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SEC 2 – ANALYTICAL CLINICAL BIOCHEMISTRY 
Carbohydrates: Biological importance of carbohydrates, Metabolism, Cellular currency 
of energy (ATP), Glycolysis, Alcoholic and Lactic acid fermentations, Krebs cycle. 
Isolation and characterization of polysachharides. 
Proteins: Classification, biological importance; Primary and secondary and tertiary 
structures of proteins: α-helix and β- pleated sheets, Isolation, characterization, 
denaturation of proteins. 
Enzymes: Nomenclature, Characteristics (mention of Ribozymes), and Classification; 
Active site, Mechanism of enzyme action, Stereospecificity of enzymes, Coenzymes and 
cofactors, Enzyme inhibitors, Introduction to Biocatalysis: Importance in “Green 
Chemistry” and Chemical Industry. 
Lipids: Classification. Biological importance of triglycerides and phosphoglycerides and 
cholesterol; Lipid membrane, Liposomes and their biological functions and underlying 
applications. 
Lipoproteins: Properties, functions and biochemical functions of steroid hormones. 
Biochemistry of peptide hormones. 
Structure of DNA (Watson-Crick model) and RNA, Genetic Code, Biological roles 
of DNA and RNA: Replication, Transcription and Translation, Introduction to Gene 
therapy.  
 
Biochemistry of disease: A diagnostic approach by blood/ urine analysis. 
Blood: Composition and functions of blood, blood coagulation. Blood collection and 
preservation of samples.Anaemia, Regulation, estimation and interpretation of data for 
blood sugar, urea, creatinine, cholesterol and bilirubin. 
Urine: Collection and preservation of samples. Formation of urine.Composition and 
estimation of constituents of normal and pathological urine. 



All living things are made up of four classes of large biological 
molecules:  

•  Carbohydrates  
•  Lipids 
•  Protein 
•  Nucleic Acids 

Broad functional classes

So Proteins have structure and 
function... Fine!

-Why do we care to know 
more????

Understanding functional 
architechture gives us POWER
to:
•Diagnose and find reasons for 
diseases
•Create modifying drugs
•Engineer our own designer-
proteins

Protein 

Introduction 

•  Protein structure determines function  
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Amino acids: the building block of proteins 
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Figure 2.1 A skeletal model of a generalized amino
acid showing the amino (blue) carboxyl (red) and R
groups attached to a central or α carbon

textbook as opposed to the undissociated form. For
19 of the twenty amino acids commonly found in
proteins a general structure for the zwitterionic state has
charged amino (NH3

+) and carboxyl (COO−) groups
attached to a central carbon atom called the α carbon.
The remaining atoms connected to the α carbon are a
single hydrogen atom and the R group or side chain
(Figure 2.1).

The acid–base properties of amino
acids
At pH 7 the amino and carboxyl groups are charged
but over a pH range from 1 to 14 these groups
exhibit a series of equilibria involving binding and
dissociation of a proton. The binding and dissociation
of a proton reflects the role of these groups as weak
acids or weak bases. The acid–base behaviour of
amino acids is important since it influences the eventual
properties of proteins, permits methods of identification
for different amino acids and dictates their reactivity.
The amino group, characterized by a basic pK value
of approximately 9, is a weak base. Whilst the amino
group ionizes around pH 9.0 the carboxyl group
remains charged until a pH of ∼2.0 is reached. At
this pH a proton binds neutralizing the charge of the
carboxyl group. In each case the carboxyl and amino
groups ionize according to the equilibrium

HA + H2O −→ H3O+ + A− (2.1)

where HA, the proton donor, is either –COOH or
–NH3

+ and A− the proton acceptor is either –COO−

or –NH2. The extent of ionization depends on the
equilibrium constant

K = [H+][A−]/[HA] (2.2)

and it becomes straightforward to derive the relation-
ship

pH = pK + log[A−]/[HA] (2.3)

known as the Henderson–Hasselbalch equation (see
appendix). For a simple amino acid such as alanine
a biphasic titration curve is observed when a solution
of the amino acid (a weak acid) is titrated with
sodium hydroxide (a strong base). The titration curve
shows two zones where the pH changes very slowly
after additions of small amounts of acid or alkali
(Figure 2.2). Each phase reflects different pK values
associated with ionizable groups.

