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2$O/+,%Si>%'"*"+1$-,)$G-%&"%X(A#%K,+,%3,%$-C$A$)$G-%&"%3,%,)*$F$&,&%5<g%"-%5Z?Y4T>!(D!MUDE@AG>!ADEUK@G<=E!

ADFADED>@G@;H=E! FGAG! 0WY(! ;>_;S;<G! B=>!&)9%%! a:b! `89! U"! C! a9b! 7! U"8!%! FGA@;A! <D! K=E! <G@=E! FA;MGA;=E! <D!

."0/=:! FGAG! @;DMF=E! <D! FAD;>BUSGB;I>! B=>! B=>BD>@AGB;=>DE! BADB;D>@DE! <D! &)9%%! BADB;D>@DE! e;>EDA@=f!

BGKBUKGM=E! KG! GB@;H;<G<! DEFDB?Z;BG! 0)d! eHDK=B;<G<! ;>;B;GKk! P`! EDJU><=Ef! C! ADFADED>@GM=E! JANZ;BGMD>@D! KG!

GB@;H;<G<!0)d!ADMG>D>@D!FGAG!@;DMF=E!<D!FAD;>BUSGB;I>!BADB;D>@DE8!%\UE@GM=E!K=E!<G@=E!G!U>G!D:F=>D>B;GK!

<D! =A<D>! 7! FGAG! =S@D>DA! K=E! HGK=ADE! <D! '=SE8! ,=E! ADEUK@G<=E! B=AADEF=><D>! G! K=E! FA=MD<;=E!!! (8/8k! <D!

D:FDA;MD>@=E!GK!MD>=E!@A;FK;BG<=E8!
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FGANMD@A=E!B;>V@;B=E!TUD!ED!ADEUMD>!D>! KG!@GSKG!98!#K!G>NK;E;E!<D! K=E!FGANMD@A=E!B;>V@;B=E!

<;=!MUB_G!;>Z=AMGB;I>!ADEFDB@=!G!KG!;>@DAGBB;I>!0WY(a&)9%%l!

!&! ,G! ;>@DAGBB;I>! 0WY(a&)9%%! B=AADEF=><D! G! U>! M=<DK=! <D! ;E=MDA;bGB;I>! D>b;MN@;BG!

eM=<DK=! ;;;k! #ETUDMG! 9f8! 'L! e'=ZZf! @UH=! U>! HGK=A! 7! =A<D>! <D! MGJ>;@U<! MD>=A! G! 'P! e'=>fk!

;><;BG><=! TUD! DK! &)9%%! DE! U>! ;>_;S;<=A! H;A@UGKMD>@D! ;AADHDAE;SKD! <D! 0WY(l! KG! U>;I>!

ADHDAE;SKD!TUD!ED!DE@GSKDBD! ;>;B;GKMD>@D! eADFADED>@G<G!F=A!=;f!DE@N!EDJU;<G!F=A!U>!DHD>@=!

H;A@UGKMD>@D! ;AADHDAE;SKD! e=;
�GFFf! e#ETUDMG! Pf8! =;

�GFF! ED! <DZ;>D! B=M=! KG! B=>BD>@AGB;I>!

GFGAD>@D! <D! ;>_;S;<=A! >DBDEGA;G! FGAG! GKBG>bGA! KG! M;@G<! <D! KG! HDK=B;<G<! MN:;MG! <D!

;>GB@;HGB;I>8! #E! ;MF=A@G>@D! <DE@GBGA! TUD! KGE! M=<;Z;BGB;=>DE! B=HGKD>@DE! ADEF=><D>! GK!

M=<DK=!;H!D>!DK!DETUDMG!9k!<=><D!DK!HGK=A!<D!'L!DE!>UK=!m7cLn8!

!!&! #>! GMSGE! ;E=Z=AMGE! <D! KG! D>b;MG! =;
�GFF��=;k! <DM=E@AG><=! TUD! DK! FGE=! K;M;@G>@D! D>! KG!

