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The lab and lecture components of this course are not separate entities thrown together to burden the poor biology major. The labs were designed so that you would be able to ‘see’ some of the concepts we talk about in class and propose and test hypotheses resulting in novel data. The methods that you will be using are common ones used in cell, molecular, and biochemistry research labs. The projects in lab are divided into 3 units.

During the first unit preparing for lab includes reading the lab manual, other readings (listed in the lab manual). The second unit is independently run group projects. Preparing for this will require coordinating schedules, compiling (and reading) outside material and designing and completing experiments, analyzing data and using that analysis to design the next experiment.

Unit 1: How do cells communicate? How do molecules within cells coordinate functions? To examine this we will study characterize signal transduction within and between S. cerevisiae. Because of their small size, short generation time and ease of genetic manipulation brewer's yeast is a great organism for the study of cell signaling. Information from yeast is applicable to higher organisms and therefore can provide a model for understanding mechanisms that result in cancer and apoptosis. Yeast are single-celled and have no appendages to allow movement. You will design experiments to determine how wildtype (normal) yeast 'know' a mating partner is present and to investigate morphological and sub-cellular changes that occur during the mating process. Experiments will conclude with each member of the group preparing a different protocol using the format seen in a ‘Material and Methods’ section of an article in the journal Cell. You will then use adaptations of these protocols when you analyze the reproduction problem in the mutants you receive in unit 2.
How do scientists communicate? What would you do if the number of people who would pass this course was set at 2 (5% of the class)?  A 5% 'passing' rate is now common for sources of research money so just finding funds for your research project can be a full-time job. What do research labs use all that money for anyway? One major source of funding is government agencies. How do these agencies work? How do they decide which 5 grants will be funded (for every 95 that aren't)? We will discuss these sorts of money topics and I will outline the kinds of education and training needed to continue in academic and industrial research. The discussion will conclude with an opinion paper in which you decide the fate of 5 research projects.

Unit 2: Determining the role of mutations.  Or ‘what went wrong?’ Now that you know how to work with wildtype yeast its time to apply your knowledge. I have a collection of yeast strains that can’t matte. These are novel mutations that need to be characterized (novel = brand new--ie. I don't know what's wrong with them). Your group will be given 2 mutants and will modify the experiments from Unit 1 to characterize the part(s) of cellular communication have been disrupted in your strains. These strains are part of an ongoing research project. Your data will be added to past work and will lead to a better understanding of cellular interactions. You will conclude this section by handing in individual lab papers and by presenting a group presentation of your work.

Expectations: You will come to lab prepared having already read the lab manual, and designed your experiments (where appropriate). In this lab manual, you will keep a notebook. Since you will use the techniques learned in Unit 1 to form and test your hypotheses in Unit 2 it’s a good idea to make sure that you take notes and really understand the procedures. Your notebooks are the only record of your work so it’s in your best interest to record all that you do the data that results AND your analysis of that data and notes about what you might do differently the next time.

The world's most wonderful data is useless if the scientist can not communicate. To ensure that your data is not lost you will each prepare a final lab article in the style of a journal article in Cell.

Science does not work in a vacuum. You will work in groups. Discussion between groups and lab sections is encouraged. You will be evaluated, as a group, on the basis of your preparation, trouble shooting and data analysis during the semester. You will also be evaluated on an individual basis based on your participation and preparedness throughout the semester and your performance on the Moodle quizzes, Materials and Methods, Opinion Paper and CV written assignments. (See syllabus for more information)

Safety All of the lab sessions are informal but please dress appropriately --both ties and really long baggy sweatshirts can fall in your sterile culture and contaminate it or be lit on fire. No eating or drinking is allowed in the labs.  Lab equipment, chemicals and food generally don’t make a safe mix. This rule applies all semester, including during your independent projects.

In addition—a few years ago the fact that a group went to the White House wearing flipflops caused a stink. Wearing open-toed shoes to lab will get you a trip back to your dorm to get appropriate footwear. Open toed footwear may be considered stylish but it is not safe when working with glass and flames. You may keep ‘lab shoes’ in your lab bench if you choose.


Unit 1 (week 1)					Introduction, Blackboard
Blackboard Assignment due by Friday before 5pm.

