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INTRODUCTION

Biochemistry can be defined as the science concerned with the
chemical basis of life . The cell is the structural unit of living systems.
Thus, biochemistry can also be described as the science concerned with
the chemical constituents of living cells and with the reactions and
processes they undergo.

By this definition, biochemistry encompasses large areas of cell
biology, of molecular biology, and of molecular genetics.

The aim of biochemistry is to describe & explain, in molecular
terms, all chemical processes of living cells .To achieve this objective,
biochemists have sought to isolate the numerous molecules found In

cells, determine their structures, and analyze how they function.



Table 1-1. The principal methods and
preparations used in biochemical laboratories.

Methods for Separating and Purifying Biomolecules'

Salt fractionation (eq, precipitation of proteins with ammo-
nium sulfate)

Chromatography: Paper; ion exchange; affinity; thin-layer;
gas-liquid; high-pressure liquid; gel filtration

Electrophoresis: Paper; high-voltage; agarose; cellulose
acetate; starch gel; polyacrylamide gel; SDS5-polyacryl-
amide gel

Ultracentrifugation

Methods for Determining Biomolecular Structures

Elemental analysis

UV, visible, infrared, and NMR spectroscopy

Use of acid or alkaline hydrolysis to degrade the biomole-
cule under study into its basic constituents

Use of a battery of enzymes of known specificity to de-

grade the biomolecule under study (eqg, proteases, nucle-
ases, glycosidases)

Mass spectrometry

Specific sequencing methods (eq, for proteins and nucleic

acids)
X-ray crystallography



Preparations for Studying Biochemical Processes

Whole animal (includes transgenic animals and animals
with gene knockouts)

Isolated perfused organ

Tissue slice

Whole cells

Homogenate

Isolated cell organelles

Subfractionation of organelles

Purified metabolites and enzymes

Isolated genes (including polymerase chain reaction and
site-directed mutagenesis)

'Most of these methods are suitable for analyzing the compo-
nents present in cell homogenates and other biochemical prepa-
rations. The sequential use of several techniques will generally
permit purification of most biomolecules. The reader is referred
to texts on methods of biochemical research for details.



A Reciprocal Relationship Between Biochemistry & Medicine Has
Stimulated Mutual Advances

The two major concerns for workers in the health sciences and
particularly physicians are the understanding and maintenance of
health and the understanding and effective treatment of diseases.
Biochemistry impacts enormously on both of these fundamental
concerns of medicine. In fact, the interrelationship of biochemistry and
medicine is a wide( two way street).

Biochemical studies have illuminated many aspects of health and
disease, and conversely, the study of various aspects of health and

disease has opened up new areas of biochemistry.
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Figure 1-1. Examples of the two-way street connecting biochemistry and
medicine. Knowledge of the biochemical molecules shown in the top part of the
diagram has clarified our understanding of the diseases shown in the bottom
half—and conversely, analyses of the diseases shown below have cast light on
many areas of biochemistry. Note that sickle cell anemia is a genetic disease and
that both atherosclerosis and diabetes mellitus have genetic components.




Biochemical Research Has Impact on Nutrition &
Preventive Medicine

One major prerequisite for the maintenance of health is
that there be optimal dietary intake of a number of
chemicals; the chief of these are vitamins, certain amino
aclds, certain fatty acids, various minerals, and water.
Because much of the subject matter of both biochemistry
and nutrition Is concerned with the study of various
aspects of these chemicals, there iIs a close relationship

between these two sciences.



Moreover, more emphasis Is being placed on systematic
attempts to maintain health and forestall disease, 1e, on
preventive medicine. Thus, nutritional approaches to for
example the prevention of atherosclerosis and cancer are
recelving increased emphasis.

Most & Perhaps All Disease Has a Biochemical Basis

We believe that most if not all diseases are manifestations of
abnormalities of molecules, chemical reactions, or
biochemical processes.

In most of these conditions, biochemical studies contribute

to both the diagnosis and treatment.



Table 1-2. The major causes of diseases. All of
the causes listed act by influencing the various
biochemical mechanisms in the cell or in the

body.!

1. Physical agents: Mechanical trauma, extremes of temper-
ature, sudden changes in atmospheric pressure, radia-
tion, electric shock.

2. Chemical agents, including drugs: Certain toxic com-
pounds, therapeutic drugs, etc.

3. Biologic agents: Viruses, bacteria, fungi, higher forms of
parasites.

4. Oxygen lack: Loss of blood supply, depletion of the
oxygen-carrying capacity of the blood, poisoning of
the oxidative enzymes.

5. Genetic disorders: Congenital, molecular.

6. Immunologic reactions: Anaphylaxis, autoimmune
disease.

7. Nutritional imbalances: Deficiencies, excesses.

8. Endocrine imbalances: Hormonal deficiencies, excesses.




Table T—2. Some usaes of bhiochamical
invastigations and laboratory tests in
relation to disecasas.

Use Example

1. To reveal the funda- Demonstration of the na-
mental causes and ture of the genetic de-
mechanisms of diseases fects in cystic fibrosis.

2. To suggest rational treat- A diet low in phenylalanine
ments of diseases based for treatment of phenyl-
aon {1} abowve ketonuria.

F. To assist in the diagnosis Use of the plasma enzyme
of specific diseases creatine kinase Ma

(CE-MEB) in the diagnosis
of myocardial infarction.

4. To act as screening tests Use of measurement of
for the early diagnosis blood thyroxine or
of certain diseases thyroid-stimulating hor-

morne (TSH) im the neo-
natal diagnosis of con-
genital hypothyroidism.

5. To assist im monitoring Use of the plasma enzyme
the progress (eqg, re- alanine aminotransferase
CONVETY, Worsaening, re- (ALT) im monitoring the
miission, or relapse) of progress of infectious
certain diseases hepatitis.

6. To assistin assessing Use of measurement of
the response of dis- blood carcimoembryonic
ceases to therapy antigen (CEA) Iin certain

patents who hawve beaen
treataed for cancer of the
colom.




Enzymes are macromolecular biological catalysts. Enzymes
accelerate, or catalyze, chemical reactions. The molecules at the
beginning of the process upon which enzymes may act are
called substrates and the enzyme converts these into different
molecules, called products. Almost all metabolic processes iIn
the cell need enzymes in order to occur at rates fast enough to sustain
life. The set of enzymes made in a cell determines which metabolic
pathways occur in that cell. The study of enzymes is
called enzymology.

Enzymes are known to catalyze more than 5,000 biochemical reaction
types. Most enzymes are proteins, although a few are catalytic RNA

molecules.



Deoxyribonucleic acid (DNA) is a molecule that carries the genetic
Instructions used in the growth, development, functioning and
reproduction of all known living organisms and many viruses. DNA
and RNA are nucleic acids; proteins, lipids and complex carbohydrates
(polysaccharides), they are one of the four major types of
macromolecules that are essential for all known forms of life. Most
DNA molecules consist of two biopolymer strands coiled around each
other to form a double helix.

The two DNA strands are termed polynucleotides since they are

composed of simpler monomer units called nucleotides.



Each nucleotide i1s composed of one of four nitrogen-containing
nucleobases either cytosine (C), guanine (G), adenine (A), and
thymine (T) and a sugar called deoxyribose and a phosphate
group. The nucleotides are joined to one another in a chain by
covalent bonds between the sugar of one nucleotide and the
phosphate of the next, resulting in an alternating sugar-phosphate
backbone. The nitrogenous bases of the two separate
polynucleotide strands are bound together (according to base
pairing rules (A with T, and C with G) with hydrogen bonds to
make double-stranded DNA.