;>_;S;B;I>! B=AADEF=><D! GK! EDJU><=!

DTUK;SA;=k! <=><D! KG! D>b;MG! EUZAD! U>G!

M=<;Z;BGB;I>!F=A!FGA@D!<DK!;>_;S;<=A!FGAG!

Z=AMGA!#�'!m7cLn8!!!

!!!&!,=E!JANZ;B=E!<DK!<=SKD!ADB?FA=B=!7X'=SE!

HE! 7Xm&)9%%n! e[;JUAG! 9`k! ;>EDA@=Ef!

M=E@AGA=>! U>G! ADKGB;I>! K;>DGK! B=>! U>G!

;>@DAEDBB;I>! D>! DK! D\D! <D! KGE! J! MGC=A! G!

BDA=k! B=>Z;AMG><=! U>G! ;>_;S;B;I>!

;AADHDAE;SKD8!

!$&!,G!F=@D>B;G!<D!KG!;>_;S;B;I>k!DE@;MG<G!F=A!';>GB@X=;k!DE!KDHDMD>@D!MGC=A!FGAG!KG!;E=Z=AMG!

B=>E@;@U@;HGk!GU>TUD!M=E@AI!KG!M;EMG!HDK=B;<G<!MN:;MG!<D!;>_;S;B;I>!e'Pf!C!GZ;>;<G<!eB=M=!

;><;BG!=;
�GFFf!FGAG!0WY(a7!C!98!!

$&! %KJU>=E! <D! K=E! ;>_;S;<=ADE!MNE! ADFADED>@G@;H=E! <D! 0WY(! E;JUD>! G! JAG><DE! AGEJ=E! DE@D!

M=<DK=!B;>V@;B=!<D!;>_;S;B;I>!eD\8!;><=MD@GB;>Gk!ZKUAS;FA=ZD>=k!=@A=E!%'&#(!B=>!EU!BGAS=:;K=!

K;SADfk!C!@GMS;V>!MUDE@AG>!U>!HGK=A!<D!'L!K=!EUZ;B;D>@DMD>@D!SG\=!B=M=!FGAG!B=>E;<DAGAK=E!

H;A@UGKMD>@D!;AADHDAE;SKDE!m7L`n8!!

!

6#L/"1,%V>%N(&"3(%&"%o$#(1"+$I,)$G-%"-I$1_*$),p>%!

%%%%%%%%%!,A3,%T>%5,+,1"*+(#%)$-B*$)(#%&"%$-C$A$)$G-%K,+,%5Z?Y4S%E%T%%%%%%%%%%%%%%%%%%%%%%%%%%%%%!
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! J$! .0A+$+,+8(! 0%! 34566! +$@+*+B! %(! (',+8+.(.! K4L! 0$! KSTPGF! 9! 5! )($0-(! .#&+&G! 9!

,+0)1#G!.010$.+0$,0!&+</+0$.#!/$!)0'($+&)#!0$!.#&!1(&#&!.0!Y+&#)0-+M('+B$!0$M+)D,+'(Z!

+--080-&+*%0C! '#$! /$(! 1#,0$'+(! .0! +$@+*+'+B$! '#)1(-(*%0! #!)(9#-! (! %(! .0! %#&! 6[3JP! \]EC!

FH;C!FHFC!FE7^>!

!

! A 

!
B 

2$O/+,%TU>%'"*"+1$-,)$G-%&"3%1(&"3(%)$-B*$)(%&"%$-C$A$)$G->%&)9%%!;>_;S;I!KG!GB@;H;<G<!0)d!<D!a:b%0WY(a7!C!

a9b!0WY(a9!B=>!U>G!ADKGB;I>!_;FDASIK;BG!D>@AD!'=SE!C!KG!B=>BD>@AGB;I>!<D!&)9%%k!BGAGB@DA?E@;B=!<D!;>_;S;<=ADE!

