Bioscene
Journal of College
Biology Teaching
Volume 26(3) August 2000
_________________________
A Peer-Reviewed Journal of the
Association of College and
University Biology Educators
Co-Editors:

Articles:
Confocal Microscopy Opens the Door to
3-Dimensional Analysis of Cells . . . . . . . . . . . . . . . . . . .

3

R.E. Rowland and E.M. Nickless

Modeling Antimicrobial Activity of CloroxTM
Using an Agar Diffusion Test: A New Twist on
an Old Experiment . . . . . . . . . . . . . . . . . . . . . . . . . . .

9

James K. Mitchell and William E. Carter

Isolation and Restriction Endonuclease Digestion
of Onion DNA in the Junior College-High School
Biology Laboratory . . . . . . . . . . . . . . . . . . . . . . . . . . .

15

Leanna R. DeBoer, Rodney J. Sobieski, and Scott S. Crupper

Timothy Mulkey
Indiana State University

Ethel Stanley
Beloit College

_________________________
An archive of all publications of
the Association of College and
University Biology Educators
(ACUBE) can be found at

http://acube.org
________________________
Bioscene is normally published
in April, August and December.
Please submit manuscripts by
November
15,
2000
for
consideration in the next issue.

Cover image: 3-D anaglyphs
that accompany the article by
Rowland and Nickless. The
caption for theses images can
be found on page 6 of this
issue .

Prediction Generation and Testing: An Exercise
Using Plant Distributions . . . . . . . . . . . . . . . . . . . . . . . .

19

Geoffrey R. Smith, Jessica E. Rettig, Anne M. Frahm,
and Paul W. Gabrielson

News & Views:
2
.. 7
.. 8
. 14
. 14
ACUBE 44th Annual Meeting Announcement . . . . . . . . .
17
Lodging Reservations Notice . . . . . . . . . . . . . . . . . . . . . . 18
Call for Applications - John Carlock Award . . . . . . . . . .
18
Call for Nomination - Honorary Life Award . . . . . . . . . . . . . 21
ACUBE Membership 2000 . . . . . . . . . . . . . . . . . . . . . . . 21
Editorial Information . . . . . . . . . . . . . . . . . . . . . .
Call for Nomination - Officers and Steering Committee .
Indiana State University -- Site of 2000 ACUBE Meeting
Bioscene Contributors Notice . . . . . . . . . . . . . . . .
Call for Resolutions . . . . . . . . . . . . . . . . . . . . . . .

Manuscript Guidelines for Bioscene: Journal
of College Science Teaching . . . . . . . . . .
Preliminary Program -- 2000 ACUBE Meeting.
Abstracts -- 2000 ACUBE Meeting . . . . . . . . .
Call for Posters -- 2000 ACUBE Meeting . . . . .
Membership Application. . . . . . . . . . . . . . . .
ACUBE on the Web. . . . . . . . . . . . . . . . . . .

.
.
.
.
.

.
.
.
.
.

.
.
.
.
.

.
.
.
.
.

........
.
.
.
.
.

.
.
.
.
.

.
.
.
.
.

.
.
.
.

.
.
.
.

22
23
26
35
36

....
....
....
....
back cover

Bioscene: Journal of College Biology Teaching
Co-Editors:
Ethel Stanley
Department of Biology
Beloit College
700 College St.
Beloit, WI 53511

Timothy Mulkey
Department of Life Sciences
Indiana State University
Terre Haute, IN 47809

stanleye@beloit.edu

FAX: (812) 237-2418

mulkey@biology.indstate.edu

FAX: (608)363-2052
Please submit all manuscripts to either co-editor, Tim Mulkey or Ethel Stanley. We prefer receiving Rich Text Files
(RTF) to facilitate distribution of your manuscript to reviewers and to make revisions. If you wish to attach a file to
email, please address the subject line as BIOSCENE. Your submission should also include the title, author(s), name
of your institution with the address, email address, phone and fax numbers, a brief abstract (200 words or less),
keywords, and references in appropriate format that are cited in the manuscript. Graphics are welcome! Tables and
graphs may be included in the manuscript file, but images should be submitted as individual electronic files. If you
are unable to provide an image in an electronic format such as TIFF for Macintosh or BMP for Windows, please
include a clean, sharp paper copy for our use. Your manuscript will be sent to two reviewers as coordinated through
the Editorial Board. You will receive suggestions and comments from the reviewers prior to publication of the
article. Once accepted, your article will appear in the Bioscene and will be posted on the ACUBE website:
http://acube.org Authors retain copyright of their published materials.

Editorial Board
Term Expires 2000

Term Expires 2001

Term Expires 2002

William Brett, Chairperson
Dept. of Life Sciences
Indiana State University
Terre Haute, IN 47809

Mary Haskins
Department of Biology
Rockhurst College
Kansas City, MO 64110-2561

Steve Daggett
Department of Biology
Avila College
Kansas City, MO 64145

Joyce Cadwallader, Secretary
Biology Department
St. Mary-of-the-Woods College
Terre Haute, IN 47876-0070

Susan Lewis
Biology Department
Carroll College
Waukesha, WI 53186

Eric Ribbens
Biology Department
University of Evansville
Evansville, IN 47722

Ann Burgess
Department of Biology
University of Wisconsin-Madison
Madison, WI 53706

Roy Mosher
Biology Department
U of Illinois at Springfield
Springfield, IL 62794-9243

Marilyn Schendel
Biology Department
Carroll College
Helena, MT 59625

Richard G. Koehler
Biology Department
St. Ambrose College
Davenport, IA 52893

Janet Yagoda Shagam
Dept. of Life Sciences
TVI Community College
Albuquerque, NM 87123

Tom Volk
Biology Department
Univ. of Wisconsin- La Crosse
La Crosse, WI 54601

Suggestions for manuscripts include: announcements, web site and book reviews, labs/field studies that work, course
development, technological advice, software reviews, curricular innovation, history of biology, letters to the editor,
undergraduate research opportunities, professional school, funding sources, current issues, etc.

August 15, 2000

Deadlines for Submissions
December, 2000 Issue
January 10, 2001 February 2001 Issue

2 Volume 26(3) August 2000

Confocal Microscopy Opens the Door to
3-Dimensional Analysis of Cells
R.E. Rowland and E.M. Nickless
Institute of MolecularBio Sciences
Massey University
P. Bag 11-222
Palmerston North
New Zealand
e-mail: R.E.Rowland@massey.ac.nz

Abstract: Biologists can now observe cells in 3D using confocal microscopy. Using laser light, a
confocal microscope optically sections cells non-invasively and compiles a three-dimensional
image of microscopic structures on a computer screen analogous to that of a CAT scan of humans.
Keywords: Confocal microscopy, fluorescence, 3D-imaging
Introduction
The invention of the confocal, laser-scanning
microscope, known simply as a confocal microscope,
heralded for biologists one of the biggest
breakthroughs in microscopy for decades. The main
advantage of this instrument is that it allows
researchers to observe an object in three-dimensions
and to gather quantitative data such as thickness, area,
and volumes of cellular structures.
How does a confocal microscope work?
The first point to realize is that confocal
microscopy uses a conventional compound light
microscope with conventional optics.
The main
difference with confocal microscopy lies in the way the
image is captured and conveyed to a computer screen.
A conventional light microscope captures light from
below that passes through the specimen and on up
through the objective and eyepieces to the eye. With
confocal microscopy, a laser light beam enters the head
of the microscope, passes down and out of the
objective onto the microscope slide, and excites a
fluorescent dye in a stained specimen. The fluorescent
light is then captured by the objective. The way this
fluorescent light is manipulated makes confocal
microscopy distinctive.
A module that sits on top of the head of the
microscope receives the fluorescent image of the
specimen and transfers it to a computer screen. This is
much like a camera capturing an image under the
microscope. The module is designed to reject light
above and below the plane of focus and thus gives an
optical section. Fig.1 shows how the laser light enters
the back of the module, passes through a small “in
pinhole” <100µm in diameter, is reflected down the

head of a microscope via a beamsplitter lens (a dichroic
lens that reflects the low wavelength laser light but
allows longer fluorescent light to pass through) and out
the objective where it is focused to a fine point onto the
specimen. Different planes of the specimen are put in
focus by moving the stage of the microscope.
The fluorescent dye in the specimen is excited by
the laser light and emits light of longer wavelengths
that scatters in all directions. Some passes back up into
the objective through the beam splitter lens to the “out
pinhole” and on to the detector. All fluorescent light
originating from the fine point of focus (black line in
Fig. 1) is refracted by the objective such that it passes
through the “out pinhole;” whereas, scattered
fluorescent light above and below the plane of focus
(red dotted lines) is refracted at a different angle and
does not hit the “out pinhole.” In summary, only light
from the plane of focus is captured by the computer.
This gives a sharp crisp image undistorted by cellular
structures above or below the plane of focus (Fig.2).
The image is considerably sharper than that observed
by conventional fluorescence microscopy which
collects all the fluorescence emitted.
Why the name “confocal microscope”?
A further question often asked is where the word
“confocal” comes from and why scanning? The Latin
prefix “con” is used here to mean together, thus
confocal means together in focus. In optical terms, a
common point of focus produced by two light rays is
termed “confocality”.
In designing a confocal
microscope it is essential that the distance from the “in
pinhole” to the point of focus is the same distance as
the “out pinhole” to the point of focus. This can be
checked by beaming light rays through both pinholes

Confocal Microscopy
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Figure 1. Diagram illustrating the operation of a confocal microscope. Laser light, dark shaded; fluorescent light,
light shaded. The laser light enters the module on top of the microscope via an “in pinhole”, is reflected by the
beamsplitter lens, and exits the objective where it can be focused to a fine point at the plane of focus. Laser light
excites fluorescent stain in the specimen. Fluorescence emitted from the plane of focus (solid line) enters the
objective and passes through the beamsplitter and out the “out pinhole” to the detector. Fluorescent light above
and below the plane of focus (dashed lines) does not enter the “out pinhole” and thus is rejected.
4 Volume 26(3) August 2000
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so that both reached a common point of focus. The
term “scanning” comes from the fact that a
galvanometer in the module head is used to scan the
pin-point of laser light across the plane of focus in
order to obtain a square picture, much like looking
face-on to a thin playing card.

Figure 2. A single 0.6µm optical section through a
10µm-thick cross-section of a maize stem showing a
vascular bundle and surrounding parenchyma cells.
Bar = 50µm.
Achieving serial sections
Most confocal microscopes are computer driven
with a precision-made electronic step motor attached to
the microscope stage. Computer commands move the
stage up and down under the control of the step motor
in increments as small as <1µm. One can focus
precisely up and down through a specimen, whilst
looking at the computer monitor, by using computer
commands rather than focusing controls on the
microscope. A clear fully-focused fluorescent image is
achieved every step of the way. This allows one to
collect any number of optical sections through the
specimen.
The ability to section non-invasively allows one
to collect a uniform series of optical sections through
the material at steps of 0.6µm, which is the limit of
resolution of a light microscope in Z-depth. The
sections from each plane are stored and then assembled
into a three-dimensional construct on a high-resolution
computer monitor. The image can also be rotated and
observed from different angles or even from the other
side. One can perform all sorts of measurements, such
as volume, area, and width of the structure of interest,
be it a chromosome, pollen grain or fungal hypha
infecting plant tissue. Some instruments can perform
dual or triple scanning of double or triple-stained

specimens and provide overlapping images. For hard
copies, there are a number of image-capturing systems
available that can be attached to the monitor.
Magnification and resolution
Because confocal microscopy utilizes a
conventional compound light microscope, the
magnifying power and resolution are the same.
However, it is possible to increase the magnification of
the image obtained with the confocal microscope by
using the zoom facility. The limit of resolution of a
confocal microscope is also governed by the same
optical laws as bright field microscopy, which is 0.2µm
in X and Y and 0.6µm in Z depth. However, the image
obtained by confocal microscopy is usually much
clearer than conventional fluorescence microscopy. In
practical terms, this means that a confocal microscope
can resolve objects that range in size from bacteria or
organelles to something as big as a small insect,
providing the laser light can penetrate the structure and
provide an undistorted fluorescent signal.
Achieving a 3-dimensional image
Most commercial confocal microscopes are
equipped with the software necessary to achieve 3dimensional images by assembling a stack of serial
sections. Commands allow one to present a direct sideon view of a structure and color it green, then overlay
with an image taken at an angle of =10 degrees and
colored red. This color combination is called an
anaglyph and when viewed with red/green cellophane
glasses, gives a stereoscopic view of the structure.
This is illustrated in Figs 3 - 8 (color image on cover of
this issue).
Exploiting the technology
Biologists quickly realized that confocal
microscopy offers one big advantage: the ability to
perform optical sectioning at the cellular level in a noninvasive way. It eliminates the need to embed material
and cut serial sections. The confocal microscope offers
biologists the chance to investigate the microscopic
world in 3-dimensions. A second advantage is the
ability to quantify the visual data that greatly enhanced
the use of confocal microscopy.
The scientific
literature contains many confocal microscope studies
ranging from the cellular to the macroscopic.
Molecular biology in particular is exploiting the
technology. It is being used to unravel the 3dimensional functioning of genes in nuclei, for
example to show when they become active (Rowland
and Nickless 1999). In fact, confocal microscopy is
now applied worldwide not only in all avenues of the
biological sciences but also the physical sciences (see
Further Reading for range of applications). At one
conference I attended, a geologist showed wonderful
35mm colored slides of vertical channels through

