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The Five Kingdoms
Overview:  This lesson is designed to explore the five biological kingdoms, as appropriate for sixth grade science curriculum in Indiana.  This lesson lasts about a week and is split into three sections.  The first section (Kingdom Identification) is a general overview of the five kingdoms.  The second section (Structural Differences Between Plant and Animal Cells) focuses on animals and plant cells and acts as an introduction to organelles.  The third section (Fungi, Monerans, and Protists) is an introduction to examples of members of the Fungi, Monera, and Protista.  The lesson relies heavily on examples of organisms and visual representations.  The broad focus is on the cellular and macroscopic differences and similarities between all organisms.
Kingdom Identification 
Standards Addressed:

6.4.1
Explain that one of the most general distinctions among organisms is between green plants, which use sunlight to make their own food, and animals, which consume energy-rich foods. 

6.4.2
Give examples of organisms that cannot be neatly classified as either plants or animals, such as fungi and bacteria.

Objectives:  
Students will become familiar with the diversity of life forms and how scientists characterize organisms into Kingdoms.

Materials:  
- Examples of organisms from different kingdoms.  Suggested examples are given in the introduction, though other examples are fine.  Living organisms can be ordered through Carolina Biological Suppliers (http://www.carolina.com/  1-800-334-5551), Fisher Scientific (https://www1.fishersci.com/index.jsp  1-800-766-7000) or other scientific suppliers.  Another option is to use photographs or websites.
- Containers for the organisms. These may include glass bowls or aquariums.

- Microscopes and slides of the microscopic organisms.

- A copy of the provided chart for each student 
Introduction:

The most general characterization of organisms is into the classification of Kingdoms.  Most biologists recognize five Kingdoms.  Each Kingdom has specific characteristics, most of which are cellular in nature.  Some of the main differences are the following:
Single-celled vs. Multi-celled organisms – some organisms can survive as a single cell, whereas others are comprised of many cells.

Method of obtaining energy


Producers – organisms which create their own food, usually by using sunlight  


Consumers – organisms which obtain energy by feeding on other organisms

Decomposers – organisms which obtain energy by breaking down wastes and 

dead organisms
Kingdom Monera*
· single-celled organisms

· mostly producers and decomposers

Kingdom Protista

· single-celled organisms

· mostly producers and consumers

Kingdom Fungi

· multi-celled organisms

· decomposers

Kingdom Plantae

· multi-celled organisms

· producers

Kingdom Animalia

· multi-celled organisms

· consumers
*Some biologists divide Monerans into two Domains, Archebacteria and Eubacteria, based upon chemical differences.  The other Kingdoms belong to a third Domain, the Eukarya, meaning that their cells contain nuclei.
Present students with a variety of organisms from the different kingdoms.  Organisms should be representative of the kingdom and show characteristics which would be easy to associate with the kingdom.  Some should be obvious based upon the students’ prior experience and some should not be familiar to them.  These can take the form of complete organism or slides.  These should be set up in stations that students can go to.  Good examples include:
Monera 
· Slides of disease bacteria

· Slides of blue-green bacteria

Protista

· Slides of Euglena
· Slides of Amoeba
Fungi

· Rhizopus (slime mold)

· Mushrooms

Plantae
· Fern

· Moss

· Tree leaves

Animalia

· Insects

· Fish

· A sponge

· A mirror, representing the students themselves
PROCEDURE (Total time for lesson is one forty-minute class period):

Preparation:  The example organisms should be set up as displays around the room, which students can visit.
Engagement:  
1. Pose the question to the students, “What is the difference between plants and animals?”  A common misconception is that animals move and plants do not.  However, sponges are sessile and do not move, while venus’ fly traps are an example of a plant that displays movement.  If students say that plants are green, lead them to the idea that plants derive energy from the sun using chlorophyll.  After this very brief discussion, introduce students to the organism Euglena.  Ask students if it is a plant, animal, or something else.  
2. Next, introduce students to the major differences between the Kingdoms.  It may help to put a chart on the blackboard.
Exploration:  
3.
Students should investigate all stations and fill out the chart provided.   
Explanation:  
4.
When finished, there should be a discussion about the kingdoms.  Go through the sample organisms, explaining which kingdom each belongs to.  Students may not have all the answers correct, especially with the more unfamiliar organisms.  Students should have the opportunity to correct their charts before they turn them in. 
Elaboration:  
5. Go through each of the Kingdoms, explaining the characteristics of each.  Give examples of organisms in each of the Kingdoms.  Special effort should be made to make students understand Monerans and Protists, since they are the least familiar organisms.  Effort should also be made to dispel the misconception that fungi are plants.  Additional illustrations will be very helpful during this portion.
Evaluation:
      6.
Students are to be graded on the correct completion of the chart.
Note:  When this section is completed, it will be helpful to keep some of the specimens, as they may be useful in the other sections.
Name _______________________________________________________

