RULES:
1) For typing answers for each question, use only the red Arial-12pt font with indentation format in the document.  This helps the graders.  Please abide by the line limits as indicated for some of the questions.  This FONT is not required for Tables or Figures.
2) Abide by any of the noted line restrictions for each question.  The part of your answers that are longer will not be graded.
3) For inserting pictures, please center the image.
4) After uploading your completed assignment as a PDF on GradeScope, a page appears that allows you to assign each question to the page on your report. Questions without assignment will not be graded.


CHAPTER 9 
LABORATORY REPORT 
150 pt total
Q0.  Organizing Raw Data 
Collect all your raw absorbance and fluorescence data from both weeks.  There should be Five tabs for the following experiments:  
1) [bookmark: OLE_LINK25][bookmark: OLE_LINK26]six DTNB modification kinetic data 
2) four KHK activity data (done at four dilutions of KHK)
3) four PK activity kinetic data
4) Fluorescence data for standard curve and four reaction samples 
5) Absorbance data for BCA standard curve and values for DTNB and F5M KHK-containing reactions
Your Chapter 9 raw data should be organized properly in tables in an excel/google sheet. All of those above indicated, except for the KHK rate date (indicated in bold), have triplicate readings and should have columns that calculate the average and standard deviation for all your data.  

EMAIL your Excel file to ahushka@bu.edu with BB442Ch9 in the subject line. Not a link, but the file itself. Name it in the format: “Chapter 9A_Section_Your Name.” Section is B1, B2, etc.. 
Using Google Sheets, etc. is not an option – you have a free Microsoft Office licence through BU. Failure to follow these directions will result in a deduction of points from your final report grade.

Q1. Data collection:  Procedure and Observations - In-lab 
Re-upload the same PDFs of your NOTEBOOK with handwritten notes, data collected and observations, which you uploaded in the "In-lab data collection" assignment.  Add these pages at the start of your PDF document you upload for submitting this assignment. Please don’t upload small photos of each page – make them full page size or near full-page size. (Pro-tip: do this as a last step using Adobe Acrobat (use “combine PDFs”), to avoid slowing your Word document down with a ton of photos)
Be sure to include:
Week 1:  DTNB reactions
Week 2:  F5M reactions

Q2. Figure 1: BCA standard curve 
Please note; according to the manufacturer, the assay does not show a strictly linear behavior.  They suggest fitting the data to a four-parameter exponential or just “connect the dots.”  Use your raw data file to subtract average background value from each average standard-curve data point. Use the standard deviation values in A562 values and background values to calculate the error at each conc. by using equation (2) in the manual for subtraction on page 278. Refer to this equation in the caption. Use error to plot error bars on graph.  

Q3. Table 1: Absorbance values for protein in both DTNB and F5M reactions. 
Compose a table of the average A562 values for all seven samples, using standard deviation values in A562 values as the error in each value. Another column should have the net A562 values after subtracting that value (same as used for Figure 1) with the error in that value calculated in the same way using equation (2) in the manual for subtraction on page 278. Use those values to estimate the values for [protein] in µg/mL and calculate the concentration in µM.  Use 34,000 g/mol for KHK molecular weight.  Use the percent error in µg/mL to calculate error in conc. for µM.

Q4. Figure 2: Effect of DTNB on KHK rates.
Create four graphs of A340 vs. time, for unlabeled KHK.  Each should plot the four rates that used different amounts of KHK (1X-0.125X).  Arrange these four graphs into a single figure with 4 panels. From these plots, you will determine the rates for A340/min in Table 2.  Indicate the range used for rate determination.

Q5. Table 2: Effect of DTNB on KHK specific activity.
From the raw data calculate  A340/min by subtraction of two data points (A340) and dividing by the time (in min) between those two data points. 
Include the following columns: 
· the initial rates,
· a column of normalized values of A340/min for each DTNB experiment by correction for the dilution factor. 
· Average normalized rate value for each of the four DTNB experiments, with standard deviation.
· the average units (U in µmol/min) in 0.2 mL assay from this average A340/min using Beer’s Law. (tip: path length for 200 μL in a 96 well plate is 0.56 cm)
· the U/mL in each DTNB reaction. 
· Specific Activity (U/mg). Propagate errors in the Specific Activity by using equation (4) in the manual for division on page 278 using U/mL error and mg/mL error.  
Include sample calculation(s) for each step after calculating the initial rate. 

Q6.a.  Figure 3: Effect of [pyruvate kinase] on KHK coupled assay
Generate a figure with four plots of A340 vs. time, one for each [PK].

