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Figure 3.1: The nitrogenase protein with the FeMo and P-clusteres marked



Figure 3.2: The FeMo-cluster with atom names.
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Figure 3.3: The LPMO enzyme with the Cu-atom in the active site showed.

Figure 3.4: The active site of LPMO.
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Figure 3.5: pMMO with three metal sites, CuA in red, CuB in yellow and CuC in magenta (from the 3RGB
structure. (a) shows the entire trimer of trimers, whereas (b) shows only one subunit with pmoA in
cyan, pmoB in blue and pmoC in green.
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Figure 4.1: The sum of the ranking for all properties (A), energetic properties (E) and structural properties (S).
The lower value the better performance.
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Figure 4.2: Our model system with the extra hydrogen on Fe (a) or on S (b).

Figure 4.3: Energy differences ∆E between the two protonated model structures computed with the various
DFT approaches and the cc-pVXZ basis set as a function of the amount of HF exchange in the
exchange functional. The methods are divided into (meta-)GGA, hybrid (meta-)GGA, long-range
corrected (LC) and screened-exchange (SE) methods.
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Figure 4.4: LPMO with two histidines, one tyrosine and two water molecules binding to the Cu active site. The
methylation of His-1 is emphasised with the black circle.

Figure 4.5: Energy diagrams for the hydrogen-abstraction and rebound reactions of LPMO. Reaction with His-
78, His-1 (with or without the methylation) and of the substrate are shown in green, red, blue and
gray, respectively.
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Figure 4.6: Reactions in the activation of O2 by pMMO

Figure 4.7: Reaction energies of the CuB, CuC and CuC2 sites in pMMO, relative to the best state of







[CuO]+

CuB
CuC

CuB

H2O2

H2O2 CuB
CuD









∗





H
H2

E4(4H)

N2

N2



CFe8S9 H2

N2

N2



MN MOX MR MI



H2O2



H2O2

O2



H2O2





CuIICuIII

CuIIICuIII





4
−







ISBN: 978-91-7422-938-7

Theoretical Chemistry
Department of Chemistry

Faculty of Science
Lund University 9

78
91

74
22

93
87

N
O

RD
IC

 S
W

A
N

 E
C

O
LA

BE
L 

30
41

 0
90

3
Pr

in
te

d 
by

 M
ed

ia
-T

ry
ck

, L
un

d 
20

23


	Tom sida
	340763_nr1_G5_Magne.pdf
	Tom sida
	Paper1.pdf
	Comparison of the accuracy of DFT methods for reactions with relevance to nitrogenase
	1.  Introduction
	2.  Methods
	3.  Result and discussion
	3.1.  N2 and CO binding to Fe(CO)4
	3.2.  N2 dissociation from Ni(CO)3N2
	3.3.  N2 binding to (C5Me5)MoCl(PMe3)2
	3.4.  N2 and H2 binding to two Cr complexes
	3.5.  Binding of H2 or N2 to M(PCy2)2(CO)3
	3.6.  Fe–H distances

	4.  Conclusions
	Acknowledgments
	Data availability statement
	ORCID iDs
	References


	Tom sida
	Tom sida
	Paper3.pdf
	Histidine oxidation in lytic polysaccharide monooxygenase
	Abstract
	Graphical abstract

	Introduction
	Methods
	QM calculations
	QMMM calculations

	Results
	Hydrogen-abstraction energies of an isolated histidine model
	Hydrogen abstraction from histidine in the protein
	Rebound reaction

	Discussion
	Conclusions
	Acknowledgements 
	References


	Tom sida
	Tom sida


