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1. Introduction 

1.1 Ferritin 

Biochemical properties  
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H-Ferritin as nanovector for biomedicine 









1.2 Transferrin Receptor 1  
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1.3 Single-particle cryo-EM 

X-ray crystallography vs Cryo-EM  
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Sample loading  



The cryo-electron microscope 
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Image recording system 



Single-particle data analysis 
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2. Aim of the work 

 





3. Materials and methods 

3.1 Cloning, expression and purification of 

the proteins 

Human HFt and Mutants A, B, C 



CD71 
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“Humanized” A.Fulgidus ferritin (HumAfFt) 
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Lanthanide binding Ferritin (HFt-LBT Tb(III)) 
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3.2 Samples preparation for cryo-EM 
acquisition 

CD71/HFt complex  
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HFt-LBT Tb(III) 
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3.3 Grids preparation for cryo-EM 
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3.4 Cryo-EM data collections and analysis 

Data collections 
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Data analysis 



Cryo-EM maps resolution estimations and sharpening 

 

 

 

3.5 X-ray Crystallography for structure 
determination 

CD71/HFt complex structures refined in cryoEM maps 



HumAfFt  
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apoHFt-LBT and HFt-LBT Tb(III) 
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3.6 Samples composition assays 

CD71/HFt SPR assay 
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HumAfFt self-assembly assessment in solution 



TfR1 silencing in HeLa cells 
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HFt-LBT Tb(III) MALDI-TOF mass spectrometry 
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HFt-LBT Tb(III) Fluorescence spectroscopy 
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3.7 Internalization assays of FITC-labelled 

proteins in cells 

Proteins FITC labeling 



LC-MS measurements of FITC-labelled proteins 
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Cell cultures maintenance 
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Internalization assays of Ferritins 

 



 

 

Flow Activated Cytometry Analysis (FACS) 

 

Live imaging confocal microscopy of live cells 



 



4 Results and discussion 

4.1 Human HFt/CD71 complex 





Cryo-EM data analysis 

Particles collection and extraction. 



2D Classifications. 

 

 

The second round of dataset 2 gave 73,700 good particles: 

 



3D Classifications, Refinement and PostProcessing. 

 

 

 

 



 

 
 

 

 

 



 

Merging of the datasets. 

 

 

 

 

 



 



 

 

Model building and refinement. 



 



Structural analysis of the binding region 
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Characterization of mutants by SPR, FACS and confocal 

microscopy 















 



4.2 Humanized A. Fulgidus Ferritin 





Self-assembly assessment  



X-ray diffraction data  



Cryo-EM map reconstruction 









FACS, siRNA and confocal microscopy for HumAfFt cellular 

uptake  



μ −
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Further considerations 





4.3 Lanthanide binding Ferritin 







Fluorescence spectroscopy  
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Structural analysis by X-ray christallography and Cryo-EM 
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Uptake by tumor cell lines 



Further considerations 



 



5.Conclusions & 

perspectives 

 















6. Appendix 

 

6.1 CD71/HFt complex 

Data analysis workflow 



 



CD71/HFt contacts 





Cryo-EM maps refinement 

 



Cryo-EM maps resolutions 

 



FACS acquisition plots 

  



6.2 Humanized HumAfFt 

X-ray data collection and refinement 



Cryo-EM map FSC curve 

 
 

 

FACS acquisition plots

 



6.3 Lanthanide Binding Ferritin 

X-ray data collection and refinement 



FSC Cryo-EM map curve 

  



FACS and confocal microscopy data 
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