Lecture 2

Outcomes: 
Characteristics of the electromagnetic spectrum
· Electromagnetic radiation is the energy given off when the Sun converts hydrogen into helium by nuclear fusion  The sun performs this process at a rate of 3.4*10^38 hydrogen nuclei per second (over 4 million tonnes of matter is converted into energy per second)
· Electromagnetic radiation travels in the form of a wave at the speed of light ( 1 079 252/ 848 km per hour) and reaches Earth in just over 8 minutes because the Earth is only 150 million kilometers away from the Sun. 
· The distance between Earth and the Sun is why life exists on Earth and nowhere else in our solar system. 
· The different types of electromagnetic radiation are distinguished by their wavelength (the distance between two successive peaks), with them ranging from less than 1 picometre (10^-12 m) for cosmic rays to move than a km (10^6 m) for radio waves
· Electromagnetic spectrum range: GXUNIMR 

Definition of light
· Light is usually defined as the very narrow portion of the electromagnetic spectrum that humans is visible to human eyes, only spanning wavelengths 700 to 400 nm (Visible Light), spanning ROYGBIV
· The definition of light is different in physics and includes other regions of the electromagnetic spectrum, such as UV and IR light.
· Light serves as both a source of energy that directly or indirectly sustains virtually all organisms, and provides organisms with information about the physical world that surrounds them. 
· Chlamydomonas reinhardtii (single cell green alga that is a photosynthetic eukaryote). Chlamydomonas reinhardtii contain a large chloroplast that uses light energy to make energy-rich molecules through the process of photosynthesis, as well as a light sensor (also called an eyespot) that allows it to gather information about the location and the intensity of light sources. This information allows them to optimize light harvesting for photosynthesis. These uses of light by Chlamydomonas reinhardtii rely on the same fundamental properties of light and require the light energy to be captured by the organsism. 

Relationship between wavelength and energy content of a photon.
· Some experiments have suggested that light behaves as a wave while other experiments have led us to believe that light is composed of energy particles called photons
· We have determined that light has properties of both waves and streams of photons (particle-wave duality)  Thus, light is best understood as a wave of photons.
· Wavelength of light and the energy of photons have an inverse relationship, so the longer the wavelength the lower the energy of the photon it contains. Thus shorter wavelength blue light consists of photons of higher energy than red light which has a longer wavelength and thus photons of lower energy.

Definition of absorption of light.
· Light is able to be used by living things because it causes change by interacting with matter. 
· When a photon of light hits an object, it has 3 possible fates (reflection/ transmittance off the object or absorption by the object). 
· Only if absorption takes place, can the photon be used as a source of energy or information by an organism
· When light is absorbed, the energy of the photon is transferred to an electron within a molecule, which excites the electron, moving it from its ground state to a higher energy level (excited state).  The excited-state electron represents the source of energy required for processes that help organisms maintain life (such as photosynthesis and vision)
· Photons can only be absorbed only if the energy of the photon matches the amount of energy needed to move the electron from its ground state to a specific exited state. Otherwise the photon of light is not absorbed, but instead is transmitted through the molecule or reflected. 

Molecular characteristic of pigments that make them able to absorb light.
· Pigments are a type of molecule that are very efficient at absorbing photons and help with a variety of functions.  Chlorophyll (involved in photosynthesis), retinal (involved in vision), and indigo (used to dye jeans blue) are all examples of pigments.
· Despite the fact that pigments structurally very different from one another, they all have a region where carbon atoms are covalently bonded to each other with alternating single and double bonds, which is feature that is crucial to the absorption of light. 
· This bonding arrangement is called a conjugated system and results in the delocalization of electrons, with none of these electrons being closely associated with a particular atom or involved in bonding and thus are available to interact with a photon of light.
· Pigments absorb lights at vastly different wavelengths because differences in chemical structure result in each pigment having distinct excited states available to its delocalized electrons, and as a result some pigments might only absorb 1 color because they only 1 exited state, while other pigments can absorb 2 or more different wavelengths because they have 2 or more excited states
· Photon absorption and colour are related, as a pigment’s colour is the result of photons of light that it doesn’t absorb and instead these photons are reflected off the pigment or transmitted through the pigment to your eyes (ex. Red T-shirts are red because pigment molecules bound to the fabric of the shirt absorb blue, green, and yellow photons of lights, while red photons aren’t absorbed and are instead transmitted through the shirt or reflected)


Understanding of why biological systems only absorb visible wavelengths of the electromagnetic spectrum
· Even though visible light is a very small portion of the total electromagnetic spectrum, it is essential to life on Earth, and is used for photosynthesis, vision, phototaxis, photomorphogenesis, and other light-driven processes. 
· It is thought that visible light is used by organisms because it is the most dominant form of electromagnetic radiation in reaching Earth’s surface as short wavelengths of electromagnetic radiation are absorbed by the ozone layer high in the atmosphere, while ER waves longer visible light are absorbed by water vapour and carbon dioxide in the atmosphere
· Additionally, light is used by organisms because it contains the right amount of energy, as radiation of shorter wavelengths contains enough energy to destroy these bonds, while ER waves longer than visible light are too weak and would not supply enough energy to move an electron form a ground state to a higher, excited state and these longer wavelengths would be readily absorbed by water, which is the bulk of all living things. 
· Thus it can be reasoned that life on other planets within our galaxy likely relies on the same narrow wavelengths of the electromagnetic spectrum for a source of energy and information
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Relationship between pigments and associated protein.
Four “fates” of the excited state of chlorophyll resulting from absorption of photons.
Relationship between energy of photon and electron excited states to explain pigment colour and absorption spectrum.
Distinctions of photochemistry between phototransduction (vision, eyespot...) & photosynthesis
Major similarities and differences between phototransduction in eyespot vs eye.
Role of endoplasmic reticulum bound ribosomes and free ribosomes
Points of control for regulation of protein abundance.
Factors affecting mRNA transcript abundance.
  Characteristics of constitutive vs. induced vs. repressed gene (or protein) expression kinetics. 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