Neuro 200 - Lab 1

Behavior, Neuroanatomy, Genomics


Lab 1.  Behavior, Neuroanatomy, Genomics:  what can we learn from mouse mutants?

In this sequence of labs you will be studying a mutant mouse and its wild-type control.  The goal of this sequence is to identify and characterize the mutant.  Using several sets of tools you will determine:

a. how the mutation is manifest by examining the behavior of both the mutant and the wild type.

b. if there is an anatomical difference between the brains of the mutant and the wild type by comparing Nissl and Golgi stains of both groups.

c. the genomics of the mutant using genomics databases and the literature.

What you need to know:

Fill out the worksheet at the end of this lab before next week.  

There will be a short quiz at the beginning of next lab.

	Central dogma of biology
:

Chromosome

Base pair

Amino acid

DNA RNA protein

The genetic code

Phenotype/genotype

Allele

Introns, exons

Start and stop codons

Post translational processing 

Mutation types:

Point, insertion, deletion, amplification

Mendelian genetics:

     Homo/heterozygous

     Dominant/recessive

The mutant and wild type mice are siblings in the ratio of 1:1; how can you explain this?
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Fig 1.  Schematic of the central dogma of Biology.




Lab 1A. 
Behavior

A series of behavioral tests is outlined below which can be used to compare mutant animals with normal wild type controls.  This battery of tests can be used to determine some of the less obvious changes, such as problems with balance and problems with reflexes.
There will be four behavioral testing stations in the lab.  Student groups (of three) will rotate among the stations.

At the completion of each motor test the apparatus and surfaces involved will be wiped down with VWR Premoistened Clean-WipesTM  (70% Isopropyl Alcohol/30% Deionized Water).

The protocol

Before experimenting with vertebrate animals, an institution is required to submit a proposal to the local Institutional Animal Care and Use Committee (IACUC) that must be approved before animals may be purchased.  It is important to gain an understanding of the issues surrounding animal experimentation before beginning behavioral experiments.
While reading these protocols, note that there are a number of different ways to interpret the instructions.  Make precise notes on how every behavior is monitored so that when the observations are repeated, similar results are obtained.

TIP:  Mice are known to induce allergies in people who work with them and these allergies can increase in intensity with repeated exposure.   Always wear a lab coat and gloves when handling a mouse--this reduces exposure to mouse allergens; however, if allergies to mouse dander or saliva are known, wear a mask when handling a mouse.   

I.  Materials

A.  Equipment
2 stopwatches
lab coat

scale
mask

gloves
event recorder/counter (if available)

B.  Mice
Adult mice ~30 g or 8 weeks old.

Male or female mice may be used.

Mice are housed in plastic cages with mouse chow and water, on a 12 hour dark/12 hour light cycle.

II.  Handling mice

The first part of the lab will be spent learning how to handle mice in a way that the mice get used to being handled and the atmosphere is calm.  Your instructor will demonstrate how to pick up a mouse and how to handle it during the testing.  The importance of waiting between tests and cleaning the cages will be explained.

Each group of students will test one wild type animal and one mutant animal.  Data from 4 mice from each group will be compiled at the end of the lab.  Then statistical tests will be done to see if there are significant differences between the two groups of animals.

To keep track of the mice and the students testing them, fill in the following table before starting testing.


Table 1.  Weights of mice

	Group A Mouse # 
	Weight (grms.)
	Students

	
	
	

	
	
	

	
	
	

	
	
	

	average
	
	


	Group B Mouse # 
	Weight (grms.)
	Students

	
	
	

	
	
	

	
	
	

	
	
	

	average
	
	


III.  Neurological Testing 

Neurological testing is a series of tests that are administered much like a doctor would administer a battery of neurological tests after a trauma.  There are a wide variety of tests that can be administered to mice.  We will be using three of them to test the motor and sensory systems.

A. Food Localization Test(:

This test assesses the response to chemical signals, the function of the olfactory system and ability to locate food.  Mice have been food deprived for 16 hours prior to the lab, with water ad libitum, to motivate them to do this task.  Mice are placed in a clean cage with a 3 cm layer of bedding.  A chocolate pellet (Bio-Serv Supreme Mini-Treats #F05472) is buried at the opposite end of the cage.  Time from placing the mouse in the cage until it retrieves the food pellet with its front paws is measured in seconds up to a max of 300s.  Convert time into reciprocals so that increasing numbers reflect better food localization and performance.

