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Purpose:	Comment by Lauren Carter: Purpose too long, max 10 lines. 

Why did you need to make a hanes plot?
What else did you calculate about the inhibitor?

Purpose – 3.5
The purpose of this laboratory is to analyse the effect of an inhibitor on the kinetic parameters of the enzyme. In this laboratory, three experiments will be done however experiments 2 and 1 will be done together. In the first experiment, each group will use different amounts of acid phosphatase and plot their graphs in the lab which will then be analyzed as a group to determine with which volume the product formation is constant over the incubation period. The reaction will be initiated with the addition of a 0.020 M p-nitrophenylphosphate (PNPP) solution and stopped with the addition of KOH. In the second and third reactions, volume of acid phosphatase determined will be used with different concentrations of PNPP solutions without an inhibitor (for control purposes) and with an inhibitor. In these experiments, the PNPP will convert into PNP and the results will be determined based on the absorbance at a wavelength of 405 nm. These results will be analysed through the use of a Hanes plot and the type of inhibitor will be determined.                                        


R1
Table 1: Time dependence of product formation with the use of acid phosphatase as a catalyst converting PNPP into PNP. In this table the percentage of PNPP converted was calculated through the use of the Beer-Lambert Law based on the corrected absorptions of the assay. The complete assay system consisted of 0.5 mL of tube R (0.5 mL of 1.0 M Na-Acetate, pH 5.7 (mL); 3.4 mL of H2O; 0.6 mL of 0.5 mg/mL Acid Phosphatase (mL); 0.5 mL of 20 mM PNPP), and 2.0 mL of 0.5 M of KOH. Tube R was incubated at 36.9 ˚C and was added to each tube at the specific times below. The absorbance of these tubes were measured at 405 nm and the concentration and moles of PNP were calculated below using (C1V1=C2V2). The amount of acid phosphatase present in the solution was also calculated using the same equation and based on the initial concentration of acid phosphatase (0.5 mg/mL). 	Comment by Lauren Carter: Table caption incomplete, need more details about the equations used. 
	Time (min)
	A405
	PNP (mM)
	PNP (μmol)
	Percentage of PNPP converted (%)

	0
	0.059
	3.14 x 10-3
	0.00785
	0.785

	2
	0.195
	1.04 x 10-2
	0.0260
	2.60

	4
	0.450
	2.39 x 10-2
	0.0598
	5.98

	6
	0.650
	3.46 x 10-2
	0.0865
	8.65

	10
	1.127
	5.99 x 10-2
	0.150
	15.0 

	15
	1.531
	8.14 x 10-2
	0.204
	20.4



Beer-Lambert Law
A = log[Io/It] = ɛcl
C = n/V
ɛ = A/ cl
cunknown = Aunknown*cstandard/Astandard
n = cv

Calculation for time 15 min:
Subtract the blank absorbance A405 = 0.059
Variables: Uncorrected A405 for time 15min = 1.590, Blank absorbance A405 = 0.059

Corrected A405 at 15 min = Uncorrected A405 at 15min – blank absorbance A405
			     = 1.590 – 0.059
			     = 1.531

Variables: A405 = 1.531, ɛ = 1.88 x 104 M-1cm-1, lcuvette = 1 cm, c = ?

Corrected A405 at 15min = ɛcl
c = A405/ɛl
c = 1.531/(1.88 x 104 M-1cm-1)(1cm)
c = 8.14 x 10-5 M 
c = 8.14 x 10-2 mM

Variables: c = 8.14 x 10-2 mM, v = 0.0025 L

Conversions: 8.14 x 10-2 mM = 81.4 μM
n = cv
n = (81.4 μM)(0.0025 L)
n = 0.204 μmol

Variables: CPNPP = 0.020 M, VPNPP = 0.0005 L

nPNPP = CPNPPVPNPP
nPNPP = (0.020 M)(0.0005 L)
nPNPP = 1.0 x 10-5 mol

Variables: C(PNPP)1 = 20 mM, V(PNPP)1 = 0.0005 L, V(PNPP)2 = 0.005 L, C(PNPP)2 = ?

