4. [image: CoA]In degradative metabolism, all of the carbohydrates, lipids, and proteins are converted to a relatively few common intermediates, one of which is acetyl-CoA. Acetyl-CoA is used as the precursor molecule for biosynthetic pathways and also feeds into the citric acid cycle (TCA), which is the hub of the metabolic system. Acetyl-CoA can be generated by acetyl-CoA synthetase, which is an enzyme that catalyzes the formation of acetyl-CoA from acetate and CoA (Coenzyme A, shown at right). In this reaction the thiol functionality of CoA is acetylated. 

	The free energy of formation (ΔGº’) of acetyl-CoA from acetate and CoA is 31.5 kJ/mol (Eq. 1). This reaction is hence unfavorable and needs to be coupled to a favorable reaction to drive the reaction to the right. ATP is universally used in this capacity. It can be hydrolyzed to either AMP and PPi (Eq. 2) or ADP and Pi. 

Eq. 1			H+ (aq) + acetate (aq) + CoA (aq)   acetyl-CoA (aq)  + H2O (aq)

Eq. 2			ATP (aq)  + H2O (l)  AMP (aq) + PPi  (aq) + H+ (aq)

The free energy released upon the hydrolysis of ATP to AMP and PPi can be calculated if the standard free energies of formation of the substrates and products are known using the equation:

ΔGº’ = ∑ΔGfº’(products) - ∑ΔGfº’(reactants)

Note that we are using ΔGº’ (rather than ΔGº), which is the free energy in the biochemical standard state. In the biochemical standard state, substrates and products are taken to be at 1 M, while that of H+ is taken to be 1, even though pH = 7. 
Table 1

ΔGº’ (kJ/mol)
ATP
-2276.88
AMP
-546.38
PPi
-1973.86
H2O
-211.16


a. Using the free energies of formation provided in Table 1, what is the ΔGº’ of ATP hydrolysis to AMP and PPi?

ΔGº’ = ∑ΔGfº’(products) - ∑ΔGfº’(reactants)
As ATP (aq)  + H2O (l)  AMP (aq) + PPi  (aq) + H+ (aq)
so
 ΔGº’ = -2487-2519 = -5006 kj/mol.


b. The overall reaction (Eq. 3) for the coupling of acetyl-CoA formation to the hydrolysis of ATP is the sum of the reactions shown in equations 1 and 2. How is the formation of acetyl-CoA from acetate and CoA made spontaneous by the coupling of ATP hydrolysis? Show your work.

Eq. 3			acetate + CoA + ATP  acetyl-CoA + AMP + PPi   

As, The free energy of formation (ΔGº’) of acetyl-CoA from acetate and CoA is 31.5 kJ/mol, and the conversion of the ATP into AMP and PPi leads to the ΔGº’ of -5006 kj/mol, so the overall negative value of  ΔGº’ indicates the happening of spontaneous reaction.

c. The PPi formed in the overall reaction is quickly hydrolyzed to 2Pi with a ΔGº’ = -33.5 kJ/mol. Looking at the energetics of PPi hydrolysis, how does this hydrolysis help to drive the conversion of CoA to acetyl-CoA to completion?

As PPi  -> P + P
So ΔGº’ will be : -1973.86 – 33.5 = 2007.36 kJ/mol
So the negative value of ΔGº’ itself indicate the providing of the energy for the completion of  conversion of CoA to acetyl-CoA to completion. 


[bookmark: _Hlk41653372]d. Cells do not operate at standard state conditions (ΔG’ ≠ ΔGº’); the concentrations of substrates and products are never at 1 M. Plot ΔG’ of Eq 2. as a function of ln(AMP/ATP) assuming the cellular concentration of PPi is 6 mM and T = 298 K. Assuming that ΔG’ = 52 kJ/mol for the reaction in Eq. 1 under typical cellular concentrations of acetate, acetyl-CoA, and CoA, what is the minimum ratio of ATP to AMP required to drive the reaction in Eq. 3?
------------------------------------------------------------------------------------------------------------------------------




2. Using the Michaelis-Menton Equation.

a. According to the Michaelis-Menton Equation, what is the ratio, v/Vmax, when [S] = 2.5*KM?

b. If Vmax = 0.1 mmol/mL*sec and Km = 2 mM, what is the velocity of the reaction when [S] = 20 mM?

c. The following data were obtained for an enzyme in the absence of any inhibitor. Determine Vmax and Km for these data by preparing a Lineweaver-Burk plot (attach to homework).

	[S] (mM)
	v (mol/mL*sec)

	1
	12

	2
	20

	4
	29

	8
	35

	12
	40





3. Trypsin is synthesized as a proenzyme that is a zymogen called trypsinogen, which is catalytically inactive. The conversion of the inactive proenzyme to the active enzyme (trypsin) involves peptide bond hydrolysis between residue 15 and Ile16 of trypsinogen. 

a. Load the structures for trypsin (1S0Q.pdb) and trypsinogen (1TGS.pdb) into PyMol. Align the structures. Find the active site, ie. catalytic triad (amino acids S195, H57, D102), and show these residues as sticks. Try viewing each structure separately in surface mode. What do you notice about the active site in the proenzyme vs the active enzyme? Can you explain why the proenzyme is not active?

	Tips for PyMol
	Select residues for Catalytic Triad:	“Select CatTriad, resi 195+57+102+836+699+743”
	Show residues as sticks:			“Show sticks, CatTriad”

Bonus: What amino acid is Ile16 interacting with in the activated form of Trypsin? What kind of interaction is present?

A number of methods have been used over the years to study the mechanisms of enzyme reactions in general and of trypsin in particular. The activity of the enzyme as a function of pH has been determined (Figure 1) using 1 as a substrate.[image: Q2_Figure2_plot]		[image: Q2_Figure2]
Figure 1. pH profile of enzymatic activity and substrate, 1, used for kinetic assays.


b. How would you monitor the reaction with 1 and trypsin to obtain the experimental results shown in Figure 1? (Hint: Trypsin will cleave via a hydrolysis reaction at the ester bond. Think about what product will be made when the nitrophenyl group is cleaved – Consider (or google) the properties of this group).
      
c. Look back at the general enzyme mechanisms we discussed in class. What does the pH profile (Figure 1) suggest about the mechanism of the reaction? Why?

d. Two of the steps of peptide bond cleavage by chymotrypsin are shown below. Use these to label one example of each of the mechanisms or tricks enzymes use for catalysis: Covalent catalysis, General acid/base chemistry, Low barrier hydrogen bonds
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