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[Living Cells]
Summary: 
This lesson covers cells and is meant to teach students the differences between eukaryotic cells and prokaryotic cells and to distinguish between animal cells and plant cells. Students will learn about the features of cells’ contents: cytoplasm (cytosol, organelles, and cytoskeleton) and the functions of the organelles and be able to identify organelles from animal and plant cells. Also covered is the cell theory, central dogma of biology, and endosymbiotic theory. This activity includes online quizzes, a coloring and labeling sheet; interactive online exploration of animal and plant cells, and some example cell models students can make themselves. 

Keywords: cells, eukaryotic, prokaryotic, organelles, endosymbiosis, cell theory, animal cell, plant cell, plasma membrane, golgi apparatus, endoplasmic reticulum, nucleus, 
Subject TEKS: 

· Science: 6.12 A: understand that all organisms are composed of one or more cells
· Science: 6.12 B: recognize that the presence of a nucleus determines whether a cell is prokaryotic or eukaryotic
Grade Level: 8th 
Learning Objectives: 

· The learner will understand that cells are microscopic and make up all living things 

· The learner will be able to list the differences between eukaryotic and prokaryotic cells and identify the two visually 
· The learner will know the endosymbiotic theory, cell theory, and the seven functions of life

· The learner will be able to identify the different organelles within eukaryotic animal cells and plant cells as well as explain each organelle’s function within the cell
· The learner will be able to differentiate between animals cells and plant cells visually
· The learner will understand that cells make up tissues and tissues make up organs
Time Required: 1-2 hrs. 

Materials: 

· Projector for PowerPoint presentation
· Computer lab with internet access for online activities and quizzes
· Coloring pencils for coloring and labeling sheet

· Crafting materials (optional lesson extension)
Background and Concepts for Teachers: 

Cells are the smallest unit of life. Cells make up all organisms. Organisms can be single celled like bacteria or multicellular like people. We cannot see cells with our unaided eyes we need microscopes because cells are incredibly small. Even though some organisms seem larger than others like an elephant versus an ant, they are both made up of cells [Do elephants have larger cells than ants? No, they just have more cells.] Eggs are one of the largest cells. The first description of cells was done by an English scientist in 1665 named Robert Hooke. He thought they looked like the rooms that monks lived in which were called cellula (the Latin word for small room) and today we call them cells. 
The Cell Theory is what scientists believe about cells. 1. All living things are made up of cells. 2. All cells must come from preexisting cells (or else life would randomly be popping up everywhere, for instance children’s cells originally came from their parents’ cells, children do not just magically appear). 3. The cell is the smallest living thing that can perform all the functions of life. If an organism does not perform all these seven functions it is not alive.

The 7 Functions of Life: 1. All living things are composed of cells

2. All living things use energy

3. All living things respond to their environment

4. All living things grow

5. All living things reproduce

6. All living things adapt to their environment

7. All living things have different levels of organization

Cells are the smallest unit of life for ALL organisms. We will use the metaphor of a city to make it easy for students to understand what organelles do and to think of cells as a single unit.
Cells can be classified into two types - Prokaryotic cells and Eukaryotic cells. Prokaryotic cells (named after “pro” before “karyote” kernel) have no nucleus an organelle that houses all the genetic material in a cell. Eukaryotic cells (named after “eu” true “karyote” kernel) have a nucleus. Another important difference between prokaryotes and eukaryotes is that eukaryotes have membrane-bound organelles (one of which is the nucleus) and prokaryotes do not. Prokaryotes are the older of the two and smaller. Prokaryotes consist of bacteria and are unicellular only. Eukaryotes make up animals, plants, fungi, and protists both unicellular and multicellular. Prokaryotes sometimes have appendages – flagella which are like tails that whip back and forth to give the prokaryote motility and pili which are like sticky fingers covering the prokaryote that help the cell attach to surfaces e.g. how bacteria stick to teeth. 
It is believed that eukaryotes evolved from prokaryotes through endosymbiosis (endosymbiotic theory). Where a large prokaryote swallowed (enveloped not an actual swallow) a smaller prokaryote but instead of dying the smaller prokaryote survived inside. Evidence for this theory is in the fact that mitochondria and chloroplasts actually have their own separate DNA from the DNA in the nucleus and both have two layers of membrane (their original plasma membrane and the plasma membrane of the larger eukaryote that folded inward to let the smaller prokaryote enter). Symbiosis is when two organisms live together because they benefit from the others presence. On the slide in the PowerPoint is the example of symbiosis between clownfish and sea anemones. 

