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RESEARCH PROPOSAL 

Determining if Disparity Exists Between the Activities of Human Expressed and Human Liver Mitochondrial MAO-B

Introduction & Background:


Parkinson’s disease, a neurodegenerative disorder, involves the loss of neurons that use dopamine as their neurotransmitter and result in disabling movement conditions. One of the current methods for the treatment of the Parkinson’s involves dopamine replacement therapy with aims of restoring dopaminergic neurons that were lost. The treatment is highly favorable for the symptoms of the early stages of Parkinson’s disease but the effect of the treatment method diminishes with time. A preferred drug would prevent the degradation of the dopaminergic neurons or stop further progression into later stages of the disease (Petzer et. al 2003).


Studies that have been aimed at developing drugs that are neuroprotective or have improved therapeutic results have led to a MPTP model that suggests a possible origin of Parkinson’s disease. The model focuses on the chemical progresses associated with the neutrotoxin 1-methyl-4-phenyl-1,2,3,6 tetrahydropyridine (MPTP) (Petzer et. al 2003). The toxic effects of MPTP actually result from MPP+, a neurotoxin associated with mitochondria located in neurons. MPP+ is produced by monoamine oxidase B (MAO-B, an enzyme involved in redox reactions in neural mitochondrial outer membranes (Castagnoli et. Al 2001.)), when the enzyme oxidizes MPTP into MPDP+ and then with a second oxidation that results in MPP+ (Petzer et. al 2003). In the model, with the increase of MPP+ neurotoxin there is a sequential loss of dopam inergic neurons. Although the model is limited on its dependence on MAO-B, the model has led to development of successful and useful drugs such as Eldeprenyl and Selegiline.

Research has shown that caffeine intake can reduce dopaminergic neural toxicity in MPTP models for Parkinson’s. As a result of these studies, 8-(3-chlorostyryl)-caffeine (CSC) has been found to have neuroprotective properties. CSC has been shown to have a Ki value of 235 nM in human MPTP models (Petzer et. al 2003). The prevention of bioactivation of MPTP could involve a competitive inhibition between CSC and the MPTP neurotoxin for human MAO-B. Recently, an experiment at Professor Dale Edmondson’s lab indicated that CSC has no inhibition on purified human MAO-B enzyme and bovine liver homogenate MAO-B activity. The aim of our current study is to refute Edmondson’s current findings. We will work on experiments of MAO-B enzymes from species both known to have no inhibition, species having inhibition and control species known to have inhibition with CSC. With these experiments our aims are on working on techniques and understanding on current and new instruments. The goal of these studies is to use what is learned from these experiments in the future testing of CSC inhibition on other MPTP models.

Research Goal:


To determine if there are differences between the activities of human expressed MAO-B and human liver mitochondrial MAO-B species .

Experimental Design:

MAO Inhibitory Assay Protocol-

Enzyme Sources: 


Beef liver mitochondrial homogenates obtained from Edmondson’s lab and beef liver mitochondrial homogenates, baboon liver mitochondrial, platelet rich plasma-human, monkey liver mitochondrial, rat liver mitochondrial, dog liver mitochondrial, and human placental homogenate available in our laboratory were used as a source of MAO-B enzyme. 
Substrate:

1-methyl-4-(1-methyl-2-pyrrolyl)-1,2,3,6-tetrahydropyridine is used as the substrate.
Principle of the Assay:


The substrate 1-methyl-4-(1-methyl-2-pyrrolyl)-1,2,3,6-tetrahydropyridine (I) is catalytically oxidized by the MAO-B enzymes to the dihydropyridinium species (II), the latter being chemically stable at 420 nm. By measuring the absorbance at 420 nm on the spectrophotometer for all of the samples, including the appropriate blanks and positive controls for comparison and validity, the enzyme activity on the substrate can be suggested.
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Procedure:


A mixture (having a 500 (l final volume) either consisting of 365 (l of 0.1 M sodium phosphate buffer (pH 7.4), 10 (l of 25 mM of 8-(3-chlorostyryl) caffeine (CSC) (50 (l final concentration), and 100 (l of 0.25 mM 1-methyl-4-(1-methyl-2-pyrrolyl)-1,2,3,6-tetrahydropyridine or consisting of 355 (l of 0.1 M sodium phosphate buffer (pH 7.4), 20 (l of 25 mM 8-(3-chlorostyryl) caffeine (CSC) (100 (l final concentration), and 100 (l of 0.25 mM 1-methyl-4-(1-methyl-2-pyrrolyl)-1,2,3,6-tetrahydropyridine. Positive control blanks contain 20 (l of DMSO and all blanks contain 25 (l with glycerol/ sodium phosphate buffer. All samples are pre-warmed in a water bath with gentle agitation at 37oC for 15 minutes. After the pre-warming, 25 (l of the appropriate protein (from one of the MAO-B homogenates) is added to the eppendorf tube. The sample was then incubated for 30 minutes at 37oC, after which the reaction was terminated by adding 20 (l of perchloric acid. The samples are then vortexed and centrifuged at 16,000 x g. for 8 minutes. The absorbances of the resulting supernatants are then read at 420 nm on the spectrophotometer.

RESEARCH REPORT
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Ki study of CSC on MAO-B
Experiment # 1. Determining the Effect of 8-(3-chlorostryl) caffeine (CSC) on Platelet Rich Plasma-Human MAO-B Enzyme Activity:

Trial 1:

Aim of study:

To evaluate the effect of CSC on platelet rich plasma-human MAO-B activity.

Materials and Methods:

Solutions and Reagents:

1.) 0.1 M sodium phosphate buffer, pH=7.4 (NaPi buffer)

2.) Platelet rich plasma-human MAO-B 

3.) 50 M sodium phosphate buffer, pH=7.4 with 50% glycerol (Glycerol phosphate buffer)

4.) Dimethylsulphoxide (DMSO)

5.) 8-(3-chlorostyl) caffeine (CSC)

6.) 0.25 mM of 1-methyl-4-(-1-methyl-2-pyrrolyl)-1,2,36-tetrahydropyridine oxalate salt (N-methyl pyrrol) (Substrate)

Procedure for Protein Assay: 

The samples were placed in eppendorf tubes with concentrations of 0 nM, 50 nM, 100 nM, 150 nM, and 200 nM CSC. Each concentration of CSC had 0 (M, 15 (M, 30 (M, 45 (M, and 64 (M substrate concentrations added. After the solutions were prewarmed, an initial protein concentration of 15 mg/mL was added. The solution was then incubated for 30 minutes. After the set time 20 (L of 70% perchloric acid was added to each solution to stop the reaction. The final solution was centrifuged 8 minutes on the 16 setting.


For 0 nM and 100 nM CSC samples, 360 (L,  325.2 (L, 295.2 (L, 293.2 (L, and 248.2 (L of 7.4 pH NaPi buffer were added to 0 (M, 15 (M, 30 (M, 45 (M, and 64 (M substrate concentrations. Then 120, 30, 60, 75, 120 (L of substrate were added to both CSC samples for the 0 (M, 15 (M, 30 (M, 45 (M, and 64 (M substrate concentrations. For the 0 nM CSC sample, 20 (L of DMSO was added to each of 0 (M, 15 (M, 30 (M, 45 (M, and 64 (M substrate concentrations while in the 100 nM CSC did not have DSMO added. For the 100 nM CSC sample, 20 (L of CSC solution was added to each of 0 (M, 15 (M, 30 (M, 45 (M, and 64 (M substrate concentrations to make the 100 nM CSC while in the 0 nM CSC did not have CSC added. The protein was added to both, after prewarming with 108.9 (L to each of the 15 (M, 30 (M, 45 (M, and 64 (M substrate concentrations.


For 50 nM and 150 nM CSC samples, 360  (L,  335.2 (L, 305.2 (L, 303.2 (L,  and 258.2 (L of 7.4 pH NaPi buffer were added to 0 (M, 15 (M, 30 (M, 45 (M, and 64 (M substrate concentrations. Then 120, 30, 60, 75, 120 (L of substrate were added to both CSC samples for the 0 (M, 15 (M, 30 (M, 45 (M, and 64 (M substrate concentrations. For both the 50 nM and 150 nM CSC samples, 10 (L of DMSO was added to the 0 (M substrate concentration. With the both CSC sample, 10 (L of CSC solution was added to each of 0 (M, 15 (M, 30 (M, 45 (M, and 64 (M substrate concentrations to make the 50 nM and 150 nM CSC. The protein was added to both, after prewarming with 108.9 (L to each of the 15 (M, 30 (M, 45 (M, and 64 (M substrate concentrations.

