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BI-110 (BIOLOGY) NOTES
CHP 1: LIGHT & LIFE
 1.1 Physical nature of light
(a) what is light? 
Light has 2 functions: directly/indirectly provides energy to sustain life and provides information about physical world. Light is defined as the portion of electromagnetic spectrum that humans can detect with their eyes (400-700nm). Sun converts matter into energy and is given off as electromagnetic radiation. 
Chlamydomonas reinhardtii is a single celled photosynthetic eukaryote. Each ell has a chloroplast that is used in photosynthesis. Each cell contains an eyespot that gathers info about light source intensity and location. 
Particle-wave duality: light has properties of a wave and stream of photons (light is composed of a stream of energy particles called photons). The longer the wavelength, the lower the energy of the photons. (longer wavelength, lower energy)
(b) light interacts with matter
When a photon of light hits an object, it has 3 possible fates: 
· reflected off the object
· transmitted through the object
· absorbed by the object
In order to be used as energy/information, the photons must be absorbed. Only occurs is energy of photon is transferred to an electron within a molecule exciting the electron moving to an excited state from its original ground state. (photon must equal the energy difference between electron ground state and excited state otherwise it is transmitted/reflected.
The colors you see in a red shirt is due to the fact that the red wavelengths are not absorbed unlike the blue, green and yellow photons. (red wavelengths are transmitted/reflected)
Pigments are molecules that are effective at absorbing photons.
· chlorophyll a; photosynthesis
· retinal; vision
· indigo; dye jeans blue
Common feature in all pigments: region where carbon atoms are covalently bonded to each other with alternating single and double bonds (conjugated system) resulting in delocalized electrons, where none of the electrons are associated with atoms/bonding and are able to interact freely with a photon of light. 
1.2 Light as a source of energy
Not all organisms use light as energy; Halobacterium contain a pigment-protein complex called bacteriorhodopsin which acts as a light-driven proton pump (pigment captures photons of light that provide energy supply to pump protons out of the cell resulting in difference in H+ concentration.
1.3 Light as a source of information
(a) Rhodopsin, the universal photoreceptor
Light sensing system is called the photoreceptor (most common in nature is rhodopsin - basis of vision in animals and also in C. reinhardtii where it is the light sensing unit of the eyespot. Although eyespot is in the chloroplast, it does not play a role in photosynthesis; instead photoreceptors of eyespot allow the cell to sense light direction and intensity. They can use their flagella to swim toward/away from light source through process called photoaxis.
 (b) sensing light without eyes
In plants, photoreceptor called phytochrome is responsible for photomorphogenesis; normal developmental process activated when seedlings are exposed to light (more specifically, red wavelengths). 
(c) the eye
The eye can be defined as the organ animals use to sense light.
Process of vision requires eye to focus and absorb incoming light and brain/nervous system to interpret signals from eye (thought to have co-evolved).
Simplest eye; Ocellus, flatworms have these types of eyes. Contains up to 100 photoreceptor cells and enables to worms to orient themselves so that amount of light falling on 2 occeli remains equal and diminishes as they swim carrying them into darker areas (safe from predation). 
Compound eyes are common in insects and crustaceans are built of 100s of units called ommatidia. Brain receives mosaic image of the world from each individual field of vision from individual ommatidia (eg. housefly).
Single lens eye is found in most vertebrates like humans. Light enters through transparent cornea, a lens concentrates the light and focuses it onto a layer of photoreceptor cells at the back of the eye (retina). Information sent to brain through optic nerve. 
(d) Darwin and the evolution of the eye
Darwin proposed that the eye of organisms did not appear suddenly but evolved from a simpler and more primitive eye. The single lens eye in humans could have evolved over 1000times. 
1.4 The Uniqueness of Light
George Wald reasoned that visible light is used by organisms because it is the most dominant form of electromagnetic radiation reaching Earth's surface. Shorter wavelengths are absorbed by the ozone layer whereas longer wavelengths are absorbed by water vapour and carbon dioxide in the atmosphere (H2O and CO2). 
Radiation of shorter wavelengths contain enough energy to break the chemicals bonds that living things are made of. Longer wavelengths would not be able to successfully excited an electron from ground - excited state. In addition, longer wavelengths are absorbed by water.
1.5 Light Can Damage Biological Molecules
(a) damage is an unavoidable consequence of light absorption
Photoreceptor cells that line human retina can be damaged by exposure to bright light (photo-oxidative damage caused by high energy environment and excited electrons). The absorption of excess light can result in excited electrons reacting with O2 producing reactive oxygen species.
Photosynthetic apparatus for plants/algae is susceptible to photo-oxidative damage due to long periods of exposure. Typical chloroplast contains hundreds of photosystems and each can be repaired by removing and replacing the damaged proteins with new copies. 
(b) ultraviolet light is particularly harmful
Earth's atmosphere's ozone layer protects life on earth from the shortest wavelength (and most damaging form of UV). O3 is produced when photons of UV light interact with O2. Shorter wavelengths of UV light are absorbed by ozone layer and longer wavelengths of UV reach the Earth's surface.
UV light is classified as a form of ionizing radiation; photons at these wavelengths have enough energy to remove an electron from an atom (resulting in ions). 
UV light is destructive to majority of biological molecules, especially DNA; dimers change the shape of the double-helix structure and prevent its replication and hinders gene transcription. 
(c) melanin, sun tanning and vitamin D
Organisms synthesize melanin in an effort to protect themselves from UV light (melanin absorbs UV light strongly and dissipates 99% as heat). Melanin strongly absorbs wavelengths from 300-400nm.
Spectrophotometer can be used to determine specific wavelength of radiation melanin can absorb; passing light of varying wavelengths through a solution of pure pigment and the spectrophotometer will detect which wavelengths are absorbed by the pigment and info can be used to produce an absorption spectrum (absorbance vs. wavelength of light). 
Humans synthesize melanin in skin cells called melanocytes and increases upon sun exposure resulting in brown colour of suntan.
1.6 Using Light to Tell Time
(a) circadian rhythms are controlled by a biological clock
Circadian rhythms are not governed by an organism detecting changes in light but rather by an internal biological clock (circadian clock). These rhythms are set by external light environment but can run along time independently of external conditions (free-running). 
(b) biological clocks track the changing seasons
Organisms keep track of the changing seasons in part by being able to measure day length or photoperiod. Changes in photoperiod can provoke changes in fur/feather colour, trigger migration, entry into hibernation and changes in sexual behaviour.
(c) jet lag and the need to reset biological clocks
In humans, the central timekeeping is found in the brain; suprachiasmatic nucleus within the brain is central biological clock. Set by direct light input from eye. Controls circadian rhythms directly through an output pathway or synthesis of melatonin by pineal gland.
Jet lag; flights over many time zones result in your biological clock becoming out of synchronization with external light environment. 


1.7 The Role of Light in Behaviour and Ecology
(a) using colour as a signal: animals
In animals, bright colouration is a way to communicate (value as a rival or mate). More colour generally means healthier organism and a good choice for a mate.
 (b) using colour as a signal: plants
Colours and patterns of flowers are designed to attract pollinators. Pollination involves movement of pollen from anthers (male parts) of one flower to the stigma (female parts) of the same or other flowers to effect fertilization (and production of fruit/seeds). Goal of visiting insect is not pollination; obtain food like the protein rich pollen, sugar rich nectar or waxes/resins in flower. Reliance of certain animals on cetain flowers as food led to co-evolution of flower-pollinator associations. 
(c) camouflage
Camouflage; organism having similar appearance to its environment in order to conceal itself from predators/prey.
Eg. Biston betularia; Light colored moths could land on lichens on trees and remain inconspicuous but after Industrial Revolution in England, tree trunks became dark coloured from soot and air pollution killed lichens and the light coloured moths were easily detected by predators and darka coloured moths became the most common form.
(d) ecological light pollution
Artificial lighting has led to light pollution resulting in transformation of night time environment. Artificial lights disrupt orientation in nocturnal animals. 
1.8 Life in the Dark
Human rod photoreceptors are 100x as sensitive to light as cone photoreceptors therefore we can see very well during the day but not night. Nocturnal animals generally have better vision at night/low light conditions. 
Some environments, organisms live in complete darkness. Eg. blind mole rate; effectively blind from not using their eyes for millions of years. Eyes are very small and covered in tissue. Photoreceptors of the eye remain functional even though image forming part of brain is dramatically reduced. Just used for biological clock setting.

