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Prerequisites
A basic knowledge of biological macromolecules (DNA, RNA, proteins) and of genes (gene structure, promoter, transcription, translation, splicing).
A basic knowledge of prokaryote and eukaryote cell culture and of the control of gene expression (transcription factors, histones).
Learning outcomes 

Upon successful completion of this course students should be able to:
· Understand the basics of protein engineering 
· Use fluorescent molecules

· Know the basic properties of nanoparticles and how to functionalize, characterize and handle them
· Know how to prepare bioactive surfaces and to characterize them
· Know the basic principles of most biosensors

· Critically read the scientific literature about possible applications of nanoparticles and bioactive surfaces in biology and medicine
Abstract

Nanobiotechnology is a new and vast domain, which is intrinsically multidisciplinary, first because at this scale, chemical and physical properties combine to provide new functions, second because living cells and organisms are sensitive to molecules and molecules assemblies, from the nano- to microscale. The possibility to engineer objects with such resolution gives the opportunity to strongly influence biological phenomena, for the best and the worse. It is therefore essential to provide a good overview of the possibilities and the difficulties of these technologies, using example of ongoing research activities. In this way the student will develop his/her imagination and be ready to seize new opportunities from his own work.
Content
Introduction : how scale influences properties in chemistry, physics and biology 
1. Protein and DNA modular design and supramolecular assembly
1.1 Genetic engineering 

1.2 Protein expression caveats

1.3 Fluorescent proteins : engineering of optical properties,  
1.4 Surface functionalization techniques, click chemistry

1.5 Amyloid fibers and other protein polymers

1.6 Antibody structure and variability

1.7 Cooperativity and molecular dynamics

1.8 DNA origamis

2. Properties and manipulation of nanoparticles

2.1 DLVO theory and particle stability in fluids

2.2 Characterization of molecular assemblies and nanoparticles in solution : DLS, SAXS

2.3 The protein corona

2.4 Biodegradable nanoparticles

2.5 Optical properties of nanoparticles

2.6 Chemical properties of metal oxide nanoparticles

2.7 Practical microfluidics

2.8 Magnetic nanoparticles

2.9 Nanoparticle uptake by cells; their fate in different cell compartments

2.10 Nanoparticles in medical imaging and therapy

3. Bioactive materials
3.1 Hydrogels and polyelectrolyte multilayer films

3.2 Characterization of thin layer coating physical, chemical and mechanical properties

3.3 Cell spreading and adherence on functionalized surface

3.4 Cell patterning

3.5 Cell mechanotransduction 
3.6 Cell differentiation on functionalized surface
3.7 Thrombostatic surfaces
4. Biosensors

4.1 Fluorescence detection, caveats, quenching, FRET, time-resolved fluorescence

4.2 Luminescence detection

4.3 Electrochemical detection, redox reactions, mediators

4.4 Field Effect electrical detection or charged molecules

4.5 Surface Plasmon Resonance detection and imaging

5. Nanoimaging
5.1 AFM in liquids

5.2 Super-resolved microscopy techniques
Conclusion: biomimetic and bio-inspired approaches 
Teaching methods
The theoretical part of the course is presented in the Moodle learning environment in the form of HTML tutorials.

The practical work represents the analysis of one or several recent articles. In both cases on-line support by the tutor is provided.

Assessment

The course grade consists of these components:

40% – Knowledge test with a multiple choice questionnaire
60% – Final Project
Recommended reading
Inspired by Biology: From Molecules to Materials to Machines. National Research Council (US) Committee on Biomolecular Materials and Processes. Washington (DC): National Academies Press (US); 2008.
