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A Tour of the Cell
Lecture Outline
Overview: The Fundamental Units of Life
All organisms are made of cells.
Many organisms are single-celled.
The cell is the simplest collection of matter that can live.
Even when arranged into higher levels of organization, such as tissues and organs, cells are an organism’s basic units of structure and function. 
Life at the cellular level arises from structural order, reflecting emergent properties and the correlation between structure and function. 
The movement of an animal cell depends on the intricate interplay of the structures that make up a cellular skeleton.
Organisms interact with their environment; cells sense and respond to environmental fluctuations. 
· Evolution is the unifying biological theme; all cells are related by their descent from earlier cells but have been modified in various ways during the history of life on Earth.

Concept 6.2 Eukaryotic cells have internal membranes that compartmentalize their functions.
Prokaryotic and eukaryotic cells differ in size and complexity.
Organisms of the domains Bacteria and Archaea consist of prokaryotic cells. Protists, fungi, animals, and plants consist of eukaryotic cells.
All cells are surrounded by a selective barrier, the plasma membrane.
· The semifluid substance within the membrane is the cytosol, containing the organelles.
All cells contain chromosomes that carry genes in the form of DNA.
All cells have ribosomes, tiny complexes that make proteins based on instructions contained in genes.
A major difference between prokaryotic and eukaryotic cells is the location of the DNA.
In a eukaryotic cell, most of the DNA is in an organelle bounded by a double membrane, the nucleus.
In a prokaryotic cell, the DNA is concentrated in the nucleoid, without a membrane separating it from the rest of the cell.
The interior of a prokaryotic cell and the region between the nucleus and the plasma membrane of a eukaryotic cell is the cytoplasm.
· Within the cytoplasm of a eukaryotic cell are a variety of membrane-bound organelles with specialized form and function. These membrane-bound organelles are absent in prokaryotes.
Eukaryotic cells are generally much larger than prokaryotic cells.
The logistics of carrying out cellular metabolism set limits on cell size.
At the lower limit, the smallest bacteria, mycoplasmas, are 0.1–1.0 µm in diameter.
Most bacteria are 1–10 µm in diameter.
Eukaryotic cells are typically 10–100 µm in diameter.
Metabolic requirements also set an upper limit to the size of a single cell.
· As a cell increases in size, its volume increases faster than its surface area.
· Smaller objects have a higher ratio of surface area to volume.
· The plasma membrane functions as a selective barrier that allows the passage of oxygen, nutrients, and wastes for the whole volume of the cell.
Rates of chemical exchange across the plasma membrane may be inadequate to maintain a cell with a very large cytoplasm.
The need for a surface sufficiently large to accommodate the volume explains the microscopic size of most cells.
Larger organisms do not generally have larger cells than smaller organisms, simply more cells.
Cells that exchange a lot of material with their surroundings, such as intestinal cells, may have long, thin projections from the cell surface called microvilli, which increase the surface area without significantly increasing the cell volume. 
Internal membranes compartmentalize the functions of a eukaryotic cell.
A eukaryotic cell has extensive and elaborate internal membranes, which partition the cell into compartments.
These membranes also participate directly in metabolism because many enzymes are built into membranes.
The compartments created by membranes provide different local environments that facilitate specific metabolic functions, allowing several incompatible processes to go on simultaneously in a cell.
The general structure of a biological membrane is a double layer of phospholipids.
Other lipids and diverse proteins are embedded in the lipid bilayer or attached to its surface.
Each type of membrane has a unique combination of lipids and proteins for its specific functions.
For example, enzymes embedded in the membranes of mitochondria function in cellular respiration.

Concept 6.3 The eukaryotic cell’s genetic instructions are housed in the nucleus and carried out by the ribosomes.
The nucleus contains most of the genes in a eukaryotic cell.
Additional genes are located in mitochondria and chloroplasts.
The nucleus averages about 5 µm in diameter.
The nucleus is separated from the cytoplasm by a double membrane called the nuclear envelope.
The two membranes of the nuclear envelope are separated by 20–40 nm.
