Energy
Different forms of Energy
· Many different forms
· Chemical, electrical, mechanical, electromagnetic radiation 
· 2 different types:
· Kinetic
· Energy of motion
· Potential
· Stored energy
· Farther electrons are from nucleus= more potential energy 
Energy
· Thermodynamics
· Study of energy flow during chemical and physical reactions 
First Law
· Energy can be transferred and transformed but not created or destroyed 
· Energy can be converted between kinetic and potential but never lost 
Second Law
· Any process where a system from initial to final state, total disorder of system and surroundings always increases
· Energy spreads out, machines can never by 100% efficient 
· Life does not go against 2nd law
· Organisms stay highly organized because open systems, constantly using energy and matter to stay in low-entropy state
· Organisms need to constantly consume energy because spread out of energy means cell components are constantly damaged and breaking down
· New cells constantly made and old ones maintained, metabolism can never stop 
Entropy
· Thermodynamic measure of energy dispersal disorder
· Abbreviated to S
System
· Can be anything (a single atom, planet, etc.). Anything outside is the surroundings
· 3 types
· Isolated
· Does not exchange energy or matter with surroundings
· Only truly isolated system is universe itself
· Ex. Thermos (very close) 
· Closed
· Can exchange energy but not matter with surroundings 
· Ex. Pot with lid on, Earth
· Open
· Both energy and matter move freely between system and surroundings
· Ex. Ocean
Spontaneous Process
· Occur without energy input 
· Does not refer to speed of reaction
· Factors to determine Spontaneity:
1) Exothermic, products need less potential energy than reactants
2) Entropy of products greater than entropy of reactants
-Energy of products more spread out than energy in starting molecules 
· To occur need substrate molecules to reach transition state
Enthalpy
· Potential energy in a system
· H
	Endothermic
	Exothermic

	Absorb energy
Endergonic: Free energy of products> free energy reactants, ΔG positive 
	Release energy 
Exergonic: Free energy of products< free energy of reactants, ΔG negative



Equilibrium
Chemical Equilibrium
· No overall change in concentration of products and reactants
· Rate of forward reaction = rate of backward reaction 
· No spontaneous change
· Max stability, no capacity to do work, ΔG= 0
· Readily reversible if concentration of products and reactions changed 
Flow of Energy in Biosphere
· Biosphere relies on light from photons as energy source





Metabolism and Pathways
· Metabolism
· Biochemical reactions allowing cell/ organism to gain energy from its surroundings and use to maintain itself, grow, and reproduce
2 Fundamental types of pathways taken by metabolic reactions 
	Catabolic Pathways
	Anabolic Pathways

	-Metabolic pathway where energy is released by breakdown of complex molecules to simpler compounds
-Energy released
-Final products have less free energy that starting molecules
-Ex. Cellular Respiration
	-Metabolic pathway where energy consumed to build complicated molecules from simplier ones, biosynthetic pathway
-Series of reactions resulting in synthesis of larger, more- complex molecules from simpler starting ones
-Require energy
-Free energy products > free energy starting 



Creation of ATP
· ATP
· 5- carbon sugar (ribose) linked to nitrogenous base (nitrogen- containing molecule with properties of a base) joined to chain of 3 phosphate groups
· Source of free energy resulting from reaction with H2O 
· Hydrolysis reaction where terminal phosphate bond is protein, making ADP and Pi (inorganic Phosphate)
· Not overly reactive, if were it would be hard to control
Energy- Coupling
· ATP brought in close contact with reaction molecule involved in endergonic reaction; when ATP hydrolyzed terminal phosphate group transferred to reactant molecule 
Hydrolysis of ATP
· Exergonic reaction, harnessed through energy coupling reactions to make biosynthetic reactions happen spontaneously 
· Occurs continuously in living cells, as they use massive amounts of ATP
ATP Cycle
· Continued breakdown and resynthesis of ATP 
· 10 million ATP broken and resynthesized each second in typical cell

Cellular Respiration
· Energy- rich molecules broken down to produce energy in ATP for
· Collection of metabolic reactions within cells that break down food molecules and use free energy to make ATP
· Controlled combustion, energy of C-H bonds not freed suddenly, slowly released in a stepwise fashion, with energy being transferred to other molecules 
· Oxidation of food molecules occurs in presence of enzymes called dehydrogenases
· Help transfer of electrons from food to molecule that acts as an energy carrier or shuttle
· Most common is NAD+ (oxidized) or NADH (reduced) 
	Oxidized
	Reduced

	-Electrons removed by oxidation
-Many involve oxygen, but a number in cellular respiration do not
	-Receives electrons during reduction


	Gain or loss not always complete, some transferred completely from one atom to another, sometimes shared



· Primary Goal
· Transform potential energy found in food molecules into ATP, which can be used for metabolic processes
3 Phases
1) Glycolysis
a. Enzymes break down glucose molecule into 2 molecules of pyruvate
b. Some ATP and NADH synthesized
2) Pyruvate Oxidation & Citric Acid Cycle
a. Co-enzyme Acetyl- CoA (formed from oxidization of pyruvate) enters metabolic cycle and completely oxidized to CO2
b. Some ATP and NADH synthesized
3) Oxidative Phosphorylation
a. NADH synthesized by glycolysis and citric acid cycle is oxidized, liberated electrons passed on Electron Transport Chain until transferred to Oxygen, making H2O
b. Free energy released during Electron Transport Chain used to create proton gradient across a membrane, then used to synthesize ATP 
Location of Cellular Respiration 
	Archean & Bacteria 
	Eukaryotes

	-Cytosol: Glycolysis and Citric acid Cycle
-Internal Membranes: Oxidative Phosphorylation
	-Mitochondria: Citric Acid Cycle and Oxidative Phosphorylation 
-Cytosol: Glycolysis


 
Mitochondrion 
Composition
· 2 membranes, inner and outer
· 2 compartments, intermembrane space (between inner and outer membranes) and matrix (inner aqueous environment)
Oxidative Phosphorylation
Electron Transport Chain
· System of components found on inner mitochondrial membranes in eukaryotes
· Transfers electrons from NADH2 and FADH2 to oxygen
· 4 protein complexes
1) NADH dehydrogenase
2) Succinate dehydrongenase (single protein, not a complex)
3) Cytochrome complex
4) Cytochrothe Oxidase 
· Flow between complexes by 2 mobile electron shuttles
· From 1) – 2) – 3) Ubiquinoue 
· After going through membrane and donating electrons to complex 3) retains a neutral charge (releases protons into intermembrane space)
· Creates concentration gradient
· From 3) – 4) Cytochrome
· In complexes 1) and 4) specific protein components use released energy for proton pumping
· Complexes 1) and 2) have electrons accepted by ubiquinone molecules, then pick up protons from matrix
· Protein themselves don’t transfer electrons, helped by non-protein molecules called Prosthetic groups 
· Movement along chain thermodynamically spontaneous down free energy gradient 
Prosthetic Groups
· Redox- active cofactors alternating from reduced and oxidized states as they accept electrons from upstream molecules and donate to downstream molecules 
· Organized from high to low free energy 


