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Neurophysiological principles are best illustrated using live animal tissue. Here we record
Gromphadorhina portentosa leg sensory neuron action potentials using ADInstruments 26T
Powerlabs. To begin, G. portentosa were anesthetized at -20°C for about 15 minutes followed by
complete excision of a leg. The “Cockroach Sensory Nerve” experiment as outlined in LabTutor by
ADInstruments provides easy to follow directions to four exercises. These exercises record and
measure sensory neuron action potential intensity (amplitude) and generation (frequency). The first
involves testing the effects of different stimuli, e.g. wind. The second exercise examines action
potentials among different sensory spines while the third tests how changing the angle of deflection
alters the activity. Finally, the fourth investigates the adaptive abilities of sensory spines. Together,
these exercises familiarize students with sensory organ functions, key neuroscience concepts, and

specialized instrumentation.
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Link to Supplemental Materials: http://www.ableweb.org/volumes/vol-38/sossa/supplement.htm

Introduction

The use of invertebrates in the laboratory
has several advantages. Not only are cockroaches
inexpensive to purchase and maintain but they also
reproduce rapidly with most colonies lasting for
years. As well established model organisms,
cockroaches are not under the purview of institutional
and federal regulatory bodies. The larger size of the
Gromphadorhina portentosa (Giant Madagascar
Hissing Cockroach) makes for easier dissections and
experimentation. Microscopes are not required to
manipulate and record from G. portentosa sensory
spines (tactile sensilla). Finally numerous types of
studies can be done using G. portentosa, including
anatomical, biochemical, neurobiological, genetic,
behavioral, and respiratory (Sossa 2014); making this
organism attractive for course-embedded independent
projects and actual neuroscience research.

Cockroaches, like many other invertebrates,
receive stimuli through sensory organs (Moyes and
Schulte 2016). These organs contain specialized
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neurons that receive stimuli via various types of
receptors including mechanoreceptors and
neurotransmitter receptors. External or environmental
stimuli are converted into electrical impulses (or
action potentials) and transmitted to other neurons
within the nervous system of the cockroach by way
of chemical signals or neurotransmitters. For
example, sensory spines contain sensory neurons
housing mechanoreceptors which upon activation
lead to the generation of action potentials. This
electrical signal is translated into a chemical signal
when it arrives at the axon terminal of the sensory
neuron. The chemical signal impinges on neurons in
the ventral nerve cord of the cockroach. Here we will
not concern ourselves with the chemical signal,
instead we will only examine certain properties of the
electrical impulse.

Action potentials or electrical impulses are
initiated when sensory receptors located on dendrites
of sensory neurons are activated by external stimuli
(Moyes and Schulte 2016). Conformational changes
within the sensory receptor, a mechanosensor in this



case, results in depolarization of the sensory neuron.
If the depolarization (increase in positive charge
within the neuron) supersedes threshold then an
action potential begins to be propagated down the
axon of the sensory neuron. The action potential has
measureable  properties  including  amplitude
(magnitude or intensity) and frequency (number of
events per unit time). The axons of sensory neurons
carry sensory information to the thoracic ganglion, a
portion of the ventral nerve cord. Our exercise will
examine the stimuli that result in action potentials,
the amplitude and frequency of those action
potentials, and desensitization of action potentials.

Students benefit from these types of
experiments in many ways. Not only do they obtain
first-hand experience with complex neurobiological
principles but they also learn valuable laboratory
techniques. Students will (re)discover abstract
concepts like membrane potential and
mechanoreception. They will especially explore the
neurobiology of afferent and efferent signaling and
sensory information processing. These skills, as
students will realize, may be a ticket into a career in
neuroscience research or other biomedically relevant
jobs.