Looking at eukaryotic cells first, we see the plasma membrane which is the outer covering of all cells. Using the metaphor of a water balloon – the cell is the water balloon and the plasma membrane is the actual balloon holding the cell together. The plasma membrane is a necessary for protection it serves as a wall around the city defending against foreign invaders, there are gates in the plasma membrane that let nutrients in and wastes out. There are also membrane receptors (proteins) that receive information signals from the outside environment that get sent to the nucleus. Plasma membranes are made up of a phospholipid bilayer. A single phospholipid has two parts: a hydrophilic (water loving) head and a hydrophobic (water fearing) tail. The bilayer is two sheets of phospholipids lined up so that the water fearing tails do not have to touch waster, and the water loving heads do. This creates the cell’s border. 
Inside of cells is the cytoplasm. Cytoplasm is just everything inside cells. Cytoplasm is what would be the water in the water balloon metaphor. Cytoplasm can be broken down into three categories: 1. Cytosol – the fluid portion of the cell’s inside, generally serves as just a holding medium for the organelles. 2. Organelles – “little organs” these are subunits within the cell that perform specific functions that help keep the cell alive. In the cell is a city metaphor, organelles would be like the buildings in a city that each do a different job like the post office, factory, or power plant. 3. Cytoskeleton – is the skeleton of the cell supporting the shape of the cell and providing roads for organelles to travel along when they need to move around inside the cell.
It is these organelles that give eukaryotic cells their complex organization because some of the organelles are membrane-bound, so they have their own space/compartment in which to do their job. This is called compartmentalization separating things into small isolated compartments. 

The first membrane-bound organelle and possibly the most important is the nucleus. The nucleus has a spherical shape and holds all of the cell’s genetic material or DNA. If the cell was a city the nucleus would be the major or governor in charge of telling the other organelles what to do. The nucleus is membrane-bound and its membrane is called the nuclear membrane. The central dogma of biology is that DNA is transcribed into RNA which is translated into proteins. This is how the nucleus orchestrates the cells activities without ever leaving its nuclear membrane. DNA is a double helix shape, and RNA is a strand that is a copy of a portion of the DNA that has the instructions for making a specific protein. There are many small holes in the nuclear membrane called nuclear pores. When DNA is translated into RNA strands they leave through the nuclear pores to go to the cytosol where RNA translation takes place. 
The nucleolus is a darker region inside the nucleus, this is the active portion of the nucleus where DNA is being copied into RNA. The lighter portion of the nucleus is the chromatin that isn’t being actively copied at that moment. Chromatin is condensed DNA, every cell has enough DNA to be stretched 6 feet long, and to save space it is carefully wound up into chromatin. 

The factories in the cytosol that translate RNA into proteins are called ribosomes. They are non-membrane-bound. They can be into two places: 1. Free-floating around in the cytosol or: 2. bound to a membrane-bound organelle called rough endoplasmic reticulum that will be addressed next. Each ribosome is made up of two parts a large subunit and small subunit. There are over 2 million different proteins in our body that carry out different tasks and ribosomes must make them all. 

The Endoplasmic reticulum (ER) a membrane-bound organelle located right next to the nucleus and is a series of interconnected tubes. There is rough endoplasmic reticulum (RER) which has ribosomes studded to it making it appear bumpy and rough, and smooth endoplasmic reticulum which has no ribosomes on it so it appears smooth. The ER is where modification of proteins are done, so once a ribosome on the RER makes its protein it goes into the ER to be finished like having a carbohydrate added. 

