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Detailed Chapter Summary
Chapter 2, Cytology—The Study of Cells

2.1 The Study of Cells (p. 26)

1. Cytology is the study of cellular structure and function. All medical physiology is based on cellular function.

2. Cytology employs various kinds of microscopes, including the light microscope (LM), transmission electron microscope (TEM), and scanning electron microscope (SEM). Electron microscopes produce images of higher resolution than the LM.

3. Some common cell shapes are squamous, cuboidal, columnar, polygonal, stellate, spheroid, ovoid, discoid, fusiform, and fibrous.
4. The basal, apical, and lateral surfaces of a cell may vary in molecular structure and function.

5. Cell sizes are usually expressed in micrometers (µm) (1 µm = 10–6 m = 10–3 mm). Most human cells are about 10 to 15 µm wide, but a few types are about 100 µm wide and barely visible to the naked eye.

6. Cell sizes are limited by such factors as their physical strength and diffusion rates. As a cell increases in width, its volume increases by the cube of the width and its surface area by the square of the width. Above a certain size, there is not enough cell surface to metabolically serve its volume of cytoplasm. 

7. A cell is enclosed by a plasma membrane. The material between the plasma membrane and nucleus is the cytoplasm; the material within the nucleus is the nucleoplasm. The cytoplasm contains a cytoskeleton, organelles, and inclusions, embedded in the gelatinous cytosol.

8. The fluid within a cell is called intracellular fluid (ICF). All body fluids not contained in cells are collectively called extracellular fluid (ECF). The ECF amid the cells of a tissue is called tissue fluid.
2.2 The Cell Surface (p. 30)

1. The cell surface is the site of cell signaling, the intercellular attachments that hold tissues together, and the transport of materials into and out of the cell.

2. Many cell structures are bounded by a unit membrane, a double layer composed primarily of lipids and protein, about 7.5 nanometers (nm) thick. The one that forms the cell surface is called the plasma membrane, and other unit membranes enclose many of the organelles.

3. The lipids of the plasma membrane are about 75% phospholipids, 20% cholesterol, and 5% glycolipids (in terms of number of molecules). Phospholipids form sheets with their hydrophilic heads facing the ECF and ICF and their hydrophobic fatty acid tails facing each other in the middle of the membrane. 

4. The cholesterol content of a plasma membrane affects its fluidity and strength.

5. Glycolipids are phospholipids with carbohydrate chains attached. Glycoproteins are proteins with carbohydrate attached. 
6. Transmembrane proteins penetrate from one side of the plasma membrane to the other. Most of these are glycoproteins. Peripheral proteins are attached to the intracellular or extracellular face of the membrane and do not penetrate into the phospholipid layer.

7. Membrane proteins serve a variety of functions: receptors for chemical signals, enzymes, channel proteins, gates, transport proteins (carriers), cell-identity markers, and cell-adhesion molecules.
8. Filtration is a method of transport in which a physical force drives water and small solutes through a membrane such as the wall of a blood capillary. It is especially important in the transfer of substances from the bloodstream through capillary walls to the tissues.

9. Simple diffusion is a process in which molecules move spontaneously down a concentration gradient from a point of high concentration to a point of lower concentration. Substances can diffuse through a plasma membrane if they are small enough to fit through channels in the membrane or are soluble in its phospholipid.

10. Osmosis is the net diffusion of water through a selectively permeable membrane from a side with less dissolved matter (where water is more concentrated) to the side with more dissolved matter (where water is less concentrated). Reverse osmosis is the net movement of water in the opposite direction because of a force, such as blood pressure, applied to one side of a membrane.

11. Facilitated diffusion is the transport of solutes through a membrane, down their concentration gradient, by transport proteins. These transport solutes that otherwise would not pass through the membrane, or would pass through less efficiently.

12. Active transport is the transport of solutes through a membrane, up their concentration gradient, by transport proteins that consume ATP in the process. The Na+–K+ pump is an especially important example of this.