Confocal Microscopy
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Figures 3 - 5. 3-D anaglyphs of pollen grains stained with acridine orange. Bar = 10µm. Fig.3 shows a single
Hoheria sp. pollen grain; Fig.4 shows Myosotis monroi pollen grains on the surface of a stigma; Fig.5 shows
Agathis australis (kauri) pollen grain obtained from a swamp profile, estimated age 10,000 years. Figures 6 and 7.
3-D anaglyphs of dividing somatic cells of Vicia faba, broad bean, root-tips stained with Feulgen. Fig.6 shows
mostly interphase cells, note the bright heterochromatic knobs. Also note the early prophase at left, late prophase in
middle, and metaphase top right. Bar = 5µm; Fig.7 shows a prominent anaphase in the center and a prophase cell
at top left. Bar =3µm. Figure 8. 3-D anaglyph of germinating yeast spores stained with acridine orange. Bar =
5µm. Color images of these anaglyphs are found on the cover of this issue. Anaglyph 3-D glasses are included with
this issue. View the color image using the glasses: Left eye = blue, right eye = red.
6 Volume 26(3) August 2000
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granite into which the fluorescent dye had penetrated to
a depth of 100µm!
Biological application of confocal microscopy
In this article, we elucidate the advantages of
confocal microscopy for biologists by including
illustrations of a range of research that has been
conducted in our laboratory. The Confocal Microscope
Facility at Massey University is a multi-user facility
used by plant biologists, veterinary researchers, food
technologists,
dairy
product
researchers,
microbiologists, cytogeneticists, molecular biologists
and even technologists examining bitumen (asphaltlike products). The potential of the machine is limited
only by the type of questions one wishes to ask.
Unquestionably, it has created a sense of inquiry where

features relating to growth and development, injury and
disease, mode of infection of pathogens, chromosomal
behavior, milk processing and product development all
require some quantitative understanding of events that
unfold. The accompanying illustrations, Figs. 3 to 8,
are colored anaglyphs of various cellular structures that
can be viewed with red/blue cellophane glasses to
obtain the 3D effect; these usually can be obtained
from the local theater.
Dr R E (Al) Rowland (email: R.E.Rowland@massey.ac.nz), is a
Senior Lecturer in Plant Biology and Cyto genetics in the Institute of
MolecularBio Sciences, Massey University, P. Bag 11-222,
Palmerston North, New Zealand. E M (Liz) Nickless is Manager of
the Confocal Microscope Facility in IMBS, Massey University.
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Indiana State University
Terre Haute, IN

Fountain in Dede Plaza, ISU

Site of the 44th annual ACUBE fall meeting
October 12-14, 2000

The story of Indiana State University is one of growth in response to increasing and changing societal needs. It
is also a story that is built on a sense of partnership with the local community and the state of Indiana. The
institution was founded in 1865 as the Indiana State Normal School. The city of Terre Haute offered $50,000 and
land valued at $25,000 to be the site of the new Normal School. When classes began on January 6, 1870, 21
students were enrolled and faculty numbered five. When fire destroyed the Normal School on April 9, 1888, Terre
Haute again offered its support, appropriating $50,000 for rebuilding. In the interim, classes were held in local
churches and schools.
As the Normal School developed, it began offering collegiate level course work, including a master's degree
program. In recognition of this growth, the Indiana General Assembly changed the name of the School to Indiana
State Teachers College in 1929.
Following World War II and into the 1950s, enrollment increased and the undergraduate and graduate curricula
increased tremendously as hundreds of courses were added. Doctoral programs were added in the 1960s.
Emblematic of the school's growing stature it became Indiana State College in 1961.
On February 8, 1965, the institution achieved university status and became Indiana State University with the
signing of a bill by Indiana's governor. At that time, the University included a School of Education, School of
Nursing, School of Graduate Studies and the College of Arts and Sciences. By 1967, the School of Technology and
the School of Health, Physical Education, and Recreation (now the School of Health and Human Performance) were
added.
Today, Indiana State University is a comprehensive, residential institution offering instruction at the associate,
bachelor's, master's, and doctoral levels . ISU has 650 faculty, 11,000 students, and 70,000 living alumni. Along
with the more than 125 majors it offers, the University seeks to extend knowledge through research, creative and
scholarly activities, and public service, which is primarily manifested through the formation of partnerships with
other educational institutions, government agencies, business and industry, and individuals.
The University is located in Terre Haute, a city of 60,000. Chicago, St. Louis, Cincinnati, and Louisville are
within a three-hour drive, and Indianapolis is only an hour and a half away. The city offers a variety of shopping
areas, restaurants, and parks. Among Terre Haute's cultural attractions are the Terre Haute Symphony Orchestra,
Community Theatre, the Sheldon Swope Art Museum, the Eugene V. Debs Museum, and the Vigo County
Historical Society Museum.
Facts about ISU
• Small classes: Research shows
that 85 percent of classes at
ISU have 35 or fewer students.
• Faculty committed to teaching:
At ISU, 81 percent of classes
are taught by full-time faculty.
• Majors: There are more than
125 majors.
• Compact campus: Getting from
one point to another on campus
takes no more than an eightminute walk.
• Library
services:
A
comprehensive facility with
over 800,000 books and more
than 4,000 subscriptions to
magazines and journals.
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Modeling Antimicrobial Activity of CloroxTM Using
an Agar-Diffusion Test: A New Twist on an Old
Experiment
James K. Mitchell and William E. Carter
Department of Biology
Ball State University
Muncie, IN 47306-0440
Tel: (765) 285-8820
Email: jmitchel@bsu.edu

Abstract: The computer statistical software package MinitabTM is used to model sensitivity of
several microbes to the disinfectant NaOCl (CloroxTM) utilizing the Kirby-Bauer technique. Each
group of students collects data for one microbe, conducts regression analyses (e.g. linear,
quadratic and cubic), and then chooses the best-fit model based upon the highest r-value obtained.
This experiment provides an opportunity to improve critical thinking skills of students by allowing
them to determine which best-fit model is both mathematically and biologically acceptable.
Key Words : antibacterial, antifungal, best-fit model, disinfectant, sodium hypochlorite, KirbyBauer technique

A very simple way of determining the
susceptibility of a microorganism to an antimicrobial
agent is to use a microbe-seeded agar plate and to
allow the agent to diffuse into the agar medium, which
is known as the Kirby-Bauer technique. A filter disk
impregnated with the agent is applied to the seeded
agar surface. As the substance diffuses from the filter
paper into the agar, the concentration decreases as a
function of the square of the distance of diffusion. At
some particular distance from each disk, the
antimicrobial agent is diluted to a point that it no
longer inhibits microbial growth. The effectiveness of
a particular antimicrobial agent results in the
production of growth-inhibition zones that appear as
clear areas surrounding the disk from which the agent
diffused. The diameter of the zones can be measured
with a ruler and the results of such an experiment
constitute an antibiogram (Atlas et al. 1995).
The agar diffusion test provides a rapid
assessment of antimicrobial activity for any water
soluble compound. It is often used commercially to
supply basic antimicrobial data during the manufacture,
as well as, quality control assurance of the finished
product (Ascenzi 1996; Block 1991; Paulson 1999).
Antiseptics and disinfectants used in sanitation for food
processing and the medical/surgical arena, antibiotics
and pesticides for clinical and agricultural use, and
preservatives for food, metals, cosmetics, medicines,

and paints are all examples of compounds tested by this
procedure. The purpose of this experiment is to
measure antimicrobial activity of household bleach
against several types of microbes in agar medium.
Materials & Methods
Seeded
Agar
Plates.
The
bacteria
Staphylococcus aureus (Gram-positive coccus) and
Escherichia coli (Gram-negative rod) and the fungus
Saccharomyces cerevisiae (Baker’s yeast) can be used
to test efficacy of an antimicrobial agent. Two
methods of preparing microbe-seeded agar plates can
be used. In the simplest method, microbes are streaked
onto 15 X 100 mm Petri dishes (plates) containing
sterilized plate count agar (PCA). Bacterial cultures
are grown at 37o C for 16-24 hours while the yeast is
cultured 24-48 hours at room temperature (23-27o C).
A sterile cotton swab can be used to pick up and
transfer the microbe to uninoculated PCA plates that
will be used for the test. Mueller-Hinton is the
standard medium used in testing antibiotics; however,
one may use any non-selective (e.g. plate count or
tryptic soy) agar medium that allows growth of test
microbes.
Best results are obtained with plates
containing the same volume of medium (e.g. 10-15
ml). The plates should be cross-streaked/smeared in at
least three different directions to cover most of the agar
surface, which will result in confluent growth. These

Agar-Diffusion Test
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seeded agar plates should be treated with antimicrobial
agents immediately.
Microbe-seeded agar plates prepared by the
second method may be used immediately, or stored up
to one week within the refrigerator. One-hundred
milliliters of PCA medium within a 250 ml Erlenmeyer
flask fitted with aluminum foil lid is autoclaved for 15
minutes. Sterilized flasks are placed into a 50o C
waterbath. Test microbes are cultured on a nonselective agar medium as before. The surface growth
from one to several plates per microbe is aseptically
removed with an inoculating loop and transferred to a
test tube containing 5.0 ml of sterile 0.85% w/v NaCl
in water (physiological saline). Sufficient inoculum
should be added (with mixing) so that the tube is turbid
or opaque in appearance or you may use McFarland
standards 2-4 (Kerr & McHale 1994). Warn students
that the following steps must be completed within 5
minutes. Label 10 empty 15 X 100 mm sterile Petri
dishes with the test microbe. Remove one flask of
acclimated medium from the water bath, aseptically
add 0.5 ml of test tube suspension with a sterile pipette
and gently swirl to mix. Acclimated (50o C) medium is
used because agar solidifies at 45o C and most microbes
will be killed at temperatures >50o C within a few
minutes.
After inoculating the flask, immediately
dispense 10 ml medium per empty labeled Petri dish
using a sterile pipette. You may need to tilt or swirl

each dish immediately after adding medium to disperse
it evenly across the bottom. Set aside the seeded agar
plates to solidify for 15-30 minutes without disturbing.
If seeded plates are to be stored, seal within a plastic
bag and place inverted into refrigerator immediately
after they solidify.
Preparing Dilutions. Serial 1:2 dilutions (20
-6
to 2 ) of the disinfectant bleach CloroxTM (Clorox
Company, Oakland, CA) will provide a sufficient range
of concentrations (0.01-0.71 molarity NaOCl) which
may be tested for antimicrobial activity. Each group of
students is given a rack containing 7 small (e.g. 15 x
100 mm) test tubes. One group of students should be
given an extra test tube to prepare a 2-0.5 (1/1.41)
dilution. The purpose of this dilution will be explained
in the results section. An example dilution series is
shown in Table 1. Using aseptic techniques (e.g.
sterile test tubes, water, and pipettes) when preparing
dilutions is recommended but not required. Many
antimicrobial
agents
(e.g.
CloroxTM
or
TM
Providone/Iodine ) sanitize the dilution blanks
(especially at higher concentrations or lower dilutions).
Furthermore, the high titer of test microbes on/within
seeded plates will hinder growth of any microbe
contaminants introduced when non-aseptic techniques
are used to prepare dilutions.

