Photosynthesis

· Process by which energy is stored in chemical bonds of organic molecules such as carbohydrates

· Carried out by autotrophs (self-feeders) such as plants, algae, and some single-celled organisms

· These organisms usually contain chloroplasts which contain the pigment chlorophyll which absorbs energy from the sun

· There are two forms of chlorophyll, a and b.  Chlorophyll absorbs light in the blue and red regions of the visible spectrum.

· Carbon dioxide + water -----------( glucose + water + oxygen

                                             Light energy




         Chlorophyll

                                             Enzymes

· 6 CO2 + 12 H2O ------------------( C6H12O6 + 6 H2O + 6 O2
Light-Dependent Reactions occur in the thylakoid membranes of the grana in chloroplasts

1. Electrons in chlorophyll absorb energy from the sun.  These high-energy electrons are passed on to the electron transport chain.

2. Enzymes break water molecules into 2 electrons, 2 H+ ions, and 1 oxygen atom. The electrons are returned to chlorophyll, the H+ ions are released inside the thylakoid membrane, and the oxygen is released into the air as oxygen gas.

3. The high energy electrons are picked up by NADP+ to form NADPH.

4. The charge difference across the thylakoid membrane provides the energy to make ATP.  The enzyme required is ATP synthase.

5. These reactions can only occur in the daylight.

Light-Independent Reactions (Calvin Cycle) occur in the stroma of chloroplasts.

1. 6 CO2  molecules are combined with six 5-carbon molecules to produce twelve 3-carbon molecules.

2. Energy from ATP and NADPH is used to convert the twelve 3-carbon molecules into higher energy forms.

3. Two 3-carbon molecules are used to make a 6-carbon sugar.

4. The 10 remaining 3-carbon molecules are converted back into six 5-carbon molecules, which are used in the next cycle.

5. These reactions can occur at any time.  They are limited only by the availability of the raw materials from the Light-Dependent reactions.

Factors that affect the Rate of Photosynthesis

1. Availability of water

2. Temperature – enzymes function best between 0( C and 35(C.  Temperatures above or below this range may damage the enzymes. 

3. Intensity of Light – Increasing the light intensity increases the rate of photosynthesis.  After the light intensity reaches a certain level, however, the plant reaches its maximum rate of photosynthesis.

Chemical Energy

· ATP is used by living things to store energy.  It consists of a nitrogen-containing compound called adenine, a 5-carbon sugar called ribose, and three phosphate groups.  Only a small amount energy can be stored by adding the third phosphate group.  The energy is released when the third phosphate group is removed.

· ATP is used by cells for active transport, to power the Na+/K+ pump, movement of materials within a cell

· A molecule of glucose stores more than 90 times the chemical energy of a molecule of ATP.

Summary of Photosynthesis

Energy


Materials used


Materials produced


Time Frame


Location


Importance of Photosynthesis


Relationship to respiration


Structure of Leaves

· See labeled diagram

· Leaves are the organs of plants that are most highly adapted for photosynthesis

· Leaves provide a _________ ____________ _____________ for the absorption of light energy.

· The epidermis (outer layer of the leaf) and the cuticle (waxy covering of epidermis) provide __________________________ of the internal tissues of the leaf from excessive water loss, resistance to invasion by fungi, and protection from physical and mechanical injury.

· _______________________ are openings in the cuticle and epidermis.  Their size is regulated by _______________ cells.  _______________ allow the exchange of O2, CO2, and H2O between the external environment and internal air spaces.

· Most photosynthesis occurs in the _____________ layer which is located under the upper epidermis.

· The ____________ layer contains many interconnected air spaces which are surrounded by moist surfaces.  The exchange and circulation of gases occur here.  This layer also carries out photosynthesis.

· Usually chloroplasts are present in the ____________ and ___________ layers and in the guard cells.

· Conducting tissue, located in the veins of the leaves carries water and minerals (____________ tissue) to the photosynthesizing cells and distributes food (____________ tissue) to other plant organs.

