Cell Energetics Chapter 8 and 9---Unit 5 Test Nov. 25, 2008
Energy for Cells:
· Activation Energy: the minimum amount of energy required to start a chemical reaction.

· Enzymes help lower the amount of activation energy needed in living organisms.

· Sometimes energy must be added after a reaction has started to keep it going.  These are called endergonic reactions. 

· Other times energy is given off by a reaction.  These are called exergonic reactions.

· Often times endergonic and exergonic reactions are paired together so the energy given off by the exergonic reaction can be used and not wasted.

· If the reactions are not paired the energy must be stored or it will be lost.

· The energy is stored in the chemical bonds of ATP.
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· To release the energy (exergonic reaction) you have to break the bonds and release a phosphate to form ADP + phosphate.

· Hydrolysis: ATP + H2O ( ADP + P + E
· Endergonic reactions will store energy by creating a bond between ADP and a phosphate.

· Dehydration Synthesis:  

ADP + P + E ( ATP + H2O

Energy for Cells ATP/ADP Cycle:
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Photosynthesis
Scientists that Contributed to Understanding Photosynthesis:
· Jan van Helmont

· When a tiny seedling grows into a tall tree, where does the increase in mass come from?

· In 1643, after careful measurements, van Helmont concluded that trees gain most of their mass from water.

· Though van Helmont didn’t realize it, carbon dioxide from the atmosphere also made a major contribution to the mass.

· Joseph Priestly

· When placed under a bell jar with a plant, a candle flame would continue to burn.

· The substance released by the plant that continued to allow the candle to burn was later found to be oxygen.

· In 1771, Priestly discovered that plants produce oxygen.

· Jan Ingenhousz

· In 1779, Ingenhousz showed the effects of Priestley’s experiment only occurred when the plant was exposed to light.

· Therefore, light is necessary for plants to produce oxygen.

· The experiments performed by van Helmont, Priestley, Ingenhousz and others reveal that in the presence of light, plants transform carbon dioxide and water into carbohydrates and release oxygen.

· Julius Robert Mayer

· In 1845, Mayer proposes that plants convert light energy into chemical energy.

· Samuel Ruben and Martin Kamen

· In 1941, used isotopes to determine that the oxygen liberated (released) in photosynthesis comes from water.

· Melvin Calvin

· In 1948, Calvin traces the chemical path that carbon follows to from glucose.  These light-independent reactions (dark reactions) are also known as the Calvin Cycle.

· Rudolph Marcus

· Won the Nobel Prize in 1991 for describing the process by which electrons are transferred from one molecule to another in the electron transport chain.

Photosynthesis: 
CO2 + H2O  →→→  C6H12O6 + O2
· Organelles containing pigments in plants absorb the energy in sunlight so it can be used to make molecules of glucose, where energy is stored in the chemical bonds.

· Chromoplasts contain orange pigments (carotenes) and yellow pigments (xanthophyll) which absorb some sunlight energy and transfer it to the chloroplasts. 

· The chloroplasts have pigments (primarily the green pigment chlorophyll) which also absorb sunlight energy.

· Chlorophyll looks green because it absorbs all light except green.

· Chloroplasts contain flattened disks called thylakoids, which are arranged in stacks called grana.  Surrounding the grana is a fluid called stroma.
· The chloroplast uses light energy, and stores this absorbed energy in molecules of the sugar glucose, by coordinating the two stages of photosynthesis. 
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Requirements for Photosynthesis:
· Sunlight

· Chlorophyll and other pigments

· Enzymes

· CO2 and H2O

· Temperature

*  The optimal temperatures for photosynthesis are between 70 - 90 oF (20 - 35o Celsius).  If the 
temperatures are not in this range, deciduous plants may absorb the chlorophyll from the leaves and 
cease photosynthesis.

Light:
· Light is electromagnetic energy also called radiation.

· Light travels in waves but sometimes behaves as through it consists of discrete particles called photons.

2 Phases of Photosynthesis:
· A Summary of the Light Reactions: require sunlight. Take place in the thylakoids.  Some of the sunlight energy is used to split water into H+ ions and Oxygen (which the plants give off).  The rest of the sunlight energy is used to form ATP from ADP and P molecules.

