ME 498 / ME 599  Spring 2005





     T/Th 2:30-4:20
Course Syllabus:  

Biological Frameworks for Engineers

	Date
	Topic
	Room
	Work
	Instructor

	
	
	
	
	

	Mar. 29
	nm – m: Functions of Life; Cells
	LOW 102
	HW #1
	Crowther/Nuckley

	
	
	
	
	

	Mar. 31
	nm: Information Transfer (CD Topics)
	LOW 102
	HW #2
	Crowther

	
	
	
	
	

	Apr. 5
	nm: Protein basics; protein structure (Lab1)
	LOW 102
	Lab #1
	Crowther

	
	
	
	
	

	Apr. 7
	nm: Genomics; mutation; genetic diseases
	LOW 102
	HW #3
	Crowther

	
	
	
	
	

	Apr. 12
	nm: Mitochondrial DNA (Lab2a)
	More 320
	Lab #2
	Crowther/Nuckley

	
	
	
	
	

	Apr. 14
	nm: Mitochondrial DNA (Lab2b)
	More 320
	
	Crowther/Nuckley

	
	
	
	
	

	Apr. 19
	nm: PCR Results; ethics
	LOW 102
	
	Nuckley

	
	
	
	
	

	Apr. 21
	µm: Cell signaling
	LOW 102
	HW #4
	Nuckley

	
	
	
	
	

	Apr. 26
	µm: Cellular energetics
	LOW 102
	HW #5
	Nuckley

	
	
	
	
	

	Apr. 28
	µm: Cellular engines - transport and shape
	LOW 102
	HW #6
	Nuckley

	
	
	
	
	

	May 3
	µm: Integrating cells into tissues
	LOW 102
	HW #7
	Nuckley

	
	
	
	
	

	May 5
	mm: Muscle cells to tissues
	LOW 102
	HW #8
	Nuckley

	
	
	
	
	

	May 10
	cm: Muscle signaling and control (Lab3)
	More 320
	Lab #3
	Nuckley

	
	
	
	
	

	May 12
	cm: Connective tissues
	LOW 102
	
	Nuckley

	
	
	
	
	

	May 17
	m: Musculoskeletal system 
	LOW 102
	HW #9
	Nuckley

	
	
	
	
	

	May 19
	m: Cardiac and circulatory systems 
	LOW 102
	HW #10
	Crowther

	
	
	
	
	

	May 24
	m: Human Performance (Lab4)
	More 320
	Lab #4
	Crowther/Nuckley

	
	
	
	
	

	May 26
	nm–m: Tissue engineering & replacement
	LOW 102
	
	Nuckley

	
	
	
	
	

	May 31
	nm–m: Cryopreservation & transplantation
	LOW 102
	
	Gao

	
	
	
	
	

	June 2
	nm–m: Big picture wrap-up
	LOW 102
	
	Nuckley

	
	
	
	
	

	
	Final Exam
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Background

We are entering an age of discovery in biology that is unprecedented in the history of humankind.  Whereas the “classical” engineering disciplines, such as chemical, civil, mechanical, etc. have been robustly characterized as the fundamental level and precisely described mathematically, the same is not true for a cell.  While we as humans can achieve spectacular feats of engineering, such as useful polymers, dams and bridges, and space vehicles, they pale in sophistication and complexity when compared to the molecular machines which enable living organisms.  However, during the last few decades, researchers have developed techniques to study these machines and complex systems, such as x-ray crystallography and rapid genomic sequencing, which are launching us forward into deeper understanding of the fundamental processes of life on Earth. Humankind will soon develop and refine sophisticated, rational, approaches to engineering living systems for a wondrous variety of purposes.  Without a doubt, we will see in our lifetimes, historic advances in our understanding and control of living systems.  As engineers, you hold the key to combining the fields of engineering and biology, and this course is designed to provide an introduction to that interface, presenting biology from and engineering perspective.

Learning Objectives

The instructional agenda, classroom exercises, and assignments will provide you with powerful tools and unique perspectives on biology and engineering at a level commensurate with your participation and effort.  Further, as you are introduced to the fundamental characteristics of life and the techniques used to study them, you will be stretched by the course material, mode of learning, and your own synthesis of biology and engineering.  This course assumes very little advanced knowledge of biology, but expects backgrounds in general chemistry, differential equations, thermodynamics, and elementary design principles.  You will see that living systems are complex, interactive, and dynamic, yet they are still governed by the same laws of physics, chemistry, and thermodynamics as everything else.  Throughout this course, you will experience nature’s engineering and begin to gain and appreciation for how biological systems can be engineered by human design.

