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A One-Week Laboratory Practice:  Introducing 
the Students to the Study of Plant Biochemistry 

and Signal Transduction. 
 

Rita M. Ulloa, Marcela Raíces and María T. Téllez-Iñón 
Instituto de Investigaciones en Ingeniería Genética y Biología Molecular 
Facultad  de Ciencias Exactas y Naturales, Universidad de Buenos Aires 

Vuelta de Obligado 2490, 1428 Buenos Aires, Argentina 
Phone: 54-11-4783-2871;  FAX : 54-11-4786-8578; 

e-mail: rulloa@dna.uba.ar 
 

Abstract:  This report describes a one-week laboratory practice for students. An approach to study 
a Calcium dependent protein kinase (CDPK) involved in signal transduction processes in potato 
plants, is undertaken. A number of basic biochemical techniques including the partial purification 
of a protein kinase, protein kinase activity assays, protein determination, SDS-PAGE analysis of 
phosphorylated proteins and Western blot assays are described. 
 
Key Words:  plant biochemistry, Calcium dependent protein kinase (CDPK), Solanum 
tuberosum, phosphorylation. 
 

 
Introduction: 
 Plants are responsive to external stimuli and 
endogenous developmental signals  that must be 
recognized and translated into cellular responses. In 
plants, protein phosphorylation has been implicated in 
responses to many signals, including light, pathogen 
invasion, hormones, temperature stress and nutrient 
deprivation. As might be exp ected from this diversity 
of functions, there is a large array of different protein 
kinases (Stone and Walker, 1995).  An estimated 1-3% 
of functional eukaryotic genes encode protein kinases. 
 Phosphorylation can have profound effects on 
enzyme activity and protein interactions.  Regulatory 
phosphorylation can result in inactivation, activation 
and/or changes in the allosteric properties of the target 
enzyme.  Dephosphorylation of phosphorylated 
proteins by specific phosphatases offers a mechanism 
by which the biochemical pathways involving 
phosphorylation can be deactivated.  The steady-state 
activity of the target enzyme is adjusted over a wide 
range by positive and/or negative effectors influencing 
the rates of phosphorylation and dephosphorylation 
(Cohen, 1992). 
 Increasing evidence has established calcium as a 
second messenger in plants (Roberts and Weaver, 
1990; Muto, 1992; Poovaiah and Reddy, 1993).  The 
concentration of free cytosolic Ca2+ in plant cells can 
be elevated by various external signals.  Such increases 
in the concentration of free Ca2+ is one of the primary 
events in the transduction of many signals, and can 
alter biochemical processes in plants by activating 
particular enzymes. 

 
 A multitude of specialized calcium-modulated 
proteins that serve as receptors for calcium signals 
have arisen during eukaryotic evolution.  Calcium has 
been shown to affect protein phosphorylation in plants 
(Budde and Chollet,1988) and a calcium-dependent 
calmodulin-independent protein kinase (CDPK) was 
first discovered in soybean (Harmon et al., 1987).  
Later studies demonstrated that this enzyme is 
widespread in plants and contains a protein kinase 
catalytic domain and a calcium-binding regulatory 
domain similar to calmodulin; both regions are 
separated by a junction domain.  This unique molecular 
structure explains the direct activation of this enzyme 
by Ca2+ and clearly establishes CDPK as the prototype 
of a new class of protein kinases (Roberts & Harmon, 
1992). 
 Potato plants produce tubers in vivo in response to 
changes in environmental conditions altering the 
balance of growth regulators. At least three 
environmental stimuli are believed to be important: 
daylength, nitrogen nutrition and temperature (Cutter 
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1978, Ewing 1987). In this practice, a soluble CDPK is 
purified and partially characterized in potato plants 
(Solanum  tuberosum, L) grown in vitro  under 
multiplication or tuber inducing conditions. 
 In our laboratory, this practice is designed for a 
maximum of 16 students who are divided into four 
groups.  Each member of the team shares 
responsibilities for a section of the project. Each group 
works on 10 grams of in vitro  cultured potato plants 
(multiplication conditions, M) and 1 gm of one of the 
four stages of tuber formation (T). These experiments 
can be performed in five eight hours sessions. Briefly, 
the project involves the following steps: 1) Partial 
purification of the CDPK from M plants and 
obtainment of the crude extracts of each T-inducing 
condition and preparation of 12% polyacrylamide 
separating gels with 5% stacking gel; 2) CDPK activity 
assay of the DEAE-fractions and crude extracts, 
protein determination of these same fractions, 
ammonium sulphate precipitation of the active peak 
and overnight dialysis 3) Phosphorylation of crude 
extracts with 10 µM [γ32P]ATP (specific activity 500 
cpm pmol-1), the reaction mixture may or may not 
include an exogenous substrate (Histone H1). The 
samples are electrophoresed and the gels are stained 
with Coomassie Blue and left overnight for destaining. 
Another gel is used to resolve untreated DEAE samples 
and is electrotransferred to nitrocellulose. After 
blocking, the nitrocellulose is incubated overnight with 
a polyclonal antibody against CDPK. An enzyme 
concentration curve is done with the dialyzed peaks to 
choose the adequate concentration to perform the next 
day characterization; 4) Characterization of the peak 
with CDPK activity includes a) K0.5 for Calcium, b) 
assaying different substrates for phosphorylation 
acceptors, c) Km for syntide and d) Km for ATP. 
Radioactive gels are dried and exposed; Western blot is 
revealed and developed with the Renaissance detection 
system and 5) The X-ray films are revealed. The data 
from all groups are exposed, exchanged and discussed. 
 
Experimental. 
Day 1:  Reagents and material required for 
experiment 1 (Partial purification of the CDPK 
from M plants and obtaining the crude extracts of 
each T-inducing condition). 
 1)  Cultures: Micropropagation of virus-free 
meristematic sprouts of Solanum tuberosum, L. var. 
Spunta is carried out in Murashige and Skoog (MS) 
medium (Murashige and Skoog, 1962) containing 30 g 
L-1 sucrose, and plants are grown in a growth chamber 
under 16 h light photoperiod at 25°C (multiplication 
conditions). 
 Tuberization is induced with MS medium 
containing 500 mg L-1 of 2-chloroethyltrimethyl-
ammonium chloride (CCC) and 80 g L-1 sucrose.  
Plants are grown in complete darkness under inducing 
conditions at 21±2 °C, using stem cuttings and stolons.  

Four stages of the process of tuber development are 
defined according to their morphological aspect: 
stolons, incipient tuber, tuber enlargement and mature 
tuber.  
 2) Liquid nitrogen, mortars, glassware, tubes, 
bottles and adaptors for centrifuges and 
ultracentrifuges, and cheese-cloth or glass-wool to 
filter plant debris. 
 3) Extraction buffer A:  10 mM Tris -HCl, pH 7.5 
containing 1 mM MgCl2, 2 mM KCl, 2 mM β-

mercaptoethanol, 3 mM EDTA, 1 mM EGTA, 5% 
(v/v) glycerol, 0.25 M sucrose, 2 % (w/v) 
polyvinylpolypirrolidone and protease inhibitors (0.1 
mM PMSF, 1 mM benzamidine, 2 µg ml-1 soybean 
trypsin inhibitor and 25 U ml -1 aprotinin).  
 4) 40 ml of pre-hydrated DEAE-cellulose (DE-
52) in 80 ml of buffer B: 20 mM Tris -HCl pH 7.5; 0.5 
mM EGTA; 0.5 mM EDTA and make a slurry.  Glass 
column (1.6 x 12 cm) to be packed with DEAE-
celullose (DE-52), canules and clamps. NaCl 0.5M and 
buffer B in excess. 
 Preparation of extracts and purification 
procedures:  Plants from multiplication conditions 
(M) or from each tuberization stage are harvested, 
rinsed with distilled water, weighted and immediately 
frozen with liquid nitrogen. The samples are ground in 
a mortar cooled with liquid nitrogen and extracted with 
Buffer A (1 ml buffer g-1 of wet tissue).  The 
suspensions are centrifuged 10 min at 2,500 x g and the 
supernatant (crude extract) is filtered through glass 
wool. The pellet, containing cell debris, is discarded.  
 The supernatant from M plants is centrifuged 15 
min at 12,000 x g and further centrifuged 1 h at 
105,000 x g obtaining a cytosolic fraction (S100) and a 
particulate fraction (P100).  
 In the meantime, the students pack a glass column 
with DEAE-cellulose (DE-52). This is done by filling 
the column half way with buffer B and then pouring 
the slurry of DEAE in the same buffer. As the resin 
gradually settles at the bottom of the column, open the 
valve to increase the flow. Keep adding until the slurry 
settles to the desired height in the column (5 cm). 
 The resulting supernatant is diluted 1:5 (v:v) in 
buffer B with protease inhibitors and loaded on the 
column equilibrated with buffer B. The column is 
washed with the same buffer (100 ml) and eluted step-
wise with buffer B containing increasing 
concentrations of NaCl 0.1, 0.2, 0.3, 0.4 and 0.5 M (10 
ml of each). The fractions (1.5 ml) are collected 
manually. All the extraction procedure is done at 
4°° C. 
 
Reagents and materials for experiment 2: 

1) 30% Acrylamide/1% bis -Acrylamide solution 
in distilled water. 

2) 1.5 M  Tris -HCl buffer pH 8.8  
3) 1.0M Tris -HCl buffer pH 6.8  
4) 10 % SDS v/v.   
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5) TEMED (N,N,N’,N’-tetramethylethylene 
diamine). 

6) 10% ammonium persulfate (freshly prepared) 
 Each group of students will prepare a 12% 
polyacrylamide separating gel with a 5% stacking gel, 
that will be used during the following days. SDS-
PAGE will be performed according to Laemmli (1970). 
 Protocol for making the 12% polyacrylamide 
separating gel with a 5% stacking gel: 
 1) Mix 4 ml of acrylamide/bis -acrylamide 
solution (30:1) with 2.5 ml of Tris -HCl buffer 1.5M, 
pH 8.8, 0.1 ml of SDS 10 % V/V and 3.3 ml of distilled 
deionized water. 2) Add and gently mix 0.1 ml of 10% 
APS and 4 µl TEMED and pour immediately into the 
glass plate sandwich assembled using glass plates 
separated with 1.5 mm Teflon spacers. 3) Overlay with 
water and allow the gel to polymerize for 30 min at 
room temperature. 4) Remove water layer, and prepare 
a 5% stacking gel by mixing 0.5 ml of acrylamide/bis -
acrylamide solution with 0.38 ml of Tris -HCl buffer 
1.0M, pH 6.8, 0.03 ml of SDS 10 % V/V and 2.1 ml of 
distilled deionized water. Add 0.03 ml of 10% APS and 
3 µl TEMED, pour the solution over the separating gel 
and insert the Teflon comb. The stacking gel 
polymerizes in 20 min. The gels should be kept 
wrapped with foil at 4 °C until needed. 
 
Day 2: 
Reagents and materials required for experiment 3 
(Protein kinase activity assays): 

1) 1 M Tris -HCl buffer, pH 7.5  
2) 1 M MgCl2 
3) 1M β-mercaptoethanol 
4) 10 mM cold ATP and ATP [γ 32P] (3000 

Ci/mmol) 
5) 2 mM Syntide-2 
6) 10 mM CaCl2 
7) 10 mM EGTA 
8) Racks, pipettes and tips, test tubes, gyratory 

water bath shaker, timers, gloves. 
9) P81 chromatographic paper (phospho-

cellulose), scissors, forceps. 
10) 75 mM ortho-phosphoric acid 
11) Acetone 
12) Oven 
13) Omnifluor -Toluene (scintillating reagent), 

scintillation plastic and glass vials with screw 
caps. 

14) Liquid Scintillation Counter. 
15) Geiger-Muller monitor.  

 
 Protocol for Experiment 3: Aliquots of the 
different fractions: crude extracts from the 4 
tuberization stages, S100 and P100 and every two 
fractions obtained from the DEAE-cellulose columns 
are assayed in a reaction mixture containing 20 mM 
Tris -HCl, pH 7.5, 10 mM MgCl2, 50 µM  [γ32P]ATP 

(specific activity 100 cpm pmol-1), 10 mM β-

mercaptoethanol and 25 µM Syntide-2 with the 
addition of 1 mM EGTA or 1 mM CaCl2, in a final 
volume of 0.06 ml. 

Condition 1: EGTA.  20 µl of each sample 
(enzyme source) + 14 µl H2O+ 6 µl EGTA 10 
mM + 20 µl reaction mixture 
Condition 2: Ca2+.  20 µl of each sample 
(enzyme source) + 14 µl H2O + 6 µl Ca2+ 10 mM 
+ 20 µl reaction mixture 

 A negative control is performed for each 
condition without the addition of enzyme. This value 
will be subtracted from the other data obtained. 
 Reactions are initiated by the addition of the 
reaction mixture containing [γ32P]ATP. Assays are 
performed at 30° C for 10 min and stopped by spotting 
an aliquot of each assay mixture (40 µl) on  2x2 cm 
squares of phosphocellulose paper P81, that are 
immediately immersed in ice-cold 75 mM phosphoric 
acid for 15 min.  Another two 7 min washes are 
performed with 75 mM phosphoric acid. In order to dry 
the papers, they are immersed in acetone and oven 
dried.  It is very important to measure the total cpm of 
the reaction mixture. In order to do this a 5 µl aliquot 
of the mixture is spotted onto a phosphocellulose paper 
and dried without washing it with 75 mM phosphoric 
acid.  Radioactivity is determined using an omnifluor-
toluene scintillation mixture.  
 
 Data Processing: 
 The enzyme’s activity is expressed as pmoles of 
32P incorporated min -1.  Plot data vs fraction number.  
A typical DEAE elution profile is shown in figure 1. 
 The data in cpm should be converted to pmoles of 
32P incorporated min -1, applying the following formula: 
 
Enzymatic activity (EA) =        ∆cpm x 
  
 
 
 

∆cpm = cpm - cpm negative control 
pmoles ATP = cold ATP in the mixture = 3000 

pmoles 
Specific activity = EA .mg -1 

Results of the crude extracts specific activity are shown 
in figure 2.  
 
Reagents and materials required for experiment 4 
(Protein Determination):  

1) Modified Bradford Reagent: Dissolve 40 mg of 
Coomassie Blue G250 in 50 ml of ethanol, 100 
ml of phosphoric acid 85 % and 850 ml of 
water. 

2) bovine serum albumin (BSA)1 mg/ml. 
3) 96-well ELISA plates. 
4) ELISA reader for optical determination at 660 

nm. 

  pmoles ATP x 60 µl 

40 µl x 10 min x total cpm  
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Figure 1: Purification of the potato CDPK. Elution profile of the DEAE cellulose column. CDPK activity was 
assayed with 1 mM EGTA ( q ) or 1 mM CaCl2 ( n ). Proteins, ( m ). 
 
