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1. High-Valent Iron Spezies in Physiologically Relevant
Enzymatic Reactions
e Cytochrome P450
e Nitric Oxide Synthase (NOS)

2. New Iron-Sulfur-Proteins
e The radical SAM enzyme coproporphyrinogen ITI
oxidase HemN
e The ATP-binding cassette protein ABCE1

3. Outlook
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Regulation of cell function
- a very complex phenomenon
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i-' Cytochrome P450cam from Pseudomonas Putida
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 The bacterium Pseudomonas Putida metabolizes
Camphor (C,,H,,0)
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=  Spectroscopic investigation of reaction intermediates
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Preparation of cpd I using
the ,shunt"- reaction:

ROH

-Addition of peracetic acid
to native P450cam

Q
HO-0-C-CH3

Cryo-freezing of the
reaction mixture within
milliseconds

Investigation by
‘Méssbauer spectroscopy

‘EPR spectroscopy
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Preparation of
infermediates by
rapid freeze
quench

Control
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Investigations of reaction intermediates
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Mdssbauer spectroscopy EPR spectroscopy |
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V. Schiinemann, C. Jung, A.X. Trautwein, D. Mandon, R. Weiss (2000) FEBS Lett. 479 149
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94 GHzEPR 9x dy T=80K

dy"/dB

3340 3345 3350 3355 3360
Magnetic Field [mT]

Heller-McConnel-relation:
A(Hg; 2) = p(C1{B' +B''cos?6; ,}

Calculated dihedral angles:
6, = +40.5%; 6, = -79.5°

— Tyr96 is the radical splitting of splitting of
g9, . 9,and g, g, and g,

Schiinemann V, Lendzian F, Jung C, Contzen J, Barra A-L, Sligar S6 , J. Biol. Chem. 279: 10919-10930 (2004)



- P450cam: Intramolecular electron transfer

] . .
I > Eﬁ”ﬁgﬁ%ﬂ’ﬁ%“fﬂﬂ fr‘omTyr‘96 to the iron-oxo species

e- 02-
+

amino acid heme
Tyr96* Fe(IV)

5=1/2 (15 %) S=1 (10-15 %)

Cpd I decays via intframolecular
electron transfer within 8 ms!

l

To detect Compound I the electron
transfer must be disrupted!

water cluster

Tyr96 Hgp
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P450cam
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Chloroperoxidase (CPO)

th

Aln1 Prezs

?
S I 4
Tyr'96

Fe(IV)=0 porphyrin-n-cation -\
radical: @
-5=1/2, g=(1.65; 1.75; 1.97)

- exchange coupling between
Fe(IV) and porphyrin radical ‘Fe(IV) S=1

‘porphyrin-n-cation radical
reduced

by e -transfer from Tyr96

Jung, C., Schinemann, V. & Lendzian, F. (2005) BBRC 338 (1), 355.
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‘Nitric oxide synthases (NOS) belong to a physiologically highly
important heme enzyme family which catalyzes the synthesis of the
messenger molecule NO in all forms of life

in humans:

INOS: inducible (immune system response)

NNOS: neuronal (neuro-signal transmission) -

eNOS: endothel (blood pressure regulation)

Questions: How does this work?

What are the reaction intermediates?

? Compound I ?



e 9.6 GHz EPR of nNOS after 8ms reaction
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T=20K 0,30 | ]
160 I 260 I SI;U I 4rlm I 550 100 I 200 I 300 . 400 500
B [mT] B [mT]
Start nNOS 8ms nNOS intermediate

90% Fe3*-low-spin (2.43; 2.28; 1.90) 80% radical (g=2.0)
10% Fe3*-high-spin (7.40; 4.20; 2.00)  20% unknown species g=(2.23; 2.24; 1.96)

Unknown S=1/2 species:
Fe(IV)=0 porphyrin-n-cation radical with

strong antiparallel exchange coupling (with g, ~2.2 and g;=1.96, J>D).

