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Cell Structure and Function
I.  The Cell Theory

A. Includes three principles:

1. All living things are composed of one or more cells.

2. Cells are the basic unit of structure and function of living things  (cells are the building blocks of living things and cells are the smallest objects that carry out the processes of life).

3. All cells come from previously existing cells.

II.   Cell Size and Complexity

A. All cells have certain features in common

1. All are bounded by a membrane (the plasma membrane).

2. All contain a semifluid substance called the cytosol, in which structures called organelles are found.

3. All contain chromosomes (which carry genes in the form of DNA molecules).
4. All have ribosomes.

B. Prokaryotic and eukaryotic cells have significant differences.

1. Prokaryotic cells (found only in the domains Archaea and Bacteria) have no membrane-bound organelles (including the nucleus).

a. The DNA is concentrated in a region called the nucleoid, but no membrane separates this region from the rest of the cell.  (Therefore, both the DNA and the enzymes have access to all parts of the cell and the entire cell operates as a single unit.)

2. Eukaryotic cells have a true nucleus, which is surrounded by the nuclear envelope.
a. The entire region between the nucleus and the plasma membrane is called the cytoplasm (which can also refer to the interior of a prokaryotic cell).

b. The interiors of eukaryotic cells are subdivided into membrane‑bounded compartments.  Prokaryotic cells lack this compartmentalization.
c. Eukaryotic cells have an extensive system of internal membranes.

1) These membranes serve as partitions which divide the interior of the cell into compartments.  This provides many different local environments, which can facilitate specific metabolic functions.  Therefore, metabolic processes that are incompatible with each other can go on at the same time in separate subcellular compartments.

2) Additionally, the membranes participate directly in much of the cell's metabolism.  Many enzymes are built directly into these membranes.
C.  Almost all cells are microscopic.

1. The smallest cells are bacteria called mycoplasmas which have diameters of between 0.1 and 1.0 micrometer (μm).

2. Most bacteria have diameters between 1 and 10 μm.

3. Eukaryotic cells are typically ten times larger than bacteria at 10 to 100 μm in diameter.

D. Metabolic requirements impose upper limits on the size that is practical for a single cell.

1. As an object of a particular shape increases in size, its volume increases proportionately more than its surface area.  (This is because the surface area is proportional to a linear dimension squared, while volume is proportional to the linear dimension cubed.)

2. All materials needed by the cell must pass through the outer boundary of the cell (the plasma membrane).  For each square micrometer of membrane, only so much of a particular substance can cross per second.  Therefore, small cells, which have a much higher ratio of surface area to volume compared with large cells, are better able to satisfy the demands for needed materials.

3. Another factor limiting the size of cells is the requirement for a single nucleus to control the entire cytoplasmic volume of the cell.

4. The average eukaryotic cell, with a diameter about ten times greater than the average prokaryotic cell, has a thousand times the volume but only a hundred times the surface area of the prokaryotic cell.  Therefore, eukaryotic cells must compensate for their relatively small ratio of plasma membrane area to volume by utilizing their extensive system of internal membranes.

III.  Overview of eukaryotic organelles.

A.  Nucleus

1. The nucleus is surrounded by the nuclear envelope, which is a double membrane perforated by pores that somehow regulate the passage of macromolecules and particles into and out of the nucleus. 

a. The inner membrane is associated with a layer of protein that helps maintain the shape of the nucleus and may contribute to the organization of the genetic material.

2. Most of the cell's DNA is located in the nucleus (some DNA is located in mitochondria and chloroplasts) where it is organized, along with proteins, into chromosomes.  Chromosomes are visible only when they are coiled and condensed in a dividing cell; otherwise they appear as a mass of loose stained material called chromatin.
3. The nucleolus is a round area visible in the nondividing nucleus, and consists of specialized regions of chromosomes, called nucleolar organizers, that have multiple copies of genes for ribosome synthesis.  In the nucleolus, ribosomal subunits are assembled from ribosomal RNA (rRNA) made in the nucleolus and proteins transported in from the cytoplasm.
4. The genetic instructions for specific proteins are transcribed from DNA into messenger RNA (mRNA) in the nucleus.  The mRNA then passes into the cytoplasm where it binds with ribosomes which translate the message into the primary structure of a protein.

