'W"1I1'J '"I1n~'W~11tl~'WL~~t1~~'Jtll'I'J1l-JL~'J 13,000 ~'tluj;j'tl'W1Vi ~'tlru~flij~'tl~ LU'W . .. 
L'J~1 10 'W1Vi ~1~'J'Wl~1~~~1'W High Pure column ~11tl~'WL~~m~'JtlI'I'J1l-JL~'J 13,000 ~tlU 

j;j'tl'W1Vi ~tlru~flij~'tl~ LU'WL'J~1 1 'W1Vi LVl~'J'Wl~~~ Ltil-J Wash Buffer I ml-J1(;J~ 500 . .. 
1l-JLI'I~~(;J1 ~~1'Wr1'tl~l-J~ ~11tl~'Wm~t1~~'JtlI'I'J1l-JL~'J 13,000 ~'tluj;j'tl'W1Vi LU'WL'J~1 1 'W1Vi~ 

" ., 
'tlru~flij~tl~ LVl~'J'Wl~Yi~ '"I1mr'WLtil-J Wash Buffer II ml-J1(;J~ 700 ll-JLI'I~~(;J~ ~~l'Wr1tl~l-J~ . .. 
~11tl~'WL~~m~'Jtlr1'J1l-JL~'J 13,000 ~'tluj;jtl'W1Vi LU'WL'J~1 1 'W1Vi~'tlru~flij~'tl~ LVl~'J'Wl~~~ . .. 

., ,., 
Yhr.f~~tl'" 1~"j Ltil-J~1tl~tllntl1::'"IVitl~tl"'L;tl~1tl Elution Buffer ml-J1(;J~ 50-1 00 1l-JLr1~~(;J11~ • 

, ., ., 
'W1Vi Vitl ru~flij~'tl~ LL~::~11~::~1t1'·,'i ~1~ij In'"l::tlul 'W~'J'W~11~ '"11 nU'WL1iU~11~ ::~1t1l'i~1 ~ij In . .. .. 
~'fJru~1Jii -20°'ll ~1hFlLr1n::t.f~1~ull'JI'I~L'tllVl~"1I'tl~u'W phaC ~'JmI'l1'tl~ ABI 3100 L'JtlH'W 

3.1 

3.8 n1~1 Lfl~1::~~1 ~'l.J'ih flm '£11 'VI ~'JJ'£I-3!j'U #-3'1UI ~v1tJ~~'J~ ~~~=a'J~-3 Lfl~1::~'Vi'£l~ltJ 
~~'£In=aLL'£I~fl1L'UL'£I~ (phaCAB) "nn R. eutropha ~1t1-n'Ufi A-04 ~1t11fi gene walk L~tI 

o 

"L,r"li~ GenomeWalker
Tu 

Universal Kit (Clontech laboratories Inc., USA) (fl11'1~'W'Jn "1131) 
o. 
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, 

Pvull (Clontech laboratories Inc., USA) LL~:; Smal (Fermentas, USA) (Wl)J~fiYi~:;utC?ltl • 

~L~~L'e1 (0.1 L)JtFlmf)J(;]'e1L)JtFl~~(;l~) 12.5 L)JtFl~~(;l~ 

1 OX L~~'Vl1ni~L'tl~1"ll~uyhYl'tlf 5 L)JtFl~~(;l~ 

L~~'Vl1ni~L'e1~1"ll~ (1 0 \nl'JtI(;]'e11)JtFl~~(;l~) 4 L)JtFl~~(;l~ 
... " -W1U~'e1 C?lU~:;'"lU~'e1 C?I L;'e1 28.5 1)JtFl~~(;l~ , 

m)Jl(;l~~'Vlfi 50 1)JtFl~~(;l~ • 

CJ~)J'l~L-ihn~~'Jtlm~n~U~~'tlC?lLU)Jl U)J~'tlru~fln 3r"ll LU~L'J~l 2.r'Jt)J-l . " ", , 
9lmr~-Wl)Jl CJ~)J LUll ~'JtlLFl1'tl-l CJ~)J~lnU~L'J~l 5-1 0 ~~lYi -W1LUU)J (;]'tlYi'rJ ru~1Jn L~)J 

, 

LU~L'J~l 16-18 i'J t)J-l 

-Wl~L~~L'tl~~C?I~'Jm~~'Vl1ni~L'tl~1"ll~LL(;]~:;"llUC?l'l~.jf'tl 3.8.1 )J1L~)J~1~~:;~1t1 

~~'tl~/Fl~'tlt~Yl'tlf)J m)Jl(;l~ 50 L)JtFl~~(;l~ -wl1uCJ~)JLUll~'JtlLFli'tl-lCJ~)J~1~ LtI~L'J~l 5-10 

~~lYi LL~'J-W1Lu,J~L~~m~Fl'Jl)JL~'J 13,000 ~'tlU(;]'tl~lYi ~'tlru~fln 4°8jj LU~L'J~110 ~lYi LL~:; , " , ... 

~lU L'ilYn:;~'J~'l~Yi'tl~ LWW'tli~YJ~'tl~/Fl~'tl hYl'tlf)J1u'l~'l ~~~'tl C?lL)JtFl~Yhr.f~~'tl C?I 'l mJ L~)J 

~l~~:;~lUFl~'tlt~Yl'tlf)J m)Jl(;l~ 50 1)JtFl~~(;l~ -wlhJCJ~)JLUll ~'JtlLFli'tl-lCJ~)J~l~ LU~L'J~l 5-

10 ~~lYi LL~'J-Wl1u,J~L~~U-l~Fl'Jl)JL~'J 13,000 ~'tlU(;]'tl~lYi 'tlru~fln 4°"ll LU~L'J~110 ~lYi . " 

~1t1 L'il"fjl:;~'J~'l~~'tl~ mU'tli~Fl~'tl t~Yl'e1f)JLU'l~'l ~~~'tlC?l1)JtA~Yhr.f~~'tlC?l 'l ~~ (;In (;l:;n'tl~~ L~~ 
L'tl tC?lm~)J~l~~:;~lut"llL~U)J'tl:;;L(;l'VlFl'Jl)JL.jf)J.jf~ 3 t)J~lf r11A'Jl)JLu~mC?l-~1'1 4.5 m)Jl(;l~ 

0.1 L'Vh"1l'tl-l~'J~'l~ (9 . 51)JtFl~~(;l~) L~)JL'tlDl~'tl~u1~'Vli (absolute ethanol) m)Jl(;l~ 2 Lvll"11'tl-l • 
~'J~'l~ (190 1)JtFl~~(;l~) LL~:;Ln~tFlL9~ Fl'Jl)JL.jf)J.jf~ 20 1)JtFlmf)J(;]'tlL)JtFl~~(;l~ m)Jl(;l~ 1 
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" f'I,)'l~Lj') 14,000 J''tliJ(;]'tl'l..l'lVl 'eJruVl1Jn 4°"l! Lth.lL,)~115 'l..l'lVl ri'tltl1LYl~'hI..!1~Vi\lLL~,)~1\1~:;n'tl'W 

~L~'WL'tl~1~~,)tIL'tlfi'l'W'tl~ 80% m~'l~J' 100 1~Lf'lJ'~~J' oW1hJ,1'WLVI~tI\I~f'I,)1~Lj') 14,000 J''tliJ 
, ", 

(;]'tl'W'lVl Vl'tlruVilln 4°"l! LtJ'WL,)~'l 10 'W'lVl L'VI~')'W1~Vi\lLL~,)oW'l~:;n'tl'W~L~'WL'tlVl1,Jlhh:;LVltl1~LL'lX\l . " 

, " 
3.8.3 mJ'L;'tl~(;]'tl;'W~L~'WL'tlL;hniJ'tl:;LL~iJL~'tlf (adaptor) 

, " , 
L;'tl~(;]'tl;'W~L~'WL'tlVlL~1t1~Uil'W.;r'tl 3.8.2 L;hniJ'tl:;LL~iJL~'tlf ~,)tI T4 ~L~'WL'tl 

't~Ln~ (T 4 DNA ligase) (Clontech laboratories Inc., USA) ~'l~~fi~J':;1.JL(;)tliJl';'VI~eJ~~ Lrntl 

" ~~,)'WeJ~~~'tl\lUn~tI'l~\I~ 

" , 
;'W~L~'WL'tlVlL~1t1~1~'W.;r'tl 3.7.2 

'tl:;LL~iJL~'tlf (25 ~Lf'lJ'L~~1f) 

1 OX 1~ Ln-n'WuvhrJ'tlf 

T4 ~L~'WL'tl1~Ln~ (6 VI'll,)tI(;]'tl1~Lf'lJ'~~J') 

m~'l~J'~Ylfi • 

2 1~Lm~~J' 

0.95 1~Lf'lJ'~~J' 

0.8 1~Lf'lJ'~~J' 

0.25 1~Lm~~J' 

4 1~Lf'lJ'~m 

, , " 
eJ~~1~L'ihn'WLL~:;oW'l1UU~Vl'tlruVilln 16°"l! LtJ'Wb,)~1 16-18 -n') L~\I r;;nmr'WVltI (;) . " . 

Un~m~'eJruVl1Jn 70°"l! LtJ'WL,)~'l 5 'W1Vl b~~UrJLrJ'tlf TE (ll'lf'leJ'W')n "1115) 1m~m~'l~J' 

~(;)Yf'ltILyhniJ 40 1~Lf'lJ'~~J' • 

3.8.4 mJ'L~~m~'lru~'W~,)'W~'tl\lU'W~UJ':;~,)~J'~~;,)~\lLf'lJ''l:;-J PHA ~'ln~L'Wnn"1J'tl\l R. 

eutropha ~'ltl~'Wf A-04 L(;)tlUn~tI'l~nL'1iYl'tl~L~'tlLJ'~ 

oW'lU'W phaC ~YlniJ~'l~iJ'U,)f'\~L'tl1 Yl r;)LL~,)~1 n-n'tl 3.7 .8 ~'l 

'tl'tln LLiJiJ L'tl~Lnil') f'\~L'tl 't'VI (;)1 Yl J'L~'tlf~~ f'I,)1~~1 LYl1 :;niJu'W~\I n~'l,)~iJ1L,) ruU~1t1 5' b ~'tl1-ifVl'l 
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)'i~L'a'Wl"l!~LU~'l ~i'i:[;ll 'Vl t'a L~~ (phaA) LL~:;U'W~U),:;~'J~)'i~ L'a'Wl']j~'a:;~t[;l'a:;L']jVi~ tfOlL'a1~m'Vl~ 

(pha8) [;l'l~~'l~U t(;1tJ'a'amLUU forward primer 2 L~'W ~'a forward primer ~'atJ~h'W'W'an 
'lJ 

, " , 
(outer forward primer) LL~:; forward primer Vl'a~~h'Wl'W (nested forward primer) t(;1tJ~,:j=n'a 

~'l F3 LL~:; F4 [;l'l~~'l~U ~,:jLL~(;1,:jl'W)'u~ 3.1 LL~:;'a'amLuut'a~tnU'JfOl~t'al'Vl(;11~),L~'af~ij 
'lJ 

X 11. I 'i' .l' .. .,J ," 
'1J'W ~u ~(;1tJ'a'amLUU reverse primer 2 L~'W fOl'a reverse primer 'Vl'a~(;1'l'W'W'an (outer reverse 

, " , 
primer) LL~:; reverse primer Vl'atJ~h'Wl'W (nested reverse primer) t(;1tJ~,:j:n'tl~'l R1 LL~:; R2 

'lJ 

(;J'l~~1 ~U ~,:j LL~ (;1,:j 1 'WlU~ 3.1 t(;1tJ.yhU{jmtJ1~n t '1i~'tl~ L~'a L)'~1'J~ nUL ~),L~'af~~'l L~1:;nu 

'tl:;LL~UL[;l'tlf ~'a 1~),L~'tlf~~1L~1:;nu'tl:;LL~uL(;J'tlf~1'W'W'an (outer adaptor primer 1, AP1) 

LL~:;1~n~'af~~1L~1:;nu'a:;LL~UL[;l'tlf~1'Wl'W (nested adaptor primer 2, AP2) r.nn1(;1 

GenomeWalker™ Universal Kit (Clontech laboratories Inc ., USA) t(;1tJ~1~uU'JfOl~t'al'Vl'" 
I I II I I 

'1J'a,:jl~),L~'afLL~(;1,:j~,:j[;l1n,:jVl3.2 ;,n1,:j AP1 LL~:; AP2 LiJ'W~1~UVl'atJU'W'a:;LL~uL[;l'afVl~'aL;r1nu 

" :n'W~hii'WL'tll'W-if'a 3.8.3 

5' .-R1 

.-R2 

'lJ 

tJ~1tJ 5' LL~:;u1L'Jrutl~'ltJ 3' "1I'a,:jU'W phaC ~'Vl),'lU~1 ~UU'JfOl~t'a 1'Vl "'U1,:j~'J'WLL~'J 

~~1m~[;l U1L'Jru IiII ~'a U'W phaC ~'Vl),1U~1~uU'JfOl~t'al'Vl",u1,:j~'J'WLL~'J ~1~fuu1L'Jru • 

3' 
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3.8.4.2.1 L~t1Hl1Yin'-J'af R1 LL~:; AP1 

~ , 
~'af R1 ~ui.tl L~t11.jf reverse primer Vl'a~~l1Uu'an R1 i'J'-Jrlu outer adaptor primer 1 (AP1) 

, >-

1utll)mm~ n LeJ!Yi'a~ L'-J'a L~~ L~t1~1~~:;~'ltIVlHf Ltlu~'Ju~~'-J1 utll)mmiJ ~'1 (;]'a i.tli! 

10X Long PCR buffer 2.5 i.'-JLrw~~~ 

(~'J1'-JL;r'-J;rU~ ~Vl1t1 1 X Long PCR buffer) 

~1~~:;~1t1 MgCI2 (~'J1'-JL;r'-J;rU 25 lj~~L'-J~1f) 2.5 i.'-JL~~~~~ 

(~'J1'-JL;r'-J;rU~~vhtl 2.5lj~~L'-J~1f) • 
~1~~:;~1t1 dNTP (~'J1'-JL;r'-J;ru2lj~~L'-J~1f) 2.5 i.'-JL~~~~~ 

(~'J1'-JL;r'-J;rU~~vhtl 0 . 2lj~~L'-J~1f) • 

~1~~:;~1t1i.Yi~L'-J'af R1 (~'J1'-JL;r'-J;rU 1 0 i.'-JL~~L'-J~1f) 0.5 i.'-JL~~~~~ 

(m1'-JL;r'-J;rU~~vhtl 0.2 i.'-JL~~L'-J~1f) • 
~1~~:;~1t1i.Yi~L'-J'af AP1 (~'J1'-JL;r'-J;rU 1 0 i.'-JL~~ L'-J~1f) 0.5 i.'-JL~~~~~ 

(~'J1'-JL;r'-J;rU~~vhtl 0.2 i.'-JL~~L'-J~1f) • 

~1~~:;~1t1 DMSO (Dimethyl sulfoxide) 0.5 i.'-J Lrw~ ~ ~ 

L'aUi.'1I~ Long PCR Enzyme Mix 0.25 i.'-JL~~~~~ 

(~'J1'-JL;r'-J;rU 5 "n,btl(;]'ai.'-JL~~~~~) 

~ L~UL 'a mJ LLUIA'I ~ ~ ~'JtI L~~'Vl1-n-nuL'aui.'1I~ 
, 

..cI I 11.., Cl'tJ tr 11 11 
LL~:;L'1I'a'-J ~'a L"lJ1 nU'a:;LL~ L~'a~LL~'J1il1 n"ll'a 3.8.3 0.5 i.'-JL~~~~~ 

"" :: tl tl tl J' 1 "~lli "t1 L~'-JU1 ~'a~ ~:;Iil ~'a~L'1I'a ~'-J ~'-J1~~~~'Vl1tIL U 50 i.'-JL~~~~~ • • 
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" LtJmnnAwn1J'vhtl~mU1~ntS]'Yl'el~L~'elLJ'~ LlI'Wc;)'1U 
, 

Initial denaturation "" "" LlI'WL'l'Cl'l "" 'Yl'elru~l1~ 94°"11 2.5 'W'l'Yl • .. , 
Denaturation "" '" 'Yl'elru~l1~ 95°"11 · .. LlI'WL'l'Cl'l 20 

, 
Annealing "" "" dJ'WL'l'Cl'l 'Yl'elru~l1~ 62°"11 30 10 J''elU • .. 

, 
Extention "" "" LU'WL'l'Cl'l "" 'Yl'elru~l1~ 68°"11 7 'W'l'Yl · .. , 

Denaturation Vi'elru~l1~ 95°"11 LU'WL'l'Cl'l 20 • .. , 
Annealing "" "" LlI'WL'l'Cl'l 20 J''elU 'Yl'elru~l1~ 62°"11 30 • .. 

, 

Extention "" "" LU'WL'l'Cl'l "" 'Yl'elru~l1~ 68°"11 10 'W'l'Yl • .. 
, 

Final extention "" '" 'Yl'aru~l1~ 68°"11 LU'WL'l'Cl'l 10 "" 'W'l'Yl • .. 

(DNA 

Thermal Cycle) (Perkin Elmer, USA) LL'Cl:;[;lJ''l9~'elUtJ~[;l.nrueyJr.nntl~mtn~nts]'Yl'el~L~'elLJ'~ 

~'lU'fl:;n1tJ'~L9'Cl~L~nt'YlJ'h~LJ';~ t"'m[;l1U~'el:;n'ltJ'~Lifwif'W 1.5% ~'1~'Cl'el~L'WuyhYl'elf 1X TAE 
" , 

(l1'lrltJ'W'ln "1119) LL'Cl:;l1'l [;l'l~-i'W[;l'el'WVi'elfiU'lult)t 'Wif'el 3.7.3 

3.8.4.2.2 t"'UL-n'YlJ'~'elf F3 LL'Cl:; AP1 

L~'elL~)Jm~'lru~'W~'l'W"1I'el'lu'W phaC L'W~'l'W~'el~5"'9'ln 
l'Yln~'elf F3 ~'1~'l t",u9:;il~'l'W"1I'el'lu'W~tlJ':;~'l'ClJ'~~~'l~'1Lrln:;i PHA ~'W1 ~'11~LLfi U'W phaA 

LL'Cl:;U'W pha8 [;l'l~~'l~U t"'UL-n' forward primer ~'elrJ~'l'W'W'eln F3 i'l~riu outer adaptor .. 
primer 1 (AP 1) L 'Wtl~mU'l~n ts]'Yl'el~ ~'el LJ'~ t",u ~'lJ''Cl:;'Cl'lrJ~L-n' LU'W~'l'WtJ~~ L 'Wtl~mu1ij 

10X Long PCR buffer 

(rl,)'l~Lif~;r'W~",Yf'lU 1 X Long PCR buffer) 

~'lJ''Cl:;'Cl'lU MgCI2 (rl'l'l)JL;r~if'W 25 ~'Cl~t)J'Cl'l~) 

(rl,)'l)JLif)Jif'W~",Yf'lU 2.5 ~'Cl~t~'Cl'lf) 

~'lJ''Cl:;'Cl'lU dNTP (rl'l'l~Lif~if'W 2 ~'Cl~t~'Cl'lf) 

(rl'l'l~L;r)J;r'W~",Yf'lU 0.2 ~~~t~~nf) • 

5 

2.5 

2.5 
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~'w~:;~1dl."r'i),Ll-J'elf F3 (f'l,)1lJ dflJ-nu 1 0 1l-JLf'l),Ll-J~1f) 0 .5 1l-JLf'l)'~[;1)' 

(f'l,)1l-JL-nl-J-nU~I'l.yhu 0.21l-JLf'l)'Ll-J~1f) • 
~1),~:;~1U1"r'i),Ll.J'elf AP1 (f'l,)1)JL-nl-J-nU 1 0 1l-JLf'l),Ll-J~1f) 0 .5 1l-JLf'l)'~[;1)' 

(f'l,)1l-JL;rl-J;)U~ I'lVl1U 0.21l.J Lf'l~ Ll-J~1f) • 

~1),~:;~1U DMSO (Dimethyl sulfoxide) 0.5 1l-JLm~[;1)' 

L'elUL'UJ Long PCR Enzyme Mix 0.25 1l-J Lf'l),~ [;1)' 

(f'l,)1l-JL-nl-J;)U 5 ~ti,)u~'el1l-JLf'l~~[;1)') 

~LtflUL~LL),jLLUU~~~I'l~,)uL)'~'Vi~niuL'elu1".1!,r 0.5 1l-JLf'l)'~[;1)' 
, 

.4 t"'" ",j .. " " LL~:;L".I!~)J[;1~L'jJ1nU'el:;LLI'l L(;J'el~LL~,)'"I1n'jJ'el 3.8.3 

"' "' L~lJU1U~~C;)lh:;'"IU~~ C;)L;~ 1,xihB-lJ1 [;1)'~ I'lVl1milu 50 1l-JLf'l)'~[;1)' 
• • 

"' , 
LU1LLn),lJLL~:;%n11~1LU'-!uDmU1~n L'lIYi~~Ll-J'elL),~ iji,-![;1'el'-!L"lluL~mriUYl 

mh'l 1rlt '-!-n'el 3.8.4.2.1 LL~:;m')'"I~~U~~ Pl.nrueyJ'"I1 nUDmU1~n L"ll"r'i'el~ Ll-J'el L),~ ~,)U'el:;rm)'~ 

L'"I~~ L~n L'VI), L ~L),'i~ [;11)J~ n~1,) 1 rlt ,-!;)'el 3.7.3 

3.8.4.2.31C;)f'l')UFJlJ~~u')n (positive control) 

Lc;)ul-if Human Positive Control Library '"I1n1c;) 

GenomeWalker™ Universal Kit (Clontech laboratories Inc., USA) LiI'-!LL),jLLUU LL~:;H1Yi1 

LlJ~f Positive Control tPA primer (PCP1) ~~1LYi1:;riUUU tPA UULf'l1Ll-JL"l!l-J'jJ'el~l-J'4~U 1,)lJriu 

outer adaptor primer 1 (AP1) '"I1n'lll'l GenomeWalker™ Universal Kit (Clontech • 
laboratories Inc., USA) 1Un1~":huDmu1~nL'lIYi'el~Ll-J~L),~L~'el1-ifLilU11'lf'l')UFJl-J~~u')n LC;)U 

~1),~:;~1U~Hi' LiI,-!~'),-!~~)J1 '-!UDmU1~n L'lIYi'el~ Ll-J'el L),~ LL~:; LU),LLnJ')J 1 '-!n1 )''':huDmu1~n t'll 
.. ,!II.J........J, 1" "" " "r'i'el~Ll-J'elL),~LuUL"1IULc;)mnU'VIn~1,) ,)LL~,) ~,-!'jJ~ 3.8.4.2.1 
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3.8.4 .2.4 '~I'l'JtJl"ll-Jt-J~~tJ (negative control) 

., ., 
L C'I tlL-D' ,j 1 tl ~ 'el C'I tl t :; "'l tl ~ 'el C'I L ~ 'el L U 'W LL lJ LL tJ tJ L'W n 1 t l11 

q 

tlljmtl1~ n L'll'Yi'el ~ Ll-J'el Lt~ L ~'elL-D' LU'W, ~ l'l'JtJ I"ll-J t-J ~ ~ tJ"iI'tl.:J tlljmtl1 ~ n L'll'Yi'el~ Ll-J'el Lt~ L 'W;)'el 

3.8.4.2.1 LL~:; 3.8.4.2.2 L~tI~1t~ :;~1t1~L-D' LU'W~'J'Wt-J~l-JL 'Wtlljmtl1~ n L'll'Yi'el~ Ll-J'el Lt~ LU'W 
, 

..J'" .... .,., ~'"'''L'' L·JJ'WL~mntJYln~1'J L'JLL~'l 'W"iI'el 3.8.4.2.1 LL~:; 3.8.4.2.2 

., , 
3.8.4.3 tlljmtl1~nL'll'Yi'el~Ll-J'elLt~I'l~.:JVl2 

L~'el"'l1.:J t-J~ [;].tiruevl~1~"'l1 n n1tl11tlljmtl1~n L'll'Yi'el~ Ll-J'tl Lt~ 
., .J .,., ., 

L'WI'l~.:JYl 1 "'l1n;)'el 3.8.4.2.1 tlt:;l-J1ru 50 LVI1 L~tlL-D',j1tl~'el~tlt:;"'ltl~'el~L~'el "'l1m!'W,j1l-J1L-D' • ., , , 
LU'WLLlJLLtJtJll.!n1tl11tlljmtl1~n L'll'Yi'el~Ll-J'elLt~I'l~.:JVl 2 LC'ltiL-D' reverse primer Vl'el~~1'Wll.! (R2) 

1'll-JntJ nested adaptor primer 2 (AP2) L~tI~1t~:;~1t1~HfLU'W~'l'Wt-J~l-JL'Wtlljmtl1~nL'li'Yi'tl~ 
., 

Ll-J'tlL)'~iJ~.:JJ;i'elltlil 

10X Long PCR buffer 2.5 ll-Jtl'lt~[;]t 

(1'l'l1l-JL;)l-J;)'W~C'lYl1t1 1 X Long PCR buffer) 

~1t~:;~1t1 MgCI2 (1'l'l1l-JL;)l-J;)'W 25 iJ~~tl-J~1~) 2.5 ll-Jtl'lt~[;]t 

( 1'l'l1l-JL;)l-J;)'W~C'lYl1t1 2.5 iJ~~tl-J~1~) • 
~1t~:;~1t1 dNTP (1'l'l1l-JL;)l-J;)'W 2 iJ~~tl-J~1f) 2.5 ll-Jtl'lt~[;]t 

(1'l'l1l-JL-ifl-J;)'W~~Y11t1 0.2 iJ~~tl-J~1f) 
q 

~1t~:;~1t11'Yi),Ll-J'elf R2 (~'J1l-J L;)l-J;)'W 1 0 1l-JtMtl-J~1f) 0.5 ll-Jtl'lt~[;]t 

(~'l1l-JL;)l-J;)'W~~Y11t1 0 . 21l-Jt~ttl-J~1f) • 
~1t~:;~1t11'YitLl-J'elf AP2 (~'l1l-JL;)l-J;)'W 10 1l-JLl'lttl-J~1f) 0.5 ll-Jt~t~[;]t 

( m1l-JL;)l-J;)'W~~Y11t1 0 . 21l-JtMtl-J~1f) • 
~1t~:;~1t1 DMSO (Dimethyl sulfoxide) 0.5 ll-Jtl'lt~[;]t 
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L'el'WL"J!,J Long PCR Enzyme Mix 0.25 h/L~~~~~ 

(~'J1~L;r~;r'W 5 'VIt.b£J[;]'f)L~t~~~~~) 
, 

~L~'WL'f)LLlJLL1J1J'"lln-if'f) 3.8.4.2.1 Vh~'f)'"ll'1LL~'J 0.5 l~t~~~~~ 
" " L~~-W1tl~'f) ~1.h:;'"ltl~'f) ~ L;'f) 11Xi:im~1 ~~~ ~Vf 1£J LU'W 50 L~t~~~~~ • • 

" ttlmm~1 'Wm~';htl{jmmfjn t'1iYitJ~ L~'f) L~~ LU'W~'1t1 
, 

Initial denaturation ~'f)ru'VIlli3 94 ° "J! LU'WL'J~l 2 "" 
• " 

'WTV1 
, 

Denaturation ~tJru'VIlli3 95°"J! LU'WL'J~l 20 • " , 
"" .... LU'WL'J~l Annealing Y1'f)ru'VIll~ 61 0"J! 30 1 0 ~'f)1J • " , 

Extention ~tJru'VIlli3 68°"J! LU'WL'J~l 4 "" 
• " 

'W1Y1 
, 

Denaturation ~'f)ru'\.wi3 95°"J! LU'WL'J~l 20 • " , 
Annealing ~'f)ru'VIlli3 61 0"J! LU'WL'J~l 30 20 ~'f)1J 

• " , 
"" "" LU'WL'J~l "" Extention Y1'f)ru'VIll~ 68°"J! 7 'W1Y1 • " , 

Final extention ~'f)ru'VIlli3 68°"J! LU'WL'J~l 10 "" 'W1Y1 • " 

(DNA 

Thermal Cycle) (Perkin Elmer, USA) LL~:;~~'J'"lfl'f)1Jt:.J~~Jiru,,]'"llntl{jm£J1fjnt'1iYi'f)~~tJL~fl 

~'J£JtJ:;n1t~~L'"l~~L~ntY1~t'Yh~;fl t~m~1£J~'f):;mt~~L-if~;r'W 1.5% ;'1'V1~'f)~1'Wu'YhyJtJf 1X TAE 
" , 

(1l1~t:.J'W'Jn ~ 19) LL~:;Yi1 ~1~i'W~tJ'W~'f)fi1J1£Jlr)l 'W;rtJ 3.7.3 

3.8.4.3.2 t~£JHi.Yi~L~'f)f F4 LL~:; AP2 

L~'f)'"ll'1 t:.J~ ~Ji ru"]~l~'"lln m~Yi1tl{jm£J 1fj n t'1iYi'f)~ L~'f) L~~ 
'" I "II '" 

~f'l~ 1 1 'W;r'f) 3.8.4.2.2 tl~:;~l ru 50 LVI1 t~£J1-n-W1tl~'f) ~tl~:;'"ltl~'f) ~ L;'f) '"l1 mr'W-W1~11-if LU'W • 
II t I I 

LLlJLL1J1J1'Wm~';htl{jm£J1fjnt'1iYi'f)~L~'f)L~fl~f'l~ 2 ~'11-n forward primer ~'f)~~1'W1'W (F4) 

:h~n1J nested adaptor primer 2 (AP2) t~£J~1~~:;~1£J~1-nLU'W~'J'Wt:.Jfl~1'Wtl{jmmfjnt'1iYi'f)~ 

L~'em~i:i~'1[;]'f)Ltle 
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10X Long PCR buffer 2.5 llJt~~~(;l~ 

(~'JllJLilJi'W~"'V11U 1X Long PCR buffer) 

~1~~:::~IU MgClz (~'JIl-JL.jfl-J.jf'W 25 iJ~~tl-J~lf) 2.5 llJt~~~(;l~ 

(~'JllJLilJi'W~"'V11U 2.5 n~~tlJ~lf) 

~1~~:::~IU dNTP (~'JIl-JL.jflJ.jf'W 2 iJ~~tl-J~lf) 2.5 llJt~~~(;l~ 

(~'JllJ L.jflJif'W~",V11U 0.2 n~~tlJ~lf) • 

~1~~:::~IU1YlnlJ'elf F4 (~'JllJLiflJif'W 1 a llJtMtlJ~lf) 0.5 llJt~~~(;l~ 

(~'JllJLilJ.jf'W~",V11U 0 . 21l-Jt~~tlJ~lf) • 

~1~~:::~IU1Yl~LlJ'elf AP2 (~'JllJL.jflJi'W 1 a 1lJt~~tlJ~lf) 0.5 llJt~~~(;l~ 

(~'JIl-JLiflJif'W~(;)V11U 0 . 21l-lt~~tlJ~lf) 

~1~~:::~IU DMSO (Dfmethyl sulfoxide) 0.5 llJt~~~(;l~ 

L'el'Wl"l!~ Long PCR Enzyme Mix 0.25 1l-lt~~~(;l~ 

(~'JllJLilJ.jf'W 5 "nl'Ju(;\'el1lJt~~~(;l~) 
.,... , " ..I...." 
(;)L'el'WL'elLLlJLLUU~ln"1l'el 3.8.4.2.2 YlL~'el~I~LL~'J 0.5 1lJt~~~(;l~ 

o. o. 