13. Vesicular transport is the transport of larger quantities of matter through the membrane by means of membrane-bounded vesicles. It is called endocytosis when solutes are transported into a cell and exocytosis when they are transported out.

14. The three forms of endocytosis are: (1) phagocytosis, in which a cell surrounds a particle with pseudopods and engulfs it; (2) pinocytosis, in which the plasma membrane sinks inward and nonselectively imbibes droplets of ECF; and (3) receptor-mediated endocytosis, a more selective process in which solutes of the ECF bind to membrane receptors, and the membrane then sinks inward to internalize the receptors and the material bound to them. 

15. Exocytosis resembles endocytosis in reverse. It is a way for a cell to discharge wastes or to release its own secretions. Most gland cells release their secretions by this method. Exocytosis also replaces the plasma membrane that has been internalized by endocytosis.

16. The glycocalyx is a spongy carbohydrate coating on every cell surface, formed by the carbohydrate components of glycolipids and glycoproteins. It functions in cell identity, in the body’s ability to distinguish its own tissues from foreign invaders, and in cell adhesion.

17. Microvilli are cell surface extensions that increase a cell’s surface area. They are especially abundant in cells heavily engaged in absorption, such as intestinal and kidney cells. On some cells, they form a fringe called the brush border. The core of a microvillus often has supportive bundles of actin filaments.

18. Cilia are hairlike processes that usually have a core structure called the axoneme, composed of two central microtubules surrounded by nine microtubule pairs. In such places as the respiratory tract and uterine tube, cilia are motile and serve to propel mucus and egg cells. In the inner ear, retina, nasal cavity, and kidney tubules, cilia serve sensory roles. Most cell types have a solitary primary cilium of less-known function.

19. A flagellum is similar to a cilium but much longer. It is motile, and has an axoneme surrounded by a sheath of supportive cytoskeletal proteins. The only functional flagellum in humans is a sperm tail.

20. Cells are linked to each other and to extracellular material by cell junctions of four major types: tight junctions, desmosomes, hemidesmosomes, and gap junctions.

21. Tight junctions form a zipperlike seal that encircles a cell and joins it tightly to neighboring cells. They prevent the nonselective passage of materials through an epithelium, ensuring that most substances that do pass through must travel through the cytoplasm of the cells themselves.

22. Desmosomes are protein patches that mechanically link one cell to another and enable tissues to resist stress. Hemidesmosomes, which are like half a desmosome, bind epithelial cells to an underlying basement membrane.

23. Gap junctions are pores surrounded by a ringlike connexon, a circle of six membrane proteins. Solutes can pass directly from cell to cell through gap junctions.

2.3 The Cell Interior (p. 40)

1. The cytoplasm consists of a clear gelatinous cytosol in which are embedded the cytoskeleton, organelles, and inclusions.

2. The cytoskeleton is a supportive framework for the cell composed of protein microfilaments, intermediate filaments, and microtubules. 

3. Microfilaments are made of the protein actin. They form a supportive terminal web on the inner face of the plasma membrane, support the microvilli, and provide for cell movements such as muscle contraction.

4. Intermediate filaments are larger, stiffer protein filaments, such as the ones found in desmosomes and the keratin in epidermal cells. They give a cell its shape, resist stress, and contribute to intercellular junctions.

5. Microtubules are hollow cylinders composed of the protein tubulin. They hold organelles in place, form bundles that maintain cell shape, form tracks that guide the movements of organelles and other materials within a cell, and form structures such as centrioles, basal bodies, axonemes, and mitotic spindles.

6. Organelles are structures in the cytoplasm that carry out metabolic functions of the cell.

7. The nucleus is the largest organelle. It contains most of the cell’s DNA. It is bordered by a nuclear envelope composed of two unit membranes perforated with large nuclear pores. The nucleoplasm, or nuclear contents, contains 46 chromosomes and often one or more nucleoli.