 Protocol:  
 Protein contents of the different fractions: crude 
extracts from the 4 tuberization stages, S100 and P100 
and every two fractions obtained from the DEAE-
cellulose columns, are determined according to the 
method of Bradford (1976) using BSA as standard. 
 An aliquot from each sample (20 µl of the DEAE 
fractions and S100 or 5 µl of the crude extracts and 
pellets) is diluted with water to a final volume of 50 µl 
and mixed with 300 µl of Bradford reagent. After 2 
min, 150 µl of each mixture is loaded in an ELISA 
plate. Read optical density at 660 nm in an ELISA 
reader.  A negative control is carried out with 50 µl of 
water and another one with 50 µl of extraction buffer. 
 A calibration curve is performed using 2 µg, 5 µg, 
10 µg and 12.5 µg of BSA dissolved in 50 µl of water. 
Standards are treated in the same way as the samples. 
Plot data vs fraction number. A typical profile is shown 
in figure 1. 
 
Reagents and materials required for experiment 5 
(Protein precipitation) 

1) Ammonium sulphate salt. 
2) Bottles for centrifuge and refrigerated 

centrifuge. 
3) Buffer B (2 l) 
4) Magnetic stirrer, dialysis bags and glassware  

 
 Protocol: The DEAE fractions with CDPK 
activity are pooled and precipitated with 70% 
ammonium sulphate in order to concentrate the sample. 
This salt is commonly employed on account of its large 
solubility in water and absence of harmful effects on 
most enzymes.  
 After measuring the exact volume of the pooled 
fractions, an adequate amount of salt (375 g/l) is very 
slowly added while stirring, care should be taken that 
all the crystals are dissolved. The precipitation is 

carried out during 20 min in an ice cold bath and this 
solution is then centrifuged at 15.000 rpm during 
another 20 min at 4 °C. The supernatant is discarded 
and the pellet is resuspended in 2 ml of buffer B.  The 
precipitated fractions are overnight dialyzed against 2 l 
of buffer B. 
 
Day 3. 
Reagents and materials required for experiments 6, 
7 and 8 (phosphorylation assays, SDS-PAGE, 
Western blot ). 

1) 12% polyacrylamide separating gels with a 5% 
stacking gel 

2) Radioactive mix: 5 µM [γ32P]ATP (10,000 cpm 
pmol-1) in 20 mM Tris -HCl pH 7.5, 10 mM β-
mercaptoethanol and 10 mM MgCl2. 

3) 10 mM EGTA or 10 mM CaCl2. 
4) Histone H1 1 mg /ml. 

5) 5X SDS sample buffer (vol 20 ml): 2 g SDS, 
1.54 g DTT, 8 ml de Tris -HCl pH 6.8. Dissolve 
at 50 ºC and add 10 ml of glycerol and 0.002 % 
p/v of bromophenol blue. 

5) Running Buffer: Tris 3.03 g/l, Glycine 4.4 g/l, 
SDS 0.1 % v/v. 

6) Electrophoresis apparatus (Bio-Rad Mini-
Protean II™). 

7) Power supply. 
8) Staining solution: 45 % v/v methanol, 10 % v/v 

acetic acid, 0.25 %p/v Coomassie Brilliant 
Blue. 

9) Destaining solution: 45 % v/v methanol, 10 % 
v/v acetic acid in water. 

10) Transfer buffer: Tris 3.03 g/l, Glycine 14.4 g/l, 
20 % methanol. 

11) Minitrans blot Electrophoretic Transfer cell. 
12) Blocking solution: TBS 1X with 3 % skimmed 

milk. 
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Figure 2  A:  Km for syntide-2. A concentration curve was performed using increasing syntide-2 concentrations.  
The assay was performed in the presence of 1 mM Ca2+. Reactions were initiated by the addition of the reaction 
mixture prepared without substrate and containing [γ32P]ATP. The plot shows enzymatic activity vs syntide-2 
concentration and the inset B shows the double reciprocal plot (1/v vs 1/[S]).  C: Km for ATP. A concentration 
curve was performed using increasing ATP concentrations. The assay is performed in the presence of 1 mM Ca2+.  
Reactions are initiated by the addition of the reaction mixture prepared without cold ATP but containing [γ32P]ATP. 
The plot shows enzymatic activity vs ATP concentration and the inset D shows the double reciprocal plot (1/v vs 
1/[ATP]).   E: K 0.5 for Calcium. A calcium concentration curve was performed using increasing calcium 
concentrations.  The activity in the absence of calcium is assayed in the presence of 1 and 5 mM EGTA. Reactions 
are initiated by the addition of the reaction mixture prepared without cold ATP but containing [γ32P]ATP. The plot 
shows enzymatic activity vs Ca2+ concentration and the inset F shows the double reciprocal plot (1/v vs 1/[ Ca2+]). 
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 Protocol: 
 Protein contents of the different fractions: crude 
extracts from the 4 tuberization stages, S100 and P100 
and every two fractions obtained from the DEAE-
cellulose columns, are determined according to the 
method of Bradford (1976) using BSA as standard. 
 An aliquot from each sample (20 µl of the DEAE 
fractions and S100 or 5 µl of the crude extracts and 
pellets) is diluted with water to a final volume of 50 µl 
and mixed with 300 µl of Bradford reagent. After 2 
min, 150 µl of each mixture is loaded in an ELISA 
plate. Read optical density at 660 nm in an ELISA 
reader.  A negative control is carried out with 50 µl of 
water and another one with 50 µl of extraction buffer. 
 A calibration curve is performed using 2 µg, 5 µg, 
10 µg and 12,5 µg of BSA dissolved in 50 µl of water. 
Standards are treated in the same way as the samples. 
Plot data vs fraction number. A typical profile is shown 
in figure 1. 
 
Reagents and Materials Required for Experiment 5 
(Protein Precipitation) 

Ammonium sulphate salt. 
Bottles for centrifuge and refrigerated centrifuge. 
Buffer B (2 l) 
Magnetic stirrer, dialysis bags and glassware  

 
 Protocol: The DEAE fractions with CDPK 
activity are pooled and precipitated with 70% 
ammonium sulphate in order to concentrate the sample. 
This salt is commonly employed on account of its large 
solubility in water and absence of harmful effects on 
most enzymes.  
 After measuring the exact volume of the pooled 
fractions, an adequate amount of salt (375 g/l) is very 
slowly added while stirring, care should be taken that 
all the crystals are dissolved. The precipitation is 
carried out during 20 min in an ice cold bath and this 
solution is then centrifuged at 15,000 rpm during 
another 20 min at 4 °C. The supernatant is discarded 
and the pellet is resuspended in 2 ml of buffer B.  The 
precipitated fractions are overnight dialyzed against 2 l 
of buffer B. 
 
Day 3. 
Reagents and materials required for experiments 6, 
7 and 8 (phosphorylation assays, SDS-PAGE, 
Western blot ). 

12% polyacrylamide separating gels with a 5% 
stacking gel 

Radioactive mix: 5 µM [γ32P]ATP (10,000 cpm 
pmol-1) in 20 mM Tris -HCl pH 7.5, 10 mM β-
mercaptoethanol and 10 mM MgCl2. 

10 mM EGTA or 10 mM CaCl2. 

Histone H1 1 mg /ml. 

5X SDS sample buffer (vol 20 ml): 2 g SDS, 1.54 
g DTT, 8 ml de Tris -HCl pH 6.8. Dissolve at 

50 ºC and add 10 ml of glycerol and 0.002 % 
p/v of bromophenol blue. 

Running Buffer: Tris 3.03 g/l, Glycine 4.4 g/l, 
SDS 0.1 % v/v. 

Electrophoresis apparatus (Bio-Rad Mini-Protean 
II™). 

Power supply. 
Staining solution: 45 % v/v methanol, 10 % v/v 

acetic acid, 0.25 %p/v Coomassie Brilliant 
Blue. 

Destaining solution: 45 % v/v methanol, 10 % v/v 
acetic acid in water. 

Transfer buffer: Tris 3.03 g/l, Glycine 14.4 g/l, 20 
% methanol  

Minitrans blot Electrophoretic Transfer cell 
Blocking solution: TBS 1X with 3 % skimmed 

milk 
 
 Protocol for Endogenous Phosphorylation 
Assays and Histone Phosphorylation: 
 Experiment 6: Endogenous phosphorylation:  
Crude extracts of each tuberization stage (100 µg of 
protein) or S100 and P100 from the plants grown under 
multiplication conditions (100 µg protein) are 
incubated  5 min at 30°C with the radioactive mixture 
in a final volume of 40 µl.  
 Experiment 7: Histone phosphorylation:  100 
µg of S100 or 50 µg  of the concentrated DEAE-
fractions are incubated with the radioactive mixture 
containing 0.1 mg/ml of histone H1 mixture in a final 
volume of 40 µl.  
 Assays of endogenous phosphorylation and 
histone phosphorylation are done in two conditions: 
 

Condition 1: 100 µg of each sample + 4 µl 10 
mM EGTA + 10 µl reaction mixture 

Condition 2: 100 µg of each sample + 4 µl 10 
mM Ca2+ + 10 µl reaction mixture.  Reactions 
are stopped by the addition of 10 µl cracking 
buffer 5X and boiled for 5 min. 

 
 Experiment 8: Western blot analysis:  Aliquots 
from the DEAE-cellulose columns (50 µg) are mixed 
with cracking buffer and boiled. In all cases, prestained 
SDS-PAGE standards from GIBCO-BRL are used as 
molecular weight markers. 
 Prepare the electrophoresis unit filling both upper 
and lower chamber with the running buffer.  Load the  
different samples.  Connect to the power supply and 
run the gels at 20 mA for the stacking gel and 35mA 
for the separating gel, until the bromophenol blue dye 
reaches the bottom of the gel.  Total run time is usually 
2 hours.  Carefully disassemble the gel and stain the 
radioactive gels with Coomassie Brilliant Blue solution 
for 30 min and destain overnight. 
 The polypeptide transfer from polyacrylamide to 
nitrocellulose membranes is carried out using the 
transfer cell during 1 hour at 80 volts.  Cooling is 
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provided by a self-contained Bio-Ice unit which 
absorbs heat generated during transfer.  Blots are 
incubated 2 hours in blocking solution at room 
temperature and are then incubated overnight at 4°C 
with affinity purified polyclonal antibodies directed 
against the calmodulin-like-domain (CLD) of soybean 
α CDPK (Bachmann et al. 1996).  All the procedure 
should be done under continuous agitation. 
 
 Experiment 9:  Enzyme Concentration Curve: 
 The reagents and materials required for 
Experiment 9 are the same used in experiment 3. 
 In order to determine the optimal conditions to 
characterize some kinetic parameters of the CDPK an 
enzyme concentration curve is performed.  The 
concentrated CDPK is used as enzyme source and the 
assay is done in two conditions. Protein determination 
of this fraction is done according to Bradford (1976). 
 

Condition1 : 2, 5, 10, 20  and 30 µl of enzyme + 
6 µl of 10 mM EGTA + H2O to reach 40 µl. 

Condition 2 : 2, 5, 10, 20 and 30 µl of enzyme + 
6 µl of 10 mM Ca2+ + H2O to reach 40 µl.  
The reaction mixture (20 µl) is the same used 
in experiment 3. 

 
 Plot Enzyme Activity vs. µg protein and choose 
the appropriate concentration to measure initial 
velocity.  
 
Day 4:  
 The SDS-PAGE and Western blot analysis are 
continued. 

 Radioactive gels: gels are vacuum dried during 
two hours at 70°C in a gel dryer and exposed overnight 
to x-ray films with an amplifying screen at -70°C.  
Autoradiographies are revealed next morning. An 
example of histone phosphorylation using the cytosolic 
fraction as enzymatic source is shown in figure 3A. An 
assay of endogenous phosphorylation performed with 
the crude extracts of the different T-stages can be 
observed in figure 4. 

 
Figure 3   A: Histone phosphorylation by soluble 
extracts from potato plants grown under multiplication 
conditions (50µg protein in each lane).  Incubations 
were carried out with 5 µM [γ32P] ATP and 1 mg ml -1 
Histone H IIIS and 1 mM Ca2+ (+) or 1 mM EGTA (-).  
Samples were analyzed by SDS-PAGE.   B: Western 
blot analysis of the DEAE fraction (100µg protein) 
with polyclonal antibodies against the regulatory 
domain of the αCDPK from soybean. 
 

 

 
Figure 4: Endogenous phosphorylation in the different stages of tuber development (1, 2, 3, 4) and in plants grown 
under multiplication conditions (M).  Crude extracts of the different stages (1 and 2, 50 µg of protein; 3 and 4, 100 
µg of protein) and of M (100 µg of protein) were incubated with 5 µM [γ32P] ATP (5000 cpm pmol-1) and 1 mM 
Ca2+. Arrows indicate stage-specific phosphorylated or dephosphorylated peptides.  Molecular weight markers are 
indicated. 
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  Western blot: The blot is washed four times 
with TBS-Tween™ (0.5%), 5 min each wash, and is 
then incubated at room temperature during 1 hour with 
a goat anti-rabbit second antibody (1:2500 in TBS-
Tween™ (0,5%) with 5% skimmed milk).  
 The blot is washed three times with TBS-
Tween™ (0.5%) (5 min each wash) and is developed 
with  Renaissance, Western Blot Chemiluminescence 
reagent from NEN according to the manufacturer’s 
procedure.  A Western Blot performed with the DEAE 
fraction of potato plants is shown in Figure 3B.  
 
 Experiment 10: Kinetic parameters of the 
enzyme are determined: 
 a) K0.5 for Ca2+; b) different substrates are assayed 
as phosphorylation acceptors; c) Km for syntide-2; d) 
Km for ATP. 
 Reagents and materials required are the same 
used in experiment 3. 
 Each group will determine one parameter and the 
results will then be shared in common.  In all cases the 
enzyme source will be the precipitated fraction at the 
selected concentration to work at initial velocity. 
 It is a sound principle in enzyme work to 
determine the effect on the initial velocity of varying 
one factor at a time while all the others are held 
constant.  
 a) K0.5 for Calcium:  
 CDPK activity is dependent on the presence of 
micromolar concentrations of Ca2+.  A calcium 
concentration curve will be prepared utilizing the 
following concentrations: 0.001 mM, 0.005 mM, 0.01 
mM, 0.025 mM, 0.05 mM, 0.1 mM, 0.25 mM, 0.5 mM 
and 1 mM. The reaction mixture and the assay 
conditions are the same used in experiment 3.  
 The activity in the absence of calcium is assayed 
in the presence of 1 and 5 mM EGTA.  
 Plot enzymatic activity vs calcium concentration 
and the double reciprocal plot (1/v vs 1/ Ca2+ ) in order 
to determine the Ka for Ca2+ . An example of this plot 
is shown in figure 2C. The Ka for Ca2+ is 0.6µM. 
 
 b)  Acceptors of phosphorylation: 
 The CDPK activity is assayed with different 
exogenous acceptors of phosphorylation in the 
presence or absence of Ca2+.   
 Proteins: Protamine, Histone 2AS and Histone 3S 
(H1)are used in a final concentration of 1 mg/ml. 
 Synthetic peptides: Kemptide, Syntide-2, GS, 
CDPKS, and CDPKS analogue are used in a final 
concentration of 25 µM. 

