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Maossbauer spectn and computcd Mdssbauer spectra for reduccd spinach
ferredoxin at 256 °K. (2) Lyophilized spinach ferredoxin in zero magnetic ficld;

(b) Lyophilized spinach ferredoxin with 46 kG magnetic ficld parallel to gamma-ray
direction. Velocities relative to platinum source
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- Expel:imenml Massbauer spectra of Euglena ferredoxin (a) at 4.2 K in zero-applied ficld and
(b)in 3 T-applicd ficld, perpendicular ta the y-beam. The solid line represents a simulation with zera-

m.xgnelic hyperfine contribution; i.e. the magnetic splitting arises solely from the applied feld (see
stick-spectrum).
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Maéssbauer parameters of porphyrin complexes containing Fe(I'V)
. Compound T(K)/matrx 8(a-Fe) (mms™*) AEq (mms™!) Ref.
[(TMP)Fe=0]"(Cl") 77/toluene/methanol (4 1) 0.06 1.62 [175]
—4.2/tolucne/methanol (4:1) 0.08 1.62
[(TMP)Fe=0]"*(0S0O,CF,) 4.2/toluenc 0.08 1.62 } [176]
[TPP(2,6-Cl)Fe=0]"(0OSO,CF,) 4.2/CH,CN 0.08 1.80
(TPP)Fe=0/1-methylimidazole 4.2/toluene 0.11 1.26 b
(TPP)Fe=0O/pyridine 4.2/toluene 0.10 1.56
(TP,;, P)Fe=O/tetrahydrofuran 4.2/tetrahydrofuran 0.12 220 S
(TP, P)Fe=0/1-methylimidazole 4.2/tetrahydrofuran 0.109 1.372
(TMP)Fe=0 nd/nd 0.04 23 L]
TPP(2,6-Cl)Fe=0O/tetrahydrofuran 4.2/tetrahydrofuran 0.09 2.08
TPP(2,6-Cl)Fe=0O/dimethylformamide 4.2/dimethylformamide 0.09 1.81 &
TPP(2,6-Cl)Fe=O/1-methylimidazole 4.2/tetrahydrofuran - 0.07 1.35
Compound ES cytechrome c peroxidase 4.2/H,0 0.05 155 !
(TMP)Fe(OCH,), 4.2/toluene -0.022 2.17 s
Horse-radish peroxidase 1 — */glycerol/H,O(1:1) 0.08 128 [179]
Horse-radish peroxidase 1I 77/H,0 . 0.03 1.36 ®
Chloroperoxidase I 4.2/peracetic acid 0.15 : 102 [102]
. * Parameters derived from simulations of temperature-dependent and field-dependent Mdssbauer spectra.

® Simonneaux et al. (1982) Biochim. Biophys. Acta 716:1.
¢ Schappacher et al. (1985) J. Am. Chem. Soc. 107:3736.
4 Groves et al. (1986) Indrg. Chem. 25:123.

* Gold et al. (1988) J. Am. Chem. Soc. 110:5756.

! Lang et al. (1976) Biochim. Biophys. Acta, 451:250.

% Groves et al. (1985) J. Am. Chem. Soc. 107:354.

