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1 Abstract

We have designed a simple laboratory experiment that a-

lows students in introductory biology courses, to observ
the common soil bacteriunBacillus thuringiensisevolve
resistance to the antibiotic streptomycin. This exercise a

lows students to observe and study evolution occurring Ip

real time and to learn about the mechanisms underlying tr
current crisis In antibiotic resistance. An article that de

et

scribes this exercise is in press (Krist & Showsh, in press]).

Copies of this poster are available on Amy Krist’'s website.

2 Introduction

Despite most respondents claiming some knowledge of ewalut
nearly half of Americans considered themselves creat®msa 2001
Gallup poll (Alters & Nelson, 2002). Why do a majority of Amegins
reject one of the cornerstones of biology? Certainly the osBIbli-
cal literalism plays a role. However, misconceptions alevaiution
and the processes that cause it, contribute to the pattara.w@y to
address the disconnect between science and popular s} Is
for students to “withess” the outcome of evolution, first hiaand to
observe the operation of some of its causes.

We have developed a laboratory for introductory biologyrees that
allows students to observe evolution directly. In the ladgudations of
a susceptible strain of the common soil bacteriB@agillus thuringien-
sis evolve resistance to the antibiotic streptomycin. Stuslexperi-
mentally manipulate the environment of the bacteria to fasadom
mutations conferring resistance to streptomycin. To nab&the exer-
cise, we place it in the context of understanding the cumemtdwide
human health crisis in antibiotic resistance.

By using bacteria, students can observe changes on theiPetvn
plates. This personal observation helps to de-mystify tioegss of
evolution by illustrating mutation and fitness variatiory j[dacing the
exercise in the context of a major human health crisis, wé ¢na
students attention.

2.1 Objectives of the Laboratory

1. Observe a population of bacteria evolve.

2. Understand mutation and natural selection and theirsrolethe
widespread phenomenon of antibiotic resistant bacteria.

3. Use evolutionary terminology to describe what occurnedl l@ow it
relates to a “real-world” situation.

2.2 Bacteria and mutations

Bacillus thuringiensisobtains resistance to streptomycin by two dif-
ferent spontaneous mutations. One mutation alters ribakprotein
S12, the target for streptomycin binding, so that the mdtatesome
IS still capable of synthesizing protein but is unable todbia strep-
tomycin (Snyder & Champness, 1997). Another mutation siltke
shape of a protein in the cell membrane that is involved insjparting
the antibiotic into the cell (Snyder & Champness, 1997).neimuta-

tion rate of 1 pef0” generations applied and millions of cells that each

e

replicate over 16 million times during the course of the lalbtations
to streptomycin resistance occur on most students plates.

3 Procedures

3.1 Overview

e Demonstrate that bacteria are viable and susceptibleincubate
bacteria on plates with a) nutrient agar (positive conterijl b)
streptomycin (negative control).

e Manipulate the environment to increase fitness of mutants:n-
cubate the bacteria on a gradient plate, and streak therizactego
the part of the plate with streptomycin. Only the bacterighva
mutation for streptomycin will grow.

e Demonstrate that mutated bacteria now grow on streptomycin

plates: incubate the resistant colonies from the gradient plate ant

second streptomycin plate.

e Show that the population of bacteria have evolvedcompare the
first and second streptomycin plates.
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Figure 1. Preparation of an antibiotic gradient. a) Appmwadely 15
ml of nutrient agar is poured into a Petri plate, and allonweddlidify

on a slant. We tip the plate up on a 10 ml pipette. b) 24-36 hour$

prior to use, the nutrient agar and streptomycin mixtureosred on
top of the slant of nutrient agar. The entire surface is netoed so
that one end of the plate contains only nutrient agar. Higih law
concentration refer to streptomyecin.

3.2 Detalls
3.2.1 First lab meeting: streak cells onto three plates

Students transfer bacterial cells to a nutrient agar platkeaastrepto-
mycin plate (Strep 1 plate). After incubation, growth on thérient
agar plate demonstrates that the cells are viable and trenebdof
growth on the streptomycin plate demonstrates that thegumseepti-
ble to the antibiotic.