Q6.b.  Question/analysis
What is your conclusion from the PK experiment?  What is the minimum [PK] needed in this coupled assay? (limited to 5 lines of text for credit)

Q7. Figure 4:  KHK modified with DTNB.  
Plot of A412 vs. time for all the reactions with DTNB. Indicate with arrows the time used for reading the final absorbance for Table 3.

Q8.  Table 3:  Total DTNB incorporated into KHK
[bookmark: OLE_LINK27][bookmark: OLE_LINK28]From your raw data file, record the maximal average Absorbance values and standard deviations at the time indicated in Fig.4. Subtract the average background value at those same times for a column for the A412 values and propagate errors by using equation (2) in the manual for subtraction on page 278. Calculate µM Cys reacted in 250 µL using Beer’s law (see slides for Pre-lab Discussion for Chapter 10A).  The error will have the same % error as A412, as the numbers used in your Beer’s law calculation do not have an associated error.

Q9. Figure 5: Standard Curve of RFU for fluorescein-5-maleimide (F5M) versus µM F5M
Plot your data, with error bars as for Fig 1. Indicate (on the same graph or a separate graph) which part you used for the linear range, including all necessary information related to the standard curve you created from that linear portion

Q10.  Table 4: KHK modified with fluorescein-5-maleimide (F5M)
Record the average RFU and standard deviations from your raw data file in one column.  For each reaction subtract the background RFU and report the net RFUs in a second column with errors calculated.  Propagate errors by using equation (2) in the manual for subtraction on page 278. As done for Table 1, the net RFU values have error and the plot in Figure 5 has errors. Use the error from LINEST to calculate the error in [F5M] in your eluted reactions. 

Q11.a. Table 5: Comparisons of Cysteine Reactivity in KHK by Two Methods.
Pull the values ± errors of µM DTNB reacted from Table 3, µM F5M reacted in eluted reactions from Table 4, and µM KHK in each of the two assays from Table 1.  This will be two columns (reacted Cys in µM and [KHK] in µM).  There should be five rows (3 for DTNB determination and two for F5M). Calculate by division the number of Cys per KHK molecule for each row for both those three determined with DTNB and for those two determined with F5M.  The propagated error in these quotients will get pulled in from Table 6.

Q11.b. Table 6: Error Propagation
Make a table with 10 columns that starts with 3 columns from Table 3 containing just the errors for the values of reacted Cys in µM and [KHK] in µM and the ratio of Cys/[KHK].  For each of the same 5 rows as Table 5 calculate the error by methodically filling in the columns as follows:
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	Sample
	error in Cys reacted
	error in [KHK]
	ratio
	fractional error in Cys reacted
	fractional error in [KHK]
	Square of fractional error in Cys reacted
	Square of fractional error in [KHK]
	Sum of the squares
	Square-root of sum of the squares

	–
	x
	y
	X/Y
	x/X
	y/Y
	(x/X)2
	(y/Y)2
	(x/X)2+(y/Y)2
	((x/X)2+(y/Y)2) ½


.
Use the product of (column 10 x column 4) for the error in the ratios and transcribe these values into Table 5.

Q11.c.  Compare number of cysteine residues in KHK by these two different labeling methods.  Do they agree with each other or not? (3 lines)

Q.12. Short Answer Questions
Q12.a. Why is it necessary to use create a standard curve for the F5M labeling experiment? Why is this not necessary for absorbance measurements with DTNB? (limited to 2 lines of text for credit)

Q12.b. What is the dilution that worked best across all your reactions C, D, E and F that gives you the best initial rate? How did you know? (limited to 3 lines of text for credit)

Q.13. Conclusion and Discussion
Q13.a. Conclusions
Consider the following:
1) What conclusions can you make for your data about the role of sulfhydryl groups with respect to KHK activity? Focus on the DTNB reactions and KHK activity assays for reactions C and D. (limited to 3 lines of text for credit)

2) What is the effect of ATP on the DTNB reaction with KHK? Furthermore, do you have evidence to support that ATP interact with a cysteine residue that is important for KHK activity? (limited to 3 lines of text for credit)

3) What conclusions can you make for your data about the number of cysteines in both methods – native versus denatured?  (limited to 4 lines of text for credit)


Q13.b. Discussion
For this section, write a short paragraph summarizing the three weeks of lab and your observations and thoughts. This is a great opportunity to show your instructors what you learned in this lab. Don’t just list the experiments, assays,  and your results.  Rather discuss any issues that arose and reasons for them, and discuss the meaning of any results you attained.

Note: Points are awarded for an insightful discussion, specific to your data/observations. No points or partial credit is given for merely summarizing lab and regurgitating data.
(limited to 10 lines of text for credit)