B.  Ribosomes

1. Are composed of large and small subunits which join together when they attach to a messenger RNA and begin protein synthesis.  Ribosomes synthesize proteins by linking amino acids together.
2. The subunits consist of protein and RNA and are not enclosed in a membrane.

3. Ribosomes often occur in clusters (called polysomes) attached to a single mRNA molecule.  This arrangement increases the number of polypeptides produced per minute.
4. Free ribosomes are suspended in the cytosol, and most of the proteins produced by free ribosomes are used within the cytosol.  Bound ribosomes are attached to the endoplasmic reticulum and usually make proteins that will be included within membranes or exported from the cell.  (Cells that specialize in protein secretion frequently have a high proportion of bound ribosomes.)
5. Cells active in protein synthesis have particularly large numbers of ribosomes (as well as having prominent nucleoli).

C.  Endomembrane System – consists of the nuclear envelope, endoplasmic reticulum, Golgi apparatus, lysosomes, microbodies, vacuoles, and the plasma membrane.  (These membranes are all related either through direct contact or by the transfer of membrane segments by membrane‑bound sacs called vesicles.)  The membranes differ in molecular composition and structure, depending on their functions.

1. Endoplasmic reticulum (ER) – the most extensive portion of the endomembrane system (accounting for over half the total membrane in many eukaryotic cells).  It is continuous with the outer nuclear membrane and encloses a network of interconnected compartments or tubules called cisternae.  The ER separates the internal compartment of the ER (the cisternal space) from the cytosol.  The space between the two membranes of the nuclear envelope is continuous with the cisternal space of the ER.

a. Smooth ER – lacks attached ribosomes.  It serves various functions including fat, phospholipid, steroid and sex hormone synthesis; carbohydrate metabolism; storage and release of calcium ions for muscle contraction; and detoxification of drugs and poisons.  Also serves to process and transfer products formed in the rough ER.
b. Rough ER – has ribosomes attached to its surface (bound and free ribosomes are structurally identical and can alternate between the two roles).  Proteins intended for secretion are manufactured by membrane‑bound ribosomes and then threaded into the cisternal space of the rough ER.
1) Most secretory proteins are glycoproteins (a carbohydrate, usually an oligosaccharide, is covalently bonded to the protein by enzymes built into the ER membrane).
2) The secretory proteins are transported from the rough ER in tiny membrane‑bound transport vesicles which bud off from adjoining smooth ER.

2. Golgi apparatus – consists of a stack of flattened membrane sacs. Transport vesicles pinched off from the ER travel first to the Golgi apparatus, where the products of the ER are modified, stored, and directed to other locations.  (Cells specialized for secretion are especially rich in Golgi apparatuses.)
a. Golgi products may be tagged with different oligosaccharides or phosphate groups that help direct them to various parts of the cell.
b. In addition to its finishing work, the Golgi apparatus manufactures certain macromolecules by itself (e.g., polysaccharides like pectins).

3. Lysosomes – membrane‑enclosed sacs of hydrolytic enzymes used by the cell to digest macromolecules.  These enzymes work best at an acidic pH of about 5.  The lysosome membrane 
maintains this low pH by pumping hydrogen ions from the cytosol into the lumen of the lysosome.  Therefore, if the lysosome would happen to break, the enzymes would not be very active in the neutral environment of the cytosol.  (However, excessive leakage from a large number of lysosomes can destroy a cell by autodigestion.)
a. Lysosomes digest food particles that have been ingested by phagocytosis by organisms like amoebas.
b. They also recycle the cell's own macromolecules by engulfing organelles or small bits of cytosol (in a process known as autophagy).
c. Lysosomes may also be programmed to destroy their own cells to create a specific body form during development (e.g., tadpole metamorphosis).
d. There is a variety of inherited disorders called lysosomal storage diseases that affect lysosomal metabolism (e.g., Pompe’s disease causes liver damage due to an accumulation of glycogen and Tays-Sachs disease results from accumulation of lipids in cells of the brain).

