
Dr. Gilmour’s Section

-Prokaryotic organisms are found in two domains of life: the bacteria and the Archaea. 

-All cells possess a selectively permeable plasma membrane, which separates the external environment from the cytoplasm of the cell. 

-The cytoplasm consists of the cytosol, which is mostly water, salts, and various organic molecules, along with the various structural features within the cell, including organelles. 

-The plasma membrane contains protein complexes that allow the controlled transport of materials into and out of the cells. 

-In addition, the prokaryotic plasma membrane also contains protein complexes that form electron transport chains, used to link the oxidation of various molecules to the synthesis of ATP. 

-In photosynthetic prokaryotes, the plasma membrane, or internal membranes derived from the plasma membrane, are the sites of photosynthetic electron transport chains, which harvest light energy for the synthesis of energy-rich molecules, including ATP. 

-We will see that in eukaryotes, energy transduction machinery is found in organelles called mitochondria and chloroplasts.

-Lacking a nucleus, the DNA of a prokaryote is found localized in a central region of the cell called a nucleoid.

2.4d Prokaryotes Display Remarkable Diversity
-Prokaryotic cells are usually not much more than a few micrometres in length and a micrometre or less in diameter, which makes them about 10 times smaller than a typical eukaryotic cell. 

-Their small size and metabolic versatility are reflected in their abundance; prokaryotes vastly outnumber all other types of organisms and live successfully in almost all regions of Earth's surface, from the Antarctic to hot springs. 

Eukaryote

· the separation of DNA and cytoplasm by a nuclear envelope
· the presence in the cytoplasm of membrane-bound compartments with specialized functions: mitochondria, chloroplasts, endoplasmic reticulum (ER), and the Golgi complex, among others
· highly specialized motor (contractile) proteins that move cells and internal cell parts
-eukaryotes most probably evolved from associations of prokaryotes.

2.5a The Endomembrane System Is Derived from the Plasma Membrane
-Eukaryotic cells are characterized by an endomembrane system (endo = within), a collection of interrelated internal membranous sacs that divide the cell into functional and structural compartments called organelles. 

-The major membrane components include the nuclear envelope, the ER, and the Golgi complex. Infolding of the plasma membrane is believed to be responsible for the evolution of all of these structures. 

-The membranes of the endomembrane system are connected either directly, in the physical sense, or indirectly by vesicles, which are small membrane-bound compartments that transfer substances between parts of the system. 

-The nuclear envelope controls the movement of both proteins and RNA molecules into and out of the nucleus. 

-The ER and the Golgi complex together serve a variety of functions, including the synthesis and modification of proteins, their transport into membranes or to the outside of the cell, the synthesis of lipids, and the detoxification of harmful compounds.

Endoplasmic reticulum. The endoplasmic reticulum (ER) is an extensive interconnected network (reticulum = little net) of membranous channels and vesicles. Each vesicle is formed by a single membrane that surrounds an enclosed space called the lumen of the ER. Proteins synthesized on the rough ER are destined for the plasma membrane or for release outside the cell. After being synthesized, these proteins enter the lumen where they fold into their final form. The proteins are then delivered to the cell surface within vesicles that pinch of from the ER and move to join with the Golgi complex. In comparison, the smooth ER does not have ribosomes attached to its surface. Instead of protein synthesis, the smooth ER serves various functions, including the synthesis of lipids that become part of cell membranes.

1. Proteins made by the ribosomes that are freely suspended in the cytosol remain in the cytosol, pass through the nuclear pores to enter the nucleus, or become parts of mitochondria, chloroplasts, the cytoskeleton, or other cytoplasmic structures.
2. Golgi complex. The Golgi complex consists of a stack of flattened membranous sacs and is usually located between the rough ER and the plasma membrane. The Golgi complex receives proteins made in the ER and transported to the complex in vesicles. Within the Golgi complex, further chemical modifications of the proteins occur. The modified proteins are then sorted into other vesicles that pinch off from the margins of Golgi sacs on the side of the complex that faces the plasma membrane. The Golgi complex regulates the movement of several types of proteins. Some are secreted from the cell, others become embedded in the plasma membrane, and yet others are placed in lysosomes.
-Besides the extensive endomembrane system, another clear characteristic of eukaryotic cells is the presence of energy-transducing organelles: the chloroplast and the mitochondrion. 

-a large body of evidence supports a model of eukaryotic evolution that involves endosymbiosis—the mitochondria and chloroplasts are descendants of free-living prokaryotes

-The established theory of endosymbiosis states that the prokaryotic ancestors of modern mitochondria and chloroplasts were engulfed by larger prokaryotic cells, forming a mutually advantageous relationship called a symbiosis, and that slowly, over time, the host cell and the endosymbionts became inseparable parts of the same organism.

-The rise in atmospheric O2 is thought to be a key factor in the occurrence of endosymbiosis. -

-Mitochondria carry out aerobic respiration; thus, it is thought their ancestors were free-living aerobic prokaryotic cells. 

-These cells would have been able to generate far more ATP from the same amount of food as a comparable anaerobic cell. 

-Endosymbiosis of these small aerobic cells would give a larger anaerobic cell a distinct energy advantage compared with other anaerobic cells.

-modern chloroplast is thought to be derived from endosymbiotic events involving cyanobacteria because cyanobacteria are photosynthetic, the host cell would be able to utilize sunlight as a source of energy. 

-Whereas virtually all eukaryotic cells contain mitochondria, only plants and algae contain both mitochondria and chloroplasts. 

-Once eukaryotic cells with the ability for aerobic respiration developed, some of these became photosynthetic after taking up cyanobacteria. 

-This lineage developed into the plants and algae of today.

2.5c Several Lines of Evidence Support the Theory of Endosymbiosis
Five lines of evidence suggest that these energy-transducing organelles do have distinctly prokaryotic characteristics that are not found in other eukaryotic cells:

1. Morphology. The form or shape (morphology) of both mitochondria and chloroplasts is similar to that of a prokaryotic cell. Mitochondria resemble aerobic prokaryotes, and chloroplasts resemble cyanobacteria.
2. Reproduction. A cell cannot make a mitochondrion or a chloroplast. Just like free-living prokaryotic cells, mitochondria or chloroplasts are derived only from preexisting mitochondria or chloroplasts. Both chloroplasts and mitochondria divide by binary fission, which is how prokaryotic cells divide
3. Genetic information. If the ancestors of mitochondria and chloroplasts were free-living cells, then one could predict that these organelles should contain their own DNA. This is indeed the case. Both mitochondria and chloroplasts contain DNA, which codes for the proteins essential for the organelle's function. Whereas a free-living bacterium contains a few thousand protein-coding genes, the DNA found in energy-transducing organelles contain less than a hundred. The reason for this is that many of the genes have been relocated to the nucleus. The protein encoded by the gene is still the same, but the movement of some of the genes to the nucleus is thought to have given the nucleus and thus the host cell better control of overall cell function.
4. Transcription and translation. Both chloroplasts and mitochondria contain a complete transcription and translational machinery, including a variety of enzymes and the ribosomes necessary to synthesize the proteins encoded by their DNA. The ribosomes of prokaryotic cells are distinctly different from those of eukaryotic cells. The ribosomes of mitochondria and chloroplasts are similar to the type found in prokaryotes.
5. Electron transport. Similar to free-living prokaryotic cells, both mitochondria and chloroplasts can generate energy in the form of ATP through the presence of their own electron transport chains.
2.5d The Cytoskeleton Supports and Moves Cell Structures
-The characteristic shape and internal organization of each type of cell are maintained in part by its cytoskeleton, the interconnected system of protein fibres and tubes that extends throughout the cytoplasm. 

-The cytoskeleton also reinforces the plasma membrane and functions in movement, both of structures within the cell and of the cell as a whole. 

-The cytoskeleton of animal cells contains three major types of structural elements: microtubules, intermediate filaments, and microfilaments 

-Plant cytoskeletons contain only microtubules and micro-filaments. 

-microtubules are microscopic hollow tubes. 

-Intermediate filaments are fibres that occur singly, in parallel bundles, and in interlinked networks, either alone or in combination with microtubules, microfilaments, or both. 

-Microfilaments are thin fibres that consist of two rows of protein subunits wound around each other in a long spiral.

-Eukaryotic cell movements are generated by “motor” proteins that push or pull along microtubules or microfilaments. 

-One end of a motor protein is firmly fixed to a cell structure such as a vesicle, a microtubule, or a microfilament. 

-The other end has reactive groups that “walk” along another microtubule or microfilament by making an attachment, forcefully swivelling a short distance, and then releasing ATP supplies the energy for the walking movements.

-Microfilaments are solely responsible for other types of movements, including amoeboid motion, the actively flowing motion of cytoplasm called cytoplasmic streaming, and the contraction of muscle cells

-When animal cells divide, both microtubules and microfilaments are active—the chromosomes are divided and moved by microtubules, and the cytoplasm is divided by microfilaments 

-Flagella (singular = flagellum) are long, hair-like structures that project from the cell surface and function in cell movement. 

-A bacterial flagellum, which is made of a single protein called flagellin, moves the cell by rotating like the propeller of a boat.

-The flagella of a eukaryote are constructed of microtubules, and their movement is whiplike. 

-The actual flagellum bends in response to the movement of a protein called dynein along one side of each microtubule

-The structure of eukaryotic flagella is identical to that of cilia except that cilia are usually shorter than flagella and occur in greater numbers on cells

-Whereas flagella serve to move cells, cilia act to move materials over the cell surface

-The plasma membrane surrounds both the cilia and flagella of eukaryotic cells, whereas prokaryotic flagella protrude through the membrane.

-A bundle of microtubules extends from the base to the tip of a eukaryotic flagellum or cilium

-In the bundle, a circle of nine double microtubules surrounds a central pair of single micro-tubules, forming what is known as the 9 + 2 complex. 

-Dynein motor proteins slide the microtubules of the 9 + 2 complex over each other to produce the flagellar or ciliar movements

-For prokaryotic and eukaryotic flagellum, the proteins involved are distinctly different, being encoded by different genes, and as we have seen, they function in distinctly different ways. (homologous)

21.2a Prokaryotic Cells Appear Simple in Structure Compared with Eukaryotic Cells
-Three cell shapes are common among prokaryotes: spiral, spherical. and cylindrical (known as rods), but some Archaea even have square cells

-standard electron microscopy typically reveal little more than a cell wall and plasma membrane surrounding a cytoplasm with DNA concentrated in one region and ribosomes scattered throughout. T

-The chromosome is not contained in a membrane-bound nucleus but is packed into an area of the cell called the nucleoid. 

-Prokaryotic cells have no cytoplasmic organelles equivalent to the mitochondria, endoplasmic reticulum, or Golgi complex of eukaryotic cells. 

-With few exceptions, the reactions carried out by these organelles in eukaryotes are distributed between the cytoplasmic solution and the plasma membrane in prokaryotes. 

-new microscopic techniques reveal that prokaryote cells do have a cytoskeleton—not homologous to that of a eukaryote but serving some of the same functions—and have more sophisticated organization than was previously thought 

-Many prokaryotes also contain small circles of DNA called plasmids, which generally contain genes for nonessential but beneficial functions such as antibiotic resistance

-Plasmids replicate independently of the cell's chromosomes and can be transferred from one cell to another, meaning that genes for antibiotic resistance are readily shared among prokaryotic cells, even among cells of different species. 

-Horizontal gene transfer also occurs when bacterial cells take up DNA from their environment or when viruses transfer DNA from one bacterium to another and they spread quickly

-Bacterial ribosomes are smaller than eukaryotic ribosomes but carry out protein synthesis by essentially the same mechanisms as those of eukaryotes

-antibiotics that stop bacterial infections by targeting ribosome activity do not interfere with archaeal protein synthesis.

-Most prokaryotes have a cell wall that lies outside their plasma membrane

-The primary component of bacterial cell walls is peptidoglycan, a polymer of sugars and amino acids, which forms linear chains

-Peptide cross-linkages between the chains give the cell wall great strength and rigidity

-The antibiotic penicillin prevents the formation of these cross-linkages, resulting in a weak cell wall that is easily ruptured, killing the cell 

What is a virus?

