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A Message from our President
Dear IBE members:
Fall is always a time of change, and this fall brings a particularly exciting change
for IBE. In the last month IBE transitioned from our previous association management contractor, ARDEL (who decided to get out of the business), to Symbiotix
Management Strategies (SMS), an association management firm with strong linkages
to the biotechnology and pharmaceutical sectors. This new relationship was the result
of a competitive RFP and proposal process, followed by on-site interviews with the
finalists at our mid-September Council meeting in Chapel Hill. The IBE Council was
unanimous in its enthusiastic support for SMS, and this new partnership is already off
to an excellent start.
I am also pleased to report on another excellent start – the launch of the Journal
of Biological Engineering (JBE). The first set of articles became available on October
10, 2007. JBE’s editor, Mark Riley, is to be commended for the speed and quality
that characterized the launch of what will clearly be the flagship Journal of Biological
Engineering. JBE is an entirely on-line and open access publication (which means that
anyone anywhere can get access to published articles). The JBE site is at: http://
www.jbioleng.org/ .
This fall we are winding down a very successful year of membership, meeting,
and financial growth, and winding up for an even better year to come. We already
know we experienced another year of double-digit membership growth, and the year
still has several months to go. For those of you at universities, this is the time for
student members to sign up for IBE. Student membership is always a bargain ($25),
and this fall all new members (regular members too!) get the last few months of 2007
thrown in as a bonus along with 2008.
Our annual meetings are always a highlight of IBE, and our 2008 meeting is
promising to be our biggest and best meeting yet. The meeting is scheduled for Thursday March 6 to Sunday March 9 at the Chapel Hill Sheraton, Chapel Hill, North
Carolina. Thursday will include a tour and special event at the nearby Research
Triangle Park, and we have dozens of companies interested in our BioBusiness Nexus,
a showcase of innovative applications at the interface of biology and engineering.
The keynote speaker this year is Dr. Angela Belcher, the Germeshausen Professor in
the departments of Materials Science and Engineering and Biological Engineering at
MIT. Marshall Porterfield has been doing an exceptional job organizing the meeting,
with help from Liju Yang and a wonderful team of local arrangements volunteers. An
updated call for papers is now on our website, with abstracts due Dec. 1.
For those of you planning ahead, the IBE 2009 meeting will be held Thursday
March 19 to Sunday March 22, 2009 in Santa Clara, California. The Bay Area is
Continued on pg. 
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Editor, Art Johnson
Where Do You Get Your
Technical Information?
Biological engineering has often
been described as multidisciplinary. I
really would rather see it described as
a single, distinct discipline of its own,
but so broad that it needs to connect
with many other scientific, engineering,
and even some non-technical fields.
No matter what you call it, biological
engineering is broad, and its practitioners do need to keep up with advances
in many directions that are coming at a
very rapid pace. I can think of no more
interesting and exciting work these
days than the new discoveries about the
workings of the brain.
The challenge for us teachers of biological engineering subjects is to keep
current with all this new information in
many fields often peripheral to our own
research. I have found that what works
best for me is to read (continually!) articles that summarize, explain, and connect sundry scientific advances, each of
which has been the subject of its own
published paper. Thus, journals such
as Science and Nature, I have found, do
not well serve my needs.
Instead, there are some publications that, more times than not, give me
the information in the form that I need.
First among these is American Scientist.
There is no better source of information in the context of perspective than
in this journal. The articles seem to be
written at just the right level: to those
of us who are scientifically literate, but
Continued on pg. 
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another hotbed of biological engineering applications, so I am sure that will be
an excellent meeting as well.
Students are a huge part of IBE, comprising a majority of our members, and
we have active chapters at ten universities across the U.S. We are pleased to welcome our newest chapter, at Purdue University, to IBE this fall. This year we are
introducing student chapter awards, to be presented at the IBE meeting in Chapel
Hill. Details will be announced later this fall.
IBE also has awards for student posters at the annual meeting, and for essays submitted to the bioethics contest. Check out the IBE website, www.ibe.org for details.
Finally, Fall is election time at IBE, and nominations are now open for
several IBE Councilor (regular, graduate student and undergraduate) positions
and the Treasurer. Christina Smolke, our current president-elect, has expressed
a willingness to serve as president for the next two years. This will allow her
time to implement several important initiatives, focused on student involvement
and developing the synthetic biology community in IBE. To accommodate this
transition under our current constitution and bylaws, she will actually run for
president-elect again this year and simultaneously serve as president for the first
year of her two-year term. Note: November 9 is the deadline for nominations,
which should be submitted to Vincent Bralts (bralts@purdue.edu). Vince is IBE’s
immediate past-president and this year’s nominations committee chair.
Fall has always been my favorite time of year. Enjoy it!

Tom Richard
IBE President 2007
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unfamiliar with the details of specific areas
of research. American Scientist articles
are well-explained and interpreted, so that
I can use that information almost immediately in my classes. Scientific American is
similar, but does not fit my needs as well.
For general advances in technology, the MIT Technology Review is good,
although it doesn’t give me the interpretations and perspectives that I need. Its
articles do not give enough depth of information nor explain how the information
that is presented fits with other knowledge.
For information about basic biology,
and especially cells and genetics, HHMI, a
publication of the Howard Hughes Medical Institute, does a fine job. Its articles
focus on individual Howard Hughes Medical Investigators and the work that they
do. Interviews with the researchers result
in both explanations of their progress plus
perspective about why it is important.
The popular press can be helpful. The
Baltimore Sun frequently has short articles
extracted from scientific papers published
elsewhere. Reading these can alert me
to advances that I perhaps had not been
aware of and need to be. I then go to the
original cited source for the details. Interestingly, however, the Sun article is often
more useful for judging the importance of



the research findings. Time magazine has
had a set of very informative special issues
about specific scientific advances. There
was one recently about the workings of
the brain, of the mind, and what constitutes consciousness. Other issues have
dealt with evolution, astrophysics, and
biomimetics. These articles are very well
written and amazingly scientific in their
tone. Written for an audience of broad
background, they are instructive in style
yet not devoid of hard scientific findings.
I have also found Popular Science
to be useful. It was in this publication
that I first read about synthetic biology
and about the use of random processes
as a design tool. There is a lot of filler in
Popular Science, so its use for me is not
as great as some of the other publications
I read, but when I find something useful, it
is a gem that usually is not found anywhere else that I look.
For information about agriculture, food, and environment, California
Agriculture, published by the University
of California system, and Agricultural
Research, published by the USDA Agricultural Research Service are very good
sources. Articles in these two are light
reading, but written for a broad audience,
and so can alert me to scientific advances
with a practical flavor.

