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ABSTRACT 

Lactic acid is widely used in various industrial applications including the use as a potential 

precursor for biodegradable plastics. To synthesize the polymers of lactic acid, the production of 

optically pure monomers is essential. The high cost along with several disadvantages from lactic acid 

biosynthesis by Lactobacilli leads to an attempt to use other organisms such as Rhizopus oryzae 

instead. Although it produces optically pure L-isomer lactic acid, R. oryzae has some limitations for 

using as lactic acid producer. To solve these problems, genetic modification of Escherichia coli will 

be a potential alternative to develop as a host for optically pure lactic acid production. In this 

research, plasm ids containing R. oryzae IdhA were transformed into E. coli cells. When E. coli IdhA 

gene is knocked out, the R. oryzae IdhA gene onto the plasmiC: can be expressed. E. coli strain with 

plasmids containing R. oryzae was fermented by using media containing 100 gIL glucose. The result 

suggests that the R. OIyzae IdhA gene on the plasmid can express and the optical condition for lactic 

acid fermentation is the use of fermentation media without Amplicilin in anaerobic conditions. 

However, the lactic acid yield obtained from this strain is still low (S.03±4.149 gIL). This may result 

from the high amount of remaining glucose in the culture that may inhibit the lactic acid production. 

Keywords: Lactic acid, Rhizoplls OIyzae, Escherichia coli 
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" nHlIlC1 n~n~ nrl''UVl1mi''111 'I n i'UU fl .rY.1780 hw Carl Wilhelm Scheele U mfllj'lf11'ff~:h~'U!I C1 ~ 

HI~m~'U'ffl'Ii-Hnmi en i 'U'UlJ ~fllJlljmnhm~1I C1 n~n IltJi ~fldl'ln1H'\J11'l1'U ~(IJ'ffll1nnlJ~Wl 
I • Ii]. I "?I .. '" .. Ii] " ..; i"1'If'U ~~'ffll1m'IlJtI1l11'I IIC1~mnJl ~lJ'ff'IHllJ'UYlflC1llJfl'II'll''U YlVC1I1C1n L~~ (polylactides) IYlfl 'If 

d' <CIo .Q..d. 11('" d doi 'U'I11'lnl'IIIYlVW 1IC1::nl'INC1~YlC11'ff91n'l1(JV(J'ffC11(J L~'11(J (Hester, 2000a; Kricheldorf, 2001) '11'1lJ 

f)1'Ifl1~l1lJl(J11ljf)l'IN~~nHll1C1f)~ntf11C1ni'U tJ~lJlru 100,000 i'U~vu (Hester, 2000b) !IC1~lj 
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m~lIC1 f)91 f)'ffllJl'Irl NC191 ~~~1(Jm~lJ1'Um'I'\11 '1lfllJ 11-;; Vm::lJ1'U m'I l1lJ f) M~ C1'U'I1'I (J11m (J 

1fiJ~ (Narayanan et at., 2004) ~~'U'I11cl'~iJ(JlJi~n'Uvdl'ln1H'U1Nl'U~91'ff111f)nlJ~V IIlJflVii~(J 
, " , 

o do.d do dodo iI do Q..I iJ I1_" \1 
~n~1f) Lactobacillus spp. lI~lJqjl11'11YllJflV IIlJfI'I11'I(J~lYnn'U91V'If)l'I'ffl'ItI1l1l'I'I1'11lJ'11V'U IIC1~ lJ 

'ffllJ1H)N~(lJm~lIC1 f)~ f) hJ'l.BlJ1rulJ1f)~'I::ilJ pH ~ln11 4 ;'1vi1 i-HtJ'I~ff'l1~tllYli'Um'I C1 :: C11(JC1~M 

lil~m'I(IJ nN~ f)I,11J1f)~mlC1m91'11 IIC1:::vil i-H~V'II~ lJ~l..J91fll..J f)1 'I'fffl'lm~1I C1 f)~ f)lJ1\J1mf)~V 11C1 f1l91'11 

(Skory, 2003) ~~'U'I11cl''ll'iJ~t'U~ljf)l'IllllJ1i~Ni191m~IIC1f)~f) i~lIfhl~lYl1f) R. oryzae ~'1'ffllJ1HI 

Ni191m~IWf)~f)i'U'ItJiv 1'11llJV1 L 1~'U11rl'f)~1f)1I~'1 (starch)I'11C1C1 h'ff , (cellulose) IIC1~Ifl'lJl'11C1C11C1'ff 
~ ~ ~ 

(Hemicellulose) l~(Ji~lIl1~'1i'U 1(IJ'I1\J'U\J1mn~mlVlJ llJlu(J (anunonium salts) (Woiciechowski et 

at., 1999) J'Inm~lIC1 f)~f) iv l'11llJVf L 1~'U~iJ (JlJ Hl 'U ~Vl'ff111m 'I lJlnVlJ'I'lntJi::l.n'l1 U~.uV ~ln~ 
'UV'Im'IN~91m~lIC1n~f) l~(Ji~ R. oryzae ftV nHIIIC1f)~f)~ll~ljtJ~lJlunrvmrlmVi(JlJnlJIIlJflVi~mlC1:: 

" . " 
Uqjl11 f)1'ItJ'UlilV'U'UV'Ilflll1'U VC1Vi~ f)'fff1'l~'U'I::1111 '1m ~1J1l..J m 'Il1,jn 1mn lJ1tu ,)"I (Skory, 2004) 

'U fl n ~1 f)~ 'ff1 'I ~1'11 (J1'U fl 'I R. oryzae nIhJ 1l11J1::'fflJ~V m~1J1'U f)1 'I11,jf) (Narayanan et at., 2004) 
" , , 

i'lU'U~'1ljm1lJYW1 rJ1lJ i'U f)1'Ii.rv'U tiLii(J1.,j'fl'l nlJf)l'Hr'lU'l'Il~,.fm~llC1 f)~ f) "lv 1'11U.m1 L II 'ff~'1fl fl n 
, ." , 

Q .. "'" .. .. I .. ?I Ii]. Iii] ".. '" Q i . F-i 'U~C1'U'I1'I(JV'U'l 'I1W(J'I'I1(J UC1~lJm1lJllJ'U ~lJ ~~'I1\J~ l1f)'IVlIIC1f)~f) 'UlJ'IlJlllJlJln 

J'U(lJfl'U "1~vi'l(J'UV'If)1 HY'llm1~,.fn 'I~U M~f)\l1nn~1fl'ff~V m'IltJ~ (J'Uf)'j~ i Yl'Ia if) '1 ML~l..J n'IVl 

IWf)~f) ~'1tJBmrJ1~V1rrmv'U i'11lfuC1mml~ if)' l~'IUI'U'ff (lactate dehydrogenase) 1~'Ul'hd '1tJBn~ [.11 

~'1m'U hlfn5'11~'UI9i'1tl111l..J~ iv 1'11llJV1'UV'I m~ IW n~ f)~~ i1l..J1~1 cl'1I1'l C1~'lfiJ~'fffl'1V f)~1 (J (Ferain et 
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at., 1994) ffnd''U R. oryzae ijnUIY-lLm1~,.1IUUI'lf,jLlMIIPI'YI~ltll\P1'j~llHnH)-l'll'U\PI fiu ll"nllPl'YI~ 
, ~ v 

Itl l\P1'j ~lU~ A Ll"~ B 9f-l~~l-llllnVU IdhA LL"~/dhB 1PI1mil11'U (Skory, 2000) vu'I'i-l~tJ-lljij"li'UI'U~ 

ml1fJnu 93.1 % (Saito et al., 2004) ~-l~nl'jIYUUfJ~lU11IdhA vil'I1U1~d-l'!Jam fJ11'!J~fJUm\PI lVi'j~i 

nL~Um\PIll"n~n 'U'\Jru~~ IdhB l~fJ').,j'U-ln'U'!JamfJ1nl'jI'!J~fJUm\PIIlM~m~Um\PI'lYl'jJinlrlu R. 
~ v V 

'" , '" '" ... '" , 111 'iI:;/1oryzae l"fJ-l Un"l'lfU'jU ltJ'YI1UU" lnUU"mlPl'YI (Skory. 2000) 'YI-lU R. oryzae ~llJ1HIlI'U-l L\PIllJU 

~U-ln~lJ fiu n~lJ~~~Hm\PIII"n~n (LA group) 11"~n~lJ~~~1-lmm-lUlJ~m..y1um\PIlJ1~n (FMA 

group) 'UU111Ul~fJ-ll~Ull1",) l\P1fJn~lJ~~~l-lm\PIIl"n~n~vf'lvu IdhA 1I"~/dhB IIl9in~lJ~~~Hm\PI 
yjUlJ1n111Um\PIlJ1~n ijl~fJ-lVU IdhB (Saito et aI., 2004) uVH'hnlPl1lJ vf-l ldhA ll"~/dhB 1l1n R. 

oryzae ~llJ 1HIll ~\PI-ltJ Unil" diu fl ,)llJ ~llJ U (1' lJ nlH~~1PI m\PIll" n~n' lJ E. coli 1:1'1 fJilJ i~ I ~ 

1:1'llJ1'j (11:1'~1-:J m \PI II" n~ nI~ 

. v 

'lJU-:J R. oryzae '?i"lJYI"11.'1lJ\PI1~tJU11'!J1l1:1'\PI-lU{)'1'lJV1:1'~ Saccharomyces cerevisiae ll~i1iljiJ-:JYl'U 

Uty1111~tJ-:J 1l1n m\PIu" n~n~l~lh.BlJ1ru l~lJ1nll" ~iJ-:JYl'Unl 'j'!JlJl~UlJ 'lJU-lltJ'YI1lJ U1.'1 (Skory, 2003) 

n1Hi\PI~uilJ~m'jlJ1flfJnl'jU1VlJ L-LDH1l1n1,) Bos taurus ')llJ,)lJ 21f\PI'ril.,j'1'lJV1:1'~ Candida 

utilis fllfJMnl'jfl')'UfllJ'lJtJ-l1'!J'j llJl~H)1 CuPDC I "'l'Ul1nm:-lii\PIll"n~n I~ lI~nl'jJ:-lii\PIm\PIII"n~n 
)I • • II 

In\PI~lJVi~rul1lJlJ~ln\PIVi S-3SoC lv11l1U (Ikushima et aI., 2009) 'lJ!I'UflVi(~fJ Enterobacter asburiae 

..! i 'iI .,. ... .,. '" & • ~I , 'iI .,. .,.
IlJtJ 'lI1'YIflUflYlU~,)f1'')nnlJ'''UfJU pjlB ""~ als'lf-:J1l1!lJlJ lJnl'j1:1''j1-lm'YI1lJU'' tJ~'lf1\PI1111"~ 2,3-'U') 

111lUlfltJtJ" (2,3-butanedioi) Yl'Ul11:1'llJU(1J:-1~\PIm\PIlI"n~n'U1'1'Y1~ltJ 1'lfllJtJ1 0 1\PI1flfJnl'jH'I!!lJ 

l'lf"~1 "1:1'~ M1l1nm~'U,)lJnu Iii1\PI 'j '1";1:1'111 n~lJ "1,j'1l"~J:-I~1PIJ:-I" III f1 nl'j lf1fJ I'ImflJ sweet gum 1'~lJ 
v v , 

tJ 1111'j I~ fJ-:J l~tJ ll~i1i 11-l n~ 1')V-l1:1'llJ 1'j (1 J:-I~I'I nHHI" n~ f1 I ~U tJfJ II r.~ V-l'!J 'j ~1:1''U.rty 111 Vi ~ ~lJ 'YI1 V 
~ v ~ 

11l1tyl~ 'U 1 \PI Ifl' lJtJ1111'jI~fJ-lI~U 'U1-l'llU\PIIv11UlJ (Bi et al., 2009) , lJ nl 'jN~lPIm\PIIIM~n ItJ l'lfllJtJ 10 

1l1nll'UflVil1fJ Lactobacillus plantarum 1:1'lfJilJi~Qn'Vh"lfJVlJ IdhL11\P1fJH'lIil-l.,j'1')lYl\PI~'U1~lJ 

tJ1111'j l\P1fJlI'UflVi~fJ~H'~U1Yl"11:1'lJ\PI~~VlJ amyA ~-l1:1'~l-lmlJl'lf,j a-amylase 1l1f1 Streptococcus 

bovis vil hIli 'UflVi 11 fJ~-:J n~1') 1:1'llJU (1 dtJ fJld1-:Jl~lJ f1 '0 v 1rl1:1'l-w'tJ Nft\PI m \PILI" f1~ f1ltJ 1'lfllJtJ 10 'lt11:1''Vl ~M, 
,.. v • , 

illlJ1ru~UU'U1-:J~ -:J 'I'i-lUI~tJl1~nl~fJ'Inl'j1'li'fJ1'!Ja~Tw~i 'W m 'jfnfJ1Yl "l1:1'lJ\PI 'l iilJl'lf"cl' flru~rfJ\lfJl~ 

U1VlJ amyA i riilJ 1 m llJ l'lflJ'IJ tJ-:J L. plantarum 1:1'ltJVJlJ i11-:Jmh') V~ 'U 111:1'11J1'i(1 N~\PI nHlIl" n~ f11~ 

utJfJnl1f1ui'li'Ylm1:1'lJ\PI (Okano et aI., 2009a) L. plantarum 1:1'1()ilJi~-lnri1')5-l'1~~n1otll~(1'I.J1Yl"11:1' 
.,. d"'''' ... 'iI 111" .,j , 'ii' Q
lJ\PI'YIlJfJlJ celA 'If-:J1:1''j1-:JltJlJ !'lflJ endoglucanase 1l1f1 Clostridium thermocellum lYltJ 'lItJDfJ fJ-glucan 

ilJU1111'jlifJ-:Jl~tJ Yl'Ul1N~\PIN"~1~1~lJ m\PItl~;~n~!'!J~ fJlJlJ1 III n m\PI1Wn~n ~'1nu ~~ fJ.:J,;tl1\P1fJ 
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1~hrtltlncil~lHnlJ1'H1Cl11nUl'tl~(Jum~IlCl n9in!~u flHltl::ci9in 1~LJ1'Hhu (Okano et al., 2009b) 

IlLJfll1il(J'lfU~ Leuconostoc citreum ~\ll~(JUfl9i~~~flHlIlCln9iflltl1cJfllJtlf D 1UU1111'il1lTfI~U.:j 

'ffllJl'ifl~~lIlm1111Cln9ln'lfu~itll'll'~lJtlf L 1~(JH'n1m'ff~.:Jtltln'lJu\lVU IdhL ~1f1 L. plantarum ~~~ 

~u lri'WCll'fflJ11 lI~illlJ1tu1 'Wn 11'Vl~H'l~tlIU~(JUI~U m~IlCl n9lfl itll'll'llJtl f L i~i~1111J1~1f1 i'Wn 

d 9 ~ '" .Id d 

~ 

.. ~ 1 .. ... 
~ 

I1Vl'Vl ~'IH'WtlllJMUl1Jum11IlClfl~n Ltl 'll'llJU'i D lJ1f1un (Jin et aI., 2009) 

E. coli l~U~.:Jlj;i~~H'numh.:J fll'l.:J'lJ ",m lu fIlHlr1~U~U ~ m'ilJ 'li'tl~rlll1fLJ fIl'i HIILJfll111(J 

'lfU 11 rl ~tJ I~(J.:J~1 (JU Cl:: 11l1~ '1~ '1 (JUll11 'i ~~ (J\l1 ~tl ~ 1~'lfLJ ,*UU 11 Cl::; 'Ii'tll,j Cl 'Vl1 \I ~U ~ fI n lJ lj flU ftflln 

tldl\1f11'1\1'lJ'11\1 i.:JtTu E. COli~\I~~ui'1~~ufllulm\lfll'ii,r(Jrl ~.:Jrl'tlu ldh ~lf1#\llj;illlgU'lI~U L. 