Powered by Proton Gradient
· Electron transport from NADH doesn’t make ATP, electrons passed along electron carriers until donated to O2 making H2O
· Energy released from Electron Transport chain transports protons across inner mitochondrial membrane from matrix to intermembrane space 
· Make H+ concentration much higher (which lowers pH) in intermembrane space than matrix
· Ubiquinone releases protons into matrix
· When one side of inner mitochondrial membrane has higher concentration of protons then other side, potential energy can be harnessed for work 
· Potential Energy possessed by Proton Gradient derived from 2 factors:
1) Chemical gradient  exists across membrane because concentration of protons not equal on both sides
2) Protons are charged, meaning an electrical difference exists, and the intermembrane space is more positive than matrix 
· Proton- Motive Force
· Stored energy that contributes to ATP synthesis and to co transport of substances to and from mitochondria
· Chemiosmosis
· Ability of cells to use proton motive force to do work
· Oxidative Phosphorylation
· Synthesis of ATP in which ATP Synthase uses an H+ gradient built by the electron transfer system as energy source to make ATP
ATP Synthase
· Lollipop shaped complex 
· Made of basal unit, embedded in inner mitochondrial membrane, connected to headpiece by stalk
· Channel where H+ can pass freely 
How it works
· Protein- motive force propels protons in intermembrane space through channel in enzymes basal unit, down concentration gradient and into matrix
· Binding of individual protons to sites in headpieces to catalyze formation of ATP to ADP and Pi. 
· Smallest molecular rotary motor known in nature
Active Transport pump= ATP Synthases operating in reverse
· Free energy from hydrolysis of ATP to provide enough energy necessary to pump ions across membrane 
· Potential energy present in proton gradient is harnessed to synthesize ATP fundamental to almost all forms of life, developed early in evolution of life 
Electron Transport and Chemiosmosis can be Uncoupled 
· Ionophones form channels across membranes through which ions can pass
· Proton pumping during Electron Transport followed by protons simply flowing back into matrix through ionophones channels
· Protein gradient not established
· If uncoupled, free energy released not establishes of proton-motive force, instead lost as heat
· Many organisms  use this to regulate body temperature , alter expression of transmembrane protein group. Protons can freely flow through inner mitochondrial membrane. 
Photosynthesis
· Photosynthesis
· Conversion of light energy to chemical energy in the form of sugar and other organic molecules
· Convert CO2 into organic compounds (ex. carbs)
· Found in Bacteria and Eukarya, but not Archean 
· Chemical equation
· 6CO2 + 12H2O – C6H12O6 + 6O2 + 6H2O
· Water reacts with carbon dioxide to make 6 carbon carbohydrate glucose with oxygen and water as by products
· Classic Redox, 2 half reactions, one oxidation coupled to reduction
· About 11 x 1013 kg CO2 fixed through photosynthesis per year
· ½ of this fixed by photoplankton
· Autotrophs 
· Organism that produces its own food using CO2 and other simple inorganic compound forms in its environment and energy from the Sun or oxidations of inorganic substances
· Photoautotrophs
· Photosynthetic organism that that uses light as its energy source and CO2 as carbon source
· Primary Producer
· Autotroph, usually photosynthetic organism, member of the 1st trophic level
· Decomposers
· A small organism (ex. bacteria or fungi) that feds on remains of dead organisms, breaking down complex bio molecules/ structures into simple raw materials 
· Light
· Portion of electromagnetic spectrum that humans can detect with their eye 
2 Distinct Processes
1) Light Reactions 
· Capture of light energy by pigment molecules 
· Use energy to make NADPH and ATP
· Oxidize H2O, release O2
2) Calvin Cycle 
· Electrons and protons carried by NADPH and energy of ATP Hydrolysis convert CO2 into carbohydrates
· Reduction reaction with electrons and protons added to CO2
· Carbohydrate made by Calvin Cycle used for a huge range of processes
· Used in biosynthesis of molecules like lipids, amino acids, nucleotides
· All organic molecules in organisms are direct or indirect products of photosynthesis
· Both processes take place in chloroplast
Chloroplast
· 3 membranes with 3 distinct compartments
· Outer membrane
· Around entire surface
· Inner membrane
· Lies just inside outer membrane
· Inside the two membranes is intermembrane space 
· Aqueous environment within inner membrane= stroma
· Stroma
· Hold enzymes that catalyze Calvin cycle 
· Within is thylakoid membrane 
· Holds components that carry out light reactions of photosynthesis
· Thylakoid encloses thylakoid lumen 
Thylakoid Membrane 
· Holds series of large proton complexes
· Responsible for light reactions
· 2 complexed built around proteins that bind pigment molecules resulting in light absorption 
· Photosystems
· Large complex into which light absorbing pigments for photosynthesis are organized with proteins and other molecules 
Photons & Pigments
· Discrete packets of energy
· Fixed amount of energy inversely related to its wavelength (shorter= greater energy)
· To be a source of energy photons must be absorbed by a molecule (pigment)
· Happens when energy of photon transferred to electron within molecule, moving it to an excited state (has more energy)
· 3 events occur after Pigment absorbs a Photon:
1) Excited electron from pigment returns to ground state, releasing energy as heat or emission of light with a longer wavelength
a. Called Fluorescence 
2) Energy of excited electron transferred to neighbor pigment molecule 
a. After 2nd molecule excited, 1st pigment returns to ground state
3) Excited electron transferred from pigment to nearby electron- accepting molecule 
· For efficiency pigment molecules bound precisely to specific proteins
· Pre-organized within thylakoid membrane as photosystems
Photosystem 
· Made of antema complex (sites at which light is absorbed and converted into chemical energy during photosynthesis 
· Has many chlorophyll pigments and carotenoid pigments that are the primary absorbing site for photons 
· “Light harvesting complex” surrounding central reaction center
· Reaction center 
· Part of photosystems 1) and 2) in chloroplasts
· In light dependent reactions of photosynthesis receives light energy absorbed by antenna complex in same photosystem 
· Made of small number of proteins that bind chlorophyll a molecule and primary electron acceptor 
· Function
· Trap photons and use energy to oxidize reaction center chlorophyll 
· Electron transferred to primary electron acceptor
· 2 types
· Photosystem 1)
· Uses energy to synthesize NADPH
· P700 (max. wavelength absorption of 700nm)
· Photosystem 2)
· Uses energy to synthesize ATP 
· P680 (max. wavelength absorption of 680nm)
· Within 1 leaf 1000s of photosynthesis, each with approx. 500 chlorophyll molecules
Cell Cycle
Checkpoints
· Internal controls monitor cells progression through cell cycle, 3 key checkpoints
1) G1/ S Checkpoints
a. Main point where mechanisms governing cell cycle decide if cell will divide
b. Once past this checkpoint, committed to continue through cell division  
c. Stops at this checkpoint if DNA has been damaged 
d. Primary point where cells read extracellular signals for cell growth and division
i. If hormone or growth factor needed for cell growth is absent cells arrest at this point 
2) G2/ M checkpoint
a. Junction between G2 and M phases
b. Passage through this checkpoint commits cell to mitosis
c. Arrested here if DNA not fully replicated in S, or DNA has been damaged
d. Need to have complete DNA replications because need genetically identical daughter cells 
3) Mitotic Spindle Checkpoint 
a. Within M phase before Metaphase
b. Checks if chromosomes are correctly attached to Mitotic spindle (ensures proper alignment during Metaphase)
c. Essential for production of genetically identical daughter cells
d. Once cells begin Anaphase, irreversibly committed to completing M
Internal Regulation
· Direct regulation of cell cycle involves internal control system of proteins called cyclins and enzymes called cyclin- dependent kinases (Cdks)
· Cyclins
· Protein that regulates activity of Cdk and controls progression through cell cycle
· Cyclin- Dependent Kinases (Cdks)
· Protein kinase that controls cell cycle in eukaryotes
· Protein kinase, phosphorylates and regulates activity or target proteins
· “Cyclin dependent,” active only when bound to a cyclin molecule
· Concentrations remain constant during cell cycle, but change as created and broken at specific stages of the cell cycle 
· Succession of Cyclin- Cdk complexes, each with specific regulatory effects ensure stages follow in sequence like a clock
· 3 classes of cyclins operate in all eukaryotes
1) G1/ S Cyclin
a. Binds to Cdk2 near end of G1, forming complex needed for cell to transition from G1 to S and commit to DNA Replication
2) S Cyclin
a. Binds to Cdk2 in S phase, forms complex required for DNA replication to begin, and for cell to start going through S
3) M Cyclin
a. Binds to Cdk1 in G2, forming complex required for transition from G2 and M, and progression through Mitosis
b. Also called M Phase- Promoting Factor (MPF) 
c. Activates anaphase-promoting complex (APC) which degrades an inhibitor of anaphase which indicates anaphase
i. Later directs degradation of M cyclin, causing Cdk1 to lose activity 
ii. Allows separated chromosomes to become extended again, nuclear envelope to reform, and cytoplasm reform 
External Regulation
· Internal controls regulation cell cycle are modified by signal molecules that originate from outside dividing cells 
· Many of these external factors bind to receptors at cell surface, which trigger reactions in cell
· Speed, slow or stop progress of cell division, depending on stimulated internal pathway 
· Cell surface receptors
· Recognize contact with other cells or molecules of ECM
· Contact triggers internal reaction pathways inhibiting division by stopping cell cycle, usually in G1 phase 
· Called contact inhibition
· Inhibition of movement or proliferation of normal cells that results from cell-cell contact
· Stabilizes growth in developed organs
· If contacts are broken, freed cells can begin to divide in tissues 
· Division continues until all cells in contact with neighbors in a continuous single layer, then division stops  
Asymmetric Cell Division 
· Produces daughter cells that are different in some characteristic or other 
· Stem cell division is asymmetrical because 2 daughter cells have a different fate
· One remains a stem cell
· The other (progenitor cell) divides a limited number of times while undergoing differentiation into a specialized cell type needed for growth
· Comes from ability of stem cells to specify location of specific cytoplasmic components during cell division 
· Mitosis divides DNA and distributes organelles equally, specific regulatory proteins and mRNAs localized at one pole of the other in dividing cell 
· Each gives different regulatory proteins 
· Keeps important balance between maintaining stem cells and creating specialized tissue
· Area where stem cells divide: Niche
· Signaling proteins produced by cells surrounding niche maintain external regulation of stem cell division
· Loss of regulation causes cancer 
Cells cant divide Indefinitely
· Cellular Senescence
· Loss of proliferative (dividing/ replicating) ability over time 
· Hay flick Factors Responsible for this:
1) DNA Damage
a. Accumulation of damage to a cell’s DNA sequence, chromosome structure, or genes coding for enzyme machinery needed to repair damage
b. “Older” cells have diminished function if they have suffered mutations in genes controlling critical activities 
2) Telomere Shortening 
a. Telomeres usually  repetitive DNA sequences added to the ends of chromosomes by telomerase
b. DNA Replication machinery unable to replicate entire ends of linear chromosomes, thus telomere sequence is lost at each round of replication
c. Once telomeres diminish to certain minimum, stop dividing, and may die
Cancer
· Occurs when cells lose normal controls determining when and how often they divide
· Divide continuously and quickly, producing a tumor
· Lose adhesions to other cells, become mobile
· Metastasis, break from original tumor, spread through body, grow new tumors
· Usually mutations accumulated in a variety of genes, promoting uncontrolled cell division or metastasis
Effects
· Damage surrounding normal tissues by compressing them, and interfering with blood and nerve function 
· Can break through barriers like outer skin, internal cell layers or gut walls
· Cause bleeding, open body to infection from microorganisms
· Pain, may be extreme
· As tumors increase in mass, growing and dividing, may deprive normal cells of required nutrients, impair body function, cause muscle weakness, fatigue, and weight loss.
· Stay together in single mass: Begin
· Invade and disrupt surrounding tissue: Malignant 
· Spreading= Metastasis
Cancer as a Genetic Disease
1) Specific Cancers  have high incidences in some family’s
a. Familial/ Hereditary Cancers 
i. Individual would have a predisposition, inherits one mutant allele of associated tumor suppressor disease. Less common
ii. Sporadic/ non-hereditary= non hereditary, more common
2) Descendants of Cancer cells are all cancer cells
a. Cloned descendants of certain cells from tumor
3) Incidence of cancers increases when exposed to mutagens (agents that cause mutations in DNA)
4) Particular chromosomal mutagens associated with specific forms of cancer
a. Chromosomal breakage affects expression of genes associated with regulation of cell division
5) Some viruses can induce cancer
a. Some viruses can carry “cancer genes” 
Oncogenes
· A gene that, when deregulated, is capable of inducing characteristics of cancer cells 
3 Main Classes of Genes Implicated in Cancer 
1) Proto-oncogenes
a. Genes in normal cells that encode various kinds of proteins stimulating cell division
i. Ex. Growth factors, transcription factors
b. In cancer they are deregulated and become oncogenes/ stimulate cell to progress to cancerous state of unregulated cell cycle
i. Only 1 or 2 proto-oncogene alleles need to be altered for this change to occur
c. 4 Alterations that can convert proto-oncogenes into an oncogene
1) Mutation in genes promoter or other control sequence
a. Gene is abnormally active
2) Mutation in coding segment produces altered form of encoded protein
a. Protein abnormally active
3) Translation, when segment of chromosome breaks off and attaches to different chromosome, gene moved to new location
a. Gene now under control of inappropriately  powerful promoter or enhancer sequence
4) Infecting viruses may introduce genes while expression disrupts cell cycle control or alters regulatory proteins to turn genes on in host
2) Tumor Suppressor Gene
a. Gene in normal cells encoding proteins that inhibit cell division
i. Best known is TP53
b. Normal P53 stops cell division by combining with and inhibiting cyclin-dependent protein kinases that trigger transition from G, to S phase 
c. If cell has DNA damage and divides, mutation may spread
i. Such cancers can be avoided is P53’s action to block cell from entering S phases gives cell time to repair damage or undergo programmed cell death 
d. If TP53 gene is mutated so P53 not produced, produced in inactive form, cyclin-dependent protein kinases continually active in triggering cell division
e. Inactive TP53 genes in about 50% of all cancers
f. Both alleles of tumors suppressor gene must be inactivated for inhibiting activity to be lost in cancer cells 
3) miRNA Genes
a. Many miRNA genes show altered, cancer-specific expression patterns in human cancers
b. Some miRNAs regulate expression of mRNAs that are transcripts of tumor suppressor genes
i. If overexpressed because of changes in genes encoding them, expression of target mRNAs can be blocked completely, removing or decreasing inhibitory signals for cell replication
c. Other miRNAs regulate translation of mRNAs that are transcripts of particular proto-oncogenes
i. If inactivated/ reduced, expression of proto-oncogenes higher than normal, cell division stimulated
Develop Gradually by Multiple Steps
· Cancer rarely develops by change of single proto-oncogene to oncogene, or inactivation of single tumor suppressor gene 
· Usually successive alterations in several to many genes gradually accumulate to change normal- cancer
· Called “multistep progression of cancer”  
Cell Death
· Apoptosis
· Programmed Cell death
· Very ancient mechanism common to all multicellular eukaryotes
· Initiation can result from internal or external signals 
· Caspases
· Protease involved in programmed cell death
· Coded for by an abnormal gene
· If destined to die by apoptosis, cascade begins when internal development cues stimulate expression of gene called egg-laying deficient
· Results in release of protein and formation of active apoptosome 
· Caspase activated, cell death ensues
· Cause of death
· Nuclear DNA Degradation, disrupted mitochondrial function 
· Other reasons for cell death
· Cell with severe DNA damage, viral infections, or mutations leading to uncontrolled division 
· Healthy cells can also die
· Some need to die to fulfill purpose
· Ex. Xylem made of skeletons of dead cells 
Cell Communication
Signal Transduction
· Most signal pathways involve following 3 steps
1) Reception
a. Binding of signal molecule with specific receptor of target cells
b. Receptors specific for signal molecule, distinguishes them from cells that don’t respond to signal molecule
c. Most receptors on plasms membrane, some on internal membranes like Endoplasmic Reticulum Others are soluble proteins in cytoplasm
2) Transduction
a. Process where signal reception triggers other changes within cell necessary to cause cellular response
b. Usually involves cascade of reactions including several different molecules of “signaling cascade” 
3) Response 
a. Transduced signal causes specific cellular response
b. Different pathways lead to different responses 
Membrane Surface Receptors
· Membrane receptors that recognize and bind signal molecules are integral membrane proteins going through entire membrane
· Signal-binding site extends from outer membrane surface, folded to closely fit signal molecule 
· Activated receptor then initiates 1st step in signaling cascade 
· Signal molecule does not enter cell 
· Signal molecule makes no response if injected into cytoplasm 
· Unrelated molecules mimicking structure of normal extracellular signal molecule can trigger or block full cellular response if can bind to recognition site of receptor  
· Protein Kinases:
· Enzyme that transfers a phosphate group from ATP to one + sites on particular proteins
· Often act in a chain, catalyzes series of phosphoric reactions to pass signal along  
· Last protein= target protein 
· Phosphorylation stimulates or inhibits activity depending on particular protein
· Change in activity brings cellular response 
· Protein Phosphatases
· Enzyme that removes phosphate groups from target proteins
· Remove phosphate groups from target proteins
· Continuously active in cells 
· Amplification
· An increase in the magnitude of each step as a signal transduction pathway proceeds
· Occurs because many proteins carrying out individual steps in pathways are enzymes
· Each enzyme can activate hundreds of proteins 
· More enzymes catalyzed steps in reaction pathway= greater amplification
Hormones and the Endocrine System  
· 5 Types of cell signaling
1) Autocrine Regulation
a. Local regulator acts on same cells that release it
b. Common mechanism used by cells to reduce or increase sensitivity to other stimuli
2) Paracrine Regulation
a. Cell releases signaling molecule that diffuses through extracellular fluid and acts on nearby cells 
3) Classical Endocrine Regulation
a. Hormones secreted into blood or extracellular fluid by ductless glands (endocrine glands)
b. Hormones circulated through body in blood or other body fluids, therefore most body cells are constantly exposed to hormones 
4) Neuroendocrine Regulation
a. Neurosecretory neurons (release necrohormones into circulatory system) respond to and conduct electrical signals, release necrohormone into circulation 
b. Hormone produced in cell body, packaged in membrane- bound vesicles, transported along axon to release sites
c. Elicits response some distance away in target cells with receptors 
5) Neural Regulation
a. Neurons (electrically active cell of nervous system) synapse directly with target cells releasing neurotransmitters into synapse or neuromuscular junction
b.  Both secreted by neurons, but different target cells

