Environmental Health: Science, Policy and Social Justice

Fall quarter

Lab 5
Enzyme activity and inhibition as a mechanism of toxicity 

The purpose of this lab is to demonstrate a laboratory method for evaluating the activity of an enzyme on an appropriate substrate and the ability of a non-toxic chemical to inhibit enzyme activity in a dose-dependent manner. In a toxicologically relevant context we would be interested in measuring activity and inhibition of acetylcholinesterase, an enzyme that is the target of organophosphate pesticides mechanism of action and toxicity.

Background information on Acetylcholinesterase
Acetylcholinesterase (AChE) is primarily associated with the cell membranes of excitable tissue (nerve and muscle). AChE is of primary importance in neurotransmission because it catalyzes the hydrolysis of the neurotransmitter acetylcholine (Ach) to acetate and choline. This activity takes place at the synaptic space of cholinergic neurons and provides one of the options for the termination of Ach-mediate stimulation. Excess Ach can lead to overstimulation of the postsynaptic excitable cell, whether a postsynaptic neuron, a muscle cell or endocrine epithelial cell, with toxicity commensurate with the role of that cell: either excessive parasympathetic stimulation or excessive muscle cell contraction. AChE is the target molecule for organophosphate (OPs) pesticides mechanism of action and toxicity. OPs inhibit AChE and as a result lead to longer Ach action. In addition to Ach, AChE can also hydrolyze acetic acid esters and can catalyze transacetylations. 

Basic principle of AChE activity:

AChE
Acetylcholine + H2O -------------------------> Choline + Acetic Acid

Unit definition

One unit of acetylcholinesterase will hydrolyze 1.0 mmole of acetylthiocholine iodide per minute at pH 7.4 at 37 °C.

Acetylcholinesterase is inhibited by multiple chemicals: eserine, acetylthiocholine (above 5 mM), choline, quinidine, tetramethyl ammonium ions, acetylcholine, p carboxyphenyl-trimethyl ammonium iodide, trimethyl(p-aminophenyl)ammonium chloride hydrochloride, neostigmine, organophosphorus pesticides, ethionamide, parathion, dimethoate, phosphatidylserine, prostigmine, ammonium salts (mono- and diquaternay), diisopropyl-fluorophosphate, N,N-diisopropylphosphorodiamidic anhydride (weak), 5-Bis(4-allyldimethylammonium phenyl)pentan-3- one).
In addition to the neuronal AChE, there are two cholinesterases present in the blood:

1) An erythrocyte-associated enzyme, which is a “true” cholinesterase or acetylcholinesterase (AChE – E.C. 3.1.1.7). This AChE is an ectoenzyme, anchored to the erythrocyte membrane via a GPI moiety. The molecular mass of the monomeric subunit is ~80 kDa. However, there is a tendency for the enzyme to aggregate in solution into multiple forms.

2) A serum associated enzyme, which is Pseudocholinesterase or Butyrylcholinesterase (BuChE - EC 3.1.1.8). This cholinesterase is soluble (not attached on the cell surface), it has lower activity for Ach and it hydrolyzes butyrylcholine with higher activity. 

In this lab we will use the BuChE form and a non-toxic inhibitor, bupivacaine, to demonstrate the activity of cholinesterase on its substrate (butyrylthiocholine iodide) and the effect of the inhibitor on the enzyme’s activity. A similar relationship would be observed as in the inhibition of neuronal AChE by OP pesticides. 

For the purpose of detection of the hydrolysis products of BuChE or AChE activity, the method was developed using a thio-derivative of butyrylcholine or acetylcholine, respectively.  The thiocholine then reacts with an aromatic disulfide reagent, DTNB or Ellman’s reagent (from the original method that was developed to measure AChE activity colorimetrically) to form a mixed disulfide of choline and one mole of 2-nitro-5-thiobenzoate (TNB) per mole of thiocholine.  DTNB has little if any absorbance, but when it reacts with -SH groups under mild alkaline conditions (pH 7-8), the 2-nitro-5-thiobenzoate anion (TNB2-) gives an intense yellow color at 412 nm.
Materials

· Enzyme: Butyrylcholinesterase (BuChE) from horse serum, highly purified minimum 500U/mg, EC Number: 3.1.1.8, C4290 (Sigma) 

· Substrate: Butyrylthiocholine Iodide ~99% (AT) (Fluka)

· Inhibitor: Bupivacaine-HCl (BuChE-specific inhibitor) (Carbostesin, 0.25%) (Astra GmbH Wedel, Germany)

