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Course in brief
Learning and memory are dynamic processes of the brain that allow us to both interact with and interpret
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Joseph D. Zak, Ph.D.
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BioLabs 4027, 16 Divinity Ave, Cambridge, MA 02138
617-496-4886 (Lab)
jzak@fas.harvard.edu

Joe is a postdoctoral research fellow in Prof. Venkatesh Murthy’s laboratory in the Department of Molecular & Cellular
biology. His research interests involve understanding the mechanisms by which sensory information are encoded by the
central nervous system. He is working on two projects. First, he is using optical-based methods to understand how
olfactory stimuli are transmitted to the brain via specialized cells known as olfactory receptor neurons. This project
involves understanding how odor mixtures are encoded by neurons at both the population and single cell level in live
animals. He is also studying how neurons in the olfactory cortex change their activity patterns following learning to allow
animals to identify key components complex stimuli.
Prior to joining Prof. Murthy’s group at Harvard, Joe received a Ph.D. in Neuroscience from the University of Colorado
where he primarily used electrophysiological methods to study the unique circuit properties of neurons that comprise
specialized structures in the olfactory bulb known as glomeruli. Joe has previously taught the Neurobiology of Learning
and Memory for three years at Harvard, as well as other courses on cellular neuroscience at the University of Colorado
and the University of Michigan.

Course Information
When: Tuesday 6:00-7:15 PM
First meeting: Tuesday September 3, 2019
Location: Robinson 106
Canvas Course Page: https://canvas.harvard.edu/courses/60132
Prerequisites: LS1a, MCB80, and permission of the instructor

Course Description
The course will start with a brief introduction aimed at reviewing general neurophysiological concepts on neurons,
synapses, plasticity, as well as experimental techniques. We will then spend the major part of the year studying three main
aspects of learning and its underlying plastic mechanisms: developmental, non-synaptic and sensory plasticity. The final
weeks of the course will be devoted to developing a research proposal building upon knowledge acquired throughout the
year.
The course will consist of short lectures to introduce weekly topics, however, the majority of the course will be strongly
geared toward discussion of primary literature. A typical weekly meeting will consist of a student led discussion on the
research articles assigned the previous week. Most weeks one student will be assigned to be the primary presenter that is
responsible for introducing the literature including its hypothesis, techniques and system used. Other students will
introduce each figure. Subsequently, a 30-minute lecture will be delivered to introduce discussion topics for the following
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week. Additionally, this course will make frequent use of demonstrations and hands-on activities relevant to the weekly
topic.
The course final assignment consists in a written mock grant proposal, followed by mock panel interview. Each student
will propose a scientific question (related to the course topic) and draft a proposal for a one-year fellowship to address it.
The proposal will be modeled on the NIH National Research Service Award (https://www.nidcd.nih.gov/training/
fellowship-awards) scheme, and will need to be as realistic as possible and will largely draw from the literature discussed
over the academic year. Given the complexity of the task, at the end of the first semester students will be expected to pitch
to the group their interim ideas to receive constructive feedback.
As well as providing a broad overview of state-of-the-art learning and memory research, this course aims at further
develop a host of transferable skills that will prove indispensable in the students future career. The course will enhance the
students’ ability to:
(a)
(b)
(c)
(d)

efficiently interpreting and reformatting original scientific literature;
organize and synthesize multiple approaches to a single question;
communicate their work and ideas to diverse audiences (i.e. peers, funding agency, public);
give and receive constructive feedback while discussing as part of a team.

Course Components
Typical Weekly Workload
Generally 2-3 hours of preparation per week, depending on the weekly reading assignments; more for the students during
the week of presentation, however as you become efficient at interpreting original scientific literature this will decrease.
All course reading materials will be supplied by the instructor on the course website. Each week students will be
responsible for answering several short reading reflection questions and will post their responses to the course website.
Responses must be submitted 1 hour prior to class.
Presentations and Written Assignments
Each student will give two to three 20-minute presentations throughout the year. The presentation will include background
and figures, as well as critique questions that will guide the class discussion. In addition, all students will respond to key
questions about the reading assignments on the course website. The first presentation will be with a partner of your choice.
End of first semester
At the end of the first semester, students will write a science communication article in the format of the Frontiers for
Young Minds (http://kids.frontiersin.org/) journal. The article will be graded on a predetermined rubric and count for 15%
of the final course grade.
End of second semester
The final project will provide students with experience writing an NIH formatted grant application. Students will chose
from a list of possible topics provided by the course instructor and use the literature discussed in class to develop a
research strategy. Students will be graded on their logic, incorporation original research into their application and overall
clarity of thought. Students are encouraged to share their progress with the tutors throughout the course. This assignment
will account for 25% of the final course grade.
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Feedback and Office Hours
Following each of your presentations you will be provided with specific and detailed comments. You will receive
feedback on style, clarity and how to improve for next time. I will hold office hours from 4:30-5:30 pm on Tuesdays in the
BioLounge inside BioLabs or by appointment. I would like to meet once per semester to discuss your standing in the class
as well as any feedback on the course you may have.
Course Grading
• Weekly reading responses 15%
• Papers presentations 15%
• Participating in discussion 15%