C(PNPP)2 = C(PNPP)1V(PNPP)1
                       V(PNPP)2 
C(PNPP)2 = (0.020 M)(0.0005 L)
                       (0.005 L)  
C(PNPP)2 = 0.002 M

Variables: C(PNPP) = 0.002 M, V(PNPP) = 0.0005 L, n(PNPP) = ?

n(PNPP) = C(PNPP)V(PNPP)
n(PNPP) = (0.002 M)(0.0005 L)
n(PNPP) = 1.0 x 10-6
n(PNPP) = 1.0 μmol

Variables: μmol(PNP) = 0.204 μmol, μmol(PNPP) = 1.0 μmol

% PNPP = μmol(PNP)  x 100%
                  μmol(PNPP)
% PNPP = 0.204 μmol  x 100%
1.0 μmol
% PNPP = 20.4 %

Acid Phosphatase
Variables: CAcid Phosphatase = 0.5 mg/mL, VAcid Phosphatase = 0.6 mL, VF = 2.5 mL

CF = CAcid PhosphataseVAcid Phosphatase      
                           VF
CF = (0.5 mg/mL)(0.6 mL)
                    2.5 mL
CF = 0.12 mg/mL

Therefore, the concentration of acid phosphatase in the assay is 0.12 mg/mL	Comment by Lauren Carter: Good.

R1 – 13.5

R2
	Comment by Lauren Carter: Figure formatting incorrect, see lab manual for guidelines. 

Note – remove title and grid lines. Title should only be in the caption. 
Figure 1: The amount of PNP product in μmol formed over time in minutes, based on the acid phosphatase catalyzing the PNPP solution. The complete assay system consisted of 0.5 mL of tube R (0.5 mL of 1.0 M Na-Acetate, pH 5.7 (mL); 3.4 mL of H2O; 0.6 mL of 0.5 mg/mL Acid Phosphatase (mL); 0.5 mL of 20 mM PNPP), and 2.0 mL of 0.5 M of KOH. Tube R was incubated at 36.9 ˚C and was added to each tube at the times 0, 2, 4, 6, 10 and 15 min. The absorptions were corrected using the blank absorbance done at time zero A405 = 0.059. The product formed at each of the specific times was calculated and plotted onto a graph where a linear fit was done giving an equation of y=0.0136x + 0.0052 with R2 = 0.9946. 	Comment by Lauren Carter: Figure caption incomplete, need more details about calculations done.


Analysis ok. 

R2 - 14

	The slope of the linear fit in the graph above estimates the initial velocity of acid phosphatase which would be approximately 0.0136 μmol/min. The reaction rate remains roughly constant throughout most of it however it deviates slightly from the linear fit at t = 10 min, this could be due to poor vortexing of the tube allowing for higher absorbance. The highest level of substrate conversion was 20.4 % at 15 min in linear range seen in the plot. This is due to the fact that the longer the reaction goes on for the more PNPP converts into PNP resulting in more conversion the longer the reaction lasts. For a reaction where 2.0 mL of 0.5 M KOH is immediately added after the addition of the substrate there is no time for the PNPP to convert allowing less substrate conversion. Plots can sometimes deviate for the straight line or in other words reach a plateau when there is no more substrate left to react with the acid catalyst (acid phosphatase). Since there is no more substrate, no more PNPP can convert to PNP since all of it is already PNP meaning the graph will slowly plateau. 