Once the modifications to the protein are done the proteins go to the golgi apparatus to be packed up. The golgi is a membrane-bound organelle in the shape of flattened discs – the flattened discs around the edges are vesicles (covered below) pinching off full of finished proteins. Further modifications do happen in the golgi like a mailing address is added so the proteins get delivered to where they are needed so the golgi is like a post office sending out the packaged final products. 
Mitochondria are the power houses of the cell or in the cell city metaphor they are the power plants. The mitochondria is a membrane-bound organelle. Their job is to convert the chemical energy in food into ATP (adenosine triphosphate) which is the energy currency of the cells – it is used throughout the body to power processes like the production of sweat or tears. 

Lysosomes are like garbage trucks or garbage disposals, they break down wastes. They are small circular membrane-bound organelles and can even digest/break down entire organelles. 

Vesicles are small, circular membrane-bound organelles that pinch off of the golgi full of the final product. Vesicles are the box packages that the final product is carried in to carry the product where it needs to go. Vesicles can carry products made within the cell to other parts of the cell or even send the products out of the cell (this process is called exocytosis – not covered in the PowerPoint). 

The next component of cytoplasm is the cytoskeleton. The cytoskeleton of cells is like the cellular skeleton holding up the shape of the cell. It also serves as the cellular highway that vesicles and organelles can travel along to move around inside the cell. The cytoskeleton is mainly made up of microtubules so if the cytoskeleton is like our skeletons, the microtubules are like the bones. 
Centrioles are a specific structure made up of microtubules. 9 microtubule triplets (so three microtubules) with nine of these triplets each make up a centriole. There are always two centrioles that are at a 90 degree angle to each other. Their function is to organize the cytoskeleton when cells are dividing. Centrioles are a non-membrane bound organelle that is part of the cytoskeleton.

Prokaryotic cells are markedly different – they have no membrane-bound organelles making their organization simple. Since they have no nucleus their genetic material is just free floating around the cytoplasm. This is the distinction between prokarytoic and eukaryotic cells: no nucleus. All bacteria are prokaryotes - single celled organisms. Sometimes prokaryotes have appendages such as flagella (tails that move the cell) and pili (sticky fingers that help the cell attach to things). The prokaryote has a membrane (all cells have a membrane) called the “cytoplasmic membrane.” It has three coverings: the cytoplasmic membrane (inner layer), cell wall (middle layer, similar to plant cells), and a capsule (outside layer, where the appendages are). 

Eukaryotic cells are further divided into two groups – animal cells and plant cells. 

Plant cells have most of the same organelles but they also have some different ones. The first being the cell wall, the cell wall is on the outside of plasma membrane and they serve to hold the cell’s shape and keep the cell rigid to add stability. 

Chloroplasts are a membrane-bound organelle found in all plant cells and some bacteria. They are the opposite of mitochondria in that they make the food, by converting solar energy into chemical energy in food. This process is called photosynthesis which takes up carbon dioxide (CO2) and water (H2O) to make O2 and sugar (the chemical energy of food). Mitochondria take up O2 and sugar and makes carbon dioxide (CO2) and water (H2O). 
The vacuole is a membrane-bound organelle that stores a fluid inside the plant cell that gives the plant its height. When plants are dehydrated they start to wilt because the vacuoles are not full. The fluid stored in vacuoles are full of salts, proteins, carbohydrates and some special crystals that work to protect the plant cell. 

All living organisms are made of cells but not all the cells are the same. While they all have the same organelles cells can specialize to perform a specific function. For instance, neurons are brain cells and have specialized to send messages very quickly from the brain to our muscles – they look different and have different proteins inside to help perform their specialized function. Muscle cells are specialized to contract quickly to move muscles they look different and have lots of the organelle SER to help them perform this function. Even though the cells of an organism all share the same DNA they express certain genes to make certain proteins to specialize. 

