Chapter One: Light and Life

1.1 The physical nature of light 

Two functions: 
(1) source of energy that sustains all life
(2) light provides organisms with information about the physical world

· one thing that all structures of pigment molecules have in common are their conjugated system which results in a delocalization of electrons
· absorption of light occurs when energy of photon is transferred to an electron of the pigment molecule. 

· Keep in mind: 
(1)  a single photo results in the excitation of one, and only one, electron in a pigment molecule 
(2) the energy of the photon must match the energy difference between the ground state and one of the excited states in order for the photon to be absorbed. If energies do not match, photon is not absorbed. 

Q: What determines the colour of something? 
A: the colour of pigment is determined by the wavelength of light that cannot be absorbed. 

1.2 Light as a source of energy

· excited state of electron is a source of potential energy that can be used to do work.
· this energy is used in photosynthetic ETC to synthesize NADPH and ATP 
· used to convert CO2 into carbohydrates 
· organisms use light as a source of energy in other processes (usually referred to as photosynthesis 

1.3 Light as a source of information

· Organisms also use light to sense their environment 
· Photoreceptor: light-sensing unit of the eyespot 

*rhodopsin, a highly conserved photoreceptor
- serves as the light-sensing unit of the eyespot
- each rhodopsin molecule consists of a protein called opsin 
- this binds a single pigment molecule called retinal 
- absorption of a photon of light causes the retinal pigment molecule to change shape.
- this triggers alterations to the opsin protein 
	alters intracellular ion concentration which promotes electrical signals 

· phototaxis: a process in which a pair of flagella cells can respond to light by moving away or towards the light source. 
· This allows the cell to stay in optimum light environment to max. light capture for photosynthesis

· In some plants, light that is sensed by the photoreceptor phytochrome can intiate the program which involves the activation of hundreds of gene (initiates growth)

The process of vision 
· Requires an eye, a brain/simple nervous system that interprets signals from eyes
· Pigment cells (found in planarians): blocks most of the light rays arriving from the opposite side of the animal. 
· Therefore, most of the light received by the pigment cells enters the ocellus from the side it faces.
· This allows to direct them to areas that are darker, where predation is smaller.
· More advanced eye types: (1) compound eyes (2) single-lens eyes
· Compound eyes are multiple ommatidia (omma=eye)  units fitted closely together.

1.4 Light can damage biological molecules 

· Reasons to why life uses light:
· Most dominant form of electromagnetic radiation reaching Earth’s surface
· Due to the energy light contains
· Shorter wavelengths of electromagnetic radiation are often referred to as ionizing radiation
· Wavelengths longer than light would not produce enough energy to excite electrons necessary for photochemistry 
· (shorter wavelengths = higher energy) 
· (longer wavelengths = shorter energy)

· damage by light: DIRECT EFFECTS
· EXAMPLE: photosynthesis
· In photosynthesis, pigment-protein complexes trap energy of light and convert into chemical energy
· If there is an excess amount of light energy that gets converted into chemical energy, then it can be harmful to protein components
· Rapid repair to components begin early so rate of photosynthesis can be maintained 
· All synthetic organisms also have carotenoids 
· Accessory pigment that can protect photosynthetic apparatus from high light levels 
· Absorbs excess light
· Safely dissipates the energy as heat
· ABSOLUTELY required to protect photosynthesis apparatus 
· Plants unable to synthesize carotenoids, turn white
· B/c chlorophyll becomes oxidized 
· Light harvesting capabilities are destroyed 

· damage by light: INDIRECT EFFECTS
· light from sun = harmful due to ultraviolet radiation
· (wavelengths from 200-400)
· due to high energy, UV radiations can randomly ionize atoms in a range of molecules (including pigment molecules + proteins)
· DNA structure is vulnerable to damage
· Damage from UV is unavoidable but organisms have grown mechanisms to protect themselves
· Animals may shield skin from intense sunlight with fur/feathers
· Humans produce melanin for their protective mechanism
· Melanin: pigment that absorbs UV radiation
· Synthesize melanin in cells called melanocytes
Note**
Some levels of UV radiation is essential for humans as they need to synthesize Vitamin D. 