C. Jung, F. Lendzian, V. Schinemann, M. Richter, L. H. Bottger, A.X. Trautwein, J. Contzen, M. Galander, D.K. Ghosh, A.-L.
Barra, Magnetic Resonance in Chemistry 2005




I E temsae Unerstr INOS: Mossbauer spectroscopy identifies Fe(IIT)

relative transmission

relative transmission

Start material
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Peracid : NOS= 5:1

C. Jung, F. Lendzian, V. Schiinemann, M. Richter, L.

— nNOS:

6=0.38 mms-!, AE,=2.48 mms-! (4217%)

Clusters of iron hydroxide (artefact):
6=0.518 mms-!, AE,=0.675 mms-! (57+3%)

Intermediate: Doublet with
8=0.27mms! und AE,=2.36mms"! (29% +5%)

5>0.20 mms-!:

* no Fe(IV)

* Fe(IT)O, (unlikely)

* Fe(IIT) (S=1/2) coupled
to a radikal (S'=%)
possibly Trp 409?

Trpd409.NE: 35A
Trp678.CE: 4.6 A
Tyr7f06.0 : 66 A

. Bottger, A.X. Trautwein, J. Contzen, M. Galander, D.K. Ghosh,




Méssbauer spectroscopy of neuronal NOS
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A | LS st H|5652 non- heme MasSbauer SpeCTrum Of nNOS
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T"’”ﬁ }ﬁ‘ {Q Trp4_0? % s Marletta: EDTA:

— PNAS 95
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2. The [4Fe-4S] cluster of the radical SAM enzyme
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electron accaptor

HH HH 4=r HH HH
“NH - HN & S H - HNE
Ei“-
copropor phyrinogsn I profo porphyrinogsn 1X

‘The Radical SAM enzyme oxygen-independent coproporphyrinogen III oxidase
HemN catalyzes the oxidative decarboxylation of coproporphyrinogen III to
protoporphyrinogen IX during bacterial heme biosynthesis.

6 Layer, K 6rage, T Teschner, V Schiinemann, D Breckau,A Masoumi, M Jahn, P Heathcote, A.X. Trautwein, D Jahn (2005)

JBC 280 No. 32 29038.




The [4Fe-4S] cluster of the radical SAM enzyme
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m TECHNISCHE UNIVERSITAT coproporphyrinogen III oxidase HemN
I m KAISERSLAUTERN proporphyrinog m
HemN + SAM
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8, = 0.68(3) mm/s

Anaerobically purified HemN has a [4Fe-4S]?* cluster in which only three iron atoms were
coordinated by cysteine residues (isomer shift of 6 = 0.44(1) mm/s)

‘The fourth non cysteine-ligated iron exhibits which shifts to
upon addition of SAM

6 Layer, K Grage, T Teschner, V Schiinemann, D Breckau,A Masoumi, M Jahn, P Heathcote, A.X. Trautwein, D Jahn (2005)

JBC 280 No. 32 29038.



The ATP-binding cassette protein ABCE1
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‘Expressed in almost all

organisms an essential fo life Fe(III) impurity

‘Fundamental function in
translation initiation and/or
ribosome biosynthesis

1.00

5,=0.43 mm/s
AE5;=1.32 mm/s
44% relative area

0.99
*Molecular mechanisms not
known

relative transmission

1.00 5,=0.42 mm/s
=-0.86 mm/s

AE,,
44% relative area
0.99

-I4'—:'3.—2.-1 o 1 .2 5:1
velocity (mm/s)
ABCE1 has two [4Fe-4S F* clusters with different electronic
environments, one ferredoxin-like (CPX,CX,CX,C and

one unique ABCE1-type cluster (CXPX,CX;CX,CP)

D. Barthelme, U. Scheele,

S. Dinkelaker, A, Janoschka, F. MacMillan, S.-V. Albers, A.J.M. Driessen, M. Salamone-



| e 3. Overview and Outlook

New iron-sulfur proteins have been and will be detected

*Polynuclear iron-oxo-centers are currently under
investigation in our laboratory (in cooperation with P.
Sadler, University of Warwick, GB)

Enzymatic reaction intermediates

- Biofunctionalized nanoparticles (Au-Fe-oxide
nanoparticles)

‘Highvalent Fe(IV)-, Fe(V), and Fe(VI) complexes

‘Iron-uptake in plants and organic tissues
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