Hormones
· Control cell functions by binding to receptor molecules on or in target cells 
· Amine Hormones
· Involved in classical endocrine signalling and neuroendocrine signalling
· Based on tyrosine, 1 major exception is hydrophobic molecules
· Reach target cell, bind to receptors at cell surface
· Exception is thyroid hormones secreted from thyroid gland
· These hormones (based on pair of tyrosine’s) enter by receptor-mediated endocytosis
· In cell, 1 form of hormone binds to nuclear receptors in same way as steroids 
· Peptide Hormones
· Made of amino-acid chains from 3-200+ amino acids 
· Some have carbohydrate group attached
· Involved in classical endocrine signaling and neuroendocrine signaling 
· Mostly hydrophilic, released into blood or extracellular fluid by exocytosis when fluid with membrane
· Large group Growth Factors: Regulate division and differentiation of many cells types in body
· Can be paracrine and autocrine manner, and classical endocrine signaling 
· Can switch cell division on or off, important focus in cancer research 
· Steroid Hormones
· Involved in classical endocrine signaling
· Hydrophobic derived from cholesterol, sparingly soluble in water
· Combine with hydrophilic carrier proteins to form water-soluble complexes that easily diffuse into blood or other fluids 
· When contacting a cell hormone released from carrier protein, passes through plasma membrane of target cell and binds to internal receptors in nucleus or cytoplasm 
· Include aldosterone, cortisol, vertebrae sex hormones, etc.
· May vary little in structure but produce very different effects 
· Can also act via membrane receptors, controlling cellular events like apoptosis and cell proliferation and more complex events such as behavior
· Fatty Acids
· Very specialized category of hormones
· Derived from forensic acid: include juvenile hormones governing metamorphosis and reproduction
· Derived from Arachidonic acid: Involved in paracrine and autocrine regulation in all animals
· Enhance transport of sperm through female reproductive tract (increasing contractions of muscle cells invertebrates and insects
· In at least some insects, act as endocrines, synthesized in sperm storage organs of mated females and initiate egg laying by acting on oviducts and possibly nervous system  
· Amplification
· Increase in magnitude of each step as signal transduction pathway proceeds, reason why small amounts of hormones produce large effects 
· Activated receptor activates many proteins, which then activate an even larger number of proteins for next step, and repeat on and on
Feedback Pathways
· Can operate partially or completely independently of neuronal controls
· Most negative feedback, where product of pathway inhibits an earlier step in the pathway
· Adjust levels of secretion of hormones acting in opposing ways, creating balance that maintains homeostasis
· Ex. Secretion by thyroid gland
· Most body processes affected by 1+ hormones
· Concentrations regulated by coordinated activities of several hormones secreted by different glands  
· Ex. Periods of eating and fasting in humans, hormones act in coordinated fashion to keep balance
1) Gastrin and ghrelin secreted by stomach, secretin from the intestine 
2) Insulin and Glucagon, secreted by pancreas
3) Growth hormone, secreted by anterior pituitary 
4) Epinephrine- norepinephrine, released by sympathetic nervous system and adrenal medulla
5) Glucocorticoid hormones, released by adrenal cortex 
· Fail-safe mechanism to ensure vital functions are maintained at appropriate levels in changing and extreme circumstances 
Active and Inactive Hormones
· Many hormones secreted as prohormone (inactive or less active form) and converted by target cells or enzymes in blood/ other tissues to active form
· Ecdysone
· A steroid hormone that controls cuticle formation in insects and crustaceans, possibly nematodes 
· In some cases, further conversion occurs once hormone has been secreted
· Ex. Angiotensin, governs blood pressure in humans. Inactive form cleaved by an enzyme, then converted to active by ACE. 
· This is why ACE inhibitors are often prescribed to control high blood pressure


