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Fig. 4 Fluorescence energy transfer from Trp109 to heme. Fluorescence
spectra of HutZ (blue) and heme-HutZ (red) at pH 6.0, 6.6, 7.1, 7.6, 8.1, and
8.9. The spectra were recorded with excitation at 295 nm. The sample
concentration was 10 uM.

Reduction of Heme-HutZ
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Fig. 5 Reduction of heme-HutZ. (A) Determination of the ferric heme
reduction rate. Time course of absorbance changes at 419 nm at pH 6.0 (red
line) and pH 8.0 (blue line) after the addition of ascorbic acid (final
concentration, 1 mM) to ferric heme-HutZ under a CO atmosphere. Fitted
curves are also shown in solid lines. The inset shows spectral changes of
ferric heme-HutZ in the Soret region during reduction at pH 8.0. (B)
Determination of the reduction potential (£,) of heme. Redox titration
curve for the heme-HutZ complex monitored by optical spectroscopy at
25 °C; (@) pH 8.0 and (A) pH 6.0. The ratio of reduced to oxidized heme was
determined by changes in absorbance at 426 nm. The solid line represents a
fit of experimental points to the Nernst equation. Reduction potentials are
reported relative to SHE.
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Structural Characterization of the Heme-A31V Mutant
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pH-Dependent Conformational Change of the A31V Mutant.
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Heme-Degradation Activity of the Heme-A31V Mutant.
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Fig. 7 Fluorescence energy transfer from Trpl09 to heme. Fluorescence
spectra of heme-A31V mutant HutZ (blue) and heme-HutZ (red) at pH 6.0,
6.6, 7.1, 7.6, 8.1, and 8.9. The spectra were recorded with excitation at 295

nm. The sample concentration was 10 uM.
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E*+81074(fh*F>(_I(h*F>(6alg)( LOE(24++(42478/-0(E-018-0(%/- = (8) 4
)4 = 4(1=*102F10E(fhFH(§ 1 [%gA(8) 4(1A@™ (= .8108(E*E(0-8(+) -~
)4 = 4BEAF/1E18+-0( 178'G'85( ~\)40( 1+7-/R¥7( 174E( N1+ _+4E( 1+
4AT8/-0(— . 174
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(A) A31V, pH 8.0 (D) A31G, pH 6.0
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V4=8)(8-(E484/ = *04(”~)48) 4/(8) 4( = .818*-0(*8+419(24E (8—(2—++(
-9(8)4()4 = 4BE4F/1E180( 178°G'852(~N4( = -0'8—/4E(8)4(/4178*-0(
~9(8)4()4 = 4BYAQ@™( = .8108(~8) (W, K. (18(IW(Z><>(#) 4(6-/48(R1OE(
E* 2 *0+)4E( * = = 4E*18425( 1984/( 8)4( 1EE*8*-0( -9( W.K.( ~8)( 1(
7-07- = *8108( *07/41+4( *O( 1( R10E( 18( [aa( O = ?( *OE*718°0F( 8)4(
9-/ = 18*-0(-9(G4/E-)4 = AY 1+ N1+(8) 4(T1+4(3-/()4 = ABN\H(W . 8X(
18)-.F)( 8)4( R10E( 18( [aa( 0z % ~)*7)( *+( E4/'GAE( 9/- = (
G4/E-)4 = 471 11141/4E7( 8)4( 1R+-/R1074( 18( [aa( O = ( *0( 8)4(
/4178-0( -9( 8)4( )4z4BYA@™( =z .8108( ~8)( W.K.( 1+
1H1/-=*218425( _<Y( -9( 8)18( -9( )4 = 4B\H#( fhF( M%g> I #)a+4(
4+ . 8+(*OE*7184(8) 18(8) 4(YAQ™ (= . 8108(+(1(+2F)8I5(24++(499°7*408(
)4 = 4BEAF/1E*OF(40T5 = 4(-/(GA/E-)4 = 4(-9(8)4(1AQ™( = .8108(*+(
+-247N)18( . 0+81RM4( 8—( EAF/1E18-05( W-"N4G4/2( 8)4( /184(
7-0+8108(9- (8)4(*07/41+4(*O(8)4(RlOE(lS([aa( 2 (9-/(8)4()4 = 48
TA@™( = . 8108(18( IW(D<(NLH(AAP(@<” (+*(Fh*Fo(M2(*0+4852 (") *7)
A1+(+_ 47N 18(21/F4/(8)10(8) 18(-9(8) 4( )4 = 4BN\H(W . 8X(f@>; (p
<" (+°C(Fh*F>(6Z N p(#) 4/49-142(8) A(1—++(-9(147-/R*T(1T*EBL+++B4E
)4 = 4BEAF/1E18*-0(178:G*85(9-/(8) 4(1AQ™( = .8108(*+(2*0425(E . 4(8-
8)18( 8)4( = .818+~0( E*+/.184E( *084/178'~0+( R48~440( E*+812
JA+E _4f+g( 10E( 1(048-/0( -9(~N184/( = -247 .24+(8) 18( 1/4GA084E