-The structure of a virus is reduced to the minimum necessary to transmit its genome from one host cell to another. 

-A virus is simply one or more nucleic acid molecules surrounded by a protein coat or capsid

-Some capsids may be enclosed within a membrane or envelope derived from their host cell's membrane 

-Viruses they lack a metabolic system to provide energy for their life cycles and cannot reproduce on their own; instead, they are dependent on the host cells they infect for these functions

23.2 What Is a Protist? Characteristics of Protists

· Protists are eukaryotes that differ from fungi in having motile stages in their life cycles and cellulose cell walls. Unlike plants, they lack roots, stems, and leaves and do not retain embryos in parental tissue. Unlike animals, protists are often unicellular; they lack collagen, nerve cells, and an internal digestive tracts
24.1 What Is a Fungus? General Characteristics of Fungi

· Fungi can occur as single-celled yeasts or as multicellular filamentous organisms.
· A fungal mycelium consists of filamentous hyphae that grow throughout the substrate on which the fungus feeds. A cell wall of chitin surrounds the plasma membrane, and in most species, septa partition the hyphae into cell-like compartments. Pores in septa permit cytoplasm and sometimes organelles to move between hyphal cells.
· Fungi gain nutrients by extracellular digestion and absorption at hyphal tips. Saprotrophic species feed on nonliving organic matter and are key decomposers contributing to the recycling of carbon and other nutrients in ecosystems. Many fungi are symbionts, obtaining nutrients from organic matter of living hosts; these symbioses range from parasitism, in which the fungus benefits at the expense of its host, to mutualism, in which both the fungus and its host benefit.
· All fungi reproduce via spores generated either asexually or sexually. Some types also may reproduce asexually by budding or fragmentation of the parent body. Sexual reproduction usually has two stages. First, in plasmogamy, the cytoplasm of two haploid cells fuses, producing a cell that contains a haploid nucleus from each parent. In karyogamy, the nuclei fuse and form a diploid zygote; this stage is delayed in some phyla, resulting in a prolonged dikaryon (n + n) condition. Meiosis then generates haploid spores.
25.1 Defining Characteristics of Land Plants

· Land plants are multicellular eukaryotes with cellulose cell walls. Most, but not all, are photoautotrophs. All have an alternation of generations life cycle, although which generation is dominant varies among groups of plants, and all retain embryos inside parental tissue.
Cell theory


1. All organisms are composed of one or more cells. Some types of organisms, such as prokaryotes, are composed of only a single cell. In these unicellular organisms, the one cell is a functionally independent organism capable of carrying out all life activities. In more complex multicellular organisms, including plants and animals, major life activities are divided among varying numbers of specialized cells. Individual cells of multicellular organisms are potentially capable of surviving by themselves if placed in a chemical medium that can sustain them.


2. The cell is the smallest unit that has the properties of life. If cells are broken open, the property of life is lost: they are unable to grow, reproduce, or respond to outside stimuli in a coordinated, potentially independent fashion. Scientists can learn a lot about how a cell functions by doing experiments on disrupted cells, examining only a single component of the cell.


3.Cells arise only from the growth and division of preexisting cells. Although deoxyribonucleic acid (DNA) and ribonucleic acid (RNA) contain the information required to manufacture a vast array of biological molecules, they cannot orchestrate the formation of an entire cell. New cells can arise only from the division of preexisting cells.

Bonds

Ionic bonds

· they exert an attractive force over greater distances than any other chemical bond
· their attractive force extends in all directions
· they vary in strength depending on the presence of other charged substances
-Covalent bonds form when atoms share a pair of valence electrons rather than gaining or losing them

-Unlike ionic bonds, the shared orbitals that form covalent bonds extend between atoms at discrete angles and directions, giving covalently bound molecules distinct, three-dimensional forms. 

-Electronegativity is the measure of an atom's attraction for the electrons it shares in a covalent bond with another atom. 

-The more electronegative an atom is, the more strongly it attracts shared electrons. 

-Among atoms, electronegativity increases as the number of protons in the nucleus increases and as the distance between the electrons and the nucleus increases. 

-This unequal sharing of electrons between two atoms that differ in their electronegativity results in a polar covalent bond.

-The atoms carrying partial charges may give the whole molecule partially positive and negative ends; in other words, the molecule is polar.

-Polar molecules attract and align themselves with other polar molecules and with charged ions and molecules and tend to exclude nonpolar molecules. 

-Polar molecules that associate readily with water because it is strongly polar are identified as hydrophilic (hydro = water; philic = preferring). 

-Nonpolar substances that are excluded by water and other polar molecules (such as oils) are identified as hydrophobic (phobic = avoiding).

-Individual hydrogen bonds are weak compared with ionic and covalent bonds. 

-The weak attractive force of hydrogen bonds makes them much easier to break than covalent and ionic bonds, particularly when elevated temperature increases the movements of molecules. 

-Hydrogen bonds begin to break extensively as temperatures rise above 45°C and become practically nonexistent at 100°C van der Waals forces are even weaker than hydrogen bonds. 

-Van der waals forces develop between nonpolar molecules or regions of molecules when, through their constant motion, electrons accumulate by chance in one part of a molecule or another. 

-This process leads to zones of positive and negative charge, making the molecule polar. 

5.3 Membrane Proteins

· Proteins embedded in the phospholipid bilayer carry out most membrane functions, including transport of selected hydrophilic substances, enzymatic activity, recognition, and signal reception.
· Integral membrane proteins are embedded deeply in the bilayer and cannot be removed without dispersing the bilayer. Peripheral membrane proteins associate with membrane surfaces.
5.4 Passive Membrane Transport

· Passive transport depends on diffusion, the net movement of molecules from a region of higher concentration to a region of lower concentration. Passive transport does not require cells to expend energy.
· Simple diffusion is the passive transport of substances across the lipid portion of cellular membranes with their concentration gradients.
· Small uncharged molecules can move rapidly across membranes, whereas large or charged molecules may be strongly impeded from transiting a membrane.
· Facilitated diffusion is the passive transport of substances at rates higher than predicted from their lipid solubility. It depends on membrane proteins, follows concentration gradients, is specific for certain substances, and becomes saturated at high concentrations of the transported substance.
· Osmosis is the net diffusion of water molecules across a selectively permeable membrane in response to differences in the concentration of solute molecules.
· Aquaporins are membrane transport proteins that facilitate the diffusion of water.
· Water moves from hypotonic solutions (lower concentrations of solute molecules) to hypertonic solutions (higher concentrations of solute molecules). When the solutions on each side are isotonic, there is no osmotic movement of water in either direction.
5.5 Active Membrane Transport

· Active transport moves substances against their concentration gradients and requires cells to expend energy. Active transport depends on membrane proteins, is specific for certain substances, and becomes saturated at high concentrations of the transported substance.
· Active transport proteins are either primary transport pumps, which directly use ATP as their energy source, or secondary transport pumps, which use favourable concentration gradients of positively charged ions, set up by primary transport pumps, as their energy source for transport.
· Secondary active transport may occur by symport, in which the transported substance moves in the same direction as the concentration gradient used as the energy source, or by antiport, in which the transported substance moves in the direction opposite to the concentration gradient used as the energy source.
5.6 Exocytosis and Endocytosis

· Large molecules and particles are moved out of and into cells by exocytosis and endocytosis. The mechanisms allow substances to leave and enter cells without directly passing through the plasma membrane.
· In exocytosis, a vesicle carrying secreted materials contacts and fuses with the plasma membrane on its cytoplasmic side. The fusion introduces the vesicle membrane into the plasma membrane and releases the vesicle contents to the cell exterior.
· In endocytosis, materials on the cell exterior are enclosed in a segment of the plasma membrane that pockets inward and pinches off on the cytoplasmic side as an endocytic vesicle. Endocytosis occurs in two overall forms, bulk-phase endocytosis (pinocytosis) and receptor-mediated endocytosis. Most of the materials entering cells are digested into molecular subunits small enough to be transported across the vesicle membranes.
5.2b Membrane Fluidity
-The fluidity of the lipid bilayer is dependent on how densely the individual lipid molecules can pack together. 

-This is influenced by two major factors: the composition of the lipid molecules that make up the membrane and the temperature. 

-Fatty acids composed of saturated hydrocarbons, in which each carbon is bound to a maximum number of hydrogen atoms, tend to have a straight shape, which allows the lipids to pack more tightly together

-Alternatively, lipid molecules with unsaturated fatty acids are less straight as the double bonds in an unsaturated fatty acid introduce kinks or bends in its structure, this results in lipid molecules packing together less closely

-However, if the temperature drops low enough, the phospholipid molecules become closely packed, and the membrane forms a highly viscous semisolid gel

-At any given temperature, the fluidity of a membrane is related to the degree to which the membrane lipids are unsaturated

-The more unsaturated a membrane, the lower its gelling temperature is

-the normal fluid state is achieved by a mixed population of saturated and unsaturated fatty acids

-The more carbon–carbon double bonds within the fatty acid tails, the more space will exist between neighbouring lipids, and the more fluid the resulting membrane will be.

5.3b Integral Membrane Proteins
-Membrane proteins that are embedded in the phospholipid bilayer are called integral membrane proteins. 

-Although all integral membrane proteins possess at least one region that interacts with the hydrophobic core of the membrane, most integral proteins are transmembrane proteins, which span the entire membrane bilayer and therefore have regions that are exposed to the aqueous environment on both sides of the membrane. 

-To be able to interact with the hydrophobic core of a membrane, integral proteins are composed of regions (or domains) that consist of predominantly nonpolar amino acids that are usually coiled into alpha helices

Membrane proteins:

1.Transport. Many substances cannot freely diffuse through the membrane. Instead, a protein may provide a hydrophilic channel that allows movement of a specific compound. Alternatively, a membrane protein may change its shape and in so doing shuttle specific molecules from one side of a membrane to the other.

2.Enzymatic activity. A number of enzymes are membrane proteins. The best example of this is the enzymes associated with the respiratory and photosynthetic electron transport chains.

3.Signal transduction. Membranes often contain receptor proteins on their outer surface that bind to specific chemicals such as hormones. On binding, these receptors trigger changes on the inside surface of the membrane that lead to transduction of the signal through the cell.

4.Attachment/recognition. Proteins exposed to both the internal and external membrane surfaces act as attachment points for a range of cytoskeleton elements, as well as components involved in cell–cell recognition.

5.4a Passive Transport Is Based on Diffusion
-Passive transport is defined as the movement of a substance across a membrane without the need to expend chemical energy such as ATP. 

-What drives passive transport is diffusion, the net movement of a substance from a region of higher concentration to a region of lower concentration. 

-Diffusion is the primary mechanism of solute movement within a cell and between cellular compartments separated by a membrane.

-The driving force behind diffusion is an increase in entropy.

-As diffusion occurs, the entropy, or disorder, increases until, when the molecules are evenly distributed, entropy reaches its maximum

-As the distribution proceeds to the state of maximum disorder, the molecules release free energy that can accomplish work

-The rate of diffusion depends on the concentration difference or concentration gradient that exists between two areas or across a membrane

-The bigger the gradient the faster the rate of diffusion

Simple Diffusion.

-membranes display selective permeability; whereas some molecules diffuse very rapidly across the membrane, other molecules are essentially unable to transit the membrane. 

-Overall, the interplay of two factors, size and charge, determines the ease with which a molecule can move across a membrane.

-Very small nonpolar molecules such as O2 and CO2 are readily soluble in the hydrophobic interior of a membrane and move rapidly from one side to the other. as well as steroid hormones and most drugs

-Small uncharged molecules such as water or glycerol, even though they are polar, are still able to move quite rapidly across the membrane

-In contrast, however, the membrane is practically impermeable to charged molecules, including ions such as Cl−, Na+, and phosphate (PO4−).

Facilitated Diffusion. 

-Metabolic processes often have a demand for many polar and charged molecules, such as water, amino acids, sugars, and ions, that cannot be met by the relatively slow rate at which these molecules can diffuse passively across a membrane. 

