A Tour of the Cell
The Importance of Cells

· All organisms are made of cells.

· Many organisms are single-celled.

· Even in multicellular organisms, the cell is the basic unit of structure and function.

· The cell is the simplest collection of matter that can live.

· All cells are related by their descent from earlier cells.

A. Overview of the Cell

1. Prokaryotic and eukaryotic cells differ in size and complexity.

· All cells are surrounded by a plasma membrane.
· The semifluid substance within the membrane is the cytosol, containing the organelles.

· All cells contain chromosomes that have genes in the form of DNA.

· All cells also have ribosomes, tiny organelles that make proteins using the instructions contained in genes.

· A major difference between prokaryotic and eukaryotic cells is the location of chromosomes.

· In a eukaryotic cell, chromosomes are contained in a membrane-enclosed organelle, the nucleus.
· In a prokaryotic cell, the DNA is concentrated in the nucleoid without a membrane separating it from the rest of the cell.

· In eukaryote cells, the chromosomes are contained within a membranous nuclear envelope.

· The region between the nucleus and the plasma membrane is the cytoplasm.
· All the material within the plasma membrane of a prokaryotic cell is cytoplasm.

· Within the cytoplasm of a eukaryotic cell are a variety of membrane-bound organelles of specialized form and function.

· These membrane-bound organelles are absent in prokaryotes.

· Eukaryotic cells are generally much bigger than prokaryotic cells.

· The logistics of carrying out metabolism set limits on cell size.

· At the lower limit, the smallest bacteria, mycoplasmas, are between 0.1 to 1.0 micron.

· Most bacteria are 1–10 microns in diameter.

· Eukaryotic cells are typically 10–100 microns 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 greater 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.

· The volume of cytoplasm determines the need for this exchange.

· 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. Microvilli increase surface area without significantly increasing cell volume.
B. The cell Membrane
· The main macromolecules in membranes are lipids and proteins, but carbohydrates are also important.

· The most abundant lipids are phospholipids, they are amphipathic molecules having both hydrophobic regions and hydrophilic regions.

· The arrangement of phospholipids and proteins in biological membranes is described by the fluid mosaic model.
1. Membranes are fluid.

· Membrane molecules are held in place by relatively weak hydrophobic interactions.

· Membrane fluidity is also influenced by its components. Membranes rich in unsaturated fatty acids are more fluid that those dominated by saturated fatty acids because the kinks in the unsaturated fatty acid tails at the locations of the double bonds prevent tight packing.

· The steroid cholesterol is wedged between phospholipid molecules in the plasma membrane of animal cells.  Cholesterol acts as a “temperature buffer” for the membrane, resisting changes in membrane fluidity as temperature changes.

· To work properly with active enzymes and appropriate permeability, membranes must be about as fluid as salad oil.

2. Membranes are mosaics of structure and function.

· A membrane is a collage of different proteins embedded in the fluid matrix of the lipid bilayer.

· Proteins determine most of the membrane’s specific functions.

· The plasma membrane and the membranes of the various organelles each have unique collections of proteins.

· There are two major populations of membrane proteins.

· Peripheral proteins are not embedded in the lipid bilayer at all.

· Instead, they are loosely bound to the surface of the protein, often connected to integral proteins.

· Integral proteins penetrate the hydrophobic core of the lipid bilayer, often completely spanning the membrane (as transmembrane proteins).

· The hydrophobic regions embedded in the membrane’s core consist of stretches of nonpolar amino acids, often coiled into alpha helices.

· Where integral proteins are in contact with the aqueous environment, they have hydrophilic regions of amino acids.

· On the cytoplasmic side of the membrane, some membrane proteins connect to the cytoskeleton.

· On the exterior side of the membrane, some membrane proteins attach to the fibers of the extracellular matrix.

· The proteins of the plasma membrane have six major functions:

1. Transport of specific solutes into or out of cells.

2. Enzymatic activity, sometimes catalyzing one of a number of steps of a metabolic pathway.

3. Signal transduction, relaying hormonal messages to the cell.

4. Cell-cell recognition, allowing other proteins to attach two adjacent cells together.

5. Intercellular joining of adjacent cells with gap or tight junctions.

6. Attachment to the cytoskeleton and extracellular matrix, maintaining cell shape and stabilizing the location of certain membrane proteins

3. 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, as 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.

