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USING RANDOM NUMBERS IN BIOLOGY 

JOHN P. MESSICK 

Department of Biology 
Missouri Southern State College 

Joplin, Missouri 64801 

INTRODUCTION 
One of my goals as a college teacher is 
to promote biology as inquiry and provide 
opportunities for students to develop 
problem-solving skills. Random numbers 
are useful tools for implementing this 
approach to education. This paper 
reviews the techniques used to generate 
various distributions of random numbers, 
and suggests several classroom applica­
tions. The level is introductory, and 
assumes only a modest understanding of 
BASIC and spreadsheet operation. 

A r1;1ndom number is unpredictable; 
that is, chance determines the value. 
Computers and calculators generate 
pseudorandom numbers, which are 
sequences of numbers that pass the sta­
tistical tests for randomness, although the 
numbers are calculated with various 
mathematical formulas (Pierce 1988, 
Press et al. 1986). In this paper I use the 
terms pseudorandom and random inter­
changeably. Monte Carlo techniques use 
random numbers to simulate and solve 
problems that have some mathematical 
basis. The name comes from Monte 
Carlo, a gambling resort in southeastern 
France. 

GENERATING RANDOM NUMBERS 
Most calculators and computer lan­
guages, such as BASIC and Pascal, gen­
e rate random numbers in the range 
greater than or equal to zero but less 
than one (0 � N < 1 ). In most versions of 
BASIC, for example, RND(S) is the ran­
dom number function. The operator S 
determines the nature of the result: S > 0 
calls the next random number (0�N<1 ). 
The magnitude is unimportant, and, in 
most BASI CS, may be omitted; S = 0 

calls the previous random number; S < 0 
starts a new, repeatable sequence. 
Different negative values for S produce 
different sequences of psuedorandom 
numbers, but identical values result in the 
same sequence. Here is an example: 

10 R1 = RND (-2): REM -S start s new sequence 
20 GOSUB 10 0 
30 R1 =RND(-6): REM New -S starts new sequence 
40 GOSUB 10 0 
50 R1 = RND (-2): REM Repeats first series 
60 GOSUB 10 0 
70 GOTO 20 0 
10 0 FOR I = 1 TO 4 
110 PRINT RND (1 ): REM Any +S calls next 

number 
115 NEXT I 
118 PRINT 
130 RETURN 
20 0 END 

.6624333 .735459 6 .19 28332 .4788546 

.4124333 .48545 9 6  .9 428332 .2288546 

.6624333 .735459 6 .19 28332 .4788546 

Most versions of BASIC have a RAN­
DOMIZE statement that we use to seed 
the random number generator. It is often 
combined with the TIMER function to pro­
duce a unique seed. The TIMER function 
records the elapsed times since the last 
system reset. 

The random number generator in 
Applesoft, the BASIC in the Apple II 
family of computers, has two flaws. 
The cycle is short so that the sequence 
of random numbers begins to repeat 
after as few as 2000 calls (Lingwood 
1981 ). The short cycle should not be a 
problem for applications requiring only a 
few hundred random numbers. 
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Gleason (1988) shows that the choice 
of seed values affects the length of the 
cycle. The second problem is more seri­
ous, but easily fixed. The random num­
ber generator is not correctly seeded on 
start up, so the same sequence of pseu­
dorandom numbers appears each time an 
Apple II is turned on. Applesoft lacks a 
RANDOMIZE statement but we can use 
memory locations 78 and 79 produce a 
random seed (Sparks 1989): 

10 PRINT "PRESS ANY KEY ";: GET A$: PRINT 
20 S = PEEK (78) + PEEK (79 ) *256 
30 R1 = RND(-S) 

Locations 78 and 79 change rapidly while 
waiting for a key press, producing a value 
for S between 1 and 65535. 

Most spreadsheets and some 
database programs generate pseudoran­
dom numbers. The spreadsheet function 
@RAND (or its equivalent) generates a 
pseudorandom number between O and 1 
(0 � N < 1 ). Recalculation produces a 
new random number. I know of no 
spreadsheet that permits modification of 
the seed. 

TESTING RANDOMNESS 
The statistical methods used to test for 
randomness include the Chi Square test, 
and a comparison of observed frequen­
cies with the frequencies expected from 
the Poisson distribution (Gleason 1988, 
Spain 1982: 252). Dowdy (1986: 215) 
gives a BASIC program listing which 
examines the properties of computer-gen­
erated random numbers, including the rel­
ative frequencies of odd and even digits 
and the relative frequency of digits O 
through 9. We expect, of course, that odd 
and even digits are equally represented, 
and each digit O through 9 appears 0.1 of 
the time. 

A qualitative, but entertaining test of 
randomness involves generating random 
X, Y coordinates and plotting these on 
the graphics screen. Dots gradually fill 
the screen, but on the Apple II new dots 
stop appearing after several minutes, 
showing that the random number genera­
tor has entered a repeating sequence. 

This does not happen in MS DOS versions 
of BASIC, or with languages which bypass 
the Applesoft generator. 

For an Apple II the code is: 
10 PRINT "PRESS ANY KEY TO START OR 

STOP ";: GET A$: PRINT 
20 R1 = RND(-(PEEK(78 )+PEEK(79 )*256)) 
30 HGR2: HCOLOR=3 
40 HPLOT RND(1)*280 ,  RND(1)*19 2 
50 GOTO 40 

The MS DOS version of the program is: 
10 RANDOMIZE TIMER 
20 SCREEN 2 
30 PSET (RND(1)*640 , RND(1)*20 0 )  
40 · GOTO 30 

DISTRIBUTIONS OF RANDOM NUMBERS 
Computers and calculators produce uni­
form distributions of pseudorandom num­
bers between O and 1 (0 � N < 1 ). For 
most applications we need to convert 
those numbers to fit a particular distribu­
tion. The formulas below are BASIC 
statements with descriptive variable 
names. 

UNIFORM DISTRIBUTION WITH A SPECIFIED 
RANGE 
The formula is: 

10 R1 = RND(1) * (HIGH - LOW) + LOW 

If we set LOW and HIGH to 25 and 100, 
respectively, R1 equals a floating point 
number 25 - 100, inclusive. 

UNIFORM DISTRIBUTION OF INTEGERS WITH A 
SPECIFIED RANGE 
The formula is: 

10 R1 =INT(RND(1 )*((HIGH-LOW)+ 1 ))+LOW 

INT is the BASIC statement which takes 
the integer value of the argument. 

NCRMAL DISTRIBUTION WITH SPE.GIFIED MEAN 
AND STANDARD DEVIATION 
The mean and standard deviation of a 
series of numbers generated by this 
method (Spain 1982: 272) approximates 
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the specified values for the mean and 
standard deviation: 

10 R1 = RND(1) 
20 R2 = RND(1) 
30 R3 = 0.603 * LN(R1/(1-R2)) 
40 R3 = R3 * STANDARD DEVIATION + MEAN 

Scheuermann (1989) and Duhrkopf 
(1990) present alternative formulas to 
produce random normal deviates. 

BINOMIAL DISTRIBUTIONS 
Binomial distributions result from repeat­
ed, independent trials with two possible 
outcomes and fixed probabilities . 
Binomial probabilities find widespread use 
in problems and simulations in genetics 
and evolution. The general technique 
involves a programming loop set to the 
size of the class. Random numbers less 

array. This method is quite fast for short 
lists of numbers. 

Nolan (1988) describes a different 
method, which is interesting because it 
resembles some mathematical algorithms 
used toge nerate pseudorancbm numbers. 
The following routine generates a random 
list of integers from 0 to HIGH - 1, where 
HIGH is a power of 2: 

10 INPUT "HIGH VALUE EQUAL TO A POWER 
OF 2-> "; HIGH 

20 MULTIPLIER = 13 
30 RANDOMIZE TIMER 
40 SEED = INT(RND(1) * HIGH + 1) 
50 PRINT SEED: PRINT : PRINT 
60 FOR COUNT = 1 TO HIGH 
70 SEED = (MULTIPLIER * SEED+1) - HIGH* 
INT((MULTIPLIER*SEED+1) / HIGH)80 R = SEED 
9 0  PRINT R, 
10 0 NEXT COUNT 

than or equal to the----------------------­
probability of one Table 1.  Spreadsheet template for various distributions of random 
class are tallied. The numbers. 
frequency of the other 
class is found by sub­
traction. 

A .... B ... C. D ..... E ..... F. G ..... H .... I.J ..... K .... 
1 
2 
3 

LOW-> 0 
HIGH-> 7 

LOW-> 0 
HIGH-> 7 

MEAN-> 10 
SD-> 0.1 

PROB-> 0.3 
10 CLASS_1 = 0 4 
20 FOR COUNT = 1 TO 5 

UNIF UNIF INTG NORMAL BINOM 

SAMPLE_SIZE 6 
-----

30 IF RND(1) < = PROB_ 7 
OF _SUCCESS THEN 8 
CLASS_1 = CLASS_1+1 9 

40 NEXT COUNT 10 
50 CLASS_2=SAMPLE 11 

_SIZE - CLASS_1 12 
�������� 13 
NUMBERS NA SfRJEs WITH 

14 
No REPEATS 15 

16 

1.730 
4.632 
5.813 
6.10 8 
6.40 2 
5.137 
2.636 
0.60 4 
1.171 
5.316 The general proce- 17 dure is to store the 18-----

3 
2 
1 
3 
7 
1 
1 
7 
7 
7 

10.0 4 
9.861 
10.19 
10.01 
9.772 
9.9 9 7  
10.0 0 
9.9 9 2  
9.9 9 4  
9.9 74 

0 
0 
0 
0 
0 
0 
0 
0 
1 
1 

first random number in 19 MN -> 5.316 
the first element of an 20 SD -> 2.0 84 

MN-> 
SD-> 

7 
2.624 

MN-> 
SD-> 

9.9 74 
0.10 5  

PROP-> 0.2 

array. Successive 
random numbers are 
compared to existing 
numbers stored in the 
array. If the number 
already exists in the 
array it is rejected; if 
not it is added to the 
next element in the 
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For mulas: 
Cells B7-B16 = @RAND*(B3-B2)+B2 
Cells E7-E16 = @INT(@RAND*(E3-E2)+E2+1 
Cells H7-H16 = 0.603*@LN(@RAND/(1-@RAND))*H3+H2 
Cells K6-K17 = @IF(@RAND(< =K2,1,0 ) 
Cel ls B19 ,E19 ,H19=@AVG(_6 . ._ 17)Cel:; B20,E20, H20=@STD 
L6 . ._17) 
Cell K 19 = @SUM(K6 .. K17)/@COUNT(K6 .. K17) 
(Underscore(_) = respective colu mn) 
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You can duplicate most random num­
ber routines on a spreadsheet (Table 1 ). 
The numbers under "UNIF" (column B) 
represent random floating point numbers 
in the range O through 7. Cells B7 through 
B 16 contain the formula @RAND*(B3-
B2)+B2. The numbers under "UNIF 
INTG" (column E) are uniform random 
integers in the range O through 7. Cells 
E7 though E16 contain the formula 
@INT(@RAND*(E3-E2)+E2+1. The 
numbers under "NORMAL" (column H) 
are random normal deviates with a mean 
and standard deviation of approximately 
1 o and 0.1, respectively. Cells H7 
through H16 contain the formula 
0.603*@LN(@RAND/(1-@RAND))*H3+H2 
Finally, the numbers under "PROB" (col­
umn K) are binomial probabilities. Cells 
K7 through K16 contain the formula 
@IF (@RAND (<=K2, 1,0). Each cell 
represents a loop in the BASIC routine 
described above. Cell K19 contains the 
formula @SUM(K6 .. K17)/@COUNT 
(K6 .. K17). This gives the proportion for 
the class size of 10. The formula refer­
ences blank cells above and below the 
numbers in column K. Blank cells have 
no effect on the calculation, and this 
makes it easier to alter the template by 
inserting rows, deleting rows, and sorting. 

Through appropriate use of absolute 
and relative cell references, and the copy 
function of spreadsheets, we can easily 
expand and contract this template. 
Recalculation produces new random 
numbers. We can change the distribution 
of our random numbers by altering the 
low, high, mean, standard deviation, and 
probability values in rows 2 and 3. 

APPLICATIONS 

because the results can be printed to a 
text file, and loaded into a word processor 
for additional editing. 

At least one company (Oakleaf 
Systems in Decorah, Iowa) has expanded 
this idea, and markets a program to pro­
duce individualized problems. Cauchon 
(1982) il lustrates how reproducible 
sequences of random numbers allow stu­
dents or instructors to check answers to 
tutorials and drill and practice programs. 

DETERMINISTIC VS. STOCHASTIC MODELS OF 
POPULATION GROWTH 

Students often have trouble understand­
ing the effect of age-specific fecundity and 
mortality on population growth. This 
example, modified from Caughley (1974), 
Cody (1977a, 1977b), and Krebs (1972: 
204), overcomes that problem, and, also, 
introduces students to the ideas of deter­
ministic and stochastic models. 

We begin with a deterministic model 
representing the growth (or decline) of a 
hypothetical organism with asexual repro­
duction, which dies after 2 years of age, 
and produces offspring at 1 and 2 years. 
A deterministic model is one that produces 
an exact outcome for a given set of inputs 
(rate of increase, initial population size, and 
time). Table 2 shows the life history of our 
example organism. Readers unfamiliar 
with life and fecundity tables should consult 
a good ecology text or refer to Table 3, 
which summarizes the calculations. 

To see how this population grows, we 
start with a few individuals and follow this 
population through several generations by 
applying the age specific rates of survival 
and reproduction from the fecundity table 
(Table 2). Table 4 is a partially worked 
out example commencing with a popula-

This section explores classroom applica- _______________ _ tions for random numbers. You can fol­
low the literature citations for many addi­
tional examples. 

STATISTICAL PROBLEMS 
The routines for generating normal and 
other distributions are ideal for preparing 
problems for Chi Square, Analysis of 
Variance, and other statistical tests. A 
spreadsheet is  especially suitable 

Table 2. Fecundity table for a hypothetical, 
asexually reproducing organism used In the 
model of population growth. 