L~lJUIU~'el"'l.h:::~t1~'tl (;)L;'tlL ~;:hElJl (;l~~ "'V11U LiJ'W • • 50 llJt~~~(;l~ 

o. , 

flri(;)CJ~(;lJiru"~lntlnmm~nt'llYl'tl~LlJ'tlL~fl~f~Y1 2 'el'eln~ln'el:::mt~flL~f'l 

t(;)UL.jf1(;) Wizard SV Gel and PCR Clean-Up System Kit (Promega, USA) (JlI~CJ'W'Jn "1122) 
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3.9.2 n1~L~1n.J(;]'fHJ~j;]Jlru"Yl'<l1mJBnhJ1~nL"JlYi'tl~hlJ'tlL~~L·ihnUL'lml;],flf pGEM L(;W 

H1(;1~1L~'<l pGEM®-T Easy Vector Systems (Promega, USA) (Jl1~CJ'W'ln "lI24) 

U1 CJ~ j;]Jlru"Yl'<l1 mJBnhJ1~n L"JlYi'tl~ LlJ'tl L~~~1~'"l1 n m~~ n (;1'tl'tln'<l1 n'tl:::m h~ 
L'"l~'<l1n-if'tl 3.9.1 lJ1L~'tllJ(;]'tlnUL'lmj;]'tlf pGEM mlJ';)fi~~:::UL(;1rJu1~Yl~CJ~j;] L(;1rJiJ~'l'WCJ~lJ . " 

2X Rapid Ligation Buffer 2.5 llJL~~~j;]~ 

® L .., pGEM -T Easy Vector (50 'W1 'WmlJ) 0.5 llJL~~~j;]~ 

CJ~j;]Jlruoyf'"l1mJBmm~nL"llYi'tl~Ll.J'tlL~~ 0.4 ll.JL~~~j;]~ 

T4 ~L~'WL'tll~Ln~ (3 '\.n.i'lrJ(;]'tlll.JL~~~j;]~) 1 llJL~~~j;]~ 
" " U1tJ~'tl (;1tJ~:::'"ltJ~'t) (;1 L;'tl 0.6 llJL~~~j;]~ 

q 

mlJ1j;]~~Ylfi 5 llJL~~~j;]~ • 

3.9.3 m~Yln'Wl;{Yl't)fl.J1~'tllJijLL'W'WvlYi~1~ij(;1L-if1~~'ellJYlLV1'W~L'1I~~"lI'el'l E. coli ~1rJ 

~'Wfi JM109 • 

, " , 
LL~::: Russell, 2001) ~'liJi'Wj;]'el'W1'Wn1~"':hL'1'lV11~m'h'l1tj1'Wif't) 3.7.6.2 

" , 
Yi~1~ij(;1LL~'l1'W-if'el 3.9.3 mlJ1j;]~ 100 200 llJL~~~j;]nL~:::m2.J1j;]~11'l~2.J(;1 j;]12.J~1L'1U 2.J1Ln~rJ 

~'lU'W'fl1~1n~mL~'elLL~'l LB ~iJLL'el2.J~~~~'W (Jl1~CJ'W'ln "lI1) 100 12.JL~mf2.J(;]'elij~~~j;]~ LL~::: 
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, 
I .oC::iI oQ. 11 11 

t.J1tJn1nn~tJ1J'Wt.J,)~'W1m~1~(;l')tJ X-gal (5-Bromo-4-chloro-3-indolyl-p-D-galactoside) 

rl,)1~L.jf~.jf'W~(;lYf1tJ 50 ij~~nf~[;]'aij~~~j;]~ (1l1rlt.J'W')n "1129) m~1j;]~ 50 l~Lrl~~j;]~ LL~:; • 

IPTG (Isopropyl thio-p-D-galactoside) rl,)1~L.jf~.jf'W~(;l;11tJ 1 L~~1f (1l1rlt.J'W')n "1128) 
I ~ ~ ~ ~ t 

m~1 j;]~ 7 1~ Lrl~~ j;]~ (L(;lmn~tJ~1~~:;~1tJ'Yi-l~'a-ltlri'a'W1-if ~-lYi-l HIOl'WLL,x-l LL~:;~~ m~tJ-l~1l1,):; 
I I " "I I 

ViiJLL~-l) ~~-llOl1mn~m:n'aLL~,)U1hJL~mViml.!~llij 3r"ll LU'WL,)~1 16-18 -n,)L~-l . " 
..... .c;f q .J~..!'.c:.!I .J ..... Qj r 
rl(;lL~'anLrlL~'W E. coli JM109 'VI~"l!'W~,)'W"1I'a-ltJ'W'VI1.h:;~,)~~~~"ll,)~-lLrln:;~ 

PHA ~,)tJ';jfi Blue/White selection (Sam brook LL~:; Russell, 2001) ~-lLu'W';jfi~(;lL~'anLrl L~tl~ 
" I " I '" 

iJ~'W~ L~'WL'aVi ~'a-l n1 ~~'a (;l LL 'VImmJ L(;ltJiJ~~ n n1~~-ltl LSj'aiJ n1~~'a (;l LL 'VI ~n"jJ'a-l~'W~ L~'WL!l1 'W 
" 

1J1L,) rutJ'W~1.h:;~')~~~~ L'il'Wl"ll,fL1J ~1 n1 LL~ rl Lj;]~ L(;l~ (lacZ) vh 't ,xlOl~'W'VI1tJ1";~1~1~(1~~1-:j • 
L!l'W1."ll,fe1.~ L~'il L~tJ-:j1J'W'il1~1~LL;j-l~iJ X-gal LU'W~,)'W1.h:;n'il1J Lrl L~tl~1.";iJ n1~~'il(;lLL'VIm"l!!l-:j 
~ , 
~'W~h~'WL'il~1~1~(1~h-l L'il'Wl"ll,r'a'iln~1£J'iltJ X-gal vh 1,xLn(;ln1~Lu~tJ'W~"1I'il-:j Lrl L~tlLU'W~yh LL~:; 

Lrl L~tl~iJ~'W~ L~'WL'il~'a (;lLL'VIm'il~1";~1~1~tl~~1-l L'il'Wl"ll,f'il'iln~1£J'iltJ X-gal 1~ Lrl L~tl~-liJ~"l!1,) 

3.1 0.1 n1~~ri(;lYl~1~ij(;l~')tJ'll(;l~ri(;lYl~1~ij(;l High Pure Plasmid Isolation Kit 

(Roche Applied Science, Germany) (1l1rlCJ'W')n "1127) 

'Yi~1~ij(;l High Pure Plasmid Isolation Kit (Roche Applied Science, Germany) j;]1~';jfi~~:;1J 
., 

L(;ltJ1J1m,eJt.J~j;] LL~:;iJ-n'Wj;]'il'WL"li'WL~mri1J.jf'il 3.7.8 
'" 



66 

J;JJ',)iOl~'elU~I"l'ell-JiJLLl.!'Wy]'Yi~1~~~~~n~ L~iOl1n~'el 3.1 0.1 L~Un1J'r;l~~')mJ'~'Vi~n 

-n'WL'el'WL"1IlJ EcoRI (Fermentas, USA) 'elth'l~l-JUJ'ru ml-J';)fi~J':;UL~Uu1';'VI~t:.J~J;J~'1ij~,)'Wt:.J~l-J 
'IJ • 'IJ 

'lI'el'ltJDrn-m ~'1;1 

10X U'YlLYl'elf EcoRI 

'Yi~1~~~~~n~LrrL'W-if'el 3.10.1 

(1 Ll-J LfDl m rl-J t;]'elLl-J LI"lJ'~ J;J J') 

L'el'WL"1IlJ EcoRI 

(1"l,)1l-JL~l-Ji'W 10 'W\,\')U t;]'elLl-JLfDlJ'~ J;JJ') 

" " ,J1tJ~'el ~tJJ':;iOlU~'el ~ L=D'el • 

, " , 

1 Ll-J LI"lJ'~ J;JJ' 

16 Ll-JLI"lJ'~J;JJ' 

20 Ll-JLfDlJ'~J;JJ' 

1 -n,)Ll-J'I iOl1m!'W~tJ~tJDrn-mYl~ruwJ~ 65°"ll L1j'WL,)~1 20 'W1Yl LL~:;J;JJ',)iOl~'elUlULLUU'Yif'l1~~~ 

~r;l~ L~~')u';)fi'el:;n1 tJ'~ LiOl~~ L~n L 'VIJ'LYlL~~ J;J1l-J~n~1,) Lt)t'Wi'el 3.7.3 

II I I " 

iOl1m!'W';) LI"lJ'1:;i~1 ~uil') I"l~L'elL 'VI c;1'l1'el'lU'WYltJJ':;l-J,)~J'~~=Jhi'l LI"lJ'1:;i PHA YlL~~ L~ml1LtJ 

LmUULYlUUnU~'ell-J~1'W~1'W~'ell-J~ GenBank ~,)uLtJmml-J BLASTn ~'1LU'WLtJJ'LLml-J~"'l:;,J1 
'IJ dS 'U 

~1 ~U'n') I"l~L'elL 'VI c;1~L~ LtJ Lmuu LYlUUnU~'ell-J~~ Lu'Wih ~uil') I"l~L'elL 'VI c;1"ll'el'lU'W~ijn1J'J'1U'l1'W'elrJ 
'IJ 'IJ 

II I" I 

1 'W~1'W-if'ell-J~ Gen Bank LL~:;,J1~1 ~uil') I"l~L'elL 'VI c;1"ll'el'l~'W~ L~'WL 'elYl'VIJ'1Ul1'1~l-J ~l-J1 L=D'ell-J t;]'el rl'W 
dS 'IJ 
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3.11 n1'iL~~r.i1'lJ1'lJ:';·h.lijn~L~'lJL'el;t~,j'i~~1'i1'i~~;ih~~LFt'i1~~ PHA "lI'el~ R. eutropha 

~1t1"''lJ~ A-04 Lj;)tI,jilmtl1~n L'1i~'el~L~'elL'i~ 

~'elnLLUUL~~Lnu1Ft~L~1Y1(;11Yi:rL~tJf~~1LYiI~~~~iL~'UL~ U1L1rulFt(;1~'U~~~'U 
~ I I I 

LL~:;~'Uq r;)"1I~~u'UYhJ:r:;~1~:r,r~:n1~~ LFt:rI:;i PHA LYitJ L m~'UYi Ft:rU~~1J:rnr lr;)U L-ififtJ2J~ih I'lU 
, ., , 

il1Ft~l~1Y1c;1"11~~u'UYi\nl~'U-iftJ 3.10.4 ~~mLUU forward LL~:; reverse primer ~~~~~1 

F J)haCAB LL~:; R_phaCAB (;n~~hl'lu ~~~11'lUU1Ft~l~1Y1(;11Yi:rUJ~fLL~(;1~I'l~(;nn~~ 3.2 

3.11 .2 u~mm~nl"1iYi~~L~~L:r~ (Polymerase Chain Reaction, PCR) 

,jllFt:rl~l'l!~~~~L~'UL~"1ItJ~ R. eutropha ~lu~'Uf A-04 ~~n(;11~'Uif~ 3.6.2 

Lu'UmJ LLUUL 'Uu~m[J1~ n l"1iYi~~ L~tJ L:r~ l(;1UL-ifttJ~lnU1 Ft~ltJ 1 YI (;11 Yin~~f~tJtJn LLUUL 'UiftJ 

3.11 .1 ~.J1L-if1'Um:rl11U~mul~nl"1iYitJ~L~tJL:r~ lr;)U~I:r~:;~IU~HLtI'Ufh'U~~~L'Uu~mmd:I'U 

10X Ex Taq DNA polymerase buffer 5 

(Ft11~Lif~-if'U~C;l'Yhu 1 X Ex Taq DNA polymerase buffer) 

~1:r~:;rnu dNTP (Ft11~L;;~;;'U 2.5 ij~~l~~1f) 4 

(Ft11~L-if~-if'U~r;)Yhu 200 ~LFt:rL~~1f) 

~1:r~:;~1U MgCI2 (Ft11~L;;~;r'U 25 ij~~~~1f) 

(Ft11~L;r~;r'U~r;)"'1U 2 ij~~'U.J~1f) • 
~1:r~:;~1ulYi:rL~tJf F _phaCAB 

(Ft11~L;r~;r'U~r;)"'1U 1 ~LFt:rt~~1f) • 
~1:r~:;~1ulYi:rUJ~f RJ)haCAB 

(Ft11~L;r~;r'U~r;)"'1U 1 1~LFt:r'U.J~1f) • 

LtJ'Ul'ji~ Ex Taq DNA polymerase 

(Ft11~L;r~-if'U 5 \n.i1U~tJ~Lm~(;):r) 

4 

1 

1 

0.5 
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~ cr I t.I 

'" L'tl'WL'tlLL~ LL1J1J~1 n"lJ'tl 3.6.2 1 

(m1~L;r~;r'W 11~Lrwnf~[;\'tll~LfI~~~~) 
~ ~ 

L~~,J1U~'tl ",u~:;~U~'tl "'L~'tl1 ~ihn~1 ~~~",.yhu LU'W 50 • • 

0 

Initial denaturation Vi'tlCl.llU121 94°'l! LU'WL'l~1 2 
q 

'W1Yl • .. 
0 

Denaturation 
q .... 

Yl~N'"1J~ 98°'l! LU'WL'l~1 10 

.oJ .... 
LU'WL'l~1 30 30 ~'81J Annealing Yl'8N,"J1~ 50°'l! • .. 

0 

Extention Vi'8N,"J121 72°'l! LU'WL'l~1 1 
q 

'Wl'VI • .. 
.oJ .... 

LU'WL'l~1 10 
q 

Final extention Yl~N'"1J~ 72°'l! 'W1Yl 

~1LU'WUnmu1~nL'J!Yi'8~LWilL~~ ~'lmfli'8~L~~m~1N~h~'WL'8 (DNA Thermal 

Cycle) (Perkin Elmer, USA) LL~:;~~'l~~'81J~~~JiN,r~1nUnmu1~nL'J!Yi'tl~L~'8L~~~'lU'8:;n1 

L~~L~~~L~nLYl~LYh~~~ ~1~~fi~nrl1'l1t)t'W;r'tl 3.7.3 

IV .. 

~1t1'WUfi A-04 • 
pBADfTOPO® ThioFusion TM vector system 

~n",~~~JiN,r~1nUnmu1~nL'J!Yi'8~~'8L~~~1n;r'8 3.11.2 '8'8n~1n'8:;n1L~~ 

L~~~'lu1"'~n'" Wizard SV Gel and PCR Clean-Up System Kit (Promega, USA) (J11f1~'W'ln 
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3.12.2 n'l~L~'enJ(;l'tltJ~(;1.n ru"Yl'"llmJ5fihJ1fjn t'l1~'tl~ LlJ'tl L~~ Lih nUL')m(;1'tlfLL~ I'I'l'tl'tln 

pBADfTOPO® ThioFusion™ tl'lU1.jf'I'I~IL~'"l pBADfTOPO® ThioFusion™ Expression Kit 

(Invitrogen, USA) (.nll"1tJ'W')n "1132) 

UltJ~(;1.nru"'"llmJ5mUlfjnt'l1~'tl~LlJ'tlL~~~hhlnnl~~n(;)'tl'tln'"lln'tl:;mb~ 

L'"l~'"llnif'tl 3.12.1 lJIL~'tllJj;]'tlnUL')m(;1'tlfLL~I'I'l'tl'tln pBADfTOPO® ThioFusion ™ (;11lJ~fi~~:;1..J 
" t(;)UU1MVl~ tJ~ (;1 tl'luiJ~,)'WtJ~lJ"1I'tl'ltl5mul ~'l\l 

tJ~(;1.nru"'"llntl~mUlfjnt'l1~'tl~LlJ'tlL~~ 2 llJtl"l~~(;1~ 

Salt Solution 1 llJtM~(;1~ 
® 

TOPO vector 1 1l.JtM~(;1~ 
" " Ultl~'tl (;)tl~:;'"ltl~'tll'l L;'tl 2 llJtl"l~~(;1~ • 

mlJl(;1~~Vlfi 6 1l.Jtl"l~~(;1~ 
• 

... r 
~'W~ Top10 
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~ ~ ~ ~ ~ 

3.12.4 n1~~n~)'t'i~'1~l.J(;)(;)')tl1(;)~n~)'·f'i~'1~l.J(;) High Pure Plasmid Isolation Kit 

(Roche Applied Science, Germany) (Jl'1,OJe,J'\.J')n "tJ27) 

,",(;)L~hln Lf'1 L~nr.nn.jf'a 3.12.3 lJ'1~n(;)Yl~'1~ii(;)~')tl1(;)~nC;)Yl~'1~ii(;) High Pure 

Plasmid Isolation Kit (Roche Applied Science, Germany) 1JI'1l.J~fi~~:;UL(;)tlu1';V1cJCJ~1JI LL~:; . .. 

'"' (;) L~'anVi r'1'\.J~~'a fLLl.J'\.J-vl~ mf'1'Ell.JU LL '\.J'\.J-vlYl ~ '1 ~ij c;)~ ~'a~ n '1 r L(;)ml '1Yl ~'1 ~ii c;)~ 
~nc;) L~~'1n.jf'a 3.12.4 lJ'1 IJIr,)~~'aU~')tlunmtl'1\j n L'llYl'a~ LlJ'ElLr~ Lc;)tl1-nt Yl~LlJ'af~~'1LYl'1:;t;\'El 
0l:Il ~ IV q ~ I.... ....J 0 .., ... .:J cI 

tI'\.J'Y1ur:;lJ')~n.l~"lI,)~~ Lf'1n:;~ PHA r,)lJ nUL Yl nlJ'ElrVl~'1 L Yl'1:;nu L,) nLlJI'ElnL~ C;)~'a'Eln 'JI~lJ 
, ~ 

~'1r~:;~'1t1liH' Ltl'\.J~,)'\.JCJ~lJ 1 '\.Junmm\j n L 'llYl'a~ LlJ'a Lr~ ~~n 

TM 
10X Dream Tag buffer 2.5 1lJLf'1~~IJI~ 

(m'1lJ L.jflJ.jf'\.J~ (;)V1'1t1 1 X Dream Taq buffer) 

~'1r~:;~'1t1 dNTP (f'1,)'1lJL;rlJ;)'\.J 2 ii~~LlJ~'1f) 2.5 LlJLf'1r~lJIr 

(f'1,)'1lJL;rlJ;)'\.J~c;)V1'1t1 0.2 ii~~LlJ~'1f) • 
~'1~~:;~'1t1 MgCI2 (f'1,)'1lJL;rlJ;r'\.J 25 ii~~LlJ~'1f) 2 1lJLf'1r~lJIr 

(f'1,)'1lJL;rlJ;r'\.J~(;lV1'1t1 2 ii~~LlJ~'1f) • 
~1r~:;~1t1 forward primer 0 .5 LlJLf'1r~lJIr 

(f'1,)'1lJL.jflJ;r'\.J~(;lV11t1 11lJLf'1~LlJ~1f) • 
~1~~:;~1t1 reverse primer 0.5 LlJLflr~lJI~ 

(f'1,)1lJL;rl.J;)'\.J~c;)V11t1 11lJLf'WLlJ~1f) • 
L'a'\.JL"lIlf DreamTaqTM DNA Polymerase 0 .5 LlJLf'1r~lJI~ 

(m1l.JL;)lJ;)'\.J 5 ~tl')tlt;\'aLlJLf'1~~IJI~) 
q cr I lot 

C;)L'El'\.JL'ElLLlJLLUU~1n~'El 3 .12.4 0.5 LlJLf'1r~lJI~ 

(f'1,)1lJL;rlJ;r'\.J 1LlJLf'1~nflJt;\'ElLlJLf'1~~IJI~) 

... :: 1.1 1.1 1.1 J' 1""'ill "11 LIJIlJ'\.J1 ~'aC;) r:;~ ~'ElC;)L"JI'El ~lJ ~lJ11J1~~(;lVl1tIL '\.J 25 1lJLf'1r~lJI~ • • 
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>-

hJnLn~~1'Wn1~Vi1tJDnhJ1~n Lan~'el~ L~'elL~~ dJ'W~-lU 
, 

Initial denaturation 
.,. ... 

Lil'WL,)~1 
.,. 

V1'elruV1Jl~ 95°"ll 3 'W1V1 • .. 
, 

Denaturation 
.,. ... 

Lil'WL,)~1 30 V1'elruV1Jl~ 95°"ll • .. 
, 

Annealing 
.,. ... 
V1'elruV1Jl~ 50°"ll · .. Lil'WL,)~1 30 30 ~'elU 
, 

Extention 
.,. ... 

Lil'WL,)~1 
.,. 

V1'elruV1Jl~ 72°"ll 4 t!1V1 • .. 
, 

Final extention 
.,. ... 

Lil'WL,)~1 10 
.,. 

V1'elruV1Jl~ 72°"ll t!1V1 • .. 

~1L\lt!tJDmtl1~nLan~tl~~tlL~~ ~')mri~'el-lL~~m~1ru~iL~'WL'el (DNA Thermal 

Cycle) (Perkin Elmer, USA) LL~::~~'"l~'elu~~~nruoyf'"l1ntJDmm~n Lan~'el~L~'elL~~~')tJtl::n1 

L~~L'"l~~L~nLVI~L~L~;~ ~1~~fi~mh')1r)t'W-if'el 3.7.3 

PHA 1I'!l~ R. 
cv.. 1.... ..... .. 

eutropha ~1!1'Yit!fi A-04 'lJ'1A'!l~'UU'lJ'lJVI E. coli • 

, 
3.13.1 n1~m::~t!n1~LL~~-l'eltln'll'el-lut!YltJ~::~')~~tr~:n')i-lLrW1::~ PHA L~tJn1~L~~ • 

~1~~m::~'Wn1m~ ~-ltl'eln"jJtl-l LtJ~ L~ L~tlf • 

>-

n1tJtr,)L;'el'"l1n-if'el 3.5.2 m~1~~ 0.5 ij~~~~~ (~~Lil'W 1 % t;i'elm~1~~tl1V11~ 

" , 
(Jl1f'1~t!')n "111) m~1~~ 50 ij~~~m ,j1hh~tJ-ll'W~u~muf'l~tlruV1Jlij Ylf'l,)1~L~,) 200 ~tlut;itl 

" ~.." 

'W1Yl ~ruV11Jij 3r"1i Lil'WL,)~1 16-18 oi') L~-l r.nmr'W,j1~1ir'WLLtJnL"ll~;'el'eln'"l1nmV11~LV1~,)~ 
>-

f'I,)1~L~ 8,000 ~tlUt;i'el'W1Yl tlruV1Jlij 4°"1i Lil'WL,)~1 20 'W1Yl LVI~lhwl~Yi-l ~1-lL"1i~;~,)tJ . .. 
" ~ " '" 

~1~~::~1tJL"1iL~tJ~f'I~tlbr;fL-if~-if'W 0.85% '"l1mr'WtI'WLLtJnL"1i~;LL~::Vi1.n1~nf'lt'-l m::'"l1m"ll~; 

l'Wn~L"1itl~tl~ 1 0% m~1~~ 5 ij~~~~~ LL~::ri1tJ~~1'Wtl1V11~ LB ~L~1tJ~1V1,j Lc;)tJiJf'l1fD\l 
. '" 

;~~'W 50 l~Lf'lmt'~t;itlij~~~~~ m~1~11 00 ij~~~~1 L~tJ-ll'W~U~f'I,)Uf'l~'elruV1Jlij Ylf'l,)1~L~ 
" l1li"" 

II " I I" 

-if'Wt;i1-l1 '"l1nu'WL~tJ-lt;i'elltJLilt!L,)~1 48 i,)~-l Lc;)mnu~,)'elU1-ly'!n1 6 i,)L~~ ,j1~1V11jih,j1 

V1UnL"1i~;LL,x-l L~tl,j1~~~1~~1LmtJuLYltJutJ1::~V1fiJl1~1'lJn11~~~ PHB LL~::,j1L"ll~;~,)'W~ 
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3.13.2 ';jLfl11:;,r'l!ilj;)LL~:;uhJ1ru"1l'tl~ PHA ~~~(;l1~~ln1f1'tl~ihLtJtJ~ E.eol; L~ltJ1-irjfi 

nl'l!Lr11~1 L(;l1nl1YJ 

, " , 
1-irjfi"1l'tl~ Comeau LL~:;r1ru:; (1988) :n~LLUnL'l!~~'tl'tln~lmJ.Tl.nrn Lj;)mJ1LtJiftJ 

• I II I I 

L~~U~l1 8,000 1'tltJ~'tltJll1 LtJtJL,)~l 10 tJll1 LVl~')tJ1~Yi~ U1L'l!~~l11~hJ'tltJl1'tlru~l1n 70°'l! 
• 'IJ 

LtJtJL,)~l 24 i') L~~ r.nmrtJi~L'l!~~LLlX~ 20 n~~nf~ 1~1tJ~~'tlj;)ehLn~u,) L~~fI~'tl L1Yl'tlftJ 

mtJl(;l1 2 n~~~(;l1 LL~:;L~~~11~:;~lU 3% mj;)i~mn1tJL~VlfiltJ'tl~m~1(;l1 2 n~~~(;l1 ~;j 
'IJ 

n1j;)LtJtJL'l!~nLtJtJ~11~:;~lU~1(;l1~lWl1u1tJm~lru 2 n~~nf~~'tln~~~(;l1 1,"mltJ~'tltJ~ .... 
I '" II I I 

80°'l! LtJtJL,)~l 3 i,)LtJ~ Yi~lr)t,"LutJ~~ L~tJUln~tJ 1 n~~~(;l1 L"1IrJl'tlth~LLN~')mr11~~~tJ~11 
II "" I J.I 

LtJtJL,)~l 5 tJll1 Yi~H~tJ~11~:;~lmLunitJ ,huitJfI~'tl hrl'tlf~:n~'tlrJitJfh~1~~~'tlj;)chLn~m 

'tJru~1Jn'l!'tl~ injector 

'tJru~1Jn"1l'tl~ column 

'tJru~1Jn'l!'tl~ detector (FID) 

Split ratio 

nl'l!~,)~l (carrier gas) 

mtJl(;l1~j;) 

.. 

"1ItJlj;) 60 m. x 25 mm. ID x 25 I-lm. df 

250°'l! (isothermal) 

130°'l! tJltJ 6 tJll1 L~~'tlru~l1nLtJtJ 180°'l! ~')u 

250°'l! (isothermal) 

50 ~'tl1 

• 'IJ 

He ofl(;l11n111~~ 2 n~~~(;l1~'tltJll1 

1 1~Lr11~(;l1 
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n'1~ri1U':lrutfhJ1 rutlJtuLlJ'tlh'tl~ 3-1i1 "'~'tln;ij':lYi L~1n (nflJ (;]'tl~ 1n~(;]'tlL'l!~HhL~~ 20 

ij~~nflJ) t"'t1L-n"hJrLLmlJ Star chromatogram : L':l'tlr-B'u 4.02 ~~'"l::ri1U':lrumlJ1rutlJtuLlJ'tlr 

(t"'t1iJ~1~lJ11n~~1UJ11t11 ULuum", LUUt'l!~ n 2 ij~~ nflJ (;]'tlij~~~ In~) LmtiUL VitlUnU~1~ 

" "I SI " 

8,000 ~'tlu(;\'tlU1Vi LUUL':l~110 u1Vi L'Yl~':lu1~Yi~ ~1~L"1I~;~':lmj1n~u 2 Flf~ lJ1L"1I~;i~'VIlJ",hJ 
, , ., 

'tluVi'tlru'VIJ1ij 70°"11 LUUL':l~1 24 i':ltlJ~ 'VI1'tl'"lUn~1'"l::LL~~ '"l1n,rUUj~'"lL'l!~;LL~~~~1Ut1~ 
~ ~ ~ ~ 

m::"'11!m'tl~ LU'tlr 2 LUuiI"'~':ltl ~1t1'Yln~1U1 ~~U'Yl lJ11u1~"1I,) ",~iJthil",~U'Yl LL~::~ntn • 
'Yi'tl~LlJ'tlr~':ltlFl~'tlb~'tlrlJ~'tlru'VIJ1ij 80°"11 LUUL':l~1 48 -B'':ltlJ~ '"l1mrUL'Yl1~J11"11U::~~~~H~ . .. 

... 1>"; ~ •. 1'" 'I I> 11>...., .. .JQj <V .!II' ~... 0 

~ru'VI.1JlJ'VI'tl~ L'Yi'tl~::L'VItlFl~'tl ~~-n'tl~lJ'tl'tln ~'VI'VIlJtn '"l:: "'c.J~InJ1ru'VI'YllJ~n1!ru::LuULLc.JU-n~lJ U1lJ1 
.. I I " vh 1~u1~'Ylfi~n~'tlu t"'t1~::~1mL~U~;lJVit~ UFl~'tl h~'tlrlJVi'tl ru'VIJ1ij 80°'l! '"lULUUL U'tl L~t1':l nu . . .. 

" "" , 
~nFlf~ lJ1lJ1Innln::n'tlu1uLilm"1lUmlJ11n~ 4 LYl1 c.J~lJ1~L;hnu LL~::~~Yi~HVi'tlru'VIJ1ij~'tl~LtlU . .. 

. cI iL .... '''''' .... .. 3.14 n1~~1~1l1'J~'VIL~~1~'6UI un1~eJ~~ PHA U~Ft'El~\JLLUU'VI E. coli 

., ., 
3.14.1 n1~LIn1t1lJ"r':lL;'tl~1'V1fuLUUn~1L;'tl 

., 
thmr':lL;'tl'"l1n;,'tl 3.5.2 mlJ11n~ 0.5 ij~~~In~ (i~tnLUU 1 % (;\'tlmlJ11n~'tl1'V11~ 

L~mL~'tl) ~~1U'tl1'V11~~1'V1fuL~t1~n~1L~'tl~iJLL'tllJ~;~~U 1 00 1lJtFl~nflJ(;\'tlij~~~Vl~ 
., , 

(1l1Flc.JU':ln 'D1) mlJ11n~ 50 ij~~~In~ U1tUL~t1~1urXtJlJFl':lUFllJ'tlru'VIJ1ij ViFl':l1lJL1':l 200 ~'tl1J(;\'tl 
" ~ tj " 

• It I • 

U1Yl ~ru'VI.1Jij 3r"1l LUUL':l~1 16-18 i':l tlJ~ '"l1mrUlJ1lJ1iJuLLtlm"1l~;'tl'tln'"l1n'tl1'V11~L'VI~':lVi 
., ., 

Fl':l1lJL1':l 8,000 ~'tl1J(;\'tlU1Vi 'tlru'VIllij 4°"11 LU'WL':l~1 20 u1Vi L'Yl~,)'WlJ11~Yi~ ~1~L"1I~;~':ltl . .. , ., 
~1~~::~1t1t"1lL~t1lJFl~'tlh~L;'lJ4fU 0.85% iJuLLtlm'l!~; '"l1n,rum::'"l1m'l!~~1un~L"1I'tl~'tl~ 10% 

(1l1Flc.J'W':ln 'D2) mlJ11n~ 5 ij~~~In~ c.J~lJ1~L4f1n'W 
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., " 
3.14.2 n1~LLtJ~er'W'l!~I?l"lJ'el-l'fJ1~'ln~mL:n'el 

" " Ll?lmmmJLYltJU'el'l~'ln~tJ-lL:n'elm~'l 4 'l!~1?l ~'el 'el'l~'l~ LB (fl'lrle.J'W'ln n3) 

'fJ1~'l~ SB (fl'lrle.J'W'ln n7) 'fJ1~'l~ 2YT (fl'lrle.J'W'ln n8) LL~:;'el'l~'l~ TB (fl'lrle.J'W'ln n9) tJ'l,r'l 

L~'el~Ll;i~m-JL.n~~-ll'W'el'l~'lnLj;]~:::'l!~I?l~iJmfijU;~~'W 50 L)-JLrlmf)-Jj;]'elij~~~(;l~ LfhJ'l(;l~ 100 
'" I 

ij~~~(;l~ L~tJ-ll'Wl~hJd-Jrl'lur1)-J'eln.mflij Ylr1'l'l)-JL~'l 200 ~'eluj;]'el'W'lYl 'elru~flij 3r'll ,,'Wm:::l1'-lrS'1?l 
~ "" "U , IlJ 

fl'ln1~l?ll?ln~'WLL~-l~ 600 'W'lL'WL)-J(;l~ 'elU1'W"JI'l-l 0.5-0.6 ~1'eliJn'l~L,,1ruL~UL(;l1'W~:::tJ:::n1~ " " ., 
" I 

L,,1CYL~uL(;lLLU'lJ'Vl~~ru (exponential growth phase) "'lmr'WL~)-J~'l~Yl m:::~'Wn1~LL~ I?l-l!l'rln'll!l-l 
., 

LtJ~ L)-J L(;l'elfcJl'ltJtJ'l m ~'el:;nijL 'W~ 1-«1cJl r1'.l'l)-J L;))-J;)'W~ I?lVl'ltJ LVl'lnU 0.02% LVl'l n'W'Vl n'lltll?l'll'el-l • • 
!l'l~'l~L~m L~'el tJ'lLtJ L~tJ-l~'elru~flij L~)-Jj;]!l~nLtI'WL'.l~'l 48 -ff''.l Ld-J-l LL~:;LnU[;]'l!lU'l-l'Vln 6 -ff''.l Ld-J-l . " . 

1/ I I II I 

tJ'ld-J'l~'l fl'ltJ'lWWn L"1I~';LL'lX-l LL~:;tJ'l L"1I~';~'.l'WYl m~!l hlu'WLLtJn L'lI~'; L'Vl~'l'Wl~Yi-l tJ'l L'lI~';YlL~tJ 

!lULL,x-l~'elru~flij 70°'ll LtI'WL'l~'l 24 -ff''lLd-J-l ~n(;1'Yi'el~L)-J'elfcJl'.ltJ~fiLd-JYi~L'el~L(;l!lf LL~:::~Lr1n:::lfe.J~ . " 

" 3.14.3 n1~LLtJ~er'Wrl'l'l)-J L ;))-J;)'W'lI'el-ltJ'l (;l'l~'el:;~'lijL 'W~ 

., I I 

tJ'l,r'lL:n'elYlL(;l1tJd-JL.n~~-l1'W'fJ1~'ln~~'l LB YliJrl'lfij~;~~'W 50 Ld-JLr1mf)-Jj;]'el 

ij~~~(;l~ m)-J'l(;l~ 1 00 ij~~~(;l~ L~tJ-l1'W!~hJd-Jrl'.lUrl)-J'elru~flij ~rl'l'l)-JL~'l 200 ~'eluj;]!l'W'lYl 
" q q '\I 

'elru~flij 3r"1l "'Wn~:::~-lrS'(;1fl'ln1~(;1(;1n~'WLL~-l~ 600 'W'lL'WL)-J(;1~ 'elu1'W"JI'l-l 0.5-0.6 ~1'eliJn1~ 
iii IlJ '\l IlJ 

" I 

L,,1cy L~U L(;l1 'W~:::tJ:::n1~L ,,1cy L~U L(;1LLUU'Vl~ ~ ru "'l mr'WL~d-J~'l~Yl n~:;~'Wn1m~ (;1-l'el'el n"lJ'el-l LtJ~ Ld-J 
" ," 

L(;1'elfcJl'l tJtJ 'l m ~'el:::n ijL 'W ~ ~-l LLtJ~er'Wl1-l ~d-J (;1 5 r1'.l 'ld-J L;) d-J;) 'W L(;1 tJ l-«1cJl rl'.l 'll-J L;) )-J;)'W~ (;1 VI 'l tJ 
• 

LYl'lnU 0.002% 0.02% 0.2% 0.5% LL~:; 2% (;l'ld-J~'l~U ~-liJ'l!(;1rl'.l'lJrld-Je.J~~ULtI'W'l!(;1~L~iJn1~ •• • 
II '" I I 

L~d-JtJ'l(;l'l~'f):::~'lijL 'W~ tJ'lLtJ L~mYl'f)ru~flij L~d-J j;]'f)~mtl'WL'.l ~'l 48 -D'.l Ld-J-l LL~:;LnU[;]'.l'elU'l-l'Vln 6 . " . 
I II I I 11 

-D'l Ld-J-l tJ'ld-J'l~'l rhtJ'l~,rnL'lI~';LL ,x-lLL~:;tJ'l L"1I~'; ~'l'WYl m~'el hJi1'WLLtJ m"1l ~.; L 'Vl~'l'W1~Yi-l tJ'l L 'lI~'; 

~L~tJ'elULL,x-l~'elru~flij 70 °"11 LU'WL'l~'l 24 .r'lLd-J-l ~n(;1'Yi'el~Ld-J'elfcJl'ltJ~fiLd-JYi~L'el~L(;1'elf LL~::: . " 
~Lrl~'l:;lfe.J~ L(;1tJ~firh"1lLr1~d-J'l L(;1mn~ md-J~LcJln~'l'.lL.n wn'el 3.13.2 tJ'l e.J~~LcJld-J'l LmtJULYltJU 

I ., I 

tJ~:;~'Vlfifl'l'Yi1 'Wn1~e.J~ (;1 PH B L Yl'el ~ (;1 L~'el n rl'l'ld-J L;)d-J;)'W'1I'el-ltJ'l (;1'l~'el:::~'lm 'W~Yl md-J'l:::~d-J 
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., , 
3.1 4.4 mnLihertJilhnrui'JL~'tlL1~~tJ 

LL~:; 1.5x10
10 CFU~'tlij~~~~J' (Colony Forming Unit, CFU) " L"'U~11h~~u~i'JL~'tl 

" , 
L"lltJL~U'JriU-n'tl 3.14.1 91n,rtJlt1l~-:jltJ'tl1'\.nJ'L~~'J LB Vl~mfuU:n~~tJ 50 1~LI"1J'n¥~~'tl 

" , 
ij~~~~J' m~1~J' 1 00 ij~~~~J' L~u-:jltJ~tl~I"1'JUI"1~'tlru~Jln VlI"1'J1~L~'J 200 J''tlU~'tltJ1Vl 

'" ~ III \J 

" , 
L91ruL~uL~ltJJ':;u:;mJ'L91ruL~uL~LLUUYl~l"1ru 91n,rtJL~~~1J'Vlm:;~tJn1nL~"'-:j'tl'tlmJ'tl-:jhhL~ 

01 01 cu III 

., " , 
L~'tlf~'JmJ1~1~'tl:;J'1ULtJ~ 1""~m1~L-n~-ntJ~j;)yhmvhriu 1 % u1hJL~u-:jVl'tlru~llijL~~~'tl~n . . .. 

, ," 
LtltJL'J~1 48 -n'J~-:j LL~:;LriU~'J'tl!h-:jYln 6 i'JL~-:j U1~1~1Fhu1WWm'll~~LL""-:j LL~:;U1L'lI~~t1l'Jt.l • 

, ," 
ltJ-n'tl 3.13.2 u1e.J~Vl1~~1LmuuLVluuih:;~Ylfi1l1Yilt.lmJ'e.J~~ PHB L~'tlf'1"'L~'tlnm~1rui'JL~'fl 



.d 
'U'VI'VI 4 

4.1 n1'i~1~U~';)'IJ LLa::~LfI'i1::~~1~1.JU1 flm'ell 'VI~"D'el~iiu"''ela'hJfI'i'eln:aU'ela fl1 L U L'elfl 

:aUL'VI~1.J1~~1U (PHA synthase, phaC) r.nn R. eutropha ~1!1-nufi A-04 • 

'tl'tlnLLUU degenerate primer r,nn~1~Um'~'tl~mU~~1~~~"1n~1U;r'tl2J~ 

GenBank L~U LmUUL~UU~1~Um'~'tl~m U"1l'tl~ L 'tlut 'lI,r~'tl~1t1 "'1tln~ LL'tl~ Fl1 L UL'tl(;1;UL Yl~"1n 

,,~uYl1u 6 ~1u~ufi Fl'tl Comamonas acidovorans (mJ1m~"1lL.;r1ii~ AB009273) Alcaligenes • • 
sp. ~1u~uf SH-69 ('\nJ1m~"1lL.jhii~ U78047) A. eutrophus ('nJ1m~"1lL;r1ii~ J05003) 

Aeromonas caviae ('nJ1m~"1lL;r1ii~ D88825) Rhodococcus ruber (m.J1m~"1lL;r1ii~ 

X66407) LL~~ Chromatium vinosum ('nJ1m~"1lL·jhii~ 01112) (Sudesh LL~~Flru~, 1998) ~~ 

n11LmUUL~UULL~"'~1ultJ~ 4.1 L"'U~1~Um'~'tl~mu1un1'tlU~1~1JH Fi'tl ~'lU"1l'tl~1~1L~'tlf~ 

LLm"1l'tl~n11Yl"'~'tl~ L~U~~~'tl~1 FO LL~~ R4 (;11~~1~U LL~~~~1~uil'lFl~L'tllYlC;) ~~m11~~ 3.2 



C .aci40vorans 
Ale. liip. SH-6!J 
A.eutrophus 
A.caviae 
R.rub&r 
C. VinOSUill 

C.aciaovorane 
Ale . ep . SH-U 
A.eutrophuB 
A.c!lviaB 
R.ruber 
C. vin05UJI 

c.acidovorans 
Ale. sp. SIt-6l/ 
A.eutrophus 
A.caviae 
R.ruber 
C,v1nosUII 

c, acidovoranIJ 
Ale. sp . SB-'9 
A.8utrophus 
h,caviae 
R . ~er 

C.vinosuiD 

200 
176 
197 
U7 
173 
26 

~68 

2" 
265 
26S 
240 

95 

JJ5 ll-G-EH---------PAA--SV-

323 ----~-----Q---R--~r~--
298 ----~A'.mK---------R--U'aIJiW,.--
164~~~~W-J~~~~DID~~~m~~~~~~H~ 

40B 
34« 
3n 
366 
ltD 
232 

R4 

FO 

77 

• 
267 
243 
264 
264 
2H 

94 

337 

313 
334 
322 
297 
163 

407 
H3 
371 
365 
JJ9 
211 

477 
413 
439 
435 
409 
293 

nJ~ 4.1 m1LmmJLVltJU~'1~Um'~tl:;m'U"lltl'lL'EI'U1'l!~Yltl~111~1tlnijjLLtl~fnL'ULtl~;'UL'Vl~ r,nn 
OJ 

Comamonas acidovorans, Alcaligenes sp. ~'1tJ~'Uf SH-69, A eutrophus, Aeromonas 

caviae, Rhodococcus ruber LL~:; Chromatium vinosum (Sudesh LL~:;rlru:;, 1998) 

, .. 
LLnnJ FastPCR YlU11tJ~~J1ruOY]Vl1~"'1mJnmtJ1~nL"1IYltl~UJtlL1~L~tJ'l-nm'L~tlf~ih:;iJ"ll'U1~ 

tJ1:;~'1ru 470 ~LU~ tJ~m1l1'1tJnmm~nL"1IYltl~L~'ElL1~ L~tlA''U\.n~'U phaC "'1nLrl1~L'l!~tl~ 

~Lil'ULtl"lltl'l R. eutropha ~'1tJ~'Ufi A-04 "'1mr'U~1'.l"~tlUtJ~~J1ruoy]~'.ltJtl:;mh~L"~~L~nL'Vl1 • 
Lvh~~ LL~~'1~'11tJ~ 4.2 .. 
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2 3 4 

500 --lil t: +-~":-::--+--- 'ilU,) ~th:;~rHu 

470 flLtJ~ 
OJ 

ltl~ 4.2 11 ')Yi 'fl:;m L1~L~~~L~n LVl1LYh1;~'iI'fl~~~ j;].nCU.,]~'t~~')ntlBmr.n~n L"J!Yi'fl~LlJ'flL1~L"'tJ 
HLYi1LlJ!lf FO LL~:; R4 

"J!'fl~~~~ 1 

'J 
"J!'fl~';)~VI 2 

, , 
, "' ... 

