
How much and where is it? 

Simple questions, challenging tasks:

Mapping the intracellular content of Magnesium 

and other chemical elements
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Back to basics

“How much and where is it?”

Represents one of the archetypal questions 

essential in science
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Elements of the Human body
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Cell composition
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Cell composition
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Local vs systemic: nuance or disparity

• What is local?  

• cells, tissues, organs

• What is systemic?

• body, blood circulation

is there a real distinction?

Smolenice, May 11-15, 2014



Magnesium in Brain
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Magnesium in Brain
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MgATP2- Mg2+ + ATP4-



Magnesium in Brain



Magnesium in Mitochondrial Cytopathies

Iotti et al. J. Cerebr. Blood Flow Metab. 1999; 19:528-532
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Magnesium in Muscle



The opposite correlations with 

serum-PTH displayed by muscle 

[Mg2+] and serum total Mg 

suggests:

that total circulating Mg and the 

intracellular free fraction of Mg 

are separate pools undergoing 

to different regulatory 

mechanisms



…..moving down
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…..and down again

Fluorescently Labelled Subcellular Organelles and Proteins
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…..and down again
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nanoscience

“A new world is coming. A scientific revolution is 

under way. A giant revolution on the smallest of 

scales” 

To see this major revolution, you need to go

deep down into the world of the infinitely small

BUT

Going deep down to micro (nano) scale world

strange things happen
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Position and velocity from macroworld to nanoworld
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Heisenberg's Uncertainty Principle





Macro and Micro

• Moving from macro to micro

• Different perpectives

• Different informations
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Disordered hyperuniformity

Spatial distribution of the five different cell types of cone photoreceptors of chicken retina

They are organized into states of disordered hyperuniformity:

a new state of matter that exhibits order over large distances and disorder over small distances

At bigger scale it's like a crystal, but at smaller scale it's liquid-like in that it exhibits similar 

physical properties in all directions

These new state of matter have a «hidden order» that allows to 

behave like crystal at bigger scale and liquid at smaller scale

Smolenice, May 11-15, 2014



Mg content:

how much and where

• Serum Mg concentration is considered a 

poor indicator of the body Mg pool 

representing only 0.3%  

• Poor correlation between serum Mg and 

the tissue content of Mg

• Intracellular Mg depletion can be present 

despite a normal serum Mg concentration
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Content and Position

Is it possible to measure elemental

concentration and spatial distribution at once?

Conceptual limitations?

Technical limitations?

How much and where is it? 
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Commercial Magnesium Probes:

Detection of free Mg2+ fluctuations

Cross-reactivity with Ca2+

Mg2+ fluctuations observed with commercial probes

cannot provide enough informations for a full

understanding of cellular Mg2+ Homeostasis

Limitations:
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V. Trapani et al., Analyst, 2010, 135, 1855-1866. Review.

Main Fluorescent Mg2+ Indicators:

total or free this is the question!
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Welcome to the wonderful 
world of Organic Chemistry!

Organic Chemstry
provides unexpected 
solutions to the problems 
of the “poor” Biologists
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DCHQ1 DCHQ5 DCHQ11

DCHQ12 DCHQ13

Application in Two-Photon Confocal 

Microscopy:



DCHQ5
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DCHQ5

Correlation between the total intracellular Mg assessed by AAS and DCHQ1 or DCHQ5
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DCHQ5

H+B+R

ASC: Adipose-derived Stem Cell 

Hyaluronic + Butyric + Retinoic
VEGF, HGF, KDR:

gene markers of vasculogenic differentiation 

days

daysdays

days



Ion Beam Analysis Techniques 

• Ion Beam Analysis techniques 

• have the capability of mapping elements in unstained cells to the microgram per 

gram (dry weight) sensitivity at higher spatial resolution (nanoscale) than electron 

microprobe (microscale) 

• Different complementary ion beam techniques STIM, PIXE, RBS, NanoSIMS can 

be applied. 

• Scanning Transmission Ion Microscopy 

• Particle Induced X-ray Emission 

• Rutherford Backscattering Spectrometry

• High-resolution Secondary Ion Mass Spectrometry

• These are destructive techniques and cannot yet be applied to living cells
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Quantification or spatial distribution?

we have the power to choose!

Correlative electron probe microanalysis (A) and NanoSIMS analysis (B) of the 

same sample of the nickel hyperaccumulator Alyssum lesbiacum

EPMA allowed quantitative analysis, whereas the NanoSIMS provided 

higher-resolution images
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Multi-element imaging of a single PC12 cell exposed to MnCl2 

C, N and O maps were imaged using RBS analysis, elements of higher Z were imaged using PIXE analysis 
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Quantitation and spatial distribution

Smolenice, May 11-15, 2014

?
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Fluorescence Spectra
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C

2C

Does the size matters?

This equation gives the mass fraction not the concentration
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We need to know
the morphology

(i.e.volume)

composition

Fluorescence

Quantitative maps: structure and composition

Morphology

AFM2D Trasmission

ELEMENTAL MAP



Atomic Force Microscopy



U2OS – Osteosarcoma cells



Cell fixation methods

cryofixed cells show a peri-nuclear ring of low density corresponding to 
endoplasmic reticulum not evident in chemically fixed cells
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Il Mg ha un ruolo nella resistenza 
multipla ai farmaci?

Effect of doxorubicine
resistance on elemental distribution

LoVo cells: human colon carcinoma 



Single cell analysis: is it a true 

improvement?

“Isolated material particles are abstractions, their properties being definable 

and observable only through their interactions with other systems”

Bohr 1934 “Atomic Theory and the description of Nature”

“When scientists reduce a whole complex system such as cells, genes or even 

elementary particles to the fondamental elements trying to explain their 

functions merely in term of the elemental components, they lose the possibility 

to understand the self-organizing activity of the whole system, hence the 

peculiar property of the complex systems such as the biological ones“ 

Filippo Conti in “ Moving from the reductionistic to olistic approach in the study of biological  

systems”

“…..on the basis of strictly empirical investigations, that the sheer reversal of our 

prior analytic dissection of the universe by putting the pieces together again, whether 

in reality or just in our minds, can yield no complete explanation of the behavior of 

even the most elementary living system”
Paul Weiss 1973 “The Science of Life”



Science and Beauty
The French physicist, mathematician, historian and philosopher of science  

Pierre Duhem : Beauty Is a Fundamental Value of Science 



51







54



WHEN SCIENCE MEETS ART
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• Concettina Cappadone

• Emil Malucelli

• Giovanna Farruggia

• Azzurra Sargenti

• Lucia Merolle

• Stefano Iotti


