Cellular Respiration and Photosynthesis

SNAPSHOT

Cellular respiration and photosynthesis are both biochemical (happen in living things and involve the breaking and building of chemical bonds), metabolic pathways (series of small reactions) involved with breaking down and synthesizing units of energy used at the cellular level. 

What is the purpose?

Photosynthesis: TO MAKE ORGANICS/FOOD USING LIGHT!

During photosynthesis, carbon dioxide and water are the reactants, with sunlight energy as the catalyst, to produce sugar (AKA: glucose or food).  This process produces oxygen as a waste byproduct (byproduct). 

Cell Respiration: TO MAKE USABLE ENERGY FROM ORGANICS/FOOD!

During cellular respiration, the sugar that was created by photosynthesis (or the food eaten by heterotrophs!) is broken back down into carbon dioxide and water, creating packets of energy called ATP. This energy is the driving force of cellular activity, and thus, life itself. There are two versions: aerobic (use oxygen to make ATP) and anaerobic (don’t use oxygen to make the ATP).

Who?

ALL types of living things utilize some form of cellular respiration, whereas only photosynthetic autotrophs (all plants, some prokaryotes, and some protists) can carry out photosynthesis. 
Where?

In prokaryotes: both reactions occur in the cytosol and mesosome (folded region of plasma membrane). NOTE: There are no specialized organelles to complete these tasks in prokaryotes!

In eukaryotes: Cellular respiration takes place in the cytosol and mitochondria. Photosynthesis is carried out within chloroplast organelles. 

Why?

Some organisms can make their own food using sunlight. All living things make or eat, and then use, chemical energy. Although cells cannot use sugars (glucose/food) directly as energy to power their many processes, living things have evolved a means to use the chemical energy in the bonds of their “food” to build a molecule (ATP) with chemical bonds that cells can use.  This conversion of one form of chemical energy (organics/food) into another form of chemical energy (ATP) is necessary for the maintenance of all life. The “energy currency of the cell” is ATP.

The Big Picture…

Photosynthesis is the process by which some producers create and store sugars. Sugars are then consumed by other organisms. ALL organisms break down the organics they eat or make through the process of cellular respiration to generate useful cell energy (ATP). 
(2.19-2.31)PHOTOSYNTHESIS and CELLULAR RESPIRATION

Learn
· How autotrophs use sunlight energy to generate food (chemical) energy in the form of glucose (photosynthesis)
· How all organisms break down the glucose they eat or make into usable cellular energy called ATP (cellular respiration)
Background Knowledge:

	Prokaryotes

· Some can photosynthesize

· All perform cellular respiration

· They have no organelles to perform either of these functions

· The machinery to perform these processes is located in folds of the plasma membrane surrounding the prokaryotic cells 
	Eukaryotes

· Some can photosynthesize (Plants and some protists like algae)

· Happens in the chloroplast

· All perform cellular respiration

· Happens in the cytosol and the mitochondria


……………………………………………………………………………………………………………………………………………………………………………………...
(2.19 – 2.24) PHOTOSYNTHESIS
Objectives:

· State the difference between autotrophs and heterotrophs

· State the generalized reaction for photosynthesis
· State where prokaryotes and eukaryotes perform photosynthesis

· State that photosynthesis carbon dioxide is a reactant and oxygen is a product

· State that the majority of the oxygen in the atmosphere is produced by photosynthetic algae not plants

· Describe the role of pigments in photosynthesis
· Describe the energy conversion taking place in photosynthesis
· Summarize the events that occur in the light-dependent and light-independent reaction
· Analyze graphs depicting the effect of temperature, light intensity and carbon dioxide concentration on photosynthesis

Info outline:

· All autotrophs make their own food; classic examples are plants and some protists, like algae

· All autotrophs are not photosynthetic

· some bacteria have been discovered that can make their own food using chemicals form the environment instead of light as the energy source, this process is called chemosynthesis
· In the reaction of photosynthesis, carbon dioxide and water with the catalyst of light energy are converted into glucose and oxygen

· The reaction is actually a biochemical pathway: a series of small reactions
· Light-dependent reaction (AKA “photolysis” or “light reaction”)
· The “water breaking” step that requires light
· Water is split into oxygen, hydrogen protons and electrons

· the oxygen waste is released through pores in the leaves called stomata (stoma)
· Some ATP is generated during this step of photosynthesis (will be used to complete the next step!)
· Pigments are responsible for absorbing the wavelengths of light necessary for the light-dependent reaction of photosynthesis to occur

· Chlorophylls

· Absorb mostly red and blue light; reflect green

· Carotenoids

· Absorb mostly green light and reflect yellow and orange

· Light-independent reaction (AKA “Calvin Cycle” or “dark reaction”)
· Does NOT require light

· The “glucose building” step that uses the ATP generated in the first reaction
· breaking apart carbon dioxide to incorporate the carbon (AKA “carbon fixing”) into an organic like glucose; fixing inorganic carbon into an organic compound
· carbon dioxide enters leaves through pores called “stoma”


GENERALIZED CHEMICAL FORMULA for PHOTOSYNTHESIS:

carbon dioxide + water + sunlight


 oxygen + glucose
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· Temperature, carbon dioxide concentration and light intensity are three factors that can affect the rate of photosynthesis

	Terms:

· biochemical pathway
· photosynthesis
· chloroplast
· wavelength of light
· pigment (chlorophylls and carotenoids)
· carbon fixating
· stomata (stoma)
· light independent (AKA: Calvin Cycle”)
· light dependent (AKA: “photolysis”)

	Questions:

· Write the generalized reaction for photosynthesis. What are the reactants and products?