"lI'fl~rNVI 3 

500 bp DNA Ladder (Takara Sio Inc., Japan) 

~~j;].nCU,,]'iI'fl~tlBmtJ')~nL'llYi'fl~LlJ'flL1~~')n R. eutropha ~')tJ~uf A-04 
., " 

~~j;].nCU,,]"1I'fl~tlBmtJ')~nL'llYi'fl~LlJ'flL1~~')nm1L-n,j')tl~'fl"'tl1:;,tl~'fl~L;'fl 

LUULLl-lLLtJtJ ("lI~fiI'JtJfillJ~~~tJ) • • 

<I ~ ~" " ", ... J 
L!lUL'fl~ln!l:;m~1~L~~~"'tJ ~"lI'(;l Wizard SV Gel and PCR Clean-Up System Kit j;]')lJ'JfiVl1:;1.J 

't1lu-n'fl 3.7.4 (Promega, USA) LL~:;L~!llJ~'fl~~j;].nCU,,]~lntlBmtJ')~n L"J!Yi!l~L).J'flL1~~YhL~ 
~ ~".:"..... .. ~ It II 0 t:I 

tJ1~VlfiLL~'JUL'iI')ntJL'Jmj;]'fl1 pCR4 ~"'tJ ~"lI''''~lL~ pCR4 TA-cloning vector (Invitrogen, 
, " , 

USA) j;]llJ';)fiVl1:;1.J't1l u4f'fl 3.7.5 ~1,"ftJiuj;]!lU~U1 't~mh'J H LL~'J LU-n'fl 3.7 LL~:;';) Lfil1,):;\.f 
, " , 

~')~tJil'JfiI~L!l'tVlr;)~'Jmfil1'fl~ ASI 3100 ver 3.1 ~ln~ULmtJtJLVltJtJ~')~tJil'JfiI~L'fl'tVlr;)VlVlntJ 

LL~'JntJ~l ~tJ\l'J fiI~L!l't VI r;)'iI'fl~LLtJfilVI LitJ~ltJ~U~U1~') nllu4f'fl~~ Genbank L"'tJL-ifLtlnLm).J 

SLASTn YitJ~')~')~tJil'JfiI~L'fl'tVlr;)tJ1L'Jcu~~mh'J"1I'fl~ R. eutropha ~')tJ~uf A-04 iJfiI'J,)lJ 

L,...;j~untJ~')~tJ\l'JfiI~L'fl'tVlr;)"1I'fl~ R. eutropha H16 100% (Pohlmann LL~:;filCU:;, 2006) ~~ 

LL~"'~~~ltl~ 4.3 
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1 CCGGA GAGCT CGCTG GTGCG CCATG TGGTG GAGCA GGGAC ATACG GTGTT 
51 TCTGG TGTCG TGGCG CAATC CGGAC GCCAG CATGG CCGGC AGCAC CTGGG 

101 ACGAC TACAT CGAGC ACGCG GCCAT CCGCG CCATC GAAGT CGCGC GCGAC 
151 ATCAG CGGCC AGGAC AAGAT CAACG TGCTC GGCTT CTGCG TGGGC GGCAC 
201 CATTG TCTCG ACCGC GCTGG CGGTG CTGGC CGCGC GCGGC GAGCA CCCGG 
251 CCGCC AGCGT CACGC TGCTG ACCAC GCTGC TGGAC TTTGC CGACA CGGGC 
301 ATCCT CGACG TCTTT GTCGA CGAGG GCCAT GTGCA GTTGC GCGAG GCCAC 
351 GCTGG GCGGC GGCGC CGGCG CGCCG TGCGC GCTGC TGCGC GGCCT TGAGC 
401 TGGCC AATAC CTTCT CGTTC TTGCG CCCGA ACGAC CTGGT GTGGA ACTAC 
451 GAAGG GCGAA TTCGC G 

4.2 n1~VI'l~1~'lJ'ihf'lii:'£l1'V1~"JI'£l~fju,f~~~~fitl~~1~~~~;1i'~Lf'l~1::~'W'£l~liJ~~'£ln:n 

LL'£l~f'l1LUL'£l~ (phaCAB) r,nnLfl~L~L'li~"JI'£I~ R. eutropha ~1t1"'ufi A-04 • 

url'~if'fl2o!fl~1~UU'lFl~tt) LYlvl~L~Uojf'a 4.1.1 L~'tl1.j{'flt)mLuutt)~tnU'lFl~'i>a LYlf'l1Yi1 

L~'af~iJFl'l1~~1LYi1:;nU~\J phaC "ll'a~ R. eutropha ~1[J~\Jf A-04 ~1~fu1.j{1\Ju5mm~ntoJ! 

Yi'a~L~t)L1~~'l[J1f'1 GenomeWalker™ Universal Kit (Clontech laboratories Inc., USA) 1\J 
~ .: ~ ~.J ..,CI .. 

n1nYi~m~1ru"ll\J~'l\J"ll'a~[J\JYl~~~ f'lYlU1:;~'lfl1~~"ll'l~~ LFlr1:;~ PHA r.nn tFl1 t~ t"JI~"llt)~ R. 

forward primer ~'a~~1\J\J'an (outer forward primer) LLfl:; forward primer ~t)~~1\J1\J 
(nested forward primer) tf'l[J~~~t)~1 F3 LLfl:; F4 (;l1~~1~U ((;l1~1~ 3.2) LLfl:;'a'amLuut'a~tn 

," , 
U'lFl~tt)LYlf'l1Yi~~'flfl"'[J1.j{~1~uU'lFl~tt)LYlvl"ll'a~~\J phaC ~Yl11ULL~'lilu1L'lruufl1[J 3' L~'a 
'I s- 0 "'.... ...~ 'I .. ..,I ,,,,.t 'I. I ~ ~ .,. . 
~"JI~1fl1f'1U\J'lFlfl ~'fl ~Yl"'Ylt)fJ'"'t"ll\J~u ~f'I[J'flt)mLUU reverse primer 2 L~\J Fl'fl reverse primer 

~'tl~~1\J\Jt)n (outer reverse primer) LLfl:; · reverse primer ~t)~~1\J1\J (nested reverse 

primer) tf'l[J~~~'fl~1 R1 LLfl:; R2 (;l1~~1~U (pJ~ 3.1) (;l1~':)fi~nfh'lLrlt\Ji'a 3.8.4.1 ~~~1~U 

U'lFl~t'aLYlvl"ll'a~LYi1~'flf LL~f'I~1\J1u~ 4.4 .. 
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+-R2 primer 
1 CCGGA GAGCT CGCTG GTGCG CCATG TGGTG GAGCA GGGAC ATACG GTGTT 

51 TCTGG TGTCG TGGCG CAATC CGGAC GCCAG CATGG CCGGC AGCAC CTGGG 

101 ACGAC TACAT CGAGC ACGCG GCCAT CCGCG CCATC GAAGT CGCGC GCGAC 
+-Rl primer 

151 ATCAG CGGCC AGGAC AAGAT CAACG TGCTC GGCTT CTGCG TGGGC GGCAC 

201 CATTG TCTCG ACCGC GCTGG CGGTG CTGGC CGCGC GCGGC GAGCA CCCGG 

251 CCGCC AGCGT CACGC TGCTG ACCAC GCTGC TGGAC TTTGC CGACA CGGGC 
F3 primer--.. 

301 ATCCT CGACG TCTTT GTCGA CGAGG GCCAT GTGCA GTTGC GCGAG GCCAC 

351 GCTGG GCGGC GGCGC CGGCG CGCCG TGCGC GCTGC TGCGC GGCCT TGAGC 
F4 primer--.. 

401 TGGCC AATAC CTTCT CGTTC TTGCG CCCGA ACGAC CTGGT GTGGA ACTAC 

451 GAAGG GCGAA TTCGC G 

ltJ~ 4.4 ~1~UU'lf'1~t'ell'V1r;)u1~~'lU'1I'el~UU phaC ~m~t~~~~L~uHI fi'el U1L'lru~'el'elmLUULilu 

t'el~tnU'lf'1~tt)1'V1c;)1Yi~Ll-J'elf LL~:::~nMLL~c;)~~PI'VI1~ 5'-. 3' '1I'el~lYi~Ll-J'elf 
'IJ 

, ~ 

L'elUl'ul" 4 "llUC;) Hi'LLri Oral EcoRV Pvull LL~::: Smal V11l-J%m~Yimh'lHLL~'lluil'el 3.8.1 U1;U 

~htlUL'el~n n ~C;)LL~'ll-J1 L~'ell-J ~'elnUt):::LL~ULV1t)f V11l-J';jfim~~mh'l1tj1 uilt) 3.8.3 r,nmrUU1l-J11-jj' .. 
!'l ' 'I 0 • I"''''''''' ~,... ::. .J ..I .,,: • F-: .: A ... .J 

LuULLl-JLLUU ~Um~'VI1u!JmU1~n ~"llYi'el~Ll-Jt)L~~f'1N'VI 1 LL~::: 2 LYi'elLYil-JuTl-J1ru"llU'Ci'lU'1I'el~[JU'VI 

tJ~:::l-J'l~nr~~'li~Lf'1~1:::\f PHA r,nntf'1~tl-Jt'lil-J'1I'el~ R. eutropha ~1u~uf A-04 t~[JH1.Yi~Ll-Jt)f 

4.2.2.1 m~~1tJnmU1~nt'1lYi'el~Ll-Jt)L~~f'1f~~ 1 LL~::: 2 t~[JH1Yi~Ll-J'elf R1 nu 

AP1 LL~::: R2 nu AP2 

L~'elL~l-Jml-J1ru~U~'lU'1I'el~UU phaC luu1L'lru~t)~cic;)~ultJ t~[Jm~~1 

tJnmU1~nt'1lYit)~Ll-J'elL~~f'1f~~ 1 ,,:::H' reverse primer (R1) 1'll-JnU outer adaptor primer 1 
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I ~ 

(AP1) L\ln1~.yhu5m~J1~ n LoJiYi'il~L~'il L~~ j;]1~':jfiVinfi"l'J1t)t \lif'il 3.8.4.2.1 '"l1mr\lL~'il'"l1'1 
I " I " 

~~j;].nruay]Vi1~'"l1nn1~.yhu5mu1~nLoJiYi'il~L~'ilL~~L\lf'lf'lVi 1 U~::~1ru 50 Lvh ~'W,J1 
II "I , 

U~'ilIPlU~::'1U~'il1Pl L:n'il LL~::'I11'.J1L-if d:J\lLLl-iLLUUL \ln1n11U5mU1~n LoJiYi'il~ L~'il L~~ f'lf'lVi 2 L~'il 

L~~m~1 ru~\l~'J\l'll'il'l ~~ j;].nruay]U5mU1~n LoJiYi'il~ L~'il L~~L ""ij f'I')1~~1 L Yi1::~1n~\l LlPluL-if 

reverse primer ~'il~~1\lL\l (R2) i'J~riu nested adaptor primer 2 (AP2) L\ln1~.yi1u5mu1 
~n LoJiYi'il~L~'ilL~~j;]1~':jfi~nfi1'l1t)t\l;r'il 3.8.4.3.1 LL~::j;]~'l'"l~'ilU~~j;].nruay]~l~(;)u';)fi'il::n1 L~~ 

L'"l~~L~nLYl~tvh~~~ ~~~'1LL~IPl'l~U~ 4.5 LL~:: 4.6 .. 
'"l1nlU~ 4.5 Yiu';h 12Jij~~j;].nruay]U5mU1~nLoJiYi'il~L~'ilL~~'"l1nLI'1~~L'll~'il~~ 

Lii\lL'il~~IPl~'ltIL~~Yl1ni\lL'il\l1"ll,r Oral EcoRV LL~:: Pvull Ln(;)~\l L\loJi'il'l~'1~ 2 oJi'il'l~'1~ 3 LL~:: 

oJi'il'l~'1~ 4 j;]1~~1~U LL~::1l-iLn(;)~~j;].nru"]U5mU1~nLoJiYi'il~L~'ilL~~riU'(;)r1'lU~~~~~U (oJi'il'l 
I I ... ... 

'l'lYl 5) 



10000 
8000 
6000 
5000 
4000 
3500 
3000 
2500 

2000 

1S00 

1000 
750 

500 

250 

82 

, ," 
zUVl 4.5 111~'tl~n1t~~LIil~~L~ntVl~t~L~;~~'tl~e.J~(;1.nru-nVl1~1il1mJ~mtJ1~nt'J!~'tl~LlJ'tlL~~rl~~ 

~ 1 t~tJH1~nlJ'tlf R1 rlU AP1 1il1ntrl~tlJt'jflJ'tl~~L~'WL'tl"1l'tl~ R. eutropha ~1tJ~'Wfi A-04 ~~~ • 

, , 
, ... .cj 

'jf'tl~'NVl 1 
, , 

, ... .cj 

'jf'tl~'NVl 2 

, , 
, ... .cj 

"ll'tl~'NVl 3 

, , 
, ... .cj 

"ll'tl~'NVl4 

, , 
, ... .cj 

"ll'tl'l'NVl 5 

TM 
GeneRuler 1 kb DNA Ladder 

" , 
e.J~(;1.nruoyf"1l'tl~tlDmm~nt'1i~'tl~LlJ'tlL~~rl~~Vl1 1il1ntrl~tlJt'jflJ'tl~~h~'WL'tl"1l'tl..'l 

R. eutropha ~1tJ~'Wf A-04 ~~~~';lm~~Vl1n-n'WL'tl'W1"llar Oral t~tJH1~nlJ'tlf 

R1 LL~~ AP1 
" , 

e.J~(;1.nruoyf"ll'tl..'ltl~mm~ n t'J!~'tl~LlJ'tlL~~rl~~Vl1 1il1 n trl~tlJt'jflJ'tl~~L~'WL'tl"ll'tl..'l 

R. eutropha ~1tJ~'Wf A-04 ~~~~';lm~~Vl1n-n'WL'tl'W1o.nar EcoRV t~tJH1~~ 

LlJ'tlf R1 LL~~ AP1 
" , 

e.J~(;1.nruoyf"ll'tl~tlDmm~n t'J!~'tl~ LlJ'tlL~~rl~~Vl1 1il1n trl~tlJt'jflJ'tl~ ~L~'WL'tl"1l'tl..'l 

R. eutropha ~1tJ~'Wfi A-04 ~~~~';lm~~Vl1n-n'WL'tl'W1'jfar Pvull t~tJ'l-ii1.~nlJ'tlf • 

R1 LL~~ AP1 

" " e.J~ (;1.n ru-n"1l'tl..'ltlDmm ~n t'J!~'tl~ LlJ'tl L~~1il1 n n1~ 'l'ihl1tl~'tl ~tl~~'1tl~'tl ~ L~'tl LU'W 

LLlJLLUU t~tJ'l-ii1.~nlJ'tlf R1 rlU AP1 ("ll~rl';lUrllJe.J~~U) • • 
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I !I I • 

"'IlnlUYi 4.6 YlU~11~~~(;1Jlruey]uDmtJ1~ntaJ!Yl'eJ~Ll-J'e)L~~filf'lYi 1 LL~::: 2 Yi 

~1 LYll:::"'Iln tfil~ tl-Jt"Jjl-J'e)~ ~ Li)tlL'e)~ ~ (1l ~(W L~~'Vl1nitlL'e)tll"Jj,r Smal ~'lij"lltll(1l ~~ (;1Jlruey] 

U~:::~.nru 1.7 nt~LU~ ltlaJ!'e)'l~'l~ 2 LL~:::'li'e)'l~'l~ 3 ml-J~I~U LL~:::h.iLn(1l~~(;1Jlruey]uDmm 

~nt'liYl'e)~Ll-J'e)L~~nU"Jj(1lfil')Ufill-J~~~U ('li'e)'l~'l~ 4 LL~::: aJ!'e)'l~'l~ 5) " .. 
2 3 4 5 

DNAma DNA marker 

(~LlJi'\) 

10000 
10000 8000 
8000 6000 
6000 5000 

5000 4000 
3500 

4000 3000 3500 
3000 2500 

2500 2000 

2000 'ntll(1lU~:::l-Jlru 1500 

1500 
1.7 nt~LU~ 1000 

1000 750 

750 
500 

500 

250 
250 

lU~ 4.6 fllYl'e):::mt~~L"'I~;SL~nL'Vl~LyjL~:n~"lI'e)'l~~(;1Jlruey]~l~"'IlnUDmm~nLoJ!Yl'e)~Ll-J'e)L~~filf'l 
~ 1 LL~::: 2 L(1ltJl-i!lYl~Ll-J'e)f R1 nu AP1 LL~::: R2 nu AP2 ml-J~I~U "'IlnLfil~tl-JL'lIl-J'e)~~Li)tlL'e) 

'n'e)'l R. eutropha ~ltJ~tlfi A-04 ~~(1l~'lm~~'Vl1nitlL'eJtl1'll,r Smal • 

oJ!'eJ'l~'l~ 1 

oJ!'eJ'l~'l~ 2 

TM 
GeneRuler 1 kb DNA Ladder 

... I 

~~(;1Jlruey]'n'e)'lUDmtJl~ntoJ!Yi'eJ~Ll-J'eJL~Mlf'lYi 1 "'lIn R. eutropha ~ltJ~tlf 

A-04 L(1ltJl-i!lYl~Ll-J'e)f R1 LL~::: AP1 
II I I I 

~~(;1Jlruey]'n'eJ'lUDmtJl~nLoJ!Yi'e)~Ll-J'eJL~~filf'lYi 2 ~'l1-n~~(;1Jlruey]YiL~'eJ"'I'NLL~'l 
... I 

"'Ilnfilf'lYi 1 LUtlmJLLuu L(1ltJl-i!lYlnl-J'e)f R2 LL~::; AP2 

'li'eJ'l~'l~ 4 LL~::: 5 ~~ (;1Jlruey]'n'e)'lunmm~n LoJ!Yi'eJ~ Ll-J'e) L~~"'Iln m~ l-nJ1U~'e) (1lU~:::"'IU~'e) (1lL~'eJ 
4J " • 

LUtlLL~LLUU t(1ltJl-i!lYi~Ll-J'eJf R1 nu AP1 LL~:::lYlnl-J'eJf R2 nu AP2 
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" , 
4.2.2.2 n1:i'Y)ltl~mm~nL"llYl'tl~Ll-J'tlL:i'~F'lr'lYl1 LL~:: 2 L"l£J1-ntYlJ'Ll-J'tlf F3 nu AP1 

LL~:: F4 nu AP2 

L~'tlL~l-Jml-JlruitJ~'nJ"lI'tl'lrhJ phaC 1tJu1L'lru~'tlrJ5~~lnlYl:i'Ll-J'tlf F3 
" " , 

LL~:: F4 ~'ll-Jl L~tJn1:i'Y)ltlnmm~nL'lIYl'tl~Ll-J'tlL:i'~F'lr'lYl 1 ~::H forward primer (F3) i'll-Jnu 

outer adaptor primer 1 (AP1) 1tJn1:i'yhtl~1i1tJl~n L"llYl'el~ Ll-J'tl L:i'~ (;Ill-J~fi~mh'll.ntJif'tl 
,.., '" I 

3.8.4.2.2 ~lmrtJL~'tl~I'l~~(;Inru"]Yll~~lnn1:i'Y)ltlnmm~nL"llYl'tl~Ll-J'tlL:i'~1tJF'lr'lYl1 tl:i'::l-Jlru 
" ", 

50 Lvh ~'ltJoWltl~'tl ~tl:i'::"tl~'tl (;)L~'tl L Yl'tloWll-J1 H\t1tJLL~ LLuu1 tJn1:i'Y)ltl~mm~ n L 'lIYl'tl~ Ll-J'tl 
" , , 

L:i'~F'lr'lYl 2 L(;)tJ1-if forward primer Yl'tl~~ltJ1tJ (F4) i'll-Jnu nested adaptor primer 2 (AP2) 

1tJn1:i''':htl~mtJl~nL'lIYl'tl~Ll-J'tlL:i'~(;Ill-J~fi~mh'l1.ntJif'tl 3.8.4.3.2 LL~::(;I:i''l~~'tlu~~(;Inru.,]~ 

l~~tJ~fi'tl::n1L:i'~L~~:aL~nh1:i'Lvh:i':j~ ~~~'lLL~~'l:i'tJ~ 4.7 
" 

, " 
l-J'tl~~L~tJL'tlYl~(;)~'lm:i'~vi~n-ntJL'tltJl"l1~ Smal Lvh,rtJ LL~::iJ"lItJl~~~(;Inru"]~lntlnmm~nL'lI 

Yl'tlft Ll-J'tl L:i'~tl:i'::l-Jl ru 4 nL~ Lu~1 tJ"ll'tl'l~'l~ 2 LL~::"ll'tl'l~'l~ 3 (;Il).J~1 ~u LL~::l~ Ln (;)~~ (;Inru.,] 

tJ~mm~nL'lIYl'tl~Ll-J'tlL:i'~nu1(;)F'l'lu~l-J~~~U ("ll'tl'l~'l~ 4 LL~:: "ll'tl'l~'l~ 5) ~1~rULrl:i'~L"lI).J'tl~~ 

L~tJL'tl~~(;)~'lm:i'~Vl1n-ntJL'tltJl"l1~"lIU(;)~tJl~iJ~~(;Inru"]Ln~;tJL"lltJL~tJ'lnuif'tl 4.2.2.1 
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2 3 4 5 
DNA marker 

10000 
8000 lR888 6000 
5000 

'11 kl 1 rn 11 ~::; l.J'HlJ 
6000 

~ggg 5000 

3000 ~ 
2500 4 nt~LU~ 3000 

2500 2000 
2000 

1500 
1500 

1000 

750 1000 

500 750 

250 500 

250 

l11~ 4.7 111 'Yft)::;m h~L9~~ L~n LYl~LYh~;~"1J'tl'l tJ~(;I.tlruey]~1~91n11Bm-u1~ n Le]'Yl'tl~ LlJ'tlL~~r1f'l 
~ 1 LL~::; 2 L(;luHi.'Yl~LlJ'tlf F3 flU AP1 LL~::; F4 flU AP2 (;I1lJ~1~U 91nLr1~LlJL"l!lJ'tl~~L'BklL'tl 

'1I'tl'l R. eutropha ~1U~'\Jjr A-04 ~~(;l~'lm~~Yl1niklL'tlkll"l!~ Smal • 

, , 
, .,. "'" 

"l!'tl'l'l'lYl 2 

, , 
, .,. "'" 

'1I'tl'l'l'lYl 3 

TM 
GeneRuler 1 kb DNA Ladder 

., , 
tJ~(;I.tlruey]'1I'tl'l11Bm-m\1nLe]'Yl'tl~LlJ'tlL~~r1f'lVl1 91n R. eutropha 

~1U~kl~ A-04 L(;luL-ni.'YlnlJ'tlf F3 LL~::; AP1 

tJ~(;I.tlrucy)'1I'tl'l11Bm-m~n Le]'Yl'tl~ LlJ'tlL~~ r1f'l~ 2 ~'llif tJ~ (;I.tl rucy)~ L~'tl91'lLL~'l 
., , 

91nr1f'lVl1 LUklLLlJLLUU L(;lulif1'Yl~LlJ'tlf F4 LL~::; AP2 
I I '" Sf 

e]'tl'l';)'lVl4 LL~::; 5 tJ~(;I.tlrucy)"1J'tl'l11Bm-m~nLe]'Yl'tl~LlJ'tlL~~91nm~H\1111~'tl(;l11~::;~U~'tl(;lL;'tl 

LUklLLlJLLuuLrnulif1'YlnlJ'tlf F3 nu AP1 LL~::;l'YlnlJ'tlf F4 nu AP2 

(;I1lJ~1~U("l!rnr1'lUr1lJtJ~~U) 
q • 
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1~H;1,)lJI·PJc.J~u')nL'Wtl5nhJ1~nL"ll'Y'l'el~Ll-J'elL~~L~-n Human Positive Control 

Library LU'WLL~LLUU LL~:::L-n1'Y'lHl-J'elf Positive Control tPA primer (PCP1) 1,)l-Jnu outer 

adaptor primer 1 (AP1) r.nn"ll1?1 GenomeWalke/
M 

Universal Kit (Clontech laboratories • , ~ 

Inc., USA) L'Wn1~l11tl5nhJ1~n L"1i'Y'l'el~Ll-J'elL~Ml1l-J~fiVin~'l'lLt)t'W-n'el 3.8.4.2.1 "'l1m!'WL~'iI"'l1~ 
I '" I I 

c.J~~.nru"YlViL~"'l1nn1~l11tl5m-[J1~nL"1i'Y'l'el~Ll-J'elL~~L'Wrlf~Vi 1 tl~:::l-J1ru 50 LYl1 L-W'eltJ1l-J1HLU'W 
~ , 

LL~LLUUL'Wn1~vi1tl5m-tl1~nL"1i'Y'l'el~Ll-J'elL~~rlf~Vi 2 Ll?1tJL-n Positive Control tPA Nested Primer 

~'el~~1'W1'W (PCP2) 1'll-Jnu nested adaptor primer 2 (AP2) L'Wn1~vi1tl5m-m~nL"1i'Y'l'el~Ll-J'iI 
, ~ 

L~~ ~1l-J~fiVi n~1'lL.n 'W-if'el 3.8.4.3.1 '\.Hr~"'l1n ~1 Lil'Wtl5m[J1~ n L"1i'Y'l'el~ Ll-J'iI L~~ LL~'l "'l1m!'W 

~~')"'l~'ilU c.J~~.n ru"Yl"'l1 ntl5m-tJ1~ n L"1i'Y'l'el~ Ll-J'iI L~~~l~l?1tJ~fi'el:::n1 h~L"'l~~Lfi n L'Vl~ L~ L~:n~ c.J~ 

LL~rn~~~~tl~ 4.8 
'lJ 

, ~ , 
"'l1mtlVi 4.8 'Y'lU~1 1~c.J~~.nrury]tlnm-tJ1~n L"1i'Y'l'el~Ll-J'elL~~rlf~Vi 1 LL~::: 2 "'l1n 

'lJ ~ 'lJ 

GenomeWalker Human Positive Control Library Ll?1tJ1-nL'Y'lHl-J'elf PCP1 nu AP1 (ai{1tJ) LL~::: 

L'Y'lnl-J'elf PCP2 nu AP2 ("11,)1) iJ"11'W11?1"ll'el~c.J~~.nru"YlL'Vl1n'W tl~:::l-J1ru 1.5 m~LU~ ("1i'el~~~~ 2 
, , 

t ..:::. q 0 .... 

LL~::: "ll'el~'l~'Vl 4 ~1l-J~1I?1U) 
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1 2 3 4 
DNA marker DNA marker ~=;:~~; 

(flL1J~) 
v 

10000 10000 8000 
8000 6000 
6000 5000 
5000 4000 
4000 3500 
3500 3000 
3000 

2500 2500 

2000 2000 

1500 "lI'W1 f?l1.h:;lJ1 ru 1500 "lI'W1 f?l1.h:;lJ1 ru 

1000 1.5 nt~LU~ 1000 1.5 ntmu~ 
750 

750 
500 

500 
250 

250 

~u~ 4.8 fl1Yl'il:;m h~ L~~~Li~n t'YIJ't'YhJ'~~"lI'il'l~~ (;]Jiru',hJ5mm~n t'liYl'il~LlJ'ilLJ'~~1nmJ'1-if 

GenomeWalker Human Positive Control Library Lu'WmJLLiJU tf?ltl1-ii1YlJ'LlJ'ilf PCP1 nu AP1 

(-if1t1) LL~:;1YlJ'Ll.J'ilf PCP2 nu AP2 ("lI'n) (LU'W"llf?lmUrllJ~~1J'Jn) • • 

"J!'il'l~'1~ 3 

"J!'il'l~'1~ 4 

GeneRuler™ 1 kb DNA Ladder 
" , 

~~(;]JirusyJ"lI'il'lu5mm~nt'liYl'il~LlJ'ilLJ'~rlf'lVi 1 ~1n GenomeWalker Human 

Positive Control Library tf?ltl1-ii1'Y'1J'LlJ'ilf PCP1 nu AP1 

GeneRuler™ 1 kb DNA Ladder 

~~(;]JirusyJ"lI'il'lu5mm~n t'liYl'f)~ LlJ'ilL:i'~ rlf'l~ 2 ~'11-if~~ (;]JirusyJ~L~'il"1'1LL~'J 
" , 

~1nrlf'lVi 1 LU'Wm.iLLuu tf?ltl1-ii1'Y'1J'LlJ'ilf PCP2 nu AP2 

~1mu~ 4.6 ("J!'il'l~'1~ 3) LL~:; 4.7 ("J!'il'l~'1~ 3) 'Y'IU~1~~(;]JirusyJ~1~~1n 
'IJ 

'" t il l 11 11 

u5mm~nt"J!'Y'I'il~LlJ'ilL:i'~rlf'lVi 2 ;j Lnf?l~~(;]JirusyJ~'W1U'WLtJ'il'WlJ1~'JtI ~'1u'Wri'il'W-w11utrl~'WL';h 

L'Jm(;]'ilN'I~'il'll111,xu1~'YIi" tf?ltl~f?l~'W'il:;mtJ'~u1L'Jru"lJ'W1f?l 1.7 LL~:; 4 nt~LU~ L~'il~nf?l • 
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System Kit ~1~';)fi~n~I'Jl.nu.jJ't) 3.9.1 "lmrU~~'Jr.H~'t)UI:-J~m~Yhu1~'Vltl:-J~~.nru.,]u~nhJ1 
~nt"J!'Yifl~L~flL~~~l~~£J';)fifl:;mh~L'"I~~L~nt'Vl~hh~~~ I:-J~LL~~~~~~U~ 4.9 
~ ~ 

2 3 

DNA marker 

10000 
8000 
6000 "ilUl~U~:;~lru 5000 

;g 
4 nt~LU~ 

2500 
2000 "ilUl~U~:;~lru 
1500 

1000 
1.7 nt~LU~ 

750 

500 

250 

lU~ 4.9 J11'Yifl:;mh~L'"I~~L~nt'Vl~t~L~~"ilfl~l:-J~nl~Yhu1~'Vltl:-J~~.nru-nu~mm~nt'1l'Yifl~ 

L~flL~~ 

GeneRuler™ 1 kb DNA Ladder 

l:-J~m:tYhu1~'Vltl:-J~~.nru."unm£Jl~nt'1l'Yitl~L~tlL~~"ln'1lfl~~~~ 3 ~U~ 4.7 
~ .., \I '\J 

.J ... ......."t1 -~ 
'1I~~"ilUl~I:-J~~J1ru't1 ~:;~lru 4 n ~~LU~ 

l:-J~mrl11U1~'Vltl:-J~~.nru."unm£Jl~nt"J!'Yitl~L~tlL~~"ln"J!fl~~~~ 3 ~U~ 4.6 
fII 4.J '\J " 
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-T Easy 

~1mJ~n1),V1~~'tl..:J1'W;r'tl 4.2.2 .1 L~'tlmJ~",Jiruey)tl5nh.l1~n L'li'Yi'tl~Ll-J'tlL),~~1n 

LL,,]LLuu~~~~'lm),~V11ni'WL'tl'Wl'l!,J Smal LL~:;1i~1'Yinl-J'tlf R2 nu AP2 ()'tl~ 4.6 'li'tl..:J~..:J~ 3) 
~ ~ 

LL~:;~1n~~n1),V1~~'tl..:J1'W;r'tl 4.2.2.2 L~'tln~~",Jiruey)tl5mtl1~nL'li'Yi'tl~Ll-J'tlL),~~1mL,,]LLUU~~~ 

~'lm),~V11ni'WL'tl'Wl'l!,J Smal LL~:;1iFil'Yinl-J'tlf F4 nu AP2 ()'tl~ 4.7 'li'tl..:J~..:J~ 3) L~U~~",Jiruey) 
~ ~ 

~..:Jmh'lLU'W~~",Jiru""1I'tl..:JU'W phaC ~'tlumi1'tl~1nl'Yi),Ll-J'tlf R2 ;'Wltl LL~:;'tlu5~~1nl'Yi),Ll-J'tlf 
~ ~ 

F4 ~..:Jl-J1 ~..:Jij"1l'W1~tl),:;l-J1ru 1.7 LL~:; 4 iiL~LU~"'1l-Jih~u L~'tln1),LFI~'W L~m~'tll-J~~",Jiru" 

~1ntlnmU1~nL'li'Yi'tl~Ll-J'tlL)'~~vi11~u1~V1tLL~'l~1n;r'tl 4.2.3 ~..:Jn~1'lL';hL'lm"''tlf pGEM®-T OJ ~ • 
I ~ 

Easy "'1l-J~fin1),Vln~1'l1t)1'Wif'tl 3.9.2 ~1mr'WVI),1'W~h~'tlfl-J1f'1'tll-JULL'W'Wvl'Yi~1~ij~Lif1~ E. coli 

~1U~'W~ JM109 "'1l-J%n1)'~n~1'l1t)1'Wif'tl 3.9.3 
I ~ 

~ ~ L~'tl nVi n 'W~ ~'tl fUl-J'WvlVl ij:n 'W~'l'W "11 'tl..:J U'W 
I I ~ 

BluelWhite Selection "'1l-J~fiVln~1')1t)1'Wif'tl 3.9.4 L~U~~L~'tlm~'Yi1:;Lf'I~'WVlij:n'W~ht)'WL'tl 

Ml ~LLVI )'n'tl~1 'WL'l n L"''tlf ~..:J1 ,"f'I L~il~"1I1,) LL~ :;~1'W(;]'tlU1tl5',)'W:;LL'tll-J~:n~'W ~ ~ L~'tl n Lf'I~'W 

~..:Jn~1'll-J1"'),'l~~'tlU L~U~n~'Yi~1~ij~~'lU'~~1L~~ High Pure Plasmid Isolation Kit "'1l-J~fi~ 
n~1'l H1 'Wif'tl 3.1 0.1 "'),'l~~'tlu1F1'tll-JU LL'W'Wvl'Yi~1~ij ~~~ n ~ 1~L~un1),~~ ~'lm),~V11ni'W 

L'tl'Wl'l!,J ~1~fuL'lm"''tlfnL~'tl~~~'lm),~V11ni'WL'tl'Wl'l!,J EcoRI ~:;~1l-J1~mLun~'W~,)'W~LLVlm'tl~ 
'tl'tln~1m'lm"''tlfl~'tlU1..:J~l-JU)'nr ml-J~fi~n~1')1t)1'W;r'tl 3.1 0.3 "')'')~~'tlu'''1l-J~fi~..:Jn~1'l~,)u't):; .. 