Major Workshop: Sensory Neuron Action Potentials

Tested Studies for Laboratory Teaching



Sossa and Colgan

Student Outline

The Lab Tutor® Student Handout from ADInstruments can found in Appendix A and the
Lab Tutor® Cockroach Sensory Nerve Pre- Laboratory Quiz in Appendix B.
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Materials

The instructor will need a computer and a
projector for presentation of Powerpoint slides (see
Link to Supplemental Materials). Also necessary is
access to ADInstruments 26T Powerlabs and
LabTutor software.

Notes for the Instructor

Cockroaches, microhooks and an equipment
list, plus references and troubleshooting are detailed
in Appendix C: Lab Tutor® Cockroach Sensory
Instructor’s Reference. Also included is the answer
sheet to the laboratory pre-quiz and the answers for
the lab report.

Studying neuron action potentials will not
only teach biological content but will also teach
important laboratory techniques. These exercises will
reinforce computational and written skills. And
students will gain from the collaborative or group
work needed to complete these experiments
(although more ambitious students may choose to
complete the exercise without assistance).

These exercises are designed for students at
all levels. Instructors will find that they may tailor
these exercises to fit their needs and may choose to
use them for inquiry-based labs where students are
more independent or use them in a more instructional
setting where students are led step by step. However,
an introduction to LabTutor is recommended as
understanding how to use the analytical tools in
LabTutor is crucial to completing the exercises.
ADInstrument offers several useful products such as
LabAuthor which makes customizing experiments
and inquiry-based learning more accessible to the
instructor.
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Mission, Review Process & Disclaimer

The Association for Biology Laboratory Education (ABLE) was founded in 1979 to promote information
exchange among university and college educators actively concerned with teaching biology in a laboratory setting.
The focus of ABLE is to improve the undergraduate biology laboratory experience by promoting the development
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Appendix A
Lab Tutor® Cockroach Sensory Nerve, Student Handout

®
g;;-\;‘-ﬂl\‘-i LabTutor Student Handout
‘:‘?‘ \ ,' k
o Cockroach Sensory Nerve
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Introduction

In this experiment, you will be introduced to extracellular nerve recordingusing
thecommon cockroachleg.

Background

Cockroaches (Periplancta sp.) havea number ofsensory organssimilarto those
found in humans. Whilethese organs are sensitiveto differenttypes of stimuli the
basic cellular function is thesame. Sensory nerve cells (neurons) inthese organs
areresponsiblefor converting external stimuli from the organism’s environment.
Thesespecialized cells convertthe stimulus into electricaland chemical signals
fortransmissionto therestofthe organism’s nervoussystem (Figure 1).

«<4——— Cellbody

V\

¥ Dendrites Sensory sxon

£Figure 1. Model of & sensory neuron

Differenttypes of neurons respondto different stimuli: pressure, stretch, chemical
transmitters, and electrical current passing across the cell can all initiate nerve
activity. Ifthe stimulus is sufficientthe cell will reach its threshold voltage. The
cellmembranein the axon and cell body containvoltage-gated ion channels,
which allowthe neuron to generate and propagate an electrical impulse called an
action potential. Cells generate this potential by using adenosine tri-phosphate
(ATP)to power pumps that move positively chargedions out ofthe cell,

thereby creating a difference in charge on each side ofthe insulating cell
membrane. By inserting electrodesinto the cell measurements ofthis difference
in charge across the membrane can be made. This is often referred to as the
resting membrane potential.

Thecockroachleg is studdedwith stiff hairs and spines. Atthe base ofeach
spineis asinglesensory neuron. The cell body ofthe neuron lies justunderthe

22007 ADInstruments
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®
G\ LabTutor Student Handout
2l

o Cockroach Sensory Nerve

cuticle ofthe spine, with the un-branched dendrite ofthe neuron projecting up
through in the overlying cuticle (Figure 2).

Thecockroachspines sitin aflexible membraneto allow for movement. When
thespine moves, the dendrite ofthe neuron is distorted, opening mechanically
gated ion channels in the dendrite. This creates a receptor potential, whichin
turn triggers action potentials. Most ofthe small hairs projecting from the surface
ofthe cuticle are sensory, responding to air puffs and other gentle stimuli. These
sensory neurons function to allowthe animal to sensevibrations (sounds, etc.) in
their environment.