When specialized cells are grouped together all doing the same function they form tissues such as muscle tissue. And different tissues form organs such as the heart, which is made up of muscle tissue and connective tissue. 

Vocabulary / Definitions: 

· Eukaryotic: cells with “good” or membrane-bound nuclei
· Prokaryotic: cells that lack membrane-bound nuclei
· Microscopic: so small as to be visible only with a microscope
· Symbiosis: relationship between organisms that is mutually beneficial
· Mitosis: a type of cell division that results in two daughter cells each the same as the parent nucleus
· Cytoplasm: all the contents inside a cell 
· Nucleus: spherical membrane-bound organelle that holds all the genetic material of a cell
· Plasma membrane: membrane of lipids and proteins that forms the external boundary of a cell and serves as a gate keeper letting only select things in and out 
· Rough endoplasmic reticulum: membrane-bound organelle studded with ribosomes that modify proteins
· Smooth endoplasmic reticulum: membrane-bound organelle not studded with ribosomes that modify proteins
· Golgi apparatus: membrane-bound organelle of flattened stacks where the final modification of proteins takes places and where the proteins are packaged up and sent out as vesicles
· Cytosol: the liquid/gel within the cytoplasm of cells that suspends the organelles
· Mitochondria: energy production 
· Vacuole: an enclosed area within plant cells that hold liquid
· Organelle: specialized subunit within ells that perform specific functions
· Ribosome: non-membrane bound organelle that translates mRNA into proteins
· Photosynthesis: process in which plants covert solar energy into chemical energy in the form of sugar (glucose)
Lesson Introduction / Motivation: 
Watch the YouTube video entitled Cosmic Zoom, www.youtube.com/watch?v=VgfwCrKe_Fk  hyperlink is “Cells” on the PowerPoint presentation’s title slide. Video is 8:00 minutes long and has sound. The point of the video is to show students the scale of how small the cells that make up our bodies are, so small that we need microscopes to see them. 
Presentation/Explanation: 
There is a PowerPoint for this lesson that covers the background concepts listed above. There are notes in the note section at the bottom of the slides for teachers with elaborations on concepts in the slide or questions to ask students. All animation has been noted in the note section as well. I would recommend going through the PowerPoint in presentation mode to get a feel for when to click for the animations then going through in editing mode to see the note sections with the questions for students. 

Slide 1 has a YouTube link “Cells” that leads to a video called Cosmic Zoom that lasts 8:00 minutes and has sound. 

Slide 2 has an animation, click to reveal the answer. 

Slide 3 has a question for students: If you look through a microscope with a 10x magnification how much bigger will what you look at be? (10 times bigger)

Slide 4 has animation to reveal the second half of the slide. 

Slide 7 has animation to show a picture. 

Slide 15 has animation to reveal the slide. 

Slide 22 has a YouTube link “The Central Dogma of Biology” to a video that is 3:02 minutes long, with narration on how DNA is transcribed into RNA and then translated into proteins. An easy way for students to remember which comes first is transCription is first in the alphabet before transLation 

Slide 32 has a YouTube link “the Cytoskeleton Highway” to a video that is 2:25 long and shows how vesicles get moved around along the cytoskeleton. There is background music but no narration. 
Slide 34 has the organelle’s names covered up but will appear one by one when the mouse is clicked starting from the top left mitochondria down and around the cell. You can have students call out what each organelle is. 

Slide 35 has a question for students: Since prokaryotic cells have no membrane-bound organelles list the organelles missing in prokaryotic cells that eukaryotic cells would have. [could back up a slide to let students see a diagram of a eukaryotic cell]

Answer: Prokaryotic cells have no nucleus, golgi apparatus, SER, RER, mitochondria, lysosomes, vesicles (not an organelle but is membrane-bound), & chloroplasts (not covered yet.)
Slide 38 has animation to reveal the plant cell and circles that highlight what organelles are different. 
Slide 39 has animation to reveal information on the slide. 

