Week 3 – Chapter 3

 Cells and Tissues

CHAPTER SUMMARY

Chapter 3 is the transition chapter between microscopic and macroscopic anatomical study. Students are asked to examine the microscopic structure of an individual cell, then to intellectually build those individual cells into body tissues that perform specialized functions. 

First, the anatomy of a generalized cell is presented. It is important to start with a generalized cell (i.e., one that has all the representative parts of all cells) in order for students to gain a clear understanding of the basic components of cells. From that basis, they are then able to discern which structures are essential to every cell and which structures are variable depending upon function of any specific cell or group of cells. The components contained within the nucleus, plasma membrane, and cytoplasm are discussed, followed by an explanation of the various organelles which enable life to be sustained. The structure and function of ribosomes, smooth and rough endoplasmic reticulum, Golgi apparati, lysosomes, peroxisomes, mitochondria, cytoskeleton, and centrioles are presented.

A discussion of cell diversity follows a presentation of the anatomical structure of the cells’ component parts. This is the point at which students learn to differentiate between an average or generalized cell and any specific cell (e.g., they begin to understand the similarities as well as the necessary differences between blood cells, bone cells, etc.). Cell physiology is presented next, with an explanation of both active and passive transport processes, followed by a discussion of cell division. A brief explanation of protein synthesis and the role of genes in DNA transcription and translation is presented to make the replication picture complete.

The final section of this chapter presents body tissues and their functions. Epithelial, connective, muscle, and nervous tissues are differentiated, followed by an overview of the developmental aspects of cells and tissues.

Suggested Lecture Outline

Part I: Cells (pp. 65–88)


I.
Overview of the Cellular Basis of Life (pp. 65–66)


II.
ANATOMY OF A GENERALIZED CELL (pp. 66–76)


A.
The Nucleus (p. 67)


1.
Nuclear Envelope


2.
Nucleoli


3.
Chromatin


B.
The Plasma Membrane (pp. 67–69)


1.
Structure


2.
Specializations of the Plasma Membrane


a.
Microvilli


b.
Membrane Junctions


i.
Tight Junctions


ii.
Desmosomes


iii.
Gap Junctions


C.
The Cytoplasm (pp. 69–74)


1.
Structure


2.
Cytoplasmic Organelles


a.
Mitochondria


b.
Ribosomes


c.
Endoplasmic Reticulum (ER)



i.
Rough ER



ii.
Smooth ER


d.
Golgi Apparatus



i.
Secretory Vessels


e.
Lysosomes


f.
Peroxisomes


g.
Cytoskeleton



i.
Intermediate Filaments



ii.
Microfilaments



iii.
Microtubules


h.
Centrioles



i.
Other Structures in Specialized Cells



i.
Cilia



ii.
Flagella


D.
Cell Diversity (pp. 74–76)


1.
Cells That Connect Body Parts


2.
Cell That Covers and Lines Body Organs


3.
Cells That Move Organs and Body Parts


4.
Cell That Stores Nutrients


5.
Cell That Fights Disease


6.
Cells That Gathers Information and Controls Body Functions


7.
Cells of Reproduction


III.
CELL PHYSIOLOGY (pp. 76–88)


A.
Membrane Transport (pp. 76–79, 81–83)


1.
The Fluid Environment


2.
Passive Transport Processes: Diffusion and Filtration


a.
Diffusion



i.
Simple Diffusion



ii.
Osmosis



iii.
Facilitated Diffusion


b.
Filtration


3.
Active Transport Processes


a.
Active Transport


b.
Vesicular Transport



i.
Exocytosis



ii.
Endocytosis




(1)
Phagocytosis




(2)
Pinocytosis




(3)
Receptor-Mediated Endocytosis


B.
Cell Division (pp. 83–88)


1.
Cell Life Cycle


2.
Preparations: DNA Replication


3.
Events of Cell Division


a.
Mitosis



i.
Prophase



ii.
Metaphase



iii.
Anaphase


iv.
Telophase


b.
Cytokinesis


C.
Protein Synthesis (pp. 86–88)


1.
Genes: The Blueprint for Protein Structure


2.
The Role of RNA


3.
Transcription


4.
Translation

Part II: Body Tissues (pp. 88–101)