1.5 Role of light in ecology and behavior 

· Using light to tell time: CIRCADIAN RHYTHEMS 
· Sleep wake cycles, body temperature, locomotion, metabolic processes, cell division, behaviors with food and mating
· The ability to sense light is essential to both plants and animals because it allows them to be able to anticipate when a process occurs at its fullest and prepare accordingly
· For example, DNA replication occurs at night time as during the day DNA replication can be affected by UV radiation
· Central biological clock is found in area within the hypothalamus: suprachiasmatic nucleus 
· Suprachisamatic nucleus: receives light inputs directly from the eye. It uses this information to set the biological clock
· Clock regulates many bodily functions such as secretion of melatonin
· Many things can interfere in circadian rhythms such as jet lag

· Avoiding detection: CAMOUFLAGE 
· Example of natural selection due to camouflage is the peppered moth (see pg. 15)

· Using colour as signals 
· colour is important for pollination
· different colours, attract different species to their respective locations 

· Light in aquatic habitats
· fish that live in shallow habitats, have distinctive colours 
· species that live deeper tend to have black backs and silver underbodies 
· water absorbs longer wavelengths better than shorter wavelengths
· therefore deeper bodies of water consist solely of blue wavelengths

· Ecological light pollution
· Light pollution affects bodies as it never truly gets “dark”
· For example, turtles by the sea are affected by beach lights therefore their lives are disrupted
· Migrating birds are killed when colliding with lighted buildings and towers

1.6 Life in the dark 

1.7 Organisms making their own light: BIOLUMINESCENCE 

· Reverse process of photon - electron exciting state
· Used for communication, predation etc…






















Chapter Three: Evolution

3.1 Biodiversity

CELL: smallest unit with capacity to live & reproduce either independently or as part of as a multicellular organism
MULTICELLULAR ORGANISM: individual consisting of many cells
POPULATION: group of individuals of the same species that occupy the same area
COMMUNITY: populations of all species that occupy the same area
ECOSYSTEM: group of communities interacting with their shared physical environment
BIOSPHERE: all regions of Earth’s crust, waters, atmosphere that sustain life

How to classify organisms? 

1. Consider how organisms obtain Carbon. (carbon is backbone of all organic molecules…
· Autotrophs: synthesize organic carbon molecules using inorganic carbon
· Heterotrophs: obtain carbon from organic molecules (ex. Living hosts, or from organic molecules in the products, wastes, or remains of dead organisms)

2. The source of energy they use to drive biological activities…
· Chemotrophs: obtain energy by oxidizing inorganic or organic substance
· Phototrophs: obtain energy from light 

	Energy Source

	
	Oxidation of Molecules
	Light

	Carbon Source
	CO2
	CHEMOAUTOTROPHS
(bacteria, archaeans; not found in eukaryotes)
	PHOTOAUTOTROPHS
(photosynthetic bacteria, some proteins, plants)

	
	Organic Molecules
	CHEMOHETEROTROPHS
(bacteria, archaeans, proteins, fungi, animals & plants)
	PHOTOHETEROTROPHS
(photosynthetic bacteria)



3.2 Selection

· Selection occurs when a large population of individuals are exposed to a deadly factor and only the resistant individuals survive and further reproduce
· If the resistance is an inherited gene; then the offspring of survivors will be resistant as well
· If resistant population can reproduce quickly, then there is a boost of population that are immune to that deadly factor

3.3 Evolution
· Gradual change of characteristics of a population of organisms over time, can be the result of selection
· Darwin’s theory of evolution
· Individual organisms in a population vary in many heritable traits
· Any population has the ability to reproduce more than the environment can sustain. Survival of the fittest, competition for limited resources decides for only some individuals to survive.
· Some individuals obtain traits that give them advantage in their environment in terms of survival. These individuals are more likely to survive & reproduce. 
· These organisms also pass on most favorable traits to their offspring. Over time, the incidence of traits will change in the population.

