Neurobiology (Bio 235): Syllabus and Schedule

Spring, 2007

Meeting Times and Places:

Lectures: MWF, 9:00-9:50, Masters Hall, Room 117

Labs: 2 Sections: LA1: T, 1:10-5:00, LA2: W, 1:10-5:00, Science Center Room 274

Instructor: (Lecture and Labs)

Dr. Matt Kittelberger


Office: Science Center Room 259, phone ext. 6260


Email: mkittelb@gettysburg.edu

Office hours: M 1:00-2:00, F 10:00-11:00, or by appointment

Course Description:  Explores the biological basis of brain function, including: electrical and chemical signaling of nerve cells; modulation and plasticity of signaling occurring in different behavioral states or during learning; and the structure, function, and development of circuits of interconnected nerve cells involved in sensory perception and motor coordination.  Emphasis is placed on the behavioral and clinical aspects of modern neurobiology: how particular properties of the brain underlie specific behaviors, and how malfunctions of neural mechanisms lead to various neurological disorders.

Text, Readings, and Other Resources:  (Items marked with a * should be purchased by each student; all other readings will be distributed as photocopies or placed on reserve)
1. (*) Primary textbook:  Purves, et al. 2004.  Neuroscience. (3rd Ed.) Sunderland, MA: Sinauer. With Sylvius for Neuroscience: Visual Glossary of Human Neuroanatomy (interactive CD reference guide). 
2. (*) Laboratory manual (to be supplemented with handouts):  Wyttenbach, et al.  2002  Crawdad: A CD-ROM Lab Manual for Neurophysiology  Sunderland, MA: Sinauer.

3. Additional Readings from:

a. Carew, T.J. 2000.  Behavioral Neurobiology: the Cellular Organization of Natural Behavior. Sunderland, MA: Sinauer.
b. Hemmen and Sejnowski, eds. 2006. Twenty-Three Problems in Systems Neuroscience.  New York: Oxford University Press.
c. Readings from the primary and secondary scientific literature.
4. Course website: Materials, including lecture notes, lab handouts, readings, and assignments will be posted on the Angel site for the course.  Check back here frequently.  When I post assignments on Angel, I will notify you in class and/or by email that I am doing so.

Learning Goals:   Students are expected to develop the following competencies:

1. Understanding of the central concepts of modern neurobiology, including:

i. The mechanisms and significance of electrical and chemical signaling within and between nerve cells.

ii. Structure/function relationships in neural circuit organization: how the properties of neurons in a circuit and the patterns of connectivity among those neurons endow each circuit with its particular functional capabilities.

iii. The mechanisms and significance of neural plasticity for brain development and experience-dependent changes in mature brain function (including learning).

2. The ability to read and interpret the scientific literature, leading to an appreciation for the experimental basis of our current understanding of how the brain works.

3. An appreciation for the clinical relevance of current experimental findings in basic neurobiology.

4. Basic proficiency with the theory and practice of electrophysiological methods for studying neural function, leading to a working knowledge of the electrical properties of neurons.

5. Basic proficiency in the collection, analysis, and presentation of neurophysiological data.

6. The ability to manipulate central concepts of neurobiology and neurophysiology to formulate plausible and testable hypotheses regarding unanswered questions of neural circuit structure and function.  This proficiency will be developed in the context of the final independent lab project.

7. The ability to write coherently and concisely about topics in neurobiology in a manner consistent with accepted styles for scientific writing.  This includes the ability to clearly state and support a central thesis using experimental data, either derived from students’ own experiments in lab or from the scientific literature.  Writing ability will be developed in conjunction with the ability to read and interpret scientific literature (goal 2), using scientific papers as models.  

