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27 f.J~(p].nru.nn1~c;i~~'dm'B'W1"1I,rc;i(?l~,)b'l"l,)~ EcoR I bb'i'1~ Xho I "lJ'B-l 


pEI\JTRTM 3C/hCAII 41 


28 f.J~(p].nru.n'"l')nn'l~I1l(?l~'dm'B'W1"11,rc;i(?l~,)L"r'I,)~ Xho I "lJ'il'l pAG414GPD/hCAIl 


(C-Flag) Lb'i'1~ pAG414GALlhCAil (C-Flag) 42 


.. 

.. 



• • 

o 
'U'VIU1 

1lJLLI11~:;1J YiU~Ij1~~(91L~'fl6JI~I~tJL~tJ~';jIn~\l~\l 2.5 ~IW·llJ '"IlmJ~:;6Jlru 5 ~'fltJ~TW~lJ"lI'fl\l~~(91 
'" '" 'lJ 

L~'fl~\lmhn.r'Jb~ n(Nchinda 1998) L~'fl6JI~I~tJ"llU(91YJ'~;tJ1f6J (Plasmodium falciparum) bijlJ~1 L...,,1n
• 

""'in~yh1~~~(91L:['flj1'e1lnnn1n~tJ~';jIn~\l vf\ltfLti'fl\l'"l1nn1~i'flI11'flmfmj'I~1~'flrJ1"I1J'"I'"Iu'W '"I1nn1~ 
~ ~ ~ q 

'" '" t I 'V 

LLYiin~:;'"IltJ"lI'fl\l m~~'flm"ll'fl'I L~'fl6J1~1 ~m:j11iitJ~:;L 'Vl P1Vlm n'"l'Wj1'e1Innm ~ln1tJVl~\l~'W(NaBangchang 

'" I I " 

LL~:;f1 ru:; 2007) 'W'fl n'"ll ni1m~"lI1 (91%m~Vlj1tJ~:;~'Vlfi1l1Yi1'Wn1~mUfl6JtJ\lVl LD'WYi1""':;"lI'fl\lb~~ ~'J6Jvl\l 

" " 
hfl6J1 L~ ~tJ1iij1tJ~:;~'Vlfi1l1Yi6J1 n~'W "lIru:;Lt)m n'Wm 1 mhtJ'W~'fl\lj1 ~'J16J LD'WVi'b'iJ'fltJ~\l m"llU(911'l"uJ f1'J~ 

'"I:;j1n1~'fl'fln~'Vlib(91tJn~1n~1111\l1tJr.l1nmL~6J~Hn'W'fl~ (White, 2004; Pink LL~:;f1ru:; 2005; Hopkins 
I I ~ 'V 

LL~:;~ru:; 2007; Gardner LL~:;f1ru:; 2002) Vll.h~'W1'"1~'fln1~'I"nm"llu(911mJ1Vl'fl'fln~'Vlfi~u~\lm~i11\l1'W 

"lI'fl'I L 'fl'Wl"l1~~91 LD'WI11'fl m~~1N~Yil~"lI'fl\l L:['fl6J1~1 ~tJ 
'"11 n~ltJ\l1'W~Yi u~11'W Lij (91 L~'fl (91 LL (91 '1 "ll'fl\l ~lhtJ~ ~ (91 L~'fl6J1~ 1 ~tJ"llU(91YJ'~;tJl f6Jj1n'"l n n6J"lI'fl'I 

'lJ 

I " I t.; 

L'fl'Wl'll~mflJ'flu~I,L'fl'Wle1 L~~~'flrJ~\l n~11 'W1,ij ~ I,~'fl~ 1,1,(91\lVlhjj1 n 1~~ (91 L~'fl ~\l n~1'J b~tJVlI,L'fl ~ ~';j m"ll'fl'I 
OJ '" 

L'fl'Wl"l1~'"I:;L~ l-J~\l~'Wm l-J-n'J\l L'J~1~ L:['flj1 n1~-W(;J.J'W1'"11m:;tJ:;(;]'J'fl'fl'W (ring stage) ltJ~~:;EJ:;~'ll'fl'W~ 

(schizont stage) 1'WLij ~ L~'fl(91 LL(91'1 (Krungkrai LL~:;f1 ru:; 2001) '"11 n n1~~'W'V111'W'inlJ~'fll-J~YilJ~I~'W 
OJ) OJ 

tJ~:;l-J'J~ ~~~ L'fl'Wl"]j~~1 flJ'flU~ LL'fllJle1 L(91~~ j1'flrJ1'W(;]'JtJ~~ Invf'I~ LD'WbtJ~blni'J LL~ :;..."lJ'fl'W'\"jmfi 1'WL:['fl
OJ 

l-J1~1 ~tJ ~~'WLL~:;L'fl'Wl"l1 ~"llU(91tf'flrJ L~'fl1ii L:['fl~1l-J1 ~n (;)1 N~ '\"j'flrJ1~ L~'flnl ~~~1\l1lJ ~lflJ'fl L'Win ~1..." flJ 
'" OJ" , 

tnltJH1'WLLl-J'Vl1lJ'fl~~6J 1111'11 ~'Jl-Jvl\l';j'ti n1~~'lL~n:;,rLlJ~1Yi1ii~'W ~\l'"l:;~ ntJI1tJH~~I'1~I~-W'W~ m~l-J 

l11'flltJ~'JEJ 

L'fl'Wl"]j~~lflJ'flU~ LL'fl'Wle1 L~~~1'WL:['fll-JI~1 ~tJ ~mll-J LLIn n 1111'1'"1 1 n L'fl'Wl'll~"llU(91 L~EJ'J n'WnlJ~j1'fl~1 'W 

l-J'W'b'tJ b(91EJ m ~~lJtf\l m ~i11'l1'W"lI'fl\l L'fl'W1"J!~~'l n ~1'J ~'l LD'WL'fl'W1"]j~~~1 ~ru'flrJl'1~\l EJ'J (91 111'fl n1 ~(;)IN~Yi. ~ 

"'" I I II 

"lI'fl'I L~'fll-J1~1 ~EJ '"I:;~\l ~~1ii L~'fll-J1~1 ~EJhi~Il-J1~mr\l L~n:;...,,1'\"j1~ ~'Wl~ 1 'l.!"1J ru:;Vl~lhEJVl ~(91 L~'fl 
'lJ 

l-JIL~~EJ (host) ~\l~1l-JI~n~'lL~~I:;...,,1'\"j1~~'Wl~'"l1n:an';j'ti...,,~'1 (salvage pathway) ~'JtJfI'J16JLLlnnI111\l 

"lI'fl'I';jnn1~~'I L~n:;...,,1Yi1ii~'W"lI'fl'l L('flWI L~ ~tJnlJ"lI'fl'IlJ'W'b'tJ ~\ltJ11tJ~ nl~-W(;J.J'W1mfn'b'16J1~I~EJn~l-J. '" . 
1..."l-i '"I1nn1~~n'b'I"l1'fl\l Krungkrai LL~:; ~ru:; (2008) ~1~tJ1'fl'4-w'W~i~b~'W116J~6JI'Vl~~'fllJ YilJ~1~1:i' 

~\lI,f1n:;,r~'l n~1'Jj1 ~'Vli~lJtf'l n1 :i'i11\l1'W"lI'fl\l L'fl'Wl'll~f11flJ'flU~LL'fl'Wle'l L(91:i'~ "lI'fl'I L:['fl6J1~1 ~tI LL~:;j1 r.J~ 111'fl 

" " nl:i'~lJ~\l...,,1'fl~1'Wn1n'"l1~L~lJbm'fl\lL~'fll-J1~1~tJ1'W"'~'fl(91'Vl(91'Cl'fl'l1~ (in vitro) ~'i'l'"l1 n\l1'W';jr.rEJ~\l n~I'J 

LL~(91\l1iiL~'W~\l r1nEJ1l1'\"j"ll'fl'l n1:i'1~ L'fl'W1'll~mflJ'flu~LI,'fl'Wlm~:i'~ LD'WLth""'6J1EJ"lI'fl'lm"llu~1mJ1 L~'fl m:i' 

fn'b'1b:i'f16J1~1 ~EJ~j1tJ:i':;~'Vlfi1l1'\"j 6J1 n~'W[;j'fl1tJ 



I r I I f.I 

~n!?lIf)LLU~'1';'W~nJ'J'3-JL~tl~'WVl1~1J'tltln ~'Vlfi~tlbUJ'~'WLlhVl3-J1uVlil'l1 :n'l'Wtlnr.n nu~ ~'"l:;L~m~1U L'"l1'1J 

~1 rl'1J ~tln1J'Hu~ ~dJ'WJ':;ulJ rllf) nJ'tl'lVl1~1J'tltln ~'Vli'Vl1'1~':lJl1V'f\..~ti'l1 (yeast-based assay) ~13-J1nl 

.;W-l'W1 Lth,i%n1J'~J''l'"l~1J''Vl If)~tlU~n~1'W':l'W~':ltlrJ1'1l"1i'l~:;3-J1 n1L~ (high throughput screeni ng) 

~ .. ~~ 0 ".d. I .., ~.. 'I1'WtJ~~ Saccharomyces cerevisiae 3-JU'W NCE1 03 'Vl1V1'W1'VluJ':;3-J'l~J'VI~Ltl'W L"lf3-J CA LL~:; L'W 

u~~~~nvl1~1Uu'W NCE103 LU (,6.nce 103) Vi11~u~ ~~1u';'W~n~1utlhj~13-J1J'r:l L'"l1r:lJL~1'W~Jl1'J:;~n 
tltln:nL'"l'W (02 ; aerobic condition) LL~L'"l1r:lJL~1'W~Jl1':l:;~'lI1If)tltln~L'"l'W (anaerobic condition) (Clark 

LL~:;l"Iru:; 2004) '"l1nmJ'~m~1n1J''VlIf)LL'Vl'WVltJ1~'lItl'lLtl'WL"lfaf CA '"l1n~'1n~';j~~1'111'Wu~~ ~U~1 

Ltl'WL"lfaf CA '"l1n~'WtJ1~U~'I~n4'If)LU'W U-CA LL~:; Ltl'WL"Jlaf CA '"l1n3-J~MrJ (huCAII) ~'1Qn4'If)LU'W ~-
, ~ 

CA ~13-J1J'r:l'Vl (?l LL'Vl'WmJ'Vi1V1tJ1Vl"1Jtl'l CA 1'Wu~ ~1~ (Clark LL~:;l"Iru:; 2004) 1"1 ru:;M4'u ~'1~tli'lLn ~~1.. 
Ltl'WL"lfaf CA '"l1nn~3-J U-CA Vl1tl ~-CA ~1'1n~13-J1J'r:l'Vl(?lLL'Vl'WVltJ1~"1Itl'l Ltl'WL"lfaf CA 'lItl'lu~~1~ LLiJ 

'"l:;~'IL~nntJ'I1'Wn1 J''Vl (?lLL'Vl'Wn1J'vl1V1tJ1~'lItl'l CA '"l1 m~tl3-J1~1 b1-tJ1'Wu~~ 1"1 ru:;~';j4'u i'l ~3-J3-J~ ~1'W~1.. . ~ 

~ , 
Ltl'WL"lfaf CA '"l1m~tl3-J1~1b1-urh,h'"l:;Vi1V1tJ1Vl'Vl(?lLL'Vl'W CA 'lItl'lu~~1~lL'll'Wfl'W 

'11 'W';j4'utl9 'I ~'1 Vl3-J1tJ ~'"l:;';W-l 'W1 J':;UU rlIf) n J'tl'l"lfU(?lL VI ~ b(?l UVi 1 n1 J'!?l(?l LL U ~'1';'WfinJ'J'3-J 'lI tl'lU~ ~ 
• q 

~ ~, 
LLtl'WL~ L(?lJ'~'lItl'l L~tl3-J1~1 b1-U"lfU(?lY[~~U1f3-J Vl1 nvl1L~~1 L~'"l J':;UU n1J'rlIf)mtl'lVl1.jju~ ~lh:;n~tl~ n~1 

I II iI I 

';jflm:i'rl(?l nJ'tl'lVlHtlrJL~3-J n~1'l~tlLU'WeJ~ m:i'~U~'1LLtll"l~';j~"1Itl'l Ltl'WL"lfafLthVl3-J1U1'W~'1n~';j ~ (in vivo).. 
i'ltlblf)Utl1 Pi'tJ 1"I'l13-J~13-J1J'r:l1'Wm:i''Vl (?l LL 'Vl'Wn1J'Vi1V1 tJ1 ~ (functional complementation) "1Itl'l Ltl'WL"lfaf1"11f 

~ I I f.I 

UtlUI"I LLtl'WL~ L(?l:i'~"1Itl'lU~ ~~'ltJ Ltl'WL"lfaf'"l1 n L~tl3-J 1~1 ~tJ"lfU(?lY[~~U1f3-J Vl vl1V1tJ1Vl L~m rl'W '"l1 mr'W'"l:; L~ 

vl1 m:i'';[?J-J'W1 LU'W:i':;1JU rl(?lnJ'tl'l~Hu~ ~ (yeast-based assay) ~1V1fu ~'WVl1~1J'~Utf'l m:i'vl1'11'W'lItl'l 
~ 

Ltl'WL"Jlaf1"11 fUtlUfi LLtl'WL~ L(?lJ'~"1Itl'l L~tl3-J1~1 b1-tJ"lfU(?lY[~~U1 f3-J 'fl'W'"l:; LU'WVI'W'Vl1'1tJ1Lu~mJ'~'WVl1tJ1"lfU(?l 

1VI~1~1.jjfnM1bJ'I"I3-J1~1b1-U"lfU(?lY[~~U1f3-J~tlLU 

2 



1. .yh~1UUU NCE103 bb~::;UU~b~U'J~'El'lflUn1~~'El(;j'Elm b-DU UU PDR5 UU ERG3 1u 

U~~ Saccharomyces cerevisiae Lb~::;~m~nYJ'i:ulYliJ'lJ'El~U~~~1u~ufimnu (;j'El1"1'J1~1'J(;j'El'El'Eln~b'"lU 

(U~ 1) 

2 . ~~1~'I'I~1~i1~~iJn1nL~ ~~'El'Eln'lJtl~uu~tl~::;~'J~~lf~ LtlUl"ll~fl1futlUn LLtlUleH~~~1U 

U~~ S. cerevisiae (NCE103) 1UL~tl~1~1~U (pfCA) LL~::; 1u3.J~'rJ'u (hCA/!) (tJ~ 1) 

3. ~ n'rJ'1 m1~~13.J1 ~rJ1un1J"Vl~bL'VlUn1~Vi1V1ih~'lJtl~ bi)ul"lllfI"11 futlUrlLLtlUle:!L~~~'lJtl~ 

u~ I?l ~ 'J ULtlU l"lllf1"11 futl Uri LLtlULtI b~ ~~'lJtl~ L~tl3.J 1 ~1 i1-U"ll U~-W~~tl1 f3.J 'i:~u~fi Functional 

Complementation assay 1UU~I?l~1u~'Wfin~1U~'lJ1~UUNCE103 (U~ 2)• ., 
4. Vl1 nYlu~ 1 L~Ul"ll~1"11 futlUrI LLtlUle:r L~ ~~'lJ'El~ L~'El3.J1~ 1 ~U"llU~-W~~tl1f3.J ~13.J1~rJ 

'Vl~ LL 'VlUn1~Vir1Vlib~"lJ'El~ Li)Ul"lllfmfutlUrI bbtlUle:! L~ ~~'lJtl~U~ 11i1~ '"l::;~ n'rJ'1 r.J~'lJtl~~1 ~tTutf~ L i)ul"lllf 1"11 f 

U'ElUflLLtlUleH~~~ 1uu~ I?l~ ~~bLtl~~~Ufi•nn3.J'"l1 n~tl 3 L~tl~oo.JU1LUU~::;UU'Vl ~~tlU~1V1fu ~UVl1~1~ 

tltln~'VlitTuJ'~ n1~Vi1~1U'lJ'El~ b~ul"ll~fl1futlUfl LL tl'Wlm(;]~~ 'lJ'El~ L~tl3.J1~1 ~U"llU~-w~~tl1f3.J (iJ~ 2) 

.. 


3 
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.... 
~~1'6UJIPI ~1ul'wll! ~1u1VltJ 'VI3-J1m'VIlPI• 
pYES2 

R
Amp URA3 tJhi''Vl Invitrogen 

pGEM T-Easy 
R

Amp laeZ tihi''Vl Prom ega 

pENTR™3C Dual Selection 
R R

Kan em ecdB u11i"Vllnvitrogen 

pAG414GPD-ccdB-HA Amp
R 

TRP1 u11i''Vl Addgene 

pAG414GAL-ccdB-HA Amp
R 

TRP1 u11i''Vl Addgene 

pUG72 Amp
R 

URA3 u11i''Vl Euroscarf 

1" " ~'iUJ'f1'i ~1~1Jih~:~n'f11Vl~ Tm(OC) 'VI3-J 1 m'VI UI• 

~nce103J Fwd:5'-actacagctaagactacaaatttcaattattacacatca 

gacagctgaagcttcgtacgc-3' 

72 TlTl nbLuu1'W~Tt.i;;J9uti' 

(amplify gene) 

~nce103_R Rev:5'-ccccgtctactttgtaaatgtctttctatttcaatgaata 

ataggccactagtggatctg-3' 

72 TlTlnLbuu1'W~I'W~9Uti' 

(amplify gene) 

~pdr5_F Fwd: 5' -atagtacacaacatttatcacttcacacaatcaggag 

tggacagctgaagcttcgtacgc-3' 

74 TlTln LLUUb'W~I'W~9Uti' 

(amplify gene) 

~pdr5_R Rev:5'-cggaattctttcggacattgaactttgatttatcagaggc 

ataggccactagtggatctg-3' 

74 TlTlnbluu1'W~I'W~9Uti' 

(amplify gene) 

nce103J1 Fwd: 5' -gtcaccatgacgcttatcaagcc-3' 64 " tJtJfl!ltJtJ1'U,HU i1ltJU 

(confirm disruption) 

nce103_R1 Rev:5'-atcgggcgtttaccgtatcgc-3' 64 1 "' ... ~ tJtJflUtJU 'U-:Jl'U1~tJ'U 

(confirm disruption) 

nce103J2 Fwd: 5' -ctacacctggggtcatgattagcc-3' 66 1 "' ... ~ tJflflUtJtJ 'U-:Jl'U1~tJ'U 

(confirm disruption) 

nce103_R2 Rev:5'-gacatttgctggatcacagaccg-3' 64 flflflU tJtJ1'U -:Jl'U i1ltln 

(confirm disruption) 
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• 


pdr5J1 FWd:5'-gaaagcagcacctcgttggc-3' 64 flfltlU'IJ'IJhI ~l'\.Ji~fJd 
(confirm disruption) 

pdr5_R1 Rev:5'-atcgggcgtttaccgtatcgc-3' 64 
, ~GlJ' 

flfltlU'IJ'IJ '\.J~1'\.J1'W'W 

(confirm disruption) 

NCE103J FWd:5'-cgggatccaccaccatgagcgctaccgaatcttcat 

ctatattc-3' 

74 'fl'fl n llUU 1 'W'I1'W'lr.rtlt1 

(amplify gene) 

NCE103_R Rev:5'-ccgctcgagcgctatttatcatcatcatctttgtaatcttt 

tggggtaacttttgtg-3' 

72 'fl'flnbLUU1'W'ITW'lr.rtlt1 

(amplify gene) 

pfCAJ 

(418) 

FWd:5'-cgggatccgccaccatgcttgaaatgatagataaat 

ataataccc-3' 