4. Vacuoles – are membrane‑enclosed sacs within the cell which are distinguished from vesicles by their larger size.
a. Food vacuoles – are formed as a result of phagocytosis of a food particle (e.g., as occurs in many protests).
b. Contractile vacuoles ‑ pump excess water out of freshwater protozoa.
c. A large central vacuole is found in mature plant cells and is surrounded by a membrane called the tonoplast.  This vacuole stores organic compounds and inorganic ions for the cell.
1) Hydrolytic enzymes are also compartmentalized in the central vacuole and digest stored macromolecules and recycle organic compounds from used organelles.
2) Poisonous or unpalatable compounds that may protect a plant from predators, and dangerous metabolic byproducts may also be contained in the vacuole.
3) Plant cells can increase in size with a minimal addition of new cytoplasm by expanding their vacuoles by taking in water.  The cytoplasm forms a thin band between the plasma membrane and the tonoplast, which maintains a good membrane surface area‑to‑volume ratio even in large plant cells.

5. Summary of the relationship of the endomembranes – the nuclear envelope extends from the rough ER, which also connects to the smooth ER.  Membranes pinched off the ER move to the Golgi and on to lysosomes, vacuoles, and even the plasma membrane.  Though related, each type of membrane has structural modifications designed for its specific function.  The structural compartmentalization of the endomembrane system organizes and facilitates the complexity of cellular function.
D.  Mitochondria – the sites of cellular respiration in most eukaryotic cells.

1. A mitochondrion is not considered part of the endomembrane system (neither are chloroplasts) because its membrane proteins are not made by ribosomes attached to the ER, but rather by ribosomes either free in the
cytosol or contained within a mitochondrion itself.  It also contains a small amount of DNA which directs synthesis of some of its own proteins.
2. The number of mitochondria found in a cell can range from hundreds to thousands, depending on the metabolic needs of the cell.
3. Two phospholipid bilayer membranes enclose each mitochondrion.

a. The smooth outer membrane allows the passage of small molecules from the cytosol into the intermembrane space between the membranes.
b. The inner membrane has numerous folds called cristae which create a large membrane surface area.  The central enclosed space is called the matrix.
c. The matrix contains enzymes which control many of the steps of cellular respiration.  Other enzymes are built into the extensive inner membrane.

E.  Plastids – plant organelles that include amyloplasts (leukoplasts) which store starch; chromoplasts, which contain pigments; and chloroplasts.

1. Chloroplasts – produce organic compounds from carbon dioxide and water by absorbing solar energy.
a. They contain the green pigment chlorophyll and function in photosynthesis.
b. They are bounded by two membranes, which enclose a fluid interior called the stroma, and a membranous system of flattened sacs called the thylakoids.  Thylakoids may be stacked together to form structures called grana.
F. Peroxisomes – are specialized metabolic compartments bounded by a single membrane.  They contain enzymes that transfer hydrogen from various substances to oxygen, producing hydrogen peroxide (H2O2) as a by-product.  

1. These reactions may have many different functions.  Some peroxisomes use oxygen to break fatty acids down into smaller molecules that can then be transported to mitochondria, where they are used as fuel for cellular respiration.

2. Peroxisomes in the liver detoxify alcohol and other harmful compounds by transferring hydrogens from the poisons to oxygen.

3. The hydrogen peroxide formed by peroxisome metabolism is itself toxic, but the organelle contains an enzyme (catalase) to convert it to water.
4. Glyoxysomes are specialized peroxisomes found in the fat-storing tissues of plant seeds.  They contain enzymes that initiate the conversion of fatty acids to sugar, which the emerging seedling can use as an energy and carbon source until photosynthesis can begin.

G. Cytoskeleton – a network of fibers that extends throughout the cytoplasm and functions to give the cell mechanical support, maintain or change cell shape, anchor or direct the movement of organelles and cytoplasm, and control cell motility.  Mounting evidence also suggests that the cytoskeleton can transmit mechanical forces exerted by extracellular molecules via surface proteins of the cell to its interior.  The cytoskeleton contains three main types of fibers.
1. Microtubules – hollow rods constructed from two types of globular proteins called tubulin.  They are found in the cytoplasm of all eukaryotic cells.  They provide the major supporting framework of the cell, and also serve as tracks to guide the movement of organelles, such as vesicles moving from the Golgi apparatus to the plasma membrane.
a. In animal cells, microtubules grow out from a region called the centrosome, which is often located near the nucleus and is considered a “microtubule-organizing-center.”  Within the centrosome of animal cells is a pair of centrioles, which are composed of nine sets of triplet microtubules arranged in a ring.  Although centrioles may help organize microtubule assembly, they are not essential for this function in all eukaryotes (centrosomes of most plants lack centrioles entirely).
b. Cilia and flagella – are extensions of eukaryotic cells, and are composed of, and move by, microtubules.  Cilia are numerous and short, and flagella occur one or two to a cell and are longer.