Chapter Two: Origins of Life

2.1b Fundamental Unit of Life is the Cell

Cell theory: 
1. All organisms are composed of one or more cells
2. Cell is the smallest unit that has properties of life
3. Cells arise only from the growth and division of pre-existing cells

2.3 Origins of Information and Metabolism

Origin of Information System
· All organisms contain DNA
· DNA is copied onto molecules of related substance; ribonucleic acid (RNA) 
· This then directs production of protein molecules
· Cells contain several proteins; each coded for by a unique DNA sequence 
· Enzymes catalyze replication of DNA, transcription of DNA into RNA, translation of RNA into protein 

The development of Energy-Harnessing Reaction Pathways
· In our cells: oxidize food molecules (e.g. sugars) & reduce other molecules (e.g. those needed to synthesize DNA

2.4 Early Life
2 types of distinct life: (1) prokaryotes (2) eukaryotes
· [bookmark: _GoBack]ALL cells possess a selectively permeable membrane: separates the external environment from the cytoplasm of the cell 
· In prokaryotes, the membrane are sites of ETC which harvest light energy for synthesis of energy-rich molecules, ATP
· In eukaryotes, energy transduction machinery is found in mitochondria and chloroplasts
· DNA of P&E are organized into chromosomes however, the structure of chromosome is different respectively
· Prokaryote does not have a nucleus, DNA is found in central region of cell, called nucleoid
· Processes of transcription and translation are similar; relying on ribosomes for synthesis of proteins from an RNA template

· Prokaryotes are about 10x smaller than an eukaryote 

Oxygenic Photosynthesis and the Rise of Atmospheric Oxygen
· Earliest prokaryotic cells relied on anaerobic metabolism as the atmosphere of Earth lacked molecular oxygen
· Increase of oxygen came from a sedimentary rock called banded iron
· Consequence of splitting water, other than releasing electrons and protons, was the releasing of oxygen
· Once it is released, it was accumulated in the atmosphere over time
· Advantage gained by oxygenic atmosphere:
· Water is abundant in the environment 
· Cyanobacteria could thrive anywhere there was sunlight 
· Evolution of oxygenic photosynthesis resulted in an explosion of life as cyanobacteria quickly became dominant life on earth
· Rise in atmospheric oxygen led to evolution of prokaryotic cells 

2.5 Eukaryotic Cells 

What differentiates eukaryotic from prokaryotic?
· Separation of DNA and cytoplasm by a nuclear envelope
· Presence in cytoplasm of membrane-bound compartments with specific functions: mitochondria, chloroplasts, ER, Golgi-complex
· Motor proteins that move cells and internal cell parts 

Endomembrane system is derived from plasma membrane
How did the eukaryotic cell come from the prokaryotic cell?
In folding of the plasma membrane of the prokaryotic cell responsible of all these structures. Pockets of the cell membrane may have extended inward and surrounded nuclear region. 

Endoplasmic Reticulum: 
· Rough ER – protein synthesis 
· Many ribosomes are on its surface
· Proteins synthesized on the rough ER are destined for plasma membrane or for release outside the cell 
· After being synthesized, proteins enter lumen where the fold into final form
· Proteins are then delivered off ER and join Golgi complex
· Smooth ER – synthesis of lipids 
Golgi complex
· Contains stack of flattened membranous sacs located between rough ER and plasma membrane
· GC receives proteins made in ER 
· Further chemical modifications of proteins occur
· Regulates movements of several types of proteins 
· Some secreted from cell, embedded in plasma membrane and placed in lysosomes

The Theory of Endosymbiosis Suggests that Mitochondria and Chloroplasts Evolved from Ingested Prokaryotes 
· Prokaryotic ancestors of mitochondria and chloroplasts were engulfed by larger prokaryotic cells
· Formed a mutually advantageous relationship called a symbiosis 
· Overtime; host cell and endosymbionts became inseparable parts of same organism 
· Mitochondria came from aerobic bacteria cells
· These cells could make far more ATP from same food as anaerobic cells
· Chloroplasts came from photosynthetic bacteria	
· Host cell would be able to use light as source of energy 

