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Metalloenzymes in	coordination	chemistry?



Metalloenzymes are	usually	constrained	to	bioniroganic courses

They	all	contain	coordination	compounds!

- We	can	use	them	to	illustrate	basic	coordination	chemistry	concepts
- We	can	use	them	to	illustrate	advanced	bonding	concepts
- We	can	use	them	to	illustrate	spectroscopic	techniques
- ….



The	Protein	Data	Bank



1.1 What	is	the	Protein	Data	Bank?	(RCSD-PDB)

- Stuctural biology
- Genomics
- Bioniorganic Chemistry
- Reactivity of	biological systems
- DrugDesign
….

https://www.rcsb.org/

The	PDB is	a	database	for	the	three-dimensional	structural	data	of	large	
biological	molecules,	such	as	proteins	and	nucleic	acids
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1.1 What	is	the	Protein	Data	Bank?	(RCSD-PDB)

https://www.rcsb.org/



• Open	access	database
• Web	based	interface	(with	its	pros	and	cons…)

1.1 What	is	the	Protein	Data	Bank?	(RCSD-PDB)

https://www.rcsb.org/



1.2 Information	contained	on	the	PDB

Exp.	Method Proteins Nucleic	Acids Protein/NA	Complex Other Total
X-Ray 120875 1958 6242 10 129085
NMR 10837 1254 250 8 12349
Electron	Microscopy 1735 31 619 0 2385
Other 244 4 6 13 267
Multi	Method 117 5 2 1 125
Total 133808 3252 7119 32 144211
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1.3 Working	with	the	PDB
• Web	based	search:	we	can	search	by	any	field!

PDB	ID,	author,	name,	DOI,	ligands,	etc….

Very	convenient,	but	lacks	precision



1.3 Working	with	the	PDB
• Web	based	search:	Hemocyanin (the	web	browser	makes	a	guess….)



• Select	a	particular	structure:	1OXY

1.3 Working	with	the	PDB

Title

Structure	validation
(blue	==	better)

PDB	ID

Literature	(DOI)

Different	tabs

Display

Download



• Select	a	particular	structure:	1OXY
Easy	to	get	a	very	nice	picture

1.3 Working	with	the	PDB

Snapshot

Display	
Options



• Select	a	particular	structure:	1OXY

- Title
- Experimental	data	Snapshot
- Literature	(DOI)
- Macromolecules
- Small	molecules	(Ligand	Explorer!!)
- Structure	validation	(blue	==	better)
- Display	
- Download	files	(open	w/	Mercury)
- Download	Citations	(Mendeley/EndNote)

PDB	Identifier:	4	positions	alphanumeric	string

1.3 Working	with	the	PDB



• Search	for	Nitrate	Reductase (escherichia coli)	(14hits)

Crystal	structure	of	the	periplasmic nitrate	reductase (NAP)	from	Escherichia	coli	(2NYA)

Literature	(DOI):	10.1074/jbc.M607353200

PDB	considers	everything	is	not	protein	is	a	ligand	(ions,	metals,	drugs,	etc…)

1.3 Working	with	the	PDB



• 2NYA:	small	molecules	menu

1.3 Working	with	the	PDB



• 2NYA:	small	molecules	menu

1.3 Working	with	the	PDB



• 2NYA:	Ligand	Explorer:	Focuses	on	small	molecules
1.4 Ligand	Explorer

Small	molecules	 in	2NYA

Visualization	options:	 - Metal	interactions
- Hidrogen bonds
- Neighbour residues



• Visualizing	the	MoO2 group	(ID:	2MO)	on	the	2XTS	strcuture

3S	(2.4	Å)
2O	(2.0	and	1.8Å)	

Metal	Interactions Neighbor	residues

Backbone:	ARG114,	MTE500,	
ASN261,	CYS160,	GLY260,	ALA161,	
TYR282

Two	water	molecules:	HOH2298
HOH2297

1.4 Ligand	Explorer



Uses	PDB	information,	but	centered	in	providing	with	quick	access	to	metal	
centers	in	biological	systems

metalweb.cerm.unifi.it

1.5 Metal	Protein	Data	Bank	(Metal-PDB)



1.5 Metal	Protein	Data	Bank	(Metal-PDB)

2NYA(nitrate	reductase)

Metal	site	
coordination	chemistry



1.5 Metal	Protein	Data	Bank	(Metal-PDB)

• How	can	we	search	for	exogenous	groups?

Chemical	Component	Dictionary	(htpps://www.wwpdb.org/data/ccd)

- PDB	Dictionary:	Residues,	small	molecules,	….
- Contains	accurate	chemical	descriptors
- Organizes	via	3	alphanumeric	characters
- Can	be	accessed	via	Ligand	Explorer



1.5 Metal	Protein	Data	Bank	(Metal-PDB)

• How	can	we	search	for	exogenous	groups?

