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Leaf Structure and Pigmentation

Sbiectiv
1. To makeleaf cross-sectionsand becomefamiliar with leaf structure.
2. To separate and identify the pigments present in leaves.

3. Todeterminethe absorption spectradf aplant and an dga.

Pre-lab Preparation

READ thelab outline before coming to class. Background information can be found in the
following referencesin Keeton and Gould.

Leaf structure: pp. 213-214,274-278
Chromatography: p. 62
Absorption spectra:  pp. 199-202

INTRODUCTION

In our sudy of plants, we have yet to consder their most obvious characteristic, that being their
ability to harnessthe sun's energy to build complex moleculesfrom simple ones - something that
animalsare unabletodo. Beforeexamining this process, called photosynthesis,in detail, we want
tolook at somefeaturesof plants which enable this processto occur.

Theledf isthe plant's organ of photosynthesis. It isthe structure which captures sunlight and
makesit availablefor the chemical reactionsof photosynthesis. Leavescomein al shapesand
sizesdepending on the particular speciesof plant. Becausethe leaf isalso the Site of water lossfor
the plant, each plant has evolved a compromise between maximizing the capture of sunlight and yet
minimizingitslossof moisture. In some environments, such as the desert, the need for water is
S0 greet that theleaves have been reduced to non-photosynthetic spines and the slem has taken
over therole of capturing sunlight. In the conifers, the leaves take the form of needles which have
alower rate of water |oss compared to the broad-leaved trees which occur more frequentlyin arees
of moderate to heavy rainfall.

EXERCISES
A. LEAFSTRUCTURE (work in pairs)

We will study the leavesdf Photinia, an evergreen shrub found locally on campus. Itsgenera
leef structureis typica of broad-leavedtrees and shrubs.
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1. Makea cross-section of the Photinia leaf (do both agreen and ared leaf) by placing it ona
glassdlide and, while using another slide as a 'ruler’', making very thin slices using a sharp
razor blade. Float the sectionson water in a waich glass. To be able to see the structureof the
leaf, VERY THIN SECTIONS will haveto be made. (If you are not able to make them thin
enough, obtain some sectionsfrom someoneelse.) Once you have succeeded in making good
sections, place two or three of them on a glass slide and make a wet mount. Observe the
cross-section with your compound microscope.

In Photinia, when new |leaves are produced in the spring they are reddish-purplein color,
rather than green.

Make a sketch of the cross-sectionof each leaf below.

Label the diagrams with the following structures/tissues and state their function below (Keeton
& Gould: p. 213):

Cuticle

Upper epidermis
Palisade mesophyl|
Spongy mesophyl|
Vascular bundle
Lower epidermis

How is the leaf well-adapted toits photosyntheticrole?

|s there any difference between the older green leaf and the younger red leaf with respect to:
cuticlethickness?

size and number of chloroplasts?

Whereis the red pigment mainly concentrated in the younger leaves? (Thiswater-soluble
pigment iscalled anthocyanin and is contained within the vacuolesaf thecells.)
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3. Astheleavesof thisplant age, the wallsof certain cells near the vascular bundles become
impregnated with lignin, a material which makes the cell wallsthick andrigid. Thisresultsin a
stitffened leaf, giving it morestructural support. Thiseffect isespecially noticeable aong the
central vein of theleaf. Theselignified cells are called sclerenchyma (sclare-rank-ke-ma).

Make some more cross-sectionsof both leaf typesand stain these sections with
phloroglucinol. Thisstainis specific to lignin which isonly found in xylem cells within the
vascular bundles, and in sclerenchyma. Xylemcellscan beidentified by their largecircular
spaces - these are the passageways through which water moves.

CAUTION: Phloroglucinol is made up in strong acid. Do not touch the stain or your dide.
Also, make sure phloroglucinol does not get on the microscopelensesasitis
very corrosive.

L eave the phloroglucinol on the sectionsfor about two minutes, then use an eye dropper to
wash the stain off the dide. Makeawet mount of the stained sections and observe under the
compound microscope.

Wherein your preparationdo you find sclerenchymatissue? Can you give areason why it
might be Situated asit is?

Compare your preparation of the green leaf with the younger leaf that has been stained with
phloroglucinol. Doesthe younger leaf contain any sclerenchyma?

If you were a herbivore, on which leaf would you prefer to browse? What might the purple
anthocyanin pigment have to do with this?

