Photosynthesis Part II worksheet, protocols and data 
              TA:Deepti


CLASS DISCUSSION SHEET (Complete during class)

Pre-Experiment

Purpose of the Experiment:

Hypotheses:

Predictions: (based on your hypothesis….if hypothesis were supported by these data what would you expect?)

Principle of working of DCPIP?

Principle of working of Diuron?

Hill Reaction: Final Products?

DCPIP in oxidized form --- Blue color 

DCPIP in reduced form (carrying electrons) --- Colorless

What color do you expect the different solutions with DCPIP to be at the end of your experiment?

(Dark Blue/ Medium Blue/ Light Blue/ Colorless)

	Condition
	Prediction for the color of DCPIP
	What would you expect happens to the absorbance reading?

Increases/ decreases/ remains the same
	Reasoning

	High light intensity


	
	
	

	Low light intensity


	
	
	

	Wrapped in foil


	
	
	

	No Chloroplasts 

(Negative control)
	
	
	


Post Experiment

Were the above expectations met after the experiment?

Graph: Plot a graph with all the data on 1 graph. Label appropriately. You need to do this by hand. Y axis will have the absorbance readings. X axis will have the Elapsed time.

Draw a straight line that fits the data best for each condition.  (If the last 1 or 2 data points for cuvettes 1 & 2 do not show any change—you may ignore those to draw the line)

Calculate the Rate of Reaction for each condition. (6 conditions)

Cuvettes 1 & 2: Estimate slope using straight line drawn. Pick any 2 data points on the straight line 

Slope = change in Y
             change in X

Rate of Hill reaction for Cuvettes 1 & 2 = (-1) (slope)

Cuvettes 3 & 4: 

Rate of reaction = (-1) Final abs – Initial abs

Elapsed Time (20)

Units of the Rate of Reaction are? 

Cuvettes 6 & 7: Estimate the slope of the line drawn. 

Rate of Hill Reaction in Presence of Diuron?

In Conclusion:

Were hypotheses supported?

Errors/ Potential Errors?

What were the effects seen with the different intensities of light?

What were the effects seen due to Diuron?

PART A: ISOLATE THE CHLOROPLASTS
Keep all materials cold on the ice. Why? 
Do all the procedures quickly to minimize keeping the materials outside too long

Keep the box with the materials and ice closed as much as possible

MAKE THE HOMOGENATE

1. Put the spinach leaf pieces in the mortar (remove stems and midribs and break leaves into small dime sized pieces)

2. Add 10 ml of cold 0.5 M sucrose in mortar (Put sucrose bottle back on the ice)

a. Why use 0.5 M sucrose? 
3. Quickly grind leaves until no leaf pieces are visible

4. Add 10 ml of cold 0.5 M sucrose to mortar and grind again till it is homogeneous and no leaf pieces seen at all. This is the ground leaf suspension (well and uniformly ground leaves in sucrose) Keep sucrose bottle back on the ice.

5. Filter the ground leaf suspension. Place gauze over the beaker and create a small depression into which---pour the homogenate. Squeeze out the liquid from the gauze. Trash the gauze. The liquid in the beaker is now the homogenate. (clear liquid without the cell debris)

6. Place homogenate on ice
DIFFERENTIAL CENTRIFUGATION
Set-Up

1. Label all 4 centrifuge tubes with your group number and assign numbers for the tubes such as 1, 2, 3 and 4. (eg. Group 1 would be 1/1; 1/2; 1/3; 1/4)
2. Place 3 and 4 back on the ice

3. Hold the centrifuge tubes at the top just below the cap so that you do not warm them with your hand heat

4. Transfer the homogenate equally in the centrifuge tubes # 1 and 2. Keep on ice

Centrifuge: Class Activity
1. Place tubes in centrifuge and balance them

2. SPIN 1: Half maximal speed for 3 min SAVE SUPERNATANT (Liquid) Pour the liquid into centrifuge tubes # 3 and 4. Keep on ice. Discard the centrifuge tubes # 1 and 2 with the pellets in grey tub.