Record score on Table 1.  There will be just one trial of this test.

Return the mice to their home cage with food.  Allow the mice to eat and drink for 15 mins before the next test.

B. Motor Task – Body Suspension:

1. Suspend a mouse by its forelimbs to a bar of 2mm diameter, ~20 cm above the bedding, and gently hold the tail (see Fig.2).  Score the time until the mouse looses its grip and drops down (max 30 sec). 

2. Suspend a mouse by its forelimbs to a bar of 4mm diameter.  The mice will curl the body and swing their hind limbs up to contact the bar in order to stabilize the body position.  Hind limb use is scored using a 3-category scale:

0 = inability to use the hind limbs

1 = ability to use one hind limb

2 = use of both hind limbs to support the body.

C. Sensory Task – Negative Geotaxis(:

This test assesses the function of the vestibular system.

Place the mouse on the grid horizontally on top of the cage (see Fig. 2).  Then place the grid vertically in the cage and assess the ability of the mouse to turn and crawl up the slope as the latency to turn around completely (secs.).  
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Fig. 2.  Photographs of body suspension test (left) and negative geotaxis test (right – note that  this test uses 45° while we will use vertical)(.

Table 2.  Neurological Testing
Student Name/s_____________________
Date
	
	
	
	
	
	

	 
	 
	Food Localization
	Body Suspension
	Negative Geotaxis

	
	Mouse (group,#)
	1/time (1/secs)
	time to drop (1/sec)
	Hind limb use (0, 1, 2)
	Latency to turn around (secs.)

	Trial 1
	 
	 
	 
	 
	 
 

	Trial 2
	 
	 
	 
	 
	 
 

	Trial 3
	 
	 
	 
	 
	 
 

	Trial 4
	 
	 
	 
	 
	 
 

	Trial 5
	 
	 
	 
	 
	 
 

	average
	
	
	
	
	


	 
	 
	Food Localization
	Body Suspension
	Negative Geotaxis

	
	Mouse (group,#)
	1/time (1/secs)
	1/time to drop (1/sec)
	Hind limb use (0, 1, 2)
	Latency to turn around (secs.)

	Trial 1
	 
	 
	 
	 
	 
 

	Trial 2
	 
	 
	 
	 
	 
 

	Trial 3
	 
	 
	 
	 
	 
 

	Trial 4
	 
	 
	 
	 
	 
 

	Trial 5
	 
	 
	 
	 
	 
 

	average
	
	
	
	
	

	
	
	
	
	
	

	Ratios A/B*
	
	
	
	
	


* ratios are included here to make a simple comparison – note that this is not a statistical measure.
D.  General Activity test:
The activity-inactivity continuum is an important parameter of behavior.  The concern here is not with observing the specific behaviors of the mouse but with quantifying overall locomotor activity.  Many commercial devices are available to automatically measure activity, and these devices usually consist of a cage with several infrared beams and beam detectors set at different locations on the cage.  When the beam is broken by a mouse's movements a counter is activated. 

A less sophisticated but still accurate method of measuring activity is to create an activity chamber by taking a rat cage with lines delineating 12 squares (~ 4” x 3” each) marked on the bottom (6 x 2 squares).  The observer can record mouse activity by noting when the lines are crossed, while simultaneously recording other behaviors (see below).  

Let the animal acclimatize to the cage for one minute.  Then observe the animal for five trials of minute each and make measurements of four behaviors:  locomotion, rearing, circling, and grooming.  Score the following behaviors on the activity record - Table 3.
1.  Locomotion is a measure of the number of squares entered with the front paws.
2.  Rearing is scored by the number of times both front paws leave the ground.
3.  Score circling when the mouse traverses four quadrants of the activity chamber consecutively.

4.  Grooming is scored when the mouse places its tongue on its paws or other body parts.  The score is the total time spent grooming during each one-minute trial. 

