Photosynthesis efficiency in varying light conditions and analysis of photosynthetic pigments
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Introduction
Plants use photosynthesis to convert light energy, carbon dioxide, and water in to glucose and oxygen. In this experiment, the goal was to quantify the amount of oxygen that actually gets produced from varying amount of light energy. We did this by isolating the aquatic plant Elodea in a closed system and measured the amount of oxygen that was produced at different light intensities.  
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The rate of O2 production (an estimate of photosynthetic rate) will be greater under higher light intensity, and will be diminished as light intensity decreases. (Cloot, 1994) I predict that Elodea plant will produce less oxygen as the lamp is moved further and further away from the system. 
In our second experiment, our goal was to measure the photosynthetic rate of Elodea under blue, green, and red light. Instead of varying the intensity of the light, the colour of the light was changed and results were recorded. The rate of O2 production (an estimate of photosynthetic rate) will be lowest under green light and highest under red light. (Dubinsky 1980) I predict that the Elodea plant will see a sharp decrease in oxygen production when the green filter is in place. 
In the second part of this lab, our goal was to determine which wavelengths of visible light get absorbed best by the photosynthetic pigments of spinach leaves. Absorbance readings were taken incrementally to span the entire visible range of light. The light will be best absorbed near the bottom of the visible light spectrum (blue) and will be absorbed the least by green light, which is near the middle of the visible light spectrum, at approximately 550nm. I predict there will be a high absorbance rating in the 400nm range, and then there will be a decline in absorbance as we move further up the visible light spectrum.
In the third part of the experiment, our goal was to determine exactly which photosynthetic pigments are in spinach by using a TLC plate to extract each pigment individually.  I predict that there will be an array of green colours present on the TLC and possibly orange or blue. 
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Figure 1. Oxygen production as a function of lamp distance in Elodea. A linear regression was done in Excel using the trendline function. The equation of the linear regression is -0.0002x+0.0178. R2=0.9958. The data were taken from 10 different groups, the average is present in the graph. 
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Figure 2. Oxygen production as a function of wavelength in Elodea. A linear regression was done in Excel using the trendline function. The equation of the linear regression is 7E-06x+0.0156. R2=0.0016. The data were taken from 10 different groups, the average is present in the graph. 
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Figure 3. Absorbance as a function of wavelength in spinach leaf extracts. Data points were connected using Excel. 
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Figure 4. Absorbance as a function of wavelength in spinach leaf extracts. Data points were connected using Excel. 




	Observed bands or spots on chromatogram
	Colour
	Probably pigment
	Distance travelled
	Rf value 
	Fluorescent (Y/N) and colour

	1
	Yellow/Orange

	a-carotene
	550
	0.982
	orange/yellow

	2
	Grey

	phaeophytin-a
	200
	0.357
	N

	3
	Orange

	phaeophytin-b
	175
	0.313
	orange

	4
	Orange

	chlorophyll-a
	160
	0.286
	orange

	5
	Green

	chlorophyll-b
	130
	0.232
	orange

	6
	Green/Yellow

	lutein
	90
	0.151
	yellow

	7
	Yellow

	xanthophyll
	70
	0.125
	yellow

	8
	Yellow
	xanthophyll
	60
	0.107
	yellow




Table 1. Observed pigments from spinach leaf extracts on a TLC. 










Verbalization
Figure 1. The curve is relatively straight. The curve is declines as distance from the lamp increases. 
Figure 2. The curve is U-shaped. The curve dips steeply to some minimum value, and then climbs drastically back up. 
Figure 3. The curve is U-shaped aside from the last 2 data points. Both the positive and negative slopes are very steep. 
Figure 4. The curve is upside-down U-shaped aside from the last 2 data points. Both the positive and negative slopes are very steep.
Table 1. The tables shows the presence of a lot of green, orange, and yellow pigments. Most of these fluoresced. 













[bookmark: _GoBack]Discussion
Our results show that the rate of oxygen production in Elodea is positively correlated with the proximity of the lamp to the system. Photosynthesis in plants is accelerated when there is more light available to the plant. (Cloot 1994) We also see that oxygen production is highest at either end of the visible light spectrum, and lowest in the middle. Photosynthesis is most efficient under red and blue light, and the least efficient under green light. These results were consistent with the hypothesis and predictions for both experiments. Under extremely high light intensity, photosynthesis is accelerated, but there is a lag in the speed of light absorption and the transport of electrons that occurs after. (Ruban 2009)
Any material with colour is absorbing every wavelength of light that hits it, with the exception of the colour that we see on the material. In plants, the main photosynthetic pigment (chlorophyll) is green, which means that green light gets reflected back off the plant to our eyes. When the light on the plant is green, the plant is able to absorb very little of the light, and reflect a lot of it due to its green colour, which explains the drop in oxygen production under green light. (Dubinsky 1980)
The absorption spectrum of the spinach extract is consistent with the observations made in experiment 2.  The spinach extract absorbed the least light at the 550-600nm range. The green filter we used was 535 nm in experiment 2. This clearly shows that green light is absorbed the least by green plants. (Horton et al. 1988)The only difference between the two results were the last 2 data points in figure 3. The graph shows a decline instead of the increase that is expected. I suspect this is due to experimental error, possibly due to forgetting to clean the cuvette with a kimwipe before measuring absorption. 
All of the pigments play a role in photosynthesis except for pheaophytin, which is an oxidized form of chlorophyll and does not fluoresce. Chlorophyll-a is the most important pigment, it is found in any organism that uses photosynthesis with the exception of some bacteria. Chlorophyll-b extends the range of light that can be absorbed. Xanthophyll and carotene are examples of carotenoids, lutein is a type of Xanthophyll. They are generally orange and yellow in colour, which helps them to absorb a different portion of the visible light spectrum that is unavailable to chlorophyll because of its green colour. (Lodish et al. 2000)
Overall, photosynthesis was most effective under red and blue light at high light intensity, and was least effective under green light at low intensity. The absorption of light in the pigments of the spinach extracts was consistent with this observation. The TLC showed the presence of chlorophyll in the spinach extract, as well as several accessory pigments. 
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