The envelope is perforated by pores that are about 100 nm in diameter.
At the lip of each pore, the inner and outer membranes of the nuclear envelope are fused to form a continuous membrane.
A protein structure called a pore complex lines each pore, regulating the passage of certain large macromolecules and particles.
The nuclear side of the envelope is lined by the nuclear lamina, a network of protein filaments that maintains the shape of the nucleus.
· There is evidence that a framework of fibers called the nuclear matrix extends through the nuclear interior.
Within the nucleus, the DNA and associated proteins are organized into discrete units called chromosomes, structures that carry the genetic information.
Each chromosome is made up of material called chromatin, a complex of proteins and DNA.
Stained chromatin appears through light microscopes and electron microscopes as a diffuse mass.
As the cell prepares to divide, the chromatin fibers coil up and condense, becoming thick enough to be recognized as the familiar chromosomes.
Each eukaryotic species has a characteristic number of chromosomes.
A typical human cell has 46 chromosomes.
A human sex cell (egg or sperm) has only 23 chromosomes.
In the nucleus is a region of densely stained fibers and granules adjoining chromatin, the nucleolus.
· In the nucleolus, ribosomal RNA (rRNA) is synthesized and assembled with proteins from the cytoplasm to form large and small ribosomal subunits.
· The subunits pass through the nuclear pores to the cytoplasm, where they combine to form ribosomes.
Recent studies have suggested that the nucleolus also helps regulate cellular processes such as cell division.
The nucleus directs protein synthesis by synthesizing messenger RNA (mRNA).
· The mRNA is transported to the cytoplasm through the nuclear pores.
· Once in the cytoplasm, ribosomes translate mRNA’s genetic message into the primary structure of a specific polypeptide.
Ribosomes, containing rRNA and protein, are the cellular components that carry out protein synthesis.
Cell types that synthesize large quantities of proteins (such as pancreas cells) have large numbers of ribosomes and prominent nucleoli.
Free ribosomes are suspended in the cytosol and synthesize proteins that function within the cytosol.
Bound ribosomes are attached to the outside of the endoplasmic reticulum or nuclear envelope.
Bound ribosomes synthesize proteins that are inserted into membranes, packaged into organelles such as ribosomes, or exported (secreted) from the cell.
Cells that specialize in protein secretion—for instance, the cells of the pancreas that secrete digestive enzymes—frequently have a high proportion of bound ribosomes.

Concept 6.4 The endomembrane system regulates protein traffic and performs metabolic functions in the cell.
Many of the internal membranes in a eukaryotic cell are part of the endomembrane system.
· The tasks of the endomembrane system include synthesis of proteins and their transport into membranes and organelles or out of the cell, metabolism and movement of lipids, and detoxification of poisons.
These membranes are either directly continuous or connected via the transfer of vesicles, sacs of membrane.
· In spite of the connections, these membranes are diverse in function and structure.
The thickness, molecular composition, and types of chemical reactions carried out by proteins in a given membrane may be modified several times during a membrane’s life.
The endomembrane system includes the nuclear envelope, endoplasmic reticulum, Golgi apparatus, lysosomes, vacuoles, and plasma membrane.
The endoplasmic reticulum manufactures membranes and performs many other biosynthetic functions.
The endoplasmic reticulum (ER) accounts for more than half the membranes in a eukaryotic cell.
The ER includes a network of membranous tubules and sacs called cisternae.
The ER membrane is continuous with the nuclear envelope, and the cisternal space of the ER is continuous with the space between the two membranes of the nuclear envelope.
There are two connected regions of ER that differ in structure and function.
Smooth ER looks smooth because it lacks ribosomes.
Rough ER looks rough because ribosomes (bound ribosomes) are attached to the outside, including the outside of the nuclear envelope.
Smooth ER is rich in enzymes and plays a role in a variety of metabolic processes, including synthesis of lipids, metabolism of carbohydrates, and detoxification of drugs and poisons.
· Enzymes of smooth ER synthesize lipids, including oils, phospholipids, and steroids.