Condition 1:  enzyme source+ substrate + 1 
mM EGTA + H2O until 40 µl. 
Condition 2:  enzyme source+ substrate + 1 
mM Ca2+ + H2O until 40 µl. 

 Reactions are initiated by the addition of the 
reaction mixture prepared without substrate and 

containing [γ32P]ATP.  A negative control without 
enzyme is performed for each substrate.  Assays are 
performed at 30° C for 10 min and stopped as indicated 
for experiment 3.  
 Data should be expressed as pmoles of 32P 
incorporated min -1 mg –1. 
 As shown in Table 1, Histone H1 is the best 
exogenous protein substrate; however, synthetic 
peptides that mimics the phosphorylation site of the 
glycogen synthase enzyme, such as GS, Syntide-2 and 
CDPKS analogue, are 5 to 8 fold better than Histone 
H1.  The highest activation (14.3 times) is achieved 
using Syntide-2 as substrate.  
 c)  Km for Syntide-2:  
 In order to determine the Km for syntide-2, a 
concentration curve will be performed.  Increasing 
syntide-2 concentrations are added in each tube:  2.5 
µM, 5 µM, 10 µM, 25 µM , 50 µM, 100 µM, and 250 
µM.  The assay is performed in the presence of 1 mM 
Ca2+. 
 Reactions are initiated by the addition of the 
reaction mixt ure prepared without cold ATP but 
containing [γ32P]ATP. A negative control without 
enzyme is performed.  Assays are performed at 30° C 
for 10 min and stopped as indicated for experiment 3. 
 Plot enzymatic activity vs syntide-2 concentration 
and the double reciprocal plot (1/v vs 1/[S]).  An 
example of this plot is shown in figure 2a.  The Km 
value for synthide-2 is 33 ± 5 µM. 
 d) Km for ATP:  
 In order to determine the Km for ATP, a 
concentration curve will be performed.  Increasing 
ATP concentrations are added in each tube: 2.5 µM, 5 
µM, 10 µM, 25 µM, 50 µM, 100 µM, 250 µM, 500 µM 
and 1 mM (final concentrations).  The assay is 
performed in the presence of 1 mM Ca2+. 
 Reactions are initiated by the addition of the 
reaction mixture prepared without cold ATP but 
containing [γ32P]ATP.  A negative control without 
enzyme is performed.  Assays are performed at 30° C 
for 10 min and stopped as indicated for experiment 3. 
 Plot enzymatic activity vs ATP concentration and 
the double reciprocal plot (1/v vs 1/[ATP]). An 
example of this plot is shown in figure 2B. The Km 
value for ATP is 30 ± 5 µM. 
 
Day 5: 
 Discussion of results :  All data are analyzed and 
shared in common.  Each group informs the results 
obtained and analyzes each experiment considering the 
drawbacks and problems that arose.  General 
conclusions should be drawn and the students must 
compare their results with those reported in the 
literature. 
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 Final  CDPK Activity Activation 
 Concentration EGTA Ca2+  

  % times 

Proteins 

Histone III S 1 mg/ml 34.0 100.0 2.9 

Histone IIA S 1 mg/ml 4.0 8.0 2.0 

Protamine 1 mg/ml 3.5 10.0 2.8 

     

Synthetic Peptides 

GS 25 µM 95.0 880.0 9.2 

Syntide-2 25 µM 44.0 632.0 14.3 

CDPKS analogue 25 µM 39.0 520.0 13.3 

MBP 100 µM 31.0 57.0 1.8 

CDPKS 25 µM 6.0 37.0 6.2 

Kemptide 25 µM 7.0 28.0 4.0 
 

100% activity = 180 pmol 32P/ min mg 
 

Table 1:  Substrate specificity of potato CDPK.  All assays were carried out with the DEAE preparations. CDPK 
was assayed under standard conditions with 1mM Ca2+ or 1mM EGTA. Protein kinase activity is presented as 
percent of control rate in the presence of H IIIS and 1mM Ca2+. 100% = 32 pmol min-1mg-1. 
 
 
 
Discussion. 
 These experiments require standard equipment 
available in universities or institutes with programs in 
biochemistry and include a spectrophotometer, 
micropipettes, gyratory water bath shaker, 
electrophoresis apparatus, transfer cell, gel dryer, 
refrigerated ultracentrifuges and a β-Counter.  In 
addition, it is necessary to have the reagents used in the 
protein kinase activity assays.  Usually, these reagents 
can be purchased from commercial sources.  The plant 
material used in this practice is prepared in advance by 
the instructors in charge. 
 The experiments performed in this practice give 
the students a general view on how to begin a 
purification protocol of a soluble enzyme.  Only a 
preliminary characterization of the enzyme is 
undertaken but it introduces the student to some of the 
conditions that should be taken into account during 

enzymatic characterization.  In plants, protein 
phosphorylation has been observed in vivo, and protein 
kinase activity has been demonstrated in vitro.  In 
addition, this practice focuses on the comparison of a 
regulated protein kinase activity between plants grown 
under different conditions, in order to approach the 
idea of how plants respond to external stimuli. 
 It is our experience that this practice is feasible 
and positive results are obtained (MacIntosh et al, 1996 
and Ulloa et al, 1997).  The fact that each group is 
responsible for an area of work, adds a special interest 
in performing the experiments carefully.  Primarily, the 
methods used are biochemical and it is important to 
stress the fact that before beginning this practice all 
students must take an intensive course on radioactivity 
handling and risks.  Extreme caution should be used 
during the experiments so that students learn to work 
under safe conditions.  Everything should be monitored 
after each assay in order to avoid contamination. 
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Abstract:  It is known that the secrets of life are more complex than DNA and the genetic code.  
One secret of life is the self-assembly of the first cell with a genetic blueprint that allowed it to 
grow and divide. Another secret of life may be the mathematical control of life as we know it and 
the logical organization of the genetic code and the use of math in understanding life. 
 
Key words:  codons, logic, life, math 
 
 

 
The Genetic Code 
 Math has a fundamental role in understanding the 
complexities of living organisms. For example, the 
genetic code-triplets of three bases in messenger 
ribonucleic acid (mRNA) that encode for specific 
amino acids during the translation process (synthesis of 
proteins using the genetic code in mRNA as the 
template) have some interesting and mathematical 
logic in their organization (Cullman and Labouygues, 
1984). An examination of this logical organization may 
allow us to better understand the logical assembly of 
the genetic code and life.  
 The genetic code in mRNA is composed of U for 
uracil, C for cytosine, A for adenine and G for guanine. 
One noticeable feature of the genetic code is that some 
amino acids are encoded by several different but 
related base codons or triplets.  There are 64 triplets or 
codons.  Three triplets (UAA, UAG, and UGA) are 
nonsense codons- no amino acid corresponds to their 
code.  The remaining 61 codons represent 20 different 
amino acids. 
 The genetic code is encoded in combinations of 
the four nucleotides found in DNA and then RNA.  
There are 16 possible combinations (42) of the four 
nucleotides of nucleotide pairs.  This would not be 
sufficient to code for 20 amino acids (Prescott et al., 
1993). The solution is mathematically simple.  During 
the self-assembly and evolution of life, a code word 

(codon or triplet) evolved that provides for 64 or 43  
possible combinations. This simple code determines all 
the proteins necessary for life. 
 

 
 
 The genetic code is also degenerate. For example, 
up to 6 different codons are available for some amino 
acid.  Another noteworthy aspect of biological 
messages is that minimal information is necessary to 
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encode the messages (Peusner 1974) and the messages 
can be encoded and decoded and put to work in 
amazingly short periods of time.  A  bacterial 
Escherichia coli cell can grow and divide in 1/2 an 

hour depending on the growth conditions.  
Mathematically, it could not be more simple.  The 
genetic code is as follows. 
 

 
 
Codon Amino acid  Codon  Amino acid  Codon Amino acid  Codon  Amino acid 
UUU phenylalanine UCU serine UAU tyrosine UGU cysteine 
UUC phenylalanine UCC serine UAC tyrosine UGC cysteine 
UUA leucine UCA serine UAA stop signal UGA none (stop signal) 
UUG leucine UCG serine UAG stop signal  UGG tryptophan 

CUU leucine CCU proline CAU histidine CGU arginine 
CUC leucine CCC proline CAC histidine CGC arginine 
CUA leucine CCA proline CAA glutamine CGA arginine 
CUG leucine CCG proline CAG glutamine CGG arginine 

AUU isoleucine ACU threonine AAU asparagine AGU serine 
AUC isoleucine ACC threonine AAC asparagine AGC serine 
AUA isoleucine ACA threonine AAA lysine AGA arginine 
AUG methionine 

(start codon) 
ACG threonine AAG lysine AGG arginine 

GUU valine GCU alanine GAU aspartic acid GGU glycine 
GUC valine GCC alanine GAC aspartic acid GGC glycine 
GUA valine GCA alanine GAA glutamic acid GGA glycine 
GUG valine GCG alanine GAG glutamic acid GGG glycine 
 
 
16 codons have U as the first base 
16 codons have C as the first base 
16 codons have A as the first base 
16 codons have G as the first base 
 

16 codons have U as the second base 
16 codons have C as the second base 
16 codons have A as the second base 
16 codons have G as the second base 
 

16 codons have U as the third base 
16 codons have C as the third base 
16 codons have A as the third base 
16 codons have G as the third base 
 

6 codons for leucine 
6 codons for arginine 
6 codons for serine 
 

5 codons - There are no sets of five 
codons for any amino acids. 

 

4 codons for valine 
4 codons for proline 
4 codons for threonine 
4 codons for alanine 
4 codons for glycine 
 

3 codons for isoleucine 
 
3 codons- UAA, UAG, and UGA are 

nonsense codons- no amino acid 
corresponds to them 

 

2 codons for phenylalanine  
2 codons for tyrosine 
2 codons for histidine 
2 codons for asparagine 
2 codons for lysine 
2 codons for aspartic acid 
2 codons for glutamic acid 
2 codons for cysteine 
2 codons for glutamine 

1 codon for tryptophan 
 
1 codon (AUG) for methionine (start 

codon for translation) 
 

 
 
 
 Selenocysteine (21st amino acid encoded by the 
genetic code) codon is UGA, normally a stop codon.  
Selenocysteine is a derivative of cysteine in which the 
sulfur atom is replaced by a selenium atom that is an 
essential atom in a small number of proteins, notably 
glutathione peroxidase.  These proteins are found in 
prokaryotes and eukaryotes ranging from Escherichia 

coli to humans.  The selenocysteine is incorporated into 
proteins during translation in response to the UGA 
codon.  This amino acid is readily oxidized by oxygen. 
Enzymes containing this amino acid must be protected 
from oxygen.  Possibly it is one of the first amino acids 
that was present before oxy gen was present on the 
Earth.  As the oxygen concentration increased, the 
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selenocysteine may have been gradually replaced by 
cysteine with the codons UGU and UGC (Madigan et 
al. 1997).  
 The 3 base code sometimes only differs in the 
third base position.  For example, the genetic code for 
glycine is GGU, GGC, GGA or GGG.  Only the third 
base is variable.  A similar third base change pattern 
exists for the amino acids lysine, asparagine, proline, 
leucine and phenylalanine. 
These relationships are not random.  For example, 
UUU codes for the same amino acid (phenylalanine) as 
UUC.  In some codons the third base determines the 
amino acid.  The second base is also important. For 
example, when the second base is C, the amino acid 
specified comes from a family of four codons for one 
amino acid except for valine. 
 Biological expression is in the form of coded 
messages.  These messages are the information on 
structure (shapes of biomolecules) and function 
(biochemical reactions necessary for life).  The coded 
message determines the protein which folds into a 
shape that requires the minimal amount of energy.  
Therefore, the total energy of attraction and repulsion 
between atoms is minimal.  
 
 How did this genetic code come to be the code of 
life as we know it? Nature had abundant time (billions 
of years) to experiment with different coding schemes 
and eventually adopted the genetic code we have today. 
It is simple in terms of mathematics. It is also 
conserved but can be mutated at the DNA level and 
also repaired. The code is thermodynamically possible 
and consistent with the origin, evolution and diversity 
of life. 
 
Life and math 
  Math as applied to understanding biology has 
countless uses.  It is used to elucidate trends, patterns, 
connections, and relationships in a quantitative manner 
that can lead to important discoveries in biology.  How 
can math be used to understand living organisms?  One 
way to explore this relationship is to use examples 
from the bacterial world.  The reader is also referred to 
an excellent text by Stewart (1998) that illustrates how 
math can be used to elucidate a fuller understanding of 
the natural world.  For example, the exponential 
growth of bacterial cells (1 cell � 2 cells � 4 cells � 
8 cells � 16 cells and so on) is essential information 
that is one of the foundations of microbiology research.  
Exponential growth over known periods of time is 
essential in the understanding of bacterial growth in 
countless areas of research. The ability to use math to 
describe growth per units of time is an excellent 
example of the interrelationship between math and the 
capability to understand this aspect of life. 
 For example, the basic unit of life is the cell, an 
entity of one.  Bacteria also multiply by dividing.  
Remember that life is composed of matter and matter is 