Determination of KM and Vmax

R3
Table 2: The following reaction rates (v) for both the control and inhibitor experiments based on the [PNPP] and the corrected absorptions into the [PNP] and amount of PNP in μmol. The acid phosphatase volume decided on as a group in the previous experiment was 0.5 mL and this volume was added to 7 different test tubes along with different volumes of [PNPP] being 0.5 mM, 2.0 mM, 5.0 mM and 20.0 mM, 50 μL of 1.0 M Na-Acetate, pH 5.7 and varying volumes of water in order to have a complete assay volume of 0.5 mL. These water volumes are 50 μL less for the test tubes consisting of inhibitor (50 μL of a 10.0 mM solution of unknown inhibitor). These tubes were all incubated at 36.9 ˚C and the enzyme was added to each of the tubes in increasing order consecutively by minute starting from 0 min. Then at 10 min 2 mL of 0.5 M KOH was added into the test tubes in increasing order consecutively. The unknown inhibitor was #22 the absorptions of both the control and inhibitor were corrected using the time ZERO tubes which consist of the exact same amounts and concentrations from the control however the 2.0 mL of 0.5 M KOH was added before the PNPP solutions meaning that no PNPP should have converted into PNP since the reaction was already stopped. 	Comment by Lauren Carter: Table caption incomplete, need more details on the calculations used.
	Tubes
	[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
	5.0 x 10-5
	0.112
	5.96 x 10-6
	0.0149
	0.00149
	0.006
	3.19 x 10-7
	7.98 x 10-4
	7.98 x 10-5

	2
	1.0 x 10-4
	0.261
	1.39 x 10-5
	0.0348
	0.00348
	0.044
	2.34 x 10-6
	0.00585
	0.000585

	3
	2.0 x 10-4
	0.395
	2.10 x 10-5
	0.0525
	0.00525
	0.232
	1.23 x 10-5
	0.0308
	0.00308

	4
	5.0 x 10-4
	0.562
	2.99 x 10-5
	0.0748
	0.00748
	0.211
	1.12 x 10-5
	0.0280
	0.00280

	5
	7.5 x 10-4
	0.611
	3.25 x 10-5
	0.0813
	0.00813
	0.258
	1.37 x 10-5
	0.0343
	0.00343

	6
	1.0 x 10-3
	0.696
	3.70 x 10-5
	0.0925
	0.00925
	0.283
	1.51 x 10-5
	0.0378
	0.00378

	7
	2.0 x 10-3
	0.835
	4.44 x 10-5
	0.111
	0.0111
	0.472
	2.51 x 10-5
	0.0628
	0.00628



Calculation for tube 7
Variables: Ci = 0.5 mM, Vi = 50 μL, VT = 0.5 mL, CPNPP = ?

CPNPP = CiVi
               VT
CPNPP = (0.0005 M)(0.00005 L)
                  0.0005 L
CPNPP = 5.0 x 10-5 M

Variables: Uncorrected A405 for tube 7 = 0.835, A405 for 7Z = 0.145

Corrected A405 = Uncorrected A405 tube 7 – A405 for 7Z
                         = 0.980 – 0.145
                         = 0.835

Variables: A405 = 0.835, ɛ = 1.88 x 104 M-1cm-1, lcuvette = 1 cm, cPNP = ?

cPNP = A405/ɛl
cPNP = (0.835)/( 1.88 x 104 M-1cm-1)(1 cm)
cPNP = 4.44 x 10-5 M

Variables: cPNP = 4.44 x 10-5 M, VT = 0.0025 L, n = ?

nPNP = CPNPVT
nPNP = (4.44 x 10-5 M)(0.0025 L)
nPNP = 1.11 x 10-7 mol
nPNP = 0.111 μmol

Reaction rate for test tube 7:

v = nPNP/time
v = 0.111 μmol/10 min	Comment by Lauren Carter: Identify all variables used. 