X fx Ix dx qx mx Vx xVx 

0 6 1.00 0.50 0.50 0 0 0 
1 3 0.50 0.17 0.33 1.0 0.500 0.500 
2 2 0.33 0.33 1.0 3.5 1.155 2.310 
3 0 0 

Ro = 1.655 2.810 
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tion of 3 newborns (0 year age class) and 
3 yearlings (1 year age class). The rate of 
mortality is 0.5 and 0.33 for the O and 1 
year age classes, respectively. Thus, one 
half of those in the O age class survive 
and become yearlings. 

Similarly, 0.67 (1 - 0.33) of yearlings 
survive and become 2 year olds. After 
calculating survivorship, we find the total 
fecundity. Animals O years old do not 
reproduce. Each 1 year old produces 1 
offspring and each 2 year old produces 
3.5 offspring. The total reproductive out­
put becomes the new O age class. 

Once these calculations are carried 
out for 1 O - 20 generations, it is interest­
ing to compare the pattern of growth with 
the mathematical representation of intrin-
sic growth: rt Nt = N

0
e 

where Nt is population size at time t, N0 is initial population size, e is base of natu­
ral logs, r is the instantaneous rate of 
increase, t is time (years in this example). 
There are two ways to estimate r, the rate 
of increase. The survival fecundity rate of 
increase, symbolized rs, is calculated 
from the fecundity table as follows: 

1 . Calculate the mean generation time. 
G = I,(xV

x
)/R

0 
= 2.81/1.655 = 1.698 

The xVx is found by multiplying each V
x by eacn x (the age) and adding the 

results for all age classes. 

2. Find rs. 

rs = (ln(R
0

))/G = 0.297 per individual per 
year (In mean natural logarithm). 

3. Refine the estimate by iterative solution 

to the equation: 
I,(e-rx)(lxm

x
) = 1 

The best estimate of r after several 
interations is 0.306. Caughfey (1977: 110) 
and Krebs (1972: 171) provide a com­
plete discussion of these calculations. 

The second method of estimating r is 
to fit the exponential equation of the form 
y = aenx to the population growth data, 
where x equals generations (time) and y 
is total population size. We do this by cal­
culating a least squares regression equa­
tion using natural logs (I n) of the total 
population size as the y data. The actual 
y intercept equals ea. The slope (n) is 
reported in the correct units, and is called 
the observed rate of increase. Many 
spreadsheets have a regression option, 
and the analysis can be completed in a 

few seconds. 
The next step is to convert this exer­

cise into a stochastic model. We do that 

Table 3. Calculation of life history statistics In life and fecundity 
tables. 

Column & meaning 

Age 
Observed no. a live 
Probabi lity at birth 
of living to age x 
Number dying in 
interval x to x+ 1 
Mortality rate in 
Fecundity: Offspring 
per female of age x 
( lxHmx) 
Net reproductive rate 

Summation of xv x 
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Symbol 

X 

fx 
Ix 

dx 

qx 
mx 

Vx 
Ro 

xVx 

Ca lculation 

Use appropriate grouping 
Original data 
May use 1 or 10 0 0  as starting 
cohort (x = 0 )  lx=(fxHlx-1)/(fx- 1) 
dx= lx - lx+1 

qx=dx / Ix interval x to x+ 1 
Original data 

( lxHmx) 
R0 = '£Vx (multipication rate 
per generation as finite rate) 
DVx (used to calculate mean 
generation time and r) 
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by simulating birth and death with random 
n u m be rs g e n e rated acco rd i n g  to t h e  
probability of those events. The survivor­
ship for the 0 age class is 0.5, meani ng 
that,  on the average ,  50 percent of ani­
mals in the new born age class l ive to 
become yearl i ngs. In the determin istic 
model the 0.5 was fixed ; in this stochastic 
model, we can represent it as a mean by 
usi ng random numbers. We could fl ip a 
coi n to decide if a g iven i ndividual sur­
v ives , o r  we can set u p  a spreadsheet 
t e m p l ate w i th  t h e  fo r m u l a  @ I F  
( (@RAND>0.5)  , "Live" , "D ie") . If the 0 
age class consists of 5 i ndividuals, the 
sum of f ive recalcu lat ions  or t he su m 
five cel ls  contai n i ng  the formu la  g ives 
the number of survivors which e nter the 
yearl i ng  age class. S im i l arly, 0 . 67 of 
individuals ·1 year old su rvive to become 
2 year olds. The spreadsheet formula 
b e c o m e s : @ I F ( ( @ R A N D >  0 .  6 7 ) , 
"Live", "Die") . 

Ag e speci f ie  fecundity is assigned 
using the formulas @INT(@RAND*3),  for 
yearl ings (m1 ) and @ INT(@RAND*6+ 1 )  
for two year olds (m2) .  This means that 1 
year olds may have 0, 1 ,  or 2 offspri ng 
with equal probabil ity. Two year olds may 

have from 1 to 6 offspri ng with equal 
probabil ity. The means remain 1 and 3.5 
for the age classes 1 and 2, respectively. 
Table 5 contains 1 0 replications of each of 
the formulas. If you r  classroom has only 
one computer available, print the spread­
sheets i n  advance, recalculating between 
each sheet. Although Table 5 contains all 
formulas, I recommend separate sheets for 
each age class's survivorship and fecundiy. 

Each trial of the stochastic simulation 
produces u nique resu lts ; however, the 
m ean  popu l at i o n  s ize of seve ral t rial 
approximates the outcome of the determin­
istic model .  The standard deviations are 
large because different l itter sizes occur 
with equal probabi l ity. A more realistic 
approach would be to assign higher proba­
bilities to some litter sizes than others. 

My students i nvariably develop a bet­
ter u nderstanding of the mathematics of 
exponential growth after worki ng through 
the deterministic model , and begin probe 
questions relating to age at first reproduc­
tion ,  the effect of age distribution and so 
on. You can convert the enti re operation 
to a spreadsheet, where it resembles the 
Lesl ie matrix. 

ADDIT/a\JAL EXAMPLES AND 
Table 4. Partially completed worksheet for deterministic 
population growth. Total population size (NtJ is rounded 
to whole units. See text for explanation. 

SaJRCES 
Spai n ( 1 982) devotes at least 
two chapters to simulations and 
e x e rc ises i nvo lv i n g  random 
numbers. Although many of his 
discussions are advanced , he 
does include several introducto­
ry e x a m p l e s .  Starf i e l d  and 
Bleloch ( 1 986) present several 
p ro bab i l i ty mode ls  f o r  t hose 
i nterested i n  w i ld l ife eco logy. 
Dowdy ( 1 986) i s  an exce l lent 
s o u rce f o r  p u re l y  stat i st i cal  
appl icat ions .  C randal l  ( 1 984) 
suggests several short random 
number problems, i ncluding :  

Age (x) Generation (t) 

0 1 2 

m1-> 1.5 4.3 
m2-> 7.0 3.5 

0 3 8.5 7.8 
X X X 

0 .5 0 .5 0 .5 

1 3 1.5 4.3 
X X X 

0 .67 0 .67 0 .67 

2 0 2.0 1.0 

Nt 6 12 13 

8 

3 

3.9 
10 .2 

14.1 
X 

0 .5 

3.9 
X 

0 .67 

2.9 

21 

4 5 6 7 

7.1 8.1 12.5 
9 .1 16.8 18.9 

16.2 24.9 31.4 
X 

0 .5 etc. 

7.1 8.1 12.5 
X 

0 .67 

2.6 4.8 5 .4 

26 38 49 

Random Numbers 

1 .  Use random numbers to 
s imu late the male and female 
b i rt hs  i n  1 00 , 0 0 0  offsp r i ng . 
Modify the program to locate the 
l o n g est u n b ro ke n  s t ri n g  of 
females.  Modify the prog ram 
stil l  further to find experimentally 

Messick 



the number of fami lies of 5 (2 parents, 
3 ch i ld re n )  out  of 200 , 000 fam i l i es 
which have three daug hters and no 
sons. 

Table 5. Spreadsheet template to generate 
survi vorship and fecundity data tor the 
stochastic model of population growth. 

Formulas: 2. Model simpl ified particle diffu­
sion,  assuming that a particle starts at 
coordinates 0,0 and moves a set dis­
tance north, south, east, or west with 
equal probabil ity (0.25) . After several 
moves, calculate the distance from the 
start ing point and compare the results 
with the expected value ,  equal to ✓ 
(n/4). 

Column under 11 = @IF((@RAND>0.5),"Live","Die") 
Column under 12 = @IF((@RAND>0.67),"Live","Die") 
Column under m1 = @INT(@RAND*3) 

CONCLUSION 

Column under m2 = @INT(@RAND*6+1) 

Trial 11 12 m1 m2 Trial 11 12 m1 m2 
-------------------------------

1 Live Live 0 
2 Live Die 2 
3 Die Live 0 
4 Die Live 0 
5 Die Live 2 

4 
6 
5 
4 
1 

6 
7 
8 
9 

10 

Die 
Die 
Live 
Die 
Live 

Live 1 1 
Live 0 3 
Die 1 5 
Live 1 1 
Live 0 4 Critics argue that computer s imu la-

tions, especial ly those used i n  class- ________________ __. 
rooms, are s impl istic and fail to repre­
sent comp lex  b io l og ical p h e n o me na .  
I ndeed, some simulations are less real­
istic than we might want, but that does 
not dim i n ish the i r  val ue as a teach ing  

tool .  Random numbers provide a way to 
improve the real ism of simulations and 
models by i ntroduci ng some of the vari­
ation wh ich characterizes most biologi­
cal phenomena. 
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Com111.1nities of the Biological Crossroads:  
An Extraordinary Outdoor Classroom 

CHARLES R.  MAI ER 

Wayne State Arboretum 
Department of Biology 
Wayne State College 

Wayne, Nebraska 68787 

INTRODUCTION 

In the north central part of Nebraska lies a 
very unusual stretch of the Niobrara River 
valley. The very unique geological, clima­
tological, and biological circumstances 
that occurred there have combined to 
make this thirty-mile segment the "biologi­
cal crossroads" of  North America. 
Incredible diversity occurs in that t hirty 
miles of river va lley, where east meets 
west and north meets south. These eco­
logically diverse plants with their associat­
ed animals, meet, mix, and hybridize in 
this thi rty miles. In all, 1 60 species find 
the limits of their distribution in this short 
stretch of the Niobrara (1 ). The seven 
major plant associations which occur 
here, the unique geology and paleontolo­
gy of the valley, and the scenic beauty 
and remoteness of the area combine to 
provide an invaluable natural laboratory 
and a superlative "outdoor classroom" for 
a variety of field studies. 

GEOLOGIC HISTORY 

With the Rocky Mountain uplift at the 
close of the "age of dinosaurs", Nebraska 
ceased to be the bottom of a s hallow 
Cretaceous sea. Initially covered with a 
grayish sediment which became Pierre 
shale, the face of the region was ultimately 
formed and sculptured through extensive 
erosive events and outflows from the 
uplifted mountains. Deposition of the 
Tertiary units of this region began in 
O ligocene times with the White River 
group, and continued with the Miocene 
Rosebud Formation and the Pliocene 
Ogallala, Ash Hollow, and Long Pine 
Formations. The Valentine sand of late 

Miocene/early Pliocene is a unit within the 
Ogallala Formation. These formations 
were layed down through the depositional 
activity of streams flowing eastward from 
the newly emerged Rocky Mountains (4). 
Although the initial uplift of the Rockies 
occurred near the end of the Cretaceous 
Period, pulses of t his uplift continued 
through the Tertiary. In addition, t he 
Chadron Arch of western Nebraska was 
uplifted during this time, and would have 
contributed to some of this deposition (5). 

In early to mid Pleistocene, three 
major river systems became established 
as outwash streams, and ran eastward 
across the sloping face of Nebraska : the 
Arikaree/Republican in the south ; the 
Platte system in the center ; and the 
Niobrara in the north. The Niobrara rises 
in the high plains of east central Wyoming 
and snakes its way over 300 miles east­
ward, paralleling t he So. Dakota­
Nebraska border until it augments the 
Missouri River about 100 miles west of 
Sioux City, Iowa. For much of its several 
million year life, the Niobrara had mean­
dered to and fro across a seven to eleven 
mile wide flood plain. Then recently, geo­
logically speaking, it began its rapid 
downward cutting action near the present 
north edge, quickly creating a gorge 
about 400 feet deep and half a mile wide. 
The river sliced through a series of sedi­
mentary formations in its descent-the 
Long Pine aggregate, the Ash Hollow 
concretion, the Valentine sand, t he 
Rosebud siltstone, and into the Pierre 
shale, which makes up the riverbottom 
east of the Norden Bridge. In its mean­
dering, on what is now the south side of 
the valley, the river removed the Ash 
Hollow formation during the Wisconsin 
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glaciation in late Pleistocene, and 
exposed the Valentine sand to wind and 
water action. The Valley of the Nirobrara 
at that time would have been broad and 
shallow, and centered somewhat south of 
its present location (4). This was associ­
ated with the four major glaciations, and 
their attendant climatic fluctuations during 
the Pleistocene period. In addition, the 
largely aeolian sculpturing of the 
Nebraska Sandhills was being carried out 
and subsequently completed. The 
Resistant Ash Hollow formation is still in 
place north of the river and extends into 
South Dakota as the Crookston Table. 
Further from the River, the Long Pine 
units form the Springview Table. In general, 
events of the late P le istocene were 
responsible for the landforms now present 
(5). Thus was laid the groundwork for the 
evolution and development of seven dif­
ferent major plant communities in this 
short stretch of the Niobrara valley, cen­
tered on the Norden Bridge, which lies on 
the north-south access road between 
Norden, 1 O miles to the north, and 
Johnstown, 16 miles to the south. 

ECOLOGICAL HISTORY 

The plant associations of this Niobrara 
valley changed time and time again, influ­
enced and dictated by the erosion and 
outflow events, the advance and retreat of 
the glaciers, and the general climatological 
fluctuations associated with both. The 
seven present plant communities are the 
Eastern deciduous forest, the Rocky Mtn. 
pine forest, the Northern boreal forest, the 
tall-grass prairie, the upland mixed-grass 
prairie, the Pleistocene terrace mixed­
grass prairies, and the Sandhills transi­
tional mixed prairie (1 ) .  