71 'fl'fl nbLUU1'W'I1'W'lr.rtl t1 

(amplify gene) 

pfCA_R 

(418) 

Rev: 5' -ccgctcg agcgttattta tcatcatcatctttgtaatcttta 

ttacctgagccgacg-3' 

73 'fl'fl n LLUU1'W'I1'W'lr.rtlU 

(amplify gene) 

hCAllJ Fwd:5'-ggggtaccaccaccatgtcccatcactggg-3' 74 'fl'fl nbLUu1'W'I1'W'lr.rtlt1 

(amplify gene) 

hCAII_R Rev:5'-ccgctcgagcgttatttatcatcatcatctttgtaatctttg 

aaggaagctttgatttgc-3' 

72 'fl'fl nbLUU1'W'I1 'W'lr.rtlt1 

(amplify gene) 

1 '61~1.:1~'61 r;i'611~~'U fimn~~'111 (;l!i'WU'i~)J'J~'i,r'61 b'el'Wl'l1ii ~1~tJ'elUnbL'el'WleJb(;l'i'61"l'W S. cerevisiae• 
1. 1 v11'&n~!i'W NCE1 03 LL~~/'VI1'el ~'WPDR5 '1'W~'61 r;i S. cerevisiae BP-9 

HY'/~1~ijt?l pUG72 LU'W~L'~'WI.'fl~'WLLUU LL~=:HfOi1Y'/nl-J!lf 6.nce103 forward Ll~=: 6.nce103 
'U 

reverse (1Pl1~1'1~ 2) ~1""fun1n~l-J~1'W'J'W~'W~b'W loxP-URA-loxP tt?ltluljmtJ1~n tBJiY'/!l~bl-J!lb~~ b~!l 
n1n11~1tlU'W NCE1 03 1'W"lJcw=:~n1~v'h~1tlu'W POR5 1~~L'B'Wl!l~'WUUU"llUt?lb~mn'W Lbl?"iLU~tl'W~1Y'/~ 

bl-J!lfLu'W 6.pdr5 forward bb~=: 6.pdr5 reverse (1Pl1n'l~ 2) 

i11n1~n1r.rt?lU'Wl-J1frlLn!lf URA3 !l!ln1U'"l1nb"ll~ruJ~i?"l bt?ltl% ere/lox system (Gueldener 

Ll~=:rl CW=:, 2002) lPl~'J'"l~!lU rl'J1~HJn ~!l'l"lJ'fl'l ~1 Lmti'l~'W~ ~ nv'h~1tl1'W~~ i?"l tt?ltluljmtJ1~nbBJiY'/!l~ 
LlJ!lL~~ ~H1Y'/nl-J!lf 2 ~ io1!l nce103_F1 LL~=: nce103_R1 Lb~=: ~ nce103J2 bb~=:nce103_R2 ~1,..,fu 

nn1Jn1~v'h~1tl~'W NCE103 ,..,1!lH 2 ~1Y'/nl-J!lfio1'fl pdr5J1 Lb~=: pdr5_R1 bb~=:~ pdr5J2 LL~=: 
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1.1.1 b~3Jm:l,J1r;u;[lJ~'JlJ~b~lJ"lI~.:j!ilJ loxP-URA3-loxP b~tltJnmtl1~nb'1i'W~~b3J~ 

b'i~ (Polymerase Chain Reaction, PCR) 

VilnlJ'ViI~lrJ~'W NCE1 03 ll~:; ~'W PDR5 t(?mH~'W'Cl')'W loxP-URA3-loxP l~1hJm'l'W~u'W 

NCE103 (Carbonic anhydrase-like enzyme) ll~:; U'W PDR5 1'WtflJ'hJt"lllJ"lJ'el'l~'tli?l t!PlrJ'el'elmluul~f 

LlJ'elf~'lH pUG72 (Euroscarf, Germany)LU'W~L~'WL'el~'WLLUU t!PlrJ~'elfbtjf!Pll~m./'elf (!?lIJ'1'l~ 2) 

th:;n'elu~,)rJ 41 L'J'tl"lJ'el'lu1L')ru~I'WtJ~lrJ 5' "lJ'el'lU'W NCE1 03 vi'~''el POR5 flm~'ellJ!il'elnu 19 LU'tl"lJ'el'l 
'\J 

loxP ~'l~ll~l:;nu~'W loxP-URA3-loxP 'lJ'el'l~~I'tln!Pl pUG72 LL~:;'h,;)f'tll~nlJ'elf (!?lIJ'I'l~ 2) 

th:;n'elu~')tI 40 LU'tl'lJ'el'lu1L')ru~I'WtJ~lrJ 3' 'lJ'el'l~'W NCE103 ~1'el POR5 L~'el~~'elnu 20 LU'tl"lJ'el'l loxP 
I " t 1.1 

~'l~IL~I:;nuu'W loxP-URA3-loxP 'lJ'el'l~~I'tln!Pl pUG72 1~hlJ'elfvl'l'tl'el'l(lnH1'Wn1n~lJ~I'W')'W:n'W'Cl')'W
'U 

~Lii'Wl'el loxP-URA3-loxP 

~llU'Wu~ffi'tI1~nt"J!~'el~h~'elLJ''tl t!PltlH~~I'tln!Pl pUG72 LU'W~'WLLuu1'Wu~ffi'tI1t!PltlHt'el~ 

tnU,)fl~t'elli'l!Pll~nlJ'elf (!?lIJ'I'l~ 2) v1'ln~I,)~I'l~'W ~'l~'Cl')'W~'tllJ~J'el'lU~ffi'tI1~'l(;]1J'I'l~ 3 

(;]1'i1.:1v1 3 ~1'i~:::~1tlvhibtJlJ~'J'WeJlI3J "llJtJijmtll~ nb'1i'W~~b3J~L'i~L~~ b~3Jm3JIr;u!ilJ 
loxP-URA3-loxP 

'Cl')'WuJ':;n'elU 
... ... 

fl,)Il-H'lJlJ'lJ'W mlJl!?lJ' 

(1lJtflJ'~!?lJ') 

...... ... 

fl,)llJ L'lJlJ"lJ'W~ !Pli'lIt1 

10X Buffer 10 LVii 2.5 1 LYl1 

dNPT mix 10 n~mlJ~1f 0.5 200 llJtflJ'tlJ~lf 

Forward primer 1 0 llJtfl:i'tlJ~lf 1.25 0.5 llJtflJ'tlJ~lf 

Reverse primer 10 llJtmtlJ~lf 1.25 0.5 l~tflJ'tlJ~lf 

Deepvent DNA polymerase 2 tlU!?l/l~tfl:i'~!?lJ'
'\J 

0.5 1 tlU!?l 
" 

tfIU~'el !PlUJ':;'"ltJ~'el!Pll~'el• - 17 -

DNA template - 2 10-25 'Wlb'WnflJ 

mlJ1m'tli'lfl. - 25 -

d ~q oQj.o:::::..~ ~ .:.I 

l']j~l"lltl'tl 30 ,)'Wli'l, 65 'el'l~IL"ll~l'1!rJ'tl 30 ,)'WI'Yl, 72 'el'l~ll'1!m"lltl'tl 1.45 'Wli'l, 35 J''elU; 72 'el'l~1 

L'1!~L~tI~ 1 0 'W1~ \'nu~~!?lJlru~~nt"J!Yl'el~LlJmJ'~~ 4 'el'l~IL"llm~tI~ 
" 

6 



1Pl~'.l"'l~'flUeJ~ IPlJiru""'l1 mJDmm~nb'1lYl'fl~ Ll-l'fl L~~ ~'.lrJ'fl:;n1b~~ L"'ll:'l~ Ll:'I ~b'Vl~byJ L~~~ ~\I.yh 

broW LIPl1rJ l-l'fl:;n1b~~ L~l-l~'W 1.0% "'l:'I'fll-lL'WUyj LyJ'fl~ 1XTAE ~'l ~'.l1l-l !?l1'l Prmr~ 100 b'.ll:'l r;] tJ'fll-l'fl:;mb~ 

L"'ll:'l~'.lm'flfiL~m-lbu~1l-l(;)~'.l1~L~l-l~'W 1 0 1l-lb~m~l-l!?l'fl~l:'I~~lPlntl'WL'.ll:'l1 5-10 'W1Vl 1Pl~'.l"'l(P1LL~U~L~'WL'fl
'II 

~'.lrJ Gel Documentation hhLLml-l Quantity One version 4.4.1 (Bio-Rad, USA) 

s. cerevisiae ~1tJ~'lJfi BP-9• 

• 1.1.2 1.1.1 

,J1!:-J~IPlJiru"~nL'1lYl'fl~Ll-l'flL~~"'l1n~'fl 1.1.1 L~1~tj~r;]~1rJ"ri'Wf BP-9 (MA ra ade2-1 

can1-100 his3-11,15 trp1-1 ura3-1 !1/eu2::/oxP) ~'.lrJ% Lithium acetate (LiAc) (Gietz LLl:'I:; 

Schiestl, 1995) LLl:'I:;rl(P1L~'flnm~r;]'Vl~1'W~yj'fl~LLl-l'Wr;]U'W'fl1"'1~ synthetic complete medium ~hiL~l-l 

uracil (SC-Ura) 30 

~1~U'fl'Wl(P1'fl'fln1sn(;) 20% LU'WL'.ll:'l1 3-4 i'W ~'W5'W!:-Jl:'In1~Vl1l:'11rJm'W NCE103 1'WL~~Ll-lL"11l-l"lJ'fl\lU~r;] 

'Vl~1'W~yj'fl~LLl-l'Wr;]~'.lrJ%tJDmm~nL"llYl'fl~Ll-l'flL~~ L(P1rJH1Y1nl-l'fl~ 2 ~ lY1nl-l'fl~~LLm ~'fl yj'fl~b;'j~(P11Y1~ 

Ll-l'fl~ nce1 03J1 LLl:'I:;1b;'j~~1Y1nl-l'fl~ nce1 03_R1 ~'.l'W1Y1~Ll-l'fl~ri~~'fl'l ~'fl yJ'fl~b;'j~(P11Y1nl-l'fl~
'II 

nce1 03J2 LLl:'I:;1b;'j~~1Y1nl-l'fl~ nce1 03_R2 

1. 1.3 n1~ri1~(;Jti'IJ~1~l"lbn'f)~ URA3 :A.:Jr;m"l-n'IJ n1~'Vh~1tJti'IJ NCE1 03 bb~::: POR5.. 
L~'fl,J1m'Wl-l1~~Ln'fl~ URA3 n~ul-l1H1mJL'Wi'WIPl'fl'W!?l'flltJ ~\I~'fl\l~n1~rl19(P1U'Wl-l1~ALn'fl~ 

~'lHL'Wm~.yh~1rJm'W b(P1rJ'fl1Prm'VlAllA Cre/loxP system L(P1rJn1~,J1Y1~1~~(P1 pSH63 (Euroscarf, 

Germany ~'lU'W Cre recombinase ~"'l:;~n1nL~(P1'l'fl'flnJl1rJL~m~A'.lUfl~"lJ'fl'l GAL 1 promoter LL~:; 

~'Vl1tJblPl Lyj'W (Tryptophan) Ltl'Wm'Wl-l1~A Ln'fl~ L~1~m~ r;]n~1rJ"ri'Wf ,J1m~ r;]'Vl n'Wr;]yj'flfLLl-l'Wvl~~1l-l15'~ 
"" ~., d' d'.,J~, "" "".1<;' •.1 ~.I ",," ~ d' d'.,J""

L"'lHlJ L(P1U'W'fl1"'1n~rJWll'fl'Vl bl-lLIPll-l'VlJ'wIPlL-n'W LuL~rJ'l b'W'fl1"'1n~~'.l YPGal ('fl1"'1nl:'lrJ\lL"ll'flYll-lmLL~~ 

blPl~Ltl'WLL"'~'lA1~U'fl'W) L~'flin,J1Liltj'W CRE ~'fltJtJ~1mf1"lJ'fl'l GAL 1 promoter ~n1nL~(P1'l'fl'fln b(P1rJ
'" 

Replica 
'" I 'U '" 

~'lU'W"'l1'WLYl1:;L~t)Vlil'fl1 ~1n~t1'l L~'fl SC-Ura til-lJlrwL~~Jl1'.l:;hJ~'flt) n~ L"'l'WLL~:;~ (11"11 

" ,
A1~U'fl'Wl(P1'fl'flnl"11(;) 20% "'l1nti'Wrl(P1L~'flnbAb~U"'l1mYl~'Vl~'WLLuuVll~L"'l1r!JL'W SC-Ura LL~:;~'W5'W!:-J~ 

mJ'rl19(P1m'W~'.lrJ%UDmm~nb'1lYl'fl~ Ll-l'flLJ'~ 
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L(;)tJ~nM1~'J1~~1~1~b11'Wn1~L~1,\!'lJtl'lm~ ~~tJn';h~1tJm'W NCE103(LI nce1 03) LL~:; tJn 

":h~1tJml.! PDR5 LL~~ NCE103(Llpdr5L1nce103) (Bp15 LL~~ Bp17 1Yl1~~1!?iU) 1'W~1l1'J~~~LL~~hm 
, 

tltln~L"ll.! Y1tlru"'ll~ 30 'eNf'l1L"lI~L~m~ LmtJULY1tJunUm~~~1tJ~'Wfil9l'l~'W. 	" . 
~ 

o.ci <r 	 .... <r .J'1 d' "t .. 
'W1tJ~IYl~1tJY4'W~ BP-9 BP-15 LL~~ BP-17 ~1L~tJ'l 'WtlTVI1~L~tJ'lL"lltlLL'lJ'l synthetic 

• 	 dextrose (SD) ~~n1n~~n~(;)'tl~m'W~~1Lil'Wvi'iln1~L"l1,\!'lJtl'lm~11l~1tJ~'Wf BP-9 BP-15LL~~ BP-17 

u1hhJ~~~ru""'J~ 30 tl'lf'l1L"lI~L~tJ~ 1l1tJ1~~1l1'J~~tltln:nL"l'WLL~~~ 0.033% CO2 (Elleuche LL~~ 
" 

Pbggeler 2010) LY1tJunU~1l1'J:::hJ~'iltln:nL"l'WLL~:::~ 20% CO2 (L~tJ'l1'W GENbox anaer, bioMerieux, 


France) Lil'WL'J~1 3-4 i'W 


2 'i;!/~1-:tVl~1'i;!/ij ~i.~ij!j'WvhJ'i:::3J'J~'i,r'i;!/ 1"l1~'U'f)'nl"l bb'fl'W1en~'i'i;!/"l.I'fl..:J S. cerevisiae (NCE103) 


2.1 	 b~~m~1ru~h~'U"l.I'fl-:tii'U NCE1031~tJ,jiJmtJ1~n1'lfVl'fl~b~'flb'i'i;!/ 

m'W NCE103 Lil'Wm'W~,j~~~'J~~i~fOnfutlllf01LL'il'WleH(;)~~'lJtl'l S. cerevisiae ~'l~'VIiJ1~ 
"".Jd ~ 1 .ci 	 1"''' ~ ~ <r'VI~1n"'~1mL~:::LntJ'J'lJtl'l 'Wm:;U'J'W'Vl1'l"ll'J1l1YltlTY1L"l1l.! n~~U'J'Wn1~'VI1tJ ~ n1~M1'lf011~Utl'W b(;)tltln b"ll(;) 

LL~:::luf011futl Ll.!1Yl n1~fnM1~~ (;)~'lJtl'lY; L'il"ll LL~:::f011futl'Wl(;)tltl nl"l1 "'1l1tJ1'WL"1!~i n1nn (;) Ll1tl'ltln LL~::;• 

n~::;u'J'Wn1~i'l Lr1n~tf'Vl1'l~'J1l1Yl vi1'l1 L 'il'Wl "1!~tfYi1'V1iJ1~1 'Wn1 n1J~ tJ'W,j~mtJ1 LLUU ~'Wn ~ul~~~"'~1'l 
... 

f011 fUtl'Wl(;)tltln 1 "1! "'LL~ :;U1nulu~1 fu'il L'W1Yl LL~ ~L,j ~lYltll.! 

n1n~~m~1 rum 'W!?i'l mh'J"l1 nL~~L~L"1!~Yi11~L(;)tJ~ n (;) Lf01~L~L"1!~tl~ ~ L~'WLtl"l1 nm~ ~~1tJ-Wl.!fi• 
W303-1B (MAra ade2-1 his3-11,15/eu23,112 trp1-1 ura3-1 can1-100, 1~fu~1n Prof. Tokichi 

~ ~ 

Miyakawa, Hiroshima University) "li'WLL~m~mm~~!?i'ln~1'J1'Wtl1~1m;'l (YPAD medium) u~Lil'W 

L'J~1 	2-3 il.! ~tlru'VIll~ 30° L"1!~L~tJ~ U1Lf01L~th~tJ'J~1~1,jLitJ'lvitl1'Wmtnn'VIm"llll(;)L~mnl.!~1~~'W. 	" 
it I' I 	 tJ 

"l1mr'WU1L'1l~~m~~Y11~1,ju'WL'VI~tJ'llYlnlYl::;ntl'WL"lI~~ 8,000 ~tlUvitl'W1Vl dJl.!L'J~1 5 'W1Vl U1'lJtl'lL'VI~'J~'l 
... I 	 I I 

LL~'J~1'lL"lI~~~'JtJU1n~'WLL~'JU'WL'VI~tJ'llYlnlYl::;ntl'WL'1l~~ 8,000 ~tlUvitl'W1Vl L1J'WL'J~1 5 'W1Vl L'Vl"1Jtl'lL'VI~'J 
... ~ 

~'lLL~'J1~ 1 X TE uYh~tlfnu Extraction U~L~tlf "l1ntJ'WU1Lij(;)U(;) 0.3 nf~ 1~~'l1'Wl~Lf01~~'Jil ihhJ 

L"1JthC-J~~L~tlYi11ih"ll~~LLlYlmil'WL'J~1 3 'W1Vl LL~'J,J'WL'VI~tJ'llYlnlYl~ntl'WL"ll~~ 8,000 ~tlUvitl'W1Y1 LiJ'WL'J~1 
, 	 ~ 

5 l.!1Vl tn~'J'W1~Vll~1,j1~'VI~tl(;)1~Lm~'Jil~~tl(;)1mJ "l1nt!l.!U1~1~~::;~1tJ~'Wtl~ f01~tlh~tlf~ ltlL"llLtl 

~~LLtl~ntleJtl~ 'fl1Yl~1~'J'W 25 :24:1 1~~'l1'W'VI~tl(;)1~1~'fllYln~'J'W 1:1 e-t~~~1~~::;~1tJ1~L~1n'WL(;)tJY4~n 

'VI~tl(;)1,j~1LL~'J,J'WL'VI~tJ'l 13,000 ~tlUvitl'W1Vl Lil'WL'J~1 10 'W1Vl (;)(;)~1~~:::~1tJ.ffl.!u'W1~1'W"'~tl(;)1"'~LL~'J
" 

• 


... 	 ... I I 

~1~~::;~1tJ-n'Wu'W1~1'W'VI~tl(;)1mJLL~'JL~WLtl~n'ileJtl~ 100% m~11Yl~ 1 ~~~~IYl~ "l1mrl.!U'WL'VI~m 

13,000 ~tlUvitll.!1Vl Lil'WL'J~1 15 'W1Vl L'Vl~Jtl'lL'VI~'J~"''lLL~'J1~ 1 X TE U~L~Tlf nu RNase A u~ 37 tl'lf'l1 

L"lI~L~tJ~ L1J'WL'J~1 15 'W1Vl LL~'J'VILl(;),j~ii1tJ1L(;)tJU~~~ru~.1:J~ 60 Tl'lf'l1L"ll~L~tJ~ Lil'WL'J~1 5 'W1Vl 

