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Chapter 2 – Techniques for Bioinorganic 
Studies

 Spectroscopic Methods
 UV-vis
 Mössbauer
 EPR

 Methods which use DNA 
 DNA Interaction studies: Fluorescence, 

Viscosimetry, DNA Melting Temperature 

 DNA Cleavage: Electrophoresis, AFM

 Others: Cyclic Voltammetry
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Techniques
 The structure of metal coordination environments has been determined mainly by X-ray 

diffraction (now mostly using a synchrotron, that is, high intensity X-rays) and sometimes 
by NMR (for low-PM proteins).

 Other methods (see later) are useful for identifying ligands, oxidation states,....
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Helicobacter pylori urease
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Spectroscopic Techniques (a)
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Extracted from: R. R. Crichton, Biological Inorganic Chemistry, 1st Ed., 2007, Elsevier.  
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Spectroscopic Techniques (b)
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Mössbauer Spectroscopy
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 Mössbauer spectroscopy is based on the emission and 
subsequent absorption (resonance) of γ radiation by the 
nuclei (in solid state) and takes advantage of the fact 
that nuclear energies are sensitive to the electronic 
environment. 

 Mössbauer spectroscopy is similar to NMR in that it 
probes nuclear transitions and in that it is sensitive to 
similar electron-nucleus interactions as a cause of 
chemical displacement.

 The 57Fe is the most studied element using the 
technique. It is possible to distinguish the states of 
oxidation Fe (II), Fe (III) and Fe (IV), high or low spin,... 
and obtain information on the symmetry of the molecule.

 Mössbauer spectrometer →

 Sample of Fe. 57Fe: Isotope present in 2%.
 Source of 57Co (radioactive father), decays and 

produces 57Fe * *; This one, 57Fe *, and this one, 
57Fe. 

 Box: Nuclear transitions emitting radiations γ.

Mössbauer spectrometer
https://serc.carleton.edu/research_education/geochemsheets
/techniques/mossbauer.html
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 Based on:

 A significant fraction of the γ rays emitted will 
have approximately the appropriate energy to be 
absorbed by the atoms of the sample, being the 
only differences attributable to the chemical 
environment of the sample, which is what you want 
to observe. The power of source γ Ray varies by 
the Doppler effect when it accelerates within a 
range of velocities. 

 The Mössbauer spectrum is a representation of 
the resonant absorption maxima that occur when 
the speed is modified. The number, positions and 
peak intensities provide information about the 
chemical environment of the absorbent nuclei and 
can be used to characterize the sample.

Mössbauer
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Mössbauer

• Parameters:

• The difference between ΔE of 
the sample and the metallic 57Fe is 
called isomeric displacement and 
is expressed in terms of the V 
(mm s−1) which is required to 
achieve resonance by Doppler 
displacement.

• In an environment not isotropic 
the spectrum is unfolded in two 
lines: quadrupolar split

Isomer Shift and Quadrupole Splitting with iron 
57. Energy levels and schematic spectra. 

Author: Joël Gubler
Creative Commons CC0 1.0. 
Universal Public Domain Dedication.
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EPR: Electronic paramagnetic resonance, or 
electronic spin resonance 

• EPR spectroscopy is used to study 
compounds that possess unpaired 
electrons, in particular those of 
metals d n.

• It is often the technique of choice 
to identify and study metals such 
as Fe and Cu in the active centers 
of the Metalloenzymes.

 Continuous wave spectrometer (OC) →
 The sample is radiated with constant 

microwave frequency (GHz: X-Band (9), 
Q-band (35), S-Band (3), W-Band (95)...)

 The magnetic field, B, is made vary
Continuous wave 
spectrometer (OC) 

See figure in 
Weller et al.
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EPR

Based on: 

• When a magnetic field is 
applied to an electron 
unpaired, its two orientations, 
α and β, have different 
energy.