Hydrophilic Hormones
· Bind to receptor molecules in plasma membrane, then produce responses through signal transduction pathways 
· Within the cell then transduced, changing into form that causes the cellular response 
· Typically involve protein kinases (enzymes that add phosphate groups to proteins)
· Adding a phosphate group to a protein may activate or inhibit it, depending on protein and reaction
· Response produces depends on type of protein kinases 
· Receptor molecule may be a tyrosine kinase molecule (receptor with build in protein kinase on cytoplasmic side of receptor itself. 
· May also be a G protein-coupled receptor that secondarily activates protein kinases within cell
· These hormones generally act on function proteins already present in cell, like enzymes, ion channels, and transport proteins 
· Signal transduction pathway many not stop at cytoplasm, many growth factors and some peptide hormones affect events in nucleus
· Action via membrane receptors is characteristic of peptide and amine hormones, although many steroid and fatty acid hormones also exert actions this way
Hydrophobic Hormones
· After passing through plasma membrane, hydrophobic steroid and thyroid hormones bind to internal receptors in nucleus or cytoplasm  
· Binding of hormone activates receptor, which in turn binds to control sequence of specific genes
· Depending on gene binding control sequence activates or inhibits in transcription, leading to changes in protein synthesis that accomplish cellular response 
· Characteristics of response depend on specific genes controlled by activated receptors, and presence of other proteins that modify activity of receptor 
CHART
Target cells and Multiple Hormones
· A single target cell may have receptors for several hormones, and respond differently to each 
· Ex. Vertebrate liver cells have receptors for pancreatic hormones insulin and glucagon 
· In contrast, particular hormones interact with different types of receptors in or on a range of target cells
· Different responses are then triggered in each target cell type, because receptors trigger different transduction pathways
· Ex. Epinephrine prepares body for stress. In mammals can bind to 3 different plasma membrane-embedded receptors, α, β and β2. When it binds with different receptors has a different effect.
· Response to a hormone may be different in different animals 
· Mechanisms by which hormones work have 4 features: 
1) Only cells with surface or internal receptors for a particular hormone to respond to that hormone
2) Once bound by receptors, hormones may produce a response that involves  stimulation or inhibition of cellular processes through specific types of internal molecules activated by hormone action
3) Due to amplification that occurs through both surface and internal receptor mechanisms, hormones effective in very small concentrations
4) Response to hormone different among  target cells 
DNA, RNA and Protein Make up the Genetic Code 
Connection between DNA, RNA and Protein 
· Proteins encoded by genes made of DNA 
· One gene- one enzyme Hypothesis
· Shows direct relationship between genes and enzymes 
· Now known to be more complex, many proteins have 1+ subunit
· Each separate molecule (polypeptide) coded by separate gene
· Assemble to create functional cluster of molecules= protein  
Pathway from Gene to Poly Peptide 
· 2 major steps, transcription and translation (more on those later)
	Transcription
	Translation

	-Mechanism by which information encoded in DNA is made into complementary RNA copy
-Called this because1 nucleic acid type transferred to another nucleic acid type
	-Information encoded in RNA used to assemble amino acids into a polypeptide
-Called this because information in nucleic acid converted into a different type of molecule to amino acid 


· Central Dogma: Flow of into from DNA-RNA- Protein 
· Transcription Steps
· RNA polymerase creates RNA sequence complementary to DNA of given gene
· Follows same basic rules of complementary base- pairing and nucleic acid chem as is DNA replication 
· For each gene, 1 DNA is strand (template) read by RNA Polymerase
· RNA transcribed is called messenger RNA (mRNA)
· Translation Steps
· [bookmark: _GoBack]mRNA associates with ribosome, particle on which amino acids are linked into polypeptide chains
· As ribosome moves along mRNA, amino acids specified by mRNA joined to form polypeptides encoded by gene 
· Process similar in Prokaryotic and Eukaryotic cells
· Key difference: Prokaryotic can transcribe and translate given gene simultaneously, eukaryotes transcribe and process mRNA in nucleus before exporting it to cytoplasm for translation on ribosomes  
Writing of the Genetic Code
· DNA alphabet made of A, T, G, C. (Adenine, Thymine, Guanine, Cytosine)
· RNA alphabet consists of A, U, G, C (Adenine, Uracil, Guanine, Cytosine)
· T in DNA= U in RNA
· 4 RNA bases, however 20 amino acids 
· Genetic Code
· Nucleotide information that specifies amino acid sequence of a polypeptide
· Hypothesis 
· 4 bases in mRNA would have to be used in combinations of 3+ to provide capacity to code for 20 amino acids 
· Codon
· Each 3 letter word (triplet) of genetic code 
· Start/ Initiator Codon
· 1st codon read in an mRNA translation, always AUG
· Process 
· Genetic DNA first transcribed into complementary 3-letter RNA codons, with U used instead of T
· Template strand of DNA read 3’ to 5’ end
· Short, artificial mRTAs of codon length (3 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
· Scientists write codons 5’ to 3’ direction as they appear in mRNAs, substituting U for T of DNA
· of 64 codons, 61 specify amino acids 
· 3 codons that don’t specify amino acids: UAA, UAG, UGA
· These are stop/ nonsense/ termination codons 
· “Periods” indicate end of polypeptides encoding sequence 
· When reached, polypeptide synthesis stops and new polypeptide chain released from ribosome
· Only 2 amino acids (methionine and tryptophan) are specified by a single codon 
· Degeneracy
· Feature of genetic code in which 1+ codons represent each amino acid
· 2 exceptions above
· Genetic code is comma less, no indicators  mark the end of one codon and beginning of next
· Code can only be read correctly if started at right place (1st base of 1st 3 letter codon at correct codon)
· Reading Frame
· Particular grouping of triplet bases read by tRNA during translation
· Only one correct for each mRNA
· Code also universal. With a few exceptions, same codons specify same amino acids in all living organisms, even viruses
· Indicate nucleic acid code established in present form very early in evolution of life, remained virtually unchanged 
· Consistency make genetic engineering possible 
Transcription of Protein Coding Genes
· Process by which information coded in sequential DNA bases transferred to complementary RNA strand. 
· Differences with DNA Replication:
· For given gene, only 1 of 2 DNA nucleotide strands acts as a template for synthesis of a complimentary copy, instead of both as in replication 
· Only small part of DNA molecule-sequence encoding a single gene serves as a template, rather than all of both strands, as in DNA replication
· RNA Polymerases catalyze assembly of nucleotides into an RNA strand, rather than DNA Polymerases that catalyze replication
· RNA molecules resulting from transcription are single polynucleotide chains, not double ones, as in DNA replication
· Wherever adenine appears in DNA  a uracil is matched in RNA instead of Thymine, as in DNA replication  
· 2 Main Parts of gene
· Promoter
· Site to which RNA Polymerase binds for initiating transcription of a gene
· Control sequence for transcription  
· Transcription Unit
· Section of gene that is copied into an RNA molecule
· Steps
1) Initiation
a. Molecular machinery that carries out transcription assembles at promoter and begins synthesizing an RNA copy of the gene
2) Elongation
a. RNA Polymerase moves along gene extending the RNA chain
3) Termination
a. Transcription ends and RNA molecule- the transcript- and RNA Polymerase released from DNA template

