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Introduction:
Experiment 3 was a demonstration of the enzymatic kinetic parameters of acid phosphatase on p-nitrophenylphosphate. Within this experiment, different techniques were used to investigate the time dependence of enzyme catalyzed reactions. Using a fixed time assay for the first part of the experiment, different amounts of enzymes were used by each group then compared to determine the dependence of enzyme activity on enzyme concentration. Using the enzyme concentration found in the first part of the experiment (0.4mg/mL) the two enzymatic parameters were measured in the presence and absence of inhibitors. The results were analyzed using colorimetric assays under A405. Based on the results, a Lineweaver-Burk and Hanes linear equation was used to determine the inhibitors used.
Results and Discussion:
 R1:
Table 1: Time Dependence of Product Formation: Six test tubes were prepared and labelled (0, 2, 4, 6, 10, 15) each containing 2.0mL (0.5M KOH). With a seventh tube, 0.5mL (1.0M Na-Acetate, pH 5.7), 3.9mL (H2O), 0.1mL (0.4mg/mL Acid phosphatase) were combined, vortexed and incubated for 3 min at 37℃. The reaction was then initiated by the addition of 0.5mL (0.020M PNPP), vortexed and 0.5mL of the mixture was immediately added to the 0 labelled test tube. The KOH within each of the test tubes stops the reaction. 0.5mL aliquots were withdrawn from the mixture and added to the appropriate test tube at times indicated on the test tube (0, 2, 4, 6, 10, 15 minutes). The tubes were then measured at 405nm and using the zero data the corrected values were entered to the Excel spreadsheet provided by the TA. The data from each group was analyzed and an enzyme concentration with constant rate of product formation was chosen to be used in part 2. 
	Time (min)
	A405
	A405 Corrected
	PNP (mM)
	PNP (umol)
	%PNPP converted

	0
	0.067
	0.000
	0
	0
	0

	2
	0.159
	0.092
	4.89x10-3
	1.2x10-2
	1.2

	4
	0.301
	0.234
	1.24x10-2
	3.1x10-2
	3.1

	6
	0.388
	0.321
	1.71x10-2
	4.3x10-2
	4.3

	10
	0.553
	0.486
	2.59x10-2
	6.5x10-2
	6.5

	15
	0.800
	0.733
	3.90x10-2
	9.8x10-2
	9.8


 
Absorbance Reading Correction T=4: 
A4(Correct) = A4 – A0
= 0.301 – 0.067
A4(Correct) = 0.234	The corrected absorbance reading for T4 is 0.234. 

Concentration of PNP (mM) T=4:
C4 = ?		LPNP = 1cm		APNP = 1.88x104M-1cm-1	A4 = 0.234
C4 = A4/(APNP * LPNP)
= 0.234/(1.88x104M-1cm-1 * 1cm)
= 0.0000124M = 1.24x10-2mM 	The concentration of PNP at T=4 is 1.24x10-2mM. 

Moles of PNP (umol) T=4:
C4 = 1.24x10-5M 		V = 2.5mL = 0.0025L		n4 = ?
n4 = C4 * V
= 1.24x10-5M * 0.0025L
n4 = 3.1x10-8mol = 3.1x10-2umol	3.1x10-2umol of PNP were produced. 

% of PNPP Converted T=4:
CI = 0.002M	VI = 0.0005L	nI = ?
nI = CI * VI
= 0.002M * 0.0005L
nI = 0.000001mol = 1umol		1umol of PNPP is expected. 

%PNPP = (n4/nI) * 100
=(3.1x10-2umol/1umol) * 100
%PNPP = 3.1%	The percent of PNPP at T=4 is 3.1%. 







R2:

Figure 1: The Amount of PNP Formed from PNPP and Acid Phosphatase Over a Fixed Time Assay: Six test tubes were prepared and labelled (0, 2, 4, 6, 10, 15) each containing 2.0mL (0.5M KOH). With a seventh tube, 0.5mL (1.0M Na-Acetate, pH 5.7), 3.9mL (H2O), 0.1mL (0.4mg/mL Acid phosphatase) were combined, vortexed and incubated for 3 min at 37℃. The reaction was then initiated by the addition of 0.5mL (0.020M PNPP), vortexed and 0.5mL of the mixture was immediately added to the 0 labelled test tube. The KOH within each of the test tubes stops the reaction. 0.5mL aliquots were withdrawn from the mixture and added to the appropriate test tube at times indicated on the test tube (0, 2, 4, 6, 10, 15 minutes). The tubes were then measured at 405nm and using the zero data the corrected values were entered to the Excel spreadsheet provided by the TA. Using the zeroed data, a linear plot was created and the trendline was inserted (y = 0.0065x + 0.0015)
Analysis:
Based on the graph shown above, the initial rate is approximately 0.0065umol/min. The reaction remains relatively constant throughout the time with minor deviations at times 4 and 6. The highest level of substrate conversion seen is at time 15 where the conversion is 9.8%. There are deviations in the plots due to enzymes being limiting reagents. Once enough substrate is achieved a plateau or deviation is seen. 




