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The physiological process of photosynthesis as carried out by most plants involves many 
individual steps or biochemical reactions.  Sometimes all of these steps are divided for 
convenience into two groups.  In this lab, we will study the group of reactions involving 
photochemistry and the capturing of light. 
 
The photochemical reactions of photosynthesis utilize the energy captured by various pigment 
systems and ultimately synthesize ATP as an energy source and NADPH as an electron carrier 
(reducing power), both of which will be used for the reactions that fix carbon dioxide into sugars.  
Recall that the large group of enzymes known as photosystem II is located in the thylakoid 
membranes of the chloroplast.  Part of this complex is involved in the splitting of water 
molecules and the production of molecular oxygen.  Electrons from water are passed through 
the photosystems and eventually to NADP+.  This process also leads to the production of a 
proton gradient across the thylakoid membrane and this gradient is used for ATP production.  
Details of these steps will be discussed in lecture, but it will be useful for you to have at least a 
brief understanding to aid in your interpretation of this laboratory experiment. 
 
Over the decades of research into plant photosynthesis, a number of chemical compounds have 
been discovered that are capable of acting as artificial acceptors of the electrons that are being 
transported through the protein complexes in the chloroplast membranes – artificial in the sense 
that they do not occur normally in the plant, but can be useful indicators of the electron transport 
process.  This lab will use one such receptor – 2,6-dichloroindophenol (DCPIP) – as an indicator 
of electron transport because the redox state of this molecule determines its color.  DCPIP 
accepts electrons around the point where photosystem II passes electrons to the mobile carrier 
plastoquinone (see course text) and so the electron transport through photosystem II can be 
measured using the rate of color change of this dye.  Color changes will be quantified with a 
spectrophotometer. 
 
 
Objectives 
 
The purpose of this lab is to study the light-driven reactions of photosynthesis and observe how 
light and an inhibitor of photosynthesis affects these reactions.  We will: 
 

I) Extract chloroplasts and thylakoid membrane fragments from spinach leaves 
 
II) Use the organic dye DCPIP to follow the progress of electron transport in these 

isolated chloroplast membranes. 
 
Methods 
 
I)  Chloroplast extraction and purification 
 
We will use the following procedure to extract chloroplast thylakoid membranes from spinach 
leaves.  In order to keep the membranes and their enzymes working long enough for our 
experimentation, it will be very important to keep the extraction media and chloroplast 



preparations cold by placing their containers on ice as much as possible and by using chilled 
solutions during the extraction process. 
 
Extraction and assay medium:  Both the chloroplast extraction process and the experiments to 
follow will depend on maintaining the thylakoid membranes in a buffered solution.  Your first job 
should be to collect an adequate amount (100 mL or so) of this solution and get it chilled by 
placing the container in ice (no ice in the medium, of course). 
 

Medium contents: 
0.25 M sucrose 
15 mM tricine buffer (adjusted to pH 7.9) 
2 mM NaHCO3 
1 mM NaEDTA 

 
Next obtain a sample of spinach leaves and cut or tear the leaves up into small pieces no larger 
than a few centimeters on a side.  About 10 – 20 grams of leaf (fresh mass) should suffice.  Cut 
out or avoid the leaf petiole and any large vascular bundles, because we want mesophyll tissue 
and not vascular tissue. 
 
Grind the leaf tissue thoroughly with 30 - 40 ml of the extraction medium and pour through 
several layers of cheesecloth into a large centrifuge tube.  Centrifuge at 200g for about 3 
minutes.  Unbroken cells and pieces of cell wall material will be left in the bottom of the 
centrifuge tube.  Collect the supernatant into another centrifuge tube and spin at 2000g for 5 
minutes – this will leave the chloroplasts and thylakoid membranes at the bottom of the tube.  
Discard the supernatant this time and resuspend in the pellet of dark green material in a vial of 
extraction buffer.  Keep this chloroplast suspension cold until used for the following 
experiments. 
 
II)  Photoelectron transport 
 
The chloroplast extraction procedure should leave you with thylakoid membranes suspended in 
solution.  Most of the remaining components of the spinach leaf mesophyll tissue including 
intact cells, other organelles, and cell wall fragments should have been removed.  This would 
mean that much of the remaining photosynthetic machinery involved in carbon fixation, including 
all the enzymes and other chemical components of the chloroplast stroma are also removed.  In 
the intact chloroplast, electrons from water would ultimately be passed on to NADP+, but we are 
replacing this component with the electron acceptor DCPIP.  The advantage is that DCPIP will 
change from blue to colorless when reduced, and so we can follow the reaction by measuring 
the absorbance of the reaction mixture at a wavelength where the oxidized (blue) DCPIP 
absorbs maximally; around 620 nm. 
 