Intoday’s lab, youwill use a differential amplifierto record extracellular signals
fromthenerves intheleg. You will attach the recordingleads from the amplifier
to electrodes (stainlesssteel pins) thatare closeto, orin contactwith, the outside
of nerve bundles. This will allow youto recordthe flow of currentthat occurs
around neuronswhen they generate action potentials.

What you will do in the laboratory

There arefour exercises thatyouwill complete during today’s
laboratory. LabTutorwill guideyouand your group throughthese exercises.

1. Record and measure extracellular action potentials: Measure action
potentials intheleg nerve with various stimuli appliedto thesensory
spines and hairs.

2. Compare action potentials from several spines: You will stimulate
several differentspines to comparethe size ofthe action potentials
measured.

22007 ADInstruments
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ﬂ LabTutor® Student Handout

Cockroach Sensory Nerve

3. Determine if the type of stimulation affects the action potentials from
asensory spine: You will stimulate a sensory spineto testwhetherthe
angle ofdeflection changes the size ofthe action potentials measured.

4. Observe sensory nerve adaptation: Thesensory neurons willadapt
during prolonged stimulation.

22007 ADInstruments
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Appendix B
Lab Tutor® Cockroach Sensory Nerve Student Handout, Pre-Laboratory Quiz

\\o La bTutor Student Handout

Cockroach Sensory Nerve

Pre-Laboratory Quiz

1. Sensory receptors detect changes, called , which occur inside and outside the
body.
A. melanin
B. skin
C. motor
D. stimuli
2. Neurons that conduct impulses from the receptors to the central nervous system are
called:
A. motor neurons.
B. efferent neurons.
C. interneurons.
D. sensory neurons.
3. All of the following are functions of the nervous system except:
A. Sense changes in the environment.
B. Analyze changes in the environment.
C. Store calcium from the environment.
D. Respond to changes in the environment.
4. The different charge between the outside and the inside of a neuron at rest is called:
A. action potential.
B. synaptic potential.
C. resting membrane potential.
D. equilibrium potential.
5. Before an action potential is generated the cell must reach its:
A. polarization.
B. repolarization.
C. threshold.
D. the resting period.
6. How does the nervous system send and receive messages?
A. It uses electrical impulses.
B. It uses chemicals.
C. It uses both electrical impulses and chemicals.

Page 1 of| 1 ©2007 ADInstruments
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Appendix C
Lab Tutor® Cockroach Sensory, Instructor’s Reference

®
/ﬂ LabTutor Instructor’s Reference

Cockroach Sensory Nerve

[rhe aim of this set of exercises is for students to be introduced to extracellular nen
recording from a cockroachleg.

Written by staff of ADInstruments.

Material provided for the Cockroach sensory nerve
recording.

Cockroach Sensory Nerve experiment

This providesthe step by-step instructions for performingthe laboratoryand
analyzing the data.

Instructor’s Material

Instructor’'s Reference (this document)

altering the student protocols forthis experment. This document also indudes
the answers to the prelab quiz, and suggested answers forthelabreportpage of
LabTutor experiment.

ldeally thns should be provndedto the studentspnor to the class session.

Pre-lab Quiz
This may be used at the instructor’s discretion.

Example data
The example data can be added to LabTutor data panels.

2007 ADInstruments
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®
@ LabTutor Instructor’s Reference

Cockroach Sensory Nerve

Equipment List/ Alternatives

Hardware

e PowerLab15T [ML818], or PowerLab 4/26T [ML8586]
e 5.l ead Shielded Bio Amp Cable [MLA2540]
e Shielded Leads with microhooks [MLA1610]

Hardware substitution

Thefollowing PowerLabunits are compatible with LabTutor and will functionfor
this experiment: 4/25T, 4/20T. The PowerlLab 4/25, 4/20 and 4/30 will require the
ML408 Dual Bio Amp/Stimulator connected to Input 3. Connection of single and
multiple front-ends is described inthe hardware documentation.

