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Technology  Objectives 

The Institute for Advanced Biosciences (IAB) and 
the Interdisciplinary Physics Laboratory (LIPhy) 
jointly developed an original technology, Adaptive 
Optics for Quantitative Confocal Microscopy (AO-
QCM). It has been designed to correct for optical 
aberrations biasing the point spread function.  
 
To measure aberrations in any point of the sample, 
we implemented the new-patented sensorless 
approach, instead of the « guide-star » one, which is 
based on metrics derived from the Fluorescence 
Correlation Spectroscopy (FCS).  
 
The optimization of molecular brightness or other 
FCS-based parameters using a fast deformable 
mirror (DM) allows to adapt the commercial 
confocal microscope to different biological 
samples, holders and optical accessories and to 
produce reliable measurements of molecular 
mobilities and concentrations. 

 

The present project aims at supporting 
innovation in quantitative fluorescence 
microscopy for biomedical research through the 
establishment of an original high-tech AO-QCM 
platform as a service MicroCell core facility.  
 
Overall, this instrument will bring to the imaging 
facility a new cutting-edge technology, 
complementary to other optical modalities 
operated by the platform and will provide 
research groups with a quantification tool 
enabling them to address questions of molecular 
interactions in complex 3D environments.  
 
In addition, the high speed control of the DM 
should make it possible a fast 3D imaging, 
multipoint photomanipulations, arbitrary 
scanning and other state-of-the-art applications 
with a standard confocal microscope. 
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Applications  

The innovation will make possible deeper, better-
resolved and more sensitive confocal and 
multiphoton imaging in optically heterogeneous 
tissues and in specific specimen holders, such as 
curved U-wells, microfluidics chambers or 3D 
collagen scaffolds. 
 
Very promising are the measurements and 
comparisons of concentrations and molecular 
mobilities at different points, depths and within 
different samples. Of particular importance will be 
its capacity to assess the fluorophore 
oligomerization status via molecular brightness 
analysis in strategies of optogenetic 
photoactivation. 
 
AO-QCM will allow investigating, among others, 
mechanisms occurring in the complexity of 3D 
tumors such as angiogenesis, physical effects on 
solid tumors, proteases-dependent invasion or 
biodistribution of new therapeutic drugs. 

 

3D confocal microscopy will thus become 
quantitative in situ; the results of the 
measurements will be reproducible and 
comparable between laboratories: the 
microscopes already in place can be improved by 
adding an AO accessory; the resolution and 
contrast of the tissue images will be enhanced. 

The picture on the right shows a multicellular spheroid with two 
fluorescent polyacrylamide beads. Panel A illustrates the improvement 
of the diffusion time values measured by FCS at different points with 
the AO setup. Panel B illustrates the measured and corrected 
wavefront deformations. Scale bar is 20 µm. 



 

The functional laboratory prototype of AO-QCM is built in the physics laboratory LIPhy and 
validated in specific applications (FCS & RICS). The technology transfer is entering its final 

phase with the construction of a pre-industrial prototype of adaptive optics corrector 
(AlpAO) using a high-grade commercial confocal microscope (Nikon) and the development 
of the home built control software package. The project success is owing to industrial and 

academic support of our partners, as well as enthusiasm of pilot bioresearch labs (IAB). 
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