1.9 Organisms Making Their Own Light: Bioluminescence
Light absorption by pigment; energy of photon is transferred to electron raising it from ground state to excited state. Bioluminescence is the same process, reversed. Chemical energy (ATP) excites an electron and when electron returns to the ground state the energy is released as a photon of light. 
Bioluminescence used to attract mates/prey, camouflage from predators/prey and/or communicate.



















CHP 2: THE CELL: AN OVERVIEW
2.1 Basic Features of Cell Structure and Function
Cell theory states:
1. All organisms are composed of one or more cells.
2. The cell is the basic structural and functional unit of all living organims.
3. Cells arise only from the division of pre-existing cells. 
(a) cells are small and are visualized using a microscope
Microscopy is a technique for producing visible images of objects that are too small to be seen by the human eye. Instrument of microscopy is the microscope (2 types);
1. Light microscopes: use light to illuminate the specimen
2. Electron microscopes: use electrons to illuminate the specimen
Magnification is the ratio of the object as viewed to its real size. Resolution is the minimum distance by which 2 points in the specimen can be separate and still be seen as 2 points (dependent primarily on wavelength of light/electrons used; shorter wavelength -> better resolution). 
Cells are so small; Increasing diameter increases volume and surface area but not at equal ratios. Volume of a cell determines amount of chemical activity that can take place within whereas surface area is responsible for amount of substances that can be exchanged between inside and outside of cell. Nutrients must constantly enter and wastes must constantly leave. Increasing the diameter to a certain point gives a surface area insufficient to maintain optimal nutrient-waste exchange. 
(b) cells have a DNA containing central region that is surrounded by cytoplasm
All cells are bounded by plasma membrane (hydrophobic lipid bilayer with embedded protein molecules - hydrophobic barrier to passage of water soluble substances but selected water soluble substances can penetrate cell membranes through transport protein channels). Selective movement of ions and water soluble molecules through transport proteins maintains internal ionic/molecular environments.
Central region of all cells has DNA molecules (store hereditary info) and is organized in gene (segments of DNA) that code for individual proteins and help maintain DNA structure and has enzymes that duplicate DNA and copy info into RNA. 
All parts of cell between plasma membrane and central region is cytoplasm, containing organelles.
Cytosol is an aqueous water solution containing ions and organic molecules.
Cytoskeleton is protein based framework of filamentous structures that help maintain proper cell shape and help cell division and chromosome segregation.
(c) cells occur in prokaryotic and eukaryotic forms, each with distinctive structures and organization
Prokaryotes do not have a nucleus while Eukaryotes do. 
Nucleoid in Prokaryotes contains DNA and has no boundary membrane separating it from cytoplasm.
Eukaryotes have DNA contained within a membrane bound compartment (nucleus).
2.2 Prokaryotic Cells
3 common shapes of Prokaryotic cells:
1. spherical
2. rodlike
3. spiral
Genetic material found in nuceloid. For most species, DNA is single, circular molecule that unfolds when released from cell. This DNA molecule is the prokaryotic chromosome. Individual genes in the DNA molecule encode the info required to make proteins. This information is copied into mRNA (messenger RNA). Ribosomes use the information in mRNA to assemble amino acids into proteins. 
Cell wall surrounds plasma membrane of most prokaryotic cells and provides stability to prokaryotic cells and protects cell from physical damage. Wall is usually coated with layer of polysaccharides (glycocalx). It is a slime layer when diffuse and loosely associated with cells and it is a capsule when gelatinous and firmly attached to cells. Glycocalyx helps protect the cells from physical damage and desiccation. 
 Most bacteria move through liquids/wet surfaces with the use of long, threadlike protein fibres called flagella which extend from the cell surface. Bacterial flagellum rotates in a socket in the plasma membrane and cell wall to push the cell through a liquid medium. 
Some bacteria have hairlike shafts of protein called pili extending from their cell walls used to attach the cell to surfaces or other cells. Sex pilus attaches one bacterium to another during mating. 
2.3 Eukaryotic Cells
Domain of eukaryotes divided into:
· protists
· fungie
· animals
· plants
(a) eukaryotic cells have a true nucleus and cytoplasmic organelles enclosed within a plasma membrane
Eukaryotes have nucleus enclosed by membranes. The cytosol (cytoplasmic solution around organelles) participates in energy metabolism and molecular synthesis and aids support and motility.
Eukaryotic plasma membrane: has proteins that form channels in membrane to transport substances into/out of cell. Some proteins act as receptors recognizing and binding specific signal molecules in the cellular environment that trigger internal cell responses. Some recognize and adhere to molecules on the surfaces of other cells. Some label cells as "self" ensuring the immune system can identify cells without those markers as being foreign pathogens.
(b) the eukaryotic nucleus contains much more DNA than the prokaryotic nuceloid
Nucleus is separated from cytoplasm by nuclear envelope consisting of 2 membranes. Network of protein filaments called lamins lines the reinforces inner surface of nuclear envelope.
Nuclear pore complexes embedded in nuclear envelope and formed of proteins called nucleoporins. Responsible for exchanging components between nucleus and cytoplasm. Nuclear pore is path for assisted exchanged of large molecules such as proteins and RNA molecules with the cytoplasm.
Nucleoplasm is (semi) liquid substance within nucleus, mostly filled with chromatin. Most hereditary info stored among several linear DNA molecules. Each individual DNA molecule with its associated proteins is a eukaryotic chromosome. 
Chromatin refers to any collection of eukaryotic DNA molecules with their associated proteins while Chromosome refers to one complete DNA molecule with its associated proteins.
Eukaryotic nucleus contains 1 or more nucleoli that forms around the genes coding for the rRNA molecules of ribosomes. Information in rRNA genes is copied into rRNA molecules which combine with proteins to form ribosomal subunits. The ribosomal subunits leave nuceoli and exit nucleus through nuclear pore complexes into cytoplasm to join on mRNAs to form complete ribosomes. 
(c) eukaryotic ribosomes are either free in cytosol or attached to membranes
Some eukaryotic ribosomes are freely suspended in the cytosol while others are attached to membranes. Proteins made on free ribosomes in cytosol may remain in cytosol; pass through nuclear pores into the nucleus; or become parts of mitochondria, chloroplasts, the cytoskeleton or other structures. Proteins that enter nucleus become part of chromatin, line nuclear envelope (lamins) or remain in solution (nucleoplasm). 
Most ribosomes are attached to membranes or network of membranes like the endoplasmic reticulum.
(d) an endomembrane system divides the cytoplasm into functional and structural compartments
Eukaryotic cells characterized by endomembrane system (related internal membranous sacs that divide cell into functional and structural components). Functions include synthesis/modification/transport of proteins. The membranes of the system are connected either directly or indirectly by vesicles (membrane bound compartments used for transferral of substances between systems). 
Components of endomembrane system are:
· nuclear envelope
· endoplasmic reticulum
· golgi complex
· lysosomes
· vesicles
· plasma membrane
Endoplasmic reticulum is an interconnected network of membranous channels and vesicles (cisternae). Each cisterna is formed by a single membrane surrounding an enclosed space (ER Lumen). 