8. The endoplasmic reticulum (ER) is a system of interconnected channels called cisternae, which often occupy most of the cytoplasm. Areas called rough ER have relatively flat cisternae and are studded with ribosomes. Areas called smooth ER have more tubular cisternae and lack ribosomes. The ER synthesizes phospholipids, steroids, and other lipids; produces all the membranes of the cell; and detoxifies some drugs. The rough ER is a major site of protein synthesis. Smooth ER is scanty in most cells, but abundant in cells that synthesize steroids or engage in detoxification. It functions as a calcium reservoir in muscle cells and some others.

9. Ribosomes are protein-synthesizing granules of RNA and enzymes, found free in the cytosol, attached to the rough ER and nuclear envelope, and in the mitochondria and nucleoli. 

10. The Golgi complex is a group of cisternae that synthesizes carbohydrates, modifies proteins produced by the rough ER, and packages cellular products into lysosomes and secretory vesicles.
11. Lysosomes are membrane-enclosed packets of enzymes that break down macromolecules, expired organelles, and phagocytized foreign matter, and assist in programmed cell death (apoptosis).
12. Peroxisomes also are membrane-enclosed packets of enzymes. They serve to detoxify alcohol and other drugs, oxidize fatty acids, and neutralize free radicals.

13. Mitochondria are ATP-synthesizing organelles. They are enclosed in a double unit membrane and usually have inward folds of the inner membrane called cristae. They contain their own DNA (mitochondrial DNA) similar to the DNA of bacteria.

14. A centriole is a short cylindrical array of nine triplets of microtubules. There are usually two centrioles in a clear patch of cytoplasm called the centrosome. Each cilium and flagellum also has a solitary basal centriole called a basal body, which gives rise to the axoneme.

15. Inclusions are either cell products such as fat droplets and pigment granules, or foreign matter such as viruses or dust particles.

2.4 The Cell Life Cycle (p. 46)

1. The cell cycle (life cycle of a cell) consists of the G1 (first gap) phase in which a cell grows and carries out its tasks for the body; an S (synthesis) phase in which it replicates its DNA; a G2 (second gap) phase in which it prepares for mitosis; and an M (mitotic) phase in which it divides. G1, S, and G2 collectively constitute the interphase between cell divisions.

2. Cells that have left the cell cycle and stopped dividing, either temporarily or permanently, are in the G0 phase. Mature skeletal muscle cells, neurons, and some other cells are incapable of mitosis and stay in G0 permanently.

3. Mitosis is the mode of cell division employed in embryonic development, growth, replacement of dead cells, and repair of injured tissues. It consists of four phase called prophase, metaphase, anaphase, and telophase.

4. In prophase, the chromosomes condense and become visible by LM as paired sister chromatids joined by a centromere. The nuclear envelope disintegrates and microtubules grow from the centrioles.

5. In metaphase, the chromosomes align on the equator of the cell, while microtubules attach to their centromeres and form a mitotic spindle.

6. In anaphase, the centromeres divide and the sister chromatids separate from each other, becoming single-stranded daughter chromosomes. These chromosomes migrate toward opposite poles of the cell.

7. In telophase, the daughter chromosomes cluster at each end of the cell, uncoil, and become finely dispersed chromatin, as a new nuclear envelope forms around each cluster. 

8. Cytokinesis begins during anaphase and consists of a division of the cytoplasm into two distinct cells.

9. Nearly all organs and tissues contain undifferentiated stem cells that multiply and differentiate into specialized mature cells.

10. The only pluripotent stem cells, capable of differentiating into any type of embryonic or adult cell, are embryonic stem cells, from pre-embryos composed of up to 150 cells. Adult stem cells can be multipotent (able to differentiate into multiple mature cell types) or unipotent (able to differentiate into only one mature cell type). 

11. Stem cells are used in therapy for replacing damaged tissues. A major research effort is presently underway to manipulate either adult or embryonic stem cells into producing replacements for a wider range of lost or damaged cells and tissues.

