PLANT BIOLOGY

6. THE FLOW OF THE ENERGY

A. Honorary Plant of the Week
Name: Agaricus campestris (L.) Fr.

Common Name: Meadow Mushroom
Family: Agaricaceae  






Class: Basidiomyceta



Phylum: Basidiomycota
 


Kingdom: Fungi
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B. Honorary Botanist of the Week
Name: Hans Adolph Krebs

Dates: 1900-1981

Country of origin: Germany

Contribution to Plant Science:

He elucidated of the cycle of chemical reactions called the citric acid cycle, which has proved to be the major source of energy in living organisms. This cycle is also commonly called the Krebs Cycle. He received the 1953 Nobel Prize in Physiology or Medicine, awarded jointly to him and to F. A. Lipmann, for his studies of intermediary metabolism. 

C. Laws of Thermodynamics
· Thermodynamics is the study of energy transformations.

· The First Law, Law of Conservation of Energy, energy can neither be created or destroyed but it may change form.  All forms of energy are interconvertible.

· The Second Law, Law of Entropy, in an isolated system (e.g. an ecosystem) when energy changes form there is an increase in disorder or entropy.

· The Third Law, Law of Absolute Zero, the change in entropy at absolute zero is zero.
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D. Oxidation-Reduction (Redox) Reactions
Redox reactions
· Oxidation-reduction (redox) reactions play a key role in Bioenergetics

· Oxidation and Reduction are coupled and the converse of one another.

· Oxidation :  The loss of a electrons or electrons and protons and hydrogen. 

· Reduction:  The gain of  electrons or electrons and protons and hydrogen. 
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Coupling of REDOX Reactions
· Oxidation/burning/respiration of glucose
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C6H12O6  +  6O2         6CO2 + 6H2O + Energy 
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· Reduction/photosynthesis of carbon dioxide

[image: image8.jpg]


6CO2 + 6H2O + Energy        2C3H6O3 + 6O2 

 Carbon         Water                                      Three-carbon    Oxygen 
                                dioxide 

                                               sugar

E. Enzymes
· The protein catalysts of cells.
· Proteins with or without partners – meta ions or organic coenzymes.
· RNA can also act as a catalyst.
· Specific in recognition of substrates & catalysis of reactions.
· Synthesized from genetic code.
· Reaction may proceed in either direction to equilibrium.
· Some work very fast, turning over millions of substrate molecules per second (high turnover number).
· Metabolic processes often proceed through multi-enzyme pathways.
· Enzymes may be compartmentalized within cells or secreted into environment.
· Recognize & bind substrate(s) in a specific complex.
· Lower activation energy.
· Provide one or more catalytic mechanisms.
· May change shape upon binding substrate(s).
· Produce one or more products that dissociate from enzyme.
· Unchanged by the reaction.
· May work in teams – Multi-enzyme complexes.

f. Cofactors in Enzyme Action
· Metal ions – cofactors

Mg++, Mn++, K+, Zn++
· Vitamin-derived coenzymes
NAD Nicotinamide adenine nucleotide

FAD Flavin adenine dinucleotide

Coenzymes are natures’ special reagents.
The Nicotinamide adenine dinucleotide Cycle:
· NAD, NADP carry energy-rich electrons from catabolic reactions to electron-requiring anabolic reactions. 

· NADPH+H primarily for biosynthetic reactions. 
· NADH+H primarily for electron transport.
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g. Metabolic Pathways
· Multienzyme pathways

· Two aspects: catabolism & anabolism

· Pathways can be linear, branched, or cyclic

· Pathways regulated

· Evolution of metabolism – degradation, synthesis, anaerobic, aerobic, nitrogen fixation

h. The Importance of Energy to Life

Energy is necessary to sustain life.  Without  a continual replenishment of energy life would soon cease.  The principal source of energy for the Biosphere comes from the Sun and it is fixed into chemical energy by green plants.  In turn it is available to sustain, via various food chains, animals and decomposers such as fungi.

i. Cellular Processes Requiring Energy
· Motility, e.g. Tubule, Filament, Flagella, Streaming

· Active Transport, e.g. Cell   cell, Across membrane

· Metabolism and Synthesis, e.g. Photosynthesis, Respiration, DNA Replication, Protein Manufacture, etc.
j. Definitions Regarding Energy and Metabolism

· Energy is the capacity to do work. Energy and Work have the same units.  

Two general Forms of Energy:

· Kinetic energy, is the energy of movement. It is work in action. E.g.,   Light, Heat, and Electric energy.

· Potential  energy, is stored energy that represents past work which when released becomes kinetic energy.  E.g.,  Mechanical energy (as in a watch spring) and Chemical energy (as in a chemical bond). 

· Bioenergetics, is the analysis of how energy behaves in living systems

· Metabolism, is the sum of all chemical processes within a living organism.  Cf. Anabolism and Catabolism.
· Anabolism, the chemical activity leading to the biosynthesis of complex organic molecules.  It is usually energy requiring activity.   

· Catabolism, the chemical activity leading to breakdown of complex molecules/chemical bonds and involving the release of energy

k. Energy Flow in the Green Plant
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l. ENERGY FLOW IN THE BIOSPHERE
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Insolation, a derived word from Incoming solar radiation
m. Exergonic cf Endergonic Processes
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Oxidation/burning/respiration of glucose

The overall gas exchange and heat release for the complete oxidation of a mole (molecular weight) of glucose is:

C6H12O6  +  6O2       6CO2 + 6H2O + 673 kcal 

        Glucose         Oxygen           Carbon          Water      Heat                                                  



              dioxide                     released

n. Energy Content of Various Plant Materials
Organic Material                             Kilocalories per gram


Average terrestrial plant



4.5
Carbohydrate (sucrose)



4.0
Carbohydrate (starch & cellulose)


4.2
Crude protein





5.7
Fat (ether extract)




9.5
Crude fiber (15-30%) lignin)



4.6
o. Which molecules have the Higher Energy Potential?
· Reduced molecules have higher potential than do oxidized forms

· Reduced compounds are energy carriers

· Cellular fuels are reduced compounds; consider fats & carbohydrates

· Cellular respiration & other processes release energy from reduced compounds

p. Catalyst
A catalyst is a substance that can cause a change in the rate of a chemical reaction without itself being consumed in the reaction.

The changing of the reaction rate by use of a catalyst is called catalysis. 

q. Activation Energy
· Essential aspect of chemical reactions

· Catalysts lower activation energy

· Catalysts must abide by the laws too

· Catalysts do not change equilibrium point;
they do change reaction rate

r. Factors Effecting Rates
· Concentrations of enzyme & substrate

· pH

· Temperature

· Inhibitors & activators

· Inhibition may be competitive or non-competitive

· Regulatory ions & molecules

S. SUMMARY
· Life on  Earth is primarily dependent on insolation.

· You cannot get around the Laws of Thermodynamics; life operates under these constraints.

· Energy exchanges and transfers involve redox reactions. Oxidation produces products containing less energy and reduction produces products containing more energy.

· Enzymes are catalysts that assist with the rate of reactions.  They are mostly proteins. Enzymes sometimes require cofactors. Enzyme catalyzed reactions take place in ordered sequence  called metabolic pathways
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