· What is the waste product (AKA “byproduct”) produced during photosynthesis?
· State the type of energy conversion taking place in photosynthesis.

· What occurs in the light reactions?
· What occurs in the Calvin cycle?

· Describe the effect of light intensity on the rate of photosynthesis
· Describe the effect of temperature on the rate of photosynthesis


CELLULAR RESPIRATION (2.25-2.31)
Objectives:
· Describe that glycolysis is the first step of any cellular respiration; either aerobic respiration or a version of fermentation happens after

· State that all organisms perform some form of cellular respiration and there are always two steps:

1. All perform glycolysis ; oxygen is not needed

2. Aerobic or anaerobic (fermentation) depends on the presence of oxygen

· State the generalized reaction for aerobic cellular respiration

· State that carbon dioxide is the gaseous waste product released from both the processes of aerobic respiration and alcoholic fermentation

· Explain that all living things (prokaryotes and eukaryotes) perform glycolysis in their cytosol (not in an organelle)

· State that aerobic respiration occurs in the mitochondria of eukaryotic cells

· ATP is made during cellular respiration: State that a little ATP is made during glycolysis, a lot of additional ATP is made by aerobic cellular respiration and no additional ATP is made by alcoholic or lactic acid fermentation (they happen because there is no oxygen and only because the products of glycolysis must be broken down further or they can damage the cell)
Info outline:

· All organisms use some form of cellular respiration to convert food (glucose) into usable cellular energy called ATP
· ATP is the “energy currency of the cell”, as it is required to power cell processes.

· Cellular respiration is the process by which cells break down organic compounds (glucose) to release energy to make ATP

· ATP is made in two steps of cellular respiration; a little ATP in glycolysis, a lot of ATP in the process of aerobic respiration

· Cellular respiration is also a biochemical pathway

STEPS OF CELLULAR RESPIRATION:

1. Cellular respiration begins with the process known as glycolysis
· Glycolysis occurs in the cytosol of cells

· ALL living things perform glycolysis (it is the only metabolic pathway common to all living things!)
· Glycolysis is the initial process of breaking down glucose into a little bit of ATP 

2. AFTER glycolysis, the second step depends on the presence of oxygen

a. If oxygen is present = Aerobic respiration 

i. Happens in the mitochondria of eukaryotic cells and in folds of the plasma membrane for prokaryotes

ii. steps are called the Kreb’s Cycle and Electron Transport Chain
iii. Glucose and oxygen will yield carbon dioxide, water and a lot of ATP in aerobic respiration
          Glucose + oxygen 


carbon dioxide + water + ATP

b. If there is no oxygen = Anaerobic respiration (AKA “Fermentation”)
i. Also happens in the cytosol, right after glycolysis
ii. There is no additional ATP made in fermentation…all ATP formed in this pathway comes from glycolysis alone

iii. 2 versions: alcoholic and lactic acid
· alcoholic fermentation
· yields ethanol (alcohol) and carbon dioxide
· yeast and some plant cells perform alcoholic fermentation after glycolysis 
· useful in bread and wine making; the bubbles are carbon dioxide

· lactic acid fermentation

· yields lactic acid

· bacteria and your muscles can perform lactic acid fermentation

· useful in cheese and yogurt making

· can make your muscles sore after an extended, intense workout
	Terms:

· cellular respiration
· mitochondria

· ATP

· Krebs cycle
	· glycolysis

· aerobic respiration
· anaerobic respiration (AKA lactic acid fermentation or alcoholic fermentation)

	Questions:

· What is the generalized reaction for aerobic cellular respiration?  What are the reactants and products?

· What is the waste product (AKA “byproduct”) produced during both aerobic respiration and alcoholic fermentation?

· State the type of energy conversion taking place in cellular respiration.

· What are the differences between aerobic respiration and fermentation?
· What is the importance of ATP?
· Which eukaryotic organelle is responsible for aerobic cellular respiration?


GENERALIZED CHEMICAL FORMULA for AEROBIC RESPIRATION:

oxygen + glucose


  carbon dioxide + water + ATP
…………………………………………………………………………………………………………………….
Relationship between photosynthesis (making glucose) and cellular respiration (converting glucose into ATP)
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The Chloroplast and Mitochondria
The increased surface area that the inner membrane system provides allows both the chloroplast and the mitochondria to do their chemical reactions; both cellular respiration and photosynthesis involve reactions that must occur across a membrane.
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    Mitochondria
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Cellular Respiration:
Trace the steps and the formation of ATP

Follow the arrows to fill in the flow chart with the appropriate molecules and names of pathways. 
Molecules: Glucose, Pyruvate, Ethanol (AKA Ethyl alcohol), Carbon dioxide, Latic acid, ATP
Pathways: glycolysis, aerobic respiration, anaerobic respiration, lactic acid fermentation, alcoholic fermentation


KEY:



= molecule (reactant or product)




= process/reaction “pathway”




= name of specific

    cellular energy produced









Makes A LOT of ATP;                 Makes little ATP; this ATP is only from glycolysis

In addition to the little ATP 

made during glycolysis

ATP SUMMARY:

2 ATP from glycolysis and 34-36 ATP from Krebs cycle and electron transport system.  36-38 ATP total starting with glucose through aerobic respiration and 2 ATP from either fermentation