Several Lines of Evidence Support the Theory of Endosymbiosis 
1. Morphology
a. Form or shape of both mitochondria and chloroplasts 



Chemical and Physical Foundations of Biology


	Ionic
	Covalent
	Hydrogen
	Van Der Waals

	Form between atoms that gain or lose valence e- completely.
	Form when atoms share a pair of valence e- rather than losing or gaining them.
	Formed by unequal sharing between hydrogen atoms and oxygen, nitrogen or sulphur atoms (noncovalent bond)
	Form between nonpolar molecules, accumulate by chance in on part of molecule or another, through their constant motion.

	Exert an attractive force over greater distances than any other chemical bond.
Attractive force extends in ALL directions.
Vary in strength depending on presence of other charged substances.
	Distinct 3D forms.
Bonds extend between atoms at discrete angles and directions.

	Form between atoms in same or different molecules. 
Individual hydrogen bonds are weak compared to ionic or covalent.
Weak attractive force makes them easier to break.
	Weaker than hydrogen bonds.
If oriented in the right way, molecules stick together briefly.



Chapter Four: Energy and Enzymes

4.1 Energy and the laws of thermodynamics

Energy exists in different forms and states
· Energy is the capacity to do work
· Kinetic Energy: energy possessed by an object because it’s in motion
· Movement present in kinetic energy is of use because it can perform work by making other objects move
· Examples – waves, falling rock, kicking a football, electricity (flow of electrons)

· Potential Energy: (stored energy) the energy an object has due to its location or chemical structure
· Examples – boulder at the top of a cliff has energy due to the gravitational field of earth, the arrangement of atoms in a molecule of glucose or gasoline has potential energy stored in the arrangement of atoms.
· A.K.A chemical potential energy

The laws of thermodynamics describe the energy flow in natural systems
· Thermodynamics: study of energy and its transformations
· Three different types of systems
1. Isolated
· Does not exchange matter or energy with its surroundings
· Example: perfected insulated Thermos bottle
2. Closed
· Can exchange energy but no matter with its surroundings 
· Example: earth takes energy generated by the sun and releases heat, but no matter is exchanged between earth and the rest of the universe
3. Open
· Both energy and matter can move freely between the system and the surroundings 
· Example: living organisms 

First law of thermodynamics - conservation of energy
· Energy can be transformed from one form into another or transferred from one place to another, but it cannot be created or destroyed.
· Illustrated by Niagara Falls. Water at the top of the falls has high potential energy due to the earth’s gravitational forces, and as the water moves over the waterfall, its potential energy is converted into kinetic energy. When it reaches the bottom of the waterfall, kinetic energy is dissipated into various forms of potential and kinetic energy (including heat, sound and mechanical energy)
· At Niagara Falls, the kinetic energy is converted into electricity and used to supply electricity to thousands of homes and businesses. 

Second law of thermodynamics 
· Each time energy is transferred from one form to another, some energy is lost and unavailable to do work.
· Entropy: randomness or disorder in quantity in thermodynamics
· The total disorder (entropy) of a system and its surroundings always increases 
· For example, a laptop only uses a specific amount of energy to power the computer. The rest of the energy is lost in other things such as heat (hence why your laptop warms up after using for a long time)
· Cells are only able to convert 40% of the potential energy in glucose into a form usable for metabolism; the remainder is lost as heat. In most cases, heat cannot be harnessed to do work and therefore it is lost to the environment. 
· To makes things more organized, requires more work. It takes energy to maintain low entropy.

Life and the second law of thermodynamics
·  Food that we eat, is used to maintain our cells in their highly ordered state. 
· For second law, things are constantly breaking down.
· *we eat food to maintain low entropy
· living organisms can be though of islands with low entropy among seas with high entropy
· this is because, the entropy of the system is allowed to decrease as long as the entropy of the universe as a whole increases. 

