Experimental Methods in Cell and Molecular Biology

Maine Medical Center Research Institute

Fall semester annually
Course Director/s
Name: Lucy Liaw, Ph.D., Calvin Vary, Ph.D.
E-mail: liawl@mmc.org, varyc@mmc.org
Phone: 207-396-8142, 207-396-8148
Course Information

Credits: 3

Grading Option (select: A-F or S/U): A-F
Required or Elective: elective
Prerequisites: none
Course Contact Hours, Meeting Schedule, and Location

The course meets twice a week for the fall semester (~15 weeks).
Classes take place Monday and Wednesday from 2:00pm-3:50pm at Maine Medical Center Research Institute conference room 5. This course is videoconferenced to participating sites. 
Brief Course Description
Successful biomedical research requires proposing and testing a novel hypothesis, and the ability to apply the scientific method and implement the appropriate scientific methods to address the biological question. This course focuses on common techniques used in cell and molecular biology. By the end of the course, students will be expected to understand principals, assays, methods, and interpretation of data generated using these techniques. This course is designed for first and second year Ph.D. students or M.S. students. The format of this course will be student-led presentations and discussion of weekly topics, including analysis of published data from the literature. In addition, students will complete short problem sets during the semester. There will be a final written assignment to test the students’ mastery of the principles covered during the semester.

Learning Objectives
At the conclusion of the course students should be able to:

1. Understand common experimental molecular and cellular methodologies related to DNA, RNA, and protein analysis
2. Develop and provide a concise presentation related to experimental methodology in these areas
3. Read, understand, and interpret primary data in the scientific literature in these areas
Course Texts and Materials
Course materials will be distributed via a shared website (e.g. Dropbox), and will be provided by the instructors as well as the students.
Assignments and Grading

	Assignments
	Grading Weight

	oral presentations and general participation in class discussion
	30%

	5 problem sets throughout the semester
	35%

	final project
	35%

	Total:
	100%


Penalties for late or incomplete assignments
Acceptance of late assignments will be handled on a case-by-case basis. Students are expected to address planned absences with the instructors beforehand, and unexpected problems as soon as possible.

Course and Assignment Schedule
	Date* 
	Location
	Topic or class title
	Assignments & activities
	Lecturer(s)

	8/28
	videoconf 
	Orientation, Scientific Method and Lab Fundamentals of experimental design
	
	All classes meetings will be with Drs. Lucy Liaw and Cal Vary

	8/30
	videoconf
	DNA methods I (DNA extraction, gels and restriction enzymes and mapping, Southern blots, sequencing, next gen)
	prepare presentations
	

	9/4
	
	Labor Day, no classes
	
	

	9/6
	
	DNA methods data analysis
	prepare presentations
	

	9/11
	videoconf
	DNA methods II (Primer design, DNA polymerases, real time quantitative PCR, cDNA methods, nucleotide BLAST)
	prepare presentations
	

	9/13
	videoconf
	DNA methods data analysis
	prepare presentations
	

	9/18
	videoconf 
	DNA methods III (Bacterial transformation and plasmid purification, vectors for recombinant protein production, vectors for eukaryotic gene expression, viral expression vectors, DNA cloning
	prepare presentations
	

	9/20
	videoconf
	DNA methods data analysis
	prepare presentations
	

	9/25
	videoconf
	RNA methods (Total RNA extraction, polyA RNA purification, Northern blot analysis)


	prepare presentations, problem set 3 this week
	

	9/27
	videoconf
	RNA methods data analysis
	prepare presentations
	

	10/2
	videoconf
	RNA methods II (siRNA, shRNA, microRNAs)
	prepare presentations
	

	10/4
	videoconf 
	RNA methods data analysis
	prepare presentations
	

	10/9
	
	Columbus Day – no classes
	
	

	10/11
	videoconf
	Gene regulation and expression methods (RNase protection assay, promoter reporter assay, gene chip microarray, RNA-seq)
	prepare presentations
	

	10/11
	videoconf
	Gene regulation methods data analysis
	prepare presentations
	

	10/16
	videoconf
	Cell cycle analysis (flow cytometry, measurement of DNA synthesis, senescence, and apoptosis)
	prepare presentations
	

	10/18
	videoconf
	Cell cycle data analysis
	prepare presentations
	

	10/23
	videoconf 
	Protein methods I (Protein extraction, SDS-PAGE, antibodies, western blotting, immunoprecipitation)
	prepare presentations
	

	10/25
	videoconf
	Protein methods analysis
	prepare presentations
	

	10/30
	videoconf
	Proteins methods II (translational assays, posttranslational modification, subcellular protein trafficking, secretion)
	prepare presentations, problem set 4 this week
	

	11/1
	videoconf
	Protein methods analysis
	prepare presentations
	

	11/6
	videoconf
	Protein methods III (immunofluorescence/confocal microscopy, mass spec, proteomics)
	prepare presentations
	