'.J 
'lI'tN~'1'Yl 1 

'lI'tl'l~'1~ 2 

10000 
8000 
6000 
5000 
4000 
3500 
3000 
2500 

2000 

1500 

1000 

750 

500 

250 

1 2 3 

. GeneRuler™ 1 kb DNA Ladder 

e.J~n1~~nl'l""~1~ii~"'1ntFlt~t1~A'~L~'tln 

"1lt.l1~U~:;,.nru 

1.7 nt~L1J~ 
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e.J~n1~~ ~'i~FI'tl~ULLt.lt.lvl""~1~ii~~~n I'l 1 crt t.I'lI'tl'l~'1~ 2 ~'lm~~'Yl1n-nt.lL'tlt.ll"l1~ 

EcoRI 

r,nnlu~ 4.10 ""1J~1 n1~~I'l1F1'tl~ULL\.lt.lvl""~1~iil'l~~n~1~"'1ntFlt~t1~A'~L~'tlnd ij 

"1lt.l11'lU~:;~1ru 1.7 nt~L1J~ Lyhri1Je.J~n1~vi11J1~'Ylte.J~(;JJiruryfunmtJ1~nt'1i""'tl~L~'tlL~~"'1n;r'tl • OJ ~ 

4.2.3 (lU~ 4.9 'lI'tl'l~'1~ 3) LL~I'l'l~1 tFl~t.ldij~\.l~'lt.l"1l'tl'ltJt.I phaC ~'tl~L~il'tl"'1n1""~L~'tlf R2 

~t.llu~'tll'lLL'Ylm'tl~t\.lL'lm(;J'tlf "'1mrt.l~1~1~1JU'lFl~t'tl1'Yl~"1l'tl'ltJ\.l phaC ~'1mh'l t~U~'1 
~LFI~:;~~1J1~'Yl First Base Holdings (U~:;L'Ylfil~'1F1 tuf) ~1~f1Jn1~tFl~t.le.J~(;JJiruryf"'1n 

., I I • 

uljmU1~nt'1i""'tl~~'tlL~~Flf'lYi 2 'lI'tl'ltJ\.l phaC Yi'tl~n~"'1n1.,..n~'tlf F4 ~'1~1;'1ij'llt.l11'l 

U~:;~1ru 4 nt~L1J~ UJ~1~1~tltFl~t.ll~ L~'tl'l"'1n'WijtFlt~t1Ln~;\.l ~'1~t.ln1~~1~1~1JU'lFl~t'tl 
1'Yl~'lI'tl'ltJt.I~'1mh'l vi1 tl'lm11 e.J~(;JJiruryfUnmU1~ n t'll.,..'tl~ L~'tlL~~~vi11 ~1J1~'YltLL~'l"'1n;r'tl OJ ~ • 

4.2.3 ()'u~ 4.9 'lI'tl'l~'1~ 2) ~'1ij'll\.l11'le.J~(;JJiruryfU),:;~1ru 4 nt~L1J~ ~'1~LFI),1:;~~1~1JU'lFl~t'tl 
~ 
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1'V1~~u1';'VI First Base Holdings (th~L'VIPI~":U·) Luf) (;)1~~fi~mh')1t)1:w-if'a 3.1 0.4 ~fl"1l'a-l~1~U 
." , 

U,)r1~L'al'V1~"'..:n"~I?lVll~ LL~I?l-llw~uVl4.11 
'" 

1 TAGGGCACGCGTGTCGACGGCCCGGGCTGGTGGGCAAGTACCTTGCCGACATCTATGCGC 60 
61 TGGCGCGCGCGCGCCTGGCGCGCGCCGGCTGTACCGAGGTCTACGGCGGCGACGCCTGCA 120 

121 CCGTGGCCGACGCCGGTCGCTTCTACTCCTATCGGCGCGATGGCGTGACCGGCCGCATGG 180 
181 CCAGCCTGGTCTGGCTGGCGGACTGAGCCCGCCGCTGCCTCACTCGTCCTTGCCCCTGGC 240 
241 CGCCTGCGCGCGCTCGGCTT~~GCCTTGCGTCGGCGGCGGCCGGGCGTGCCCATGATGTA 300 
301 GAGCACCAGCGCCACCGGCGCCATGCCATACATCAGGAAGGTGGCAACGCCTGCCACCAC 360 
361 GTTGTGCTCGGTGATCGCCATCATCAGCGCCACGTAGAGCCAGCCAATGGCCACGATGTA 420 
421 CATCAAAAATTCATCCTTCTCGCCTATGCTCTGGGGCCTCGGCAGATGCGAGCGCTGCAT 480 
481 ACCGTCCGGTAGGTCGGGAAGCGTGCAGTGCCGAGGCGGATTCCCGcATTGACAtCGCGT 540 
541 GCGTCGCAAGG4AACAATtGACTCAAATGTCTCGGAATCGCTGACGATTCCCAGGTTTCT 600 
601 CCGGCAAGCATAGCGCATGGCGTCTCCATGCGAGAATGTCGCGCTTGCCGGATAAAAGGG 660 
661 GAGCCGCTATCGGAATGGACGCAAGCCACGGCCGCAGCAGGTGCGGTCGAGGGCTTCCAG 720 
721 CCAGTTCCAGGGCAGATGTGCCGGCAGACCCTCCCGCTTTGGGGGAGGCGCAAGCCGGGT 780 
781 CCATTCGGATAGCATCTCCCCATGCAAAGTGCCGGCCAGGGCAATGCCCGGAGCCGGTTC 840 
841 GAATAGTGACGGCAGAGAGACAATCAAATCATGGCGACCGGCAAAGGCGCGGCAGCTTCC 900 

1 MAT G K G A A A S 10 
phaC ~ 

901 ACGCAGGAAGGCAAGTCCCAACCATTCAAGGTCACGCCGGGGCCATTCGATCCAGCCACA 960 
11 T Q E G K S Q P F K V T P G P FOP A T 30 

961 TGGCTGGAATGGTCCCGCCAGTGGCAGGGCACTGAAGGCAACGGCCACGCGGCCGCGTCC 1020 
31 W LEW S R Q W Q GTE G N G H A A A S 50 

1021 GGCATTCCGGGCCTGGATGCGCTGGCAGGCGTCAAGATCGCGCCGGCGCAGCTGGGTGAT 1080 
51 G I P G LOA LAG V K I A P A Q L G 0 70 

1081 ATCCAGCAGCGCTACATGAAGGACTTCTCAGCGCTGTGGCAGGCCATGGCCGAGGGCAAG 1140 
71 I Q Q R Y M K 0 F SAL W Q A MAE G K 90 

1141 GCCGAGGCCACCGGTCCGCTGCACGACCGGCGCTTCGCCGGCGACGCATGGCGCACCAAC 1200 
91 A EAT G P L H 0 R R FAG 0 A W R T N 110 

1201 CTCCCATATCGCTTCGCTGCCGCGTTCTACCTGCCCAATGCGCGCGCCTTGACCGAGCTG 1260 
111 L P Y R F A A A F Y LPN A R A L TEL 130 

~U~ 4.11 ~1~UU'lr1~L'al'V1~LLfl~~1~uml?l'ad1L'W~C'I'a(;l~,"~"1mi~~).J~'W~ 1 (start codon: 
'" ., , 
ATG codon) "lIfl-l;'W~hi)'WLflVl~'a(;lLL'VIm1'WL')mVl'af pGEM®-T Easy LLfl~~~Vlnru.,j"1nu!Fl1tJ1 

flnL"lIYifl~Ll.J'aL~~ 'VI~1m'VIVl: t;j')tflnm M t;j,)LL~n LL~(;l-lm(;lfl~m'WL~'VI1nL'all'W;-lLtI'W"I?l~~~'W ... . 
~ ., 

n1~C'ltl~1i~ (start codon) L~nrmmtJ * LL~~m~~'W~~n1~C'lfl(;l~~ (stop codon) '1Itl~ • 

-1 0 "1Ifl~ LU1'i:l.JLVI'af ~1 ~UU,)r1~L'a 1'V1r;l~LL~~~~')tJtflm~t~t;j,)'VI'W1LLfl~~ ~L~'W1!X LL~(;l~u1L,)ru 

, (;l ~~!X'Wn11C'1fl~1i~ (transcriptional start site) ~1 ~UU,)fl~Lfll 'VI r;l~ LL~ I?l~ ~')utfln1i~t;j,)'VI'W1 

LLfl~L~U~ U~Ii'I~U1L')ru~~'Wq(;ln1~C'lfl~1,"~ (transcription termination site) 
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1261 GCCGATGCCGTCGAGGCCGATGCCAAGACCCGCCAGCGCATCCGCTTCGCGATCTCGCAA 1320 
131 A 0 A V E A 0 A K T R Q R I R F A I S Q 150 

1321 TGGGTCGATGCGATGTCGCCCGCCAACTTCCTTGCCACCAATCCCGAGGCGCAGCGCCTG 1380 
151 w V 0 A M S P A N F L A T N P E A Q R L 170 

1381 CTGATCGAGTCGGGCGGCGAATCGCTGCGTGCCGGCGTGCGCAACATGATGGAAGACCTG 1440 
171 L I E S G G E S L R A G V R N M M E 0 L 190 

1441 ACACGCGGCAAGATCTCGCAGACCGACGAGAGCGCGTTTGAGGTCGGCCGCAATGTCGCG 1500 
191 T R G K I S Q T 0 E S A F E V G R N V A 210 

1501 GTGACCGAAGGCGCCGTGGTCTTCGAGAACGAGTACTTCCAGCTGTTGCAGTACAAGCCG 1560 
211 V T E G A V V F E N E Y F Q L L Q y K P 230 

1561 CTGACCGACAAGGTGCACGCGCGCCCGCTGCTGATGGTGCCGCCGTGCATCAACAAGTAC 1620 
231 L T 0 K V H A R P L L M V P P C I N K Y 250 

1621 TACATCCTGGACCTGCAGCCGGAGAGCTCGCTGGTGCGCCATGTGGTGGAGCAGGGACAT 1680 
251 Y I L 0 L Q p E S S L V R H V V E Q G H 270 

1681 ACGGTGTTTCTGGTGTCGTGGCGCAATCCGGACGCCAGCATGGCCGGCAGCACCTGGGAC 1740 
271 T V F L V S W R N P 0 A S M A G S T W 0 290 

1741 GACTACATCGAGCACGCGGCCATCCGCGCCATCGAAGTCGCGCGCGACATCAGCGGCCAG 1800 
291 0 Y I E H A A I R A I E V A R 0 I S G Q 310 

1801 GACAAGATCAACGTGCTCGGCTTCTGCGTGGGCGGCACCATTGTCTCGACCGCGCTGGCG 1860 
311 0 K I N V L G F C V G G T I V S T A L A 330 

1861 GTGCTGGCCGCGCGCGGCGAGCACCCGGCCGCCAGCGTCACGCTGCTGACCACGCTGCTG 1920 
331 V L A A R G E H P A A S V T L L T T L L 350 

1921 GACTTTGCCGACACGGGCATCCTCGACGTCTTTGTCGACGAGGGCCATGTGCAGTTGCGC 1980 
351 0 F A 0 T G I L 0 V F V 0 E G H V Q L R 370 

1981 GAGGCCACGCTGGGCGGCGGCGCCGGCGCGCCGTGCGCGCTGCTGCGCGGCCTTGAGCTG 2040 
371 E A T L G G G A G A P C A L L R G L E L 390 

2041 GCCAATACCTTCTCGTTCTTGCGCCCGAACGACCTGGTGTGGAACTACGTGGTCGACAAC 2100 
391 A N T F S F L R P N 0 L V W N Y V V 0 N 410 

2101 TACCTGAAGGGCAACACGCCGGTGCCGTTCGACCTGCTGTTCTGGAACGGCGACGCCACC 2160 
411 Y L K G N T P V P F 0 L L F W N G 0 A T 430 

nl~ 4.11 ~1~uil'J"'~L'tlhH;ILL~~~1~Um'rMl~ijL\I~Cl'ilj;)~,rfl"1n~,rfl~~~\I~ 1 (start codon: .. 
ATG codon) ''tl~~\I~hil\lL'tl~fl'tl'''LL'Vl1nl\1L'Jmj;J'tlf pGEM®-T Easy LL~~~~j;JJ1ru""1mJ~mtJ1 
fjnL'1I'Yi'tl~L~'tlL~fl 'VI~1m'VI~: vl'Jranm M vl'JLL1n LLfl"'.m~"''tl~m\lL~'VllfiL'tli1\1~~LiI\I'j;)~~~\I . ~ 

n1~C1'fl('W,rfl (start codon) L..,1'tl~'VI~1tJ * LLflj;)~~,rfl~\lfl"'n1~C1'tlj;)~,rfl (stop codon) ''tl~ • 

U1L'Jru~ Lij\lm''tlUt11'lJrifl LUj;) ~1~uil'J "'~L'tll 'Vlj;f~'tlul 'lJm''tlU~ L'VI~tJ~ LLfl "'~ ~1 LL'VIt.i~ -35 LL~~ .. 
-1 0 ''fl~ L1.hL~Lj;J'flf ~1~uil'J"'~L'tll'Vl~LLfl j;)~~'JtJram;-~vl'J'VI'lJ1LL~~;j j;)L~'lJl~ LLflj;)~u1L'Jru 

, j;)~~~\ln1~C1'tlj;)~,rfl (transcriptional start site) ~1 ~uil'J"'~L'tll 'Vl c;l~ LLfl j;)~~'JtJ~m=j1'vl'J'VI'lJ1 
.0-

LL~:;LtltJ~ LLflj;)~u1L'JClJVl~'lJq"'n1~C1'tlj;)1,rfl (transcription termination site) «(;)'tl) 



2161 AACCTGCCGGGGCCGTGGTACTGCTGGTACCTGCGCCACACCTACCTGCAGAACGAGCTC 
431 N LPG P W Y C W Y L R H T Y L Q N E L 

2221 AAGGTACCGGGCAAGCTGACCGTGTGCGGCGTGCCGGTGGACCTGGCCAGCATCGACGTG 
451 K V P G K LTV C G V P V D LAS I D V 

2281 CCGACCTATATCTACGGCTCGCGCGAAGACCATATCGTGCCGTGGACCGCGGCCTATGCC 
471 P T Y I Y G S RED H I V P W T A A Y A 

2341 TCGACCGCGCTGCTGGCGAACAAGCTGCGCTTCGTGCTGGGTGCGTCGGGCCATATCGCC 
491 S TAL LAN K L R F V L GAS G H I A 

2401 GGTGTGATCAACCCGCCGGCCAAGAACAAGCGCAGCCACTGGACTAACGATGCGCTGCCG 
511 G v I N P P A K N K R S H W T N D ALP 

2461 GAGTCGCCGCAGCAATGGCTGGCCGGCGCCATCGAGCATCACGGCAGCTGGTGGCCGGAC 
531 ESP Q Q W LAG A I E H H G S W W P D 

2521 TGGACCGCATGGCTGGCCGGGCAGGCCGGCGCGAAACGCGCCGCGCCCGCCAACTATGGC 
551 W TAW LAG Q A G A K R A A PAN Y G 

2581 AATGCGCGCTATCGCGCAATCGAACCCGCGCCTGGGCGATACGTCAAAGCCAAGGCATGA 
271 N A R Y R A I EPA P G R Y V K A K A • 

2641 CGCTTGCATGAGTGCCGGCGTGCGTCATGCACGGCGCCGGCAGGCCTGCAGGTTCCCTCC 
2701 CGTTTCCATTGAAAGGACTACACAATGACTGACGTTGTCATCGTATCCGCCGCCCGCACC 

1 hAM T D V V I V S A ART 
P a ~ 

2761 GCGGTCGGCAAGTTTGGCGGCTCGCTGGCCAAGATCCCGGCACCGGAACTGGGTGCCGTG 
13 A v G K F G G S L A KIP APE L G A V 

2821 GTCATCAAGGCCGCGCTGGAGCGCGCCGGCGTCAAGCCGGAGCAGGTGAGCGAAGTCATC 
33 V I K A ALE RAG V K P E Q v S E V I 

2881 ATGGGCCAGGTGCTGACCGCCGGTTCGGGCCAGAACCCCGCACGCCAGGCCGCGATCAAG 

2220 
450 

2280 
470 

2340 
490 

2400 
510 

2460 
530 

2520 
550 

2580 
270 

2640 

2700 
2760 
12 

2820 
32 

2880 
52 

2940 
53 M G Q v L TAG S G Q N PAR Q A A I K 72 

2941 GCCGGCCTGCCGGCGATGGTGCCGGCCATGACCATCAACAAGGTGTGCGGCTCGGGCCTG 3000 
73 A G L PAM V PAM TIN K V C G S G L 92 

3001 AAGGCCGTGATGCTGGCCGCCAACGCGATCATGGCGGGCGACGCCGAGATCGTGGTGGCC 3060 
93 K A V M L A A N A I MAG D A E I V V A 112 

93 

nJ~ 4.1 1 ~'1~tJil'lrl~LtllYl~LL~:;~'1~tJm'j;)tl:;mtJ~Cltlj;)~i~"''1n~i~~2.J~tJ~ 1 (start codon: 
" 
ATG codon) "illl'l~tJ~LiitJLtl~~tlj;)LLYlmltJL'lnLlwaf pGEM®-T Easy LL~:;tJ~~.nru.,r"''1mJ~nhn 
~nL'lIYitl~L2.JtlL~~ ~2.J'1t1L~~: vl'ltfln~~ M vl'lLLTn LL~j;)'1n~(;)lldjLtJL2.JYllfiLtlutJ~'1LtltJ"'.(;)~2.J~tJ " . 

~ ~ 

m~Cltlj;)~i~ (start codon) Lrlffi'l~2.J'1t1 * LL~j;)'1~i~~tJ~j;)m~Cltlj;)~i~ (stop codon) "iltl'l • 
tJ1L'lClJ~ LtltJn~tltJ'fhtJ~~ Ltlj;) ~'1 ~tJil'l rl~Lll tYl~~tl~l tJm'lltJ~ m~t12.J LL~ j;)'1 vl'1 LmU'l -35 LL~:; 
-1 0 "iltl'lLthUJL~tlf ~'1~tJil'lrl~Ltl tYl~~LL~j;)'1~'ltltln~~vl'l~tJ'1LL~:;;jj;)L~tJl~ LL~j;)'1tJ1L'lClJ 

'j;)~2.J~tJm~Cltl(;)~i~ (transcriptional start site) ~'1~tJil'lrl~LtllYl~~LL~j;)'1~'ltltflnmvl'lw\J'1 
,~ 

LL~:;L~tI'I LL~j;)'1tJ1L'lClJVi~tJ~j;)m~Cltlj;)~i~ (transcription termination site) (IJ1tl) • 



3061 GGCGGCCAGGAAAACATGAGCGCCGCCCCGCACGTGCTGCCGGGCTCGCGCGATGGTTTC 
113 G G Q E N M S A A P H V LPG S R 0 G F 

3121 CGCATGGGCGATGCCAAGCTGGTCGACACCATGATCGTCGACGGCCTGTGGGACGTGTAC 
133 R M GOA K L V 0 T M I V 0 G L W 0 v Y 

3181 AACCAGTACCACATGGGCATCACCGCCGAGAACGTGGCCAAGGAATACGGCATCACACGC 
153 N Q Y H M G I T A E N V A KEY G I T R 

3241 GAGGCGCAGGATGAGTTCGCCGTCGGCTCGCAGAACAAGGCCGAAGCCGCGCAGAAGGCC 
173 E A Q 0 E F A V G S Q N K A E A A Q K A 

3301 GGCAAGTTTGACGAAGAGATCGTCCCGGTGCTGATCCCGCAGCGCAAGGGCGACCCGGTG 
193 G K F DEE I V P V LIP Q R K GOP V 

3361 GCCTTCAAGACCGACGAGTTCGTGCGCCAGGGCGCCACGCTGGACAGCATGTCCGGCCTC 
213 A F K TOE F V R Q GAT LOS M S G L 

3421 AAGCCCGCCTTCGACAAGGCCGGCACGGTGACCGCGGCCAACGCCTCGGGCCTGAACGAC 
233 K P A F 0 K A G T V T A A N A S G L N 0 

3120 
132 

3180 
152 

3240 
172 

3300 
192 

3360 
212 

3420 
232 

3480 
252 

3481 GGCGCCGCCGCGGTGGTGGTGATGTCGGCGGCCAAGGCCAAGGAACTGGGCCTGACCCCG 3540 
253 G A A A V V VMS A A K A K E L G L T P 272 

3541 CTGGCCACGATCAAGAGCTATGCCAACGCCGGTGTCGATCCCAAGGTGATGGGCATGGGC 3600 
273 L A T I K S Y A NAG V 0 P K V M G M G 292 

3601 CCGGTGCCGGCCTCCAAGCGCGCCCTGTCGCGCGCCGAGTGGACCCCGCAAGACCTGGAC 3660 
293 P V PAS K R A L S RAE W T P Q 0 L 0 312 

3661 CTGATGGAGATCAACGAGGCCTTTGCCGCGCAGGCGCTGGCGGTGCACCAGCAGATGGGC 3720 
313 L MEl N E A F A A Q A L A V H Q Q M G 332 

3721 TGGGACACCTCCAAGGTCAATGTGAACGGCGGCGCCATCGCCATCGGCCACCCGATCGGC 3780 
333 W 0 T S K V N V N G G A I A I G H PIG 352 

3781 GCGTCGGGCTGCCGTATCCTGGTGACGCTGCTGCACGAGATGAAGCGCCGTGACGCGAAG 3840 
353 A S G C R I L V T L L HEM K R R 0 A K 372 

3841 AAGGGCCTGGCCTCGCTGTGCATCGGCGGCGGCATGGGCGTGGCGCTGGCAGTCGAGCGC 3900 
373 K G LAS L C I G G G M G V A L A V E R 392 

3901 AAATAAGGAAGGGGTTTTCCGGGGCCGCGCGCGGTTGGCGCGGACCCGGCGACGATAACG 3960 
393 K • 394 

94 

xu~ 4.11 ~'1~'lJU'lr1~L~1."'~L1.fl::;~'1~'lJn~c;)~::;ijL'W~(l'Bc;)~,r~r,nm,,r~~)J~'W~ 1 (start codon : 
. ~ I 

ATG codon) "lI~.:l:n'W~hil'WL~Vi~~C;)LL.,,~nl'WL'lnLl;yaf pGEM®-T Easy LLfl::;~~~lJlru.,rr,;l1nuflnh.n 

~nLeJiYi'B~LlJ~L~~ ~lJ'1m~~: ~'ltlm~~ M ~'lLLm LL~C;)'1n~c;)~::;m'WLlJ.,,1.fiL'Bn'W~ .. utl'W'C;)~lJ~'W 
..; ~ 

m~(l~c;)~i~ (start codon) Lr1~'B'I~lJ'1t1 * LL~C;)'1~i~~'W~c;)m~(l~c;)~i~ (stop codon) "lI'B.:l • 
tl1L'lru~ Lij'Wn~~'lJ(eh'W~i~ LUc;) ~'1~'lJU'l r1~L 'tiL." ",~~tJl 'Wn~~'lJ~ L~~tI)J LL~ C;).:l~'1L1. ~ll'l -35 LLfl::; 

OJ 

-1 0 "lI~'1 LU~'()JLj;l'Bf ~'1~tlU'lr1~L'B 1.." ~~LL~ C;)-:J~'lutlmt~~'l~'W'1LLfl::;~ C;)L~'Wl~ LL~C;)'1'lJ1L'lru 

'C;)~lJ~'Wm~(l~f;\~i~ (transcriptional start site) ~'1~'lJU'lr1~L~1."'~~LL~f;\.:l~'ltltlmff~'l~'W'1 
I~ 

LLfl::;L~tI'I LL~f;\.:l'lJ1L'lruVi~'Wqc;)m~(l~c;)rn~ (transcription termination site) ([;j~) 



3961 AAGCCAATCAAGGAGTGGACATGACTCAGCGCATTGCGTATGTGACCGGCGGCATGGGTG --. 
1 M T Q R I A Y V T G G M G 

phaB • 
4021 GTATCGGAACCGCCATTTGCCAGCGGCTGGCCAAGGATGGCTTTCGTGTGGTGGCCGGTT 

14 GIG T A I C Q R L A K D G F R V V A G 

4081 GCGGCCCCAACTCGCCGCGCCGCGAAAAGTGGCTGGAGCAGCAGAAGGCCCTGGGCTTCG 
34 C G P N S P R R E K W L E Q Q K A L G F 

4141 ATTTCATTGCCTCGGAAGGCAATGTGGCTGACTGGGACTCGACCAAGACCGCATTCGACA 
54 D F I A S E G N V A D W D S T K T A F D 

4201 AGGTCAAGTCCGAGGTCGGCGAGGTTGATGTGCTGATCAACAACGCCGGTATCACCCGCG 
74 K V K S E V G E V D V LIN NAG I T R 

4261 ACGTGGTGTTCCGCAAGATGACCCGCGCCGACTGGGATGCGGTGATCGACACCAACCTGA 
94 D V V F R K M T R A D W D A V I D T N L 

4321 CCTCGCTGTTCAACGTCACCAAGCAGGTGATCGACGGCATGGCCGACCGTGGCTGGGGCC 
114 T S L F N V T K Q v I D G MAD R G W G 

4381 GCATCGTCAACATCTCGTCGGTGAACGGGCAGAAGGGCCAGTTCGGCCAGACCAACTACT 
134 R I V N ISS V N G Q K G Q F G Q T N Y 

4441 CCACCGCCAAGGCCGGCCTGCATGGCTTCACCATGGCACTGGCGCAGGAAGTGGCGACCA 
154 S T A K A G L H G F T MAL A Q E V A T 

4501 AGGGCGTGACCGTCAACACGGTCTCTCCGGGCTATATCGCCACCGACATGGTCAAGGCGA 
174 K G V T V N T V S P G Y I A T D M V K A 

4561 TCCGCCAGGACGTGCTCGACAAGATCGTCGCGACGATCCCGGTCAAGCGCCTGGGCCTGC 
194 IRQ D V L D K I V A TIP V K R L G L 

4621 CGGAAGAGATCGCCTCGATCTGCGCCTGGTTGTCGTCGGAGGAGTCCGGTTTCTCGACCG 
214 PEE I A SIC AWL SSE E S G F S T 

4681 GCGCCGACTTCTCGCTCAACGGCGGCCTGCATATGGGCTGACCTGCCGGCCTGGTTCAAC 
234 GAD F S LNG G L H MG· 

4741 CAGTCGGCAGCCGGCGCTGGCGCCCGCGTATTGCGGTGCAGCCAGCGCGGCGCACAAGGC 
4801 GGCGGGCGTTTCGTTTCGCCGCCCGTTTCGCGGGCCGTCAAGGCCCGCGAATCGTTTCTG 
4861 CCCGCGCGGCATTCCTCGCTTTTTGCGCCAATTCACCGGGTTTTCCTTAAGCCCCGTCGC 
4921 TTTTCTTAGTGCCTTGTTGGGCATAGAATCAGGGCAGCGGCGCAGCCAGCACCATGTTCG 
4981 TGCAGCGCGGCCCTCGCGGGGGCGAGGCTGCAGGCCGCCACGCGCAGCCATGCGCGAACG 
5041 GGCCACCAGATGGGCCGGCACGACAACAAGCAGATGGCGCGGGCGATACCGATTTGCGCA 

., . 

95 

4020 
13 

4080 
33 

4140 
53 

4200 
73 

4260 
93 

4320 
113 

4380 
133 

4440 
153 

4500 
173 

4560 
193 

4620 
213 

4680 
233 

4740 

4800 
4860 
4920 
4980 
5040 
5100 

ATG codon) "1I'fl~:n\J~Lii\JL'flVl~'fl"'LLVlmh!L'mLlWar pGEM®-T Easy LLfl:;~~[;lJ1ru.,r"1mJBnhn 

flnL"J!Yi'fl~Ll-J'flL~~ \nJ1m~[;l: ~'l~mt~ M ~'lLLm LL~"'~m"''fl:;m\JLlJVl'tfiL'fli1\J~~Lij\J.,,,,(jlJlA'\J ". . 
.01 ., 

m~Cl'tl"'~,r~ (start codon) Lf'l~'tl~mJ1U * LL~",~~,r~~\J~"'m~Cl'fl"'~,r~ (stop codon) "1I'fl~ • 
ulL'lru~Lij\Jm'fluth\J~,r~Ltl", ~1~uil'lf'l~L'fltVlr;)~'flu1\Jnffiu~L~~UlJ LL~"'~~1LL~ti~ -35 LLfl:; 

" 
-10 "lJ'eNL1.hLlJL[;l'flr ~1~uil'lf'l~L'fltVlr;)~LL~"'~~'lU~m~~~'l~\J1LLfl:;~"'L'&\'\J11A' LL~",~ulL'lru 

,,,,(jlJlA'\Jm~Cl'fl"'rn~ (transcriptional start site) ~1~uil'lf'l~L'fltVlr;)~LL~",~c1l'lu~m~~~'l~\J1 . ., 
LLfl:;L~U~ LL~",~ulL'lruVl~\J~"'m~Cl'fl"'~,r~ (transcription termination site) (~'fl) 



5101 CTGCACCCCATGCGGTGCAGCAGCGCGCAAACAGCGATGACACAAGGACAGAGCACCGAT 5160 
5161 GGCCACGACCAAAAAAGGCGCAGAGCGACTGATCAAAAAGTATCCGAACCGTAGGCTCTA 5220 
5221 CGACACCCAGACCAGCACCTACATCACCCTGGCCGACGTCAAGCAGCTGGTCATGGATTC 5280 
5281 AGAAGAATTCAAGGTCGTCGACGCCAAGTCTGGTGACGAACTGACCCGCAGCATCTTGCT 5340 
5341 GCAGATCATCCTGGAAGAAGAAACGGGCGGCGTGCCGATGTTCTCCAGCGCGATGCTGTC 5400 
5401 GCAGATCATCCGCTTCTACGGCCATGCCATGCAGGGCATGATGGGCACCTACCTGGAAAA 5460 
5461 GAACATCCAGGCCTTCATCGACATCCAGAACAAGCTGGCCGAGAACTCCAAGGGCCTGTA 5520 
5521 TTCCGGCGAAACCTTCAGCCCCGACATGTGGTCGCAGTTCATGAACATGCAGGGCCCGAT 5580 
5581 GATGCAGGGCATGATGAGCAACTACATCGAGCAGAGCAAGAACCTGTTCGTGCAGATGCA 5640 
5641 GGAGCAGATGCAAAGCCAGGCCAAAAATATGTTCGGGACGTTCCCGTTCAACCAGCCGGA 5700 
5701 CAAGAAGTAAGACACTGGCAGCGGCGGGCGCTACACCCGCCGCATATCCCGCACGCTGGC 5760 
5761 TGGCACTCAGCCAGCGCTCGCATGCAGG 5788 

., . 

96 

ATG codon) "1l'fl~;tJ~LiltJL'fll1~'fl~LL'VImhlL'mLlWaf pGEM®-T Easy LL~:;~~lnnru.,r91nUljnhJI 

~nL"liYl'fl~L)J'flL),~ ~)JltJL~~: j;j'l~m~)' M j;j'lLL~n LL~~~m~'fl:;mtJL)J'VI'tfiL'flntJ~~d'JtJ,,,,(j)J~tJ . ., 
n1),Cl'fl~),,r~ (start codon) L~·i1'fl-.l~)JltJ * LL~~~)',r~~tJ~~n1),Cl'fl~),,r~ (stop codon) '1I'fl~ • 
1J1L'lru~d:JtJm'fl1J'thtJ)',r~LiJrn ~1~1JU'lr1~L'fl't'VI~~'fltJltJm'fl1J~L~~tJ)J LL~~~~ILmti~ -35 LL~:; .. 
-1 0 '1I'fl~LU),~LIn'flf ~1 ~1JU'lr1~L'fl 't'VI~~LL~ ~~~'ltJtflmnj;j'l~tJILL~:;;;~L~tJl~ LL~~~1J1L'lru 

, ~ (j)J~tJn1),Cl'fl ~)',r~ (transcriptional start site) ~1 ~1JU'l r1~L'fl 't 'VI ~~LL~ ~~ ~'ltJtfln~)'j;j'l~tJl 
. ., 

LL~:;L~tJ~ LL~ ~-.l1J1L'lrul1~tJq~n1),Cl'fl~),,r~ (transcription termination site) (t;l'fl) 

91n),U~LL~ rn~ih ~1JU'l r1~L'fl 't 'VI ~"1l'fl~~tJ~ LiltJL'fl~~'fl rnLL 'VIm 1 tJL'l n LIn'flf ~~ d:JtJ~tJ~'ltJ .. 
"1l'fl~utJ phaC ~'fl~L~n'fl91n'tYl),L)J'flf R2 ~tJ'tu LL~:;~~lnnru.,r91nuljmtJl~nL"liYl'fl~L)J'flL),~ 

"1l'fl-.1utJ phaC ~'fl~tirn91n'tYl),L)J'flf F4 ~~)J1 L~'flUI)JI':)Lr1n:;iLL~:;r.r~L1tJ-.1~I~1JU'lFl~L'fl't'Ylv1 
., . 
"t1-.1~)J rn ~'ltJ nl),LmtJ1J Ll1tJ1Jfi1J~1 ~1JU'l Fl~L'fl 't 'Yl v1"1l'fl-.1 LL1J Fll1 L1tJ~ ItJ~tJf~tJ191 n.31tJ;r'fllJ~ 

GenBank L~tJl-iiLunLm)J BLASTn Yl1J~1 ~1~1JU'lFl~L'fl't'VIv11J1L'lru~-.1mh'l"1l'fl~ R. eutropha 

~ltJ~tJfi A04 i1Fl'lI)JFl~ltJn1J~1 ~1JU'lFl~L'fl 't 'VI v1"1l'fl~UtJ~u)':;)J'l~),,r~;;'l~~ LFln:;i PHA "1l'fl~ • 
R. eutropha ~ltJ~tJfi H16 n-.1 99% (Pohlmann LL~:;Flru:;. 2006) ~~LUtJ~I~1JU'lFl~L'fl't'Ylv1 • 
1J1L'lruri'fltJn~ LU)' L)J LIn'flfLL~:;~~-.1 n),'fl1J'filtJ)',r~ LiJrn'1l'fl~UtJ~U)':;)J'l~),,r~;;'l~-.1 LFln:;i PHA 

LrntJLLti-.l'fl'flmutJ 3 utJ LL~:;Lffi-.1~I~1J~~ t;l'fl 'tu~ utJ~U)':;)J'l~),,r~ L'fltJ't 'nh"'fl~'tt! rnffin; LL'fl~ f'l1 

LtJL'flIn;tJL'VI~ (polyhydroxyalkanoate synthase (phaC)) utJ~U)':;)J'l~)',r~L'fltJl"jj~Lu~IFitlnl'Yl 

L'fl L~~ «(3-ketothiolase (phaA)) LL~:;UtJ~U)':;)J'l~ )',r~ L'fltJl"jj~'fl:;;LIn'fl:;L"jjVi~ LFl L'fl1~m 'Yl~ . ., 
(acetoacetyl-CoA reductase (phaB)) L~mLt;l~:;utJ9:;i1, ~~)J ~tJLL~:;~tJq ~"1l'fl-.1 n1),Cl'fl~),,r~ 
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I , " 

Lij'a';)LI'I:i'1::-J1'I,)1~L~ij'a'W"lI'a'lLth~'WVi(]'a~:i'tr~'"l1n£hJ~'1 3 ~'W L~tJHhJmm~ 

BLASTx YllJ~1iJl'I,)1~mij'a'W 99% rilJL'a'Wl'lIlrYl'a~le1~:i''an~LL'a~ I'll L 'WL'a(;1:n'WL'Y1~"1I'a'l R. 
I " 

eutropha ~1tJ~'Wf H16 (Pohlmann LL~::l'Iru::, 2006) L~tJiJm~'a:;m'WVi~1'1ri'W ~'1n 

n~~'a::m'Wcii1LL·m.i'l~ 122 "1I'a'l R. eutropha ~1tJ~'Wf A-04 Lu'WLth~'W (P) l'W"lIru::~ R. 

eutropha ~1tJ~'Wf H16 LU'Wfj~'W (L) ~1~flJL'a'Wl'11,rLlJf~h~L(;11'Y1L'aL~~ LL~::L'a'Wl'11,r'a:;;L(;1'a:: 

L'1IVi~ LI'IL'a1~m'Y1~"1I'a'l R. eutropha ~1tJ~'Wf A-04 iJ~1~lJm~'a::m'WL~ij'a'WrilJ R. eutropha 

~1tJ~'Wf H 16 100% (Pohlmann LL~::l'Iru::, 2006) 

" " ~1~lJ\l,)I'I~L'al'Y1C;)"lI'a'l~'W~'1 3 ~'Wn (]mj'WnnlrL'W~1'Wif'a~~ GenBank L~tJiJ~~1m~"lI .. .." 
" .4 0 ... 