I.
EPITHELIAL TISSUE (pp. 88–93)


A.
Functions (pp. 88–89)


B.
Special Characteristics of Epithelium (p. 89)


C.
Classification of Epithelium (pp. 89–93)


1.
Simple Epithelia


a.
Simple Squamous Epithelium


b.
Simple Cuboidal Epithelium


c.
Simple Columnar Epithelium


d.
Pseudostratified Columnar Epithelium


2.
Stratified Epithelia


a.
Stratified Squamous Epithelium


b.
Stratified Cuboidal and Stratified Columnar Epithelia


c.
Transitional Epithelium


3.
Glandular Epithelium


a.
Endocrine Glands


b.
Exocrine Glands


II.
CONNECTIVE TISSUE (pp. 93–97)


A.
Functions (p. 93)


B.
Common Characteristics of Connective Tissue (p. 93)


1.
Variations in Blood Supply


3.
Extracellular Matrix


C.
Extracellular Matrix (pp. 93–94)


D.
Types of Connective Tissue (pp. 94–97)


1.
Bone (Osseous)


2.
Cartilage


a.
Hyaline


b.
Fibrocartilage


c.
Elastic Cartilage


3.
Dense Connective Tissue (Dense Fibrous Tissue)


4.
Loose Connective Tissue


a.
Areolar Tissue


b.
Adipose Tissue


c.
Reticular Connective Tissue


5.
Blood


III.
MUSCLE TISSUE (pp. 97–99)


A.
Types of Muscle Tissue (pp. 97–99)


1.
Skeletal Muscle


2.
Cardiac Muscle


3.
Smooth (Visceral) Muscle


IV.
NERVOUS TISSUE (p. 98)


A.
Neurons


B.
Supporting Cells


V.
Tissue Repair (Wound Healing) (pp. 100–101)


A.
Regeneration


B.
Fibrosis


C.
Events in Tissue Repair

Part III: Developmental Aspects of Cells And Tissues (pp. 101 and 104)


I.
DEVELOPMENTAL ASPECTS (pp. 101 and 104)

A.
Cell Division


B.
Amitotic Cells


C.
Aging Process


D.
Cell and Tissue Modification


1.
Neoplasm—Benign or Malignant


2.
Hyperplasia


3.
Atrophy
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LECTURE HINTS


1.
Emphasize that the cell described in this chapter is a generalized cell and that there are many cells in the body that have a different structure. Mature red blood cells, for example, are anucleate and round, while skeletal muscle cells are multinucleate and elongated. Stress that it is the specialized structure of these cells that determines their ability to perform specific life-sustaining functions.



Key point: It is important for students to first understand the variety of components found in cells. From there, students begin to understand that all cells have some of the components, but few cells have all the components, and that it is the cell’s function that prescribes which components will be present. Relate to students that overall health of a cell is dependent on the weakest link in the chain, and that malfunctioning of one critical organelle can cause the entire cell to die.


2.
Show transparencies of many different types of cells and ask the students to identify the similarities as well as differences between the cells.



Key point: This helps students begin to visualize the structures of the cells and to learn which cells have certain components and why. 


3.
Differentiate between centrioles and centromeres, as this is an area that students frequently find confusing. Stress to students that mitosis is division of the cell nucleus and that serious mutations can result when prophase, metaphase, anaphase, and telophase do not progress properly.



Key point: The centromeres hold the chromatids together, while the centrioles direct the assembly of the mitotic spindle upon which the chromosomes migrate during anaphase.


4.
Give a brief explanation of mitosis vs. meiosis to help students understand that mitosis is the method by which a body (somatic) cell constantly produces identical daughter cells, whereas meiosis is part of the reproductive process of gametes (sex cells are discussed in Chapter 16).



Key point: Students frequently confuse these two processes and it is important to clarify their differences from the beginning.


5.
Discuss cancer as mitosis “gone wild.”



Key point: Once students understand that all body cells have a limited life span and need to continuously replace themselves, they begin to understand that an imbalance in the replication process can have devastating effects.