composed of atoms and that atoms especially in solids 
are arranged in an efficient manner into molecules that 
minimize the energy needed to take on specific 
configurations.  Often these arrangements or 
configurations are repeating units of mo nomers that 
make up polymers.  Stewart (1998) described it very 
well in his excellent book when he posed the question.  
"What could be more mathematical than DNA?"  The 
ability of DNA to replicate itself exactly and at the 
same time change ever so slightly allows evolutionary 
changes to occur.  The mathematical sequence of 4 
different bases (adenine, thymine, guanine and 
cytosine) in DNA are the blueprint of life.  Again, the 
order of the 4 bases determines the mRNA (messenger 
ribonucleic acid) sequence and then the protein that is 
synthesized.  
 DNA in a cell is also capable of precisely 
replicating itself in a cell.  The replicated DNA can 
then partition into each new cell when one cell divides 
and becomes 2 cells.  The DNA can only replicate with 
the assistance of enzymes that unwind the DNA and 
allows the DNA strands to act as templates for the 
synthesis of the second strand.  The ability of a cell to 
unwind its DNA, replicate or copy new strands and 
then partition them between 2 new cells has a 
mathematical basis. The four bases are paired in a 
specific manner-A (adenine) with T (thymine), C 
(cytosine) with G (guanine) on the opposite strands 
along a sugar phosphate backbone.  Each strand can 
contain all 4 bases in any order. However, A must bond 
with T and C with G on opposite strands. This precise 
mathematical pairing must be obeyed. 
 Living organisms also have amazing 
mathematical order and symmetry (arrangement of 
even distribution of elements, as in a design). The 
repeating units of fatty acids, glycerol and phosphate 
that make up a phospholipid membrane bilayer are one 
example. 
 An excellent example of mathematical symmetry 
is the S-layer in many Archaea bacterial (prokaryotes 
consisting of methanogens, most extreme halophiles 
and hyperthermophiles and Thermoplasma) cell walls 
that exhibit a hexagonal configuration.  A cell that can 
assemble the same repeating units countless times is 
efficient and reduces the numbers of errors 
incorporated into the assembly.  This is exactly the 
characteristic that is  needed for a living cell to grow 
and divide.  Yet, a little bit of change can occur over 
time.  
 Biochemical reactions in cells are accompanied 
by gains or losses in energy during the reactions.  Some 
of the energy is lost as heat and is not available to do 
work. In humans, heat is used to maintain a normal 
body temperature.  The energy available to the cell is 
expressed as free energy and can be expressed as 
kJ/mole.  Without the use of math and units of 
measurement, it would be impossible to describe 
energy metabolism in cells. Nor would we be able to 
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describe the rates of enzyme reactions necessary for the 
self-assembly and functioning of life. 
 Without units of temperature, we would not be 
able to describe the lower, upper and optimum growth 
temperatures of specific organisms microorganisms.  
The pH ranges for bacterial growth and the optimum 
pH values for enzyme reactions would be unknown 
without math to describe the values.  Water availability 
values and oxygen concentrations would not be able to 
be described for growth of specific organisms.  The 
examples are numerous.  Without the use of math and 
scientific units to express values, our understanding of 
life would be minimal and biology would not have 
made the great advances that it has in the past decades. 
 One central characteristic of living organisms is 
reproduction.  From nutrients in their environment, 
they can self-assemble new cells in virtually exact 
copies.  Secondly, living organisms are interdependent 
on each other and their activities.  The Earth's 
biosphere with its abundance of oxygen and living 
organisms was self-assembled by living organisms.  
From a chaotic lifeless environment on the early Earth, 
life self-assembled with the cell as the basic unit, with 
mathematically precise order, symmetry and base 

pairing in DNA as the genetic blueprint and with triplet 
codons as the genetic code for protein synthesis. 
 There is more to life than the genomic blueprint 
of each organism.  Life functions within the natural 
laws that we know and the ones that we do not know.  
Math can be used to understand life from the molecular 
to the biosphere level.  For example, this includes the 
origin and evolution of organisms, the nature of the 
genomic blueprints and the universal genetic code as 
well as ecological relationships.  Math as applied to 
life, helps us understand how monomers become 
polymers necessary for the assembly of cells.  Math 
helps us look for trends, patterns and relationships that 
may or may not be obvious to scientists.  Math allows 
us to describe the dimensions of genes, sizes of 
organelles, cells, organs and whole organisms.  
Without this knowledge, a paucity of information 
would still exist on many aspects of life. 
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Indiana State University 
 

Terre Haute, IN 
 

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 increased 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. 

• More than 125 majors. 
• Compact campus: Getting 

from one point to another on 
campus takes no more than 
an eight-minute walk. 

• Library services: With over 
800,000 books and more 
than 4,000 subscriptions to 
magazines and journals. 

 
 

Fountain in Dede Plaza , ISU 
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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. 

Call for Nominations 
 

President-Elect & Steering Committee Members 
 

ACUBE members are requested to nominate individuals for the office of President-Elect and two at large 
positions on the ACUBE Steering Committee. 
 

If you wish to nominate a member of ACUBE for a position, send a Letter of Nomination to the chair of the 
Nominations Committee:  Dr. Nancy Sanders, Division of Science, Truman State University, Kirksville, MO 
63501-0828, Voice -- (816) 785-4619  FAX (816) 785-4045, E-mail -- sc26@nemo.mus.edu 
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Abstract:  This article describes a successful adaptation of a laboratory exercise that was presented 
at an Association of Biology Laboratory Education (ABLE) workshop.  The workshop entailed 
isolating DNA from sturgeon caviar eggs, amplifying DNA using the polymerase chain reaction, 
and examining the DNA fragments obtained on a gel.  Students from William Paterson University 
modified the experiment by bringing in their own egg samples of species other than sturgeon. 
Three different classes of students repeated the experiment, and obtained the same results each 
time. This experiment is fast, simple, inexpensive, fun, reliable, and repeatable.  It will also teach 
your students about conservation genetics in an involved, exciting way. 
 
Keywords:  PCR, conservation genetics, investigative laboratory, sturgeon phylogenetics 
 
 
 

Introduction 
 This article depicts a successfully performed 
adaptation of a lab exercise that was originally 
presented at the 21st Annual Association of Biology 
Laboratory Education Conference at the University of 
Nebraska-Lincoln in June, 1999 (Nolan, 2000).  The 
title of the exercise is: Introducing Students to 
Conservation Genetics Using Sturgeon Caviar.  This 
exercise involved using universal sturgeon and species-
specific sturgeon primers to amplify DNA isolated 
from caviar of known and unknown origin. 
 Cullen (1999) describes the decline of several 
species of caviar producing sturgeon for commercial 
purposes in the Caspian Sea.  American caviar 
producing species are also in decline in areas such as 
the Hudson River.  There is currently a mo ratorium on 
sturgeon fishing in the Hudson River for the next forty 
years (Waldman, personal communication).  All 
twenty-five species of sturgeons and paddlefishes 
(order Acipensiformes) are threatened by overfishing 
and habitat degradation (Birstein et al., 1998).  Most 
species of sturgeon do not reproduce until they are 

approximately fifteen years old, which means that 
sturgeons are very slow-growing fish.  Unfortunately, 
they are often harvested before they are even at this 
reproductive age, which contributes even more to their 
decline in abundance.  Caviar commands a high price,  

 
and, has become increasingly sought after.  DeSalle 
andBirstein (1996) reported that of twenty-three lots of 
caviar purchased in Manhattan delis and two lots from 
Russia, five were incorrectly labeled, as identified by 
species-specific primers that have been developed.  
Sometimes a species of sturgeon that produces  
“cheaper” caviar is substituted for a species that 
produces more expensive caviar.  Quick methods of 
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species identification of sturgeon as well as other 
organisms may reveal other misidentifications as well.  
Ultimately this work may put pressure on sellers and 
consumers alike to conserve our natural resources. 
 In this adaptation of the fore-mentioned lab 
exercise, performed at William Paterson University, 
other types of fish eggs were used as well as the 
sturgeon eggs.  This is an example of an investigative 
laboratory exercise in that the students were able to 
participate in the planning of this experiment from the 
onset.  For example, the instructor purchased the 
beluga caviar initially, and invited the students to 
“scour their refrigerators and local supermarkets for 
whatever type of fish eggs they could find!”  One 
student working on a zebrafish research project brought 
in freshly laid zebrafish eggs. 
 

 
 
Figure 1 .  William Paterson students at work. 
 
 The exercise was performed three times by 
undergraduate students from William Paterson 
University attending the summer 1999 Advanced PCR 
Technology course offered by the Biology Department 
and taught by Dr. Claire Leonard.  This was an 
efficient and expedient experiment that demonstrated 
the technical aspects as well as the application of PCR.  
In addition, the most exciting aspect of this exercise is 
the students’ enthusiasm for sleuthing.  For example, 
one of the students titled her lab report: "Using PCR to 
uncover caviar fraud". 
 The techniques and methods used in the ABLE 
workshop were extended by the students by additional 
DNA extraction procedures and test materials. 
 
Materials and Methods  

• Caviar.  Caviar technically means “sturgeon 
eggs”, the color of which is always black.  
Paddlefish, now raised commercially, yield 
eggs that are brown.  Many varieties of fish, 
such as red salmon, eggs may say “caviar” on 
the jar.  Whitefish eggs are also black.  
Sturgeon caviar comes in three commercial 
varieties.  Sevruga and osetra are the least 

expensive, and cost about $25 for a half ounce 
each.  Beluga caviar is twice as expensive.  
You may buy caviar from delis or specialty 
import food stores.  Caviar is also now being 
sold over the Internet.  One half ounce should 
yield hundreds of eggs which are a little larger 
than the head of a pin.  Salmon, white fish, 
and beluga sturgeon eggs were purchased for 
use for this experiment by the instructor, or 
were provided by the students.  In our 
experiments, one student provided zebrafish 
eggs. 

• Gloves 
• Quanta-GenomicTM Kit.  The QUKG-50 kit 

provides enough material for 50 DNA 
extractions [Quantum Biotechnologies Inc., 
1801 deMaisonneuve Blvd., West 8th, 
Montreal, Quebec, Canada H#H 139;  Tel: 
888-DNA-KITS or 514-935-2200; Fax: 888-
688-3785 or 514-935-7541;  Internet: 
http///www.quantumbiotech.com; e-mail: 
info@gbi.com] 

• Qiagen Dneasy Tissue KitTM--69504  (this 
kit provides enough material for 50 DNA 
extractions) [Qiagen Co., 1-800-426-8157].  
(If you decide to use the Qiagen Dneasy 
Tissue KitTM, a vortex, a 55°C water bath, 
and a 70°C water bath will be necessary, in 
addition to the other materials listed.) 

 Subsequent materials listed are those required for 
use with the Quantum kit. 

• 100% ethanol 
• 70% ethanol 
• RNAse free water [Amersham-Pharmacia 

Biotech; 1-888-573-4732; cat. # US 70783 
(contains .01% diethylpyrocarbonate); $58 for 
1 liter, $35 for 500 ml.] 

• distilled water 
• DNTP’s (make a master mix of 10mM each of 

the 4 dNTP’s) dNTP kit [Amersham-Pharmacia 
Biotech; cat. # 27203201--$67]. 

• Primers  
Primer 1 (B72)  GCCTACGCCATTCT 

CCG  
Primer 2 (S2A)  CCTCCAATTCATGT 

GAGTACT 
Primer 3 (S2)  GGAGTCCTAGCCC 

TCCTG 
 Primers are ordered going from the 5' to 
the 3' ends.  In this exercise, we will use three 
primers: B72 and S2A should amplify a 150 
base pair fragment of a cytochrome b gene 
that has been sequenced and found to be in all 
sturgeon.  When S2 is used with S2A, only a 
cytochrome b gene fragment (approximately 
the same size) specific to sevruga sturgeon 
(Acipenser stellatus) should be amplified. 
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 The American Museum of Natural 
History orders primers from Operon; whereas, 
William Paterson University orders primers 
from Biosynthesis, Inc. [1-800-227-0627---
$1.19/base]. 
 Usually the primers come lyophylized in 
nanomole concentrations.  These need to be 
reconstituted in RNase-free water to a 25 
ìmole concentration.  For example, if the total 
amount on your primer vial is listed as 70 
nanomoles, then use the following 
formulation: 
 

25 ìM = 25 ìM per liter = 25 nM per ml. 
 

   70 nmoles  =  25 nmoles 
X ml                ml 

 
x = 2.8 ml 

 
 Reconstitute primer vial with 2.8 ml of 
RNase-free water. 
 For one PCR reaction, the primer will be 
diluted from 1:50 to 1:250, depending on 
which protocol you use. 

• Taq DNA polymerase.  We use AmpliTaq 
from PE Biosystems [1-800-327-3002; cat. # 
N808-0160; $155].  This comes with the 
required PCR buffer (10X) supplemented with 
15 mM magnesium chloride.  Some types of 
PCR buffers are not supplemented with 
magnesium chloride - in that case, it must be 
added separately. 

• Agarose 
• 20X TBE buffer pH 8.0 (Tris -boric acid-

EDTA buffer) can be purchased from Carolina 
Biological  [1-800-334-555; cat. # 219027; 
$25 for 500 ml]  Or you can prepare the buffer 
using the following recipe. First you should 
prepare the 10X solution, then dilute to 1X as 
needed.  To make one liter of 10X TBE 
buffer, pH 8.0  add the following to 700 ml of 
distilled water in a 2-liter flask: 

1 g of NaOH 
108 g. Of Tris base 
55 g boric acid 
7.4 g of EDTA 
Stir to dissolve; bring to volume. 
(Micklos and Freyer, 1990) 

• NaOH and Hydrochloric acid (to adjust pH of 
TBE buffer to pH 8.0 if necessary) 

• To make 100 ml of 6X loading dye, dissolve: 
0.25 g bromophenol blue 
0.25 g xylene cyanol 
in 49 ml of water.  Stir in 50 ml of 
glycerol. (Micklos and Freyer, 1990) 

• 0.025% methylene blue or ethidium bromide 
(5 mg/ml).  HANDLE WITH CAUTION!!  

(see Micklos and Freyer (1990) to learn how 
to handle this mutagen) 

• Mineral oil 
• Ice bath 
• Minicentrifuge 
• Micropipettors and micropipettor tips (1-20 ul 

and 1000 ul).  (Some labs have micropettors 
that range from 0-10 ul; if this is the case, then 
an additional tip size would be needed) 

• Eppendorf® tubes (0.5 ul and 1.5 ul) 
• Polymerase Chain Reaction (PCR) machine or 

water baths set at the appropriate temperatures 
for manual PCR (this is untested) 

• Gel electrophoresis set ups (trays, combs, gel 
chambers, power supplies) 

• Trays for staining with methylene blue and/or 
ethidium bromide 

• Plastic Rubber-maid type containers with 
covers are good 

• Photography equipment (optional).  In this 
laboratory both Polaroid® and a Kodak® 
digital photography set-up is used with a 
MacIntosh® computer for photography.  Life 
Technologies (1-800-828-6686) distributes the 
Kodak Digital Science EDAS 120 unit.  A 
Polaroid® unit specifically for use with UV 
can be purchased from Carolina Biological 
(cat. # 213699; $450). 

• Light box.  UV for viewing ethidium bromide 
stained gels and white light for viewing 
methylene blue stained gels  

 
Notes to Instructor 
 
Time Required for Students to Perform Exercise. 
 Two hours to isolate DNA and to make dilutions 
for the control and species-specific primers; three hours 
for the PCR reaction to run; one hour to run the gel. 
  We suggest that you take two weeks to complete 
this exercise; one week to do the DNA extractions and 
set up the PCR, and the second week to run and stain 
the gels. 
 You will need to make a list of the total number 
of spots that are available on your PCR machine(s) 
when you have determined the number of samples you 
will run.  A 1:10 dilution of the extracted DNA was 
used for this experiment.  Once you have the number of 
spots matched to the number of students, make a 
similar list for the number of reactions and wells on a 
gel available based on type of comb and number of gel 
boxes. 
 The recipe for the reaction mix as given in the 
protocol is for one student.  Make extra reaction mix 
for positive and negative controls.  The number of 
negative controls will be determined by the number of
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wells you have on your gel, and how many students are using each gel. 
 Initially, this experiment was first tested with the 
universal sturgeon primers B7-2 and S2A that will 
amplify fragments of varying sizes in any of the 25 
species of Acipensiformes (the order of sturgeons and 
paddlefishes).  The students from William Paterson 
University also amplified fragment from other species 
unrelated to sturgeon using these universal sturgeon 
primers.  This might not be unexpected, as sequences 
for these other fish species were not found in 
GeneBank®. 
 The primers S 2 and S2 A were originally thought 
to be  species-specific for Acipenser stellatus (sevruga 
caviar) as presented in the ABLE workshop.  These 
primers amplify a 150 bp fragment of the cytochrome b 
gene.  However, the students from William Paterson 
University found that these S2 and S2A primers also 
amplified a 500 bp fragments from zebrafish.  This was 
an unexpected and interesting observation. 
 
