Lecture 2 Outcomes

Relationship between excited states of a pigment and its absorption, fluorescence emission spectra.   
-Red-orange light (625nm-700nm) shows a good rate of photosynthesis however the best rate of photosynthesis is seen with violet-blue light (400nm-525nm). 
-Red has a higher emission than blue; fluorescence shifted to the longer wavelength because some energy  is lost as heat; sub level of excited state
So absorption characteristics reflect the excited state of the pigment; however after the blue photon of light is absorbed it is quickly lost as heat to be brought down to the red state and even more heat is lost until it returns to the ground reflecting a photon of light that is darker in red
-An absorption spectrum is a graph showing the percentage of light absorbed by pigments within the chloroplast, for each wavelength of light.  An example is the absorption spectrum of chlorophyll a and b. The best absorption is seen with violet-blue light. There is also good absorption with red-orange light. However most of the green-yellow light is reflected and therefore not absorbed. This wavelength of light shows the least absorption. 

Region of the electromagnetic spectrum known as “visible light”.
-light absorbs visible light, not UV or radio waves
-chlorophyl absorbs all lights except for green
-green is either transmitted through the pigment or lost as reflected light
-chlorophyll best absorbs light at the wavelength corresponding to the ultraviolet; red is also good

Relationship between wavelength and energy content of a photon. 
-inverse relationship between the length of the wavelength and the energy content
-the longer the wavelength, the lower the energy content of the wavelength 

Molecular characteristic of visible pigments that make them able to absorb light.
-Pigments are able to absorb light due to a conjugated system of altercation between double and single bond
-these bonds contain non boding pi electrons that trap the light and are not involved in bonding with the exception of retinol 

Relationship between pigments and associated protein.
-Pigments are not free floating systems in our cells rather they are attached to associated proteins
-during isolation of the pigment you have to be careful of not completely removing the pigment
-proteins are coloured because they are non covalently attached to the pigments

Four “fates” of the excited state of chlorophyll resulting from absorption of photons. 
1. Simply decay as heat; Pigments in chlamy; if all the energy is lost as heat, cells would heat up and die chlamy would die; the goal is to trap the energy and use the energy; can’t be a lot of heat loss in chlamy under normal conditions
2. You could lose a little bit due to heat; lose the remaining energy which emits light; fluorescence; the wavelength of the red light is slightly longer and slightly lower energy because some of the energy was lost as heat, than the light energy absorbed
3. You can do work; photosynthesis is called photochemistry; to change the structure of the molecule; the structure of the pigment
4. Energy transfer; you can transfer the energy to its neighbour

Reason(s) why relative fluorescence is different in isolated chlorophyll vs. intact cells when exposed to light. 

What accounts for the fact that chlorophyll is green in color?
The chlorophyll is green in color because there is no green energy state, and thus the pigment does not absorb the green wavelength because the excited electron has no higher state to travel. In fact the green light is lost and is either reflected as green light or transmitted through the pigment. Since the energy in the photon of light have to match the energy difference between the states of the grounded and higher energy state; the green energy state does not exist therefore the energy in the green photon does not match 

Quantitative relationship between photons and excited electrons. 
1 photon can only excite 1 electron

Relationship between energy of photon and energy required to excite electrons in order for photons to be absorbed. 
Energy of certain photon is absorbed since the energy in the photon of light have to match the energy difference between the states of the grounded and higher energy state

General structure of photosystem. 
Photosystem is comprised of two parts; the purple antena is the protein and the chlorophyll is bound to this protein and this surround the reaction centre, no photochemistry in the purple antenna
Special chlorophyll in the reaction centre 
There is only energy transfer between chlorophyll pigments
Exited energy is transferred and then the donor chlorophyll decays; 6 angstrom very small distance
No photochemistry; moving the energy state not the actual electron 
Photochemistry takes place in the rxn centr; electron gets pulled off; oxidation of chlorophyll
This electron drives the electron transport  
they are organized in specific manner for energy transfer 


Similarities and differences of the light capturing and photochemistry of phototransduction (retinal) vs. photosynthesis (chlorophyll).
-Photochemistry of retinal also called the isomerization of retinal takes place in the protein receptor blue molecules in the discs of the rods
-Photochemistry does not take place in the purple antenna where the chlorophyills are bounded very close to each other but they take place in the rxn centre where oxidation of chlorophyll takes place; changing the structure of the chlorophyll; removing an electron
this drives the electron transport chain
-the light absorption in the retinal; the pigment is recycled however this does not happen in the photosystem

How are excited states of antennae pigments organized to provide for energy transfer to reaction center.

There is less fluorescence in the cell sample because the cell requires a lot of energy for it to run the cell processes it needs to function properly. Therefore, the energy produced by the excitation could be used by essential molecules and cell organelles to perform these processes. The energy can also be transferred to the reaction center to drive photochemistry as part of photosynthesis. It is possible that the cell has developed an evolutionary mechanism(s) which help utilize light energy by minimizing energy loss and the amount of fluorescence given off.
In the isolated chlorophyll, there is no pathway for the energy produced to be utilized so it is released via fluorescence. Since none of the energy is being utilized by other processes like in the cell, most of the energy is released as fluorescence, producing a higher amount of fluorescence than in the cell.
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Structure of rhodopsin. Protein complex
 Rhodopsin=retinal + opsin
Red pigment is called retinal 

Effect of photon absorption by 11-cis retinal on retinal structure followed by association with opsin protein followed by interaction of transducin with opsin.
Photoreceptor cell
Transducin interacts with the rhodopsin
Retinal is in the membrane
The transducin needs to interact with the opsin protein; there is a cleft that the transducin can interact with the opsin; This interaction needs to take place; but it cant bind in the dark because the active site is bound by 11 cis retinal; after isomerization the opsin and the retinal split leaving it open 
Upon photon absorption; 11 cis retinal which has a nice pocket; when it changes to all trans formation there is no binding site; no place for opsin protein 
That form of the pigment detaches from the opsin; this does not occur in the photosystem
Opsin has to be recycled
Huge recyling portion; When it changes from cis trans; it opens up a cleft as the opsin protein is conformed and changed, also the retinal is recycled, now transducin can interact
One red subunit of the transducin is interacting with the opsin
It activates the phosphodiesterase
Reasons why life has evolved to detect the narrow band of energy represented by “visible light”.
Much more visible light in the atmosphere and sea level; abundant for; makes sense that natural selection is going to take advantage of 
Ozone sucks a lot of the ultra violet; there is very little uv in the atmosphere and the surface 
Longer wavelengths; molecules in the atmosphere which trap those wavelengths; the amount hitting the surface is even lower 
Therefore light is the more dominant
 Energetically its perfect 
Chlorophyll would get obliterated; retinal would break apart
Those bonds have energies much lower than gamma ray ;Not enough energy provided by radio waves 
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Draw the ground state and lowest excited state of four pigment
‘molecules A,B,C,D that allows for stepwise energy transfer from A to D.
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