Dissection tools

Sharp scissors

Stainless steel minutens pins

Petri plate with a silicone pad for pinning out cockroachleg
Toothpick or other non-metallicprobe fortouchingspines

Experiment Variations

Other organisms
Otherlargeinsects, such as crickets, grasshoppers, and locusts, can beused in
the same way.

Other stimuli
Heat receptors, Heat receptors may be stimulated by holdinga heated metal
probe afew inches from the prep.

Troubleshooting

Excessive background noise

Theleg should be pinnedoutin a natural position. Ifthelegis stretched or
pinned to tightlyto the tray an excessive amount of background noise will be
observed. To correctthis, remove 2 ofthe 3 pins and allowthelegto returntoits
“preferred” position. Also make surethatthe legis elevated onthe pins so the
spines arenotcompressedagainstthe pad.

Difficulty maintaining static hold for adaptation experiment

Students may have difficulty maintainingthe holdfor 2 secondwithout vibrating.
Using aring stand with a cross brace or a micropositioner to hold the toothpick
still may be useful.

Page2 of 5 ©2007 ADInstruments » : v
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Cockroach Sensory Nerve

Pre-Laboratory Quiz answers

Here are the correctanswers to the Quiz questions in bold.

1.

Sensory receptors detect changes, called which occurinside and
outside the body.

A. melanin

B. skin

C. motor

D. stimuli

Neurons that conductimpulses from the receptors to the central nervous
system are called:

A. motorneurons.
B. efferentneurons.
C. internsurons.

D. sensory neurons.

All ofthe followingare functions ofthe nervous system except:
A. Sensechangesinthe environment.

B. Analyzechanges inthe environment.

C. Store calcium from the environment.

D. Respondto changesinthe environment.

The different charge between the outside and theinside ofa neuron atrestis
called:

A. action potential.

B. synaptic potential.

C. resting membrane potential.

D. gquilibrium potential.

Before an action potential is generated the cell mustreach its:
A. pelarization.

B. repglarization.

C. thresheld.

D. theresting period.

How does the nervous system send and receive messages?
A. ltuses electrical impulses.

B. Iltuses chemicals.

C. Ituses both electrical impulses and chemicals.

2007 ADInstruments
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Cockroach Sensory Nerve

LabTutor Laboratory Report Answers

Note: many of these will be suggested answers, as the students answers will
depend on their collected data.

Exercise 1: Exploring different stimuli

1. Were different stimulation types characterized by different amplitude of action
potentiais?
This will depend upon the students’ data. Depending on the specific spine and
hairs in the area, the students may be stimulating several neurons with each
eventresulting in greater amplitude of action potentials.

2. Compare the numberof action potentials you recorded for each stimulus type. Did
stimulation ahvays produce more neursal activity than that observed during
spontaneous recordings?

Usually the stimulation will increase the firing of a sensory neuron. Different
spines and different duration of stimulus produce different numbers of action
potentials. Depending on the specific spine and hairs in the area, the students
may be stimulating several neurons with eachevent

Exercise 2: Stimulating different Sensory Spines

3. Describe the sbove responses and relate them to the spine’s location on the leg.
Could there be s factor otherthan position on the leg that could have influenced the
action potentials?

This will depend upon the students’ data. Amplitude is dependant on the size
and position of the nerve relative to the recording electrodes (big nerve, big
action potentials).

Exercise 3: Angle of Deflection

4. Did differentdirections of motion affect the action potentialresponse, even if you
moved the spine the same distance in each case?
Generally, moving the spines 180° should produce larger responses

5. Explsin howresponding differently to several angles of deflection could be beneficial
to a cockroach.
Helps the cockroach sense the direction of potential dangers, but alsoignore
stimuli from other directions depending on intensity.