The rough ER is studded with ribosomes. Proteins made on ribosomes attach to ER ad enter ER lumen and fold into final form. Chemical modifications are made (Addition of carbohydrates etc) in the ER lumen. Proteins are then packaged and sent to other parts of the cell in vesicles that pinch off of the ER. For proteins made on the rough ER, it is then sent to the Golgi complex for packaging. 
The smooth ER has no studded ribosomes. Functions include; synthesis of lipids (become part of cell membrane), and can even contain enzymes that convert drugs/poisons/toxins into tolerable substances that can be safely removed from the body.
The Golgi complex  contains membranous sacs (cisternae). Golgi complex receives proteins that are made in the ER and transported in vesicles. Vesicles fuse with complex and empty contents into cisternal (the proteins can now be chemically modified). Modifications of the proteins include tagging the proteins for their destination. Eg. proteins secreted from cell are transported to plasma membrane in secretory vesicles which release their contents to exterior of cell by exocytosis. Vesicles can do the reverse (endocytosis); bringing molecules into the cell from interior. The plasma membrane forms a pocket that bulges inwards and pinches off into the cytoplasm as an endocytic vesicle. 
Lysosomes are small membrane bound vesicles that contain hydrolytic enzymes used for the digestion of molecules such as proteins, lipids, nucleic acids and polysaccharides (recycles subunits of these molecules). Only found in animals. pH of lysosomes is 5 while pH of cytosol is 7.2; hydrolytic enzymes function optimally in lysosomes but not in cytosolic solution due to pH, reducing risk to insides of cell.  Autophagy; lysosomes digest organelles that are not functioning correctly and degrades them with hydrolytic enzymes. Phagocytosis; cells engulf bacteria or other cellular debris to break them down producing a large vesicle that contains engulfed materials for the lysosomes to degrade with enzymes.                     
 (e) mitochondria are organelles in which cellular respiration occurs
Mitochondria are the membrane bound organelles in which cellular respiration occurs (cellular respiration; energy-rich molecules such as sugars, fats and other fuels are broken down into H2O and CO2 releasing energy. 
Mitochondria are enclosed by 2 membranes (both of which surround the mitochondrial matrix):
1. outer mitochondrial membrane is smooth and covers outside of organelle
2. inner mitochondria membrane is covered by folds (cristae)


(f) the cytoskeleton supports and moves cell structures
Shape and internal organization of a cell is maintained by cytoskeleton (system of protein fibres and tubes extending through cytoplasm). 
Cytoskeleton of animal cells contain 3 major types of structural elements:
1. microtubules (largest) - assembled from tubulin proteins
2. intermediate filaments - assembled from intermediate filament proteins
3. microfilaments (smallest) - assembled from actin proteins
Microtubules can change their lengths as required by their function by adding/removing tubulin dimers. They act like tubes used by engineers to construct supportive structures. They are polar. Many microtubules in animal cells are formed and radiate outward the cell centre/centrosome (near the nucleus). Microtubules are also key in separating and moving chromosomes during cell division, determining orientation for growth of new cell wall during plant cell division, maintaining shape and movement of animal cells (through the use of motor proteins called myosins, dyenins and kinesins - one end is attached to cell structure and other end has reactive groups that walk along other microtubules/microfilaments - uses ATP). 
Intermediate filaments are more tissue specific in protein function as opposed to microtubules and microfilaments but still have a similar role i.e. providing structural support.
Microfilaments have a polarity. Involved in numerous processes such as; actively flowing motion of cytoplasm (cytoplasmic streaming) which can transport nutrients, proteins and organelles.
(g) flagella propel cells, and cilia move materials over the cell surface
Flagellum propel cells through a watery medium whereas cilia moves fluids over the cell surface.
Sperm cell tail is called a flagellum. In humans, cilia cover surfaces of cells lining cavities or tubes in parts of the body (eg. cilia in oviducts conduct eggs from ovaries to uterus and cilia covering cells that line lungs' air passages to sweep out mucus containing contaminants).
2.4 Specialized Structures of Plant Cells
(a) chloroplasts are biochemical factories powered by sunlight
Chloroplasts are the sites of photosynthesis in plant cells and are part of an organelle family called plastids. Amyloplasts are colourless plastids that store starch. Chromoplasts are responsible for colours of ripening fruits/autumn leaves. All these plastids contain DNA genomes and are capable of gene expression and protein synthesis on ribosomes.
Chloroplasts are surrounded by an outer boundary membrane and inner boundary membrane (both of which enclose the stroma and within the stroma is a 3rd membrane containing sacs called thylakoids - may even be stacked forming grana).
Thylakoid membranes contain molecules that absorb light and convert it into chemical energy through photosynthesis. Primary molecule is chlorophyll a; green pigment in all chloroplasts. chemical energy is used by enzymes in stroma to make carbohydrates and other organic molecules from H2O and CO2.
In addition, chloroplast stroma contains DNA and ribosomes that are similar to certain photosynthetic bacteria indicating that chloroplasts and mitochondria originated from ancient bacteria that became permanent residents of eukaryotic cells.
(b) central vacuoles have diverse roles in storage, structural support and cell growth
Central vacuoles are large vesicles that take up most of the plant cell (pressure within vacuole supports the cells). Also store salts, organic acids, sugars, storage proteins, pigments and sometimes waste. Some even have molecules capable of breaking down biological molecules (similar to lysosomes).
Membrane surrounding the central vacuole is called the tonoplast and transports proteins that move substances into/out of cell.
(c) cells walls support and protect plant cells
Cells walls provide support to individual cells, contain the pressure produced in vacuole and protect cells from bacteria/fungi. Consists of cellulose fibres and perforate by minute channels (plasmodesmata) that allow ions and small molecules to move directly from one cell to another through connecting cytosol. 
2.5 The Animal Cell Surface
Animal cells have specialized structures that hold the cell together, allow communication between cells and organize structure (3):
1. individual cell adhesion molecules bind cells together
2. cell junctions seal the spaces between cells and provide direct communication
3. extracellular matrix supports and protects cells and provides mechanical linkages (eg. between muscle and bone)
(a) cell adhesion molecules organize animal cells into tissues and organs
Cell adhesion molecules are glycoproteins embedded in the plasma membrane. Help maintain body form and structure in animals. Some bacteria target these molecules during infection and in addition, cancer cells lose these adhesive properties allowing for the cell to move and form new tumours in new places. Cell adhesion molecules are also partially responsible for ability of cells to recognize other cells as foreign or self.
(b) cell junctions reinforce cell adhesions and provide avenues of communication
3 types of cell junctions common in animal tissues:
1. Anchoring junctions form belts that run around entire cells welding adjacent cells together. For desmosomes, intermediate filaments anchor the junction in the cytoplasm to other anchoring junctions called adherens junctions. 
2. Tight junctions are tight connections that prevent small particles from moving between cells. Seal spaces between cells in cell layers that cover internal organs and outer surfaces of body. 
3. Gap junctions open direct channels to allow ions and small molecules to pass directly from cells to other cells (opposite of tight junction). Hollow protein cylinders link up cytoplasms of cells and forms a channel providing instant communication (like plasmodesmata). 
(c) the extracellular matrix organizes the cell exterior
Primary function of ECM is protection and support. Forms the mass of skin, bones and tendons. Affects cell division, adhesion, motility, embryonic development and takes part in reactions to wounds and disease. Eg. collagen forms fibres with great tensile strength and elasticity. 
Proteoglycans are glycoproteins consisting of small proteins attached to polysaccharide molecules and the matrix consistency is dependent on the number of interlinks in this network (determines how much water can be trapped within). Fibronectins are glycoproteins that aid in organizing the ECM and help cells attach to it by binding to receptor proteins called integrins that surround the plasma membrane. 