1) Cilia and flagella are composed of a core of nine pairs of microtubules arranged in a ring around two single microtubules (the "9 + 2" arrangement).
2) The sliding of the microtubule pairs past each other happens as sidearms made of the protein dynein, alternately attach, pull down, and reattach further along the pair.  This action, driven by ATP, causes the bending of the cilia or flagella.
3) A basal body, which is structurally identical to a centriole, anchors the nine pairs of microtubules to the cell.
4) A cilium may also act as a signal-receiving “antenna” for the cell.  Membrane proteins on this kind of cilium transmit molecular signals from the cell’s environment to its interior, triggering signaling pathways that may lead to changes in the cell’s activities.
2. Microfilaments – solid rods made up of a helix of two chains of molecules of the protein actin.  Microfilaments function in support, such as in the core of microvilli, which project from the surface of cells specialized for absorption (e.g., in the small intestine).
a. In muscle cells, thousands of microfilaments interdigitate with thicker filaments of the protein myosin.  The sliding of actin and myosin filaments past each other (driven by ATP) causes the shortening of the cell, and thus the contraction of muscles.
b. Miniature versions of the actin and myosin muscle arrangement are found in many cells in areas responsible for localized contractions (e.g., pinching apart of dividing animal cells, contraction and retraction of pseudopodia, cytoplasmic streaming, etc.).
3. Intermediate filaments – are intermediate in size between microtubules and microfilaments.  Vary in protein makeup from one cell type to another (proteins belong to a family of proteins called keratins).  Intermediate filaments appear to be important in maintaining the shape of the cell and anchoring certain organelles.
H. Extracellular components and connections
1. Cell walls – found in plant cells, fungi, and some protists
a. Primary cell wall – secreted by a young plant cell, is relatively thin and flexible and can stretch as the cell grows
b. Adjacent cells are connected by the middle lamella, which is a thin layer of polysaccharides called pectins that glue the cells together.
c. When they stop growing, some plant cells secrete a thicker and stronger secondary cell wall between the primary cell wall and the plasma membrane.
2. Extracellular matrix (ECM) of animal cells – made of glycoproteins secreted by the cell.
a. The most abundant glycoprotein in the ECM of most animal cells is collagen, which forms strong fibers outside the cells.

b. The collagen fibers are embedded in a network woven from proteoglycans.

c. Some cells are attached to the ECM by still other ECM glycoproteins, including fibronectin.  Fibronectin and other ECM proteins bind to cell surface receptor proteins called integrins that are built into the plasma membrane.

d. Integrins span the membrane and bind on their cytoplasmic side to associated proteins attached to microfilaments of the cytoskeleton.
e. The ECM plays an influential role in the lives of cells.  By communicating with a cell through integrins, the ECM can regulate a cell’s behavior.

1) The ECM can influence the activity of genes in the nucleus.  Information from the ECM probably reaches the nucleus by a combination of mechanical and chemical pathways.
3. Intercellular junctions
a. Plasmodesmata are channels in plant cell walls through which strands of cytosol connect bordering cells, and water and small solutes can move.  These connections unify most of the plant into lone living continuum.

b. Desmosomes (in animals) – clumps of intercellular filaments that connect two cells and terminate inside each cell as a disk of dense material reinforced by intermediate filaments.  Desmosomes connect cells into strong epithelial sheets, but still allow materials to pass through the intercellular space between cells.
c. Tight junctions (in animals) – connections between cells that create an impermeable layer within the intercellular space.  Specialized proteins built into the plasma membrane bond to similar proteins in the other membrane.  Found in epithelial layers that separate two solutions and must prevent intercellular transport across the layer of cells (e.g., in the intestinal epithelium to keep the contents of the intestine separate from the body fluid on the opposite side of the epithelium).
d. Gap junctions (in animals) – allow for the exchange of sugars, amino acids, and other small molecules between cells.  Consist of a donut‑shaped proteins embedded in bordering plasma membranes that connect across the intercellular space.

