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Enzymes 

• Enzymes are very efficient catalysts for biochemical 
reactions.  

• They speed up reactions by providing an alternative 
reaction pathway of lower activation energy. 

• They do not undergo permanent changes and so 
remain unchanged at the end of the reaction.  

• They can only alter the rate of reaction, not the 
position of the equilibrium. 

• Enzymes are usually highly selective, catalyzing specific 
reactions only.  

• This specificity is due to the shapes of the enzyme 
molecules. 



• Many enzymes consist of a protein and a non-protein 
(called the cofactor).  

• The proteins in enzymes are usually globular.  
• The intra- and intermolecular bonds that hold proteins in 

their secondary and tertiary structures are disrupted by 
changes in temperature and pH.  

• This affects shapes and so the catalytic activity of an 
enzyme is pH and temperature sensitive. 

• Cofactors may be: 
• organic groups that are permanently bound to the enzyme 

(prosthetic groups) 
• cations - positively charged metal ions (activators), which 

temporarily bind to the active site of the enzyme, giving an 
intense positive charge to the enzyme's protein 

• organic molecules, usually vitamins or made from vitamins 
(coenzymes), which are not permanently bound to the 
enzyme molecule, but combine with the enzyme-substrate 
complex temporarily. 
 



Mode of action 

• For two molecules to react they must collide with one 
another. They must collide in the right direction 
(orientation) and with sufficient energy.  

• Sufficient energy means that between them they have 
enough energy to overcome the energy barrier to 
reaction. This is called the activation energy. 

• Enzymes have an active site. This is part of the 
molecule that has just the right shape and functional 
groups to bind to one of the reacting molecules. The 
reacting molecule that binds to the enzyme is called 
the substrate. 

 



• Two hypothesis are used for explaining the 
enzyme functioning: 

• Lock and key hypothesis: 

 

 

 

• Induces fit hypothesis: 

• In this model the enzyme molecule changes 
shape as the substrate molecules gets close. The 
change in shape is 'induced' by the approaching 
substrate molecule. This more sophisticated 
model relies on the fact that molecules are 
flexible because single covalent bonds are free to 
rotate. 

 



Factors affecting enzymes 

 



Enzyme inhibitors 

• Some substances reduce or even stop the catalytic activity 
of enzymes in biochemical reactions.  

• They block or distort the active site. These chemicals are 
called inhibitors, because they inhibit reaction. 

• Inhibitors that occupy the active site and prevent a 
substrate molecule from binding to the enzyme are said to 
be active site-directed (or competitive, as they 'compete' 
with the substrate for the active site). 

• Inhibitors that attach to other parts of the enzyme 
molecule, perhaps distorting its shape, are said to be non-
active site-directed (or non competitive). 

• Similarly, the positive inducers are called as activators. 
• Most Co-factors can work as activators. 



Enzyme uses and immobilization 

• Enzymes are widely used commercially, for example in the detergent, food and 
brewing industries. Protease enzymes are used in 'biological' washing powders to 
speed up the breakdown of proteins in stains like blood and egg. Pectinase is used 
to produce and clarify fruit juices. Problems using enzymes commercially include: 

• they are water soluble which makes them hard to recover 
• some products can inhibit the enzyme activity (feedback inhibition) 

 
• Enzymes can be immobilized by fixing them to a solid surface. This has a number 

of commercial advantages: 
• the enzyme is easily removed 
• the enzyme can be packed into columns and used over a long period 
• speedy separation of products reduces feedback inhibition 
• thermal stability is increased allowing higher temperatures to be used 
• higher operating temperatures increase rate of reaction 

 
• There are four principal methods of immobilization currently in use: 
• covalent bonding to a solid support 
• adsorption onto an insoluble substance 
• entrapment within a gel 
• encapsulation behind a selectively permeable membrane 



Antioxidants 

• Antioxidants are intimately involved in the prevention 
of cellular damage which is the common pathway for 
cancer, aging, and a variety of diseases. 

• Free radicals are atoms or groups of atoms with an odd 
(unpaired) number of electrons and can be formed 
when oxygen interacts with certain molecules.  

• Once formed these highly reactive radicals can start a 
chain reaction, like dominoes.  

• Their chief danger comes from the damage they can do 
when they react with important cellular components 
such as DNA, or the cell membrane.  

• Cells may function poorly or die if this occurs. To 
prevent free radical damage the body has a defense 
system of antioxidants. 



• Antioxidants are molecules which can safely interact with free radicals and 
terminate the chain reaction before vital molecules are damaged. Although there 
are several enzyme systems within the body that scavenge free radicals, the 
principle micronutrient (vitamin) antioxidants are vitamin E, beta-carotene, and 
vitamin C. Additionally, selenium, a trace metal that is required for proper function 
of one of the body's antioxidant enzyme systems, is sometimes included in this 
category. The body cannot manufacture these micronutrients so they must be 
supplied in the diet. 
 

• Vitamin E : d-alpha tocopherol. A fat soluble vitamin present in nuts, seeds, 
vegetable and fish oils, whole grains (esp. wheat germ), fortified cereals, and 
apricots. Current recommended daily allowance (RDA) is 15 IU per day for men 
and 12 IU per day for women. 
 

• Vitamin C : Ascorbic acid is a water soluble vitamin present in citrus fruits and 
juices, green peppers, cabbage, spinach, broccoli, kale, cantaloupe, kiwi, and 
strawberries. The RDA is 60 mg per day. Intake above 2000 mg may be associated 
with adverse side effects in some individuals. 
 

