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• Diameter of a nucleus is only about 10-15 m.
• Diameter of an atom is only about 10-10 m.

Fig 3.1 The structure of an atomFig 3.1 The structure of an atom



•Periodic Table, shown below, is a 
representation of 113 elements in a tabular 
format.



• Water molecule results when two 
hydrogen atoms and one oxygen atom 
are covalently bonded  in a way shown 
in the following picture:



A covalent bond between two hydrogen atoms is A covalent bond between two hydrogen atoms is 
shown in this picture.shown in this picture.

Fig 5.1 A covalent bond is the result of 
attractive and repulsive forces between atoms.



• The value of the free-energy change (ΔG) 
determines spontaneity.
ΔG is negative; free energy is released; 
process is exothermic or exergonic.
ΔG is positive; free energy is added; process is 
endothermic or endergonic.



•Fig 5.2  A graph of potential energy 
versus internuclear distance for 
hydrogen.



•The shape depends on the number of charged 
clouds surrounding the atom as summarized in 
Table 5.1



9.1 Mixtures and Solutions 
•Heterogeneous mixture: A nonuniform mixture 
that has regions of different composition.
•Homogeneous mixture: A uniform mixture that 
has the same composition throughout.
•Solution: A homogeneous mixture that contains 
particles the size of a typical ion or small 
molecule.
•Colloid: A homogeneous mixture that contains 
particles in the range of 2-500 nm diameter.
•Solute: A substance dissolved in a liquid.
•Solvent: The liquid in which another substance 
is dissolved.



10.4  Water as Both an Acid and a 
Base

•Water is neither an acid nor a base 
according to Arrhenius acid-base theory 
since water does not contain appreciable 
amount of H3O+ or OH-.  However, according 
to Bronsted-Lowry acid-base theory, water is 
both an acid and a base.



Table 10.1 Relative strengths of acids and basesTable 10.1 Relative strengths of acids and bases



10.8 Dissociation of Water
•Like all weak acids, water is slightly dissociated 
into H+ and OH- ions.  The concentrations of the 
two ions are identical. At 25oC, concentration of 
each ion is 1.00 x 10-7.
•Ion product constant for water, kw:
• kw = ka[H2O] = [H3O+][OH-]
• = [1.00 x 10-7][1.00 x 10-7]
• = 1.00 x 10-14 at 25oC.
•Product of [H3O+] and [OH-] is a constant. 
Therefore, in an acidic solution where [H3O+] is 
large and [OH-] must be small.



10.9 Measuring Acidity in Aqueous 
Solution: pH

•A pH value between 0 and 14 is used to indicate 
concentration of H3O+ or OH- in solution.  
Mathematically, the pH of a solution is defined as 
the negative common logarithm of the H3O+

concentration:
• pH = -log [H3O+ ]  or
• [H3O+ ] = 10-pH

•Acidic solution: pH < 7 [H3O+ ] > 1.00 
x 10-7 M
•Neutral solution: pH = 7 [H3O+ ] = 1.00 
x 10-7 M Basic solution: pH > 7 [H3O+ ] < 1.00 
x 10-7 M



Fig 10.7 Lungs and kidneys relation with the bicarbonate Fig 10.7 Lungs and kidneys relation with the bicarbonate 
buffer systembuffer system



12.1 The Nature of Organic 
molecules

• Organic chemistry: The chemistry of 
carbon compounds.

• Carbon is tetravalent; it always form four 
bonds.



Organic molecules

• CH
• CHO, CHS
• CHN
• C=O
• COO
• CON





12.7 Properties of Alkanes
•Melting points and boiling points of straight chain 
alkanes increases with molecular size.



• Alkenes are hydrocarbons that contain 
carbon-carbon double bonds.

• Alkynes are hydrocarbons that contain 
carbon-carbon triple bonds.



