Content objectives for Biological Frameworks for Engineers


1. DNA carries the information that cells require for establishing and regulating their biochemical processes.

2. The structure and chemistry of the DNA double-helix allows for nearly infinite “flexibility” of information storage and expression.

3. The information carried within a DNA molecule can vary within and between generations:

· There are a number of different mechanisms that are responsible for variations in DNA.  

· Depending on the location and nature of the change, the consequences can be moot, minor, or severe; positive or detrimental.

· It is often the cell’s external environment that will determine the effect that the change has on the “fitness” of the cell.  This is the basis for natural selection.

4. All cells share common (or analogous) mechanisms for copying and expressing the information contained in DNA.

5. The information contained in DNA is expressed via the action of proteins – the enzymes and structural elements that carry out the biochemical functions of the cell.

· RNA is an essential intermediate molecule in this process - all genes are transcribed first into RNA

· there are three types of RNA in the cell (mRNA, tRNA, rRNA), thus there are three types of genes encoded by DNA

· these three types of RNA play unique and necessary roles for converting the information contained in a gene into a protein

6. The sequence of nucleotides in a mRNA gene codes for the sequence of amino acids in a protein.

7. The amino acid sequence of a protein determines its three-dimensional structure.

8. The three-dimensional structure of a protein, along with the position and chemistry of its amino acid side chains, is responsible for its function.

9. Proteins can interact with all other molecules in the cell and carry out the organized series of chemical reactions of energy production and biosynthesis.

10. Genes can be expressed or silent (i.e., they are regulated).

11. Control of gene expression can occur in response to an environmental stress or change in condition.

12. Humans have developed methods for studying the information encoded by DNA.  This information is contained in the sequence of the nucleotides in the double helix.

13. The ability to decode the sequence of bases in DNA does not necessarily correspond to an understanding of the function that sequence is responsible for.

14. Comparing DNA sequences may allow comparisons of relatedness of cells / individuals, but there are many caveats to this:

·  some regions do not change (they are conserved), some regions are “hypervariable”.

15. A cell is the basic unit of life.  It may be a “self-contained” living system, but is always dependent on the conditions of its environment for proper functioning.

16. New cells are created from pre-existing cells.

17. The biochemistry of cells can be understood in terms of physical and organic chemistry and thermodynamics.

18. Cells require energy and nutrients to function, grow and reproduce

19. Cells are composed of a limited set of molecules (e.g., lipids, carbohydrates, amino acids, salts,…), but these molecules can be varied and combined in nearly unlimited ways.

20. All cells generate and store chemical energy and carry out controlled chemical reactions.

21. A complex series and sequence of these chemical reactions is responsible for the creation of a new cell.  This new cell receives a (nearly?) identical copy of the genetic information carried by its parent, and thus is capable of carrying out similar functions.

22. Cells have the ability to control and repair damage to their structure and to react to (adapt to) specific environmental stresses.

23. The interactions of cells with their environment has resulted in the creation of complex, interdependent systems.  Multicellular organisms are an example of a complex system of interacting and interdependent cells.  Environmental systems based on single-celled organisms are another example

24. A stable ecosphere requires balanced interactions between the elements of the system.  

25. Living systems are capable of adapting to elements out of balance given enough time.  Living systems that are thrown out of balance too far and too quickly may collapse.

26. Changing only one variable in a balanced living system may result in wide-ranging effects and unpredictable results.

27. Engineers should understand the interdependence of living systems when developing new technologies, and strive to maintain the balances in naturally occurring living systems.

28. Engineers can learn a great deal about efficient methods of creating novel materials or interactive systems by studying biology.
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