3. SPIN 2: Highest speed for 5 min. SAVE PELLET. Pour the supernatant liquid into the sink or beaker. Keep # 3 and 4 with pellet on ice

4. To one of the centrifuge tubes (#3) add 4 ml of cold 0.1 M sodium phosphate buffer. Use the spatula to swirl and resuspend (dissolve) the pellet in the liquid. 

5. Add this dissolved liquid from centrifuge tube # 3 to tube # 4 and resuspend the other pellet in the same way.

6. Add 4 ml to tube # 3 and recover any material that remained behind the previous time and pour into tube # 4.

7. Centrifuge # 4 now has 8 ml of the resuspended liquid. 
This is your STOCK CHLOROPLAST SOLUTION. Keep on ICE

Principle of differential centrifugation?
PART B: ESTIMATE CHLOROPHYLL CONCENTRATION OF STOCK SOLUTION

ESTIMATE THE AMOUNT OF PHOSPHATE BUFFER TO BE ADDED
1. Set Spec 20 to 650nm

2. Calibrate the Spec 20

a. Set the absorbance to infinite using left knob

b. Put in blank (reference) with acetone. Set the absorbance to 0
3. In a cuvette mix

a. 0.25 ml of chloroplast stock solution. (Keep rest on ice)

b. 5 ml of 80% acetone

c. Cover cuvette with parafilm and mix contents

4. Record the absorbance of the cuvette with the stock solution and acetone prepared above

5. Dispose the contents of this cuvette into the acetone waste container and put cuvette in grey tub

6. Absorbance Value (A 650) = _______________________

7. Put your absorbance value into the following equation to determine the amount of 0.1 M sodium phosphate buffer to be added to 5 ml of your stock chloroplast solution for a final chlorophyll concentration of 0.5 mg/ml

8. Amount of phosphate buffer to be added = (Absorbance x 58) – 5 = _____________ ml

Why do you use acetone?

Why use wavelength at 650 nm?

Why would you need to dilute the stock chloroplast solution?
ADJUST THE CONCENTRATION OF THE STOCK SOLUTION

Measure 5 ml of the stock chloroplast solution in a beaker. Keep on ice. Add the amount of (calculated above ________ ml) of cold 0.1 M sodium phosphate buffer to the beaker. Keep on ice

THIS IS THE FINAL CHLOROPLAST SOLUTION YOU WILL USE FOR THE REMAINDER OF THE LAB

(This diluted chloroplast solution should have a final chlorophyll concentration of approximately 0.5 mg/ ml)

PART C: SETTING UP REACTION TUBES
1. Label the 5 cuvettes as 1, 2, 3, 4, 5, 6, 7, 8
2. Prepare these 8 cuvettes as indicated below

3. ONLY ADD BUFFER, WATER AND DCPIP AND DIURON (NOT THE CHLOROPLASTS). INSTRUCTIONS IN TABLE BELOW
These can be kept at room temperature

4. Cut up small pieces of parafilm (1cm x 1cm)

	Cuvette #
	Experimental Condition
	Phosphate Buffer
	Deionized Water
	DCPIP
	Diuron
	Final Chloroplast Solution 
	Total Volume

	1
	High Light
	1 ml
	2 ml
	1 ml
	
	1 ml
	5 ml

	2
	Low Light
	1 ml
	2 ml
	1 ml
	
	1 ml
	5 ml

	3
	Wrapped in Foil
	1 ml
	2 ml
	1 ml
	
	1 ml
	5 ml

	4
	No Chloroplasts
	1 ml
	3 ml
	1 ml
	
	0
	5 ml

	5
	Reference Blank
	1 ml
	3 ml
	0
	
	1 ml
	5 ml

	

	6
	Diuron-- High Light 
	1 ml
	1 ml
	1 ml
	1 ml
	1 ml
	5 ml

	7
	Diuron-- No Chloroplasts
	1 ml
	2 ml
	1 ml
	1 ml
	0
	5 ml

	8
	Diuron-- Blank
	1 ml
	2 ml
	0
	1 ml
	1 ml
	5 ml


ADDITION OF CHLOROPLASTS
1. Set the Spec 20 to 600 nm.  (Why 600 nm?)
Do following in Cuvette set-up order:
2. After adding the final chloroplast solution (diluted solution prepared part B), put parafilm on cuvette and mix the contents 