Light Reactions:
A. Photosystem II


*  Light is absorbed by chlorophyll or other pigments in photosystem II.  The energy from this light is 
transferred to electrons, which are then passed on to the electron transport chain. Separately, enzymes break up water molecules into electrons, hydrogen ions (H+), and oxygen.


Utilizes chlorophyll a and b and gets its replacement electrons from water.  This produces oxygen gas 
(O2) as a byproduct.

B.  Electron Transport Chain

· High-energy electrons from photosystem II move through the electron transport chain to photosystem I.  The molecules in the electron transport chain use energy from the electrons to transport hydrogen ions from the stroma into the inner thylakoid. 

C.  Photosystem I

· As in photosystem II, pigments add energy from light to the electrons.  The high-energy electrons are then picked up by NADP+ to form NADPH.

· Utilizes chlorophyll a and very little of chlorophyll b.  It does not get replacement electrons from water.

D.  Hydrogen Ion Movement
· The inside of the thylakoid membrane fills up with positively charged hydrogen ions.  This action makes the outside of the thylakoid membrane negatively charged and the inside positively charged.

E.  ATP Formation
· As hydrogen ions pass through the membrane by chemiosmosis (the movement of H+ ions/protons down the concentration gradient, across the thylakoid membrane to the stroma), they pass through the 
protein ATP synthase (an enzyme), which converts ADP into ATP .
Chemiosmosis:
· A Summary of the Light-INDependent Reactions: do not require sunlight. Also known as dark reactions or the Calvin Cycle.  They occur in the stroma. Use the H+ ions and ATP molecules from the light reactions to combine with CO2 to make glucose (and H2O as a byproduct).

The Calvin Cycle  (The Dark Reactions):
· Carbon Fixation:  incorporation of carbon into organic compounds

· The “fixed” carbon is then reduced to carbohydrates by the addition of electrons transported by NADPH 

CO2 Enters the Cycle:

A.  Six carbon dioxide molecules are combined with six 5-carbon molecules to produce twelve 3-carbon molecules.

B.  Energy Input:

Energy from ATP and high-energy electrons from NADPH are used to convert the twelve 3-carbon molecules into higher-energy forms.
C.  6-Carbon Sugar Produced:


Two 3-carbon molecules (PGA ( PGAL)  are used to make a 6-carbon sugar.

D. 5-Carbon Molecules Regenerated:

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

The Calvin Cycle produces one 6-carbon sugar molecule (glucose) for every six molecules of CO2 that are taken in from the atmosphere.

C4 Pathway
· One alternative pathway enables certain plants to fix CO2 into four carbon compounds. This pathway is therefore called the C4 pathway, and plants that use it are known as C4 plants. During the hottest part of the day, C4 plants have their stomata partially closed. However, certain cells in C4 plants have an enzyme that can fix CO2 into four-carbon compounds even when the CO2 level is low and the O2 level is high. These compounds are then transported to other cells, where CO2 is released and enters the Calvin cycle.

· C4 plants include corn, sugar cane, and crabgrass. Such plants lose only about half as much water as C3 plants when producing the same amount of carbohydrate.

CAM Pathway
· Cactuses, pineapples, and certain other plants have a different adaptation to hot, dry climates. Such plants fix carbon through a pathway called CAM. Plants that use the CAM pathway open their stomata at night and close them during the day-just the opposite of what other plants do. At night, CAM plants take in CO2 and fix it into a variety of organic compounds. During the day, CO2 is released from these compounds and enters the Calvin cycle.  Because CAM plants have their stomata open at night, when the temperature is lower, they grow fairly slowly. However, they lose less water than either C3 or C4 plants.

A Review of Photosynthesis
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Photosynthesis Equation:
6CO2 + 6 H2O + sunlight(( C6H12O6 + 6O2 

Cellular Respiration
· Cellular Respiration takes place in both plant and animal cells.

· It really takes place in all eukaryotic cells.

