
1. Your explanation for a general audience: 
Have you ever wondered what supplies the energy in Monsters or Red Bulls? I have. While caffeine is one 
of the primary ingredients of these beverages (supplying upwards of 200-300mg), that cannot be the sole 
supply of this energy, right? That is the question I wanted to answer. However, to be more specific, I 
always thought L-carnitine was a curious ingredient to these drinks. So, I decided to test glycogen 
phosphorylase (GPb), an enzyme found in much of our body tissues especially muscle, to see if L-carnitine 
had any affect on its catalytic activity. To test this hypothesis, a known activator, adenosine 
monophosphate (AMP), and a known inhibitor, galactose, of GPb were assayed to act as controls for the 
L-carnitine assays. The assays consisted in driving GPb in the reverse direction that it would normally 
catalyze in vivo, which can be referred to in Figure C, by supplementing high concentrations of glucose-1-
phosphate (G1P) as the substrate. Thus, the reaction under observation was the growth of glycogen, the 
disappearance of G1P, and the formation of inorganic phosphate. This is important because our method 
of analyzing catalysis velocity involved measuring inorganic phosphate formation over time 
spectroscopically. More details of how the assays were performed can be found in Figures D and E. The 
data that was obtained was then plotted with velocity as the dependent variable on the y-axis and G1P 
concentration as the independent variable on the x-axis. 

As one can see in Figure 2, the maximal velocity of GPb increased in proportion to the concentration of 
AMP activator added. The maximal velocity is equal to the horizontal asymptote of the hyperbolic curve. 
In Figure 3, one can see that with increasing concentration of Galactose inhibitor, the maximal velocity 
decreased. Thus, if L-carnitine was an effector, it was expected to either increase or decrease the maximal 
velocity of GPb. Moving to Figure 4, one can see that there does seem to be a decreasing maximal velocity 
trend correlating inversely with the concentration of L-carnitine. At first, L-carnitine was assayed at 0mM, 
2mM, and 4mM concentrations. But more data was desired to prove this decreasing trend. So, 1mM and 
20mM concentrations of L-carnitine were chosen as final analysis concentrations. Now the 1mM 
concentration curve fits with 2mM and 4mM data fairly well with the maximal velocity decreasing. But, 
supplementing 20mM of L-carnitine had an unremarkable effect on the maximal velocity of the enzyme. 
This incoherence of results prompted the conclusion that there was no correlation between L-carnitine 
concentration and reaction velocity. From here, it would be interesting to test other energy drink 
components, like taurine or vitamin B12 to see if any of these are effectors of GPb. 

 

 

 

 

 

 
 



2. Your explanation for a professor from your department: 
Have you ever wondered what supplies the energy in Monsters or Red Bulls? I have. While caffeine is one 
of the primary ingredients of these beverages (supplying upwards of 200-300mg), that cannot be the sole 
supply of this energy, right? That is the question I wanted to answer with this experiment. There are 
several ingredients to energy drinks that are claimed to be energy boosters. I was interested in testing L-
carnitine to see if it had any effect on glycogen catabolism. Due to its involvement in fatty acid catabolism, 
it was suspected that L-carnitine would be an inhibitor of glycogen phosphorylase (GPb). For this 
experiment, a known activator, AMP, and a known inhibitor, galactose, were used as controls for L-
carnitine. Kinetic assays of these three effectors were constructed driving the reaction catalyzed by GPb 
in vivo in the opposite direction by supplementing high concentrations of glucose-1-phosphate (G1P). 
Doing this evolved inorganic phosphate in concentrations directly proportional to the amount of substrate 
consumed. A molybdate reagent was then introduced to complex with the inorganic phosphate turning 
the solution blue with the intensity of the color being directly proportional to the concentration of 
inorganic phosphate. Thus, UV-vis spectroscopic analysis of the assays at 600nm wavelength could be 
used to calculate the concentration of inorganic phosphate in solution. Dividing the total evolved 
concentration of inorganic phosphate by the catalysis time provided assay velocities with which Michaelis-
Menten curves were constructed. 

As one can see in the AMP assays in Figure 2, the Vmax of GPb increased in proportion to the concentration 
of AMP activator added. This was expected for the activator. The effect on Km was erratic and 
unremarkable so it was not considered. In the galactose assays in Figure 3, one can see that with increasing 
concentration of Galactose inhibitor, the Vmax decreased. The Km also slightly increased, but in an 
incoherent manner so it was considered unaffected. Thus, if it was an effector, L-carnitine would either 
increase or decrease the maximal velocity of GPb. In the L-carnitine assays in Figure 4, one can see that 
there does seem to be a decreasing Vmax trend correlating inversely with the concentration of L-carnitine. 
Initially, L-carnitine was assayed at 0mM, 2mM, and 4mM concentrations. When only these 
concentrations are considered on the plot, there is a definite negatively correlated decrease in Vmax. 
Seeing this decreasing trend, more data was wanted to prove this negative correlation. So, 1mM and 
20mM assays of L-carnitine were performed. The 1mM concentration curve fits with the 2mM and 4mM 
data perfectly with a proportional decrease in Vmax. But, the 20mM of L-carnitine had an unremarkable 
effect on the Vmax of the enzyme. This last assay confounded the correlation. Thus, it was concluded that 
there was no correlation between L-carnitine supplementation and GPb catalytic activity. A major struggle 
that supplied a great deal of error for this experiment was precipitate formation during post-quench 
incubation. This can be illustrated by referral to Figure F. This affected many of our early assays. However, 
for some reason this was not a major problem for either the galactose or L-carnitine assays. This is possibly 
because the solution was more dilute as water was used to dissolve the effectors instead of buffer. For 
further action, it is of interest to continue assaying major ingredients of energy drinks to see if they affect 
glycogen catalysis. 


