Bio352 Group investigation in Immunology and Genetics
Immunology is a relatively young and quite exciting sub-discipline of Biology which studies the development, maturation, function and maintenance of the various cells types of the immune system in health and disease. As in the other disciplines that study body systems, to be successful at the study of immunology a fundamental understanding of genetics, cell biology, and physiology is necessary. Such background allows the immunologist to move from molecular scale to organismal scale and back when trying to answer a question of interest. Which bring us to our broad question of interest – how do CD4 helper T cells develop and maintain a healthy, steady population in the blood and peripheral organs?
If you are asking yourselves “why CD4 helper T cells?”, then you have the right mindset and a healthy dose of curiosity needed for this group investigation class. The CD4 helper T cells are the coordinators of the immune response, as demonstrated by AIDS patients. In these patients the CD4 cells are destroyed by HIV, and these individuals no longer can mount an immune response to other pathogens, although they still possess all other cells of the immune system. At the same time little is known about CD4 helper cell homeostasis, other than usually the ratio of CD4 helper to CD8 killer T cells is bigger than 1. In other words there are more CD4 than CD8 cells in the blood and secondary lymphoid organs of most mammals. Which brings us to our project for the semester – explore the genetic basis for an inverted CD4/CD8 ratio in B10.A mice. 

Project description

Andrew Johnson’08 and Brady Evans’08 discovered a mouse in our colony that had a lot fewer CD4 cells than CD8 cells in the lymph nodes (CD4/CD8=0.7). It turned out that this was a common problem for our congenic B10.A mice and it correlated with age (the older the mouse, the bigger the problem) and sex (female mice experienced the problem earlier and more severely). This semester we will try to understand the underlying genetic basis for this phenotype by performing crosses of the B10.A mice to both the donor (A/J) and the recipient (C57BL/10J) parent strains and compare the offspring to the AB10F1 mice (if confused, see mouse nomenclature tutorial, assigned for week 1). This experimental set up should be sufficient to rule in or out the involvement of the MHC locus as a cause for the phenotype, which will be determined by flow cytometry analysis of peripheral blood lymphocytes over time. As this part of the project is dependent on the productivity of our colony, the age of the mice, and access to a flow cytometer, there will be several other avenues of inquiry for you to explore. Regardless of whether the MHC locus is the cause of the phenotype, we need to understand what exactly happens to the disappearing CD4 cells. 

· Are they produced in enough numbers in the thymus? 

· Do they leave the thymus or could they be stuck there? 

· Do they die faster? 

· Do they proliferate slower? 

· Are they relatively insensitive to stimulatory signals through their TCR (which could result in slower proliferation), or through cytokine receptors such as IL7R or IL2R (which could lead to lower survival)? 

· Which type of CD4 cell is left in the B10.A mouse - naïve, effector, memory, or regulatory cells? Or are they all present in diminished numbers? 

This is an ongoing research project and we are unlikely to figure out the answers to all of these questions in one semester. Your task will be to search the existing literature and databases and familiarize yourselves with what is know on the topic of CD4 cell homeostasis and then develop a focused research project to tackle some aspect of the above questions. In the course of this research you will gain experience in identification and critical reading of scientific literature, experimental design, execution and troubleshooting, data collection and analysis, and scientific writing. Experimental procedures will include: mouse husbandry, harvesting and processing of lymphoid organs, tissue culture, cell purification by magnetic beads, cell proliferation assay, apoptosis/survival assay, and protein or nucleic acid isolation and detection as needed.

Required books:

At the Bench: A Laboratory Navigator by Kathy Barker, Cold Spring Harbor Laboratory Press; 2nd edition (January 1, 2005)

Short Guide to Writing about Biology, A (7th Edition) by Jan A. Pechenik, (the old edition is fine if you already have it)

Recommended books (choose one after looking at the actual texts in the Bio Center):

Immunobiology, Janeway, 7th edition

Immunology, Kuby, 6th edition

Cellular and Molecular Immunology, Abbas, 6th edition

Immunology, Roitt, 7th edition

Reference Book (found in Bio Center):

Fundamental Immunology, William Paul, 6th edition (see me for online access)

Expectations:

     I expect that you are dedicated and excited about this research opportunity and this research area. If you are not—don’t sign up.

