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Purpose:
The purpose of this experiment is to analyze the enzymatic action of acid phosphatase on p-nitrophenylphosphate (PNPP) under the presence of an inhibitor using a fixed time assay. In the first part of the experiment, the ideal concentration of acid phosphatase needed to produce a constant rate of production over 10 minutes is determined by analysis of a continuous assay. This concentration was then used in the second part of the experiment with several different substrate concentrations over 10 minutes both in the presence and absence of the inhibitor and the results were analyzed utilizing the spectroscopic properties of the reaction product, p-nitrophenol. These results were then transformed and examined using Lineweaver-Burk and Hanes linear equations to find the inhibitor used.
Rate of product formation:
R1)
Table 1: Time dependence of the formation of the acid phosphatase catalyzed reaction forming PNP. The amount of PNP formed in each fraction was calculated using the Beer Lambert Law, and the amount of PNPP in the original tubes was calculated using C1V1=C2V2 and an aliquot factor. These two values were then used to calculate the percentage of PNPP converted into PNP. The amount of acid phosphatase in the assay was also calculated and is found below the table. 
	Time (min)
	A405
	PNP (μmol)
	PNP (mM)
	Percentage of PNPP converted

	0
	0
	0
	0
	0

	2
	0.037
	0.0049
	1.97 x 10-3
	0.49

	4
	0.040
	0.0053
	2.13 x 10-3
	0.53

	6
	0.108
	0.0144
	5.75 x 10-3
	1.4

	10
	0.197
	0.0262
	1.05 x 10-2
	2.6

	15
	0.287
	0.0382
	1.53 x 10-2
	3.8


(Acid phosphatase in the assay: 0.008 mg/mL)


Calculations for t=6 min:
Corrected absorbance at 6 minutes:

A450 at t=6=0.130
A450 at t=zero=0.022
A450 at t=6(corrected)= A450 at t=6- A450 at t=0
A450 at t=6(corrected)=0.130-0.022
A450 at t=6(corrected)=0.108

µmol of PNP in tube at 6 minutes: 

A405 = ɛcl 
A450 at t=6(corrected)=0.108
ɛ=1.88x104 M-1cm-1
l=1 cm
0.108 = (1.88x104 M-1cm-1)x(1cm)x c
c = 5.75 x 10-6 M= 5.75 x 10-3 mM
n=CV
5.75 x10-6M x 0.0025L = 1.4 x 10-8 moles =0.0144 µmol

Moles of PNPP added to R tube: 

n=CV
C=0.02 M
V=0.0005L
n=(0.0005L) (0.02M)
n= 1 x 10-5 moles

Concentration of PNPP in tube R: 

V1=0.5 mL=0.0005 L
V2=5 mL= 0.005 L
C1= 20 mM=0.02 M
C2=C1V1/V2
      =(0.02M)(0.0005 L)/0.005 L
    =0.002 M

Moles of PNPP in 0.5 mL aliquot taken from tube R: 
n=CV
C=0.002 M
V=0.0005 L
n=0.0005 L x 0.002M
   = 0.000001 moles=1 µmols 

Percent converted at 6 minutes (PNPP is converted to PNP in a 1:1 ratio. Therefore total possible PNP is equal to initial PNPP):
% PNPP = (µmol PNP/ µmol PNPP) x 100%
	   =0.014 µmolS PNP/ 1 µmols PNPP X 100%
	   = 1.4 %

Acid phosphatase in the assay:
C1=0.5 M
V1=0.04 mL
V2=2.5 mL
C2 = C1V1/V2
      = (0.5 M) (0.04 mL)/(2.5 mL)
     =0.008 M

R2)


[bookmark: _GoBack]Figure 1. The amount of PNP formed from the catalyzing of PNPP with acid phosphatase at different reaction times. The reaction consisted of mixing 0.5 mL of sodium acetate buffer. 3.9 mL of water, 0.1 mL of acid phosphatase, and 0.5 mL of PNPP in tube R. 0.5 mL aliquots were removed from the tube at times 0, 2, 4, 6, 8, 10 and 15 and put into tubes containing KOH to stop the reaction. The amount of generated PNP was measured indirectly using spectroscopic methods at a wavelength of 405 nm. A linear line was fitted to the data with the equation y=0.0026x-0.0015.
The trend line of the graph represents the initial velocity, which is approximately 0.0026 µmol/min. The most substrate conversion occurred at t=15 minutes where 3.8% was converted. There is some deviation near the beginning of the reaction between 2-4 minutes, likely because we forgot to place the R tube back in the water bath to keep it at 37°C, and so the reaction rate is slower then it would have been at optimal temperature.  Other then this deviation, the rate seems to stay quite stable at a fixed value and there is not a lot of other linear deviation. Plots sometimes reach a plateau when they run out of substrate, and so there is no product being produced over time and the curve begins to level off and will eventually plateau. 

Determination of KM and Vmax
R3)
Table 2: Results of experiment 2, the control, and experiment 3, the same enzymatic experiment with an inhibitor.  The acid phosphatase volume was found to be 40 μL in experiment 1. In experiment 2 this acid phosphatase volume was added to 7 different test tubes containing variable concentrations of PNPP, 50 μL of sodium acetate buffer, and variable volumes of water so that the final tube volume would equal 500 μL, and 2 mL of KOH was added after 10 minutes to stop the reaction. Experiment 3 was the same as experiment 2 but 50 μL of a 6.0 mM solution of unknown inhibitor #10 was added and each water amount was decreased by 50 μL. 
	Fraction #
	[PNPP]*
(M)
	Control (experiment 2)
	Inhibitor (experiment 3)

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

	1
	5 x 10-5
	0.099
	5.27 x 10-6
	0.013
	0.0013
	0.077
	4.1 x 10-6
	0.0103
	0.00103