For the 200 nM CSC sample, 360  (L,  331.9 (L, 301.9 (L, 299.9 (L, 254.9(L of 7.4 pH NaPi buffer were added to 0 (M, 15 (M, 30 (M, 45 (M, and 64 (M substrate concentrations. Then 120, 30, 60, 75, 120 (L of substrate were added to the CSC sample for the 0 (M, 15 (M, 30 (M, 45 (M, and 64 (M substrate concentrations. For the 200 nM CSC sample, 6.7 (L of DMSO was added to the 0 (M substrate concentration. With the 200 nM CSC sample, 13.3 (L of CSC solution was added to each of 0 (M, 15 (M, 30 (M, 45 (M, and 64 (M substrate concentrations to make the 200 nM CSC. The protein was added to both, after prewarming with 108.9 (L to each of the 15 (M, 30 (M, 45 (M, and 64 (M substrate concentrations.

Results:

Did not obtain accurate results.

Trial 2:

Aim of study:

Same as prior trial.

Materials and Methods:

Solutions and Reagents:

Same as prior solutions.

Procedure for Protein Assay: 

The samples were placed in eppendorf tubes with concentrations of 0 nM, 25 nM, 50 nM, 75 nM, 100 nM, and 500 nM CSC. Each concentration of CSC had 0 (M, 15 (M, 30 (M, 45 (M, and 64 (M substrate concentrations added. After the solutions were prewarmed, an initial protein concentration of 15 mg/mL was added. The solution was then incubated for 30 minutes. After the set time 20 (L of 70% perchloric acid was added to each solution to stop the reaction. The final solution was centrifuged 8 minutes on the 16 setting.


For 0 nM, 50 nM, and 75 nM CSC samples, 360 (L,  341.1 (L, 311.1 (L, 296.1 (L, and 251.1 (L of 7.4 pH NaPi buffer were added to 0 (M, 15 (M, 30 (M, 45 (M, and 64 (M substrate concentrations. Then 120, 30, 60, 75, 120 (L of substrate were added to all of the CSC samples for the 0 (M, 15 (M, 30 (M, 45 (M, and 64 (M substrate concentrations. For the 0 nM CSC sample, 20 (L of DMSO was added to each of 0 (M, 15 (M, 30 (M, 45 (M, and 64 (M substrate concentrations while in the 50 nM and 75 nM CSC samples did not have DSMO added. With the 50 nM and 75 nM CSC samples, 20 (L of CSC solution was added to each of the 0 (M, 15 (M, 30 (M, 45 (M, and 64 (M substrate concentrations to make the 50 nM and 75 nM CSC while in the 0 nM CSC, CSC was not added. The protein was added, after prewarming with 108.9 (L to each of the 15 (M, 30 (M, 45 (M, and 64 (M substrate concentrations for all CSC samples.


For 25 nM, 100 nM and 500 nM CSC samples, 360 (L,  351.1 (L, 321.1 (L, 306.1 (L,  and 261.1 (L of 7.4 pH NaPi buffer were added to 0 (M, 15 (M, 30 (M, 45 (M, and 64 (M substrate concentrations. Then 120, 30, 60, 75, 120 (L of substrate were added to all thr CSC samples for the 0 (M, 15 (M, 30 (M, 45 (M, and 64 (M substrate concentrations. For all of the CSC samples, 10 (L of DMSO was added to the 0 (M substrate concentration. Then for all the samples 10 (L of CSC solution was added to each of 0 (M, 15 (M, 30 (M, 45 (M, and 64 (M substrate concentrations to make the 25 nM,100 nM, and 500 nM CSC. The protein was added, after prewarming with 108.9 (L to each of the 15 (M, 30 (M, 45 (M, and 64 (M substrate concentrations for all CSC samples.

Results:

Ki value= 72.1 nM
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Trial 3:

Aim of study:

Same as prior trial.

Materials and Methods:

Solutions and Reagents:

Same as prior solutions.

Procedure for Protein Assay: 

The samples were placed in eppendorf tubes with concentrations of 0 nM, 25 nM, 50 nM, 75 nM, 100 nM, and 500 nM CSC. Each concentration of CSC had 0 (M, 15 (M, 30 (M, 45 (M, and 64 (M substrate concentrations added. After the solutions were prewarmed, an initial protein concentration of 3 mg/mL was added. The solution was then incubated for 30 minutes. After the set time 20 (L of 70% perchloric acid was added to each solution to stop the reaction. The final solution was centrifuged 8 minutes on the 16 setting.