1) Moodle Survey:

Moodle is the new ‘online portal system’ (the new ‘Blackboard’)  that came to Davidson’s campus in 2011. It has many capabilities one of which is online assessments. You will be completing one quiz each week during the first unit of the lab and periodic surveys.

The quizzes and surveys are available in separate sections on Moodle—remember that they are due on TUESDAYS before either lab section meets. 

The purpose of the lab quizzes is to make sure you have read the material for the current week and that you have processed the results from the previous week. Because the goal is that each of you understands what is happening—you must complete the quiz alone, but you may use the readings and your notes and you may take each quiz up to 3 times. (No reason to not do well!). 

The purpose of the surveys is to provide me with anonymous feedback throughout the semester so that I can evaluate the effectiveness of different laboratory components. They are anonymous—Moodle will only tell me if you have completed the assignment. 

2)  Introduction to Unit 1 
      Laboratory Usage agreement, Safety Instruction, Keeping a lab notebook, Sterile technique, Prepare stock plates. 

From this session on labs will focus on examining and characterizing components of the yeast Saccharomyces cerevisiae. This type of yeast is used, among other things, to brew beer. These labs are not interested in fermentation but rather in how the yeast mate. More specifically, the inter- and intracellular signaling that leads to the mating response. This is the scientific way of saying--how do the yeast communicate with each other and, once they get a message, how do they react to it.

In order to study these events we will need to use a series of techniques that allow us to 'see' what is happening in this microscopic organism. In the first half of the semester you will learn the techniques in a controlled setting. All groups will use the same strains and perform similar experiments on the same days. The experiments will be similar, but probably not identical, because you will design much of their setup. In the second half of the semester you will apply these techniques to yeast strains that contain mutations that block the mating response (in other words these yeast are celibate--they don't mate). I have isolated the mutant strains but have no way of telling exactly what happened. Your lab group (of 4) will characterize two mutant yeast strains to try to determine, or at least narrow down, what went wrong. 

One of the most helpful things you will use in the laboratory is your notebook because 	
A) you will be using the same techniques more than once and your notebook will contain notes describing what you actually did (compared with what the protocol said to do). 
B) it will contain the details of what happened. Often the small observation written in the margin becomes very important when trying to fit everything together. For this reason it is best to keep all of your lab notes in one place and NOT to recopy them
C) it will contain the information on which you will base your final article. Without an accurate account of your data your talk would be just a cook book list of the techniques everyone else already knows about.

The specific form and format of your notebook is up to you. I recommend using the backs of the pages in this manual so that there is continuity between experiments that occur on different days.  You should include the question you are addressing, your reasoning for why the experiment will address that question, what you did (not what you meant to do—what actually happened), observations (data), and conclusions—what ‘answers’ did your experiment provide? If it did not provide any answers, why? Does it point in a direction? Could it be modified to provide more information?

Other recommendations include how you record your data. If an experiment requires observations using a microscope-- make sure you scan the entire coverslip so that what you see is a true representation of what the yeast look like, then sketch a picture to remind yourself or capture an image (CCD camera scopes will be available). Your mind will have a tendency to remember only the 'weird' things you saw. General trends are more important--what did most of the yeast look like? How much is most (50% or 90%?)? Is your sample size large enough to make those generalizations? Write this sort of information down so that you will remember it. 

If the experiment results in a picture or a blot -- make sure you include it in you notebook and label what it is, (what is in each of those spots) and what it shows (what does fluorescence mean? Are the controls acting as predicted?). 



3)  Laboratory Safety and Basic Techniques. 

In this lab session we'll review safety precautions and basic methods in microscopy, pipetting and sterile technique.

Lab Safety:  Labs work best if they are open relaxed settings but relaxed does not mean sloppy.  No food or drink is allowed in the lab and appropriate clothing should be worn. At times we will be working with alcohol burners (open flame), caustic chemicals, toxins, high voltage, glass, and UV light. All of these things are safe if you plan ahead, prepare properly and use common sense. Accidents are more likely to occur if you are disorganized. 

Know where safety equipment is located, including the first aid kit, emergency shower, eye wash, fire extinguisher, fire blanket and emergency phone.