	11/8
	videoconf 
	Protein methods analysis
	prepare presentations
	

	11/13
	videoconf
	Cell signaling pathway methods (ligand-receptor interactions, detecting activation of receptors, detecting activation of signaling pathways)
	prepare presentations
	

	11/15
	videoconf
	Cell signaling data analysis
	prepare presentations
	

	11/20
	videoconf
	DNA-protein interaction methods (EMSA, ChIP, DNA reporter assays)
	prepare presentations
	

	11/22
	videoconf
	DNA-protein data analysis
	prepare presentations
	

	11/27
	videoconf
	Tissue culture methods (normal and transformed cell characteristics, tissue culture, gene delivery – lentivirus, adenovirus, retrovirus, and plasmid transfection) Complete problem set 5 this week (12/11)
	prepare presentations
	

	11/29
	videoconf
	Cell culture data analysis
	prepare presentations, problem set 5 this week
	

	12/4
	videoconf
	Mouse genetic models overview
	prepare presentations
	

	12/6
	videoconf
	Mouse genetic models data analysis
	prepare presentations
	

	12/11
	videoconf 
	FINALS WEEK
	complete final project
	


This schedule is subject to modifications at the discretion of the course director.
Problem Set 1

1. How do you make a 1M solution of ethyl alcohol in water? 20 points
2. What is the molarity of alcohol in Geary’s Hampshire Ale (7% alcohol v/v) 20 points


Hint: the density of ethyl alcohol is…0.789 g/ml

3. Why was it a bad idea for graduate students to spike the professors’ coffee pot with acrylamide?

http://news.sciencemag.org/sciencenow/1997/12/02-01.html  20 points
4. How would you make 250 ml of a 10% sodium chloride solution? What is the chief assumption you are making to do this?  15 points
5. What is the concentration of pure 2-mercaptoethanol? 15 points
6. What is an MSDS, what is it for, and where can they found? 10 points

100 points total
Problem Set 2

1. You would like to resolve by agarose gel electrophoresis a mixture of DNA PCR products ranging from 100bp-650bp. 20 points

a. What percentage gel will you choose and why?


b. What is the recipe for a 100ml gel?


c. What safety precautions will you take as you visualize your DNA with ethidium bromide?

2. You would like to resolve by agarose gel electrophoresis genomic DNA fragments ranging from 8-10kb.  20 points

a. What percentage gel will you choose and why?


b. What is the recipe for a 100ml gel?

3. Here is a map for a typical DNA expression vector:
[image: image1.png]pecDNA3.1 (+/-)
5428/5427 bp

Comments for pcDNA3.1 (+)
5428 nucleotides

CMV promoter: bases 232-819
T7 promoter/priming site: bases 863-882
Muliple cloning site: bases 895-1010
'peDNA3.1/BGH reverse priming site: bases 1022-1039
BGH polyadenylation sequence: bases 1028-1252
1 origin: bases 1298-1726
'SV40 early promoter and origin: bases 1731-2074.
Neomycin resistance gene (ORF) 2136-2030
V40 early polyadenylation signal: bases 3104-3234
pUC origin: bases 36 17-4287 (complementary strand)
Ampicillin resistance gene (ble): bases 4432-5428 (complementary strand)

ORF: bases 44325292 (complementary strand)

Ribosome binding ste: bases 5300-5304 (complementary strand)

bla promoter (P3): bases 5327-5333 (complementary strand)





a.  You bought this vector from Invitrogen and will transform competent bacteria to grow up a stock of the plasmid.  After bacterial transformation, what will you use to select for bacteria harboring the plasmid? 20 points

b.  Now that you have the purified plasmid, you want to linearize the plasmid and run it on an agarose gel to verify the size. Which restriction enzyme could you use to linearize the plasmid? 20 points

c.  You have cloned an insert into this vector and would like to make stable transfectants in your human immortalized fibroblast cell line.  After transfection with this plasmid, what will you use to select for stable transfectants in the fibroblast culture? 20 points
Problem set 3

1. You are designing a new RT-PCR assay. Here is your gene of interest, where the red arrow is the transcriptional start site and the blue boxes are the coding exons. The lengths of the exons and introns are indicated in bp.
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gene

 length (bp)          100    25    50        100           100         75                200

The 450bp mRNA transcript of this gene looks like this:

mRNA

a. Where would you design primers to detect the cDNA from the transcript that will distinguish between the cDNA and the gene? 50
b. Using the primers you have chosen, what is the difference in the size of the amplified product you will generate from the cDNA versus genomic DNA? 50
Problem Set 4

1. You used a peptide immunogen to generate a new mouse monoclonal antibody against a transcription factor that spends most of its time in the nucleus, but can also be retained in the cytoplasm. The first experiment you do is immunofluorescence staining of a cell line that you know produces this transcription factor. The result appears to be very high staining both in the nucleus and cytoplasm. What subsequent experiments will you to do verify specificity and more fully characterize this antibody?