EASTERN DECIDUOUS FOREST 

During an extended period of moderate 
precipitation during the retreat and melt­
ing of the last glacier, an extension of the 
eastern deciduous forest developed over 
much of the area, especially on the pro­
tected north-facing south slope of the val­
ley. Subsequently, warming and semi­
arid conditions set in, and conditions 

necessary for the forest's survival retreat­
ed far to the east, into central Iowa, leav­
ing remnant stands along the Missouri 
River and in the Niobrara valley. 

The major woody plants present in this 
community can be seen in Table 1. 

ROCKY MOUNTAIN PINE FOREST 
In the cold, hibernal climate associated 
with the proximity of the last glacier, prior 
to and concurrent with the development of 
the eastern deciduous forest, the Rocky 
Mountain forest community invaded east­
ward in the valley, occupying especially 
the steep south-facing bluffs on the north 
side of the Niobrara. With the post-glacial 
warming trend, conditions suitable for this 
community receded westward to the Pine 
Ridge and Black Hills areas, and to the 
Rocky Mountains of Wyoming, leaving a 
remnant community behind. 

The major woody plants present in this 
community can be seen in Table 1. 

NORTHERN BOREAL FOREST 
A unique and interesting plant association 
developed in the Niobrara Valley under a 
set of very stringent conditions. With the 
removal of the Ash Hollow concretion and 
the exposure of the Valentine sand, precip­
itation falling on the sand percolated down­
ward to the impervious Rosebud siltstone 
beneath. Coincidentally, the siltstone 
along the south side of the valley was tilt­
ed slightly toward the river. Water accu­
mulating on the siltstone flowed slowly 
toward the river, emerging as springs, 
seeps, and waterfalls. Some streams 
thus created fell directly into the river, 
while others flowed out and across the 
floodplain. Over time, these spring-fed 
streams eroded downward through the 
pink siltstone and created "springbranch" 
canyons, which have a unique cool/damp 
microclimate (1 ). These canyons devel­
oped simultaneously with the glacial 
retreat, during which time a northern 
boreal forest community was prevalent in 
the valley. Conditions suitable for the 
birch forest community moved north with 
the retreating glacier, leaving only the 
remnants in the springbranch canyons 
along the south side of the Niobrara 
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River. Today, the nearest approach of 
the northern boreal forest community lies 
along the No. Dakota-Canada border. 

The major woody plants, trees, shrubs, 
vines of this community are can bee seen 
in Table 1. A rich variety of aquatic vege­
tation, including liverworts, mosses, club­
mosses, ferns, 

ditions effected the establishment of a 
mixed-grass prairie ecosystem. This associ­
ation contained many forage species, and 
was used by large herbivores, native 
Americans, and more recently, by cattle 
ranchers. Most of this tableland was used 
for haying, grazing, and in a few instances, 

crops. The seed­
stinging nettles, 
sedges, northern 
grasses, and spot­
ted touch-me-not 
occur around the 
seeps and springs 
and along the 
water 's  edge in 
these canyons. 
Ponderosa pine and 

T he seven major plant 
associations of the 

Niobrara River valley 
provide a great 

'outdoor classroom. '  

ing of bromegrass 
vastly changed the 
makeup of this 
community, but 
after being aban­
doned as ranch­
land, the mixed 
prairie association 
is returning. This 

smooth sumac occur on the sandy ridges 
above the springs level, and white poplar, 
red-osier dogwood, and peach-leaf willow 
on the flood plain around the stream outflow 
area. 

Thus were left behind in the Niobrara 
River Valley, far from their nearest progeni­
tors, three major remnant forest communi­
ties-eastern deciduous, Rocky Mountain 
pine, and northern boreaHntermingted or 
occurring within a stone's throw of each 
other. These botanical marvels would have 
been inundated had the proposed Norden 
Dam been constructed. 

TALL-GRASS PRAIRIE 
On the narrow floodplain of the Niobrara val­
ley, at the foot of the forested slopes on both 
sides of the river, conditions became suitable 
for the development of a tall-grass prairie 
ecosystem. Several remnants occupying 
from a few to several hundred acres remain, 
but most are greatly disturbed, and some 
have been destroyed and reestablished. 
Post-glacial warming and drying conditions 
confined the tall grass to the flood plain 
patches, where they contain many ''weedy" 
species as well as ''typical" plants. 

The major plant species of grasses and 
forbs occurring in this community are listed 
in Table 1. 

UPLAND MIXED-GRASS PRAIRIE 
On the Crookston table, above the north 
bluffs of the Niobrara valley, post-glacial con-

community is bor­
dered on the bluffs and ridges by the Rocky 
Mtn. pine forest, and on the opposite side by 
farms and ranchland. 

The major plant species of grasses and 
forbs in this community are listed in Table 1. 

PLEISTOCENE TERRACE/ MIXED-GRASS PRAIRIES 

The rapid down-cutting of the Niobrara river 
in its limited meanders left behind flat pieces 
of tableland (old floodplains) at various ele­
vations on the north side of the valley. The 
highest terraces adjacent to the Niobrara 
River were formed in early to mid 
Pleistocene, and were related to glacial 
events to the east. The dominant upper ter­
races were associated with the Wisconsin 
glaciation. The lower terraces represent 
local Holocene (post-Wisconsin) meander­
ings of the river (5). The largest of these 
terraces is the Huddle table, a fairly flat 
cropland /hay area of about 500 acres; 
numerous smaller terraces occur along the 
north valley escarpment. The main ones 
upon which nearly natural communities 
remain occur at 200 to 300 ft. above the 
level of the river, each with a different plant 
species mix, but with the features of a 
mixed-grass prairie. The common feature 
of these terraces are little bluestem and 
needle-and-thread grasses throughout, and 
downy brome in most disturbed areas. 
These Pleistocene terraces are bordered on 
the upper edges by the Rocky Mtn. pine for­
est, and on the lower side by grassy but 
weedy, gravelly slopes with scattered trees 
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extending down to the floodplain. 
The major plant species of grasses and 

forbs in these terrace communities are listed 
in Table 1 .  Disturbed places on these ter­
race, such as roads, gullies, or bare areas, 
are populated by invaders: Rocky Mtn. 
beeplant, hoary vervain, curly-cup gum­
weed, mare's-tail, and eastern redcedar (2). 

SANDHILLS TRANSITIONAL 
MIXED PRAIRIE 

The transitional Sandhills prairie began to 
develop upon the Valentine sand when 
plants began invading the dunes, and 
increasingly less new dune formation 
occurred. Thus during the post-glacial peri­
od in north central Nebraska, a loose 
assemblage of mixed prairie species south 
of the Niobrara River evolved into the 
Sandhills prairie ecosystem. This is per­
haps the most diverse plant association 
along the valley, with more total species and 
fewer dominant species than any other 
community there. The Sandhills prairie 
adjacent to the Niobrara River occupies the 
sculptured dunes and gravelly ridges above 
the eastern deciduous forest community on 
the south of the valley. 

The major plant species of grasses and 
forbs in the Sandhills prairie can be seen in 
Table 1 .  The endangered "blowout blue­
bell", (Penstemon haydeni), has been 
observed in active blowouts, but its current 
status is questionable. 

ADDITIONAL FEATURES 

The table listing of species is restricted to 
those which are common, frequent or 
abundant, or if less frequent, are conspicu­
ous. Common forbs and grasses were not 
listed in forest communities. Weedy 
species common to disturbed ground have 
also been omitted. In addition to the seven 
major plant associations described above, 
another distinct ecosystem in the Niobrara 
River Valley is the sandbar-marsh commu­
nity along the south bank of the stream, 
extending from Fairfield Creek to Plum 
Creek. These sandbars provide nesting 
sites for the federally endangered least 

tern and piping plover; the marshes are 
very diverse in both aquatic flora and 
fauna. The four prairie communities of the 
Niobrara Valley and the Sandbar/Marsh 
ecosystem occur adjacent to, and often 
intermingled with, the three forest commu­
nities occupying this stretch of the Niobrara 
Valley. 

Another unique feature of the Niobrara 
River at the Niobrara Valley Preserve is a 
very prolific fossil quarry on the bluff over­
looking the Norden Bridge. This site has 
yielded 1 6  species found nowhere else, 
and in all a total of 88 Tertiary and recent 
species-an irreplaceable treasure of pale­
ontology(?). Fossils from this site prove 
that Nebraska was once a tropical region 
inhabited by rhinoceros and camel. 

EDUCATIONAL ACTIVITIES 

Field studies have been conducted in the 
general region of Valentine for more than a 
decade, at the Valentine Lakes N. W. R., 
Merritt Reservoir and the Snake River, Ft. 
Niobrara N. W. R., and McElvie Natl. Forest, 
as well as eastward along the Niobrara 
River. The proposal to build a dam south of 
Norden gave impetus to studies identifying 
the flora and fauna of the region, and its 
acquisition by the Nature Conservancy 
made the area available for studies by 
Wayne State and other colleges in the area. 
The kinds of field classes conducted by 
Wayne State College faculty include 
General Ecology (on a seasonal basis); 
Plant Community studies-makeup and 
general relationships; Species diversity and 
indices of specific habitat types, both flora 
and fauna; Invertebrate Zoology study, 
mostly conducted in marshes from the 
Norden Bridge west to Fairfield Creek; Field 
Studies in Natural History, Geologic history 
and Ecology of the Niobrara Valley ; and 
field study of specific organisms in 
Vertebrate Zoology, Ornithology, Mammalo­
gy, and Advanced Plant Biology classes. 
Also, studies of interrelationships inherent in 
Ecology, such as bison cow/calf, rodent/ 
habitat, water analysis, faunal movement 
and territoriality, have been conducted. 
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Table 1.-Plant Species Occurence and Abundance In the Niobrara Valley Preserve and Vicinity 
(2, 3, 6). 

P l ant Commu n ity  
1 2 3 4 5 6 7 

Plant Species :  EDF R M F  NBF  TG P U M P  PLP STP 

GP. A-FERNS/FERN ALLIES: 
Equisetum spp. ** 3 4 
Botrychium spp. 2 3 
Cystopteris fragilis 4 4 
Thelypteris palustris 3 
Woodsia oregonia 2 2 3 
Selaginella rupestris 5 4 4 

GP. B-GYMNOSPERMS: 
Juniperus horizontalis (creeping juniper) 2 
Juniperus virginiana (eastern redcedar) 4 4 4 
Pinus ponderosa (Ponderosa pine) 2 5 2 

GP. C-BROADLEAF TREES: 
Acer negundo (boxelder) 3 3 
Betula papyrifera (paper birch) 4 
Ostrya virginiana (ironwood) 3 4 
Quercus macrocarpa (bur oak) 4 2 
Juglans nigra 3 3 
Fraxinus pennsylvanica (green ash) 3 3 
Popilis alba (white poplar) 2 3 
Populus deltoides (cottonwood) 2 3 2 3 
Populus tremuloides 2 
Salix amygdaloides 3 
Tilia americana (basswood) 3 3 
Celtis occidentalis (hackberry) 3 3 
Ulmus americana (American e lm) 3 2 

GP. D-BROADLEAF SHRUBS/VINES: 
Rhus aromatica (aromatic sumac) 3 4 2 3 
Rhus glabra (smooth sumac) 2 4 3 3 3 
Toxicodendron rydbergii (poison ivy) 3 2 3 2 2 4 
Sambucus canadensis (common elderberry) 2 3 2 
Corylus americana (hazelnut) 3 
Symphoricarpos occidentalis (snowberry) 3 3 3 2 3 3 3 
Ribes americanum 3 3 2 
Ribes missouriense (nor.gooseberry) 3 3 3 
Ribes odoratum 3 3 
Physocarpus opul ifolius (prairie ninebark) 2 3 
Prunus americanus (wild plum) 3 3 3 2 
Rosp. arkansana (wild rose) 2 3 2 2 3 3 3 
Rubus occidentalis (black raspberry) 3 2 3 
Xanthozylum americanum (prickly-ash) 3 3 2 
Hypericum majus 3 
Cornus stolonifera 3 3 
Celastrus scandens (bittersweet vine) 2 3 2 
Parthenocissus vitacea (woodbine) 3 3 3 
Vitis riparia (riverbank grape) 3 4 
Shedherdia argentea (buffaloberry) 2 3 2 

GP. E-GRASSES: 
Agropyron cristatum (crested wheatgrass) 2 3 
Agropyron smithii (western wheatgrass) 3 3 3 
Agrostis scabra 3 3 3 
Andropogon halli i (sand bluestem) 3 2 4 
Andropogon gerardi (big bluestem) 3 2 2 
Schizachyrium scoparius (little bluestem) 4 5 4 
Aristida purpurea (purple three-awn) 2 4 3 2 
Bouteloua curtipendula (sideoats grama) 3 4 4 4 
Bouteloua gracilis (blue grama) 3 3 3 
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Plant Community 
1 2 3 4 5 6 7 

Plant Species :  EDF RMF NBF TGP UMP PLP STP 
Bouteloua hirsuta (hairy grama) 3 2 3 
Bromus inermis (planted brome) 5 
Bromus tectorum (downy brome) 4 5 3 3 
CalamoviHa longifolia (prairie sandreed) 5 5 5 
Catabrosia aquatica 3 
Dicanthelium oligosanthes (Scribner panic-gr) 3 3 3 2 

Dicanthelium wilcoxianum 3 3 
Elymis canadensis (Canada wildrye) 3 3 
Elymus villosus 3 2 

Eragrostis spectabilis (purple lovegrass) 2 3 3 
Eragrostis trichodes 2 3 
Festuca obtusa 3 3 
Festuca octoflora (nodding fescue) 3 3 3 
Koeleria pyramidata (prairie junegrass) 3 3 3 
Muhlenbergia cuspidata (plains muhly) 3 2 3 
Muhlenbergia pungens (sandhill muhly) 3 
Muhlenbergia racemosa 3 3 3 
Oryzopsis micrantha 2 2 3 
Panicum capillare 2 3 3 
Panicum virgatum (switchgrass) 3 2 2 3 
Paspulum setaceum 2 3 3 4 