Membrane Structure and Function

I.  The fluid mosaic model.
A.  Depicts the membrane as a fluid structure with various proteins embedded in or attached to a double layer (bilayer) of phospholipids.

1. Phospholipids – are amphipathic (have both a hydrophilic and a hydrophobic region).

a. Composed of a glycerol molecule which is bonded at two of its carbons to fatty acid chains.  The third carbon of the glycerol is joined to a phosphate group (which has a negative charge).  Additional small molecules, usually charged or polar, can also be linked to the phosphate group to form a variety of phospholipids.
b. Because the two fatty acid tails are composed of hydrocarbons which are nonpolar, this part of the phospholipid molecule is hydrophobic and is excluded from water.
c. However, the phosphate group and its attachments (being charged) are attracted to water molecules and thus form a hydrophilic head that mixes with water.
d. Because of this amphipathic nature of the phospholipids, they form a lipid bilayer in water.  The nonpolar tails are forced toward the center of the membrane, and the phosphate heads remain toward the watery outside.
e. The membrane is held together primarily by hydrophobic attractions (which are weaker than covalent bonds).  Therefore, most of the lipids and some of the proteins can drift laterally in the plane of the membrane, exchanging places with their neighbors, thus the term fluid mosaic.
1) The membrane remains liquid until the temperature decreases to some critical level, at which the membrane solidifies (like bacon grease).  This critical temperature is dependent on the lipid composition of the membrane.  If the membrane is rich in phospholipids with unsaturated hydrocarbon tails, it will remain liquid at lower temperatures (because they can't pack as tightly together due to the kinks in the molecules).
2) The steroid cholesterol also affects membrane fluidity.  It itself is a lipid, and wedges between the phospholipid molecules.  At relatively warm temperatures (e.g., 37 oC), cholesterol makes the membrane less fluid by restraining the movement of phospholipids.  However, because cholesterol also hinders the close packing of phospholipids, it lowers the temperature required for the membrane to solidify.
3) Some organisms can alter the lipid composition of their cell membranes as an adjustment to changing temperatures (e.g., the cells of winter wheat, hibernating animals, and the feet of caribou).
2. Membrane proteins are of type types: 1) integral proteins that penetrate the hydrophobic core of the lipid bilayer, and 2) peripheral proteins that are not embedded in the lipid bilayer but are appendages loosely bound to the surface of the membrane (often to the exposed parts of integral proteins).

a. Membranes have distinct inside and outside faces.  The two lipid layers may differ in specific lipid composition, and each protein has directional orientation in the membrane.  The plasma membrane also has carbohydrates, which are restricted to the exterior surface.
1) Membrane carbohydrates serve important roles in cell-cell recognition.
2) The way cells recognize other cells is by keying on surface molecules, often carbohydrates (particularly oligosaccharides), on the plasma membrane.
b. Membrane proteins carry out a variety of functions:

1) Transport  – proteins that span the membrane (transmembrane proteins) may provide a hydrophilic channel across the membrane that is selective for a particular solute.  Some transport proteins hydrolyze ATP as an energy source to actively pump substances across the membrane.

a)  Transmembrane proteins have regions of nonpolar amino acids which are embedded in the nonpolar center region of the membrane.

2) Enzymatic activity – carried out by proteins built into the membrane with active sites exposed to substances in the adjacent solution.  In some cases, several enzymes are ordered in a membrane as a team that carries out sequential steps of a metabolic pathway.
3) Signal transduction –  a membrane protein exposed to the outside of the cell may have a binding site with a specific shape that complements the shape of a chemical messenger, such as a hormone.  If the receptor protein spans the membrane, the external signal may induce a conformational change that activates the portion of the protein facing the cytoplasm to initiate a chain of chemical changes in the cell.
4) Intercellular joining – membrane proteins of adjacent cells may be hooked together in various kinds of intercellular junctions.
5) Cell‑cell recognition – some glycoproteins serve as identification tags that are recognized by other cells.
6) Attachment to the cytoskeleton and ECM – actin microfilaments or other elements of the cytoskeleton be bonded to membrane proteins, a function that is important in maintaining cell shape and in fixing the locations of certain membrane proteins.  Proteins that adhere to the ECM can coordinate extracellular and intracellular changes.
II.  Membrane characteristics
A. Selective permeability – cells are able to retain many varieties of small molecules and exclude others.  Also, substances that move across the membrane do so at different rates.