Treatments to be considered: 
 

Effect of light and dark 
 
Effect of the photosynthesis inhibitor DCMU [3(3,4-dichlorophenyl)-1,1-dimethylurea].  
This compound blocks the site in Photosystem II where electrons would be passed to 
plastoquinone (see lecture figures). 

 
There are two very important aspects of these procedures that you must follow – not 
doing so will keep you from getting good results: 



 
1) Keep the chloroplast and thylakoid solutions on ice at all times. 

 
2) The color change reactions may occur very rapidly and so you will want to wait and 

add the DCPIP only when you are ready to start measuring absorbance changes. 
 
Start by preparing a “blank” that will be used as a reference for setting the zero absorbance of 
the spectrophotometer.  For this blank, use 3.9 ml of the assay medium plus 0.1 ml of your 
chloroplast suspension into a spectrophotometer tube.  This blank can be used as a reference 
(for setting zero absorbance on the spectrophotometer) for all of your future experimentation. 
 
Preliminary experiment 
 
First conduct a preliminary experiment.  The purpose of this preliminary experiment is to get 
practice at making these measurements quickly and to decide if you need to increase or 
decrease the amount of chloroplast suspension being used.  If the reaction seems to go so fast 
that you cannot make measurements quickly enough, reduce the amount of chloroplast 
suspension added.  Conversely, if changes occur very slowly, increase the chloroplast quantity 
used. 
 

1. Prepare a tube with 3.75 ml of assay medium plus 0.1 ml of chloroplast suspension. 
 

2. When you are ready to start the experiment at the spectrophotometer, add 0.15 ml of the 
DCPIP solution – this will be referred to as time zero. 

 
3. Cover the tube with a piece of parafilm and invert the tube once for mixing. 

 
4. Quickly insert the tube into the spectrophotometer and read the absorbance without 

delay. 
 

5. Remove the tube and expose it to a light source for about 30 seconds.  Again measure 
the absorbance, which will decline as the DCPIP becomes colorless. 

 
6. Repeat this process until the absorbance is no longer declining.  The data you gather 

should include absorbance (from the spectrophotometer) and the time since the 
experiment began. 

 
 
Main experiments 
 
Next, you will mix a set of tubes according to the table below (quantities in ml).  For the dark 
treatments, wrap the tubes in aluminum foil and keep in subdued light (perhaps in a drawer).  Of 
course they will have to be lifted out of the foil for spectrophotometer readings.  It will also be 
important to keep the times in the spectrophotometer short, because the light source in the 
spectrophotometer is also capable of driving the photoelectron transport reaction. 



 

   Tube    

 1 2 3 4 5 6 

 light control dark control light dark DCMU light DCMU dark 

Buffer 3.90 3.90 3.75 3.75 3.60 3.60 

DCPIP 0.15 0.15 0.15 0.15 0.15 0.15 

DCMU - - - - 0.15 0.15 

light yes  yes  yes  

dark  yes  yes  yes 

thylakoid 
prep 

0 0 0.1 0.1 0.1 0.1 

 
The DCPIP solution is 1 mM DCPIP and the DCMU solution is also 1 mM. 
 
 
Important: Always add the DCPIP last, just before you make the first spectrophotometer 
measurement.  The reaction proceeds fairly rapidly, so you will most likely have to conduct the 
experiments one at a time to give you enough data points to create a graph of absorbance 
versus time.  Alternatively, smaller amounts or a diluted chloroplast suspension could be used. 
 
 
Data Analysis 
 
For each experiment outlined above, you will end up with pairs of time versus absorbance 
values that should be plotted in a graph.  Next, use a straight-edge or some statistical procedure 
to determine the initial slope of the curve.  This initial slope can be used as an estimate of the 
rate of electron transport through photosystem II in your experiments.  One could present these 
reaction rates in a table along with the type of experiment conducted (light, darkness, DCMU 
present).  Think about how you would expect the various treatments to determine the change in 
DCPIP color. 
 
 