@;DMF=a<DFD><;D>@DE! KD>@=E! TUD! GB@iG>! D>! <=E! FGE=E8! #K!MD\=A! G\UE@D! <D! K=E! <G@=E! ZUD! =S@D>;<=! FGAG! KGE!

DBUGB;=>DE! <DK!M=<DK=!<D! ;>_;S;B;I>! e;;;f! D>! DK! #ETUDMG!P! ex;E=MDA;bGB;I>! D>b;MN@;BGyf8! ,=E! JANZ;B=E! <=SKD!

ADB?FA=B=!TUD!ED!MUDE@AG>!D>!DK!;>EDA@=!B=>Z;AMG>!U>G!;>_;S;B;I>!D>!<=E!FGE=E!D!;>@DAEDBB;=>G>!DK!D\D!<D!KGE!

J!D>!HGK=ADE!MGC=ADE!G!BDA=k!<D!GBUDA<=!B=>!U>G! ;>_;S;B;I>! ;AADHDAE;SKD8!,=E!ADEUK@G<=E!B=AADEF=><D>!G! K=E!

FA=MD<;=E!!!(8/8!
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d>T>T% 6F,3/,)$G-%&"%P<T::%)(1(%K(*"-)$,3%#/#*+,*(%&"%5Z?Y%%

!

%U>TUD! DK! DE@U<;=! B;>V@;B=! >=! K=! EUJ;A;Ik! <DS;M=E! <DEBGA@GA! TUD! DK! &)9%%!

ADFADED>@GAG!U>!EUE@AG@=!>=!FA=<UB@;H=!FGAG!KG!GB@;H;<G<!$)d!eEU!G>GK=J?G!DE@AUB@UAGK!B=>!DK!

EUE@AG@=! >G@UAGK! K=! _GB?G! FA=SGSKDf! =! 0)d8! "/($.#! +$'/*()#&! 34566! '#$! KSTPGF! 0$!

(/&0$'+(! .0! &/&,-(,#! $#! @/*#! '#$&/)#! .0! 45! =(',+8+.(.! "4L?! $+! #:+.('+B$! .0! _OK`!

=(',+8+.(.!K4L?!=U+</-(!5F6?>!!

!

(;!DK!&)9%%!GB@UGAG!B=M=!B=aEUE@AG@=!AD<UB@=A!<UAG>@D!DK!B;BK=!BG@GK?@;B=!0)dk!F=<A?G!

DE@GSKDBDA!U>G!B=MFD@D>B;G!F=A!DK!B=MFUDE@=!'!C!''!B=>!DK!."0/!;>_;S;D><=!KG!GB@;H;<G<!0)d!

<D!MG>DAG!GA@DZGB@UGK8!0GAG!DE@U<;GA!DE@G!F=E;S;K;<G<!M=>;@=ADGM=E!F=A!DK!D>EGC=!<D![)d!

eZDAA=UE! ;=>! =:;<G@;=>! :CKD>=K! =AG>JDf! KG! AD<UBB;I>! <D! NB;<=! 7^a

_;<A=FDA=:;D;B=EG@D@AGD>=;B=! e7^aYF#.#f! G! NB;<=! 7^a! _;<A=:;D;B=EG@D@AGD>=;B=! e7^aY#.#f!

BG@GK;bG<G!F=A! KG! GB@;H;<G<!0)d!<D!0WY(a7!U@;K;bG><=! ZD>=K! B=M=!B=aEUE@AG@=! AD<UB@=A8! #>!

FADED>B;G! <D! ZD>=Kk! DK! &)9%%! ;>_;S;I! KG! GB@;H;<G<! 0)d! B=>! U>G! F=@D>B;G! E;M;KGA! G! KG!

<D@DAM;>G<G!F=A!DK!D>EGC=!<DK!."0/k!M;D>@AGE!TUD!E;>!ZD>=K!>=!=SEDAHGM=E!Z=AMGB;I>!<D!