Chemical	Component	Dictionary	(htpps://www.wwpdb.org/data/ccd)

- PDB	Dictionary:	Residues,	small	molecules,	….
- Contains	accurate	chemical	descriptors
- Organizes	via	3	alphanumeric	characters
- Can	be	accessed	via	Ligand	Explorer

• PDBeChem (http://www.ebi.ac.uk/pdbe-srv/pdbechem/)



1.5 Metal	Protein	Data	Bank	(Metal-PDB)

PDBeChem (http://www.ebi.ac.uk/pdbe-srv/pdbechem/)

• Formula:	Allows	us	to	search	for	metal/metals	and	recover	the	ligands	ID



1.5 Metal	Protein	Data	Bank	(Metal-PDB)

PDBeChem (http://www.ebi.ac.uk/pdbe-srv/pdbechem/)

• The	ID	codes	allows	to	search	in	the	PDB	for	proteins	with	a	given	cofactor



1.5 Metal	Protein	Data	Bank	(Metal-PDB)

PDBeChem

Formula

Ligand	ID

MetalPDB

PDB

Protein	Search

Ligand	Explorer

Ligand	Identifier Protein	Search Analysis	Tools



1.5 Metal	Protein	Data	Bank	(Metal-PDB)
• Practical	case	1:	Search	for	a	structure	with	chlorophyll
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1.5 Metal	Protein	Data	Bank	(Metal-PDB)
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1.5 Metal	Protein	Data	Bank	(Metal-PDB)
• Practical	case	1:	Search	for	a	structure	with	chlorophyll



1.5 Metal	Protein	Data	Bank	(Metal-PDB)
• Practical	case	1:	Search	for	a	structure	with	chlorophyll



1.6 Additional	Tools

VMD	(Visual	Molecular	Dynamics)
https://www.ks.uiuc.edu/Research/vmd/

Mercury
https://www.ccdc.cam.ac.uk/solutions/csd-system/components/mercury/

Chimera
https://www.cgl.ucsf.edu/chimera/



Integrating	the	PDB	as	a	teaching	tool	for	coordination	Chemistry



2.1 Metalloenzymes as	illustrative	examples
• Metalloenzymes contain	metal	coordination	sites:	They	can	be	used	as	illustrative	examples
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Elements	of	biological	use
Elements	 in	drugs	or	toxins



2.1 Metalloenzymes as	illustrative	examples

cobalamin-binding	 protein

N N

NN
Co

Cu
O

Cu
O

His

His

His

His

His

His

Hemocyanin

Biological	 systems	 allow	 for	 a	contextualization	 of	coordination	 chemistry
Visually	 appealing	 systems



2.1 Metalloenzymes as	illustrative	examples

DNA	polymerase	with	DNA	containing	
a	major	cis-platin lesion

Pt
NH3Cl

NH3Cl

N
N N

S

Ru

O

O
H2N

Carbonic	anhydrase	II	in	complex	with
p-(4-ruthenocenyl-1H-1,2,3-triazol-1yl)benzenesulfonamide



2.2 Coordination	motifs	in	active	sites

Histidine

Methyonine

Cysteine

Tyrosine

Adenine

Cytosine

Thymine

Guanine

chloro/heme group

Fe-Mo	 cofactor



2.3 Geometrical	Data/Coordination	Modes

[FeS4]-Td [FeN5]-SPY [FeN6]-Oh

r(Fe-S)	=	2.3	Å r(Fe-N)	=	2.0-2.1	Å r(Fe-N)	=	2.0-2.1	Å

Study	of	coordination	numbers
Donor-acceptor,	bonding	concepts,	metal-ligand	bond-length



2.3 Geometrical	Data/Coordination	Modes

oxy-heme

r(Fe-CN)	=	1.949	Å r(Fe-CO)	=	2.018	Å

cyano-heme carbonyl-heme

r(Fe-CN)	=	1.949	Å

σ-bonding,	π-bonding	and	backbonding



2.4 Spin-State	Information

Electronic	structure,	spin-state,	oxidation

deoxy-heme

+	O2

high-spin	FeII (S=2) O2 (S=1)



2.4 Spin-State	Information

Electronic	structure,	spin-state,	oxidation

deoxy-heme

+	O2

high-spin	FeII (S=2) O2 (S=1)



2.4 Spin-State	Information

oxy-heme

Electronic	structure,	spin-state,	oxidation

deoxy-heme

+	O2

AF

low-spin	FeIII (S=1/2) O2 (S=1/2)



2.5 Absorption	Spectroscopy

Photosystem	II

Clorophylla A Pheophytin



2.5 Absorption	Spectroscopy

clorophylla
pheophytin

Clorophylla A Pheophytin

+	HCl



2.5 Absorption	Spectroscopy

Clorophylla A Pheophytin

NiII

CuII
CoII

ZnII

Color	can	be	tuned	via	metal	exchange
Changes	in	electronic	spectra:	Spectrochemical series	of	metals