5.  For scoring divide the 5 minutes into 1-minute intervals and use a counter or timer to make your measurements. 

Table 3.   General Activity Record
Student Name/s_____________________
Date
	
	
	
	
	

	
	Locomotion score:

# squares entered


	Rearing score: #  times both fore paws leave the ground
	Circling score: # times mouse traverses 4 quadrants of the chamber consecutively
	Grooming score: Time (secs.) mouse places its tongue on its paws or other body parts

	Mouse (group, #)
	
	
	

	TIME

60 sec
	LOCOMOTION


	REARING


	CIRCLING


	GROOMING



	Trial 1
	 
	 
	 
	 

	Trial 2
	 
	 
	 
	 

	Trial 3
	 
	 
	 
	 

	Trial 4
	 
	 
	 
	 

	Trial 5
	 
	 
	 
	 

	TOTALS
	 
	 
	 
	 

	Measures/min
	
	
	
	

	
	
	
	
	

	Mouse (group, #)
	
	
	

	TIME

60sec
	LOCOMOTION
	REARING
	CIRCLING
	GROOMING

	Trial 1
	 
	 
	 
	 

	Trial 2
	 
	 
	 
	 

	Trial 3
	 
	 
	 
	 

	Trial 4
	 
	 
	 
	 

	Trial 5
	 
	 
	 
	 

	TOTALS
	 
	 
	 
	 

	Measures/min
	
	
	
	

	
	
	
	
	

	Ratios A/B 
	
	
	
	


E.  Hole Board test for motor coordination:

This test permits an evaluation of the motor coordination of the mice. The apparatus consists of a removable Plexiglas floor, approximately 46 x 25 cm, placed inside a rat cage, with 36 holes (hole board). The holes are 1 cm deep, 2 cm in diameter and arranged in a 9 x 4 array. 

For each trial, a mouse will be placed at the middle of the hole board.  The time spent walking and the number of fore- or hind paw slips into the holes will be measured, during a one-minute period. The slip frequency (number of slips per minute of walking) will be calculated.  Include stepping over the side of the hole board as a slip.

Table 4.  Hole Board Testing

Student Name/s_____________________
Date
	Mouse (group,#)
	
	
	

	Time 

60 sec
	Time spent

Walking (secs.)
	# fore paw

 slips
	# hind paw 

slips

	Trial 1
	
	
	

	Trial 2
	
	
	

	Trial 3
	
	
	

	Trial 4
	
	
	

	Trial 5
	
	
	

	Slip frequency
	
	
	


	Mouse (group,#)
	
	
	

	Time 

60 sec
	Time spent

Walking (secs.)
	# fore paw

 slips
	# hind paw 

slips

	Trial 1
	
	
	

	Trial 2
	
	
	

	Trial 3
	
	
	

	Trial 4
	
	
	

	Trial 5
	
	
	

	Slip frequency
	
	
	

	
	
	
	

	Ratios A/B
	
	
	


F.  Wooden Beam test of balance:

The wooden beam test will be used to evaluate the balancing abilities of the mice when their motion is not limited. The apparatus consists of a motionless wooden beam, painted with an impervious, washable finish, 48 cm in length, 3 cm in width, and 3 cm in thickness, placed 20 cm above a bed of pine shavings in a rat cage.  The beam will be divided into 5 equal segments.

For a single trial, each animal will be placed at the middle of the beam (on segment 3), its body axis being perpendicular to the beam long axis. The number of crossings and the latency before falling will be recorded for 60 seconds (e.g. if a mouse falls after 5 sec, the latency = 5 and trial ends).