L"lI1(]'1 FJ897463 FJ897 461 LL~:: FJ897 462 (;11~~1~lJ 
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4.3 n1'iL~).J41U1u~uijn~L~lJL'£I~-3tJ'i:;).J1~'i"r~;1~-3LFI'i1:;~ PHA "11'£1-3 R. eutropha 

~1tJ"'lJ~ A-04 1j;1tJtJDmtJ1~n 1'li'W'£I~L).J'£IL'i~ 

~ I I I Sf 

mlJ~1~lJ ~~'l1'WLYl'tl1 m~th.l~hJJ'::lJ,)~ J'~~;,) ~~ LI"lJ'1::-J PHA Yi~lJlJJ'n1'tlUI11tJ1 'W;n'WL~mn'W 
" '" 

, , 
'tl'tlnLLlJlJ forward primer Yi~1LYn::(;\'tl~L~'WL'tllJ1L')ru'"lInL1lJ~'W"1J'tl,m1J't1'tl~J'~~ (start codon) • , 

" II 11 O....t::::IIt..c::;I)' '1 ". q q 0 I q a 
LL~:: ~"lI"1J'tl~~~1InlJ'W,) I"l~h'tl ~YlIn"1J'tl~tJ'W pha8 'tl'tlnLLlJlJ reverse primer Yl'"l1 LYn::In'tl~L'tl'WL'tl 

~ ~ , 
lJ1L')ru'~~'W~Inn1J't1'tlInJ'i~ (stop codon) LlntJ'tl'tlnLLlJlJ forward primer ~~~'tl~1 F _phaCAB 

~ , 
LL~:: reverse primer ~~~'tl~1 R_phaCAB LL~::'tl'tlnLLlJlJ reverse primer 1'\.uJ~n 1 L~'W ~1~flJ 

, 
... ... ... ... ~ 'I" l'''' "'... ~" " tJ'W phaC LYltJ~tJ'WLlntJ') LlntJ L"lI forward primer (F _phaCAB) L~'WLlnmnlJYl'tl'tlnLLlJlJ L,)LL~,) LL~:: 

H;r'tllJ~~1~lJU,)I"l~L'tllYl~~YlJ'1lJ1'W;r'tl 4.2 L~'tl'tl'tlnLLlJlJ reverse primer ~~1LYn::(;\'tl~L~'WL'tl 
" ~ ~ , 

lJ1L')ru'In~'W~~n1J't1'tl!nJ'i~ (stop codon) "lI'tl.:JU'W phaC LlntJ~.:J~'tl~1 R_phaC ~1~lJU,)I"l~L'tl 

lYl~"1I'tl~lYlJ'LlJ'tlfL~~1nLL~In~1~'W~1J'1.:J~ 3.2 
, d 

tJ1 ~1 YlJ'LlJ'tlfYi'tl'tl nLLlJlJH;r1~ ~'WlJ11-n 'Wn1J'Yi1ulJmtJ1~ n L"liYl'tl~ LlJ'tl LJ'~ LYl'tl 

L ~lJ~1'W,)'W~L 'Wi1 n ~ L ~'WL 'tl~~UJ'::lJ,)~ J'~~~,) ~~ LI"l n::-J PHA LL~ ::~L 'Wi1 n ~ L ~'WL'tl~~UJ'::lJ,) ~J'i~ 

L'tl'Wl"l1,rYl'tl~1e]1nJ''tln;LL'tl~1"l1L'WL'tl~;n'WLYl~ Llntl1fi:I"lJ'LlJL"lIlJ'tl~~L~'WL'tl"1l'tl~ R. eutropha ~1tJ 

~'Wf A-04 LU'WLLlJLLlJlJ LL~::HL'tl'Wl"l1,r Ex Taq DNA polymerase ~1lJ':)fin1J'~n~1')1~'W;r'tl 

3.11 .2 YllJ~1 1~ ~~ ~Ji ru")UlJmtJ1~ n L'llYl'tl~ LlJ'tl LJ'~ "lI'W1InUJ'::lJ1ru 3. 9 iiL~ LlJ~ '"l1 n ~1 YlJ'LlJ'tlf 

F -phaCAB LL~:: R_phaCAB LL~::1~~~(;lJiruoyfu~mtJ1~nL'1iYl'tl~LlJ'tlLJ'~~;:j"ll'W1~UJ'::lJ1ru 1.8 

nL~LlJ~'"l1n~lYlJ'LlJ'tlf F _phaCAB LL~:: R_phaC ~~LL~In~~.:JlU~ 4.12 
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2 345 

-~--DNA marker "".l""ifIIo"'t.~., 

10000 
8000 
6000 
5000 "1I'W 'Wllh:;~J1 ru 
~ 
3000 

3.9 m~LU~ 2500 

2000 
"1I'W1"'lh:;~J1ru 

1500 

1000 
1.8 nt~Lu~ 

750 

500 

250 

l1.J~ 4.12 fl1Yitl:;n1 t1~L~~~L~ntVl1t"'h~~"1Itl-1r.J~(;lJiru...r~1~~1n1.J!lmr.J1~nt'llYitl~UJtlL1~ 

t"'tJ1-n.Yi1L~tlf F _phaCAB nu RJ)haCAB LL~:; F _phaCAB nu R_phaC (;l1~~1~U 

'lltl-1~-1~ 1 

'lltl~~-1~ 2 

GeneRuler™ 1 kb DNA Ladder 

r.J~(;lJiru...r"1ltl-11.J!lmtJ1~nt'llYitl~L~tlL1~~1n R. eutropha ~1tJ~'Wf A-04 

t"'tJ1-n.Yi1L~tlf F _phaCAB nu R_phaCAB 

r.J~(;lJiru...r"1ltl-11.J!lmtJ1~nL'llYitl~UJtlL1~~1n R. eutropha ~1tJ~'Wf A-04 

t(;ltJ1-n.Yi1L~tlf F J)haCAB nu R_phaC 
, , "" 

'lItl~';)-1Vi 4 LL~:; 5 r.J~ (;lJiru...r"1ltl-11.J!lmtJ1~n L'llYitl~ L~tl L1~~1nn111-iftJ11.J~tl",1.J1:;'11.J~tl (;lL;tl 

LiI'WLLl-iLLuu L(;)tJ1-n.Yi1L~tlf F _phaCAB nu R_phaCAB LL~:;lYi1L~tlf 

F _phaCAB nu R_phaC (;l1~~1~U (1(;)rl,)uf'J~r.J~~u) 

~1m1.J~ 4.12 'lltl-1~-1~ 2 LL~:;'lItl-1~-1~ 3 Yiui1r.J~(;lJiru...r~1~~1n1.JnmtJ1~nt'llYitl~L).Jtl 
OJ OJ OJ ., ,., 

L1~~ln R. eutropha ~1tJ~'W1f A-04 t(;)tJH'lYi1L~tlf 2 ~~ Ln"'r.J~(;lJiNmhJ11.J'WLtltl'W).J1~')tJ 

~-1,r'Writl'WtJ111.JLrl~'WL;1 L,) n L(;ltlfLL~ (;l-1tltln~-1l1ftl~Yi11 ,xU1~Vlt L(;ltJ ~ (;l~'Wtl:;n1 t1~u1L ,)N"1I'W1 '" • 
3.9 m~LU~ LL~:; 1.8 m~LU~ L~tl~n(;lr.J~(;lJiN.,r1.J!lmtJ1~nt'llYitl~L~tlL1~t"'tJHf'(;l~lL~ 
Wizard SV Gel and PCR Clean-Up System Kit (;l1~';)fi~nfh')ltJ1.'W;tl 3.9.1 (;l1')~~tlUr.J~n11 
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";1lJ1-~'Vli~~ [;lJiruryhJ~m-m~n t'li~'fl~LlJ'flL~~~l~'MJ~fi'fl~n1 L~~ L9~~L~n L 'Vl~h-l L~:n~ ~~LLMI~ 
~~nJ~ 4.13 

OJ 

l1J~ 4.13 1l1~'fl~n1 t~~ L9~~ L~ n t 'Vl~ L 'Yh~~,'il~ ~~n1~";1lJ1-~'Vli~~ [;lJirury]t1~m-m~ n L "J!~'il~ 
LlJ'ilL~~ 

'li'fl~~~~ 1 

"J!'il~~~~ 2 

TM 
GeneRuler 1 kb DNA Ladder 

~~n1~";1lJ1-~'Vli~~[;lJirury]t1nm-tJ1~nL'li~'fl~LlJ'flL~~91n'li'il~~~~ 3 ~t1~ 4.12 
~ ~ ~ ~ 

~~ij"1l'l.!1(;l~~[;lJirury]t1~~lJ1ru 1.8 iiL~LlJ~ 

~~n1~";1lJ1-~'Vli~~[;lJirury]t1nm-m~nt'li~'il~LlJ'flL~~91n'li'il~~~~ 2 ~t1~ 4.12 
~ ~ ~ ~ 

4.4n1'iLfl'it'UJiJ;)iltu.n~uijniiL~UL'£I1I'£I~ R. eutropha ~1!1-WUtf A-04 L-n1LUL'lnLJ;)'£Ii 

L;:'£In1'iU~J;\~'£I'£In pBAOITOPO® ThioFusion™ vector system 

U1~~[;lJirury]t1nm-tJ1~nL"J!'Yi'fl~LlJ'ilL~~~";1lJ1-~'VliLL~'l91n;r'il 4.3 (ltl~ 4.13 

"J!'il~~~;j 2) ~~LiI'l.!U'l.! phaC ''il~ R. eutropha ~1tJ~tJf A-04 t(;lm~'illJL;r1nlJL'lnL[;l'ilf 

pBADfTOPO® ThioFusion ™ (LL~'l.!~LLM)~~mtru~"1I'il~ L'lnL[;l'ilf pBADfTOPO® ThioFusion ™ 
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LL~ 1M 1Wl1 f'HJkI')n ~3) (;]llJ,;)fin1~~ n~l,) It)1 kI-D'a 3.12.2 "'11 n,rkl'Vl~Ik1~~'aflJ1~'alJlhL klkIYl 

Yl'CiI~ij(;]L-DI~ E.coli Top10 LL~,)~(;]L~'ant~'Cikl~i1tlkl phaC ~'a(;]LL'Vlm'a~ (;]~,)"'I~'aUt~'Cikl~ 

~(;l L~'an ~,)£J~fitJ{jm£Jl~ n t 'liYl~~ UJ'a L~~ t"l£J1-ift~ t'Ci,!LUklLLl-l LLUU L~'a LUkln1~(;]~,)"'I~'aU~ P\'VlI~ 

n1~~'a(;lLL'Vl~n"ll'a~tlkl~~n~l,) ~~H"1YlrLlJ'af F _phaCAB nu pBAD Reverse ~,nukllYlrLlJ~f~ 
., 
ikl(;]'akl1k1nl~~ltJ{jm£J1 

., 
~nt"liYl~~UJ'aL~~l~n~I')lt)1k1;r~ 3.12.5 "'Ilmrkl(;]~"'I~~U~~(;].rlrueyf"'llntJ{jmm~nt"liYl'a~LlJ'a 

L~~~l~(;]£J~fi~::;n1h~L"'I'Ci~L~nt'Vl~t~L~;~ ~'CiLL~(;]~~~ltJ~ 4.14 

DNA marker 

10000 ~~ Ih 
2500 
2000 

1500 

1000 

750 --

500 --

250 --

"lIkll(;ltJ~::;lJlru 1.95 nt'CiLU~ 

l'r---"lIkll(;ltJ~::;lJlru 1.8 nt'CiLU~ 

ttJ~ 4.14 111Yl'a::;n1t~~L"'I'Ci~L~nt'Vl~t~L~~"lI'a~~~(;].rlrueyftJ{jmtJ1~n t"liYl'a~LlJ'aL~~"'Ilnt~'Cikl 

~1~1 

TM 
GeneRuler 1 kb DNA Ladder 

., , r 

~ ~ (;].rl rueyftJiim£JI'Ci n t"li Yl~~ LlJ~ L~~"'I1 n nl ~ 1-D;kI~ L .aklL ~Yl~lu1~'Vlfi"'ll n;J'a 
~ ~ . 

4.3 (ltJ~ 4.13 'li~~~~~ 2) LUklLLl-lLLUU L(;l£J1-if1Yl~LlJ'af F _phaCAB riu 

R_phaC ('(;l~')Uf'llJ~'Ciu')n) 

~ ~ J;I.rl rueyftJ{jmm~n t "liYl~~ LlJ'a L~~"'I1 n nl~ H'~ ItJ'Ci~ (;ltJ~::;,tJ'Ci~ (;l L~'a LUkI 

LLl-lLLUU t(;l£J1-nYl~UJ~f F _phaCAB nu pBAD Reverse ('(;]~')Uf'llJ~'Ci'CiU) 

~~J;I.rlrueyftJ{jmm~nt"liYl'a~LlJ~L~~"'Ilnt~'Cikl~ 1-3 mlJ~I~U t(;l£J1-nYl~LlJ~f 

F J)haCAB nu pBAD Reverse 
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r.nnltJ~ 4.14 YllJ~1 tPl~U~ 3 (-rl'fl~~~~ 6) L,xt.J~(;l.nruoyfu~nhl1fjnt-rlYl'fl~LlJ'flLJ'~ 

(;l1lJ~ ~'fl~n1J'tc;)uii"1lU1 C;)UJ':;lJ1ru 1.95 iit~ LlJ~ di'fl~91nii~1~lJU,)PI~t'fl1Y1~"1J'fl~L,)nL(;l'flfL~lJ 

;UlJ1tJJ':;lJ1 ru 150 f1LlJ~ ~~~U"1IU1 C;)"1J'fl~ t.J~ (;l.nruoyf~hhrlJJ',)lJ~1 ~lJU') PI~t'fl1Y1 ~ 150 r1 LlJ~ 
~ ~ 

I I '" " I" 

1C;)PI,)lJ~lJt.J~lJ')n (-rl'il~":l~~ 2) LL~C;)~~1 tPl~U~n;U~h~UL'il~~LtJU;U~,)U"1J'fl~£lU phaC 

o " 

~1~flJ1P1'illJihL UU~Yl~1~ij c;)~ii;u~,)U"1J'fl~£JU phaC ~'fl C;)LL Y1m'fl~lJ1L,) ru~~~ ttJJ' tlJ 
" 0 ,. .... 4dI I 

L(;l'ilJ' pBAD (;l~"lIm1 pBAD-phaCA04 

~1t.J~(;l.nruoyftJ~mmfjnt-rlYl'fl~LlJ'flLJ'~~Yi1lJ1~Y1tLL~,)91nosjf'fl 4.3 (ltJ~ 4.13 

-rl'fl~~~~ 3) ;~LtJU£lU~tJJ':;lJ,)~J'~~~')i~LPln:;,x PHA "1J'il~ R. eutropha ~1U~U{ A-04 tc;)U 
o 0 

L~'illJL;r1nlJL,)nL(;l'flf pBADfTOPO® ThioFusion ™ (LLt.JU~LL~c;)~~mtru:;'1l'il~L,)nL(;l'ilf 

pBADfTOPO® ThioFusion ™ LL~c;)~L'Wl1P1t.JU')n Pl3) (;l1lJ":lfin1J'~n~1')1rt.u;r'il 3.12.2 
" 0 

91n,rUYlJ'1ulyj'flflJ1P1'illJihLUU~Yl~1~nC;)L;r1~ E.col; ~1u~ufi Top1 0 LL~,)~C;)L~'fln tPl~u~ii 
~ . 

£JUtJJ':;lJ,)~J'~~~')i~ LPlJ'1:;,x PHA ~'ilC;)LLYlm'il~ (;lJ',)9~'fllJ tPl~U~ ~ C;)L~'fln ~')u":lfitJ~mmfj n t"J! 

Yl'fl~LlJ'ilLJ'~tc;)uHtPl t~~LtJUmjLLlJlJ LL~:;H'~1YlJ'LlJ'flf F -phaCAB nlJ R_phaCAB ~'fl'ilnLLlJlJ 
LU;J'fl 4.3 ;~~1LYl1:;nlJ£JU~tJJ':;lJ,)~J'~~~')i~LPln:;,x PHA ~1~flJiU(;l'iluLun1nl1tJ~mm 

fjn t"J!'Yi'il~LlJ'ilLJ'~1~n~1')1rt.u;r'il 3.12.5 (;lJ',)9~'illJt.J~(;l.nrurrl91ntJ~mmfj n t"J!'Yi'fl~LlJ'flLJ'~~1~ 
Lc;)u":lfi'il:;n1 tJ'~L9~~L~n LYlJ'LyjLJ';~ t.J~LL~C;)~~~J'U~ 4.15 

~ 



DNA marker 

10000 
8000 
6000 
5000 
4000 
3500 
3000 
2500 

2000 

1500 

1000 

750 

500 

250 

12345 678 

~ .' S 
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..J 
,tJ'Vl 4.15 111'Y'1'tl:;mh~L"~~L~nt'Vl~Lvh~~"lI'il~~~InJlru"tJDm£J1~nt"li'Y'l'tl~L~'tlL~~"'1ntf1l~'W 

(;h~1 

"li'il~~~~ 1 GeneRuler™ 1 kb DNA Ladder 
I ..J I 

"li'il~~~'Vl 2-6 ~~InJlruoyJtJDm£J1~nt"li'Y'l'il~L~'ilL~~"1ntf1l~'l.!Yl1-5 m~~h~u t"lUt-n'Y'l~~'ilf 

F _phaCAB nu R_phaCAB 
"' I .. 

~~ InJlru"tJDm£n~n t"li'Y'l'il~ L~'tl L~~"1 nn1~t.if;'W~ Ltfl'l.!L'ilYlVhuj~'Vlfi"1n.jf'il 

4.3 (,tJ~ 4.13 "li'tl~~~~ 3) LtI'l.!LLl-I LLUU t",ut-n'Y'ln~'tlf F _phaCAB nu 

R_phaCAB ('C;)f1I'lUI"Jl-J~~U'ln) 

"' "' ~~ Inn ru"rltJDmu1 ~ n t "li'Y'l'il~ Ll-J'tl L~~"1 n n 1 ~ t .if-W1tJ~'il ",tJ~:;'1tJ~'il '" L;'tl LU'l.! 

LLl-ILLUU tc;)ut-n'Y'l~~'ilf F _phaCAB nu R_phaCAB (1"'f1I'lul"J~~~~u) 

"1n,tJ~ 4.15 'Y'IU~1 tf1l~'W~ 1 ("lI'tl~~~~ 2) t~~~lnnruoyJtJDmu1~n t"ll'Y'l'il~L~'tlL~~~ij 

"lI'l.!1 ",tJ~:;l-J1ru 3.9 iit~ LU~ Lvhnu~~ Inn ru"rltJDmu1~ n t"li'Y'l'il~ Ll-J'tl L~~t 'l.!1 C;)f1I'lU 1"Jl-J~~U'ln 
~ ..J I ~~~ d a .d.!' ~ .:J .... .q ,. 

("lI~FI'l~'Vl 7) LLM\~'l1 tf1l~'l.!'l.!~"lI'l.!C;)L'il'l.!L'il"ll~LtI'W"J!'l.!~'l'l.!"lI'il~U'l.!'VltJ~:;~'l~n~~"J!'l~~Lf1In:;~ PHA 

~'tl(;lLL 'Vl~n'iltl ~~,r'l.!~~ ~'" L~'iln tf1l~'l.!~ 1 l-J1~n (;l'Y'l~1~ij "'~'lU"l! "'~ n "'1n1~~fi~ mh'lLt)t 'l.!''il 
~ . 

...; .4 ... .. ..J ... ~ S- I ... .!' -J ... ..J. I ... ... 
3.12.4 L 'Y'I'ilU'l.!tJ'W~ ~ LL~:; In~'l" ~'tlU'Y'I ~1 ~~ "''Vl ~ n (;l ~"''l1l-J''l! 'W'G1'l 'l.!"lI'tl~ tJ'W'VllJ ~:;~'l ~ ~~ ~"l! 'l 

~~Lf1In:;oJ PHA ~'il"'LL'Vl~n'il~t'W1F1'tl~ijLL'l.!'l.!~'Y'I~1~ij(;l ~~-W1'Y'1~1~ij",~~n",t~~LtI'l.!LLl-ILLUUt'W 
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... I 

"1Jra~:n'IJ~h.a'IJLra 1 'lJL'J nL(;)rafL Yira n1 rLL~ (;l~ rara n ~~ n~ 1'J L(;ltl1-D1. ~ ~LlJra f Trx Forward nlJ 

R_phaCAB LL~:; F _phaCAB nlJ pBAD Reverse ~~dj'IJ1~nlJraf~~1L~1:;~raU'IJLL~:;~1L~1:; 

~ra L'J n L(;)rafL ~ra n1rLL~ CMrara n (;)~'J'"I~ralJ ~~ (;).nCU",h1 mJ!jin'tl1~ n L "li~ra~ LlJra L~~~1~(;ltl';)fira:; 
n1L~~L'"I~~L~nLYl~LyjL~~ ~~LL~~~~~~tJ~ 4.16 

" 

2 3 4 5 

(~LtJ~) 

111 

3000 
2500 
2000 

1500 

1000 

750 

500 

250 

ltJ~ 4.16 J)1~ra:;n1 L~~L'"I~~L~nLYl~Lyh~:n~"lJra~~~(;).ncu")tJlJmtl1~n L"li~ra~L2-JraL~~'"I1nn1~ 

H'~~1~n(;lLij'\JmjLLlJlJ1'IJtJlJmtl1~nL"ll~ra~LlJraL~~ 

"llra~~~~ 1 

"llra~~~~ 2 

GeneRuler™ 1 kb DNA Ladder 

~~ (;).n cuoyftJlJmtl1 ~ n L "li~ra~ LlJra L~~'"I1 n n1~ 1; ~~ 1~ n (;l~~ n ~ 1~ LtI'lJLL~ LLlJlJ 

L(;ltlHiL~1LlJraf Trx Forward nlJ R_phaCAB 

~~ (;).ncuoyftJlJmtl1~ n LoJl~ra~ LlJra L~~'"I1 nn1~1.jfYi~1~n(;l~~ n (;l1~ LtI'lJLL~LLlJlJ 

L(;ltlHL~~LlJraf F _phaCAB nlJ pBAD Reverse 
... ... 

~~ (;).ncuoyftJlJmtl1~n LoJl~ra~ LlJra L~~'"I1n n1~1.jf,j1tJ~ra(;ltJ~:;,tJ~ra (;l L~ra LtI'IJ 

LL~LLlJlJ ('(1lrl'JlJl'JlJ~~~lJ) L(1ltlHL~nlJraf Trx Forward nlJ R_phaCAB 
... ... 

~~ (;).n cuoyftJlJmtl1~ n L oJl~ra~ LlJra L~~'"I1 n n1 ~ 1.jf,j1tJ~ra (;lu~:;,tJ~ra (;l L~ra LtI'IJ 

LL~LLlJlJ ('(;lrl'JlJl'JlJ~~~lJ) L(1ltlHLYi1LlJraf F _phaCAB nlJ pBAD Reverse 
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r,:nnltJ~ 4.16 'V'/u~11~·n.!1(;)~~(;).nruey]tJ~mtJ1~nL"J!'V'/'fl~~h~'flL~Ml1~~~'fl'ln1~ L(;)t1iJ 

"lltJ1(;)tJ~~~1ru 4.4 LL~:: 4 nt~LU~ ("J!'fl"'~'l~ 2 LL~:: 3) ~1~~I~U Lti'fl'l1il1nn1~L~~~tJ~'JtJ"ll'fl'" 
I " 

~tJL(;)t1L.jf forward LL~:: reverse primer ~~IL'V'/I::[;]'flL'Jm~'flfLL~(;)'l'fl'fln\h::iJ~1~UU'Jrl~L'fl1'Vl'" 

"ll'fl'lL'Jm~'flfL~~ftJtJ~::~lru 500 LL~:: 150 ~LU~ m~~1~U Vi1L~~~~.nruey]tJ~mm~nL"J!'V'/'fl~ 
L~'flL~~~t~iJ"lItJ1r;)L~~ftJIil1nL~~ ~~n1~(;W'JIil~'flULL~(;)'lL~L~tJ~1Lrl~tJ~~(;)L~'fln~ iJ~tJ~L~tJL'fl 
~." LijtJ~'W~ 'JtJ,,~.,,~tJ~tJ~::~'J ~~,x~~'J i." Lrl~1::'l-f PHA ~'fl (;) LL 'Vl ~nmjL t.!L'J n L~'flfL ~'fl n1 ~ .. 

I " I 

~ 1~ ~u1rl~ ~U LL t.! t.!-n'V'/ ~ 1 ~ ij (;)~iJ1tJ~'JtJ"ll~'" ~ tJ YitJ ~::~ 'J ~~,x ~ ~ 'J i." Lrl n::'l-f PHA 
.. I 

~'fl£'lLL'Vl~n'€l~u1L'Jru~~'lLtJ~L~L~'flf pBAD ~.,,:n'fl~1 pBAD-phaCABA04 

o q ~ .. .Jq c., 1.I.d 

tJ1~rl~~ULLt.!t.!'Vl E. coli 'Vl~'V'/~I~~(;) pBAD-phaCA04 1il1n"ll'fl 4.4.1 LL~::~rl'fl~ 
I !IJ II II 

ULLtJtJ-n E. coli ~iJ'V'/~1~ij(;) pBAD-phaCAB A04 1il1n-if'fl 4.4.2 ~1L~t1"'LtJm~1n~tI'lL~~L~~,) 

LB ~iJLL'eJ~~1~~tJ 1 00 12-JLrlm~~[;]'fln~~~~~ U1ttJLitl"'UtJLrli'fl"'L"llU1rl'JUrl~'flru~l1ij L(;)t1iJ .. .. 
I " 

'ei~nL"U'l 200 ~'flU[;]~tJ1~ ~ru~l1ij 3r'l! d:JtJL,)~1 16-18 -D,) L~'l LL~::L~1t1~ d:JtJ,x') L:n'fl ~1~':jfi . .. 

I ........ .. 
4 .5.2 coli 'Vl~'V'/~I~~£'l 

pBAD-phaC A04 

., " I 

~~,)Iil~'flU n'lnL~ £'l'l'fl'fln LU'fl'l ~tJ L(;)t1U1,x') L~'fl~ L~1t1~1il1 n-if'fl 4.5.1 m~1 ~~ 
"., I 

0.5 n~~~~~ (~(;)LtJtJ 1 % [;]'flm~1~~) rilt1~'lLtJm~1n~t1"'L:n'flL~~,) LB ~iJLL'fl~~:n~~tJ 100 

t~Lmn~2-J[;]'fln~~~~~ m2-J1~~ 50 ij~~~~~ u11tJLitl'lutJLrli'fl"'L"llU1rl'JUrl~'flru~l1ij L(;)t1iJ .. .. 
'ei~~1L"U1 200 ~'flU[;]'fltJ1~ ~ru~l1ij 3r'l! IiltJm::i"'1(;)~hn1~(;)(;)n~tJLL~'l~ 600 tJ1LtJL~~~ 'flU 

" " " '" ., I 

LtJ"J!'J'" 0.5-0.6 r.i"'L~~U1~1~'fl::~1mtJ~ 0.2% en."m::~tJn1m~(;)"''fl'fln"ll'fl",LtJ~L~LIWtlf araBAD • 
Sol " I I I 

~"''flfiU1tl'Vl~'MlJL tJ;J'fl 2.8 1il1mrt.!L~t1." [;]'fl 1tJ LtJtJL,)~1 48 -D,) L2-J'l LL~::LnU~,)~U1"'L tJ-D,) L~'l~ 0 
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, ~ 

(:,J~ bb~ I?l'l ~'1dUVl 4 .17 rJl?ln"1db"'l1ru b~tJLI?l Ll?ltJ ~ I?l bu'Wi\'n,nrm"1!~~bb ~'1 bb~::;';j bl"ldl::;,xtJhnru 
'IJ ., 

bb~::;"l!-WI?l"IJ'el'l PHA ~'JtJ';jfiril"1!Ll"ld~.J1 Ll?lmnYl Ll?ltJvllU5m-m b~Yi~ b'el~ bl?l'elf 1?l1~~m:h'J 1.rt 'Wif'el 

3 .13.2 ((:,J~bb~I?l'll'Wl?lldl'1~ 4.1) bb~::;i1~[)l'J::;"IJ'el'lril"1!Ll"ld~lLl?ldnnYlI?l1~if'el 3 .13.2 

(n) 

dU~ 4 .17 [)1~lJ'el~bbm~bb~I?l'l~nMru::;b"1!~~"IJ'el'l11"1'el~Dbb'W'WY] E. coli ~i1~~1~~1?l pBAD-
'IJ 

, ~ 

phaCA04 ~'1l?ld'J"'l~'eltJ[)ltJl~n~'el'l'~'VlddP\,r "IJ'Wll?lnl~'1"IJmtJ 1 00 x 10 bVl1 Ll?lm~tJ'IbU'Wb'J~l 

24 (n) bb~::; 48 ("IJ) i'JL~'1 1?l1~~1~tJ ~~'1"'lln~i1n1md::;~'Wn1dbb~I?l'l'el'eln"IJ'el'lLUdL~bl?l'elf Ll?ltJ , 
~ , 

bmtJtJbVltJtJntJ"l!I?lI"l'JtJl"I~(:,J~~tJ b~tJ'IbU'Wb'J~l 48 -D'JL~'1 (1"1) , , 

"IJ'el'l' PHA ~(:,J~1?l1~ Ll?ltJ';jfiril"1!Ll"ld~lLl?lmnYl bb~I?l'l1~b~'W~111"1'el~Dbb'W'WY] E. coli ~i1~~1~~1?l 

pBAD-phaCA04 hJ~l~ld()~'1bl"ln::;,x PHA 1~ bti'el'l"'lln~nMru::;"IJ'el'lb"1!~~~b~'W[)ltJ~~'1"'llnn1d 
I '" I I 

m::;~'Wn1dbb~ 1?l'l'el'eln"Il'el'lU'W bij'el b~tJ'I bU'Wb'J~l 24 -D'J L~'1 (nJ 4.17 n ) bb~::; 48 -D'J L~'1 (dU 4.17 
, 'IJ 'IJ 

Ll?lmdlYl (bb~I?l'l~'1l?lldl'1~ 4 .1) b~'elbmtJtJbVltJtJntJLl"ld~lLl?lbbm~"IJ'el'l~ld~ll?ld~l'W 3HB ~tJ~l 
o.s 

~ , 
hJi1YiI"l"IJ'el'l PHA bnl?l~'W (bb~I?l'l~'1dUVl4 . 18) 

'IJ 
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, ~ 

IW111..:JVi 4.1 LL~rMm1LllitJULVitJUrhin"nrnL'1I~~LL""..:J (nftl(;j'tl~1'l1) mtl1nJ PHB (nftl~'tl~1'l1) 
" I " I 

LL~::;i~~'J\J PHB ~ml1~,rnL'1I~~LL""..:J (%) Lil'tlL~tJ..:J1-rl'tltliJLL'lJ\Jl1 E. coli Viih'l~1~ijln pBAD-

phaCA04 LU\JL'J~1 48 -B''JLtl..:J LlntJm::;~\Jm~LL~In..:J'tl'tln~'JtJ 0.2% 'tl::;nm\J~ ~ 0 -B''JLtl..:J 

:- ov tr '"' 
L,)~1 \J1~\JnL'1I~~LL~~ PHB PHB 
, .. 

(or') Ltl..:J) (nftl~'tl~1'l1) (nftl~'tl~1'l1) (% ~'tl,J1~,rnL'1I~;LL""..:J) 

0 0.52 0 0 

24 1.41 0 0 

48 1.65 0 0 
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n 

\. 1 
I I III 1 

PHB 

, 
II 

:: 

"'l'lmJ~nh.l'lL~Yi~:H'fl~LIWe1;L(;ltllU n LL~(;l-lLfOl~~'lL(;)LLn~~"ll'fl-l~'l~~'l(;)~:'ltJ PHB m~'lru 1 nr~ 

(;]'fl~ (;)~ LL~:;~U "ll LL~ (;l-l LfOl~~'l L(;)LLm~"ll'fl-l~'l~~~n (;l '1~"'l'ln1-fOl'fl~ihLtJtJ'Y1 E. coli ~ijYi~'l~n(;l ., 
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4.5.3 

pBAD-phaCAB A04 

~ ~ ~ ~ 
o Q,/ IV CII cv.dl ...::;:,j ~ i.I 

~1~J'U"Il'Wlwe.l'Wmn~J'tJl-J'WJb"ll!l mn~tJ'I b"ll!l bb~:;mJ'nJ':;~'Wmnb~ (;1'1!l!ln"Il!l'l • " , , 
u'Wb'Wbij!l'l~'W Yi1b".ri'Wb~mnU-n!l 4.5.2 bnuJ;]'J!lrh'lb'W-D'Jbl-J'IVl 0 24 bb~:; 48 l-J1~J''J'''l~!lUe.J~ 

" , 
mnb~ (;1'1!l!ln"Il!l'lU'Wb 'WbU!l'l ~'W b(;1tJtn hJtf!ll-J bbnJ'l-J (Jung bb~:;~ru:;, 2005) e.J~ bb~ (;1'1 ~'IlUVl 

4.19 l' (;1mn"'l1-bk! b~Ub~ b(;1tJ~(;1 bU'W~1~t!m"ll~~bb'lX'l bb~:;~ b~J'1:;,r"llU(;1 bb~:;ml-J1ru"Il!l'l PHA 

~'JtJ~firi1"llb~J'l-J1b~mnYl b(;1tJYi1uDmmbl-J~m!l~b~!lf ~1l-J~nf'i1'J1~'W-n!l 3.13.2 (e.J~bb~(;1'1 

b'W~1n'l~ 4.2) bb~:;iJ~Jl1'J:;"Il!l'lri1"llb~J'l-J1 b~mJ'1Yl ~1l-J-n!l 3.13.2 

(n) ("Il ) 

phaCABA04 ;'I~J''J'''l~!lUJl1tJb~n~!l'l'~'VlJ'J'P\,r "Il'W1(;1n1~'I"IlmtJ 100 x 10 bVl1 b(;1m~tJ'IbU'W 
b'J~1 24 (n) bb~:; 48 ("Il) .ft''Jbl-J'I ml-J~1~U ~~'I"'l1n~iJmJ'nJ':;~'Wmnb~(;1'1!l!ln"Il!l'lbUJ'bl-Jb~!lf • 
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" t " I 

LL~::~IPl~'JlJ PHB [;j'tl'llT\.nrnL"l!~~LL~~ (%) LijtlL~m~rttl2-JihLlJlJ~ E. coli Viih'i~I~~1Pl pBAO-

phaCABA04 LUlJL'J~1 48 .r'JL2-J~ LlPltlm'::~lJn1~LL~IPl~tltln~'JtI 0.2% 'el::~IULlJ~ ~ 0 .r'JL2-J~ 

:.' .., 
r '" L'J~1 lJl~lJnL"l!~~LL\N PHB PHB . ., 

(i'J L2-J~) (nf2-J[;j'tl~j;]~) (nf2-J~tl~j;]~) (% ~tl'lllmrnL"l!~~LL~~) 

0 0.5 0 0 

24 1.38 0.33 23.88 

48 1.6 0.31 19.44 

1.8 30 

1.5 25 

~ 
II; 

fe 
~ 

'"5 12 20 ~ 
~ ~ ~ 

oS 'i! 
m ~ I m 
Q. 0.9 15 I ~ -7 Q. 

