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General Biology: Cell Structure

Cell differences between the plant and animal kingdoms.  Thomas Sobat, Stephanie Hines, Adam Hott, Kirk Roth and Cheryl Kellog.  PIE Scientists, Biology Department, Ball State University, Muncie Indiana 47306 

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. 

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.

OBJECTIVES

Students will demonstrate competency in microscopy.

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

Students will demonstrate an understanding of the differences between and similarities within the plants and animals at both the organismal and cellular levels.

MATERIALS

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

Animal epidermis cross-section microscope slides, up to six different animals.

Animal specimens either preserved, whole mount, live or an image (same six animals used for slides).

Plant epidermis cross-section microscope slides, up to six different plants.

Plant specimens either preserved, whole mount, live or an image (same six plants used for slides).

Individually wrapped pieces of cheese and/or Slim Jims snack sticks, one of either per student.

Apples, strawberries, carrots etc. pre-washed, one per student

Potatoes, one per student group       

Plastic cups, one per student group     optional                                          

Toothpicks, three per student group  

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 protistan 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.

Animals

Animal cells are typical of the eukaryotic cell, enclosed by a plasma membrane and containing a membrane-bound nucleus and organelles. Unlike the cells of the two other eukaryotic kingdoms, plants and fungi, animal cells don't have a cell wall. This feature was lost in the distant past by the single-celled organisms that gave rise to the kingdom Animalia.  

The lack of a rigid cell wall allowed animals to develop a greater diversity of cell types. Specialized cells that formed nerves and muscles, tissues impossible for plants to evolve, gave these organisms mobility. The ability to move about by the use of specialized muscle tissues is the hallmark of the animal world. (Protozoans locomote, but by nonmuscular means, i.e. cilia, flagella, pseudopodia.)

Animals are unique amongst eukaryotic organisms because animal tissues are bound together by a protein, called collagen. Plant and fungal cells are bound together in tissues or aggregations by other molecules, such as pectin. The fact that no other organisms utilize collagen in this manner is one piece of evidence that suggests that all animals arose from a common unicellular ancestor.

Animals are a large and incredibly diverse group of organisms. Making up more then three-quarters of the described species on Earth.  Animals include sponges, jellyfish, ants, whales, elephants, and, of course, humans. Being mobile has given animals the flexibility to adopt many different modes of feeding, defense, and reproduction.

The earliest fossil evidence of animals dates back 650 million years, with creatures that left traces of their soft bodies in shallow-water sediments. The first mass extinction ended that period, but during the period that followed, a radiation of new forms began the evolutionary event that produced most of the major groups known today. Vertebrates (animals with backbones) are not known to have occurred until the Period beginning 505 million years ago.

Plants

Plants are unique amongst the multicellular eukaryotes, because they manufacture their own food. Chlorophyll, which gives plants their green color, enables them to use sunlight to convert water and carbon dioxide into sugars and carbohydrates; chemicals they use for fuel.  Plant cells have retained the protective cell wall structure of their prokaryotic ancestors. The plant cell has the basic construction of a typical eukaryote cell, but does not have centrioles, lysosomes, cilia, or flagella, as does the animal cell. Plant cells do have specialized structures: a rigid cell wall, central vacuole, plasmodesmata, and chloroplasts.  

It is estimated that there are at least 260,000 species of plants (described by man) in the world today. They range in size and complexity from small, nonvascular mosses to giant sequoia trees.  People only use a tiny percentage of the plant species.  Nonetheless, plants are the basis for the Earth's ecosystem and food web and, without them, complex animal life forms (such as humans) could never have evolved.

Thought to have evolved from the green algae, plants have been around more than 500 million years ago.  Three hundred and fifty million years ago, most of the Earth was covered by forests of primitive vascular plants like lycopods (scale trees) and gymnosperms (pine trees, ginkgos). Angiosperms, the flowering plants, didn't develop until about 65 million years ago just as the dinosaurs became extinct.

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 Plantae and Animalia.


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 groups (Plant vs. Animal cells).  Multiple representatives will be used from each group in order to impress upon students the similarities within groups.   

PROCEDURE

1.) Review proper microscope techniques with your students, use the enclosed microscope handout, or see the Biology Microscopy lesson located on the PIE web site: www.bsu.edu/web/fseec/pie  

2.) Engage students in an inquiry based question and answer session regarding plants and animals.  Begin by passing an apple (other fruits or vegetables will do) to each of the students; guide the students through discourse with a series of questions identifying the origin of the fruit.  Sequential queries as to what type of organism an apple is should lead to exposure of the student’s knowledge of plant physiology and ecology.  Have them list several of the plants they know, including those not linked to human consumption.  

3.) Pass a piece of cheese or a beef stick to each student, and repeat step one facilitating the discussion in order to expose previous knowledge of animals.    

4.) Have students look at the plant and animal cell slides, and the images, preserved specimens or live examples of the whole organisms.  Observations can be documented on the observations handout.  Students should make drawings of the microscope slides and guess which are plants and which are animals.

5.) Gather the group together and use diagrams of cell types, both plant and animal (inclusion of bacteria, protists and fungi may prove useful) to discuss the similarities and differences outlined in the introduction.  At this point you can discuss bacteria and protists as the predecessors of multicellular organisms.

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

7.) 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 the lack of variation at the cellular level, relative to the organismal level.

ASSESMENT

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

EXTENSIONS

Include examples of fungi, protists and/or bacteria in the collection of slides students are to identify. 