During the titration of alanine different ionic species
predominate in solution (Figure 2.3). At low pH (<2.0)
the equilibrium lies in favour of the positively charged
form of the amino acid. This species contains a charged
amino group and an uncharged carboxyl group leading
to the overall or net charge of +1. Increasing the
pH will lead to a point where the concentration of
each species is equal. This pH is equivalent to the
first pK value (∼pH 2.3) and further increases in
pH lead to point of inflection, where the dominant
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Figure 2.2 Titration curve for alanine showing
changes in pH with addition of sodium hydroxide

α'

Amino acid 
(20 aa)  

All amino acids have the same general 
structure but the side chain (R group) 
of each is different 
! Hydrophilic 

  Basic 
  Acidic 
  Non-charged 

! Hydrophobic 
! Special 
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Acid-base properties 

Zwitter ion 

Side chain modifications change the 
chemical (functional) properties of 
proteins 

HIGH



Peptide bonds connect amino acids into linear chains  

Backbone

Side-chains

Peptide bonds connect amino acids into linear 
chains

Proteins are built up by amino acids that are linked by peptide 
bonds to form a polypeptide chain 



Four levels of structure determine the shape of proteins

a Primary: the linear sequence of 
amino acids 
peptide bonds

a Secondary: the localized 
organization of parts of a 
polypeptide chain (e.g., the 
α helix or β sheet)
backbone hydrogen bonds

a Tertiary: the overall, three-
dimensional arrangement of the 
polypeptide chain
hydrophobic interactions, hydrogen 
bonds (non-covalent bonds in 
general) and sulfur-bridges

a Quaternary: the association of two 
or more polypeptides into a multi-
subunit complex

Four levels of structure determines the shape of proteins 

Primary: Linear sequence of amino 
acids (Peptide bond) 
 
Secondary: Localized organization 
of parts of a polypeptide chain 
(e.g. α-helix or β-sheet) 
Backbone H-bonds 
 
Tertiary: Three dimensional 
arrangement of the polypeptide 
chain 
Hydrophobic interactions, H-
bonds, S-bridges 
 
Quaternary: Association of two or 
more polypeptides into a multi-
subunit complex 



Backbone degrees of freedom 

Φ: Torsion angle rotating about 
the N-Cα bond 
Ψ: Torsion angle rotating about 
the Cα-C bond 

Ramachandran Plot 

Ramachandran plots
showing allowed 
combinations of the 
conformational angles 
phi and psi0                    phi 360

0               phi 360 0               phi 360

360

Psi

0

360

Psi

0

360

Psi

0

β'

α'

L'

M1800' 1800'00'

1800'

00'Ψ#

Φ'

! Visualize dihedral angles ψ 
against Φ of amino acid 
residues in protein structure 

  
! Many combinations of angles 

in a polypeptide chain are 
forbidden because of steric 
collisions between atoms. 



Information for protein folding is encoded in the sequence 

All the necessary information for the 3-dimensional 
structure of an enzyme is contained in the primary 
structure or sequence of the amino acids 

The information for protein folding is encoded in the 
sequence

Urea'&'
Mercaptoethanol'

Dialysis'

Anfinsen's dogma 

Levinthal's Paradox 

"  Many proteins fold spontaneously 
to their native structure 

 
"  Protein folding is relatively fast 

(nsec–sec) 
 
"  Chaperones speed up folding, but 

do not alter the structure 

The protein sequence contains all information needed to create a 
correctly folded protein 

If a chain of a hundred amino acids is considered and it 
assumed each amino acid can exist in one of three 
conformations, extended, helical or loop, then there are 
3100 possible ways to arrange this chain. 