4.2 Free energy and spontaneous reactions
· Spontaneous Reactions: chemical or physical reaction that occurs without outside help (without any input of energy) 
· Spontaneous reactions may occur very slowly or very quickly 

Energy content and entropy contribute to making a reaction spontaneous 
· Two factors that contribute to having a spontaneous reaction or not 
1. Change in energy content of a system 
· Reactions tend to be spontaneous if the products have less potential energy than the reactants.
·  spontaneous = enthalpy of products < enthalpy of reactants
· Enthalpy (ΔH) = potential energy in a system
· Reactions that are endothermic (absorb energy) 
· Therefore, products have a higher enthalpy than reactants
· Processes that release energy are exothermic
· Therefore, products have a lower enthalpy than reactants
2. Change in entropy
· Reactions tend to be spontaneous when the products are less ordered than the reactants
·  spontaneous = entropy of products > enthalpy of reactants (that is, products are more random than reactants)
·  randomness =  entropy
·  randomness (ordered) = entropy
· Entropy (ΔS) = disorder in thermodynamics
· In general, phase changes solid  liquid  gas, increase entropy

The change in free energy indicates whether a reaction is spontaneous 
· Free energy (ΔG): portion of a system’s energy that is able to do work
· Free energy accomplishes the chemical and physical work involved in activities such as synthesis of molecules, movement and reproduction.
· Change in free energy can be calculated for any specific reactions:
Change in free energy: ΔG = Gfinal state – Ginitial state
ΔG = ΔH-TΔS
· ΔH = change in enthalpy
· ΔS = change in entropy
· T = absolute temperature in K (K = °C + 273.16)
· For reaction to be spontaneous, it must be negative (exergonic)
· Negative ΔG indicates that products < free energy than reactants
· systems:  free energy =  stability =  work capacity
· Systems will spontaneously change into a more stable state but cannot separately change into being less stable. (refer to figure 4.8, pg 77) 

Life and equilibrium 
· Chemical equilibrium: a state in which the reaction does not stop but rather a state in which the rate of the forward reaction equals the rate of the backward reaction
· As system reaches equilibrium, it’s free energy becomes lower
· Maximum stability, and lowest state of free energy is reached when system is at equilibrium (ΔG = 0)
· ΔG < 0 = further toward completion the reaction will move before equilibrium is reached
· **Many living organisms do not reach equilibrium because they have open living systems
· Thus, supply of reactants is constant
· As products are formed, they don’t accumulate but rather become reactants of another reactions
· Overall, ΔG is always negative as organisms constantly take in energy-rich molecules (or light – photosynthesis) and use them to do work.
· When organisms reach equilibrium, ΔG = 0 they are dead. 

Metabolic pathways consist of exergonic and endergonic reactions 
EXERGONIC – release energy (ΔG = negative) 
ENDERGONIC – require energy (ΔG = positive) 




Why is ΔG negative? B/c products contain less free energy than the reactants.
Why is ΔG positive? B/c products contain more free energy than the reactants.

· Reactions involved in endergonic reactions must gain free energy from surroundings to form products of that reaction
· Metabolic pathway: series of sequential reactions in which products of one reaction are used immediately as reactants of the next reaction in the series
· Catabolic pathways: energy is released by breakdown of complex molecules into simpler compounds (e.g. cellular respiration)
· Anabolic pathways: require energy to build complex molecules from simpler compounds (e.g. photosynthesis)
· (refer to figure 4.11, pg. 78)
· Catabolic are negative, and anabolic are positive, but the reactions that they are made up with individually do not have to be of the same sign. 