Some General Procedures and Learning Suggestions:   I will be attempting to NOT lecture straight from the text, though material in lecture will certainly be closely integrated with the text.  This means that you will be responsible for the material in the text, the material presented in lecture, AND the material presented in lab:  all will be fair game for exam and quiz questions.  You will find it extremely helpful to have read the text material for each class BEFORE coming to lecture.  After each lecture, try to study the text again: integrate the lecture material with what is in the text.
Course Requirements for Students and Criteria for Evaluation:

1. Lab Reports, due weekly (or less often for multi-week labs).  Usually these will be due in class on the Monday following the lab.  Several of these (including the final project report) are to be written using the format of the scientific literature.  See more on this below (25% of course grade).

2. Quizzes, roughly 30 minutes, short answer and multiple choice, administered via Angel; two to four quizzes over the course of the semester (10%).

3. Readings from the scientific literature.  Four or five of these will be assigned during the of the semester.  All will be on the same general topic to facilitate a more in-depth exploration of the experimental data underlying our current understanding of one subject in modern neurobiology.  The topic for this semester will be neural plasticity in the hippocampus and its relationship to episodic and spatial memory.  The readings will explore this broad subject on several different levels, using a variety of different experimental approaches central to modern neurobiology.  Students will gain experience through these exercises in reading and interpreting the scientific literature, and in how scientific papers are written, which will help in researching and writing the term paper.  Each reading will be accompanied by a reading guide assignment, in which students will answer a series of questions about the hypotheses, experimental design, results, and interpretations presented in each paper.  Each reading will be followed by an in-class discussion.  The reading and reading guide assignment will be distributed roughly one week before they are due (15%).

4. Class Participation: To include attendance, responses to questions I pose in class, participation in discussions related to the scientific readings, and simply raising your hand from time to time to ask questions or make a comment (something I DO expect you to do) (10%)  .

5. Exams (2):  mixture of short answer, knowledge/fact based questions and longer answer, more conceptual or inquiry based questions.  In-class, possibly also with a take-home portion (20%, or 10% each).

6. Final exam:  As per the midterm exam, but no take-home portion.  The final will cover material from the entire course.  The final is currently scheduled for Tuesday, May 8th from 1:30 to 4:30pm (20%).

Grading System:  98-100 A+, 94-97 A, 90-93 A-, 87-89 B+, 83-86 B, 80-82 B-, 77-79 C+, 73-76 C, 70-72 C-, 67-69 D+, 63-66 D, 60- 62 D-, 0-59 F
Late and Attendance Policies:  For take-home assignments, one full letter grade will be deducted for each day past the due date the assignment is turned in.  Obviously, serious illnesses or accidents (accompanied by a physician’s note), will allow you to turn assignments in late without penalty.  For anticipated conflicts with due dates (i.e., sporting events) I will expect you to make arrangements to turn the work in on time.  If you need to be absent from class for any reason, let me know.  Frequent unexcused (or poorly excused) absences will significantly impact your class participation grade.  Absence from class on the day of a quiz or exam will result in a grade of zero, unless arrangements are made with the instructor WELL ahead of time (generally 1 week or more) to make up the work at an alternate time.  Laboratories should not be missed.  If you must miss a lab, it is your responsibility to contact the instructor, ideally ahead of time, to make arrangements to make up the work.  Coming to class late is at best annoying and at worst highly disrespectful to your instructor and classmates.

Labs:  Lab instructions for each week will be handed out ahead of time, either distributed as hard copies in lecture or posted on the course Angel site (or both).  You are responsible for reading the instructions and the relevant section of the lab manual before coming to lab.  Otherwise, labs tend to run late, and you will have difficulty obtaining the necessary data and knowing what to do with it.  Do not expect the instructor to go over every step of the lab procedure before you start.


Each lab will be associated with an explicit lab report assignment, usually due in lecture the Monday following lab.  Usually, you may either submit the report with your lab partner(s) or independently.  If a report is submitted jointly, all partners must have contributed equally, as per Honor Code responsibilities.  Do NOT make the mistake of dashing off reports the night before in a single draft.  These reports will collectively account for 25% of your course grade, so take them seriously.


The lab is a potentially dangerous place and you are required to follow all instructions given by your lab instructor and presented in the lab instructions.  Disregarding instructions, or coming to class late or unprepared, may result in grade penalties, in addition to being just plain dangerous for yourself and those around you.  