~ ~ 
"ii 
e '"5 
!: 0.6 10 it:. 
~ 
.~ 

... ~ 
0.3 5 

0 0 
0 24 48 

L'»n (~'UN) 

. ., 
nlYl 4.20 m'1~LL~~~n1~LtiffiULVitlUf'h'llI~UnL"l!rl~LL~~ (nf2-J[;j'tl~j;]~) m2-JlnJ PHB (nf2-J[;j'tl 
" 

" I " I 

~j;]~) LLrl::~~~'JlJ PHB [;jtlUI~UnL"l!rl~LL~~ (%) LijtlL~t1~~rttl2-JULLlJlJ~ E. coli Viiil'irll~~'" 
. . 

pBAO-phaCABA04 LUlJL'Jrll 48 i'JL2-J~ LlPltlm'::~lJn1m~~~tltln~'JtI 0.2% 'tl::~lmlJ~ YI 0 
. 

i'J L2-J~ 
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~CJ~(;11~~tJ';jfiri'l'1lL..,nJ1L(;1mnVj LL~~'11~'Lihd'l1..,'tll-JuLLtJ'l.,!'vr E. coli ~~Yl~'l~~~ pSAD

phaCASA04 ~'ll-J'l~bl~'1L..,n:::'tf PHS 1~ L~'tl'l'"l'ln~n~ru:::'1l'tl'lL'1I~~~~'1Ln(;1Lt1'W YltJLLn~\f~;'1 
I I !I I I 

LtI'W~'J'Wl1hJ~~~'tltJll'ltJ1'WL'1I~~ L;j'tlL~tJ'ILtI'WL'J~'l 24 -D'JLl-J'I (nJ 4.19 n) LL~::: 48 -D'JL~N (nJ 
~ ~ ~ 

4.19 '1l) ll'ltJ~~'1'"l'lnn1m~:::rJj''Wn1m~~'1'tl'tln'1l'tl'lu'W ;'1LtI'W~n~ru:::~LL(;1nvi'l'lntJ'1I~"''JtJfUJCJ~ • • • 
~tJ (ltl 4.19 ..,) CJ~n1~';j L"'~'l:::~L~tJ';jfiri'l'1lL"'~l-J'l L(;1~m''lYJ L~'tlLmtJtJLl1tJtJntJL"'~l-J'l L(;1LLm'l-J 

"lI'tl'l~'l~l-J'l(;1~3'l'W PHS (LL~~'1~'1ltl~ 4.21) YltJ~'l~'ll-J'l~blCJ~(;1 PHS 1~ 23.88% LL~::: 19.44% 
" I "" I I 

vi'tl'll'l~l!m'1l~~LL,x'l L;j'tlL~tJ'ILtI'WL'J~'l 24 LL~::: 48 -D'JLl-J'I (;1'll-J~'l~tJ (LL~~'1~'1mn'll1 4.2 LL~::: 

~tl~ 4.20) 
" 
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n 

~ 

co \. l 
I I III I I I I 

PH8 mC;1LUl.lL-n~n 
I I I I I I I I I I I I 

0 .. .., ... '" "' .... .. .. e ::1 

co 
I I I 

PH8 mC;)LUl.lL-n~n 

lU~ 4.21 11IYitf'1J'l-.nt(;mm'~m~~Lrl~l:;tf'l!tlC;)LL~:;tIhJ1ru'lJ'tl~ PHA ~'JtJ~firil'11tf'1J'~lt(;lmnYl 

'"llnU~mmL~Vi~L'tl~b(;l'tlftC;)tJlU n LL~c;)~trl~~lt(;lLLm'~'lJ'tl~~I~~I(;l~~I'W PHB m~lru 1 nf~ 

(;)'tl~(;l~ bL~:;~U "lJ bb~c;)~trl~~lt(;lbbm'~"lJ'tl~~I~~~nc;)l~'"lln1-rl'tl~ihb'W'W"r1 E. coli ~i1Yi~I~nc;) 
'IJ 
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4.6 n1~LLtI~er'UU"'~!J~1~ 1 Lyj'f1~1~.n1'J~.v1L~~1~~~"l'Un1~~~1Pl PHA "l'UiFl'f1~ihL'U'U'" 
E. coli 

,h~I'l'ell-JULL'l.l'Ul1 E. coli ~ij~~I~lj~ pBAD-phaCABA04 ~'1~Il-JI~t1~~(;J PHB 1~ 
" , , 

r.l1n~'el 4.5.3 l-JIL~U'lL~'el(;J~'J"i~'elU1.h~~'VlfiJlI~1'l.lm~~~(;J PHB L~mL1.h~'l.li1'"l9m;h~1 Yiij~~ 
" ~'el1.h~~'VlfiJlI~m~~~(;J PHB ~'1n 

" " 
4.6.1 mnLU~~'l.l"l!U~"1l'el'l'elI'\.n~L~U'lL~'el 

" " " 
'tl'eln"ll'el'l LU~~'l.l (Ren LL~~1'l ru~, 2009) 1 'l.lm ~'Vl ~~'el'ln"i~Llliuu LYiUU"llU~"1l'el'l'tlI~I~L~U'l L~'tl 

m~'J 4 "lIU~ ~'el m~l~ LB 'el1~1~ SB 'el1~1~ 2YT LL~~'elI~I~ TB Lti'el'l'"llnij~IU'lI'l.lm~~m~tl 
if " • I 

1'l.lmnlliuuLYiuU"l!U~'tlI~ln~U'lL~'elL~'elL~l-JU~~~'VlfiJlI~m~L"i1'1!LL~~m~~~(;J~I~~~(;JJirueyf 
" " '" cI t- 1t-' 1t- t-'1 t-(Ren LL~~l'lru~, 2009) "1l'l.l(;J'el'l.ln1~L~U'lLL~~n1~m~!?J'l.ln1~LL~~'1'tl'tln ~n~I'J 'JLL~'J ~'l.l"1l'tl 

3.14.2 n1~L~'eln"llU~'el1V11~~L~l-JI~~l-J~'elmm~~'1'el'eln"1l'el'lu'l.l1'l.l11'l'ell-JULL'l.l'l.ll1 E. coli ~ij 

~~I~lj~ pBAD-phaCABA04 ~Ll'ln~,r"ilnmnlliuuLYiuurh~IWWm"1i~~LL~'1 (nfl-J~'el~(;J~) 
, " 

ml-Jlru PHB Yi~~(;J1~ (nfl-JI?l'el~(;J~) LL~~~I'l.l'J'l.lLtl'l.l %~'tl'lh~t1m"l!~~LL~'1 ~~m~LlliuuLYiUU 

LL~~'11'l.l(;JI~I'1~ 4.3 LL~~~U~ 4.22 
" 
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j;]1~1'l~ 4.3 LL~j;]'ln1nmtJUL~tJul"h~1\nrm'll~HfLL""'l (n~l-J1'I~~j;]~) (j;]1n'l~ 4.3 n) tIhnt1.l 

PHB (n~l-J1'I~~j;]~) (j;]1~1'l~ 4.3 ~) LL~~~~~'J'W PHB 1'I~~1'mrm'll~~LL""'l (%) (mn'l~ 4.3 f'l) 
o " 0 

Lij'ilL~tJ'l1f'l~l-JULL'W'W11 E.coli ~iiYi~1~~(;l pBAD-phaCABA04 1'Wm~1~ LB 2YT SB LL~~ TB 

LtI'WL'J~1 48 -F'JLl-J'l L~tJn~~~'Wn1m~(;l'l~~n~'JtJ 0.02% ~~~1m'W~ ~ 0 -F'JLl-J'l , 

n 

2YT SB TB 

o 1.42 1.47 1.63 1.51 

6 2.37 2.30 3.14 3.24 

12 2.41 2.86 3.24 4.3 

18 2.48 3.72 3.08 4.64 

24 2.70 3.80 4.20 5.72 

30 2.74 3.64 4.66 5.70 

36 2.68 4.11 4.14 6.40 

42 2.56 4.08 4.78 6.88 

48 2.48 4.34 5.76 7.60 
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PHB 

(nflJj;j'il~(;J~) 

~ L'l~1(i'l UJ-l 
LB 2YT SB TB 

0 0 0 0 0 

6 0.74 0.42 0.45 0.51 

12 1.05 0.59 0.40 1.12 

18 1.06 0.76 0.33 0.85 

24 0.99 0.48 0.83 1.16 

30 1.04 0.50 0.39 1.00 

36 0.80 0.54 0.26 0.72 

42 0.59 0.59 0.38 1.16 

48 0.31 0.44 0.35 1.57 

FI 

PHB .. 
(% j;j'ilU1lnrm"JI~~LL~-l) 

~ L'l~1(i'l 'Ll-N 
LB 2YT SB TB 

0 0 0 0 0 

6 31.25 18.26 14.22 15.85 

12 43.54 20.47 12.26 25.96 

18 42.65 20.41 10.66 18.36 

24 36.50 12.76 19.83 20.24 

30 37.81 13.71 8.37 17.46 

36 30.02 13.14 6.26 11.19 

42 22.92 14.53 7.94 16.87 

48 12.65 10.25 6.06 20.66 
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10~--------------------------------------~ 

9 n 

1-.- LB -a- 2YT -0- 5B -0- TB 1 

3 

2.5 

'h 
IS: 2 .Iilt 
~ 

-IS: 
ri 

1.5 -.h 
Ii:: ........ 
m 
I 1 a.. 

0.5 

0 
0 

1-.- LB -a- 2YT -0- 5B -0- TB I 
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100 

90 fl 
....... 
7 

81> ~ 
~z 

70 Ci:O 
!: 
~§ 60 
~ 50 

A.i 
4:0 I!!i: 

~ 30 ..... 
CD 
I 20 
a.. 

10 

0 

1-.-LB ---- 2YT -0- SB -0- TB I 
, ~ 

ltiVi 4.22 m'1yJLL~~,m1~LmUtJLViutJf'hu'nnrm"ll~HfLL~~ (nf~~tl~j;J~) (n) m~1n.! PHB (nf~ 

~tl~j;J~) ("11) LL~~iVl~,)U PHB ~tl~1\nrm"llfi~LL~~ (%) (rl) LrltlLiU~1rltl~ihLUU'Vl E. coli ~ij 
Yifi1~ijf1\ pBAD-phaCABA04 lUtl1~1~ LB 2YT SB LL~~ TB Li:JUL')fi1 48 i')~~ LVlUn~~~Un1~ 

" ... ~ ../ ~ ~ 
LL~f1\~tltlnf1\,)u 0.02% tl~ntJ ~U~ 'VI 0 "lI') ~~~ 

" • " I 

U1WWm"llfi~LL~~ LijtlL~m1rltl~ULLUU'Vl E. coli ViijYi~1~ijf1\ pBAD-phaCABA04 lUtl1~1~ LB 

2YT SB LLfi~ TB Li:JUL')fi1 48 i')~~ YitJ~1 tl1~1~ TB 1~n1~L~1'1JL~tJLj;JLL~~m~1n.! PHB ~~ 
~~f1\ ~tl 7.6 LLfi~ 1.57 nf~~tl~[;1~ j;J1~~1vltJ (~t1~ 4.22 n LL~~ "11 LL~~[;11~~1~~ 4.3 n LLfi~ "11) 

• OJ 

, ~, 

LL~~tl~~1~n.!1m~1n.!n1~~~j;J PHB Lf1\U~f1\Liluif1\~,)u PHB ~tlU1~~m"ll~~LL~~ (ttiVi 4.22 

../ , .J .:.... ... r ../.... ... 'I 
rl LL~~j;J1n~Vl 4.3 rl) YitJ,)1 L~tlL~U~~rltl~tJLLUU'VI E. coli 'VI~Yi~1~~Vl pBAD-phaCABA04 ~U 

tl1~1~ LB LiluL')fi1 12 i,)L~~ l~if1\~,)u PHB ~tl~1~~m"llfi~LL~~~~~~f1\~tl 43.54% ~~Lilu 
if1\~')u~~~n~1tl1~11"l!Uf1\~U vl~,rU~~L~tlntl1~1~ LB ~11-iiLuiU[;1tlU~tllti 



118 

, , 
..::I I 0,.;' cI cI 

L'Wtl'l'"l1n Ogden LL~:;fOHl..l:; (1980) ~1tJ'I1'W('.l1~:;(;)Um~LL~(;)'1tltln'jJtl'ltJ'WVl 

~tl (;) LL VlmtltJ1 'WL,) n L(;]tlfLL~ (;)'1tltl n pBADITOPO® ThioF usion ™ ~'WtltJ nuuhn ru"1ltl'l~1 (;]1 ~ 
~ ~ 

"''' '" I 

'fl :;nuL 'W~ ~'1 'I1'W 1 'Wn 1~Vl (;)~tl'lnLL1Jjcr'Wj:;~u f01 ') 1lJ L -iflJ-if'W"lltl'l -W1 (;]1 ~tl :;~1UL 'W~ L fitl LmtJu 
0-

L ~tJUth:;~Vl flJlTYi 1 'Wm jc.J~ (;]~ 1 ~c.J~ (;].tl rueyj L(;)tJ LLthcr'W-W1 (;]1 ~tl:;nUL 'W~ 5 j:;~u f'),)1lJ L-iflJi'W 

" " , 
11'1nn1~'W(;)1~m1lJL-iflJi'W~(;)yhmvhnu 0.002% 0.02% 0.2% 0.5% LL~:; 2% (;]1lJ~1~U ~'1 • 
" " i'W(;]tl'Wn1n~tJ'ILL~:;mm~:;~'Wn1m~(;)'1tltln 1~mh')HLL~')1'Witl 3.14.3 mn~tlnf'),)1lJLilJi'W • 
~mlJ1:;~lJ~tlmjLL~(;)'1tltln"1ltl~~'W1'W1f')tllJULL'W'W'i1 E. coli ~iJYi~1~ij(;) pBAD-phaCAB

A04 

" , 
':)Lm1:;i'"l1nmjLmtJUL~tJlJIoh-w1~'I1nL'li~;LL~~ (nflJ~tl~(;]j) mlJ1ru PHB Ylc.J~(;]1~ (nflJ~tl 

~~~) LL~:;~(;)~,)'W PHB ~tl~1~'I1nL'li~;LL~'1 (%) c.J~mnmtJuLYltJuLL~'?l'I1'W~1~1~~ 4.4 LL~:;nJ 
" , 

~ 4.23 



119 

, ... , 
(;]1J'1\1~ 4.4 LL~~\ln1J'LmtJUL~tJUrh,J1"'~nL"1I~'HfLL~\I (nf~r;i'el~(;lJ') ((;l1J'1\1~ 4.4 n) m~1ru 

PHB (nf~r;i'el~(;lJ') ((;]1n\l~ 4.4 "lJ) LL~~i~~'J'W PHB r;i'el~1"'~nL"1I~~LL~\I (%) ((;l1n\l~ 4.4 rl) 
II '" , '" • 

"1nn1mUnr'W,J1(;l1~'el~J'1m'W~..r\l"'~~ 5 r1'J1~L;r~;r'W L~'elL~tJ\l1rl'el~ULL'W'Wyf E.coli ~iJ 

'V'I~1~n~ pBAD-phaCABA04 L'W'el1",1J' LB LU'WL'J~1 48 .r'Jt~\I t~tJnJ'~~'Wn1J'LL~~\I'el'eln~'JtJn1J' 
... " 

L~~,J1(;l1~'el~J'1Ut 'W~~ L'J~1 0 -D'J t~\I 

n 

~ .... ~ '" 'W1",'WnL "11~~ LL",\I 

(nf~r;i'el~(;lJ') 

~ 
, rl'J1~L'~''W(%) 

0.002 0.02 0.2 0.5 2 
L'J~1(-D'Jt~\I) 

0 1.30 1.42 1.90 1.71 1.84 

6 2.97 3.02 3.90 3.98 3.88 

12 3.45 3.37 4.04 4.16 4.32 

18 3.60 3.84 4.46 4.26 4.20 

24 3.94 4.17 4.77 4.60 4.28 

30 3.81 3.96 4.34 4.34 4.40 

36 3.73 3.74 4.41 4.30 4.32 

42 4.01 4.04 4.54 4.14 4.21 

48 3.59 3.91 4.32 4.30 4.36 
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"lI 

PHB 

(nf~~'fl~L>l~) 

~ 
, m1~L'll~'ll\.l(%) 

0.002 0.02 0.2 0.5 2 
L')·,n(i') t~'1) 

0 0 0 0 0 0 

6 0.38 0.49 1.00 1.29 0.98 

12 0.50 0.59 1.08 2.30 1.61 

18 0.71 0.87 1.33 2.47 1.72 

24 0.55 0.71 1.66 2.82 1.33 

30 0.52 0.59 1.18 1.77 1.51 

36 0.63 0.62 1.53 1.68 1.47 

42 0.56 0.57 1.42 1.63 1.37 

48 0.53 0.57 1.44 2.06 1.51 

PHB 
., 

(% ~'tl~1~t1m"1!~;LL~'1) 

~ 0.002 0.02 0.2 0.5 2 
L,)~1(i') t~'1) 

0 0 0 0 0 0 

6 12.75 16.21 25.72 32.45 25.25 

12 14.49 17.51 26.61 55.31 37.27 

18 19.61 22.67 29.74 58.07 41.00 

24 . 13.85 17.09 34.73 61.21 31 .02 

30 13.76 15.01 27.19 40.79 34.30 

36 17.00 16.52 34.65 39.14 34.09 

42 13.84 14.17 31.28 39.45 32.49 

48 14.88 14.61 33.44 47.98 34.54 



121 

10 

9 n 
'h' 
1!5: 8 fila 
(!il 

-1!5: 7 ri 
~h .s 6 

7 
·F 5 -.. 
... ~ 

IlA 4 
!: 
c 3 

~;l! 
p:: 

2 c-
jo0;l! 

1 

0 
0 6 12 18 24 3D 36 42 

1-.-0.002% -0- 0.02% ---- 0.2% ........ 0.5% -<>- 2% I 

3~-------------------------------------------, 

2.5 

0.5 

O~----~--~r---~-----r----~----.-----r---~ 

1-.- 0.002% -0- 0.02% ---- 0.2% ........ 0.5% -<>- 2% I 
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100 

90 
-;;-

·F 80 .. ~ 
Ii:; 70 
~ 
c 60 ~~ 
F 
c- 50 ... ~ 
IjJ 
-~ 40 
C 
CD 30 
I 
c... 20 

10 

0 

6 12 18 24 30 36 42 

L'J~,) (-K'J LJJ..::J) 

1-.- 0.002% --<>- 0.02% ----0.2% ~0.5% --<>-2%1 

, ~ 

~tJVi 4.23 nn~LL~(;l'lm~LmtJULVitJu~hu"n,nrm"J!~~LL~'1 (nf~~'a~[;1~) (n) mWICtJ PHS (nf~ 
" I '" I 

~~~[;1~) ("Jl) LL~:;~(;l~'lt.! PHS r;l~U1'mrm"J!~~LL~'1 (%) (rl) LihlL~tJ'I1rl'a~ULLt.!t.!"r1 E. coli Viij 

'Yi~')~ij(;l pSAD-phaCASA04 Ltlt.!L'l~,) 48 ill L~'1 L(;ltJm:;~t.!Jl'ltJ~') m~'a:;~')ULt.!~ 0.002 0.02 
, , ... .,~ 

0.2 0.5 LL~:; 2% 'Vl L'l~,) 0 "lI'l ~~'1 

~ ~ ~ 

u')~,rm"J!~~LL ~'1 'On n n,)~LLtJ~~t.!U')[;1')~~:;~')UL t.!~li'l~~ (;l 5 
~ 

L"J!~ ~LL ~'1"Jl~'1'VJ n n') ~'Vl (;l~~'1ij rh In fI LiiltJ'I tit.! LL~ (;l'l~ ')m~ ') ruu') [;1') ~'a:;~,)UL t.!~ hjij tJ~ r;l~ 
~.ca. Q c-....J .J 4 ~ 

m~L'"I~C1JL[;1UL[;1"Jl'a'l~rl~~ULLt.!t.!'Vl E. coli (~tJ'Vl 4.23 n LL~:;[;1')~')'1'Vl 4.4 n) L~'a'Yi'"l')~ru')m~')ru 
, , ~ 

m~tJ~j;\ PHS (~tJVi 4.23 'tJ LL~:: rl LL~::[;1')~')'1Vi 4.4"Jl LL~:; rl) 'YiU~') rl'l,)~L-if~-ift.!U')[;1,)~'a:;n 
~ 

mt.!~ 0.5% l~m~')ru PHS LL~:;~(;l~'lt.! PHS ~~u')~,rm"J!~~LL~'1 ~'1~(;l 2.82 nf~r;l'a~j;\~ LL~:; 
'II • 

, "" . " 
61.21% m~~')~u Ll1~L~tJ'ILtlt.!L'l~,) 24 i'lL~'1 t.!~n'"l')nilu'l'Yiu~')m~')ru PHS LL~:;~(;l~'lt.! 

. " " " 
PHS r;l'au')~,rm"J!~~LL~'11t.!LLr;l~:;rl'l,)~L-if~-ift.!"Jl~'1u')m~~'1LL~ 0.002% '"!t.!()'1 0.5% ijLLt.!'lLUlJ 
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" , 
4.6.3 mnLU:i'~lJ1JhJ1rui,)L:n'a~~~lJ 

" " , 
m:i''Vl'''~'a~ULLU:i'~lJm~1rui,)L:n'aL1~~lJ 3 :i':;~u fl'a 4.5x10

B 
3.2x10

9 LL~:; 

1.5x10
10 CFU~'aij~~~(;I:i' (Colony Forming Unit, CFU) L~'aLmtiULVitluU:i':;~'Vlfifl1v.1lJm:i' 

~~(;Ifl1:i'~~(;IJlrueyfL~'tliJm~1rui,)L~'fl~~~lJL~~~lJ Lti'tl~~1niJntl~1lJn1:i'f.im~1~1m~1rui') 
" , 

L:n'tl L1~~lJiJ~'Vlfiv.~ ~'tln1:i'LLfl rM'tl'tln'jJ'tl~ tU:i'~lJLL~:;n1:i'~~ (;Ifl1HJ~ (;IJl rusyf (Jung LL~:;rlru:;, 
, " " 

2005) ;~ilJ(;I'tllJn1:i'L~tI~LL~:;mm:i':;~lJmnLfl"'~'tl'an lrJln~1')BLL~')1lJ.jf'tl 3.14.4 n1:i'~"'L~'tln • 
.. ~ .....t.:::.!.1 .J I .cI -,.eII ~ tr .c::Jq ~ 
u:i'~1ru~,)L"ll'tlL:i'~(;IlJ'VlL~~1:;fl~(;I'fln1:i'LLfl"'~'tl'tln"JJ'tl~tllJ ~lJ:i'rl'tl~ULLlJlJ'Vl E. coli 'Vl~V.~1fl~'" 

pBAD-phaCABA04 ';)Lrln:;t.f~1nn1:i'LmtiULVitJurh~1~UnL"ll~~m\'~ (nf~~'tl~(;I:i') m~1ru 
, '" 

PHB Vi~~(;IlrJl (nf~~'tl~(;I:i') LL~:;i",~')u PHB ~'tl-W1~UnL"lI~~LL"'~ (%) L~'tlLLU:i'~lJm~1rui') 
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o " 0 

~l1n~~ 4.5 LL~'Mn1~LmmJL~rJtJfihll'nnrm8JI~;LL'l~~ (n;:lJt;\'a~In~) (In'W'N~ 4.5 n) mlJ,)ru 

PHB (n;:lJt;\'a~In~) (In')n~~ 4.5 "11) LL~~~"'~,)'W PHB t;\'a~')'j,nrm"1l~;LL~~ (%) (In')n~~ 4.5 fOl) 
II I I II 

"l')nn1~LL1.hcr'WmlJ')rui,)L~'aWlJ!1i''W 4.5x10
B 

3.2x1 09 LL~~ 1.5x1 0 10 CFUt;\'aij~~~In~ L~'aL~rJ~ 

1fOl'alJULL'W'W'" E.col; ~iiYi~')~ij", pBAD-phaCABA04 LtI'WL,)~,) 48 of') LlJ~ L"'rJm~~'Wn1~ 
• I II I 

LL~"'~'a'an~,)rJ 1% 'a~~,)UL'W~ ~ 0 i,)LlJ~ ~lJ')m~1n (A) ~lJ,)rJ~~ mlJ')rui,)L~'aWlJ!1i''W 4.5x10
B 

• 
" 0 

CFUt;\'aij~~~In~ (B) ~lJ,)rJ~~ mlJ')rui,)L~'flWlJ!1i''W 3.2x10
9 CFUt;\'fln~~~In~ LL~~ (C) ~lJ,)rJ~~ 

" 0 

mlJ')rui,)L~'aWlJ!1i''W 1.5x1 0 10 CFUt;\'flij~~~In~ 

n 
:; .... IT" ~ 

'W')~'Wm8JI~~Lm-l 

(n;:lJt;\'a~In~) 

~) A B C 
L')~')(i') LlJ-l) 

0 2.40 3.30 4.18 

6 4.98 6.77 7.74 

12 5.46 7.04 8.12 

18 5.90 7.28 8.66 

24 6.11 7.79 9.18 

30 6.02 7.83 8.79 

36 5.94 7.51 8.84 

42 5.82 7.44 8.82 

48 5.90 7.48 8.22 
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"lJ 

PHB 

(nflJ[;\'f)~[;1~) 

~) A B C 
L 'J ~'l (-n'J LlJ'l) 

0 0 0 0 

6 2.43 2.31 2.71 

12 3.33 2.69 3.53 

18 4.15 2.95 3.24 

24 5.70 3.52 3.88 

30 4.02 2.67 2.85 

36 3.82 2.54 2.99 

42 3.72 2.99 2.93 

48 3.89 2.50 2.40 

PHB 
... 

(% [;\'f)UTI . .rt1m'1!~~LL~'l) 

~) A B C 
L 'J~'l (-n'J LlJ'l) 

0 0 0 0 

6 48.72 34.14 35.05 

12 60.96 38.20 43.43 

18 70.33 40.57 37.41 

24 93.30 45.18 42.24 

30 66.78 34.12 32.37 

36 64.37 33.76 33.82 

42 63.96 40.18 33.24 

48 65.88 33.48 29.25 
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1(){) 

90 
'7 80 
~ 
1o~ 70 eo 
!:: 6{) 
~§ 
~ 50 

~~ 
40 

15 

~ 30 
(]) 
I 20 a.. 

10 

6 12 18 24 30 36 42 , 
~'Jaq'1 (i~UJ,n 

ttl~ 4.24 m1~LL~I'l~n1J'Llli£JULVi£JU~1~TWWm'l!f'l~LL1X~ (nf~j;J'fl~(;1J') (n) m~1ru PHB (nf~ 
j;J'tl~(;1J') ('ll) LLf'l~il'l~'JU PHB j;J'fl~1tnrm'l!f'l~LLt\-:I (%) (1"1) '"l1nn1J'LL1.hcJum~1rui'JL~'tl~~~U 

, ., , 
8 9 10 I .Q A..c:::IIt. 4.tc:1 ~ .c:::IIt. tr oIICIf cI .Q 

4.5x10 3.2x1 0 LLf'l~ 1.5x1 0 CFU(;1'fl~f'lf'lf'l(;1J' L~'tlLf'l£J-:lJ'I"1'fl~ULLUU'Vl E. coli 'Vl~'Yif'l1~~1'l 

pBAD-phaCABA04 LUUL'Jf'l148 .r'JL~~ LI'l£Jm~~Un1J'LL~I'l-:l'fl'tln~'J£J 1% 'fl~J'1DLU~ ~ 0 .r'J~~ 

., ., , 
-WTI.nrm'l!f'l~LLt\~ '"l1nn1m1.hcJum~1rui'JL~'fl~~~U 4.5x10

8 
3.2x1 0

9 LLf'l~ 1.5x1 0
10 

CFUj;J'fl 

I '" I I I I 

~1LYi~;uL~ntJ'fl£J L~'flYi'"l1J'ru1m~1ru PHB Vi~~(;11~ (nJVi 4.24 'll LLf'l~ 1"1 LLf'l~(;11n~Vi 4.5 'll 
'lJ ., , 

LLf'l~ 1"1) 'YiU~1m~1rui'JL~'tlL~~~U 4.5x10
8 CFUj;J'flnf'l~~(;1J' L~~1~~~1Un1~~~(;1 PHB 

, " 
Lll'fl-:l'"l1nl~-w1~,rm'l!f'l~LLt\~ 6.11 nf~j;J'tl~(;1J' LLf'l~m~1ru PHB 5.7 nf~j;J'fl~(;1~ ~I'lLtlU 93.3% 

" I tI I I II 

'll'tl-:l-W1~,rm'l!f'l~LLt\~ L~'flL~mLtluL'Jf'l1 24 i'JL~~ ~-:lLtluil'l~'JU'll'fl~n1J't:,J~(;1 PHB j;J'fl-W1~,rn 

L'l!f'l~LLt\~ ~~~1'l1Un1J'~m~t1~ 
'lJ , 
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bti'el'llGllnilnml'W~lmdHfr1'tl'eltd~'elf~lwmd~n~ PHA IGllm"J!'tl~IGl~'W'Vl~cl"dj'W';jjj~il , 
I '" ~ iJ 

i.h:::~'VlfiJll'\"j 1 'Wm d~ n ~Vl ~ bb'tl :::ilo]'W~'el'Wmd.yhlJ 1-~'Vlfi~lde.J ~~.n rum n r1 f'l t~t1 m d~ n ~ :::n'el'W , 
~ '" .... 1 .... 1 " .. ~ b'Wbe1m"J!'W (~"J!I~IIGl'W'Vldud:::'Vlu, 2539 'elI'ItNb'W Brandl bb'tl:::r1ru::: , 1990; Doi, 1996) IGllnmd , 

, , 
,q,q i.I 4dI tV ft" i.I q .r::::t. tr q CII q 

mWln"lJ'el 3.13.3 b~'el~n~ PHB IGllm"J!'tl'tlbb'j,N"lJ'el'ldr1'el~lJbb'W'W'Vl E. coli 'Vl~'\"j'tll~~~ pBAD-
~ , 

phaCABA04 t~t1';jjjnlGl:::il~n'b'ru:::"lJ'el'lbb~'W~~~ PHB r;l'lbb~~'11'WltJ 4.25 n '\"jlJ~1 bb~'W~~~Vl1~ 
, " r 

il~'l'W~'W"lJ'el'l b "J!'tl~~~~1 ~'ltl r;l'ltr'WU1~I.yh 1 tXlJ1-~'Vlfi~ nd'ellJ t~t1'tl:::'tllt1 bb~'W~ ~~ 1 'Wr1 'tl'el h~'el f~ , 

1I I 1.1 '" 

~'W (bb~~'1r;l'lltJVl4.25 "lJ) 11l'l~'1HIGl'W~ld'tl:::'tllt1~I'WlJ'W1~ b'Vlbb'tl:::d:::b'VIme1m"J!'W'el'eln1tX'VI~~ t~t1 
"'" , I I 

11l'l~'1HVl'elru'VIJl~tX'el'l1Gl:::1~e.J~~.nru"t1"lJ'el'l PHB Vlil~n'b'ru:::dj'We.J'I~"lJl'l (bb~~'1r;l'ldtJVl4.25 r1) 
, 'II 'II 

n 

ltJ~ 4 .25 md~n~ PHB 'el'elnlGllm"J!'tlmr1'el~Ubb'W'Wvl E. coli ~il'\"j'tll~~~ pBAD-phaCABA04 
~ r 

t~t1 md Hf r1'tl'el h~'elf~ (n) bb'tl:::~ n'b'ru:::"lJ'el'l~lde.J ~ ~.nru"t1d:::'VI~I'1o]'W~'el'Wmdr111 tXlJ1-~'Vlfit~t1 , 
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liJ~ 4.25 n1n~n~ PHB 'fl'fln'"l'lm"l!~m~'fl~Ubb'W'\...I'Vl E. coli ~iJ~~'l~~~ pBAD-phaCABA04 

~ r 

t~tJ n1~ L.if ~~'fl t~~'flf~ (n) bb~:;~ m~ru:;"1I'fl~~'l~~~ (?lJlru'Yld:;'VI~'l-:j-lJ'W(?l'fl'Wn1~~'l1 ~1J~~'Vlfit~tJ 

n1~(?ln(?l:;n'fl'W~'Jme1m"l!'W ("11 bb~:; ~ (?l'l~~'l~1J) (~'fl) 

~ 

CJ~(?lJlruOY]"1I'fl-:j PHB '"l'ln-:j'l'W~r.rtJil '"l:;Cln-w'lliJ~mn~m~ru:;~~~'Vl'l-:jn1Wl'l~ b~iJ 
'II 

, ~ 

bb~:;b~~n~ ~'flliJ1 'W'fl'W'l~(?l ~-:j-:j'l'W~r.rtJilbb~~~1 ~b~'W~l~~'fl~U bb'W'Wvl E. coli iJ~'J'l~~'l~'l~Cl1'W 

n1~~~(?l PHB L'Wm~'lru~~'ln~'fl~'fln1n(?l1-tJ~btl'Wbb~'WYl~~bb~:;iJiJ~:;~'VlfiJl'l~bYitJ~~'fl~'fln1~ 
, ~ 

-W'lliJ~ 1?J.J'W'l bb~:;iJf1JiJ~~Jl'l'J:;n1~~ ~ (?lL ~iJiJ~:;~'VlfiJl'l~ n1~CJ~ (?lY1~~'W , 



.,; 
'U'YI'YI 5 

m~L~l-Jth::;~'VlfiI11'Wl um~tJ~ ~ PHA L~U m~ H' L'Vl rltlrlm ~ Lrl~U£lu~tl~::;l-J'l~~,r~:n'l 

i--1Lf')~::;i PHA '"I1n'"l~u'Ylffi~~1l-J1rCltJ~~ PHA tJl ~--11U'"I~U'Vl1U E. coli djuL~~l~51mr • • • 
., "" 'I" J' 
'W~U1m~tJ~~ PHA ~u~::;r;nJ'a~~1~m~l-Jl-J1n"jJU (Lee, 1996; Lee LL~::; Choi, 1998; Choi LL~::; • 
rlru::;, 1998; Ahn LL~::;rlru::;, 2000; Jung LL~::;rlru::;, 2005; Agus LL~::;rlru::;, 2006; Kang LL~::; 

~ , 
rlru::;, 2008) --11u~4'uil~--1t~~n1i1 Lrl~ULL~::;LL~r;)--1'a'an'jJ'il--1£luVitl~::;l-J'l~~,r~:n'li--1Lrl~::;i PHA 

'"I1n R. eutropha ~1u~uf A-04 lu E. coli L~'aL~l-Jtl~::;~'VlfiI11'Wlum~tJ~~ PHA 

'"11 n m~~m~t1 LL~::;~ Lrl~1 ::;i~1 ~1JU'l rl~L'a t 'Vl r;l''il--1£lu~tl~::;l-J'l~~,r~:n'li--1 Lrl~::;i PHA 

'"I1n R. eutropha ~1u~uf A-04 Lr;)mmU1JLViu1Jn1J~1~1Jtl'lrl~L'at'Vlr;l''a--1LL1JI"lViL1U~1U~uf 

~U1'"11n~1U;r'a~~ GenBank Lr;)ul-ifLtl~LLn~l-J BLASTn 'W1J~1 ~1~1Jtl'lrl~L'at'Vlr;l1J1L'lru 
~--1mh'l 51 rl'l1l-Jil-J~ufiln~'L~u--1n1J~1 ~1Jtl'l fl~L'il t 'Vl r;l''a--1£lu~tl~::;l-J'l ~~,r~:n'li--1 Ll"ln::;i PHA 

.,.r .J .J
tl 

" 
"lI'tN R. eutropha ~1U'WU~ H16 l-J1n'Vl~~ 99% (Pohlmann LL~::;flru::;, 2006) 'li--1 ~::;n'il1J~'lU 3 

m'il1Jm~Ltl~'thu ~'a UU phaC UU phaA LL~::;£lu pha8 ml-J~1~1J Ld'ilLmU1JLViu1J~1~1J 

tl'lfl~L'ill'Vlr;l''il--1 R. eutropha ~1u~uf A-04 n1J R. eutropha ~1u~uf H16 ~~1U--11ULr;)U 
Schubert LL~::;flru::; (1991) 'W1J~11J1L'lru~fl1r;)~1LUULtl~Ll-JL~'afL~n'am'il1J'ti1u~,r~Ltlr;)~--1 

tl~::;n'a1JJI'lU CMT Box 51~1~1Jtl'lI"l~L'at'Vlr;lLUU TIGACA LL~::; TATA Box 51~1~1Jtl'lrl~L'il 

t'Vlr;lLUU MCMT LL~::;1J1L'lru~fl1r;)~1LUU1J1L'lruL~'al-J[;)'iln1JhL1JL'lil-J (ribosome binding site) 

51~1~1Jtl'lI"l~L'ilt'Vlr;lLUU AGAGAGA tJ~m~~LI"l~1::;il"l'l1l-JL~;j'aU"lI'a--1Ltl~~U~LLtl~~,r~tJl'"l1n 
~ 

£luvi--1 3 "lItlr;) Lr;)ul-ifLtl~LLml-J BLASTx 'W1J~151mr;)'a::;mU[;)1--1nU 1 vl1LLmj--1 '"I1ntJ~n1~ 

~LI"l~1::;i~1~1Jtl'lfl~L'ilt'Vlr;lLL~::;~1~1Jn~r;)'il::;mu LL~r;)--11~L~U~1 R. eutropha ~1u~uf A-04 51 

1"l'l1l-Jil-J~ufilm\\f;)u--1n1J R. eutropha ~1u~uf H16 ~--1LUU~1u~uf~51m~nU--11Um~~n1i1 
, ,., 

'ilU1--1LLVii~~1mn'il--1'"11n;jfl'l1l-J~1l-J1~Cllun1~tJ~~ PHA luml-J1ruYi~--1~-.1 70-80% ''il-.1U1 .. 
~,rm"ll~~LL~-.1 (Peoples LL~::; Sinskey, 1989 ; Pohlmann LL~::;l"lru::;, 2006) 

tJ~m~A'r;)L~'an1fl'ill-JULLUUl1 E. coli LL~::;'Vl~~'il1Jm~LL~r;)--1'a'iln"ll'il-.1£lulum~i--1LI"l~1::;i 
J'" I ~ ~.. .Jq ~ .J CiiI.! .CII 

PHB L1J'il-.1j;lU 'W1J'l1 ~1"l'ill-J1JLLUU'Vl E. coli 'Vll-J'W~1~l-Jr;) pBAD-phaCA04 "lI-.1l-J"lIU~'lU''il--1UU 

phaC LY;m£luL~u,) 'W~1l-J1~Cli--1Ll"lr1::;i PHB tJl Ln'il--1'"11n~m~ru::;''il--1L"lI~~L~U~~-.1'"11nmr 
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L~tJ~firil'JlLrl:i'~IL(;lmn~;'1hjljY1rl"lJ'el'l PHB Ln~~'WL~'elLmmJL.y]tJ1Jn1Jnn~"lJ'el'l~I:i'~I(;l:i'~I'W 
d.9 

L~tJl~e.J~~'el~rl~'el'ln1J'Il'W~4'tJ"lJ'el'l Peoples LL~:;rlru:; (1989) Yi1J~1~rl'el~ihL'W'W"" E. coli ~lj 

Yi~I~ij ~ pAe T 42 ;'1 LtI'WYi~I~ij ~~lj~'W~,)'W"lJ'el'lU'W phaC LY1tJ'IU'WL~tJ') LlJ~I~IHli'lLrln:;tX 
PHB L~\ti'el'llOlln~ILL'eln~~~"lJ'el'lhh~'Wl'Wn1:i'~lhi'lLrl:i'l:;tX PHA lj~I-W'eltJ~lmJ:i':;~lru 0.011 

~ ~ , 
ij~~nf~[;]'elij~~nf~hJ:i'~'W ~'1il'ell1Ollj~ILVI(;l~11Ol1nn1:i'mrl'el~ihL'W'W"" E. coli hl~I~IHl • , ~ , 
i'lLrln:;tX 3-L~~:i''eln:]ibm~ LrlL'el ~'1Lil'W~I:i'~'1rJi''Wl'Wn:i':;1J,)'Wn1:i'i'lLml:;tX PHA L~ Lil'el'llOlln 

LlJlj L'el'WL'Jl,fL1J rJi'1 ~L(;lL Yl L'el L~~ LL~ :;L'el'WL'Jl,f'el:;onL(;l'el:; L'JlYi~ Lrl L'el1~ n L Yl ~~lh:;~')~ :i'tr~IOlI nu'W 

phaA LL~:; u'W pha8 (;l1~~I~1J ;'1Lil'WL'el'WL'Jl,fVl~nl'Wm:;1J,)'Wn1:i'i'lLrl:i'l:;tX PHS ~'1rl1~~1 
I ~ ~ 

L'tl'WL'Jl,f.y]tJ:i':;~,)~:i'tr~IOl1nu'W~'1 3 "l!U~illjrl,)l~i~~'Wfii')~n'Wl 'Wn1:i'i'l Lml:;tX PH B (Peoples 

LL~:;rlru:;, 1989) 
~ ~ 

lOll n'lI'W~4'tJ"lJ'el'l Ren LL~:;rl ru:; (2009) :i'ltJ'Il'W~I"l!U~"lJ'el'l'ellV11 :i'L~tJ'I L:n'ellj~Y{fiYi~ [;]'tl 

m:i'LIOl1'lJ L~1JL(;l"lJ'el'l L'Jl~'ifL~IUl'WLL~:;n1:i'e.J~ (;l LtJ:i'~'WIOlI n1rl'tl~ihL'W'W"" E. coli Yi1J~I'tl1V11:i' 3 
, ~ 

"l!U~ (LB 2YT LL~:; TB) lje.J~[;]'eln1m~~'1'tl'tln"l!'tl'lLtJ:i'~'W LL~:;Lij'elL~tJ'l1rl'tl~ULL'W'W"" E. colil'W 

'tllV11:i' TB IOl:;l ~~lnl:i'LIOl1ru L~1JL(;l~'1 n~I'tllV11:i'''l!U~~'W LL~ :;LVI~I:;~~ [;]'tlm:i'LL~ ~'1'tl'tln"lJ'tl'l 
~ " , ., ~ 

YhrF'WLtJ:i'~'W pEXP-hCRs 1'W1rl'tl~ULL'W'W"" E. coli ~ltJ~'Wf C41 ~'1,r'Wl'W'Il'W~4'tJil~'1LLtJ:i'~'W 
'" '" I '" 

"l!U~"lJ'el'l'tllV11:i'L~tJ'IL:n'elLVI~,)Lil'W 4 "l!U~~')tJn'W ~'el 'tllV11:i' LB SB 2YT LL~:; TB YiU~1 Lij'tlL~tJ'I 

1rl'tl~ULL'W'W"" E. coli ~ljYi~I~ij~ pSAD-phaCABA04 l'WmVll:i' TB 1~~lm:i'LIOl1'lJL~1JL(;l~'1n~1 
I "" I I 

'ellV11:i'''l!U~~'W LL~:;ljm~lru PHB [;]'tl,J1V1,rm'li~'ifLL~'1 25.96% ~'1-W'eltJn~lmVll:i' LB .y] 

'" ," I 

~1~IHle.J~(;l PHB [;]'el,J1V1,rm'Jl~'ifLL~'1~'1.y]~~ 43.54% ~'1,r'W'ellV11:i' TB ~'1LlJLVI~I:;.y]IOl:; 
OJ • 

~ , 
,J1LtJl-n'Wm:i'Yl~~'el'li'W[;]'elLtJ mlOllj~1 LVI (;lLil'el'llOll nmVI1:i' TB lj~')'WtJ:i':;n'el1J"lJ'el'l~I:i'~ n~IOlln • 
u~~ LL~:;Yl1tJL(;l'W 1'Wm~lru~~lnn~I'tllV11:i'''l!U~~'W LL~:;ljm:i'L~~n~L'li'el:i''tl~~'1LtJ 0.4% 

m~I(;l:i'[;]'elm~I(;l:i' L~'eli1'el'ln'WmnL(;ln"lJ'el'lL'Jl~'if 'W'elnlOllneU'lljm:i'L~~~'tl~L~YlU~L~'tl~'1Y11 

1~IOl~'WYl1u~ L~tJ'Il 'W'ellV11:i'''l!U~e~I~IHl LIOl1ru L~UL(;lL~mh'l:i',) ~ L~,) LL~:;ljm~lruL~~~ln~'W . ~ 

.d cv ~ .J ~ ~ .J~ J' 
"l!'1 LVI~I:;~~ nUm:i'L~tJ'l L "l! ~ ~1 'W:i':;tJ:;tJl') L'W'el'llOll n m:i'L IOl:i'ru L(;lU L(;lYl L Yi~~1 n'll'W'tll1Ol Lil'W~1 LVI (;l ., . 