· Color reaction substrate: DTNB (5-5’ dithio bis(2-nitrobenzoic acid)(3,3’-6), aka Ellman’s reagent) ~99% (HPLC) (Fluka) (or Sigma D-8130)
· Eserine salizylate (Fluka) 

· Bovine serum albumin (BSA) (Sigma)

· Sodium phosphate buffer pH 7.4

· Test tubes (>2ml) 

· Water baths

· Spectrophotometer and cuvettes

Reagents Stock Solutions (These have been prepared for you)
1. BuChE stock of 5 U/ml (~0.01mg/ml) – Dissolve purified BuChE in 0.1M sodium phosphate buffer, pH 7.4, including 1mg/ml bovine serum albumin (BSA) to stabilize the enzyme for 24h. Aliquots of 100 ml can be stored frozen at -70oC until the day of use. 

2. Prepare a 6.5mM stock solution of 5,5-dithio-bis (2-nitrobenzoic acid) (DTNB) substrate in 0.1 M sodium phosphate buffer, pH 7.0. Made fresh. 
3. Prepare a 65mM stock solution of butyrylthiocholine iodide in sodium phosphate buffer, pH 7.4. 

4. Prepare 0.1 mM eserine salizylate in sodium phosphate buffer, pH 7.4

5. Prepare 1mM solution of bupivacaine in phosphate buffer, pH 7.4 and stored at -70oC. This is made from a 40mM stock solution prepared in ethanol and stored at -70oC. Dilutions from this stock are made in phosphate buffer, pH 7.4, such that the ethanol concentration within any incubation never exceeds 1%.
Procedure

Inhibition of BuChE activity by bupivacaine (0.01 - 0.2 mmol/L)

1. Start from the 1mM solution of bupivacaine in phosphate buffer, pH 7.4.  Prepare 200ml bupivacaine dilutions in sodium phosphate buffer, pH 7.4 to obtain concentrations of 0.02mM, 0.04mM, 0.06mM, 0.1mM, 0.2mM and 0.4mM. Show your calculations.

2. In clean prelabeled tubes add 100ml of each of the bupivacaine dilutions prepared above.
3. Add with 100ml of the 5 U/ml BuChE solution (enzyme solution) to each tube: the final concentration of enzyme in the reaction will be ~0.38units/ml.

4. This step results in the following final concentrations for bupivacaine: 0.01mM, 0.02mM, 0.03mM, 0.05mM, 0.1mM and 0.2mM. 

5. Prepare two prelabeled “positive control” tubes (minus inhibitor bupivacaine) by mixing 100ml sodium phosphate buffer with 100ml of the 5 U/ml BuChE enzyme solution (i.e. replacing the inhibitor solution with buffer)

6. Prepare two prelabeled “negative control” tubes (minus BuChE and minus inhibitor), this time by adding just 200ml of phosphate buffer in each tube (i.e. replacing the enzyme solution and inhibitor solution with buffer) 

7. Incubate in a shaking water bath at 37oC, for 30min. 

8. At the end of the incubation, add 0.8ml of sodium phosphate buffer, pH 7.4 to all tubes.

9. Add 0.1ml butyrylthiocholine iodide (65mM) to all tubes: final concentration of substrate in reaction will be 5mmol/l (5mM). The dilution in the step above along with the butyrylthiocholine terminates the further inhibition of enzyme by bupivacaine. 

10. Add 0.2ml DTNB (6.5 mM) to all tubes to give a final concentration of 1mmol/l (1mM) DTNB in a final reaction volume of 1.3ml. 
11. Incubate the reactions in a water bath at 37oC, for 20min.

12. Stop reaction at exactly 20min, by adding 0.5ml of 0.1mM eserine salizylate to each tube and vortex: the total volume is 1.8ml in each tube.

13. Take 1ml from the last step into a cuvette and read the absorbance of the reaction product, 5-thio-2-nitrobenzoate, at the spectrophotometer at 412nm.
14. Use your negative control of “no enzyme” to blank the instrument.

Questions to be turned in: 

1. What is the amount of substrate in each reaction?

2. What is the amount of enzyme in each reaction expressed in units?

3. What do the positive control tubes allow you to measure?

4. Plot the absorbances against the inhibitor concentrations.
5. Prepare a summary table with your results including the % inhibition of the enzyme for each concentration of inhibitor, and plot your data as a dose-response curve.

6. Optional: How would you set up an experiment to measure the kinetics of this enzyme?
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