-To speed up the movement of these compounds, transport can be helped or facilitated by protein complexes that span the membrane 

-Although facilitated diffusion involves specific transporters, what drives the movement of the molecules is still diffusion based on a concentration gradient across the membrane.

-When the gradient falls to zero, transport stops.

36.1b During Muscle Contraction, Thin Filaments on Each Side of a Sarcomere Slide over Thick Filaments
-The precise control of body motions depends on an equally precise control of muscle contraction by a signalling pathway that carries information from nerves to muscle fibres. 

-An action potential arriving at the neuromuscular junction leads to an increase in the concentration of Ca2+ in the cytosol of the muscle fibre

-The increase in Ca2+ triggers a process in which the thin filaments on each side of a sarcomere slide over the thick filaments toward the centre of the A band, which brings the Z lines closer together, shortening the sarcomeres and contracting the muscle

-This sliding filament mechanism of muscle contraction depends on dynamic interactions between actin and myosin proteins in the two filament types

-the myosin cross-bridges make and break contact with actin and pull the thin filaments over the thick filaments—the action is similar to rowing, or a ratcheting process

Conduction of an Action Potential into a Muscle Fibre. 

-Like neurons, skeletal muscle fibres are excitable, meaning that the electrical potential of their plasma membrane can change in response to a stimulus. 

-When an action potential arrives at the neuromuscular junction, the axon terminal releases a neurotransmitter, acetylcholine, which triggers an action potential in the muscle fibre (step 1)


-The action potential travels in all directions over the muscle fibre's surface membrane and penetrates into the interior of the fibre through the T tubules.

Release of Calcium into the Cytosol of the Muscle Fibre. 

-In the absence of a stimulus, the Ca2+ concentration is kept high inside the sarcoplasmic reticulum by active transport proteins that continuously pump Ca2+ out of the cytosol and into the sarcoplasmic reticulum. 


-When an action potential reaches the end of a T tubule, it opens ion channels in the sarcoplasmic reticulum that allow Ca2+ to flow out into the cytosol (step 2).

-When Ca2+ flows into the cytosol, the troponin molecules of the thin filament bind the calcium and undergo a conformational change that causes the tropomyosin fibres to slip into the grooves of the actin double helix. 


-The slippage uncovers the actin's binding sites for the myosin crossbridge (step 3). 

-the myosin crossbridge has a molecule of ATP bound to it, and is not in contact with the thin filament.

The Crossbridge Cycle. 


-Using the energy of ATP hydrolysis, the myosin crossbridge bends away from the tail and binds to a newly exposed myosin crossbridge binding site on an actin molecule (step 4). 


-The binding of the cross-bridge to actin triggers release of the molecular spring in the crossbridge, which snaps back toward the tail, producing the power stroke (motor) that pulls the thin filament over the thick filament (step 5).


-The crossbridge now binds another ATP and myosin detaches from actin (step 6).

-The cycle repeats again, starting with ATP hydrolysis (step 4). 

-Contraction ceases when action potentials stop: Ca2+ is pumped back into the sarcoplasmic reticulum, and its effect on troponin is reversed, leading to tropomyosin again blocking myosin crossbridge binding sites on actin.


 -Contraction ceases, and the actin thin filaments slide back over the myosin thick filaments to their original relaxed positions (step 7). 

From Contraction to Relaxation. 

-As long as action potentials continue to arrive at the neuromuscular junction, Ca2+ is released in response, and ATP is available, the crossbridge cycle continues to run, shortening the sarcomeres and contracting the muscle fibre.

-When action potentials stop, excitation of the T tubules ceases, and the Ca2+ release channels in the sarcoplasmic reticulum close. 

-The active transport pumps quickly remove the remaining Ca2+ from the cytosol. 

-In response, troponin releases its Ca2+ and the tropomyosin fibres are pulled back to cover the myosin binding sites in the thin filaments. 

-The crossbridge cycle stops, and contraction of the muscle fibre ceases.


-In a muscle fibre that is not contracting, ATP is bound to the myosin head and the crossbridge is not bound to the actin filament (step 7).

9.3b Mitotic Spindles May Move Chromosomes by a Combination of Two Mechanisms
-In almost all eukaryotes, these microtubules are divided into two groups. Some, called kinetochore microtubules, connect the chromosomes to the spindle poles and others, nonkinetochore microtubules, extend between the spindle poles without connecting to chromosomes; at the spindle midpoint, these microtubules from one pole overlap with the microtubules from the opposite pole. 

-at one time, it was believed that microtubules pulled the chromosomes toward the poles of dividing cells. -However, recent data suggest that chromosomes “walk” themselves to the poles along stationary microtubules, using motor proteins in their kinetochores

-The tubulin subunits of the kinetochore microtubules disassemble as the kineto-chores pass along them; thus, the microtubules become shorter as the movement progresses

-In nonkinetochore microtubule–based movement, the entire spindle is lengthened, pushing the poles farther apart

-The pushing movement is presumably produced by microtubules sliding over one another in the zone of overlap, powered by proteins acting as microtubule motors. 

-In many species, the nonkinetochore microtubules also push the poles apart by growing in length as they slide.

28.1a Cells of All Plant Tissues Share Some General Features
-Plant cells share some features with animal cells but differ in that they typically have a cell wall, a large vacuole, and, in many cells, chloroplasts. 

-The vacuole may occupy most of the volume in a mature plant cell and plays an important role in cell elongation and maintenance of rigid tissues and may also act as storage compartments

In all plant tissues, the cells have a primary cell wall surrounding the plasma membrane and cell contents (cytoplasm and organelles)

-A primary cell wall is made largely of microfibrils of cellulose, a polymer of glucose, embedded in a matrix of other polysaccharides. 

-The combination of cellulose fibrils and other polysaccharides gives the cell wall strength and flexibility.

-Some of these are structural proteins that contribute to the wall's strength, whereas others are enzymes that catalyze the formation and modification of the cell wall. 

-As well, cytoplasmic connections between adjacent cells, called plasmodesmata (singular, plasmodesma), allow solutes such as amino acids and sugars to move from one cell to the next

-The space between the primary cell walls of adjacent cells is filled with a polysaccharide layer called the middle lamella

-As a young plant grows, different types of cells deposit additional cellulose and other materials inside the primary wall, forming a strong secondary cell wall

-Secondary walls often contain lignin, a complex water-insoluble polymer, which makes cell walls very strong, rigid, and impermeable to water. 

32.2 Animal Tissues

-Anchoring junctions form buttonlike spots or belts that weld cells together

-They are most abundant in tissues subject to stretching, such as skin and heart muscle. 

-Tight junctions seal the spaces between cells, keeping molecules and even ions from leaking between cells.

-Gap junctions are open channels between cells in the same tissue, allowing ions and small molecules to flow freely from one to another.

32.2b Connective Tissue Supports Other Body Tissues

-Connective tissues support other body tissues, transmit mechanical and other forces, and in some cases act as filters. 

They consist of cells that form networks or layers in and around body structures and that are separated by nonliving material, specifically the ECM secreted by the cells of the tissue. 

-The consistency of the ECM ranges from fluid (as in blood and lymph), through soft and firm gels (as in tendons), to the hard and crystalline (as in bone). 

-In most connective tissues, the ECM consists primarily of the fibrous glycoprotein collagen embedded in a network of proteoglycans—glycoproteins that are very rich in carbohydrates. 

-Collagen is the most abundant protein in animals. 

-In bone, the glycoprotein network surrounding the collagen is impregnated with mineral deposits that produce a hard, yet still somewhat elastic, structure. 

-Another class of glycoproteins, fibronectin, aids in the attachment of cells to the ECM and helps hold the cells in position.

-In some connective tissues, another rubbery protein, elastin, adds elasticity to the ECM, It is able to return to its original shape after being stretched, bent, or compressed. 

Signalling

1. Reception. Reception is the binding of a signal molecule with a specific receptor of target cells. Target cells have receptors that are specific for the signal molecule, which distinguishes them from cells that do not respond to the signal molecule. The signal molecules are often peptides or steroids, but many other types of molecules, such as amines, can act as chemical signals between cells. Each molecule will have a cellular receptor that is shaped to recognize and bind that molecule specifically. Membrane receptors are normally embedded in the plasma membrane with a binding site for the signal molecule on the cell surface. Receptors for some molecules are located within the cell. In this case, the signal molecule passes freely through the plasma membrane and interacts with its receptor within the cell. Steroid hormones such as testosterone and estrogen are examples of signal molecules that act on receptors within the cell. Many steroids also have separate actions via membrane receptors. Receptors at the cell surface, membrane receptors, usually involve rapid, short-lived events. Internal receptors often act directly on the genome (nuclear receptors), activating specific genes. These responses and reactions occur over a longer time.

2.Transduction. Transduction is the process of changing the signal into the form necessary to cause the cellular response. In other words, the binding of a signal molecule to its receptor is not directly responsible for the response. Transduction may occur in a single step, although more often it involves a cascade of reactions that include several different molecules, often referred to as a signalling cascade. For example, in Sutherland's work, after epinephrine bound to its surface receptor, the signal was transmitted through the plasma membrane into the cell, where transduction by a signalling cascade activated a molecule that triggered a cellular response. This molecule was Sutherland's second messenger.

3.Response. In the third and last stage, the transduced signal causes a specific cellular response. That response depends on the signal and the receptors on the target cell. In Sutherland's work, the response was the activation of the enzyme glycogen phosphorylase; the active enzyme catalyzed the conversion of stored glycogen to glucose

 8.2c The Signalling Molecule Bound by a Surface Receptor Triggers Response Pathways within the Cell
-Signal transduction pathways triggered by surface receptors

-In all cases, binding of a signal molecule to a surface receptor triggers the cellular response without entering the cell. 

-Experiments have shown that (1) a signal molecule produces no response if it is injected directly into the cytoplasm, and (2) unrelated molecules that mimic the structure of the normal extracellular signal molecule can trigger a full cellular response as long as they can bind to the recognition site of the receptor.

-A second typical characteristic of signal transduction is that the signal is relayed inside the cell by protein kinases, enzymes that transfer a phosphate group from ATP to one or more sites on particular proteins

-These phosphorylated proteins are known as target proteins because they are the proteins modified by signalling pathways. 

-The added phosphate groups either stimulate or inhibit the activity of the target proteins; the change in the target proteins' activity leads directly or indirectly to the cellular response

-Often protein kinases act in a chain, called a protein kinase cascade, to pass along a signal

-The first kinase catalyzes phosphorylation of the second, which then becomes active and phosphorylates the third kinase, and so on. 

-The proteins that bring about the cellular response may be parts of the reaction pathways, enzymes of other cellular reactions, end targets of the signal transduction pathways (such as transport proteins), or, at the most fundamental level, proteins that regulate gene transcription. 

-The effects of protein kinases in the signal transduction pathways are balanced or reversed by another group of enzymes called protein phosphatases, which remove phosphate groups from target proteins.

-Unlike the protein kinases, which are active only when a surface receptor binds a signal molecule, most of the protein phosphatases are continuously active in cells. 

-By continually removing phosphate groups from target proteins, the protein phosphatases quickly shut off a signal transduction pathway if its signal molecule is no longer bound at the cell surface.

-A third characteristic of signal transduction pathways involving surface receptors is amplification—an increase in the magnitude of each step as a signal transduction pathway proceeds

-Amplification occurs because many of the proteins that carry out individual steps in the pathways, including the protein kinases, are enzymes. 

-Once activated, each enzyme can activate hundreds of proteins, including other enzymes, that enter the next step in the pathway. 

-Generally, the more enzyme-catalyzed steps in a response pathway, the greater the amplification. 

-As a result, just a few extracellular signal molecules binding to their receptors can produce a full internal response. 

-amplification also occurs for signal transduction pathways that involve internal receptors.

-As signal transduction runs its course, the receptors and their bound signal molecules are removed from the cell surface by endocytosis. 

-Both the receptor and its bound signal molecule may be degraded in lysosomes after entering the cell.

-Alternatively, the receptors may be separated from the signal molecules and recycled to the cell surface, whereas only the signal molecules are degraded. 