	Transcription of Eukaryotic and Bacterial Protein-coding genes 

	Similarities
	Differences

	-Gene organization is the same
-Elongation basically identical 
	-Specific sequences in promoter where transcription apparatus assembles is different
-In eukaryotes RNA Polymerase 2 recruited to promoter once transcription factors have bound, in Bacteria it binds directly to promoter by protein factor released when transcription begins 
-In prokaryotes there are 2 specific DNA sequences (terminators) that signal end of transcription. In Eukaryotes no “transcription terminator” sequences 


· Once RNA Polymerase molecule has started transcription and progressed past beginning of a gene, another molecule of RNA polymerase may start transcribing as soon as there is room at the promoter
· In most genes this continues until there are many RNA Polymerase molecules spaced closely along a gene, each making an RNA transcript 
Transcription of Non-Protein coding genes
· Include those in tRNA and rRNA. 
· Promoters for non-protein coding genes are different from those of protein-coding genes, specialized for assembly of transcription machinery the involves the correct RNA Polymerase type
	Eukaryotes
	Bacteria

	-RNA Polymerase 2) transcribes protein-coding genes, RNA polymerase 3) transcribes tRNA genes and the gene for ¼ rRNA , and RNA polymerase 1) transcribes the genes for the other rRNAs. 
	-A single type of RNA polymerase transcribes all type of genes
-Promoters for bacterial non-protein coding genes are essentially the same as those of protein-coding genes



Regulation of Gene Expression: Prokaryotes
Different Components and Overview 
· Typically undergo rapid and reversible alterations in biochemical pathways, so they can adapt quickly to change in environment 
· Versatile and responsive control system, generations allows many types of bacteria to make the most efficient use of a particular array of nutrients and energy sources as available at any given time  
· For a typical metabolic process, several genes are involved and must be regulated in a coordinated fashion 
· Ex. 3 genes encode proteins for metabolism of lactose. In absence of lactose, 3 genes are transcribed very little, but if lactose is present genes are transcribed actively. On/ off control of these genes is at level of transcription. 
· Operon
· Cluster of prokaryotic genes and DNA Sequences involved in their regulation
· Many controlled by 1+ regulatory mechanism; and a number of repressors/ activators control 1+ operon 
· Leads to complex network of superimposed controls, provides regulation of transcription, almost instant globing responses to changing environmental conditions 
· Each can contain several to many genes
· Transcribed as unit from promoter into mRNA, as a result contains codes for several proteins 
· Operator
· Regulatory sequence that controls transcription of an operon
· Binding sequence for a regulatory protein (DNA-binding protein that binds to a regulatory sequence and affects expression of associated gene or genes)
· Gene that is separate from operon encodes regulatory protein. Some controlled by repressor (regulatory protein preventing operon genes from being expressed) when bound to DNA, reduces likelihood genes will be transcribed 
· Transcription Unit
· Region of DNA that transcribes a single primary transcript
· Ribosome translates entire mRNA from one end to the other, making each protein encoded in mRNA
· Usually, protein encoded by genes in same operon catalyze steps in same process, such as enzymes acting in sequence in a biochemical pathway  
Lac Operon for Lactose Metabolism 
· Metabolism of lactose as an energy source involves 3 genes:
· LacZ, LacY, LacA
· Next to each other on chromosome in order Z-Y-A.
· Transcribed as a unit into single mRNA starting with Z. 
· LacZ gene
· Encodes enzyme β-galactosidase, catalyzes conversion of lactose into glucose and galactose
· Further metabolized by other enzymes, producing energy by glycolysis and kreb’s cycle
· LacY gene
· Encodes permease enzyme that transports lactose actively into cell
· LacA gene
· Encodes transacetylase enzyme, whose function is not largely useful in lactose metabolism 
· lac operon controlled by regulatory protein 
· When lactose is absent, repressor binds to operator, blocking RNA Polymerase from binding to promoter
· Type of equilibrium
· Always low concentration of lac operon gene produced in cell
· When lactose added:
· lac operon turned on and all 3 enzymes are synthesized rapidly 
· Lactose enters, converted by β-galactosidase (constant low level in cell) to allolactose (isomer) 
· Inducer
· Molecule that turns on the transcription of the genes in an operon 
· Allolactose is an inducer for lac operon, binds to Lac repressor (altering shape); RNA Polymerase can then bind freely to promoter and transcribe 3 genes at dramatically elevated rate
· Inducible Operon
· Operon whose expression is increased by an inducer molecule
· When lactose used up in regulatory system, switches lac operon off  
· Positive gene regulation system that makes expression of lac operon responsive to the availability of glucose 
· Glucose can be used directly in the glycolysis pathway to produce energy, however lactose must first be converted to glucose, a process which requires energy 
· lac operon is sensitive to the availability of glucose though binding of an activator protein called CAP, binding site on DNA, upstream from the lac promoter
· Bound here, CAP bends DNA to make promoter more accessible to RNA polymerase, transcription increases 
· Know that
1) CAP (Catabolite Activator Protein) is synthesize in an inactive form that can only bind to DNA after activated by binding with cAMP (Cyclic Amp, nucleotide that plays a role in regulating cell processes)
2) cAMP levels inversely related to uptake of glucose from growth medium; when glucose is abundant, cAMP levels low (CAP mostly inactive)
· Due to above, negative control by lac repressor and positive control by CAP/cAMP ensure cells express the lac operon most strongly when lactose is present and glucose is not
· Same positive gene regulation system using CAP and cAMP regulates large number of other operons, controlling metabolism of many sugars
· System functions so glucose, present in growth medium, metabolized first
· Regulon
· Regulatory system where several operons under the control of a common regulator 

Trp Operon for Tryptophan Biosynthesis 
· Tryptophan
· Essential amino acid used in synthesis of proteins 
· If absent, must be made by E.Coli, if present used by cell as slurce 
· Genes involed in Tryptophan biosynthesis are coordinately controlled in trp operon
· 5 genes in this operon trpA- trpE, encode enzymes for steps in tryptophane biosynthesis pathway 
· Upstream trpE gene is operon’s promoter and operator sequences
· Expression of trp operon controlled by Trp repressor, regulatory protein encoded by trpR gene (located elsewhere in the genome)
· If Tryptophan is absent, the trp operon genes expressed. 
· Default state: Trp repressor inactive and cannot bind to operator 
· RNA Polymerase can bind to promoter and transcribe operon
· Resulting mRNA translated to produce 5 tryptophan biosynthetic enzymes that catalyze reactions for synthesis
· Tryptophan
· I	f present, cell doesnt need to make it
· Trp operon shut off
· Occurs because tryptophan entering cell binds to Trp repressor and activates it 
· Active Trp repressor binds to operator of trp operon and blocks RNA Polymerase frim binding to promoter-operon not transcribed 
· For the trp operon presence of tryptophan repressors expression of tryptophan biosynthesis genes, therefore Repressible Operon (can also act as a corepressor)
· Repressible operon
· Operon whose expression is prevented by a repressor molecule
· Corepressor
· Molecule that combines with repressor to activate it and shit off an operon 
	Lac
	Trp