2. You perform the following immunoprecipitation/immunoblot experiment to determine whether the intracellular domain of Notch4 receptor binds to pSMAD1/5, and under what conditions interaction occurs:

Endothelial cells were transduced with adenoviral expression vectors encoding for GFP (Adeno-GFP) or a constitutively active Notch4 intracellular domain construct that contains an HA epitope tag (Adeno-N4ICD). After transduction, the media was changed to complete media and cells were allowed to recover overnight. The next day, cells from each group were treated with equivalent volumes of either HCL control (vehicle for the BMP9), or 5nM BMP9 for 70 minutes. Cells were lysed in cold immunoprecipitation buffer containing fresh protease and phosphatase inhibitors, sonicated briefly on ice, and lysates precleared with non-immune mouse IgG followed by protein A/G bead slurry. The lysates were centrifuged, and supernatant collected. Lysates from each experimental condition were immunoprecipitated with a mouse monoclonal antibody against the HA epitope, following by a protein A/G bead slurry. The mixture was centrifuged, and the supernatant was transferred to another tube. The immunoprecipitated beads were washed in five changes of cold immunoprecipitation buffer. Sample buffer containing SDS and -ME was added to beads and supernatants, and samples were boiled. Samples were subjected to SDS-PAGE, and immunoblotted with the antibodies shown (anti-HA, pSMAD1/5, total SMAD1/5, or -actin). Here are the results:
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a) Do the data support the hypothesis that Notch4ICD binds to pSMAD1/5? Why or why not?
b) Are there any additional controls that would be appropriate to validate this result?
Problem Set 5

1. Why is SDS not used to extract nuclear proteins for use in EMSA?

2. You are studying the role of the transcription factor serum response factor (SRF) in the regulation of epithelial to mesenchymal transition (EMT). You find that the overexpression of SRF increases SNAIL mRNA expression in epithelial cells. There is a putative SRF binding site at -300bp relative to the transcription start site. You decide to test this by first performing luciferase reporter assays. You already have a fragment of the Snail gene from -2.2kb to +100bp.
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Describe your experiments that will support your hypothesis that SRF regulates the Snail gene via the -300bp CCATTAATGG site. 

3. Describe a chromatin immunoprecipitation (ChIP) experiment to show that SRF binds to this site. Remember to describe appropriate controls for this experiment. 

BMS690 Experimental Methods in Cell and Molecular Biology

FINAL PROJECT GUIDELINES

Your final project is a short experimental design that tests a specific, focused hypothesis.  Optional, but highly recommended:  You may submit your hypothesis and aim to Lucy and Cal for feedback prior to turning in your project.  Please limit your assignment to 2-3 pages of text.  Figures and references will not be counted within this page limit.  Suggested areas to cover are:

· a concise background, stating the problem and setting up the model (1-2 paragraphs)

· statement of the hypothesis

· specific aim(s) (1 is sufficient, but you may have 2)

· experimental strategy to test the aim

· description of expected outcomes and potential limitations

· short discussion of alternative approaches

Due Date is Wednesday, December 13, 2017 by noon.  

Note: The description below is taken from the NIH guide to grant applications.  This is only for your reference to give an idea of what important features are typically contained in a one-page specific aims page. PLEASE NOTE, that for your final project, your scope is going to be much smaller.  Instead of a whole project with 2-4 aims, your task is to take one focused question to answer, using a variety of experimental techniques.  The point of reviewing this specific aims page is to show that you need to be very concise, and give you ideas of what considerations to include.  A similar aims or objectives page for your project can be less than 1 page long, and the rest of the description can be focused on your experimental plan. 
******************************

RESEARCH PLAN PART 1: Specific Aims 

Purpose: The purpose of the specific aims is to describe concisely and realistically the goals of the proposed research and summarize the expected outcome(s), including the impact of the proposed research will exert on the research fields involved.  The recommended length of the specific aims is one page. 

Content: The specific aims should cover:

broad, long-term goals; 

the specific objectives and hypotheses to be tested; 

summarize expected outcomes; and 

describe impact on the research field. 

Suggestions: 

1. Generally, the Specific Aims section should begin with a brief narrative describing the long-term goals or objectives of the research and the hypothesis to be tested. This is followed by a numbered list of the Aims. 

2. List succinctly the specific objectives of the research proposed, e.g., to test a stated hypothesis, create a novel design, solve a specific problem, challenge an existing paradigm or clinical practice, address a critical barrier to progress in the field, or develop new technology. 

3. Make sure your specific objectives or hypothesis is clearly stated, testable, and supported by citations and preliminary data. Be sure to explain how the results to be obtained will be used to test the hypothesis. 

4. Be as brief and specific as possible. For clarity, each aim should consist of only one sentence. Use a brief paragraph under each aim if detail is needed. 

5. Don't be overly ambitious. A small, focused project is generally better received than a diffuse, multifaceted project. 

6. Be certain that all aims are related. Have someone read them for clarity and cohesiveness. 

7. Focus on aims where you have good supporting preliminary data and scientific expertise. 

8. Include a brief statement of the overall impact of the research studies. 

********************
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