Protocol--Week One  
 

Isolation of DNA from Single Caviar Eg g 
1. Lysis and Homogenization.  Note: The 

Quantum kit components come in four bottles 
labeled GEN I through GEN IV.  These kits 
contain proprietary solvents and the company 
representatives, when contacted by phone, would 
not reveal their identity.  A good biochemical 
techniques book such as Robyt and White, 1987, 
should describe how traditional ingredients such 
as detergents and ethanol work in lysing cells and 
precipitating DNA.  

2. DNA Extraction.  Follow the directions 
according to the kit using three to five sturgeon 
eggs for a good yield of DNA.  Use a 20 ìl 
pipette tip to “smash open” the egg against the 
side of the tube with the first reagent (GEN I).  
You should see white material oozing from the 
egg.  Continue to follow the protocol according to 
the kit directions.   

 

PCR Amplification 
 Sometimes it is necessary to do a dilution series 
of your DNA in order to yield the optimum amount of 
DNA that can be amplified, but, in most cases, a 1:10 
dilution has worked for us.   
 To set up the PCR mix you will do the following: 
 

1. Add 1 ìl of the appropriate dilution to a 0.5 ml 
(PCR) tube. .   

2. Next, add 24 ìl of the PCR reaction mix with the 
reagents in the following proportions for each 
sample: 

19 ml RNAse free water 
2.5 ml of PCR buffer supplemented with 15 

mM magnesium chloride  
2.5 ml of DNTP’s (10 mM each) 
0.1 ml of primer 1 (B72) 

0.1 ml of primer 2 (S2A) 
0.1 ml of Taq polymerase 

3. Run the PCR under the following parameters for 
the B7-2 and S2A primers: 

1 min @ 94o C 
1 min @ 48o C 
1 min @ 72o C;  repeat for 35 cycles 

4. The PCR reaction conditions are slightly different 
for the sevruga species-specific reactions: 

(Primers S2 and S2A) 
1 min @ 94o C 
1 min @ 55o C 
1 min @ 72o C;  repeat for 35 cycles 

 

Electrophoresis . 
1. Make a 2% agarose gel for the electrophoresis 

with 1X TBE buffer.   
2. Mix your samples with loading dye, which: a. 

contains glycerol which weights the samples so 
that they do not float out of the gel and b. contains 
two dyes that will separate upon migration through 
the gel.  The faster-moving dark blue band will co-
migrate with a DNA fragment that is 
approximately 300 base pairs in length, and the 
slower-moving light blue band will co-migrate 
with a DNA fragment that is approximately 9,000 
base-pairs in length. 

3. Run the gel at no more than 125 volts.  When it is 
finished running,  add 0.5 ìl of a 5 mg/ml solution 
of ethidium bromide to a staining tray of distilled 
water and stain for ten minutes.  CAUTION!!  
Since ethidium bromide intercalates between the 
bases of DNA, it is a potential carcinogen.  Handle 
with care.  Omit this step if you are using the 
methylene blue method of staining.   

4. If you want to use methylene blue for staining, the 
gel should be covered with 0.025 % methylene 
blue for an hour and destained overnight.  If 
possible, there should be a few changes of water. 

 

Photography 
A.  Digital photography 

 The laboratory at the American Museum of 
Natural History is equipped with a Kodak® camera 
that takes digital pictures and captures them to a 
computer.  A more traditional set-up is the 
Polaroid® camera.  If you have a digital camera, 
follow the directions for taking a picture.  If you 
save the image as a TIF or PIC file, it will use up 
less room on your disc than the Kodak® graphics 
save.  Then you may print a copy of your photo, 
using Adobe® graphics program. 

B.  Polaroid photography 
 For UV photography of ethidium bromide 
stained gels, use Polaroid® high-speed film Type 
667 (ASA 3000).  Set the camera aperture to f/8 and 
shutter speed to B.  Depress shutter for a 2-3 second 
time exposure. 
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 For white light photography of methylene blue 
stained gels, use Polaroid® Type 667 film, with an 
aperture of f/8 and a shutter speed of 1/125 second. 
(You may have to play with these settings!) 

 

Results 
 You should see nothing in your negative control 
lane and a nice, 150 base-pair band in your sample 
lanes.  If you get this result, then you have successfully 
amplified and visualized a 150 bp fragment of a 
sturgeon cytochrome b mitochondrial DNA gene!  This 
fragment may vary in size, according to species used. 
The William Paterson students also amplified a 150 
base-pair fragment of DNA isolated from zebrafish and 
Romanoff whitefish eggs (Figure 2.).  The students did 
not obtain amplification of a 150 base pair fragment 
with a sample of salmon eggs or a second sample of 
whitefish, but this was attributed to poor egg quality.  
The sevruga species-specific primers should yield a 
150 bp band with the S2 and S2A primers only.  The 
William Paterson students did not obtain amplification 
using the sevruga-specific primers with any sample 
except with one exception -- the zebrafish eggs.  The 
large smudges at the bottom of the lanes are primer-
dimers, which occur when unutilized primers hybridize 
with each other. 
 

Discussion 
 The students were able to amplify a 150 base-pair 
fragment of DNA that was isolated from most of their 
samples. The same results were obtained when 
repeated by three different classes of students.  The 
B7/S2A primers amplified a 150 base-pair sequence of 
DNA from species other than sturgeon, which indicates 
that this fragment could be found in more than one 
order of fish.   The 500 base-pair fragment amplified 

by primers which were thought to be species-specific 
for Acipenser stellatus was an unexpected result.  
Further research is needed to explore consensus among 
this fragment and others and further sequencing work 
needs to be executed on all fish species. 
 If the students would like to use the Web to learn 
how to look up and analyze sequence homology, Rick 
Hershberger of Carlow College has developed a very 
user-friendly interactive web site for this purpose 
(www.bioactivesite.com/biocomputing/darwin2000/). 
 

In conclusion, this experiment is: 
• student-oriented: the students are able to have 

input from the beginning by bring in their own egg 
samples 

• investigative: the student gets to help in  the design 
of the experiment 

• practical and inexpensive : it can be conducted in 
a finite time frame 

• reliable and repeatable: students from three 
classes obtained results, and the results were 
practically identical among each group 

• exciting and fun: the exp eriment does lend itself 
to a party atmosphere (especially if you serve 
caviar!) but on a more serious note, the students 
get to see “conservation genetics” in action.  It 
feels real to them   Primers that are sturgeon 
species-specific are still being sought in order to 
differentiate illegally from legally caught sturgeon.  
Upon completion of this experiment, the students 
can be told they have just taken a step closer to 
becoming a wildlife forensic scientist!  

 

 
Figure 2.  Lane 1 - Zebra [B7/S2A (A)]; Lane 2 - Zebra [S2/S2A (B)]; Lane 3 - Beluga [B7/S2A]; Lane 4 - Beluga 
[S2/S2A];  Lane 5 - Whitefish (Romanoff) [ B7/S2A];  Lane 6 - Whitefish (Romanoff) [S2/S2A];  Lane 7 - Salmon 
[B7/S2A];  Lane 8 - Salmon [S2/S2A];  Lane 9 - Whitefish - [B7/S2A];  Lane 10 - Whitefish [S2/S2A];  Lane B - 
Blank;  Lane (+) - positive control;  Lane (-) - negative control;  Lanes STD - standards. 
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or stanleye@beloit.edu), please address the 
subject line as Bioscene.  Please include 
graphics in an electronic format (TIFF, BMP, 
JPG, GIFS, or PICT formats are acceptable).  
Potential color cover are is always 
appreciated. 
 

Your submission should include the title, 
author(s), name of your institution with the 
address, a brief abstract (200 words or less), 
keywords, and references cited in the 
manuscript in appropriate. 
 

Please note that the deadline for the August 
2000 issue is July 15, 2000. 
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Teaching Doctorates in Biology -- 
Is There a Niche? 

 
 

Michael L. Rutledge 
 

Department of Biology 
Middle Tennessee State University 

Murfreesboro, TN 37132 
Phone: (615) 898-5951 

Email: mrutledg@mtsu.edu 
 
 
 

Abstract:  The Doctor of Arts (D.A.) and the departmentalized Doctor of Education (Ed.D.) 
degrees in biology represent different paradigms in doctoral education for biologists. The degrees 
embrace the philosophy that there is a need, especially at the undergraduate level, for broadly 
prepared biologists with expertise in biological education.  To determine if such programs are 
successful in achieving their goals, graduates from two of the most active programs offering 
“teaching doctorates” in biology were surveyed.  Results suggest that the programs appear to be 
successful in achieving their goals, and that there is a niche, especially in community colleges and 
smaller 4-year colleges, for broadly prepared biologists with expertise in biological education. 
 
Keywords:  biological education, biology, college teaching, doctorate, Doctor of Arts, Doctor of 
Education, teaching 
 

 
 The responsibilities of college and university 
faculties have traditionally included the triad of 
teaching, research, and service. Preparations for these 
responsibilities are generally thought to occur as a 
result of the training and experiences graduate students 
accrue as they earn advanced degrees in their field of 
study.  In biology, the Doctor of Philosophy (Ph.D.) 
degree is overwhelmingly the most common doctoral 
degree conferred, as the Ph.D. has become 
synonymous with “doctorate.”  However, other 
doctoral degrees in biology such as the Doctor of Arts 
(D.A.) and the departmentalized Doctor of Education 
(Ed.D.) are available to biologists interested in careers 
in academia. 
 Like the Ph.D., the D.A. and the departmentalized 
Ed.D. are degrees in specific academic disciplines 
(such as biology), administered by Schools of Science-
-not by Schools of Education.  However, they represent 
a different paradigm in doctoral education.  While the 
Ph.D. is characterized by a narrow scope of study with 
a research emphasis, the D.A. and the departmentalized 
Ed.D. require a rather broad course of study in the 
discipline and emphasize pedagogy.   
 The D.A. and departmentalized Ed.D. were 
developed in response to calls for an alternative model 
for the training of the future professorate--one 
specifically designed to prepare individuals to be 
college and university teachers.  The degrees embrace 

the philosophy that there is a need, especially at the 
undergraduate level, for broadly prepared generalists in 
a given discipline who have formal training in the art 
of teaching and the psychology of learning.  
 

 
 
 Doctor of Arts degrees have been offered in a 
variety of disciplines at over 20 universities. 
Departmentalized Ed.D. degrees have been offered at 
Ball State University, East Texas State, Indiana 
University of Pennsylvania, Kansas State, Montana 
State, North Texas State, Pennsylvania State, 
Oklahoma State, and the University of Oklahoma.  The 
D.A. in biology has been offered by four universities: 
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North Dakota, Northern Colorado, Idaho State and the 
University of Illinois at Chicago (Glazer, 1993), 
whereas the Ed.D. is offered at Ball State University.  
(Note: Northern Colorado has restructured their D.A. 
program and now offers a Ph.D. in Biological 
Education and the programs at North Dakota and 
University of Illinois at Chicago are inactive). 
 In the context of current calls for reform in 
undergraduate science education (American 
Association for the Advancement of Science, 1989; 
Astin and Astin, 1992; Druger, 1997; Krieger and 
Worthy, 1990; McNay, 1993; Narum, 1992; National 
Research Council, 1996; National Science Council, 
1996) and continued concerns regarding the 
preparation of those who teach undergraduates (Bass, 
1993; Boyer, 1989; Boyer, 1990; LaPidus, 1993; Lewis 
and Altbach, 1992), information about the status, 
experiences, and views of graduates of such programs 
are of particular interest.  Have such programs 
succeeded in their goal of producing broadly prepared 
biologists capable of effectively teaching biology at the 
college and university level?  Is there a niche available 
in academia for graduates of these programs?  What are 
the views and experiences of graduates of these 
programs with respect to their unique degree? 
 Due to their common goals and similar structure, 
the programs at Idaho State and Ball State are of 
particular interest and are the focus of this study.  Idaho 
State instituted the D.A. in biology in 1971 and Ball 
State instituted the Ed.D. in biology in 1968.  Both 
programs have been quite active, with each conferring 
over 50 doctoral degrees. The Biology Department of 
each school was contacted and agreed to participate in 
the study by supplying a description of their program 
and a list of graduates. 
 
Major Features of the Programs  
 A fundamental goal of the doctoral programs at 
Idaho State and Ball State is to foster the development 
of broadly trained biologists capable of effectively 
teaching at the undergraduate level.  To achieve this 
goal, the programs are structured similarly.  Both 
programs: 
 

• Require a broad spectrum of courses in biology  
(approximately 40-50 graduate credit hours 
determined by candidate’s doctoral committee). 

• Utilize formal evaluations during the program to 
assess a candidate’s understanding of biological 
topics and plan the candidate’s program of study 
(Ball State utilizes the GRE advanced biology 
test; Idaho State utilizes departmental oral and 
written diagnostic exams). 

• Require a pedagogical component consisting of  
supporting coursework in the psychology of 
learning , testing and measurement (assessment), 
and problems in higher education. 

• Require supervised internships in which the 
candidate is actively involved in the planning 
and daily conducting of university-level biology 
courses (Ball State requires 2-4 semesters of 
internship; Idaho State requires a minimum of 3 
semesters). 

 
 Both programs also require a research component.  
Ball State requires a dissertation involving original 
research on a topic in basic biology or biological 
education.  Idaho State requires a scholarly activity that 
makes a contribution to biological education.  The 
activity has taken various forms and has resulted in 
biological field guides, laboratory manuals, and 
monographs on various aspects of biological education  
 
Methods  
 The Biology Departments of Idaho State and Ball 
State provided a list of their doctoral recipients.  Given 
that the last contact of the departments with some of 
their graduates was dated, efforts were made to confirm 
that the listed addresses were correct and establish an 
address where no address was listed.  From the list of 
63 graduates of Idaho State, current addresses were 
established for 36 individuals and from the list of 61 
graduates supplied by Ball State University, 52 were 
located. 
 Surveys were mailed to the 88 individuals, and 52 
were returned (28 from Ball State University alumni, 
and 24 from Idaho State University alumni), an overall 
response rate of 59% (Appendix).  As the two 
programs have similar goals and structures, the surveys 
were viewed as being from a single population: Those 
receiving “teaching doctorates” in biology. 
 
Results 
 Following are summaries of, and trends observed 
in, responses to survey questions: 
 
Rationale for Entering Program 
 The vast majority of graduates cited aspects of the 
goal of the degree as the primary reason for entering a 
program, with 87% noting one or more of the 
following: 
 

• Preparation for teaching biology  (97%) 

• Desire for a broad preparation 

in biology (56%) 

• Ability to conduct research 

in biological education (38%) 

 
 Within this group, 22% specifically noted the 
desire to teach at small liberal arts schools or 
community colleges.  The remaining 13% of graduates 
noted the location of the university, or available 
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funding as a primary reason for their entrance into the 
program. 
 