	Organism
	Microscopic or Macroscopic
	Single or Multi-celled
	Producer
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Section 2

Structural Differences Between Plant and Animal Cells

Standards Addressed:

6.4.6
Distinguish the main differences between plant and animal cells, such as the presence of chlorophyll* and cell walls in plant cells and their absence in animal cells.

Inclusions:

6.1.6
      Explain that computers have become invaluable in science because they    

                  Speed up and extend people’s ability to collect, store, compile, and analyze   

                  data; prepare research reports and share data with investigators all over the  

                  world.

6.4.5
      Investigate and explain that all living things are composed of cells whose 

details are usually visible through a microscope.

OBJECTIVES

At the end of this lesson, students will be able to:

1) Differentiate between plant and animal cells based on the organelles contained in the cell.

2) Identify the different organelles that are found inside a typical cell.

3) Describe what each organelle does for the cell and why it is critical for the proper functioning of the cell.

MATERIALS

Compound microscope 1/grp

Slides of plant and animal cells 

Square Gladware containers – 7/grp

Ziploc sandwich bags – 7/grp

Hardboiled egg - 1/grp

Rubber bands

Lima beans (uncooked)

Kidney beans

Rubber balloon

Pretzel sticks

Plastic sheet ~ 3’W X 60’L (enough to circle class)

INTRODUCTION
Plants are among the largest organisms on the planet, and it is the shape and nature of their cells that allows them to achieve enormous proportions.  The very cellular property responsible for great size appears to limit morphological and concomitantly physiological diversity.  The cellulose cell wall is a structural component of the cell that encloses the cell membrane and is unique to the plants and algae.  Its absence in animals is believed, by science, to be associated with the increase in both morphological and physiological cellular diversity.  

It is this seemingly simple difference between plants and animals that has led to the different cell types in animals.  Membrane bound cells, those lacking cell walls, have evolved form and function that allows us, as animals, to feel, locomote, breath and digest food. Every cell is enclosed in a membrane. The membrane is a double layer of lipids (lipid bilayer) but is made quite complex by the presence of numerous proteins that are important to cell activity. These proteins include receptors, pores, and enzymes. The membrane is responsible for the controlled entry and exit of ions like sodium, potassium and calcium. 

The cytosol (cytoplasm) is the "soup" within which all the other cell structures reside and where most of the cellular metabolism occurs. Though mostly water, the cytosol is full of proteins that control cell metabolism including glycolysis, intracellular receptors, and transcription factors.

Another equally important distinguishing character between plants and animals includes the presence of chloroplasts in plants.  Chloroplasts convert light energy (from the sun) to chemical energy via the process of photosynthesis. The main pigment (green color) located in chloroplasts and involved in photosynthesis is chlorophyll.  Chloroplasts are structures within plants called plastids.  Plastids can be found in a few forms, they are membrane bound, and only found in plants.  These structures are found within the cell, and the term reserved for any membrane bound structure within a cell is organelle.

Organelles are to cells, as organs are to the body. They carry out the individual task of gaining and working with energy, along with controlling the overall behavior of a cell.  All plant and animal cells contain organelles.  Some are unique to plants, but most are found in both plants and animals.  

A vacuole is a membrane-bound sac that plays roles in intracellular digestion and the release of cellular waste products. In animal cells, vacuoles are generally small.

Vacuoles tend to be large in plant cells and play a role in turgor pressure. When a plant is well watered, water collects in cell vacuoles producing rigidity in the plant. Without sufficient water, pressure in the vacuole is reduced and the plant wilts.

