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Light – most fundamental of natural phenomena

Physical Nature of Light
What is the function of light?
1) The first function of light is that it is a source of energy directly or indirectly sustains all organisms
2) The second function of light is that it provides organisms with information about the world around them
Example: Chalydomonas reinhardtii – C.reinhardtii is a single-celled photosynthetic eukaryote that if found in ponds and lakes
Chloroplast of cell harvest light energy to make energy-rich molecules during photosynthesis
Eyespots on cell act as light sensors – used to gather information about location and intensity of light

What is Light?
The Sun and Light
The sun converts hydrogen into helium at a 3.8x10^38 hydrogen nuclei per second
The son converts over 4 million tons of matter into energy every second
Energy is known as electromagnetic radiation
Travels at approximately 1.1 billion kilometers/ hour
Reaches the earth (from sun) in 8 minutes
How do we distinguish different types of electromagnetic radiation?
Scientist distinguish electromagnetic radiation by their wavelengths 
What is a wavelength?
Wavelength is the distance between two successive peaks
Range of Wavelengths: Range from 10^-12 m for cosmic rays to 10^6 m for radio waves

What is light?
Light is defined as the portion of electromagnetic spectrum that we detect with our eyes
Light is a narrow portion of the electromagnetic spectrum
Spans from 400 nm to 700 nm
In physics – light includes other regions of the electromagnetic spectrum; thus visible light, infrared light, and ultraviolet light are commonly used

Facts on Light
Light has no mass – unlike atoms that make up the matter
Light behaves as a wave as it travels through space 
Light is composed of a stream of energy particles called photons
Photons are streams of energy particles
What is particle-wave duality?
Light has properties of both waves and photons
Therefore, light is best understood as waves of photons
Relationship between wavelength of light and energy of photon is inverse
The longer the wavelength – the lower the energy of the photon that it contains
Blue wavelengths contain photons of higher energy
Red wavelengths contain photons of lower energy

Light Interacts with Matter
Despite that light has no mass – it is still capable of interacting with matter and permitting change
This change is what allows the energy of light to be used by living things
Light can be:
1) Reflected by an object
2) Transmitted through an object
3) Absorbed by an object – this is what is required in order for living things to use energy of light

What is the absorption of light?
Absorption of light occurs when energy of photo is transferred to the electron
When photon energy is transferred to electron; electron becomes exited and moves to a higher-energy level
Criteria required for photon to be absorbed
Photon can only be absorbed if energy of photon is equal to the energy difference between the ground state and the excited state
If it does not match – photon is transmitted or reflected
What is so special about excited state?
It is the excited state of a electron that represents the source of energy required for processes such as photosynthesis and vision

What are pigments?
Pigments are a major class of molecules that are efficient at absorbing photons
Large diversity of pigments
Ex. Chlorophyll a for photosynthesis
Retinal for vision
Indigo for blue color in jeans
What allows pigments to capture light?
All pigments share feature critical to light absorption: a region where carbons are covalently bonded to each other with alternating single and double bonds
Alternating single and double carbon bonds is called the conjugated system
Conjugated system results in delocalization of electrons
Allows electrons to interact with a photon of light
How to pigments work?
Pigments absorb light at different wavelengths
Why? Pigments differ in number of excited states available to excitable electrons
Explains why some pigments can absorb only blue photons – only one high-energy excited state: others can absorb two because that have tow or more excited states

Photon absorption is related to the concept of color
Pigments color is a result of the photons of light that it does not absorb 
Pigments color is determined by the photons that are reflected off the pigment or transmitted through the pigment to reach your eye

Light and Energy
How the energy from sun enters the biosphere?
Energy from sun enters the biosphere through photosynthesis – light is converted by plants and related organisms into carbon dioxide and sugars
What happens after absorption of light?
Potential energy of excited electron within pigment molecules is used in photosynthetic electron transport to make NADPH and ATP (energy-rich compounds)
NADPH and ATP are consumed in Calvin cycle to produce carbohydrates and CO2
Photosynthesis: Converts ATP to carbon dioxide and carbohydrates
Cellular Respiration: Breaks down carbohydrates and other molecules trapping released energy as ATP
Trapping released energy as ATP – used for fundamental life processes

Not all organisms do not use light energy to convert to carbon dioxide and carbohydrates
Example: Halobacterium
Thrive in habitats with salt-levels lethal to other forms of life
Contain a pigment-protein complex called bacteriorhodopsin
Bacteriorhodopsin functions as light-driven protein pump
Captures photons of light that provide energy to pump protons out of the cell – creating a H+ difference in concentration
Results in a source of potential energy that is used by enzyme at ATP synthase to generate ATP and ADP + Pi
IN Halobacteria, ATP synthesized through bacteriorhodopsin is used for various energy-requiring reasons but not for production of CO2 and carbohydrates

Light as a Source of Information
Organisms use light to sense their environment – to provide them with crucial information about what is around them
Performing a simple task in the dark allows us to realize how important the ability to sense light is
Not every species sees the world in the same way

Rhodopsin – the universal photoreceptor 
What is a photoreceptor?
Photoreceptor is the basic light sensing system
Photoreceptor is the basis of vision in animals but also in other organisms

How does rhodopsin work?
Rhodopsin molecules consists of proteins called opsin that binds to a single pigment molecule called retinal
Opsin protein of rhodopsin binds to pigment molecule retinal
What is Opsin?
Opsin’s are proteins of rhodopsin
Work by spanning the membrane multiple times and form a complex with the retinal molecule at the center
Opsin forms complex with retinal molecule at the center
Rhodopsin is evolutionarily related to bacteriorhodopsin found in Halobacteria
What happens at light absorption?
At light absorption or absorption of a proton
1) Retinal molecule changes shape
2) Shape change of retinal causes alterations to opsin protein
Alteration to opsin protein creates a downstream of events
Alterations in intracellular ion concentration and electrical signal
3) Alteration in electrical signals are sent to visual centers of the brain
Eye contains 150 million + photoreceptor cells (rods and cones)
Each photoreceptor contains thousands of rhodopsin molecules
Rhodopsin – most common photoreceptor found in nature
However, there are many other photoreceptors that absorb light of particular wavelengths
Vision and Smell
Difference senses but proteins are very similar to opsins are used in olfaction
Specific aspects of opsin proteins are used in sensory perception

Sensing Light without Eyes
Many organisms sense light in their surroundings even without the organs considered to be eyes
Organisms include plants, algae, invertebrates, and prokaryotes
Example: C.reinhardtii – eyespot (less than 1um)
Eyespot apparatus involves over 200 proteins
Proteins include opsin that are the basis of the rhodopsin-based photoreceptors
C-reinhardtii use flagella to swim towards or away rom light source in a process called phototaxis
Allows light to stay in optimum light environment to maximize light capture for photosynthesis
Plants and Photoreceptors
Main photoreceptors in plants are phytochromes which senses the light environment critical for photomorphogenesis
Photomorphogenesis is the process in which seedlings are exposed to waves of red light
Phytochromes and Photomorphogenesis
Phytochromes are in cytosol of all plant cells
When seedlings are exposed to a wavelengths of red light; phytochromes becomes active and initiates a signal transduction pathway that reaches the nucleus
In nucleus – these signals activate hundreds of genes; which many code for proteins involved in photosynthesis and leaf development

The Eye
What is the eye?
The eye can be defined as a organ used to sense light
What distinguishes eyes from other structures?
Eye allows for vision
Vision requires eye to focus and absorb incoming light but also brain or simple nervous system to interpret signals
Eye and brain co-evolved 
Where does detailed visual processing occur?
Detailed visual processing occurs in brain not the eye
We see with our brains and not the eye
Simplest Eye – ocellus which consist of cup or pit lined with 100 photoreceptor cells
Flatworms – help them stay away form light
Insects, anthropoids
What is found in all forms of true eyes?
A photoreceptor cell is actually a modified nerve cell found in all eyes
Photoreceptor cells contains thousands of individual photoreceptor molecules

Greatest Advance in Eye Development: Produced light image of the lighted environment
Image forming eyes are found in two types
1) Compound Eyes
Found in insects and arthropods 
Built of hundreds of ommatidia
Each ommatidia samples only small part of visual field with incoming light being focused on a bundle of photoreceptor
From signal – brain formulates mosaic image of the world
Ommatidia detects smallest motions thus organisms with compound eye are extraordinarily good at detecting movements
Why we cant swat flies easily
2) Single Lens Eye
Found in some invertebrates and most vertebrates including humans
How does the single lens eye work?
Light enters transparent cornea 
Lens concentrates the light and focuses it onto a layer of photoreceptor cells at the back of the eye – the retina
Photoreceptor cells of retina send information to the brain through the optic nerve

Darwin and the Evolution of the Eye
Darwin argued that organs of extreme perfection would present problems
The Eye
Evolved over time from a simple primitive eye
Research now suggest that over 2000 small improvements were made to the single-lens eye
Human eye could have evolved 1000 times
Most eyes have fundamental similarities in underlying developmental program
Diversity of organisms have recruited the gene Pax6 
Pax6 is identified as a master control gene universally employed for eye formation in animals
Evolution/improvement of the eye is critical to survival

The Uniqueness of Light
Light – 400-700nm
Used for photosynthesis, navigation, phototaxis and other light-driven processes
Why is visible light used for so many applications?
Because visible light is the most dominant form of electromagnetic radiation reaching Earth’s surface
Shorter wavelengths are absorbed by ozone
Longer wavelengths absorbed by water vapor in atmosphere
Why use light as energy?
Radiation of shorter wavelengths contain too much energy – this energy has the possibility of destroying chemical bonds that hold together molecules of living things
Electromagnetic radiation is relatively week and thus not able to supply enough energy to move electron from ground state to excited state