These include the sex hormones of vertebrates and adrenal steroids.
In the smooth ER of the liver, enzymes help detoxify poisons and drugs such as alcohol and barbiturates.
Frequent use of these drugs leads to the proliferation of smooth ER in liver cells, increasing the rate of detoxification.
This proliferation of smooth ER increases tolerance to the target and other drugs, so higher doses are required to achieve the same effect.
Smooth ER stores calcium ions.
Muscle cells have a specialized smooth ER that pumps calcium ions from the cytosol into the ER lumen. 
When a nerve impulse stimulates a muscle cell, calcium ions rush from the ER into the cytosol, triggering contraction of the muscle cell.
Rough ER is especially abundant in cells that secrete proteins.
Certain cells in the pancreas secrete the hormone insulin into the bloodstream. 
As a polypeptide chain grows from a bound ribosome, it is threaded into the ER lumen through a pore formed by a protein complex in the ER membrane. 
As the new protein enters the ER lumen, it folds into its native shape. 
Most secretory polypeptides are glycoproteins, proteins to which a carbohydrate is attached.
The carbohydrate is attached to the protein in the ER by specialized molecules built into the ER membrane.
Secretory proteins are packaged in transport vesicles that bud from a specialized region called transitional ER. 
· Transport vesicles carry proteins from one part of the cell to another. 
Rough ER is also a membrane factory for the cell.
Membrane-bound proteins are synthesized directly into the ER membrane and anchored by their own hydrophobic portions.
Enzymes in rough ER also synthesize phospholipids from precursors in the cytosol.
· As the ER membrane expands, membrane can be transferred as transport vesicles to other components of the endomembrane system.
The Golgi apparatus is the shipping and receiving center for cell products.
Many transport vesicles from the ER travel to the Golgi apparatus for modification of their contents.
· The Golgi apparatus is a center of manufacturing, warehousing, sorting, and shipping.
· Some products of the ER are modified and stored and then sent on. 
· The Golgi apparatus is especially extensive in cells specialized for secretion.
The Golgi apparatus consists of flattened membranous sacs—cisternae—that look like a stack of pita bread.
· The membrane of each cisterna separates its internal space from the cytosol.
· One side of the Golgi apparatus, the cis face, is located near the ER. The cis face receives material by fusing with transport vesicles from the ER.
· The other side, the trans face, buds off vesicles that travel to other sites.
Products from the ER are usually modified during their transit from the cis to the trans region of the Golgi apparatus.
Various Golgi enzymes modify the carbohydrate portions of glycoproteins. 
Carbohydrates are first added to proteins in rough ER, often during the process of polypeptide synthesis. 
The carbohydrate on the resulting glycoprotein is modified as it passes through the rest of the ER and the Golgi. 
The Golgi removes some sugar monomers and substitutes others, producing a large variety of carbohydrates.
The Golgi can also manufacture its own macromolecules, including pectin and other noncellulose polysaccharides.
· Golgi products that will be secreted depart from the trans face of the Golgi inside transport vesicles that eventually fuse with the plasma membrane.
The Golgi apparatus is a dynamic structure.
· The Golgi manufactures and refines its products in stages, with different cisternae between the cis and trans regions containing unique teams of enzymes.
· According to the cisternal maturation model, the cisternae of the Golgi progress from the cis to the trans face, carrying and modifying their protein cargo as they move.
Finally, the Golgi sorts and packages materials into transport vesicles.
Molecular identification tags such as phosphate groups are added to products to aid in sorting.
These tags act like ZIP codes on mailing labels to identify the product’s final destination.
Transport vesicles budded from the Golgi may have external molecules on their membranes that recognize “docking sites” on the surface of specific organelles or on the plasma membrane, thus targeting them appropriately.
Lysosomes are digestive compartments.
A lysosome is a membrane-bound sac of hydrolytic enzymes that an animal cell uses to digest macromolecules.
Lysosomal enzymes work best at acidic pH.
The rupture of one or a few lysosomes has little impact on a cell because the lysosomal enzymes are not very active at the neutral pH of the cytosol.