· Sometimes people think photosynthesis only takes place in plant cells and respiration only takes place in animal cells and this is not correct.

· Occurs in both the cytoplasm and mitochondria.  It is the breaking down of glucose to get ATP (energy).

2 Types of Cellular Respiration:
· Aerobic Respiration: with oxygen,

· Two Stages of aerobic respiration:

1.  Glycolysis:  the splitting of glucose into 2 molecules of pyruvic acid (3-carbon molecule and the net release of 2 ATP molecules.  Takes place in the cytoplasm and has no oxygen requirement.

Glycolysis:
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2.  The Krebs Cycle:
A. Citric Acid Production:


As pyruvic acid enters the mitochondrion, a carbon is removed, forming CO2, and electrons are removed, changing NAD+ to NADH.  Coenzyme A joins the 2-carbon molecule, forming acetyl-CoA.  
Acetyl-CoA then adds the 2-carbon acetyl group to a 4-carbon compound, forming citric acid.
B.  Energy Extraction:


Citric acid is broken down into a 5-carbon compound, then into a 4-carbon compound.  Along the way, two more molecules of CO2 are released, and electrons join NAD+ and FAD, forming NADH and FADH2.  In addition, one molecule of ATP is generated.  The energy tally from one molecule of pyruvic avid is 4 NADH, 1 FADH2, and 1 molecule of ATP.


(Remember that 2 molecules of pyruvic acid are formed by glycolysis, so in reality, 2 ATP molecules are formed as this step happens to both pyruvic acid molecules derived from the original glucose). 

3.  Electron Transport System:
· Electrons loose energy as they pass from one coenzyme  to the next.

· The final electron acceptor is oxygen.  This is why it is aerobic.

· This energy is converted into ATP by chemiosmosis (hydrogen ions pass through the membrane through the protein ATP synthase, which converts ADP into ATP).  Just like in photosynthesis, except here, chemiosmosis moves H+ ions/protons down the concentration gradient, across the intermitochondrial membrane from the intermembrane space into the matrix. 

Aerobic Cellular Respiration:
· The total energy output from aerobic respiration is about 38 ATP molecules

Aerobic Respiration Equation:
C6H12O6 + 6O2 ( ( ATP (Energy) + 6CO2 + 6 H2O

2 Types of Cellular Respiration:
· Anaerobic Respiration: without oxygen, 


There are two types of anaerobic respiration:

1.  Alcohol Fermentation: The glucose molecules are converted to ethyl alcohol and 2 ATP molecules.
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2. Lactic Acid Fermentation: The glucose molecules are converted to lactic acid and 2 ATP molecules.  This leads to muscle fatigue, soreness and cramps.
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(lactate is eventually transported by blood to the liver and converted back to pyruvate)

Comparison of the different Types of Cellular Respiration:
	Aerobic Cellular Respiration
	Lactic Acid Fermentation
	Ethyl Alcohol Fermentation

	Glucose

(
Glycolysis

(pyruvic acid)

(
CO2 and H2O

+

38ATP
	Glucose

(
Glycolysis

(pyruvic acid)

(
Lactic Acid

+

2ATP
	Glucose

(
Glycolysis

(pyruvic acid)

(
Alcohol and CO2

+

2ATP


· Obviously aerobic respiration is much more effective than anaerobic respiration.

Energy and Exercise:
· Muscle cells normally contain small amounts of ATP for a few seconds of intense activity.

· Quick Energy:  Once this ATP is gone, muscle cells produce most of their ATP by lactic acid fermentation (anaerobic).  But this can only last for about 90 seconds.  Afterwards, this lactic acid can be removed with extra oxygen (why you breathe hard after short intense exercise).

· Long-Term Energy:  for exercise longer than 90 seconds, your body must use aerobic cellular respiration to generate a continuous supply of ATP molecules.  Your body stores energy in muscles and other tissues in the form of the carbohydrate glycogen.  After 15 to 20 minutes of exercise you begin to run out of glycogen and your body begins to break down fats and eventually protein for energy.
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[image: image14.png]Figure 10.19 Review of photosynthesis
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