Dr. Johnson’s Section

13.1c Hershey and Chase Found the Final Evidence Establishing DNA as the Hereditary Molecule
-Hershey and Chase studied the infection of the bacterium Escherichia coli by bacteriophage T2. 

-A virus is an infectious agent that contains either DNA or RNA surrounded by a protein coat. 

-When a virus infects a cell, it can use the cell's resources to produce more virus particles.

-For phages such as T2, the infected cell quickly stops producing its own molecules and instead starts making progeny phages. 

-After about 100 to 200 phages are assembled inside the bacterial cell, a viral enzyme breaks down the cell wall, killing the cell and releasing the new phages

-The T2 phage that Hershey and Chase studied consists of only a core of DNA surrounded by proteins. -

-Hershey and Chase prepared two batches of phages, one with the protein tagged with a radioactive label and the other with the DNA tagged with a radioactive label. 

-To obtain labelled phages, they added T2 to E. coli growing in the presence of either the radioactive isotope of sulphur (35S) or the radioactive isotope of phosphorus (32P) 

-The progeny phages produced in the 35S medium had labelled proteins and unlabelled DNA because sulphur is a component of proteins but not of DNA. The phages produced in the 32P medium had labelled DNA and unlabelled proteins because phosphorus is a component of DNA but not of proteins.

-Hershey and Chase then infected separate cultures of E. coli with the two types of labelled phages 

-By mixing the cells in a blender, they could shear off the phage parts that did not enter the bacteria and collect them separately for analysis.

-When they infected the bacteria with phages that contained labelled protein coats, they found no radioactivity in the bacterial cells but could easily measure it in the material removed by the blender

-They also found no radioactivity in the progeny phages

-However, if the infecting phages contained radioactive DNA, they found radioactivity inside the infected bacteria but none in the phage coats removed by the blenderIn addition, radioactivity was seen in the progeny phages

13.2a Watson and Crick Brought Together Information from Several Sourcesto Work Out DNA Structure
-Each nucleotide consists of the five-carbon sugar deoxyribose (carbon atoms on deoxyribose are numbered with primes from 1′ to 5′), a phosphate group, and one of the four nitrogenous bases—adenine (A), guanine (G), thymine (T), or cytosine (C)

-Two of the bases, adenine and guanine, are purines, nitrogenous bases built from a pair of fused rings of carbon and nitrogen atoms. 

-The other two bases, thymine and cytosine, are pyrimidines, built from a single carbon ring

-Erwin Chargaff, measured the amounts of nitrogenous bases in DNA and discovered that they occur in definite ratios. 

-He observed that the amount of purines equals the amount of pyrimidines, but more specifically, the amount of adenine equals the amount of thymine, and the amount of guanine equals the amount of cytosine; these relationships are known as Chargaff's rules.

-DNA contains nucleotides joined to form a polynucleotide chain. In a polynucleotide chain, the deoxyribose sugars are linked by phosphate groups in an alternating sugar-phosphate-sugar-phosphate pattern, forming a sugar–phosphate backbone

-Each phosphate group is a “bridge” between the 3′ carbon of one sugar and the 5′ carbon of the next sugar; the entire linkage, including the bridging phosphate group, is called a phosphodiester bond.

-the two ends of the chain are not the same: at one end, a phosphate group is bound to the 5′ carbon of a deoxyribose sugar, whereas at the other end, a hydroxyl group is bonded to the 3′ carbon of a deoxyribose sugar 

-In X-ray diffraction, an X-ray beam is directed at a molecule in the form of a regular solid, ideally in the form of a crystal

-Within the crystal, regularly arranged rows and banks of atoms bend and reflect the X-rays into smaller beams that exit the crystal at definite angles determined by the arrangement of atoms in the crystal

-If a photographic film is placed behind the crystal, the exiting beams produce a pattern of exposed spots. 

-Wilkins and Franklin did not have DNA crystals with which to work, but they were able to obtain X-ray diffraction patterns from DNA molecules that had been pulled out into a fibre

-The patterns indicated that the DNA molecules within the fibre were cylindrical and about 2 nm in diameter. 

-Separations between the spots showed that major patterns of atoms repeat at intervals of 0.34 and 3.4 nm within the DNA. 

Franklin correctly interpreted an X-shaped distribution of spots in the diffraction pattern to mean that DNA has a helical structure.

13.2b The New Model Proposed That Two Polynucleotide Chains Wind into a DNA Double Helix
· the two sugar-phosphate backbones are separated from each other by a regular distance. 
· A purine and a pyrimidine, if paired together, are exactly wide enough to fill the space between the backbone chains in the double helix. 
·  This feature of DNA is called complementary base pairing, and one strand is said to be complementary to the other. 
· The base pairs are stabilized by hydrogen bonds—two between A and T and three between G and C 
· The base pairs lie in flat planes almost perpendicular to the long axis of the DNA molecule
· 10 base pairs are packed into a full turn. one is 0.34nm
· they are antiparallel, that is, only if they run in opposite directions 
13.3 DNA Replication

-for replication, the hydrogen bonds between the two strands break, and the two strands unwind and separate. 

When replication is complete, there are two double helices, each of which has one strand derived from the parental DNA molecule base paired with a newly synthesized strand. 

-Most important, each of the two new double helices has the identical base-pair sequence as the parental DNA molecule.

-The model of replication Watson and Crick proposed is termed semiconservative replication

-In the conservative replication model, the two strands of the original molecule serve as templates for the two strands of a new DNA molecule and then rewind into an all “old” molecule 

-After the two complementary copies separate from their templates, they wind together into an all “new” molecule. 

-In the dispersive replication model, neither parental strand is conserved, and both chains of each replicated molecule contain old and new segments

13.3a Meselson and Stahl Showed that DNA Replication Is Semiconservative

-As the first step in their experiment, Meselson and Stahl grew the bacterium E. coli in a culture medium containing the heavy 15N isotope (step 1)

-The heavy isotope was incorporated into the nitrogenous bases of DNA, resulting in all the DNA being labelled with 15N. 


-Then they transferred the bacteria to a culture medium containing the light 13N isotope

-All new DNA synthesized after the transfer contained the light isotope (step 2)


-Just before the transfer to the medium with the 13N isotope, and after each round of replication following the transfer, they took a sample of the cells and extracted the DNA (step 3).


-Meselson and Stahl then mixed the DNA samples with cesium chloride (CsCl) and centrifuged the mixture at very high speed (step 4).

-Therefore, DNA of different densities is separated into bands, with the densest DNA settling closer to the bottom of the tube. 

13.3b DNA Polymerases Are the Primary Enzymes of DNA Replication
-During replication, complementary nucleotide chains are assembled from individual nucleotides by enzymes known as DNA polymerases. 

-Nucleoside triphosphates are substrates for the polymerization reaction catalyzed by DNA polymerases

-four different nucleoside triphosphates are used for DNA replication

-the 5′ end has an exposed phosphate group attached to the 5′ carbon of the sugar, and the 3′ end has an exposed hydroxyl group attached to the 3′ carbon of the sugar. 

-One of the characteristics of DNA polymerase is that it can add a nucleotide only to the 3 end of an existing nucleotide chain


-The next template nucleotide has a T base. This means the DNA polymerase will bind a nucleoside triphosphate with an A base (dATP) from the surrounding solution (step 2). 


-The enzyme then catalyzes the formation of the phosphodiester bond involving the 3′ −OH group at the end of the existing chain and the innermost of the three phosphate groups of the dATP, releasing the other two phosphates as a pyrophosphate molecule (step 3). 

-Hydrolysis of the bond between the two phosphates provides the energy for the formation of the new bond.

-The process then continues, adding complementary nucleotides one by one to the growing DNA strand.

-a new DNA strand is assembled, a 3′ −OH group is always exposed at its “newest” end; the “oldest” end of the new chain has an exposed 5′ triphosphate. 

-DNA polymerases are therefore said to assemble nucleotide chains in the 5′ →3′ direction.
-the template strand is “read” in the 3′ → 5′ direction for this new synthesis.
The key molecular events of DNA replication described in this section are as follows:

1. The two strands of the DNA molecule unwind for replication to occur.
2. Nucleotides are added only to an existing chain.
3. The overall direction of new synthesis is in the 5′ → 3′ direction, which is a direction antiparallel to that of the template strand.
4. Nucleotides enter into a newly synthesized chain according to the A-T and G-C complementary base-pairing rules.
13.3c Helicases Unwind DNA to Expose Template Strands for New DNA Synthesis
-For replication to be semiconservative, the two strands of the parental DNA molecule must unwind and separate to expose template strands for new DNA synthesis during the replication process. 

-The unwinding produces a Y-shaped structure called a replication fork, which consists of the two unwound template strands transitioning to double-helical DNA. 

-An enzyme, DNA helicase using the energy of ATP hydrolysis, catalyzes the unwinding, which exposes both strands

-The exposed single-stranded segments of DNA become coated with single-stranded binding proteins, which stabilize the DNA for the replication process, these proteins are displaced

-If the DNA is circular, as is the case for the genomes of most bacteria, unwinding the DNA will eventually cause the still-wound DNA ahead of the unwinding to become knotted. 

-In the cell, the overtwisting and strain of DNA ahead of the replication fork during replication are avoided by the action of enzymes known as topoisomerases, which remove the overtwisting as it forms.

13.3d RNA Primers Provide the Starting Point for DNA Polymerase to Begin Synthesizing a New DNA Chain
-DNA polymerases can add nucleotides only to the 3 end of an existing strand

-The primer, assembled by the enzyme primase, is laid down as the first series of nucleotides in a new DNA strand. 

-RNA primers are removed and replaced with DNA later in replication.

13.3e One New DNA Strand Is Synthesized Continuously; the Other, Discontinuously
-DNA polymerases assemble a new DNA strand on a template strand in the 5′ → 3′ direction
-only one of the template strands runs in a direction that allows DNA polymerase to make a 5′ → 3′ complementary copy in the direction of unwinding
That is, on this template strand, the new DNA strand is synthesized continuously in the direction of unwinding of the double helix. 

-However, the other template strand runs in the opposite direction; this means that DNA polymerase has to copy it in the direction opposite to the unwinding.

-The polymerases make this strand in short lengths that are actually synthesized in the direction opposite to that of DNA unwinding

-The short lengths called Okazki Fragments produced by this discontinuous replication are then covalently linked into a continuous polynucleotide chain

-The new DNA strand assembled in the direction of DNA unwinding is called the leading strand of DNA replication; the strand assembled discontinuously in the opposite direction is called the lagging strand.

-The template strand for the leading strand is the leading strand template, and the template strand for the lagging strand is the lagging strand template.

13.3f Multiple Enzymes Coordinate Their Activities in DNA Replication

-In the first step of the process, a helicase unwinds the template DNA to produce a replication fork

-Just behind the site of unwinding, primases lay down short RNA primers about 10 nucleotides in length.

-The primers are assembled in the 5′ → 3′ direction on both template chains—in the direction of unwinding on one chain and in the opposite direction on the other.

-DNA polymerase then adds DNA nucleotides to the RNA primers (step 2). 

-Helicase continues to unwind the DNA. 


-Leading strand synthesis continues in the direction of unwinding, whereas on the lagging strand template, primase creates a new RNA primer and DNA polymerase adds DNA nucleotides to the new primer (step 3). 

-When this second fragment reaches the primer of the first fragment, the DNA polymerase leaves and a different type of DNA polymerase binds. 


-This polymerase removes the RNA primer on the first fragment, replacing the RNA nucleotides with DNA nucleotides (step 4). 

-the two newly synthesized fragments are not covalently joined—they have a “nick” between them


-Another enzyme, DNA ligase, closes the nick, joining the two fragments into one larger fragment (step 5). 

-the replication enzymes operate only at the replication fork.

-A short distance behind the fork, the new DNA chains are fully continuous and wound with their template strands into complete DNA double helices. 

-Each helix consists of one “old” and one “new” polynucleotide chain.

13.3h DNA Replication Begins at Replication Origins
-The origins are recognized by proteins that bind to the DNA and stimulate helicases to start the unwinding, followed by primer synthesis and DNA replication.