R3:
Table 2: Substrate Dependence of Control and Inhibitor: Using the 20mM PNPP stock solution, 0.5mL solutions of 0.5, 2.0 and 5.0mM PNPP in water were created through serial dilution. In both the incubation and zero sets of test tube, variable amounts of diluted PNPP in water, 50uL (1.0M Na-Acetate, pH 5.7) were added according to table 3 of the lab manual. To each of the zero test tubes, 2.0mL (0.5M KOH) was added along with the indicated amount of enzyme (40uL). At the times indicated, the volume of enzyme was added to the incubation tubes to initiate the reaction and the reaction was vortexed well. To stop the reaction, 2mL (0.5 KOH) was added to each incubation tube after 10 minutes. Absorbances for all tubes were read at 405nm. 
	F #0
	[PNPP]*
(M)
	A405
Zero
	Control (Experiment 2)
	Inhibitor (Experiment 3)

	
	
	
	A405
	[PNP] 
(M)
	PNP
(uMol)
	V
(uMol/min)
	A405
	[PNP] 
(M)
	PNP
(uMol)
	V
(uMol/min)

	1
	5.0*10-5
	0.020
	0.126
	6.7*10-6
	1.6*10-2
	1.6*10-3
	0.043
	2.3*10-6
	5.8*10-3
	5.8*10-4

	2
	1.0*10-4
	0.025
	0.131
	7.0*10-6
	1.7*10-2
	1.7*10-3
	0.040
	2.1*10-6
	5.3*10-3
	5.3*10-4

	3
	2.0*10-4
	0.029
	0.269
	1.4*10-5
	3.5*10-2
	3.5*10-3
	0.183
	9.7*10-6
	2.4*10-2
	2.4*10-3

	4
	5.0*10-4
	0.021
	0.365
	1.9*10-5
	4.7*10-2
	4.7*10-3
	0.298
	1.6*10-5
	4.0*10-2
	4.0*10-3

	5
	7.5*10-4
	0.052
	0.519
	2.7*10-5
	6.7*10-2
	6.7*10-3
	0.299
	1.6*10-5
	4.0*10-2
	4.0*10-3

	6
	1.0*10-3
	0.038
	0.584
	3.1*10-5
	7.7*10-2
	7.7*10-3
	0.300
	1.6*10-5
	4.0*10-2
	4.0*10-3

	7
	2.0*10-3
	0.069
	0.602
	3.2*10-5
	8.0*10-2
	8.0*10-3
	0.483
	2.6*10-5
	6.5*10-2
	6.5*10-3



Calculations:
[PNPP] in Fraction 1:
C1 = 0.5mM = 5.0*10-4M	V1 = 50uL = 5.0*10-5L	V2 = 500uL = 5.0*10-4L	C2 = ?
C1V1=C2V2
5.0*10-4M(5.0*10-5L)/5.0*10-4L = C2
5.0*10-5M = C2	The concentration of PNPP in fraction 1 is 5.0*10-5M. 
Absorbance Correction for Fraction 1:
A1 = 0.146	A1’ = 0.020	A1(CORRECT)
A1(CORRECT) = A1 – A1’
= 0.146 - 0.020
= 0.126	The corrected absorbance for fraction 1 is 0.126. 
[PNP] in Fraction 1:
A1 = 0.126	ε = 1.88*104M-1cm-1		C = ?		L = 1cm
C = (A1)/(ε*L)
= (0.126)/(1.88*104M-1cm-1*1cm)
= 6.7*10-6M 		The concentration of PNP in fraction 1 is 6.7*10-6M. 
uMols of PNP in Fraction 1:
n = ?		C1 = 6.7*10-6M	V = 0.0025L
n = C1*V
= 6.7*10-6M*0.0025L
= 1.6*10-8mol = 1.6*10-2umol	There are 1.6*10-2umol of PNP in fraction 1. 
Rate of Product Formation in Fraction 1:
V = ? 		n = 1.6*10-2umol	min = 10min
V = n/min
= 1.6*10-2umol/10min
V = 1.6*10-3umol/min		The rate of product formation in fraction 1 is 1.6*10-3umol/min. 

