
BC368 Laboratory 
Experiment 3 

Death on the Farm!  
Inhibition of Citric Acid Cycle Enzymes 

 
 
Case Background 

 Two agricultural workers were 
instructed to spray around the farm 
where they worked with a Mexican 
rodenticide (rat poison) for pest control 
(Figure 1).  Over the course of the day, 
they both experienced increasing nausea, 
vomiting, and abdominal pain, and one of 
them died while returning to the farm for 
help. The other man was admitted to the 
hospital.  His temperature was 39.3ºC, 
and he was sweating profusely.  He was 
extremely anxious and confused, and his 
pupils were dilated. Blood tests revealed 
that he was experiencing severe lactic 
acidosis and ketosis. Despite strenuous 
attempts to treat him, he also died in a 
coma two days after admission.  

 In view of the clinical findings, a 
sample of the rodenticide was obtained 
for testing. Your goal is to determine the 
mode of action of this potent toxin using a fresh preparation of liver mitochondria. The 
symptoms suggest that you should focus on reactions relating to the citric acid cycle.  
 
 
Experimental Background 

 In this project, you will use isolated liver mitochondria to assay the activity of several key 
reactions of the citric acid cycle. If any of these reactions are inhibited by the rodenticide, then 
this provides good evidence for the compound’s mechanism of action. 

 First, you will monitor the activity of citric synthase by using 5,5'-dithiobis-(2-nitrobenzoic 
acid (DTNB), commonly used to quantify thiol groups. Thiols, such as that found in free 
coenzyme A, react with DTNB, cleaving the disulfide bond to yield the yellow species 2-nitro-5-
thiobenzoate (NTB-; Figure 2). Recall that citrate synthase catalyzes the following reaction: 

acetyl-CoA + oxaloacetate  à citrate + CoA-SH 

The velocity of this reaction will be monitored via the production of CoA-SH in the presence of 
DTNB as the change in absorbance at 412 nm (ΔA412) over time. You will determine the initial 
velocity of the citrate synthase reaction in the presence of its substrates and then measure the 
rate in the presence of the rodenticide to see if the compound inhibits this enzyme.  
 

Figure 1. The last photograph taken of the two 
agricultural workers who met a tragic end. 
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 Next, you will measure the activity of several dehydrogenases by monitoring the reduction 
of the artificial electron acceptor 2,6-dichlorophenolindolphenol (DCPIP).  To use an artificial 
electron acceptor, the normal path of electrons in the electron transport chain must be blocked.  
This is accomplished by adding sodium azide to the reaction mixture, which inhibits the transfer 
of electrons from cytochrome a3 to the final acceptor, O2.  Instead, they are accepted by DCPIP. 
The reduction of DCPIP by E-FADH2 or E-NADH can be measured spectrophotometrically since 
the oxidized form of the dye is blue and the reduced form is colorless.  For example: 

 oxidized DCPIP, blue reduced DCPIP, colorless 
 
 Thus, the change in absorbance of DCPIP can be used to monitor key reactions of the citric 
acid cycle. You will measure the initial velocity of different dehydrogenase reactions by varying 
the substrate. The velocity of the reactions will be monitored by measuring the change in 
absorbance at 600 nm (ΔA600) over time. You will determine the initial velocity for different 
substrates and then measure the rates in the presence of the rodenticide. You will also use 
some compounds that are not themselves intermediates of the citric acid cycle in this assay. 
You will want to think carefully about the relationship of these compounds to the citric acid 
cycle. 
 
 
Experimental Procedure 

Part I. Isolation of Mitochondria 
 You will isolate mitochondria from liver cells using the method of differential centrifugation.   
You will first homogenize the liver tissue and then centrifuge the homogenate at a relatively low 
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Figure 2. Schematic of the DTNB reaction. The production of thiols can be monitored by 
the production of the yellow species, NTB-. 
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speed to pellet the nuclear fraction and whole cells.  You will then centrifuge the supernatant at 
a relatively high speed to pellet the mitochondrial fraction.  You will then wash the mitochondria 
to remove endogenous substrates. For all cell fractionation procedures, the solutions and 
containers must be kept ice-cold. 

1. Each group should obtain ~25 g of liver, using a single-edged razor blade or scalpel to cut 
pieces. 

2. Place the liver in a chilled blender with 100 mL of ice-cold Homogenization Buffer (0.25 M 
sucrose, 3 mM EDTA, 5 mM Tris, pH 7.4). Blend on “high” for two 15-second bursts. 

3. Filter the suspension through two layers of cheesecloth into a chilled beaker and also wring 
out the juice into the beaker. 

4. Fill two Oak Ridge tubes with homogenate and centrifuge in the JA-20 at 2200 rpm, 4ºC for 
10 minutes. Make sure that the centrifuge tubes are balanced. This step removes unbroken 
cells and large debris.  

5. Remove the supernatant into fresh tubes and centrifuge at 9000 rpm, 4ºC for 12 minutes. 
Again, make sure that the centrifuge tubes are balanced. 

6. Pour off and discard the supernatant and add ~20 ml of ice-cold Homogenization Buffer to 
each mitochondrial pellet. Resuspend each pellet with a transfer pipette. 

