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Lecture 7 

Enzymes - Regulation of Activity, Chemotherapy, 
Antibiotics, and Vitamins 

Chapter 22 Sections 5-7 & Topic F 

Factors that Influence Enzyme 
Activity 

•! The most important property of an enzyme is 
its catalytic activity 

•! The activity can be disrupted by: 
–! Disrupting structure 

    OR 

–! Or by factors that affect catalysis in general 

E      +      S              E-S E      +      P  

•! The rate of an 
enzymatic reaction 
increases as the 
substrate 
concentration 
increases until a 
maximum rate is 
reached 
–! Enzyme saturation 

is reached 

Concentration of Substrate 

•! When the concentration of enzyme 
is significantly lower than the 
concentration of substrate the rate 
of the reaction is directly 
dependent on the enzyme 
concentration 

•! Cellular concentrations can be: 
–! Increased (enzyme induction) 

–! Decreased (enzyme suppression) 

Concentration of Enzyme 

•! Increasing temperature causes the reaction rate 
to increase over a certain temperature range 

•! If the temp is too high the enzymes denature 
–! Example 100oC 

•! If the temp is too low the enzymes freeze 
–! Example 0oC 

Temperature 

•! Enzymes are sensitive to pH 
–! Extreme pH completely denatures 

protein 

–! Small changes disrupt ionic 
interactions between acidic and polar 
amino acids 

•! Enzymes exhibit maximum activity 
over a narrow range known as 
optimum pH 

Optimal pH Range 

CH2-COO- CH2-COOH H3N-(CH2)4 
+ 

Lower  
the pH 

H3N-(CH2)4 
+ 
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•! Enzymes can be inactivated nonspecifically  by 
extreme pH and temperature 
–! This type of inhibition inactivate all enzymes equally 

•! But enzymes can also be regulated by specific 
inhibitors 
–! This type of inhibition target specific enzymes, there 

are two main types 
•! Irreversible Inhibition 

•! Reversible Inhibition 

Enzyme Inhibition 

•! Many compounds are poisons because they bind 
covalently to specific enzymes at their active site and 
inactivate them 

•! The inhibitor-enzyme bond is so strong that the 
inhibition cannot be reversed by addition of excess 
substrate 
–! Ex. 1: Nerve gas such as diisopropylfluorophosphate (DIFP) 

–! Ex. 2: Metal chelators inhibit metalloenzymes  

Irreversible Inhibition 

CH2-OH F-P-OCH(CH3)2 + 
Enzyme 

Active Site 

OCH(CH3)2 

O 

CH2-O-P-OCH(CH3)2 

OCH(CH3)2 

O 

+ HF 

•! A reversible inhibitor inactivates an enzyme 
through noncovalent interactions and as a 
consequence binding is reversible 
–! Competitive inhibitor 

–! Noncompetitive inhibitor 

•! Commonly known as allosteric inhibition 

Reversible Inhibition 

•! Are any compounds that looks like the 
substrate structurally and can compete with the 
substrate for binding 

•! No product is formed because it is not the right 
substrate 

•! It is concentration 

   dependent 

Competitive Inhibitors 

•! Can inhibit free enzyme or enzyme-substrate complex 
because its binding site is distinct from the active site 

•! Binding of the inhibitor causes a conformational change 

•! Increasing substrate concentration does not reverse 
inhibition 

Competitive Inhibitors 
Feedback Inhibition 

•! It is a type of noncompetitive 
inhibition 

•! In this type of inhibition the end 
product inhibits the first 
enzymatic step 

•! It is common in the regulation of 
amino acid synthesis 
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•! Is the use of chemicals (drugs) to destroy infectious 
microorganisms or cancer cells while trying to minimize 
damage to host or healthy cells 

•! This is a difficult tasks because from bacteria to 
humans, the metabolic pathways of all living organisms 
are similar, so identifying safe and effective drugs is 
hard 

•! Scientist take advantage of the fact that the above 
types of cells reproduce faster 

Chemotherapy 

•! Are substances that inhibit the growth of 
cancer cells  

•! Included in this group are antimetabolites 
–! Examples include 5-fluorouracil and 6-

mercaptopurine, which interfere with the production 
of DNA and RNA in tumor cells by substituting for 
pyrmidine and purine bases 

–! These group of molecules are competitive inhibitors 

Antineoplastic Drugs 

•! One of the earliest and best understood antimetabolites 
was the synthetic antibacterial agent sulfanilamide 

–! It is structurally similar to p-aminobenzoic acid a compound vital 
to the growth of many pathogenic bacteria (p-aminobenzoic acid 
is a precursor in the synthesis of folic acid) 

•! Sulfanilamide gets incorporated to produce pseudofolic 
acid which is a competitive inhibitor 

Antibacterial Agents 

p-Aminobenzoic Acid Sulfanilamide 

•! This drug is not harmful to humans or other mammals 
because we obtain folic acid from our diet 

•! Many other sulfa drugs have been synthesized since 
then 

•! Prolonged use has a number of side effects 
particularly kidney damage so they have been 
replaced for penicillin and other antibiotics 

•! They are still prescribed for bladder and urinary tract 
infections, because they are still highly effective 

•! Is a compound that kills bacteria, it can come 
from:  
–! A natural source, such as mold 

–! Or be synthesized with a structure analogous to a 
naturally occurring antibacterial compound  

•! They all posses the common property of effectively 
inhibiting a variety of enzymes essential to bacterial 
growth 

Antibiotics 
•! Penicillin is extracted from a particular type of mold 

•! It inhibits an enzyme (transpeptidase) that catalyzes the 
last step in bacterial cell wall biosynthesis 