13.4 Properties of Alkenes and 
Alkynes

• Nonpolar, insoluble in water, soluble in 
nonpolar organic solvents.
• Less dense than water as a result floats on 
water.
• Flammable
• Nontoxic
• Alkenes display cis-trans isomerism whereas 

alkynes do not.
• Both alkenes and alkynes are chemically 
reactive.



• Unlike alkenes, benzene does not 
undergo addition reactions.

• Benzene’s relatively lack of chemical 
reactivity is due to its structure. 

• There are two possible structures with 
alternating double and single bonds.



14.1 Alcohols, Phenols, and Ethers

•Alcohol: A compound that has an –OH group 
bonded to a saturated, alkane like carbon atom, R-
OH.
•Phenol: A compound that has an –OH group 
bonded to an aromatic,  benzene like ring, Ar-OH.
•Ether: A compound that has an oxygen bonded to 
two organic groups, R-O-R.



14.9 Thiols and Disulfides

• Thiols (R-SH) are sulfur analog of 
alcohols (R-OH).

• The systematic name of a thiol is formed 
by adding -thiol to the parent hydrocarbon 
name.

•

• Thiols have characteristic foul smell.



• Thiols (R-SH) react with mild oxidizing 
agents such as Br2 in water to yield disulfide 
(R-S-S-R).

• The reverse reaction (RS-SR 2RSH) 
occurs when a disulfide is treated with a 
reducing agent.

• S-S bonds between two amino acid 
cysteines gives protein molecules their 
required shapes in order to function.

• Hair protein is rich in S-S and –SH groups.  
When hair is ‘permed’ some of the disulfide 
bonds are broken and new ones are formed 
giving hairs a different shape.



15.1 Amines
•Amines are compounds that contain one or more 
organic groups bonded to nitrogen.  They are 
classified a primary, secondary, and tertiary 
according to how many organic groups are bonded 
to the nitrogen atom.



15.1 Amines
•Amines are compounds that contain one or more 
organic groups bonded to nitrogen.  They are 
classified a primary, secondary, and tertiary 
according to how many organic groups are bonded 
to the nitrogen atom.





• The reaction is reversible.  Hemiacetals
rapidly revert back to aldehydes or 
ketones by loss of alcohol.

• Acetal Formation
• In the presence of a small amount of 

acid catalyst, hemiacetals are converted 
to acetals.  Acetals have two –OR 
groups attached to what was the 
original carbonyl carbon. 



•Fig 16.3 Acetaldehyde and its hemiacetal
and acetal



17.1 Carboxylic Acids and Their 
Derivatives: Properties and Names

• Caboxylic acids have an –OH group bonded to a 
carbonyl group.  In their derivatives, OH is 
substituted by other group.  Such as,

• Esters have a –OR group bonded to a carbonyl 
group. 

• Amides have an –NH2 group bonded to a 
carbonyl group.





Biochemical Building Block

• Protein  ---- Amino Acid
• Lipid ----- fatty acid
• Carbohydrate ----- sugar



• All amino acids present in a proteins are 
α-amino acids in which the amino group 
is bonded to the carbon next to the 
carboxyl group.

• Two or more amino acids can join 
together by forming amide bond, which is 
known as a peptide bond when they 
occur in proteins.



•Because they are 
zweitterion, amino acids 
have many properties that 
are common for salts.  Such 
as

amino acids crystalline
amino acids have high 
melting points
amino acids are water 
soluble.



• The charge of an amino acid molecule at 
any given moment depends on the 
identity of the amino acid and pH of the 
medium.

• The pH at which the net positive and 
negative charges are evenly balanced is 
the amino acid’s isoelectric point- the 
overall charges is zero.