Table 1: Two-fold dilutions and corresponding concentrations tested of CloroxTM (active ingredient NaOCl).
Dilution
(Scientific Notation)
20 (stock)
2-0.5
2-1
2-2
2-3
2-4
2-5
2-6

Fraction

Decimal

1
1/1.41
1/2
1/4
1/8
1/16
1/32
1/64

1
0.71
0.50
0.25
0.125
0.0625
0.03125
0.015625

The active ingredient in CloroxTM is sodium
hypochlorite (NaOCl; formula weight = 74 g/mole) at a
concentration of 5.25% w/v. Molarity (moles/liter) of
the stock solution is calculated as:
5.25 g X 1 mole X 1000 ml = 0.7095 moles/L
100 ml
74 g
1L
Agar-Diffusion Test. Using forceps aseptically
select a sterile 6 mm diameter paper (susceptibility)
disk by its outer edge and dip it into one of the
prepared dilutions. [Disks may be purchased from
VWR Scientific Products (Chicago, IL; Cat.# 28446002) or you can use a hole punch to cut your own disks
10 Volume 26(3) August 2000

Molarity
0.7095
0.5037
0.3548
0.1774
0.0887
0.0444
0.0222
0.0111

µ g NaOCl/disk
(Moles/L)
525.0
371.2
262.5
131.3
65.7
32.9
16.5
8.3

from any type of absorbent filter paper. Disks are
autoclaved for 15 minutes in glass Petri dishes.]
Remove excess solution by touching disk to inside lip
of test tube and place the saturated disk onto surface of
seeded agar plate. A different disk is used for each
dilution, including the stock solution, and 3 disks per
concentration tested are plated. Disks are arranged
approximately 2-3 cm within the outer perimeter of
microbe-seeded agar plates (Figure 1) as follows: plate
#1 (20 and control disk without antimicrobial); plate #2
(2-1 and 2-6 dilutions); and plate #3 (2-2 through 2-5
dilutions). Make sure not to reposition or allow the disk
to slide across medium surface once contact is made.
Treated plates are inverted and immediately placed into
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a 37o C incubator. After 24 hours incubation, the
diameter of inhibition zone surrounding each disk is
measured with a metric ruler. When recording zone of
inhibition, subtract 6 mm diameter of the control disk
(or inhibition zone if observed) from each
measurement. For example, if the inhibition zone
diameter is 13 mm, the actual inhibition is 7 mm (13
mm - 6 mm).

function or model while the yeast followed a linear
model. The correlation coefficient (r) values were very
high for all sodium hypochlorite concentrations tested.
A perfect correlation between two variables (e.g.
concentration vs. inhibition zone diameter) is an rvalue equal to 1.0 (-1.0 is a perfect negative
correlation). In other words, by knowing the value of
one variable, the value of the other variable can be
predicted with 100% accuracy. The further the r-value
is from 1.0, the less reliable any prediction will be.

Figure 1: Agar-diffusion test on the effect of sodium
hypochlorite against Staphylococcus aureus grown on
PCA medium. Two-fold dilutions tested include
(clockwise from top): 2-2 through 2-5 (1/4 through
1/32).
To optimize accuracy, 10 µl of each disinfectant
concentration tested may be added per disk (before
placing disk onto agar) using an automatic pipette.
This allows for the exact concentration of test agent
(e.g. µg) to be determined. However, using saturated
disks as described above will result in acceptable data.
Results
Antimicrobial concentration (X) and average
inhibition zone diameter (Y) values can be analyzed by
either linear, binomial (e.g. quadratic) or polynomial
(e.g. cubic) regression. The best-fit line for each
microbe tested against CloroxTM, including standard
deviations (error bars) for each set of data, is presented
in Figure 2. All three microbes were sensitive to this
disinfectant since inhibition zones developed on PCA
medium.
Staphylococcus aureus appears more
sensitive than E. coli or S. cerevisiae at sodium
hypochlorite concentrations ranging from 0.02-0.35
molarity. However, undiluted CloroxTM (0.71 molar
NaOCl) produces a larger inhibition zone against S.
cerevisiae compared to either of the two bacteria.
Validation of the data is presented in Table 2.
Sensitivity of the two bacteria followed a quadratic

Figure 2: Effect of sodium hypochlorite on inhibition
of selected test microbes.

An important aspect of this experiment is to teach
students how to choose which mathematical model best
fits the data collected. In the senior author’s classroom
students use the computer statistical software
MinitabTM (Minitab Inc, State College, PA) because it
is available in computer classrooms located on campus.
Any computer software package that provides best-fit
regressions for linear, binomial and polynomial models
may be utilized. Using a 1:2 serial dilution series of
CloroxTM provides an interesting challenge. Once data
are collected, the only information students are given to
help them determine which model to choose is that the
higher the r-value, the better the model describes the
data. Students enter data and run best-fit lines for all
three mathematical models as shown in Figure 3A-3C.
Validation of data is provided on the computer screen
with each graph (model) and is shown in Table 3.
Based upon the ‘mathematical’ analysis (r-value
calculation), students are inclined to accept the cubic

Agar-Diffusion Test

Bioscene

11

Table 2: Agar-diffusion test results on the effect of sodium hypochlorite.
Microbe
Staphylococcus aureus
Escherichia coli
Saccharomyces cerevisiae

Mathematical Model
Quadratic
Quadratic
Linear

Equation
Y = 4.2 + 49.5X - 45.4X2
Y = 1 + 42.6X - 33.1X2
Y = 1.24 + 29.5X

R-value
0.96
0.98
0.98

Table 3: Comparison of different mathematical models used to analyze the effect of sodium hypochlorite against
Staphylococcus aureus.

Model
Linear
Quadratic
Cubic
Quadratic a

Equation
Y = 6.8 + 16.5X
Y = 4.2 + 49.5X - 45.4X2
Y = 2.2 + 98.1X - 243.7X2 + 189.2X3
Y = 4.5 + 46.2X - 41.6X2

R-value
0.85
0.96
0.98
0.96

a

Includes 0.5 molarity (2-0.5 dilution) data point in the analysis. This concentration is
prepared by adding 1 ml stock to 0.41 ml water.

Figure 3: Different mathematical models tested to describe the effect of sodium hypochlorite on inhibition of
Staphylococcus aureus. Models include (A) linear, (B) quadratic, (C) cubic, and (D) quadratic that includes 0.5
molarity data point in the analysis.
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model since this function results in the highest r-value
(0.98). The question arises as to whether it is
‘biologically’ feasible for a dip to occur in microbe
susceptibility between 0.35 and 0.71 NaOCl molarities
as this model predicts (Figure 3C). Some students
believe purely in the mathematical analysis while
others challenge the biological accuracy of the cubic
model. Testing a sodium hypochlorite concentration
that lies between 0.35-0.71 molarity (e.g. 2-0.5 dilution
or 0.5 molarity) provides a means to answer this
question. Results indicate that the quadratic model best
fits the data (Figure 2D), and the dip is of mathematical
not biological origin. It should be noted that the
mathematical model that describes the data most
accurately is a rectangular hyperbola (binomial
function). This latter model is not available with the
software students use; however, the quadratic model
(also a binomial function) sufficiently describes the
data to enable students in formulating accurate
predictions.
Discussion
The antiseptic Providone/Iodine Scrub Solution
(1.17-75 µg) and antibiotic streptomycin sulfate (0.1620 µg) also produce similar response models when
tested against microbes using the Kirby-Bauer
technique. One could use this technique to compare
efficacy of different disinfectants, antiseptics, and/or
antibiotics or investigate differences in antimicrobial
activity between several brands of one specific
antimicrobial agent (e.g. mouthwash).
A discussion with students of possible test
microbes may be required before conducting this
experiment. Choice of microbe may be based upon
culture availability, student interest, or type of
antimicrobial agent investigated. For example, one
favorite experiment of students is to compare
antimicrobial activity of different mouthwash brands.
Staphylococcus aureus (a human skin inhabitant) and
E. coli (an enteric of warm-blooded animals) may be
logical choices for testing iodine or bleach, but
improper choices for a mouthwash (Prescott et al.
1999). A solution for testing mouthwash is to prepare
seeded agar plates from mouth swabbings. Another
aspect one might consider when choosing a test
microbe is whether the antimicrobial acts specifically

against a prokaryote (e.g. bacterium), eukaryote (e.g.
fungus), or both.
This exercise provides an excellent tool to
demonstrate the importance of utilizing an equation
(compared to exclusively visualizing from a graph) to
make an accurate prediction. Assume that a particular
antimicrobial agent must be used at a rate that will
result in an inhibition zone of at least 13 mm. Ask
your students to answer the following question: “What
minimum concentration of sodium hypochlorite will
result in an inhibition zone = 13 mm for each
microbe”? This is a simple calculation for the yeast
because the linear equation (Table 2) is easy to use and
understand. To calculate this for the two bacteria,
students must first enter 13 mm (Y), rearrange the
equation (Table 2) and use the quadratic formula to
solve for X (molarity). A concentration of 0.22
molarity is predicted for S. aureus; whereas, higher
concentrations of 0.42 and 0.40 molarity are required
to produce the same effect with E. coli and S.
cerevisiae, respectively. Utilizing the equation in the
simulated exercise will allow the student to more
precisely determine the exact amount of active
ingredient which must be added to a formulation;
therefore, not wasting chemical.
This exercise also teaches students to critically
evaluate mathematical modeling in biology. Students
must decide which model is both mathematically and
biologically acceptable. Creative discussions result in
the students formulating a rule to choose the
polynomial of the smallest degree (simplest
mathematical model) that has an r-value of at least 0.9
(90% accuracy) or greater. Analyzing first a linear,
next quadratic and finally cubic model (Table 3) results
in choosing quadratic since it is the simplest
mathematical model with an acceptable r-value (0.96).
Additionally, students learn the importance of
utilizing standardized methods when conducting
experiments. Medium type, volume and age; disk size
and composition; inoculum history and type; and
incubation time and temperature are all important
parameters which may affect inhibition zone diameter
and ultimately interpretation and recommendations.
The agar-diffusion test is a fun, problem-solving and
knowledge-gathering exercise with an applied aspect.
Hopefully your students will have as much fun as ours
do in testing antimicrobial agents!
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Isolation and Restriction Endonuclease Digestion
of Onion DNA in the Junior College-High School
Biology Laboratory
Leanna R. DeBoer, Rodney J. Sobieski, and Scott S. Crupper1
Division of Biological Sciences
1200 Commercial, Box 4050
Emporia State University
Emporia, Kansas 66801

Abstract: Chromosomal DNA isolation is a routine procedure in many larger college science
laboratories, but is attempted in relatively few junior college or high school science settings.
Reasons for not doing so are varied, but the primary concerns include lack of needed equipment,
hazardous reagents, and oftentimes the formal education of the science instructor occurred before
the molecular biology revolution. With the numerous advances in modern day biology, it is
critical that today’s students gain experience in the technologies involved in molecular biology
through experiments such as the isolation of chromosomal DNA. Techniques of DNA isolation
are documented that are not dependent on expensive equipment, but the DNA obtained is often
contaminated with significant amounts of protein and is unusable for subsequent molecular
biology manipulations. Thus, it was the goal of this project to develop a simple chromosomal
DNA isolation procedure that yielded a product of sufficient quality that it could be used in
subsequent molecular biology manipulations. A procedure for the isolation of chromosomal DNA
from an onion is presented utilizing routine household items such as liquid dishwashing detergent,
salt, and coffee filters. The DNA obtained is of sufficient quality so that it can be used in
subsequent procedures that further extend the learning experience.
Keywords: onion, DNA isolation, restriction enzymes, agarose gel electrophoresis
1
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Introduction
The field of molecular biology is one of the
fastest growing areas of science. As a result, educators
at all levels of the educational system need to adapt to
meet the needs of students as they move into this
highly technical world. Unfortunately, many educators
at the junior college-secondary level are hesitant and
often reluctant to implement a molecular biology
curriculum primarily due to the lack of proper
equipment and formal training in the area of molecular
biology. As a result, industrial and university
professors have devoted considerable effort to make
the field of molecular biology more “user friendly”.
However, the dependency still exists on expensive,
sophisticated equipment that is considered routine in
this area. Simplified and abbreviated protocols, such
as DNA extraction from an onion or banana, have been
developed to facilitate hands on experimentation that
can be performed with minimal equipment and cost (14). These procedures, which allow visualization of

DNA right before the student’s eyes, are crude at best
and unacceptable for further molecular biology
manipulations. The use of hazardous chemicals and
instrumentation not routinely available to junior
college-high school science laboratories, or the use of
expensive kits which are required to clean the
preparations for use in subsequent analyses are
deterrents to their use. It was our objective to develop
an isolation procedure that could be performed using
materials common to most science laboratories and
would provide DNA of sufficient quality to be used in
subsequent molecular biology applications (e.g.
restriction enzyme digestion). We report a procedure
to isolate DNA from an onion that is non hazardous
and can be performed easily using materials common
to most laboratories.
Methods and Materials
1. Chop one medium onion into small pieces (5
mm cubes) and place in a household blender
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containing 72 ml of water. Blend on high speed
for 1 minute.
2. Pour the onion slurry into a 400 ml beaker.
Add one tablespoon of salt (approx. 8 grams)
and two tablespoons of liquid dishwashing
detergent (approx. 8 ml). Mix by stirring.
Incubate at 60° C for 15 minutes followed by
cooling in an ice water bath for 5 minutes.