Pipetting:  Pipetting refers to moving liquids using a small tube (a 'pipe-ette'). We will be using a number of pipetting techniques including the unmeasured moving of liquids by a transfer pipet (basically a plastic eye dropped) and the very accurate measurement of microliter amounts of enzyme with a ‘pipetman’. Pipetmen are very accurate if used correctly. They are also carefully calibrated and will break if used improperly.

Each pipetman is labeled on the top. A p20 measures between 2ul and 20ul accurately. A p200 measures between 20ul and 200ul accurately. And a p1000 measures between 200ul and 1000ul accurately. In order to pickup liquid the pipetman must have a plastic tip (either yellow or blue). Use of a pipetman without a tip will draw liquid into the shaft and contaminate the instrument.  Make sure you know how to set and use each pipettor. 


The p20 measures to the nearest 1/10th ul. On the p20 there is a line between the top 2 numbers and the bottom number. The top numbers are the whole ul amount while the number below the line is the fractional amount.  This means a measurement of 15ul would look like A while a measurement of 1.2ul would look like B.
		A	1			B	0
5		1
0				2

The p200 and p1000 measure to the nearest ul.   98ul would look like C on a p200 (and is too small to be accurately measured on a p1000).  875ul would look like D on a p1000.
		C	0			D	8
9           			7
8				5
p200	= 98ul		p1000 = 875ul	



Three NEVERs 	
1--Never ‘crank’ the pipetman above its ‘name’ amount (the number on the top). It can’t measure any more than that and it will break the pipettor.
2--Never use a pipetman to measure less than 1/10 of its 'name amount'. It's not accurate.
3--Never use a pipetman without a yellow or blue tip. Liquid in the shaft is a major source of contamination and it doesn't work.

For practice setting a pipetman http://www.fhcrc.org/education/hs/hutchlab/lessons/practice.html
http://www.fhcrc.org/education/hs/hutchlab/lessons/use.html


Microscopy: You will be using light microscopy. The following site is a brief tutorial on how to use a microscope: http://www.bio.davidson.edu/courses/Bio111/Bio111LabMan/ILI/scopes.html
We have digital cameras that attach to the microscopes so that you can record images of your data. 
Please remember that a microscope is only as good as its optics. Treat them with respect. (If you don't know what optics are--be sure to review the tutorial!)
Microscope nevers
--Never carry by only back ‘arm’. Support with two hands
--Never use anything but lens paper on a microscope. Optics range in cost from $1000-$4000 per objective and anything other than lens paper could scratch them.
--Never use them if you do not know how.  Ask, you are here to learn.

Sterile Technique: You will be using many yeast strains throughout this course. In order to maintain a pure culture you must be very careful not to contaminate your stocks. Once mold or bacteria get in there you’ve got big problems. Plates or test tubes must always be covered and nothing can touch the inside that has not been autoclaved (sterilized). This is another area where planning an organization will make your life much easier.

Preparing Stock Materials: During the course of this lab you will be using four different types of yeast growth media in two different forms. You will begin practicing your sterile techniques by preparing some of these stock materials today. 

Traditionally growth media comes in two forms: liquid and solid. The liquid form contains specifically defined components and is autoclaved to ensure that the only living organisms in the cultures are the yeast that you add. The solid form is just like the liquid form except that agar has been added. Agar is a derivative of seaweed that causes the media to gel. In liquid media all the cells grow and mix throughout the culture. By growing yeast on the solid media you can separate the cells.  Each growth medium has its pluses and minuses and we will discuss what use when (and why).




Things to do now: 
	1) Prepare petri plates containing solid media
Remember: These are the plates that you will use this semester. If they have mold or bacterial contamination they will be of little use (and you will have to pour them again before you can complete whatever you were intending to do.)

	2) Read the second lab and brainstorm with your lab group. As you look over the lab you will notice that you must design the experiment. The more thinking and planning you do between now and the next lab session the more smoothly (and quickly) the experiment will proceed.

[bookmark: _GoBack]REMEMBER: During your group projects you will be applying the very same techniques that you learn in the next 5 weeks. The better you understand them now—the more smoothly (and quickly) your projects will progress. Ask question. Think about experimental setup. Think about how you could apply these same techniques to characterize a mating mutant strain. Take good notes. During crunch time of the semester—you will be glad you did.
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