	-Repressor synthesized in an active form. When inducer (allolactose) present, binds to repressor and inactivates it, operon then transcribed 
	-Repressor synthesized in inactive form 



Summary
· Regulation of gene expression in prokaryotes occurs mainly at transcription level
· Some examples at transcription level
· Ex. some proteins bind to mRNAs that produce them and modulate translation
· Feedback mechanism that fine tunes amount of proteins in cell 
Regulation of Transcription: Eukaryotes 
· Coordinated synthesis of proteins with related functions also occurs, without need to organize gene under control of single promoter in operon 
· 2 General Categories 
· Short- term Regulation
· Regulatory events where gene sets are quickly turned on/ off in response to changes in environment or psychological condition in environment
· Most similar to prokaryotic gene regulation
· Long- term Regulation
· Only in multicellular eukaryotes 
Differences with Prokaryotic 
· Regulation of gene expression more complex in eukaryotes, because they’re more complex. Nuclear DNA organized in chromatic, and multicellular eukaryotes produce large numbers and different kinds of cells 
· Eukaryotes have a nuclear envelope to separate process of transcription and translation 
· Vs. Prokaryotic, where translation can start on mRNA that is still being made
· Gene expression in eukaryotes regulated at more levels
· Transcriptional, post transcriptional, translational and post translational 
· Most important is transcriptional 
Organization of Protein- Coding Gene 
· Transcription initiation is the most common level at which regulation of gene expression takes place 
· Upstream of transcription unit is promoter, which controls TATA box 
· Regulatory DNA sequence transcribed by RNA Polymerase 2), about 25 base pairs
· Promoters without TATA boxes have other sequence elements with a similar role
· We focus on TATA
· RNA Polymerase 2) cannot recognize promoter sequence. Instead transcription factors recognize and bind to TATA box, and recruit polymerase
· Once RNA-Polymerase 2) transcription factor complex forms, polymerase unwinds DNA and transcription begins 
· Next to promoter, farther upstream, is promoter proximal region, which contains regulatory sequences called promoter proximal elements. Regulator proteins that bind to promoter proximal elements can stimulate or inhibit rate of transcription initiation
Activation of Transcription
· To start transcription, proteins called general Basal transcription factors bind to promoter in TATA box
· The recruit RNA Polymerase 2) (cant bind on its own promoter) and orient enzyme to start transcription at correct place 
· Transcription Initiation Complexes
· Combination of general transcription factors with RNA Polymerase 2)
· On its own brings about low rate of transcription initiation, only a few mRNA transcripts 
· Activators 
· Regulatory proteins playing a role in positive regulatory system controlling expression of 1st genes 
· Activators that bind to promoter proximal elements interact directly with general transcription factors to stimulate transcription initiation, many more transcripts synthesized in given time 
· Housekeeping genes 
· Expressed in all cell types for basic cellular functions ex. Glucose metabolism)
· Have promoter proximal elements recognized by activators in all cell types
· Genes expressed in only particular cell types/ particular times have promoter proximal elements recognized by activators found only in those cell types, or when transcription of these genes needs to be activated
· For this to turn around, particular set of activators present within cell at given time is responsible for deciding which genes are expressed to a significant level
· DNA- binding and activation functions if activators are properties of 2 distinct domains in proteins
· 3D arrangement of amino acid chains within and between domains also creates motifs
· Highly specialized regions in protein made by 3D arrangement of amino acid chains and between domains 
· Specialized different types of motifs found in proteins that do different things 
· If activators bind at enhancer, greatly increase transcription rates, because enhancers of different genes have different sets of regulatory sequences which bind particular activators 
· Co-activator/ mediator (large multiprotein complex)
· Forms bridge between activators at enhancer and proteins at promoter and promoter proximal regions and DNA forms loop
· Interacts between activators at enhancer, co-activator, proteins at promoter, and RNA Polymerase greatly stimulate transcription up to maximum rate. 
Repression 
· In some genes, repressors oppose effects of activators, blocking or reducing rate of transcription
· Final rate of transcription then depends on battle between activation and repression signal
· Repressors in eukaryotes work various ways
1) Bind to same regulatory sequence as activators bind to, preventing activators from binding
2) Bind to their own specific site near where activator binds, then interacts with activator so it cannot interact with coactivator
3) Bind to specific sites in DNA and recruit corepressors, multiprotein complexes analogous to coactivators except negative regulators, inhibiting transcription initiation
Combinatorial Gene Regulation
· Key elements of transcription regulation for protein coding gene:
· General transcription factors bind to certain promoter sequences, such as TATA box, and recruit RNA Polymerase; result is basal levels of transcription 
· Then, specific activators bind to promoter proximal elements and stimulate rate of transcription initiation 
· Activators also bind to enhancer to stimulate transcription of gene
· Events are coordinated because any given gene has specific number and type of promoter proximal elements. In some only 1, but genes under complex regulatory control have many regulatory elements, which are number and type specific for each gene. 
· Both promoter proximal regions and enhancers are important in regulating gene transcription. Each regulatory sequence in these 2 regions binds specific regulatory protein. 
· Some regulatory proteins are activators and other are repressors. So overall effect on transcription depends on particular proteins binding. 
· Activators bind to both regulatory sequences in Promoter Proximal Region and enhancer, transcription activated maximally 
· High rate of transcription and production of high level of mRNA encoded by gene
· If repressor binds to enhancer and activator binds to Promoter Proximal Region, amount of gene expression depends on relative effects of 2 regulatory proteins
· Ex. If repressor is strong, gene expression will be reduced
· Small number of regulatory (activator and repressor) proteins control transcription of all protein-coding genes
· Combination of few regulatory proteins in particular ways, transcription of wide amount of genes can be controlled
· Called Combinational Gene Regulation 
· Solve basic dilemma in gene regulation, if each gene regulated by single, distinct protein the number of genes encoding regulatory proteins have to equal the number of genes to be regulated
· Because different genes require different combinations of regulating proteins, the number of genes encoding regulatory proteins can be much lower than the number of genes regulatory proteins control 
Coordinated Regulation of Transcription of Genes with Related Functions
· Genes with related function are often clustered, and transcribed from 1 promoter onto a single mRNA 
· That mRNA is then translated to make several proteins encoded by gene
· No operons in eukaryotes, transcription of genes with relation functions is coordinately controlled
· All genes coordinately regulated have same regulatory sequences associated with them. Therefore, from 1 signal, transcription of all genes can be controlled at once
· Ex. Steroid hormones controlling gene expression in animals
· Steroid hormone acts on specific target tissue because only those in cells have steroid hormone receptors in cytoplasm to recognize and bind hormone 
· Hormone-receptor complex then enters the nucleus and binds to specific regulatory sequences adjacent to genes whose expression is controlled by hormone
· Binding activates transcription, proteins made quickly
· 1 steroid hormone can regulate many genes because they all have identical DNA sequence (steroid hormone response element) where hormone-receptor complex binds 
Methylation of DNA can Control Gene Transcription 
· Binding proteins to DNA is a common mechanism for regulating transcription, similar effects can occur by modifying DNA directly
· DNA Methylation
· Process where a methyl group is added enzymatically to cytosine bases in DNA 
· Methylated bases in promoter regions can prevent binding of transcription factors (gene turns off)
· Silencing
· Methylation of cytosine’s in eukaryotic promoters inhibits transcription, turns genes off 
· Common among vertebrates; not universal among eukaryotes 
Influence of Chromatin Structure
· DNA wrapped around core of 2 molecules each of histones H2A, H2B, H3 and H4 forming nucleosome, organizing DNA into chromatin
· Eukaryotic Promoter can exist in 2 states
· Inactive
· Normal state, nucleosomes in normal chromatin prevent general transcription factors and RNA Polymerase 2) from binding so transcription doesn’t occur. However, regulating transcription factors can’t bind to DNA and make it active to transcription can occur 
· Active: 
· General transcription factors and RNA Polymerase 2) bind to promoter and transcription regulation can occur
· Key regulating event for regulating transcription initiation is controlling transition between active and inactive
· Acetylation of histone tails is one mechanism playing an important role in determining inactive or active chromatin  
· Inactive
· Histone tails not acetylated, tight association with DNA wrapped around histone octamer of a nucleosome. When regulating transcription factor binds to regulatory sequence associated with gene can recruit protein complexes, that add enzymes acetylate (add acetyl groups) to specific amino acids
· Acetylation changes charge of histone tails, resulting in loosening of association of histones with DNA 
· Usually not enough to make chromatin completely active 
· Large multiprotein complexes bind to displace acetylated nucleosomes is promoter region from DNA, or move along DNA away from promoter
· Chromatin Remodeling
· Process where state of chromatin changed so proteins that initiate transcription can bind to their promoters 
· After, general transcription factors and RNA Polymerase 2) is free to bind and initiate transcription
· Inactivation of active gene is opposite of above process
· Tails of histone can also be modified at specific positions by enzyme- catalyzed covalent addition of methyl groups or phosphate groups
· These can affect chromatin structure and gene expression
· Therefore patterns of modification of histone tails are important in determining chromatin structure and gene activity
· Histone Code
· Regulating mechanism for altering chromatin structure and, therefore, gene activity based on signals in histone tails, represented by chemical modification patterns
· Once mRNAs are transcribed from active genes, more regulation occurs at every major step in pathway, from genes to proteins: during pre-mRNA process and movement of finished mRNA to cytoplasm. 
Posttranscriptional, Translational, and Post Translational Regulation
· Once a given mRNA made, several chances to fine-tune expression through posttranscriptional, translational and post translational controls 
Posttranscriptional Regulation
· Directs translation by controlling availability of mRNAs to ribosomes. Work by several mechanisms. 
Variations in Pre-mRNA Processing
· Remember mRNA is transcribed initially as pre-mRNA molecules, which are processed to produce finished mRNAs, which enter protein synthesis 
· Variations in pre-mRNA processing can regulate which proteins are made
· Can be processed by alternative splicing
· Makes different mRNA from same pre-mRNA by removing different combinations of exons
· Regulating mRNAs translated to produce family of related proteins with various amino acid sequences derived from exons
· Under regulatory control
· Regulatory proteins specific to type of cell control which exons are removed from pre-mRNA molecules by binding to regulatory sequences within molecules
· Outcome: Appropriate proteins within family synthesized in cell types, 1 tissue where they function best
· ¾ human genes alternatively spliced at pre-mRNA level
Posttranscriptional Control 
· Some posttranscriptional controls operate by masking proteins that bind to mRNAs, and make them unavailable for protein synthesis
· Important in many animal eggs, by keeping mRNAs in an inactive form until egg has been fertilized
· When mRNA is active, other factors remove masking proteins and allow mRNA to enter protein synthesis
Rate of mRNA Breakdown
· Can be controlled post transcriptionally
· Involves regulatory molecule (ex. steroid hormone) directly or indirectly affecting mRNA steps, either slowing down or speeding them up
· Can increase/ decrease half-life depending on presence or regulatory molecule
· Nucleotide sequences in 5’ untranslated region appear to be important in determining mRNA half-life
· Controlling sequences in 5’ untranslated region might be recognized by proteins that regulate its stability 
Regulation of Gene Expression by small RNAs
· Recently discovered that RNA can silence the expression of a particular gene
· RNA Interference (RNAi)
· Phenomenon of silencing a gene post transcriptionally by a small, single-stranded RNA that is complementary to part of an mRNA
· Now know posttranscriptional regulation can be carried out not only by regulatory proteins, but non coding single-stranded RNAs that can bind to mRNAs and affect translation
· 2 major groups of small regulatory RNAs involved in RNAi:
1) microRNAs (miRNAs)
a. Regulate gene expression by binding to specific mRNAs and decreasing their translation
2) Short interfering RNAs (siRNAs)
a. Regulate expression of certain genes by binding to their mRNA and reducing translation 
· If miRNA and mRNA pair imperfectly, double- stranded segment formed between miRNA and mRNA blocks ribosomes from translating mRNA
· Target mRNA not destroyed, expression silenced 
· If miRNA (made from RNA encoded in cells genome) and mRNA pair perfectly, enzyme in protein complex cleaves target mRNA where miRNA bound to it, silencing expression 
· RNAi is imperfect by pairing and translation inhibition, is most common mechanism in animals vs. most common in plants: RNAi by perfect pairing and RNA degradation 
· miRNA genes found in all multicellular eukaryotes, and some unicellular
· Play central roles in controlling gene expression in different cellular, physiological and developmental processes in animals and plants 
· 2nd major type is siRNA
· Produced from double stranded RNA not encoded by nuclear genes
· Ex. replication of many viruses with RNA genomes involves double-stranded DNA stage
· Cells that are attacked by these viruses can defend themselves using si RNA produced from viruses own RNA
· Viral double stranded RNA enters cells, RNAi process in a way very similar to miRNA, then degrades 1 RNA strand to make single-stranded siRNA
· siRNA-induced silencing complex
· Group of proteins, recruited when siRNA binds to mRNA that degrades target mRNA 
· Expression of any gene can be knocked down to low levels/ knocked out completely in experiments involving RNAi with siRNA
· To silence genes, researches introduce into cell double stranded RNA that can be processed into an siRNA complementary tRNA transcribed from that gene 
· Knocking down/ knocking out function of gene equal to creating a mutated version, without changing DNA sequence
· This is used to identify function of genes whose presence has been detected but with an unknown function
· After siRNA specific to gel of interest is introduced to cell researches look for change in phenotype
· If seen, how have insight into genes function and can investigate with more focus 
Translation Regulation Controls the Rate of Protein Synthesis
· Controls rate at which mRNAs are used in protein synthesis 
· Occurs in essentially all cell types and species
· Ex. Involved in cell cycle control in all eukaryotes and many process during development in multicellular eukaryotes
· During early development, little transcription occurs. Changes in protein synthesis patterns come from activation, repression, or degradation of maternal mRNA (mRNA present in egg before fertilization)
· One important mechanism involves adjusting length of Poly (A) tail of mRNA
· Enzymes can changed length of tail on an mRNA in cytoplasm in either direction
· Increases in length= increased translation
· Decreases in length= decreased translation
· Controls availability of function in 3 ways: Chemical modification, processing, and degradation 
	Chemical Modification
	Processing
	Degradation