casei 'ffllJl'ifllL'ff~-.ltltlfli~U E. coli lI~liu IdhA lu E. coli 9i'U-.l~flyjlCll(Jnuu (Chang et aI., 1999) 

i \I tTu Ivt tJ III ULJ 'ff U tl-.l ~ tl fl '11lJ 9i'tl \I fll 'i n 'i ~ I: Cl fl9l fI ~ I~ lJ ~U tl d1 \I ~j 1 n 1u 'I'll \I ~ ~ 'ff 111 fI 'i 'i lJ fll 'i 

~\l.IJUlf1l'i~~~m~UM9ln 1~(Jl'11' E. coli ~\lllJuf:in'VlNI~unl1~\I~ljfnllJliJ·./lu\l~'ff.:Jrlll1fLJfIl'i
~ 

.'f ... ... .. 9 ~,~ 9 
lJ\l~LJUIlClflll\9l'Vl (lactate) IICl::;tl'4'WU~'\JU':]IIClfll\9l'Vl (lactate derivatives) \]fI ~'lfU(Jl\1f1'11\1'\J'11\1 ~u 

m::muflU~\9l'ffll1m'ilJ l11r.J1llYn::;~\9l'ffll1m'ilJflll11'i I~U m11l1Clfl9lfl (lactic acid) \lfll'11'I~fl!vtlJ 

'i'ff'lf19lIlCl::'ffllJUfll'11'L~u5LJJ\I fll'iI9lLJ 1\9l'lJtl\l~~u'Vl1(Ji.uflll11'i UU n,ll flrlmi''1 m ~U Cl fl9l n'ffllJU 

fl 111 lJ1'ff ~1,:] 1u ~ U'''W~LlJfl f '\JU \I n'i' 11 II Cl fl9lfl (polylactic acid) ~\lljfJ tu 'fflJ m1 fl '"1 (J'W U~ 1 flICl \1U 

(polyolefms) ~\lljmllJL~U\l~U\l~'Wu~llJtl f'\Ju\I fI'i11I1Cl fI~fI~::lllU'Vll\11~tl flll1~ I~U l'11'liJur;hu~'1l'lJ 

1U fIl'i ~~ \9l 'W Cll 'ff9l fI~du(J'ffCll(Ji~~1(J1 11 (Jm::mu fIl'i'Vll\1lj'i 'ilJ'lfl91 lL'Vl u~ flU H''WCll'ff9ln~lj'Wfl~1fl 
.. '" ~I' d ~I.'f 9 ,~c: ~ 9.'f ... 9 
'VlClU (polyethylene) LlJU'ff'1U~'fflJ 'll'\lllJUlJtyl11 Ll1ty111U'ff\lIl'111ClfllJ LUlJ~~LJU LU'Vl1.:]~\9l'ffll1m'ilJ 

m11I1Cl fl91f1'ffllJUfl'ff~l\1 i~1~(Jnfll'i'Vll':] Iflljl1~U'Vll\1~b.fl1'W~'1 (J fI 'i::mu n Ul1 ITn (fennentation) 
1.1 II I I 


I Q,I q Q q)'J iJ q Q,I I liI 1 .. 
 '" 
1I\9l'Vl.:]um11I1Clfl\9ln'Vl L11tll~lJfIl'i~'fflJnU'i::11'11':] Ifl 'll'LlJtl'i D UCl:: L (D and L isomers) IUfl\l~lf1 

mu 'fflJm1'lJ tl\l'Wfl ~ IlJflf'Utl\l m~HIlJ fl9l mru~u tl dnmhu ~'ffm ::l1") 1\1 iu 1 'll'llJfl f~\I'ffu':]'liU ~d i\lJu, ~ 

fIl'i ~~\9lm~ILCl n9lnLJ~'ff'Vl~~\lljmllJrllrlrufldl\1~-.l l~fl~~::U 1itlHI~u 'ffl 'ii\l9i'ulu fIl 'i'ff~1 \ll~fl ~ 
• u 

LlJuf~u iu ~\ld~~u'Vl1 ~l1Cl1(J'lfU~'ffllJl 'ifl'ff~l\1m~IlCl fI~fI \1~\l1 flm::mu fIl'il1lTn IlCl::m11l1Clfl9ln 

d ~ d fI' "J Q \IJ d' ~ dllJ "J t ~ d" I l:1 ojCI.I c::t.

'Vl~ClU'Vl'i(J'ff'il\1'lJUUlllL1JU lfll'll'llJfl'i D l1'l'fl L n l~'UUfl(JnLJ'lfUVl'UU\l\lClU'Vl'i(J fl(JN 'ifl\'lllJflHI. " , 
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~lf1 'HUi~(J'IH)~ Lockwood U"::flW:: lutl fI .ft'.l936 YllJ111~fl'j1 R. oryzae -er11J1HHU~(JU 
~ iI d oC:II ., Vii iI
U1~1" f1" 1f1-erhff1 mmuu f1HH1" f1 ~f1 ifl1 'b'llJfl 'j L i~~1 (Jm ::U1 u nl'j lm~" 10Hl1lf1H1UUh 

~ u 

oC:II Q.I~ iI ~ ~ oC:IId .A
flflf1'b'I~U (aerobic metabolism) ~~uunl'J'1'lf R. oryzae lYlfl~"~m~11"f1~f1~~,jqJlf11lJfl R. oryzae 

~mi (J~1u-er1l1YlUl~"'fllJ~ 'hHiflfl f1 ;lllU lf~ flli fl fl f1;1 ~u,rfl (J fl1 Vi l'lfU m:: 1J1U nl'J'lflTn ~~YlUl1 
i~~,,~~~ m~l1" f1~ f1~ i~limlJ1 flnYfl mri flI Vi (JU nu 11UflVi i~ (J 11":: li f11 'j uudifl U ~ fl ~1fll'l1 U fl" 1u 

d" d "I iJ cl.o:i d d d i 10 d V V ,: J.d 
VllJfll1lJ1UU 1~~~IYl'j1:: E. coli lUUUUflVlI'j(JVl1~ml11":: lJ1l11UU~fl~hm::U1Uf11'jI(l(J~I'lfflVl 

'lfUCJ1'flU Uflf1~lf1nf1l'J'i~~flfjulu E. coli ~(l'11J1'j(1vhi;h;~~V1f11l1f1~lUi\l(J'Ufl~ Chang U"::flW:: 

q ";;il .d.<:i.c::i d.d iI iII oC:II Q.I 

IlJlJ fI .ft'.1999 YlU11Yl(l'1(l'lJ~'V1lJVU L-LDH ~1f1 Lactobacillus casei 'b'~If1t11'Ufl~f1Uf11'j(l''j1~m~ 

IIM~f1 i fl1 'b'llJ fl1 L Irlfl (j f1 1~1.,r1 i U 1U E. coli (l'l(Jlfu f~fj'U pta 11":: IdhA \l f1l'i1" lt1 E. coli (l'1 (Jlfu f 
~~f1~11(l'llJ1'j(1(l'~1~f1'j~U"f1~f1ifl1'b'llJfl{ L 'l~ uflm1f1nlu E. coli (l'1(Jlfuf~il1(l'llJl'j(1(l'r1,:j 
f1'j~UM~f1~1(Jm::U1Uf1;nnTf1i~l~fl~~1f1fjlJ IdhA lu E. coli "'lvlfuyj~~f1~11(1nl'i1C11v YlUl1. .. 

v •• 
Q.I .-d QJ iJ Q 1.:1 iJ..::s 4 III iJQJ .q .::i.::id ~ 

E. coli (l'1(JVllJ~'U"'llJ1':'(1f1"UlJ1(l''j1,:jm~II''f1~f1 ~flmlJfll~'jUVl"l(l'lJ~VllJ(JU IdhA 'yj'j'fl IdhB 

'lJfl~ R. oryzae (Skory, 2000) ~,:j(l'llJ1'j(1f1~11'1~11fjU ldh ~1f1~~li~i~~U-er11J1'j(1U(l'~,:jflflf1i~iu E. 

lfVlJU 1f11'j~~~ f1'j~11" f1~ f1U~ "1Vlt1,rlilh::~Vl~ .fllYlI~fl 1,r(l'llJl'J' mh 'Iul ,*1~U (l'1 Hr,:j ~u 
1U Vl1~f.J ~(l'1 'r! f1'j 'j lJ~ 'W''l 

1lJ 1f1'j,:jf1l'J'1~(J6~::1'lWU IdhA 1l1f1 R. oryzae ~,:jrl',:jlfl'j1::,.11flui'b',rUM1~Vl~ier1~'j~IU(l'A 
.;. '1 01 "" • I" 'I ~ ~ ~ ~I(Lactate Dehydrogenase A) 'b'~1flU l'b'lJ~~f1"111l~tlJMUf1'j~ Yl~lf1 (pyruvic acid) 1'r!f1"lmlJ'Uf1'j~ 

lIM~f1ifl1'b'llJfl1 L 1~(Jfju IdhA ~ln R. oryzae ~~(jf1\Pl~~fll~Vl"1-eriJ~nflu~::\.h.,r1ti E. coli (l'1(J 
• Sol II I • 

iufVifjlJ pta 1I"~ IdhA \lf1l'i1"1(Ji~-UI'Y1flhn~f1'j~Ll(\f1~f11J1f1f11'j1l(l'~~flflf1'IJfl~fju IdhA ~1f1 R. 

oryzae ~U~"1Vlt1J1 f1~"1~U"~ 'f1~ f11 'jU UI~flU ~ 1f1(l'1'j ~ (l'r1~~U'i:: 'r!11~ f1'j:: 1J1lJ f11'j mTf1'IJ fl.:] E. coli 
, .'e Q.I iJ" I '1 iJQ.I q Q.d..d. q d.c::l q...:,lj I d " 

IYl'j1::"1'yj'j'U E. coli IW1I1lJl1~:: mUYlm(l'lJmnWU Idh 'lJfl~(l',:jlJ'lfl~flU 1I~~::lJ(l''jHlllYl1::m~ 

l1M~f11fl1'b'llJfl1 D 1~(Jl~u IdhA 'Ufl~\Plllfl,:j (Chang, 1999) W)f1~1f161Uf1'j::1J1Uf11'j'r!li'f1 E. coli 
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"" • 1 .ol '" ~I "1" , • .1 .- "1
r.'Y1lJ"Hlln~1'ffUlJ'j~ntJ1JtJ'U'l'VHlJ'Umn'HHl(J L~ 1'lf'U LtJ'Vl1'UtJt1 (ethanol), ntJ'jllJ'Vl (fonnate), L'Vi~I1'Vl 

(pyruvate) IntJV'U pta ~ mi1t11(J 1tJ 'Vi 1J 11i,rn1;)~l1~ tJ t1 ~ n U lYf N r.'YU tJ'j ~ n tJ 1JUl ..lt) VN~ln~ ill n 

" m ~1J1'U n U mj'n'IJ tJ.:j E. coli (Chang, 1999) 1'U 1fl Hnl'j l;)(JU i,rvi1 nu ffnlllnl ':ill r.'Y~.:jtJ tJ n'IJtJ.:j 