20 Amino Acids

9.82.3Ile - IIsoleucine

9.72.3Leu - LLeucine

9.72.2Val - VValine

9.92.4Ala - AAlanine

9.82.4Gly - GGlycine

Amino Acids with Aliphatic R-Groups
pK1 pK2



20 Amino Acids

9.32.1Met-MMethionine

8.310.81.9Cys - CCysteine

Amino Acids with Sulfur-Containing R-Groups

~139.12.1Thr - TThreonine

~139.22.2Ser - SSerine

Non-Aromatic Amino Acids with Hydroxyl R-Groups



20 Amino Acids

9.12.2Gln -
QGlutamine

4
.
1

9.52.1Glu -
E

Glutamic
Acid

8.82.1Asn -
NAsparagine

3.99.92.0Asp -
D

Aspartic 
Acid

Acidic Amino Acids and their Amides



20 Amino Acids

10.
6

2.
0

Pro -
PProline

Imino Acids

9.42.4Trp-WTryptophan

10.
19.12.2Tyr -

YTyrosine

9.22.2Phe -
F

Phenylalani
ne

Amino Acids with Aromatic Rings



20 Amino Acids

6.09.21.8His - HHistidine

10.89.22.2Lys - KLysine

12.59.01.8Arg - RArginine

Basic Amino Acids



18.6 Molecular Handedness and 
Amino Acids

• Like objects, organic molecules can also 
have handedness, that is they can be 
chiral.



18.6 Molecular Handedness and 
Amino Acids

• Like objects, organic molecules can also 
have handedness, that is they can be 
chiral.



18.6 Molecular Handedness and 
Amino Acids

• Like objects, organic molecules can also 
have handedness, that is they can be 
chiral.



22.1 An Introduction to 
Carbohydrates

• Carbohydrates are a large class of naturally 
occurring polyhydroxy aldehydes and 
ketones.  

• Monosaccharides also known as simple 
sugars, are the simplest carbohydrates 
containing 3-7 carbon atoms.

• sugar containing an aldehydes is known as 
an aldose.

• sugar containing a ketones is known as a 
ketose.



• Carbohydrates are a large class of naturally 
occurring polyhydroxy aldehydes and ketones.  

• Monosaccharides also known as simple 
sugars, are the simplest carbohydrates 
containing 3-7 carbon atoms.

• sugar containing an aldehydes is known as an 
aldose.

• sugar containing a ketones is known as a 
ketose.

• The family name ending  -ose indicates a 
carbohydrate.

• Simple sugars are known by common names 
such as glucose, ribose, fructose, etc.



•Fig 22.2 Two pairs of enentiomers.  The four 
isomeric aldotetroses, 2,3,4-trihydroxybutanals.



•The structure of D-galactose: The 
molecule can exist as an open chain 
hydroxy aldehyde or as a pair of cyclic 
hemiacetals.



24.1 Structure and 
Classification of Lipids

• Lipids are naturally occurring 
molecules from plants or animals that 
are soluble in nonpolar organic solvents.

• Lipid molecules contain large 
hydrocarbon portion and not many polar 
functional group, which accounts for 
their solubility behavior.



• Fig 24.4  Membrane 
lipids





•In RNA, the sugar is ribose.  
•In DNA, the sugar is deoxyribose. 





18.1 An Introduction to 
Biochemistry

•Biochemistry - chemical basis of life. 
Biochemical reactions are involved in such 
areas as breaking down food molecules, 
generate and store energy, buildup new 
biomolecules, and eliminate waste.  Some 
biomolecules are small and have only a few 
functional groups others are huge and contains 
a large number of functional groups. The 
principal classes of biomolecules are: Proteins, 
lipids, and nucleic acids.





18.2 Protein Structure and 
Function: An Overview

• Proteins are polymers of amino acids.  
• Each amino acids in a protein contains a 

amino group, -NH2, a carboxyl group, -
COOH, and an R group, all bonded to 
the central carbon atom.  The R group 
may be a hydrocarbon or they may 
contain functional group.



• All amino acids present in a proteins are 
α-amino acids in which the amino group 
is bonded to the carbon next to the 
carboxyl group.

• Two or more amino acids can join 
together by forming amide bond, which is 
known as a peptide bond when they 
occur in proteins.