AAA,\,\,_\

P(C("H1$%& ">1(5 <03, , 2(@BA(

1/-8-018-0( =9( 8) 4( —=594//~ . +(*084/ = AE*1847( +* = 111/( 8-
A1+H)51-8) 4+TAE(9-/(0)*R*8*~O(R5(*/-0(7) 4118-/+"(
#)4( )4z BEAF/1EL8—-0( /4178"-0( -9 -8)4/( 8~-( 121A@
- .8108+( F1AGK( 10E( TA@&g( N1+ 12+-( 4=1 = *04B>( \)40( 8)4
G-2. = 4( -9( 8)4( 1 = *0—( 17°E( 18( 1-+8*-0( A@( ~1+( /4E . TAE( R5
/412174 = 408( -9( lZlA@( g (K25 8)4( 147-/R*7( 17*EBE4 1 40E408
)4 = 4BEAF/1E18*-0(178:G*85(" 1 +(/481*04E(1+(8) 18(-9(8) A(N\A(W . 8X
fhF(MIg(S0( 7-08/1+8) ) 40( &4 . (N1+(*08/-E . 74EY(8)4( = .8108
1-+8(8) 4(178°G*852(1+(~R+4/GAE(9-/(8) 4(YA@ ™ ( = .B108(Fh*F>(M" g>(
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Role of Electron Donation from the Axial Heme Ligand to
Heme in the Heme-Degradation Reaction by HutZ.