2007 ADInstruments
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Cockroach Sensory Nerve

Exercise 4: Sensory Adaptation

6. Compare the rates of adaptation of the different spines. How much do the rates vary?
This will depend upon the students’ data. Some vary considerably.

7. What advantage would sensors with different rates of adaptation provide to the
cockroach?
Neural adaptation or sensory adaptation is a change over time in the
responsiveness ofthe sensory system to a constant stimulus. This allows the
organism to ‘focus’ on changes in their environment rather than the constant
sensation of the surface they are standing on. By having neurons thateach
adaptdifferently, the organism may interpret more complex environmental
stimuli.

References
Ramos RL, Moiseff A, Brumberg JC (2007) Utility and versatilty of extraceliular

recordings from the cockroach for neurophysiological instruction and demonstration. J
Undergrad Neurosci Ed 5:A28-A34.

Raddy L. Ramos,| Andrew Moiseff.* & Joshua C. Brumberg®’. Supplemental material
and methods forextracellular recordings from the cockroach for neurophysiological
instruction and demonstration
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Appendix D
ADInstruments Limited Copyright Release

ADINSTRUMENTS

ADInstruments Limited Copynght Release

ADInstruments is the sole owner of the following original Work that is being submitted to Ken Sossa and
ABLE

Title of ADInstruments matenal: Cockroach Sensory Nerve Experiment

By submitting the Work as an image for inclusion in ABLE workshop materials, | give Ken Sossa and
ABLE, the exclusive right to do any or all of the following:

= Publish this Work in conference proceedings called Tested Studies for Laboratory Teaching
printed publication in all languages and in all countries.

- Post a copy of this Work on ABLE Internet Web site and permit others to link to it

= E-mail or otherwise directly distibute electronic copies to ABLE subscribers.

The rights listed above will be exclusive to Ken Sossa and ABLE.

By submitting the Work, | give Ken Sossa and ABLE the specific rights to do any or all of the following:
= Include a facsimile copy in any microform archive produced and/or offered either directly by Ken Sossa
and ABLE or via a third-party under license with Association for Biology Laboratory Education
(ABLE).

- Include a digital copy in digital archives produced and/or distributed (e.g.. on CD-ROM, online, or other
electronic medium) by Ken Sossa and ABLE directly or via a third-party agreement with Association
for Biology Laboratory Education (ABLE).

- Exercise the foregoing exclusive rights in other formats to be developed in the future, and to permit
users in perpetuity to access these archives, search the archives, and display and print legal copies from
the archives.

= Reprints: Distribute (or authorize others to distribute) a limited number of free printed and/or electronic
copies of the Work for promotional, publicity, or educational purposes, e.g.. in educational course
packets, including but not limited to handouts at trade shows, inserts in sales kits, or reprints in
newsletters that are distributed free to recipients.

- Provide others with a single copy of the Work in the form of a photocopy, electronic file, or digital ocbject
(such as a PDF file). Please note that ADInstruments Inc. is not liable for any infringing use of the Work
made by third parties.

Commitment to Ken Sossa and ABLE

ADInstruments retains full ownership of the Work and the right to use portions of that work, other than as
specified above, in subsequent work. To the best of my knowledge, | centify that: (1) ADInstruments is the
sole owner of the rights to the Work as granted herein, (2) that | have the full right, power, and authority
to enter into this agreement and to grant the rights granted herein, (3) the Work is original, except for
materials of others for which | have obtained permission to use or materials in the public domain, (4) the
Work does not violate anyone else's copyright, trademark, or proprietary right, (5) the Work contains no
material that would violate any existing contract, express or implied, (8) the Work is not libelous,
defamatory, or factually inaccurate, and (7) the Work does not violate any law or any personal or other
right of any kind of any person or entity.

Signature Date: Jan 26, 2016
Name and title: Wes Colgan lil, Education Implementation Manager

Mailing address: 2205 Executive Circle

Telephone: 7198-308-0360

E-mail: w.colgan@adinstruments.com
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