6.
Teach students the mnemonic device, “I Passed My Algebra Test,” to help them learn the stages of mitosis in order. Point out that interphase is not part of mitosis since interphase includes the daily activities of the cell while mitosis is nuclear division.



Key point: Explain that cells live out the bulk of their lives in interphase, which is not a dormant phase as was previously thought, but is the time from within which the DNA content of a cell must precisely double. Cells then form two identical daughter cells by going through prophase, metaphase, anaphase, and telophase during mitotis.


7.
Although the stages of the cell cycle are described as discrete events, students should see that they represent a continuous process. Video segments that show the cell cycle in action will help students to better visualize this process. 



Key point: Explain to students that the phases of mitosis follow one after another in a continuous flow, but that they are presented in segments for better understanding.


8.
Explain to students that cytokinesis begins during mitosis and is not a separate process that occurs after mitosis is complete.



Key point: Show students how cytokinesis begins during anaphase when the chromosomes pull apart and the cell changes shape. Cytokinesis ends after telophase, once the nuclear division is complete.


9.
Differentiate between intracellular and extracellular fluid. Explain that extracellular fluid, or fluid found outside the cell, is also called interstitial fluid because it is located in the spaces between the cells. Discuss how a buildup of this fluid would lead to edema following an injury or during chronic sedentary living.



Key point: Having a clear understanding of the location of body fluids will help students to understand the homeostatic mechanisms involved in fluid balance.


10.
The terms hypertonic, hypotonic, and isotonic should be broken into their roots so that their meanings are immediately obvious to the student. For example, hypertonic means excessive tension, therefore water is drawn into a hypertonic solution. Hypotonic, on the other hand, means deficient tension, therefore water passes out of a hypotonic solution. Since isotonic means equal tension, an isotonic solution is homeostatically balanced. 



Key point: It is important for students to have a clear understanding of these terms and their significance in the body’s water balance. The terms hypertonic, hypotonic, and isotonic can refer to either intracellular or extracellular fluid.


11.
Discuss the application of different intravenous solutions in health care. Identify various types of solutions as hypertonic, hypotonic, or isotonic (D5W, 1/2 NS, and NS).



Key point: Presenting real-world applications helps students better understand the importance of these concepts. 


12.
Explain osmosis, or the diffusion of water, in detail. Students are frequently confused by the fact that water moves into an area of high solute concentration. Point out that it is easier for water molecules to move than for solutes to move across semipermeable membranes, thus water’s role is to dilute the solution until equilibrium is reached. Water is a very polar molecule enabling polar solutes to be dissolved within it.



Key point: Being able to visualize the shift of fluids within the body is particularly necessary in understanding the activities of the urinary and cardiovascular systems. Water is absolutely essential to life as we know it and the search for past or present life on other planets always revolves on the evidence of water.


13.
Discuss the concentration gradient and the idea that when molecules move down the gradient, they are involved in passive transport processes, whereas molecules moving up the gradient are involved in active transport processes. 



Key point: The role of the concentration gradient in active and passive transport processes is a significant concept for students to master.


14.
Present phagocytosis (cell eating) and bulk-phase endocytosis (pinocytosis, or cell drinking) by first identifying their word parts. Explain that both processes are part of endoctytosis, where the cell brings substances inside. Be sure that students understand that bulk-phase endocytosis is not just taking in water, but is in fact a means of bringing in extracellular fluid, including the dissolved substances within that fluid.



Key point: Students sometimes confuse cell drinking with simple water intake and it is important to clarify that the process is more complex than that.


15.
Show transparencies of various tissues and point out the similarities and differences so that students can identify the tissue types based on their characteristics.



Key point: The various tissue types appear confusing at first but become clearer as their key characteristics are noted.


16.
Relate to students that hyperplasia describes an increase in the total number of fibers within a body tissue or organ. Contrast for students that hypertrophy describes the increase in size of existing cells as compared to atrophy, which describes the decrease in size of existing cells, with neither hypertrophy nor atrophy describing any changes in the total number of fibers.