Results
As shown in Figure 1, DNA isolated from an
onion using the protocol described was of sufficient
quality that it could be digested by the restriction
endonuclease RsaI. This is demonstrated by a shift in
the molecular weight of the undigested onion DNA
from the greater than 10 kb – 0.5 kb region to the 4 kb
– 0.3 kb region on the agarose gel.

3. Place three coffee filters over the top of a 600 ml
beaker and pour the onion mixture through it,
allowing it to filter out particulate matter. Save
the filtrate and discard the filters.
4. Gently add 2 ml chloroform down the side of the
beaker containing the filtered solution and swirl
gently, being careful not to mix the phases.
Carefully pour off the top aqueous phase into a
clean 250 ml flask, taking care not to get any of
the white chloroform mixture.
Repeat this
procedure four more times.
5. Determine the volume of the extract by pouring
it into a 100 ml graduated cylinder. Add two
volumes of ice-cold 95 % ethanol to the mixture
and let it incubate on ice for 10 minutes.
6. Using a glass rod, place one end into the
solution and spool the DNA onto the rod by
gently moving it in a circular motion. Remove
the spooled DNA from the glass rod by scraping
it into a microcentrifuge tube.
7. Remove as much of the ethanol as possible and
allow the DNA contained in the tube to air dry.
8. Resuspend the DNA in 200 µl of water.
Set up a restriction endonuclease reaction as follows:
1. In a small tube with a cap, add the following
reagents in the order listed:
5 µl DNA solution
11 µl water
2 µl 10X buffer (supplied with RsaI)
1 µl RsaI (Promega, Madison, WI)
1 µl RNase (Promega, Madison, WI)
2. Incubate at 37° C for 1 hour.
To determine if the restriction endonuclease
digestion was successful, the reaction mixture and
DNA not subjected to endonuclease digestion should
be subjected to agarose gel electrophoresis and the
results compared. Practical applications and theory of
agarose gel electrophoresis can be found in references
5-8.
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Figure 1. Agarose gel electrophoresis of RsaI digested
onion DNA. Lane 1: DNA molecular weight markers;
Lane 2, undigested onion DNA; Lane 3, RsaI digested
onion DNA; kb, kilobases.

Discussion
Manipulation of DNA through molecular biology
experimentation requires DNA free of contaminating
materials. Imp urities, such as protein, bind through
non-covalent interactions and make the DNA
unsuitable for subsequent applications. Protocols
suitable for the junior college or secondary school
science laboratory generally accomplish their goal by
just purifying a crude preparation of DNA, but students
could be exposed to additional theories through hands
on experiences if they could further manipulate the
DNA. To do so, however, requires that the DNA be of
sufficient quality to be digested by restriction
endonucleases (also called restriction enzymes).
We report an onion DNA extraction procedure that is
applicable to introductory laboratories with a broad
range of abilities that is based on routine equipment. In
developing this procedure, we tried to find a substitute
for chemicals normally used in these types of
procedures. Household dishwashing detergent coupled
with table salt at 60° C was used to disrupt the cell
membrane. Lysis under these conditions could be
accomplished using lower temperatures, but 60° C
proved optimal in removing a significant amount of
contaminating protein. We tried boiling the lysate for
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10 min, but it provided no benefit over the 60° C
incubation (data not shown). After filtration through
coffee filters, chloroform was added down the side of
the flask were it went to the bottom of the filtrate. We
were careful not to mix the organic and aqueous
phases. A thorough mixing would have facilitated the
removal of contaminating protein, but also would have
required the use of a centrifuge to separate the layers.
Using a gentle swirling action, a white interface
develops which is indicative of denatured protein. We
determined five of these extractions were sufficient;
however, we could have repeated it many more times
and continued to remove contaminating protein. After
the final chloroform extraction, the DNA was
precipitated from the aqueous solution by addition of
two volumes of 95% ethanol. The alcohol molecules
compete with water molecules surrounding the DNA
and cause it to fall out of solution. The DNA is very
“sticky” and readily adheres to a glass rod that is
swirled in it.
To determine if the isolated DNA could be
digested with a restriction endonuclease, a reaction was
set up using the enzyme RsaI. Restriction enzymes
cleave DNA at specific sequences and have proven
invaluable in molecular biology. If DNA in these
reactions is “dirty”, the specific base pair sequences
that need to be recognized by the restriction enzyme
will be “covered up” and the enzyme will not cut.
Alternatively, the enzyme may be inhibited by

contaminants. The enzyme RsaI recognizes the
sequence GTAC in the DNA and makes a double
stranded cut at that site. As evidenced by the agarose
gel in Figure 1, it can be seen that digestion of the
DNA into smaller fragments was achieved by
comparing it to undigested DNA.
In summary, a routine DNA isolation procedure
was modified to make it more appealing to educators
not possessing the equipment or background for a more
sophisticated procedure. Expensive and hazardous
chemicals were replaced with cheaper, less corrosive
materials. The real value of this approach is that the
isolated DNA is of sufficient quality that it can be
further manipulated. Thus, students whose attention
and imagination are captured with the routine DNA
isolation procedure can now investigate theories behind
restriction enzyme digestion as well as other molecular
biological applications. This procedure has been
successfully performed in a freshman college biology
class. Observing the appearance of DNA upon ethanol
precipitation combined with its visualization by
agarose electrophoresis was well received by the
students. We have not performed the experiment at the
high school level, but the manuscript was reviewed and
the process was observed by a high school science
teacher. She was of the opinion that the experiment
could be performed and would be enjoyed by her
students.
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Make your motel reservations early!
Rooms for the 2000 ACUBE annual meeting at Indiana State University can be reserved at the following Terre
Haute motels:
Knights Inn
401 East Margaret Drive, Terre Haute, IN 47802
Phone 812-234-9931, FAX 812-234-0890
$89.00 night + tax
Holiday Inn
Hwy 41 S, Terre Haute, IN 47802
Phone 812-232-6081, FAX 812-238-9934
$99.00 night + tax
Additional rooms have been reserved at St. Mary of the Woods College. These are less expensive, dorm style
accommodations
St. Mary of the Woods College
St. Mary of the Woods, IN 47876
812-535-5131 ask for Julie Hubbard
Dorm Style rooms in Guerin Hall (bath/showers down the hall)
$18.00 per person a night
Please make your reservations early to insure accommodations. When you make your reservations, be sure to
indicate that you are with ACUBE (Association of College and University Biology Educators).

Reservation Deadline: September 12, 2000

Call for Applications

John Carlock Award
This Award was established to encourage biologists in the early stages of their professional careers to
become involved with and excited by the profession of biology teaching. To this end, the Award provides
partial support for graduate students in the field of Biology to attend the Fall Meeting of ACUBE.
Guidelines: The applicant must be actively pursuing graduate work in Biology. He/she must have the
support of an active member of ACUBE. The Award will help defray the cost of attending the Fall
meeting of ACUBE. The recipient of the Award will receive a certificate or plaque that will be presented
at the annual banquet; and the Executive Secretary will provide the recipient with letters that might be
useful in furthering her/his career in teaching.
Application: Applications, in the form of a letter, can be submitted anytime during the year. The
application letter should include a statement indicating how attendance at the ACUBE meeting will
further her/his professional growth and be accompanied by a letter of recommendation from a member of
ACUBE. Send application information to:
Dr. William J. Brett, Department of Life Sciences, Indiana State University, Terre Haute, IN 47809;
Voice -- (812) 237-2392 FAX (812) 237-4480; E-mail -- lsbrett@scifac.indstate.edu
If you wish to contribute to the John Carlock Award fund, please send check to: Dr. Pres Martin,
Executive Secretary, ACUBE, Department of Biology, Hamline University, 1536 Hewitt Ave., St. Paul,
MN 55104.
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Prediction Generation and Testing: An
Exercise Using Plant Distributions
Geoffrey R. Smith1, Jessica E. Rettig 1, Anne M. Frahm2,
and Paul W. Gabrielson
Department of Biology
William Jewell College
500 College Hill
Liberty, MO 64068
Abstract: Many recent changes in science education at the college level focus on shifting from
canned laboratory experiences to investigative, hands-on laboratory experiences. In this paper, we
present an exercise designed to have students generate specific hypotheses and predictions from
general observations. Specifically, we have students make predictions of plant distributions based
on physiological and life history traits, and then test their predictions in a follow-up laboratory
exercise.
Keywords: Hypothesis generation and testing; Laboratory exercise; Plant distributions; Prediction
generation and testing
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One of the major goals of many changes in
secondary and post-secondary science education is to
increase the doing of science by students. It is only by
doing science and being scientists that students truly
understand science (Project Kaleidoscope, 1991;
McNeal and D’Avanzo, 1997; National Research
Council, 1997). Many of these reforms focus on
converting laboratory experiences from canned labs to
labs in which students develop hypotheses and
predictions and test them.
Here, we describe an investigative laboratory
experience we use in our first course for majors,
Evolution and Ecology (taken during the fall of the
students’ first year). In both lecture and laboratory,
students are encouraged to be scientists in all facets of
their course experience. We expose them to reading
and interpreting scientific literature, statistics, and
hypothesis generation. We want our students to be
biologists not just students studying biology.
In the laboratory portion of the course, we want
the students’ experiences to reinforce and build upon
the process of doing science, often in a relatively
informal way. One such experience is described here.
We have several goals for this exercise: 1) to
emphasize the process of hypothesis generation and
testing (including the development of explicit
predictions based on general observations), 2) to
provide a hands-on experience exemplifying lecture
material (e.g., the role of physiological traits on

distributions of organisms), and 3) to have students
learn to use a dichotomous key.
During the first week (this exercise takes two lab
sessions to complete), students are given a list of
common trees and shrubs for northwestern Missouri.
The list is annotated with various life histories or
physiological traits, such as shade tolerance and soil
moisture preferences.
Students are to use this
information to predict the distribution of plant species,
as well as their relative sizes, along the shoreline of a
nearby oxbow lake (Cooley Lake). Students are also
given information about a hillside along Cooley Lake
that rises from the waterline up a fairly steep slope
(Figure 1). In addition, a road that is regularly mowed
cuts through the study area.
We divide the laboratory section into groups of 4
- 5 students (labs for this course typically range in size
from 20 - 24). Each group is given a large sheet of
paper on which they are to present their predictions
regarding the distribution and relative sizes of the trees.
We give them no guidelines as to how they should
portray their predictions, and as a result the variety of
diagrams is striking. Some groups use simple stick
diagrams, while others are very creative and draw
cartoon trees reflecting the common names of the trees.
Still other groups use elaborate systems of numbers
and colors. Allowing such variety permits students to
express creativity and helps reinforce the idea that
scientists can be imaginative and have fun while doing
science.
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Hillside

Road

Water’s Edge
Figure 1: A representation of the hillside of Cooley Lake where students are to predict and then evaluate the
distribution of tree and shrubs along the gradient from the water’s edge up the hill. The road consists of mown
grass.