1tJ'U l'lllfuC1 m~'Vl~ 'l~ h~1'Ur.'Y~r.'YI111~~1.:j'l 1'U'j~~1J Shake Flask llC1~lm (J1JIViv1JmlJlw m~lLC1 n~ n 

~~~~hi\l1n E. coli t'f1(Jl4''Uf~ifi'f1J'Vit11r.'YiJ~~ii[j'U IdhA 'lJtJ.:j R. oryzae 1~tJI~'U'Ii'C)lJC11'Um'j 
l4'IIlJ'U1 n1'j~~~n'j~ll"n~n~ tJ itJ 

.ol "'.. • 1 •Of '''1 " "" 1 . I"" " l'UtJ.:jil1f1nnr.'Yn~m~llC1n\91ml1n R. oryzae lJ'j~r.'Y1JlJqjl11l'lf'U L~nHH1C1n\91n 'UlJ'jlJltlJ'UC)(J 

1'Vi'j1~ R. oryzae l1J'U~.:j~;1\91~lillqjl~1J1~ntJ'U'Ii'wJ5'11~tHm(J1J1Viv1Jf11J1l1JflVii1(J 1'lf'U E. coli UC1~ 

m~1J1'U m 'j~~~ m~UC1n~ nril'U 1l1qjifi'il1nm~1J1'U m 'jlm~"lqj tl1111 'j IL 1J1.J1~tl tl n:Ulil'U ~.:jln~ 
."1' .d 1" '" .ol "" ""....1 ;1 1 .1""lJqjl11llJtl 'lfm ~1J1'U m 'jl1lJ;)1 'Vitl~" \91 n HHI C1 n\91 n nlJ tl.:j m 'j lJtl~ lJtJ 'U 'IJ tJ.:j1tJ 'Vl1'U tJ" 'U lJ 'j lJl III n.:j 

~.:jJ'U nu1~~~'U 'Vl1 tJ~1 \9141 (JUC1~ ill iJiJqj 111 1'U n 'j~1J1'U m HnJn 1'lf'U E. coli ~.:jllJ'U 'Vll.:jl~ tl f1~ 
liJ'U itJ i~1 'U m 'j~~~m~u" f1~ f11Jl'1'Vl~I~()llJ'Ur.'Yui.:jvi''U 1'U~~r.'Y1l1m 'jlJ~tl itJ 

2. i~~tltj'U IdhA 'IJ().:j R. oryzae 1tr1'U'ViC11lYij~uC1~rr~I~()f1'ViC11lYiJ~~f1~tl.:j 

' "" "1 '" '-"'1" '" '" 1 '" " 3. 1r.'Y'Vi"1r.'YlJ~il1f1'IJ() 2 'U E. coli r.'Y1(J'Vi'Uli'Vl 'lfm'j'Vl~M).:jU"::nUfl~I"tlf1 flC1'U'Vltlf1(P1().:j, " 

I. 11J'U 'Ii'tJlJ"l~ () tJ 'j~ qn~1 '11'1 'U m 'j ~~~ m ~UC1f1 ~ f111~() V1.:jij tJ'j~ TI''Vl ~ Il1'Virl1l1 i'1JI~'U r.'Y1'j i.:J~'U 
1'U Q~r.'Y1l1m 'jlJ~l.:j'lI'lf'U m'j~~~'Vimr.'Y~ f1~V()(JlYC11(J Il~~l(J 

2. r.'Y1lJ1':i ml1 fll1lJf~ i~' tJl4'roJ'U 11LC1~tJ 'j ::qml'H E. coli 1~tJl1J'U 'j::1J1J1'U mHI~~ r.'Y1'j ~'U '1 

~()itJ 1'lf'U m'j~~~ recombinant proteins 
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. 

Q 

U'YI'YI 2 

Applied Biosystems, Singapore 

(Polymerase Chain Reaction Thermocycer) 

.A • • 
LfI'Hl'H"lJ(JlmllJ pt Vortex-Genie2 Scientific Industries, USA 

(Vortex mixer: model Vortex-Genie2) 

, .. 
did .do oCI. 

LfI'Hl.:J 1~ tlll~ tI.:J L'IH)fllDfJlJ~ III i1 iJlJ New Brunswick Scientific, USA 

(Refrigerated incubator shaker : model Innova 4330) 

..d ~ d I 

LfI'H).:J'1j.:JUUD~:;Lfltl~ 1lJ FX-180 A&D Co" Ltd" Japan 

(Electronic balance: model FX-180) 

~ ~ I 

lmfl.:J'1j.:JUDDi1t11D 1lJ FX-3000 A&D Co " Ltd, Japan 

(Electronic balance: model FX-3000) 

Tomy Seiko Co., Ltd" Japan 

(Ultrasonic disruptor model : UD-20l) 

UVJtec, UK 

(Uvitec Platinum Gel Documentation system) 

Kubota cooperating, Japan 

(Refrigerated high speed centrifuge) 

A . ~ d ,

lfl'H).:J,jlJli11t1.:Ji1~fl~ micro-tube fI11lJl'i1t1.:J 1lJ MTX-150 Tomy Seiko Co., Ltd" Japan 

(High speed micro refrigerated centrifuge: model MTX-150) 

Mettler Toledo, USA 
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(pH meter) 

(YSI Select Biochemistry Analyzer model: 2700) 

(Agarose gel electrophoresis equipments) 

1f1~fl 'Hl U~ll;fl~1fJ '1 D~1 

(A11toclave) 

(Water bath) 

~~vh cloning 

®
(pGEM -T Vector Easy System) 


~~ V11 cloning 


(TOPO~Cloning Kits) 


c
(AnaeroPack Anarero) 

(NucleoSpin® Extract II Kits) 

(NucleoSpin® plasmid) 

" I d 0
'i111'IHI'IJ'I -20 C 
"\I 

(Freezer -20°C) 

'J} I d 0 

'i111'IHI'IJ'I -70 C 
"\I 

(Freezer _70°C) 

YSI, Inc., USA 

ADVANCE Co., Ltd., Japan 

Taladlab, Thailand 

Yamato, !apan 

Promega, USA 

Invitrogen, USA 

MISUBISHI GAS CHEMICAL, CO., INC, 

Japan 

MACHEREY-NAGEL, Germany 

MACHEREY-NAGEL, Germany 

Sanyo, Japan 

Sanyo,Japan 
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".1 I,
Y1u~tl~Wb'tl 'nJ HF safe-12006 " . Heal Force, China 

(Laminar flow: model HF safe-l 2006) 

Sanyo,Japan 

(Growth cabinet) 

" ",Y.jtllJUm (lJ UNB-400 Memmert Co.,Ltd., Germany 

(Oven: model UNB-400) 

IlJ imihtl~ ilJ Discovery Comfort Mettler Toledo, USA 

(Micro auto pipette: model Discover;' Comfort) 

pCR®2.I-TOPO"; Invitrogen, USA 

pBluescriptII KS( +) Agilent Technologies, USA 

pGEM
® 

-T Vector Promega, USA 

pKD46 (Datsenko and Wanner, 2000) 

pMLI Dr. Steven Sandelr's lab, USA 

Q ® dd I d 

pRB73 	 Ynl1{1'lJ~ pGEM -T Vector VllJ1J1.:J{1'1lJ'IItI.:JtJlJ IdhA 'lltI.:J E.coh 

l~tJ~'J.:Jf)~1.:JlilJ1mui~~ll'Vjl~ 1I1tJ BslWI 

.c:!Io ® .dod I od 

pRB74 'Vjm{1'lJ~ pGEM -T Vector 11lJ1J1.:J{1'TU'UtI.:JtJlJ IdhA 'UtI.:J E.coh 

l~tJ~'J.:Jf)m.:JuVl)f)tjlJ cat 

pRB85 'Vjm{1'iJ~ pBluescriptII KS(+) ~li'1ilJ IdhA 'UtI.:J R. oryzae 
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'" q~
2.2.2 ~aumtJ 

., 0' 

R. oryzae rrl{JlrU~ NRRL395 

., 0' 

E. coli competent cells rrl{J'Vi'U~ Super 

9
10 HIT-DH5a 

., 0' 

E. coli K-12 rrltl'Vi'U~ JC13509 

., 0' 

E. coli K-12 rrl{J'Vi'U~ SS4075 

RBI 

RB2 

Northern Regional Research L:lboratry, USA 

United Bioinformatica Inc., Canada 

Dr. Steven Sllndelr's lab, USA 

~I Q../ ~ .c:i.o=i4 "I jJQJ 

lU'Urrl{J'Vi'U~ BW25113 vnw'U pta::kan 1~'jUillfl 

Dr. Steven Sandelr's lab, USA 

'Vi"lrr~~ pRB73 i'U E. coli DH5a 

RB5 
d' I ciG 

Linear Transformation 'Ii 'U rrl'U~W 'UW ill fl pRB74 

l',hri JC13509 "';li,rln~~l'U·h,,'J IdhA ::cat 
" 

RB6 PI transduction 

l'U lh~~ pta::kan 

SS4075--t JCI3509 ,,'ili,rlil~~ 

RB7 PI transduction RB5--t RB6 vhi,rln~~l'UiVl~ 

IdhA ::cat pta: :kan 

RBI9 

RB24 

RB29 'Vi"lrr~~ pBluescriptII KS(+) i'U RB7 

RB30 'Vi~lrr~~ pRB85 i'U JCI3509 

RB31 'Vinlrr~~ pBluescriptII KS(+) i'U JC13509 



[0 

prRBl 5' ACAGGTGGATCCGTCCTTTG 3' 

prRB2 5' ACCGGTACCGCGTACGCCTGCCG 3' 

prRB3 5'CGGCAGGCGTACGCGGTACCGGT3' 

prRB4 5' GGAATACGGAATTCTGGATCACG 3' 

prRB5 5' GTAGCGCGTACGATGATTCCGGGGATCCGTCG 3' 

prRB6 5'CCATGCCGTACGTGTAGGCTGGAGCTGCTTCG3' 

prRB33 5' CTCAGlTTATAGGATCCAAGCAGTC 3' 

prRB34 5' TGTGTAAGCTTTACAA1TCGATTGT 3' 

tJ I I tJ " 9. Q.I 91 OJ o'd ~ d d 1 
t'U'IJ'U\l1tl'U'lJtl'lnl'Hl''il'Hn(JVi'U~'V1l'11lJl~'fflH'VH)n1'imHHtltln 'U E.coli \l~\lnIM'l 'U 

tlnf1'il~(J'lI~tl LB 'll'iJ~111(;j111~tltlnn'iI~(J'lI~tl LB 'll'iJ~II~'l -ff1'U(Jl,j5~1'U~I~1J\l111JfI111J 
do 91 V 3J Q.I d • 

l'I11J1~'fflJ 1~(J'il~lJml1JI'lJ1J'IJ'U~~'V11(J~'l'U Amplicinlin 100 JlglmL, Chloramphenicol 25 Jlg/mL 

1I(;j~ Kanamycin 100 Jlg/mL 

,. , 
..:S 0 d d 9. gJ CIto .. Id
'Ii'lnl'i'V11(;jl(J(J'U IdhA 'U\l~ t'll'IYlfl'Ufl Cross-over PCR 11(;j~ Linear Transformation (~uYl 2,1) 

, I j,I SI tJ, 

l~lJ~'U'illnnl'i'Vh PCR IYleJhi'iYi';'U-ff1'U~13'U!tl2 ;'U l~(J;'UVi I H"lVi'illJeJ1 prRBl 1I(;j:: 
, , 

.diI Q.I d I 91 d d ~ QJ 0 'jJ1 I

prRB2 'Ii'l prBI 'il~'il1JYl'ff1'U\l1'U'lJtl'l(J'U IdhA 'lJeJ'l Ecoli 1I(;j~lJn1'i 'ff1J'il1tu\l1~'illIVil~~1(J 

BamHI -ff1'U prRB2 'il~1l1J-ff1'Un(;jl'l'IJeJ'lV'U IdhA 1I(;j~ljn1'ill1ti(J11111MLi)~1J~nru~~~1Im~~1(J. , 

Bs/WI -ff1'U;'UV; 2 Hll''l'i11Jtl1 prRB3 II"~ prRB4 1~(J pRB3 'il~1l1J-ff1'Un(;jl'l'IJeJ'lV'U IdhA 

1I(;j ~1I(;j~ lJ n l'imti(J11111 Min ~1J~ nru y]~ ~lIVil~ ~h(J BsiWT -ff1'U prB4 \l~llU~ "h'U,jm (J'IJ eJ'lU'U 

IdhA 'lJO'l Ecoli u(;j~}jn1'i1-ff1J1ntu~~~1Im~Yi'1(J EcoRI ~'lJ'U;'U-ff1'U~13'UwvfA'U\l~lJ-ff1'U 
'lJtl'lcll~1JiJ1fl~ltllYl~1JH-ff1'U~m~tl'Un'U'illn prRB211(;j~ prRB3 1I"~'ffllJ1H1i'i1nl'il~eJ1J 

~~n'U'1Yi'Yi'1(Ji~ Primerless PCR ~'lAonl'ii'h PCR l~t/hJ1-ff'lVi'illJeJ{ \llnJ'U"i1nl'i!l~lJ~l'UTtJ 



II 

Q Q.I" di Jl d ~ JJ i 1/ J,I 0 Q.I

~Ml!Hl!"\'l PCR 'Vl ~111f1 Primerless PCR ()f1m\l~1t1 YI'HlJ()'j prRBl LL~:: pRB4 LL~1'Vl1f1"Hm~ 

~ I .c:Id d d ~ I d "II> 
'If 'HY1'U~L()'U ltl'll\lLU'U'IIlHY1'U 'Hl\l tI'U IdhA 'U()\I E. coli l~tI''lf'l!~ pGEM -T Vector Easy System 

d' I d d .J d i ~ Q ® q .::ill] y.a
(Promega, USA) 'If'U"ff1'U~l()'UL()'U~f1If1lJ 1 L'UYI~l"fflJ~ pGEM -T Vector l~tlYI~l"fflJ~'Vl L~LlJ() 

, " 
lfl~'Uv'ULL~1ij~() pRB?3 111f1lr'U11::vi1f11~vi1~1t1 V'U IdhA 'U()\I E. coli l~tlf11~llmf1V'U~1'UtJ1 

lJB~1'U:: Chloramphenicol eV'U cat) ;\I~~111f1Y1~1"ffii~ pMLl ~1tJl()'Ui'll1l BszWI 1L~111'Vl~f1I,y1 
q dOl" .c:I "0 d. Ida 

l~m"fflJ~ pRB?3 'II\I\PI~~1tJ BsiWI \PIHf1~l\ltJ'U IdhA 1l~1'Vl1f1Ul'lftllJ\PI()\PlL()'UL() (DNA ligation) 

L~()l;()lJ~()tl'U;"'Uri1'UV'U cal l1::lLmf1I'lHf1~l\1V'U IdhA vi1hiv'U IdhA vi1\ll'U'IlJi~ 1l~1 
, , " 

i\Pl L~() f11fl1~,Hi "ff1lJ1 HI1 \PI i~lJ'U ()l l1U II ~\I LB Yiij ChloramphenicoI1l1f1U'U"ffn\PlYlm"ffii~Il~1 

" YI~l"ffiilPl pRB74 11::~f1~~~1t1lc'Ui'llli BamHI ll~:: ScoRI LL~1"ffn~;'Uri1'U~Lg'Ultl 

IdhA :: call~()l.hilJll'Vl'U~V'U IdhA lJ'U1mllJl'11lJ'Utl\l E. coli ~1tJiL Linear Transformation 

"::sGJ" d ~ eLI ~q1~tJ competent cells 'Vl L'lfl1::lJYI~l"fflJlPl pKD46 (Datsellko and Wanner, 2000) LL~1fl~1~()f1 E 

.:s..:s 0"': d..:d .c:I 

t:oli 'VltJ'U IdhA Qf1'Y1l~ltlIPl1tJf1ULM\llJ'U()ll1Ull'U\I LB 'VllJ ChloramphenicoILL~::\PInl1"ff()lJ 
, " , 

fl11lJ~ f111i'()\I':hV'U IdhA Yi\] f1 vi1 m tJlJ 'U 1m 1lJ 1 'IIlJl'i'1 tJi~ PCR ll~::"ff 1 tI'i'U ill ij:tftll1 RB 6 

Q.I 3J Qd 1 Q.I.a. d.d .c:I 

l1lJf11Pl1tJ11i PI transduction (Willetts el al., 1969) l~tJflyll~tlf1lJ'Utl1'\1l~LL'U\I LB 'VllJ kanamycin 
, " 

jJ I d dOl 1 1 jJ Q.::t di Q.I tI.c::s 
11 ~:: \PI ~ 111 "fftllJfl11lJ~ f1 \PI tl\l11 tJ'U pIa 'Vl~ f1'Y1l~ 1tJlJ 'U 1m IlJ I 'IIlJ ~ 1 tJ11i PCR 'II \I E.coli 'ff1 tJYI'U~ ,\-1 