CHP 3: DEFINING LIFE & ITS ORIGINS
3.1 What is Life?
(a) 7 characteristics shared by all life-forms
1. Display order: all forms of life are arranged in an organized fashion
2. Store and use energy: acquire energy from the environment and use it to maintain highly ordered state
3. Reproduce: ability to make their own kind
4. Respond to external stimuli: make adjustments to structure, function and behaviour in response to changes in external environment
5. Exhibit homeostasis: regulation of internal environment such that conditions remain somewhat constant
6. Growth and development: increase in size by size/number of cells over time
7. Evolve: change over generations to become better adapted to environment
3.2 The Chemical Origins of Life
(a) the earth is 4.6 billion years old
(b) earth lies within habitable zone around the sun
All components of solar system formed at the same time by gravitational condensation of matter present in an interstellar cloud of hydrogen (intense heat and pressure formed the sun whereas remainder of spiralling gas/dust condensed into planets).
Size of earth and gravitational pull responsible for its pull on atmosphere.
Molecules like nucleic acids, proteins and carbohydrates were formed in absence of life hypotheses:
1. Oparin-Haldane Hypothesis: Primordial atmosphere probably contained lots of H2O(g) and hydrogen, carbon dioxide, ammonia and methane (almost complete absence of oxygen). Oparin and Haldane proposed that organic molecules could have formed in this atmosphere. They hypothesized that early atmosphere was reducing atmosphere because of presence of certain molecules (hydrogen, methane and ammonia). Abundance of electrons within these molecules would have reacted with each other forming larger molecules. Today's atmosphere is oxidizing atmosphere. Lack of oxygen meant no ozone layer (O3) and without ozone layer, UV light could reach lower atmosphere with abundant lightning providing energy for synthesis of biological molecules. 
· Miller-Urey experiment: Proven by Stanley Miller who simulated the scenario; placed components of reducing atmosphere in closed apparatus and exposed gases to energy in form of continuously sparking electrodes. Water vapour was added in 1 part of apparatus and was found condense by cooling into another part. After 1 week, large assortment of organic compounds formed proving Oparin-Haldane hypothesis. When cyanide and formaldehyde was added to concoction, all building blocks of complex biological molecules were produced (amino acids, fatty acids, pyrine/pyramidines of nucleic acids, sugars, phospholipids, etc..). 
2. Deep-sea vents: cracks/vents near volcanic/tectonic activity release heated nutrient rich water along with reduced molecules like methane, ammonia and hydrogen sulfide and now support large diversity of life. Conditions; extreme pressure and absence of light.
3. Meteorites landed on earth and were rich with organic/biological molecules. 
(d) life requires synthesis of polymers
Polymers are macromolecules formed from several monomers being bound to each other. 
· Nucleic acids are polymers of nucleotides
· Proteins are polymers of amino acids
Polymerization was not possible on primordial earth but was made possible by use of clay (minerals separated by layers of water. This layered structure is also charged allowing for monomers to being brought in to each other leading to polymer formation. Clays can also store potential energy that may have been used for energy requiring polymerization reactions.
3.3 From Macromolecules to Life
(a) lipid spheres may have led to development of cells
Protobiont; group of abiotically produced organic molecules that are surrounded by a membrane. Early protobionts were similar to liposomes (lipid vesicles where lipids form bilayer like cell membranes). Selectively permeable: allowing only some molecules in/out. Clay accelerates polymertization of nucleic acids and lipid vesicles.
(b) RNA can carry information and catalyze reactions
Central dogma: Information is stored in DNA -> The DNA information is copied into RNA -> Information in RNA guides protein synthesis. Enzymes catalyze the transcription of DNA into RNA and the translation of RNA into protein.
Ribozymes are RNA molecules that could act as catalysts themselves. Can catalyze reactions in order to synthesize itself. Ribozymes have catalytic properties due to fact that its single stranded molecules can fold into specific shape based on intramolecular hydrogen bonding/base pairing. *early life may have existed such that RNA served as carrier of info and structural/functional molecule like a protein due to its shape changing abilities*
(c) RNA is replaced by DNA for information storage and proteins for catalysis
DNA stores info and proteins catalyze more effectively than RNA on its own. First cells may have contained only RNA (self replicating and catalyze small reactions for survival). Population of RNA molecules evolved that could catalyze info of short proteins before ribosomes (organelle required for protein synthesis and is intermediate between RNA and protein). 
Cells evolve to use info in RNA for protein synthesis is advantageous due to:
1. Catalytic power of enzyme is greater than ribozyme.
2. Very few ribozymes in comparison and 20 different kinds of amino acids in different arrangements whereas RNA has different arrangements of 4 nucleotides.
3. Amino acids can interact chemically with each other in bonding arrangements whereas nucleotides cannot. 
DNA molecules are double stranded and contain sugar deoxyribose (harder to synthesize than ribose in RNA). Natural selection favoured DNA over RNA because:
1. Each strand of DNA is more chemically stable and less likely to degrade.
2. Base uracil in RNA is not in DNA (replaced by thymine). Cytosine to uracil conversion is common mutation in DNA and use of thymine makes it easier to detect damaged cytosine.
3. Since DNA is double stranded, mutation on one of the strands can be contained and the complementary strand can be used to repair the damaged strand.
(d) simple oxidation reduction reactions probably preceded metabolism
3.4 The Earliest Forms of Life
(a) the earliest evidence of life is found in fossils
Stromatolites: type of layered rock formed when microorganisms bind particles of sediment together forming sheets. 


(b) first cells relied on anaerobic metabolism
Heterotrophs were most likely the earliest forms of life; organisms that obtain carbon from organic molecules (eg. humans). Earliest heterotrophs must have relied on anaerobic forms of respiration and fermentive pathways to extract energy from organic molecules because of lack of oxygen in early atmosphere. 
Autotrophs: obtain carbon from environment as inorganic form (CO2) (eg. plants and other photosynthetic organisms). Anoxygenic photosynthesis; evolved after photosynthesis and is present in bacteria where compounds like hydrogen sulfide and ferrous iron (Fe2+) are used as electron donors.
(c) oxygenic photosynthesis led to rise in oxygen in atmosphere
Cyanobacteria use water as electron donor, rleasing electrons and molecular oxygen. Free oxygen incorporated into mineral deposits (eg iron) creating banded rock (formed when oxygen reacted with iron in water forming rust) and oxygen started to accumulate in atmosphere. Cyanobacteria could survive anywhere with sunlight. 
(d) could life have come to earth from space
Panspermia; hypothesis that simple forms of life are present in outer space and may have "seeded" early Earth.
(e) all present day organisms are descended from a common ancestor
Common attributes shared by all life forms on Earth:
1. Cells made of lipid molecules brought together forming a bilayer
2. Genetic system based on DNA
3. System of information transfer (DNA to RNA to protein synthesis)
4. System of protein assembly from pool of amino acids by translation using mRNA and tRNA using ribosomes
5. Reliance on proteins as major structural and catalytic molecule
6. ATP used as chemical energy
7. Breakdown of glucose to generate ATP
LUCA: original life-form from which all archaea, bacteria and eukaryotes are descended (Last Universal Common Ancestor). 


3.5 The Eukaryotic Cell and the Rise of Multicellularity
What distinguishes eukaryotic cells from archaea/bacteria:
1. Separation of DNA and cytoplasm by nuclear envelope
2. Presence in cytoplasm of membrane bound compartments with specialised metabolic/synthetic functions (eg. mitochondria, chloroplasts, ER, etc..)
(a) theory of endosymbiosis suggests that mitochondria and chloroplasts evolved from ingested prokaryotes
Mitochondria are descended from aerobic bacteria (with O2) and chloroplasts are descended from cyanobacteria.
Endosymbiosis states that prokaryotic ancestors of modern mitochondria and chloroplasts were engulfed by larger prokaryotic cells forming a symbiosis (mutually advantageous.
(b) several lines of evidence support theory of endosymbiosis
1. Morphology: form or shape of mitochondria/chloroplast are similar to that of bacteria/archaea
2. Reproduction: cell cannot synthesize mitochondrion/chloroplast; synthesized only from pre-existing mitochondria/chloroplasts *binary fission* which is also used in bacteria/archaea
3. Genetic information: If ancestors of mitochondrion/chloroplasts were individual cells, they should have DNA and this is true. 
4. Transcription and Translation: Chloroplasts and mitochondria contain complete transcription and translational machinery; genes encoded by genomes translated into mRNA and translated on ribosomes mRNA and tRNA to synthesize proteins in DNA.
5. Electron transport: Mitochondria/chloroplasts both have ETCs to generate chemical energy. ETCs of archaea/bacteria are found in plasma membrane and if swallowed up by endosymbiosis, would be found inside membrane of endocytic vesicles and mitochondria/chloroplasts both have double membranes and inner membrane contains ETC.
6. Sequence analysis: RNA sequencing that makes up ribosomes of chloroplasts/mitochondria is similar to that of archaea/bacteria.
(c) horizontal gene transfer followed by endosymbiosis
Genome is the complete complement of an organism's genetic material. Mitochondrial/chloroplast genome does not have same number of genes as bacteria/archaea. 
After endosymbiosis, early eukaryotic cells would have contained several nuceli compartments with its own genome. 
1. Some of genes within protomitochondrion/protochloroplast were lost (redundant as nucleus had same genes and encoded same proteins)
2. Genes within protomitochondria/protochloroplast relocated to nucleus through horizontal gene transfer (HGT) resulting in change in location of gene (not function).
(d) the endomembrane system may be derived from the plasma membrane
Endomembrane system: collection of internal membranes dividing cell into structural and functional regions: nuclear envelope, endoplasmic reticulum, Golgi complex, etc.. 
Hypothesis of formation of endomembrane system: cell lines from prokaryotic cells to eukaryotes; plasma pockets dipped inwards and surrounded nuclear region and fused with DNA forming nuclear envelope. Remaining membranes formed vesicles in cytoplasm resulting in endoplasmic reticulum and Golgi complex. 
(e) solving an energy crisis may have led to eukaryotes
Bacteria and archaea are still simple because increased complexity requires increased energy and prokaryotic cells are not capable of this. 
Ability to generate more ATP in eukaryotes led to cells becoming larger as enough energy to support increased volume supporting larger genome that codes for more proteins.
(f) the evolution of multicellular eukaryotes led to increased specialization