Because I keep sheep, I also read The
Shepherd, a sheep industry journal. Included frequently are articles on nutrition
basics, workings of the immune system,
and other practical, but fundamental, issues. The American Bee Journal has also
helped fill voids in my scientific knowledge base, as does Good Fruit Grower.
There are publications from universities that I sometimes find useful. The
University of Illinois School of Engineering used to have one of these (I cannot
remember its name) and the University
of Georgia has the UGA Research Digest. Articles in these issues usually take
the form of interviews with local faculty
members, and I often get useful information from them.
American Heritage of Invention and
Technology is a good source of information, not for the newest advances, but for
the history of technology. I have found the
articles normally very interesting and fun
to read. Topics range from the building of
the interstate highway system, to bringing
water to Los Angeles, to development of
artificial organs, to steamships, to development of the sewing machine. Virtually no
type of technology is left out, and there
seem to have been more articles recently
concerning biomedical technologies.
I do read my share of scientific and
engineering journals, but these are not
enough to inform me of what is going on
in the wide-ranging scientific specialties
that I feel I need to know about. The same
can be said for the internet. Yes, there is
a lot of information on the internet, but if
you don’t know the topics to search for,
then this information is largely useless. I
let these other publications alert me to the
need to investigate a topic further.
So, you can appreciate the amount of
reading I do, and it is reading directed to
the goal of keeping me abreast of everything. That’s not an easy task, and I
sometimes am asked a question in class,
or some student brings to my attention
some new fact of which I had not been
made aware. But, given my diligence, the
situation is almost always the other way
around. I take it as a personal challenge
to be as knowledgeable to things relevant
to biological engineering as possible, and
this is how I do it.
So, do you have a different approach
or different publications that you have
found useful? If so, I’d like to hear from
you. Where do you get your information?
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Winners of the Ethics Essay Contest are:

Student Award
Winners
Announced

1st Place, Shannon Wheeler, Cornell
Perceptions of the Public: The Morals of Sharing Our Motives as Bioengineers.
2nd Place, Bethany Corcoran, Ohio State
Xenotransplantation: Letting Science Lead the Way
3rd Place, Davis Ware, Mississippi State
Transgenic Crops: Human and Ecological Health in the Balance
Honarable Mention,Gwen Owens, Cornell
Ethics of Human Experimentation
Honorable Mention, Elana Fisher, Cornell
The Ethics of Human Embryonic Stem Cell Research

Winners of the Undergraduate Poster Competition are:
1st Place, Jan Ma, Cornell University
Kinetic and Efficacy Analysis of RNA Interference in Stably and Transiently Expressing Cell Lines
2nd Place, Darryl Jones, Clemson University
Extracting Lipids from Chlorella Vulgaris Algae as a Source for Biodiesel Fuel
3rd Place, Ali Borazjani and Steven H. Elder, Mississippi State
Chondroinduction of Mesenchymal Stem Cells
Winners of the Graduate Poster Competition are:
1st Place, C.E. Werner, J.J. Burmeister, C.R. Gash, F. Pomerleau, P. Huettl, J.P. Bruno, G.A. Gerhardt - Anatomy and Neurobiology , Morris K. Udall Parkinson’s Disease Research Center of Excellence, Center for Microelectrode Technology, University of
Kentucky, Psychology, The Ohio State University
Second-by-Second Microelectrode Array Measurements of Acetylcholine
2nd Place, Carol Andrea Pregonero - Pooja Kothari, Scott Metzler, James Warnock - Mississippi State University
Cyclic Strain Inhibits Inflammatory Activation of Valvular Interstitial Cells via the Actin Filaments
3rd Place, M.R. Chatni , D.E. Maier, D.M. Porterfield - Bindley Bioscience Center, Physiological Sensing Facility, Agricultural
and Biological Engineering, Horticulture and Landscape Architecture, Weldon School of Biomedical Engineering, Purdue
University
		 Self-Referencing Optrode Technology for Non-Invasive Measurement of Biophysical Oxygen Flux and Physiological Status of
Insect Eggs
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Identifying Weeds by Computer
George. E. Meyer a *, David D. Jones a, and João Camargo Netob
a
Biological Systems Engineering, University of Nebraska
b
Embrapa Information Tecnology, Brazil
Weedy and invasive plants may cost Americans well over $1 billion annually in crop damage and lost earnings. Herbicides account for more than 60 per cent of all pesticides used on agricultural crops ($6.4 billion was spent herbicides in the U.S. during 1999).
Questions and concerns, especially in international markets, about environmental and human health impacts of increased herbicide use
have been raised by the public.
One means of improving economic and environmental benefit is to develop more efficient means of detecting weed patches and
applying herbicides more efficiently. Weeds do not grow uniformly in fields. Weed patchiness has been well documented in Nebraska
fields by several investigators projected herbicide savings of 40 to 70 percent if only the weed patch areas were treated. Mapped
weeds can be located precisely with smart sprayers and Global Positioning Systems (GPS). Using weed maps as a strategic guide,
farmers could better plan and treat weed patches with lesser amounts of herbicides than with a broadcast application of the entire field.
Site-specific crop/weed management could mean a significant reduction in herbicide use, saving the farmer money while benefiting the
environment.
Measuring and mapping weed patchiness is currently done using visual assessment of weed species, but with significant labor
costs associated with manual scouting. It is tedious and subject to error. Real-time green sensors do not discriminate between crop and
weed, so sophisticated guidance is needed for row crops. Machine vision systems with imaging can distinguish grasses from broadleaf
weed plants especially those are 7-21 days old, when post emergence herbicides are most effective. A new machine vision with a plant
species classification system shown by Figure 1 has been prototyped, initially tested, and has shown promise. The objective of followon research was to improve, test, and validate this technology.