d 0 I~cld 
tJ'U IdhA LL~~ pIa \lf1'Vl1~ltJ'UlJ'lftl11 RB7 

... .. ~ ~I '" .; i 'd .. ~ Vd d ~I
l'U()\I 111 f1t1'U IdhA I'U R. oryzae lu'UtJ'U'Vl lJlJ intron l1\l"ff1lJ1Hl L'lfIPlI()'Ultl'Utl\l R. oryzae lu'U 

template''Uf1l~vi1 PCR il'i'WtJ l~lJ111f1f1l~'fftllPl~lg'Ultl111f1 R. oryzae 'ff1tJ'i'Ui NRRL395 i~ PCR 

1M i YI ~ llJ() 1'~' 'l1'fi () prRB33 II ~:: prRB34 il'i'mntJ1l.l1 hfLf1 \PllJ~ 11 W~~ ~ 11Yl1:: -ff1 l1f1JI () 'U i'lill 
, " , 

BamHI I!~:: HindIII ~llmhilJ L-W()f1l~ilPl~tll~ltiYlm"ffD~'l'Url1imitl'llJ i\l.u'U\PItl'UViIl"ff\Pl\lHi'U 

~lJ~ 2.2 "fftl~Yl~\PInru'1'i' PCR ;\lL~'U;"'Uri1'U~lg'UL()~ij'U'U1\PllJ'j::lJ1ru 1800 rlllJ"ff ~.:JlJ~::mllJ~1tJ 
~ ~ 

d 0 <j/ g) Q.I g} IfJ d' 

tJ'U IdhA, promoter, ll~:: ribosome binding site 'U1lJl\PI~111"fftllJfl11lJ\jf1\P1()\I\Pl1tJf1U\Pl\Pl\Pl1tJltl'U L'IIlJ 

... "1 "d' , d d .; " ~ .; .; i ~ 0 9 ' " , ..
Kpnl l!~:: EcoRI LlJ() !1Pl'lf'U"ff1'U\Pl!tl'UL()'Vl\jf1\Pltl.:Jlnl1 (lJ'1'Vl 3 ~lJ'Vl 3.1) fl'U1 !"ffl'U1~YI~1"fflJ\Pl 

Q.I~ dd q tII g} 

pBlueScriptII KS(+)llPltlf1lHl\Pl'll"'U"ff1'UIPlI()'Umll~::Ylm"fflJYl~1mtl'Ui'lllJ BamBI IW~ HindJII 1l~1 
v 

http:il'i'mntJ1l.l1
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" . . 
~lflfl'j::U1'Ufl1'j Ligation ihjll'U'l~ E. coli ff1tJl4''U'{ DH5U l~m-W1J1BlJlWYHl1ffiJfl 1'Url1iu 

I D ~ ~ .: .: d ~d !',. .c.IU 

9HllJl 'Vl1 fl1 Hl~ l" U flU'U U1111'HM.:J l'llml 'IJ.:J LB 'VllJ Amplicilin ~ 1fl 'U 'U 'Vl1 fl1 'j fffl~ Vi" 1 fflJ ~ 

j/ 1 QI ~ Q .d dd. QI" 1.1" d Q 

m1~ffUUfl11lJ~fl91U.:J ~tJf!~lMflVimfflJ~'VllJtJ'U IdhA ~lfln1191~fl1mu'U !'I1lJ KpnI 'I1.:JVi"lfflJ~ 

pBlueScriptIJ KS(+) ~mj'U IdhA ~lfl R. oryzae ~::~JllUUUflU;fli.:J~fl~11in'UU'Vlci'flill (U'Vl~ 3 

Jtl~ 3.2) VimffiJ~~m1~ffVUU~1i~rUfll'ji.:J~U11 pRB85 

. 
l ' .... "''''''' 1 .... ''1'''12.5 nn tr'YHl1tr"'~Hlln't1",tJ~ IdhA 'lJf).:J R. oryzae ~ E. coli tr1tJ'Yi~~!'lI !Ufl1'i't1Vl"f).:J U"::; fl1'i 

q 0 iJ I G.I ., Q,.I tI 

VimfflJfl pRB85 U":: pBlueScriptII KS(+) ~::~fl'U11'IJ"0' E. coli ff1tJVi'W~ RB7 U"::;'ff1tJVi'U~ 

d .d 1j/l 1'" 1j/ :'1 j/ ...,.U'U'l'l'1 'If 'Ufll'j'l'1~"U.:J fltJfll'j'l'11l'l1"" E. coli lHu'U competent cells ~1tJ11i RbCI Chemically 

Competent Cells U"::;tl1Vi"1{1'iJ~l.u'ltr competent cells ~1tJn Chemical Transfonnation (illlJn'IJu.:J 

Q.I ~ cJ'~.::i d." iJoQ 

Lewis' Lab (http : //lewislab.wikispaces.comJProtocols#rb)f!~I''Ufl1'11'' "'VllJ Vi" 1{1'lJfl 'Vllil U.:J fl1 Hl1tJ 
II v )I II I 

d. d Ci d QI QI ~ i dl ~ v 
fll'jlM.:JU'UU111UmtJ.:Jl'llUU'IJ.:J LB ~{1'lJ Ampicilin \)lfl'U'U'fffl~Vi"1{1'lJ~~lfllf!"'U'I'1"l'lJl"Uflll"1 

tl1lJ1m1~ {1'UUfl11lJ~fl~U.:J~1tJfll'j fi'fl~1tJ!U'U i'l1l1'li'Ul~tJ1tlU fl1 'j ri'~ l~V flVi" 1 {1'iJ ~ pRB85 i.:J ~ 
• 11 iJ" J1 0 QI 0' dod. ~ d.d d1d:t1 d'dell QI 

fl"11 1'IJ1.:J1'1'U {1'll1'jU{1'ltJ)'l'U~ RB7 'I'1lJl~"l{1'lJ~ pRB85lJ'lItlI'jtJfl11 RB24 'I1.:Jlu'U{1'ltJVi'U~'I'1fll~ 

11 IJ:: ~U(1'~.:Jm) fl'IJU.:JV'U IdhA U'U Vi" HyiJ ~ pRB85 l ~ f.H-I~ Iil fl'j ~ II" fl91 fl~.:J ~l~tl-I i 11'1'1 fl {1'UU 1'U~'U 
~ullll 

." . 
I'W U.:J ~1fl 1'U 'II'U\.)tl 'U 'lJtl.:J fll 'j l1lJfll~ tl Ml'l1" a E. coli ~ ft \l1 fl'j ~u" fl91 fll fltJ fll 'j U{1'fl.:J tl tl fl'U tl.:JV'U 

IdhA U'U)'l"l{1'iJ~ pRB85 J'UIli'U.:JHU1111'ilitJ.:Jl~tl~~mlJlru~l\11l"fl~ lm~~.:J U~1'UU1111'jlitJ.:J 
'" v '" I v 

I:}fU 1'U')'U \l1 U'U'lJU.:J fll 'j {1'~1.:J)'l "1{1'iJm!'U Hu 1111 'i LB Vi ill "lfl1rifl " 1f! (1'm1l..: 'U Uflill flut'U fllmlJfl ... 
o d", 11( ~ ~ J d d d d
~111J'U91tl.:Jl{1' CaCO) ".:J !1l1'Uu1111'jmtJ.:Jl'1fU1ViU"flfl11lJitJ'Un'ifl111fllJfl11lJltJ'Um~lJ1fl E. coli fl 

" I "" J,I JJ 

ill{1'llJl Hml~ i1! 191U 1\l1"l~ i nJ'U fll 'j 11l~ tJ'U U1111 'j l~ tJ.:Jl:}fU ~ 1fl LB lJl U1111 'j 1~ tJ.:J l:}fU ff111 r Ufll'j 

l1lJfl~nmlJlru fl~ If! (1'U"::; CaCO) 'Q.:J l~ml'Ul11'11m\ll1~~::;llrui11111M~.:J~11~'U~U.:JI~tJ.:Jl'11"a'l'U 
U1111'j litJ.:JI~U~r1tl tJ'lllrum lJltll fl ~ If! 'ffll"::; CaCO) V'lllJ J'U\l1 tl 'U ~Il {1'fl.:J 1'U~ 1l~ 2.3 lfl tJri1'U~{1'lJ 

" " 
U1111 'j l~ tJ.:Jl~tlIl~" ::;'lIU fl "l~u (1'fl.:J"l11'Ufl1fl~'U1fl ri1'U 1 'U'i 11 2.3 "l ~'j:: u"li'm Vi 1::; 1l~ lJl ru fl" 1fl 'ff.. . ... 

)I "Sol ," 
Il"::; CaCO) 1'U,)'U Pre-culture 'Vhfll'jl~tJ.:JI~U 50 mL l~tlI~tJ.:JmU\l11lJn"1'IJtl.:Jfl1'j'l'1~"tl.:Jfl1'jl1lJfl 

" . 
U~,,:::{1'fl11::; 111 Pre-culture 'I.HlJlV'l'l 2 mL 1ri".:Jl'U 50 mL Fennentation broth l'Utl1111'ilfttJ.:Jl'iiu 

http://lewislab.wikispaces.comJProtocols#rb)f!~I''Ufl1'11
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3 

4 

" ", " I 


I Q.I A """ " A ~ QI fle:J."
1I~ ft::'U 'UL~lJ Amplicilin fl11lJl'UlJ'UlH],flVl1[J 1 00 ~glmL I 'lH1l111 'Hft [J'Il'lf~'Il tl 'I ft'1 tJ'VI U ~ Vl91 tl'l nl'j 

~flll1'V1ft1ft'iJfl pBluescriptII KS(+) 11ft:: pRB85 iiiUl9J'ft£ 

,,!, A.caS' QI't J J cl 
IU 'UU91 tlUnl 'jVlfl ft'tlllnl'j~·ml'l mflU ft fl~fl fll [Jfl W\1lJ fl IU tl111UlfttJ'Il'lftl Fennentatio borthVl 

~ 

~fl~ lf1ft' 100 gIL Mvi1fl1'WiJ'Ifl1'jl1lJfltltlfl11JU 4 ft'ml::~'1U 

Pre-culture (n~ lf1ft' 10glL) Fennentation (n~ lf1ft' 100 giL) 

2 

I cl 0 I" d 
lllJVl 37 C l'IW1flltJfI11lJln 200 rpm. 

,..d 0 ," d 
lllJVl 37 C l'U[J1flltlfl11lJl'j1200 rpm. 

11~'1\J1flvi1nl'jl1lJflfl'i1l 48 il1lJ'I vi1nl'H~ml1tlrJ1'1 1 mL uti'1,jU!l1~tl'l~m1lJ11Titlll 
d, Q .,j" :, • , ~ 't- IQ " 

10,000 rpm I1JUl1ft1 7 U1Vl I'VWUtlfl19J'ftft!!ft::CaCO) tltlfl \J1nUUU1ft'lU 1ft' 1Jllfl'i1::'l-1f111lJ 

l.,JlJ'Ij''U'lJtl'l mfl 11ft fl~n ltll9J'llJtl { L ~ ~il911~!!ft::~ 1~ 1ft fl ~ 1fI ft'~!l1 ~ tl tl QlU tl1111 'IIi tl'l I~tl v11 (J 

IfI~tl'llflililJ1rufl~ lmmft::llftnLl'lVl YSI 2700 Selector 
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IdM PCR 
( n.) 

S
UI 

a pMll 

XOPCR 

...- /...,.,
Cloned into pl~mid\ ...,., ...iWt 

pR87) ~ 

Cut with BsiWI and ligate8 
~ 

~ 
/ V 

-L. + JC13509 
~rtiaJ IdhA::al Competent c~1[~8J
UnearuansfOf1llation J 

;-----'----, 

~ RB6 

~ldhA::at 

PI Transduction 

kan ~pra::kan
RBB~pra::kan 884075 RB7plil::kan~IdhA::<;.1 ~dhA::cat 

ltl~ 2.1 nwtfh~ E. coli 'tfltJ-w'\.!i~l'Ill.n~~nJ l~ef1l111'tfVt~een 
(n.) f1l':i <vhm£J~'U IdhA lJ'U irn ilJ i91lJ'Utl-:J E. coli i~£Jf1l':iIl'Vl':in~'U cat ~-:Jl'i'l'U£Jl Chloramphinicol 

('U .) f1l':i'Ulpta ::kan 111na1£J'Y'I'Ul SS4075 !'U1t1a1£J'Y'I'Ul RB6 ~1£J11i PI Transduction al£J'Y'I'Ul'VllJ 

~H~ ':i -:J n m-:J'Utl-:J~'U IdhA ml~ al£Jvl'U f~~'U IdhA lJ'U i m ilJ i 91lJ ~ n'VlHl1£J (ldhA ::cat) lJ'U 

imilJ i91lJi:i~tl11 RB6 

o ~ ", 'jJ I Q.I 0' 'jI ~ Q,I cfdoCS 

o .ci .c::I..A I 

f1l'Vllm£J£J'U pta II~~ IdhA (pta::kan IdhA::cat) lJ'b'tl11 RB7 
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Isolate R. oryzae genomic DNA 

1 PCR 

BamHI 

1. IdhA ............._---­
T 

Hinrllll 

Cut with BamHI + Hlndlll 

lLigaie 

o 
R. CKfZae IdhA 

. " . ... 1q v iI .t:.\ q.qq

l1J'n 2.2 'II~Vlij~f)ll~ll~'fHn~tI~'ntltJ~ ldhA '11M R. oryzae 
, f. ", , 

L11J~1t1 PCR LritlrW1J1J11JlW~'U1YTw~&umvHJ1h.J IdhA 'Utl~ R.orzyae i~t'J1'W'jt1JtlHi1~~~'rll1,r 
. " 

n1Ut'J'Jtll1,rtfi~'I.i1nwi~~lt'Wl~~1t'Jttl'U1"l$lf BamHl U1:l~ HindIH llrl'~~lt1,r'Ulllrl~~U)Wcv1 PCR 

A Q.l9J \l]t1' 91~ A ~91 
U1:l~'W1:Ilff1J~ pBluescriptII KS(+) ~~~1t'Jttl'U !"l$1J BamHl U1:l~ HindIH U1:l1L'lftl1J~~ t1'U~1t'J 

ttl'U1"l$lf T4 Ligase 
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I 

on Enrichment broth 
10 gil glucose 

Purification plate - o 10 g/I glucose 
2.Sg/1 CaCO) 

1 


o Cultivation plate Cultivation slant 
10 g/I glucose 10 g/I glucose 
Sg/I CaCO) Sg/I CaCO) 

1 I 
I Cultivation slant Pre-culture broth 

10 g/I glucose 10 g/I glucose 
Sg/I CaCO) Sg/I caCO] 

/'rmentation broth 
100 g/I glucose 
::;0 g/I caco) 

~:.. .;~, 0 v~v ,
J11 'Y1 2.3 'IJ 'U vH) 'U fll'U 1:1 th'll'l1 el fH) 'U 'Y11 fll '111lJ flI'VHl '1h myillViI'IH"! 


'I J J ., .I~ d '.1 d .. ~ 

I1Hl1'riU1CHJ.:Jl'I"'f)l'Jfl'b'lHl'il~u·nJ pH 'Yl 6.8 llCl::ffl'Wu:i::mnHllFll11lJU'Wfl'W 

'" I ., ., j,I 

llli'lVl'Wlfl VfWJ''W l1WllCln~ li'lffllC1~ CaCO
J 
~llffl1'lln'WJllVlhwl'Wfl1:il~tJ'lI~Ul'Jn.u'WI'lUU'il::,jlJ 

JI. II 

l'1lmi'~ 37 DC 1~'WnCll 21U vnd'ulu.uu Pre-culture ~.:J'il~1lI'ln~1.:Jtl'U~'WUVrllJffi1l1::lunu11lrn 
" 

http:vnd'ulu.uu
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, 

lJ'tl'tl '" 3 

, 
" .c:Ito .q q4C:l

3.1 nnnn:I'VHllll'lJ~YllJ£J'U IdhA '1.18~ R. orytae 

Vl~~rl'tucvf PCR ~'I~~lnflni.rtVl:illJfl{ prRB33 11":: prRB34 l~(Ji~WUW'IJfl'l R. oryzae 

11JU~U UUUii'IJU1~1h::lJ11.U 1800 TlllHY nfluu1Vl~~rl'1.U cvf PCR 1u~~~m'li'l-cYVl"l 'CYij~ l~vhnn 
~ ~ 

"'1 cv7J 1IJ#I vd,1',..d 'j.I 4cv'j)
~:il~'CYfl1JfI11lJ~n~fl'l ~(Jfl1:i~~~l(JWU l'll'lJ EcoRI 11":: KpnI mltJU'll'u'CY1UYl~fl~fl'lllJfl~~~1(J 

wuh,r EcoRI ~::I~U-cY1U'lJU1mh::lJ1tu 60011":: 1200 ~11J'CY iU'lJI.U::~wul'll',r KpnI ~~i~l~ 
" , 

iU-cY1UU:i::lJ1Ul 77011":: 1030 ~IU'CY (~UVi 3.1) 

'I1~'l~lnU1Vl~~ti'tucvf PCR ~~ n~fl;; i -cYl'li'ltiVl" l'CYij~ pBlueScriptII KS(+) !J{'ilfl1H'l:il~ 'fffl1J 