How Became Aware of Degree 
 The D.A. and Ed.D. degree programs in biology 
are not widely known as available doctoral degrees in 
the field of biology.  Respondents noted that they 
became aware of the doctoral programs: 
 

• as they earned undergraduate or 

Masters degrees at that university (38%). 

• through conversations with graduates  

of the program or faculty members 

of the department  27%) 

• through advertisements of the program 

in journals or bulletins (23%) 
 

 Twelve percent of the respondents either did not 
remember how they became aware of the degree or did 
not respond to the item. 
 
Primary Work Activity 
 The D.A. and Ed.D. in biology are programs 
specifically structured to prepare individuals to teach 
biology at the undergraduate level.  Overall, 81% of the 
respondents are employed in an academic setting in 
some role--72% noting that their primary role involved 
teaching in the life sciences, the other nine percent are 
in administrative or academic support positions.  Of 
those in academia: 
 

• 41% were at community or junior colleges 

• 29% were at four-year colleges 

• 25% were at universities 

• 5% were at high schools or state technical 
schools  

 

 Twenty-six percent of those in academia currently 
act as department chairs or program directors and 11% 
reported they were directly involved in the 
development of biology or science teachers through the 
teaching of science methods courses and/or supervising 
student teachers. The 19% employed outside academic 
settings reported that they were employed by 
government agencies, laboratories, and science 
museums. 
 
Benefits of Obtaining the Degree 
 Doctoral degrees represent the highest level of 
education obtainable in most academic disciples and 
obtaining a doctorate (Ph.D., Ed.D., D.A., or 
otherwise) in a field can be beneficial to an individual 
in a wide variety of ways.  Three benefits were 
observed as being most significant by more than half of 
the graduates of the programs at Ball State and Idaho 
State: 
 

• 70% noted that they had improved professional 
skills, especially in the techniques of teaching 
biology.  

• 65% observed a heightened intellectual 
development--especially in aspects of being a 
more rounded biologist. 

• 62% observed enhanced professional 
marketability or job security. 

 

 Twenty-one percent also noticed enhanced self-
confidence and self-esteem as a significant benefit, 
while 19% observed an increased salary.  No trends 
were observed with respect to date of degree 
completion and ability to find employment.  Of the 
graduates: 
 

• 37% graduated in the 1970s  

• 37% graduated in the 1980s  

• 26% graduated in the 1990s  
 

 Only three individuals (two who graduated in the 
1970’s and one who graduated in the 1980’s) noted 
they experienced difficulty in finding employment. 
 

 
Attitudes of Colleagues 
 The D.A. and Ed.D. in biology are somewhat 
obscure doctoral degrees in biology, and many 
biologists are unaware of the degree programs’ mission 
and structure.  Nearly one third (31%) of the graduates 
noted that they had experienced some degree of 
“skepticism,” “lack of recognition,” or “suspicion” 
about their degree, while 35% noted that they had 
encountered predominately positive feedback from 
their colleagues.  The degrees seem more well received 
by faculty and administrators at community colleges as 
only 20% of those at community colleges reported any 
negative feedback about their degree from colleagues, 
while 67% of those at 4-year colleges and 83% of those 
at universities noted negative feedback.  Several of the 
graduates teaching at community colleges observed 
that a significant number of faculty and administrators 
at community colleges possess or were familiar with 
their degree—this may account for the higher degree of 
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acceptance by colleagues at community colleges.  
Despite some perceived negative feedback about their 
degrees, only five percent of the graduates employed in 
academic settings observed that their degree had been 
an impediment to their academic career. 
 
Programs Achieved Goal 
 The D.A. and Ed.D. in biology seek to produce 
broadly prepared biologists with expertise in biological 
education and 94% of the graduates felt the doctoral 
program they experienced realized that goal.  Many of 
the graduates noted they taught at undergraduate 
institutions where they must teach a broad spectrum of 
classes and the experiences in their doctoral program 
prepared them for such responsibilities.  Others 
observed the value of their internship, noting that their 
internship experiences engendered them with 
confidence in their teaching abilities and promoted 
their effectiveness as a teacher. 
 The graduates were enthusiastic in recommending 
the degree to others, but with a strong proviso.  Ninety-
two percent of the graduates observed that they would 
recommend the degree; however, the vast majority 
noted they would only recommend it to individuals 
highly interested in teaching at the undergraduate level, 
especially at community colleges and smaller 4-year 
colleges where versatility is highly valued.  Eight 
percent of graduates responded that they could not 
recommend the programs, noting a lack of respect and 
recognition as the reason. 
 
Graduate Recommendations for the Programs  
 As the graduates reflected on their degree 
programs and their subsequent experiences, several 
suggestions to improve the programs were noted.  The 
three most recurrent suggested changes were: 
 

• Change the name of the degree to a Ph.D. in 
Biological Education. 

• Make sure that the faculties adminis trating the 
programs “buy into” the degree. 

• Advertise the degree to a wider audience. 
 

 Several graduates observed the recent change in 
name of the D.A. in Biology at the University of 
Northern Colorado to a Ph.D. in Biological Education, 
commenting that such a change would make the degree 
more marketable.  Others noted that there were few 
faculty in their program with such a degree (D.A. or 
Ed.D.), and that some faculty members administrating 
the degree program did not “embrace the philosophy” 
of the degree and “tried to turn it into a Ph.D.” by 
seeking to narrow the program of study within the 
discipline and minimize the pedagogical component.  
Many graduates also noted the lack of understanding of 
the programs’ mission and availability, observing that 

they became aware of the programs by accident or only 
after their concerted efforts. 
 
Discussion 
 Clearly, the vast majority of the respondents entered 
these programs because they embrace the philosophy of 
the degree.  While Ph.D. programs in biology are widely 
available, the graduates chose to enter degree programs 
that represent a different paradigm in doctoral education 
for biologists--one that most respondents felt would best 
prepare them for their goal of teaching biology effectively 
at the undergraduate level. 
 The programs appear to be successful in achieving 
their goals.  The vast majority of the graduates are 
teaching biology, primarily at the undergraduate level, and 
have observed improved professional skills, intellectual 
development, and have found themselves marketable in a 
competitive academic job market.  The concerns 
expressed by the graduates largely relate to others’ 
perception of the degree. 
 The graduates’ recommendations for change in the 
programs should be well considered by the directors of the 
programs, especially those comments regarding faculty 
support.  Glazer (1993) observed the lack of faculty 
support of the degree to be a fundamental factor in the 
demise of several D.A. programs.  Changing the name of 
the degree to a Ph.D. in Biological Education and 
advertising the availability and mission of the programs 
could make the degree more marketable and increase 
interest in the programs. 
 It should be noted that many Ph.D. programs in 
Biology recognize the need to prepare graduates for the 
college and university classroom and provide experiences 
(such as teaching internships) to prepare them for college 
teaching.  The two types of programs (Ph.D., Ed.D./D.A.) 
do, however, remain distinct in scope and emphasis. 
 In conclusion, the results of this study suggest that 
there is a niche for broadly prepared biologists with 
expertise in biological education and the doctoral 
programs that seek to produce them.  Community colleges 
and smaller 4-year colleges appear to especially value 
biologists capable of teaching a wide variety of courses 
and who have a strong commitment to undergraduate 
science education.  It is in this role--the preparation of 
biologists for the diverse teaching challenges of 
community colleges and smaller 4-year school--that 
“teaching doctorate” programs will likely continue to 
impact biological education.  Though “teaching doctorate” 
programs in biology are not widely available, the 
programs at Ball State and Idaho State remain active, 
producing recent graduates and continuing to enroll new 
students.  While interest in such programs has declined in 
the last decade, current renewed interest in the value of 
effective undergraduate science teaching may serve to 
highlight such programs.  Additionally, an analysis of the 
structure of such programs may serve to inform other 
doctoral programs seeking to strengthen the teacher 
preparation component of their degree. 
 



 

Teaching Doctorates                                                  Bioscene     29 

Appendix  
 
 

Survey of D.A./Ed.D. in Biology Recipients 
 
 
A.  Background Information 

 
1. Your age  _____ 
 
2. Your gender: ______ Male   _____ Female 
 
3. Your educational background: (please complete the chart below). 
 

Degree Year Major Institution 

Associate    

Bachelor’s    

Master’s    

Professional    

Doctorate    

 
4. Are you presently employed? _____ Yes _____ No 
 
5. If yes, _____ full time or _____ part time? 
 
6. Which one of the following categories best represents your current primary work activity? 
 

_____ Research _____ Evaluation _____ Policymaking 
_____ Teaching _____ Consulting _____ Testing 
_____ Administration _____ Other (specify) ______________________ 

 
7. Which one of the following best represents your current employer? 
  

_____ Community/Junior College _____ Elementary School 
_____ Four-Year College _____ Secondary School 
_____ University _____ Govt. Agency 
_____ Non-profit Organization _____ Business/Industry  
_____ Other (please specify) ______________________________ 

 
8. The D.A./Ed.D. in Biology is a relatively uncommon doctoral degree offered by only  a few institutions . 
 

A. Why did you choose to pursue the degree? 
 
 
 
 
B. How did you become aware of the degree? 
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B.  Professional Enhancement 
 
1. The following is a list of benefits that could accrue to a student upon completion of a doctoral degree.  

Please check any or all of the benefits you have experienced. 
 

_____ Enhanced marketability for a job 
_____ Improved professional skills (teaching/research) 
_____ Heightened intellectual development 
_____ Increased salary 
_____ Secured job position 
_____ Enhanced prestige 
_____ Others (please specify):  _______________________________ 
 _______________________________ 
 _______________________________ 

 
2. From the benefits above, which three have been the most significant in your life? 
 

1. 
 
 
2. 
 
 
3. 

 
 
3. What has been the attitude of your colleagues toward your degree? (please explain) 
 
 
 
 
4. If you could do it over again, would you choose to pursue the same degree? (please explain): 
 
 
 
 
5. Would your recommend the D.A./Ed.D. program in biology to others?  Why or why not?  
 
 
 
 
6. A goal of the D.A./Ed.D. in Biology is to produce broadly prepared biologists who have expertise in 

biological education.  Do you feel that the program of study you experienced realized that goal?  Please 
explain. 

 
 
 
 

C.  Additional observations about the degree programs: 
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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  

 
Comfort Suites of Terre Haute 

501 East Margaret Avenue, Terre Haute, IN  47802      (812) 235-1770 
 

Pear Tree Inn 
3050 S. US Hwy 41, Terre Haute, IN  47802       (812) 234-4268 

 
Drury Inn 

3040 S. US Hwy 41, Terre Haute, IN  47802     (812) 238-1206 
 

Super 8 Lodge 
3089 S. 1st , Terre Haute, IN  47802      (812) 232-4890 
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Call for Abstracts 
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?  

Presentations and workshops 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) 
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 BEFORE July 1, 2000 to   

Margaret Waterman, Biology Department, Southeast Missouri State University 
Cape Girardeau, MO 63701 

Ph:  (573) 651-2381   email   waterman@biology.semo.edu 
 

Proposed Title:________________________________________________________________________ 

Presentation type 
  (circle one) 

90 minute workshop 45 minute paper Poster 

Equipment/facility needs: _____ 35 mm slide projector 
_____ Macintosh projection system 
_____ PC projection system 
_____ Other: (explain) 

_____ Overhead projector 
_____ Macintosh computer lab 
_____ PC computer lab 

Name of presenter : __________________________________________________________ 

Work address of presenter : ______________________________________________________ 

_____________________________________________________________________________ 

Phone No. presenter : __________________      email ________________________________ 

Please include names and contact information for additional presenters on back 
200 word abstract of session on back, please.  
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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 

..2:00 - 6:00 PM Pre-Meeting Field Trip:  Meet at Science Bldg. 

..6:00 - 8:00 PM Registration and Reception Hulman Union, DeDe-I 

..8:00 - 9:00 PM Opening Session 
Welcome to ACUBE: 

ACUBE President:  Buzz Hoagland, 
Westfield State College, Westfield, Massachusetts 

Welcome to Indiana State University: 
Dean, College of Arts and Sciences 
Program Chair: Margaret Waterman, Southeast 

Missouri State University 
Local Arrangements Chair: Dave Prentice, Indiana 

State University 

Science 12 

 
OPENING ADDRESS (Public Welcome to Attend) 
       Title: 
       Presenter:  James Hughes 

Science 12 

..9:15 - 10:15 PM Executive Committee Meeting Science 216/218 

Friday, October 13th 

..7:00 AM - 5:00 PM  Registration table will be open all day Science 2nd Floor 

..7:00 - 8:00 AM Buffet Breakfast (by Interest Group) Hulman Union, DeDe-1 

..7:30 - 10:30 AM Field Trip: Meet at Science building 

..9:00 AM - 12:00 PM SUSTAINING MEMBER EXHIBITS Science 299 

..8:15 - 9:45 AM CONCURRENT WORKSHOP SESSIONS I  

..9:50 - 10:20 AM POSTER SESSION I 
(Refreshments available Room 299)  

Science Hallway adjacent 
Rm. 299 

..10:30 AM - 12:00 PM CONCURRENT WORKSHOP SESSIONS II  

..10:30 - 11:10 AM CONCURRENT PAPER SESSIONS I  

..11:15 - 11:55 AM CONCURRENT PAPER SESSIONS II  
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..12:15 - 1:00 PM Luncheon and First Business Meeting  
Final Call for Nominations!! 

Hulman Union  DeDe-1 

..1:00 - 1:45 PM Luncheon Program  

 
    Title:   
    Presenter: Bruce Fuchs 

..2:00 - 5:00 PM SUSTAINING MEMBER EXHIBITS Science  299 

..2:00 - 2:45 PM CONCURRENT PAPER SESSIONS III  

..2:50 - 3:20 PM POSTER SESSION II (Refreshments available in Room 
299) 

Science Hallway adjacent 
Rm 299 

..3:30 - 5:00 PM CONCURRENT WORKSHOP SESSIONS III  

..5:05 - 5:45 PM Web Page Committee Meeting Science 205 

.6:00 - 7:30 PM *******   OPEN BALLOTING  ******* Hulman Union, DeDe-1 

..6:00 - 7:00 PM Social Hulman Union, DeDe-1 

..7:00 - 9:00 PM BANQUET and Second Business Meeting Hulman Union, DeDe-1 

.. 
Dinner Talk : A Wholistic Approach to Students --  Mind, 
Body and Spirit  Brian Degenhardt,  Kirksville MO 

 

 Saturday, October 14th  

..7:30 - 8:45 AM Buffet Breakfast (by Interest Group) Hulman Union, DeDe-1 

..7:45 - 8:45 AM Bioscene Editorial Board 
Ethel Stanley and Tim Mulkey, Co-Editors, presiding 

Hulman Union 

..9:00 - 9:45 AM CONCURRENT PAPER SESSION  IV  

..9:45 - 10:00 AM Morning Break  

..10:00 - 10:45 AM CONCURRENT PAPER SESSIONS V  

..11:00 AM - 12:15 PM 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 Univeristy 

Hulman Union, DeDe-1 

  

ADJOURNMENT OF REGULAR MEETING 

    Consider attending the famous Covered Bridge Festival !!  

