Instructor’s Name: Matthew Manzi
Course Title: A.P. Biology
Unit: Cells
Topic: Cellular structure and function
Grade Level: 11 and 12
Rationale:

In my experience, high school biology students are usually taught about cells in a top-down fashion. They get a definition of what a cell “is” and then learn about organelle structure and function, as if a cell were a human body. I believe that while this method is probably the most efficient way of delivering a complex subject to the students, the analogy to a body they invariably develop as a result is flawed.
A cell does not function in the same way that a whole animal does; it does not have a brain, and it exists on the molecular level. Its behaviors are the end result of chemical cascades, the interactions of which are enabled by the highly-specific structure of the molecules involved. I feel that an agreeable way to introduce this concept to students is by teaching them about cell-cell adhesion. That cells need to stick to each other for an organism to remain intact should be readily apparent, but how this is achieved on the molecular scale is a more complex topic. To understand this concept requires the student to understand why cellular behaviors are ultimately dependent on the structure of their constituent proteins.
By teaching biology students about cadherins, the major proteins that mediate cell-cell adhesions, I believe that they can develop a more accurate understanding of cellular function as a whole. Since protein interactions underlie nearly all cellular processes, especially adhesion, a useful way to deliver such material is through schematic animation. Recently, I have been exploring the possibility of accomplishing this task by using the physical modeling software, Algodoo.
NJ State Standards: 

5.1.A.1: When making decisions, evaluate conclusions, weigh evidence, and recognize that arguments may not have equal merit.

5.1.B.2: Show that experimental results can lead to new questions and further investigations.

5.5.A.1: Relate the structure of molecules to their function in cellular structure and metabolism.

5.5.A.4: Relate disease in humans and other organisms to infections or intrinsic failures of system.

5.5.C.2: Explain how genetic material can be altered by natural and/or artificial means; mutations and new gene combinations may have positive, negative, or no effect on organisms or species.

5.6.A.6: Know that many biological, chemical and physical phenomena can be explained by changes in the arrangement and motion of atoms and molecules

5.6.B.1: Explain that the rate of reactions among atoms and molecules depends on how often they encounter one another and that the rate is affected by nature of reactants, concentration, pressure, temperature, and the presence of a catalyst.

Instructional Goal(s): 


Upon completion of this unit, students should be able to demonstrate some comprehension of the significance of protein structure to cellular function. Specifically, they should be able to appreciate that the 3-D arrangement proteins must be precisely defined in order for them to function properly. If the student can at least use the cell-adhesion paradigm to exemplify such an understanding, then the lesson is complete. If the student can then extrapolate this knowledge to other cellular processes, then the lesson qualifies as successful.
Performance Objective:


When presented with a simple diagram of a junction between two cells, the student should be able to identify the cadherins, cytoskeletal elements, and some relevant accessory proteins.

When presented with a scenario in which a relevant protein is missing, the student will be able to accurately describe the subsequent effects upon the adhesion system.

When presented with a scenario in which a relevant protein is mutated, the student will be able to conjecture as to the effects upon the system and the cell as a whole.

When confronted with similar scenarios outside the realm of cell adhesion (e.g., DNA transcription), the student will be able to apply his/her understanding to make accurate predictions regarding the ultimate consequences to the cell.
Lesson Content:


What are cell junctions? The general layout of junctions and the cytoskeleton will be presented first.
Why are junctions important? To foster basic appreciation for cell adhesion, its importance will be explored on a macroscopic scale by relating it to the integrity and/or pathology of tissues and organs in humans.
What are the major cell junction constituents? The students will become familiar with a few select proteins that are integral to the basic function of cell junctions. The core elements are E-cadherin, β-catenin, α-catenin, and actin. 

What are the primary functions of these constituents in adhesion? Students will learn what role(s) each element plays in the assembly, maintenance, and disassembly of junctions.

How do these proteins interact with each other? The conditions that permit or deny the interaction of these components with each other will be discussed. For example, E-cadherin requires calcium to be present in order for the catenins to latch on to and link its intracellular side to the cytoskeleton.

What happens when these components are missing or altered? Using cancer as a model, students will learn to appreciate why cells need certain proteins to be present and intact in order for them to work properly, and what the consequences can be when they are not.
Time frame for the Lesson:

Day One:

	Time Frame of Activity 
	Activity to be performed

	5 minutes
	Focusing activity (see below)

	20 minutes
	Lecture: What are cell junctions? (see above)

	10 minutes
	Group activity: Think of some diseases that might involve dysfunction of cell adhesion. Why would dysfunction cause the condition?

	10 minutes
	Class discussion of group activity; focus is on importance of junctions.