Light Damaging Biological Molecules
Higher ultra-violet radiation can damage biological molecules
Excessive absorption of light

Damage is an Unavoidable Consequence of Light Absorption

What can be damaged?
Photoreceptors that line the human retina can be damaged from exposure to bright light
High energy environment associated with pigment molecules and excited electrons can result in photo-oxidative damage
Excessive damage to photoreceptor can lead to death of cells
How does it damage?
Absorption of excessive light can cause reaction with O2 and form oxygen species
Oxygen species are harmful as they damage proteins and other biological molecules
Excessive light + O2 = oxygen species
Oxygen species damage biological molecules + proteins
Plants and Photo-Oxidative Damage?
Plants are often in exposure to full sunlight – susceptible to photo-oxidative damage
Photosystems that absorb energy of thousands of photons each second can repair themselves unlike the photoreceptors of the eyes
Must be repaired so that photosynthesis can be maintained even under high-light

Ultraviolet Light is Harmful
Wavelengths between 200 nm (X-rays) and blue light (400nm) are harmful
Ultraviolet light is greater and more damaging to biological molecules
How is life on earth protected from UV light?
Ozone layer protects living organisms from UV when photons of UV light interact with molecular oxygen
UV light + O2 -> O3
What is ultraviolet light classified as?
Ionizing radiation 
Same goes for x-rays and gamma rays
What does ionizing radiation mean?
Photons of wavelengths are powerful enough to remove electrons from atoms – creating an ion; atoms where total number of protons and electrons are not equal
What does UV damage?
UV damages structure of DNA
UV + nucleotide of DNA results in production of a dimer – when two neighboring bases are covalently linked
Why are dimers bad?
Dimers change the shape of the double-helix structure of DNA and prevents replication
Dimers prevent replication and gene transcription
Dimers can give rise to genetic mutation that has been linked to cancer

How does the body protect itself from UV?
To protect itself from UV radiation – the body produces melanin
How does melanin work to protect the body?
Melanin acts a pigment that absorbs UV light
Melanin is very efficient at absorbing UV radiation and disposes energy as heat (99%)
How do we determine specific wavelength that melanin can absorb?
We determine the specific wavelength melanin can absorb through spectrometer
By passing light through pigment – spectrophometer can determine which light is being transmitted/ thus  which light is being absorbed
Data can be used to create a absorption spectrum; plot of absorbance in relation to wavelength of light
What are melanocytes?
Melanocytes are what synthesize melanin
Melanocyte create more melanin when individual is exposed to more light/ creates color of suntan
Why don’t all humans have high-melanin?
UV is required for synthesis of vitamin D; however vitamin D deficiency can be solved by diet

Using Light to Tell Time
Earth rotates on its axis once every 24 hours
Two motions give predictable changes to the light and temperature at Earth’s surface
Give rise to seasons and day/night
Influences evolution

Circadian Rhythms are Controlled by a Biological Clock
Daily cycling of certain phenomena is due simply to organisms responding to changes in sun-light
Example: Photosynthesis can only occur in the darkness because requires photons of light
What are circadian rhythms?
Diurnal cycling of other phenomena is caused by circadian rhythms
Circadian rhythms are not driven by organisms detecting changes in daylight but rather the internal biological clock
Examples of circadian rhythm phenomena’s: sleep-wake cycles, body temperature, metabolic processes, cell division and behavior associated with foraging for food and mating
Functions of the Biological Clock
Although the clock is set by external light environment – they can run along time independently of external conditions
Running independently of external conditions is known as free-running
Free-Running Nature
Discovered when Marian found out that daily rhythmic movements of certain plant leaves continue when he placed plant in complete darkness
Human circadian rhythms are found in fluctuation in body temperature and hormone levels
What is the basis of this free-running biological clock?
A requirement of anything that keeps time is something that oscillates  (moves back and forth)
Biological clock is built on the basis of so-called clock genes and clock proteins
Expression of genes and proteins is autoregulatory – they control their own abundance and thus allows for oscillates in activity
Rise and fall over course of 24 hours
Oscillating nature of clock – what controls circadian nature of various behaviors and physiological processes
How normal are circadian rhythms?
Circadian rhythms have been found in all organisms in which they have been searched for 
Bacteria -> Animals
Why are circadian rhythms so popular?
Allows for selective advantage
Presence of circadian rhythm allows organisms to survive under changing environments
Gives organisms to predict or anticipate when a change will occur
Prediction is beneficial as it increases survivability
Example: DNA replication occurs at night because proteins required for DNA replication are made at night
Protects DNA from damage of UV light

Biological Clock plays a role in tracking changing seasons
Biological clock plays role in 3 aspects
1) Diurnal behavior
2) Physiology
3) Tracking time of the year
How do organisms track changing seasons?
Organisms track changing seasons in part by being able to measure day length or photoperiod
Photoperiod – day length
Change due to earths orientation of the suns axis

Why is it important to track seasons?
So that plant and animal phenomena occur under the most appropriate environment conditions
Example: Plants – onset of flowering occurs in spring and winter
Example: Animals – color changes in fur, trigger migration, hibernation, changes in sexual behavior
Suprachiasmatic Nucleus 
What is the SCN?
The SCN is the area within the brain that controls the central biological clock in humans
It is set by direct light input from the eye
What does the SCN do?
SCN controls circadian rhythm directly through synthesis of hormone melatonin by pineal gland

Jet Lag – A Need to Reset Biological Clock

In Humans – all clocks (peripheral clocks) are set by the central biological clock found in the SCN (small part of the brain)

How does this clock reset?
This clock resets when it receives direct light inputs through the optic nerve
How does the SCN control peripheral clocks?
SCN controls peripheral tissues through the release during the night of hormone melatonin
What interferes with circadian cycle?
Jet lag – occurs when circadian cycling is out of synchronization with external light environment
External light environment is not synchronized with internal biological clock wen jet lag occurs 
What does jet lag lead to?
Lack of appetite, fatigue, insomnia, and mild depression
Jet Lag shows that:
1) Biological clock cannot be reset to new light conditions but requires few days to adjust
Lack of Synchronization is Unhealthy
Low dosages of melatonin can help


The Role of Light in Behavior and Ecology
Differences in intensity and spectral composition lead to unique organism adaptations to specific light environment

Using Color as a Signal: Animals

Why bright coloration?
Bright coloration serves valuable role in communication
Communicates individuals worth as a rival or mate
Example: More colorful males are more likely to find a mate
Example: Penguins with more yellow around eye and upper chest are healthier and older – raise more chicks in given year than mating pairs less brightly yellow
Carotenoids are obtained from what mammals eat and circulate in the blood stream
Carotenoids have also played a role in breaking down potentially harmful reactive oxygen species
Therefore, more brightly colored individual = healthier individual is

Using Color as a Signal: Plants
Color of plants are not used to please humans but to attract pollination
What is pollination again?
Movement of pollen from (anthers) male part to the  (stigma) female pars
Reproduction of pants
Plants that use animals as pollinators?
Must ensure effect pollination
What has led to co-evolution of flower-pollinator associations?
Due to dependence of specific plant species on certain animals to act as pollinators
Due to reliance of certain animals on particular flowers as food source
Co-Evolution means that… overtime, changes in one species leads to change in the other
Leads to specific flowers of shape, color, and smell that are used to attract specific group of potential pollinators
Color – key factor that attracts specific groups of pollinators
Visual system of pollinators differ
Pollinators are attracted to colors they can see and some are attracted to UV light

Camouflage
What is camouflage?
Is a way of hiding, that in the natural world, usually involves an organisms having a similar appearance to its environment
Reason for camouflage
Concealment from predator or prey
Example: Peppered-moth
Natural selection benefited the dark-moth during industrial evolution
Clean air regulations now return to benefit light-moth so they are not easily detected by predators

Ecological Light Pollution
Rapid proliferation of artificial light has resulted in light-pollution
Light-pollution transforms night-time environment
Example: US 40% live in environment that truly gets dark at night
Why is light pollution bad?
Disrupts activities of nocturnal animals that operate in the dark
Nocturnal lives of animals including frogs and salamanders have been disrupted by light pollution
Migrating birds are killed  (hundreds of thousands) when they collide with lighted buildings and towers

Life in the Dark
Humans – see well during the day, but decreasing light levels = lost of ability to distinguish shapes
Rod photoreceptors (photoreceptors that do not perceive different colors) are 100 times more sensitive to light as cone photoreceptors
Nocturnal animals – see better under low-light conditions compared to animals that are active during the day
Larger eyes will lead to improved vision because of ability to collect more photons
Animals have become adapted to environments where light does not penetrate even though their ancestors had eyes
Example: Blind Mole Rat
Spends all of life in underground darkness and rarely ventures above ground
25 million years of adaptation to life in the dark has resulted in natural degeneration of the Spalax visual system to the point that is efficiently blind
Adaption to no light leads blind mole rat to be blind
Behavioral and physiological studies show that photoreceptors are still functional although image-format of brain is reduced
Purpose of photoreceptor is to allow for regulation of circadian rhythms and proper setting of biological clock
SCN is well developed

Organisms making their own light: Bioluminescence
What is bioluminescence?
A process in which certain organisms are able to make their own light
Bioluminescence is the reverse of light absorption

What happens?
Chemical energy in the form is ATP is used to excite electron from ground state to higher state.
When electrons moves from higher state to ground state – energy is released as a photon of light
5% of the energy in ATP is lost as heat during the process of bioluminescent light production
Essential because high heat production would be incompatible with life
Why are organisms bioluminescent?
Attract mate or prey, camouflage, communication