As part of the Group Investigation you will:
· Dedicate at least 10- 12hr every week to your research project. You will take primary responsibility for conducting research and do so with professional attitudes and time commitments. This is a lab course and I expect a minimum of 6 hours of productive lab work per week. It is more realistic to expect to spend an average of 8-12 hours per week working and thinking about your project.
· Use all scientific equipment and facilities conscientiously, obeying all safety regulations, reporting problems with equipment, maintaining supplies and cleaning lab and glassware.

· Keep a detailed notebook that records your activities. Notebook entries will include the date, ‘question’, plan/approach, and detailed notes describing what was actually done, side observations or notes about equipment, the data that were collected, where that data is stored (and backed up), analysis of the data and conclusions drawn. For details see “At the bench”. 
· Be proactive in making sure that your understanding extends beyond the mechanics of the protocols and includes the focus of the research project and how it fits and adds to the scientific field. To facilitate communication in that respect, students will submit by email each week answers to the following  questions

1. How have you spent your time?
2. Show me a piece of data (can be in person, rather than by email)
3. What do you know?

4. What don’t you know?

5. How can you find out what you don’t know?

6. What are your frustrations?
Group Meetings: (Friday 1:30- 4:20) 

During the first hour of this meeting each person will

a) Present a summary of their data from the previous week and plans for the 
current week. The group will help troubleshoot, provide feedback  

b) Turn in an annotation of a paper relevant to your research. These will become part of your annotated bibliography. A copy of the paper should be emailed to me beforehand and one will be picked for detailed discussion (journal club). As we start collecting more data, we will spend more time on part a). A complete annotated bibliography will be due October 16th. No more journal club after that.
The rest of the group meeting time will be used for learning experimentation techniques and actual experiments

THE FIRST DAY OF CLASSES we will MEET to DISCUSS PROPOSAL DRAFTS and T CELL HOMEOSTASIS BACKGROUND PAPER
Individual research: In addition to Fridays, you will schedule another 3hr weekday block of time when you will be in lab. Additional research hours are needed and will be determined according to the needs of your proposed experiments.

Assignments: 

1) Consistent effort in laboratory research, in class discussion/participation, and journal club discussions
2) Weekly meetings—Friday 1:30-4:30 (in Dana220), individual 3hr research block 
1 and 2 worth 25%of your grade
3) T cell homeostasis and maintenance of the CD4/CD8 ratio background paper due Friday September 4th worth 10% of your grade 
This should be a summary of the basics of T cell development, exit from the thymus and factors that influence the survival and proliferation of T cells in the periphery. For all of these things I do mean the basics— upper level textbooks, reputable websites (CDC, EPA— not wikipedia, though you may want to find some of the articles cited there), review articles rather than the nitty-gritty of research articles and analyzing blots or microscopy. It is very important that you have a broad understanding of the research area and its importance before you dive in to particular sub-areas. Once you have a handle on this then you can move on to defining a question of interest to you— within constraints of the lab and equipment, of course.
4) Research Proposal—Due Friday September 11. You will develop (with guidance) a research project proposal at the beginning of the semester that will provide initiative, outline an experimental strategy, and serve as a request for funding of consumable supplies from the biology department budget (and possibly outside sources). The written proposal (including preliminary reading list) is due no later than the Friday of the second week of classes. Worth 15% of your grade 
This proposal is a  ~5pg (1.5space) description of your research project. It should include an introduction to the area of research and its  importance and your specific area within it (and its relevance) and describe your research goals for the semester. It should have a projected timeline and a budget. I will help you revise the budget before we submit the proposal for departmental support.