Slide 40 has animation to reveal information on the slide with a note that mitochondria are both in animal and plant cells. 

Slide 41 has the notes at the bottom. 

Slide 42 is a plant cell organelle identification slide with the names covered up, each click will reveal the name starting from the top left golgi downwards. Students can call out the names of the organelles. A different diagram is used to help students recognize the organelles based on what they know rather than memorize specific diagrams. 
Activity/Application:

Explore the animal cell and plant cells with this animated and interactive website: 

 http://learn.genetics.utah.edu/content/begin/cells/insideacell/ [note: there is sound]. Scan the cell to reveal organelles, when you hear a faint “tink” click and the screen will zoom in on the organelle. First, a video will play with narration on the organelle’s function, once the narration is done the video will play a second time without narration. There are also info boxes that students can read. Navigate through the cell to click on all the organelles and learn about their jobs within the cell. There is the link at the bottom right to investigate plant cells.  

This website would be good to have on a projector to the whole class and navigate yourself as the students watch the video. Or each student can individually explore the cell with this website (http://www.cellsalive.com/cells/cell_model.htm). Students select animal or plant cell on the bottom. Then click on each organelle for a description of function. 

The second website could be used as a study tool for students to look up on their own at home. 
Lesson Closure: 
Print and handout enough copies to the class of the Coloring and Labeling Eukaryotic Cells sheet. Students will need coloring pencils to identify and label each organelle as well as state whether the organelle is found in animal cells (A), plant cells (P) or in both (B).  


Assessment/Evaluation: 
Three online quizzes serve as assessments:

The first, is a Sporcle quiz on the animal cell’s organelles. Students must name each part of the cell. (http://www.sporcle.com/games/yanks1020/animal_cell)

The second quiz has the organelles labeled within a plant cell. Students must match up the description of the organelles’ functions with the proper organelle. 

(http://home.comcast.net/~cmedelbr/cellpartsreview.htm) 
The third online quiz activity involves students clicking on a yellow question card and then selecting the blue answer card to reveal a hidden picture underneath. The purpose of this activity is to assess retention of the information about cells that they learned in the PowerPoint (http://www.neok12.com/quiz/CELSTR01)
Lesson Extensions: (optional)
To further help students learn about the organelles inside of cells they can build models of cells out of clay or any crafting materials (like candy). This is a link to a YouTube video of some past projects to help the students get inspired: http://www.youtube.com/watch?v=86dtWD11HLQ They can use their finished coloring and labeling pages as a reference. Students can build either an animal cell or a plant cell. 

Safety Issues: What that students do not use access to the computers for the online quizzes inappropriately.  

Resources: 
· PowerPoint YouTube Links:

· http://www.youtube.com/watch?v=VgfwCrKe_Fk
· http://www.youtube.com/watch?v=983lhh20rGY
· http://www.youtube.com/watch?v=7sRZy9PgPvg
· Activity/Application links:
· http://www.cellsalive.com/cells/cell_model.htm
· http://learn.genetics.utah.edu/content/begin/cells/insideacell
· Assessment/Evaluation Online Quiz links:
· http://www.sporcle.com/games/yanks1020/animal_cell
· http://home.comcast.net/~cmedelbr/cellpartsreview.htm
· http://www.neok12.com/quiz/CELSTR01
· Lesson extension YouTube Cell Models link:

· http://www.youtube.com/watch?v=86dtWD11HLQ
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Additional information can be found on covered topics can be found at Wikipedia

· http://en.wikipedia.org/wiki/Endosymbiotic_theory
· http://en.wikipedia.org/wiki/Eukaryote 

· http://en.wikipedia.org/wiki/Photosynthesis
Authors: 
Undergraduate Fellow Name: Jennifer Graham



Please email us your comments on this lesson: 
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