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Purpose
The purpose of experiment 1 was to determine the optimum concentration of enzymes to be used in fixed assays that give you the most constant rate of reaction over 10 mins. The purpose of experiment 2 was to determine the kinetic parameters (KM and Vmax) for the enzyme acid phosphatase using the Hanes plot. The purpose of experiment 3 was to determine the identity of an inhibitor by comparing the kinetic parameters (KM and Vmax) to that of the controls.	Comment by Dilini kumaran: 5/ 5

Backup data was given as we were not able to finish the experiment, inhibitor # 10 was used.


Results and Discussion

R1. 
 Table 1: Time dependence of product formation. 6 test tubes were prepared with 2.0 mL of 0.5 M KOH, each corresponding to a different time interval of the assay (0, 2, 4, 6, 10 and 15 min). A reaction tube (tube R) was prepared with 0.5 ml of 1.0M sodium acetate buffer (pH 5.7), 3.6 ml of water and 0.4 ml of 0.5 mg/mL Acid phosphatase which was then incubated at 37 ℃ for 3 minutes. The phosphatase reaction was then initiated by adding 0.5 mL of 0.02M PNPP to tube R and aliquots of 0.5mL were taken at the time intervals indicated. Absorbance readings were taken at 405 nm for each time interval tube and corrected absorbances were calculated by subtracting the 0 min time tube. PNP (mol), PNP (mM) and percentage of PNPP converted (%) is also shown in the table. Molar absorptivity of 1.88x104 M-1 cm-1 (ε405) was used to calculate the concentration of PNP.	Comment by Dilini kumaran: 4.5/ 4.5
	Time (min)
	A405
	PNP (mol)
	PNP (mM)
	Percentage of PNPP converted (%)

	0
	0.073	Comment by Dilini kumaran: Should be zero all across.
	
	
	0.97

	2
	0.215
	
	
	2.85

	4
	0.412
	
	
	5.48

	6
	0.596
	
	
	7.93

	10
	1.022
	
	
	13.59

	15
	1.364
	
	
	18.14











Calculations

             Corrections in absorbance reading for Tube 2 (T2):

	



	A(T0) = 0.073
	

	A(T2) = 0.288
	

	
	

	
	

	
	

	Calculating PNPP for Tube 2 (T2):

	

	= 20 mM
	

	= 0.5 mL
Vfinal = 5.0 mL
	

	


	

	
	



	




	




	
Therefore, there was 1 mol of PNPP at a concentration of 2 mM in tube R 




	Concentration of PNP with % of PNPP converted in Tube 2 (T2)


	
	

	ε = 1.88  104 M-1cm-1
l = 1 cm
	

	 = 2.5 mL
A(T2) = 


	

M
mM


	







	
	










	
	


	
	


	
	

	
	

	
	

	
	

	Therefore, tube 2 contained  of PNP at concentration  mM with a percent conversion of 


	

Concentration of acid phosphatase

	

	CAcid p. inital = 0.5 mg/mL
	

	VAcid p. inital = 0.4 mL
Vfinal= 5.0 mL
	


	
	


	
	



             Therefore, the concentration of acid phosphatase is 0.04 mg/mL.	Comment by Dilini kumaran: Good job!! 10/ 10



R2. 
	Comment by Dilini kumaran: Trendline should have been constructed until the 10min point. 3.5/ 4















Figure 1: Amount of PNP formed from the substrate PNPP over 15 minutes in a fixed time assay. Test tubes corresponding to 0, 2, 4, 6, 10 and 15 mins time intervals of the assay were prepared with 2.0 mL of 0.5 M KOH. A 7th test tube (tube R) was prepared with 0.5 ml of 1.0M sodium acetate buffer (pH 5.7), 3.6 ml of water and 0.4 ml of 0.5 mg/mL The enzyme acid phosphatase was then incubated at 37 ℃ for 3 minutes. 0.5 mL of 0.02M PNPP was added to tube R to initiate the phosphatase reaction and aliquots of 0.5mL were taken at the time intervals above. Absorbance readings were taken at 405 nm for each time interval indicated and corrected absorbances were calculated by subtracting the 0 time tube. PNP (mol), PNP (mM) and percentage of PNPP converted (%) is also shown in the table. Molar absorptivity of 1.88x104 M-1 cm-1 (ε405) was used to calculate the concentration of PNP. The trendline is shown with a R² value of 0.9888 and a regression equation of y = 0.0123x + 0.0049, initial velocity is estimated by the slope of trendline (0.0123 μmol/min).	Comment by Dilini kumaran: 4/ 4
	