• A dipeptide results when two amino acids 
combine together by forming a peptide bond 
using amino group of one amino acid and 
carboxyl group of another amino acid.

• A tripeptide results when three amino acids 
combine together by forming two peptide bonds, 
and so on.  Any number of amino acids can link 
together and form a linear chain like polymer –
polypeptide. 



18.6 Molecular Handedness and 
Amino Acids

• Like objects, organic molecules can also 
have handedness, that is they can be 
chiral.



• A molecule is a chiral molecule if four 
different atoms or groups are attached to 
a carbon.  The carbon carrying four 
different groups called a chiral carbon.  
Chiral molecules has no plane of 
symmetry.

• The two mirror image forms of a chiral
molecule like alanine are called 
enantiomers or optical isomers.

• Enantiomers have the same formula but 
different arrangements of their atoms.



• 19 out of 20 natural amino acids are 
chiral – they have four different groups 
on the α-carbon.  Only glycine is achiral.

• Nature uses only one isomer out of a pair 
of enantiomers for each amino acid to 
build the proteins.

• The naturally occurring amino acids are 
classified as left-handed or L-amino
acids. 



18.7 Primary Protein Structure
• Primary structure of a proteins is the sequence 

of amino acids connected by peptide bonds.  
Along the backbone of the proteins is a chain of 
alternating peptide bonds and α-carbons and 
the amino acid side chains are connected to 
these α-carbons.



• By convention, peptides and 
proteins are always written with the 
amino terminal amino acid (N-
terminal) on the left and carboxyl-
terminal amino acid (C-terminal) on 
the right.

N           CN           C



18.8 Shape-Determining 
Interactions in Proteins

•The essential structure-function relationship 
for each protein depends on the polypeptide 
chain being held in its necessary shape by 
the interactions of atoms in the side chains.  
• The kinds of interaction that determine 
the shape protein molecules are shown in 
Fig 18.4.



Fig 18.4 Interactions that determine protein shapeFig 18.4 Interactions that determine protein shape



• Protein shape determining interactions 
are summarized below:

• Hydrogen bond between neighboring 
backbone segments.

• Hydrogen bonds of side chains with 
each other or with backbone atoms.

• Ionic attractions between side chain 
groups or salt bridge.

• Hydrophobic interactions between side 
chain groups.

• Covalent sulfur-sulfur bonds.



18.9 Secondary Protein 
Structure

• Secondary structure of a protein is the 
arrangement of polypeptide backbone of 
the protein in space.  The secondary 
structure includes two kinds of repeating 
pattern known as the α-helix and β-sheet.

• Hydrogen bonding between backbone 
atoms are responsible for both of these 
secondary structures.



�α-Helix: A single 
protein chain coiled 
in a spiral with a 
right-handed 
(clockwise) twist.



�β-Sheet: The polypeptide chain is held in place 
by hydrogen bonds between pairs of peptide units 
along neighboring backbone segments.



•Fibrous and Globular proteins: one of 
the several classifications of proteins.
•Fibrous protein: Tough and insoluble protein in 
which the chain form long fibers or sheet.
Secondary structure is responsible for the shape 
of fibrous proteins.  Wool, hair, and finger nails 
are made of fibrous proteins. 
•Globular protein: water soluble proteins whose 
chains are folded into  compact, globular shape
with hydrophilic groups on the outside.



18.10 Tertiary Protein Structure

•Tertiary Structure of a proteins The overall 
three dimensional shape that results from the 
folding of a protein chain.  Tertiary structure 
depends mainly on attractions of amino acid 
side chains that are far apart along the same 
backbone.  Non-covalent interactions and 
disulfide covalent bonds govern tertiary 
structure.
•A protein with the shape in which it exist 
naturally in living organisms is known as a 



•Simple protein: A protein composed of 
only amino acid residues.
•Conjugated protein: A protein that 
incorporates one or more non-amino acid 
units in its structure.