A. Membrane Structure

· The main macromolecules in membranes are lipids and proteins, but carbohydrates are also important.

· The most abundant lipids are phospholipids, they are amphipathic molecules having both hydrophobic regions and hydrophilic regions.

· The arrangement of phospholipids and proteins in biological membranes is described by the fluid mosaic model.
1. Membranes are fluid.

· Membrane molecules are held in place by relatively weak hydrophobic interactions.

· Membrane fluidity is also influenced by its components. Membranes rich in unsaturated fatty acids are more fluid that those dominated by saturated fatty acids because the kinks in the unsaturated fatty acid tails at the locations of the double bonds prevent tight packing.

· The steroid cholesterol is wedged between phospholipid molecules in the plasma membrane of animal cells.  Cholesterol acts as a “temperature buffer” for the membrane, resisting changes in membrane fluidity as temperature changes.

· To work properly with active enzymes and appropriate permeability, membranes must be about as fluid as salad oil.

2. Membranes are mosaics of structure and function.

· A membrane is a collage of different proteins embedded in the fluid matrix of the lipid bilayer.

· Proteins determine most of the membrane’s specific functions.

· The plasma membrane and the membranes of the various organelles each have unique collections of proteins.

· There are two major populations of membrane proteins.

· Peripheral proteins are not embedded in the lipid bilayer at all.

· Instead, they are loosely bound to the surface of the protein, often connected to integral proteins.

· Integral proteins penetrate the hydrophobic core of the lipid bilayer, often completely spanning the membrane (as transmembrane proteins).

· The hydrophobic regions embedded in the membrane’s core consist of stretches of nonpolar amino acids, often coiled into alpha helices.

· Where integral proteins are in contact with the aqueous environment, they have hydrophilic regions of amino acids.

· On the cytoplasmic side of the membrane, some membrane proteins connect to the cytoskeleton.

· On the exterior side of the membrane, some membrane proteins attach to the fibers of the extracellular matrix.

· The proteins of the plasma membrane have six major functions:

7. Transport of specific solutes into or out of cells.

8. Enzymatic activity, sometimes catalyzing one of a number of steps of a metabolic pathway.

9. Signal transduction, relaying hormonal messages to the cell.

10. Cell-cell recognition, allowing other proteins to attach two adjacent cells together.

11. Intercellular joining of adjacent cells with gap or tight junctions.

12. Attachment to the cytoskeleton and extracellular matrix, maintaining cell shape and stabilizing the location of certain membrane proteins.

B. Traffic across Membranes

1. A membrane’s molecular organization results in selective permeability.

· A steady traffic of small molecules and ions moves across the plasma membrane in both directions.

· However, substances do not move across the barrier indiscriminately; membranes are selectively permeable.

· The plasma membrane allows the cell to take up many varieties of small molecules and ions and exclude others. Substances that move through the membrane do so at different rates.

2. Passive transport is diffusion across a membrane with no energy expenditure.

· Diffusion is the tendency of molecules of any substance to spread out in the available space.

· Diffusion is driven by the intrinsic kinetic energy (thermal motion or heat) of molecules.

· Each substance diffuses down its own concentration gradient, independent of the concentration gradients of other substances.

· The diffusion of a substance across a biological membrane is passive transport because it requires no energy from the cell to make it happen.

3. Osmosis is the passive transport of water.

· Differences in the relative concentration of dissolved materials in two solutions can lead to the movement of ions from one to the other.

· The solution with the higher concentration of solutes is hypertonic relative to the other solution.

· The solution with the lower concentration of solutes is hypotonic relative to the other solution.

· These are comparative terms.

· Unbound water molecules will move from the hypotonic solution, where they are abundant, to the hypertonic solution, where they are rarer. Net movement of water continues until the solutions are isotonic.

· The diffusion of water across a selectively permeable membrane is called osmosis.
· When two solutions are isotonic, water molecules move at equal rates from one to the other, with no net osmosis.

5. Specific proteins facilitate passive transport of water and selected solutes.

· Many polar molecules and ions that are normally impeded by the lipid bilayer of the membrane diffuse passively with the help of transport proteins that span the membrane.

· The passive movement of molecules down their concentration gradient via transport proteins is called facilitated diffusion.
· Two types of transport proteins facilitate the movement of molecules or ions across membranes: channel proteins and carrier proteins.