Penicillin 

•! The new cell walls are defective 
and end up bursting 

•! Effective in treating diphtheria, 
gonorrhea, pneumonia, syphilis, 
many pus infections and certain 
types of boils 
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•! Some strains of bacteria have become resistant 
to penicillin because they have evolved to have a 
mutation that allows them to synthesize 
penicillinase that breaks down the antibiotic 
–! Scientist in turn have synthesized penicillin analogs 

(ex. Methicillin) that are not inactivated 

•! Other bacteria have become resistant to 
antibiotics in general  
–! Scientist continue to seek new antibiotics 

Antibiotic Resistant Strains 

•! Close to 5% of the population is allergic to 
penicillin and must be treated with other antibiotics 
–! The allergic response can be fatal 

•! There are a number of other antibiotics  
–! Most are products of microbial synthesis (ex. 

aureomycin & streptomycin) 

–! Others are made by chemical modification of antibiotics 
(ex. semi-synthetic penicillin & tetracyclines) 

–! Some are made entirely by chemical synthesis (ex. 
chloroamphenicol) 

Allergies to Penicillin 

•! Are organic compounds that are essential in very 
small amounts for the maintenance of normal 
metabolism 

•! Vitamins generally cannot be synthesized at 
adequate levels by the body and must be 
obtained from the diet (the requirement is 
different for different organisms) 

Vitamins 

•! Scientists have identified and isolated 13 
vitamins required in the human diet 

•! These can be divided into two categories: 
–! Fat-soluble vitamins (Vitamins A, D, E, and K) 

–! Water-soluble vitamins (made up of the B Vitamin 
complex and Vitamin C) 

•! The absence or shortage can result in vitamin 
deficiency 
–! Warning signs include slow healing of wounds, 

tiredness, and frequent illness 

Essential Vitamins 

•! Are important for a variety of physiological 
functions 

•! If taken in high doses can accumulate to toxic 
levels because they are stored in body fat 

Fat Soluble Vitamins 

•! Are important as coenzymes or precursors for 
coenzymes 

•! The body does not store water soluble vitamins 
because they are easily excreted, so they have 
to be consumed more often 

•! Cooking certain foods in water causes these 
vitamins to leach out 

Water Soluble Vitamins 
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•! Vitamin A occurs only in the 
animal kingdom 

•! But !-carotene (provitamin) 
can be used as a precursor in 
the biosynthesis of Vitamin A 

•! Adults store Vitamin A in liver 
very well, but not infants and 
children so they are more 
susceptible to a deficiency 

•! It is very important in vision 

Vitamin A (Retinol) 

•! Is formed in the skin of animals by the action of sunlight 
on 7-dehydrocholesterol 

•! It increases the body’s ability to absorb calcium and 
phosphorus 

•! Deficiencies my result in osteomalacia, a condition in 
which the loss of calcium causes the bones to soften and 
become flexible 

Vitamin D3 (Cholecalciferol) 

•! In children it can develop 
into rickets, characterized 
by bone deformity 

•! Is a potent fat soluble antioxidant that can prevent 
oxidative damage of vulnerable lipids and other 
components of cell membrane 

•! It acts to prevent oxidation of cholesterol, thus it 
appears to be important in cardiovascular maintenance 

Vitamin E (Tocopherols) 

•! Large doses do not seem to 
have harmful effects, but 
extremely high doses may 
interfere with the blood 
clotting effect of vitamin K 

•! Vitamin K is necessary for the formation of pro-thrombin, 
one of the pro-enzymes involved in blood clotting 

•! A deficiency increases the time required for blood to clot 
–! Symptoms include bleeding under the skin and in muscles leading 

to ugly bruises from small blows 

–! Infants deficient my die from hemorrhaging in the brain 

Vitamin K 

•! Deficiency in humans is rare 
because intestinal bacteria 
usually synthesize what we 
need 
–! Prolonged treatment with 

antibiotics may lead to 
depletion of this bacteria 

•! Most coenzymes required by some enzymes are 
synthesized from one of the B Vitamins 

•! The term B complex is now used to designate a group 
of water soluble vitamins found together in many food 
sources 

The B Complex 

•! There is no apparent toxicity 
associated with these vitamins 
with the possible exception of 
B6 (neurological damage)  

•! As a group, these vitamins are 
important for maintaining the 
skin and nervous system 

Important as Precursors for Cofactors 

Vitamin Cofactor 

Thiamine (B1) Thiamine Pyrophosphate 

Riboflavin (B2) Flavin Adenine Dinucleotide (FAD) 

Flavin Mononucleotide (FMN)  

Niacin (B3) Nicotinamide Adenine Dinucleotide (NAD) 

NADP 

Pyridoxine B6 Pyridoxal Phosphate 

Cyanocoblamin B12 Methylcobalmin 

Deoxyadenosylcobalamin 

Biotin Biotin 

Folic Acid Tetrahydrofolate 

Pantothenic Acid Coenzyme A 
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•! Prevents Scurvy 

–! A disease in which collagen is weakened 

•! It is a good reducing agent and therefore acts like a 
good antioxidant to help prevent damage to tissues  

Vitamin C (Ascorbic Acid) 

•! It reacts with oxygen and/or 
oxidizing agents  

•! Enhances the absorption of 
iron from the small intestine by 
keeping it in the reduced form 

•! Needed to help form collagen  

•! Prevent damage from free radicals, highly 
reactive molecules that have unpaired 
electrons 

•! Formed from metabolic reactions involving 
oxygen and environmental factors 

Antioxidants 


