Chapter 6: Ground rules of metabolism
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1.
Know two laws that govern the way energy is transferred from one substance to another.


2.
Provide an example of a metabolic pathway and explain what kinds of substances regulate activ​ity of the pathway.


3.
Tell exactly what enzymes do and how they do it.


4.
Explain how enzymes can be controlled.


5.  Understand “redox” reactions.


6.
Explain how a molecule can “carry” energy.


7.
Discuss how bioluminescence can be used as an indicator of metabolism.
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Impacts, Issues: Alcohol, Enzymes, and Your Liver



A.
The liver is the body’s detoxification center.




1.
Beverage alcohol (ethanol) is degraded to non-toxic acetate with the help of catalase, alcohol dehydrogenase, and other enzymes present in the liver.




2.
Excessive amounts of alcohol over a lifetime can lead to liver disease and failure.



B.
The liver is the largest gland in our body and it performs other functions relative to food utilization, including synthesis of plasma proteins.



C.
Binge drinking is considered the most serious drug problem on U.S. campuses.




1.
44 percent of 17,600 students in 140 surveyed colleges report averages of five alcoholic





drinks/day.




2.
Binge drinking can kill you suddenly.


       6.1
Energy and Time’s Arrow 



A.
What is Energy?




1.
First law of thermodynamics states that the total amount of energy (capacity to do work) in the universe is constant; it cannot be created nor destroyed; it can only change form.




2.
Energy can be of high quality, that is, highly concentrated and usable; or it can be of low quality, such as heat that is released into the universe.






3.
Potential energy is the capacity to make things happen, to do work; it can also be called chemical energy, measured in kilocalories.




4.
Kinetic energy is the energy of motion; it includes heat energy.



B.
The One-Way Flow of Energy




1.
Second law of thermodynamics states that the spontaneous directional energy flow is from high- to low-quality forms.




2.
Each conversion produces energy (usually heat) that is unavailable for work.




3.
The collective strength of chemical bonds (potential energy) resists the spontaneous direction of energy flow.




4.
As systems lose energy they become more disorganized; the measure of this disorder is called entropy.




5.  The world of life (plant and animal) maintains a high degree of organization because it is




     replenished with energy from the sun (Figure 6.4).

6.2
       Time’s Arrow and the World of Life



    A.    Cellular mechanisms control when and where energy will flow from one substance to another during chemical reactions.




1.
Starting substances are called reactants, substances formed before the end of a reaction are called intermediates, and those remaining at the end of the reaction are the products.




2.
Enzymes are the catalysts working to speed up specific reactions.




3.
Cofactors are metal ions or coenzymes that aid the enzymes by accepting and donating electrons, atoms, and functional groups.

4.   Transport proteins affect concentrations of substances by aiding solute movement across membranes, which influences reactions.


B.
     Activation Energy—Why the World Doesn’t Go Up in Smoke



1.  Energy is required to overcome the strength of chemical bonds in reactants.

2.  Every single reaction has a characteristic activation energy, which is the minimum amount of energy needed to start a reaction.

C.
     Up and Down the Energy Hills

1.  Endergonic (“energy in”) reactions require energy input resulting in products with more energy than the reactants had; for example, photosynthesis.

2.  Exergonic (“energy out”) reactions release energy such that the products have less energy than the reactants; for example, aerobic respiration.

D.    ATP—The Cell’s Energy Currency

1.   ATP is composed of adenine, ribose, and three phosphate groups; most metabolic reactions involve ATP as the coupling agent (energy carrier).

a.
Energy input links phosphate to ADP to produce ATP (phosphorylation).

b.  ATP can in turn donate a phosphate group to another molecule, which becomes primed and energized for specific reactions.

2.   ATP’s role is like currency in an economy: earning ATP during exergonic reactions and spending it during endergonic ones.

3.   ADP can be recycled to ATP very rapidly in the ATP/ADP cycle.


6.3
How Enzymes Make Substances React





A.
Enzymes have four features:







1.
Enzymes speed up reactions.




2.
Enzymes can be reused.




3.
Enzymes, at least some of them, can recognize both reactants and products in order to catalyze a reaction in both directions.




4.
Enzymes are very selective about the substrates to which they will bind and thereby bring about change.



B.
  Enzymes increase the rate of a reaction by lowering the activation energy.



C.  Enzymes have active sites, which are areas that allow a chemical binding of the substrate to

 


      the enzyme; the substrate is complementary in size, shape, solubility, and charge to the 




      active site.




