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Outline

Introduction: few notes on metalloproteins and
enzyme catalysis

Applications: multi-copper oxidases, glutamate
carboxypeptidase




Proteins: Essential Elements in Biocatalysis

Enzyme Catalysis:
1/ Recognition of the Substrate

2/ Chemical Reaction: Local Dielectrics Is (Electrostatic
effects)




Metalloproteins

‘Since 30-50% of proteins contain metal ions, one might be interested in
understanding their role and function’

The role of metal ions is
structural and functional:

Ad functional

1/ redox reactions (electron
transfer reactions)

2/ ‘difficult’ reactions (N,, O,
bond breaking)

3/ spin-forbidden reactions
(spin-orbit coupling)

c.f. metal-catalysts vs. _
organocatalysts in organic
synthesis




Physical Chemistry of Enzyme Catalysis

Methods for determining enzyme structures:
global structure: X-ray diffraction
NMR (based on Nuclear Overhauser Effect)

local structure (metalloproteins): EXAFS (extended X-ray absorption
fine structure) " Wancengih (o)

Spectroscopy: insight into structures of
Intermediates of recations catalyzed by
metaloproteins (UV-VIS, CD, MCD, EPR)
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Figs: Lee et al.: JACS 124, 6180 (2002)




Rate constant:
K.ot = KgT/h exp(-DG#/RT)

17.47 — (1.36556).logk ..., = DG*

cat

K. IN [s1] and 0G# in [kcal.mol]

RDS ... rate determining step

Free energy / kcal/mol

Equilibrium constant:
K = exp(-DG,/RT)
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Fig: (adapted from Villa, Warshel)

Reactions occur as the consequence of the system dynamics. The atomic
fluctuations result in finding a path from the reactants to products within a
given time scale.

Can we accurately calculate (model) free energy?




Applications




Example 1. OQM/MM Modeling of Key Intermediates
In the Reaction Cycle of Multicopper Oxidases

Multicopper oxidases (laccase, ascorbate oxidase,
ceruloplasmin) are enzymes that couple four one-
electron oxidations of a substrate with the four-electron
reduction of molecular oxygen to water

02 + 4e_ + 4H+ 4Cuz* 2H20




QM/MM Modeling of Key Intermediates in the
Reaction Cycle of Multicopper Oxidases

Multicopper oxidases (laccase, ascorbate oxidase,
ceruloplasmin) are enzymes that couple four one-
electron oxidations of a substrate with the four-electron
reduction of molecular oxygen to water

02 + 4e_ + 4H+ 4Cuz* 2H20

Experiments (crystal structures)

PDB Resol. Redox
code (A) State Enzyme Fo3 o3 I3z o

1GYC 1.9 oxidized laccase 3.88.81 3.91 2.35
1KYA 24 oxidized Laccase with 3.89 3.85 3.91 2.40
2,5-xylidine
1A0Zz 1.9 oxidized AO 3.793.84 3.71 2.03
1ASO 2.2 reduced AO 4.084.44 5.11 2.18
1ASP  2.59 oxidized AO with peroxid&.77 4.45 4.80 2.06
1ASQ 2.32 reduced AO with azide 3.6164 5.10 2.08
1GW0 24 partially Laccase 3.8%4.05 4.83 2.48
reduced

1GSK 1.7 partially CotA 4.64 4.67 4.28 2.07
reduced

1KV7 1.4 partially CueO 3.543.98 4.70 2.96
reduced

1N68 1.7 partially CueO with 3.62 4.09 4.80 2.94

Glu (Asp ) reduced regulatory Cu ion

1PF3 1.5 partially CueO M441L 3.75 4.17 4.84 2.79

reduced mutant




Spectroscopic Measurements

existence of native intermediate (NI), peroxy intermediate (Cu-T1 replaced by redox
inactive Hg2*), catalytically irrelevant peroxy adduct (PA)

in both oxidized resting state, NI, Pl: two coppers are antiferromagnetically coupled
(i.,e., S = 0 or S=1/2 ground state)

OH-  Cu?* charge transfer peak at 330 nm

EXAFS: one copper-copper distance (in PA, PI) of 3.4 A, two Cu-Cu (NI) of 3.3 A
NI: low-lying doublet state of 150 cm1, -2J = 520 cm™! (doublet-quartet gap)
Oxidized resting state cannot be in the catalytic cycle

O, bond cleavage: two 2e" steps

pG* (O, cleavage) < 40 kJ.mol*

>

Shinet al. 3. Am. Chem. S0d.996,118 3202-3215
Leeet al. J. Am. Chem. S02002,124, 6180-6193.




Results
. QM/MM Structures
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4.01 1.93
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* No A3 mode detected

* H,0, dissociates into 2 OH" moieties (cannot be PI)
* PA almost identical to Pl in C5; mode

* In agreement with the recent X-ray structure with
dioxygen binding to MCO (Enguita et al J. Biol. Chem.
279, 23472 (2005)
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« ordering of the spin states in peroxy intermediate
(peroxy adduct)

o other spectroscopic parameters (EPR, optical
spectra)

 Why is resting {OH -, OH} protonation state less
stable than {H ,0,07%}



oxidized PA Pl NI

(520 cm-1) (520 cm-1)



130

165




Conclusions (MCQO'’s)



Example 2: Reaction Mechanism of Glutamate
Carboxypeptidase Il (GCPII)



Reaction Mechanism of Glutamate Carboxypeptidase Il