Figure 1. Overall approach to automated plant species
identification.

Figure 2. Fuzzy logic extraction of individual leaves for
identification using machine vision

How does one model the species discrimination process? Algorithms and software using color images of crop canopies were
developed based on computer extracted individual leaf analysis shown by Figure 2. Crop regions of interest are converted into binary
images, and used to obtain shape features and boundary templates for textural feature leaf venation analysis. Extracted feature information is then classified with a computerized system; especially helpful are systems that can learn.
Camargo Neto’s software with future improvement promises to assist scientists and ecologists in automating plant identification
needed for invasive species, crop, and weed mapping and extensive ecological surveys of plants. The Camargo Neto - Meyer machine
vision leaf extraction system also provides an opportunity to automate and evaluate leaf damage due to hail, insects, and disease. If
combined with infrared thermometry and thermography, leaf temperature could be better measured in complex canopy physiology.
Dynamic canopy temperature measurement may be the critical independent parameter for validating thermodynamically the sensiblelatent heat balance of canopy surfaces and for predicting various forms of abiotic stress Canopy temperature increases above the air
temperature because of absorbed thermal radiation and a lack of cooling. Therefore, plant leaves may be viewed as natural dynamic
control systems. Research is needed to develop models of this dynamic process and classification of environmental impulse functions.
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Portable Biosensor for Rapid Detection of Avian Influenza Virus
Yanbin Li
Department of Biological & Agricultural Engineering, University of Arkansas
Avian influenza (AI) virus H5N1 was discovered in the late 1990s, and it has been reported in more than 46 countries for animal cases and in 12 countries for human infection; 291 people were reportedly infected and 172 died since 2003 (WHO, 2007). Very
recently, the draft report of the federal government’s emergency plan predicts that as many as 200 million Americans could be infected
and 200,000 could die within a few months if the avian flu came to the United States. The CDC (1999) projected that unspecified
influenza pandemic could lead to 89,000 to 207,000 deaths; 314,000 to 734,000 hospitalizations; 18 to 42 million outpatient visits;
and 20 to 47 million additional illnesses in the US. The direct economic loss could be up to hundreds of billion dollars. WHO (2005)
reported that between 2 million and 7.4 million people could die from a global flu pandemic.
A recent outbreak of low pathogenic avian influenza (LPAI) in 2001 and 2002 resulted in the depopulation of over 4.5 million
chickens and turkeys and is estimated to have cost the poultry industry approximately $125 million (Lee et al., 2004). According to
the World Bank’s report, by mid-2005, more than 140 million birds had died or been destroyed and losses to the poultry industry are
estimated to be in excess of US$10 billion. (World Bank, 2006).
A key in controlling the spread of avian influenza is rapid detection of the disease followed by eradication of infected animals,
quarantine within a two-mile radius to prevent movement of people and animals, and vaccination of animals outside the quarantine
zone. Currently, techniques used to detect influenza, such as viral culture, RT-PCR (reverse transcriptase polymerase chain reaction)
and ELISA (enzyme-linked immunosuppressive assay), are either time consuming, too expensive, or not specific to subtypes of AI viruses. Identification of AI viruses may take two or three days; sufficient time for infected animals to be hidden or slaughtered for food,
and even worse, the disease could spread.
The technology for diagnosing human H5N1 infections is mature, but many tests are complex, some are liable to error, and some
can be performed safely only in biosafety secure facilities. A simple, rapid, robust and reliable test, suitable for use in the field or at
the patient’s bedside, is urgently needed. The biosensor technology is based on three novel concepts: (1) magnetic bio-nanobeads for
highly efficient and rapid separation of target virus in a swab sample; (2) a microfluidic biochip with embedded interdigitated array microelectrodes for precise delivery and sensitive measurement of the target virus; and (3) the complexes of red blood cells and
nanobeads for great amplification of impedance signal (Figure 1). Laboratory-scale experiments used chicken swab sample prepared
with inactivated avian influenza virus H5N1 and other viruses. Results showed that the biosensor was able to specifically detect avian
influenza H5N1 as low as 100 EID50/ml (50% embryoinfective dose per milliliter) in poultry cloacal or tracheal swab samples in less
than 30 min.

Figure 1. Structure of the portable biosensor for AI detection

Figure 2. Principle of the impedance biosensor for rapid
screening of AI virus in a poultry swab sample, based on
magnetic bio-nanobead separation, red blood cell labels,
microfluidics and interdigitated array microelectrodes.

A research prototype of the biosensor has been designed and fabricated, and is being evaluated. The biosensor will be very simple
to operate in the field with very minimal training. This aspect of the biosensor introduces the concept of real time detection of avian
influenza that can then facilitate a coordinated response for quarantine and vaccination of animals and humans.
As illustrated in Fig. 2, magnetic nanobeads are coated with specific antibodies to a target virus and are used in the sampler to isolate
target viruses from a poultry swab sample. Red blood cells, as biolabels, are mixed with the captured target virus to form the bio-nanobeadvirus-red blood cell complex. A microfluidic biochip is designed and fabricated as a flow-through device to deliver the complex to an embedded interdigitated array microelectrode for impedance measurement. The change in impedance of the bio-nanobead-virus-red blood
cell complex is correlated to the concentration of avian influenza virus H5N1 in the original sample.
Continued on pg. 
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Nanobeads from 50–150 nm exhibit properties of ferrofluids and remain stable colloids. They can be collected in a magnetic
monolayer that allows materials to be easily washed away. Compared to other separation techniques such as centrifuge, filtration, and
microbeads, magnetic bio-nanobeads provided higher capture efficiency of avian influenza virus in a poultry sample. This enhances
the sensitivity of the biosensor.
Microfluidics technology has advantages of: high surface to volume ratio, small sample volume, accurate control, and low cost. A
microfluidic channel (a cross section of 40 μm depth and 50 μm width) was designed and fabricated with an interdigitated array microelectrode (3 pairs of electrode fingers with 25 μm width) for very sensitive impedance measurement.
Figure 3 shows that at the frequency of 10 kHz, the impedance of the sample containing avian influenza virus H5N1 significantly
increased by more than 500 kΩ compared to either the control (no any viruses) or the sample containing Newcastle virus and Infectious
Bronchitis virus. As shown in Fig. 4, a positive identification was clearly obtained when the concentration of avian influenza virus H5N1
in cloacal swab samples was equal to or more than 100 EID50/mL. This sensitivity is 100-fold greater than the exiting antigen-capture
ELISA. The maximum changes in impedance, from 100 to 800 kΩ, occurred in the range of
frequencies from 1 kHz to 100 kHz.
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A research prototype of the biosensor has been designed and fabricated as shown in
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The prototype is a portable instrument for field use and it can be operated either
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as stand-alone instrument or can be connected to a laptop computer though a USB cable
for data acquisition and control. It is estimated that the instrument cost would be less than
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Figure. 4. Impedance measured at 10 kHz
frequency for avian influenza virus H5N1
at different concentrations in poultry swab
samples compared to a negative control.