7^aY#.#!D>!GUED>B;G!=!FADED>B;G!<D!&)9%%!e[;JUAG!971f8!!

!

%! B=>@;>UGB;I>! DHGKUGM=E! E;! KG! ;>_;S;B;I>! =SEDAHG<G! ED! <DS?G! G! KG! Z=AMGB;I>! <D!

DEFDB;DE! <DA;HG<GE! <D! KG! <DEB=MF=E;B;I>! <DK! >;@A=GKTUD>=! D>! DK! MD<;=! GBU=E=! <D! KG!

ADGBB;I>!<UAG>@D!KG!FAD;>BUSGB;I>!B=>!KG!D>b;MG8!'>BUSGM=E!&)9%%!D>!SUZZDA!D>!FADED>B;G!

=!GUED>B;G!<D!0WY(a7k!C!ADGK;bGM=E!U>G!D:@AGBB;I>!K;F?<;BG!<D!KGE!MUDE@AGE!FGAG!G>GK;bGA!F=A!

Y0,$! KG! Z=AMGB;I>! <D! >UDH=E! FA=<UB@=E8! &=! =SEDAHGM=E! Z=AMGB;I>! <D! FA=<UB@=E!

EDBU><GA;=E!BUG><=!DK!&)9%%!ED!;>BUSI!B=>!KG!D>b;MG!e[;JUAG!97$f8!,G!<;EM;>UB;I>!<D!U>!P`!

z!<D!&)9%%!eADEFDB@=!GK!B=>@A=K!D>!MD@G>=Kf!D>!FADED>B;G!C!GUED>B;G!<D!0WY(!ED!<DSD!G!KG!

<DEB=MF=E;B;I>!GBU=EG!<DK!>;@A=GKTUD>=!mQ`k!Q7n!e[;JUAG!97$f8!!6.0)D&C!'/($.#!0%!34566!

&0!.0&'#)1/&#!1-08+()0$,0! 0$!*/AA0-! $#! ,/8#!$+$<V$!0A0',#! &#*-0! %(! (',+8+.(.!K4L!.0!

KSTPGFC!'#$A+-)($.#!R/0!$+!0%!34566!$+!%#&!1-#./',#&!.0-+8(.#&!.0!%(!.0&'#)1#&+'+B$!.0!

34566!&#$!&/&,-(,#&!.0!KSTP!=U+</-(!5F`?>!!

!

d>T>V%%%6J")*(%&"%P<T::%#(A+"%"3%O+/K(%C"1(%&"%5Z?Y%

!

#>!DK!Gj=!9``ck!#8#8!qDKKDC!D@!GK8!ADF=A@GA=>!TUD!DK!&)9)%!;>GB@;HG!G!KG!D>b;MG!:G>@;>G!

=:;<=aAD<UB@GEG!ed)3fo!E;!S;D>!>=!K=!B=>Z;AMGA=>k!EUJ;A;DA=>!TUD!DK!JAUF=!M=K;S<D>=!eBA?@;B=!

FGAG! KG! GB@;H;<G<! <D! KG! D>b;MGf! DAG! DK! SKG>B=! <D! GBB;I>! <DK! >;@A=GKTUD>=! m7cOn8! 0WY(!

@GMS;V>! BUD>@G! B=>! U>! BD>@A=! MD@NK;B=! e_DM=k! =! [DPpa00'df! TUD! DE! BA?@;B=! FGAG! GMSGE!

GB@;H;<G<DE!D>b;MN@;BGE!F=A!K=!BUGK!DAG!F=E;SKD!TUD!U>G!GK@DAGB;I>!<DK!JAUF=!_DM=!ZUDAG!DK!

=A;JD>!<D!K=E!DZDB@=E!=SEDAHG<=E8!%K!ADGK;bGA!DEFDB@A=E!D>!DK!H;E;SKD!<D!_0WY(!!
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2$O/+,%TS>%@(3%&"%P<T::%)(1(%#/#*+,*(%&"%5Z?Y>%a:b!'>BUSGM=E!0WY(a7!B=>!&)9%%!D>!FADED>B;G!U!GUED>B;G!