B. Permeability of the lipid bilayer 

1. The hydrophobic core of the membrane impedes the transport of ions and polar molecules, which are hydrophilic.  Even water, a very small polar molecule, does not easily pass through a lipid bilayer.  Likewise, even very small ions like H+ and Na+ cannot pass through the lipid bilayer because these charged atoms or molecules carry with them a hydration shell of water molecules,

2. Hydrophobic molecules (e.g., hydrocarbons, carbon dioxide, and oxygen) can dissolve in the membrane and cross it with ease.  Moreover, it two molecules are equally soluble in oil, the smaller of the two will cross the membrane faster.
C. Transport proteins alter the lipid bilayer's permeability.
1. Biological membranes are permeable to specific ions, water, and certain polar molecules of moderate size (including sugars).  These hydrophilic substances avoid contact with the lipid bilayer by passing through transport proteins which span the membrane.
a. The transport proteins that allow water molecules to cross the membrane are channels called aquaporins.

b. Some channel proteins function as gated channels, which respond to a stimulus (either electrical or chemical) by either opening or closing.

c. Not all transport proteins are channel proteins.  Many transport proteins appear to undergo a slight change in shape that somehow results in the solute-binding site of the protein being moved across to the other side of the membrane.  This shape change could be triggered by the binding and release of the transported molecule.

2.  Transport proteins have many of the properties of enzymes.  They are specific for the solute they transport just as enzymes are specific for their substrate (indicating they may have a specific binding site akin to the active site of an enzyme).  

a. Transport proteins can also be saturated like enzymes.  That is, when all the transport proteins are bound to solutes being transported, the movement of the solute is occurring at a maximum rate.  Addition of more solute will not cause the transport to occur any faster.
b. Transport proteins can also be inhibited by molecules that resemble their normal “substrate”.  This is similar to competitive inhibitors of enzymes.  

III.  Traffic across membranes.

A. Passive transport – does not require the cell to expend any energy.
1. Diffusion ‑ movement of a substance from where it is more concentrated to where it is less concentrated.
a. Above absolute zero (0o K), all atoms and molecules have intrinsic kinetic energy called thermal motion (or heat).  Therefore, as these atoms or molecules collide, they tend to spread out evenly to fill the available space.
b. Diffusion will occur until the concentration differences are eliminated.  Once that point is reached, there will be a dynamic equilibrium (the molecules are still moving, but there is no net change).
c. Any substance will diffuse down its concentration gradient (unaffected by concentration differences of other substances).  No work is required for diffusion to occur.  Diffusion is a spontaneous process because it decreases free energy (ΔG < 0).  This is because entropy is increasing as the molecules become evenly dispersed.

2. Osmosis – the diffusion of water across a selectively permeable membrane (a special case of passive transport).

a. Water will also diffuse down its concentration gradient just like any other molecule.
b. Terms used to describe solute concentrations:

1) Hypoosmotic (hypotonic) ‑ the solution with the lesser solute concentration.
2) Hyperosmotic (hypertonic) ‑ the solution with the greater solute concentration.
3) Isosmotic (isotonic) ‑ refers to two solutions of equal solute concentration.

c. Water will tend to diffuse out of a hypoosmotic solution into a hyperosmotic solution.
d. The direction of osmosis is determined only by a difference in total solute concentration, not by the nature of the solutes.  Therefore, water will move from a hypoosmotic to a hyperosmotic solution even if the hypoosmotic solution has more kinds of solutes.
e. How living cells react to changes in the solute concentrations of their environments depends on whether or not they have cell walls.
1) Animal cells lack cell walls and will therefore tend to lyse (burst) in a hypoosmotic environment and crenate (shrivel) in a hyperosmotic environment.  Animal cells tend to fare best in an isosmotic environment.
2) Plant cells have cell walls which can withstand the increased pressure caused by a hypoosmotic environment.  This pressure is called turgor pressure and helps provide mechanical support for the plant (a cell that is very firm because of turgor pressure is said to be turgid).  In a hyperosmotic environment, plant cells shrivel and the plasma membrane pulls from the cell wall in a condition called plasmolysis (cells that are limp due to loss of turgor pressure are said to be flaccid).  Therefore, plants generally do best a hypoosmotic environment.