18.11 Quaternary Protein 
Structure

•Quaternary protein structure: The way in 
which two or more polypeptide sub-units 
associate to form a single three-dimensional 
protein unit.  Non-covalent forces are 
responsible for quaternary structure 
essential to the function of proteins.



•Fig 18.8(b) Hemoglobin, a protein 
with quaternary structure



18.12 Chemical Properties of 
Proteins

• Protein hydrolysis: In protein hydrolysis, 
peptide bonds are hydrolyzed to yield 
amino acids. This is reverse of protein 
formation.



• Protein denaturation: The loss of 
secondary, tertiary, or quaternary protein 
structure due to disruption of non-covalent 
interactions and or disulfide bonds that 
leaves peptide bonds and primary 
structure intact.  



19.1 Catalysis by Enzymes

• Enzyme A protein that acts as a catalyst 
for a biochemical reaction.

• Active site A pocket in an enzyme with 
the specific shape and chemical makeup 
necessary to bind a substrate and where 
the reaction takes place.

• Substrate A reactant in an enzyme 
catalyzed reaction.



• Enzymes activity is limited to a certain 
substrate and a certain type of reaction, is 
referred as the specificity of the enzyme.

• Enzymes differs greatly in their specificity.  
Catalase, for example, is almost 
completely specific for one reaction –
decomposition of hydrogen peroxide, a 
necessary reaction that destroys 
hydrogen peroxide before it damages 
biomolecules by oxidizing them.



• Enzymes are specific with respect to 
stereochemistry – catalyze reaction 
of only one of the pair of enantiomers.  
For example, the enzyme lactate 
dehydrogenase catalyzes the 
removal of hydrogen from L-lactate 
but not from D-lactate.



The specificity of an enzyme The specificity of an enzyme 
for one of two for one of two enantiomersenantiomers
is a matter of fit.  One is a matter of fit.  One 
enantiomerenantiomer fits better into fits better into 
the active site of the enzyme the active site of the enzyme 
than the other than the other enantiomerenantiomer.  .  
Enzyme catalyzes reaction Enzyme catalyzes reaction 
of the of the enantiomerenantiomer that fits that fits 
better into the active site of better into the active site of 
the enzyme.the enzyme.



19.2 Enzyme Cofactors

• Many enzymes are conjugated proteins 
that require nonprotein portions known as 
cofactors. 

• Some cofactors are metal ions, others are 
nonprotein organic molecules called 
coenzymes.

• An enzyme may require a metal-ion, a 
coenzyme, or both to function.



• Cofactors provide additional 
chemically active functional groups 
which are not present in the side 
chains of amino acids that made up 
the enzyme.

• Metal ions may anchor a substrate 
in the active site or may participate 
in the catalyzed reaction.



19.3 Enzyme Classification

• Enzymes are divided into six main 
classes according to the general kind of 
reaction they catalyze, and each class is 
further subdivided.

• Oxidoreductases: Catalyze oxidation-
reduction reactions, most commonly 
addition or removal of oxygen or hydrogen.

• Transferases: Catalyze transfer of a group 
from one molecule to another.



• Hydrolases: Catalyze the hydrolysis of 
substrate – the breaking of bond with 
addition of water.

• Isomerases: Catalyze the isomerization
(rearrangement of atoms) of a substrate in 
reactions that have one substrate and one 
product.

• Lyases: Catalyze the addition of a molecule 
such as H2O, CO2, or NH3 to a double bond 
or reverse reaction in which a molecule is 
eliminated to create a double bond.

• Lygases Catalyze the bonding of two substrate 
molecules.



19.4 How Enzyme Work

• Two modes are invoked to represent 
the interaction between substrate and 
enzymes.  These are:

• Lock-and-key model: The substrate is 
described as fitting into the active site as a key 
fit into a lock.