Fig. 5. Research prototype of the biosensor for in-field detection of
avian influenza virus H5N1 in a poultry swab sample. (1) a magnetic
bio-nanobead based separation device; (2) a handheld impedance
biosensor based on a microfluidic biochip with interdigitated array
microelectrode.
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Making a Real Difference: Mapping the Innovative Impact in
Biological Engineering Design
Joel L. Cuello
The University of Arizona
Innovation is the creation and delivery of value to the marketplace for individuals, groups and society. In today’s flattened
world where easy access to global information, resources, labor and markets has become a starkly inescapable reality, innovation constitutes the most viable key to achieving sustainable comparative advantage. In other words, innovation is a company’s
or a nation’s most important capital today. As a discipline at the intersection of engineering and biology, Biological Engineering
-- similar to other engineering and science disciplines -- occupies an enviable position at the commanding heights of technological innovation, very well positioned to make a real difference in the areas of health care, pharmaceuticals, food safety and the
environment by creating and delivering value through engineering designs from its unique hybrid niche of engineering and biology.
Value Creation through Engineering Design
In the midst of a globally integrated economy, innovation-conscious engineering design is simply a must, requiring a fresh
seeing and a new re-imagining of the engineering design process. Indeed, the design of a product or process has already been
conceived as a chain of functions that enables the product or process to perform its required task or set of tasks. Since each
function in the design adds to the aggregate value of the design, a design may also be conceived as being constituted of a value
chain. Thus, a procedure that charts the value chain of a design and which provides a way to assess the design’s constituent
value would by default also present viable strategies for maximizing the total value of the design. Such procedure constitutes
both a method for design value assessment and a method for a value-centered engineering design.
Design Value Analysis
Value Analysis (VA) was pioneered by Lawrence D. Miles at the General Electric Company in the late 1940s, and numerous improved and reworked versions including those at the Xerox Corporation in the late 1960s and Functional Analysis (FA)
have been put forward through the decades. Applied to Biological Engineering design, Design Value Analysis or DVA (a novel
version of VA most closely related to Value Factor Analysis developed by SRI International in Silicon Valley, CA) is presented
here as a method for charting and assessing the value chain of a design and how its aggregate or total value compares with
those of others. Value here is defined as benefits per unit cost. While the calculated design value using DVA is approximate and
relative (that is, to those of alternative or competitor designs), it is desirably intuitive and indeed allows for direct comparison of
relative values between different products or processes.
Figure 1 illustrates a DVA spreadsheet for assessing and comparing the relative values of two designs for a biosensor for a
specific analyte. The four principal components of a DVA include: (1) design performance attributes; (2) design convenience attributes; (3) design social attributes; and (4) cost. Since DVA evaluates the importance and value of various design attributes and
costs to users/customers, DVA is best conducted by design teams rather than by individuals. In Figure 1, the illustrative DVA
shows that the design value of the new biosensor design is over twice that of the alternative/competitor design, representing a
significant innovative improvement.
Figure 1. Illustrative Design Value Analysis for Two Biosensors for Measuring Analyte X.
Importance to
New
New
Alternative/
Customer1
Biosensor
Biosensor
Competitor
Design
Design
Biosensor
Rating2, 3,4
Benefits5
Rating2, 3,4
Design Performance Attributes
Selectivity
5
5
25
3
Sensitivity Range
4
4
16
3
Accuracy
5
5
25
3
Response Time
3
4
12
4
Recovery Time
3
4
12
4
Working Lifetime
4
4
16
3
Power Requirement
5
4
20
4
Total Performance Benefits
126
Design Convenience Attributes
Weight
Size/Volume/Portability
Reagent Requirements
Ease of Operation

5
4
4
5

4
4
4
4
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20
16
16
20

3
3
2
4

Alternative/
Competitor
Biosensor
Benefits5
15
12
15
12
12
12
20
98

15
12
8
20
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continued from MAKING A DIFFERENCE from pg. 7
Total Convenience Benefits
Design Social Attributes
Human Safety/Ergonomics
Environmental Safety
Aesthetics
Total Social Benefits
Cost
Material
Equipment
Labor
Total Cost

72

55

5

5

25

5

25

5
4

5
5

25
20
70

5
4

25
16
66

5
5
5

2
3
2

10
10
10
30

4
3
3

20
20
15
55

Design Value6
8.9
4.0
Importance to Customer Rating: 0 (none), 1, 2, 3, 4, 5 (most)
2
Biosensor Rating for Design Performance and Convenience Attributes: 0 (none), 1, 2, 3, 4, 5 (best)
3
Biosensor Rating for Social Attributes: [-5 (worst negative rating), 5 (best positive rating)]
4
Biosensor Rating for Cost: 1(least costly), 2, 3, 4, 5 (most costly)
5
Benefits = (Importance-to-Customer Rating)*(Biosensor Rating)
6
Design Value = [(Performance Benefits) + (Convenience Benefits) + (Social Benefits)]/(Total Cost)
1