Massive rupture of many lysosomes can destroy a cell by autodigestion, however.
Lysosomal enzymes and membrane are synthesized by rough ER and then transferred to the Golgi apparatus for further modification.
Some lysosomes arise by budding from the trans face of the Golgi apparatus.
Proteins on the inner surface of the lysosomal membrane are spared by digestion by their three-dimensional conformations, which protect vulnerable bonds from hydrolysis.
Lysosomes carry out intracellular digestion in a variety of circumstances.
Amoebas eat by engulfing smaller organisms by phagocytosis.
The food vacuole formed by phagocytosis fuses with a lysosome, whose enzymes digest the food.
As the polymers are digested, monomers pass to the cytosol to become nutrients for the cell.
Human macrophages help defend the body by phagocytosing and destroying invasive bacteria.
Lysosomes can play a role in recycling the cell’s organelles and macromolecules.
This recycling, or autophagy, renews the cell.
During autophagy, a damaged organelle or region of cytosol becomes surrounded by a double membrane of unknown origin.
A lysosome fuses with the outer membrane of the vesicle, digesting the macromolecules and returning the organic monomers to the cytosol for reuse.
The cells of people who have inherited lysosomal storage diseases lack a functioning hydrolytic enzyme normally present in lysosomes. 
· The lysosomes become engorged with indigestible substrates, which begin to interfere with other cellular activities.
In people who have Tay-Sachs disease, a lipid-digesting enzyme is missing or inactive, and the brain becomes impaired by an accumulation of lipids in the cells. 
Vacuoles have diverse functions in cell maintenance.
Vesicles and vacuoles (larger versions) are membrane-bound sacs with varied functions.
· Food vacuoles are formed by phagocytosis and fuse with lysosomes.
· Contractile vacuoles, found in freshwater protists, pump excess water out of the cell to maintain the appropriate concentration of salts.
A large central vacuole is found in many mature plant cells.
The vacuolar membrane is selective in its transport of solutes into the central vacuole.
As a result, the solution inside the vacuole, called cell sap, differs in composition from the cytosol.
The functions of the central vacuole include stockpiling proteins or inorganic ions, disposing of metabolic by-products, holding pigments, and storing defensive compounds that protect the plant against herbivores.
· The vacuole has a major role in the growth of plant cells, which enlarge as their vacuoles absorb water, enabling the cell to become larger with little investment in new cytoplasm. 
Because of the large vacuole, the cytosol occupies only a thin layer between the plasma membrane and the central vacuole. The presence of a large vacuole increases the ratio of surface area to volume for the cell.

Concept 6.5 Mitochondria and chloroplasts change energy from one form to another.
Mitochondria and chloroplasts are the organelles that convert energy to forms that cells can use for work.
Mitochondria are the sites of cellular respiration, generating ATP by extracting energy from sugars, fats, and other fuels with the help of oxygen.
Chloroplasts, found in plants and algae, are the sites of photosynthesis.
Chloroplasts convert solar energy to chemical energy and synthesize new organic compounds such as sugars from CO2 and H2O.
Mitochondria and chloroplasts are not part of the endomembrane system.
· In contrast to organelles of the endomembrane system, each mitochondrion or chloroplast has two membranes separating the innermost space from the cytosol.
Their membrane proteins are not made by ribosomes bound to the ER, but rather by free ribosomes in the cytosol and by ribosomes within the organelles themselves.
Both mitochondria and chloroplasts have small quantities of DNA that direct the synthesis of the polypeptides produced by these internal ribosomes.
Mitochondria and chloroplasts grow and reproduce as semiautonomous organelles.
The peroxisome is an oxidative organelle that is not part of the endomembrane system. 
· Like mitochondria and chloroplasts, the peroxisome imports its proteins primarily from the cytosol.
Almost all eukaryotic cells have mitochondria.
Even in exceptions, such as the human intestinal parasite Giardia and some other protists, recent studies have identified closely related organelles that may have evolved from mitochondria. 
Cells may have one very large mitochondrion or hundreds to thousands of individual mitochondria.