..12:30 - 1:15 PM Steering Committee Meeting 
Includes newly elected Steering Committee members! 

Science Seminar Room 

 
 



 

Closure or Beginnings                                                 Bioscene     35 

CLOSURE OR A NEW BEGINNING? 
 

A Message from the Past President 
 

Dear Colleagues:  
 

 The calendar year and another Fall semester were rapidly drawing to a close when I began considering my 
message as past president of ACUBE.  In recent weeks I have given considerable effort to firming up some of my 
thoughts and putting them in the form of a letter to the members.   Although I could consider many aspects of 
ACUBE, I will restrict my comments to three areas: membership, the 1999 meeting, and communications with 
members, other organizations and the general public. 
 Attendance at the 43rd Annual Meeting of ACUBE held at the University of Wisconsin-River Falls was similar 
to what it has been at other meetings in the past; however, our present membership has grown to nearly 500.  As of 
February 1, 2000, ACUBE has members in 44 states and two foreign countries.   We receive manuscripts from 
individuals in many of the states and from several foreign countries.  Not only are we increasing in members but 
also our journal is more widely recognized.  Karen Klycek, as Past President, asked all of us to consider some 
questions relating to our growth:  How big do we want to get?  Can we become so large that we lose some of the 
important aspects of our organization?  I agree with Karen that these questions are worthy of consideration but, as 
she has stated, are not pressing problems.  Our vigorous expansion is a continuing reminder of the importance and 
relevance of our organization to those who emphasize undergraduate biology education. 
 Last year’s meeting “Integrating Process and Content: Flexibility for the Future” is still fresh in my mind.  I 
was impressed with the quality of the presentations and workshops, as well as the manner in which they fit the 
theme.  It gave me confidence that the concern I have for balancing process and content is very much a shared issue 
in biological education.  Both biology and science in general are rather paradoxical in that what at the time may 
seem complete and well understood can, with further information, become quite incomplete.  For example, the study 
of genetics was quite “complete” prior to 1950; it was based upon the Mendelian model.  With the isolation and 
identification of DNA, that understanding of genetics became very incomplete.   This dynamic aspect of biology 
requires continual vigilance and up-grading on the part of the biology teacher.  This was excitingly obvious in the 
participants at the River Falls meeting!  While there is a sense of closure with the completion of another annual 
meeting, I also have a sense of a beginning as memories of the meeting influence my thoughts about the 
interrelationship of process and content in my biology classes. 
 As Karen Klyczek and others have noted, ACUBE has been working closely with CELS and AIBS.   These 
organizations include members who are interested in biological education and advances in the discipline.  I attended 
a President’s Summit sponsored by AIBS; my travel was supported by ACUBE.  There were about 70 presidents of 
AIBS affiliated organizations in attendance.  The participants considered, in a workshop format, three key topics: 1) 
integration of good science into wise public policy, 2) examination of opportunities for enhanced public and private 
support for research in biology, and 3) identification of areas of common concern or interest in education and careers 
in biology.  It was the last workshop, in particular, that I believe can provide an avenue for ACUBE to affect change 
by emphasizing the process of science in the undergraduate biology classroom in educational institutes of all sizes. 
 There was some discussion of the development of curricular guidelines akin to those developed by most states 
for elementary and secondary science education.  The matter of who develops these guidelines is of concern to many 
educators.  Please read Buzz Hoagland’s “Great Expectations for the New Millennium” in this issue for further 
insight into the matter.  
 I think it is important that we maintain the communication and sense of connectedness among members that 
has characterized ACUBE throughout its history.  In addition, we must strive to extend these aspects to the 
membership of other organizations and to the general public.  Please contact me, or our current President Buzz 
Hoagland, or any member of the Steering Committee, if you have suggestions and/or ideas about the direction and 
involvement of ACUBE is relation to issues in biological education.  Remember, the elected officers of ACUBE 
want to represent you. 
 I look forward to seeing you at the 44th Annual Meeting at Indiana State University next October. 
 

Best Wishes, 
 

Charlie Bicak, Past President 
E-mail Bicakc@unk.edu 
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Great Expectations for 
the New Millennium 

 

Message From Our President 
 

 The new millennium has apparently arrived with little fanfare. I recognize that some purists will 
argue that Dionysius Exiguus, a sixth century monk, started the first millennium in year one instead of 
year zero, so that the actual millennium begins on 1 January 2001.  For a thoroughly entertaining review 
of this subject, I recommend Stephen Jay Gould's 1997 Questioning The Millennium: A Rationalist's 
Guide To A Precisely Arbitrary Countdown , Harmony Books, New York.   However, the surface does not 
always reflect the soul.  Some recent events indicate that change, be it good or not so good, is on the way.  
Past President Charlie Bicak speaks of a move to develop national curriculum frameworks for 
undergraduate biology education (parallel in scope to those for undergraduate Mathematics and 
Chemistry).  Many of us will likely agree that some guidelines would be helpful, providing that educators 
are the primary framers and that businesspeople do not have veto power.  American education has always 
been influenced by the corporate world; however, we may be on the verge of a hostile takeover (for 
further insight please read the recent message forwarded to the ACUBE Listserve entitled Teaching The 
Three `M's In The New Millennium: (Multi-tasking, Materialistics, and Mind Management) by Edward 
Miller, former editor of the Harvard Education Letter).  The fall 1999 issue of Thought & Action: The 
NEA Higher Education Journal also reveals some disturbing corporate influences in higher education.  It 
is worth mentioning that the University of Phoenix, the leader in distance education, is now the nation's 
largest private, for-profit institution of higher education and compensates faculty at a rate of $750 to 
$1000 per course. We will discuss some of these issues at an Educator's Issues Forum during the 44th 
Annual Meeting at Indiana State University in Terre Haute, Indiana (see this issue for a brief summary of 
those issues). 
 For the good of biology education, for the good of the Academy, and for the good of educators, we 
must get involved with this movement to establish national curricula, national standards, and, likely 
national testing programs.  Most states have implemented curriculum reform at the K-12 level during the 
last decade of the millennium, and many have instituted high-stakes standardized tests required for 
graduation.  Many educators have endorsed the changes in the curriculum, but the vote on standardized 
tests as the major criterion for graduation is still out.  We, the members of ACUBE, have the opportunity 
to work with the various private and public agencies which will be responsible for these future changes. 
 Charlie Bicak also speaks of maintaining communication and connectedness which have been a 
hallmark of ACUBE throughout our history.  At the dawn of the new millennium, communication is 
queen (king for those older? younger?).  We face daily issues in our courses, in our departments, and in 
our institutions, but we seem only to communicate four times each year via Bioscene and once each year 
at our annual meetings.  We have a listserve to which we can all belong (contact Tim Mulkey to sign up) 
for more frequent communication.  If you are not a member of the listserve, I encourage you to become a 
member and use it. 
 Our major vehicle of communication, Bioscene, is getting better all the time (I’ve heard that phrase 
somewhere before).  We have more articles per issue, more issues per year, and now we have color 
graphics on the covers.  Concomitantly, our costs are increasing.  Therefore, we will be asking the 
membership to vote "yes" on a proposal to increase ACUBE annual dues to $30 at the 2000 meeting in 
Terre Haute. 
 I look forward to more regular communication via the listserve and to our next meeting at Indiana 
State. 
 
Sincerely, 
 

Buzz Hoagland, President 
e-mail bhoagland@wsc.mass.edu 
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The Courage of His Convictions 
 

Randy Moore 
General College 

University of Minnesota 
Appleby Hall, 128 Pleasant Street S.E. 

Minneapolis, MN  55455 
 

 
 In July of this year, thousands of people will 
descend on tiny Dayton, Tennessee to celebrate the 
75th anniversary of the Scopes "Monkey Trial."  The 
Scopes Trial Play and Festival, which will be held July 
13-16, will include a lecture by Pulitzer Prize winner 
Edward J. Larson (author of Summer for the Gods: The 
Scopes Trial and America's Continuing Debate Over 
Science and Religion), a reunion of guests related to 
participants in the trial, tours of important sites 
associated with the trial, an arts and crafts fair, and 
several historically accurate reenactments of the trial in 
the courtroom where the trial took place.  The festival 
is always an enlightening and fun event; if you're 
looking for a good place to go this summer, you'd have 
a hard time beating this festival.1 
 Although a visit to Dayton can be very instructive 
in understanding the Scopes trial and its role in the 
creationism/evolution controversy, two long-forgotten 
sites associated with two of the trial's principals aren't 
in Dayton.  These sites, each of which humanizes and 
carries a subtle message about the trial, are the 
tombstones of William Jennings Bryan and John 
Thomas Scopes. 
 William Jennings Bryan lived an incredible life; 
he represented Nebraska in the US Congress 
(1891-95), was a three-time Democratic nominee for 
President (1896, 1900, 1908), was Secretary of State 
for Woodrow Wilson, taught a Bible class attended by 
4,000-5,000 people each Sunday, and championed 
numerous progressive causes -- for example, the 
popular election of US Senators, a graduated 
income-tax, women's suffrage, the Federal Reserve 
Act, workman's compensation, and minimum wage, to 
name a few -- that eventually became law. Indeed, few 
statesmen have been more vindicated by history than 
William Jennings Bryan.  Although Bryan's 
performance at the Scopes trial disappointed many 
fundamentalists, his death just five days after the trial 
made him a martyr for fundamentalists' causes.  He 
was buried with much fanfare in Arlington National 
Cemetery beneath the inscription "He Kept the Faith" 
(Figure 1; also see Moore 1999a).2  Bryan's epitaph 
personifies the populist, faith-based message that 
typified the lives of Bryan and his fundamentalist 
followers. 
 John Scopes led a remarkably different life.  
Whereas Bryan often sought public attention, Scopes 
was quiet and shy. After his trial, while Bryan spoke at 

public events and prepared a lengthy "message" for the 
media, Scopes quietly left town to ponder his future.  
He rejected many lucrative offers to cash-in on his 
celebrity, and instead went to graduate school at the 
University of Chicago, where he studied geology and 
became close friends with Clarence Darrow, one of the 
attorneys who defended him at Dayton. 
 

 
 
Figure 1 .  a) The tombstone of William Jennings Bryan 
in Arlington National Cemetery.  b) Bryan is buried 
beneath a tiny inscription "He Kept the Faith."  
 
Although Scopes sought quiet and anonymity, he could 
not escape his notoriety.  For example, in 1927 the 
president of the University of Chicago eliminated 
Scopes from consideration for a fellowship, telling 
Scopes that "You can take your atheistic marbles and 
play elsewhere."  Feeling that he had no future as a 
teacher (he had wanted to get a Ph.D., but never did), 
Scopes accepted a job with Gulf Oil of South America 
and worked in Venezuela.  Although he considered 
himself a "good agnostic," he married his wife Mildred 
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in a Roman Catholic church to please her.  In 1930, 
Scopes re-entered the University of Chicago but -- 
when he ran out of money accepted a job with United 
Gas in Shreveport, Louisiana.  In 1960, his wife 
persuaded him to return to Dayton for the world 
premier of Inherit the Wind.  There, in front of the 
second-largest crowd in Dayton's history, Scopes was 
honored with a parade and key to the city, but was also 
criticized and called "the devil."  While in Dayton, 
Scopes learned that teachers at his former school were 
required to sign a pledge not to teach evolution, and 
also realized that he'd have been convicted in 1960 for 
teaching human evolution as he had been 35 years 
earlier. Even today, creationism continues to be taught 
at Scopes' school (Moore 1999b). After his trial, 
Scopes sought anonymity and a quiet life away from 
the storms associated with Dayton. For the rest of his 
life, Scopes refused to exploit his accidental fame. 
When he rarely spoke about his case, his message was 
steady: 
 

"The basic freedoms of speech religion, 
academic freedom to teach and to think for 
oneself defended at Dayton are not so 
distantly removed; each generation, each 
person must defend these freedoms or risk 
losing them forever." 

 
 Although Scopes was overshadowed in Dayton 
by the clash of Bryan and Clarence Darrow, his 
courage was remarkable.  He received thousands of 
letters denouncing him as evil and labeling him an 
atheist, but he held his ground.  Whereas William 
Jennings Bryan's tombstone includes a biography and 
proclaims Bryan's faith, the inscription on Scopes' 
tombstone is much simpler: "A Man of Courage" 
(Figure 2).4  Scopes is buried beside his wife Mildred, 
mother and father (who attended his trial), and sister 

Lela, who lost her job as a teacher in Paducah, 
Kentucky when she would not renounce evolution. 
 

 
 
Figure 2 . a) The grave of John Scopes is marked by a 
historical marker in Paducah, KY.  b) Scopes is buried 
beneath the inscription " A Man of Courage."  
 

 
1 For more information about the Scopes Trial Play and Festival, go to http://www.bryan.edu/Scopes; to order tickets 
for the trial reenactments, call 423-775-0361. 

 

2 Bryan is buried atop a tree-covered hill in grave 3121 of Area 4 in the southern part of Arlington National 
Cemetery. 

 

3 Darrow, the third principal at the Scopes Trial, had earlier achieved fame with his involvement in the Leopold and 
Loeb case in 1924 (the first case involving a "thrill killing', the Sweet case in 1926 (in which blacks were indicted 
for defending themselves against a mob), and the Kidd case of 1898 (about union organizing).  Darrow worked on 
only one more case after the Scopes trial.  He then retired, during which time he wrote his memoirs and spent much 
time with John Scopes.  When Darrow died in 1938, his body was cremated. 

 

4 Scopes is buried at the corner of Hope Avenue and Myrtle Avenue in Section 7, Lot 104 of Oak Grove Cemetery in 
Paducah, KY. 
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REAR VIEW MIRROR -- 
A LOOKING BACK 

 
Edward Kos, 

ACUBE Historian 
 

I remember the 1960 meeting of AMCBT with 
fondness; it was first time I ever attended one.  I was 
working at Parsons College at the time, having decided 
that I wasn’t really cut out for life as a microbiologist 
teaching at a medical school.  Parsons had advertised in 
Science for biologists and I applied, and lo, I got the 
job.  Parsons was in Fairfield, Iowa.  I say "was" 
because it no longer exists as Parsons; today it is the 
home of the Mahareshee Mahesh University of 
Transcendental Meditation.  The senior biologist there 
was Dr. Floyd Von Ohlen, a terrific mentor and grand 
gentleman.  He had been in on the formation of 
AMCBT and received his notice of the meeting for 
1960.  He couldn’t attend but encouraged his two new 
hires to go.  My fondness of memory doesn’t include 
the trip up to Mankato, Minnesota from Fairfield, since 
we made the trip in a VW beetle with a malfunctioning 
heater (didn’t they all malfunction?), so we were either 
freezing or asphyxiating, remember we were traveling 
north.  The meeting itself made the trip worthwhile as 
far as I was concerned, because then, as happens now, 
the membership welcomed all the newcomers warmly 
and really listened to anything they had to add to the 
sessions.  The discussions were all on what it is we 
teach and how to teach it better.  The meeting of 1960 
followed the format established at Drake, a series of 
sessions each dealing with different aspects of 
biological science and covering the new advances in 
each area.  Leland Johnson’s idea of updating teachers 
in content and method was the key to the meetings.  
There were also two invited speakers, Dr. David F. 
Green, who spoke on Biochemical Machines, and Dr. 
A. Glen Richards, who spoke on the AIBS High School 
Biology Course, and also previewed one of the films 
prepared for this course. 