"l1mf'WL~~L"lIL~tJ~Tl~:nLIYl'Vl 3 L~~1f LL~~LL'il~ntleJtl~ 100% L~tllYlnlYl~ntl'W~L~'WLTl LL-rlLEj'W~~ru'VI.1:J~ -20 
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'fl'lPlIL'll~L~m~ dJ'WL'l~1 30 'WIVl-wlhJ,J'Wm~tJ'I 13,000 ~'fllJvi'fl'h!1Vl LiJ'WL'l~1 15 'WIVl L'Vl~'l'W1'Cli'l ~1'1 

(;J::;n'fl'l..l~b~'Wb'fl~'lEJLL'fl~n'fltl'fl; 70% LL~::;tf'Wb'l-l~~N 13,000 ~'fllJvi'fl'WIVl LiJ'WL'l~1 1 'WIVl L'Vl'll'fl'lm~'l~"'1 

-wlhhjl-J~ 37 'fl'lPlIL'll~LOJ1tJ'Cl "'l'Wn~::;i'l(;J::;n'fl'W~L~'WL'flLLi1'1 ~::;~ltJ~b~'WL'fl~'ltJ 1X TE ';yJbyJ'flf LfilJ~ 
'flru'l-ll1ij -20 

0 L'll~ b~tJ'Cl"'l'Wn~I-W1hJH "'l1 nJ'Wvh n1~'fl'fl nLblJlJ1~fLl-J'flf~'1H~ b~'Wb'fl'll'fl'l~'Cl !?l'ClltJ~'W€, ,~ 

W303-1 B LiJ'W~b~'Wb'fl~'WLLlJlJL~tJyJ'flfbljf~1~nl-J'flf NCE103J ((;Jln'l~ 2) ~'1~lb~l::;nlJ~'W NCE103 

bL'i'l::;1i1~I'WU~ltJ 5' 'lI'fl'l1~nl-J'flfillJ1b'lru~~~IL~I::;"JI'fl'l BamH , L~'fll-Jvi'flnlJ Kozak sequence LL~::;1 

Lljf'Cl1~nl-J'fl§ NCE1 03_R ((;JI~I'1~ 2) ~'1~IL~I::;nlJ~'W NCE103 LL~::;1i1~I'WU~ltJ 5' "JI'fl'l1~nl-J'flfil 

lJ1b'lrui?l~~IL~I::;"JI'fl'l Xho I LL~::;~~ Flag Tag n'fl'WlJ1b'lru Stop codon ~~(;J.nruoyf~1~"'llnn1~vh PCR 

IBamHllKozakl NCE103 IFlagTagIXholl 
111~~ 1 eJ~~.nru.yj PCR "'I1nnl~vt1-6~h~'WL'el'll'el-!l S. cerevisiae ~1!J~'Wfi• W303-1B LtJ'W 

~L~'lJ L'el ~'lJ LL1J'U LL~~ijyJ'elh~~~ n'U1-b~~~1~h3J'fl~ (NCE 1 03_F, NCE 1 03_R) .yj~1 L~1~ ~'el~'lJ 

NCE103 

~ILU'WulJmm~nL"1!~'fl~bl-J'flL~'ClL~tJH~h~'WL'fl"JI'fl'l s. cerevisiae 'ClltJ~'Wf W303-1 B dJ'W~L~'W 

b'fl~'WLLlJlJ1'WulJmtJIL(1)tJHL'fl~LnU'lfl~L'fl1'Vl~1~nl-J'flf (m~I'1~ 2) ~'1mh'l~I'1~'W ~'1il~'l'W~'Cll-J"JI'fl'l 

ulJmm~'1(;Jln'l~ 4 L~tJHrl1'l::;"JI'fl'lulJn1m~nL"1!~'fl~Ll-J'flL~'Cl~'1if95 'f}'1P11L'll~b~tJ'Cl 5 'WIVl ; 95 'fl'lPlI 
.c:::j ~Q Q ~I::II c:.I.:::.,,Q,j ~ 

L'llm'lltJ'Cl 30 'l'WI'Vl, 65 'f}'1P11b'll~b'lltJ'Cl 30 'l'WI'Vl, 72 'fl'lPl'H'llm'lltJ'Cl 45 'l'WI'Vl, 30 ~'f}lJ; 72 'f}'1P11L'll'i'lb'lltJ'Cl 

10 'WIVl Lf)lJ~~(;J.nruoyf~nLori~'f}~Ll-J'f}L~'Cl~ 4 'fl'lPllb"Jl'i'lL~tJ'Cl (;J~'l"'l'Cl'f}lJr-J~(;J.nruoyf"'llnUlJmm~nL6Jl~'fl~ 

bl-J'f}b~'Cl~'ltJ'f}::;n1h'Cl L"'l~~L~flL'Vl~LyJL~:n'Cl 

~'l'Wu~::;n'f}U 
... ... 

fl'lll-Jb"JIl-J"ll'W ml-JI(;J~ 

(1l-Jtfl~~~~) 

...... ... 
fl'".l1l-J b"JIl-J"JI'W'Cl•~'VlltJ 

10X Buffer 10 LVii 2.5 1 LVii 

dNPT mix 1 0 ij~~Ll-J'i'llf 0.5 200 1l-JLmLl-J~lf 

Forward primer 101l-JLmLl-J'i'llf 1.25 0.5 1l-JLfl~Ll-J'i'llf 

Reverse primer 1 0 1l-Jtfl~Ll-J'i'llf 1.25 0.5 1l-Jtfl~Ll-J'i'llf 

Deepvent DNA polymerase 2 UU(;J/1l-JLfl~~(;J~., 0.5 1 uU(;J
" 
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• • 

~1U~~~U~~~U~~~Lf~ - 17 -

DNA template - 2 10-25 'l.nL'Wnf~ 

m~1!?l~~'V1fi• 
- 25 -

.. 

1jLL'U'U.yj'n~1~ill?lbl?l~ n1'i~1?I~'Jm'!l'Ul'1lii ~1?141 L'n1~ 

ihi'W~')'W~h~'WL~ NCE1 03 ~1'v'hHhJ1~'V1i~,)tJ-n~~ti~~"'W~,)'W~L~'WL~~~nr.nm'"l~ OIAquick 
'" , 

Gel Extraction Kit (Oiagen, Germany) !?l1~';jfi"1J~"Iu1~~t:.J~!?l L~tJvr~~'W~~n1h~L'"l~Vin~L~'WL~"lJ'W1~ 
I ~ ~ ~ 

Vi~~"In1~ '"l1mr'WL~~Ui"hYl~f OG m~1!?l~ 3 Lvh"1J~"Itnvnrn ~~n1L~~L'"l~ (~1V1,rn~~n1h~L'"l~ 100 

53~~nf~ nlB-~1!?lnvhti1J 100 53~~~19l~) ~rI1uu~~~ruVlIl53 50 ~"IP\1L"Jl~L~tJ~Ltl'WL,)~1 10 'W1Vi Vl1~. " 
'"l'Wn~~,*"I~~n1h~L'"l~~~~1m'WVI~~ ~1~,)'W~1~~~~1tJ~LVI~~"I1~~"I1'W OIAquick spin column ~1hJ 

~~'lJLVI~tJ"I~')tJfl,)1~L~'J 12,000 ~~tWi~'lJ1Vi ~~ruVlIl53i1~"I dJ'lJL'J~1 1 'W1Vi L'V1~,)\Ju"'11~Vi"'''I L~~
, , 'lJ 

uYlLYl~f OG m~1191~ 500 1~Lfl~~!?l~ ~"Il'Wfl~i~'I! ~11uVl~'lJm~tJ"I~'JtJfl'J1~L~,) 12,000 ~~1Jj;J~\J1Vi, 

, " " 


dJ'WL'l~1 1 'lJ1Vi Vi~rul-m53i1~"1 L'V1~,)'Wu11~Vi"l L~~UYlLYl~f PE m~1!?l~ 750 1~LflJ'~19l~ ~Nl'lJfl~i~'I! 
• 'U 

u11u~~'Wm~tJ"I~')tJm1~L~'J 12,000 ~~uj;J~'lJ1Vi Ltl'WL'J~1 1 'W1Vi ~~ruVlIl53i1~"I L'V1~'l\Ju"'11~Vi""Iri~'lJ~ 
• • 'lJ 

'"l~VI~\JLVI~tJ"I~"1~ n flf"l L~~ rhr.i'~~,)\Ju"'11~~m~~~ ~ fl~i~'I! ~1tJ fl~i~'I!~1U'lVl~~ ~ 1~ LflJ'YJ'J'"l1VI~ L~~• 
" tJ II " 

U1U~~~U~~'"lU~~(91L~~Vl1~uYlLYl~f EB m~1191J' 50-1 00 1~LflJ'~!?lJ' 'li1~"Il9lJ',mrJ\Jn:r~'l vr'lVi'l1~ 1• 

'lJ1Vl U11UVI~'lJLVI~tJ'l~')tJm1~L~,) 12,000 J'~Uj;J~'W1Vl LU'WL,)~1 1 'l.I1Vl ~~ruVllli'ji1~"I '"l~1~~1J'~::;~1tJ
• • 'lJ 

iI . I • " I 

~L~'WL~~1'W~'J'W~11~ . LL~,)~1L~~ dATP ~"In~'J'lJt:.J~~"1J~"IUlimtJ1!?l1~19l1J'1'lVi 5 '"l1n,r'W1~Lni'lJL~1~ 

pGEM T-Easy L,)flL!?l~f ~'ln~'J'lJt:.J~~"1J~"IUlimm!?l1~!?l1J'1"1~ 6 u~~~ruVIJ:Ji'j 4 'El'lP\1L"Jl~L~tJ~ ~1~A'lJ 

~ 'J 'U tl 'i~n'!I 'U 
.., .., 

f'I 'J13J L"lI3J"lI 'U ,Ihnl?l'i (1.11 ) 

Taq DNA polymerase 5 tJUl9l/1~LflJ'~19l~
" 

0.5 

dATP 2 i'j~~L~~1f 1 

10x buffer 10 L'Yh 1 

~ cia 

-n'lJ~'J'W~ L~'WL'El NCE103 - 7.5 

m3J11P1'i?4'Y1fl• 
- 10 
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• 

'Vlnkl~'flf~Yl~I~ij(;J~1~L~I~ E. coli ~ltJ'Wkl€ DH5U t~tJ-Wll"l'il~~L'Vlkl[;]L"l1~~~L[i]1tJ~LL~,)LL-rl'" , 

lklJ'ILL~-1 LL~,)-W1Yl'cn~ij(;J~1~ 1 0-50 kllLklnf~ (;J~l~lkll"l'fl~~L'Vlkl[;]L"l!~~ LL-rllklJ'ILL~-1kllkl 30 kllY1 
'"" , , 

'"llmrkl-Wll"l'fl~~L'Vlkl[;]L"l!~~~HJYl~I~ij~ t1~Yl 42 'il-1Pl1L"ll~L;tJ~ LtlklL,)~1 90 ~kllYl LL~')1'tJ-Wl~ILL-rllkl 
o~acv.ci .c::.I J d~ 

kllLL"lI-1'Vlkl'Vlkllkl 2 kll'Vl ~~m,.nn~tJ-1L"l!'flL'\.-I~'J SOC (Super Optimal broth with Catabolite repression) 

m~I[i]~ 800 1~tl"l~~[i]~ 1~~-11kll"l'fl~~L'Vlkl[;]L"l1~~~~'Vl:n'ilI"lLL~h t1~~ 37 'fl'lPllL"l1~L;tJ~ kllkl 45 kllY1 

'"llmfkl-W1L~"'fl1U'\.-I~klL'\.-I~tJ-1~,)tJl"l'JI~L~,) 3,000 ~'fl'tJ!?l'flklIYl dJklL'J~1 2 kllY1 ~~m'\.-lI~L~~,)'il'fln 700 , '" 
,,0 " , A~ ~"'" ...d ... ~.I .d q.d.d

b~ bl"l~~[i]~ LL~')kllL"l1~~'VlLVI~'fl buLn~tJUklm~lnL"lI-1 LB 'Vl~ IPTG (Isopropyl-!-'-D-thio-galactoside), 

~ 'J 'U th~n'fl 'U 
., ., 

~'J1~Wllll"1J'U ,..rh,J11P1~ ( ~I ) 

pGEM T-Easy L'JI"lLIMlf 50 hntklnf~/l~tm%?1~ 1 

T4 DNA ligase 3 L'J~tJU[i]/1~tl"l~~m
'" 

1 

2X Rapid Ligation Buffer 2 LVl1 5 

OV .-:!:_
kllU~'il(;JU~:;'"lU~'il(;JL"l!'il, - -

~kl~'Jkl~L~klL'fl NCE103 ~L~~ dATP - 3 

mll'llPl~'&'f'V1fi• 
- 10 

X-Gal (5-bromo-4-chloro-indolyl-~-D-galactopyranoside) LL~:;~I~U{j~Jhkl:; Ampicillin t1~~ 37 'il-1Pll 
, "., 

L"l1~ L;tJ~ kllkl~I~Akl rr(;JL~'ilnLI"lL~\i~"lIl,)Yl L'"l1'1J ~ILUkltl"lL~\i~YJ1'\.-11'fl-W1 L~klLL~ ~-1rJlhjn~kl~,)kl~ L~kl 

" r 

'"llmrkl~n~Yl~I~ij~'"lln E. coli LL~:::vhl-t1'tJ1~'Vlfi~')tJ"l!(;J~n~Yl~I~ij(;J PureLink™ Quick, , 

Plasmid Miniprep Kit (Invitrogen, USA) [i]1~%"lJ'il-1'tJ11ffi~t:.J~[i] -Wltl"lt~\i~n~"lIl,)~ILimlkl'il1'\.-11~ 
, " 

m~'J LB t1~Y1 37 'fl-1PllL"l1~LsntJ~ kllkl~I~Akl ~(;JL~'fllkl'fll'\.-11n'\.-l~')m~I[i]~ 1.5 ij~~~[i]~ l~lkl 
'" 

1~tm~')iJ -wl1tJ'\.-I~klL'\.-I~tJ'l~')tJl"l,)I~L~,) 3,000 ~'fl'tJ!?l'ElkllYi ~'flru~Jlij-t1'fl'l LiJklL,)~1 5 kllYl L'Vl~,)kl
, , 'IJ 

~ ~ ~ I 

'Ell'\.-11n'\.-l~'J~-1 ~1~I~m'fl'tJ '"llmrklL~~ Resuspension U~L~'flf (R3) YiL~~ RNase A LftJ'tJ~'flmL~'J 
" m~I[i]~ 250 1~LI"l~~I?l~ HtlLU[i][;](;J(;J~kl~'ll-t1L"l1~~m':;'"lltJ L~~ Lysis U~L~'Elf (L7) m~I[i]~ 250 

'" 
1~tl"l~~[i]~ t:.J~~1-t1L~lnklt(;JtJYl~n'\.-l~'El(;J1tJ~1 5 I"lf'l t1~~'flru'\.-lJlij-t1'El'l 5 kllYl '"llmfklL~~ Precipitation 

q " 

u~ L~'Elf (N4) m~I[i]~ 350 1~LI"l~~ I?l~ Yl~ nVl~'El (;J 1tJ~I'"lklL~1 nkl~ -wl1tJm-lklm~tJ'l~,)tJfI,)lm~'J 

12,000 x g ~~ruVlJJij-t1'El'l LUklL,)~1 10 kllYl -wl~'Jkll~~1~~(;Jl~lkl~;Jkll"l'fl;~ti~n,)'El"l1~'JiJ~'El'lf'tJ 

"lI'fl'lLVI~'J -wl1tJVI~klLVI~tJ'l~'JtJfI'Jl~L~,) 12,000 x g ~'flru'\.-lJlij-t1'El'l LtlklL,)~1 1 kllYl L'Vl"ll'fl'lL'\.-I~')lkl'J'El"l!
q ~ qJ . 

~'J{J'il'flmL~'J-wln;'tJ1ul~lV1l-l L~~ Wash U~L~'flf (W10) m~I[i]~ 500 l~tl"l~~[i]~ t1~~~ru'\.-lJJij-t1'El'l 1 
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'W'l~ i:nhJVI~'WbVI~~'1~,)~,",,)'l~L~,) 12,000 x 9 ~~ruVlJJij~'tl'l LiJ'WL,)~'l 1 'W'l~ LVI'lI'tl'lbVI~')l'W')'tl'llVhil 

'tl'tln L~~ Wash uyhyj'tlf (W9) ~L~~L'tl'Vl'l'W'tl~u~') uhJ'l(;l~ 700 I.~t,",~~m ~'l1tIVl~'WLVI~~'1~,)~• 
m'l~L~,) 12,000 x 9 ~~ruVlJJij~'tl'l LtI'WL,)'tl'l 1 'W'l~ L'Vl"lJ'tl'lbVI~')l'W')'tl'llvhil'tl'tln LL~,)~'lhJVI~'WLVI~~'1 

~')~m'l~L~,) 12,000 x 9 ~~ruVlJJij~'tl'l LtI'WL,)'tl'l~n 1 'W'l~ L~'tln'lr.i!?l Wash uyjLyj'tlf~VI~'1bV1~'tl'tl~ 

'tl'tlnl~VI~!?l ~'l~t1'W'"''tli~'W1ul~1'WI.~t,",~vhil''lJ'W'l!?l 1.5 ij'tl~~(;l~ L~~ TE uyjLyj'tlf m~'l(;l~ 40 

I.~t,",~~(;l~ 'tl'll'W'i'hwn~'l'l"lJ'tl'l~t1'W'"''tli~,r 1i~~'tlruVll1ij~'tl'l 1 'W'l~ ~'lI.UVl~'WLVI~~'1~')~m'l~L~,). .. . 
12,000 x 9 ~~ruVlJJij~'tl'l LtI'WL,)~'l 2 'W'l~ LrhJ~~ruVlJJij -20 'tl'lP\'lL"l!'tlL~~~ 

o ~ d 
'W'l pGEM T-Easy/NCE103 (C-Flag), pYES2 (Invitrogen, USA) !?l'lI1'l'W'Vl 2 LL~:; 

pENTR™3C Dual Selection L,),",L(;l'tlf (Invitrogen, USA) ~'1I1'l'W~ 3 ~'l~'l(?]!?l~:hm'tl'Wl'l1~(?]!?l~'lL'W'l:; 

8amH I LL~:; Xho I ~'1i1~,)'W~'i'l~"lJ'tl'lunmm(;l'l~(;l'ln'l~ 7 1i~~'tlruVll1ij 37 'tl'lp\'lL"l!m~~~ LtI'WL,)'tl'l 2d..J • .. 
• ~ I ~ 

i')t~'1 VliJ!?l~'1uljmmt!?lmJ~~~ruVlJJij 65 'tl'lp\'lL'lIm~~'i'l LtI'WL,)~'l 20 'W'l~ LL~')(;l~,)'"l'i'l'tlu"B'W~')'W~h~'W 

L'tl~')~'tl:;n'lh~L9~~ L'tl,", t 'Vl~t yj L~:n~ 

pYES2 
5.9 kb 

., 
Jll'WVi 2 bbeJ'WVi'W~'l~ij(;l pYES2 b'Jm'Wfl~ (Invitrogen, USA) 
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3.8 kb 

d d ~ ~ 
111~'V1 3 bb~'l.!'VI~'6'l1~3-I1?l pENTR™3C Dual Selection b'JflbIWel'i (Invitrogen, USA) 

1?l1'i1~Vi 7 ~1'i'6'l~'6'l1tJ#l-HbtJ'l.!"b'l.!~~3-I "l'l.!tlDilitJ1~1?l~1b~1~"l.I'fl~b'Jrlbl?l'fl~ pGEM T­

Easy/NCE103 (C-Flag), pYES2 bb'6'l~ pENTR™3C 

~h 'l.!tl 'd~ n 'fl 'IJ ma.J11?1'i 

(iJl) 

~'J'l.!tl'i~n'fl'IJ ma.J11?1'i 

(I-.II) 

.., 
'" rI'J1a.J b"l.l3-l"l.l'l.! 

