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Enzymes and Energetics…
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Lipids are in essence the "water-insoluble" molecules of life. 
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How do Eukaryotes handle this problem of decreased SA / V ratios ?

So, aside from anomalies like Thiomargarita sp. Prokaryotes 
stay small to allow for sufficient  SA / V ratios to allow for 

diffusion in and out of the cell
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The nucleus contains most of the cell's genetic material (DNA). 

The mitochondrion is the power plant and industrial park of the cell in 
that it is the major source of for the storage and conversion of energy. 

The chloroplast performs photosynthesis in bacterial and plant cells. 
As you know, 

The endoplasmic reticulum and Golgi apparatus make up distinct 
compartments where proteins are packaged and sent to appropriate 
locations in the cell. 

The lysosome and vacuole are cellular digestive systems, where large 
molecules are hydrolyzed into usable monomers. 

Eukaryotic cells tend to be larger than prokaryotic cells, and as such with 
all the volume changes and Volume/Surface Area ratio changes they 
have had to adapt a far more sophisticated network of support 
structures comprising the cytoskeleton, that provides shape and 
structure to cells, among other functions.

http://bcs.whfreeman.com/thelifewire9e/default.asp?s=&n=&i=&v=&o=&ns=0&uid=0&rau=0#542578__591834__
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Energy!



This means that a system always has the same amount of energy, unless it's added 
from the outside...

Albert Einstein

The law of conservation of energy states that -energy can neither be created 
nor destroyed  it can only be converted from one form of energy to another.be

The only way to use energy, therefore, is to transform energy from one form to 
another.



Potential     vs.   Kinetic energyPotential     vs.   Kinetic energy



1st Law

The FIRST law of thermodynamics: or the law of the conservation of energy, 
states: the increase in the internal energy of a system is equal to the 
amount of energy added to the system by heat, plus the amount added in 
the form of work done on the system.



1st Law



2nd Law

The SECOND law: the total ENTROPY  (S) of any thermodynamically 
isolated system tends to increase over time, approaching a maximum 
value.



2nd Law



Entropy (S):  a thermodynamic quantity representing the 
unavailability of a system's thermal energy for conversion into 
mechanical work, often interpreted as the degree of disorder or 
randomness in the system.

Enthalpy (H):  a thermodynamic quantity equivalent to the total 
heat content of a system. It is equal to the internal energy of the system 
plus the product of pressure and volume.









All reactions, however - at least in principle, are reversible. (A <---> B). 

If (under certain, given conditions) A ----> B is spontaneous (and 
exergonic),  

then B ---->A must be less than spontaneous (and endergonic). 

All other things being equal, adding more A generally speeds up the 
forward reaction… 

adding more B would tend to favour (or speed up) the reverse reaction, 



At some relative concentration of A and B, the net forward and reverse reactions taking 
place are in balance, and effectively cancel each other out.  

That is not to say that, at equilibrium, there will always be equal amounts of  A  as  

there are of   B

As a rule of thumb: the farther a reaction goes toward completion in order to reach 
equilibrium the greater the amount of "free energy" released.



What is “free energy” ??
“The energy associated with a chemical 
reaction that can be used to do work. “ 

often called “Gibbs free energy”
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While it is easy to predict the direction that a spontaneous reaction will go, it is not so 
easy to predict the "likelihood" or rate of the reaction. 

For a reaction to proceed, an energy barrier often must be overcome......







Types of enzymes (Biological catalysts)





How do these biological catalysts work…?









Metabolism can be divided into two types of “collective” enzymatic activities: 
anabolic and catabolic reactions. 
 
Anabolic reactions are those that link simple molecules together to make complex 
ones. These are energy-storing reactions......(e.g.condensation reactions?) 

Anabolic reactions, which make single products from many smaller units; such 
reactions "consume" the useable energy. 

Catabolic reactions may reduce an organized substance, such as a glucose 
molecule, into smaller more randomly distributed substances, such as carbon dioxide 
and water; such reactions generally "release" useable energy. 





ATP + H2O ----> ADP + Pi + free energy.



ATP + H2O ---->  ADP + Pi + free energy

The change in standard free energy (    G  ’) ~ 7.3 kcal/mol at a living cell’s typical 
temperature and pH. 

The equilibrium for this reaction is far to the right of the equation shown above, greatly 
favouring the production of ADP;  

So much so that there are approximately 1 x 107 ADP molecules to each remaining ATP. 

Making ATP from ADP (anabolic reaction) involves overcoming repulsive negative charges 
on the phosphates to be joined, the very same forces that provide the “free energy” 
released when ATP is broken apart to form ADP. 

O



Making ATP from ADP involves overcoming repulsive negative charges on the phosphates to be 
joined. 

The energy that is necessary to do this in humans and many other living cells is generally stored as 
glucose (or condensed derivatives thereof....) or other fuel molecules  

and is released in the ensuing exergonic process called Glycolysis.



  C6H12O6 + 6 O2 ---> 6 CO2 + 6 H2O + energy (heat)

Respiration

- 686 kcal/mol 
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 1 molecule of Glucose   —>  ~94  ATP’s worth of energy

 1 molecule of Glucose   —>



Some kinds of cells metabolize glucose incompletely, and others do a much 
more efficient job and metabolize it completely.

- 686 kcal/mol 