The nucleus is the most obvious organelle in any plant or animal cell. It is a membrane-bound organelle and is surrounded by a double membrane. It communicates with the surrounding cytosol via numerous nuclear pores.

Within the nucleus is the DNA responsible for providing the cell with its unique characteristics. The DNA is similar in every cell of the body, but depending on the specific cell type, some genes may be turned on or off - that's why a liver cell is different from a muscle cell, and a muscle cell is different from a fat cell. When a cell is dividing, the DNA and surrounding protein condense into chromosomes (see photo) that are visible by microscopy.

The prominent structure in the nucleus is the nucleolus. The nucleolus produces ribosomes, which move out of the nucleus to positions on the rough endoplasmic reticulum where they are critical in protein synthesis.

Throughout the Plant and animal cell, especially those responsible for the production of hormones and other secretory products, is a vast amount of membrane called the endoplasmic reticulum, or ER for short. The ER membrane is a continuation of the outer nuclear membrane and its function suggests just how complex and organized the cell really is.

When viewed by electron microscopy, some areas of the endoplasmic reticulum look "smooth" (smooth ER) and some appear "rough" (rough ER). The rough ER appears rough due to the presence of ribosomes on the membrane surface. Smooth and Rough ER also have different functions. Smooth ER is important in the synthesis of lipids and membrane proteins. Rough ER is important in the synthesis of other proteins.

Information coded in DNA sequences in the nucleus is transcribed as messenger RNA. Messenger RNA exits the nucleus through small pores to enter the cytoplasm. At the ribosomes on the rough ER, the messenger RNA is translated into proteins. These proteins are then transferred to the Golgi in "transport vesicles" where they are further processed and packaged into lysosomes, peroxisomes, or secretory vesicles.

The Golgi apparatus is a membrane-bound structure with a single membrane. It is actually a stack of membrane-bound vesicles that are important in packaging macromolecules for transport elsewhere in the cell. Numerous smaller vesicles containing those packaged macromolecules surround the stack of larger vesicles. The enzymatic or hormonal contents of lysosomes, peroxisomes and secretory vesicles are packaged in membrane-bound vesicles at the periphery of the Golgi apparatus.

Mitochondria provide the energy a cell needs to move, divide, produce secretory products, contract - in short, they are the power centers of the cell. They are about the size of bacteria but may have different shapes depending on the cell type.

Mitochondria are membrane-bound organelles, and like the nucleus have a double membrane. The outer membrane is fairly smooth. But the inner membrane is highly convoluted, forming folds called cristae. The cristae greatly increase the inner membrane's surface area. It is on these cristae that food (sugar) is combined with oxygen to produce ATP - the primary energy source for the cell.

In this lesson students will be challenged to distinguish between plant and animal cells by sight, and understand differences in their cellular anatomy and physiology.  Participants will view microscope slides of plants and animals; compare animal and plant cell morphology, and attempt to build a plant or animal using cell models that they have created.  Finally, students will investigate cell anatomy & physiology, and act out the role of cell components in a classroom sized cell model.  

PROCEDURE (Total time for lesson is three forty minute periods.)

Day One –   Engagement/Exploration

1) Review the proper use and care of microscopes (5-10 minutes) 

a. How to hold and carry

b. How to focus

c. How to manipulate slide (everything appears to move in the opposite direction that you move the slide)

2) Series of slides of different plants and animal cells (28 minutes)

· GROUPS OF 4 

a. Each group of students will be at a microscope station, they will have exactly 4 minutes to make their observations about the slide and draw what they see on the slide.

b. Students should be accurate in their drawings.

c. After the four minutes is completed, the groups rotate to the next station and observe and draw what is on the next slide.

d. Continue rotation until all stations have been visited or until times runs out.