After about one-half to two-thirds of the first
laboratory period is over (labs run 3 hours), we bring
all the groups together to generate a consensus
hypothesis. It helps to have a structured way to do this,
especially since many laboratory rooms are not
designed to facilitate discussion and large group
interactions. In our case, the lab instructor draws a
representation of the Cooley Lake hillside (e.g., Figure
1) on the board and superimposes the lab predictions
on it.
The last hour of the first lab period is spent
teaching students the use of a dichotomous key to
woody species. They practice in their respective
groups by using the key to identify plants from
herbarium sheets, as well as fresh samples from
campus trees. Time constraints and lack of reachable
leaves near the science building prevent us from using
real trees, but this would be preferable if possible.
The second lab (the following week) is spent
testing predictions at the Cooley Lake shoreline.
Students work in the same groups as the previous
week. Student groups are distributed along the Cooley
Lake hillside, where each group will sample three
regions: 1) at the waterline, 2) along the road, and 3) up
on the hill. At each of the three sites, students set up a
circular plot with a 2.5 m radius, identify and count all
shrubs and trees in the quadrat, measure soil pH and
light levels, and estimate soil moisture content.
After all groups finish, we have them come
together to assess the accuracy of their predictions of
the previous week. Students are given the diagrams
they drew the previous week to remind them of their
predictions. The first year we used this exercise, we
concluded the lab with this discussion and did not
require any further work from the students. We felt
that this approach did not provide sufficient closure for
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instructors or students. The second and third years we
used this exercise, we required students to turn in a
written evaluation of how well their predictions worked
and what might explain the differences between
observed and predicted distributions. We felt that this
worked much better and gave us an opportunity to
make sure everyone was "getting it," not just those
actively participating in the discussion.
Our hope is that this exercise can serve as an
example of how prediction generation and hypothesis
testing can be reinforced, or even introduced to
students without relying on the often intimidating
presence of statistics or hypothesis testing jargon.
Such terms (e.g., null hypothesis) could be brought in
after the fact if the exercise is an introduction; if the
exercise is a reinforcement, gentle (and not so gentle)
reminders can get students relating back to earlier
experiences in the course or curriculum.
This exercise could easily be modified to be used
at nearly any level of a biology curriculum from middle
school (with simplification of terms) to college level.
For more advanced undergraduate courses, students
could be asked to look up the life history traits or
physiological traits themselves and to provide evidence
for their predictions. Data collection could be made
more rigorous by using quantitative methods for
community sampling, and through the use of statistics
to test their hypotheses.
The actual subject of the exercise could also
easily be changed to fit local resources. We happen to
be lucky to have an excellent situation for looking at a
moisture and sun/shade gradient. Other places may
have similar promising possibilities; all that is really
needed is the ability for students to make predictions
based upon "observations" and then be able to "test"
those predictions.
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Dr. William J. Brett, Department of Life Sciences, Indiana State University
Terre Haute, IN 47809, Voice -- (812) 237-2392, FAX (812) 237-4480
E-mail -- lsbrett@scifac.indstate.edu
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line as BIOSCENE. All submissions should be double-spaced and may follow the style manual for publication you
are currently using such as APA. You will also need to include:
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email address, phone number, and/or fax number
brief abstract (200 words or less)
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references in an appropriate format
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Graphics are desirable! Lengthy sections of text unaccompanied by tables,
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announcements or other graphics. While tables and graphs may be included in the manuscript file, images should be
submitted as individual electronic files. If you are unable to provide an image in an electronic format such as TIFF
for Macintosh or BMP for Windows, please include a clear, sharp paper copy for our use. At this time, graphics will
be printed as grayscale images with a minimum resolution of 300 dpi and a maximum resolution of 1200 dpi. Cover
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Upon receipt of your manuscript, an email or fax will be sent to the author(s). The editor will forward your
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after the issue date.
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ACUBE 44th Annual Meeting
Preliminary Program
Indiana State University,
Terre Haute, Indiana
October 12-14, 2000

Biology in Context: Real Life Science
Thursday, October 12th
1:00 - 6:00 PM

Registration Table

Science Building
Atrium

2:00 - 6:00 PM

Pre-Meeting Field Trip: Swopes Art Museum and Historical Museum

Meet at Science
Building

6:00 - 8:00 PM

Registration and Reception

Hulman Union,
DeDe-1

8:00 - 9:00 PM

Opening Session

Science 12

Welcome to ACUBE:
ACUBE President: Buzz Hoagland, Westfield State College,
Westfield, Massachusetts
Welcome to Indiana State University:
Joseph Weixlmann, Dean College of Arts and Sciences
Program Chair: Margaret Waterman, Southeast Missouri State
University
Local Arrangements Co-Chairs: Tim Mulkey and David Prentice,
Indiana State University
OPENING ADDRESS (Public Welcome to Attend)
Estrogen - Not Just for Young Women, Presenter: Jim Hughes
9:15 - 10:15 PM

Executive Committee Meeting

Science 204

Friday, October 13th
7:00 AM -5:00 PM Registration table will be open all day -- Please check your membership;
Inquire about audiovisual needs; General information

Science 2nd
Floor

6:00 - 8:00 AM

Buffet Breakfast (by Interest Group)

Hulman Dede-1

7:30 - 10:30 AM

Field Trip: Coal Mining, Mine Reclamation and Fossil Collecting

Meet at Science
building

9:00 AM - Noon

SUSTAINING MEMBER EXHIBITS

Science 299

8:15 - 9:45 AM

CONCURRENT WORKSHOP SESSIONS I
1. New Developments in Case It!: A project to integrate collaborative
case-based learning into international undergraduate biology
curricula via web-based poster sessions and Internet conferencing.
Mark Bergland and Karen Klyczek, University of Wisconsin, River
Falls
Preliminary Program

Student
Computing
Center Room
100
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.9:50 - 10:20 AM

2. Broadcasting on Networks (an exhibitor workshop). Ed Sachs,
iWorks

Student
Computing
Center Room
106

3. The Power of Analogy in Teaching Biology. Arbour Cherif,
Columbia College, IL, Neil Grant, William Patterson College, NJ,
JoElla Eaglin Siuda, Illinois Institute of Art

Science 214

POSTER SESSION I

Science Hallway
near Rm. 299

(Refreshments available Room 299)
10:30 AM - noon
PM

10:30 - 11:15 AM

11:20 - 12:05 AM

12:15 - 1:00 PM

CONCURRENT WORKSHOP SESSIONS II
1. Cross Roads: Learning from Real Life Cases of In Vitro
Fertilization. Abour Cherif, Columbia College, Chicago

Student
Computing
Center Room
107

2. Using Physical and Computer Modeling to Make the Molecular
World Real. Michael Patrick - University of Wisconsin, Madison
Tim Herman, Milwaukee School of Engineering

Student
Computing
Center Room
100

CONCURRENT PAPER SESSIONS I
1. Student Ownership of Teaching and Learning as a Means of
Making Science Real. Terry Derting, Murray State University

Science 297

2. Large Science Classes: How the web can promote interaction and
course management. Scott Gordon, University of Southern Indiana

Science 214

3. Understanding Ecology through Art: An ecology course for art,
media and communication students. Zachia Middlechild, Columbia
College of Chicago

Student
Computing
Center Room
100

CONCURRENT PAPER SESSIONS II
1. From Yeast to Hairdryers: Ideas for Teaching Environmental
Science. Kathy Nolan, St. Francis College, NY

Science 214

2. Using the 3 P's and the Invertebrate Zoology Teaching Lab: Some
Open-ended Enrichment Exercises. Robert Wallace, Ripon College

Science 297

Luncheon and First Business Meeting

Hulman Dede-1

First and Final Call for Nominations!!
1:00 - 1:45 PM

Luncheon Program --- Legislation, Science Education and the NSF.
Presenter: Dr. Jane Stutsman, Deputy Assistant Director, Education and
Human Resource Directorate, National Science Foundation.

2:00 - 5:00 PM

SUSTAINING MEMBER EXHIBITS

2:00 - 2:45 PM

CONCURRENT PAPER SESSIONS III
1. Hey, I've Got a Question About That! Students Teaching Students
in a Human Biology Course for Non Majors. Tom Davis, Loras
College
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Preliminary Program

Science 299

Science 297

2. Induced Diabetes-Milletus: A model of homeostasis in the rat.
Gregory Grabowski and Lindsay Piejak, University of Detroit, Mercy

Science 262

3. What's News? Using Journals in the Biology Classroom. Sujata
Verma, Columbia College Chicago

Science 214

4. Understanding the Changing Student Population. Mary Haskins,
Rockhurst University, MO

Science 222

2:50 - 3:20 PM

POSTER SESSION II (Refreshments available in Room 299)

Science Hallway
near Room 299

3:30 - 5:00 PM

CONCURRENT WORKSHOP SESSIONS III
1. Biology Educators in Context: Faculty Issues Forum on Adjuncts,
Merit Pay and Distance Learning. Buzz Hoagland, Westfield State
College, MA

Science214
breakouts in
Science 222, 216
and 218

2. An Introduction to Knot Theory for Biology Educators. Stafanos
Gialamas, Illinois Institute of Art

Science 297

3. Putting Courses on the Web: Trials, Tribulations and Successes.
Nancy Sanders, Truman State University, MO, Tim Mulkey and David
Prentice, Indiana State University

Student
Computing
Center
Room 100

5:05 - 5:45 PM

Web Page Committee Meeting

Science Seminar
Room

6:00 - 7:30 PM

*******

Hulman Dede-1

6:00 - 7:00 PM

Social

Hulman Dede-1

7:00 - 9:00 PM

BANQUET and Second Business Meeting

Hulman Dede-1

OPEN BALLOTING *******

Dinner Presentation: A Holistic Approach to Students -- Mind, Body and
Spirit. Speaker: Brian Degenhardt, Kirksville MO

Saturday, October 14th
7:30 - 8:45 AM

Buffet Breakfast (by Interest Group)

Hulman Dede-1

7:45 - 8:45 AM

Bioscene Editorial Board
Ethel Stanley and Tim Mulkey, Co-Editors, presiding

Hulman
Meeting Room

9:00 - 9:45 AM

CONCURRENT PAPER SESSION IV
1. Evolution – a survey of attitudes and understanding of Truman
students Nancy Sanders, Jennifer Stuart and Melissa Mayo, Truman
State University

Science 297

2. LifeLines OnLine News Stories and Modules: Investigative
Learning Activities for Contextualizing Biology. Margaret
Waterman, Southeast Missouri State University & Ethel Stanley, Beloit
College, WI

Student
Computing
Center Room
106

3. Mitochondria: An Integrating Theme for Non-Majors. Gary
Oxford, Longwood College, VA

Science 299
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4. What on Earth is Evolution? The geological perspective as an
effective framework for introducing evolution to non-majors. Jerry
Adams, Columbia College, Chicago
9:45 - 10:00 AM

Morning Break

10:00 - 10:45 AM

CONCURRENT PAPER SESSIONS V

11:00 AM - 12:15
PM

Science 214

1. Biology from the Newspaper, Bill Brett, Indiana State University

Science 299

2. Promoting Diversity and Multiculturalism through Teaching and
Learning. Abour Cherif, Columbia College Chicago

Student
Computing
Center Rm 100

3. Frustrations and Solutions. Tom Davis, Loras College, IA

Science 297

4. Out of Africa: How travel impacts biology in the college classroom.
Marion Field Fass, Beloit College & Charles Stinemetz, Rhodes
College, TN

Science 214

Luncheon and Third Business Meeting
BUSINESS MEETING
Presidential Address:
Buzz Hoagland, Westfield State College and Tom Davis, Loras
College
Election Results:
Nancy Sanders, Truman State University
Bioscene:
Ethel Stanley, Beloit College & Tim Mulkey, Indiana State
University
2000 Meeting at University of Nebraska at Kearney
Charlie Bicak, University of Nebraska, Kearney & Mary Haskins,
Rockhurst University
Executive Secretary Report:
Pres Martin, Hamline University

Hulman Dede-1

ADJOURNMENT OF REGULAR MEETING
12:30 - 1:15 PM

Steering Committee Meeting
Includes newly elected Steering Committee members!

Science Seminar
Room

For additional information or to suggest a workshop or presentation, please contact Margaret Waterman by email at
waterman@biology.semo.edu or by phone at (573) 651 -2381. Deadline for papers and workshops is July 1, 2000. Deadline for
posters is September 15, 2000.