By using the trendline the initial velocity can be estimated to be 0.0123 μmol/min. The reaction rate remains fairly constant with a nice linear range of about 10 min before a slight plateau was observed at 15 min and reaction rates decreased. The highest conversion rate that can be observed within the linear range is at 10 mins, with a PNPP conversion of 13.59 %. The plots deviated from the straight line because the enzymes are the limiting reagents when there is sufficient substrate, this is why the plateau is observed.	Comment by Dilini kumaran: The velocity should have been the slope of the trendline constructed until the 10min point. 5/ 6
R3. 
Table 2/3: Substrate dependence of acid phosphatase in the absence and presence of an inhibitor.  The experiments were performed by adding variable amounts of diluted PNPP solution in water, 50 μL of 1.0 M Na-Acetate (pH 5.7) to both the inhibitor and control sets of test tubes as well as 50 μL of a 6.0 mM solution of unknown inhibitor #10 to only the inhibitor set of tubes, they were mixed with the vortex and then incubated for 2 mins at 37 . 50 μL of 0.5mg/mL acid phosphatase was then added to the tubes and they were incubated for 10 minutes and then 2.0 mL of 0.5 M KOH was added to the tubes. They were mixed with the vortex and the absorbance readings were taken at 405 nm for each set of test tubes. Time zero test tubes were also used with the same variable amounts of diluted PNPP solution in water and 50 μL of 1.0 M Na-Acetate (pH 5.7), the only difference was that the KOH was added before the enzyme. Molar absorptivity of 1.88x104 M-1 cm-1 (ε405) was used to calculate the concentration of PNP.	Comment by Dilini kumaran: 4/ 4

	
 [PNPP]
(M)
	Control (experiment 2)
	Inhibitor (experiment 3)

	
	A405
	[PNP] (M)
	PNP (mol)
	v (mol/min)
	A405
	[PNP] (M)
	PNP (mol)
	v (mol/min)

	
	0.173
	
	
	
	0.041
	
	
	

	
	0.274
	
	
	
	0.106
	
	
	

	
	0.309
	
	
	
	0.138
	
	
	

	
	0.416
	
	
	
	0.256
	
	
	

	
	0.467
	
	
	
	0.359
	
	
	

	
	0.503
	
	
	
	0.394
	
	
	

	
	0.582
	
	
	
	0.481
	
	
	



Calculations 

	Concentration of PNPP for tube 1
	

	CPNPP initial = 0.5mM
	

	Vinitial = 50μL
= 500μL
	


	
	


	
	



	
Therefore, the final concentration of PNPP is  


	
Corrected absorbance  for tube 1

	

	A(1) = 0.211
	

	A(0) = 0.038
	

	

Concentration and amount of PNP for tube 1

	




	ε = 1.88 x 104 M-1cm-1
l = 1cm
	

	
	

	
	


	Vfinal =
	

	
	

	
	




	Initial velocity for tube 1
	

	Tincubation= 10 min
nPNP = 
	




	
	




Therefore, the rate of the reaction is calculated to be  for tube 1	Comment by Dilini kumaran: Good job! 8.5/ 8.5




R4
Table 4: Data for the use of the Hanes equation. The velocities (mol/min) and the [S]/V (min/l) are presented for each set of control and inhibitor tubes at their given substrate concentrations [S](M). Velocity values were found by performing experiments 2 and 3 in separate sets of 7 test tubes with a final volume of 2.5 ml per tube.  The experiments were performed by adding variable amounts of diluted PNPP solution in water and 50 μL of 1.0 M Na-Acetate (pH 5.7) to the two sets of test tubes as well as 50 μL of a 6.0 mM solution of unknown inhibitor #10 to only the inhibitor set of test tubes, they were mixed with a vortex and then incubated for 2 mins at 37 . 50 μL of 0.5mg/mL acid phosphatase was then added to the tubes and they were incubated for 10 minutes and then 2.0 mL of 0.5 M KOH was added to the tubes. They were mixed with a vortex and the absorbance readings were taken at 405 nm for each set of test tubes. Time zero test tubes were also used with the same variable amounts of diluted PNPP solution in water and 50 μL of 1.0 M Na-Acetate (pH 5.7), the only difference was that the KOH was added before the enzyme.	Comment by Dilini kumaran: How was velocity calculated? What does [s] stand for?
2.5/ 3.5
	[S] (M)
	Control 
	Inhibitor 

	
	V (mol/min)
	[S]/V (min/l)
	V (mol/min)
	[S]/v (min/l)

	
	
	2.17 
	
	9.17 

	
	
	2.74 
	
	7.09

	
	
	4.87 
	
	1.09

	
	
	9.04 
	
	1.47 

	
	
	1.21 
	
	1.57 

	
	
	1.50 
	
	1.91 

	
	
	2.58 
	
	3.13 




 