CHP 4: ENERGY & ENZYMES
4.1 Energy and the Laws of Thermodynamics
Energy is the capacity it takes to do work
(a) energy exists in different forms and states
Kinetic energy is energy possessed by object in motion.
Potential energy is stored in an object due to its location/chemical structure.
Energy can be converted from form to another.
(b) the laws of thermodynamics describe energy and its transformation
Thermodynamics is the study of energy and its transformations. System is the object being studied and everything outside the system is the surroundings.
Types of systems:
1. Closed system; exchange energy, but cannot exchange matter.
2. Isolated system; cannot exchange energy nor matter.
3. Open system; energy and matter can move freely. 
(c) the first law of thermodynamics energy can be transformed but not created or destroyed
1st Law of thermodynamics states energy can be transferred but not created/destroyed (conservation of energy). 
(d) the secondary law of thermodynamics: energy transformations increase disorder
2nd Law of thermodynamics states total disorder of system and its surroundings always increases and during transformation of energy, energy is always lost leading to disorder of universe. 
(e) life obeys 2nd law of thermodynamics
2nd law states that biological molecules are constantly breaking down and it takes energy to maintain low entropy i.e. life goes against 2nd law of thermodynamics in reality. 
Living cells are thermodynamically open systems where energy and matter is exchanged from inside and outside.
Entropy is constantly increasing in cells resulting in emission of heat and by products like CO2. Entropy of system is allowed to decrease provided entropy of universe increases as a result.
4.2 Free Energy and Spontaneous Reactions
Spontaneous reactions are reactions that occur without an input of energy (can have slow or fast reaction rate).
(a) energy content and entropy contribute to making a reaction spontaneous
2 factors that may influence spontaneity of reaction:
1. Reactions tend to be spontaneous is products have less potential energy than reactions (enthalpy). Reactions that absorb energy from surroundings are endothermic resulting in products having more energy than reactants. Reactions that release energy to surroundings are exothermic and products have less potential energy than reactants.
2. Reactions tend to be spontaneous when products are less ordered than reactants. Entropy of products greater than entropy of reactants.
(b) the change in free energy indicates whether a reaction is spontaneous
Portion of a system's energy available to do work is called free energy (ΔG). 
Δ G= Δ H-T Δ S where G is change in free energy, H is change in enthalpy, T is absolute temperature in Kelvin, and S is change in entropy of system.
In order for a reaction to be spontaneous, ΔG must be negative. 
(c) exergonic reactions reach equilibrium rather than going to completion
Chemical equilibrium is the point at which there is no longer any overall change in concentration of products and reactants. Molecules do not stop reacting, the rate of forward reaction = rate of backward reaction until free energy becomes lower and reaches lowest point. (Chemical reactions always go towards equilibrium) 
(d) metabolic pathways consist of exergonic and endergonic reactions
Metabolism: sum of all chemical reactions within an organisms.
Exergonic reaction releases free energy and has - ΔG whereas endergonic reaction consumes free energy and has + ΔG.
Catabolic pathway: energy released by breakdown of complex molecules.
Anabolic pathway: energy is consumed to build complicated molecules.
4.3 Adenosine Triphosphate is the Energy Currency of the Cell
(a) ATP breakdown releases free energy
Breakdown of ATP is referred to as a hydrolysis reaction and releases free energy and results in ADP and an inorganic phosphate group. 
High free energy from ATP hydrolysis is due to 3 facts:
1. ADP and Pi have negative charge and repels each other (favoured by hydrolysis)
2. release of Pi allows for greater chance for hydration
3. orthophosphate group can exist in wide variety of resonance forms and this release of orthophosphate increases entropy.
(b) energy coupling links the energy of ATP to other molecules
Cells harness free energy in ATP for cellular work through energy coupling (exergonic release of ATP is broken down into ADP (not hydrolyzed because it is prevented because enzyme site is not accessible to water); Pi is used for endergonic reaction). This requires enzyme catalysis.
(c) cells also couple reactions to regenerate ATP
Breakdown of ATP is exergonic reaction where ATP synthesis from ADP + Pi is endergonic.
4.4 The Role of Enzymes in Biological Reactions
Reaction is unstable is free energy (ΔG) is negative and in a kinetically unstable reaction, reactants are converted to products much faster.
Activation energy is the initial investment of energy required to the start the reaction. *in a graph represented by the initial 'jump' in free energy following by a steep downfall until it reaches the products* Molecules that are able to gain necessary activation energy for a reaction occupy transition state. 
Activation energy is provided for by molecules in constant motion and sometimes gain enough energy to reach transition state. If significant number of reactant molecules reach transition state, free energy released may be enough to get the remainder reactant molecules to transition state.



(b) enzymes accelerate reactions by reducing the activation energy
Problems that arise when using heat to speed up a reaction:
1. high temperature may destroy structural components of cell (eg. denature a protein)
2. increase in temperature would speed up all chemical reactions in cell therefore critical regulation of metabolic pathways activity would be lost
Catalyst speeds up rate of reaction without taking part in the reaction and remains unchanged after the reaction has completed. Enzymes are the most common biological catalysts (and are proteins). Enzymes increase the rate of reaction by lowering activation energy (i.e. the more the activation energy required for a reaction to take place, the slower the reaction will be). 
(c) enzymes combine with reactants and are released unchanged
Substrate is the reactant an enzyme will act upon. Each enzyme is specific for catalyzing a single type of molecule/closely related molecules. Active site: region where substrate interacts with enzyme.
Lock and key hypothesis: explained why similarly shaped substrates could not bind to enzyme for catalysis but was replaced by the Induced fit hypothesis: explained that enzymes are flexible and before binding, the enzyme could change conformation to optimize active site.
Enzymes sometimes require a cofactor (non protein that binds to enzyme) and is usually a metal (iron, copper, zinc, etc..) Small amounts are needed but necessary. Organic coenzymes are similar and are derived from vitamins.
(d) enzymes reduce the activation energy by inducing the transition state
Enzymes increase the rate of reaction by increasing the number of molecules that reach transition state.
Enzymes' 3 mechanisms:
1. Bringing reacting molecules together (physical sense): reacting molecules need to collide
2. Exposing the reactant molecule to altered charge environments that promote catalysis: active site of enzyme may have +/- ionic group to alter substrate
3. Changing the shape of a substrate molecule: active site may distort substrate molecule into structure that mimics transition state


4.5 Conditions and Factors that Affect Enzyme Activity
(a) enzyme and substrate concentrations can change the rate of catalysis 
When excess substrate is present, the rate of catalysis is proportional to the number of enzyme molecules present (more enzymes, higher rate). This wears off as enzyme molecules approach max rate at combining with the reactants/substrates.
At low concentrations of substrate molecules, they collide infrequency with enzyme molecule therefore the catalysis reaction will be slow.
(b) enzyme inhibitors have characteristic effects on enzyme activity
Enzyme inhibitors can lower catalysis rate (non-substrate molecules that bind to enzyme and reduce efficiency).
· Competitive inhibition: when the inhibitor combines with active site has a shape that resembles the substrate closely enough to fit and occupy the active site thereby blocking original substrate's access to active site. If concentration of inhibitor is high enough, reaction may stop completely.
· Non-competitive inhibition: molecules inhibit enzyme activity but not by binding to active site (i.e. does not compete with substrate molecules). Reduces enzyme's efficiency because upon binding starts to change shape of enzyme thereby changing its function/rendering it useless (active site cannot effectively bind to substrate). 
Reversible inhibition: binding of inhibitors to enzyme is weak and reversible and enzyme will return to normal. Irreversible inhibition: inhibitors bind so strongly to enzyme with covalent bonds that enzyme is completely disabled. 
(c) cells adjust enzyme activity to meet needs for reaction products
· Allosteric regulation: enzyme activity controlled by reversible binding of regulatory molecule to allosteric site (outside active site). This may increase/decrease enzyme activity. This action is non-competitive because it does not interfere with the active site.
· 	This results in 2 possible conformations; (1) high affinity state where enzyme is bound strongly to substrate and (2) low affinity state where enzyme binds to substrate weakly or not at all. Binding with allosteric inhibitor converts the enzyme from high to low affinity state whereas binding with allosteric activator will cause it to convert from low to high affinity state.
Metabolic regulation that uses allosteric inhibitors/activators to affect produce accumulation is known as feedback inhibition. 
Covalent modification: some enzymes cannot be activated by allosteric regulators and are only activated when their structure changes through covalent modification, opposite also true (active enzymes that need to be inactive). 
Addition of phosphate group: phosphorylation and removal: dephosphorylation (carried about by phosphatases).
Proteolytic cleavage is when inactive forms are catalytically activated when protein is shortened by protease enzyme. 
(d) temperature and pH are key factors affecting enzyme activity
· Effects of pH changes: enzymes usually have optimal pH for peak efficiency. Rate of catalysis drops on either side of this pH (eg. pepsin is secreted in stomach therefore must be acidic environment (1.5pH) and trypsin has pH optimum of 8 due to alkaline contents of intestine where it is secreted.
· Effects of temperature changes: *at some point these disturbances become strong enough to denature the enzyme*
1. As temperature rises, rate of chemical reaction increases. Kinetic motion of molecules lead to more frequent and stronger collisions as temperature rises.
2. As temperature rises, kinetic motions of amino acid chains of enzymes increase along with strength and frequency of collisions.











