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Introduction:
	The examination of the Krebs cycle and oxidative phosphorylation is of major importance in the medical field, mainly in the study of diseases. The resultant progression of the inhibition and inactivity of the major components and enzymes of cellular respiration is that of disease. Through isolation of the mitochondria the effect of certain components on the reaction rate can be experimentally determined.
	The isolation of mitochondria is a technique of cell fractionation in which the mitochondria and alike sized organelles is separated from a homogenate of tissue. Forming the homogenate requires the cells outer surface (cell wall and cell membrane) to rupture and allow the contents to freely move. Plant cells contain a hard outer shell, the cell wall and therefore need a strong force such as a Waring blender in order to allow such homogenization (Sheeler, 1981). Some cellular components such as the vacuole may also rupture during this process, so a medium must be added in order inhibit the ability of the enzymes or concentration of substituent’s to affect the activity of the mitochondria (Sheeler, 1981). A centrifuge must also be used in order to separate the mitochondria from the other cellular components. The relative centrifugal force is the force times that of gravity at which the proportion of a certain size of cellular components form a solid pellet at the bottom of the tube while the smaller components stay in solution in a liquid called the supernatant (Sheeler, 1981). The relative centrifugal force (RCF) can be calculated as follows; 
	RCF = 1.117 x 10-5 n2r		where n is the revolutions per minute and r is the distance in cm from the centre of the rotor to the centre of the centrifuge tube. 
	With the pellet containing mitochondria in solution with the medium, assays can be reacted with the addition or subtraction of a certain component in order to observe the effect and therefore the dependence of that component. The redox dye 2,6 dichlorophenolindophenol (DCPIP) is a blue oxidized dye to begin with but when reacted in the mitochondria in normal solution will become reduced by the coenzymes NADH and FADH2. The effect of a change in a certain component can be observed by the absorbance of the oxidized blue form of DCPIP. The more NADH and FADH2 produced by the Krebs cycle allows for a faster reduction of DCPIP and with a higher oxygen uptake in the electron transport chain more NADH and FADH2is oxidized and therefore reducing DCPIP. 
Methods:
	The procedures regarding the isolation of the mitochondria performed in the lab were derived in exact replication of the format on pages 67 and 68 of the BIOC 2200 lab manual (Carleton University, 2008). The flow chart to follow includes only the mitochondria preparation with exact data quantities experimentally performed. 60 g mung bean stem tissue collected by elimination of cotyledons and roots


Stem blended at top speed for 20 seconds with 40ml of grinding medium & continued to blend until broken down finely
Cotyledons & Roots thrown out

Homogenate filtered through cheese cloth


Filtrate divided equally into two 50ml centrifuge tubes using balance. Centrifuged at 5oC for 10 min at 5000 RPM in Sorvall RC 5C plus Centrifuge
Large Bulky Solid material in cheese cloth thrown out


Pellets at bottom of centrifuge tube discarded.
Supernatants transferred equally by balance into two clean 50 ml centrifuge tubes. Centrifuged again at 5oC but for 20 min at 10,000 RPM


2ml of grinding medium added to each pellet containing tube. Mixed thoroughly first by suspending movement of rubber tipped rod then by light insertion in vortex without producing foam
Supernatant discarded leaving pellet

Add additional 3 ml of grinding medium to each tube and set on ice 



Results:
Part A;
Table #1: Centrigual Force obtained at Different Speeds using Servall RC 5C plus Centrifuge
	RPM (rotations)min-1
	rmin (cm)
	RCFmin (x g)
	rmax (cm)
	RCFmax (x g)