'" ~ 1?l'VI1tJ•
o"u u 11 Jt.!1 'Cl'[)V1 J'~'"l 'Cl'fl~L"ll'fl• 32 0" U U Jt.!IU'Cl'fl~ :i'~'"l 'Cl'fl~L"ll'fl• 32 -

10X NEBuffer 3 5 10X NEBuffer 3 5 1 L'Vl1 

100X BSA 0.5 100X BSA 0.5 1 L'Vl1 

pGEM T-Easy/NCE1 03 

(C-Flag) 

10 pYES2, pENTR™3C 10 41~brlm~~ 

BamH I 2 BamH I 2 5 fJtJl'l.. 
Xhol 0.5 Xhol 0.5 5 fJtJl'l.. 

ma.J11?1'd~'V1 fi• 
50 ma.Jll?1'd~'VIfi• 50 -

..... .... ~ 

n'IJ b'fl'l.!'VI'ib'J rI bl?l'fl'd 

" ~n~ c.J~ I'l.rl ru"Yl'"l1 n'fl ~n 1 b:i'~ L'"l 'Cl~ d~ n b'Vl:i'bm:n~ ~'JfJ"ll ~~n~:nt.!~'Jt.!~h~t.!L'fl'fl'fl n'"ll n L'"l 'Cl• 
, " 0­

QIAquick Gel Extraction Kit (Qiagen, Germany) m~%Vlmh'J~ILL~'J1t.!~'fl 2.2 ~-.]trt.!'"l~1~:nt.!~'Jt.!~ 

L~t.!L'fl NeEl03, pYES2, pENTR™3C Dual Selection L'JI"lLI'l'flf~e,ht.!nl:i'~11ilu1~'VliLL'Cl~QnI?l~~'JtJ 
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~.d ~ .Q~ .d I.J 
pYES2 bb~~ pENTR™3C Dual Selection b'Jrlb(Wf}j "]j,nJ~'J'WeJ~U.J"JJ'fl'l,j!Jmtl'1!?l'1lJ!?l'1n'l'Vl 8 UlJ'Vl 

, " 
'flru~.lJn 22 'tl'l fll'1 L"]j~ L~m~ 1 0 'W'1~ 'fl!?ln~'J'Wn'1j1mn-n'Wj~~':i'1'l:n'W~'J'W~ V3'WL'fl NCE1 03 bL~~ pYES2 , 

pENTR™3C Dual Selection b'Jrlb!?l'flf bU'W 7 vl'fl 1 bb~~ 3 vl'tl 1 !?l'1lJ~'1l?iu 

.., 
NCE103 L"ll'1 pYES2 Lb~::: 

. ..
pENTR™3C Dual Selection b1f1b(Wfl'i 

~1'W'l.h:::mnJ 
.., .., .., 

fl11:I-J b"ll3J"ll'W~ 1?l'V11t1• ma-J1IPl'a ( ~I ) 

"" pYES2 ~j'fl pENTR™3C 

.. 
b'Jrlb(?1'flj 

50 'W'1 b'W n flJ 2 

~.., I .Q a 

"I!'W~'J'W~ b'fl'Wb'fl NCE 1 03 42 'W'1b'WnflJ (pYES2), 

46 'W'1b'WnflJ (pENTR™3C) 

2.1,2.3 

5X Rapid Ligation Buffer 1 b'Y1'1 4 

0,j,j d''W'1 ~'tl ~ j~'"l,j~'fl~b"l!'fl• - 10.9, 10.7 

T 4 DNA ligase 5 tlU(?1
'" 

1 

m:I-J11P1'i~'V1fi• 
- 20 

~1~'"l~~mn~tI~'lU'W'fl'1~'1nb~'l LB ~iJ~'1j~~'J'W~ Ampicillin ~'1~fufi'~b~'fln:n"'W~'J'W~b~'Wb'fl NCE103 ~ 
" ,

'tl~1 'W pYES2 b'J fDl b(?1'flf bb~~~'1 j ~~'J'W~ Kanamycin ~'1~fu fi'~ b~'fln:n'W~'J'W~ b~'Wb'fl NCE1 03 ~'fl~1 'W 

pENTR™3C Dual Selection b'Jrlb(?1'tlf tilJ~ 37 'fl'lfll'1b"]j~b~tI~ 'W'1'W~'1lJ~'W fi'~b~'flnbl"lb~l1~~"'Wu'W 

'fl'1~'1nb~'l 

~n~~~'1~iJ~'"l'1n E. coli bb~:::v'h1~u1~'Vli~'JtJ"I!~~n~~~'1~n~ PureLink™ Quick Plasmid . . 

Miniprep Kit (Invitrogen, USA) (?1'1lJfjfil?i'lmh'JWHb~'J1'W~'fl 2 .2 ~'1 pYES2/NCE103 (C-Flag) bb~::: 

pENTWM 3CI NCE103 (C-Flag) lJ'1!?l~~'Jm'fl'Wh~!?l~~'1b~'1::: BamH I bb~~ Xho I ~'liJ~'J'WeJ'CllJ'lJ'fl'l 

,j~mtJ'1(?1'1lJ(?1'1n\l~ 9 tilJ~'flru~.lJiJ 37 'fl'l~'1b"]j~L~tJ~ dJ'Wb'J~'1 2 1'JblJ'l ~£J~if\l,j~mtJ'1b~tJtilJ~ 
'flru~Jln 65 'tl\lfll'1b"]j~b~tI~ bU'\Jb'J~'1 20 'W'1~ LL~'J(?1j'J'"l'Cl'flu:n"'W~'J'W~b~'WL'fl~'JtI'fl:::n'1bj~br.l'&'1~h~l"lb'Vlj

• 'IJ 
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U11'i1.:1~ 9 1I1'i~~~1!1miLtJU'6bU~1I3J i.u'iJijm!l1~U1r.i1L'Y'I1~"1I'fI.:IL'.lI"lLIWfl~ pYES2/NCE103 (C­

Flag) bb~~ pENTR™3CINCE103 (C-Flag) 

~'.lu'iJ'i~n'ell.J m3J1U1'i (~.II) 
... ... ... 

1"l'.l13J L"1I3J"1IU1I•~'VI1!1 

~1U~~~U~~~U~~~L{~• 37 -

10X I\J EBuffer 3 5 1 Lvh 

100X 8SA 0.5 1 wh 

pYES2/NCE103 (C-Flag). 

pENTR™3CINCE103 (C-Flag) 

5 1 LlJLf1mflJ 

BamH I 2 5 ~J'U!?l 
'" 

Xhol 0.5 5 tJ\l!?l 
'" 

m3J1U1'i1l'VIB• 50 -

o .ell 4. d.,.., g,..r .Q.. cl." " 
2.4 'VI1 LR 'i I"l 'fI 3J 1J bU"Ii U L"1I1 L~ 11 'VI Lu"Ii U L'J I"l LU1'el 'i pAG414GPD-ccdB-HA LL~ ~ 

pAG414GAL-ccdB-HA 	Lb~~U1'i'.l"'l'6'4'f1l.J 1"l'.l13Jr;) nUl'el.:l"1l'el.:l"iwfI 3JU LLUuVi'Y'l~111~ ~L~!1 n1'i~~ ~'J!I 
'" 

, 

~1 pENTR™3CINCE103 (C-Flag) lJ1'vi1 LR 1f1'EllJlhuiunuL'Jf1LI?I'Elf pAG414GPD-ccdB-

HA LL~~ pAG414GAL-ccdB-HA (Addgene, USA) !?l1W11V1~ 4 ~'1iJ'Cl'J,.'II:.J~lJ"lI~'1U~ii1tJ1!?l1lJ!?l1n'l 
• t 	 I '" 

Yl10 UlJYl'flru'VI.IJiJ 25 'El'lpjlL"1I~L:ntJ~ Lih.lL'J~11 i'JLlJ'I mJ~~'1tlDii1tJ1L~m~lJ~1~~~~1tJ Proteinase 

K mlJl!?l~ 1 LlJLm~l?I~ L"lJth1ih~1n'l.lLL~'JUlJ~'flru'VI.IJil 37 'El'lpjlL"1I~L:ntJ~ Lll'l.lL'J~1 10 'I.l1Yl 

!?l1'i1.:1~ 10 '6'41'i~~~1!1~i.iLtJU~'.lU~1I3J i.u'iJijni!l1 LR "i1"l'el3JULU-a-U"1I'el-:j 

pENTR™3CINCE103 (C-Flag) n1J pAG414GPD, GAL-ccdB-HA 

• 

~ 'JU 'iJ 'i:: n 'el1.J 
... ... 

1"l'J13J b"1l3J"1I'U m3J1U1'i (iJl ) 

TE uyhyj'Elf, pH 8.0 - 4 

pENTRTM 3C/NCE1 03 (C-Flag) 50 'I.l1L'I.lnflJ;1~lf1~~!?l~ 2 

pAG414GPD-ccdB-HA, 

pAG414GAL-ccd8-HA 

50 'I.l1L'I.lnflJ;1lJLf1~~!?l~ 2 

LR Clonase™ II Enzyme Mix - 2 

m~1!?l'i'6'4'V1B• - 10 
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... ... ... 

~~l-J~1:r~:;~ntl~'1'V1l-J!?lLL~h1~L'1Ith1ih~1n'W 2 f'lf'l f'lf'l~:; 2 ~'W1Y1 L"Jf'W'Vl1YJ,)'"l1~~1:r~:;~1t1(;ln~,m~,)9'1 


pGE)(_3_flr in"(-r- , •.....cENt._'~RS4 
rRPl '. . , ./' ~·SuJaI 544 

,/,' '''" , "';/ ..ffnpR_promoter 
. / 

.,, '" ~,/ 

~; , ~F 'I, 

6:)~; ,~ 

pAG414GPD-ccdB-tlA 

7484 bp 

/ / ORF 
/ / /. / ,/ 

Ncol 4225 " / / 
atgI 4225 '/ /' 
CAT/CamR' 

pG£.>t..J_prim~... ", ... CE/'·U,,_fir:s·, 
SnaSI 6966 ... / · .•• &11211 544 
Hfel 66N , .... . /" ' , ,.. ~\pR_pr~otE'r 

TRPh """ " 

f 1_or1 gin ~-'---'--"_'_ 

~~1~1~~;;:-~:::: ; ~-;:c.-~ 
hc2_a -··­--.__. pA(i-of 14GAl-ccdB-HA 

n85 bp 

l.~ J.• 

././~>/ .. 

.n1~v1 4 LL~'Uv1~'CI1~ijl?l pAG414GPD-ccdB-HA LL'CI~ pAG414GAL-ccdB-HA (Addgene, USA) 
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• • 

'Vln'W~'elfl-JYi~l~ij(?l~l~L~l~ E. coli ~ltJvr'W1f DHSU 1911l-J%~n~1'Jl-J1LL~'J1'W~'el 2.2 LL~L"1!~~ 
'IJ • 

~1~9:::~mn~m'l'lU'W'ell~lnL;'l LB ~iJ~lJlj~lh'W::: Ampicillin ~l~fuf1(?lL~'elni'W~'J'W~1L{)'WL'el NCE103 ~ 
'el~1'W pAG414GPD-ccdB-HA LL~::: pAG414GAL-ccdB-HA L'JrlLl9l'elf til-J~ 37 'el'lfil11L"1!l:ll~tJ~ 'Wl'W 

.., .... ~.... ~ ~ "",J .,. <t 

"lJll-JrI'W rI(?lLI:l'eln ~rI ~1:l'W'VlL9J'1!U'W'ell~lnL"lJ'l .. 

~n~Yil:ll~ij~91n E. coli LL~:::Yh1~u1~'Vlfi~'JtJ'II(?l~n~Yi~1~ij(?l PureLink™ Quick Plasmid 

Miniprep Kit (Invitrogen, USA) 1911l-J';)fir;)'ln~1'JlJ1LL~'J~1'l~'W~'el 2 .2 oWl pAG414GPD/NCE1 03 (C­

Flag) LL'tl::: pAG414GALlNCE103 (C-Flag) oWllJl!K(?l~'Jm'el'W1sn~!K~~lL"tn::: Xho I ~'liJ~'J'We.J~lJ"lJ'el'l 

11ljrnm19l1lJ 1911Jl'l~ 11 Ul-J~~ o.m.1Jij 37 'el'l fil1l L'l!l:ll~tJ~ lU'WL'J~l 2 -R''J LlJ'l m.j (?l6'l11ljrnmL~tJtilJ~ 
~ru~.1Jij 65 'el'lfil11L"1Im~tJ~ lU'WL'J~l 20 'W1Yl9lmf'Wm'J9~'elui'W~'J'W~L'~'WL'el~'JtJ'el:::n1LJ~L9'tl~l'tlrlL'VlJ 
hhJen~ 

lil1'i1~v111 ~1'i~::~1!Jv1"Lib1J'W'6h'U~J'lu.J "l'UtJDm!J1~1fI~1b'rn::'lJ'fl~ pAG414GPD/NCE103 (C­

Flag) bb~:: pAG414GALlNCE103 (C-Flag) 

~ 'J 'U tJ 'i:: n'fl tJ m:I.J1lil'i (~I) '" '" '" fI 'J1 :I.Jb'lJ :I.J'lJ 'W ~ lil 'VI 1 !J• 
0"11 11 11 d''Wl 'tl'el(?l J:::9 ~'el(?lb"ll'el. 39 -

1OX NEBuffer 4 S 1 l'Yh 

100X BSA O.S 1 L'Vh 

pAG414GPD/NCE 103 (C-Flag), 

pAG414GALlNCE103 (C-Flag) 

S 1 llJbrlmh.J 

Xho I O.S S tJlJl9l 
'IJ 

m:I.J1u\'i~'VIfi• 50 -

3 ~~1~'V'l~1~ijlili.~~ti'Wv1tJ'i:::I.J'J~'i~~fl1~'U'flUflbb'fl'U1enlil'i~'lJ'fl~ Plasmodium falciparum (pfCA) 

3.1 b~:l.Jm:I.J1ru~h~'U'lJ'fl~ti'U pfCA blil!JuDm!J1~nb'1i'V'l'fl~b:I.J'flb'i~ 

n1n~lJmlJrm'!u'Wr;)'ln~1'JVi11~b~tJoWl e.J~ 19l.rlru"Vl,Jljmm~nb-rl~'el~ llJ'elLJ~'1l'el'l P. falciparum 

~'l1~fulJ19ln fil1.~J. ~J:::vr'Wfi n1'llm rlru:::LL~'VltJfil11~l9lf 9"r1"1~'lmrulJ~1';)'VltJlitJ ~th'WnlJVil1ii• 

~l{)'Wl'el NCE103 b1J'W pfCA) b~'ell'tlLn-R''WL~1~ pGEM T-Easy b'Jrlbl9l'elf UlJ~~ru~.1Jij 4° b'l!'tlL~tJ~ 

~llJ~'W ~l9ln~'.l'Wn1Jl'tlbn-R''W:i':::~~l'l:n'''W~'.l'W~l~'Wb'el pfCA bbl:l::: pGEM T-Easy L'JrlLl9l'elf dJ'W 3 ~'el 1 

'V1Jl'W~'elflJ~~l~ij~~l~b~l~ E. coli ~ltJvr'Wfi DHSU 1911lJ';)fi~n~l'Jl~l'W~'el 2.2 b(?lm"1lI:l~9:::
'U • 

, , 
~ c::z Q.Qj A 

~mn~tJU'W'ell~lJbL'1l'l LB 'VllJ IPTG (lsopropyl-jJ-D-thio-galactoside), X-Gal (5-bromo-4-chloro-indolyl­
,A ,. I~d 1 ~ =I i.I.diI IV ~ 

jJ-D-galactopyranoside) LL~::: ~lJUD"ll'J'W::: Ampicillin UlJ'Vl 37 'el'lfil1lb"1l~l"1ltJ~ 'W1'W'1lllJrI'W rI~L'tl'eln 
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.., '" I II 

~l dJ'ULI"1L~iI~yhl,ih),Wl~'Um~ ~~~lhliJ:n'U~'J'U~ L~'UL'flVi ~'fI'I n1~ '"ll mrtJ~ ri'"1 

Yl~l~i1'"1'"lln E. coli LL~:;v'hHhJ1~Vli~htJ1'"1~ri'"1Yl~1~i1~ (1ll3J%~mh'J1~btJ~'fI 2.2 Ul pGEM T­

Easy/pfCA 1?l'"1~'Jm'fltJ1·nrl?l'"1~lLYll:; EcoR I ~'1iJ~'JtJl:J~3J"1l'fl'l1JlJffi'tJ1m3J(1lln'l~ 12 il3J~'f.}ru~JJn 

37 'fI'IM1L"l1~L~tJ~ dJtJL'J~l 2 .a-'JL3J'I ~£J'"1tf'lulJffi'mL~tJil3J~'f.}ru~JJi1 65 'fI'IM1L"lI~L~tJ~ LtJtJL'J~l 20 

" 
t.I1Vi bb~'J (1l~'J'"l~'fIu:n'W~'J'U~ L~'UL'fI ~'JtJ'fI:;n1'L~~L'"l~~h~ r1 'LVl~'Lvh~;n~ 

~ ';) 'tJ 'I.J 'ii":: n'fI 'U m3-l11n'ii" (~I) 
., ., ., 

fI,;)13-1 b"lI3-I"lI'tJ ~ In'VI1~ •." .". 