!,ICII q ~ J' __ CI ~ ~ ~ 
1'Vf~ n1nL~ ~'1'el'eln"lJ'el'l LtJ:i'(;l'WLYi~"lJ'W 1 'Wm~lru~1 nlOl'WLn ~ Lil'W'el'Wrl~"l!'W 1J'el ~ (inclusion bodies) 

Ylll mtJ:i'~'WLn ~n 1 :i'~1J ~') n ~ LrlN ~ ~1'1 LL~:;~ ru L~ tJ LL'el n ~~ ~ ;'1lj e.J~ [;]'el nl:i'e.J~ (;l L'el'WL'li,r~lj 
OJ ~ 

~ , 
~'1,r'W PHB .y]e.J~(;lL~'ell1Ollj~I-W'eltJ~'1 
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'11'W~r.rtJ"ll'el'l Agus LL~:::l"Iru::: (2006) J'1tJ'I1'W~1J':::~UmnLM)'1'el'eln"ll'el'l£J'Wt'W11"1'el1-J 

ULL'W'Wvl E. coli ~'1tJ~'Wf XL 1-Blue ~'1iJ£J'W~tlJ':::l-J,)~J'"r~~')~'1 Lm'1:::i PHA r.nn R. eutropha 

~1tJ~'Wf H16 ~'11-J'1n)I"I')Ul"Jl-Jmm~~'1'el'elnL~r.nm.fi1-J1ru~1n~titJ')ih L'el L"lIL~J'Yi~-~-D-L'VlL'el 
, ~ ~ 

mLL~n L~L ~J''1 L 'WL"lI ~ (isopropyl-~-D-thiogalactopyranoside, IPTG) vh~l-Jt 'W'el1~1n~tJ'I L;'el 

0.1 0.5 LL~::: 1.0 ij~~Ll-J~'1f ~U~'111"1'ell-JULL'W'Wvl E. coli ~il~~1~ij~ pTrcphaCABRe (~~'1~ 

n~LLUU high copy number) iJJ':::~umJ'~~~ PHB ~'1~'Wml-Jl"I,)'1l-JLO]l-JO]'W"ll'el'l IPTG ~L~l-J~'1Ltl 
'il'W~'1 0.1 ij~~Ll-J~'1f LL~:::hJ~11-J1J'n~~~L~1-J1n~'WL~'elL~l-Jtfhnrudj'W 0.5 LL~::: 1.0 n~~LlJ~'1f 

I "" I 

m lJ ~ 1 ~U ;'1L 'Wn 1 J''Vll?! ~ 'el'l ilu '1 ~ 1 ~ 't1:::n UL 'W ~ L U'W ~ '1 J'Vi"ll ') tI n J'::: t#i' 'W n 1 J'LL ~ ~'1't1 't1 n "1l't1'1 U 'W • 
~ ~ 

L'WL')n L~'t1fLL~ l?!'1't1't1n ~'1U'WJ':::~UI"I,)'1lJ L o]l-Jo]'W"1l'el'lU'1 m~~'1il~'Vlfi~~ ~'t1 mJ'LL~ l?!'1't1'eln"1l't1'1u'W 
, ~ ~ 

'il1n~~mJ''Vll?!~'t1'1~U~1 fOl'1 PHB Vi~~~L~'WLL~~:::m1lJLo]l-J.;J'W"lJ'tl'lU'1~'1~(;]'1LL~ 0.002% 'il'W~'1 

I II II I I 

~'WI"I~i'W U'el~ mij'el'Wnumn~tJ'IL 'W~Jl'1'J:::ViiJmJ'L'"l1ruL~uL~L 'Wml-J'1ru~'1 :]'1iJ~~ ~'elmJ'~~ ~ 
" ~" , ~ 

L't1'WL"lIl-fVi~1ri'YL'Wm:::u')'WmJ'~'1LI"IJ'1:::i PHB (Agus LL~:::l"Iru:::, 2006) ~'1u'Wmn~'tlnL-ifI"l,)'1lJ 
~ , , 

L.;Jl-J.;J'W"1l'tl'lU'1 m~Vi L ~l-J'1:::~l-J'"l:::"fi'1L ~mlJ'1 ru PH B Vi ~~ ~L~iJ fOl'1~'1~ l?! " . 
I Q Q, tr .,J.Q.!' .cI .cJ 

Jung LL~:::l"Iru::: (2005) J''1t1'1'1'W,)'1 J'1"I'tll-JULL'W'W'Vl E. coli 'Vll-J"lI'W~,)'W"1l'el'ltJ'W'VltlJ':::l-J,)~ 
, ~ 

J'"r~~,)~'1Ll"ln:::i PHA finn R. eutropha iJl"I,)1lJ~'1lJ1J'nL'WmJ'~~~ PHB ~'1~'1 99% Lij'tlL~tJ'I 
.d cvJ'~t.llI .c::J ..... J' 411 ~ 

L 'W't11~1 J' 2xLB LL~ :::l-Jml-J 1 ru~'J L"lI 'el LJ'l-J ~'W'W'eltJ (Ll?!tJ'Vlml-J'1 ru~') L "lI'tll-J 1 n VI J''tl'W!l tJ'W'W 'tl1'"l 

LmtJU L VitJUL~ nu n 1 J' L '"l1qj L~U L~U'W!l '1 Vl1 J'LL.;i'l t 'WU1L ') ru~iJLI"I L~il~'W'1 LL U'WLL~ :::hJ~'W1 LL U'W 

mlJ ~ '1 ~u) ~'1 L l1'WL~i ~'"l 1 n ~ ~ n'1 J'~'t1l-J LLnJ'lJ ~') tJ ~ 1"11~ (;]~ L,) L!l L~ ~ LL~ :::~'el'lJl1 tlLt#i' n ~!l'l 

'il~'VlJ'J'Plu~ilih~'1"lltJ1tJ 100 x 10 LYl'l (LL~l?!'1~'1J'tl~ 5.1) L~!ll?!~n~ru:::"lJ!l'lL"lI~'tfu1L')ru~il . "" , ~ ~ 

'il ~'W'Vl1u~'W'1 LL u'Wnuu 1L,) ruViiJ'"l ~'W'Vl1tJl~~'W'1 LL U'WU'W'el'1~1 n~tI'I L;!l LL.;i'l ~U~'1Jl'1tJ t 'WL en ~ 'tf • • 
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n 

.J 11 .... .. -=I 4 tr .J .d.! .:III .J 
:;UYl 5.1 1l,)"'UJtllJLLnnJLL~~'1~n~ru:::L'1l~~"1I'eJ'I~I"l'eJlJULL'W'WYl E.coli YllJ"JI'W~,)'W"1I'eJ'ItI'WYlth:::lJ,)~ 

1,x~~ihi'lLI"l~'):::i PHA ~')n R. eutropha ;'1(;l~,)~~'eJUIl')tlL~n~'eJ'I~~Yl~1ji1jU "1I'W,)~fh~'1"l1mtl • 

100 x 10 Lvh b~tlIlTY'l n LL~~'1U1L')ru"1ltl'l11"l'eJlJULL'W'W11 E.coli ~iJm~L~1'lJL~Ub(;lLLUU~'W,)LLti'W 

LL~::: 11,)"" "11 LL~~'1U1L')ru"1l'eJ'I1I"ltllJULL'W'W11 E.coli ~iJmn~1ruL~Ub(;lLLUU'W~'W,)LLti'W ~)..J')m~(;l 
~ . 

II I tJ I 

~'1,r'W~'1 LU'WL ~(;lc.J~tlth'l~11'1L 'Wm1~,rU~'W'W~') m1 H'tElJ,) rui') L;tl ISlJ ~'W~h'l n'W ~:::iJ • • 
c.J~~tlm~~:::~lJ PHB ll')tlL'WL'1l~;"1l'eJ'I11"l'tllJULL'W'W11 E. coli L'Wm1Mn~,)U~4'tI~iJc.J~~tlmn~lJ 

mlJ')rum1c.J~(;l PHB ~')n11"l'tllJULL'W'W11 E. coli L~'tl~,)lJ')~n~""'tl~LlJ'tlf'tl'tln~,)nL'1l~~1,xiJ 
o 0 ., 

mlJ')rulJ,) n.,..'tlYl~ :::~') 'ttJ'Vl ~ ~'eJU~ n~ru:::vl')'1 m till ,)""~'W1 ~'tl 'ttJ b~tI LLtJnr'WilllJ,)ru,x,) L~tl 
• II tJ I 

L1lJ~'W 3 ~:::~u LL~:::L,xmlJ')ru~')(;l')~'tl:::nub'W~lJ,)nLn'W.,..'eJ .,..u~')mlJ1ru,x,)L;tlL1)..J~'W 
o ., 

4.5x10
8 CFU~tlij~~~(;l~ mlJ,):::~lJL'Wm1c.J~(;l PHB L11'eJ'I~1n't~~')~,rnL'1l~;LL,x'l 6.11 nflJ~'eJ 

., 0 ., 

~m LL~:::mlJ,)ru PHB 5.7 nflJ~'tl~(;l~ ~~LU'W 93.3% ~'tl~')~,rnL'1l~;LL,x'l d:j'tlL~tI'ILU'WL,)~1 24 

PHB 

L'lI'WL~tI')num~L~tI'I1I"ltllJULL'W'W11 E. coli ~iJ""~1~ij(;l pBAD-phaCABA04 L'Wtl1~,)~ TB 

.J Q ..... ~ a. a tlCiiI c:A ~ J' 
L'W'tl'l~1 nlJ'eJ(;ln mn ~~ru L(;lU b(;lL'WmlJ1 ru~'1'tl1~ LtI'W~1 L ~ (;l1 ~lJ m~LL~ ~'1'tl'tl n"ll'tl'l btJ~(;l'WL""lJ"1l'W 

~ ~ . 
I I " I 

L 'WmlJ,) rulJ1 nvh L mtJ~~'WYl c.J ~ (;l't~'tlUL 'W~tJ"lI'tl'l~'WI"l~i'W U'eJ ~ ~'1ij c.J~ ~'tl m~i'l LI"l~1:::iLU'W 
~ ~ ~ 

L'eJ'W't"JI~~~')r1'1!L'Wm:::u')'Wm~c.J~(;l PHB (Agus LL~:::l"lru:::o 2006; Ren LL~:::l"lru:::o 2009) 

Ln'eJLmtiULYltlUtJ~:::~VlfiIl1""L'Wm~c.J~(;l PHB ~1n11"l'eJlJULL'W'W11 E. coli ~iJ""~1~ij~ 
pBAD-phaCABA04 ~1nm~Mn'Jj'1L'Wl"lf'l~ 'i:~mmtlUbYltlUnU'I1'W~4'tI~L~m-if'tl'l LL~~'11,xL~'W~1 
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n1J'Vl~'M)1Jlh:;~Vlfi111'Y'lmn.J~(;l PHB luJ':;~1J"lJ,)~L"lJth"lJ!l,i~'~!ll-JULL'l..lU\'l E. coli ~t~flu1~ i1 

tlJ':;~Vlfi111'Y'llumnJ~(;l PHB ln~L~tJ'I\~1!l~.:)n~1 . .:nu';j4'tJ~Ul ~~m~t11uJ':;~1Jn.rmrn (LL~~':) 

lu(;l1n.:)~ 5.1) 

E. coli 

~1tJ~ufi • 
GCSC 6576 

E. coli 

~1tJ~ufi • 
XL 1-Blue 

E. coli 

~'itJ~ufi • 
GCSC 6576 

E. coli 

E. coli 

~1tJ~uf 

TOP10 

., .... 
J'~~'l!') 

~~Lf'lJ'1:;\f 

PHA 

pSYL 107 R. eutropha 

pJC4 A. latus 

pSYL 107 R. eutropha 

pJP24K 

pBAO-

phaCABA04 

Azotobacter 

sp. ~1tJ~ufi • 
FA8 

R. eutropha 

~1tJ~ufi • 
A-04 

R. eutropha ~1tJ~uf A-04 

6.4 

194.1 

31 

70.1 

6.11 

6.8 

m~.nru 

PHB 

(nfl-J~!l 

f'im) 

5.2 

141.6 

25 

51.1 

5.7 

5.3 

PHB 

(%) 

81% 

73% 

80% 

72.9% 

93.3% 

78% 

(1997) 

Choi LLfl:; 

f'lru:; (1998) 

Kim (2000) 

Nikel LLfl:; 

f'lru:; (2006) 

Chanprateep 

Ufl~f'lru:; 

(2008) 
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" , 
-:J1'W';j9'UU ~1~1J'r;)';j L~J'1:;,r~1~tJU') ~~L'el1 'Vl ~"lJ'el-:Ju'Wvhh:;~,)~J'i~~')i-:J L~J'1:;,r~tl~ 

1elC;)J''eln~LL'el~mL'WL'el(;]'"l1n R. eutropha ~1u~'Wfi A-04 L~~'WLL~:;LL~C;)-:J'el'eln"lJtl-:JU'W~lh:;~')~ • , 
J'i~~')i-:J L~J'1:;,r~'el~1el C;)J''el n:nLL'el~ ~1 L'WL'el(;]L 'W E. coli L Yl'el L m~'el~ihL'W'W~ E. coli iJ 

lh:;~'Vlfi1l1~L'Wn1J'~~ (;] PH B ~1n~'WL~'elLmUtJ LVlUtJntJ'"l~'W'Vl1U !1i''WLLtJtJ LL~:;~1~1J'm:n L~~'W • 
t '" It'" 

VlHl'"l1nn1J''VlC;)~'el-:JU LYi~J':;~tJn1J'~~(;]L'WJ':;~tJVl~-:J~'Wr;i'elhJ 
'lJ 



, " , 
~<~MJ'~ll'IJVl'fl'l LL~:;~'l':S~1 U"ll'l'IJ'lJvl. 2536. lJJ':;brJ"ll'l1bb~:;bVlM"1J'fl'l~~'l~~n. VhJi4"Af'lVl1. 

nNbVl~3-.J~'l'IJAJ' : nJ'3-.JWJ1JA3-.J3-.J~~M. • • 

, 
LL~~'1V13-.J'l : http://guru.sanook . com/encyclopedia/"1JrJ:;~~'l~~n [27 3-.JnnA3-.J 2553] 

I 11 11 I 

"llU'1! e.J~lJJ':;L~. 2537. ~Jl'l'J:;V1 b~3-.J'l:;~3-.J1 'lJn'ln~m L~'flLYi'fle.J~~~'fl~ U ~h Lei(91J''fln~u'JYi LJ'~ 

ronn Alcaligenes SR. ~'lrJ~'lJf A-04 1'IJJ':;~1Jn'l~~n . ':SVlmU~'IJ€m'1!'1!'l3-.J~'liJ,wYi~ 

Jl'l A':S"ll'l'"l~~'J':SVlm Aru:;':SVlm Pl'l~ ~f '"l~'l~'1 nnlr3-.J~'l':SVlm~rJ. • • 

'J'l b~'fl bJ'~-bA-4-Lei(91J''fln~u'JYi bJ'~) b(91rJ Alcaligenes sR. A-04. ':SVlmU~'IJ€m'1! '1!'l 

3-.J~'liJruoYi~ Jl'lA':S"ll'l'"l~~'J':SVlm Aru:;':SVlmPl'l~~f '"l~'l~'1nnJ3-.J~'l':SVlm~rJ . • • 

~'lJ''l~m'3-.Jb~1. 2548. ~~'l~~n ['fl'fl'IJL~'l1]. bb~~'1~3-.J'l : http ://th.wikipedia.org/wiki/~~'l~~n 

[2 n3-.JJl'l~'IJ€ 2553] • 
~ '1!"ll'IJ'l ~J'~"1J'"lJ'. 2537. n'lJ'~~'l'l b ~~ (3-Lei (91J''fl n~u'JYi bJ'~-bA-3-Lei (91J''fln~'J'l L~'fl LJ'~) 

b(91rJ Alcaligenes SR. ~'lrJ~'lJf A-04. ':SVlmU~'IJ€m'1! '1!'l3-.J~'liJruoYi ~ Jl'l A':S"ll'l~~ 

~'J':SVlm Aru:;':SVlm Pl'l~ ~f '"l~'l~'1nnJ3-.J~'l':SVlm~rJ . • 

Jl'lM'l~'1n~M 

Aamer, AS., Fariha, H., Abdul, H., and Safia, A, 2008. Biological degradation of 

plastics: a comprehensive review. Biotechnol Adv 26 : 246-265. 

Ahn, W.S., PARK, S.J., and Lee, S.Y., 2000. Production of Poly(3-Hydroxybutyrate) by 

Fed-Batch Culture of Recombinant Escherichia coli with a Highly Concentrated 

Whey Solution. ARRI Environ Microbiol 66 : 3624-3627. 

Anderson, AJ. and Dawes, E.A, 1990. Occurrence, metabolism, metabolic role, and 

industrial uses of bacterial polyhydroxyalkanoates. Microbiol Rev 54 : 450-472. 

Agus, J., Kahar, P., Abe, H. , Doi, Y., and Tsuge, T., 2006. Altered expression of 

polyhydroxyalkanoate synthase gene and its effect on poly[(R)-3-



137 

hydroxybutyrate] synthesis in recombinant Escherichia coli. Polym Degrad Stab 

91 : 1645-1650. 

Ballard, D.G.H., Holmes, PA, and Snior, P.J., 1987. Formation of polymers of ~

hydroxybutyric acid in bacterial cell and a comparison of the morphology of 

growth the formation of polyethylene in the solid state. In M. Fontanille and A. 

Guyot (ed.), Recent advances in mechanistic and synthetic aspects of 

polymerization, pp. 239-314. 

Brandl, H. , Gross, RA., Lenz, RW., and Fuller, RC., 1990. Plastics from bacteria and for 

bacteria: Poly(~-hydroxyalkanoates) as natural, biocompatible, and 

biodegradable polyesters. Adv Biochem Eng 41 : 77-93. 

Brzostowicz, P.C., Blasko, M.S., and Rouviere, P.E., 2002. Identification of two gene 

clusters involved in cyclohexanone oxidation in Brevibacterium epidermidis 

strain HCU. Appl Microbiol Biotechnol 58 : 781-789. 

Byrom, D., 1987. Polymer synthesis by microorganism; technology and economic. 

Tibtech 5 : 246-250. 

Chanprateep, S. and Kulpreecha, S., 2006. Production and characterization of 

biodegradable terpolymer poly(3-hydroxybutyrate-co-3-hydroxyvalerate-co-4-

hydroxybutyrate) by Alcaligenes sp. A-04. J Biosci Bioeng 101 : 51 -56. 

Chanprateep, S., Yoshio, K., Hiroshi, S., Songsri, K., Sirirat, V., and Suteaki, S., 2008. 

Production of biodegradable copolyester poly(3-hydroxybutyrate-co-4-

hydroxybutyrate) by newly isolated Ralstonia eutropha strain A-04. J Ind 

Microbiol Biotechnol 35 : 1205-1215. 

Chanprateep, S., Buasri , K., Visetkoop, S., Pinyakong, 0 ., and Veeranondha, S., 2009. 

BioMicroWorld 2009 : International Conference on Environmental, Industrial and 

Applied Microbiology. Lisbon. Portugal. 

Chen, G.Q. and Wu, Q., 2005. Polyhydroxyalkanoates as tissue engineering materials. 

Biomaterials 26 : 6565-6578. 

Chen, G.Q., 2009. A polyhydroxyalkanoates based bio- and materials industry. Chem 

Soc Rev 38 : 2434-2446. 



138 

Chen, G.O., 2010. Plastics Completely Synthesized by Bacteria: Polyhydroxyalkanoates. 

In G.O. Chen (ed.), Plastics from Bacteria: Natural Functions and Applications, 

pp. 17-37. New York: Springer Heidelberg Dordrecht London. 

Chohan , S.N. and Copeland, L., 1998. Acetoacetyl coenzyme A reductase and 

polyhydroxybutyrate synthesis in Rhizobium (Cicer) sp. strain CC 1192. 6Im1 

Environ Microbiol 64 : 2859-2863. 

Choi, J., Lee, S.Y., and Han, K., 1998. Cloning of the Alcaligenes latus 

Polyhydroxyalkanoate Biosynthesis Genes and Use of These Genes for 

Enhanced Production of Poly(3-hydroxybutyrate) in Escherichia coli. 6Im1 

Environ Microbiol 64 : 4897-4903. 

Clarinval, AM. and Halleux, J., 2005. Classification of biodegradable polymers. In: Smith 

R (ed.), Biodegradable polymers for industrial applications, pp. 3--56. CRC, 

Boca Raton. 

Comeau, Y., Hall, K., and Oldham, w., 1988. Determination of poly-hydroxybutyrate and 

poly-hydroxyvalerate in activated sludge by gasliquid chromatography. 6Im1 

Environ Microbiol 54 : 2325-2327. 

Derraik, J.G., 2002. The pollution of the marine environment by plastic debris: a review. 

Mar Pollut Bull 44 : 842-852. 

Doi, Y., Kitamanea, S., and Kideki, A, 1995. Microbial Synthesis and Characterization of 

Poly (3-hydroxybutyrate-co-3-hydroxyhexanoate). Macromolecules 28 : 4822-

4828. 

Dombrink-Kurtzman, M. A, 2008. A Gene Having Sequence Homology to Isoamyl 

Alcohol Oxidase Is Transcribed During Patulin Production in Penicillium 

griseofulvum. Curr Microbiol 56 : 224-228. 

Evan, D.J. and Sikdar, K.S., 1990. Biodegradable plastic. Chemtech 5: 38-42. 

Gould, P.L., Holland, S.J., and Tighe, B.J. 1987. Polymers for biodegradable medical 

devices. 4-Hydroxybutyrate valerate copolymers as nondisintegrating matrices 

for controlled-release oral dosage forms. Int J Pharm 38 : 231-237. 



139 

Gross, R.A and Kalra, B., 2002. Biodegradable polymers for the environment. Science 

297 : 803-807. 

Gu, J.D., 2003. Microbiological deterioration and degradation of syntheti c polymeric 

materials: recent research advances. Int Biodeterior Biodegrad 52 : 69-91. 

Guzman, L.M., Belin, D., Carson, M.J., and Beckwith , J., 1995. Tight regulation , 

modulation, and high-level expression by vectors containing the arabinose PSAD 

promoter. J Bacteriol 177 : 4121-4130. 

Harper, D.J. and Mc Kellar, J.F., 1972. Sensitised photodegradation of polypropylene. 

Chem Ind 25 : 843-848. 

Haywood, AC., 1958. Poly-~-hydroxybutyrate inclusion in the classification of aerobic 

gram-negative bacteria. Proc Soc Gen Microbioa 56 : ii-iii . 

Jendrossek, D. and Handrick, R., 2002. Microbial degradation of 

polyhydroxyalkanoates . Annu Rev Microbiol 56 : 403-432. 

Jung, I.L., Phyo, K.H., Kim, K.C., Park, H.K., and Kim, I.G., 2005. Spontaneous liberation 

of intracellular polyhydroxybutyrate granules in Escherichia coli. Res Microbiol 

156 : 865-873. 

Kang, Z., Wang, 0 ., Zhang, H., and ai, 0 ., 2008. Construction of a stress-induced 

system in Escherichia coli for efficient polyhydroxyalkanoates production. 6Q.Ql 

Microbiol Biotechnol 79 : 203-208. 

Khanna, S. and Srivastava , A K., 2005. Recent advances in microbial 

polyhydroxyalkanoates. Process Biochem 40 : 607-619. 

Kim, B.S., 2000. Production of poly(3-hydroxybutyrate) from inexpensive substrates. 

Enzyme and Microbial Tech 27 : 774-777. 

Kosior, E., 2006. Lightweight Compostable Packaging : Literature Review. The Waste & 

Resources Action Programme [Online]. Available from : http://www.warp.org.uk 

[2010, January 29]. 



140 

Lee, S.Y., Yim, K.S., Chang, H.N., and Chang, Y.K., 1994. Construction of plasmids, 

estimation of plasmid stability, and use of stable plasm ids for the production of 

poly(3-hydroxybutyric acid) by recombinant Escherichia coli. J Biotechnol 32 : 

203-211. 

Lee, S.Y., 1996a. Plastic bacteria? Progress and prospects for polyhydroxyalkanoate 

production in bacteria . Tibtech 14 : 431-438. 

Lee, S.Y., 1996b. Review: Bacterial polyhydroxyalkanoates . Biotechnol Bioeng 49 : 1-14. 

Lee, S.Y., Middelberg, AP.J. and Lee, Y.K. , 1997. Poly(3-hydroxybutyrate) production 

from whey using recombinant Escherichia coli. Biotechnol Lett 19 : 1033-1035. 

Lee, S.Y. and Choi, J.I., 1998. Effect of fermentation performance on the economic of 

poly(3-hydroxybutyrate) production by Alcaligenes latus. Polym Degrad Stabil 

59 : 387-393. 

Lee, S.Y., Choi, J. and Wong, H.H., 1999. Recent advances in polyhydroxyalkanoate 

production by bacterial fermentation: mini-review. Int J Bioi Macromol 25 : 31-36. 

Li, R., Zhang, H., and Qi, Q., 2007. The production of polyhydroxyalkanoates in 

recombinant Escherichia coli. Bioresour Technol 98 : 2313-2320. 

Liu, F., Li, W., Ridgway, D., and Gu, T., 1998. Production of poly-betahydroxybutyrate on 

molasses by recombinant Escherichia coli. Biotechnol Lett 20 : 345-348. 

Madison, L.L. and Huisman, G.W., 1999. Metabolic engineering of poly(3-

hydroxyalkanoates) : from DNA to plastic. Microbiol Mol Bioi Rev 63 : 21-53. 

Mittendorf, V., Robertson, E.J., Leech R.M ., Kruger, N., Steinbuchel, A , and Poirier, Y., 

1998. Synthesis of medium-chain-Iength polyhydroxyalkanoates in Arabidopsis 

thaliana using intermediates of peroxisomal fatty acid b-oxidation. Proc Natl 

Acad Sci 95 : 13397-1 3402. 

Narayanan, N., Xu, Y., and Chou, C.P., 2006. High-Level Gene Expression for 

Recombinant Penicillin Acylase Production Using the araB Promoter System in 

Escherichia coli. Biotechnol Prog 22 : 1518-1523. 



141 

Natsch, A, Gfeller, H., Gygax, P., Schmid, J., and Acuna, G., 2002. A Specific Bacterial 

Aminoacylase Cleaves Odorant Precursors Secreted in the Human Axilla . J Bio 

Chem 278 : 5718-5727. 

Newman, J. R. and Fuqua, C., 1999. Broad-host-range expression vectors that carry the 

L-arabinose-inducible Escherichia coli araBAD promoter and the araC regulator. 

Gene 227 : 197-203. 

Nikel, P., Almeida , A, Melillo, E.C., Galvagno, MA, and Pettinari, M.J ., 2006. New 

Recombinant Escherichia coli Strain Tailored for the Production of Poly(3-

Hydroxybutyrate) from Agroindustrial By-Products. Appl Environ Microbiol 72 : 

3949-3954. 

Ogden, S., Haggerty, D., Stoner, C. M., Kolodrubetz, D., and Schleif, R. , 1980. The 

Escherichia coli L-Arabinose Operon: Binding Sites of the Regulatory Proteins 

and a Mechanism of Positive and Negative Regulation. Proc Natl Acad Sci 77 : 

3346-3350. 

Ostle, A G. and Holt, J. G., 1982. Nile blue A as a fluorescent stain for poly-~

hydroxybutyrate. Appl Environ Microbiol44 : 238-241 . 

Peoples, O.P. and Sinskey, AJ., 1989. Poly-beta-hydroxybutyrate (PHB) biosynthesis in 

Alcaligenes eutrophus H16. Identification and characterization of the PHB 

polymerase gene (PhbC). J Bioi Chem 264 : 15298-15303. 

Pohlmann, A et aI., 2006. Genome sequence of the bioplastic-producing "Knallgas" 

bacterium Ralstonia eutropha H 16. Nat Biotechnol 24 : 1257-1262. 

Reddy, C.S.K., Ghai, R., and Kalia, V.C. , 2003. Polyhydroxyalkanoates: an overview. 

Bioresource technol 87 : 137-146. 

Ren, H. et aI., 2009. High-level production, solubilization and purification of synthetic 

human GPCR chemokine receptors CCR5, CCR3, CXCR4 and CX3CR1. PLoS 

One4:1-15. 

Sambrook, J. and Russell, D.W., 2001. Molecular cloning: a laboratory manual. Cold 

Spring Harbor Laboratory press, Cold Spring Harbor, New York. 



142 

Schlegel , H. G., Lafferty, R., and Krauss, I., 1970. The isolation of mutants not 

accumulating poly-~-hydroxybutyric acid. Arch Microbiol 70 : 283-294. 

Schleif, R. S., 1992. DNA Looping. Ann Rev Biochem 61 : 199-223. 

Schubert, P., Kruger, N., and Steinbuchel, A, 1991. Molecular analysis of the 

Alcaligenes eutrophus poly(3-hydroxybutyrate) biosynthetic operon: 

identification of the N terminus of poly(3-hydroxybutyrate) synthase and 

identification of the promoter. J Bacteriol 173 : 168-175. 

Sheu, D.S. , Wang, Y.T., and Lee, C.Y., 2000. Rapid detection of polyhydroxyalkanoate 

accumulating bacteria isolated from the environment by colony PCR. 

Microbiology 146 : 2019-2025. 

Siebert, p.o., Chenchik, A, Kellogg , D. E., Lukyanov, K. A, and Lukyanov, S. A, 1995. 

An improved method for walking in uncloned genomic DNA · Nucleic Acids Res 

23 : 1087-1088. 

Spiekermann, P., Rehm, B.H.A, Kalscheuer, R., Baumeister, D., and SheinbOchel, A, 

1999. A sensitive, viable-colony staining method using Nile red for direct 

screening of bacteria that accumulate polyhydroxyalkanoic acids and other lipid 

storage compounds. Arch Microbiol 171 : 73- 80. 

Steinbuchel, A and Schlegel, H.G., 1991. Physiology and molecular genetics of 

poly(beta-hydroxy-alkanoic acid) synthesis in Alcaligenes eutrophus. Mol 

Microbiol 5 : 535-542. 

Sudesh, K., Fukui, T., and Doi, Y., 1998. Genetic analysis of Comamonas acidovorans 

polyhydroxyalkanoate synthase and factors affecting the incorporation of 4-

hydroxybutyrate monomer. Appl Environ Microbiol 64 : 3437-3443. 

Sudesh, K., Abe, H., and Doi, Y., 2000. Synthesis, structure and properties of 

polyhydroxyalkanoates: biological polyesters. Prog Polym Sci 25 : 1503-1555. 

Taguchi, K., Aoyagi, Y., Matsusaki, H., Fukui, T., and Doi, Y. , 1999. Over-expression of 

3-ketoacyl-ACP synthase III or malonyl-CoA-ACP transacylase gene induces 

monomer supply for polyhydroxybutyrate production in Escherichia coli HB 101. 

Biotechnol Lett 21 : 579-584. 



143 

Tsuge, T., Yano, K., Imazu, S., Numata, K., Kikkawa, Y., Abe, H., Taguchi, K., and Doi, 

Y., 2005. Biosynthesis of polyhydroxyalkanoate (PHA) copolymer from fructose 

using wild-type and laboratory-evolved PHA synthases. Macromol Biosci 5 : 

112-117. 

Valentin, H.E. and Steinbuchel, A, 1995. Accumulation of poly(3-hydroxybutyric acid

co-3-hydroxyvalericacid-co-4-hydroxyvaleric acid) by mutants and recombinant 

strains of Alcaligenes eutrophus. J Environ Polym Degrad 3 : 169-175. 