The approximate rule is that the design value must be two to ten times greater than that of the alternative or competing design to
be worth pursuing. DVA can be readily applied to the six types of problems in Biological Engineering design, namely: (1) protocol for
biological system (e.g., lipid extraction from energy feedstock); (2) structure for biological system (e.g., photobioreactor); (3) model
for biological system (e.g., mathematical model for ecological system); (4) material based on biological system (e.g., artificial bone);
(5) machine/device based on biological system (e.g., biosensor); and (6) instrument based on biological system (e.g., machine vision).
Value-Centered Design
Since Design Value Analysis charts the entire function chain (and value chain) of a design, DVA provides a ready-made
and comprehensive inventory of the positives and negatives of the design with respect to customer value. Thus, DVA serves as
a powerful tool in executing a value-centered design process for Biological Engineering. The use of DVA in a value-centered
engineering design process is depicted in Table 1.
Table 1. Process for Value-Centered Engineering Design.
1. Identify the task or set of tasks required of the design.
2. Establish the necessary function chain to carry out the required task or set of tasks of the
design.
3. Perform Design Value Analysis based on the resulting value chain of the design.
4. Maximize the value of the design by redesigning pertinent constituent function units.
5. Iterate DVA until optimal design based on value is achieved.
An Innovation-Centered IBE
The use of Design Value Analysis and a Value-Centered Design process will be of critical help to Biological Engineering
in establishing itself as creator and deliverer of innovation to the marketplace and the public. Also, since the long-term success
of a professional organization is ultimately measured in terms of its profession’s sustained innovative contributions to society,
it is of vital interest for the Institute of Biological Engineering (IBE) to ensure that its professional designs be always value-centered and innovation-conscious. What’s more, an innovation-centered IBE would breathe reality to a pleasantly germane second
meaning to its acronym -- Innovation through Biological Engineering.
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Perceptions of the Public: The Morals of Sharing our Motives as Bioengineers
Shannon Wheeler, Cornell University
We hear it on the news and we see it in the headlines, the buzz of bioethics is all around us. The public asks if genetically engineered crops are safe, we debate over whether or not stem cell research is ethical; we go round and round over the issues of cloning, biowarfare, and corporate responsibility to protect the environment. One might think that an increased awareness of the ethical
implications that accompany biological engineering is a good thing. However, it is important to step back and question if we are truly
conveying the morals and ethics which are ingrained in our scientific methods. Does the public really understand the rationale behind
the decisions being made in the field of bioengineering?
The issue at hand is public doubt, skepticism, and distrust. Although it seems like the more conversation we can stimulate pertaining to bioengineering the better, we must also consider the fact that the issues that we confront on a daily basis, as bioengineers,
are complex. The morals behind our work are often the result of years of research, product development, and experimentation. The
magazine editorials, newspaper column snippets, and evening news briefs that touch upon issues in biological engineering may not be
informative enough to truly convey to the pubic the ethics behind our endeavors.
The ethical and moral implications of bioengineering are far reaching. As much as our decisions affect us as engineers, they
also affect every consumer who comes in contact with our products; many of those people may never even lay a hand on any part of
bioengineering research. As a “young” bioengineer, I think that many of my peers share feelings similar to my own when it comes to
the topic of bioethics. We hear the term and think: “Are genetically engineered crops a good idea?” or “What are the consequences if
my artificial pacemaker fails and ends up hurting more than it helps?” These are, of course, important issues to consider. However, at
the same time as we ask ourselves these questions, it is equally important that we ask how the general public and “non-engineers” perceive our work. Are they asking the same things? Are they conscious of the fact that we consider these matters or do they simply look
at us as scientists aiming to achieve the next great discovery, regardless of the implications that it may have on the world around us?
As bioengineers, it is our task to solve problems which are particularly controversial. The issues of human health and safety, in
addition to the wellbeing and survival of our planet, are not small things. People are naturally sensitive to these topics. It is all too
easy for a storm of negativity to brew in response to a misunderstood development of bioengineering if we do not properly present the
facts, the effects, and the risks. Although the logic may be readily apparent to us as engineers, if we don’t give the masses a reason to
take a positive stand in response to our work we should only assume that they will take a negative one. It may shock us how negatively the public sometimes reacts to innovations that could save, prolong, or improve their life however the therapies, devices, and
seemingly super-human treatments that we develop sometimes seem unattainable and risky to those outside of the field. It is important
for bioengineers to stop and reflect upon why the public may respond skeptically to our proposed advancements. Although artificial
organs, genetically engineered crops and stem cell research may seem unquestionably beneficial to us as engineers, the same sentiment
does not necessarily apply to a less informed public.
Bioethics is an issue of scale. Although our research may start small, with just a few engineers tinkering away in a tiny lab, the
results of our work can be far reaching and long lasting. The bioethics behind each new product that we create serve as a vital connection between engineers and the public. Sharing our motives will convey that morals are just as thoroughly ingrained in our research as
calculus, fluid mechanics, and thermodynamics. We should not only consider it our responsibility but also our liability to inform and
educate the masses on our values, so as to ensure that widespread speculations and inaccurate assumptions do not hold us back from
creating positive change. We need to convey that we are constantly striving for equality, betterment, and safety with our every development. As bioengineers, our equations are not complete until the moral and ethical implications of our work have been weighed.
Sharing our bioethics is just as important as having them.
The issue of bioethics cannot be restricted simply to the morality of the decisions that we make, it simultaneously encompasses
how effectively and appropriately we communicate our humanitarian considerations. Our efforts to be ethical are worth very little if
we do not clearly present them to our audience. As bioengineers, we should be adding effective communication to our list of responsibilities. The bioethics which are interlaced into our work don’t even matter if we are not properly conveying them to the general public. Sharing our moral decisions with one another, within the realm of engineering, is not enough. When a new product is released or
when a new idea starts to take off and attract attention, the morals behind it must be presented as enthusiastically as the sell. We can