'W1U~'fI ~U~:;'"lU~'fI '"1 b"ll'fl• 39.8 -

10X High uvkyJ'fIf 5 1 bvil 

pGEM T-Easy/pfCA 5 1 13JLl"1mf3J 

EcoR I 0.2 4 tJU(1l
'IJ 

m3-l11n'ii"~'VIfi• 50 -

" ... 
'fI'fI nbbuu1Yl~b3J'fIfL~'fI b~ 3Jm3J1 ru~tJ~'JtJ pfCA 'L~tJ'fI'fI n bbUUb~~1 tJyJ'fIfL'1f'"1LYl n3J'fIf 

pfCAJ (418) ((1ll~l'1~ 2) ~lbYll:;nuritJ pfCA bL~:;b~~l'UU~ltJ 5' "1l'fl'llYln3J'fIfiJu1b'Jrul?l'"1~lLYll:; 

"1l'fl'l BamH I b~'fI3J(;]'fInu Kozak sequence LL~:;''h'1f~1Yln4-J'fIf pfCA_R (418) ((1l1~1'l~ 2) 91L'Yn~riu 

ri'U pfCA LL~:;1~~ltJU~ltJ 5' "1l'fl'l1Yln3J'fIfiJu1L'Jrul?l'"1~lLYll:;"1l'fl'l Xho I Lb~:;~'"1 Flag Tag rl'fltJU1b'Jru 

Stop codon t?1'1,ftJl:J~(1l.nru'¥l~1~'"lln n1~ulJffi'tJ1~nL"1l'Yi'fl~ b4-J'fIL~~ '"l:;iJ~n~ru:;btJ'Ut?1~Jl1Yl~ 5 

1l1'W~ 5 ~~In.nUl.yj PCR '"l1nn1'ii"vh-N pGEM T-Easy/pfCA bth.!~h~'UL'fl£Pi'tJbb'U'l.Hb~::il 

cy.J'fl~L'.j~~n'U1b'.j~~1'Wh3-l'fl~ (pfCA_F (418) Lb~:: pfCA_R (418) ~~1b'W1::1Pi'fl~'U pfCA 

~l LUtJulJffi'tJ1~nL"1l'Yi'fl~L4-J'fIL~~'L'"1tJH pGEM T-Easy/pfCA btJ'U~ b~tJb'fl~tJLLuu1tJul)ffi'm 

LL~:;H'L'fI~'LnU'JI"1~'L'fI1Vl '"11'Yin3J'fIft?1'l~mh'J Lb~'J~l'l ~'U ~'J'UI:J~wn'fl'l,JlJffi'tJ1 t?1'lm~l'l~ 3 H.n1'J~"1l'fl'l 
ulJn1tJ1~n'L"1l'Yi'fl~L3J'fIb~~t?1'l;i 95 'fI'lMlb"l1~b~tJ~ 5 'U1Vi ; 95 'fI'IM1L"l1~b~tJ~ 30 '1'W1Vi, 66 'fI'IM1L"lIm~tJ~ 
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30 ';)'\"I1~, 72 'fl'lPl1L"llr:lb~t:J~ 1.30 '\..n~, 30 ~'fl1J; 72 'fl'lfPl1b"ifr:lb~t:J~ 10 '\J1~ di1JI:J~(;]Jl'lJ"rlr:lnL'1ly.j'fl~b~'fl
" 

L~~~ 4 'fl'lfPl1 (;]~,)'"l~'fl1JI:J~(;]Jl'lJ"rl'"l1mJ~mt:J1~nL'1ly.j'fl~ b~'flL~~~')t:J'fl:::n1L~~ L'"lr:l~br:lrlL'Vl~Lvh~on~ 
3 .2 cvl11'eH n-a-'U ~h~'U L'fI pfCA Lon1LI'l ~'U;j.:l L'J I'l LlPI'fI~ LL~~ 1PI'a'J~~'fI'U 1'l'J13-1 f:l n 1?i'fl.:l"1l'fl.:J1-I'l'fl3-1 ... 

ij bL'U 'UVi'W~l~ij~LlPI~ n1'a~~ lPl'Jm'fl'Ul'1!ii ~~~1L'W1~ 
{l1i'\J~,)'\J~b~'\Jb'fl pfCA "lJ'\J1~ 418 bp ~eJ1'\..ln1~Vh1~1J1~'Vli~')t:J"llr;)~nr;)i'\J~,)'\..l~b~'\..lb'fl'fl'fln 

'"l1m~r:l (;]1~%~m'h,)~1'1~'\J L~~ dATP ~'1~~,)'\..lI:J~~"lJ'fl'lU5mt:J1(;]1~(;]1n'l~ 13 '"l1ntf'\..l1r:lLni'\..lL~1~ 

pGEM T-Easy L'JrlLl?l'flf ~'1~~,)'\..lI:J~~"lJ'fl'lu~mt:J1(;]1~(;]1~1'1~ 14 U~~~ruVlJJi1 4 'fl'lPl1b"llr:lL~t:J~ 

~'J'U,j 'a~ n'fl'U 
0­ 0­

I'l 'J13-1 L"113-1 "11 'U m3-l11P1'a (jJl ) 

Taq DNA polymerase 5 t:Jll(;]/l~Lrl~~(;]~
'IJ 

0.5 

dATP 2 i1r:l~t~r:l1f 1 

10x buffer 10 bVl1 1 

~ &:II a 
"Jl'\..l~,)'\..lr;)L'fl'\..lL'fl pfCA (418) - 7.5 

m3-l11P1'a~'V1fi• 
- 10 

~'J'U,j'a~n'fl'U 
.... .... 

rl 'J13-1 L"113-1"11 'U m3-l11P1'a ( jJl ) 

pGEM T-Easy b,)rlb(;]'flf 50 '\..l1L'\Jnf~/1~trl:r~(;]~ 1 

T4 DNA ligase 3 L'J~t:Jll(;];1~trl:r~(;]~
'IJ 

1 

2X Rapid Ligation Buffer 2 bVl1 5 

0" d' 
'\..l1Ur:l'fl r;)1J:r:;'"l1J'C'j'flr;) b"ll'fl• 

- -

~'\..l~'J'\..l~b~'\..lL'fl "''''' pfCA (418) 'VlL(;]~ dATP - 3 

m3-l11P1'a~'V1fi• 
- 10 

q 
, 

a ..:;::... 
, 

::~ n. 
~mnr:lt:J1J'\..l'fl1Vl1nL'1l'l LB 'Vl~ IPTG (lsopropyl - jJ-D-thio-galactoside), X-Gal (5-bromo-4-chloro-indolyl­
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p-D-galactopyranoside) LL~::; ~1~11lJ~'J'W::; Ampicillin U3.J~ 37 'fl'lPl1L'1!'ClL;tI~ 'W1'W;13.J~'W I"i"'L~'fln 

LAL~1l~"1l1'J~L'"l1ru IOl1mf'W~n"'~~1~ijVllOl1n E. coli LL~:::.yh1~lJ1~vli~'JtI'1!VI~n"'~~1~ijVl LJl13.J~fi~
~ , , 

n~1'Jl~1'W~'fl 2.2 '111 pGEM T-Easy/pfCA418 (C-Flag) LL'Cl::: pYES2 (Invitrogen, USA) 1'i"'~'Jm'fl'Wl'l!lf 

I'iVl~1L~1::: BamH I U'Cl::: Xho I ~'liJ~'J'Wt:J~3.J"1l'fl'lu~mtJ1m3.JLJl1~1'l~ 15 U3.J~~ru'l'''l:Jij 37 'fl'lPl1 

L'lim;tJ~ dJ'WL'J~1 2 {'JL3.J'l "'1:J",J'l11lJmtJ1LVltlU3.J~~ru'lHJij 65 'fl'lP11L'l!'ClL;tI~ LU'WL'J'Cl1 20 'W1Vi LL~'J 
to 

LJI~'JIOl~'fllJ~'W~'J'W~ L~'WL'fl~'JtI'fl:::n1L~~ LIOl~~L~AL'Vl~Lyj L~~~ 

~1~1-3~ 15 '6'l:1~~::;~1~maHLtJ'U~'J'U(:J'6'l:3J 1.'UUilm~1(;}~~1LYn::;"lI'fl-3L/HHWe:J~ pGEM T­

Easy/pfCA418 (C-Flag) LL~::; pYES2 

~ 'J 'UU'j::; n'fl'IJ ,Jh.J1~~ 

(~I) 

~ 'J 'U ,.h::; n'fl 'IJ tl'hn~~ 

(fJl) 

IV IV 

A113JL"lI~"lI'U 

1V 

'6'l:~'VI1~• 
;­ 11 d''W1U'Cl'flVllh:::IOl ~'flVlL'1!'fl, 32 0"11 U 11 d''W1 ~'fl'" ~:::IOl ~'flVlL'1!'fl. 32 -

10X NEBuffer 3 5 10X NEBuffer 3 5 1 LVl1 

100X BSA 0.5 100X BSA 0.5 1 LVl1 

pGEM T-Easy/pfCA418 

(C-Flag), 

10 pYES2 10 413.JLAmf3.J 

BamH I 2 BamH I 2 5 tlULJI 
'II 

Xhol 0.5 Xho I 0.5 5 tlULJI 
'IJ 

m3J1~~'6'l:'VIfi• 50 m3J1~~'6'l:'VIfi. 50 -

" ~nVI t:J~!?l.tlru-nlOl 1 n'fl:::n 1 h~ LIOl~~ L~ nL'Vl~h.f~~~ ~'JtI"l!,VI~nVI~'W~'J'W~ Lii'WL'fl'fl'flnlOl1n LIOl ~ 
, " 

QIAquick Gel Extraction Kit (Qiagen, Germany) !?l13.J%Vin~1'J3.J1LL~'J~1'l~'W tJ1~'W~'J'W~L~'WL'eJ 

pfCA (418) LL~::: pYES2 L'JALt9\'flf~~1'Wn1~.yhl~lJ1~'Vli L~'fl3.JI?i'flL~1n'W tVlt.JiJ~'J'Wt:J~3.J"1l'fl'lU~fi1t11~'l 
!?l1n'l~ 16 U3.J~'flru'\Ulij 22 'fl'lPl1L"l!'ClL;tI~ 10 'W1Vi ~LJI~1~'J'Wn1~1'ClLni'W~:::"'~1'l~"'W~'J'W~L'a'WL'fl pfCA

q 'II 

(418) LL~::: pYES2 LU'W 3!?l'fl 1 
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~ ';) '-I t1 'i~ n'£l'lJ 
.., .., ... 

1"I,;)1:IJ b"lJ :IJ"lJ'-I'61111'V11t1• m:IJ11P1'i ( 1-11 ) 

pYES2 L'JrlLIWeJf 50 'W1 L'Wn¥:IJ 2 

~'W~'J'W~Lii'WL'eJ pfCA (418) 64 'W1L'Wn¥:IJ 2.1 

5X Rapid Ligation Buffer 1 L'Yl1 4 

o~ U U U J'W1 ~'eJVl J':;"'l ~'eJVlL-n'eJ• 
- 10.9, 10.2 

T4 DNA ligase 5 UWIPI 
'lJ 

1 

m:IJ1111'i'61'V1fl• 
- 20 

1~'"l:::Qmn~tJ~~'J'Wm"v11nL-Jj~ LB ~n~1J'lj~lh'W::: Ampicillin ~1"v1¥1J~VlL~'eJn~'W~'J'W~Lii'WL'eJ pfCA (418) 

d ,~ tr , d ". "'.,. .... d 'i' 'i' ".dd' c: .... 
'Vl'eJtJ b'W pYES2 L'JrlL(;]'eJJ' 1J:IJ'Vl 37 'eJ~WIL'11~L"JltJ~ 'W1'W".lI1:IJrl'W rlVlL'Cl'eJnbrlb~'W'Vl".ll'W1J'W'eJ1"v11J'LL".lI~~nVl"tl 

'U 

'Cl1~iJVl'"l1n E. coli LL~:::.yhl~1J1~'Vli~'JtJ-nVl~nVl"tl'Cl1~iJVl (;]1:IJ~~n~1,)L~1'W~'eJ 2.2 pYES2/pfCA418 

(C-Flag) Qn(;]Vl~'Jm'eJ'Wl"Jl~(;]Vl~1L"tl1::: BamH I LL~:; Xho I ~~n~'J'We.J~:IJ".lI'eJ~uljnhJ1m:IJ(;]1n~~ 17 

tl:IJ~~ruWJiJ 37 'eJ~P11L"Jl'ClL~tJ~ LiJ'WL'J~1 2 i'JL:IJ~ "v1~VlJ~uljmt:J1LVltJtl:IJ~'e:!ru"v1\1iJ 65 'eJ~P11L'Jj~L~tJ~ 
L1J'WL'J~1 20 'W1Vi LL~'J (;]J''J'"l~'eJ1J:n'''W~'J'W~ Lii'WL'eJ ~'JtJ'eJ:::n1LJ'~ L"'l'Cl~h~ rlL'VlJ'Lyj LJ':n~ 

IPIl'il-.3v117 '611'i'c:l~'c:Ilt1.yh-HbtJ'W~1'-1e.J'61:IJ 1.'-It1n;ntlllPllPI'~l b'Vll~"lJ'£l..:t b11"1 blPl'£l~pYES2/pfCA418 
(C-Flag) 

~1'-1tl"a~n'£l'U m:IJ11P1'i (I-II) 
... ... ... 

1"111:IJ b"lJ :IJ"lJ'-I'611P1'V11t1• 
0" U U U J'W1 'Cl'eJVl J':::"'l ~'eJVlL-n'eJ• 37 -

10X NEBuffer 3 5 1 L'Yl1 

100X BSA 0.5 1 L'Yl1 

pYES2/pfCA418 (C-Flag) 5 1 l:IJLrlm¥:IJ 

BamH I 2 5 tJU(;]., 

Xhol 0.5 5 tJU(;]., 

m:IJllP1 'i'61 'VI fl. 50 -
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4 ~~'.:J'W%lI~ il ~'1~ij!i'UvitJ'l~3J'J%l'l~~ f'l1hJ'fI'U~Wel'U1nL~'l~"lJ'f).:J3J'U'M~ (hCAII)• 
4.1 	 L~3Jm3Jlr;u~h~'U"lJ'eHii'U hCAII L~~tJnmtl1~nL'1i'W'f)~L3J'f)b'l~ 

n1:i'~~lJilllJ'1rutJ'Wl1l,m~;h'J'Vll1~tl?ltl,Jl cDNA "1J'el~lJ'W'l:t1:J~~1~fulJ'191n PLI?l:i'. 9:i':;-w'Wfi n1~• 

b75fl?l hCAllJ (m:i'1~~ 2) 9'1b'V'/'1:;nU~'W hCAII m~:;1~~'1'Wu~'1t1 5' "1J'el~l'V'/:i'LlJ'elfL~'ellJf'l'elnu Kozak 

sequence ~r)tJ'h75f~l'V'/:i'LlJ'elf hCAII_R ([?lI:i'I~~ 2) ~~i:lm'1lJ9'1b'V'/l:;nuu'W hCAII bb~:;1~~'1'Wu~'1t1 5' 

"1J'el~1'V'/:i'LlJ'elfi:lu1b'JruI1l1?l9'1b'V'/'1:::"1J'el~ Xho I ~b~:::~1?l Flag Tag n'el'Wu1L'Jru Stop codon t.J~[?l.nruOY]~l~ 

9'1nn1:i''Vl'1 PCR 9:::i:l~n'l:tru:::dJ'WI1l~Jl'1'V'/~ 6 

~1bU'WuDmtl1~nt"l1'V'/'el~blJ'elb:i'~Ll?ltlH cDNA "lJ'el~lJ~'l:t1:JLiJ'W~h{i'Wb'el~'WbbUU LL~::: HL'el~Ln 

U'J~~L'ellVlI?l1'V'/nlJ'elfl1l~n~'1'J~'1~ ~'W ~~n~b'WI:J~lJ"lJ'el~UDmtl1l1l~[?l'1:i'I~~ 3 Jl1'J:::"lJ'el~UD n1t11~nL~'V'/'el~ 
evel .c:lII ~ Q.c:t. ~ q oQ ~ 

LlJ'elb:i'~I?l~'W 95 'el~Pl'1~"1l~L"1ltl~ 5 'W'1Vl ; 95 'el~Pl'1L"1l~L"1ltl~ 30 'J'W1Vl, 65 'el~PllL"1l~L"1ltl~ 30 'J'W1Vl, 72 

'el~Pl'1b"1lm~t1~ 1 'W'1Yl, 30 :i''elU; 72 'el~Pl'1b"1l~L~t1~ 10 'W1Yl Lfiut.J~[?lJlruovl~nL"l1'V'/'el~LlJ'elb:i'~~ 4 'el~Pl'1 
'U 

L"1l~b~t1~ l?l:i''J9~'elUt.J~l?lJlruovl91 nUDmtl1~nt~'V'/'el~LlJ'el b:i'~~'JtI'el:::n1 t:i'~ b9~1Jb~r1LVl:i't yJ b:i'~~ 

4.2 	'VI1l~Hn.a-'U~h~'Ub'f) hCAII b.n1Lr1%l'Ulj.:Jb'J f'I blWel~ bb%l~l?l'l1'"l~'el'Uf')113J r;) n 1P1'f).:J"lJ'f)-:J~~'el3J
OJ 

ij Lb'U'Uv1'W~n~il ~LI?l~nl'ilPl~ 1Pi1~ b'el'U1'1i~ IPl~~, b'Wl~ 

il'1~"'W'i'i'J'W~h{i'WL'el hCAII ~eh'Wn1:i''Vl11~'J1~Vli~'Jtl"lll?l~ n 1?l~'W'i'i'J'W~ L{i'Wb'el'el'eln9'1 m9~ [?l'1lJ 

%~n~'1'Jl~~'1~~'W b~lJ dATP ~~n'i'i'J'Wt.J~lJ"lJ'el~UDmtl1mlJm:i'1~~ 18 91mf'Wl~Lni'WL~'1~ pGEM T-

Easy L'J~b[?l'elf ~~n'i'i'J'WeJ~lJ"lJ'el~UDmtl1mlJl?l'1:i'1~~ 19 tllJ~~ru,\MJi4 4 'el~Pl'1b"1lm~m1l ~1lJ~'W 
, " 

'fl[?l:i''1'i'i'J'Wn1:i'l~Ln-n'W:i':::'VI~I~~'W'i'i'J'W~~{i'W~'el hCAI! b~~::: pGEM T-Easy L'J~L[?l'elf LiJ'W 3 f'l'el 1 

'6h1.1tJ 'i~ n 'el tl '" '" f'I'J13JL"lI3J"lI'U m3J11Pl'i (~I ) 

Taq DNA polymerase 5 t1UlPllllJt~:i'~[?l:i'
" 

0.5 

dATP 2 i4~~tlJ~'1f 1 

10x buffer 10 bVl1 1 

~'W~'J'W~L{i'WL'el hCAI! - 7.5 

m:J.JIIPl'i~'VIfi• 
- 10 
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~ ';) 'IJ 'll~!: n 'fl 'IJ '" '" IPl ';) 13-1 b"113-1 "11 'IJ tl'hl1 rWi ( IJ I ) 

pGEM T-Easy b'JflWl'elf 50 l.nLklnf3-J/13-JLflJ'~I?lJ' 1 

T4 DNA ligase 3 b'J~UUI?lIt3-JLflJ'~I?lJ' 
'U 

1 

2X Rapid Ligation Buffer 2 b vi'l 5 

0" 1J tJ tJ d'kl'l ~'el(fJ J'~'"I ~'el(fJb'Jj'el
• 

- -

"",,~ ""a ."I""'Jjkl 'Jkl(fJb'elklb'el hCAII 'Vlbl?l3-J dATP - 3 

m3-l11?l~~'Vlfi• 
- 10 

."I a.d"" A 
'"I~tJmn~UUkl'el'lVl'lnL"lJ-:J LB 'Vl3-J IPTG (Isopropyl-!-'-D-thio-galactoside), X-Gal (5-bromo-4-chloro­

indOIYI-~-D-galactopyranoside) bb~~ ~'lJ'tJ~~'Jkl~ Ampicillin ti3-J~ 37 'el-:JP1'lL'Jj~b6J!m~ kl'lkl~1lJ~kl 

fOi(fJL~'elnLflL~tl~~J'l'J '"I'l mrkl~ n(fJ'V'I~1~~ (fJ'"I'l n E. eali LL~~vl11~u1~'Vli~'Ju'Jj (fJ~ n(fJ'V'I~'l~~ (fJ [;J13-J~fi~ 

n~'l'J1~lkl~'el 2.2 tn pGEM T-Easy/hCAil (C-Flag) bb~~ pENTR™3C Dual Selection b'Jflbl?l'elf 

(Invitrogen, USA) vl(fJ~'Jm'elkl1'Jjlfvl(fJ~'lb'V'l'l~ feaR I LL~~ Xha I ~'1iJ~'Jkle..J~3-J"lJ'el-:JtJ~mU1m3-Jl?l1n'l~ 

20 ti3-J~~Cl'lVIJ.;]~ 37 'el-:JP11L'Jj~b6J!m'l b1Jklb'J~'l 2 .ft''JL3-J-:J Vlt!(fJJ'ItJ~mmL(fJuti3-J~~ruVlJ.;]~ 65 'el-:Jfi1l'l 

