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BIOCHEMISTRY 

Biochemistry is the study of the chemical processes and chemical 

transformations in living organisms. It is the study of the structure and 

function of cellular components, such as proteins, carbohydrates, lipids, 

nucleic acids, and other biomolecules.                                                         

     The biochemistry also includes cell metabolism and the endocrine sys- 

tem. Other areas of biochemistry include the genetic code (DNA & 

RNA), protein synthesis, cell membrane transport, and signal 

transduction. 

In 1828, Friedrich Wohler published a paper about the synthesis of 

urea, proving that organic compounds can be created artificially. The 

dawn of biochemistry may have been the discovery of the first enzyme, 

diastase (today called amylase ) in 1833 by Anselme Payen. Although the 

term " biochemistry " seems to have been first used in 1881, it is 

generally accepted that the formal coinage of biochemistry occurred in 

1903 by Carl Neuber, a German chemist. 

After a century of careful observations, biochemists have established 

several principles that are central to our understanding of living 

organisms: 

1- Cells, the basic structural units of all living organisms, are highly 

organized. A constant source of energy is required to maintain a cell’s 

ordered state. 

2- Living processes consist of thousands of chemical reactions. 

Precise regulation and integration of these reactions are required to 

maintain life. 

3- Certain fundamental reaction pathways, such as the energy- 

generating conversion of glucose to pyruvic acid, known as glycolysis, 

are found in almost all organisms. 
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4- All organisms use the same type of molecules, examples of such 

biomolecules include carbohydrates, lipids, proteins, and nucleic acids. 

5- The instructions for growth, development , and reproduction are 

encoded in organism’s nucleic acids.   

* Biomolecules:  

Animal and plant cells contain approximately 10,000 kinds of 

molecules(referred to as biomolecules), one of these, water, may 

constitute 50-95% of a cells content by weight, while ions such as 

sodium(Na+), potassium(K+), magnesium(Mg2+), and calcium(Ca2+) may 

account for another . 

Almost all the other kinds of molecules in living organisms are 

organic. Organic molecules are principally composed of six elements: 

carbon, hydrogen, oxygen, nitrogen, phosphorus and sulfur. However, the 

properties of one element, carbon, are responsible for the almost infinite 

variety of organic molecules. 

Of central importance in organic chemistry are the hydrogen and 

carbon- containing compounds called the hydrocarbons. Several aspects 

of hydrocarbon chemistry are relevant to biochemistry: 

1- Most biomolecules can be considered to be derived from hydrocarb-    

       ons .                          

2- Hydrocarbons are nonpolar and therefore not water-soluble. Because  

       hydrocarbons do not interact  well with  water , they  are  said  to  be 

      "hydrophobic".    Interactions between biomolecules containing hydro- 

       carbon groups are responsible for the properties of certain cellular      

       components (e.g., membranes). 

There are a large number of different biomolecules, they tend to be 

composed of the same repeating subunits called monomers, in different 

orders. Each class of biomolecules has a different set of subunits like 
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carbohydrate composed of simple sugar, proteins of amino acids, and 

lipids of fatty acids . 

* Functional groups of organic biomolecules: 

The chemical properties of organic molecules are determined by 

specific arrangements of atoms called functional groups. Different 

families of organic compounds result when hydrogen atoms on organic 

molecules are replaced by different functional groups, for example, 

alcohols result when hydrogen atoms are replaced by hydroxyl groups    

(-OH) .  

Most biomolecules contain more than one functional group. For 

example, many simple sugar molecules have several hydroxyl groups and 

an aldehyde group. Amino acids, the building block molecules of 

proteins, have both an amino group and a carboxyl group. The distinct 

chemical properties of each functional group contribute to the behavior of 

any molecule that contains it. 

* Buffer and Electrolytes: 

Buffer : solution that resists a change in pH on the addition of acid 

or alkali , consist of a mixture of a weak acid  and its  conjugated base , 

e.g.: acetic acid and sodium acetate. 

- Biological buffer significancy: 

1-Ability to prevent large change in pH is an important property of most    

       intact biological organism. 

2- Blood plasma is highly effective buffer solution and designed to keep 

       the range of pH of blood within (0.2) pH unit from (7.2 - 7.3) outside  

       this range are compatible with life.  

3- Many of metabolites constantly produced and utilized in the cell are  

     weak acids. 

- Factors that determine the capacity of buffer: 



 

                                                               
 

 

 قدوري زيدان خلف م.

كلية  –تكريت جامعة 

 طب االسنان

1- The molar concentration of buffer components is one of them (the     

       buffer capacity is directly proportional to the concentration of the      

        buffer components). 

2- The ratio of the conjugate base concentration to the concentration of  

       weak acid( most effective buffer within equal concentrations of basic 

       and acidic components). 

3- The solubility of the buffer components may limit the concentration   

      which can be employed. 

-Acids: are substances that are capable of dissociating to liberate                      

      proton (H+) in solution. 

HA ↔  H+   + Aˉ  

-Bases: are substances capable of accepting a proton (H+) in 

solution. 

B  +  H+  ↔   BH+  

- Physiological buffers: 

1- Carbonic acid:    H2CO3  ↔ HCO3ˉ  +  H+ 

2- Dihydrogen phosphate (non-oxidizable acid) 

      H2PO4ˉ   ↔ HPO4ˉ²    +  H+ 

3- Oxidizable acid (lactic acid, citric acid). 

4- Proton-donor groups of protein or amino acids. 

      Hpr   ↔  pr  +  H+ 

5- Na, Cl, K, Mg, Ca, are not acids, nor base, nor buffers but play an  

              important role secondary to primary change in acid-base balance.  

- Relative importance of buffers in the body: 

Site of buffer                   Buffer                 Relative importance 

- Extracellular fluid       HCO3,                       42% 

                                    Plasma protein                1% 
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- Intracellular fluid     protein& amino acid,      34% 

                                       HCO3,                         15% 

                                   Other (phosphate)             8% 

* 42% of  HCO3 include ( 18% plasma HCO3  &  24%  hemoglobin 

(Hb) HCO3 ), so the H2CO3 / HCO3 system account over half of normal 

buffering capacity of the body because the weak acid(H2CO3) is in rapid 

equilibrium with dissolved CO2 in  plasma , this equilibrium is catalyzed 

by the enzyme carbonic anhydrase that is found in red blood cells(RBCs). 

        H2CO3  ↔  CO2  +  H2O 

- pH : is a measure of hydrogen ion activity. It is log10 of the 

recipro- cal of hydrogen ion concentration [H+] in mol/l . 

 A change of one pH unit represents a 10 fold change of [H+]. 

- Acidosis: increase the concentration of H
+
 ion. 

-Alkalosis: increase the concentration of OH
-
 ion. 

Acidosis is commoner than alkalosis because of metabolism produce 

hydrogen ion and not hydroxyl ion. 

- The principle sources of H+ ion are: 

1- The metabolism of amino acids : conversion of amino acids to urea 

in the liver , or of the  sulfhydryl groups of some amino acids to sulfate , 

release equimolar amounts of H+ . Although a high protein diet may incr- 

ease the H
+
 load. 

2- Incomplete metabolism of carbon skeleton of organic compounds. 

Anaerobic carbohydrate metabolism produces lactate. Anaerobic 

metabolism of fatty acids and ketogenic amino acids produce 

acetoacetate, these processes release equimolar amounts of H
+
, either 

directly or indirectly. 

 