This course will arm you with an understanding of the following:

· the functions of living systems and constraints on life’s boundaries

· the cell as the fundamental unit of life, and how it carries out the functions of life

· the mechanisms of biological information handling

· the tools to investigate the human genome

· the energy utilization of the cell and biological systems

· the relationship between structure and function of biological molecules

· the movement of molecules, cells, and tissues

· the integration of cells into tissues

· the role of cells in musculoskeletal tissue function and control

· the design and manipulation of replacement tissues and materials

Throughout this course, we will travel from the amino acid scale (0.8 nanometers) to the organism scale (1.8 meters) examining biological function and control.  The course material will be taught using a combination of lectures, class and small group discussions, homework and reading assignments, mathematical and numerical modeling problems, laboratory exercises, and some problem-based exercises.

Many of biological problems addressed will be underdetermined systems (no single solution, but infinite solutions) that require analysis and evaluation.   Additionally, you will discuss and evaluate ethical issues associated with the engineering of biology.

Throughout the course, you should be able to consistently identify and describe the components of the system(s) under study, explain how they work and interact, and apply your new knowledge to an analogous but different system or problem.

This course will provide you with education in the following ABET criteria:

(a) an ability to apply knowledge of mathematics, science, and engineering

(b) an ability to design and conduct experiments, as well as to analyze and interpret data

(c) an ability to design a system, component, or process to meet desired needs

(d) an ability to function on multi-disciplinary teams

(e) an ability to identify, formulate, and solve engineering problems

(f) an understanding of professional and ethical responsibility

(g) an ability to communicate effectively

(h) a knowledge of contemporary issues
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Expanded Syllabus

8 - µm: Cell signaling

· Why?  What needs to be conveyed?  How? (chemical, mechanical, electrical, optical, etc.)

· Extracellular signaling and surface receptors

· Phospholipid bilayer and diffusion

· Transport proteins and active transport

· Intracellular ion environment and membrane potential

· From Plasma Membrane to Nucleus

· Specific signal transduction pathways: MAPK, Akt, PKC, and Jak/Stat

9 - µm: Cellular energetics

· Why?  (synthesis of constituents, transport, contraction, mitosis, etc)  Where does this take place?  What type of energy is used? (chemical energy exists as bond energy)  Free energy.

· Principles of metabolism

· Cellular respiration - Glycolysis, Krebs cycle, electron transport and oxidative phosphorylation

· Modeling this system

10 - µm: Cellular engines - transport and shape

· Acitn cytoskeleton – assembly and dynamics

· Myosin motor protein

· Microtubules and intermediate filaments

· Cell locomotion and intracellular transport

· Structure and movement

11 - µm: Integrating cells into tissues

· Structural organization and cell localization

· Cell – cell adhesion and communication

· Cell – extracellular matrix adhesion

· EM constituents – collagen, hyaluronan, proteoglycans, fibronectins, laminin, elastin

· Integration and cellular control – Ligand-integrin interactions, binding activity, etc.

12 - mm: Muscle cells to tissues

· Muscle as an effector, motor, and regulator

· Cell packing and organization into functional tissues- skeletal, smooth, cardiac

· Muscle biochemistry and function

· Modeling molecular dynamics of muscle function

13 - cm: Neuromuscular signaling and control (Lab 3)

· Neuronal anatomy

· Neuron signaling – membrane potential, action potential

· Chemical and electrical synapses

· Neuromuscular organization and control

14 - cm: Connective tissues

· Structure and function – bone, ligament, cartilage, intervertebral disc

· Cellular control of connective tissues

· Connective tissue cell signaling– mechanical, biochemical

15 - m: Musculoskeletal system

· Structure and function of skeletal muscle

· Tissue interactions – pressure, stress, strain

· Joint homeostasis and lubrication

· Systemic analysis of musculoskeletal system biomechanics

16 - m: Cardiac and circulatory systems

· Cardiovascular anatomy

· Blood pressure, heart rate, vascular resistance

· Baroreceptors and cardiovascular control

· Modeling the system

17 - m: Cardiac response (Lab 4)

18 - nm – m: Tissue engineering & replacement

· Functional considerations for engineered tissues and tissue replacements

· Biomaterials and human body integration – immune response

· Biomaterials to facilitate cell growth, differentiation, and organization

· Growth factors, angiogenic factors, differentiation factors, and bone morphogenic proteins 

· Functional biomechanical considerations

19 - nm – m: Cryopreservation & transplantation

· Cell and tissue behavior at low temperatures

· Cryopreservation of living cells and tissues

· Heat-mass transfer

· Applications of Cryopreservation in cell/organ transplantation and gene therapy

20 - nm – m: Big picture wrap-up

· Engineering biology examples

· Biology inspiring engineering examples

· Wrap-up and questions

· Course evaluations and concluding remarks