Marine Bacteria use Bioluminescence
Why? Communication called quorum sensing
Individual bacteria release compounds into their environment at concentrations too low but as bacterial population grow in size it reaches threshold, quorum where concentration of compounds is high enough to elicit physiological response in all members of the population
Response results activation of certain genes including those that encode for proteins required for bioluminescence
So individual bacteria communicated – leading to elicit physiological response – activation for genes that encode proteins required for bioluminescence

These organisms – live in 800 m, a depth of which sunlight does not penetrate
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Discovery of the cell
Hooke 
Leeuwenhoek – single-lens microscope to discover sperm cells, and bacteria/ protists
Brown – discovered nucleus
Schleiden – nucleus is linked to development of cell
Schwann – animal and plant cells contain cells that contain nucleus
Virchow – answered where cells come from
Virchow answered that cells come from pre-existing cells by a process of cell divisions

Cell Theory
1) All organism are composed of one or more cells
2) Cell is basic structural and functional units of all living organisms
3) Cells arise from division of pre-existing cells

Basic Feature of Cell Structure and Functions
Cell Functions
Cells carry out essential processes of life
Cells respond to changes in environment by altering internal reactions
Cells duplicate and pass on hereditary information as part of cellular reproduction
Cell Structure
Cells contain nucleic acids DNA and RNA which carry hereditary information
Single Celled Organisms
Include bacteria and archaea
Singled-cells are functionally independent organisms capable of carrying out all activities necessary for life
Multicellular Organisms
Plants and animals
Activities of life depend on specialized cells
Individual cells are capable of surviving if placed in appropriate medium
If cells are broken open; property of life is lost broken cells are unable to grow, reproduce and respond to outside stimuli

Cells are Small and Are Visualized Using Microscope
Three Domains of Life
Bacteria
Archaea
Eukaryote 
Prokaryotes = Archaea + Bacteria
However, bacteria and archaea show no evolutionary relationship so therefore are no longer grouped under the same domain

Cell Structures
Although cell structures vary, cells are all organized according to one basic plan and that all have structures that perform similar activities

Cell Size
Most cells are too small to be seen by human eye as humans cannot see objects smaller than 0.1mm in diameter
Smallest bacteria can be 0.5 um
Cells of multicellular animals 5 to 30 um
Red blood cells 7 to 8 um
2500 string of these cells span the width of a thumb
Microscopes
Allow us to see cells through the process of microscopy
1) Light Microscope
Uses light to illuminate specimen
2) Electron Microscope
Uses electron to illuminate specimen
Different types of microscope produce different magnifications and resolution of specimen
Magnification is ratio of object as it is viewed to real size
Resolution is minimum distance at which objects can be separated and still be seen (two points can be separated and still be seen)
Resolution depends wavelength of light or electron used to illuminate specimen – shorter the wavelength the greater the resolution
Electron microscopes have better resolution

Why are most cells so small?
Depends on surface area-to-volume ratio
Volume of cell determines amount of chemical activity
SA of cell determines amount of substance that can be exchanged between inside and outside the cell
Increasing size of the cell makes SA that is insufficient in order to maintain adequate waste-nutrient exchange for entire volume
Cells Increase Exchange with Surroundings by
Developing surface folds or extensions that increase the surface area of the cell
Example: Human intestinal cells do this to increase ability to absorb digested food molecules

Cells have DNA-Containing Central Region Surrounded by Cytoplasm
What is the plasma membrane?
Plasma membrane are used to bound cells
A plasma membrane is composed of a bilayer made of lipids with embedded proteins molecules
Lipid-layer of plasma membrane is hydrophobic barrier to the passage of water-soluble substances
Selected water-soluble substances can penetrate cell membranes through transport protein channels
Maintains specialized ionic and molecular environment required for cellular life
Phospholipid bilayer (hydrophilic head and hydrophobic tail)
Central Region of all Cells
What does the central region contain?
DNA molecules which stores hereditary information
Hereditary information is organized in form of genes
Genes are segments of DNA that code for individual proteins
Proteins that help maintain DNA structure 
Enzymes that duplicate DNA and copy its formation into RNA

Cytoplasm
All parts of the cell between the central region of cells and the plasma membrane
What does the cytoplasm contain?
Cytoplasm contains the organelles, cytosol, and cytoskeleton
What are organelles?
Organelles are small organized structures required for cell function
What is the cytosol?
Cytosol is an aqueous solution containing ions and various organic molecules
What is the cytoskeleton?
Cytoskeleton is a protein bases framework of filamentous structures
Help maintain cell shapes and play key role in cell division and chromosome segregation from cell generation to cell generation
What is the function of the cytoplasm?
Include synthesis and production of most molecules required for growth and reproduction
Conversion of chemical and light energy into forms useable by cells
Conducts stimulatory signals from the outside into the cell interior and carries out chemical reactions that respond to these signals

Cells Occur in Prokaryotic and eukaryotic Form
Prokaryotes Form
Prokaryotes lack nucleus (before nucleus)
Prokaryotes include bacteria and archaea 
Prokaryote is term for architecture; that is for cells without nucleus
Nucleoid of the Prokaryotes
Bacteria and Archaea
DNA containing central region is the nucleoid
No membrane separates nucleoid from the cytoplasm
Structures of Prokaryotes
Contain few internal membranes – but some have extensive internal membranes

Eukaryote form
Eukaryotes have nucleus
Nucleus of Eukaryotes
DNA is contained within the nucleus of the cell
Cytoplasm of Eukaryotic Cells
Contain extensive membrane systems that form organelles in own distinct environments

Plasma Membrane
Surrounds eukaryotic cells as the outer limit of the cytoplasm

Prokaryotic Cells
Size of Prokaryotic Cells: Small – not more than a few micrometers
Eukaryotic cells are much bigger (just remember they have a nucleus)

Shapes of Prokaryotic Cells: 1) Rodlike, 2) spherical, and 3) spiral

Nucleoid: Where the genetic material of archaea and bacteria is stored
Nucleotide contains highly folded mass of DNA
DNA is prokaryotic chromosome
DNA and RNA – Production of Proteins
1) Individual genes in DNA molecule encode for information required to make proteins
2) Information in DNA molecule is copied into a type of RNA molecule called messenger RNA (mRNA)
3) Ribosomes (in cytoplasm) use mRNA to assemble proteins

Prokaryotic Chromosome – consist of small and large subunit formed from combination of ribosomal RNA (rRNA) and protein molecules

Prokaryotic Ribosomes
What is in it?
3 types of rRNA molecules and over 50 proteins

Cell Wall
What is its function?
Surrounds the plasma membrane
Provides rigidity to the prokaryotic cell and protects cell from physical damage
Glycocalyx – special coat of polysaccharide of the cell wall
Glycocalyx is a slime layer when loosely associated with cell
Glycocalyx is a capsule when firmly attached to cells
Functions of Glycocalyx: Protects prokaryotic cells from physical damage and desiccation
Also enables prokaryotic cell to attach to surface (other prokaryotic cell, eukaryotic cell, non-living substrate)

Plasma Membrane of Prokaryotic Cells
Transport material in and out of cells
Metabolizes for into chemical energy of ATP
Molecule that absorb light energy and convert to ATP is associated with plasma membrane
Activities in Prokaryotic Cells
Occur either in cytoplasm or plasma membrane because they do not have extensive internal membranes
Prokaryotic Cytoskeleton **similar functions to that of in eukaryotes
Prokaryotic cytoskeleton play important role in maintaining cell shape, cell size, and is important for cell division and determining the polarity of cells.

Flagella
What do they do? Flagella allows prokaryotes to move/slide through wet surfaces
Structure of Flagella? Flagella are protein fibers that extend form cell surface
Bacterial Flagella
How does it work? Helically shaped bacterial flagellum rotates in socket in the plasma membrane and cell wall to push the cell through liquid medium
Archaeal Flagella 
How does it work? Similar but differ in structure and mechanism of action
Flagella of Prokaryotes are much larger and fundamentally different from those of eukaryotic cells 

Pili
What are Pilis? Pilis are hair like structures that extend from the cell walls of prokaryotes
What do Pilis do? Pilis allow prokaryotes to attach to surface of other cells
Sex pilus attaches on bacterium to another during mating


Eukaryotes
How are eukaryotes divided? 1) Fungi 2) protists 3) animals 4) plants
What are eukaryotes? Eukaryotes have true nucleus enclosed by membrane
Structures of eukaryotes
1) Cytoplasm surrounds nucleus: System of membranous organelle
Each organelle of cytoplasm carry out major functions
Metabolism
Molecular synthesis
Transport and storage
Cytosol that surrounds organelles
Perform energy metabolism, molecular synthesis, support and mobility
2) Plasma Membrane
Proteins of the plasma membrane perform various functions through types of embedded proteins
Some protein form channels that import substances into and outside the cell
Proteins act as receptors, recognize specific signal molecules and bind to them causing internal responses
Some proteins recognize and adhere to molecules on surface of other cells
Other act as markers in the immune system; recognizing cells as “self” and belong in the environment
Cells without these markers are marked as pathogens (disease-causing organisms)
3) Cell Wall – surrounds plasma membrane of fungal, plant, and protists cells
Cell walls lie outside the plasma membrane and therefore is considered to be a extracellular membrane
Animals do not have cell walls but have extracellular membranes with similar functions