advertise and flash cutting edge technology before everyone’s eyes but, in order to truly gain public support and properly demonstrate
our skills, we must also show the real considerations which determine our achievement; we must show our ethics.
It seems as though the only way in which we will get more funding to support bioengineering, more budding engineers to take
interest in the field, and more sustained growth in our ever-changing area of study is to spread the word on what we do. We can continue to make vast improvements in the sectors of human health, agriculture, biotechnology, corporate responsibility and social equality if we not only spread the science, but also the sensitivity, if we share the engineering in conjunction with the associated ethics. By
presenting an accurate, compassionate and thought-provoking representation of the many moral implications which we must consider,
we can achieve a more widespread appreciation of our studies. With that appreciation will come a more educated public, a public
which is interested, enthusiastic, and ethical about the future of bioengineering.
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Xenotransplantation: Letting Science Lead the Way
Bethany Ann Corcoran, Ohio State University
Over 86,000 patients remained waiting for an organ in the United States at the end of 2004.1 That same year, 7300 Americans
died while waiting for organ transplants.1 Imagine, however, if an endless source of heart, kidney, lungs, and liver organs were available. Imagine how many lives would be saved. Though the ethics are highly debatable, biological engineering has provided one
option that just may alleviate the organ shortage. Scientists are working to develop pigs that can provide organs suitable for human
transplantation. This technology is called xenotransplantation, and its benefits justify why this application must be implemented.
Xenotransplantation is transferring live cells, tissues, or organs from animals to or for use in humans. This technology has actually been in existence for many years. French and English scientists attempted to transfuse blood from animals to humans in the early
1600s, and scientists tried to transplant chimpanzee and baboon organs to humans during the 20th century, though survival only lasted
from several hours to nine months.2 Today, inert heart valves from pigs are used in heart valve replacement surgeries, tissues for bones
and skin are grown and developed from pigs, pancreatic islets from pigs are transplanted to help humans with diabetes, and brain cells
from pigs are implanted into people suffering from Alzheimer’s disease.3 Although xenotransplantation is already benefiting many
people, using animal organs for human transplants will perhaps be the greatest application of this technology.
Not only could xenotransplantation save lives, but it is also cost effective; maintaining a person on kidney dialysis costs nearly
twice as much as to receive a human kidney transplant.3 While xenotransplantation is receiving much criticism, it is interesting to note
that human to human transplantation, or allotransplantation, received similar disapprovals in its early stages. The first human allotrope
transplants were performed in the late 1960s; 65 percent of clinical trial patients died within 3 months.4 Today, the one-year survival
has increased from 67 percent in 1976 to about 85 percent in 2004; human recipients currently live as long as 20 years after transplantation. 4 Perhaps, as allotransplantation demonstrates, only time is needed in order for xenotransplantation to be understood, accepted,
and improved for widespread use.
Originally, scientists focused xenotransplantation research on primates. That focus recently shifted to pigs, a species that is abundant, more acceptable to the public, and physiologically more similar to humans than primates. However, many problems still exist
in successfully transferring pig organs to humans, such as rejection. Fortunately, biological engineering has been a valuable tool in
developing solutions. Rejection of pig organs by humans is caused by a pair of genes that trigger the production of a sugar that coats
pig organs and makes them seem like a foreign body to the human immune system. In order to prevent this, scientists have successfully changed the genetic makeup of a pig so that the sugars are not even produced. Professor and researcher Dr. Randall Prather of
the University of Missouri led a team of scientists to produce a pig with both copies of the sugar gene blocked.5,6 This breakthrough
has brought xenotransplantation closer to successful implementation.
Though the means for xenotransplantation are continuously being improved, the question arises of when to implement it, if at all.
At a recent meeting of the xenotransplantation committee of the Food and Drug Administration’s Center for Biologics and Evaluation
and Research, committee members recommended that the success rate of current pig to primate preclinical transplant tests must be
raised from the present 50 percent organ survival rate for less than 1 month to a 90 percent survival rate for 2 months and a 50 percent
rate for 3 months.7 Once the preclinical studies meet these criteria, however, the ethical question of who should be included in the
clinical trials then arises. Volunteers for medical research must be willing, capable individuals who are fully aware of possible side
effects; however the side effects of xenotransplantation are unknown. Additionally, because of the potential threat of disease to the
general public, the progression of xenotransplantation cannot remain secret, which violates patient confidentiality and questions how
ethical such a procedure would be. Clearly, ethical standards for when to start and who to include must be established.
This ethical dilemma leads to the concern for animal to human disease transfer. Xenotransplantation could affect not only the
person receiving the transplant, but also those close to that individual. Many worry the most about porcine endogenous retroviruses
(PERVs). Scientists fear that some porcine retroviruses, which are a type of virus that exist in most animals—including humans—and
are harmless to the host, might transfer diseases to humans or combine with human retrovirus segments and develop into a new virus
that might be contagious to pigs and/or humans. Fortunately, there are certain families of pigs that have retroviruses which cannot
infect humans, and other swine diseases are believed to be controllable by genetic engineering. Nonetheless, the risk of unknown
diseases and the potential for a disease outbreak still exist.
It is apparent after evaluating the pros and cons of xenotransplantation that there is no perfect solution for determining how ethical this technology is. Most of the arguments over xenotransplantation can be summarized into one ethical question, which was best
stated by Richard C. Rhodes III, vice-provost and professor of animals and veterinary science at the University of Rhode Island. At a
December 2002 colloquium on Genetic Technology and Public Policy, he asked his lecture audience on xenotransplantation, “Ought
we to do what we can do? Should we put baboon hearts in human babies? Should we raise pigs just to harvest their organs?”8 The
answer often depends on the circumstances. If a person desperately needs an organ transplant in a life-or-death situation, many would
respond with a resounding, “Yes!” Dr. Prather believes such a technology is completely ethical and justifiable. “It would be unethical,” he declared, “if we don’t pursue technology that will…help alleviate human suffering.”5 However, animal activists argue that
animals have rights and thus should not be raised simply for their organs. Others, like Alex Fano, a member of Campaign for Responsible Transplantation, believe the risks are too great: “What we are doing by messing with these genes, we are messing…with