-In most cases, replication proceeds from both sides of a replication origin, producing two replication forks that move in opposite directions

-Most of the mistakes that do occur, called base-pair mismatches, are corrected, either by a proofreading mechanism carried out during replication by the DNA polymerases themselves or by a DNA repair mechanism that corrects mismatched base pairs after replication is complete.

13.4a Proofreading Depends on the Ability of DNA Polymerases to Reverse and Remove Mismatched Bases
-The proofreading mechanism, depends on the ability of DNA polymerases to back up and remove mispaired nucleotides from a DNA strand. 

-Only when the most recently added base is correctly paired with its complementary base on the template strand can the DNA polymerases continue to add nucleotides to a growing chain. 

-The correct pairs allow the fully stabilizing hydrogen bonds to form

-If a newly added nucleotide is mismatched (step 2), the DNA polymerase reverses, using a built-in deoxyribonuclease to remove the newly added incorrect nucleotide (step 3). 

-The enzyme resumes working forward, now inserting the correct nucleotide (step 4). 

-major DNA polymerases of replication can actually proofread their work. 

13.4b DNA Repair Corrects Errors That Escape Proofreading

-Any base-pair mismatches that remain after proofreading face still another round of correction by DNA repair mechanisms. 

-Mispaired bases are too large or small to maintain the correct separation, and they cannot form the hydrogen bonds characteristic of the normal base pairs. 

-As a result, base mismatches distort the structure of the DNA helix and provide recognition sites for the enzymes catalyzing mismatch repair.

-The repair enzymes move along newly replicated DNA molecules, “scanning” the DNA for distortions in the newly synthesized nucleotide chain. 

-they remove a portion of the new chain, including the mismatched nucleotides (step 1). 

-The gap left by the removal (step 2) is then filled by a DNA polymerase, using the template strand as a guide (step 3). 

-The repair is completed by a DNA ligase, which seals the nucleotide chain into a continuous DNA molecule (step 4).

-The same repair mechanisms also detect and correct alterations in DNA caused by the damaging effects of chemicals and radiation, including the ultraviolet light in sunlight.

-The errors that persist, although extremely rare, are a primary source of mutations, differences in DNA sequence that appear and remain in the replicated copies. 

-When a mutation occurs in a gene, it can alter the property of the protein encoded by the gene, which, in turn, may alter how the organism functions

14.1b The Pathway from Gene to Polypeptide Involves Transcription and Translation
-Transcription is the mechanism by which the information encoded in DNA is made into a complementary RNA copy. 

-the information in one nucleic acid type is transferred to another nucleic acid type. 

-Translation is the use of the information encoded in the RNA to assemble amino acids into a polypeptide. -the information in a nucleic acid, in the form of nucleotides, is converted into a different kind of molecule

-In transcription, the enzyme RNA polymerase creates an RNA sequence that is complementary to the DNA sequence of a given gene. 

-one DNA strand or the other is the template strand and is read by the RNA polymerase. 

-The RNA transcribed from a gene encoding a polypeptide is called messenger RNA (mRNA).

-In translation, an mRNA associates with a ribosome, a particle on which amino acids are linked into polypeptide chains. 

-As the ribosome moves along the mRNA, the amino acids specified by the mRNA are joined one by one to form the polypeptide encoded by the gene.

-One key difference is that whereas prokaryotes can transcribe and translate a given gene simultaneously, eukaryotes transcribe and process mRNA in the nucleus before exporting it to the cytoplasm for translation.

14.1c The Genetic Code Is Written in Three-Letter Words Using a Four-Letter Alphabet
Breaking the Genetic Code. 

-The nucleotide information that specifies the amino acid sequence of a polypeptide is called the genetic code. 

-each three-letter word (triplet) is called a codon. 

-The three-letter codons in DNA are first transcribed into complementary three-letter RNA codons (the RNA complement to adenine [A] in the template strand is uracil [U] instead of thymine [T]). 

-The template strand for a given gene is always read 3′ to 5′ 

-researchers found that artificial mRNAs of codon length—three nucleotides—could bind to ribosomes in a test tube and cause a single transfer RNA (tRNA), with its linked amino acid, to bind to the ribosome.  

Features of the Genetic Code. 

-By convention, scientists write the codons in the 5′→ 3′ direction as they appear in mRNAs, substituting U for the T of DNA. 
-Of the 64 codons, 61 specify amino acids known as sense codons. 

-One of these codons, AUG, specifies the amino acid methionine. it is the first codon translated in any mRNA

-The three codons that do not specify amino acids—UAA, UAG, and UGA—are stop codons (also called nonsense or termination codons) that act as “periods” indicating the end of a polypeptide-encoding sentence. 

-When a ribosome reaches one of the stop codons, polypeptide synthesis stops and the new polypeptide chain is released from the ribosome.

-Only two amino acids, methionine and tryptophan, are specified by a single codon. All the rest are represented by at least two, some by as many as six. 

-The code is also universal, With a few exceptions, the same codons specify the same amino acids in all living organisms, and also in viruses. 

-Minor exceptions to the universality of the genetic code have been found in a few organisms, including yeast, some protozoans, a prokaryote, and in the genetic systems of mitochondria and chloroplasts.

-Transcription is the process by which information coded in sequential DNA bases is transferred to a complementary RNA strand. In transcription,

· in a given gene, only one of the two DNA nucleotide strands acts as a template for synthesis of a complementary copy, instead of both, as in replication.
· only a relatively small part of a DNA molecule—the sequence encoding a single gene—serves as a template, rather than all of both strands, as in DNA replication.
· RNA polymerases catalyze the assembly of nucleotides into an RNA strand, rather than the DNA polymerases that catalyze replication.
· the RNA molecules resulting from transcription are single polynucleotide chains, not double ones, as in DNA replication.
14.2a RNA Polymerases Work Like DNA Polymerases but Require No Primer
-Transcription begins as RNA polymerase binds to the DNA and unwinds it near the beginning of a gene 

-RNA polymerases can start the complementary copy with no need for a primer already in place

-RNA is made in the 5′→3′ direction using the 3′→5′ DNA strand as a template (step 3). 
-The RNA polymerase continues adding nucleotides one at a time until the gene is transcribed completely. 

-At this point, the newly synthesized RNA molecule and the enzyme are released from the DNA template (step 4).

14.2b Specific Sequences of Nucleotides in the DNA Indicate Where Transcription of a Gene Begins and Ends
-Transcription is the first step in a process whereby particular genes are expressed in any given cell at a given time.

-Some of those genes are protein-coding genes that encode mRNAs to be translated; others are non–protein-coding genes that encode RNAs that are never translated, such as ribosomal RNAs (rRNAs), transfer RNAs (tRNAs), and small nuclear RNAs (snRNAs). 

Organization of a Gene and the Steps of Transcription. 

-At one end of a gene is a control sequence called a promoter  

-To initiate transcription, RNA polymerase binds to the promoter, unwinds the DNA in that region, and starts synthesizing an RNA molecule at the transcription start point(step 2). 

-As RNA polymerase moves along the DNA, unwinding it at the forward end of the enzyme, the new RNA molecule elongates as nucleotides are added one by one (step 3). 

-The new RNA molecule winds temporarily with the template strand of the DNA into a hybrid RNA–DNA double helix. 

-the growing RNA strand unwinds from the DNA and extends from the RNA polymerase as a single nucleotide chain. 

-As the RNA polymerase passes, the DNA double helix reforms

-Elongation of the RNA chain continues until the end of the transcription unit, at which point, RNA synthesis terminates, and the completed RNA transcript and RNA polymerase are released from the DNA (step 4).

-Once an RNA polymerase molecule has started transcription and progressed past the beginning of a gene, another molecule of RNA polymerase may start creating another RNA as soon as there is room at the promoter. 

The Promoter of Protein-Coding Genes and Transcription Initiation. 

-In prokaryotes, the promoters are immediately upstream of where transcription initiates. 

-With the help of another protein, RNA polymerase recognizes key DNA sequences in the promoter, binds, and begins transcription of the mRNA. 

-In eukaryotes, RNA polymerase II transcribes protein-coding genes. 

-RNA polymerases I and III transcribe genes for non-protein-coding RNAs. 

-The promoters of protein-coding genes are immediately upstream of the transcription start point and are typically more complex than in prokaryotes.

-A key element of the promoter of most eukaryotic protein-coding genes, the TATA box, is important in transcription initiation. 

-RNA polymerase II itself cannot recognize the promoter sequence, instead, proteins called transcription factors recognize and bind to the TATA box and then recruit the polymerase.

-Once the RNA polymerase II–transcription factor complex forms, the polymerase unwinds the DNA and transcription begins

Transcription Termination. 

-In prokaryotes, there are two types of specific DNA sequences called terminators that signal the end of transcription of the gene. 

-In the first case, the terminator sequence on the mRNA base-pairs with itself to form a “hairpin.”

-In the second case, a protein binds to the terminator sequence on the mRNA. 

-Both prokaryotic and eukaryotic mRNAs contain regions that code for protein as well as noncoding regions that play key roles in the process of protein synthesis.

-In prokaryotic mRNAs, the coding region is flanked by untranslated ends, the 5′ untranslated region (5′ UTR) and a 3′untranslated region (3′ UTR). 

14.3a Eukaryotic Protein-Coding Genes Are Transcribed into Precursor-mRNAs that Are Modified in the Nucleus
-A eukaryotic protein-coding gene is typically transcribed into a precursor-mRNA (pre-mRNA) that must be processed in the nucleus to produce translatable mRNA

-The mature mRNA exits the nucleus and is translated in the cytoplasm

Modifications of Pre-mRNA and mRNA Ends. 

-At the 5′ end of the pre-mRNA is the 5′ cap, consisting of a guanine-containing nucleotide that is reversed so that its 3′-OH group faces the beginning rather than the end of the molecule. 

-A capping enzyme adds the 5′cap to the pre-mRNA (without the need for complementary base pairing) soon after RNA polymerase II begins transcription. 

-The cap functions as the initial attachment site for mRNAs to ribosomes to allow translation.

-The termination of transcription of a eukaryotic protein-coding gene is different from that of a prokaryotic gene in that there is no terminator sequence at the end of the gene in the DNA. 

-Instead, at the 3′end of the gene is a sequence that is to be transcribed into the pre-mRNA. 

-Proteins bind to this polyadenylation signal and cleave the pre-mRNA at that point. 

-This signals the RNA polymerase to stop transcription. 

-Then the enzyme poly(A) polymerase adds a chain of 50 to 250 adenine nucleotides, one nucleotide at a time, to the newly created 3′end of the pre-mRNA.

-The string of adenine nucleotides, called the poly(A) tail, enables the mRNA produced from the pre-mRNA to be translated efficiently and protects it from attack by RNA-digesting enzymes in the cytoplasm.

Sequences Interrupting the Protein-Coding Sequence. 

-The transcription unit of a protein-coding gene—the RNA-coding sequence—also contains non–protein-coding sequences called introns that interrupt the protein-coding sequence

-The introns are transcribed into pre-mRNAs but are removed from pre-mRNAs during processing in the nucleus. 

-The amino acid–coding sequences that are retained in finished mRNAs are called exons. 

14.3b Introns Are Removed during Pre-mRNA Processing to Produce the Translatable mRNA
-A process called mRNA splicing, which occurs in the nucleus, removes introns from pre-mRNAs and joins exons together. 

-mRNA splicing occurs in a spliceosome, a complex formed between the pre-mRNA and a handful of small ribonucleoprotein particles 

-Located in the nucleus, each type of snRNP contains a relatively short RNA called a small nuclearRNA(snRNA) bound to a number of proteins. 

-The snRNPs bind in a particular order to an intron in the pre-mRNA. 

-The first snRNPs are those with snRNAs that recognize and form complementary base pairs with mRNA sequences at the junctions of the intron and adjacent exons. 

-Other snRNPs are then recruited, leading to looping out of the intron and bringing the two exon ends close together. 

-The spliceosome cleaves the pre-mRNA at the junction between the 5′ end of the intron and the adjacent exon and the intron loops back to bond with itself near the intron's 3′end.