InducedInduced--fitfit--modelmodel: The enzyme has a flexible : The enzyme has a flexible 
active site that changes shape to accommodate active site that changes shape to accommodate 
the substrate and facilitate the reaction.the substrate and facilitate the reaction.



• In enzyme catalyzed reactions, 
substrates are drawn into the active site 
to form enzyme-substrate complex.  
Within the enzyme-substrate complex, 
the enzyme promoted reactions takes 
place.  

• Once the chemical reaction is over, 
enzyme separates from the substrate 
and restores its original conditions, 
becomes available for another reaction.



19.5 Effect of Concentration on 
Enzyme Activity

•Variation in concentration of enzyme or 
substrate alters the rate of enzyme 
catalyzed reactions.
• Substrate concentration:  At low 
substrate concentration, the reaction rate is 
directly proportional to the substrate 
concentration.  With increasing substrate 
concentration, the rate drops off as more of 
the active sites are occupied.



Fig 19.5  Change of  reaction rate with substrate Fig 19.5  Change of  reaction rate with substrate 
concentration when enzyme concentration is constant.concentration when enzyme concentration is constant.



• Enzyme concentration: The reaction rate 
varies directly with the enzyme concentration as 
long as the substrate concentration does not 
become a limitation, Fig 19.6 below.



19.6 Effect of Temperature and 
pH on Enzyme Activity

•Enzymes maximum catalytic activity is 
highly dependent on temperature and pH.
• Increase in temperature increases the 
rate of enzyme catalyzed reactions.   The 
rates reach a maximum and then begins to 
decrease.  The decrease in rate at higher 
temperature is due to denaturation of 
enzymes.  



Fig 19.7 (a) Effect of temperature on reaction rateFig 19.7 (a) Effect of temperature on reaction rate



• Effect of pH on Enzyme activity: The 
catalytic activity of enzymes depends on pH and 
usually has a well defined optimum point for 
maximum catalytic activity Fig 19.7 (b) below.



19.7 Enzyme Regulation: 
Feedback and Allosteric Control

•Concentration of thousands of different 
chemicals vary continuously in living 
organisms which requires regulation of 
enzyme activity.  
•Any process that starts or increase the 
activity of an enzyme is activation.  
•Any process that stops or slows the activity 
of an enzyme is inhibition.



•Two of the mechanism that control the enzymes 
activity are:
• Feedback control: Regulation of an enzyme’s 
activity by the product of a reaction later in a 
pathway.
• Allosteric control: Activity of an enzyme is 
controlled by the binding of an activator or inhibitor 
at a location other than the active site.  Allosteric
controls are further classified as positive or 
negative.
• - A positive regulator changes the activity site 
so that the enzyme becomes a better catalyst and 
rate accelerates.
• - A negative regulator changes the activity site 
so that the enzyme becomes less effective catalyst 
and rate slows down



A positive regulator A positive regulator 
changes the activity changes the activity 
site so that the enzyme site so that the enzyme 
becomes a better becomes a better 
catalyst and rate catalyst and rate 
accelerates.accelerates.

A negative regulator A negative regulator 
changes the activity changes the activity 
site so that the enzyme site so that the enzyme 
becomes less effective becomes less effective 
catalyst and rate slows catalyst and rate slows 
down.down.



19.8 Enzyme Regulation: 
Inhibition

• The inhibition of an enzyme can be 
reversible or irreversible.

• In reversible inhibition, the inhibitor can 
leave, restoring the enzyme to its 
uninhibited level of activity.

• In irreversible inhibition, the inhibitor 
remains permanently bound to the 
enzyme and the enzyme is permanently 
inhibited.



• Inhibitions are further classified as:
• Competitive inhibition if the inhibitor binds 

to the active site.



• Noncompetitive inhibition, if the inhibitor 
binds elsewhere and not to the active site.



•The rates of enzyme catalyzed reactions with 
or without a competitive inhibitor are shown in 
the Fig 19.9 below.