Continued on pg. 11
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unknown consequences.”5 Clearly, there must be a balance between the benefits of individuals needing an organ transplant and
protecting the welfare of the community. Furthermore, the issue of whether animals have rights is a necessary step in defining the
ethical standards. Because of such an unknown future, it will be imperative that limits are established for xenotransplantation’s role of
technology and science in society.
Science and technology are powerful forces driving our society and must be consulted for the truth behind advancements. As
more research is conducted on xenotransplantation, the reality of how effective and safe this technology is will undoubtedly be
revealed. The ethical issues surrounding xenotransplantation are critical to its future and must be addressed in depth. Involving and
informing the public about how this technology could affect them—based upon proven facts and not emotion—will be especially
important for acceptance. While I believe that xenotransplantation should be implemented, the truth of science ultimately must dictate
the future path for this promising technology.
(Endnotes)
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Transgenic Crops: Human and Ecological Health in the Balance
Thomas Davis Ware, Mississippi State University
Genetic engineering has been a topic of much controversy over the past decades. One subject in particular that has been widely
discussed is that of genetically modified agriculture, also referred to as transgenic crops. Genetically modified agriculture seems very
promising; however, its promise versus its harmfulness is an issue of fierce debate among consumers, farmers, and politicians. Many
people opposed to genetic crop engineering believe that modifying crops can unbalance ecosystems, introduce allergens to foods, and
reduce the genetic diversity of plants, thereby making them more at risk for an epidemic. There are benefits to be seen, though, like
greater crop yields, more nutritious foods, the reduction or elimination of hazardous chemicals used in farming, and resistance of crops
to herbicide and pesticide. Also, transgenic crops have been investigated in the production of nonfood substances, like precursors to
plastics and the development of vaccines and prescription drugs [5]. Genetic modification of agriculture is a powerful tool that can
bring life and health to much of the world’s population, but, if mishandled, can lead to an unpredictable and unprecedented crisis in
the global ecosystem.
The benefits of genetically engineered crops are certainly miraculous: better quantity and quality of crops, healthier foods, more
efficient farming, and new uses for plants and plant products are all possible. The quality and quantity of crops are partly affected
by their ability to fight disease and pests. A popular component of insecticides is Bacillus thuringiensis, or Bt, which is a bacterium
harmful to crop-destroying caterpillars and other insects [3]. Corn plants can be genetically modified to carry some of this bacterium’s
genetic material, and thus have a barrier to pests without the use of chemicals. Crops can also be equipped to be herbicide resistant,
increasing the possibilities of weed control. The most popular herbicide resistance that can be engineered into crops is that of glyphosate [5]. Crops treated with glyphosate experience a significant reduction of weeds and parasitic plants without effects to the main
crop [5]. The harmful effects of frost or drought can also be reduced by giving the crop a better environmental stress tolerance [5].
Benefits to consumers include increased nutrient content, healthier oils, and the installation of vaccines into certain kinds of produce
[5]. One such crop already known to provide an increased level of vitamins is “golden rice”, which contains a high amount of beta
carotene, which is then used by the human body to manufacture Vitamin A [1] [5]. With over 800 million people worldwide chronically undernourished and over 180 million children significantly underweight, the use of crops like “golden rice” and others may provide
a promising solution to the international problem of starvation and malnutrition [2]. Transgenic crops also give promise to the fighting
of infectious disease, which claims over 13 million lives worldwide, by becoming a basis for vaccines [6]. Vaccines produced in transgenic plants are inexpensive, and many different foods can be used as the base. Tomatoes, bananas, carrots, and seaweed have already
been equipped with vaccine production, and a tomato-based vaccine would cost less than one cent per dose [6]. There are several
industrial uses for transgenic crops as well. Many lubricating oils are derived from plant sources, and the ability to engineer a crop to
produce more and better oils is monumental for manufacturing and transportation. The precursors to biodegradable plastics can also
be manufactured more efficiently and less expensively by the engineering of organic compounds already used to make such plastics
[5]. Overall, the benefits of transgenic crops are many, and their potential uses in combating hunger and malnutrition are invaluable.
The topic of genetically engineered crops would not be so debated if there were not dangers and risks, however. The most widely
held opposition view to genetic engineering of crops is that modifying the genes of a plant creates countless mutations throughout the
genome, and too few studies have been performed on the mutations of genetically modified plants to fully expose the risks. When
a gene from a bacterium is inserted into the genome of a plant cell, the gene is not simply and cleanly placed between two separate
genes with continuity throughout. Instead, mutations abound, especially near the site of insertion. Sometimes thousands of DNA base
pairs around the insertion can be affected, and even in relatively distant locations on the gene, there are rearrangements and deletions.
Such disarray in the base pairs can cause different proteins to be synthesized, leading to the formation of completely different biological macromolecules within a cell. The cell can begin manufacturing toxins or an amount of one nutrient excessive in the human
body. In one study, a genetically modified squash that was already approved contained sixty-eight times less beta carotene and four
times more sodium than its unmodified predecessor. Allergens can also appear or increase in foods, as in some genetically modified
soybeans [4]. The manufacture of unusual molecules for a particular cell can have more large-scale effects, as well. If a gene of a particular domestic crop were to be incorporated into the genome of its wild cousin (known as “genetic pollution”), ecological problems
can arise with the offset of the regional ecosystem. Some studies suggest that corn plants modified with the insecticidal gene in Bt are
fatal to Monarch butterflies when the Bt corn pollen covers milkweed, the major source of food for these butterflies. Further studies
conclude that other soil-dwelling insects are adversely affected by the remains of Bt corn, as well [1]. There are evidently high-profile
human and ecological health risks associated with genetically modified crops. Most of the risks arise from the mutations throughout
the organism due to the disruption of its delicate genome.
The farming of transgenic crops is a significant tool that can bring health to the sick, feed the malnourished, and lead to more
efficient farming, but it can just as easily betray its proponents by disrupting the global ecosystem and bringing more frustrations
than solutions. Here lies the highly debated ethical issue. With this tool, millions of lives can be saved through the use of transgenic