R3 – 11.5
v = 0.0111 μmol/min



R4.
Table 3: The initial concentrations of substrate and rate of reactions (v) for both control and inhibitor divided by one another to give [S]/V to graph a Hanes plot. The following table consists of the different substrate concentrations (PNPP) in each of the test tubes related to their rate of reactions. The acid phosphatase volume decided on as a group in the previous experiment was 0.5 mL and this volume was added to 7 different test tubes along with different volumes of [PNPP] being 0.5 mM, 2.0 mM, 5.0 mM and 20.0 mM, 50 μL of 1.0 M Na-Acetate, pH 5.7 and varying volumes of water in order to have a complete assay volume of 0.5 mL. These water volumes are 50 μL less for the test tubes consisting of inhibitor (50 μL of a 10.0 mM solution of unknown inhibitor). The following data will be graphed on a Hanes plot in order to analyse the KM and Vmax for both control and inhibitor. 	Comment by Lauren Carter: Table caption incomplete, need more experimental details and details on the equations used.


Sample calculations?


R4 – 2.25
	[S]* (M)	Comment by Lauren Carter: Incorrect units for these values.
	Control
	Inhibitor

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

	50
	0.00149
	33557.05
	7.98 x 10-5
	626566.42

	100
	0.00348
	28735.63
	0.000585
	170940.17

	200
	0.00525
	38095.24
	0.00308
	64935.06

	500
	0.00748
	66844.92
	0.00280
	178571.43

	750
	0.00813
	99250.92
	0.00343
	218658.89

	1000
	0.00925
	109108.12
	0.00378
	264550.26

	2000
	0.0111
	180180.18
	0.00628
	318471.34



R5.
	Comment by Lauren Carter: Figure formatting incorrect, see lab manual for guidelines. 

Remove grid lines
Plot data on 1 y-axis















Figure 2: The Hanes plot of [S] (initial concentration of substrate = initial concentration of PNPP) over [S]/V for both the control and inhibitor. The graph above was plotted based on the Table 3, above. The 0.5 mL of acid phosphatase was added to 7 different test tubes along with different volumes of [PNPP] being 0.5 mM, 2.0 mM, 5.0 mM and 20.0 mM, 50 μL of 1.0 M Na-Acetate, pH 5.7 and varying volumes of water in order to have a complete assay volume of 0.5 mL. These water volumes are 50 μL less for the test tubes consisting of inhibitor (50 μL of a 10.0 mM solution of unknown inhibitor). A linear fit was done for both the control and inhibitor plotted on 2 different axes where the blue dots represent the control and the orange dots represent the inhibitor. The equation for the control is y = 78.912x + 27540 with an R2 = 0.9851, while the equation for the inhibitor is y = 125.55x + 97297 with an R2 = 0.8095. 	Comment by Lauren Carter: Figure caption incomplete, need more experimental details and details on equations used.

R5 – 7.5

The following analysis shows evidence for a mixed inhibition or non-competitive inhibitor where the inhibitor binds to both the free enzyme (PNP) and the enzyme-substrate complex. (PNPP – PNP) This is due to the fact that there is an increase in slope (1/Vmax) and the y-intercept (KM/Vmax) for the inhibitor compared to the control. For mixed inhibition there is supposed to be an increase in slope and y-intercept and for this graph there is a 59% increase in slope and a 253% increase in y-intercept providing as support for the statement that the inhibitor is mixed. However, one thing should be noted that the Z-tubes absorption was slightly high which is most likely due to the fact that the KOH was added after the substrate or that the tubes were not vortexed very well. This would allow for lower values of absorbance for each of the following tubes. Also, the first couple points are clearly a source of error and were not included in the linear fit as they do not follow the linear pattern. This is most likely due to the very high absorbance values for the Z-tubes, giving very low absorbance values for the first two fractions. 	Comment by Lauren Carter: This should be in R6. 

Need to show the % difference calculations. 