CHP 5: CELL MEMBRANES AND SIGNALLING
5.1 An Overview of the Structure of Membranes
The plasma membrane acts as a selectively permeable barrier and allows for the uptake of key nutrients and elimination of waste products while protecting the internal environment.
(a) a membrane consists of proteins in a fluid of lipid molecules
Current view of membrane structure based on fluid mosaic model. Proposes that membranes are not rigid with molecules locked into place but consist of proteins within a mixture of lipid molecules (oil consistency). Shows that integral proteins are suspended individually in a fluid lipid bilayer and peripheral proteins are attached to integral proteins or membrane lipids mostly on cytoplasmic side of membrane.
Membrane asymmetry: proteins and other components of one half of lipid bilayer are different from other half of bilayer reflecting the difference between functions of both sides of membrane.
(b) experimental evidence in support of the fluid mosaic model
Support by 2 major evidences:
1. Membranes are fluid: David Frye and Michael A. Edidin grew human and mouse cells separately. Membrane proteins were tagged with corresponding dyes and the samples were fused and within minutes, the distinctly colored proteins began to mix and soon completely intermixed proving that the membrane bilayer is as fluid as olive oil.
2. Membrane asymmetry: block of cells rapidly frozen and fractured. Electron microscopy shows the split membranes appear as smooth layers in which individual particles the size of proteins are embedded (showed that either side of membrane had particles differing in size, number and shape.
5.2 The Lipid Fabric of a Membrane
(a) phospholipids are the dominant lipids in membranes
The lipid bilayer is made up of phospholipids. Each phospholipid consists of a polar head attached to non-polar fatty acid tails. All phospholipids are amphipathic (contains region that is hydrophobic - non polar and hydrophilic - polar). 
Phospholipids can differ in degree of unsaturation of fatty acids. If all carbon atoms are bound to max number of hydrogen atoms it is to be fully saturated. If carbon-carbon double bonds exist that cause kinks and bends in structure, it is said to be unsaturated. 
When placed in an aqueous solution, phospholipids assembled into 1 of 3 possible structures:
1. Micelle
2. Liposome
3. Bilayer
~dependent on phospholipid concentration. Formed due to hydrophobic effect (polar molecules exclude hydrophobic molecules - fatty acids - fatty acid tails interact with each other and polar heads associate with water.
(b) fatty acid composition and temperature affect membrane fluidity
Fluidity of lipid bilayer influenced by 2 factors:
1. Type of fatty acids that make up the lipid molecules: fully saturated fatty acids are linear allowing tightly packed lipid molecules whereas lipid molecules with 1+ unsaturated fatty acids are prevented from packing too close together due to kinks/bends in fatty acid backbone. Therefore the more unsaturated the fatty acids, the more fluid the lipid bilayer membrane.
2. Temperature: as temperature drops, random molecular motion of lipid molecules slows down and fluidity is lost and phospholipid molecules form semisolid gel. This temperature where gelling occurs is depending on fatty acid composition (the more unsaturated, the lower the temperature at which gelling occurs). 
(c) organisms can adjust fatty acid composition
Organisms that cannot regular their temperature are called ectotherms. It is essential to cell function that membranes are in a fluid state. At high temperatures, membranes may become too fluid due to increased molecular motion resulting in membrane leakage. Most organisms can adjust fatty acid composition of membranes to ensure proper fluidity is maintained over a broad temperature range. Certain ectotherms are able to survive at extremely low temperatures because they are able to increase the proportion of unsaturated fatty acids in their membranes.
Unsaturated fatty acids are produced during fatty acid biosynthesis by desaturases. Initially synthesized as fully saturated molecules and desaturases can act to remove 2 H atoms from neighbouring C atoms introducing a double bond. Desaturases are regulated by gene transcription and mRNA. Through regulation of desaturases, many organisms can regulate amount of unsaturated fatty acids thus maintaining proper membrane fluidity. Increased temperature leads to increased desaturase transcript abundance and higher amounts of desaturases results in increased number of unsaturated fatty acids.
Sterols influence membrane fluidity (eg. cholesterol is found in membranes of animal cells and act as membrane buffers; at high temperatures, they restrain movement of lipid molecules reducing fluidity of membrane and at lower temperatures, they disrupt fatty acids from associating by occupying space between lipid molecules slowing the transition to nonfluid gel state.
5.3 Membrane Proteins
(a) the key function to membrane proteins
Membrane proteins can be placed into 4 functional categories:
1. Transport: protein that provides hydrophilic transport channel to transport substances across membrane.
2. Enzymatic activity: Numerous enzymes are membrane proteins.
3. Signal transduction: Receptor proteins on membranes' outer surface bind to specific chemicals (eg. hormones) and trigger changes on inside of cell membrane leading to transduction of signal through cell.
4. Attachment/recognition: Proteins exposed to inner and outer membrane surfaces act as attachment points for cytoskeleton elements.
(b) integral membrane proteins interact with the membrane hydrophobic core
Proteins embedded in phospholipid bilayer are called integral membrane proteins; further broken down into transmembrane proteins (traverse the entire lipid bilayer). These transmembrane proteins have to interact with the aqueous environment of both sides of membrane and hydrophobic core, they have regions that differ in polarity.
(c) peripheral membrane proteins interact with the membrane hydrophilic surface
Peripheral membrane proteins are positioned on the surface of the membrane and do not interact with hydrophobic core of membrane. Held by noncovalent bonds - Hydrogen and ionic bonds. Usually found on cytoplasmic side of plasma membrane and form part of cytoskeleton. 
5.4 Passive Membrane Transport
(a) passive transport is based on diffusion
Passive transport is the movement of a substance across a membrane without the need to use energy (ATP). It is driven by diffusion; the net movement of a substance from a region of higher concentration to lower concentration. Diffusion is driven by increasing entropy (disorder), the entropy incerases until the molecules are evenly distributed and entropy is at its highest. this process releases free energy.
Rate of diffusion is dependent on concentration gradient difference between the 2 mediums. Larger the difference, faster the rate of diffusion.
(b) there are 2 types of passive transport: simple and facilitated
1. Simple diffusion is movement of molecules directly across membrane with use of a transporter. Rate of simple diffusion is dependent on molecular size and lipid solubility.
2. Facilitated diffusion is the diffusion of molecules across a membrane with the use of a transporter (eg. transport of many polar and charged molecules like water, amino acids, sugars and ions). Like simple diffusion, when concentration gradient is equivalent on both sides (0), diffusion stops.
(c) 2 groups of transport proteins carry out facilitated diffusion
1) Channel proteins: these proteins form hydrophilic pathways in the membrane that aids molecules to pass through by shielding them from the hydrophobic core of bilayer. Used for certain ions and even water. 
· Aquaporins (transport proteins) used in facilitated diffusion of water
· Gated channel (transport proteins) is used by switching between open, closed and intermediate states and is critical for transport of most ions. Voltage changes across the membrane influence gates opening/closing. (Eg of use is in animals, it's used in nerve conduction and control over muscle contraction).
2) Carrier proteins  form passageways through lipid bilayer. Each carrier protein binds to specific solute and transports it across bilayer. Single solute transferred by single protein makes it uniport transport. By transporting molecules, the carrier protein changes shape so that it can successfully move the solute binding site from one side of the membrane to the other. 
Difference between facilitated diffusion and simple diffusion:
· Rate of diffusion in facilitated diffusion is much faster. 
· Facilitated diffusion can become saturated with solutes (similar to enzymes) due to the limited number of transporters for specific molecules. When all transporters are occupied at the same time, the rate of transport of the substrate reaches a plateau where increasing the concentration has no effect on transport rate. *in simple diffusion, the entire membrane is the transport therefore although it has a slower rate of transfer, it never reaches a plateau.*