'" 1 ~ Co '" '" Y II" 4 '" ;:ll Co"; '" II '" fI1llJ~n~fl'l ~(Jnn'CY.l~Vl"l'CYlJ~U"lVl~rn(JWU 'll'lJ KpnI 'll''lfl1lu'U'IIIm'CYlJ~Ylun~fl'l'iJ:: ~ 

;fU-cY1U~lgUW'UU1~ 800 II":: 4000 rll1J'CY (nJ~ 3.2) ~'lVlm'CYij~~~1~'CYfl1JfI1llJtln~fl'l!l~lii~fl11
" '" " " ." 

pRB85 1l"::'V~"1'CYiJ~UU1'luiriiu E coli 'ffltll1Ui~H'1Vii'lf'iUfl1:iYl~"fl'l'llU~fl'lu~ltJili 

Chemical Transformation 

3.2 fl1·Hl1X~.:jeH)fl'IJf)~~lJ IdhA mn R. orytae 1tf1J'U'VHllnlJVI pRB85 

Ictfl.:J'iJln E. coli ~~Vl~VlnHlll"n~n'lU'CYfl11~~'bJlJflfln~lil'U u~rllld'1J R. otyzae J'UVU 
. "" 

ldhA ~~ll 'ff~'lflfl n i 'U'CYfl11~Viiiflfl fl~I~U ~'lU'U iU'IlU~'U~'lI~ml'CYfl1J fl1:iLl 'CY~ 'lflfl n'IJfl 'lVU ldhA 

~ .J' .q, d.e::id " 'j.I d
1JU'V~"l'fflJ~ pRB851~tJn1:ilM.:JilJfll'l1l:i Cultivation 'll'U~ll'U'l YllJn~ 1f1'CYI'lJlJ'IJ'U 10 gIL 1I"::lJ 

CaCOJ Vl'CYlJ i 'U fll'l11:i i 'U'CYml~~iJflfln~1~\HI"~ 'l~iJfl fl fl~1~ lJ ~1mw fl1:iYl ~"fl'l~'l~U~3.3 '1111J11 
" . 

'ffl(Jl1Ui RB24 (iJ'III"l'CYij~ pRB85) 'ffllJlHl'fffl'l clear zone M'I'1'lilJ'CYml~ViiJflfln~lil\Hm::l11iJ 
)J

o£::Io 1.::& QI Qld' I Id .o:::!o Qld " V«::S Q.I 

flfln'll'lil\H'll''UI~t11n1J'CY1t1'111U~ JCI3509 (wild type) 'll''ltln~'llllJnn~Mlm~ Yl'lUfl1:iYl~"fl.:J'lJU 

~fllu~fl nWV1~'fffl1J1l m~~Vl~~~flm~llM~n'l1~fl 'lllll ,,::iJU1lJlUl fl1:i Vl~VlIV" l:i iU'UUl::~ RB7 

~'lI11iJvlJ ldhA l~iJnn'fffl'l m~IW~1~1 tyl~1J 1\il 'MU'fl t1lJl n 1. 'U 'CY fl11 ~~ 111lJfl fl n~lil'Ull 'CY~ .:JO'l 

fI11lJrl1fity'Ufl'l V'U ldhA ~fl E.coli !~fln1:il~1tyl~1J1911.lJ'CYml::~I~iJflfln~l~u i'l~I1Ju1,j 'l~11 
fl1 'i I 'iJ~ ty!~1J 1 \ill!":: nn 'CYf HnHl'IJ fl.:j 'CYltll1U i RB24 iu n fI11::~ 111 iJ fl fl n~ 1'iJ wn ~ ill n n n 

l!'CY~.:jflflfl'Ufl'lV'U IdhA 1JUV~"l'ffiJ~ pRB85 l~fl'll'~!'ll't1fl1:i~tyl~t1V'U IdhA 1J'U 1mllJ l'll'lJ 
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'1 I':'::: Q,I .: .., rli .: 1 
fll 'j'YI~~ V~ IlH"1'W'U1'jlJ'iJ 1 flnl'j11lJru'll'V E. coli 'ffltJ'Vi'U~ \111~"l i 'U Vl11nl~tJ~1'IHJrl1 '\1'j 

Q,I 

'U fl1 'j 

l1lJfl (Fermentation Broth) ~'l~Jl\111~fl~ lfl'ff 100 gIL vf'ln'ffltJ~'Uf RB24 ~.:J~'Vi~l'fflJ~ pRB85 

(lj'U IdhA 'iJlfl R. oryzae) l~tJti'U IdhA 1!~~ pta 'U'U 1m IlJ l'b'lJ E. coli ~flvil~ltJ f11~11~flnNii\11 

m~l1~ fl~fllv l'b'llJ vf L 1~ tJfl1 'j'YI~'ffv'UJ'Uill''U'Vi'Ufll'j N~\11 m\1111~~ fl1'jl'iJ1qjl~1J1111 ''U'ffm1~~lll~ 
q I q .do q 0o:! d. 

flVfl'b'I'iJ'U 'b'~'Ul'iJ~lfl~'iJlflnl':il1'ff"'lVVfl'Ufl'ltJ'U IdhA 'Uv~ R. oryzae 1J'U'Vi~1'fflJIi'11'ViV'YI1~1'U'YI~11'Y1'U 

fllmrul*tJ~'U IdhA 'U'U 1mIlJ l'b'lJ'Uv'l E. coli 
" u 

SI 

fll'j'YI~~fl~i'U"h'Uil'iJ~l1ntJ'UIVitJ'Ufllmii\11m~l1~fl~fl'\lV'l'ffltJ~'Ui RB24 n'U E. coli 'ff1tJ 

~'Uig'U"l Mllfi 

(I.) JC 13509 ~'lltJ'U wild type l'U wild type ~'l~v'U IdhA 'U'W lmlJ1 'b'lJl.hil~'Vi'Ufll'jN~\11flHlIl~fl ~ 

mYl'l ,f'l~ IdhA 'U'U 1m IlJ l'b'lJ E. coli iifllHI~\11m~l1~fl~fllv 1'b'llJvf D 11~~ L ml'lJfl'U 

~ ~ " 0 9 !II !II 11 ' Q.."'''' 

(2.) RB7 ~'U~ltJ'Vi'U~'UtJ'U IdhA 11~~ pta '\IV'l E. coli ~fl'YIlmtJ t'Ufll'j'YI~'fftl'U'Ul~\11'U lJ'Vi'Ufll'jN[l\11 
", I " I 

fl'j ~ 'j1m'1'l ~ fll'jl 'iJ~qjl~ 'U 1\11 '\ lHHll1~Villl~ V V fl9iI'iJ 'U ti'v tJlJ1 fl inj'UI~V vil fl n 1111'fl ~ 'llll tJl'Vi'U 

SI 

[l1'fflJ~~~"n'j'Ufl1'U'j~'U'Ul'UI'b'[l£11~tlill 

" SI 

'\IV'l E. coli riv'U ~'llT'Ul'U'ffltJ~'Uin V'U IdhA '\IV'l R. oryzae 'U'U'Vi[ll'fflJ~ pRB85 ~'l'lll'fl1'jiJfl1'j 

ll'ffI11'ltl VflI'Vi'jl~ti'U IdhA 'U'U 1 m IlJ 1'b'lJ ~l~i~(1 fl vil m tJ fl1 m~ \11 m" 11 ~ fl ~ flf11'j 'iJ:: '1 mi'l~ tJ 'In'U ~ 
" SI 

In''~'U i'U'ffltJ~'U f 1C3509 

(5 .) RB30 ItJ'U'ff1tJl.f'Uf~1-cY'Vi~1'fflJVl pBluescriptIl KS(+) ltJ~11'U JC13509 !~()11Vl'ffD'Ull'Vj 
" [l1'fflJl11~~~il'j'Ufl1'U'j~'U1Ji'UI'b'~£11~tllll 

" " 
'W Vfl'iJ lfli1 -cYll1f'U'ffl tJ~'Ui RB24 'l~'YI~M'l fll'j l1JJflll 'U'U Vi 'l~,\ -cY Ampicilin 1\1 D ·Hl1fl hi 

'ffm 1~ tJfl~ 111 ru'b'[l£~ 'Vi m 'fflJVl tl Q~lltJ'Uill'tl'l iritJ1tJ5:rn'W~ ~'Vi[l1'fflJl11 J'U"l~ti'W ill'1 'W eJ ~t~ eJ f fl'l-dl 

'Vim'fflJVl 'l n'UI'b'~ £ 111 flllliritJ1tJ5~1'U~ 1'Ii[l £'iJ~ r11 :o~,.m l'fflJ~ tl DflI'Vi'jl~ 'llliifl11lJ~1!tJ 'U;'1l'lln'U 
" y",'" 

i l' -cYll11'1J 1 fl'j 'l nn ill(Jil i~l~lJ Amplicilin 'I'J flfl f'l '\ 'U fl n I~ (J'll ~tl'ff1(J'I'r'U fVi iJVI [l l'ffD ~ 
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, ~ 

pBluescriptll KS(+) LL~::pRB85 ~lfll1JYi 3.3 fll1'Y1V1M.:j i'W~'W\li\n'ju"h RE7 L~~ tyl~Ul~ i~uvvi'W 
, ,~ 

~m1::ViillljvVfl;11)'W ~.:ju'Wl11fliriVim~iJrt pRE85 9f.:jno'W IdhA 'UV.:j R. oryzae ~.:ji'W RB7 (i~ 
?I ~ '" '" , ~ II] ~ '" 'JI, II] 'i I ~ 
LU'W~lVVi'W~ RB24) Vi~l~lJVI pRE85 \J1~::~mmn n 1'W19l'~~L1lJ11~:: tlJ ~ Ampicilin 1Vi11::19l'~~ 

~lL~'U~V.:j i"w'W IdhA U'WVim~ijVl~l~Vh''Wflm~~tyL~Ul~ ~.:jcl'1l11flL9l'~~~llJ11{)fmnVim~iJVI 
lf1Yl'JIhwill~v.:j iriV11JiP~1'W::~::1~'U fH,~i1i'W~llJ 11{)~ Vlrh i i'~ 1Vll ~::flJ1lJ~.:jV 1fli'W fl111~1 VlJ 

~ ~ 

d '" Vl1111 mVWJHl 

,., I ,., , 

i'Wfllnl,rfl~m1::U E. coli VJfl~lVi'WiVi''Ifl'Ufl11'Y1V1~V.:j\JflL~V.:ji'Uv1l1n Pre-culture Vi 

37°C l~'Wnm 24 i1 llJ.:j luh1J~v'WlJ11iv.:ji'W Fermentation broth 37°C 1~'W1J~1 48 i1 llJ.:j IVlV~ 
1111nfllmJ(h f-l~fl11'Y1V1~tl.:jllMl.:ji'Wm11.:j~ 3 . 111~::11J~ 3.4 Vi1Jl1 nflnf-l~~flJ1lJl.u'lJ'\rlJ'\JV.:jmVl

" 
",...l~" ...l~F- '1 'I ~~ .. 

mVlll~fl~flLlJV1YlVl1mmV~1~lJ1lJ1IlJfl~ tf1~lltl::lltlflLl'1'1'l YSI 2700 Selector!'U '(I'lVVi'W~ RB24 9l'.:j 

fln illl~lJ Amplicilin h1f-lM ~~ mVlllM~fl~lJ1 flfl11 fl111~lJ Amplicilin Ll~VI.:j11Vitl1~iJVl5.:j~ fl 
~ IiJ ~ "'I "''' I 11 I d '" '" 0 ?I " 'I""1fllJ1 n t~ l'U19l'~~LllJ11 lJlJfl111~lJ Amplicilin lVi11::19l'~tl~11u'W~tl.:j I'JHJ'W IdhA 'Utl.:j R. oryzae 

l~tl fll1! ~~ tyl~1J I~ i'W ~ m1:::~tltl fl~l~'W n~l nYlVd1~ 11 ') ~~llJ mVlll tl fl~ fl~f-l~ ~ 'l~u.:j,rtlVLl ~::!9l'~" 

ti1fl~1f1 ~i1Jii'U'mJ~.:jl~'U11 ~ fl~ 1f1~1'" ~ tltl QV flm fl 

3.3.2 fll"l",arn1'\.HY.nn::~''';iieJeJ n; l~l! 
v v ,

'I d ~ "''I ~ 'I d'" 

1'W~f111:::'U E. coli '1fl~lVVi'W~ 1'W'U'W Pre-culture 11~::: Fermentation 1J,),)~ 1'W~'lVllJ 

AnaeroPack
c

Anarero 1~tlhrl1~'W~ml:::~ill~tltlfl;1~'W Vi1J11i'U'(Ym1:::~ fl1,)liv.:j~lVi'Wi RB24 

lVlVilll91lJ Ampicilin tl.:j1'Wtll'l'mliv.:jl~tl nn1'Jll~VI.:jtltln'Utl.Jv'U IdhA 1J'WVi~l~iJVI pRB851VlVn 

fl1'Jf-l~ ~mVlllM~fl itll9l'llJV1 L lfiVl~'U (m1N~ 3.2) Lltl~1~'UM111:::~~llJ1'J{)f-lii ~mVllWfl~fl itl 
. ' t,I .,., ,., • 

19l'llJV1 LMlJ1flYi~~liimlliv1Jl'Viv1Jl1.:j 4 M1l1:: ('J1JVi 3.4) ~.:jiTlJ11.Ji'W~fl11:::Vitltlfl~1~'W~lrlVl. " 

11~::i'W~fl11:::~'lllntltlfl;1~'U 19l'~" E. coli ~lvi'Wi RB24 ffllJ1Vim~ijVl pRB85 iflVl1V1Vill~tl~ 

nfl1,)l~lJ Amplicilin 1"1'i1:::I'i'D.:jfl1')1~'W IdhA 'UV.:j R, oryzae 1J'Ul'im~iJVll~tll~H1'W'll'Vll'll'Vfln 
~ ~ 

~rulffVU'W IdhA u'WlmllJl9l'lJ 'WVfl~lflU1'Wfl1n1,rfl'\ii'.:j 2 ~f111~ (tlVfl;l~'W~lrlVllltl:::h;n 
" u 

VVfl;l~'W) flnilll~lJ Ampicilin i,r~~~~~mVlll(1fl~fllJ1flfl11fl1,)!~lJ Ampicilin lVltl Ampicilin 

VWUYl'IJ11.:jfl11!~~rul~1J 11'1!w:::M1Vfl1'J~~1.:j flHllW f)~fli 'UMll 1:::~~flJ:i11 VV1.:j 11 ~m lJDrum ~ 
u U 
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.::S Id q.I SJ ~ .oe. .d V".ei ..:::i.a ~ 
lJ1nl'llll9lf1tJ'llHWlJ1n f1tlYilln~U{lnlflnl'lfl11lJl'UlJ'UUlYitJ'l 5.03 gIL (lfIU1'l1'l 3.2) 1l{l::Ll1{I tlUll9ll{I 

Q Qq J' Ii, ,"~.," J''1-lq " 4 1 
n~1f1ff IUtl1l11·H{ltJ..:JI'lftltlQlJlnllff~'l111'1i{l{llJf1l'jlJllll1{1'lflUlltlUU u l'IH't'ttlf1l'jI~'jl1l119l11 lfI 

U{l::ff~l'lrl ~lfInUl~~llftl..:J f1l 'j lU 1..8lJ1tu,rtJ(J Utl n~ 1n~1..8 lJlUl n{l 1 f1ff~Ll1~ tllU tl1l1l 'j Ii tJ'l I~tllU 
" ~ ~ 

1..8 lJltulJl mYUtl1~ j,Ud'l1d'..:J f1l mJ~l1lI~l1 II?lLL{I:: f1l'jff~l..:J f1'j ~LL{I n ~n~ f1~":lU 

~ 
~" 0 J~.J 9 

1 nuU lU 'IlU Fermentation U 11 'If tll'l I {I tJ 'l lU Fermentation 

AnaeroPackC Anarero I ~ tlll1'l n~ I~U ff fl11:: ~ 1"] ~ tl tl n; I~ U ill n1 'j l1lJn I 'lfU ~ fl1 ~ 11111 \I:: I~ lJ 

1..8lJltut-l~~UiUl ~\l1n f1l'j~lU'lf1..:J Pre-culture 1'1i{l ,,111 \ldj f11'j 1\1 ~ i1!1~11 1\9l~ 'I'll 111'~19f{l,hJ~lJltu 
, ,,, " 

lJl f1L'I'1tllJl rl~lfI t-l~lfI nUl ~l1~tl..:Jnu lU'IlUIfI tlU f1l 'jl1lJ n \11 nlfll'J1..:J 11 3.3 II{I::'j Ul1 3.4 Yill11 ff1 tliu'(" . , ~ 

RB24 ~f11'jt-l~\9lnHHI{ln~nltl1'lfIlJtlf L Il~U~lJltuVi'1ri'5..:J,rtltJ Utln~lnUVlll11ff1tliui RB24 

111~ J'l.Q q\t("" , ~ ~c!iI 
l1ln IlJIlfIlJ Ampicilin 1Utl1l1l'jlfttJ..:JI'litl rlMlnH1U{lnlflnl~UtltJn11f11'jll?llJ Amplicilin '1i..:JIllu lu 

. 
'1~111U ff 1111:: Vi ~ tl tl n;1 \] UU 

~ 

U 1'1i{l" ff1lJl 'j m ~~ i1!1~ 'U Ilf11 ~"1 ~ tJ 1111i11uu ~tl'll.wu IdhA 'UU VI 

{I 1ffiJ~~'lfllli'~ VI {l1 ffiJ~~ tl tl nil 1 f1L'1i'fl {l1U tl (h.:J h ~1fI1lJU,r111..8lJ1 tu n{l 1f1ff~Ll1~tllU tl1l1l'J!i tJ..:J 
" 

I Iii" lSi," 

lhn~ lflffl. ul'11'u'j::lJltufl~..:Jl1u..:J'Utl'lm111'jI~tJ..:Jl;jitl (lfIl'J1.:J113 .3) ~..:JuUtl1Iln~111ri'11 11im~tI..:J E. 
~ . . 

coli ff1U iu iLl1ci 1mU ff 1111:: l1~tl tl n;1IJU 1'1i{l{l1ri'lh n ~ 1 fl ffch U1l1tY hiHrwtl f11 'j IIJ ~ l1l1~ 'U ilfl 