* Moss et al. (1969) Biochemistry 8:4159
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as indicated. The solid lines are simu-
lated spectra with the parameters given
in Table 8. Taken from [9]
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Massbauer spectra of oxidized plant-type iron-sulfur proteins in zero applied
‘magnetic field. Abbreviations: AZI=Azolobacter Fe-S protein 1, 4.6 °K;AZIIl=
Azolobacter Fe-S protein II, 4.2 °K;Put. = Putidaredoxin, 42"K, Ad.=Pig Ad-
renodoxin, 4.2 °K; Clos. = Clostridial paramagnetic protein, 4.2 K7 PPNR = Spin-
ach ferredoxin, 4.5 °I; Parsley = Parsley Ferredoxin, 4.2 °K. Velocity scale is rela-
tive to iron in platinum
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_ Experimental Mdssbauer spectra of re-
duced spinach ferredoxin. Solid lines are simu-
lations, i.c. (c) for Fe(III) S, = — 1/2, (d) for Fe(III)
S, =+1/2,(e) for Fe(I) S, = — 1/2, (f) for Fe(II)
S, = +1/2, (g) Boltzmann-weighted sum of (c), (d),
(e) and (f), superimposed over experimental spec-
trum. Taken from [76]. (Zero-velocity given rela-
tive to Pt-source matrix; transformation of 5(Pt)
to §(z-Fe) is provided by adding 0.349 mms ™! to
5(P))
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Mossbauer spectra at low temperature and small applied magnetic field for
reduced plant-type {erredoxins. Abbreviations: AZI = Azolobacter Fe-S Protein I,
4.2°K, 1.15 kG; AZ1I = Azotobacter Fe-S Protein 11, 4.2°K, 300 G; Put. = Putid-
aredoxin, 4.6 °X, 580 G; Clos. = Clostridial Paramagnetic Protein, 4.7 °K, 3.4 kG;
Ad. = DPig Adrenodoxin, lyophilized, 5.3°K, 580 G; PPNR = Spinach Ferredoxin,
lyophilized, 4.3°K, 580 G; Parsley = Parsley Ferredoxin, 5.1 °K, 580 G. Applied
magnetic field is parallel to gamma-ray direction. Velocities are relative to platinum
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. .. Massbauer spectra a:t low temperature and high applied magnetic ficld for
reduced plant-type ferredoxins. Abbreviations: AZL = Azolobacter Fe-S Protein I
4.2°K, 46 kG; AZIL = Azotobacter Fe-S Protein 1I, 4.2°K, 46°kG; Put.=Putid:

- aredoxin, 4.6°K, 46 kG; Clos.= Clostridial Paramagnectic Protein, 4.2°K, 46 kG;

PPNR = Spinach Fcrrcdfaxin. lyophilized, 4.3 °K, 46 kG. Applicd magnetic field is
parallel to gamma-ray direction. Velocities are relative to platinum source matrix
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Putative structure of Fe,S, cluster and illustration of conversion into MFe;S, by substitu-

Y ith an Fe-Fe
ting M = Fe, Co, Zn. EXAFS data of the Fe,S, cluster suggest a compact core wi .
dlir;%anc: of e0.27 nm (Antonio et al. (1982) J. Biol. Chem. 257: 6646), just as observed for Fe, S,
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Isomer shiflts §(a-Fc) and quadrupole splittings AEq of three-iron and four-iron clusters in

various oxidation states

cluster valence 5 (mms™')  AEq (mms™!) Fe sites  cluster spin
Jo —Aeduc A [FeyS.]° Fel3* —Feld* 046 1.47 2 i
a Fed* 032 0.52 | } ks
Fe —ichuced —> [Fe.S.0'* Fel$* —Fed* 050 ‘ 118 2 } S ia
b Fc“l — Fe?* 0.60 1.82 2
;’;"—M"‘“’( w3 [Fe.S.0%* Fc{;’* _ Fe?s* 042 1.08 2 } ‘o
c Fel3* —Fe?3* 0.42 1.08 2
5e “—pcclemcad = [Fe.S.1%" Fel3* —Feld* 043 114 T2 } ‘o
‘ d Fel3* —Fer?* 043 1.14 2
/6__‘/\'&“% — [Fc‘SA]“’ Ft:jj* - Fc:j* ] 0.40 ' 1.03 p) } S 2 |
c Fe — Fe 029 088 2
Se maeduced —> [Fe.S,J'*  Feddt —Fe* Cost 1.07 2 } o in
[ Fei* —Fe* 060 1.67 2
2 pedmerd—> [Fe.S.]** Feit* _Fel3t 045 132 2 }
[ Fel3* —Fe3* 045 132 1 §=0
_ 0.41 0.55 1
v peduca =7 [ZnFe,S,]'* Fex*t —Febi* 052 ' LS !
: 1.7 ‘1 S=572
f Fel* —Za** 062 2.7 1 }
5 ) —_ (CoFe;S,0'* Fer$* —Fel3* 053 1.28 2
E <t [ Fe?* —Co¥* 053 128 - 1 } uiale
[CoFe,S, 1+ Fets® —Febs™ 044 135 2 '
e kY Fe*  —Co* 035 L1 | } S=12