1.    The main types of enzyme-mediated reactions:





a.
Functional group transfers: one molecule donates a functional group to another;





b.
Electron transfers: one or more electrons stripped away from the molecule are donated elsewhere;





c.
Rearrangements: a juggling of internal bonds converts one kind of molecule to another;





d.
Condensation: two or more molecules become covalently bonded into a larger molecule;





e.
Cleavage: a larger molecule splits into smaller ones with the addition of water.




2.
Binding energy helps bring about the transition state by four mechanisms:





a.
Helping substrates get together;





b.
Orienting substrates in positions favoring reaction;





c.
Shutting out water;





d.
Inducing changes in enzyme shape (induced-fit model).


6.4
Enzymes Don’t Work in a Vacuum



A.
Controls Over Enzymes




1.
Some controls regulate the number of enzyme molecules available by inhibiting or activating their synthesis; cells are able to produce only what conditions require.




 2.
Allosteric enzymes have regulatory sites (in addition to active sites) where the inhibitor or activator binds, altering the enzyme’s configuration of the active site.  




    3.
When this control substance is the end product in the enzyme’s metabolic pathway, feedback inhibition occurs and shuts down its own synthesis until it becomes needed.

B.  Effects of Temperature, pH, and Salinity
1.
  Because enzymes operate best within defined temperature ranges, high temperatures decrease reaction rate by disrupting the bonds that maintain three-dimensional shape (denaturation).

2.
  Most enzymes function best at a pH near seven (pepsin in the stomach is an exception); higher or lower values disrupt enzyme shape and halt function.

3.
  There is a range of salinity tolerance for most enzymes; if enzymes are dissolved in fluids exceeding that tolerance, the hydrogen bonds are disrupted, thus, inactivating the enzyme.


C.  Help From Cofactors

1.  Cofactors are metal ions or coenzymes that bind to many enzymes and make them more reactive.

a. Coenzymes are organic compounds that may or may not have vitamin components.

b. Metal ions readily give up and accept electrons, and are able to help products form by shifting electron arrangements in substrates.


2.   Antioxidants like Vitamin E and catalase work to help neutralize free radicals (highly reactive atoms with unpaired electrons).

3.  Inorganic metal ions such as Fe++ also serve as cofactors when assisting membrane cytochrome proteins in their electron transfers in chloroplasts and mitochondria.

6.5  
 Metabolism—Organized, Enzyme-Mediated Reactions

A.
  Types of Metabolic Pathways

 1.  Metabolic pathways are enzyme-mediated sequences of reactions in cells.

a.
In biosynthetic pathways, small molecules are assembled into large molecules; for example, simple sugars are assembled into complex carbohydrates.


b.
In degradative pathways, large molecules such as carbohydrates, lipids, and proteins are broken down to form products of lower energy. Released energy can be used for cellular work.


2.  Some pathways are linear (reactant to produce directly); others have cyclic components (last step regenerates the reactant molecule of first step); and still others have branches (reactants or intermediates are channeled into two or more different sequences).



B.
  The Direction of Metabolic Reactions

1.  Chemical reactions can proceed from reactants to products, which, if they are allowed to accumulate, will convert back to reactants.

2.  The direction of reaction depends on concentrations and the collision of molecules.

3.  When a reaction approaches chemical equilibrium, the forward and reverse reactions proceed at equal rates.


 a.  
There is no net change in concentrations.


 b.
Every reaction has its own ratio of products to reactants at equilibrium.

  4.  Cells can control the enzymes that mediate reversible metabolic pathways.

C.   Redox Reactions in the Main Pathways


1.  Oxidation-reduction reactions (“redox”) are simply electron transfers between molecules.

a.
 The donor molecule loses an electron and is oxidized.


b.
 The receptor molecule gains an electron and is reduced.

2.  In electron transfer chains, molecules accept and give up electrons in an orderly, stepwise manner to control the release of energy.

a.  
Electrons are at a higher energy level when they enter the chain than when they leave.

b.  
Think of the electrons as descending a staircase and losing some energy at each step.

6.6   
 Light Up the Night—And the Lab

  A.
 Fireflies and many other organisms (bacteria, algae, fishes) use enzymes (luciferases) to produce light by bioluminescence.

1.  Reactions begin when ATP is in the presence of oxygen, which transfers a phosphate group to luciferin.

2.  Electrons in luciferin become excited and begin reacting; at each step they release the extra energy in the form of fluorescent light (bioluminescence).



B.
A Research Connection




1.  Biologists use bioluminescent genes as a diagnostic tool for specific bacterial infections.




2.  Researchers transferred genes for bioluminescence into strains of Salmonella so that the




     course of infection could be tracked by visualization instead of sacrificing the animals.
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