B. LEAFPIGMENTS

Based on your backgroundreading you should be aware that chloroplasts contain a variety of
different pigments. Chlorophyll a, chlorophyll b, and the carotenoidsare the major pigments
associated with photosynthesis. Each pigment is responsiblefor capturing light of specific
wavelengths and making it availablefor further photosynthetic reactions.

When we look at aleaf, our eyes can distinguish only a general green color; however, by using
the processof chromatography we can separate the pigments using filter paper and a solvent. We
will use Coleusleaves since they contain ample quantitiesof the photosynthetic pigments, as well
as the purple anthocyanin pigment.

1. Cut the Coleusleaf into thin stripswhich areequal in length to haf the width of the filter paper
and approximately 2 mmin width. Placethe strip 25 cm from one end of thefilter paper and
roll the handle of your scissorsover the strip, crushing the leaf material and allowing the
pigmentsto be absorbed by thefilter paper (seefigure below). Remove and discard the lesf
strip. Repeat this procedurefive timeson each side of thefolded filter paper, using 10 fresh
stripsof Coleusleaf, making sure to place each strip directly on top of where the last one was
crushed. Put your name on the top right hand corner of the filter paper and placeit in oneof the
beakers containing solvent on the side bench. Do not touch the solvent!
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At this point you may begin the last exercise of the lab.

. After 30 minutes remove your chromatogram from the solvent beaker and immediately proceed
todistinguish the different pigments, asthe color of the pigments will fade rapidly when
exposed to light. Holding thefilter paper up to the light will aid you in discriminating among
the pigments; you may wish to outline the bands of pigment using a pencil. Identify the
pigments by their colors:

Chlorophylla -  blue-green

Chlorophyll b~ - grass-green

Carotenoids - yellow

Anthocyanins = purple (this pigment does not dissolve in the solvent

and so will not move from itsoriginal spot)

What is the order of pigmentson thefilter paper? What does this indicate about their relative
solubility in thissolvent? What aretherolesof the pigmentsin photosynthesis?
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C. THE ABSORPTION SPECTRA OF A SPINACH CHLOROPLAST SUSPENSION AND A
RED ALGA SUSPENSION

In the photosynthesislab you will be carrying out an experiment to determine how effective
light of different wavelengthsisat enabling a spinach chloroplast suspension to carry out
photosynthesis. Before doing that experiment, we want to formulate an hypothesisconcerning its
results. One clueregarding the effectivenessof different wavelengthswould be the absorption
spectrum of the suspension. What does an absorption spectrum tell you? In thislab we
will generate the absorption spectrum of a spinach chloroplast suspension and compareit to the

absorption spectrum of ared alga suspension. Before generating the spectramake arough sketch
below outlining your prediction of theresults. Thecolor of the spinach and the alga should help.

1 Zeroing of the Spectrophotometer (work in groupsof 6). See guide by the spectrophotometer.
Why is zeroing a type of control?
2. Onceyou have zeroed the spectrophotometer,determine the absorption spectrum as follows:

a. Fill one spectrophotometer tube with 5 ml of chloroplast suspension and a second one with
5 ml of red alga suspension.

b. Measure the absorbanceof the suspensionsat each of the wavelengthsin Table 1 on the
next page (you MUST zero the spectrophotometer with the blank at each wavelength
BEFORE measuring the suspension - work as ateamon this).

Graph your resultsin class. Do the absorption spectracorrespond with your predictions?
What is the magjor difference between the two spectra? What does this suggest to you about the
pigmentscontained in thered alga? Might there beareason for the different absorption spectrum
of the red alga? Wheredo red algacommonly grow? (Caution - not ahard & fast rule)) What is

the difference (if any) between an absorption spectrum and an action spectrum? Think about this
before next week's [ab on Photosynthesis.

SUMMARY

By theend of thisexerciseyou should be able to:

1. Makeacrosssection of aleaf and identify its basic structural components, relating each toits
function.

2. Make and analyze achromatogramof the pigmentsfound in aleaf.

3. Use the spectrophotometer to determine the absorption spectrum of plant or algal species.
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Table 1. Absorbance of the chloroplast and red alga suspension recorded at wavelengths in the
visible spectrum.

Wavelength Absorbance
Spinach Red Alga
400 nm
430 nm
B
L
4] 460 nm
E
B 490 nm
U
L
B 520 nm
s
P 550 rm
E
o
580 nm
_____ S
620 nm -
R
E
D 640 nm
B
U 660 rm
L
B
680 nm
S
P
E 700 nm
C
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PRE-LAB ASSIGNMENT FOR PHOTOSY NTHESISEXERCISE

Before corning to class, you must design your experiment, including which controls and
replicatesyou will use. Thefollowing questionswill help you do this:

1. What is the specific question thisexperiment is trying to answer?

2. List thedifferent factorsinvolvedin this experiment.

3. The most obviouscontrol in an experiment i s the one where the experimental variabl e has been
removed. What would be thecontrol in thisexperiment?