	5000
	4
	1117
	9
	2513

	10,000
	4
	4468
	9
	10,053



Sample Calculation;
	RCF = 1.117 x 10-5 n2r = 1.117 x 10-5(5000RPM)2 (4cm) = 1117 x g
Calculation for Average RCF of 15,000 x g;
	RCFmin = 1.117 x 10-5 n2 (4cm) 	RCFmax = 1.117 x 10-5 n2(9cm)
	RCFavg = (RCFmax – RCFmin)/2 = [1.117 x 10-5 x n2 (9cm-4cm)] / 2 
	(15,000 x g)(2) / 1.117 x 10-5 (5cm) = √n2 = √537153088.6
	n = 23,177 rotations min-1
The centrifugal force in units of force multiplied by the gravitational force was obtained for each rotor distance at the maximum distance of 9cm and the minimum distance of 4cm by calculation displayed in the Table #1. The centrifugal forces at max and min were also found for the revolutions per minute of 5000 and 10,000 at which the larger cell components of the cell wall, nuclei, etc and the even smaller components such as mitochondria, chloroplast, lysosomes were pelletted out of the solution at the given RPM respectively. From the data in Table #1 the larger the revolutions per minute the larger the increase in the centrifugal force when comparing the increase in force with an increase in the radius. 
	Part B;
Sample Calculation; (slope in Figure #1) 
slope = m = ∆y/∆x =   
Figure #1 represents a plot of each of the mitochondrial assays containing different reaction components and the absorbance values of each determined at 30 second intervals for 10 minutes. All of the reactions contained the indicator redox reaction dye 2,6 dichlorophenolindophenol (DCPIP). As the reaction preceeded the absorbance values of the assay containing all of the reaction components; the reaction buffer, potassium cyanide, and sodium succinate, was observed to decrease at a large constant rate. The assay without the reaction component potassium cyanide showed the least change in the reaction rate, while the assay without sodium succinate and the assay with the addition of malonate were similar in rate and showed a much lower reaction rate than the original assay. The reaction rate is dependent on the reduction of the DCPIP from a blue colour to a clear colour with little absorbance.  
Discussion:
	The isolation of the mitochondria is primarily dependent on the isolation of functional mitochondria when homogenizing the tissue. As the tissue being studied was a plant cell, i.e mung bean seedlings, the stem had to be blended using a Waring blender for a small amount of time in order to have enough power to rupture the plant cell wall and cell membrane but not the cell components (Moore et. Al, 1993). Also, during this process the blender should be stopped when frothing occurs as excessive frothing results from the denaturing of proteins (Moore et. Al, 1993). The grinding medium chosen is also an important factor in the integrity of the mitochondria. The medium used was 0.5 M sucrose, 0.1 M potassium phosphate at pH 7.1, 0.1% bovine serum albumin (BSA) and 0.01 M magnesium chloride. Sucrose is used to maintain osmoticum as it contests a change in osmotic pressures of the electrolytes in and out of the cell (Moore et. Al, 1993). The potassium phosphate acts as an alkaline buffer to resist a change in pH which would cause the inactivation of the mitochondria (Laties, 1974). BSA decreases the proton conductance of the inner membrane of plant mitochondria which would disallow the mitochondria from reacting with acids and enzymes found from the rupture of vacuoles as vacuoles consist of 60-70% of the plant cell component, and other components of the cell (Diolez et. Al, 1983). Magnesium chloride is used to form the magnesium-ATP complex and activate the ATPase which further allows oxidative phosphorylation to occur (Krasner et. Al, 1981). During tissue homogenization other organelles can become ruptured and the components of which can affect the activity of the mitochondria. The main organelle affecting the mitochondrial integrity is the vacuole as it acidic and contains hydrolytic enzymes alike to that of lysosomal enzymes of animal cells (Marty, 1999). 
	To fully isolate the intact mitochondria a centrifuge is used. The process of a centrifuge is to spin the homogenate at a certain force in order to separate the larger components (Sheeler, 1981). The technique employs that the cell components are of different sizes and densities and therefore move through a liquid medium at different rates (Sheeler, 1981). With the application of a centrifugal force the larger organelles will form a pellet at the bottom of the tube. For example at a centrifugal force around 600 g as used in the lab the nuclei, cell wall fragments and whole cells will be pelleted out, while with the centrifugal force of 20,000 g the mitochondria, chloroplasts, lysosomes, peroxisomes will be pelleted out (Sheeler, 1981). The force applied is dependent upon the speed at which the rotor is spun and the distance the tube is from the axis of rotation as characterized in the calculation for Table #1.  