	20 minutes
	Algodoo presentation: What are the major constituents? What are their functions?

	5 minutes
	Closure Activity- review of junction significance and makeup.


Day Two:

	Time Frame of Activity 
	Activity to be performed

	5 minutes
	Focusing activity (review- see below)

	15 minutes
	Lecture: How do the junctional elements interact? (see above)

	15 minutes
	Lecture: What happens when the elements are missing or damaged? (see above)

	30 minutes
	Algodoo presentation: How the proteins interact with each other and the skeleton (includes review of functions). What happens to the junction and the cell when they are missing or mutated.

	5 minutes
	Closure Activity- questions?


Instructional procedures:

a. Focusing event –
The first day’s lesson begins by engaging the class with casual discussion and probing questions. Example questions include: How is a cell like a person? How is it not like a person? Does it have senses? How do cells work together? Why do they need to? What are some examples of this? For the second day, the focusing event is simply a very brief review of the previous day’s material, to both refresh the students’ minds as well as to gauge how much they remember and understand.
b. Bridge/ Connections – 
The entire two-day lesson is intended to sharpen or modify the students’ conceptions of cell behavior on the molecular level and function in multicellular organisms like humans, by focusing on intercellular adhesion. As such, it can serve as a bridge into lessons on other organelles, biochemistry, molecular kinetics, organ systems, development, etc.
c. Teaching procedures –

This is designed with A.P. students in mind and can be a bit technical, so some form of traditional lecture is suggested to encourage individual learning. Group discussions can simply be the entire class if it is small enough (I have 9 students in my A.P. class at present). Instructor-centered discussion works well, but one should allow students to ask plenty of questions as they see fit, as the material will be challenging to them. Powerpoint can supplement (preferably sparingly); I find that for immediate purposes it is better suited to help keep the lesson moving in a focused direction. The dynamic nature of the material is better presented using a whiteboard and/or Algodoo, as these add a necessary extra dimension to the delivery, thereby allowing for fuller comprehension of cause and effect. 
Algodoo can be a particularly potent attention-grabber. Personally, I try not to use it too early in the lesson, that way I can use it as a trump card if I feel as though interest or understanding has fallen flat. I also try not to use it too much, or it loses its novelty. When the right middle ground is achieved, its use seems almost as a treat to the class.
d. Formative check – 
When presenting high-level material like this, I often allow and encourage students to interrupt me at any time with questions/thoughts on the subject or related matter, as long as it is within the realm of the lesson. This allows me to gauge and contrast levels of curiosity, which I use to estimate a student’s degree of interest. On occasion I have found that when I present material like this to my A.P. students, the questions can begin to snowball, causing the lesson to move from instructor-directed to student-directed. I encourage this because I feel that it facilitates understanding when on topic, and it also allows me to identify and attempt to include the students who are less-engaged.
On the other hand, the absence of questions indicates that the level of enthusiasm and/or understanding is generally low. This subject can be complex, so a good response is to slow down or go back over part of the lesson to help the students catch up. If all else fails, Algodoo can come to the rescue by bringing in that part of the lesson early.
e. Student participation- 
a. Before and during the lesson, students will be reminded that they are encouraged to ask questions at any time.
b. Students are often asked to come up to the whiteboard to draw diagrams when asking questions. On occasion, students may be asked to try and answer other students’ questions verbally, with the aid of the whiteboard, and/or with Algodoo.
c. If desired, students can be allowed to come up to the computer or SMART board (if available) to clarify certain questions or demonstrate thoughts/ideas via Algodoo.

f. Interdisciplinary connections – 
Outside of biology, the lesson is most closely related to chemistry due to the emphasis on protein structure and function. Physics can be incorporated through demonstrations of the dynamic nature of junction assembly, and how it relates to cell motility and adhesion.
g. Closure- 
On both days, the lesson will be concluded with a brief summary/review of key terms and ideas. The focus will be on the constituents of the junction and their functions. Questions and answers will still be allowed, but will be restricted to the presented material at this time. 

Evaluation Procedure:

Students will be evaluated by written and/or oral examination. This will include some knowledge recall questions based on the lessons, but the emphasis will mainly be on comprehension and application. This will be assessed by presenting the students with similar scenarios or diagrams based within a cell, and asking them to evaluate the consequences when certain parameters of the scheme are altered. In addition, students may be assigned a take-home project or research paper to supplement individual intellectual growth in the subject.
Materials and Aids:

Algodoo will be used for demonstration purposes, with a SMART board (if available). A powerpoint may be used, but is not necessary to the lesson. A presentation medium upon which drawings can be rendered is required; a whiteboard is preferable, but a blackboard can be used if none is available. The students will need their notebooks and textbooks, if necessary.