5) Annotated Bibliography—Due in an accessible Refworks folder October 16th, worth 15% of your grade
A bibliography containing brief descriptions of the journal articles, their findings and how this research connects with your project. It should contain at least 15 articles that are pertinent to your research focus, using the Current Opinion in Immunology, or Nature Reviews Immunology citation style. There should be at lest two-three sentences of annotation. I strongly suggest that you maintain a bibliography in Refworks (available through library homepage)
6) Final Article--- expands upon your initial proposal and includes your results. You will produce a manuscript (with active feedback from me and your peers) that can be published in part or whole by a peer reviewed research journal. Publishable manuscripts require many drafts, reviews, and revisions. I expect that, if necessary, students will continue to participate in the publication process after the semester ends. Worth 25% of your grade


Experimental Procedures Draft Due    11/6/09) 


Results Figures due       11/17/09 (data collection stops by 11/13)


Introduction Draft due       11/20/09 

 
Final article submitted for editorial comments   11/30/09
 
Final version due       12/10/09 

7) Protocols—Protocols are more detailed than Exp. Procedures sections. You will prepare formal copies of all protocols/ set ups that you develop. Turn in a hard copy to be included in the lab protocol notebook. Electronic Copy saved on Louise/Public/Biology/Sarafova, folder TBA
8) Laboratory Notebook—Due December 11th before 5pm 

7 and 8 worth 10% of your grade
SCHEDULE
Week 1
During the week

1. Understanding the mice we will be working with is essential to the success of this project. Therefore it is important to familiarize yourselves with the nomenclature and the origin of our strains. To that end we will be using the Jackson Labs webpage http://jax.org as a major resource. BEFORE OUR FIRST OFFICIAL MEETING familiarize yourselves with the site. Specifically make sure to visit and book mark the following pages 
Mouse Genome Informatics (MGI)  

Mouse Phenome Database 
AND complete the nomenclature tutorial http://jaxmice.jax.org/support/nomenclature/tutorial.html
2. If you have not taken immunology before, go to the Bio Center (second floor of Dana, between Dr. Campbell’s and Dr. Hales’ labs) and read in one or more of the textbooks “on reserve” there about the MHC locus in mice, as it will play a central role in our investigation. I expect you to know the nomenclature of the locus. The chapter on T cells will be also very useful.

3. Do the paper deconstruction exercise on the assigned paper, both found on Blackboard and turn it in on Friday. If there are unknown techniques, you can look them up in the last chapter of Janeway, or Kuby textbooks. We will have a full discussion of the paper on Friday. To prepare yourselves for the discussion make sure you can address the questions in the “paper discussion guidelines” found on Blackboard. 

4. Start researching the Background paper due Sept. 4th. You will find a review paper on Blackboard, which may be very helpful in this endeavor, as well as in understanding the assigned paper. This is an individual assignment.

5. Email me the answer to the 6 questions. Obviously, there will be no data to show.

During Friday meeting

1. We will arrange for a trip to the library to get acquainted with Refworks, which you will use for your annotated bibliography (may not be during class time, depending on the librarians’ schedules).

2.  We will discuss the assigned paper and any questions you may have about the background paper, and research proposal

3. We will perform mouse dissection to harvest lymphoid organs, process them to get lymphocytes in single cell suspension, practice cell counting and sterile tissue culture technique. All of these techniques you will apply during week 2 in an experiment we will design together.

Week 2

During the week

1. Cell survival experiment. Each student will work on their own mouse. Possible starting days - Saturday or Sunday (if you want time for data analysis) or Monday (if Thursday night will be enough).

· Organ harvesting, processing, counting and placement in tissue culture = day 0 (thymus and lymph nodes)

· Counting cells every 24 hours for 3 days in triplicate = days 1,2,3

· Make a figure with your individual data, and with the entire class data (appropriate use of error bars will be different in the two cases, check Bio111 Study Guide or your biostats notes, if needed). You can plot cell survival or cell death over time.

2. Finish background paper, due on Friday.

3. Work on draft of proposal, due for comments on Friday. You may work in groups if you have a common question and want to try different approaches, or you can work as individuals, but that may mean a heavy workload on some days. You will need to make a decision by the end of the week.

4. Annotate at least one paper. You will need to do more than that each week if you are to reach 15 by the time the bibliography is due. Don’t forget to email me one, so I can pick something for discussion.