Assistance:  If at any point during the course you feel you need assistance with the material there are several acceptable avenues available.  Be proactive about seeking help:  the material moves quickly, so if you don’t ask for help when needed, you risk falling even further behind.  Your instructor is (hopefully!) an excellent source of assistance, so come to office hours, send me an email, or make an appointment.  The Peer Tutoring/Learning Center is also a great place to go.  Finally, within the confines of the Honor Code, please feel free to seek help from your classmates.  I feel that collaborative studying and discussion of the material is an excellent way to learn.  Practically, this means that you may discuss with your classmates any material OUTSIDE the context of a specific assignment, unless otherwise specified in the assignment instructions.  If you have any questions at all about the appropriateness of discussing something with your classmates, ask the instructor.  Anyone with an Individual Accommodation Education Plan is encouraged to advise their instructor(s) at the outset of the course.

Honor Code:  All students are bound by the Gettysburg College Honor Code.  Each assignment will have specific instructions related to your responsibilities for that assignment under the Honor Code.  You may be asked to sit apart from each other during examinations, or to place materials (books, cell phones, etc.) at the front of the room.  During exams or take-home assignments, identically written answers or answers that use similar idiosyncratic phrasing will be considered prima facie evidence of copying.  When you submit a lab report or other assignment with another student, it is assumed that both partners have contributed equally.  If you sign the Honor Pledge for work to which you have not contributed equally, you have received unauthorized aid.  If it is not possible for you to contribute equally with your lab partner (which can certainly happen from time to time), simply submit an individual report.

Lecture Schedule:
Date

Lecture Topic (Text Chapter)



F 1/19

Introduction

M 1/22

Organization and anatomy of the mammalian nervous system  
(Ch1, Appendices A and B)

W 1/24

Electrical signaling in nerve cells I: Flow of ions and membrane potentials (Ch 2)
F 1/26

Electrical signaling in nerve cells II: Ionic basis of the resting membrane potential 



(Ch 2)
M 1/29

Electrical signaling in nerve cells III: Voltage-dependent membrane permeability 



(Ch 3).
W 1/31

Electrical signaling in nerve cells IV: Ionic basis of action potentials: long-



distance signaling (Ch 3).
F 2/2

Electrical signaling in nerve cells V: Pumps, channels, and semipermeable 



membranes (Ch 4). (QUIZ 1?)
M 2/5

Reading guide discussion #1:  The Hippocampus and Human Memory (Zola-




Morgan, et al, J. Neuroscience, 1986)
W 2/7

Chemical signaling between nerve cells: Synaptic transmission I (Ch 5)
F 2/9

Chemical signaling between nerve cells: Synaptic transmission II (Ch 5)
M 2/12

Chemical signaling between nerve cells: Neurotransmitters: classes and functions 




(Ch 6)
W 2/14

Chemical signaling between nerve cells: Neurotransmitter receptors: themes and 




variations (Ch 6)
F 2/16

Neuromodulation and intracellular signal transduction (Ch 7)
M 2/19

Exam 1 (Chs 1-7)
W 2/21

Simple neural circuits: spinal cord reflex arcs (Ch 15)
F 2/23

Simple neural circuits: the stomatogastric ganglion: bursting and pattern 



generation (TBA)
M 2/26

Reading guide discussion #2:  The Hippocampus and Human Spatial Memory 




(Maguire et al J. Neurosci, 1997; and Teng and Squire, Nature, 1999)
W 2/28

Plasticity of neural circuits: short-term and long-term, potentiation




and depression (Ch 24
F 3/2

Plasticity of neural circuits: molecular mechanisms and structural changes (Ch 24)

M 3/5

Plasticity of neural circuits: models of learning and memory? (Ch 24)
W 3/7

Reading guide discussion #3:  Hippocampal long-term synaptic potentiation 




(Bliss and Lomo, J. Physiology, 1973)
F 3/9

Early neural development: Induction, proliferation, differentiation and migration 