4. When you measure absorbancechangein your experimental tubes, you assumeit isdue to the
DCPIP absorbing el ectrons from the photosyntheticprocess. How can you be sure that the dye or
the chloroplast suspension do not changein absorbance all by themselves? What testsor further
controlscould you carry out to show that the resultsof your experiment are not due to changesin
the dye or chloroplast suspension?

5. If thelatter tests (controls) do show changesin absorbance, how could you take thisinto

account when reporting your experimental results?

6. What doesit mean to oxidize a substance? To reduce a substance?

51



Photosynthesis

Objectiv
Todetermine the effect of light quality on the energy-capturing reactionsof photosynthesis.
Prelab Pr ion

READ thelab outline. Y ou must understand not only the procedures but also the theory behind
theexercise. You can find useful information in the following texts:

Keeton & Gould: pp. 195-210
Curtis 4: pp. 210-224

Complete the pre-lab assignment found at the end of the previousexercise prior to coming to
lab.

New termsto learn from thislab exercise:

Light energy

Pigments
Energy-capturingreactions
Oxidized

Reduced

Light quality

Buffer

Nanometer (nm)

INTRODUCTION

Photosynthesis is the major process by which external energy (derived from the sun) is made
available to theliving world. Light energy striking pigmentsin the chloroplast is transformed
first to electrical ener gy (excited electrons) and then to chemical energy bondsin the molecules
ATPand NADPH2. Some of these bonds are subsequently broken down and in the process energy
isreleased which is used to drive the enzymatic reactions which change atmospheric carbon
dioxide, alow energy molecule, into sugars. Although photosynthesisisrestricted to chlorophyll-
containing organisms (plants and some protists) and some bacteria, the sugars they produce can be
used by al living organisms, viaglycolysis and respiration, to provide chemical energy for living
Processes.

Theoverall photosyntheticreactionis:
6CO0, + 12H,0 + ||ght + photosynthetlc """" > C6H1206+ 60,+ 6H,0
energy pigments (sugar)

In thisexercise you will be dealing only with the ener gy-capturingreactions. These
reactionsoccur only in the presenceof light. Energy isreleased aselectrons move aong electron
transport chains (series of molecules held in membranes) after being ‘energized' by photons of
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light. You will measure photosynthetic activity by determining the extent of color loss of
the dye DCPIP. This dye intercepts the flow of electrons in the process of
photosynthesis. When it acceptselectrons, it becomes reduced and changes color, from blue
(oxidized form) to colorless (reduced form) (see Figure 1). This color change can be
measured with a spectr ophotometer. The amount of color lost is proportional to the number of
electronsactivated during photosynthesis, which is proportional to photosynthetic activity.

The whitelight emitted from the sun consistsof arange of wavelengths (colors). In this
exercise you will design an experiment to determine the effect of light quality (wavelength)
?n the photosynthetic (energy-capturing) activity of achloroplast suspension isolated from spinach

eaves.

LIGHT

—— CELL MEMBRANE

CYTOPLASM
[eutute CHLOROPLAST MEMBRANE
STROMA

ocPP
g
THYLAKOID —_ O — O — O —_ O —_— electron

MEMBRANE acceptor

decrease in enegy ——

Figure 1. DCPIPinterruptstheflow of electronsin Photosystem Il and turns from blue to
colorlessasit is reduced.

EXERCISES

A. PREPARATION OF SPINACH CHLOROPLASTS

Preparation of the spinach chloroplasts will be done for you before the lab begins. The
chloroplastsare obtained asfollows:
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1. Blend spinach leaves and sorbitol (a pH-buffered sugar solution). Why isabuffer used?
2. Filter mixture through cheese cloth, discard residue. What does the residue contain?

3. Dilutefiltrate to appropriate concentrationand keep on ice. Why keep it cool ?

B. REDUCTION OF DCPIP- ameasureof photosynthetic rate.

In the previouslab you determined the absorption spectrum for spinach chloroplasts, so that
you now know which wave engthsof light are absorbed mogt effectively by the chloroplast
suspension. In thislab we want to determine which wavel engthscause the highest rate of
photosynthesis. an action spectrum. (Would you expect arédationship between the two?) As
explainedin the introduction, we will measurerate of photosynthesis by changein color of DCPIP
The spectrophotometer will be used to monitor color change (change in absorbance) of DCPIP.