7. Centrifuge again at 9000 rpm, 4ºC for 12 minutes. This wash should remove endogenous 
substrates. 

8. Pour off and discard the supernatant and add 5 mL of ice-cold CS Assay Buffer (50 mM Tris, 
pH 8.0) to one mitochondrial pellet (for the citrate synthase assay) and 10 ml of ice-cold 
Mannitol Assay Buffer (0.3 M D-mannitol, 10 mM KCl, 5 mM MgCl2, 20 mM phosphate buffer, 
pH 7.2) to the other. Resuspend each pellet thoroughly. It is important that the clumps are 
completely dispersed. 

9. Place the mitochondrial suspensions on ice, where they should be kept for the entire 
experiment. 

 
 
Part I I- Assay for Citrate Synthase 
 You will use the Ocean Optics to assay the rate of liberation of NTB- from DTNB in the 
presence of the citrate synthase substrates. For your pre-lab this week, print out the 
instructions for the Ocean Optics and bring them to lab. Set up the spectrophotometer to 
collect data at 412 nm for 2 minutes before beginning this part of the experiment. You will 
measure the increase of absorbance at 412 nm. 
1. Each reaction contains the reagents in the table below. Except for the ice-cold mitochondrial 

suspension, all solutions should be kept at room temperature. To a cuvette containing a stir 
bar, add the various solutions in the order given in the table.  

 
Reagent Volume 
CS Assay Buffer 1.8 mL 
Acetyl-CoA (2.0 mM) 0.1 mL 
DTNB (1.0 mM) 0.1 mL 
Mitochondrial Suspension 50 µL 

  



BC368 Laboratory – Experiment 3 – Spring 2015 
 

 4 

2. Place the cuvette in the Ocean Optics sample chamber, with gentle stirring, and calibrate the 
spec with this mixture as the blank.  

3. Quickly add 0.1 mL of oxaloacetate (5.0 mM) and start collecting kinetic data at 412 nm for 
2 minutes. Record the rate of the reaction. (Note that this reaction might be sluggish at 
first. Take the rate after any initial lag period.) If the rate does not seem reasonable, you 
may need to adjust the amount of mitochondrial suspension.  

4. Repeat with 50 µL of rodenticide added before blanking.  
5.  If it appears that the rodenticide inhibits the citrate synthase reaction, perform a second 

trial in both the presence and absence of inhibitor to calculate an average rate for each. (If 
the two replicate trials are not within 10%, run a third trial.) 

 
Part I I I- Assay for Dehydrogenases 
 You will use the Ocean Optics to assay the rate of reduction of DCPIP. Set up the 
spectrophotometer to collect data at 600 nm for 1 minute before beginning this part of the 
experiment. You will measure the decrease of absorbance at 600 nm. 
1. Each reaction contains the reagents in the table below. Except for the ice-cold mitochondrial 

suspension, all solutions should be kept at room temperature. To a cuvette containing a stir 
bar, add the various solutions in the order given in the table. Start with succinate as the first 
substrate. 

 
Reagent Volume 
Mannitol Assay Buffer 1.8 mL 
Azide* (0.04 M) 0.3 mL 
Substrate (0.1 M) 0.1 mL 
NAD+ ** (0.01 M) 0.1 mL 
Mitochondrial Suspension 50 µL 

  

 * Poisonous, do not allow contact with skin 
 ** Not necessary when succinate is the substrate (why?) 
 
2. Place the cuvette in the Ocean Optics sample chamber, gently stirring, and calibrate the 

spec with this mixture as the blank.  
3. Quickly add 0.3 mL of DCPIP (0.3 mM) and start collecting kinetic data at 600 nm for 1 min. 

Record the rate of the reaction. If the rate does not seem reasonable, you may need to 
adjust the amount of mitochondrial suspension and/or substrate. 

4.  Test for inhibition by repeating the assay in the presence of 50 µL of rodenticide, added 
before blanking. Record the rate of the reaction. 

5. If it appears that the rodenticide significantly inhibits the reaction, perform second trials 
with and without inhibitor to calculate an average rate for each.  

6. For each additional substrate provided in the lab (isocitrate, α-ketoglutarate, malate, 
glutamate, and aspartate), repeat steps 1-5.  

7. If it appears that the rodenticide inhibits the reaction with any substrate, perform second 
trials with and without inhibitor to calculate an average rate for each. (If the two replicate 
trials are not within 10%, run a third trial.) 

8. Perform a control reaction in the absence of mitochondria. 
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Analysis 

• Calculate the relative rate for each substrate in the presence of rodenticide. The relative 
rate is the rate of the inhibited reaction divided by the rate of the uninhibited reaction.  

• Which enzyme(s) appears to be most affected by the rodenticide?  
• Glutamate and aspartate are not intermediates of the citric acid cycle. What is their role in 

this experiment? 
• How much reduction of DCPIP is due to factors other than the dehydrogenases? How do you 

know? 
• How are the symptoms of the two agricultural workers explained by your findings? 
• What is the mode of action of the deadly rodenticide? 
• What further studies could be done to better understand the mode of action of the deadly 

rodenticide? 
 

ASSIGNMENT 

 Write a Communication for the Journal of the American Chemical Society reporting your 
results for this experiment. Be sure to consider all the points in the “Analysis” section above. 
Please see the lab syllabus for additional details of this assignment and for a link to the JACS 
Information for Authors web page. 
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