Redfeldia flexuosa (blowoutgrass) 4 

Sorghastrum nutans (lndiangrass) 4 

Sporobolus cryptandrus (sand dropseed) 3 2 3 
Stipa comata (needle-and-thread grass) 4 4 5 
Stipa spartea 3 2 3 
Stipa viridula (green needlegrass) 3 2 

GP. F-OTHER MONOCOTS: 
Commelina erecta 2 2 2 

Tradescantia occidentalis 3 3 3 
Carex spp. (sedges) 3 3 3 3 3 3 3 
Cyperus spp. (sedges) 3 3 3 3 
Eliocharis spp. 3 
Habenaria hyperborea 3 3 
Spiranthes cernua 3 2 

Yucca glauca (small soapweed) 3 2 3 

GP. G-DICOT FORBS: 
Berula arecia 3 
Sanicula canadensis 3 
Aralia nudicaulis 3 
Achillea millefolium (common yarrow) 2 3 3 2 

Asclepias arenaria 2 2 3 
Asclepias incarnata 3 
Asclepias stenophylla 2 2 2 

Asclepias verticillata 2 2 3 2 

Antennaria neglecta (pussytoes) 3 2 3 
Antennaria parvifolia 3 3 3 
Artemesia cam�estris (prairie sage) 3 3 3 
Artemesia frigi a (fringed sage) 2 4 3 4 

Aster ericoides (heath aster) 4 3 4 3 3 3 
Aster laevis 3 3 2 

Aster oblongifolius (aromatic aster) 3 3 3 
Aster nova-angliae (New England aster) 3 
Aster simplex 3 
Chrysopsis stenophylla 3 2 

Corsium canescans 3 3 3 
Echinacea angustifolia 3 3 3 
Eupatorium perfoliatum 2 

Euthamia gymnospermoides 3 
Gaillardia puberula (lndain blanketflower?) 3 2 2 

Grindelia squarrosa 3 4 2 
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P lant Co m munity 
1 2 3 4 5 6 7 

P lant Species: EDF RMF NBF TGP UMP PLP STP 
Guterrezia sarothae (broo m snakeweed) 2 3 3 
Ha�lopappus spinulosus (spiny goldenweed) 3 3 3 
He ianthus annuus (annual sunf lower) 4 
Helianthus nutta llii (Nuttall's sunflower) 3 
Helianthus rigidus (stiff sunflower) 3 3 3 
Helianthus petiolaris 2 3 
Heliopsis helianthoides (rough ox-eye) 2 3 2 
Hy menopappus tenuifolius (old-plains man) 3 3 3 
Lactuca spp. ( lettuce?) 2 3 
Liatris aspera 3 2 
Liatris punctata (dotted iayfeather) 3 4 3 
Liatris squarrosa (scaly lazing-star) 2 2 2 3 
Lygodes mia juncea (skeletonweed) 3 3 3 
Microseris cuspidata (fa lse dandelion) 3 3 
Ratibicla colu mnifera (upright prairieconeflower)2 2 4 3 4 
Rudbeckia hirta (b lack-eyed Susan) 2 3 2 3 
Senecio integerri mus 3 3 3 
Senecio p lattensis (golden ragwort) 3 3 2 
Senecio ridde llii (Riddell's grooundsel) 4 
Senecio tridenticulatus (squaweed) 3 
Solidago canadensis (Canada goldenrod) 3 
Solidago missouriensis (Missouri goldenrod) 3 3 3 
Solidago ne moralis (gray goldenrod) 3 3 3 
Solidago rigida (Solidago rigidus) 2 3 2 
The lesper ma fi lifoliu m 4 4 2 
I mpatiens capensis 4 
Lithosper mu m carolinense (hairy puccoon) 3 3 3 3 
Lithosper mu m incisu m 2 2 3 2 
Draba reptans 3 3 
Erysi mu m asperu m (western wallf lower) 3 3 3 
Erysi mu m cheiranthoides 3 2 
Lesquere lla ludoviviana (si lvery b ladderpod) 3 3 3 
Opuntia spp. (co mpressa = prickly-pear) 2 3 3 3 
Ca mpanula a mericana 2 3 2 
Ca mpanula rotundifolia 2 3 
Triodanis perfoliatu m  2 3 3 3 
Cleo me serrulata (Rky. Mt. beeplant) 3 
Cristste lla ja mesii 3 2 3 
Arenaria laetif lora 3 3 2 
Cyclolo ma atrip licifoliu m (winged pigweed) 2 3 3 3 
lpornoea leptophy lla (bush morningg lory) 3 2 3 
Arnorpha canescens ( leadplant) 3 2 3 
A mphicarpa bracteata 3 3 
Astragulus crassicarpus (prairie ground-plu m) 3 3 
Dalea candida (white prairie-clover) 3 3 3 
Dalea ennandra (slender da lea) 3 4 3 
Dalea purpurea (purple prairie-clover) 2 3 3 3 
Dalea villosa (silky prairie-clover) 2 2 4 
Des modiu m canadense 3 2 
Des modiu m glutinosu m 3 3 
Caly lophus serrulatus (ye llow evening-pri mrose) 2 3 3 3 
Glycyrrhiza lepidota 3 
Lathyrus po lyrnorphos (showy vetchling) 2 3 3 
Oxytropis la mbertii (La mbert crazyweed) 3 3 4 
Psora lea argophylla (silverleaf scurfpea) 3 3 3 3 
Psoralea digitata (diflitate scurfpea) 3 2 3 
Psora lea esculenta prairie turnip) 2 3 
Psora lea lanceolata ( le mon scurfpea) 3 2 3 
Hedeo ma hispida (rough pennyroyal) 4 3 2 
Monarda fistulosa 3 2 3 
Monarda pectinata 2 2 3 
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Plant Commun ity 
1 2 3 4 5 6 7 

Plant Species :  EDF AMF NBF TGP UMP PLP STP 

Unum rigidum (stiffstem flax) 3 3 3 
Mentzelia nuda (desert-lily) 2 2 3 
Circaea lutetiana 3 3 
Gaura coccinea (scarlet gaura) 2 3 
Gaura parviflora 4 3 
Oenothera biennis (evening-primrose) 3 
Oenothera nuttalli i 2 2 3 
Oenothera rhombipetala (diamond evng-primrose) 3 3 3 
Orobanche fasciculata 3 3 3 
Oxalis dillenii 3 3 
Plantago riatagonia 3 3 3 
Collomia inearis 3 
lpomopsis longiflora (white gilia) 3 
Eriogonum annuum (umbrella-plant) 3 2 4 
Rumex venosus (veined dock) 3 
Talinum parviflorum 3 
Androsace occidentalis 3 3 3 2 
Anemone cylindrica 2 3 
Anemone patens 3 
Aquilegia canadensis 3 3 
Delphinium virescens (prairie larkspur) 2 3 3 3 
Thalictrum dasycarpum 3 
Fragaria vesca 3 3 
Potentilla arguta (tall cinquefoil) 3 3 3 3 
Galium aparine 3 3 3 
Commandra umbellata (bastard toadflax) 3 3 3 
Heuchera richardsonii 3 3 4 
Mimulus glabrata 3 
Penstembn (albidus = sm. wh. beard-toun�e) 3 3 3 
Penstemon angustifolius (narrowleaf bear -tounge) 3 3 4 

Penstemon gracilis 2 3 3 
Penstemon grandiflorus (shell-leaf penstemon) 2 3 3 4 

Scrophu laria lanceolata 3 2 
Laportea canadensis 4 

Praietaria pennsylvania 3 
Pilea pumila 3 
Urtica dioica 3 4 

Ph�ma leptostachya 3 3 
Ver ena stricta (hoary vervain) 3 2 3 3 3 3 
Verbena urticifolia 3 3 
Viola nephrophylla 3 3 
Viola pratincola 3 3 

*Plant Communities : 1 ,  Eastern Deciduous Forest; 2 ,  Rk{j Mtn. Pine Forest; 
3, Northern Boreal (Birch) Forest; 4, Tall�rass Prairie ; 5, pland Mixed Prairie ;  
6, Pleistocene Terrace Mixed Prairie ;  an 7, Sandhills Transitional Prairie .  
** I ndex of abundance: s

0
abundant ;  4, numerous o r  frequent; 3, common;  2 ,  ocassion-

al or  infrequent· 1 rare. n lre those species which were common in one or  more com-
muniJies are listed in the tab e. Exceptions are in-frequent but conspicuous tree 
species. 
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BIOLOGY OF AN ENZYME:  A RESEARCH­

LIKE EXPRIENCE FOR INTRODUCTORY 

BIOLOGY STUDENTS 

DAVID W. TOWLE 

Department of Biology 
Lake Forest College 

Lake Forest, IL 60044 

The primary motivation for construct­
ing this series of laboratory exercises was 
a strong desire to introduce a realistic 
experience in biological research that was 
nevertheless feasible with substantial 
numbers of beginning biology majors. 
Previous experience with completely indi­
vidualized projects at the introductory 
level suggested that a highly structured 
approach with built- in decision points 
might provide a workable model. We had 
already initiated a major faculty-student 
research project centering on alkaline 
phosphatase in crustacean gill (Lovett et 
al. , 1 989) and were struck by the adapt­
ability of our experimental design to the 
teaching laboratory situation. 

We designed the laboratory exercises 
to represent real research in the sense 
that the expected experimental outcomes 
are not known by either instructor or stu­
dent. True hypothesis testing can thus 
take place with plentiful opportunity for 
"failure", an important ingredient in doing 
science. By starting with a research area 
in which departmental faculty and upper­
level students are already engaged, the 
beginning students quickly perceive that 
they are involved in a current research 
question. Experiments are not simply 
repetitions of classic demonstrations. A 
study of the biology of alkaline phos­
phatase offers a multitude of questions 
centering on the characterization of a 
specific tissue function and the effects of 
environmental factors on that function. 
The choices of experimental organism 
and tissue source are made by students 
in consultation with the instructor, based 
on an original premise that tissue involved 
in solute transport may contain high levels 
of the enzyme. 

A second major factor in designing a 
research-like experience was a desire to 

represent the process of research as 
accurately as possible. Thus we decided 
to extend the laboratory exercises over 
several weeks and to a limited extent 
established experimental designs on the 
basis of previous results. Repetitive mea­
surements bil led up front as being 
" tedious" reveal to students the true 
nature of much of scient i f ic research. 
Some students balk at  this "boring" 
approach but others welcome the oppor­
tunity to become expert at the useful tech­
nique of measuring enzyme activity. The 
concept of reproducibility is experienced 
first-hand as student teams attempt to 
replicate earlier results. And taking 
responsibility for one's experimental deci­
sions is another valuable lesson. Further 
responsibility is developed by including a 
session on solution preparation, in which 
each team prepares a buffer for use later 
by the entire class. 

We felt that the logistics of operating a 
research-based laboratory for an introduc­
tory course had to be straightforward, 
using a minimum of equipment and sup­
plies. The enzyme labs require water­
baths, student spectrophotometers, 
micropipettors, and a small set of 
reagents. A balance, pH meter, and 
preparative centrifuge are required for indi­
vidual exercises. Microcomputers are 
employed throughout to facilitate computa­
tions and graphing but these are optional. 

The major outcome of this approach 
centers on the improved preparation of 
our students for upper-level courses and 
for independent research. The number of 
Lake Forest College biology students par­
ticipating in summer research has grown 
from one in 1 988 to 1 5  in 1 991 , partly as 
a result of an early experience demystify­
ing the process of research. Students 
can easily visualize themselves in 
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research  and t h u s  i t  m o re read i l y 
becomes a part of the ir  i ntel lectual l ife. 
By t he  fo u rt h  week o f  t h i s  f ive-wee k  
series, the students grow quite confident 
of their manipulative skil ls in the laborato­
ry. I nst ructo rs t hus  spend l ess t i me  
teaching techn ique and more t ime con­
sult i ng  with students on experimental 
design and data analysis. Students' eval­
uations have been consistently positive : 
" I 'm very enthused about go ing to lab", 
"students are encou raged to th i nk  and 
problem-solve", "I fi nd it i nteresting that 
we are doing relatively novel things i n  lab 
and maybe finding things that had never 
been found before", ''the lab forces one to 

start asking why and think about what one 
is do i ng" ,  "the  expe ri ments are real ly 
cool". 

Fol lowing are the laboratory i nstruc­
tions provided to each student prior to the 
laboratory session .  Instructors are very 
explicit i n  what we are trying to accom­
plish in terms of setting up a research-like 
experience. The design can be adapted 
to a wide variety of research problems. It 
may be i mpo rtant  to  deve lop  such a 
design based on specific departmental 
faculty expertise. A brief account of this 
laboratory design has appeared recently 
(Towle, 1 991  ) .  

ALKALINE PHOSPHATASE I :  BUFFERS AND STANDARDS 

INTRODUCTION 
Chemical reactions in l iving organisms occur rapidly at moderate temperatures and 
under mild conditions primarily because of the catalytic action of specialized proteins 
cal led enzymes. Each step in  a chain of biochemical reactions is usually catalyzed by a 
specific enzyme. The lack of even one enzyme can prove fatal . Galactosemia, for 
example, is a human genetic disease caused by a deficiency of the enzyme phospho­
galactose uridyl transferase. This disease can result in early death if it goes undetect­
ed. 

The actual catalytic site of an enzyme molecule is a small area where the enzyme's 
component amino acids are arranged to precisely "fit" its substrate, which is the sub­
stance acted upon by the enzyme and changed to the product. The rate of an enzyme­
catalyzed reaction depends partly on how well the enzyme and substrate fit together. 
Thus an envi ronmental factor (such as pH or high temperature) which might change the 
shape of either enzyme or substrate could alter the rate of reaction. In addition the con­
centration of active enzyme and substrate molecules would be expected to have impor­
tant effects on the rate. 

The rate of an enzyme-catalyzed reaction may be measured by (1 ) the disappear­
ance of substrate, or (2) the appearance of product. The enzyme and substrate are 
mixed and allowed to react for a certain time period; the amount of either the substrate 
or the product is then measured. This amount gives the rate of activity of the enzyme 
per unit of t ime. 