<D!EUE@AG@=E!C!<D@DAM;>GM=E!GB@;H;<G<DE!$)d!C!0)d8!#K!FDTUDj=!B=>EUM=!<D!)9!BUG><=!ED!GJADJG!&)9%%!D>!

GUED>B;G!<D!%%!ED!<DSD!GK!HD_?BUK=!eMD@G>=Kf!C!DK!BGMS;=!D>!KG!@DMFDAG@UAG8!a9b!0GAG!<D@DAM;>GA!E;!&)9%%!

FUD<D!GB@UGA!B=M=!B=aEUE@AG@=!AD<UB@=A!B=MF;@;D><=!B=>!."0/k!DHGKUGM=E!KG!GB@;H;<G<!0)d!F=A!DK!D>EGC=!

<D![)d!E;JU;D><=!KG!AD<UBB;I>!<D!79aYF#.#!D>!FADED>B;G!U!GUED>B;G!<D!ZD>=K8!,=E!<G@=E!B=AADEF=><D>!G!K=E!

FA=MD<;=E!!!(8/8k!"sPk!<D!@A;FK;BG<=E8!a7b!0GAG!DHGKUGA!KG!Z=AMGB;I>!<D!FA=<UB@=E!EDBU><GA;=E!<DA;HG<=E!<D!

&)9%%!<UAG>@D! KG!FAD;>BUSGB;I>!B=>!0WY(k! ;>BUSGM=E!GK!>;@A=GKTUD>=!D>!SUZZDAk!MD@G>=Kk!=!B=>!0WY(k!ED!

ADGK;bI!U>G!D:@AGBB;I>!=AJN>;BG!C!K=E!FA=<UB@=E!=S@D>;<=E!ZUDA=>!G>GK;bG<=E!F=A!Y0,$8!$=M=!ED!MUDE@AG!D>!KG!

Z;JUAGk! >=! ED! =S@UH;DA=>! >UDH=E! FA=<UB@=E! F=A! KG! GBB;I>! <D! KG! D>b;MG! E=SAD! DK! &)9%%! a'b% #K! &)9%%!

<DEB=MFUDE@=!D>!E=KUB;I>!GM=A@;JUG<=AG!eZ=EZG@=!<D!E=<;=k!^`!M"k!FY!Q8Lf!G!L!t$!F=A!7^!_=AGE!>=!;>_;S;I!G!

0WY(8!
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2$O/+,% TT>% 6J")*(% &"% P<T::% #(A+"% "3% O+/K(% C"1(% "-% C5Z?Y>% a:b% #EFDB@A=! de hPGHS-1 preincubada con 

NO2AA (10x); DK!MN:;M=! <D! GSE=ASG>B;G! <D! KG! SG><G! <D! (=AD@! FGAG! DK! _DM=! eL77>Mf! EUZA;I! U>G! <ANE@;BG!

<;EM;>UB;I>k! apoyando la idea de que el grupo hemo es modificado o desplazado de la proteína8! a9b! ,G!

<;EM;>UB;I>!D>!B=>BD>@AGB;I>!<D!_DM=!U>;<=!G!0WY(!ZUD!<D@DAM;>G<G!F=A!DK!MV@=<=!BUG>@;@G@;H=!<D!F;A;<;>G!

_DM=BA=M=8! #K! _DM=BA=MIJD>=!<D! F;A;<;>G! ED! DE@;MI! D>! L8^! C! 98P!�"!FGAG! 0WY(! @AG@G<G! B=>! HD_?BUK=! C!

&)9%%!e7`:fk!ADEFDB@;HGMD>@D8!a7b!3DJ;E@A=!B;>V@;B=!<D!K=E!BGMS;=E!D>!DK!MN:;M=!<D!GSE=ASG>B;G!<DK!_DM=!