Table 5.  Wooden Beam Testing

Student Name/s_____________________
Date

	Mouse (group,#)
	
	
	

	Time 

60 sec
	Number of crossings
	Time spent walking (secs.)
	Latency (secs.) before falling

	Trial 1
	
	
	

	Trial 2
	
	
	

	Trial 3
	
	
	

	Trial 4
	
	
	

	Trial 5
	
	
	

	average
	
	
	

	
	
	
	


	Mouse (group,#)
	
	
	

	Time 

60 sec
	Number of crossings
	Time spent walking (secs.)
	Latency (secs.) before falling

	Trial 1
	
	
	

	Trial 2
	
	
	

	Trial 3
	
	
	

	Trial 4
	
	
	

	Trial 5
	
	
	

	average
	
	
	

	
	
	
	


IV.  Data Analysis and Preparation for next lab:

1. Make graphs or a table of the data and perform statistical analyses where relevant.

2. Consider the regions of the brain that could be the locus of this mutation.

3. Now that you have an understanding of the behavioral differences between the mutant and wild type mice, the next step will be to consider which mutant it might be, starting with the website from the supplier of these mice: The Jackson Laboratory, Bar Harbor ME.

4. Consider the 5 possible motor mutants listed below.  Familiarize yourself with the web site and try to make a shortlist of potential mutant strains.

a. Staggerer (RORasg/ RORasg)


http://jaxmice.jax.org/strain/002651.html





b. ALS mutant (SOD1) 

http://jaxmice.jax.org/strain/004435.html
c. Lurcher (GRID2)

http://jaxmice.jax.org/strain/001046.html
d. Weaver (KCNJ6)


http://jaxmice.jax.org/strain/000247.html
e. Wobbler (GRM1)


http://jaxmice.jax.org/strain/005521.html
5. Molecular Biology Worksheet

Fill out the table below with definitions for each item:

	Chromosome


	

	Amino acid


	

	The genetic code


	

	Allele


	

	Start and stop codons


	

	Base pair


	

	DNA RNA protein


	

	Phenotype/genotype


	

	Introns, exons


	

	Post translational processing


	

	Mutation Types:
	

	Point mutation


	

	Insertion mutation


	

	Deletion mutation


	

	Gene amplification


	

	Mendelian genetics:
	

	Homo/heterozygous


	

	Dominant/recessive


	


Explain how the mutant and wild type mice are siblings, born with a ratio of 1:1. 

Hint:  use a Punnett square to demonstrate the cross.

Here are some useful websites of cell biology animations:

http://www.johnkyrk.com/index.html
http://www.biostudio.com/a_sitemap.htm
http://science.nhmccd.edu/biol/bio1int.htm#protein
Useful text:  

Campbell, N., & Reece, J. (2005).  Biology.  San Francisco: Pearson, Benjamin

Cummings.


Chapter 20, DNA Technology and Genomics


Chapters 13-19 – background

We will start the next meeting with a short quiz on the above material.  Then we will have with a brief review of the behavioral data and discussion of the possible brain regions that may be involved.

� http://www.cbs.dtu.dk/staff/dave/DNA_CenDog.html#3.%20Genetic%20Code


( �HYPERLINK "http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Luo%20AH%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus"��Luo AH�, �HYPERLINK "http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Cannon%20EH%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus"��Cannon EH�, �HYPERLINK "http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Wekesa%20KS%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus"��Wekesa KS�, �HYPERLINK "http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Lyman%20RF%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus"��Lyman RF�, �HYPERLINK "http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Vandenbergh%20JG%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus"��Vandenbergh JG�, �HYPERLINK "http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Anholt%20RR%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus"��Anholt RR�. 2002. Impaired olfactory behavior in mice deficient in the alpha subunit of G(o). Brain Res. Jun 21;941(1-2):62-71.





( �HYPERLINK "http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Luo%20AH%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus"��Luo AH�, �HYPERLINK "http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Cannon%20EH%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus"��Cannon EH�, �HYPERLINK "http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Wekesa%20KS%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus"��Wekesa KS�, �HYPERLINK "http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Lyman%20RF%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus"��Lyman RF�, �HYPERLINK "http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Vandenbergh%20JG%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus"��Vandenbergh JG�, �HYPERLINK "http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Anholt%20RR%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus"��Anholt RR�. 2002. Impaired olfactory behavior in mice deficient in the alpha subunit of G(o). Brain Res. Jun 21;941(1-2):62-71.





( Metz G.A. and. Schwab M.E.  2004 Behavioral characterization in a comprehensive mouse test battery reveals motor and sensory impairments in growth-associated protein-43 null mutant mice.  Neuroscience, 129, 563-574.
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