Eukaryotic Nucleus contains MORE DNA than the Prokaryotic Nucleoid
What is the nuclear envelop?
Separates nucleus from cytoplasm
Nuclear envelop consists of two membranes; one layered just inside the other and separated by a narrow space
Network of intermediate protein filaments called lamins line the inner surface of the nuclear envelop in animal cells
Unrelated protein filaments line the inner surface of nuclear envelop in protists, fungi, and plants
What are nuclear pore complexes?
Hundreds of nuclear pore complexes are embedded in nuclear envelop
Large octagonal symmetrical complex formed by man proteins called nucleoporins
Function of Nuclear Pore Complex
Transfer of components between nucleus and cytoplasm
Prevents material not meant to cross the nuclear membrane
Nuclear pores channels are required to assist large molecules such as proteins and RNA molecules
Protein or RNA molecule called cargo attaches to transport protein and acts as chaperone to shuttle cargo through the pore
Nuclear pore channels are not required to assist small molecules
Proteins for Replication and Repair of DNA
These proteins essential to DNA must be transported into the nucleus
Have short-amino acid sequences called nuclear localization signals
How we distinguish these proteins from proteins of cytosol
These proteins of cytosol recognize and bind to the signal and moves proteins containing it to the nuclear pore complex where it is transported to the nucleus
Nucleoplasm
What is the nucleoplasm?
It is the semi-liquid or liquid substance within the nucleus
What is chromatin?
Most of space in nucleus is filled with chromatin: a combination of DNA and proteins
In contrast to most prokaryotic species; hereditary information of eukaryotes are largely distributed among several of many linear DNA molecules
Each individual molecule is associated with proteins in eukaryotic chromosomes
Chromatin – collection of eukaryotic DNA molecules with associated protein
Chromosome – one complete DNA molecule with associated proteins

Eukaryotic vs. Prokaryotic Nucleus
Eukaryotic has much more DNA 
46 chromosomes in nucleus of human cells has total DNA length of 2 meters
1.5 meters in prokaryotic cells with most DNA
Eukaryotic cell contains one more nucleoli; irregular masses of small fibers and granules
Extra nucleoli form around genes that code for rRNA molecules of ribosomes
So within this nucleolus; rRNA genes is copied to rRNA molecules which combine with proteins to form ribosomal subunits
Ribosomal subunits = rRNA molecules + proteins
Ribosomal subunits move through nuclear pore to cytoplasm where they combine with mRNA to form complete ribosomes
Ribosomal subunits + mRNA = ribosomes
Where are genes for proteins found?
Genes to make proteins and rRNA molecules are found within the chromatin

Eukaryotic Ribosomes are Either Free in Cytosol or Attached to Membranes
What does the eukaryotic ribosome consist of?
Like prokaryotic ribosomes, eukaryotic ribosomes consist of small and large subunits
However, eukaryotic ribosomes are larger than that of prokaryotic ribosomes
Eukaryotic ribosomes contain over 4 types of rRNA molecules and more than 80 proteins
Functions of eukaryotic ribosome is the use information in mRNA to make proteins from amino acids
Same functions in both eukaryotic and prokaryotic cells
Where are eukaryotic ribosome found?
Are freely suspended in cytosol while others are attached to membranes
Proteins made by free ribosomes in they cytosol can move to other parts of the cell (mitochondria, chloroplast, cytoskeleton) by nuclear pores
Proteins made in cytosol can enter nucleus
Proteins that enter the nucleus become part of the chromatin
These proteins that enter the nucleus become part of chromatin and line nuclear envelop
Location of Ribosomes
Although some ribosomes are attached to membranes (nuclear envelop) the majority of ribosomes are attached to the network of membranes in cytosol called the endoplasmic reticulum
Proteins made by ribosomes on ER follow path to other organelles of cell
Endoplasmic Reticulum: Where Ribosomes are found
Ribosomes make proteins

Endomembrane: What divides cytoplasm into functional and structural parts
What is the endomembrane system?
Collection of interrelated internal membranous sacs that divide cell into functional and structural components
Divides cells into different components
Functions of endomembrane include
Synthesis and modification of proteins
Transport of proteins to other organelles
Synthesis of lipids and 
Detoxication of some toxins
How are membranes in system connected?
Directly by physical sense or indirectly by use of vesicles (small membrane-bound compartments that transfer substances between parts of the system)
Vesicles are small-membrane bound compartments that transfer substances between parts of the system
What is composed of the endomembrane system?
1) Nuclear envelop
2) Endoplasmic reticulum
3) Golgi complex
4) Lysosomes
4) Vesicles
5) Plasma membrane

What is the endoplasmic reticulum?
Extensive interconnected network of membranous channels and vesicles called cisternae
Cisterna are formed by single membrane that surrounds the ER lumen
Rough ER
Contain ribosomes
Proteins made in rough ER enter the ER lumen 
ER lumen folds protein into final form
Chemical modifications occur in lumen of rough ER
How are proteins transferred?
Small vesicles that pinch off from ER – travel through cytosol and join with organelles
Most proteins produced in rough ER are sent to Golgi apparatus where they are packaged and sorted for delivery for final destination
Outer Membrane of Nuclear Envelop
Outer membrane of nuclear envelop is closely related to that of the rough ER
Outer membrane is attached to the rough ER and is studded like the rough ER because it also contains ribosomes
Proteins produced on this outer membrane can move into the ER or other cellular locations

Smooth ER
Does not contain ribosomes
Functions of Smooth ER
Synthesis of lipids that become part of cell membranes
Conversion of drugs, toxins and harmful substances into less harmful substances

Smooth ER and Rough ER
Are often connected making ER system a continuous network of interconnected channels in the cytoplasm
Proportion of Smooth or Rough ER
Depends on activity inn protein and lipid synthesis
That is that areas that require more protein synthesis are pack with with more rough ER

Golgi Complex
Consist of flattened membranous sacs known as cisternae
Looks like stack of cupper pancakes
They are separate sacs and not interconnected like ER cisternae
Number and Size of Cisternae
Vary with Golgi complex – ell type and metabolic activity of the cell
More highly active – more complexes

Where are Golgi complexes found?
Are usually found near concentrations of rough ER membranes
Between ER and the plasma membrane
Functions of Golgi complex
Is close to rough ER because it receives proteins made in the ER
Modify proteins
Tag proteins with “postal code” for final destination and thus regulates movements of several types of proteins
Proteins secreted from cell are transported to plasma membrane in secretory vesicles
Fuse with plasma membrane and spill contents to outside
Contents of secretory vesicles vary and can include signals
Membrane that fuses with PM becomes part of PM (expands surface area)
Cis-Face of Complex
When vesicles carrying proteins contact Cis-face; they fuse with Golgi complex and release contents into cisternae
Cis –face faces the rough ER
Inside the Complex
Proteins are chemically modified and then sent to the trans-face of the complex
Trans-face faces the plasma membrane
Proteins are transferred into vesicles and bud off from margins of the complex
Content of vesicle is kept separate than that of cytosol

Vesicles
Can form by endocytosis process in which brings molecules into the cell from the exterior
Process of Endocytosis
1) Plasma membrane forms pocket
2) Pocket of plasma membrane bulges and pinches off into the cytoplasm
3) Forms endoocytic vesicle in cytoplasm
4) Once in cytoplasm – endoocytic vesicles contain segments of plasma membrane and proteins are transported to Golgi complex or other destinations
Substance carried to Golgi complex are sorted and brought out to other locations
Substance carried to lysosome are digested into molecular subunits that may be recycled
Exocytosis: secretory vesicle fuses with plasma membrane and releases contents to exterior; vesicle membrane becomes part of plasma membrane
Endocytosis: materials from cell exterior are enclosed in a segment of the plasma membrane that pocket inward and pinches off as an endoocytic membrane


Lysosomes
What are they?
Small membrane bound vesicles that contain 30+ hydrolytic enzymes used for digestion of complex molecules including proteins, lipids, nucleic acids, and polysaccharides
Recycles subunits of complex molecules
Where are lysosomes found?
Are only found in animal cells and not plants
How are their functions carried out?
Functions of lysosomes are carried out by the central vacuole 
Depending on product of digestion; lysosome takes variety of shape and size 
Most common are small and oval/spherical
How many lysosomes in a human cell?
300 lysosomes in a human cell
How are lysosomes formed?
Formed by budding of Golgi complex
Hydrolytic enzymes are formed in rough ER and then sent to lumen where they are identified as bound for lysosomes
Are then sent to Golgi complex in vesicle and packaged in budding lysosomes
Why are lysosomes acidic?
Hydrolytic enzymes function at optimal in low pH within the organelle
Do not function well in pH of cytosol
Lysosomal Enzymes
Can digest several types of material
Example: digest food molecules entering cell by endocytosis when endoocytic vesicle fuses with lysosome
Autophagy – enzymes digest organelles that are not functioning correctly
Membrane surrounds defective organelle – forming large vesicle
Large vesicle fuse with lysosomes and the organelle is degraded by hydrolytic enzymes
Phagocytosis – cells engulf bacteria and other cellular debris to break them down
Cells (phagocytes) play important role in immune system
Phagocytosis produces large vesicle – lysosome fuses with large vesicle and hydrolytic enzymes break down
Disease – Lysosomal storage disease
One hydrolytic enzyme found in lysosome is absent 
Substrate of enzyme accumulates and interferes with cell activity

Summary – endomembrane is a major traffic network for proteins and other substances of cell
Golgi apparatus is important for distribution for membranes and proteins
Lipids and proteins may move to storage or secretory vesicles
Secretory Vesicles
Move proteins/substances to exterior by exocytosis
May also move in-between nuclear envelop and endomembrane
Proteins and materials can enter cell by endocytosis
Proteins and materials can be transported to Golgi complex for sorting and distribution

Mitochondria are Organelles where Cellular Respiration Occurs
Function of Mitochondria: Cellular respiration
CR is the process in which sugars, fats, and other fuels are broken down to water and carbon dioxide by mitochondria reactions
CR releases energy when it breaks down these fuels
Energy released by breakdown is captured in ATP
What does Mitochondria Require? Mitochondria requires oxygen for CR
Why we take in oxygen