v • 

i~ tJf1lnl1 n~1 fI ffl ul'11'U~lU f1'j:: 'U1U n1':i IlJ l'll'Utl~9ilJ1ul~ Vi 111 Mff~1.:J fl ':i~Il{l n~ n 

" "" ,
nl'Jl1lJnlUff1111::u'1~'t11f1l'jI~tJ'l E. coli lU'IlU Pre-culture lMf11'jI'U(hl'wtlnl'jf1'j ::1J1tJIl11 

~ ~ V 

Q oq" Q 9 d "'''1'' '" "'" 0 ~qtltln9fIIlU'I11111tltln9fI\JU{I::mtJ !Utlll1l'JIM.:JI'litllfllJln'UlJll{l11J..:JU1lJll1lJnIU Fermentation broth 
." I • 

11 37°C lU ff1111::U VI'U f1l 'j rl~lfI f1'j flU" n~nluu~ lJlUll1,rtltJ IJ1 n ff1t1iui RB24 (m 'j1..:J11 3.4 LL{I::~U 

~ 3.4) ll~lUfff111::~Vlllf11'jt-l~lfIf1'jflu(jf1~nltll9fllJtlf L !rlm~lJ Amplicilin l'vhtTu ~.:Jtl1IJlfi~1J1n 
v • , 

111 n lJJ~ Amplicilin VlmffiJ ~ pRB85 ~ mllli'~atl nIJ1 f1I'1i"" Utl f)\J 1nu t-l{l 111 ri'Ll11i tlU n'U ff m 1:: Vi 
" I, I I)I"" 

3.3.3 fi tl ~ f11'j Hu1m{I n~ i fl ffU'j ::lJllll fl~..:J l1U.:J IJ1 nl1 t-lfflJ lUtl1l1l 'j 1ft tI..:J I:j}a i ~ tlU llf11" n ~ i fl ff Vi 

http:tl'll.wu
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~ 

~lnm'j'l'1~HHl'lm'jlnrmi'l4 TI'fI11:: l'jU11iif11mTI''''1tltln'lltl'llh.J /dhA 'Iltl'l R. oryzae Ulm 
~ ~ . 

mTI'1Jfl pRB85 vi1'11"fi'm~IIL~n9initJ i'b'Ll,m{ L LL~l;'1Um"Ll~n~nli~~\Plifi'V'llhHlJ1i,U1l'tl(J II~:: 
~ ~ . 

l'jmhm ~ n~ i flTI'Ll1~tl hn::uuh.J mlJ1i,U lJ1 n ~'1U'U~ '1~tl'liin uil'lJ 'U1nu~ii\PlLVltll11mlJ1i,U
" 

". ". II SI I 

lhm~ n~ i flTI'liLl1lJ1::TI'lJ ~tl ill Ll'j'j l::U 1\Pl1~li Ll1~ tl 1'U tl111UI~V'lL~tlli lJ1f1Ln'U illt)1~ri 'I ~~ vi1 1,r" . 
~ . 

.Q Q.J Q.J Q Q ~ ~d'"

Infl f11'j (JUV'I m ::U1'U m 'j~~\Pl ~~\Plfli,U 'Yl'l'1\Pl tJ '1m 'j 

"" II • 

'Utl n~1 nuu'll'j U11 1'U f11'j'l'1 fl~tJ '1vi''1l1lJ"n ~11 1M':hiil~ (J'ITI'1 (Ji'U i RB24 IY;' U'U liii f11 'jTI' ~1 'I 
II II I II 

nHlLI~n9initl i'b'llJtl{ L vi''1U1'UTI'lVi'Ui JC13509 qi'lI~'U wide type 1'U'I1'Ui,j(JUtl1~iinuTI'~1'1 

nHllW n9intltlnlJ1U1'1~'1~I~'Ul~'U clear zone l'U 'j1l~ 3,3 II~ m~~TI'r1'1tl1~1~'U nHHL ~ n9i nltll 'b' 
" v ~ 

". d iJ Q.J .o:::t.Q,I I iJ d I qQ.l

IlJtl'j D 1l~::'Utln~ln'UN~nU'1~~tl'lTI'V~fl~tl'lnU'll'U1~(Jntl'U11'U1'U I'II'U '11'U1~V'lJE'I Chang eta!., 

1999 ~11111nilJiinw¥i'1~lVm~!lM~nu'Ulm1lJl'b'lJ'lJtl'l E. coli V'U ldhA ~::ilJTI'llJlHl 

1ITI'~'1tJ tl n i~ i ~tJ! ~'U ~l~\11 nTI'lvi'U i RB30 ~'1TI'11n~11V'U ldhA U'U Yi~lTI'1J~ (JRB85 ilJljnu 

11 TI'".:jtl tl n 1 'U TI'1 (Ji'U ii.:j n~11 

~ 

f11'j I~ tl n 1 ~m 'j 11 TI'~'1tltl n'lJ tl'l~'U U'Ul'j~ 1TI'11 ~l!'U lj~tJ~~tlm 'jf1~~ tl~'U I~1l'j ~1TI'1J~ ~:: ~ copy 

number lJ1 nn11f11'jf1fl~V 1.,r11m llJ 1'b'lJ~~::iiI'Ylv'l 1 copy number Yl1 1,rv1~iif11'j~~\Plmfl!lM9in 
~ . 

'ltl l'b'llJtl{ L lJ1n~'U lI~urul11lil~m1nnuHl'jmTI'iJflfivfl11lJlTI'Civ'j Yi~lTI'1Jfli'iIl'U1 hrlJ~::l1Ml 
u • 

~ 

vv n~lf11'b'~~1~~1(J 1'U f11'j'l'1~~v.:jU1'U fllH-l~\Plmflll~ n9in 1'UuwJtflm'j'l'1fl~v.:jYiUmfl!l~n9ifltv 

l'b'llJtJ{ L 'Ilv'ITI'l(Ji'Ui RB241l'V(JlJ1nfl"lmiu'llJiivlmTI'1Jfl pRB85 vi11,rmlJ1i,Umflll~n9in~ifl 
~ . 

lfl' 'U YJ fI'ljfl llJi'ifl11lJ 1mi'tfi (J'In'U rl.:jU'U '11'U1'Uri1imiv 11l~tl.:j vi1nUl11TI'1111:: li vi11,r 'VI ~ 1TI'iJ ~ i'i 

d J.J. IiJ iJ I .. ~ ~ '1- I 
fl11lJITI'ClV'jlJ1n'll'U'b''1~:: l~nm1Cl.:j l'UU'I'1[l" lJ 
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.J tJtI ~\II<r t! ~.e.1I1i1 till cr.cS.t:!i 
f11'lNYI 3. 1 fl11lJl'UlJ'U'Ufl'l f1l1ilnfln 10 1'IIllJO'l L YI~ il fI Iflua:::fl11lJl'UlJ'U'U n ~ Ifli:YYll'I1ilOmn E. coli i:Y1£./ 

-W'Ui91N1Iriolhm'l1111n'mTI111:::~i100ncUI1l'U\'i1n\>1 

(jU IdhA 

uulmllJl'11lJ E. coli 
b 

" " ~fl11lJl'IJlJ'lJU 'lJfl~ n-iYllla n~ n 

, 1 ~ d ~ 
V 'lHlJV"i L VI~a~ (gIL) 

v " ,. d 
fl11lJl'IJlJ'lJU'lJfl~n~ Lfl'('l'VI 

.. i .: J
ll1av UV111mav~I'l1V (gIL) 

JCI3509 (WT) 

RB7 

RB24 (No Amp~ 

RB24 

RB29 

RB30 

RR31 

+ 

+ 

+ 

pRB85 

pRB85 

pKS(+) 

pRB85 

pKS(+) 

0.42 ± 0.080 

0.43 ± 0.083 

3.86 ± 4.011 

1.8 0 ± 2.564 

0.27 ± 0.110 

0.35 ± 0.141 

0.41 ± 0.078 

81.33 ± 8.031 

98.43 ± 0.7638 

91.93 ± 6.468 

84.70 ± 1.908 

81.67 ± 9.471 

86.77 ± 13.536 

86.30"': '.636 

a "l'Jnff10iui~i'li'iUn11V11@H~Hff10iui JCI3509 I~Uff10iui;~~ulla~i'li'l~u wild type iUn11V1llafl~~ 1110 

JCI3509 ngenotype UHli'1ufifl F lacMS286 ¢80dJllacBKJ suJBJ03 argE4 his-4 rhi-J xyJ-5 nll/-J Sm' r6' 1110 JCI3509 

luuo"4iui'IJfl~ff10iuf SK362 

b <s "" 1 'i 1 '1'·.. ".. .. ;'1 ' d ..+ l1lJ10(1~OU IdM uu m LlJ 'lflJ E. coli lJ~nVl1a10'lf~nflO JC13509'lf~llJU wild type 11'1U RB30, RB31 nm) JC13509 

~i ff'Vla111'iJ~I,r1'hJ 

-l1lJ10~~(jU IdM E. coli uu 1mllJ hlJ ~miHll(J Mun RB7 ~~nlj(ju pia ~nl'i1a1(J1'liu nu ff1U RB24, RB29 MiD RB 7 

~ i ff'Vl a 111'iJ1t!.u1111 

c -l1lJ10(i~ 1lilj'Vla111'iJ1l1M pKS(+) l1lJ10(i~'Vla111'iJ~ pBluescriptII KS(+) IU~l ff1U pRB85 flfl'Vlml1'il~ pBluescriptII 

KS(+) ~mju IdhA 1l1n R. oryzae ~1l\Jlfll,r1'111 
d ... .."t.<::t Q rJ J :: ~ Q \\1' " 1II".d IQ.o Q Q.I q"

"l'Jn 11'10'VlU ~ VllJ 'Vl a 111'lJ~ \1:: IfllJ Ampicilin iu fl1111lM~1 'l1fl"I'J n'IJ U9H)U l'Vl 0 1n1ol1'Vla 111'lJll 'J 0 nl1U 11'10'VlU ~ Vl1:: 1J11 

RB24 (No Amp) flV RB24 ~1";M'91lJ Ampicilin iu v1l-mlio~I;D i'~nl~OVl~l1'VU111'llaci'11'1lJ lHl~nfj1'Vl"111'iJ~ Hila:: 

(ju IdM UU'Vla111'iJll pRB8511'1lJl1(1l111'1l~t)fln'I~111Dhi 
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... 1111 "''''t' ...... "'" t'" "I1111Yll'l'l'YI3. 2 mltll'lltl'll~mYlllilnYln 16 CJtltl6' L 'YINilYlIYlllilttll1tll'lltl'll'Un\l f.il''YIl'I1ileHlln E. coli il'11'J 

~'U~ ~ l'l1lri6th m~·tnrn i'U il'1l11::ffl,jila tl ntUliI'U 

VlJ IdhA 

UlJ 1mllJ l'11lJ E. coli b 

~ ~ Q 

tl11lJl\llJ\llJ \I MnHlUCI n~ n 

'l 1 ~ d Q 

tl 'IIllJtl~ L l'l~CI~ (gIL) 

!IJ $I .d
fl11lJl\llJ\llJ"f)~m.l1mrl'l 

Il1fitlilJfll't11~dtJ~l~tl (gIL) 

JC13509 (WT) 

RE7 

RE24 (No Amp ~ 

RB24 

RB29 

RB30 

RB31 

+ 

+ 

+ 

pRB85 

pRE85 

pKS(+) 

pRB85 

pKS(+) 

0.34 ± 0.015 

ND' 

5.03±4.149 

0.57 ± 0.238 

0.34 ± 0.053 

0.33 ± 0.015 

0.36 ± 0.031 

78.20 ± 8.455 

82.03 ± 6.062 

85 .60= 10.048 

85.77 ± 11 .075 

82. 30 == 5.966 

80 .8 3 ± 9.963 

JC13509 jj genotype UNff1lJft!J F lacMS286 ¢80dlllacBKI sulBI03 argE4 his-4 Ihi-l xyl-5 mtl-l S,,/ rtf' hw JCI3509 

liJlJtll.jvilJi"tl~""ltJvilJi SK362 

b .. .. 1 1 1 '1".4 d.. ..;, ?I ' "'" + 't1lJ1 tJ1NtJlJ IdM UlJ m lJ 'IIlJ 1;. coli lJ~nl'llCl1tJ'II~ntltl JC13509 'II~lulJ wild type "",lJ RE30, RE31 nfW JC13509 

~i ff'l"l111ffil vu'll'1'hJ 

- 't11JltJG~~lJ IdM E. coliUlJ 1m llJ 1'lflJ~fll'i1Cl1tJ 'l~lIti RB7 ~~~jjVlJ pIa ~fll'ilCl1milJti'lJ ff1lJ RB24, RB29 n~tl RB7 

~iff'l"l111""il \iH'Il'l'hJ 

c _ 't1lJ1(JG~ Vbljj'l"lCl1ffiJ~ 1M pKS(+) 't1lJ1tJOWI111""ilYl pBluescriptII KS(+) Il.hi1 ff1lJ pRE85 fl O'l"l111ffill'l pBluescriptIl 

KS(+) ~jj~lJ IdM 1l1fl R. olyzae i~~tlI'1l'l'hJ 

d .... ....J d ~ Clio ,: 1 ! .a .... Q lr\ Sol JI IV "'~ 
 I 

'VJ fl ""1 tJYi lJ ~ l'llJ 'I"l CI l""lJ \illl ::I\IllJ Ampicilin i lJ tl1't1 ~ lCl tJ~I'l1tl 't1 fl"~ lJ ~!JlJ l'\"l f) ~ fl1;l1 'I"l C\ 1fflJ ~ 1 (J fll1lJ "" l(J;~lJ ~m:; l.J 11 

RE24(No Amp) fitl RE24 ~'l~'l~l~lJ Ampicilin ilJ !J1't1mitJ~l;tl i~nl~tJilY'tfftlUl1l'llI1~""llJ lHli'mm~c\lffil\il'HIlc\ :; 
VlJ IdM UlJ'I"lCl1ffil., pRB85 ff1lJlHlI!ff~~ !J tln'1~'t11!J'l~ 

c ND 't1lJ1tJ()~'hj'1~;1YlC\ !J~l~tl~1l1fl RB7t\ll MU'tltJ1JlniWHllJ:;~ 'l~jjtlt) n~l\llJ 
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.::S SIll oC.\\II<i' J .:::IoC.\\tISI SIll ~.:::I ~ 
VIl11'1't1 3. 3 i'llUJI'\It!'\IUn1V1l1tlnVln lal'1lUJa1 L 't1NtlVllV1l1tl:::i'll1t!1'\It!'\IUn~ 1i'lll''t1ll'1tla{)lr. E. coli ll'ltl 

~U~~ 1'1 ~ lria 't'llnl111,j'n1U ll'1111:::~IU~tlUi)1nnl1ija a n euli)'UliJ'U~Jiijaa neuIi)U 

U'U IdhA Co C
l'H\l'fflJ~ 

" " ....
fl11lJl'IJlJ'IJ'U'lJfl'lm~lL1:1nlln 

1fl1'11llJfl{ L ~~ii~ (gIL) 

j.I j.I 1 d
fl11W'IJlJ'IJ'U'lJfl'ln~ fl'ff'VI 

ll1~fli'Utmmliu~l~fl (gIL) 

JC13509 (WT) 

RB7 

RB24 (No Amp~ 

RB24 

RB29 

RB30 

RB31 

+ 

+ 

+ 

-

-

pRE85 

pRB85 

pKS(+) 

pRB85 

pKS(+) 

0.31 ± 0.038 

0.22 ± 0.076 

1.18 ± 1.341 

1.74 ± 1.386 

0.30 ± 0.042 

0.32 ± 0.048 

0.36 ± 0.072 

45.00 ± 5.340 

50.03 ± 4.834 

47.27 ± 0.924 

51.40 ± 3.538 

45.53 ± 3.691 

44.17 ± 4.990 

47.80± 1.473 

~ I j.I II j.I ~ d ....,. ~ y Y d cf 
''l'Jn'ff1ul4\.!1iVih·i'Unn'1~1:lfl~uhmm~'U1i JCI3509 11J'U'ff1Ul~'U1i1l~1l'U1l1:1::;i'llltl'U wild type llJnn'1~1:1tl~'U 1~u 

JC13509 ~ genotype lJl~-ff1'Ufifl F' lacMS286 ¢80dlIlacBKI sulBI03 argE4 his-4 Ihi-l xyl-5 mll-l Sm 
R rt l~u JC13509 

l~'Um-ll4''U t'IJtl~'ff1Ul4''U t SK362 

b cO <1 'i 1 1 II"" "'.. .. ::'1 ' "' ..+ }llJlU()~UlJ IdM lJ'U ~m lJ 'IIlJ E coli lJ~n'Vll1:11U'II~nfltl JCl3509 'II~lu'U wild type 'ff1'U RB30, RE31 nfltl JCI3509 

~i-ff¥i1:llffiJ~1.,r1 'l1J 

- }llJlu(i~v'U IdM E. coli lJ'U 1m ilJ 1'11lJ~nll11:11U MWl RB7 ~~~jjv'U pia ~mh1:11Ul'li'U n'U -ff1'U RB24, RB29 ~fitl RB7 

~ l-ffVi 1:11ff il m.,r 1 'hJ 

c _ }llJlu(i~ 111jj'l'i1:11ffil~ 1~u pKS(+) }llJlU(i~'l'ift1ffil~ pBluescriptII KS(+) ltJri1 -ff1'U pRB85 fitl'l'ift1'fflJY1 pBluescriptII 