For 0 nM, 50 nM, and 75 nM CSC samples, 335 (L, 425 (L, 395 (L, 380 (L, and 335 (L of 7.4 pH NaPi buffer were added to 0 (M, 15 (M, 30 (M, 45 (M, and 64 (M substrate concentrations. Then 120, 30, 60, 75, 120 (L of substrate were added to all of the CSC samples for the 0 (M, 15 (M, 30 (M, 45 (M, and 64 (M substrate concentrations. For the 0 nM CSC sample, 20 (L of DMSO was added to each of 0 (M, 15 (M, 30 (M, 45 (M, and 64 (M substrate concentrations while in the 50 nM and 75 nM CSC had 10 (L of DSMO was added to only the 0 (M substrate concentration. With the 50 nM and 75 nM CSC samples, 20 (L of CSC solution was added to each of the 0 (M, 15 (M, 30 (M, 45 (M, and 64 (M substrate concentrations to make the 50 nM and 75 nM CSC while in the 0 nM CSC, CSC was not added. Glycerol 7.4 pH NaPi buffer was added to all samples; with 25 (L being added to 0 nM CSC and 10 (L being added to the 50 nM and 75 nM CSC samples. The protein was added, after prewarming with 25 (L to each of the 15 (M, 30 (M, 45 (M, and 64 (M substrate concentrations for all CSC samples.


For 25 nM, 100 nM and 500 nM CSC samples, 360 (L,  351.1 (L, 321.1 (L, 306.1 (L,  and 261.1 (L of 7.4 pH NaPi buffer were added to 0 (M, 15 (M, 30 (M, 45 (M, and all the CSC samples for the 0 (M, 15 (M, 30 (M, 45 (M, and 64 (M substrate concentrations. For all of the CSC samples, 10 (L of DMSO was added to the 0 (M substrate concentration. Then for all the samples 10 (L of CSC solution was added to each of 0 (M, 15 (M, 30 (M, 45 (M, and 64 (M substrate concentrations to make the 25 nM, 100 nM, and 500 nM CSC.  25 (L glycerol 7.4 pH NaPi buffer was added to all CSC samples. The protein was added, after prewarming with 25 (L to each of the 15 (M, 30 (M, 45 (M, and 64 (M substrate concentrations for all CSC samples.

Results:

Did not obtain accurate results.

Experiment # 2. Determining the Effect of 8-(3-chlorostryl) caffeine (CSC) on Baboon Liver MAO-B Enzyme Activity:

Trial 1:

Aim of study:

To evaluate the effect of CSC on Baboon liver MAO-B activity.

Materials and Methods:

Solutions and Reagents:

1.) 0.1 M sodium phosphate buffer, pH=7.4 (NaPi buffer)

2.) Baboon liver MAO-B 

3.) 50 M sodium phosphate buffer, pH=7.4 with 50% glycerol (Glycerol phosphate buffer)

4.) Dimethylsulphoxide (DMSO)

5.) 8-(3-chlorostyl) caffeine (CSC)

6.) 0.25 mM of 1-methyl-4-(-1-methyl-2-pyrrolyl)-1,2,36-tetrahydropyridine oxalate salt (N-methyl pyrrol) (Substrate)

Procedure for Protein Assay: 

Same as prior trial.

Results:

Ki value= 22.2 nM
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Trial 2:

Aim of study:

Same as prior trial.

Materials and Methods:

Solutions and Reagents:

Same as prior solutions.

Procedure for Protein Assay:
Same as prior trial.

Results:

Ki value= 28.0 nM
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Experiment # 3. Determining the Effect of 8-(3-chlorostryl) caffeine (CSC) on Monkey Liver MAO-B Enzyme Activity:

Trial 1:

Aim of study:

To evaluate the effect of CSC on Monkey liver MAO-B activity.

Materials and Methods:

Solutions and Reagents:

1.) 0.1 M sodium phosphate buffer, pH=7.4 (NaPi buffer)

2.) Monkey liver MAO-B 

3.) 50 M sodium phosphate buffer, pH=7.4 with 50% glycerol (Glycerol phosphate buffer)

4.) Dimethylsulphoxide (DMSO)

5.) 8-(3-chlorostyl) caffeine (CSC)

6.) 0.25 mM of 1-methyl-4-(-1-methyl-2-pyrrolyl)-1,2,36-tetrahydropyridine oxalate salt (N-methyl pyrrol) (Substrate)

Procedure for Protein Assay: 

Same as prior experiment.