	-Addition or removal of chemical groups, reversibly alters activity of protein
	-Proteins synthesized as inactive precursors and converted to active form under regulatory control 
	-Some proteins in cells last for a lifetime, others only minutes
-Short lived proteins marked by enzymes with “doom tag”, small protein ubiquitin
           -Almost the same for all enzymes
-When labelled recognized and attacked by proteasome (large cytoplasmic complex of number of different proteins)
-Unfolds protein, and protein- digesting enzymes within core digest protein into small peptides
-Then released and further digested into individual amino acids, and are rearranged for use in protein synthesis or oxidized for energy  

	-Ex. Acetylation of histones, addition of phosphate groups to proteins regulated cell cycle
	-Ex. Pepsin synthesized by pepsinogen, inactive pepsinogen, inactive precursor activated by removal of amino acids
	



Epigenetic Regulation Continues through Cell Division
· Many situations where established pattern of gene expression persists into next cell or organismal generation 
· Ex. genes for hemoglobin present but inactive in most vertebrae body cells 
· Appropriate pattern of gene expression can be inherited from parent cells rather than independently determined by each daughter cell
· Epigenetic
· Study of changes to gene expression that do not come from changes in DNA sequence
· May come from chemical modification of bases, chromatin remodeling, protein/ RNA binding, etc.
· Persists through cell/ organism generations
· 2 most well documented mechanisms: Feedback loops and Chromatin packaging
· Feedback Loops
· Self-sustaining regulatory loop that can maintain gene expression over cell generations
· Arises when product of particular gene associates with own promoter and stimulates own transcription
· Important in differentiation of multicellular tissue types
· Chromatin Packaging
· Regulate packaging of DNA and Chromatin
· Packaging affected by chemical modification of histone proteins that make up nucleosomes
· Densely compacted regions-heterochromatin-mutagens silent
· Specific genome region to be made into heterochromatin identified by DNA-binding proteins or small RNAs that recruit more protein complexes to modify histones and/ or DNA 