Alkal ine phosphatase, the enzyme we will be studying,  is important in recycl ing 
phosphate within l iving cells and tissues. It seems to be particularly prevalent in tissues 
which are transporting nutrients, including intestine and kidney. This enzyme catalyzes 
the cleavage of a phosphate group from a variety of compounds, including the "artificial" 
substrate used here,  p-nitrophenyl phosphate. This substrate is colorless. However, 
one of the products, p-nitrophenol, is yel low in  basic solutions. The appearance and 
intensity of yel low color thus i ndicates the degree to which the substrate has been 
acted upon by the enzyme. 

In the cl inical setting, elevated blood levels of alkal ine phosphatase coincide with 
certain types of cancer, particularly cancer of bone, l iver, and lung. Thus measure­
ments of alkal ine phosphatase activity are important in medical diagnosis and are done 
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routinely as part of a typical physical examination. Research on alkaline phosphatase 
at Lake Forest College has centered on its role in transporting tissues, primarily the gill 
of crustaceans. Environmental salinity seems to be a cue in regulating levels of alkaline 
phosphatase. Precisely what its function may be, however, is unknown. 

METHODS AND MATERIALS 
In this first laboratory, we will be laying the 
experimental groundwork for subsequent 
laboratories. We will (1) determine the 
absorption spectrum of the yellow p-nitro­
ph e nol, (2) me asure the relationship 
between the amount of p-nitrophenol and 
its absorbance of light, and (3) prepare 
buffers for use in subsequent laboratories. 
Because of a limitation on the number of 
balances and pH meters, the last task 
should be rotated among groups rather 
than done all at one time. 

GENERAL LABORATORY METHODS 
Cleanliness is next to godliness! To work 
efficiently and accurately in a biology lab­
oratory, you must learn careful technique. 
You should keep in mind that tabletops, 
clothing, and particularly your hands are 
chemically quite dirty, even though you 
may have just cleaned them. Anything 
that will come in contact with experimen­
tal chemicals and solutions must avoid 
contact with tabletops and hands. Use 
clean Kimwipe tissues to handle stirring 
bars and similar items. Do not touch the 
"working end" of any pipet or pipettor tip. 
If you must lay a pipet on the table for 
reuse, lay it on a Kimwipe. All glassware 
must be rinsed in tap wate r (5-6 times) 
and distilled water (4-5 times), and dried 
in a manner to keep it clean. 

Pipetting is the route to most quantitative 
data! Measuring small amounts of liquids 
must be done ve ry carefully to obtain 
repeatable quantitative data. Remember 
to keep the working ends clean. All styles 
of pipets and pipe ttors must be kept 
upright when containing liquid, to prevent 
the liquid from running back into the pipet­
ting device and contaminating subse­
quent measurements. (The pipettor can 
also be seriously damaged!) Pipetting 
devices work best when you are patient 
with them. Use slow rather than abrupt 
movements both when taking a sample 

into the pipet and dispensing it. Watch for 
and avoid bubbles. It is better to be very 
careful the first time than to repeat an 
entire series of measurements because of 
carelessness. After pipetting a sample 
into a larger volume of solution, be sure to 
mix well by vortexing or stirring. The two 
most common sources of error in quanti­
tative work is careless pipetting and 
incomplete mixing. 

Personal safety. We will do absolutely no 
pipetting by mouth. If materials are caus­
tic or toxic, we will recommend eye pro­
tection, gloves, and/or lab coats. Be sure 
you know where the fire extinguisher and 
safety equipment are located. Of course 
there will be no eating or drinking in the 
laboratory. In the operation of equipment, 
be sure you are familiar with its dangers 
before operating it. Ask if you are unsure ! 

USE OF THE SPECTRONIC 21 D 
SPECTROPHOTOMETER 

The amount of p-nitrophenol resulting 
from the enzyme-catalyzed hydrolysis of 
p-nitrophenyl phosphate is measured 
using a spectrophotometer, an instrument 
capable of detecting the amount of light 
absorbed by colored solutions. According 
to Beer's law, 

A =  E · I ·  c 
where A is the measured absorbance, E 
is an empirical constant (the extinction 
coefficient), I is the length in centimeters 
of the light path through the sample solu­
tion, and c is the concentration of absorb­
ing · material in moles/liter. The amount of 
l ight absorbed (absorbance) is  thus 
directly proportional to the concentration 
of absorbing material. 

Follow these steps to ope rate the 
spectrophotometer: 

a. APPLY POWER-Tu rn on the powe r 
switch. Allow the instrument at least five 
minutes to warm up. 
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b. SELECT THE WAVELENGTH-Turn the 
wavelength control to th13 desired wave­
length in nanometers (1 o- meters). 

c. SET SENSITIVITY to "M" and MODE to 
"Absorbance". 

d. ADJUST ZERO ABSORBANCE-Add at 
least 3 mi l l i l iters (ml )  of "blank" solution 
(may be water or  buffer, depending on the 
experiment) to a clean cuvet (a special 
test tube). Wipe fingerprints from the out­
side of the cuvet and insert it all the way 
into the cuvet holder, al igning the mark on 
the cuvet with the mark on  the holder. 
Adjust t he  kn u r l ed  k n o b  marked 
" Increase" unt i l  the dig ital display reads 
ze ro abso rbance.  Re move t he  b lank 
cuvet and place in  a non-metal l ic test 
tube rack for later use. 

e. MAKE A SAMPLE MEASUREMENT-Add 
at least 3 ml of the sample solution to be 
measured to a clean cuvet, wipe the out­
side of the cuvet, and insert the cuvet into 
the ho lder, al i g n i ng marks as befo re . 
Now read and record the absorbance . 
Treat t he  cuvets w i th  care to  avo i d  
scratching them. 

DETERMINATION OF THE ABSORBANCE 
MAXIMUM 

The fi rst task w i l l  be to construct an 
"absorbance spectrum" to determine the 
wavel ength at which the co lo red sub­
stance ( i n  t h i s  case p -n i t ro p h e n o l )  
demo nst rates maxi m u m  abso rbance . 
Th is wavelength wil l then be used i n  all 
subsequent measurements to opti mize 
sensitivity of the spectrophotometer. 

To the "blank" cuvet, add 3 m l  of a 
so lut i on  of 0 . 04 M sod i u m  hydrox ide 
(NaOH) .  Start ing with a wavelength of 
360 nm, use the blank cuvet to set zero 
absorbance as described above. 

To the "sample" cuvet, add 1 ml of a 
solution of 0.01 mM p-nitrophenol plus 2 
m l  0 . 04 M N aO H .  T h e n  take an 
absorbance measurement of the sample 
at 360 nm wavelength. Record the wave­
length and absorbance value in  your labo­
ratory notebook, using a tabular format. 
Remove the sample cuvet. 

Adjust the wavelength to 370 nm and 
repeat steps c, d, and e above. Increase 
the wavelength  i n  steps of 1 0  nm and 
repeat you r  measurements until you are 
sat i sf i ed  t h at you h ave  fo u nd t he  
absorbance maximum. 

CONSTRUCTION OF A STANDARD CURVE 
Using 1 5-ml test tubes, set up a standard 
dilution series i n  duplicate (two tubes of 
each) as follows, pipett ing as carefully as 
possible:  

0.04 M NaOH 
4.0 ml  
3.0 
2.0 
1.0 
0 0  

0.01 mM p-Nitrophenol in NaOH 
1.0 ml 
2 .0  
3.0 
4.0 

5 0  

Mix thoroughly by careful vortexing. (Ask 
fo r a demo nst rat i o n l ) Usi ng  the wave­
l e ng th  w h ich  p roduces max i m u m  
abso rbance , adj ust ze ro abso rbance 
using your  "blank" cuvet. Then measure 
the absorbance of each of the standard 
dilutions by pouring the contents of each 
test tube i nto a cuvet and read ing  the 
absorbance, ri nsi ng with dist i l led water 
between each reading .  Be sure to wipe 
fi ngerprints between each reading and 
al i gn  the marks properly. Record you r  
data i n  tabular format i n  your  laboratory 
notebook. 

MAKING BUFFERS 
Making solutions accurately is one of the 
most important ski l ls in any biology labo­
ratory. Remember cleanl iness and care­
ful measurement! Also remember that a 
1 molar (M o r  moles/l iter) solution con­
tains 1 g ram molecular weight of solute 
made up to one l iter with disti l led water. 
Nearly all other solutions can be deduced 
from that one rule. (One exception :  a 1 % 
(w/v) solution contains 1 g ram of solute 
per 1 00 ml of solution. )  

You and your partner should make up 
.one. of the buffer solutions to be used by 
your class in  future experiments. We will 
check your  product for proper pH. Select 
one of the pH values desi red (pH 8.5, 9.0, 
9.5, 1 0.0, 1 0.5, and 1 1 .0) .  
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The desired buffer is 0.1 M 2-amino-2-
methyl-1-propanol (MW 89.1, a liquid) dis­
so I ved in 0 . 001  M M g SO4-7H2O.  
Although you have been given the molec­
ular weight of the first solute, you should 
calculate the molecular weig ht of the 
magnesium sulfate crystals (be sure to 
include the waters of crystallization) . 

Ask for a demonstration of the balance 
with which you will weigh out the proper 
amounts of 2-amino-2-methyl-1-propanol 
and magnesium sulfate to make one liter 
of buffer. Calculate the weight in grams 
for each solute and check with the 
instructor before proceeding. Describe 
your procedure in your laboratory note­
book. Using a clean spatula (for powder) 
or clean pipet (for liquid), weigh out the 
two substances into a beaker and add 
distilled water (considerably less than 1 
liter). Stir to dissolve. 

Ask for a demonstration of the pH 
meter with which you will adjust the pH of 
the buffer. Be very careful of the pH elec­
trode; it is quite fragi le. The pH meter 
should be standardized with standard 
buffer once a day. With the stirrer spin­
ning and the lower centimeter of the elec­
trode immersed in the solution, take con­
tinuous pH readings. With a pasteur 
pipet, add 10% NaOH to raise the pH, 
concentrated HCI (use in hood: careful! !) 
to lower the pH. Wait for the pH to stabi­
lize after each addition. Near the desired 
pH value, add very small volumes of 
NaOH or HCI until the desired value is 
obtained. 

Remove the pH electrode, rinse it off 
with distil led water and replace it in the 
electrode storage solution. 

Pour the pH-adjusted buffer carefully 
into a 1-liter volumetric flask, using a fun­
nel if necessary. Rinse out the beaker 
with a small amount of distilled water and 
add that to the flask as well. Now bring 
the volume up to the mark on the neck of 
flask, using distil led water. The bottom of 

the meniscus should match the mark 
exactly. 

Label a storag e bottle (plastic or  
glass) with tape containing the concentra­
tions of the solutes, your name, section 
number, and date. Refrigerate until need­
ed in a subsequent lab period. 

RESULTS 
Plot the absorbance spectrum on a linear 
graph with the wavelength as the x-axis 
and the absorbance as the y-axis. Use 
graphics software to plot your g raph via 
computer and laser printer, as demon­
strated by the instructor. Print out three 
copies of your graph on the laser printer, 
one for each member of your lab team 
and one for the instructor. Retain your 
g raph for inclusion in your laboratory 
report, and submit a copy of your original 
data plus your graph to the lab instructor 
before you leave for the evening. If you 
wish to save your g raphs for future use, 
bring a formatted floppy disk to the labo­
ratory session. 

For your standard curve, calculate the 
micromoles of p-nitrophenol present in 
each of the 5-ml volumes. (How many 
moles is contained in 1 ml of a 0.01 mM 
solution?) Plot these value on the x-axis 
of a linear g raph and the corresponding 
absorbance values on the y-axis. Again 
use g raphics software. If the standard 
"curve" is linear, calculate the slope of the 
curve as absorbance units per micromole. 
What is the percent variation between 
your duplicate values? How accurate is 
your pipetting? Analytical skills need to 
be developed to the point where less than 
5% difference exists between duplicate 
determinations. Make three copies of 
your standard curve g raph, submitting 
one with your copy of original data and 
calculations. 

I n  your report, describe how you 
would make a buffer consisting of 1 O mM 
Tris and 1 mM EDTA, pH 8.0. 
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ALKALINE PHOSPHATASE II : FRACTIONATION AND ASSAY 

INTRODUCTION 
In this second week of our work on alkaline phosphatase, we will learn about homoge­
nizing and fractionating tissue and will also carry out a measurement (assay) of alkaline 
phosphatase on each fraction. Homogenizing breaks up tissues and cells into 
organelles, such as nuclei, mitochondria, membranes, etc. After homogenization, we 
are able to handle the tissue with a pipet, measuring out precise quantities and using 
the material as a source of enzyme activity. Fractionation will be accomplished using a 
refrigerated centrifuge capable of spinning a rotor at 20,000 rev/min. The different cell 
organelles have different densities which permit separation by centrifugation at various 
forces of gravity. 

The measurement of alkaline phosphatase is done by incubating an enzyme source 
with the substrate, p-nitrophenyl phosphate, in one of the buffers which you made dur­
ing the previous lab period. Temperature will be controlled by a water bath set at 37C, 
the optimum temperature for most enzymes. The reaction is initiated by adding a small 
volume of homogenate or tissue fraction and is stopped by adding sodium hydroxide 
which will denature the enzyme and also provide a basic solution for maximum yellow 
color of one of the products, p-nitrophenol. 

As described in the previous handout, different tissues are expected to have differ­
ent levels of alkaline phosphatase activity. Although the specific biological function of 
alkaline phosphatase is not well understood, various investigators have reported that 
tissues involved in nutrient transport often contain high levels of alkaline phosphatase. 
With each team selecting a different tissue, we should be able to produce data which 
might confirm or argue against this observation. Give careful thought to your choice of 
experimental material. You will be working with it for the next several laboratories. 

Remember: Careful pipetting and mixing are the clues to great results! 

METHODS AND MATERIALS 

f RACTIONATION 
1. Obtaining the tissue :  C ool a 

homogenizer by placing it in crushed ice. 
Anesthetize and sacrifice your experimen­
tal organism with humane methods. 
Consult the instructor for details of appro­
priate humane treatment. In our case, a 
frog will be anesthetized on ice and then 
pithed by destroying the central nervous 
system. 