6. Active transport uses energy to move solutes against their gradients.

· Some transport proteins can move solutes across membranes against their concentration gradient, from the side where they are less concentrated to the side where they are more concentrated.

· This active transport requires the cell to expend metabolic energy.

· Active transport enables a cell to maintain its internal concentrations of small molecules that would otherwise diffuse across the membrane.

· Active transport is performed by specific proteins embedded in the membranes.

· ATP supplies the energy for most active transport.

· The sodium-potassium pump actively maintains the gradient of sodium ions (Na+) and potassium ions (K+) across the plasma membrane of animal cells.

· Typically, K+ concentration is low outside an animal cell and high inside the cell, while Na+ concentration is high outside an animal cell and low inside the cell.

· The sodium-potassium pump maintains these concentration gradients, using the energy of one ATP to pump three Na+ out and two K+ in.

8. In cotransport, a membrane protein couples the transport of two solutes.

· A single ATP-powered pump that transports one solute can indirectly drive the active transport of several other solutes in a mechanism called cotransport.
· As the solute that has been actively transported diffuses back passively through a transport protein, its movement can be coupled with the active transport of another substance against its concentration gradient.

9. Exocytosis and endocytosis transport large molecules across membranes.

· Small molecules and water enter or leave the cell through the lipid bilayer or by transport proteins.

· Large molecules, such as polysaccharides and proteins, cross the membrane via vesicles.

· During exocytosis, a transport vesicle budded from the Golgi apparatus is moved by the cytoskeleton to the plasma membrane.

· When the two membranes come in contact, the bilayers fuse and spill the contents to the outside.

· Many secretory cells use exocytosis to export their products.

· During endocytosis, a cell brings in macromolecules and particulate matter by forming new vesicles from the plasma membrane.

· Endocytosis is a reversal of exocytosis, although different proteins are involved in the two processes.

· A small area of the plasma membrane sinks inward to form a pocket.

· As the pocket deepens, it pinches in to form a vesicle containing the material that had been outside the cell.

· There are three types of endocytosis: phagocytosis (“cellular eating”), pinocytosis (“cellular drinking”), and receptor-mediated endocytosis.

· In phagocytosis, the cell engulfs a particle by extending pseudopodia around it and packaging it in a large vacuole.

· The contents of the vacuole are digested when the vacuole fuses with a lysosome.

· In pinocytosis, a cell creates a vesicle around a droplet of extracellular fluid. All included solutes are taken into the cell in this nonspecific process.

C. The Nucleus and Ribosomes

1. The nucleus contains a eukaryotic cell’s genetic library.

· The nucleus contains most of the genes in a eukaryotic cell.

· Additional genes are located in mitochondria and chloroplasts.

· The nucleus averages about 5 microns in diameter.

· The nucleus is separated from the cytoplasm by a double membrane called the nuclear envelope.
· 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.

· 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 fibrous 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 ribosomal subunits.

· The subunits pass through the nuclear pores to the cytoplasm, where they combine to form ribosomes.

· The nucleus directs protein synthesis by synthesizing messenger RNA (mRNA).

· The mRNA travels to the cytoplasm through the nuclear pores and combines with ribosomes to translate its genetic message into the primary structure of a specific polypeptide.

2. Ribosomes build a cell’s proteins.

· Ribosomes, containing rRNA and protein, are the organelles that carry out protein synthesis.

· Cell types that synthesize large quantities of proteins (e.g., pancreas cells) have large numbers of ribosomes and prominent nucleoli.

· Some ribosomes, free ribosomes, are suspended in the cytosol and synthesize proteins that function within the cytosol.

· Other ribosomes, bound ribosomes, are attached to the outside of the endoplasmic reticulum or nuclear envelope.

· These synthesize proteins that are either included in membranes or exported from the cell.

· Ribosomes can shift between roles depending on the polypeptides they are synthesizing.

D. The Endomembrane System

· Many of the internal membranes in a eukaryotic cell are part of the endomembrane system.
· These membranes are either directly continuous or connected via transfer of vesicles, sacs of membrane.

· In spite of these 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 the plasma membrane.

1. The endoplasmic reticulum manufactures membranes and performs many other biosynthetic functions.

· The endoplasmic reticulum (ER) accounts for half the membranes in a eukaryotic cell.