13.3h
mRNAs contain regions that code for proteins as well as noncoding regions that play a key role in protein synthesis
a eukaryotic protein coding gene is usually transcribed into pre-mRNA that must be processed in the nucleus to produce translatable mRNA
the mature mRNA exits the nucleus and is translated by ribosomes in the cytoplasm
at the 5’ end of the pre-mRNA is the 5’ guanine cap which was added by a capping enzyme just after RNA polymerase II begins transcription
cap is connected to the rest of the chain by three phosphate groups and stays put when the pre-mRNA is changed to mRNA
cap protects from degradation and is where the ribosomes bind to at the start of translation
eukaryotic gene has no terminator sequence and rather has a polyadenylation signal in the RNA that causes it to be cleaved right after the signal
the enzyme polyA polymerase adds a chain of 50-250 adenine nucleotides (called the polyA tail) one at a time to create the new 3’ end of the pre-mRNA
mRNA synthesis doesn’t use complementary base pairing 
the polyA tail allows for the pre-mRNA to be translated efficiently and protects it from attack by RNA-digesting enzymes in the cytoplasm
the non-coding sequences of a transcription unit are called introns that interrupt the protein-coding sequence, are transcribed into pre-mRNAs but are then removed when it is processed in the nucleus
the amino acid coding sequences that are retained in finished mRNAs are called exons
introns are about 6x the length of exons in humans
mRNA splicing occurs in the nucleus (in a spliceosome- a complex formed between the pre-mRNA and some ribonucleoprotein particles) and removes introns from pre-mRNAs and joins exons together 
a ribonucleoprotein particle is a complex of small nuclear RNA and proteins
complementary base pairing between regions of snRNA and mRNA ensures the splicing is so exact that not a single base of an intron is left in the finished mRNA nor is a single base removed from a exon, without this the reading frame of the coding portion of the mRNA could change and produce wrong codons
regions that are exon in one situation may be removed as intron in another situation
alternative splicing greatly increases the number and variety encoded in the cell nucleus without increasing the size of the genome
in each case, the different mRNAs are translated to produce a family of related proteins with various combinations of amino acid sequences, derived from the exons
the result is a huge number of proteins coming from a small number of genes
the diversity of proteins available rather than the amount of the DNA sequence available determines the complexity of an organisms function
exon shuffling is when existing protein regions are mixed into novel combinations to create new proteins
this causes new proteins with new functions much more quickly than by changes randomly made 

13.4
translation is the assembly of amino acids into polypeptides on ribosomes
in prokaryotes, translation occurs everywhere in the cell, the mRNA produced by transcription is not confined within a nucleus and is immediately available for translation
in eukaryotes it occurs in the cytoplasm, the mRNA produced by splicing of the pre-mRNA leaves the nucleus before it can be translated 
mRNA associates with a ribosome and its tRNA which brings amino acids to the complex to be joined to the polypeptide chain
the sequence of amino acids in the polypeptide chain is determined by the sequence of codons in the mRNA
mRNA read from 5’ to 3’ 
polypeptide assembled from the N terminal end to the C terminal end
tRNAs bring amino acid to the ribosome for addition to the polypeptide chain
tRNAs are small (75-90 nucleotides long) with a  very distinctive structure, can base-pair with themselves to form two double helix segments, anticodon at the tip of one of the segments (three nucleotide segment that base pairs with a codon in mRNAs), other end is the cloverleaf (opposite the anticodon, free 3’ end that links to the amino acid corresponding to the anticodon)
often have chemical modifications that occur in their bases and unusual base pairs (EX/ G-U) because it leads to a greater flexibility of the short chains
the cloverleaf folds into an L-shaped structure (the anticodon and segment binding the amino acid are located at opposite ends of the L structure)
the pairing of the anticodon with the first two nucleotides of the codon is always precise but the anticodon has more flexibility in paring with the third nucleotide of the codon- the third position can have either a U or C or A or G and still be able to read it if the first two nucleotides are the same, proposed by the wobble hypothesis
the correct amino acid must be present on a tRNA if translation is to be accurate
adding an amino acid to tRNA is called charging/aminoacylation
the final product of charging is a tRNA linked to its “correct” amino acid called aminoacyl-tRNA , the reaction is catalyzed by enzymes called aminoacyl-tRNA synthetases, the energy from the final product drives the formation of the peptide bond linking amino acids during translation
ribosomes carry out protein synthesis by translating mRNA into chains of amino acids
ribosomes use an mRNA molecule as the directions for how to join amino acids for making the polypeptide chain
in prokaryotes, ribosomes are found throughout the cell
in eukaryotes ribosomes are only found in the cytoplasm (the cytosol) or attached to the ER
made of a large and small subunit, each subunit are made up of rRNA and ribosomal proteins
pro and eukaryotic ribosomes are similar in structure and function but the ribosomal proteins give them distinct properties
the A site (aminoacyl site) is where the incoming aminoacyl-tRNA carrying the next amino acid binds to the mRNA, closest to the 3’ end
the P site (peptidyl site) is where the tRNA carrying the growing polypeptide chain is bound, where the peptide bond is formed
the E site (exit site) is where an exiting tRNA binds as it leaves the ribosome, get rid of the empty tRNA
during initiation, the translation components assemble on the start codon mRNA, the tRNA with Met and the anticodon for the start codon gets inserted into the P site
in elongation the assembled complex reads the string of codons in the mRNA one at a time while joining the specified amino acids into the polypeptide, happens over and over again regardless of how long the polypeptide is
termination is when the complex disassembles after the last amino acid of the polypeptide has been added
in prokaryotes, Met-tRNA and GTP bind directly to the region of the mRNA with the AUG start codon (establishing a correct reading frame), guided by the ribosome binding site (short specific RNA sequence) just before the start codon on the mRNA that pairs with the complementary sequence of rRNA in the small ribosomal subunit, large subunit then binds to the small subunit, GTP hydrolysis then begins translation
most reactions occur during the elongation phase of translation 
the P site can only bond to peptidyl-tRNA (a tRNA linked to a 2+ amino acid chain) and the initiator tRNA carrying Methionine
the A site can only bind to aminoacyl-tRNA 
tRNA starts in the P site with the initiator tRNA and then another tRNA binds to the A site and the two move over (so P-E and A-P) and another one binds to the A site, then the E gets ejected and the other two move over and the cycle repeats
elongation factors are proteins that bind to aminoacyl-tRNA in order to help them bind to the A site, and are then released afterword as well as aiding in the movement of the ribosome along the mRNA by GTP hydrolysis
elongation: formation of a peptide bond between the polypeptide chain and the incoming amino acid as catalyzed by peptidyl transferase
elongation is much faster in prokaryotes than in eukaryotes
translation is terminated when a stop codon arrives in the A site zone, a protein release factor binds to the site and causes the ribosome to disassemble into its subunits
the release factor is not a tRNA but because it can recognize the stop codon and the tRNAs cant, it gets to bind to the active site first
more than one ribosome can be attached to each mRNA at a time assuming the region up from the initiation codon
an mRNA molecule with the multiple ribosomes attached is called a polysome
In prokaryotes, because of the lack of a nuclear envelope, as soon as the 5’ end of a new mRNA emerges from the RNA polymerase, ribosomal subunits attach and initiate translation, transcription and translation can occur simultaneously, allows prokaryotic cells to respond to the changing environment very quickly
Most eukaryotic proteins are in an unfinished form when ribosomes release them, reactions then occur to covert them into the finished form by folding them into their final 3D shapes
Helper proteins called chaperones assist the folding proteins to promote the correct shape 
Alternative processing increases the number of proteins encoded by a simple gene 
Three locations for cells to go to after they are synthesized
1. In the cytoplasm
· Proteins that function in the cytosol are released from ribosomes once translation is done
· EX/ tubulin and keratin and the enzymes for glycolysis
2. In the Endomembrane System
· Includes the ER, Golgi complex, lysosomes, secretory vesicles and the nuclear and plasma membrane
· Begin their synthesis on free ribosomes in the cytosol and produce signal peptides (a short segment of amino acids) near their N-terminal ends
· The signal peptide is recognized by a signal recognition particle that initiates a series of steps which ends with the peptide inside the lumen (interior) of the rough ER
· Once inside the lumen proteins fold into their final form and gain a “postal code” as per where they are going from there
· Called cotranslational import because it occurs at the same time as translation
3. Into other membrane bound organelles
· Includes the nucleus, cell mitochondria, chloroplasts, and micro bodies
· Moved according to posttranslational import
· Proteins destined for the mitochondria, chloroplasts, and micro bodies have short amino acid sequences called transit sequences at heir N terminal end, taken up by the correct organelle by interactions between its transit sequences and organelle-specific transport complexes in the membrane of the appropriate organelle, an enzyme removes the transit sequence once it binds
· Proteins sorted to the nucleus have short amino acid sequences called nuclear localization signals, a protein binds to the signal and moves it to the nuclear pore complex where it is transported to the nucleus, never loses the signal because it needs it to re-enter the nucleus every time the membrane is degraded during cell division
Mutations are changes in the sequence of bases in the DNA
Base-pair substitution mutations: change of one base to another in the genetic material- change in a base in a codon in mRNA
1. Missense mutation: the codon changes to specify a different amino acid by changing a base pair, EX/ causes sickle cell anemia
2. Nonsense mutation: changes a codon to a stop codon, makes the polypeptide stop prematurely
3. Silent mutations: cause no changes in the performance of the protein
4. Frameshift mutation: insertion or deletion of a base pair causes a change in the reading frame for the codons


One of prosthetic groups of Comlex 1) FMN reduced by electron donation from NADH on matrix side of inner membrane


FMN donates electron to FE/S Prosthetic group, which then donates it to ubiquinone


Pattern of reduction followed by oxidation continues along entire chain until electrons finally donated to O2, reducing it to water
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Releases Heat, H2O, CO2, O2