1

* Ferredoxin 11 (rom Desulfovibrio gigas. Taken {rom [112]. -
= ® Reduced ferredaxin from B. stearothermophilus. Taken (rom [I 13]. )
¢ Oxidized ferredoxin from B. stearothermophilus. Taken [rom [113]. ]
¢ Reduced Chromatium HiPIP. Taken from [114].
¢« Oxidized Chromatium HiPIP. Taken from [114]. - : <
f [MFe,S,]'* 2" clusters obtained by incubating ferredoxin 11 from Desulfovibrio gigas in"the
presence of excess M = Fe?*, Co**, Zn?". Taken from [115-118]. :
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Effective magnetic hyperfine coupling tensors A',/8.B.2nd A%/g.B.
of reduced ferredoxin 11 [118]

site am- AM Aam ALD
8qPn 8P 280 8aPn

. Feld* —Fe?3* =149 —149 TY iR
Fe’* 9.9 11.6° 126 113

+ Effective tensors A’ are related to local tensors.

1.00 ] A by A(S)/g.B.=
A<§1~-|>/&Bu : 3

M dssbauer spectra of the
reduced Fe,S, cluster of ferre-
doxin I recorded at 4.2 K in zero
field (a) and at 1.3 K in parallel
applied field of 1 T (b). The solid
lines in (b) ar= theoretical curves
for the delocalized pair and the
Fe* . site. The sum is drawn
through the ecxperimental data.
Taken from [118]. The insert
gives a scheme of the proposed
spin-coupling: S=3S5,,+S,
=9/2—-52=2
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Model [or the spin arrangement in [Fc‘S,,]“ in Fo
an applied ficld B. The dashed line indicates the delocalized 3
clectron within the Fe¥3*—Fe** dimer. Total spin is

S, =172
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«.o. .. Experimental Mdssbauer spectrum of oxidized Chromatium HiPIP at 4.2 K in an applied
field of 10 T parallel to the y-beam. Taken (rom [129]
Fel’-Fe} Fed3*- Feld* B
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| z . | # Table 7. Spin-Hamiltonian parameters obtained rom simulating Méssbauer spectra at 42K of

20l i % 1 ’ﬁ:’ : oxidized Chromatium HiPIP. Taken from [129]
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et ] Component 8(a-Fe) AEq n A AM AYD
= g Fon (mms™')  (mms™') g~5. 8+Pa e "
T »

i 3 3 ¥ . Fedy — Fedy 0.29 0.88 0.4 +13.9 +16.3 +14.0
] r Feid* — Fely)” 0.40 1.03 0.9 -20.5 -222 -23.6
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_ Resonance Raman spectra of S mM purple (top) and 2.7 mM
pink (bottom) forms of bovine spleen FePase in 10 mM NaOAc bufTer, ©
pH 5.0 at 5 °C. Sample temperaturc was maintained by placing the-

* capillary in the cold-finger of an ice-filled Dewar.”™ Data were collected

Purple FePase

~ o~ .
a with use of S14.5-nm excitation, 100-mW incident power, and 140°~
b - T T back-scattering geometry. The spectra shown are an average of 3 scans
b S © 5 (purple) and 8 scans (pink) taken at a scan ratc of 1 cm™/s and a slit
@ B 3‘ ) width of 4-5 cm™ and then subjected to a 13-point smooth. “
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- 7Fe Massbauer spectrum at 4.2 K of purple (oxidized) bavine
spleen FePase (2 mM in 50 mM NaOAc, pH 5.0). The solid linc is a
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fit to the data with usc of the parameters in Table II. Data 2quisition 2 2 > J
time was 47 h.
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- EPR spectra (—) and simulations (—) of the fully reduced
methane monooxygenase hydroxylase component at 4 K using micrawave D\

field B, parallel (a) and perpendicular (b) to the static ficld B. Simu-
lation parameters: D = 1.2 cm™; £/D = 0.16; ax)p ~ 0.07 (1 standard
deviation); g, = 2.00 for the ground doublet of an S = 4 muitiplet.
Instrumental parameters: microwave frequency, 9.1 GHz at 2 mW a BB
(unsaturated); modulation, 100 kHz at 0.8 mT(pp) gain, 1.25 X 10%
dB/dt, scan rate, | mT/s; filter, 0.5 5. Protein data: protein concen-