• The resonance is reached 
when the energy separation is 
matched by the energy of the 
microwave photons incidents. File:EPR splitting.svg. This work has been released into the public domain by 

its author, Astrochemist at English Wikipedia.
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EPR

Parameters:
A. g value
B. Hiperfine coupling

A. g = 2.0023 for the free 
electron 

B. It changes with the 
anisotropy

Fig.: Expected forms for the EPR spectra 
of samples in frozen solution: 
(a) isotropic spin system
(b) (c) axial system
(d) rhombic system
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Techniques for the study of DNA interaction

1. Fluorescence

2. Viscosimetry 

3. ΔTm
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The structure of the DNA double helix 
CC BY-SA 3.0
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DNA interaction and cleavage
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 Molecules of relatively small size can interact with nucleic acids:
 by binding to grooves (major and/or minor):
 by intercalation between base pairs;
 by binding to the sugar-phosphate skeleton;
 by covalent union or metal-base coordination.

 Nucleases (natural) are a class of enzymes that catalyze the hydrolytic
degradation of the phosphodiester bond (P-O) of the DNA strand.

 Chemical (or synthetic) nucleases can produce DNA cutting through two
mechanisms:
 hydrolytic: the phosphodiester bond (P-O) is broken;
 oxidative: the cleavage is produced by oxidation of the nucleobases

and/or abstraction of the hydrogen atoms of the sugar.

 A research line in Bioinorganic is the development of low molecular weight 
metal complexes as mimetic agents of enzymatic nucleases.
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1. Fluorescence spectroscopy

 The technique used here is based on the fluorescence 
emitted by the classic intercalator ethidium bromide (EB) 
when it is linked to the DNA. 

 The fluorescence intensity of free EB is quenched by 
molecular oxygen in the aqueous environment and therefore 
unbound dye is only weakly fluorescent. However, the 
fluorescent quantum yield of the EB increases considerably 
on binding to the nucleic acid.

 Competitive studies with EB are based on the addition of a 
second non-fluorescent molecule (the complex to be tested) 
that competes with EB for binding to DNA.

Based on:

Wikipedia: Ethidium intercalated between 
two adenine-thymine base pairs.
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 Typical (real) graphics of a 
fluorescence assay: DNA-EB 
emission spectrum in absence and 
in the presence of a compound.

 The arrow shows the change in the 
emission intensity by increasing 
the concentration of the complex.

Fluorescence spectroscopy

Experimental data taken from: PhD Thesis J. Hernández-Gil, University of València, 2014

Wikipedia (public domain).
Left: unchanged DNA strand. 
Right: DNA strand intercalated.
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2. Viscosimetry

 The separation between the base pairs of the DNA 
produced by an insert (of ca. 3.4 Å, which is the van der 
Waals thickness of an aromatic ring) produces an unwinding 
around the axis of the double helix.

 If the intercalation takes place in multiple places, an 
elongation of the double strand occurs and concomitantly an 
increase in viscosity is produced.

 A classic intercalation produces a significant increase in 
viscosity. 

 In contrast, interactions through DNA grooves and/or 
through electrostatic attraction cause a lesser variation of 
viscosity or no change in it.

Based on: 
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"Ideal" representation of the changes in 
viscosity of the DNA produced by different 
modes of interaction:
() classic intercalation,
(   ) partial intercalation, and 
() interaction through grooves or     
electrostatic

Viscosimetry

Assay (real)  of viscosity:
-compound 1: does not intercalate
-compound 2: intercalates

Experimental data taken from: PhD Thesis J. Hernández-Gil, University of València, 2014
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3. Determination of DNA melting Temperature

 The double strand of DNA can be separated by an increase in 
temperature to give two nucleic acids of a single strand. 

 This process is known as melting or thermal denaturation of the 
DNA.

 The temperature at which 50% of nucleic acid exists as helical 
state and 50% as single-stranded state is known as melting 
temperature or thermal denaturation temperature and it is 
designated as Tm. 

Based on:
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(a) DNA melting curve  of a thermal 
denaturation experience

Determination of DNA melting Temperature

∆Tm Interaction

(b) Theoretical displacement of the DNA 
melting curve by a molecule that stabilizes 
or destabilizes the double strand of DNA

The process of determination of Tm by using UV spectroscopy is carried out by gradually 
rising temperature from 25 ° to 90 °C and measuring the A260 continuously. 
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Theoretical displacement of the DNA 
melting curve by a molecule that 
stabilizes or destabilizes the double 
strand of DNA
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Experimental curves of DNA melting 
temperature (CT-ADN) in absence 
and in presence of a Cu(II) compound 
at different ratios

Experimental data taken from: PhD Thesis J. Hernández-Gil, University of València, 2014
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