Place approximately 1.5-gram sam­
ples of the desired tissue in about 1 0 ml 
of ice-cold homogenizing medium (250 
mM sucrose, 6 mM EDTA, 1 0 mM Tris, 
pH 7.8 with HEPES) in a labelled beaker 
on ice. Each team should work with a dif­
ferent tissue. Place the animal remains in 
a plastic bag in the freezer. 

2. Homogenizing the tissue: With for­
ceps, remove the tissue from the beaker, 
blot on Kimwipes, and quickly weigh to 

the nearest 0.1 gram. Place the tissue 
into the ice-cooled homogenizer. Multiply 
the weight of the tissue in grams by 1 0 
and add that many milliliters of cold 
homogenizing medium to the homogeniz­
er. Homogenize by hand until no tissue 
fragments are apparent, keeping the 
homogenizer in ice as much as possible. 
Place two single thicknesses of cheese­
cloth over a small beaker on ice, and 
carefully pipet the homogenate onto the 
cheesecloth so that large tissue frag­
ments are trapped on the cloth and the 
remaining homogenate is filtered into the 
beaker. 'Wring out" the cheesecloth with 
the large end of a Pasteur pipet. Pipet 
exactly 10 ml of the resulting homogenate 
into a numbered plastic centrifuge tube 
(for the DuPont-Sorvall RC5C centrifuge) 
and keep on ice. Record the number. 
Place the remaining homogenate in a 
labelled plastic test tube and keep on ice. 
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3. Preparation of the nuclear fraction: 
The instructor will collect the centrifuge 
tubes from all teams and centrifuge them 
at 1,000 gravities for 1 0 minutes (at 2-4 
C). After the centrifugation is completed, 
very carefully remove the upper super­
natant with a 10-ml pipet and place it in a 
clean numbered centrifuge tube. Record 
the number. You should leave some 
supernatant behind rather than disturb the 
pel let of nuclei and unbroken cell$. Give 
the new centrifuge tube to the instructor 
for the second centrifugation. 

Using a stirring rod, resuspend the 
nuclear pellet in 1 0 ml of fresh homoge­
nizing medium. If fragments are visible, 
use your rinsed-out homogenizer to dis­
perse the fragments. Place the resus­
pended nuclear fraction in a labelled plas­
tic test tube on ice. 

4. Preparation of the mitochondrial 
fraction: The instructor will again collect 
the centrifuge tubes from all teams and 
centrifuge them at 10,000 gravities for 30 
minutes (at 2-4 C). After the centrifuga­
tion is completed, remove the super­
natant with a 10-ml pi pet and place it into 
a labelled plastic test tube. This super­
natant will be the "microsomal and soluble 
fraction". 

Resuspend the mitochondrial pellet in 
1 0 ml of homogenizing medium, using a 
stirring rod and homogenizer if necessary. 
Keep both the microsomal and soluble 
fraction and the mitochondrial fraction on 
ice. 

ASSAY OF ALKALINE PHOSPHATASE 
1 . Setting up assay tubes: While the 

second centrifugation is progressing, you 
should set up thirteen large glass test 

Tube Number B1 1 2 3 4 

Buffer pH1 0  500 500 500 500 500 
Substrate 500 500 500 500 500 

Homogenizing medium 1 00 
Homogenate 1 00 1 00 200 200 
Nuclear fraction 
Mitochondrial fraction 
Microsomal and soluble 

fraction 
0.5mM p-Nitrophenol 

(Note concentration) 

tubes as follows, pipetting buffer (use pH 
1 0 for this assay) and substrate (0.01 M 
p-nitrophenyl phosphate) into labelled test 
tubes. You may also pipet the p-nitrophe­
nol (the standard) into tubes 11 and 12. 
Quantities are indicated in microliters. 
Remember that 1 ml = 1000 microliters 
(µI). Use the P-1000 micropipettor and 
blue tips for 500 ul ,  and the P-200 
micropipettor and yellow tips for 100 and 
200 µI. In adjusting volume, do not turn 
the knurled adjuster past the maximum 
volume of the pipettor (1000 for P-1000 
and 200 for P-200). The set volume is 
obtained by depressing the main plunger 
to the 1i.rfil stop and slowly raising the 
plunger after placing the end of the dis­
posable tip into the solution. Transfer the 
solution to the desired destination by 
slowly depressing the plunger to the � 
Qild stop. Do not hold the pipettor with 
the tip above horizontal, to avoid contami­
nating the pipettor. Work the plunger 
slowly to get good reproducibility. 

After adding buffer and substrate, place 
the test tubes in a plastic rack in a water 
bath at 37 C. 

2. Starting the assay: When all of 
your tissue fractions are prepared and 
waiting in an ice bucket, start the alkaline 
phosphatase reaction by carefully adding 
the indicated volume of each fraction, 
waiting 30 seconds between each addi­
tion. Use a fresh pipet tip for each differ­
ent fraction. Vortex the test tube to mix 
enzyme source with substrate and buffer, 
and place the test tube back in the water 
bath at 37°C. Continue in this way until 
all 13 tubes are incubating. 

5 6 7 8 9 1 0  1 1  1 2  

500 500 500 500 500 500 500 500 
500 500 500 500 500 500 500 500 

1 00 1 00 
1 00 1 00 

1 00 1 00 
1 00 1 00 
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3. Stopping the reaction: Exactly 20 
minutes after the first addition of homoge­
nizing medium to the buffer-substrate 
mixer, stop the reaction by adding 4.0 ml 
of 0.04M NaOH from a dispenser. Vortex 
the test tube and place it back in the rack. 
At 30-second intervals, continue to add 
NaOH to one tube at a time until all 13 
tubes have been treated. Thus each 
incubation will last for exactly 20 minutes! 

4. Reading the absorbance: Refer to 
the previous lab handout describing stan­
dardization of the spectrophotometer, set­
ting the wavelength at the point of maxi­
mum absorbance which you determined. 
Adjust zero absorbance using the con­
tents of the "Bl" tube in a clean cuvet. 
Making sure that the contents of each 
tube are well mixed, pour at least 3 ml of 
the solution from tube 1 into a spec­
trophotometer cuvet. Wipe the outside of 
the cuvet and read the absorbance. 
Determine the absorbance of tubes 2-12 
in the same way. Record your data in 
your notebook. 

Be sure to label your homogenate and 
fractions carefully, place a rubber band 
around the tubes, and store in the freezer 
until the next laboratory. 

RESULTS 
Calculate the absorbance per micromole 
of standard p-nitrophenol, using the aver­
aged data from tubes 11 and 12. Note 
that a 0.5 mM p-nitrophenol solution con­
tains 0.5 micromoles/ml. This calculation 
assumes that the relationship between 

absorbance and p-nitrophenol concentra­
tion is linear, as investigated in the previ­
ous lab exercise. We are taking two 
points from that line (zero and the aver­
age of tubes 11 and 12) to calculate the 
slope of the line. 

Now divide each of the remaining 
experimental absorbance values by the 
calculated absorbance/micromole. This 
will give you micromoles of p-nitrophenol 
produced per 20 minutes of incubation. 
Now divide these values by 20 to get 
micromoles of p-nitrophenol produced per 
minute. You are encouraged to use a 
spreadsheet for these calculations, 
although they can of course be done with 
a calculator . .  

Are the 0.2-ml values for homogenate 
twice those of the 0 .1-ml  incubations? 
Why or why not? 

Express the alkaline phosphatase 
activity of each fraction as a percent of 
the total activity in the homogenate. 
Because we used the same volume (10 
ml) throughout the preparation of the dif­
ferent fractions, this calculation is straight­
forward. Construct a bar graph to depict 
these data. 

DISCUSSION 
Comparing your values for the different 
fractions, which fraction contains the most 
alkaline phosphatase activity? How does 
this discovery match with your expecta­
tions? Compare your values with those of 
other teams working with different tissues. 
What can you tell about the likely function 
of the tissue you chose? 
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ALKALINE PHOSPHATASE Il l : 

PH AND SUBSTRATE EFFECTS 

INTRODUCTION 
In the third week of our work on alkal ine phosphatase, we will measure the effects of pH 
and substrate concentration on the functioning of the enzyme which you have prepared. 
The measurements require great attention to detail and are indeed tedious in and of 
themselves. However, the results that we can obtain will tell us much about the proper­
ties of the enzyme we are studying and in fact can tell us about the functioning of the 
tissue from which the enzyme was prepared. 

The effect of pH on the activity of the enzyme can provide us with information about 
the nature of the essential amino acid side chains i n  the enzyme. Enzymes are held 
together  by a combination of hydrogen bonds, hydrophobic i nteract ions, disulfide 
bridges, and ionic attractions. It is this last type of bond which is affected most dramati­
cally by pH. If the pH is lowered, the excess hydrogen ions can bind to a positively­
charged side chain ,  neutralizing that charge and perhaps removing one of the partners 
in an ionic bond. The structure of the enzyme's active site may change as a result, and 
its catalytic efficiency can thereby be affected. As you might guess from the name, 
alkal ine phosphatases from a wide variety of tissues tend to show an optimum pH in the 
basic range (above pH 7) .  The opt imum pH can be used as a diagnostic device, 
describing the properties of the enzyme from a particular source. In  addition ,  using the 
optimum pH for the second part of this laboratory will help to ensure that the effect of 
substrate will be measured under "ideal" conditions for the enzyme. 

By varying the substrate concentration and measuring the rate of the enzyme cat­
alyzed reaction, we will be able to construct a "Michaelis-Menten plot", graphi ng rate ( in 
micromoles p-n itrophenol/minute) on  the Y-axis against substrate concentration ( in 
moles p-nitrophenylphosphate/l iter) on the X-axis. The maximum rate wil l  be deter­
mined as V max• and one-half that value will be calculated. The Michael is constant, 
Km, is definea as the substrate concentration at one-half V max· This K value is a 
very useful diagnostic estimate of the affi nity between enzyme and substraTe; the lower 
the Km the higher the affin ity and the more efficient the enzyme can be. 

The measurement of alkal i ne phosphatase wi l l  be carried out i n  the manner  
employed in  the previous experiment. Remember: careful pipetting and mixing are the 
secrets to great results! 

Tube B1 1 2 3 4 5 6 7 8 9 1 0  1 1  1 2  

Buffers 
pH 8.5 500 500 
pH 9.0 500 500 
pH 9.5 500 500 
pH 1 0.0 500 500 500 
pH 1 0.5 500 500 
pH 1 1 .0 500 500 

Substrate 500 500 500 500 500 500 500 500 500 500 500 500· 500 
Dist H2O 1 00 0 0 0 0 0 0 0 0 0 0 0 0 

Enzyme 0 1 00 1 00 1 00 1 00 1 00 1 00 1 00 1 00 1 00 1 00 1 00 1 00 
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Tube 81 1 2 3 4 5 

Buffer 500 500 500 500 500 500 

Substrate 0 25 25 50 50 1 00 

Dist H2O 500 475 475 450 450 400 

0.5 mM 
p-nitrophenol 0 0 0 0 0 0 

Enzyme 1 00 1 00 1 00 1 00 1 00 1 00 

METHODS AND MATERIALS 
Select one of your best tissue fractions 
from the previous experiment, one that 
gave substantial enzymatic activity. If 
your team selected a tissue that turned 
out to have very low activity, check with 
the instructor before proceeding. He/she 
may suggest that you borrow a tissue 
fraction from another team. Thaw out the 
tube containing your frozen tissue fraction 
in a beaker of tap water, and place in the 
tube in crushed ice for the duration of the 
experiment. Be sure that the material is 
very well mixed. If fragments are visible, 
use a homogenizer to disperse them. 

EFFECT OF PH ON ENZYME ACTIVITY 
Set up 13 test tubes according to the fol­
lowing table, using the buffers you made 
during the first laboratory period. (You 
finally get to use them! ) .  Do not add 
enzyme (as usual) until you are ready to 
start timing the reactions. Remember that 
the volumes are in microliters. Pipet 
slowly, holding the tip against the inside of 
the test tube as you empty the tip. 

Add buffers, substrate (0.01 M p-nitro­
phenylphosphate), and water as indicated 
and place the test tubes in the 37C water 
bath. If your enzyme source is extremely 
potent, you may wish to dilute it with 
homogenizing medium so that your final 
results will be easily readable. Consult 
with your instructor if this is the case. 
When your tubes are ready, add enzyme 
at 30-second intervals. vortexing each 
tube and placing it back in the water bath. 
Exactly 20 minutes after the first addition 
of enzyme, add 4.0 ml 0.04 M NaOH to 

6 7 8 9 1 0  1 1  1 2  

500 500 500 500 500 500 500 

1 00 200 200 400 400 0 0 

400 300 300 200 200 400 400 

0 0 0 0 0 100 1 00 

1 00 1 00 1 00 100 1 00 1 00 1 00 

stop the reaction and vortex to mix.  
Continue adding NaOH to each tube in 
succession at 30-second intervals so that 
each incubation lasts 20 minutes. 

Set your spectrophotometer at the 
optimum wavelength for p-nitrophenol. 
Add at least 3 ml of tube Bl to a cuvet, 
insert it into the cuvet holder, and adjust 
the display to zero absorbance. Pour at 
least 3 ml of incubation tube 1 into a 
clean cuvet, wipe the outside of the cuvet, 
insert it into the cuvet holder matching the 
marks, and read the absorbance to three 
decimal places. Without touching the 
adjustments, proceed to read the 
absorbance of each incubation tube in 
succession, pouring the waste into the 
large beaker provided. 

EFFECT OF SUBSTRATE CONCENTRATION 
Set up a second set of thirteen glass test 
tubes as follows. Volumes are given in 
microliters. Add only the first four ingredi­
ents, then place the test tubes into a 
37°c water bath. The buffer should be 
0.1 M 2-amino-2-methyl-1-propanol in 
0. 001 M MgSO4-7H2O, using the pH 
value just determined as producing maxi­
mum activity. The substrate is 0.01 M p­
nitrophenylphosphate. 