V+(/41-/84E(*0( - . /(1/4G*~ . +(+8.E5Y()4 = 4BE4F/1E18*-0( 178:G*85(
~9(W . 8X(E4 140E+(-O( IWs 3 (#) 4( IW( 1/-94(-9(8) 4(1+7—-/R*7(17EB
1++484E( )4 = 4BEAF/1E18*-0( N1+ +)-0( *0( hP( ( #)4
7-064/+-0(=9()4 = 4BW . 8X(8-( 1(+147*4+(~8)()*F)4/( 178:6*85( R5
E47/41+0F(8) 4(1W(9/- = (Z><(8-([><( = *F)8(R4(/41184E(8—(1(7) 10F 4
*0(8) 4( 42478/-+8187(7) 1/1784/( -9(8) A( 1/-=* = 1) Wr+( 18( IW( [><?
8)4()4 = 4BW . 8X(/4E . 78-0(/184(*07/41+4E(R5( 1R~ . 8( ABI-2E(fh*F>
§ V00 1OE( 8)4( 6-( G12.4( +)-"N4E( 1( 1-+8'G4( +)*98( R5( nA<( =~
- 2 11/4E( ~8)( 8)18( 18( IW( 2o<( fh*F>( jep( #)4+4( T)10F4+
+.FFA+84E( 1( E*+8*078( E47/41+4(*0( 4478/-0( E-018*-0( %/~ = (8)4
1/-=% 2 LW 18( IW( D<(#) 4(6 - (612. 4(9-/() 4 = 4( 14/ -=E1+4+(*+
04F18:G4(fb@; <(8-(bA;<( = ~gP3(10E(+)-+(1(E/1 = 18+7(1-+8G4
+)*98( 9-2-MOF( E*+/ . 18*-0( -9( 8)4( 1/-=* = 12( W=B1+1( )5E/-F40
R-OEL(b@Z;( = S (9-/(O\#(758-7) /- = 4(-(14/-=*E1+4(f%-Dg(b__ Z( =
(8)4(% D(J;AJ1( - .8108( 10E(b_M( = ~(9-/(8)4(%-D(J;AJV
Z 8108 ($0(9178%(8)4! 6. (612.4(9-/( )4 = 4BW .8X(fo@_[( = ~o(*+
70-+4(8-(8)4(G12. 4+(9- ()4 4(I4/——*E1+4+7‘a(’\)4/41+(8)18(9 /
)4 4BWKB@ (fOLH( = " ++( 72-+4( 8-( 8)18( -9( 8)4( %-D( 1+I
- .8108+" (#)4+4(/4+ 28+(*0E*7184(8)18(8)4(I/——* 12()5E/-F40
R-OE(*0( )4 = 4BW _8X( 18( IW( Z><(*+( 1+( +8/-OF( 1+(8)18(*0( )4 = 4
14/-=E1+4+75 I3 Ay 47414 1( = —E4/184B+8/40F8)( )5E/-F40
R-OE( *+( *0G-2G4E( *0( 8)4( )4z 4BWK( 7- = 14=1-9% "11*E
1.8-="E18"-0(-9(8) 4(-=594//- . +()4 = 4(-9 (W.8X(+_ 1 1-/8+(+8/-0F
42478/-0(E-018-0(%/- = (8)4( 1/-=* = 1(PF10Er(8)4() 1298294 (£ 2.
-9(8)4(-=594//- .+()4 = 4(-9(W. 8X(18(IW(Z><(*+(24++(8)10(@<(+75j
/\)*7)(*+(_ 7)(91+84/(8) 10(8) 18(~R+4/GAE(9-/(/18(WKB@ (25 (y(@>a
Dl
V+(E*7 . ++4E(1R-G4%(8)4() 4 = 4BEAF/1E18*- (
AL+ #FO971085( 40)1074E( 18( IW( [><( fhF( (
7-07- =*8108( *07/41+4( *0( 8)4( )4 = 4B/AE . 78*-0( /184( Th*F>( j 1 g(
W="N4G4/Y(8) 4(*07/41+4(*0(8)4( )4 = 4(/4E . 78-0(/184( 18( IW( [><(
AL+ -005( 101/-=*Z 18425( ABI-2E( 8)18( 18( IW( Z><( Th*F>( j ¥op(
(
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R.8()4 = 4( EAF/1E18~0( E*E(0-8( 1/-744E( . OE4/(8)*+( 7-0OE*8*-0>

#)A+A( [4+ . 08+(+.FF4+8(8)18(8)4( 1/-T4++(-9( )4 = 4(/4E . 78*-0(*+

0-8(1( = 1,-/(0°048*7(-R+81724(8—()4 = 4(EAF/1E18*-
TW(2><((

#-( T-09/ = ( 8)*+) ~NA( 7-0+8/ . T84E( 1( +4/*4+( =9( +_R+8'8..8*-0(

= 8108+ =9( 121A@ N)*T)( *+( 1-T184E( 18( 8)4( *084/9174( -9( 8)4(

1/-8- = 4/+( 10E( 9174+( 121A@( —O( 10-8)4/( 1/-8- = 4/( f*P>( B
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—R+4/GAE( *0( )4 = 4B\H( W_8X( 18( IW( <) ,.EFOF( 9/- = ( 8)4(
JAE . 78-0( /184( -9( )4 = 4( Th*F>( 6Z1g) ~)A/41+( 8)4( )4 = 4( ~1+(
/481°04E(0(8) 4(1-"8+ 1*0(+8184(Fh*F>(6_ I p(#) 4/49-/47(8)*+( = .8108(
11 141/4E( 8-( RA( +.*8LRIA( 9-/( 4+8* = 1810F( 8)4( 7-08/'R .8"-0( -Y(
1/-=* = 1)( 41478/-0( E-018*-0( 8-( )4 = 4BEAF/1E18"-0( 178:G*85>( 14(
4=14T84EY(8) 4(1R+-/18'-0%(LOE(/4+-01074("*1 = 10(+1478/1(-9(8) 4(
TAQ™( = .8108( +.FF4+B4E( 8)18( 8)4( = .818*-0( *OE.74E( O—(
1/- = *0408(+8/ . 78. /12(7) LOF4+(*0(8) 4() 4 = 4(G*T*0"85(fF+>( [ ZgX(
RATL.+4(8)4( = .818"-0(+84(*+(9L/(9/- = (8)A( 178GA(+84( P> @op(
W-/4GA/Y 8)4( )4 = ABEAF/IE*OF( 178:G'85( ~1+( +FO0'9710825(
E4T/41+AE(FRFo(Mp(#)*+(/4+ . 18(+ . 1 1-/8+(8) 4(*E41(8) 18(42478/-0(
E-018*-0(0/- = (8)4(1/-=* = 12(W*+(*+(0-8(8) 4(-015(9178- (
“0(/41/4++0F(8)4()4 = 4BEAF/1E*OF (/4178