-The spliceosome then cleaves the pre-mRNA at the junction between the 3′end of the intron and exon 2, releasing the intron and joining together the two exons 

-Enzymes degrade the intron, and the snRNPs are used in other mRNA splicing reactions.

14.3c Introns Contribute to Protein Variability
-introns may provide a selective advantage to organisms by increasing the coding capacity of existing genes through a process called alternative splicing and in a process generating new proteins by exon shuffling.

Alternative Splicing. 

-The removal of introns from a given gene is not absolute, exons may be joined in different combinations to produce different mRNAs from a single DNA gene sequence. 

-greatly increases the number and variety of proteins encoded in the cell nucleus without increasing the size of the genome. 

Exon Shuffling. 

-intron–exon junctions often fall at points dividing major functional regions in encoded proteins, for example, genes for antibody proteins, hemoglobin blood proteins, and the peptide hormone insulin. 

-The functional divisions may have allowed new proteins to evolve by exon shuffling, a process by which existing protein regions or domains, already selected for due to their functions, are mixed into novel combinations to create new proteins. 

14.4a tRNAs Are Small RNAs of a Highly Distinctive Structure that Bring Amino Acids to the Ribosome

-Transfer RNAs (tRNAs) bring amino acids to the ribosome for addition to the polypeptide chain.

tRNA Structure.

-All tRNAs can base-pair with themselves to wind into four double-helical segments, forming a cloverleaf pattern in two dimensions. 

-At the tip of one of the double-helical segments is the anticodon, the three-nucleotide segment that pairs with a codon in mRNAs. 

-At the other end of the cloverleaf is a double-helical segment that links to the amino acid corresponding to the anticodon.

- The anticodon and the segment binding the amino acid are located at the opposite tips of the L.

-Francis Crick's wobble hypothesis proposed that the complete set of 61 sense codons can be read by fewer than 61 distinct tRNAs because of the particular pairing properties of the bases in the anticodons.

-That is, the pairing of the anticodon with the first two nucleotides of the codon is always precise, but the anticodon has more flexibility in pairing with the third nucleotide of the codon.

-In many cases, the same tRNA's anticodon can read codons that have either U or C in the third position; 

Addition of Amino Acids to Their Corresponding tRNAs. 

-The process of adding an amino acid to a tRNA is called aminoacylation (literally, the addition of an amino acid) or charging (because the process adds free energy as the amino acid–tRNA combinations are formed).

-The finished product of charging, a tRNA linked to its “correct” amino acid, is called an aminoacyl–tRNA. -Twenty different enzymes called aminoacyl–tRNA synthetases—one synthetase for each of the 20 amino acids—catalyze aminoacylation. 

-This energy in the aminoacyl–tRNA eventually drives the formation of the peptide bond linking amino acids during translation.

-With the tRNAs attached to their corresponding amino acids, our attention moves to the ribosome, where the amino acids are removed from tRNAs and linked together into polypeptide chains.

14.4b Ribosomes Are rRNA–Protein Complexes that Work as Automated Protein Assembly Machines
-Ribosomes are ribonucleoprotein particles that carry out protein synthesis by translating mRNA into chains of amino acids.

-For ribosomes, the task is joining amino acids in ordered sequences to make a polypeptide chain.

-In prokaryotes, ribosomes carry out their assembly functions throughout the cell. 

-In eukaryotes, ribosomes function in the cytoplasm, either suspended freely in the cytoplasmic solution or attached to the membranes of the endoplasmic reticulum (ER), the system of tubular or flattened sacs in the cytoplasm. 

-To fulfill its role in translation, the ribosome has special binding sites active in bringing together mRNA with aminoacyl–tRNAs 

-The A site (aminoacyl site) is where the incoming aminoacyl–tRNA (carrying the next amino acid to be added to the polypeptide chain) binds to the mRNA. 

-The P site (peptidyl site) is where the tRNA carrying the growing polypeptide chain is bound. 

-The E site (exit site) is where an exiting tRNA binds as it leaves the ribosome.

14.4c Translation Initiation Brings the Ribosomal Subunits, an mRNA, and the First Aminoacyl-tRNA Together

-Initiation involves the assembly of all the translation components on the start codon of the mRNA.

-Elongation involves reading the string of codons in the mRNA one at a time while assembling the specified amino acids into a polypeptide. 

-Termination completes the translation process when the last amino acid has been added to the polypeptide.

-In translation initiation, a large and small ribosomal subunit associates with an mRNA molecule and the first aminoacyl–tRNA of the new protein chain becomes bound to the AUG start codon

-That aminoacyl–tRNA used for initiation is a specialized initiator tRNA with an anticodon to the methionine-specifying AUG start codon. 

-In the first step of the initiation process, the initiator methionine–tRNA (Met–tRNA—anticodon 3′-UAC-5′) forms a complex with the small ribosomal subunit

-The complex binds to the mRNA at the 5′cap and then moves along the mRNA—a process called scanning—until it reaches the first AUG codon (step 2). 

-This is the start codon, and it is recognized by the Met–tRNA's anticodon. 

-The large ribosomal subunit then binds, completing the ribosome (step 3). 

-At the end of initiation, the initiator Met–tRNA is in the P site.

-In prokaryotes, translation initiation is different: rather than scanning from the 5′end of the mRNA, the rRNA of the ribosomal subunit finds the region with the start codon directly by base pairing with a specific ribosome binding site on the mRNA just upstream of the start codon. 

-The large ribosomal subunit then binds to the small one to complete the ribosome.

-After the initiator tRNA pairs with the AUG initiator codon, the subsequent stages of translation simply read the nucleotide bases three at a time on the mRNA. 

-The initiator tRNA–AUG pairing thus establishes the correct reading frame—the series of codons for the polypeptide encoded by the mRNA.

14.4d Polypeptide Chains Grow during the Elongation Stage of Translation
-elongation stage, which adds single amino acids sequentially to a growing polypeptide chain. 

-The P site, with one exception, can only bind to a peptidyl–tRNA—a tRNA linked to a growing polypeptide chain containing two or more amino acids. 

-The exception is the initiator tRNA, which is recognized by the P site as a peptidyl–tRNA even though it carries only a single amino acid, methionine. 

-The A site can bind only to an aminoacyl–tRNA. 

-The tRNA previously in the P site binds to the E site and then leaves the ribosome.

-We begin the cycle at the point when an initiator tRNA with its attached methionine is bound to the P site. -First, an aminoacyl–tRNA with an appropriate anti-codon binds to the codon in the A site of the ribosome; guanosine triphosphate (GTP) is hydrolyzed to provide energy for this step 

-Next, the amino acid is cleaved from the tRNA in the P site and forms a peptide bond with the amino acid on the tRNA in the A site (step 2). 

-Peptidyl transferase catalyzes this reaction

-At the end of the reaction, the (now) polypeptide chain is attached to the tRNA in the A site and an “empty” tRNA remains at the P site. 

-Next, the ribosome moves—translocates—along the mRNA to the next codon, using energy from GTP hydrolysis (step 3). 

-The two tRNAs remain bound to their respective codons, so this step positions the just-formed peptidyl–tRNA in the P site and generates a vacant A site. 

-The empty tRNA that was in the P site moves to the E site, from where it is released from the ribosome (step 4). 

-In subsequent turns of the cycle, the growing polypeptide on the tRNA in the P site is transferred to the amino acid on the A site tRNA. 

-The growing polypeptide chain extends from the ribosome through the exit tunnel (see Figure 14.13) as elongation continues.

14.4e Termination Releases a Completed Polypeptide from the Ribosome
-termination stage when the A site of a ribosome arrives at one of the stop codons (UAA, UAG, or UGA)

-When a stop codon appears at the A site, a protein release factor binds at this site instead of an aminoacyl–tRNA (step 2).

-In response, the polypeptide chain is released from the tRNA at the P site as usual (step 3). 

-However, because no amino acid is present at the A site, the freed polypeptide chain is released from the ribosome (step 4). 

-At the same time, the ribosomal subunits separate and detach from the mRNA. 

-The empty tRNA and the release factor are also released.

14.4f Multiple Ribosomes Simultaneously Translate a Single mRNA
-Once the first ribosome has begun translating, another one can assemble with an initiator tRNA as soon as there is room on the mRNA. 

-The entire structure of an mRNA molecule and the multiple ribosomes attached to it is known as a polysome

-In prokaryotes, the absence of a nuclear envelope allows transcription and translation to be tightly coupled. 

-That is, as soon as the 5′end of a new mRNA emerges from the RNA polymerase, ribosomal subunits may attach and initiate translation

-By the time the mRNA is completely transcribed, it is covered with ribosomes from end to end, each assembling a copy of the encoded polypep-tide. 

14.4g Newly Synthesized Polypeptides Are Processed and Folded into Finished Form
-Most eukaryotic proteins are in an inactive, unfinished form when ribosomes release them. 

-Processing reactions that convert the new proteins into finished form include the removal of amino acids from the ends or interior of the polypeptide chain and the addition of larger organic groups, including carbohydrate or lipid structures.

-Proteins fold into their final three-dimensional shapes as the processing reactions take place. 

-For many proteins, helper proteins called chaperones assist the folding process by combining with the folding protein, promoting “correct” three-dimensional structures, and inhibiting incorrect ones.

-Alternative processing is another mechanism, distinct from alternative splicing of mRNA, that increases the number of proteins encoded by a single gene.

-Other proteins are processed into an initial, inactive form that is later activated at a particular time or location by removal of a covering segment of the amino acid chain. 

14.4i Base-Pair Mutations Can Affect Protein Structure and Function
· Base-pair substitution mutations involve a change of one particular base to another in the genetic material. 
· If a mutation alters the codon to specify a different amino acid, then the resulting protein will have a different amino acid sequence. 
· We call this a missense mutation because although an amino acid is placed in the polypeptide, it is the wrong one 
· A second type of base-pair substitution mutation is a nonsense mutation
· In this case, the mutation changes a sense (amino acid–coding) codon to a nonsense (termination) codon in the mRNA. 
· Translation of an mRNA containing a nonsense mutation results in a premature “stop” and a shorter-than-normal polypeptide.
· Because of the degeneracy of the genetic code, some base-pair substitution mutations do not alter the amino acid specified by the gene because the changed codon specifies the same amino acid as in the normal polypeptide. Such mutations are known as silent mutations 
· If a single base pair is deleted or inserted in the coding region of a gene, the reading frame of the resulting mRNA is altered. 
· That is, after that point, the ribosome reads codons that are not the same as for the normal mRNA, typically producing a completely different amino acid sequence in the polypeptide from then on. This type of mutation is called a frameshift mutation the resulting polypeptide is usually nonfunctional because of the significantly altered amino acid sequence.
15.1 Regulation of Gene Expression in Prokaryotes

15.1a The Operon Is a Unit of Transcription
-An operon is a cluster of prokaryotic genes and the DNA sequences involved in their regulation. 

-The promoter is a region where the RNA polymerase begins transcription. 

-Each operon, which can contain several to many genes, is transcribed as a unit from the promoter into a single messenger RNA (mRNA), and as a result, the mRNA contains codes for several proteins. 

-The other regulatory DNA sequence in the operon is the operator, a short segment to which a regulatory protein binds. 

-The regulatory protein is encoded by a gene separate from the operon that the protein controls. 

-Some operons are controlled by a regulatory protein termed a repressor, which, when active, prevents the genes of the operon from being expressed. 

15.1b The lac Operon for Lactose Metabolism Is Transcribed When an Inducer Inactivates a Repressor
-Jacob and Monod Their genetic studies showed that for lactose metabolism, three genes are involved: lacZ, lacY, and lacA 

-These three genes are adjacent to one another on the chromosome in the order Z-Y-A. 

-The genes are transcribed as a unit into a single mRNA starting with the lacZ gene; the promoter for the transcription unit is upstream of lacZ. 

-The lacZ gene encodes the enzyme β-galactosidase, which catalyzes the conversion of the disaccharide sugar, lactose, into the monosaccharide sugars, glucose and galactose. 

-These sugars are then metabolized by other enzymes, producing energy for the cell. 

-The lacY gene encodes a permease enzyme that transports lactose actively into the cell, and the lacA gene encodes a transacetylase enzyme, the function of which is unknown.