Incubate the tubes in a 37C water bath. 
As before, add enzyme to the tubes at 30-
seco n d intervals, vortexing to mix.  
Exactly 20 minutes after the addition of 
enzyme, add 4.0 ml of 0.04 M NaOH and 
vortex to stop the reaction. Read the 
absorbance of each sample, using the 
contents of the B l  tube to set zero 
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absorbance. Use the standards (tubes 11 
and 12) from the substrate run to make 
your calculations. Place your enzyme 
source back in the freezer for later use. 

RESULTS 
Ask for a demonstration of spreadsheet 
software. You may use either spread­
sheet or graphics software to produce the 
graphs you wil l  need, but you shou ld  
learn enough about spreadsheet software 
to do the calculations. 

Calculate the alkaline phosphatase 
activity for each of your incubation tubes, 
knowing the micromoles of p-nitrophenol 
present in the standards and calculating 
the micromoles of p-nitrophenol produced 
per minute in each incubation. Also cal­
culate the concentration of substrate in 
moles per liter for each incubation. Plot 
alkaline phosphatase activity (p-nitrophe­
nol/mi nute) on the Y-axis against sub­
strate concentration (moles/liter) on the X­
axis. Manua l l y  determine V max • 
calculate one-half that value, and reaa 

Km on the substrate scale (in units of 
moles/liter) . 

An alternative method of calculating 
Km u ses a double-reciprocal  (.or 
Lineweaver-Burke) plot, where 1 /activity 
is plotted against 1/substrate concentra­
tion. Here, the Y-intercept will be 1 N max and the slope of the straight line will oe 
Km/V max· How does the result of this 
methoa to calculate Km compare with the 
first method? 

For your pH data, simply plot alkaline 
phosphatase activity (in micromoles p­
nitrophenol/minute) vs. pH, and determine 
the optimum pH for your preparation. 

DISCUSSION 
Compare your results regarding Km and 
optimum pH with those for other enzyme 
sources. Do you see similarities or differ­
ences? How do you account for these 
resu lts? What can you say about the 
functioning of alkaline phosphatase in the 
particular tissue chosen? 

ALKALINE PHOSPHATASE IV: PROJECT 

INTRODUCTION 
In this fourth week of our work on alkaline phosphatase, you have the opportunity to 
design your own variation on the theme. Using the methods that we have introduced in 
previous weeks, plan a �  experiment designed to answer a very specific question. 
Perhaps some of your earlier work resulted in less-than-desirable data and so you may 
wish to repeat an aspect of that work. Or you may wish to pursue a question about 
alkaline phosphatase that we have not addressed to this point. In thinking up questions 
for research, a guideline is to make an estimation of what can be both interesting and 
productive. What experiments are likely to produce interpretable data? 

Here are some possibilities: 
1. If you have determined pH and substrate effects for alkaline phosphatase from 

one tissue fraction, you might compare that data with effects found with a different tis­
sue fraction (perhaps one you made or can borrow from a neighbor) .  Are there different 
alkaline phosphatases, specific for each tissue or subcellular fraction? 

2. You could determine the alkaline phosphatase activity in fresh vs. frozen tissue 
homogenates. We have a few frogs available for these kinds of experiments. 

3. Do other organisms show the same levels or properties of alkaline phosphatase 
as Xenopus? If you homogenize tissues of other animals (or plants) and test for alka­
line phosphatase, do you see similar levels of activity of the enzyme? 

4. Can you repeat the results obtained in earlier labs? This is of course one of the 
major tests of scientific validity and would be a very worthwhile venture! 
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METHODS AND MATERIALS 
Consult previous handouts for detailed 
methods. As you set up your experiment, 
which must be done before you arrive in 
the laboratory for the afternoon, be sure 
to keep in mind appropriate controls and 
standards. Ask one question at a time;  
that is, address the effects of one variable 
in a given experiment, keeping other con­
ditions constant. Make a chart similar to 
the ones provided in the handouts to keep 
your assay tubes organized. You should 
check brief l y with your lab instructor 
before you start the experiment. He/she 
may have some suggestions! 

RESULTS 
Perform the necessary calculations on 
your data and use spreadsheet or graph­
ics software to plot your results. 

DISCUSSION 
What conclusions can you make from 
your experim ents? What were some 
"insecurities" that exist in  your data? 
What additional experiments would you 
suggest to confirm your conclusions? 

BIBLIOGRAPHY 
You should find at least three references 
(pri mary or secondary)  which relate 
directly to your work on alkaline phos­
phatase. Make them as specific to your 
experiment as possible. 

ALKALINE PHOSPHATASE V: 
ANALYSIS OF DATA AND THE REPORT 

1 . Analysis of data 
Your data from Lab 1 (absorbance 

spectrum and standard curve) should be 
presented as "XV" or "scatter plots" using 
graphics software to assist you. A spline 
curvefit seems  to work best for the 
absorbance spectrum using your average 
values. The standard cu rve, however, 
should be depicted as a linear curvefit. 
Be sure to calculate the slope of your 
standard curve as absorbance per micro­
mole. 

The data from Lab 2 (fractionation) 
can be presented either in table form or 
as a simple bar graph, plotting alkaline 
phosphatase activity (in micromoles/min) 
against tissue fraction on the X-axis. You 
should also calculate the activity of each 
fraction as a percentage of activity in the 
homogenate. Does the total of the three 
fractions equal 100%? Why or why not? 

The data from Lab 3 (substrate and 
pH) will require some analysis. The pH 
data can simply be plotted as alkaline 
phosphatase activity on the Y-axis versus 
pH on the X-axis. What is the "optimum" 
pH for your fraction? The substrate data, 
however, should be graphed as alkaline 
phosphatase activity versus substrate 
concentration (in moles/liter) . Both values 

will have to be calculated from your origi­
nal data. The concentration of substrate 
in the stock solution was 0.01 M. You 
diluted that concentration by various 
amounts when you made up your incuba­
tion mixtures. For example, if you used 
100 ul of substrate + 400 ul of water + 

500 ul of buffer + 100 ul of enzyme, you 
diluted the substrate to 100/1100 of the 
original concentration, or 1 /11 * 0.01 = 
0.000909 M. 

If you plot alkaline phosphatase activi­
ty versus substrate concentration, you 
should be able to determine a V max value 
as the highest consistent activity 
achieved. Calculate one-half that activity, 
and using your graph, determine the sub­
strate concentration that produces 1 /2 
V max· This is the �m ".'alue for that sub­
strate-enzyme combination. 

Now you should "linearize" your sub­
strate data by calculating the reciprocal of 
the activity and plotting that against the 
reciprocal of substrate concentration. 
(The reciprocal of x = 1/x . )  This so-called 
Lineweaver-Burke plot lets you calculate 
Km rather than estimating it graphically. 
For the Lineweaver-Burke plot, the y­
intercept is equal to 1N max and the slope 
of the line is Km/Vmax· Knowing Vmax 
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you can of course calculate K . How 
does this calculated value differ Tram your 
graphically estimated value? Which is the 
"best" value, do you think? 

For your individual projects. you will 
have to decide how to present your data, 
based on the recommendations above. If 
you are unsure of how to analyze yo1,1r 
results and present them in yout report, 
check with one of the laboratory instruc­
tors for suggestions. 

Wherever possible, compare your 
results with those of lab colleagues. • For 
example, if you analyzed liver mlcro­
somes plus soluble f raction, corm :��re 
your data with group who analyzed m1cro­
somes plus soluble fraction from other tis­
sues. 

2. Writing your report 
Writing a laboratory report is like writ­

ing an original research paper. The usual 
structure of a research paper is: 

Introduction 
Methods and Materials 
Results 
Discussion 
Literature Cited 

Many research papers also include an 
abstract which summarizes the paper in 
200 words or less. You should write such 
an abstract fil!fil you have written the 
main body of your report. For guidance in 
writing these sections, refer to previous 
handouts which used the conventional 
structure. Also refer to a published paper 
in the original literature for additional 
models from the real world. Examples will 
be available, or you may select a paper 
f rom your own l ibrary research as a 
model. Follow that model consistently as 
you write your report. 

The introduction of the report should 
explain why th6l work was done. What 
were the goals of the research? How 
does the research help to fill a hole in our 
knowledge? What were your objectives 
in doing the work? 

The methods and materials section 
tells how the work was done. What pro­
cedures were followed? What research 

materials were used: the organism, spe­
cial chemicals, instruments? In the pre­
sent case, most of the procedures were 
given in great detail in the handouts. You 
s,hould .l1Q1 retype these detailed proce­
dures but rather summarize them, and 
provide details only about changes from 
the handout and about your individual 
project. 

The results section explains what you 
found, the data that you generated, 
explained succinctly in the body of the 
report and presented as tables or graphs. 
Each table and graph should be num­
bered sequentially for easy reference in 
the text, and each table and graph should 
be given a brief description (= a "legend") 
which provides the reader with enough 
information to know what you did to pro­
duce that data. Refer to real scientific 
papers to see how this is done. 
WordPerfect will allow you to embed fig­
ures in your text, using the "graphics" 
command. You may wish to try this, or 
assemble your tables and figures in order 
at the end of the paper. 

The discussion section typically 
includes your appraisal of what your 
research means. including its success in 
meeting the objectives stated in the intro­
duction and its significance in advancing 
your knowledge of the subject. This is 
also the place to explain discrepancies or 
difficulties with experiments, as well as 
suggestions for future work. If you had 
initially known what you know now, how 
might you have changed your experi­
ments? Most importantly, the discussion 
provides an opportunity to compare your 
results with those of others. What previ­
ous information exists that is relevant to 
your research? Do your results agree 
with or complement those previous pieces 
of information? You should compare your 
data with that of other investigators in the 
class. What significance for the life of the 
organism is suggested by your results? 

Science does not operate in a vacu­
um. And so it is important and necessary 
to place your work in perspective with the 
published work of other scientists. The lit­
erature cited section formalizes this com­
parison. Through your library research, 
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particularly examining the primary refer­
ence abstracts on reserve, you should 
have found previous work that relates 
specifically to your experiments. These 
papers should be cited in your report 
according to an accepted style. Although 
you must stick to one style throughout 
your report, the specific style selected 
may be one of several. For example, 
some journals ask that you cite refer­
ences this way (Towle and Holleland, 
1987). Others ask you to number your 
references and place that number in 
parentheses wherever you cite a refer­
ence in the text (1 ). Footnotes in the tra­
dition of the humanities are nQ1 typically 
used in scientific papers. List each refer­
ence once in the literature cited section, 
and refer to that reference as many times 
as you need to in the text. Don't use "op 
cit.", "ibid.", etc. 

In the literature cited section itself, the 
manner of describing the references must 
be consistent, but several styles are pos­
sible here as well. An original article is 
typically listed as follows: 

Shetlar, R. E . ,  and Towle, D.W. 
1989. Electrogenic sodium/proton 
exchange in membrane vesicles of 
crab gill. Am. J. Physiol. 256: 123-
134. 

In this citation, the order is authors, year, 
title, journal, volume, pages. This order 
may vary from journal to journal, but you 
must be consistent within the report. 

A typical book chapter would be cited 
as follows: 

Towle, D. W. 1989. Sodium trans­
po rt systems in gil ls.  lr! 
Comparative Aspects of Sodium­
Coupled Transport, R. Kinne, ed. 
Springer-Verlag, Berlin. 

In this citation, the order is authors, year, 
title of chapter, title of book, editor, pub­
lisher, city. Again the order may vary from 
one journal to another. If in doubt, ask! 

LITERATURE CITED 

1. Lovett, D.L. , C.L Kwasinski, and D.W. 
Towle. 1989. U ltrastructure and enzyme 
activity in the gil l  of  the blue crab 
Callinectes sapidus. American Zoologist 
29:61 A. 

2. Towle, D.W. 1991. A research-like 
experience for introductory biology stu­
dents. C ouncil on U ndergraduate 
Research Newsletter 12:47-51. 

--ERRATA-­

Dorothy May 
Using the Winogradsky Column to Demonstrate Biodegradation 

The article, "Using the Winogradsky 
Column to Demonstrate Biodegradation" 
which appeared in BIOSCENE Volume 
17(3):December 1991 contained a mis­
take. 

In the Methods section the word "light" 
was mistakenly changed to "heat." The 
column needs a light source in the form of 
a 60-watt bulb to encourage the growth of 
photosynthetic bacteria. 
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Coal ition For Education in  the Life Sciences 

I 
n 1991 individuals from thirty life sci­
ence organizations, representing over 
250,000 professional scientists and 

science educators, called for a coordinat­
ed effort of national organizations working 
together to improve life science educa­
tion. They established a national life sci­
ence education network called the 
Coalition for Education in the Life 
Sciences (CELS) . The mission of the 
Coalition is to bring the expertise and 
resources of the life science professional 
societies to bear upon critical issues relat­
ing to life science education in America 
and to enhance every citizen's knowledge 
of the complexity and interdependency of 
living systems from ecosystems to 
molecules. 

The goals of the Coalition are to 
enhance the ability of the life science 
community to speak with a unified voice 
regarding life science education and to 
promote public understanding of impor­
tant life science concepts. 

The objectives of the Coalition are to 
develop a framework for life science edu­
cation that clearly identifies the important 
principles and concepts that are relevant 
to every citizen, establish a common lan­
guage ''the Language of Life" among life 
science disciplines to effectively commu­
nicate key ideas to the public, private and 
government sectors, and increase the 
role of individual life scientists in 1)  influ­
encing the public's image of science and 
the scientific process, 2) recruiting mem­
bers of underrepresented groups into the 
sciences, 3)  using alternative teaching 
and learning methods, and 4 )  providing 
teacher enhancement activities. 

The activities of the Coalition are guid­
ed by a six-member Execu tive 
Committee. This Committee comprises 
educational leaders from a broad and bal-

anced range of life science and science 
education communities. 