ABSTRACTS of PRESENTATIONS
Concurrent Workshop Sessions I
8:15 - 9:45 AM
Friday October 13, 2000
New developments in Case It!:
a project to
integrate collaborative case-based learning into
international undergraduate biology curricula via
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web-based
poster
sessions
and
Internet
conferencing. Mark Bergland and Karen Klyczek,
University of Wisconsin, River Falls
This workshop will give participants hands-on
experience with new software developed for Case It!, a
National Science Foundation-sponsored project to
enhance case-based learning in biology courses

Preliminary Program

worldwide. This collaborative BioQUEST project
enables students to work in intra- and inter-institutional
teams to investigate cases involving DNA analysis,
then participate in electronic "poster sessions" via the
World Wide Web. Workshop participants will first use
"Case It! Investigator", a software tool used to help
gather background information on cases via internal
and external links to Internet resources. Participants
will then use "Case It! v4.0" to analyze actual DNA
sequences associated with the above cases. Version 4.0
includes new dot-blot and PCR capabilities in addition
to the restriction enzyme analysis and Southern blotting
features available with previous versions.
After analyzing cases, participants will create
web-page "posters" using a new automated web-page
building system, and discuss them using an integrated
Internet conferencing system. No knowledge of html is
necessary to use this system, which automatically
uploads text and graphics to a server located at the
University of Wisconsin-River Falls. Educators from
England, Scotland, Canada, Australia and 26 states in
the U.S. have expressed interest in the project, and we
encourage workshop participants to become involved
as well.
Broadcasting on Networks. Ed Sachs, iWorks
No Abstract Available.
The Power of Analogy in Teaching Biology. Arbour
Cherif, Columbia College, IL, Neil Grant, William
Patterson College, NJ, and JoElla Eaglin Siuda,
Illinois Institute of Art
In this 90-minute workshop, we wish to share
with our participants, research from a study we have
conducted among biology instructors at the college
level. This study involved the usage of analogies in the
classroom to not only present, but fortify/augment, the
learning of key biological concepts in the minds of our
various student populations. We wish not only to
provide examples of these diverse, useful and
worthwhile analogies, but in addition, we would like to
engage our participating attendees in the development
of their own useful analogies for their particular
classrooms by giving them the basic framework for this
concept.

Poster Session I
9:50 - 10:20 AM
Friday October 13, 2000
The Human Genome for NonMajors. Katherine
Cullen, Translyvania University, KY
It is debatable whether non-science majors are
better served by taking a broad-based general education
science elective or an in depth course on a selected
topic. A general course covers the basics of many
topics, which may be desirable considering non-science

majors usually take only the minimum number of
required courses in the natural sciences. Since student
exposure to the field may be limited to that single
course, an instructor may feel it necessary to cram in
more material than is pedagogically possible given the
length of a semester. In addition, students may feel as
if the instructor is flying from one topic to another and
have trouble seeing a “big picture.” As well as provide
a learning base of knowledge about a particular subject,
the goals of a general education science elective should
include fostering student interest in science and
training in the methodology of the field so the students
may continue to further educate themselves throughout
their lives. By focusing on one topic of interest and
going into some depth, students may learn many
aspects of a subfield that can be applied to other fields.
This spring at Transylvania University, we moved
away from the traditional Biology and Human
Concerns course, which typically covers everything
from evolution to human physiology, and offered The
Human Genome in its place. All major topics related
to human genetics were introduced with an appropriate
amount of background information. The course started
by introducing material covering genetics at the
molecular and cellular levels and progressing to
discussions of causes and manifestations of genetic
disorders and gene therapy. Students were encouraged
to apply new information to situations they may
encounter in their chosen career fields as well as their
lives. Laboratory exercises, discussions of related
current events in the media, and ethical debates
contributed to student interest and appreciation of the
material. Based on informal student feedback and
academic performance, the course was successful in
achieving its goals of providing a solid information
base on the field of human genetics and boosting
student interest and confidence necessary to promote
continued lifelong learning.
A Simple Apparatus for the Study of the Effects of
Environmental Factors on Drosophila Life Cycle.
Chad Greuter and Brad Greuter, University of Illinois,
Springfield
Drosophila melanogaster is one of the most
valuable organisms in biological research. It has been
used as a model organism for research, particularly in
genetics and developmental biology. Conventional
culture vials do not permit easy examination of
different life stages and collection of the organisms
throughout their life cycle. We describe here an
apparatus that is cheap, easily made by the students,
and allows unobstructed observations of Drosophila
behavior and different stages of development. The
apparatus consists of a tube adapter (with or without a
plastic mesh) fitted onto a petri plate filled with a clear
agarose gel medium. The adapter can be made by
attaching a 4-inch clear plastic pipe with a 1 1/4 inch
diameter to the lid of the petri plate, against an opening
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that matches the width of the pipe. Conventional
culture supplies can be used with this apparatus, but the
desired medium consists of Bacto agar, corn syrup,
water and mold inhibitor. The transparency of agar
medium allows for easy observation, counts and
measurements of developmental stages through the lid
of the petri plate under the dissecting microscope.
Adult flies and/or pupae attached to the mesh in the
adapter can be easily separated from the eggs and/or
larvae in petri plate, by transferring the adapter to a
different petri plate. We have studied dose-dependent
effects of estrogen added to the medium on D.
melanogaster reproduction and development using this
apparatus. Movable adapter and clear medium allowed
us to observe the effects of hormone on development,
as well as to isolate individual organisms for further
study. The described apparatus can also be used to
study the impact of various physical or chemical
environmental factors, or the effect of the presence of
other organisms on Drosophila development and
behavior.
Over-the-Counter Physiology.
Lynn L. Gillie,
Elmira College, NY
Many college students consume dietary
supplements to improve memory, increase circulation,
slim down, or bulk up. Dietary supplements contain
active ingredients that can have profound effects on
vertebrate physiology, including side-effects that may
not be well studied. For these reasons, using a
supplement obtainable from any health food store to
conduct experiments in physiology becomes extremely
interesting and relevant to both science majors and
non-science majors alike. Students treated the water of
male and female Siamese fighting fish (Betta
splendens) with an over-the-counter supplement
containing androstenedione and yohimbine alkaloids.
The fish exhibited increased rates of operculum
pumping, an increase in number of aggressive displays,
and an increase in color intensity compared with
control fish. Students discussed the results and the
possible implications for human physiology. This
experiment can be modified for upper-level physiology
or biochemistry students as well as first-year students.
Sight and Sound: A Cross-disciplinary approach to
non-majors science teaching.
Peggy Shadduck
Palombi and James C. Day, Transylvania University,
KY
At Transylvania University, all students are
required to take at least one laboratory science class.
Many students majoring in disciplines outside of the
sciences lack confidence in their math and science
abilities. They are often apprehensive even before
setting foot in the science building, making it all the
more difficult to engage these students in a productive
laboratory class. To try to overcome some of the
apprehension, we recently developed a cross28 Volume 26(3) August 2000

disciplinary science course called Sight and Sound
which was team taught by a member of the biology
program and a member of the physics program.
Because there is an emphasis on human biology, in
particular on sensory function, students have an
inherent interest in the subject matter. By emphasizing
subjects with an obvious impact on their own lives, we
were able to challenge students with simple physics as
well as basic cell biology, anatomy, and physiology,
applying the ideas immediately to the sensory systems.
In the laboratory, students did both observational and
hypothesis driven exercises. They learned to keep a
laboratory notebook, to question improbable results,
and to draw on the strengths of different members of
the lab group. Classroom experiences included physics
demonstrations, sensory demonstrations and problem
solving.
Because both professors participated in all classes
and lab experiences, they also learned that scientific
communication often depends heavily on the jargon
within each field and the point of view of the scientists
involved, but that tremendous progress can be made
through collaboration. The greatest challenge in
teaching the course was a lack of a relevant textbook.
We hope to remedy that through posting of
supplementary course material on the Transylvania
intranet using CourseInfo’s Blackboard.
Measurement of seed respiration by CO2 release: a
simple method adaptable to both biology major and
non-major courses. Angela Glascock, Truman State
University, MO
An experimental method was developed to
evaluate respiration rate through CO2 -induced pH
change in water surrounding seeds. A pH meter and/or
indicator dyes can be used to measure pH changes
caused by CO2 released from respiring seeds. This
simple method can be adapted for courses ranging from
non-major biology to advanced major’s courses such as
plant physiology. Color changes in pH indicator dyes
visually demonstrate respiration, but this approach is
strictly qualitative. A pH meter can be used to measure
respiration quantitatively, and respiration rates can be
compared between seeds at different stages of
germination.
Tested with broadbean and soybean seeds, this
method demonstrates that respiration rates increase in
seeds throughout an eight-day germination period.
Seed respiration rates between light-grown, and
etiolated seedlings also can be compared.
Additionally, this method allows related concepts to be
introduced to students, for example, that plants not
only undergo photosynthesis, but also respire. Also, it
demonstrates mobilization of seed reserves via
gluconeogenesis, an additional source of CO2 liberation
from seeds.
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Concurrent Workshop Session II
10:30 AM – Noon
Friday October 13, 2000
Cross Roads: Learning from Real Life Cases of In
Vitro Fertilization. Abour Cherif, Columbia College,
Chicago
In this workshop we use a number of real life
cases that were centered around Assisted Reproductive
Technology (ART), specifically, In Vitro Fertilization
(IVF). They were caused by the same problem,
produced similar outcomes, but resulted in a variety of
different decisions. The cases are real but modified
here for educational purposes. Embedded in most of
these cases is human error in technological procedures,
cultural differences, decision-making, and emotional
drama.
In each case, what was intended initially as a
normal in vitro fertilization procedure resulted in
ferocious legal battles between couples and fertility
clinics and hospitals (with their medical doctors). One
of these cases was caused by human error rather than
technological error, and resulted in an emotional drama
with decisions no one could have predicted. All
together, the seven real cases present a saga in
humanity that demonstrates how ethical and legal
questions are raised when science and society meet.
An educational activity has been designed and
developed around these real cases and their outcomes.
The aim of the activity is to engage students in active
learning by involving them in discussions that demand
the use of prior knowledge, focused attention,
restructuring thoughts, use of reasoning, and
interaction of student-student and student-instructor. In
engaging in this activity, students learn different
aspects about in vitro fertilization and related issues of
assisted reproductive technology, and develop
problem-solving skills, while exploring their own
feelings, attitudes, and values toward the intended
learning issues and objectives.
This activity can also be used to review a
student's understanding of the purpose of reproduction,
the various types of fertilization, various assisted
reproductive procedures, identical twins, blood types
and blood testing for parents, DNA and DNA testing
for parents, etc.
This activity has the advantage of realism and
resembles a “case study” approach to teaching. Case
studies are commonly used as methods of instruction.
For example, in the disciplines of law and business
(Cage, 1996), in the integration of science, community,
and global problems (Robinson, 1993), and in the
integration of science into how humans deal with
animal issues in public zoos (Diamond, 1995, Cherif,
Verma & Somerville, 1998), all have been used for
education.

Most often, a real-life situation is discussed and
analyzed from the point of the speaker’s opinion about
the solution to a problem. The distinguishing feature
of this activity is that not only do students analyze the
problem and the solution, but they personally
experience the complexities of making decisions by
putting themselves in the shoes of the people who were
involved in these real-life cases. It is not until the
students have discussed the cases and explored their
own conceivable outcomes, that they become aware of
the “real-life” solutions. At this point, students will
have already invested in their particular perspective
and will be able to compare their possible outcomes
with the actual ones.
The activity has been implemented in various
classes such as General Biology, Genetics, Bioethics,
‘Science, Technology and Society’, Biotechnology,
Introduction to Sociology, and Culture in Modern
Societies. These classes were taught at three different
institutions.
Using Physical and Computer Modeling to Make
the Molecular World Real.
Michael Patrick,
University of Wisconsin, Madison and Tim Herman,
Milwaukee School of Engineering
Understanding biology at the molecular level is,
for many students, a daunting challenge because it is
abstract. They are asked to make inferences about
systems with which they have no experience and to
provide answers to questions they have never been
asked. We have developed an inquiry-driven approach
to help make the molecular world real and relevant to
students, including those whose interest and direction
may lie outside the sciences. At the core of this
approach is the integrated use of computer
visualization software (e.g., RasMol, Chime, etc -- all
of which is public domain and can be downloaded free
of charge and does not require state-of-the-art
computer technology) and unique, 3-dimensional
physical models of proteins, nucleic acids, and other
biomolecules. These are used to make predictions
about structure-function relationships that can be tested
experimentally. We will outline, with demonstrations,
strategies and experiences using this approach at both
the introductory and advanced levels of undergraduate
biology and chemistry curriculum as part of an
NSF/CCLI grant.