3. Immediately record the absorbance and record that in the table in Part D under A600
CUVETTE SET-UP (Follow the table above)
1. CUVETTE # 5: BLANK (No DCPIP) Add 1 ml chloroplast solution. Parafilm. Mix. This is your new Reference / Blank. Set absorbance to 0 using this one. 
2. CUVETTE # 4:  NEGATIVE CONTROL (NO CHLOROPLASTS). Parafilm. Read absorbance. Record absorbance and time in data table. Set cuvette # 4 aside

3. CUVETTE # 3: NO LIGHT: Add 1 ml chloroplast solution. Parafilm. Mix. Read and record absorbance and time. Cover cuvette immediately with foil and set aside.
4. CUVETTE # 2: LOW LIGHT: Add 1 ml chloroplast solution. Parafilm. Mix. Read and record absorbance and time. Place in low light.
5. CUVETTE # 1: HIGH LIGHT: Add 1ml chloroplast solution. Parafilm. Mix. Read and record absorbance and time. Place under fluorescent lamp.

READ ABSORBANCE OF CUVETTES # 1 & 2 EVERY 5 MIN FOR A TOTAL OF 20 MIN

READ ABSORBANCE OF CUVETTES # 3 & 4 AFTER 20 MIN ONLY

Diuron Cuvettes Set-Up
1. CUVETTE # 8: BLANK (No DCPIP, Diuron present) Add 1 ml Chloroplast solution. Parafilm. Mix. This is the Reference or Blank . Set absorbance to zero using this blank for the diuron cuvettes
2. CUVETTE # 7:  NO CHLOROPLASTS (Negative Control): Parafilm. Mix. Read absorbance and time. Place cuvette aside. 
3. CUVETTE # 6: DIURON + HIGH LIGHT: Add 1 ml Chloroplast solution. Parafilm. Mix. Read absorbance and time. Place under fluorescent lamp. 
READ ABSORBANCE OF CUVETTE # 6 EVERY 5 MIN FOR 20 MIN
READ ABSORBANCE OF CUVETTE #R 7 AFTER 20 MIN ONLY
Purpose of the negative control? Purpose of the Blank?
PART D: DATA RESULTS

	Cuvette # 1
	Clock Time
	Elapsed Time
	Absorbance A600

	Initial Reading (1st )
	
	0
	

	2nd 
	
	5
	

	3rd  
	
	10
	

	4th 
	
	15
	

	Final Reading (5th)
	
	20
	


	Cuvette # 2
	Clock Time
	Elapsed Time
	Absorbance A600

	Initial Reading (1st )
	
	0
	

	2nd 
	
	5
	

	3rd  
	
	10
	

	4th 
	
	15
	

	Final Reading (5th)
	
	20
	


	Cuvette # 3
	Clock Time
	Elapsed Time
	Absorbance A600

	Initial Reading (1st )
	
	0
	

	Final Reading 
	
	20
	


	Cuvette # 4
	Clock Time
	Elapsed Time
	Absorbance A600

	Initial Reading (1st )
	
	0
	

	Final Reading 
	
	20
	


	Cuvette # 6
	Clock Time
	Elapsed Time
	Absorbance A600

	Initial Reading (1st )
	
	0
	

	2nd 
	
	5
	

	3rd  
	
	10
	

	4th 
	
	15
	

	Final Reading (5th)
	
	20
	


	Cuvette # 7
	Clock Time
	Elapsed Time
	Absorbance A600

	Initial Reading (1st )
	
	0
	

	Final Reading 
	
	20
	


PART E: CLEAN THE WORK AREA

1. Rinse mortar and pestle, beaker thoroughly with tap water. Give them a final rinse with deionized water

2. Place mortar and pestle, beaker in ice bucket to chill for the next lab

3. Place centrifuge tubes and cuvettes in grey tubs near sink

4. Use bench cleaner to wipe down your work area. Be especially careful to remove any sucrose solution

5. Dispose all diuron containing contents into special container in the hood

References: The protocols modified from Bree Frett’s version (181 TA)
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