Students also streak bacteria onto a gradient plate whela lgaadi-

ent of streptomycin from 0-250g/ml. Refer to the legend for Fig. 1

for preparation of the gradient plate. Because diffusidhaventually
eliminate the gradient, we do not pour the streptomycin ag&r the

lUniversity of Wyoming

Department of Zoology and Physiology
Laramie, WY 82701, USA

email: krist@uwyo.edu
http://www.uwyo.edu/krist

plate more than 36 hours before streaking. All plates arehated,
agar side up, for 24 hours 3i° C.

After streaking, students predict how the plates will ap@dter in-
cubation and discuss a paper from the secondary literaftws.paper
addresses how antibiotics work and how antibiotics proraantiiotic
resistance (Levy, 1998). The students prepare for the shsmu by
reading the paper in advance and writing a one-page summadrsea
sponse.

Figure 2. The appearance of the gradient plate after the plas

re-streaked twice and incubated3at C for 24 hours between each

streaking. The colonies growing towards the bottom of tlagepare
resistant to streptomycin.

3.2.2 Between the first and second lab meeting: re-streak gda
ent plates

Students or instructors re-streak the gradient plates omeatimes
between the first and second lab meetings. Re-streakintyes/mov-
Ing the bacteria growing on the part of the plate without@tyeycin
to the area of the plate with streptomycin. After each readtrthe

plates are incubated for 24-48h3at’ C. If resistant colonies are not

observed after the initial re-streak, the process can beatef.

3.2.3 Second lab meeting: transfer resistant colonies fromgradi-
ent plate to Strep 2 plate

Students observe the plates and compare their predictotisetre-
sults. The gradient plate has been re-streaked one or moes (Fig.
2). If resistant colonies are present (most of the platég) students
transfer bacteria from these colonies to the Strep 2 pladepaadict
the outcome.

3.2.4 Third lab meeting: wrap up, discuss results and literéure,
view film, and assessment

Students observe all of their plates and discuss the reSgegcifically,

we instruct the students to compare the positive contrdrignt agar
plate), the negative control (Strep 1 plate), and the Sttafe pvith

the resistant colonies (Strep 2 plate, Fig. 3). Working iougs, the
students discuss why the plates look different, and thegsothat oc-
curred on the gradient plate. After we discuss these to@s @ass,
the students watch a 20 min. segment from a recent film desgré

strain ofMycobacterium tuberculosthat evolved resistance to multi-

ple drugs in Russian prisons (excerpt from WGBH, 2001). Ative
film, we assess the students understanding of the lab andaiiéi
ity to apply their knowledge to the novel situation that isgented Iin
the film. In an in-class writing assignment, we ask the sttglahto

“University of Wisconsin— Eau Claire
Department of Biology

Eau Claire, WI 54702, USA

email: showshsa@uwec.edu
http://www.uwec.edu/biology

use evolutionary terminology to explain why the exercismdestrates
evolution and natural selection, and how natural selecamurs in the
experiment and b) describe an analogy between the sityadidrayed
In the film and the experiment.

4 Results & Discussion

After incubation, the nutrient agar plate has abundant tr@fvbacte-
ria, the Strep 1 plate has no growth, and the gradient plaalmandant
growth on the streptomycin-free part of the plate and no grawa the
streptomycin. After re-streaking the gradient plate, nmates will
have few to many resistant colonies (Fig. 2). Re-streakntgeiases
the frequency of antibiotic resistant cells by moving resis cells to
the streptomycin part of the plate where they can grow witloom-
peting with susceptible cells. After a colony of resistagitis grow-
Ing in the streptomycin, re-streaking also physically safes resistant
bacteria so that each cell can develop into a new colony.

The evolutionary processes occurring on the gradient @edethe
random occurrence of mutations to antibiotic resistance“aatural”
selection acting to increase the frequency of the mutantstatibns
to streptomycin resistance occur during division of baaten the
streptomycin-free portion of the gradient plate. “NatlUrsglection
occurs by simply moving cells from the streptomcyin-fregtiom of
the plate to the area with antibiotic; this increases the$srof the mu-
tant bacteria and decreases the fitness of the non-mutdied-tence,
selection by streptomycin favors the antibiotic resistmatteria.

Figure 3. A) Strep 1 plate; the first streptomycin plate steglawith
the initial culture ofB. thuringiensisB) Strep 2 plate; the second
streptomcyin plate streaked with resistant colonies froemmgradient
plate. Comparison of these two plates shows that a popolafi@.
thuringiensisevolved.
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