+	HCl +	Mn+



2.6 Electron	Paramagnetic	Resonance

Physical	origin	of	the	EPR	signal

± 1/2

e

mS =	- 1/2					E-1/2 =	-1/2·ge·µB·H

mS =	+	1/2					E+1/2 =	+1/2·ge·µB·H

H=0 H≠0

En
er
gy

Zeeman	effect: H =ge·µB·H ·S E	=	mS·ge·µB·H

ΔE	=	E+1/2 - E-1/2

ΔE	=	ge·µB·H
ΔE	=	hν hν =	ge·µB·H

Fundamental	equation	of	EPR	spectroscopy

Wiiiiii!!!!

Selection	Rule
ΔMS=	±1



2.6 Electron	Paramagnetic	Resonance

Single	CuII d9 ion

Free	electro	EPR	spectra
CuIIspectra (gx, gy and	gz)



2.7 Practical	Cases

• How	many	homo	sapiens	structures	contain	the	[WO4]2- motif?

• Search	for	the	cis-platin [PtCl2(NH3)2]	identifier
- Recover	one	structure	in	which	cis-platin is	interacting	with	the	DNA	(5N26)
- Visualize	the	structure	in	Mercury
- Visualize	the	structure	using	the	Ligand	Explorer	software
- Search	for	neighbour residues
- Write	down	all	Pt-L	metal-ligand	bond	lengths

• “Zinc	fingers”	are	proteins	involved	in	repairing	and	replication	processes	of	DNA
- Serach for	the	2EPC	structure
- Visualize	the	Zn2+ cation using Ligand	Explorer	software
- Write	down	the	name	of	the	Zn	coordinating	amino-acids
- Write	down	the	four	Zn-L	metal-ligand	bond	lengths



2.7 Practical	Cases

• How	many	homo	sapiens	structures	contain	the	[WO4]2- motif?

• Search	for	the	cis-platin [PtCl2(NH3)2]	identifier
- Recover	one	structure	in	which	cis-platin is	interacting	with	the	DNA	(5N26)
- Visualize	the	structure	in	Mercury
- Visualize	the	structure	using	the	Ligand	Explorer	software
- Search	for	neighbour residues
- Write	down	all	Pt-L	metal-ligand	bond	lengths

• “Zinc	fingers”	are	proteins	involved	in	repairing	and	replication	processes	of	DNA
- Serach for	the	2EPC	structure
- Visualize	the	Zn2+ cation using Ligand	Explorer	software
- Write	down	the	name	of	the	Zn	coordinating	amino-acids
- Write	down	the	four	Zn-L	metal-ligand	bond	lengths

ID:	WO4;	homo	sapiens	6	

ID:	Zn;	CYS247,	CYS250,	CYS267	and	HIS263:	2.3,	2.2,	2.3	y	2.1	Å

ID:	CPT;	LYS68	and	HIS136;	2.1,	2.1	Å (Pt-NH3 2.1	and	2.0	Å)



2.7 Practical	Cases

Written	report	1:

1.	The	protein’s	name,	PDB	code,	and	its	function
2.	A	picture	of	the	binding	site	from	the	X-ray
3.	ChemDraw representations	of	a	number	of	inorganic	complexes	that	display	similar	

coordination	chemistry	and	activity,	giving	Conquest	refcodeand	IUPAC	names	
4.	A	brief	account	of	the	synthesis	of	the	chosen	analogue
5.	Key	literature	references

Written	report	model	2:

1.	Protein	function	(e.g.,	electron	transfer–ligand	exchange,	ligand	modification)	and	
its	relation	to	the	nature	of	the	binding	site:	the	coordination	number	and	
geometry,	whether	it	is	hard	or	soft,	or	has	a	vacant	coordination	site

2.	The	oxidation	state	of	the	metal
3.	The	suitability	of	the	metal	for	the	purpose	for	which	it	is	used.	Can	other	metals	

provide	a	similar	function?
4.	A	critical	evaluation	of	the	model	complexes	available
5.	A	brief	explanation	of	what	can	be	added	to	our	knowledge	from	wet	chemistry,	

analysis,	and	spectroscopy



3.	Summary	and	Outlook

- The	PDB	is	an	open	access	structural	database	with	tons	of	information	(allows	the	student

work	on	his	own!!)

- In	combination	with	Metal-PDB and	PDBeChem can	be	used	to	scan	for	metalloenzymes

- Metalloenzymes can	be	used	to	illustrate	coordination	chemistry	basic	ideas

- Metalloenzymes can	be	used	to	illustrate	spectroscopic	techniques

- Possibility	of	designing	specific	curricular	problems	for	both	coordination	chemistry	and	

bioinorganic	courses
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