R4: 
Table 3: Data for the use of the Lineweaver-Burk Equation Based Upon Table 2: Using the 20mM PNPP stock solution, 0.5mL solutions of 0.5, 2.0 and 5.0mM PNPP in water were created through serial dilution. In both the incubation and zero sets of test tube, variable amounts of diluted PNPP in water, 50uL (1.0M Na-Acetate, pH 5.7) were added according to table 3 of the lab manual. To each of the zero test tubes, 2.0mL (0.5M KOH) was added along with the indicated amount of enzyme (40uL). At the times indicated, the volume of enzyme was added to the incubation tubes to initiate the reaction and the reaction was vortexed well. To stop the reaction, 2mL (0.5 KOH) was added to each incubation tube after 10 minutes. Absorbances for all tubes were read at 405nm after 10. The data from Table 2 was taken and organized for easy calculation of the Lineweaver-Burk equation. 
	[S]
(M)
	Control
	Inhibitor

	
	V 
(umol/min)
	1/V
(umol/min)-1
	1/[S]
(M)-1
	V 
(umol/min)
	1/V
(umol/min)-1
	1/[S]
(M)-1

	5.0*10-5
	1.6*10-3
	625.00
	2.0*104
	5.8*10-4
	1724.14
	2.0*104

	1.0*10-4
	1.7*10-3
	588.24
	1.0*104
	5.3*10-4
	1886.79
	1.0*104

	2.0*10-4
	3.5*10-3
	285.71
	5.0*103
	2.4*10-3
	416.67
	5.0*103

	5.0*10-4
	4.7*10-3
	212.77
	2.0*103
	4.0*10-3
	250.00
	2.0*103

	7.5*10-4
	6.7*10-3
	149.25
	1.3*103
	4.0*10-3
	250.00
	1.3*103

	1.0*10-3
	7.7*10-3
	129.87
	1.0*103
	4.0*10-3
	250.00
	1.0*103

	2.0*10-3
	8.0*10-3
	125.00
	5.0*102
	6.5*10-3
	153.85
	5.0*102



Calculations:
1/V for Control 1:
V = 1.6*10-3uMol/min	
1/V = 1/1.6*10-3uMol/min
= 625.00(umol/min)-1		The 1/V for control 1 is 625.00(umol/min)-1. 

1/[S] For control 1:
[S] = 5.0*10-5M
1/[S] = 1/5.0*10-5M
= 2.0*104M-1		The 1/[S] for control 1 is 2.0*104M-1.

R5:


Figure 2: Lineweaver-Burk Plot For Control and Inhibitor: Using the 20mM PNPP stock solution, 0.5mL solutions of 0.5, 2.0 and 5.0mM PNPP in water were created through serial dilution. In both the incubation and zero sets of test tube, variable amounts of diluted PNPP in water, 50uL (1.0M Na-Acetate, pH 5.7) were added according to table 3 of the lab manual. To each of the zero test tubes, 2.0mL (0.5M KOH) was added along with the indicated amount of enzyme (40uL). At the times indicated, the volume of enzyme was added to the incubation tubes to initiate the reaction and the reaction was vortexed well. To stop the reaction, 2mL (0.5 KOH) was added to each incubation tube after 10 minutes. Absorbances for all tubes were read at 405nm. The inhibitor tubes exclusively contained 50uL of 7.5mM solution of the unknown inhibitor enzyme #16. 
Analysis:
Using the data collected from Table 3, the 1/V column for both the inhibitor and control were plotted against the 1/[S] values. The line of best fit was found to be y=-91.186x+667.01 for the control and y=-291.11x+1868.9 for the inhibitor. Using these plots, the KM and VMax can be determined with slope corresponding to KM/VMax and the y-intercept corresponding to 1/VMax. The graph shows two main outliers on the inhibitor which are responsible for the weak correlation and high y-intercept. The correlation of the inhibitor is also weak with an r2 value of 0.6891. The control graph shows a few minor discrepancies at the second and third points. The correlation is stronger than that of the inhibitor with an r2 value of 0.8351. 