Day Two – Exploration/Explanation
1) Begin class with a discussion of different organisms and their relative sizes. (5 minutes)

- WHOLE CLASS


a. “Raise your hand when you have thought of the largest organism that you can think of.” – Record responses

b. “Raise your hand when you have thought of the largest animal that you can think of.” – Record responses

c. “Raise your hand when you have thought of the tallest animal that you can think of.” – Record responses

2) Bring students into groups of four (can be the same as for the microscope assignment) (10 minutes)

· GROUPS OF FOUR (Each group receives 7 pieces of square GLADWARE and 7 ZIPLOC sandwich baggies)

· GLADWARE = plant cells with cell walls

· ZIPLOC baggies = animal cells with only a flexible cell membrane

a. Ask each group to stack their materials to achieve maximum height.

b. Explain now that plants have cells that contain cell walls which gives them incredible strength and allows the sequoia trees of northern California to reach heights of 200 – 300 feet.

c. If students had a blue whale on the list for largest organism – it is true that they are very long at 100 feet, but their massive size is supported by water.  If they were laid on land they would crush themselves and suffocate.

3) Students in the computer lab to research the anatomy of cells.  The students will use the Internet, textbooks, and reference materials as research tools and complete a worksheet on organelle anatomy. (Rest of period hopefully 30 minutes)

· GROUPS OF TWO 

· NOTE: TIME IS VERY LIMITED ON THIS PART.  STUDENTS MUST STAY FOCUSED!!!

a. Students will also be drawing the various organelles based on what they see at the different websites (website list will be provided).

Day Three 

– Explanation/Elaboration
1) Students participate in a facilitated discussion of their findings and describe what ordinary objects the organelles resembled.  (20 minutes)

· WHOLE CLASS

· Typical answers may be as follows

· Golgi Bodies – stacks of rubber bands

· ER – spaghetti

· Mitochondria – jelly bean or kidney bean

- Engagement/Exploration
2) Students will now construct a model of a plant and animal cell using the materials provided (20 minutes)

· GROUPS OF FOUR

· Materials – have enough for each group to construct 2 whole cells

· 2 – Ziploc sandwich bags

· 1 – Gladware container

· Assorted organelle parts

· Hardboiled egg = Nucleus/Nucleolus

· Rubber bands = Golgi bodies

· Lima beans (uncooked) = chloroplasts

· Kidney beans = mitochondria

· Rubber balloon = plant vacuole

· Pretzel sticks = rough ER
- Explanation/Elaboration
3) Assign students an organelle to research at home.  The student must understand exactly what the function of that organelle is and why it is so important to the cells survival.

a. STUDENTS SHOULD UNDERSTAND THAT THEY WILL BE PRESENTING THEIR CELLS FUNCTION TO THE CLASS

Evaluation:
A portion of the assessment will be to have the students produce their own Venn diagram showing which organelles are plant only, which are shared by both plant and animal cells and which are animal only.

Web resources for Intracellular A&P:

http://biology.clc.uc.edu/courses/bio104/cells.htm
http://www.cellsalive.com/cells/animcell.htm
http://web.mit.edu/esgbio/www/cb/org/organelles.html
http://www.nature.ca/genome/03/c/10/03c_11_e.cfm
http://www.windows.ucar.edu/tour/link=/earth/Life/cell_organelles.html
http://www.historyoftheuniverse.com/organel.html
http://staff.jccc.net/pdecell/cells/organelles.html
http://www.rkm.com.au/CELL/organelles/
http://www.upei.ca/~fac_ed/projects/Student/McQuaid/organelles.html
Name _________________________________________
Cells, an Internet scavenger hunt. (These questions were generated from the listed websites.)

1. What is the main function of the cell membrane?

2. What does endoplasmic reticulum do in a cell?
3. Where in the cell do we find DNA?

4. What is the function of a ribosome?

5. Where are ribosomes formed?

6. What is the function of the cell’s mitochondria?
7. What is the function of the cell’s golgi bodies?
8. What kinds of cells have cell walls?
9. What is the difference between a cell wall and a cell membrane?

10. What differences exist in the vacuoles of plants and animals?

11. What is the difference between a chloroplast and a mitochondria?

Section 3:

Fungi, Monerans, and Protists   

Standards Addressed: 

6.4.2
Give examples of organisms that cannot be neatly classified as either plants or animals, such as fungi and bacteria.

6.4.5
Investigate and explain that all living things are composed of cells whose details are usually visible only through a microscope. 