(d) osmosis is passive diffusion of water
Osmosis: water passively moving across membranes; defined as diffusion of water molecules across a selectively permeable membrane from a solution of lesser solute concentration to a solution of greater solute concentration. Only the water molecules are permitted to pass, not solute molecules. Osmosis can occur by simple diffusion or facilitated diffusion (aquaporins). 
Movement of water by osmosis dictated by solute concentration: 
· Hypotonic: if solution surrounding a cell contains solutes at lower concentrations than in cell; water will entire through osmosis and cell will swell and some animal cells (red blood) may even burst (lyse). Plant cells have cell walls so the cell pushes against the cell wall resulting in turgor pressure.
· Hypertonic: if solution surrounding a cell contains solutes at higher concentrations than in cell; water leaves cell by osmosis and may result in shrinkage. 
· Isotonic: concentration of water inside and outside cells is equal. Energetic cost (ATP to transport ions/molecules across membrane). 
5.5 Active Membrane Transport
(a) active transport requires energy
Transport of molecules against a concentration gradient (low - high conc.) and requires energy (ATP) is active transport. 
Main functions of active transport: 
1. uptake of essential nutrients from fluid surround cells even if concentrations are greater outside of cell/lower than in cell
2. removal of secretory/waste materials from cells/organelles even if concentration gradient of materials is higher outside of cells
3. maintainence of constant intracellular concentrations of H+, Na+, K+, Ca 2+. Since ions are charged, active transport of ions can lead to voltage (electrical potential difference across membrane).
Classes of active transport:  
1. Primary active transport: same protein that transports molecule also hydrolyses ATP to power transport directly.
2. Secondary active transport: transport is indirectly driven by ATP.

(b) primary active transport moves positively charged ions
All primary active transport pumps move positively charged ions across membranes.
· eg. H+ proton pumps: push hydrogen ions from cytoplasm to cell exterior by temporarily binding a phosphate group from ATP during the pump cycle.
· eg. Ca2+ pump pushes Ca2+ from cytoplasm to cell exterior and from cytosol into vesicles of endoplasmic reticulum resulting in high concentration of Ca2+ outside cells and inside ER.
Sodium-potassium pump (Na+/K+) in plasma membrane of animals cells pushes 3Na+ out of cell and 2K+ into cell resulting in positive charges outside membrane and inside of cell becomes 'negatively' charged. Electrical potential difference (voltage) results from unequal ion distribution and is called a membrane potential (-50 to -200mV). This leads to an electrochemical gradient (electrical charge difference on 2 sides of membrane). Electrochemical gradients store energy used in other transporters. 
(c) secondary active transport moves both ions and organic molecules
Secondary active transport occurs by 2 mechanisms:
1. Symport: cotransported solute moves through membrane channel in same direction as driving ion (cotransport)
2. Antiport: driving ion moves through membrane channel in one direction to provide energy for active transport of another molecule in opposite direction (exchange diffusion)
5.6 Exocytosis and Endocytosis
(a) exocytosis releases molecules to outside by means of secretory vesicles
Exocytosis: secretory vesicles move through cytoplasm and contact plasma membrane, fusing and releasing vesicles contents to cell exterior. 
(b) endocytosis brings materials into cells in endocytic vesicles
Endocytosis: substances are trapped in pitlike depressions bulging inward from plasma membrane that pinch off as an endocytic vesicle.
2 possible pathways: 
1. Bulk-phase endocytosis (or pinocytosis = cell drinking): extracellular water is taken in along with molecules that happen to be in the solution (no binding/surface receptor).
2. Receptor-mediated endocytosis: molecules to be taken in are bound to outer cell surface by receptor proteins (integral proteins recognize and bind certain molecules from solution around cell) and after binding to target molecule, receptors collect into depression in plasma membrane (coated pit) through protein network (clathrin) that reinforce cytoplasmic side. Pits deepen and pinch free of plasma membrane forming endocytic vesicles and fuse with lysosome that digests contents of vesicles.
Phagocytosis (cell eating) is related to receptor mediated endocytosis because surface receptors bind molecules to substances and cytoplasmic lobes extend to engulf the materials and pinch them into an endocytic vesicle that are digested by the cell.
5.7 Role of Membranes in Cell Signalling
Binding of signal molecule to plasma membrane receptor can trigger activation of signalling cascade (signal molecule does not need to enter cell); experiments show that signal molecule produces no response if injected into cytoplasm and unrelated molecules that mimic structure of normal signal molecule can trigger cell response provided they bind to recognition site of receptor. 
Protein kinases are enzymes that transfer a phosphate group from ATP to a site on a protein and is a signalling mechanism. Usually act in a chain reaction creating a series of phosphorylation reactions (phosphorylation cascade) to pass the signal. Last protein in cascade is the target protein. 
Protein phosphatases have the opposite effect than protein kinases; they remove phosphate groups from proteins but unlike protein kinases, are always active in cells.
Amplification is the increase in magnitude of each step as signal transduction pathway proceed and occurs because the proteins that carry out individual steps are enzymes that can each activate 100s of proteins. The more enzyme catalyzed steps in a response, the greater the amplification. 






CHP 6: CELLULAR RESPIRATION
6.1 The Chemical Basis of Cellular Respiration
(a) food is fuel
(b) coupled oxidation-reduction reactions are central to energy metabolism
Potential energy contained in fuel molecules released when molecules lose electrons (oxidized) and when electrons released from a molecule that is oxidized are by another molecule (reduced). Oxidation Is Loss of electrons; Reduction Is Gaining of electrons (OIL RIG)
(c) cellular respiration is controlled combustion
Oxidation of food molecules happens when dehydrogenases are present; they facilitate transfer of electrons from food to energy carrier.
6.2 Cellular Respiration: An Overview
(a) cellular respiration can be divided into 3 phases
1. Glycolysis: where enzymes break down a molecule of glucose into 2 molecules of pyruvate and some ATP and NADH is synthesized in the process
2. Pyruvate oxidation and the citric acid cycle (Krebs cycle): acetyl-CoA (formed from oxidation of pyruvate) is oxidized to carbon dioxide and some ATP and NADH is synthesized in the process
3. Oxidative phosphorylation: NADH synthesized by glycolysis and Krebs cycle is oxidized and the free electrons are passed through an electron chain until transferred to oxygen producing water. The free energy released is used to synthesize ATP through the use of a protein gradient across membranes (H+ pump). 
(b) the mitochondrion is the site of cellular respiration in eukaryotes
In eukaryotic cells, citric acid cycle and oxidative phosphorylation occur in specialized membrane bound organelle called mitochondrion (mitochondria). Composed of inner and outer membrane and define the intermembrane space (between outer and inner membrane) and mitochondrial matrix (interior). 
6.3 Glycolysis: The Splitting of Glucose
(a) glycolysis is a universal and ancient metabolic process
1. Glycolysis is  found in Archaea, Bacteria and Eukaryotes
2. Glycolysis does not depend on presence of O2
3. Glycolysis occurs in cytosol of all cells using soluble enzymes therefore does not require electron transport chain.
(b) glycolysis includes energy requiring and energy releasing steps
1. Energy investment followed by payoff: initial 5 step energy investment followed by 5 step energy payoff. 2 ATPs are consumed and results in a payoff of 4 ATP and 2 NADH molecules (for each glucose molecule 2x)
2. No carbon is lost; glucose (6C) is converted into 2 pyruvates (3C) but potential energy is lessened.
3. ATP is generated by substrate level phosphorylation; involves transfer of phosphate group from high energy substrate to ADP
6.4 Pyruvate Oxidation and the Citric Acid Cycle
(a) pyruvate oxidation links glycolysis and the citric acid cycle
Pyruvate synthesized during glycolysis must pass through inner and outer mitochondrial membrane because citric acid cycle reactions are localized in mitochondrial matrix. Once in matrix, pyruvate converted to acetyl-CoA through pyruvate oxidation.
(b) the citric acid cycle oxidizes acetyl groups to carbon dioxide
Citric acid cycle consists of 8enzyme catalyzed reactions (7 are in mitochondrial matrix and 1 is bound to matrix size of mitochondrial membrane). 
For one turn of citric acid cycle, 3NADH, 1FADH2 and 1ATP is synthesized and all this comes from oxidation of one acetyl unit and releases 2CO2. All this is multiplied by 2 because 1 glucose -> 2pyruvate -> 2acetyl groups.. Therefore final yield from citric acid cycle/Krebs cycle is 6NADH, 2FADH, 2ATP and releases 4CO2. 
6.5 Oxidative Phosphorylation: Electron Transport and Chemiosmosis
(a) electron transport chain converts potential energy in NADH and FADH2 into a proton-motive force
Electron transport chain is found on inner mitochondrial membrane and transfers electrons from NADH2 and FADH2 to oxygen.