	2
	1 x 10-4
	0.142
	7.55 x 10-6
	0.019
	0.0019
	0.087
	4.63 x 10-6
	0.0116
	0.00116

	3
	2 x 10-4
	0.296
	1.5 x 10-5
	0.0375
	0.00375
	0.232
	1.23 x 10-5
	0.0308
	0.00308

	4
	5 x 10-4
	0.298
	1.5 x 10-5
	0.0375
	0.00375
	0.193
	1.03 x 10-5
	0.02575
	0.00258

	5
	7.5 x 10-3
	0.378
	2.01 x 10-5
	0.0503
	0.00503
	0.388
	2.06 x 10-5
	0.0515
	0.00515

	6
	1 x 10-3
	0.491
	2.61 x 10-5
	0.0653
	0.00653
	0.562
	2.99 x 10-5
	0.0748
	0.00748

	7
	2 x 10-3
	0.586
	3.11 x 10-5
	0.0777
	0.00777
	0.769
	4.09 x 10-5
	0.1023
	0.01023



Calculating concentration of PNPP in fraction 1:
C1=0.5 mM PNPP=0.0005 M
V1=50 μL= 0.00005 L
V2=500 μL=0.0005 L
C1V1=C2V2
(0.0005 M)(0.00005L)=C2(0.0005L)
C2=5 x 10-5 M

Calculating the corrected absorbance for fraction 1:
A450=absorbance measured for fraction 1-absorbance measured for fraction 1Z
A450=0.099-0
A450=0.099

Calculating the concentration of PNP in tube 1:
A405= ɛcl
0.099=(1.88 x 104 M-1cm-1) x c x 1 cm
c= 5.27 x 10-6M

Calculating μmoles of PNP in tube 1:
n= conc x vol
n=5.27 x 10-6 M x 0.0025 L
n=1.3 x 10-8 mol=0.013 μmoles

Calculating rate of product formation:
V=μmoles/min
V=0.013 μm/10 minutes
V=0.0013 μm/min
 



R4)
Table 3: Data for the use of the Hanes equation. [S] refers to the concentration of PNPP, and the velocities are taken from table 2. 
	[S] * (M)
	Control
	Inhibitor

	
	V (μmol/min)
	[S]/V (min/μl)
	V (μmol/min)
	[S]/V (min/μl)

	50
	0.0013
	38461.54
	0.00103
	48543.69

	100
	0.0019
	52631.58
	0.00116
	86206.90

	200
	0.00375
	53333.33
	0.00308
	64935.06

	500
	0.00375
	133333.33
	0.00258
	193798.45

	750
	0.00503
	149105.37
	0.00515
	145631.07

	1000
	0.00653
	153139.36
	0.00748
	133689.84

	2000
	0.00777
	257400.26
	0.01023
	195503.42


*Initial concentration of PNPP













R5)


Figure 3. Hane’s plot of [S], the initial concentration of PNPP in each of the seven test tubes plotted against the initial concentration of PNPP over the velocity of the reaction for experiment 2 (control) and experiment 3(inhibitor).  The line of best fit for the inhibitor was found to be y=70.038x+64559 and y=110.48x+47030 for the control. The data point at [S]=500 was omitted as it deviated significantly from the trend presented by the other data points. 
The data collected supports a competitive inhibitor being used. This conclusion was reached mainly because the intercept in the Hanes plot increases in the inhibitor by approximately 27.2%, a significant increase. The slopes also differ, with the inhibitor slope appearing to be much lower then the control slope, however this decrease could be a result of experimental error.  A competitive inhibitor should have the same slope for both the control and the inhibitor and an increase in the y-intercept, and so based on the increase in the intercept and based on the fact that the slope did not increase, the data supports the use of a competitive inhibitor.
R6)
Table 4: Kinetic parameters obtained from experiments 2 and 3. Full sample calculations for the controls are shown below. The slopes and y-intercepts of the Hanes plot were used to calculate the Vkax and KM,
	Method
	Control
	Inhibitor

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

	Hanes
	9.05 x 10-3
	425.7
	1.43 x 10-2
	921.77



Calculating control  on Hanes plot


Calculating control  on Hanes plot










R7)
Table 5: Type of Inhibitor. 
	Inhibitor Number
	[l] (M)
	Vmax (U)
	KM(M)
	KI(M)
	KI‘(M)
	Type of Inhibitor

	----------
	0
	9.05 x 10-3
	425.7
	------
	------
	------

	10
	1.2 x 10-4
	1.43 x 10-2
	921.77
	0
	-3.06 x 103
	Competitive



Calculating concentration of inhibitor:
C1=0.006 M
V1=0.00005 mL
V2=0.0025 mL
C1V1=C2V2
C2=C1V1/V2
      =(0.006M)(0.00005 L)/0.0025 L
    =1.2 x 10-4M

Calculating ’
Vmax control/= Vmax inhibitor
Vmax control/Vmax inhibitor=
Vmax control= 0.00905
Vmax inhibitor=0.0143
= 0.00905/0.0143
=0.6329
KI’ = (α’-1)/I 
      = (0.6329-1/0.00012) = -3.06 x 103 M

Calculating KI
(KM inhibitor) / KM control= 
= 0.0143 x 0.6329/0.00905
= 1.0
KI = (α – 1)/I = (1-1)/0.00012  =0 M

R8)
Calculating mass of acid phosphatase 
Mass=cV= (0.5 mg/mL) (0.04 mL) = 0.0012 mg
Calculating specific activity of acid phosphatase in experiment 2
Specific activity= vmax/mass= 9.05 x 10-3 U/ 0.0012 mg = 7.54 U/mg
Therefore, the specific activity of acid phosphatase in experiment 2 is .
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