Concurrent Paper Session I
10:30 - 11:15 AM Friday
October 13, 2000
Student Ownership of Teaching and Learning as a
Means of Making Science Real. Terry Derting,
Murray State University
A pervasive problem in content-oriented biology
courses is the reduction of learning to simple
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memorization of a host of terms and facts with little
meaning. Much attention has been given to the
incorporation of inquiry and understanding of process
in biology courses, with relatively little attention to
course components that involve learning of numerous
terms or facts. Using a comparative anatomy course as
a model, I will discuss strategies that have been
implemented to make learning of anatomical parts and
systems more meaningful to students. Each approach
places the learning and teaching of anatomy into the
hands of the students. The approaches also provide
students with the freedom to learn anatomy in ways
that are meaningful to them. These approaches include
production of a web-based anatomy atlas by students,
group quizzes, and use of student teachers.
Consequences of the implementation of these strategies
will be discussed in terms of student attitudes and
performance.
Large Science Classes: How the web can promote
interaction and course management. Scott Gordon,
University of Southern Indiana
In recent years, the use of Internet resources (i.e.
web pages) in course and curriculum development has
increased and made a significant impact on teaching
and learning. These technologies have made it possible
to easily distribute course information and materials to
students via the Internet and have allowed for greater
online communication and interaction. Some of the
newer technologies to be developed and refined are the
web course management tools such as Convene,
CourseInfo, WebCT, Web Course in a Box, etc. While
these tools were initially developed for use in distance
education based pedagogies, their use in on-campus
classroom settings to compliment traditional courses is
a viable option. These online course development tools
can significantly increase student involvement in
multiple aspects of courses. The ability of instructors
to control access to a variety of course materials syllabi, lecture notes, outlines, images, etc. allows
students easy access from virtually any location. For
the instructor, a multitude of options exists for
developing, implementing, and delivering course
content. The use of one Web-based instructional tool,
Blackboards' CourseInfo, has been utilized in a variety
of instructional settings and has been especially
beneficial in large, 100+ student classes.
Understanding Ecology through Art: An ecology
course for art, media and communication students,
Zachia Middlechild, Columbia College Chicago
In this presentation, I will talk about the
development and teaching of an ecology course that is
designed specifically for Art, Media, and
Communication students. I will show how this course
capitalizes on the use of visual thinking and expression,
primarily drawing, to learn scientific and ecological
concepts, and their assessment. It is specifically
30 Volume 26(3) August 2000

designed for those students in the Arts who think,
learn, and express their understanding visually, and
who would benefit from a course taught in this manner.
For example, using sketchbooks and materials provided
by the instructor, the students complete drawings of
different kinds of ecosystems, showing how different
organisms interact with their environments, such as
(temperate forest, grasslands, oceans, etc.); which we
will have researched through various literary and visual
sources, (internet, library, Science & Math Department,
hand-outs from instructor, and textbook). Through
drawing, and painting students will "see" how an
ecosystem works, and will then be able to describe not
only visually, but also in words their understanding of
the ecological principles and concepts.
The
prerequisite for this course is Beginning Drawing from
the Art Department or equivalent, or permission from
the instructor.

Concurrent Paper Session II
11:20 AM-12:05 PM
Friday October 13, 2000
From Yeast to Hairdryers: Ideas for Teaching
Environmental Science. Kathy Nolan, St. Francis
College, NY
A variety of activities that you can introduce into
your non-science majors ecology and the environment
curriculum will be presented. Examples include: role
playing
scenarios,
letter
writing
campaigns,
comparison and contrast activities such as watching the
video "Far Cry of a Long Go ne Bird" (the auk) and
comparing this information to that in an article about
the "comeback" of the snow geese, pulling objects
from a bag and describing them as "needs" and
"wants"(a hair-dryer and deodorant are included),
picking questions from a card out of a hat,
environmental bingo, soil analysis, yeast population
growth, integrating science and art through visits to
photo galleries (ship-breaker exhibit), and utilizing
local sources as guest speakers for Ecology Forums.
Sample activities will be conducted, copies of articles
will be provided, and segments of useful videos will be
shown.
Using the 3 P's and the Invertebrate Zoology
Teaching Lab:
Some Open-ended Enrichment
Exercises. Robert Wallace, Ripon College
In my Invertebrate Zoology course, I seek ways to
enrich the laboratory by adding cooperative learning
opportunities that engage the students in the scientific
narrative:
problem posing, problem solving and
persuasion (presentation) - the 3Ps of the BioQUEST
agenda. These enrichment exercis es are brief (<0.5 hr),
open-ended studies where students apply the 3Ps to
specific problems. Whereas I run my course in a form
in which lecture and laboratory are fully integrated,
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these studies may be applied within the traditional
context of having the lecture separate from the
laboratory. In this presentation, I will offer several
examples of these exercises selecting from the
following: (1) numerical analysis of common screws,
(2) telegraphic writing exercises, (3) development of
taxonomic keys (numerical and dichotomous), (4)
water capacity: natural vs. artificial sponges, (5)
birefringence in hard parts, (6) intracolony polyp
distribution in cnidarians, (7) anhydrobiosis in bdelloid
rotifers (spread out over several labs), (8) observing
shell sorting in death assemblages (field trip), (9)
protozoan parasites of earthworms, (10) nematode
parasites of earthworms, (11) mechanical advantage of
crustacean chelipeds, (12) cladistical analysis using
trilobites, (13) visualizing the graptolite bauplan, (14)
monticule function in fossil bryozoans, (15) nature's
geodesic dome: strength in sea urchin tests.

Concurrent Paper Session III
2:00-2:45 PM
Friday October 13, 2000
Hey, I've Got a Question About That! -- Students
Teaching Students in a Human Biology Course for
Non Majors. Tom Davis, Loras College
When students are encouraged to ask applied
questions about their interest in a topic and work in a
supportive environment to answer them, active
enthusiastic learning happens.
This session will
describe a student-centered approach to teaching a 4
credit, one semester Human Biology course with lab.
Students are first given a list of possible topics related
to Human Biology. THEY choose 2 topics to be
investigated for the first 3 exams. (The instructor
chooses the 2 topics for the last exam!). Next, they
were asked to write questions that THEY had about
everyday applications of the topic that they chosen.
The class of 20-32 students was divided into teams of 2
or 3 students and given a team assignment: 1)
Interview Team, 2) Internet Team, 3) Disease Team or
4) Summarizer Team. Teams worked together to find
information, presented it in class and helped each other
answer their own applied questions. Come to this
session to find out more about the duties of these
teams, what happened in lab, and the successes and the
problems associated with this teaching approach. Half
the session will be spent presenting other aspects of the
course. The second half will be a group discussion on
how others at the session have helped non-majors
learn, apply and retain "real" science.
Induced Diabetes-Milletus: A model of homeostasis
in the rat. Gregory Grabowski and Lindsay Piejak,
University of Detroit, Mercy
One of the difficulties of teaching physiology
laboratory exercises from standard manuals is the lack

of experiments demonstrating homeostasis. Typical
experiments focus on the specific function of an organ
or organ system, but they rarely demonstrate the
contribution of these functions to the overall balance of
an organism's internal environment. Students measure
isometric muscle contracts, heart rates in response to
cholinergic and adrenergic drugs, and the specificity of
digestive enzymes, but the contributions of these
actions to homeostasis are typically neglected.
Within a lecture setting, homeostasis can be
exemplified through descriptions of diseases that
disrupt the normal range of hormone, salt, water, or
glucose levels. The endocrine system lends itself
particularly well to demonstrate homeostatic
disruption. This rationale can also be utilized in the
laboratory setting to overcome the absence of
experiments dealing with homeostasis.
With the
induction of diabetes mellitus in rats, students are able
to study and witness the pathophysiology of one of the
most commonly encountered endocrine disorders.
The induction of diabetes by streptozotocin
results in destruction of insulin-secreting cells (B
cells). Within a week, induced rats begin to display
clinical manifestations of diabetes (Polyuria,
polydipsia, and polyphagia). Students monitor weight
changes and food and water intake over a two-week
period. After this period, the rats are sacrificed and
various parameters are measured. Comparisons with
control rats include serum glucose and albumin levels,
glycated hemoglobin, and liver weight. Histochemical
analysis of the pancreas using the chrome alum
haemotoxylin-phloxine method corroborates the
destruction of B cells.
Another hiostochemical
analysis is qualitative comparison of glycogen content
of liver and kidney using either Best's carmine method
or periodic acid-Schiff reaction.
Quantitative
comparison of glycogen and various liver enzymes
have been performed in biochemistry and cell biology
laboratories.
Anomalies discovered by students,
through comparisons with control rats, allow them to
determine disruptions in normal homeostasis, the
various organs involved, and the physiological
mechanisms initiated to counter-act the diabetic state.
The induced diabetes model not only demonstrates
homeostasis, but it also stimulates student interest in
health-related research
Student initiatives have
resulted in independent investigations through various
modifications of the model.
Understanding the Changing Student Population.
Mary Haskins, Rockhurst University, Kansas City MO
The transition from high school to college
academics is often challenging for students.
Understanding why this transition is difficult may help
faculty enhance their students' ability to succeed.
Participants in this workshop will re-examine their own
concepts of what it means to be successful, and will
work as a group to identify specific strategies to aid
freshmen in their studies.
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What's News?
Using Journals in the Biology
Classroom.
Sujata Verma, Columbia College
Chicago
Students prepare a journal about current events
that reinforce the understanding of the intended
concepts and build effective connections of the subject
matter to the world beyond the textbook. The goals
and productivity of this activity will be discussed.

Poster Session II
2:50-3:20 PM
Friday, October 13th

mechanism of DNA supercoiling and in turn several
other important biological processes such as DNA
replication, transcription, gene expression, and genetic
crossing-over processes, as well as how DNA winds
itself around the core protein of the nuclesomes. Knot
theory provides an adequate theoretical framework for
interpreting the behavior and understanding the
mechanisms of how DNA double helix wind and
unwind through its helical axis during the process of
DNA replication and transcription. DNA from viruses,
prokaryotes and eukaryotes exists in a supercoiling
state, meaning that the axis of the double helix is
twisted around itself. In this hands-on-workshop, the
participants will be engaged in active learning by
transforming their theoretical understanding to
practical life situations.

Concurrent Workshop Session III
3:30-5:00 PM
Friday, October 13th
Biology Educators in Context: Faculty Issues
Forum on Adjuncts, Merit Pay and Distance
Learning. Buzz Hoagland, Westfield State College
The theme for the 44th Annual Meeting to be held
12-14 October at Indiana State University in Terre
Haute is Biology In Context: Real Life Science. A vital
component of this theme has to be Biology Educators
in Context. What is the context within which we
educate our students? First of all, we are employed to
educate tomorrow’s leaders. That’s correct, it is job.
How many of us state that we work at X College or Y
University? Our passion for education and our belief
that educational institutions are different from
corporate America results in the fact that most of us
identify ourselves as professors or educators at
institution X. We believe so strongly in education that
many among our ranks carry their titles outside the
hallowed halls of academia.
We cringe at the concept that education is a
business. However, education is a business and
business leaders are fighting to run education (e.g.,
University of Phoenix). In many states our public
institutions are governed by successful (?) businesspersons.
How are these changes impacting the
Academy?
While there are many issues, we decided that the
time is ripe for a forum to discuss a few of these at the
44th Annual Meeting. Tentatively, we intend to
discuss the use of adjuncts, merit pay, and distance
learning at this forum. We know that these issues are
complicated and that each one deserves more time than
we have allotted for this forum.
An Introduction to Knot Theory for Biology
Educators. Stafanos Gialamas, Illinois Institute of
Art
The theoretical and the practical understanding of
the knot theory is essential for better understanding the
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Putting Courses on the Web: Trials, Tribulations
and Successes.
Nancy Sanders, Truman State
University, Tim Mulkey, Indiana State University, and
Dave Prentice, Indiana State University
Today, the traditional classroom is expanding into
the home and workplace through distributive education
via the Internet. Place- and time-bound students are
taking courses at locations and times that better suit
their schedule and lifestyle. Distributive education
alters instructional delivery and impacts the content,
scope, and effectiveness of instructional materials.
These virtual classrooms promise to reach larger
student populations with a diverse range of
backgrounds, interests, and needs. New challenges are
presented to faculty charged with the design of
instructional materials for the virtual classroom.
This workshop will provide participants with an
overview of a variety of tools available for web course
design and implementation that have been used by the
presenters in over a dozen different web-based courses.
The effectiveness of various course delivery techniques
will be discussed in relation to lecture and laboratory
based courses. Methods of testing, generating class
discussion and "participation", and collaborative
learning will be examined. A number of examples of
web-based courses will be presented. Resource
materials for development of courses will be shared.
Participants will be encouraged to share their
experiences with web-based course development and
implementation. This workshop is intended for both
experienced web-course designers as well as persons
with no previous experience in web-course design.