· The ER includes membranous tubules and internal, fluid-filled spaces 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.
· The smooth ER is rich in enzymes and plays a role in a variety of metabolic processes.

· 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.

· Smooth ER stores calcium ions.

· Muscle cells have a specialized smooth ER that pumps calcium ions from the cytosol and stores them in its cisternal space.

· When a nerve impulse stimulates a muscle cell, calcium ions rush from the ER into the cytosol, triggering contraction.

· Enzymes then pump the calcium back, readying the cell for the next stimulation.

· Rough ER is especially abundant in cells that secrete proteins.

· As a polypeptide is synthesized on a ribosome attached to rough ER, it is threaded into the cisternal space through a pore formed by a protein complex in the ER membrane.

· As it enters the cisternal space, the new protein folds into its native conformation.

· Most secretory polypeptides are glycoproteins, proteins to which a carbohydrate is attached.

· Secretory proteins are packaged in transport vesicles that carry them to their next stage.

· Rough ER is also a membrane factory.

· Membrane-bound proteins are synthesized directly into the membrane.

· Enzymes in the 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.

2. 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 is a center of manufacturing, warehousing, sorting, and shipping.

· The Golgi apparatus consists of flattened membranous sacs—cisternae—looking like a stack of pita bread.

· The Golgi sorts and packages materials into transport vesicles.

· Molecular identification tags are added to products to aid in sorting.

· Products are tagged with identifiers such as phosphate groups. These act like ZIP codes on mailing labels to identify the product’s final destination.

3. Lysosomes are digestive compartments.

· A lysosome is a membrane-bound sac of hydrolytic enzymes that an animal cell uses to digest macromolecules.

· Lysosomal enzymes can hydrolyze proteins, fats, polysaccharides, and nucleic acids.

· These enzymes work best at pH 5.

· Proteins in the lysosomal membrane pump hydrogen ions from the cytosol into the lumen of the lysosomes.

· 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.

· However, massive rupture of many lysosomes can destroy a cell by autodigestion.

· Lysosomal enzymes and membrane are synthesized by rough ER and then transferred to the Golgi apparatus for further modification.

· 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.

· Lysosomes can play a role in recycling of 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 membrane.

· A lysosome fuses with the resulting vesicle, digesting the macromolecules and returning the organic monomers to the cytosol for reuse.

· The lysosomes play a critical role in the programmed destruction of cells in multicellular organisms.

· This process plays an important role in development.

· The hands of human embryos are webbed until lysosomes digest the cells in the tissue between the fingers.

· This important process is called programmed cell death, or apoptosis.
4. 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.

E. Other Membranous Organelles

1. Mitochondria are the main energy transformers of cells.

· Mitochondria are the organelles that convert energy to forms that cells can use for work.

· Mitochondria are the sites of cellular respiration, generating ATP from the catabolism of sugars, fats, and other fuels in the presence of oxygen.

· Mitochondria are not part of the endomembrane system.

· Mitochondria have small quantities of DNA that direct the synthesis of the polypeptides produced by these internal ribosomes.

· Almost all eukaryotic cells have mitochondria.

· 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 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 DNA, ribosomes, and enzymes.

· Some of the metabolic steps of cellular respiration are catalyzed by enzymes in the matrix.

· The cristae present a large surface area for the enzymes that synthesize ATP.

· Mitochondria are mobile and move around the cell along tracks of the cytoskeleton.

2. Peroxisomes generate and degrade H2O2 in performing various metabolic functions.

· Peroxisomes contain enzymes that transfer hydrogen from various substrates to oxygen.

· An intermediate product of this process is hydrogen peroxide (H2O2), a poison.

· The peroxisome contains an enzyme that converts H2O2 to water.

· 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.

· 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 are bound by a single membrane.

· They form not from the endomembrane system, but by incorporation of proteins and lipids from the cytosol.

F. The Cytoskeleton

· The cytoskeleton is a network of fibers extending throughout the cytoplasm.

· The cytoskeleton organizes the structures and activities of the cell.

1. The cytoskeleton provides support, motility, and regulation.

· The cytoskeleton provides mechanical support and maintains cell shape.

· The cytoskeleton provides anchorage for many organelles and cytosolic enzymes.