Key point: A weight lifter exhibits skeletal muscle hypertrophy during chronic strength training, whereas the reverse condition of skeletal muscle atrophy occurs when training load is reduced. Hyperplasia of skeletal muscle does not occur even during intense conditioning, although there is a possibility that athletes who dangerously abuse anabolic steroids may exhibit some hyperplasia.

Answers to End of Chapter Review Questions

Questions appear on pp. 106–108

Multiple Choice


1.
a (p. 68)


2.
c (p. 69)


3.
a, b, d (p. 68)


4.
e (p. 73)


5.
c (p. 72)


6.
a, c (pp. 76–77)


7.
b (p. 90)


8.
b (p. 90)


9.
a (p. 97)


10.
a (p. 97)


11.
a, b, d, e (p. 98)


12.
c (pp. 102, 104)


13.
b (pp. 82–83)

Short Answer Essay


14.
Cell: The basic living unit of structure and function. (p. 65)



Organelle: Literally, little organ. An intracellular structure that performs a specific function for the cell. (p. 69)


15.
All cells are able to metabolize, divide, grow, respond to stimuli, digest nutrients, move, and excrete wastes. (p. 76)


16.
DNA is the storehouse of the cell’s genetic instructions, which specify protein structure. DNA is contained in the chromatin. Nucleoli are sites of ribosome formation. (p. 67)


17.
The plasma membrane is composed of a double layer of lipids (phospholipids and cholesterol), with proteins floating in the lipid. Some of the proteins have attached sugar groups (glycoproteins). The plasma membrane serves as a selectively permeable barrier that contains cell contents, and functions in membrane transport and cell-to-cell interactions. (pp. 67–68)


18.
The cytosol is a semitransparent fluid that not only suspends cell organelles and inclusions, but also contains water, nutrients, and a variety of solutes. The cytosol functions to transport materials around the cell. Inclusions are chemical substances that may or may not be present, depending on the cell. They are nonfunctioning units and are usually stored nutrients or cell products (e.g., lipid droplets, glycogen granules, pigments, etc.). (p. 69)


19.
Mitochondria: The major sites of ATP synthesis in the cell. (pp. 70–71) Ribosomes: Protein synthesis. (p. 71) Endoplasmic reticulum: Intracellular transport of proteins made on the ribosomes (rough ER) or formation of lipids/steroids. (pp. 71–72) Golgi apparatus: Packaging of proteins for export from the cell. (pp. 72–73) Lysosomes: Breakdown of “worn-out” cell organelles or ingested foreign materials, such as bacteria. (p. 73) Centrioles: Structures that direct the formation of the mitotic spindle during cell division; form bases of cilia and flagella. (p. 73) Peroxisomes: Detoxify harmful chemicals, such as alcohol and free radicals. (p. 73) Cytoskeleton: Formed of microtubules and different types of filaments that construct the internal framework of the cell and promote cellular movements. (p.73)


20.
Diffusion: The movement of particles from an area of higher concentration to an area of lower concentration as a result of their kinetic energy; a passive process. (p. 76) Osmosis: The diffusion of water through a semipermeable or selectively permeable membrane. (p. 77) Simple Diffusion: The unassisted diffusion of solutes through a semipermeable or selectively permeable membrane. (p. 77) Filtration: The passage of solutes and solvent through a membrane from an area of higher hydrostatic pressure to an area of lower hydrostatic pressure. (pp. 77–78) Solute pumping: The movement of substances across a membrane by a solute pump, a “carrier” protein present in cell membrane. Requires that ATP be used and usually occurs against concentration and electrical gradients. (pp. 78–79) Exocytosis: A mechanism by which substances are moved from the cell interior to the extracellular space as a vesicle fuses with the plasma membrane. (p. 81) Endocytosis: A means by which fairly large extracellular molecules or particles are engulfed and enter cells. (pp. 81–82) Phagocytosis: Endocytosis of relatively large particles. (p. 82) Pinocytosis: Invagination of plasma membrane which encloses extracellular fluids containing protein or fat. (p. 82) Receptor-mediated endocytosis: Specific target molecules are taken into a cell when specific receptor proteins bind to the cell membrane. (pp. 82–83)


21.
Passive process: The size of the pores and whether the substance is soluble in the lipid (fat) portion of the membrane. (p. 77) Active process: Whether the proper carrier proteins (pumps) are present in the membrane and in what amounts. (pp. 78–79)