	As depicted in Figure #1 the effect of the three components; succinate, cyanide and malonate contribute to the increased rate of the oxidative phosphorylation reactions when comparing with the original assay. When the assay did not contain potassium cyanide the reaction was slowed but was still able to continue at a constant rate. The potassium cyanide stimulates oxygen uptake by inhibiting the Cytochrome path of the electron transport and therefore increasing the capacity of O2 uptake of the alternative pathway (Sesay, 1986). By inhibition of the Cyt path, complex I is also bypassed and therefore with inhibition of both pathways the reaction continues at a faster rate. In Figure #1 for the first two minutes of the reaction the rate at which it occurs is the same in accordance with the standard curve, but as time progresses and the reaction reaches the electron transport chain the absorbance value decreases at a lower rate therefore a slower reaction rate. With a higher absorbance in the later of the reaction time in comparison to the standard curve, less NADH and FADH2 has been oxidized and therefore less DCPIP has been reduced to the colourless form. This is due to the potassium cyanide not being present and therefore not inhibiting the Cytochrome complex and complex a in the chain resulting in a slower reaction (Sesay, 1986). Succinate on the other hand is one of the major oxygen uptake reactions in the Kreb cycle (Illingworth, 1999). With addition of the acid as seen in the original assay in Figure #1 succinate acts catalytically which has been shown by the amount of oxygen consumed being greater than the amount required to complete the reactions (Illingworth, 1999).The assay without the component of succinate continued to absorb larger amounts of light in comparison to the original assay which shows the deprivation of the reaction rate. Without the addition of succinate the reaction rate was slowed as in the 5th reaction in the Kreb cycle when succinate is formed, the reaction would not be catalyzed with the addition of succinate and therefore continue in a much slower reaction rate. Succinate does not affect the electron transport chain but rather the Kreb cycle at the exact reaction when succinate is formed. Due to an uncatalyzed reaction the endogenous substrates absorbed less oxygen and therefore oxidized less coenzymes, which in effect reduced less of the DCPIP. With less DCPIP reduced to the colourless form more of the blue form was able to absorb light. The addition of malonate proved to show the largest affect on the reaction rate as the absorbance values changed the least over reaction time. Malonate is an inhibitor of the succinate dehyrogenase complex of the respiratory chain and therefore a competitive inhibitor to succinate(Kenney et. Al, 1972). Therefore the enzyme blocks succinate oxidation which accounts for a large amount of oxygen loss required to sustain completion of the further reactions in Kreb cycle as not only is succinate not being oxidized malate is not acting as a large oxygen uptake either (Kenney et. Al, 1972). By binding to the active site of the SDHA site of succinate dehydrogenase, succinate is blocked from binding and therefore cannot be oxidized to fumurate and result in the reduction of FAD to FADH2 which is contained in the SDHA site (Kenney et. Al, 1972). Malonate also inhibits the activity of succinate dehydrogenase in the electron transport chain at complex II (Illingworth, 1999). As observed in Figure #1 the change in absorbance over time is the lowest of each of the assays and therefore results in the lowest reaction rate.  Malonate first disrupts the reaction producing succinate and therefore the later reactions forming fumurate, malate, and oxaloacetate, lowering the rate at which the coenzymes can be oxidized to reduce the dye DCPIP to a colourless form absorbing less amounts of light. Secondly, malonate is then shown to inhibit complex II and therefore induce the same effects mentioned which result in less reduction of the DCPIP (Kenney et. Al, 1972). With a discontinuation of the regular amount of products in the Kreb cycle the cycle continues with less reactants and therefore continues to have proportionally less amounts of oxygen required to oxidize the coenzymes. This results in the largest depletion in absorbency change and therefore reaction rate as malonate effects both the Kreb cycle and the electron transport chain.  
	As is always the case with experimentation of cellular constituents, the removal of the mitochondria from its normal cellular environment could result in error of the overall experiment. In vitro experimentation in this case does not result in a large amount of error as the components to which it has most interaction with are contained in the solution. Also the medium acts as a similar environment in regards to the pH value and osmotic concentrations. If in vivo isolation were to be performed the integrity of the mitochondria would be very restricted as further reactions to degrade the cell wall, cell membrane and larger components of the cell would need to be performed in order to penetrate and isolate the mitochondria. 
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