/(*0G-1G4E
O(=9(W - X(L8(1W(2><(

Role of Subunit-Subunit Interactions in the Heme-
Degradation Reaction by HutZ.

P04=14784E15(8) 4( 19(G12.4(9-/(8) 4(8/10+8*-
+1°0( 10E( 2-78+10( )4 = 4(9-/(8)4( 1A@™( = .8108( 7-.2E( 0-8( R4(
177./18415(E484/ = *OAE(RATL . +4(8) A(1R+-/ 180 (+ 1478/1(+) ~N4E(
12 = —+8(0—(IW(E4 140E4074(*0(8) 4(/10F4(-9( 1W( [M(fh*F>(Zg($8(*+(
A42(00-0(8) 18(8) 4( 191(G12. 4(9—/(8)*+(8/10+%8*~0(*+(7-//41184E(
~gY) (8)4(19(G12. 4(-9(8) 4(E+812(1 = *O-(1TE(/A+E . af+p(#) 4(19y(
612.4(9-/(8)*+(8/10+8*-0(*0( = 5-FI1-R*O(+(Z>MEE (™) 4/41+(8) 18(-9(1(
(
(
(
(
(

O(R48~440()'F)B

= .8108( = 5-F2-R*O(*0()*7) (8) 4(E*+812( WH(* (/4 12LTAE(N8) (™ 12
—/(&4 . (*{F/4184/(8)10( @< L(#) - +2(8) 4( 19,( G12. 4(/40478+(8) 4
7)1/1784/( -9(8)4( 1 = *0-( L7*E( /4+E . 4(8) 18(*084/178+( ~*8)(8)4
*/-0BR- . OE( N184/( = -247 .24>( W-"N4G4/2( 121AQ@( *+( 2-7184E( 91/
204z 4(fn;<(J9(10E() -
8)4()4 = 4(PFLOE(th*F>(@g>(
$08/-E . 78*-0( -9( ~ 12(18( 1 -+*8*- (
*07/41+4( *0( 8/518-1)10( R.-/4+74074( fh*P>( _p( c471.+4( 8)*(
9. -/4+74074(*+(d . 407)4E(R5()4 = 47(8) 4(*0840+*85(/4N478+(8) 4(
(
(

+(++( . OP'0425(8-(*084/178(E*/47815("'8)

O(A@(/4+.BAE(*0( 1(+F0"97108

E*81074(R48/440()4 = 4( 10E(8/518-1)105(#) . +2(8) 4(*07/41+4E
9. -/4+74074(*0840+85(-9(8)4()4 = 4BYAQ™( = .8108(*+(*OE*718:G4
-9(41-0F18*-0(-9(8) 4(E*+81074(R48/440() 4 = 4(10E(#/10<M(f; ab
s (1) A(0840+185(-9(8) 4(00. —/4+TAOTA(+ 1478/ . = (=9(#/10<MO-/(
)4 = 4B\H(W . 8X(E4 1 40E4E(-0(8) 4(1W(Fh*F>(ag(1+(-R+4/GAE(0(8) 4(
1R+—/18'-0( +1478/1>( CATL . +4( #/10<M( *+( 1-T184E( *0( 8)4( )4 = 4(
1/-=* = 1( +84( f*F>( B)( 8) 4(8/10+:8*—0( RA8/~440( )*F) b+ 10( Fh4 '8
W.Kg( 10E(2-7B+1*0( )4 = 4(fha*BKWP y(8) 18( ~77 . /+(*0(8)4( )4 = 4(
Ex812( +984( 10+-( *0G-1G4+( 1( +8/.78. /1) TY10F4( *0( 8)4( )4 = 4