Membranes of the Mitochondria
1) Outer membrane: Smooth and covers outside of the organelle
2) Inner membrane: Expanded surface area and is expand by folds called cristae

Both Membranes: Surround the inner most compartment of the mitochondrion – the mitochondrial matrix

Function of Mitochondrial Matrix: Where ATP-generating reactions occur

Mitochondrial Matrix also contains: DNA and Ribosomes
Resemble equivalent structure in bacteria
Theory that mitochondria originates from ancient bacteria


Cytoskeleton Supports and Moves Cell Structures
Cytoskeleton Functions: Maintains the shape and internal organization of each type of cell
Cytoskeleton also reinforces plasma membrane and functions in movement 
Both structures within the cell and cell as a whole
Cytoskeleton is most highly developed in animal cells – in which it fills and supports the cytoplasm from the nuclear envelop to the plasma membrane
Fibers and tubes of the system in cytoskeleton are less prominent in tubes of plant cells

Cytoskeleton Structure of Animal Cells and Plant Cells
1) Microtubules – largest; assembled from tubulins
2) Intermediate Filaments; assembled by intermediate filament proteins
Example: lamin that line inner surface of nuclear envelope are assembled from intermediate filament proteins
3) Microfilaments – smallest; assembled by actins

Cytoskeletal Element: Assembled from proteins

Microtubules
Wall consist of 13 protein filaments arranged side by side
Filament is linear polymer of tubulin dimers
Dynamic structures; changing length as required by function
Seen in animal cells hat are changing shapes
Change length by addition or removal of tubulin dimers
Added asymmetrically at one end
Formed and radiate outward from a site near the nucleus termed the cell center or centrosome
Microtubules that extend from cell center play important role by anchoring ER, Golgi Complex, Lysosomes, and Secretory Vesicles, Mitochondria
Microtubules provide tracks for vesicles to move from cell interior to plasma membrane and in reverse direction
Supported by intermediate filaments
Microtubules play important role in separating chromosomes during cell division and maintaining growth of new cell walls in plant cells
Microtubules play important role in maintaining shape of animal cells and moving animal cells themselves
Cell movement of animals is generated by motor proteins that push or pull against microtubules or microfilaments
ATP supplies energy for movements
Myosin walks along microfilaments
Dynein or Kinesins walk along microtubules
Centriole - microtubules
At the mid-point
Formed from two-barrel-shaped structures formed from microtubules

Intermediate Filaments 
Also extend from cell center and radiated outward – attached to microtubules
Structure of Intermediate Filaments: Parallel in bundles singularly either alone or in combination with microtubules, microfilaments or both
Intermediate filaments are tissue specific in protein composition
Function: Provide structural support in cells and tissues

Microfilaments
Structure of Microfilaments: Thin structure consist of two polymers of actin subunits wound around each other in long helical spiral
Asymmetrical/ all oriented in same way in the polymer chains of microfilaments
Creates polarity (two ends have 1 + and 1-)
Present in almost all eukaryotic cells
Functions: Locomotors and structural functions
Best known for tone of two components of the contractile elements in muscle fiber of vertebrae’s
Myosin – muscle contraction
Flowing motion of cytoplasm called cytoplasmic streaming
Used to transport nutrients, proteins, and organelles in both animal and plant cells
Dividing animal cells – when animal cells divide: microfilaments are responsible

Flagella and Cilia
Flagella propels cell
Cilia moves materials over cell structure
Both have same structure
Cilia is shorter and more abundant
Microtubules and Cilia + Flagella
Bundle extends form base of the tip
Bundle consist of a circle of 9 double microtubules surrounding central pair of single microtubules = 9+2complex
Dynein motor proteins slide microtubule of 9 + 2 complex over each other to produce movements of a flagellum or cilium 
Centriole
Known to produce flagella and cilia 
Same structure except does not have single pair in center and has ring of trip rather than double microtubules
Formation of Cilia and Flagellum
1) Centriole move under plasma membrane
2) Two of three microtubules of each triplet grow outward from one end of the centriole to form the double nine microtubules
3) Single central pair grow from end of centriole microtubules
4) Centriole remains at innermost end of flagellum or cilium when its development is complete at the basal body of the structure¬

Cilia and Flagella are found in 
1) Protozoa
2) Algae
3) Animal Cells (sperm cells)

Cilia covers surface of cell lining cavities or tubes in some parts of body

Differences:
Same purpose but genes that encode for flagella in each is different; hence the three types of flagella are analogous, not homologous structures
Evolved independently (prokaryotic – bacteria, archaea & eukaryote)


Plant Specialized Structures
1) Chloroplast
2) Ventral Vacuoles 
3) Cell Walls

Chloroplast
Functions of Chloroplast: Photosynthesis 
Member of family of plant organelles known as plastids
Other plastids include amyloplast and chromoplast
Amyloplast is colorless
Chromoplast contains red and yellow pigments
All plastids contain gene expression for synthesis of proteins on ribosomes
Structure of Chloroplast: Lens or disc shaped
Similar structure to mitochondria
Smooth outer boundary membrane
Inner boundary membrane
Lies inside outer boundary membrane
Both membranes of chloroplast enclose inner compartment: Stroma
What’s inside the stroma? Sacs called thylakoids
Stacks of thylakoids form the grana
Thylakoids membranes contains molecule that absorb light and convert it to chemical energy in photosynthesis
Chlorophyll attracts light (green pigment)
Function of Stroma: Enzymes in stroma use chemical energy to make carbohydrates and other complex organic molecules from water, CO2 and inorganic precursors
Organic molecules – ultimate source of food for most organisms
What else does the chloroplast stroma do? Contains DNA and ribosomes that resemble those of photosynthetic bacteria – because of these similarities – chloroplast like mitochondria is believed to have originated from ancient bacteria that became permanent residences

Central Vacuoles
Large vesicles that play specialized functions unique to the plan
Can occupy up to 90% of the plant cells volume with the remained being cytoplasm and nucleus restricted between the central vacuole and the plasma membrane
Restriction/ pressure creates support for the cell
Tonoplast are proteins that move substances in and out of the central vacuole
As cell mature – they grow primarily by increases in the pressure and volume of the central vacuole
Other functions of central vacuoles:
Storage of important substances (salts, organic acids, sugars, storage proteins, pigments, waste products
Pigments in central vacuole produce color of plants
Enzymes capable of breaking down biological molecules are present in central vacuoles (lysosomes)
Chemical defense against pathogenic organisms are found in central vacuoles


Cell Walls Support and Protect Plants
Location: Extracellular membrane (outside plasma membrane)
Functions: provide support to individual cell, contain pressure in central vacuole, protect cells against invading bacteria and fungi

Composition: Cellulose fibers which give tensile strength of the walls; embedded in a network of highly branched carbohydrates

Plasmadesmata: Perforated the cell walls (plant cells contain between 1000 and 100, 000 plasmadesmata connecting it to abutting cells)
Allow ions and small molecules to move from one cell to another through connecting cytosol without having to penetrate cell wall or plasma membrane
Proteins and nucleic acids move through
Fungi and Protists: 
Fibers can be chitin instead of cellulose

Although Animals do not have cell walls – they secrete extracellular material and have other structures that play similar function to the cell wall

Animal Surfaces
Animals have specialized structures that holds the cells together
1) Cell adhesion molecules – bind cells together
2) Cell Junctions – seal spaces between seals and provide direct communication
3) Extracellular matrix – supports and protects cells and provides mechanical linkage such as those between muscle and bone

Cell Adhesion Molecules
What are they? They are glycoproteins embedded in the plasma membrane
What do they do? Help maintain body form and structure in animals
Bind specific molecules on other cells; thus most solid body tissues are held together by many different cell adhesion molecules
Make initial connections in embryonic development; broken and remade as individual changes position – connection become permanent and reinforced by cell junctions as the embryo develops into an adult
Cancer cells lose these adhesions allow them to break loos from their original location and form additional tumors at other areas
Bacteria: Targets these adhesions – responsible for ability of cell to recognize foreign individuals

Cell Junctions reinforce Cell Adhesions
1) Anchoring Junctions – forms belt around cells – welding adjacent cells together
Anchoring junction weld adjacent cells together
Example: Desmosomes – intermediate filaments anchor junction in underlying cytoplasm
Example: Adherent Junctions – microfilaments anchor cytoskeletal component
Anchoring junctions are the most common in tissue
2) Tight Junctions – tight connections between membranes of adjacent cells
Tight junctions do not allow small ions or molecules to move through
Tight junctions seal spaces between cells in cell layers that cover internal organs and the outer surface of the body
Seal bladder, intestines – keep from leaking
How are tight junctions formed?
Proteins fuse between two plasma membranes of adjacent cells
Stitch work holding cells together but still has intercellular space
3) Gap Junctions – open direct channels that allow or ions and molecules to pass through (gap)
Pipeline from hollow protein cylinders connect one cytoplasm to another allowing flow of small molecules and ions
Provides instantaneous communication between animal cells similar to plasmadesmata of plant cells
Gap Junctions are similar to plasmadesmata of plant cells
Where are gap junctions? Occur between cells within almost all body tissues but not between cells of different tissues
Important to muscles of heart and smooth muscles of uterus (where cells of organ operate as coordinated unit)
Nerve tissues do not have gap junctions nerve cells in dental pulp are connected by gap junctions (responsible for discomfort you feel)