" L'Jj~ L6J!U~ L'lJklb'J ~'l 20 kl'lVl Lb~'J [;JJ''J'"I~'elU~kl~'Jkl~ b~klb'el~'JU'el~n1LJ'~ L'"I~~ b~ fIL'VlJ'LyJ bJ':n~ 

I?lI'il..:1v1 2 0 ~1~'CI!:'CI1t1vh-ll\tJ'IJ~,;)'lJeJ ~3-I '1'IJ'llDMtll ~1Pl~1 b'Wl!:"1I'fl..:lb,;) fI b(;J'fl~ pGEM T­

Easy/hCAI! (C-Flag) bb'CI!: pENTR™3C 

~ ';) 'IJ 1.1~!: n 'fl 'IJ m3-l'l1?l~ 

(IJI) 

~ ';) 'IJ 'll~!: n 'fl 'IJ m3-Jl(;J~ 

(IJI) 

'" '" 1Pl,;)I3-1b"1l:J.J"1I'IJ 

'" ~ (;J'Vllti
• 

0" tJ tJ tJ d'kl'l ~'el(fJ J'~'"I ~'el(fJL'Jj'el• 33.75 J1tJ~'el (fJtJJ'~'"ItJ~'elIPlL~'el• 33.75 -

10X NEBuffer feaR I 5 10X NEBuffer feaR I 5 1 Lvi'l 

100X BSA 0.5 100X BSA 0.5 1 Lvii 

pGEM T-Easy/hCAil 

(C-Flag) 

10 pENTR™3C 10 413-JLMnf3-J 

feaR I 0.25 feaR I 0.25 5 uUI?l 
" 

Xhal 0.5 Xha I 0.5 5 UUVl.., 

m3-l1(;J~~'Vlfi. 50 m:J.Jl(;J~'iIl'Vlfi. 50 -
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, 

01 v " ~ d'4.3 'VI1 '6Hn'll'U hCAII L'lI1L'il'U'VI~L'll"lb'Wel'l (pENTR™3C Dual Selection) Lb~::IPl~'l~~'il'U 

I"I'l1).1 r.1.. n r;l'il.:J'lI'il.:J"if'l'ilaJU Lb'\J'\JVi .... ~1~ij Vl1V1~ m'l~VI ~'l~b'il'\J1'l1iJ ~VI~1b....1:: 

QIAquick Gel Extraction Kit (Qiagen. Germany) m~';)~~n~"l'm1bb~'l~1'l~'UU.1i'W~'l'W~b~'Wb'tl 
hCAI! LL~::: pENTR™3C Dual Selection L'lf'lblPl'tlf~~1'Wn1';j'Vi1HhJ1~i'libb~:::f.ln~Vl~1'Jm'tl'W1"1lar~Vl. " 
~1LYn::: EcoR I LL~::: Xho I b~'tl~j;]'tlL~1~'lwi'W ~'liJ~'l'We.J~aJ"1l'tl'lulJnhI11Pl1~m';j'1'l~ 21 tJl-I~~ru~JJn 

, ., 
22 'tl'lpj1L"1l~L~rl~ 10 'W1Yl TlIPl';j'1~'l'Wn1';j'1~bn-n'W';j':::~~1'l~'W~'l'W~b~'Wb'tl hCAI! bb~::: pENTR™3C Dual 

Selection b'lf'lblPl'tlf LU'W 3 j;]'tl 1 

1Pl1~1..:jvi 21 ~1~~::~n~vh-ifbtJ'U'6b'\Jr.I~).I "l'\JtJDm-~11~bni'U hCAII bon1 pENTR™3C Dual 

Selection L'HHIPl'fl~ 

~ 'J '\JtJ ~::n 'fl 'U " ... ... 
f'l'J1m".l.laJ".I.I'U~.VI'VI1~ m).l1V1'l ( IJI ) 

pENTR™3C b'lf'lblPl'af 50 'W1L'WnfaJ 2 

~'W~'l'W~b~'WL'tl hCAI! 54 'W1L'WnfaJ (pENTR™3C) 2.7 

5X Rapid Ligation Buffer 1 bV], 4 

." ...'W1U ~'tl VlU';j':::iOlU~ 'tl Vl b"l!'il. - 10.3 

T 4 DNA ligase 5 rllllPl 
" 

1 

maJ11Pl~~'VIfi• 
- 20 

I I .... I 

1~iOl:::f.l mn~ml'lU'W'tl1~1';j'U~'l LB Y1iJ~1)'n~'l'W:::Kanamycin ~1V1fu fOiVl L~'tl n~'W~'l'W~ V~'WL'tl hCAI! Y1'tlti 
,,~ " 

L'W pENTRTM 3C Dual Selection b'lf'lblPl'tlf tJaJ~ 37 'tl'lf"11b"1l'tlL~rl~ 'W1'W~1~~'W fOiVlL~'tlnLf'lL'tli1~('WU'W 
mV11m~'l iOl1mf'W~nVlY4~1~nVliOl1n E. coli bL~:::Vi1L~u1~i'li~'lrl"1lVl~nVlY4'tl1~nVl m~';)~~n~1'l1~L'W 

I I I iJ 

"1l'El'ltJlJffi'm(1]1~1Pl1';j'1'lYl22 tJ~Y1~ru~JJiJ 37 'tl'lf"11b"1l~b~rl~ bU'Wb'l~1 2 -n'lLaJ'l ~iJVl~'1ulJffi'mtl?mtJ~ 
, ., 

" Y1'tlruV1JliJ 65 'tl'lf"1rlb"1l~b~m~ dJ'WL'l~1 20 'W1Y1 bL~'lIPl';j''liOl~'tlU~'W~'l'W~b~'Wb'tl~'lrl'tl:::n1h~biOl~~h~f'lLi'l';j'. " 
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~1'i11.:J~ 22 ~1'i1~~~I!1mibtJ'W~h'W~~a.tl:uuijnhl1lP1~r.ilbViI~"lI'f).:Jb'Jflb~'f)f pENTR™3ClhCAil 

(C-Flag) 

~h 'W 1..1 'iI~ n'f) 'IJ m:IJI~'iI (IJI) '" '" '" fI'J'l:IJ b"ll:IJ"lI'W~ ~'VlI!1• 
inu~'e) I?1UJ':;'"ltl~'e)I?1L:f'e)• 38.75 -

10X NEBuffer EeaR 1 5 1 Lvi1 

100X BSA 0.5 1 Lvi1 

pENTR™3ClhCAII (C-Flag) 5 1 1~LrlJ'nf~ 

EcaR 1 0.25 5 rJUI?l 
'" 

Xhal 0.5 5 rJUI?l 
'" 

m:IJ'l~'iI~'Vlfi• 50 -

..,. "" "" "'.... "" .,4.4 'VI, LR 'ilfI'f):IJ'lJbW1!'W hCAII b"ll'lbl?l~'Vlb'W"1I'Wb'Jflb~'f)'iI pAG414GPD-ccdB-HA bb~~ 

, 
in pENTRTM 3C/hCAil (C-Flag) ~lvil LR 1rl'e)~u L'W-n'WtlU L'J rl LI?l'e)f pAG414GPD-ccdB-HA 

LL~:; pAG414GAL-ccdB-HA (Addgene, USA) ~'1iJ~'J'Wi:J~~"ll'e)'1tl{)mrJ11?l1l.Jl?l1n'l~ 23 tJl.J~ 

~ru'\."'1Jij 25 'e)'1P11L"ll~L6Jlmq LiJ'WL'Jm 1 i'JL~'1 VliJl?1rf'ltl{)mmLl?1m~~~IJ'~:;~nt.1 Proteinase K ml.J11?lJ' 

1 1~LrlJ'~I?l), L"llt.h1ih~ltl'WLL~htJl.J~'e)ruVlJlij 37 'e)'1P11L"ll~L6JlrJ~ LiJ'WL'J~1 10 'WIlli YI),I'Wyj'e)f~Yl~1~ijl?1~. '" 

1~L~1~ E. cali ~lrJ~'W~ DH5U 1?l1~';Jfi~n~I'J~1Lb~'J~1'1~'W Ll?lrJ1-ii'e)1V11J' LB ~iJ~1J'tl{)~'J'W:; 

Ampicillin ~1V1fuf1I?1L~'e)n~\'!~'J'W~L'~'WL'e) hCAII ~'e)t.Jl'W pAG414GPD-ccdB-HA LL~:; pAG414GAL­
'" 

~1'i11.:J~ 23 ~1'i1~~~I!1mibil'W~h'Wt:.I~:IJ "l'Wuijm!l1 LR ~fI'f):lJih'W.t'W"lI'f).:J pENTR™3ClhCAil 

(C-Flag) n'IJ pAG414GPD, GAL-ccdB-HA 

'61 'J 'W 1..1 'iI~ n'f) 'IJ '" '" fI'Jl:IJ b"ll:IJ"lI'W m:IJI~'iI (~.JI ) 

TE ulIhyj'e)f, pH 8.0 - 4 

pENTRTM 3C/hCAII (C-Flag) 50 'W1 L'Wnf~/1~LrlJ'~ 1?lJ' 2 

pAG414GPD-ccdB-HA, 

pAG414GAL-ccdB-HA 

50 'W1L'Wnf~/1~Lrl)'~m 2 

LR Clonase ™ II Enzyme Mix - 2 

m:IJ'l~'iI~'VIfi. - 10 
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~n(?)~~1~n(?)1O:j1n E. coli Lb~:;~11~1J1~Yli~')tJ1(?)~n(?)~~1~n(?) [;]1~%~n~1')111tJ;'el 2.2 U1 

pAG414GPO/hCAil (C-Flag) LL~:; pAG414GALlhCAil (C-Flag) l1i(?)~')m'eltJl"1!~l1i(?)~1L~1:; Xho I ~'1il 

~')tJCJ~~"lI'el'lU~mtJ1[;]1~[;]1~1'1~ 24 tl~~~ru'lHJn 37 'el'l~1L"1!~L6J1tJ~ LUtJL,)~1 2 i,)L~'1 VI~(?)J'I 
, 0­

U~mtJ1L(?)tJtl~Vi'QruVlJJn 65 'el'l~1L6Jl~L6J1tJ~ LUtJL,)~1 20 tJ1Vi LL~')[;]~')IO:j~'el1J:ntJ~'JtJ~L'atJL'el~')tJ'el:;n1 

L~~LIO:j~~L~1"lLYl~tv~ L~"D~ 

Ul1'i1-3v1 24 '6't1'i~~~1~v1i..n\tJ'U~h'U ~'6't)J i.'UtJDm~1!?lUlr.i"H'V'n~"lJ'el-3 pAG414GPD/hCAil 

(C-Flag) LL~~ pAG414GALlhCAil (C-Flag) 

~1'U tJ 'i~n'el 'U m)J1Ul'i (Ill) 
IV IV IV 

FI'l1)JL"lJ)J"lJ'U'6't Ul'VI1~
• .r ",,"

tJ1U~'el(?)U~:;lO:jtJ~'el(?)L"l!'el• 39 -

10X NEBuffer 4 5 1 LVl1 

100X BSA 0.5 1 Lvh 

pAG414GPO/hCAil (C-Flag), 

pAG414GALlhCAil (C-Flag) 

5 11~Ll"lm~~ 

Xhol 0.5 5 tJU[;]
'" 

m)J1191'i'6't'VIfl. 50 -

~~n1'i'VIUl~'el-3 LL~~ 'el.ntJ'i1t1~'Cl 

1. '6't~1-3ti'6't ~'6't1~.w'Ufi n~1~v1"lJ1Ulti'UtJ'i~)J1~'i,r'6'tL'el'Ut'ii~Fl1~'U'elUnLb'el'UterLUl'i'6'ti. 'U S. cerevisiae. 
1.1 vhm'ivh'Cl1~ti'U NCE103 bb'Cl:: ti'U PDR5 LUl~i.i;['U'61'l'U loxP-URA3-loxP L~11u 

LLYltJ~UtJ I?l'l n~1'J1tJtl"l~t~ t"1!~"lI'el'lU~ ~ 1O:j1nn1~[;]~')IO:j~'el1JCJ~ n1~~1~1tJUtJIO:j1nU~mtJ1~nL"ll~'el~h~'el 

L~~~')tJ'el:;n1L~~LIO:j~~L~ I"lLYl~1:~L~"D~ LVltJlhVl1 n~1~1tJutJ NCf1 03 1~~~1 L~IO:jIO:j:;l~CJ~[;].nruoy]~n L"ll~'el~ 
'" 

" " L~'flL~~v1'1V1~(?) 2 ~tJii"lltJ1Vl 934 LL~~ 1483 V>iL1J~ [;]1~~1~1J Vl1n~1~1tJU'W NCf103 hj~1L~'"l1O:j~1~
'" 

CJ~[;].nruoy]~ n 1:"ll~'el~ L~'elL~~ LoW tJ 'I 1 "llUVl'JJtJ1 (?) 1223 V>iL1J~ LL~:;1O:j1nCJ~n1~Yl (?)~'el'l~l~L~'elnu~ ~YlntJ 
'" '" 0­

~'elfLL~tJvl ~1'W')tJ 3 YlntJyJ'elfLL~tJvl ~1191~'J1O:j~'fl1J ~1J~1~1~1H1Vi1~1tJutJl~~1L~lO:jltJv1'1 3 YlntJ 

~'elfLL~'Wvl~ L~'el n~1 L(?)tJl~e.J~ [?1.nruoy]~ nt"ll~'el~ L~'el L~~~il'JJ'W1Vl[?11~~ f"11 (?)111?l'lJl1~~ 7 
'" 
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Primer Fl and Rl (934bp) 1 2 3 4 5 6 7 8 9 Primer F2 and R2 (1483bp) 

1500 bp._ 
1000 bp.­

.n1'W~ 7 eJ~ 1Pl.nr;u.yj"1mJijnhJ1~ nbozi'W'fI~h:lJ'fIL~~ L~'fIii'U~'I.m1~'Vh~1t1ii'U NCE103i:w 

b~~b:lJb'l!:lJ"lJ'fI-3ii~ ~ 

.dI qCi de: .. ~ '" 1 tr tr
3-5 ~'fl VlL'fl'WL'fl'VlLynJu~~'H1JVl'lti 'Wn~'fl~ nce1 03J1 LL~::; nce1 03_R1 

7-9 fl'fl ~Li)'WL'fl~L~~,n-~1ru~'ml'WfL~'flf nce1 03J2 LL~::; nce1 03_R2 
~ , 

'"llmr'WY)VlL~'flnU~ 1?l'Vl~I'tJ~'flfLL~'tJvll?i'lLL'Vl'tJLVltll~~'fl~ltJ~'tJfi~1 BP-12 (MA TCX ade2-1• 

can1-100 his3-11, 15 trp1-1 ura3-1 tJ.leu2::loxP tJ.nce103::loxP-URA3-loxP) b~'flvhn1:rn19VlU'tJ 

~lfrHn'flf URA3 Y)VlL~'flnL~L~lhl nL'W~'Vl~'tJLL'IJ'IJ~llJL'"l1bJdl'tJ SC-Ura LL~::;~'tJ6'tJl:,mn1~nI9VlU'tJ~'lti 

1fiulJmtl1~nL"li'Wrel~b~'flb~Ml'lIlI'W~ 8 

Primer F1 and R2 (621 bp.) 

1 

2 

3-5 

750bp._ 
500bp._ 621 bp. 
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• • 

"" ,
lwi'W[7]'El'WU3.JILL~:;lM'El~I~lt..1~'W~ BP-15 (MAra ade2-1 can1-100 his3-11,15 trp1-1 ura3-1 

fileu2::loxP fince103::loxP) 

~'W POR5 (Plasma membrane ATP-binding cassette (ABC) transporter, Pleiotropic 
, , " 

Drug Resistance) l'IJ'W~'WtJ:i':;3.J'J~:i',r~hh~'WVlVhl,.~iJIVltf3.J~I:i''El'ElmiJllt..1'W'Elm"1!~~ '\nn~~19l"1l1~~'W 
'lJ 

" " 
POR5 '"l:;~-.lt:.J~1im~l9l'l!'WhJ~I3.JI:i'Cliu~I:i''El'Eln'W'Elm"1!~~ L"1!~illJ~w.i-.liJA'JI3.J1'Jt?i'El~I:i't?i1-.l1mn~'W b'W 

n1:i''r1~~'El-.ld'~'El-.ln1:i'Vh~ltJ~'W POR5 l~tJHi'W~'J'W loxP-URA3-loxP L~11tJm/l'W~~'W POR5 b'W 

lA:i'l3.Jt"ll3.J"1l'El-.l~~ 19l [7]:i''J'"l~'Elim~ n1:i'VilmtJ~'W POR5 '"l1 ntJ~mm~nl-rl'V'j'El~L3.J'ElL:i'~~'JtJ'El:;n1l:i'~L'"l~ 
, " " 

~ L~Al 'Vl:i'lyJL:i'6]~ vl1nViI~ltJ~'W POR5 1~~1 L~'"lt:.J~ [7].nru"¥l~n l-rl'V'j'il~ L3.J'El L:i'~Vl AI~~I'"l:;1~'Vl-.ll13.J(1] 2 ~'WiJ 
'lJ 

Primer F1 and R1 (768 bp.) 

"" ~ crA'El ~L'El'WL'El3.JI[7]:i'~I'W 1 Kb DNA ladder 
<l.9 

2 ~'El "1!~A'JUA3.Jt:.J~~u"]j'El-.l1'V'jfL3.J'ElfL~'ElhlLfi~n1:i'ViI~ltJ~'W POR5 

3,4, 7 ~'El ~L'~'WL'El~L~3.Jm3.Jlru~'Jt..I1'V'jfL3.J'Elf pdr5J1 LL~:; pdr5_R1 LLt?ihlLn~n1:i'ViI~ltJ~'W 

5,6, 8 ~'El ~L{)'WL'El~L~3.Jm3.Jlru~'JtJ1'V'jfL3.J'Elf pdr5J1 LL~:; pdr5_R1 L~'ElLn(?)n1:i'ViI~ltJ~'W 
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Primer F2 and R2 (1418 bp.) 

1500 bp. __ 
1418 bp.

1000 bp __ 

"" "" Wifl'fl ~IL'fl'WL'fllJ1(?J~~1'W 1 Kb DNA ladder 
d.9 

2-4 ~'fl ~L~'WL'fl~L~lJmlJ1ru~'JtJl~fL:W'flf pdr5J2 LL~:; pdr5_R2 

~~!?l(:..J~~~€~1tJ~'W~n~1tJ BP-13 (MATa ade2-1 can1-100 his3-11,15 trp1-1 ura3-1 I1leu2::loxP 

I "" "I 

I1pdr5::loxP-URA3-loxP) Yl~1:W1nIL"'l1rul~u'W'fl1V11n~tJ'IL~'flYlhh~:wm1~~ LL~~'11ih~'W~1~'W URA3 
~ ~ 

1~ L~1hhL'Vl'W~1'Wbfl~b:Wb"]j:W"1l'fl'lm~!?lr;i'l mh'J (?J~'1 ~1 LLVI'll'l~'W POR5 m:w (:..J~ n1~(?J~'J"'l~'flU ~'JtJ~jhJ!1mm 
~nbBJl~'fl~L:W'flL~~~1'1~'W 
~ 

~ , 
"'l1 mJ'Wrol~ L~'fl n~~ !?l'Vl~1'W~'fl fLL:W'W'VlL~'flvl1 n1~n1r.l~~'W:W1ffl Ln'flfuRA3rol~ L~'fl nbflb~-n"'l1 n 

L~~'Vl~'WLLUU~hlL"'l1'lJ1'W SC-Ura tl'WtT'W(:..J~n1~n1r.l~m'W~'JtJ%tJ!1mm~nbBJl~'fl~L:W'flL~~r;i'l1l1~~ 11 

Primer F1 and R2 (376 bp.) 

