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The Hill reaction is a vital step in photosynthesis that is vital to plant survival. The effects of varying chloroplast concentration, and the presence of 1,4-dinitrophenol (DNP) and 3-(3,4-dichlorophenyl)-1, 1-dimethylurea (DCMU) on the Hill reaction were assayed by comparing rates of reaction using 2,6-dichlorophenol-indophenol (DPIP) as the electron acceptor. It was hypothesized and later concluded through an analysis of O.D. as a function of time that greater levels of chloroplast increased the rate of reaction and that the inhibitors of the photosystems in chloroplast, DNP and DCMU, significantly lowered rates of reaction when compared to the control. 

1. Introduction


The first set of reactions in photosynthetic metabolism is a series of light-dependent reactions that convert light energy into chemical energy in the forms of ATP and NADPH (Lab Manual, 2006). These light–absorbing reactions take place in photosystems, large pigment-protein complexes that are found in light-sensitive pigments such as chlorophyll and carotenoids (Karp, 2005). Photosystem II (PSII) absorbs a photon, boosting an electron up to a higher energy level and transferring it via a plastoquinone to photosystem I (PSI). The Hill reaction of photosynthesis is the splitting of water to donate electrons to the reaction center of photosystem II. This is a light-dependent oxidation known as photolysis, during which oxygen is liberated as well as hydrogen ions that contribute to the electrochemical gradient of the membrane later used in the synthesis of ATP. The electrons produced during photolysis move through the electron transport chain to photosystem II where they will eventually reduce NADP to NADPH (Lab Manual, 2006). 


The use of 2,6-dichlorophenol-indophenol (DPIP) can be used to measure the Hill reaction and study its components in the laboratory. In vitro, DPIP is an artificial compound that can act as the electron carrier. It is blue in its oxidized form and turns colorless when reduced. This change, when measured in a spectrophotometer as a change in the absorbance, can indicate the course of the Hill reaction (Lab Manual, 2006). 


In the present study, a series of experiments were conducted to identify the effect of nonfunctional chloroplast, lack of light, varying chloroplast concentration, and presence of 1,4-dinitrophenol (DNP) and 3-(3,4-dichlorophenyl)-1, 1-dimethylurea (DCMU) on the progression of the Hill reaction. A considerable number of electron carriers are involved in the light reactions of photosynthesis. These carriers are targets of many common herbicides, such as DCMU, that work by binding to a core protein of PSII, blocking electron transport (Karp, 2006). 


It was hypothesized that the Hill reaction cannot occur in broken chloroplasts because chlorophyll pigments will have been destroyed. In the absence of light, the Hill reaction will not occur because photons are necessary to excite electrons. Also, in higher concentrations of chloroplast suspension, it was hypothesized that the rate of the Hill reaction is faster because there is are more PSIIs. Lastly, it was hypothesized that the rate of the Hill reaction will be faster in the presence of DNP than of DCMU because DNP will have a larger affect on the functioning of PSI than PSII, where the Hill reaction takes place. 

2. Methods

2.1 Extraction of Chloroplast


For the extraction of chloroplast, 100g spinach leaves and 100ml sucrose solution were processed into a paste and filtered. After centrifuging for 5 minutes on high, the supernatant was decanted and centrifuged on medium-high speed for 10 minutes. The supernatant was then decanted and the pellet resuspended with propylene glycol brought to a volume of 150ml. 15ml of extract was boiled to deactivate the chloroplast. (Lab Manual, 2006)

2.2 Experiment 1


Four spectrophotometer cuvettes were prepared by adding 4.0ml of potassium chloride buffer to each tube. To the first tube, 1.0ml of boiled chloroplast suspension was added. To the remaining tubes, 1.0ml of chloroplast suspension was added.  The third tube was wrapped in aluminum foil and kept away from the light source. 0.2ml of 0.1% DPIP (2,6-dichlorophenol-indophenol) was added to the fourth tube followed by a few crystals of sodium hydrosulfite. This tube was used as a blank for the spectrophotometer, set to 580nm. 0.2ml of 0.1% DPIP was then quickly added to tubes 1-3 and the O.D. (optical density) values taken as time zero. Tubes 1 and 2 were placed in a beaker of water about 24 to 36 inches away from a light source. Readings were taken every 2 minutes until the O.D. reading of tube 2 did not change for three time points. Readings for cuvette 3 were taken at the time zero and again at the last time point. (Lab Manual, 2006)