KS(+) ~jjv'U IdhA ~Jln R. oryzae 1ll~~m.,r1'ltJ 
d Q,I ... ,d.q <=:! oe.. ..,r J ::, d oe.. 1" Y Q,I.,..d.Q,I ,

'I'J n ff 1U'I'i 'U1i 'VIlJ'I'i ft 1fflJ ~ ~::; 11llJ Ampicilin l'U tl1}l ~ 11:lU~1 'lItl 'I'J n'IJ 'U lltl 'Ul'l'i tl ~ mn'l'i1:11 fflJ ~ 1 U nl1'U ff 1U'I1'U 'Ii m::; lJ 11 

RB24 (No Amp) fitl RE24 ~11111~1~lJ Ampicilin l'Utll}lmiu~l~tl ~~~I~tl'VIV\'fftllJ111'll1:1ri''ff1lJlHlfmm'I1:11'ffilY1HIl1:1::; 
v'U IdM lJ'U'l'ift1'ffil~ pRE85 ff1lJ1~ml'ff~~50n'M}l~5il1 
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.ci II II c. \4 t ,.ci '4 11 II" t ~ "IQ

g]1'H:.tYl3.4 fl1UJl'UtJ'UUn1g]lItlng]n 18 '1UtJ81 L YlNtl91I~"tl:::fl11tJl'UtJ'UUng flf.'Yll'l1tleJmn E. coli tl'1£1 

..ru~~h,:j9 lrl8 ..hnl'l'l1,rn'Utl'.Iln:::~ijtH)n;I~U 

VU IdhA 

llU1mllJ l'!jlJ E. coli b 

YHntrJJY1c 
iI " CIofl11lJl'lJlJ'IJ U'IJ fNfl1Y1ltll n~ n 

iv1'l1LlJv1 L ~~~~ (gIL) 

So' " 1';tl11lJL 'lJlJ'lJu'lJtJ~n'.l fl trl'l 

Ll1~tJ1UtJllf11Iio~l;u (gIL) 

1C13509 (WT) 

RB7 

RB24 (No Amp~ 

RB24 

RB29 

RB30 

RB31 

+ 

+ 

+ 

-

-

pRB85 

pRB85 

pKS(+) 

pRB85 

pKS(+) 

0.27 ± 0.038 

0.22±0.125 

0.25 ± 0.091 

1.95 ± 1.517 

0.20 ± 0.131 

0.28 ± 0 .049 

0.34 ± 0.071 

33.20 ± 18.654 

46.00±12.601 

48.30 ± 3.560 

53 .83 ± 2. 196 

40.50 ± 18.357 

46.87 ± 2.290 

40.63 ± 8.165 

• '1nffloiuf~H'lUn1H'lY1fltl~~i~"noiuf JCI3509 LtlUfflOiufi~~U!LII:;l~Liju wild type 'unnl'lY1~(n~ 1Y10 

1Cl3509ii genotype UlHhufiu F lacMS286 ¢8()dfflacBKI sIIIBI03 argE4 his-4 Ihi-I xyl-5 mIl-I Sm 
R rl1Y1v 1C13509 

LtlUOlliuf'IJtl~tr10iuf SK362 

b + 't1lJlOO ~VU IdM II U1 m llJ 1'l1!J E. coli 'h.i ~ nvi1~ lO~ ~fi~o JC 13509 ~ ~Ltl1.J wild type "hu RB 30, RB31 fifi tl 1C 13509 

~ lriYi~lffiJ~I'l1'l'hJ 

- 't1lJ1(Jii~1Ju IdM E. coli llU 1 m hi hlJ ~ nvi1~ 10 'l~un RB7 ~~n1JVU pIa ~ nvil ~lm'lilJfiu "hu RB24, RB29 flfi tJ RB7 

~iriYl~ltriJ~I'l1'l '11J 

'- 't1lJlOO~ iliiiYl~ltriJY11Y1(J pKS(+) 't1lJlO()~Yl~ltrjj~ pB1uescriptII KS(+) 11hi1 ri1U pRB85 ~tJYI~ltrij~ pBluescripll1 

ddd tv II tl­•
KS(+) l'llJOU IdhA 111n R. oryzae ~~yHlL'lJl u ' 

Q,I ... ..d d Q .Q .: l :: J. IV ..,. III II " Q.I f"d I 

d 'IJ ntrloi~U ~i~lJ 'tl~ltrlJY1Il:;I~lJ Ampicilin lU V1't111~ O~L'll'V'1 n'IJ~ ~VlJL'tlV"i n~l'tl~ 1fflJ~ L1 onl1u ff10'tlU ~m:;1.p 1 

o!i dl 11 iI co .% .: !'. ~ .4 t'" .., Q !: JI 
RB24 (No Amp) flV RB24l'lllJ Y1lvW Ampicilin lUtJ1't11"ilM~I'll'V YhlJIYlVl'l~trVll111'll~~trllJ1Hl"if)1l1'tlm1.'l'lJY\ hll~:: 

1Ju IdM UU'tl~ltriJ~ pRB85 tr1lJmHLff~HVVnM't11V ili 
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KIlftI 

·····.. · ~·~:··· .. ·__+-I ...,I_no_bp_ 
1200bp &oobp 

EcoRI 

1800bp 

JOOObp 
~ 
2DOObp 

1500bp 

100C1bp 

75011p 
500IIp 

au~ 3.1 flllYlll~(;HIUfll1lJ\lfl~f)~'UM~~Y1.nwcfi PCR ~iirh, ldhA 'Uf)-!l R. oryzae nf)\t~Y1~f)~.ul 

~Vii,nr;rilYl 
~ Q.I" cill] j,ld .... 1 oJ .... 1 31I d 

~~l'lflruCV1 PCR VI ~l'lll'U'Ull'lu'.i~lJ1ru 1800 t1~'U{'\' CJl"~u'.i~fH)'Ul'llt1t1'U ldh, promoter, l!~~ ribosome 

~ cv CJJ 11]" lIJ 3/d' I ..::t d ,
binding site CJl"~111flI'lI'lI'l1t1m'U ~CJl"1I EcoRI ~~ ~1'l'lf'U{,\,l'Ul'lm'Um'U'UlI'lU'.i~lJ1ru 1200 l!~~ 600 t1~'U{'\' 

" l!~l11mil'l~lt1!tJ'U'CJl"l1 KpnI ~~'~:)fmh'U~~g'Um'U'UlI'lU'.i~lJ1ru 1030 l!~~ 770 ~!'U{'\' 1I'ltl1'U~u 
:$1 d.c::t CJJ gJ

!u'U Agarose Electrophoresis 'VI Agarose 1If111111'U1I'U'U 1% w/v 

http:nf)\t~Y1~f)~.ul
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~1Ip Kpnl 4000bp 
100 lip JOOObp 

2500bp 
KpnI 2OO0bp 

1500bp 

pKSI+' 
1000bp 

750bp 

500bp 

pRB85 250bp 

. .
_I..t:t ~ csa..eI 

lU'YI 3.2 f)1WI"i1'lHTij1Jm't1tmnJ~'YIlJtl'U IdhA 'lJij~ R. oryzae 

!rlenl1P-l~~tiu!~ peR ~l~~~lhJln~11n:'lJ1w 1800 ~!lHllri!.,j'l~Yi~l1:YiJ~ pBlueScriptII KS(+) . ~ 
«::II d t:.id QI I ~ fJ} lIJ ~ 111 jI~ I d d ... I 

Yim1:YlJ~'YllJtJ1...1~~f)mTlnf)~~~1t'JmlJ !"IilJ Kpnl ,,~ !~')j' lJ1:Y1lJ~mlJm'UlJ1~lJ'J~lJ1W 4000 1Ii:l::: 800 

~!1J1:Y~~ 1:YllJ1'JtI ~ nll1:Ytl1/1~~1 m'Ylf1tJf1 Agarose Electrophoresis 1~t'J J11!ll i:l~1!1:Y ~~ llJ ~ 11!1l lJ 
. " . 

Agarose 1% w/v 1~t'JYim1:YiJ~li'}'j1Jl1iJ~lJ IdhA 'Utl~ R. oryzae iJiJ~tli1t'Jf)11 pRB85 
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RB 24 RB7 JC13509 


Anaerobic 
condition 

Aerobic 
condition 

~t1~ 3.3 fl1'jI<\)~qJIVi1J1Y1l1tl~ clear zone '\I~~ E.coli Iri~'~-r1J~tlltl'iJYI~i1U'U ldhA '\1M R. oryzae 
'JI 'JI tI 'JI I 

Hj,)1'lJ'\.H~'Ufll'j t~ V'lt~~ hHll'l1l'jt~V'lt~tlH ~'l 'l$il~ Cultivation l'U'r;Ym1~Vi lliijt)tl f19h~'U Hm~N 
'JI j/ • 'JI 'JI v 'JI • 

t~'U fll 'jt~V'lt~tll 'U 'ff m 1~ Vi ijtl tl f191 t'il 'U 'Yl'l fll 'j t~V'll 'U vl'l 'fftl 'l 'ff J) 11~tT'U lhH9H'l ~Vi mu tWil 3tc 
q " 

t~'Umn 21'U 1~V'fflV~'Ui RB24 (RB7 ~ij plasmid pRB85) H~~ JC13509 (wild type) t~1t)jt~iJ1~ 
" . .

II]V"'~'1 "''''' lI]'d "" V &.", V 011].1
!~~'YI'lI'U'ffm1~'YIlJH~~ !lJlJtltlf19H~'UU~~'ff'jN clear zone 9f'lH'ff~'l11lJfll'j'ff'jNm~ tW~'Ul IlJ 

" . . 
'YI~'fftl'lJl'U'1j'U~tllt1 'hijfll'jI'l~~m~H~f1~f11tl19ftlJtlf L mlJltlH'I'hl~ l'U'\Jru~Yt RB7 95'lU'U IdhA 

. " 
'lJ'U1 m 1lJ 19f1Jj,)f1'I'hmv'ffllJl'jj,)t~1UH~iJ 1~ lAA1'U'ffm1~Viijtltlf19lt~'Ut'YhtT'U

" u 
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30 

-
25 

...J-Cl 20 

"U 
IV 
u 15.: 
u 
IV 

...J 

...J 
I 10 

5 

0 

- wr 
- RB7 

- RB24 No Amp 

-RB24 

- RB29 

-RB30 

RB31 

• 
2 3 4 

Fermentation Type 

.. 

1:'I'il11~i'Wf1Wlnrf1 (Fennentation Type) l'l.:J 4 1!'lJ1/1~Hn 

d..::::t Q 0 0.. 

I. 1:'I'il11~'YImHlf19i11l'W1l1f1fl 

2. 1:'I'il11~~i1ilitHlf19111l'W 

3. 1:'1' il11~~t'lJ~ tI'W 1I1f1 m 'j litHlf1911ll'Wltl'W i1ilitHl f1911 1I'W 
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, 
q 

lJ'YI'YI 4 

4.1 t1'1U~j;'I m'l1~£.Illj;'l~~iiU"ll£.1~j;'I 

im.:Jrm1,r(J~vnJ'hrlfl1l1~'U IdhA '\Jfl.:J R. oryzae i~~flI.,r1~~~1'ffD~ pBluescriptll KS(+) 
v v v 

~Ul1~'U IdhA l1 'ff1lJl'.i \111 'fffl.:J fl fl n 
l 
l,t1 'U E coli II ~ vl.:)l1,j'fl.:) n f11'n11 ~ 1 fJ~'U IdhA U'U 1m ilJ i 'JilJ 

'\Ifl':) E coli 'U flmJ1i1dtJ':)~Ul1 f11'l'l"nJn 1'U 'ffml~~'[,jnfl fl n;I~'U i Mf11 'l 'lll~lJ Amplicilin ~.:) 1 'U 

fl1111'l1~(J':)I~fl~Uf11'lVl~~n'l~u~n~nifli'JiIlJfl{ L lJ1n~~~~fll1lJl.,rlJ.,r'U 5.03 gIL ~':)v,:)UflmJ1n 
d ~ .Q\!)VIi~ liIli' 1 J'l.xQ.I

1I~~f11nll'Ji~~'ff11J1'lmn1:l1~~1'fflJ~ n lfl t~(J tlJ~fl.:)1'ff Ampicilin 1W)1111'lIM':)I'lffll.J'fffl11~'U 

U'ff~.:J·:h~'U IdhA nmTlHhrlru~fl E coli 1'U'ffml~~illijflfln;I~'U 1I~~'ff1fJvi''U1 RB24 ,j'fl.:)nl'.i1'l1'
u • 

d ~ J d !', .J' 
(J'U IdhA '\J~':) R. oryzae u'U~m'fflJ~IYlfl'lf~I'lf(Jf11 'ltrq]L'ff(J IdhA U'U i m ilJ i 'JilJ'\Ifl.:J E. coli '~':)'U 1 'U 

nl'.ili(J.:JI~m'l n 'ff1(Ji1'U iv.:)~uJ 11'11~ n~ i fl'ffll1~ fl f.l~1 'U f.l1111 'll~ (J':)I~f.l 1 'U U~lJ1O! 1J1 n ~.:)J11'11 ~ 
~ v v 

n~ i fl 'ff1 'U ill lJ10! l1 f.l1 ~vu v.:) m ~U1'U f11 'l Vl~ 1'1 m ~II~ n~ n v).:J 11''U ~ .:)y)fl.:) ij f11 'lvi'9lJ'U 1111 m~U1'U f11'l 

Vl~~n 'l~ II~ n~ n ~fl i U 'U f.l mll n dn l'.iil'l~ fl ~'Uu'U~~ l'ffiJ~ Ivtfll'H'ij n1m 'ff~.:) fl fl n'\J fl':)V'U rJ:m u 

11~111!~fl.:Jm1lJ 'l1l1'ff~(J'l '\Jfl':)~~l'ffiJ~ 'li1 111' 'Uf11'l Vl~~m~u~n~n~nlh~ iYY1~m~l'i'fl':)111n l~ lJ 

m1lJl'ff~(J'l'\Jf.l':)v'U IdhA ~i~~flI.,j'li,j 

"4.2 '\IeJll;'I''Utl!!'U~ 

I~fl1 l1'Lil~m1lJr1'lJY1'U1 'U f11'lVl~ VI m~uM~ n \1 fli'JillJf.l{ L 1'U f11'l Vl~~ 1'Umn~~1mu~'U f11'l
• • u 

., '" .. 1" .A ::11" - 1 oil "1 .. 1 .,~9lJ'U1f11'lf11'lVl~l'In'l~U~nl'ln m~~u Shake Flask ll'lflllJ'U'\Ifll,j~lJ'l~~n~ 'If 'Un1'lVl~1'I 'U'l~~U 

.J ~ J d v d Q.J
l11~'\J'U Y1.:)'UllJf.l l'lff11m'ff~':)f.lf.ln'\lf.l.:)(J'U IdhA 'il1n R. oryzae u'U~m'fflJ ~ pRB85 l'U E. coli 'Ji':)f11'l 

Vl~1'I nH11I~ n~ nIl fll 'JillJ fl { L tJ.:) ~ u 1'U,j~ lJ 1O!.Jfl (J ~.:) n1n19lJ 'U 11vt fl 1l1'ij nl'.i N~I'I m ~u~ n~ n 1'U 
v 

illlJ1UllJ1n~'U f.ll~v11 'l~M 
101 • I SI 1.1 

I. 111,j~lJ11U1l11'11M~ ifl'ffVill1lJ1::'fflJ l{1fl'l~lnf11'll1lTnl'Uf11'lY1~~fl'll1Hllwl1M~ ifl'ff 100 

giL 11 ~ ::~Ul1ijiJ1lJ1 U1 J11'11~ Il1TI flfl Ql 'U fl1111 'll~(J'lI~mJ1 n ~ 'l J 11'11 ~~tJ.:Jll1~ fl dm ~5u~'l f11'l N~V1 
m~lw n~n 'l,t 
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2. m':i'!J~UiJ1'1?1'1(Jl~\,jil~(Ji~1l'lrd'jflift'lm'nn~\,j'Vft'H'I'\PI11'lfUmHi1irWu IdhA ln~nn 

mn(J~ui du m':ii~I'V1f1Ufl Error-prone peR l~fli,rln~nl':imn(J~ui11'lJ'IJ~lJ ua1fi'~1~flml1 

1fI ClU~ljn 1 ':i ~~ \PI m ~ 11 Cl n~niu mlJ1ru 1J1 n 

3. nl':iilm1~r1111?1'1':i'!JU1~tlU ~U'l~ln~~U i u mm~\PI m~l1Cln~n i'lrll11nYi'IJnl':i'!Jw~tlu 
v • 

~tl'l?l'l':i i~ iU '!J~1J1 rulJ1n ?I' llJl ':i (1 mi'IJ 1'!J~nfl1')'?I'l ':iull1U~CllJ1~1ni~ IlJm 'lJtl ~ 9$lJlVi tl ~ ;~ '111 \Pi1 

v • 

u tln\llnU nn HYiCl1?1'1JvI1Vitlm ':ill ?I'~-.ltl tln~fl,:ivuv-.lYi'IJm1lJ lUl?1'r,v':i nl':i11fi'iJi1lrn~-.ln~11 
v v 

m~'Vll1~1~(Jnn\Pi~~flvu IdhA 'lJtl-.l R. oryzae l.u1n1m IlJ l'lflJ'Utl-.l E. coli 1Il1U l'l-.luYIlnoutlQ'lJu 
v v , 

1m IlJ 1'lflJ ~~lj m1lJl?I'~V':i lJ 1n~u ':i1lJl'l-.l 111~tl-.l i 'lfV1 '!Jfi~lU ~IVi eJ nl':i ~nfl 1Yi Cl1?1'1J~ 

