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Objectivos da unidade curricular e competéncias a adquirir

O objectivo geral de aprendizagem a sensibilizagdo do aluno para a importancia das nanociéncias e das nanotecnologias em geral e em particular das suas
aplicagdes no campo da biomedicina.

Objectivos especificos: Aplicagdes de nanotecnologia a biodiagndstico e a construgdo de biossensores. Aplicagdes de bionanotecnologia no campo do
diagndstico médico e investigacdo biomédica.

Desenvolver competéncias de laboratdrio basicas em sintese e caracterizagdo de nanoestruturas; utilizagdo de conhecimentos tedricos para utilizagdo das
propriedades das nanoestruturas em contexto de biodiagndstico; discussdo critica de trabalhos cientificos.

Objectives of the curricular unit and competencies to be acquired

The main objective of this course is to raise awareness towards the increasing relevance of nanosciences and nanotechnology, with particular emphasis on
nanotechnology for biomedical applications.

As specific objectives, it is intended to stimulate the students’ understanding of concepts and underlying mechanisms of nanotechnology applications in
biodiagnostics and construction of biosensors, within a broader field of developments in clinical diagnostics and biomedicine research.

Another specific objective is to develop basic laboratory skills in synthesis and characterization of nanostructures; knowledge transfer from theory into
practical application of nanoscale properties of materials in a biodiagnostics context; critical evaluation and discussion of scientific work.

Contetidos programaticos

Origem e importancia da Nanotecnologia
Efeito de escala e propriedades fisico-quimicas de nanomateriais
Nanofabricagdo: abordagem “bottom-up” e “top-down”
Técnicas microscopicas de caracterizagdo de nanomateriais (TEM, SEM, SPR)
Bionanotecnologia e Bionanomdaquinas
AplicagBes de nanoparticulas em Medicina
Nanotecnologia e Quimica Verde
Nanotoxicologia
Construgdo de nanoestruturas
9.1. Funcionalizagdo de superficies
9.1.1. Self-assembling
9.1.2. Biopolimerizagdo
9.1.3. Cross-linking
9.2. Nanoestruturas baseadas em DNA
9.2.1. Electrdnica
9.2.2. Biomimetizagdo
9.3. Nanoestruturas baseadas em proteinas
10. Aplicages em bionanodetecgdo
10.1. DNA e RNA (técnicas com e sem reticulagdo)
11. Nanoparticulas como agentes de transporte de farmacos e genes
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Syllabus

Historic perspective on the origin of Nanotechnology
Scale effect and properties of nanomaterials.
Nanofabrication: bottom-up vs. top-down approach
Microscopy for nanomaterials characterisation (TEM, SEM, SPR)
Bionanotechnology and Bionanomachines
Nanoparticles for clinical applications
Nanotechnology and Green Chemistry
Nanotoxicology
Construction of nanostructures
9.1. Surface functionalisation

9.1.1. Self-assembling

9.1.2. Bio-polymerisation

9.1.3. Cross-linking
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9.2. DNA based nanostructures
9.2.1. Electronics
9.2.2. Bio-mimetizing
9.3. Protein based nanostructures
10. Bionanodetection applications
10.1. DNA & RNA (cross-linking vs. non-cross-linking)
11. Nanoparticles for drug delivery and nanovectors for gene therapy.

Demonstragdo da coeréncia dos contetidos programaticos com os objectivos da unidade curricular

A relevancia da nanotecnologia na actualidade, a produgdo, estudo, manipulagdo e utilizagdo de nanosistemas é abordado genericamente nos pontos 1 a 5
do programa. A aplicagdo directa de nanotecnologia em biotecnologia e biomedicina é apresentada no ponto 5 e seguintes, com énfase na aplicacdo em
caracterizagdo molecular e aplicagdo em sistemas de detecgdo e dispositivos biomédicos (pontos 6 a 11). As implicagdes ambientais e toxicoldgicas, de
importancia crescente, sdo debatidas nos pontos 7 e 8.

Demonstration of the syllabus coherence with the curricular unit’s objectives

Nanotechnology relevance in today’s society, including production, characterization, manipulation and use of nanoscale systems is generically discussed in
Topicl through 5. Application of nanotechnology in Biotechnology and Biomedicine is debated and discussed in Topic 5 (and subsequent), with particular
focus on application and use of nanomaterials for molecular characterization and use in biodetection platforms and biomedical devices (Topic 6 to 11).
Environmental implications and toxicology of nanomaterials is discussed in Topic 7 and 8.

Metodologias de ensino (avaliagdo incluida)

Aulas tedrico-préticas de 2 h para exposigdo de matéria e resolugdo de problemas. As aulas praticas com 3 h de duragdo, efectuar-se-do nos laboratdrios
com realizagdo de trabalhos experimentais segundo protocolos sujeitos a preparagdo prévia pelos alunos; seguido da realizagdo de relatério.

Avaliagdo: Relatdrios e discussdo dos trabalhos préticos (25% da classificagdo final); Apresentacdo e discussdo de artigos cientificos (10% da classificagdo
final); Monografia sobre um tema proposto (45% da classificagdo final) e apresentagdo oral da mesma (20% da classificagdo final)

Teaching methodologies (including evaluation)

Theoretical classes of exposition with 2 h duration, including problem solving. Practical laboratory classes with 3 h duration that include the laboratory
implementation and a written report.

Evaluation: Reports and discussion on the practical sessions (25% of the final grade); Papers presentation and discussion (10% of the final grade);
Monograph of selected themes (45% of the final grade) and oral presentation (20% of the final grade)

Demonstragdo da coeréncia das metodologias de ensino com os objectivos da unidade curricular

Os tdpicos programaticos sdo primeiramente introduzidos em apresentagdes Tedricas, seguindo-se discussdo de artigos cientificos sobre essas tematicas.
Desta forma pretende-se apresentar e discutir os temas propostos de forma integrada. As aulas laboratoriais pretendem desenvolver competéncias
laboratoriais em Bionanotecnologia, mais concretamente preparagdo de superficies nanoestruturadas e sintese e caracterizagdo de nanoparticulas de
metais nobres e sua utilizacdo para caracterizagdo de sequéncias de DNA. A apresentagdo e discussdo do relatério das actividades desenvolvidas permitem
uma melhor solidificagdo dos conceitos explorados nas aulas Tedrico-praticas.

As monografias, com apresentagdo e discussao publica, permitem relacionar os vdrios aspectos da Bionanotecnologia no context do desenvolvimento de
competéncias de apresentagdo, discussao e critica de trabalho cientifico.

Demonstration of the teaching methodologies coherence with the curricular unit’s objectives

Following presentation by the Professors of the main programmatic topics, discussion of scientific papers on those issues allows for the critical evaluation
and structures concepts on Bionanotechnology. Laboratory work, apart from developing skills in Bionanotechnology, namely in the preparation of
nanostructured surfaces and on the synthesis and characterization of noble metal nanoparticles and their subsequent use for DNA sequence
characterization and detection. The written report and discussion allow for the critical evaluation of the work and for the development of critical reporting
skills, and also for integration with topics presented in the Theory classes.

The Monographic work, together with the public presentation and discussion, allow the students to incorporate the acquired knowledge on
Bionanotechnology and their direct application, while developing the required skills in scientific presentation and critical discussion of scientific issues.
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