500 bp. _376bp. 
250 bp. 

"" "" Wifl'fl ~L'el'WL'fl:W1(?J~~1'W 1 Kb DNA ladder 
d.9 

2 ~'fl 'll~fl'JU'"l:W(:..J'i'l'i'lu"1l'fl'll~nlJ'flf pdr5J1 LL'i'l:; pdr5_R2 

3-5 ~'fl ~Lil'WL'fl~L~:wm:W1ru~'W~'JtJl~fL:W'flf pdr5J1 LL'i'l:; pdr5_R2 
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can1-100 his3-11.15 trp1-1 ura3-1 /).leu2 ::loxP /).pdr5::loxP) '"llm!'Wu'W NCE1031'Wu~L9l~It.J~'Wfi 
q 

~ ~, 

~'W~,)'W~ L~'WL!l LL~:; -WI L~I~'W~,)'W~ L~'WL!lViHh~I~U~L9l~It.J~'Wfi Bp14 (/).pdr5) Yhn1~rh~(1)u'Wl-J1ff) 
. " q , ,~ 

Ln!lf URA3 !l!lnhJ I.~U~L9l~It.J~'Wfin~It.JVi"llI(1)i'lu'W PDR5 LL~:; NCE103 b~lt.Jl~~!l~I~It.J~'Wfi BP-17 
. q q 

(MAra ade2-1 cant-100 his3-11, 15 trp1-1 ura3-1 /).leu2::loxP /).pdr5::loxP /).nce103::loxP) 

1.2 fl1nH1~LlJ1'VJiJ"lI'fl.:Jii~lPl &ce103 111~"lJ?l~Jl1'J~ii'fl'fln:ab'"llJbb~~ii 0 .035% CO2 

bVi~'IJ n'IJ~Jl1'J~1:J,j ii'fl'fl n:a b'"llJ bb~~ii 20% CO2 
oe:::l rr G.'r ~'V .. ,Q"" J Q' 

'W1t.J~I?l~It.J~'WD BP-9 BP-15 LL~:; BP-17l-l1L~t.J'IL'W!l1V11n~t.J'IL"ll!lLL"ll'l synthetic
q 

dextrose (SO) ~i1n1n~hJn~(1)!l:;m'W~~ILu'WI'l!ln1n'"l1CY"ll!l'lu~ L9l~It.J~'W~ BP-9 BP-15LL~:; BP-17 

,JlhhJl-l~TlruVlJJ~ 30 !l'lPllL"llm~t.J~ JlIt.Jl~~JlI'):;i1!l!ln~L'"l'WLL~:;i1 0.033% CO2 LVit.J1JnU~JlI'J:;hJi1 

!l!ln~L'"l'WLL~:;i1 20% CO2 (Li'ml'W GENbox anaer, bioMerieux, France) LU'WL'J~1 3-4 i'W '"l1n~~n')), 
" 'Vl(1)~!l'l~U~IU~L9l~It.J~'W~ BP-9 ~1l-JI~m'"l1cy1.~i'l1'W~Jl1'):;i1!l'Cln~L'"l'WLL~:;n 0.035% CO2 LL~:; 

~Jll'):;hJn!l!ln~L'"l'WLL~:;i1 20% CO2 Lti!l'l'"l1nnn1nL~(1)'1!l!ln"'1J!l'lu'W NCE103 Yh1~~Il-JI~Cl~~I'11.U 

mfU!lL'Wl?lhn~1'Wm:;1J'J'Wn1~1'l1'11JlIt.Jl'WL"ll~~1~L~!l!l~1'W~JlI'J:;i1!l!ln~ L'"l'WLL~:;i1 0.035% CO2 LLI'l 

1'W'Vl1'1I?lN n'W~Il-JU~L9l~1t.J~'Wfi BP-15 LL~:;BP-17 ~1l-l1~m'"l1ru1.~L'U~1:;1'W~JlI'):;1.l-1i1!l!l n~L'"l'WLL~:;i1q ., 

20% CO2 Lti!l'l'"llnU~L9lC?i'ln~I'J"llI(1)U'W NCE103 Yhl~l'W~JlI,):; CO2 ~11.l-1~1l-J1~m'"l1cy1.~L~J'1:;"llI(1) 

nl~~~1?l1Uf)lfU!lL'Wl?lhn~1'WL'l!~~ LLl'll'W~JlI,):; CO2 ~'1 U~L9l'"l:;-W1 C02 1'W!l1n1Pll-JIHL~!l~~1911.1J 

f)lfu'ClL'WI?lLL'Vl'Wyh1~~1l-JI~ClnrrUl-J1L'"l1cy1.~:an f)f'l C?i'lJll~~ 12 
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n. 

., 1J e::::.I ~ Q 

n. 	Jl1t1 bl'1'ClJl1'J:::~'El'Eln'JJb'"l'Wbb~:::~ 0.035% CO2 

~'El 'Cl1t1'W'Wfl BP-9 (wild type derivative of W303-1 B)
q 

2 ~'El 'Cl1t1'W'Wfl BP-15 (~nce103)
q 

3-4 ~'El 'Cl1t1'W'WflBP-17 (~nce103 ~pdr5)• 

'lJ.Jl1t11~'ClJl1'J:::1~iJ'El'Elnonb'"l'Wbb~:::iJ 20% CO2 

~'El 'Cl1tJ'W'Wfl BP-9 
q 

2. ~~1-1'W~1~ij ~i:IXiithJ.yi'lh:::J.J'J~'i,r~ 1D11hJ'fl'WI"l bb'el'U1en~'i~'lJ'el-1 S. cerevisiae (NCE103) 

2.1 	 b~:J.Jlli:J.J1t;U~h~'U'lJ'el-1ti'U NCE1 03 t~~tJiJm-~1~ nt'1i'W'el~b:J.J'elb'i~ 

n1J'b~l.Jm~1ru~'W NCE103 t'l11~L~m'-1n~Lr1dL~L'JJ:J.J'El~~vB'Wb'El'"l1n~Ml'Cl1tJ'W'Wfi, W303-1 B 

", , 
~'1iJ"ll'W1 (;l bvi1n'UnU"ll'W1 (;l"11!l'l~'W~'J'W NCE1 03 ~'1Jll'l"lVl13 
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234 5 

701 bp _750bp. 
_500bp. 

111~f113 eJ~lPlntU'Yi~1mJijmtl1~n1'1i~'el~b3-J'elb';l~ b~'elb~3-Jm3-J1tl.!ii'lJ NCE103 

~'el "1lVl~'J1J'13,HJ~~1J'lJ'el'l1'1"m3-J'flf (NCE103J, R) ~~ILYn:::n1J~'W NCE103 

2-4 

...5 ~'el """" VlL'fl'WL'el3-JII?l~~I'W 1 Kb DNA ladder 
<l.9 

~ ~ ~ ~ ~ 

2,2 1Pl'.l'J~~'el'U A'J13-J tm 1Pl'el-3"l1'el-3'.1A'el3-J'U bb'lJ'lJ'VI~~1~3-J VI (pGEM T -Easy/NCE 1 03 (C-Flag)).. 
Cj" QJ' '" '1 d' Q.I' 0

blPltln1';1IPlIPlIPl'JtJb'el'lJ b'1l3-J1Pl1Pl~1b~1~ 

-WI pGEM T-Easy/NCE103 (C-Flag) l1i'VI~bm'fl'Wl"J!~l1i'VI~IL~I::: BamH I LL~::: Xho I LL~::: 
" 1?l~'Jr.H<j'el'J~'W'Cl'J'W~ L~'WL'fl ~'J t1'fl :::nlh~ LIOJ~~ L~ ~L'Vl J'L~ L~"B~ lOll n fl1 ~1?l~'JIOJ~'el'J1~'fl3-JU LL 'W'Wvl~~I~il VI 

~u~11~ ~~I?lJirusvl~n'lJ'W1 VI 701 ALU~~'1n'lJ'W1 VI LVl1n'WflU'lJ'W1 VI'lJ'fl'li'W'Cl'J'W NCE1 03 LL~::: 3,000 ALU~ 
~ ~ 

, , 
~Q IG.' 0"" IV c::j 

"J!'13-J'lJ'WIV1L'VllnU pGEM T-Easy L'J~LI?l'flJ' VI'IJlI~'Vl 14 

123 

701 bp 

__3,OOObp. 

___750 bp. 
_-500bp. 

111't'lf114 eJ~ (PJntU'Yi~1n ni';llPllPl ~'JtJb'el'lJl'11ii 1Pl1Pl~1b~1~ BamH I bb~~ Xho I "lI'el-31r1'el3-Jihb'lJ'lJVi 

~~1~i11Pl (pGEM T-Easy/NCE103 (C-Flag)) 
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• 


" 1-2 ~'eJ ~'W~'.l'W~L'~'WL'eJ"lI'eJ'l NCE103 (701 bp) bL~:; pGEM T-Easy L'.lI"lLIn'eJf (3,000 bp) 

3 

~ Q ~ ~ Q

2.3 In 'i'J~~'el'U A'J1a.J t;l n l?l /fHI'U'el.:J'iA'ela.J1HL'\..!'W'VI'W~1~a.J I?l (pYES2/NCE103 (C-Flag) LL'~::... 

pENTR™3CINCE103 (C-Flag)) Ll?ltln1'i~1?l~'Jm'el'W1'lliJ ~1?l41L 'W1:: 


r.l1nn1~'VlC91~'eJ'ld'1~1"l'eJ3JULL'W'WvI'W~1~i1C91 2 'll1lC91~'eJ pYES2/NCE103 (C-Flag) LI.~:; 
pENTR™3CI I\JCE103 (C-Flag) '"l1mf'Wf'lC91~'.ltll.'eJ'W1"l1,rf'lC91911.'Y'l1:; 8amH I I.I.~:; Xho I 1n~,)'"l~'eJ1J 
" " ~'W~'.l'W~ 1.~'WI.'eJ~,)rJ'eJ:;n1h~ L'"l~~~h~ I"l t'Vl~h'h~~~ ~1 nn1~In~'.l'"l~'eJ1J 'WU~1 pYES2 f'lC911.1.~'.l1~~'W~')'W 

, " . 

5,856 riL1J~ (Jl1'Y'lVi 15) LL~:; pENTWM 3C Dual Selection l.'.lI"lLIn'eJf 1~~'W~,)'W"lI'W1C91 2,269 riL1J~ (Jl1'W 
" 'U 

~ 16) ~')'W11"l'eJ3JULI.'W'WvI'Y'l~1~i1C91 pYES2/NCE103 (C-Flag) 'Y'lU~11~C-J~InJlru"Vl~n"JJ'W1C91 701 ~L1J~~'ln 
" ,

"lI'W1C91I.'Vhn'WflU"ll'W1C91"l1'eJ'l~'W~'.l'W NCE103 I.I.~:; 5,856 ril.1J~ ~'ln"ll'W1C91I.'Vhn'Wn1J"lI'W1C91"l1'eJ'l pYES2 
. 'U 

1.,)I"lI.In'eJf (Jl1'Y'l~ 17) LI.~:;r.l1nn1~In~'.l"'l~'eJ1J pENTWM 3C/NCE103 (C-Flag) 'Wu~11~C-J~InJlru"Vl~n 
, '" , 

"lI'W1C91 701 ~L1J~~'ln"ll'W1C91L'Vhn'Wn1J"lI'W1C91"l1'eJ'l~'W~'.l'W NCE103 LI.~:; 2,269 ~LU~ ~'ln"ll'W1!?lL'Vhn'Wnu 
, 

"lI'W1!?l"ll'eJ'l pENTWM 3C L,)I"lLI?l'eJf (Jl1'Y'lVi 18) 

1 2 

6,000 bp. __ 5,856 bp. 

~'eJ ~1.~'W1.'eJ3J11?l~~1'W 1 Kb DNA ladder 
dJl 

2 ~'eJ i'W~'.l'W~I.~'WL'eJ"lI'eJ'l pYES2 L'.lI"lLIn'eJf (5,856 bp) 
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1 2 


2,000 bp 

750 bp. 

250 bp. 

__2,269bp. 

__ 696, 702 bp. 

___89 bp. 

111'r4Vi 16 (:.J~!Pliln!.;i~1nn1'J~!Pl~'Jm'£l'Ul'1lii~!Pl~1b~1~ BamH bb~~ Xho I "lI'£l.:J pENTR™3C 

Dual Selection b'J~b!Pl'fl~ 
dI ~ <Ii 

1 ~'fl (1)L'fl'Wl'flJ-Jl!Pl:i'~TW 1Kb DNA ladder 
<IJl 

2 ~'fl i'W~'J'W~L~'Wl'fl"lJ'fl'l pENTR™3C Dual Selection l'Jr1ll1l'flf (2,269 bp) 

2 3 

5,856 bp.---+ 6,000 bp . 

750 bp. 
500 bp. 

pYES2/NCE103 (C-Flag) 

'" 1-2 ~'fl ~'W~'J'W~L~'Wl'fl"lJ'fl'l NCE103 (701 bp) ll'i'1~ pYES2 l'Jr1ll1l'flf (5,856 bp) • 
dI ~ <Ii 

3 fI'fl (1)L'fl'WL'flJ-Jll1l:i'~I'W 1Kb DNA ladder 
<IJl 
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2 3 

2,000 bp. 

750 bp. 
500 bp. 

2,269 bp. 

701 bp. 

W~::; Xho I "lI'fI.:I 

pENTR™3CINCE103 (C-Flag) 

.d/ '" a
rl'fl (YIb'fl'Wb'fllJ'W1J''<il'W 1Kb OI\JA ladder 

01.9 

2-3 ~'fl ~"'W'Ci'J'W~bi)'Wb'fl"lJ'fl'l NCE103 (701 bp) bb'l'l:; pENTR™3C b'Jrlbl9l'flf (2,269 bp) 

2.4 (;1'i'J'"l~'fI'I.J 1Ol'J1:JJ f:l n U1'f1.:1"l1'f1.:11f'l'fl:JJiibb'\J'\J.yj'W~1~ij (;1 (pAG414GPD/NCE103 (C-Flag)... 
bb~::; pAG414GALlNCE103 (C-Flag)) LI'l~m'iIPl(;1~'Jm'fl'\Jl'lfiJlPl(;1~1b'W1::; 

oWl pAG414GPO/NCE1 03 (C-Flag) bb'l'l:; pAG414GALlNCE1 03 (C-Flag) ~(YI~hm'fl'W1'll~ 

~(YI9l b'rn:; Xho I 19lJ''JiOl ~'fl1Ji'W'Ci'J'W~Li)'Wb'fl ~'JtJ'fl:;nl 'i:J'~ biOl'l'l~ b'l'l rl L'Vl J' h-J bJ'~ ~ lOll n n1 J'19l J''JIOj~'fl1J 

pAG414GPO/NCE103 (C-Flag) bb'l'l:; pAG414GALlNCE103 (C-Flag) 'W1J~11~t,J~l9lnrueyJ~il"lJ'Wl(Y1 
, 

I I Q..o" c:l 

6,536 ~b1J~ bb'l'l:; 273 ~b1J~ (YI'lJl1'W'Vl 19 
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123456 

• 

111~~ 19 ~~(;1.nru.y)~1nn1~~"'~'UlL'el'U1'l1~~",r.l1b~1:: Xho I "1I'el~ pAG414GPD/NCE103 (C­

Flag) bb'CI:: pAG414GALI NCE103 (C-Flag) 

"" "" afl'el (7Il'el'Wl'el~'1{;l~~'1'W 1 Kb DNA ladder 
6Jl 

~ ~, 
2 ~'el ~'W~'J'W~hii'WL'el"ll'U" pAG414GPD-ccdB-HA l'J fl L{;l'Uf VlhJn~'W~'J'W~l-B'Wl'U NCE103 

~ ~, 
3-4 ~'el ~'W~'J'W~Lii'WL'el"ll'el" pAG414GPD L'JflL{;l'Uf Vln~'W~'J'U~Lii'WL'U NCE103 

~ ~, 
5-6 ~'el ~'W~'J'W~Lii'WL'U"ll'el" pAG414GAL l'JflL{;l'elf Vln~'U~'J'W~Lii'Wl'el NCE103 

3 . ~~1~~'CI1~il ",11Xiiii'U ~'L1~::a.J'J'CI~,r~ fl1~'U'elU fl bL'el'UlnL"'~~"1I'el~ Plasmodium falciparum 

(pfCA) 

3. 1 (;1~'J~~'fl'Ufl'J13-Jt1n ~'fl-3"lJ'el-3~fl'el3-JihL'U'U.y;~'CI1~il '" (pGEM T-Easy/pfCA)1",~ n1~1Pi''" 
OJ 

6,000 bp. 6,536 bp. 

250 bp 273 bp. 

" 1 001 ....."''Jm'fl'U 'Zf3-J Ul (9l~1 L~1:: 

n'1 ~L~ ~m~ '1 ruu'W(;)" n~'1 'J vl'11~b(71 tJU'1 e.J ~ I1lJlruoyjtlllm-tJ 1 ~ n boJl~ 'el ~ L~'el L~~"ll 'el\l P . 

fa/ciparum ~,,1~~u~'1'"l'1n I'll .(7I~. ~~:;';'Wfi n1,,1m flru:;LL~YltJM'1~l1lf '"l~'1~Nmru~Vl1fjYltJ1itJ 1~'Hni'W, 
... 

l~'1~ pGEM T-Easy l'Jflll1l'Uf bb~:; vr(7l~'Jm'U'W16Jllfvr(7l'~1L~'1:; EcoR I 11l~'J'"l~'UU~'W~'J'W~Lii'WL'1l~'JtJ'el:;
'lJ 

n1b~~l'"l~~L~flbYl~h.Jl~~~ '"l1nn1~{;)~'J'"l~'UU pGEM T-Easy/pfCA ~U~'11~e.J~I1l.nrusyf~n"ll'W1(71 1,257 ~ 

lU~~"n'lJ'W'1(71L'Vhn'WflU'lJ'W1(71'lJ'U"i'W~'J'W pfCA ll~:; 3,000 ~lU~~"n"ll'W'1(71l'Vhnu pGEM T-Easy 

.. .J 
b'Jfll[;l'el~ (Jl'1~Yl20) 

36 
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• 

3,000 bp. 

1,500 bp_ 
1,000 bp . 

1,257 bp. 

.tdi ~ QJ d' cv i-' '1 ffcv 0 

111Vl'Vl 20 l!J'tIlPlllru'YI~1nn1~IPlIPlIPl'JtlL'fl\H'lIaJIM1~1LVl1~ EcoR I "ll'fl-3 pGEM T-Easy/pfCA 

"" "" '" rl'fl (;)l'flklb'fl:\..J'lI?l~~'lkl 1Kb DNA ladder 
<is 

2-3 ~'fl ikl~'Jkl~'h.aklb'fl'lJ'fl'l pfCA (1.257 bp) LL'tl:; pGEM T-Easy b'Jrlbl?l'flf (3.000 bp) 

3.2 L~aJmaJ1ru~lL~'U"1J'fl~ii'U pfCA 'i:(;)tluljmtl1~nb'liVl'fl~LaJ'flL~~ 

L~:wm:W'lru~b.aklb'fl'lJ'fl'l~'W pfCA ti?1tIHt'fl~tnu'Jrl~t'fllV1(;)1Y1n:\..J'flfpfCA F(418) bb'tl:; pfCA 

R(418) bb'tl:;l~ pGEM T-Easy/pfCA dJkl~b.aklb'fl ~klbb1J1J "'I'l n n'l~I?l~'J"'I~'fl1J 1:J'tl n'l~v'htJ~nh.l'l~nt'llYl'fl~ 


L:\..J'fl b~~ ~'JtJt'fl~tnu'J rl~t'fl1VI (;)1Yln:\..J'flfi'l~'fl'l'nu(;) Yl1J~11~l!J~ I?lJlru.n~iJ'lJkl'l(;) 1.292 f1l1J~~'1iJ'JJkl'l(;)

" 

1.500 bp. 
1,000 bp. 