ETC consists of 4 protein complexes:
1. Complex 1; NADH dehydrogenase
2. Complex 2; succinate dehydrogenase
3. Complex 3; cytochrome complex
4. Complex 4; cytochrome oxidase
Electron flow from 1 complex to another is facilitated by 2 mobile electron shuttles:
1. Ubiquinone; hydrophobic molecule in membrane shuttles e-‑ from complex 1 to 2 and 3.
2. Cytochrome c on intermembrane space of membrane transfers e- from complex 3 to 4.
(b) electrons move spontaneously along the ETC
Prosthetic groups facilitated electron transfer between complexes. They are organized from high to low energy so that electrons move down the chain. 
(c) chemiosmosis powers ATP synthseis by a proton gradient
One side of inner mitochondrial membrane has higher concentration of protons than other side represents potential energy for work:
1. chemical gradient exists across membrane due to difference in H+ concentration gradient
2. protons charged resulting in electrical difference
This combination results in producing stored energy called proton-motive force. The harnessing of this energy is chemiosmosis. 
Mode of ATP synthesis linked to oxidation of energy rich molecules by the ETC is called oxidative phosphorylation. This relise on action of multiprotein complex called ATP synthase.
(d) ATP synthase is a molecular motor
Lollipop-shaped complex with a basal unit and headpiece. Headpiece extends into mitochondrial matrix while basal unit is used as H+ channel of transport. Proton-motive force propels protons in intermembrane space against concentration gradient into mitochondrial matrix.  
· While active transport pump uses ATP (hydrolysis) to provide energy for ion transport, ATP synthase does the 'reverse'.
· ATP is not a product of e- transport, it is synthesized through chemiosmosis.

(e) electron transport and chemiosmosis can be uncoupled
ETC and chemiosmosis are separate; this uncoupling occurs when mechanisms prevent the proton-motive force from being formed (eg. ionophores form channels across membranes allowing for transferral of ions)
Uncouplers are chemicals that are poetntially lethal to organisms because high rate of e- transport but prevents chemiosmotic ATP synthesis. When electron transport is uncoupled, free energy released from electron transport is not conserved but instead released as heat.
6.6 The Efficiency and Regulation of Cellular Respiration
(a) what are the ATP yield and efficiency of cellular respiration?
3ATPs can be made from 1NADH and 2ATPs can be made from 1FADH2 (because it skips complex 1).
Glycolysis produces 2ATP and 2NADH and 2pyruvate -> pyruvate oxidation produces 2NADH.
Citric acid cycle; the 2pyruvates that became 2acetyl-CoAs result in 2ATP, 6NADH and 2FADH2.
Therefore all 3 processes result in 10NADH and 2FADH2 that can be oxidized by Electron Transport Chain resulting in 34ATP; (3ATPx10NADH = 30ATP and 2ATPx2FADH2 = 4ATP).
Including the 2ATP from glycolysis and 2ATP from citric acid cycle, this adds up to 38ATP in total produced by the entire process.
Reasons why max yield is not always reached:
1. Max of 38ATP is true in bacteria, theoretical max of eukaryotic cells is 36ATP due to energy costs of transporting NADH from glycolysis into mitochondrion. 
2. Electron transport and oxidative phosphorylation are rarely 100% coupled together. Inner mitochondrial membrane is somewhat leaky to protons therefore not all protons pumped across electron transport pass back through ATP synthase. 
3. Proton-motive force generated by electron transport is used for other things other than generating ATP.
(b) fats, proteins and carbohydrates can be oxidized by cellular respiration
Carbs such as sucrose and other disaccharides are easily broken down into monosaccharides like glucose and fructose and enter glycolysis at early steps. Starch can be hydrolyzed by digestive enzymes into glucose monomers whereas glycogen is broken down and converted by enzymes into a substrate molecule in glycolysis.
Fats; trigylcerides are major sources of electrons for ATP synthesis; hydrolyzed into glycerol and individual fatty acids.
Proteins; hydrolyzed into amino acids before oxidation. NH2 (amino) is removed and molecule enters respiratory pathway as pyruvate and acetyl units with CoA or substrates of citric acid cycle.
(c) respiratory intermediates are utilities for anabolic reactions
(d) cellular respiration is controlled by supply & demand
6.7 Oxygen and Cellular Respiration
(a) in eukaryotic cells, low oxygen levels result in fermentation
After glycolysis, cellular respiration in eukaryotic cells can continue along 2 pathways depending on presence of oxygen: if oxygen is abundant, pyruvate and NADH produced by glycolysis are transported into mitochondrian where they are used in citric acid cycle and ETC. If oxygen is absent/short supply, pyruvate remains in cytosol where it will consume the NADH generated in glycolysis through fermentation.
Types of fermentation:
1. Lactate fermentation; pyruvate is converted into 3carbon compound lactate. When vigorous contraction of muscle cells calls for more oxygen than circulating blood can supply, lactate fermentation occurs. Lactate will accumulate and temporarily store electrons and when oxygen content in muscle is normal, pyruvate and NADH are regenerated. 
2. Alcohol fermentation; happens in micro-organisms. Pyruvate is oxidized twice to CO2 a molecule of ethyl alcohol as NADH is converted to NAD+. Eg of commercial use; Saccharomyces cerevisiae (yeast) is used to make bread dough rise by mixing yeast with sugar and blending into the dough where oxygen is low. Yeast convert sugars into ethyl alcohol and CO2 and the CO2 gas expands and rises causing dough to rise. Oven evaporates the alcohol and expands the bubbles more. Whenever organisms are in environment with low oxygen sypply (can't support oxidative phosphorylation), NADH is consumed fermentation reactions keep cytosolic NAD+ high because it is required for glycolysis. 



(b) in anaerobic respiration, terminal electron acceptor is not oxygen
Anaerobic respiration; when the terminal electron acceptor is not oxygen (replacements include; sulate (SO42-), nitrate (NO3-) and ferric ion (Fe3+). 
Advantage of aerobic respiration is that the affinity of oxygen for electron is greater than that of many of the other electron acceptors (increased efficiency at converting the energy in food molecules into ATP)
(c) organisms differ with respect to their ability to use oxygen
Strict aerobes absolutely require oxygen to survive and are unable to live solely by fermentation. In absence of oxygen, ATP is only generated by substrate level phosphorylation during glycolysis: 2ATP per glucose molecule. 
Humans and other animals are especially sensitive to low oxygen environments due to the brains' huge energy requirement only met by constant and high rates of oxidative phosphorylation. 
Facultative anaerobes switch between fermentation and full oxidative pathways depending on oxygen supply.
Strict anerobes require an oxygen-free environment to survive. Gain ATP from fermentation of anaerobic respiration. 
(b) the paradox of aerobic life is that oxygen is essential and toxic
Paradox of aerobic life: strict anaerobes die in oxygen environment, although oxygen is absolutely essential to survival off many organisms, it is also potentially toxic to others. 
Takes 4e- to reduce molecule of O2 to water, partially reduced forms of O2 (reactive oxygen species) are formed when O2 accepts fewer electrons. These are very powerful oxidized molecules and can readily remove electrons from proteins, lipids and DNA resulting in oxidative damage. 
*To survive in oxygen rich environments, aerobic organisms have an antioxidant defence system that intercepts and inactivates reactive oxygen molecules (eg. superoxide dismutase and catalase). These antioxidants act as reducing agents. Therefore strict anaerobes die in presence of oxygen because of buildup of toxic reactive oxygen species within cells if exposed to oxygen since they may not have enzymes previously mentioned (even if they have the enzymes, oxygen seems to inactivate them).



	