5. Email me the answer to the 6 questions.

During Friday meeting

1. Data discussion, and plan next week’s experiment.

2. Paper discussion (one of the five you turn in)

3. Intro to flow cytometry – we will stain some cells with fluorescent antibodies and acquire data on the flow cytometer.

IF YOU HAVE A LAPTOP THAT IS NOT A MAC, BRING IT TO CLASS, SO YOU CAN DOWNLOAD THE SOFTWARE FOR ANALYSIS.

Week 3

During the week

1. Repeat last week’s experiment, except this time in addition to counting, stain the cells for CD4 and CD8 and run your samples on the flow cytometer. Coordinate, so that you can run all the samples at one time. This way you will need only one set of set up tubes for the machine. Report the survival data overall and for each cell type. Work in groups of two or three.

· Organ harvesting, processing, counting and placement in tissue culture (thymus and lymph nodes)

· Count cells every 24 hours for 3 days in triplicate

· Stain the cells every day for CD4 and CD8, including day 0.

· Analyze flow data for the % CD4 and %CD8 cell for lymph node (LN) and % CD4, %CD8, and %DP (CD4+ CD8+ double positive) cells, then calculate the absolute number of these cells for each day

· Make a figure with your group data, and with the entire class data. You can plot cell survival or cell death over time.

2. Finish research proposal, due on Friday.

3. Annotate at least one paper. You will need to do more than that each week if you are to reach 15 by the time the bibliography is due. Don’t forget to email me one, so I can pick something for discussion.

4. Email me the answer to the 6 questions.

During Friday meeting

1. Data discussion, and plan next week’s experiment.

2. Paper discussion (one of the five you turn in)

3. Project presentations (10min max)

3. RNA isolation and primer design for RT-PCR (especially useful for those of you who may want to look at changes of expression of interleukin receptors, pro-survival factors, or signaling molecules under different conditions).

Week 4

During the week

1. Repeat last week’s experiment, except this time in addition to counting and stain the cells for CD4 and CD8, you will also stimulate the T cells via their TCR. Coordinate, so that you can run all the samples at one time. This way you will need only one set of set up tubes for the machine. Report the survival data overall and for each cell type. Work in groups of two or three.

· Organ harvesting, processing, counting and placement in tissue culture in the presence or absence of stimulation (lymph nodes and spleen, if needed). There are two choices for stimulation – Concanavalin A, or anti-TCRbeta. Choose only one for your experiment.

· Count cells every 24 hours for 3 days in triplicate

· Stain the cells every day for CD4 and CD8, including day 0.

· Analyze flow data for the % CD4 and %CD8 cell for lymph node (LN) and % CD4, %CD8, and %DP (CD4+ CD8+ double positive) cells, then calculate the absolute number of these cells for each day and treatment.

· Make a figure with your group data, and with the entire class data. You can plot cell survival or cell death over time.

2. Annotate at least one paper. You will need to do more than that each week if you are to reach 15 by the time the bibliography is due. Don’t forget to email me one, so I can pick something for discussion.

3. Start organizing your experiment schedule, signing up for equipment, locating and preparing reagents, preparing detailed protocols, etc. A little bit of organization can go a long way in saving you time and effort during the week.

4. Email me the answer to the 6 questions.

During Friday meeting

1. Data discussion

2. Paper discussion (one of the five you turn in)

3. PBL (peripheral blood lymphocytes) screen of the mice 

4. Preparation for the start of projects next week.

Weeks 5-12
During the week

1. Individual and group projects in progress

2. Email me the answer to the 6 questions.

3. Until week 8, keep annotating papers, finished annotated bibliography is due October 16

During Friday meeting

1. Data discussion and troubleshooting

2. Paper discussion (one of the five you turn in), stops after October 16

3. PBL (peripheral blood lymphocytes) screen of the mice 

4. Run through/help with any technique you may need demonstrated

Weeks 12-15
During the week

1. Data analysis, drafting and re-drafting the final paper

2. Finalizing protocols and lab notebooks (Due December 4th)

3. Preparing 20 minute oral presentation for last meeting

4. Email me the answer to the 6 questions.

During Friday meeting

1. Discussion of paper and presentation drafts

2. December 4th oral presentations in front of Biology department.