3. Facilitated diffusion – transport of polar molecules or ions across the lipid bilayer down a concentration gradient with the use of a transport protein.

B. Active transport – transports solutes against their concentration gradients, therefore requires expenditure of energy on the part of the cell.

1. ATP supplies the energy for most active transport.
a. Some active transport molecules generate voltages across the plasma membrane as they work (called electrogenic pumps).  They accomplish this by setting up concentration gradients of ions on opposite sides of the membrane (resulting in the separation of positive charges from negative ones).
1) Sodium-potassium pump – an electrogenic pump that moves three Na+ ions out of the cell for every two K+ ion it moves in.  This is the major electrogenic pump of animal cells.
2) Proton pump – actively transports H+ ions (protons) out of the cell.  This is the major electrogenic pump of plants, bacteria, and fungi.

2. Cotransport (coupled channels) – a single ATP‑powered pump that transports a specific solute and can indirectly drive the active transport of several other solutes as well.

a. By moving a substance across a membrane against its gradient, a membrane pump stores energy.  The substance will tend to diffuse back across the membrane down its gradient.  Like water flowing downhill, this diffusion can accomplish work.
b. Another specialized transport protein, separate from the pump, can couple the "downhill" diffusion of this substance to the "uphill" transport of a second substance against its own concentration gradient (e.g., plant cells use the gradient of hydrogen ions generated by proton pumps to drive the active transport of amino acids, sugars, and several other nutrients into the cell).
c. The second transport protein can work only if both solutes are present together.

C. Transport of large molecules.
1. Endocytosis – taking in macromolecules or particulate matter by forming vesicles derived from the plasma membrane around the material.
a. A localized region of the plasma membrane sinks inward to form a pocket.  As the pocket deepens, it pinches into the cytoplasm from the plasma membrane as a vesicle containing material that had been outside the cell.
b. Endocytosis takes three forms:
1) Phagocytosis – a cell engulfs a solid particle by wrapping pseudopodia around it and packaging it within a membrane‑enclosed sac large enough to be classified as a vacuole.  The particle is digested after the vacuole fuses with a lysosome containing hydrolytic enzymes.
2) Pinocytosis – the cell takes up droplets of extracellular fluid in tiny vesicles.  Since any and all solutes dissolved in the droplet are taken into the cell, pinocytosis is unspecific in the substances it transports.
3) Receptor‑mediated endocytosis ‑ very specific process.  Embedded in the membrane are proteins with specific receptor sites exposed to the extracellular fluid.  The receptor proteins are
usually clustered in regions of the membrane called coated pits.  Coated pits are lined on their cytoplasmic side by a fuzzy layer consisting of a protein called clathrin.
a) When the appropriate ligand (any molecule that binds specifically to a receptor site of another molecule) binds to the receptor site, it is carried into the cell by the inward budding of a coated pit to form a coated vesicle.
b) Receptor‑mediated endocytosis enables the cell to acquire bulk quantities of specific substances, even though those substances may not be very concentrated in the extracellular fluid.

2. Exocytosis – bulk transport out of the cell.
a. During exocytosis, a vesicle, usually budded from the endoplasmic reticulum or the Golgi apparatus, migrates to the plasma membrane.
b. The membrane of the vesicle and the plasma membrane come into close contact, and the lipid molecules of the two bilayers rearrange themselves.
c. The two membranes then fuse to become continuous, and the contents of the vesicle spill to the outside of the cell.
INFO BELOW IS NOT ON UNIT 2 TEST (IT’S ON UNIT 3 TEST)
Cell Communication- the majority of this will be covered in Ch 11. Refer to the Ch 7 PPt as to the extent you must know for this test, which includes:
I. External signals are converted into responses within cells.  A signal transduction pathway is a series of steps by which a signal on a cell’s surface is converted into a specific cellular response.

A. The molecular details of signal transduction in organisms as diverse as yeast and animals are very similar.  This similarity supports the idea that all life shares a common ancestor, and that early versions of these cell-signaling mechanisms evolved well before the first multicellular organisms appeared.
1. Scientists believe that signaling mechanisms first evolved in ancient prokaryotes and single-celled eukaryotes and then were adopted for new uses by their multicellular descendants.