+--1.292 bp 

111Vl~ 21 l!J~IPl.nru.y;~1nuljmtl1~nb'liVl'fl~LaJ'flL~~ L~'flL~aJmaJ1ruii'U pfCA 

~'fl ~l~'Wb'fl:\..J'lI?lJ'~'lkl 1Kb DNA ladder 
." 

2 A'fl ~b~klb'fl~b~:\..Jm:\..J'lru~kl~'JtJ1Y1n:\..J'flf (pfCAJ. R (418)) ~~'lLYI'l:;n1J~kl pfCA 

• 3 A'fl 'n(;)rl'J1Jrl:\..Jt:.J'tl~1J'lJ'fl.,:J1Y1n:W'flf (pfCA F. R (418)) ~~'lbYl'l:;n1J~kl pfCA
q q -
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I 

i.I .q .Q. 0' Co\. 

3.3 UI~'J~~'fI'l..J f1'J13.J ~ n IWfl.:J"l.I'fI.:J~f1'f13.J'l..J LL'W'W'Vl'V'l~1'6'U.J ~ (pGEM T-Easy/pfCA418 (C-Flag) 

b~tJ n1~1P1~ ~'JtJ L'fI'Wl'l!~ IP1~~1 L'V'l1:: 

U1 pGEM T-Easy/pfCA418 (C-Flag) l?i~~'Jm'el'Wh~l?i~~1Ly/1::; BamH I LL~::; Xho. ., 
1'l~'Jr;H'l'el'lJ~'W~'J'W~ L-a'WL'el ~'JtJ'el::;m L~~ L"'l ~~ L~ fl L'Vl~L~ L~6]~ "'l1 n n1 ~1'l:r'J"'l~'el'lJ1fl'ell-Jii LL'W'Wvly/~1~~ ~ 

, , ., 
Y/'lJ~11~(:.J~I'l.n'WY]~i:J"lJ'W1~ 1,292 ~L'lJ~~'1i:J"lJ'W1~Lvhn'Wn'lJ"lJ'W1~"lJ'el'l~'W~'J'W pfCA (418) LL~::; 3,000 ~ .. .. 

, , 
~ Q I Q/ tr .c::I 

L'lJ~"1i'll-J"lJ'W1~L'Vl1n'lJ pGEM T-Easy L'JflLI?l'el~ (Jl1y/'Vl 22) 


123 


3,000 bp. 

1,500 bp. 
1,000 bp. 

__1,292 bp. 

1l1'V'lVi 22 f.J~UI.nru.yj~1nn1~1P1~~'Jm'fl'Wl'l!~IP1~~~IL'V'l1:: BamH I Lb~:: Xho I "lJ'fI.:J pGEM T­

Easy/pfCA418 (C-Flag) 

f)'el ~L-a'WL'ell-J11'l~~1'W 1Kb DNA ladder 
J!l ., 

2-3 f)'el ~'W~'J'W;;hii'WL'el"lJ'el'l pfCA (418) LL~::; pGEM T-Easy L'JflLI'l'elf 

IP1~ ~'JtJ b'fI'W1'l!~ IP1~~1 b'V'l1:: 

U1 pYES2/pfCA418 (C-Flag) l?i~~'Jm'el'Wl"1i~l?i~~1Ly/1::; BamH I LL~::; Xho I 1'l~'J"'l~'el'lJ 

i'W~'J'W~Lii'WL'el~'JtJ'el::;n1h~L"'l~~L~flL'Vl~L~L~6]~ "'l1nn1~I?l~'J"'l~'el'lJ pYES2/pfCA418 (C-Flag) Y/'lJ~11~ 

(:.J~I?lJl'WY]~i:J"lJ'W1~ 1 ,292 ~L'lJ~ ~'1i:J"lJ'W1~Lvhn'Wn'lJ"lJ'W1~"lJ'el'li'W~'J'W pfCA (418) LL~::; 5,856 ~L1J~ ~'1.. .. 
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2 3 


• 

5,856 bp_ 

1,292 bp_ 1,500 bp_ 
1,000 bp_ 

1l1~.v1 23 e.J~In.nru';;"'I1nn1'a~I?l~'Jm'el'W1'Iiii~I?lr.i1b~1~ BamH bb~~ Xho I "1I'e).:! 

p YES2/pfCA418 (C-Flag) 
d 	 .,. CJ 

3 rl'tl "'L'tl'WL'tl~I(;l~~TW 1Kb DNA ladder 
6Jl 

1-2 

4 . ~~.:J~~I~3j I?li.~ijij'W.v1tJ'a~:J.J'J~ 'a,r~ F11~'IJ'elij F1 bb'el'W1e1b1?l'a~"1I'el.:J:J.J'W'H~ (hCAII)
• 

4.1 	 b~:J.Jm:J.J1ru~'lL~'W"1I'el.:Jij'W hCAII LI?l~'\JDnhl1~nL'li~'el~b:J.J'elb~~ 

L~3-JtfhJ1ruthJr;1,m'CiI')t(;1tJlJl eDNA "ll'tl'l~'W~~~'11~t'U:J.JI"'11n ~ . (;1~. ~~:;~'Wfi n1'11n~ rlru:;• 

~1"y'j :i'L3-J'tlf hCAII_R '"11 n nr ~(;l~')"'i'l'tlU ~~ nl ~VilulJmtJl~ n toj"y'j'tl~ L3-J'tl L~'i'l ~')tJ t'tl~tnU') rl~t'tl1 'Vl (;11~ ~ 

L3-J'tlf "y'ju~11~~~(;lJlru-n~~'ll'WI'" 818 riLU~~-.1~"ll'WI(;1LYhn'WflU"ll'WI(;1"ll'tl-.1i'W~hw hCAII (JlI~~ 24).. 
1 234 

• 

• 

1 

1,000 bp
750 bp_ _818bp_ 
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2-3 fl'el ~L~m'el~L~~1JhJ1ru~h.l~'JtJ1Y1n~'elf (hCAIIJ, R) ~~1LY11:::n1JU'U hCAI! 

4 fl'el "ll(1)fOl'J1J~~e.lrH'l1J"lJ'el'llY1:i'L~'elf (hCAIIJ, R) ~~1LY11:::n1JU'U hCAI! 

• 'L~tl n1'iJPI~ r;l'JtIL'fl'U1'll~ JPI~~1 b'Vn~ 

~1 pGEM T-Easy/hCAII (C-Flag) bb~::: pENTR™3C Dual Selection b'JfOlbi?l'elf (Invitrogen, 

USA) 11i'(1)~'lm'el'Ul"]j,rI1i'(1)~1LYn::: EcoR I bb~::: Xho I i?I~'J'"l~'el1Ji'U~'J'U~b~'Ub'el~'JtJ'el:::n1h~b'"l~~b~fOlLm 
L'Yh~~~ '"l1nn1~i?I~'J'"l~'el1J1fOl'el~iJbb'U'UvlY1~1~i1(1) Y11J~11~e.l~i?lJlruoyJ~ij"JJ'U1(1) 818 r1b1J~~'1ij"lJ'U1(1) 

., , " , 

b'Vhn'Un1J"JJ'U1(1)"JJ'el'l~'U~'J'U hCAII bb~::: 3,000 r1L1J~~'1ij"lJ'U1(1)L'Yhn1J pGEM T-Easy b'JrIL[;l'elf (1l1Y1~
" ., , 

25) ~'J'U pENTRTM 3C Dual Selection L'JrIL[;l'elf Y11J~111i'(1)bL~'Jl~~'U~'J'U 2,282 r1L1J~ (1l1Y1~ 26)
" 

1 2 3 

818 bp . 

3,000 bp. 

1,000 bp . 
750 bp. 

bb~~ Xho I "1J'fl..:! 

pGEM T-Easy/hCAIl (C-Flag) 

1-2 fl'el i'U~'J'U~L~m'el"JJ'el'l hCAI! (818 bp) Lb~::: pGEM T-Easy L'JfOlL[;l'elf (3,000 bp) 

3 fl'el ~Lii'UL'el~1[;l~~1'U 'I Kb DNA ladder 
dJl 

• 

• 
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1 2 

.. 
2,000 bp . 

1,000 bp 

250 bp . 
328 bp. 

.. 
Dual Selection b'JFlblPl'el'i 

dI <d .. 

Fl'f) C;)L'f)'WL'f)J.J')m~1'W 1Kb DNA ladder .., 
2 A'f) i'W~,)'W~1L~'WL'f)'lJ!l'l pENTRTM 3C Dual Selection L,)~LI?1'f)f (2,282 bp) 

• 


n1'i~vwl'Jm'el'U1'lfii~Vl~1 b'Vn::: 

1.J') pENTRTM 3C/hCAil (C-Flag) (;]c;)~,)tIL'f)'Wl"l!~(;]c;)~'lLYn:; EcoR I LL'i'l:; Xho I 1?1~'J9~!lU 

" ~'W~,)'W~L~'WL!l~'JtJ'f):;n')h~ L9~~ L~ ~L'Vl~LYh~:n~ 9') nn'1~I?1~,)9~'f)'lJ pENTR ™ 3C/hCAil (C-Flag) "r'l'lJt)') 
I I i.I I 

l~e-J~I?1Jiru"Vl~il'lJ'W')(?1 818 fiL'lJ~~'lil'lJ'W')(?1Lvhnwl'lJ'lJlJ,)C;)'lJ'f)'l~'W~'d'W hCAI! LL~:; 2,282 fiLU~ ~'lil 
" , " 

I ~ V r q

'lJ'W')(?1L'Vl')n'Wn'lJ'J'W')(?1'lJ'f)'l pENTR™3C L'd~LI9l!l~ (Jl,)"r'l'Vl 27) 

2 3 

_2,282bp.2,000 bp . 

_818bp. 

1l1W~ 27 eJ~IPl.nr;u.yjn1'i~Vl~'Jm'el'W1'lfiiJPi'Vl~1bW1::: EcoR I bb'~::: Xho I 'l.I'el-!l pENTR™3ClhCAil 

A'f) ~L~'WL!lJ.J,)I9l~~,)lJ 1Kb DNA ladder .., 
2-3 ~!l i'W~,)'W~L~'Wl!l'lJ!l'l hCAI! (818 bp) ll~:; pENTR™3C l'd~ll9l!lf (2,282 bp) 
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..., .q Q. ~ ~ 

4.4 1PI'a'J'"l'41'el'IJ ~'J13J ~ n IWel.:l'll'el.:l'a~'el3J'IJ LL'lJ'lJ'VI'V'l'&n'413J1PI (pAG414GPD/hCAII (C-Flag) LL~~ 

pAG414GAUhCAII (C-Flag)) LIPI~n1'a~IPI~'Jm'el'lJ1'1!~~IPI~'b'ri1~ 

-WI pAG414GPD/hCAil (C-Flag) LL'~:; pAG414GALlhCAil (C-Flag) vi'C1l~')m'flkl1snlfvi'C1l 

~1 b'Vn:; Xho (1l~')"'l ~'flUikl~,)klm dh.Jb'fl~'lU'fl:;n1h~ L"'lt'l:t) bt'll"l L'YI :i'LYh:i':jj~ "'l1 nnl:i'(;J:i',)"'l~'fltJ 

• pAG414GPD/hCAil (C-Flag) LLt'l:; pAG414GAL/hCAil (C-Flag) ~tJ~11~r.J~(1l.nru"Vl~iJ"1lkll~ 6,715 
, , " 

FiLtJ~ LLt'l:; 213 FiLtJ~ ~'liJ"1lkll~Lvllnkl1ltJn1:i'~lkl')ru(;JI}.Jl"lI~n1:i'nrLn'fliJ~kl~,)klmL~klL'fl"1l'fl'l hCAI! L~1 
" 'U 

123 

6,OOObp.---+ 6,715 bp. 

250 bp.---+ 213 bp . 

.n1'V'l~ 28 ~~IPI.nru.vi'"llnnl'a~IPI~'Jm'el'lJl'1!~~IPI~'b'ril~ Xho I 'lI'el.:l pAG414GPD/hCAII (C-Flag) 

bb~~ pAG414GAUhCAil (C-Flag) 

~'fl mL~klL'fl}.JI(1l:i''"ilkl 1Kb DNA ladder 
dJI 

" ",
2 ~'fl ~kl~,)klmL~klL'fl"1l'fl'l pAG414GPD L,)l"lL(1l'flf YliJ~kl~,)klmL~klL'fl hCAII 

" , " 
3 ~'fl ~kl~,)klmL~klL'fl"1l'fl'l pAG414GAL L'll"lL(1l'flf YliJ~kl~,)klmL~klL'fl hCAII 

1. 

2. ~~I'l~~vl~IU~klfimnu~"1l1~~kl NCE1 03Lbt'l:;~kl PDR5(~IU~klfiBP-17) 1~~IL~"'l
• q 

3. ~~I'l~t'lI~ij~ pAG414GPD/NCE1 03 (C-Flag) LLt'l:; pAG414GALlNCE1 03 (C-Flag) 

~'liJn1:i'LL~~'l'fl'fln"1l'fl'ltlkl NCE103 111u1~n1:i'l"l')tJl"l}.J"1l'fl'l GPO bLt'l:; GAL promoters 1~~IL~'"l. 

4. ~~I'l~t'lI~ij~ pYES2/pfCA418 (C-Flag) ~'liJn1:i'LL~~'l'fl'fln"ll'fl'l~kl pfCA 111u1~n1:i' 

f)')tJ fl}.J"1l'fl'l GAL promoter 1~~1 L'f"'l. 
, 

5. ~~I'l~t'lI~ijC1l pAG414GPD/hCAil (C-Flag) LLt'l:; pAG414GALlhCAII (C-Flag) ~'liJ 

n1:i'LL~~'l'fl'fln"l1'fl'ltlkl hCAII [nu1~n1:i'f)')tJf)}.J"1l'fl'l GPO LL'C'l:; GAL promoters 1~~IL~'"l• 
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~'lU~~tJ~~~~'lLUU n'l'iL'UiJ~ 2 

1. ~m:nfl,)1~~1~1~nlwm~Vl(;)LLVl'Wm~Vil'VliJ1~'II'fl'lLii'W1"l!,rmfu'flUflLL'fl'\..!1m(;)~~'1J'fl'l 

U~!?l ~')tJLii'W1"l!,rmfu'flUflLL'fl'W1m(;)~~'II'fl'lL~'fl~1~1LftJ"l!U(;).;r~'hhf~ 
, ... 

2. \nn~1~1H1Vl(;)LLVl'WV1iJ1~1~1GJ1n~'fl 1 1GJ:;1~~mj'1e.J~'II'fl'l~1~UUU'Hii'W1"l!,rfl1ftJ'flUfi 
~ d' ""'.. .~ ... I .... .J""" "'" "'" or.... • I.... d ....

LL'fl'W bm(;)~~'II'fl'l L"l!'fl~1fl1 L~tJ"l!'W(;)l"ifl"l! u1~~ Vl~ [1]'flm~LIGJ ~ru"lJ'fl'ltJ~ [1](;) (;)LLufl'lYi'\..!nm'~~ LYi'fln1~Yi (?J,J'W1
~ . 

'I .. iJ '" 

LtI'W~:;tJtJfi(;) n~'fl'l~l~U~ (;] L Yl'flL ~ ~'WV11~1~'fl'fln ~VlfitT'lJtT'I mn1GJ1'lJ'II'fl'l L~'fl~1~1 LftJ"l!U(;).;r~~lhf~ 

r;l'flLLJ 

Clark, D., Rowlett, R.S., Coleman, J.R. and Klessig, D.F. 2004. Complementation of the yeast 

deletion mutant ONCE103 by members of the f3 class of carbonic anhydrase is 

dependent on carbonic anhydrase activity rather than on antioxidant activity. Biochem. 

J. 379: 609-615. 

Elleuche, S., Poggeler, S. 2010. Carbonic anhydrases in fungi. Microbiol. 156:23-29. 

Gardner, M.J., Hall, N., Fung, E., White, 0., Berriman, M., Hyman, R.W., Carlton, J.M., Pain, A , 

Nelson, K.E., Bowman, S., Paulsen, I.T. , James, K., Eisen, J.A, Rutherford, K., Salzberg, 

S.L., Craig, A, Kyes, S., Chan, M., Nene, V., Shallom, S.J., Suh, B., Peterson, J., 

Angiuoli, S., Pertea, M., Allen, J., Selengut, J., Haft, D., Mather, M.W., Vaidya, AB., 

Martin, D.MA, Fairlamb, AH., Fraunholz, M.J ., Roos, D.S., Ralph, SA, McFadden, G., 

Cummings, L.M ., Subramanian, G.M ., Mungall, C., Venter, J.C., Carucci, D.J., Hoffman, 

S.L., Newbold, C., Davis, R.W., Fraser, C.M. and Barrell, B. 2002. Genome sequence of 

the human malaria parasite Plasmodium falciparum . Nature. 419: 498-511. 

Gietz, R., Schiestl, R., Willems, A,and Woods, R. 1995. Studies on the transformation of intact 

yeast cells by the LiAc/SS-DNAIPEG procedure. Yeast 11 : 355-360. 

Gueldener, U., Heinisch, J ., Koehler, G., Voss, D.,and Hegemann, J. 2002. A second set of loxP 

marker cassettes for Cre-mediated multiple gene knockouts in budding yeast. Nucleic 

Acids Res. 30 : e23 . 

Hopkins, AL., Witty, M.J. and Nwaka, S. 2007. Mission possible. Nature. 449: 166-169. 

" Krungkrai, S.R., Suraveratum, N., Rochankij, S. and Krungfrai, J. 2001. Characterisation of 

carbonic anhydrase in Plasmodium falciparum. Inter. J. Parasitol. 31: 661-668. 

43 




Krungkrai , J., Krungkrai, S.R. and Supuran, C.T. 2008. Carbonic anhydrase inhibitors: Inhibition 

of Plasmodium falciparum carbonic anhydrase with aromatic/heterocyclic sulfonamides­

in vitro and in vivo studies. Bioorg. Med. Chem. Lett. 1B: 5466-5471 . 

Krungkrai, J. and Supuran, C. T. 200B. The alpha-carbonic anhydrase from . the malaria parasite 

and its inhibition. Curro Pharm. Des. 14: 631-640. 

Na-Bangchang, K. and Congpuong, K. 2007 . Current malaria status and distribution of drug 

resistance in East and Southeast Asia with special focus to Thailand . J. Exp. Med. 

211: 99-113. 

Pink, R. j Hudson, A., Mouries, M.-A. and Bendig, M. 2005. Opportunities and challenges in 

antiparasitic drug discovery. Nat. Rev. Drug. Disc. 4: 727-740. 


White, N.J.J. 2004. Antimalarial drug resistance. Clin. Invest. 113: 1 OB4-1 092. 


• 


44 


	ปกภาษาไทย
	สารบัญ
	บทนำ
	วัตถุประสงค์
	วิธีดำเนินการวิจัย
	ผลการทดลอง และอภิปรายผล
	สรุปผลการทดลอง
	งานวิจัยที่จะดำเนินการในปีที่ 2
	เอกสารอ้างอิง

	Button3: 