• Frontiers group project 15%
• Grant review/presentation 15%
• Final grant submission 25%

Key Dates and Submissions
Monday December 16th 6:00 pm - Frontiers for Young Minds midterm assignment due
Monday May 11th at 6:00 pm - Final grant submission due

Course Policies
Classroom Environment
A major component of this course will be discussing and debating primary literature both in class and on the course
website. It is my expectation that students come to class prepared to engage in thoughtful dialogue with their peers and
that interactions, both in class and online, will remain respectful and inclusive to all students. Our classroom will be an
inclusive environment that both values and encourages diverse ideas and exists to support all students as they approach
learning new topics in neuroscience.
Late Work
All work is expected to be turned in on time. Weekly assignments and reading responses that are not submitted by 5:00
pm on the day of class will be assessed a 10% penalty for each day that it is late. No extensions are granted for the
midterm and final assignments. Failure to submit the assignments by the designated date/time they are due will result in
zero credit for the assignment. If you have extenuating circumstances during the course, please speak to the instructor in
advance of the assignment due date.
Academic Integrity
Discussion and resource sharing is an integral component of this course. Students are encouraged to discuss assignments
and resources with your peers out side of class; however, all written assignments and reading responses should be in your
own independent work. For the midterm and final written assignment students are required to properly cite all of the
sources (articles, books, websites, etc.) that were used to complete the assignment. Students must also acknowledge any
assistance they received with their writing and adhere to the Harvard College Honor Code (https://honor.fas.harvard.edu/
honor-code).
Attendance/Participation Policy
Students are expected to attend all classes and be an active participant in discussion each week. Unexcused absences will
result in a zero for the day’s participation grade, and three unexcused absences over the course of the academic year will
result in a drop of a full letter grade. If you are unable to attend class on a specific day, please contact the instructor as
soon as possible.
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Accommodations for Students with Disabilities
Students needing academic adjustments or accommodations because of a documented disability must present their Faculty
Letter from the Accessible Education Office (AEO, http://aeo.fas.harvard.edu) and speak with the instructor by the end of
the second week of the term (Friday, Sept. 13, 2019). Failure to do so may result in the instructors inability to respond in a
timely manner. All discussions will remain confidential, although Faculty are invited to contact the AEO to discuss
appropriate implementation.
Course Schedule
The policies, schedule, and assignments described within this syllabus are subject to change during the course at the
discretion of the instructor. Students will be notified of any changes to the schedule or readings/assignments at least one
week in advance.

Course Schedule and Reading
Fall Semester
Introduction and Review
September 3 - Welcome and course overview - no reading assignment
September 10 - Lecture - Techniques in neuroscience - no reading assignment
September 17 - Discussion - How to read scientific literature - reading available on Canvas
September 24 - Paper Discussion - Large scale neural plasticity: is neural reorganization possible?
Sharma J, Angelucci A, Sur M (2000) Induction of visual orientation modules in auditory cortex. Nature. 404(6780):
841-7.
von Melchner L, Pallas SL, Sur M (2000) Visual behaviour mediated by retinal projections directed to the auditory
pathway. Nature. 404(6780):871-6.
October 1 - Lecture/Discussion - Introduction to long-term potentiation - review article available on Canvas
October 8 - Paper Discussion - Pre-synaptic long-term potentiation
Stevens CF, Wang Y (1994) Changes in reliability of synaptic function as a mechanism for plasticity. Nature. 371(6499):
704-7.
Malinow R, Tsien RW (1990) Presynaptic enhancement shown by whole-cell recordings of long-term potentiation in
hippocampal slices. Nature. 346(6280):177-80.