The peek absorbance of DCPIP occursat 600 nm (seeFigure 2); however, sincethis
wavdength lieson the border between the red and blue light spectrophotometers, we will record
absorbance by DCPIP & 620 nmusing the "red light" spectrophotometer (what would be the

outcomeif we set the spectrophotometer a 420nm & use the blue bulb?). Thiswill alow each of
the four groups to do the following experiment.
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Figure 2. Reative absorbance spectrumof DCPIPin sorbitol solution.



Before doing this section turn off the lightsin the lab room and close the blinds. Why are these
procedures necessary?

Procedure

1. To aspectrophotometer tubeadd 5 ml of chloroplast suspension

2. Then add 2 dropsof DCPIP

3. Cover with apieceof parafilm and invert to mix

4. Record the absorbance of the mixtureat 620 nm (thisistime= 0 reading)

Place thistubein a250 ml beaker 68 cm from a 150 watt desk lamp. The lamp should be
resting on the bench top. After 5 minutes (exactly) in thelight, record the absorbanceof the
chloroplast suspensionin Table 1 below (remember to zero the machine before measuring the
absorbance).

TABLE 1. Useof the dye DCPIP to measurerate of photosynthesisof a chloroplast
suspension. (Isthisacontrol?)

Time (min) Absorbance
t=0
t=5

Changein absorbance

How do you account for the changein absorbance? Discuss this within your group.
Y ou should now have established that the chloroplast suspension can reduce the dye and that
the amount of reduction can be measured quantitatively. The oxygen produced during

photosynthesiscan reoxidize the dye very rapidly after the dye has been reduced (see previous
equation). What precautions should you take when measuring the reduction of the dye?

C. AN EXPERIMENT TODETERMINE THE EFFECT OF LIGHT QUALITY
(WAVELENGTH)ON THE RATE OF PHOTOSYNTHESIS

Work in the samefour groups as before.

Materials

Each group of studentsis provided with thefollowing lab materials:

150 watt light bulb

meter stick

spectrophotometer

six 250 ml beakers 24 Spec-20 tubes

150 mi diluted chloroplast suspension (kept cold)
DCPIPin dropper bottle

50 ml of .4M sorbitol solution

2,5 m graduated cylinders

55



Constant Intensity (determined

Acetatefilters Wavelengths transmitted Distance by a
photometer)
Blue 440 nm 16cm
Green 520 nm 12cm
Red 620 nm & longer 38cm

* At thesedistances theintensi ty of light passing through the different filtersisconstant (isthis
acontrol?)

Note: A bluefilter transmitsblue light unlike a blue swesater which reflectsbluelight.

Based upon your absorption spectrum of isolated chloroplasts, formulate an hypothesis
regarding the possible effects of light quality on the energy-capturingreactions of
photosynthesis. Decide which steps your group will take to test this hypothesis.

Once you have decided which experimental tubes you will use you will have to deal with the
following questions:

1. What controlsdo you need?

2. How will you make sure that thereis no change in absorption occurring in the chloroplast
solution or in the dye itself, which are not caused by photosynthesis?

3. If your controls show change in absorbance, how will you take thisinto account when
reporting your experimental values?

4. Which tubes should be replicated and how many replicatesshould there be?

Once your group hasanswered the questions, proceed with the experiment. Y ou should have

timeto repeat the entire procedure. If you come up with new ideas, these can beincorporatedin
a second run.

Analvsisof the Resultsof this Experiment

Discussin your groups what this experiment demonstrated about the following: which portion
of photosynthetic process was observed in thisexperiment; experimental procedure; action spectra
of different wavelengthsof light; the controls used; the purpose of replicates. Then discuss your
results with another group comparing your outcome with theirs. Then each student should
independently write up the results, discussion, and conclusion (see assignment sheet) and hand
thisin before leaving the |ab.
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SUMMARY

By theend of thisexercise you should be able to:

1. Degt_:ribethe rel ationshi p between photosynthetic (energy-capturing) activity and light
quality.

2. Use the spectrophotometer to measure the absorbanceof a sample.

3. Design, carry out, and write up an experiment to test the effectsof isolated factorson
photosynthetic activity.

57



IN CLASS ASSIGNMENT
(PhotosynthesisExercise)

(Turnin at end of period)
NAME:

LAB SECTION:

RESULTS: (append tables/figures)

Dl |ON:

CONCLUSION:
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