vaccine-carrying fruits and vegetables, or existing crops in already undernourished countries can mutate and be made useless, leading
to more hunger and misery. With transgenic crops, those who have never been completely nourished can thrive, or, with overlooked
mutations, they may fall even deeper into starvation. It is farmers and scientists, particularly agricultural and biological engineers,
who must accept the challenge of providing all the benefits of miraculous foods and eliminating the risks of genetic modification.
Continued on pg. 13
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Highlights of Council Meetings submitted by David Jones, Secretary
1. State of IBE.
Judy Bourdeau reported that there were 273 members at the end of 2006. We had $10,557 in current assets at the end of 2006, of
which $5,682 were development funds and $3,466 were restricted. Year-end (2006) excess to revenue was $13,189.46. As of June 12,
2007, IBE has 304 members. Current excess of income over expenses is $27,507 and current assets are $53,707.66.
2. Journal of Biological Engineering
Mark Riley reported the following:
JBE has an outstanding roster of international editors
IBE secured and executed a contract with BioMed Central to publish JBE. BioMed Central is an open access journal. Authors
are responsible for page charges. The cost of the page charges depends upon the relationship between the author’s home
institution and BioMed Central.
Mark Eiteman was acknowledged for providing a good start for the journal.
The goal of journal is to provide a home for publications that report and advance the connection between engineering and biology.
The target turn around from submission to publication can be as little as 3 weeks.
Discussions regarding possible collaboration are underway with a journal that has common interests.
An announcement will be presented during the 2007 IBE Meeting.
A minimum of eight articles are needed to begin publication and there are currently seven submitted articles.
Authors of papers presented at the 2007 IBE Meeting are encouraged to submit manuscripts to JBE for consideration.
Fourteen manuscripts have been submitted; five of the articles have been rejected; two articles are on the verge of being accepted; and
the balance of the articles is in review. The web site is up and running after overcoming some technical problems.
UPDATE! The Journal of Bioligial Engineering was officially launched Oct. 10, 2007.
Visit www.jbioleng.org
3. New Society Management
ARDEL plans to discontinue management services with IBE. Notice of termination was sent to IBE on May 31, 2007 and (per agreement) the termination will occur within 120 days of the notice of termination. A group consisting of Roy Young, Jerry Gilbert, Brahm
Verma, Jim Dooley, Lalit Verma and Tom Richard will develop an RFP for such society management and evaluate responses to the
RFP. UPDATE! Symbiotix Management Strategies has been selected as our new management firm, effective Oct. 1, 2008.
4. 2007 Meeting Highlights
Jerry Gilbert reported that the ethics contest was a success. The winners were announced at the banquet on Saturday.
Roy Young reported that the BioBusiness Nexus was held with three (3) technology translation speakers and eight (8) new technology
presentations.
Review and Suggestions for the IBE Annual Meeting
The attendance at the meeting was 229. Mark Haidekker reported various suggestions to improve the meeting. The suggestions include:
 Eliminate speaker underlining the speaker’s name in the program.
 Indicate ‘graduate’ or ‘undergraduate’ abstract or poster submission page.
 Consider eliminating ‘biology inspired’ from some of the session titles.
 Develop a policy about presenting the same material in both poster and podium formats.
 Identify ‘areas’ or groupings of sessions so that similar sessions can be arranged logistically.
 Provide better organization for committees and committee meetings.
 Decide on 15 or 20 minutes for each speaker.
 Limit the number of presentations and add breaks.
 List poster and student poster competition separately.
 Provide authors with confirmation numbers.
 Develop themes based on the geography of the meeting location.
 Provide more emphasis on posters by allowing more time.
 Provide more opportunities for networking.
 Consider hosting a contact session and perhaps charge for the privilege.
 Provide a student mixer
5. 2008 Meeting The 2008 meeting is scheduled for Chapel Hill, March 6-9, 2008,at the Sheraton Chapel Hill. The program chair
for the 2008 Meeting is Marshall David Porterfield
Continued on pg. 15
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6. Sloan Foundation Proposal Christina Smolke reported that she and Drew Endy prepared a proposal to the Sloan Foundation. The
focus of the proposal was to advance IBE as a professional society to serve the synthetic biology community. Most of the funds would
be directed to supporting student activities. She also reported that the Foundation decided to emphasize biosecurity instead of education, but that it appears they will support the IBE proposal at a level near $45,000 rather than the $300,000 originally requested. The
more extensive proposal will be forwarded to other funding agencies.
7. Ecological Engineering Society Tom Richard reported that the American Ecological Engineering Society was interested in pursuing a closer relation with IBE. The possible outcome would be to hold a joint meeting or other program. These possibilities will be
pursued.
8. China iGEM and Synthetic Biology Association
Christine Smolke has worked with people in China who are participating in iGEM. They are interested in developing a professional
home either by joining an organization like IBE or starting their own. The discussion focused on continuing a dialog with our colleagues in China to foster a closer relationship and determining what is needed to bring those student and professionals into IBE.
9. Year of Science 2009
Tom Richard discussed IBE participation in the Year of Science 2009,
http://www.ucmp.berkeley.edu/COPUS/participate.php
There was a consensus that IBE should participate. Tom Richard will follow through.
10. Future annual meeting location
The decision on location and date of the 2009 meeting have yet to be made. Locations considered include Berkeley, Portland, Irvine,
Santa Clara County, Alameda County, Orange County, Santa Barbara County, et al. Everyone is also encouraged to check at their local Universities. UPDATE! The 2009 meeting will be at the Santa Clara Marriott, March 19-22, 2009.
11. IBE Fellows
The IBE Fellows award was announced and an informational brochure was distributed at the meeting. Nominations should be sent by
August 1, 2007 to:
David Jones
Biological Systems Engineering Department
215 L.W. Chase Hall
University of Nebraska
Lincoln, NE 68583-0726
402-472-6716
djones1@unl.edu
The nomination should include:
1. Curriculum Vita;
2. Dates of membership in IBE;
3. A letter of nomination stating the specific accomplishments and achievements that distinguish
the individual in light of the eligibility requirements; and
4. Letters of support from three (3) professionals who can attest to and affirm the significance
and importance of the accomplishments and achievements.
Other details include:
• Electronic submissions are encouraged.
• Nominate yourself or a colleague.
• The inaugural class will be announced at the 2008 IBE Annual Meeting.
• Nominees not designated an IBE Fellow will be maintained and reviewed for three consecutive
years. After which, a new nomination is required for further consideration.
UPDATE! Nominations for the 2009 Class of IBE Fellows are now open. Nominations are due by August 1, 2008.
12. Presidential Citations
Citations were awarded to Mark Riley, Czar Crofcheck, Sheila Grant and Mark Haidekker.
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