'l-no l,r':i~'IJ'lJm ':i~~\PIm ~l1ClI1~n~ l~'!J~lJ1ru m~ 11Cln~ n~lJ 1nYitl tl1~l'lln l':iiVJJU1~m~flCl~ 

~1 i ~~ 1(J lflV"H 111"H~ -.l f111'lJeJUllCl~1U 11'1 ~ (\lU ~lj':i lfl1f1 nCl-.l l~ 
" 
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mflf·nnn 

1 tll'l11'lllHn LB (1 L) 

109 Bacto-peptone 

5 g Yeast extract 

109 NaCI 

2 tll'l11·:ilI.u~ LB 

~ ~ 

Co " 0'''1.1 '''''' '1Vll1l 'H'HC11 LB Il'IlJ 2% Bacto-agar IIC1TUl !utJU~11'lH)~1V VUl 

3. tll'l111l'1nn Enrichment (1 L) 

10 g Glucose 


5 g Yeast Extract 


5 g Peptone 


0.25 g KHlO. 

0.25 g ~HPO. 


5 mL Salt Solution 


4. tll'Hnll.u~ Purification (1 L) 

10 g Glucose 


5 
 g Yeast Extract 

5 g Peptone 

0.25 g KHlO. 

0.25 g ~HP04 

2.5 g CaCOJ 
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10 g Agar 

5 mL Salt Solution 

" " " 
o. I'" • I"" ~I • 1 .., ?I " 0 "'. 1 ,"'" '" 0~:::'fI1V '1 'UlHu';i'l.J"u';ilJl91'HlJ'U I L U~:::lJ';iU pH llJ'U 6 .8 1l~1'Ul LlJtJU'lJll'IH)~1V LtJ'Ul 

. .. 
5. tl1'l1T'Hl'l1.:J Culivation l1.:J'IIllVl plate 1I~~ slant (1 L) 

109 Glucose 


5 g Yeast Extract 


5 g Peptone 


0.25 g KH2PO. 

0.25 g ~HPO. 


5 g CaCO J 


10 g Agar 


5 mL Salt Solution 


6. tlll1l'H'tI~1 Pre-culture broth (l L) 

10 g Glucose 


5 g Yeast Extract 


5 g Peptone 


0.25 g KHlO. 

0.25 g K2HPO. 


5 g CaCO
J 


5 mL Salt Solution 


7. ml1l';iI'tli:l1 Fermentation broth (1 L) 

IlVml1llJ'U 2 ri1'U 

ri1'U~ I ft:::mv Glucose 100 g ll'1\'11~lJ~lD:iUD~lJl91';iltJ'U 500 mL ~l1mr'Ull'l.j.:j'lri Flask 'IJ'Ul~ 
".r.: "o"'J ,.J1"'1~250 mL ~1(JlJHJH1';i Flask ft::: 25 mL 1l~1'U-1 Ll tJU'lJll'lftJ~1V V'Ul 

• 
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5 g Yeast Extract 


5 g Peptone 


0.25 g KHl04 . 

0.25 g ~HP04 


5 mL Salt Solution 


~::;~n(JlU~1'1H'UlnlJ1I'1'H1Jl.J 500 mL LL~::;'1H'U pH 11Jl.J 6.8lnhUlitltl'UCJhI4tl~1(!itl~1 

li1tl~tl.:Jm~H\h""1'U~ 2 ililJl91~ 25 mL 'l""~.:J'll.J Flask Illn~I911(JlJii'mh'll.J""1l.J~ I IllmTu 

19i1J CaCOJ 2.5 g ~tl Flask 

8. Salt Solution (10 mL) 

400 mg I\.1gS04.7H/) 


20 mg MnS04.5H20 


20 mg FeS04.7Hp 


~::;~l(J'll.J~ltlf'UililJl91 <il1JU 10 mL 

• 


http:I\.1gS04.7H


35 

Bi, c., Zhang, X., Rice, 1.0., Ingram, L.O., and Preston, 1.F. (2009) Genetic engineering of 

Enterobacter asburiae strain lDR-1 for efficient D: (-) lactic acid production from 

hemicellulose hydrolysate. Biotechnol Lett. 

Chang, D.E., lung, H.C. , Rhee, J.S ., and P~Jl, J.G. (1999) Homofennentative production ofD- or L­

lactate in metabolically engineered Escherichia coli RRI. Appl Enviroll Microbiol65: 1384­

1389. 

Datsenko, K.A., and Wanner, B.L. (2000) One-step inactivation of chromosomal genes U1 

Escherichia coli K-/2 using PCR products , Proc Natl Acad Sci USA 97: 6640-6645. 

?erain, T., Gannyn, D., Bernard, N., Hols, p" and Deic0ur, 1. (1994) Lactobacillus plantarum IdhL 

gene : overexpression and deletion . 1 Bacteriol 176: 596-60 I, 

Hester, A. (2000a) IB market forecast. lnd Bioprocess 22: 3-5 , 

Hester, A. (2000b) IB market forecast. Ind Bioprocess 22: 4-5. 

lkushima, S., Fujii, T., Kobayashi, 0., Yoshida, S., and Yoshida, A. (2009) Genetic engineering of 

Candida utilis yeast for efficient production of L-Iactic acid , Biosci Biotechnol Biochem 73: 

1818-1824 , 

lin, Q., lung, 1.Y., Kim, Y.1 " Eom, H.1" Kim, S.Y., Kim, T.1" and Han, N.S. (2009) Production of 

I-lactate in Leuconostoc citreum via heterologous expression of I-lactate dehydrogenase gene , 

1 Biotechnol, 

Kricheldorf, H,R. (200 I) Syntheses and application of polylactides , Chemosphere 43: 49-54 . 

Narayanan, N., Roychoudhury, P.K., and Srivastava, A. (2004) L (+) lactic acid fennentation and its 

product polymerization. Electronic lournal ofBiotechnology 7: 167-179. 

Okano, K., Zhang, Q" Shinkawa, S., Yoshida, S" Tanaka, T., Fukuda, H., and Kondo, A. (2009a) 

Efficient production of optically pure D-lactic acid from raw com starch by using a 



36 

genetically modified L-Iactate dehydrogenase gene-deficient and alpha-amylase-secreting 

Lactobacillus plantarum strain. Appl Environ Microbiol75: 462-467. 

Okano, K., Zhang, Q., Yoshida, S., Tanaka, T., Ogino, C, Fukuda, H., and Kondo, A. (2009b) D: ­

lactic acid production from cellooligosaccharides and beta-glucan using L: -LDH gene­

deficient and endoglucanase-secreting Lactobacillus plantarum. Appl Microbiol Biotechnol. 

Saito, K., Saito, A., Ohnishi, M., and Oda, Y. (2004) Genetic diversity in Rhizopus oryzae strains as 

revealed by the sequence of lactate dehydrogenase genes. Arch Microbiol182: 30-30. 

Skory, CD. (2000) Isolation and expression of lactate dehydrogenase genes from Rhizopus oryzae. 

Appl Environ Microbiol66: 2343-2348. 

Skory, CD. (2003) Lactic ..cid production by Saccharomyces cerevisiae expressing a Rhizopus 

oryzae 13ccate dehyr1.rogenase gene. J Ind Microbiol Biotechnol 30: 22-27. 

Skory, CD. (2004) Lactic acid production by Rhizopus oryzae transformants with modified lactate 

dehydrogenase activity. Appl Microbiol Biotechnol64: 237-242. 

Woiciechowski, A.L., Soccol, CR., Ramos, L.P., and Pandey, A. (1999) Experimental design to 

enhance the production of L-(+)-Iactic acid from steam-exploded wood hydrolysate using 

Rhizopus oryzae in a mixed-acid fermentation . Proc Biochem 34: 949-955. 



37 

(11 un1'Vw) 

(tlllJ1V.:JnqlJ) Dr. RUETHAIRAT BOONSOtvlBAT 

~ll1~U.:J,j~~ll'U Vl~1'itf A-5 

~vil.:Jl'U 'ffmll'Ul,j'm'Vlfll 'U 1~V~1tll'V'llL~::;lrr1mlm~'U~rrl'ff\91f ~Wl~.:JnlurlJ~ 11'VlV1J:iV 

lmff'vHl 02-2188C781 m'ff1l 02-2533543 E-mail address : Ruethairat.B@Chula.ac.th 

~tl~,j\)Vu'U 1550/3 ().U~~'b'llllJQ{ I 11'IJ1.:JU1.:j~tll'IJ~'lJ1.:J~V n~.:jl'Vl'V'l"l ]0800 

lmff'vn{ 02-5872352 

lJ~11'Vl V1 ~(J IDtyty1 'ffl'IJ11'b'1 lJ~~'lJml~nlJ1 

lJm 1'Vl V1J:i(JlJ-H~~ IDtytyWl~ 1'Vl'IJ. (~bl'Vl(J1) 2544 

University of 
IDtyty1LVn Ph.D. (Microbiology) 2551 

Massachusetts, Amherst 

Ngenprasertsiri, S., Suksai, S., Kongchareonpom, N. and Boonsombat, R. Effect of Temperature 

and Nitrogen Sources on the Expression of Different Insulin Analogues from 

Pichia pasloris in Shake Flask level. Menuscripl preparation 

Moon-ai, W., Niyomploy, P., Boonsombat, R., Sangvanich, P and Kamchanatat, A. (2012) A 

superoxide dismutase purified from the rhizome of Curcuma aeruginosa Roxb. as 

.. 

mailto:Ruethairat.B@Chula.ac.th


38 

• 


inhibitor of nitric oxide production in the macrophage-like RAW 264.7 cell line. 

Appl Biochem Biotechnol166: 2138-2155 

Lopper, M., Boonsombat, R, Sandler, S. J. and Keck, J. L. (2007) A hand-off mechanism for 

primosorrie assembly in replication restart. Molecular Cell 26 : 781-793. 

Boonsombat, R., Yeh, S.P., Milne, A., and Sandler, SJ. (2006) A novel dnaC mutation that 

suppresses priB rep mutant phenotypes il. Escherichia coli K-12 . Mol Micro 60: 

973-983. 

Renzette, N., Gumlaw, N., Nordman, J.T., Krieger, M., Yeh S.P., Long, E., Centore, R., 

, Boonsombat, R and Sandler, SJ. (2005) Localization of RecA in Escherichio 

coliK-12 using RecA-GFP. Mol Micro 57:1074-85. 

'V' ~ v 
f;i'll1t11~HJ 

(fmnil1fJ) 'U.(Y.fl'fhn L1'U,jna(Y~~m 

(f111:11el-:Jnq1:l) Miss SASITHORN NGENPRASERTSIRI 

9l1Ul1U .nJ1J~11'lJ mr~l1J~tytyl111, ~'lhfJl,rfJ1f)'j.:J n15 

~vll-:JllJ {l'm11'lJlllml1l'1 llJ 1"u;'Hllvm"~1fl'lm5lJilJ~fl'1(Y~f ~Wl"-:JmWlJ111111fJ lrl'fJ 

1mffY/v102-2188071 1115(yU 02-2533543 E-mail address:tukko007@hotrnail.com 

~mhj1J1J11'lJ 1/2 m13 ~.vilVn fl.1j'llJ 11]-:J 1J51']j'lj~
'U ~ 'U • 

1mffvn,f 087-9169211 

• 

, 


mailto:address:tukko007@hotrnail.com


• 


39 

2551 

Ngenprasertsiri, S ., Suksai, S ., Kongchareonpom, N. and Boonsombat, R. Effect of 
f 

Temperature and Nitrogen Sources on the Expression of Different Insulin 

Analogues from Pichia pas(Oris in Shake Flask level. Men uscrip I 

prepa ra lioll 

Ngenprasertsiri, S. and Boonsombat, R. Development of insulin production in Pichia 

pasloris GS 115. Processing in the 23'd Aru1Ual Meeting of the Thai Society 

for Biotechnology on "Systems Biotechnology : Quality and Success" 

February 1-2, 2012, Bangkok, Thai land. 

r 

, 



	  หน้าปก
	  กิตติกรรมประกาศ
	  บทคัดย่อ
	  Abstract
	  สารบัญ
	  สารบัญตาราง
	  สารบัญภาพ
	  คำอธิบายสัญลักษณ์และคำย่อ
	  บทที่ 1 บทนำ
	  1. การทบทวนวรรณกรรม
	  2. ความสำคัญและที่มาของปัญหาที่ทำการวิจัย
	  3. วัตถุประสงค์ของโครงการวิจัย
	  4. ขอบเขตของโครงการวิจัย

	  บทที่ 2 อุปกรณ์วิธีดำเนินงานวิจัย
	  2.1 อุุปกรณ์
	  2.2 จุลินทรีย์ พลาสมิด และไพรเมอร์

	  บทที่ 3 ผลการทดลอง และ วิจารณ์ผลการทดลอง
	  3.1 การสร้างพลาสมิดที่มีที่มียีน ldhA ของ R. 0ryzae
	  3.2 การแสดงออกของยีน ldhA จาก R. oryzae ใส่บนพลาสมิด pRB85
	  3.3 ความเข้มข้นองกรดแลคติกที่ได้จากการหมักในสภาวะต่าง ๆ

	  บทที่ 4 สรุปผลการวิจัย อภิปรายผล และข้อเสนอแนะ
	  4.1 สรุปผลการวิจัยและอภิปรายผล
	  4.2 ข้อเสนอแนะ

	  ภาคผนวก
	  บรรณานุกรม
	  ประวัติผู้วิจัย