F=A!GJADJG<=!<D!&)9%%!eP`:f!G!U>G!E=KUB;I>!<D!0WY(a7!=!0WY(a98!!

!
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FAD;>BUSG<G! B=>! &)9%%! =SEDAHGM=E! U>G! <;EM;>UB;I>! MUC! E;J>;Z;BG@;HG! D>! KG! SG><G! <D!

(=AD@k! ADJ;I>! <D! MN:;MG! GSE=ASG>B;G! <DK! JAUF=! _DM=! e[;JUAG! 99%f8! ,=! B=>Z;AMGM=E!

U@;K;bG><=! DK! MV@=<=! <D! F;A;<;>G! _DM=BA=M=k! BKNE;B=! D>! KGE! <D@DAM;>GB;=>DE! <D!

B=>BD>@AGB;I>!<D!_DM=!m7OPn8!#K!BA=MIZ=A=!<D!F;A;<;>G!<;EM;>UCI!<D!L8^!�"!D>!KG!D>b;MG!

>=! @AG@G<G! G! 98P! �"! D>! KG! D>b;MG! @AG@G<G! B=>! &)9%%! e[;JUAG! 991fk! B=>Z;AMG><=! TUD! DK!

&)9%%!;><U\=!U>!<DEFKGbGM;D>@=!<DK!_DM=!<DE<D!EU!E;@;=!<D!U>;I>8!#>!DK!ADJ;E@A=!B;>V@;B=!

<D! GSE=ASG>B;G! G! L77! >Mk! KG! G<;B;I>! <D! &)9%%! G! U>G! EUEFD>E;I>! <D! _0WY(a7! =! 9!

<DED>BG<D>I! U>G! BG?<G! ;MF=A@G>@D! D>! KG! GSE=ASG>B;G! e[;JUAG! 99$fk! TUD! ZUD! MNE!

FA=>U>B;G<G!FGAG!0WY(a78!!

!

%!B=>@;>UGB;I>!DE@U<;GM=E! K=E!DZDB@=E!<D!&)9%%!E=SAD! KG! ;>B=AF=AGB;I>!<D!_DM=!G!

G0WY(8! 0GAG! DE@U<;GA! F=A! DEFDB@A=Z=@=MD@A?G! KG! ;>B=AF=AGB;I>! <D! _DM=! G! KG! FA=@D?>Gk!

G0WY(a7! ED! FAD;>BUSI! B=>! ;>_;S;<=A! F=A! 7`! M;>U@=Ek! ED! UK@AGBD>@A;ZUJI! FGAG! AD@;AGA! DK!

D:BDE=! <D! ;>_;S;<=Ak! C! ED! ADB=>E@;@UCI! B=>! `8^! DTU;HGKD>@DE! <D! _DM=8! #K! @AG@GM;D>@=! <D!

G0WY(a7! B=>! &)9%%! AD<U\=! GFA=:;MG<GMD>@D! BUG@A=! HDBDE! KG! BG>@;<G<! <D! _DM=! TUD! ED!

;>B=AF=AI!DZ;B;D>@DMD>@D!G!EU!E;@;=!<D!U>;I>!D>!KG!FA=@D?>Go!B=>EDBUD>@DMD>@Dk! KG!D>b;MG!

FDA<;I! KG! GB@;H;<G<! D>b;MN@;BG! e.GSKG! Pf8! +@;K;bGM=E! B=M=! B=>@A=K! >DJG@;H=! G! KG! <A=JG!

;><=MD@GB;>Gk!U>!%'&#!TUD! ;>_;SD! KG!GB@;H;<G<!$)d!<D!0WY(!<D!MG>DAG!>=!EDKDB@;HGk! @AGE!

SK=TUDGA! DK! BG>GK! <D! D>@AG<G! GK! E;@;=! GB@;H=! $)d! m7LPn8! #K! @AG@GM;D>@=! <D! G0WY(a7! B=>!
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