ChemE 355/599: Biological Frameworks for Engineers      
            Handed out on 12-05; due on 12-13-05 at 5 PM


Take-home exam #3: Engineering of Biology


This quarter, you have heard about several areas in which biology can be engineered.  Building on what you have already learned, pick one of the topic areas listed below, read one or more articles reviewing recent research in this area (examples below), and answer the questions below.  You can pick an unlisted topic in which you are particularly interested, but if you wish to do this, please clear it with Hong first.

Possible topic areas:

Biosensors, biomimetics, single-cell analysis, chemicals from cells, bioremediation (and phytoremediation), brain-machine interface, gene therapy, and immunotherapy

Questions:

1.  Why is this an important problem?  Give me some background about the problem as well as some details about why current answers to this problem (if there are any) are inadequate.

2.  What is the role of the engineering of biology in solving this problem?  Give at least one example in which the engineering of biology has been used or at least proposed to help solve this problem.  Be sure to provide sufficient details so that this example is clearly explained in terms of what was done.

3.  If you were not bound by what is feasible today, what would you propose to do in this area?  In other words, what is exciting to you about the potential of this area in the future?

Work on this on your own; do not discuss it with other members of the class!  You can use any web or printed resources to help; please cite any sources you use that haven’t previously been provided to you.  You can ask Hong, Lauren, or Betsy for help in understanding the articles.  Your answers to questions 1-3 should, in total, be a minimum of 2 double-spaced typed pages.  Exams are due on Wednesday, December 13th at 5 PM; they may be emailed to Hong (hs24@u.washington.edu) or dropped off at her office (Benson 353).

EXAMPLES  OF  ARTICLES  THAT  CAN  BE  USED  AS  SOURCES


Most of these articles should be available online through the UW Libraries website.  You can also find other articles and information through PubMed (www.pubmed.gov), Web of Science or Google.

Biosensors

Huber W. A new strategy for improved secondary screening and lead optimization using high-resolution SPR characterization of compound-target interactions.  J Mol Recognit. 2005 Jul-Aug;18(4):273-81.

Pickup JC, Hussain F, Evans ND, Sachedina N. In vivo glucose monitoring: the clinical reality and the promise. Biosens Bioelectron. 2005 Apr 15;20(10):1897-902.

Yuk JS, Ha KS. Proteomic applications of surface plasmon resonance biosensors: analysis of protein arrays. Exp Mol Med. 2005 Feb 28;37(1):1-10.

Biomimetics and hybrid materials

Keren K, Berman RS, Buchstab E, Sivan U, Braun E. DNA-templated carbon nanotube field-effect transistor. Science. 2003 Nov 21;302(5649):1380-2.

Sarikaya M, Tamerler C, Jen AK, Schulten K, Baneyx F. Molecular biomimetics: nanotechnology through biology. Nat Mater. 2003 Sep;2(9):577-85.

Single-cell analysis

Andersson H, van den Berg A. Microtechnologies and nanotechnologies for single-cell analysis.

Curr Opin Biotechnol. 2004 Feb;15(1):44-9. 

Lidstrom ME, Meldrum DR. Life-on-a-chip. Nat Rev Microbiol. 2003 Nov;1(2):158-64.

Chemicals from cells

Barkovich R, Liao JC. Metabolic engineering of isoprenoids. Metab Eng. 2001 Jan;3(1):27-39.

Bongaerts J, Kramer M, Muller U, Raeven L, Wubbolts M. 
Metabolic engineering for microbial production of aromatic amino acids and derived compounds. Metab Eng. 2001 Oct;3(4):289-300.

Snell KD, Peoples OP. Polyhydroxyalkanoate polymers and their production in transgenic plants.

Metab Eng. 2002 Jan;4(1):29-40. 

Strohl WR. Biochemical engineering of natural product biosynthesis pathways. Metab Eng. 2001 Jan;3(1):4-14. Review.

Bioremediation and phytoremediation

Macek T, Mackova M, Kas J. Exploitation of plants for the removal of organics in environmental remediation. Biotechnol Adv. 2000 Mar;18(1):23-34.

Ogawa N, Miyashita K, Chakrabarty AM. Microbial genes and enzymes in the degradation of chlorinated compounds. Chem Rec. 2003;3(3):158-71.

Gene therapy

Coutelle C, Themis M, Waddington S, Gregory L, Nivsarkar M, Buckley S, Cook T, Rodeck C, Peebles D, David A. The hopes and fears of in utero gene therapy for genetic disease--a review.

Placenta. 2003 Oct;24 Suppl B:S114-21.

Kew Y, Levin VA. Advances in gene therapy and immunotherapy for brain tumors.

Curr Opin Neurol. 2003 Dec;16(6):665-70.

Semple JW. A critical examination of current HIV therapies. Biotechnol Adv. 2000 Dec 1;18(8):635-52.

Yu m, Poeschla e, Wongstaal f

Progress towards gene-therapy for HIV-infection 

Gene therapy 1 (1): 13-26 Jan 1994

Immunotherapy

Rosenberg SA

A new era for cancer immunotherapy based on the genes that encode cancer antigens 

Immunity 10 (3): 281-287 MAR 1999

Hohlfeld R

Biotechnological agents for the immunotherapy of multiple sclerosis - Principles, problems and perspectives 

Brain 120: 865-916 Part 5 MAY 1997

Carpenter EL, Vonderheide RH

Telomerase-based immunotherapy of cancer 

Expert opinion on biological therapy 6 (10): 1031-1039 OCT 2006

Brain Machine Interface

Donoghue JP

Connecting cortex to machines: recent advances in brain interfaces 

Nature neuroscience 5: 1085-1088 Suppl. S NOV 2002 

Wolpaw JR, Birbaumer N, McFarland DJ, et al.

Brain-computer interfaces for communication and control 

Clinical neurophysiology 113 (6): 767-791 JUN 2002 

Birbaumer N

Breaking the silence: Brain-computer interfaces (BCI) for communication and motor control 

Psychophysiology 43 (6): 517-532 NOV 2006
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