R6: 
Table 4: Kinetic Parameters Obtained From Experiments 2 and 3: Using the 20mM PNPP stock solution, 0.5mL solutions of 0.5, 2.0 and 5.0mM PNPP in water were created through serial dilution. In both the incubation and zero sets of test tube, variable amounts of diluted PNPP in water, 50uL (1.0M Na-Acetate, pH 5.7) were added according to table 3 of the lab manual. To each of the zero test tubes, 2.0mL (0.5M KOH) was added along with the indicated amount of enzyme (40uL). At the times indicated, the volume of enzyme was added to the incubation tubes to initiate the reaction and the reaction was vortexed well. To stop the reaction, 2mL (0.5 KOH) was added to each incubation tube after 10 minutes. Absorbances for all tubes were read at 405nm. The inhibitor tubes exclusively contained 50uL of 7.5mM solution of the unknown inhibitor enzyme #16. Using figure 2, the VMax and KM were calculated. 
	Method
	Control
	Inhibitor

	
	Vmax (U)
	KM (M)
	Vmax (U)
	KM (M)

	Lineweaver-Burk
	1.50*10-3
	-0.137
	5.35*10-4
	-0.156



Calculations:
VMax for Control: 
VMax = ? 		y-intercept = 667.01 
y-intercept = 1/VMax 
Vmax = 1/667.01
= 1.50*10-3U		The Vmax for Control is 1.50*10-3U.
KM For Control:
KM = ?		Slope = -91.186	VMax = 1.50*10-3U
Slope = KM/VMax
1.50*10-3U * -91.186 = KM
= -0.137M		The KM for control is -0.137M. 

R7:
Table 5: Type of Inhibitor Determined Using KM and Vmax: Using the 20mM PNPP stock solution, 0.5mL solutions of 0.5, 2.0 and 5.0mM PNPP in water were created through serial dilution. In both the incubation and zero sets of test tube, variable amounts of diluted PNPP in water, 50uL (1.0M Na-Acetate, pH 5.7) were added according to table 3 of the lab manual. To each of the zero test tubes, 2.0mL (0.5M KOH) was added along with the indicated amount of enzyme (40uL). At the times indicated, the volume of enzyme was added to the incubation tubes to initiate the reaction and the reaction was vortexed well. To stop the reaction, 2mL (0.5 KOH) was added to each incubation tube after 10 minutes. Absorbances for all tubes were read at 405nm. The inhibitor tubes exclusively contained 50uL of 7.5mM solution of the unknown inhibitor enzyme #16. From table 4, the KI and KI’ were determined for the inhibitor. 
	Inhibitor #
	[I] (M)
	Vmax (U)
	KM (M)
	KI (M)
	KI’ (M)
	Type

	N/A
	0
	1.50*10-3
	-0.137
	N/A
	N/A
	N/A

	16
	7.5*10-4
	5.35*10-4
	-0.156
	5.36*10-3
	
	Uncompetitive



Calculations:
Concentration of Inhibitor: 
C1 = 7.5mM	V1 = 50uL	V2 = 500uL	C2 = ?
C1V1=C2V2
(7.5mM*50uL)/(500uL) = C2
C2 = 0.75mM = 7.5*10-4M		The concentration of the inhibitor is 7.5*10-4M.
 of Inhibitor:
α = ?		KM(control) = -0.137	KM(Inhibitor) = -0.156	
α = KM(Inhibitor)/KM(control)
 = -0.156/-0.137
= 1.14		The α is 1.14. 
KI of Inhibitor:
α = 1.14	[I] = 7.5*10-4	
KI = [I]/α-1
= 7.5*10-4/1.14-1
= 0.00536M		The KI is 0.00536M
Determination of Type of Inhibitor
α = 1.14		Km = -0.156	
α*Km > KM	= competitive
1.14*-0.156 = -0.178
-0.178<-0.156 therefore the inhibitor is uncompetitive. 
Closer α is to zero, the more alike uncompetitive the model is. 

R8:
Enzyme Mass:
mEnzyme = ? 	CEnzyme = 0.1mg/mL	VEnzyme = 0.5mL
m = C*V
= 0.1mg/mL * 0.5mL
= 0.05 mg		The enzyme mass is 0.05mg.
Specific Activity of Phosphate:
Activity = ?	m = 0.05mg	Vmax = 1.50*10-3U
Activity = VMax/m
= 1.50*10-3U/0.05mg
[bookmark: _GoBack]=0.03U/mg		Therefore the specific activity is 0.03U/mg. 
umol PNP	
0	2	4	6	10	15	0	1.2E-2	3.1E-2	4.2999999999999997E-2	6.5000000000000002E-2	9.8000000000000004E-2	Time (min)


Amount of PNP (umol)




Control	
20000	10000	5000	2000	1333	1000	500	625	588.24	285.70999999999998	212.77	149.25	129.87	125	inhibitor 	
20000	10000	5000	2000	1333	1000	500	1724.14	1886.79	416.67	250	250	250	153.85	