Valentin, H.E. and Dennis, D., 1997. Production of poly(3-hydroxybutyrate-co-4-

hydroxybutyrate) in recombinant Escherichia coli grown on glucose. 4 

Biotechnol 58 : 33-38 . 

Verlinden, R.A, Hill, D.J., Kenward, M.A. , Williams, C.D., and Radecka, I., 2007. 

Bacterial synthesis of biodegradable polyhydroxyalkanoates. J Appl Microbiol 

102: 1437-1449. 

Xie, W.P. and Chen, G.O., 2008. Production and characterization of terpolyester poly(3-

hydroxybutyrate-co-4-hydroxybutyrate-co-3-hydroxyhexanoate) by recombinant 

Aeromonas hydrophila 4AK4 harboring genes phaPCJ. Biochem Eng J 38 : 384-

389. 

Zheng, L.Z., Li, Z., Tian, H.L., Li, M., and Chen, G.O., 2005. Molecular cloning and 

functional analysis of (R)-3-hydroxyacyl-acyl carrier protein: coenzyme A 

transacylase from Pseudomonas mendocina LZ. FEMS Microbiol Lett 252 : 299-

307. 

Zheng, Y., Yanful, E.K., and Bassi, AS., 2005. A review of plastic waste biodegradation. 

Crit Rev Biotechnol 25 : 243-250. 



111 FH,J'l.! 'l n 



111F1&:J'U'Jn n 

~-.1~rifn~1n£j~(;] (yeast extract) 

vihJL[;l'l.! (tryptone) 

LLlJn\lL:nulJ-n~LYl[;lLe]u[;l:;lmfnr[;l (MgS04 · 7H20) 

., , 

5 

20 

5 

145 

~:;~1U~1r 3 "1IUfn1'l.!~1mt'l.!mlJ1[;lr 1 ,000 n~~~[;lr U;:Urhfil'J1lJLU'l.!nr{;lLU~~'JU 
, ., 

~1r~:;~1U L"1I L~UlJ1e] mre:m 1"11 I?lfil'J1lJ L;JlJ;J'l.! 5 'l.!'elf,r~ LU'l.! 7.0 ~11uu-.1~1 L~'el~'JU fil'J1lJ ~'l.!1'el 
. ., 

15 tJ'el'l.!I?l~'el[;l1n-.1U'J 'elru~Jln 121 0"11 LU'l.!L'J~1 15 'l.!1Vl . " 

., " Q " 4Q,qq.... q <4 " .... I 

L[;lrUlJ'el1~1rfn'JU'JfiLfnU'Jnum~1rL~U-.1L"1I'elm~'J \Vb LL~:;~:;~1U1'l.! 15 nrlJ[;l'el'tl1~1r 
I .., J " " 

1 ~[;lrL~lJ~-.11u ~1mr'l.!~11uu-.1~1L~'el~'Jum1lJ~'l.!1'el 15 U'el'l.!I?l~'el[;l1r1-.1U'J ~ru~1Jn121 0'11 

LU'l.!L'J~1 15 'l.!1Vl 

VirUL[;l'l.! (tryptone) 

~-.1~rifn~1n£j~(;] (yeast extract) 

L'1IL~UlJfil~'elhc;l (NaCI) 

., , 

10 

5 

10 

~:;~1U~1r 3 "1IUfn1'l.!~1ni'l.!mlJ1[;lr 1 ,000 n~~~[;lr U;:uri1fil'J1lJLU'l.!nr{;lLU~~'JU 

~ .,. 1 1" "" """.!'I 0 1- 14 , J' " "" 1 ~1r~:;~1U~'1IL{;lUlJ e]fnr'eln '1I{;lfil'J1lJL"lllJ"ll'l.! 1 'l.!'elrlJ~ Lu'l.! 7.0 'l.!1 u'l.!-.1'-11L"li'tl{;l'JUfil'J1lJ{;l'l.! 'tl 
., 

15 U'tl'l.!c;I~'tl[;l1n-.1U'J ~ru~1Jn 121 0'11 LU'l.!L'J~1 15 'l.!1Vl 
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.J' ..f '" 4. 'fl1~1'iL'iUJ-.3L"ji'flLL'iI-.3 Luria-Bertani (LB agar) 

" " q '" ~.IIC:II.oc:.I _ q.dl ",..... I 

L(;l~t13-J'El1Wl~IW)t1'lfiL(;)t1r.lnU'fI1'WWLfimL"ll'ElL~fi'l LB LLfi:::fi:::fi1t1'l'W 15 n~3-J(;l'Eltl1~1~ 1 • 
I "I" " 

~(;ln~3-J~N1tJ r,nntr'WU1 hJU'l,j1L~tl~'ltlrl'l13-J~'WL!f) 15 tltl'WC;)~tl(;l1~1'lil'l tlCW~I1i1 121 0"ll LtI'W 

CJ'l~n(;)"'I1nU~~ (yeast extract) 

" ... .... 
CJ'l~nln"'l1m'W'El (beef extract) 

LLtl3-JL3-JL\ltl3-JifiL~(;l (NH4)2S04 

'Vl1tlL(;l~ (tryptose) 

" , 

10 

5 

5 

10 

. " 

n~3-J 

n~3-J 

n~3-J 

n~3-J 

fi:::fi1t1~1~ 4 "llilln1.'WU1n~'Wm3-J1(;l~ 1 ,000 i1fi~~(;l~ tl~Urhm13-JLtI'Wm(;)LU~~'ltl 
, " 

~1~fi:::fi1t1 L'JI L~t13-JLtlln~'Eln L 'JI c;)rl'l1).J L ;J).J;J'W 1 'W'tlf21fi LtI'W 7.0 u1LtlU'l,j1 L~tl ~'ltl rl'l1).J "''WL'tl 

" 
15 tltl'Wr;)~'El(;l1~1'lil'l iflCWWJi1 121 0'JI LtI'WL'lfi1 15 'W1V1 

.J' ..f '" 6. 'fl1~1'iL~!I-.3L"ji'flLL'iI-.3\1j;l'i~~'" (rich medium agar) 

t "I" " 
m~1~ 1 ~ (;l~L~).Jfi'lLtl "'11 ntr'Wu1LtlU'l,j1 L~'El~'ltl rl'l13-J "''WLtl 15 tltl'Wr;) ~'tl (;l1~1'lil'l iflCW~1Ji1 

121°'JI LtI'WL'lfi1 15 'W1V1 

'Vl1tlL(;l'W (tryptone) 
... ..,. .. 

CJ'l~n(;)"'I1ntl~(;l (yeast extract) 

L'JI L~t1).J rlfi'tl hr;) (NaCI) 

32 

20 

5 
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... , 
~:;~1rJ~1~ 3 'l!U~1'W~1n~'WtIhJ1l'1~ 1 ,000 ii~~~I'1~ tlfurhfl'J1lJLu'Wm"'LU~~'JrJ 

, ... 
~1~~:;~1rJL'l!L~rJlJl~"Wtlnl'l!~fI'J1lJL;rlJ-ii'W 1 'W'flf,r~ LU'W 7.0 ~11tlll,:j,.j1L~'fl~'JrJfl'J1lJ~'Wl'fl 

... 
15 tl'fl'W~~'fl1'11~1,:jU'J tlru'l,u1ii 121 0'l! LU'WL'J~1 15 'W1~ . .. 

Y11tltl'1'W (tryptone) 
., .,. ~ 

~,:j~n~r.nnrJ~1'1 (yeast extract) 

t '11 L~rJlJ fI~'fl h~ (NaCI) 

16 

10 

5 

~:;~1rJ~1~ 3 'l!U~1'W~1ni'WmlJ11'1~ 1 ,000 lJ~~~I'1~ tlfurhfl'J1lJLu'Wm"'LU~~'JrJ 
~1~~:;~1rJL'1IL~rJlJl~"'~'flnl'11~fI'J1lJL;rlJ;r'W 1 'W'flf,r~ LU'W 7.0 ~11tl~,:j~1L~'fl~,)rJrl,)1lJ~'Wl'fl 

... 
15 tl'fl'W~~'fll'11n,:jU') ~ru~.1Jii 121 0'11 LU'WL,)~1 15 'W1~ 

Y11tlLI'1'W (tryptone) 
., .,. .. 

~,:j~n~r.nnrJ~1'1 (yeast extract) 
.,. 

n~L'1I'fl~'fl~ (Glycerol) 

... , 

12 

24 

4 

nflJ 

nflJ 

ii~~~I'1~ 

~:;~1t1~1~ 3 'l!U~1'W~1n~'WmlJ11'1~ 1 ,000 ii~~~I'1~ tlfu~1f1'J1lJLu'Wm"'LU~~,)rJ 
, ... 

~1~~:;~1rJL'1IL~tllJl~~~tlnl'11~rl,)1lJL;rlJ-ii'W 1 'Wtlf,r~ LU'W 7.0 -w11tlll,:j~1L~tl~,)rJrl,)1lJ~'Wltl 
... -

15 tJtl'W~~'fl1'11n,:jU') tlru~l1ii 121 0'11 LU'WL,)~1 15 'W1~ ri'fl'W-w1m~1~ltlH1~L~lJ~1~~:;~1rJ . . " , ... 
~~lJ~:;wh~ 0.17 M KH2P04 LL~:; 0.72 M K2HP04 ~.yhl~tl~1fi\'"l1nL~'flLL~')mlJ11'11 100 

ij~~~I'1~ 
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111~HJ'\J1n "11 

" " fl:;fl1mL/m.J~;fl~'l.l100 i3fl~nf~ 1'l.lij1Ufl'el"'lh,:;,m~1[;l~ 1 i3fl~~[;l~ vh1~tJfltl"'L=n'el 

'L"'tJ mm~tl~~1~fl:;fl1tJ e.l1'l.l"1l "'m'el~~1 L~'"l~U"1lil", L'lIflfl 'Lfl~'el:;;1 L[;lVl~iJ"1I'l.l1 "'~~~'l.l 0.45 l~f'I~'el'l.l 
" 'U CU CU III , 

Ln1Jfm~nVltlru,"Jli3 -20°"11 
• 'IJ 

" " fl:;fl1tJf'l1Uil;fl~'l.l 50 i3fl~nf~ 1'l.lij1tJfl'el",U~:;'"lm~1[;l~ 1 i3fl~~[;l~ Vh1~Ufltl"'L=ntl • 

, 
Ln1Jfm~nYi'elru,".ni3 -20°"11 . " 

" ij1n~L'lItl~'elfl 87% m~1m 11 .5 i3fl~~[;l~ fl:;fl1tJ1'l.lij1tJfl'el",U~:;'"lm~1[;l~ 88.5 • 
i3fl~~[;l~ ij11tJn~~1L~'el~')tJf'I,)1~~'l.l1'el 15 tJ'el'l.l~(;]'elmn\l~,) 121 0'll LtI'l.lL,)fl1 15 'l.I1Vl 

r ~~ 
3. ~1"ii'~~~1!l'\J1[;l1~'el~"ii'1'iH'\J~ 20% 

" ~:;~1mn~",'L'1iL~tJ~1e1"'~'elnl'1i~ 4 nf~ 1'l.lij1Ufl'el",tJ~:;'"lm~1[;l~ 1 ,000 i3~~~[;l~ • 
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29.2 

., 
~::~1t.j'l'1lt~t1)Jf'I~'tlis~1u,j'nJ~'tl~lh::'"l tJ~lJl\\'ihE)J1j;l~~~Yl1t1LtJU 1 00 5j~~~j;l~ • • 

o ., ., 

,j11tJu,:J,j1L:n'tl~')t1WJ1)J~Ul'tl 15 tJ'tlU(;)~'tlj;l1n,:JU') 'tlru'lMl5j 121 0'11 LtJUL,)~1 15 u1Vi . .. 

6. ~1'iil~il1t1 CTAS "l 1..1 1'l1L;}tI)Jflil'el hfl (Hexadeyl trimethyl ammoniumbromide/sodium 

chloride) 

CTAB 10 

L '11 L~t1)J fl~'tl is(;) (NaCI) 0.7 

~::~1t1 CTAB lu~1tJ~'tl~tJ~:;'"l~'tlru~J15j 65°'11 m)J1j;l~ 80 5j~~~j;l~ '"l1mrUL~)J .. .. ., 
L'1IL~t1)Jf'I~'tl is (;)Li)Jiu O. 7 L)J~1f eJ~)Jl\\'Li1riu L~)J,j1tJ~'tl~tJ~::'"l'"luilm)J1j;l~~~Yl1t1LtJU • • 

o ., ., 

1 00 5j~~~j;l~ ,j11tJu,:J,j1 L:n'tl~')t1F1,)1)J~ul'tl 15 tJ'tlU(;)~'tlj;l1~1,:JU') 'tlru~J15j 121 0'll LtJUL,)~1 

l~L'lIl'11~ (Lysozyme) 

UYh~'tlfTE 

. .. 

60 

1 

5j~~n~)J 

5j~~~j;l~ 

~::~1t11~ L'lIl'l1)J1u~1tJ~'tl~tJ~::'"l1.l~'tl~L~'tl m)J1j;l~ 80 5j~~~j;l~ L~'tl~::~1t1~)J~~,:JL~)J 
• 

., 0 

,j11.l~'tl~1.l~:;'"l1\\,ijm)J1mLtlu 100 5j~~~m LnlJVi'tlru~J15j -20°'ll 
• • 'U 
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~ ~ 

~::~IU~~Ltl~~h..!L'U~LPI -WT\.n!n 20 ij~~nf~ 1'U-Wltl~'el~tl~::~ ~~~H\-ihn'U1\\'iJ • 
~ 

,JhJ1~m~~vhmil'U 1 ij~~~(;l~ vh1\\'tl~'elrnL;'elL~Un1~m'el~~I~~::~lmJl'U"l!~m'el~~IL~~~tl . . " 

~ ~ 

~::~IU~~ RNase A -Wl~~n 10 ij~~nf~ 1'U-Wltl~'el~tl~::~ ~~~1\\'L-ihn\.l 1\\'iJ • 
~ 

m~I(;l~~rnvhmil'U 1 ij~~~(;l~ Vi'l1\\'tlfl~rnL;'el L~Un1~n~'el~~'l~~::~'lU~I'U"l!~n~'el~~'lL~~~tl . . " 

10. 'll'l'3'~:;~'l!l 10% SDS 

I ~ ~ 

-n~ sodium dodecyl sulfate -W'l~~n 10 nf~ f'1'elU1~::~'lu1'U-w'ltl~'elrntl~::"m~'l(;l~ 80 
I ~ I 

ij~~~(;l~ L;j~~::~'lU~~~~~L~~-W'ltlfl~rntl~::~1\\'iJm~'l(;l~LiI'U 1 00 ijfl~~(;l~ LlllJYi~ru~l1ij\\,~~ . . " 

EDTA (ClOH14N20aNa2.2H20) 

L"l!L~U~1e1rn~'eln 1"l! c;l 

186.1 

20 

~ ~ 

~::~'lU EDTA 1'U-W'ltlfl~rntl~::~m~'l(;l~ 800 ij~~~(;l~ ~'lm!'UL~~Ln~~L"l!L~U~1e1rnffin • 
1'l1c;l ~~~1,xL;r'ln'U ~'el1,xLtj'U~~LL~'l~~tlflJ f'1'lm'l~ LiI'Un~~-~'l~~'lu1e1Lrn~PI~~1m;r~;r'ULiI'U 8.0 

L~~~'ltl~~rntl~::",,'UiJm~'l(;l1LiI'U 1 ,000 ij~~~(;l1-W'l1tl~~,jlL~'el~'lUr1'l'l~~'U1~ 15 tl~'U~vi~ • 
~ 

(;l'l~~U'l ~ru~1Jij 121 0'll LiI'UL'l~'l 15 'U'lYi 

...... 'i''' ~ , 
12. 'll'l'3'~:;~'l!l Tris-HCI L'JJ2J'JJ'U 1.0 1.2J~'l'3' FI'l'l2JL1.J'Un'3'~H'n~ 8.0 

121.1 
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~ , ~ 

L~~~'I..!LU'l..! 8.0 L~~111t1~'tl(;1t1~:;"'I"'I'I..!ijm~1[;1~LU'I..! 1 ,000 ~~~~m 1111t1~'l~1L:n'tl~,)UI"l,)1~~'I..! • ., 
1'tl 15 t1'tl'l..!r;l(;]'tl[;11~1'lil') ~ruWJ~ 121 0'll LU'I..!L,)~1 15 'l..!1Yl 

.,., 'i''' ~ • 
13. ~1'1'a:;'a1fJ Tris-HCI L'UJlI'U 1.5 ~~'a1'1 ft,)1~L1.J'Un'1f1-fl1~ 8.8 

181.71 

., ., 
~:;~1U Trisma base 1'1..!111t1~'tl(;1t1~:;"'Im~1m 800 ~~~~[;1~ "'I1mr'l..!t1fUfl1l"l,)1~LU'I..! • 

n~(;1-c;i1'l ~')u1t1L(;1~I"l~'tl1m~~~'I..! L(;1uri'tlU1L~~n~(;11t1Lc;J~I"l~'tl1m~~~'I..! tJ~~1"'\~1n'l..!LL~:;r)(;1 
., 

ri11"l,)1~LU'I..!m"'-"'1'l 1,xijri1Lu'I..! 8.8 L~~111t1~'tl",t1~:;"'I"'I'I..!ijm~1[;1~LU'I..! 1 ,000 ~~~~[;1~ 11111.1 • , ., ., 
~'l~1L:n'tl~,)UI"l,)1~~'I..!1'tl 15 t1'tl'l..!r;l(;]'tl[;11r1'lil') 'tlru'\UI~ 121 0'll LU'I..!L,)~1 15 'l..!1Yl . " 

60.57 

., ., 
~:;~1U Trisma base 1'1..!111t1~'tl",t1~:;"'Im~1[;1~ 800 ~~~~[;\~ "'I1mr'l..!t1furi11"l,)1~LU'I..! • 

n1"'-Vl1'l ~')u1t1L"'~I"l~'tl1m~~~'I..! Lc;Juri'tlU1L~~m(;11t1L"'~I"l~'tl1m~~~'I..! tJ~~1,xL~1n'l..!LL~:;r)(;1 

ri1f'),)1~LU'I..!m(;1-"'1'l 1.,xijri1LU'I..! 6.8 L~~~1t1~'tl(;1t1~:;"'I"'I'I..!ijm~1[;1~LU'I..! 1 ,000 ~~~~[;1~ 11111.1 • , ., ., 
~'l~1L;'tl~,)UI"l,)1~~'I..!1'tl 15 t1'tl'l..!r;l(;]'tl[;11~1'lil') 'tlru~J)~ 121 0'll LU'I..!L,)~1 15 'l..!1Yl 

Tris-HCI 

EDTA 

. " 

10 

1 

~~~L~~1f 

~~~L~~1f 

tJ~~~1~~:;~1U Tris-HCI L~~~'I..! 1.0 L~~1f 1"l,)1~LU'I..!m(;1-vl1'l 8.0 m~1[;1~ 10 

~~~~[;1~ L~1nU~1~~:;~1U EDTA L~~~'I..! 0.5 L~~1f 1"l,)1~LU'I..!m"'-"'1'l 8.0 m~1[;1~ 2 
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., , ., 
n~~~(;t~ L~~,jltJ~'tl~1.h:;~~lJihJhJ'wmulJ 1 ,000 n~~~(;t~ ,jl1tJn'l~IL~'tl~,)U~,)I~~lJl'tl 15 • ., 
tJ'tllJ(;)[;J'tl(;t'Wl'lll') 'tlru~J1ii 121 0"ll LUlJL,)~1 15 lJ1Yl . .. 

., 
~:;~IUt"llL~U~'tl:;;LVI(;t 204 nf~ LlJ,jltJ~'tl~tJ~:;~m~I(;t~ 400 n~~~(;t~ ,jlLtJtJfUrh • ., ., 

~')un~~'tl:;;~nm~I(;t~ 57 n~~~(;t~ ~lmrlJL~~,jl 

., 
(;tl~I'lll') 'tlru~J1ii 121 0"ll LUlJL,)~1 15 lJ1Yl . .. 

., ., ., 
68°"ll ~lmrlJL~~~'l hydroxyquinoline Lm~~,)I~L;r~;rlJ 0.1 % (,jlm!n/,jlm!n) L~~ 

~1~~:;~IU Tris-HCI pH 8.0 L;r~;rlJ 0.5 t~~lf m~I(;t~ 1 LVii ~lJ~')mLvl'lLL~L~~mUlJL,)~1 15 
~ ~ ~ ~ 

lJ1Yl l1'lL,xuunilJ ~(;1ilJ,jl~,)lJUlJ'tl'tln L~~~I~~:;~IU Tris-HCI pH 8.0 L;r~;rlJ 0.1 ~~lf 
" " "" " " m~I(;t~ 1 Lvll ~lJ~')mLvl'lLL~L~~mUlJL,)~1 15 lJ1Yll1'lL,xLLUnilJ ~~ilJ,jl~,)lJUlJ'tl'tln vhilJil .. ., 

~~IU1 ~f'l~,)u Tris-HCI pH 8.0 L;r~;rlJ 0.1 t~~lf ~lJrh~,)I~LUlJm~LU~'1l'tl'l~lJ'tl~~lnn~1 

7.8 ~(;1Vflm~~~I~~:;~IU Tris-HCI pH 8.0 L;r~;rlJ 0.1 t~~lf ~~~~ p-mercaptoethanol 

L;r~;rlJ 0.2% m~I(;t~ 0.1 Lvll'1l'tl'l~lJ'tl~~L(;t1u~L~ LnULlJ'1l')(;1~"lIl~'tlru~J1n 4°"ll ~~~~lJ'tl~~ . .. 

18. ~1'i~:::~1!1~'U'f)~i"'~1 (Equilibrated phenol, ultrapure) 

tJ~:;n'tluA'')u 

~lJ'tl~~~~,)~')U Tris-HCI 

Equilibrate Buffer 

, ., 
ri'tllJH~1~~:;~IU~lJ'tl~~~~,) (u1,;''V1 USB, USA) ~f'lLLm L,xL~~ Equilibrate Buffer 

~'lLlJ~I~~:;~IU~lJ'tl~~~~') LnULlJ'1l')(;1~"lIl~'tlru~J1ii 4°"ll . .. 
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19. ,r ... hcn'eli 50X Tris-acetate (TAE) 

Tris base 121 

28.55 

50 

nflJ 

nflJ 

ih'l~~(;11 

" " " " ~::~ntl~,)'\JtJ~).Jn~'\.-1lJj;)h.nJ'nJ~'ilj;)lh::~ mlJ1(;11 300 ij~~~(;11 ~lmr'\JL~lJ,JIU~'ilj;)j;) • 
, " ., 

lh::~~'\J;jmlJl(;11LtI'\J 1 ,000 ij~~~(;11 ,J11u~~~IL~'il~')tlf'l,)llJ~'\Jl'il 15 U'il'\J~~'il(;l111~\h • 

20. 10X Loading dye 

Bromphenolblue 

~Lf'l1~ 

0.025 % 

40 % 

., ." 

~::~It1~,)'\JtJ~).Jl '\J,JIU~'ilj;)U1::~U~'il j;)L~'il Lnufm~nYl'ilru'\.-1J1ij 4 °'ll . . '" 

0.1 

10 

ij~~nf).J 

ij~~~(;11 
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QJq" "i' 
22. "li~~n~~L'el'l.lL'el'el'eln~1n'el~n11.'a~L~'i Wizard SV Gel and PCR Clean-Up System • 
Kit (Promega, USA) 

20 ml Membrane Binding Solution 

15 ml Membrane Wash Solution (concentrated) 

3.75 ml Nuclease-Free Water 

50 Wizard® SV Minicolumns 

50 Collection Tubes (2ml) 

~ , 
Wash Solution "1nl!t!~ri(;l~hihm)~1lJn11lJ';)fivh:;lJL(;lUlJ1';Yl~(:.J~~ . .. 

23. "li~ pCR4-TOPO TA Cloning® Kit for Sequencing (Invitrogen, USA) • 

lb:;n'tllJ~,)u 

pCR®4-TOPO® (10 t!1Lt!nflJ~tJ1.lJL"W~~1) 

10X PCR Buffer 

dNTP Mix 

Salt Solution (NaCI 1.2 'LlJfnf LL~:; MgCI2 0.06 'LlJ~1f) 

M13 Forward Primer (0.1 UJLf'wnflJ~tJUJLfO)1~~1) 

M13 Reverse Primer (0.1 UJLfO)mflJ~tJ1.lJLfO)1~~1) 

T3 primer (0.1 UJLfO)mflJ~tJ1.lJLfO)1~~1) 

T7 primer (0.11.lJLfO)mflJ~tJllJLfO)1~~1) 

Control PCR Template (o.11lJLfO)m~~tJllJLfO)1~~1) 

Control PCR Primers (O.11.lJLfO)mflJ~tJllJLfO)1~~1) 

Nuclease free water 



24. "J!1?l pGEM®-T Easy Vector Systems (Promega, USA) 

th:;n'elu~'Jt.I 

pGEM®-T Easy Vector (50 tJ1LtJnflJ~'elbJLm~(;]~) 

Control Insert DNA (4 tJ1LtJnflJ~'eltlJLf'I~~(;]~) 

T 4 DNA Ligase 

2X Rapid Ligation Buffer, T 4 DNA Ligase 

L .... .... 
'Vm'Vl~L'1it.llJ'el:;'1iL(;](;] (CH3COOK) 0.295 

lUL~t.llJf'lfl'elh~ (RbCI) 1.21 

LLf'lfl L~t.llJ f'lfl'el h~ (CaCI2) 0.148 

2J'In:;i1~f'lfl'elh~ (MnCI2) 0.99 
.... 

nflL'1I'el~'t.lfl 15 

., 

155 

., 
mlJ 

., 
nnJ 

., 
mlJ 

., 
mlJ 

~ ~~ 

lJflflfl(;]~ 

fl:;fl1t.1~1~'Vln'1lQr;)L;J1 ~'Jt.lntJ~'Jtl,j1t1fl't.ll?ltl~:;"mlJ1(;]~ 70 ijfl~~ (;]~ t1fu Fh f'I'J1lJLUtJ • • ., 
n~r;)-(;h'l~'Jtl~1~fl:;fl1tlmr;)'el:;on~n f'I'J1lJL;JlJ-iftJ 0.2 LlJfl1f LUtJ 5.8 "1mrtJtlfumlJ1(;]~LUtJ 

1 00 ijfl~~(;]~ ~'Jtl"1l'Jr;)1'r;)mlJ1(;]~LLfl:;.yhl,"t1fl't.lr;)L~'el Lr;)t.ln1m~'el'l~1~fl:;fl1mhtJ"1Ir;)m't.l'l • 

2-[N-morpholino ]ethanesulfonic acid] 0.290 
., 

mlJ 

LLf"lfl LontllJ f"lfl'el h~ 1.103 
., 

n~lJ 

lUL~tllJf"lfl't.lh~ 0.121 nflJ 

.... ~ ...... 
nflL'1i'el~'t.lfl 15 lJflflfl(;]~ 
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., 
~~~1t1~1)''Vm"l!U(;ldh~'.ltlnu~'.ltl~1tl~'tl(;)tl),~'"ltJhJ1(;l)' 70 ij~~~(;l)' tlful"hf')'.l1~LilU . . ., 

m(;)- "h'l~'.ltl~1),~~~1t1LYlLL'Vl~L;itl~1f](;)),'tlnl'l1~ (KOH) f')'.l1~L-if~-ifU 1 L~~1f Lilu 6.5 '"l1m1u 

tlfum~1(;l),Lilu 1 00 ij~~~(;l)' ~'.ltl"1l'.l(;l1'(;lm~1(;l),LL~~"'11~tl~'tl(;lL;'tl L(;ltln1m),'tl'l~1),~~~1t1 

~1U'll(;lm'tl'l~1L~'"l)'tl'llU(;lL'lI~~ L~~'tl~;iL(;l'Vl~iJ"1IU1(;)),Yl),U 0.22 hJI"l),'tlU LL~~LnufnM"1 H1.u , "" " .. , ." 

VI~'tl(;)Vltlnfll'"l1nL;'tl Vl'tlru'\.Ulij 4°'ll . ... 

27. 1!fI~nfl'Vt'a1~ilfl High Pure Plasmid Isolation Kit (Roche Applied Science, Germany) 

Suspension Buffer 

RNase A 

Lysis Buffer 

Binding Buffer 

Wash Buffer I 

Wash Buffer II 

Elution Buffer 

High Pure Filter Tubes 

Collection Tubes 

., 
ri'tlul-D'(;l~n(;lYl~1~ij(;ll"lf'lLLml~L~~ Suspension Buffer m~1(;l)' 1 ij~~~(;l~ ~'1lu 

., ., , 
~1m~1(;l~li'lVl~(;l~11~lu Suspension Buffer ~~~1~L-if1nu~nf')f'l Lnufmi1HVl~ruVl1Jij 4°'ll 

LL~~L~~ absolute ethanol m~1(;l~ 20 LL~~ 40 ij~~~(;l~ ~'1lu Wash Buffer I LL~~ Wash 

Buffer II (;l1~~1~U ~~lJl~L;hnuLL~~Lnufmi1H~'tlruViflij~'tl'l . .. 

..,... ~ , 
28. ~1'1'a~'a1t1 IPTG FI~1JJLlIJJ'!IU 0.1 LJJ'a1'1 

., ., 
~~~1t1~'1 IPTG ~1wun 0.2 nf~ lu~1tl~'tl(;)tl~~'"l1~iJm~1(;l~Lilu 10 ij~~~(;l~ "'11~ • 

• 1 ..t ~ ,0 .. • I ... ~ .... .J .... 
lJ~'fl(;lL'lI'fl ~(;ltln1m~'tl'l~1~~~~1t1r.J1U'(;ln),'fl'l~1L~'"lllJ'lIU(;lL'lI~~ ~~~'tl:;'lIL(;l'Vl'Vl~lIU1(;llYlt'J • 

0.45 ~l"lffiU LL~~Lnufm~t11r)1uVI~'fl(;l~tl~1f11'"l1m;'fl ~'flruViflij -20°'ll . .. 
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" ~~~It1C.J--l X-gal UT\.nrn 500 l'j'Clftnfl-J ltJ~I~~~~It1 dimethylformamide H\lhn(;l~ 
, 

LtltJ 1 0 l'j~ftft(;l~ LnUVl'ilCUlull'j -20°"11 ltJ~~'ilc;)tJC;)~U'VlLL~~~tJ~'Cl'ilC;)~'".ltl'il~~l'jLtltll-J'Y~~'iltlc;f . ~ ~ 

" " ~~~lmLI"l'ClL:ntll-JI"l'Cl'ilhc;f Ulwwn 55.5 nfl-J ltJUltl~'ilc;)tl~~"lml-JI(;l~ 300 l'j'Cl~ft(;l1 • 
" , " 

LL~'".l L~l-JUIU~'il C;)lh~"l"ltJ;jml-JI(;l~LtltJ 500 l'j~ftft (;l1 Ul1uil--l"]1 L~'il ~'".ltll"l'".lll-J ~tJl'il 15 U'iltJc;f • 
" 

(;]'il(;lI11--lU'".l 'ilCU~fll'j 121 0"11 LtltJL'".l~1 15 tJlVl . ~ 

31. 'lIj;J GenomeWalker
Tu 

Universal Kit (Clontech laboratories Inc., USA) • 

tl~~n'ilU~'".ltl 

L~~'Vl1nitJL'iltJl"11~ 

Oral (10 W\ . .i'".ltl(;]'illl-JLI"l~ft(;l1) 

EcoRI (10 ~ll'".ltl(;]'illl-JLI"l1ft(;l~) 

Pvull (10 Wl.btl(;]'illl-JLI"l1ft(;l~) 

Stul (10 ~ll'".ltl(;]'illl-JLI"l1ft(;l1) 

10X Oral Restriction Buffer 

10X EcoRI Restriction Buffer 

10X Pvull Restriction Buffer 

10X Stu I Restriction Buffer 

Control Human Genomic DNA (0 . 11l-lLl"lmfl-J(;]'illl-JLI"l1~(;l1) 

T4 DNA Ligase (6 ~ll'".ltl(;]'illl-JLI"l1ft(;l1) 

10X Ligation Buffer 

GenomeWalker Adaptor (251l-JLI"l1Ll-J~lf) 



Outer Adaptor Primer 1 (AP1 : 1 0 l~tf>1:i't~~')f) 

Nested Adaptor Primer 2 (AP2 : 1 0 l~tf>1:i't~~')f) 

GenomeWalker Human Positive Control Library 

Positive Control tPA Primer (PCP1 : 1 0 l~tf>1:i't~~')f) 

Positive Control tPA Nested Primer (PCP2 : 1 0 l~tf>1:i't~~')f) 

32. '!~ pBADITOPO® ThioFusion™ Expression Kit (Invitrogen, USA) 

ih:;n'tlu~'ltl 

pBADlThio-TOPO® vector, linearized (10 '\..nt'Wnf~~'tll~tf>1:i'~In~) 

10X PCR Buffer 

dNTP Mix 

Salt Solution (NaCI 1.2 t~~')f LL~:; MgCI2 0.06 t~~')f) 

20% L -Arabinose 

Trx Forward Sequencing Primer (0.1 l~tf>1mf~~'tll~tf>1~~In~) 

pBAD Reverse Sequencing Primer (0 . 11~tFlmf~~'tl~tf>1~~In~) 

Control PCR Template (0.051~tf'wnf~~'tll~tf>1~~In~) 

Control PCR Primers (0 . 11~tf>1mf~~'tll~tFl~~In~) 

Nuclease free water 
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Expression Control Plasmid (pBADlThio, supercoiled) (500 'W')t'Wnf~~'tl 

l~tf>1~~In~) 
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1l1FHJ'lJ'Jn F'l 

r ® 
1. L'lnUM)), pGEM -T Easy (Promega, USA) 

T7l 1 start 
Apal 14 
Aa111 20 
~hl 26 
BstZI 31 
Ncol 37 
BstZI 43 

pGEM®-T Easy No11 43 
Sacll 49 

Vector EcoRI 52 
(3015bp) 

64 Spel 
EcoRl 70 
Noll 77 
BstZl 77 
Pst! 88 
Sail 90 
Ndel 97 
Sacl 109 
BstXl 118 
Nsil 127 

tSP6 
141 

2. L'lnLlWilf pCR® 4-TOPO® (Invitrogen, USA) 

pCR@4.TOPO@ 
3956 bp 



3. L'Jnuwtlf pBADITOPO®ThioFusion™ (Invitrogen, USA) 

pBAD/Thio
TOPO® 
4454 bp 

160 
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n "lI 5.541 5.581 
5.581 

3.732 

3.692 

3.736 

PHB Benzoic PHB Benzoic PHB Benzoic 

5.597 5.591 

3.743 

3.749 

a I 

PHB Benzoic PHB Benzoic 
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\J1~~1'.l~fl'l'l1 ';)LPlM~1J~ Ln(r11'\J~ 8 Vi~Pl9mtJ\J Vi.PI. 2526 ~4'~~1'(r1 

~~'Vl~~1rW ~1L~"m~~mnmru'U1';)'VlmPl1~l'l~UDinl'l fl1rt';)"D1,,~1'.l';)'Vlm rtOJ:::';)'VlmPl1~l'lf " .. ., " 

EXPRESSION OF POL YHYDROXYALKANOATE BIOSYNTHESIS GENES FROM Ralstonia 

eutropha STRAIN A-04 IN Escherichia coIf' 1\Jm~1J~:::1~i~~\J1L~~';)"D1m~~:::~1J"D1~ 

"International Conference on Green and Sustainable Innovation : Sufficiency and 

Sustainability through Life Cycle Thinking" ~~~(r1L(r1rJ~mU\J';)~mL~:::~w.J\J1Vi~~~1\J (Energy 

Research and Development Institute, ERDI) ~\'I1';)'VlrJ1~m1m1~lJ ~:::~~1~1'\J~ 2 - 4 
, 

fi\J'.l1rt~ 2552 OJ LNLL~~L~'elL~'el1L~rJ\J ~~~1'(r1L1mnrJ LL~:::1~':nL~\J'el1J'Vlrt'.l1~L1'el~ 

"CLONING AND EXPRESSION OF POLYHYDROXYALKANOATE BIOSYNTHESIS 

GENES FROM Ralstonia eutropha STRAIN A-04 IN Escherichia coIf' 1\Jm~1J~:::1~';)"D1m~ 

LrtNm~'Vl\J';)~rJ~~1UOJrVil'l ~1,rn~1\Jn'el~'Vl\J~,r1J~\J\Jm~';)~tJ~ 1'ln';)'Vlm Pl1~ l'lfLL~:::L 'Vl rt L \J L~U . , . ., , , 
rtf~Yi 4 ~:::~~1~1'\JYi 30 ii\J1rt~ - 1 L~'M1rJ\J 2553 OJ L~~LL~~"'el~LYirJ\J 1J1;~ ih 1~'elf'Vl Lil'el~ 
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