4.3 The energy currency of the cell: ATP

ATP hydrolysis releases free energy 
· Contain high amounts of free energy b/c they possess high energy phosphate bonds.
[image: ]Structure of ATP
· 5 carbon sugar
· Linked to nitrogenous base adenine
· Linked to chain of 3 phosphate groups

· Potential energy has much to do with the arrangement of the phosphate groups.
· Each phosphate group’s negative charges strongly repel each other, making it highly unstable.
· Removal of one or two or three phosphate groups is a spontaneous reaction that relieves the repulsion and releases large amounts of energy.
· Breakdown of ATP = hydrolysis and forms ADP and a molecule of inorganic phosphate. 
[image: ]
· ADP can be further hydrolyzed to AMP, this releases less free energy than hydrolysis of ATP
ATP + H2O  ADP + Pi
    ΔG = -7.3 kcal/mol

ATP and energy coupling 
· When ATP is dissolved in water in a test tube, it releases free energy (in form of heat)
· In body, it is rare but does occur during shivering in muscle tissue to maintain body heat
· If all ATP was like this then it would be very difficult for cells to maintain the heat in the cell that was produced to use it to do work. So how do cells make sure energy is not wasted as heat?
· Energy coupling: process by which ATP is brought in close contact with a reactant molecule involved in an endergonic reaction, and when ATP is hydrolyzed, the terminal phosphate group is transferred to the reactant molecule. 
· Transfer of phosphate results in reactant becoming phosphorylated which makes molecule less stable (more reactive).
· Energy coupling require enzyme to bring ATP and reactant molecule(s) close together. 
· Enzyme has a specific site on it that will bind to ATP & reactant molecule, allowing for transfer of phosphate group. 


· Some reactions are endergonic, but for reactions to be spontaneous they must be exergonic. For the reaction to be exergonic, join:
· An exergonic reaction
· Hydrolysis of ATP (negative)
· Endergonic biosynthesis reaction 
· (refer to glutamine example on pg. 80)
· By doing so, endergonic reactions of all living organisms are made spontaneous by coupling reactions
[image: ]
Regeneration of ATP
· How do cells generate ATP?
· Renewable resource by recombining ADP AND Pi 
· Endergonic process
· Energy for ATP synthesis comes form exergonic breakdowns of complex molecule that contain abundance of energy
· E.g. food, carbs, fats and proteins. 
· A.k.a. ATP cycle 


4.4 The role of enzymes in biological reactions
* A reaction is spontaneous does not mean it proceeds rapidly 

The activation energy represents a kinetic barrier 
· Activation energy: the energy needed for a reaction to start (small boost of energy).
· Molecules that gain the activation energy occupy the transition state, where bonds are unstable and are ready to be broken.
· Example: a rock on a hill has potential energy to roll down and release energy, but some activation energy is required to lift rock over the little stop hill. 
· What provides the activation energy for chemical reactions?
· Molecules taking part in chemical reactions are in constant motion and reacting molecules may gain enough energy to reach transition state
· E.g. propane
· Heat can speed up reactions especially in chemical reactions however, this is problematic for biological reactions
· Heat will speed up reactions but it also destroys the structural components of cells 
· Heat wouldn’t speed up metabolism reactions

Enzymes accelerate reactions by reducing the activation energy
· To increase rate of reaction without raising temperature, use a catalyst 
· Catalyst: chemical agent that speeds up rate of reaction without participating in reaction itself a.k.a enzymes
· Enzymes increase rate of reaction by lowering activation energy of the reaction 
· Rate of reaction is proportional to the number of reactant molecules that can acquire the necessary energy to get to the transition state 
· Enzymes help increase number of those reactant molecules 
· Enzymes DO NOT supply free energy to reaction therefore enzymes cannot make an endergonic process occur spontaneously 
· Enzymes DO NOT change the ΔG of a reaction

Enzymes combine with reactants and are released unchanged
· Substrate: reactant that the enzyme reacts on
· Substrate binds to the active site on the enzyme
· Active site: place on the enzyme that catalysis occurs on
· Lock and key hypothesis
· Induced fit hypothesis states:
· Enzymes are flexible
· Prior to substrate binding, enzyme changes its shape; known as conformation
· This allows active site to be more precise in its ability to bind substrate
· (Refer to figure 4.19 pg. 84)
· Since enzymes are released unchanged they can rapidly bind to other substrate molecules, catalyzing the same reaction 

