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Learning outcomes 

Upon successful completion of this course students should be able to:
· Understand the fundamental function of cells, and how nanotechnologies interact with cells.

· Describe the various applications of nanotechnology in biotechnology & medicine
· Explain the process of self-assembly – from single molecules into nanoparticles
· Describe and explain how nanoparticles are fabricated and characterized 
· Describe the principles of loading small molecule drugs, proteins or nucleic acids (DNA/RNA) into nanoparticles.
· Describe and explain the scientific basis and medical benefits for using nanotechnology for treating diseases.

· Design proper delivery approaches for introducing nanoparticles into cells and to disease models in vivo.

· Demonstrate how nanotechnology-based innovation can drive better medicine and a stronger economy.  

Abstract

Nanobiotechnology is an arm of nanotechnology that studies, and makes use of the advantages of nanomaterials at the interface with biological systems. There are numerous potential applications, e.g. in medicine (drug delivery, tissue engineering), in bio-nanosensors (using cells, or biological components, like antibodies, nucleic acids etc.) as part of sensitive nano sensors.
In this course, following an introduction to cell biology, and several examples of the various applications of bionanotechnology, we will focus on one important application in nanomedicine. We will study why nanotechnology grants major advantages over conventional treatment approaches, for treating different diseases, including cancer.
The course will describe various types of nanoparticles, including liposomes – lipid based vesicles.
This course will deal with the fundamental aspects of constructing medicinal nanoparticles: from the molecular building blocks to the formation of drug carriers.

The thermodynamic basis and practical approaches for fabricating nanoparticles will be studied.
The course will deal with approaches for loading and delivering drugs and genes to disease sites using nanotechnology.
Approaches for targeting drugs to specific organs and to diseased tissues will be described.

The application of nanobiotechnology, and specifically, nanomedicine, will be studied.
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Content

1) Fundamentals of cell biology

a. Cell types 

b. Organelles 

c. The main processes in the life of a cell

d. From cells to tissue

2) An introduction to nanobiotechnology, how does nanotechnology interfaces with biology


1,2 ADDIN EN.CITE 
a. How nanosize affects properties 
b. Building blocks: lipids, polymers, carbon nanotubes, proteins and DNA

c. Self-assembly and the packing parameter4,5 
d. Types of nanoparticles

3) Applications of Nanobiotechnology & nanomedicine: 
a. Nanobiosensors 
b. Nano-functionalization of surfaces with biomolecules for various applications such as selective recovery of compounds produced in biotechnological processes, and in microfluidic devices

c. Tissue engineering with biocompatible nanostructures, soft lithography
d. Diagnostic imaging and drug delivery (detailed further on).
4) Mechanism of nanoparticle fabrication
 ADDIN EN.CITE 
6,7
 
a. Extrusion8 

b. Sonication 

c. Electrospinning 
5) Characterizing nanoparticles: 

a. Electron microscopy

b. Dynamic light scattering

c. Chromatography  

6) Introduction to nanomedicine
a. Paul Ehrlich's magic bullet

b. Targeting diseased tissue and specific organs in the body: highlighting cancer.


9,10 ADDIN EN.CITE  

c. The EPR effect

d. Evading the immune system: Stealth (PEGylation) 
e. Stimulating the immune system

f. Inside the cell: escaping from the endosome
7) Loading drugs into nanoparticles
a. Selecting the proper building blocks for constructing your nanoparticle
b. Small molecule drugs
c. Nucleic acids (DNA, RNA)
8) Controlled release of drugs from liposomes in disease sites11
a. pH-sensitive nanoparticles

b. reduction sensitive nanoparticles

c. enzyme-induced activation/release

d. using external stimuli to release drugs from nanoparticles.
9) Nanotechnology in the clinic: pro's and con's
Teaching methods
The course will combine theoretical studies, together with highlighted case studies, that exemplify the fundamental principles. 

We will take advantage of the filmed nature of the course to add to the course live filming from the lab – to help familiarize the students with the translation of theory into practice. Where necessary, experts from the world will explain their perspective on nanomedicine. 

The theoretical part of the course is presented in the Moodle learning environment in the form of HTML tutorials.
The practical work will include reading materials the students will be expected to deal with for answering questions online, as a basis for continuing to the following lectures. 

At the completion of the course, the students will be requested to submit an original project in which they design a drug delivery system.  A peer review approach for evaluating the projects will be introduced.   

Assessment

The course grade consists of these components:

40% – Knowledge tests with a multiple choice questionnaire

60% – Final Project
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