Extracellular Matrix Organizes Cell Exterior
What is ECM made of? Proteins and poly saccharides 
Glycoproteins are main component of ECM
Consistency of ECM depends on the network of proteoglycans that surrounds collagen fibers
Proteoglycans are glycoproteins that consist of small proteins no covalently attached to long polysaccharide molecules
Consistency also depends on number of interlinks
Primary function of ECM? Protection and support
Also effects cell division, adhesion, motility, and embryonic development – it takes part in reaction to wounds and disease
Class of Glycoproteins
Proteoglycans
Fibronectins – aid ECM and help organize/ cells attach to ECM
Bind to receptors called integrin’s that span plasma membrane
One cytoplasmic side; integrin’s bind to microfilaments of cytoskeleton
Integrin’s play role ion changes outside and inside by communicate changes in ECM to cytoskeleton
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Cosmology: Provides information of bacteria-like fossils within meteorites
Carbonaceous meteorites show evidence of filaments that are similar in shape of cyanobacteria
What is life?
Life is composed of cells the fundamental units of all life
Types of elements found in living things are also found in non-living things
All cells follow fundamental laws of physics and chemistry as do abiotic world
All life share 7 common characteristics

Seven-Characteristics Shared by All Life
1) Display Order
2) Harness and Utilize Energy
3) Reproduce
4) Respond to Stimuli
5) Growth and Develop
6) Exhibit Homeostasis 
7) Evolve
Small number of biological systems that straddle the line between living and non-living worlds (abiotic and biotic)
Virus
Although possess DNA and RNA
Reproduce and evolve over time
They are not capable to make proteins 
Require infecting other cells in order to reproduce
Because viruses are unable to reproduce on their own – they are not considered to be alive

Characteristic of Life are Emergent
The seven characteristics of life are said to be emergent because they come about or emerge from many simpler interactions
In themselves, do not have properties at properties found at higher levels
For example: The ability to harness and utilize energy depend on property of molecules, proteins, and biological membranes to interact
Concept of Emergence is best seen when termites build nest called cathedrals 
Can grow over 3m tall as a product of the activities of thousands of termites
There is no master plan that is followed

The Chemical Origins of Life
Although all cells are said to have emerged from division of pre-existing cells
Where did the first cell come from?
When no cells existed – how did they come about?

Earth is 4.6 Billion Years Old
Life may have started 4.0 billion years ago
Emergence of first prokaryotic cells occur about 3.5 Billion Years Ago
Emergence of first eukaryotic cells occur about 2.0 Billion Years Ago
Animals were found about 525 million years ago
Earliest plants were found about 400 million years ago
Humans were found approximately 150, 000 years ago

Earth Lies within Habitable Zone Around the Sun
Solar Systems: Were all formed at the same time by gravitational condensation of matter present in interstellar cloud which consisted of mostly hydrogen
Heat and pressure formed the sun
Dust and gas formed the planets
** Theory is used for the Milky Way

Earths Early History
Bombardment of rock from the still-forming solar system
Volcanic and seismic activity
Over time; Earth radiated away some of its heat allowing surface area to cool into rocks of the crust
Earth’s size allows it to hold an atmosphere pull around the planet
Atmosphere was composed of dust clouds and gases released from Earth’s interior
Earth took 500 million years to cool down to a temperature capable to the development of life
Life on Other Planets
NO evidence suggest that there is life on other planets of the solar system
Earth is situated in position that allows temperature of the surface to allow water in liquid form 
Research recently shows that water on Mars exists as liquid forms
Present of liquid water that is a pre-requisite of life
Habitable Zone
The region of space around a star where temperature would allow for liquid water 

Biologically Important Molecules can be Synthesized Outside of Living Cells
Macromolecules of Life
Include nucleotides, amino acids sugars, an modern day cells
How did macromolecules of life form in the absence of life?

Hypothesis 1: Reducing Atmosphere
Primordial atmosphere was composed of
Water vapor
Hydrogen
Carbon Dioxide
Ammonia
Methane
Primordial atmosphere did not have oxygen (O2) thus, no ozone (O3)
Oparin-Haldane Hypothesis: Macromolecules essential to the formation of life could have formed in the atmosphere of primordial earth
Therefore earth is a reducing atmosphere
Oparin-Haldane Hypothesis suggests that abundance of electrons and hydrogen would have entered into reactions with one another to yield large complex organic molecules
Organic molecules come from abundance of electrons and hydrogen atoms
Because there was no ozone – ultraviolet light was able to reach lower atmosphere and provide energy required to drive the formation of biologically important molecules
Today’s atmosphere is oxidizing – because oxygen is 5particular strong oxidizing molecule

What supports the Oparin-Haldane Hypothesis: Miller-Urey Experiment
Miler placed components of reducing atmosphere - hydrogen, methane, ammonia, and water vapor; in closed apparatus and exposed it to light (sparking electrode)
After a week – Miller found a large assortment of organic compounds including amino acids, lactic, formic, and acetic acids
15% of carbon from methane turned into molecules that are common in living organisms
Further research showed that substances of primitive earth produce amino acids, fatty acids, nucleic acids, sugars, glucose, fructose, and phospholipids
Miller-Urey experiments shows that organic molecules can be produced under conditions of primordial Earth
Showed abiotic formation of molecules critical to life (amino acids, nucleotides, sugars)
Arguments against Miller-Urey experiment: Does primordial earth contain enough methane and ammonia to be considered reducing
Earth was neither oxidizing or reducing

Hypothesis 2: Deep-Sea Vents
Deep-Sea Vents are the origins of organic molecules
Organic molecules originated on the ocean floor at the site of deep-sea vents
Deep-Sea vents are found in cracks around the globe near areas of volcanic r tectonic activity
Deep-sea vents release nutrient-rich water at temperatures in excess 300 C
Evidence Supporting Deep-Sea Vent Hypothesis: Large diversity of life around the sea vents

Hypothesis 3: Extraterrestrial Origins
Hypothesis believes that organic molecules essential from life came from space
Evidence: Each year over 500 meteorites impact Earth and are classified to be carbonaceous chondrites
Carbonaceous chondrites are rich in organic molecule
Analysis of many meteorites show high levels of biologically important molecules

Life Requires the Synthesis of Polymers
Oxygen Levels in Primordial Earth
Because oxygen levels were low – organic molecules could have existed for much longer than in todays oxygen-rich world
Polymers are macromolecules such as nucleic acid, proteins, and carbohydrates
Nucleotides are monomers of nucleic acids
Amino acids are monomers of proteins
Simple sugars are monomers of carbohydrates
Macromolecules are formed by the bonding of monomers
Polymers are formed by dehydration synthesis
Today – protein and nucleic acids require protein-based catalysts called enzymes
So how did polymers exist without enzymes?
Earliest forms of life were extremely simple – 10-50 monomer polymers could old sufficient information to make their formation advantageous to an organisms
Polymerization did not occur in aqueous solutions
Polymerization occurred in solids such as clay
Clay could provide the environment needed for polymerization to occur
Clay consist of thin layers of minerals separated by layers of water – providing charged structure for molecular adhesion forces to bring monomer together in precise orientations
Clay’s charge brings monomers together in precise orientation forming polymers
Clay holds potential energy that could be used for energy-requiring polymerization reactions
Evidence: Laboratory experiment shows that formation of short nucleic acid chains and polypeptides can be synthesized on a clay surface

Macromolecules to Life
To develop comprehensive understanding on the origins of life – three key attributes have to be addressed
1) Membrane-defined compartment – the cell
2) System to store genetic information and use it to guide synthesis of protein
3) Energy-transforming pathways to bring in energy from surroundings and harness it to sustain life

Lipid Spheres lead to Development of Cells
Formation of Membrane-Defined Compartment is critical to Life
Required for metabolic processes to take place in environment different from its surroundings
Concentration of key molecules can be higher – complexity maintained in closed space
Protobionts: Abiotically produced organic molecules that are surrounded by membrane or membrane like structure
Organic molecules produced from abiotic processes and are surrounded by membrane
Protobionts have the ability to spawn spontaneously – without input energy
Protobionts are closely related to liposomes
Liposomes are made from lipid bilayer and are selectively permeable allowing only some molecules in and out
Liposomes swell and contract depending on the osmotic conditions of their environment
Clay – not only catalyzes polymerization but also accelerates formation of lipid vesicles
Clay particles help formation of lipid vesicles
Clay particles become engulfed in these vesicles and provide catalytically active surfaces within membrane for key reactions to take place
Producing Protobionts – understand the origins of first-living cells
Lipid membrane system evolved simultaneously with genetic information system

RNA Can Carry Information to Catalyze Reactions
DNA provides every cell with genetic instructions
Information from DNA is copied into RNA 
RNA uses information to synthesize proteins on ribosomes
Even simplest prokaryotic cell contains thousands of proteins
Central Dogma
Flow of information from DNA to RNA to protein is essential to all life forms
Enzymes are required for transcription of DNA into RNA
Enzymes are required for translation of RNA to proteins
Ribozymes – Breakthrough
RNA molecules that act as catalyst themselves
RNA catalyst are known as ribozymes can catalyze reactions on pre-cursor RNA molecules and lead to their own synthesis 
How are ribozymes catalytic?
Structure of single-stranded molecule that can fold into specific shapes based on intramolecular hydrogen bonding or base paring
Discovery of Ribozymes by Cech
Revolutionized thinking about the origins of life
Instead of thinking that DNA, RNA, and protein were required – early life may have existed in a “RNA world”
Single type of molecule could serve as carrier of information, structural/functional molecule

RNA is replaced
DNA for information storage
Protein for Catalysis
Why is it replaced?
DNA are better at information storage
Proteins are better as catalysis
Organisms that had these had advantage over those who didn’t – Naturally selected against organisms that only had RNA
Although fist cell could have contained only RNA (self-replicating and catalyzing small number of reactions for survival) before development of ribosomes
Ribosomes – play key role in protein synthesis
Are 2/3 RNA and 1/3 proteins
RNA portion of ribosome that catalyzes the incorporation of amino acids into growing peptide chains
Therefore – ribosome can be considered as ribozyme
Advantages of Cells that Evolved Ability to Use Information Present in RNA to Direct Synthesis of Small Proteins because protein are more versatile than RNA for 3 reasons
1) Catalytic power of most enzymes are more powerful than that of ribozymes
Rate of catalysis of most ribozymes is 1/10th to 1/100th to that of enzymes
2) Typical cell has huge array of proteins
20 different amino acids in different arrangements can be incorporated into protein
RNA can be composed by only 4 different kinds of nucleotides