2.3 Experiment 2: Effect of Chloroplast Concentration


Three cuvettes were prepared by adding 3.5ml of buffer (potassium chloride) and 1.5ml of chloroplast suspension to the first tube, 4.5ml of buffer and 0.5ml of chloroplast suspension to the second tube, and 4.0ml of buffer and 1.0ml of chloroplast suspension to the third tube. Cuvette 4 from the previous experiment was used as the blank. The first readings were taken immediately after adding 0.2ml of DPIP to each cuvette. The cuvettes were kept in a beaker of water close to a light source between readings. Readings were taken in 2 minute intervals for a total of 15 minutes. (Lab Manual, 2006)

2.4 Experiment 3: Effect of DNP and DCMU


Three cuvettes were prepared by adding 4.0ml buffer and 1.0ml of chloroplast suspension to the first tube, 3.0ml of buffer and 1.0ml of chloroplast suspension to the second tube, and 3.0ml of buffer and 1.0ml of chloroplast suspension to the third tube. 1ml of 0.001mM DCMU (3-(3, 4-dichlorophenyl)-1, 1-dimethylurea) was added to the second tube and 1ml of 10mM DNP (1, 4-dinitrophenol) to the third tube. Cuvette 4 from the first experiment was used as the blank. Readings were taking immediately after adding 0.1ml of DPIP to each of the three cuvettes. The cuvettes were kept in a beaker of water close to a light source and readings were taking every 2 minutes for a total of 15 minutes. (Lab Manual, 2006)

3. Results


Data for each of the five reaction series were plotted on the same graph and the trend lines allowed for calculations of the rates, as presented in Figure 1. For the control, the rate of reaction was the fastest of all five reactions. The rates of reaction for the two cuvettes containing different concentrations of chloroplast were both slower than that of the control. The rate of the “Fast” reaction was approximately 30% faster than the rate of the “Slow” reaction.  For the cuvettes that contained inhibitors, the rates of reaction were the slowest of the series. Compared to each other however, the rate of reaction in the presence of DNP was nearly twice as fast as the rate of reaction in the presence of DCMU, which had the slowest rate of the entire series.


Data not represented on the graph is from cuvette 3 in experiment 1, which contained boiled chloroplast. The O.D. value at the beginning and end of the experiment did not change.

4. Discussion


This experiment assayed the effect of different factors on the Hill reaction. The hypothesis was not verified during this study because the rate of the control was far faster than all of the other reactions in the series. It is possible that this was due to the fact that the exact amount of chloroplast in each cuvette cannot be normalized; it is assumed that each cuvette contains about the same number of functional chloroplast. The control cuvette may have had an exceptionally large portion of chloroplast relative to the other cuvettes. In future experiments, it may be beneficial to induce constant stirring to the prepared solution of extracted chloroplast to maintain continuity across all three experiments. 


The results show that a greater concentration of chloroplast allowed for a faster rate of reaction when compared to a much lower concentration of chloroplast. Both reactions were far slower than the control. It is reasonable to conclude that more chloroplasts present allows for a greater number of pigment molecules that can absorb photons. It was shown in a study conducted by Wentworth and colleagues that the rates of photosynthesis of two varieties of common bean (Phaseolus vulgaris) are affected by its chloroplast levels under various environmental stressors (2006). Moreover, Wang et. al, indicated in a study that examined the relationships between chloroplast number and photosynthesis that elevated CO2 significantly increased chloroplast number per unit cell area as well as net photosynthesis per unit leaf area in tobacco leaves (2004).


In experiment 3, the results show that DCMU and DNP significantly reduced the rate of reaction relative to the control. Compared to each other, the presence of DCMU made for a slower rate than the presence of DNP. DNP affects the rate of electron transport as a metabolic uncoupler that interferes with the proton gradient across the membrane required for ATP synthesis and depletes the electrochemical energy source. Previous research by Arnon et. al, showed that anaerobic cyclic photophophorylation in chloroplasts in the presence of DNP was inhibited far more than non-cyclic photophosphorylation (Raven, 1969). This may explain why in the current assay, the rate of reaction in the presence of DNP was significantly faster than the reaction containing DCMU. In a study by Orr and colleagues, DCMU significantly inhibited photosynthesis. In earlier research, it was suggested that DCMU inhibits the electron transport chain between PSII and PSI (1976). The results of this experiment agree that DCMU is an inhibitor of PSII because it blocks electron transport from PSII; thus it hinders the acceptance of electrons by DPIP (Lab Manual, 2006). 


The ramifications of this study can be applied to crop growth. DCMU is an effective inhibitor of the Hill reaction as it binds to PSII, competing with the plastoquinone electron transporter. As an ingredient in herbicide, DCMU can effectively lower weed population and increase crop turnout. 
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