(Ch 21) (QUIZ #2?)
M 3/12 – F 3/16
Spring Break
M 3/19

Formation of neural circuits:  Growth cones and axon guidance (Ch 22)
W 3/21

Formation of neural circuits:  Synapse formation, stabilization and elimination 



(case study: neuromuscular junction) (Ch22)
F 3/23

Formation of neural circuits:  Trophic interactions: molecular vs. activity-



dependent cues (Ch 22)
M 3/26

Experience-dependent modification of neural circuits: critical periods and the role
of activity in visual system development (Ch 23)
W 3/28

Experience-dependent modification of neural circuits: Case study: 
avian song learning (Ch 23)
F 3/30

Reading guide discussion #4:  The NMDA receptor: a molecular associative 




learning device (Nowak, et al., Nature, 1984)
M 4/2

Case study: experience-dependent plasticity of the barn own auditory space map
W 4/4

Exam 2 (Chs 15, 21-24)
F 4/6 – M 4/9

Easter Break

W 4/11

Somatosensation: mechanoreceptors and organization of the pathway (Ch 8)
Th 4/12
Somatosensation: higher-level representations and the concept of the receptive 



field (Ch 8)
F 4/13

Vision: the retina (Ch 10)
M 4/16

Vision: central visual pathways (Ch 11)
W 4/18

Vision: motion, color, and form (Ch 11)
F 4/20

Reading guide discussion #5: Spatial maps in the rodent hippocampus (O’Keefe 



& Dostrovsky, Brain Research, 1971; Wilson & McNaughton, Science 1993)
M 4/23

Movement: Simple circuits for the control of rhythmic behaviors: locomotion 
(Ch 15, revisited)
W 4/25

Movement: Descending motor control: cortical motor maps (Ch 16)

F 4/27

Movement: Modulation by the basal ganglia: sequence learning and clinical 



syndromes (Ch 17) (Quiz #3?)
M 4/30

Movement: Modulation by the cerebellum: eye movements as a case study 
(Ch 18, 19)
W 5/2

Higher functions: Learning and memory: the hippocampus and beyond: tying



it together.
F 5/4

Higher functions: cognition and the association cortices (Ch 25)
T 5/8

Final exam (Chs 1-8, 10, 11, 15-19, 21-25)
Lab schedule:
Week / Dates

Lab Exercise




Lab Manual Chapter
Week 1: 1/23 & 24
Neuroanatomy: Sheep brains and 

Sylvius, Purves, et al Ch 1,



virtual dissection of the human brain.

Appendices A & B
Week 2: 1/30 & 31
Neurophysiology: introduction: simple 
Lab 1

electrical circuits; hardware and software 

used to study electrophysiology of neurons.

Weeks
3-4: 2/6,7
Crayfish motor nerve recording: recording 
Labs 2 & 3

& 2/13,14
action potentials extracellularly; methods for

studying the anatomy of neurons

Week 5: 2/20 & 21
Crayfish muscle resting potential: ionic
Lab 4



basis

Weeks
6-7: 2/27,28
Snail brain action potentials: phases, ionic
Labs 5 & 6


& 3/6,7
basis; variations in different cell types

Weeks
8-9: 3/20,21
Snail brain synaptic potentials: inhibition, 
N/A (handout)


& 3/27,28
excitation, reversal potentials, summation, and




pharmacology. 

Week 10: 4/3 & 4
Synaptic connectivity at the crayfish

Lab 8




neuromuscular junction

Week 11: 4/10 & 11
Synaptic plasticity at the crayfish

Lab 9




neuromuscular junction

Week 12: 4/17 & 18
(Tentative) Crayfish stretch receptors:
Lab 10




sensory modulation of a motor circuit

Weeks
13-14: 4/24,25
(Tentative) Short independent projects following up on one or more


& 5/1,2
aspects of intrinsic or synaptic neurophysiology in snails or crayfish.