1/-=4 = 10( +845( #)4( E*81074( RA8/N40( )4 = 4( 10E( #/10<M( *O(

)4 = ABN\H(W . 8X("N1+(4+8* = 184E(8-(RA(@_bOZ(TA)*T) (*+(+ = 124/(
8)10(8) 18(*0(8)4()4 = 481AQ™ (= .8108(f;ab;_(Jg(fh*F>(6alp(#)4+4(
4+ 8+(+ . FF4+8(8) 18(*08/~E . 78*-0(-9(~ 12(18(1 —+%8*~ O(A@(4=840E4E(
8)4( E*+81074( R487440( )4 = 4( 10E(#/1@<M( 10E( 1/4GA084E(8)4(
+1°08+8184(8/10+'8*~0( 9/~ = (2-N(+1*0(8 1(
2-++(=9(178:G*85(
417174 = 408(-9(121AQ("N8) (T 1271 . +4E()4 = 4BW . 8X(8-(1E- 18(
1( 7)* 2 4/7( +8184L( 1-"B+1°0( )4 = 4( ~NB)( 1( ~N410( 1/-=*: 12(
)5E/-F40( R-0E( fhF>( Zg>( $0( 8)4( /4178-0( -9( 8)4( )4 = 4B1AQ™(
= .8108("N8) (147-/RT(LT*EN(L2 = —+8(0-(/-0( N 1+(/A141+4E(FRF>M1Y(
CO(#) 4/49-14)(E* = *0*+) 4E(42478/-0(E-018*-0(%/- = (8)4(1/-=" = 1)(
PF10E( -9(8)4()4 = 4BYA@™( = .8108( E*E( 0-8( 241E(8-( 40)1074E(
W.BX(178:G'855(128) - . F)(8)4()4 = 4B1AQ™( = .8108("1+(*0+40+8:G4(
8-(1+7-/RT(ATE(FF>M1AC8( N L+(1786A8 - L/E+(W. K. (Fr*F>(Moag)(
*OE*718'0F(8) 18(8)4( = .8108(/481*04E()4 = 4BE4F/1E18*-0(178:G*65(
804( 8)4( )4 = 4BYAQ™( = .8108)( 8)4( )4 = 4BYA@E( = .8108( 12+(
¥)=/NE( E*z*0*)4E( )4 - 4BE4F/1E18*-0( 178'G'85( fh'P>( Mg
N)4/41+(8)4( )4 4BYAGK( = .8108( +)-"AE(8)4( +1 = 4(24641( -Y(
178G 85(1+(N\H(W . 8X(Fh*F>(MIQY(10E(8) 4(92 . ~/4+TA0TA(+ 1478/ . = (-9
8)4()4 = 4B1AQK( = .8108(/1+(*OE8'OF . *+) 1RM4(9/- = (8) 18(-9(\H#(
W.BX( fhiFe( 6al?)( BMclgp( #)4+4( /4+.18+( *OE*7184( 8)18(
7-2 = .0718-0(R48/™N440( 1/-8- = 4/+(G*1( 121A@(*+( 4++408+12(9-/(
8)4( )4 = 4BEAF/1E18~0( 178G'85( -9( W.8X> #)4()*F)( E4F/44( -9(
7-0+4/618-0( -9( 120A@( +. 1 1-/8+( 8)4( *= 1-/81074( -9 8)*+(
*084/178:-0(*0(8) 4(W . FX(91 = ?5(fh*F>(6 [ 19>(
$0178+G18*-0(~9()4 = 48W _8X2(*0(+ 1'84(~9(8) 4(9178(8) 4() 4 = 4(*+(
“0(8)4( )*F)B+ 1*0( +81847( ~NL+( 14— ( —~R+4/GAE( ) 40(8) 4( /4178-0(
A1+( 7-0E . 784E( *0( 8)4( 1/4+4074( -9( */-0( 7)4118-/+)( +.T)( 1+(
E494/-=1 = *04( -/( 94//-T04°(W4 = 4BW . 8X( *0( 8) 4( 1/4+4074( -9
94//-T*04( "1+ *0178GA( 8-( 1+7-/R*7( 17°EY( 4640( 18( IW( D<)
158) - .F)(G4/E-)4 = 4(~1+(9—/ = AE(*0(8) 4(/4178~0(~8) (W. K. >($0(
8)*+( T1+4%( ~NA( 1/-1—+4( 8)18( 8)4( 7)4218-/+( 14/8./R( 1/-8-
8/10494/( 9/~ = ( ~N184/( = -147 .24+ 8-( 8)4( JAE .TAE( -=594//- .+
*084/ = 4E*1847( ha™ BKK™"(#) . +2(1( 1-++R24(4=111018-0(9-/(8) 4(
2-"NA/(178G'85(-9(8) 4( TA@ ™ ( = .8108(*+(8)18(8)4( = .818*~0( 12174+(
5(
1

