Laboratory 4: Plant Pigments and Photosynthesis

*understand the principles of chromatography

*calculate R; values

*design an experiment in which chromatography is used as a separation
technique ,
*describe a technique for determining photosynthetic rate (
*understand the relationship between dependent and independent variables
*describe how light intensity, light wavelength, and temperature can
affect photosynthesis ‘

*design an experiment to measure how light intensity, light wavelength,
and temperature can affect photosynthesis

Paper chromatography-allows you to separate molecules (plant pigments in
this case) based on solubility in the particular solvent, differing
attractions to the cellulose of the paper (due to H bonds), molecular size
and weight. Chlorophyll a is the primary photosynthetic pigment at the
reaction center of all photosystems: other pigments (chlorophyll b,
carotene, xanthophyll) are parts of the antennae system to funnel extra
energy to "a" plus carotenoids function 1like "sunscreen" to protect
pigments from damage by bright light. 1In chromatography, pigments can be
identified by color, but also by R;s - ratio of fronts - the distance the

molecule traveled divided by the distance the solvent traveled. R;s
remain constant for the same molecule given the same conditions (the
largest R, possible is 1.00 -- why???)

***********************************************************
Here are the visual results

of the chromatograph: <iﬁ m ( }\K ] l
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by the H bonds it forms. Chlorophylls contain more exposed O and N, and
are therefore bound more tightly to the paper and travel more slowly.
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Wavelengths of light in the visible spectrum are used for photosynthesis.
There are two photosystems in the light reactions: during the non-cyclic
phase, electrons are passed from photosystem II to photosystem I and
finally to NADP (which also accepts an H+ from the splitting of water) .
The rate of these reactions might be measured several . ways, but one
involves dye reduction. The dye DPIP (2,6-dichlorophenol indophenol) more
readily accepts e  and H+ than NADP, and in the process will change from a
dark blue to a clear solution. This change can be quantified visually by
relative color intensity changes, or more precisely with a
spectrophotometer (a machine that measures % light transmittance through a
sample (dark blue will transmit little light, clear almost all the light).



This experiment will involve a control (no chlorophyll present so no
photosystems, no change of reducing the dye), a chloroplast setup kept in
the dark (how essential is light to the process?), a chloroplast setup
boiled before starting (does high heat affect the process?), and a normal

chloroplast setup. . : (
************************************************************
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This is a Spec20 machine; solutions
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Obviously, the control shows constant transmittance; the dark may receive
some light as the tube is put into the Spec20 for testing, so may show
some change but not much; the boiled should show no significant change;
and the normal setup should show significant dye reduction and lightening
over the time period!
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The rate of photosynthesis may vary with changes that occur in environmental
temperature, wavelength of light,
and light intensity. Using a photosynthetic organism of your choice, choose only ONE

of the three variables
(temperature, wavelength of light, or light intensity) and for this variable

e design a scientific experiment to determine the effect of the variable on the rate of
photosynthesis for the
organism;

e explain how you would measure the rate of photosynthesis in your experiment;

e describe the results you would expect. Explain why you would expect these
results.



Question 1 Scoring Guidelines

A. Experimental Design: (7 points maximum)

The following experimental characteristics may earn 1 point each:

Score only the first independent variable (temperature, \, intensity) manipulated, and the first factor used by
the student to measure photosynthetic rate (O,, CO,, etc.).

A 3-point maximum in Section A if the experiment will not work biologically. Examples: using an organism
that is not photosynthetic, or using an apparatus that biologically will not measure photosynthesis as designed

(i.e. potometer o respirometer). O points lost for a minor flaw in technical design.

State hypothesis (clear statement of a hypothesis, identifies it as a hypothesis, uses “If/then” statement
Specify a control group fot comparison

Identify and hold constant at least one experimental factor that can affect photosyntheric rate
Manipulate the independent variable (change the temperature, \ of light, intensity of light)
Describe what is being measured to determine rate (CO, or HZO consumption, O, or carbohydrate
production, growth, € flow measured with dye reduction, production of an intermediate product, etc.)
Quantify the measurement of the variable (method and time frame of measurement)

Rate calculation or definition

Verify results through sample size (>1) or repetition

Utilize statistical application of data (mean, t-test, ANOVA, etc.)

Design an exemplary experiment




B. Describe expected experimental results (2 points maximum)

B Verbal or graphic description of expected experimental results (1 point)

B Verbal or graphic description of expected results across the entire range of biological activity (1 point)
B The graphs below represent 2-point graphs, but to earn any points, graphs must be accurately labeled

Temperature

Wavelength

Intensity

[ ]

Rate rises with temperature
to an optimum and then
falls

An “action spectrum” with )
highest rates in the blue and
red regions of the spectrum

Rate increases steadily to a
maximum and levels off

Photo Rate

Temperature

Photo Rate

Photo Rate

Blue  Green Red
Wavelength of Light

Light Intensity

biological activity.
® To carn points for temperature results, a photosynthetic rate that rose with temperature to an

the student 2 points. ,
® To carn points for wavelength results, a photosynthetic rate showing an “action spectrum” with

earn the student 2 points.

How students could earn points in this section:

® One point for a reasonable description of expected results from experimental set-up, and a second
point if description included what to expect if the independent variable extended across the range of

optimum and then fell. A description or a graph similar to the one in the table above could earn

highest rates in the blue and red regions of the spectrum and a pronounced dip in the green. A
description or a graph similar to the one in the table above could earn the student 2 points.

® To carn points for light intensity results, a photosynthetic rate that rose with temperature to an
optimum and then leveled off. A description or a graph similar to the one in the table above could

C. Biological explanation of results (3 points maximum)

- E Temperature

Enzyme kinetics or metabolic changes

Enzyme denatures
Photorespiration

Stomatal closing with high temperature, limits CO,, and lowers rate

Excessive water loss, less reactant available for reaction

Elaboration
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B Wavelength

Absorption/reflection of light by chlorophyll
Accessory pigments absorbing green light
Relation between wavelength and energy

Elaboration
B Intensity

More photons hit photosystems
More ¢ flow in the electron transport system/time
Plateau caused by limiting factors

FElaboration

How students could earn points in this section:

B In this section, students could earn points by giving solid, biological explanations for the changes in
photosynthetic rates they would expect.

M The simplest way to earn 2 points was by explaining both the rise and fall of the temperature curve,
both “peaks” and the “valley” of the action spectrum, and both the rise and the plateau of the light
intensity curve.

B There was also an elaboration point to be given at the readers’ discretion for very strong, in-depth
answers.

B Answers were expected to contain some sophistication, and answers such as, “In the high temperature,
the plant dies so photosynthesis is lower” or “Since light is important to photosynthesis, with higher
intensities, photosynthesis goes faster,” did not receive points.
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