· The cytoskeleton is dynamic and can be dismantled in one part and reassembled in another to change the shape of the cell.

· The cytoskeleton also plays a major role in cell motility, including changes in cell location and limited movements of parts of the cell.

· The cytoskeleton interacts with motor proteins to produce motility.

· Inside the cell, vesicles can travel along “monorails” provided by the cytoskeleton.

· The cytoskeleton manipulates the plasma membrane to form food vacuoles during phagocytosis.

· There are three main types of fibers making up the cytoskeleton: microtubules, microfilaments, and intermediate filaments.
· Microtubules, the thickest fibers, are hollow rods about 25 microns in diameter and 200 nm to 25 microns in length.

· Microtubules shape and support the cell and serve as tracks to guide motor proteins carrying organelles to their destination.

· Microtubules are also responsible for the separation of chromosomes during cell division.

· In many cells, microtubules grow out from a centrosome near the nucleus.

· These microtubules resist compression to the cell.

· In animal cells, the centrosome has a pair of centrioles, each with nine triplets of microtubules arranged in a ring.

· Before a cell divides, the centrioles replicate.

· 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.

· Cilia or flagella can extend from cells within a tissue layer, beating to move fluid over the surface of the tissue.

· For example, cilia lining the windpipe sweep mucus carrying trapped debris out of the lungs.

· Cilia usually occur in large numbers on the cell surface.

· They are about 0.25 microns in diameter and 2–20 microns long.

· There are usually just one or a few flagella per cell.

· Flagella are the same width as cilia, but 10–200 microns long.

· Cilia and flagella differ in their beating patterns.

· A flagellum has an undulatory movement that generates force in the same direction as the flagellum’s axis.

· Cilia move more like oars with alternating power and recovery strokes that generate force perpendicular to the cilium’s axis.

· In spite of their differences, both cilia and flagella have the same ultrastructure.

· Both have a core of microtubules sheathed by the plasma membrane.

· Nine doublets of microtubules are arranged in a ring around a pair at the center. This “9 + 2” pattern is found in nearly all eukaryotic cilia and flagella.

· The cilium or flagellum is anchored in the cell by a basal body, whose structure is identical to a centriole.

· Microfilaments are solid rods about 7 nm in diameter.

· Each microfilament is built as a twisted double chain of actin subunits.

· Microfilaments can form structural networks due to their ability to branch.

· The structural role of microfilaments in the cytoskeleton is to bear tension, resisting pulling forces within the cell.

· They form a three-dimensional network just inside the plasma membrane to help support the cell’s shape, giving the cell cortex the semisolid consistency of a gel.

· Microfilaments are important in cell motility, especially as part of the contractile apparatus of muscle cells.

· In muscle cells, thousands of actin filaments are arranged parallel to one another.

· Thicker filaments composed of myosin interdigitate with the thinner actin fibers.

· Myosin molecules act as motor proteins, walking along the actin filaments to shorten the cell.

· In plant cells, actin-myosin interactions and sol-gel transformations drive cytoplasmic streaming.
· This creates a circular flow of cytoplasm in the cell, speeding the distribution of materials within the cell.

· Intermediate filaments range in diameter from 8–12 nanometers, larger than microfilaments but smaller than microtubules.

· Intermediate filaments are a diverse class of cytoskeletal units, built from a family of proteins called keratins. They are specialized for bearing tension.

· Intermediate filaments are more permanent fixtures of the cytoskeleton than are the other two classes.

· They reinforce cell shape and fix organelle location.

G. Cell Junctions

1. Intercellular junctions help integrate cells into higher levels of structure and function.

· Neighboring cells in tissues, organs, or organ systems often adhere, interact, and communicate through direct physical contact.

· Animals have 3 main types of intercellular links: tight junctions, desmosomes, and gap junctions.

· In tight junctions, membranes of adjacent cells are fused, forming continuous belts around cells.

· This prevents leakage of extracellular fluid.

· Desmosomes (or anchoring junctions) fasten cells together into strong sheets, much like rivets.

· Intermediate filaments of keratin reinforce desmosomes.

· Gap junctions (or communicating junctions) provide cytoplasmic channels between adjacent cells.

· Special membrane proteins surround these pores.

· Ions, sugars, amino acids, and other small molecules can pass.
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