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Single cell optical ultrasonography 
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Cell mechanics in fundamental processes 1 

Cell mechanics is key player in many fundamental processes: mechano-
transduction, morphogenesis, motility, mitosis, apoptosis, differentiation, 
progression of degenerative diseases. 

Role of cell 
nucleus to 
modulate 
mechano-

sensation during 
differentiation. 



Cell mechanics in fundamental processes 2 

Tumour 

Normal 

Cell mechanics is key player in many fundamental processes: mechano-
transduction, morphogenesis, motility, mitosis, apoptosis, differentiation, 
progression of degenerative diseases. 

Cancer 
cells softer 



Cell mechanics in fundamental processes 3 

Cell mechanics is key player in many fundamental processes: mechano-
transduction, morphogenesis, motility, mitosis, apoptosis, differentiation, 
progression of degenerative diseases. 

“Understanding of the mechanics of cancer cells… offers enormous 
potential for significant developments in desease diagnostics therapeutics 
and drug efficiency assays” 



Time resolved coherent Brillouin scattering: 
 
Needs cell thickness > 

Probing single cell mechanics 4 
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Sound velocity: in vegetal cell organels, in human cell nuclei. 

Appl. Phys. Lett., 93, 123901, 2008 



M’ ≈ 15 GPa, not affected by intranuclear fluid.  
 
Properties of an elastic chromatin network common among several cell type. 
 
A volume fraction of 0.7 yields a chromatin fibre modulus of 22 GPa close to 
globular proteins. Assuming a glass behaviour of intra-nuclear fluid, with 
negligible elastic modulus compared to that of fibres. 
 

In the nucleus of single human cells: discussion 
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contribution of the 
rigid scaffold 
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Nucleus: a 
network of 
chromatin 
fibers 
randomly 
oriented  in 
a cytosol 
like fluid 
(viscous). 

Soft Matter, 10, 8737, 2014 

probed 
area 



iPOM (inverted Pulsed Opto-acoustic Microscope) 

8 14 21 

An opto-acoustic microscope suited for 
single cell imaging  

Micron résolution in plane (optics) 
Sub-micron résolution in depth (acoustics) 

Asynchroneous set-up 
16 pixels per minute 

Ti (300 nm)
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zBartels, Appl. Phys. Lett., 88, 041117, 2006 
Abbas, PhD Thesis, Univ. Bordeaux (2013) 
Coll. S. Dilhaire et al., LOMA  
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Biotransducer 
(titanium) 



Single cell ultrasonography (hMSC) 
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White light image 
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Fluorescence 

Scient. Reports, 5, 8650, 2015. 



Imaging thickness, impedance, contact stiffness 

Impedance increases gradually to 
5 MPa.s/m in the nucleus due 

to molecular crowding 

In area where K reaches 
max. value, the adhesion of the 

cell with the metal is the 
strongest to provide anchor for 
the tread-milling motion during 

migration 
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Identification of cytosqueleton 
main structures: 

actin fibers, arcs, focal points of 
adhesion 

Scientific Reports, 5, 8650, 2015. 



Several cell types: senescent, monocytes, hMSC 9 

 
Fibroblast senescent cells: 
stop to divide after about 50 cycles. 
fibroblasts: cells of connective 
tissues; 
 
 
 
 
Monocytes:  
a type of white blood cells; 
 
 
 
hMSC: Human 
mesenchymal stem cells: 
multipotent cells that can 
differentiate into osteoblast (bone), 
chondrocytes (cartilage), adipocytes 
(fat)… 
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Several cell types: senescent, monocytes, hMSC 10 

Averaged impedance 
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Cell-cell interaction (hMEC endothelial cells)  11 

Culture 30 min

B 20 µm 
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Interaction with other cells favors building of strong adhesion sites 



Quantitative evaluation (functional information: metabolic 
processes), 

We measured the stiffness of single cell nuclei in the 
previously unexplored GHz frequency range. 

Nucleus behaves as a solid network at this regime. The 
stiffness of this scaffold is common across several cell types. 
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Remote, label-free optical ultrasonography 

The inverted Picosecond Opto-acoustic Microscope 
(iPOM) allows: 
-  mapping of the fibrilar structure of the cell, adhesion sites 
-  Assessing  -thickness, impedance locally 

  -adhesion strength of each adhesion site. 
 
Statistical analysis of large data number for several cell 
types shows robustness to qualify mechanical properties 
changes from one cell type to another and to differentiate 
active/passive proceses 
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Probing DNA damage mechanics (coll. CENBG) 0 
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Preliminary results. Exposure to methyl Methanesulfonate (MMS) 
Occurrence of the Brillouin frequencies measured in nuclei of osteosarcoma 
cells. 720 measurements performed in 20 nuclei for control cells (blue) and 
cells exposed to MMS (red). The mean frequencies are 17.8 and 17.3 GHz and 
standard deviations are 0.4 and 0.8 GHz for control and exposed cells, 
respectively. Cells appear softer after MMS exposure (DNA damage inducer).  



Probing cell mechanics 0 
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Coherent Brillouin scattering: 
 
 
Needs cell thickness > 
 
 

Sound velocity  
in vegetal cell organels,  
in human cell nuclei. 

!opt
2n

! 200 nm

Pulse ultrasonography: 
 
 
Measures GHz sound reflection at 
the metal/cell interface 
 

Maps of cell impedance,  
adhesion stiffness,  

cell thickness 
 