Enzymes reduce the activation energy by inducing the transition state
· Through three major mechanisms:
1. Bringing the reacting molecules together
· Reactant molecules only assume transition state when they collide
· Binding to enzymes active site brings the close together and puts them into the correct orientation for catalysis to occur
2. Exposing the reactant molecule to altered charge environments that promote catalysis 
· Active site of enzyme may contain ionic groups whose positive or negative charges alter substrate in a way that favors catalysis 
3. Changing the shape of a substrate molecule
· Active site may strain or distort substrate molecules into a conformation that mimics transition state 

4.5 Conditions and factors that affect enzyme activity 

The influence of enzyme and substrate concentrations on the rate of catalysis 
· As enzyme [C] increases, rate of product formation increases
· As substrate [C] increases, reaction rate initially increases as enzyme and substrate molecules collide more frequently
· As enzyme molecules approach maximum rate, increasing substrate [C] have smaller and smaller effect on rate of reaction.
· When enzymes are cycling as rapidly as possible, further increasing substrate [C] have no effect on reaction rate. 

Enzyme inhibitors have characteristic effects on enzyme activity 
· Enzyme inhibitors: slow down the rate at which an enzyme can catalyze a reaction; molecules that bind to an enzyme and decrease its activity
· COMPETITIVE INHIBITION: inhibitor competes with normal substrate for access to active site of enzyme
· Have shapes that resemble the normal substrate closely
· Will fit into the active site which blocks access for normal substrate and thereby slows reaction rate
· If concentration of inhibitor is high enough, it may completely stop reaction
· NONCOMPETITIVE INHIBITION: does not compete with substrate for binding to active site of enzyme
· Bind to an enzyme at location separate from active site
· Binding often results to a change to the conformation of the enzyme 
· Reduces ability of active site to efficiently bind substrate 
· REVERSABLE INHIBITION
· Binding of inhibitors to enzyme is weak and readily reversible 
· Enzyme activity returns to normal following inhibitor release 
· IRREVERSABLE INHIBITON
· Some inhibitors bind so strongly to the enzyme through formation of covalent bonds
· The enzyme is completely disables
· Many of these are toxic to the cell

Allosteric control of enzyme activity
· Futile cycle: when two metabolic pathways occur simultaneously in opposite directions and have no overall effect other than wasting energy  
· To prevent this, cells is able to regulate enzyme activity so that not all enzyme are active at the same time
· If [C] of inhibitor increases, it combines with the enzyme in greater numbers 
· Thereby, interfering with enzyme activity and decreasing rate of reaction
· If [C] of inhibitor decreases, its combination with enzymes decreases proportionally; rate of reaction increases 
· Allosteric regulation
· High-affinity state (active form): where enzymes binds to substrate
· Low-affinity state (inactive form): where substrate is released from enzyme 
· Allosteric inhibitor: converts allosteric enzyme from high to low affinity state
· Allosteric activator: converts allosteric enzyme from low to high affinity state
· Feedback Inhibition: regulation in which the product of the reaction acts as a regulator of the reaction
· If there is an excess product, then the l
· Ability to shut down a pathway when not need
· The product of the last enzyme reacts with the 1st enzyme.
· Product will bind to the allosteric site of the 1st enzyme, which will change the shape of the active site (conformational change)
· Thereby, substrates no longer are able to bind to the active site of the first enzyme and the final product is no longer synthesized 

Temperature and pH are key factors affecting enzyme activity 
· Effects of pH changes:
· Each enzymes has an optimal pH where it operates at peak efficiency in speeding the rate of its biochemical reaction
· Anything on either side of the pH decreases rate of reaction
· Effects of temperature changes:
· As temperature rises, rate of chemical reactions typically increase
· More frequent and stronger collisions as temperature rises
· Temperature has an effect on all proteins, including enzymes
· Kinetic motions of the amino acid chains of an enzyme increase
· Strength and frequency of collisions between enzymes and molecules increase 
· Some disturbances are strong enough to denature the enzyme
· Hydrogen bonds & other forces break that maintain 3D structure
· Enzyme unfolds and loses its function
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