R6.
Table 4: Kinetic parameters Vmax and KM obtained from experiments 2 (control) and 3 (inhibitor). The slope and y-intercept of the control equation and the inhibitor equation were used to calculate Vmax and KM for both the control and inhibitor respectively. The Hanes representations uses the equations where y-intercept = KM/Vmax and slope = 1/Vmax and the x-intercept = -KM where those equations were used in order to calculate the values in the table. Full calculations are shown below.  	Comment by Lauren Carter: Table caption incomplete, need more experimental details. 
	Method
	Control
	Inhibitor

	
	Vmax
(μmol/min or U)
	KM (M)
	Vmax
(μmol/min or U)
	KM (M)

	Hanes
	0.0127
	349
	0.00796
	775



Calculation of Control Vmax
Variables: slope (m) = 78.912, Vmax = ?	Comment by Lauren Carter: Units?

Vmax =      1  _
             Slope
Vmax =      1  _
            78.912
Vmax = 0.0127 U




Calculating of Control KM
Variables: Slope (m) = 78.912, intercept = 27540	Comment by Lauren Carter: Units?

R6 – 9.5

KM = intercept
            Slope 
KM = 27540
         78.912
KM = 349 M

R7.
Table 5: Type of inhibitor where the dissociation constants K1 and K1’ are determined based on the enzymatic activity and concentration of the inhibitor. The following graph shows a summary of all the kinetic parameters of the control and the inhibitor in order to determine the dissociation constants and the type of inhibitor. The enzyme activity of K1’ is lower compared K1 since the non-competitive inhibitor binds to both the free enzyme and the substrate complex providing for the different affinities K1’ and K1. The binding of the mixed inhibitor the enzyme is reversibly converted to a non-functional conformational state and the substrate (PNPP) is not converted to product (PNP).	Comment by Lauren Carter: Table caption incomplete, need to include more experimental details and details on where the data comes from.
	Inhibitor Number
	[I] (M)
	Vmax (U)
	KM (M)
	Kl (M)
	Kl’ (M)
	Type of Inhibitor

	-------
	0
	0.0127
	349
	-------
	-------
	-------

	22
	0.0020
	0.00796
	775
	12710
	2975
	Mixed



Concentration of Inhibitor
Variables: CS = 10 mM, VS = 50 μL, VI = 2.5 mL, [I] = ?	Comment by Lauren Carter: Incorrect volume.

[I] = CSVS
          VI
[I] = (0.010 M)(0.00005 L)
                 (0.0025 L)
[I] = 0.00020 M

Concentration of K1’
Variables: Vmax (control) = 0.0127 U, Vmax (inhibitor) = 0.00796 U, [I] = 0.0020 M, K1’ = ?

α' = Vmax (control)
       Vmax (inhibitor)
α' = 0.0127 U
       0.00796 U
α' = 1.595



K1’ = (α’-1)	Comment by Lauren Carter: Incorrect equation.
            [I]
K1’ = (1.595 – 1)
          0.00020 M
K1’ = 2975 M 

Concentration of K1
Variables: KM (inhibitor) = 775 M, KM (control) = 349 M, α' = 1.595, α = ?

α = KM (inhibitor) α'
          KM (control)
α = (775 M)(1.595)
              349 M
α = 3.542

K1 = (α-1)	Comment by Lauren Carter: Incorrect equation.

R7 - 8
            [I]
K1 = (3.542 – 1)
          0.00020 M
K1 = 12710 M
R8.
Specific Activity of Phosphatase Sample
Variables: CAP = 0.5 mg/mL, VAP = 0.05 mL, Vmax (control) = 0.0127	Comment by Lauren Carter: Units?

m (AP) = CAPVAP
m (AP) = (0.5 mg/mL)(0.050 mL)
m (AP) = 0.025 mg

Specific Activity = Vmax
                               m (AP)
		    = 0.0127 U
		       0.025 mg
		    = 0.508 U/mg

Therefore, the specific activity of the phosphatase sample 0.508 U/mg.	Comment by Lauren Carter: Ok. 

R8 – 7.25
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Writing skills – 1
Note – all captions too long, try to be more concise. You should not need more than 3 sentences to explain all the relevant info.
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The amount of PNP product that formed over time
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Hanes plot of [S] over [S]/V for the control and inhibitor
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