22.
Hypertonic solutions cause cells within them to become crenated (shrunken) as water leaves by osmosis. Hypotonic solutions cause cells to become swollen as water enters them from an area of higher water concentration. If there is a substantial difference in water concentration, the cell will burst (lyse) as excessive water enters it. Isotonic solutions have the same water/solute concentrations as cells; thus no structural changes occur. (pp. 80–81)


22.
The DNA helix uncoils and the hydrogen bonds holding the bases together are broken by enzymes. Each freed nucleotide strand then acts as a model for building a complementary strand from DNA nucleotides. This process occurs during interphase, before the start of cell division. (p. 83; Figure 3.14)


24.
Mitosis: Nuclear division. Divided into the phases of prophase, metaphase, anaphase, and telophase. Mitosis is important because it provides cells needed for growth and body repair. (pp. 83, 85–86; Figure 3.15)


25.
The spindle acts as a scaffolding or attachment site for the chromosomes during mitotic division. (p. 84)


26.
If the cells of an organ are amitotic, the cells that repair any damage to that organ will restore its structure but not necessarily its ability to function. For example, when heart cells die, they are replaced by connective tissue cells (scar tissue), which are unable to contract as do heart muscle cells. Likewise, damaged nerve cells are replaced by scar tissue, which is unable to transmit electrical signals. When tissue repair occurs by regeneration (mitosis of the same type of cells), normal function is restored. (pp. 100–101)


27.
DNA contains numerous genes, which provide the specific instructions for building proteins; that is, each three-base sequence along the gene indicates the precise amino acid that is to appear in the protein at that relative position. RNA carries out DNA’s instructions and sees that the protein is built. Messenger RNA carries the “message” outside the nucleus to a ribosome. Transfer RNA transports amino acids to the ribosome, and ribosomal RNA forms part of the ribosome, or protein synthesis site. (pp. 86–88)


28.
Tissue: A group of cells similar in structure and function. The four major tissue types are epithelial, connective, muscle, and nervous. Connective tissue is the type most widely distributed in the body. (pp. 88, 93)


29.
Epithelial tissues share a number of common characteristics. They tend to form continuous sheets, and the membranes always have one free edge or surface. The lowest surface rests on a basement membrane. It is avascular and regenerates well. Its most important functions are protection, absorption, filtration, and secretion. For example, the external epithelium (epidermis) protects against bacterial, chemical, and thermal damage; that of the respiratory system has cilia, which sweep debris away from the lungs; that of the digestive system is able to absorb substances; in the kidneys epithelium absorbs and filters; and secretion is the specialty of glands. (pp. 88–89)


30.
Ciliated epithelium is found in the respiratory system, where it acts to prevent debris from entering the lower respiratory passageways. It is also found in the reproductive system, where it acts to move sex cells along the duct passageways. (p. 90)


31.
Connective tissues are usually characterized by a large amount of extracellular matrix, which is secreted by the living cells and variations in vascularization. Connective tissues serve to connect, support, protect, and repair other body tissues. The functions of connective tissue are best explained by its matrix; that is, when connective tissue is a cushioning tissue, the matrix is soft and pliable; when the connective tissue is meant to support or give strength to the body, the matrix is hard/strong. (pp. 93–94)


32.
a. Areolar (p. 97); b. Bone. (p. 94)


33.
Muscle tissue contracts (shortens) to produce movement. (p. 97)


34.
Skeletal: Attached to the skeleton and providing for gross body movement. Smooth: Found in the walls of internal organs and providing for the movement of substances (e.g., urine, food) through internal body tracts. Cardiac: Forms the heart, which propels blood through the blood vessels. When a muscle type is said to be involuntary in action, this means that one cannot consciously control its action. (p. 98)


35.
During fibrosis, the destroyed tissue is replaced with dense connective tissue, which forms scar tissue. Tissue repaired in this way can lose some functionality. For example, when cardiac muscle is damaged, it cannot be regenerated, so fibrosis occurs and a scar forms. This region is no longer able to contract, so it will affect how the heart pumps blood. In tissue regeneration, destroyed tissue is replaced by the same type of cells. Regeneration is more desirable because no scar tissue forms and the cells retain their functional ability. (p. 100)