OBJECTIVES

Students will demonstrate competency in microscopy.

Students will be able to distinguish between and discuss characteristics of bacteria, protists, and fungi.

MATERIALS

Specimens:

· Microscopes at least one per group (group size is immaterial), 12 would be ideal.

· Microscope slides of up to four different fungi.
· Microscope slides of up to four different monerans.

· Microscope slides of up to four different protists.
· Fungus specimens either preserved, whole mount, live or an image (same fungi used for slides, if possible).

· Protist (algae) specimens, if available.

Examples:
· Milk

· Cheese

· Clear water

· “Green” algae water – may be collected from ponds or grown, by allowing still water to stand in the sun for a few days

· Fresh wood – either lumber or a fresh log

· Decomposing wood – can be gathered from a wooded area*

*If fresh and decomposing wood are not available, fresh and moldy bread may be used.  Moldy bread is easily produced by dampening a slice of bread and leaving it in a dark place for about a week.
INTRODUCTION

Although the human body contains over 75 trillion cells, the majority of life forms exist as single cells that perform the functions necessary for independent existence. Most cells are far too small to be seen with the naked eye and require the use of microscopes.  It wasn't until the 1600’s that biologists observed through microscopes that plant tissues were divided into tiny compartments, or cells. It took another 175 years before scientists began to understand the true importance of cells.  In 1839, Matthias Jakob Schleiden and Theodor Schwann proposed that all living things are made up of cells; their theory gave rise to modern cellular biology.

Bacteria

Bacteria are as unrelated to human beings as living things can be, but bacteria are essential to human life and life on Earth. Although they are notorious for their role in causing human diseases, from tooth decay to the Black Plague, there are beneficial species that are essential to good health.  
Bacteria are prokaryotes, lacking well-defined nuclei and membrane-bound organelles, and with chromosomes composed of a single DNA circle.  Two outer layers, an inner membrane protected by an outer wall, bind all bacterial cells.  Many have a third outer protective layer known as the capsule.  They come in many shapes and sizes, from minute spheres, cylinders and spiral threads, to flagellated rods, and filamentous chains. They are found practically everywhere on Earth and live in some of the most unusual and seemingly inhospitable places.  Evidence suggests that bacteria were in existence as long as 3.5 billion years ago, making them one of the oldest living organisms on the Earth.

There are two different ways of grouping bacteria. They can be divided into two types based on their response to gaseous oxygen. Aerobic bacteria require oxygen for their health and existence and will die without it. Anaerobic bacteria can't tolerate gaseous oxygen at all and die when exposed to it.  The second way of grouping them is by how they obtain their energy.  Bacteria that have to consume and break down complex organic compounds are heterotrophs. This includes species that are found in decaying material as well as those that utilize fermentation or respiration.  Finally, bacteria that create their own energy, fueled by light or through chemical reactions, are autotrophs.

Protists

The protists (Kingdom Protista) are the simplest eukaryotes, yet they represent an incredibly diverse group.  Most are unicellular, while others are colonial and closely related to single protist cells. It is the unicellular character that separates protists from the Kingdoms Animalia, Plantae, and Fungi whose members are multicellular by definition.  One group of protists, the algae, are autotrophic (photosynthesizers), while the rest, the protozoans and slime molds, eat bacteria, other protist cells, or small organic particles suspended or dissolved in water.

As with all eukaryotic cells, protists contain membrane-bound nuclei and endomembrane systems, as well as numerous organelles. Movement is often provided by one or more flagella, cilia, or by cellular extension (pseudopodia), and cilia are often present on the plasma membrane as sensory organelles.  Unlike prokaryotes, protistan nuclei contain multiple DNA strands, though they are significantly less complex than other eukaryotes.  Protists can reproduce asexually, and some are capable of meiosis and sexual reproduction.  Cellular respiration in the kingdom is primarily an aerobic process (with oxygen), but some protists, including those that live in mud below ponds or in animal digestive tracts, are anaerobes (without oxygen).
Protists represent an important step in early evolution, evolving from prokaryotes and eventually giving rise to the entire line of eukaryotes. The first protists probably evolved over 1.7 billion years ago, 2.3 billion years after the origin of life, from simple communities of prokaryotic cells.
Fungi


Molds, mushrooms, and lichens are all examples of fungi.  Fungi can be found nearly everywhere, due to their method of reproduction.  Fungi usually reproduce by making thousands or even millions of spores, which are lightweight enough to be carried through the air.  The familiar mushroom is the reproductive structure of a fungus which exists primarily underground.