• Beta-carotene is a precursor to vitamin A (retinol) and is present in liver, egg yolk, 
milk, butter, spinach, carrots, squash, broccoli, yams, tomato, cantaloupe, peaches, 
and grains. Because beta-carotene is converted to vitamin A by the body there is 
no set requirement. Instead the RDA is expressed as retinol equivalents (RE), to 
clarify the relationship. (NOTE: Vitamin A has no antioxidant properties and can be 
quite toxic when taken in excess.) 
 



• Epidemiologic observations show lower cancer rates in 
people whose diets are rich in fruits and vegetables. This 
has lead to the theory that these diets contain substances, 
possibly antioxidants, which protect against the 
development of cancer.  

• There is currently intense scientific investigation into this 
topic. Thus far, none of the large, well designed studies 
have shown that dietary supplementation with extra 
antioxidants reduces the risk of developing cancer.  

• In fact one study demonstrated an increased risk of lung 
cancer in male smokers who took antioxidants vs. male 
smoker who did not supplement. Whether this effect was 
from the antioxidants is unknown but it does raise the issue 
that antioxidants may be harmful under certain conditions. 

• Antioxidants are also thought to have a role in slowing the 
aging process and preventing heart disease and strokes, but 
the data is still inconclusive. Therefore from a public health 
perspective it is premature to make recommendations 
regarding antioxidant supplements and disease prevention.  



Antioxidant for cosmetics 

• The antioxidants work by speeding up the skin's natural repair 
systems and by directly inhibiting further damage. Some popular 
antioxidants for cosmetics can be: 

• Coenzyme Q10: is a natural antioxidant in the body that helps the 
cells grow and protects them from the ravages of cancer. It can 
minimize the wrinkles. 

• Alpha-lipoic Acid : when applied topically as a cream, may help 
protect the skin from sun damage.  

• Retinoic Acid: is the active form of vitamin A in the skin and the 
"gold standard" in anti-aging skin care, It can treat wrinkles, age 
spots, and rough skin caused by sun exposure. It can also restore 
the elastic fibers that keep skin taut. 

• Flavonoids: Green tea and chocolate, just might help improve your 
skin. Research suggests that the flavonoids in green tea are strong 
antioxidants that may help protect the skin from cancer and 
inflammation. Similarly, cocoa with a high flavonoid concentration 
can offer smoother skin. 
 
 



Antimelanogents 

• In mammals the skin pigmentation is due to the synthesis and 
distribution of melanin. 

• Melanin production plays an important role is UV irradiation. 
• Excessive melanogenesis may cause melasma, lentigines, freckles, 

nevus and age spots. 
• Melanin is the mixture of pigmented biopolymers synthesized by 

melanocytes. 
• Melanogenesis is a complicated physiological process that is 

regulated by melanogenic enzymes. 
• Tyrosinase and tyrosinase related proteins (TRP1 & TRP2) are 

involved in melanogenesis. 
• Inhibition of tyrosinase activity is called antimelanogenesis and the 

inhibitors are called as antimelanogents. 
• Many famous antimelanogents such as kojic acid, arbutin and 

linoleic acid are used in cosmetic industries. 



Antibiotics 

• Antibiotics are the chemotherapeutic agents 
which fight against harmful microorganisms. 

• Most of them are antibacterial but it can be 
antifungal, anti protozoal etc. 

• Antibacterial drugs can be bacteriostatic (such as 
tetracycline) or bactericidal (such as penicillin).  

• Most of the antibiotics are obtained from 
microorganisms, which are mostly their 
secondary metabolites. 



Penicillin 

• Penicillin is one of the 1st antibiotic used in medical history. 

• It is derived from the genus Penicillium of fungi, thus being named accordingly. 

• It was discovered by a Nobel Laureate, Sir Alexander Fleming in 1928. 

• The discovery of penicillin at the time of world war 2 was considered as the 
blessing for human civilization. 

• Penicillin led the revolution in antibiotic discoveries. 

• Penicillin is widely effective against different types of bacteria. 

• It is mostly considered effective against gram positive bacteria. 

 

 



Structure & mol. formula of penicillin 

• The general molecular formula of penicillin is 
R-C9H11N2O4S, where R is variable. 

• All penicillin are β-lactam antibiotics, having β-
lactam ring. 

• The core skeleton is also called ‘penam’, 
having MW of 243-436 g/mol. 
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Types of Penicillin 

• Major classes includes 
• Benzylpenicillin: also called as penicillin G. Given as IV due to 

unstability in gastric pH. Differentiated due to benzyl ring. 
• Benzathine penicillin: Also called Benzathine Benzylpenicillin. It is 

taken IM, for long use, as extra benzathine structure is then 
separated to provide Benzylpenicillin. One dose can be effective for 
2-4 weeks. 

• Procaine Benzylpenicillin: is the combination of procaine (a local 
anesthetic drug for pain reduction) and benzylpenicillin. It is taken 
IM. Procaine is separated to provide benzylpenicillin and also helps 
to reduce pain of IM injections. 

• Phenoxymethylpenicillin: also called Penicillin V. It is more acid 
stable than Benzylpenicillin, so is taken orally. However less 
effective than Benzylpenicillin.  
 
 
 
 



An example of Penicillin biosynthesis 



Medical uses 

• Penicillin is more effective to gram positive bacteria 
than gram negative ones. 

• Streptococci, Staphylococci, Clostridium, and Listeria 
genera are the species against which penicillin work 
effectively. 

• Penicillin resistance is ever increasing by the bacteria. 
• Penicillin is prescribed to treat infections from a variety 

of bacteria that causes infections of the middle ear, 
tonsils, throat, bronchitis, pneumonia, urinary tract, 
and gonorrhea. 

• Less than 1% of patients have shown adverse effect 
symptoms including: diarrhea, hypersensitivity, nausea, 
rash, neurotoxicity, etc. 
 

 