36.
Atrophy: A decrease in the size of a body organ or body part as a result of the loss of normal stimulation (exercise or nerve stimulation). (p. 104)

Answers to Critical Thinking and Clinical Application Questions


37.
Vincristine: Anything that damages the mitotic spindle interferes with cell division and, thus, would prevent proliferation of the cancer cells. (p. 84) Adriamycin: If messenger RNA cannot be made, proteins cannot be made either. All cells must have essential proteins such as enzymes to function properly. (pp. 86–88)


38.
Lysosomal destruction releases acid hydrolases into the cytoplasm, killing the cell. When the cell lyses, inflammation is triggered. Hydrocortisone controls the unpleasant effects of inflammation by stabilizing the lysosomes, thus reducing cell death and the resultant inflammation. (p. 73)


39.
Cartilage heals much slower than bone and other tissues because it lacks the blood supply necessary for the healing process. (p. 93)


40.
Only the liver will fully recover because it is composed of epithelial tissue, which has the ability to completely regenerate. The injured areas of the heart and the brain grow back as scar tissue and thus do not regenerate to the previous functional capacity. (pp. 100–101)


41.
Hyperplasia: enlargement of body tissues or organs due to an increase in cell number. This reaction occurs when there is a local irritant or condition that stimulates the cells. Dysplasia: abnormal development of tissues or organs. Neoplasia: an abnormal cell mass that proliferates without control. Kareem does not have cancer (malignant neoplasm) because the doctor stated that there was no evidence of neoplasia on his lip. (p. 104)

Classroom Demonstrations and Student Activities

Classroom Demonstrations


1.
Film(s) or other media of choice.


2.
Use a cell model to demonstrate the various organelles and cell parts.


3.
Use transparencies to demonstrate the structure of a cell and the cell’s organelles.


4.
Use microscope slides to show the differences between various cell types.


5.
Use models of the events of mitosis to support your class presentation of cell division.


6.
Walk through the phases of mitosis using transparencies and show a corresponding video demonstrating the continuous process in motion.


7.
Have students look at prepared microscope slides of animal (e.g., whitefish blastula) and plant (e.g., Allium root tip) cells undergoing various mitotic phases.


8.
Have students link cutouts of base pairs, similar to what Watson and Crick do in the video the Double Helix.


9.
Provide models of nucleotides for students to disassemble and reassemble into various nucleotide sequences. Note that a change in even a single base pair will completely change the resultant protein. Use the example of sickle-cell anemia to illustrate this concept.


10.
Bring in various IV solutions and discuss their uses in health care. Examples include mannitol (isomotic diuretic), D51/2NS (hypotonic), and normal saline (isotonic).


11.
Set up a simple osmometer before class and have students observe the fluid level in the tube from time to time. Put glucose solution in a dialysis sac and tie the sac tightly to a length of glass tubing. Secure the glass tubing to a ring stand with a clamp. The glucose-containing dialysis sac should be immersed in distilled water in a beaker. Use this demonstration to support your discussion of osmosis and how knowledge of fluid dynamics is critical to health care.

Student Activities


1.
Have students draw a large-scale generalized cell, with all organelles clearly labeled.


2.
Have students look at several cell types and draw what they see. Ask them to identify all the structures they see. Point out similarities and differences, and ask them to guess the various functions based on structure.


3.
Use models of RNA and DNA to illustrate their differences.


4.
List a string of nucleotides on the board. Indicate this represents an original DNA sequence. With the students, walk through the corresponding mRNA sequence that would result from transcription. Next, list the nucleotide chain that results from translation, and emphasize that this will code for a specific protein. With all three lists still on the board, point out that the translated strand is identical in sequence to the original DNA segment with the exception that all thymine molecules are replaced by uracil molecules. Liken this process to making a picture from a negative of an original scene.


5.
Have students name any examples of diffusion, osmosis, and filtration they can think of from their daily lives.


6.
Have students prepare a wet mount of their own cheek cells so that they determine what tissue type they collected.