—-()*F)(+1*0(241E*OF(8-(

50
-0(

E*481)( 1 = *0—( 17*E( /4+E . 4+( *0( 10( *O111/-1/*184( 1-+8-0( R
E*+/ . 18'0F(8) 4(O01FA(RA8/N40( 1/-8- = 4/+)(8)4/4R5(71 . +OF(
14/8. /R18"-0(-9(8) 4("184/(72. +84/(8) 18(/40EA/+(8( . O+ . *81R2M(9-/(
)4 = A[EAF/1E18"-03(

KO( 8)4( RL++( =9( —./( FOEOF+ ~NA( 1/-1—-+4( 1( 1-++R(
+7401/*-(8-(177- . 08(9-/(W . 8X(178G18*~O( fh*F>(@<gp( 1 77-/E*OF(8—(
8)*+( = ~E42(1/-8-018'-0(-9(8) 4(2-B+1*0() 4 = 4(Fh4 B W g(8-(8) 4(
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Y'F)B+1°0()4 = 4(fha™BW. Kg(*OE . 74+(/4-/F10*T18*-0(-9(8) 4("184/(
70.484/7( 91708L8OF( *8+( 9.078-0( 1+( 1( 1/-8-0( +- . /745 #)A+4(
+8/.78./12(T) 1OF4+(*0(8) 4( )4 = 4( E*81)( +%84( 1/4(8/10+ = *884E(8—(
8)4( 1/-=* = 1)( +'84( 8)/- . F)( +.R.0'%B+.R. 0%8( *084/178~0+( 10E(
= —E..1184(8) 4(+8/40F8) (-9(8) 4() 5E/-FAO(R-OE(R48~440( 1+ 1 @A (
10E(W#+@_<(241E*OF(8-(1(/4E . 78-0(*0( 41478/~0( E-018-0(9/- = (
8)4(1/-=* = 1UWH(8=()4 = 4(CATL . +4(-9(8) 4+4(T) LOFA+2()4 = 4(*+(
+_4T418'RU( 8-( /AE .78'-07( 10E( 1.8--="E18*-0( -9 -=5%4//- .4(
Y4z A( *+( [41/4++4AEY 141E°OF( 8-( )4 = A( EAF/1ELS-05( #) .+
“084/+.R.0%8( 7- = = .0%718"-0( R48~440( 8)4( )4 = 4( E*81)( 10E(
1/-= = 1)(+84+(8) /- .F)(+ R . %88+ . R . 0°8(*084/ 178"~ O+(+(4++408*1(
9-/(W _8X(8-(E4F/1EA()4 = 4

VH(E47 . +4E(1R-GAYNA( 1/~ 1-+4(8) 18(8) 4(+. R . 0'83+ R . 0*8(
*084/178*-0+( 1/4( 4++408*1( 9-/(8) 4( )4 = ABEAF/1E18*-0( /4178'~0(
R5(W.8%(#—( = —E . 2184(8)4( +8/40F8)( -9( 8) 4(*084/178*- 0+ W . 8X(
POANS( /4d . HA+( +- = A( A9AT8-/( = ~247 .14F+( —/( 1/-84*0f+p( KOA(
I -+HRW85(*+(8) 18(499478-/( = ~247 .14+)(40) 1074(8) 4(4=1/4++*-0(
~9( W_8( 1/-84°0+( \4( /47408I5( 9 .OE( 8)18( W.8SY ~)*7)( *#(
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