CELS's activities are supported by 
sponsoring organizations and founda­
tions, membership fees, and conferences. 
CELS offers two membership categories: 
sponsors and regular members. Both 
categories offer leadership in the life sci­
ences and linkages to other science, 
math, and engineering disciplines and the 
public. Sponsors of CELS contribu te 
$1000 annually and receive appropriate 
recognition. They are entitled to one 
complimentary registration for all CELS­
sponsored conferences and 1 0 compli­
mentary copies of all reports. Regular 
members of CELS contribute $250 annu­
ally and are entitled to one complimentary 
copy of all reports. Both sponsorship and 
membership of CELS are available to any 
life science or science education organi­
zation that has an interest in life science 
education. 

CELS is a catalyst, a powerful force 
that coalesces the life science education 
community in assuming a leadership role 
which rivals that of the mathematics com­
munity. It offers connections to other life 
science organizations for the purpose of 
improving life science education and liter­
acy. It  provides 1 )  national visibility of 
your Society's commitment to life science 
education and literacy, 2) continued dia­
logue between your Society, the life sci­
ence education community and the pub­
lic, 3) interface between the life science 
disciplines and other math, science and 
engineering disciplines, 4 )  priority listing 
of your Society's educational activities in 
the proposed network, and 5) complimen­
tary registration at the upcoming National 
Life Science Education Conference I I  and 
1 0 copies of the Conference I I  Report. 
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1992 SPONSORS 
American Association of Immunologists 
American Society for Microbiology 
Botanical Society of the Americas 

1992 PARTICIPATING MEMBERS 
American Association for the 
Advancement of Science 
Animal Behavior Society 
American Phytopathological Society 
American Society for Cell Biology 
American Society for Horticultural Sciences 
American Society of Agronomy 
American Society of Parasitologists 
American Society of Plant Physiologists 
American Physiological Society 
Association of Midwestern College 

Biology Teachers 
BioQUEST 
Crop Science Society of America 
Ecological Society of America 
National Institute of General Medical 

Sciences 
Society for Neuroscience 
Soil Science Society of America 

EXECUTIVE COMMITTEE 
Sharon L. Zablotney, chairperson 
A. Stephen Dahms, American Society for 
Biochemistry and Molecular 
Carl W. Pierce, American Association of 
Immunologists 
Carol D. Saunders, Animal Behavior 
Society 
Gerald V. Stokes, American Society for 
Microbiology 
George E .  Van Scoyoc, Soil Science 
Society of America, Crop Science Society 
of American, and American Society for 
Agronomy 
Paul H. Williams, American Phytopatholo­
gical Society and American Society of 
Plant Physiologists. 

For more information about the Coalition 
for Education in the Life Sciences contact: 
Amy Chang or Rachel Henry 

Office of Edu cation and Tra ining, 
American Society for Microbiology 
1325 Massachusetts Ave. NW 
Washington D.C., 20005 
(202) 737-3600 or FAX (202) 737-0233 

AMCBT AT CELS 

The Association of Midwestern College 
Biology Teachers was represented at both 
the first and second meeting of the 
Coalition for Edu cation in the Life 
Sciences (CELS) which were both held at 
Wingspread in Racine, Wisconsin, by 
John R. Jungck as President and then as 
Past-President of AMCBT. The potential 
for CELS is great if enough professional 
biological societies join forces. Unlike 
chem ists who have the A m erican 
Chemical Society, the physicists and 
mathematicians who mostly belong to one 
of two major societies in their respective 
discipline, the geologists who even the 
collegiate members belong to and are 
represented by the National Association 
of Geology Teachers, we biologists have 
hundreds of societies none of which can 
claim even a simple majority of all biolo-

gists. Therefore, if we want to have a 
national voice, we need to select and 
support some individual or organization 
with sufficient stature to draw the attention 
that biologists richly deserve. C E LS 
already has support from three of the 
largest biological research organizations: 
AIBS, FASEB, and, in particular, ASM. 
At this point, NABT and ABLE were not at 
the second meeting, BSCS was repre­
sented by an adjunct staff person (a 
botanist very committed to collegiate ed 
cation on leave from a university), thus, 
AMCBT is in a position to speak for the 
teaching side at the collegiate level. The 
option to formally support CELS will be on 
the agenda at the fall executive commi 
tee. If you have questions please contact 
John Jungck at the general fall meeting. 
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Unifying Science Concepts: 
The George Engelmann Mathematics and Science 

Institute - Summer Science Scholar Program 

T 
oday, scientists are probing the stars 
and cataloging the human 
genome-explaining the universe 

and l ife in ways that previous generations 
never imagined. Improvements in health 
care extend life far beyond what was 
expected a generation ago. From micro­
processors to artificial intelligence, tech­
nologies growing out of science affect our 
daily existence in micro-subtle ways as 
wel l as in a gross global manner. As we 
enter a new century, these technologies 
and their effects will continue to increase 
at an exponential rate. 

As we rapidly approach the 21st cen­
tury, there is one concern upon which 
social, economic, and political questions 
rest: Will there be an adequate supple of 
trained leaders to answer the new, highly 
technological challenges faci ng us? 
Recent trends have raised doubts about 
the adequacy of our preparation of future 
citizens in the fields of science and math­
ematics. These trends, combined with 
the past decade's sustained growth in 
e mpl oyment opportun i ties, have led 
some experts to predict shortages in the 
sciences and engineering workforce for 
the future. 

Curiosity, in the broad sense of intel­
lect, and competition are two natural com­
ponents of the human being, and are driv­
ing forces for success i n  every 
environment including the high-tech soci­
ety of today. These human behaviors can 
be altered through the societal mecha­
nism for reward and reinforcement. . .sim­
ply, no reward no achievement. Society 
can easily direct its focus and the fields of 
achievement by issuing rewards and 
encouragement in directions of its choice. 

To encourage students to be success­
ful in careers in science, mathematics, 
and their related areas, we must adjust 
our reward system so that students will 
flow into these areas. The cost/benefit 
ratios must be of such proportions that 

students will naturally move into technical 
fields. The reward framework can include 
both intrinsic and extrinsic mechanisms. 

In response to this problem the 
University of Missouri-St. Louis estab­
lished the George E ngelmann 
Mathematics & Science Institute in 1988. 
This intensive, four-week summer experi­
ence provides talented high school juniors 
and seniors with a creative, interdisci­
plinary approach to learning advanced 
concepts in science. In each of the past 
four summers, fifty St. Louis-area high 
school students have participated in the 
Engelmann Institute. The Institute is a 
highly successful program that provides 
the structure for developing intrinsic 
values f o r  cur ios i ty and academic 
achievement. 

A focal point of the E ngelmann 
Institute is the Science Seminar Series. 
This group of lectures addresses related 
subject matter in the interdependent disci­
plines of biology, chemistry, physics, and 
mathematics. The program introduces 
Engelmann participants to a basic set of 
concepts and then helps them apply that 
information to relevant, current problems 
illustrating paradigms presented in 
Philosophy of Science. Like a mental micro­
scope, the program focuses on such 
specifics as the AIDS virus, genetic engi­
neering, and the problems of world overpop­
ulation. Unlike the mechanical approach 
associated with operating a microscope, 
these topics are approached from the per­
spective of the philosophy of science and 
the pragmatic definitions of truth. 

Participants take f i eld trips to 
research-based corporations and institu­
tions to observe the applied component of 
the Science Seminar Series and to help 
reinforce career opportunities. These 
young people not only exercise their 
minds for four weeks in the middle of the 
summer, they also exercise their bodies 
on the softball field and the volleyball 
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court, where they are i ntroduced to the 
physiology and physics of  the sports. 
The concluding days of the program are 
fil led with final izing research papers and 
making oral presentations. 

The George Engelmann Mathematics 
and Science Institute is a successful pro­
gram that provides talented h igh school 
students with a creative, i nterdiscipl inary 
approach to learning advanced concepts 
in mathematics and science. 

Add i tonal i nfo rmat i o n  regard i n g  The 
G e o rg e  E n g l e m a n n  M at h e m at i cs & 
S c i e n c e  I n s t i t u t e  a n d  S u m m e r  
S c i e n c e  S c h o l a r  P ro g ram c a n  _ be  
o btai ned by contact i ng : 

Dr. Charles R. Granger, Di rec;:tor 
The George Engelmann Mathematics & 
Science l nstitue : .  UM - St. Louis 
8001 Natural Bridge Road 
St. Louis, Missouri 631 21 -4499 
(31 4) 553 - 6226 

RESEARCH AND SCHOLARLY WORK IN CHEMICAL EDUCATION 
Reprinted from the Division of Chemical Education of the American Chemical Society 

The following l ist suggests activities that 
might be used in  mal<mg tenure and pro­
molion decisions for faculty members 
whose· emphasis is in the area of chemi­
cal education. In addition to excellence in  
teaching research, and service (the tradi­
tional criteria for granting tenure or P.romo­
tion), activities such as tnese shoulo also 
qu�lify as scholarly work in chemical edu­
cation. 
1 .  Development of New Courses and/or 

Curricula, such as : 
Chemistry Courses for Science or 

Non-Science Majors 
Science Education courses for 

Teachers 
Laboratory Courses 
Special Topics Courses 

2. Leadersh_ip at Professional Meetings 
f Local , Regional ,  National , or 
nternational )  

Invited Lecturer 
Presenter of Papers or Posters 
Orgainzer of Symposium or Workshop 
Chai rman of Professional Organization 

or Committee 
3. Published Articles in Journals such as 

the fol lowing :  
Journal of  Chemical Education 
Journal of College Science Teaching 
Science Education 
School Science and Mathematics 
Journal of Research in  Science 

Teaching 

4. Submission and Funding of Grant 
ProP.osals for projects such as : 

Chemical Education Research 
Laboratorv Instrumentation 
Teacher Pre-Service or In-Service 

Programs 
Science Programs for Primary or 

Secondary Students 
Production of Chemistry Teaching 

Materials 
5. Contributions Toward I nstructional 

Improvement, such as : 
Introducing New Chemical 

Demonsfrations 
DeveloP.ing New Laboratory 

Experiments 
Providing Guidance for Teaching 

Assistants 
Creating Models or Other Visual Aids 

for the Classroom 
Finding New Uses for Computers in  

Chemistry Teaching 
Developing Audio-Visual Materials or 

Computer Software 
6. Other Activities in  Chemical Education : 

Authori,:tg a Textbook or Support 
Materials 

Review of Textbook or  Journal 
Manuscrit>ts 

Review of Chemistry Programs or 
Grant Proposals 

Interpretation of Chemistry for the 
Public 

Involvement in Writing of National 
Chemistry Exams 

Participation i n  Chemical Meetings or 
WorRshops 

Service on Chemical Education 
Committees or Task Forces 
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ADVERTISEMENT 

The BioQUE§T Collection 
Copyright (c) 1990 Beloit College and The Corporation For Public Broadcasting 

Edited by John R. Jungck 
Co-Editors: John N. Caney, Nils Peterson & Jim Stewart 

Managing Editor : Patti Soderberg 

The new BioQUEST software col lection Is expected to be published early this 
summer on a CD-ROM; a compact disk that stores Information In digital form. 
The first compact disk, an examination copy, is expected to cost under $1 00. 
When a publication date is selected, The ASDG of the University of Maryland will 
announce the final price and details about site licenses. 

For More information contact; Academic Software Developement Group, 
University of Maryland, College Park, MD 20742 (ASDG@UMDD.BITNET) 

! c u R R I C U L U M  M O D U L E s l I CONSORTIUM AUTHORS I 
Introduction to the Three P's 
Chapter - Practical Introduction & Philosophy 

Introduction to Bio@M��if 
Hypercard Tour 

17\7 Biometrics 
� Chapter and Hypercard Stack 

!Al Biota 
M Software - Predator I Prey relationships 

I A I 
CVCK Software 

� Cardiovascular Construction Kit 

Data Collection and Organization 
Chapter and the "Bumpus" data set 

� Environmental Decision Making 
� Software - Systems Ecology 

� Genetics Construction Kit 
� Software-Mendelian Genetics 

� Modeling 
lriLJ Chapter-M"'odeling in Biology 

John R. Jungck, Beloit Colleg_e 
John Calley, University of Arizona 
Jim Stewart, University of Wisconsin 

Nils Peterson. From The Heart Software 

Daniel Rombach, Macalester College 

Jim Danbury, Ben Jones, John Kru12.Cr 
Jim Lichtenstein, Eric Nelson

W
JeffSchank 

Bill Stei:ner, JQYc;e Weil, Bill irnsatt; 
Uruvers1ty of Chicago 

Sarah A Dooclas. Univ of Ore� 
Nils Petnuli, "Prem the Hean Scnware 
Daniel ucbvk, Univ. a.Oregon 

Frank Price, Hamilton College 

H.T. Odum, Univ. of FL Gainesville 
E.C. Odum, Santa Fe Comm. College 
Nils Peterson. From The Heart Software 

John Calley, Univ. of Arizona 
John R. Jungck, Beloit College 

William Wrmsatt, Univ. of Chicago 
Jeff Schank, Univ. of Chicago 

Sequence It! Alan Place, Univ. of Maryland 
Software - Protein sequencing Thomas Schmidt, Univ. of Maryland 
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Application For Membersh ip 

ASSOCIATION OF MIDWESTERN 
COLLEGE BIOLOGY TEACHERS 

NAME: ______________ DATE: ______ _ 

TITLE: -----------------------

DEPARTMEN�--------------------

INSTITUTION:. ____________________ _ 

STREET ADDRESS: __________________ _ 

CITY: ______________ STATE: ______ _ 

ZIP CODE: ---------

ADDRESS PREFERRED FOR MAIL ING:. ____________ _ 

CITY: ______________ STATE: ______ _ 

ZIP CODE: ____________ _ 

WORK PHONE: ________ FAX NUMBER: ______ _ 

HOME PHONE :  ________ E-MAIL ADDRESS: _____ _ 

MAJOR INTERESTS: ( ) 1 .  Biology 
( )  2. Botany 

RESOURCE AREAS: 

RESEARCH AREAS: 

( ) 3. Zoology 
( ) 4. Microbiology 
( ) 5. Pre-professional 
( ) 6. Teacher Education 
( )  7. Other 

Have you been a member before? ____ If so, when? ______ _ 
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40 

PLEASE MAIL 

MEMBERSHIP APPLICATION 

FORMS TO: 

CURRENT DU ES ARE $25.00 