4

Neuro 101F
October 15 - Paper Discussion - Post-synaptic long-term potentiation
Liao D, Hessler NA, Malinow R (1995) Activation of postsynaptically silent synapses during pairing-induced LTP in CA1
region of hippocampal slice. Nature. 375(6530):400-4.
Kauer JA, Malenka RC, Nicoll RA (1988) A persistent postsynaptic modification mediates long-term potentiation in the
hippocampus. Neuron. 1:911–917.
October 22 - No Class
Plastic and Dynamic Processes of the Brain
October 29 - Lecture/Paper Discussion - Synaptogenesis: the integration and modification of new synapses in
preexisting neural circuits.
Tang, YP, Shimizu E, Dube GR, Rampon C, Kerchner GA, Zhuo M, Liu G, Tsien JZ (1999) Genetic enhancement of
learning and memory in mice. Nature. 401:63-69.
November 5 - Paper Discussion - Synaptogenesis: Long-range signaling in synaptic development in dendrites and axons.
Andreae LC, Burrone J (2015) Spontaneous neurotransmitter release shapes dendritic arbors via long-range activation of
NMDA receptors. Cell Rep.
Hua, JY, Smear MC, Baier H, Smith SJ (2005). Regulation of axon growth in vivo by activity-based competition. Nature.
434:1022-1026.
November 12 - Lecture/Paper Discussion - Adult neurogenesis
Sailor KA, Valley MT, Wiechert MT, Riecke H, Sun GJ, Adams W, Dennis JC, Sharafi, S, Ming GL, Song H, Lledo PM.
(2016) Persistent structural plasticity optimizes sensory information processing in the olfactory bulb. Neuron. 91:384-396.
Arruda-Carvalho M, Restivo L, Guskjolen A, Epp JR, Elgersma Y, Josselyn SA, Frankland PW (2014) Conditional
deletion of alpha-CaMKII impairs integration of adult-generated granule cells into dentate gyrus circuits and
hippocampus-dependent learning. J Neurosci 34:11919-11928. - optional
November 19 - Paper Discussion - Engrams and false memories
Reijmers LJ, Perkins BL, Matsuo N, Mayford M. (2007) Localization of a stable neural correlate of associative memory.
Science. 317:1230–1233.
Ramirez S, Liu X, Lin P-A, Suh J, Pignatelli M, Redondo RL, Ryan TJ, Tonegawa S (2013) Creating a false memory in
the hippocampus. Science. 341:387–391.
November 26 - Frontiers for Young Minds Workshop - midterm assignment
December 3 - End of semester meeting - Informal get-together and discussion.
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Spring Semester
Memory Transfer and Inheritance
January 28 - Review/recap of Fall Semester, Neurons in space
Review Article - Hafting T, Fyhn M, Molden S, Moser MB, Moser EI (2005) Microstructure of a spatial map in the
entorhinal cortex. Nature. 436:801-806.
Knierim JJ, McNaughton BL, Poe GR (2000) Three-dimensional spatial selectivity of hippocampal neurons during space
flight. Nat Neurosci. 3:209-210.
February 4 - Artificial memory transfer
Deadwyler SA, Berger TW, Sweatt AJ, Song D, Chan RHM, Opris I, Gerhardt GA, Marmarelis VZ, Hampson RE (2013)
Donor/recipient enhancement of memory in rat hippocampus. Front Syst Neurosci. 7:1–11.
February 11 - Can memories be inherited? Epigenetics as memory transfer.
Dias BG, Ressler KJ (2014) Parental olfactory experience influences behavior and neural structure in subsequent
generations. Nat Neurosci. 17:89-96.
Non-synaptic Plasticity
February 18 - Homeostatic plasticity
Burrone J, O’Byrne M, Murthy VN (2002) Multiple forms of synaptic plasticity triggered by selective suppression of
activity in individual neurons. Nature. 420:414-418.
February 25 - Axon initial segment modification
Grubb MS, Burrone J (2010) Activity-dependent relocation of the axon initial segment fine-tunes neuronal excitability.
Nature. 465:1070-1074.
Ko KW, Rasband MN, Meseguer V, Kramer RH, Golding NL (2016) Serotonin modulates spike probability in the axon
initial segment through HCN channels. Nat Neurosci. 19:826-834.
March 3 - Long-term modulation of electrical synapses
Landisman CE, Connors BW (2005) Long-term modulation of electrical synapses in the mammalian thalamus. Science.
310(5755):1809–1813.
Wang Z, Neely R, Landisman CE (2015). Activation of group I and group II metabotropic glutamate receptors causes LTD
and LTP of electrical synapses in the Rat thalamic reticular nucleus. J Neurosci. 35:7616–7625.
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Sensory Systems and Other Learning Strategies
March 10 - Sensory systems - barrel cortex
Allen CB, Celikel T, Feldman DE (2003) Long-term depression induced by sensory deprivation during cortical map
plasticity in vivo. Nature Neurosci 6:291-299.
Trachtenberg JT, Chen BE, Knott GE, Feng G, Sanes JR, Welker E, Svoboda K (2002) Long-term in vivo imaging of
experience-dependent synaptic plasticity in adult cortex. Nature. 420:788-794.
March 17 - Spring Break - No Class
March 24 - Introduction to smell and taste - No Reading Assignment
March 31 - Sensory systems - taste
Peng Y, Gillis-Smith S, Jin H, Tränker D, Ryba NJ, Zuker CS (2015) Sweet and bitter taste in the brain of awake behaving
animals. Nature 527:512-515
April 1 - Sensory systems - olfaction
Cheetham CE, Park U, Belluscio L (2016) Rapid and continuous activity-dependent plasticity of olfactory sensory input.
Nature communications. 7:10729.
Lepousez G, Nissant A, Bryant AK, Gheusi G, Greer CA, Llledo PM (2014) Olfactory learning promotes input-specific
synaptic plasticity in adult-born neurons. PNAS. 111:13984-13989
April 7 - Semester recap - Learning and Memory Discussion
April 14 - Introduction to grant proposals -sample grant applications and group discussion
April 21 - Grant proposal presentations - No Reading Assignment
April 28 - Grant proposal presentations - No Reading Assignment
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