Evolution of DNA follows proteins
DNA structures: More complex than that of RNA
DNA is double-stranded but also contains sugar deoxy-ribose (harder to synthesize)
How DNA is made?
Removal of oxygen atom from ribose of subunits of RNA nucleotides
DNA nucleotides paired with RNA informational molecules were assembled into complementary copies of RNA sequences
DNA Copies Made – favored by selection

DNA is better than RNA for information storage for 3 Reasons
1) Each strand of DNA is chemically more stable and less likely to degrade
2) Uracil in RNA is replaced by Thymine in DNA – conversion of cytosine to uracil is common mutation in DNA
Utilizing thymine in DNA ensures that any uracil is easily recognized as a damaged cytosine that needs to be repaired
3) DNA is double stranded and the mutated strand – information contained on the complementary strand can be used to correctly repair damaged strand
DNA IS STABLE
RNA is not and needs to be quickly isolated to prevent degradation

Simple Oxidation-Reduction Reactions Preceded Metabolism
Oxidation-Reduction reactions first reaction to release energy in primitive cells
Our cells oxidize food molecules
Our cells reduce other molecules using liberated energy
Primitive Cells – electrons removed in oxidation reaction would have been transferred in a one-step process to substance being reduced
Waste of energy – not efficient
One-step is not efficient – overtime multi-step processes evolved
Energy from oxidation is released (Example: CR)
Greater efficiency would be favored development of intermediate carriers and opened the way for primitive electron transport chains
ATP is coupling agent that links energy-releasing reactions to those requiring energy
ATP entered cells as one of many organic molecules from primitive environment
1) Initially was immediately hydrolyzed into ADP and inorganic phosphate leading to release of energy
2) Later energy released during electron transfers were used to synthesize ATP directly from ADP and inorganic phosphate

Because ATP was so efficient and versatile – became primary substance connecting energy-releasing and energy-requiring reactions in early cells

Earliest Forms of Life
Because architecture of prokaryotic cells is the simplest known – they were most likely the first types of cells to evolve
Earliest Evidence of Life is Found in Fossils
Earliest evidence of life is found in fossilized remains called stromatolites
Oldest to be 3.5 BYA
What are stromatolites?
Stromatolites are layered of rocks that form when microorganisms bind particles of sediments together forming thin sheets
Stromatolites are found in warm shallow water (most abundant in Australia)
Modern Stromatolites
Modern stromatolites are formed by the action of cyanobacteria (specific kind of photosynthesis bacteria)
Cyanobacteria possess sophisticated metabolic system; therefore are not earliest forms of life

Indirect Non-Fossil Evidence of Life before 3.5 BYA
Research on carbon composition of ancient rocks
Early photosynthetic organisms: use CO2 from atmosphere to synthesize various organic molecules
Organisms would most likely incorporate C12 over C13 and discovered that sedimentary rocks contained deposits that have lower levels of C13 than expected
These C13 deposits are remains of ancient microbes
3.9 BYA
If hypothesis is correct – origin of life was as early as 4.0 billion years ago

First Cell Relied on Anaerobic Metabolism
Earliest forms of life: Heterotrophs
Heterotrophs obtain carbon from organic molecules
Humans are heterotrophs because we extract energy from organic molecules
Heterotrophs must have been anaerobic because primordial earth did not have oxygen
Relied on anaerobic forms of respiration and fermentative pathways to extract energy form organic molecules
Autotrophs
Autotrophs obtain carbon from organic molecule in inorganic form 
Most often carbon dioxide
Plants are dominant autotrophs
Earliest type of photosynthesis: Anooxygenic photosynthesis
Occurred after heterotrophs
Are autotrophs – bacteria
Compounds such as ferrous iron and hydrogen sulfide are used as electron donors for light reaction of photosynthesis (ATP and DADPH are used to synthesize organic molecules from CO2)

Oxygenic Photosynthesis LEADS to Higher Oxygen Levels
Oxygen levels on Earth increased starting at about 2.5 BYA
Evidence comes from dating a type of sedimentary rock called banded-iron
How did Oxygen come about?
Ancient Cyanobacteria did not use iron or hydrogen sulfide electrons to drive reaction for light energy but instead used an electron donor – WATER
Using water allowed cyanobacteria to release not only electrons for photosynthetic electron transport but also released molecular oxygen
Photosynthesis that relies on oxidation of water as a source is called oxygenic photosynthesis
Ability to use water mean that cyanobacteria can exist anywhere on the planet with sunlight
Abundance of cyanobacteria exploded and quickly became a dominant life form
Oxygenic photosynthesis appears to be dominant – used by all plants and algae and present cyanobacteria

Could life have come to earth from space?
Some believe that life on earth have extraterrestrial origin
This hypothesis is named panspermia – that very simple forms of life are present in outer space and may have seeded early earth
Supporting the Panspermia 
1) Although life is complex – it arose quickly after formation of Earth
Earth formed 4.5 BYA, fossils of evidence of life date 3.5 BYA, and chemical evidence 3.9 BYA; given that primordial earth had to be cooled before life could be sustained scientist argue that this represents too short of a period of time for life to develop solely on abiotic processes occurring on the cooling planet
2) Life is more resilient than though and could survive millennia in space
Extramophile is given to living organisms are found in growing environments lethal to other organisms
Mostly bacteria and archaea can thrive under conditions such as extreme temperature, high pressure, high salinity, and high radiation
Because this – life is thought to have been able to survive in dormant state in interstellar space
Prolonged dormancy is property of reproductive structure called spores which are produced by a number of bacteria and eukaryotes

All-Present Day Organisms are Descended from Common Ancestor
Molecular evidence shows that archaea are more closely related to eukaryotes than bacteria even though the both of them do not have a nucleus
All life on earth share common attribute
1) Cells made of lipid molecules brought together forming bilayers
2) Genetic system based on DNA
3) A system of information transfer – DNA to RNA to Protein
4) System of Protein Assembly from a Pool of Amino Acids by translation of mrNA and to transfer RNA (tRNA) to ribosomes
mRNA (amino acids -> proteins) translation
tRNA (transfer RNA -> ribosomes) transcription
4) reliance on proteins as major structural and catalytic molecule
5) Use of ATP as molecule of chemical energy
6) Breakdown of glucose by metabolism pathway of glycolysis to generate ATP

Archaea, Bacteria, Eukaryotes descended from LUCA (Last Universal Common Ancestor)

Eukaryotic Cell and Rise of Multicellularity
Oldest fossils of eukaryotes 2.5 BYA
Eukaryotes separate from Prokaryotes
1) Separation of DNA and cytoplasm by nuclear envelop
2) Presence of Cytoplasm in membrane-bound compartments which specialize in metabolic and synthetic functions – mitochondria, Golgi-apparatus, ER, vesicles, chloroplasts, and others

Theory of Endosymbiosis – Mitochondria and Chloroplast come from Ingested prokaryotes
Mitochondria and chloroplast descend from free-living prokaryotic cells
Why? Endosymbiosis states that prokaryotic ancestors of mitochondria and chloroplast were engulfed by larger prokaryotic cells forming mutually advance relationship called symbiosis
Slowly over time host cell and endosymbiosis became inseparable
From What? Chloroplast comes from cyanobacteria, mitochondria comes from aerobic bacteria

Evidence Supporting Endosymbiosis
1) Morphology – mitochondria and chloroplast forms are same as bacteria
2) Reproduction – cell cannot synthesize mitochondria and chloroplast; must be derived from pre-existing mitochondria and chloroplast (like free-living prokaryotes)
Divide by binary fission (how bacteria divides)
3) Genetic information – mitochondria and chloroplast contain own DNA 
DNA is circular like bacteria and archaea
4) Transcription and Translation – both contain complete translation and transcription machinery
Gene encoded by organelle genomes are translated into mRNA and translated on the ribosomes; mrNA and tRNA are necessary to synthesize the proteins encoded by their DNA
Ribosome structure of mitochondria and chloroplast are same as those of bacteria
5) Electron Transport – both have electron transport chains (like free-living prokaryotic cells)
Both have double membrane and inner membrane contains ETC (ETC of bacteria and archaea are found in plasma membrane)
6) Sequence Analysis
Sequencing of RNA that makes of ribosomes of chloroplast and mitochondria show that they belonged on the bacterial branch of tree of life
Chloroplast RNA matches that of cyanobacteria

Horizontal Gene Transfer Followed by Endosymbiosis
Genome: Complement of genetic makeup
Common to distinguish between DNA found in nucleus (nuclear genome), DNA found in mitochondrial (mitochondrial genome) and DNA found in chloroplast (chloroplast genome)
Bacteria has 3000 protein coding genes but mitochondria and chloroplast do not
Human mitochondrial gene = 37 genes
Chloroplast green algae = 99 genes
IF endosymbiosis occur – compartment each with own genome would have functioned independently
THIS IS NOT True
Mitochondria function is linked to overall metabolism of cell
Reasons for Integration
1) Genes in protomitochondria/chloroplast were lost
2) Many of genes in protomitochondria/chloroplast were transferred to the nucleus
Horizontal gene transfer
Evolutionary advantage of centralizing crucial genetic information in one place
Change in gene location
HGT – does not only permit endosymbiotic gene transfer – it is said to transfer any gene between organisms other than to offspring
Reason for diversity in archaea and bacteria 