The number of mitochondria is correlated with aerobic metabolic activity.
· A typical mitochondrion is 1–10 µm long.
· Mitochondria are dynamic: moving, changing shape, fusing, and dividing.
Mitochondria have a smooth outer membrane and a convoluted inner membrane with infoldings called cristae.
· The inner membrane divides the mitochondrion into two internal compartments.
· The first compartment is the intermembrane space, a narrow region between the inner and outer membranes.
· The inner membrane encloses the mitochondrial matrix, a fluid-filled space with mitochondrial DNA, ribosomes, and enzymes.
Some of the metabolic steps of cellular respiration are catalyzed by enzymes in the matrix.
· Other proteins that function in respiration, including the enzyme that makes ATP, are built into the inner membrane. 
The highly folded cristae present a large surface area for these enzymes.
The chloroplast is one of several members of a related family of plant structures called plastids.
Amyloplasts are colorless plastids that store starch in roots and tubers.
Chromoplasts store pigments for fruits and flowers.
Chloroplasts contain the green pigment chlorophyll as well as enzymes and other molecules that function in the photosynthetic production of sugar.
Chloroplasts are 2–5 µm in diameter and are found in leaves and other green organs of plants and algae.
The contents of the chloroplast are separated from the cytosol by an envelope consisting of two membranes separated by a narrow intermembrane space.
Inside the innermost membrane is a fluid-filled space, the stroma, in which float membranous sacs, the thylakoids.
The stroma contains chloroplast DNA, ribosomes, and enzymes.
The thylakoids are flattened sacs that play a critical role in converting light to chemical energy. In some regions, thylakoids are stacked like poker chips into grana.
· The membranes of the chloroplast divide the chloroplast into three compartments: the intermembrane space, the stroma, and the thylakoid space.
· Like mitochondria, chloroplasts are dynamic structures.
· The shape of mitochondria is plastic, and they can reproduce themselves by pinching in two.
Mitochondria and chloroplasts are mobile and move around the cell along tracks of the cytoskeleton.
Peroxisomes generate and degrade H2O2 in performing various metabolic functions.
Peroxisomes, bound by a single membrane, contain enzymes that transfer hydrogen from various substrates to oxygen.
· A by-product of this process is hydrogen peroxide (H2O2).
Some peroxisomes break fatty acids down to smaller molecules that are transported to mitochondria as fuel for cellular respiration.
Peroxisomes in the liver detoxify alcohol and other harmful compounds by transferring hydrogen from these molecules to oxygen.
The H2O2 formed by peroxisomes is itself toxic, but peroxisomes also contain an enzyme that converts H2O2 to water. 
· The enzymes that produce hydrogen peroxide and those that dispose of it are sequestered in the same space, away from other cellular components that could otherwise be damaged.
Specialized peroxisomes, glyoxysomes, convert the fatty acids in seeds to sugars, which the seedling can use as a source of energy and carbon until it is capable of photosynthesis.
Peroxisomes do not bud from the endomembrane system, but by incorporating proteins and lipids from the cytosol, as well as lipids synthesized within the peroxisome itself.
· Peroxisomes split in two when they reach a certain size.
Concept 6.x The cytoskeleton is a network of fibers that organizes structures and activities in the cell.
A specialized arrangement of microtubules is responsible for the beating of cilia and flagella.
Many unicellular eukaryotic organisms are propelled through water by cilia and flagella.
The sperm of animals, algae, and some plants have flagella. 
When cilia or flagella extend from cells within a tissue layer, they can beat to move fluid over the surface of the tissue.
For example, cilia lining the windpipe sweep mucus carrying trapped debris out of the lungs.
In the reproductive tract, cilia lining the oviducts help move an egg toward the uterus.
Cell walls provide a structural boundary, as well as a permeable barrier for some substances to the internal environments.
Plant cell walls are made of cellulose and are external to the cell membrane.
Other examples are cells walls of prokaryotes and fungi.
· The outer sides of cell membranes and cell walls can interact in various ways with other cells.
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