1970 found AMCBT at the University of 
Northern Iowa in Cedar Falls, Iowa..  The theme of this 
meeting was “Developing an Awareness: Can the 
Environment Survive?”  Staying in the forefront of 
environmental awareness which was beginning to find 
its voice in America, AMCBT presented a series of 
Group Meetings and Workshops on studies of the 
environment, techniques of study and new approaches 
to environmental education.  Two invited speakers, Dr. 
Richard V. Bovbjerg, Director of the Lakeside 
Laboratory of the University of Iowa and Dr. Leif L. 
Marking of the Fish and Wildlife Services in 

Wisconsin, presented different aspects of the 
environmental issue. 

The 1980 meeting of AMCBT was held at 
Millikin University in Decatur, Illinois.  The theme for 
that meeting was “L.A.B. Curricula - Learning 
Applicable Biology”.  It was centered around different 
forms of hands-on biology teaching (labs in the most 
general sense) and used a variety of forms of 
presentation, from hardware to mental-ware.  There 
were three speakers at this meeting.  The opening 
address was by Dr. Fred Brown of Buena Vista 
speaking on “The Art of Teaching Science”.  That 
afternoon, Dr. Ralph Sinclair of the EPA spoke on 
“Exotic Clams vs. T.V.A.”, and the evening speaker 
was Dr. Fred Williams, University of Cincinnati, who 
spoke on “The Greatest Lab in the World-The 
Cincinnati Zoo”. 

1990 found us at a venue we will be revisiting 
this year, Indiana State University, Terre Haute, 
Indiana.  The theme was “Biotechnology In 
Education”.  It featured a considerable number of 
hands on technology workshops as well as a bunch of 
how-to-use technology in teaching and designing labs.  
There was a ‘Film/Video Festival’ organized by 
Wallace Weber of Southwest Missouri State 
University.  This had been a very popular section of 
previous meetings.  The opening address was by Jerry 
Hinkley, College of Lake City, Grayslake, IL who 
presented “The Galapagos Archipelago - Multimedia 
Presentation”.  The evening session address was 
presented by one of our longstanding members, John 
Jungck of Beloit College, Beloit, Wisconsin, who 
spoke on “The Genetic Code as a Code: The Past 30 
Years”. 

As you can see from the above, our meetings 
have always been varied, but they have always focused 
on how to best teach whatever it is we want our 
students to obtain from our classes.  We always try to 
show how to best use the tools which keep appearing, 
as if by magic, whenever some new fad hits the 
educational headlines.  What the above cannot convey, 
however, are the personal interactions which always 
accompany these meetings.  The great majority of 
attendees are warm, caring folk, who just happen to be 
in biological education, who want to share with their 
colleagues their concerns and suggestions about how 
best to serve their students. 

See you in Terre Haute. 
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Some Agricultural Practices of the 30s 
 

William J. Brett 
Dept of Life Sciences 

Indiana State University 
Terre Haute, IN 47809 

 
 

CORN DETASSELING 
 During the summer of my junior year in high 
school, Dekalb Hybrid started producing hybrid corn 
on farms around Capron, IL.  The company sold their 
first hybrid corn in 1934, but it wasn’t planted locally 
until 1938 or 1939.  In order to obtain the desired seed, 
it was necessary to remove the tassels (containers of 
pollen) from the corn plants so that they couldn’t self-
pollinate.  After removal of the tassels, workers from 
Dekalb Hybrid would pollinate the corn with the 
desired strain of corn pollen.  When the word went out 
that they were paying 25 cents per hour for detasseling, 
many of the local high school kids signed up.  In the 
morning about sunrise a truck would pick us up at a 
designated place in town and take us to the farm where 
we would work that day.  
We walked between two 
rows of corn, reached up and 
pulled tassels on both sides 
of the row.  This was before 
Dekalb Hybrid used trucks 
for workers to ride on while 
pulling the tassels.  Early in the morning before the sun 
was high it was relatively pleasant as far as temperature 
was concerned, but the dew from the plants got us wet 
in a hurry.  Also, the leaves would produce scratches 
on our arms and necks, which, while not deep did 
smart as the sun got higher and sweat got into them.  
About 10:00 am the sun was high enough to make it 
uncomfortably hot.  The heat, scratches, sweat and 
insects made the job a lot more unpleasant than just 
pulling tassels.  By the end of the day, which was about 
10 hours, our arms felt like lead, because most of us 
were shorter than the plants and had to reach up for the 
tassels.  Many of the kids dropped out after a day or 
two, but for two or two and a half-dollars a day my 
buddies and I stuck with the job.  It lasted two to three 
weeks due to the staggered plantings arranged by the 
company.  At the time, I didn’t realize that I was 
involved in the pioneering work in corn hybrid.  I did 
know that the farmers who used the hybrid seed got as 
much as 100 bushels of corn per acre compared to the 
40 bushels they used to get.  I also didn’t understand 
the reason that the farmers didn’t just harvest their 
hybrid corn and use it for seed the following year.  
Now I realize that a hybrid doesn’t breed true, and so it 
must be produced each year.  At the time I was only 
interested in the fact that somebody was willing to pay 
a high hourly rate to have us pull off parts of their corn 
plants. 
 

THISTLES AIN’T ALL BAD 
 Sometime around 1938 or 1939 the State of 
Illinois passed a regulation that all farmers had to 
eradicate all Canada thistle from their property.  I 
didn’t know the reason behind this regulation; perhaps 
it was to reduce the amount of thistle seed in the seed 
of the crop plants since the thistle plants were 
harvested with the other crops.  Whatever the reason, 
the removal of thistle plants had to be done by a man 
and his hoe, if the farmer wanted to preserve as much 
as possible of his seed plants.  Consequently, farmers 
hired town folks for 25 cents an hour to get the job 
done.  My cousin Louie got hired and after working 
one day told the farmer that his cousin would like to 
work.  A work day started at 7:00am and ended at 
5:00pm with an hour off for lunch, which the farmer, 
actually his wife, provided.  On my first day my cousin 
and I arrived at the farm, each with our own hoe and a 
metal file to keep the hoe sharp.  At 12:00 noon we 
gathered in the farm house for dinner.  There were 
eight of us around the table, seven men and me.  The 
farmer’s wife and daughter waited on the table making 
sure no one’s plate was empty.  The meal was chicken, 
mashed potatoes, several vegetables, bread, milk and 
coffee.  I liked all these items but felt uncomfortable 
being seated and eating while the women were 
standing and not eating.  I had been taught that women 
were seated first and ate with the men.  I didn’t enjoy 
this situation nor did I eat very much, a fact I came to 
regret before 5:00pm.  On the way home Louie asked 
me why I hadn’t eaten much.  I told him of my 
feelings, and he explained that this was the way 
farmers handled a meal for a work crew.  He also 
reminded me that I would get rather hungry on this job 
if I didn’t join in with the rest of the men; I was the 
only teenager working on this farm.  The next day my 
hunger overcame my uncomfortableness, and I enjoyed 
the ample meals they served.  When it came time to 
settle up, the farmer gave Louie 25 cents per hour and 
was going to pay me only 15 cents an hour because I 
wasn’t a full grown man.  Louie objected saying I had 
hoed as many thistles as any of the men and, therefore, 
deserved full pay.  The farmer relented, and I did get 
my 25 cents an hour.  I don’t remember hoeing thistles 
any of the following year; it may have been because a 
herbicide spray had been developed which was faster 
and cheaper than man hours, but having received $6.75 
for three days work, I’ve always had a soft spot for the 
Canada thistle and my assertive cousin Louie. 
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Web Sight 
 

Nancy Sanders  
 
 
 
 
 When I hear the term "web" I still think first of 
spiders, which, not being arachnophobic, is not a bad 
thing. I imagine most people in academia, even 
amongst biologists, would think that the "world wide 
web" has more teaching appeal than spider webs (no 
doubt there are exceptions to this rule!).  When you 
head to the web you find a sea of information on 
almost any imaginable topic.  The purpose of this 
column is to recommend, in each issue of Bioscene, a 
few sites of interest to college and university biology 
teachers.  If you have recommendations for web sites 
that are "must see" or if you have an activity that uses a 
specific site, email me with your descriptions: 
nsanders@truman.edu.  Your contributions will help to 
insure the success of this column. 
 At our 1999 Association of College and 
University Biology Educators annual meeting in River 
Falls, Wisconsin, Tom Volk from UW La Crosse gave 
a presentation highlighting his web site.  If you teach 
introductory courses, or mycology, or even cooking 
classes this site offers a power point lecture, interesting 
fungal facts, a fungus of the month, and superb images 
of fungal diversity.  See for yourself! 
http://www.wisc.edu/botany/fungi/volkmyco.html  
 A web site I have found particularly useful, and 
one that has vast numbers of FREE down-loadable 
publications, is that of the National Academies of 
Science.  Find out about events and projects that are 
sponsored by the National Academies and visit their 
publication link that provides an extensive list of 
documents published on the topic of science and 
science teaching.  Many of these can be down loaded 
for free. http://www.nas.edu  
 How could this first web column be complete 
without mentioning our own ACUBE web site? Here 
you will find an archive of Bioscene and other ACUBE 
publications throughout the society's 44 year history, 
information on membership and annual meetings, 
interesting links to sites of interest to college and 
university biology teachers, an online membership 
directory and more! Your comments on our web site 
will help us provide a site that is both useful to the 
membership and to interested web browsers. 
http://www.acube.org  

 
moderator: Buzz Hoagland 

 
 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? 
 Tenure, post-tenure review, merit pay, use of 
adjuncts, contact hours, roles of faculty in campus 
governance, unions, and distance learning are only a 
few of the issues that our employers are raising in this 
new millennium.  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.  However, we believe that quality 
discussions can be achieved if participants arrive 
prepared.  Therefore, the next issue of Bioscene and the 
ACUBE.org web site will include a collection of 
references on these issues and specific questions.  
Additionally, these references, questions, and a 
preliminary discussion will be initiated through the 
ACUBE Listserve during the next few months.  So, be 
certain to check the ACUBE.org web page, and read 
your e-mail or join the Listserve and read your e-mail. 
If you are not already a member of the Listserve, 
contact Tim Mulkey for information. 
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ACUBE MEMBERSHIP 2000 

 
As of February 1, 2000, ACUBE has members in 44 states and two foreign countries. The current 
membership includes 466 members. Your membership renewal for 2000 will be sent to you soon.  
Encourage your colleagues to join; give them a copy of the membership application found in the back of 
this issue.  Remember to request that your library subscribe to Bioscene. 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Call for Nominations 
 

Honorary Life Award 
 

The ACUBE Honorary Life Award is presented to ACUBE members who have 
made significant contributions and/or service to ACUBE and the advancement of the 
society's mission.  The award is presented at the annual fall meeting of the society. 
 
If you wish to nominate a member of ACUBE for this award, send a Letter of 
Nomination citing the accomplishments/contributions of the nominee and a 
Curriculum Vita of the nominee to the chair of the Honorary Life Award committee: 

 
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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Manuscript Guidelines for 
Bioscene: Journal of College Science Teaching 

 
A publication of the Association of College and University Biology Educators  

 
Manuscripts submitted to the Bioscene should primarily focus on the teaching of undergraduate biology or the 
activities of the ACUBE organization.  Short articles (500-1000 words) such as introducing educational resources 
provided by another organization, reviews of new evolution software, suggestions for improving sampling methods 
in a field activity, and other topics are welcome as well as longer articles (1000-5000 words) providing more in 
depth description, analyses, and conclusions for topics such as introducing case-based learning in large lectures, 
integrating history and philosophy of science perspectives into courses or initiating student problem solving in 
bioinformatics. 
 
Please submit all manuscripts to editor(s): 
 

Ethel Stanley 
Department of Biology 

Beloit College 
700 College St. 

Beloit, WI 53511 
stanleye@beloit.edu 
FAX:  (608)363-2052 

Timothy Mulkey 
Department of Life Sciences 

Indiana State University 
Terre Haute, IN  47809 

mulkey@biology.indstate.edu 
FAX:  (812) 237-2418 

We prefer receiving manuscripts as Rich Text Format or RTF files to facilitate distribution of your manuscript to 
reviewers and to work on revisions.  You can mail us a disk or attach your file to an email message with the subject 
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: 
 
  title   
 author(s) information: 
  full  names 
  name of your institution with the address 
  email address, phone number, and/or fax number 
 brief abstract (200 words or less) 
 keywords 
 references in an appropriate format  
 
Please refer to issues of the Bioscene from 1998 or later for examples of these 
items.  You can access these issues at:  http://acube.org/bioscene.html 
 
 Graphics are desirable!  Lengthy sections of text unaccompanied by tables, 
graphs or images may be modified during layout of the issue by adding ACUBE 
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 
art relating to an article is actively solicited from manuscript contributors. 
 Upon receipt of your manuscript, an email or fax will be sent to the author(s).  The editor will forward your 
manuscript to the chair of the editorial board.  Within the next two weeks or so, your manuscript will be sent to two 
reviewers.  You should receive comments when changes are recommended from the reviewers prior to publication 
of the article.  Manuscript format is usually retained as accepted; however, limits of publishing the issue may affect 
the length of an article.  Graphics may added by the editors when lengthy sections of text are unaccompanied by 
tables, graphs or images.  Previously published work should be identified as such and will be reviewed on a case-by-
case basis. Your article will appear in the Bioscene and then on the ACUBE website: http://www.acube.org  
shortly after the issue date. 
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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 SUB DISCIPLINES: (Mark as many as apply) 
(   )  1. Biology (   )  A. Ecology (   )  H. Molecular 
(   )  2. Botany (   )  B. Evolution (   )  I.  Developmental 
(   )  3. Zoology (   )  C. Physiology (   )  J.  Cellular 
(   )  4. Microbiology (   )  D. Anatomy (   )  K. Genetics 
(   )  5. Pre-professional (   )  E. History (   )  L. Ethology 
(   )  6. Teacher Education (   )  F. Philosophy (   )  M. Neuroscience 
(   )  7. Other ________________ (   )  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 

ACUBE 
Association of College and University Biology Educators 

Formerly the Association of Midwest College Biology Teachers (AMCBT) 
 