Concurrent Paper Session IV
9:00 - 9:45 AM
Saturday October 14, 2000
Evolution – A survey of attitude and understanding
of Truman students. Nancy Sanders, Jennifer Stuart
and Melissa Mayo, Truman State University
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Recent media attention has refocused the
American public on the teaching of evolution in public
schools. Nationwide, differences in state standards for
science education offer a wide variety of possibilities
of how to teach about evolution – or not - for public
school science teachers. Missouri does not mention
evolution in the standards, and anecdotal evidence led
to the perception that many Truman students know
little about the science of evolution, and have many
misconceptions about this concept. A survey was
designed to elucidate attitudes toward and
understanding of evolution by students in Truman
biology classes. We predicted that non-major biology
students would have the least understanding of
evolution, and senior biology majors in the capstone
course would have the greatest understanding.
Preliminary data support this prediction.
LifeLines OnLine News Stories and Modules:
Investigative
Learning
Activities
for
Contextualizing Biology.
Margaret Waterman,
Southeast Missouri State University and Ethel Stanley,
Beloit College
Like all adults, college biology students learn
more when what they're learning is meaningful to
them. One way to increase the meaningfulness of
biology is to use realistic situations as the beginning
point of instruction. Further, it's important that all
students understand and participate in investigative
learning in biology.
In this session we'll share new developments in
the LifeLines OnLine project in which instruction
begins with fictionalized newspaper stories. Once
students read the story, they can access resources and
learning activities, including investigative activities.
Assessments for the modules are also available. A
variety of biology instructors have been developing
new stories for LifeLines OnLine and the supporting
modules to coordinate with their introductory biology,
A&P, and ecology courses. Participants will see some
of the variety of these modules and will be given
access to them.
Mitochondria:
An Integrating Theme for NonMajors. Gary Oxford, Longwood College, VA
All too often, the non-majors biology course can
come across as an arbitrary set of unrelated topics. To
a neophyte, what does aerobic respiration have to do
with genetics or evolution? We want our students to
make connections, to integrate apparently disparate
units of information into understanding, maybe even
wisdom. How do we guide them? One approach to
model such integration is by weaving a theme
throughout the course. In this case, the organizing
theme is the biology of mitochondria. Probably all
non-majors biology courses introduce mitochondria as
the "powerhouse of the cell," but in this course,
students learn about mitochondria in every unit. For

example, in the genetics unit, the maternal inheritance
of mitochondrial DNA is covered, and the
endosymbiont theory of mitochondrial origins is
covered in the evolution section. Not only does this
help to integrate the course material, it also allows for
the introduction of current event topics that involve
mitochondria, such as cloning, DNA fingerprinting,
apoptosis, human mitochondrial diseases, and
antioxidants. In this paper, a strategy for using
mitochondria as an integrating theme for non-majors
biology courses will be discussed, as will a variety of
resources for information on mitochondrial biology.
Promoting Diversity and Multiculturalism through
Teaching and Learning. Abour Cherif, Columbia
College Chicago
Diversity is a gift that enhances our survival as a
species biologically and our collective wisdom and
intellectual progress. The more different we are, the
more chances we have as a species to survive a variety
of natural catastrophes, particularly diseases. Different
ways of thinking multiplies the collective richness of
human potential. So diversity is a gift. It can also be a
curse that can produce the worst atrocities all in the
name of patriotism.
In this paper I will discuss how the faculty and
administration of the Science and Mathematics
Department at Columbia College Chicago promote
diversity and multiculturalism in their department, and
in their classrooms through teaching and learning. I
will provide examples at the departmental level and at
the classroom level of the some instructional strategies
my colleagues and I have composed and applied in
classroom teaching and management.
In the classroom setting, the term multicultural
refers to any group of students outside of the
mainstream of the society. In this sense, developing an
awareness of and showing the positive influence of a
multicultural classroom increases the potential of
success in the learning process for all individuals. Our
philosophy of diversity and multiculturalism goes
beyond this. For us, it is the philosophy and attitude of
inclusion of all elements of society, the interaction of
those different cultures and backgrounds that make up
a multicultural society, and the celebration of the
similarities and differences between all the elements
within the society. Some people might believe that
those who come from a multicultural background
would necessarily practice an attitude of acceptance,
tolerance, and understanding. This is not necessarily
the case. It depends upon how people have been raised
and taught both at home and in school. Thus,
education plays an important role in developing
awareness and appreciation of and a positive attitude
toward diversity and multiculturalism.
However,
administrative support is a very important ingredient in
promoting diversity and multiculturalism in the
classroom. The administrative support is needed at
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several levels, including faculty and staff, departmental
policies, and the departmental philosophy of teaching,
learning, and assessment.

Concurrent Paper Session V
10:00 - 10:45 AM
Saturday, October 14th
Biology from the Newspaper. Bill Brett, Indiana
State University
Students in the General Education course "Human
Aspects of Biology" are required to submit, on a
weekly basis, a write up on an article appearing in that
week's newspaper or popular magazine. The write up
consists of a brief paragraph explaining the
significance of the information to them and must
"touch upon" some topic covered in the course.
Examples of write-ups will be examined and the role
this exercise plays in the course will be discussed.
Out of Africa: How travel impacts biology in the
college classroom.
Marion Field Fass, Beloit
College, and Charles Stinemetz, Rhodes College
Some benefits to biologists of travel are obvious the ability to explore new ecosystems, to study
different organisms, and to understand the impact of
physical environment on microbial diseases. Other
benefits are equally important. International travel
allows us to look at the cultural context of the work we
do and the role of funding, equipment, and public
interest in determining the kinds of questions scientists
can ask. By vis iting with other scholars we can begin
to understand what scientists see as important
questions. As we understand this we can better share
with students how social contexts affect the utility of
scientific innovation, and demonstrate the value of
enhanced cultural understanding. We are also able to
address the concerns of students who have traveled
internationally.
The authors, a plant physiologist and a public
health microbiologist, participated in a 2-week
interdisciplinary seminar in Kenya funded by the
Andrew W. Mellon Foundation. The seminar provided
the opportunity to learn from Kenyan scholars, to see
the landscape, the farms and the game preserves, and to
find out how science is taught in their universities. We
found that many of the questions asked by scientists are
concrete and related to pressing needs. We were able
to contrast the tourist Kenya of fabulous biological
diversity with the lived Kenya of identity, priorities and
problems complicated by poverty, drought and political
corruption. We suggest that travel both for the ecology
and the politics can have dramatic effects on the way
we teach and do science.
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What on Earth is Evolution?
The geological
perspective as an effective framework for
introducing evolution to non majors. Jerry Adams,
Columbia College, Chicago
In this presentation, we will demonstrate the use
of geological concepts and principles as an effective
approach to teaching evolution and in turn the
scientific method in the classroom. This approach to
teaching makes it easier for students to understand the
basic concepts of evolution which is important if we
want to understand nature as it really is, for example:
that the genetic code is universal for terrestrial life
forms, that basic mechanisms of life are very similar in
seemingly diverse life forms, that we are part of an
interrelated web of energy and life on the planet earth,
that diversity and unity are characteristic of living
systems, etc. The model we have used in teaching
evolutionary biology through the geological
perspective consists of three integrated components.
The first of these deals with the nature of science and
what constitutes scientific compared to non-scientific
explanations of observations and phenomena. The
second component examines the notion of geologic
time and the age of Earth, from the combined
standpoints of Steno's Law the record of ancient life on
Earth, and radioactive age determinations on rock
materials. The third looks at the implications of the age
of Earth and our concepts of geologic time on our
understanding of the evolution of life. With the
combination of these three components, biological
evolution is introduced and explored in the classroom.
For example, we can begin to examine questions like;
"How could the relatively few and simple organisms of
billions of years ago give rise to the many, complex
organisms that inhabit Earth today?"
Frustrations and Solutions.
Tom Davis, Loras
College
Inattentive students, inattentive chair people,
great ideas that flop, not enough time per class, a
coherent interconnected biology curriculum – (I wish),
big ideas and no one with whom to discuss them, post
tenure review, my role in the department, balancing
research, teaching and service, teaching to the middle
of the class, “I learned the most from my most
uncooperative teacher” – fact or fiction, etc., etc.
These are just a few possible topics that could be
brought out in this session. Here is an opportunity for
teaching biologists to vent their frustrations, have a few
colleagues listen and hopefully discuss a few suggested
directions for dealing with frustrations. (Disclaimer:
All problems are not solvable and participants are not
guaranteed to be problem-free when they leave. But it
really feels good to vent and talk to someone who will
listen! Good listeners are encouraged to attend as
well!)
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Call for Poster Presentations
Association of College and University Biology Educators (ACUBE)
44th Annual Meeting
Indiana State University - Terre Haute, IN
Thursday October 12- Saturday October 14, 2000

Biology in Context: Real Life Science
Biology offers many windows through which to view the world. How can we use these windows to help all
our students, especially those not majoring in biology, connect the biology they learn in classrooms to the
rest of their lives so that they develop a meaningful and useful understanding of biology? Further, how
can we address the public's need to understand more about biology?
Posters addressing other topics are welcome, but here are some examples of possible
presentations:
Integrating community, careers, and biology instruction; Integrating biology across disciplines;
Connecting biology using current events; Using communication technologies effectively;
Understanding and using the contexts that shape students' daily lives; International perspectives
on biology teaching; Multicultural approaches to biology instruction; Reaching underserved
students and the changing student population; Reaching the general public; Informing decision
makers (e.g., school boards); and Historical trends in biology instruction as relates to the theme
of biology in context.
We know that many of you have addressed these issues in creative ways. Please consider sharing your
ideas and techniques at the ACUBE 44th Annual Meeting in Terre Haute in 2000.
Send the completed form for Poster Presentation BEFORE September 15 to:
Margaret Waterman, Biology Department, Southeast Missouri State University
Cape Girardeau, MO 63701
Ph: (573) 651-2381 FAX (573) 651-2223 email waterman@biology.semo.edu
Proposed Title:________________________________________________________________________
Presentation type:

Poster

Name of presenter : ___________________________________________________________________
Work address of presenter : _____________________________________________________________
____________________________________________________________________________________
Phone No. presenter: __________________

email _______________________________________

Please include names and contact information for additional presenters and a 200 word abstract:

Poster Presentation
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ACUBE
Association of College and University Biology Educators
NAME: ___________________________________________________ DATE: ___________________
TITLE: ______________________________________________________________________________
DEPARTMENT: ______________________________________________________________________
INSTITUTION: _______________________________________________________________________
STREET ADDRESS: __________________________________________________________________
CITY: __________________________________ STATE: ______________ ZIP CODE: ____________
ADDRESS PREFERRED FOR MAILING: _________________________________________________
_____________________________________________________________________________________
CITY: _______________________________ STATE: _____________ ZIP CODE: ________________
WORK PHONE: ___________________ FAX NUMBER: ____________________________________
HOME PHONE: ___________________ EMAIL ADDRESS: __________________________________
MAJOR INTERESTS
( ) 1. Biology
( ) 2. Botany
( ) 3. Zoology
( ) 4. Microbiology
( ) 5. Pre-professional
( ) 6. Teacher Education
( ) 7. Other ________________

SUB DISCIPLINES: (Mark as many as apply)
( ) A. Ecology
( ) H. Molecular
( ) B. Evolution
( ) I. Developmental
( ) C. Physiology
( ) J. Cellular
( ) D. Anatomy
( ) K. Genetics
( ) E. History
( ) L. Ethology
( ) F. Philosophy
( ) M. Neuroscience
( ) G. Systematics
( ) N. Other _______________

RESOURCE AREAS (Areas of teaching and training): ________________________________________
_____________________________________________________________________________________
RESEARCH AREAS: __________________________________________________________________
_____________________________________________________________________________________
How did you find out about ACUBE? ______________________________________________________
Have you been a member before: ______________ If so, when? _________________________________
DUES (Jan-Dec 2000)

Regular Membership $25

Student Membership $15

Retired Membership $5

Return to: Association of College and University Biology Educators, Attn: Pres Martin, Executive Secretary,
Department of Biology, Hamline University, 1536 Hewitt Avenue, Saint Paul, MN 55104
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