Fungi are organisms which have cell walls, use spores to reproduce, and are heterotrophs.  Fungi range from unicellular yeasts to the honey mushroom fungus, which is the largest known organism at 2,200 acres.  Most fungus cells are arranged in a threadlike network of tubes, called hyphae.  Each hypha is comprised of many cells which interconnect their cell walls in a way such that they can share and transport cellular materials, even nuclei.  The part of the mushroom which is above ground is comprised of densely packed and organized hyphae.  Underground, the hyphae are loose and spreading, like a tangle of string.  Fungi absorb food through their hyphae, which are grown directly into the food source.  Many fungi are important decomposers.  However, some fungi attack living tissue.  One example of this is the fungus that causes athlete’s foot.  Some fungi have mutualistic relationships with plants, in which the fungi grows on a plants roots, while the plant may absorb water and nutrients gathered by hyphae in the soil.

Fungi are classified as sac fungi, club fungi, and zygote fungi.  Sac fungi produce spores in saclike structures.  This is the largest group of fungi, containing yeasts, morels, lichens and plant rot fungi.  Club fungi produce spores in swollen, clublike hyphae.  Club fungi include puffballs, mushrooms, shelf fungus, and rusts.  Zygote fungi produce spores with two nuclei and which are often resistant to desiccation and freezing.  Zygote fungi are molds such as Rhizopus. 

Lesson

The sixth grade standards require students to understand that organisms are made up of cells, and that there are differences between and similarities within groups.  It is our intention to expose students to images of whole organisms and prepared slides of their cellular structure, and ask them to describe their observations.  The organisms that students observe will include representatives from the Kingdoms Monera, Protista, and Fungi.


Students will be asked to look at images of organisms, and match them with prepared slides of cells extracted from the organisms.  This activity would demonstrate differences between Kingdoms.  Multiple representatives will be used from each group in order to impress upon students the similarities within groups.   

PROCEDURE  (Total time for lesson is one forty minute periods.)
Preparation:  Before class starts, all slides and specimens should be set up.  Each 

specimen should be given a number.  In the case of slides, numbers should be taped over 

any labels.  Also, the examples should be set up in the following pairs: milk and cheese, 
clear water and algal water, fresh wood and decomposing wood.  Students should also have paper available for worksheets: one for writing and drawing observations and one numbered paper for identifying the specimens.
Engagement

1.) Engage students in an inquiry based question and answer session regarding evidence of the presence of monerans, protists, and fungi.  Address the displays of the milk and cheese, clear water and algal water, fresh wood and decomposing wood.  Guide the students through a series of questions to identify the types of organism responsible for each change.  Go through the pairs in sequence, making certain that students arrive to the conclusions that fungus is causes wood to decompose, protists make water look green, and monerans are used to make cheese. 
Exploration:
2.) Have students look at the cell slides and the images, preserved specimens or live examples of the whole organisms.  Observations can be documented on the observations sheet.  Students should make drawings of the microscope slides and guess which are monerans, protists and fungi.
Explanation:
3.) Gather the group together and use diagrams of cell types, to discuss the similarities and differences outlined in the introduction.  

4.) Following this discussion, students should be given a numbered handout, and attempt to identify which Kingdom the organisms in the numbered microscope slides belong.  It might be interesting to allow an initial attempt by themselves, and then let them pair up, or work in groups. 

Elaboration:

(5) Following the identification exercise, reassemble the group and discuss their      

       results.  At this point it would bring closure to the lesson if one were to facilitate     

       a discussion regarding a comparison in the variation at the cellular level, relative  

       to the organismal level.  Note that many cells, even from differing Kingdoms, 

       have similar components, despite the differences in the organisms.  Also 

       encourage students to compare and contrast all five kingdoms. 
Evaluation:

Student assessment should be based on the observation sheet, including drawings, and the matching exercise.













