2. Cell signaling remains important in prokaryotes.

a. Cells of many bacterial species secrete small molecules that can be detected by other bacterial cells.

b. The concentration of such signaling molecules allows bacteria to sense the local density of bacterial cells, a phenomenon called quorum sensing.  

c. Signaling among members of a bacterial population can lead to coordination of their activities.

B. Cells may communicate by direct contact.

1. Gap junctions or plasmodesmata allow signaling substances dissolved in the cytosol to pass freely between adjacent cells.

2. Direct contact between membrane-bound cell surface molecules allows for cell-cell recognition, which is important in such processes as embryonic development and the immune response.

C. In many other cases, messenger molecules are secreted by the signaling cell.

1. Some of these messenger molecules travel only short distances, are called local regulators
2. Synaptic signaling occurs in the animal nervous system.  A synapse is the narrow space between a nerve cell and its target cell (often another nerve cell).

3. Both animals and plants use chemicals called hormones for long-distance signaling.

a. In animals, this is known as endocrine signaling.  Specialized cells release hormone molecules into vessels of the circulatory system, by which they travel to target cells in other parts of the body.

b. Plant hormones (often called growth regulators) sometimes travel in vessels but more often reach their targets by moving through cells or by diffusion through the air as a gas.

D. Cell signaling occurs in three main stages.

1. Reception is the target cell’s detection of a signaling molecule coming from outside the cell and involves the binding of the signal molecule to a receptor protein located on the cell’s surface or inside the cell (depending on the nature of the signal molecule).
a. The signal molecule (acting as a ligand) is complementary in shape to a specific site on the receptor and attaches there (in a manner similar to the binding of a substrate to an enzyme’s active site).

b. Ligand binding generally causes a receptor protein to undergo a change in conformation (i.e., shape).  

1) For many receptors, this shape change directly activates the receptor, allowing it to interact with other cellular molecules.

2) For other kinds of receptors, the immediate effect of ligand binding is to cause the aggregation of two or more receptor molecules, which leads to further molecular events inside the cell.
3) In a general way, ligand binding is similar to the binding of an allosteric regulator to an enzyme, causing a shape change that either promotes or inhibits enzyme activity.  In the case of signal transduction, binding of the ligand alters the ability of the receptor to transmit the signal.
c. Most signal receptors are plasma membrane proteins and their ligands are water-soluble and generally too large to pass freely through the plasma membrane. 

2. Transduction involves cascades of molecular interactions that relay signals from receptors to target molecules in the cell.

a. The transduction stage of cell signaling is usually a multistep process.  This allows for the possibility of greatly amplifying a signal and also allows for more opportunities for coordination and regulation than do simpler systems.

b. The binding of a specific signal molecule to a receptor in the plasma membrane triggers the first step in the chain of molecular interactions (the signal transduction pathway) that leads to a particular response within the cell.

c. The molecules that relay a signal from receptor to response are mostly proteins.  At each step, the signal is transduced into a different form, commonly a conformational change in a protein.  Usually, the conformational change is brought about by phosphorylation of the protein.

3. Response to cell signaling involves the regulation of cytoplasmic activities or transcription of genes.

a. Different kinds of cells have different collections of proteins.  Therefore, the response of a particular cell to a signal depends on its particular collection of signal receptor proteins, relay proteins, and proteins needed to carry out the response.

1) Therefore, two cells that respond differently to the same signal must differ in one or more of the proteins that handle and respond to the signal.
E. Apoptosis (programmed cell death) integrates multiple cell-signaling pathways.

1. Cells that are infected or damaged or that have reached the end of their functional life span often enter a program of controlled cell suicide called apoptosis.

2. Most of the proteins essential for apoptosis are continually present in the cell, but in inactive forms.  A protein in the outer mitochondrial membrane serves as the master regulator of apoptosis, and acts as a brake in the absence of a “death signal”.

3. When a death signal is received by the cell, it overrides the brake, and the apoptotic pathway activates proteases and nucleases, enzymes that cut up the proteins and DNA of the cell.  The main proteases involved are called caspases.

4. A built-in cell suicide mechanism is essential to development and maintenance in all animals.
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Life on a microscope slide “No, wait! That’s not Uncle Floyd! Who is that!
... Criminy, | think it's just an air bubble!”






