
   
 

   
 

 

Laboratoire Physico-Chimie Curie 
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Internship proposal 

Simultaneous 3D localization and 2D orientation imaging of single-molecules in 

super resolution microscopy 

Internship supervisor: Bassam HAJJ, bassam.hajj@curie.fr , Phone number: 01 56 24 63 15 
Internship location: Laboratoire Physico Chimie Curie, Institut Curie, 11 rue Pierre et Marie Curie, 
75005 Paris 

Super-resolution (SR) microscopy have revolutionized our understanding of the biological processes at the 

molecular level. Imaging single molecules and localizing their center with high precision allows the 

reconstruction of pointillist image of the sample with a resolution beyond the diffraction limit [1,2,3]. In 

order to capture the 3D nanoscale morphology of the whole cell, multifocus microscopy (MFM) has been 

proposed to instantaneously acquire the 3D localization of single molecules (SM) in cells within a volume 

of a few micrometers [4,5]. Still additional information such as molecular orientation can provide 

supplementary information relating the local molecular organization and arrangement to the biological 

function. To retrieve the orientation of SM, two main strategies have been developed: PSF-engineering 

based methods and polarimetry measurements [6]. In the second strategy, a polarization-splitting scheme 

combined with SMLM allows to determine both the 2D localization and orientation of SM.  

The aim of this internship is to complement the polarization measurement with 3D positional information. 

The method will rely on combining MFM with polarization measurements at the different focal plane. The 

optical set-up combines a multifocus grating (MFG) and a chromatic correction grating (CCG) to split the 

imaging plane into 3 focal planes, with Wollaston prisms and a half-wave plate to project the fluorescence 

signal on 4 polarizations channels along the directions 0°, 45°, 90° and 135° (Fig.1).   

 

Figure 1: Imaging optical set-up for 3D localization and 2D orientation detections of single-molecules. 

 

The goal of the internship is to implement this technique and to test it on real biological samples. 

Tasks:  

- Optimization of the optical setup 
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- Work on the reconstruction and analysis algorithms 

- Perform experiments on test samples as well as biological samples  

Students with backgrounds in physics, optics or math can apply. Good motivation and desire to learn are 

important. 

Interested candidates can send a CV and a short motivation letter to: bassam.hajj@curie.fr 
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