Results:

Ki value= 8.76 nM
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Trial 2:

Aim of study:

Same as prior trial.

Materials and Methods:

Solutions and Reagents:

      Same as prior trial. 

Procedure for Protein Assay: 

Same as prior experiment.

Results:

Ki value= 11.3 nM
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Trial 3:

Aim of study:

Same as prior trial.

Materials and Methods:

Solutions and Reagents:

      Same as prior trial. 

Procedure for Protein Assay: 

Same as prior experiment.

Results:

Ki value= 14.1 nM
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Summary 
The Effect of 8-(3-chlorostryl) caffeine (CSC) on MAO-B Enzyme Activity of Different Species

I. 
The inhibitory potential of CSC against beef liver mitochondrial homogenate (obtained from Professor Edmondson’s lab) MAO-B enzyme activity at various concentrations of: 50 nM, 100 nM, 200 nM, 500 nM, 1000 nM, 2000 nM, 5 µM, 10 µM, 20 µM, 30 µM, and 40 µM were tested. The results suggested that CSC has no inhibition on the tested concentration against beef liver mitochondrial MAO-B activity. 

II. 
The inhibitory potential of CSC against beef liver mitochondrial homogenate (available in our lab) MAO-B enzyme activity at the concentrations of 50 nM and 100 nM were tested. The results suggested that CSC has no inhibition against beef liver mitochondrial MAO-B activity.

III. 
The inhibitory potential of CSC against platelet rich plasma-human MAO-B enzyme activity at concentrations of 400 nM and 800 nM were tested. The results suggested that CSC has an average inhibition of 41.2% on the tested concentration against platelet rich plasma-human MAO-B activity. From other trials, platelet rich plasma-human MAO-B enzyme was found to have a Ki value of 72.1 nM.

IV. 
The inhibitory potential of CSC against baboon liver mitochondrial homogenate MAO-B enzyme activity at a concentration of 100 nM was tested. The results suggested that CSC has an average inhibition of 32.5% on the tested concentration against baboon liver mitochondrial MAO-B activity. From other trials, baboon liver mitochondrial enzyme was found to have an average Ki value of 25.1 nM.

V. 
The inhibitory potential of CSC against monkey liver MAO-B enzyme activity at a concentration of 200 µM was tested. The results suggested that CSC has an average inhibition of 59.0 % on the tested concentration against monkey liver MAO-B enzyme activity. From other trials, monkey liver MAO-B enzyme was found to have an average Ki value of 11.3 nM.

VI. 
The inhibitory potential of CSC against rat liver MAO-B enzyme activity at a concentration of 200 µM was tested. The results suggested that CSC has no inhibition on the tested concentration against rat liver MAO-B enzyme activity. 

VII. 
The inhibitory potential of CSC against dog liver MAO-B enzyme activity at a concentration of 200 µM was tested. The results suggested that CSC has an average inhibition of 24.3 % on the tested concentration against dog liver MAO-B enzyme activity. 

VIII. 
The inhibitory potential of CSC against human placental MAO-A enzyme activity at various concentrations of: 50 µM, 100 µM, and 200 µM were tested. The results suggested that CSC has no inhibition on the tested concentration against human placental MAO-A activity. 

 
The experiment at Professor Dale Edmondson’s lab was correct with the aspect of CSC having no inhibition on bovine liver homogenate MAO-B activity. Edmondson’s lab was incorrect, however, with the respect of CSC having no inhibition on purified human MAO-B enzyme. From the current experiment, there is support for the idea that CSC does inhibit human MAO-B. Also in the current experiment, we applied what was learned from prior studies of bovine liver and human MAO-B enzyme upon testing of CSC inhibition on other MPTP models. From the experiment of MAO-B enzymes, we found some species that had no inhibition while other species had inhibition with CSC. Perhaps in other studies or future article research, our lab might be able to obtain the answers as to why there are such differences among MAO species and even MAO-B species themselves.  And perhaps we will learn more important information that will help lead us to developing a drug that is neuroprotective against Parkinson’s disease.
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