-For the lac operon, the operator is a short DNA sequence between the promoter and the lacZ gene.

-the lac operon was controlled by a regulatory protein that they termed the Lac repressor. The Lac repressor is encoded by the regulatory gene lacI, which is nearby but separate from the lac operon, and is synthesized in active form. 

-When lactose is absent from the medium, active Lac repressor binds to the operator, thereby blocking the RNA polymerase from binding to the promoter; as a result, transcription cannot occur 

-Actually, the repressor occasionally falls off, allowing transcription to occur—but at a very slow rate, leading to just a few molecules of each encoded enzyme in the cell.

-When lactose is added to the medium, the lac operon is turned on and all three enzymes are synthesized rapidly 

-Lactose enters the cell and the β-galactosidase molecules already present convert some of it to allolactose, an isomer of lactose. 

-Allolactose is an inducer for the lac operon—the isomer turns on the three genes in the operon. 

-Allolactose does this by binding to the Lac repressor, inactivating it by altering its shape so that it can no longer bind to the operator.

-With the repressor out of the way, RNA polymerase is then able to bind to the promoter, and it transcribes the three genes. 

-The lac operon is called an inducible operon because an inducer molecule increases its expression.

-When the lactose is used up, the regulatory system again switches the lac operon off. 

-That is, the absence of lactose means that there are no allolactose inducer molecules to inactivate the repressor; the again-active repressor binds to the operator, blocking transcription of the operon. 

15.1c Transcription of the trp Operon Genes for Tryptophan Biosynthesis Is Repressed When Tryptophan Activates a Repressor
-Tryptophan is an amino acid that is used in the synthesis of proteins. 

-If tryptophan is absent from the medium, E. coli must make it so that proteins can be synthesized. 

-If tryptophan is present in the medium, then the cell will use that source rather than make its own.

Tryptophan biosynthesis also involves an operon, the trp operon 

-The five genes in this operon, trpA–trpE, encode the enzymes for the steps in the tryptophan biosynthesis pathway.

-Upstream of the trpE gene are the operon's promoter and operator sequences

-Expression of the trp operon is controlled by the Trp repressor, a regulatory protein encoded by the trpR gene, which is located elsewhere in the genome

-In contrast to the Lac repressor, the Trp repressor is synthesized in an inactive form in which it cannot bind to the operator. 

-When tryptophan is absent from the medium and must be made by the cell, the trp operon genes are expressed 

-since the Trp repressor is inactive and cannot bind to the operator, RNA polymerase can bind to the promoter and transcribe the operon. 

-The resulting mRNA is translated to produce the five tryptophan biosynthetic enzymes that catalyze the reactions for tryptophan synthesis.

-If tryptophan is present, there is no need for the cell to make it, so the trp operon is shut off 

-This occurs because the tryptophan entering the cell binds to the Trp repressor and activates it. 

-The active Trp repressor then binds to the operator of the trp operon and blocks RNA polymerase from binding to the promoter—the operon cannot be transcribed.

-For the trp operon, then, the presence of tryptophan represses the expression of the tryptophan bio-synthesis genes; hence, this operon is an example of a repressible operon. 

-Here, tryptophan acts as a corepressor, a regulatory molecule that combines with a repressor to activate it and thus shut off the operon. 

-To compare and contrast the two operons we have discussed: (1) In the lac operon, the repressor is synthesized in an active form. When the inducer (allolactose) is present, it binds to the repressor and inactivates it. The operon is then transcribed. 

-(2) In the trp operon, the repressor is synthesized in an inactive form. When the corepressor (tryptophan) is present, it binds to the repressor and activates it. The active repressor blocks transcription of the operon.

-Inducible and repressible operons illustrate two types of negative gene regulation because both are regulated by a repressor that turns offgene expression when it is in active form. Genes are expressed only when the repressor is in inactive form.

15.1d Transcription of the lac Operon Is Also Controlled by a Positive Regulatory System
-This system ensures that the lac operon is transcribed if lactose is provided as an energy source, but not if glucose is present in addition to lactose. 

-This is because glucose is a more efficient source of energy than is lactose. 

-Lactose, on the other hand, must first be converted into glucose and galactose, and the galactose then converted into glucose.

-Lactose is metabolized to the inducer, allolactose, which binds to and inactivates the Lac repressor.

-RNA polymerase is then recruited to the promoter by active CAP (catabolite activator protein) at the CAP site, a DNA sequence immediately upstream of the promoter. 

-CAP is an activator, a regulatory protein that stimulates gene expression. 

-It is synthesized in inactive form and is activated when cyclic adenine monophosphate (cAMP) binds to it  -When glucose is absent from the medium, cAMP is abundant in the cell, so CAP is active under these conditions and can bind to the CAP site.

-If both lactose and glucose are present in the medium, the lac operon is not transcribed 

-Metabolism of the incoming glucose triggers a series of events leading to inactivation of adenylyl cyclase, the enzyme that catalyzes the synthesis of cAMP from ATP. 

-The level of cAMP drops drastically, reaching a point where it is too low to activate CAP. 

-Without active CAP bound to the CAP site, RNA polymerase is unable to bind to the promoter, and the operon cannot be transcribed. 

-Inactivation of adenylyl cyclase is reversed, cAMP levels rise again, and CAP is activated. 

15.2 Regulation of Transcription in Eukaryotes

15.2b Chromatin Structure Plays an Important Role in Whether a Gene Is Active or Inactive
-Eukaryotic DNA is organized into chromatin by combination with histone proteins 

-Recall that DNA is wrapped around a core of two molecules each made of histones H2A, H2B, H3, and H4, forming the nucleosome

-Higher levels of chromatin organization occur when histone H1 is linked to adjacent nucleosomes.

-Genes in regions of the DNA that are tightly wound around histones in chromatin are inactive because their promoters are not accessible to the proteins that initiate transcription. 

-Activating a gene involves changing the state of the chromatin so that the proteins that initiate transcription can bind to their promoters, a process called chromatin remodelling.

-In one type of chromatin remodelling, an activator binds to a regulatory sequence upstream of the gene's promoter and recruits a remodelling complex, a protein complex that displaces a nucleosome from the chromatin, exposing the promoter 

-In a second type of chromatin remodelling, an activator binds to a regulatory sequence upstream of the gene's promoter and recruits an enzyme that acetylates (adds acetyl groups: CH3 CO—) to histones in the nucleosome where the promoter is located. 

-Acetylation causes the histones to loosen their association with DNA, and the promoter becomes accessible. 

-This type of remodelling is reversed by deacetylation enzymes that remove the acetyl groups from the histones

15.2c Regulation of Transcription Initiation Involves the Effects of Proteins Binding to a Gene's Promoter and Regulatory Sites
-Promoter proximal elements are part of a regulatory system for increasing the rate of transcription. More distant from the beginning of the gene is the enhancer, which contains regulatory sequences that determine whether the gene is transcribed at its maximum possible rate.

Activation of Transcription.

-To initiate transcription, proteins called general transcription factors bind to the promoter in the area of the TATA box

-These factors recruit the enzyme RNA polymerase II, which alone cannot bind to the promoter, and orient the enzyme to start transcription at the correct place. 

-The combination of general transcription factors with RNA polymerase II is the transcription initiation complex. 

-On its own, this complex brings about only a low rate of transcription initiation, which leads to just a few mRNA transcripts.

-Activators—regulatory proteins that control the expression of one or more genes—bind to the promoter proximal elements to increase the rate of transcription.

-When bound, activators interact directly with the general transcription factors to stimulate transcription initiation, so that many more transcripts are synthesized in a given time. 

-Housekeeping genes—genes that are expressed in all cell types for basic cellular functions such as glucose metabolism—have promoter proximal elements that are recognized by activators present in all cell types. 

-By contrast, genes expressed only in particular cell types or at particular times have promoter proximal elements that are recognized by activators found only in those cell types or at those times.

-Events at the enhancer determine whether a gene is transcribed at its maximal rate

-Particular activators bind to the regulatory sequences within the enhancer. 

-A coactivator, a large multiprotein complex, forms a bridge between the activators at the enhancer and the proteins at the promoter and promoter proximal region and causes the DNA to loop around on itself.

-The interactions between the coactivator, the proteins at the promoter, and the RNA polymerase stimulate transcription to its maximal rate.

Repression of Transcription. 

-In some genes, repressors oppose the effect of activators, thereby blocking or reducing the rate of transcription.

- The final rate of transcription then depends on the “battle” between the activation signal and the repression signal.

-Some repressors bind to the same regulatory sequence to which activators bind (often in the enhancer), thereby preventing activators from binding to that site. 

-Other repressors bind to their own specific site in the DNA near where the activator binds and interact with the activator so that it cannot interact with the coactivator.

· Yet other repressors recruit histone deacetylation enzymes that modify histones, leading to chromatin compaction and making a gene's promoter inaccessible to the transcription machinery.
Combinatorial Gene Regulation. 

-General transcription factors bind to certain promoter sequences such as the TATA box and recruit RNA polymerase II; this results in a basal level of transcription. 

-Specific activators bind to promoter proximal elements and stimulate the rate of transcription initiation.

-Activators also bind to the enhancer to give maximal transcription of the gene

-In some genes, there may be only one regulatory element, but genes under complex regulatory control have many regulatory elements. 

-Similarly, the number and types of regulatory sequences in the enhancer are specific to each gene.

-Both promoter proximal regions and enhancers are important in regulating the transcription of a gene.

-since some regulatory proteins are activators and others are repressors, the overall effect of regulatory sequences on transcription depends on the particular proteins that bind to them. 

-If activators bind to both the regulatory sequences in the promoter proximal region and to the enhancer, transcription is activated maximally, meaning a high rate of transcription and therefore the production of a high level of the mRNA encoded by the gene.

-But if a repressor binds to the enhancer and an activator binds to the promoter proximal element, the amount of gene expression depends on the relative strengths of these two regulatory proteins.

-A relatively small number of regulatory proteins (activators and repressors) control transcription of all protein-coding genes. 

-By combining a few regulatory proteins in particular ways, the transcription of an array of genes can be controlled, and a large number of cell types can be specified. 

-The process is called combinatorial gene regulation. Let us consider a theoretical example of two genes, each with activators already bound to the respective promoter proximal elements 

-Maximal transcription of gene A requires activators 2, 5, 7, and 8 binding to their regulatory sequences in the enhancer, whereas maximal transcription of gene B requires activators 1, 5, 8, and 11 binding to its enhancer. That is, both genes require activators 5 and 8 for full activation in combination with different other activators.

-This operating principle solves a basic dilemma in gene regulation—if each gene were regulated by a single, distinct protein, the number of genes encoding regulatory proteins would have to equal the number of genes to be regulated. 

-Regulating the regulators would require another set of genes of equal number and so on until the coding capacity of any chromosome set, no matter how large, would be exhausted. 

-But because different genes require different combinations of regulatory proteins, the number of genes encoding regulatory proteins can be much lower than the number of genes they control.

Coordinated Regulation of Transcription of Genes with Related Functions. In the discussion of prokaryotic operons, you learned that genes with related function are often clustered and they are transcribed from one promoter onto a single mRNA. That mRNA is translated from one end to the other to produce the several proteins encoded by the genes. There are no operons in eukaryotes, yet the transcription of genes with related functions is coordinated. How is this accomplished?

The answer is that all genes that are coordinately regulated have the same regulatory sequences associated with them. Therefore, with one signal, the transcription of all the genes can be controlled simultaneously. Let us consider an example of this: the control of gene expression by steroid hormones in mammals. A hormone is a molecule produced by one tissue and transported via the bloodstream to another specific tissue to alter its physiological activity. A steroid is a type of lipid derived from cholesterol. Examples of steroid hormones are testosterone and glucocorticoid. Testosterone regulates the expression of a large number of genes associated with the maintenance of primary and secondary male characteristics. Glucocorticoid, among other actions, regulates the expression of genes involved in the maintenance of the concentration of glucose and other fuel molecules in the blood.

