Proteins with non-heme Fe

1. Proteins where Fe is exclusively bound to
aminoacids (and/or H,0, OH-, O%)
2. Proteins that contain Fe—S centers



Hemerytrin
O, transport In marine invertebrates

Active site of
deoxyhemerytrin

13,5kDa
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Hemerythrin homo-octamer with a single monomer highlighted in
yellow. Each subunit has a four-a-helix fold binding a binuclear

lron center. \
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Unlike hemoglobin, most hemerythrins lack cooperative binding to
oxygen, making it roughly 1/4 as efficient as hemoglobin



The di-iron active site of hemerythrin before and
after oxygenation
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Resonance Raman
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Resonance (top) and non-resonance (bottom) Raman spectra of MoS, on
silicon. The excitation at 633 nm, near an electronic transition, causes
appearance of bands that are too faint to be visible with excitation at 532 nm.



Mossbauer Spectroscopy
(Rudolf Mossbauer, Nobel Prize for Physics in 1961)
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Ribonucleotide reductase (RNR)

Ribonucleotide
[ripFa Eawe reductase —— B
[RNR)

NTPs dNTPS

N

Class1  Class 1l Class 100

R]hunutjentmes . Deoxyr !bD]lllfl(‘Dl’I{lES

[h'r*a-] Different MNIPH]
RNA metal DNA

cofactor
N-base N-base

P,-O
Ho 0N
s RNR O
— > + HZO +
H

OH H



Active site and metal cofactors in different classes of
Ribonucleotide reductases
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Radical mechanism of RNR
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Soluble methane monooxygenase (SMMO)
MMO

NADH + CH, + O, + H* » NAD* + CH;0H + H,0

methanotrophic bacteria
MMOB MMOR NADH Methane as a source of C and energy
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Hypothetical catalytic cycle of MMO
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Active site of an acidic phosphatase
(catalyzes the hydrolysis of phosphate monoesters)

N
H325 %
(H223)

V H323
(H221)

Fe(ll) &

Y167 / ,' -— ‘
¢ 25 Nk

Tyr (LMCT, A, fra 510 e 550 nm ),
responsible for the pink-to-purple color

D164

| (D52) (H186)



Catalytic cycle of an acidic phosphatase

active site: Fe(lll)-Fe(ll)
Both high-spin




Fe—S proteins
Electron transfer process at negative potentials
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[AFe—4S]

Cubanoid structure






[Ni—Fe]-hydrogenase: redox path
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Rubredoxin from clostridium pasteurianum

c.a. 6 kDa




lron-sulfur units In ferredoxins

E° between —250 and 450 mV

S(cysteine)

Sulfide (S%)

[2Fe—-2S] [3Fe—4S] [AFe—-4S]
From spinach azotobacter vinelandii  chromatium vinosum
E° =-420 mV

Fe(lll)/Fe(ll) — Fe(Il)/Fe(ll)



Rieske protein from spinach chloroplasts




High Potential Iron-sulfur Proteins (HIPIP)

2 2Fe(llN/2Fe(ll) inactive

normal
HiPIP ferredoxin nin [4Fe—4S])"" EPR
— super-
oxidized oxidized 3 3Fe(lll)/Fe(ll) active
HiPIP ferredoxin Ox
”+350mv ” ~50 mV
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[4_Fe—4S]: —Cys—X,—Cys—X,—Cys—X —Cys—
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Model complexes

Fe[(SCH,),C.HJ,

: : CH,-SH

CH,-SH

o-xylene-a,a’-dithiol, (HSCH,),CgH,

[Fe,S,(SCH,CeHy) I
6 RSH + 4 NaHS + 4 FeCl, + 10 NaOR — Na,[Fe,S,(RS),] + 10 ROH + 12 NaCl + RSSR



Fe—S proteins as O, sensors
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Aconitase enzyme
Catalyzes the interconversion of citrate to isocitrate
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Catalytic site of aconitase