tration, 1 mM after addition of reductants and mediators; specfic activity, Q
I 500; 2.3. mol of Fc/mol of protein (~0.9 mM oxidized iron clusters). =
Ma&ssbauer studies of this sample have been previously reported. &
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- Effect of the component B on the X-band EPR spec-
:;aﬁlthe hydroxylase. The hydroxylase (250 M) was reduced to
G e fully reduced stata as described under “Experimental Procedures.”
l.srz:lpouent B was added anaerobically to give the molar ratios

ative to MMOH shown. The MMOH preparation used for this

:;penmen: contained at least 1.7 diiron clusters/MMOH molecule; -k
to‘?ha component B to hydroxylase molar ratio of 2.0 is equivalent
> out one component B/hydroxylase active sits. [nset: ®, percent
°f complata change in EPR line shape determined from the spectra
BE Y-ho.fully reduced hydroxylase shown in the main figure (see
% ;fuenmcnml Procedures”) as a function of the component B to
ydroxylase molar ratio; O, equivalent data for the titration of the
mixed valent hydroxylase with component B presented for compari-
son (Fig. 4 from Ref. 10). Instrumental conditions: gain, 2000; scan
range; 200 millitesla; scan center, 100 millitesla; modulation ampli-

B/H =06
tude, 1 millitesla; modulation frequency, 100 kHz; microwave fre-.

C}l(uency, 9.23 GHz; microwave pawer, 1.0 milliwatts; temperature, 10.0 B/H =4.0

Epr Absorption Derivative

&
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H (mTesla)
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. SCHEME 1. Proposed mechanism of methane monooxygenase.
X = H or R. The actual point of substrate binding to the enzyme in
the cycle unknown.
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psie. et B/H Z %wg/,(é,&«mo/mj o A_ M&J—iaaé. act 'vatioa
(J-n.—ox/) clode, ‘
Sj\rf«;.l? MMO %MJ/M,/UADH/ e ductwee ;05

\%&G—E o MMO%MJ/"“-'H”OZ" -

‘ ‘ Effect of component B on product distribution from hydroxylase
: catalyzed oxidation reactions utilizing Systems [ and IT .
Conditions are described under “Experimental Procedures.” See

“ : Table [ for evaluation of error. ® ystem
Substrate Products System | System II % ) I
B/H Ratio 0 2 Q9 2 E o
3 % of total
utane f-gumnol (2 94 44 95 95 g s
-Butanol (1) 6 56 5 5 }:‘
Isobutane 2-CHi-2-propanol (3°) 78 63 61 64 2
N 2-CHr-l-propanol (1Y) 22 37 39 36 3w
ne 3-Pentanol (2°). 0 0 0 0 g
2-Pentanol (2) 70 70 8 8 3 ki
-Pentanol (1°) 30 30 15 14 8 :
Hexane 3-Hexanol (2°) 0 0 o 0 B
, %-geuno} (2 42 40 93 95 '
-Hexanol (1%) 8 60 7 5 %« 1 7 3 A g
Octane 4-Octanol (2°) ND* 0 0 ND R £ S
3-Octanal (2°) ND 0 0 ND CHRA
2-Octanol (2°)- ND 82 82 ND Fic. 1. Comparison of the effect of component B on
NOsbengenys  1Octanol (1) ND 18 18 ND initial velocity of propane turnover by Systems I aad i
e’ p-NO,-phenol <10 89 38 59 reactions contained 127 uM MMOH, component B in the mo" )
m-NO,-phenol >90 11 59 41 shown, saturating propane at 1 atm and were conducted az.r....' '
0-NQ.-phenol 0 0 3540 System I conditions: 25 uM reductase, 18 mM NADH. A, 7«4~
ND, none detected dy

For this syh

ditionsg employed.

strate the ortho product was observed only in the
and only for System II. The following para/
ns were observed: in System I-1 B/H §9:11,
ystem I1-0.5 B/H, 40:60, 1.0 B/H,

< of component B
7H"°duct distributio
ot 8%11, 0.1 B/H 83:17 in §

e to the low yield under the experimental

conditions: 100 mM H;0,. The solid line for the System i ..

as previously described (10). The solid line for the System II

merely indicates the trend of the data.
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