A steroid hormone acts on specific target tissues in the body because only cells in those tissues have steroid hormone receptors in their cytoplasm that recognize and bind the hormone (see Chapter 8). The steroid hormone moves through the plasma membrane into the cytoplasm and the receptor binds to it (Figure 15.12). The hormone–receptor complex then enters the nucleus and binds to specific regulatory sequences adjacent to the genes whose expression is controlled by the hormone. This binding activates transcription, and proteins encoded by the genes are made rapidly.

ll genes regulated by a specific steroid hormone have the same DNA sequence to which the hormone–receptor complex binds. This sequence is called a steroid hormone response element. For example, all genes controlled by glucocorticoid have a glucocorticoid response element associated with them. Therefore, the release of glucocorticoid into the bloodstream coordinately activates the transcription of genes through that response element.

15.2d Methylation of DNA Can Control Gene Transcription
DNA methylation, in which a methyl group (—CH3) is added enzymatically to cytosine bases in the DNA, can also regulate transcription. Specifically, methylation of cytosines in promoters inhibits transcription and turns the genes off, a phenomenon called silencing.

For example, genes encoding the blood protein hemoglobin are highly methylated and inactive in most vertebrate body cells. In the cell lines giving rise to red blood cells, however, enzymes remove the methyl groups from the hemoglobin genes, which are then transcribed. 

DNA methylation in some cases silences large blocks of genes, or even chromosomes. For example, in body cells of female placental mammals, including humans, one of the two X chromosomes packs tightly into a mass known as a Barr body, in which essentially all the genes of the X chromosome are turned off. As part of this general inactivation, which also includes chromatin modifications, cytosines in the DNA become methylated.

DNA methylation underlies genomic imprinting, in which methylation permanently silences transcription of either the inherited maternal or paternal allele of a particular gene (see Section 12.5). The methylation occurs during gametogenesis in a parent. An inherited methylated allele is not expressed—it is silenced. That allele is known as the imprinted allele. The expression of the gene involved therefore depends on expression of the nonimprinted allele inherited from the other parent. The methylation of the parental allele is maintained as the DNA is replicated, so that the silenced allele remains inactive in progeny cells. Some examples of genomic imprinting were presented in Section 12.5. In one of those examples, the mammalian Igf2 (insulin growth factor 2) gene is inherited with the paternally derived allele nonmethylated and, therefore, active and with the maternally derived allele methylated and, therefore, silenced.

Once mRNAs are transcribed, further regulation occurs at each major step in the pathway from genes to proteins: during pre-mRNA processing and the movement of finished mRNAs to the cytoplasm (post-translational regulation), during protein synthesis (translational regulation), and after translation is complete (posttranslational regulation). The next section describes the regulatory mechanisms operating at each of these steps.

15.3a Posttranscriptional Regulation Controls mRNA Availability
Posttranscriptional regulation directs translation by controlling the availability of mRNAs to ribosomes. The controls work by several mechanisms, including changes in pre-mRNA processing and the rate at which mRNAs are degraded.

Variations in Pre-mRNA Processing. In Chapter 14, we noted that mRNAs are transcribed initially as pre-mRNA molecules. These pre-mRNAs are processed to produce the finished mRNAs, which then enter protein synthesis. Variations in pre-mRNA processing can regulate which proteins are made in cells. As described in Section 14.3, pre-mRNAs can be processed by alternative splicing. Alternative splicing produces different mRNAs from the same pre-mRNA by removing different combinations of exons (the amino acid–coding segments) along with the introns (the noncoding spacers). The resulting mRNAs are translated to produce a family of related proteins with various combinations of amino acid sequences derived from the exons. Alternative splicing itself is under regulatory control. Regulatory proteins specific to the type of cell control which exons are removed from premRNA molecules by binding to regulatory sequences within those molecules. The outcome of alternative splicing is that appropriate proteins within a family are synthesized in cell types or tissues in which they function optimally. Perhaps three-quarters of human genes are alternatively spliced at the pre-mRNA level.

Posttranscriptional Control by Masking Proteins. Some posttranscriptional controls operate by means of “masking” proteins that bind to mRNAs and make them unavailable for protein synthesis. These controls are important in many animal eggs, keeping mRNAs in an inactive form until the egg has been fertilized and embryonic development is under way. When an mRNA is to become active, other factors—other proteins, made as part of the developmental pathway—remove the masking proteins and allow the mRNA to enter protein synthesis.

Variations in the Rate of mRNA Breakdown. The rate at which eukaryotic mRNAs break down can also be controlled posttranscriptionally. The mechanism involves a regulatory molecule, such as a steroid hormone, directly or indirectly affecting the mRNA breakdown steps, either slowing or increasing the rate of those steps. For example, in the mammary gland of the rat, the mRNA for casein (a milk protein) has a half-life of about 5 hours (meaning that it takes 5 hours for half of the mRNA present at a given time to break down). The half-life of casein mRNA changes to about 92 hours if the peptide hormone prolactin is present. Prolactin is synthesized in the brain and in other tissues, including the breast. The most important effect of prolactin is to stimulate the mammary glands to produce milk (that is, it stimulates lactation). During milk production, a large amount of casein must be synthesized, and this is accomplished in part by radically decreasing the rate of breakdown of the casein mRNA.

Nucleotide sequences in the 5′ UTR (untranslated region; see Section 14.3) appear also to be important in determining mRNA half-life. If the 5′ UTR is transferred experimentally from one mRNA to another, the half-life of the receiving mRNA becomes the same as that of the donor mRNA. The controlling sequences in the 5′ UTR of an mRNA might be recognized by proteins that regulate its stability.

Regulation of Gene Expression by Small RNAs. The relatively recent discovery of micro-RNAs (miRNAs) has revolutionized our understanding of gene control. miRNAs are small, single-stranded RNAs found in organisms as diverse as worms, flies, plants, and mammals, where they regulate important processes such as development, growth, and behaviour. What are miRNAs and how do they work?

Each miRNA is encoded by a non–protein-coding gene. Transcription of the gene produces an RNA that is the precursor to the miRNA (Figure 15.13, p. 336). The precursor RNA folds and base-pairs with itself, forming a stem-loop structure. An enzyme named Dicer cuts the stem-loop to produce a double-stranded RNA, about 21 to 22 base pairs long. A protein complex then binds to the double-stranded RNA and degrades one of the two RNA strands, leaving a small, single-stranded RNA—the miRNA. Still bound to the protein complex, the miRNA binds to any mRNA that has a complementary sequence. Gene expression is then silenced in one of two ways: either the proteins in the complex cleave the mRNA where the miRNA is bound to it, or the double-stranded segment formed between the miRNA and the mRNA blocks ribosomes from translating the mRNA. Researchers think that there are 120 genes for miRNAs in worms and 250 genes in humans. Many of these miRNAs are expressed in developmentally regulated patterns. The targets of the miRNA's action are often mRNAs for regulatory proteins that control the development of the organism.

The phenomenon of silencing a gene posttranscriptionally by a small, single-stranded RNA that is complementary to part of an mRNA is termed RNA interference (RNAi). miRNAs are one class of single-stranded RNAs that cause RNAi; another class is known as small interfering RNA (siRNA). Whereas miRNA is produced from RNA that is encoded in the cell's genome, siRNA is produced from double-stranded RNA that is not encoded by nuclear genes. For example, the life cycle and replication of many viruses involves a double-stranded RNA stage. Viral double-stranded RNA enters the RNAi process as described for miRNAs: double-stranded RNA is cut by Dicer into short double-stranded RNA molecules, and then a protein complex binds to the molecules and degrades one of the RNA strands to produce siRNA. The protein complex is the same one that acts on the double-stranded RNA precursors of miRNAs. In the RNAi process, siRNA acts exactly like microRNA—mRNAs complementary to the siRNA are targeted and either they are degraded or their translation is blocked. In our viral example, the targeted mRNAs would be mRNAs for proteins needed for viral genome replication and the production of new virus particles.

Any gene can be silenced experimentally by RNAi. To silence a gene, researchers introduce a double-stranded RNA into a cell that can be processed by Dicer and the protein complex into an siRNA complementary to the mRNA transcribed from that gene. Indeed, RNAi has become a powerful new technique for silencing specific genes experimentally in a variety of organisms. Andrew Fire of the Massachusetts Institute of Technology and Craig Mello of Harvard University received a Nobel Prize in 2006 for their discovery of RNA interference. 15.3b Translational Regulation Controls the Rate of Protein Synthesis
At the next regulatory level, translational regulation controls the rate at which mRNAs are used in protein synthesis. Translational regulation occurs in essentially all cell types and species. For example, translational regulation is involved in cell cycle control in all eukaryotes and in many processes during development in multicellular eukaryotes, such as red blood cell differentiation in animals. Significantly, many viruses exploit translational regulation to control their infection of cells and to shut off the host cell's own genes.

Let us consider the general role of translational regulation in animal development. During early development of most animals, little transcription occurs. The changes in protein synthesis patterns seen in developing cell types and tissues instead derive from the activation, repression, or degradation of maternal mRNAs, the mRNAs that were present in the mother's egg before fertilization. One important mechanism for translational regulation involves adjusting the length of the poly(A) tail of the mRNA. (Recall from Section 14.3 that the poly(A) tail—a string of adenine-containing nucleotides—is added to the 3′ end of pre-mRNA and is retained on the mRNA produced from the pre-mRNA after introns are removed.) That is, enzymes can change the length of the poly(A) tail on an mRNA in the cytoplasm in either direction: by shortening it or lengthening it. Increases in poly(A) tail length result in increased translation; decreases in length result in decreased translation. For example, during embryogenesis (the formation of the embryo) of the fruit y, Drosophila, key proteins are synthesized when the poly(A) tails on the mRNAs for those proteins are lengthened in a regulated way. Evidence for this came from experiments in which poly(A) tail lengthening was blocked; the result was that embryogenesis was inhibited. But although researchers know that the length of poly(A) tails is regulated in the cytoplasm, how this process occurs is not completely understood.

15.3c Posttranslational Regulation Controls the Availability of Functional Proteins
Posttranslational regulation controls the availability of functional proteins primarily in three ways: chemical modification, processing, and degradation. Chemical modification involves the addition or removal of chemical groups, which reversibly alters the activity of the protein. For example, you saw in Section 8.2 how the addition of phosphate groups to proteins involved in signal transduction pathways either stimulates or inhibits the activity of those proteins. Further, in Section 9.4, you learned how the addition of phosphate groups to target proteins plays a crucial role in regulating how a cell progresses through the cell division cycle. And in Section 15.2, you saw how acetylation of histones altered the properties of the nucleosome, loosening its association with DNA in chromatin.

In processing, proteins are synthesized as inactive precursors, which are converted to an active form under regulatory control. For example, you saw in Section 14.4 that the digestive enzyme pepsin is synthesized as pepsinogen, an inactive precursor that activates by removal of a segment of amino acids. Similarly, the glucose-regulating hormone insulin is synthesized as a precursor called proinsulin; processing of the precursor removes a central segment but leaves the insulin molecule, which consists of two polypeptide chains linked by disulphide bridges.

The rate of degradation of proteins is also under regulatory control. Some proteins in eukaryotic cells last for the lifetime of the individual, whereas others persist only for minutes. Proteins with relatively short cellular lives include many of the proteins regulating transcription. Typically, these short-lived proteins are marked for breakdown by enzymes that attach a “doom tag” consisting of a small protein called ubiquitin (Figure 15.14, step 1). The protein is given this name because it is indeed ubiquitous—present in almost the same form in essentially all eukaryotes. The ubiquitin tag labels the doomed proteins so that they are recognized and attacked by a proteasome, a large cytoplasmic complex of a number of different proteins (step 2). The proteasome unfolds the protein, and protein-digesting enzymes within the core digest the protein into small peptides. The peptides are released from the proteasome, and cytosolic enzymes further digest the peptides into individual amino acids, which are recycled for use in protein synthesis or oxidized as an energy source (step 3). The ubiquitin protein and proteasome are also recycled. Aaron Ciechanover and Avram Hershko, both of the Israel Institute of Technology, Haifa, Israel, and Irwin Rose of the University of California, Irvine, received a Nobel Prize in 2004 for the discovery of ubiquitin-mediated protein degradation.