Why is it not all at the nucleus?
Gene transfer is still not yet complete
Seems to be case for chloroplast 
Genes retained by mitochondria and chloroplast code for protein involved in electron transport
Tight regulation of genes is essential to maintain optimal rates of energy transformation

Endomembrane Derived from Plasma Membrane
Eukaryotic Cells are characterized by endomembrane system – collection of internal membranes dividing cell into functional and structural regions
Nuclear envelop, Golgi complex, ER
Where do they come from? In-folding of the plasma membrane
Pockets of plasma membrane extended inward and surrounded nuclear region
Membrane fused with DNA forming nuclear envelop
Remaining formed ER and Golgi Complex

Solving Energy Crisis Leads to Eukaryotes
Bacteria + Archaea outnumber Eukaryotes
Why? Prokaryotes show biochemical flexibility and are able to thrive in harsh uninhabitable environments
Prokaryotes are simpler and lack complexity
Prokaryotes are simple because increased complexity requires energy and while eukaryotes can generate large amounts of energy, prokaryotes cannot
Mitochondria able to generate large amount of ATP from breakdown of organic molecules by aerobic 
Bacteria requires plasma membrane for functions/ eukaryotic cells contain hundreds of mitochondria’s dedicated to generating ATP
Ability to generate large ATP for Eukaryotes = GREAT CHANGE
Cells could become larger – more energy
More complex -> support greater number of proteins
By breaking energy barrier -> eukaryotes have ability to support wider variety of genes leading to todays eukaryotic-specific traits

Evolution of Multicellular Eukaryotes Led to Specialization
Profound Transitions -> Multicellular Eukaryotes
Multicellular eukaryotes data back to 1.2 BYA
How? Individual cells come together to form colony/ Single cells divided 
All cells are structurally and functionally independent
Development of specialized tissues and organs 
Cells cooperate with one another
Cell Colony versus Multicellular Organisms
Cell colony are cells that are all one type – no specialization join structure or function

SEARCH FOR EXTRATERRESTIAL LIFE
NUMBER OF PLANETS ABLE TO SUPPORT LIFE – 100 billion
Search? Closest star outside solar system is 40 trillion kilometers away – fastest spacecraft human has will get there in 1500000 years
That is why we focus on listening on distinct signals of a communication civilization using science of radio astronomy
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Radio waves travel at speed of light (must faster than space craft)

Life relies on catalysts – enzymes that speed up reactions without the need to increase temperature
Greatest difference between uncatalyzed and catalyzed cell is that who removes a phosphate group
Difference between catalyzed and uncatalyzed rate is 10^21 
Enzymes – key in metabolic pathways
Ability of organism to harness and utilize energy from surroundings – law of thermodynamics
Fundamental biological catalyst that allows life to exist

Energy and laws of Thermodynamics
Energy is detected through ability to do work
Move objects
Push chemical reactions towards completion
Electromagnetic radiation – is a form of energy
Energy can be constantly transformed from one for to another 
Kinetic energy – photons of light, flow of electrons
Potential Energy – chemical position or structure

Laws of Thermodynamics – study of energy and its transformation
System vs. Surroundings
Universe can be a system
Isolated system – does not exchange matter or energy (perfectly insulated thermos)
Closed system – earth
Open system – ocean, human body

Laws of Thermodynamics – applying equally to living and non-living cells
1) Energy can be transformed from one place to another, cannot be created or destroyed
Conservation of energy (Niagara Falls – kinetic energy presented in moving water is used to house homes and businesses)

Each time energy is transformed from one form into another – some is lost and unavailable to do work – why machines are never 100 percent efficient
Energy is lost to surrounding as heat
Cannot harness the ability to do work
2) The total disorder of a system and its surroundings always increases
Disorder or randomness is known as entropy
Physical disintegration of a organized system is the second law of thermodynamics in action
Systems will move to arrangements with grater disorder
Energy is required to maintain low entropy

Life and Second Law
Creates ordered structures out of less ordered material
Goes against second law – things don’t go random; they become ordered
How? It takes entropy to maintain lo entropy
Living Cells – are not isolated systems, are open and exchange energy and matter with surroundings
Bring in energy to generate order out of disorder
Second law – things are constantly being broken down; at a molecular level (proteins, organelles)
Need to be repaired and replaced
Need cells new to be used in synthesis
We eat food – to maintain low entropy
Chemical reactions of body give off products such as CO2 – increase disorder of surroundings
Entropy of system is allowed to decrease; as long as energy of the universe as a whole increases

Spontaneous – reactions will occur
Does not tell about the rate
What determines if reaction is spontaneous
1) Change in energy content of a system
Products have less potential energy than reactants 
Endothermic reactions result in products having more potential energy (reaction absorbs energy)
Exothermic reactions results in products with less energy (reaction releases energy)
2) Change in entropy of a system
Reactions are spontaneous is entropy is high (products are less ordered than reactants)
Entropy of product is greater than entropy of reactants
Why melting of ice is spontaneous
Solid -> Liquid & Liquid -> Gas results in entropy increase
Gas -> Solid results in decrease in entropy

Free Energy – portion of system that is available to do work abbreviated by letter G
Enthalpy (H) 
Entropy (S)
Absolute temperature in Kelvins (T)
Enthalpy and entropy can influence the overall free energy of the reaction
Interplay between both to determine whether reaction will occur spontaneously
Free High Energy = Less Stable
More energy – less stable
Concentration gradient is less stable than when molecules are equal on each side

Chemical Equilibrium – no longer and overall changes in products and reactants
Rate of forward reaction = rate of backward reaction
Equilibrium = lowest point of energy because there is no longer spontaneous change in either forward or reverse direction
Reaches maximum stability when free energy is equal to zero (G = 0)
More negative the farther it will move towards completion
Most reactions have G close to zero and therefore are really revisable by adjusting concentrations of products and reactants
If G for reaction is negative – why are reactants not all converted?
Free energy is lower when products are contaminated by reactants than when system is in pure form 
Mixture is more disordered than pure form
KEY – overtime all reactions reach equilibrium of isolate system
Living things are open system – never reaction equilibrium

Metabolism – sum of all chemical reactions that take place within organisms
Catabolic pathway – energy is released (breakdown)
Ex – cellular respiration
Anabolic pathway – consume energy to build complicated molecules and thus absorb energy
G is positive
Both Pathways – made up of exergonic and endergonic reactions
When sum is taken – G of all reaction = if reaction is exergonic or endergonic
CR is made of both but has negative G and thus is said to be exergonic
Organisms are required to bring in a lot of energy
Therefore – are said to have negative G and reach equilibrium or (G=0) when they die

Reactions within the cell
Anabolic and said to be endergonic
Endergonic reactions in cell are driven by ATP
ATP is currency of energy for all reactions from bacteria’s to humans
Breakdown of ATP in aqueous environment is a hydrolysis environment that liberates free energy and results in formation of ADP and Pi
High free energy is due to 1) both hydrolysis reactions carry negative charge (repulsion favors hydrolysis) 2) release of terminal phosphate allows greater opportunity for hydration 3) orthophosphate can exist in many forms, not all which are available when it is bonded (release of orthophosphate group increases disorder)
High energy content of ATP is due to different in energy content between reactants (high) and products (low) 
Hydrolysis produces ATP – it is not reactive molecule
Hydrolysis in aqueous environment is kinetically slow
Rapid hydrolysis would only release heat which is difficult to trap to do work
High heat would kill ell
How do cells harness energy in order to do work?
Energy coupling – exergonic reaction converting ATP to ADP and Pi is used to drive endergonic reaction
Requires enzyme-catalyst; brings molecules of ATP and reactant molecules into close contact
Energy of ATP is moved to reactant molecule through terminal phosphate group
Hydrolysis is prevented in ATP during energy coupling reactions
Because site on enzyme where ATP and substrate react is not accessible to water
Inorganic phosphate not produced during coupling reaction
Coupling reaction has overall negative G and therefor is spontaneous
Coupling reactions makes all chemical reactions in organisms possibly
ATP hydrolysis does not occur = high efficiency of energy transfer between ATP and reactant

ATP Synthesis
Endergonic and comes from breakdown of complex molecules that contain free energy
ATP Cycle – breakdown and resynthesize of ATP

Reaction is thermodynamically unstable if free energy change in reaction is negative
Activation energy
Periodically, reacting molecules that gain enough energy reach transition state
If enough transition states occur – free energy released is enough to drive more reactions
Not the case in most reactions
Heat cannot be used in biology
1) Cells can be destroyed at high temps
2) Increase temperature would speed up all reactions; regulations of metabolic pathways would be lost

Catalyst – speeds up reaction without taking part
Most common catalyst is enzyme
Enzymes alter activation energy but not free energy
Increase rate of spontaneous (exergonic reactions) but not endergonic because they do not supply free energy
Do not change G
Enzyme – combines briefly but then lets substrate go – enzyme is unchanged 
Enzyme is must larger than substrate; substrate only binds to small region of enzyme called active cell
Active site = groove when enzyme folds into correct conformation
Catalysis occurs when enzyme binds to substrate converting them into produces
Enzymes released bind to other substrates – repeat enzyme cycle
Cofactor – non protein that binds precisely to enzyme
Essential

Increase rate of reaction by increasing number of molecules that attain transition state conformation
1) Bring molecules together
2) Expose molecules to alter change environment that promotes catalysis
3) Change shape of substrate molecule

Rate of catalysis is proportion to # of enzymes

Enzyme Inhibitors – lower ability of enzyme to bind to subsrate

Covalent modification
pH – optimum around 7/ stomach = 1.5/ intestine = 8
[bookmark: _GoBack]Temp – optimm around 40-50 C drop off around 55-60
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