Calculations
	ν = μmol/min
[S] =  M
	









R5

	Comment by Dilini kumaran: 4.5/ 4.5
Figure 2: Hanes plot of V (M) vs. [S]/ V (μmol/min) the inhibitor and control tubes.  In this linear-regression on the Hanes plot, the slope corresponds to 1/Vmax, y-intercept to KM/Vmax and x-intercept to -KM. From these plots, the kinetic parameters KM and Vmax can be calculated and the unknown inhibitor can be determined. The trendline linear equations are y = 116.75x + 0.0774 with R² of 0.9831 for the inhibitor plot and y = 116.75x + 0.0774 with an R² of 0.9831 for the control plot. Both the control and inhibitor sets of test tubes contained diluted PNPP solution in water, 50 μL of 1.0 M Na-Acetate (pH 5.7), 2.0 mL of 0.5 M KOH and 50 μL of 0.5mg/mL acid phosphatase. The inhibitor tubes exclusively contained 50 μL of a 6.0 mM solution of unknown inhibitor #10. The reaction time for this experiment was 10 mins.	Comment by Dilini kumaran: Same issues as R4 will not penalize you twice. 3.5/ 3.5

R6

Table 5. Kinetic parameters obtained from experiments 2 and 3. Vmax and KM values are shown for the control and inhibitor reactions. Vmax and KM can be calculated by using the equations of the linear trendlines on the Hanes plot in Figure 2, the slope of the trendlines correspond to 1/Vmax, and the  x-intercepts to -KM. The control tubes contained variable amounts of diluted PNPP solution in water, 50 μL of 1.0 M Na-Acetate (pH 5.7), 50 μL of 0.5mg/mL acid phosphatase and 2.0 mL of 0.5 M KOH. The inhibitor contained the same solutions as the control but it also contained 50 μL of a 6.0 mM solution of unknown inhibitor #10. 	Comment by Dilini kumaran: 3.5/ 3.5
	Method
	Control
	Inhibitor

	
	Vmax (mol/min)
	KM (M)
	Vmax (mol/min)
	KM (M)

	Hanes 
	
	 
	
	 




The type of inhibiton that is observed in the Hanes plot is competitive inhibition. Competitive inhibition is when the Vmax is unaffected but the amount of substrate needed to achieve it increases; which is graphically visible in Figure 2 by an increase in Km by factor of α. As can be seen from Table 5, the Vmax was calculated to be mol/min for the control and for the inhibitor. This is a 1% difference in Vmax which is within the allowed 25% cutoff range. The KM was calculated to be   for the control and   for the inhibitor. The difference in KMis 29%, which is outside the 25% cutoff range. Since the Vmax was unaffected and the KM increased the 6.0 mM solution of unknown inhibitor #10 is a competitive inhibitor as it shares the characteristics of completive inhibition.





Calculations

Calculating % change in KM and Vmax

	KM(c)  = 
KM (i)  
	




	Vmax (c)  = 
Vmax (i)  
	






Therefore, the % change for the KM is 28.8% and the % change for the Vmax is   







Calculating KM for control

	

 
	 
 M


	 
	

	
	

	
	


Calculating Vmax for control
	  = 
	





	

Therefore, KM was calculated to be  and Vmax was calculated to be to /min for the control experiment.










R7
Table 6: Type of inhibitor. The type of the inhibitor was determined by calculating and comparing the Vmax (U) and KM (M) of both the control and inhibitor reactions using the linear Hanes plot. The concentration of the inhibitor, KI and  were also calculated. The type of inhibitor that is observed in the Hanes plot is a competitive inhibitor. This is because the Vmax of competitive inhibition is unaffected but the amount of substrate needed to achieve it increases; which is graphically visible in Figure 3 by an increase in Km by factor of α. 	Comment by Dilini kumaran: Inhibitor info? How were Km and Vmax calculated? 2.5/ 3.5
	Inhibitor Number
	[I] (M)
	Vmax (U)
	KM (M) 

	KI (M)	
		K’I (M)
	Type of Inhibitor

	-
	0
	
	 
	-
	-
	none

	10
	
	
	 
	
	-
	competitive




Calculations
	Concentration of inhibitor
	

	Cinitial=6.0mM
	

	Vinitial=50 μL
Vfinal-500 ul
	




	
	




	
α  calculation
	

	KM(i) =  
KM(c) =  
	










	
	

	
KI calculation
	

	 = 
	

	
	



 M



Therefore, the concentration of the inhibitor #10 was calculated to be  ,  was calculated to be and KI was calculated to be  M	Comment by Dilini kumaran: Excellent 8/ 8
R8

	[enzyme] = 0.05 mg/mL
Venzyme = 0.5 mL	Comment by Dilini kumaran: 0.05ml
Vmax(c) = 8.2 ∙ 10-3 
	

	

	
	






	

	
	
	

	
	




	



Therefore, the specific activity of the enzyme was calculated to be  U/mg.	Comment by Dilini kumaran: 7.5/ 7.5	Comment by Dilini kumaran: Writing skills 3/ 3
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